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EXTREME SENSITIVITY

POSITIVE MAGNETIC CONTACT

make WESTON Sensitrol Indicating

Relays ideal for many uses

Consider the many new and exclusive features of the Weston
Sensitrol Relay . . . and its almost limitless application for
product and process control. Take this portable CO alarm for
example:
CO present in the air is converted into CO,. The heat lib-
erated is measured by a thermocouple and indicated in
terms of CO concentration on the Weston Sensitrol Indi-

cating Relay. When the pointer reaches the .029, mark,
Mq

the permanent magnet stationary contact pulls the pointer

in and holds it tight until the contact is broken manually.

The CO alarm, shown below, recently developed Thus the alarm continues ringing until heard and heeded.
for use in garages, steel mills, chemical plants, This 1s but one of the many uses being found almost daily
etc., employs a Weston Sensitrol Indicating Relay
for indicating the CO concentration and sound- for this uniqgue device. For the Sensitrol Relay can be made
ing an alarm. The relay operates direct from ) . 1 .

thermocouples. (Manufacturer’s name with scales of 2 microamperes or 1% millivolt, and handles

on request.)

5 watts at 110 volts noninductive load. Its contacts are made
and held magnetically which eliminates contact troubles. The
scale can be calibrated for current, voltage, temperature or
any other units desired.

Consider the possibilities of the Sensitrol Relay in your
product, your plant, or any new development you have in
mind. Let Weston engineers cooperate, or, be sure to send for
full data on the Sensitrol line... Weston Electrical Instrument

Corporation, 618 Frelinghuysen Avenue, Newark, New Jersey.

WESTON
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In the airl

NTERESTING new things are in the wind. When

radio and electronic men chat informally, there is talk of

some radical new developments, not yet announced, but
very plausible and very significant. For example:

Pictures by “long-distance” . . . A New York daily last month published some
pictures transmitted from San Francisco, explaining that these, not by
AP Wirephoto, were sent by a new, relatively inexpensive process. I'rom
which one surmises that the photograph is scanned and converted to audible
sound; an ordinary long-distance phone call is then put through, and in 8 to 10
minutes the picture is in the head office without costly leased wires.

Binaural recordings both in one groove . . . New realities of binaural or audi-
tory perspective in phonographs may follow from recent experiments which
show that the two slightly-different recordings may actually be cut in the single
groove, one lateral, and the other vertical. Two reproducers, each free to
move only in its corresponding plane, pick off the two recordings separately.

Cellophane ‘“‘sound-strings” . . . An inexpensive, continuous sound-recording
medium has long been needed. Now the Germans are trying out sensitized
cellophane “string”’—narrow ribbon about 2 mm wide, worked from spool to
spool. Samples reaching America are surprisingly tough and injury-proof.

Light from cathode rays . . . New fluorescent materials glow with an intense
cold light when bombarded with cathode rays. Perhaps here is a future new
electronic illuminant, of high efliciency.

Pocket radio transcievers . . . will be tried out soon on the floor of the N. Y.
Stock Exchange, enabling floor traders to keep in continuous touch with their
offices, for orders and confirmations, without moving from their positions on the
floor.

OPICS without official confirmation today,—these are tips
that may point to major news announcements, radical new
commercial developments of tomorrow !



RADIO RECEIVER AND

All-time record in unit sales of radio sets

established in 1934—-exports at new peak

EACHING for new records in
Rdomestic sales of home and

auto radio receivers, and at-
taning a new all-time high point in
total set sales, as well as in exports
to other lands, the American radio
industry forged ahead in 1934 in a
most encouraging and impressive
manner.  Complete statistics col-
lected by Electronics and given on
these pages show that nearly 4,700,-
000 sets were made and sold by
American, manufacturers during the
year just past. Of these slightly over
4,000,000 went into domestic homes
and automobiles, and something over
600,000 went abroad. The sum total
of sets manufactured during the year
is the best figure attained in any
year since the birth of the industry
in 1920—not excepting the momen-
tous year of 1929.

To give life to these millions of
home and auto sets, and to revitalize
a few of the thousands already in
service, American manufacturers
made nearly 65,000,000 tubes. Of
this number, almost 10,000,000 went

abroad in competition with tube man-
ufacturers of the Continent and of
Great Britain. Even our numbering
system went into foreign lands, for
any one who reads the foreign tech-
nical literature will find frequent
mention of such tubes as the 57, the
6A7, the 43 and others. Ten million
American tubes in receivers abroad,
55 million tubes in sets in this coun-
try indicate that the depleted ranks
of tube manufacturers were busy in
1933 even if prices had been dropped
to such a point that few, if any,
admit making any money on the multi-
tudinous transactions concomitant
with distributing as many items as the
sum total of tube sales figures indi-
cates.

Curves of the industry’s history
show that in 1934 the unit sales price
of radios turned upward again. This
is not true particularly because sets
cost more to build, but because the
buyers bought better products; the
sales of consoles compared to table
models (midgets) increased. The
average radio purchased in 1934 cost

THE UPWARD TREND CONTINUED DURING 1934
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the buyer $45.50—and this included
6.5 tubes at an average price of $1.30.
Thus the manufacture and sale of
radio sets produced a total retail vol-
ume of business amounting to over
$200,000,000. Tube sales amounted
to $70,000,000, and with sales of
other radio apparatus brought the

|
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1934 hit a new high for total num.-
ber of models offered for sale

total annual radio business in 1934
to approximately $300,000,000.
It is not difficult to establish rea-

sons for the increased sales and for

the increased average retail price.
During the year the all-wave sets
reached new degrees of electrical ef-
ficiency, thus stimulating the old dx
hunting fad. These sets are more
expensive than the smaller and less
complicated receivers whose tuning
range is limited to the broadcast
band.

All-wave sets increase program
interest

Increased leisure hours have had
their effect on receiver sales; and the
improvement in programs offered by
the broadcast stations and the exten-
sion of their services have been of
major importance in selling new sets
to the nation. The interest in broad-
casting is at a new peak, evidenced
by the unprecedented demand for
time on the air. It is reported that
salesmen of broadcasting time on the
larger stations and chains are fighting
among themselves for the next half-
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TUBE SALES

N

CREASE

Industry encouraged by higher prices compared

to 1933—sales boosted by all-wave sets

hour when it will be available to sell!
According to Dun & Bradstreet,
October 1934 showed the highest
sales in broadcast history up to that
month (they may have been exceeded
since), when the income was $4,527,-
000, a gain of over 50 per cent over
the vear before. For the first ten
months of 1934 total sales amounted
to $33,780,000 (major networks

0
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1933

1929 1930 1931

Year

1932

The trends in circuit design

only) or 38.8 per cent ahead of 1933,
and actually 2.2 per cent ahead of
1932 when the figure reached a pre-
vious all-time high.

Better programs, the whole world
to listen to, more power on broadcast
stations, more leisure in which to
listen, better times, government
money—whatever the reasons, 1934
established new marks in number of
sets made and sold, and in radio
exports.

Replacement tubes sales down

The only downward pointing
curve is the sale of tubes for domes-
tic replacements. The figures shown
here in tables were arrived at in the
following way ; data from all sources
show that 6.5 tubes went into every
new American radio set; 5 into each
set that went abroad. Thus for ini-
tial equipment 36,240,000 tubes were
required, leaving 28,642,000 tubes
for replacement purposes, a smaller
number than were sold in 1933 for
the same purpose.

These 28,000,000 tubes may be
broken down into 15,640,000 standard-
name tubes, and 13,000,000 tubes
which were branded-name tubes sell-
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ing at lower prices. The average
tube price for the standard-name
tubes is 96 cents; and assuming the
branded tubes sold for 20 per cent
off this figure an average replacement
retail price of 87 cents is secured.
Why are replacement sales down?
Sets sold in 1933 and 1934 used new
types of tubes not likely to go bad
until 1935 or later. Many of the re-
ceivers replaced old sets and took out
of the market their demand for older
types of tubes. The chances are, too,
that many sets managed to scrape
and rasp along on old tubes, not worn
to the rim but approaching it asym-
ptotically—as the engineers say.
Another encouraging note is in-
jected into this composite picture by
Dun & Bradstreet who report that
failures were less in 1934. For the
first eleven months of 1934 only 6
manufacturers failed with liabilities
of about one-half million dollars; in
1933 there were 25 failures involving
$3,719,519. Bankruptcies among

wholesalers and retailers in 1934
dropped from 109 for 1933 to 33 for
the first eleven months of 1934. The
insolvents’ debts, however, were about
the same as in the previous year due
to the failure of one large wholesaler
with a $1,000,000 default.

Automobile radios

Sales of automobile radio sets dur-
ing 1934 totaled 780,000, just about
duplicating the sales of auto radio
in the preceding year. This was a
disappointment to the industry, be-
cause it had been expected that auto-
radio sales for 1934 would run well
over a million sets.

This brings the number of auto-
mobile radio sets in use to a total of
two million. The Automobile Cham-
ber of Comimerce estimates that there
are now 22,000,000 passenger cars
in use in the United States. Sales
of passenger cars for 1934 totaled
2,400,000, and it is expected that
1935 sales may reach 3,000,000.
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The “Ups and Downs” of the manufacturers’ roster. The oblique

lines represent manufacturers who went out of business.

The

vertical lines represent the newcomers for each year

The outlook for auto-radio sets for
1935 is about the same as for 1934,
three-quarters of a million sets, with
half or more of these sold to the
automobile makers for initial installa-
tion when the cars are built.

Introduction of all-stee] car roofs
on many models for 1935 has intro-
duced serious technical difficulties of
installation, for satisfactory radio
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The radio industry has left the
automobile industry far behind in
unit sales

service. With roof antennas elimi-
nated, it has been necessary to resort
to plates hung under the car or under
the running boards, and to insulated
rear-bumpers serving as antennas.
This all-steel construction may put
a serious crimp in the use of auto-

$8,731,179, or 54 per cent, according
to Andrew W. Cruse, Chief, Electri-
cal Equipment Division, Department
of Commerce.

Overseas sales of radio equipment
during the year exceeded by $1,723,-
083 the former record sales of 1930,
it was stated.

Exports of all classes of radio
equipment during 1934 increased
compared with 1933. Foreign sales
of radio transmitting sets, parts and
tubes were valued at $1,090,269 com-
pared with $743,423 in the preceding
year, an increase of 47 per cent; re-
ceiving sets were valued at $15,338 -
143 against $9,323,535, or 65 per
cent; components, $4,358,350 against
$2,783,730, or 56 per cent; receiving
tubes, $3,210,729 against $2,623,261,
or 22 per cent; loudspeakers, $361,-

076 against $338,055, or 7 per cent;
and other accessories, $498,331
against $313,725, 59 per cent.

During the past few years the av-
erage unit value of radio receiving
sets sold abroad from the United
States has steadily decreased until
1933 when the value was recorded at
$18. This decrease, Mr. Cruse stated,
has been occasioned by the increasing
popularity of small receiving sets in
foreign markets. All-wave sets are
credited with the increase in 1934 to
$25.

The value of the export sales for
the year evidences a recovery in for-
eign markets from the conditions
which adversely affected sales abroad
of American radio equipment in 1932
and 1933, according to Mr. Cruse.

While complete statistics showing
the destination of exports during the
year are not yet available, Mr. Cruse
stated that it is quite evident that our
current markets for radio equipment
are in countries other than those to
which such exports were consigned
in the years prior to 1933.

Over 50,000 amateurs

Evidencing the ever-widening in-
terest in amateur radio throughout
the United States, its territories and
possessions, records compiled by the
Federal Communications Commission
disclose that there were 46,390 valid
amateur station licenses in existence
at the close of the last fiscal year,
June 30, 1934, and that this total
growing at the rate of nearly 9,000
a year puts the total well above 50,-
000 amateurs at the beginning of
1935. .

During the year 8,782 new station

RECEIVING SETS—UNIT SALES—1934

Total sets sold in United States

Total sets sold abroad........
Total sets sold...............

Automobile sets..............
Table models................

4,084,000
612,000

4,696,000

780,000
2,204,000
1,100,000

4,084,000

RECEIVING SETS—DOLLAR VOLUME

radio for 1935. Total manufacturers’ billings (@ 459, off list)....... $88,623,300
Total retail value...............c0uuv.n.. seerecaass 200,390,000
Exports of radio in 1934 establish Export sales value (612,000 sets at $24.50). ... ...... 15,000,000
all-time record Average domestic retail price........... e e 45.50
. (Including 6.5 tubes @ $1.30)
A new alljtlme record for exports Average auto radio retail price...... A B 0.0 ol 43.05
of radio equipment from the United (Including 5.5 tubes @ $1.30)
States was recorded in the calendar Average table model retail price.................... 34.65
year 1934 when sales abroad were (Including 5.5 tubes @ $1.30)
valued at $24,856,898 compared with Average console model........... B G 8 BB § o 67.04

$16,125,719 in 1933, an increase of

74

(Including 8 tubes @ $1.30)
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COMPONENTS FOR RADIO SETS

Number per set

Cost per set—dollars

Estimates made with the aid of the
Department of Commerce, indicate

Components 1930 1932 1933 1934 1930 1932 1933 1934 that the radio receiving sets ir} use
iof(_:kets LTI 7 8 5.25 6.25 0.35 0.176 0.136 0.162 throughout the world are apportioned
-f transformers........... 2 1 0.6 1.0 0.90 0.70 0.245 0.58 q i
Power transformers..:..... 1 1 0.7 0.9 1.45 1.47 0.74 1.10 among the nations of the earth as
Il?ovzler clll(okes ........... ‘e 1 1.1 06 08 047 060 015 o0.24 tollows:
oudspeakers....,......... 1 11 1 1.0 3.50 1.82 1.56 1.93 .
RfCOMlSearnnnnnnnnncnnnnns 3 4 3 51 075 0.68 0.66 1.28* United States (21,456,000
Condensers, tuning........ 1 1 1 1.0 1.50 0.65 0.73 0.78 homes with radios; 9 per
Condensers, by-pass........ 10 9 10 12,0 0.96 0.81 045 0.67 cent having two or more
Condensers, filter.......... 2 2.5 2 1.8 1.15 0.83 0.50 0.66 ) 23.751,700
Resistances, fixed.......... 4 10 11 12.2  0.35 0.40 0.40 0.45 E85Mo 00 0000 0000030000 09300n RIS
Resistances, variable....... 2 2 2 2.0 0.70 0.52 0.41 0.46 United Kingdom........... 6,124,000
Total COSt PEr Set.eueuerere coenn cneee staoees savens 12.08 8.65 6.08 8.31 Germany....ceeeeeeecaeeess 5,424,755
*Includes i.f. coils. Japan......oiiiiiiiiiiann, 1,739,160
France......ccovviennnnenns 1,554,295
Canada.......coooivveennnnn 1,100,000
licenses were issued and there were Components prices rose slightly ZI; a::r;loslov iy oooeeees Zgg’ggg
12,279 modifications, reissues and re- during the year, as might be expected Ar;entina ARIB e 600’000
newals. The figures follow: from the increased cost of raw mate- p °o "t 600’000
Valid of record July 1, 1933...... 41,555 rtlals,dl}%gh?: twa%e.kscales’ CE: Wh.lle DenmarKk.....covviveennnssn 551,681
Issued during fiscal year, new it 1s difncult to strike an average PriCe  pygeria,.....covevnvenninnns 507,459
and renewed ... . ......... 8,790 for some components, beca_use of the  Auseralia.....oovvvenennene. 500,341
wide spread between maximum and  Ocher countries............ 4,000,000
Total...... 50,345 minimum prices, the table above gives —_—
Less cancellations 3777 a comparison of prices with past years. 47,773,391
Other deletions, due to
death, etc. .. 153 c80
Revocations ........... 25 260k ,
Total....3,955 o %” R G
_ | 7 Fittest?
Amateurs of record close of June 220} Manufocturar’s Mortality
30,1934 ... ... .. 46,390 - o 1923 -1934
200 7/
: : g 7 {7} Entered business in year shown
Authorizations as amateur opera- 51801 o S#/ll in business in 1934
tors totaled 16,686; operator license S160
endorsements for higher privileges £ Z
209; duplicates of lost or destroyed 3!
licenses 161, and special authoriza- ?'20
tions 15, making a grand total of S100f
38,132 authorizations issued during Z=E' ,‘/
the year, or well over 100 per day, 8 7 /
relating to amateurs alone. L0 7
Applications for amateur operator 40l /
station licenses pending July 1, 1933, [ 7
were 497, while 33,184 were received . 7
during the fiscal year. Of the total, 1923 1924 1925 1926 1921 1928 1929 1930 1931 1932 1933 1934
21,672 were approved; 8211 were Year

returned, or referred; 3,631 appli-
cants failed to pass required exami-
nations.

Of the total number of manufacturers which entered the radio
manufacturing industry each year only the proportion shown
in black still remain in business today

RECEIVING TUBES—UNIT SALES—1934

Total tubes sold in United States.........c....... 55,192,000
Total tubes sold abroad............ocou.... ver 9,690,000
Totaltubessold.........oiiviiiiiiiiiienennn.. 64,882,000

PRICES AND DOLLAR VOLUME

Tubes sold to set manufacturers. ... .. ee.-.. 26,550,000 @ $1.30 $34,515,000
(Initial equipment)

Tubes sold to foreign set manufacturers....... 3,060,000 @ $1.30 $3,978,000

Exports other than with sets...... 5 00 cip o IBCEE 6,630,000 @ $1.00 $6,630,000

Replacements in United States....... Beeweses 28,642,000 @ .87c $25,033,000

Totalsales............. ey SRS ool e 64,882,000 $70,156,000

Average retail price..... S A o S b0 o0 GO $1.08

ELECTRONICS — March, 1935

During the year 1934, radio sets and
tubes were exported to five European
and South American countries to the
extent of over one million dollars each.
These countries were Spain which
purchased $1,939,050 worth of sets
and tubes; Union of South Africa,
$1,745,870; United Kingdom, $1,-

235,848; Brazil, $1,184,144; and
France, $1,092,567.
Editor’s note—Several of the

charts given here represent data com-
piled by R. H. Langley, consulting
engineer, New York City, and are
presented here through his courtesy.
Other data are by permission of the
Hazeltine Service Corp.
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Text of British

television report

Commission recommends immediate

start of 240-line service for London area

Toe Britisim TeLEvisioN CoMmMissioN which recently visited the
United States to study television progress here, has issued its official
report outlining plans for the introduction of experimental television
wto Great Britain under the supervision of the British Broadcasting
Corporation, with the following advisory commission on television:

Lord Selsdon, chairman.

Sir Frank Smith (secretary Department of Scientific and Industrial
Research), who will be chairman of a technical sub-committee.

