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THE COURSE OF YOUR CAREER 
may depend upon what you do about 
your future-now. A sure way to 
miss success is to miss opportunity. 

Now is the time for qualified 
ELECTRONIC, ELECTRICAL and MECHANICAL 

ENGINEERS ... PHYSICISTS ... METALLUR- 

GISTS ... PHYSICAL CHEMISTS and GLASS 

TECHNOLOGISTS . . . as well as TECH- 

NICAL SALES ENGINEERS to decide to 
take full advantage of the opportu- 
nities now open at RCA to achieve 
professional success. 

LIFELONG CAREER OPPORTUNITIES 

These are not temporary positions. 
They are independent of national 
defense requirements. The openings 
represent a wide choice of long-term 

government projects as well as chal- 
lenging work in the permanent ex- 
pansion of a diversified line of com- 
mercial products. 

YOU ENJOY THESE BENEFITS 

At RCA, you enjoy professional 
status, recognition for accomplish- 
ments ... unexcelled research facili- 
ties for creative work ... opportuni- 
ties for advancement in position and 
income ... pleasant surroundings in 
which to work. You and your families 
participate in Company -paid hospi- 
tal, surgical, accident, sickness and life 
insurance. Modern retirement pro- 
gram. Good suburban or countryresi- 
dential and recreational conditions. 
Opportunities for graduate study. 
Investigate opportunities today. 

Whatever your plans for the future-yon 
will find the booklet "The Role of the 
Engineer in RCA" interesting reading. 
Write for your free copy. 

to your future! 

POSITIONS OPEN 
IN THE FOLLOWING FIELDS: 

TELEVISION DEVELOPMENT- 
Receivers,Transmitters and Studio 
Equipment 

ELECTRON TUBE DEVELOPMENT- 
Receiving, Transmitting, Cathode -Ray, 
Phototubes and Magnetrons 

TRANSFORMER and COIL DESIGN 

COMMUNICATIONS- 
Microwave, Mobile, Aviation, Special- 
ized Military Systems 

RADAR- 
Circuitry, Antenna Design, Computer, 
Servo -Systems, Information Display 
Systems 

COMPUTER DEVELOPMENT AND 
DESIGN- 
Digital and Analog Computers, Mag- 
netic Recording, Pulse Circuitry, 
Storage Components, Systems Design 

NAVIGATIONAL AIDS 

TECHNICAL SALES 

ELECTRONIC EQUIPMENT FIELD 
SERVICE 

MAIL RESUME 
If you qualify for any of the positions listed above, send us a 

complete resumé of 'your education and experience, also state 
your specialized field preference. Send resumé to: 

MR. ROBERT E. McQUISTON, 
Specialized Employment Division, Dept. 157F 

Radio Corporation of America, 
30 Rockefeller Plaza, 
New York 20, N. Y. 

RADIO CORPORATION of AMERICA 
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BASIC COMMUNICATION 

THEORY 

By L. S. SCHWARTZ 
Hazeltine Electronics Corporation 

Part 1 of a 2 -part article presenting basic theory 

behind the transmission and reception of information. 

THE 
PURPOSE of this discussion 

is to describe some of the basic 
concepts of communication theory. 

This theory is comprehensive and has 
wide ramifications extending into the 
biological and other fields. It tran- 
scends a mere description of the work- 
ings of circuits, tubes, and the other 
devices of the communications and elec- 

tronics engineer, and deals with the 
central fact of communications: the 
transmission and reception of messages. 
The tools of the engineer merely pro- 
vide alternative means for realizing 
this central fact. 

For a long time workers in the field 

have been aware that there is a rela- 
tion between the speed of transmitting 
messages and the bandwidth of electri- 
cal circuits. But until as late as 1945 it 
was generally believed, on the basis of 
Hartley's theoretical work, that it was 
impossible for a signal covering a given 
band of frequencies to be transmitted 
by a communication channel of lesser 
bandwidth'. In this and in other in- 
stances our understanding of communi- 
cation problems was in many cases in- 
complete or wrong. Since 1945, thanks 
to the work of Shannon, Wiener, and 
others,1' a general theory of communi- 
cations has been made available with 
the result that our understanding of the 
subject has been greatly increased. 

