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In every field of human endeavor, 
there is a leader ... an outstander, 
who tops the others by sheer merit. 

A UDAX 
Trade Mark 

PROFESSIONAL MODEL 

Engineers who have contributed to the ad- 
vancement of SOUND REPRODUCTION 
will be interested to learn that we have 
developed instruments of 

High Fidelity 
NOT ONLY IN NAME, BUT IN FACT 

for both true lateral and hill -and -dale use; 
with frequency range well beyond the most 
extreme requirements. Instruments worthy 
of the highest AUDAX traditions . . . and 
of your professional sponsorship! 

We have also developed a pick-up particu- 
larly for portable purposes ... weighing less 
than one -fifth the weight of an ordinary pick- 
up, and invaluable where space and weight 
are important factors. 

This is representative of the pioneering enter- 
prise and originality that put AUDAX at the 
top ... you have always expected such achieve- 
ments from us; we have never disappointed you. 

SPECIAL RECORDING HEADS MADE TO ORDER 
ALSO SPECIAL TRANSCRIPTION TURNTABLES 

has been for years, and continues to be 

THE STANDARD 
BY WHICH OTHERS 
ARE JUDGED 
AND VALUED . 

in practically all 
RADIO STATIONS 
UNIVERSITIES 
LABORATORIES 

in fact wherever QUALITY counts 

AUDAX 
instruments range in list price from 

$950 to $39000 

No Crystals or condenser 
materials used. Humidity and 
summer heat have no effect on 
AUDAX pick-ups. Available with 
impedance from a fraction to over 
10,000 ohms. 

No. 33-ONE OF OUR MANY MODELS 

Sound Engineers- 
We offer you not only the finest 
reproducing apparatus that science 
has yet evolved, but a wealth of 
mature counsel based on years of 
experience in "tight corners," 
where . only the very best was 
good enough. Call on us freely. 

AIJDAK COMPANY 
500 FIFTH AVENUE NEW YORK, U. S. A. 

"Creators of High Grade Electrical and Acoustical Apparatus Since 1915" 
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Visual transmission 

WE have been slow to concede that television in its pre -1934 forms 
has been anything but a crude scientific curiosity. We have felt 
that the dim, indistinct, flitting shadows we had previously seen 

on television screens, were far from the ultimate requirements for popular 
entertainment. 

But now new clarity of detail, new brilliance of illumination, is being 
obtained, as new processes come to the front. Television systems of the 
scanning -disk, optical and cathode-ray types are all making important 
advances in picture value. 

Before long, we think, we shall have television with us in real earnest 
-probably before conservative electrical and radio men fully realize 
that the new day is at hand. No longer the exclusive property of two 
or three laboratories, television advance now goes ahead on a hundred 
fronts. Its arrival to a waiting world cannot be far off. Next month 
we shall review some of these new systems that have great promise. 

EANWHILE television's less nimble cousin, facsimile transmis- 
sion, progresses to large-scale commercial uses, as revealed on 

the following pages. Picture -transmitting equipment costing 

a million dollars to build, and another million each year to operate, is 

now under way for the great newspaper groups. New simplified home 

apparatus is also being developed, so that the dream of a "tabloid radio 
newspaper," printed from the home radio set between 1 and 6 a.m., is 

coming closer. Facsimile message services, "electric pens," stock ticker - 

tape, police -car records, all point the way to an important new facility of 
visual transmission. 

It may not be very long before these new visual services,-by radio 
and by wire-may be sharing the commercial stage with sound. 
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COMMUNICATION 
THE FULL STORY OF THE ELECTRON TUBE 
in communication would require many 
volumes. Today no communication serv- 
ice except the most elemental can exist 
without amplifiers, known as "re- 
peaters." Telephone, telegraph, wire 
and wireless, broadcast and directed 
communication all depend upon tubes in 
one form or another. Dots and dashes 
of code, transients of voice and music, 
the fine lines of facsimile and photo- 

graph transmission, and finally the 
fleeting points of ' light constituting a 
television image cannot transport their 
messages of human intelligence without 
the electron tube. 

On the following pages can be re- 
viewed only some of the many features 
which will be of particular interest to 
the readers of ELECTRONICS. Together 
they make up the tremendous communi- 
cations industry. 

TELEPHONE AND TELEGRAPH ARTS FIND 
MANY ELECTRONIC APPLICATIONS 

T WAS IN THE TELEPHONE PLANT that 
the vacuum tube had some of its first 
applications. The story of how the 

amplifier made possible transcontinental 
telephone communication has been told 
many times. Cities were linked together 
so that the human voice, clearly and con- 
sistently, could be understood by per- 
sons hundreds or thousands of miles 
apart. Then by "carrier" the tube mul- 
tiplied the carrying capacity of the 
physical lines. Today a single pair of 
wires carries simultaneously three tele- 
phone conversations and fifteen tele- 
graph channels. 

Another dazzling chapter in telephone 
communication was written when the 
land lines were linked up with trans- 
oceanic radio interconnecting thirty 
million telephones throughout the world, 
as indicated by the chart on the front 
cover of this issue of Electronics. An- 
other landmark in communication, now 
considered as commonplace, was the 

opening of ship -to -shore circuits. One 
of the most interesting and, to the lay- 
man, exciting places in the entire com- 
munications industry is the terminus of 
the trans -oceanic and ship radio tele- 
phone circuits in the long lines de- 
partment of the telephone plant. Here 
operators are in constant telephone com- 
munication with Europe, Asia, the far 
East, South America, and ships at sea. 
Except for occasional fading and bursts 
of static the listener -in to a Buenos 
Aires -New York City conversation 
would not know but that the communi- 
cation path lay across the street instead 
of through several thousand miles of 
ether. 

Incidental to this telephone service 
are a number of other electron -tube con- 
trolled devices such as "voice 
scramblers," frequency and volume com- 
pressors and expanders, delay circuits, 
voice operated relays, and automatic 
monitors all contributing to the 

TEN -CHANNEL TELEGRAPH CARRIER PANELS 

Carrier apparatus used by Postal Telegraph Company for New York -Wash- 
ington business; giving 24 messages per wire -pair. 

economy, clarity and privacy of the 
service. 

Oldest of the electrical communica- 
tion arts, telegraphy has within recent 
years made application of electron tubes 
in a number of ways to supplement its 
classical electro -magnetic methods 
which came down from the early days 
of Morse and Edison. 

Tubes are now used for "carrier -cir- 
cuit" operation, for repeaters, for cable 
amplifiers, for switching controls, and 
for laboratory and testing operations. 
In the latter work, the electronic os- 
cillograph has proven an invaluable de- 
vice for investigating circuit and relay 
operation, and for detecting troubles and 
making adjustments possible in no other 
way. A large amount of experimental 
work in electron -tube circuits is now go- 
ing on in the telegraph field, and it 
seems likely that shortly a much wider 
use will be made of these devices in both 
standard message service and also in 
the many supplementary services which 
the telegraph companies render. 

The Western Union system makes use 
of a number of eight -channel two-way 
carrier circuits on lines more than 500 
miles in length. On these carrier sys- 
tems, the channels are so spaced that 
each can carry a standard quadruplex 
telegraph circuit, each serving two mes- 
sages each way, or four messages simul- 
taneously. Thus over a single pair of 
wires insulated from ground, sixty-four 
simultaneous message circuits can be 
operated, the carrier multiplication pro- 
viding sixteen channels, each of which 
can be further split into four independ- 
ent message paths by the commutating 
quadruplex device standard in tele- 
graph practice. 

Such multi -channel carrier circuits 
require repeater installations every 120 
miles, and here again tube apparatus 
comes into play, taking the place of the 
old-line electro -magnetic repeaters 
which are capable of handling only the 
ordinary telegraph impulses. 

Another widely used electronic aid, 
employed at many points throughout the 
Western Union system, is the single -cir- 
cuit carrier, which can be superimposed 
on a standard single -wire ground -return 
telegraph line, and serves to furnish an 
extra two-way circuit, which can be 
treated at the terminal offices exactly 
like a standard telegraph line. Some 25 
of these single -circuit carrier systems 
are now in use by Western Union. They 
have proven especially valuable in loca- 
tions where there is a sudden short rush 
of seasonal business, which can be 
handled with the aid of the extra car- 
rier circuit, the apparatus for which 
can be contained in a single trunk, and 
handily shipped to the point of sudden 
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AN ELECTRON -TUBE ART 
heavy traffic. Such a single -carrier cir- 
cuit can be quickly imposed upon any 
telegraph wire without previous 
preparation or balancing, so that the 
electronic equipment here provides a 
quick and convenient substitute for an 
extra physical line. 

The Postal Telegraph Company 
makes use of a ten -channel carrier sys- 
tem from New York City to Washing- 
ton. In this carrier outfit, the ten two- 
way message circuits are superimposed 
on the regular four direct -current chan- 
nels, so that twenty-four simultaneous' 
messages may be transmitted, each with 
a message speed of 60 words per minute. 
One repeater outfit is used near the 
middle of the New York -Washington 
run. The carrier frequencies are taken 
from a multi -frequency generator, and 
are as follows : 500, 700, 900, 1100, 1300, 
1500, 1700, 1900, 2100 and 2300 cycles. 

Six -channel carrier apparatus in use 
by the Postal company employs fork - 
controlled frequency sources. Even at 
present low copper costs, the carrier 
system shows considerable economy 
over the equivalent physical wire cir- 
cuits, and with any return to copper 
prices approaching the period of great 
business activity in 1929, the impetus 
to use carrier system will be very great. 

Vacuum -tube amplifiers are now em- 
ployed on the ocean cables of the West- 
ern Union group. These circuits are 
also available on occasion for the trans- 
mission of pictures by facsimile, at regu- 
lar ocean -cable speed of transmission. 

A vacuum -tube arrangement has pro- 
vided a simple and effective method of 
giving a "busy test" on operating multi- 
plex circuits, without disturbing the cir- 
cuit if busy. 

In testing relays and contacts and in 
balancing lines, the cathode-ray oscillo - 
graph now has wide use on the Western 
Union system by wire chiefs and labora- 
tory technicians and provides a means 
of detecting troubles and localizing con- 
nections quickly. 

FACSIMILE NOW IN 
COMMERCIAL STAGE 

THE FACSIMILE TRANSMISSION of photo- 
graphs is being made ready on a large 
scale for several nation-wide newspaper 
groups. Early in the year the Associated 
Press announced that the Western Elec- 
tric Company would build for it twenty- 
six photo transmitting and receiving 
units, to be installed at twenty-six prin- 
cipal cities, each unit capable of trans- 
mitting to the rest of the system, a pic- 
ture 12 by 17 inches, the picture detail to 
be 100 lines to the inch. It is understood 

that a considerable part of this appara- 
tus is now ready for installation and 
will be in regular service by the end 
of the year, when official announcement 
will be made. 

The receiving equipment is under- 
stood to be of the daylight type, so that 
the machines operate in an ordinary 
room, the cylinders being loaded in 
darkrooms. Standard photocells arc 
modulated by the reflected recording 
light beam, through light choppers. Syn- 
chronization is effected by tuning forks 
in fixed -temperature containers at each 
point. At the receiving end, light -gates 
of the motion -picture type in turn 
modulate the light -beam projected on 
the sensitized paper and negatives of 
quality comparable with the original 
photographs, are assured. A full 17 by 
12 inch picture can be sent in 17 

minutes, with a picture rate of one inch 
per minute, and a top frequency of 2400 
cycles per second. According to the 
original announcements, this facsimile 
equipment for 26 cities was to cost about 
half a million dollars, and the wire 
charges and operating costs for the 
service would average as much more, 
each year. An important additional as- 
pect of the new facsimile service is 
understood to be the transmission of 
typewritten copy between various Asso- 
ciated Press centers. When the system 
is not needed for transmitting pictures, 
the local correspondent simply puts his 
original "copy" into the local trans- 
mitter, and facsimiles of it, corrections 
and all, appear at the various receiving 
points. 

Meanwhile the Hearst organization of 
thirty newspapers, together with some 
twenty-five associated papers, is having 
the Walter Howey photo -electric sys- 
tem of half -tone engraving extended 
for both photograph transmission and 
photo -engraving by wire, the work 
being directed by Mr. Howey who is 

one of the Hearst executives. , 

The Hearst facsimile system also 
operates in a daylighted room, and will 
receive a positive picture directly on the 
machine, thus eliminating the delays of 
developing a negative, drying it, and 
making a positive print. Negatives can 
also be received if desired, and the ma- 
chine will work on either paper or film. 
The drum used is of the same diameter 
as the Associated Press drum, so that 
the apparatus may be used interchange- 
ably if required. The detail obtained is 
96 lines per inch, and a 12 by 12 -inch 
picture can be sent in about 30 minutes, 
with a top frequency of about 1500 
cycles. Two methods of synchronizing 
are used, one by means of tuning forks 
at each point, the other by means of a 
fork -generated frequency transmitted 
over the line with the picture. Already 
pictures of high photographic quality 
have been transmitted over 2,000 miles 
of wire, between two of these machines. 

Since the new Howey picture -trans- 
mitter is an adaptation of the in- 
ventor's earlier method for engraving 
half -tone cuts by photocell control, pro- 
vision is made for receiving half -tone 
engravings directly on the machine, 
from the wire, without the intermedi- 
ate delay of making a negative, a posi - 

FACSIMILE EQUIPMENT FOR NEWSPAPER OFFICE 

TO POWER 

.f ))a) a>n 

POWER SUPPLY EQUIPMENT 

SÇNONG MACNME 

Type of photograph and "copy" transmitter and receiver now being de- 

veloped for a nation-wide group of newspapers. 
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AIRCRAFT AND POLICE 
tive print, and then an acid -etched 
halftone. Thus it will be possible to 
put a photograph on the wire at the 
Hearst headquarters office in New York 
City, and to make half -tone engravings 
of that photograph directly at various 
newspaper offices throughout the coun- 
try. As so far developed, this direct 
half -tone process seems to be limited by 
practical considerations to shorter wire 
lines. For the longer transmissions, the 
picture can be received as a photo- 
graph. This is then scanned back on 
the same machine, and an engraving 
made in the way already described in 
these columns (see Electronics, Novem- 
ber, 1932, page 334). 

Work is also proceeding on the "mes- 
sage facsimile" apparatus for the local 
short-wave radio message circuits 
which have been set up by the Radio 
Corporation of America between the 
cities of New York, Philadelphia, Bos- 
ton, Washington, San Francisco, New 
Orleans, and Chicago. At the outset 

these are being operated as straight code 
message circuits, with rates comparable 
to wire telegraph rates, but sending 15 
words instead of ten. Eventually it is 
planned to equip these message circuits 
across the continent with facsimile 
transmitters, so that the sender may 
write out his message, and have it re- 
ceived at the destination in his own 
hand -writing (see Electronics for Feb- 
ruary, 1934, front cover, and March, 
1934, page 71) . 

It has been generally understood that 
this message service would be an ex- 
perimental work-out of facsimile ap- 
paratus designed for operation in con- 
nection with home radio sets, for de- 
livering a "tabloid radio newspaper" to 
the home, as mentioned variously in this 
and other issues. A distinct improve- 
ment in simplified home facsimile print- 
ing apparatus, is the new "lawnmower" 
or roller printer, which is referred to on 
page 288, but of which no official ac- 
count is yet available. 

AIRCRAFT RADIO SERVICE IMPROVED 
IN MANY DIRECTIONS 

THE USE OF RADIO as an aid to naviga- 
tion is unquestionably its most important 
function in the aircraft industry, despite 
the numerous other uses in this field to 
which radio technique has recently been 
applied. Radio beam navigation, the 
reception of weather reports, dispatch - 

RADIOTELEPHONE 
FOR AIRCRAFT 

Top to bottom: Telephone receiver, 
transmitter, and beacon -weather re- 
ceiver installed in fuselage of a 

new TWA Lockheed Orion. 

ing orders, and the ability to communi- 
cate by telephone with terminals and in- 
termediate landing fields have been the 
primary concerns of aircraft radio engi- 
neers, during the past year. As a result 
numerous refinements in these types of 
service have recently appeared. 

What is believed to be the first appli- 
cation of the voice -operated relay to air- 
craft transmitters has been applied at 
the Mendham, N. J., station of the Bell 
Telephone Laboratories. The voice of 
the operator is used to turn the carrier 
on ; when he stops talking the carrier 
shut down. Thus only one channel is re- 
quired for transmission and reception. 
The transmitter is operated at maximum 
efficiency, since the carrier is on only 
during actual modulation. 

Considerable experimentation, which 
is not yet successfully completeed, has 
been aimed at the use of one channel for 
both radio beam signals and voice, the 
latter to be used for transmission of 
weather bulletins. 

Commercial aircraft transmitters have 
been reduced in size and weight. The 
receivers are now remotely controlled 
from the pilot's seat by means of push- 
buttons which control a motor -driven 
tuner. On the ground, receivers are 
being installed at remote locations and 
connected by wire to the terminal station 
so that the relatively weak signals from 
the plane can be picked up regardless of 
its location. There is a growing tend- 
ency to control these remote receivers 

by the dial -telephone system, so that they 
can be tuned and shut down automati- 
cally. Changing the frequencies of the 
ground transmitters from the day fre- 
quency to the night frequency is also 
accomplished by dialing. Crystal oscil- 
lators as a source of the beat frequency 
in superheterodyne receivers are being 
more and more used for aircraft work 
because of the high degree of stability. 
New crystal cuts which maintain an 
accuracy of 0.025 per cent without tem- 
perature control have recently been used. 

A small "itinerant flyer" receiver will 
be ready by fall. This receiver, which 
operates from a twelve -volt storage bat- 
tery, uses a dynamotor as the source of 
plate voltage. It is a rugged super- 
heterodyne, designed for sportsman 
pilots in private planes. Two wave- 
bands are provided, with a single 
change -over switch,, both bands being 
tuned by a regulation dial. One band 
tunes the aircraft frequencies for bea- 
con signals and weather. The other 
band covers the entertainment broad- 
cast stations, thus enabling the pilot to 
combine pleasure with business. 

Ultra -short-wave technique has not 
yet made any great headway in the air- 
craft field. Experiments have been 
made using these frequencies for beacon 
service, but the longer waves are still 
in use for all commercial work. One 
interesting use of ultra -high frequencies 
has been made at Hadley Field in the 
instruction of student pilots. A trans- 
ceiver of the usual design is installed in 
the plane, and another on the landing 
field. When the student makes his first 
solo hop the instructor may advise him 
throughout the course of the flight. 
Since the antenna may be elevated 
several miles, the optical horizon which 
limits ultra -short-wave transmission may 
be pushed back a hundred miles or more. 
The main advantages of using this fre- 
quency band for aircraft is the small 
antenna required and the high radiation 
efficiency. Engineers now engaged in 
aircraft radio research feel that eventu- 
ally the ultra -high frequencies will find 
a wide place in commercial aviation. 
Their use on blind landing has already 
been described in Electronics (June, 
1933). 

