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HOLLAND

THE ILLUMINATION OF THE NEW MUNICIPAL THEATRE IN UTRECHT
628.972by L. O. KALFF.

In connection with the opening of the new Municipal Theatre in Utrecht, a
discussion is here presented of the influence on the architecture of the interior
exerted by the artificial illumination. The concluaion is reached that in this
case illumination and architecture are so intimately related that the building
represents a step forward in the progress of illumination architecture.

1

In visiting the new theatre in Utrecht it is in-
teresting to compare the impression received
with that made by older theatres, in order to see
what signs can be found of a development in
plan, architecture and technical installation. In
this periodical we shall confine ourselves to a
discussion of the interiors and expecially to the
problems of Illuminatdon and acoustics-).

In this most recent creation of the architect
Dud 0 k, the illumination plays such an im-
portant role in the architecture of the interior
that it would be impossible to separate light
and form from each other. 'I'his striking charac-
teristic of the various parts of Utrecht's theatre

1) Of. the following article by R. Vermeulen.

points to an important evolution in illumination
architecture.

Several episodes in the progress of the develop-
ment of theatre illumination

Until 1920 all theatres were in fact illuminated
in a way which had become traditional and
which was derived from the candles of the oldest
theatre halls. This tradition had grown up logi-
cally. All the halls were anything but fire-proof,
for the curved surface of walls and ceilings
necessitated the use of wood; the walls, chairs,
floors, everything, in short, was made of wood
and covered with cloth. The lighting of the hall
had thus to be installed in such a position that
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Fig. 1. One of the entrance halls in the "GroBe Schau-
spielhaus" in Berlin, built by architect Poe I z i g.
(The auditorium of the theatre is net typical of such
structures, since it is a rebuilt circus building). The
picture shows one of the earliest examples of an inti-
mate relation between light and architecture. Espe-
cially when it is kept in mind that this building
dates from immediately after the world war, the merits
of the architect can be rightly assessed.

Vol. 7. No. 1

the flames of candles and oil lamps, and later
of gas, offered the least danger of fire. In most
cases the position chosen was the centre of the
hall, where a monumental chandelier bore the
necessary number of light sources. Directly
above the chandelier a grating was installed
with a large ventilation shaft in the cupola
above, in order the carry away the excess heat.
As long as electric lighting was still unavailable
the chandelier had to be lighted with tapers or
candles on long poles, or, before the performance
the whole chandelier was lowered with a winch
and then lighted. Gas flames were then able to
burn very low during the performance, but the
oillamps and candles remained lighted the whole
evening.

Some theatres with boxes, like the famous
Scala in Milan, had an eleborate system of
lighting along the walls, on brackets between
the boxes, so that they were easily accessible
from the gallery.

Both of these solutions originated from neces-
sity. But although electric light was introduced
into most large theatres before 1900, no exam-
ples can be found before 1920, where the illu-
mination was given any other than the traditio-
nal position.
This illumination had as yet only little in-

fluence on the form of the decoration of the
hall; it may, however, be assumed that the fre-
quent use of gilded mouldings and leaf-work,
like the common use of lustrous textile materials
such as silk and brocade, was a result of the
dimness of the sources of light. By the use of
these materials and also of crystal prisms in the

•

Fig. 2. The great
auditorium of Ti-
tania Pal ast in
Berlin by the ar-
chitects S c h ö p-
fer, Schoenbach
and Jacobi.
The new possibili-
ties of building
with light have
been employed he-
re by the archi-
tects on a rather
excessive scale, so
that the lines of
the hall are not
organic and the
impression now gi-
ven is that the
hall is already no
longer modern.
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chandeliers and of mirrors, the effect of the weak
flames of candles and oil Iamps was intensified.

While at first the introduetion of the electric
lamp had little effect on the decoration of the
theatre auditorium, this was' altered after the
world war. People began to go out more and
to seek in social entertainment and new irn-
pressions to drown their m~mories of those.sad,
dark years. In partioular, however, it was the
cinema which experienced an enormous develop-
ment. It Was in those years that the first huge
cinema halls were built,' such as Titania Palast
in Berlin, Tuschinsky in Amsterdam and the
Paramount Theatre in Paris. Originally, because
films were still silent, and later because the
sound can be amplified many times with loud-
speakers, the acoustics of such halls presented
less complicated problems to the .architect than
the acoustics oftheatre auditoria. In cinema halls
much greater distances between stage and au-
dience can be tolerated than in theatres, and
the architect feels less bound to the classic forms
and materials of the playhouse.

In the field of illumination a large number
of new designs were originated after 1920. The
fact that the rapid growth of the film industry
furnished the stimulus to this, resulted in an
abnormally rapid development (with many
excesses), which gradually also affected theatre
construction. The architect Poe Iz i g in Ber-
lin, who rebuilt an old circus building into the
"Grofie Schauspielhaus" (see fig. 1), must cer-
tainly be mentioned as a pioneer. However,
because of its' quite exceptional form, this buil-
ding has not had much influence on the develop-
ment of the theatre auditorium.

Fig, 3. Theater Licht-
burg, Berlin, archi tect
Rudolf Fränkel.
The architecture here
is much more restrai-
ned than in fig, 2. In
a restful way the ligh t
has here been pro-
moted to the position
of the chief decorati-
ve motive. Although
not all the possible
consequences of the
new light architec-
ture ha ve been carried,
through, this hall at
the present time is
still very pleasing
and its lines are cer-
tainly not outdated,

The auditorium of Titania Pàlast in Berlin
(fig. 2) is an example of the rebundant new
wealth of line which artificial illumination puts
at the disposal of the architect. It will now be
generally agreed that this rebundancy failed
to provide pleasing results. The lack of unity
between the form and the purpose of the hall,
and the unrestrained decorative forms provide
evidence that it marked the beginning of a phase
of development which still lacked the necessary
clarification,
In contrast to this example we may consider

the "Lichtburg" (fig, 3) which has many more
good architectural qualities, The architect has
here confined himself to. the use of a single
lighting motive which is introduced as the only
decoration in the ceiling, on the walls and
around the stage opening, These light coves give
a balanced and restful division into light and
dark of walls' and ceiling, while the unity in the
decoration gives a pleasing effect.
We wish to point out several features in this

hall which wiJl enable us to make interesting
comparisons in the discussion of the new
Utrecht theatre.
The architeot has perceived that a theatre

auditorium must in the first place form a frame
for the changing scene on the stage. He has
therefore avoided the fussy decorations which
could be varied by means of coloured lights,
which were at that time the fashion. He pro-
bably considered rightly that in a hall which
is repeatedly visited such expensive and tem-
porary effects soon bore and become worthless.
As a matter of {act we know of no hall possessing
an installation for three or four different colours

3
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of light in which any other than white light was
used some time after the opening!

The position of the light coves is here indi-
cated by the division of the hall, but no connec-
tion of the coves themselves and the light which
issues from them with the shapes of the surfaces

Vol. 7. No. 1

Fig. 4. View of the stage of
the new theatre in Utrecht
from the rear seats. The
whole stage can be c1early
seen. The ceiling of the bal-
cony appears high and short
due to its upward sloping
form. Thehalf-silvered "Cor
nalux" lamps in the light
coves behind the side walls
give strong relief tothe very
light curtain. A difficulty
was found to exist in the
differencein colour of lamps
of different wattage. The
light of 100 W "Cornalux"
lamps is much whiter than
that of show-window lamps
"Philinea" lamps or ordi-
nary lamps of 25 W. For
this reason the side walls
were painted in a slightly
warmer tone and the inside
of the light cove above the
wainscot was made yellow,
This produced an apprecia-
ble colour contrast between
the light on the side walls
and the light on the ceiling
and the wall surrounding
the stage.

of wall and ceiling is yet noticeable. There is
simply a band of light above the wainscot and
around the stage opening, and the same element
is repeated several times in the ceiling, In this
ceiling, however, a different figure could also
have been designed with the same construction,
and the light from the frame around the stage
opening does not fall upon surfaces especially
intended to receive it. Here, therefore, there is
not yet the intimate relation between form and
lighting effect which might be denominated as
consistently sustained illumination architecture.
The framing of the stage opening with light is

typical. When this decoration is considered, it is
found to be Illogical. When the lights in the hall
are burning the closed stage opening is not the
most interesting part of the hall. At that time
the audience wil) be finding their seats, conver-

Fig. 5. View of the hall from the balcony. The different
arrangements of the illumination are clearly visible
here. Attention must be called to the slight unevenness
of the ceiling illumination, which could if desired have
been avoided by giving the ceiling a completely cur-
ved surface. This has, however, been avoided for
acoustic reasons te]. the following article). In practice
the uniformity of the brightness of the ceiling was
found to be very much affected by the structure of
the surface of the plaster. The ceiling is rubbed with
silver sand which produces a fine-grained surface.
From the point of view of light technology this surface
presents the difficulty that it exhibits great differences
in brightness according as one observes it in the
direction in which the light strikes it or in the opposite
direction. This is caused by the innumerable tiny
shadows cast by the grains of sand ie], Ph ilips techno
Rev. 5, 125, 1940).
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sing with each other or looking about the hall
for acquaintances, etc. But if the attention is
to be focussed on the stage, as it were, to in-
crease the anticipation, the light from the above-
mentioned frame ought to shine upon the curtain
so that its beautiful material and rich drapery
constitute an ornament to the wall. This has
not been done, however, and the light is directed
away from the curtain. And when the hall is
darkened and the footlights or the projection
apparatus are turned on, the light frame of the
most interesting part of the hall must also be
darkened!

Lighting of the Utrecht theatre auditorium

We shall now proceed to the discussion of the
auditorium of the new Utrecht theatre, since
this is certainly the most important part of the
whole building, and since the auditorium dis-
cussed above furnishes points of comparison
chiefly with this auditorium. We are aware of
the fact that in doing this we are not doing
full justice to the. merits of the architect, be-
cause one of the good qualities of this building
is the way in which the visitor, moving through
the successive rooms and passages, each with its
own proportions and atmosphere reaches a
climax in the auditorium. We shall, however,
speak of that later.
Above the wainscot of padded white articifial

leather with gilt borders the hall is entirely in
cream-white plaster. The colour scheme is extre-
mely simple. The only colours present are those
of the dark brown carpet and the striking brick-
red velvet upholstery of the seats. The shape

5

of the hall is such that every seat has an abso-
lutely free view of the stage and that speech
as well as music is excellently heard everywhere
in the auditorium. In our opinion this is of more
value than the intimacy lost by the arrangement,
which could have been avoided by building two,
less deep galleries, which, however, always con-
tain a number of poor seats. The lighting here
forms an integral part of the line and decoration
of the hall, and in our opinion this is an extre-
mely important advance in the art of interior
decorating.

The side walls, curving gently toward the
stage give the impression of being free standing
shells from behind which light shines out. This
light falls on the ceiling and thus takes away
its heaviness, it also falls upon the gleaming
curtain of the same colour as' the wall and thus.
gives interest to that part of the wall even when
the curtain is closed (fig. 4) .The side walls are
relatively dark, but they therefore form as it
were the fixed surface behind which the wide-
ning space recedes (see fig. 5).

The ceiling under the large balcony is treated
in the same way. It gives the impression as if
a free thin shell were suspended under the back
of the balcony, from behind 'which the upward
sloping front part of the ceiling of the balcony
is lighted. This removes all the heaviness of this
large surface, and there is no sense of depression
in this lowceilinged part of the hall. The back
part of the ceiling IS pierced by five large flat
domes, so that there also the impression is given
that the lighted surface recedes far away above
(see fig. 6).

Fig. 6. View from the
stage into the audi-
torium. Attention is
called here to the
form of the ceiling
under the balcony
which gives the ap-
pearance of a thin
free-hanging shell in
which circular holes
are pierced and abo-
ve which the upward
sloping, brightly ligh-
teel ceiling of the
balcony is suspended.
In the ceiling of the
auditorium may be
seen the regularly
spaced small holes
through which direct
light is thrown upon
the audience.
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It would lead us too {ar if we were to discuss
many more of the details of this hall, but we
hope with the help of the photographs to have

, Fig. 8. Coming from the low-ceilinged cloak-room one
enters the lofty hall which is lighted in the same
simple manner as the cloak-room. Everywhere use is
made of special Iighting of the hangings to bring
out the beautiful effects of the rich materials used.

Fig. 7. The cloak-
room is lighted en-
tirely with indirect
light from light coves
above the counters
and attached to the
beams of the ceiling.
The latter prevents
an unnecessarily hea-
vy împression being
given by the beams.
Theillumination with
the vertical mirrors,
which also take away
the heaviness of the
columns which they
hide, forms a pleasing
accent.

shown that the work as a whole would be abso-
lutely unthinkable without the light. Not only
does it everywhere provide the necessary ilhi-
mination. but it accentuates the distances be-
tween the different surfaces, provides an inte-
resting variety of light and dark, it slides gently
'over the smooth curves of the padded wainscots,
conjures up rich gleams in the folds of the stage
curtain and falls unsuspected from the small
openings in the ceiling on the gowns and jewels'
of the audience, so that also there is no lack of
vivacity.
The features indicated show the progress

which has been made since the time of the exam-
ples previously mentioned. The builder uses
light as a building material, no moulding, sur-
face or colour is chosen before he has taken
into account how the light will fall upon it and
how therefore it will be seen.
We would by no means claim that this is

the first example of which this may be said,
on the contrary, we here see a growth and a
continuation of the work of others. This piece
of work is a link in a chain which will undoub-
tedly become longer in the future, and in which
works of greater perfection will' occur, In this
connection it is instructive to consider the work
of B ij v 0 e t in the auditorium of the theatre
"Gooiland" in Hilversum, which exhibits the
same principle in a less fully achieved form and
which certainly must have constituted an exam-
ple to our architect in many respects.

Illumination of the other parts of the theatre
When the other parts of the theatre are stu-
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traffic hub of the building. The simple indirect
lighting enhances the appreciation of the more
studied light decorations in the adjoining rooms.
In the first place we must mention the foyer

for non-smokers (fig. 9) with the beautiful stan-
dard lamps by Cop i e r of Leerdam. Above
this is the smokers' foyer and adjoining it the
restaurant, which is also accessible directly
from the street for the daily clientele (fig. 10).
In this hall, besides the clever lighting with
high glass ornaments in small domes, the beau-
tiful lighting of the curtains is striking, which
when it is dark outside and the lovely view of
the Dom can no longer be enjoyed, forms a vital
substitute for it.
The lighting of all these rooms separately

formed only a part of the project. It will be
clear that because there is such direct connection
between them, the lighting of the different
rooms, as far as system, colour and intensity
are concerned, must be harmonious, while at
the same time the necessary variety must also

Fig. 9. Through wide doorways the foyer for non-smokers can be entered
directly from the auditorium. Here there is a unilaterial indirect lighting
installed along the side nearest the auditorium, while five monumental glass
lamps by Cop ier of Leerdam, in addition to the indirect lighting via the
ceiling, give the necessary direct light which is indispensable for a festive
atmosphere in such a hall.,

died, it first strikes one that no spa,ce has been
wasted in corridors, and that due to the fact
that all the rooms open directlyinto one another,
each room has a well considered relation to the
succeeding one. The low-ceilinged cloak-room
(fig. 7) has an indirect lighting which indeed
makes the ceiling less impending but, neverthe-
less, emphasizes its horizontal chracter. A plea-
sant contrast is obtained by the vertical line
of the lighting of the mirrors. The cloak-rooms
proper can be closed with curtains which are
lighted by a long row of holes in the under
side of the light cove. This makes this part of
the building a pleasant promenade during the
intermission.

Passing through the cloak-room, up a short
stairway one enters the lofty hall preceeding
the auditorium (see fig. 8), which forms a sur-
prising climax. The ampitheatre of the audito-
rium, the restaurant, and the foyer are connec-
ted with the hall by means of freely hanging
staircases, so that this hall is as it were the
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be provided. Thus in the room where the public
itself is the chief interest, as in the café and the
foyers, there is a more generous use of direct

architect and our lighting technologists. Many
experiments were tried and many details desig-
ned to achieve the desired results. This collabera-

Fig. 10. In addition to the lighting by three rows of half indirect glass orn a-
ments in white plaster domes the restaurant also possesses a very fine curtain
illumination which gives to this not very large room a certain grandeur which
is very pleasing.

light, while in the theatre the lighting serves
primarily to accentuate the hall as back-ground
and frame.
Itwill be understood that all these light effects

necessitated years of collaboration between the

tion has always given us the greatest satisfaction.
In the text under the figures "ye have given

various practical details and mentioned certain
experience gained which seemed to us to be of
importance to the technologist.
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. THE' ACOUSTICS OF THE AUDITORIUM OF THE NE\V THEATRE IN· UTRECHT,

. by R. V~RMEULEN. 534.84

In this artdele the influence is discussed ~f acoustic considerations in the
design of the theatrè auditorium in the Munioipal Theatre which has recently
been opened in Ubrecht. At frequencies in the neighbourhood of 50!) els a'
reverberation time ·ofapproximately 1.2 sec was measured, which agrees with,
what was expected-theoretically.' "

In conjun~tion with ~he foregoing ~rticle on , to have the ceiling slope upward from front to
the illumination of the Utrecht Municipal Thea- rear, which would be architecturally, the logical
tre, we shall here discuss the extent to' which method of making 'room for the balcony. The.
the requirement of good aèóusbics has affected sound in that case would be thrown mainly-
.the design of the auditorium, a subject about into. the back of the hall, which: of itself would
. which we were permitted ·to. exchange opinions .. be' an advantage if it did nob occur at the ex-

... with the architect W. M. Dud o~ ....at an early pense of the middle section. As in many' cases,
stage of the planning. Thesè considerations con- it was also found that in.the design for the Murii-
stitute a construcbive application of the general . cipal Theatre a horizontal ceiling furnished fa-
principles of the acoustics of auditoria about vourable results, since it provides the middle
which a series of article's has' alr:~ady appeared. of the hall as well as the balcony with, adequate
in this periodical-). . .'.; '. sound. . . :' . .

. au'dl'tor-l"um . 'Jn fig -. L the path of the sound ;ays is drawn ...
; The shape of the in the main cross section of thè auditorium, with

The idea] situation would be that, in which -the angles between successive rays being taken
every member of the audience receives the words equal to 5°. 'The beams Iying between these
directly from the lips of the speaker' on the stage. . rays for directdons of sound which do not deviate

r In open-air gatherings where there are no re:' too greatly from the hoiizontàl,' will 'then all
fleeting walls experience haa, however', shown contain equal acoustic power and the intensity
that this is only possible over a very limited is thus inversely proportionàl tó the surface,
distance. This distance is found to become much upon which' a given beam is ~ncidènt .

. greater when the speaker is placed on a .plat- It is obvious that the fronü-rows receive ade-
~ form' high above. the public. The sound waves· quate sound, not only because of the short-
experience great attenuation as they pass over distance, but also because of ,the fact that the
the heads of the hearers, since the wave length . position of the speaker ~srelatively high above
,for audible sound is of just the same order 9£ them. For the' sound which, is reflected by the
magnitude afi the dimensions of the heads. The, front part of the ceiling and which if the ceiling
sound waves are therefore refracted toward the were horizontal would be thrown on the front

~ spaces between the hearers and are there strong- rows of seats,' a more useful employment can
ly absorbed. It is thus easy to understand that be found by giving this part of the. ceiling a
the sound is much more attenuated at some dis-. certain slope. The space under the balcony
tancè from the speaker, than would' follow from -deserves first èonsiderabion in this matter since
the square law for the propagation of sound in . it receives nothing from the horizontal part of,

, space. , the. ceiling. Since, it is only the slope and not
The solution of thls difficulty for an open-air.. the, position of the reflector which is under

gathering,' namely of placing the speaker high control, it was only possible to direct a small
above his audience, cannot be applied - in a part of the 'sound jnto this space, the remainder, .
theatre auditorium, since in that case the stage is received by the audience on the balcony. In
could not well be seen. It is, however, possible order, nevertheless, to capture as much sound
apparently to provide the speaker with -this as possible under the balcony the opening' of
, favourable position by causing his voice to be ,this space was made as high as was compatible,
reflected at the ceiling; This reflecting surface with other requirements, while the lower side
should then 'bè given such a form that the sound . 'of the balcony was given' such a shape, that
is distributed as fairly as possible over the whole' the incoming sound .waa conducted downwards
audience. ,upon the audience, It is scarcely permissible to
If in the different designs for the shape of the i speak of a' reflection in the case of such an almost

ceiling -the path of the sound waves is now tangential incidence, since it is here actually
drawn in, it is quickly noted that it is undesirable the refraction of the sound which predominates ..
1) Philips techno Rev. 3, 69, 139 and 363, 1938. The corner between. rear: wall and ceiling

r ,

....

. 9
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- ,
be taken that no echo may be formed due to
too great time differences. In the front- of the
hall the time difference is only 13/.330, i.e.
about 1/20 sec, which is quite permissible.
While in the case' of the Iongitudinal cross

section the form of the ceiling was for the. most
part determined by the acoustic requirements,
in the design of the transverse cross section the
architect .may allow other considerations, for
example those connected with illuminating
technology, to be the determining factors. Many
variations are possible since the only condition
to be fulfilled is that the Sound shall be uniformly
distributed over the audience and that it shall
not be thrown against the side walls, since
otherwise it covers longer distances and a longer
reverberation results.

2) Compare also the function 'of a mirror, which has In the case of the form chosen by the architect
bèen described in Philips techno Rev. 5, 335, 1940.· . a slight curvature of the ceiling concentratea

always forms a dangerous point, since when the
- surfaces' are' mutually perpendicular the rays
are there reflected back to the stage parallel to
their path of incidence"). In general, it is true,
it is desirable' that the players receive sound
back from the hall in order that they 'should
not obtain the impreesion that the hall is diffi-
cult to play to. This reflection, however, was
unsuitable for the purpose because the long dis-
tance (2 X 26 m) which the waves must cover
would produce such a retardation :that the
sound would be heard as an echo. Therefore at
the rear of the ceiling there is a section with a
slope such that the sound falling upon it is
reflected to the' balcony.
" In the case of the other rays also, care m~st

"

Fig. 1. Longitudinal cross section of the theatre auditorium in Utrecht.
The path of the rays of sound is drawn for sound' from a source placed in '

the, opening of the stage wall. From the surface covered by the beam an
impression can be obtained ofbhe intensity to be expected. The ray indicated
by a broken line, which is only added to make the path of the rays clearer,
must be left out of consideration in estimating the distribution of intensity.
The space occupied by the audience is shaded. The beam between
1050 and 1000 falls upon the first 2 m of audience, -
1000 and '950 falls upon :the following 4-5 m of audience,
950 and 900 falls upon the remaining II m 'of audience,
900 and ' 850 falls upon the underside of the balcony and thus reaches the

, .back rows" " " '
, '. ,85~and. 800 falls 'up~n the' fr~nt 'edge' of the balcony and is fairly 'dif-

. fusely reflected, ' .' .
'80~ and 750 ,as direct sound, reachès almost the entire balcony, ,
, 750 and 600 falls, partly. via the ceiling, into the back of the balcony,
60' and 450 serves the front of the balcony via the ceiling, .
400 and 25" falls upon 7-20 m in the middle of the auditorium,
25-1.and, 100 is reflected to thè' balcony by the oblique part of the ceiling,
100 and 50 reaches the audience under the balcony.
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the greater part of the sound on the audience,
while the cutting off of the corners directs 'the
sound which would otherwise reach the side
walls to the outermost rows of seats (fig. 2).

theless be made that it mayalso be used for
music. The immediate direction of the sound
on the audience, necessary for a theatre audito-,
rium, makes music sound dry and sharp, sincé

Fig. 2. Transverse cross section of the theatre auditorium in Utrecht.
The source of sound is considered to be in the same place as in fig. 1, and

the figure shows the reflection of the sound rays by the ceiling. The vaulted
part gives a slightly spreading beam upon the audience. The rays which
would fall upon the walls after reflection are reflected into the auditorium
by the sloping parts of the ceiling. .

The path of a few ra-ys which 'fall direebly on the side walls is also shown
by dotted lines; these furnish no effective contribution; but will go to make
up the reverberation. For the rays drawn the intensity provided can be appro-
ximately estimated as in fig. 1. This is not the case for the rays not drawn
which are directed immediately toward the audience. In fig. 1 the rays travel
in the plane of the drawing, in fig. 2, however, they are projections; the, source

, , of sound lies far behind, and, the receptive audience in front of the plane
whereas the rays are reflected at the walls .. Therefore beams of rays with
,equal intensity woul~ have to form very different angles in the drawing .

These 'beams of sound will be of espeoial tad-
vantage when the speaker doesnot stand exactly
iri the centre of the stage and the sound after
reflection at the middle section of the' ceiling
would just miss reaching the rows of seats on
the, same side as, the speaker.,

Reverberation time
. , '

In addition to the disbribution of the sound
which has been reflected once and which pro-
vides the chief contribution to intelligibility, the
remaining sound, the reverberation, must also
still be considered: on the one hand the rever-
beration' time, especially in the low tones, must
not be too long; since otherwise, as for instance
in a church, the intelligibility decreases, and, on
the- other hand it may not be too short since
this produces an uncomfortable feeling and mu-
sic suffers in quality .. Although a good. theatre
auditorium will never be at the same -time an
ideal concert hall, the requirement must never-

.dueüo their long Wave length the lower tones
a e much lèss easily directed. It is therefore
desirable that' the reverberation should here
provide an amplification and should last longer
for low tones than for the intermediate region
of tones. Since the absorption of most materials
increases' with the frequency this requirement
is automatically fulfilled. The increase in ab-
sorption wit~ increasing frequency is even
greater than would be expected, so that it still
remains necessary to take measures for the
sufficient absorption of the bass tones. The plan
of the architect of covering the part of the walls .
within arm's reach from the floor with padded
artificial leather seemed to be extraordinarily
suitable for this purpose. This covering is not
porous and will not therefore absorb high fre-

o quencies to any extent. For slower vibrations,
however, with the layer of air behind it, 'it
causes the occurrence of a resonance which is
damped by, the padding.

In general the average value 0.£ the reverbera-

11
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which was indeed chosen by the architect.
In a consideration of the different parts which

contribute to the absorption i~strikes .one imme-
diately tha:t the audience furnished by far the'
greatest share. This has the disadvantage that

. an ineompletëly filled .house would have a 'con-
siderably longer reverberation time, and an '

Fig. 3. Reverberation time of the theatre auditorium
empty house would even have eight times. as in Utrecht all a function of the frequency. The rever-
long a reverberation time, i.e. 9.6 sec. ! beràtion time was measured 'with the source on the
. Increasing the absorption of the walls would stage, where a normal scene had been set up .. The

, measurement was carried out for each frequency at
of course _make the .influence of the' audience three points in the auditorium andono on the balcony .

. relatively. smaller, but at the same time it' ,The reverberation time at 200-2000 c~s amounts to
would, very much decrease the reverberation' 1,2 sec. and. mcreas~s at low frequencies to.l.O .sec
. 'for 100 'c/s; m the high tones the ravsrberation trma
time unless the .hall. were made much larger, decreases to 0.7 sec. for. 7000 c/s." ','

tdon time in a theatre auditorium gives _little
cause for anxiety if only the, h.e i g h t of the
hall is correctly chosen." The absorption .of the
·sound takes place chiefly by the audience,

" whose absorption coefficient closely approaches
100 per cent. In the plan for the Municipal

, Theatre the surface area of the balcony was
somewhat less than one half of that of the floor
of the hall. If we represent this latter quantity
by the letter S the height by H, then the volume
of the hall is V = H . S. For the. absorbing
surface of the audience we calculate with the
value S in the hall and 0.4 S on, the balcony,
and add another 0.2 S for the absorption by
the walls, etc. The desired' reverberation time

, was 'estimated to be 1.2 sec on the basis of
'various data. Then from the wellknown formula
of Sa bin e ' for the reverberation time:

. V
T = O.16:A'

where ..
V = volume of the hall in m",
A'= absorption of the hall in m2 of equivalent.

, open window surface area we find' the fol-
lowing value for the height' of the hall:,'

, ,
. V TA, 1.2

H = S =.0:16 S ' 0.16 S. (8 + 0.4 S + 0.2 S)·. ..-'.
'= 12m,

which would not only be an expensive solution'
but one which would be unsuitable from the
point of view of inteJJigibility .. A much better
solution' is to upholster the sèats in such a
manner that they can take over the function of "
the absent audience, but are relieved of their
absorbent function -by the audience which is
present. . .,

The measurement of the reverberation for the
empty auditorium already gave the~desired value'
of 1.2 sec, from which the conclusion may be
drawn that the chairs actually do perform the
part intended for them satisfactorily. The varia-
tion with frequency is also satisfactory (fig. 3) :
the incréase for the- low tones, desirable -for
'music, -is found by no means to give the hall
an echoing or "hollow" character. It must still
be" noted that. this frequency characteriatio is
only valid for the rev e r b era t ion, which
results from repeated reflection at the walls. The
contributions of importance for. intelligibility
. reach .the audience after .a single reflection at
walls which absorb only a few' per. cent'. The
variation of this With the frequency is therefore
unable to influence the sound appreciably.
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CONSIDERATIONS ON THE TEXTURES OF METALS

by J. F. H. CUSTERS.

When in a polycrystalline material the crystaIIographic axis directions of the
crystal grains are not entirely at random the material is said to possess a
texture. In many practical cases the texture of the material is of great im-
portance. It is our intention to discuss in this periodical a succession of exam-
ples in which this is the case. As introduction it is explained in the following
article how textures can be represented graphically (stereographic projections
of the so-called reference sphere) and how the texture of a given specimen
can be determined experiment.ally by means of X-ray photographs.

JANUARY 1942

It is a well known characteristic of a crystal
that its physical and chemical behaviour is in
general different in different directions. When
for example the tensile strength of a block of
copper consisting of a single crystal is measured,
it will be found that in the direction of a rib
of the cubic crystal lattice it is less than half
that measured in the direction of one of the
spa c e d i ago n als of the cubic lattice.
In technology such metals in the form of single

crystals only play a subordinate part, because'
they possess properties which are usually unde-
sired from the technical point of view. The
pol y cry sta 11 i n e state is of much greater
importance, where the metal is built up of a
collection of larger or smaller single crystals or
crystal grains.

Fig. 1 shows the surface of a polycrystalline
metal as it appears after being etched with a
suitable reagent. The various grains can here be
distinguished clearly because, after having been

Fig. 1. Photomicrograph of polished and et.ched a-
brass (magnified 100 times). The polycrystallme struc-
ture is here clearly visible because of the fact that
the different crystal grains reflect the light in different
ways.

13
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attacked by the reagent, they reflect the light
differenbly. Each of the grains is a single crystal.
They are, however, usually not bounded by
crystal planes as is often the case with single
crystals encourrtered in nature, which commonly
possess a symmetrical external shape; the boun-
daries in this case are rather determined by the
more or less accidental meeting of grains growing
from different points, which are later perhaps
deformed, due, for instance to me~hanical treat-
ment.
It is important to note that each of these

grains has its own crystallographic axis direction
and that these directions, due to the varied
positions of the grains, are in general different
from grain to grain as represented schematically
in lig. 2a. Itmay, however, also occur that each
crystal grain occupies a definite, more or less
sharply distinguished, preferred position, as far
as the position of its crystal axes is concerned,
as represented in fig. 2b. In this case the poly-
crystalline material is said to exhibit ate x-
tu r e. A material thus has a texture as soon
as the grains no longer occupy absolutely irre-
gular positions, as is assumed in fig. 2a.
The examples of figs. 2a and b, represent the

two extreme cases of orientation: in the first
case no texture, in the other case a texture of
such a nature and completeness that the material
may be said to be a pseudo single crystal. In
addition to these limiting cases all types of
textures can be found. As an example we may
mention the texture of a drawn aluminium wire.
When, beginning with a polycrystalline wire
with non -orientated crystal positions, the wire is
strongly stretched, the particles take up such
positions that in each grain a space diagonal
. of the (cubic) crystallattice lies in the direction
of stretch, while for the rest the orientation still
remains random (fig. 2c).

In general in a polycrystalline metal the above
mentioned dependence on direction of the diffe-
rent properties of a crystal will not be noticed
if the crystalline particles are non-oriented. Due
to the random position of the particles the crystal
properties in each direction of the polycrystalline
metal constitute a sort of average over all
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directions; the material thus behaves as an
isotrope as long as the observations involve the
collaboration of a sufficient number of particles.
If on the contrary the material exhibits a tex-
ture, it may be expected that a dependence of
the properties on direction will be observable.
A typical example of this which has already
been mentioned in this periodical") is reprodu-

following numbers of this periodical. The rela-
tion which is found between the texture and
other properties of metal will there also be
emphasized as far as possible.

Description of a texture
Let us begin with the methods which are used

for des cri bin g a texture. We consider a

Fig. 2. Position of the crystal axes in the particles of a polycrystalline material
with .a cubic crystal lattice.
a) No texture: the particles lie with their axes entirely at random.
b) Sharp texture: the axes of all the particles are in the same position.
c) Texture of an aluminium wire drawn in the direction TT: in each particle

a space diagonal of the cubic lattice is parallel to TT.

a)

eed in fig. 3 : upon drawing cups of chrome-iron
sheet very different results were obtained accor-
ding to whether or not the original material
exhibited a texture.

In judging a material for a given use all
kinds of other properties in addition to the
texture naturally also play a part. For example,
the d i men s ion s of the crystal grains (fine
or coarse) mayalso be of decisive importance.
The presence or absence of stresses in the crystal
particles may also be important. In general
therefore a whole complex of properties should
be studied in the case of a metal intended for
a given purpose. We shall here, however, direct
our attention especially to questions connected
with the te x tu r e. For that purpose we shall
in this article discuss the way in which textures
are investigated and described, while it is our
intention to discuss a series of examples in the
1) W. G. Bur g ers, Pb.ilips techno Rev. 2, 156, 1937.

c) 40S84

polycrystalline piece of metal in which there are
hundreds of crystal grains. Let the crystallattice
be of the cubic type. In each single crystal the
atoms which occupy the lattice points are
arranged in a definite way so that planes can
be distinguished which are regularly filled with
lattice points. In fig. 4 several of these planes
are indicated. These are the lattice planes at
which X-rays can be "reflected" (see below). If
we confine our attention to the cube planes
(fig. 4b), three mutually perpendicular sets may
be distinguished. It is obvious that the position
of a crystal grain is completely defined when
the position of its cube planes is known, while
of course the directions of the normals to these
planes also fully determine the position of the
crystal particles.

Returning to the piece of metal mentioned,
a sphere is drawn about it, the so-called reference
sphere whose radius is large compared with the

Fig. 3. Cups made of chrome-iron sheet, obtained by drawing. In the case
of the left-hand cup the original material had no texture, in the case of the
right-hand cup a texture was present. .
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dimensions of the pièce of metal. The position
of the three cube 'planes of each particle is in-
, vestigated; the three normals to these planes are
drawn through the centre of the sphere and
extended until they pierce the sphere as shown
in fig. 5 for a single grainê). This IS done for

bododecahedron planes") (fig. 4c) to describe a
texture. In the case of cubic crystals one usually
confines .oneself to the cube .and octahedron
planes. ,

IIi order to drawand measure a texture easily,
it is desirable to represent the reference sphere

0
.

0
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Fig. 4. a)·Diagrammatic represente.bicn of a cubic lattice. b) The three sets
of cube planes. c) .Octahedron planes 0 and rhombododecahedron planes r.
,(After M. Pol any i). , " .

every grain. In this way the surface of the
sphere becomes filled with points. 'I'hedensity
of the points on 'the sphere is the same 'at all
.points when the piece ofmetal exhibits no tex-
ture., In contrast to this, the density will, be "
different from point to point when the crystal-,

Fig. 5. Reference sphere drawn,around a single crystal. ,
The normals to the three cube faces passing through
the centrè of the sphere are indicated. These normals
pierce the surface of the sphere at three points which
ar~ called the poles of the cube planes ..

, grains are more or 'less oriented. In fig. 6b this
is shown for the texture of fig,' 2b: at only three
spots, which are more órless extended according
to the sharpness of the texture, is the surface
of the sphere "blackened". The texture of the
abovementioned aluminium wirè (fig. 2c) is
represented in the same way in fig. 7b.'

Use may be made not only of the cube planes
but also of the' so-called octahedron or rhom-

2) Actually two normals are enough to determine the
position of the crystal grain, but for the sake of .
the symmetry all three are always considered.

just eonsidered on a plane by means of a 'pro-
'jection. Tl;l.eordinary method' isühat of .stereo-
graphic projection', which is explained in. fig. 8.
A' plane is drawn through the centre of the
reference sphere, the projection plane Pr.' The
normal to this plane throughthe centre 0 piercés
the sphere at the '"North" and "South" poles,

, N' and Z, respectively"). Points lying on the
surface of the u p 'p er/hemisphere are now
projected upon Pr by connecting them with the
south. pole and finding where the connecting

"._linescut the plane Pr (S' is -the projegüion or
,.image of 'S), while, the v points ,lying on. the
. ,I Q we r hemisphere areprojected byconnecting
them with the north pole' and .marking the
points of intersection of them with' the north
pole and marking the points of intersection of
the connecting lines and the, plane Pr, (T' is
the image of T). In this way all the projected
points are made to lie within the so-called basic
circle G. Points on the upper and lower hemi-
spheres can be distinguished in the projection
, by marking them blue, and red, respectively,
for example. In' practice this will usually be
unnecessary because the texture of thè material
almost always possesses a pla:ne of symmetry;
this plane is then 'chosen as projection plane so
that the projections in blue and red then have
exactly the same appearance and one of them
is sufficient.

:i) The planes are so called because upon reflection
, at the different planes of symmetry of the lattice,

an octahedron or a rhombododecahedron, respec-
tively, results from one such plane. ,

') From this nomenclature .it' is evident that it is
. here a question of a procedure whose oldest and

most important field of application is in geography
in.representations of the earth. " .

15
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The pattern which is obtained when the points
of intersection on 'the sphere of the normals
corresponding to a given typ~ of lattice plane
are projected is called the pol e fig ure for
the corresponding plane. From two such pole
figures, for example, that, for a cube and that
for an octahedron plane; a good idea of a tex-
ture can be obtained. In 'fig.' 6c and 7c the pole
figures are drawn for the cube' plane of the tw,o
textures of fig. 2b_ and c, '

How is the texture of -a given material now
determined î The method which is generally used
for by this makes use of the. diffraction of X -rays
by rerystals. .

a) a)

T

i
! .

. f".~._"-_. '-:--'~.'-i '
I

·8·············
. .

._1-
. I

. . .. .

~Fig. 6~ . Fig. 7.
Fig. 6. 'The textur~ ,of fig. 2'b "shown again in a) is
represented on: the reference sphere. The reference
sphere' is blackened' at only three poles (and their
three "counter poles"). In c) the projected pole figure
is given (see belów).

. Fig. 7. Likefig. 6, for the textur~ dra-wnin fig. 2c. ThÉi.
reference sphere is blackened in two circles (parallel
and counter parallel circle); they indicate the geome-
trical position of' the. points of intersection of the'
normals to the three cube planes in each particle ..

.;

L•r:

ilI
l·
11
i~

Fig. 8. Stereographic projection on the _plane Pr of
points lying on the reference sphere. S is the image
of S, T' that of T.

X~ray determlnation of a texture
When X-rays of a given Wavelength Ä (mono-

chromatic radiation) fall upon a crystal, no
- diffraction will in general be observed, since

the rays refracted at the lattice points cancel
each other by interference. Only when Bra g g's
condition: ' 1 2;] '. e' n 11. = ,Ut SIn ",

, is satisfied, does. the interference of the rays
deflected in certain directions lead, not to cance-
lation, but to mutual reinforcement: In this
'equation a, is the distance between some set' or
· other of parallel lattice planes: e the angle at
which the beam of X-rays strikes bhe lattice
'plane (thus 90°-8 i~ t~e angle petween the
· beam and the normal to the plane), and n" is
a, whole number.' The direction in which the
deflected rays' reinforce each other and which
can therefore be determined experimentally,
can now be described for it. given lattice plane
'as if the X-rays were reflected against that
lattice plane "as against a mirror. Wit,h given
values of a, and Ä this' reflection, according to

· Bra g g's condition, can occurat various angles
.of incidence e which correspond to the values
n = 1, 2, 3, ... One then speaks of reflections
of the "Ist, . 2nd, .3rd ... order. (The, physical
significanee of n is then the number of wave,
lengths difference in path between X-rays which
are reflected by successive lattice -planes).
,Example: 'with the help of an X-ray tube

with copper anode, using suitable filters, a
strong, practically monochromatic X-radiation
can be obtained with the wave length Ä = 1.539.
A (Cu, Ka radiation). If this 'beam is allowed
to fall upon a crystal of aluminium of which' a
first order reflection' of the octahedron plane is
desired, (the lattice plane distance is a, == 2.333
A in this case), the beam of Xvrayamuet strike
that plane at an angle of 19°16'.;
In fig. 9 let V be the representative of some

set of mutually parallel lattice planes in a

...
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crystal gram. V is assumed to be in such a
position relative to the incidentX-ray beam that
Bra g g's condition is satisfied. Then the nor-
mal n to V includes an angle 90°-8 with S.
It. is clear that at every position of V in which
n lies on the surface of the cone indicated in
fig. 9 (apex 0, axis S, semi-apex angle 90°-8),
reflection of the X-ray beam will occur. We
now drawasphere around 0 as a centre wbich
can be used as the above described reference
sphere. The cone mentioned cuts the sphere
along the so-called reflection circle R, and on
this circle therefore the point· of intersection
(pole) of the normal to the surface V must
always lie if that surface is to cause a reflection
of a given order of the X-ray beam S. In fig

n

"ono

Fig. 9. A beam of X-rays S is reflected at a lattice
plane V of a ·crystal only when the angle between
S and the normal n to V is equal to 90°-0 (B rag g's
condition). Therefore for each position of V in which
n lies on the surface of a cone with the semi-apex
angle 90>-0 will there be reflexion. The surface of
this cone cuts the reference sphere drawn around the
crystal in a circle, the so-called re fIe c t ion c i r-
e IeR. In the case of reflection, therefore, the pole
of the lattice plane in question must lie on this circle.

10 three positions of V are assumed which
satisfy this condition (points of intersection
NI> N2, N3)·

Let us now consider the reflected radiation.
In the case of fig. 10 it will cause three spots
(PI> P2, P3) on a photographic film F placed
behind the crystal; these spots may be consi-
dered as the "images" of the positions VI' VI>
V3 of tbe lattice plane. It is clear that the angles
aI> a2i a3, which the projections (on a plane
perpendicular to S) of the normals ~, n2, n3
inclose, are the same as the corresponding angles
between PI' P2, P3 on F; in other words m
this projection the angles are retained.

At the point 0 we now place a fragment of
polycrystalline metal with a cubic lattice, and
we again consider a single type of lattice plane
of the single crystal grains, for instance the

cube planes. In the absence of a texture in the
fragment the reference spbere will be uniformly
covered with the poles of those planes, with the
result that a complete circle of "images" is

Fig. 10_ The points »; P2, P3 on the photographic
film F are the images of three positions of the lattice
plane at which reflection takes place. The normals nl,
nz, n3 to the lattice plane in the three positions pierce
the reference sphere at the poles Nl, N2, N3• From
this it is easily deduced that the "blackened" parts
of the reflection circle R are projected on F in such
a way that the angles (al' a2, a3) are retained.

formed, a so-called De b y e-S c her r erring,
whose radius is determined not only by the
wave length A and the distance between the
lattice planes d but also by the distance at
which the film is .situabed from the crystal
fragment. In t':g. 11 an ,x-ray photograph may
be seen with a number of such quite uniformly
blackened circles. If on the contrary the crystal
fragment does- possess a texture, so that only
certain parts of the reference sphere are "blacke-
ned", thenin general the De b y e-S cbe r r e r

Fig. I!. X-ray photograph of a substance in pow der·
for m which naturally possesses no texture and there-
for gives entirely uniformly blackened De b ij e-
S_ch e l' l' e;r rin gs.
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ring on the film is not uniformly blackened, but
only those segments of it which are the image
of the parts of the reflection circle where this
circle passes through "blackened" regions on the
reference sphere.

When one has thus obtained such an X-ray
diffraction photograph of a piece of metal, then
by measuring the angles within which a given
De b y e-S c her r erring is blackened it can
immediately be found along what part of the
corresponding reflection circle R a blackening
must be present on the reference sphere. The
reflection circle, however, covers only a small
part of the reference sphere, while for judging
the texture we must know the blackening over
the whole reference sphere (unless this require-
ment may in part be neglected because of

symmetry properties of the texture). One of the
means of ascertaining this would be to choose
a succession of different wave lengths of the
X-ray beam, so· that the reflectin circle E
moves parallel to itself over the reference sphere
and the whole reference sphere is as it were
scanned. In practice, however, this method
encounters insuperable difficulties, the chief
among which is the fact that one cannot have
at one's disposal a set of X-ray tubes each of
which furnishes radiation of a different wave
length. The more obvious and commonly em-
ployed method of scanning the reference sphere
is usually to give the crystal fragment in ques-
t.iqn a slightly different position each time. If
the reference sphere is assumed to be rigidly
connected with the crystal, while the positions

35°

FIg. 12. Series of X-ray diffraction photographs of
a polycrystalline substance with a definite texture.
For the successive photographs the specimen has
been rotated each time through an angle of 5°.
The sphere of reference, blackened according to a
definite pattern, thereby rotates as it were past
the reflection circles for the different kinds of lattice
plane. The circles on the photographs (D e b ij e-
S c h e I' I' e I' rings), which are faithful images of
the reflection circles, - K for the cubic planes,
o for the octahedron planes, R for the rhombodo-
decahedron p lanes -, are thereby blackened at
certain points. From the whole series, therefore,
the pattern of blackening on the reference sphere
can be derived. (In the photographs there are also
a number cif other, in some cases quite intense,
spots, which may not be used for the construction
of the reference sphere, since they are due to the
unavoidable continuous spectrum which the X-ray
tube produced in addition to the monochromatic
radiation ).
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The construction of the pole figure
In themailner.de~cribed the blackening pat-

tern -on the' reference sphere of the fragment
investigated can be constructed for the lattice
plane considered, for example the cube plane.
Actually, however, as explained above, we desire

, to obtain .!.1p Ia n e pole figure by projecting
the reference sphere on a plane passing through Fig. 14. Pole figure for the octahedron plane derived
its centre. As plane of projection it is preferable from the photographs of fig. 12. In ,the positiöns ?O.
to. choose a plane of symmetry of the object to' 40°. the reflection circle passes through blackened
in question (at least if the object possesses such regions which can be recögnized in fig. 12 in the

corresponding photographs as blackening of the corres-
a plane), since it m.!.1ybe expected that this •ponding segments of the ring O. "
will also be a plane of symmetry of the .texture ..
'Beginning with the X-ray photographs the pole
figure can now also be drawn immediately on

of S, R and F are constant, different parts of,
. the sphere turn with the crystal past the reflec-
tion circle R. The crystal fragment (for instance
a piece of rolled strip or the like) is usually
rotated through a certain angle, 5°, for example,
from a' given initial position about a vertical
axis passing through the centre of the sphere,
and in each position 'a photograph is taken. In

, fig. 12 is shown a series of photographs taken
in this way of a certain :rp.aterial.,By this method
'of procedure the whole reference sphere is
scanned with' the exception of caps at the trip
and bottom, Kl' K2 (in fig, 10 the cap Kl is
indicated). In ord~r to "include these caps also'
the fragment is rotated about a different axis,
for instance about the line perpendicular to the
. plane of the drawing.

Fig. 13, Pole figure for the cube plane derived from
the photographs in fig. ,12. The projection of the
reflection' circle is. indicated for a number of rotated
positions of the piece of metal. It' may be seen that
at about 10°, it passes through the middle of the blacke-
ned region a,t the right-hand end of the axis bob, In
the photographs at 10° and 15° of fig. 12 the ring
K exhibits an intense blackening at the corresponding
point. .

this plane, without first following tbe circuitous
method via the reference sphere. For 'this pur-
pose on the projection 'plane for each photo-
graph the projection is drawn of the reflection
circle which corresponds to the D e b 'y e-
S ,c her rel' ri.ng considered, and only those

b

segments of the projected circle are "blac]rened"
which can be recognized as blackened segments
of circles of the De bij e-S 'c her rel' ring on
the film, It must be kept in mind that only in
one position of the object (for instance, the
initial position) is the plane of symmetry, which

" has been chosen as plane of' projection, and
which is. bound ~o the object, p a I' a 11el· to'

. the plane of the reflection circle which is bound
to the incident X-rays (namely perpendicular
. to their direction). Thus in working, out' the
diffraction photographs taken in rotated posi-
tions of the object, one must project the succes- .
sive reflection circles provided with the appro-
priafe blackenings in each case on the projection

.: plane which has rotated farther with the object.
This apparently difficult operation is carried
out in practice easily and quickly by means of
a so-called W u If f net. Wé shall not go unne-
cessarily deep into the details here, however.

In this way, for every desired lattice plane of
the object, the pole figure can be constructed
by considering the D e b ij e-S c her rel' ring
oorreeponding to that lattice plane. In fig. '13
and 14 we show tbe pole figures bhus obtained,
which are derived from the -series~ofphotographs
of fig. 12 for the cube plane and for the octahe-
dron plane, respectively.
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THE MEASUREMENT OF PEAK VOLTAGES IN A STUDIO INSTALLATION

by F. de FREMERY and J. W. G. WENKE. 621,.317.726:621.396.712.3

A measuring apparatus is described which is used in a broadcasting studio
for a continuous controlof the alternating voltageswhichare sent to the trans-
mitter. In connection with the purity of the broadcast these voltages must
not exceedcertain limits. Since there is a danger of their doing so, particularly
at the peaks of the recorded sound, specialprovision has been made for con-
venientreading offofthe peak voltagesbymeans of a retardation arrangement.

The amplitudes of the alternating voltages grees of amplification for each part of a piece
which are generated in the electrical transmis- of music is the task of the technician who.seated
sion of sound vibrations must lie between two at a control table, supervises and control" the
limits: the voltages must on the one hand project whole broadcast:
far enough above the level of interferences In order to carry out this regulation the tech-
(noise), and on the other hand the amplitude nician must know in advance the moments at
must not become so great that a disturbing which peaks may be expected as well as their
non-linear 'deformation occurs in one of the intensity. In this he is aided by the score which
links of the transmission. lies before him and the experience gained at the

An especially important part is played by rehearsals which precede the actual broadcast.
these two conditions in the running of a broad- In addition, however, the technician must have
casting studio. In this case the aim is to secure some method of checking whether the regulation
the greatest possible freedom from interterenee he performs i.s having the desired effect. The
and purity of reproduction, while the amplitude desi.red check is obtained not only by means
of the sound vibrations, at least when it is a of a loud speaker which is connected with the
question of music, exhibits great variations. It line to the transmitter and with which it is
is in just these variations that the dynamic possible to determine subjectively whether or
quality of the music lies. As an illustration a' not distortion occurs, but also by means of a
registrogram of the sound intensity in a concert 'measuring instrument which indicatés continu-
hall during the performance of a piece of music ously the amplitude af the alternating voltage
is reproduced in fig. 1. In order to provide that on the line to the transmitter.
the alternating currents which are sent from The principle of the measuring instrument
the studio to the transmitter are sufficiently which was used for this purpose in a studio
free of distortion even at the pea k s of sound, installation previously described in this perio-
it will often be necessary to reduce the peaks dical ') is shown in fig. 2. It contains two ampli-
artificially by decreasing in a suitable way and fier stages in push-pull connection, followed by
at the correct moment the amplification which a rectifier and an output amplifier stage. The
is applied to the microphone voltages. On the anode current of the final stage, which is a
other hand in the sof t passages of the music n;teasure of the amplitude of the input A.C.
it will be desirable to increase the amplification voltage of the apparatus, is. measured with a,

somewhat in order that the reception of those moving coil instrument with a light pointer
passages may suffer as little as possible from 1) F. de Fr em er y and J. W, G. Wen k e,
interferencès. The regulation of the correct de- Philips techno Rev. 6, 139, 1941.

A
I

----11 min:__ Fo OUVERTURE LOHEN6RIN

22367

Fig.!. Variation of the sound intensity in a concert hall during the perfor-
manceof a pieceofmusic:Overtureto Lohengrin. (From: R. Ver m e u Ie n,
The relationship between fortissimo and pianissimo, Philips technoRev, 2,
266, 1937).
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which is built into the control table, see fig. 3.
In series with this instrument a second meter
is connected, which, together with the actual
amplifier connection, is assembled on a panel
of the amplifier racks of the studio installation,
so that the broadcast can be controlled there

, also. The scale of the instrument is calibrated
in decibels and runs from -45 to +45 dB. The
value 0 dB thereby corresponds to an input

reason a device has been employed which very
much facilitates the readi"!'..goff of voltage
pea k s in par ticuiar, with which we are
chiefly concerned. The rectified signal voltage
is not fed to the output amplifier valve directly,
but via the time circuit indicated by T in fig.
2. This consists of a connection in parallel of a
condenser 0 and a potentiometer, the latter
being composed of a resistance R and a high

-c
+ !

+ 40'62

Fig. 2. Connections of the peak voltage meter. T time circuit consisting of
a condenser 0 and two resistances Rand S. For reasons explained below
the leakage resistance of a blocking-layer rectifier is used for S. A ammeter
calibrated directly in dB of the input signal. Dl and D2 differential ammeters.

A.C. voltage of 1.55 VR.M.S., which is considered
as the normal, permissible zero level in broad-
casting tr ansmissions over lines with an impe-
dance of 200 ohms (transmission power 12 mW).
The part of the scale above 0 dB is coloured
red as an indication that the A.C. voltáges here
exceed the prescribed limit and that there is
therefore danger of distortion.

Upon rapid alternation of the amplitude of
the input voltage it would be very fatiguing
for the person at the control table to follow
the light spot on the scale of the indicator as it
continually jumps back and forth. For this

Fig. 3. Indicating instrument of the peak voltage meter
bui It into the cöntrol table of the broadcasting studio.

resistance S, which we shall discuss later. If an
A.C. voltage of constant amplitude is now fed
to the input of the connections, the condenser
C is charged to a certain voltage and a very
small current flows through Rand S. The grid
of the output amplifier valve thereby assumes
a certain negative voltage. If the amplitude of
the input A.C. voltage increases, the condenser
o is .very quickly charged to a higher voltage
and simultaneour-ly the grid of the output valve
becomes more negative, whereupon the indica-
tion of the anode current meter immediately
adjusts itself to the new value. If, however, the
amplitude of the input A.C. voltage now beco-
mes smaller again, the condenser 0 can only
adjust itself slo w 1y, by discharge over Sand
R, to the new, lower voltage value, so that the
light pointer of the anode current meter moves
back only slowly. In this way provision has been
made that upon the occurrence of a voltage peak
the indicator reaches practically its final value
(maximum deviation 1 dB) within 0.005 sec,
while it falls back at a rate of only about 20
dB per second.
The relation between the anode current of

the output stage and the input A.C. voltage,
i.e. the calibration of the scale of the indicator,
depends in the first instance on the characteris-
tics of the amplifier valves used, in particular
on that of the output valve. Since with increa-
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sing input A.C. voltage to the whole circuit the
grid of the output valve becomes more strongly
negative, with increasing input A.C. voltage the
anode current will decrease. Due to the curva-
ture of the ia-vg-characteristic the variation in
anode current thereby becomes smaller and
smaller just in the region of high input A.C.
voltages in which we are especially interested,
so that there as it were the scale is compressed.
In order to avoid this undesired effect, a normal
resistance is not used for the resistance S of
the potentiometer in fig. 2, but one which is
dep end ent 0 n vol tag e, namely the

Fig. 4. Relation between leakage current and blocking
voltage (blocking characteristic) of a selenium valve,
at two different temperatures. (From: D. M. D u i n-
k e r. The use of selenium valves in rectifiers, Philips
techno Rev. 5, 199, 1940).

leakage resistance of a blocking-layer rectifier
(selenium valve). In fig. 4, where the blocking
characteristic of such a valve is given it may
be seen that the very high resistance of the
valve in the blocking direction (leakage resis-
tance) decreases with increasing voltage and
changes correspondingly the voltage division
through the potentiometer R-S in such a way
that with increasing input A.C. voltage the
negative grid voltage of the output valve in-
creases less than proportionally. By giving Sand
R suitable dimensions a fairly linear dB scale
could be obtained for the indicating instrument.
Upon changing valves, etc. the calibration of

the scale is checked in two steps: an A.C. voltage
of 1.55 V R.M.S. is applied to the input terminals,
and by adjusting the regulatory resistance R2'
which affects the grid bias voltage of the output
valve, the pointer of the dB-meter on the am-
plifier rack is set exactly at 0 dB. In order to
fix a second point on the scale, by reven ing
the switch H, the grid A.C. voltage of the first
set of amplifier valves is then reduced by a
factor which corresponds to an attenuation of
the input signal by 30 dB. By adjustment of
the resistance RI the indication of the anode
current meter is then set at -30 dB. Since

Fig. 5. The peak voltage meter opened. At the top
centre is a panel for all the amplifier valves with their
grid resistances, decoupling condensers. etc. Below it
the potentiometer of the time circuit. The blocking-
layer rectifier in this part is composed .of three sele-
nium valves connected in parallel. The potentiometer
is covered with a double-walled metal cap.

only a small anode current flows at a high input
A.C. voltage (0 dB), so that the adjustment of
RI has little effect, the first calibration point
remains practically unaffected in the fixing of
the second.

Fig. 4 shows that the blocking characteristic
of the selenium valve still depends very much
upon the temperature. This dependence can be

Fig. 6. Front view of the peak voltage meter mounted
in an amplifier rack. The dB-meter is in the middle
and below it the two differential meters with t.ho
corresponding keys. The amplifier valves are accessible
through the door above.
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expressed by a temperature coefficient of the
leakage reeistance, which coefficient is found tb
be approximajêly independent of the voltage in
the voltage region in question. It i s thus possible

. .to make the calibration of the .instrument hide-
pendent 'of the '.temperaturé' by making the
resistance R of a material whose specific resis-
tance has the same temperature coefficient as'
the leakage resistance of the valve. When that
is done the voltage division through the poten-
biometer remains unchanged upon variations in
the temperature. Care must now of course be
taken that the resistance R and the valve are
always at the same temperature, but this is

. easily ensured by housing them both in a double-
walled heavy metal box, which because of its
large heat capacity makes it possibleIor tempe-
rature fluctuations of the sUrFoUl\dings to -in-

,
"

flusnee only the temperature inside the box
and not the temperature di. s tri b ti t ion.
In .fig. 5, in which the peak voltage meter i!3
shown open, -this box has been removed in order
to show the párts of the ·potentiometer ...

The influence of mains voltage fluctuations
on the calibration is also eliminated by stabili-
zing with.neon lamps the plate voltage which is
provided by the supply apparatus. Moreover,
the plate· voltage of the first two amplifier
stages can be checked with two meters. These
are differential meters (see fig. 2) which in nor-
mal use indicate the difference in current be-
tween the two valves in push-pull connection of
each stage. By reversing keys which are situated
under the meters, see the photograph fig. 6 of
the complete apparatus, the plate current of
each valve can: however, 'be mea~ured separately ..

'.•

"

, ,
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. A 'PH-l\IETER \VITH A VERY HIGH INPUT RESISTA~CE
by C. DOR,SM.AN.· 545.37 : 62un 7.723

In very many chemical processes 1;hedegree of acidity is an impo:r;tant factor.
This is expressed by the quantity PH, defined as the negative Br i g g s i an

. logarithm of the concentration of the hydrogen ion. In this article a discussion
isgiven of several electrical methods, basad.upon Ne r n s t's law of measu-
ring the pH. The PH-meter manufactured by Philips is described; it contains
an electrometer with compensator as well as complete chemical apparatus.
The electrometer differs from existing instruments in that the D.C. voltage'

- to be measured is convèrted into an A.C. voltage. This has the advantage
.bhat the input reE.Îstance is very high, since it is determined only by the
reûstance of two condensers with air as dielectric. Because of this high input
resistance the instrument is parbieul arly wall adepted to 'measurements with
the glass electrode. At' the sams' time, an amplifier for A.C. voltage can be
made stabler than one for·D.C. voltage. ,i

}
[.
I
r "m·1'2..lE· C2 .

r '
i
40529:

During the Jast twenty years the importance
of an accurate knowledge of the degree of acidity:
of the most diverse liquids has come to be more
and more commonly recognized. Not only in
purely scientific research, but also in the che-
.mical industry, in <that of 0 food products, in.'
soil, chemistry', in läuJldries and in a11 kinds
of physiological work, the ·measuremen~. of hy-
drogen ion concentrations 'now belongs to the
standard methods daily applied in innumerable
laboratories.

o The concentration of the hydrogen ions varies
between, about 1 gram-ion per litre in 'strongly
dissociated acids at a concentration of 1 normal,
to 10-14 gram ion per litre for alkalies of 1nor-
mal. These .figures are inconvenient to use: For
that reason S öre n se n in 1909 proposed the
introduetion of,the negative B rig g s ian loga-
rithm of the hydrogenion concentration, expres-
sed in 'gram ions per litre; as a measure of the
pH, An advantage of the .quantiby pH is- tlÎat
the potentials of thé electrodes which 'are used,
to measure the degree of acidity of liquids ate
in a linear relation to H). This is expressed in
Ne r n s .t's law which we shall now discuss.

.0
. .'

Fig. LA semipermeable wall separates two liquids in
which an ion occurs with the concentrations 01 and
· O2, respectively. Only this ion can pass through the
wall. There is a potential difference LIE between the
two liquids. ', .

.' We 'shall' give a brief derivation of 'formula (1.)., It
the wall is permeable for a certain kind of ion and not
for another, a number Nl per second will pass from
left to right, which number is determined by 'the
concsntration 01'", At the same time a number N 2'
determined by O2 will pass from right to lçft. Due to
a potential difference 21E between the· two solutions
the positive ions will show a preferenee for one diree-
t.ion, According to the well-known probability relation,
-,the chance that a monovalent ion which strikes thè
wall will reach the middle plane of the wall from
the left is:
,_qP-YzLlE 0 p+YzLlE,
e' kT, and from the right: e-q . kT •

In these expressions e is th~ base of thè naturalloga-
rithms, a a potential difference which determines the
probability of reaching the middle when there is no .
external potèntial difference LI E present. kis Bol t z-
m ann "s constant and q is the charge of the electron,
The total number of ions which passes from the left
to the middle of the wall is proportional to this factor
times the number of ions, which number is proportio-
rial to the concentration 0, so that. .

N ern s t's law
. The' relation .between the difference LIE in
volbage .between two solut.ions .aeparated by a
semi-permeable wall and the concénbratdons 01
and O2 in which a certain kind of ion which èàn
Pass thro ugh this wall is present in the two . . m-lJ.,LlE· . _q T ,7"- and

,'solutions (fig. ·1)' is given by the following. u,r"v 01 e kT
formula: 0 The differen~e' in 'potential LIE at which the same'

LIE
__ RT In 01 o' number of particles reach the middle of the wall from

, '0 F '0 02' (1)- the left as from the right may be found from the
· condition NI = N 2 : •

which among other things describes. the equili- 0 <p-YzLlE 0 p+YzLlE
brium of the hydrogen ions at a glass electrode. 01 e-

q
. kT = O2 e-

q
. kT '

so thát:
,In this equation R represents the gas constant,'
F the charge per gram molecule, T the absolute
~emper~ture.· .' ,

. • _qP +YzLlE
N3 r"v o, e kT

<,



The colorimetrie method was often used in the
past. This is based upon the change in' colour
of certain, usually organic, indicator substances
when the degreeof acidity of thè liquid changes
between certain criticallimits. As examples we
may mention phenolphthalein which is óolour-'
less at PH = 8 and red at PH = 10, andmethyl This formula holds for the kind of 'glass mentio- "

, .ora:r;.igewhich is red at 'PH = 3 and 'yellow at n~d with very slight deviations between the :
pH . 4~In such colorimetric measurements it values pÊI = 0 and PI! = 9...
is possible to determine the PH accurately wit- w~-as~umed th~t the wall transmits :only hydroge~
hin .one tenth of a unit. . ions and no obhers, so that we could immediately apply
In. addition there exist a. number of electrical· formula (1) to it. If, however, it also trans~its other

methods of measurement which are based upon 'ions, an .oquilibrium must also _be established- for
them in the same way. Fortunately, however, Co r-Ne r n s t's law and which we shall now discuss ni n g glass ,015 :i~ impermeabl? to almost. all other

briefly in- turn. ions. Only when Ions of alkali and alkaline earth
metals are present does a so-called salt error occur,

M easur;ments with the hydrogen an,d the quinhy' _ which has been quantitatively determined by Dol e~)
, for Li, Na, K and Ba. In the case of strongly basic

drone electrode liquids whose PI:f is greater than '9, this I?-ust be tàken
I . into account, It ISunderstandable that bhis error occursThe so-called hydrogen electrode is an elec- exactly. in the basic ,region, since there the nu~?er

trode whose surface is covered with atomic of hydrogen ions available for transport of electrl.Clty
hydrogen. It can be prepared by allowing is very small, and, bherofora a numbar of other Ions

will be able to play a relatively more Important part.gaseous hydrogen to bubble along a platinum
wire covered with platinum sponge. When the
electrode is immersed in a fluid containing hy-
drogen ions, an exchange of ions between liquid
and electrode will' take place on the platinum
'sponge ~as a catalyst. No current flows if the
following '.holds:

,

1.1E =RP In OH
F K-

Entirely analogous to this equilibrium, a for-
mula can be derivedwhich describes the equili-
brium state at an electrode in a liquid which . .RP .
contains the same kind 'Of ion ~s the electrode Here Eo = 72.30 -F log K and t is the tem-
can take up. This is the' case for instance with _ ,
the hydrogen electroae.' Ions from the liquid perabure in centigrade degrees.
are deposited on the electrode; ions of the same' In the 'case of the so-called quinhydrone elec-
sort are freed from the electrode. The potentdal 'trode an atmosphere of hydrogen around a
difference at which as,many are deposited as platinum electrode is also used. For' the sake
are liberated' is given for monovalent ions by of brevity we shall not go into it more deeply.
Ne r 'n s t's Jaw: ' . '., ", .

, RP' 0
-, 1.1E =-ln ...1:,.

F K
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The difference in potentlal thus becomes
'. kT Ol •

LIE = - In O.. '
. q' 2

. By: mulbiplying numerator and denominator by the
number of particle's N in a gram molecule, formula (1)_
is obtained., '

in which K is a quantity with the dimensions
of it concentration specific for the electrode.
We' shall make repeated use of this form of

, N ern s t's -equation. For n~valent ions it is :
only necessary to add a factor n to the deno-
minator. . . , I •

.
.:Method~ of measuring the quantity PH

'_
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The value of the pii is now determined by mea-
suring th€) difference of potential 1.1E. Since
.the PH is the negative Br i g g s ian logarithm'
of OH the following is true:

. . RP RP
4E = -2'30FPH~2'30 F 19K,

. or

, Measurements with the"glass electrode
(2)' In measurements' with the glass electrode a .

liquid of unknown PH is separated by a glass
wall, which transmits hydrogen' ions but no
others, from a liquid' with a known pH. An'
exceptionally suitable kind of glass for this pur- "
pose is the Cor;n i n g' glass 015, which consists
of 72 per cent of Si02,' 22 per cent of Na20 and
6 per cent of CaO and contains extremely few"
impurities. Here again no current flows when ,
the potential difference 1.1E between the two
liquids is equal to; :

RP .
1.1E = 230 F (PHI ~ PH2) Ol'

1.1E = (~HI - PH2) [58'1 ,t 0.'2 (t-20)].

Oomparison electrode
In the electrical determination of the degree

'öf acidity the potential difference between the
'unknown liquid and platinum must be measured,
or that between the unknown liquid and the
liquid with the known pH. In order to do. this,
1) M. -D 0 1e, The theory of the glass electrode, :r.

Amer. Chem. Soc. 53, 4260, 1931. .



2.6 PHLIPS TECHNICAB REVIEW Vol. 7, No. 1

a second electrode, the so-called comparison
electrode, must be immersed in the unknown
liquid. This electrode must form a well defined,
unvarying transition from the liquid to the
electrical connection wire.

In the apparatus hére described a sat u r a-
t e dca lom e I e Ie c t r 0 deis used for that
purpose (fig. 2). ]'01' the measurements with

Fig. 2. In the liquid for which the. quantity pH is to
be measured a glass electrode (gl) and a comparison
electrode (el) are immersed. The glass electrode, for-
med by a wall (w) which is permeable only for hydro- -
gen ions, is filled with a buffer solution (b) with a very

\. constant PIl value. This liquid makes contact with
, a silver wire' covered with silver chloride (Ag-AgOl).
The latter is insultated by a glass covering (i8) and
is led out at the top througli the fused 'glass. The
comparison electrode is filled with saturated KCI solu-
tion (Kal), which is connected with the liquid to be
measured by a siphon (h). The KCI solution is in
contact with the mercury (Hg) via a layer of calomel
(HgOl) covering the mercury. The platinum wire (Pt),
again insultated with glass (is) forms the second
connection.

this elect~ode 'formula (3) is again valid, taking
for Eo ,the following values:
+159 upon use of the glass electrode'
-249'5 ,,_ " " "hydrogen electrode

and .
+453'4 " "" "quinhydrone electrode
The method by which this potential difference. 2)

- E can be measured will now be discussed.

Methods oî measuring, the potentlal diiierence
The following requir~ments' are made of the
method of measurement by the chemist:

1) It must be possible to measure with a glass
electrode. Inpractice it is important that this
electrode should be sturdy and thus blown
from glass several millimetres thick. Then,
however, the electrical resistance for current
conduction is very high, namely of the order
of magnitude of 100 million ohms.
,From fig. 3 it may be seen that upon

direct measurement of potential a measuring
error will occur if the resistance R; of. the
measuring instrument IS comparable in mag-
, nitude to the glass resistance Rg. Therefore
jhe requirement is made that tl;le resistance

..

Rt should be for instance one thousand times
as high. It would thus have to be 100000
million ohms.

I
Fig. 3. An instrument with an internal resistance R;
measures the voltage E of an electrode circuit whose
resistance, determined by the glass electrode is R"
The voltage Ei on the instrument is given by Ei =
E Ri!i R,' If Riis one thousand times Rg, the in-
strument measures with a deviation of 0.1 per cent.

In a o 0 m pen sat ion ID e a S u l' e-
men t such as is represented in fig. 4, the
potential difference between the input ter-
, minals of the instrument will be fully corn-
pensated in the equilibrium state. No current
then flows through the input resistance and,
no error occurs. The sensitivity of the in-
strument does,' however, decrease with in-
creasing value of Rg.

40631, "

Fig. 4. An apparatus with compensation connections'
is So adjusted that the instrument I gives no deviation.
pEe is then equal to E. The resistance of the glass' .. '

, electröde results only in a decrease of the sensitivity
. .' pEe-E

of the conneetdons. The current I IS equal to R
11

If pEe-E is equal to 1 millivolt and R, amounts
to a million ohms this current is 10 _u amperes, thus
very small! .

- -
A di ff ere n c e of 0'01 in the PH value
must be observable, while the absolute value
must be able to be measured accurately to
within several hundreds of a. unit.' This
means that 0.5 millivolt must be observable.

3) The influence of temperature changes on the
results of the measurement must be elimina-
ted.
There are various possibilities for measuring

, the potentlal difference which we shall now deal
with in turn.

Sensitive galvanometer
Good results can in general be obtained by

,the use of a oompensation method with a Yery
. sensitive galvanometer. Such galvanometers are,
however, so delicate that they are only seldom
used in practical cases. Moreover, care must then- .'~ ,
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The PH-meter GM 4491 contains 'an. electro-.
meter and a compensation part: The latter corn-
pensates the voltage between the saturated
calomel electrode and the glass electrode, With
the electrometer it is possible to. ascertain when

, the "compensatdon is accurate to. within '0.5
millivolt. 'We shall now describe the two. parts

In the second place the input resistance' of separately.
,the valve cannot be: high enough cq~pared' .
with. the resistance Rg' of the glass electrode, 1) The electrometer
If' the valve contains gas residues, these may
become ionized and give off charge to. the grid.
Electricalleakage along the insulation materials
and phoboelectric current from the grid due to.

., the light from the hot cathode also. decreases
the input resistance. In a so-called electrometer
triode-) these disadvantages are indeed avoided,
but the result is the disadvantage of only slight
sensitivity. ' ,

A variabion on this method, which has been
successfully employed, is the following (fig. 6).
With the help of the voltage tó be -measured
a condeneer is' charged; when the condenser is
full, which in micro-analyses may, however.take
abo.ut a minute, the current is zero.: This D.e.
2) Of. also: Phil,ips techno Rev. 5, 54, 1940.

also. be taken that the resistance in the glass
electrode is not too high. Kinds of glass could
be chosen for this purpose with very low specific
resistance, but from a chemical point of view
those glasses are much less resistant than the
COT n i n g glass 015 ordinàrily used for glass
electredes. .

Direct-voltage am'lJlifier
The potentdal difference can also be amplified

immediately or after compensation with a D.e.
voltage amplifier, and ,then measured. In both,
, cases a much sturdier instrument can be used
(fig. 5). This method also, however, has two.' /
disadvantages .. In the first place ,the current
through the instrument varies when the anode,
current of the amplifier valve changes. The latter
'changes not only due to. the change in the grid
voltage of the valves, but also. due to. changes in
the température of the cathode, of the structure
of thê cathode surface and of tbe contact poten-
tial of the grid. '

". ..
Fig. 5. The voltage E is fed to the grid of an amplifier
, valve. For correct adjustment a negative grid voltage
is given with the battery Ea. The anode current of
the valve flows through resistance Ra'- so that a
difference in voltage occurs over Ra. The potentio-
meter Rp is so adjusted that at a certain value of
PH no current flows through the instrument I. In the
subsequent measurements, the current through the
instrument is proportional to the deviation of the
value of the PH. "

voltage is then 'measured with a compensation
connection with valve amplifier. The disadvan-
tages which may be mentioned are that here
also the variation of the anode current produces
a deviation and that the contact of the switch
must be closed again each time before a measu-
rement éan be carried out. .

405J3

Fig. 6. The coimectiqns are largely similar to. those
of fig. '5'. Thè electrode circuit with voltage E which
is compensated with. the voltage pEe is reached.

, The condenser is then suddenly discharged by means
of the reversing switch. The changes in voltage are
applied to the grid with the condenser O2, The current
impulse is observed with the instrument I. As soon
as the compensation is complete so that pEe is equal
'to E. the current impulse will be zero. The volt.ags
E is read off op. the compensator. ' , ,

Alternating voltage 'amplifier

As just explained a D.e. voltage amplifier
has several disadvantages. In our apparatus we
have attempted to avoid them by first conver-
ting the D.e. voltage into. an A.C. voltage and
then amplifying the latter. '

Description of the 'apparatus
, ~

A condenser is connected to. the' electrode cir-
cuit by a resistance of a high value. When the
voltage is V, the charge Q of the condenser q
then amounts to: '

Q= av.
The .size of the condenser is varied by

allowing the plates to vibrate
p e r i o d i c a l l y with respect to. each

_0 the r, charge must then flow back and forbh
with the same periodieity and an A.C. voltage
occurs on the, high resistance. If, however, the
D.e. voltage is zero. no A:e. voltage occurs:
. The A.C. voltage is amplified and when present
made visible with a cathode ray indicator. As
an A.C. voltage amplifier this can be made very
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The effeètive ~alue of the iA.C.:Yoltage ob-
.'tained is then UV2 times this part, i.e. 23 per
'cent of the D.C.· voltage.
',It is required that' a deviation of 0.01 PH unit

.' should be easily' observed. According to the
Fig. 7~.·The vibrating condenser. T.he condenser plate formula already given, this corresponds to' a'
Cl is .fastened to the erid of a shaft which is hung difference in n.c. voJtage of 0.58 miJJivoJt. The,
on two mombrane springs M.' Through the coil S A.C. voltage amplifier must therefore make,
fastened to the shaft flows an alternating 'current of
125' cis. In the magnetic field between the north pole observable a voltage of 0.23 times .0.58millivolt,
N and the south pole Z the coil experiences an alter- or 0.1 millivolt. ' '
nating force. 'The coil with shaft and the condenser
plate Oi begin to' vibrate with this frequency. The'
capacity of the condenser formed by the electróde Cl
and a second electrode C2 therefore also varies at a
frequency of 125 .c/s., .

stable, and since the A.C. voltage can be fed
to the grid with a condenser, except for dielec-
tric losses, the input resistance is infinitely large.