Colonel Angwin, assistant engineer-in-chief of the Post O ffice.

Noel Ashbridge, chief engineer B.B.C.

Vice-Admiral Sir Charles Carpendale, Controller B.B.C.

F.W. Phillips, assistant secretary of the Post O ffice.

An nitial television broadcast transmitter is suggested for London,
with a range of 25 miles in all directions. If this service proves suc-
cessful, stations will be established in other centers of population, until
a network of television stations has been built up. Following are ex-
cerpts from the official text of the British Television Commission’s

report:

HILE low-definition has played a
real part in the development of the
subject, the Committee do not favor the
adoption of any low-definition television
for a regular public service. They are
of opinion that for a satisfactory picture
there should be mno fewer than 240
lines a picture, with a minimum pic-
ture frequency of 25 a second. For
the reception of such high-definition
pictures the cathode-ray tube is now
usually employed, in which the pic-
torial representation is brought about
by a rapid transit of an electron pencil
over a fluorescent screen. At present
the usual size of the picture produced
in this way is about 8 in. by 6 in. though
the apparent size can, of course, be in-
creased by viewing the tube with suit-
able magnification, but with a corre-
sponding loss of definition. The Com-
mittee have been informed that the price
to the public of a receiving set capable
of producing a picture 8 in. by 6 in,
with the accompanying sound trans-
mission, would be from £50 to £80,
[$240 to $380] but it is reasonable to
assume that, in mass production, this
price could be substantially reduced.
For the transmission of the complex
radio signals required in television, ex-
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tremely wide {frequency channels are
necessary, and it has long been clear
that such channels are only nowadays
available in the ultra-short wave-length
range of under 10 wmeters, since all
others are either unsuitable or already
occupied. With these ultra-short wave-
lengths the range of a sending station is
practically limited to its so-called opti-
cal range, so that a number of such
stations would be necessary to serve the
whole country.

Television will need sound

In our opinion there will be lUttle,
if any, scope for television broadcasts
wnaccompanied by sound. Television is,
however, a natural adjunct to sound
broadcasting, and its use will make it
possible for the eye as well as the ear
of the listener to be reached. Asso-
ciated with ‘sound, it will greatly en-
hance the interest of certain of the
existing types of broadcast, and will
also render practicable the production of
other types in which interest is more
dependent upon sight than upon sound.

Nevertheless the time may come when
sound broadcasting entirely umaccom-
panied by television will be almost as

rare as the silent cinema film is today.
We think, however, that in general
sound will always be the more important
factor in broadcasting. Consequently
the promotion of television must not be
allowed to prevent the continued de-
velopment of sound broadcasting.

The task of choosing a television sys-
tem for a public service in this country
is one of great difficulty. The system
of transmission governs in a varying
degree the type of set required for re-
ception; and it is obviously desirable to
guard against any monopolistic control
of the manufacture of receiving sets.
Furthér, whatever system or Systems
are adopted at the outset, it is impera-
tive that nothing should be done to
stifle progress or to prevent the adop-
tion of future improvements from what-
ever source they may come. Moreover,
the present patent position is difficult;
the number of patents relating to tele-
vision is very large, and in regard to
many of them there are conflicting
views as to their importance and
validity.

New employment

At the same time it is clear from the
evidence put before us that those in-
ventors and concerns who have in the
past devoted so much time and money
to research and experiment in the de-
velopment of television are looking—
quite fairly—to recoup themselves and
to gather the fruits of their labors by
deriving revenue from the sale of re-
ceiving apparatus to the public, whether
in sets or in parts, and whether by way
of royalties paid by the manufacturers
or by manufacturing themselves. It is
right that this should be so, and that
the growth-of a new and important
branch of industry capable of providing
employment for a large number of
workers should in every way be fostered
and encouraged to develop freely and
fully.

Engineers in Baird laboratory dem-
onstrate “cine-televisor’’; 30 sec-
onds from scene to film to receiver

March, 1935 — ELECTRONICS

e



THE DAY HAS NOW COME—or will come this

year—when in addition to listening at a turn of the

switch to music and speech, it will be possible for many

to see as well as to hear from their firesides what is hap-

pening at some distant point.

SIR KINGSLEY WOOD,

Postmaster General of Great Britain.

The ideal solution, if it were feasible,
would be that, as a preliminary to the
establishment of a public service, a
patent pool should be formed into which
all television patents should be placed,
the operating authority being free to
select from this pool whatever patents
it desired to use for transmission and
manufacturers being free to use any of
the patents required for receiving sets
on payment of a reasonable royalty to
the pool. We have seriously considered
whether we should advise you to refuse
to authorize the establishment of a pub-
lic service of high definition television
until a comprehensive patent pool of
this type had been formed, on terms
considered satisfactory by the Ad-
visory Committee. From evidence we
have received, however, we are con-
vinced that, under present conditions,
when the relative value of the numer-
ous television patents is so largely a
matter of conjecture, the early forma-
tion of such a pool would present
extreme difficulty.

While, however, we have been com-
pelled to abandon the idea that the for-
mation of a comprehensive patent pool
should be a condition precedent to the
establishment of a public service, we
are strongly of opinion that it is in the
public interest, and in the interest of
the trade itself, that such a pool should
be formed. In framing our recommen-
dations we have kept this objective in
mind; and we trust that events will
shape themselves in such a way as to
lead to the formation of a satisfactory
patent pool at no distant date.

Baird and Marconi-E.M.L
systems

We have come to the conclusion that
a start could best be made with a service
of high definition television by the es-
tablishment of such a service in Lon-
don. It seems probable that the London
area can be covered by one transmitting
station, and that two systems of tele-
" vision can be operated from that station.
On this assumption we suggest that a
start be made in such a manner as to
provide an extended trial of two sys-
tems under strictly comparable condi-
tions, by installing them side by side at
a station in London where they should
be used alternately—and not simultane-
ously for a public service.

There are two systems of high defini-
tion television—owned by Baird Tele-
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vision, Limited, and Marconi-E.M.L
Television Company, Limited, respec-
tively—which are in a relatively ad-
vanced stage of development, and have
indeed Dbeen operated experimentally
over wireless channels for some time
past with satisfactory results. We
recommend that the Baird Company be
given an opportunity to supply the neces-
sary apparatus for the operation of its
system at the London station, and that
the Marconi-E.M.I. Company he given
a similar opportunity in respect of ap-
paratus for the operation of its system
also at that station.

In the light of the experience ob-
tained with the first station the Ad-
visory Committee should proceed with
the planning of additional stations, un-
til a network is gradually built up. The
total number of stations and the speed at
which they are provided will naturally
depend upon the results obtained from
the earlier stations, the popularity of
the service, finance, and other factors.

Programs and cost of
operation

With regard to the duration of tele-
vision programs, we do not consider
that it will be necessary at the outset
to provide programs for many hours a
day. Aw howr’'s transmission in the

morning or afternoon, which will give
facilities for trade demonstrations, and,
say, two hours in the evewing will
probably suffice.

We estimate that the cost of provid-
ing the London station, including all
running and maintenance expenses, pro-
gram costs, and amortization charges
(calculated on the basis of a compara-
tively rapid obsolescence) for the period
up to December 31, 1936 (at which date
the B. B. C.s present charter expires)
will be £180,000 [$864,000].

It must not be assumed that an ac-
curate estimate of the cost of a number
of stations can be reached by the simple
process of multiplication. By far the
largest factor in the above figure is the
program cost. On the one hand, if the
service is a success, the cost of pro-
grams will certainly rise materially, just
as the cost of sound programs has risen.
We have not budgeted during this early
stage for a program comparable in
duration, variety, or quality with exist-
ing sound programs, although the ser-
vice should be amply adequate to provide
interest and entertainment for the public,
as well as opportunity for daily demon-
startions by retailers of sets.

We feel that the development of
British television, in addition to being
of evident importance from the point of
view of science and entertainment, and
of potential importance from the angles
of national defense, commerce, and com-
munications, will also directly assist
British industries.

Lastly, we are quite unable to agree
that there is no urgency. On the con-
trary, our inquiries convince us that,
apart altogether from any question of
scientific prestige, any delay would be
most regrettable; and we feel that, if
our conclusions are accepted, it is most
desirable that the minimum amount of
time should be lost in giving effect to
our recommendations.

British Committee—from left to right: Noel Ashbridge, B.B.C.; C. F.
Brown; Sir Frank Smith; Lord Selsdon; F. W. Phillips; Colonel
Angwin] and V. Roberts
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WORK OF ENGINEERING

Customer's viewpoint put paramount

W. R. G. Baker Virgil Graham

By W. R. G. BAKER

Director of Engineering, RM A

turers Association differs from the purely technical

and scientific organization in that in all of its
work the consumer’s viewpoint must be given first con-
sideration. Therefore, the fundamental responsibility
of the Engineering Division is to assist the industry in
providing the consumer with a safer and better product.
Next, the Engineering Division endeavors to guide,
through standardization and definition, the new arts and
services being developed by the industry. Finally, it
provides a means of correlating and coordinating the
technical effort of the industry and directing it toward
the solution of problems which will result in better
service to the consumer.

Problems of standardization and definition are diffi-
cult in any field, since a standard to be of any value,
must be quite generally acceptable and must satisfy a
number of groups who may have divergent opinions.
In many instances it is probably more desirable not to
attempt standardization than to so compromise the

THE Engineering Division of the Radio Manufac-

J. H. Pressley
Automotive

A. F. Murray
Television
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standard set up as to make its effectiveness questionable.

Additional complications arise through the fact that
the work of the division must not be at variance with
technical societies, such as the Institute of Radio Engi-
neers, and yet must satisfy the practical merchandising
and business requirements of the organization of which
it is a part. Furthermore, a definition may be quite
acceptable to the Engineering or other divisions of
RMA and yet the consumer may not accept the defi-
nition or may use the term under consideration in such
a way that it has an entirely different meaning. The
industry is then faced with the problem of converting
the consumer or changing the terminology approved by
the industry. Generally the latter is the more practical
plan.

In the fields of television and facsimile the advance-
ment is so rapid and these arts are in such a state of
flux that the Division can function only to the extent
that standards or definitions assist the industry in using
the same language. These new arts are as yet so far
from commercialization that any extensive attempt to
standardize would be futile.

The Engineering Division believes that the usefulness
of its standards and definitions, rather than the quantity,
1s a measure of its effectiveness. This Division under
the guidance of the Board of Directors of RMA will
continue its efforts to meet its responsibilities to the
industry and the consumer.

By VIRGIL M. GRAHAM

Chairman, Standards Section, RM A

turers Association has for the past few years car-

ried on a portion of such standardization work as
was necessary to the industry, and could only be con-
ducted by a group so comprised in this particular field.
In addition, important work along service and safety
lines has been accomplished. Now under the active and
progressive leadership of W. R. G. Baker as Director

THE Engineering Division of the Radio Manufac-

L. F. Curtis
Interference Safety

Dr. A. N. Goldsmith
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' Wide range of committee activity
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Vacuum Tubes
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of Engineering, further work of vital importance to the
industry is being undertaken, and activity on present
projects is being pushed.

Before considering the outline of plans for the future
work of this Division, it would be well to examine the
accompanying organization chart to clarify the picture.

The Safety Section under the able chairmanship of
L. F. Curtis has performed great service for the radio
industry through the Industry Conferences with the Un-
derwriters’ Laboratories. These Industry Conferences
are the only official contacts between the Laboratories
and the manufacturers for discussing requirements on
power operated receiving equipment. Recent results of
Industry Conferences are a revised edition of the “Re-
quirements on Power Operated Receiving Appliances,”

E. M. Hartley

Service

Hugh Knowles

Sound equipment
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Roger M. Wise
Chairman A "‘ 4

Coordinating Committee
1o be set up with other groups

dated January, 1935, and a reconsideration of examina-
tion procedure for radio receivers. Mr. Curtis also has
done much work on the radio phases involved in the
latest revision of the National Electrical Safety Code.

The Service Section, of which E. M. Hartley is chair-
man, has done much useful work in its field, and has
cooperated. with the Institute of Radio Service Men in
their activities. Arrangements have been made between
the Service Section and the Committee on Broadcast
Receivers to coopeiate in clearing up some difficulties
confronting service men in regard to information and
instructions on receivers.

The Standards Section handles, through its technical
committees, the standardization work of the Division as
well as many items of engineering importance to the

E. W. Engstrom
Facsimile

Arthur Van Dyck
Component parts
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industry. Under a recently adopted new standardiza-
tion procedure, the action of the General Standards
Committee “in meeting” is final after the proposed
standards have been circulated to the membership for
comment and criticism. This arrangement prevents
adoption of minority standards, due to non-return of
letter ballots as in the old procedure. The general Stand-
ards Committee is composed of the chairmen of all com-
mittees in the Standards Section, with an equal number
of other members representing all branches of the indus-
try. The chairman of the Standards Section, Virgil M.
Graham, acts as chairman of this committee. The results
of changing from the old to the new standards pro-
cedure, while a comparatively recent action, indicates
that the change will be most beneficial to the industry.

Technical chairman carry responsibility

The chairmen of the technical committees are all active
and carry the responsibility of the engineering work. In
some cases, sub-committees are an essential part of the
committee activities, particularly where there are diver-
gent interests headed by one main committee such as in
the case of the committee on Component Parts. In the
committee on Vacuum Tubes, under the direction of
Roger M. Wise, the vital work of assigning tube desig-
nations is naturally of a confidential nature, and is
handled by a sub-committee of one engineer from the
RCA License Laboratory, pending the time when this
function can be assumed by an engineering office of the
RMA. Without this activity, the chaos in which the
industry would be, is unthinkable.

The committee on Radio Interference, with Dr. Gold-
smith as chairman, is charged with the planning of a
long-range program of reduction of electrical interfer-
ence with radio reception. This committee is composed
of representatives of a score of interested organizations,

E. T. Dickey, Broadcast receivers

and will arrange for joint committees between organi-
zations where detailed technical work is necessary. An-
other joint group has been functioning in a most satis-
factory and useful manner for several years. This is
the Joint Coordination Committee on Radio Reception
of EEI, NEMA, and RMA. The foundation for the
work of the committee on Interference was laid at the
Conference on Reduction of Radio Interference held
at the 1934 Rochester (N. Y.) Fall Meeting. At this
conference, Mr. Baker expressed the responsibilities of
the RMA in this work and asked the cooperation of all
other interested groups.
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The work of the Engineering Division on component-
parts standardization until a few months ago lagged
behind the other activities. However, under the chair-
manship of A. F. Van Dyck, this committee has started
intensive work, and results will be evident in the near
future. This committee has the potentialities of saving
the industry an enormous amount of money through

Roger M. Wise, Vacuum tubes

parts standardization, and it is the responsibility of those
engaged in this work to see that the results are pro-
portionate to the outstanding accomplishments of the
parts standardization work of the Society of Automotive
Engineers. One of the items now being studied is the
possibility of adoption of “preferred-number” systems
in sizes of such things as fixed resistors and capacitors.
Another item, illustrative of the kind of work under-
taken by the committee on Component Parts, is the
study of sizes of containers for electrolytic capacitors
with a view to reducing the number used.

The committee on Automotive Radio has in the past
met jointly with the corresponding committee of the
Society of Automotive Engineers, and the data result-
ing from the discussions have been very useful to both
groups. Under the direction of J. H. Pressley, it is to
be expected that this work will go forward with renewed
activity. It is planned that the next joint meeting with
the SAE group will be held in the early spring, and a
survey of subjects for discussion is now being made.

The committees on Television and Facsimile are en-
gaged in formulating definitions and terms, so that every
one can speak the same language when these fields
are opened to commercial exploitation. The new com-
mittee on Special Receivers is surveying the whole field
outside of broadcast receivers to find out what the needs
of technical activity are on the part of the radio industry.

The committee on Broadcast Receivers, under the
guidance of E. T. Dickey, is continually working on
technical problems confronting the radio manufacturers.
One of the latest projects is that of obtaining data pre-
liminary to formulation of a standard on intermediate
frequencies for superheterodyne receivers.

Among other projects that are up for consideration is
the revision of the Handbook of RMA Standards and
Engineering Information, which must be brought up-
to-date as soon as funds are available.

With the whole-hearted cooperation of the radio in-
dustry, the Engineering Division of the RMA will be
worth to each individual manufacturer many times the
time and money that may be spent in taking part in its
activities. -
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GERMAN
TELEVISION RECEIVERS

German television receiver with
“mirror screw'' for 180-lines,
6 x 7 inch-picture

Above—Telefunken receiver
— 180 lines, image 9.0 by
10.2 inches

TEKADE television receiver for 180 lines. Left
switch for sound; right switch for image

Above—Disassembled Kerr cells for
TEK ADE television receiver

Assembling the Telefunken television
receiver
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An electronic
voltmeter for d-c
arc welding

By W. RICHTER

A. O. Smith Corporation
Milwaukee, Wisconsin

|

'M

N electric arc welding the length of arc established
between the electrode—either bare or covered—and
the workpiece plays an important réle in the pro-
duction of uniform and satisfactory welds. The elec-
trical characteristic indicating the length of the arc for
a given type of electrode, when welding with a given
amount of current, is the voltage across it. By observ-
ing this voltage it is therefore possible to compare the
work of two different welders, to facilitate the training
of new men or also to adjust automatic weld heads to
their proper setting.

It has been found that the voltage change occurring
when the arc changes from the correct to an incorrect
length is rather small. A close measurement of the
voltage across the arc is made difficult for two reasons.
In the first place, the open circuit voltage of the welding
generator is usually more than twice as high as the actual
welding voltage and if it is desired to leave the instru-
ment permanently connected across the arc it must with-
stand the open circuit voltage of the generator without
damage. Thus we usually find a 0-100 voltmeter on
the welding generators sold commercially. On the usual
switchboard type of instrument with 50 scale divisions
one scale division represents in this case 2 volts. If
welding with 30 volts, for instance, it is obvious that the
scale from at least 40 to 100 volts or 60 per cent of the
total scale is entirely useless during the process of weld-
ing. The most desirable instrument would cover a
smaller range, for instance, from 25 to 35 volts. In
other words, it would not indicate anything below 25
volts and would reach the end of the scale at 35 volts.
With 50 scale divisions we would then have an accuracy
of 0.2 volts per scale division. An arrangement giving
this desired result is shown in Fig. 1-a. It is only neces-
sary to oppose the voltage to be measured by a battery
of 25 volts and use a 0-10 voltmeter. It is easily seen
that with an arc voltage of 25 volts the meter would
indicate zero while with an arc voltage of 35 volts the
meter would indicate full scale or 10 volts. With this
arrangement every precaution must be taken to protect
the meter from damage.