Two-way telephone service is pro- 
vided for the pilots of almost all pas- 
senger planes running on regular sched- 
ule. Occasionally this service has been 
connected with the telephone wirelines, 
but only on an experimental basis. 
Thus, while it is technically possible to 
talk from any telephone station to a 
plane in flight, the time of flight is so 
short, and danger of interference with 
the radio navigation service so great, 
that no commercial telephone service to 
planes is available, and at the present 
time none is contemplated. 
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RADIO SERVICES EXPAND 
POLICE RADIO ADOPTS TWO-WAY SYSTEM 

ON ULTRA -HIGH FREQUENCIES 

WITH APPROXIMATELY 130 municipali- 
ties in eight states equipped with police 
radio transmitters, and with more than 
4000 police cars carrying receivers, the 
police radio business has assumed a po- 
sition of major importance in the com- 
munications industry. 41,000,000 peo- 
ple, or one-third of the population of 
the country, reside in areas protected by 
these systems. The average time re- 
quired for a police car to reach the 
scene of a crime after being called by 
radio is two and one -quarter minutes, a 

POWER FOR POLICE 
PATROL CARS 

The power supply 
short wave patrol car transmitter is 

placed in the rear trunk, an unob- 

trusive but easily accessible 
location. 

of this ultra - 

record compiled from over 200,000 calls. 
The Superintendent of Police of Peoria, 
Ill., reports that in the five months fol- 
lowing the installation of a police trans- 
mitter the value of stolen property in 
that area was reduced 75 per cent., and 
the number of auto thefts reduced 85 
per cent. The value of police systems 
in combatting crime is being demon- 
strated in this way wherever they have 
been installed, and it is expected that 
as appropriations become available from 
municipal funds more and more cities 
and towns will avail themselves of this 
service. 

During the past year a definite trend 
toward ultra -high frequency two-way 
systems for police use has been clearly 
apparent. While the conventional short- 
wave police bands between 1658 and 

2490 kc. (181 to 120 meters) are in 
continuous use, and while several im- 
portant installations have been made 
recently in this band, interest has cen- 
tered on the 30 to 40 megacycle band (9 
to 7 meters). At least five separate 
companies have made installations of 
ultra -high frequency two-way police 
radio during the past eighteen months. 

Ultra -high frequencies 

The limited number of frequency as- 
signments available in the medium -wave 
bands for police work turned the atten- 
tion of engineers to the possibility of 
using the ultra -high frequency region. 
The advantages of ultra -high frequency 
transmission are many. The waves 
travel, under ordinary conditions, only 
to the optical horizon, and are there at- 
tenuated below the noise level. Hence 
the problem of interference between 
neighboring communities, a serious dif- 
ficulty on the medium waves, has been 
circumvented. In addition the ultra - 
short wave equipment can be operated 
much more efficiently, using small an- 
tennas, and without frequency stabiliza- 
tion. To date the only practical method 
of two-way police communication .(that 
is, transmitters located not only at head- 
quarters but in each patrol car) has 
involved the use, of ultra -high frequen- 
cies. A nine -watt transmitter, installed 
in a patrol car will operate directly from 
the six -volt ignition battery, with a cur- 
rent drain of ten amperes during trans- 
mission periods. The familiar rod an- 
tenna is being replaced by an invisible 
radiator, so that the radio equipment 
of the car is not proclaimed to the 
public. 

The range of such car transmitters is 
limited, except under extraordinary con- 
ditions, to three or four miles. Often 
a car patrols regions located five miles 
or more from headquarters, and the 
two-way feature becomes useless. This 
difficulty has been overcome by the use 
of special automatic receivers located in 
the remote sections of the community 
and connected by telephone wires to the 
headquarters. When a car, outside the 
three-mile range, desires to call head- 
quarters, its signals are picked up by 
the nearest automatic receiver, and a 
light appears on the switchboard at 
headquarters, indicating that the car is 
calling. The area covered can be ex- 
tended by this plan to meet almost any 
requirement. 

The need for coordination between 
adjacent communities in crime preven- 
tion has been cited as an objection to 
the use of ultra -high frequencies, whose 

waves are usually confined to one com- 
munity. The plan suggested to meet 
this objection is a county -wide or 
state-wide system operating on conven- 
tional wavelengths, which connects the 
headquarters of as many communities 
as desired, which in turn can communi- 
cate with their own fleets of patrol cars 
on the ultra -high frequencies. 

The Federal Radio Commission in 
February said in a release "it is con- 
ceivable that all of them (the 4000 
police cars equipped with receivers) 
will eventually be equipped with trans- 
mitting sets permitting two-way com- 
munication." Whether this two-way 
system will be confined to ultra -short 
waves cannot be definitely stated, but 
experiments on medium waves have 
thus far proved impractical. 

The ultra -high frequency system has 
a serious disadvantage in that dead 
spots due to reflections caused by reso- 
nance in buildings and in hills, etc., can- 
not be overcome except by great in- 
creases in power, a difficulty not nearly 
so troublesome on the conventional 
wavelengths. 

All assignments to frequencies in the 
ultra -high frequency region have been 
made on an experimental basis. The 
frequencies now available for police use 
in this region are 30,100, 33,100, 37,100, 
40,100, and 86,000 to 400,000 kc., the 
latter band being not yet in regular use. 

The success of the two-way method 
of police patrol is attested by the fact 
that Jersey City, N. J., now has 22 
patrol cars equipped with transmitters, 
12 additional cars having been ordered 

COMPACT POLICE 
TRANSMITTER 

i 

A medium wave transmitter of 

modern design. Note the sim- 

plicity of connections to power 
supply, microphone and antenna. 
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TELEVISION PROGRESS 
after the original 10 were in operation 
only six months. Kansas City plans to 
have 33 cars equipped for two-way com- 
munication. 

The City of Newark, N. J., is one of 
the latest to join the fold of the ultra- 
high frequency users. A 50 watt trans- 
mitter, soon to be converted to a 500 
watt outfit by the addition of an ampli- 
fier, is at present being installed. The 
fish -pole antenna is mounted on the top 
of the flag -pole of the tallest building 
in the city, thus assuring the necessary 
wide coverage. Crystal control is used 
in this installation, the first application 
of this method in a commercial police 
ultra -high -frequency transmitter. The 
frequency of the crystal, which requires 
no temperature control, is one -sixth that 
of the carrier, the multiplication being 
accomplished in two steps. 40 police 
cars will be equipped with transmitters 
to provide the "talk -back" feature. 

Effective May first the FRC made 
several reassignments of frequencies for 
police work with the intention of re- 
ducing as far as possible the interfer- 
ence between transmitters. In addition, 
municipal police stations have been defi- 
nitely limited in power according to the 
population, from a maximum of 50 
watts for a city of 100,000 population 
to a maximum of 500 watts for cities 
over 700,000. State police systems have 
been allowed as much as 5,000 watts 
daytime, 1,000 watts night, because of 
the greater areas to be covered. 

A recent survey based on many tests 
has indicated the necessary signal 

Three essential elements of the tele 
H. Peck, shown above. The light 
of white light which is modulated 

voltage amplifier (right) supplies 

strength required to cover adequately 
the various districts in a city. The 
resulting figures show that a one 
millivolt signal, necessary to override 
the high noise level of business districts 
can be radiated five miles by a 400 watt 
transmitter, but only 1.5 mile by a 50 
watt transmitter. The 50 microvolt sig- 
nal which is sufficient for rural districts 
will extend 23 miles from a 400 watt 
transmitter, and 8.5 miles from a 50 
watt transmitter. 

Tonal quality improved 
Improvements in conventional police 

transmitters include the use of a wide 
band of speech frequencies (100 to 
5,000 cycles) which, while not high 

fidelity, is still a distinct advance over 
the former installations which had only 
telephone quality (250 to 2,750 cycles). 
Receivers for conventional wavelengths 
have been made more rugged, easier to 
remove from the police car for servic- 
ing, and have been provided, by one 
company at least, with a special jack 
which will receive a tuning meter. The 
tuning mechanism, which often becomes 
detuned from the transmitter's wave by 
the constant vibration of the car, can 
be adjusted by means of the tuning 
meter to maximum signal and locked in 
a few minutes. In addition a receiver 
for the medium wave bands which 
mounts on the handlebars of a motor- 
cycle has been developed. 

MECHANICAL AND CATHODE-RAY SYSTEMS 
SHARE IN TELEVISION ADVANCE 

TECHNICAL PROGRESS in television dur- 
ing the past year has shown that in- 
terest in the mechanical systems has been 
definitely revived, although the cathode- 
ray systems are still the engineering 
favorite. Capable of being controlled at 
the will of the operator, the electron 
beam in the cathode-ray tube is never- 
theless an expensive servant, requiring 
complicated circuits not necessary in the 
mechanical systems. 

The announcement of the Zworykin 
iconoscope, utilizing a photoelectric 
mosaic structure on which the optical 
image of the scene is focussed, was the 

vision receiver developed by William 
source (extreme left) provides a beam 
by the Kerr cell (center). The high - 
the television signal to the Kerr cell. 

signal for a considerable increase in the 
public interest in television. Outdoor 
scenes can be televised with ease, by this 
device, which likewise eliminates the 
necessity for any moving parts in the 
transmitting system. 

Also in the cathode-ray camp are the 
developments of Philo T. Farnsworth in 
Philadelphia, whose pick-up camera for 
television was recently demonstrated 
(August 27th) before the Franklin In- 
stitute. The optical image is focussed 
on a photoelectric plate in this device, 
and the resulting "electron picture" is 
drawn from the plate to an anode in the 
same tube and focussed magnetically. 
The electron picture is then moved 
bodily past a small aperture, so that each 
element of the scene contributes its own 
signal impulse. A unique electron multi- 
plier increases the sensitivity of the out- 
put by a thousand times, making out- 
door scenes comparatively simple sub- 
jects. The receiving equipment is of 
standard design, scanning and picture 
frequencies being provided in the receiv- 
ing cathode-ray tube by electric and 
magnetic fields. 

Of the mechanical systems, that of 
William Preiss of New York, is of con- 
siderable interest since it eliminates the 
necessity of a powerful synchronizing 
channel. A mirror, mounted so that it 
can rotate about two axes at right angles 
to one another is the central feature of 
the scanner. The scanning frequency, 
5000 cycles per second, and the picture 
frequency, 18 cycles per second, are the 
frequencies of mechanical resonance of 
the mirror about these two axes, respec- 
tively. Small a watt) oscillators are 
able to maintain the vibration of the 
mirror at steady state, since the mechan- 
ical resonance of the system tends to 
keep the mirror in step. The mirror re- 
flects the output of a light -modulating 
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ULTRA -SHORT WAVE USES 
Kerr cell which admits light to the 
mirror in accordance with the incoming 
signal. Direct projection of pictures is 

possible with this method. 
tArno Zillger has developed a mechan- 

ical system using a spirally shaped set 
of mirrors rotated by a synchronous 
motor. The resulting picture can be 
viewed in broad day -light and through 
i very wide angle, so that many "see -ers" 
may view the picture at once, seated in 
a semicircle about the receiver. The re- 
ceiver is compact and can be used in 
conjunction with the sound receiver al- 
ready possessed by the listener. In com- 
mon with all the systems described here, 
transmission is intended for the five - 
meter band, so that local coverage of the 
large metropolitan areas is the limit, at 
least at present. 

A mechanical system which has been 
developed to a high degree is that of 
William H. Peck. Using an automobile 
head -light lamp as the light source, and 
a small Kerr cell (consuming only 6 

microamperes at approximately 1300 
volts) for modulating the light beam 
provided from the lamp, black -and -white 
pictures of great detail and brilliance 
are obtained. The scanning mechanism 
in this system is a wheel of mirrored 
lenses, rotated at synchronous speed. A 
special motor having a speed 440 r.p.m. 
is used to transmit pictures directly from 
standard sound -picture film. Projected 
pictures two square feet in area are now 
available, but pictures eight times as 
large are claimed to be entirely feasible. 

Several companies, particularly those 
interested in the mechanical methods see 
a distinct possibility of commercial tele- 
vision programs and receivers within 
the next year, at least for metropolitan 
areas. 

Reports indicate that in Germany the 
use of film has progressed to the point 
where a picture is on the air 7 seconds 
after the camera is focussed on the 
scene. The endless film is wiped clear, 
resensitized, and re -exposed. 

TEN METERS AND BELOW -NEW SERVICES 
IN ONCE "USELESS" TERRITORY 

WHAT PROMISES to be a gold rush to 
the nether regions seems to be starting 
into this vast territory. Already there 
are many services getting a foothold on 
various bands in the part of the spectrum 
once thought worthless. Police, aircraft, 
amateurs, television, facsimile, high fidel- 
ity broadcasting, all present uses of radio 
which do not require long distances to 
be spanned-all these are looking with 
interested eyes on the kilocycles below 
10 meters. 

Assignments to this region are now on 
an experimental basis, but it must be 
realized that once a service has got 
started-a municipal police system, for 
example,-it will be extremely difficult to 
chase it out. It has got a franchise on 
the ether which it will not relinquish 
without a struggle. 

The increasing sales of so-called 
"transceivers," miniature combinations 
of receivers and transmitters, usually 
one or two -tube affairs operating from 
batteries, is an indication that the early 
days of radio may be re-enacted. Many 
of these small sets good for communica- 
tion over a 5 -mile range are being used 
by people who never heard of the F.C.C. 
and who have no idea of the Continental 
code. They bought a machine which en- 
ables them to talk to a friend several 
miles away, even though the two of them 
may be traveling in an automobile. It is 
not difficult to imagine this situation 
getting out of hand with millions of these 
cheap but effective personal communica- 
tion stations getting on the air. 

A band should definitely be set aside 
for this sort of service; the apparatus 
should be built so that adjacent services 
can not be jammed by inexperienced and 
untrained operators. Already pressure 

is being brought on the licensing author- 
ity to grant tickets to operate this kind 
of system without the necessity of stand- 
ing a stiff examination on code or theory. 

For some time the regular police wave- 
bands have been congested. But still more 
cities want police radio protection. And 
so, newer applicants for construction 
permits have ben encouraged to try the 
very short wave band. A glance at the 
actions of the F.C.C. will show the ac- 
celeration in the granting of permits for 
police radio systems in the 30,100, 33,100, 
37,100, and still higher frequency bands. 

The number of channels available is 
very large; signals travel to the optical 
horizon and then disappear. Therefore 
the problems of long distance interfer- 
ence is nil. All the available frequencies 
are useful to as many communities as 
want them. The radiation efficiency of 
the antennas is high ; little power is re- 
quired. A 15 -watt transmitter will cover 
an area 30 miles square with a suitable 
antenna. The transmitter and receiver 
are extremely simple. 

Once the advantages of this region 
have enticed many services there, it is 
not unreasonable to expect a revision of 
our broadcast system, and other services 
offered to the listener. As the years go 
by an increasing migration to these high 
frequencies will be evident, and many 
of the trekkers will settle there never 
again to run the gamut of longer -wave 
difficulties. 

ULTRA -SHORT WAVE BEACON GUIDES SHIP IN FOG 

Signor Marconi and his wife aboard his yacht, on which is installed his 

newly developed safety beacon. An ultra -short wave beam and a submarine 

acoustic signal are used not only to guide the ship into harbor but to deter- 

mine its exact distance from the transmitting location. The antennas and 

reflectors are shown mounted on the trussed platforms. 
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Assignments 

in the radio 

spectrum 

ON JUNE 13, 1934, the distribution of radio fre- 
quency assignments issued by the Federal Com- 
munications Commission became officially effec- 

tive for the United States, when the ratification of the 
acts of the International Radio Conference, held in 1932 
at Madrid, was deposited in the archives of the Spanish 
government. The present picture of the radio spectrum 
thus becomes officially fixed for the next five years, 
since the acts of the next International Conference, to 
be held in Cairo, Egypt, in 1937 probably will not be- 
come effective until 1939. 

Since the distribution of frequencies among the 
various radio services will be preserved without radical 
change until that time, the present situation is of par- 
ticular interest to all those who have licenses or who 
anticipate applying for them. Recognizing this interest 
not only on the part of licensees but also of all engineers 
who have to do with radio transmission and reception 
in any of its forms, Electronics has prepared a chart 
based on the official compilation of the Federal Com- 
munications Commission. This chart, issued as a special 
supplement, will serve as reliable index of the radio 
spectrum for the next five years. 

The chart shows the class of service which is used on 
each frequency. The license to use each channel is, of 
course, under the direct jurisdiction of the Commission, 
and may be revoked or transferred as required. Twenty- 
five different classifications of service, listed at the bot- 
tom of the chart, are included, each with its appropriate 
symbol. The bands of frequencies are not shown to the 
same scale as the individual channels but have been re- 
duced in an approximately logarithmic proportion to their 
actual width. 

Twenty-five classes listed 
Those channels or bands which have no symbol are 

listed in the chart as "unassigned." These blank spaces 
are designated by the Commission as guard bands or as 
general communications channels. The guard bands on 
each side of the radio compass frequency at 375 kc. and 
those around the international distress and calling fre- 
quency at 500 kc. are typical examples ; they serve the 
purpose of insuring that the guarded frequencies will not 
be subject to interference from adjoining channels. 

The term general communication channel includes all 
channels which are not assigned to a specific service, 
such as fixed, aviation, amateur, broadcast, etc. This, 

of course, also includes channels used by other nations, which would then not be assignable in the United States unless such assignments could be made without possi- bility of interference. 
The new experimental broadcast frequencies, namely 

1530, 1550, and 1570 kc. were specifically designated by the Commission for this new service, and the space be- tween them is not at the present time assigned. The general feeling is that if the high fidelity broadcasting 
experiments are as successful as is now hoped for, it will be desirable to assign such stations on a 20 kc. channel basis rather than the 10 kc. channel separation 
used in the regular broadcast band from 550 to 1500 kc. 

Basic divisions will remain unchanged 
The chart represents at the present time the most up-to-date information available concerning the alloca- tion of frequencies in the United States. It is expected that all the basic divisions will remain pretty much un- changed until after the Cairo Conference of 1937, 

although very minor changes in the allocation of specific 
frequencies to certain minor services may call for the redesignation of a channel here and there from time to 
time. All of this, of course, must be done within the 
general framework of the Madrid Convention and Gen- 
eral Radio Regulations, and the North American Agree- 
ment. 