We shall now go somewhat more deeply into
the action of the vibrating condeneer., ,

The vibrat~ng c~nden8er ;
The electrometer contains' a valve oscillator

which generates an electrical A.C. voltage of
125 cIs. This electrical energy drives a mechani-
cal vibration system. The latter consists of a
shaft bearing a flàt plate and a coil and is fas-
tened flexibly with two menbranes." The coil is .
situated in a magnetic field' (see fig. 7) and

N' C, ~

~~m~R
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begins to vibrate when an alternating current
flows. Since the meehanical resonance frequency
is equal to the frequency ()f the A.C: voltage
a ,satisfactorily sinusoidal vibrational state
occurs. The vibrating plate, together with a
fixed one parallel to it and lying .opposite it,
'forms a condenserwhose separation has a sinus-
oidally 'varying component .and whose capacity
,thus vades by one third of its value. ~'

, In "order to obtain a good ide~ of the ssnait.ivity of
the mechanism it is instructive to calculate the elec-
trical system ..

At each moment the charge Q is equal to capacity
C times voltage V:' " . '

Q = CV •.

The current i is equal to the derivative of the charge
with respect to time'

. . dQ dV dC
~= Tt = 0(it + -Vdt·

o ~ ID 's law gives the followini(for ;R:

Vo-V . dV dO
-R- = OTt+ Vdt

Let the variation of the distance. be-described,' by

.'

, .
(1 + a cos rot) times an average value. The capacity
then has the form .

°
_'1+"a cos rot '
- Co .

In the apparatus here described a is about 1/3 and
roRCo is equal to 30. This value of 30 is obtainéd by
using a very high value of the resistance R. This could
be realized with a column of liquid which has a resis-
tance of 1000 million ohms. . '

For a sufficiently high value of roRCo the approxi-
mate solutionof·the differential equation (4) for the
variation in voltage is as follows :. .

Since i/3 of the capacity oscillates and a is therefore
equal to' 1/3, and since roRCo is large enough, namely
equal to 30, we may finally use the approximate
expression : -

1 ' ;'
V - VD = "3 VD cos wt .... ' .... (6)

for the voltage variations without hesitation. An.A.C.
voltage is thus obtained on the resistance R whose
peak voltage is equal to 1/3 of the D.C. voltage to be
measured.

Work functio'l1;8
In addition to the externally applied pojential. diffe-

rences there is an internal electromotive force in the
apparatus., . '

The voltage that ,corresponds to the. energy which
is necessary to cause an electron to leave a 'metal
surface is called the work function. Two metal objects
with different work functions are brought close to
each other. If any transport' of electrons is possible
.thr-ough the intervening space, the metal with the
higher work function .will lose fewer electrons than
that with the lower work function; until this nonsüa-
tionary state is compensated with the help of charges
on the surface. '

The vibrating condensor which has just been des-
, cribed will in general, therefore receive a charge. The
difference in work function is given, the capacity
varies in magnitude, the charge must therefore also
vary. Even when the connection terminals of the
instrument are shorb-circuited, therefore, an A.C..vol- -
tage will be,generated. (This is of course by no means
contrary to the main laws of thermodynamics, but
means that machanical energy of the vibrating system
is converted into electrical energy). For any two plates
of the same material the -work function may differ
as much as several tenths of a vo lt , It is, found that
the effect can be reduced to a few millivolts by uaing

, two. plates of a very pure metal. ". '
- In the apparatus here described th,is small voltage

. (4) , must be oompensated with an extei'nally applied vol-
tage before the apparatus is used. A potentiometer is
introduced for this purpose .

(5)
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The amplifier portant to simplify this .observe.tion, a:n:da holder
The deviations from the equilibrium state in "has .been constructed for this purpose which

the case of incorrect compensation are made visi- , mak~s iüpossible to fa~ten the removable catho-
bie, as already stated, on the fluorescent screen de ra:r mdic~tor beside the bu~ette, so that
of ,It cathode ray .indicator. These tubes are attention can be concentrated simultaneously
already familidr as tuning indicatora-) in modern' o~ th~s~ different 'points. The voltages are sup-
radio receivers. The important point here is that plied vJ,a loose cables .
.a voltage of 1Y is eaaily observed. An amplifi-
cation of IOOOO.times is thus necessary." This
is possible with two pentode valves in cascade
connection (fig. 8). Since an input voltage of

2) T_he compensator',
'I'he compensator' offers the following possibi-

lities. '., .

-40637 <; " ,
, J

Fig: 8. Diagram of the electrorn:eter.The D.C.,voltage to be measured is fed'
to the vibrating condenser plate 01Öthis D.C. voltage is compensated bynha,
applicanion of a compensation voltaget.o the other electrode 02.If the com-'
.pensation is not complete, an ~.C. voltage is generated which is applied to',
the 'grid of the first pentode (EF6h. The voltage is..selectivelyamplified with '
'the' resonance circuit (LO)l' With (EF6)2 and (LO)2. this is repeated; the
~athode ray indicator (EM4) then makes the A.C. voltage visible.

0.1, millivolt must be readily 'observable, =small 1)
noise voltages and voltages from the supply
mains mayalso become visible as interferences.
By means of two resonance circuits Jntroduoed
into the anode connections, only' a v,ery small
frequency region á] in, the neighbourhood of the
.oscillator frequency-is 'amplified (fig. 9). As al-

" ..ready discussed in this' periodica]4} bhe" noise
voltage VR -:- y4kT R á], or, after substitution
of the numerical values, VR = 6 p, V. On the
input 'terminals therefore ·this voltage may be '

.'neglected compared with the quantity to be %
'.measured. ,The resonance frequency of, 125 cIs" 100

is so chosen that 50 e]« as wel] as its second
and third harmonics, 100 and 150 cIs, fall 'wen
outside the resonance region.
, In measuring entirely unknown quantities itis

important thltt the sensitivity should be able
to be reduced. This is possible since the cathode' .
ray indicator is not equally sensitive in all '
sectors. At the same time there is also a switch
with which It further reduèti~i1. by a factor' of
30 can be obtained. .
In the performance of titrations this possibili-

ty of less 'sensitive measuring is also desirable,
because in ~hat .oaae the approach to .the turning
point is clearly seen in advance,' It is very im-

3) See for example: Phiiips techno Rev. 2, 270, 1937.
.') Philips techno Rev. 6, 129, 1941.' ,

-,

The measurement of the quantity PH with an
electrode 'of Cor n i ng glass 105, with 'a
,hydrogen electrode, or with a quinhydrone
electrode. As.comparison electrode a satura-
ted calomel electrode is used in each: case.

, .The previously derived' formula (3):
, ,dE ' s, ~ PH [58'l+ 0'2 (t~20)].

always servès as the sbarbing 'point for these
.measurements. The last term containing the

-t,

75

Fig. 9. Characteristic of the A.C. voltage amplifier. In
order tó eliminate the interference by the supply vol-
tage of 50 els and its higher harmonics of 100and 150
cis, the amplification is made selective for the oscil-
lator frequency of 125 c/s. The two resonance circuits
(fig. 8) are tuned to this frequency. Thus at 50 c/s·
the amplification is 0.5%, at 100 cis 2.5% and at 150
els 9% of that at 125.c/s.The influence of interference
voltages is thus made so small that they fall entirely
outside the limit of observation. . -: , '

(3)
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,
c-

temperature t is taken into account with the
help 'of the potentiometer Ra between the
limits 10 and 40 oe.

2) The performance of voltage measurements on

.bhree steps. A 'switch with 7 stages of 2 PH-
unibs, a switch with 10 stages of 0.2 pH-unit
and the potentiometer RI'which divides 0.25
PH-uni~. In this, way an accuracy of 0.02

2JH-unit plus 2 per eent ,of, the
value measured is obtained over
th~; whole region. :

c) The compensator connections are'
fed from the ·A.e. mains. After
rectification the voltage' is stab:'
ilized with a gas-filled stabili-
zation tube. This tube keeps
the voltage accurately, constant
wi hin I pér thousand for several
hours. In the course of a year
the voltage may vary by several
per cent. 'I'he voltage of the sta-
bilization tube is regularly chec-
ked with a saturated standard
element according to W est 0 n
and any deviation is eliminated
with the seriesrea'stance RI' The
standard element produces no
current; no battery or accumula- .

, tor which has a limited life or
must be charged is thus used in
the apparatus. ' ,

d) The difference in work function
. of the condenser plates can be
compensated with a potenbiome-
ter. '

e) Thé whole apparatus is made as
tight as possible against moisture
with rubber and felt. Granular
silica gel containing a cobalt salt
as moisture indicator serves as'
drying agent. ,If it is observed
through the window that ij; is

moist the holder can be taken outand the
silica gel dried at 140 °0., ' ,
The whole apparatus is shown in fig. 11.

r

40S:S8 .

Fig. ID. The compensator. This figure represenbs the connections as
arranged for measurements of the PH. By commutation the electri-
cal voltages can be measured in millivolts, or a control measurement
withthe standard element N can be carried out. The stabilized D.C.
voltage of the supply is connected between + and -. The oompen-
sation voltage is connected at, the terminals ](1 and ](2 with the
plate Ol of. fig. 8. The voltage distributor is construëted in three
stages and calibrated in steps of 2 and 0.2 PH units, respectively,
the potentiometer Rl in 25 scale divisions of 0.01 'PH, unit. The
constant voltage Eo in formula (3)'is:compel).sated by connecting
the voltage distributor to thè ,terminals .1, 3 and 4, recpeebive ly,
Position 2 serves for"the measurement in millivolts, position ti for
the control mèasurelhent, which is not dealt with in detail in this
description. A small difference' in voltage can+be produced ..with
the potentiàmeter'R2, by means of which the difference in work
function of the electrometer" condeneer and the so-called asymmetry
potentialof the glass electrode may bé compensated. The potentio-
meter Ro is calibrated in degrees Oentigrade. A shift of the corrtact
resultsÏn a change-of the voltage on the voltage' distributor which
is calibrated, in ''PH units. The. variation' of the: têrm [58.1 + 0.2
(t-20)] js realized in this ,vay.;~The large resistances RI) provide
that the vàriation of thlpotentigmeter' Ro shallnon affect the con-

. stant voltage of,the terminals 1, 3 and 4, ,Ro is a series resistance
for ,the regulation of the Input ,voltagé.

, . ,

"

Ka

a source of voltage with' either the"positive
or the negative pole earthed. Between ,0 and
i425 mV the voltage can be adjusted' to
within). millivolt per scale division with 'the
switches and the potentiometer: The accura- The ehemieal part
cy of this voltage measurement is determined Since an electrical instrument should be kept
by the, precision' of the resistances of the away from apparatus which makes use of che-
compensator. connections and amounts to. I mical reagents, the chemical appara tus is housed
mV phis. 2 per cent of the value measured: , in 'a separate box, whose cover can be used
A few striking points in the construction of . as a measuring box (see fig. '12). A rod with a

the compensator are given below. clamp can' be fastened into the cover and used
a) All the important resistances are woundon as support. A short description of the mechanical,

a ceramic core of metal wire having a low construction of the glass and the calomel eleo-
temperature coefficient. After having been trodesand of the principle of the buffer solution
subjected to great temperature differences follows below. - -
for a long time (aged) they are made accurate I) The g I ass el e c t r ,0 de'
to within 0.05 per cent. . Since the 'resistance may be high, the wall is

b) In order' not to depend upon a continuously several mi'Iimetres thick, givÏng 'a very sturdy
adjustable potentiometer which is by nature unit (fig. 13). Care is taken that the potentiai
fairly inaccurate, the reading takes place in diffèrences due ,to, differences' in the internal

0' '
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Fig. 11. The apparatus is built into a metal box which
is made moisture tight. An opening covered by a mag-
nifying lens for the cathode ray indicator may be seen.
Above it is a second window giving access to a quantity
of silica gel as drying agent. By using a strong baked
lacquer, by chromium plating certain parts and by
making it very tight against moisture, every attempt
has been made to make the instrument suitable for
use in chemical laboratcries. Further protection is
given by a heavy wooden case.

and external surfaces are smaller than ten milli-
volts. The electrode is filled with 0.1 normal HCI
solution. This combination has a very low tem-
perature coefficient for the internal voltage
difference.
2) The sat u rat e dca lom e 1 el e c t rod e
In fig. 14 it may be seen that the internal

part is fused into a tube only 6 mm in thickness.
By means of a piece of porous stone the space
containing platinum wire, mercury and calomel
is in contact with the surrounding reservoir
containing saturated KCI solution. The advan-
tage is that this part is very well protected
mechanically and chemically, making the clea-
ning and filling of the KCI container very
simple. It is still further simplified by the fact
that the electrode can be taken apart (fig. 15).
When a small quantity of the liquid to be

measured penetrates into the capillary there is.
a danger that the KCI solution wijl be contarni-
nated. By means of the small stopcock at the
end of the side tube a bubble of air is then
admitted, a drop of KCI then escapes and the
capillary is rinsed clean in this way.

3) B u f fer sol u t ion s
It is desirable at certain intervals to carry

out a PH measurement of a liquid having a
known hydrogen ion concentration in order to
check the correctness of the indications of the
measuring electrodes. Such liquids are realized
in the form of so-called buffer solutions. These
are solutions of measured quantities of acid
with a quantity of a salt, which possess the
property that their PH value is very insensitive
to slight contaminations by acids or bases which
are either already present in the water or go
into solution from the glass. Kol t hof f has
given a method of preparing such mixtures in
tablet form. A tablet dissolved in 20 cm" of
water gives a good buffer solution suitable for
checking the electrode circuit, and if necessary
correcting it. Three tubes with twenty tablets
for the PH values 3, 6 and 8 are included in the
apparatus.

~919'

LITERATURE
E. M a del u n g: Messung elektrostatischer Poten-
t iale mit der Elektronenröhre, Verh. Deutsch. Phys ,
Ges. 6, 14, 1935. •
W. A. Z i s m an: A new method of measuring con-

Fig. 12. The chemical part. of the apparatus is housed
in a separate vooden case. Two glass electrodes, a
calomel electrode, platinum electrode and t.herrno-
meter, bottles with buffer tablets for the 'PH values 3,
6 and 8, potassium chloride and quinhydrone and a
set of beakers all have places in tile case. In order to
make measurements possible even outside the labora-
tory the cover of the case is constructed as a measuring
container. In the photograph may be seen a measuring
set-up with standard, clamp and two electredes.
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Fig. 13. The pH-meter GM 44\H makes it possible to carry out accurate
measurements with glass electrodes of very high resistance. The glass electrode
shown here has an electrical resistance of 100 million ohms. This value could
be obtained with a strong, thick wall of Cor n i n g glass 015. The electrode
is filled with a buffer solution in which is immersed a silver wire as electrode.
The filling is so chosen that the jump in voltage at the silver and at the inside
of the glass together have a temperature coefficient which is practically zero.

Fig. 14. A saturated calomel electrode is used as comparison electrode. A
space filled with a saturated solutïon of KCI is connected through a capillary
with the liquid to be measured. This solution is connected with an inner
electrode through a piece of porous stone. The inner electrode contains a
platinum wire immersed in mercury. On the mercury calomel (Hg2C12) is
formed which makes very good contact with the solution of potassium cloride.
Through the stopcock projecting to one .s.ide air bubbles can be admitted
which push the solution through the capillary and rinse it clean in this way.

Fig. 15. The inner section of the calomel electrode can be taken out of the
potassium chloride reservoir. The latter can then be easily cleaned and filled;
in case of breakage this simple outer section can be replaced.
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The founder of our concern, Dr. Ir. G. L. F. .Philips, passed away at The Hague on January
26th 1942. Since 1891, the year in which he founded, wit.h his father as sleeping partner, the
firm of Philips & Co., till 1922, when he resigned as Managing Director of the N.V. Philips'
Gloeilampenfabrieken, he employed his talents as man and engineer for one sole aim, that
of making ever better incandescent electric lamps. Thus he built from the ground up and
brought to perfection the manufacture of four kinds of lamps, viz., the carbon lamp, the
sprayed t.ungsten wire lamp, the drawn tungsten wire lamp and the gas-filled lamp. In this
way he has made the Philips lamp famous in every part of the world. Under his stimulating
leadership many ingenious machines for the manufacture of incandescent lamps and parts
thereof were designed and made, which even to this day still form the foundation of modern
incandescent lamp and radio valve manufacture.
The significanee that he attached to science as a powerful aid to the development of the
industry manifested itself in ,1'\)14 in the establishment of the Philips physical laboratory,
where since that time new sources of light, the gas discharge lamps, have been developed and
where the cradle has been and still is of many an extension of our company's activities.
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THE DEVELOPMENT OF BLENDED-LIGHT LAMPS

by' J. FUNKE and P. J. ORANJE.

Blended.light lamps' are sources of white light composed of a mercury tube in
series with a filament, which can be connected to the A.C. mains without
any auxiliary apparatus. In this article several problems are discussed which
are connected with the construction of these lamps. Special attention is paid
to the measures which must be taken to obtain the desired blending ratio,
namely. equal amounts of mercury light and incandescent lamp light. In
conclusion information is given about a newly developed blenc1ed-light lamp
of only 300 DIm, 160 W.

The variation of the tension on a mercury
discharge burning in series with a resistance on
an A.C. mains is represented in fig. 2. ·The gas
discharge is extinguished twice per period,
namely when the mains voltage falls below the
value Vb in fig. 2, and it remains extinguished
until the mains voltage reaches the re-ignition
value Vrign. The time interval between extinc-
tion and. re-ignition of the tube, the "dark
period" <5, as may' be seen from the figure, is
dependent on the size of Vrign, and this in turn
depends upon the value of' the are tension. At
higher arc tensions the time at which the dis-
charge is extinguished is shifted to an earlier mo-

Fig. 1. Diagram showing the principle of the blended 'ment, which results in an increase - in <5. An
'light lamp: a: filament and. a discharge tube in series increase of <5, however, results in a higher re-

In, additio~' to the' simple' ~ombinaÜon of ignition voltage, because the number of free
separate mercury and filament lamps in one electrons and ions present falls when no current -
fitting, a trice solutiq.n"'ofthe latter problem has, . is flowing, so thana higher voltage is 'required
recently been devised, which consists in connee- to initiate the discharge again. For, the ' are
ting to the mains in series a mercury discharge tension we can .choose a maximum value such
tube and a filament, housed in the same enve- that the re-ignition voltage is equal to the' peak
lope (see fig. 1). The advantages of this system value of the mains voltage, since otherwise the
have already.been discussed in this. periodical ê): discharge no longer re-ignites. For. the sake of
a lamp is obtained with a pleasant colour and reliàbilitya considerable margin will be allowed
'with a considerably higher efficiency than -bhe for surges in the mains voltage such as may
filament lamp, while the auxiliary.apparatus occur in practice, for example upon switching
neèessarywith mercury and other metal vapour on large machines:
lamps is eliminated, since the filament itself ..
'takes over its function. The lamp may therefore
be connected directly to the A.C. mains 2).
. In designing such lamps a number. of problems

"

'I'he b l e n din g of different kinds of light
is at present an important aid -in lighting tech-.
nique. Itis particularly important in connection
with the employment of high pressure mercury
lamps, since their colour rendering requires im-
provement when they are used because' of their
high efficiency for general lighting purposes.
This improvement in colour was realized chiefly
in two ways: the admixture of a certain amount
of fluorescence light which is excited by the
ultraviolet radiation emitted by the mercury
Iamp itself, or the admixture of ordinaryelectric
}ight.

v,
: .',' .... ~.r:.~I--}---L---,-
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. 1) Philips Techn. Rev. 5, 341, 1940.
2) An advantage of alternating current is that with

a given value of the effective voltage the peak
voltage is a factor 1.4; higher, so that the discharge
tube is easily ignited. On the other hand direct
current would have the advantage that the tube'
would only need to be .ignited ' once, while with
alternating cur:cent this must be done anew every
half period. Blended-light lamps for direct current,
however, have not yet appeared on the m~rket.

621.327.9

arose which will be discussed in the 'folowing.
We shall first consider the - behaviour-; of a
mercury discharge tube burning in series::with
a resistance.

I,

ó
40696. .

Fig. 2. Variation of the tension on a discharge tulie
which, in series with a resistance, is connected to a
sinusoidal A.C. voltage Vno At each current alternatión
the lamp is extinguished, and it is only re-ignited
when the mains voltage has reached a certain value
Vrign, which is higher than the constant value Vb of
the. are tension in the remainder of the half period:
.This causes the occurrence of a dark P?riod (0). ._
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, _' 'The difference' between the aró tension and ratio of mercury light t'Ofilament light is shifted
the mains voltage must be baken up by the in favour, of the mercury light, and this is
'filament. Since the are tension of the discharge advantageous for the overall efficiency, since
tube is not constant, but' begins with a very the mercury, lamp possesses a considerably
low value upon switching on the lamp, consider- 'higher efficiency than the filament lamp. We
able overloading of .the. filament may occur' may thus, conclude that it is extremely impor-
when the lamp is switched on. In order to limit tant, as far as the efficiency is' concerned, tb
also this overloading it is desirable that the are have the discharge tube take up as large ai pq,rt
tension should not be chosen too high. of the mains voltage as possible. '

The whole problem becomes, still more corn- '
plicated because of the fact that we are not

, only Î?terested in the reliability of the mercury
discharge tube and the life of the filament;
,but wealso make certain requirements as regards
the efficiency and the colour. In the following
therefore we shall go somewhat deeper into the
problem of the voltage distelbution between
filament and mercury discharge in order to
demonstrate how a satisfactory' oompromise
.was reached between the var~ous requirements.

. The voltage dlstribution
With a discharge' tube, of given dimensions

it is in general possible to ,choose different values
for the arc tension. The arc tension Of a mer-

., eury discharge. is very low at the beginning
when the tube is still, cold, ánd the final value
is only gradually reached as the mercury pres-
sure increases until all the mercury is evapora-
ted, or, if there is an excess of mercury, .until
the final stationary" state is reached. The larger
the series resistance is chosen,' the lower the
current remains and thus the. temperature of
the mercury lamp. Its arc tension therefore also
remains lower. In' this way a very wide range
of are tensions can be realized practically._

The arc tension' is made up of a steep voltage
drop at cathode and anode (cathode drop and
_anode drop) and a gradual voltage drop along
the tube. This gradual voltage drop increases
very much as' the mercury pressure increases,
while on the contrary cathode drop and anode
drop decrease slightly in that case:

Since. the energy dissipated in the cathode
and anode' drops furnishes practically no con-
tribution to the luminous flux, ibis immediately.
clear that the efficiency of the mercury lamp
increases with increasing 'are tension. Actually
the improvement is even more significant than
would be concluded from this, since the effi-
ciency of the light excitation itself is also found
to increase with increasing' voltage drop per
cm length of the' column 3). In lig. 3 anexample
is given of the' combined action of the two
effects, If, finally, one does not consider the
mercury' discharge alone, but' the combinatron
of discharge tube and filament in series, a rela-
tively still greater improvement of the efficiency
is observed. With increasing arc tension the
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Fig, 3. Increase of the efficiency 1) of a high pressure
,mer~ury' discharge wibh- increasing are tension. .

In order to obtain a better and more numerical
idea of the conclusions reached in the foregoing,
let'useonsider the 'energy consumed by discharge
tube and filament. 'The currents are the same
for both at every' moment, so that the division
'of the energy dissipation at-each moment is
given by the division of the voltage. If we pass
from momentary values to effective values we
.may write' the following for the energy of the
filament: .

W1 = I Vl,

while the 'energy ~f the discharge tube must be
expressed in the form

W2 _ . a I V2..
The factor a, which.rmay have a value of 0.7
for example, expresses the fact that the energy
consumed by a inercury discharge is smaller
than the product of the effective values of
current and voltage. Superfieially this· is' the
same phenomenon which occurs with chokes
and condensers where the phase difference' be-
tween current and' voltage is the cause; a is
then equal to the cosine of the phase angle.
In the case alao of the' mercury lamp one

speaks of a kind of phase shift, since the current
in. each direction only begins to flowwhen the
voltage in that direction has reached a certain ,
minimum value (the re-ignition value). This
apparent phase shift, however, has no well'de-
fined significance, since the variation of current
and voltage deviates very much from the sine
form, which of itself also results in a decrease

3) A theoretical consideration of the efficiency of the
mercury vapour discharge may be found in Philips
'I'echn, Rev. 1, 2, 1936.
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of a. Therefore we shalldesignate.c by the name
of power factor. '
If the power factor of the mercury tube is

known and also the effioiencies :ïh: and 1'12 of
filament and mercury discharge,. bhe overall
efficiency ç of ~he lamp and the blending ratio
M (luminous flux .of mercury discharge divided
by luminous flux of filament) can be given as
~ function of the voltage division. I~ ~sfound that

VI'Jh + a 'V2'YJ2 ')0'YJ = (la
VI +aV2 .

.(lb)

From this it follows that the' blending rati~ in-
creases not only With the are tension V2 but
also with the factor a. Since 'YJ2<'YJI' 'this means
at the same time an increase of the total effi-
ciency 'YJ.-In order to obtain as high an efficiency
as possible, it is therefore desirable to make not
only the are tension but also' the power factor
as large as possible.

The influence of the power factor' on the efficiency
and the, blending .ratdo is actually less simple than'
would be concludedfrom equation (1). When the arc
tension Vs has been chosen, the voltage drop Vl on
the series arc tension at a given mains voltage Vn

, ,is not yet determined but depends upon the power:
factor. For sinusoidal voltages with equal phase (a = 1).
the following is naturally valid: '

Yl + Vs == Vn, ... : .:.... ~2)
i.e. the'sum ofthp. effective voltage on s~ries resistance

, "and mercury discharge is equal to the effective mains
voltage. If, however, there is a phase difference 'Ijl
(cos .'IJI =-a) between the. voltages on series resistance
and mercury discharge, then

, . V'li2 = Vl2 + Vss + 2 Vl Vs a, .... ' (3)
frolh which' it may easily.be deduced that the ~um
.of the effective. voltages VI and ,Vs begins to be
gr'eater than the mains voltage. If t;he value of a is
not determined by a phase shift, but by the distortion.
of current, and volbaga, as is the case when a filament
is "employed as series resistance, equaëion (3) is also
'found to be valid. "

The relation between Vn, Vl' Vs and ,a results '
in the fact that at constant mains .voltage and arc
tension' the power supplied to the mercury discharge
.not only becomes greater with increasing power·
factor but at the same time the power supplied to
.the filament decreases (Vl becomes smaller); The in-
fluence of.the pçwer factor on efficiency and blending ~.
ratio is ~hus. thereby reinforced. ' . .

Considerations Irom the point of view -öÜighting T '

engineering and conclusions
Until now in discussing the 'voltage and power.' ~

factor, we have considered only the economic '
, -factors. The. question of the blending, ratio of
mercury light and filament light was also oJ,11y
considered in connection with its effect on the' .
overall efficiency. If now on the basis of the
-factors discussed we reach a certain compromise,
we must still"consider whether the result sanis-
fies our requirements from the stàndpoint of

lighting engineering. The mixing of mercury
light and filament light was indeed done in
order to Improve the colour.

On the basis of' experience with' numerous
,-installations in which filament lamps and mer-
-oury lamps are installed side by side, a blending
ratio of equal amounts of mercury arid filament
. light may be recommended for general applica-
,tions. .By far the majority of ,'all blended-light
-installatdons are designed 0 on this basis. It, is
,thus obvious that in the case of the; blended-
light lamp the goal should be a blending ratio
1J.1=1.
, Aswe have seen from equation (lb), the blend-

ing' ratio is determined mainly by the are ten-
sion V2 and the power :factor a. The question
thus arises whether the desired blending ratio
can be realized with an arc tension which is high
enough to give a reasonable efficiency but not
so high that difficulties may occur in re-ignition.
It is now found that in practice the latter re-
quirement is difficult to satisfy: if for example
a discharge tube with a power factor a =' 0.7
is chosen, a blending ratio of only about ¥ =
0~85can' be obtained. A further increase arM
is. only possible by improving the' power factor, "
and it was along this line in fact that the desired I

goal was attained. , " ..
In order to improve the power factor a it was". . . . \.

.Importenf to investigate the factors upon
which· a depends. In general it may be said'
,that those factors which facilitate the re-ignitión
will also improve the power factor. The' phase
shift between current and voltage-' becomes
smaller, the shorter the dark period lasts.' ,
, In agreement ~th anticipafion' it was found.

. that' with increasing distance between the elee-
• • t. _: _

o,9'a--.~~~~~~'---~--~

o~rl~+-~~-+ __+-~

406PI1

Electrode distance.

.Fig. 4~ Power factor a of ~. mercury discharge tub3~
as a function of the distance between the electrodes
-at different values- of the current, measured on a
series of tubes with the same are tension and 'diameter.
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trodes the power factor improves, as may be
seen from the measurements reproduced in jig. 4.
Furthermore in jig. 6 the experimentally found
relation between the power factor and the dia-
meter of the discharge tube is given. This relation
has i), less simple character. Different factors
probably act in opposition to each other here,
~s may be concluded from the fact that for a
. certain diameter an optimum is reached. Since
this diameter is fairly large we reach the con-
clusion that it is desirable to make the discharge
tube relatively short and wide. By using this
method a blending ratio of 1: 1 was indeed
attained.
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diameter
Fig. 5. Power factor a of a mercury discharge t.ube
as a function of the tube diameter at different values
of the current, measured on a series of tubes with
the sarne árc tension and distance between the elec-
tredes.

Construction of the blended-light lamp
In addition to the factors already discussed:

aretension, efficiency and blending ratio, in the
practical construction of the lamp. the power
consumed is also important, In general it, may
be said that mercury lamps of high power can
be more easily made than low power units.
This peculiarity is illustrated in the fact that
mercury lamps for street lighting could be rea-
lized much earlier than mercury lamps forinterior
lighting. In blended-light lamps it is even more
difficult to obtain sufficiently small units, since
an equal quantity of filament light is added to
the mercury light.

The first type brought on the market, which
was described in the article cited infootnote 1),
had a power consumption of 250 Wand a lumi-
nous flux of 500 DIm. In the meantime a con-
siderably smaller lamp with practically the
same efficiency has been successfully developed,

Fig. 6. The blended-light lamp ML 3000. The filament
is in the form of a horizontal ring at the height of
the arrow.

namely one with a power consumption of 160W
'and a luminous flux of 300 DIm. In table I
the data of the two lamps are given side by
side, while in jig. 6 the construction of the
blended-light lamp ML 300 may be seen.

Table I

Data of the blended-light lamps ML 300 and ML 500

ML 300 ML 500

Unit
DiS-I Fila-I Dis- Fila-Total charge ment Totalcharge ment

Luminous flux Olm 150 150 1300 250 250 500
Wattage W 45 115 160 70 180 250
Current A 0.73 0.73/ 0.73 1.14 1.14 1.14
Tension ~I 78 158 225 78 158 225
Power factor 0.79 1.0 0.98 0.79 1.0 0.98

. Other properties of the blended-light lamps
As may be seen from the table, the blended-

light lamps are designed for a voltage of 225 V.
This has been done because of the fact that
the effective voltage of so-called 220 V mains
usually lies between 220 and 230 V with 225 V
as the most frequently occurring value. Fila-
ment lamps also are designed for 225 V for
various countries where 220/230 V is given as
nominal value 4). In the case 0+ t.he blended-
light lamp, which may be overloaded even less
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than a fÜament lamp 5L it· is of' ~till greater
importance that thè voltage.for which the lamp
is' designed should be chosen to correspond to
the actual voltage of the. 220 V mains.

In the interval from 220 to 230V the blended-
light lamps may be used without hesibabion. At
higher voltages the life of the lamp rapidly de·
creases, while at lower voltages the efficiency
·decreases appreciably. If the lamp is burned on
a' mains voltage which differs from 225 V, cur-
rent, luminous flux; power consumed and effi-
ciency vary in the manner indicated in fig. 7.'
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Fig. '7., Variation in 'current i, luJUÏnous. flux 0,'-
· power consumed Wand efficiency 17upon variations
ofthe mains voltage for the blended-light Iamp ML 300.

.Under certain oircumstancee at mains voltàges
below 200 V, espeoiallydn the case of older
lamps,' difficulties with re-ignition' may occur.
If (due for instance to. the switching o:p.of a
heavy load) a temporary large voltage drop
occurs on the mains to which' blended-light
lamps' are connected, it is possible. that' the
lamps will be extinguished. The margin allowed'
for this drop in voltage,: however, is large and,
amounts to about 50 V.
, Upon .switching on thé lamp the applied vol- .
tage must be taken up almost entirely by the.
filament. As the mercury in the discharge tube
evaporates the voltage 011 the filament decreases
and the luminous flux from the discharge tube
becomes greater, so that the blending ratio; be-
·ginmng with practically zero,. increases as the
4) See Philips Techn. Rev. 6, 334, 1941. "
&)" Upon slight fluctuations of the mains voltage the

arc voltage of thè mercury tube remains practi-
cally constant, so that the whole voltage variation
must be taken up by the filament. The voltage
variation on the filament is thus increased to a
relatively higher degree.

~.,

tube warms up in the manner indic,ated in fig. 8.
, In fig. 9 the variation of current, wattage and
luminous flux during the heating-up period are'
plotted.

'~--------'---------'---~~7.-~~~--M~~OO,-,
t

~~----~~+-~~----4---~----~~50 . ".
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Fig. 8. Variation of the luminous flux Wl, resp. w2
of the filament and the discharge tube, and the varia-
tion of the blending ratio ]IJ = wl/w2Îor the blended-
light lam~ ·]lJL ,300 during the heating-up period. '

.. ..... .

, .The heavy overloading of the, filament each
bime,the lampis switched on has a strong effect
on the life, so that the latter depends upon the
time during 'which the lamp burns between
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:ing. 9. Variation of the current !, the luminousflux
<P and the power consumed W during the heating-up
period for ~he blended-light lamp ML 300. . .
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two switching operations. In designing the lamp
.the calculations were made on the basis of an
average life of 2000 hours with 700 switching
operations. The overloading of the filament
has the advantage that directly after being
switched on the lamp gives a satisfactory light
output; the luminous flux is even greater than
that provided during normal use.

4000

2750

2000

]600

140'23"

Fig. 10. Oscillograms of the variation of the voltage
on a mercury discharge tube which is connected to
a constant mains voltage via different resistances. It
may be seen that the reignition voltage increases
with increasing resistance (decreasing current) and
that the dark period therefore also becomes longer.

As already noted, the light from the discharge
tube is extinguished for a short time (dark
period) at each alternation of the current direc-
tion. The length of this dark period is deter-
mined, among other factors, by the value of the
resistance in series. This relation is illustrated
by the oscillograms given in fig. ID. With in-
creasing resistance the dark period as well as
the re-ignition voltage increases.

The occurrence of the dark period' gives a
strong ripple in the current, which is also mani-
fested in the variation of the light intensity of
the mercury discharge. The temperature of the
filament follows the fluctuations of the power
applied with a retardation (due to its heat
capacity) such that' the light intensity fluctuates
only slightly. The blended-light therefore has
a ripple which is considerably smaller than that
of the light of a mercury lamp alone. In fig. 11
oscillograms are givenof the light ofthe discharge
tube, the filament and the blended-light lamp.

Due to the fact that the discharge tube is
normally used in a vertical position, the greatest

c

b

a

.40750'

Fig. 11. Oscillogra.ms of the light of the blended-Iigh t
lamp. a) Light from the filament; b) light from the
mercury discharge; c) blended light vertically beneath
the lamp. The light from the filament exhibits a
smaller ripple than that of the mercury discharge.

light intensity is produced in a horizontal
direction, while the filament in the form of a
horizontal ring possesses the maximum intensity

Fig. 12. Candle power distribution of the blended-
light lamp ML 300.
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in the vertical directièn.: The candle power dis-
tribution of the combination is given in fig. 12
for a frosted-bulb blended-light' lamp, type
;ML 300. , . '
The possibilities of application of bhe blended-

light lamp were briefly discussed in the article
referred to in footnote 1). Examples given were

the lighting of factories; schools, offices, shops
and other interiors where large lamp units are
desired. for illumination. With the new type
ML 300 developed since then the possibility of
. application is appreciably extended in the direc-
tion of those cases where smaller lamp units are
, customarily used.' " ' " ,

by J. van SLOOTEN. 621.396.615.1 :62i .396.621.5 ,
, "

THE FUNCTIÓNING OE TRIODE OSCILLATORS' \\TITII
GRin CONDENSER AND GRID RESISTANCE

In this article an analysis is given of .the action of a triode oscillator which
is provided in the usual way with a grid condenser and leakage resistance

, (grid resistance). In particular a study-is made of the way in which the Ä.C.
voltage produced and the average anode and grid current vary upon contin-
uous change .in the value of the leakage resistance. It is found that the final ' ,
working state of the oscillator upon excitation of the grid D.C. voltage by
means. of the circuit elements mentioned may be quite different from that
when thC}same grid D.C. voltage is excited by. means of a battery: At the
sarne time the cause of "blocking" is logically re~ealed.. : :.' . ,

'., - ;.. I •

shall set about it ïn' two step's, by first cönsider- .
ing an .oscillator with a óontrol-grid bias which,
can be permanently set and then discussing -;
the case where' the control-grid 'bias is ,obtained

. .in the usual way with grid condenser .and leakage
, resistance.,._' .' ':, ' . '.' ,,' "

, In the:' majority of radio receiving sets now
in use and in practically all of those now on
the market, the superheterodyne principle is
applied. The modulation of the high-frequency
oscillations of the transmitter received is con:
verbed into a ,constant. intermediate frequency
by means of a local oscillator, whose frequency
i~ changed from sta ti on to station 1), The very,'

, frequent use of small oscillators resulting from
'this has naturally "led to a careful study óf '
.bheir properties and of the' special phenomena
which are encountered in their use.
A phenomenon, which ieîamiliar to all builders'

, bf receiving sets is the so-called "blocking" of
the oscillator, which has already been discussed
in this periodicalê). As was there -shown, .the
blocking consists' of a periodic. interruption of '
thé oscillation produced. By itself this pheno-'
menon was, already familiar before superhetero-
dyne receivers were built, but for years no really
satisfactory inîormation was available as to the
circumstances under which it occurs and its
actual cause. .
" This 'may be' explained from the fact that
the actual cause has a'ràther complicated nature
and only becomes clear upon a careful consider-
ation of "normal" oscillation. In this article,
we' shall consider this normal oscillation. 'For

: reas.0ns .whieh will later become apparent, \ve
~.. . . . ... . . '. .
1) On the subject of the superheterodyne principle
< see Philips Techn. Rev. 1, 76,' 1936. .
2) Philips Techn. Rev. 3, 248, 1938 and 5. 31'5, 1940:~ .. . . .

..

" >

An oscillator with' grid bias which can be set. . . ... '.
"

,:As point of 'departUre we have chosen- .the
connections given in fig. 1.' In the, diagram may:
be seen a triode, an oscillation circuit consisting
of a, condensor 0 and a self-induction L; with'
which a resistance r-must be imagined to be
in series, and finally a back-coupling coil in the
anode circuit (M here .denotes the coefficient
of mutual induction' with respect to L). The,
grid voltf1ge:Vg is..taken from a potentiometer '
and is measured by the measuringInstrument
indicated. Further, we assume that the following
quantities are measured: the average grid cur-
reii't ~, thë average anode' current' ia and the
peak value TV of the A.C. voltage which occurs
on the oscillation circuit as a result of the os-
cillation.

When we vary tbe grid voltage by -moving
nhe potentiometer, ~, ~ and W will also change ~ ,
in a definite way. Their dependence is given in
fig. 2a as' measured in ~ .speoial casevIn this
figure the static triode characteristic. iao as!t
function of Kg (in the non-oscillating state), is
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Fig.' 1. Customary oscillator connections with triodè.
.On the oscillation circuit, consisting of L,O and r,
the A.C. voltage W, is developed, M is the coefficient
of mutual induction between the back-cöupling coil
in the anode connection and the circuit self-induction
L. On this arrangement the grid of the triode receives
a' permanently fixed D.C. voltage by means of, a
potentiometer.

;..
àlso given, as well, as_ the static grid-current
characteristic:' igO as a function of Vg','

The vertical Iine on the left indicates that
when the negative grid 'volt'age is raised above
40 V oscillation ceases; The' anode current then
falls to zero and' the. negative grid voltage Vg'·

, .must' be reduced to 4 V to obtain oacillation'
once more: For this purpose it is necessary that
some anode current iyO should 'begin to flow.
in the non-oscillating state, so that the slope
of the valve will reach the minimum value ne-
cessary for oscillation.
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Fig. 2. Characteristics of a triode oscillator. In this
diagram the behaviour is represented for a given
case of the A.C. voltage W (peak value), the avera~e
anode current ia and the average grid current 'I/u
upon variation of the potentiometer voltage in fig ..l.
The oscillation is seen to break off at a defimte
negative bias (about 44 volts).

!ye ~hall not attempt to ~"xplainthe behaviour
.of ia, ig and W in fig. 2 in detail. We shall only
"go 'more deeply into the character of the' varia-
tion of these quantities in the neigbourhood of
the maximum negativé grid bias. It is remark- '

, able here that W always continues to increase
with increasing grid bias, except for 'a slight
fall just before the interruption of .the 'oscilla-
tion; ~ and Tg, on the contrary, become steadily
smaller with increasing grid bias. At the grid
bias ~t which the interruption takes place they
have not yet, however, decreased to zero, but
still havè finite values. .

These facts may be explained as follows. As
may be seen from the static characteristic, the
valve is working in a region of .grid voltages
.where the anode current would be zero if there
were no A.C. voltage present on the oscillation
circuit. In order -to cause an anode' current to
flow there must be a certain A.C. voltage and
the amplitude of this required vol age increases'
with the negative control-grid voltage. Due to
this oscillation a finite amount of energy' is dia-
sipated in the oscillation circuit; the maintenance
of the osoillation thus requires' a finite anode
current. The fact that the grid current thereby'
also ~emains finite will appearfrom the following
considerations. .

The oscillator, with grid resistance and grid
eondenset

w~ now' alter' the óscillator diagram by
substituting for the potentiometer a grid resis-
tance R (often called leakage resisbanoe) shunted
by a condenser K, which we shall call the. grid

, condenser. We then obtain thê diagram of fig. 3..
The grid D,C. 'voltage' "Vg here is -thus
formed by the' average grid current iJ
causing a voltage drop over the resistance R.

. The 'condènser K, acts more or less as a buffer,
which transforms the irregular current impulses'
from the grid into .a uniform current through

, the' resistance. ,The current impulses from the
grid are thus taken up by K, while a fairly

I

+Va

40744

Fig. 3. Oscillator conne?tion~ i~ which the fixe<l:po- '
tentiometer voltage of fig, lIS replaced by a variable
bias obtained by means of a grid condenser and
leakage resisbance.

41
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uniform direct current flows through R, which
current maintains the- level of the negative.
voltage of K. It is advisable to have this process
clearly in'mind, especially in connection 'with the
discussion to follow. In the oscillator diagram
of fig. 3 we can now obtain different grid vol-
tages Vg' by varying the value of the grid
resistance R. We shall set about this systema-
tically and vary. R continuously from the value
zero to the value infinity. We then include at
the same time the average values of the anode
and grid current ia and iJ, and, as in the case
,of fig. 1, the peak value TV of the oscillator
voltage, '

The 'result of this is reproduced III fig. 4.
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•Fig. 4. Characteristics of a triode oscillator according
to the diagram of fig. 3. It may be seen that the same
curves are obtained as in fig. 2, which represented
the behaviour of the circuit of fig. 1, but with
an extension which returns to smaller values of Fa.

Vg is here determined, therefore, by taking
the product of ig and R. As may be seen from
fig. 4, we first obtain the curves of fig..2 .once
more, while for values of R greater than the value
which corresponde to the point where oscillatio»
breaks off in fig. 2, we find an exténsion of the
curves which returns to smaller values of Vg.
'AIj!functions ·of R the A.C. voltage TV and the
'negative grid voltage Vg thus exhibit a pro-
nounced maximum, while ia and ig decrease
steàdily. . -

Due to this receding character of the curves
two adjustments of the oscillator are possible
within a given interval for every value of the
grid voltage, one of which can be realized with'
the help of a. battery OT a leakage resistance
smaller than a certain value (9000 Q in the
case in question), while the other is obtained

with a leakage resistance larger than 9000 Q.
These two possibilities of adjustment are espe-
cially different with respect to the damping of
the oscillation circuit due to grid current. If,
for example, the two adjustments are considered
in the diagram for a negative grid voltage of
20 V, a grid current of iJ = 10 mA is found
for an adjustment to the-upper branch of the
curves, while on the returning branch at the
same grid voltage a grid current of less than 1
mA is obtained. ,
"I'he fact that the grid current .here is so

small is in agreement with the factthat the oscil-
lator amplitude W is only slightly larger than
-the negative grid bias (namely, W = 21 V,
when Vg = -20 V), so that the total grid
voltage swings only slightly into the region of
positive values. In the case of the adjustment
obtained with the help of a battery, as we have
seen, much larger grid currents occur, so that
much more energy is necessary to maintain the
'oscillation. The anode' current ia on the upper
branch is then much larger than on the lower
branoh for a given value of W.
·We.sha.ll now attempt to explain this double

possibility of adjustment on the basis of a dia- .
gram. It will then become evident at the same
,time why with a fixed bias in fig. 1 we could
not find the adjustments on the receding part
of the curves in fig: 4, and why regular oscilla-
tion is no longer possible after a certain value
o~ the leakage resistance R. .

Eîîeetlve slope, required slope and grid current
damping. .
In the discussion of the oscillator with fixed

bias (fig. 2) it was pointed out that at grid
voltages greater than 4: V negative (i.e. to the
left of the vertical line) an oscillation is no
longer built up automatically when it has been
interrupted by some cause or other. For the
sake of brevity we shall call this region of the
grid bias the C-región, the region to the right
of it the" A-region, to.correepond with the ter-
minology customary in the case-of amplifiers:

. class C and class A.
Oscillation with the grid D.C. voltage in the

C-region is thus only possible when the grid
.voltage is first 'taken in the A-region and sub--
sequently shifted to the C-region. In the case
of fig. 1 this was done by the variation of a
, potentiometer, in the 'connections of fig.-3 this
'process occurs automatically due to the fact
that with increasing oscillator voltage the nega-
tive grid voltage increases because of the grid
current.
The way in which the oscillation is main-

tained when the grid D.C: voltage lies in the
C-region can be understood in the following
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way. We .aasumê a constant grid bias of for
-instanèe 30 V in fig. 2, and desire to know how
the effective slope of the triode depends upon'
the grid A.C. voltage W. By the effective slope
S is then .meant the quotient of the first har-
monic in the anode current and the grid A.C.
voltage . (assumed to be sinusoidal): The way
in which Seff behaves as a function of W is
sketched in fig. 5.

s
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Fig. 5. The slope Sb necessary for oscillation and the
_effective slope .SeIf ' as functions of the A.C: voltage
W at a given negative grid,D.C. voltage. In the case
of this diagram the latter is chosen so large that the
valve is in the overbiased state (C-region). For small
values of the A.C. voltage TV the effective slope is zero.

For small values of W, as long as the 'peaks 'of
the A.C. voltage do not yet enter the anode-
current region of the grid voltage, Seff is zero.
Seff then takes on a certain value which grows
gradually in order finally tb reach a maximum
',value and then to decrease again if the .triode
. exhibits saturation phenomena '(this is, not
indicated in fig. 5). . .
, Further, it is indicated in fig. 5 how the slope
r e q u ire d for oscillation varies as a function
of W. This required' slope Sb is constant at
first, since it is determined .by the (constant)
resistance. If, however, the A.C. voltage W
becomes' so large that grid current begins, to
flow, the. oscillation circuit 'is damped by this
grid current and the required slope increases.
This explains the shape of curve Sb in fig. 5.'
The .curves for Sb and Seff in fig. 5 in the

case of the behaviour described will in general
interseet twice (or not àt all). At these points.
of intersection A and B the required slope is
equal to=the effective slope, and the oscillator
voltage could thus adjust itself to the corres-
ponding values of .W. .
It is now easy to understand that in the case

of the éircuit .with fixed bias (fig. I) the
oscillator voltage .will adjust itself at point B.
The point A is an unsbable, adjustment. If the
A.C. voltage becomes slightly greater 'at point
A for example, the effective slope increases,
more rapidly than the required slope, so that
there is an excess of exciting forces over the
damping forces, with the result that the A.C.

voltage will' increase still more and finally
reach the operating point B which, it is easy
to see, forms a stable adjustment of the os-
cillator. Conversely, with a slightly too small
A.C. voltage. the oscillator would cease to
generate. We thus reach the result that upon
the use of a fixed grid bias, of the two possi-
bilities of adjustment A and B, the adjustment
with the larger oscillator amplitude will r be
chosen., -. .
If we now pass on to the oscillator connec-

tions with grid .resistance we can explain the
character of the curves reproduced in fig. 4 15y
assuming that on the rec~ding branch of these
curves -we are concerned winh an adjustment
of the nature of point A in fig. 5. The _question
then naturally arises as to the. way in which
this adjustment just described as unstable has
now obtained stabiliüy..

Before- answering this question, however, we
shall consider the stability as à given property
arid ask what happens to the point of intersec-
tion A when the leakage resistance R is made
steadily larger. , .

By changing R the grid voltage is altered and
this changes the shape of the curves Sb and 'Seff,
.while at the same time there willbe a relative
displacement of the curves. The highest negative'
bias which can be realized with the help' of a

·leakage resistance amounts to about 44 V; at
this voltage the' curves Sb and Seff lie so' far
apart that instead of two points of intersection
there is only point of contact betweenthe two -
curves 3).
. . With decreasing' value of the negative bias
curve Seff will' be displaced towards the left,
' whereupon the point of intersection A is also
displaced towards 'the left, so that the oscillator
amplitude W~becomes smaller. If W is drawn
as a function of Vg the relation' represented
in fig. 6 is obtained for the oscillator under
consideration.
In order to draw conclusions from this about

the behaviour of the oscillator, the quantity'
W - Vg is also plotted in fig. 6 as' a function of
Vg. In ~he state of adjustment actually reached
this quantity must always beIarger than zero.
If this were not so no grid current would flow,
so that the grid voltage acting. on the leakage
resistance R could not continue. to be main-
tained. This shows that with every leakage
resistance the negative grid bias must adjust
itself to a value which lies to the left of V In

3) If a battery is used for the excitation of the grid
bias instead of a leakage resistance, the bias can
of course also be made greater than 44 V. The
point of intersection or contact, as the case may
be, of the curves -then disappears entirely, with
the result that the oscillation is broken off (see,
fig. 2).
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region there is no essential difference between
oscillation with fixed bias and oscillation with
grid condenser and leakage resistance. There-
, fore 'the' discussion of adjustments with the
grid D.e. voltage in the e-region is sufficient.

The explanation of the' fact that the unstable'
adjustment A of fig. .5 may become stable
upon the use of an R-O circuit is the following.
Let us again assume' a slight deviation, for in-

• stance an increase' in the A.C. voltage. W. In
thè first instance this causes an increase of the
effective slope, which would lead to a further ,
increase of W'. On the, other hand a larger value - ,
of W means more grid current and, às a result,

Fig. 6. If the diagram of fig. ,5 is dra~ for different an increasè in the negative grid voltage. As' a
values of TT" the abscissa W of the point of inter- result of this, 'however, the slope' decreases
section A takes on different values. The above curve . h h bl wth f h '1
gives this value of W as a' function of TTg• Below agam, so t at t e unsta e growt . 0 .t e osCl -
is the difference between Wand the absolute value , lator amplitude is opposed. ','
of TTg• Stationary, states are only possible when' It-is-now the question whether such a reaction
W-I TTg I >0, i.e~for grid voltages to' the left of TT00' 'may have as a result that an adjustment which'

is of itself unstable becomes stable. It may
reasonably be expected that this will depend
upon the speed with which the reaction' takes
place and thus on the magnitude of K ..When'
the condenser K is made. so. large that upon
short-lived fluctuations of the working ·state it
acts practically like a 'battery with, constant
voltage, there is no question of a st.abilizing.
influence. "

In the opposite case of a very small value of.
the capacity K, on the other hand, the stability
of thè working state is easily demonstrabed. In
this case w:e' may assume that ev~ry change
in the oscillator' voltage W is immediately
accompanied by a certain change in 'the bias ':
Vg. The equilibrium between the required slope
Sb and the slope actually present Seff can now
be described by' a diagram analogous to that·
of fig. 5' or fig. 7, but with the difference that
the grid D.e. voltage does not have a constan1i,

fig. 6 (in the example investigated about 15 V)
and which approaches the Iimit V cewith increas-
ing value of R.

The variation of W as a function of Vg repro-
duced is actually' nothing else but the receding
branch of the curve for W in fig .. 4. In that
case it was impossible to record the whole curve,
since upon an enlargement of the leakage resis-
tance beyond about 30 000 Q the stability at
the point of intersection is lost and blocking
occurs, The receding branch, therefore does not'
• continue to Vg = V (Xl =. -:-15 V, but ends
already at --;-19V.
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The stabilizing action of grid eondenset and,
leakage .resistanee .
, Until now we have considered only those
oscillator adjustments' at which the negative
grid voltage was. so high that in the absence
of a grid A:e.' voltage only very little or no
anode current would fiow (e-region): The essen-
tial point in this is that the effective slope in-
creases with increasing A.C. voltage W (sëe îig. 5).
. If, however, we choose the grid'D.e. voltage
less strongly negative, so that an anode current
already flows even Without grid A.C. voltage,
the slope then decreases with high A.C. voltage,
due to the fact that a oontinually larger' part
of the grid A.C. voltage varies in a region
with low anode current- or an anode current.
of zero, in 'this' way we obtain the diagram of
fig. 7 instead of that of fig. 5. ,We then have
only one point of intersection of the curves

for the required and the effective slope and
this of itself already represents a stable adjust-
ment. Thus when the grid bias' lies in the A-

S

L-~------ __------~-----W
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Fig. 7. Diagram analogous to fig. 5. The negative
grid D.C. voltage, however, is chosen much lower,
80 that maximum slope occurs at low values of the
A.C. voltage W (A-region). , .
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value. but at each. oscillator amplitude W is
equal to the value which is automatically adjus-
ted for this, With increasing value of W we
then find a regularly decreasing value of Seff,
since the negative grid voltage becomes steadily
'great~r while the peaks of the A.C. voltage
extend only relatively slightly' into the grid
current region. The required slope Sb is now
practically constant, since the grid current dam-
ping is slight and, moreover, almost constant.

L..- .,--_~ W
40749

Eig. 8. Diagram analogous to fig. 5 and fig. 7. Now,
however, the grid D.C. voltage is not consider.ed to'

" be constant,' but a function of the A.C. voltage W,
namely that D.C. voltage which is automatically
attained by means of the grid condenser and leakage
resistance at each corrésponding value of W. '

620.18 ': 669.15.24

would be reached int h e c 0 u r s é of t i m e.
If this adjustment proceeds too' slowly, a state
onthe receding branch of the curves of .fig. 3

, finally becomes labile: Fig. 8 does indeed prove
that at' á given value of, R there is only one
possible stationary adjustment. This single
adjustment can therefore still be unstable.

For' the present we,may summarize the' fore-
going discussion in the form of the following
conclusion: , .

When in' the' case of an oscillator with grid
condenser and leakage resistance the back-
coupling is increased so much - that the grid
D.C. voltage lies in the C-region ,(see the prece- .,
ding definition), with thecustomary large values
of the leakage resistance the adjustment of the,
oscillator is Olie which would be unstable with
a 'fixed grid' voltage, but' which has become

, stable due to the action of the grid condenser
and leakage 'resi~tance. If this stabilizing action
is insufficient, due for instance to the fact
that the grid condenser has been chosen too
large, the only possible adjustment becomes
unstable and blocking occurs.
.A careful study of this "wild" oscillation or

We thus obtain the diagram for Sb and Seff blocking falls outside the .scope of this article,
.. which is shown in fig. 8 and which qualitatively but its' actual cause will have become
is analogous to fig. 1. Just as, in fig. 7, we may sufficiently clear from the foregoing. In a follow-
also conclude that the point of intersection re- .ing artiele we, shall supplement this qualitative
presents a stable state.: It must be repeated discussion by a quantitative breatment of the
that the stability of -the adjustment is not yet problem of stability, in which at the same

'" proved for the general case by this oonsideration;" time more light will be shed -on the behaviour
since the diagram of fig. 8·.is only correct of the oscillator in the unstable state. Iri addition
when át each value of W the grid voltage. is the' measures will also be studied which may

, im m e d i a.t el y ,equal to the value which.' be taken against 'blocking ..

THE TEXTURE OF NICKEL-IB.'ON STRIP'

by J. F. H: qUSTERS.,

After -a discuseion of the method of irrvestigabion and graphical represen-
tation of texture in a previous article; the texture of nickel-iron strip for
loading coils is here discussed in several states of working as a first example
of the study of textures. \

Many properties of polycrystalline metals are
, considerably affected by their so-called preferred
orientation or texturè, i.e. by the way in which
the crystallogra phic axis directions of the single-
crystalline grains of which the metal is built up
are oriented. In a previous article which ap-
pearèd in this periodical J) it was explained how
the texture of a piece of metal can be deter-
mined by means of X-rays and how it can then

1) . J. F.'H. Cu s ter s, A consideration of the tex-
ture of metals, .Philips Techn. Rev. 7, 13, 1942.

be represented graphically. In this 'article we
shall consider as' an' example the, texture of
nickel-iron str,ip in various conditions of working.
Nickel-iron' strip which has undergone certain
manipulations and heat treatments' has, as
previously mentioned in. this periodical, .an
, important technical application as core material
for loading coils 2).
2) J. L .• S n 0 e k, Magnetic cores for loading coils,

Philips Techn. Rev. 2, 77, 1937. See also W. G..
Bur g ers, Philips 'I'ochn," Rev. 2, 93, 1937.
Further: G. \V. Rat hen a u and L. J. Sn 0 e k,
Physica 8, 555, 1941.
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'I'hemanipulations referred to are briefly the
following: Nickel and iron' are alloyed and an
ingot with coarse-grained structure is obtained.
By several deformation and heating processes
a fairly fine-grained strip is obtained from this
ingot, which _)s about 1 cm thick and
exhibits no texture at all: The strip is then
further cold-rolled in many steps until the
thickness of the strip is finally only 0.1mm.
As a result of this rolling the strip has undergone
enormous deformations and hae become even
more fine-grained. Many properties have been
very much altered compared with the original
strip, which was 100times as thick. The hardness
has increased considerably, the resistance to
bending and folding has been changed not only
in value but also in dependence on the direction,
while the tensile strength has also' undergone
similar changes.

Before the strip is ready for use it must still
be subjected to two operations, namely heating
and rolling once 'more. It is, however, interes-
ting, and it was found also to be of practical
importance, to make an invéstigation of the
texture of the material in this intermediate
stage of working. Upon projection of the refer-
ence sphere o~ a plane parallel to the plane
of the strip, the pole figure given in fiy. 1 is
then found for the cube planes of the crystal
lattice.

a
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Fig. 1. Pole figure for the cube planes in the case of
the roIling texture of nickel-iron strip. The projection
plane of the pole figure (plane of the drawing) is
parallel to the plane of the strip; a-a is the direction
of roIling. The blackened parts represent the 'Stàtis-
tical distribution of the directdons of the normals
to bhe cube planes in all the cristal grains of the strip.

- The density of "occupation" is here indicated in four
steps. The closely-spaced shading indicates the great-
est, the wide shading a less density, the dots the smal-
lest density of occupation which can be observed.
The white parts are unoccupied. "

Aswas described in the article refered to in I),a texture
is represented graphically by' considering a certain
kind of lattice planes - for instance the cube planes -
of the piece of metal, drawing for each crsytal grain
the normals to those lattice planes and allowing them
to pierce a sphere drawn about the specimen, -the
reference sphere. The more or less pronounced pattern
of points obtained on the sphere, which furnishes an
image of the texture of the piece of metal, is represen-
ted graphically, by stereographic projection of the
reference sphere, in a pole figure, In the case of a
given object with an unknown texture the pole figure
can be determined by means of a series of X-ray
diffraction photographs with monochromatic radiation
which are taken in a series of slightly rotated positions.
of the object under investigation. In fig. 2 such a
series of photographs is given of the rolled nickel-iron
strip, whereby the beam of X-rays was directed per-
pendienlar to the direction of rolling of the strip and-
perpendicular to the surface of the film, while the
strip, starting from a position parallel to the surface
of the film, was turned 5° farther each time around
the direction of rolling. On each photograph a heavy
blackening can be seen (white on the -posibive) of
certain parts of the different D e b ij e-S c her r e r
circles, which circles correspond to the different lattice
planes of the crystal lattice. If in all the photographs
we consider only the circle for the cube planes - in
fig. 2 this is in each case the second circle from the
centre, the first is that for the octahedron planes -
the pole figure can be constructed from the blackened
segments in the successive exposures in the manner
previously described. -

The. pole figure in fig. lis closely related to
that found for other metals after rolling which,
. like nickel-iron, crystallize in a face-centred
cubic lattice, aluminium and copper for example.
It is therefore called a "rolling texture". The
preferred positions which this texture involves
and about which the separate grains are ar-
ranged with a certain scattering can be described
in this case in different ways. A good approxi-
mation is obtained when the two positions of
the' cube faces indicated in fig. 3 by' a model

, of a cube with respect to the direction of rolling
a-a are considered preferred positions 3)~ To
these positions correspond the poles drawn in
fig. 4, -and this shows that upon the assumption
of a certain scattering in the actual positions
of the grains about two ideal preferred positions,
so that more or less extensive regions occur in'
the pole figure instead of sharp points, the pole
figure of fig. 1 can be obtained. According to
our own experience, however, considering the
phenomena which occur upon heating the sürip+),
it is better to consider the rolling texture as
characterized by the preferred position indicated
in fig. 5. The latter as well as the positions
symmetrical to it in the strip are represented
in the pole figure by "the dots drawn in fig. 6,
and it 'may be seen that upon the- assumption

I

3) See Frhr. v. G ö 1e rund G; Sac h s, Z. -Phys.
41, 873, 1927.

4) See J. F. H. Cu s ter sand G. W. Rat hen a u
Recrystallization in rolled nickel-iron, Physiça 8,
759-770; 1941 and J. F. H. Cu st ers, Über
die (lll)-.Reflexe im gewalzten und rekristallisier-
ten Nickeleisen, Physica 8, 771-788, -·1941.
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Fig. 2. X-ray diffraction photographs of rolled nickel-iron strip. In the first
exposure the plane of the strip was parallel to the plane of the film, in t.he
following exposures the strip was turned 5° farther in each case about the
direction of rolling (direction from top to bottom). The blackened parts of
the different D eb ij e - S c her r e r circles indicate where the so-called re-
flection circle which corresponds to each position of the strip (see the article
referred to in footnote 1)) passes through regions on the reference sphere of
the piece of metal which are covered with points of intersection. If in all
the exposures the De bye - S c h e 1',1' e r circle for the cube planes (indi-
cated by ft dotted circle in the first photograph) is considered, the pole figure
of the cube planes given in fig. 1 can be derived from the whole series. The
spots indicated in the first exposure by arrows, which are also visible in part
of the followmg exposures, are due to grains in the so-called cube position.

here also of a certain scattering the pole figure
actually found for the rolling texture is satis-
factorily approximated. The position indicated
in fig. 5 is of itself rather difficult to describe
in words 5). It must, however, be kept in mind

Fig. 3. According to Sac h s 3) the rolling texture of
nickel-rion strip may be considered as originating
from the two ideal preferred positions of the cube
planes here represented in a model with respect to
the direction of rolling a-a and the transverse direction
b-b of the strip.

5) To do this one must begin with a crystal whose
three axes coincide with the direction of rolling,
the direction of -the normal and the transverse
direction of the strip perpendicular to the first
two directions, Let a t win be formed on such
a crystal (in the so-called cube position), i.e. in
the growth of one of the octahedron planes the
crystal "by mistake" builds up an atomic layer
in hexagonal closest packing instead of in cubic
closest packing, then proceeding with cubic closest
packing again the crystal is thereby rotated 60°
about the normal to the octahedron plane. The
preferred position in question now occurs when
this twin is further rotated through a small angle
(about 8°) about the normal mentioned.

that for des cri bin g the t e x tu reit
is not actually necessary to be able to give

b
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Fig. 4. The poles of the positions of the cube planes
shown in fig. 3 form such a pattern in the pole figure
that, with the assumption of a certain scattering
around these positions, the pole figure of the rolling
texture (fig. 1) is quite closely approached. The poles
indicated by small triangles belong to the left-hand
position in fig. 3, the small circles to the right-hand
position. Around each pole a circle is drawn which
corresponds to a scattering of 10° around the position
in question. The rectangles with their circles do not
belong to the rolling texture proper, but to the cube
position.

b
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Fig. 5. According to our own investigations the rolling
texture can best be described by the preferred position
of the cube planes here illustrated.

names to the "ideal." preferred positions; the
positions in which the grains actually stand and
the statistical distribution of their positions is
indeed already completely represented by the
experimentally determined pole figures. The
recognition of the ideal preferred positions is
only important when it is desired to make a
further investigation of the mechanism of the
o c cur ren ce of a given texture, or when
a relation is sought on the basis of crystallogra-
phic data between the texture and quantitative
differences in properties of different materials.
In this respect, however, little can yet be said
about the rolling texture.

We have already stated that the rolled strip
is not yet ready for use, i.e. the rolling texture
is not yet the desired texture. If the strip is
now heated to a, sufficiently high temperature

b
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Fig. 6. The poles of the cube planes in the position
of fig. 5, as well as the corresponding symmetrical
positions, together with their circles of scattering,
coincide satisfactorily with the pattern of the pole
figure fig. 1.

and the texture then examined anew, a com-
plete change is found to have taken place.
The grains which we now encounter in the strip
are much larger than in the rolled strip and
nearly all of them are in such pcsitions that the
axis directions coincide with the rolling direc-
tion, the direction of the normal and with the

• transverse direction of the strip respectively
(hl. 7). The scattering of the positions of the
grains about this so-called cub e pos i t ion
is relatively slight, so that the str+p may be
considered almost as a single nickel-iron crystal.
The appearance of this new texture must be
due to the growth of certain crystal nuclei
thanks to the thermal agitation of the atoms
(recrystallization). Due to the rolling, germs have
indeed been formed in the nickel-iron strip
which are in the cube orientation and which
may function as nuclei for recrystallization. This
may clearly be seen in the photographs of fig.
2: the D e b y e-S c her r e r, circle for the

c
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Fig. 7. In the so-called cube position the three cube
axes of the nickel-iron crystals are parallel to direction
of rolling a-a, transverse direction b-b and direction
normal to the strip c-c, respectively.

cube planes in the first five or six exposures in
which the strip is approximately parallel to the
film contains a visible blackening at the points
of intersection with the horizontal diameter of
the circle, which is what occurs in the case of
grains in the cube position. The reason why
germs in the cube orientation. have such a
capacity for growth that in the recrystallization
they consume all the grains not in this position,
is not yet fully explained; there is probably
some connection with the magnitude of the
energy of deformation which is stored up in
the grains in the rolling process. Whatever the
case may be, the cube orientation resulting from
the recrystallization is found to be very sharp,
as is shown by the X-ray diffraction photographs
jig. 8 and the pole figure jig. 9 obtained from
them. At the same time the properties have also
changed compared with those of the rolling
texture; for example the material has become
much softer again. In particular, however, it is
found to begin to exhibit a property which is
especially desirable for its use in loading coil
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Fig. 8. X-ray diffraction photographs of recrystallized nickel-iron strip taken
in the same way as in fig. 2. The texture is entirely changed: almost all
the grains are in the cube position, as is evident from the intenseblacken ing
on the circle of the cube planes in the third and fourth exposures of the rotated
strip. The fact that in the first exposures (perpendicular incidence of the
Xvre.ys ) the blackenings of the cube orientation, which were indicated in fig.
2 wit.h arrows, are lacking, indicates precisely that the texture is very sharp:
in the case of the position of 0° the reflection circle does not yebpass through
the thickly occupied regions in the reference sphere and only moves through
their middle at the position from about .5to 15°, while with the less sharply
pronounced cube position of fig. 2 the blackened regions on the reference
sphere are so extensive that at the position of 0° the reflection circle already
passes' through them.

and which appears fully after a further final
operation, namely rolling out to about half the
thickness. The strip then has a strong mono-

a

b
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Fig. 9. Pole figure for the cube planes derived from
fig. 8. The texture (cube position texture) is very
sharp, the material behaving almost like a single crystal.

axial magnetic anisotropy : it can be magnetized
with much more difficulty (i.e. only by stronger
fields) in the direction of length (and that of the
normal) than in the transverse direction. In
consequence of this, with .suitable assembly in
the self-induction coil, the hysteresis and the
so-called instability of the core, which are un-
desirable for loading colis, can be kept very low
(see the first article referred to in footnote 2)).
The part actually played by the last operation

in the appear-mce of the strong magnetic aniso-
tropy has not yet been explained. The texture
is not thereby appreciably changed, as may be
seen upon comparison of the two X-ray diffrac-
ton photographs of fig. 10. The scattering in
the posit.ions of the grains about the cube posi-
tion has only become somewhat greater.
Although it may be seen from the above

that in this case - and in other cases it is often
the same - there are still many questions to
be answered, it will, nevertheless, have become
clear that theoretically and practically it may
be of importance in working a metal to study
its texture at different stages in the proceedings
and to attempt to connect the texture w.th the
properties of the material.,, • ,.~. t' l• • t •-. ,'til .... • ....." .., • .. ," ••

" • • •.' ..
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Fig. 10. After the last operation (final rolling) the
texture of the strip is still the same as after the re-
crystallization, but somewhat less sharp, as may be
seen upon comparison of these exposures made with
perpendicular incidence: left before, right after rolling.
The left-band exposure is in fact identical with the
first of fig. 8. Due to the greater scattering after
rolling, the blackenings for the cube orientation are
already visible upon perpendicular incidence of the
X-rays.
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A RECORDING APPARATUS FOR THE ANALYSIS OF THE FREQUENCY O.F
RAPIDLY VARYING'SOUNDS

by H. G. BELJERS. 531A~1.2

By the. use of a series of band filters whose transmission regions are distributed
over the whole range. of acoustic frequencies an accurate and rapid analysis
of the frequency of speech and other rapidly varying sounds is possible. An
apparatus based upon this principle is described here, with which the l!' 0 u -
r i e r- spectrum of the sound to he investigated is made directly visible on
the screen of ~n electron ray osc~llograph, so that the yaria:tions.of the spec- /
trum can be filmed. The properties of the apparatus, especially the resolving
power and recording speed attainable are discussed, as well as a number of
part.iculars of c~mstruction and, use. -In conclusion several spectrograms of
vowels filmed with the apparatus are reproduced as examples of it.s use and
they are briefly discussed. . '

In the case of electro-acoustic apparatus for
the transmission of speech or music it is custom-
ary to describe' the behaviour of the whole
or of the·separate elements by the way in which
they react to s'nusoidal oscillations of differeilt
frequency._ This custom is based upo~ the fact
that every sound vibration can be resolved into
a number of sinusoidal components (F 0 u r i er
componente), so that from the frequenoycharac-
terietics of an element (amplifier, cable or the
like) it is possible to deduce immediately the
form' in which the complex vibration will be
transmitted. .

There are many numerical, graphic and instru-
, mental methods for the separation of a vibration "
into its' F 0u r i e r components, i.e. methods of
harmonic analysis. For-the most part, however;'
these methods are based upon the use of func-
tions which are given in the form of a diagram
or a table. If, therefore, it is desired to analyse
sound vibrations by these methods, the sound'
vibrations must first be recorded. Moreover, thè
frequency spectrum of sound, vibrations, that

. of speech' for example, continually changes,
and it is often just these changes in which we
. are interested. In order to investigate these
'changes a large number of strips of the recorded
.sound would each have to be analysed separ-
ately, which is a very laborious method scarcely
deserving .practdcal consideration. ,

With these objections in view special methods
of separation have been developed for electro-
acoustics which correspond better to the existing
requirements and possibilities in this, field..

A very obvious method is to .make use of a
ban cl f i1ter a san a 1y sin ge] e men t.
1" by means of a microphone the sound vibration
is converted into an electrical ,A.C. voltage and
this is fed successively to a number of band
f!lters with different transmission regions, t%en
from the occurrence or absence of an output
signal ~t can be deduced, in what, frequency
regions components of the vibra.tion being in-

vestigated lie, and how strong they are. Oh-
viously so many filters must be used that the
desired fineness of structure of the ;hole acous-
tic spectrum is obtained. -

In order to avoid the necessity of a large number of
band filters, which make the apparatus complicated
and expensive, the following device is usually employed .•.
A sinusoidal .v:oltage whose frequency can be contin-
uously varied (a u 'x i I i a r y 1;" r e q' u e ~ c y), is
fed, together with the signal to be investigated, to
a mixing valve followed by which is a single band filter.
If the difference frequency (or sum frequency) of the
auxiliary frequencyand one of the frequencies present
in the signal falls exactly in the narrow transmission
region of tlie band filter, an output signal is observed.
From the. values of the auxiliary frequency at which
.this occurs the F.o u r ier s,pectrum of th~ signal
can therefore be deduced.

Only one band filter is needed here, but two disad-
vantages are also involved: the measurement takes
some time and as a result a fairly lengthy con-
stancy of the voltage to' be Investigated is required.
Therefore the auxiliary frequency method can indeed ,
.be used, for example, for determining the deformation
which a given constant input signal undergoes in an
apparatus, but not for the analysis of speech or other
rapidly varying sound.

For an analysis of these sounds, therefore, recourse
must be had to the fundamentally simpler method in
which separate band filters are used for the different
eomponenta of band filters required. .

Equipped with such a' set of analysing
elements, it is now also possible to make the
F 0 u r i e r spectra visible directly in a simple
way. For this purpose the outputs of the < whole'
series of band filters are connected sugcessively.
with an electron ray oscillograph by means of
à rapidly rotating switch. By means of suitable'
connections the spectrum of the sound to be
analysed can then be observed directlyon the
fluorescent screen, and its variations seen or
recorded on a film.
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, Anapparatus working on thisprinciple andcon-
structed in this laboratory will be described in
this article .1), while in conclusion some results
obtained with the 'apparatus will be dealt ,with.

Descrlption of' the apparatus
In fig. 1the whole apparatus is showndiagram-

matically. It contains 79 band filters (F), whose

successively scanned by a rotating switch El'
In this way the rectified voltage of each band
filter in turn, which voltage is a measure of the
eorresponding component of the 'F 0 u r ier
spectrum, is fed to' the vertical deflection
plates of a cathode-ray cscillograph . (the
elements G and M in fig. 1will be disregarded for
thè present). At the sa~e time a D.e ..voltage in-

•

Fig. 1. Diagram of the arrangement for the recording of F 0 u ~ ier spectra,
The sound to be analysed reaches the inputs of the 79 band filters via the

. pre-amplifier VI; the part -of the signal bransrnitted byeach band filter
is rectified with a diode D and fed via the rotating switch El to the modulator ,
M, which supplies a modulated carrier wave of high frequency 'to the
vertical deflection plates of an electron-ray oscillograph. With the rotating switch
E2 a U.C. voltage' increasin'g in steps is fed at the same time to the

, horizontal deflection plates. The length of the spectrum which appears in this
way on the óscillograph screen is regulated with Rs; V2 is a monitor amplifier
which can be connected via resistancss R.l by 79 switohes.B' to tho output
of each band filter.

transmission regions are distributed over the, creasing in: 'steps is fed to the horizontal
range of frequencies from 90 to 8000 el«. The deflection plates. This voltage is taken from 79
signal to be investigated is fed to the inputs . taps of a potentiometer by the switch E

2
rotat-

of all the band filters connected in parallel. ' ing In synchronism with El' The potentiometer
Since each filter can only transmit a very small is supplied from a source of D.e. voltage.
part of the energy of the signal and' the output When this is done a definite horizontal deviation
voltage of each filter must, nevertheless, project of the fluorescent spot on the oscillograph screen
sufficiently above the ordinary level of inter- corresponds to each band filter, and therefore
ference, the signal is amplified to the necessary a frequency speetrum is traced directlyon the
level (4W) in the pre-amplifier VI>which because screen.
of inverse feed-back causes only a very' slight If, -as here described, the rectified output
distortion.' " , , 'voltages of the band filters were fed directly
Behind each filter there is a diode rectifier to the oscillograph, the frequency spectrum would

which rectifies the output voltage of the filter. .becorne visible in the form of a series of points.
Each of these rectifiers is connected to one of This would be difficult not only for the measur-
79 contacts on a collector, which contacts are ing of the frequency (i.e. the number of the
1) An acoustic spectrometer constructed by Siemens band filter), but also for the measuring of the

& Halske is based on the same principle (E. intensity of the components. Therefore an A.C.
Fr e y sta d t, Z. techno Phys. 16, 533, 1935). In voltag~ of high frequency (50 kc/s) is actually
that apparatus, however,' the division of the spec- f d t th . 1 d fl .. 1
trum was less fine than in our case (namely 3 filters eo' e vertica e eetion pates, which fre-
per octave). quency is excited, by a generator G, and its

..
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amplitude is modulated in a modulator M
with the rectified output voltages of the band
filters. In this way vertical Ii nes are traced
on the fluorescent screen instead of separate
points. In fig. 2 such a spectrum is shown. This
method also has the advantage that the appa-
ratus could be made less sensitive to interferen-
ces. Behind the modulator there is another
band filter which transmits only a narrow fre-
quency region around the generator frequency
of 50 kc/so Interfering voltages of other (not too
low) frequency, which may be induced on the
connections between the rectifiers. and the mod-
ulator, are filtered out in this way, while any
distortion products and the noise are rendered
practically harmless.