Only the basic concepts of this new 
communication theory will be touched 
upon herein; all detailed mathematical 
discussions will be omitted. 

Meaning of Information 
It has been stated that the central 

fact of communications is the transmis- 
sion and reception of messages. What 
is of interest in the messages is the in- 
formation that they carry. This brings 
up the definition of information, which 
will be discussed first in qualitative 
and then in quantitative terms. For the 
sender, information conveyed by a mes- 

sage is measured by the amount of 

choice at the sender's disposal. For the 
receiver, information is measured'by the 
uncertainty as to what message may 
have been sent. The rate at which in- 
formation can be sent is measured by 
the number of different or alternative 
things that might be sent in a second. 
The greater the choice of messages, the 
greater the amount of information that 
can be sent. However, information 
must not be confused with meaning, for 
two messages, one of which is heavily 
loaded with meaning and the other of 
which is pure nonsense, can be exactly 
equivalent in regard to information. 
That is, the semantic aspects of com- 
munication are irrelevant to the engi- 
neering aspects. 

The observation that "for the receiv- 
er, information is measured by the un- 
certainty as to what message may have 
been sent" brings to mind a story. A 
merchant left home to go to another 
town to sell wheat. He completed his 
deal successfully and was so elated by 
the bargain he had made that he de- 
cided to inform his wife of the good 
news by telegram. His wording was as 
follows: 

"Sold Wheat Very Well. Coming 
Home. Love, John." 

Upon learning how much it would 
cost to send this telegram, he decided 
to eliminate ail unnecessary words. 
(Evidently, this was in the days before 
the minimum charge.) He thought: "My 
wife knows that I am selling wheat, not 
cattle, so why write it?" He crossed 
out "wheat," and the telegram became: 

"Sold Very Well. Coming Home. 
Love, John." 

Then he decided that since his wife 
knew him to be a shrewd bargainer, 
she would know that he would not sell 
his wheat unless he could obtain a good 
price for it. So he crossed out "very 
well." He had: 

"Sold. Coming Home. Love, John." 

One of a series of microwave 
communication relay stations 
built by Federal Telephone & 

Radio Corporation. This sys- 
tem uses pulse code modula- 
tion ds discussed in the text. 

Then he analyzed "coming home." 
Where would he "come" unless it were 
"home?" He crossed out "home." The 
telegram read: 

"Sold. Coming. Love, John." 
My wife is a smart woman, he 

thought; she knows that. I would not 
return so soon unless I had sold my 
wheat. He wrote: 

"Coming. Love, John." 
Then he decided that although he 

loved his wife dearly and had told her 
so many times during the 20 years 
they had been married, he need not 
pay for this privilege. He had: 

"Coming. John." 
But after 20 years of married life 

his wife should at least have learned 
his name! He crossed out "John." Only 
"coming" was left, and he thought it 
would be silly to send her this one -word 
cable and frighten her into thinking 
that something untoward had happened 
to him. Instead he took the next train 
home. He was right. The information 
content of the telegram was zero, so 
why send it? 

The quantity meeting the require- 
ments for a measure of information 
turns out to be entropy, which in sta- 
tistical mechanics is a measure of ran- 
domness or disorder; the greater the 
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Testing RCA mobile and microwave gear 
for use on the New Jersey turnpike. 

randomness the greater the entropy, 
also the greater the choice, and there- 
fore, the greater the information. As 
entropy is expressed in terms of the 
logarithm of probabilities, it is logical 
that information should be similarly 
expressed. 

Thus, information is : 

H - - Pi log P; (1) 
,=r 

p. 1, P. 0 (2) 
,-1 

where the P, are probabilities. If the 
logarithm is to the base "2," the result- 
ing units of information are called bi- 
nary digits per symbol or "bits" per 
symbol. 

A "bit" may be thought of as a "yes" 
or "no," representing the simplest 
choice that can be made. As an example, 
consider the number of bits it takes to 

choose the number 7 from 16 possibili- 
ties. This is done by successively halving 
the range of uncertainty. 