Even if these handicaps would be overcome by protec-

e ]
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tive voltage relays, for instance, the result would not
be very gratifying. Any oscillogram of arc welding
shows that the arc voltage is fluctuating very rapidly be-
tween almost zero, which is the moment at which a
globule of molten metal short circuits the arc, and a
higher value. The resulting fluctuation will cover from
2 to 3 volts on a 10-volt instrument so that the increase
of accuracy to .2 volt per scale division would be abso-
lutely without any use whatsoever in the effort to deter-
mine the arc voltage more accurately. It is therefore
apparent that in order to make use of the increased ac-
curacy an instrument is needed which will indicate only
the average value of this arc voltage and not follow its
rapid fluctuation. In other words we must have an in-
strument with considerable higher damping than found
in the usual commercial instruments. The instrument
described in the following* fills the two conditions enum-
erated above without the use of any protective relays
whatsoever and employs as the measuring device an in-
expensive 0.5 milliampere d-c meter. The damping of
the instrument can be very easily changed to any desired
value.

An electron-tube welding voltmeter

To accomplish this result the apparatus contains a
vacuum tube. In the minds of most engineers vacuum
tubes are characterized by their ability to follow ex-
tremely rapid fluctuations; in the present case, however,
the tube is used to dampen them out. In this application
use is being made of another property of a vacuum tube,
namely, to indicate in its plate circuit voltage changes
occurring on the grid without drawing any current, or at
least only a negligible amount, from the voltage under
observation and connected to the grid. The principle of
the apparatus is as follows: The arc voltage or a portion
of it derived from a voltage divider charges a condenser
over a high resistance. Depending on the relative value
of the resistance and the condenser the voltage across the
condenser will follow more or less rapidly the voltage
fluctuations across the arc. The voltage across the con-
denser is either equal or proportional to the average
value of the arc voltage and the amount of damping can
be changed by changing the value of the resistor or the
capacity or both. The plate current of a triode can never
become negative no matter how negative we make the
grid of the tube. If we choose our constants, therefore,
in such a manner that the lower end of the desired volt-
age range causes the grid of the tube to be biased to ap-
proximately the cut-off value, a further decrease in
arc voltage will not cause the needle of the instrument

*f2atent Applied For

VOLTAGE measurements are of
great importance in rating the efhi-
ciency of arc welding apparatus. Sim-
ple meter measurements are made diffi-
cult by the varying character of the
voltage and by the wide ranges to be
covered. The electronic meter de-
scribed herein is useful not only for
welding applications but wherever
average voltage values must be taken.
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in the plate circuit to be deflected in the wrong direction.
For the upper end of the range we can make use of the
fact that the grid of a triode starts to draw current as
soon as it becomes positive. We see in the diagram
shown in Fig. 1 that the grid of the tube is connected
to the arc voltage or a portion of it through a high resist-
ance R,. If the arc voltage rises considerably, which
would tend to make the grid of the tube positive, the volt-
age drop developed across the grid resistor Rs due to
the grid current will prevent the grid of the tube from
becoming positive to any great extent. If the upper end
of the desired voltage range results therefore in a grid
voltage of approximately —1 volt we know that the

0-10 Voltmeter

1* 4 I
=25 volts . v
) 5

Q)
~ y

= Ej 45Volts
s

Fig. 1—(a) Simple bucking circuit for welding meas-

urements. (b) The vacuum tube voltmeter circuit,

which provides damping and which limits the range
of voltage measured

amount that the pointer will go beyond full scale de-
flection with the application of higher voltage is very
small and will not lead to any damage of the instrument.
It might be asked why the upper end cannot be made
to result in exactly zero grid voltage. This is not done
because the small fluctuations in voltage still present on
the condenser would then lead to a detector action in the
tube which would result in incorrect indication.

Circuit details

The diagram of the instrument is shown in Fig. 1-b.
The arc voltage Ex is connected through the terminals to
the voltage divider consisting of the two resistances Ry
and R,. Only the portion of the voltage appearing
across the resistor at Ry acts on the instrument. The
reason for this is that it was found that only a 6 volt
grid change was necessary to make the plate milli-
ampere meter go over the full scale. For practical
reasons it seemed undesirable to have such a small range
of the instrument and it was decided to have a 12 volt
arc change cause full deflection on the plate milliampere
meter. If the higher sensitivity is desired for special
applications it can, of course, be obtained by connecting
the grid to the upper end of the voltage divider or leav-
ing the voltage divider off entirely. The decision on a
twelve volt range determines the ratio of the reésistor
R; to Rz as 1 to 1. It is easily seen that with resistors
R; and R, alike a voltage change of 12 volts on the arc
will produce a voltage change of 6 volts across Ra.
The grid battery “C” of a total of 24 volts serves to
bring the actual grid voltage on the tube in the operating
range. An adjustment of 2 volts of this voltage can be
obtained by the potentiometer Rs shunted across the
filament of the tube which is a type 49. The grid bat-
tery is also tapped at —18 volts and by throwing the
double throw switch S to the position L the range of the
instrument can be changed. Assuming the arm of the
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potentiometer Rs to be standing in the middle and the
switch S thrown to the high position it is seen that the
actual grid voltage on the tube will go from —7 to —1
volt if the arc voltage changes from 32 to 44 volts. If
switch S is thrown to the low position the same grid
voltages will be obtained with an arc voltage of from
20 to 32 volts. The instrument covers, therefore, a total
range from 20 to 44 volts in two steps. The addition of
other ranges is, of course, only a matter of utilizing
more taps of the C battery.

The two adjustments Ry and Rs made it possible to
avoid the recalibration of the scale with an exchange of
a tube. Thirty of these instruments had to be built
and it was found possible to use identical scales on all
of them and take care of the differences in the individual
tubes by these two adjustments R4 and Rs. Thus if the
mutual conductance of a particular tube was higher so
that a 6 volt grid change would produce more than full
scale deflection of the instrument it was only necessary
to decrease the resistance R4 until the 6 volt change
produced the desired amount of meter deflection. The
actual line-up on the desired points is then achieved by
changing the position of potentiometer Rs. If actual
line-up was accomplished approximately one-quarter of
the scale from the top and bottom values it was found
that the instruments were never more than .25 volts off
from the correct value. Calibration is, of course, easily
achieved by putting the instrument in parallel to a preci-
sion d-c voltmeter, the latter being connected to a voltage
divider across a suitable d-c source.

The photograph in Fig. 2 shows the completed instru-
ment. The batteries are housed in a separate box which
connects to the instrument proper through a plug-in ar-
rangement. The “B’” supply is a standard 45 volt bat-
tery. The “A” supply is one of the new low discharge
type wet cells. Two number 6 dry cells with a suitable
resistance in series can, of course, be substituted for this
cell, but the voltage regulation of the wet cell is much
better suited for the purpose on hand. The “C” battery
is mounted in the instrument box itself and consists of
a standard 22% volt C battery and one additional small
dry cell. Since this battery does not have to carry any
current it will last its shelf life. The drain on the B bat-
tery is below 5 milliamperes under which condition the
battery will give many hundred hours of service. Check-
ing of the instrument approximately twice a month
showed no perceptible change in calibration.

Fig. 2. The voltmeter with battery supply. A two-volt
tube is used
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A universal network chart

HE problems of network design which are of prac-
tical interest to the radio engineer can be classified

in three divisions: the matching network (or taper

pad) which matches two impedances and introduces a
loss which is of secondary importance; second, the at-
tenuation network, which is intended to introduce a fixed,
known loss in the circuit and also to match the ingoing
and outgoing impedances of the circuit to which it is con-
nected ; and third, the variable attenuation network which
is designed to introduce a variable loss in the circuit while
maintaining its terminal impedances constant. The fourth,
the constant loss variable impedance type, 1s important
only in special applications.

All of these network problems can be solved in several
ways, by the use of T-pads, L-pads, = networks, both of
the balanced and unbalanced variety, or by more com-
plicated mesh networks. It is usually the wisest plan to
design the simplest network which will meet the require-
ments of the job. And in addition, if the values of the
resistors in the network can be found without long-drawn-
out calculation, the design problem can be made very
simple indeed. The chart on the opposite page has been
designed by its author, Mr. A. James Ebel of WMT,
Waterloo, Iowa, to solve all of the simpler types of net-
work problems of the fixed-value type, and to permit the
design of variable networks by a point-by-point method.

The chart is based on the fundamental theory discussed
by Arthur E. Thiessen, on Page 552 of the March 1931
issue of Electronics.

In Fig. 1 the impedance of the generator R is to be
matched to the impedance of the load Rr by the L-pad
consisting of Ry, the series branch, and R., the shunt
branch. To accomplish this match, R, and R, must have
following values, which can be calculated directly from
the known values of Rg and Ry :

Ri = v/Ro(Res— R.)

Re R,
Rz=

vV Re(Re— RL)

where Rg is assumed to be the larger of the impedances
to be matched. For ease in computation, the ratio of the
larger to the smaller impedances is introduced as:

r = Re/R.

Using this ratio, Ry and R can then be found in terms of
their ratio to Ry, a convenient method which makes it
possible to use widely varying magnitudes of Ry without
the use of extended scales.

These ratios are:

Ri/Ry = +/r(r — 1)

By plotting the values of these ratios for different values
of 7, the required R, and R, for any value of R can be
found from the graph. This has been done on the opposite

page.
&4

If # is the loss ratio (relative to a perfect matching
transformer) introduced by the network, then

n? 41
2n

= +/Rg¢/RL = -\/—r

From which:
n=r+r—1
From this relation, the loss in decibels can. be given as:
dbloss = 20logis (v + +/r — 1)

Thus, the db loss can also be plotted as a function of 7,
as shown in the chart.

Fig. 1. The T and = pad developed from an L pad

Although the chart has been worked out on the basis
of the L-type of network, T and pi-type circuits can be
built up from the L-type as illustrated in the following
examples, which have been compiled by the author of
the chart.

I. To calculate the series and shunt branches of a taper
pad matching 2,000 to 500 ohms. Since the ratio “r” in
this case is 4, the abscissa shown by the chart for R, is
3.46 and for Ry is 1.15 which when multiplied by R (500)
gives 1,730 ohms for Ry and 575 ohms for R.. The loss
of this network, from the graph, is 11.4 db.

II. To design a 500 ohm balanced network with a loss
of 20 db. Reading directly from the graph, a one to one
ratio would give a zero value for Ry, but it is still
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possible to introduce a loss by tapering a network to a
lower impedance and back to normal again. (See Fig.
1-B.) The loss of each half of such a combination would
be half of the total loss. Therefore, calculations will be
made for two 10 db taper pads to be placed “back to back.”
The ordinate opposite the 10 db abscissa is the ratio
3 and, since R¢ is to be 500 ohms, Ry will be 500/3 or
133 ohms. From this point the procedure is the same as
in Example I, the value of R, being found to be 326 ohms
and R,, 163 ohms. Therefore the two series branches
R, and R'; of the T pad would equal 326 ohms each and
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the shunt branch would equal 163/2 or 81.5 ohms since
R, and R'; are paralleled.

ITI. To design a 500 ohm balanced pi-network with a
20 db loss. (See Fig. 1C). Here the loss may be ob-
tained by tapering to a higher impedance and back to
normal, i.e., just the reverse of the process in Example II.
Since Rw is 500 ohms in this case, it is found that for
a 10 db loss or a ratio of 3 the shunt branches K2 and R’
equal 500 X 1.2 or 600 ohms each, and the series branch
being the sum of R, and R'y, equals 2 X 500 X 2.45 or
2,450 ohms.
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An electronics
|aboratory for

technical students

By TRUMAN S. GRAY, Sc.D.

Department of Electrical Engineering
Massachusetts Institute of Technology
Cambridge, Massachusetts

educational institutions which train electrical engi-

neers has become of increasing importance during
the last few years. Not only in the field of communica-
tions, in which for over a decade electronic apparatus
has been indispensable, but in most other branches of
electrical engineering, a knowledge of the principles of
the structure, operation, and utilization of electronic de-
vices is becoming essential to the success of an engineer.
This fact has been recognized and is being met in schools
and colleges throughout the country. It is the purpose
of this article to describe a new method of laboratory
instruction in electronics used by the electrical engineer-
ing department of the Massachusetts Institute of Tech-
nology.

Laboratory methods are essential associates of text-
books or classroom processes for training in this field.
The phenomena which take place inside even a simple
vacuum tube are varied and complex, and their individual
effect upon its electrical characteristics are not easily
recognized or isolated. Classroom or textbook treatment
makes plausible the main phenomena and provides a basis
for calculation of their effects. However, many sec-
ondary but nevertheless important factors enter into the
performance of a vacuum tube which may modify its
behavior to a considerable degree. These are not easily
treated in the classroom—in fact they must often be han-
dled empirically. A sense of the relationships between
the different phenomena and of their relative magnitudes
is difficult to grasp. Almost the only way that students
can successfully acquire this sense is by actual laboratory
contact with them. In the usual laboratory practice this
knowledge is imparted by measurements on commer-
cially-built apparatus. A method of considerably greater
effectiveness is to give the student the opportunity of
designing, constructing, testing and utilizing his own
vacuum tubes, following the guidance of the best scien-
tific knowledge available for application to the art. This
method has been introduced at the Institute.

It may be pointed out that laboratory methods of this
type are in keeping with the broad objectives toward
which educational work may be directed. Laboratories

I :NLARGEMENT of instruction in electronics by
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in science and engineering serve not only to emphasize
physical principles and to show their correlation, but to
provide a place for the development of the ingenuity,
skill, resourcefulness, self-reliance, initiative and expe-
rience of the student in the processes of observation and
investigation. To improve these last qualities in the
student (which is undoubtedly a most important objec-
tive) it is necessary that each one be allowed a maximum
of freedom, consistent with his development of tech-
nique, in the choice of a laboratory project and the
method of attack. The systematic, orderly assembly of
standard equipment prearranged to enable the student to
perform a complete prescribed experiment is to be
avoided, as its use fails to fulfill one of the primary ob-
jectives of laboratory methods. This primary objective
may be accomplished only in a laboratory with adequate,
flexible equipment available for investigatory use in a
variety of problems.

Although there can be little doubt of the effectiveness
of the procedure introduced by making possible the indi-
vidual design and construction of vacuum tubes, the crit-
icism might be made that it is not practicable because the
time and skill required of the students would be exces-
sive. However, this objection has been overcome, and
the results of several years’ work indicate that with proper
equipment and instruction the average student (having
designed a tube for a particular purpose) can assemble,
seal in an envelope, and evacuate a simple type of ther-
mionic tube in the course of half a dozen hours of lab-
oratory work. Subsequent electrical tests and comparison
of the results with those obtained by other students on
tubes of varied design or dimensions, together with in-
vestigation of the reasons for differences, give a com-
prehensive insight into the fundamental principles of
vacuum tube operation.

Six operations performed

The accompanying photographs show students at work
in the laboratory for tube construction. The equipment
provided is of the semi-automatic type ordinarily em-
ployed by manufacturers for the experimental production
of radio-receiving tubes. This eliminates the necessity
on the part of the students of spending time to secure
high skill in glass blowing, and enables them to devote
the greater part of their time to design, assembly, and
evacuation of the tubes, which are the features of engi-
neering interest. It is significant that the equipment is
not restricted to the construction of high-vacuum tubes.

TRAINING ELECTRONIC
ENGINEERS

The industry has never been in
greater need of well-trained electronic
engineers. In this article is described
a unique workshop laboratory, in
which student engineers may con-
struct tubes of their own design, in-
cluding all steps from spot-welding of
the elements to evacuating, basing and
The essential
class-room instruction is thus supple-
valuable

testing characteristics.

mented with practical

training.
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Models of a majority of the types of electronic devices
are built by means of it with a minimum of time spent
on repetitive mechanical processes.

Equipment is available to perform the six essential
operations in the construction of a vacuum tube, namely,
stem construction, mounting of metal parts, sealing in an
envelope, evacuation, degassing and basing. For the con-
struction of stems there is an abrasive wheel for cutting
glass tubing into uniform lengths, a machine for spinning

Fig. 1. Students assembling vacuum tubes of their
own design. Eight spot welders and a supply of stand-
ard tube parts are available for this work

a flare on the tubing, a stem-machine for forming the
glass and lead-wires together, and an annealer for cool-
ing the finished stem slowly to eliminate objectionable
strains in the glass.

The equipment for use in assembling the internal
structure on the stems consists of eight electric spot-
welders shown in Figure 1. A supply of standard parts
is kept in a stockroom. Standard stems purchasable
from manufacturers are furnished for use where pos-
sible, but special parts are made by the students as
needed. In addition a grid winder, a hydrogen oven for
cleaning metal parts, and a spray gun for applying exper-
imental coatings to cathodes and filaments are available.
A sealing-machine for sealing the glass envelope around
the internal structure is provided, and with it is a stock
of the common sizes of standard radio-receiving tube
bulbs. This machine together with the remaining equip-
ment is shown in Figure 2.

For the evacuation of tubes there are four vacuum
systems. These are built for different classes of tubes.
The first system is the common “trolley” type and em-
ploys rubber tubing for making the connection to the
tube to be exhausted. The beginner is started on this
system. After developing the ability to seal his tube
directly to a glass system he may then use one of the
other systems in which rubber tubing is eliminated and
better vacua are obtainable. One of these systems is
used for tubes requiring mercury, another for tubes re-
quiring argon, helium, or neon, and the third for high-
voltage tubes requiring a higher than usual vacuum.
The students acquire a considerable skill in the scientific
aspects of vacuum technique. All of the systems are
equipped with rotating and diffusion pumps, with freez-
ing traps, and with McLeod, thermocouple, or ionization
gages, for measuring the pressure. The tubes may be
outgassed while on the vacuum system by means of ovens
for baking the glass and a high-frequency vacuum-tube
oscillator (or bombarder) for heating the metal parts by
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induction. Finally, a basing machine is used to bake the
cement which fixes the bakelite base to the glass envelope.

The introductory experiment undertaken by all the
students in the laboratory who have not previously had
such experience, is the construction of a simple type of
high-vacuum diode rectifier having a cylindrical anode
and an axial tungsten filament. The design of the struc-
ture for assembly out of standard parts, thé assembly
of the filament and plate structures, the enclosure in an
envelope, and the evacuation and degassing processes
carried out with this tube illustrate the procedure neces-
sary for the manufacture of most types of vacuum tubes.