•

Fig. 2. .Picture obtained on the oscillograph screen
upon the application of a sinusoidal voltage .to .the
input of the apparatus, when the frequency coincides
with the resonance frequency of one of the filters.

The spectrum obtained on the screen, which
in the case of speech for example continually
varies, can be observed visually, or it can be
photographed at short in',ervals on a movingfilm.

The action of the band filters can be checked
by means of a monitor amplifier V2 with loud
speaker, which can be connected to each band
filter in the place of the rectifier by means of
a set of 79 switches S. By reversing several
switches or whole groups of them the sound
in different frequency regions can be heard and
and the influence of the lack of certain frequen-
cies on intelligibility can be studied.

After this' brief description we shall now go
into several important characteristics and struc-
tural details of the apparatus.

Resolving power and recording speed
It would be desirable to be able to determine

exactly not only the frequency of each
component but also the variations of its inten-
sity with time, i.e. to be able to follow accu-'
rately the growth and disappearance of each
component. The accuracy which can be attained
here, however, is fundamentally limited
by a kind of "relation of uncertainty". The
frequency of a sinusoidal vibration can only
be determined precisely when the vibration
lasts for an infinite time. With shorter duration

it is impossible to speak of one definite frequency
of the vibration, but it must be ascribed to a
spectrum of finite width, as appears from the
theory of F 0 u r ier integrals. This width
becomes greater the shorter the vibration lasts.
Therefore the more rapidly a spectrum varies,
-the less sharp will the frequencies be determined.

In measuring, of course, only a section of
finite duration of the vibration in question can
be considered, so that even with an infinitely
long vibration we cannot determine the spec-
trum perfectly sharply. But, moreover, the t.ime
interval must expressly be chosen short when
rapid variations of a spectrum are to be ob-
served; the organ reacting to the vibration (ear,
filter or general measuring instrument) must
"forget" again the preceding effects quickly
enough. From a consideration of band filtersit
is clear how in this case the antagonism men-
tioned occurs between the accuracy of the mea-
surement of the frequency on the one hand
(resolving power) and the recording speed on
t~_e other.

As indicated in fig. 1, the filters consist of
single L-G circuits which are so damped by a
resistance R in parallel that .at resonance the
impedance is 20 000 ohms. This is also the value
of the preceding resistance RI' The ratio a be-
tween output and input amplitude (transmission
factor) of a vibration of any given frequency f
with such a filter is

I 1)a = --------------
2 + jq ['(hf --1]

In this expression fo = 1/2nyLC is the reson-
ance frequency of the filter and q = R/2nf oL is
the so-called quality factor of the circuit (the
loss resistance of the self-induction L is accoun-
ted for in the resistance R). The larger q, the
steeper the resonance curve given by (1) falls
away on each side of to (fig. 3).

Let us s,\!ppose that a sinusoidal voltage is
suddenly applied -to the input of such a filter.
In addition to a forced oscillation whose inten-
sity can be calculated from (1), there then occurs
a free oscillation with the frequency to which
gradually dies' out according to

-tjRO

The time i = 2RC after which the intensity
of the free oscillation has fallen by a factor
1/ e is called the decay time of the filter. It will
obviously be useless to measure the output
voltage with a varying input A.C. voltage of
the filter at intervals which are not at least
equal to i (preferably sti1'tmuch longer). Since
the following is true:



(2) with which we are' concerned f 0 " 90 cis;
7: = l/9 s, so that rapid variatións of the compo-
nents in this neighbourhood' will not be. quite
adequately brought' out on the film, In practice,
however, this is not a serious objection.

With the 79 filters already mentioned, whose
. resonance frequencies are distributed according
to a geometrical series over the frequency range
from 90 to 8000 cis which is, of importance for
speech 2.) (there are then 12 filters to an octave
"and the frequency relation between two adjacent
filters is therefore the same as between two adja-
'cent notes on the piano (about 1.06)), it may
be calculated according to equation (1) that the
transmission factor of the filters and those. fre-.
queneies fm where, two adjacent frequency,
curves interseet (fmilo = 1.03, see fig. 4),
amounts to a = 1/2v'2. At resonance (f .= 10)
a = 1-/2.Thus if a component lies just between
two filters, both of these filters give a -certain
output signal from -which the intensity of the
component can be found by adding the squares.
But when a component' falls exactly at the
resonance peak of a filter, several neighbouring.

. filters to the left and right also give anoubput
signal which in magnitude is .44, 22, 14,'] i)'per
cent, etc. respectively, of the centre filter. This .,-
case '- "excitation curve" in the case of a truly
sinusoidal input voltagerèsona.ting with a filter-e-
is illustrated in -fig. 2. The spectrogram has ft
character similar to that' of the excitation curve'

, of. the basilary membrane 'of the human ear,
which can be represented as consisting of' a
similar series of damped resonators 3).
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't'= 2RG = 2_!!:_. 2nOL/o . = .!L
2?tfoL . n/o

the more rapidly it is desired to record, i.e. the
smaller the decay time r is to be made, the',
smaller the quality factor q of the filters must
be made, i.e. the flatter the resonance _curves
of the filters must be. Therefore the less.
. accurately is the frequency of the. transmitted
. signal determined. '. - . .

0.2

( (, ( ..
0,8 . t 't,t 1,2 f/fo

40127 "

,Fig. 3. Resonance' curve aU) of the band filter for.
different values of the quality factor q:
From equation '(2) it may at the same time

be seen that at a given value of q the band
filters have a. shorter decay time for, the high
frequencies than for the low. For the. high fre-

.. quencies therefore a more rapid recording is
possible than for the -.low frequencies. Since,
when the whole spectrum is recorded with 'a
single film, the sarne recording speed must be
. used for all frequencies, it would seem reasonable
to construct all the filters with the' same decay-
time, so that in the case of the filters for high
frequencies it is possible to work with .,a high
value of q, i.e. a sharp resonance curve and cor-
respondingly great resolving "power, We have
not vdone this, however, because the sharper
'the resonance curves of the filters are made"
the greater the chance that a F:o u i ier com-
ponent whose frequency lies just between the
resonance frequencies of two neighbouring fil-
ters will remain unobserved. Since this must be
avoidedas far as possible the intervening regions
between the filters must be made smaller, i.e.
with a sharper resonance curve a larger number
of filters is 'necessary. - '.
In' order not to be compelled to use too large,

a number of filters Wechose the relatively small
value of 32 for the quantity s. If we' use a
recording speed of ·20. pictures per second,
which will be sufficient for most investigations,
the decay time will only be longer than the
recording time for the .filters with lo<32.2J/n
F:::! 200 cIs; in the case of the lowest frequency

0,5

0,4

o

Fig. 4. With the value q = 32 and' a distance of 1/12
of an octave between the resonance frequencies of
successive band filters, the transmission factor am. at
the point of intersection of two adjacent 'resonance
curves is lfll2times a's large as that a~ resonance (ao)'

2) See for example R. Ver m e u le n, Octaves and
decibels, Philips. Techn. Rev. 2, 47, 1937, graph
on p. 49. .'

3) See J. F. S e h 0 u ten, The perception of pitch,
Philips Techn. Rev. 5, 286, 1940, where on p.
290 such a model for the basilary membrane is
discussed.
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If the construction of the filters is based on a re-
cording speed of 20 times per second, it is of course
desirable that there should be no other elements in
the apparatus which prevent- recording. at such a
speed. Critical points in this respect are the outputs
of the rectifiers, the input of the modulator and the
electron ray tube. The rectified voltages are taken
from a resistance' Ra inserted in every rectifier circuit,
through which resistance the rectified current flows,
while a condenser Ca in parallel with Ra serves to
smooth the voltage to the required degree. The time
constant RaC2 of this circuit must be so small that
the condenser C2 can be practically discharged between
two recordings. RaC! 'cannot be made indefinitely
small, since Ra must be large ènough to obtain a high
voltage and also in order not to affect the band filter
by too high a consumption of current, and also since
Ca must be large enough to obtain the desired smooth-
ing effect. Nevertheless, it was found possible to give
the product R2C2 exactly the value 1/20 sec, so that
the recording of 20 pictures per second was not hin-
dered by this. In fact, apart from the impossibility
of making R2Ca indefinitely small, a much smaller
value of RaCs would not even be desirable, since then
the consequences of a short-lived change in the signal
disappear again so quickly that there would be a great
chance that it would be unnoticed with a time interval
of 1/20 sec between successive recordings.

Similar considerations are also valid for the input
of the modulator. As soon as the switch. El makes
contact with a certain lamella of the collector, the
input capacity Ca of. the modulator is loaded vic~ the
resistance' Ra in the connections between rectifier
and, collector. ·It was now found necessary to make
, Ca large enough to' limib the' effects of the switching
impulses' occurring; ,at, the same 'time, however
the èharging time CaRa of the modulator input must

\ be made extremely small. For the i'ecordingof 20
spectrograms per- second, each consisting of about 80

, 1 I"
measured points, only -. - = 0.000,6 sec is avail-

, ' 20 80 ' . ,
able for- the scanningof each lamella; since there must
also be sufficient space between the lamellae of the
collector, the actual time of contact is only about
, half as long. In order to record the correct voltage
value, the ,time CaRa must therefore be chosen appre-
ciably smaller than 0.0003 sec. With the values chosen
of Ra = 0.22 Mil and Ca = 500 p.p.F, RaCa became
'0.00011 sec, which is small enough .
. ' Finally there is -the. electron ray oscillograph. For
tracing one vertical line in .the spectrum, with the
desired recording speed of 20 pictures per second,
0.0003 sec is available according to the above. With
a maximum length of the' lines of for instance 4 cm
the, tracing speed of the oscillograph 4) therefore
amounts to 4 cm/0.0003 sec = 120 m/so Although
in ordinary cases, for instance with the electron ray
oscillograph GM 3152, exposures can easily be made
with such a tracing speed, in this case this is not imme-
diately true, since we must also pay attention to the,
. resolving power. With a length of the spectrogram
of about 8 cm the width of each of the 79 vertical
lines may not be greater than about l/a mm in order
that they may not overlap. With the required very
fine fluorescent spot the necessary light intensity for
exposures with the tracing speed mentioned could
only be obtained by the use of an electron ray tube
with post-acceleration 6).

4) Actually, of course, the fluorescent spot moves 16
times as fast, since it. makes a vibration with a
frequency of 50 kc/s along the line. It comes to
practically the same thing, however, for photo-
graphy, whether the spot describes the line once
with a given velocity or 16 times with a velocity
16 times as great. " ,\

6) See J. de G i e r, An electron ray tube with
post-acceleration, Philip~ Te~hn. Rev. 5,245, 1940

Relation between the length of line 'on the screen
and the amplitude of the I? 0 u r ier component

The rectified output voltage of the band. filters
can be modulated on the "carrier wave" of 50
kcls in different ways. There are, however, two
requirements: firstly that with a modulating
voltage of vm = 0 the amplitude Vd of the
carrier wave should also become equal to zero;
secondly that the relation between Vd and ,vF
should have a certain character. By itself a
I i n ear relation would seem most obvious.
There is, however, the objection that because
of the great differences occurring in the intensity
of the sound, the weak F 0 u r ier components
would quickly become insignificant compared
with the strong ones. If Vd increases les s than
proportionally with Vm, as for instance in the
case of a logarithmic relation, then all intensities
are dealt with equally, but there is the disad-
vantage that a peak in' the F 0 u r ier spec-
trum is even more flatberied than already results
from the damping of the band filters (see fig.
2). An .intermediabe way, in which the relation
between Vd and Vm begins approximately linear
and then curves off towards a sort of logarithmic
relation, is the most suitable. .

Fig: 5. Connections o'f the modulator. The anode
alternating currents of the two valves which are
excited by the carrier wave voltage of the generator
G are adjusted to equal magnitude with the resistance
R, so that the band filter BF receives no input vol-
tage. By means of a D.C. voltage Vm which is fed
fr~m 1£,1 to, the control grid of .one valve, the equili-
brium IS disturbed and a carrier wave of a certain
amplitude is therefore passed on to the oscillograph O..

Such a relation is now realized by the modu-
lator connections shown in fig. 5, in which at
the same time the first condition mentioned,
namely that Vd = 0 when Vm = 0, is' also -
satdsfied. 'I'he voltage of 50 kcls of the generator
G is fed in the, same phase to the control grids
of two valves in push-pull connection working
with inverse feed-back. Each valve furnish-
es a certain anode alternating current, but
due to the compensation of the two currents'
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in the output transformer - which cernpen-
sation can be precisely adjusted by the regula-
tory resistance R - no carrier wave is ordinarily
transmitted to the band filter BF (Vd = 0).
If by means of the rotating switch El a D.C.
voltage Vm is applied to the control grid of one
of the two valves, the operating point of this
is displaced on its characteristic to a point with
a steeper slope, the anode alternating current
of this valve becomes larger, the compensation
is sufficient and the excess is transmitted as
output signal (with 50 kcjs) to the band filter.
If the matter is considered more carefully, in
the case of the valve with inverse feed-back the
relation between the anode alternating current
ia and the grid A.C. voltage Vg is given by

8

1+ 8R Vg,

where 8 stands for the slope and R for the resis-
tance in the cathode connection which effects
the inverse feed-back. The slope 8 is chiefly
determined by the grid D.C. voltage Vm and
(at least in the beginning) increases proportion-
ally with um , The expression 8/(1 + 8R), how-
ever, increases less rapidly than in proportion
to 8 and finally approaches the constant value
l/R. From the cooperation of these two func-
tions, upon suitable choice of the point oh the
characteristic at which the valve operates with
Vm = 0, exactly the desired relation between
Vd and Vm is obtained, approximately linear
at first and later curving.
Actually it is not a question of the relation

between Vd and Vm, but of that between the
length of line on the fluorescent screen and the
intensity of the corresponding F 0 u r ier com-
ponent. Now the whole apparatus is about linear,
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Fig. 6. Measured relation between the length of line
on the fluorescent screen and the strength of a sinusoid-
al input A.C. voltage from the apparatus at a fre-
quency which lies just in the centre of the transmission
region of one of the band filters. The attenuator shown
in fig. 1, which is inserted in front of the pre-amplifier
V 1 in order to be able to regulate the input voltage
of the band filters, was in this case in its extreme
position (no attenuation). Furthermore, the maximum
amplification of the oscillograph amplifier was opera-
tive.

thanks in part to the use of diodes (EA 50)in
the rectifiers. Because of the large number of
rectifiers (7D) it would have seemed preferable
to use blocking-layer valves, but owing to the
linearity mentioned this was not done (moreover,
the diode has the advantage of being less sen-
sitive to overloading). Since the relation between
the length of line on the screen and the deflecting
voltage Vd on the cathode ray tube is also
satisfactorily linear, the relation between the
length of line and the input voltage of the whole
apparatus has practically the same form as the
relation between Vd and Vm. This relation as
determined by measurement is reprcduced in
fig. 6.

The recording of the spectrograms
In order to make an "instantaneous exposure"

of the changing sound the spectrum on the
screen of the oscillograph may be photographed
with a camera whose shutter must be. opened
for exactly one revolution of the rotating switch-
es El' E2. If it is desired to make a series of

Fig. 7. Spectrogram recorded with continuously mov-
ing film. Due 'to the superposition of the film move-
ment on the motion of the fluorescent spot the spec-
trum is recorded along an oblique line, descending
towards the right. When the last spectralline has been
traced the spot jumps to the left again and begins
anew. The frequency scale in els is indicated on the
film;

such exposures, and thus to "film" the sound,
the film should be shifted by the height of one
picture after each revolution of the switches.
With the construction of the collectors here
chosen, in which only as much space is allowed
between the first and the last of the 79 contacts
as is necessary to prevent the occurrence of
ahort-circuiting of the source of voltage for the
horizontal deflection of the spot (see fig. I),
the time available for the shift is too short, so
that in each exposure the beginning of the spec-
trum would have to be missed or every other
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Fig. 8. In the upper part of the wheeled cabinet may
be seen a large number of boxes in which the 79 band
filters are housed. Underneath are the rows of switches
S for listening to the filtered-out spectral parts of the
sound being investigated. On top of the cabinet on
the left is the electron ray oscillograph (GM 3152), on
the right the film camera.

complete revolution of the switches would have
to be omitted. A better and simpler solution
was therefore to allow the fÜm to move co n-
t i n u 0 u sly in the direction of the vertical
spectrum lines with permanently open camera
shutter. When this is- done of course a uniform
movement in the direction of the film is super-
posed on the motion of the "fluorescent spot, so
that the spectra traced are pulled into an oblique
position (see fig. 7), while, moreover, the ends
of each spectral line are slightly less sharp.
These features, however, constitute no disadvan-
tage in the analysis of the diagrams.
Photographing with continuously moving

film sets a sharp limit on the time of phosphores-
cence of the fluorescent screen. While with a dis-
continuously shifted film the permissible time
of phosphorescence is determined· by the recor-
ding time of a complete spectrogram (1/20 sec),

with a continuously moving film the only per-
missible time of phosphorescence id that which
is determined by the lack of sharpness to be
tclerated at the ends of the lines, and which is
therefore of the same order as the time necessary
for tracing one vertical line in the spectrum
(i.e. 1/1600 sec). In the case of the screen of
the electron ray tube used by us the phosphores-
cence time was found to be sufficiently short.

Fig. 9. On the bottom of the wheeled cabinet may
be seen the motor which drives the two collectors
El and E2 and, via a tooth-wheel transmission and a
vertical axis, the film camera. In order to prevent
acoustic disturbances the motor is mounted on a
thick rubber plate. The collectors consist of a ring
of high-frequency "Philite" in which a ring of conical
copper pins is driven; with this construction wear
is restricted and at the same time with little upkeep
only a very low transition resistance at the contacts
is obtained. In addition, on the bottom of the cabinet
are the supply apparatus for the amplifiers, the
modulator, the plates for horizontal deflection of the
oscillograph, etc. Above- are the 79 diode rectifiers.
On toopof the cabinet may be seen in the foreground
the coupling in the driving shaft of the film camera,
which may be connected and disconnected. The lead
on top of the electron ray oscillograph supplies the
post-acceleration voltage.
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During one revolution of the rotating switches
the film movement must be such that even with
the largest amplitudes occurring successive spec-
tra must not overlap. In order to ensure this
once and for all at different speeds of revolution
of the switches, the camera is driven, via a
tooth-wheel transmission and a flexible shaft,
by the same motor (a D.e. motor with variable
speed) to the axle of which the switch arms are
fastened. The camera is set in motion or stopped
by means of a simple ·coupling mechanism.

As described in detail above, a maximum.
recording speed of 20 spectrograms per second
can be attained. For many purposes a lower
speed, for instance 10 pictures per second (thus
half the speed of revolution of the switches)
will suffice, and the recording speed then CO~Tes-
ponds to the longest decay time of the filters
occurring (1/9 sec with the filter for 90 cis). .

As a conclusion to this description, in figs. 8
and 9 two photographs of the apparatus con-
structed are given. Several structural details are
pointed out in the text below the figures.

Several results obtained with the apparatus

In fig. 10 a number of filmed spectrograms
are given which were made with the apparatus.
They are the spectra of several sounds of speech,

a e i

namely tte vowels a, e, i, 0, u, recorded at a
speed of 16 spectra per second. The frequency
scale is the same as that of fig. 7.

While it is generally known that the consen-
ants are characterized for the most part only
by certain introductory and transitional vibra-
tions (most of them cannot be "held"), it is
clearly apparent from the sections of film repro-
duced that vowels also fail to represent a com-
pletely periodic vibration. Each vowel is in fact
characterized by a series of harmonic cornpo-
nents which lie in certain for m a t i ver e-
g ion s, relatively independent 0-1' the pitch of
the fundamental tone of the sound.

The fundamental tone, which may be quite
different· for male and female voices, in the
case of the subject of the spectrograms in fig.
10 is about 250 cis (peak on extreme left, band
filter No. 10) for the e, i, 0 and u. In the case
of the a during its pronunciation the fundamen-
tal tone is seen to rise slightly from 175 to
225 c]«, and in the case of 00 it falls slightly
from 250 to 17:5 els. Such variations in the
fundamental tone are of little importance for
the separate sounds of speech, but they do

1) The subjects of these experiments spoke the lang-
uage of the Netherlands. The vowels have approx-
imately the same sound as in French, the double
o (oe in NetherIands). is the English 00 as in root.

o n oe

Fig. 10. F 0 u r ier spectra of several spoken vowels filmed with the appa-
ratus. Frequency scale of each spectrum as in fig. 7. Tbe recor-ding speed
was 16 pictures per second, so that in a vertical direction the time scale in"
dicated on the left is valid.
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playun important part in the capacity of the
- language for expression. This is' an important
point for investigation in phonetics. If the posi-
tion and intensity. of the other peaks in the
spèctrum are measured, the following' data
(table IJ are found Ior instance for the a (third
spectrum from the.top) (applying the calibration
curve of fig. 6).

Table I

Filter No.
Frequency Voltage

els mV

16 ' 210 8
28 421 14
35 630 . 19.5
44 1060 75
56 2120 40
64 3360 - 30.5

As may be expected·theoretically 6), these fre-
quencies are multiples of the fundamental tone
(210 cis). The strongest overtone is found at
1060 cis, in which region lies the most important
îormatäve of the-a. The weaker maxima usually
occurring as well, which in this case 'for instance
occur ÇLt2120 and 3360 cfs, are less essential to
the character of the' vowel. ' '

Upon investigation of. a series of dÜférent'
, voices ,we found for the most important forma-
tive of each of the vowels mentioned the fre-
quency regions'given in table II"column A. For .
the, sake of comparison the values given by

Table 11
Most important formative regions of six vowels, accord-
ing to' II\easureménts with the apparatus described.
For the main formatives our own measurements
(oolurnn A) are to be cOII\pared with values given in
the literature 1) (column E), . ,

.
Main formativeSubordinate

Vowel formative els
els A I B

oe 150-300 .... - -
o' 4C'0-500 366.548
a - 950-1498 548-1304
u 150.300 1888,2520 1843-2926
e 300-600 2378·2996 2069·2762
i 150-30J 2828-3786 2192-3687

6) The spectra .of thê vowels are formed due to the
fact that certain harmonics of the vocal chord
vibration; which contains the fundamental tone
, wibhia large number of harmonics, are amplified
by :resonancè of the cavity of mouth, throat and
nose. See.also J. cl e Boe rand K. cl e BOEl r,
The LaryngophoIle, Philips Techn: Rev. 5,6,1940.

"

S t u m P f on the basis of detailed investiga-
tions are given in cólumn B 7). It. IS evident
that the individual differences may be quite
considerable and that the frequency regions
by which, according to the' current conception,
a vowel is charactèrized' 8:re anything but
sharply defined. This is the more striking since
in the synthetic production of vowels with the
help of a number of. band filters it is found
that fairly accurately determined formatives are
necessary for the recognition of a vowel; for
example in our experiments on this subject a
formative which deviated only little from 1500 '
cis was necessary for the production. of a clearly
"pron~unced" a.

Such experiments with synthetic' vowels"also
furnish a good illustration of the above-men-
tioned fact that the filmed- spectra clearly
show a' fluctuation of the components during
the pronunciation of a vowel. In the case of
artificial vowels'where this fluctuation is lacking
the vowel can indeed be recognized, but the '"
sound. is not "human" in' character. For the
appearance or-the human character the natural
Vibration which is given to the sound by the
muscles which contract' the vocal chords and,
determine the shape, of the cavity of the mouth,' '
throat and nose (see footnote 6~ seems to be
essential S). ' ',' .
, In conclusion we should like to point. out'
that the possibilities of application 'of the aeons-
tic specbrograph described here are not limited'
to the investigation of speech. The apparatus'
undoubtedly offers important possibilities for'
the investigation 'of musical instruments, of the
acoustics of halls (reverberation), 'ofinterferences -
'on connection lines or of 'interfering noises of
machines and the like. '

7) According to C. ,S t u III P r. Die Sprachlaute.
Experimentell-phonetische Untersuchungen, .J. ,
Springer, Berlin 1926, p. 66. His values are for'
vowels sung with a fundamental tone of 183 els.
In comparing it must be taken into account that.
bhé language of St u m p f's subjects was not
· the Dutch but the German. .
· ,t

~) This wS:s also confirmed in unpublished -experi-.
ments by J. F. Sc hou ten in this laboratory. ,
Vowels were imitated with the help of the optical
siren (Philips Techn. Rev. 4, 167, 1939), in which,
stencils with a cut-out vibrational form were placed'
in a beam of light. When the stencil was fastened
rigidly the sound obtained was not "human" but
· lifeless in character; it became much more human
, however, when th'e 'stencil was held in the light
beam ,w i t h the ha n d. The "vibrato" of the
band is then a substitute for the 'vibrato of the
: vocal chords and of the resonating cavities. '
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',fIlE TESTING OF PO\\1ER CABLES
\VITII DIRECT CURRENT VOLTAGE

'" by,W. HONDlUS BOL:QINGH. 621.31~.52:621.317.33:52J .315.2

~ .
The requirements are disc~ssed. which must be satisfied by' al). apparatus
!or test~ng power cables with high voltage. A testing apparatus for 20 kV

, IS described.' . ,

Cable testing for greater safety and technical convenience
. 'Newly laid high-tension cables are generally ',has ,remained in the background.
tested by applying tothem for some time a D.e. In recent years, however, in addition to the
voltage which.is much higher than the A.C. .Ineidental cable, examination upon the appear-:,
voltage normally jised on the .cable. Moreover,' ance of disturbances, it has become more and
,if during use there is any indication that a more customary to carry out a, per i 0 ei. i c a I
defect in the insulation is beginning to make i.n spe c ti 0 n of all the cables .of the high-
itself felt,. a high D.e. voltage is also used; in voltage mains in order, to detect insulation
this case 'with the purpose: of burning through flaws .b e f 0 re they lead to disturbances in
the 'insulation at the defect, so 'that it can be the mains. As a matter of fact such

, more easily localized. ' rou tin e w o r k makes much higher deo'
, The fact that D.e. voltage can, he used for mands, on the safety, compactness and simplioity.
testing, but not A.C. voltage, is connected with ~of the apparatus. While in the éase of newly
the capacity of the mains being jnveatiguted. laid cables, to which according to the usual
If. A.C., voltage were USedthe capacity, which requirements the test voltage must be applied '
in the. case of underground cables. may amount for one hour -per conductor; easy operation of "
. to 0.2 p,F per km for instance, would be charged the testing apparatus is of practicallyno impor-
to this high voltage twice per period. A very tance for the total working time, transporta-. ,

" high wattiess power would be necessary for this, bility and ease ,of manipulation become much "
which can scarcely' be compensated by means more important in a periodical control of the
of choking coils, as is ordinarily done in .testing cable network where each conductor can only
short lengths of cable during manufacture. If be tested for a few minutes. '
for example it is desired to test a high-tension
cable 10 km long with an A.C. voltage of 50
cis and 30 kV-, ,250 kVA would have to be
provided; with 20 km and 40 kV - this would
even be 2000 kVA. These are values" of quitea: different order of magnitude than the power
.-,,;hich is necessary and sufficient to burn through
aflaw (namely only about 1 kW) and for which
it is' still possible to. construct an easily, trans- '
'portable cable-testing 'apparatus. -The last men- 2)
tioned power; moreover, is more than sufficient
to charge a high-tension cable in several seconds
to the high D.e.':V: 0 ft age required for the
testing. '. • _ , . - -

Until now for the purpose' just mentioned
more or less improvised apparatus was often :i)
used which was put together by the various
electrical services, for. their own use, Since in
other respects safetY-devices, method of opera-
ti on and reliability in high power technology
have been perfected to the utmost in the course
of years, at first.glance it may seem surprising'
that this has by no means been the. case with
cable-testing apparatus. This 'can be explained 5)
by the faèt that the apparatus in questdon is
used exclusively by very expert personnel,
with experience in electro-technology, who easily
adapt themselves to the' danger of high voltage 6)
and switching complications, so that, the demal!-d

Requirements made of a cable-testing apparatus ,

We shall now examine in more detail the re-
quirements which should be satisfied by a,
modern apparatus for testing high-tension cables.'
, 1) The D.e. voltage on the cable must be able

to be read off immediately under all ciréurn-
stances.
The charging and discharging of the cable
must be able to, take place safely and without

; loose pieces of apparatus under high voltage.
3) 'It must be 'possible to protect the cable

against voltages higher than necessary and
desirable for the investigation.
It must be possible to connect the apparatus
at the place where the examination is held,
even With cable terminal connections which

_ are' n~t easily accessible, withoU:t complica-
tions caused by unprotected connection lines; ,
up 'to within several metres around the appa-
ratus any contact with high voltage must be
impossible.
The apparatus should form a unit which re-
quires no putting together before it can be
used ,and which is as easy as possible to
operate. . . ,
It must preferably be of .such weight, and
dimensions that it can without difficulty be
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transporbed in an ordinary motor-car to 'any' earthing switch with water resistance ana if
point' of the cable network. neceseary damping resistances.

With the present position of technology it is " 'If a larger . cur ren t is to bé nsed than
possible to construct an apparatus for voltages the available rectifier valve can normally carry;'
up to about 50 kV and a power of abcut-I kW" double-phase recbification with two valves .v
which satisfies these requirements. must .be used, for example according to the
In bhis article we shall confine ourselves to centre-tapped connections (fig. 2a). If smaller

the description of a 20 kV apparatus, which is valves are .preferred 'which can tolerate little
now being manufaètured in series. ' more than the normal cablé v 0 I t a _g e, two,

Allparat'us lor the testing oî c~bles with 20 liV
D.C. -voltaqe '

Although 20 kV is relatively low for tests as
prescribed for newly laid cables (for instance
according to VDE 0255), this value is, however,
often used for p ,e r, i 0 d i c a I c Q Ti t rol.' In'
this case only very little overvoltage is desired, '
in order not repeatedly to overload the cable
heavily, which might cause it to exhibit defects
prematurely. For ~'10 kV" multriphase-eurrent
cables which normally carry 10 kVeff between
two 'phases, i,e. 5.~ kvèff and 0.3 kV peak vol-
tage with respect to earth, a D.e. voltage of 20,

; kV is found to 'be more than 'enoughüo detect
flaws .in time with regular control. '
- The different, types .of 'c 0 n n e c t ~0ns'
which are used in practice for the high-voltage
circuit. of it cable-testing apparatus are mainly
determined by' the', type of rectifier valve- used ..
If, for example, one has a valve which can '

Withstand a· voltage more than twice as high.
as the .maximum charging voltage :"ofthe cable,
one valve is, needed, as indicated in fig. J: A '
high-voltage generator for cable inspection then ~
consists, in principle of' a 'connection. in series
of one rectifier.valve V and a high-voltage trans.-
former T, which in this case is loaded asymme-
trica:'lly. A cable-testing inatallaüion as' a rule
further contains as components carrying high
voltage a spark gal? for measudJ?-g voltages, an

40T/!I

Fig. 1. Simplest connections for th.e. ex~itatio.n of ~
high D.C. voltage. Single-phase rectifICatIOn with one
rectifier. valve V whose permissible counter-voltage
is greater than twice the D.C., voltàge 'to "be
. furnished, The high-voltage 'transformer '1! is asym-
metrically .Ioaded. •
a) The cathode of the valve ,V .is earthed and two

terminals of the high-voltage transformer are in'
sulated.' . .', • '

b) The rectifier valve V is insulated at two terminals,
-while the cathode is fed by a' heating current
transformer G insulated for high voltage. The
high-voltage transformer, '1.' is now earthed ij,t
one terminal. ,
C represents the capacity of the cable ~o,be tes~ed.

. "
such valves 'V sh.ould 'be connected in series,
and the G r e-i n a ch e r connection is usually
employed (fig>2b) .. ~'" " _,' .

In the case of the last two connections men-
,tioned a high-voltage transformer T'with two
high-voltage terminals. iarequired. In the appa- .
ratus to 'be described here We have used a
connection .less common for· cable testing
in which a 'transformer with 0 ne high-

Fig. 2. ,;High-voltage connections witÈ. two rectifier valves .v. , .
a,) een t r e-t ap p e d c 0 .n noc t ion s, Current doubled ; high-volte.ge

'transformer :1' with doubled voltage, two terminals insultated and sym- .
metrically loaded; the rectifier valves TT,receive the doubled counter-
voltage and are fed from two heating-current transformers G. ~ ,

b) G rei na c.h e r con n e c t ion s.. The, valves. V 'receive the single
volbager., high-voltage transformér T is now insulated at two terminals,
has half the voltage and is .symmetrically loaded. "

c) C as e a d e con nee ti 0 n s. The rectifier valves V have th~ single
voltage; . high-voltage transformer T is here earthed at,' one 1i.~rmmal

. and is nevertheless' symmetrically loaded., . " '.' .',
Cl' is the cascade condenser and. C2 the smoothing 'condensér., .

.' " '
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Fig. 3. Simplified diagram of the connections of the apparatus for testing high-
tension cables with 20 kV D.e. voltage. V rectifier valves, T high-voltage trans-
former, G heating-current transformers, Rm resistance in series with the kilovolt-
meter k V, mA milliammeter, H main switch, D push buttons for commutation
between .tho measuring ranges, Ro discharging resistance, Rd damping resistance,
B adjustable voltage limiter, /3 magnetic switch with contact pin, 01 cascade
condenser and O2 smoothing condenser added to permit the testing of objects
with little capacity.

voltage terminal can be used. This is the
so-called cas cad e con n e c t ion (fig.
2c), which is also used for generating much
higher D.e. voltages, as already described in this
periodical 1). These connections make it
possible to use for a 20 kV generator two
rectifier valves V with a maximum counter-
voltage of 28 kV and a transformer T insulated
at only one terminal and nevertheless sym-
metrically loaded.

In fig. 3 a more complete diagram of
these connections is given, while in fig. 4
the complete apparatus is shown.
. On the basis of the diagram we shall now
discuss in more detail how the requirements
given in the foregorng are .satisfied by this
apparatus.

M easurement of voltage, current and insulation
\resistance

The voltage is measured with the help of the
kilovoltmeter k V indicated in fig. 3, which is
provided with a series resistance Bm and placed
on. the top of the apparatus. It is thus possible
under any circumstances during the testing to
read off directly the actual voltage on the cable

1) Philips techno Rev. 1, 6, 1936.
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on an earthed instru-
ment. This method of
measurement is far pre-
rable to the measure-
ment with a spark gap
or the measurement of
the primary transfor-
mer voltage. Since the
primary voltage regula-
tion of the transformer
T possesses three regions
of regulation (2, 10 and
20 kV) the kV-meter is
constructed for three
corresponding measuring
ranges which are auto-
'matically chosen with
the selector (H) of the
voltage steps. H is at
the same time the
m a i n switch (cf.
fig. 3).

Because of the direct
reading of the voltage
(le V) it is possible, in
combination with a sen-
sitive ammeter (mA), to
determine the insulation
resistance. While the
mA-meter does in fact -

possess a measuring range up to 100 mA (upon
exceeding this limit the current is automatically

Fig. 4. The apparatus, type No. 11680; for testing
high-tension cables with D.C. voltages up to 20 kV.
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switched off), the measuring range can be re-
duced to 01 or 1 mA with the help of two push
but.tens D. In the latter case (1 mA) 20 /hA
per scale division is still read off, so that with
negligible corona. losses an insulation resistance
of 100 megohms can still be observed. In order
that such measurements of the insulàtion resis-
tance with this apparatus need .not be limited
to high-tension cables' with large capacity, but
may in general also be carried out on insulation
materials for high voltage but without appre-
ciable capacity, a smoothing condenser O2 is
added which also guarantees a constant D.e.
voltage when a current of several mA flows

• during the measurement.

'With the measuring range up to 1mA a combination
of resistance and capacity prevents the occurence of
disturbing fluctuations of the indication of the mA-
meter due to fluctuations in the mains voltage. At
the same time these connections form an efficient pro-
tection against damage to 'the meter by sudden current
surges which may occur upon unexpected breakdown
of a cable flaw during a measurement on the sensitive
measuring range. . '

. The two sensitive measuring instruments
mentioned, here which have about 100f-lA as the
,smallest measuring range, are made mechanically
strong to resist rough usage. In order to make,
it possible to read them easily in the dark tbey
aTe provided with an ilhiminated. scale,'.

Damping and dischMgin!l resistaaice«

:. , In order to avoid large current impulses a
water resistance is often used both for the charg-
'ing."and. the discharging of cables, Such ,a more
; or . .less provisional component is in fact .u~suit-

c-: , able' for power technology. It is 'breakable, it
i cannot be used in all positions; it is difficult
, to fasten firmly and it may unexpectedly .assume
% a; low value due to contamination. The advan-
~ta ge of a water resistance is that in spite of
its high resistance it possesses 'a large heat. c,a-
•pacity, while that of a wire resistance, when the
"lengtp. of the wire is kept" within -reasonable , .
bounds, becomes steadily smaller with Increasing
;value of the resistancè. Fot this reason a' wire
, resistanceis unsuitable for charging a spark ,gap,~ " . .
'where at the moment of breakdown strong
; current impulses occur which 'would càuse. an
~intolerable heating of the wire. In the, cable-
:testing apparatus, however, the 'spárk gap is
: replaced by' the series resistance Em already
~'mentioned, so that. this advanbage of the water
'resistance would not be decisive ..
; , Just as for charging, so for discharging the
water resistance is not ~eèessary. For this pur-'
po~e'a resistance can·just .as well be made of
wound, wire with reasonable dimensions and .2)
sufficient heat capacity, especially if it need

not have too high a resistance. The 'latter,is
indeed the case: if the self-induction may pe,
neglected the size of the' discharging resistance
could theoretically be :lowered: to the wave
resistance of the cable, i.e. to ab'out 50 ohms,
without fear 'of oscillatdons and reflections upon
discharging. It is, however, unI!-ecessary t.o' use
such low resistances ; a wire resistance of several
thousand ohms with reasonable dimensions al-
ready has a heat capacity' large enough
to take up ·the heat developed upon discharge
of a long cable at full vO,ltage.

This mayeasily be seen on the basis of a simple cal-
culation.· -
Let the specific resistance equal r ohm cm.

" the cross section of the wire be q ern",
. the length of the wire lcm,
the specific weight 8 g/cm 2 and
the specific heat G cal/go

, . lr . '
Then the resistance becomes: R = _ ohm.. q

the weight of the wire: G = lq 8 gram and
the heat capacity: TV = l q G· 8 cal per degree.

If we now assume that the .cable is so quickly dis-
charged thattheresistance first takes up all the electrical
energy E = 1/2 G V2 before it has time to give off a
part of it by convection, the materialof ,tho resistance
undergoes a short-lived temperature . increase T
which is given by WT = 0.24 E. We can now ex-
press the cross section q and the length l of the wire
in terms of -the other quantities introduced above,
and we find that , .

'0,24r 'E' "q2 = cm! en
8G TR,

0,24 ER 2 ' " ~-;;:s; T cm.
. '. . ,

For the 'different resistance materials in practical use
the value of 8 and c varies only very slightly, so that
in general wire with the highest possible specific resis- .
tance r is the best. If for example we use chrome~nickel
wire r = 10-4; 8 = 8.37 and G ,= 0.1, we find for' the
diallleter . '

" 4 . . ,4

0:83 V·.E m~' an'd for the length,' 0.535V' ER m..
TR ,. .' 'T

, .'. .
The net surface wound, that is without the insu-
'lation space between the windings; thus becomes

, 4. .V--w . 'o =;= 4.45 R- cm".. ...,. :1'3. , "

With a 'given heat oapàciby, therefore,' the lowest
resistance oeéupies the smallest surface. This is 'also
clear without calculations, since with t.hick wire 'more
material can be wound on a given surface than with
thin wire. If for instance, we have a resistance in
which an energy E of 4000 joules (4 kW sec) must
be taken up upon discharging a cable for 2Q kV with
a capacity of 20 p.F where an increase in temperature
of 200°C is permissible 2), we obtain a thickness of the

wire d =;: 1·76 mm ~nd a net s~rface wo~d
4

:VR
o

With such a temperature increase the linear
oxpansion is 0.3%, which is permissible without
danger of the windings working loose.
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High-voltage proteetion

Since all the components of the high-voltage
circuit are housed in the generator case, a single Fig. 6. View of the top of the 20 kV apparatus.

For a resistance R = 6000 ohms, d then becomes 0.2
mm and 0 = 370 cm 2, while for R = 96 000 ohms
the wire must be half as thick and the surface wound
wice as large.

The dimensions of such a resistance, which
can be made practically free of induction, are
small enough to allow it to be housed in the
high-voltage generator (Ro in fig. 3), so that
difficulties with external assembly are avoided.

The earthing of the cable over this resistance
Ro on the earth side is by means of an electri-
cally operated magnetic switch with contact-
pin, indicated in fig. 3. by S. This switch uses
zero-load current, so that the cable is automa-
tically earthed as soon as the apparatus is
switched off, while upon switching on the high
voltage this earth connection is automatically
broken.

Voltage limiter
The voltage limiter B in series with the dis-

charging resistance Ro is connected in parallel

40720

Fig. 5. Magnetic switch with contact pin. 1 Voltage
limiter, 2 rotating cap for adjustment of the limiting
voltage (calibrated in kV), 3 earthed contact pin, 4
solenoid for contact pin, 5 current supply for solenoid,
6 discharging resistance.

with the voltage to. be measured ie], fig. 3).
It consists of a spark gap adjustable by hand
which is calibrated in kV and by means of
which too high a voltage on the cable can be
avoided. The contact pin just mentioned is
mounted concentrically in this spark as shown
in fig. 6.

connection is sufficient to connect the generator
to the cable to be tested. This connection is by
means of a flexible rubber cable provided with
a braided metal covering, one end of which is
connected to the generator case to be earthed,
and the other end to the lead covering of the
cable to be tested. With sufficient length of
connecting cable, therefore, the safety of anyone
using the apparatus is fully ensured.

Operation

Fig. 6, which is a view of the top of the
apparatus, shows that its operation has been
kept as simple as possible. On the front left-
hand corner is the main switch, which at the
same time operates the contact pin and selects
one of the three regulation regions for the voltage
(2, 10 and 20 kV), while at the same time the
kilovoltmeter is correspondingly adjusted (cf.
diagram of fig. 3). In the front right-hand corner
may be seen the voltage regulation knob with
which the high-voltage can be increased con-
tinuously from 0 to 2,10 and 20 kV, respectively.
On the right hand in the middle is the ;oltmeter
from which the voltage may be read off directly, .
while on the left Of the voltmeter is the milliam-
meter with two push buttons for the switching
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Fig. 7. The cable-tesbing apparatus ready for brarispor-
tation.

between the measuring ranges. The voltage
limiter is placed at the back and next to it the
socket for plugging in the connection cable.
The red signallamp in the middle lights up when
the contact pin is drawn up, so that it can
immediately be seen that the cable is or will
immediately be under high voltage.

Transportability

From the Ioregoingit is clear that the appara-
tus forms a closed unit which can on the one
hand be connected with the low voltage mains
and on the other, without further difficulties
of assembly, with the cable to be tested. For
easy transportation the whole can be placed on
a car, which the connecting cable in a tray

serving as cover (fig. 7). The dimensions of the
apparatus without the tray are 72 by- 36 by
54 cm; the total weight. .is ,125 kg.

Charaeteris tics.

In conclusion fig 8 gives the behaviour of
several electrical quantities as functions of the.
loading current. It may be seen that the voltage
loss is relatively small, namely 0.12 kV/mA,
so that there is no question of any large drop
in the voltage with high currents; this promotes
the rapidity with which a flaw can be burned
through. As may be seen in fig. 8, with a load
of 50 mA for example the apparatus can still
furnish a voltage of 16 kV, i.e. it can give off
an energy of 800W to a cable flaw with a resis-
tance of 0.32 meghom, which will therefore be
very quickly burned through to a lower value.
Thanks to the directly readable kV-meter,
it is in fact possible to follow the whole process
of burning through much .better than is usually
the case in such investigations.

4072~

Fig. 8. The relation between various electrical quan ti-.
ties with the loading current, with a cable capacity
of 20,uF and at the highest position of the voltage
adjustment. This adjustment is such that at a mains
voltage 10 percent too low 20 kV zero-load can still
be obtained, so that at normal mains voltage the
highest zero-load voltage would be 22 kV. E2 D.C.
voltage on the cable, Ru resistance of the insulation
flaw and W2' energy for burning through the flaw.
A load of 50 mA is permissible for one hour. At 18 kV
the apparatus can furnish a current of 30 mA con-
tinuously.
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A loop aerial can be used 'to advantage with portable radio sets because it
·is less sensitive to local' interferences than a mains aerial or a movable capa-'
.citatdve aerial. By making use of the directional effect of the loop it is also
possible in certain cases to diminish the irrterferençe by undesired t,ansmitters.

· The condition for the satisfactory funcbioning of bho }oop in both cases is
· that the aerial effect should be kept small, a condition which requires special
precautions when .the receiver is supplied from the mains. Several mebhods. '4 '

of éombatting the. aerial effect are discussed in this article. One of fhese
methods is the use of a loop of only one winding. This method is applied in '
the Philips receiving set type 0902 A (superheterodyne. receiver with 'a stage"
·of high-frequency amplification), , .

In 'a previous article 1) it w'a:s'explained that is nowfound, however, at"leàst in, the 'wave-
a 'W'ell-constructêd loop aerial .is the most Iengbh region above 200 m, that thè ratio FIB
suitable aerial for portable receiving sets with is usually much greater than 12'0:re for the local
rnains connection, and that the reason for this sources of irrterferenee, so that a' capacitative
lies in the lower sensitivityto focal Interlerences . aerial will receive relatively much more of 1(he

,; of the loop aerial' compared with a capacitative local interference than a loop. . ,
.aerial. In this article a study Will be made of '
thé problems which occur 'in practical cases when The aerial éïïect
'advantage is taken of these favourable proper- !, "

tjès of the loop aerial. In conclusion a receiving ,It is obvious that' the .advantage of the loop
set will be described which is equipped with a' just described will only he fullyrealized when
loop 'aerial consisting of only one winding .. , ,thé .loop does actually react only to the mag'~ "
.. 'The reason why the behaviour of a loop aerial netic field, i,e. when no voltage or current is
is favourable 'with respect toIocal interferences induced between the terminals' of the loop by
is briefly summarized in the following. If a' an' alternating electric field' whose magnetic
statianis being received which is agreat distance component is negligibly small 2).' In general 'a
awáy "compared with. 't.he wave length, so ,loop willnot satisfy this condition exactly, and,
that 'the receiving aerial is situated in the so- the loop is then said to exhibit the "aerial
called radiation fjeld of the transmitter, the effect" . ' ." .
intensities of the alternating electric and: mag-' . The presence, of the 'aerial effectt:~~n easily
netio fields at the aerial are in á definite ratio be demonstrated by comparing the 'directional
to 'each' other, namely the electric field strength' 'action of different loop aerials which are situated
F in Vim is a factor 120':re larger than the mag- in the radiation field' of a transmitter. In the
netic field strength H in Alm. Now since a 'case of an electromagnetic wave which is pro-
capacitative aerial reacts to .the electrical com- pagated along a well conducting. horizontal
ponent of the field, while the signal voltage is earth's surface in the open, the vector of· the
generated in the loop by the magnetic compo- electric' field is vertical, while the magnetic
nent, it is'clear that a local source of interference field is horizontal. At the .eame time both' are
'will only' have the same disturbing effect for perpendicular to the direction of propagation .
. these two types of aerials when .the electric ,,2) For the present we confine ourselves to frequencies
and the magnetic field strengths of the inter-: at which the wavelengths are still long compared
f I . h FIH" 1 I . with the dimensions of the aerials considered. Iferen,ce are ft so III t e ratio, '= _ 20'11:. t. this limitation is omitted a pure electric field
1) See Philips techno .Rev. 6, 302, 1941. (without ,magnetic field) cannot exist. '

, \I.
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Now a loop is sensitive only to that component
of the magnetic 'field which is perpendiculär
to the plane of the loop. This component disap-
pears when the normal to ,the plane of the loop

, is directed towards' the transmitter. Thus when
the loop ia turned> about a' vertical axis the
direction diagram of fig. 1 holds for the voltage

, excited in the loop by the magnetic field. 'This
diagram .is, expressed by the formula .

- Va = Vo sin ex,. . . . . '.. ", . . (1)
, '

where a is the angle between the normal to the
plane of the aerial a~d the direction of propa-
gation. It is obvious that +he maxima are flat
and the minima sharp.

40907

Fig. 1. Direcbional effect of the loop. The radius' Va
indicates the amplitude ,of the voltage induced
by the magnetic field of a wave in the direction of the
arrow." ,

, If a loop has an aerial effect. a second term
must be added 'to the right-hand side of equa-
bion (1), which term is independent of a and
in gèneral makes, the minima much less sharp.
The fact that the contribütion, of the electric
field to the' voltage on the loop is indeed inde-
-pendent of a follows immediately îrorn the fact
that the electric field has a vertical direction,
so that the relative position of the loop with
respect to the electric field does hot' change
upon rotation about 'a vertical 'axis 3).

The aerial effect is not only undesirable be- ,
, cause of its effect on the sensitivity to local
interferences, but also because, as we have seen,
it makes the directional effect of the loop less
sharp. The' directional effect may be used to
advantage in many cases to improve the selec-
tion between two trans mitt era operating
on the same or almost the same wavelength:
the' undesired bransmitter is simply ",turnèd,

3) In: addition to the' aerial effect there may be other
causes which may spoil the directional effect.
"Such causes are: night effect, elliptical polari-
zation of the radiation .or theformation of rotating
fields by shorb-circuited. loops in the vicinity of
the loop aerial. These 'causes, have no connection
with the nature of the aerial and will therefore
not be considered in this paper.

out". By this means, for instance, side-band
interference can .be suppressed' without the
,necessity 'Of lowering the quality of the repro-
duetion by cutting off the high tones, as would
be the case in reception with a capacitative
aerial").
Finally it is found, as will be discussed below,

that the aerial effect is accompanied by a
greater sensitivity to interferences which can
he transmitted to the set via the power mains.
Therefore for the sake of avoiding also this
type of interference it is important to prevent
the aerial effect.· In' this article we shall study ;
the way in which the aeriaLeffect occurs and
the availablè means of combattdng it. We shall
then pass on to 'a description of a receiving set
with a loop aerial developed by Philips in
which. special attention has been. paid to the
countering of the aerial' effect.

The causes of the aerial eîîeet

A _loop'aerial is a continuous conductor which',
connects the input terminals of .the receiving' ,
set with each other. Thus with constant or slowly
varying electric fields in, space no potential dif- '
ference is in general to be expected between
,the' input terminals. In the' case of high-Ire-
quency variations of the field strength, however, .
voltages ml1yoccur. In order to obtain a better
. insight into this phenomenon we shall go some-
what' deeper into the behaviour of a conductor-
in an electric field. ' . '. , .
If ' an .originally, uneharged 'conductor is

brought into a constant electric. field; there
occurs in the' conductor a separation of equal'
numbers of positive and negative 'charges which
distribute themselves on the surface of the,con-'
duotor .in such a way that the electric field
strength becomes zero in the conductor. vVe
must therefore picture the separation of the
charges in such. a way that in the originally
electrically peutral conductor a certain amount
of negative electzicity is transferred from one
part to another, so' that in the' first part the
corresponding amount of positive electricity re-
.mains in excess.

The a m 0 u n t of electrioity transferred is
proporbional to the original electric field strength
and further depends upon the form of the con-
ductor and -of its surroundings. Asthe simplest
example, the charge' distribution on a vertical
rod situated in a vertical electricfield of strength

4) It is obvious that this method of removing inter-
ference is only possible when the d irecüions from
. the loop aerial towards the desired,' transmitter '
and towards the undesired transmitter (or source '
of interference) make a large enough angle with
each other. '
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In the case of the aerials customarily used for
intermediate and long waves it may be assumed
that this condition is fulfilled. .
.Th~ charge distribution on an 'a,erial in an·

alternating field is therefore similar at every
moment to that in a constant field which has
the .same value at the. moment considered. Due
to the change in the chargewith time we obtain
. an alternaping current whose amplitude changes
from point to point along the conductor. The

" largest current amplitude occurs in the neutral
zone, since of course the whole negative, charge
situated on one side of the neutral zone must'
flow through this zone. Toward' the ends of, the
rod (fig. 2!l) the current becomes smaller and
smaller; at the very ends it is zero. An analogous
result is also found for. other. forms of aerial,
for instance fig. 2b. .
If,we now pass on to the loop aerial, which'

-' a , 4090~, in its simplest form can be represented by a
Fig.. 2. a) Charge distribution on a rod .situated in a " olose~ lo?p ~n space, w.e,o?tai~ for a constant

homogeneousconstant electrio fielClF. electric field a charge distribution such as that
b) The same for an aerial consistingof two ,represented in fig. 3. The positive and negative
", npheres connec,tedby a wire. With a ,giyen charge in. this case is mainly concentrabed invalue of the field strength the density of, .... .' .. .

charge on the spheresincreaseswith their points 1 and 2 respectively, while pointe 3 and
distance apart. 4 lie on the neutral plane. If we again consider

a varying field strength we can again draw
conclusions about 'the currents flowing in the
loop from the change in the charge distribution
in the branches.
, . In principle the current distribution in a loop
cannot be- completely deduced from the pic-
ture of the' ohaeges. Even though we know how
much électricity must come to a certain' spot
on the conductor, the path along which it must
come is not yet determined. Thus in principle,

F is given in fig: 2a -.If the field is directed up-
wards, positive charge.is 'concentrated at the.
upper end and negative at the lower end. In,
the middle of the rod is a neutral zone where
the transition from the nega-tive to the positive
surface charge bakes place. .

+

, +

, The farther a' surface element of the rod is
from the. neutral zone, the larger the amount
of electricity which will be accumulated in this
surface element with a given value of the field
strength .originally present. The density of
charge at the top of a rod of a given thickness
at a' given field' strength therefore becomes
larger the longer thé rod. Such a conclusion
mayalso be drawn for other forms of aerials.
If, for example, a vertical aerial consisting of,'
two spheres joined by a vertical wire (fig; 2b)
is considered, the charge which the spheres
assume in a constant electric field will be larger
the farther the two spheres are apart ..

From the distribution of charge on a' con-
" ductor in a homogeneous constant electric

field, we may' now draw .conclusions about :
the behaviour ,o'f Ei conductor in an alternating
field: By an up and down motion of the electric
charge the conductor will try to, keep' the inter-
nal field always equal to zero. When the changes :
of the external field do not take place too
. rapidly, so that thè corresponding wavelength
, is still large compared with -the dimensions of
the aerial system, it may be expected that the
Internal field will actualy be' eliminated at
every moment, at Ieasbwhen the inductive and
ohmic voltage drop in the' conductor with the
currents resulting from the upward > and
downward motion of the charges are sufficiently
small compared with the voltage which' is
compensated by the displacement of charge:

*.

F

1
40909

Fig. 3. Charge distribution on a short-clrcuited loop
due to the field strength F. The arrowsalongthe loop
indicate the currents which flow in the loop when
the field.strength increas~s.

a negative charge in the, neighbourhood of
point 2 could reach its goal 'Via point 3 as well
as point 4. Nevertheless,in the case in question
for reasons of symmetry it may be concluded
that the saine currents will flow at points 3 and
4, while points 1 and 2 are without current.
If an indicating instrument is placed in the

loop whi?h canbe slid along its circumferenee,
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the largest 'current will be measured at points
3 and 4 and the current at points 1 and 2 will
be zero., If the loop is cut open at point 3. or 4
there will be à voltage across ,the open ends,
while this wóuld not be the case if it were cut
open ~t 1 or 2. '

..
The occurrence of the voltage' may be pictured as

follows. As was already' mentioned, the charge distri-
bution is. given at every moment by the external
field, but the currents which flow as a result of the
change in this' charge distribution may flow in dif-
ferent ways in the closed loop. 'From a given current
configuration such as that of fig. 3, another possible
current configuration can be derived, by adding a
current which has the same intensity at, all points
along the closed loop and thus does not change the
charge at any point, because at every point the same
- amount flows to the point as away from it. This
,extra current may then change with the time in
any way desired. ,
If it is now desired to describe the current configu-

ration which occurs when the loop is broken at a
given spot, the extra current must 80 be chosen that
it compensates the originally occurring charging cur-
rent at the spot where the loop is broken. .The voltage
at that spot then becomes equal to the product of,

',the extra cur~ent' and the impedance of the loop.'

is therefore connected at one end With the chas-
sis, while the other end delivers the voltage
received to the control grid of the fil'"t valve.
In these connectiops the' loop aerial can be
represented schematically. by a, loop situated
relatively far, above the' earth with one end
connected to ,earth (see jiy. 4) .

+
+

I: ,'

, ,

It may therefore be said that upon any given
connection of the' indication instrument -a' loop
will in general exhibit aerial effect; only with
certain methods of connection' is this aerial
effect absent.' , < If .we again consider the action of an electric
'. The effect which we are considering here is field, it id found that much greater displace-
relatively small for long and intermediate waves. ments of charge must be expected than in 'the -
It may become' somewhat <larger, when there case represented by fig, 3. The, type .of aerial
is a 'mass of metal in the neighbourhood of the .now exhibits eertwin- similarity t~ that ,of fig.
loop, for instance the chassis of a receiving set .• _2b, and, as in fig. 2b, we may conclude that the
'The charge which flows' up and down in the density of charge at the top will increase with
, loop ma-y then become larger; the position óf increasing ,distance. between the ,top and the
the points on the loop where the, aeriaLeffect 'neutral zone _:_in our case therefore with the
is absent may also be shifted. Large effects are 'height of the loop, above earth.' Thus it is no
not, however, to be expected. If, therefore, an" longer only the size of the loop but also its
arrangement is chosen for which the loop aerial height above ,the earbh which determines the
can be represented by a "loop standing free in ' 'electric charge of the loop ,in an electric field
space, or, if necessary, even in the neighbourhood of a given strength. The magnetic receiving
of a mass of metal, and even With any anhitrary , capacity < on the other hand is 'independent of
connection of the set with the loop, little diffi- this height. It is' thus clear that the aerial effect

, eulty will be experienced from aerial effect. ' of a loop earthed at one end is affected by a
The' arrangement mentioned is realized in quantity which has no connection at all with,

non-earthed receiving sets with battery supply; the ,'magnetic receiving capacity, so that it .
in the case of these sets the' aerial effect is, may not immediately be concluded that the,
indeed found to be so insignificant that it exerts aerial effect ~s small compared with the signal
no disturbing effect on the directional action 'received by magnetic induction.
and the sensitivity to interference of the loop.' There is still, however, a second reason why
'The situation becomes quite different, how-. the loop earthed at one end exhibits much more,

ever, when receivers with -mains connections aerial-effect than the "floating" loop. As already
are used. In this ca-se the chassis is connected stated, the charge QA, which in the case of
with earth' for high-frequency currents via ~he the loop earthed ~t one end is drawn out of

oe capacity of. the mains bransîormer through the ..earth by~an electric .field, is in .general.. much
mains connection. The loop replaces the tuning larger than the charge Qz, which is accumulated
coil of the first cirêuit and in ordinary receivers on one side of the neutral zone of the 'floating

4D910 ,

Fig. 4. Ch~l'ge distribut.ion o~ 'a loop 'earthèd"at, one,
, end due to the field F. The arrows indicate the currents ','
which flow when the field, strength increases: The cur-
rents are largest in the vertical earhh connection and
decrease gradually along the winding of the loop.
,The current is zero. at the open- end. "
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loop under the influence of the same field. 'If
we, consider a floating loop and a loop earthed
. at one end, both with' the same number of
windings, then the same is tuue for the charges.
qA and qz per -winding.

, a

Fig. 5. Charge distribution a) on a floating loop,
b) on a loop earthed at one end, due to the field F;
The arrows indicate theIocal amplitudes of the cur-
rents which occur when ]j' i!l an alternating field. In
the case of the floating loop the charging current of
each winding flows through that winding; in the case
of the loop earthed at one end the charging current
of the wh?le loop flows through th~ first 'winding.

In figs'. 5a .and b the current configurations.
are now given as' occur in the case of the
floating loop 'and the loop earthed .at one end
'respectively. -In the case of the floating loop
the current in each winding is. determined only
by the charge 'onthis winding itself: the current
is equal. to zero at the points indicated by dots,
and at the diametrically ..opposite spots' it has
its: largest amplitude (j)q~.. In tJie case .of the.
loop earthed at one end, on the other hand,'

, .noû only the current necessary to charge ·the
."fil'st winding flows through this winding, but
also the current' which charges' the following'
windings. I~the aerial has n windings the current
at the earthed side of the aerial has an amplitude '
of nwqA ; towards' the open end of theaerial
the amplitude gradually falls to zero. .
.The average strength of the charging current

along the windinga may be set equal to half
the maximum strength; not only in the case o(

• . the' floating loop. but also in that of the loop
earthed at one encl. Thus "for this average
arnplipude the 'follo~ing is valid:

. lz - ~/2wqz,
IA = 1/~nwqA'

The voltage amplitude of the. aerial effect is
equal to ,this average current amplibude multi-
plied by the impedance roL of the loop. We thus
find that: '

Vz ='l/2'w2Lqz: }
VA = 1/2 nw2LqA . . (2)

'.
The difference between the aerial-effect vol-

tage VA of the loop earthed at one end and
the voltage Vz 'of the floating loop' thus con-
siste-net only in the fact that qA is' larger than

qz, hut also that VA is proportional to. the,
number of windinge-n, and Vz is not. The larger
the number of windings, therefore, the more'
important the 'difference between the floating
loop and 'the loop earthed at Olie.end. '
A further conclusion from equation (2). con-

cerns -the -dependence on frequency. Since qz
and qA are proportional to P, it is clear that"
the voltage caused by the aerial effect is propor-
tional to' the electrical field strength and to the
squar~ of the frequency. The voltage .indueed
: by the ma g net i o field, .however, as is of
course well known, increases 'only with the
.first' power of the frequency at a given value
of H. From, ühis it follows that with a given
ratio of p. to. H .the aerial' effect increases pro-
portional to I.the frequency. ,
Finally. we should like to draw still another

conclusion about the sensitivity of a receiving
set with loop aerial to interferences from' the
mains. As may. be seen from equation (.2), the
interference voltage. V need not be the result
of an electric field in-space, but i~may be caused..

. by any phenomenon, whereby an' alternating
electric charge q is' induced on the loop. Such"
a phenomenon is also, caused', by the. high-fre-
quency interference voltages of the power.mains.
. We have shown: that in practice an earth
connection for high frequency occurs due to the
supply of the set from the power mains. Because
of th~s, interference voltages may ofteri occur
between the receiving set and earth, which are'
due to sparking motors and similar apparatus
connected .with the same mains at some other
point. ' ,. ""
.In fig. 6'these interference. voltages are indi-

,

+
+
+
+
+
+
+
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Fig. 6. A high-frequency irrterferenee voltage in the
power mains éan be represented in the case of loop
receivers with mains connections as a source of voltage
Vs in' the earth connection of the loop. Such an iritor-
ference voltage causes in the loop similar charge
variations and consequerrtly similar interference vol- '
tage to those caused by a vertical electric field.
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cated byu source of voltage Vs. 'As may be
seen, these interference voltages lead. to an
alternating charge on the loop;' and this alter-
nating charge will in turn result in an alterna-
ting voltage between the connections of the
loop, which is proportional to the square of the
frequency. I .

The relation discussed between. aerial effect
'a~d sensitivity to interferences is confirmed
experimentally. The less directional effect (the
more aerial effect) a loop 'aerial exhibits, the
more interference is experienced in reception,
not only due to' interfering electric fields acting'
on the aerial, but, also due to interference
voltages coming from the mains. Although these
two interference phenomena are fundamentally
of a slightly different nature, they thus usually
have parallel results in practice.

--Combatting the aerial effect

Different methods are used to combat the
aerial effect, the three most important of which
we shall discuss, namely:
. 1) Symmetrical construction.
2) Efficient shielding.
3) Diminishing the number ofwindings.

We shall confine ourselves to the case of' a
movable receiver which is connected with the
mains, since in receivers with battery supply the
aerial effect is not large enough to be disturbing.

1) Symmetrical cQnstruction
.

In the case of the symmetrical connections
given-in fig. 7 the earth connection lies in the
, middle of the loop. The two halves have as
nearly as possible the same surface area, the,
Same self-induction and the same capacity with
respect to earth and to their' surroundings. The
loading of the two halves is also made as equal
-ae possible. In this way, for a vertically directed

, .

Fig. 7. Symmetrical connection' of earth connection
. and input stage in a receiving set with loop aerial.
, An interference current i due to the electric field F
causes no potential differences between the terminals •
of the loop, and consequently no variation of the
control-grid voltage of the first amplifier valve.. .

alternating electric field which thus lies in a
plane of symmetry, the charging current flow-
ing to the' middle point of the loop is divided
into two equal parts which flow in both direc-
tions, so that no voltage difference is generated
between the ends of the loop. An alternating
magnetic field, on the other hand, causes exactly
the same alternating voltage as in the absence
of the earth connection. '

110914

Fig. 8. Loóp aerial (dotted line) surrounded by a
shield. Thanks to this shield the loop winding is not

. exposed. to electric fields. By means of the slit s
circular'currents are prevented in the shield. This is
necessary, since otherwise the magnetic flux would
also be shielded from' the loop.

2). Shielding'

If a loop is surrounded by a shield which makes
the entrance of electric fields impossible, the
aerial effect is of course completely eliminated.
In doing this' care must naturally be taken
that only electric' fields and not 'magnetic fields
are screened off. This, can be done by introducing

. slits in the shield in such a way that the current
cannot flow in closed loops which are magneti-
cally coupled with the aerial.
In Ng. 8 an example is given of such a' con-'

structdon. The loop windinga are' housecl.in a
, tube which is interrupted by the slit s. The con-
nection wires between aerial and receiver árê
shielded in the customary manner.
, Upon the occurrence of an external alternating
field or an AC voltage in the earth connection,
charging currents will indeed flow in the shield= '
ing, but. there will be no electric field inside.
From this it may .not, however, bevconcluded
that no, AC voltage occurs on the loop, since
the charging currents also have a magnetic
effect on the windings of the loop. If, however, .
as shown in the figure, the slit is made in the
middle and the two arms of the shielding tube
are made equal, then the Înagnetiq. effects of
the charging currents in the left-hand and the
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-right-hand tube compensate each other, so that
no eff.eet is exerted on the loop... . ,

3) Limitation of the number oi windings
With given dimensions of the loop aerial

the voltage which is induced by an alternating
magnetic field is proportional to the number of
windings. The aerial' effect, on the other hand,
according to equation (2), is proportional to the
self-induction;' which increases with the square,
of the number of windinga. From this it follows
that the ratio between the aerial effect' and
the desired signal voltage' becomes smaller as
the number of windinga is decreased. .

. .
F

1

a b
Fig. 9. Two externally identical loops which differ
only in that b) is subdivided by a continuous slit in
such a way that from a loop of originally one winding
a loop of three windings is obtained. lts resistance arrd
self-induction have thereby been-increased by a factor 9.

In' .order t~ illustrate also this 'effect, let us
consider figs. 9a 'and b, in which, two loop aerials
of equal dimensions ar(3represented which are
, placed in a constant electric field F and earthed
at one end. The only difference between the
aerials consists in the fact that loop b has three
windings while loop a consists of ónly' one
winding. With the same vertical field strength
the' charge on the two aerials will also be the
same; if we then again pass over to'un alternating
field the same currents will flow in the earth
connections. In ,loop b,' however, . this current
,inust flow along a strip which is three times
as long and 1/3 as wide as that' of aerial a.
'From this it' follows that the voltage drop along
this path is 9 times as great. This holds for the'
ohmic as well as for the inductive component
of the voltage drop. '

Advant~ges and disadvantages öf tile diff~rent
methods of eombatting tile aerial eîîeet ,

In order to make a practical choice among
the possibilities mentioned of combatting the
aerial effect, we shall briefly discuss their ad-
vantages and disadvantages.

The symmetrical construction according to fig.
,'7 makes the input stage of the receiving set more
complicated: it requires one more variable con-
denser, while the rest of the connections als~"
become more complicated (floating cathode of
the first valve, or. complete push-pull connec-

. tions). The construction of the loop itself is
also far from simple, considering the great pre-:
cision required in the symmetry.
The shielded loop according to fig. 8 can be

made much simpler and does nob involve any
complications for the input connections., The
large capacity between 'the loop windings and "
the' shielding in this, case" however, forms a
difficult .problem. In order to decrease the effect
of this zero capacity in the first, tuning circuit,
the self-induction of the loop can be chosen
smaller than is desired for the first circuit and
'another coil' can be connected in series with
the loop. When this method is followed; however,
the sensitivity and the ratio between signal
energy and noise energy decrease. '

" , If an attempt is made to decrease the capa-
city between loop' and shielding directly by,
choosing constructions in which there is a large
distance between the shielding and the windings,
models are 'obtained which are unpleasant in
appearance and which occupy relatively. much
space.
, In the. limitq,tf,on of the number of winif,ings '
the diffic'ulty is encountered that the self-induc-
tion is decreased. For good,matching of the tuning
circuits it is desirable that' the self-induction
of the loop should be of the same magnitude
as that of the other tuning circuits. This objec-
tion can, however, be met by connecting the,
loop' not directly with the condenser but by.
means of a transformer (see fig.l0). If we assume
that the transformer is ideal (no ohmic losses,
no spreading, very large primary self-induction ,-
compared 'with the loop), the limitation of the
number of windings results inno loss in sensi-.
tivity and no depreciation of the ratio of signal
voltage to noise voltage, while a decrease of the
, aerial effect' is obtained which is retained even
after transformatIon. The last point is immedi-

40916

Fig. 10. Coupling of loop to first amplifier valve with
the help of a transformer. By choosing a auibable
value of the transformation ratio, the desired tuning
frequency can be obtained with any arbitrarily chosen
capacity of the rotating condenser and self-induction
of the loop. '
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Fig. 11. The Philips receiving set 902 A with loop aerial.

ately clear, since the relation between the desired
signal and the voltage which occurs due to the
aerial effect is not altered by the transformation.
Thus when a decrease in the aerial effect wi t h
respect to the desired signal occurs due
to a decrease in the number of windings, this
decrease is retained even after transformation.

The fact that the sensitivity and the noise actually
do not change may be explained as follows. If LI

is the self-induction of the loop and L2 the desired
self-induction the transformation ratio u is given by

L2 = u2LI'

On the other hand the self-induction could also
be brought to the' desired value by using no t.ransfor-
mer, but by making the number of windings a factor
n larger. The factor u is then determined by

L2 = n2LI,

so that n = u.
When the transformer is used the voltage is trans-

formed u.pwards by a factor u, while upon increasing
the number of windings the voltage which is induced
by the magnetic field in the loop increases by a
factor n. Since n and u are equal the voltage finally
obtained is the same in both cases 5).

It still, remains to prove that ah ideal transformer
causes no change in the ratio between signal and noise,
If two connection terminal" are introduced into

any network consisting of resistances, capacit.ies, self-
inductions and mutual inductions, the mean square

5) For a voltage which occurs as a result of aerial
effect this does not hold. Such a voltage is, as we
have seen, proportional to the self-induction of
the loop and thus to n2• With a given form and
size of the loop, therefore, the increase in the
. number of windings results in a grèater increase in
voltage than a corresponding transformation
(u = nl.

of the spontaneous fIuqtuation voltages between the
terminals is proportional to the real part of the
impedance measured between these terminals.
If one now takes as connection terminals the
secondary connections of the transformer, the relation
between signal and noise is determined by an expres-
sion of the form V22/ R2, where V2 represents the open
signal voltage between these terminals and R2 the
real component of the loop impedance as it is trans-
formed in the secondary winding. Since

V2 = u VI and
R2 = U21']

the expression V22/ R2 is indeed independent of the
transformation ratio.
Moreover, a change in the number of windings,

with otherwise unaltered form of the loop, has no
effect on V2/R: the voltage V increases proportion-
ally with n, while the resistance R increases with
n2, as mentioned in the discussion of fig. 9. V2/R
thus also remains constant.

In the practical application of the principle
of limitation of the number of windings it is
advisable to proceed so far that only one win-
ding remains. The aerial can then be very simply
constructed in the shape of a strong loop, which
can easily be fastened to the set so that it can
be turned. The directional effect can then be
enjoyed without it being necessary to turn the
set as well. From the aesthetic point of view
also this is a satisfactory solution. It makes it
possible to construct tab les ets with
mains connection, which is not the case with
symmetrical or shielded loop aerials, which for
aesthetic reasons must be built into the set and
can therefore only be considered for large cabinet
models. The receiving set with loop aerial deve-
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the' relation' between signal and noise. The
pro ble'm is therefore to construct the transfor-
mer in such a way thàt 'these unfavourable

The Philips l'ecèi~ng setlvith loop of one winding influencés are kept as small as possible.
, . Nowbhe set has a large amplification reserve,

The reéeiving set' 902 A {see 'fig. 11) is a ,so that a certain diminution of the sensitivity
, 'table' set for connection' with the AC. mains. is permissible. Therefore, in designing the trans-
It' is' a, normal- superheterodyne, receiver' with former ,the 'chief aim was to obtain as large a
.one stage of high-frequency amplification. The value as possible of the ratio between signal
single loop is fastened to the right side so that, and noise (this need' not amount to the same
it may be turned, and it has about the same " thing as 'obtaining maximum sensitivity). In

~ dimensions as. the side to which it is fastened. , this way a construction is reached which differs
If the directional effect of the loop is not desired quite considerably from the customary one; in'
the loop can be turned around 80 that is. it out parbicular 'the self-inductions of the bransformer
of sight against the rear wall. Since appreciable windings are unusually small, '
attenuation of the strength of reception occurs' ,After a suitable transformer had been sue-
only in a small angular region in the neighbour- cessfully constructed, ,the loop aerial of one '
'hood of the minimum, with this permanent . winding Was found in every- respect to be a '
.orientetdon of tJle loop most atationa 'can still suitable solution of the problem, of, a movable
be received sàtisfactorily. receiving set with low sensitivity to inberferences .

. ' The. most important problem of constructdon and supplied from the power mains. It is suitable,
" in a set with a loop of one winding is formed for all wavelengths of thè broadcasting region;
by the transformer by which' the loop is connee- upon' passing from one wave region to another ,
ted with the tuning condenser. ' , , it is only necessary to replace the transformer- ".
- The transmission of the aerial voltage to the bi one with' à different number of secondary
input circuit will always be accompanied by windings-). In the, case of systems: without a _
certain losses, since an ideal transformer, does transformer .the switching over is much more'
"not exist. 'I'hese' Jossea have an unfavourable' complicated: a different loop must usually be
effect not 'only on the sensitivity but' also on 'taken for each wave region, wJ.th the accompa-
---,--' .:,_' ' nying possible difficulties due to the require-
6) As may be seen from fig. 10, the loop 'is earthed ment that the mutual coupling of the loops

at one end. The aerial effect is thus in principle' t b 11" d to ti t th h f I
still determined by the unfavourable arrangement- mus ,'e sma III or er 0 preven e arm u
of fig. 4, 'although the intensity of the unfavour-. influenoe of self-resonances of the loops intended' '
able effect of the earth connection is considerábly for long waves. ,';, , , '
reduced by the decrease in, the number of windinga.
If, however, it should be desirable to reduce the
aerial effect still' more, bhis can be achieved by
earthing the primary winding of the transformer
not at one' end but in, the middle. In practice ,
this device has not been found necessary.

loped by Philips, type 902 A, _isconstructed' on
this princi1?le6).

7) • For the reception of short waves-the transformer'
, is omitted; then, compared with other aerial
: systems, the present system has no special advan-
: tages asfar as the sensitivity to local interferences
is concerned.' ,

" '

,.
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EXPERIl\IENTS· ON THE PERMEATION OF GASES THROUGH METAl .. \VALLS

by J. D. FAST. '
620.193.29

The permeability of different kinds of. metal for different gases is discussed
on the basis of the theoretical conclusions stated in the previous volume of
this periodical, It is found to be possible to point out one or more examples
of each of the theoretically distinguisha.ble cases. These examples are discussed
and a description is given of the apparatus used by the author in the necessary
experiments .. The great influence is also shown of the nature of the surface
in many cases on the permeability of the walls. Further conclusions are drawn
about the avoidance of the difficulties to which the permeability of walls
~ay lead in high-vacuum technique. In conclusion quantitative data are given
on the way in which the permeability depends upon the temperature, while
it is pointed out that the selective permeability of walls may be used for the
purification and analysis of gases. . .