Is 7 greater than 8? No 
Is 7 greater than 4? Yes 
Is 7 greater than 6? Yes 
Is 7 greater than 7? No 

Hence, "No,""Yes," "Yes " "Yes " "No" means 
7. Thus, it took four steps to choose 
among 16 alternatives; that is, sending 
a message chosen with equal probability 

Fig. 1. Block diagram showing basic 
components of a communication system. 

from among 16 alternatives means 
sending 4 bits of information. 

Noise -Free Channel 
The preceding paragraphs have cov- 

ered information in a general sense. 
It will now be related to the basic com- 

ponents of a communication system 
indicated in Fig. 1. 

The channel is the medium used to 

transmit the signal from transntitter to 

receiver. It may be a pair of wires, a 

coaxial cable, or a band of radio fre- 
quencies. To obtain maximum transfer 
of power from a generator to a load, the 
two must be matched to each other in 

the impedance sense. Likewise, to ob- 

tain maximum transfer of information 
from the message source to the message 
destination, the source and the channel 
must be matched to each other in a sta- 
tistical sense. The statistical nature of 

messages is entirely determined by the 
character of the source. But the statis- 
tical character of the signal as actually 
transmitted by a channel, and hence the 
entropy in the channel is determined 
both by what is fed into the channel and 
by the capabilities of the channel in 

handling different signal situations. 
The best transmitter is that which en- 

codes the message in such a way that the 
signal has only those optimum statisti- 
cal characteristics which are best suited 
to the channel to be used-maximizing 
the signal entropy to make it equal the 
capacity C of the channel. Such en- 

coding leads to the fundamental theo- 

rem concerning the transmission of in- 

formation over a noise -free channel. 
A noiseless channel, transmitting dis- 

crete symbols, has a capacity C in bits 
per second and accepts information 
from a source at a rate H in bits per 
symbol. By devising proper encoding 
procedures for the transmitter, it is 

possible to transmit symbols over the 
channel at an average rate which is 
nearly C/H, but which, no matter how 

ingenious the coding, cannot be made to 

exceed C/H (in symbols per second). 
Unfortunately, as the encoding becomes 
more and more nearly ideal, longer and 
longer delays are made necessary in the 
process of encoding. This may not be 

as bad as it sounds because with elec- 

tronic equipment "long" may mean a 

very small fraction of a second, and the 
gain in the transmission rate must be 

balanced against the loss in encoding 
time. 

Noisy Channel 
Information is a measure of freedom 

of choice; greater freedom of choice 
means greater uncertainty. Noise in- 
crease. uncertainty or freedom of 

choice, and therefore, it increases infor- 
mation. But only the uncertainty which 
arises from the freedom of choice of the 
sender is desirable uncertainty. Uncer 

tainty which arises from errors or noise 

is undesirable uncertainty. To obtain 
useful information, the undesirable un- 

certainty must be subtracted from total 
uncertainty. This is accomplished in 

theory by establishing a quantity known 

as the "equivocation," or the amount 

of ambiguity introduced by noise. Thus, 

the capacity of a noisy channel is the 

rate at which useful information, i.e., 

total uncertainty minus noise uncer- 

tainty, can be transmitted over the 

channel. 
Given noisy channel of capacity C I 

and entropy of source H, the basic 

theorem of communication .theory is 

as follows: 
1. If C ? H, then by appropriate 

encoding, the output of the source can 

be transmitted over the channel with 

arbitrarily small frequency of errors. 
2. If C < H, then it is impossible to 

encode in such a way as to reduce the 

error frequency to an arbitrarily small 

value. 
For the significance of equivocation 

in relation to channel capacity, consider 

the following example taken from Shan- 
non and Weaver's book: Suppose there 
are two possible symbols, 0 and 1, and 

that transmission is occurring at a 

rate of 1000 symbols per second with 

probabilities of po = pi = 1/z for each 

symbol. During transmission the noise 

introduces errors so that, on the aver- 

age, i in 100 symbols is received incor- 

rectly, i.e., a 0 is received as 1, or 

vice versa. The question is: what is 

the rate of transmission of useful in- 

formation? If there were no errors and 

therefore no equivocation, the rate 
would be 1000 bits per second, allowing 
1 bit per symbol. Since on the average 
1% of the symbols are received incor- 
rectly, one might be inclined to say that 
the useful information rate is 990 bits 
per second, which is obtained by sub- 