Subsequently a thorough investigation of the electrical
characteristics of the tube is conducted in the measure-
ments laboratory which is fully provided with instru-
ments and circuit equipment. This investigation is per-
formed for the purpose of making first, an independent
study of the laws of thermionic emission of electrons,
and of space-charge limitation of current; second, an
examination of the degree to which these phenomena are
paramount in the action of the tube; and third, an ob-
servation of the typical electrical characteristics of this
type of electronic device. Comparison of the experi-
mentally determined results with data predicted by cal
culation from theoretical relationships developed in lec-
tures or exhibited in textbooks and other literature show
the applicability of these relationships to the scientific
design of tubes, while the technique and experience
acquired in the laboratory serve as a basis for further
experimental investigation in the field of design and con-
struction. The men are encouraged to devote further
time in the construction and the investigation of the per-
formance of tubes of their own design, although the
study of the structure, electrical characteristics and appli-
cation of some of the commercially established devices is
sufficiently included in their work.

This laboratory has a triple function in the electrical

Fig. 2. In this room students have constructed almost
every kind of electronic device including multi-element
tubes, photocells, grid controlled mercury rectifiets,
luminous tubes,and even cathode-ray oscilloscope tubes.

engineering department. In the first place, it provides an
opportunity for about one hundred undergraduate stu-
dents in the course of a year to learn the rudiments of
vacuum-tube qualities and performances and the reasons
therefor. In the second place, the laboratory provides
facilities of a unique nature for graduate research by
more advanced students. In the third place, it serves as
a source of supply for special electronic tubes used within

[Please turn to page 89]
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Beat oscillators
for modern

radio receivers

BY ARTHUR G. MANKE

Engineer, General Household Utilities Company
Chicago, Illinois

THE following is presented to suggest an improved

method both electrically and economically for apply-

ing the beat oscillator to a receiver having automatic
volume control on all intermediate frequency amplifier
tubes and obtaining an audible beat note signal at reso-
nance for strong or weak signals. This accomplishment
naturally suggests the possibility of utilizing the beat note
oscillator as a means of accurately tuning a high fidelity
recelver.

The beat oscillator operating in conjunction with the
intermediate frequency amplifier of a superheterodyne re-
ceiver for reception of unmodulated code signals has been
in use for some time. The first receivers to utilize this
method of reception did not have automatic volume con-
trol and frequently utilized two stages of intermediate
frequency amplification, which considerably simplified the
addition of a beat frequency oscillator. In later receivers
with automatic volume control on all intermediate fre-
quency amplifier tubes, however, a careful test would re-
veal an inaudible beat note when the receiver was tuned
to a strong signal. This condition is satisfactory where
the beat oscillator is installed principally for the reception
of weak signals. In the small receiver automatic volume
control on all high frequency amplifier tubes is necessary,
particularly where only one stage of intermediate fre-
quency is used.

The most common method of coupling the beat oscillator
to the intermediate amplifier is shown in Fig. 1. From
the circuit it is evident that the strength of the beat oscilla-
tor signal applied to the second detector is dependent
on the amplification of the preceding amplifier tube.
Where this tube is controlled by the AVC circuit, a strong
signal incoming to the receiver will reduce the amplifica-
tion of this tube and, as a result, the beat signal does not
function or at best very poorly. If the strength of the
signal from the beat oscillator is increased to overcome
this difficulty, then the beat signal is likely to operate the
AVC and thereby make the receiver insensitive to very
weak signals. The use of AVC with considerable delay
might be used to alleviate the situation providing a proper
compromise was made, so as not to impair the normal
operation of the AVC system. Such a solution would of
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course involve the designer in considerable difficulty and
would then necessitate accurate control. A method which
would be better than delayed AVC can be obtained where
two intermediate frequency stages are used by simply
omitting the AVC from the second amplifier tube, pro-
viding this is the receiver.

A simple and effective solution to this problem is ob-
tained by introducing the beat oscillator signal directly
into the coil which operates the diode or second detector.
This is illustrated diagrammatically in Fig. 2. When the
proper strength of the beat oscillator signal is introduced
at this point, the beat signal operates equally well on strong
or weak signals. The strength of the signal from the
beat oscillator should be sufficient to draw from four to
eight microamperes direct current in the diode resistor.
Under these conditions, the operation of the beat oscillator
will not develop sufficient AVC voltage to reduce the sensi-
tivity of the receiver. If a diode output resistor con-
siderably higher in resistance than 100,000 ohms is used,
then the signal from the beat oscillator should be adjusted
to draw proportionately less current through the diode
resistor. The use of an appreciably stronger signal from
the beat oscillator is not necessary, even though a stronger
signal does not reduce the sensitivity of the receiver where
the high frequency amplifier tubes are self biased as is
usually the case. In those cases where delayed AVC is
used, the maximum allowable strength of the beat oscil-
lator will naturally be determined by the amount of delay
used on the AVC diode.

The amount of stray voltage from the beat oscillator to
the input of the intermediate amplifier should be small, as
the amplification of this stray pick-up is dependent on the
strength of the signal incoming to the receiver. The
amount of stray pick-up is to a large extent dependent
on the arrangement of the intermediate frequency ampli-
fier and also whether or not a filter is used in plate supply
of the oscillator. In Fig. 2, a filter is shown in the B plus
lead of the last intermediate stage and this filter is effective
in reducing the stray pick-up from the oscillator.

In an arrangement used by the writer considerable
economy has been obtained by combining the diode inter-
mediate frequency transformer and the beat oscillator.
The primary and secondary coils of the beat oscillator are

Diode det.
)

]
1To audio ampl.

£ T

S ey, e

Fig. 1—Method of injecting beat frequency into i-f
amplifier
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placed at one end of the dowel. The grid blocking con-
denser of the oscillator is mounted inside the dowel.
This mounting is desirable as the blocking condenser is
shielded, which aids in reducing stray pick-up into the
intermediate frequency amplifier. Only one can is neces-
sary in this case to shield and house both coil assemblies.
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Beat note
1 osc.tube

Fig. 2—Preferred circuit for receiver with beat-frequency
oscillator

A trimmer near the base of the can is used to tune the beat
oscillator, and a dual trimmer is used to tune both primary
and secondary of the transformer. In some cases only
one winding of the transformer is tuned and then only the
dual trimmer is required. Where a relatively high fre-
quency is used for the intermediate frequency amplifier,
it is advantageous to use a three-coil intermediate trans-
former in the first stage, and in this case, both cans are
identical. The trimmer near the base of the can is used
to tune the plate coil of the first intermediate frequency
transformer and serves to tune the secondary of the oscil-
lator on the second or driver stage transformer.

The frequency at which the beat oscillator operates is
important in this case. It is impossible to operate on the
fundamental frequency of the oscillator, as this would
cause serious absorption. For this reason the second or
third harmonic of the oscillator is used to beat with the
intermediate frequency. The use of one of the harmonics
of the oscillator is advantageous in other ways. The har-

monics are weaker than the fundamental, thereby allow-
ing the beat oscillator to operate vigorously and still the
signal produced at the intermediate frequency will not be
too strong. The third harmonic of the oscillator was
found most desirable for the arrangement used by the
writer. In this assembly, the plate coil of the intermediate
transformer is adjacent to the oscillator coil which aids in
reducing the oscillator voltage induced into the diode coil.
Operating the oscillator at large amplitudes also aids in ob-
taining maximum {requency stability as all circuit con-
stants can be chosen to favor frequency stability of the
oscillator. 1f the beat oscillator is operated at twice the
intermediate amplifier frequency, then the presence of the
oscillator circuit will reduce the second harmonic which
is normally present in the output of the driver stage.

Application to high fidelity receivers

The variation of oscillator frequency with line voltage
becomes important in those cases where the beat oscillator
is used in place of a tuning meter in a high fidelity re-
ceiver. The stability of the oscillator for line voltage
variation can be appreciably increased by using a very
small capacity in the oscillator blocking condenser, a
high value of grid leak, and a resistance in series with the
primary. The use of a good grade fixed condenser in
parallel with the trimmer and moisture-proof impregna-
tion of the oscillator coil will aid in maintaining a constant
LC-product and thereby eliminate the danger of frequency
shift due to temperature and humidity changes.

The use of the beat oscillator to indicate resonance will
enable the operator to tune the receiver very accurately
and take advantage of the maximum fidelity obtainable
from the tuned circuits. On receivers having a geared
pointer or a relatively large tuning dial, it would, of course,
not be necessary to use the beat note signal each time a
station is selected, as the exact location would soon be
memorized. When receiving broadcast stations it is not
necessary to switch off the beat note oscillator as the sta-
bility of the high frequency oscillator is sufficient to keep
the receiver at zero beat, and this is also true of many of
the short wave stations even where no particular attempt
is made to stabilize the high frequency oscillator.

b} .
Students’ electronics laboratory
[Continued from page 87]

the Institute in a wide variety of research projects.
Many of the problems of research relating to electronics
that can now be pursued effectively were previously
closed to investigation because of the lack of equipment
necessary to perform the constructional work quickly
and with little requirement of special artisan’s skill.
Much of the equipment has proved to be of value in con-

nection with investigations outside the electronics field.

Laboratory has wide scope

Electronic devices of almost endless variety involving
nearly all of the important phenomena now known and
used in this field may be built rapidly with this equip-
ment. A few of the better known types of apparatus
that have been constructed by students in the laboratory
are thermionic rectifiers, three- and four-element ampli-
fier tubes, photoelectric cells, cathode-ray oscillographs,
gas-filled and mercury-vapor rectifiers, magnetic cox}trol
tubes, grid-controlled arc rectifiers, and luminous signs.
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Although small in size, the products of the laboratory
illustrate the performance of the larger types of tubes,
for the phenomena that take place in the usual large
tubes are not far different from those that take place in
some form of small tube.

That the laboratory is an effective educational method
is demonstrated by the enthusiasm with which the stu-
dents welcome the opportunity of designing and con-
structing tubes for their own investigatory laboratory
problems, and by the industry with which they approach
the work. It serves to stimulate and develop their initia-
tive, spirit of industry, and resourcefulness. The labor-
atory is utilized to capacity a considerable part of the
time. Its primary purpose is to facilitate teaching the
science of the engineering applications of electronics,
and it is proving competent to fulfill the purpose suc-
cessfully. Many of the tubes designed are “duds,” much
glass is broken, and many filaments are burned out, but
on the whole many lasting lessons are learned in both
the science and the technique of electronics.
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Transportation noise studied
by new analyzer

A NOISE ANALYZER, differing from the
usual noise meter in its ability to
measure separately each frequency com-
ponent in a given sound, has been de-
veloped by W. O. Osbon, research en-
gineer of the Westinghouse Electric and
Manufacturing Company. The analyzer
uses a modified superheterodyne prin-
ciple, differing from the radio super-
heterodyne only in the intermediate cir-
cuit where a mechanical, rather than
electrical, filter is used.

In operation the input circuit is
“tuned” over the band of frequencies
present in the noise spectrum. The fre-
quency received at any one dial setting
is mixed with a standard 7,000 cycle
oscillator in the intermediate circuit,
and the resulting beat frequency is
measured in the output circuit, both as
to the number of cycles per second and
intensity. In this way the principle
frequency components present in various
types of noise may be identified, and in
many cases this identification will serve
to indicate the source of the noise itself.
The device is capable of measuring ac-
curately all the audible frequencies, and
in addition may be used at various sound
levels from the threshold of hearing
to 100 decibels. The analyzer is de-
signed for portable use, mounted in three
carrying cases, with a microphone and
stand. The sensitivity of the circuit is
no less than that of the best laboratory
devices.

A very practical application of the
analyzer has been made in a recent study
of the noises produced in various trans-
portation facilities. Noises produced by

airliners, railroad coaches, Pullman cars,
subway coaches, city buses, transcon-
tinental buses, and street-cars have
been analyzed, both as to total loudness
and by individual frequencies. The total
loudness  readings, = which checked
studies made by the usual type of noise
meter, showed that the commercial air-
liner ranked midway between the com-
paratively quiet railroad Pullman car
on the one hand, and the street-car on
the other.

The loudness of the individual fre-
quencies produced by each type of con-
veyance, shown below, indicates the
differences in the character of the noise
produced by the different sources, and
points the way to efficient noise reduc-
tion. That the low frequencies carry
the bulk of the noise energy in each
type of source is clearly apparent. The
relatively large percentage of high fre-
quencies present in the street-car noise
is attributed to gear-noise, window
rattle, and similar impact noises. The
various peaks in each curve indicate
resonance, and can be used to trace the
resonating member in the source. [t
is anticipated that such frequency-spec-
trum analysis of noise sources will aid
greatly in the noise-reduction programs
now being carried out by governmental
and commercial agencies.

+

Electronic sleuth for lost
radium in hospitals

HospiTaLs and radiologists will be in-
terested in a new instrument for locat-
ing lost radium preparations. A light
aluminum ionization chamber, which
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A comparisen of the noise spectra produced by
various transportation facilities
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serves as the explorer, carried in the
hand, is passed as close as possible to
the space to be examined, while the
operator watches the indicator in the
amplifier slung by his side. This new
detector is the development of Dr. L. F.
Curtiss of the U. S. Bureau of Stand-
ards, and is being made by the Amer-
ican Instrument Company of Washing-
ton, D. C,

A trash-can can be examined for
radium by merely passing the explorer
around and over the can, without emp-
tying it. A 25 mg. preparation can be
detected at a distance of 7.5 feet—or
10 mg. at 3 feet distance.

Searches which required hours by the
old electroscope method may be per-
formed in a few minutes with the new
instrument.

+

Shoal water depths
by echo sounding

CaprraIiN R. S. Patron, director, an-
nounces a-recent improvement by the
Coast and Geodetic Survey in the ap-
paratus to obtain depths by echo sound-
ing. This new equipment, now being
used in surveys off the Virginia coast,
takes 20 soundings a second in depths
from 6 to 120 feet, with an accuracy of
about one inch. At a cruising speed of
ten miles per hour, a sounding is there-
fore obtained every ten inches along the
bottom.

The instrument known as the “shoal
fathometer” is a further development
of the deep-water fathometer which has
been used by the Coast and Geodetic
Survey in hydrographic surveying for
over nine years. The deep water fathom-
eter has been of inestimable value for
depths of about 15 fathoms (90 feet) to
3,000 fathoms (18,000 feet), the deepest
water so far surveyed. Not built pri-
marily for surveying, a small variation
in depth indication was found in the ap-
paratus. Having a nearly constant
value, this produces a larger percentage
of error in shallow water than in water
of greater depths.

The general method of measuring
depths by all fathometers is to produce
a sound in the water at the bottom of the
ship. This sound travels to the bottom
and returns as an echo, picked up by a
hydrophone, or electrical ear, in the
bottom of the vessel. The fathometer
measures precisely, and translates auto-
matically into depth, the elapsed time
from the sound production to the return
of the echo, and indicates this depth by
means of a neon-tube flash on a rotating
disc graduated in fathoms.
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DEVICES IN INDUSTRY + +

Since sound in sea water has a
velocity of about 4,800 feet per second,
some idea may be had of the almost un-
canny accuracy of the time element in

¢
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Indicator open, showing the revolving
neon tube, flash of which indicates
depth. At top is lamp which oper-
ates photo-tube to sead out signals

this newly developed instrument, which
must measure the elapsed time for the
sound to travel, for example, a depth of
12 feet to the bottom and return, a total
distance of but 24 feet, requiring only
five one-thousandth of a second for the

The photocells used for four-part choral

by individual photocells.

The boys in t

round trip. As the instrument is de-
signed to measure this depth within one-
tenth of a foot, its accuracy of measure-
ment of time elapsed must be within four
one-hundred-thousandth of a second.

In the new shoal fathometer, super-
sonic frequencies are used for the sound
production ; that is, notes produced elec-
trically, too shrill for the human ear to
detect.

+

Four-part sound film
used for chorus
instruction

THE INSTRUCTION of a group of young
boys in the art of four-part choral sing-
ing is the latest application to which
the photocell has been put. Colonel
Richard H. Ranger, 574 Parker Street,
Newark, N. J., well-known electronic
engineer, has designed a four-part
sound film which is used with photocell
and amplifier equipment to train the
young singers in the.parts they are to
sing in the choral arrangement. For
several months a group of boys known
as the Electro Choir have been practis-
ing under the direction of Colonel
Ranger.

A special film is made for each selec-
tion to be sung by the choir. The film
contains five sound tracks, one for the
soprano, another for alto, one for tenor,
one for bass and a fifth one for the com-
plete melody. This film is made to
pass five different phototubes, one for
each of the five sound tracks. A light

beam shining through the film on to the
photocell is modulated with the choral
part of that particular track. Five am-
plifiers, one for each photocell, are pro-
vided, with loud speakers, switching
equipment, faders, and microphones.

When the choir assembles the boy
sopranos are put in one room by them-
selves, altos, tenors and basses each in
separate rooms by themselves. Each
boy is then fitted with a single ear-
phone. Through this earphone he hears
the part he is to sing, produced from
the sound track of the original film.
Through the other ear the boy hears
the combined parts of all of the other
singers. In this way he is able to bal-
ance the volume of his voice against
those of the other groups, so that a uni-
form level of sound is produced by each
of the four parts. As the boys sing
their voices are picked up by four dif-
ferent microphones and blended in a
mixing panel. Thus the complete ren-
dition of the music is brought together
finally through a loud speaker which
receives the voices of all four groups.

Colonel Ranger, at the controls of the
system, is able to regulate the volume of
each group of boys, so that the most
artistic effect is produced, and at the
same timer he is able to signal them if
they do not perform properly through
the earphones which they wear.

The boys are very enthusiastic over
the entire undertaking. The parts they
have to learn may be complicated, but
because of the aid which they receive
from the earphones on their ears, they
are able to pick up the harmonic part
they are to sing in a very short amount
of time,

instruction. The film containing sound tracks for the separate parts is scanned
he Electro Choir follow the music they hear in the earphones.

Their voices,

picked up by microphone, are blended with those of the three other groups singing the other parts
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Generating sine
waves with a gas

discharge tube

By WINSTON E. KOCK

American-German Exchange Fellow at the Heinrich Hertz In-
stitut fiir Schwingungsforschung, Berlin.

M.’

r I \HE majority of sine wave generators now in use

|

have various disadvantages and limitations. Vac-

uum tube generators have the weakness of pitch
instability, whereas tuning fork generators require an
extensive filter system to produce a pure sine wave. The
oscillator about to be described is very simple and con-
venient and overcomes to a large extent the difficulties
hitherto experienced.

The circuit employed is that of the inductive glow dis-
charge oscillator! shown in Figure 1, and consists of the
well known intermittent glow discharge circuit but with
an inductance inserted in the condenser arm. Oscilla-
tions take place due to the difference between the striking
and extinction potentials of the glow discharge tube. The
d-c voltage supply charges the condenser C through the
resistance R until the voltage across the tube reaches the
ignition or striking potential. The glow discharge then
takes place, and the condenser discharges through the
tube until the voltage across the tube drops to the ex-
tinction potential and the glow discharge ceases. The
cycle then repeats itself at a frequency determined by
the constants of the circuit. With no inductance present,
the frequency of intermittance is given by?