.Introduetion
In the previous volume of this periodicaP)

the, phenomenon of the penetration of gases
through metal walls was discussed. Briefly
that, discussion may be summarized as follows.
In the most interesting cases the penetration
does not occur as a result of the presence of
"leaks" ..in. the ordinary sense of the word, but
as a direct result of the atomic structure of
matter. Atoms (or ions) of gaseous elements
are found in certain cases at not too low tempé-

+ratures to be able to move between the atoms
of the metal wall. Since these interstices are
normally filled with electron "gas", this is true,
only of atoms which possess one or more un-
paired electrons in the uncharged state"). The
possibility of dissolving and diffusing' therefore,
exists only for those gases whose molecules for
the same reason consist of pairs of atoms outside
the metal. As' examples of gases whose atoms
possess one, two or three unpaired electrons
we may mention hydrogen, ~xygen and nitrogen
respectively.

As à result oftheir consisting ~ftwo atoms in the,
gas phase, the permeation of gases through metal
walls requires at least five successive processes.

Aa): Splitting of the molecules into atoms
(or ions) on the entran.ce· surface. "

Ab): Penetration of the atoms (ions) formed
into the metal.

, B):
Ca):

Diffusion in the metal.
Transition from the 'dissolved state' into
the adsorbed stát~ on the exit surface,
i,e. the opposite of Ab). .
Recombination of the adsorbed atoms
(ions) to niolecules, i.e. the opposite of
Aa).

Cb):

,1.) Philips Techn. Rev. 6, 365, 194I.
2) , Two electrons are termed "paired" when they

differ only in the spin quantum' number. It is the
electrons with ' n 0 ri-o 0 m pen sat e d spins
which are in the first instance responsible for the
cohesion of atoms to larger aggregates in the form
of the molecules of chemical compounds, or fo:r
instance of the abovementioned solid solutions.

The velocity of the total process of permeation
win be mainly determined by the velocity of
the slowest of these five processes. Five different
cases can thus be considered in each of which
a different proc~ss determines the velocity,
and we shall show in this article that all five
of these cases can actually be realized. Examples
are;

Aa: Hydrogen through an iron wall.
.. Ab: Hydrogen through an iron wall with a

very rough entrance surface. .
B: ~ydrogen th:ough a copper wall.
Ca: Oxygen through a zirconium wall.
Cb: Hydrogen through a palladium wall and

oxygen through a copper or a nickel wall.

Aa\Permeation ~f hydrogen through an iron,wall

One will in the first instance be inclined to
hunt for the cases in .whioh the reaction on the
entrance surface determines the .velocity of the
permeation among those systems of gas and
metal in which the ènergy level of the gas in
the metal is higher _than outside the metal:'
In fig. 1 it is shown how the solubility of hydro-:
gen at a pressure of, 1 atmosphere in several
metals depends upon the temperature 3). It may
be seen that there are metals whose solvent
capacity for hydrogen increases with the tempe-
'rature, and others of which the reverse is true.
In the first group the heat of solution is negative,
and one of these systems, namely the system
Iron-hydrogen, is indeed an example of. a case
in which the reaction at the entrance surface
determines the velocity of permeation. Upon
closer consideration it is found that the entrance
surface may still exist' in two states .whereby

, in one ease the splitting of hydrogen molecules
into atoms and' in the other. the transition of
3) The 'figure is analogous to a figure in an. article

by G. B 0 rel i u s, Ann. Physik 83, 121, 1927,
but elaborated according to the latest experi-
mental data, which; like the older data, are mainly
due to A. S i eve r t s and his eo-workers. '
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'KJ~ToJ<
1.2 1.0 0.8 0.6 0.4 0.2 0

Fig. 2. Sketch of the apparatus for measuring the permeability of metal walls for hydrogen. A is an iron
wall which separates the measuring vessel into two parts Band H ; in B is a tungsten heating spiral. The
part of the apparatus surrounded by a d,otted line is placed in a thermostat;~G'and E stopcocks, D hydrogen
reservoir. At IJ' and K l\Ia c Leo d manometers are connected. L mercury' seal and G stopcock leading to
the high-vacuum pumps. M coolers for freezing out water vapour and stopcock grease. N bulb with a palladium
tube with which the gas in H can be tested to ascertain whether it is really hydrogen and with which Il,t the
salpe' time the gas can be purified. Pand Q mercury seals operated with the rubber bulbs R.
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Fig. 1. Logarithm of the concentration a, expressed
in atoms of hydrogen per 104 atoms of different metals
~t a pressure of 1 atmosphere, as a function of the
reciprocal of the absolute temperature. For titanium,
tantalum, vanadium and palladium this' solubility
decreases with increasing temperature, while for
nickel, iron, copper and platinum it inéreases with
the temperature. For an, alloy of 70% palladium and,
30% platinum the solubility of hydrogen is practically
independent of the temperature. , .

•
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the adsorbed atoms to the interior of the metal
determines the velocity' of permeation, In the
case of walls which are not expressly made very
rough we are concerned with the first case, We
shall begin by discussing it in some detail.
, It is foundthat iron walls only begin to trans-

-mif appreciable quantities of hydrogen above'
200 to 300°0; when one side of them is brought
into contact with m 0 Iecu Ia r hydrogen. If. .

, on the other hand the gas, by the action of an
acid or electrolytic development, is supplied
to the entrance surface in a tom i c form,
'rapid permeation already occurs at room tem-
perabure. Since the conditions here are very
complex, several experiments were carried out

, in :this laboratory with gas e 0 u s atomic
hydrogen 4). One side of an iron wall was in
.connection with: an evacuated space (H in
fig. 2); the 'other with a space B in which hY7

, drogen atoms were formed by thermal disso-:
'ciation of 'hydrogen molecules on a glowing
tungsten' spiral.' The dissociation took' place
under such circumstances' that the formation,
of ions was' ~ut of the question.

Fig. 2 is a sketch of the apparatus used. The iron
wall is situated at A and consists of a circular plate,
about 50 microns thick which divides a glass vessel
'into two parts (H and B). In B the tungsten spiral

4) J. H. de Boer ánd J..,D. L·'ast, Rec. ~rav.'
chim. Pays Bas 58, 984, 1939.
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is situated 4 to 5 cm away from the iron wall.-The
part of the apparatus between the dotted lines was
placed in a water thermostat at 25°"C during the
experiments. Via stopcock; G the space B could be
connected with the hydrogen reservoir D in which
the pressure of ,the carefully purified gas (the puri-
f'ication apparatus is not shown) could be varied as
desired between '0. and 1 atmosphere. Via the stop-
cocks G and E; however, the space B could also be
connected with à 1\:1 a c Leo d manometer F and
at the same time via stopcock G with the high-vacuum
pumps. The space H on the other' side of the iron
wall was connected with a M a c Leo d manometer
K and, via the mercury seal Land tlie stopcock G,
could also be connectedwith the high-vacuumpumps. '
Before an experiment was performed the iron mem-

brane A was always tested to seewhether it was tight
for molecular hydrogen. For this purpose the space B
was filled with hydrogen at' 1 atmosphere and the
space H -was evacuated carefully for, a long time. ~
The requirement was then made that after this, with
stopcock L closed, the pressure in H should remain
too small to be measured for 24 hours « 10-' mm).
After this had been ascertained, the experiment proper
could be begun. ',
In the experiment pr:oper the hydrogen pres-

sure in B was first brought to the desired value
and, the tungsten spiral 'was then' heated to
2000° C. If 'the hydrogen pressure' was greater:
than 1mm of mercury, the pressure in H did

,- , not increase, appare:p.tly due to .the fact that
, all the hydrogen atoms formed on the glowing

surface recombine before they reach the iron
wall. If on the other hand' the pressure, was of

" the order of û.I mm or less, the heating of the
tungsten spiral resulted in a rapid' increase of
the pressure in H. Fig. '3 gives as 'an example
the pressure in H as' a function of the time in'
, an experiment in which the hydrogen pressure
in B was kept practically constant (about' 0.1
mm). If the heating of the tungsten spiral is
.only continued 1011g'enough the space. B ,'-and
that connected with it is completely: evacuated
due to the fact that all the hydrogen is finally
traàsported through the iron wall to H. The ,
, permeation thus also takes place' against an
excess pressure because of the' fact that the"
molecular hydrogen which accumulates at' the
exit, side cannot penetrate into, the' iron and
diffuse back at 25° C. ' ,
If hydrogen atoms are' formed in hydrogen

at, a low pressure, they are also adsorbed on
the glass Walls. Several series of experiments
were so performed that in' addition to the in-
crease in pressure in, H the decrease in Band,
moreover, the amount adsorbed could be meas-
ured. In one ofthese experiments a known amount'
, of pure 'hydrogen was used', which upon opening
the stopcock L was allowed to spread throughout
the spaces HXLFOB. 'I'heüungsten spiral was
then heated to 2000°, ,C, while the spaces,
Band H 'were still connected with each other.
Curve 1 in fig. 4 showsühe decrease in pressure'

as a result of the adsorption on the glass walls.
After 3 hours L was closed, whereupon the'
pressure in H immediately began to rise with
g~eat velocity (curve 3) and tllat in B to fall
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Fig. 3. The variation of the pressure p in space H
of fig, 2' as a function of the time t at an approxi-
mately constant 'hydrogen pressure of 0..1 mm in B
and a temperature of 20.0.0.° C of the, tungsten spiral. '

(curve 2). As may be seen, the experiment was
continued until space B was practically evacua-
ted. Fig. 6 gives the .same curves as fig. 4,
butrecalculated by means-of the known volumes,
on .the basis of amounts' of hydrogen at 0° C
and 1 atmosphere. Curves' 2 and 3,' as could ,
be .expected, are' now exact 7mirror' images of'
each other. " .-

From the experiments it is found. that already
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Fig. 4. The pressure p in the wholeapparatus decreases
slightly when the tungsten spiral is heated, as. long
as L in fig. 2 remains. open, due to the adsorption
on the. walls (1). After 3 hours th'e mercury seal.L
is closed and the pressure in H begins to rise rapidly
(3), while that in B, falls nearly to zero (2).
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at roomtemperature hydrogen atoms min pene-
trate into an iron wall, they possess great mo-
bility in the' metal and 'can. easily leave the exit
surface after recombination. The presence of an'
excess pressure of m ,0 Iecu Ia r hydrogen' at
the exit side constibutes no hindrance to this
process. 'The process which' determines the velo-
city upon supply of molecular hydrogen is
thus the splitting of molecules into atoms on the
entrance surface. "

60~-1--~--+-~.~-+~~~~~~
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~r-_'---r~+---r-~~'_--r-~:V·
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Pig. 5. 'I'he same phenomenon is shown' as in fig. 4.
.. The pressure in mm 'of mercury is here, however,
recalculated into mm" of hydrogen at O°C and 1
atmosphere, whereupon curves 2 and 3 become mirror
images of each othe~., . ,

Ab) Permeation of hydrogen through an iron .
wall with a very rough surface

Remarkably enough,from measurements of the
adsorption of hydrogen on specimens of irön
in the powder state 6) ft is found that' activated
, adsorption, i.,e.splibtingof molecules into atoms,

, " already occurs at room température. On' the.
, rough irregularly shaped' surfaces of the grains'
of ,which such powders consist the splitting
thus already occurs at an appreciably, lower
temperature than is the case on the relatively
smooth surfaces of iron walls. The' phenomena
are thus very closely connected with the nature
of the' surface, and in' conneetion with this it
is obvious that the entire surface of the iron
powders cannot be assigned the same activity. '
It must rather be : assumed that at certain
"ac t i v esp 0 t s" .. the, energy of activation
of the atomic adsorption is very small and that:. . '

5) FOl,'references to the -Iiterature, which are not
given fu'lly in this article, the reader is referred
to: Chem. WbI. 38, 2 and 19, 1941.

, .
, all possible conditdons between slightly and very
active spots exist 6). -
,It may now be asked what will happen when

by . mechànical or chemical. means one
side of an iron wall is made., very" rough
. and molecular hydrogen is supplied to this side.
Apparently even at room température activated
adsorption will occur, 'and in connection with
the foregoing one would .perhaps bè inclined
to expect that t:p.e wall will now also already
allow the passage of hydrogen. It is, however,
more probable' to expect that the, hydrogen
atoms, (ions) .formed on the surface are bound

, to sharp points and edges, and, from the point
'of .view of energy, they, are there so much more
favourably placed than in the interior of the
metal, that the- energy difference between these
two conditions at room temperature cannot yet
be overcome by an appreciable fraction of the
atoms. If this is correct, the permeability of
.an iron wall upon being supplied with at 0 m i o
hydrogen should' become smaller upon making'
the entrance surface rough. On the other hand .

. it may be expected thlit the permeability will
become greater' if the' hydrogen is supplied in
the 'm 0 Ie ,cu Ia I' form. The activation energy
which is necessary for the splitting of molecules

. into atoms has become much smaller due to the
roughening of ,the surface. A:t; higher tempera- .
tures the hydrogen.atoms will be able to migrate '
over the surface to spots' where they can more
easily penetrate into the metal, This is in many'
cases, as represented diagrammatically in' fig. 6,
already equivalent' to a partial penetration into
the metal. "

The ffLctsobserved are found to agree entirely
with the expectations Just mentioned. If an
iron wall is made in the form of ~he cathode
of a glow discharge in hydrogen 7) the gas is
supplied to the' entrance surface in the form
of ions. In ordinary cases, part of the ions are
tolea vethe metal on the other side.When however;
,regular scratches were made on the entrance
side the permeability decreased, and with
steadily decreasing distance between the scrat-
ches it finally" fell to practically zero (at room
temperaturè).

" 40832
, . ,

Fig. 6. Diagçammaüie representation ofa surface along'
which diffusion takes place. It is clear that this may
be equivalent to a partial penetration into the metal.
8) This conception corresponds completely with ex-'

perience gained in the field of heterogeneous
catalysis, where often only a fraction of the total
surface of the catalyst exhibits catalytic activity.

7) H., Bet z ,' Z. Phys. 117, 100, 1940.,

I"
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.....
On the other hand it has been observed 8)

that the permeability of iron and nickel when
m 0 Je c u Iar, hydrogen is supplied can be
appreciably increased 'by malring the surface
rough (by·,chemical methods). A permeability
already observable at room temperature cannot,
however, be obtained under these conditions
by 'making the surface rough. '
'In the example' given it must further be

expected that certain catalyst poisons will exhi-
bit an effect which is the opposite of that of
making the surface rough. Macroscopically
smooth, surfaces probably 'also still possess
somewhat active spots which can be rendered
inactive by such poisons. In complete agree-,
ment with this expectation it is found for in-
stance that certain arsenic and mercury com-
pounds in electrolytic experiments, and sulphur
compounds in etching' experiments cause the
amount of hydrogen transmitted to increase
considerably. Conversely, with the 'application
of hydrogen in the m 0 Iecu Ia r form a
poisoning of the surface (in,this 'case by a che-
misorbed layer ~f oxygen) is found to cause a
decrease of ,the permeability.

It 'must therefore be assumèd that the sur-
faces will in general not be uniform. The acti-

,vation energies of adsorption and desorption
and the heat of adsorption will vary in many
cases from point to' point.' The character of a
rough surface will, however, be determined main-
1y by the, most active spots. Upon application
of m 0 I e c ,u I a r hydrogen the splitbing into
atoms takes place chiefly on these spots. Upon
the application of at 0 m i c hydrogen also
these spots- play an essential part,' ,as will
appear from the following. The activation energy

, of the surface diffusion will be relatively small-
on -nhe smooth parts of the surface, smaller
,than the energy neqessary 'for the, penetration
into the metal and that' necessary for recombi-
nation.' A large .number of the atoms which
aFght on these smooth parts therefore already
move over the surface at room temperature.
Whén two, atoms meet, -recombinabion takes
place if they have sufficient energy to make
up thé required activation energy. 'part of the
atoms moving over the surface, however, disap-
pear into the interior of the' metal before they
have the opportunity of recombining. If the
smooth parts are small, most of the atoms reach

, the active spots. and are fixed there at room
temperature, due to the fact that the' binding
forces are much stronger there. Upon a contin-
ued application of atomic hydrogen these. active

• spots' will act as recombination centres. There
is reason to assume that they lower not only
8) C. J. 13mithel'ls and C. E. R a,nsley,

'Proc. RI)Y. Soc. A, 150, 172, 1935.

"

, ,

the activation energy of dissociation, but also
that of recombination. The fact that recombi-
nation always takes place more rapidly on
rough surfaées than on smooth ones supports

. this assumption.-
If this is correct, then upon the application

of a tom i c hydrogen a 'change in the nature
of the exit surface' should have an effect on
the permeability opposite to that of the sarne
change in the nature of the entrance surface.
The influence must, however, be much smaller,
since it is clear from the foregoing that the
permeability of an iron wall for hydrogen is
mainly determined by the entrance surface.
It is indeed found that the permeability can
be increased by malring the exit surface rough,
but only by a factor 2. Upon the application
of molecular hydrogen such parallel changes in ,
the nature of entrance and exit surfaces will
on the other- hand change the permeability in
the same direction. .

The table gives a survey of the influénce of ,
~different factors.

by. by by by

Permeability
roughen- smoothing roughen- smoothing

ing (poisoning) ing (poisoni ng)

Ofthe entrance B~rfac- . of the exit surface

for atomic
hydrogen decreased increased increased decreased

for molecular
hy<?,ogen increased deereased iIlcreased decreased

B) Passage of hydrogen, through a copper wàll

.: The case in which the velocity of diffusion
in the. metal determines the permeability 'also
appears to exist. This can be deduced with'
fairly great probability from measurements
of the permeability of. complex membranes
Cu-Pd-Cu and Pd-Cu-Pd for- hydrogen 9). At
4000 C,the permeability of palladium for hydro-
gen is 105 tot 106 times as great as that of copper.
If the total thickness of the copper' in both
complex membranes is the same, the same per-
meability will be expected for both if the trans-
mission -of the copper is not debermined by
a process .on one of the boundaries between
gas and metal. If, however; the latter is true,
very divergent permeabilities must be expected.
The permeabilities were found to be the same...
Ca) Passage of oxygen through a zirconium wall

Àn example of a -case in which the reaction
at the exit surface determines the' permeabiilty
is the passage of oxygen through a zirconium..
0) H. W. M e I v i 11 e and E: K. Rid e a I, Proc.

Roy. Soc. A, 153, 89, 1935.
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wall, The heat of solution is strongly positive due to the fact that the hydrogen atoms 0 n
'and the energy level of the oxygen in the metal t h e sur f ace' react with the oxygen.
is thus verylow. For the chemisorption on the A second example in which the recombination
surface very little or .no activation energy is on the exit surface determines fhe velocity of
needed. :At room temperature and lower tempe- " permeation is the passage' of oxygen through
ratures zirconium is already covered With a film copper walls. Upon heating copper which con-
of oxide upon exposure to gaseous oxygen. The tains oxide tó a high temperature; the larger
penetration of the oxygen requires a much larger oxide particles in the metal rapidly increase
energy and only takes place with' appreciable in size at the expense of the smaller, ones,
'velocity above 600° G. At temperatures above from which it is clear that the oxygen is able
. 1000° 0, for instance, the 'velocity of diffusion to .diffuse in the copper. Upon heating copper
of the oxygen in the metal is fairly high. In 'containing oxygen in à high vacuum, however,
spite of this.it is impossible to drive the oxygen it is impossible to drive the oxygen out at tem-
dissolved in zirconium out again by heating .to peratures at which the coppêr itself does not
a very high temperature in à high vacuum. At evaporate appreciably. If on the other hand
the exit 'surface therefore an insurmountably the heating is done in an atmosphere -of- carb on
large energy difference must be overcome. There monoxide, which is insoluble in copper' and
are indications that this large activatdonenergy which cannot therefore penetrate into it, the
is required for the transition of the atoms (ions)· copper loses its oxygen fairly rapidly with the

- from the dissolved to the-adsorbed state. formati~ of carbon dioxide. If carbon. monoxide
The case discussed clearly demonstrates how . is' present then the reoombinabion of the oxygen

necessary. it is to make a sharp disbinction atoms is 'superfluous, since a CO molecule can-
between per m e a b i Ii t Y_and velo ei t y react directly 'with an adsorbed ° atom, and
of di f f u s ion: the permeability of a zir- form CO2,

• conium wall for oxygen is zero notwithstanding
the high velocity of diffusion in the metal. .

. Several teehnieal (juestio~s and (ju~titative data
Cb) Passage Ol hydrogen through a palladium
wall and Ol oxygen through copper walls 'Hydrogen-iron

For the passage of h y dl' 0 gen through walls The high velocity of diffusion which hydrogen
of metals such as palladium, zirconium, tanta- exhibits at room bemperature in several metals,
lum, etc. the rate-determining process must be especially iron, has led to various types of -diffi-
sought at the' exit surface. In this case the culties in technology. If the gas "is developed
energy level in the metal is lower than outside on the surface of the iron in atomic form, for
(see fig. I). In contrast to the passage of oxygen instance in etching ór electrolytio development, .
through zirconium walls, however, the permea- it may, as discussed in the foregoing, penetrate
bility at high temperatures is 'greater than zero. into the metal and cause serious damage when
We shall consider the system .palladium-hydro- small cavities or non-metallic ,occlusions are
gen as an example. present in the metal, At those points ,the gas
From many experiments it is known that . passes over into the molecular form (i.e. into

palladium in contact with m 0.1 ecu I a r hy- a form in which it can no longer diffuse), and
drogen can take up large quantities of this gas .may Causeenormous internal pressures. Because
at roomtemperature or slightly higher tempera- of this, intercrystalline cracks and' bubbles
tures, if the surface is in a favourable condition. filled with hydrogen (blisters) may appear on
Moreover, the velocity of diffusion in the metal the surface: If for example. electrolytic hydro-
under the same eonditdons is already quite high .• gen 10) is developed on the' outside of a hollow
Below 100° 'C, however, the gas is unable to . iron cylinder, ~he pressure' in the cylinder can
leave the metal. In order for the hydrogen to ,be raised to 500 atmospheres. The high internal
leave' the metal, bherefore.ra much larger activa- pressure does not have the least retarding effect
tion energy is required than for entering it or : on the speed at which the pressure inéreases,
for diffusion in the metal. This larger activation' and i~ is, for .reasona of safety only, advisable
energy' is apparently not required for the ·to interrupt the experiment at 500 atmospheres.
transition of the hydrogen atoms from the dis-. Even when there are no discernable cavities
solved state into the adsorbed state, but for the in the metal the hydrogen takenup is detrimen-
recombination of the adsorbed atoms (ions) on tal, because it causes à large depreciation in the
the surface. At room temperature palladium ductility. This is only of ~ temporary nature;
does indeed lose hydrogen when it is situated ,10) S im s, Metals a'nd' C. A. Zap f f e and C. E. lf.l

in an atmosphere containing oxygen, apparently Alloys, 11, 177, 1940.
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since the gas is able to leave the metal-at room
temperature. The original condition however, is,
never entirely regained, probably because the
:metal actually always contains submicroscopic
cavities, perhaps in the form of .points where
only a few iron atoms are missing. Of this type
of "holes" the largest can probably be expected
at the grain and mosaic boundaries and in
cold-worked metal at the slip planes (the specific
weight of cold-worked metal is smaller than that
of stress-free metal). ..

High-vacuum technique

In connection with the foregoing it will be
clear that in the case of, high-vacuum tubes,
whose walls are made partly or entirely of metal
one must, always be on one's guard against,
hydrogen, especially when this ...gas ift present
in the form of atoms or (non-hydrated) ions.
The most striking phenomena again occur in
the case of iron walls. Merelycoolingthe outside
with water' spoils the vacuum' on the inside:
Atomic hydrogen is "formed on the outside
surface, by corrosion, .and part of this; ftfter
,diffusion,recombines on', the' insde surface to
hydrogen molecules, 'In this laboratory the.
relation between permeation and corrosion was
investigated by making use of solutions of dif-
ferent degrees of acidity.' The apparatus was
about the same as in fig' .2 with 'the "difference
that it was now in addition possible to admit
different solutions to B. Corrosion with the for-
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, Fig. 7. Increase in the pressure in' space H of fig. 2
with the time t when the wall A is in contact with
a solutîon having a hydrogen-ion concentratien of
10-6 g per litre which fills space B. ' .

r:

mation of atomic hydrogen was found to be the
necessary condition for the occurrence of per-
meation. Neutral reacting and weakly basic li-
quids caused no corrosion and Iikewise no per-
meation; acid liquids had ,a corroding action
already with a hydrogen-ion concentration of
10-6 (PH = 6), which often occurs in water from'
the rnains. With increasing degree of acidity the
corrosion and the permeation increased. Fig. '1
shows the increase of the pressure in the measur-
ing space (H) as a function of the time for a
solution with a hydrogen ion concentratien of
10-6 (area of surface of iron 0.8 cm", thickness
'of wall about 50 ft, volume of measuring space '
about lliter). The amount passed through was
of the, same order of magnitude as the total
amount developed. From the experiments it is
evident that the hydrogen ions which are formed
in the chemical reaction can penetrate into the
iron, but that the presence' of (hydrated) hy-
drogen ions in the liquid does not cause any
taking up of hydrogen. ' '
Not only by replacing the iron by another

metal but also by the application of a different
method of cooling, the difficulties described can
be overcome. In the first case use is usually
made of an alloy of iron with 'chromium' or of
pure copper. These metals are not only much
more resistant to. corrosion, but even when
, atomic hydrogen is expressly developed on the
entrance surface a' much smaller fraction of it
permeates through the wall at room temperature '
than in the case of iron.'-Moreover, it will be
shown (fig. 8) that, upon exposure to ' ma 1e- "
o u l a r hydrogen the permeation only begins
to become appreciable at much higher tempera-.
tnres bhan with irpn. In the' second case use
is made of 'cooling with', non-corroding 'liquids
or air-cooling, It 'is' also possible to continue to
use the combination óf iron and water, but to

. cover the .outside of the iron' with a protecting
metallic or 'non-metallic layèr. This sàfety device
is also necessary when the iron 'walls are not

, cooled, since an unprotected surface' of iron .is .
subject to corrosion in air. .

~ ~ "

, Sev~ral quantitative dato.

The way in which the permeability m depends
" .upon the absolute, temperature T is found in
all cases investigated to be satiefactorily repre- '
sented hy the formula .

•

m = A e-Q'JRo/,
"(1)

where' A and Q, are constante and R the gas
constanü.. ,
The .diffusion constant D, which indicates the

,velocity of transport of matter in a hom 0-
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gen e ou s medium, depends on thè tempera-. expressed inc.g.s. units but in Cpl3 per dm> per
ture in an analogous manner 1), . '. ' hour with a thickness of wall of 1 mm and at·

, , a gas pressure of 1 atmosphere J1t the entrance
(2) side and 0 atmospheres at the exit side. Fig. 8

"gives log m as a function of lIT for these com-
i.e. binations of ~as and .metal. .

D = A'e,·Q'/~T, ..

where Q' represents the .heat of diffusion,
the activation energy in diffusion .
• Even' in the case where, in the permeation'
of a wall' the diffusion in the metal determines
the velocity (copper-oxygen) the significanee of,
Q in formula (1) is not thesame as that of Q' ,

. in formula(2),but' may be described in the follow-
ing way. The diffusion in the metal is in this
.case ,slow compared with the reactions on the'
.boundary surfaces, so that it may he assumed
that the equilibrium concentrátions ~. and C2
àre establiêhed i n the 'metal immediately .

. below entrance and exit surfaces. For a wall
of unit thickness C~~C2 indicates·the concentra-
tion gradient in the wall, and the amount which
diffuses per cm 2 and pet sec through the metal
wall is then given by

(3) .
. . ,

If a vacuum is maintained at the exit side, C2 .

becomes equal to zero' and equation (3) beco~es

m . De ..... ,.-: . : (4)

In a first approximaüion c varies according, to
e·Q",RT with the têmperature, where. Q'! re-
presents' the, heat of solution .. The dependence
of m on the 'temperature-is thus given by' a
formula of the form .

".- .
, .

m=Áe·Q',RT. e·Q"IRT=Ae·(Q'+Q")IRT •• '(5) ,

ss
5 /g m

"

."

"

40834
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Fig'. 8. Logarithm of the permeability in for different
combinations of metal and gas, expressed in cm+.per
dm 2. per hour with a wall thickness of.l mm and gas
pressures of 0 and 1 atmosphere, respectively, on the
two sides of the wall, as afunctionofthe temperature t.
The reciprocal of the absolute temperature T (upper

. , I'. .• scale) is used as abscissa." • ,
Thus Q in' formula; (1) in this case is Q' +Q",
the sum of the he~t of diffusion and the heat

, of solution. This sum is lèss than the' heat of '
diffusion when the solution is an' exothermic , ,

process and greater ,when it is an èndothermic ,Use is often made of the very high permea-
process. . • bility of palladium .for hydrogen in order to
If' the boundary surfaces play an Important obtairi t_!legas in a verypure state. If the palla-

part Q takes on quite: a different significance.' dium is heated to not too high a temperature
In the passage of hydrogen through an iron'· (400 to 5000 Gfor instance) only hydrogen and -

..wall with 'smooth. surfaces Q will be mainly no other gas passes through' it.· The partial .
determined by the' activation energy required' hydrogen pressure must, however, be kept low
for the dissociation of a gram molecule of hy- (not more than several cm' mercury pressure), .
drogen into atoms (on the surface). In the p~s- since otherwise the palladium very soon begins

. sage of oxygen through copper and of hydrogen .to exhibit macroscopie leaks. Use is also made
through palladium the activation energy of of :the selective permeability of hydrogen to
desorption plays' this part. .. determine the amount of hydrogen in a mixture

In the table' below the values of A and Q . of gases.: Both pcssibilibies were used with the
'of formula (1) will be found for several combi- 'apparatus of fig. 2.
nations of metal and gas; as weÜ as the values _ I\} an analogous way silver can be used to

. of·m for 400, 500, 500, 700 and 800 oe. In order obtain pure oxygen out of the air or from
to obtain practical ,values m and A are 'net another. gas mixture.

\
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. TABLE
Permeability m = Ae-Q/RT of different walls lor dlîferent gases .

mt (t in °C) in cm" per d~2 per hr

System IA (cm3/d~2hr) Q (kcal/mole) 400°C 500óC 600°C 700°C 800°C

Pd - H2 4.1 X 105 4.2 18000 27000 37000 " 47000 58000
,

Fe - H2 1.6 X 104 9.5 14 35 70 121 192

Ni - H2 1.4 X 105 13.5 6 22 61 137 . 261..
Pt - H2 l.lX 105 18.4 0.13 0.74 2.9

..
8.5 20

- Cu-H2 1.2 X 105 20.0 0.041 0.29 1.3 4.1 10.5

CrFe - H2 1.8 X 103 13.3 0.09 0.33 0.88 1:9 -
Ag - O2 3.0 X 105 22.6 0.015 0.13 0.72 2.7 . 8.1

. . P
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'l\IODULATORS FOR CARRIER-TELEPHONY

by F. A. DE GROOT and P. _J. DEN HAAN.

The modulator' of à carrier-telephone channel has as its functi~n the modu-
lation of the low-frequency speech vibrations 'on a carrier wave, while in
most cases the carrier itself must be suppressed. In. this article it is explained
.howûhia can .be realized with a simple push-pull connection of two valves .•
By doubling bhe push-pull circuit (for instance in the form of a ring modu-
Iator) the efficiency of the modulator is improved. In addition to the desired
side bands many undesired componen~s also occ:ur at the output of the modu-
lator, and this is investigated here in different steps. The input signal is first
assumed to be very small and a certain simple characteristic is assumed for
the valves. The influence of stronger input signals is then investigated and
also that of any given valve characteristic. Upon applicabion of the double
push-pull connections the Iast-menbioned genoralization is found to have
no effect. In conclusion the practical construction of. the modulators is dis-
cussed with' special emphasis on the effect of slight dissymmetries and the
means of suppressing the carrier-wave leak caused thereb:y .

-,
, .

.' ,

.Th!=lfundamental features of carrier-telephony
and the general construction of a carrier-tele-
phone installation were recently dealt with at
length in this' periodical."). The principle may
be summarized as follows. The speech currents
which arrive in station A from the microphone
of a subscriber (see fig. 1) are fed to a modulator
'over a fork connection .and a low-paes filter.
This modulator modulates the low-frequency
speech vibrations on a carrier of: higher fre-
quency [, i,e. it causes the formation' of two
side bands of the carrier wave, one of which
corresponds to a displacement of the frequency
.spéobrum of the. speech by an amount [, while
the, obher is the mirror image of the first with
reference to the carrier-frequency. The A:C. 'vol-
tages thus obtained are fed to a band filter
which suppresses one of the 'side bands. The

. side band passed is bransmitted to' station B·
via a telephone line with repeaters, "where with
the help of a demodulator .it is brought back
.to the original low-frequency' vibrations and

1) .D. Go e dh art and J. d e, J 0 'n g, Carrier-
telephony, Philips Techn. Rev. 6, 325, 1941.

621.396.619:621.395.4~

.
supplied to the desired subscriber. By applying
this process to the speech vibrations, using a
different carrier-frequency each time, several
conversations can be transmitted simultane-
ously over one pair of conductors.

In this article we shall discuss one of the most'
important components of such a system, the
modulator. In order to make its action clear we
·shall first consider an apparatus which is-used
for other purposes in telephony and telegra phy,

· and which may be termed the blocking element'.
, ,I

The bloekinq elem,ent

. The blocking element consists of connections
according to the principle represented in fig. 2.
Two rectifier 'valves a and b are connected
between. two ,transformers Tl and T2, and it is .
assumed that with a voltage in one direction
. (blocking direction) they i have an infinibely,
large resistance and with a 'voltage in the oppo-
site direction (transmitting direction) they have

· no resistance or at least a resistance of a small
constant value. The behaviour of such a valve

,
Fig. 1. Simplified diagram of a carrier-wave telephone channel. T subscriber's
apparatua, V fork connection, B voltage limiter (for the avoidance of over-
loading of the repeaters), LF low-pass filter, Mod Modulator, BF bandfilter,

. Z V transmitting repeater, E equalization network, L V line repeater, O'V
reception repeater, Den» demodulator," K V channel repeater, D carrier- wave
generator.

83
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is thus described by a characteristic of the form eleec, must be interrupted in the quick rhythm
sketched in fig. 3. If an A.C. voltage now acts of the telegraph signals (for instance Mor s e
on the' input terminals J-B and a D.,C. voltage signals) 2), To do this the A.C. voltage is applied
greater than the amplitude of thè transformed to the input terminals 1-2 of a blocking element, '

, ' , .while to the terminals 5-6 the, D.Ç. signals of .

,

'Jrv 7i,~' I:--:43 an ordinary telegraph apparatus for double-current telegraphy (i ..e. in which. the D.C. is
not switched on and off, but reversed in polarity)
are applied with the correctpolarity. The oscillo-
grams in fig. 4 show the resulting, appearance

5_ +6 ' 409/8 of the 'A.C. impulses transmitted. -Due to the
.lack of inertia in the functioning of the blocking
element no distorbions of the telegraph signal '
occur even at high signalling speeds. Further-
more it may be seen that thanks to the balanced
connections of fig. 2 the conbrolling 1)..C.'vol-
, tage impulses themselves do not become ob-
servable at the output: due to' the completely
symmetrical connections they always cause
equal and opposite currents in the two halves.
of the transformer T2, so that the output vol-
tages hereby induced compensate each other.. ,

Fig. 2. Blocking connections. 1-2 input terminals, 3-4
óutput terminals; Tl' Ta transformers; a b rectifier
valves. The arrowhead of the symbol for the valv.es
indicates the transmitting direction." '

A..El.voltage on the terminals 5-6 (centre taps
of the transformers), -with the polarity of the
'D.C. voltage indicated a-voltage in the blocking
direction continually acts on each valve. Due

- tobhe blocking action of the valves, no ,current
can flow, i~e.at the output terminals 3-4 of the

.. blocking. element none of the input voltage
appears. If, however, we reverse the polarity of
the D.C. voltage, 'a voltage in the transmitting

" direction always acts on the valves; the secon-
dary voltage of Tl now causes a currenb which in .
turn causes an A.C. voltage at the output.
Depending on the polarity of the D.G. voltage
on 5-6, therefore, theconneetdons will block or
trans'mit an A.C. voltage 'acting on I-B.
It. is èl~ar that the blocking element 'acts

as a swifch, which is operated by reversing the'
polarity of a D.C. voltage, The same function

.,' could, for instance, also be entrusted to' an elec-
tromagnetic relay, Compared with such a relay,.
however.i the blocking element has not only the,
advantage 'that i~ requires pràctically no main-.
teriance, - especially upon. the use of block,
ing-Iayer rectifier, valves :._ but also that it
works entirely without time lag. This leads,
for example, to the use of the blocking element
as signal key ·for audio-frequency telegraphy.
In this case 'an alternating current of a .given
. frequency, for instance between 400 and 2400

, 409/9

I "-

Fig. 3. Idealized' characteriebic of a' rectifier valve.
In the blocking' direcbion, i.e. for negative voltage (i,'
the current i is always zero, thus the resistance in-
finite; in the -branërnibtdrig direction the resistance
has a small constant value.

.._-- .

. -

Fig. '4. Osçillogra~s of telegraph signals in audio-fre~
quency telegraphy. Above': the controlling D.C.
voltage impulses; below ; the A.C., voltage impulses ~

. obtained at' the Qutput of t?e blocking element.

The blocking element as modulator'

, The blocking connections reproduced in fig .
2 and discussed above can now be used J1s a,
mod u 1at 0 r without any alterations, when
th~ low-frequency speech currents are applied
to the input terminals 1·2,and the carrier wave
ol).whic4 the speech vibrations are to be modu-
2) The advantages of this system over ordinary.D.e.

telegraphy,where a ,direct current is in-
terrupted or reversed, consist in the facts that .
bhe signals can easily be bransmibted over long'
distances and tlÏat by the applicabion of alternating
currents with different frequencies in combination, .

, with band filters different telegrams can be sent· ..
simultaneously over the same line (thus a "carrier- ~...
wave telegraphy", entirely analogous to carrier-,
wave telephony except for the much smaller In-
tervals between carrier waves).
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lated is applied to the terminals 5·6. The fact p-q and p-t.;q, respectively, which are the de-
that the desired side bands actually appear on sired side bands, are obtained at the output.
the output' terminals may be explained' as . At the same time it is evident that upon the
follows. . ? ". .' presence ·of .one frequency q at the input, in

The carrier-voltage, which mày have an additiön to the side-band frequencies 1J-q and
angular frequency of p, will alternately open p +(1 various other undesired frequencies occur
and close the blocking element due to the perio- . in the output signal, namely, the frequency q
dical reversal of sign. Let us now suppose that. itself and, as .by-products of the modulation,
a sinusoidal voltage Q cos qt of Iow frequency the side bands of higher harmonics of the car-
acts ort theInput terminals (fig. 5a),"and th~t . rier: 3p ± q, 5p' ± q, ... These fal.lwibhin the

" .frequency band 'of another telephone channel
~) ,~' .. ' ' ...~ .. ;_f... and there cause cross-talk; they must therefore,

~. ..', .. ,. like the one of the two side bands p+q: and p_q
which is not wanted, be suppressed by the

' . ~ ..'. " transmitting-band filter (see fig. 1) following
b) I O+fUU0 0 0 nno ._t_ the modulator: This is especially true for the

, O' , . , frequencies 3p±q which are only. a factor 3'
(i.e. 20 log 3 ~ 10 dbjweaker thanthe desired
side band, and for frequency q which is a factor
'nf2 (i.e. .about 4 db) stronger:

As in the case of the controlling D.e. voltage
in the blocking element, the èàrrier itself 'does
not appear àt the output thanks 'to the balanced
conneetdons. This IS important' when, as is cus-
.tomary, it is desirable not to transmit the carrier
wave itself over the Iinefor the sake of keeping
,the load on the common repeaters for all chan-
nels as small as possible. The' sáme carrier-
frequency must then be added at the receiving
.end for ,tlie demodulation. .

Q IS SO smaIi that the -Iow-frequency voltage,
has no effect on the opening and closing. of the
blocking element. The blocking element then
transmits only ~in the positive halves of the, • l\iodulator' with' double push-pull connections
carrier wave, and thus the output voltage has . . . , .' _ .
the appearance shown in fig. 50. The equation . If the efficiency ai the cormectdona of fig. 2

· of, this output, voltage is found by .multiplyi:r;:tg',used as modulator is considered', the result is
, the function Q cosqt by ~t~e. equation o!_the not very satisfactory. ~hen, as has been. done
bl?ck-~orm curve 5b, which 'Ill, a F 0 u r Ier .in equation (1), we assume the valve resistance'
senes IS as follows: . . in the transmitting direction to be 'equal tó .:

zero, the energy ratio of one of the side bands '
to the input' signal amounts, üheoretically, to:'
(Q/n)2fQ2 -- 1fn2, i.e. a difference of about
10 db.
A higher .efficiency is obtained when the

singlè push-pull connections of fig. 2,.which are
given again in fig. 6a, are elaborated into the
double push-pull .connections of fig.' 6b. These
consist of two sh~ilar parts; the first of which
contains the valves a and Ob, the second the

: valves c and it. If-the crossing point in the second
part is considered not to be there, so that the
two' parts differ only in the direction of the
valves; one part would give an oubput voltage '
according to fig. 'la and the other an output
voltage according to fig. 7b. Upon the addition
which takes place' in the secondary winding of
the output brarisfermer T2 these voltages would
give the low-frequency vibration 'unaltered and
nothingelse, whichis not theintention. Byerossing
the connections from 0 and it to T2 as indicated

"

'"
. 40920.,

·. Fig. 5. At the input of the blocking connections a low..
frequency A.C. .voltage is applied (curve a). On the
terminals 5-6 a much higher A.C., voltage acts with
a higher frequency (carrier waye, period Pp), so
that the blocking element is opened and closed perio-
dically ("transmission") according to curve b). In this
way.an output, voltage according to curve c is obtained.. . .' .

.... .' '2 (n .' ' 1. 3" 1: . ')
'!J - - - + SIllpt +- sm. pt +-:-sm 5pt + ... "
· n 4 " , . 3· 5.· .

· The equation or'the.output·~oltage 'thus becomes
1-° ., -' ",'

~o= 5? cos qt + g sin (p"':_q)t'+ 5? sin (.p+q)t +
,,2 :n·, n

+..2. sin (3 p~q)t + Q? sin (3p+q)t +
3n '_'... ,3n .

+'..2.'·Sjn(5p-q)t + ..2. sin (5p+q)t + ...('1)
5n· ' ,,5n' . .

In the output voltage the vibrations with' the'
. angulàr frequencies p~q and p+q are seen to .
occur. Further consideration shows that this,

- also holds when a complex of. vibrations of
different Irequencies qF q2' '" is fed to the input.
In, particular, therefore, upon the application
of speech vibrations which occupy a whole band
of frequencies (jo two bands of the frequencies

85
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a

b

5 ' J1t

a)
. Fig. 6. a)

b)
c)

6 5 pt 6

b)
Modulation with single push-pull connections (identical to the
blocking connections of fig. 2). .
Modulator with double push-pull connections.
Ring modulator (so called because the four valves are actually
connected in a ring one behirid the other). .'

in fig. 6b, however, the sign of the output
voltage of fig. 7b is reversed, and upo.n a:ddition
the voltage represented in fig. 'te results. This
voltage is the product of the low frequency

Fig. 7. a) Output voltage Cab of the' upper part of
the double push-pull connections of fig. 6b
(Tp period of the carrier wave, Tq period
of the input voltage).

b) Output voltage ecd of the lower part with-:
'out the crossing. . .

c) Output voltage eo -= eab~e~à of the whole.

component has disappeared from the output
signal, while the energy ratio of one of the side
bands to the input signal is improved to ('/.QJn)2J
Q2 = 4/]1;2,i.e. a difference of only 4·db. Oom-
pared' with the. single connections, therefore,
the efficiency is a factor 4 higher, since the
effeçtive signal has become 6 db stronger wibh

. the same input. voltage 3). . '
" The connections of fig. 6b can still be simpli-
fied to those of fig. 6c~.the so-called rin g-
m 0 d u Ia tor, which is often used. This mod-:
ulabor . is formed by superposing the two parts
of 6b. It is easy to seé that no change occurs
in the functioning of the whole, since the super-
posed points of the two parts always have the
same pobenbial.

Fig. 8. Variation of the transmission of the double
push-pull connections as a function of. the time. ,Tp
: period of the carrier wave. ' , . .

vibration Q cos' qt 'and tbe block-shaped curve
of fig. 8. If .we again write the F 0 u r i e r-. More detailed consideration of the aetion of the
series for the 'latter, which is modulator .

4 ( . 1. 3 1"5 ' )Y =_ sm pt+ - sm pt + - sm pt + ...,'
n ,3 5

and multiply this by Q cos qt, after working out
the equation for the output voltage we obtain,

~ ~o.=.2nQ{(sin (p-q)t+sin (p+q)t+ ~Si~(3P~q)t+

. +!. sin (3(p+q)t + !.sin (5p-q)t+ .~.'}. (2)
3 .: 5 '.

The action of the double modulator connec-
tions, according to this formula; is in the main
similar to that o'f the single eonneetdons of fig.
6a, except that the undesired low-frequericy

In the foregoing it has all along been assumed
that the passage of the valves from the blocking
state to the transmitting spate and vice' versa
was controlled exclusively by the carrier wave.
Actually' it is not the carrier-voltage alone
which is responsible for this, but the Gumof bhe
,carrier and low-frequency voltages acting' on
each valve. Although the amplitude of .the car-
rier voltage is much larger than that' of the low-
frequency voltage, the latter, depending upon'
its momentary value; will also contribute its
bib: by' causing the valve 'to function slightly. .

3) In practice in both cases the loss is further in-
creased by about 2 db, which , may be ascribed
to the losses in the valves and in the transformers.
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sooner or later. The output voltage will therefore
not have exactly the' form shown' in fig: 5e
(or 7e), but the zero points in the curve will
sometimes be shifted slightly. to the left or to
the fight. "

Although it is clear that this effect will cause
the occurrence of new undesired components
inthe output signal, thiacannot Immediately
be explained with the given method of represen-
tation. If it is desired to take this effect into
account, it is no longer sufficient, simply to
ccnsider the modulator as a high-frequency
switch, but the. behaviour of :the voltage on
each valve and the current caused thereby must
be considered in more detail.

The relation sketched in fig. 3 between the
current l' and the voltage e on a valve can oe
represented by an exponential series with con-

. stant coefficients ~,' a2 ... : . .

. - a'e + 'a' 2 + 4 + 6 '+ (3).~ --. I 2e a4e, a4e ... . . .
,The fact that th~ odd terms e3, eS, ... do not
occur 'here' becomes clear when the function·
i(e) is ~considered to be formed by the addition
of the two functions' il' and i2 drawn as dotted

, lines in' tig..9. The first furnishes only the linear
term ale, the second, due to its symmetry, can

, only èo~tain eve n powers of e.

, I e

'10924

Fig. 9. The 'valve characteristic i(e) according to fig.':
2 can be regarded as the sum of the two functions
i1(e) and i2(e) indicated by dotted lines.

If we now consider the simple modulator
connections of fig. 6a we can write for the two
valves a and b the following formulae: .

. ia = al.ea -+ a2ea?.+ a4ea4 + ~ea6 + ..., } b' . (3a, )
ib = bleb + b2eb2+ b4e!>4+ bleb6 + ...,
When, as is here assumed, the connections are
completely symmetrical, and the valves are thus
exactly alike, the conditions al = bI' ~. = b2, ...

must be fulfilled. ' ,. '
Since ia and ib flow in opposite dircctions

through the halves of the winding of transfor-
mer T2, the output voltage eab will be proportion- , 4)
al to the difference between ia and ib, thus:

, .
eabrv al (ea-eb)+a2 (ea2-eb2)+a4 (èa4-€b4) +...(4)- , .

In our case two A.C. voltages act on each valve,
namely 4)

ep = P cos pt and eg_. Q cos qt, . . . . .. (5)
.. - . ~

due respectively to-the'carrier-wave signal ar{d',
_.the input signal. The sum of these voltages acts
on one valve, and on the other their difference:

. ea = ep + eq and eb = ep - eq.
, ~

This substituted in. (4) gives

eab."-val• 2eg_+ a2· 4epeg_+a4 (8ep3eq + 8epeq3) +_
+a6(12ep5eg_ + 30ep3eg3 +12epel) + ..: (6)

Combined 'with (5) this becomes:

·eab.rva1·2Qcosqt +a2,4PQ cosptcosqt +
+a4(8P3Qcos3 ptcos qt+ 8PQ3C?S ptcos3qt)+ ... (7)

Upon working out the products cos mpt cos. nqt .
it is [ound that the following frequencies occur'
in the output voltage:

-r :

q,
p ± s.

. 3p ± q,.
_ 5p ± q,

p ± 3q,
3p ± 3q,

.Sp ± 3q,

.» ± 5q, ...
3p ± 5q,

, , ,

.while in the, simpler disoussion firat given,
where Q was temporarily assumed to be very
small, onlyühe frequencies in the first. column
of this table occurred. Indeed when Q is made :
so small that its higher powers can be ignored,'
all those terms in (7) which lead to the appear-

_. ance of the new frequencies disappear.
Most of the new components can easily be,

suppressed by the band filters. 'I'his however, is,
not true for the components with the frequen-
cies 'p' ± 3q, P ± 5q, ... , since when q is not too
, large they still fall in the side band tó be trans-
mitted (p + q,or p"_:_q), and after demodulation
.at the receiving end th_ey are heand as third
and fifth harmonics, respectively, of the original
signal. They thus cause a distortion of the speech.
This distortion ,remains small when the low-
frequency input voltage -eg_= Q cos qt of the

. modulator is kept sufficiently small. The fre-'
quency p ± 3q for instance is due' to the term
a4; 8 PQ3 cpspt cos3qt in equation (7), whose
magnitude rapidly falls with decreasing yalue
of Q. By making' the input voltage no larger
than 20 to 30 percent of the carrier-voltage the
distortion can be Iimited to less than 2 percent. ,

Formulae (6) and (7) are valid for the single
push-pull connections (fig. 6af If we now pass
on to the double push-pull coimections (fig. 6b)

Actually other voltages also act on the valve' due
to the reaction of the very output voltage to be
calculated. We shall disregard thé reaction here,
since it makes the calculations very complicated
without appreciably affecting the result. '

..
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or thering modulator .(fig. 6'c) the output vol= , The relation between the current i and the
tage can be found as before by adding the output voltage 'e given 'by such an arbitrarily curved
.voltages eab and' eeä of the two parts with the characteristic can be represented by a series

, ,correct sign. Equation (6) holds foor eab, and quite analogous to equation (3), in which, how-
for eeä an equation which, since the valves are' ever, all the 0 Cl: d powers of e must also occur:
. reversed compared with a and b, can be obtained
by substitutip.g for ep in equation (6) - ep .and
for eq, -;-->- eq. When this is done, except for the
first term, ecd is found to be identical ~o eaj,
since in all the terms in epmeqn, the sum m +n
is even; only the first term 2 ~eq has the opposite
sign. Thus upon addition this term disappears
while all the other ,terms are simply doubled.
This agrees completely with the result of the
simplified discussion first given: by the doubling
of the push-pull connections the low-frequency
component is suppressed and the efficiency of
the modulator is increased by a, factor 4.

Fig. 11.-Tràn~missi~n region of the same characteristic
as in fig, 10, but drawn on a smaller scale, so that the
behaviour at the voltáges actually used (order of
magnitude 1 V) may be seen. The deviation from

._the 'idealized characteristic according :(;0 fig. 3 is
1~-+~+-+---4___:'+--I--,-j--+-+_;_·flL.:.._j+--I--1 oonsiderable.

Valve characteristics which are not straight .
. The double, push-pull connections however,
have, etill another important advantage, which
àppears when.Insbead of the simple valve cha-
racteristic (fig.' 3) assumed, the actual charac-
teristics, of the valves In practical use are 'used
as a, basis ,of ,the calculabion.: In general these'
characteristics deviate - oonsiderably from the
straight type sketched in fig. 3. In f~g· .1.0 for

,. !
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Fig. ID. Oharaèteristic of a selenium valve as used for
modulators. .,.'. , .., . , '

instance the characteristic is given in the block-
ing and transmitting directións of, a selenium
valve 5) as used by Philips in modulators for
carrier-telephony, while in fig. 11 the tràns-'
mission characteristic is drawn for a stilllarger
range of. currents 'and volta~es. ' . ,~. ,

6) -See W. Oh. van Geel, Blocking.layerrectifiers,
Philips Techn. Rev. 4, 100, 1939.
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With this the calculationoî tl}e output voltage
can bè carried out in exactly.the same way as
. above, and .one then finds for the, sin g I e
push-pull connections instead ~f equation (6):

eab r-: ~ : 2eq '+ 'ai' 4 epeq + as (6 ep2eq +'2eq3)
+ a4 (8 ep3eq + 8 epeq3) +..... . . .. (9)

The difference between this and equation' (6)
ISthat now terms in epmeqn also occur in which
m+nis odd.Because of this, as is found upon
substitution of (5)and further working out, in th e
output signal there occur not only the side bands
9f tho 0 d d harmonics of the carrier-wave, i.e.
3p ± q" 5p ± q, etc.; but also the side bands of
the even harmonics, i.e. 2p ± q, 4p ± q, etc.

In toble I (fifth column) this result. is placed
beside the frequency spectra found in the fore-
6) The even harmonics of the input frequency q are "

always missing, even in the. side bands of bhe
carrier wave and of the harmonics of the carrier
wave.' This is due to the balance of the connections
of fig. 6a, just as .in push-pull amplifiers, where the'
ev(:)~ harmonics are also !ound to disappear. ','
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going, for the sake of comparison. Especially
the components 2p ::t: q (and 2p ± 3q, 2p ± 5q,
...) are a very undesirable "gain", since in order
to suppress them new and more rigorous require-
ments are made of the transmitting-band filters ..

Tàble I

"Straight," characteristic Curved

I
characteristic

Q~P QR:3P Q R:3 P

Single Double Single Double Single Double
push- push- , push- push- push- push-
pull pull pull pull pull pull
q q q

3q
5q
...

p±q p ± q p ± q p ± q p ±q p ± q
p ± 3q p ± 3q p ± 3q p ± 3q... ... ... ...

I I
2p ± q
2p ± 3q

...
3p ± q 3p ± q 3p ± q 3p ± q 3p ± q 3p ± q

3p ± 3q 3p ± 3q 3p ± 3q 3p ± 3q... ... .,. ...

I"" ±, .4P.~ 3q

5p ± q 5p ± q 5p ± q 5p ± q_ 5p ± q 5p ± q
5p ± 3q 5p ± 3q 5p ± 3q 5p ± 3q... ... ... ...

If we now again consider the double push-pull
connections and calculate the output voltage by
writing out eab and ecä and adding them, it
will be seen that upon substituting -ep for ep
and ---eq for eq in equation (9), it is just the
new terms with odd values of m + n which
change their signs and thus disappear upon
addition. By the employment of the double
push-pull connections, therefore, the disadvan-
tage of the curved instead of straight valve
characteristic is eliminated, as far as the number
of components in the output signal is concerned.
This may clearly be seen from the table. This
advantage, together with that of the higher
efficiency, leads to the common use of the double
push-pull connections, in the form of the ring
modulator or not as the case may be.

Practical construction of the modulators

In the practical construction of the modula-
tors the most important point is the choice of
the valves. From the detailed considerations
of the action of the modulator which were based
upon equations (3) and (8) for the valve charac-
teristics, it has been made clear that it is actually
not the "valve" action of the circuit elements

in question, which action was emphasized in
the initial general discussion, which is essential,
but in general the no n-l i ne a rit y of the
relation between current and voltage. It is
espeoially the square term a2e2 in the exponen-
tial series which describes this relation (equation
3 or 8) which causes the apparence of the desired
side bands p ± q. Every non-linear element
which possessesa characteristic with this term is
therefore in principle suitable for the modulator.

In the early days of the development of
carrier-wave telephony (around 1920) electronic
valves (triodes for example), such as those used
in radio technology, were used as non-linear
elements. During the last ten years, however,

' in the modulators as well as in other parts of the
carrier-system where non-linear elements are
needed, the electronic valves have been replaced
by blo c kin g-l aye r cells (blocking-layer
rectifier valves), since the latter offer important
practical advantages:
'1) They possess no eleotrodes which require se-

parate supply like the cathode and anode
of the electronic valve. The connections and
assembly therefore become simpler, the
supply apparatus of the whole installation
becomes smaller and the installation and
running costs thus become lower.

2) The blocking-layer cells occupy very little
space. This is demonstrated clearly in the

Fig. 12. On the right a single selenium cell as made by
Philips for general purposes of telephony. On the left
a "unit" of four cells for a modulator, in the middle
the same unit with the cover removed. The een-
timer scale shows the small dimensions of the cell
and the unit.

photograph of fig.12, where a selenium cell
(selenium rectifier valve) developed by Philips
for the purposes oftelephonyis shown togeth-
er with a unit of four such cells intended
for a modulator with double push-pull con-
nections 7). In fig. 13 it may be seen how
the unit is mounted in a complete modulator.

7) The small dimensions were made possible by the
fact that these cells only need to carry very
small currents, in contrast to selenium cells which
are used for instance in supply or charging ree-
t.if'iers., See in this connection D. M. D u ink e r,
Philips techno Rev. 5, 199, 1940.
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3) The life of the blocking-layer cells with the
light loading here involved is very long, so
that the cells need not be placed at easily
accessible spots, and greater freedom is thus
obtained in the construction of the apparatus.

Fig. 13. Modulator of a carrier-telephone installation
developed by Philips, The largest part of the chassis
is occupied by two transformers. To the left below
is the unit with the valves, above it a small potentio-
meter for balancing (see below).

In the foregoing complete symmetry of the
modulator connections has been assumed:
the two or four blocking-layer cells in the
modulator had exactly the same characteristic,
the halves of the windings of the transformers
were exactly the same, etc. Actually this will
never be precisely the case. In particular the
characteristics of the blocking-layer valves, an
example of which is given in fig. 11, always
exhibit some difference; upon comparison of
random examples the characteristics may even
be quite different. The result of the dissymme-
tries hereby introduced is that in the calculation
of the output signal given above equation (4)
is already na langer valid, sinceal ~ bIl a2 ;i:. h2,
etc., so that for the single (equation 6) as well
as for the double push-pull connections terms
in ep, e2p, e3p, e2q, epeq2, etc. still appear in the
output voltage. Because of this, more or less
intense components with the frequencies p (the
carrier), 2p, 3p, 2q, P ± 2q, etc. also occur as
products of the modulation. The oscillogram of
fig. 14 shows the effect of these on the form of
the output signal. _
Among these extra modulation products the

carrier wave p could only with much difficulty
be suppressed by the filters, while this is even
fundamentally impossible for the frequencies p
± 2q, P ± 4q, etc. (as in the case of the com-
ponents p _± 3q, P ± 5q, .. , mentioned above),
since they may fall within the desired side band

itself. Now in order to keep these terms, and
especially the so-called carrier-leak, small, the
dissymmetries of the modulator must be limited
as far as possible. For that purpose in the first
place great care is devoted during manufacture
not only to obtaining the greatest possible
symmetry in the construction of the transfor-
mers, but also to selecting two or four valves
as nearly as possible alike. Account must also
be taken of the requirement that sufficient
symmetry is maintained during use fat a reason-
able time. The dependence of the valve charac-
teristic on the temperature and the small
changes in the valve properties with time'
(ageing) must therefore be as nearly as possible
identical for the four valves to be combined.

In the second place a small potentiometer
may be connected between the halves of the
windings of the primary of the transformer T2,

as was already indicated in the diagram of fig.
6c. By this means slight residual dissyrn-
metries of t.he valves and transformers can be
balanced, at least as long as the dissymmetries
lie in the real part of the impedances. Since
the blocking-layer valves possess a certain capa-
city and the transformers a certain leakage self-
induction, which mayalso cause some dissym-
metry, a complex resistance must actually be
used for the balancing, for example a potentio-
meter in parallel with a differential condenser.
In most cases, however, the carrier-leak can
be adjusted to a sufficiently small value even
without the last-mentioned element.

Fig. 14. Oscillogram of the output voltage of a modu-
lator in double push-pull connection. The carrier-
frequency here amounted to 6 000 c/sec, the low-fre-
quency input voltage had a. frequency of 600 ejse»,
The deviations of the curve from the ideal form are
to be ascribed mainly to dissymmetries in the modu-
lator connection_s.

In conclusion a few words about the d e m o-
d u Ia tor, which serves to restore the fre-
quency bands arrriving at the receiving end to
their original frequency region. In principle it
is similar to the modulator and the same appa-
ratus can be used. If, for example, we apply to
the modulator a signal with the frequency p + q
and a carrier wave with the frequency p, among
other voltages those with the sum and difference
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ON THE POROSITY OF W·ELDS

frequency 2p + q and q will occur at the output.
Furthermore a number of undesired modulation
pr.oducts also occur again, which we can imme-
diately derive from table I by replacing q by

p+q. Of all the output components only
those with the frequency q are desired, the
others being suppressed as far as possible in the
low-pass filters following the demodulator.

by J. TER BERG 1).

In electric arc welding the weld is sometimes found to be porous. This porosity
can be caused by the presence of sulphur. Certain welding rods are very sen-
sitive to sulphur, while others are insensitive to it. In this article some experi-
ments are described which illustrate the importance of the sulphur content
of the material being welded on the resulting weld. In particular these experi-
ments show that the non-uniformity of the distribution of sulphur in the work
piece can affect the results obtained. It is also shown that it is advisable
to use rods which are insensitive to sulphur.

One of the most important problems in weld-
ing technique is that of the measures which
should be taken to obtain a weld with good
mechanical properties. Especially in electric
are welding with coated electrodes it occasion-
ally occurs that the weld is porous, which
means a considerable decrease in the mechanical
strength. It is clear that the occurrence of such
a phenomenon or even the possibility of its
occurrence is a strong impediment to the appli-
cation of arc welding.
In the course of years many attempts have

been made to discover the causes of the porosity.
A successful result was only obtained when
experiments were carried out in this laboratory
with the object of investigating the rehtion
between porosity and the presence of sulphur.

"""',
Fig. 1. Fillet weld made with a sulphur-sensitive
electrode on a material containing considerable
sulphur. The bead is porous and contains pocks and
is, moreover, cracked.

1) Partially in collaboration with 1 r. J. Sac kt.

621.791.056

Fig. 2. Rolled and etched strip with sulphur segregation.
This may clearly be seen on the pohshed surface.

For this purpose the element in question was
expressely added to a large number of different
kinds of welding rods, The addition of sulphur
can be realized in a simple way by immersing
the coated electrode in a saturated solution
of sodium sulphate for ft certain time and then
drying it.
These experiments led to the surprising result

that in the case of certain kinds of rods a very
small amount of sulphur 2) was able to cause
the porosity 3) under consideration, while with
other types even a large percentage of sulphur
had no effect on the soundness of the weld.
We shall call the first type sulph u r-s en sit iv e
electrodes and the second type su Ip h u r-
2) The elements following sulphur in the periodic

system, selenium and tellurium, exhibit this spe-
cific effect of producing porosity to an even greater
degree. Phosphorus, however, which, is often clas-
sed with sulphur as far as its effect on metals
is concerned, does not have this property.

3) By porosity in this connection must also be under-
stood the phenomenon where the surface of the
weld is covered with small depressions, usually
called pock-marked.
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insensitive rods. This sensitivity or insen-
sitivity to sulphur is due to certain specific
properties of the coating.

Segregation

Weld

Fig. 3. Diagram of the cross section of a fillet weld.
The fused zone penetrates only about 2 mm into the
material and need not touch the internal segregation
of sulphur.

A practical conclusion from the observations
described is that the certainty of obtaining a
sound weld with a sulphur-sensitive rod can
be increased by choosing the sulphur content
of core wire and coating very low, for instance
lower than 0.015 percent in both cases. It is,
however, also possible that the material to be
welded contains so much sulphur that it is
impossible to prevent porosity by this means.
In that case it is necessary to use sulphur-
insensitive electrodes. It w.ill be clear that
the use of sulphur-insensitive electrodes is far
preferable for quality work, since then there
need be no fear of an unfavourable c-omposition
of the material as far as the sulphur is concerned.
An example of an electrode which is insen-

sitive to sulphur is the Philips 55, which Las
already been described in this periodical. 4) Even
4) P. C. van der Will i gen, Philips Techn.

Rev. 6, 97, 1941.

1---~

2 3

a b

free cutting steels which contain about 0.25
percent of sulphur can be welded with this rod
without porosity.
In the following we shall describe several

experiments which demonstrate the detrimental
effect of sulphur upon the use of sulphur-
sensitive electrodes, and which at the same
time also give an idea of some phenomena which
sometimes occur in welding practice. In this
case we shall devote our attention exclusively
to the sulphur content of the material to be
welded.
In fig. 1 a fillet weld is shown which results

from the welding of material containing much
sulphur with a sulphur-sensitive electrode.
In addition to holes and pocks, cracking of the
weld mayalso occur, as in this case. The crack-
ing will not be discussed in this article, however.
Remarkably enough, no correlation could at

first be found between the degree of porosity
and the sulphur content of the work-piece as
determined by a chemical analysis. This pheno-
menon could be explained, however, by taking
into account the fact that the sulphur, like
other impurities, is not as a rule homogeneously
distributed throughout the material. It is known
that impurities which lower the melting point
of a metal become concentrated during the
solidification mainly in the part of the metal
that remains liquid Ior the longest time, thus
in the interior of the block of metal. This accu-
mulation of impurities continues to exist even
after the rolling of the block to strip or other
form and can be made visible by polishing and
etching. In Fig,. 2 such segregations of sulphur
in the interior of the strip are clearly observable.
In making fillet welds in which only a relatively
thin layer of the work-piece is fused (see fig. 3),
the sulphur may not cause any difficulty and
much better results may be obtained than would
be expected from chemical analysis, which

c

Fig. 4. Fillet weld with a sulphur-sensitive rod in which on one side of the
strips the upper layer was planed off until the. segregation was reached. a)
Diagram, 1 segregations, 2 porous weld, 3 sound weld. b) Cross section of
the actual weld, c) view of weld from above. The difference in quality between
the two welds is clearly visible.
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. gives th~ .a ver age sulphur content: Thus in the holes may be seen on the surface. Fig. 4c,
judging the weldability of a kind of steel atten- a view from above, clearly shows the difference

. tiori must be paid not only -to the' average in quality between the two welds. . .
. sulphur content but also to the dis t' rib u- An important case where the diábribution
t ion of this element 5).' . of sulphur plays a part in áctual practice occurs
The correcbness of the ,a,bove,conclusion can in making a V-weld as represented in fig. 5. Upon

be demonstrated in a .simple. way by' cunting welding with a sulphur-sensitive rod porosity ,-
away part of the surface of two strips until the inay occur in the beads 2 and 3 while the other
sulphur-cöntaining Goreis bared, in the manner beads are sound. Such phenomena have some- .
ilustrated 'in fig. 4a. In laying a double fillet times been observed also' in other types
weldwith ' a, sulphur-seneitive electrode it is of welds, àn(!.. can .thus be : explained as - -
now found that one weld may bésound while -due tó the non-homogeneity of the distribution
.the other, which penetrates into the segregation, of sulphur. .' . .

.: exhibits many holes and is pock-marked .. Fig. ', In conclusion we present a general remark
4b shows an etched' cross section of such a about the weldabilityof iron and steel. In various
piece. of work; in the left-hand. weld ."one- of. countries, including ·the Netherlands, commit-

. " tees have been appointed .with the' object of
r------:--'{'"5c:::>4~7""·--=--~·--·-, atudying'th's question more closely. The function .
.~ ""/ ',~ . • of these committees consists chiefly in formula-

. ting. definite requirements, 'primarily relating
to the chemical óompositión, which the material ".
to be -welded must satisfy.'From' the foregoing, .
however, it, is obvious that a general solution
of the problem cannot be found in that .way,
but that account must also be taken of the5) This distribution can also be' made visible, for

. examplebypressingapolishedsurfa,ceofthè work- .4.istr}bution' of the impuritdes in the,
piece on photographic, l?aper .. Uponcontact with , work-piece and of the specific properties of the
~he sulphur th~ white stlve~ chloride IS ~onverted .welding' rod like the' sensitivity ',to sulphur

. mto brown, silver sulphide, and a picbure . of '. '.".' . .' . ,
the sulphur 'distribution is thus obtained: , discussed III this artiele .

Fig. 5. Diagram of the 'cro§,s section of à Vvweld in'
a material with sulphur segregation, The beads I, 4 and
5 are sound, the .beads. 2 and 3 may: become porous
upon the use of a sulphur jsenaitive electrode.. .
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THE TESTING OF CONNECTIONS IN A RADIO RECEIVING SET

In a radio receiver there are numerous soldered and welded contacts and other connections, and
a fault in anyone of these may seriously disturb the working of the whole set. These contacts
therefore have to be subjected to several tests and although these take considerable time they
cannot be dispensed with.
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1561 : J. L. S n 0 e k: Effect of small quanti~, nickel wire is dependent upon .the amplitude.
ties of carbon and nitrogen on the elastic As expected, it proves to increase linearly with
and plastic properties ofiron (Physica 8, amplitude .: In à magnetic field of 300 Oersted
711-733, July 1941). ' such an increase disappears entirely and the

. ' ..'. . . , . damping' bécomes independent of amplitude.
The elastic _after~effect:ph~nomena ??th In, The hysteresis part of the damping proves to

pure iron and In commercial iron a:e discussed be rather strongly dependent upon temperature.
in so far as they are caused by nitrogen and. ' , : ' . _ ..
'carbon in soli? solution. In all the n:aterials 1564. J F H 0 u st ers a~d 'G. W. Ra t h e-

o examined?, for, so. far as they are. cubic body" . 'n' a ~l .. Reen stallization in rolled nickel-
centered, the elastic after-effect appears to ~e,:, ir n ('Ph sic~ 8 759-770, July 1941).
of the same nature. At the temperatures exami- ,I? y ? ,

ned the after-effect can be described with suffi- Rolled sheets of polyèrystalline aluminium
cient accuracy by one single relaxation time, 'recryst!Lllize in the deformation texture, wh~r~as.
which agrees' with the magnetically d~termined "sheets of nickel-iron and copper recrystalhze
value. As function of the measuring temperature in cube orientation. This has been explained
the damping shows a maximum: _This all refers 'by' the fact that crystals in cube .orient~tion
to annealed materials. When they are cold are found in the rolling texture of copper and
worked this maximum disappears and at' higher nickel-iron, not in this texture, of. aluminium,
temperátures another maximum occurs. This. A difference of the slip' mechanism is held.
latter maximum is explained' as being a conse- responsible for .the 'differeIlCè in deformation
quence óf the diffusion damping, whilst for the texture. Small additions of some elements pre-
first maximum an. explanation is given which vent nickel-iron and copper-from recrystallizing.
differs-somewhat from what has previously been in cube orientatiçn. 'it is shown that .contami-
assumed 'to ~a:pply. ' " . . nations of nickel-iron with phosphorua must be

considei..ed to affect; not the slip, mechanism
but the process of recryställization ~tself, since'
.oubë germs are 'present in the rolling textu~e
. of the contaminated samples. The recrystalh- .

,The alreadyknown ferritic 'bands with a pharp, zation texture of pure nickel-iron itself 'depends
'boundary, arising from the decarburisation of on temperature. A study, of the tempetature~
steel, are at~ributed to 'the high rate of diffusion dependence' with the aid of 'microstrucbures
of carbon in a iron. This phenomenon is consid- shows that after recrystallization at, about

. ered 'from. the 'same point of view as the low 900-1000° C" the' cube crystals contain twins,
affinity of carbon to a iron and the known, which vanish at still higher temperatures. On
extremely low degree of solubility. In all these recryatailising nickel-iron and' copper at high
. respects there is a great similiarity .bet~eep. tempe-ratures, the cllbe' orientation be~o~es
carbon and nitrogen. Also the plastic behaviour absolutely dominating, although the majority
of iron is very. characteristically influenced by of the deformed crystals had different orienta-
very small quan~ities of carbon 0: nitrogen. tions. By etching' nickel-iron strips to small

thickness' before recrystàllization at high tem-
peratures, it is shown ,that the recrystallization
texture in cube oriènbabion gives way for an
idéal rolling texture as ~he thickness of the
sample decreases. An explanation is put forward.
geometrically.' '\

1562: J. L. Sn: 0 e k: On the deéarburisation
of steel and related questions (Physica 8;-
734-744,' July 1941). "

. 1563: J. L: Sn 0 e k: A mechanical counter-
part to the Rayleigh law of ferromagnetic

'. hysteresis (Physica 8,745-747, July 1941).
Measurements have been made to determine

in how far the hysteresis damping of an annealed
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- ecular reaction for the recombination of "free
electrons" and "lioles" -iri the' crystal lattice,
one' finds. 6· 10.15 cm 3 as -the upper -Iimit for
the total volume of an electron cloud released
.by a, single X-ray quantum. In willemite and
cadmium the luminescerice appears to decrease
exponenbially with time with a decay period of
about 0.005 sec. .

1565: J. F. R. Cu st ers: Uber die (Ul)-
Reflexc im gewalzten und rekristallisier-
ten Nickeleisen (Ll I Reflexes in rolled
and recrystallised nickel-iron) (Physica 8,
771-788, July 1941).

The rolling and recrystallizatio'n textures, of
, a nickel iron with 48% nickel have been exa-
mined with X-rays to investigate 'the so-called
(Ill) reflexions caused by the presence ofcrystal
grains in the annealed strip; which differ from
the dominating cube orientation. Part of the
crystal grains are already in cube orieritabion
in the rolled strip. The small crystals, which
are not in cube orientation àfter heating at a
temperature below nooo C, cannot be ascribed'
to twin formation, nor: 'to a superposition of
(Ill) and (112) orientations, which occur most in
the rolling texture:' The formal definition of
these so-called Z grains, as twins turned 80

around an axis perpendicular to the' twin plane.
(111), fits entirely with the 'experimental find-
ings. In the reorystallization texture of. very,
thin strips of nickel iron there are many of these'
Z grains. After recrystallization. at. I ~ooo C,
however, one finds twins having an oc~ahedral.' ,
,plane in common with the cube orientation."
With the aid of the abovementioned Z textu;re' Contradictione. in the results reached by.
one can generally well understand, the rolling different 'authors in regard to' the absorption
texture of nickel iron. Both the -rolling texture' spectra, of zinc-sulphide and willemite are .re~
and the recryéüallization texture differ. in the 'duced to differences. in, thickness of the layers
internal'and in the. externallayers. This explains .~examined, resulting ill different .spectral regions

, ill 'part the connection-between rolling texture' playing a preponderant' role in the absorption
· ánd non-cubic orientation of crystal grains after: in each different case'. Some newmeasurements '
, recrystallizätion. After recrystallizatio~' the cube are reported for the absorption of Zp.S-Cu c~ys-
. orientation is noticeably sharper in I1nexternal tals (dimensions about 30 p,) in the ~avelength
·_lay-erthan in an internal one. Further, the degree· region' between 3000 and 4000 Ä. '
of. ,perfection depends also upon :the thickness '. '
of' the material; in' extremely thin strips the 1569: E..' J. W.' Ver w è s : .Properties of
cube orientation after reorystallization is very suspensions, especially in' non-aqueous
· imperfect. ' media' (Rec. trav. chim. Pays Bas 60,.

, 618-624, July-Aug. 1941).

1567: J: L. M~y.e r i n g: Some relations con-
cerning the oompressibility of the solid
elements (Physica 8, 796-804, July 1941).

For various metals the relation between atom-
.ie volume and compressibility is compared
with: 1) heat of sublimation, 2) the lattice
energy, -i,e. the sum of the heat of sublimation
and the ionisation heat, and 3) the melting
point. An expression given by Bom k e has been
verified. The parallélism proves to be best in
the first and third cases; the given relations
can then be applied also to non-metals.

" .
1568: J. R ." Gis 0 If" W. de G I' oot and

,F; A. Kr ö gel': The absorption spectra
. of 'zinc-sulphide and willemite (Physica:
8, 805-809, July, 1941).:

"

The properties of suspensions of finely ground
materials in various dispersion media;' as a fune-
tion of their degree of 'colloid chemical stability,
are .discussed, Special attention is given to un- '
stable suspensions showing a phenomenon si-.
, milar to coacervation (found with lyophilic col-
loids), and to stable suspensions with 'dilatant
sediments ..1

1566: .W. de G I' oot: Tlie decay of the lu-
minescence' of zmc-sulphide-phosphors :

. excited by X-rays {Physica, 8, 7'89-795,
, July 1941). '

The manner, in .which the luminescence of
zinc-cadmium-sulphide decreases 'with the time
after irradiaüion with X--rays follows a hyper-
bolicallaw; the intensity of the luminescence Contents 'of Philips Transmittinq News 8, No.3,
proves to be inversely 'proportional to' the September 1941. .. .~ .
square of L+ tie, where thc time constant e,=
3.10-4 sec. This is entirely independent of the F - de JPI' e'm e r y, The electro-acoustic equip-

ment of broadcasbing stlidios I. .intensity -of the previous X-ray,. irradiabión,
which means that the individual quanta of X- C. G. A. von,Lin-dern, Atrópic-pto~fradi9
rays or' 50 kV each excite a small volume of the' .Iink on U:ltra short waves." " " .'-
crystal.Independenbly of each other. By using K. F, Ni esse n, The electr.o field-strength as
a constant already found. in the.law of the bimol- a function of the energy absor,?ed by the ~eria1.

