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AND

ITS APPLICATIONS

IN ALLIED FIELDS

WAVEFORM STUDIES WITH THE CATHODE-RAY
OSCILLOGRAPH

WHE absence of any appreci-
z: able inertia in a beam of

T fast moving electrons gives

& the cathode-ray oscillo-

graph an inherent advantage over all
other types for the study of waveforms

involving a wide range of frequencies.
frequency response

However, linear
does not, in itself, guarantee a useful
oscillograph, and it is only recently
that tube limitations have been over-
come and satisfactory auxiliary equip-
ment developed to make possible
exacting study of periodic phenomena
up to 50,000 or 100,000 cycles per
second.

The General Radio cathode-ray os-
cillograph tube is of the low-voltage
type, employing anode potentials of
500 to 2000 volts to accelerate the
electrons emitted by the alternating-
current heated filament. The arrange-
ment of the tube elements is shown in
Figures 1 and 2.

There are two pairs of electro-static
deflecting plates; one to produce hori-
zontal deflection, and the other to pro-
duce vertical deflection. If an alternat-
ing voltage is applied to either pair, the

beam will be deflected rapidly so that a
straight line appears upon the screen.

Obviously, some means of providing
a time axis so that phenomena may be
seen in their true amplitude-time rela-
tionship is most desirable. The rotating
mirror has been used with vibrating-
element oscillographs, and is also use-
ful with the cathode-ray instrument.
When the line produced by voltage
across one pair of plates is viewed in a
rotating mirror arranged with its axis
parallel to the line on the fluorescent
screen, the waveform may be seen, if
the mirror is turning at a suitable
speed.

The use of the rotating mirror with
the cathode-ray oscillograph is some-
what limited in its applications since
careful observation of the higher fre-
quency phenomena to which the
cathode-ray tube will respond would
involve very high mirror speeds.

But probably the most serious dis-
advantage of the rotating mirror is its
inability to keep in synchronism when
the frequency shifts. Although the
mirror speed may be adjusted so that
a stationary pattern is obtained of the
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Ficure 1. The General
Radio cathode-ray oscillo-
graph tube. The inside of
the glass at the largeend is
coated with a fluorescent
substance on which the
moving beam of electrons
traces patterns

constant-frequency phenomena, any
change in the frequency will cause the
pattern

changes appreciably, the pattern will
24 Pl i I

to move. If the frequency

probably move too quickly to be of
any value.

Another method of obtaining a time
axis is the moving-film camera. Where
a photographicrecord ofa non-recurrent
phenomenon is desired, this undoubt-
edly is the most satisfactory equip-
ment. The General Radio Company
has perfected moving-film cameras for
various uses which will operate satis-
factorily at film speeds up to 15 feet
per second, giving a reasonably clear
representation of any phenomenon
involving frequencies in the audible
spectruni.

The camera is, of course, limited by
mechanical and photographic factors,
including maximum velocity at which
the film can be driven without tearing,
and the maximum film ““speed” at
which proper photographic records can
be obtained. The latter depends to a
great extent upon the optical system
and the type of film or sensitized paper,

as well as upon the brilliancy of the
cathode-ray spot and the speed with
which 1t moves. In this connection, it
is obvious that higher frequencies will
produce fainter records than lower fre-
quencies, since the actual length of the
record will be considerably greater for
a given length of film, consequently re-
ducing the amount of light to which
any particular spot of the film is ex-
posed.!

ltisevident that some other immeans of
visual waveform examination is desir-
able. Since the oscillograph is arranged
with deflecting plates so that two di-
mensional figures may be seen upon the
screen, the possibility of being able to

! The General Radio cathode-ray oscillograph
tube is characterized by the unusual brilliance
of the spot. With plate voltages of the order
of 1500 to 2000 volts, the patterns on the
fluorescent screen may easily be seen by a
large group of persons in a lighted room. The
fluorescence is unusually actinic, thus facili-
tating photography.

FOUR
DEFIL.LECTING
PLATES

D1 D2
FILAMENT
INSIDE
CYLINDER
ANODE

Ficurge 2. Electrode structure of the oscillo-
graph tube. The negatively charged cylinder
concentrates the electrons emitted by the filz
ment so that practically all pass through th.
small hole in the anode. The beam passes be-
tween each pair of deflecting plates
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FiGcURE 3. A record of speech made with sensitized paper traveling at 614 feet per second. Each

of the dots in the line above the trace represents one millisecond. The reproduction suffers

from the halftone screen required for the preparation of a printing plate, but the original is
more Lhan satisfactory for any purpose of analysis

see a waveform without the use of ex-
ternal mechanical equipment suggests
itself.