Where channels are shown as shared in two or more 
columns in this chart, it means that the particular chan- 
nel in question is shared by the services shown in the 
legend. Except for the frequencies below the broad- 
casting band, the allocation system is based upon an 
approximate separation of 0.1 per cent of the assignable 
frequencies, in accordance with Opinion No. 18 adopted 
at the 1929 meeting of the C.C.I.R. held at The Hague. 

To aid in showing the various frequency bands, identi- 
fying backgrounds have been used in some cases. Hence 
the broadcast services (local, regional, cleared channel, 
experimental, relay) have been grouped together, as 
have the maritime services (ship telegraph, telephone, 
harbor, and coastal telegraph, telephone and harbor). 
Other predominant services, such as fixed point-to-point, 
government (including army and navy stations), and 
amateur are also shown with identifying backgrounds. 

THE CHART OF FREQUENCIES 
WITH THIS ISSUE 

Listing the class of service in use on 
every assigned channel from 30,000 
meters to 75 centimeters, the supple- 
ment to this issue, "Frequency Assign- 
ments in the Radio Spectrum for 
Stations in the United States", is the 
only complete chart of frequency 
allocation now available. Based on 
the compilation of the Federal Com- 
munications Commission and effective 
as of June 13, 1934, the present dis- 
tribution of frequencies may be ex- 
pected to remain virtually unchanged 

for the next five years. 
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Counting 

traffic 

Photo -cell circuits at 

Cairo, Ill., bridge 

UTOMOBILES crossing the bridge over the Mis- 
sissippi River at Cairo, Ill., are counted and re- 
ported to the toll -house by means of a totalizing 

installation which disregards foot -passengers. Two light - 
beams and two photo -cells are used, the horizontal beams 
being projected at an angle rather than directly across the 
bridge right-of-way. The device separately counts and 
records cars moving in either direction as rapidly as 35 
miles per hour. Because of the angular position of the 
two beams, which must be simultaneously intercepted in 
order to register, both trailers and individuals on foot 
are ignored in the count. The slight angle of the beam 
(20 degrees) prevents the beam being re-established be- 
tween a car and its trailer, and thus registering two 
vehicles instead of the single unit. 

Traffic moves through the beams in both directions, so 
that there is a slight possibility of error if two cars 
happen to pass at the exact position of the beams, but 
this actual error in count has been shown by experience 
to be less than one-half of one per cent. Originally it 
had been planned to install four beams, two for traffic 
in each direction, so that a separate count would be 
obtained. But by going to the single pair of beams, 
projected across both lanes of travel, the initial cost was 
reduced fifty per cent. 

The height of the beams, 44 inches, was selected after 
careful study and experiment. Wide variations were 
found in the heights of the cars, some of the old '23 and 
'24 models being in marked contrast with the under - 
slung late models. The beams, it was found, should be 
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as high as possible in order to avoid shooting under the 
bodies of large trucks, and also to avoid being intercepted 
by the spokes of wheels which would give false regis- 
trations. 

With the light -sources and photo -cells at this low level, 
it meant that the photo -electric equipment was in danger 
of being tampered, with by persons on the bridge. While 
the light -sources and photo -tubes were enclosed in weath- 
erproof cases, which are padlocked and thus protected, 
there remained the possibility that some one might try 
to render the equipment inoperative by blocking the light - 
sources or the aperture of the photo -tube housings. In 
order to cope with this possibility, there were installed 
in the counter cabinet in the toll -house, three devices 
which become involved if the equipment is rendered inop- 
erative by the external blocking just mentioned or be- 
cause of the failure of one of the vacuum tubes. After 
an outage of a few seconds, a bell alarm in the counter 
cabinet is set off and continues to ring until the trouble 
is cleared and the machine restored to operating condi- 
tion. In addition to the bell alarm, an "outage counter" 
registers the outage. At the same time, a self-starting 
electric clock, which is normally set at twelve o'clock, 
starts to.run, thus indicating to the second the length of 
time that the counter was out of service. 

"One of the problems of this installation," according 
to Russell C. Wenz of the Byllesby Engineering & Man- 
agement Corporation, who supervised the job, "was to 
secure a counter which would consume a small amount 

Photo -electric cell Light source-. ------ Light beams- i 

-r- 

Cross Section of Roadway 

co 
111111111.111111111111111110 

BX 
cable 

2/, 

Showing height of light beams 

-§ 

Lead 
covered 
B 

Icab/e 

of current and which could register an impulse and dis- 
sipate the residual current in time to register a car which 
might be closely following in the same direction the first 
one registered. This meant that the counter had to be 
energized, register the count and deenergize, all in a 
fraction of a second. We found that the Production 
Instrument Company of Chicago had a counter capable 
of registering 25,000 counts an hour, or approximately 
seven impulses a second. The total power used by this 
instrument is six watts. The pick-up current on 115 - 
volt 60 -cycle current is 0.213 amp. and the holding 
current is 0.13 amp." 

The installation has now been in use over six months, 
during which time 40,000 vehicles have been counted. A 
two -weeks' test showed a photo -electric record of 4,068 
vehicles, as against .fare collections of 4,051, an operating 
error of four -tenths of one per cent. 

During this two-week period of test, only two outages 
occurred. One "outage" was caused by a truck which 
stopped on the bridge opposite the lights long enough 
to cause the alarm bell to ring, and the incident to be 
recorded as an "outage." The second outage was caused 
by a painter working on one of the projection standards. 
Neither outage lasted more than a fraction of a minute. 
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NEW THINGS AHEAD IN 
"All -wave" reception will continue to be 

the star feature 

SI N CE the introduction of the a -c set, nothing has 
given the radio industry such a stimulus as the 
"all -wave" receiver. Each year radios were some- 

what different, better in some respects-if not in tone 
quality-but the addition of the new service of short- 
wave reception at one stroke makes all previous receivers 
obsolete. It is not easy to demonstrate the advantages 
of automatic volume control, or the other tricks of circuit 
designers-but let the would-be purchaser tune in one of 
the foreign stations and his old gambling instinct is 
aroused, here is new adventure via radio. And once 
having given a new service to the public, they will never 
relinquish it. All receivers must be able to tune to at 
least one short-wave band from now on. 

So important has the short-wave idea become that few 
receivers will be sold which do not offer part of the 
spectrum below 200 meters, and in time they must all 
cover the entire range down to 10 meters. The short- 
wave portions of most sets sold last year were pretty 
poor, a mere adjunct with little gain or selectivity and 
poorer quality, clue largely to the character of the 
programs and the intervening ether path. But in 1934, 
late, new short-wave sets will be on the market which 
will begin to show the possibilities in this direction. 
Fortunately the higher frequencies are relatively efficient 
in getting across great distances, and fortunately again, 
the average listener antenna has about the correct dimen- 
sions for picking up a healthy voltage from an oncoming 
wavefront on wavelengths below 200 meters. And so, 
even if the set was poor, many listeners were able to re - 

A good example of the airplane type dial, which 
came in with short-wave models. 

new their acquaintance with the old-time thrills of "dx," 
but with the difference that no one in 1925 would have 
dreamed of world-wide dx of the sort that is now 
possible. 

The sets of Autumn and early 1935 will have better 
tuning systems; they will show better signal-to-noise 
ratio, they will have more selectivity and more gain. 
Tuning will be easier, programs will be improved. 

It is rumored that several of the large American com- 
panies spending money on the air realize the present 
craze for listening to Madrid, England, France and 
Germany and are thinking of spending some of their 
advertising appropriation abroad sending programs back 
to this country via one of the foreign stations. 

Improvements in short-wave reception will come about 
by better circuits, better switching systems, better coils, 
and perhaps better tubes. Some work is being clone to 
overcome the type of fading in which the carrier 
becomes relatively weaker than the sidebands by install- 
ing a local carrier at the receiver to pick up the modula- 
tion from abroad and to transfer it without variation to 
the detector. 

There has been some argument from the more con- 
servative members of the radio industry that short-wave 
was a fad, and a poor one at that, and that most city 
dwellers would not get their money's worth because of 
local noise. Others feel, however, that the vast rural 
audience which resides in fairly noise -free areas will act 
as a buffer for the city listeners, absorbing the all -wade 
sets until engineers have mastered the present difficulties 
in the way of giving everyone good reception on the 
higher megacycles. 

Short-wave reception represents a new service which 
must continue to be available ; the listeners will not let 
go of it. 

New tubes 
It has been a good spell since rumors of new tubes 

flew so thick and fast. Tubes as small as your thumb, 
tubes in 199 type bulbs, tubes smaller than this, tubes 
with metal plates exposed to the cooling air currents, 
etc., etc. 

Receiver design engineers struggling with the short- 
wave problem believe that smaller tubes with correspond- 
ing smaller capacities between elements would provide 
a much needed weapon for them to work with. What 
are needed are tubes for the first few sockets, in the 
pre -selector r -f stages where it is difficult to get much 
gain, and where it is of such importance to increase the 
signal to noise ratio. For these problems it is possible 
that a high frequency pentode of half the present size 
may appear. 

Other engineers look at the English Catkin tubes with 
more than passing interest. The saving in space in hav- 
ing the anode of a power output tube on the outside 
where it can be its own radiator of heat would be con - 
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RADIO SETS AND TUBES 
Sales of sets and tubes greatly in excess 

of 1933 at higher unit price 

siderable. And so they hope some enterprising tube 
maker will develop for them, particularly for the auto- 
mobile receiver, a small power tube. 

Rumors have suggested the production of an electron - 
coupled oscillator with an internal shield-already in 
use abroad. And it is said that a set of tubes in 199 
envelopes has been submitted to several of the tube 
and set makers with the ideas of adapting them to the 
6 -volt series. The objections to such a set of tubes are 
that there is scarcely enough differential in size to war- 
rant their introduction, that what is needed is a much 
smaller tube. Furthermore since the bases would be Jif- 
f erent they would not be interchangeable with the older 
automobile tubes. And while a reviewer is on dangerous 
ground when he speculates as to what will happen, it 
seems unlikely that this set of tubes will grace the deal- 
ers' shelves. 

First half -year figures are encouraging 

Approximately 790,000 radio sets, representing $16,- 
000,000 at manufacturers' net prices, were produced and 
sold during the second quarter of 1934. 

This represents a sharp reduction from the 984,746 
sets produced and sold during the first quarter of 1934 
also a drop below the corresponding unit figures for the 
same period of 1933, 848,302 sets, although an increase 
above the dollar volume for the 1933 second quarter, 
which was $12,253,400. From this it may be concluded 
that the unit price of radio sets has risen considerably 
during the past twelve months, the average retail value 
having gone up from $33.60 for the 1933 second quarter, 
to about $40.50 for the 1934 second quarter. 

An increase in unit set value of 20 per cent, is indicated 

by these figures, showing that the consoles and higher - 
priced models are again coming to the fore, and that the 
recent popularity of the midget and cigar -box models 
is waning. 

Automobile radio sets have not come up to expectations 
for 1934, it now is apparent. Sales of these units for auto- 
mobile installation have run considerably behind the 
budgets set up by the makers at the beginning of the year, 
based on 1933 sales. It is this drop in automobile sets 
which mainly accounts for the 1934 second quarter figures 
falling behind 1933 for the same period. 

Total sales of radio sets for the first half of 1934 are 
still considerably ahead of the first half of 1933. The first 
six months of 1933 produced 1,436,134 sets; and the 
first six months of 1934, 1,774,746 sets. The correspond- 
ing dollar volumes rose from $21,000,000 to $35,000,000. 

Looking back on preceding years, 46 per cent of the 
total 1932 output was reported in the first half of that 
year; while 30 per cent of 1933's output came in the first 
six months. 

Averaging these half -year ratios, and applying them 
to the figures for the first half of 1934, so far available, 
indicates that the total year's production for 1934 will be 
about 4,400,000 radio sets. 

High fidelity-what of it? 

Several truly high fidelity sets will be available for 
Fall trade, and of course there will be others using the 
name which will not have such good qualities, horning in 
on the merits of the others. Already there is at least 
one "high-fidelity" set which is no larger than a midget, 
tombstone model, and what its characteristics really are 
is not difficult to guess. 
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Radio manufacturers produced approximately 790,000 radio sets during the second quarter of 1934, or 1,774,746 sets during 
the first half of the year. Quarterly production figures for 1932 and 1933 are shown for comparison. Compared with 1933, 

dollar volume and unit prices are considerably up. 
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At present it seems that high fidelity will not create 
much of a stir. 1934-1935 will be "all -wave" years in 
the chronology of the industry. High-fidelity must take 
its winnings later, if ever. The chances are that high 
fidelity will be a slow process creeping into all phases of 
the industry. As soon as some really high class sets 
come on the market, others will try to get sufficient 
fidelity into cheaper sets to create competition-and all 
this will serve to better the general run of receivers, now 
admittedly poor. This Fall many receivers will mark 
new low-water marks in freedom from harmonic dis- 
tortion, in power output, and in wide range of tone. The 
higher frequencies will be improved somewhat - but 
probably not much. Ultimately everyone will wonder 
why we tolterated the flat -toned, skimped receivers of 
1933 and 1934. 

High fidelity is not a new service; it is an improve- 
ment difficult to demonstrate on the average station on 
the average program. Therefore it cannot hope to 
attract so much attention as the all -wave feature. 

High-fidelity sets will not have short-wave at first and 
therefore the price differential between the best of the 
medium fidelity and the high fidelity will be relatively 
more than the actual list price indicates. The Philco 
200X receiver, high-fidelity, will list at $200; the next 
best set, which is all -wave and medium fidelity, lists at 
$175. Will the listener pay $25 more for better tone 
and forego the pleasures of listening to whatever he can 
get from Buenos Aires? 

In time the bass must be improved ; means must be 
provided for boosting it or lowering it to take care of 
bad microphone technique. For example what will be 
the practice in handling the announcing microphone cir- 
cuits in the future ? Will the announcer continue to 
break the ear drums of the listener or will his bass be 
attenuated somewhat so that the volume may be up to 
drill the sales talk into the listener with plenty of punch 
without booming too much? One engineer believes that 
in the future the announcing circuits should be dropped 
considerably at the low end while the program circuits 
are boosted, relatively, at the low end so that both pro- 
gram and talk sound more like their normal levels. He 
quotes Dr. Fletcher's work in showing the vast difference 
in output of the average speaking voice and a full 
orchestra. At present the announcer is cranked up at the 
microphone many db to attempt to get over the message 
at the sanie level as the music-an obvious distortion. 

More power output will be necessary from high-fidel- 
ity receivers. Already there are on the market sets 
which will produce 10 to 15 watts of relatively distortion - 
free output. One set designed to deliver 18 watts was 
found to produce 30-on peaks, of course. 

A 'program pre -selecting system-will it mark a new 
service ultimately to be in all models? 

Equipment manufacturers state that they are receiving 
requests from broadcast station engineers for informa- 
tion on high-fidelity components, modulation equipment 
and for measuring apparatus that will enable the opera- 
tors to prevent over -shooting and other types of distor- 
tion. These are encouraging signs. The broadcasters 
are still far ahead of the receiver people who are still 
nickel -conscious. Even under conditions of considerable 
noise, a high fidelity receiver sounds better, more alive, 
with better intelligibility provided it is comparatively 
free from internal distortion-and so as the tone range 
is broadened the public will slowly get accustomed to 
music and will forget radio. 

New components, new materials 

Parts manufacturers have, to some extent, sensed a 
let-up in the cry for lower prices. They have, during 
the past two years, redesigned their products with 
different raw materials, different methods of construc- 
tion, different methods of mounting-all to save money 
for the set assembler. Iron for tubes and for coils has 
made its appearance and will continue to attract users. 
Already one nationally known receiver has used iron - 
core coils and at least two competitive products are on 
the American market. Mr. Polydoroff on a recent visit 

[Please turn to page 293] 

HOME RADIO WILL PRINT NEWSPAPER WHILE YOU SLEEP 

The day will come when one will turn on the facsimile receiver when retiring and in the morning the paper tape 
will tell the story of what flashed through the sky while you slumbered. It will contain road maps, fashion 
designs, comic sketches for the children, and no end of things, for whatever a pen can portray facsimile radio 
will handle. 

-M. H. AYLESWORTH 
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Testing capacitors 

and resistors 

For radio set 

production 

By C. G. SERIGHT 
General Household Utilities Company 
Marion, Indiana 

MODERN radio set design calls for a multiplicity 
of small resistors and condensers, usually per- 
forming a circuit isolation function. These small 

units must have resistance or capacity values falling 
within certain prescribed limits, and although these limits 
may be rather wide, the units must be tested to determine 
if they will perform as the circuit demands. 

It is convenient to call a test for condensers a capacity 
test, but it is interesting to note that small condensers are 
rarely actually tested for capacity ; they are tested for 
reactance on an apparatus calibrated in capacity. Small 
capacities are best tested on an a -c bridge. Thus the 
circuit in Fig. 1 comprises two equal resistance arms, and 
two capacity arms, one of which is a calibrated variable 
condenser, and the other the condenser to be tested. 
Across the bridge are connected an a -c source, and an 
aural indicator, such as head -phones. The calibrated 
condenser is adjusted to its null -point whereupon the 
reactances and therefore the capacities of the condensers 
will be equal, and the unknown capacity can be read 
from the scale of the calibrated condenser. 

Accurate measurement, rapid operation, and wide ca- 
pacity range are the essential qualifications of a bridge 
for production testing. For such work, it would be ad- 
vantageous to have the bridge indicate deviations of the 
tested condenser from rated capacity in percentage; but 
the effect of unavoidable distributed and ground ca- 
pacities makes it impossible to construct such a bridge 
for testing an extensive range of small capacities. The 
percent -limit principle can be applied only indirectly. 

A bridge designed for speed 
For rapid testing of small condensers the writer con- 

structed a bridge of rather novel design. The capacity 
range covered was 0.0015 to 0.15 µf . ; the tolerance 
range, 0 to 15 per cent. 

The circuit diagram is given in Fig. 2. To encompass 
the required range of capacities, a multiple ratio circuit 
was adopted, but no reliance other than constancy was 
placed upon the ratio of the arms in obtaining the ca- 
pacity indication. The bridge was completely calibrated 
after construction. 

A fixed resistance was inserted in one arm. The other 
resistance arm was tapped at twelve points, successive 
taps being related by a factor of 3/2. The taps were 
connected to a twelve point switch, for controlling the 
bridge ratio. The switch was equipped with a pointer 
knob, and a scale on the panel indicating numbered posi- 
tions, the scale bearing the superscription, "Use dial No. 

In a third arm a 0.002 !If. variable condenser, shunted 
by a 0.002 µf. fixed condenser, provided a testing range 
of one-half of the maximum capacity tested on each 
setting of the ratio switch, with successive ranges over- 
lapping about 20 per cent. 