, .
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EFFICIENCIES OF LIGHTING INSTALLATIONS
by H. ZIJL. 535.241 :628.93

The empirical efficiency tables for lighting installations compiled by Har r i -
son and And ers 0 n more than 'twenty years ago are subjected to a
critical examination. It is found that these fundamental empirical data can
no longer be used directly for high-ceilingéd rooms because of the present day

, use of a larger number of light points. Futhermore the examination shows that
the data included in the tables probably give somewhat too low values for the
illumination efficiency in the case of indirect lighting. Considering these dis-
crepancies.it may be desirable to repeat the measurements of Har ris 0 n
and And e rs 0 n with modern apparatus. '. .

The majority oî the problems which arise in
applied lighting teehnology relate to the deter-
mination of the light flux necessary to obtain

, a pleasing average illumination intensity E on
the working surface in given circumstances.
This working surface is' a horizontal plane as-,
sumed to be at table height and having the same
area' S as the floor of the room to be illuminated.
'I'he ratio of the "effective light flux", i.e. the
light flux which falls upon the working.surface,
to the nominal light flux (jJ installed is called
the efficiency ,'IJ of the lighting insta~a,ti.on

'IJ = ES: (jJ. • • • • • • •• (1)

This lighting efficiency depends upon the
lighting system installed, up on the proportions
of the room (the ratio of length to breadth
to height) and "upon the reflective properties
of the surfaces bounding the illuminated space.
The light flux to be installed can be calculated
from the given illumination efficiency for a
desired intensity of illuminatdon. It must, how-
ever, be kept in mind that the illuminatdon inten-
sity obtained will decrease in the course' of time.

, This may be ascribed to several causes: the
light flux of the lamps decreases, dust is deposi-
ted .on the light sources and on the reflecting
or transmitting parts of the fixtures, the reflec-
tivity of painted surfaces decreases with time.
This is taken into account by means of a depre-
ciatien factor s.so that the nominal light flux
to be installed is represented by : -

(jJ ES .' (2), -;;jd . . ... . . . . . . . .

,It is impossible to give a fixed value for the
depreciation factor; the only known quantity.
is the average decrease in light flux of the lamps... . .

during their lifetime: In efficiency tablès' there-
fore a value of the depreciation factor based,
upon normal conditions and regular upkeep is

, 'usually given: It is left to the insight and expe-'
rience of the illuminating engineer to change
this value according to the circumstances:

The investigations of Il a r ris 0 n and, A n-
derson

More than 25 years ag.o H à. r ris .0 nand
And ers .0 n carried out fundamental investi-,
gations 1)on the Illumination ef,ficiencies which'
were attained with the methods of illumination
then i'll' common use. On the b'asis of these'
, measurements they compiled empirical tables 2)_
which are sbil] generally used in designing Iight-"
- ing Installations. '
, Their measurements were carried out in a

. number of test rooms having different relanions
between length, .breadth and. height, while the
reflectivity of ceiling and walls could be varied
in steps from black to white. Use, was made
successively of naked lamps, silvered reflectors
directed upwards and enamelled reflectors diree- 0 •

ted downwards. Three types of the latter 'were
examined, namely a reflector with a "br.oad" ~
light distribution with which. 35 to 40 percent .
of the light flux emitted falls within a cone,
with anapex angle of twice 40°, a reflector with'
a "narrow" light distribution with which the
proportion mentioned amounts to as much as'
45 tot 50 percent, and a reflector with a light
distributton lying between the other two. The
last mentioned light source corresponds in the
first approximation to a diffusely radiating sur-
1) Trans. '1., E. S. 11, 67, 1916.
2) Trans. 1. E. S. 15, 87, 1920.
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face element with a light distribution according
to L"a ill b e r t's law which emits 41.3 percent
of its totallight flux within the above-mentioned
cone.
For each of the lighting systems investigated

the results of the measurement were represented
graphically, and from the data obtained the
empirical tables were derived by determining
the efficiency for each combination of conditions
separately by interpolation and extràpolabion.
Lighting systems which do not correspond to,
the standard cases investigated can be dealt
with by combining the results of various tables
in a suitable way. For those who have little
"experience in this field the use of Har.r i s o n
and And ers 0 n's tables is quite difficult,'
and for that reason various handbooks with
more or less explanatory summaries have been
published.

An objection to the data obtained in this way,
which was not valid when the data were collec-
ted, is that in the measurements in a room
whose length and width were about one and
one half times the height of the light source
only one central light source was installed. At
the present time in such a room, even-with
indirect lighting, two to four fixtures would
in general be used, and a lower efficiency would
probably thereby be obtained. Only in the sec-
ond "step of their measurements, namely in a
room whose length and width were two and a
half times the height of the light source, did
·Harrison and Anderson use four
fixtures.
A second objection which must be noted is

,a result of the fact that in the case of certain
measurements the test rooms were abnormally
small in dimensions compared with the fixtures
used. As a result in one of the measurements
for indirect lighting the distance from reflector
to ceiling amounted to only 25 cm. With such
a short distance an abnormally large part of
the light flux is reflected by the ceiling back
into the reflector, and this light must be con-
sidered as largely iost. .

The enamel reflector alreadymentioned, which
possesses a light intensiby distribution approxi-
'mately according to Lambert's law, furnish-
es a connecting link between the results of the
measurements of Har ris 0 n and And e r-
son and theoretical illumination engineering.
Cases in which the light distribution is according
to L a m b e r t's law can be used for exact
calculations. The results of these calculations
can then be compared with the results of mea-
surements obtained with the last mentioned
type óf reflector.

Diffusely radlating ceiling and black walls
As test room let us consider the parallelopiped

with edges a, band h sketched in fig. 1. The
upper surface PQRS, with direct illumination,
corresponds to the plane in ~hich the reflectors
are situated, and with indirect illumination to
the ceiling of the room. The basal plane KLM N
is the working surface. For the case which we
shall deal with first, in which the walls and the
working surface are black, the working surface
receives only the light which comes directly
from the fixtures or is reflected by the ceiling.

4//2:1

Fig. 1. Parallelopiped representing a test room. The
upper surface is diffusely radiating.

. If we assume that the ceiling PQRS
in fig. lis diffusely radiating with a uniform
brightness, namely with a "light flux density"
of F Im/m2, and that the other surfaces are
black, it is possible to calculate for each surface
element "of PQRS the' part e of the light flux
emitted which will .reach the working surface
KLMN.

A surface element dWl dYl lying in bhe iangle P of
the radiating surface possesses (since we assume dif-
fuse radiation) a light intensity in the direction P to
any given point V (w, y) on the working surface equal to -

F "dIa = -cosa dWldYl', :IT.

According to the well-known laws of illumination,
the intensity of illumination at point V of the plane
KLMN caused by the radiating of the surface is

F cos a Fh2
dEv. >::::i :n:r2 cos a dwl dYl =-4 dwl dYl'. :n:r

and the light flux which falls upon ä surface element
dxdyat point V, when r is expressed in terms of ca, Y and
~~ .

, F h2 •

dàip~v =:n:(w2+y2+h2)2dWl dYl ~w dy. ~
~ I . ....

By integration, once between W=0 and W=a
and then between y=i'O and y=b, the expression
is obtained for the light flux from the surface element
at P to the whole plane KLMN;

dàip~KLMN =

F ,[ b 'tan-l a" + a ta~-l b ] •
2:n: yb2+h2 Yb2+h2 ya2+h2 ya2+h2

dwldYl
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The light flux emitted by the surface element dXl
dYl is dlPp = F dXl dYl' so that the magnitude of 6 is
determined by the expression within the brackets
divided by 2n. .

If a surface element is considered which does not
lie in an angle of the radiating surface, but for instance

. at any point T (fig. 1) the radiating surface is divided
into four rectangles which have point T in common.
If the receiving surface is divided in a corresponding
manner, four figures are obtained'to which our formu-
lae can be applied. The totallight flux received is then -
related to the light flux emitted as 6 = 61+ 62+ 63+ 64,
where 61' 62' 6a and 6 4 indicate the proportions of
each of the subdivisions of the working surface. In the
case of indirect illumination the contributions to the
effective light flux for the whole upper surface must
be added together. The arbitrary point T thus moves
over the upper surface, and the general formula for
the contributiçm to the light flux of a surface element
dXl dYl at T must therefore be integrated over the
whole upper surface. If the upper surface is homo-
geneously illuminated and if it radiates according to
L a m b e r t 's law, this manipulabion gives for the
,total light flux from the upper to the lower surface

The light flux emitted by the radiating surface i's
IPPQRS = F. ab. so that division of the right-hand
member of the last ~ormula by !l'.ab gives the ratio 6.

. )

For the sake of simplioity we shall confine
ourselves now to the discussion of the case in .
which the length a and the width b of the testing
room are 'equal: a = b. The space ratios can
then be characterized by the so-called "form

, index". 3)

aK=-.
h

A small value of K thus means a high-ceilinged
room, while a room which is large in proportion
to its height is charácterized by a large value
uf K.
'For the ratio e of the light flux which reaches

the working surface J(LMN to' the 'light flux
emitted by the radiating surface PQRS we
now find

If K is now allowed to vary, for each element
of PQRS the value of e will change with it,-_

3) This "form index" differs from the index used
by Har ris 0 n and And ers 0 n.

just as for the whole radiating surface. For four
spots on PQRS which are indicated in lig. 2 by
I, 11, 111 and IV, as well as for the whole
surface PQRS (curve V) the behaviour of e
as a function of K is given in lig. 3 for diffusely

I R
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Fig. 2. Upper surface PQRS of the test room with a
square working surface.
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Fig. 3. The ratio 6 in the case of a diffusely radiating
ceiling and black walls as a function of the form index
K for radiating elements lying at the points I, 11, III
and I V indicated in fig. 2. Curve V represents the be-
haviour of 6 when the whole ceiling emits a homo-
geneous diffuse radiation which may be compared
to an infinite number of similar sources of light. Curve
1 holds for a centrally hung 'light source, curve 11
for four symmetrically arranged elements. For large
values of K (rooms which are large compared with
their height), these two curves asymptotically approach
1, curve 111 approaches 0.5, curve I V approaches
0.25 and curve V approaches 1. Curves a, band e
hold for the behaviour of 6 derived from the results
of the measurements of Har ris 0 n and And e r-
son with three different types of enamel reflectors.
For small values of K (high-ceilinged rooms) curve b
follows the shape of curve I, which corresponds to a
centrally placed source of light with .lighf distribution
according to L a m be r t's law; At K = 3 the curve
takes on the form which is to be expected for four
(curve 11) and more (curve V) sources of light.
The points indicated by 1 and 4 represent one and
four light sources respectively. Curve d finally corres-
ponds to indirect lighting, a loss-free reflecting ceiling
being assumed. • - ,
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. .
radiating ceiling and black walls. If we are
concerned with a rectangular working surface,
it is found that curve V remains quite accurately
valid when we .assign to K the, value

K I 0'.2a t 0.8 b .
" b

(4)

fixture, which must occur in test rooms built
on too small a scale, and perhaps also in the'
measuring instrument used.

2) The inevitable limitation in the set-up of the
investigation of Har ris 0 n and And e r-
son does not permit the use of the tables
without previous check fot lighting systems
. which deviate very much from the basic cases.

3) There is need of a correction of the tables
based upon the present-day more Iavish method
of illumination for lower values of the form
index K (higher rooms), for which new mea-
surements must be made.

where a represents the longer side of the working'
surface.

It may now be expected that dir e c till u-
m in à t ion with enamelled reflectors will as
a rule give a curve-which lies between land V.
This is indeed true to a certain extent for the
reflectors investigated by Har ris 0 nand
And ers 0 n for which the curves a, band c Diîîusely reîIeèting walls
are derived from their tables for the limiting In the foregoing we confined ourselves to an
case of absolutely black working surface and illumination by a diffusely radiating ceiling,
walls. As maybe expected, curve a for the re- since we have assumed that walls and working
flector with a wide beam is the lowest, because surface were absolutely black. Actually, however,
with the wide light distribution the loss on the the reflections at the walls furnish an important
walls is greatest. Curve c of the reflector with contribution to the effective light flux, so thàt
narrow beam is the highest. 'The light intensity for an anywhere near precise calculation it' is
curve of the reflector giving curve-à lies between necessary to take the wall reflections into
the other two and, most nearly approaches the 'account. Since an exact calculation is impossible,
form of a circle (L a m b er t). The irregularity .attempte will be found in the literature since'
in curves 'a, band c may be explained by the 1920 to reduce the method of calculation into
transition from results of measurements ob- a usable form by, means of certain simplifica- -
tained with one centrally placed source of light tions. None of the methods developed in bhis
(values measured marked 1) to those with four way; however, givessufficienbly reliable resülbs.
(marked 4) and more light points. . Unfortunately the measurements of Har ri-
, In fig. 3 the result (curve d) is also given of son and And ers 0 n have' not .been re-
the measurements of Har ris 0 n and A n- peated since 1920. Their empirical tables were,
. der son for in d iAre c t .1 i g h tin g in a, ..however, in 1940 supplemented by' measure-
room with diffusely reflecting ceiling, extrapo- ments of installationá with tubular luminescence
.Iated to' a reflection factor 1 and .blaok walls lamps in various types of fixtures 4).
and-working surface. The surface PQRS is here For completely diffusely reflecting walls it is
identified with the ceiling of the tèst-room, while now possible to take into account the effect of ~
in this case' also r represents 'the ratio between, the reflecbions on the efficiency, by considering,
the "effective" light flux falling on the working as was done above for the ceiling, the action of.
surface and the light flux emitted by the fix- a diffusely radiating ver tic a 1 wall.
fures. Theoretically a correspondence should be For a complete calculation of the illuminatiori
found. between d and the calculated curve V; efficiency in a room with reflecting walls the
the irregularity. of the ceiling illumination with point of departure is the light distiibution of
indirect lighting with fixtures should be ex- the fixture employed. With a given arrangement
pres sed in a higher value of e than the onè for V. of the light points it is possible to deduce from
However, the circumstance that part of the this light distribution how' the surfaces which
light flux emitted by the fixture falls directly bound the room are illuminated by the direct
-upon the black walls ("wallloss") leads to lower light flux. This can be done graphically, or
values for e. idealized light distributions can be 'chosen for

Three conclusions may be drawn from the the general case, which are, wholly or partly'
foregoing: susceptible to exact calculation. Such a set of
1) For direct illumination there is no reason to light intensity curves 5) is reproduced in fig. 4.

doubt the reliability of Har ris 0 n and When the light flux distribution on the sur-
A TI. der son's measurements. Indirect light- faces bounding the ~oom has, been determined
ing, however, gave experimental results for" ' .4) Trans. 1. E. S. 35, 759, 1940: W. lVL Pot ter
the efficiency which are lower than, expected and W. G. Dar I e y, The design of luminaires for
from the theory. An explanaüion of this may fluorescent lamps. - , .'
be sought in .the effect already mentioned 5) For an indirect illumination by means of a cove

'" along the wall the calculation is somewhat' more
in this article of a reflection back to the complicated. '
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Fig, 4, Light intensity ourves for five common lighting systems: 1) direèt,
2) half-direct, 3) diffuser, 4) half-indirect, 5) indireot. The more complex light'
distributions 2) and 4) are oomposed of the spherical light ditributions of a
direct and an indirect component. as well as the toroidal distribution of a
lateral component. The five diagrams relate .to the same total light flux. ,

, -,

and thus also the direèt component of the effec-
tive light flux, the light flux is then calculated
which reaches the working surface after first
being 'reflected by the ceiling. This ,is possible
since with given. proportions of the room the
value of e can be determined for every point
on the ceiling. A practical method -is to divide
the ceiling into a number of rectangular areas

• I
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to which in good approximation the same value
of e may be assigned as for the centre of each
rectangle. The light flux reflected by the ceiling
which is not directed toward the working surface
strikes the walls. and in addition a part of the
light emitted by the fixtures is radiated directly ,
to the walls. By introducing 'suitable simplffi-:
èations 'it is possible to calculate what part of
the light reflected by the wall will be directed
to the working surface and what part to the
other wallsand to the ceiling. Of these last two
contributions thé part is calculated which still
reaches the working surface after the repeated
reflection. This contribution is then multiplied
by a certain factor to account for the irregu-
larity of the distribution of the light flux over
the walls in question.

In order to perform the calculabions described we
, begin with a diffusely radiating surface element <Ix1dYl"
lying at any given point TV(X1,Yl) on the vertioal plane
KLQP of the parallelopiped of fig. 1, and determine
the light flux difJw~ V emitted by it which falls
upon the horizontal surface element dx dy at any
given point V on the working surface:

F YZl
difJw~v= -{(' )2+ 2+ o}2dX1 dZI dx dy.
, ' n X-Xl y ~-

When we integrate this light flux ove~ 'the ~hole side
wall KLQP and over the whole working' surface
KLMN, assuming the illuminanion of the side wall to
be homogeneous, we obtain 6) , ' •

------~, '

6) This formula was already derived by L a mb er t,
, although not quite directly (Photometria, 1760).

- /~
" ( i '
\~-j, '4-'--riT" .-
\. 41127

Actually the illumination of the side wall is by no
means homogeneous. It is therefore desirable to divide
this wall into horizontal strips and to carry out ,the
calculation with the average value of F belonging to
each separate strip. Division of the wall into strips
gives sufficient accuracy. . , " :

For the calculation of the' influence of the succes-
sive reflections we start for the time being with the
assumption that the light fluxes concerned are en-
tirely uniformly distributed over the areas on which
they are incident. Of a light flux ifJw which hits a wall,
a fraction RifJw is reflected toward the ceiling' as
well as toward the working surface, while a frac-
tion TVifJw is reflected toward' the other walls. Of the
light flux RifJw faIling on the ceiling a part PRifJw goes
back 'again to the walls, while QRifJw falls upon. the
working surface. For the sake of simplicity we may
continue to assume that the working surface is black.
Due to the second reflection on the' walls a light flux
PR2ifJw is now furnished on the working surface and
the same on the ceiling, while P RTVifJw goes to the
other walls. _ ' '
In this way we now obtain an infinite series of light

flux oontributions whose sum for the total light flux
furnished on .the working surface by the uniformly
reflecting walls is finally found to amouJ.?-t to:

. R (1+ Q)
ifJw.,-~v = ifJw 1---:-(PR + TV) •

. '

The light flux which finally reaches the working sur-
face from a' uniformly reflecting ceiling is found in a
similar way, and amounts to: -,

A correction must still be , applied to the -part of-
the effective light calculated in this way. Considering
the fact that the light flux distribution which occurs
upon repeated reflection is not uniform, the light flux

•
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actually falling on the working surface will deviate from
that calculated. Since, however, the part in question is
small compared with the rest, the great accuracy
which is only to be obtained by very laborious cal-
culation is unnecessary.

As the result of a series of calculations fig. 5
gives four curves for an indirect illumination
with fixtures. The quantity e is again the ratio
of the effective light flux to the light flux emitted
by the fixtures. For each curve the reflection
factor of the ceiling ((lp) and of the walls (eu')
is indicated. The corresponding dotted line

o.1~==~-+-----+---+----~---+--+-~
O~ ~ ~ __~ ~ __~~~~
0,6 f,5 2 3 4 5 ó

-K 4/1ZB

Fig. 5. The ratio e for indirect illumination in rooms
whose ceiling as well as the walls are reflecting; as
in fig. 3 the form index K is plotted horizontally. The
full-line curves are valid for the calculated values of.
e, and the broken-line curves are derived from the
tables of Har ris 0 n and And ers 0 n. The re-
flection factors for ceiling and walls are indicated
by I2p and I2w respectively.

curves, taken from the tables of Har ris 0 n
and And ers 0 n, serve for comparison. The
calculated curves show, as already mentioned,
higher values than those found empirically.
Moreover, they are considerably steeper because
they are calculated for four points of light even
for low values of K. If they were calculated
for a single centrally placed light point up to
K = 2, they would up to this point also be
about parallel to the empirical curves at some-
what higher values of e.

Practical diagrams
Fig. 6 gives a completely worked out picture

of the dietributton of the light upon different
reflections. A fixture was used with the follow-
ing characteristic: 17 percent absorption in the
fixture, 70 percent of the light flux emitted in
the upper hemisphere and 30 percent in the
lower hemisphere (see fig. 7). The interpretation
of fig. 6 is extremely simple. On the left the
reflectivity of the ceiling and of the walls is
indicated. Then follows a column for the form
index K for each reflection group and then the
final efficiency rJ corresponding to every value
of K. The graphs show how the light flux is
distributed. Irrespective of the surroundings' 17
percent of the light flux is lost by absorption
in the fixture. In time this loss increases due
to dust deposits. Moreover, the light flux of

REFL. FACTOR
HALF-INDIRECT ILLUtvflNA TlON

DISTRIBUTION OF LIGHT FLUX
ce;Jno

~m~~~~~~~~~w%::~~ K=O.2a+O.8b
h

If a=
..,.:...>.>.""""""""......,,;"""'"''''''''~''''''' ..... '"'''~'''''''I K=~ = .!?.

h h

O Direct light !lux to
""",,,",,,,,,,,,,,,,,,,.,! working plane.

~~777.~ [iilll ~~~/:tc:~':ix
fa wal king plane

_;",:,.o.:..:..>.~:..:..>..::..:.;,~~~~::.c.::.t,",,-"l..::""""4 ~ Absorption in ceiling
~ and walls.

Loss by decreased

~~""~:-<:<:"0:'I000:"~~""'~=~"""'==!I15<Il='?I'7=".j • rellecfivify ol ceiling~ and walls.

~~"'*'*"*~~~~~~~~~~ m Depreciation ol lighting
~ installation.

90 100%

41129

Fig. 6. Efficiency table and distribution of the light flux for a half-indirect
ill.umination. A col.lection ofsuc~ figures relating to average cases occurring
with common Iighting systems will be published in the book "Kunstlicht en
Architectuur" (Artificial Illumination and Architecture) by L. C. K a I f f,
which will appear shortly.
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the lamps decreases, so that in the ordinary
case after the elapse of some time it may be
expected that about 74 percent of the nominal
light flux will leave the fixture. This 74 percent
will be divided into the lightflux which reaches

4/130

Fig. 7. Light intensity diagram for the half-indirect .
. fixture for which the efficiency table is given in fig.
6. On the right the totallight intensity diagram of the
armature is drawn, while on the left the three oompon-
ents (direct, indirect and lateral) of which the light
distribution can approximately be built up are indi-
cated by a broken Iine.> .

the' working surface directly (extreme left in
the graph), the light flux which reaches the
working surface after reflection on the ceiling
and walls (between the left-hand and the two
right-hand curves), and the light flux which
is absorbed by the walls and ceiling. This last
part, and with it the part before the last,
changes with time, the reflecting walls become

darker. If it is assumed that 70 percent reflec-
tivity decreases by a factor 0.85, 50 percent
by a factor 0.9 'and 30 percent by a factor 0.95
of the original values, the transition region
between. the two righthand curves occurs. The
two curves are calculated on the basis of 74
percent of thè nominallight flux. In the begin-
ning therefore an efficiency which amounts to'
83/74 of the value indicated by the right-hand
curve may be counted on. The efficiency grad-
ually decreases to the values of the second
curve from the right, which corresponds to the
figures in the column beside the graph. It is·
evident that the parts of the effective ligh.t flux
vary' in the first approximation proportionally
with the light flux emitted by the fixture, so
that any necessary reduction offers no diffi-
culties.
From the graph it is evident that the part

of the direct light flux which is independent
of the ceiling and wall reflections increases
absolutely as well as relatively with the form
index. The diffuseness of the illumination de-
creases upon decrease of K. The form index J(
(see equation (4)) introduced by us for a diffusely
radiating ceiling is found to be sufficiently accu-
rate for other cases as well, and has the advan-
tage of being simpler than that of Hat ris 0 n
and And ers 0 n, so that there is less chance
of error. The results obtained with it differ only'
little from those of Har r'i son and A n-
der son and also agree satisfactorily with
other known experimental results.

•
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FILTERS FOR CARRIER- \VAVE TELEPHONY INSTALLATIONS

by TH. J.,WEYERS. 621.318.7 :621.395.44

In carrier-wave telephony, since, the conversabions of different subscribers,
modulated on different carrier waves, must be transmitted over the same line,
care must be taken that only the desired frequency bands reach each receiving
channel. This means that the frequency bands of the other channels which
would cause cross taIls must be suppressed by filters with adequate attenua-
tion. The requirements which must be made of the total attenuation of these
filters may be deduced from the intensity distribution of the speech, tne sen-
sitivity of the microphone, telephone and human ear and the permissible degreè
of cross talk. This deduction is explained in- this article, using as example the
installation of a 17-channel system designed by Philips. A discussion is also.
given ofthe way in which the required total attenuation must be divided among
the different filters at the transmitting and receiving end, while in conclusion
the construction of_the filters and the results obtained with them are described.

In an earlier number of this periodical v) an
outline was given of the equipment of an instal-
lation for carrier-wave telephony. It was found
that the various f i Iter s thereby perform
an important function. We shall here indicate
more presicely the requirements 'which these
filters should fulfil, and study the way in which
the filters are built up.

A

B

c

we actually wish to use for the transmission.
of the conversation, the lower side band is also
transmitted by O. Futhermore the two side
bands bransmitted have a much greater width
(indicated by the dotted line in fig. 2) than the _
'band of. about 300 to 3000 c/sec required for
, the 'tranamiasion, since in, speech itself frequen-
cies up to above 10000 é/sec occur. Finally

4//31

,
Fig. '1. Simp!ifed diagram of a carrier-wave telephone installation. Three
channels are indicated. LlJ'Z low-pass transmitting filters, Mod modulators,
BlJ'Z transmitting band-pass filters, BlJ'O low-pass receiving filters. The cross
talk between adjacent channels (A to B', 0 to B') is indicated by dotted lines.

Fig. 1gives on~e more a simplified diagram
of a carrier-wave installation for three speech
channels in which A speaks with A', B with B'
and 0 with 0'. In each speech channel, àt the
transmitting as well as at the. receiving end,
there is a low-pass filter and a band-pass filter.
Let us now suppose that the two bransmitning
filters at 0 and the two receiving filters at B'
are missing. In addition to the upper side band
of ~, which is cross-hatched in fig. 2, and which
1) D. Go e dh art and J. de Jon g, Carrier-

wave telephony, Philips techno Rev. 6, 325, 1941.
See also: F. A. de Grooi; and P. J. den
H a a n, Modulators for carrier-wave telephony,
Philips techno Rev. 7,83 1942.
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Fig. 2. Transmitted frequency spectra of the three
speakers A, B and 0 in the absence' of filters at the

. transmitting end. By the mödulation of the speech
spectrum on the respective carrier waves is, fB and
fa, the side bands indicated are formed. Of these
only the shaded portion in. each case should be used
Ior the transmission. The dotted lines with each spec-'
trum represent the by-products. of the modulation
which actually, although with low intensity, also
occupy whole frequency: bands. The carrier waves
themselves are not generally transmibted,
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, several 'kinds of weaker undesired frequency This must be done in different' steps. For each
bands are also sent out by 0, which areÏormed _separate frequency the following must be taken
chiefly, in the modulator and are indicated in into account: the intensity of the speech to be
fig. 2 by a few lines. .' ' , ' 'expected at this 'frequency, the strength in
Due to the absence of the filters, mentioned, which vibrations of this- frequency are, trans-

subscriber B' recElivès' not only'_the' desired mitted by. the microphone, the serisitivity of
, side band from B, but also the whole frequency' the cross talk. By the combination of these datä
spectrum sent out from 0; cr 0 sst a'l k 'the desired attenuation curve is found. '
occurs, and in this case it· is 'u n int ell i- . In the following we shall explain more fully
gib 1e cross talk; since in the channel of B' the' the steps merrtioned for determining the atte-
frequency spectrum of 0 is not demodulated nuation requirements, choosing as basis the,
with its original carrier wave' la, but with the situation in the base of a 17-channel carrier-
carrier wave IB lying, for instance, 4000 c/sec wave telephone system worked out by Philips.
'lower. A speech frequency I,which by the modu- In this case the frequency difference of the sue-
lation was converted into la-I.and la+l, after cessive carrier waves amounts to 4 kc-sec and
the', "wrong" demodulation, now appears as, the upper side hanÇJ. is trànsmitted, as was,
frequency la-I-:-:-IB = 4000 --"-lor as la+ f- assumed above. In conclusion the method win
IB = 4000 + f. The lower side band of 0 is thus' bhen be discussed by which the attenuation
"inverted" for B', i,e. the 'low frequencies be~ curve found is given practical realisation in the"
come high frequencies and vice versa. In the filters. - .
upper .side band all the frequencies are increased, -, . -
'by the amount io+tn. ' " " i Ó, The ,spectral dlstrlbutiön of thé: intensity' of

-.speech " : . '.:','. In the same way, when we suppose the trans-
mitting filters of A to be absent, cross talk from 'It, is impossible' to: reproduce 'the energy
,A to B' occurs, but with the difference tha~ now distribution of 'speech vibration~ over' aU fre-
'the. up per -side band of :4. is inverted and the quencies simply by a F,o u r i er spectrum.
lower band shifted upward. Furthermore, the The' sounds of speech change continually and
möredi~tant channels may also causecross talk, 'with them also the intensity of the different
by means of the parts of the frequency spectra components in the spectrum. One may of course
.indicated in fig: 2 with dotted lines. ", consider the a v è rag e value of the intènsity

The function of the' filters is now to prevent at each frequency, but this would lead to incorrect
this cross talk. conclusions in the problem here presented, If for
, ,It -is quite clear that crOS3talk would be instance we gave the filters an attenuation curve -
prevented if àt' the transmitting and receiving' .such that -at each frequency the a-ver a.g e
end of each channel band filters were introduced, ' intensity of the interfering speech vibration was
each, <1.f which passed exclusively the side band attenuated to below-the threshold of hearing,
belonging to that channel (shaded in fig. 2), then in the continual flucbuabion of' the inten-
and possessed an infinitely large attenuation sities the peaks would 'still project above the
. on both sides of that frequency region. Such threshold of hearing at times, and it is just these.
filters 'are impossible of realization in pracbice " peaks which may cause an interference. 'I'he-
of course, and actually. it is unnecessary to intensity distribution of the speech must there-
isolate the frequency bands so rigorously from, fore 'be characterized by the magnitude 'and'
-each other, because the interference .voltages the number of the peaks .occurring àt each
always have,' only a finite amplitude and a frequency and the peaks may for instance be
'certain small amount of cross talk does not counted with a recording apparatus.
prevent the carrying on of 'a satisfactorily in- The têrm "each frequency" used abovemust
telligible conversatien. For reasons of 'economy still be defined more fully. If by means of' a ,
indeed it is desirable not to make the' filters, filter with an ideally sharp resonance curve à
, which are' made up of filter sections in series corn- single frequency, i,e. an infinitesimally narrow
, posed of coils and condensers, better than is frequency region, should bOefiltered out of the, ,
absolutely necessary in connection with the speech spectrum, no intensity of that frequency'
,permissjble amount' of cross talk. In order to would ever be observed. In measuring therefore
design the filters for a given carrier-wave tele- a small frequency, region of a certain width
phone installation, therefore, it is first necessary must be investigated in each case, and in order-
to study in detail the attenuation which each 'to be able to record the correct size of the peak
frequency must experience on the undesired in the speech, the width must be greater than
path from ,0 to 'B' or from A to B', etc. in the spectral width which the peaks ordinarily
order to keep the cross talk just within 'the possess, but still narrow enough so that in.
permissible limits: general, two peaks, cannot occur in it at bhe .

105
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same time to be recorded as a single peak of , 'conversation is ~et equal to ,0 db. This figure
a .greater height., ,- . , thus gives a picture of the height and the number

A similar problem is encountered in connec-, of the intensity peaks occurring in each frequency
tion with the t i m e which is available for tIle, interval for an average speaker. '
recording of each peak. This time must be Jong
enough so that a peak is recorded as a whole,
since otherwise instead of one peak two or more
are recorded. On the other hand the time for
recording must also not be so long that there
is danger of counting two successive peaks as one.
, Considering these elements of uncertainty
which lurk in the characterization of speech it
is not to be wondered at that the results of
differe~t ,investigators ar'e somewhat divergent
in these respects. Moreover, the results, whi,ch
of course are averages in each case over a num-
ber of speakers, depend to a certain extent upon
the language, and, related, to this, upon t~e
articulation of the speakers.' Nevertheless, It
has been found possible with the data available
in the litèrature 2) to construct with suffic~ent
accuracy a generally valid basis for our consider- '
ations, a basis which, according to experiments
with the filters constructed, need not be sub-
jeebed .to modifi~ations.for different languages.

-~YfM I}fj·
o - 1000 2000 300D 4000 5000
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Fig. ,3: Spectral distribution of the intensity of spe.ech,
for an' average speaker. The av~rage. over. the tIme,
of the level of the whole sound IS set .equal to ,0 db; -
The stepped curve 1 gives the avera~e intensities which
occur in the different frequency mtervals (half '.an
octave wide). Curves 2, 3, ~,- fj give bhe levels WhICh
are exceeded by the 'intensity peaks m speech once
per second, once per 3 seconds, once per 6 seconds
and never, respectively. ,

'In fig. 3 seve;al cu~ves' are now given which
were derived from the data mentioned, and
which describe th~ intensity disbribubion in-,
speech. As a basis for the measurement, in agree-
ment with FIe t c her and others, a frequency,
interval oi a half an octave is assumed and a
time interval of 1/8.second. For each frequency
interval 'the average intensity level, (in db)
occurring therein is plotted and the level which
is never exceeded, exceeded once in 6 seconds,
once in 3' seconds and once per second, respec-
tively. The average intensity level of the whole, .,
2) • See especially H. FIe t c h ~ r, Physical charac-

teristics of speech and mUSIC,Rev. mod. Phys.
3, 258, 1931. Further also publications by C ran -
d a l I, S i v i a n, FIe t c her and 1\1 un son
and Col pit t s in Bell System bechn . .T. 1925
to 1937 as well as F. T ren del e n bur g.
Klänge ~nd Geräusche, Springer, Berlin 1935.

The sensitlvity of tIle mierophone
The sensitivity of a microphone of the kind

used in telephony- is closely dependent on the_
, frequency, as is shown in fig. 4 for two different
types of microphone. The form of the micro-
phone currents occurring as functions of the

, frequency thus deviates from the form of the
air vibrations which are incident upon the mi-
crophone when it is spokeninto. The resul~in~
intensity distribubion can be constructed III a

. simple way by multiplying the intensities given
in fig. 3 for each of the successive frequency
intervals by the average sensitivity of the mi-
crophone over this interval. Now according to_
fig. 4, however- the frequency characteristics of
different types of microphones vary quite con-
siderably. In the construction of an installation
for carrier-wave telephony the fact must be
taken into account that the subscribers may use
, any given type of microphone aiJ.d that in spite
of this cross talk should remain below ,the per-
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,Fig. 4. Frequency' characteristics of two differént
common types of microphones (the zero level is
,arbitrary).

missible limit i~ every case. We have therefore
carried out the construction described for curvè ,
I of fig. 3 for severaltypes of microphone, among' '
which are those whose characteristics differ
most ,Videly,' and have then determined the
uppermost "envelope" of the curves for the
different microphones. ,This envelope, which. is
'drawn' as curve 1 in fig. 5, now gives, as a
fûnction of,' the' frequency; the level .above
which the average over the time of the intensity
of the microphone currents does not project,
no matter what type of microphone is used.'
Here also the average level of the tot a I
microphone current is set equal to ° db. With
the help of the other curves of fig. 3 the curves
2, 3,' 4 and 5 in fig. 5 arethen also constructed,
and these indicate respectively the levels 'which
are exceeded once per second, once per 3 secon?-sI '
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tion that in each half octave an audible sound
may occur once in three seconds.,'

'I'his condition holds -for the re c e i v in g
c h ann e 1. Now the lower side-band of the ,
frequency spectrum of 0 reaches the, telephone
of ·the unintended subscriber B' in an i nv e r-'
t e.d form, (see above) .. Thus for example the
region from 300 to 1400 eleee of the original
spectrum, i.e. more than four half octaves is, "

transferred into the region from 2600' to 3700
eleec, i.e. about one half octave. In order to

Fig, 5. Spectral distribution ~fthe microphone currents hear an interferenèe in the receiving channel
'a,veraged over different speakers. "I'he average over hi
bime of the level of the whole converaabion is set equal wit m this single octave only once in thr!:}e
to 0 db. Curve 1is the !'envelope" of the curves found seconds, an audible intérferenèe must occur
with different types of microphone for the average ithi th . f 300 t 1 00 I f
intensities which occur in the different frequencyIn- WI m _ e regIOn, rom 0 4, C sec 0 the
tervals. Curves 2,' 3, 4, 5 give the levels which are original spectrum only about once in t wel v e
exceeded by the intensity peaks of the 'microphone seconds per halfoctave, i.e'-practically, ne v è r.
currents once per second, once in 3 seconds, once in For corresponding reasons in the, half .octave
6 seconds and never, respectively. The level which is
exceeded once per 3 seconds serves as a basis for the from 26'00-2700 eieee of the or i g i na I spec-

. permissible cross talk. Due to the inversion experienced trum an audible interference may occur .ui ore
by the speech spectrum upon demodulation with the
"wrong" carrier wave (that of an unintended subscri- than once in three seconds. In this way curve
ber) a partial compression and partial expansion of 6 of fig. 5 is found as the level of the speech
the spectrum takes place which may be seen in the t hi h' -, d d " 'f" ,~, '
octave scale which is given for the original as well as curren, s w IC IS e~c~e ~ . as 0 ten ~~,'çorres-
the' inverted spectrum (lower and upper scales res-', ponds -to the permissible interference in the
pectiv?ly) ..As starting point the f~equency 1000 eleee receiving channel- being interfered with. ,,' '
IS arbitrarily chosen. Due to bhis compression and Wh . I " "
e,x~ansion cur~e 3 must be replaced by curve 6. The . at IS potted in fig. 5 is actually the
hmiterpre~entmeve~ychannelprovidesthatthestrong- di f f er e n c e .between the .peak intensities
est peaks III the microphone currents are attenuated occurring and the' average speech intensity.
by about 6 db, so that curve 6 passes over into curve 7. Nowin every carrier-wave telephone installation
once per 6 seconds and never exceeded 3). so-called amplitude limiters are employed, which
TIle permissible level of the intérîerenees received are placed in every channel between the micro-

Which one of bhe curves in, fig. 5 must now _phone and the modulator and whose function
be used as ,a basis for the further disoussion? is to limit the largest current maxima occurring.
We have already stated that it is unnecessary This precaution, which is taken mainlyto combat
to, give the filters so much damping that the' overloading of the line repeaters, also has the
conversation of A or, 0 remains en.tirely below result that with a given degree of cross talk'
the li:q:lit~of hearing of E'. Therefore" we need larger average microphone currents can be used.
not use the level curve which is n eve r exceed- , 'It has been found experimentally that the
ed by the peaks (curve 5). It has been found' average currents may be twice as large. For our
experimentally that the following of a telephone curve, this is the .same as it: 'the amplitudes of
conversation is not appreciably disturbed when the highest peaks occurring (which cause the
an interfering, conversatien causes an audible èross t,alk) were a factor 2 lower, i.e. as if they
sound not more thän on ce in th ree s e- reached a level 6 db lower. According to curve
con d s. In the first instance therefore we begin 6 of fig .. 5 the highest peaks which thus fall'
with curve 3 in fig. 5. As this level is of course .victims to the action of the limiter occur at
exceeded in each frequency interval of half an 'about 1000 c/sec. Therefore we, may allow the'
'octave once in three seconds just as many in: curve to fall about 6 db in this region and there-
terfering ~ounds would be heard every three by finally obtain curve 7, which now indicates
seconds as there are half octaves in the whole the level to be eonsidered .or the permissible in-
frequency region. It will appear later that this terference. 'I'his curve is drawn separatelyin fig. 6.
is nof actually the case, however, and that we
may without hesita~ion work upon the assump-
3) The, C.C.I.Fó ,(Comité cónsultatif international

de communications téléphoniques à grande dis-
tance) propose a network which, as far as its fre-"
'quency characteristic is concerned, may be con-
sidered as the equivalent of the microphone. We
have not used this, in order to be able.to take into
account also the properties of better microphones
which were not yet in use when the C.C.I.F. cha-
racteristic was determined.

+2~, +~t~p__~+~I~+~02~~q~:_-IL~~?~~---
4 3 2 0

db 6 , .s
/' ~ //~

fO P ---~~20
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11/ t-s-, '\ ~

20 -'/ -..........;, ~
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o +qs +f-2-f +ts +2 41136

41136

Fig. 6 Spectrum of the interferences which must he
used as a basis for the damping requirements.
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, 4 In o;d~r, to deri~e' thè requiréd attenuatio~
, o . ' 2 3, , 41137

5 curve of, the filters fróm the interference curve
Fig. '7. Spectral sensitivity, of the,human ear' (1) a~d fig. of 6, and the threshold curve of fig. 8, ,we
frequency, characteristics of two different types of": ,must still ascertain what takes place in .modula-
teleph~ne (2 an!Î 3). The zero level is ar:bitrary. ,,' ,ti,on and demodulation. 'The interference with

" - the .specbrum .according to fig. 6 is for instance
sound, such as occur upon the simultaneous modulated on the carrier wave i«. Tp.e side
presence of a desired and an undesir~d sound. bands op. both sides' of is. indicated in fig. 9 .
In orderalso to take these effects Intoacoount. by the' two' branches of curve 1 are thereby'
there is no other possible way but to determine : for:r;ned.~f' we assume further that ~/.'.reèèives
the threshold of the disturbing effect directly by' ,a, so~md ~]1Ïc~ has at all freque~cies exàctly ~
experiment. This is done in t:Q.ëfollowing way. ' the .mtensIt_Y.of the ,threshold curve according

, The interference voltage is measured With a to fig. 8, bhis sound can occur by demodulation
voltmeter, and it has been found that the not onlyfrorn the right-hand but also from the
deflection observed may 'be considered .as an left-hand side band of the carrier :wave in. In
objective measure of the disturbing effect in-.: ,the ~requency,regions of tile ,demodulated vi-
dependent of the nat ure of the interference : brations, therefore, the threshold curve 2 drawn
voltage, provided the voltmeter is given 'a very "infig. 9, consisting of 'two branches. tó the Tight
, definite' frequency, characteristic' by means of' and ,l~ft 'of f B, must be taken into account.
a filter connected in serres with :it., Such a' mea- The di~ference between, curves 1 and 2 gives
suring instrument is called a p s 0 ph 0 m e ,t' et,' the ~urve of the required total attenuation of
and the paopbometer 'characteristic mentioned,' the filters b~tween ,A and' B' (curve 3). " , '
in which the ear aénsitivity and the sensitivity . I~ this. curve is included. not only the contri-
of the telephone are already taken into account" bution of the band-pass filters but also that,
furnishes the desired threshold curve of the of the low-pass filters. The actual attenuation
disturbing effect 'when the' empirical fáct is curves of the latter lie, of course, in the audio:
also. taken into, account that an interfering frequency region and must therefore, like the
sound in the telephone is 'only' just not expe- .' curves of fig. 6 and fig. 8, be considered to be
"rienced as disturbing when the' psophometer transferred by modulation on the carrier-waves
indication lies 62 db below the 'average .level
of the telephone conservatiçm.. - ,

Th~' threshold curve of the distur~ing effect

The threshold of the disturbinq eîîeet caused by
Interîerenee

The filters between 0 (or A) and B' serve
to provide that an interference with the spec-
trum of fig. 6 falls just below the threshold of
hearing of B', or niore accurately below the
threshold of the disturbing effect. In determining
this. threshold the sensitivity of the ear of B',
'as well as the sensitivity of the telephone which
converts the electrical vibrations into audible
air vibrations plays its part. Both sensitivities
depend very closely upon the frequency, as is
'shown 'in fig. 7. In this figure' the sensitivity
of the ear (measured at the level of interference '
permissible for telephony) and the sensitivityof
two different types of telephone are plotted, all
three in db at an arbitrary zero Ievel. In addition
to these frequency characteristics of ear and
telephone, various kinds of physiological effects
also play a part in the disturbing effect of- a
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so óbtained must be recorded with different
common types of telephones in order to make
it,possible, in the same way as described above
for the .mierophone, to draw bhe "envelope" of
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Fi~. 8. Threshold curve of the disturbing effect
obtained from the psophometer characterisbic. At
e~ch frequency the interference must be attenuated
to below the level indicated here.

the, curves- obtained for different telephones.
Taking into account the possibility tl}at the
telephones no:win common use may be replaced
by n~wer and better types 4), we have arrived
'at the threshold cllrve of the disturbing effect
reproduced in f~g. 8. ' , ' . " ," , ' ,

, The required' attenuation. 'of the ïilters

~)',~he C.,C,I.F. also gives a psopho~~ter character"
isbie In which, however,the use DI modern telephones
js nobyet taken into account. .
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fA and' fB, respectively, to the frequency
region of' the 'modulated vibrations considered
·in fig: 9, in order to be able to add them to' the
attenuation of the band-pass filters.
. If .we do not consider the' cross talk from
,A to B' (to the higher channel), but from 0 to
J!' (thus to the lower channel), it is easy to see
that the required attenuation isrepresented by a

'. curve symmebrical to curve 3 of fig. 9 with
'respect to fB. '

db

side band .of is, so that a filter is nec.es~ary
at A for this' purpose.
If we now. try to get along with two filters

· it becomes clear in .a similar way that these
two filters cannot be low-pass filters. With' the
above-described transference of the attenuation
. curves lying in the region. of audio-frequencies
,to the frequency region of the modulated vi-
brations every low-pass filter fumishes two

, symmetrical branches, and according to fig. 10,

Fig. '9 In the frequency region of the modulated vibrations the curve of
fig, .6, by modulation on the' carrier wave f 4, gives the interference curve'
(1), the curve of fig. 8 by modulation on the carrier wave tB gives the
threshold c_urve (2) .. The shaded difference between these two curves is
the' attenuation required at -every frequency between A and B'. This
abtenuation is also plotted (cur'\_'E:l3).

Division of. the damping' among tbe'. ~ifferent since no low-pass' filter may have any atben-:
filters nation up' to about ,3000 cjsec, no attenuation
· . In the beginning it.was 'pointed out that there . can be obtained in ~h? largeè~ part of~hè r~gion'
afe f 0 u r filters along the path between A b e ~wee n ,the neighbouring carrle~ waves
·and B': low-pass filter and bandpass filter at the' ff! and in. .' _ '
transmitting end and the same at the receiving' At least t~o band-pass filters are therefor~
· end. As soon as the total necessary attenuation ~eeded. 'I'he fact that actu~lly two Iow-pass
,is determined the, question arises as to. how. fIlt~rs a~emade to ~ooperate m the total ~tten: '
this -attenuation. must be divided among the . uation l,S.due, mainly to economic conaidera-
four filters. " ', db

In order to obtain some insight into this f _.__" "
question we first' ask whether'. f 0 u 'r . filters b" Is . _ ..-... -,,~~ /'bA""":'/IA ;,/

· are actually needed.' Thè fact that at least two, ..JA. A'.,. <, !.// . '../',. , ., ~
· are .needed is immediately clear ..when it is' ~_;"'~-'=:-:'!F-=-=-9~F-':;;;=;;;'~~§'~"'=;'~"':"'="='-5:-=-~"~=-~~L",",,*-',-~-

-4, -2 0 +2 ' +4 +6 +8..kept in mind that not only is a certain a t t e- , fA te fe
· n u a t ion' required between A and B' but
also a certain 't ran s 'mi s si 0 n between A
and A I as well as between B' and B'. A filter
at A -can furnish no contribution to the atten-
uation in the 'frequency region' of the upper
side band of is, since this side band is just the tions. The same faét which makes it impossible
one used for ..tlie transmission from A to A' to get along with low-pass filters only, namely
(fig. 10). In this frequency region therefore the' the occurrence of two symmetrical branches of
,attenuation required according to fig. 9 can . the attenuation curve in the frequency regio~n
only be furnished by a filter at ·B'. For the same of the' modulated vibrations, also makes it
reason, however, a filter at B' can furnish no possible to gain do u b l e advantagefrom each
contribution to .the attenuation in the .upper .' attenuation contribution of the low-pass filters, e ,

· Fig, 10.. Diagrammatic representation-of the conbr i-
butions which the low-pass filters (lA and IB) and

· the band-pass filters (bA and bBl can' make to the
total atte~uatioIi on the traj ect between A. and' B'.

'.
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to the right and to the left of the corresponding
carrier wave. Moreover, in the case of low-pass
filters it is much easier than in the case of band-
pass filters' to make the atbenuabiori- curves
sharp, i.e. with only slight rounding off in the,'
neighbourhood -of the limits of the regions
transmitted, a very desirable property for se-
curing the uniform transmission of all the fre-
quencies .necessary for the conversation. These

. facts make it desirable' from the economical
point of view to have as much as possible of the
damping provided, by low-pass filters, and to
use the band-pass filters mainly for the fre-
quency region mentioned lying between the
carrier waves, where the low-pass filters cannot
offer any help.

There are, however, other considerations, only secon-
darily connected with cross, talk, which limit the
applicability of this conclusion. In the first place in
the desired transmission from A to A' (or from B
to B') the whole of the lower side band which is not
used must be adequately suppressed. If parts of this

, side band stilI come through with appreciable intensity
then they will amplify the demodulated desired side
bands for some frequencies and for, others weaken it,
according to the phase rotation which the vibrations
with the freqencies in question experience in the
filters. The fidelity would stiffer thereby. For the
suppression of tho undesired side bands, in which
as a matter of fact the Iow-pass filters cannot
help, a damping of at least 35 db is necessary at every
frequency in this region, which damping can be distri-
buted equally over the two collaborating band-pass,
filters at the transmitting and receiving ends.

Another consideration which makes for entrusting
a large share of the total attenuation to the band-pass
filters is the fact that the energy of the incoming ,

, signal at the receiving' end is divided among all the
,channels in' ratios. which are -determined by the
àttenuation of the different band filters. It is of,
course desirable to allowas little as possible of the
available signal energy to be taken from the desired
channel by the undesired channels, and this is ensured
by giving the band-pass filters a large attenuation
in the attenuated bands. '

'Practical construction of the filters
.:._. I

After an idea has been formed oÏ(the basis
of these and other considerations about the
way in which the required' attenuation must be
divided among the filters, it must be ascertained
how each filter must be built up in order' to
obtain the. attenuation curve in :question. No
other practical method for- doing this can be
suggested, than that of tri a 1 based upon a
knowledge of the properties of a number of
simple types of filter sections and the changes
which these properties undergo upon variation
of the elements of the sections (self-inductances,
capacities, reeistances}. In this process of trial
the projected division of the attenuation among
the filters will be somewhat modified by several
practical considerations: the' smallest possible
number of filter élements is desired, the number
of sections in each filter must of course be the

,whole number 5), and it is an advantage in

manufàcture to reduce to ft minimum the num-
ber of types of filters in the installation. '
. In this way the filter connections given in

figs. 11 and 12 were' derived for the' above-
mentioned 17-channel system 'of Philips. The
low-pass filters are identical for all channels but

0---0 _'-4-1~. T_,' ~o
41141

Fig. 11. Structure of the low-pass filters in the 17-
channel system. Atthe transmitting and. receiving ends
filters of the same configuration are used but with
slightly differing values 'of the elements and thus also
with different attenuation characteristics.

.differ at the transmitting and receiving ends,
which is to be understood considering the asym-
,metrical shape of the required attenuation curve
~cèording to fig. 9. The band-pass filters at the
transmitting and receiving ends are made similar
in the main, and as far as possible they are
always huilt' up of the same types of sections,
but of course with different values of the
càpacities and self-inductances for each channel
(each carrier-wave frequency).

We shall here give a few parbiculars of the con-
struction of the filters, The band-pass filters for the
various channels are connected in parallel at the trans-
mitting end as well as at the receiving end. The end
branches of these filters must therefore be so composed
that the various filters connected in. parallel do not
affect each other unfavourably. For this purpose the
correction element 1 indicated in fig. 12. is added. -
Furthermore, the bandwidth [ma» - /min is the same
for all band-pass filters; the relative band. width

(fm,,:x-'/lIlin) / v'/max' [mim.
is therefore smallest for the channels with the highest
carrier-wave frequencies. As a result the rounding off
of the attenuation curves near the limiting frequencies
-is in general the most pronounced for these channels,
and thus the transmission in the pass-band is less
uniform.' In order to obtain a uniform transmission'
of all speech frequencies for the higher channels also, '
a correction element 11is now connected in parallel '
at the input terminals of the filters at the transmitting
end of these channels. This element causes a certain
extra attenuation in the middle of .the pass-band.
and gives practically" no -attenuation at the edges.
Due to bhis device the total attenuation of the channel _
in question is of course several dbgreater, but this can'
easily be compenàated in the corresponding channel

, ~epeater.

The attenuation curves realized with the four
, filters f6r one of the middle channels are shown
in figs. 130, and b, while in fig. Lda the total
attenuábion curve between A and B obtained
from them by addition is drawn, together with
the curve derived above for the minimum re-
quired attenuation (curve 3 of fig. 9). In the
same way in fig. 14b the total attenuation ob-
6) Hal f cell s are a:ctually:also possible, but as

a rule their ,use is not very economical. .
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.tained between 0 and B' is' drawn. The fact
tha~ this is not exactly bhe same as that bet~een:
.A and B' follows simply from the fact that the
low-pass filters are not idèntical at the transmit-
ting and receiving ends. Upon transference o(
their attenuation curves to the frequency region
of the modulated vibrations, in the first case (A. . 0-0 --"---t-~J-t1m'-.-I
to B') the contribution of the traTJ.smissionlow
pass filter to the total attenuation. lies at the
lower limit of the receiving channel, that of the
receiving low pass filter at the upper limit.
In the second case (B'·tc? 0') it is [ust the reverse.
Moreover, the' curves for' the required minimum
attenuation, as already stated, are different for . (8X)
the two cases, i.e. they are symmetricallylocated
with respect to tB. L__ J L=- J

In both cases, i.e. in fig. 14(z as well as in II
.. b, it is immediately evident that the attenuation 4"112

. Fig. 12. Structuro of the 17 band-pass filters at one
obtained is considerably greater in practically end connected in. parallel. The first band-pass filter
the' whole frequency, region than the required (for the channel with 4 kc-sec as carrier-wave fre-
.minimum attenuation. There is only one small quency) has a different struobure, the other 16 (with

, 8 to 68 kc/sec as carrier-wave frequencies) are composed
frequency' region where the surplus' is ,small." of the same types. of filter sections: The topmost 8
The obvious question is whether this .does not transmitting filters also contain á correction element .
mean a waste. The answer must be that on the 11; this element is unnecessary in the case of the

receiving filters. In parallel with the common end of
'one hand it is impossible with simpler filters to the band-pass filters a correction element 1 is intro-
satisfy the' requirement that the attenuation' duced for the correct termination without mutual
obtained should never fall below, the desired " effects of the filters. . .

. attenuation' curve at any frequency, while on attenuation curve obtained thi~ actually leads
the other hand' an advantage is obtained with to the result that, as was considered permissible,
the extra attenuation. It may be recalled that a tot a I of one' interference IS heard no
in fixing the attenuation requirements we began more. than once in' three seconds. Only in a
with the intensity level which was exceeded in frequency region about one .half an octave wide
speech once every 3 seconds in' ea c h h a If do the desired and the actual attenuation curves
o c t ~ v e. It is now evident that With the approach each other .so elosely that at bhis point

b)

+1

L ~-----~~ L_..:.. _ _J

: I

(8X)

'.

per/sec

3
-3 , -2 +2 per/sec

4/T4J
-1 +1

Fig .. 13. The attenuation of the filters. between two neighbouring channels
obtained with the finished installation plotted in the frequency region of'bhe
modulated vibrations. 1 and 2 contributions of the low-pass filters, 3 and 4
of the band-pass filters at transmitting and receiving ends, respectively .
. a) Attenuation on the traject from A to B tie'< fA). . ,
b) Attenuation on the traject from 0 to B (fB' > fa).' ,

-.
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the permissible interference reaohes the unin-
tended subsèriber almost in full. Whe1;'e this
half octave would lie in the whole frequency
region could not be foretold in advance, but,
we now see that indeed only a single half octave,
instead of every half' octa ve, of the total fre-

, ,

.to be true in measurements of cross talk with
the psophometer in the case of the .finished
installation. '
. These mèasurements were .carried out for
different speakers in . different languages. The
level of interference found agreed extraordinarily ,

I '

, db
100r-----.-----_r.r~-.,-----,__.n._r----_r------r_--__,

E2!:-.-------!f,.----,-f,~A-----+:-':!f,.------;-+2=-----+-:-:3!:-----"-!:-B-----+-:-:5!:----:-:!+6 per/sec,

db100r_----.---~-r~--_.------r__.~_r----_r----_r~--~

b)

.'
"

E6.!:-------!5~-----":!-8 -----....:.--:3~-----2~----. --f:!---"---+'c------:-++-f ----...:,+-!2'pcr:scc
41144

Jfig, 14. Comparison of the required attenuation characteristio p) and that
actually obtained (2) between, two neighbouring channels: a) from A to B';
b) from 0 to B'.

, , ,

quency region had to be taken into account. well with. what was assumed :as permissible
Moreover, we based, our derivation on the level of interference in our derivation' of the -

cross talk between neighbouring chdnnels, while damping requirements,' while, the branemission
w~ stated above ~lsothat more distant channels, in each channel was, found to be sufficie~tly
due to all .kinds of by-prodiïcts occurring upon uniform for, all frequencies between 300, and
modulation 6), may cause cross talk. - For the ,'3400 eleec: This shows not only that the "method \
suppression of'just these interference contribu- of derivation indicated is correct in spite', of
tions the extra attenuation of the filters is very,' several not absolutely sure aésumptions which
convenient. 'I'he fact that" it is actually able to were made, but also that in this way the in-
suppress this interference adequately was found stallation has been. successfully made' to comply

with the requirements: it is good enough, but
not unneoessarily good, i.e. not ID.Ç>reoompli-
cated and expensive than necessary. .6) Sce the second of the articles cited in note 1).

"

r:
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A descripti~n is ,giv~~ o~ a ~easu~ing bridge for 50 kV protected against high
yoltage, which, m combination with a high voltage generator for DO voltage,
IS used f<;>r~h~ localization of cable flaws. The' conditions are examined which
must be àatdsfied by the connections and especially by the 'galvanometer in
order to combine gréat s~rength with great accuracy.

resistance of the flaw how much '/)ol~age is
, ' The way in' which -power cables can be tested 'needed for 'the measurement. ,
with high DC voltage has already been described 'Now it is often found to be very difficult or
in this periodical."). In testing a cable by this ,to require much time, to burn the insulation
method when an abnormally low insulaüion through to such a degree that reliable measure-
resistance is found the problem is to find the men~ with a low-voltage measuring bridge i,s'
positionof the defect in the insulation as aecu-' possible. The case may even ,occur in which, '
ri~ely as possible. The usual method. of doing indeed an abnormally low i:rÏsulation resistance
this is to carbonize the insulation at the point ' is measured, but upon long continued testing
of the" paw by means of the current 'provided at the highest permissible or available. voltage
by the DC voltage generator, so that the defec- th~ cur:ent re~~ins low. A'aensitive measuring,
,tive spot, can be localized with.a low-voltage bridge rs then needed which must béable to'
measuring bridge. < • "". ' "" remain under high voltage .during ,the measure-
The latter i~ usually done by the loop method ment. '

of 1\1u r r ay': .the defective conductor is For the localization of flaws under these oir- ,
connected with an intact conductor at olie end' cumstances measuring 'bridges have been im-
of the cable, a measuring bridge is connected "provised and even offered' for sale in a more
with the other end and the source of voltage technical form, which, in combination with a
conne.cted between measuring bridge and earth." cable. testing apparatus, make possible measure-
In this 'Waythe ratio can be determined of the ,pl~n~s unde~ hig~ voltage.> These measuring
resistance -x of the part of the defective 'conductor bridges consist chiefly of an- adjustable' resis-
?n one side of the flaw to that of the oth~r part tance (decade resistance or, slide .wire) and a
increased by the resistance r of the intact con' galvanometer;' which, are insulated together
'Auctor (see tig. 1).'TMs method has the advan ~ ~or the full voltage and placed -for instance on

a tripod of insulation material, and which can'
be 'adjusted and read while under tension.
The remarks in our previous article 1) about'

the danger, of high' voltage in the' case of cabIe
te~ting g~nera~ors is even bruer for the measuring
bridges: III this case as a rule there is not the
least' proteetion against, high voltage '£91' the'
oper~tor. It was therefore important, in addition
to the cable testing, generator with proteetion
against high voltage, to design a measuring.
bridge offering the same degree of safety.
, We, shall now describe such an apparatus
which ~as constructed for a voltage of 50 kV.

Introduetton ~

,.'
..

r.=x 41100

, ' Fig:' 1.. Localization of a cabl.e flaw by the loop
method of 1\1[ u r ray. The resistanee of an unda-
,maged cable conductor is r, while the resistances of
the two sections of cable at either 'side of the flaw
are x.and r-x. G is the high-voltage generator and M
the galvanometer: In t?e left-hanc;! part of the bridge".
by means of a slide Wire, the ratdo of the eesistances
of the two branches is made equal to that in the .righu-'
han~ part. On the slide, wire S the distance of the
flaw is read off as a ~ercentage of the length.' of the cable. ,

Galvanometer ..
. The centre of the cable measuring bridge'

tage that the resistance of the flaw itself does IS of course the galvanometer. In the first place
not occur in the localization calculations. the ~ccuracy 'of the localization depends 'upon
, It is clear thàt the accuracy with which the. the, sensitivity. of this instrument, and: in the
position of .the flaw can be .determined depends se?ond place the form of the a~paratus is deter-
upo~ the ?~rrent which can be sent through "mmed by the .manner. of reading the galvano-
the insulation flaw. There will be a certain mini- meter under high tens~on." '
mum current at Which satisfactory measurement . The ~dvantages of a r e f) e o tin g g a l-
is just possible. It therefore depends upon the van 0 m.e.t e r are immediately obvious: it is
___ ' . very sensitive because the moving indicator is
1) PhiIips techno Rev. 7, 59, '1942. a beam of light and a beam of light is an ideally
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insulated, long and weightless "pointer" be-
tween the galvanometer under high tension and
the earthed reading scale. Disadvantages of the
reflecting galvanometer are its fairly large di-
mensions and its low resistance to mechanical
and electrical shocks. Although in recent years
so-called light-spot galvanometers which are
transportable have appeared on the market,
which constitute a considerable improvement
in this line, they cannot immediately be used
for the localization of cable flaws.

A galvanometer has now been successfully
constructed which, because of its small dimen-
sions, great sensitivity and high mechanical and
electrical resistance, is particularly suitable for
the object in view. Advantage was taken of the
use of a modern magnet steel of high magnetic
power 2), with which a strong field in a relatively
wide air gap can be obtained with small weight
and dimensions of the permanent magnet. This
makes it possible to give the galvanometer coil
a large number of windings with a given resis-
tance. In this way, in spite of the. use of a strong
suspending wire, the power necessary for a
deflection of one scale division could be reduced
to several tenths of a picowatt (10-12 W).

Fig. 2 is a photograph of the galvanometer.
The rotating coil together with the mirror is
suspended on a stretched wire; the wire has the
cross section of a rib bon. To a large extent it is
the properties of this ribbon which determine
the quality of the galvanometer: the ribbon
must submit easily to torsion in order to pro-
duce a high sensitivity, but at the same time
a relatively thick rib bon is desirable for the
sake of mechanical strength and electrical resis-
tance to current impulses. As for the latter,
the ribbon form is especially favourable, and
we shall discuss this point later.

The accuracy oî the localization
Considering the fact that the opening of a

cable sleeve or the digging up of a section of
cable costs considerable time and money, and
that. a cable must only be out of use for as
short a time as possible, the rapid and accurate
localization of a flaw is of the greatest impor-
tance. Various sources of error outside the mea-
suring bridge may affect the accuracy of mea-
surement. Thus, forexample, the tolerance of the
copper cross section of the cable sets a limit
to the accuracy with which the position Can be
deduced from a measurement of the resistance
of a cable conductor. Thermo-forces in the mea-
suring circuit, stray currents in the ground or
corona losses in the switching apparatus at
the end of the cable may disturb the measure-

2) Philips techno Rev. 5, 29, 1940 and 6, 8, 1941.

Fig. 2. View of the galvanometer, whose total height
is 8 cm.

ments. Finally the normal insulation resistance
of the cable may cause an error in the locali-
zation.

In this article we shall leave such sources of
error out of consideration and confine ourselves
to the the 0 r e tic a I accuracy of the locali-
zation. Assume that the measuring bridge can
be adjusted continuously (with a slide wire) and
that the scale can be read with an accuracy of
one millimeter. The question is then what error,
expressed in meters of cable, will be made in
localization if the galvanometer is not set exactly
at zero but has a deflection of 1 mm. If we ex-
press this length A, which we shall call the i n-
ac cur a c y 0 f loc a I i zat ion, in quan-
tities pertaining to the measuring circuit, we
can study how the influence of this error in
reading can be limited to a minimum, and thus
how the localization can be made as accurate
as possible.

Let us call
the direct current through the insulation flaw

i mA,
the resistance of the slide wire Bs ohm,
the resistance of the galvanometer Bd ohm,
the voltage constant of the galvanometer

Ug fiV/mm,
the resistance per meter cable length r1 ohmm,
the cable resistance (one lead and return)

Bk ohm.
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From this it appears in the first 'place that .il
is independent of the position x of the flaw: .
In the second place it is clear,' as it was also
without the formula; that the inaccuracy of loca- Of course the cables; as a whole, are always longer
lization is inversely proportional to the current than 0.2 km and sometimes longer than 10 km,
i. In the third place it follows from formula (1) ',but for the localization of a flaw the shortest'
that Rs' must be large compared. with Rk.' .possible length will always be chosen for
This last condition can easily be satisfied, as m.e a sur erne n t. When in addition we take
'will appear later., ,into account the fact that thin cables as a rule'

When the galvanometer resistance Rg is also are not very long, we can calculate that the
large compared with the cable resistance' Rk, resistance of the length measured, out and back,
which is usually the, case with the' instruments ,will vary between about 0.05 and 5 ohms. '
'used for this purpose, the formula for the inae- The most unfavourable combination is that'
curacy of localization 'tor 1mA;.ili in the case with the largest copper volu~~: L = 10 km,
of cables with .a copper cross section of Q mmê Q = 150 mm". In this case Rk '= 2.3 ohms .

. becomes:' 'If we choose approximately this" value of the
resistance for the galvanometer .we find for

.(~) the most unfavourable practical case:

Ä,i " 0.68 VlO, 150 Wg. = 26 \lWg.
A galvanometer with Wg = 0.5 pW/scaie divi-
siol_l2,Rg eee ' 2 ohms, i.e. ig = 0.5 f.tA and Ug'
- 1.0 f.tV per scale division, with 1 mA measu-
ring current will give a 'theoretical inaccuracy
of 18 meters for a cable of 150 mm> and 10 km
length. To calculate this for' other cases we use
formula· ,(3); which is reduced to : '

.ili ~ 0.057 QUg -I- 2 Lig " : ..... " (4)_

For a shorter length or a smaller cross section
_ the inaccuracy-of localization for 1 mA may fall. '

, , to 9 m, for a shorter length and in addition a0.001 " . , .'
Ä = -. _'_(Ug + igRk), . . . " (3)' thinner cable" for instance 200 m, 25 mm 2, ft

, • ~rl' . may even fall' to 2.2 m (see fig. 3). , .
where ig = Rg/ug is the current constant of th~ , If the galvanometer resistance were 200 ohms
galvanometer in f.tA per 'scale division. Since ,instead of 2'óhms with the same power constant
Ug. ig = Wg, the so-called power constant, is a .Wg, = 0.5 pW, Ug would equal 10 f.tV and the

, more orless constant quantity of the galvano- inaccuracy of localizätion would be 5 to 10
meter independent of the resistance Rg, .il is a times as large.
minimum for' , ' . In fig. 4, with different system resistancee

from 2 to 200 ohms Äi is given as- a function
of the cable length for a meter of Ó.5 pW and
a cable of 150 mms, From this figure the advan-
tage can clearly be seen of the optimum adapta-
tion of the galvanometer resistance. " ,

With a 'galvanometer of the tYP!3described
above, with a well adapted resistance, therefore,
with no more than 1 mA through the cable
flaw a yery satisfactory,theoretical accuracy of
localization can be obtained. ' " '

\

By. application of K ir c h ho. f f's 'laws we
thèn find that '

Ä = 0.0.01Ug(1 + Ek + Ek) .: (1)
, ~1'l' Rg Rs

.ili = 0.001 Ug 0.057 Q' Ug .
rl

It is found that in this' öàse (Rg>- .Rk) the pro-
duct .ili depends exclusively upon the, copper
cro~s section Q, so that the accuracy of the loca-
lization is independent of the length of cable.
. The conclusion must not, however, be drawn
that the greatest': accuracy is' obtained with RJ>- Ek: Ig and,Ug are not independent variables
and must therefore be considered in their mutual
relation. . ,-

For this purpose we disregard in formula (1)
-the quan~ity Rk/ Rs ~ 1 and write the formula
'as follows:

Ug , ir;Ek, thus Rg = Ek.

The most favourable conditions for the mea-
suring circuit are therefore when
galvanometer resistance =
- cable, resistance ~ comparison resistance.
When in this way thè galvanometer has its

optimum adaptation to the cable resistance (Rg
= Ek),and taking into account that Rg = Rk

. 2000 Lrl' where L is the cable length in kilome- '
ters, one finds that

Ämin·i = 0.68 VWgQL.
The minimum inaccuracy of localization is thus

, ,

proportional to the square root 'of the volume
of. copper QL. ,
, It must, however, be taken into account that
the cable resistance 'varies between wide limits,
so that Rg is not always equal to Rk; In practice

Q will vary from 25 to 150 mm 2, and
L" " " 0.2 to' 10 km.

Mechanical and eleetrieal resistance
Notwithstanding its high sensitivity the gal-

vanometer is very resistant to the mechanical
and electrical shocks which may occur in' cable

IJ5
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measurement. The complete measuring bridge. many. Under various circumstances the galvano-
in all positions with shört-circuited but unlocked 'meter may receive current impulses which are
galvanometer can-be carried on a car with mas- many thousand times as great as those which
sive rubber tyres over a verynneven pavement, cause a normal large deflection. It should be

required of a measuring bridge for the locali-
zation of cable flaws that' it bè proof against
aH the catastrophes which may occur during·a'

, . measurement and which cannot be avoided by
reasonably good operation. On the basis of the
connections in fig. 5 we shall now study' the'
different incidents which may occur. '
, The most serious 9ase is that in which during
a measurement on a long cable at full voltage
the flaw suddenly breaks down. In the first place
a voltage surge may there15y occur on thè ter-
minals G1 and G2 of the two conductors between
which the galvanometer is connected, and in' '
the second place the DC voltage generator will
suddenly begin to give a high charging current,
which via 8 flows through the measuring bridge
and, -before it is switched off by an automat,
may be several hundred times as large as the

411011Okm, original. measuring current. If the bridge is .
Fig.' 3. 'Tlieoretical inacc'àracy of, localization ~ in 'already in equilibrium this will not be, so serious,
metres times the current i in mA as a function of the but the breakdown may occur before the bridge
cable length' L in km with different areas of copper ' .
cross section Q in mm" .:The resistance- Ro of the gal, is balanced., ;', " , ' . .
vanometer is 2 .ohms, the current constant is io = Another case whioh ,must be considered is
·Ö.5 {tA per scp-Ie'division and the voltage constant a discharge of the cable due to earthing of the "

, Uo '= LO {tV per sc~:e division! , ", high-tension pole of..the generator (point $),
either expressly, in. order .to earth the cable, .

without the zero position undergoing appreciable or unexpectedly upon the breakdown of a safety
change. An absolutely horizontal position during , spark gap. As a rule this takes place óyer an
the measurement is not required. . '_"" earthing resistance, in the previously described
, The electrical dangers to .which the galvano'_ 'cable testing apparatus over. a .built-in fixed
meter of a cable measuring bridge is exposed are . resistance with magnetic switch or spark gap.,

Upon such a .diacharge the discharging current,
which may amount, for a short time to several .-
. amperes,' flows through the measuring bridge.
Considering the' fact that the' total comparison
resistance amounts to 4000 ohms, a high voltage
would 'occur between B1" 82, and 8. This is
limited by two rare-gas cartridges across 8-81
. and 8-82, Further protection is, however, im-
possible without' unfavourable "effect on the

.1 • . ,.'

accuracy of measurement; the galvanometer
must therefore be ableto tolerate the remaining
difference. between the voltages on the two
'branches' of the comparison resistance in all,
points 'of balance of the bridge, and even when
the bridge is completely unbalanced and prefer-
ably.then also at' maximum .sensitivity.

'-f- L . It has been found that even with a cable
• 00L-_L __ ,.L__,l--.:.L--,5!:-' __ .l.,__.L--...l----l~, -;!tO,km. ,~apacity of 12 p,F charged to 50 kV, i.e. an

4"02' - energy of 15 kW sec, the above-mentioned re-
Fig. 4. Theoretical inaccuracy of Iocalizabion in metres quirements can be satisfied even with: a discharge .
at 1 mA p.i) for a cable of150, mm" cross section as l'f th' id hi 0 I . th
t\ function of the cable length L. in km and .for a ,over. on y a ew 0 ousan 0 m~.. n! m .e
galvanometer with a power constant Wo = 0.5 pW . case of a complete breakdown of the cable m

. per scale division". 'I'he resistance Ro of the galvano- the neighbourhood of the measuring bridgeis
meter is taken at 2, 20, 50, 100 and 200 ohms, res-' . I 0 • it bI . d h it ], pectively. ' ,.0 • the ga vanometer mevi a y 'rumen w. en 1 IS

Rg- ?ooJl

I
tOO.n
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.;
connected in its niest sensitive state. The chance of the galvanometer used here can conduct
of such a combination of unfavourable oircum- . I A continuously withoutreaching the melting
stances, however, is very .slight.· . .' temperature, since the heat .developed .can be

In other cases, however, the amount of energy adequately dissipated. In the case of a current
which' flows through the galvanometer circuit impulse which-Iaste for less, than for instance
may still be of such a riature that the meter. 0.1 sec, however, cooling plays no part. In that
must have an unusually high reeiatanee against . case it is a question of the heat capacity per ohm;

, . considering the fact' that for a given current
variation. the increase in temperature will be
'greater the smaller the volume of the wire per
'unit of resista~ée.· _ .' .
, ,Let. the diameter of 'the wire d times b equal q,

the specific weight, be 8,

"

41103

, T"

. \

Fig. 5. Diagram of the eonnections óf .the installation for ,the localization of
, cable flaws, consisting of the previously described 1) cable testing generator G .
which is joined by a short connection cable V to the cable measuring bridge
M described iri this arbicle, Surrounding the whole a covering H proof against
high voltage is indicated; part of it with a thick line to indicate the high-vol-
tage circuit. All parts within the broken line I are insulated for '50 kV toward' .

, earth. K is the cable in:which a flaw F must be localized. The high-voltags ter-'
, .minalof the generator is connected with point; S ..The voltages between point S .
and the points SI and S2 of the cable conductors to be .measured are limited by
rare-gas cartridges; the galvanometer is connected between the terminals G

1and Gz· of bhemeasuring conductors. The connection between the measuring'
. bridge ]1,1and the cable to be measured K is by means of a long .connection '
cable. This cable has 4 conductors in order that bhe resistance of the connection
lines and the transition reeiatanee of the terminals may have no effect on the
accuracyof j;he localization. . . .. , ..' .

the electrical shock which' a current impulse
causes in the system.' A mechanical impulse'

, then occurs and a heating of coil and suspension
wire. In addition to the fact ,that the electrical
damping is' yery strong, due. to .the. ,stróng
magnetic field and the lowohmic resistance-in the '
circuit, the rotating' coil can be mechanically
damped aft~r a small deflection,' since it is hère
a question of a 'zero instrument where large
deflections are unnecessary and unwanted, The
meehanical impulse can be taken' up without . In contrast to the case with a discharging
, danger. ' . '''' ' ,resistance,' the' specific resistance must here be

The thermal resistance of à rotating' coil of low; silver or copper-silver is therefore chosen.
about 2 ohms is very large.' When I' A flows It is found further that a flat suspension ribbon
con tin u 0 u.s I y through the coil only is more 'important here than in galvanometers.
2 W. are taken up, which the coil can easily' with continuous loading; with a given.sensitivity
tolerate. A current impulse may still the -thermal: resistance is inversely,'proportional

. attain a much higher value without overheating to the fOu1·thpower of the thickmeee of the ribbon.
the coil. It is clear thatin thelastcase the suspen- The application of these conclusions has
sion wire is the weakest point. This.can, however, made it possible to satisfy the requirements of
withstand much more than would be expected strength without sacrificing part of the sensi-
in such a senaitive instrument: Thus a ribbon 'tivity. .