If alternating voltages are applied
simultaneously to both pairs of de-
flecting plates in the cathode-ray tube,
Lissajou’s figures will be formed, re-
maining stationary when one applied
frequency is an exact multiple of the
other. By proper interpretation of these
figures, frequency comparisons can be
made, but except to a skilled observer,
little knowledge as to any deviation in
the waveforms from a pure sinusoidal
form can be gained.

This type of pattern can frequently

FiGURE 4. Characteristic Lissajou figure from
applying a voltage E), across horizontal plates
having exactly Yoth the frequency and twice
the amplitude of the voltage E, applied to the
vertical pair. Note that the pattern near the
center is an approximation to the true shape
»of E, since the spot velocity due to E; is
nearly constant in this region. The “back
trace” coincides with the forward sweep for
this particular phase difference (90°)

be made more useful when the wave be-
ing observed has a high frequency com-
pared with the other or timing wave.
If, for instance, a low-frequency timing
wave, say 00 cycles, is impressed across
the horizontal deflecting plates, and
another recurring 600 times a second is
impressed on the vertical plates, a pat-
tern will be formed upon the screen
which, with a little imagination, can be
visualized as the 600-cycle wave.

If some system is used whereby the
cathode-ray can be deflected
across the screen at a constant velocity,
an actual representation of any wave
may be seen in linear relation with re-
spect to time. Furthermore, if the beam
can be made to traverse the screen at
the desired speed, in one direction only,
and then return instantaneously to its
starting position, only a single repre-
sentation of the waveform will be seen,
the sinusoidal timing

beam

whereas, with
wave previously mentioned, two views
of the wave are seen, one going in each
direction. The frequency at which the
cathode-ray bheam sweeps across the
screen must, of course, coincide with
the frequency of the observed wave or
some submultiple of it, or the pattern
will appear to move.

To provide a source of a controlled

linear timing wave or ‘“‘sweep,”’ the
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Ficure 5. Output waveform of one TyPE

506-A Sweep Circuit as shown on the cathode-

ray oscillograph using another to supply the

linear time axis. Note the close approach of
each trace to the ideal straight line

General Radio Company has developed
the new TypE 506-A Sweep Circuit,
which was announced in last month’s
issue of the Experimenter. The sweep
circuit provides a timing wave having a
saw-tooth form, as shown in Figure 5
by means of a circuit which is shown
diagrammatically in Figure 6.

The condenser C and the current lim-
iter tube are connected in series across
a source of 500 volts, d.c. Current flows
in the circuit, charging the condenser,
but since the current is limited to a
certain maximum value, the voltage
rises at a constant rate rather than ex-
ponentially, as would otherwise be the
case.

Across the condenser is connected a
mercury-vapor discharge tube (Tyre
506-FP1). This tube is provided with a
control grid so that it can be arranged
to break down at any predetermined
value of plate voltage. When this volt-
age is reached, the discharge tube
flashes, discharging C, and reducing the
voltage across its terminals to practi-

cally zero. The flash in the discharge ~
tube is then extinguished and the con-
denser charges again, going through
the same cycle as before.

The voltage across the condenser ter-
minals, accordingly, has the waveform
shown in Figure 5, and if the horizontal
deflecting plates of the cathode-ray os-
cillograph are connected across the ter-
minals of C, the fluorescent spot will
have a periodic horizontal movement,
crossing the screen at a constant ve-
locity and then returning quickly to its
original position.

The amplitude of the saw-tooth
wave, that is, the horizontal length of
the path traversed by the fluorescent
spot, is determined by the voltage at
which the discharge tube operates,
which is controlled by the d.-c. bias on
the grid of this tube. This bias is ad-
justable, so that the sweep may be long
or short, as desired, and may be kept
within the limits of the fluorescent
screen, regardless of the anode voltage
used on cathode-ray oscillograph tube.

By varying C and the maximun cur-
rent passed by the current limiter tube,
the speed at which the voltage across
the condenser rises may be controlled.
T'hese two adjustments are used in the
General Radio sweep circuit to adjust
its natural frequency.