tracting the number of errors. This 
would be incorrect since it does not 
account for the recipient's lack of 

knowledge of where the errors occur. 
Thus, in the extreme case, we might 
imagine the noise to be so great that 
the received symbols are entirely inde- 
pendent of the transmitted symbols. 
The probability of receiving 1 is 

whatever was transmitted, and similarly 
for 0. Then, due to chance alone, about 

half the signals are incorrect, and con- 

sistent with the above approach the 

system would be given credit for trans- 
mitting about 500 bits per second, while 

in fact no useful information is being 
transmitted at all. 

Noise in the channel has introduced 
undesirable uncertainty which in the 
foregoing was called the "equivocation." 
To find the rate at which useful in- 
formation is transmitted, the equivoca- 
tion must first be found and subtracted 

- from the total uncertainty or entropy. 
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Noise uncertainty is a measure of in- 
formation, albeit undesirable informa- 
tion. To find this noise information or 
equivocation, refer back to Eqts. (1) 
and (2). 

What are the probabilities P,? If a 0 

is received, the probability that a zero 

was transmitted is 0.99 and that a 1 

was transmitted is 0.01. These figures 
are reversed if a 1 is received. Hence, 
the probabilities are P, = 0.99 and P_ = 
0.01, and noise information or equivoca- 
tion is: 
H = - (0.99 log, 0.99 + 0.01 log: 0.01) 

= 0.081 bits/symbol, 
so that the equivocation is being trans- 
mitted at the rate of 81 bits per second. 
Hence, the rate of transmission of -use- 
ful information is 1000 - 81 or 919 bits 
per second. In the extreme case where 
a 0 is equally likely to be received as 
a 0 or a 1, and similarly for 1, the proba- 
bilities are P, = 1/2, P, = 1/2, so equivoca- 
tion is: 

H = - (1/2 log, 1/z + 1/2 log, 1/2) 

= 1 bit per symbol, 
or 1000 bits per second. This means that 
the rate of transmission of useful in- 
formation is zero, as it should be. 

Relationships 
The relationship between channel ca- 

pacity C, bandwidth W, and signal.to- 
noise ratio P/N is: 

C -W log (1 + P/N) for all values 
of PIN, where 

P = transmitter power 
N = white thermal noise of power N 
By sufficiently ingenious encoding 

systems, binary digits can be trans- 
mitted at the rate W log, (1 + P/N) 
bits per second, with arbitrarily small 
frequency of errors. Transmission at 
a highèr rate by any encoding system 

I without a definite positive frequency 
of errors is not possible. It is em- 
phasized that it is possible to transmit 
at a rate C over a channel only by 
properly encoding the information. In 
general the rate C cannot be actually 
attained but only approached as a limit 
by using more and more complex en- 
coding and longer and longer delays' at 
both transmitter and receiver. 

The extremely important implication 
of the above relation for capacity is 
that if there were no noise whatever, 
a continuous function could in principle 
be measured with arbitrarily high pre- 
cision and could assume an infinite num- 
ber of amplitude levels. Thus an un- 
limited amount of information could 
he transmitted per second over as nar- 
row a band as desired. This fact repre- 
sents the great departure of modern 
information theory from the informa- 
tion theory of Hartley. 

Of utmost importance to the com- 
munication engineer is the question of 
how to reduce bandwidth. Communica- 

tion theory reveals three essentially 
different ways. These are: 
1. The straightforward exchange of 

signal-to-noise ratio, 
2. Utilization of statistical correlation 

in the source, and 
3. Utilization of the properties of the 

destination. 
Consider bandwidth reduction by the 

exchange of signal-to-noise ratio. The 
relation for channel capacity may be 

written in the form: 

C = 2W log: (P ÑN 
. (3) 

where HP + N) /NY' is the number 
of amplitude ,levels which can be dis- 

tinguished. If the noise voltage amounts 
to a little less than 1 volt, two ampli- 
tudes, "off" and "on", may be distin- 
guished between by sending a signal 
of either 0 or 1 volt amplitude. Hence, 

C = 2W, bits per second. 
The question now arises : by how 

much must the transmitted power be 

increased in order to be able to reduce 
the bandwidth by a factor of 4 and 
still have the same channel capacity as 
before? It is assumed that the noise 
level in the channel is again a little 
less than 1 volt. 