'the heat capacity c,
. ," . 'the specific resistance rl.,

Then;' if 'we also. take -into account the fact
th'at Wg' r-v d3b, thè. heat capacity 'per ohm
becomes proportional to . .

117
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Time to reach a steady deflection

It is mainly the time necessary to obtain
a steady deflection which sets a practical limit
to the sensitivity of a galvanometer. Due to the
light weight the characteristic vibration time
of the system is indeed always relatively short,
but due to the low internal resistance (about
2 ohms) and an external resistance which some-
times almost amounts to a short circuit, the
adjustment to a steady deflection becomes of
the dead beat type.
Although the above-mentioned quantities for

the galvanometer (0.5 flA and l.0 flV) are not
the most extreme values attainable, this con-
struction is chosen in order to obtain a dead
beat deflection of not more than a few seconds.
The sensitivity is still so great that increasing
it would bring no appreciable improvement
due to the unavoidable external sources of
disturbance.
With a switch which can short circuit the

galvanometer the sensitivity can also be made
10, 100, 1000 and 10000 times as small. Upon
decreasing the sensitivity the galvanometer
circuit is made almost aperiodic with a time for
reaching steady deflection of less than 1 sec.

Comparison resistance

For a continuously regulable zero adjustment
of the galvanometer in· bridge connections a
stretched resistance wire with sliding contact
is theoretically the "bestmethod. When, however,
the value of the resistance must be large com-

pared with galvanometer and cable resistance,
for instance 100 ohms, the length of the wire
must be very great or the wire so thin that
its cross section cannot be considered constant,
so that a special calibration is necessary. Still
worse is the fact that the wire will be worn more
at certain spots than at others, so that the cali-
bration becomes valueless and a precise measure-
ment complicated.
It is much better to choose a resistance in

steps of the type of a decade resistance (see
fig. 5). Because of the fact that 10 times 10
positions are too few for an accurate balancing,
and -that it is undesirable to have more than
two adjusting knobs, 20 times 20 positions were
chosen. Moreover, an equally large fixed resis-
tance is connected in series with the variable
resistance, so that the balancing can be done
with only one half, corresponding to the resis-
tance of the defective cable conductor; the fixed
resistance corresponds to the undefective return
conductor.
In this way one stage for fine regulation cor-

responds to 2.5 per thousand of the cable length,
i.e. to 2.5 meters per km. Suppose that the mea-
suring length of a cable is 10km and the theore-
tical inaccuracy of localization amounts to 2.5
metres. Then one stage for fine regulation will
correspond to 25 metres of cable, thus with a
galvanometer deflection of 10 scale divisions.
By interpolation the position of the flaw can
be found to within 2.5 metres. With a cable
length of 1 km this would even be possible
without interpolation.

Fig. 6. The complete apparatus for the localization of cable flaws, c.onsisting
of the cable testing generator for 20 kV and the cable measurmg bridge,
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Construction
.Eiç, 6 shows the combination of the measuring

bridge with the generator for 20 kV. Fig. 7
shows the high voltage part of the measuring
bridge and fig. 8 the interior of the same.
It may be seen that the whole measuring

bridge including safetyelements and sensitivity
adjustment of the galvanometer is housed in
a well rounded can which is insulated from and
fastened to a cover plate upon which the light
source and scale of the galvanometer are mount:
ted. The comparison resistance is varied from
above by means of two concentric insulated
shafts. Beside them are two other insulated
shafts, one for the sensitivity regulation and
one for zero point correction.
The whole galvanometer circuit (with the

exception of the connection terminals) is en-
closed in the above-mentioned can, which thus
shields the circuit as a F a r a day cage and
which is itself connected with point S of the
high-voltage circuit (see fig. 5). By this means
any corona losses and leakage currents are kept
outside the measuring circuit, so that they can
have no unfavourable effect on the accuracy
of the localization.
The high voltage part is placed in a metal

cylinder, see fig. 7, into the lower part of which
two connections for high-voltage-proof connec-
tion cables are screwed for the connection with
the high-voltage generator and the cable to be

Fig. 7. High voltage part of the cable measuring
bridge.

Fig. 8. View of the interior of the high voltage part.

measured, respectively. By this means the whole
exterior is connected oio. the braided metal
ca·ble covering with the mass of the generator
to be earthed, so that there is nowhere any part
under tension which can be touched. The insula-
tion between the high-voltage part and the
earthed housing with operation knobs is calcu-
lated for 50 kV.

Measuring voltage

Although cables which must be tested with
voltages higher than 50 kV are no exception,
and cable testing apparatus are therefore' also
necessary for higher voltages than 50 kV, in
general an attempt will be made to limit the
voltage for the localization of flaws to 50 kV,
since at higher voltages the corona losses at the
point of connection with the cable to be mea-
sured may be disturbing.
In this r~spect a sensitive measuring bridge

which makes it possible to carry out the measure-
'ment with a lower current and therefore a lower



120 PHILrPS TECHNICAL REVIEW, '

Vol. 7, No. 4

voltage, is of particular value: with a measuring
bridge which is five times as sensitive as another
the same theoretical accuracy of localization
can be attained with five times as Iowa voltage.
"I'he limit to this decrease of the voltage is' ~et

only by certain sources of error which are in-
dependent of the measuring voltage. In general,
with the measuring bridge here described the
best results will be obtained with measuring
currénts ~between '1. and 10 mA.

C." I

THE TEXTURE OF CROSS-ROLLED l\IOLYBDENUl\I

, by J. F. H. OUSTERS. 620:18

When cold-rolling molybdenum which crystallizes in a bo'dy-centred cubic-
lattice and especially during cross-roIlingemployed practically, a typical tex-
ture may appear which differs entirely from the previously discussed rolling
texture of certain face-centred cubic crystalline metals. In the case of molyb-
denum strip for technical applications measures are taken to prevent this
texture, while in an investigation of the' elastic behaviour of molybdenum
the texture of the cross-rolledmaterial could be used to advantage.

40927

. .
Various metals when' roll e d in the cold along definite lattice planes (slip planes)· and

state acquire a texture, i,e: the crystal grains .in certain directions (slip .directions), the grain
'of, the, polycrystallirie metal,' which originally.' being very much hampered in its, movements
are arranged at random' äs far as the directions .by the neighbouring grains. The result· is that
of their crystallographic axes. are' concerned, each grain undergoes not only a complex defer-
'due to the tolling take up more or less sharply' ,.mation and a possible splitting up into smaller
distinguished preferentdal positions. In a pre- ' grains, but also a rotation about definite axes.
vious artiele attention was' called to the rolling , The slip planes and directions referred to are
texture of nickel-iron alloys ~md' other metals different for á 'face-centred lattice from those
which crystallise in a face-bentred cubic lattice" .for a body-centred lattice, and this oonstitutes
(aluminium, copper, etc.). Quite a, different 'oneofthemostimportantreasonsforthe differen-
.rolling texture is found in the case of certain .'ces in the textures which occur upon rolling such . ,
metals which crystallize 'iil: the body-centred "metallattices. While upon ,the rolling of certain
cubic lattice {see lig. 1), such as molybdenum.: face-centred cubic. lattices,' as was explained

.' in the article cited 1), the crystal grains mainly
take up a preferred position whose correlaüion
with the direction of rolling is quite compliea-
ted, the texture which is formed when cold-
rolling molybdenum and other metals' orystalli-"
zing in a body-centred' cubic lattice. can he
characterized rather simply: most ofthe grains
take up such a position after the rolling that
one of their six sets of rhombododecahedron
planes 2) is p.erpencllcular to the direction of
rolling ~). The position of these grains' is not

tungsten'! a-iron. In this article we shall study : in this way. fully determined, since a rotation
in particular the texture of rolled molybdenum about the direction of rolling as an axis is stilI
which is-used for instance for anodes of trans- " possible, as illustrated in fig. 2. Indeed in this
mitting valves and the like, and we shall con- respect the grains still actually show various
aider several questions .connected with 'their .texture. . ' orie;ntations, as may be concluded from the X-ray

, '. ' . . diffraction diagram lig. 3 .Upon further inves-
The occ~rrence ?f rolling tex~ures m general. tigatiön, 'however, it is found that the statistical'

must be plC.tured In the following way. Du~ to "distdbution among these' orientations. is not
t~e mechanical stresses c~used by the rolling, . entirely uniform, but thàt the grains 'show a .
displacementa take place In each crystal 'grain ",

'. .' ";" , 2) A rhombododecahedron plane is a plane passing "
through diagonally opposite èdgesof the cube of'
the crystal lattice. .
See also Pbilips Techn. Rév.7, 15, 1942 (fig. 4).

Fig.·1. Positions of-the atoms in a face-centred (left)
and a. body-centred .(rigbt) cubic lattice. ' ','

1) J. F. H.. .Cu s ter s, Philips Techn. Rev~ 7,-
45, 1942.

"

-,
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certain preference for a position in which the
set of rhombododecahedron planes which lie in
the rol ing direction is perpendicular to the sur-
face of the rolled strip This preference now

40579

Fig. 2_ After rolling, the crystal grains of the poly-
crystalline molybdenum specimen take up such a
position that a rhombodecahedron plane (1') is per-
pendicular to the direction of rolling a-a. The rhorn-
bododecahedron plane which is parallel to the direction
of rolling may still be at different angles with the
transverse direction bob of the rolled strip, as is here
shown diagrammatically for three grains 1, 2 and 3.

becomes almost exclusive when the rolled strip
IS further rolled in à direction perpendicular
to the direction of the first rolling. The strip
is then said to be c I' 0 S s-r 0 11e d. Upon

Fig. 3. X-ray diffraction diagram of rolled molyb-
denum upon normal incidence. The direction of rolling
is from the top toward tlie bottom.

consideration of fig. 2 it is immediately clear
that the freedom in the orientation of the grains
remaining after the first rolling will indeed be
lost upon the second rolling. In that case the
second set of rhombododecahedron planes men-
tioned must take up a position perpendicular
to the new direction of rolling, whereupon the
final position appears 3}. As may be seen in the

3) C. E. Ran s Ie y and H. P. R ook s b y, Inst.
Met. 62, 20.5, 1938.

diagram of fig. 4, in each grain a cube plane is
now parallel to the surface of the rolled strip,
while the two other cube planes are perpendicu-
lar to this surface and make an angle of 45°
with the direction of rolling.

In fig. 5 an X-ray diffraction photograph is
reproduced of cross-rolled molybdenum with
normal incidence of the X-rays on the strip.
The four-sided symmetry of the texture com-
pared with the only two-sided symmetry of

a

a

Fig. 4. Position of the crystallographic axes (cube
edges) of the separate grains in cross-rolled molyb-
denum. a-a first, bob second rolling direction.

fig. 3 is immediately noticeable. The innermost
D e b ij e-S c her I' e I' circle of fig. 5, which
here clearly contains four spots, corresponds
to reflections at the rhombododecahedron
planès. If the ideal position of the grains were fully
attained, these four spots would not occur on
the photograph, since the' X-ray beam would
then have a purely glancing incidence along the
rhombododecahedron planes, while for reflection
a finite angle of incidence (to be derived from
B I' a g g's equation) is required. The fact that
the spots, nevertheless, occur thus indicates

Fig. 5. X-ray diffraction diagram of cross-rolled
molydbenum, to be compared with fig. 3.
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that the grains exhibit a certain scattering
about the ideal position. The minimum value of
this scattering can be deduced directly from the
photograph. Moreover, there are also a number
of grains which take no part at all in the pre-
ferred orientation described, as may be seen from
the fact that in the photograph of fig. 5 the
complete D e b ij e-S c her r e r circles can
still be seen faintly.
If this and the slight scattering mentioned

are neglected, cross-rolled molybdenum strip may
be considered as a pseudo single crystal: there
are indeed crystal boundaries between the differ-
ent grains, but in all manipulations in which the
influence of crystal boundaries may be neglected
the strip will behave almost exactly like a single
crystal. In partioular it will exhibit an anisotropy
in some of its mechanical properties. A very
striking example of such anisotropy occurs in
the case of tungsten, which is closely related to
molybdenum. If rolled tungsten strip is annealed
somewhat unevenly at a high temperature the
stresses occurring in the strip may cause small
rectangular bits to spring out of the strip 4).
It is found that the coherence between the crys-
tal grains is least along the cube planes, at 45°
to the rolling direction. The fact that fissures
may appear along such planes upon the occur-
rence' of stresses is also often experienced in
severe rolling óf tungsten and molybdenum strip
in the cold state, wherebycracks may occur in
directions at 45° to the direction of rolling.

The texture of rolled, and especially of cross-
rolled molybdenum, in the treatment which
the strip must undergo for practical application
(for anodes for example it must be cold folded
and provided with grooves), may therefore lead
to difficulties. .
, Now from an economical point of view cross-

rolling is the most suitable method of preparing
molybdenum strip. We shall illustrate this by
a eonsideration of the preparation of molyb-
denum.

Since molybdenum has an unusually high
melting' point, the metal is not obtained tech-
nically from a melt, but as in the case of tungsten
the methods of powder metallurgy are applied").
The metal is first obtained in the form of a
very fine powder by reduction from one' 0.£ its
compounds, the powder is compressed in a
matrix to a rod which is then carefully pre-
sintered at about 1300° C. Then, when it has
somewhat more mechanical 'strength, it is heated
by a, very high electric current to the true sin-
tering temperature of about 2000° C. The sin-
tered rod must now be rolled to strip or sheet
with a width of for instance 12 cm, while the

, ,

4) W. G. Bur g ers and J. J. A. Ploos van
A m s tel, Physica 3, 1064, 1936.
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desired thickness may be for instance 0.2 mm.
The largest possible rods are preferred as a
starting point. The dimensions of the rod, at
least its length, are, however, limited by the
low mechanical strength before sintering, and,
its thickness is limited by the available rolling
pressure. These factors lead to the use of rods
of the dimensions 12 X 40 X about 200 mm.
Such a rod is first hot-rolled tra n s ver sa 1-
1y, so that, with the length of 20 cm remaining
the same, the desired width of 12 cm is obtained.
In order to be able to employ not too great
a rolling pressure in spite of the work-hardening
of the deformed and cooled material the strip
of 20 X 12 cm obtained is then further rolled
in the dir e c t ion 0 fIe n g t h until the
desired thickness of 0.2 mm is obtained.

The problem is to prevent the formation
during this cross-rolling of a product with the
above-described texture, which is unfavourable
for further working. This can be done in various
ways. The rolled strip already possessing the
texture can be subjected to an annealing pro-
ces·s'above 1300° C. The strip then recrystallizes
to give ,a coarse-grained material entirely with-
out texture, as may be seen from the L a u e
diagram 6) of fig. 6. In this diagram there is
only a limited number. of. spots, which means
that the X-ray beam, which is about 1 mm wide,
has encountered only few crystal grains. The
spots ares cattered quite at random, which in-
dicates that there is no longer any texture.
Such à coarse-grained material, however, has
the disadvantage of being very brittle. A differ-
ent method is therefore' usually applied to
prevent' the occurrence óf the rolling texture.
After the -transverse rolling and during the
longitudinal rolling the strip is annealed at a
relatively low temperature between successive
stages of the rolling. It is found that in this
way the rolling texture fail~ entirely to develop,
and at the same bime there is the advantage
that in the heated state the material can more
easily be rolled. This method is used in the
practical manufacture of molybdenum strip.

While for practical purposes the object is to'
avoid the occurrence of the texture during cross-
rolling, a case .occurred in which advantage
could be taken of the texture. It was a question
of a comparative study of the elastic constante
of several metals carried out in this laboratory 1).
While in measurements on polycrystalline spe-
cimens of metal only the average values of the
elastic' constants (averaged over aJI the crystal-
lographic directions) are found, for theoretical
insight into the elastic behaviour it is desirable
5) See for example J. D. Fa s t, Philips Techn. Rev.

4, 321, 1939. '
6) See for example W. G. Bur g ers, Philips Techn.

Rev. 5, 161, 1940.
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to determine the constants in the different direc-
tions. To do this a single crystal of reasonable
dimensions must be available; in this case of

Fig, 6. L a u e photograph of cross-rolled molybdenum
which was afterwards annealed at 1300° C. The tex-
ture has disappeared entirely. (L a u e photographs
are made with X-radiation having a continuous spec-
trum. This is necessary in this case since with mono-
chromatic radiation the few randomly oriented crystal
grains present will not in general satisfy Bra g g's
equation, so that no reflections at all will be obtained.
With a continuous spectrum on the other hand there
is for every lattice plane in every grain a ray with
a wavelength which can be reflected).

molybdenum. Since, however, the preparation of
a large molybdenum single crystal is a very
laborious task, use was made here of the fact
that cross-rolled molybdenum possesses a tex-
ture which gives it the character of a pseudo
single crystal. The photograph of fig. 5 has
- already been referred to in this connection, and
it was pointed out that a number of crystal
grains still occupy positions which deviate en-
tirely from the preferred positions described. It
was now found that these grains could also
be brought practically into the ideal position
by annealing the rolled strip forseveral minutes
7) l\L J. D ru y v est e y n, Physica 3, 439, 1941.

For the method of measurement see Philips techno
Rev. 6, 372, 1941.

at 1200° C (upon annealing at a temperature
1000 higher, on the othér hand the texture
disappears, as we have seen above). In fig. 7
an X-ray diffraction pattern of the strip
thus treated is reproduced. The intermedi-
ate segments of the D e b ij e-S c her r e r
circles which were still visible in fig. 5 have here
practically disappeared. The piece of metal has
actually become almost a pseudo single crystal.
The elasticity measurements could also be
carried out satisfactorily with this strip. Inci-
dentally it may be stated that these measure-
ments showed that with molybdenum, in con-
trast to the cubic crystalline metals of lower
melting point, the modulus of elasticity is
s m a 11erin the direction of the space diagonal
of the cubic lattice than in the direction of the
edge. The ratio of the two moduli in the case
of molybdenum is 0.81, while with the alkali
metals, for example, a value of approximately
5 is found, with gold and silver approximately
2.5.

Fig. 7. X-ray diffraction diagram of cross-rolled
molybdenum which was afterwards annealed at
1200° C. The texture in this case has become still
sharper; in par-ticular the grains which did not yet
occupy the desired orientation and which led to the ap-
pearance of the complete D e b ij e-S c her r er cir-
cles have now disappeared.
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A DIODE FOR THE l\1EASUREl\IENT OF VOI..TAGES

by M. J. O. S~RUTT and K. S. KNOL. 621.385.2 :621.3.029.6

A diode may be used to measure high-frequency AC voltages. In this article
the problems are discussed which occur when this method is applied in the fre-
quency region .of decimetre waves. The problems are of the same type as those
encountered in other applications of electronic valves in the region of decimetre
waves. According to the principles which are applied in the construction of
receiving valves for short waves a measuring diode was constructed, which
can be used to a wavelength of 30 cm. In conclusion several other details of
the measuring apparatus are discussed. '

,-

If an AC voltage -is applied to the electrode At the frequencies of broadcasting waves and
sy.stem of a diode consisting of a hot cathode even in the television region (about 7 ril) the
and an anode, current will flow mainly during calibration of the measuring arrangement per-
that 'part of the period in whièh' the anode is formed at low frequencies will usually still hold
positive with respect to the cathode. Use can,. satisfactorily. At sliorter waves, however, devia-
be made of this rectifying action in a very tions are observed which may be ascribed to
simple' way to measure AC voltages. It is only the same phenomena which also hamper the
neêessary to introduce into the anode circuit use ofamplifier valves in this frequency region.
a condenser with a large resistance in parallel These phenomena, which have repeatedly been
(see fig. I). The condenser is charged by the dealt with in this periodical "), fall into twó

. groups: firstly the influence of undesired impe-
'dances, mainly' self-induction of connecting
wires and mutual capacity of electrodes, sec-
ondly inertia phenomena in the electronie
valve due to the transit time of the electrons
between cathode and anode. 'I'he first' phenom- r

enon results in the fact that at high.frequencies
a different voltage acts between cathode and

, anode of the valve than would be expected".
rectifiëd current in the circuit, while ,'at the on the basis of the diagram of the connections

, same time it is discharged by the resistance R. as drawn. The result of. this is a deviation of
..(\.8 the voltage Vc on the condenser increàses, the diode' current and thus also of the final

. the discharging current becomes greater and the state. of equilibrium from that expected, even
charging current smaller (see fig. 2). Finally the if it were permissible to assume that the relation
discharging current becomes equal' to the aver- between anode current and anode voltage at
age charging current so thatthe voltage no longer

41167

Fig. 1. Diagram showing the principle of the measure-
ment of AC ~oltages. by means of a diode.

increases. .
The stationary value of the DC voltage Vc

thus obtained forms a measure of the.amplitude
TVof the AC voltage. The relation between TV
and Vc is practically independent of the fre-
quency, provided the latter is so high that the
condenser loses 'only little voltage in the time' ,
interval between two maxima' of the intermit-
tent charging current. (wOR ~ 1). 'I'hë dicde is
there ore a suitable device for measuring AC
voltages of high frequency. To.do this one simply
measures the DC voltage on the condenser, or.
what amounts to the same thing, the DC current
through the resistance. .

We shall not at this point go deeply into the
relation between TVand Vc, since this relation
will in practice be determined 'experimentally 1).
We shall state only that at very small ampli-
tudes of the ACvoltage (tv « 0.1 V) the DCvol-
~age is proportional to lP, while for very large
amplitudes a Iinear relation is found between
TV and r..

Fig. 2. If an AC voltage TV with respect to the cath,ode
acts upon the diode, the, anode current ia flows.
The anode DC voltage Vc takes on such a value that
the average anode current ia is equal to the current
which flows through the resistance R as a result of
this voltage Vc.

1) A simplified thecretioal treatment of the relation
between TV and Fe can be found in Philips Techn.·
Rev. 6, 285, 1941.

2) ~hilips Teeh:ri. Rev. 1, 161, 1936; 3, 103, 1938.



what can be attained in this direction is then
found to be determined 'by the sensibiviby of'the
available current meter., '
It is obvious that full advantage can only

be taken of the small, dimensions of the elec-
trode system when the connection wires 'to the
electrodes are also -kept as' short as possible .
Making the connection wires short is important
not only to combat undesired impedances, but
also to limit the external dimensions of the
whole system. The momentary, value .of an AC
voltage between two points is a well defined
quantity only when the work necessary for the
transportation of the unit of charge from one
point to another is independent of the distance
covered by the charge between the two points.
In an 'electrostatic field this condition is always
satisfied. In a high-frequency ACfield, however,
this is only the case 'when the' available paths
are sh~rt comparedwith a 'quarter wave length.
If correct results are still required at a wave
length of 50. cm, the external dimensions of. -
the valve are limited to about 2 cm by this
requirement.
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these high frequencies were still given -by the
'.static characteristic. .

The second phenomenon, the inertia of the
electrons, results in the fact that "the average
anode current at very high frequencies becomes
less than is calculated from the static charac-
teristic. ',Part of the electrons which leave the
. cathode' during the time when the allode is posi-
tive no longer have time to reach the anode, but'
when part of the way across are driven back to the
càthode by the anode, which in the meantime
has become negative. In j1:g. 3 the behaviour
of .the anode current resulting from. this is
reproduced; for an explanation see the tèxt
under the figure .
.The practical significanee of these phenomena

will oe further explained later on in this article
on the basis of apparatus actually constructed:

a

b

. C \

Fig. 3. Effect 'of the transit time of the electrons on
the behaviour of the anode current. .
a) Form of the anode voltage.
b) Form of the anode current when a current flows

only at positive voltage. _ .
c) Deformation of the anode current with a relatively'

long transit bime of the electrons.' The' current,
which is given by the number and average velocity
of all the electrons present between cathode and
anode, increases gradually to the stationary value
after the Commutationto the positive voltage, and
after reversal of the voltage it deêreases gradually'
to zero. At this point a negative current occurs .
temporarily due to returning electrons.

A new diode, suitable for the measurement of
voltages on decimetre waves

In order to be able to carry out voltage
measurements in the frequency region of deci-
metre waves a diode was designed in this labera-
tory in which the disturbing factors above 'men-
, tioned are avoided as well as possible. A common'
device for combating the 'effects of inertia is
to diminish the distance between cathode and
anode. Decreasing the distance between two
electrodes, however, involves an increase in their
mutual capacity. Since the capacity between
cathode and anode forms one of the above-
mentioned undesired circuit elements, its en-
largement must be avoided. To do this it is neces-
sary to decrease the surface of the, electrodes
with their distance apart. This of course means
a decrease in the anode current. The limit of

The construction of the measuring diode

The measuring diode is shown in fig. 4. The
system is mounted on a ring-shaped flange by
means of 'which the base and the cover of the
valve are fused together. The length of thé con-
neèting wires could be kept shorter ,than I cm
in this way, while the dimensions of the elec-
trode system amount to only a few millimetres.
As cathodë a tungsten' wire is' used lying

along the axis of the cylindrical anode. The
cylindrical shape has a favourable effect 'on the -,
transit times: the transit time between a wire
and a cylinder is slightly less than that between
two parallel plates the same distance apart.
Moreover, the relatively high temperature of
this hot cathode has the advantage that the
electron shave a relativelyhigh initial velocity,
whereby the transit times are further decreased. '

o 2cm

Fig. 4. Sketch of the measuring diode (external dimen-
sions in actual size).

•
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Results
In order to study quantitatively the influence

of the various structural devices we shall con-
sider the equivalent circuit given in fig. 5.

The. connecting wires of cathode and anode
have a certain resistance r which may be ne-
glected at low frequencies but due to skin
effect at the frequencies of decimetre waves
may increase tosuch a degree that a disturbing
damping occurs. OI still greater importance than
this ohmic resistance of the wires, however, is
the inductive resistance oil», while finally the
above-mentioned capacity 0 bètween cathode
and anode must be taken into account.
At the frequencies of broadcasting waves

and metre waves practically the entire extern-
ally applied voltage V acts on this capacity.
At still higher frequencies, however, deviations
begin to occur. The first phenomenon to be
observed is a. series resonance of, the circuit
L-o-L, which may cause the voltage V' on the
condenser to become many times as high as the
externally applied voltage V. For the resonance
frequency an infinite voltage would even occur
if there were no damping (resiatances r and Ra,)
present in the circuit. If the resonance frequency,
is exceeded the voltage between cathode and so
anode rapidly fa1ls to zero (with constant voltage
between the external terminals). It is therefore
only the' region below the resonance frequency
which' lias practical utility. .

Fig. 5. Equivalent diagram of the parasitic impedances
of the measuring diode. which begin to exhibit an
effect on the results of measurements at very high
frequencies. r series resistance, L self-induction of the
~onnection wires, c capacity between cathode and
anode, Ra, damping resistance caused by the transit
of electrons.

The ratio V' / V is given in fig. 6 for the new
diode as a function of the frequency. For the
'sake of comparison oorresponding curves are
given for an older measuring diode and two
other modern diodes. The values of Land c
with which these 'curves are calculated are given
in the following table 3).

As the table shows, the improvement com-
pared with earlier diodes is quite considerable.
The resonance 'wavelength of the new diode
lies at about 11 cm, which means that the error
remains less than lOpercent to a wavelength
of about 30 cm. In the case of the earlier mea- .

•

Table I

Selfi-nduction L of each conducting wire, capacity
c between cathode and anode, and resonance fre-
quency f = Ij(2TCy2Lc) for the new measuring diode
DA 50 compared with three other diodes designed
earlier.

l (IO~8 I (pl!') I (lOt 13 ~ lOe/f
henry) c/sec) (m)

1) EAB
2) EA 50
3) Measuring

diode 4674
4) Measuring
_diodeDA50

1,5
2.1
1.65 _

Q.24

0,86
0.52

0.42

0.11

'3,5
5.8

7.1
26.5

5
1.8

1.5

0.75

surmg diodes this limit often lies above 1 m;
it may therefore be said that of vol~age .mea-
surements in the decimetre wave region have
only been made possible by the ne~ construe-
tion

When the source of the voltage to be measured
has a high internal resistance, as is for example'
the case with a resonance circuit in tuning,
errors in measurement may occur due to the
damping effect of the diode' connections. It is

23
11 ti
1111
1111nil
Ill'
'I'

10 3' 0/)3m
4tf72

J

Fig. 6. Ratio of the' voltage V' between cathode and
anode of a diode to the voltage V between the external
connection terminals of the supply wires as a function
of the frequency. The variation is drawn for the equi-
valent circuit given in fig. 5. Curves 1 to 4 refer to
the following diodes: '.
1) E A B, 2) E A 50, 3) 4674, 4) DA 50 (new mèasuring .
diode). .

3) Jt may be noted that the diode is often used as
are I a t i v e meter to compare two voltages
of the same frequency. In that case resonance
phenomena of the parasitic impedances have' no
effect on the results of the measurement, since
they have the same value in 'both cases. Errors

. may, however, occur due to the transit times of .
the electrons. The effect of the transit time depends
not only on the frequency but also on the amplitude
of the voltage applied. Nevertheless, under all
practical conditions these errors remain small .
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obvious that in the construction of the diode
care has been taken to obtain as little damping
as possible due to dielectric losses and leakages
between the electrodes. Another property of the
new diode which is favourable for the attenua-
ting resistance is the extraordinarJ; small ano~e
current. The limitation of the anode current,
which had to b'e accepted in order to be able
to make .the dimensions sufficiently small, al-
though per re undesirable, is found to be an
advantage in this connection. In the finished
val~e the average anode current in the operating
.region amounts to less than 1 ,uA;'the diode has
an internal resistance (attenuation resistance).
of the order of lOs !J. This, resistance is suffi-
ciently high for all practical cases.
At very high frequencies, as already stated,

a further damping occurs as a consequence of the
ohmic resistance of the connecting wires. If this
attenuation is not expressed .by 'a series resis-
tance r, but by a new resistance R'd in parallel
between' cathode and. anode, the following is
found:

1 2r CV2C2

Itd' - (1-2cv2Lc)2

Since in the new measuring diode the capacity
c is unusually low (see table I), the attenuation
IJ R' d will also remain relatively low. In order

. to decrease this damping still further the resis-
, tance r was decreased by using ·lead wire for
the connections (due to thè skin effect it is only
the outermost layer of the wire which determines
the conductivity at high frequencies). In this
way R'd is made to amount to about 104 Q
at a wavelength of 40 cm, which may be consid-
ered very satisfactory.
A final cause of attenuation is formed by-the

transit time of the electrons between cathode
and anode. Due to the low value of the anode
current, however, this effect. remains .small and
lp.ay be disregarded.' .
The other effect of the transit time of the

electrons already 'discussed above, the decrease
in the anode current at high frequencies, is also
not disturbing and to a certain extent even an
advantage. Due to' this the increase .in the
sensitivity in the region before the resonance
is partially compensated, so that the character-
istic' remains flat over still wider frequency
regions than would otherwise be the case. The
dimensions of the diode are so chosen that the
rise in sensitivity due to resonance begins at
about the same frequency as the fall in frequency
due to transit time effects. In the earlier types
the resonance frequency usually lies much lower,
while the transit times do not varyappreciably.
This compensation phenomenon was therefore
previously not taken advantage of.

It would lead us too far if we were to discuss
the different possibilities of connection of the
. diode in detail. -All connections may be consi-
dered as variations of the simple principle in-
dicated in fig. 1. These variations depend chiefly
upon the varying character of the sources of
voltage to be measured. The high-frequency
source of voltage may possess an infinitely high
resistance for direct current or it may form a
short circuit; the voltage source may be earthed
at one end' or in the middle; all these cases,
require slightly different arrangements of the
connections. The points of difference, however,
are very obvious and involve no fundamental
principles. ." .

Of greater interest than the èonnection is the
technical construction of the elements which
are used in i it. We shall here briefly discuss
three of these elements: the supply line for the

.,voltage, the valve holder and the measuring,
instrument. When working with very high
frequencies the sup ply li n e Jo r the
vol tag e will often be in the form of a
Le c her. system on which' the connection
terminals of the measuring diode form sliding
contacts. This principle with which the voltage
can be measured as a function of the position
has the' advantage that there is no uncertainty
about the phase of any possible standing waves
at the position of the measuring diode, provided,
the distance between the L e c her wires is
small compared with a quarter' wavelength.
In fig" 7 this arrangement is shown diagramma-
tically; it is also evident from this figure how
the cathode can be heated without the necessity
of introducing disturbing extra wires in the
neighbourhood of the L e c her system.

In the part to the left of the shield J( only
DC voltages 'occur. In that part the operations
necessary for the measurement' can be per-
formed with outfear of any reaction on the hap-
penings in the high-frequency part.

"

4117J

Fig. 7. Le c h e r system for measuring high-fre- .
quency AC voltages. 1) external shielding, 2) Le.
c her wires, K. sliding bridge forming shield at the
same time, D diode. Each of the wires of thé L e c her
system' consists of two conductors separated by a
layer of insulation. This division makes it possible
to supply the voltage for heating the cathode v~a the
L e c her system as well. Shaded, parts consist of
insulation material.
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In the construction of the val v e hol der case a coil with an internal resistance of 500
special care must be taken that the advantage Q was used; moreover, in our case it was unne-
of the low capacity between cathode and anode
(0.24 flflF) is not destroyed by parasitic capa-
cities. As few metal parts as possible will there-
fore be used and for the non-metallic parts a
material with a low dielectric constant and as
small dielectric losses as possible. In fig. 8 a
sketch is given of a valve holder constructed
on this principle; it is made of polystyrene,
an artificial resin which is as clear as glass and
which satisfies the requirements mentioned.
As a m e a s u I' i n gin s t I' Umen t we use

a reflecting galvanometer constructed in this
laboratory, whose most important properties
are described elsewhere in this number in con-
nection with the discussion of a cable measuring
bridge. This instrument excels by its sensitive
yet sturdy system, which, in contrast to many
other sensitive galvanometer systems, need not
be placed in a horizontal position. Deviating
from the description given on page 114, in our

Fig. 8. Valve holder for the measuring diode. The
non-metallic parts are mode of polystyrene.

-11176

Fig. s. a) Reflecting galvanometer suitable for mea-
suring the DC of the measuring diode. 1) lamp, 2)
diaphragm with black lines, 3) mirror, 4) lens which
focuses the black line on the scale, 5) rotating mirror
which together with the coil 7) is suspended between
the wires 6), 8) beam of light toward, the scale.
b) Form of construction of the reflecting galvanometer.

cessary to take special precautions for the in-
sulation of the measuring system against high
voltages. Fig. 9a gives a sketch of the construc-
tion of the instrument, while fig. 9b shows the
external finish of an experimental model.
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A NINE~KILO\VATT EXPERIMENTAL TELEVISION ·TRANSl\IITTER
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While in the case 'of a broadcasting transmitt~r the modulation spectrum
has a width of only a few kc/sec, the spectrum of the video-frequency signals
with which the carrier wave of a televisión transmitter is modulated occupies
a region several Mc/sec in width. This fact, as well as the related fact that
a television transmitter must work on very short wave lengths, causes the

, transmitting apparátus of a television transmitter tb differ corisiderably in
many respects from that of a broadcasting transmitter. The description here
given of the' powerful experimental television transmitter in Eindhoven
attempts to present these differences clearly. Following a short description
'of the excitàtion of the carrier-wave frequency (wavelength 7 m) a detailed
discussion is given of the method of modulation, the dimensions and con-
struction of the output stage, Which contains two water-cooled pentodes type
PAW 12/15 and furnishes a maximum power of 9 kW to the transmitting
,aerial, as well as several particulars of the m~dulator. "

The development of television- teëhnique .haa
'from the very beginning aroused' considerable
interest. It has been particularly the' methods
of recording and reproducing the pictures which
have attracted the most attention and. which
have been dealt with in many technical and
popular treatises. The problem of tra n s m i t-
t i n g the' electricalsignals into which the pie-
, ture is translated was usually less well described,
. since in principle the wireless transmission of
signals was already familiar from broadcasting
and therefore provided no new technical sen-
sations. In this periodical also the subject has
only, heen mentioned incidentally, while studio
equipments and receivers have .repeatedly been
dealt with .elaborately 1): Notwithstanding all'

, this, t~e' actual transmitting apparatus of a
, television installation has its own specific pro-
blems which arise from the great width of the
frequency band which must be faithfully trans-
mitted as far as amplitude and phase are con-
cerned, and from the short wave length connee-
ted with the former on which the transmitter
must work. In the following article, in which
1) Philips Techn. Rev. 1, 16, 1936 (An experimental

television transmitter and receiver); 1, 321, 1936
(Television); 2, 33, 1937 (A television receiver); 2,
72, ~1937 (Television system with Nip k 0 w
disc); 2, 249, 1937 (The enlarged projection of
television pictures); 3, 1, 1938 (A transportable
television installation); 3, 285, 1938 (Television,
with Nip k 0 w disc and interlaced scanning); 4,
42, .1939 (The Nip k 0 w disc); 4, 342, 1939
(Television receivers). '

. '

we shall describe the experimental television
transmibter in Eindhoven, this will become quite'
clear.
The transmitter in question originated from

the experimental television transmitter which
was developed here in 1935 2), and which fur-
nished an output of several hundred watts. The
output has been increased to "approximately 9
kW (maximum output ,radiated by the aerial):

Survey of' the complete transmitter

In fig. 1 the electrical sbructure of the whole.
is represented in the form of 'a block diagram.
The carrier-wave frequency is' derived fr'6m'the
oscillation of a plate of quartz crystal which
vibrates at a frequency of 5.4 Mc/sec (wave.
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Fig. 1: Block diagram of the television transmitter.
o crystal oscillator, B buffer stage, DID2Da frequency
doubling stages, V h high-frequency amplifier stage,
E output stage, K cable from studio, V0 video-fre-
quency amplifier, M modulator, A aerial.' .
2) J. van del' M a I' k, A n experimental television

transmitter and receiver, Philips Techn.- Rev. 1
16, 1936.

"
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length 56 m). In a number of amplifier stages,
which at the same time serve partially as fre-
quency doublers,' the high-frequency output is
increased to about 100 W, at the desired wave-
length of 7 m. The following amplifier 'stage
furnishes the power necessary for the excitation
of the large water-cooled transmitter valves
which are included in the output stage. This
output stage, in which at the same time the
video-frequency signals furnished by the studio
are modulated on the carrier wave, delivers to
the transmitting aerial a maximum energy of
9 kW.

Oscillator and frequency-doubling stages
By the employment of a quartz plate cut

from a quartz crystal along a so-called tempera-
ture-insensitive plane, a very constant carrier-
wave frequency is obtained without it being'
necessary to place the oscillator stage in a
thermostat. There are two reasons .why the
excitation of the desired carrier-wave frequency
is begun with a quartz plate which vibrates
with a much lower frequency. In the first place
. it is practically impossible to make quartz plates
for .wavelengths. shorter than about 20 m, since
they become too thin. In the second place
with an initial wavelength which is not too
short it is much easier to attain a satisfactory
amplification,' so that fewer· amplifier stages
are.needed than when the oscillator stage already
operates on 7 m.
.In order to prevent loading variations in the

last .stages, due for instance to the modulation,
from reacting on the oscillator stage (and there-
by on the carrier-wave frequency), the first
amplifier stage is. constructed as a buffer stage,
i.e. the control grid of the amplifier valve in

. '

Fig. 2. Diagram of the connections of the. doubling
stages. The two valves are excited in opposite phase;
the anodes are connected in parallel. The anode circuit
is tuned to a frequency twice as high as that of the
grid circuit. In order to give the free end of the anode
circuit as constant a potential as possible, i.e. one
which varies as little as possible at a high frequency,
with the very short waves used here a connection
with earth is not suitable, since the long connection
wires may have considerable impedances for these
waves. Therefore the anode circuit is conneebed here

\ with -bhe mutual connection of the screen grids of
the two valves, which, with the valves used, leads also
to a very simple structural solution, since anode
and screen grid leads are placed. at the top of the
valve envelope: •

questton is given such a high negative bias as
to prevent flow of grid current, so that there is .
practically no load on the oscillator stage. This is
in contrast to the ordinary situation in transmitter
stages, where in order to attain a reasonable
.efficiency the grid voltage is chosen so that grid
current shall £low. . .
Each frequency-doubling stage contains two

valves which are connected in the manner
shown in fig. 2. Each valve, since it operates.
in Class C arrangement, only furnishes anode
current during less than half a period of the
exoitatjon voltage. Since the control grids are
excited in opposite phase, where as the anodes
'are connected' in' parallel, an anode current
of the form shown in fig. 3 is obtained. The
fundamental frequency of this current" which is
filtered out by the tuned anode circuit, is double
the frequency of the excitation, voltage. In this

Fig. 3. Grid voltage (thin line) and anode current
(hcavy line) ofthe frequency-doubling stage. The full
drawn lines are for one valve, the broken lines for
the other. The total anode current has a fundamental
frequency twice as high as the grid voltage.

. way the desired doubling of the frequency is .
obtained with the relatively high efficiency of
about 55 percent. A pleasing property of the
chosen system of amplification with' frequency
doubling is that, due to the difference between
the frequencies of input and output voltage,
no. reaction- is possible' and therefore no self
generation of the. frequency-doubling sta:ges
can occur.

Preliminary considerations in the design of the
output ~tage
In order to discuss the connections and dimen-

sions of the other transmitter stages, particu:
larly the output stage, it is desirable first to go
back to the video-frequency signal as it is sent
from the studio to the transmitter.
When n pictures per second are transmitted,

each having N lines, while the ratio of width
to height of picture is bik, the lowest modulation
frequency 2) occurring is fmin = n c/sec, the
highest fmax' === 1/2' n.N2 b/k e/sec. In 'our case
n = 25, N = 405 and b/k = 1.2, so that one
must count on modulation frequencies between
25 eleee and 2.5 Mc/sec. When. this video-fre-
quency spectrum is modulated on a carrier wave
there occur, in addition to the carrier-wave
frequency, two side bands, each 2.5 Mc/sec
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in width (fig. 4). 'From the point in the trans-
mitter where the carrier wave is' modulated
up to and including the aerial the connections
must therefore have a transmitting region

. 1 .
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Fig. 4. Frequency spectrum of the carrier wave
modulated with the video-frequency signal.

-
(band width) of at least 5Mc/sec. This condition

~is made more imperative by the fact that all the
vibrations within the frequency band mentioned
must not only be transmitted in the correct
amplitude relations, but also," in contraaf to
.broadcasting transmitters, in a' certain relative
phase: the phase shift must vary linearly with
the frequency so, that no relative displacement
, of points in the picture and thus distortion may
occur. Since in every case such a linear relation
between phase and frequency can only be ob-
tained for phase angles which are not too large,
the last requirement' mentioned' comes down to
the condition that the phase rotations must only
be very small 3). .
. What consequences has this for the connee-
tions! .

In the first place the requirement relating to the
phase rotation implies that no band-pass filters
can be used for the realization of the wide trans-
missio~ region, since with such filters large phase'
shifts always occur. Recourse must therefore be
had to single circuits, which may be represented
by the diagram of fig~ 5 :. a-loss-free self-induc-
tion L and capacity O;with a loading resistance
R. This loaded circuit is connected with a source.

i--=-------,,-------r- -
L G R V

_____~=~----l----_l--'
41».

Fig .. 5. Diagram of loaded tuned circuit.

3) .A similar requirement is eïicountered in carrier-
wave telephony, where wide frequency bands are
also used; see for example F. d e F rein e r y
and G. J. Leven b ach, Carrier-wave tele-
phony on coil-loaded cables, Philips Techn. Rev.
4, 20, 1939. If the requirement' of linearity is
satisfied no "phase distortion" occurs, but the
signal has a certain transit time which may
sometimes be quite long. "While in carrier-wave
telephony certain limits must also be set to this,
the finite transit time is no objection at all in .
television.

of constant alternating current { (a pentode
for instance). The impedance Z = V/i qf the
circuit, which in this case represents the beha-
viour of the voltage V on the circuit, is drawn
in fig. 6 (for certaln values of L, 0 and R)
according to magnitude IZI and phase cp, as a
function of thefrequency. If for the outermost.
side-band frequencies we allowafall in the
amplitude from 1 to lh/2, a frequency region
of the width

1
2, LI t = 2n Ra . . . . (1)

around the resonance frequency to = 1/2n VLO'
is found to be useable. In this frequency region,
according to fig. 6b, the phase remains below

1
lil,
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Fig. 6. a) Absolute value IZI and b) phase rp of the
impedance of a tuned circuit according to fig. 5, as
a function of the frequency f. For the circuit elements
the following values are here assumed: L = 0.395
flH,.O = 31.8 pF, R = 1000 ohms.

45° and varies practically.linearly with the
frequency. .
In order to give the circuit the desired great

band width of 2 LIt ~ 5 Mc/sec, according to
eq. (1), Rand/or 0 must be made' very small
(a decrease in 0 must be accompanied by an
increase in L, in order thát the resonance fre-
quency may remain in its place). Now 0 cannot
be made arbitrarily small, because even when
no capacity at all is introduced into the circuits
the capacities of the transmitting valves in
parallel always act over them. In' push-pull
connections of two medium-sized valves there
is in this way always a capacity of at least
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30 pF. The result is that in order to obtain
the required band width the resistance R may
not be made larger than 1/47(, iJIO R:;;i 1000ohms.
This is very unfortunate, since the power output
of the transmitter valve, of which the circuit
forms the load on the anode, is proportional to
R within certain limits.
If there are several modulated stages the

total frequency characteristic of the transmitter
is obtained by multiplying the amplification
factors of all the modulated stages with each
other at each frequency, and adding up the
phase rotations. Therefore, for each separate
stage, a stricter criterion than the above must
be chosen for the useable band width, so that
for each of these stages the anode impedance
must again be considerably lower. It is therefore
clear that a television transmitter should always
be modulated in the output stage. For a given
output of the transmitter one then obtains
on the one hand a higher efficiency and output
from each of the preliminary stages, so that the
number of such stages may be smaller, while
on the other hand the output stage may still
retain a relatively high anode impedance and
thus this stage, which is the most expensive one
as far as valve and current consumption are
concerned, can operate with the greatest possible
efficiency.

Since the quality factor Q of a resonance circuit
may be written as Q = fo/2LJf, a great band width
is always accompanied by a poor quality factor (poor
building up), so that doubt may arise whether the
introduction of the self-induction for the tuning of
the anode circuits is actually worth the trouble. The
tuned circuits do, however, justify their use for the
suppression of the harmonics of the carrier-wave
frequency - in our case, where f 0 = 43.2 Me/sec
and 2L1f = 5 Me/sec, the second harmonic is attenua-
ted to about 1/20 and the third to about 1/30 - and
to prevent the video-frequency signals from reaching
the aerial directly, which would cause radio inter-
ferences in a wide region around the television trans-
mitter on all wavelengths above 120 m.

Let us now consider the choice of a modulator
system. Should the carrier wave be modulated
by variation of the anode voltage or of the grid
voltage of the output stage? Grid voltage mod-
ulation is generally employed in television
transmitters for the following reasons. In the
first place, from the point of view of simplicity
of construction. grid modulation is preferable,
since with anode modulation a very large mod-
ulation power is needed because of the high
anode voltages of the output stage. This leads
to a large and expensive modulator for the
necessary wide modulation spectrum. In the
second place, and this is even more important,
with grid modulation the s y n c h r 0 ni z a-
t ion i m pul s e s can be better transmitted.
While all the gradations of brightness of the

picture to be transmitted are transmitted by
varying the carrier-wave amplitude between
30 and 100 percent, each synchronization im-
pulse consists of a short-lived suppression of the
carrier wave (fig. 7). With anode modulation

Fig. 7. a) Variation with time of the video-frequency
signal, schematically. b) Variation with time of the
high-frequency signal emitted by the television trans-
mitter. (The line synchronization signals are omitted
for the sake of simplicity).

the anode voltage may indeed become equal to
zero during the synchronization impulses, but
in spite of this,' due to the induction effect, a
certain anode alternating current continues to
flow4) and thert>is still, therefore, some radiation
by the aerial. With grid modulation, on the
other hand, it is possible to make the control-
grid voltage so strongly negative at those im-
pulses that the output valve passes absolutely
no anode alternating current. Sharper synchron-
ization signals are thus obtained and thereby
a more reliable functioning of the receiving sets.
It is in fact less easy with control grid modu-

lation than with other methods of modulation
to realize a strictly linear modulation 5) (i.e. a
linear relation between carrier-wave amplitude
and momentary value of the modulation vol-
tage). In the case of a television transmitter,
however, this is much less important than in
the case of a broadcasting transmitter, since
the eye is much less sensitive to non-linear
distortion than the ear. It is a familiar fact that
large distortions in the rendering of brightness
gradations, for instance in photography, can
be tolerated without producing an "unnatural"
impression on the eye.

4) See Philips Techn. Rev. 1, 176, 1936.
5) See J. P. Hey boe r, Five-electrode transmit.

ting valves, Philips rechn. Rev. 2, 257, 1937.
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Dimensions of the output stage

The output stage contains two water-cooled
pentodes, type PAW 12/15, in push-pull connec-
tion (these are the largest pentodes made). As
was explained above, the capacity of the anode
circuit must be made as small as possible. In
anticipation of the description of the construc-
tion to be given below, it may be stated that
this capacity could be limited to 32 pF. Accor-
ding to eq. (1) an anode loading with an impe-
dance of about 1000 ohms is then permissible
to obtain the desired band width.

In order to develop as much high-frequency
energy as possible in this anode impedance,
which is very low compared with broadcasting
transmitters, the anode current must be modu-
lated as much as possible, preferably' to satu-
ration. What anode DC voltage, excitation vol-
tage and modulation voltage must be chosen
for this, and :what output can be obtained ~

The valve PAW 12/15, with a normal tungsten
filament for 22 V, 80 A, has an emission of
11 A. This, however, is not fully available,
since, in addition to the anode, the control
grid and the screen grid also require their part
of it. If on the basis of experience we reserve
1.75 A for the control grid current and 0.75 A
for the control grid peak current, there remains
available for the anode peak current I 8.5 A.

Fig. 8. Variation of the grid voltage of the output
stage with control grid modulation. High-frequency
excitation voltage and video-frequency modulation
voltage are superposed in such a way that at the peak
adjustment (completely white picture, point A) the
valve just operates in class B (grid bias equal to
overbiasing voltage), and that the carrier wave is
suppressed (peak of excitation still below overbiasing
voltage) during the synchronization impulses (point B).

In order to obtain as linear a modulation as
possible in both valves in push-pull connection,
the control grid modulation is so effected that
upon adjustment to the largest carrier-wave
amplitude (completely white picture) the valves
just operate in "class B", i.e. the control grid
DC voltage is equal to the overbiasing voltage,
see fig. 8. In this way at this peak adjustment
(A) the anode current takes on the form indi-
cated in fig. 9. The first harmonic, with which

ia

Fig. 9. Form of the anode current in one valve of the
output stage, at the peak adjustment. The available
emission permits a peak value of 8.5 A; first harmonic
4.25 A, average' value (anode direct current) 2.7 A.

we are concerned, has, as the F 0 u ri e r
series shows, the amplitude 1/2 = 4.25 A. Now
the action of the push-pull connections may
be conceived as if each of the two v.alves were
loaded with half of the anode impedance, i.e.
500 ohms. The power contributed 'to this by
the anode alternating current amounts to
1/2, 4.252• 500 = 4.5 kW. Thus at the peak adjust-
ment the two valves' give a total output of 9
kW. Since only in the case of a completely
white picture do the valves operate at this peak
adjustment, and with entirely black picture
the carrier-wave amplitude is adjusted to 30
percent of the maximum, the a ver age out-
put radiated amounts to about 3 kW.
It is further evident from the above that the

anode AC voltage at the peak adjustment,
amounts to 4.25 X 500 = 2125 V. Since it is
known from the static Ia- Va characteristics of
the valve P_A..W12/15 that the momentary
value of the anode voltage may not be lower
than about 2600 V, the anode DC voltage must
be taken approximately equal to 4750 V. Since
for a current of the form shown in fig. 9 the
anode DCI/n = 2.7 A, a DC power of 4750 X 2.7
= 12.8 kW is applied to each valve. The differ-
ence between this power applied and the out-
put, i,e. 12.8-4.5 = 8.3 kW, is dissipated in
the valve. The permissible dissipation (12 kW)
is thereby by no means exceeded. The efficiency
of the anode at the peak adjustment is 100 X
4.5/12.8 = 39 percent.

The fact thàt the output of the valve in our case
is limited by the emission of the filament, and not,
as is often the case in broadcasting transmitters,
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by the permissible dissipation, is directly connected
with the great band width required, and the small
anode impedance thus necessary. With larger anode
impedance the calculated current would result in a
higher anode AC voltage, as a result of which the
anode DC voltage would also have to be chosen higher.
The power applied would then increase, and it would
increase more rapidly than the power output, so that
also the dissipation would quickly approach the per-
missible limit and a limitation of the anode current
would finally become necessary. At the same time
the voltage modulation, which in our case is only
2125/4750 R:3 0.45, then approaches the more normal
values in the neighbourhood of unity (see the article
referred to in footnote 5).

Let us now calculate the required excitation
power of the output stage. The average slope
(static and dynamic) of the valve PAW 12/15'
is about 6 mA/V. Thus for the two valves in
push-pull connection we need a grid AC voltage
with the peak value 8.5 A : 6 mA/V = 1400 V.
In modulation the total grid voltage will vary
as in fig. 8, from which with the help of the
characteristics it may be deduced that the aver-
age grid current at the peak adjustment will
amount to about 300 mA. The theoretically nec-
essary excitation power for the two valves
together is therefore 2 X 0.3 X 1400 = 850
watts. However, due to the finite transit times
of the electrons 6) an extra grid damping occurs,
as a result of which the excitation power is
increased to about 1125 W. Moreover, it is
necessary that during the modulation when the
grid current is varying, the excitation power
should remain constant. Since this is only
possible with not too great loading fluctuations
of the stage which furnishes the excitation
voltage, the latter must be given a constant
initial load independent of the grid current
of at least the same magnitude as the excitation
power, by means of grid damping resistances.
This stage must therefore be able to deliver
2250 W of high-frequency power. This is ob-
tained by means of four valves type PB 3/800
two by two in push-pull connection, each of
which can deliver 625 W on 6.5 m. This stage
itself in turn requires 4 X 25 = 100 W modu-
lating power, which is furnished by the preced-
.ing frequency doubling stage (see the diagram
of fig. 2).

Construction of the output stage.
The capacity of the anode circuit of the

output stage, when no extra capacity at all is
added, consists not only of the unavoidable
grid-anode capacity of the two valves PAW
12/15 connected in push-pull, but also of various
parasitic capacities: that between the two
water-cooled anode jackets of the valves, be-
6) See for example the article referred to in foot-

note+), also Philips Techn. Rev. 6, 129, 1941,
Ioot.note w).
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Fig. 10. The anode circuit of the output stage con-
tains a capacity which" is composed mainly of the
anode-grid capacities Ol of the two valves in series,
the capacities O2 between each anode cooling jacket
and earth, in series, and the capacity 03 between
the two anode cooling jackets.

tween the cooling jackets and earth, etc. (see
fig. 10). By placing the valves as shown in
fig. 11 at a good distance from each other and

Fig. 11. Part of the output stage. The two water-
cooled pentodes PAW 12/15 are mounted on glass
columns G. L = Le c her system, which functions
as self-induction and is tuned with the short-circuiting
bridge B. At 1 and 2 the supply line is tapped off
which conducts the high-frequency energy via the
high-voltage coupling condensers 0 to the aerial.
In order to be able to use the wires of the Le c her
system, which are constructed in the form of tubes,
for the inlet and outlet of the coolmg water for the
anode jackets, this system is built up of two identical
parts in parallel. For the sake of simplicity the taps
are placed on one part and the sh"ort-circuiting bridge
on the other. Kl and K2 cathode supply, E lead for
the excitation voltage with carbon filament lamps R
serving as grid-damping resistance, M lead for the
modulation voltage. Between the two valves may be
seen the elements for the series tuning of control grid
and screen grid circuit.
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at a generous height above the earthed base due to the impedance of the external and inter-
plate by means of long, glass columns, these . nal connection wires, which cannot be ignored
eapacities could be reduced to the values given at these short wavelengths, high-frequency
in fig. 10 and in this way the total circuit capa- voltage still continued to act on the screen grids,
city to the value of 32 pF already mentioned. so that they would not have fulfilled their pur-

The self-induction of about 0.4 ftH required for - pose. With the control grid circuit the case
the tuning to the.desired.carrier-wave frequency was nearly the same. The internal capacities
(43.2 Mc/sec) is realized by a short Le c her. of this circuit are so large that even a direct
system connected with the anodes and tuned connection of the grid terminals still possesses,
py means of a short-circuiting bridge 7). Be- too much self-induction to give the desired high
cause of the fact that the distance apart of the resonance frequency. Here also tuning in series
Le c her wires 'must ,?e sufficiently small , the was applied, and in this case the circuit capacity
two valves could not be placed any farther apart, was so reduced by a series condenser that the
The Le c her wires are in the form of tubes self-induction necessary' for the tuning took on
which serve at the same time for the inlet and a reasonably large value, so that a coil could be
outlet tubesfor the-cooling water for the anode used, which at the same time makes possible a
jackets. , satlsfactory coupling with the preceding stage.

The load on the output stage is formed by The filaments are fed with AC voltage from
the impedance of the transmitting aerial, which the mains. In order to limit the .hum percentage
is coupled with the anode circuit via a supply -in the output signal, however, for the feeding
line. Since the supply line is terminated at the of the filaments of the two' valves in push-pull
aerial end by its wave resistance in order to connection two voltages with a relative phase
avoid reflections, considered from the anode shift of 90° were used. In fig. 11 the two pairs
circuit end, it also has an impedance equal to . of supply lines for this cathode feed may be
the wave resistance, which amounts to 425 ohms. . seen to the left and right of the valves.
Since, however, according to the above, the
circuit. may be loaded with 1000' ohms, the sup-
ply line is connected by a "tap" on the Le c h.er
system. In order to prevent the high DC voltage
of the ï:mode from reaching the aerial, two mica
coupling condensers are inserted in the supply
line. 'These det~ils are represented diagramma-
tièálly in ~fig.~12;' the practièal construction is-
'show,p"_inAig;..n. '"

.-44:

Fig. 12. Diagram of the practical constructdon of the
output stage. At Jj([ the modulation voltage is applied,
•at V h the excitation voltage. In all three grid circuits
series tuning is introducèd. L L e c her system, B
short-circuiting bridge, C coupling condensers in the
supply line to the aerial A. '

Fu,rthér particulars of ~he connections are the
following. The two screen grids of the valves
in push -pull connection are not connected
.directly with each other, but between them a"
tuning arrangement in series is introduced
(see fig. 12). This was necessary since otherwise,
') The fact that aLe c her system whose length

is less than 1/4 wavelength behaves' in the main
as a self-induction is explained in C. G. A. v 0 n
L i n der nand G. d e V r i e s, Lecher systems, "
Philips Techn. Rev. 6, 240, "1941.

•
Dimensions and. corinections of the modulator

As we have already seen above,' the largest
carrier-wave amplitude is obtained by making'
the average control grid voltage 'equal to the
overbiásing voltage of the valves (point A i~'
fig. 8), while for the synchronizàbion' impulses'
the carrier' wave must be entirely suppressed
by making the average control grid voltage
sufficiently negative (point B in fig. 8). From
this it follows that bhepeak value of themodu-
lation voltage must be equal to the amplitude
. of the excitation voltage, for which we found
a value of 1400 V. .
In order to give the modulator the 'necessary

band width (from 25 to fma:'{ = 2.5 " 106

c/sec) attention must again be devoted to ~
relation similar to eq. (1), i. e. the loading
impedance R must be smaller than '1/2nfm!1:'COB) .
The modulator is loaded by the grid circuit
of the output stage, which circuit contains in
parallel the grid-cathode capacities of the tWQ
valves in push-pull connection. In our case this.
is a total capacity or 116 pF. The anode impe-
dance of the modulator may not therefore
amount to more than R = 1012/116 . 2n . 2.5 .
106= 550ohms. Sincewith the prescribed voltage
the power is inversely proportional to R, this
makesit necessary to have a larg~v~deo-frequency

S) . See for example the discussion of a broad-band
amplifier in J. D. Vee gen s, A cathode-ray
oscillograph, Phili~s Techn. Rev. 4, 198, 1939.
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.powe (more than ,1500 W). This is obtained with,
two valves type PB 3/800 connected in parallel, .

Since the video-frequency signal which comes
from the studio amounts to only 1 volt across
.the wave resistance of 1000ohms with which the
connecting cable is terminated at the trans-
mitter end, a number of amplifier stages must,
precede the modulator. In order to do with
as few stages as possible, valves with the steep-
est possible slope were chosen, while in several
stages two or even three valves were connected

, in parallel. The advantage in: steepness gained
, by this means is of course partially compensated
by the fact that the input and output capacities
'become correspondingly, greater, so that 'the
loading rcsistance of the stages in question had
again to be reduced.

We shall not go into detail here about the
further particulars of the pre-amplifier, such
as measures for suppressing tendencies to gener-
ate, for improving the phase reliability at
the low frequencies, for the suppression of'
interferences by mains voltage variations etc.
One important difference, however, between·
~the video-frequency modulator and the audio-
frequency modulator in broadcasting transmit-
ters will be discussed in somewhat more detail.
~In contrast to .the 'AC'voltages whi~h are
used to transmit speech or music, the video-
frequency AC voltages which are delivered by
the iconoscope .have an average value which
differs essentially from zero. The magnitude of
this average. value (DC voltage component) is
in fact' a measure of the average brightness of
the picture: Actually, therefore, the video-Ire-
queney amplifiers in the studio as well as in the
transmitter should be constructed as DC ampli-
-fiers. There are, however, many objections to this
i~ connection with the broad spectrum and the
high power finally necessary. Therefore in the
case of television transmitters. the DC voltage
component is usually filtered out in the studio
amplifier, so' that all the remaining amplifier
stages can be constructed as AC amplifiers,
and only at the input of the last amplifier stage
(i.e. the modulator stage proper) is the DC vol-
tage component applied again. The modulator
stage itself is therefore constructed as DC am-
plifier and connected with the output stage of
the transmitter in the manner shown in fig. 13.
In this way ~ll the sources of supply (also those
of the filaments) of the transmitter output stage
are at the positive anode voltage (about 1500V)
of the modulator with respect to earth; which .
necessarily leads to a somewhat unusual con-
struction of the supply installation.
As regards the final application of the DC

voltage component inthe modulator stage, that
component can be transmitted through a sepa-

rate cable from the studio to the transmitter,
as is i~deed done in certain transmitters. In
the case of the transmitter in Eindhoven, how-
ever, a ',much ,simpler but nevertheless very

E 4/Jn

Fig. 13. The modulator stage (M) is constructed as
a DC amplifier in order to be able to apply the DC
voltage component of the video-frequency signal to
the grid of the transmitter output stage (E). As a
result all the sources of supply of the output stage
are at the positive anode ,voltage of the modulator
with respect to earth. ,
BI screen-grid supply, modulator, B2 anode supply,
modulator. B3 source of grid bias, output stage, B,
screen grid supply, output stage, B5 anode supply,
output, stage.

satisfactory methodis applied. In fig~ 14, the
variation of the' grid voltage Vg of the modula-
tor stage, as it is desired is represented for a
, completely white, a completely black and a:ny
. given picture, The differences in the DC v?ltage
component with the different types of plCtur~
'may be seen. If we apply this signal wit hou t
the DC voltage component to the modulator
stage with.the help of the normal grid condenser,-
while the' modulator stage is given a fixed con-
trol grid bias Vg ,the grid voltage for a complete-
'ly}Vhite and 'a

0
completely black pictu:re_wou!d

. have the form' drawn in fig.15. Instead of this,
'however, we can also obtain the desired form
,.according to fig. 14if instead of giving the modu - ,
lator a' f i x e d grid bias, we give it a bias which
canbe derived from the incoming signal itself with
the help of the, grid condeneer 01 and a leakage,

la
-~ I

11,

,I: Vgo

IJ

. a) , t

la
-Vg

la •
-Vg

1 -

.c) 4/J47

Fig. 14. The d~sired form of the signalon ühe g~id
of the modulator stage, a) for a completely white
picture, b) for a comp~etelyblack,picture, c) for any
given picture. The differences In ~he DC volta~e
component (vgo) ,mt;tybe ,seen, and \n, case (c) the,y
mayalso vary within ,a pICt~e. (The Iine synchroni-
zation signals are agam omitüed.)
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. resistance RI' The bias then adjusta itself auto-
matically so that the voltage peaks reach just
to. the region of the grid currènts (v,o! R:! 0). Care

ia

11 .'-

r~· b)

Fig. 15. Signal on the grid of the modulator stage,
as it would be obtained upon suppression of the DC
voltage ocmponent and with a fixed negative grid
'bias a) for a completely white, b) for a completely
black, picture. . ...,

must be tàken however, that the bias thus obtai-
ned can be- altered rapidly enough to follow
any variations of the ~~erage brightness in the
picture. "Rapidly enough". means that the
picture is divided, for instance, into four strips
parallel to the direction of the lines' and the
average brightness' is correctly reproduced for
each of these strips. NoV( the possible velocity
of variation of the bias is higher, the smaller
the product ~Ol' This product may not, h0'Y~
ever, become too small, si nceotherwise the lowest

. '-

modulation frequencies are not faithfully trans"
mitted, for a lowest modulation frequency 'of 25
elee« ~()l must be equal to 0.4, while in order
to follow the fluctuations of the average bright-
ness a value at least 20 times .as small is required.
This difficulty could be solved by introducing
a second circuit after OIRI in the manner indica-
ted in fig. 13, with a small O2 and a large R2'

(R2 = 100 Rl,) of which' the product R202
amounts to only about 0.01. This circuit has
practically no effect on the transmission of the
video-frequencies; the grid bias, however, can
now be considered to consist of the pracbically
'constant 'contribution of the average voltage
,over BI and the contribution of the sufficiently
rapidly varying average voltage over R2• The
latter assumes the correct value at every mo-
ment due to the fact that at the voltage peaks
grid current flows for a moment. Since the ad- .
justment will be more exact; according as the
current in the grid circuit grows more rapidly'
upon the approach of the grid voltage to zero
(it already. begins to flow at a certain negative
grid voltage), a smalldiode is connected between
grid and cathode as indicated in fig. 13, which
diode begins to pass current as soon as its anode
voltage has nearly become positive. .
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THE INFLUENCE OF LOSSES ON THE PROPERTIES OF ELECTRICAL
NET\VORKS

by J. ~. SCHOUTEN and J..VVoKLÜT~. 621.318.7

Two methods are discussed for determining the influence of losses on the
properties of electrical networks. such as filters. Especially the. method of
stretching membranes between certain space curves furnishes a very graphic
picture of the attenuation and the variation of the phase rotation of a network,
as a function of the frequency and, the measure of loss.
.

In calculating electrical networks, and espe-
cially electrical filters, it is usually assumed
that the self-inductions and capacities used in
them are ideal. By ideal is meant that the impe-
dances -or admittances of these elements are
purely imaginary, so that no losses occur. For
these ideal elements the properties of a filter
can then be calculated according to known
methods 1). .
In practice, however, we are always concerned

with' elements which are subject to losses,
which can be represented for instance by a
resistance in series with the' ideal coil or a
resistance in parallel With the ideal condenser.
The properties of a filter which is built up of
these "actual" elements can immediately be
expressed in mathematical form 2). The numero
icalinterpretation of this form is ,however, very _
elaborate and time-consuming. , ,

In this article we shall discuss two methods
b Fig. 1. Equivalent diagram of the ideal (left) andy which a general and in part very graphic ,actual (right) elements.
impression is given of the changes undergone a) The actual self-induction may be considered as
by the properties of a filter calculated for i d e a I ' an ideal self-induction L in series' with a real

\ "impedance R. "
. elements when the influence of the losses is b) The actual capacity may be considered as an
taken into account 3). ideal capacity 0 in parallel with a real admit-

tance G. .

The method of the perpendicular derivative
"

The transition from the ideal to the actual
self-induction a~ounts to the fact that the im-
pedance Z, instead of being purely imaginary,
becomes' complex (see fig. 1), which may be
written as follows:

-
Z'= jroL-7 R + jroL,. (la)

where R represents the series resistance of the
coil.

1) Bal t h, van der Pol and Th. ;J. We ij ers,
Electrical filters, Philips Techn. Rev. 1, 240,270,

• 298 and 327, 1936. Referred to below as F.
2) Loc. cito F, p. 302.

3) Thes'econsiderations are generaily valid not only
for electrical networks, but also for other systems,
mechanical for instance. Here, however,we shall
confine ourselves in terminology and examples to
electricàl filters. >

..
In the, same way, for the admittance Y of

the condenser:

Y = jroO -7 G + jroO, . . . (lb)

where G represents the admittance of the paral-
lel resistance of the condenser. In general the
quantities L, R, 0 and G will depend more or
less upon the frequency, but we shall not go
into that here.

L L R
~ ~ a)

'Z=jwL Z=R+jwL

---IF- -G:J- b)

YzjwC Y=G+jwC 41J8.1

We now -write formulae (la) 'and (lb) in the
following form:

.z ~ R + i~h(~+ im)h <eHlllL,} (2)

Y. G + jroO =(~+ jro) 0 = (r + jro)O: '

.In other words, the transition from the ideal
to the actual coil, retaining the self-induction
L, amounts only to the substitution of (}+ jro
for the quantity [co, In the former (}= RiL
represents the m e a sur e 0 f los sof the
c 0 i 1. In the same way the transition from
the ideal to the actual condenser, retaining the
capacity 0, amounts only to the substitution of
thè quantity y + jro for [o». Now r = G/O repre-
sents the m e a sur e 0 f 10 S sof the
con den ser. Let us for the present assume
that the measure of loss of the coils and con-
densers in the network is the same and, equal
to k. The following conclusion may then' be
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These, are the well-known differentlal equations
of C a u c h y-R i 'e m ann from the theory of In this a represents the attenuation, i,e. the loga-
the functions of a complex variable. These rithm of the ratio of the absolute values of
equations may now be interpreted as follows. input and output voltage, while fJ indicates the
The properties of our network, expressed as ' p has e rot a t ion. For this a and fJ (whose

the sum of a real part..a and an imaginary part nomenolature was anticipated in our choice of
fJ, are known as a function of the frequency (I) symbols), which represent thérealand theimag-
for the case when le = 0 (the ideal network): inary part of the propagation constant T,
We wish. ,however, to know the properties for, ,equations (3) are thus valid. '
a value of the measure of loss le which differs
somewhat from zero (the actual network). The Examples
equations (3) show that for a given frequency
(I) the re q u ire d change of a with le is equal
to the' kno w n change of fJ with w for the
same frequency. In the same way the re q u ire d
change of fJ with le is equal to the' kno w n
change of a with (I) for the same frequency but
with the opposite sign. If we imagine two sys-
tems of rectilinear coordinates in which' the
quantities a and fJ, respectively, are plotted as
functions of le and (I), 'relation (3) 'means that 'at
corresponding points (le, (I)) the derivative in
the direction le on the one surface is equal (with
the positive or negative sign) to the derivative
in the direction (I) perpendicular to the first on '_4)
the other surface. '
If we develop a and fJ a..ta certain frequency

(I) in a Tay 10 r's series in powers of le and
apply relations (3), we find as a first approxi- 6)
.mabion 4) : .

drawn. If the properties of an ideal network
are known as functions of the frequency and
of the values of the various self-inducfions and

y capacities, the properties of the actual network
follow from them directly by replacing 7w
everywhere in the formulae by the complex
quantity le + [o». Thus if a property of the ideal
network is represented by an analytic function
of the argument [o», which we shall call f(f(l)),
the same property for the actual network is
represented by thesame function of the complex
argument le + [o», thus by f(le + j(l)).
The function f(le + j(l)) is in general complex.

It may therefore be written as the sum of a
real part a and an imaginary part fJ:

. f(le + j(l)) = a + jfJ.

. For such a complex function the following is
valid, and may easily be verified by differen-
tiation with respect, to le, and (I), respectively:

~~-'~ I"~
~fJ ~a
~le = - ~(I)

. '.

.
, , ~a (0) ~fJ(O). }a (le) , a(O) + le5k = a(O) + le-_l:-'

, oio (4)
fJ (le) = fJ (0)+ le ~fJ (0).= fJ(O) -le ~a(O). '

, ,~le ,~(I) ,

With this, for not too large values of le, we
can determine a (le) as well as. fJ (le) from the
given dependence of a(O) and fJ(O) on the fre-
quency (I).

The choice of a and fJ

(3)

. .
We have expressly left open the question of

w hi c h function we','wish to choose to cha-
racterize our network. We may therefore

. still make a free choice. In the case of 'an impe-
dance we may, for example, take for a and fJ
the reàl: and the imaginary parts of. the impe-
dance itself, ,but equally well those of the loga-
rithm of that impedance, or, if it were desirable,
the real and the imaginary parts of the square
or the e-power of the impedance. For all these
eases relations (3) are valid.
.It ,is customary to characterize. electrical

filters (quadripoles) as follows 5). An input vol-
tage eiwt' gives rise to the following. output
voltage:

e-T eiwt= e-a-jf3+iwt. , , . (5)

We shall now explain relations (3) and (4) by
means of several examples.

a) The low-pass filter of the basic type 6)

The ideal low-pass, filter of the basic, type
(fig. 2a) has thefollowing properties. The attenua-
tion a is equal to zero below the 1i m i tin g
fr e que n c y Wl' Below this limit therefore
all frequencies are passed without attenuation
(t ran s m is s ion reg i o.n). Above the lim-

The relation (4) was first given by H. F. 1\1 aye r
E.N.T. 2, 335, 1925. To E. A. G u i 11e m i n,
Communication Networks Il, p. 445 is due the
remark that they are ultimately based upon the
theory of complex functions.
Loc. cito F, p. -270.

6) Loc. cito F, p. 298.

139
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iting' f~equency (a tt en u a t i on' reg ion)
the attenuation rises rapidly (fig. 2b) according
to the following relation: _. (IJ'

a = 2 cosh-l-.
(IJl

The phase fJ in the transmission region is given
by

" (IJ
fJ = 2 sin! -.

(IJl

At (IJ = (lJll fJ therefore attains the value n;
this value is retained for -the whole damping

~

N db 0 T '0
3

1 to

Fig. 2.

~
, N db

3

-3
......='jf

Fig. 3.

is greater than in the low part,' considering
the increase of ~fJ/~(IJ with (IJ.

For the influence of the measure of loss k on
the phase fJ we find in the same way:
1) In the transmission region the phase fJ is
.In a first approximation independent of the
measure of loss' le, since ~a/~(IJ = o. .

2) In the damping region the phase fJ decreases,
since ~a/~(IJ is positive and directly 'própor-
tional to the measure of.loss le. This decrease
becomes smaller with increasing frequency,
since ~a/~(IJ decreases.
Before passing ~n to a numerical example it -

region (fig. 20). From the given, behaviour of
fJ 'as a function of (IJ we may draw the following
conclusions about the influence of the measure
, of loss k on the attenuation a :

1) In the damping region the attenuation a is
in the first approximation independent of the
measure of loss ki, since ~fJ/~(IJ = O.

'2) In the low part öf the transmission region
• ((IJ < 2/3 (IJl) the attenuation a is independent
of the frequency, directly proportional to the
measure of loss k (eq. 4) .and inversely pro-
portional to the width (IJl of the filter, since
~fJ/~w, I::::! 2/(lJ1 (fig. 20). ,

3) In the high part of the transmission region
((IJ < f./3 (IJl) the increase in the attenuation

b) b)

3

2 20
," ,~':

fa

aa~~~~~------~----~W~I"~~---- __~W~
"

-w

I

i -- .........t1fza,f "
,,/ I \ c)"

~"'~"""""'~':'''''~''11: \ \
. '......... _---_.:...