1

J
E—L,

E—FE,

RClog

where E is the applied voltage, E, the extinction potential
and E; the striking potential of the discharge tube.

BY USING an inductance in series
with the condenser of a simple dis-
charge-type relaxation oscillator, the
voltage across the condenser can be
made to approach a pure sine wave at
the resonant frequency. A generator
built on this principle is simple,
rugged; has exceptional stability.
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We can best observe the effect of the inductance by
investigating the wave form of the voltage on the con-
denser. Figure 2 illustrates this voltage for the ordinary
intermittent glow discharge. The insertion of an in-
ductance tends to prevent the sudden changes of current
in the condenser arm, and since

1
Ec = === icdt
c

the condenser voltage will likewise become smoother.
Figure 2 shows this effect for various values of the d-c
applied voltage. For low voltages the wave form re-
sembles that of the case with no inductance present. How-
ever, as the voltage is increased, the frequency, also in-
creasing, eventually approaches the resonant frequency
of the oscillating circuit. The inductance and condenser
begin to exert control and limit the maximum frequency
to that given by :

1

Feo—
2#\/1.707
where L” and €’ include the effective inductance and ca-
pacity of the discharge tube. The controlling effect of
the inductance and condenser is also noticed in the dis-
charge tube current; the discharge continues throughout
a larger and larger portion of the cycle as the voltage is
increased. At the frequency of resonance, the discharge
lasts throughout practically the entire cycle, so that even
in the discharge tube a fairly sinusoidal current wave
exists. The arm current is affected even more so, and the
voltage across the condenser possesses a remarkable
purity.
In the dynatron type of oscillator, the amplitude of the
oscillations is determined by the length of the negative
portion of the plate resistance curve, and the purity is

. .

= ]
Discharge
fubeg
D.C.
1 - Voltage
T supply
T :

Fig. 1—Circuit diagram of the inductive glow dis-
charge oscillator

increased by decreasing the exponential factor (and hence
the amplitude) so as to decrease the damping effect on
the crests of the waves. The inductive glow discharge
oscillator yields, in contrast, the purest wave when oper-
ated at its maximum voltage, that is, when the output
is, in general, a maximum.

Curve A, Figure 3, indicates the frequency voltage
characteristics as obtained from the oscillograms in
Figure 2. The flat portion of the curve can be made to
correspond with any desired frequency by the proper
choice of condenser and inductance. Thus curve B por-
trays the same characteristic except that the capacity was
increased to effect a lower frequency of resonance. Fre-
quency measurements for curve B were made with tuning
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forks. An idea of how flat the characteristic becomes at
resonance is obtained from Table 1. In this case, the
capacity was of such a size as to effect a resonant frequency
of 800 cycles.

TABLE 1
Voltage Frequency
125 804.4
120 801.6
115 795.7

Reducing the applied voltage from 125 to 120 volts
effects a frequency change of less than 3 cycles in 800.
This change was measured by counting the beats between
the glow discharge circuit and an 800 cycle tuning fork
oscillator.

Changes in the glow lamp characteristics affect the
frequency only insofar as they affect the total inductance
and capacity of the circuit and for ordinary variations
this is not appreciable.

TIME —

W pE
\/\/’\/\V/\\\./\/\ S Eoeesy

W\W 2.E =180V.
m L E.=143V

Fig. 2—Condenser voltage waveforms, for different
values of d-c voltage supply. Note the approach to
the sine-wave as the voltage is increased

Table 2 shows the results of a time run for a 400 cycle
oscillator, also measured by the beat method.

TABLE 2
Running Time (Minutes) Frequency
5 401.12
15 401.24
30 401.39
45 401.39
60 - 401.24

Even considering that the tuning fork generator was
absolutely constant, the frequency variation is extremely
small.

The absence of both direct and heavy alternating cur-
rent in the inductance minimizes any changes in it due
to heating. Changes in the series resistance affect the
frequency to the same extent as do changes in the applied
voltage.

Practical circuit arrangement :

The most convenient method of utilizing the sinusoidal
voltage present across the condenser is shown in Figure 4.
Condenser C. blocks out the direct current component
and its size depends upon the frequency range desired.
For large values of Cs, R, should be made large (2 to 5
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Fig. 3—Frequency-voltage characteristics Curve A is
a plot of the four cases shown in figure 2. For curve
B a larger condenser was used

megohms) to prevent C from affecting the frequency.
The voltage Ra is then fed directly into the grid of a
suitable amplifying tube. Rectified alternating current
may be used for the d-c voltage supply when maximum
constancy of frequency is not essential. Even then, how-
ever, ordinary 2 to 5 per cent line voltage variations will
not seriously affect the frequency as has been shown
in Table 1.

For commercial glow lamps of the 110 volt type, the
extinction and striking potentials lie about 10 volts apart.
Although this value is reduced when discharges take place
in rapid succession, there is still a considerable voltage
swing on the condenser due to series resonance so that
the effective voltage across R» is roughly 10 to 12 volts
or better.

To insure maximum purity of the output wave, it is
best to shield the amplifier tube from the oscillator. Due
to the high harmonic content of the current in the outer
branch circuit of the oscillator, the amount of pickup, even
at audio frequencies, may otherwise become objectionable.

By making either the inductance or the capacity variable,
a constant frequency generator of large frequency range
is obtained. However, for large changes in capacity
or inductance it becomes necessary to readjust the value
of the applied voltage to insure that the oscillator is oper-
ating on the flat portion of the frequency-voltage curve.

1Kock, Physics, 4, 359 (1933)
2Ryall, Jour. of Secient. Inst., 7, 177 (1930

—FH )

L=100H

(¥

R=1meo.

Fig. 4—Circuit diagram of the sine wave generator.

For 500 cycles per second, C should be about .001

microfarads. L can be the secondary of an a-f trans-
former
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+ + NOTES ON ELECTRON

The Edgerton stroboscope in
microscopic photography

THE RECENT announcement in the news-
papers that the secret of the clam had
been discovered, a scientific triumph of
no small magnitude, referred to the dis-
covery by Professors Jennison and
Bunker of M.L.T., that the cilia (hair-
like structures) of the clam membrane
move with a motion not hitherto
suspected. This discovery was made
possible by the use of the stroboscope
invented by Professor Edgerton, also
of M.LLT., which permits high speed
pictures to be taken under very adverse
light conditions.

The microscope which views the mo-
tions to be recorded is fitted with a
motion-picture camera, the film of which
moves continually at a speed of about
200 inches per sec., thus permitting 200
pictures to be taken in that time. The
light source underneath the specimen is
an open spark gap. The intense light
from the spark is used to illuminate the
specimen to be examined. The light is
turned on and off rapidly so that blur-
ring of the picture does not occur.
(For a complete description of the
Edgerton stroboscope camera, see ELEC-
TRONICS, August, 1934, page 250.)

The voltage applied to the spark gap
is controlled by the circuit shown. A
three-phase rectifier using mercury
tubes provides a ten-ampere rectified
current supply which charges a 70
microfarad condenser through the re-
sistance shown. This condenser is
charged to 1,200 volts, and discharges
through a 100 ohm resistance into an
8-ufd. condenser, which is the source of
the current through the spark gap. In
series with the spark gap and the 8-ufd.
condenser, is a mercury tube, contain-
ing a mercury-pool and an anode. A

thyratron, operated in an impulse
T

1200 volfs

amplifier circuit, discharges this mer-
cury tube at the required rate. The
excitation of the thyratron amplifier is
provided by a commutator mounted on

The stroboscopic camera set up for
recording the motions of the clam

membrane. The camera with cover

removed is at the top, while the

spark gap light-source and lens is
in the box below

the motion picture camera, so that the
commutator trips the thyratron circuit
once for every picture to be taken. In
this way the spark which jumps the gap
is accurately controlled both in its fre-
quency and in its time duration. High
speed pictures of great sharpness and

To commutaror Comera

4
-
—

Three-phase
power —

power w=

R,-100,000 ohms
R,~ 4,000 ohms
R;- 10,000 ohms'
Ry~ 2meg ohms

C- Y8 to V4 mfd.

€, 00001 mfd.

Hg tube 30mm.diom. e

E 8-in.long 100 y

mid.

1 Fc-67

Th)/mfron

puise ampli-
fier circuit

) (o
Spark gap
point soyrce

of light

The circuit diagram of the Edgerton high speed microscope camera
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clarity can be taken with such apparatus,
and the intense light of the spark is
sufficient to make high magnification
possible without a dimly illuminated
picture. The apparatus does not differ
largely from the regulation Edgerton
Stroboscope now in wide use for high
speed photography work, except that
the light source in this case is a spark
gap, rather than the more common
mercury discharge tube. The use of
the spark gap provides a very compact
light-source of great intensity, which is
ideally suited to the requirements of
microscope illumination.

+

High frequency
compensation for high
fidelity receivers

THE EXTENTION of the high frequency
range of the new high fidelity receivers
has brought with it a great increase in
noise, picked up both through the an-
tenna and in the receiver itself. In fact
many listeners prefer not to use their
receivers ‘“wide open” because of the ob-
jectionable noise which is transmitted
in the high frequency range.

The suggestion has been made by Mr.
Lincoln Walsh that this trouble can be
overcome to a great extent by agreement
of the set manufacturers to make the
audio characteristic of their receivers
flat only to 4,000 cycles. Above 4,000
and extending to 7,500 cycles, the
characteristics should be made to slope
down to a point 10 or 15 decibels lower
in level. This characteristic is in fact
displayed by many of the receivers on
the market today. To compensate for
the decreased response in the higher fre-
quencies, the broadcast stations would
have their characteristics changed so
that they rise by an amount just equal to
the loss of the receivers in the same
range. The audio characteristics of the
system are thus complementary and the
response from microphone to loud
speaker is flat throughout the entire
range.

The objection that such a system
would overload the transmitter is
answered by the fact that the high fre-
quencies present in the programs are
far lower in magnitude than the low and
middle frequencies. And since the aver-
age receiver of the non-high-fidelity
type cuts off at about 4,000 cycles, its
performance will not be affected. For
such a system to be universally adopted
by the receiver manufacturers would re-
quire that the idea be put into effect im-
mediately, before many high fidelity re-
ceivers with substantially flat response
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TUBES AND CIRCUITS + +

are in service. These receivers, of
course, would display a badly accen-
tuated upper range if the transmitters
were changed according to Mr. Walsh’s
plan. *The suggestion is an interesting
and direct way of dealing with the prob-
lem of high frequency noise in high
fidelity receivers.

+

Frequency conversion
characteristics

IN A stubpy made by C. A. Hultberg, of
Hygrade-Sylvania the use of the 6F7
type tube as a triode-pentode converter
was compared with the 6A7 type of elec-
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Sensitivity at Dummy Antenna (V)

tron-coupled pentagrid converter. The
illustration shows the noise introduced
in the conversion process by these two
tubes. It was found that the average
characteristics showed practically no dif-
ference in noise between the two tubes,
but the range of tube variations showed
that greater noise might be expected
from QF7 type of tube.

The tubes wete compared in a set-up
containing a standard signal generator,
a dummy antenna, a tuned input circuit,
a conversion circuit, a detector and out-
put stage, and an output meter.

+

Apparent re-activation of
tubes after long rest

Users oF 112A and 201A tubes in
phototube relays have reported that
after such tubes have “worn out,” follow-
ing several months of continuous opera-
tion, and are laid away on the shelf for
a rest of a few weeks, they can be put
back into the relay units, and seem to
have their former vitality restored. In
one case where a relay is used to con-
trol small lights burning around a coun-
try place during hours of darkness, the
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112A amplifying tube operates continu-
ously, and after service of several
months loses its emission to a point
where the relay will not pick up. If
this fatigued 112A be then laid aside
until its successor 112A reaches a simi-
lar condition, the former fatigued tube
can be put back into the circuit, and will
usually operate satisfactorily for several
weeks, before again failing.

When report of this situation was
made to E. W. Ritter, manager of the
research and development laboratory of
the RCA Radiotron Company, Harrison,
N. J., Mr. Ritter commented as follows:

“I have made several inquiries in the
Laboratory concerning the apparent re-
activation or restored vitality of tubes
laid aside for a period of weeks. This
phenomenon has not been noticed except
on photoelectric cells and I believe the
explanation there is pretty generally
known. It is possible for tubes to de-
velop gas on standing idle, which for a
time would aid in operation and would
assist in reactivation after the tubes are
put into use again. I believe this would
occur only in oxide coated tubes.

“We seldom encounter a general
slumping condition in the 201’s and 112’s
during life test, that is, until the tubes
have operated for 1,000 to 2,500 hours.”

+

110-megacycles transmission
spans 100-mile stretch

TEesTs of telephone transmission on 110
megacycles, conducted by the American
Radio Relay League in cooperation with
the Harvard University Meteorological
Observatory have shown that distances
as great as 100 miles may be covered
on these frequencies with low power

transmission, at least when conditions
are favorable. A series of schedules on
this frequency between Hartford, Conn,,
and Blue Hill (near Boston), Mass.,
showed that transmission was superior
in many instances to that provided by
the 56 megacycle (5 meter band) sig-
nal. Special directional antenna sys-
tems were used in this work.

Notes—

Radio prices are up—But in a Brook-
lyn plant, where an FEuropean corre-
spondent got a job just to see how it
works over here, assemblers are paid
25, 27 or 35 cents per chassis depend-
ing upon its complexity. The first day
this lad put together 2 sets, the second
day three, and after two weeks he could
knock out 5 or 6 per day. To make any
money at all, it seems that four men
agree among themselves, and without
the foreman’s knowledge, to work to-
gether. In teams of this sort they can
put together 35 to 38 sets per day.
Figure it out for yourself!

Canada is in the television race—It is
reported that an American television
promoter, long in need of money for a
working and workable system, has been
subsidized by the Canadian government ;
that he will erect the first experimental
station in Montreal by March of this
year. This is to be 120 lines, me-
chanical scanning. An Australian buyer,
in New York representing several
clients, has seen a projected picture
from the apparatus of this television
system, 10 by 12 inches in size and is
enthusiastic about its brilliance.

NEW ACORN TUBE—A PENTODE

First announced at the New York I.R.E. meeting March 6, this new
Radiotron will deliver a voltage amplification of 10 at 3.5 meters

against 1.5 for best existing tube.

Here it is compared in size with a

golf ball
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Standardize industrial
tubes now!

UICK and effective standardization is
needed for industrial electronic tubes. No
service which the electrical manufacturers’ group
can perform right now, could be more welcome
than the standardization of ratings and the stand-
ardization of bases, so that purchasers can get
the advantage of the conveniences and cost reduc-
tions which would follow from simplification of
tube stocks.

And in the selection of tube sizes, an admirable
opportunity is afforded to use the well-known
schedules of “preferred numbers’—ratios of
sizes, mathematically derived, which make for the
greatest flexibility of use.

Vol. VIII Number 3

-

®

Glass vs. all-metal
for radio tubes

E hear many rumors that the radio re-

ceiving tube finally will throw off the last
of the apron-strings that have bound it to its
progenitor, the incandescent lamp, and become a
metal mechanism specifically designed for its elec-
tronic function.

Nearly one billion tubes have been built so
far—yet the tube’s evolution away from the lamp
that begot it has been painfully slow. Long the
tube tenaciously held the lamp’s size, the lamp’s
shape, the lamp’s mechanical structure (until the
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dome top arrived) and, to 1935, the lamp’s glassy
envelope.

Glass was essential in the lamp to let the light
out. In the tube, quite the reverse, a metal cov-
ering had to be provided, anyway, for electro-
magnetic shielding. Yet so firmly established
has been the precedent of glass, that fifteen years
of active tube history have gone by, with glass
predominant.

England had metal “catkins” two years ago.
All-metal industrial tubes were introduced in
America last year, although then old to Europe.
Metal tubes—when they come—will merely ful-
fill the manifest trends of tube design for the

American market.

Radio is not like
safety pins

HERE are those—a few—who still fondly

hope that radio will some day—preferably
soon—settle down into a quiet, peaceful business,
like making safety pins, with fewer annual mod-
els, fewer agencies making obsolete all products
of the immediate past.

The engineers, however, who make possible an
industry with an annual turnover of one-quarter
billion dollars have no such illusions. They real-
ize that radio depends upon their ability to con-
jure up new models and new degrees of excellence
in home entertainment devices. Research men,
particularly, working in the laboratory where new
circuits and products originate are least inclined
to look or hope for technical stability (stagna-
tion). Says one: ‘“The next three years will see
greater change than occurred in the last five

years.”

Getting the tools for television

N interesting omission from the report of
the British Television Committee is any
reference to “chaining” of local television trans-
mitters by means of co-axial conductors or open-
wire lines. Testimony brought forward by Lloyd
Espenschied and others on this side of the
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Atlantic indicates that such lines can be used to
carry extremely wide bands, even up to several
million cycles, well suited for television, and re-
quiring repeaters only every fifty miles at the
intensities required for television. At radio fre-
quencies it has been found even possible to elimi-
nate the central conductor of the pair altogether,
and to depend upon the outer cylinder to guide
the internal radio waves, like a separate ‘‘section
of ether” cut out of space!

This co-axial conductor is certainly a new tool
for television of prime importance. First the
cathode-ray tube for producing the picture; then
electronic scanning; and now conductors for get-
ting far beyond the horizon. Suitable transmit-
ters, industry enthusiasm, and money to do the

job, seem to be about the only things now needed
to bring television to pass.

Rating home and office
appliances on noise

VALUABLE step toward noise abatement
would result from the rating of household
and other appliances for noise-making—or the
lack of it. Dr. E. E. Free and other groups in the
Acoustic Society of America have been trying for
years to get engineers and architects to do this
kind of thing in specifying engines, motors, fans
and similar equipment for buildings or other situ-
ations where noise would be harmful. Consider-
able success has followed this general effort. A
large number of designing engineers now specify
noise limits. Unfortunately, however, the ratings
themselves have not been confirmed by indepen-
dent acoustic laboratories best qualified to rate de-
vices authoritatively. The purchasers usually write
their own specifications and merely depend upon
the manufacturers of the articles concerned for
an unsubstantiated guarantee. If general busi-
ness were in better shape undoubtedly there would
be more opportunity for the use of noise meters
and expert services to check such guarantees.
Any system of noise rating would be bound to
involve at least slight increases in cost, although
the results in ‘“‘customer appeal’’ and purchaser
satisfaction would undoubtedly offset this outlay
many times.
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NEWS NOTES

RMA Interference Committee meets—The first meeting of
the new committee on radio interference, sponsored by the
engineering division of the Radio Manufacturers Associa-
tion, was scheduled to be held March 8, at the Hotel New
Yorker, New York City. Dr. Alfred N. Goldsmith is
chairman, and among the co-operating bodies are the Fed-
eral Communications Commission, Bureau of Standards,
Canadian Department of Marine, RMA of Canada, National
Electrical Manufacturers Association, Institute of Radio
Engineers, Radio Wholesalers Association, American Radio
Relay League, Institute of Service Men, Radio Club of
America, National Association of Broadcasters, and Society
of Automotive Engineers.