Since it is desirable to be able to cen-
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Fi1GurE 6. Schematic diagram of the T'yreE 506-A Sweep Circuit
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ter the pattern on the fluorescent screen
of the oscillograph, an auxiliary po-
sition control is provided on the sweep
circuit which consists of the voltage
divider R. It will be seen from Figure 6
that the horizontal deflecting plates of
the oscillograph are so connected to the
sweep circuit through R and the C;
that a variable direct voltage bias is
impressed upon the deflecting plates in
addition to the saw-tooth wave. This
makes it possible to move the entire
pattern horizontally in either direction
on the fluorescent screen.

Probably the most important feature
of the General Radio sweep circuit is
the manner in which the instrument is
made to synchronize with any observed
recurrent phenomena. A voltage of the
frequency of the observed wave, usu-
ally obtained by direct connection to
the vertical deflecting plates, is im-
pressed across the terminals marked
CONTROL. A
transmits this voltage to the grid cir-

shielded transformer

cuit of the discharge tube. If, without

the control voltage connected, the cir-
cuit is adjusted to operate at approxi-
mately the desired frequency, introduc-
tion of the source of control voltage
will cause the sweeping action to syn-
chronize exactly the observed
Not only is the transformer
shielded, but it is so designed that, in
connection with a resistance network,
it reduces to a negligible value any in-
terference which might be transmitted
from the discharge tube back through
the control circuits. A volume control

with
wave.

is also included for varying the amount
of control voltage applied to the dis-
charge tube grid so that the best oper-
ating point may be secured without
the use of external equipment.

The completely
shielded to minimize interference, and

sweep circuit is

designed so that the mercury-vapor
discharge tube operates at the correct
temperature. The instrument includes
power-supply equipment, so that it op-
erates entirely from the 115-volt, 60-
cycle lines.

Ficuae 7. The Type 506-A Sweep Circuit is shown at the right of the mounted oscillograph
tube and its a-c operated power supply equipment
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Because of the automatic control
Akl feature of the sweep circuit, this equip- N
ment may be used for visual and photo- NN WYY
graphic examination of all types of re-
current phenomena occurring at audio
frequencies, as well as certain types of
! transients and recurring waveforms in- AN
volving frequencies up to approximately T
100 ke. Since the sweep circuit may be
controlled by the waveform under ex-
amination, it may be made to lock in v A AA
- step, not only on absolutely recurrent MN N
phenomena, but on many types of
phenomena involving shifts in fre-
Xl quency and amplitude. For instance, A /\\ A
WA complex audio-frequency waves, such B '
as are emitted by musical instruments
or an orchestra, may be observed while oy
E At music is being played, since a station- |
#4705 10 (PRI ary pattern will be obtained on any LA "“‘& ba g
oS tone which is sustained long enough for
observation. e

The photographs of Iigure 8 were ;
gk taken with a small pocket-type of f
e camera (Ansco Memo) using 16-milli-
meter sensitized paper. The camera was ¥y
equipped with an f/3.5 anastigmat lens,
and 1/10th second exposure was al-

lowed for each oscillogram.

Because of the linear frequency re-
sponse of the oscillograph, the detail
with which the various harmonic com-

R B ponents of a sound are shown depends A AK AL &
only upon the excellence of the micro- . =¥ | = | &
phone and amplifiers employed. The
amplifying system used had an excel-
lent frequency characteristic and no | ' ;

. e . : s
noticeable harmoniec distortion. - W\ﬁ"ﬂf %f\mf W

3 — H. H. Scorr

Lo

FIGURE 8. Sustained notes from a Bb clarinet (left) and a C-meledy saxophone (right) as they
appear on the oscillograph screen using the TyYPE 506-A Sweep Circuit. Exposure: 0.1 second
for each record
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VARIABLE INDUCTORS FOR BRIDGE MEASUREMENTS

IT is a peculiarity of bridge measure-

ments practice that, while variable
(continuously adjustable) capacitance
standards are almost universally used
in preference to fixed standards, a gen-
eral preference for fixed inductance
standards over variable standards has
prevailed. There are, as a matter of
fact, many cases where measurement
methods can he improved by the use of
a continuously adjustable inductor or
variometer.

The use of such an instrument per-
mits the use of equal arm bridges for
inductance measurements. Fqual arm
bridges have very distinct advantages,
particularly at higher frequencies, over
bridges where adjustable bridge arms
are relied upon for a bridge balance.