, Ir -.-.- -.- :.....-r-----'"-""'1____ ---':- 3

,/k=O,1 P.
IJ ' -t 2

/! C)
. I

-w-w

Fig. 4. -
Figs. 2, 3 and 4. Low-pass and band-pass filter of the basic 'type and low-pass

, filter of the'transformation type (CJlOO/w1 = v'2),
a) T-cells of the filter types in question. '
b) and~c) Behaviour ofthe attenuation a and phase {J, respectively, as functions
of the frequency. for the ideal Case when Ie = 0 (full-drawn) andfor le = 0.1 (1)1

':. (broken line).

must be pointed out that our original condition,
namely that the measures of loss of coils and
condensers .are equal, is practically never ful ..
filled in practice. On the contrary the losses
of tlie condensers are usually many times as
small as those of the coils. Our formulae (3)
and (4) then, .nevertheless, remain valid in the
first approximation provided the average of e
. and y is taken for Ie, thus: '.

e + v ek = ---, so that k = -, when e ~ y.2 . . , 2

The influence .of. the inequality of e -and Y-'.
which IS ignored here, is manifested mainly in
'a slight shift of the frequency ..
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We now take as example 'a low-pass filter
consisting of a number of cells. We assume a
cut-off frequency of 'VI = 400 cj.sec, thus WI _:_

25000, a measure of loss of the coils of, e =
.R/L = 125 ohms per henry and a negligabIe
measure of loss of. the condensers. In the low

- part of the transmission region, independent of
the frequency, the damping becomes. .

. . (JfJ e '2 - 1 '
a = le = -. - = -- neper/cell-; .

{}w 2 WI 200. '

The fact that the attenuation here is found in
neper per cell is a result of the fact that we
began (see (5)) with the natural logarithm. If
we wish to express the damping in decibels,
since 1 neper corresponds to 8.7 decibels, we
find that a ' 0.043 db/cell. The same formulae
are valid for a loaded cable consisting of a
number of sections, which may of course also
be cónsidered as a low-pass filter.

b) 'The band-pass filter of the báeic type 7)

" Fo_rthis filter practically the same consider-
ations hold as for 'the low-pass filter. For the
damping in, the ,middle section of the trans-
mission region we now find (fig. 3):

. {JIJ 4le ' I
a = 8.7les- = 8:7 db/cell .. (6)

oo» W2-WI •
. .

From this we draw the conclusion that the at-
tenuation in the transmission regionofthe band-
pass filter is independent of the mean frequency
of the transmitting band, and that it is deter-
mined only by the measure of loss Je, to which
the attenuation is directly proportional, and by
the w i d t h W2':_WI of the band, to which it is
inversely proportional.

In connection, with this it may be pointed out that
. the losses of a coil are often expressed not in the terms
of the measure of loss (! but in those of the quality
QS), which is related as follows to the measure of loss:

cuL co co
Q = If = e' or 12 = Q'

If one now considers the ease often occuring in car-
rier-wave t;'elephony, namely a number of band-pass
filters at different points but with the same band
width, these filters undergo the same change in a
and fJ when the values of 12 and not those of Q are
the same for the different transmission bands. Con-
sidered from the point of view of filter theory, there-
fore, it is better to use (! and not Q to characterize
the losses. For .the same reason we prefer the measure
of loss y for condensers over the customary tangenb")
of the phase displacement D, which is related to y as
follows:

, cuO co cu'.
tan D = - = _, 0 r y = --

G y. tanD

Loc. cito F, p. 327. . '

0) The loui-pase filter of the transformation type 9)

Compared with the low-pass filter of tlie basic
type, this filter has the peculiarity that the
attenuation already becomes infinite for a finite
frequency Woo (in fig. 4· Woo = rol .y2) and
above this frequency gradually falls to a certain
. limit. It is used when a very steep rise in the
damping is required immediately above the
cut-off frequency WI' In the phase IJ the fre-
quency of infinite attenuation is manifested in
that the phase jumps back abruptly from :n;to
zero, This means, therefore, that in the whole
damping region, as for the filter of the basie .
type, {JIJ/{Jw is zero except at Woo, where'
this quantity becomes negatively infinite. This
makes it understandable' that here also in the
damping region the damping a is in the first
approximation everywhere independent of the
measure of loss le except exactly at point Woo'
where th~esmallest loss already causes the dam- ~
ping to decrease to a finite value.
, In. the. transmission region the phase does
indeed vary from zero to:n;, but more slowly
'at first, and consequently more rapidly later,'
than is the case with the basic type. This means
that in the low part of the transmission region
this type of low-pass filtêr is 1e s s sensitive
and in the high part ID 0 r_e sensitive to losses
than the basic type (fig. 4b). This is even truer
thé' closer the point of infinite damping Woo

lies to' the cut-off frequency WI' This influence
of the point of infinite damping on the beha-
viour of the filter in the, transmission region
must here be accepted as given. Inthe following,
however, on the treatment of the problem with
the help of membrane models we shall reach a '
closer insight into this point..
.With the influence of the losses on the' phase

IJ we must also-note that for frequencies above
Woo {Ja/{Jw is negative.' In this region therefore
IJ must i n o rea s e with' increasing measure
of loss le." - . ,

These considerations illustrate how with the '
help of -the method of the perpendicular deri-
vative a fairly complete concept may be formed
of the behaviour of electrical systems which
are subject to slight losses, when the behaviour
of the system free of losses is known. We shall
now derive another relation between the quan-
tities a, IJ, le and W which.willlead us to a direct
graphic representation of a and (J.

S) Instead of the quantities Q and tan D the quantities
dL and do (loc. cito F. p. 302), respectively, are
also used. These, latter quantities are related as
follows. .

ät: = l/Q and do = tan D•
D) Loc. cito F.' Table opposite p. 332.
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The method of the membrane model

By differentiation of equations (3) with res-
pect to k and cowe can derive the following
relations:

, ::~+ ::a2 = 0, (
0213 b2j3 (7)

ok2 + bco2 = O.

These are Lap 1ace differential equations,
also well known from the theory of the functions
of a complex variable.
These equations do not, like equations (3),

represent a relation between a and 13, but a
condition which not only a but also 13, each as
a function of k and w, must fulfil. In spatial
representation therefore they represent condi-
tions which are applied to the surfaces a(k,co)
and ft(k,w). The Lap 1ace equation exhibits
great similarity with the differential equation
which determines the shape of a soap film,
that is to' say of the so-called m i n i m u m
s u r f ace. The name minimum surface comes
from the fact that such a -surface is the smallest
which can be laid through a given contour.
For very small slopes the differential equation
for the minimum surface passes over into that
of Lap 1ace. Use has already been made of
this in this laboratory, namely for the construc-
tion of a model of a two-dimensional potential
field by means of a rubber membrane 10). The
behaviour of the rubber membrane is slightly
different from that of the soap film, since the
tension at every point of the membrane, unlike
that of the soap film, is not the same, but
depends upon the stretch, which differs from
point to point. For small slopes, however, it also
satisfies the Lap 1ace equations.
For the surfaces a and ft about to be consid-

ered the condition that the slopes must be small
is by no means satisfied. Weshall, however, for
the present disregard the inaccuracies there by
caused, and we may then, although roughly,
reproduce the form of the surfaces a(k,co) and
j3(k,w) by representing them as a stretched soap
film or rubber membrane.

Just as the solution of the Lap 1ace equa-
tion in the interior of a closed contour is fully
determined by the values of the function at the
edge, in the same way the form of a soap film
or of a rubber membrane is completely fixed
by its contour. In the practical execution there-
fore we shall try to determine a and 13 along
a contour, then we shall make a model of it

10) P. H. J. A. KIe y ne n, Philips Techn. Rev. 2,
338, 1937.

and over it we shall stretch a soap film or a
rubber membrane.

Examples

The method of the membrane model will now
be explained with the aid of several examples.

a) The low-pass filter of the basic type

We have already stated that for the ideal
filter (thus in our spatial representation in the
coordinates a, k and co for the plane k = 0)
the following is valid:

w
a = 2 cosh-l-

W1
.. (8)

Similarly we find for the plane co= 0

a = 2 sinh -1 ~ •
w, . .. (9)

and for a plane of constant value a

+---- = 1. .. (10)
aw2 cosh2-

1 2

In fig. 5 a model is shown of the surface
a(k,co) where the rubber membrane is stretched
over the given contours (8), (9) and (10).
Here we again encounter the complete. beha-
viour which has already been described in the
method of the perpendicular derivative. In the

Fig. 5. Rubber model of the damping a (k,w) for
the low-pass filter of the basic type. It should be
noted how the attenuation region on the axis k = 0
draws the membrane upward for the high part of the
transmission region and for k -:;i:. O.
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Fig. 6. Soap-film model of the damping a (k, co) for
the low-pass filter of the basic type.

model the values for constant le and constant
cu are indicated by white lines. It may clearly
be seen how in the low part of the transmission
region a increases linearly with Ie. As, however,
we approach the cut-off frequency cu!> the
neighbouring attenuation region
a Ire a dy beg ins tod raw the me m-

Fig. 7. Rubber model of the complete surface a (k, eo)
for the low-pass filter of the basic type (extended
to negative valvues of a, k and o ), The model con-
sists of two rubber membranes stretched over two
ellipses and fastened to each other along the line
which connects the two foci of each ellipse. In the
plane k = 0 and co= 0 the surface must automatically
assume the form of a hyperbolic cosine and hyperbolic
sine respectively. This condition is not completely
satisfied by the rubber model, but with a certain
approximation.

brane more upwards, so that at cu = CUI

the derivative ~a/~k even becomes infinite.
Once in the damping region the derivative imme-
diately falls to zero, the membrane is here
, exactly perpendicular to the plane le = O. In
fig. 6 the same surface is represented in the form
of a soap film.

We mayalso imagine the surface to be con-
tinued for negative values of a, Ie and cu. Lines
of constant a are then according to (10) given

a

Fig. 8. Rubber model of the phase {J (k, eo) for the
low-pass filter of the basic type for the values of (J
between 0 and n,
a) Diagram of the surface {J (k, co).
b) The rubber model óf the phase {J.
The membrane is fixed by three conditions: the value
{J = 0 along the periphery, the value {J = 0 along
the axis co = 0 (fixed by a straight strip a bov e
the surface) and the value {J = :n along the axis k
= 0 for w > <UI (fixed by a straight strip u n der
the surface). The variation according to an arc sine
in the transmission region must then be automatically
attained.

by a series of confocal ellipses, i.e. ellipses with
the common foci -CUI and +cu1• We now cover
two similar ellipses with a rubber membrane and
place the ellipses vertically above each other in
a horizontal position (fig. 7). If we now fasten
the two membranes to each other along the line
which joins the foci of each ellipse we shall
obtain the desired surface. The variation accor-
ding to a hyperbolic cosine in the plane k = 0
and according to a hyperbolic sine in the plane
cu=Omustthen automatically beattained.

For the phase f3 we can construct a similar
model. We may begin by determining that for
the frequency 0 the phase must always be zero
for each le, since the phase f3 is always an anti-
symmetric function of cu (i.e. a function which.
for negative values of the argument takes on
a value equal and opposite to that for positive
values of the argument). Furthermore it can be
proved that, for a large value of k; f3 approaches



144 PHILIPS TECHNICAL REVIEW Vol 7, No. 5

Fig. 9. Soap-film model of the phase fJ (k, co) for t~e
low-pass filter of the basic type. The coordinate k IS
here chosen in the opposite direction for the sake of
clearness.

zero independent of w. Sufficient data are thus
available to fix completely the surface {J. For
this purpose we take a rubber membrane
(fig. 8) whose fixed periphery approximately
represents the phase zero. If now by means of
a vertical straight strip un der the membrane
we push up the latter along the w-axis above
the cut-off frequency WI to a, certain height
which represents the height n, and by means
of a second strip a bov e the membrane we
keep it down along the le-axis at the height zero,
the surface (J is entirely fixed. The rectangular
network of white lines drawn on the membrane
now represents the set of lines of oonstant ' le
and constant w respectively. The variation
according to an arc sine on the line le = 0 for
the region between the origin and the cut-off
frequency must be automatically assumed.

In fiy. 9 the same function is represented as
a soap-film model, but only for positive values
of le.

b) The band-pass filter of the basic type

The band-pass filter of the basic type, when
the width of the transmission region is small
compared with the average frequency of the
transmission region, is entirely analogous to the
low-pass filter of the same type. It may be
considered as a low-pass filter which is repro-
duced not only for positive .but also for negative
values of the frequency, and which is shifted
in such a way toward high frequencies that the
frequency zero is displaced to the mean fre-
quency Wo of the transmission region. The
limits -WI and +wI of the low-pass filter are
then replaced by the limits WI and W2 of the
band-pass filter.

In figs. 10 and 11 we show drawings of models
of the surfaces a and (J. In fig. 12 the surface
a is shown as a soap film.

c) The low and band-pass filter of the transfor-
mation type

There is the same relation between these

Fig. 10.

Fig. 11.
Figs. 10 and 11. Drawn models of the attenuation
a (k, co) and the phase fJ (k, co) of the low-pass filter
of the basic type 11). By approximation the models
also hold for a narrow band-pass filter of the basic
type when the mean frequency c.uo of the transmission
region is added to each frequency. The values for
k = 0.1 c.u1 are indicated by a dash line, those for
k = 0.05 c.u1 by a dotted line.

11) The models are exact representations of the real
and the imaginary part of the function'

T = a + ifJ = 2 sinh-l (k !/c.u).
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two filters as between the corresponding filters
of the basic type. In figs. 13 and 14 drawings
of models of the surfaces a and} are reproduced.
In fig. 15 the surface a is represented as a soap
film. Our feeling for the behaviour of the soap
film tells us immediately that for le ~ 0 the film
draws the attenuation a in the transmission
region upwards, but in the vicinity of the points
of infinite attenuation it draws it downward. A
fundamental difference from the band-pass filter
of the basic type consists in the fact that for
high values of le the attenuation a does not tend
towards an infinitely high value, but towards a
finite value independent of co, These low values
at the edge of the film will now have a tendency
to cause the film to run upwards les s strongly
in the transmission region than is the case with
the basic type. In the vicinity'of the cut-off
frequencies, however, this influence is overcome
by the nearness of the points of infinite damping,
which draw the film mor est ron g Iy up-
ward than is the case with the basic type. This
results finally in the smaller influence of the

Fig. 12. Soap-film model of the damping a (k, w)
of the band-pass filter of the basic type.

losses in the middle and the stronger influence
at the edges of the transmission region of the
filter. We have already pointed this out when

,
Fig. 13.

Fig. H.
Figs. 13 and 14. Drawn models of the damping
a (k, w) and the phase fJ (k, w) of the low-pass filter
of the transformation type (woo = w! y2). The
models also hold for the band-pass filter of the trans-
formation type in the manner described under figs.
10 and 11.

discussing the low-pass filter of the transfor-
mation type according to the method of the
perpendicular derivative. In fig. 16 a soap-film
model is shown of the phase of the low-pass
filter, while in fig. 17 a rubber model of the
same filter is shown. In the latter model in
addition the second part of the surface f3 is
shown which extends from n to 2n;. The model
is constructed in a way analogous to that of
fig. 7. The two membranes are fastened together
along the line from Wl to woo' and a vertical
plate is then inserted between the two surfaces
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Fig. 15. Soap-film model of the attenuation il (k, co)
for the band-pass filter of the transformation type.

in order to keep the value of fJ on the co-axis
for frequencies above Woo at zero for the lower
and at 2n for the upper surface.

d) A compound band-pass filter for carrier-wave
telephony

In carrier-wave telephony use is made of
band-pass filters whose chief function is to

,

Fig. 16_ Soap-film model of the phas~ f3 (k, co) for
the low-pass filter of the t.ransformat.ion type. The
coordinate k, as in fig. 9, is here chosen In the forward
direction.

suppress one of the two sidebands formed during
modulation. For this purpose a damping charac-
teristic is chosen which rises steeply on one
side and less steeply on the other. For such an
asymmetrie filter 12), which has recently been
described in this periodical and which consists
of three different cells, a soap-film model is
shown in fig. 18. It is clear that the influence
of the losses at the steep edge of the trans-
mission region is greater than at the less steep
edge.

The relation between ex and (J

Upon closer consideration of the results
which were produced by the method of the

perpendicular derivative and that of the film
model, we encounter a remarkable situation. In
the first method we deduced for instance that
ba/Mc is given by bj3/bw. In the second method,

Fig. 17. Rubber model of the phase f3 of the band-pass
filter of the transformation type for values of f3 be-
tween 0 and 2:n;.
a) Diagram of the surface f3.
b) Rubber model of the phase f3 for the region be-

tween 0 and 2:n;.
The two sheets of the surface are fixed by three known
conditions: thevalues zero and 2:n;,respectively, along
the edges (to which the axis k = 0 also belongs),
the value :n;on the eo-axis between WI and w'" (ob-
tained by fastening the two sheets together) and the
values zero and 2:n;,respectively, along the co-axis for
frequencies higher than w'" (obtained by the vertical
plate, which, in order to prevent undue damage to
the membranes, is not inserted quite as far as the
value woo),

however, we gave a along a contour only and
from it derived a unambiguously in the whole
inner region, thus also 15a/15k along the axis
k = O.Thus the given contour in fig. 5 furnished

Fig. 18. Soap-film model' of the attenuation a (k, co)
of a composite band-pass filter for carrier-wave
telephony.

12) Th. J. We ij ers, Philips Techn. Rev,7, 104,
1942.
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GENERATORS FOR SHORT ..\VAVE THERAPY

us with the surface a for the low-pass filter
without it being necessary to use our knowledge
of the behaviour of fJ as a function of w. That
this is possible is due to the 'fact that a and. fJ
are not independent quantities. With a given
damping as .a function of the frequency, the
variation of the phase cannot be chosen freely.

The explanation of this relation, which we shall .
not go into here, ultimately comes down to
'the simple fact that whatèver the properties of
the filter it is always known with certainty that
no output voltage can occur before an input
voltage is applied. From this the relation be-
tween a and fJ may be derived.

by. J. FRANSEN and J. M. LEDEBOER.

In the medical treatmen~ with short waves (short-wave therapy) use is made
of the fact that by means of high-frequencycurrents with frequencies above
107 cjsec a development of heat can be obtained at any desired spot in the
body of the patient. The high-frequency currents are excited by means of
short-wave transmitters which in some instances are simpler and in others
more complicated than the transmij;ters used for radio and television. The ,
requirements made of such transmitters and their construction are' discussed .
here on the basis of a ,description of two generators for short-wave therapy
developed by Philips. These generators work on'a wavelength of 6 ril and
can deliver a maximum effectiveoutput of 400 and ]50 W, respectively, to
the patient.

Introduetion
Around about 18QO, when hardly anything

was yet known about the great field of elec-
trical phenomena, attempts were already being
made to send electric currents through the hu-
man body for the purpose of producing a healing
effect upon the sick. Direct current (galvanism)
was originally used, later on alternating current
of 20 to 200 c/sec (faradism). A specific effect
of the electric current was indeed found, namely
a prickling sensation which sometimes in the
case of nervous disorders was found to have
therapeutic effect. A~ the same time, however;
electrolysis occurs in the tissue, and this was the
main reason Whythe current could not be made
s_tronger than 30 or 40 mA. '

An increase of the current used only became
possible when in 1890 d'A r son val discov-
red . that with alternating current of a high
frequency (above about 100 000 c/sec) the prickle
and the harmful elèctrolysis disappear. In this
way currents of 1 A and 'more could be sent
through the body. In this case another pheno-:
menon comes to the fore, namely a considerable
de velo p men tof he a t in the body.
Heat development of itself has long .been an

important aid in medical therapy: a local tempe-
rature increase is accompanied by a local increase

615.846

. .'

of eirculation and a more intense local metabo- '
lism, which especially in the case of, certain
inflammations, rheumatic disorders; etc. 'may
have afavourable effect.Tn most methods of heat
application, however, such as warm 'baths and
packings, massage, irradiation with light, or
infra-red rays, it is only the outer layer of the
'body which is heated in the first instance; the,.
subcutaneous layer of fat forms a sort of heat
insulator which prevents a direct heat exchange
of the more deeply lying parts with their sur-
roundings. This is of course exactly the function
of the fat layer in the human body, although
it is to prevent the exchange in the opposite
direction. The more deeply lying parts of the
body can therefore only receive heat by trans-
portation by way of the blood stream: It is
clear thap no considerable and certainly no
well-localized heating of the organs inside the
body can be obtained in this way.

Heating by electric current has the impor-
tant advantage that the heat is developed all
along the path of the current, thus also in
the internal organs themselves, so that in this
case heating effects of quite a different order
of magnitude are possible. In the practical
applieation it is then only a question of pro-
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. viding that the electric current follows the de-
sired path through the body so that the desired.
parts are heated. While it was originally held
that for this purpose it was only necessary to
apply the electrodes which supply the current
to the body at the correct spots, more recent
knowledge has shown that this is nob sufficient.
The part of the body to be treated may in the
first instance be regarded as consisting of a very
large number of heterogeneous elements connec-
bed partly in series and partly in parallel, each
of which has its own resistance and its own
capacity. When a frequency of for instance
106 clsec (wavelength 300 m) is used, as is the
case in d i at her m y, the reactances of the
capacities mentioned are still so small that they
exert no influence on the distribution of the cur-
rent through the parallel elements; this disbribu-
tion then depends only upon the resistances, the
current chosing the path of least, resistance.
Now certain components of the body, such as

. fat, bone, ebc., have such a high specific resis-
tance that they practically act as insulators.
It is therefore impossible to send a current
through parts which are surrounded by fat,
although they lie exactly between the applied
electrodes: the current does not pass th r 0 11 g h
those parts but ar 0 ~ n d them, via muscle
'tissue and blood stream. It is for this reason
that it, is impossible to heat the interior of a
joint .by diathermy. ".

The situation changes completely, however,
when the frequency of the electric current is
still further increased to 107 cleee or .more

- (wávelengths of less' than 30 m). The reactances
of the body elements then become of the same
order of magnitude as their resistanèes and the
current distribution is now also influenced to a
decided degree by the .die 1e c tri c con-
s tan t e ofthe various components. Since the
value of the dieleetrio constants of the different '
components varies less than their conductivity
- for most of the body components e at such
high frequencies, is 'of the order ~f magnitude
80, corresponding to the value of e for various,
aqueous solutions - we obtain a much, more
homogeneous current distribution than at lower
frequencies, see fig. 1. Thus it is possible actually
. to send the current through the desired part I

.of the body, and in this- way to cause the devel- eCA

opment of heat at any desired spot. EeR
This is the great significance of the 'so-called

s hor t-w a vet her a P y which has,' come TCA

'in'to practicesince 1926. At the ~ame time the 414JB

very high frequencies u,sed ; offered another F' 2 E . I' t di f th . it h' h .. . _ Ig. . qUlva en lagram 0 e CIrCUl w IC In-
advantage over the lower frequencies .used In eludes the patient in treatm~nt from a distance. The
diathermy. With direct current and with alter- generator furnishes the high-frequency current I

tinz t f t t h'.. h f . th which, via the coupling capacities CA existing be-na mg curren ? no . 00. Ig. requencies e tween the electrodes and the skin, flows through
current must be applied by direct contact on the RC system ?f the body.

the body, and to prevent a high transition
resistance a good contact between the bare
electrodes and the skin has to be provided.
This makes the treatment difficult and in many

a} b}
4/437 .

Fig. 1. Current distribution through a part of the
body, a) at low frequency, ,b) at sufficiently high fre-
quency. 1 is the organ to be heated,2 an enveloping
layer of fat, 3 muscle tissue. At low frequencies the
fat has the character of an insulator.

cases, such as those of open skin wounds, im-
possible. At higher frequencies', however. the
electrodes can without objection be placed at
some distance from the skin. The current is then
transmitted via the "coupling capacity" be-
tween electrode and skin, so that the equivalent
circuit, shown in fig. 2 is obtained. Against
the advantages of this treatment from a distance
there is no other disadvantage than that for
the same current through the patient. a' higher
. voltage must be applied 'to the electrodes. The
difference is not very important, since when the
distance between electrodes and skin is not
too great the coupling capacities 0 A are of the
same order of magnitude as the capacity 0
formed by the part ofthe body being treated. '

For a correct understanding it is necèssary to point
out that the historical development of short-wave
therapy by no means followed the lines of the dis-
cussion given here. It may rather be assumed that
the search for effects of the high-frequency alternating

. current 0 the r than those which result from the
local development of heat was the main object in
view. Thus, for example, it was thought to have been
established that after the elapse of some time the
operating personnelof powerful radio üranemitters
suffered from certain bodily phenomena (such as
chronic headache) which were ascribed to the effect
of the strong electromagnetic alternating fields. Leav-
ing out the question whether or not these suspi-
cions are based upon truth, it must be noted that while
the situation of the patient in the "condenser field"
in short-wave therapy is quite analogous to that in
which one is situated in the vicinity of a transmitting
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aerial, the specific effecta, if they are present, do
not pJay any significant röle,compared with the heat
effect. The name "short-wave therapy" is in fact
not a very fortunate one, since it emphasizes the wave
character, while the fact that waves are also actually
emitted by the patient acting as aerial and by the
connecting wires is only a subsidiary phenomenon
which is undesirable in every respect: it means on
the one hand loss 'of energy and on .the other hand it
may lead to radio interferences in the neighbourhood.
The term "high-frequency diathermy" would therefore
be preferable.

The first experiments with short-wave therapy
• were performed with the help of the oscillations
which occur upon the discharge of a condeneer
battery via a spark gap. Such spark generators
are still in use at the present time. Short-wave'
'therapy has, however, only heen practised on
.a large scale since .it became possible through
the development of short-wave transmitting
technology, parbicularly of transmitting valves,
.üo construct entirely, noiseless, reliable and
easily operated valve generators which deliver
a satisfactorily high output. Two such generators
which were developed by Philips (types 11 951
and 11 952)will_be described in the following.

Choice of :the frequency

From' the above it follows that thê frequency
of the generators will be chosen in the region
above 107 c/sec (wavelength less than 30 m).
.Asto the final choice of the pa:rticular frequency,
it is more and more customary to work with
a wavelength 'of 6 in. ,This choice may be ex-
plained as follows. ' '
If we consider the diagram of the equivalent.

circuit in which the patient is included (fig. 2)
and calculate the heat Q which is developed
per second in the, resistance R when an .AO
voltage of magnitude E and frequency, OJ is
applied' to the connections, we find that

Q

It is immediately evident that Q becomes larger,
the larger OJ.ischosen. In order to obtain the
greatest possible heat delevopment in the human
body, therefore, the frequency must be chosen
as high as possible. This conclusion also remains
valid when the simple connection in parallel of
R and,O in fig. 2 is replaced by a complicated
circuit of many O's and R's in series and in
parallel, which corresponds more ,to the actual
case. '
.A practical limit is set to the increase of the

frequency by two factors. In the first place with
all transmitting valves the efficiency decreases
when the frequency rises above a certain value.

Whereas until a few years ago the limit at which
one could' work and retain a satisfactoryeffi-
ciency and output lay at, 10 to 30 m,. at thè
present time With newer valves good efficiency
can be attained at 6 m and even at 3 m 1).
It is even possible by the employment. of mag-
netron generators 2) tó work with wavelengths
of 1 -m or less . .At such short waves, however,
another difficulty occurs, .namely the" emission
of radiation by the connections which lead from
the generator to the patient. This radiation can,
only be restricted by constructing the two elec-
trode cables in the form of aLe c her system,
i.e. by keeping their distance apart small com-
pared with the wavelength. Oonsidering the
very different ways in which the electrodes
must be able to be placed, this condition can.
no longer be satisfied at wavelengths ,\of for
instance 3 m. For the same reason, when
using wavelengths of less than 1m, the method
has been adopted of radiating the energy on
to the patient with parabolic reflectors. Because ..
of these complications the 'advantage in heat
development achieved by the increase in the'
frequency is',again endangered, so that for the
present it is best -not to, choose a frequency
. higher than 5 X 107 c jsec . (wavelength 6 m)..
This wave -length is the one most commonly
used for short-wave therapy at the present-
time, and it has' been taken as a basis for the
Philips generators.

(1)

, Here. again it must he noted that the· historical .-
devêlopment has not followed this argument as a
-whole. A group of investigators held the ?pinion
that for heating different parts of the body different
frequencies should be chosen, in order to obtain in
each case the largest possible heat development"), This
conception originated from the fact that when equa-
tion (1) or one similar to it set up for constant cu r-
ren t is partially differentiated with respect to R .
and dQ/dR is set equal to zero, a relation between
R, 0, OA and cois found for which Q has a maximum.
-This means, however, _:_ as D a an 4) pointed out-
nothing more than that at a g i ven frequency' a
certain relation between Rand 0 is the most favour-
able. If on the other hand Rand Gmust be considered
as given, as is always ,the case in p!-,a_ctice, the ?est
choice of co is independent of Rand 0, as explained
above. '

The high-Irequeney output required

The power which must be supplied to the
patient depends upon the size of 'the part of
. the body to be heated. It must be kept in mind
that the energy must be supplied at a certain
-rate if any appreciable increase in temperature
)s to _take place. The circulatory system inside

1) See Philips Techn. Rev. 6, 253, 1941.
2) See for example Philips Techn. Rev. 4, 189, 1939.
3) J. P ä t z 0 I d, Z. Hochfrequenztechnik 36, 85,

1930.
4) A. D a a n, dissertation, Amsterdam- 1938.

•
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the body and the perspiration of the skin have
a very strong heat-regulating action, i.e. they
combat local changes in temperature. The heat-
ing of a part of the body must overcome these
equalizing influences. On the other hand the
heating may not take place too quickly, since
the body reacts against too rapid disturbances
of the heat equilibrium by severe sensations of
pain. If for example it is desired to give a tem-
perature increase of 1 to 1.5°C to the chest or
pelvis of a patient, a heating time of about 5
min. is found to be necessary, while a power of
about 300 W must be supplied to the patient.
This is about the highest power which will be
needed for the treatment of a single object.
Only in the case of the excitation of artificial
fever, which was formerly carried out by ex-
pressly infecting with malaria, and where the
purpose is to heat the whole body several de-
grees centigrade, are higher powers required,
namely 700 to 800 W. Since, however, this
treatment is quite rare, it is better to use two
separate 400 W apparatus than a heavy appa-
ratus constructed especially for that purpose,
also because a 400 W apparatus can more
easily be built to make it transportable - a
requirement which is always made of apparatus
to be used in a hospital. For these reasons the
Philips apparatus 11 952 is built for an output
of 400 W. This apparatus has the form of a
desk on wheels, see fig. 3. In order also to be
able to treat bedridden patients at home a second
type (11 951)has also been developed which with
an effective output of 150 W weighs only 28
kg. In this case therefore some of the heaviest
treatments are impossible, but the apparatus
can easily be transported in a motor car
(fig. 4).
The above refers only to the m a x i m u m

output for which the generator must be designed.
On the subject of dosage, i.e. the regulation
and control of the power applied to the patient,
some remarks will be made in the following.

Connections of the hiqh-îrequeney generator

Diaqram. showing the principle

In principle a generator for short-wave thera-
py is nothing else but a short-wave radio
transmitter. It can, however, be made consi-
derably simpler than a radio transmitter, due
to the fact that for therapy it is unnecessary
to make strict requirements as to the con-
stancy of the frequency and the amplitude of
the oscillation generated. Since an especially
constant frequency is not required, driving
stages with crystals or the like can be omitted
and, even for relatively high outputs, a self-
oscillating connection with only one stage can

be used. Owing to the fact that a stable
amplitude is not required (absence of modula-
tion), the generator can be fed with ACvoltage,
so that no rectifiers are needed for the supply.
It is in fact only these simplifications which
make it possible to design a unit which is accep-
table economically to the existing circle of
users.

The diagram of the fundamental connections
ofthe generators 11 951and 11 952 is reproduced
in fig. 5a. The anode circuit, which is tuned
to a frequency of 5 X 107 c/sec, is formed by
the anode-cathode capacities of the two trans-'
mitting valves and the two coils La', La". The
connections show some similarity to the push-
pull connections often used in radio technology
(fig. 5b). They differ from the latter, however,
in that the two valves oscillate int u I' n,
each valve oscillating only in the half period
of the low-frequency supply voltage in which
its anode is positive, while in the case of true

Fig. 3. Generator for short-wave therapy, type 11 952,
in use (treatment of knee join t ). This apparatus in
the form of a desk on wheels. can deliver a maximum
high-frequency output (wavelength 5 m) to the pa-
tient. Besides the knob for switching on (right)
there is no other part to be operated by the medical
personnel but the knob for adjusting the desired
output (left), which is read off on the meter, and the
disc for tuning the circuit with the patient (centre),
which is checked on the s a m e meter. Dimensions
46 X 37 X 87 cm, weight 62.5 kg. Two electrodes
in the form of plates are fastened to the apparatus
by means of two arms which can be turned in all
directions.
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Fig. 4. Generator for short-wave therapy, type 11 951.
The apparatus weighs only 28 kg and can easily be
transported in a motor-car. The maximum effective
high-frequency output amounts to 150 W.

push-pull connections both valves oscillate con-
tinuously, see fig. 6a. Nevertheless, even in these
halves of the period during which the "other"
valve is generating, the full high-frequency
voltage acts on both of the anode coils, due
to their mutual induction. The high- requency
voltage on the complete circ uithas, therefore,
at every moment an amplitude which in the
most favourable case (full modulation of the
voltage) is four times as large as the mornen-

tary value of the low-frequency supply voltage,
see fig. 6d.

The desired power can of itself also be excited
without difficulty with a single valve. However,
by using two valves each of lower output and
connecting them as in fig. 5a, several important
advantages are obtained. In the first place the
supply transformer is s y m met I' i call y
loaded, so that the primary current is about
twice as small (cos cp R:> 1, while with unsymme-
tricalloading cos rp R:> 0.5), and thus the trans-
former can be made smaller. Furthermore, the
symmetry of the high-frequency oscillation cir-
cuit facilitates the oscillation and diminishes
the reaction of the circuit in which the patient
. is included on the generator. Thanks to the
symmetrical connections there is also less chance
of high-frequency voltages being transmitted
to the Isupply network. Finally it must be
noted that when using a single valve intervals
occur during which there is no high-frequency
voltage present, as may be seen in fig. 6b or c. On
the other hand when using two valves the high-
frequency voltage is more nearly continuously
present. Some patients seem to find the latter
situation more pleasant.
The circuit LpOp in which the patient is

included is coupled inductively with La'-La",
so that the low-frequency anode supply voltage,
which in the case of valves for several hundred
watts must normally amount to several thou-
sand volts, cannot act upon the patient. For
absolute safety the point of symmetry of LpOp
is furthermore connected with earth via a high-
frequency chok'ng coil (not shown in fig. 5a).
The circuit. LpOp is tuned to the generator
frequency for every case by means of a rotating
condenser.

a)
"""'J9

b)

Fig. 5. a) Diagram showing the principle of the Philips generators for short-
wave therapy. Since the requirements as to constancy of the frequency and
the amplitude of the oscillation obtained are not severe, the g~nerator IS

built up of a single self-generating stage, and as anode voltage simply a 50
clsec AC voltage is taken which is delivered by the supply transformer SI'
S2' The s y m met r i cal connection of two valves (BIl B2) here employed
has various advantages over connections with only one valve. The circuit
in which the patient P is included via the supply lines T and which is tuned
to the wavelength 6 m with the rotating condenser Cp for each case treated,
is coupled with the divided anode coil L' a-Lil a by the coil Lp. Ca is a coupling
condenser, Lg grid coil, Rg grid resistance.

b) Normal push-pull connection of two valves.
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While the construction of a medical short-
wave apparatus is on the one hand simpler
than that of a radio transmitter, thanks to the
lower requirements of constancy of frequency
and amplitude of the oscillations obtained,
there are on the other hand complications which
are not encountered in a radio transmitter: 1)
the loading impedance is different for every
case treated, 2) it must be possible to vary the
output within, wide limits (practically by a,
factor 10).

a} b)

the regulation of the power supplied to the
patient and the pro blem of measuring this
power.

Regulation of the output

If one begins with the maximum output,
the output can be reduced either by decreasing
the heating current, increasing the grid resis-
tance or decreasing the anode voltage. The last
method is the most economical one, since III

dj

Fig. 6. Form of the resultant anode voltage
a) of each of the two valves in fig. 5b,
b) of valve BI in fig. 5a,
c) of valve B2 in fig. 5a,
d) of the two valves in fig. 5a together.

The anode DC voltage and low-frequency anode supply voltage, are indicated
by heavy lines. The oscillations indicated by thin broken lines in band care
due to induction in the corresponding half of the anode coil during the "wrong"
period of the supply voltage.

Matching of the circuit in which the patient is
included

As to the loading impedance, the loading
of the anode circuit should be matched for
each patient by making the coupling between
La and Lp more or less tight. With the techni-
cally unskilled operators of the medical appara-
tus, however, it is not easily possible to have
them make this adjustment, not so much be-
cause of the fact that the coupling requires
too great precision as far as the magnitude of
the output is concerned (with self-generating
connections the opposite is true), but because
with too tight a coupling an undesired reaction
of the circuit with the patient on the generator
may occur. Therefore in the apparatus the
coupling between La and Lp is adjusted per-
manently in such a way that for the he a vi e st
cases of loading occurring in practice (smallest
impedance in parallel with Lp Op) the correct
matching is obtained, while with larger parallel
impedance the coupling is actually too loose to
make the generator deliver the maximum out-
put. This is no objection since with larger
parallel impedances, i.e. smaller parts of the
body, the maximum output is not applied, in
connection with the above-mentioned require-
ment that the heating up may not take place
too quickly.

This brings us to the second complication,

that case at lower outputs no unnecessary losses
occur in the apparatus. This method has been
applied in the larger of the two generators here
described, and the regulation is made by varying
the primary voltage of the supply transformer.
In this way it is of course impossible to take
the heating current of the valves simply from
an extra secondary winding of the supply
transformer, and a separate heating current
transformer must be used. Against this disadvan-
tage' however, is the fact that the regulation
at the primary side makes possible a simple
m ea sur em ent of the effective output.
We shall explain this briefly.
For the correct adjustment of the output

sometimes the only criterion which is used is
that the patient feels a "pleasant warmth". It
is obvious that this is not a very reliable method,
if only because in many cases (for instance frost
bite and various neurological disorders) the
sensitivity to heat is disturbed at the spot to
be treated. It is impossible to include a direct-
reading instrument in the circuit with the pa-
tient, since no wattmeter suitable for these
high frequencies exists. A useful method of
determining the high-frequency output consists
in substituting for the patient an electric lamp
of about the same resistance, allowing the light
flux obtained to fall upon a luxmeter, and after-
wards reproducing the indication of the lux-
meter by supplying the lamp with direct cur-
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for the sake of economical operation. Such losses
ocêur for example at the g I' i d s in thé cir-
cuit represented in fig. 5a.' When the anode
of one valve is positive the oscillations excited,
by that valve act also on the grid of the 0 the r
valve, due to back-coupling and induction in
the grid coil. While of course the anode of the .
latter valve is negative at that moment, grid
current can, nevertheless, flow in the positive
peaks of the grid voltage, and this grid current
results in an increased grid dis ipation. It has
been found posslble - to decrease this effect
considerably by modifying the connections
slightly, see fig. 7. 'Each of the two grids is
connected with a tap on its "own" half of
the supply winding 82, which tap is so chosen
-that in th-e period of negative anode voltage
the grid receives a sufficiently large negative
bias to prevent grid currents due to the induced
high-frequency voltage. Since the grids of the'
two valves must be at different low-frequency
y~ltages, the grid coil Lg is now interrupted
by a condenser, just as was previçusly done
with the anode coil Lel,. In the period of positive
anode voltage the extra grid bias now becomes
positive. ,In order to prevent the flow of very

./ ,

. The apparatus 11 952 contains two triodes large grid currents due to this' cause, which
type TB 2/200, which 'type has a permissible would again neutralize the desired effect, the
dissipation of'I30 W, .and at 6 m wavelength grid resistances R' g, R"{J are in,creased so much
in the connections described it can develop a ' that the grid current takes 'on a normalrelátion
high-frequency output of 200 W6). In the smaller ~to the anode current. In this way it has been
apparatus 11 951 four small triodes (type no. found possible to obtain an ave~age total effi-
29933) are used ánd connected two by two in ciency of, the apparatus of 45 percent.
parallel. The various details mentioned here can ~e

With full Ioad the valves of the apparatus recognized in the photograph of fig. 8. The'
11.952operate with an efficiency of 200/(200+ 130) construcbion of the coupling cond~ns.er be~~een
Ä:I. 60 percent.' The total efficiency of the th~ two halves .of the anode coil IS sbriking .
. apparatus is of course lower, due to all kinds ThIS co_n~en~er IS at the full voltage of the
of losses. These losses are partially proportional sUPl?ly wmd~ng (seve~al thousan~ volts) and
to the power supplied to the. patient and par- .carnes the high-frequency current of the anode
tiallydepend upon still other factors. The latter, circuit.(order of magnitude 10 A). It is therefore
among which are losses by radiation, were limi- made of a special ceramic material which com-
ted as f~r as possible in order to ensure the bines Iowhigh-frequency losses with high vol~
proportiönality required for the measurement ,tage loadability.
of the output described between the power
supplied to the patient and the power taken
from the mains. The' remaining deviations from
this proportdonality cause jn the most unfavour-
able case, a measuring error of ± 15 percent,
which for medical application, already consti-
tutes a' very sátisf_actory accuracy" compared
with the inaccuracy which had hitherto pre-
vailed. . ,

Moreover, those losses .which do not affect
these measurements, since they are proportional
to the effective output, should also be restricted

rent or low-frequency alternating current with
wattmeter connected in 'series 5). This method
is indeed applied for control in the factory, but
it is, too elaborate for use by the doctor.

In this method of regulating. the output
variation of the primary supply, voltage with'
unvarying grid resistance and heating current,
the ratio between the "DC voltage" (actually:
low-frequency DC voltage) and the high-fro-
quency AC voltage remains unaltered', i.e. the'
modulation of the generator valve always re-
mains the same. By this means and by means
of measures for the limitation of losses, which
Will be briefly discussed below, it is possible
to obtain a practieally : con sta n t . e f f i-
c i e n c y of the generator for all values of the
output chosen. ,This means that the ratio be-
tween the power. supplied to thè patient and
the power taken up from the mains is constant,
and we may therefore determine the former
simply by measuring the latter, which may be
done with a normal wattmeter preceding the'
supply transformer.

Several particulars of the construction

G) Of. also Philips Techn. Rev. 6, 215, 1941.
S) See the article referred to in footnote 1).

tll44i "

Fig. 7. In order to limit the grid dissipation, the grid
resistances R'JI and- Ril" for each of the valves in fig.
5a are connected with a certain. tap on the ccrres-

. ponding half of the winding of the supply trans-
former.

,153
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Practical application of the apparatus
Since the apparatus consume only relatively

little current ~ the larger apparatus a maximum
of 4.5 A at 220 V ~, they may be connected
to any ordinary wall contact which is protected
by 6 A fuses. The necessary manipulations are
limited to the application of the electredes to
the patient, the tuning of the circuit with the
patient on the wavelength of the generator
and the adjustment of the desired output. The

Fig. 8. Part of the inside of the generator 11 9iï2.
Above the two valves are placed the two halves of
the anode coil; partly between and partly above these
coils is the coil of the circuit with the patient. It may
be seen that the coupling is only very loose. Behind
the coils hangs the coupling condenser of the anode
coil, constructed of special ceramic material. Between
the valves may be seen the grid coil, which is also
divided into two halves, and behind it the correspon-
ding coupling condensec.

tuning is easily performed by means of a rotating
condenser with fine regulation (in fig, 3 the
tooth-edged disc at the front of the apparatus)
and in the case of the apparatus 11952 it is
controlled in a simple way due to the fact that
the wattmeter for the measurement of the
power delivered gives a maximum deflection
at the correct tuning. For control of the tuning
a gas-discharge tube can also be used. The tube
is placed in the vicinity of the patient or the
electrodes and gives the most intense Illumina-
tion at the correct tuning.

As to the application of the electrodes, it
need only be noted that the doctor in charge
must have some insight into the expected course
of the lines of force between the electrodes.

••a) b) c)

Fig. 9. By giving the electrodes a suitable form and
placing them in a suitable position the desired locali-
zation of the heat development in the body can be
realized. a) Uniform heating of an extensive region
with two plate electrodes. b) Concentration of the
heat development in a small region (furuncle) with a
small plate electrode. c) So-called electro-surgery: by
connecting the knife which makes the incision in an
operation to one pole of the short-wave apparatus,
while the other electrode is placed arbitrarily, such
a strong concentration of lines of force occurs at the
point where the incision is made that the blood at
that point immediately coagulates from the heat
(bloodless operation). The cutting itself, i.e. the se-
vering of the tissue, also takes place much more
easily.

By a correct choice of shape, size, position and
distance from the skin he can then cause the
heat to be developed as nearly as possible in
the desired spots'. The diagrams in fig. 9 a-c
and fig. JO give a few examples, while the photo-
graph of fig. 3. shows how the electrodes are
fastened to the generator and how in a given
case the arrangements can be made. A more
detailed discussion of the various forms of
electrodes in use and of the methods of treat-
ment, however, falls outside the scope of this
article.

Fig. 10. In order to heat an arm or a leg uniformly,
the member in question is not placed between two
electrodes, but a c 0 i I connected with the two
poles is wound around it (m_ethodof Ko war sc h i k ),
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THE VIBRATION OF CONTACT SPRINGS

by J. A. HARINGX.

For the satisfactory operation of relay contacts it is found that it is important
that the closing of the relay should take place very gradually, because other-
wise the contact shows a tendency to rebound repeatedly before it remains
definitely closed. The occurrence or absence of an impulse is found to depend
upon the resonance frequency ofthe contact spring. Inthis article the'resonance
frequencies are calculated which must be chosen in order to obtain a velocity
of closing equal to zero. It is furthermore shown that with only a slight devia-
tion from these resonance frequencies the velocity of closing will' increase
appreciably.

, .

In different .kinds of electrical apparatus,
such as for example the electric bell, relay
contacts are used which are opened and closed
periodically at a fairly high frequency. For the
sarisfactory functioning of the meohanism it is
very' important that the opening' and closing
should occur exactly at the moments fixed for
the structure in question, and, moreover, not
only when the apparatus is new, but' also after
long use.

One of the phenomena which must be con-
sidered is the elastic vibration of the contact
'springs. In particular, it' may sometimes be
observed that after each ~mutual -contact be-
tween the two parts of the contact, the spring

, continues to vibrate so that the electrical con-
nection is broken several times before it is
finally made. Since a spark occurs upon each
interruption of the current circuit, it is obvious
that such .a vibrating contact burns through
much more 'rapidly ,than a contact which is
only broken once per period. Moreover, disturb-'
ing high-frequency phenomena occur as a' re-
sult of these' sparks. "

The problem of the vibration of contact
springs has already' been discussed in - this
periodical in connection with a vibrator for the
conversion of direct current into' altèrnating
current 1). In that case the striking together
of the two parts of the contact was compared
with the collision between two billiard balls, in'
which case it mayalso be -observed that the
.contact which occurs is immediately' broken
again under the influence of the elastic forces.
Under special circumstances, however, the con-
tact between the moving ball and the stationary
ball is "maintained. This case may occur' when
a third .ball is present touching the stationary
ball. The impulse of the moving ball can then
be transmitted through the stationary ball to
the third ball, so' that the latter rolls' away
'while the first two balls remain in contact.

In the article referred to above a description
is given of the method by which this principle

-,of the third, billiard ball can be usefully em-

1) Philips techno Rev. 6, 342, 194,1.

, 621.3.066.6

.ployed in relay contacts.' In this way the two
colliding metal parts of the contact are made
to remain in contact without vibration, while
the impulse is transmitted to the third mass,
which is elastically attached. This latter mass
can be knocked away without;' however, any
'"harmful results, since the broken contact be-
tween the second and third parte of the contact
does not constitute part of the circuit.
Since this method of cornbating vibration

in contacts is quite complicated, it seemed to
. us important to find out whether it was not
possible to avoid the necessity of such measures.
By a suitable choice of the. characteristic Ire-
quency of the vibrating contact spring it has
been found possible to cause the two parts .of
the contact to: come together very gradually,
so th~t no shock at all 'occurs. Special measures
of dissipating the impulse of the, collision thus
become superfluous.

...
Mathematical for~ulation' of the problem

,
The relay contact can be represented by a

point of mass 1 at the end of a spring (see fig. 1).

3

1 2

~
I -, . i
i i -

~x -j-Y
b i i

I
4/4.11 ~

Fig. 1. Principle and mechanical model of a spring
eontact.

The other end (2) of this spring makes a sinus-
oidal motion according -to the formula

y = a cos rot .........• (1)

The mass point 1 will then also execute a sinus-
oidal motion, provided the amplitude A of this
motion remains smaller than the distance b
between the stop 3 and the position of rest.
If m is the mass of the' vibrating part of the
contact and c the stiffness of the spring, i.e.
the force per unit of elongation, the following
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is the differential .equation of this motion:
d~x

'1?'" dt2 = C (y-x),

or ifwe substitute for y the value according to (1)

d2x c c
-2 + - X = - a cos.wt.dt m, m '

The general solution of this is

x = A cos 6Jt+ B cos wto + 0 sin wot, ~ (2)

where, the characteristic frequency Wo :.... yc/m

and
a'

A = 2/ 2.·········.· (3), l-w Wo .

The term A cos wt represents the forced.
vibration of the mass point, while the other
two terms of equation (2) describe the Îree
vibration of the mass point. Let us now examine
'what happens when the deflection of the mass
point is limited by the stop 3. In a certain
part of the period the mass point will then have
the defleètion -b and will lie against the stop
with a certain pressure, The motion. of the mass.
point .will only begin again when the pressure
ceases to exist, in other words when the com-
pressed spring has just recovered its original
length. Then evidently y = -b, so that for the
moment ~ of thè beginning of the motion we
may write

. a cos wtl = - b. .. . . : . "." .' (4)
The motion of the mass point must therefore
be such that at the moment t '~, there is a
.deflection -b·.and the velocity is zero. These
conditions are sufficient to calculate Band 0, .
so that the mechanical problem is hereby sölved
i:ri principle.'. . , .

A possible solution is reprodueed in fig. 2.
The emotion of point 2 may' be seen and the
forced vibration of point 1, as well as the free
vibration which· must be added to fulfil the
initial conditions. At the same time the rèsultant

.. motion of the mass point is reproduced. ~ is~

"""IJl

Fig. 2. Possible motion of the end of a contact spring'
whose other end moves sinusoidally according to the
broken-line curve. The curves I, 11;' III indicate
respectively the forced vibration, the free' vibration
-and the resultanb motion.

the moment at which the movement begins; t2
the moment at which the contact.is again closed.
It may be seen that the velocity of the motion

Fig. 3. Motion of the end of a contact spring whose
resonance frequency is so chosen that the closing
velocity is zero. "

(slope of the curve) at the moment of closing
has a very discontinuous character, which means
that a strong impulse will occur upon closing.
. Our object of 'procuring a gradual . coming
together of the parts of the contact is thus not
realized in this case.
In order to obtain improvement it is now '

sufficient merely to choose the 'characteristic
frequency of the contact spring somewhat lower,
. so that the diagram of fig. 3 is obtained. The
forced vibration and the free vibration ,of the.
mass p'öint' are now both symmetrical with res":'
peet to the dot-dash line, which represents the
moment t = '0. The resultant motion of the-
mass point is thus also symmetrical with respect
to this line,' and since the motion begins with
a velocity zero, it will also end with a velocity r :

zero, so thát the desired.impulse-free contact is
obtained." . ... . .
, The symmetry conditio~ call be formulated
mathematically by saying that the free vibra-
tion is a pure cosine function; the term 0 sin wot
. in 'equation (2) must therefore dissappear 2). '
Since 0 depends also upon wo' by a suitable
choice of 'the resonance frequency of the spring
provision can be made to satisfy this condition. -

Caleulation of the desired resonance .Irequeney
. As we have seen, the constants Band 0 of
the motion of the contact piece given in equation
(2) are determined 'by the conditdons that for
t = t1. there should be a deflection x -:- -b
and a velocity dx/dt = O. Thus' in formulae:. , .

A cos w~ + B cos wotl + 0 sin (olo~ = -b,
-Aw sin w~-Bwo sin wo~ + OWocos wo~ = O.

2) Actually it has only been proved that the disap-
pearance of the term G sin coot is suf fie i ent
for securing a closing velocity of zero. To complete
the mathematical reasoning it should therefore
also. be proved that. impulse-free closing cannot
be secured in any other way, so that the condition
G = 0 is actually nee e s sar y . We shall not,
however, go into that here. . ,
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Fig. 4. The function tan x/x which is used to solve the transcendental equation
- tan ko: tan x -

----,;;;-=_-x-

for le. From the figure it may, for example, be deduced 'that z/n = 2ia corres- '
ponds to kx/n = 1.57; 2.59; 3.54; 4.52; etc., and therefore to le == 2.35; 3.88; .
5.32; 6.78 etc.' .

_ By substituting in these formulae the following
values from equations (4) and (3): "

b . -A (1-w2/wo2) cos wt!,

and we obtain in this way a relation with whose
'help le,can easily be-determined for every pre-
scribed value ofc. To do'this 'it is, only necessary
to draw the function tan x/x and to find the
values of x for whiéhthe ordinate is equal to

..tan net/na (see fig. 4) .
"If a is chosen equal to 0.5, which means

that the relay is open for one half of the period,
tan na/nCt is infinitely.large, and.the same must
be true of tan lena/kna. From this for le"all the
'odd numbers follow: '

" Wo "
le = - = 1, 3, 5, 7, 9, ...W "

In' the limiting' case where :c =" 1, thus for a
relay which is open: during the whole period,
tan.na/na = O.'The tangent of kaia (with a = 1) .
must therefore also be zero, and from this it
follows that

In order to draw practical conclusions from le = 1,2,'3, .'.. ,
this equation we shall pass over to new variables Thus if a is allowed to increase continuously
which are adapted to the form of the technical " from 0.5 to 1, le must pass from the series of
problem. The funct'ion of the mechanism usually -odd numbers to the series of all whole numbers.
prescribes that the contact ehallbe open during The transition çonditions are easily. constructed
a certain part of the 'period lying between 50 with the help of fig. 4, as may be seen from the
and 100 percent. If we let this fraction equal example given. Finally,in fig. 5 the result of
'a, t~en, a-ccording to fig. 3 " this graphic calculation is given; namely, the

CJlt! = -ira. ratio Wo as a function of a for the case wherew
If, moreover, we set wo/w equal to le, (6) ~ay the contact is closed with no impulse.
be written in the, form' •. •

Tolerances for the resonance frequency .
tan kna" tan na For the practical application of the method

ksta - na . discussed for obtaining a closing velocity of the

,'one finds
. • . " W 2 . .

. B coswo~·+ Osi~ wot! = - w2
0
A coswt!>

(5)
_:_B sin wo~ +.0 cos wo~ " ~ A sin wt!'

Wo

::-If now, in agreement with the condition for im- ,
pulse-free closing; w~ make the condition that
o = 0, we may divide the two equations (5)
byeach other and in that way find the con-'
dition 'that

(6)

:-

157
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with the velocity of the driving motion at those
values of k for which the wave curve lies below
this horizontal line. As may be seen, this is the
case only in sufficiently close proximity to the
odd, whole numbers; the maximum difference
which may be permitted amounts to about
Lik = ± 0.5. , ,
If the condition is made that the decrease

in the closing velocity should amount at lea~t
to a factor 5, the permissible deviation Lik is
reduced to 0.2. This means ,that the adjustment
to the correct resonance frequency is quite
.cribical, since, with the relay constructions in
practical use values of le lying in the neighbour-

.. hood of 7 or 9 are quickly reached. The per-
missible deviation would then amount to only
about 3 percent. . . . . '
In' the foregoing we have been ..assuming

that the fixed end of .the spring executes a
fixed motion. Usually, however, this motion
itself' is again a· free vibration of a mass M
attached to some kind of elastic system. A
closer consideration of the more complicated
case of a coupled vibrating system shows that
-in general W must be set equal to the character-
istic vibration of the main mass M, while Wo
can be calculated with the help of the stiffness
of the whole elastic system, considering the
mass M' as stationary.
When the desired resonance frequency of the

relay spring has been found there remains the
practical problem of the method of adjusting
the resonance frequency accurately. vVe shall
not go into that at this point, since in every
case it depends upon the special construction.
It may only be stated that in the construction
of the vibrator for the conversion of direct cur-'

0..9 1,0 rent, into alternating current mentioned at the
• : 4/4J6 • beginning of ~his article, tl:e correct setting

F
' 5 Th bh' f / k f' t' r of tlie contact spring was actually found toJg. " e e aVlOur 0 Cl)o Cl) = as a unc Ion 0 • .

a for the case of impulse-free closing.'. " ' produce the desired result.

contact equal to zero it is not only important
to know the suitable resonance frequency oi the
contact spring, but at the same time one must
know how accurately this frequency must be
adjusted in order to obtain the desired effect.
If we consider as example the case where a

= 0.5, we see that the forced vibration A cos wt
has the maximum velocity just at the moo
ments ~ and t2 at which the contact opens or
closes. For the free vibration B cos wot, in the
case of a closing velocityof zero, the same is
true, since Wo is an odd multiple of w. The
coefficient B has a value such that the velocities

"of the forced vibration and of the free vibration
compensate each other exactly for t1 and t2:
If Wo is now allowed to vary, the two velocities

will continue to compensate each other for the
initial moment t1 of the motion, but for the
moment t2 this is in general no longer the case.
If for example Wo is an even multiple of os,

the two velocities will reinforce each other as
much as possible, so that the resultant velocity
is twice as great as 'that of the forced vibration
alone. If the resulting closing velocity v is drawn
as a function of wo/w, a wavelike curve is ühere-
fore obtained which has maxima for all the
odd whole numbers, The minima are' zero, while
the maximum velocity is twice as high as that
of the forced vibration alone. The curve derived
qualitatively in this way 'is reproduced in fig. 6.
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The .horizontal line at the height 1 indicates
the amplitude of the velocity of' the "fixed end
of the spring. Thus there can only be a question
of a decrease.in the, closing velocity compared

2 v

t

Fig. 6. Closing' velocity v as a function of Cl) 0 for
Cl)

a = 1/2, The ratio of the closing velociby to the velocity
which would hold for a rigid connection instead of a
spring is plotted as or_dinate. , .
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At a meeting of the Netherlands Physical
. Society at Eindhoven some striking, subjective

A simple method is developed for determining colour phenomena were demonstrated with a
'the diffusion constant in metals . .A- thin wire Ben h a m optical disc, such phenomena occur-
or strip of one metal is embedded in a piece ring in spite of the fact that the disc' consists

- of a second less précious metal by metal-ceramic onlyof black and white parts. These colour phe-
means. The duration and temperature of -the nomena also occur when monochromatic yellow,
heating are determined at which the diffusion sodium light is used. Further, a demonstration
has' progressed SQ far that the limit of resistance 'was given with two constructions of a hot air
is just reached, over the whole section of the engineinits mostprimitdve form (Griffiths'
wire or strip. ._experiment). .

1570: E. J. W. V e r w e y: The electrical
double layer of oxidic substances espe-
cially in non-aqueous media (Rec. trav.
chim. Pays Bas 60, 625-633, July-August
,1941).

The electrical double layer on the surface of
particles of oxides ia studied : I) by the exami-
nation of suspensions of these substances in
water, alcohols, acetone or solutions of electro-
lytes in these liquids and 2) by electro-endos-

.. mosis through membranes in thèse liquids.
The double layer is caused by ionsorlginating
from the materials examined. The ions. of hy-
drogen and 'of-the hydroxyl group determine
the potential. The zero point of the charge is
very closely related to the size of the particles. '
Just as in the case of silver iodide, large particles
have a stronger negative charge than small
particles. ,

1571: .J.A.M. van Liempt: Eineeinfache
Methode zur Bestimmung ' der Diffus-
. ionskonstante van Metallen. (A simple

" " method of determining the, diffusion
'constants of metals) (Rec. trav. chim.
.T'ays Bas 60, 634-639, July:-August
1941).

1572: J. L, Sn 0 ek: Ooncerning the internal
damping 'of ferromagnetic substances.
(Ned. T. Natnurk. 8, 177-189. April
1941). . ,

Internal damping phenomena in iron and
other ferro-magnetic materials are discussed.
The' damping of torsional vibrations in iron and
nickel wires is almost exclusively due to ferro-
magnetic hysteresis; external changes in the
magnetisation,- however, are not observed. The

hysteresis damping appears to be proportional
to the amplitude of the vibration. In longitudi-
nally vibrating ferro-magnetic rods considerable
changes in the induction can be observed when
_the magnetostriction is 'great, the m~terial is
properly annealed and an external magnetic
field of a suitable strength is applied. When,
moreover, the frequency is so chosen that the
eddy current losses in the rod are the maximum,
excepbionally large values are obtained for the
logarithmic decrement, as observed expertmen-

, tally. In iron and iron alloys containing small
quantities of carbon or nitrogen damping pheno-
mena of a certain kind are observed. This is
purely- an after-effect and sh9WSno hysteresis.
The great temperature-depèndency observed
leads one to suppose that diffusion of carbon
or nitrogen through the iron lattice plays a'
part. In cold-treated samples after-effect pheno-
mena are found in another temperature range.
This is complementary to what is observed with
well annealed specimens. _.

1573: B a It h. van, der Pol: Two little-
known experiments. (Ned. T. Natuurk.
8, 390-393, September 1941):

1574: M. J. Dr.uyvesteyn and J. L.
Me y e rin g :_ An 'àpproximate calcu-
lation of the thermal expansion of solids
I (Physica 8,~851-861,September 1941).

The expansion coefficient for a solid body is
practically equal to the third differential quo-
tient of the lattice energy in length. For the
alkali metal an expansion coefficient is calcula-

, ted which agrees very well with the experimental
values.
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For making cinematographic exposures lamps are needed which have high
light intensity and good actinic effect. These requirements led originally to the use
of are lamps, while at present incandescent filament lamps are often used. The
latter are "more satisfactory, especially for making sound films, since, in contrast
with arc lamps, they burn absolutely noiselessly. In this article the construction
of incandescent lamps for film making is discussed. These lamps are charac-
terized by a heavily loaded incandescent body with relatively small dirnon-
sions of the bulb. The fixtures used in the film studio (banks and batteries of
lights and spotlights) are also briefly discussed, while in conclusion several
special constructions are dealt with which are used when extremely heavy
requirements are made.

When the first cinematographic pictures
were made by E dis 0 n in 1889 he had
already had ten years' experience in making
incandescent lamps. At first sight, therefore, it
seems strange that E dis 0 n made no attempt
to use incandencent lamps for illuminating the
set, but worked exclusively by daylight. A closer
consideration of the properties of the carbon
filament lamps and the photographic emulsions
of those times, however, shows that the electric
lamp as an aid in photography was out of the
question at that time. In order to obtain a good
photographic effect it is necessary that a suf-

ficiently large part of the radiation of the light
source be emitted in those wavelengths for
which the film emulsion is chiefly sensitive.
Now in those days the emulsions were only sen-
sitive to light of short wavelengths, while the
carbon filament lamp emits light mainly of
long wavelengths. The actinic effect of the
light was thus extremely small; in fact it was so
small that it was practically impossible to use it
for photography.

In order to form a quantitative idea we shall
assume that the emulsion possesses the same
sensitivity for all wavelengths below a certain
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limiting wavelength Ao and is totally insensitive
above this wavelength. Furthermore we shall
consider the radiation of the incandescent lamp
as that of a black body of a given temperature T.
The percentage of radiation energy which is
actinically effective then depends exclusively
upon the product of Ao and T; this calculated
dependence is reproduced in fig. 1. '
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Fig. 1. Percentage' of the radiation energy of a black
body with a temperature T (OK) in the region of wave-
lengths shorter than Ît.o (mm) as a function of the pro-
duct of Ît.o and r· ,
The unsensitized emulsion has a limiting wave-

length of Ao R:;i 0.5 X 10-3 mm, while the carbon
filament lamp is used at a temperature of
2000oK. Thus ~o T ~ 1, and for this from fig. 1
it may be deduèed that only about 0.8 per thou-
sand of the energy radiated is actinically effec-
tive.

In the case of daylight the effective radiation
energy amounts to about 25 percent and is
thus 300 times as high. Since ordinary daylight
possesses an intensity of about 300 W/m2, an
equivalent illumination with carbon filament
lamps would possess an intensity of 300 X 300 ~
105 W/m2, 1), which with an efficiency of 0.3
Dlm/W amounts to 300 000 lux! It is easy to
understand that such an illumination can never
be realized with carbon filament lamps, if only
because of the heating of the illuminated objects.
If the temperature is calculated which the illu-
minated objects must possess in order to dissi-
pate the incident energy byradiation, a tempera-
ture of more than 1000° 0 is found.

The circumstances become much more fa-
vourable when light sources are used which
radiate light of shorter wavelengths. If, for
example, an electric arc is used with a colour
temperature of 3800° K, the effective radiation

1) This value can of course only represent a rough
estimation of the required illumination intensity,
since the actual light requirements are entirely
dependent upon the scene to be rendered.

energy (wavelength' shorter than 500, m,u)
amounts to about 6 percent of the total. Indeed
already in 1903 it was found possible to take
cinematographic pictures of interiors with the
help of arc lamps and in this way to become
independent of the weather .and the position
of the sun. Of course the intensity of illumination
required,' which on the basis of the above
estimation would amount to about 10,000 lux,
is still very considerable, but thanks to the great
intensity of the. electric arc this was not found to
be a serious objection. In the end, in spite
of certain inconveniences connected with its
use, the electric are was generally accepted and
formed practically the only source of light used
for making films. The incandescent lamp, al-
though it was then already more suitable than
the original carbon filament lamp, was for the
time being not considered.

If we now consider the progress in photogra-
phic technique and in light technique during the
early days of the film industry, we can recognize.
an attempt to bring the actinism curve of the
film and the intensity curve of the incandescent

• lamp closer and closer to each other. The film,
originally sensitive only to blue rays, was
sensitized for yellow and later for red, whereby
the limit of sensitivity was shifted to 600 and
670 m,u, respectively. On the other hand metals
with higher and Higher melting points came into
use as filaments in the lamps, so that the tem pera-
ture of incandescence could be raised from about
2000° K to about 3000° K. The radiation of the
lamp in this way became richer and richer in
light of short wavelengths.

In fig. 2 several stages of this development
are given by plotting for various years the
intensity curves of the incandescent lamps then
in use and the sensitivity curves of the then
available types of film. It isimmediatelyevident
that the common spectral region of the two
curves [has become much larger in the course
of these years. The actinic part of the radia-
tion energy has increased from 0.8 per
thousand to 8 percent, so that the illumination
energy required has become a factor 100 smaller.
Actually the progress is even .greaber than would
be concluded from this, because simultaneously
with the film and incandescent lamp the film
camera was 'also improved. This improvement
is difficult to indicate in figures" since the large
lens apertures which are now; át our disposal
cannot be used under all circumstances because
of the required depth of focus. Itmay, however,
be said that the reduction in the amount of light
required thereby achieved is not estimated too
low at a factor 5. According to our calculation,
therefore, the intensity of radiation at present'
still necessary would amount to

1
I

1
I

I

i
I
\
\
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Fig. 2. Spectral distribution of the intensity of various
incandescent lamps developed at different successive
periods, and spectral sensitivity curve of different
photographic materials which were successively put
on the market. The effective part of the radiation has
increased in the course of time from 0.8per thousand to
8 percent.

105
-- ~ 200 Wjm2, or about 5000 lux,
5·100

and this is an illumination intensity which can
easily. be attained.
The time at which the use of incandescent

lamps in the film studio, began to be a practical
possibility was around 1925. By this time the
work in film studios had already reached such an
an extent that the much more convenient mani-
pulation of the incandescent lamp (compared
with the carbon arc) made its adoption attrac-
tive. Another important advantage of the in-
candescent lamp is its absolutely constant and
quiet operation, which is very important for
players and operators. The danger of flicker or
extinction at critical moments of the scene,
which with the carbon arc sometimes results in
faulty exposures, is absent with the incandescent
lamp. The repetition of scenes due to incorrect
exposure therefore need not occur. Even with
the usual alternating current supply the light
emission of the incandescent lamp is practically
constant since the thickfilament ofthe large lamps
used for illuminating the film studio possesses a
sufficiently large heat capacity to equalize the
fluctuations of the energy supply. Because of
this, with incandescent lamps there is no danger
of stroboscopic effects. With are lamps, in order
to exclude this danger, it was often necessary to
use direct current. The latter is obtained by
means of motor aggregates, which considerably
increase the installation costs.

Further advantages of the incandescent lamp
are the following :
1) Simple and cheap operation (no adjustment

of the carbons).
2) Ease of transportation of the lighting appa-

ratus.
3) Less danger of fire.
4) Less danger of inflammation of the eyes

due to ultra-violet radiation.

The advantages of the incandescent lamp as
a source of light for film making were further
added to when the sound film made its appear-
ance. Attempts were of course then being made
to silence the hissing, sputtering arc, but no
complete and reliable success had been achieved,
so that the cause of the silent incandescent lamp'
was quickly won.

The task of the lamp manufacturers now con-
sisted in!developing incandescent lamps suitable
for the illumination of film studios. In the follow-
ing we shall give an outline of some of the fun-
damental problems which were encountered in
this development. We shall then discuss the
construction and use of the existing film studio
lamps and finally the limits of the field of
application of the incandescent lamp in the film
studio.

Spectral distribution of the light and lifetime

As we have seen, for securing sufficient acti-
nic effect it is desirable to choose the temperature
of the filament as high as possible. With every
increase of the temperature, however, the life of
the filament is shortened and therefore a halt
must be called at a certain temperature in order
to prevent the use of incandescent lamps for film-
making from becoming uneconomical. A life of
100 hours forms a satisfactory compromise.:
Evaluated according to the actinism of a pan-
chromatic plate, the incandessent lamp with
this life delivers about twice as much light as
with the life customary for ordinary illumina-
tion purposes 2). The temperature of the filament
is about 200° higher than in the case of a life of
1000 hours, and with large lamps amounts to
about 320'0° K. The content of blue and yellow
radiation is high enough at this temperature, so' .
that films can be made not only with panchro-
rnatic material but also with orthochromatic
material.
When working with col 0 u r f il m s, which

are at present less sensitive, on the other
hand, the actinic effect of the radiation is still
on the low side with a, colour temperature of
32000K. Added to this is the fact that the
spectral composition of the light at the tempe-
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rature mentioned is not entirely suitable for
securing optimum colour rendering. Originally
the emulsion of the colour film was so tuned that
upon the use of arc lamps for projection as
well as for photography colours are obtained
which approximately resemble those seen by
daylight. Later on, in connection with the use'
of incandescent lamps, the emulsion of the co-
lour film was adapted to a lower colour tempe-
rature than that of the arc lamp. It was im-
possible, however, entirely to reach the colour
temperature of the incandescent lamps and a
compromise was chosen such that the optimum
colour temperature of the lamp for the expo-
sure is higher than 3200° K. This resulted in
the acceptance of a shorter life than 100 hours
for lamps used for taking colour films.

In practice incandescent lamps with a life of
25 hours and a temperature of about 33000K
are used, which means a colour temperature of
3375°K. If a still higher colour temperature is
required i~ is realized by means of filters, since
otherwise the, life, would probably be much,
too short. It is clear that the use of filters always
involves a loss of light. 'I'his device is therefore.
avoided as much as possible ..

Directions for the use of the incandescent lamp
in film studios

Just as in the case of the utility illumination
of office buildings and factories, a distinction can'
be made, in the illumination of a film set be-
tween the general illumination and the local
Illumination. The general illumination serves
to imitate reality as far as light and shadow are
concerned; the purpose of the local illumination
is usually to produce artistic effects and for
instance to focus the attention upon à certain
object. The view of a film studio in tig,3 pro-
vides striking examples of both (methods of
illumination.

The way in which the camera manworks with
generalor local illumination depends very much'
upon his personal taste, so that it is very difficult
to give generally valid rules. One director prefers
a balanced rendering of a whole set, another
desires to focus the attention of the audience upon
a definite point in every picture. The former will
prefer a fairly uniform illumination of the whole;
while the latter will keep the general illumina-
tion low in order to be able to accentuate the
most important details óf the picture the more
strongly by means of spotlights. He will usually
depend entirelyupon his' own visual impression,

2) The power supplied to the lamp increases by about,
40%; the further improvement is due to the increase
in the actinism of the radiation emitted. For da1:;a'
on this subject see the arbicle: Lamps for use in
Photography, Philips Techn. Rev. Ij, 259, 1941.

since light measurements in the studio take
too much time. An exception to this is made in
the case of colour films, which, due to the pro-
perties of the emulsion, permit much less playin
the exposure and with which, moreover, the
camera man has not yet obtained as much expe-
rience as with black-and-white films.

A result of these very divergent methods of
illumination is a great variety in the technical
devices used. Nevertheless, some attempt will
be made to make some restrictions and to design
lamps and lighting fixtures which can as far as
possible be used universally. By the above-
mentioned division of the lighting installations
into general illumination and spotlights this
object is found to be best achieved: the general
illumination has relatively little to do with the
artistic part of the problem of illumination, so
that certain general guiding principles can be
applied to it. On the other hand the spotlights
are so constructed that they are easily branspor-:
ted and adjusted, so that with relatively little
variation of the lighting apparatus a great
variety of methods of illumination is possible.
In the following we shall discuss the most
important constructions for the two lighting
systems.

General illumination
, , ,

The required intensity of the general illumi-
nation. depends upon many factors, such as the'
nature of the object to be photographed, the
lens aperture of the camera used, the transport
velocity of the film, the sensitivity of the emul-
sion and the process of development chosen.
The intensity of the accerrtuation by spotlights
which are to be used in addition to the general
illumination will also be of importance for the
generallevel of illumination.

Ordinarily with indoor scenes illumination
intensities between 1000 and 4000 lux are used.
In: landscape sets (built 'up in a film studio)
higher intensities of illumination, for instance
10 000' to 14 000 lux, are used. From this it
follows that very many lamps will be needed
for the general illumination, especially since it is
advisable not to use too large units with a view
to securing a uniform light distribution.

The lamps are mounted side by side in a
diffusely reflecting bank or separately in fixtures
which are combined to form batteries. These
banks or batteries are placed in front of, beside
or above the scene to be photographed, Fig. 4
shows an, example; in this case a number of
"Argaphoto" lamps") with the corresponding
reflectors (type SO 255) are combined to form
a battery îlluminating the scene to 1;>efilmed
3) For the" Argaphoto" lamp and the "Photomirenta"

lamp see the article referred to in footnote 2).
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from above. The intensity and the coneen-
tration of the beam formed can be varied by
a special arrangement. For this purpose the
toothwheel E is rotated whereupon the rods Z

and D, respectively, for the outer and inner ring
of lamps, are so manipulated that the individual
reflectors are directed more or less toward the
outside.

Fig. 3 View of a film studio. Hanging from the ceiling may be seen numerous
lights for the general illumination, while a number of spotlights for local
illumination are seen on the ground.
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Instead of "Argaphoto" lamps, =Photomiren-
ta" lamps, also of 500 W, can be used .The reflec-
tors are then superfluous since the "Photo-
mirenta" lamp itself contains a reflector in the
form of an internal silver mirror as rear wall.
Finally tubular incandescent lamps can also

Fig. 4. Battery of" Argaphoto" lamps for general ilhr-
mination.

very well be used for the general illumination.
These lamps with their linear filament are
especially suitable for obtaining a uniform
illumination. Suitable models for film studio
illumination are the "Linea" lamps of 250, 500
and 1000W (see fig. 5).

41641

Fig. 5. The "Linea" lamp of 1000 W for general illu-
mination of film studios.

In this connection it may be noted that the
oldest type of the low-pressure mercury lamp,the
so-called "Cooper-Hewitt" lamp, has a form very
much resembling that of the "Linea" lamp.
In the early days of film technique when
emulsions were much less sensitive, so that it
was very difficult to obtain sufficiently strong
illumination, use was in fact made of the very
good actinic effect of mercury light. This use
of the mercury lamp began in 1909. Later,
when red-sensitive films were brought on the
market, the advantage of the mercury lamp was
of much less significance. Since, moreover, the
incorrect colour rendering under mercury light
was felt more and more as an objection as the
requirements as to quality increased, the use of

the low-pressure mercury lamp in film studios
was given up entirely.

In recent times, however, the use of the low-
pressure mercury lamp has experienced a
vigorous revival due to the appearance of mer-
cury-discharge lamps with fluorescent tubes.
These so-called TL lamps 4) can be manufac-
tured with a spectral composition which very
nearly resembles that of daylight and which is
very suitable for cinematographic purposes.
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Fig. 6. Arrangement of the parts of the helix in the
single-plane filament and in the bi-plane filament.

Spotlights
For spotlights lamps with a small filament

are needed. In order to obtain a beam of perfect-
ly parallel rays, these rays would have to start
from the focus of some kind of optical system con-
sisting of lenses or parabolic mirrors or a com-
bination of the two. Since, however, exact paral-
lelism of the rays in the beam is not required

Fig. 7 The bi-plane filament seen from the front. The
two groups of helixes supplement each other to give
a homogeously luminous plane.