Motion-Picture Engineers’ Convention, Hollywood, May 20
to 24—The spring convention of the Society of Motion
Picture Engineers will be held at the Roosevelt Hotel,
Hollywood, Calif., May 20 to 24. Nine technical sessions
will be held, two in the evening, to permit members to
visit the motion-picture studios which will be open for
convention visitors. The banquet is scheduled for Wed-
nesday evening, May. 22. Convention arrangements are in
charge of W. C. Kunzmann, G. F. Rackett, Emery Huse,
Oscar F. Neu, Herbert Griffin, and J. O. Baker. The
executive secretary of the S.M.P.E. is Sylvan Harris, Hotel
Pennsylvania, New York City.

Acoustic Society at New York, April 29-30—The Spring
meeting of the Acoustic Society of America will be held at
the Hotel Roosevelt, New York City, April 29 and 30.
Morning and afternoon sessions are planned for each day.
On April 29 there will be a dinner at the hotel, followed
by a demonstration at the Bell Laboratories, given by H. G.
Knox, vice-president in charge of engineering of Electrical
Research Products, Inc. Dr. Verne O. Knudsen is pres-
ident, and Wallace Waterfall, Cellotex Company, 919 N.
Michigan Ave., Chicago, is secretary.

Radio Engineers at Detroit July 1-3-——The tenth annual
convention of the Institute of Radio Engineers will be held
at the Hotel Statler, Detroit, Mich., July 1, 2 and 3. Local
arrangements for the convention are in charge of a com-
mittee headed by Louis H. Larime, chief engineer of Station
WJDK, Detroit. National secretary of the LR.E. is H. P.
Westman, 330 W. 42nd street, New York City.

Donald Miller, I.R.E. Chicago Section secretary, 1932-
1933, Western manager of Electronics and Radio Retailing
and active for the past eight years in mid-Western radio
activities, has been transferred to the New York office to
become New York district manager of the same publications.

RADIO'S BIGGEST EXPORT YEAR
Export Values of Radio Sets and Tubes in 1934

(millions_of dollars)
Belguim
0.6 .
UniteldQKing'dom

Total U.S.
$16,706,591

& Australia
g 06

e

Brazil Uni’on of
SouTl}Africa

New Zealand” Argent'ina
0.6 [OR:]

How shipments were divided among foreign countries
in 1934, based upon 11-month figures, compiled by
Bureau of Domestic and Foreign Commerce
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HERE AND ABROAD

“Luxembourg Effect" noted
in U. S. in 1919

MoburaTion of one radio carrier by an-
other has resulted in Europe on several
occasions (see “The Luxembourg Ef-
fect,” page 27, Electronics, January,
1935). Apparently, however, no re-
port of this type of cross modulation has
ever been noted in America.

The editors have received word from
Mr. Robert S. Kruse that he noticed
this effect in 1919 when he was engaged
at the Bureau of Standards in experi-
ments on the radio compass. Accord-
ing to Mr. Kruse three stations were
involved: NSF, at Anacostia, 3XF,
Washington and a mobile receiving sta-
tion mounted in a truck. When the
truck was so located that 3XI" lay be-
tween it and NSF, it was observed that
the spark signal of 3XF was modulating
the c.w. signal of NSF. When the key
was held down at NSF it was possible
to tune to that station and read 3XF
with its usual distinctive tone,

As soon as the effect was noted the
key was locked at NSk (c. w. signal)
and the power of the signal at 3XF
was varied. It was found that the space
modulation was very slight until the
power at 3XF was sufficient to cause

audible corona of the antenna. The
power was increased until the corona
became visible, but beyond this point
further power increase did not raise the
space modulation. Mr. Kruse has sug-
gested that perhaps the antenna voltage
of the transmitter at Luxembourg was
high enough on modulation peaks to
cause this audible corona.

+

Push-pull A and

linear B circuits

[K. Scumorr, N. V. Philips, Eind-
hoven]. In both types of push-pull op-
eration, A and linear B, the input waves
of the two tubes are at any moment in
series, but in opposite phase, while the
similar output waves in the primary
of the transformer are simply added
through the secondary of the output
transformer. When matched tubes are
used, the resulting negative half-cycle
accurately completes the resulting posi-
tive half cycle to form a full wave, the
sum of the waves produced in tube 1 and
2. No even harmonics appear in the
output, since their presence would mean
a difference between positive and nega-

FLEMING VALVE AT FRANKLIN INSTITUTE

The Franklin Institute of Philadelphia has recently come into posses-

sion of this original model of the 1904 Fleming valve, accompanied by

an autographed letter from Prof. Fleming in which he explains that it
is one of the two original models in his possession
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tive half waves. The second harmonic,
the principal source of distortion can-
cels automatically. There are also no
a-c signals flowing through the plate
voltage supply and when the a-f volt-
ages are applied to the grids over a
capacity-resistance circuit, reproduction
of very high quality results. The plate
resistance being in series will be twice
that of a single tube in both types of
push-pull.

The ordinary push-pull amplifier,
however, will not necessarily increase
the undistorted output per tube. When,
indeed, the load resistance is equal to
the tube resistance to ensure maximum
power output and the point forming the
center of the straight-line portion of
the dynamic characteristic for this load
(Ip-Eg curve) is chosen as the oper-
ating point, a steady plate current ¢, flows
even in the absence of modulation, the
potential drop E across the load being
equal to that across the tube and equal
to one-half the maximum available volt-
age. At maximum undistorted signal
strength the current rises alternately to
2 1o and falls to nearly zero, the plate volt-
age varying in the opposite sense between
zero and 2 E in the load. The maximum
a-c output obtainable is therefore equal
to 1, E/2 for one tube, or at the most one-
half the d-c power supplied to the tube.
This yield is obtained only in theory,
since it supposes the potential difference
between cathode and plate to become
equal to zero at the negative peak of
the wave.

The tube must be so designed as to
get rid of the d-c power put into the tube
without undue heating even when merely
the carrier is received, that is it must
be designed for zero signal. The ef-
ficiency N of the tube may be stated
either as N,, the ratio of the maximum
useful output 4,E/2 to the power supplied,
so that N, is 509% ; or as N,, the ratio of
the useful output to the amount of heat
which the tube must be able to dissipate
in the present case N, is also equal to
509, that js the plate must be taken
large enough to radiate this amount. In
reality the complete grid swing is not
obtained. For two tubes input and out-
put have to be doubled.

As far as the circuit is concerned,
linear B amplification differs from A
operation mainly by the choice of the
grid bias which is constant and such that
the plate current is reduced to zero when
no signal is received (quiescent or over-
biased or AB operation). The negative
half wave is practically suppressed in
one of the tubes, while the positive half-
wave on the grid of the second tube may
produce a variation between zero and
saturation current along a practically
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= straight dynamic characteristic. When
- special output tubes with high amplifica-
tion factor and low mutual conductance
are used the grid bias producing zero
current is itself zero so that grid cur-
rent flows during the positive half-wave ;
in this case the preceding or driver stage
must have sufficient power to make good
the losses in the grid circuit.

The power put into the quiescent or
linear amplifier is no longer constant.
The impressed signal causes a half-wave
of peak i, to flow at a corresponding
steady plate voltage E. The d-c equiva-
lent for such a series of half-waves is
equal to w = 2 i,E/m for both tubes,
where i, corresponds to the current which
would flow if the ohmic resistance R
in the input were absorbing the entire
d-c potential applied to the plate. The
combined useful output is again equal to
ei/2, where e = 1 R, so that the output
may be written as ©"R/2, or iE,/2, that
is it is proportional to the square of i,
while the maximum combined output is
equal to No = 1,E/2. The power to be
dissipated by the plate is equal to the
difference between input and output, that
is equal to w = 2iE/—"E/2i,. The
input is proportional to i, the output pro-
portional to ¢°, but at or near the origin
smaller than the input. There arrives
therefore a point where the input begins
to grow less rapidly with ¢ than the out-
put, and where the heat to be dissipated
by the plate reaches a maximum namely
(as found by differentuation with respect
to ¢) for i = 2o/ so that w = 2i,E /="
or practically w = i,E/S in place of i,F
as obtained in 4 operation.

The ratio N, of useful output to input
1s therefore equal to 78.59% while N, the
efficiency with respect to the highest plate
dissipation is equal to 7°/4 or nearly
250% (since =" = 9.8696) against 509%
or A operation. This means that small
tubes can be used in B operation either
for sending or receiving modulated
waves. Values of N, between 60 and
70% are about the maximum obtained
in practice without undue distortion.—
E. Techn. Monatsch. No. 10: 389-392.
1934,

+

German tube prices
eight to ten times U. S.

Ebitor, Electronics:

CAN ANYONE GET into the argument
(see January Electronics, page 27)
between Dr. W. F. Ewald of Berlin,
and Wm. Schrage, author of the article
“German Radio Receivers” in October
Electromics? If so, I want to take Mr.
Schrage’s part in the discussion regard-
ing tube prices in Germany.

I believe it is true that, as Mr.
Schrage states, radio tube prices in
Germany are eight to ten times higher
than in the U.S.A., despite Dr.
Ewald’s contention to the contrary.

When any comparison is made of
German tubes valued in marks versus
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United States tubes valued in dollars,
the current rate of foreign exchange
should be used to convert values in
marks into dollars or vice versa. The
exchange rate of 4.62 to the dollar Dr.
Ewald uses to support his case hasn’t
existed for over two years. The pres-
ent value of the mark is roughly U$S
40 or 25 to the dollar. Therefore,
the German equivalent of our GA7,
which lists at marks 18.00, is worth
$7.20 list in Germany as compared
with $1.30 in the U. S. A. The German
equivalent of our type 57, listing at
marks 13.50, is worth ['$S 5.40 as com-
pared with the domestic list price of
$1.10.

Despite all this I wouldn’t ask, “Why
are these prices so high in Germany ?”
[nstead, I would say, “Why are they so
low in the U.S.A.?"—G. A. BoDEM,
Tung-Sol Radio Tubes, Inc.. Newark
N.J.

+

Some considerations
on detectors

[P. Davip, Chief Engineer, National
Radio Laboratory, Paris.] Detection
with the aid of vacuum tubes has be-
come almost universal practice at the
present time. Grid detection is often
said to be more sensitive, plate detec-
tion to be more faithful owing to the
absence of the shunted condenser cir-
cuit. Grid detection, however, makes
the handling of strong signals difficult;
it becomes necessary to use a separate
tube (diode) or an additional electrode

in the same tube, one for detection, the
other as grid control (binode). This
system, now in popular favor, has
found a rival in the cuprous oxide
copper rectifier (Westector).

Any detector is required to have an
infinite or at least very high resistance
for negative voltages and low and if
possible constant resistance for positive
voltages applied at the chosen operat-
ing point. Both the semi-conducting
and the vacuum tube detector give cur-
rents which (under short-circuit condi-
tions) may be expressed as parabolic
or exponential functions of the applied
voltage and are therefore nearly linear
above a few volts input (power detec-
tion). With ordinary a.c. both give
about the same amount of rectified cur-
rent; plotted as a function of the input
voltage the graph shows a curvature
at low signal voltages, but when a
load of about 10,000 ohms is applied,
then the rectified current is practically
a linear function, however small the in-
coming voltage. It reaches about 1
mA for 30 volts. The curvature is
therefore less important than might ap-
pear from theoretical considerations.

In reality, the input circuit 4 and
the output circuit Z greatly complicate
the picture in the case of modulated
waves, when three frequencies are
present in the detector circuit, the car-
rier frequency /, the audio frequency I
and the direct current three fre-
quencies to which 4 and Z, and some-
times also D, may offer entirely different
impedances.

With respect to the incoming signal,

GERMAN TELEVISION WAGON

Reception from Berlin, 200 kilometers away, of 7-meter television signals
was accomplished by this exploration van, proving that very short wave signals
are not restricted to the optical range




the rectifier D behaves as a load con-
verting a.c. into pulsating a.c. with
respect to the rectified current, the
detector behaves as a source of e.m.f.
with the internal resistance D, working
with an external resistance R or an
impedance Z.

Now the modulated high frequency
wave usually comes from a tube cir-
cuit, the impedance A, of which is
therefore relatively high, 10,000 or
100,000 ohms. Hence to conserve the
signal strength, it is necessary to have
Dy of the detector high, if possible equal
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to the A4, of the source, since naturally
enough the rectified voltage increases
with the input voltage. It is to be ex-
pected that the detector will then also
offer a high resistance to the audio fre-
quencies. For weak signals the re-
sistance may be taken as constant, while
strong signals may displace the operat-
ing point and give a variable resistance.

Turning now to the output circuit,
the fully modulated carrier wave may
be considered as consisting of the sum
of three high frequency waves, namely
the carrier wave and the side bands,
the frequencies being, h, h - 1 and
h — 1. The amplitude of the side-bands
is one-half of that possessed by the
original audio voltage. In the rectifier
the wave is converted into a d-c com-
ponent and an audio frequency compo-
nent. In order to get high a-f voltage,
the impedance or resistance of the out-
put circuit Z must be high, about ten
times higher than D, and therefore
quite large. The difficulty arises, how-
ever, that in any case the output circuit
must offer at the same time an easy
path for the circulation of the r-f cur-
rent which should suffer no weakening
outside the rectifying element proper.
The relatively heavy load must hence
be by-passed by a condenser C of about
200 to 250 wmpf, which does not weaken
the r-f voltage and does not short-
circuit the a-f voltage. C must be
larger than ¢, the natural capacity of the
rectifier which produces the useful r-f
potential drop; at the same time it must
have a resistance much larger than D,
with respect to audio frequencies. In
practice the two requirements are often
difficult to fulfill. For 5,000 cycles, a
condenser of 225 uuf. has a resistance
of about 142,000 ohms, while D, may
vary from 100,000 to 1,000,000 ohms. In
traversing this high resistance the recti-
fied current is liable to develop such a
voltage drop that the operating point
is shifted toward more negative values
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until at the limit only the positive peaks
of the incoming waves produce an out-
put current. The current consumption
is reduced, the internal resistance D,
of the rectifier enhanced. Applied volt-
age and output voltage are closely pro-
portional. The high load which is
necessary thus has an influence which
may outweigh the part played by the
detector characteristics; it tends to
render detection linear.

Regardless of the mass of theoretical
details applying to particular cases, the
foregoing considerations are equally
valid for all kinds of detectors. Some
differences between detectors must now
be mentioned. The simple diade has
the advantage that detection is good
even at low signal voltages so that the
output load may be increased to several
megohms and damping greatly reduced.
In ordinary grid detection the grid
serves as detector as well as control
grid with the result that for strong
signals the rectifier current produced
tends to make the grid more negative
and decreases the output current unless
high plate voltages are applied which
may overload the tube when no signal
is received. In the binode, the grid
serves merely as a rectifier, the a-c out-
put passes to a second grid, the control
grid which is given a constant bias
depending on the strongest signal to be
handled in the set. Binodes are prac-
tically never saturated, however, so that
when the signal strength exceeds the
control grid bias, the volume of dis-
torted signals may increase to large
values, in contrast to grid leak detec-
tion. Plate detection suffers from the
defect that the signal is amplified be-

+

SHORT-WAVE RESEARCH

At California Institute of Tech-

nology, Dr. G. A. Potankenko uses

an ultra short wave oscillator to
study crystal structure

fore being detected, and that good
amplification and good detection at the
same operating point are quite in-
compatible. It has, however, one point
in its favor; it absorbs practically no
signal energy.

But on the whole detectors as such
are neither good nor bad; the differences
lie in the suitable or unsuitable use to
which they are put.—Onde el. 13 (No.
154}): 403-414. 1934.

Magnetic materials—
testing and practice

A BOOKLET entitled “Magnetic Core Ma-
terials Practice,” which explains the
fundamental principles of the selection
of magnetic core materials, and the
many tables illustrating the various
properties of such material, has been
issued by the Allegheny Steel Company
of Brackenridge, Pa. This booklet will
be distributed among the students of
Electrical Engineering Departments in
a large number of technical institutions,
and it is intended to give these students
a clear picture of the function of mag-
netic core materials, and to indicate the
methods of selection used.

Among the curves given are permea-
bility and magnetization curves for most
of the commercially used magnetic iron
and steel materials. Typical core loss
characteristics of these materials are
also given, together with a considerable
amount of descriptive material which
outlines the methods of obtaining these
characteristics and how they may be used
in the selection of magnetic materials
for a given design.

The September, 1934 issue of Instru-
ments, an article by W. R. Woodward
and E. L. Furth, of the Westinghouse
Company, describes the method of test-
ing core loss in magnetic material. In
this article it is pointed out that 30 per
cent of the weight of almost all electrical
apparatus is made up of magnetic ma-
terial of one sort or another. The per-
meability, core loss, and exciting cur-
rent values of this material are of great
interest, and in production work it is
necessary to continually test material for
these properties. The testing equipment
described in the article consists of a
power supply capable of supplying the
required current for the testing appa-
ratus, an Epstein frame, the standard
core loss measurement device. The
complete wiring diagram is given.

The two factors which affect the ac-
curacy of the core loss test are tied up
with the generators which supply the a-c
power supply of the testing device. This
generator must have an accurately
known reactance and an output voltage
free from harmonic component. For this
reason a very complicated system of
power supply is essential.
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+ NEW PRODUCTS

THE MANUFACTURERS OFFER

Electronic commutator
for cathode-ray tube

AN ELECTRONIC sWITCH which allows
simultaneous observation of two waves
on a cathode ray oscillograph is an-
nounced by the Allen B. Dumont Lab-
oratories, Upper Montclair, N. J. The
device consists of a switching tube with
two amplifiers, one amplifier for each
wave applied to the oscillograph. The
switch operates to cut in one amplifier
and then the other at such a rate that
the two waves appear to be on the tube
at the same time, Controls are pro-
vided on the unit for adjusting the gain
of each amplifier, for varying the speed
of the switching tube, for positioning
the pattern on the screen and for sepa-
rating the waves. The power device is
operated directly from 110 volts, 60
cycle, alternating current, and lists for
$174.50. It covers a frequency range
from 110 to 100,000 cycles per second
and provides an amplifer gain of 50.—
Electronics.