The variable condenser was fitted with a composite 
dial, consisting of a large knob and base -plate, twelve 
interchangeable scale plates calibrated for as many ranges 
in capacity, two adjustable limit pointers and a heavy, 
clamping ring, the whole assembly being bound together 
with two thumb -nuts. The knob and base -plate were 
locked permanently in place on the condenser shaft. 
The copper scale -plates were numbered to correspond 
with the settings of the ratio switch. They were stored 
in a rack, suggestive of a phonograph record file, f ast- 
ened to the side of the cabinet. 

A rheostat in series with the variable -fixed condenser 
combination provided the necessary phase -angle control. 
The range of this resistance was such that a null adjust- 
ment could not be obtained for tested condensers having 
an excessive power -factor; and defective condensers 
were therefore rejected. 

To make contact to the tested condenser a pair of 
scissors -like clips, adjusted to accommodate various sized 
condensers were provided on a shelf projecting from the 
panel. 

Other bridge equipment 

So that it might be available for other uses the 1,000 
cycle tuning -fork oscillator used to excite the bridge was 
not included in the cabinet ; but a shielded input trans- 
former was incorporated in the circuit, and its primary 
leads brought out to binding posts for connection of the 
oscillator. 

To assure adequate volume to override high room - 
noise levels, a high gain output amplifier was incorpo- 
rated in the test. Audio transformers were used which 
discriminated against harmonics of 1,000 cycles. (Har- 
monics transmitted through a bridge tend to mask the 
null -point of the fundamental. To eliminate these, a 
harmonic filter is sometimes used. Harmonics intro- 
duced after the bridge, as by output amplifier distortion, 
however, are of no consequence, as they disappear with 
the fundamental at its null -point.) Very low plate po- 
tential was used, to prevent ear-splitting volume on off - 
balance adjustments as when changing tested condensers. 

Condenser 
to be tested 

Indicator 
f phones 

`Ca//brrrted variable 
condei+ser 

Fig. 1-Left: Fundamental bridge circuit for testing 
capacities. Right: Percent -limit resistor test circuit. 
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The amplifier simply overloaded when the maximum 
tolerable sound -pressure in the phones was reached. At 
the same time, quite enough gain was obtained on low 
inputs obtaining around the null -point. Non -micro - 
phonic, 227 type tubes were selected for the amplifier. 

To avoid inaccuracies resulting from coupling between 
the input and output circuits, the input and audio trans- 
formers were placed in separate compartments, and mag- 
netic coupling carefully eliminated. Space was provided 
in the cabinet for the battery complement : four No. 6 
dry cells, and a small, tapped "B" battery. 

(r) bQOM Cr) OMHQO 
Q bQM4n4D 4n0OMh 

`43 cr,, 4.;; ,, .QN 

227 

Phase 
ads 
Cs J_ 0.002 

0.Gea 717,41f 

d 
O 

Turning -fork 
osci//estor 
o 

6 
d 
5w. 

T_ 
To 227 

fi'/amen/s 

- 
Fig. 2-Capacity-testing circuit, with range from 0.0015 

to 0.15 µf., adapted to rapid production inspection. 

The cabinet was of sheet metal, with internal shield- 
ing between various parts of the circuit. To achieve 
professional appearance, the panel was finished in the 
conventional black enamel, with white lettering. 

The calibration process 
To begin the calibration, the ratio switch was set on 

position 1, and plate No. 1 fastened in piace on the con- 
denser dial. A standard condenser, adjustable between 
0.1 and 0.2 µf., was connected to the scissors clips. 
Marks were made on the scale -plate at the null -points 
obtained for representative settings of the standard ca- 
pacity between 0.1 and 0.18 µf. The plate was then re- 
moved, and a well divided graduation in microfarads laid 
out on it by interpolation. The rest of the scale plates 
were in turn calibrated in like manner. Then they were 
engraved, sanded to a satin finish, and nickel -plated. 
Thus, the capacity range 0.001 to 0.18 µf. was covered 
by a continuous calibration which was spread over more 
than six feet of dial periphery, not counting overlapping 
portions at the end of each scale. 

Procedure in testing 
When tolerances were given in percentage they were 

first translated into microfarads. Then the dial scale 
having in its scope the required capacity range was 
selected from the rack and placed on the composite dial, 
the limit pointers adjusted, and the dial assembly locked 
together by tightening the thumb -nuts. The ratio switch 
was turned to the number of the dial scale. 

A specimen of the condensers to be tested was in- 
serted into the scissors clips. Using the left hand to 
adjust the phase -angle -balance knob, and the right to 
operate the dial, the null -point could be accurately and 

quickly located. If the dial adjustment giving no sound 
in the phones came between the limit markers, the con- 
denser was passed; if not, it was rejected. 

As may be seen after the initial adjustments were 
made, absolutely no technical skill was required to oper- 
ate the bridge. The capacity indication was reliable to 
within of 1 per cent. 

Apparatus for rapid resistance testing 
Two types of apparatus are used in testing resistances 

of the values most frequently encountered in radio work. 
These are the ohmmeter and the resistance bridge. 

Each type of equipment has advantages not possessed 
by the other ,for certain classes of work. For instance, 
the ohmmeter is better adapted for such uses as con- 
tinuity testing, testing volume controls for "taper," etc.; 
it is perhaps the simplest instrument yet devised which 
is capable of measuring resistances ranging from 1 ohm 
to 1 megohm accurately enough for most ordinary pur- 
poses. 

On the other hand, highly accurate measurements are 
more easily obtained with the bridge. A modified circuit, 
the percent -limit bridge, in addition is quite rapid in 
testing quantities of resistors of like rating. For ex- 
ample it is convenient to express production tolerances 
in per cent plus or minus a nominal or rated value. No 
discrimination is ordinarily made between units falling 
anywhere within the tolerance limits. The percent -limit 
resistance bridge makes only one discrimination between 
tested resistors : either they are within the limits, or else 
they are not within the limits. 

In Fig. 1, let us give R, the resistance to be tested, a 
rating of 10 ohms, with tolerance limits of plus or minus 
10 per cent. A is a "standard" resistance of 10 ohms. 
B is, say 5 ohms, and C has a total resistance of 5.5 
ohms (B plus 10 per cent) and is tapped at 4.5 ohms 
(B minus 10 per cent.) 

It can be seen that if the galvanometer needle re- 
verses its direction of deflection from the zero line when 

Ga/v. 

;: i 4. ' 'Í .- .Vr, ói á 
Merrury' 'insert Rx á c o ó 

P` am oo h 

'30 and 300 v. Fine 
sea/es Control 

-A.C. line 
switch 

Fig. 3-The allowed tolerance can be set up directly by 
the operation in this resistance test circuit. 

switch S is thrown, R will be within 10 per cent of 10 
ohms. If the direction of deflection is unchanged but 
only the amount of deflection changes then R will be 
found to differ by more than 10 per cent from 10 ohms. 

Thus, while not showing the actual resistance of a 
tested resistor, such a . circuit will show whether or not 
the resistor is within the prescribed tolerance limits. 
Testing of quantities of resistors of like rating can there- 
fore be accomplished at a very rapid rate by this method. 
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Fig. 4-A unique circuit for testing the individual sections of voltage dividers and other sectioned resistance units. 

It uses the same basic circuit as described in the text. The seven switches are mounted on a single shaft. 

Carbon resistors used in modern radio sets range in 
resistance from a f ew hundred ohms to a megohm and 
more. They have a high voltage coefficient of resistance, 
making it desirable to test them on the same potential 
they will have to assume in the set. Also the allowable 
deviation from rated resistance may run anywhere up to 
perhaps 20 per cent. The necessary latitude of test con- 
ditions was provided for in the bridge in Fig. 3. 

A very sensitive galvanometer of the string suspen- 
sion type was used. The standard resistance arm of the 
bridge (A, Fig. 3) was made always equal to the rated 
resistance of the resistor being tested. This simplified 
preliminary adjustment of the bridge, and also facilitated 
measurement of the voltage applied to the resistor being 
tested. A five section decade was constructed to serve 
as the standard resistance. This decade covered the 
range of 0 to 1 megohm in 10 ohm steps. 

The optimum resistance or arms B and C, being de- 
pendent upon both the resistance of A and Rx and the 
resistance of the galvanometer, was found by experiment 
to be about 10,000 ohms each, this value giving the high- 
est sensitivity in testing high resistances. 

A two -gang switch connected to a pair of tapped re- 
sistors included in arm C provided a selection of per- 
centage limits up to 20 per cent. The switch picked out 
taps at points equidistant above and below the mean 
value of 10,000 ohms maintained in arm C, and con- 
nected these taps to the galvanometer switch. 

A rectifier and filter circuit terminating in a low re- 

sistance slider type voltage divider supplied any desired 
exciting potential up to 600 volts. The exciting poten- 
tial was measured with a voltmeter equipped with 60 and 
600 volt multipliers and 30 and 300 volt scales, so as to 
indicate one-half the voltage impressed across the bridge, 
which was substantially the portion of the impressed 
voltage appearing across the tested resistor. 

A double push-button switch constituted the only 
active operating control. Pressing button No. 1 con- 
nected the exciting voltage to the bridge. Pressing the 
second button then changed the bridge ratio from the 
plus limit to the minus limit, thereby effecting the 
measurement. 

To make the necessary adjustments preliminary to 
testing a batch of resistors, the percentage switch and 
voltage divider slider were set at 0, and the a -c line 
switch turned on. A specimen of the resistors to be 
tested was inserted into the mercury -cup contacts and the 
decade switches set at its rated resistance. Then, while 
holding down push-button No. 1, the voltage was raised 
until the voltmeter indicated the voltage on which the 
resistors were to be used. Then the percent -limit switch 
was turned to the desired limits, whereupon the bridge 
was ready for use, no further adjustments being neces- 
sary until resistors of a different rating were to be tested. 

This bridge represented perhaps the nearest approach 
to absolute accuracy that would be practical for produc- 
tion work. It is worth noting, however, that speed in 
testing was not sacrificed in attaining high accuracy. 
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Design and use of 

"acorn" tubes 

For ultra -high frequencies 

By BERNARD SALZBERG 
Research and Development Laboratory 
RCA Radiotron Co., Inc., Harrison, N. J. 

FARLY 
work on the extension of the high -frequency 

limit of receiving equipment indicated that in con- 
ventional circuits employing standard tubes, the 

tubes became less and less effective as the frequency was 
increased and that ultimately, at frequencies of the 
order of 200 megacycles, tubes were practically useless. 
B. J. Thompson and G. M. Rose, Jr., conclusively demon- 
strated that the limitations to the successful operation of 
vacuum tubes at the higher frequencies may be overcome 
by reducing the dimensions of the tubes.* 2 The small 
tubes which they built, being intended for a research 
study, were not suited for manufacture. However, the 
possibilities of these tubes aroused an interest sufficiently 
wide -spread to warrant their further development for use 
by experimenters. This article deals with the factors 
which were involved in the design and application of the 
first of such tubes, a Lilliputian triode. 

If all of the linear dimensions of a tube are decreased 
by a constant factor, say n, then the plate current, trans - 
conductance, amplification factor, and plate resistance 
will remain substantially constant, but the lead induc- 
tances, the tube capacitances, and the time of transit 
will be decreased by the factor n. Furthermore, the re - 

FIRST announced in 
issue of Electronics, 
tubes which amplify, 

August 1933 
the "acorn" 

oscillate, and 
detect on waves as short as 40 centi- 
meters have now reached the stage 
of practical manufacture. The pres- 
ent article deals with the design and 
application of the triode and indicates 
that it may soon be available for ex- 

perimental purposes, at least. 

Fig. 1-Leads coming through the heavy glass 
seal form the base. The tube at the left is 

actual size. 

quired heater power will be decreased by n2, the allow- 
able plate dissipation will be decreased by n2, the cur- 
rent densities will be increased by n2, and the bulb tem- 
perature will be increased by a factor somewhat less 
than n2. Physically, the tube will be reduced in its over- 
all dimensions by factor n, and in its weight by a factor 
n3. For mechanical reasons, however, it is not feasible 
to reduce all of the tube dimensions to the same degree. 
For example, a reduction by a factor of four of all of 
the linear dimensions of the Type 56 would require grid 
side -rods of 0.00625 in. dia., grid wire of 0.00083 in. 
dia., a cathode sleeve of 0.0125 in. dia., and a cathode 
coating of approximately 0.00075 in. thickness. Parts of 
such minute dimensions would be extremely difficult to 
manufacture with present-day equipment. Conse- 
quently, as is usual in many engineering problems, it is 
necessary to arrive at a practical solution which will give 
the essential results. 

Electrical and mechanical requirements . 

In addition to design limitations imposed by physical 
structure, a number of electrical requirements must be 
considered in the design of small tubes. For example, 
it is desirable that the triode be of the ."general purpose" 
variety, i.e., that it be suitable for operation as an r -f 
amplifier, and an a -f amplifier, a grid- or plate -circuit 
detector, and a low -power oscillator. Furthermore, it 
should be suitable for battery and a -c operation and re- 
quire a minimum of heater power. Its electrode volt- 
ages and currents should be such as to fit, in so far as 
possible, existing auxiliary circuit equipment. Good life 
performance is also an essential requirement. As regards 
external structure, it is imperative that the basing scheme 
permit aging and testing operations to be carried out 
conveniently in the factory and allow easy insertion of 
the tube in circuit equipment without introducing undue 
losses. The placing of the lead terminals should be 
made so that they permit short circuit connections. 
Finally, it is desirable that the tube design be suitable for - 
economical production maintainable within reasonably 
close electrical limits. 

These considerations circumscribe the design of the 
tube. Its static characteristics must be set by a study 
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of the various uses to which the tube might be put and 
by a careful weighing of their relative importance. For 
the tube shown in Fig. 1, such considerations indicated 
the desirability of obtaining a plate resistance of the order 
of 10-15 kilohms and an amplification factor above 15, 
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PLATE 
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GRID 
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CATHODE 

LATE 

GRID 

HEATER LEAD 

CATHODE LEAD 

Fig. 2-Structural details of mount assembly. 
Note the half -inch scale. 
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1 
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together with a ratio of transconductance to plate current 
as high as possible. To effect a significant improvement 
in high -frequency behaviour, and yet have a tube which 
could be manufactured, the electrode spacings were re- 
duced to minimum distances of the order of 0.005 in. 
This reduction extends the upper frequency limit of 
operation beyond that of existing commercial triodes by 
a factor of approximately 4 and at the same time, keeps 
the design of the tube within the realm of attainable 
manufacturing technique. To make the tube convenient 
for general battery and a -c use, the heater voltage was 
set at 6.3 volts. A conventional cylindrical cathode of 
the smallest practical diameter is employed in order to 
realize the minimum heater power. Its length was chosen 
so that the lowest plate resistance consistent with low 
interelectrode capacitances could be obtained. A plate 
voltage of 180 volts was found to be consistent with the 
low transit time requirement and with good life per - 
f ormance. To obtain short leads, low losses, suitable 
means for effective by-passing at the higher frequencies, 
and a practical form of base, it was necessary to abandon 
the conventional form of pinch stem and standard base 
assembly. Instead, the tube elements were connected to 
heavy leads suitably positioned and fastened to a mica 
spacer ; these leads were then sealed in and used as base 
pins. 

Constructional details 

The actual calculations involved in the design of this 
small triode are similar in all respects to the usual tube - 
structure calculations. These are of a semi -empirical 
nature, based in part upon approximate analyses of the 
electrical field of tubes of ideal configurations, and in 
part upon known derivations of the space -charge -limited 
current between the elements of diodes of simple geo- 
metrical shape.3 

A representative tube, based on these design considera- 
tions is shown in Fig. 1. Details of tube structure are 
illustrated in Fig. 2. The tube consists of a cylindrical 

cathode enclosing the insulated heater, an elliptical grid 
with a large number of turns, and a rectangular plate. 
The cross section of the grid is elliptical to reduce the 
otherwise severe 'control effects of the side rods. The 
elements are spaced very closely along the minor axis of 
the grid-where the cathode emission is most usef ul- 
in order to reduce the transit time and increase the trans - 
conductance, and somewhat less closely along the major 
axis in order to decrease the capacitances and increase 
the structural strength. Two accurately punched mica 
spacers serve to hold the elements in position, the whole 
assembly being fastened in place by means of small lugs 
which are bent out from the ends of the plate. One of 
the mica spacers is used as a sort of stem, the heavy 
base pins and the lighter leads to the electrodes being 
fastened around its periphery as shown in Fig. 2. The 
getter material is enclosed within a flat tab welded to 
one of the plate lugs. The mount is placed within a bulb 
which consists initially of two cup -shaped heavy glass 
sections, the shallower one of which has an exhaust pipe 
attached to it. The seal is of the "joined -flare -seal" type, 
and is made at the plane of the tube leads between the 
two glass sections. After sealing, the tube is exhausted, 
the exhaust pipe is tipped off, and the base pins are cut 
quite short. The combination of the heavy glass of the 
joined -flare seal and the stub -pins constitutes a prac- 
tical and extremely sturdy base. This arrangement 
obviates the need for soldering the tube to the circuit 
elements and also avoids the deleterious effects of the con- 
ventional base. The leads themselves are radial, the two 
heater leads being symmetrically placed 30 deg. on either 
side of the cathode leads, the grid and plate leads, 60 
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Fig. 3-Plate voltage -plate current characteristics 
of the triode. 

350 

deg. apart on the same diameter as the heater leads. 
This arrangement has proven to be very well adapted to 
the contemplated tube uses, since the grounded r -f leads 
are separated from the active r -f leads. 

Tubes of this type may be used as grid- or plate -cir- 
cuit detectors, low -power a -f and neutralized r -f ampli- 
fiers, and as low -power oscillators. At the highest f re- 
quencies, well beyond the limit of standard tubes, they 
may be operated in conventional circuits, the unusually 
high transconductance being useful in making up for the 
deficiencies of the circuits. The only precautions which 
need be observed with these small triodes are the use of 

[Please turn to page 293] 
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HIGH LIGHTS ON ELECTRONIC 
Accurate frequency control 
with thermionic tubes 

THERE ARE many applications requir- 
ing very close control of motor speeds. 
Hence, the solution of the problem of 
accurate frequency adjustment as made 
in the case of the astronomical tele- 
scope drive illustrated herewith, might 
well find other uses in industry and in 
laboratories. 

The telescope at the McMath-Hulbert 
Observatory, Lake Angelus, Mich., was 
formerly operated by a synchronous 
motor. But frequency variations during 
the daylight hours, caused by the widely 
varying industrial load of Detroit and 
nearby cities, led to the electronic -tube 
installation sketched in the diagram. 