Then, for W: = W,/4 

C=24' log: (P ÑN),i 
. (4) 

For C to be the same, log: [ (P +N) /N]'!' 
must equal 4. This is equivalent to say- 
ing that it must be possible to distin- 
guish among 16 amplitudes. Since zero 
counts as one amplitude, this means 
that a signal of up to 15 volts must be 

sent whereas before it was necessary 
to send a signal of not more than 1 

volt. That is, one may be required to 
transmit 225 times as much power to re- 
duce the bandwidth by a factor of 4. In 
most cases the more profitable exchange 
is in the other direction. Thus, a 10,000 - 

watt FM radio transmitter, which uses 
a bandwidth of 150,000 cycles per sec- 
ond, is as effective in overriding many 
kinds of noise as the most nearly com- 

parable AM transmitter, emitting a 
power of 250,000 watts over a band- 
width of 30,000 cycles. But FM is rela- 
tively inefficient in trading bandwidth 
for power. PCM, for example, does a 
much better job in this respect. 

Consider bandwidth reduction by 
utilization of the statistical correlation 
in the source. Many present-day com- 
munication systems are extremely in- 
efficient in that they fail to make use 
of the statistical properties of the in- 
formation source. For example, assume 
a system for transmitting English 
speech (no music or other sounds), the 
requirements on ree eduction being 
only that the transmitted speech is 
intelligible as to meaning. Personal ac- 
cents, inflections, and the like can be 
lost in the process of transmission. In 
principle, at least, it would be possible 
to transmit according to the following 
scheme. At the transmitter English text 
is printed to correspond with spoken 
words. The printed text is encoded into 
binary digits, using on the average not 
more than two binary digits per letter 
or nine per word. Taking 100 words 

(Continued on page 28) 

Control panel for TV Station WRGB, Schenectady. Information theory 
properly applied to TV systems could decrease the required bandwidth. 
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DU board ship to locate the shore 
shore station can be established. 

navigation aid which utilizes a 
operating in the 10,000 mc. range. 

ME cotn- 
shipping 

Zavigation, 
g demand 
s, such as 
.e Atlantic 
ughout the 
iparatively 
uld be used 
;k or jetty 
that blan- 

s and fog- 

.an't afford 
ipment nor 
to operate 

ver to their 

need had to be designed in the low price 
field and at the same time be simple, 
rugged and easy for any crew member 

to operate. Furthermore, it had to be 

of limited range to permit a reasonable 
number of units to operate in any one 

area without interference and channel- 
ing problems. 

This assignment was handed to the 
Radar Development Section of the Na- 
tional Research Council at Ottawa. 
Previously, the only equipment used for 
the purpose had been the radar re- 
sponder beacon (a land -based beacon 
triggered by a radar signal to provide 
the ship's operator with an azimuth 
bearing on the PPI tube), and the low 

atic diagram of the battery -operated receiver. 

100 100 

FILS 

1"-1 11111111106111 

7 -kw. transmitter operating in the 

3 -cm. band which could be mounted di- 

rectly on a jetty or could be located in 

line with an inlet channel. The receiver 

-the only equipment needed by the 

ship operator-was deliberately simpli- 

fied to keep the price down to $200 or 

less. 

Transmitter 
The transmitter is set up on shore. 

It is a simplified pulse transmitter, 
consisting of a 3 -cm. magnetron modu- 

lated by a rotary spark gap at 500 

pulses per second, together with its 
associated power supplies. The photo- 
graph (Fig. 6) shows the transmitter 
with its cover removed. On the top deck 

at the left is the rotary spark gap 

in its drum -shaped housing driven by 

the attached motor which is supplied 
by the oxide rectifiers at the rear. This 

provides a simple method of controlling 
the PRF (pulse recurrence frequency). 