<+

Phonograph oscillator

A SMALL broadcast band oscillator unit
designed for use with a phonograph
pick-up, has been developed by the RCA
Victor Company, Camden, N. J. Known
as the RK-24 phonograph oscillator, this
device is actually a miniature trans-
mitter station whose output is modu-
lated with the current from an ordinary
phonograph pick-up. The oscillator
produces a signal which is received in
any receiver in the ordinary manner.
A 6A7 or 2A7 tube is used in the
oscillator circuit, which is of the Hartley
tvpe. A tuning range from 1,400 to
1,700 kilocycles is provided, and sup-
pressor grid modulation is used. The

list price, without tube, is $7.75.—
Electronics.

+
Etched-plate

electrolytic condensers

A NEW DESIGN in electrolytic condenser
has been announced by The Magnavox
Company, Fort Wayne, Indiana. The
plates used in the condensers are etched
so that the surface presents a rough
rather than a smooth appearance. This
increases the surface area of the plate,
and therefore the effective capacity of-
fered by it. A given capacity can thus
be built into a very much smaller space,
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in fact, condensers having equivalent
characteristics can be built in one-third
of the volume required by the more con-
ventional type.—Electronics.

4+
Illumination control relay

A NEw illumination control relay has
been announced by the Weston Elec.
trical Instrument Corporation, Newark,
N. J. This relay, for both indoor and
outdoor use, turns lights on and off
so as to maintamn a predetermined level
of illumination, regardless of the time
of day. The interest of plant managers,
municipal and school authorities in this
new device is undoubtedly a result of
the nation-wide Better Light—Better
Sight Campaign.

The public’s quick response to this
campaign has proved that sufficient il-
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lumination has been recognized as a
vital factor in industrial and social man-
agement to avoid “eye-strain,” “nervous
fatigue,” etc.

Operation of this Model 709 illumina-
tion-control relay, is determined by the
intensity of the natural light available,
—not by time or the eye-sensations of
an operator who performs his task after
experiencing eye-fatigue. The Photronic
cell, is used as the controlling element
for the relay. It turns lights on at levels
of natural light intensity which are in-
sufficient for the indoor worker, or dan-
gerous for outdoor traffic conditions.
When natural light returns to adequate
levels, the lights are automatically
turned off, thereby eliminating waste.—
Electronics.
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Contactors

THeE Warp Leonarp ELectric Com-
PANY, Mount Vernon, N. Y., announces
a line of D-C. and A-C. contactors that
for several years have been used in their
control assemblies and are now avail-
able as separate units.

They can be used as control con-
tactors for motors, for disconnect pur-
poses in conjunction with suitable
auxiliary switches, for electric ovens,
various other electric control applica-
tions and for special control panels.

High contact pressure with low
operating and holding currents in the
coil are among the features claimed for
these contactors.

Auxiliary silver-to-silver contacts are
furnished as standard equipment for
maintaining the coil circuit when mo-
mentary push button control is used.

Additional normally open or normally
closed auxiliary contacts can be fur-
nished when required.—Electronics.

<+

Electrolytic conductivity
measuring instruments

A NEw SERIES of instruments which
enable users to reach the upper limits
of precision in measurements of elec-
trolytic conductivity more easily, more
reliably and more economically than
ever before, is introduced by Leeds &
Northrup Company, 4911 Stenton Ave-
nue, Philadelphia, Pa.

The Jones Bridge is used for meas-
uring electrolytic conductivity to a limit
of error of 0.02 per cent, when room
temperature 1s 20 to 30 deg. C, and
relative humidity is not over 70. I[f
calibration checks are made, overall
limit of error of 0.005 per cent or better
is attainable.

Oscillators, amplifiers, resistance
boxes, and standard air condensers for
use in conjunction with this bridge are
also available.—FElectronics.

+

Direction finder
for aircraft radio

A NEW RADIO compass and direction
finder for aircraft has been developed in
the laboratories of Lear Development
Company, 125 West 17th Street, New
York City, The receiver weighs less
than 30 Ib. and is contained in a single
case. [t is capable of being tuned to
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any Department of Cominerce airway
beacon signal and any standard broad-
cast station, in addition to being used
as a radio compass on these two wave-
bands. Shortwave frequencies for air
line and sound broadcast reception are
also available.

A loop antenna and a vertical antenna
are mounted on the fuselage of the ship.
A visual course indicator is mounted on
the instrument panel, and is used to in-
dicate directlv whether the airplane is
on-course or to the left or to the right.
The total weight with all equipment and
accessories is 40 1b. The power supply
required is a 12- or a 6-volt storage hat-
tery.—FElectronics.

Camera for
cathode-ray study

A NEW MAGAZINE type of continuous
film camera, useful for all sorts of
oscillographic and chronographic re-
cording, is announced by The General
Radio  Company, Cambridge, Mass.
When cathode-ray oscillograms either
of the steady state or transient types
are to be recorded, the sweep circuit of
the oscillograph is not used. Instead
the continuously moving film provides
the time axis. The camera uses
standard 35 mm. perforated films and
is provided with an £/2.5 lens of 47 mm.
focal length. The camera is provided
with two motors, both of the series
wound 115-volt type. One motor is
connected directly to the take-up reel,
while the other drives the film sprocket.
Very uniform film speed is the result.
The list price of the camera is $495.—
Electronics.

Solid molded

adjustable resistor

Tue Type ] Bradleyometer is a new
addition to the line of fixed and adjust-
able resistors developed by the Allen-
Bradley Company, 1311 S. First Street,
Milwaukee, Wis., for manufacturers of
radio receivers. The Bradleyometer is

a continuously adjustable resistor for use
in volume control circuits and for tone

control. .
The resistor unit is solid molded ; long
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wear does not alter its resistance. Since
high humidity does not affect this
resistor, the Type ] Bradleyometer is
adapted for auto-radio receivers and for
receivers built for export.

Practically any resistance-rotation
curve shape can be provided, including
straight logarithmic curves, modified
logarithmic, or linear resistance-rota-
tion curves. Total resistance values can
be furnished to meet practically all
specifications.—Electronics.

<+

Sockets for 955
acorn tube

A sockiT made of Mycalex and intend-
ed for use with the RCA-955 acorn
tube is manufactured by the Communi-
cations Engineering Company of New
York City. The socket is furnished
with spring clips which grip the wire
terminals of the 955 tube, and is fitted

with mounting holes. Since wires can-
not be soldered to the terminals of the
tube without danger of cracking the
seal, this socket provides a convenient
method of mounting such tubes. The
losses, even in ultra-high frequencies,
are very small.—Electronics.

4

Inside bplb
etching: machine

A BULB-ETCHING machine for stamping
a trade mark, monogram or rating on
the inside of glass bulbs has been de-
veloped by Charles Eisler of the Eisler
Engineering Co., 765 So. 13th St
Newark, N. J.

Foot-controlled and operated on an
air pressure of two and one-half pounds,
this machine is capable of etching from
six to eight hundred bulbs an hour.

When placed on the inside surface of
the bulb, the etching is protected by the
glass from being rubbed or buffed off.

The machine is also adaptable to out-
side bulb etching, and is designed to
take care of various sizes of glass bulbs
commonly used in the manufacture of
incandescent lamps, radio and trans-
mission tubes, electronic tubes and simi-
lar devices.—FElectronics.

Fluorescent compounds

THERE 1S now available a range of
fluorescent compounds of interest to
those developing television apparatus.
These compounds give uniform light re-
flection and can be supplied to fluoresce
green, yellow, orange, crucible-red, deep-
red, purple-red, without discernible
“after-glow,” when subjected to the
rays of a mercury lamp or cathode-tube.
They are made by J. D. Riedel-E. de
Haen, A.-G,, in Germany, and are sup-
plied in the form of fine free-flowing
crystalline powders by the sole Ameri-
can agents, Pfaltz & Bauer, 300 Pearl
Street, New York City.

Formerly it was thought desirable
that fluorescent compounds for tele-
vision should show a certain amount of
“after-glow” in order to obviate flicker.
Hence De Haen’s fluorescent com-
pounds Nos. 55, 60 and 70 have heen
made to emit some “after-glow.”

Latterly, however, “after-glow” has
been considered unnecessary, and so
compounds are also produced without
“after-glow.” No. 60 when excited by
slow cathode-ray bombardment emits an
agreeable color-tone. The pictures are
almost white, with sharp sepia shadows,
free from flicker and, despite strong
contrasts, pleasing to the eye.—FElec-
lronics.

¢

Light weight aircraft
transmitter

A NEw long distance telegraph trans-
mitter weighing only 15 .1b. and de-
livering a nominal 75 watts of continu-
ous wave power to the antenna is
announced by the Radio Division of
Westinghouse Electric & Manufac-
turing Company, Chicopee Falls, Mass.
A frequency range from 333 kilocycles
to 10,000 kilocycles is provided by means
of plug-in coil assemblies. This range
covers marine and aviation communica-
tion bands. A 12-volt battery provides
power supply through a dynamotor.
Five UX-210 tubes are used, one as
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master oscillator and four as power
amplifiers. The entire transmitter is
mounted in a shock-proof unit which
is designed to screw or bolt directly to
the mounting board in the plane.—
Electronics.
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Molded resistance units

A ~NeEw TYPE of extruded resistor
(molded type) has been developed by

Henry L. Crowley & Company, West
Orange, N. J. These resistors are said
to compare in performance with wire-
wound umits. The entire cross section
of the resistor is uniformly current-
carrying, since no conducting film or
coating is used. The ends of the volt-
age resistor are coated with metal and
capped with ferrules to which are at-
tached the usual pigtail connections. In
a 1,000-hour steam box test, varia-
tions of the resistance resulting is less
than 2%. The main difference between
usual molded resistors and the new type
lies in the use of a resistor material
as the binder rather than an insulating
material.—Electronics.

<+

Quick-acting
a-c relay

A NEw TYPE of inexpensive A.C. quick-
acting relay for 50-60 cycle operation
has recently been developed by Auto-
matic Electric Company. This unit is
a standard Autelco horizontal type re-
lay, equipped with a ‘“shading ring”
which provides firm, chatterless con-
tact closure on alternating current cir-
cuits. The relay can be furnished for
operation on any current within the
range from 6 to 220 volts, 50-60 cycles,
and with a variety of spring combina-
tions. Its operate and release periods
are about the same as those of the
corresponding D.C. relay with similar
spring load. An individual slip-on
cover of sheet steel, aluminum finished,
can be supplied when specified. —
Electronics.

<+

Distortion meter

To MEET the need for a practical instru-
ment for the measurement of the audio
harmonic content present in the output
of broadcast transmitters, the Radio Re-
search Co., Inc., 9th and Kearny Sts.,
N. E., Washington, D. C., announces
its Type 235 distortion meter. ’I_‘hns‘
combines in one compact, direct-reading,
rack-mounted unit everything necessary
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to measure the audio harmonic content
of the transmitter output. Provision is
also made for checking the distortion
present at any point in the audio sys-
tem, thus making possible the isolation
and correction of the cause of the dis-
tortion.

A Duilt-in source of pure tone is pro-
vided for exciting the transmitter. The
percentage ratio of the effective value
of the combined harmonics to the fun-
damental is read directly on a meter
graduated 0-to-10%, with a multiplier
provided to extend the range to O-to-
309,. The meter can be read at values
as low as 0.59%. The operation of the
instrument is simple and rapid. It is
entirely A.C.-operated and self-con-
tained, no external equipment of any
kind being necessary for its operation.
Every effort has been made to make
this equipment thoroughly practical for
regular use in the broadcast station or
in the laboratory where a quick, ac-
curate means of measuring distortion
is needed.—Electronics.

+

Thermal milliammeters

A series of single range thermal
milliammeters, suitable for measuring
currents and voltages of all frequencies,
has been announced by the Sensitive
Research Instrument Corp., 4545 Bronx
Blvd., New York, N. Y. The thermo-
couples used are substantially free from
frequency and wave form errors. The
meters are furnished with a scale 5}
in. long, and provide an accuracy of %
of 1 per cent. The full scale current
runs from 1.2 milliamperes to 1 amp.
The list price of the 1.2 milliampere
type is $90, while the list price of all
the higher range meters is $80. A
sensitive moving coil instrument is used
to indicate the direct current, produced
by the thermocouple when it is heated
on direct current.—Electronics.

Ballistic
galvanometers

Two NEw ballistic galvanometers, types
2551, D and E are offered by G-M
Laboratories Inc.. 1731 Belmont Av-
enue, Chicago. These galvanometers are
of the ballistic type, and sell for $50,
without leveling base. A leveling base
is available for $9. The ballistic sensi-
tivity of these galvanometers is .0015
microcoulombs for the 2551-D and .015
microcoulombs for the 2551-E. A com-
plete line of laboratory apparatus in-
cluding slide wire rheostats, Julius
suspensions, relays and mounting
brackets is offered in the October, 1934
issue of Comments, a house organ pub-
lished by the Laboratories.—Electronics.

Milliommeter

AN INSTRUMENT for measuring very
low resistance values has Dbeen de-
veloped by the Shallcross Manufactur-
ing Company, 700 MacDade Blvd,
Collingdale, Pa. The instruments are
suitable for operation by unskilled work-
ers wherever resistances of less than 1
ohm must be measured. The value of
the resistance is read ‘directly from a
meter scale, whose range can be pro-
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vided for any value not greater than
10 ohms or not less than .0025 ohms.
One No. 6 1.5 volt dry cell battery
contained in the cabinet is used as the
power supply. Accuracy is within 5%
of full scale. Eight different scale
ranges are available. The six-scale
model lists at $81.50, a two-scale model
at $65.—Electronics.

+

Crystal microphone

A NEw crystal microphone, capable of
being mounted on a stand in suspension
springs or as a hand model, has been
announced by the Shure Brothers Com-
pany, manufacturers of microphones,
215 West Huron St., Chicago, Il
Model 70H is a general purpose instru-
ment for direct mounting on a micro-
phone stand. Its list price is $22.50.
Suspension rings can be supplied for the
Model 70H for $1 additional. New
crystal hand microphones, Model 71A
without switch and Model 71AS with
switch, retail for $25 and $26.50
respectively.

The cantilever principle is used in
transferring the energy from the
diaphragm to the crystal elements. The
output Jevel is considerably higher than
that of non-diaphragm type crystal
microphones, requiring only one addi-
tional low gain stage of amplification
to give the equivalent output of a two-
hutton microphone.—Electronics.
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U. S. PATENTS

IN THE FIELD OF ELECTRONICS

Amplification, detection, etc.

Piezo-electric patents. No. 1,974,081
to W. P. Mason, B.T.L., Inc, on a
broad-band wave filter. No. 1,975,517 to
A. M. Nicolson, Communication Patents
Inc. on a three-phase electrical generat-
ing system. No. 1,975,603 to C. W.
Hansell, RCA, on a crystal controlled
oscillator with the crystal in series with
a parallel tunable circuit. Similarly, No.
1,975,615 to H. O. Peterson, RCA, and
No. 1,989,442 to H. E. Goldstine and
J. W. Conklin, RCA, on control circuits
with crystals in series with a tuned cir-
cuit. No. 1,990,822 to 1. E. Goldstine,
RCA, on a crystal holder.

Cathode ray tube detector. An auto-
dyne detector circuit comprising 4
cathode ray tube with input circuit
tuned to incoming signals and with
variable feed-back from the output to
the input circuit by which the tube can
be made to oscillate and produce beats.
C. W. Hansell, RCA No. 1,988,621,

High-frequency generator. An oscil-
lator amplifier circuit for high fre-
quency with network for preventing
parasitics. No. 1,988 487. E. Green and
F. G. Robb, RCA.

D-c a-c system. A rotatable commu-
tator with conducting segments in pairs
of successive segments, and ship rings
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to which alternate pairs of segments are
electrically connected. F. F, Hutchin-
son, Hutch-Gard Corp. No. 1,989,233.

Vacuum tube voltmeter. Network in
the plate circuit of a tube such that no
d-c potential exists at the load terminals
unless a change occurs in the grid cir-
cuit.  Wilson Aull, Astoria, N. Y. No.
1,989,394,

Harmonic reduction. Two tubes arec
connected in parallel and one of the
tubes is biased to a greater extent than
the other such that the harmonics ap-
pearing in the commion load circuit will

be the difference between the amounts
of harmonic generated in the two tubes.
R. A. Braden, RCA. No. 1,990,062.

Signal distributing system. Metlod of
distributing prograins in a metallic
framework  building by  impressing
modulated oscillations on the frame.-
work. F. Le Roy Satterlee and L. V.
Kolozsy. Radio Systems, Inc. No.
1,989,466.
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Interstage system. A coupling system
adapted to transmit energy uniformly
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between 200 and 3,000 meters. Ludwig
Babik and A. Jaumann, Siemens &
Halske. No. 1,989,730.

High frequency amplifier. Two tubes
coupled together by an inductance and
capacity, the coupling coil having such
dimensions that the inductive impedance
for the lowest frequency transmitted is
substantially equal to the capacitive im-
pedance of the active parasitic capacity
of the circuit for the highest frequency
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to be amplified, the resistance supplying
a biasing voltage to the control electrode
of the second tube being of such a value
that its impedance for frequencies in the
middle of the frequency range is sub-
stantially equal to the inductive im-
pedance of the coil for the lowest and
the capacitive impedance of the capacity
for the highest frequency of the range.
H. Stoet, The Hague, Holland. No.
1,088,987.

Wide band amplifier. In a resistance-
capacitance coupled amplifier an in-
ductance is in series with the usual
coupling capacity. Shunted across this
inductance is a resistance and a capacity
to neutralize the phase shift caused by
the capacity at lowest andio frequency
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to be amplified, the entire network hav-
ing inappreciable effect at both high and
low frequencies. W. A. Fitch, G.E.Co.
No. 1,990,781.

Amplifiers, etc. Series of patents
granted to John Hays Hammond,
Gloucester, Mass. No. 1,977,438; 1,977 -
439; 1,979,034 to 1,979,037, inclusive, on
dynamic multiplier, amplifying system,
monitoring system, etc.
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Television, facsimile, etc.

Television system. Means for utiliz-
ing a magnetic field in a hollow two-di-
mensional pattern as a scanning systeni.
L. G. Pooler, Communication Patents,
Inc. No. 1,985,690. See also the fol-
lowing patents to the same group: No.
1,985,723 to H. C. Gillespie, synchroniz-
ing and monitoring system; 1,985,684,
panoramic television system to A. M.
Nicolson: No. 1,985,685, color television
system, A. M. Nicolson; No. 1.985.686
on a repeater circuit using piezoelectric

elements, and No. 1,985,683 on a photo-
oscillator-modulator system, also to Nic-
olson, Communication Patents, Inc.