The control apparatus is in three 
parts : 1. The thermionic-tube oscilla- 
tor. 2. The speed -control tubes. 3. The 
device which is to have its speed con- 
trolled, either a direct -current motor, or 
a rotary converter and synchronous 
motor. 

The frequency desired is generated 
in the resistance -stabilized oscillator, at 
the left in the diagram. The thermionic 
frequency control in the second or mid- 
dle section comprises a pair of tubes 
operating in parallel, whose grids are 
excited by the frequency generated at 
the left. The plate voltage is supplied 
by the speed -controlled device and has a 
frequency proportional to its speed. The 
instantaneous magnitude of the plate 
current is a function of the instan- 
taneous plate and grid voltages, or more 
simply, of their phase difference. It is 
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-1r --------- 
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this plate current, acting on the speed - 
controlled device at the right, which 
maintains synchronism between the left- 
hand and right-hand elements in the 
sketch. 

At the right, the driving unit is a 
shunt-wound direct -current motor op- 
erating the telescope, with slip -rings in- 
stalled to supply plate voltage for the 
control tubes and filament current for 
all tubes. The shunt field is opened at 
its electrical center and the circuit is 
completed by means of fixed resistances, 
thus forming a bridged circuit. The out- 
put of the plates of the control tubes of 
the center section is connected to this 
bridged circuit. 

At the Lake Angelus installation, the 
range of control is from 57 to 60.5 
cycles per second. The cost of the elec- 
tronic outfit has proven less than that 
of a first-class weight -driven pendulum - 
controlled driving clock of conventional 
design. 

+ 

Photocell controls car painting 
A VALUABLE USE for a photocell has 
turned up in the spray -painting of auto- 
mobiles as they go through the produc- 
tion line. In one application, a black 
paint is applied to the bottom of the 
cars as they approach the delivery point. 

Formerly a man was employed to turn 
the spray on and off as the car passed, 
but in a number of cases the attendant 
would forget or neglect to shut off the 

Therm ionic -tube 
frequency control 
r 

L 
1 

J 

Driving unit 
(Shunt dc.motor 
driving telescope) 

L_ J 

+ D.C. 

Supplly 
This telescope drive is controlled by accurate frequency adjustment 

independent of outside load changes 

spray promptly, and some of the black 
lacquer would go up over the back of 
the car, spoiling the paint and requiring 
refinishing. 

Now, with a photocell, the paint spray 
is turned on accurately by the shadow 
of the car, as soon as the painting posi- 
tion is reached, and is turned off equally 
sharply as soon as the car passes, auto- 
matically preventing possibility of get- 
ting the black under -body paint on the 
back or sides. 

Ships steered by 
"Electron Elmer' 

USE OF THE CATHODE-RAY tube as a 
relay to control the steering of a ship, 
in the same way that the gyroscopic 
compass or "Metal Mike" has been ap- 
plied, is described by Dr. F. E. Free in 
his "This Week's Science." Dr. Free 
writes : 

"A new electronic compass for ships, 
working thousands of times faster than 
ordinary magnetic compasses and not 
affected by iron used in the ship's con- 
struction, has been devised by physicists 
of the National Physical Laboratory in 
England. A thin, pencil -like beam con- 
sisting of billions of electrons a second 
is generated inside a vacuum. Although 
these electrons move at speeds of more 
than 10,000 miles a second, the beam is 
swung this way or that by even very 
tiny magnetic or electric forces, includ- 
ing the forces of earth magnetism. This 
fact is used by letting the beam of elec- 
trons strike two tiny disk -like targets 
in such a way that half the electrons in 
the beam hit one target and half hit the 
other one, like a stream of water divided 
equally between two pails. The device 
is set so that this half-and-half condi- 
tion corresponds exactly to the proper 
course of the ship as related to the di- 
rection of the earth's magnetism. 

"The targets hit by the electron beam 
then are connected, through vacuum - 
tube amplifiers, to three signal lights; 
one white, one red and one green. So 
long as the ship is on its proper course 
the electron beam falls equally on the 
two targets and the white signal light is 
illuminated. If the ship swings to the 
right or left the election beam falls on 
one target more than on the other and 
the red or green light is illuminated; 
red for a swing to the left, green for 
one to the right. The steersman needs 
merely to watch these lights, or the elec- 
tric circuit can be connected to an auto- 
matic steering device like the Metal 
Mike now worked by magnetic or gyro- 
scopic compasses." 
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DEVICES IN INDUSTRY + 

Gloucester gets 

first harbor beacon 

IT WILL BE EASY in the future for a 
vessel bound down East or to the West- 
ward but buffeted by gales or blinded 
by rain, fog or snow, to find her way 
safely into a haven behind Gloucester 
(Mass.) Breakwater. This will be the 
first harbor radio beacon on the At- 
lantic Coast. 

G. R. Prtnam, U. S. commissioner 
of lighthouses, has approved and work 
has been started on two transmitters 
for a radio beacon to be installed in the 
"red-light" tower on the end of Dogbar 
Breakwater. The code signal of the 
beacon has not yet been assigned but 
the frequency will probably be 304 kilo- 
cycles. Its operation will be at times of 
fog or low visibility and also possibly 
on a definite schedule in clear weather 
such as. the second or third quarter of 
each hour. 

This beacon will also be available 
for the calibration of radio direction 
finders by vessels within the harbor, 
making unnecessary the heretofore es- 
sential trip to Boston Light Vessel for 
this purpose. Swinging the vessel in 
the smooth watee of Gloucester Harbor 
will make the calibration work more 
accurate and the direction finders on 
vessels of the fishing fleet more de- 
pendable. 

A strong and sustained effort was 
made to have this beacon speak the 
word "Gloucester, Gloucester," followed 
by a horn tone, rather than the conven- 
tional "dah-dit-dit-dah" code signal. A 
talking transmitter was built to demon- 
strate the practicability but the pro- 
posal was rejected by the Lighthouse 
Bureau because of the too narrow band 
of frequencies in which all of the ninety- 
nine radio beacons around the coast of 
the United States have to operate. This 
band, from 284 to 316 kilocycles, is all 
too marrow and not only denies the 
privilege of having the Gloucester bea- 
con say "Gloucester" but also has 
limited the development of direction 
finders. . 

In the case of the Gloucester break- 
water beacon, a vessel from the East 
would steer for the Boston Light Vessel 
signal until he hears the Gloucester 
signal. Then he would change his 
course and head directly for the end of 
the breakwater until he picks up the 
buoy or sees the breakwater. The rest 
is plain piloting. 

The beacon will also be invaluable 
to yachts after passing through the 
Cape Cod Canal, Eastward bound. The 
beacon on the Western end of the break- 
water will be so close to the deep water 

channel that a direct course for the 
beacon may be safely steered until the 
red light or the tower itself is plainly 
visible. 

Sticky material protected 

by photo -cell 

RUBBER SHEETING as used in an Eastern 
shoe factory is so sticky that if it is 
allowed to touch the floor or to foul as 
it unrolls from a reel to a conveyor, dis- 
aster results. To prevent this, three 
photo -electric cells are mounted on a 
frame between the reel and the con- 
veyor opposite spotlamps placed 1 ft., 3 
ft. and 4 ft. above the floor, according 
to H. H. Raymond, consulting engineer. 
Berlin, Conn. 

As the rubber roll loops downward 
from the power -driven reel turning at 
constant speed, the slack festoons down- 
ward toward the floor. The rubber is 
highly fragile besides being sticky. The 
speed of the reel is slightly above that 
of the horizontal conveyor. If the loop 
approaches the floor within 1 ft. it in- 
terrupts the light ray passing from the 
lowest lamp to the lowest photo -cell, 
and this actuates the photo -cell relay 
and stops the reel motor. The conveyor 

then gradually pulls up the slack and 
when the rubber sheeting loop reaches a 
height of 3 ft. above the floor it inter- 
rupts the ray between the intermediate 
lamp and its cell, starting the reel motor 
and again delivering the sheeting 
toward the conveyor without stoppage 
of the conveyor. 

Occasionally the sheeting becomes 
caught on the reel and this sweeps the 
rubber sheet upward into the air. This 
interrupts the light ray between the top 
lamp and the corresponding photo -cell, 
and appropriate relays shut down both 
reel and conveyor motors to prevent 
extensive damage. 

Measuring movie -film 

density 

ENGINEERS OF THE Paramount Labora- 
tory in Hollywood have developed a 
new type of visual "densitometer" for 
measuring the density of film to be 
printed or projected. The essential 
elements of the new device comprise a 
light source, a Weston Photronic cell, 
and a micro -ammeter. The density 
range of this new visual densitometer 
is from zero to unity density. 

PHOTOELECTRIC COLOR ANALYZER 

The colorimeter developed by Professor Arthur C. Hardy at the Massachusetts 
Institute of Technology. The device makes it possible to measure color quickly 
and accurately by photoelectric means. From left to right are Dr. Vannevar 
Bush, Professor Hardy, Dr. Karl T. Compton, Dean of Science Samuel C. 

Prescott, and Dr. Harry M. Goodwin. 
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E conomica design 

For radio set 

transformers 

By C. A. HULTBERG 
Radio Engineer 
Hygrade Sylvania Corporation 
Emporium, Pennsylvania 

THE modern trend in radio towards smaller and 
cheaper receivers has produced a change in sev- 
eral aspects of transformer design. Electrical effi- 

ciency is becoming a less important item, especially in 
power supply transformers, whereas the present trend is 
toward low first cost, and small size. The items in order 
of importance range as follows : 

1. Manufacturing cost. 
2. Size. 
3. Operating characteristics 

(a) Regulation 
(b) Temperature 
(c) Operating life 
(d) Freedom from mechanical noise such as 

lamination hum, etc. 
4. Electrical efficiency. 
The above list is based on the assumption that no pre- 

vious design of transformer is to be used as a basis for 
die parts, etc. Wherever possible, a previously used size 
of lamination is used. Where several sizes and types of 
laminations are available, experience and previous design 
data, if available, will be the major factors in the new 
design. 

Power transformer design 
In power transformer design, the three principle items 

are : 

1. The lamination size required. 
2. The permissible (or desirable) flux density. 
3. The permissible (or desirable) current density. 

Desirable flux density in power transformer steel is : 

For 60 cycles 55,000 lines per sq. in. 
For 25 cycles 75,000 lines per sq. in. 

THE DESIGN FACTORS presented in this 
article reflect the trend toward low first cost 
and small size, both of which have caused a 

definite revision of engineering practice in 
this field 

However, higher flux densities are allowable as shown 
in Fig. 1. These curves are empirical and obtained from 
a large number of samples of transformers made by 
several manufacturers. As the power output is decreased 
and smaller units are used, the area per watt heat dis- 
sipation increases and higher flux and current densities 
are allowable ; however, mechanical hum limits these 
items. In the smaller size units this limitation accounts 
for the curves flattening off for low power transformers. 

In precalculations of current density, especially of pri- 
mary current, curve 2 will prove valuable. If very high 
flux densities are used, an extra allowance must be made 
for poor power factor. 

Current densities are usually expressed in circular mils 
per ampere. Usual versus maximum values are shown 
below : 

Usual Maximum 
Filament windings 600 c.m./a 450 c.m./a. 
High voltage windings 600 500 
Primary windings 600 500 

Small, well ventilated transformers have been built 
using current densities as high as 300 circular mils per 
ampere, and though usable for some applications, a 
more conservative design is always to be preferred. In 
the future, as new insulation materials are developed, 
higher current densities will very likely be used for all 
sizes of transformers used in radio sets and other small 
appliances. 

Usually two or three different "standard" sizes of 
laminations are available, and it only becomes necessary 
to determine the core cross-section under the windings. 
A good working formula for this purpose is: 

rl = c -VE (1) 
A = Cross-section of core in square inches 

c = An empirical design constant 
El = Power output of transformer in volt amperes 

c = .180 to .280 for 60 cycles l The lower figures correspond 
= .280 to .380 for 25 cycles J to the high flux densities. 

The number of turns in the primary is determined 
from the familiar formula : 

Np = 4.44XfXOXA 
where' Ep = Primary voltage 

f = Supply frequency 
= Flux density in lines per square inch 

A = Cross sectional area of the core (sq.in.) 

Secondary turns are then determined by means of the 
voltage ratios between primary and secondary adding 
about 5 percent for IR drop in the windings. 

Es Ns 

EpX10g 

_ -- 
Ep Np 

or Ns = Np (Es/Ep) + correction for IR drop 

Where resistance loads only are applied to the secondary, 
effects of IR drop and other factors can be quite accur- 
ately calculated, as shown later. 

Where an entirely new design is required including a 
new size of iron, the size of the iron (window dimen- 
sions and center leg width) is most easily determined 
by calculating two or three coils of different shapes 
(length versus thickness) and having samples wound. 
Allowing suitable clearances around the coil, a new iron 
may be readily designed. 

The design of a new iron should also be governed by 
the conditions known to exist, such as : 

Is the same iron desired for 60 cycle and 25 cycle 
transformers, or is 60 cycle operation only desired? 

(2) 

(3) 
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Will some particular shape improve the space available 
on the chassis of the device it is to be used with? 

Can an auto -transformer be used to advantage with- 
out losing the chance of Underwriters' approval ? 

Insulation and winding data 
In designing coil windings using enamelled wire, some 

precaution to prevent crossed turns, and consequent dan- 
ger of short circuits must be observed. Past experience 
of numerous coil manufacturers has shown that a wind- 
ing factor of 85 percent to 87 percent is the most 
practical for any wire smaller than No. 30 B & S gauge. 
For sizes between No. 20 and No. 28, winding factors of 
90 percent are satisfactory where necessary. Sizes larger 
than No. 20 may be wound with a winding factor as high 
as 93 to 95 percent. 

When using the smaller wire sizes spacing closer than 
87 percent will tend to cause shorts, and spacing larger 
than 85 percent winding factor will give uneven build 
u i; turns in one layer sinking between turns in a lower 
layer. These winding factors and insulation data also 
apply to audio transformers and chokes. 

Data for insulation layers are given in Table I. 

TABLE I 
Audio and Power Transformer Coil Interlayer Insulation 

(For Machine Wound Coils) 
THICKNESS OF 

INSULATION 
AND MATERIAL 

.0005" Glassine 
.0007" Glassine 
.001" Glassine 
.0013" Glassine 
.002" Kraft 
.003" Kraft 
.005" Kraft 
.005" Kraft 

MAX. SIZE OF 

ENAMELED WIRE 

No. 38 A.W.G. 
No. 35 A.W.G. 
No. 31 A.W.G. 
No. 29 A.W.G. 
No. 25 A.W.G. 
No. 23 A.W.G. 
No. 16 A.W.G. 
No. 12 A.W.G. 

RECOMMENDED MAX. RMS 
VOLTS PER LAYER OF WIRE 

DOUBLE 
PAPER 

50 V. 
75 V. 

100 V. 
135 V. 
140 V. 
200 V. 
350 V. 175 V. 

(Hand -Wound Filament 
Windings) 

SINGLE 
PAPER 

25 V. 
38 V. 
50 V. 
63 V. 
70 V. 

100 V. 

In winding with paper insulation, the margins of paper 
extending beyond the winding vary according to the type 
of service. For audio transformers and small chokes, 
k" to 4" is sufficient. In power transformer windings, 
primary windings should have 130" to 150" margin, while 
for the high voltage secondaries (1000 volts) not less 
than h", or for a 2,000 volt winding not less than 156". 

Filament windings have margins of from +" to ¡". More 
liberal margins will add to the safety factor, but the in- 
creased cost rarely justifies more than the values given 
above. 
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Fig. i-Permissible flux -density in power transformer 
cores for 25 and 60 cycle operation, and for various 

output ratings. 

loa 

Insulation between windings should be required to 
stand twice terminal voltage plus 1500 volts. Kraft 
paper, or varnished cambric is usually used, depending 
on the voltage and mechanical stress. In some cases 
both are used, viz., between a high voltage secondary 
and a heavy wire filament winding. 

In all cases, a preliminary design is drawn up and 
samples are made. The samples are then carefully 
checked under operating conditions, recording all impor- 
tant data such as secondary voltage, primary and sec- 
ondary current, and temperature rise, etc. Using these 
data, any necessary corrections or changes may be readily 
calculated so as to obtain the desired voltages and current 
densities in the various windings. 
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Fig. 2-Efficiency of transformers improves as the rated 
output is increased, the small transformers of present 

design have efficiencies as low as 60-70 per cent 

10 

Testing the transformer sample involves measurements 
of the voltage and current in both windings, for which 
purpose a.c. meters must be used. The calibration of 
these meters should be checked periodically to insure 
accuracy of the testing data. 

Design corrections 

The following method may be used for correcting the 
design of a multi -winding power transformer feeding a 
rectifier and associated filter circuit. Obtain readings of 
d -c voltage and current. If incorrect, by some reason- 
able percentage (10 percent or less) , correct the number 
of turns on the winding at fault by the same percentage 
and re -check with the same filter network and rectifier 
tube as used for the first check. If the original error was 
large, two successive corrections may be necessary to 
obtain the desired result. If filament voltages are wrong 
by a smaller amount than can be compensated for by the 
addition or subtraction of one-half turn (or a full turn 
where a center -tapped winding is employed), it becomes 
necessary to change the number of turns on the trans- 
former primary. If the transformer primary turns are 
changed to correct one secondary voltage, all other sec- 
ondary windings must be changed in the same ratio. 
For an example, suppose a 1000 turn secondary and 200 
turn primary gives a desired high voltage but that a 5.5 
turn secondary gives a filament voltage that is 5 percent 
high. To compensate, the primary and the 1000 turn 
secondary are increased 5 percent each giving 210 turns 
and 1050 turns, respectively. (A one-half turn change in 
the filament winding would cause a 9 percent change in 
filament voltage.) 

[Editor's note-In the second installment of this article, Mr. 
Hultberg will discuss the design of B filter chokes, interstage 
audio transformers, and output transformers, both from the 
standpoint of theory and practical manufacturing considerations.] 
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Home facsimile is on the way 
ONE of the large broadcasting stations is re- 

ported preparing to put on an experimental 
facsimile service, to deliver printed text and pic- 
tures to those of its audience who have their radio 
sets tuned in from 1 a.m. to 6 a_m. 

News print, headlines, display ads, cartoons, 
style sketches, weather maps, etc., will be included 
in this little newspaper which will unroll from a 
mandrel under the radio set, and will be printed 
without any manual preparation on the user's 
part. 

The station owner proposes to handle the sales 
of the first experimental facsimile printers, which 
will be connected to be switched on in place of the 
usual speakers. The broadcaster also proposes to 
furnish, free of charge, the rolls of paper for the 
facsimile newspaper. These will be supplied upon 
written application of listeners, in order to show 
"display advertisers" just who and where are the 
users of this new advertising service on the air. 