The spark gap rotor, revolving at 
about ; 700 rpm, has eight segments 
which pass a single probe with an ad- 
justable gap. To the right of the spark 
gap is the keying wheel and its asso- 
ciated motor used to key the output of 

the twin beam antenna in some suit- 

able form of interlocking code, such as 

the familiar A -N or B -V combina- 

tions in common use on the aeronautical 
range. (On later models both the spark 
gap and the keying wheel are driven 

by a single motor.) 
On the middle deck are the power 

supplies, pulse line and time delay relay 
for the high voltage. On the lower deck 

are the magnetron and pulse trans- 
former. The meters indicate-from left 
to right-the line voltage, running time, 
power supply voltage and magnetron 
current, suitable plugs and jacks being 
used for the latter two. The remote start 
stop switch can be seen beside the 

transmitter. The magnetron drive volt 
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Fig. 4. Schematic diagram of 

the shore -based transmitter. 
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within one degree. The whole receiver 
may either be mounted on a bearing 
with an azimuth scale or held man- 
ually. -- 

Transmitter Antenna 
During the course of early equip- 

ment trials, it was felt that some means 
of providing a fixed course, or courses, 
would be of value. To provide such a 
course, advantage was taken of a fre- 
quently observed phenomenon, namely, 
the sharply defined shadows cast by 
objects illuminated by microwave radi- 
ation. 

The antenna used for this purpose is 

shown in Fig. 3. It is built around a 
plane metal ,surface, one foot by ten 
feet, at one end of which the two radi- 
ators are placed, one on each side of 
the plane surface. The radiation from 
the primary antennas is directed along 
the axis of the surface. Considering 
one side of the surface, it can be seen 
that radiation cannot pass through the 
metal surface and that any radiation 
which strikes it will be reflected. That 
portion of the radiated energy which 
just grazes the farther edge of the 
plate is slightly refracted. If the radi- 
ation patterns of Fig. 5 are examined, 
it will be seen that the pattern from 
one side of the baffle is a mirror image 

(Continued on page 31) 
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RADIATION PATTERNS OF SNORE BEACON ANTENNA 

Fig. 5. Radiation patterns of the 
equi -signal shore beacon antenna. 

Fig. 6. Transmitter with cover re- 
moved. Rotary spark gap is at top. 



AUDIO DEVELOPMENTS at N B S 

Standardization of an a.c. voltmeter in the NBS Electrical Instruments Laboratory. 

IN SPITE of the tremendous amount 
of interest in television, micro- 
waves, and the like, there is still a 

great deal of research and experimenta- 
tion taking place in the audio field. 
Here are reports on two National Bu- 
reau of Standards projects which deal 
directly with audio. 

Transfer Standards 
As a part of a program to increase 

the range and accuracy of . electrical 
measurements at audio frequencies, 
NBS has developed highly accurate 
electrothermic transfer methods for the 
measurement of voltage and current. 
Designed primarily for the testing of 
ammeters and voltmeters, the transfer 
methods make possible accuracies ap- 
proaching 0.01 per cent over wide 
ranges of current and voltage at audio 
frequencies. They thus enable NBS to 
meet growing demands for the accurate 
standardization of electrical instru- 
ments at frequencies higher than the 
commercial power frequencies at which 
these services have hitherto been avail- 
able. 

As the custodian of the national 
standards of physical measurement, 
NBS has the responsibility of insuring 
that the units of measurement used in 
science and industry are constant 
throughout the years and uniform 
throughout the nation. The Bureau has 
developed very precise standards of re- 
sistance and voltage, the values of which 
are established by absolute measure - 

Standardization of a.c. instruments and heater -induced 
hum measurements in amplifiers at NBS are discussed. 
ments that fix the relations between the 
electrical units and the fundamental 
mechanical units of length, mass, and 
time. From these basic absolute electri- 
cal standards, the Bureau has derived 
other standards for all electrical quan- 
tities in use today. Accurate compari- 
son of the secondary or working stand- 
ards of other laboratories with the pri- 
mary standards thus calibrated makes 
possible the high degree of accuracy 
and uniformity which prevails in electri- 
cal measurements throughout American 