Colored television, A system using
several cathode ray tubes and means for
giving the images produced by the
tubes complementary colors and for ob-
serving simultaneously the images pro-
duced by both tubes. E. F. W. Alexan-
derson, G.E. Co. No. 1,988,931,

Facsimile system, Maurice Artzt,
RCA. No. 1,988,472.

Scanning system. Apparatus includ-
ing a slitted disc and a slitted drum
rotating in different dimensions. H. P
Donle, Radio Inventions, Inc. No. 1,-
988,303.

Picture transmitting system. Otho
Fulton, Bromley, England. No. 1,985,-
084.

Cathode ray system. Bernard Kwar-
tin, Brooklyn, N. Y. No. 1,987,686.

Scanning system, Method for scan-
ning a field of view in parallel elemental
Strips comprising means for setting up
stationary light rays, two similar rows
of light directing elements, etc. Frank
Gray, B.T.L,, Inc, No. 1,990,183, See
also No. 1,990,182 to Frank Gray.

Facsimile system, Patent No. 1,985,-
054 filed March 26, 1934, 25 claims to
W. G. H. Finch, New York, N. Y. on
a facsimile system.

Radio circuits

Remote control devices. Patents to
W. F. Cassedy, No. 1,989,739; to E. F.
Nickl, No. 1,989,767; and to H. E. Rep-
pert, No. 1,989,771, all of International

ommunications Laboratories, Inc., on
remote control devices for radio tuning.

Radio analyzer. A system for testing
radio receivers, including a local power
source, socket connections, etc. Ralph
Stair, assigned to S. R. Winters, Wash-
ington, D. C. No. 1,990,920,

Multiple coil assembly. A switching
system for a multi-wave band receiver,

W. D. Loughlin, RCA. No. 1,989,205.

Vacuum tube meter. Two patents,
Nos. 1,989,677 and 1,989,678 to E. 1.
Bowles, Watertown, Mass.,, on ther-
nmionic methods of measuring electrical
quantities.

Long-line oscillator. A resonant trans-
mission line several half wave lengths
long coupled near its end to electrodes
of the oscillator tube, tha line being
grounded at both its ends. C. W.
Hansell. No. 1,988,622
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Electronic applications

Electrostatic generator. A movable
charge-conveying medium, charge trans-
ferring means operatively related there-
to, and electromagnetic means for pro-
viding continuous, steady excitation for
said transferring means. Patent to
Robert J. Van de Graaff, M.I.T. with
53 claims, application date Dec. 16, 1931,
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on an electrostatic high voltage genera--

tor. No. 1,991,236. Sece also No. 1,989,-
610, application date Mar. 2, 1932, to
W. D. Coolidge, G.E. Co., on an electro-
static machine.

Control apparatus. Assembly of light
sensitive tube and control tubes for con-
trol purposes, such as for temperature
control. J. F. Kovalsky, WE&M Co.
No. 1,988,658.

Gloss measurement. Apparatus for
measuring the gloss of surfaces and
capable of being applied directly to a
sample surface. R. S. Hunter, Frank-
lin Park, Va. No. 1,988,556.

Material testing. An electromagnet is
placed in oscillating circuit in proximity
to the material to be tested. W. A.
Mudge and C. G. Bieber, Huntington,
W. Va. No. 1,990,085.

Synthetic music. An electronic musi-
cal instrument described in Electronics,
p. 157, May, 1934. Ivan Eremeeff, Phila-
delphia, Pa. No. 1,990,024.

Synchronizing system. A speed regu-
lating device. A. Karolus Fritz Schroter
and Waldemar Ilberg, R.C.A. No. 1,987,-
110.

Follow-up system. A. H. Mittag, G.E.
Co. No. 1,982,350. »

Circuit control. Method of controlling
the flow of current through a gaseous
electronic tube. C. Stansbury and G. C.
Brown, Cutler-Hammer, Inc. No.
1,980,707.

Arc welding control. Automatic arc
welding system controlled by electron
tube. L. R. Smith, WE&M Co. No.
1,982,327.

Winding control. Apparatus for han-
dling strand material, including means for
winding a strand, a Wheatstone bridge,
a tube, etc. G. H. Rockwood, W.E. Co.
No. 1,977,697. o

Machine tool control. Light sensitive
method of controlling machine tool op-
eration. D. C. Mackintosh, G.E. Co.
No. 1,977,341, '

Motor control. A circuit supplied with
a-c frequency which varies with the
speed of the motor and means for stop-
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ping the flow of current through a tube
when the frequency is below a given
frequency. G. C. Brown, Cutler-Ham-
mer, Inc. No. 1,983,656.

Patent Suits

1,879,863, H. A. Wheeler, Volume
control; 1,755,114, L. A. Hazeltine, Uni-
control signaling system; 1,755,115, same,
Variable condenser, D. C, S. D. N. Y.,
Doc. E 76/293, Hazeltine Corp. v. York
Automatic Distributing Co., Inc. Con-
sent order of discontinuance (notice Dec.
7, 1934).

1,755,114, L. A. Hazeltine, Unicontrol
signaling system; 1,755,115, same, Va-
riable condenser, D. C., S. D. N. Y., Doc.
E 72/202, Hazeltine Corp v. Blooming-
dale Bros., Inc. Consent order of dis-
continuance (notice Dec. 11, 1934).

1,403,475, 1,403,932, 1,507,016, 1,507,017,
1,618,017, F. Lowenstein, 1,702,833, 1,811,-
095, Re. 18,579, filed Dec. 4, 1934, D. C,,
S. D. Calif. (Los Angeles), Doc. E 465-
J, Radio Corp. of America, et al. v. H.
C. Block (Custom Built Radio Mifig.
Co.). Doc. E 466-J, Radio Corp. of
America, et al. v. R. Rawlings (Raw-
lings Radio Co.). Patents held valid and
infringed Dec. 17, 1934. Doc. E 469-H,
Radio Corp. of America et al. v. J. T.
Kelly, Jr. (Kelly Music Co.). Decree
as above.

1,403,475, 1,403,932, 1,507,016, 1,507,017,
1,811,095 Re. 18,579, filed Dec. 4, 1934, D. C.,
S. D. Calif. (Los Angeles), Doc. E
468-M, Radio Corp. of America, et al.
v. H. Bell Radio Mfg. Co.

1,558,437, Re. 15,278, I. Langmuir,
Electrical discharge apparatus; 1,696,103,
G. Seibt, Electric discharge tube; 1,852,-
865, C. B. Upp, Carbonized non-emissive
electrode; 1,865,449, J. L. Wuertz, Ther-
mionically inactive electrode;; 1,909,051,
Freeman & Wade, Thermionic vacuum
tube, D. C., S. D. N. Y., Doc. E 79/109,
Radio Corp. of America et al. v. Philco
Radio & Television Corp. of New York.
Dismissed without prejudice (notice
Dec. 19, 1934).

1,354,939, H. D. Arnold, Vacuum tube
device; 1,459,412, A. M. Nicholson,
Thermionic translating device; 1,479,778,
H. J. Van der ‘Bijl, Vacuum tube device;
1,537,708, W. Schottky, Thermionic
vacuum tube, D. C.,S. D. N. Y., Doc. E
79/110, Radio Corp. of America et al
v. Philco Radio & Television Corp. of
New York. Dismissed without preju-
dice Dec. 19, 1934.

1,403,475; 1,403932; 1,507,016; 1,507,-
017; 1,618,017; 1,702,833; 1,811,095; Re.
18,579; filed Dec. 24, 1934, D. C, N. D.
Ill., E. Div. Doc. 14, 252 RCA et al. v.
F. M. Lund et al. (Capitol Radio Co.)
Doc. 14,258, v. International Trading
Corp. et al. Same, filed Dec. 4, 1934,
D. C., S. D, Calif. (Los Angeles) Doc.
E. 470-H, RCA et al. v. R. S. Shelley
et al. (Peter Pan Radio Co.).

1,403,475; 1,403,932; 1,507,016, 1, 507,-
017; 1,618,017; 1,702,833 1,811,095; Re.
18916: Re. 18,579. Filed Dec. 24, 1934,
D. C., N. D, 1lI, E. Div,, Doc. 14,254,
RCA et al. v. Arlab Mfg. Co. Doc. 14,
256, v. Levinson Radio Stores Co. et al.

1,403,475; 1,403,932; 1,618,017; 1,702,
833; 1,811,095; Re. 18579; Re. 18,916.
Filed Dec. 24, 1934, RCA et al. v. A,
Bloomfield (Standard Products Co.).
Doc. 14, 270, RCA et al. v. J. P

Winnecour (Economy Tire & Radio
Stores). Doc. 14,266 v. Regal Radio
Mfg. Co., Inc, et al. Doc. 14,268 v.
Atlas Sports & Radio Co. et al.
1,403,475; 1,403,932; 1,618,017; 1,702,
833; 1,811,095; filed Dec. 24, 1934, RCA
v. Universal Radio Mfg. Co., Inc, et
al,, D.C., N.D,, IlL, E. Div., Doc. 14,262.
1,403,475; 1,403,932; 1,618,018; 1,702,-
833; 1,811,095; Re. 18,579. Filed Dec.
24,1934. D. C., N.D,, Ill, E. Div,, Doc.
14,264, RCA v. D. Krechman et al.
1,251,377; 1,297,188; 1,728,879; 1,573,-
374; 1,707,617; 1,795,214; 1,894,197; filed
Dec. 24, 1934, D. C., N. D, I, E.
Div., Doc. 14,255. RCA et al. v. Arla
Mfg. Co. et al, Doc. 14,257, RCA et
al. v. Levinson Radio Stores Co. et al.
Doc. 14,261, RCA et al. v. C. A. Bloom-
field (Standard Radio Products Co.).
Doc. 14,263, RCA et al. v. Universal
Radio Mfg. Co., Inc., et al. Doc. 14,271,
RCA et al. v. J. P. Winnecour (Econ-
omy Tire & Radio Stores). Doc. 14,269,
Radio Corp. of America et al. v. Atlas
Sports & Radio Co. et al. Doc. 14,265,
RCA et al. v. D. Krechman Radio Mig.
Co., Inc, et al.
1,855,168, C. L. Farrand, Loudspeaker,
D. C. Mass., Doc. E 3774, Utah Radio
Products Co. et al. v. R. T. Boudette

et al. Patent held invalid; injunction
on counterclaim issued Oct. 8, 1934.
Plaintiffs appealed Oct. 9, 1934. (To

correct notice published in 450 O. G,
p. 742, formerly published as, “Injunc-
tion issued Oct. 8, 1934. Appealed Oct.
9, 1934.”).

1,244,217, 1. Langmuir, Electron dis-
charge apparatus and method of op-
erating same; 1,558,437, Re. 15,278,
same, Electrical discharge apparatus;
1,855,885, A. W. Hull, Electron dis-
charge device; 1,758,803, O. W. Pike,
Vacuum tube, D. C. N. J, Doc. E
4757, General Electric Co. v. Hygrade
Sylvania Corp. Consent decree Dec.
28, 1934.

1,537,708, W. Schottky, Thermionic
vacuum tube; 1,696,103, G. Seibt, Elec-
tric discharge tube, filed Nov. 13, 1934,
D. C. N. J., Doc. E 4754, Radio Corp.
of America v. Hygrade Sylvania Corp.
Consent decree Dec. 28, 1934.

Re. 17,355, W. G. Cady, Piezo-electric
resonator; Re. 17,245, Re. 17,247, same,
Method of maintaining electric currents
of constant frequency, D. C. N. J,, Doc.
E 4753, Radio Corp. of America V.
Hygrade Sylvania Corp. Consent de-
cree Dec. 28, 1934

1,879,863, H. A. Wheeler, Volume con-
trol, D. C., S. D. N. Y., Doc. E 77/152,
Hazeltine Corp. v. Parmelle Transporta-
tion Co. et al. Consent order of discon-
tinuance (notice Dec. 6, 1934). Same,
D.C, E.D.N. Y, Doc. E 7163, Hazel-
tine Corp. v. R. E. B. Corp. Decree for
defendant Dec. 11, 1934, Same, appeal
fled Dec. 10, 1934, C. C. A, 2d Cir,
Hazeltine Corp. v. B. Abrams et al.
et al.

1,855,168, C. L. Farrand, Loud-
speaker, D. C. Mass., Doc. E 3774, Utah
Radio Products Co. et al. v. R. T. Bou-
dette et al. Injunction issued Oct. 8,
1934. Appealed Oct. 9, 1934.

1,405,523, M. C. Latour, Audion or
lamp relay or amplifying apparatus,
D. C, S. D. N. Y, Doc. E 72/203,
Latour Corp. v. Bloomingdale Bros.,,
Inc. Consent order of discontinuance
(notice Dec. 11, 1934).
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BRITISH PATENTS

British patents are important to American readers because these
disclosures often forecast corresponding U. S. patents
which may not be issued until a year later,

Television

Cathode ray tubes. Fluorescent screen
is formed on a flat wall to which is ap-
lens comprising a
its flat base

plied a composite
semi-spherical part with

n
e

parallel to the wall, the chamber be-
tween being filled with oil which may
circulate for cooling purposes. G. N.
Ogloblinsky, Marconi Co. No. 417,435.

Trouble scanning system. The fore-
ground and background actions of a
composite television picture occur sepa-
rately and at different points. Each are
separately scanned. A. N. (zoldsmith,
Marconi Co. No. 417,282.

Cathode ray tube. Tube which has a
photoelectrically sensitive electrode
which emits photo-electrons from indi-
vidual parts in dependence on the degree
of illumination of those parts and which
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is scanned by a cathode beam; the pic-
ture to be transmitted is projected

through a light-permeable anode posi-
tioned on the same side of the light-sen-
sitive electrode as the electron gun so
that the photo-electrons emitted variably
obstruct the scanning ray to provide the
picture signals. H. M. Dowsett, Mar-
coni Co. No. 416,848,

Synchronizing circuit. A circuit for
separating or mixing synchronizing im-
pulses of two different frequencies in a
television system comprises a Wheat-
stone bridge, the mixed frequencies
being applied to or taken from an arm

-
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of the bridge, while the separate fre-
quencies are taken from or applied to
two conjugate diagonals. Electric &
Musical Industries, Ltd. No. 416,720.
Distortion compensation. In a system
in which the synchronizing signals be-
come delayed or advanced in transmis-
sion as compared with the picture
signals, means are provided for advanc-
ing or delaying the production of the
synchronizing signals at the transmit-
ter; in this way the need for a long
interval between successive line-scan-
nings is avoided. Electric & Musical
Industries, Ltd. No. 415,118.

Radio circuits

Antenna transmission line. One or
more radio receivers coupled to an an-
tenna by a transmission line and a trans-
former with several primaries connected
I series opposing relation or by a
doubly resonant circuit. W. W. Macal-
pine, International Communications Lab.
No. 415,687,

Short wave receiver. A retarding field
type in which a high positive voltage is
applied to the grid, and producing a
direct current voltage proportional to
the signal which is used to control the
gain. J. J. V. Armstrong, Telefunken.
No. 416,464.

Automatic volume control. The car-
rier frequency gain of a superheterodyne
is controlled by varying the amplitude
of the locally supplied oscillations pro-

duced by a dynatron. Marconi Co, No.
416,501.
Short wave system. Signaling on

wave-lengths of the order of centimeters,
utilizing frequency—multiplying and mod-
ulating valves in which the electron
stream is subjected to a steady magne-
tizing-field and in which the plate, grid,
and cathode-heating circuits are tuned
by means of Lecher wires. N. E. Lin-
denblad, Marconi Co. No. 417,057,
Modulating systems. One or more
rectifiers arranged in a balanced bridge
circuit, the carrier voltage applied across
one diagonal, and the modulated or de-
modulated output minus one or both of
the applied voltages being taken from

the other diagonal. R. J. Halsey. No.
417,251.
Automatic volume control. Selectiv-

ity of the channel through which carrier
frequency energy reaches the demodu-
lating detector is greater than that feed-
ing the gain controlling rectifier. K, A.
Chittick, Marconi Co. No. 417,284
Directive system. An aerial system
suitable for broadcasting and adapted to
minimize high angle radiation compris-
ing double radiator elements arranged
on a zone of a surface of a revolution,
for example, on the zone of a cone, the
surface being, as a whole, substantially
inclined to the vertical and the installa-
tion having a maximum diameter greater
than one-quarter of the working wave-
length. Telefunken. No. 417,296,

Directional antenna. To enhance the
coefficient of directivity the dipole aerial
i1s given an overall length of approxi-
mately 1.25 times the wavelength instead
of the usual half-wavelength. P. §.
Carter, Marconi Co. No. 416,296.

Wave change switch. Mechanical con-
nection between bias adjustment and
wave adjusting switch. Philips, No.
415,962,

Automatic volume control. Tubes in
push-pull fed from a cold cathode recti-
fier, for example, a metal rectifier, de-
velops an automatic-volume-control volt-
age. E. K. Cole, Ltd. No. 417,384,

Gas tube detector. The receipt of a
signal initiates the discharge in the gas-
eous tube arranged to receive impulse
signals. G.E. Co. No. 417,408,

Interference suppressor. Circuit be-
tween the input and the grid of the first
tube in a superheterodyne receiver is
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provided in addition to the normal coup-

ling to suppress second channel in-
terference. British Acoustic Films, Ltd.
No. 417,410.

Antenna. A mast for use as an aerfal
is supported on insulators at three or
more points with freedom of movement
thereon, and is anchored to the ground
within the area enclosed by the points of
support. Blaw-Knox, Pittsburgh. No.
417,467,

+

Additional U.S. Patents

Applications to power

Speed control. Use of a controlled
electric tube to supply current to a con-
stant speed d-c motor from an a-c
source. A. von Engel, WE&M Co. No.
1,985,003. See also No. 1,987,720 to S. A.
Staege, WE&M Co.

Voltage regulator. Tube method of
controlling excitation from an a-c supply
to a d-c motor. C. P. West, WE&M Co.
No. 1,985,004.

Timing circuit. Electron tube timing
circuit. H. Anschiitz, G.E. Co. No.
1,985,069.

Generator. Apparatus for generating
intermittent current impulses. A. Glaser,
G.E. Co. No. 1,988,274,

Positign control. Method for driving
an object into positional agreement with
a control device. M. A. Edwards, G.E.
Co. Nos. 1,985,982 and 1,985,981.

INlumination control. Apparatus " for
controlling electric discharge lamps op-
erated from one phase to a polyphase
a-c supply. W. F. Westendorp, G.E. Co.
No. 1,986,614,

Invertor. A self-excited inverting ap-
paratus comprising a source of d-c, con-
trol tubes, etc. B. D. Bedford, G.E. Co.
No. 1,986,617,

Automatic synchronizer., System for
paralleling a-c sources. F. H. Gulliksen,
WE&M Co. No. 1,977,384,
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