A handy "yard -stick" 
for high fidelity? 
WITH rapid progress now under way in the 

direction of "high fidelity," how can the 
average radio engineer in a radio factory or broad- 
cast station determine quickly and to his own full 
satisfaction whether he is getting adequate fidelity 
or not. Of course, we have the big elaborate in- 
struments to measure tone quality. But is there 
not some compact handy "sound thermometer" 
which can be applied by an everyday practical man, 

something like the new "light -meter" is used to 
measure illumination intensity? 

If such a práctical sound -measuring meter were 
available, to be sold at several hundred dollars, 
there would seem to be a market for it in a lot of 
places. Without such a meter available, we are 
bound to suffer a lot of both intentional and un- 
conscious gypping of high fidelity, leading to 
abuses of the name, and to unsound practices. 
Perhaps devices already developed can be adapted 
in this direction. If so, right now, while high 
fidelity is on everybody's mind, is the time to offer 
such a device to the industry. 

Electronic inefficiency 
TH T electron -bombardment devices, such 

as the cathode-ray and x-ray tubes, are very 
inefficient, is seldom emphasized. When the elec- 
tron stream impinges on the metallic or fluorescent 
surface, an extremely broad spectrum of radiation 
results, ranging from the extremely short x-rays 
to the long wave -lengths of heat. But it is seldom 
if ever that the engineer wants all of these radia- 
tions at once. In the x-ray tube he could well dis- 
pense with the heat, while in the fluorescent 
cathode-ray tube he would like to concentrate the 
energy of the electron beam into light. 

There is a great field for fundamental research 
in the conversion of electronic energy into radia- 
tion at desired frequencies, that is, in developing 
methods of bombardment which produce useful 
radiation at the expense of useless radiation. 
Progress in cathode-ray television, x-ray practice, 
and many other arts will be greatly accelerated by 
new findings in this field, which apparently has 
been neglected by engineer and physicist alike. 

Old transformer iron 

for new radios! 
THE artifices of the price chiseler are many, 

and the efforts to which he resorts are worthy 
of a better cause. 

Take the "old iron" racket now being practiced 
in some quarters. Instead of using modern sili - 
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con steel, some transformer makers are buying 
up old junk electric -light transformers and choke 
coils, for the old iron they contain. Some of these 
veteran pieces of electrical apparatus have served 
honorably for twenty years or so. Fatigued by 
many millions of alternations, they date back to 
the early days when far less was known about 
transformer iron than at present. 

Laminations from these old sheets are worked 
over for radio use. The result obviously is a 
mixture of irons poor in magnetic qualities and 
uneven in character. This is the heterogeneous 
junk which goes into some cheap units, and even- 
tually into cheap sets, resulting in appalling ineffi- 
ciency and lack of uniform performance. It is 
price -whittling with a vengeance. 

Q 
A simple facsimile printer 

CONSIDERABLE 
impetus is given the com- 

ing of "home -facsimile" through ordinary 
home radio sets, by a new direct printing process 
using standard carbon paper and requiring no 
processing-other than to be picked up and read! 

The paper to be printed on, accompanied by a 

piece of carbon paper, passes between a revolving 
roller and an'oscillating knife-edge. Around the 
roller is embossed a raised spiral of a single turn. 
This roller and spiral revolve once, while the 
paper is being advanced the width of one line of 
the facsimile. Thus, if the straight -edge knife is 

pressed continuously against the roller, the point 
of contact with the spiral will run across the paper 
and a solid horizontal line will be drawn. If, 
however, the knife-edge is raised and lowered by 
the reproducer magnet, dots and dashes of the 
picture will be reproduced. The carbon paper is 

used over and over, and is the only part needing 
eventual replacement. 

Auditory perspective 

PERSONS of musical and artistic tempera- 
ment sometimes complain that radio repro, 

duction is "too flat"-that the tones issuing from 
a single loudspeaker, whatever the fidelity, are too 

centralized and unreal. Someone has said that 
to listen to a great orchestra reproduced by a 
single speaker, is "like ,listening through a knot- 
hole in a fence !" 

Of course binaural reproduction, with two micro- 
phones, two broadcast channels and two radio sets 
separately placed, would aid in the illusion of 
reality. But we are far from having sufficient 
channels for the general use of such true "audi- 
tory perspective" on the air. 

But something approaching "stereoscopic hear- 
ing" might be accomplished with single -channel 
reproduction, by using two speakers, separated in 
the room, one speaker filtered for highs, and one 
for lows. The instruments of an orchestra would 
appear to have considerable spatial separation ; a 

man and woman in a dialogue would seem to he 
on opposite sides of the room. 

Experiments along this line might well bring a 

new-even if pseudo-dimension into radio re- 
production. 

RADIO -CONTROLLED TRACTOR AT 
CHICAGO FAIR 

The International Harvester Company is exhibiting this 

remote -controlled tractor, which plows acreage while 
steered from the farmhouse porch. 
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REVIEW OF ELECTRONIC LITERATURE 
HERE AND ABROAD 

Screen grid tube circuits 
having high frequency stability 
[K. P. SCHWEIMER and L. Pungs, 
Braunschweig Institute of Technology.] 
It is possible to design oscillators with- 
out quartz control, for which the fre- 
quency remains constant to within 20 
cycles at 2,000 kc., even when the plate 
potential varies 50% and the filament 
voltage 20%. The theory of the simple 
oscillating circuit which takes into ac- 
count the grid current shows that main- 
taining the ratio grid a.c. to total a.c. 
is the most important factor ensuring 
constant frequency. The current dis- 
tribution in self-excited three -electrode 
tubes is fixed by the grid and the plate 
potential and the tube constants. Four - 
electrode tubes leave a means of con- 
trolling the distribution from the out- 
side. When the plate potential is varied, 
the change in frequency , produced is 
nearly opposite to that obtained by a 
similar change in the screen grid poten- 
tial, and it is possible so to couple the 
two electrodes that the frequency re- 
mains constant so long as the ratio of 
the two electrode voltages is kept at a 
certain value.-H.f. Techn. El. ak. 43 
No. 6 : 181-189. 1934 

Symmetrical oscillators 
and multivibrator 
[J. MERCIER, University of Bordeaux.] 
The tuned circuit may be placed be- 
tween the plates of two tubes and 
coupled to the grids by means of identi- 
cal coils. The two tubes behaving as 
coupled oscillating circuits may oscillate 
in phase (or as a single tube) or in 
phase opposition, no high frequency 
current flowing in the latter case 
through the high tension battery. In 
order to prevent operation in phase 
which is of little interest, a choke coil 

RI 

Multivibrator 
Rz 

circuit using capacity 
coupling. 

may be inserted in the high tension lead. 
The equation of the circuit is nearly 
the same as for a single tube, the only 
change in the conditions for oscilla- 
tions being that 2Rp is to be written in 
place of Rp, that is R (L -I- M' + µM) /2RpC must be negative, M' 
being the coupling between the two 
halves of the plate coil. The pulsation 
is given by the square root of 1/(L - 
M') 2C. 

The multivibrator can be considered 
as a symmetrical oscillator in which, 
however, the circuit constants are 

'6Ööö0Ö 
L 

06ÖÒ0 
I %-2 

Symmetrical oscillator with mixed 
coupling. 

aperiodic. When the value of ,u - 1) 
(r) - Rp is positive, the smallest dis- 
turbance is amplified in such a way that 
no steady state is reached. The con- 
densers C, and C2 are alternately 
charged and discharged.-Onde él. 
13 No. 149: 197-219. 1934. 

The cell space ratio in wood 
by a photo -electric method 

[W. W. BARKAS, Forest Products 
Research Laboratory, Princes Ris - 
borough.] The common method of 
measuring the cell -space ratio is to 
traverse the section under a microscope 
with a micrometer measuring the total 
distances across the walls and the voids 
separately. In the new method the 
amount of light passing through the 
voids (varying between 0.01 mm. and 
0.3 mm.) of a stained microsection of 
the wood (1 cm. square, 15 microns 
thick) is measured. The slide carrying 
the microsection is focused by means 
of an f/2.4 camera lens on to a rec- 
tangular aperture placed in front of the 
photocell. A correction is made for the 
amount of light reflected and trans- 
mitted by the stain. For Scots pine the 
photocell method gives a cell -space ratio 
of 42, the micrometer method 52, the 
projection method 39. The new Zeiss 

sodium vapor lamp is used as a source, 
with a methylene blue stain possessing 
a strong absorption band in the region 
of the D-lines.-Proc. Phys. Soc. DF 
No. 4: 545-559. 1934. 

Vacuum tubes with positive 
grid in place of thyratrons 
for electronic counting 
[H. ALFVEN and P. Ohlin, University 
of Upsala.] In the thyratron counter 
developed by Wynn -Williams the cir- 
cuit may be designed so as to operate 
the counting relay only at every second, 
fourth, eighth, etc., discharge, depend- 
ing upon the number of tubes used. A 
self -oscillating vacuum tube with C and 
L in the grid circuit may be used for 
this purpose, at less cost and with 
greater stability, provided the grid is 
given a fairly high positive potential 
(100 volt). When the plate voltage is 
increased from minus 10 toward + 20 
volts, the plate current increases sud- 
denly at about ï volt to 1 mA., indicat- 
ing that the tube oscillates, then rises 
gradually until 17 volts is reached. 
Here the oscillations stop and a second 
sudden increase takes place. On de- 
creasing the voltage the sudden changes 
are found to take place at a several 
volts lower potential. The total electron 
emission remains constant. The range 
over which stable oscillations occur de- 
pends on the gridplate conductance G 
of the tube, the hysteresis being the 
more pronounced the smaller G. The 
tube is so adjusted that a steady small 
plate current flows, above the point 

m. 4c d., 

Circuit for recording every fourth sym- 
metrical impulse 

where it oscillates ; any sudden sym- 
metrical impulse throws it into oscilla- 
tion with a sudden increase in the plate 
current and in the voltage drop across 
the lead R. The operating point slides 
toward the lowest point, and if an im- 
pulse of the same shape now occurs, it 
stops the oscillations. A single tube 
counts every second impulse.-Zeits. f. 
Physik 89 No. 11/12:826-833. 1934. 

290 September, 1934 - ELECTRONICS 

www.americanradiohistory.com



Progress in the elimination 
of artificial static 

[MICHEL ADAM.] Quiet operation of 
neon lights is obtained by welding and 
screening the high voltage connections. 
For periodically interrupted tubes 
(blinklights) the remedy is two 2-µf. 
condensers across the motor with an in- 
duction coil from between the con- 
densers and the ground, thoroughly 
screening the contact mechanism and 
using lead -sheathed cables. It has also 
been proposed to dispense with the 
motor for making and breaking the con- 
nections, and to use relaxation oscilla- 
tions of a frequency determined by CR. 
Street -cars have caused tests to be made 
in various cities all over the world ; 

remedies are expensive as a general 
rule. In dealing with small medical ap- 
pliances the human body may be con- 
sidered as a resistance of 10,000 ohms, 
to the midpoint of which a condenser of 
40 µµf. is connected, the other side of 
the condenser being grounded. With 
regards to elevators, squirrel -cage 
motors give least trouble. For small 
house appliances a condenser is placed 
across the points between which the cir- 
cuit is interrupted, or across the brushes 
of motors, or a twin condenser across 
the windings and the midpoint con- 
nected to the metallic mass. In several 
countries the fight against interference, 
first conducted by private initiative, has 
been taken over by the authorities. In 
Germany over 150,000 cases have been 
treated in 1933 (domestic appliances 
33%, medical 13%, power stations 
7%, street cars 4%, oscillating receivers 
5%, faulty receivers 20%, atmospheric 
noises 174%). A static -free town ex- 
ists : Baden-Baden.-Revue gen. El. 
36, No. 3 : 97-109. 1934. 

Electronic device for making 

visible infra -red images 

[G. HOLST, J. H. DE BOER, M. C. TEVES 

and C. F. VEENAMANS, Philips' Re- 
search Laboratory, Eindhoven] The 
sensitive layer of modern infra -red 
sensitive photocells consisting of cesium 
atoms upon a salt or oxide layer is quite 
transparent. The layer of metal which 
acts as a support and supplies electrons 
to replace those emitted from the ad- 
sorbed atoms may also be taken so thin 
as not to affect the passage of the light. 
On projecting an image upon this com- 
posite layer, from - the outside, the 
density of the electron stream set free 
will vary, depending upon the illumina- 
tion which the different parts receive 
and provided that the plate potential is 
sufficiently high to draw the electrons 
in a straight line to the plate. When the 
plate is covered with a screen of 
fluorescent material, such as zinc sili- 
cate, or calcium tungstate, and is itself 

a transparent metal foil, a visible image 
may be seen or photographed. The 
fluorescent anode is made by letting a 
thin film of silver, 30 millionth cm. 
thick, condense upon a plane glass plate, 
the fluorescent material being then pre- 
cipitated from an alcoholic suspension. 
The infra -red sensitive layer is best 
taken 3 millionth cm. thick when it gives 
3.4 µA per lumen of incident light - 
Physica 1 (4) : 281-290, .1934. 

Secondary vibrations 

in cone loud -speakers 

[F. V. SCHMOLLER, Telefunken Labor.] 
When attempting to improve the effi- 
ciency of cone loud -speakers by increas- 
ing the strength of the magnetic field 
across the air gap, one observes in cer- 
tain ranges a note of half the frequency 
of the sound which the speaker is de- 
sired to render. This "son rangue" is 
obtained only when the frequency is 
maintained for some time and above a 
certain power. When the power is just 
sufficient, the "hoarse sound" may take 
20 seconds to establish itself, at a higher 
output less than 1/10 sec. It is ob- 
tained above about 500 cycles per sec. 
and with varying strength over a band 
more than 1,000 cycles wide. When 
fully developed it causes a loss in the 
strength of the desired frequency. The 
production of the unwanted sound can 
be accounted for by an additional elastic 
force, depending upon the frequency 
(Mathien's differential equation) . The 
remedy is to give the cone a shape which 
does not allow it to be spread out in a 

plane.-Tele f . Zeit. 15 No. 67 : 47-54. 
1934. 

Formulas for 

the internal capacity 

of multi -layer coils 

[HARRY ZUHRT, Berlin Institute of 
Technology.] The experimental method 
used in getting the value of the internal 
capacity, assuming the self -capacity to 
be constant over the entire length, gives 
results which contain an error of about 
50% (Morecroft, Exp. Radio, p. 299) 
so that the use of simple formulas is 
justified. For single -layer solenoids 
wound on cylindrical forms the internal 
C of the coil alone is in µµf. equal to 
0.48 R as long as the ratio of radius to 
half-length of the cylinder is within the 
range of 1 to 6. For flat coils, in par- 
ticular, a correction must be added for 
the insulation and the support; when the 
outer radius r of the insulating layer 
having a dielectric constant e (about 4) 
is much smaller than 1, the value of C 
in µµf. is equal to 0.24 em R, where 
(em - 1) = e it r/21. For coils with 
n layers wound in the same sense (in 
µµf). 

1 /n-1 40e Rl 
C = (C, Cam) +1 1( 36d. ) n2 

In coils wound in continuous fashion 
the last term must be multiplied by 4/3. 
The letter C, means the capacity of the 
innermost layer, C,, that of the outer 
layer, and dw = d-23 r + 0.26 h, where 
r in this formula is the radius of the 
wire and h the distance separating wires 
of the same layer. El. Techn. Zeit. 55 
No. 27: 662-665, 1934. 
(Other methods of estimating internal 
capacity will be found in Moullin's 
Radio Frequency Measurements. - 
EDITOR'S NOTE. ) 

PERAMBULATOR RADIO 

An enterprising middle -west manufacturer offers this solution to the 
depression. Father (or child) may get ball scores al fresco. D. H. 
Miller, Chicago I.R.E. Section Secretary in 1933, is the proud 

demonstrator. 
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Efficiency of oscillating 
tubes in the ultrashort range 

IR. BECK, University of Jena.] Owing 
to the small value of L/C at short wave- 
lengths and the small regenerative ef- 
fect, it is best to use a grid -leak circuit 
which controls the operating point auto- 
matically. The efficiency, that is, the 
ratio of a.c. to d.c. power, depends on 
the value of the grid leak. It can be 
measured by comparing the d.c. power 
required in the oscillating and in the 
non -oscillating state for maintaining the 
warmest point of the bulb at the same 
temperature, thermo couples being 
placed near this spot (H. M. Turner). 
An 8-4-m. sender with an inductance of 
340 cm. and a variable condenser (10 to 
50 cm.) in the plate circuit, a large in- 
ductance (430 cm.) in series with a 
9,700 cm. condenser shunted by a grid - 
leak in the grid circuit, the latter being 
so adjusted that a tourmaline plate can 
be placed in parallel without affecting 
the wave -length, gave an efficiency of 
63% without the tourmaline and 48% 
with the crystal, or 41% (resp. 48%) 
when including the filament current. At 
3.12 m., with the inductances reduced 
to the leads and a variable condenser 
between grid and plate, the oscillator 
had an efficiency of about 30% with or 
without crystal control.-H.f. Techn. 
El. ak. 43, No. 6 : 199-205. 1934. 

Short and ultrashort waves 
[A. SCHEIBE, German National Physi- 
cal Laboratory] As the frequency in- 
creases and the filament to grid capacity 
assumes relatively more importance, the 
ratio of the voltage induced in the grid 
circuit by the plate voltage, namely mu 
(1 + Rt/R)- where Rt is the internal 
resistance of the tube and R = L/Cr, 
that of the tuned plate circuit-falls be- 
low the normal value of about . 

Moreover, the phase difference becomes 
a function of the speed of the electrons. 
The various attempts at producing effi- 
cient short and ultrashort-wave oscil- 
lators all try to bring amount and phase 
of the regeneration back to its normal 
value, by using separate seals for anode 
and grid, a potentiometer circuit in place 
of the transformer connection between 
grid and plate, resorting if necessary, 
to two variable condensers as po- 
tentiometer, and allowing the grid to 
discharge to the cathode over a high 
resistance.-Phys. Zeits. 35.1 (5) : 206- 
215, 1934. 