The whole technique of precision
capacitance measurements has been de-
veloped around equal-arm bridge sub-
stitution methods. The same technique
can be adapted for inductance mea-
many
inductance

surements with
although wvariable
standards have not heen developed to

advantage in
cases,

as high a degree of precision as have
variable standards of capacitance. The
variometer 18 of

balance particular

value where repeated measurements
are made on units of approximately the
same size, as this type of standard is
very well adapted to a limit bridge.

A wvariometer for laboratory bridge
work should have an inductance which
will remain constant to within narrow
limits over a wide frequency range.
The resistance should be low. In some
applications ruggedness and ability to
stand large currents are important.

Undoubtedly one of the reasons why
the substitution method has not been
more generally adopted for inductance

measurements is the limitations of the
available types of laboratory variom-
eter. The General Radio line of lab-
oratory variometers, TyYpe 107,
recently been rather extensively rede-
signed and improved with this type of
application in view. The new variom-
eters are now available in stock.

has

Variable In-
ductors with rotor and stator connected in
parallel

One of the new Type 107-M

The new TyprE 107 Variable Inductors
are wound with stranded wire having
individual strands separately insulated
from each other in order to keep down
high-frequency resistance. The coils
are impregnated and baked in a high-
melting-point material so that the
variometers can be run 40 degrees
centigrade above room
without damage. The mechanical ar-
rangement of windings has been
changed so as to provide a more nearly
linear calibration and a new type of

tem pera ture

slow-motion dial has been provided.
In order to provide the maximum in-
ductance range for each variometer,
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provision is made for connecting the
coils either in series or in parallel. The
rotor and stator inductances are made
equal so that there is no circulating cur-
rent when the coils are connected in
parallel. The parallel inductance at any
setting is one quarter of the series in-
ductance at the same setting. The in-
ductance is nearly constant over a wide
frequency range and is increased by
only 29, at 1/10 the natural frequency
of the coil.

Values of maximum and minimum
inductance and d.-c. resistance for the
series connection are marked on the
nameplate of each instrument. Calibra-
tions, accurate to 19, for the entire
range of the series connection at 1000
cycles per second may be obtained at a
small additional charge.

The resistance is of course a function
of frequency and varies approximately
with the square root of frequency. The
direct-current resistance which is sub-
stantially the same as the 1000-cycle
resistance is measured for each wvari-
ometer and this value is supplied with
the instrument. The table here lists
the value of Q' at that frequency for
which it is a maximum for each coil.
These values are for the coil at full in-
ductance setting.

All of the new variometers have a
15-watt dissipation for a 40 degree cen-

tigrade rise. At this wattage and tem-
perature there is a 169}, increase in the
direct-current resistance.

The table below lists new T'ype 107
Variable Inductors. Ranges have been
generally readjusted and a new instru-
ment has been added so that variom-
eters are now available for induec-
tances from 0.005 millihenrys to 500
millihenrys. The wvalues listed below
are average values for
ranges of variometer. The resistance
given is the direct current resistance
measured at room temperature. The
current value is that producing 40 de-
gree temperature rise. NMaximum and
minimum inductances are given for the
series connection. The natural fre-
quency for maximum setting of each
variometer is given. The
value of Q and the frequency at which
it occurs are also listed for each coil at
maximum inductance setting.

the several

maximuin

Qty. Ro 1 Lmin. Lmax.| fgo Q at f
Unit 0 mh mh ke ke
107-J 0.17 8.5 0.005] 0.05 | 5000 110 100
107-K 0.7 4.0 0.05 0.5 1500 140 200
107-L 1.0 1. 0.5 3 500 125 60
107-M| 10 .60 5 50 150 65 20
107-N 64 .14 50 500 30 20 7

The price of the new Typrs 107-]J,
K, LL and M Inductors is $30; that of
Typre 107-N 1s $40.

— CuaARLES T. BUurkE

1 Q is the quantity, sometimes called dissipation factor, that expresses the excellence of a
given inductor when used as a tuning element. It is the ratio of reactance to resistance <“’R")

7S

HE GENERAL RADIO COMPANY mails the Experimenter, without charge,

each month to engineers, scientists, and others interested in commun-
ication-frequency measurement and control problems. Please send requests
Jor subscriptions and address-change notices to the

GENERAL RADIO COMPANY

at the frequency in question.

30 State Street -

Cambridge A, Massachusetts
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