4) See Philips Techn. Rev. 3, 272, 1938; 4, 337, 1939;
6, 65, 1941.
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and is even undesired in connection with the
sharpness of shadows, a certain amount of space
around the focus is available for the filament.
If the optical system is not to become too large,
however, this space remains so limited that it is
desirable to concentrate the filament as much as
possible.

The way in which attempt are made to realize
this concentration of the filament depends upon
the desired light distribution over the cross sec-
tion of the beam. Most film studio lamps are
made with single coils, which are placed as
shown in fig. 6in one plane or in two planes one be-
hind the other. In the latter case a very high
average brightness is obtained in the direction
perpendicular to the plane of the coils, since
the luminous plane can be practically entirely
filled with incandescent wires (see tig. 7). Upon
deviation from this direction, however, the
brightness decreases more rapidly than for a
single-plane filament, sin ce the coils then
partiallyoverlap.
The ordinary powers of the lamps for spot-

lights are 500, 1000, 2000, 3000, 5000 and 10000
watts. In order to keep the dimensions of the
bulb as small as possible in the high-power
lamps, which is of importance for the con-
struction of the fixtures, the bulbs of the types
for more than 500Ware made of hard glass. Two
examples of the construction of the 5000 W

film studio lamp with single-plane filament are
given in fig. 8. Attention is' called especially
to the unusual inner construction, the object of
which is to make the lamp mechanically as
strong as possible. The holder is provided with
two pins, which if desired may be replaced by
flexible cables.

In the construction reproduced in fig. 8a it
may be seen that there is quite a long section below
the bulb, namelytheneckand theholder. Byusing
a modern technique of fusing in, in which the
copper pins, which serve simultaneously for
fastening and current supply, are fused directly
to the glass, this section could be made much
shorter (see fig. 8b). In spite of the fact that the
coefficients of expansion of hard glass (40 X 10-7
per degree) and copper (180 X 10-7 per degree)
are very different, this seal can easily be made
provided the upper edge of the collar of the
pin is made sufficiently thin to be deformed
before the deforming forces give rise to intoler-
able stresses in the glass.
A disadvantage of the small dimensions of the

bulb is that owing to the deposition of sput-
tered tungsten the surface of the glass is more
strongly blackened in the course of time than
in the case of ordinary lamps. At the end of the
life of the lamp the absorption means not only
an important loss of light but results at the same
time in an extra heating of the bulb wall, which

Fig. 8. Two models of the 5000W film studio lamp with single-plane filament.
In type a) the bulb has a fairly long neck. This could be very much shortened
by fusing the pins directly to the glass (type b). The metal powder in the bulb
(tungsten) serves to scour the blackness off the inside of the bulb. The diameter
of the bulb is about 200 mm.

167
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is greater the smaller the diameter of the bulb.
This sets a limit to the reduction of the diameter.

In order to prevent loss of light and to be
able to make the lamps smaller, a, metal powder
is introduced into the lamp to scour the
sputtered material from the bulb wall upon
shaking. This metal powder can clearly be
seen at the bottom of the bulbs of the film studio
lamps shown in jigs. 8a and b.

The most commonly used optical systems for
concentrating the light of the film studio lamps
are the following:

1) Smooth parabolic mirrors. These givea nar-
row powerful beam. A disadvantage, however, is

Fig. 9. Parabolic mirrors for film studio lamps. The
curved mirror surface is replaced by a number of facet
mirrors in order to prevent a sharp projection of the
image of the filament.

that it is difficult to prevent the image of cer-
tain parts of the coils from being projected
somewhere in space. If an actor accidently
occupies that position, the contours of the fila-
ment become disturbingly visible in the picture.

2) Apparatus in which parabolic facet mirrors
are mounted (see jig. 9). Small plane mirrors are
fastened to the parabola and a broad uniform
beam is obtained. Fig. 10 shows the light dis-
stribution of such a spotlight with a film studio
lamp of 115V, 5000 W.

3) Apparatus in which a combination of
spherical mirrors and F res nel lenses 5)
is used (see fig. 11). The spherical mirror pro-
vides that the spaces between the various coils
of the single-plane filament are filled by the
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Fig. 10. Light distribution over the cross section of
the beam which is obtained with the help of the re-
flector shown in fig. 9 and a film studio lamp with
single-plane filament (ll5 V, 5 kW).

mirror images of these coils. When a bi-plane
filament is used this mirror is unnecessary.
Fig. 12 shows a model of such an apparatus
with a film studio lamp of 3000 W. This con-
struction is the most complicated, but it also has
the highest efficiency. About 20 percent of the
light emitted is concentrated into a beam by the
apparatus shown, while the parabolic mirror
with facets shown in fig. 9 has an efficiency of
only 9 percent.

~IG~,

Fig. 11. Beam formation of the light of an incandes-
cent lamp with a spherical mirror and a F res nel
Jens.

Several light sources for special cases

Although the lamps described in the foregoing
are already reasonably well adapted to the re-
quirements made in a film studio, there are,
however, special cases in which these lamps are
less suitable.

5) A detailed description of the F res nel lens may
found in the article: Lamps for Lighthouses,
Philips Techn. Rev. 4, 33, 1939.
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Fig. 12. Reflector with Fr e s nel lens for film studio lamps. This construc-
tion has about twice the efficiency of the spotlight with parabolic mirror.

One of the limits set for the use of the film
studio lamps described is ccnnected with their
heat development. This restricts the intensity of
illumination with these lamps to about 20000
lux, since a more intense radiation begins
to hurt the skin. But even when this limit
has not been reached, the temperature in the
studio may rise intolerably due to the great
energy dissipation. In order to combat this a
water-cooled studio lamp has been designed
(seefig.i3). A glass envelope surrounds the lamp

4164S

and the water flows between this envelope and
the bulb. The greater part of the infra red-radia-
tion is absorbed by this water jacket, while
hardly any light is intercepted.

41G46

Fig. 13. Film studio lamp with double envelope for
water cooling.

Another case in which the film studio lamps
are inadequate occurs when an intense beam of
relatively small cross section is required. The
dimensions of the filament of the ordinary film
studio lamps are then still too large for the ob-
ject in view. A decided improvement is obtained
by replacing the single coil filament by a
coiled-coil filament. A film studio lamp with
coiled-coil f'ilarrent is shown diagrammatically
in fig. 14; it may at the same time be seen
from this figure how the lamp is placed in

~/~
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the reflector. In this low-voltage lamp the bright-
ness of the filament amounts to 25 cpjmm 2, while
withordinaryfilmstudiolamps(forinstance 110V
3000W) a brightness of only 15 cpjmm" is
obtained.
When the requirements of light intensity or

concentration of the beam are very high, it may
occur that the object in view cannot be achieved
at all with incandescent lamps. In such cases one
may return to the carbon arc lamp, which pos-
sesses a much smaller luminous surface with
the sarne light flux. If because of the objections

Fig. 14. Film studio lamp with coiled-coil filament
(24V, 1000 W). Due to convection in the bulb the
sputtered tungsten particles are carried upward and
deposited in the wide part of the bulb.
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mentioned it is not desirable to use a carbon arc
lamp, there is at present the possibility of using
water-cooled mercury lamps of super high pres-
sure. In contrast to mercury lamps of low pres-
sure the high-pressure mercury lamps give
a practically white light which can be used
without hesitation for making black and white
films, With this new light source, the brightness
of which corresponds approximately to that ofthe. .

high-intensity arc lamp, experiments have been
carried out continuously during recent years. In
addition to the uniform and noiseless performance
another special advantage is the small propor-
tion of infra-red radiation, so that an intense
illumination with mercury lamps l:as a much
smaller heating effe~t than the same illumina-
. tion with carbon are lamps.

..
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STABILITY AND INSTABILITY IN TRIODE OSCILLATORS

by J. VAN SLOOTEN. 621.396 : 615.1

The state of a triode oscillator whose grid voltage is obtained by means of a
condenser and a leakage resistance can be characterized for any moment by
the value of the bias (Vg) and the value of the oscillator amplitude (W).
Graphically, therefore, the state can be characterized by a certain "operating
point" in a W- Vg diagram. Each point of the diagram represents a possible
operating state. In general, however, this is not stationary, for in the course of

. time the operating point will shift. This movement is investigated in detail in
this article, and the possible stationary states automatically become evident,
while at the same time it becomes clear how the oscillator reaches the stationary
state. In certain cases the possible trajects of the operating point do not ap-
proach the stationary state but converge to a fairly large loop enclosing this
state. One then speaks of blocking of the oscillator. The circumstances under
which this blocking occurs are studied in detail. It is found that the chance of
blocking can be reduced by making the grid current characteristic of the
oscillator .triode as steep as possible. .

In a previous article in this periodical 1) we
devoted a detailed consideration to the way in
which the adjusment of a triode oscillator to
a stat ionary state of operation is achieved.
T1:e:e we confined ourselves to a discussion
of the simplest connections, which are represen-
ted by figs. la and b. In the system a the con-
trol grid bias is taken from a potentiometer,

".while in the system b it is obtained by means of I

. a grid condenser and a leakage resistance.

Va

41228

Fig. _.1. Diagram of oscillator with triode.
a) The grid bias is excited with the help of a battery

and a potentiometer. ,
b) The grid bias is excited with the help of the grid

condenser K and the leakage resistance R. •

The latter connections are by far the more
important technically, and from the theoreti-
cal point of view they also offer the most inte-
resting aspects. One of their remarkable' pro-
perties, which was already pointed out in, the
previous article, is that the adjustment to a cer-
tain operating point can be stable or unstable ae-
. cording to the magnitude ofthe grid condenser IC
In this article we shall go into the question of
the stability or instability of a triode oscillator
more thoroughly. 'Ve shall begin with a short
résumé of what has already been pitten on
this subject, referring for the arguments con-
cerned to the previous article.
The behaviour of the oscillator can best be

1) Philips Techn. Rev. 7, 40, 1942

characterized by plotting in a diagram the am-
plitude W of the oscillator voltage as a function
of the grid bias Vg. In the case of connections a
this diagram may simply be recorded experi-
mentally by setting the grid bias at different
values with the help of the potentiometer and
measuring the values of the oscillator voltage
which then occur. In the case of connections b,
on the other hand, the grid bias cannot be chosen
arbitrarily; for it adjusts itself automatically
to a certain value depending upon the grid
resistance R2).

Thus in order to record the TV-Vg diagram the
grid resistance must be varied. When the grid
resistance is varied (beginning with small
values) the negative grid voltage also rises in the
stationary state. Remarkably enough, however,
a maximum is then reached for a certain grid
resistance and, upon further increase of R, Vg
begins to decrease again.

The same holds qualitatively for the oscilla-
tor voltage W. With increasing values of R the
oscillator voltage first increases,' the relation
between TVand Vg being exactly the same as in
the case of direct adjustment of the bias with the
help a ofpotentiometer. When, however, the grid
voltage begins to fall again upon further in-
crease of R, the oscillator voltage does not
follow the same curve in the TV-Vg plane but
passes through appreciably lower values. This
is shown clearly-in the diagram reproduced in
fig. 2.

2) The grid' bias in the stationary state always has
a negative value which is slightly less than the
amplitude W of the grid AC voltage, so that during
a small part of the period the total grid voltage is
positive. Only during that part of the period does
any appreciable grid current flow. The condenser
K is charged by these current impulses, while at the
same time it is continuously discharged by the
resistance R. The bias adjusts itself automatically
to such a value that during a whole period the
discharge is equal to the charge in each current
impulse. This adjustment is independent of the
capacity K, provided the latter is not too small.
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An explanation of this remarkable behaviour
was given in the article referred to in foot-
note 1) by examining for every value of Vb the
manner in which the slope Sb necessary for
oscillation and the "effective" slope Seff vary

.,'229

Fig. 2, W- V" diagram of oscillator connections. Points
,on the line drawn represent possible stationary states
of the oscillator connections according to fig. lb.
Upon enlarging the leakage resistance R the curve is

. traced in the direction of the arrow.

as functions of the oscillator voltage. If, the
effective slope is greater than the slope necessary
for oscillation the amplitude of the oscillation will
increase, while in the reverse case it will decrease.
A stationary value of the amplitude must thus
correspond to a point of intersection of the curves
representing Sb and Sett as' functions of W.

Now the curves for Sb and Self at the ordi-
nary values of the grid bias exhibit the form
shown in fig. 3, there being two points of inter-
section Band A. The values of W corresponding
to these two points of intersection ~re found
to correspond to the oscillation amplitudes
which are observed with a given value of Vg
respectively on the ascending and descending
branches. of the curve for the motion of the sta-
tionary operating point in the W- Vg diagram.

In this way the remarkable form ofthe W- Vu
diagram can be explained in principle. Various
questions, however, still remain open for dis-

"'/JJO

Fig. 3. Required slope Sb and effective slope Self as
functions of the amplitude W of the oscillation. The
slopes depend actually not only on W but also on the
grid voltage V,. In drawing this diagram a given con-
·stant value of V, has. been assumed.

cussiori. While the stability of a stàtionary state
on the upper branch of the curve in the W - Vg dia-
-gram-is immediately ensured, this is not the case
on the lower branch (point A). It is easily under-
stood that the intersection point A, at a con-
stant value of the bias, i.e. in connections
according to fig. la, represents a labile adjust-
ment. If, for example, due to an accidental
fluctuation the oséillation -amplitude is made
slightly greater than corresponds to the inter-
section A'in fig. 3, the effective slope Seft will
become greater than the required slope Sb , so
that the oscillabion amplitude will further in-
crease and therefore not return to the sta-
tionary value. The same labile behaviour is
found for a fluctuation in the opposite direction.

On the other hand, in the case of the oscillator
connections with grid condenser and leakage
resistance it is found that the adjustment to-the
operating point A may be stable under cer-
tain circumstances. When, for example, in these
connections the amplitude W deviates from
the stationary state due to a fluctuation, thisre-
sults, as far as the further behaviour of the osoil-
lation isconcemèd, not only in a change in W but
also in a change in VD' and in the previous article
wehave attempted to prove that this change in Vu
has a stabilizing effect. In this article we shall
now study in more detail the motion of the
state point of a triode oscillator in the W- Vu
plane in order to obtain a more accurate insight
into the conditions under which this stabilizing
effect is sufficient to make a stationary adjust-
ment possible.

"The behaviour Ol the operating point in the
W- Vg plane

. In order to investigate the character of the
.motion in the W- Vu plane, we shall first deter-
mine the factors which may cause the grid vol-
tage Vg to change. To each set of values of W
and V9 there belongs a certain value 1:u of the
average grid current. In order to keep in mind
that this value is a function of. Wand Vg we
indicate it by1:g (W, Vg ).

The current through the leakage resistance R
in fig. 2 is given by

It is now clear that the condenser K is charged
by an average current.

As a result the condenser voltage varies accord-
ing to the known law:
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d Vg' iK 1{-:- . Vg}- = - =- ~g (W, Vg) --
dt K K R

. (1)

'I'his equation, in which the negative grid voltage
is considered as a. positive quantity, describes
the manner in which Vg varies. To this we shall
add a second equation describing how W will
vary. To do this we make use of the theorem
that the AC voltage in a, damped L-O circuit
with the series resistance r in free oscillation de-
creases according to

dW' r,-=-W-dt 2L'
which result is obtained by differentiating the
familiar expression

with respect to time.
Now the series resistance present in the oscil-

lation circuit is equal to the resistance of the
circuit r decreased by the negative damping
which occurs in the oscillation circuit as aresultof
the back coupling and which can.be represented
in the diagram by a negative resistance in series '
with the, oscillator coil. Expressed by the usual
symbols' this. negative resistance is given by

r' = MSe!! .. ' ... (2)o .
M is here the mutual induction of back-coupling
coil' and circuit coil, while Sef! represents the
effective slope, which-is a function of Wand Vg.

Besides the resistance r of the circuit itself
and the negative resistance r' still a third resis-
tance appears due to the damping resulting from
the flow of grid current. Since, however, this grid
current is very small at the ordinary adjust-
ment of the oscillator, we may disregard its
damping effect"), The equation for the variation
in W thus becomes:d;;= _r

2L
é W '" .

We can now eliminate the 'time variable dt im-
mediately from (1) and (3) and we then obtain:

Vg
(W, Vg) - R
r-r' (W, Vg)

dVg 2L ig
=---

dW 'KW;

the solution of, the differentdal equation (4)
consists in drawing a 'smooth line which
everywhere follows the local direction.
Although it would be a complicated business

to indicate completely the directional field in
the W- Vg plane, its qualitative character can
be very simply determined. For this purpose
we indicate the lines where dW/dt and d Vg -dt
respectively are zero. On the first mentioned
line W remains constant, while Vg may vary:
the operating point is thus displaced hori-
zontally. In the same wayit may be seen that
the last mentioned line is the Iocus of all points
where the directional field is vertical. Any points
of intersection of the curves' dW/dt = 0 and
Vg /dt = 0 represent operating points for which
both Wand Vg are constant: these operating
points are thus stationary working states which
mayor may not be stable.
The line dW/dt - 0 is determined by the,

relation already discussed between Wand Vg
in fig. 2, which is again reproduced in fig. 4 by
curve J. Along this line the required slope is
equal to the' effective slope and is ,the condition
for the constancy of the amplitude of the oscilla-
tion. In the region enclosed by the curve
Self> Sb,i.e. the oscillationis built up (dW /dt> 0),
while outside the curve I Seff< S6and therefore
'dW/dt < O. '

In order to determine the line dVg Idt = 0
we must ask what value Vg finally assumes

(3)
';U.JI

Fig. 4. W- Vg diagram of oscillator connections. Curve'
I, whichis also drawn in fig. 2, represents the locus of all
points with stationary oscillator amplitude W; curve
11 represents the locus of all points with stationary
grid bias Vg. The point of intersectien indicates the
stationary working state. The arrows indicate the
direction in which the operating point moves in the
different regions.(4)

I By r' (W, Vg) is meant that the above-defined ~
resultant negative resistance 1.' (like Jg) is a ---
.fuction of Wand Vg. From equation (4) it 3)
therefore follows that for each set of values of.
Wand Vg, thus for every point in the, W- Vg
diagram, the direction In which the oper-
ating point moves is determined.

When these directions ha ve been determined

In principle this effect can also be taken into ac-
count by including the grid current damping in
the total (negative) damping resistance r' of the
triode. In that case equation (2) would have to be:
replaced by. a more complicated expression. For
the less usual adjustments on the upper branch
of the curve in the W-TTg plane this correction is
important.
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with a given value of W. This will depend upon
the magnitude of the leakage resistance. If the
leakage resistance is infinitely large, the required
curve is a straight line at an angle of 45°to the Va:
axis. A stationary adjustment is only reached
when the condenser K is charged to such a point
that the negative bias Vg is equal to.the peak
value W of the AC voltage. If the leakage resis-
tance is not infinitely large the line is steeper and
has, for instance, the shape indicated by curve 11
in fig. 4. It will be clear that in the region lying
under line 11the grid current is smaller than the
current through the leakage resistance, so that
the condenser is discharged (dVg/dt V 0). In the
same way in the space above lineII d Vg/dt <0.

On the basis of these properties of curves!
and I I we can now distinguish four regions in
the W- Vg plane, which are indicated in fig.4 by
Ol to 04 inclusive and are bounded as follows:

I

Ol below curve 11 and outside curve I
O2,, ,,11 and inside " I

" "
I
I

11 and inside
11 and outside ""

In these four regions the operating point of the
oscillator will move in different ways and, as
will be clear from. the foregoing, it will move in
the direction of the large arrows drawn in fig. 4.
Each of these four arrows thus represents a
region of directions which includes an angle of 9(,0
between the horizontal and the vertical. The
small arrows cutting the curves I and 11 indicate
the direction in which the boundaries of the
regions are passed.

Examples

With the help of the directions of motion in
the W- Vg plane thus found weshall now examine
what happens when the oscillator is left toitself
with given but otherwise arbitrary values of W
and .Vg. In practice such an initial state could
be realized by placing a battery in pa-
rallel with the condenser K and impressing
on the L-O circuit a certain value of W by
coupling with a generator which produces an
oscillation of the same frequency as the oscilla- .
tor. If the battery and the generator are now
removed simultaneously, the oscillation then
begins with these given values of Wand Vg. A
moment later, however, other values of Wand
Vg will have adjusted themselves, whereby
the operating point in the W- Vg plane always
follows the arrows of the field of directions.
As a first example we shall consider an os-

cillator whose grid resistance R and condenser
K are very large. It is found experimentally
that with such an oscillator no stationary work-
ing state is possible, but blo c kin g occurs.

The oscillation begins to build up, the amplitude
Wand the negative bias Vg both increasing.
The maximum of W,however, is quicklyreached
and a moment later the oscillation breaks off
(W -+ 0). The condeneer K is then discharged
via the resistance E, so that Vg also decreases
again. The operating point in this case moves in
the W- Vg diagram along the Vg-axis, as indica-
. ted in fig. 5 by the arrow. At a given moment it
will pass curve I and in doing so enter the region in
which the oscillation of the oscillator can
automatically build itself up. From that moment
the value of W will again increase.

4'2Jl

. .
Fig. 5. Motion of the operating point in the W- VB
plane with a large value of the grid resistance Rand
the grid condenserK. The paths convergeto a 'closed
loop; a státionary adjustment is not reached.

The resulting motion of the operating point
is indicated by the broken-line curve. As may
be seen, the arrow direction dicussed in con-
nection with fig. 4 has everywhere been
followed. Typical of blocking, therefore, is the
fact that the AC voltage decreases to a very
small value before the grid condenser has been
sufficiently discharged to cause the oscillation
to be built up again.

Under the circumstances considered (large
values of E and K) the path of the operating
point also passes over to the broken-line curve
when it is left to itself at a point of the W- Vg
plane not lying on this curve"). If for example,
the path of the operating point begins some-
where inside the closed loop, it will then
describe a spiral towards the outside which
finally passes over into the loop. A quantitative
formulation of the condition under which this
phenomenon takes place will be given later in
this article.

4) The mathematically-minded reader will have
noticed that the closed curve which the oscillator
point describes upon blocking represents a "cycle
limit" of the differential equation for the motion of
the operating point.
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Fig. 6 shows the shape of the path of the
oscillator point when the grid condenser K is
so far reduced that the oscillator becomes stable.
The operating point in that case describes a
spiral toward the inside from a given point in
the W- Vg plane, which spiral approaches the
stationary adjustment, namely the point of
intersection of curves I and 11. This point of
intersection, since Vg as well as W is stationary,
represents the only possible stablè adjustment.

Fig. 6. Motion of the operating point in the W- Vg
plane with a value of the grid' condenser J( smaller
than in fig. 5. The operating point describes a spiral
which converges towards the stationary state.

The character of the motion of the operating
point is again different when the grid resistance
is chosen so small that the point of intersection
of curves I and 11 of fig. 4 falls in the upper
branch of curve I. It may be recalled from the ,
previous article that an operating point on the
upper branch of curve I is always stable and
may be realized with the aid of a bias voltage
battery instead of with a grid resistance.The
diagram 'in question is now sketched in fig.7a.
It may be seen that, retaining 'the arrow direc-

w

. Vg-
a

Fig. 7. a) Motion of the operating point with a low
value of the grid resistance R. The sta-
tionary state is situated on the upp'er
branch of curve J. It is reached without
the operating point spiraling around it.

?) Motion of the operating point with oscilla-
tor connections with a fixed bias. The
direction of the motion in the 'diagram is
always vertical. Stable states are only
possible on the upper bra.neh of the curve.

tions indicated in fig 4, the operating point can-
not leave region Ga when it has once entered it.
The operating point thus approaches the point'
of intersection asymptotically without moving
around it as in fig. 6.
If the bias is exited with a battery the field

of directions in the TV-Vg plane changes in the
manner indicated in fig. 7b. Each arrow of fig. 4
must now be replaced by its vertical component,
since movements of the operating point in the
horizontal direction do not now occur. It is
clear from this diagram that the operating points
on the upper branch of the curve are stable and
on the lower branch labile.
Summarizing, three cases can be distinguished:

A) Instability or blocking. 'The operating point
of the oscillator describes' a closed curve in
the W- Vg plane or approaches such a curve,

B) Stability of the first type. The operating point
moves along a spiral towards the inside in the
direction of the stationary state.

C) Stability of the second type, also to be realized
with a fixed grid voltage. The oscillator point
moves toward the stationary state from one
side only.

For the sake of completeness it should be
remarked that an intermediate case is possible
between A) and B) in which -in the case of a
s m a 11 deviation the stationary state is re-
covered by a spiral motion towards the inside,
while a 1a r g e deviation from the stationary
state leads to a spiral motion towards the out-
side which passes over into the closed curve
mentioned under A). This behaviour, of which
fig. 8 gives an indication, mayalso occur in prac-
tice, although it may be considered more or less
ararity, ' ':'

412J5

Fig. 8. Motion of the operating point with an oscil-
lator in which, according to the initial point of the
motion, blocking as well as stable oscillation may
occur. Operating points inside the broken-line curve
give a converging spiral, those outside a diverging
spiral.

Caleulation of the stability
The foregoing considerations were of a some-

what qualitative nature. We shall now study



176 PHILIPS TECHNICAL REVIEW Vol." 7, No. 6

quantitátively ,the behaviour of the operating
point of the oscillator in the immediate vicinity
of the stable orunstable stationarystate, in order
to furnish evidence that the spiral motions
towards the inside or towards the outside, can
actually take place. !

For this purpose we assume that the coordi-
nates Rg and Wof the operating point deviate by
small amounts LI Vg and LIW from the coordi-
nates of the intersection point of curves I and I I
representing the stationary adjustment. How
will the operating point then move ~

The change in Vg is described in general by
equation (1). Since no change occurs in the point
of intersection itself we obtain from this for
small deviations •

dVg =dLlVg =.!.{dig LlV + dig LlW
dt dt K dVg g dW

In this equation the negative grid voltage Vg is
again considered as a positive quantity. Connec-
ted with this is the fact that dig Id Vg will be
negative, since with constant oscillation ampli-
tude W the grid current will decrease with
increasing negative bias.

The change in the oscillation amplitude
(dzlWIdt) in the vicinity of the operating point can
now be derived in exactly the same way as the
change in the bias. From equation (3) it follows
immediately that

dW = dLlW = W Llr' .
dt dt 2L

As already mentioned, r' is here a negative sub-
stitute resistance which must be imagined to
be in series with the coil of the oscillator circuit
in order to represent the effect of the back-coup-
ling coil and of the valve on the oscillator cir-
cuit. Since this negative resistance is given by

. equation (2), the following is true:

Llr' =M(dSeff LIW+ dSeff LIVg)a dW dVg
and by substituting this in equation (6) we obtain

dLiW= WM (dSeff LI W+ dSeff LI V) (7)
dt 2 La sW d Vg g.

Equations (5) and (7) together describe the be-
haviour of the oscillator upon the assumed de-
viation from the state of equilibrium. For the
sake of clearness we write these equations of
motion of the operating point in the form:

d~,W=aLlW- bLlV"). . (8)

.dLlVg=cLlW _ dLi Vg
" dt .

Here a, b, c and d are quantities defined by (5)
and (7) having positive values.

From the two equations (8) we may simply
eliminate LIW or LI Vg. If we choose the latter
we obtain for LIWa differential equation of the
second order:

d2L1W dLiW'
--d 2 + (d-a) -- + (bc-ad)LlW = 0,t dt ,

while for LI Vg exactly the same differential
equation may be derived. I

In the cases of interest to us (bc-ad) is found
to be positive"). The solutions of the differential
.equation then have the character of a sinusoidal
oscillation whose amplitude varies with the time
according to a power of e, namely proportinal to

.- (d-a) t.

The spiral motion of the operating point is.
composed of two such oscillations of Wand Vg
shifted in phase. A stable adjustment is ob-
tained when the amplitude of the oscillation de-
creases in the course of time, for which the
condition that d > amust be fulfilled, or written
out in full :

1 1 dTg . WM dSeff
KR-KdVg>2La dW (9)

(6)

From this it is immediately clear that the
stability can be promoted by a reduction in size
of the grid condenser K. Since arg Id Vgjs nega-
tive it further follows from relation (9) that an
increase in the slope of the grid current charac-
teristic (dig Id Vg) also .has a favourable effect
upon the stability 6) •. The knowledge of the'
latter fact has ledin practice to newconátructions
in oscillator valves, for example to the use of a
control grid which is closely wound at its ends.
The closely wound part draws a grid current at
positive grid voltages but has no further effect
on the characteristics of the oscillator valve.

ó) The condition that bc-aä ;» 0 means only that one
is concerned with an intersection point on the re-
turning branch of the characteristic. Referring
back to fig. 2, we may then say that the slope of
curve 1 is greater than that of curve 11. These
slopes are easily calculated with the help of equa-
tion (8). For curve1dW Idt = 0; this curve there-
fore has a slope/:).WI/:). Vg = bla. In the same way
one finds for the slope of curve 11 a value die.For
a point of intersection on the returning branch
therefore blo> dieor bc-ad> O.

6) In the graphical method ofrepresentation whichwe
have employed in figs. 5 and 6 the stabilizing
effect of a steep grid current characteristic can also
be detected. If the curve for dW Idt = 0 (curve I)
is drawn for a steep grid current characteristic, the
loop becomes very narrow and the fieldof direc-
tions is so distorted that it becomes almost im-
possible to draw a. spiral motion of the operating
point towards the outside.
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In connection, with these practical consequences
we shall go somewhat more deeply into the significance
of the grid current characteristic. For that purpose we
shall consider, fig. 9, in which it is indicated how
the negative grid bias and the grid AC voltage to.
gether determine the grid current. The relation be-
tween grid current and grid voltage is here represented .
by a broken straight line. The shaded area is a measure
of the average grid current 7g.

Fig. 9.' Diagram for the calculation of the grid current
for given values of the grid bias V, and of the
oscillator amplitude W.

For positive grid voltages in the approximation
chosen here the grid current is proportional to the grid
voltage, so that we may speak of a certain resistance
Ri between cathode and control grid. If, further, we
indicate by 2tpthe phase angle of the part of the period
during which grid current flows (seefig. 9) then the
average grid, current follows from

- Wtp W·
ie = -R.J (cos a; - costp)de =-R. (sintp- tpcostp) (10)

1t 10 le , I

We may assume that rp is small, so that we may set:
. ' rps
smrp =rp-6'

rp2
eoesp = 1-"2.

Equation (10) thus resolves into:

. W tps
~8 =nRi"3

'On the other hand' between ç; V~, Wand R there
.exists the relation already used in equation (1)

-:- V, W
~e =7I R:i R' (12)

in which the symbol for "approximately equal to"
expresses the fact that V, and W differ only slightly
from each other, which again corresponds to the assump-
üion that tpis a small angle. From (12) and (ll) it fol-
lows that: ,

3 3nRirp =~.

With the help of the angle rp thus found we
shall now determme the quantity

(: ~) ., = oonstan~)

occurring in the criterion of stability, equation (9).
For that purpose we make use of the relation:

Vu: = cos rp,
from which it follows that

orp 1 1
-- = ---- ~---OV, Wsinrp Wrp·

Bij differentiating (11) we now find that
3 _

( oÇ) =~tp2(i!E_) .; -_J!_ = _1/_,3_ (13(
oV, nRi OV, nRi V n2Ri2R .

In the cases occurring in practice the grid resistance
Rjs large compared with R, (for instance RI = 1000n,
R = 50 OOOn).From this it follows that the denomi-
nator of the term under the radical is much smaller
than R3, so that oi;lo V, is many times as large as
l/R. We may therefore ignore the first term in the
stability condition given by equation (9) and then by
substituting (13) in (9) we obtain the stability condi-
tion in the form

3

(ll)

Y' 3 >_! ]-i K W OSef!
n2Ri2R 2 L 0 oW

From this result the same main conclusions may be
drawn as from equation (9). The relation between the
stability and, respectively, the internal resistance Ri
and. the external resistance R between cathode and
grid is shown more clearly than in equation (9).

(14)
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THE INVESTIGATION OF TEXTURE \VITR ELECTRON RAYS

by J. F. H. CUSTERS.

Due to the strong absorption experienced by electron rays in matter, they are
more suitable than X-rays for the investigation of the sürucbureîof very thin
films. As an example of such an investigation the texture is here discussed of
aluminium mirrors which are obtained by depositing the metal by evapora-
tion on a cold glass wall or on one heated to 2000 C.

It is now known that in some respects moving
particles of matter behave like waves of the
wavelength

h
.1=-.

mv

(m = mass of the particle, v = its velocity, h=
P Ianc k 's constant). The first experiments
from which this could be directly concluded
became known several years after d eBI' 0 g -
Ii e had set up equation (1) (1924): by allowing
electrons to impinge upon a crystal, diffraction
and interference phenomena could be observed
quite analogous to those which occur upon the
diffraction of X-rays, whilst the phenomena
were also quantitatively similar when the wave
length given by (1) was assigned to the "ma-
terial waves".

While in the beginning the phenomena in
question were mainly of interest for theoretical
physics, they soon proved to be extremely
useful as an aid in practical research. In the
same way as X-rays, upon diffraction at ma-
terial particles electron rays are able to give
information as to the system, orientation,
regularity, etc. of the a 1'1' an gem ent of these
particles, in other words, like X-rays, elec-
tron rays can be used for st r U ct u r a I
a n a Iy sis.
In this connection there are two properties of

the electron rays which are of special import-
. ance: 1)there is a much stronger reaction between
the electron rays and matter than between X-ray
and matter; 2) the electron rays which can be
used practically have a much shorter wave-
length than the X-rays suitable for structural
analysis.
_ Theiirst difference involves the fact that with."
electron rays still smaller and more rarefied
quantities of matter are sufficient to cause the
diffraction phenomena than is the case with
X-rays. Thus electron rays are used preferably
to investigate the internal structure of ga s e s
or for the structural analysis of organic chemi-
cal substances of which sometimes only mini-
mum quantities are available. Furthermore, the
intense mutual reaction results in the fact that
the ,electron rays are very strongly absorbed.
The penetrating power is a factor of the order of

539.27 : 620.18.

(1)

magnitude 108 smaller than that of X-rays, and
after passing through a layer 1000 A thick, for
example, they are already practically entirely
absorbed. This fact makes electrons particularly
suitable for the investigation of ver y th in
f i Im s, such as metal films deposited in some
kind of base. With X-rays in such a case not
much can usually be done, since the latter,
even when they are given a glancing incidence
on the surface to be examined, penetrate too
deeply, so that the diffraction pattern of the
superficial film is drowned out by that of the
more deeply lyings parts.
As to the second point of difference, according

to (1) the wavelength of the electron rays de-
pends upon the velocity. If the electron ray
consists of electrons which are accelerated by
an electrical potential difference V then each
electron (charge e) has the kinetic energy

(2)

When the velocity v is eliminated from (1) and
(2) and the values of the constants e, m, hare
filled in one obtains .

ÀA =y151j Vvolt . . . (3)

If, for example, V = 60 000 volts, .1 = 0.05 A,
while the X-rays used for structure analysis have
a wavelength of the order of magnitude of 1 A
(for example À = 1.539 A for the Ka radiation
of copper). The much shorter wave length of the
electron rays results in the fact that they are
diffracted through much smaller angles than the
X-rays. The diffraction of X-rays as well as
of electron rays may be considered as a regular
reflection at the lattice planes of the crystal
lattice of the material investigated, on the
understanding that this reflection takes place
only when the angle fJ between the incident beam
of rays and the lattice plane satisfies B r a g g's
condition: .

nÄ = 2dsinfJ (4)
(d = lattice plane distance, n = a whole num-
ber, the "order" of the reflection). With a given
set of lattice planes (d) and a given order n
of the reflection, the angle fJ also becomes very
small with a small value of Ä. If for example d =
1 A and À has the value already mentioned of
O. 05 A, the first order reflection (n = 1) occurs
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at e = 1.5°. In order to obtain diffraction dia-
grams of reasonable size which can be measured
with sufficient accuracy, therefore, the photo-
graphic film on which the diffracted rays are
allowed to fall must be placed at quite a large
distance from the specimen being investigated.
As an example of the application of electron

diffraction we shall discuss here the investigation
of a 1u m i n i u m m i r r 0 I' S which are
prepared by depositing the evaporated metal
on a glass surface. Such mirrors, which are em-
ployed because of their good reflection of infra-
red, visible and ultra-violet radiation, are made
in the following way. Two tungsten coils are
set up in a vacuum opposite the glass wall to
be covered. At regular intervals on one coil
short pieces of aluminium wire are fastened.
When this coil is heated the aluminium eva-
porates and is deposited on the glass wall in the
form of a mirror whose thickness can be regulated
simply by the length of time for which the
coil is heated. The mechanical properties of
the layer of aluminium, especially the h a r d -
nes s, are, found to depend very much upon
the temperature of the glass surface, which can
be varied by heating the second tungsten coil
to a higher or lower temperature. While a mirror
formed by evaporation onto cold glass (18° C)
is soft and unless handled very carefully is easily
scratched and marred, uton evaporated onto hot
glass, for instance 200° C, hard mirrors are ob-
tained which can be used for technical purposes.
A necessary condition is that the glass surface
must have previously been carefully cleaned of
traces of grease and other contaminations.
The effect of heating the glass should also be
considered as a cleaning of the surface, because
when the heated glass wall is first allowed to
cool before the metal is deposited upon it a hard
mirror is also obtained.
The obvious question is now whether or not the

difference in hardness is correlated with a de-
monstrable difference in structure of the layers
deposited by evaporation. Because of the ex-
treme thinness of the films this investigation can
be carried out practically only with electron
rays.
By allowing a beam of electrons to fall upon

the surface of the mirror at a glancing angle as
is sketched in fig. 1, the diffraction diagrams
reproduced in figs. Za and b were obtainedin the
two cases of evaporation on cold and hot glass
respectively. In all respects these diagrams
resemble diffraction diagrams obtained with
X-rays when there are allowed to fall on a (suffi-
ciently thick) layer of a polycrystalline metal: a
number of rings, De b ij e - S ch err e l' rings,
occur, each of which belongs to a definite set of
lattice planes of the crystal lattice of the metal

concerned. Such a set of lattice planes will lead
to reflection of only those crystals which are so

s ___ ~===-=--=-d- .~A 1£ ,"t:!e-: ",. /If " .. ~ ....

"','516

Fig. 1. The electro~ beam S falls with glancing inci-
dence on the aluminium rnrrror A deposited on the
glass wall G. The rays which are diffracted through
very small angles fall on the film F,which is placed at
a fairly large distance away (in practice for instance
35 cm).

oriented that the lattice plane makes the angle
e determined by equation (4) with the electron
beam. The rays reflected at this set of lattice
planes must therefore always make an angle of
2 e with the direction of the incident beam, i.e.
they alllie on the surface of a cone around this
direction and can only strike the photographic
film on the ring where the surface of this cone
cuts the film. With glancing incidence of the
beam on the specimen being examined there is
also the peculiarity that the rays which are
reflected toward the ins i deaf the surface
are absorbed in the film, so that in the diffrac-
tion diagram only half of the diffraction pattern
can be seen: it is as if the rings were half covered
by the shadow of the plate-shape specimen.
If the crystals in the polycrystalline metal are

entirely at random, the lattice plane being con-
sidered will occur in all possible positions, the
corresponding ring in this case being uniformly
black around its whole circumference. This case
is obtained in fig. 2a. In fig. 2 b on the other
hand the rmgs are not uniformly blackened

a b

Fig. 2. Electron diffraction diagrams of an aluminium
film deposited by evaporation on a cold (a) and on a
hot (b) glass surface. r is the De b ij e ' Sc her r e l'
ring for t he rhombododecahedron planes, le for the
cube planes.
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around the whole circumference, from which it
follows that in this case the crystals do not occur
in all possible positions, but possess a preference
for a certain orientation. The film which has
been deposited on hot glass and which is much
harder thus possesses a texture.

Several months ago it was explained in this
periodicall) how such a texture can be fur-
ther investigated and described by means of a
so-called pole figure. In the investigation
by means of electron rays this process is often
simplified thanks to the fact already mentioned
that the angles of reflection 0 are so small, name-
ly of the order of magnitude of 1°. The direction
of the electron beam itself, due to the slight
divergence always present, cannot be defined
more exactly than within about 1°, so that it
may be said that the reflecting lattice planes
must be practically par a 11 e 1 to the inci-
dent beam. Furthermore, as is illustrated by
fig. 3, every lattice plane is perpendicular to the
line joining the centre points of the diagram with
the interference spot caused by that lattice plane.

s

4/5/8

Fig. 3. Reflection of an electron ray at a set of lattice
planes. Because of the very small angles of reflection
O, it may be said that the lattice plane N is practi-
cally parallel to the incident beam S. Furthermore the
lattice plane is perpendicular to the line joining the
spot I which it causes on the film F with the centre
interference spot C at which the non-diffracted beam
strikes the film.

Let us apply this to the diagram of fig. 2b
and consider especially the D e b ij e - S c her -
re r ring (r) which belongs to the rhornbodo-
decahedron planes of the cubically crystalli-

1) Philips Techn. Rev. 7, 13, 1942.

Fig. 4. The aluminium crystals, represented by their
elementary cubes, alllie on the glass in such a position
that a rhombododecahedron plane 1" is parallel to the
surface.

zing aluminium. One part in particular of this
ring is strongly blackened (white in the repro-
duction) and the line joining this with the
centre is perpendicular to the edge of the shadow
of the plate of metal. From this it follows that the
rhombododecahedron planes of the crystals lie
preferably parallel to the surface of the mirror.
In fig. 4 a model is given showing a number of

Fig. 5. When a rhombododecahedron plane r is parallel
to the surface of the mirror (thus also parallel to the
glancing electron beam SJ, there are only two posi-
tions of the cryst.al in which t.he cube planes alsu
give rise to reflection. Itmay be seen that each of two
positions produces two int.erferenee spots.
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crystals in
condition.
Now in order to ascertain whether all of these

positions actually occur we consider the D e b ij e
Sc h err er rings "of other lattice planes as
well, for instance the ring for the cube planes.
Out óf . all the positions oÎ crystals shown' in
fig.4there are only.two inwhich a cube plane
lies parallel to the incident beam. These two
positions are drawn separately in fig.'5 and at
the same time the way in which the. reflection
Willtake place is indicated. It is evident that a
blackening m~y be expected on the De b ij e -
~ c he r r e r ring in question at, onlyfour points,
namely at the intersections with the edge ofthe
shadow and at two points 450 away from that
edge.' This is actually what is. observed in 'the
diffraction diagram.' If the mirror. is now rota-
ted through any· desired. angle around the nor-
mal to its own surface and a diffraction photo-, . ,

different positions satisfying this . graph is again made, exactly the same picture
. is obtained. From nhis it follows that then also
crystals always occur in the position of fig. 5,
in other words all the positions given in fig. 4,
'in which a rhombododecahedron plane is parallel
to the surface of the mirror, actually do occur.

In conclusion it should be mentioned that
exactly the same texture as described here is
also found in aluminium films deposited by
evaporation on molybdenum at 2200 0 and then
.heated in a vacuum to 6000 C. On the other
hand some investigators obtained deviating re-

, sulbs in the case of aluminium films on glass,
for instance a texture in which a cube edge of the
crystals is perpendicular to the surface of the
.mirror, or where the same is true of a space
diagonal of the crystals. Thus in the deposition
,of the aluminium certain experimental conditions
apparently play a part, which conditions must
have been different in the different experiments.
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A LARGE BATTERY OF CAPACITORS

621.319.4

Battery of capacitors with a reactive power of 10000 kVA, 6.8 KV/50 cis, for phase shifting, consisting
of 96 Philips pressure capacitors of 105 kVA each.

from the latter, which may be done by means of
capacitors installed in the vicinity of the current-
consumer. The reactive current need then no
longer follow the long path from the power
station over the lines and transformers, which is
often more than 100 km (about 65 miles) long.
The generators and all the means of transmis-
sion lying between the power station and the
connecting point of the condensers are relieved
of the reactive current. Their capacity increases,
and the losses and voltage drops occurring
therein are reduced.

Besides the technical advantages with regard
to the voltage control, the economic benefits are
a saving in expense for the extension of the net-
work of mains on increasing load and a saving
in running costs due to lower fuel consumption
as a consequence of a reduction in the losses,
which may both be very high. At the same time
considerable amounts of important raw materials,

A ttention has already been called in this
periodical to the sÏgnificance of improving the
power factor in electric heavy current mains by
means of capacitors.
In an AO mains without phase shift the

generators at the power station have to supply
not only the active power that is transformed
in current consumers into mechanical driving
power, heat and light, but also the rea c -
t i v e power that maintains the necessary
magnetic fields. The production of the active
power requires the application of mechanical
energy by means of steam engines, water
turbines, internal combustion engines. On the
other hand, the production of the reactive power
does not require the application of any energy
and is thus not confined to the location of the
power station. It can straightaway be separated
1) Philips Techn. Review, 1, 178, 1936.
2) Philips Techn. Review, 4, 254, 1939.
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such as copper, aluminium, iron, bransformer'
oil, etc. for enlarging the mains, coal or oil for
running, are saved.

Now a few words as to the choice of location
for the capacitors .. Next to separate installation
at the individual works, the concentrated in-
stallation of a large condenser capacity at the
consumers' end of long transmission lines or at
the main point of the reactive load is gradually
gaining ground; in this way the power supply
company has it in hand to switch capacitors
,on or off according to the loading conditions.

The above illustration gives an example of
capacitors connected at Göteborg (Sweden)
to the mains of the Trollhättan power station
140 kin (about 90 miles) away, The battery, the
reactive power of which is 10000 kW 'at
6.8 kV and 50 cis, comprises 96 Philips pressure
capacitors 2) of 105 RkVA each, which are set
up in 12 rows of 8 (diameter 216 mm, height
2735 mm). Each capacitor is protected by high-
efficiency fuses. In series with the whole batte~y
are choke coils that consume 4.6% of the mains

voltage and detune the frequency of the mains
to such a degree that a troublesome amplifi-
cation of the harmonics of the voltage curve is
avoided.

Two" further battedes of the same pressure
capacitors (5000 RkVA, 6.8 kV each) have
been installed at Ornkäldsvik and Brännland
on the network of the Norrländska Power
Supply Co.

Further to the article mentioned in foodnote
2, we would observe that five years' experience
with' Philips pressure capacitors fox the most
varied outputs and voltages is nowavailable
and has proved these capacitors to be entirely
,satisfactory both mechanically and electrically.
Almost without- exception a refilling of- the
pressure cylinder with nitrogen was found to ,
be superfluous; in spite of the high' field-
strength in the dieletric a close inspeetion did
not disclose the slightest traces of ageing phe-
nomena, so that it is perfectly safe to reckon
with a practically unlimited life.
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THE EQUALIZATION OF TELEPHONE CABLES

by R. van de WEG.

In order to obtain a flat frequency characteristic in a telephone cable a so-
called equalization network is connected behind each cable section. In this
article the make-up of these networks is discussed and the method is studied
which is used to determine the network required for a given behaviour of the
cable damping.

When a sinusoidal voltage V1 is applied to
one end of a pair of conductors, a sinusoidal vol-
tage V2 also occurs at the other end which is in
generalof smaller amplitude and more or less
shifted in phase. This is expressed by writing

V2 = V1e-!1 (1)
and the transmission is in this way characterized
by a ,·transmission factor" g which is in general
complex:

The real part a of the transmission factor indi-
cates the attenuation (damping), the imaginary
part b the phase rotation experienced by the
sinusoidal voltage upon' transmission through
the cable. The transmission factor depends not
only upon the properties of the cable, but also
upon the terminal impedances at the beginning
and the end of the cable 1). More generally; the
transmission over any given network terminated
in any manner (quadrupole) can also be charac-
terized by such a transmission factor. -

In the transmission of speech, music, tele-
graphy signals, etc. through the' cable AC vol-
tages of different frequencies must be trans-
mitted. For each of these frequencies the factor g
may have a different value: the cable (with its
termination) has a certain "frequency characte-
ristic". For an undistorted transmission of all
signals this frequency characteristic must now
satisfy two Tequirements: the damping factor a
must be independent of the frequency: a = ao,
and the phase factor bmust increase proportional-
ly with the frequency (I) so b = (1)0. In that case
. with any given variation with time F(t) of the
signal transmitted, the signal received always
has the form e-ao F (t - r}, i,e, the signal received,
apart from an attenuation by a factor e-ao and
a retardation by a time 0, is the same as the
signal transmitted at every moment.

1) In this connection one also speaks of transmission
factor inuse,attenuation in use,etc.,when onemeans
the transmission upon termination of the cable by
the impedanceoccurring during normal use. If the
cableis terminated at both ends by its characteristic
impedance, which case practically is the most
favourable and theoretdcally the simplest to deal
with, g, then calculated per km length of the
cable, is indicated as the propagation constant
" = oe + fP.

021.392,53

If we now consider an ordinary telephone
cable we find approximately the desired varia-

, tion with the frequency as far as the phase b
is concerned, see lig. 1. As to the attenuation a,

a(db/!cm)
b(ratfkn'J

(2)
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t
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Fig. 1. Attenuation ~I: (db/km) and phase ~otation bic
(radians/km) of a grven cable as a. funcbion of the
frequency. The broken-line curve indicates the da~-
ping ae which ~ network should hav~ for the equah-
zation of a section of 1 km of cablem the frequency
region from 4 to 72 kc/sec.

however, the requirement of a flat frequency
characteristic is by no means satisfied: the
damping increases rapidly with the frequen-
cy. If the cable is to be used for telephony or
telegraphy measures must therefore be taken to
make the attenuation independent of thefrequen-
cy. This can be accomplished by placing be-
tween the cable and the receiver a network
whose. transmission factor g depends upon the
frequency in such a way that the cable and net-
work to get her have exactly the desired fre-
quency characteristic. Since according to the
definitions (1) and (2) the damping a of two
transmission elements connected one behind
the other is at every frequency simply the sum
of the dampings of the separate elements, the
network to be added must obviously possess the
variation in damping indicated in fig. 1 by the
brokenline. This process, in which the damping of
the cable is added to at each frequency to give
the same fixed value, is called e q u a !i z a -
t ï 0 ri of the cable and the network in question,
is called the e q u a ii z er.

In most cases no attention need be paid
to the phase rotation, since, as mentioned in
connection with fig. 1, the deviations of the
phase from the desired dependence on the fre-
quency are small; the distortion thereby caused
(Janonly be disturbing in the case of very long
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cables, for instance for transatlantic communi-
cation, or of instance for the transmission of
television signals, since the picture is affected by
phase rotations to a much larger degree than
sound perception 2). Only in these cases there-
fore must an "equalization" also be applied for
the phase, and certain networks are again used
for that purpose.
It may here be noted that equalization is

only necessary for the frequency region that
is of importance for the signals to be transmitted.
For telegraphy, for example, the characteristic
need only be made £lat to about 75 cleec.; for the
transmission of music to about 10000 eleee,
etc.
According to the above, equalization always

means the artificial increasing of the damping,
which from the point of view of economy is
undesirable. There is also the possibility of
obtaining the desired flat characteristic to a
certain extent without extra damping, by chang-
ing the cable itself, for instance by coilloading
which has previously been discussed in detail in
this periodical 3). In this case the damping in a
certain frequency region is not only rendered
£lat but in addition is considerably lowered.
The disadvantage of this method, however, is
that in the vicinity of a certain frequency, the
limiting frequency, the damping rises so sud-
denly that the transmission of higher frequen-
cies is quite impossible 4). In the case of cables
for c a I' I' i e I' - wa vet e 1ep h 0 n y, where
a large number of calls are transmitted simul-
taneously over each pair of conductors by
shifting 5) the speech frequencies to different
frequency regions (channels), and where there-
fore fairly high frequencies must also be trans-
mitted - in a 17-channel system designed
by Philips up to 72000 c/sec, for example -,
loading cannot in general be considered. In
this case, therefore, in order to obtain an atten-
uation independent of frequency, recourse must
be had entirely to equalization.
Itmight be asked whetter in the case of car-

rier-wave telephony an equalization over the
whole frequency region is actually necessary.
The requirement of f I' eed 0 m fro m dis-
tor t ion of the speech to be transmitted,
for which a £lat frequency characteristic is
2) On the influence of the phase on the form of a com-

plex vibration and on the sound impression see:
J. F. Sc hou ten, Philips Techn. Rev.4, 167,
1939.

3) See especially: F. de Fr e mer y and G.:T
Leven b ach, Carrier-wave telephony on coil-
loaded cables, Philips Techn. Rev. 4, 20, 1.93~..

4) The damping in the region below the limit.ing
frequency is, moreover, never absolutely c:onstant,
so that in addition to loading an equalizat.ion must
also be applied.

5) See: Philips Techn. Rev. 6, 325, 1941 7, 83, 1942;
7, 104, 1942.

necessary, is only made of each separate chan-
nel, which for instance in the case of the 17-
channel system mentioned includes speech
frequencies from 300 to 3400c/sec. If we consider
these successive frequency regions (fig. 2) the at-
tenuation is found to vary only very little within
each channel. When we consider a cable section 30

0,5

o~~~~ .. ~~~~~ .. ~~~-.~
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Fig. 2. Cable-damping in the frequency regionz of the
successive speech channels in a carrier-wave system
with 17 channels.

km long the variations for the highest channels
still lie practically within the permissible limit
of about 1 db, and for the lowest channels
they are not greater than 2.5 db, so that as
far as the distortion is concerned an equalization
in each channel, which can be realized in a
simple way, would be sufficient. The attenua-
tion curve would in this way be supplemented
forming a kind of step-like curve. For another
reason, however, equalization over the whole
frequency region from 4000 to 72 000 cleee. is
necessary, namely in order to avoid overloading
of the line repeaters. These repeaters must be
of such dimensions that they provide an ampli-
fication which is sufficient to bring the highest
channel, which is the weakest at the receiving
end, up to the desired level. Since with a cable
length of 30 km the lowest channels are al-
ready about 30 db stronger than the highest,the
repeaters would be very heavily overloaded by
the lowest channels. The result of overloading
is in the first instance a non-linear distortion in
which higher harmonics of each speech frequen-
cy as well as combination tones of different
frequencies occur which may fall in higher or
lower channels and thus cause cross-talk between
the various channels. Thus in carrier-wave
telephony also an equalization network must be
placed behind every cable section in front of the
input of the following line repeater (fig. 3).

====:0El====~======r:DEt41580
Fig. 3. Cable sections with equalization networks E
and line repeaters V.
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Equalization networks
We shall now examine more closely the net-

works which can he used for equalization.
Given a cable with a certain damping curve,

it is a question of finding a' network whose
damping factor has a prescribed variation
as a function of the frequency, i. e. varia-
tion which will bring the given damping
curve of the cable up to a constant value ..Thus
formulated generally, and given a certain re-
quired precision, the most divergent solution
could be proposed for the problem. A restriction
is immediately imposed, however,' by the re-
quiremenb that- the matching between the
cable and the terminating resistance Ro (i.e.
the impedance of the final apparatus or the am-
plifier input, which impedance is made as
nearly as possible equal to the so-called wave
resistance of the cable) must not be disturbed
by the insertion of the equalization network be-
tween them. This means that when it is termi-
nated by the ohmic resistance Ro the equalization
network, must also exhibit the resistance Ro as
input impedance. At the same time there is then
the advantage that if necessary a second equali-
zation network (satisfying the same conditions)
can be placed between the first equalization
network and the terminating resistance Ro,
and in this way any desired number of equali-
zation networks can be connected one behind
the other, each with a different damping curve
if necessary, without any change in the trans-
mission properties of each network. Thus it is
possible to divide, as it were, the total required
damping curve in to different parts and assign
each part. to a network, which is of great advan-
tage in the case of a fairly complicated shape
of the required damping curve. '
In fig. 4 several forms of networks are now

given which satisfy the condition mentioned.

a) b)

The impedance indicated by Zl may in each
case still be composed in any desired way' of
resistances, self-inductions and capacities. The
reciprocal impedance R2o/Z1 occurring in other
branches is then also composed of such elements,
and this impedance is found by replacing the'
elements Rl' Ol>L1 of the network Zl by ele-
ments R2' L2' O2 respectively, which satisfy the
equations:

R1R2 - L1/02 = L2/01 = R2o,
and with which every connection in series in the
network Zl is replaced by a connection in parallel
and vice versa, If. for instance, Z} is a parallel
connection of a capacity 01 and a resistance Rl'
then, as can easily be verified, R20/Z1 becomes a
connection in series of a self-induction L2 .

R0201 and a resistance R2 = Ro2/R1'
The following equation is valid for the dam-

ping of a network according to fig. 4a :

adb = 20 log I1 + Zl/Ro I (3)
I-Z1/Ro

for the networks according to figs. 4b, c, d:

adb = 20 log I1+Zl/Rol (4)
It is clear that by a varied choice of Zl a very
varied behaviour of a with the frequency can be
realized. In fig. {j the qualitative behaviour of a
is reproduced for the network of fig. 4b with
several types of impedances Zl'

The function of an equalization network is to a
certain extent analogous to that of a filter. It is there-
fore perhaps advisable to point out their points of differ-
ence. In the case of a filter it is a questien of 0btaining a
damping in a certain frequency region and in another fre-
quency region preferably an entirely unattenuated
transmission (zero damping). Therefore for the composi-
tion of filters in principle only reactive elements (coils
and condensers) are considered which have the lowest
possible energy dissipation. "Damping" (without
dissipation) is in this case obtained in certain frequen-
cy regions only due to the fact that the matching
between the filter impedance and the terminating

Z1

~! .

R8 j £js: z, -2... !!1 Ra
. Z,

C) d)
q157/.

Fig. 4 a-d). Four types of equalization networks. AU have the propenty that
upon being terminated by a resistance Ro the input impedance also becomes
equal to Ro. With the same value of Zl the three types of networks b), c) and
cl) have the same damping curve (equation 4). This can be explained in the
following way: If the network b) is terminated by a resistance Ro it forms a
W h eat s ton e bridge, one diagonal of which lies between the input terminals
of the network, the other between points Pand Q. It is easily verified that
with the impedances indicated the bridge is balanced, so that the resistance
Ro between .p and Q carries no current. This resistance can for example:
therefore be short-circuited, network c) then being obtained. Or theresistance
in question may be made infinitely large, network d) then being obtained. The
transmission is the sarne in all three cases, provided the left-hand terminals are
used as input. If, however, the direction of the transmission is reversed, net-
works c) and cl) no longer satisfy the initial condition, so that these two
networks cannot be used for transmission in both directi ons.
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Fig. 5. By building up the impedance Zl 'of the net-
works in fig. 4 in different ways from coils, condensers
and resistances, damping curves of different types
can be obtained. For the network of fig. 4b the ap-
proximate form of the damping curve is drawn for
the most important types of impedance Zl'

impedance is poor in these frequency regions. Because
of this the energy of the incoming signal is partly
reflected and does not reach the termination behind
the filter. Once the transmission ,region has been
determined, however, the be h a v i 0 u r of thè
damping of each type of filter in the damping region
is entirely fixed, so that owing to the limited number
of types of filter there are only limited possibilities
of variation. It is clear that by also including res i-
s tan ces in the network much more extensive
possibilities are obtained forrealizing a given damping
behaviour. '

It must further be pointed out that equalization is
not only used in cables, but that it is sometimes also
necessary in the case of other transmission elements
(quadrupoles). In the latter case it is sometimes not
actually a question of "equalization", but of obtain-
ing a definite (thus not flat) frequency characteristic.
Thus, for example, the previously described psopho-
meter characteristic 6) can also be realized by means of
"equalization" networks.

Determination of the network required

How does one now find the impedance Zl that
has to be taken in the networks of fig. 4 in order
to obtain a prescribed form of damping ourve l
6) Philips 'I'echn, Rev. 7, 108, 1042,

This can be done in different ways. In the first
place a certain type of impedance Zl may be
chosen for the approximate shape of the de-
sired damping curve, and then the necessary
equations may be set up for the n elements in this
impedance - in the case above these were the
two elements 01 and RI - by setting the atten-
uation a given by (3) or (4) exactly equal to
the damping desired at n different frequencies
for those frequencies 7). The calculations are
generally quite elaborate and it cannot be seen
in advance how much the attenuation for other
frequencies will deviate from the desired values.
Moreover, it may happen that from the equa-
tions values are found for the impedance ele-
ments which are not realizable with the available
means, for instance negative capacities and the
like.

A different method is therefore often pre-
ferred,' namely the accurate drawing of the
damping curves for a large number of networks
with different kinds of impedances Zl> consisting
of elements of different ·values. Given such
curves, it is possible by interpolation to find
a curve which approacl:es the desired damping
curve as closely as possible. It may seem a
hopeless task to draw such curves and to use
them, considering the large number of parame-
ters. If, for instance, we take for Zl the connec-
tion in parallel of 0 and R already used as an
example, the damping curve a (eo)of the equali-
zation network has the three parameters Ro, R
and O. Thus for bhis single type of Zl we obtain
a threefold family of curves, or 00 3 different
curves. Fortunately, however, by a suitable
choice of the variables the number of curves to be
drawn is found to be very much reduced. If, for
example we substitute in equation (4) for a
network of the form of fig. 4b the function of
Zl which corresponds to the connection in parallel
of Rand 0:

1
1 '
R+jwO

we find for the damping:

a = 20 19 1 ~ + RjRo I·
1+ jwRO

(5)

By now choosing ühequantity wRO as indepen-
dent variable instead of w we can represent
èquation (5) as a sin g 1e family of curvesin
which only RjRo still appears as parameter. In
fig. 6 a number of curves ofthisfamilyare drawn.

The factthat, with RjRo given, the damping a

7) O. J. Zo bel, Bell System 'I'echn, J. 7, 438, 1928
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depends only on the expression w RO means
that two different prescribed damping curves

41$71

Fig. 6. Damping curves (a as a function of Cl) RO) of
networks according to fig. 4b, with, a capacity 0 and
a resistance R, connecd in parallel for the impedance
ZI' for a series of different' values of the parameter
R/Ro. (The same .curves indicate th.e damping for the
case where ZI consists of a self-inducbion L and a
resistance R; conneted iri' parallel; the' fi~ures along
the abscissa then, indicate the quantity RIooL.)

~1(W) and a2(w) can be realized with the 8ame
curve a(wRG) of our family (thus with the same
value of R/.Ro), provided al and a2 satisfy the
condition that ..

.' , (6)

where le represents any arbitrary constant. The
network securing the damping al (00) must then
be made with RG = 1, the network for a2(w)
with RG = k. With a linear scale for the fre-
quency (J) equation (6) means that the curve
a2 (w) is obtained from the curve ~«(J)) "by, ex-
pansion or contraction in the direction of the
abscissa; with alo g a rit h m i c frequency
scale on the other hand a2(w) is obtained from
al(w) simply by tra n sla t ion, of the curve
in the direction of the abscissa, because log kw =
log w + log k. For this reason the family of
curves in fig. 6 is drawn with a logarithmic
abscissa: the prescribed damping curve a(w),
which has been drawn on transparent paper
with the same logarithmic scale for the ab-
scissa, can then simply be laid on fig. 6 and by
shifting it in the direction of the abscissa an
attempt may be made to make it coincide with
one of the curves. If this attempt is successful;
the value of the abscissa roRG can be read off at
a definite frequency wand the required value
of RG is then found as the quotient of the'
two abscissae. An example is given in fig. 7,
whe:e it may at the same time be seen that in

order to make two curves coincide a mutual
shift of the two graphs in the direction of the
or din ate mayalso be used. Such a shift
means only an increase in the damping by an

db

4

a ~61- _

r
l4~---
~---

2

Fig. 7. Example of the manipulation of the families of
curves. a is the prescribed damping curve which must
be realized as well as possible in the frequency region
indicated from 001 to 002, The curve a drawn on trans-
parent paper is laid on the family of curves of fig.6
and by moving it about it can be made to coincide
approximately with the curve for which R/Ro =
1.21. With this position of the two pieces of paper the
abcissa OOI lies at ooRO = 0.22, the abscissa 002 at
ooRO = 6.6. From this it follows that 'RO = 0.221/001
or 6.6/002' which must of course give the same result.

amount which is the same for all frequencies,
and is therefore - although not desirable in
practice --'- permissible for the equalization.

Fig. 8 gives the family of curves for an equali-
zation network according to fig. 4b with a
different impedance Zl' namely a connection in
parallel of a resistance R with a self-induction L
and a capacity 0 in series. In this case the four
parameters R, L, G, Ro can be reduced" to
two, viz. rL/G/Ro and R/Ro, when wiLG is
plotted as abscissa. A twofold family of curves
is thus retained. Here also by the use of a loga-
rithmic abscissa scale an attempt may be made
to make a given damping curve coincide with
one of the curves simply by shifting.

The construction of the family of curves need only
be done once, and the number of curves whose shape
must be calculated is very much reduced in the man-
ner described. Nevertheless, the preparation of the
graphs always requires extensive euleulations. This
can be entirely avoided by a simple, met hod Cl f
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Fig. 8. Damping cU:rves (a as a function: of Cl) V LG)
oÏnetworks according to fig. 4b with, for the impedance
Zu a resistance R in parallel with a self-induction L
in series with a capacity G. In this case a family
of curves is obtained, each family being cha-
racterized by à certain value oftheparameter v.LiG/Ro
and each curve by a certain value of the parameter
RJRo·

m e a sur ing. The arrangement sketched in fig. 9 is
used. Between the output voltage V2, which can be'
measured with the voltmeter V, and the input voltage
E, which is furnished by a tone generator, there is the
following relation:

V _ E ·Ro/2
2 - Ro + Zl'

Furthermore the voltage Vl is always equal to E2'
since the adjustable attenuator T has at all positions an
input resistance Ro' For the ratio TTI/TT2the following
thus holds:

1 ~~ 1 = 1 Rot ZII = 11 + ~IOI·
If now for every frequency of the tone generator the

attenuator is so adjusted that TT2= V2', which is
checked by comparing the voltmeter indications at
nhe :two positions of the switch S, and if the attenuator
is calibrated in db, the position the attenuator imme:
.diately gives the quantity

20 lOg"! 1 + ~IOI.

Fig. 9. Oonnections for recording the damping curves
of equalization networks according to fig. 4b. G tone
generator, T variable attenuator calibrated in db,
S switch, TTvoltmeter. .

According to equation (4) this is exactly the expression
for the damping of a network according to figs. 4 b, o,d
with the impedance in quest.ion Zp The variation of
damping with the frequency can in this way be very
rapidly and easily determined for every set of values
of the parameters of Zp

Actually the method foils down to the same thing
as if the damping of the network of fig. 4b were meas-
ured directly. Since, however, in this measurement the
condition concerning the terminating impedances
does not need to be satified, the network could be re-
placed by the simpler one shown in the upper half of
fig. 9. The advantage in this casé is that for each set of
parameters it is not also necessary to realize the reci-
procal network, which is particularly convenient when
one can be saved the trouble of regulating coils, which
is always much more difficult than setting condensers.

We shall now explain in more detail the prac-
tical process of equalization on the basis of an
example.

Practical process of equalization

First of all in a practical case it has to te
determined what damping curve the equali-
zation network must possess. The data required
can most easily be obtained by m e a s u r in g
the damping of the section of cable to. be equa-
lized as a function of the frequency. If this is
impossible, as for instance in the case of installa-
tions which have to be fuelly worked ont in
advance" the damping curve must oe c a I-
c u 1ate d. When doing so account must be
taken' of the fact that the amplifiers, trans-
formers etc. mayalso all have a definite
frequency characteristic which is not flat. All
these characteristics should be combined. Fur-
thermore, the termination of the cable plays an
important part. If the cable is 'terminated by
its characteristic impedance, only travelling
waves occur in the cable and its damping curve
can be derived in a simple way from the cable
characteristics (L, G, Rand G per km). Usually,
however, the impedance of the termination
of the cable will not be exactly equal to
the lowest frequencies. The energy arriving at
the ends is ühen partially reflected, the degree
of reflection (i.e the magnitude of the energy
loss) depending upon the frequency. In the.

, case of not too long cables the situation becomes
even more complicated, due to the fact that
the energy reflected at the end of the cable is
partly reflected again and then once more
furnishes an appreciable contribution at the
end, which this may even be repeated several
times. Formulae have been developed for making
extact allowances for all these corrections to,
the variation of the damping of any given
quadrupole as a function of the frequency. We
shall not go into them here, however, and shall
aseume that the .damping curve to be equalized
is already given, either by calculation or by
measurement.
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.
Let us now suppose that curve 1 in tig.10 is the

desired variation of the damping of the equalizer .
It is here a question of equalizing a carrier-
wave cable for thefrequencyregion from 4 to 72
kc/sec with a tolerance of ± 1 db. Upon

db
30

-5
Fig. 10. Example of the manner in which equalization
is accomplished. Curve 1is the desired damping curve;
curve 2 is furnished by a first equalization section
(fig. Ua). The difference (curve 3) is approximated
by the damping curve 4 of a second equalization
section (fig. llb). The discrepancies finally remaining
are shown in curve 6: at all frequencies within the
frequency band to be used they are smaller than 0.5 db.

comparison of this curve with the curves of
the different graphs it is evident that the
desired shape cannot be realized with a single
equalization network of the types considered.
A damping curve must therefore first be
separated which can be obtained with the first
equalization section, and then the rest of the
damping must be contributed by a second or
. if necessary several more sections. This separa-
ting can be done more or less arbitrarily. For
curves with the approximate shape of fig. 10 -
a rapid drop in the damping towards high fre-
quencies -it will always be necessary, however,
for practical reasons to begin by matching the
the damping to the requirement at the hi g h-
est frequencies. Furthermore, the damping for
the first equalization network to be chosen should
lie preferably entirely below the desired
curve, since otherwise, in order to avoid having
to provide negative dampings in the following
sections, a constant damping would have to be
added over the whole frequency region. In this
way we arrive at the choice of curve 2,in fig. 10,
which, apart from a constant damping difference
for all frequencies (displacement in the direction

of the ordinate), is exactly realized by a curve of
..the family drawn in fig. 8. The curve in question
is indicated by a dotted line in fig. 8.

For the parameters of the impedance Zl of
the corresponding network the following relation
may be read off from the graph:

yLI/OI/Eo = 3,
Rl/Eo = 11.2,

llYLPI = 2 :n;. 80 000.

Since the wave resistance with which we choose
to terminate the cable lies in the vicinity of 150
ohms in the case of carrier-wave cables, we
choose Eo = 150 ohms and then ,have three
equations for Rl> Ol> LI' In tig. I la the network
is drawn and the values of RI' Ol> LI thus cal-
culated, as well as of the elements E2,02,L2 of
the reciprocal impedance (R02/ZI) are indicated.
The damping curve 2 in fig. 10 subtracted

from bhe.preseribed damping 1, gives the dam-
ping curve 3 which must now be realized with
additional sections. This curve is satisfactorily
approximated by one of the curves of fig. 6,
namely the curve with parameters

R/Eo = 1.458,
1lRO = 2 :n;·15 000.

Ro must of course again be chosen equal to
150 ohms. In this way one obtains the second
section shown in fig. llb with the values there
indicatedfor the elements Ra, arid Oa of the impe-
dance Zl' .and R4,L4 of the reciprocal impedance
R02/Z1' The dampingcurve of this equalization
network, again except for a constant damping
difference, is given by curve 4 in fig. 10. The
difference between this curve and curve 3, which
finally gives the remaining errors.in the equali-
zation, is plotted as curve 5. It may be seeJ?
that the deviations in the whole frequency
region from 4 to 72 kc/sec amount to a maxi-
mum of ± 0.5 db.

a) b)
41582

Fig. 11. Equalization network consisting of two sec-
tions a) and b) for the equalization of a carrier-wàve
cable (see fig. 10).

{
Rl = 1680 ohms

a) Ol = 0.00442 pF
Ll = 895 pH

b) {R3 = 219 ohms
03 = 0.0484 pF

R2 = 13.4 ohms
L2 = 99.5 pH
O2, = 0.0398 pF

R4 = 103 ohms
L, = 1090· pH
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M. J. D r U YV est e y n : An approxi- 1577:
mate calculation of the thermal expan-
sion of solids II (Physica 8, 862 - 867, .
September 1941).

The elasticity theory of an isotropic is exten-
ded by taking into account the anharmonic
terms of the mutual elastic coupling of the par-
ticles of the material. Terms which would give
rise to anisotropic properties are ignored. An
equation is found for a relation between the
constant 'Y of G r Ü n eis e n and the lateral
contraction. For most metals crystallising with
cubic symmetry the results agree very' well
with the experimental findings, but in the case
of alkali metals there are large deviations.
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157G: A. C I a ass e nand J. V i ss er:
Die Trennung und Bestimmung von
Titan und Aluminium mit Ortho- Oxy-
chinolin (Rec. Trav. chim. Pays Bas
GO,715 - 727, September - October 1941).
The separation and determination of
titanium and aluminium with orbho-:
oxychinnoline.

Berg's method for determining titanium with
ortho-oxychinnoline yields doubtful results owing
to the incomplete precipitation of the titanium.
The titanium can be completely precipitated
when the reaction takes place in a tartaric acid

I

i. . solution in the presence of an excess of ammoni-
um sulphate and this solution after boiling is left
on the water bath for one to two hours. A further
condition is that the hydrogen ions must have a
conèentration of at most 10.6•2 grams equivalent
(PH = 5.2). If a citric acid solution is used no
ammonium sulphate need be added. Quantities
of tartaric acid or citric acid larger than 1 gram
increase the solubility of the precipitate. Spe-
cifications are given according to which quan-
tities of titanium up to 40 mg can be determined
analytically to an accuracy of 0.1 - 0.2 mg.
Gravimetrical determinations always yield too
high results owing to the difficulty in washing out
the precipitate. Titanium can be very sharply
separated from aluminium with the aid of
ortho-oxychinnoline in oxalic acid solution provi-
ded the hydrogen ion concentration lies between
PH = 5.6 and 6.5. Separation in malonic acid
solutions yields inaccurate results.
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J. van Sloot en: The transformer
properties of a four-polar system. (T.
Ned. Radio-Genootsch. 8, 217-234, No-
vember 1941).

An electric four-polar system can be regarded
as a transformer converting an impedance be-
tween the output terminals into another impe-
dance between the input terminals. The latter is
conceived to be a function of the former. It is
known that generally speaking two output im-
pedances (so-called iterative impedances) can
be indicated and in this transformation they do
not change in value. With the aid of this proper-
ty the four-pole equations can be cast in
a form which offers advantages for va-
rious applications. In I this article two simple
diagrams are given for cases where the four-polar
system consists of a non-ideal transformer (with
finite self-inductances and spread) or of a piece
of no-loss cable.

1578: E.J.W.VerweyandP.W.Haay·
m a n: Electronic conductivity and bran-
sition point of magnetite ("FesO 4")
(Physica 8, 979-987, November 1941).

Experiments with some sintered rods of
magnetite (Fes04) have shown that when passing
a conversion temperature in the neighbourhood
of 1200K the electrical resistance changes by
leaps and bounds. When cooling the resistance
increases by a factor of 100. This article shows
that this phenomenon depends to a large degree
upon the stoichiometrical composition of the ho-
mogeneous spinel phase, which can be expressed
by the ratio of iron to oxygen or by that of ferro-
oxide to ferri-oxide. With a small excess of
oxygen the above' mentioned sudden increase
in the resistance is gradually reduced and the
conversion temperature lowered several tens of
degrees until ultimately the phenomena of
conversion entirely disappear. These phenomena
are believed to be related to a theory previously
put forward in connection with the crystal struc-
ture 'ofmagnetite (in particular the distribution
of the bivalent and trivalent ferro ions in the'
lattice) and the related meehanism of electro-
conductance.
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1579: M. J. D r U YV est e y nand J. L.
M eye r i n g: Elastic constants in the
system Cu-Zn (Phy sica 8, 1059~1074,
November 9141) '"

A method is described for determining the
elasticity and torsion moduli of rods from their
longitudinal vibrations (cf. Philips Techn. Rev.
6, 372, 1941). The elasticity and torsion moduli
are measured for poly-crystalline material in
the system Cu-Zn, from which the characteristic
temperature is then calculated. It appears that
in the system mentioned these moduli have a
minimum value (for P brass) and a maximum va-
lue (for y brass).

1580: E. J. W. Ver w e y: The charge dis-
tribution in the water molecule and the calcu-

lation of the intermolecular forces (Rec. Trav.
chim. Pays Bas 60, 887-896, November 1941).

From calculations of the electrical alternating
potential between monovalent ions and water mo-
lecules in aqueous solutions it has been found that
themodel accordingto Bernal and Fowler
(and also similar models) is inadequate for the
charge distributionin the water molecule.A model
is therefore proposed which in essential points
means an improvement upon 'that of Bel' n a 1
and Fow Ier. The centre of the negative charge .
of the molecule is then only a small distance
awayfrom theoxygennucleus.Themodelsupplie3
the sublimation heat of ice with sufficient accura-
cy. In particular the influence is investigated of
various hypotheses concerning the degree of
screening of the proton charges in the molecule.