Direct current amplifiers 

[P. DONZELOT and J. Divoux, Uni- 
versity of Nancy.] When G is the 
grid -plate conductance of the tube, r the 
plate load, R the grid resistor, Cg the 
internal resistance between filament and 

grid, s the current giving unit gal- 
vanometer deflection, the current sensi- 
tivity S, that is the deflection di- 
vided by the current flowing through 
R is given by SGR Cg Cg/(r --h 
Cg) (R -{- Cg). The voltage sensitivity 
is RCg/(R + Cg) times smaller. This 
latter factor tends to show that when 
R/Cg is negative, the theoretical am- 
plification is very large but the results 
claimed by some authors are difficult to 
reproduce in this range. The use of 
floating grids is also likely to disappoint 
in work sustained over long periods. 
For R = 100 megohms with a tube 
giving 1 ma per volt a change of 10 
µµa. changes the plate current by only 

Yee P 

/,000 on,ns 

= 20 volts 

D -c amplifier. With a galvanometer of 
2 x ]0-' a. sensitivity, 2 x 10-" a. can 

be measured 

one microampere so that the normal 
plate current must be compensated for 
in precise work. The theoretical sensi- 
tivity of a bridge circuit with two tubes 
is only one-half of the value obtained 
with direct compensation of the gal- 
vanometer, but it is many times more 
stable, allowing the use of a galva- 
nometer sensitive to 1/100 µa. Drift is 
caused by heat radiation from the plates 
to the filaments. In order to reduce the 
influence of changes in the supply volt- 
age it is best to use indirectly heated 

four -electrode tubes in a bridge circuit. 
It is somewhat difficult to find two tubes 
which are alike, but none of the tubes 
tried gave an ion current to the grid. 
Fused silica as an insulating material 
wherever possible improves the results. 
-Journal de physique 5 No. 7: 357- 
372. 1934. 

Phase differences of insulating 
materials used in radio 
[E. MULLER and O. ZINKE, Berlin In- 
stitute of Technology.] With recently 
developed materials, such as Calan, 
Frequenta (these Digests, May, 1934) 
and losses in radio coils corresponding 
to a value of R/pL equal to 5/1,000, the 
losses in the coils are more important 
than those in the tuning condensers. 
When the condenser is placed in the 
tuned circuit, it acts as an ideal con- 
denser C in series with a resistance r, 
so that tan d = pr C, and the voltage 
drop at resonance in the circuit includ- 
ing the meter M is equal to i (R -I- M 
-I- r), while with a no -loss condenser 
the current is I and r = (R -}- M) 
(I - i) /I. The accuracy of the 
measured value r is small when I is 
nearly equal to i. At a wave length of 
100 m., in a circuit having a coil with 
3.14 R/pL equal to 1/100 and C equal 
to 150 µµf., an error of 3% in the value 
of the current produces a possible error 
of over 100% in tan d when tan d is of 
the order of 1/10,000 and of over 10% 
when tan d equals 1/1,000. Another 
source of error which is never given 
proper attention is the stray capacity 
parallel to the condenser. When the 
materials are intended for transmitting 
sets and tubes, it is important to study 
the increase in phase difference with 
temperature.- H. f. Techn. ak. 43 - 

145-149. May. 1934. 

BOOK REVIEW 
Principles of 

Radio Communication 
By J. H. Morecroft. Third edition, 

John Wiley & Sons, Inc., New York. 
(1084 pages. Price $7.50.) 

THOUSANDS OF RADIO ENGINEERS have 
been brought up on Morecroft's Prin- 
ciples of Radio Communication. Any 
of these readers who spends five 
minutes with the Third Edition will see 
many changes, much new material and 
may note the loss of some text matter 
in the earlier editions that has gone the 
way of the art; it has been eliminated 
in favor of more recent practice. 

Morecroft's Principles of Radio Com- 
munication has changed with the grow- 
ing industry and the new edition has 
been largely revised. The new material 

consists of data on cathode ray oscillo - 
graphs, more up-to-date information on 
filters, iron core coils, electrolytic con- 
densers, wave transmission, ship -to - 
shore and aircraft -to -ground communi- 
cation, ultra -short waves, shielding, 
detection, piezo-electric frequency con- 
trol, the magnetron, multi -vibrators, 
multi -function tubes, transmission lines, 
microphones, modulation, loud speakers, 
broadcasting technique, antennas and 
radiation, automatic volume control, 
superheterodynes, etc., etc. 

"Morecroft" has become a book of 
1,000 pages and every attempt has been 
made to make it up to date and yet it is 
still the book the many engineers meu- 
tioned above have become familiar with. 
It is a fitting monument to its author, 
whose genial personality and continuous 
encouragement to young engineers, un- 
fortunately, is no longer present. 
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Design and use of acorn tubes 
¡Continued from page 283] 

short leads, good insulation and effective by-passing 
placed close to the tube terminals. An example of a suit- 
able circuit arrangement for an oscillator is shown in 
Fig. 4. The small size and weight of the tubes also 
make them particularly adaptable to the design of special 
apparatus such as laboratory devices. 

Tube characteristics 
Tentative characteristics for Class 

tions are given below : 

Heater voltage 6.3 
Heater current 0.16 
Plate voltage (maximum) 180 
Grid voltage -5 
Plate current . 4.5 
Amplification factor 25 
Plate resistance 12500 
Transconductance 2000 

A amplifier condi- 

volts 
ampere 
volts 
volts 
milliamperes 

ohms 
micromhos 

The interelectrode capacitances are as follows : 

Input 1.0 micromicrofarads 
Output . 0.60 
Grid -plate 1.40 

These characteristics are the result of the close spac- 
ings made possible by the development of a manufactur- 
ing technique capable of an unusual degree of precision. 
Surprisingly, these tubes in spite of their small size- 
actually because of it-are remarkably sturdy. 

A typical plate family is shown in Fig. 3. Operated 
as a Class A audio amplifier with a load of approximately 
19,0(X) ohms, the tube delivers an undistorted power out- 
put of 130 milliwatts. As r -f feedback oscillators, such 
tubes have been operated in set-ups, similar to that shown 

-COPPER PLATE (GROUND) 

GRID 
CONDENSER 

LATE VOLTAGE 

MICA 
SPACER 

MICA 
1" ----SPACER 

\ HEATER VOLTAGE 

Fig. 4-Oscillator layout. Flat -type leads form 

effective by-pass capacities close to tube ter- 

minals, a most important point. 

in Fig. 4, at wave lengths down to about 40 centimeters. 
It is a pleasure to acknowledge the cooperation and 

work of Messrs. S. M. Reed and H. R. Seelen, of the 
Radiotron Development Factory, in the development of 
this tube. 

"B. J. Thompson and G. M. Rose, Jr., "Vacuum Tubes of Small 
Dimensions for Use at Extremely High Frequencies," Proc. 
I. R. E., Vol. 21, p. 1707 ; December, 1933. 

'B. J. Thompson, "Tubes to Fit the Wavelength," Electronics, 
August, 1933. 

'For a concise and accurate statement of the principles involved 
in such calculations, see I. Langmuir and K. T. Compton, "Elec- 
trical Discharges in Gases. Part II, Fundamental Phenomena in 
Electrical Discharges," Rev. of Mod. Phys., Vol. 3, p. 191 ; April, 
1931. 

Radio set and tube trends 
[Continued from page 278] 

to this country from Europe reports a rapid adoption of 
Poly -iron inductances in English, German and French 
receivers. 

Such inductances may be too good for this country, 
that is, they may be too selective. Here the process of 

English-a.c.-d.c. super with large 

station scale. 

getting selectivity has been to employ several stages of 
relatively low -Q circuits, with the object of cutting down 
the "skirts" of the response band without too greatly 
attenuating the higher audio frequencies. It is said that 
high-fidelity may demand some such practice rather 
than over -coupling a single high -gain pair of coils. In 
the latter process there may be a loss of 6 db, or more, 
on frequencies very close to the carrier, e.g. 100 cycles 
or lower, due to the double resonance phenomenon. 
Abroad, however, where prices and license fees vary as 
the number of tubes, it is of considerable importance 
to pack as much of a wallop into each individual stage, 
as possible. Ferrocart has an American representative, 
and may be expected to make a determined effort to get 
some of the intermediate -frequency coil business. 

Iron -core coils, however, have the disadvantage that 
they are made up of air coils put on an iron core. There- 
fore they must cost as much as conventional air coils 
plus the cost of the core ; they will be more expensive. 
There is also the problem of uniformity which is already 
well on the way to solution. 

The all -wave feature has forced the use of better in- 
sulation ; the trend toward higher frequencies will still 
further enhance the sale of low -loss insulation for coil 
forms, for condenser frames, etc. And so each new de- 
velopment calls for new technique. The art never stands 
still. 
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+ NEW PRODUCTS 
THE MANUFACTURERS OFFER 

Loudspeakers 
THE MAGNAVOX COMPANY, Fort 
Wayne, Ind., has introduced two new 
models of loudspeakers-No. 166, which 
is a 6 -inch dynamic unit, and No. 132, 
a 12 -inch dynamic. 

Magnavox No. 166 has been intro- 
duced to fill the need for a 6 -inch low - 
price speaker with performance capa- 
bilities which are unusual as to fidelity 
and sensitivity. The overall diameter 
of its cone -housing is 6t- in., and the 
depth from front to back is 34'2 in., with 
a weight of maximum field coil accom- 
modated, I, lb. The impedance of the 
voice coil at 400 cycles is 3.6 ohms. 

Magnavox No. 132 measures 123 in. 
in overall diameter of cone -housing, and 
is 68 in. deep from front to back. It 
accommodates a maximum of 14 to Hr. 

field-coil weight. The impedance of 
the voice coil at 400 cycles is 4.5 ohms. 
-Electronics. 

All -wave filter 
Two MODELS of all -wave aerial Filter- 
izer systems have been developed by the 
Tobe Deutschmann Corporation of Can- 
ton, Mass. Features are : Practical and 
inexpensive installation requirements, 
all -wave band efficiency, and great re- 
duction in radio noise and interference 
pick-up. These all -wave aerial kits are 
readily adapted to one -quarter wave 
Marconi or one-half wave Hertz 
aerials. 

One model used is a small line filter 
for by-passing noise to ground present 
on the whole wiring. Model 34 con- 
tains one aerial transformer, 50 -ft. 
twisted pair weather-proof transmission 
line, one receiver transformer, complete 
aerial and ground equipment, and power 
line filter. Price $6.95. 

Model 35, same as Model 34 except 
without aerial and ground equipment 
and power line filter. List price $4.95. 
-Electronics. 

Power -supply unit 
G -M LABORATORIES, INC., 1731 Belmont 
Avenue, Chicago, Ill., announce a new 
power supply unit for furnishing very 
thoroughly filtered direct current from 
110 -volt 60 -cycle power lines. This 
unit, while similar to other G -M power 
supply units, is rated to furnish 450 
volts or less, with a maximum direct 
current of 100 milliamperes. 

The output of an '83 -type full -wave 
rectifier tube is connected across the 
winding of a high -resistance, wire - 
wound Type L potentiometer from 
which any voltage from 0 to 450 volts 
may be obtained in minute steps. The 
unit is provided with a lock which can 
be set so as to limit the voltage available 
at the terminals, for safety purposes.- 
Electronics. 

Midget plug 
CINCH ENGINEERS who maintain the 
company policy of "your problems are 
our problems," were recently confronted 
by a request for an odd -size plug "about 
the size of a quarter." At the time it 
appeared to be an odd size-and was de- 
veloped under that impression. The re- 
sult was entirely satisfactory to the set 
manufacturer-and with that request 
was created the midget radio plug. It 

is a metal shielded midget plug, designed 
and constructed to fill an immediate 
specific need, and is now finding a mar- 
ket in a long -felt need of other manufac- 
turers. It may be had with two to six 
prongs from the maker, Cinch Manufac- 
turing Corporation, 2335 W. Van Buren 
St., Chicago, Ill., which is a subsidiary 
of United -Carr Fasteners Corporation, 
Cambridge, Mass. Electronics. 

+ 

Spray -painting booths 
THE DEVILBISS COMPANY, Toledo, 
Ohio, manufacturers of spray -painting 
and finishing equipment, announce a 
series of direct exhaust type spray 
booths designed especially for the pe- 

culiar requirements encountered in the 
application of "flock." These new booths 
permit the concentration of spraying 
operations in one location, prevent ma- 
terial from scattering throughout fin- 
ishing room, and reclaim all sprayed 
flock not applied to articles coated. 

Booths range in sizes from two to 
ten feet frontal width. All are equipped 
with standard DeVilbiss direct type 
exhaust fans. Removable cheese cloth 
screens at rear of booths collect the 
flock and prevent it from passing out 
the exhaust pipe.-Electronics. 

Engraving panels and parts 
MANUFACTURERS interested in inexpen- 
sively marking panels or parts fabri- 
cated from sheet bakelite, fibre, hard 
rubber or similar materials will be in- 
terested in a new process developed by 
the Synthane Corporation of Oaks, 
Penna. 

The results obtained with the new 
"Synthographic" process, as it is called, 
compare favorably with engraving in 
quality. The cost is, of course, much 
lower than engraving. 

By means of this process effects may 
be produced which are either impossible 
or impracticable by engraving. For ex- 
ample, one may choose certain colors cm' 

combinations of colors. The intricacy 
of the ornament bears little relation to 
the time or cost of production. Properly 
applied, these letters, symbols, trade 
marks or other designs readily resist 
wear. Electronics. 

Microphone hand -set 
A NEW product from the Inglewood, 
Cal., factory of the Universal Micro- 
phone Co. is a combination earphone 
and microphone which is mounted simi- 
lar to French -phone hand -set. It has 
been designed for five -meter transmit- 
ters, and also the new five -meter trans- 
ceivers. Since such equipment is neces- 
sarily portable, the new combination is 
extremely lightweight and compact and 
weighs but nine ounces. 

The new product consists of a high 
output microphone in conjunction with 
2000 -ohm lightweight receiver. There 
is a five-foot cord terminal in three - 
phone tip terminals which gives micro- 
phone and earphone connection. The 
handle is rubber covered. Electronics. 
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Felt -bonded metal 
RATTLES IN RADIO receivers created by 
metal -to -metal contacts, and imperfect 
insulation with pads, rings, etc., which 
may get out of place in assembly or in 
use, are eliminated by a new material, 
felt bonded metal, which consists of 
sheet metal bonded to felt by a metal 
bond which will not separate. This ma- 
terial may be bent or cut with no dam- 
age to the bond; and thickness of metal 
or felt may be varied to suit require- 
ments. 

The value of felt in solving problems 
of acoustics has long been recognized; 
hence, in the construction of speakers, 
sound chambers, and cabinets this new 
material will be of interest to the de- 
signing engineer. 

From the production angle felt 
bonded metal provides in one unit of 
material the results heretofore attained 
through the use of separate rings, 
washers, strips, and pads. It is made 
by the Felters Company, 210 South 
Street, Boston, Mass. Electronics. 

Capacity meter 
THE NEW "MEGGER" capacity meter 
being marketed by James G. Biddle & 

Company, 1211 Arch Street, Philadel- 
phia, Pa., is a portable, direct -reading, 
multi -range microfarad meter, which 
includes a self-contained source of test 
current. To make a test one simply 
connects the condenser or circuit, the 
electro -static capacity of which is to be 
measured, to the terminals, turns the 
crank of the hand -generator and reads 
the meter scale directly in microfar- 
ads. Since no outside source of cur- 
rent is necessary, the instrument may 
be used anywhere. 

The "Megger" capacity meter was 
developed especially for industrial use 
by manufacturers of radio and other 
types of electrostatic condensers, and 
for miscellaneous capacity measurements 
in shop or laboratory.. Also it should 
have valuable applications in the field, 
as for example-measuring the electro- 
static capacity of condensers used in 
power factor correction. 

The "Megger" capacity meter is 
similar in construction and appearance 
to the well-known "Megger" insula- 
tion testing instruments and ground 
testers.-Electronics. 

Aircraft and 
high -voltage fuses 
THE LITTELFUSE LABORATORIES, 4507 
Ravenswood Avenue, Chicago, Ill., 
makers of special fuses for instrument 
protection, automobile and radio use, 
have now extended their line into air- 
craft fuses, offering what is believed to 
be the only fuses in the world designed 
especially for aircraft use. These glass - 
enclosed aircraft fuses are made in sizes 
of 1, 2, 3, 5, 10, 15, 20, 25 and 30 am- 
peres rating. The voltage ratings run 
from 25 to 2,500 volts. Accelerated 
vibration life -tests on one of the weaker 
sizes of these aircraft Littelfuses ran 
over 500 hours, as against an average 
life of only five minutes for the same 
rating of regular glass -enclosed fuses 
on the market. 

Another specialty is the high -voltage 
Littelfuse, a renewable line of fuses for 
operation in 1,000-, 5,000- and 10,000 - 
volt ranges, in ratings from one -six- 
teenth to 2 amperes. Such fuses are 
designed for the protection of high - 
voltage power amplifiers, oscillators, rec- 
tifiers, meters, etc., and may be renewed 
by the user at negligible cost.-Elec- 
tronics. 

Wide -range sound -film 
amplifier 
THE GATES RADIO & SUPPLY COMPANY, 
Quincy, Ill., has developed a new 44A 
wide -range sound -film amplifier for the- 
atre use, which is all a.c. operated, using 
no batteries whatsoever. It is 22 inches 
long and 16 inches high, not including 
the additional height of tubes. The am- 
plifier is so designed that stray currents 
from power transformers cannot enter 
the sensitive photocell circuit. The 
tubes are out in the open to assure full 
air circulation, prolonging tube life and 
making them accessible for quick 
change when necessary. 

The usual multiplicity of controls is 
entirely absent with the 44A amplifier. 
Only the main volume control and 
changeover switch prevail. Above the 
volume control is a pilot light. Adjust- 
ments for the exciter lamps and photo- 
cell voltage are on the side of the 
amplifier. They are adjusted when in- 
stalling and then never touched. Elec- 
tronics. 

Audio -frequency 
test recordings 
THE AUDIO -TONE OSCILLATOR COM- 
PANY, of 1382 Page Boulevard, Spring- 
field, Mass., has announced a series of 
technical test records to be added to 
its line of audio -frequency test equip- 
ment. One such recording covers the 

entire range of frequencies from 50 
cycles to 7,000 cycles, differing from 
the usual frequency record in that the 
recording is continuous throughout the 
range of the record ; thus making it pos- 
sible to check the audio -frequency char- 
acteristic of phonograph reproducers, 
amplifiers, loud speakers, or entire pub- 
lic address systems continuously over 
their frequency range and to note any 
variations which would not be observed 
with the usual point-to-point frequency 
check. An underlay voice recording an- 
nounces each important frequency, 
thereby identifying the frequency being 
reproduced and indicating the range in 
which occurs any variations in the 
characteristic being checked. 

These Audio -Tone test records have 
an accuracy of recording which agrees 
with the average of four types of com- 
mercial wax recorders with a maximum 
deviation of 1 db. over the entire fre- 
quency range. 

These records are double-face, 12 in. 
and are priced at $3.-Electronics. 

+ 

Compensated smoke recorder 
PHOTO -CELL SMOKE density recorders, 
compensated for variations in light 
source intensity to give accurate records 
of the true relative smoke density at 
all times, have been announced by the 

AIR INLETS 
WALL OF GAS 
PASSAGE 

COMPENSATING INCANDESCENT 
PHOTO CELL ` LAMP 

PROJECTING CYLINDER INSTALLED OPPOSITE 
DETECTING CYLINDER 

OPPOSITE 
WALL OF 
GAS PASSAGE 

DETECTING PHOTO CELL 

DETECTING CYLINDER INSTALLED OPPOSITE 
PROJECTING CYLINDER 

Bailey Meter Company, Cleveland. The 
equipment consists of the receiving ele- 
ment and 12 -in. chart recorder mounted 
on the boiler panel and transmitting 
element, consisting of transmitting and 
detecting cylinders on opposite sides of 
the breeching or flue gas passage. 

The galvanometer and electronic re- 
lays of the "Galvatron" relay circuit 
are mounted on the back of the hinged 
chart panel of the recorder casing. Two 
photo -cells are employed as shown, con- 
nected to separate potentiometers acting 
in opposition, with their moving con- 
tacts tied through a galvanometer. 
When smoke passes through the gas 
passage the difference in current from 
the two cells causes the galvatron to 
adjust the contact of one potentiometer 
until no current passes through the gal- 
vanometer. Movement of the contact is 
proportional to the smoke and is geared 
to the recorder pen. Electronics. 

r 
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U. S. PATENTS 
IN THE FIELD OF ELECTRONICS 

Electron tube applications 
Altimeter. Determining the distance 

between two bodies, one of which car- 
ries several capacity elements. One of 
these capacities is moved with respect to 
the other and the change in capacity as 
a function of distance is measured. 
O. E. Marvel, Bendix Aviation Corp. 
No. 1,965,147. 

Vehicle lighting. An automobile 
lighting system involving a vacuum tube. 

'UId'Ul'I'' 

F. H. de Jong, Philips, Holland. No. 
1,965,308. 

Flaw detector. By means of estab- 
lishing an electro -magnetic field around 
a conductor flaws in the conductor may 
be detected. H. C. Drake, Sperry Prod- 
ucts, Inc. No. 1,967,812. 

Ignition system. Vacuum tube gener- 
ator of high frequency oscillations with 
the proper transformer is arranged as a 

11 

vehicle ignition device. W. F. Cotter 
and L. P. Kongsted, United American 
Bosch. No. 1,968,930. 

Transparency meter. Measuring the 
transparency of newsprint paper by 
means of diffused light and light sensi - 

2 1 79 

tive cells. M. D. McFarlane and W. 
Baumbrucker. No. 1,967,583. 

Thickness control. A device for con- 
trolling the thickness of a moving strip 
of magnetic material by causing the 
variable thickness to change the speed 
of a circuit. H. A. Winne, G. E. Co. 
No. 1,969,536. 

Altimeter. Several radio waves are 
transmitted from the craft to the 
ground. These waves are of different 
frequency. The reflected wave from 
the earth modifies the frequency of each 
wave and determines the altitude of the 
craft. E. F. W. Alexanderson, G.E. Co. 
No. 1,969,537. 

Welding system. Using an arc dis- 
charge device for regulating the welding 
current. E. R. Evans, Washington, 
D. C. No. 1,969,550. 

Smoke density recorder. Light-sensi- 
tive methods of measuring the density of 
smoke and of cleaning gas. Patents No. 
1,969,626, No. 1,969,627, A. W. Simon, 
L. C. Kron and H. Raymond. 

Electron tubes 
Cathode. In combination, a filament 

containing about 90 per cent nickel, 7.5 
per cent iron and a small amount of a 
deoxidizer capable of increasing the 
strength of the alloy and its electrical 
resistance and an electron -emissive - 
oxide coating. E. F. Lowry, WE&M 
Co. No. 1,961,122. 

Grid -controlled rectifier. A screen 

VIBRATOR POWER SUPPLY PATENTS 

Through the courtesy of Wm. W. Garstang of the Electronic Laboratories, 
Inc., Indianapolis, the following list of patents relating to vibrator power 
supply systems is presented. The devices and circuits covered by these 
patents are of interest at the moment to auto radio engineers, but may con- 

ceivably have even wider application later-THE EDITORS. 

Date of Date of 
Patent No. Issuance Filing Inventor Subject Matter 

345,720 7-20-86 8-10-85 PARCELLE Vibrating type motor-Shows 
armature eccentric to pole 

400,312 3-26-89 9- 4-88 DAVIS Thermostat-center reed with 
2 contacts 

527,839 10-23-94 2-23-94 FARNHAM Annunciator-center reed - 
2 outside contacts 

534,595 2-19-95 5-28-94 ATWOOD Bell ringer 
844,240 2-12-07 10-21-05 BOPP Induction coil 
846,227 3- 5-07 1-25-07 ME'NDELSON Vibrating motor-armature 

eccentric to pole piece 
928,583 7-20-09 11-11-08 BURLINGAME Vibrating rectifier - center 

reed -2 outside contacts 
1,019,608 3- 5-12 9-17-08 DEMPSTER Vibrating rectifier - center 

reed out of contact position 
1,051,941 2- 4-13 11-29-09 WOODBRIDGE Vibrating rectifier-pressure 

contacts 
1,061,550 5-13-13 10- 1-08 LARSSON Vibrating motor - armature 

swings past pole piece 
1,063,369 6- 3-13 6- 1-11 McELROY Thermostat 
1,085,393 1-24-14 7-22-12 WARD Vibrator reducing circuit 
1,128,383 2-16-15 8-31-14 STEVENS Induction coil 
1,131,919 3-16-15 10-29-09 FASSLER Vibrating rectifier 
1,131,920 3-16-15 11- 5-10 FASSLER Vibrating rectifier-short cir- 

cuiting electro magnate 
1,181,216 5- 2-16 8-12-12 FALKENTHAL Transforming apparatus - 

adjustable reeds and stops 
1,188,157 6-20-16 9-18-14 DEMPSTER Vibrating rectifier-air gap 

transformer 
1,207,957 12-12-16 10-21-11 McELROY Thermostat 
1,296,269 3- 4-19 8- 2-17 CRAWFORD Converter circuit-full wave 

primary 
1,311,490 7-29-19 5-14-15 BRACKETT Vibrating rectifier - trans- 

former type 
1,328,255 1-20-20 5-17-19 ANDERSON Vibrating motor-fan 
1,335,837 4- 6-20 12-17-18 JACOBSON Induction Coil 
1,361,229 12-7-20 5- 7-19 CRENSHAW Vibrator motor - armature 

eccentric to pole piece 
1,418,023 5-20-22 6-25-15 REISZ Interrupter and rectifier 
1,470,079 10- 9-23 1- 3-21 HOESCHEN Thermostat 
1,477,350 12-11-23 8- 6-20 HOESCHEN Thermostat 
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and anode spaced by a gap sufficiently 
short to prevent gas ionization by the 
potential applied to the electrodes. 
J. f). Ise Van, Raytheon. No. 1,962,159. 
See also No. 1,962,150 to C. G. Smith 
on a gaseous discharge tube. 

Amplification, detection, etc. 
High power output tube. Method of 

increasing the power output of a tube 
by connecting the grid of the second 
tube to the cathode of the first, which 
has a positive grid bias. The second tube 

has a negative bias. F. B. MacLaren, 
Revelation Patents Holding Co. No. 
1,959,540. 

,477,889 
,537,796 

,671,245 

,682,748 

,688,826 
,729,326 
,741,017 
,801,022 

,813,541 
,819,617 
,832,474 
,834,129 
,844,502 

,846,11)) 

,846,101 
)850,848 

,880,033 
,920,150 

,921,461 

»24,1)82 

,935,568 

935,569 

943,183 

,943,240 

,944,487 

946,563 

,951,614 

RF'1R,936 

British 
29,080 

British 
.318,785 

Austrian 
12,497 

Aiistralian 
21,387 

Tuning circuit High frequency ampli- 
fier with an input network in which both 
inductance and condenser are variable 
simultaneously so that the impedance of 
the network, that is, the ratio between 
L and the product of R x C varies in a 
predetermined manner. Paul Müller, 
Siemens & Halske. No. 1,957,796. 

Adjudicated patents 
(D. C. Conn.). Langmuir patent, No. 

1,244,217, claims 1 and 8; Nicolson patent, 
No. 1,307,510, claims 7 and 13; Arnold 
patent, No. 1,354,939, claims 10, 15, and 16; 
Nicolson patent, No. 1,459,412, claims 7 
and 23; Van der Eiji patent, No. 1,479,778, 
claim 7; Schottky patent, No. 1,537,708, 
claim 1; Langmuir patent, No. 1,558,437, 
claims 20, 22, 23, and 28; Seibt patent, No. 
1,696,103, claims 1 and 2; Mitchell patent, 
No. 1,748,026, claims 1 and 3; Langmuir 
reissue patent, No. 15,278, claims 1, 3, 8, 
18, and 41. All held valid and infringed. 
Radio Corporation of America v. Majestic 
Distributors, 6 F. Supp. 87. 

12-18-23 
5-12-25 

5-29-28 

1-25-23 MORSE 
(6- 1-20 BOSSARD 

4-15-26 KRAUS 

Vibrating motor 
Vibrating motor - armature 

eccentric to pole piece 
Full wave primary-vibrat- 

ing rectifier 
9- 4-28 7-27-22 l' A P E R Full wave rectifying trans- 

former 
10-23-2R 10-18-23 NACHO!) Vibrating circuit controller 
9-24-29 8-11-27 CAVANAGH Full wave vibrating rectifier 

12-24-29 1-10-29 FEILD Interrupter on transformer 
4-14-31 ú-25-30 PONCEL Power supply including in- 

terrupter and rectifier tube 
7- 7-31 5- 7-25 I..AURITSF.N Automatic control system 
8-18-31 9-12-25 \IOSER Vibrating converter 

H-17-31 9-23-29 ItI.UDWORTII Remote control apparatus 
12- 1-31 4-29-27 I.( )EWE Pendulum type interrupter 
2- 9-32 2-11-29 E.\ TON Power supply circuit-arti- 

ficial load 
2-23-32 II -18-29 GROTIIE Vibrating razor 
2-23-32 11-18-29 GROTIIE Vibrating razor 
3-22-32 2-16-29 PAYNE Vibrating device 
9-27-32 1-22-29 1305SA RT Vibrating oscillator 
7-25-33 12- 7-32 ROCKWELL Synchronous interrupter and 

rectifier 
R- 8-33 7-30-32 GARSTANG Power supply using artifi- 

cial load 
R-22-33 1-13-33 BARRETT Full wave vibrator 
11-14-33 1-27-30 KEOGH Synchronous interrupter and 

rectifier -rotary 
11 14-33 1-27-30 KF.OGI I Synchronous interrupter and 

rectifier -vibrating 
1_ 9_34 9-27-32 bt l "CCHF.1.1. Series interrupter - split 

primary 
1- 9-34 9-27-32 LEAR Plug-in type interrupter 
1-23-34 7- 3-33 BERTSCIII Vibrator mounted on a 

spring 
2-13 34 6- 6-32 BARRE -1.T Vibrating type power sup- 

ply -heater rectifier 
3-20-34 3-10-30 K : \ E I I \ I Vibrating system with R.F. 

choke 
0- 5-33 4-25-30 WI1.SON Vibrator power supply dr - 

cuit 

FOREIGN PATENTS 

12-20-06 LODGE Ignition coil 

6-26-29 VALENTINE Power supply circuit show- 
ing artificial load 

6-11)-03 JEAN Vibrator system 
Vibrator power supply cir- 

7-23-29 HOOPER cuit 

Wilson patent, Nu. 1,419,530, claim 2 

held invalid. Id. 

(D. C. Del.) Miller patent No. 1,756.- 
000 for piezo-electric oscillator, patentee 
held not first and original inventor of sub- 
ject matter. Miller v. National Broadcast- 
ing Co., 6 F. Supp. 47. 

1,533,858, L. A. Hazeltine, Method and 
means for neutralizing capacity coupling 
in audions. D. C., E. D. Pa.. Doc. 6549, 
Hazeltine Corp. vs. A. A. Kent. Consent 
decree discontinuing bill and counter 
claim without prejudice, April 24, 1934. 
Same D. C., S. D. N. Y. vs. E. B. 
Latham & Co., I. Jacobson (Audubon 
Music Shop), Bloomingdale Bros., Com- 
modore Radio Corp., Cushman & Cush- 
man, Inc., Davega, Inc., Fanmill Radio 
Corp., Gimbel Bros., Inc., L. M. Green- 
berg, Inc., Heins & Bolet Radio & Elec- 
tric Supply Corp., P. Heefer, Inc., J. 
Hoffman, (Hoffman Bros.); Howard 
Radio Co. Inc., Landay Bros., Inc., S. 
Lazarus, Inc., L. Baumann, Inc., R. H. 
Macy & Co., Inc., M. M. Mandel (Guar- 
antee Phonograph Co.), J. McCreery & 
Co., Inc., Oscar's Radio Shop, Inc., 
Perfection Radio Corp. of America, S. 
Schwartz (Sun Radio Co.), Trans -At- 
lantic Radio Stores, Inc., Walthal Elec- 
tric Co., Inc., J. Wanamaker, N. Y.. 
Inc.; Vim Electric Co., Inc.; Yorkville 
Radio Co., Inc.; E. J. Edmond & Co., 
Inc.; Y. Haynes -Griffin, Inc.; R. Roemer 
Furniture Co., Inc.; City Radio Co., Inc.; 
Spear & Co., Inc. Dismissed with 
prejudice (notice April 30, 1934) in each 
of above cases. 

1,867,249, Clark & McCann, Electro- 
lytic device; 1,916,586, Robinson & Col- 
lins, same; 1,935,860, 1,938,464, P. Robin- 
son. same; 1,948,289, H. I. Danziger, 
same, filed May 17, 1934, D. C., S. D. 
Ohio, W. Div., Doc. E 892, Sprague 
Specialties Co. v. Electro Formation, 
Inc. 

1,648,808, L. A. Hazeltine, Wave sig- 
naling system, D. C., E. D. Pa., Doc. 
5359, Hazeltine Corp. v. A. Kent Mfg. 
Co. Consent decree discontinuing suit 
without prejudice Apr. 24, 1934. 

1,231,764, F. Lowenstein, Telephone 
relay; 1,618,017, sanie, Wireless tele- 
graph apparatus; 1,403,475, H. D. 
Arnold, Vacuum tube circuit; 1,465.332, 
sanie, Vacuum tube amplifier; 1,403,932, 
R. H. Wilson, Electron discharge de- 
vice; 1,658,346, R. C. Mathes, Amplifier 
circuit; 1,531,805, same. Oscillation gen- 
erator; 1,573,374, P. A. Chamberlain, 
Radio condenser; 1.596,198, S. Loewe, 
System for generating oscillations; 1,- 
702,833, W. S. Lemmon, Electrical con- 
denser; 1,811,095, H. J. Round, Ther- 
mionic amplifier and detector; 1,896,780, 
F. R. Llewellyn, Modulating device; Re. 
18,579, Ballantine & Hull. Demodulator 
and method of demodulation; Re. 
18.916, G. Aceves, Supply circuits for 
radio sets, filed May 18. 1934. D. C., S. 
D. N. Y., Doc. E 7/4/151, Radio Corp. of 
America et al. v. J. & L. Sara Co., Inc., 
et al. 

1,251,377, A. W. Hull, Method of and 
means for obtaining constant direct cur- 
rent potentials; 1,297,188, I. Langmuir, 
System for amplifying variable currents; 
1,573,374, P. A. Chamberlain, Radio con- 
denser; 1,728,879, Rice & Kellogg, Am- 
plifying system, filed May 5. 1934. D. C., 
S. D. Calif. (Los Agelesl, Doc. E 257-C. 
Radio Corp. of America et al. v. C. F. 
Sexton (Radio Products Sales Co.) 
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CLAROSTAT 
offers another new 
essential component 

A("l'I'AT. 
SIZE 

A DROPPING RESISTOR 
for AC -DC Receiving Sets 
This new development-the result of Clarostat's long and 

specialized experience in meeting tough specifications- 
gives initial protection to the pilot light when the net 

work is cold and yet permits the pilot light to operate at 

its rated voltage. 

These resistor units are made under Clarostat's well- 

known precision methods and are pre -tested to Claro- 

stat's high standards of accuracy. They eliminate those 

costly comebacks resulting from too frequent burning out 

of pilot lights and assure adequate illumination of dials. 

CLAROSTAT also offers 
a new FIXED Center Top Resistor, standard tolerance 
of 10% or closer if specified. Special tolerances and 

resistances are also available as required. 

Any Low Wattage 
Resistor Requirements 

Whatever your resistor requirements, whether they be 

standard or special, Clarostat is ready to meet them and 

assure quality performance with wirewound-resistors, 
exact, and uniform as to values, yet at prices 'which com- 

pete with carbon. 

Constancy of wattage rating, noiselessness and ease of 

assembly are inherent in all Clarostat Resistors. Samples 
will be sent on request, if you will write us your require- 
ments on your business letterhead. 

Call on Clarostat for engineering service on your require- 
ments. You can depend on our manufacturing facilities 
for efficient handling and prompt shipment of your orders 
-in any quantity. 

CLAROSTAT QUALITY PRODUCTS 
Volume Controls; Tone Con- 
trols; Clinch -grip Flexible Re- 
sistors ; Center Tap Resistors ; 

Metal Cover Fixed Power Sup- 

ply Resistors; Line Ballasts, 
L & T Pads; Series Mixers; 
Constant Impedence Devices; 
Standard Potentiometers. 

CLAROSTAT 
MANUFACTURING CO., Inc. 

285 North 6th St. 

BROOKLYN, N. Y. 

KNOW what will 

happen in the receiver 

MEASURE INDUCTANCE 
CAPACITANCE 

MATCHCOILS 

CONDENSERS 

under operating conditions 

THE Type 421 Reactance 
Meter places the coil or con- 

denser in an oscillating circuit, at 

the frequency of use-and meas- 

ures it under operating conditions. 
Its uses include measurement of 

coil and condensers-adjustment of 

gangs, matching of coils, determi- 
nation of coil capacitance, and 

similar measurements. It is en- 

tirely alternating -current operated. 

TYPE 421-A REACTANCE METER 

Range: 550-1500 kilocycles 

125-300 kilocycles 

1500-4000 kilocycles 

Price: $445.00 

Described in Bulletin 434-E 

GENERAL RADIO COMPANY 

Cambridge A Massachusetts 

10 September, 1934 - ELECTRONICS 

www.americanradiohistory.com