Typical low-level amplifier circuit used 
in measurements of heater -induced hum. 
Both triodes and pentodes were in- 
vestigated under various conditions. 

science and industry. As higher audio 
frequencies are being used increasingly 
in aircraft, induction furnaces and 
heating, and in various electronic de- 
vices, it has become necessary to develop 
special equipment and transfer stand- 
ards for tests of instruments operating 
in this range. As the fundamental elec- 
trical units are . maintained by d.c. 
standards, all a.c. measurements of 
voltage, current, anc4 power are actually 
based on transfer instruments, which 
are standardized on direct current and 
then used on alternating current. 

The electrothermic transfer stand 
ards used at NBS are thermal convert 
ers, often called thermocouples or ther 
moelements. Each thermal converter 
consists of a conductor, heated by th 
alternating current to be measured, ar 
a thermocouple, one junction -of whi( it 
is thermally connected to the heater. 
The value of the direct voltage pro- 
duced in the thermocouple thus depends 
on the value of the alternating current 
measured. Although such thermal con- 
verters have commonly been used for 
measurements at radio and higher fre- 
quencies, it has not been generally re- 
alized that they provide the basis for a 
particularly simple form of electrother- 
mic instrument which responds equally 
well to direct and alternating current 
at audio frequencies. NBS investiga - 

1 
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ns have shown that certain selected 
d tested thermal converters commer- 

ally available can be used for transfer 
ork to an accuracy of 0.01 per cent at 
rrents from 1 milliampere to 50 am - 
res over the audio -frequency range 
om 20 to 20,000 cps. Experimental 
d theoretical studies recently carried 
t by Francis L. Hermach of the NBS 
lectrical Instruments Laboratory have 
ought out a number of the factors 
verning the transfer accuracy, par- 

cularly at these comparatively low 

equencies. As the requirements im - 

sed by these factors can readily be 

et, -the NBS studies have made pos- 

Lble the specification and purchase of 

mmercial thermal converters having 
he required accuracy over wide cur- 
ent ranges at audio frequencies. Two 
orms of multirange voltmeter elements 
nth ranges from 0.2 to 750 volts, con- 
isting of commercially obtainable re- 
istors in series with the heater of a 
elected thermoelement, have been con- 

tructed at NBS, and their transfer 
)erformance has been carefully studied 
o make possible accurate alternating- 
oltage measurements. 
In standardizing electrical instru- 

oents, these transfer standards are 
sed for two distinct types of tests: one 
or instruments which respond to di- 
ect as well as alternating current, the 
Cher for those which cannot be used 

) ith accuracy on direct current. Instru- 
ients of the first type are generally 
iven a transfer test which directly 
etermines their a.c.-d.c. differences. 
:he instrument under test and the NBS 
tandard are connected so as to "see" 
he same electrical quantity successive - 
y on alternating and direct current. In 
each case the current is adjusted to 
>roduce the same deflection in the test 
nstrument, and the response of the 
'standard is observed. From these ob- 
iervations the a.c.-d.c. differences of the 

1.est instrument are computed by simple 
Formulas. These differences are rela- 
tively permanent, and their measure- 
ment need not ordinarily be 'repeated. 
Thus, when combined with a d.c. test, 
.his procedure gives more information 
Ian would an a.c. test alone. 

In the a.c. test, the standard and test 
'nstruments are connected together on 
lternating current, and the current is 

adjusted for the required response of 
he test instrument. The response of 
he standard is observed, and the stand - 
rd is then switched to direct current, 
hich is adjusted to give the same re - 

.ponse. The value of the direct current 
r voltage required to give this re - 
ponse is -then measured with a poten- 
iometer and accessory apparatus. 

The results obtained show that, when 
roperly used, certain thermal convert- 
rs are capable of a transfer accuracy 
pproaching that of the best electro- 
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Block diagram of complete arrangement for investigating heater -induced hum. 

dynamic and electrostatic instruments 
and are useful over wide frequency, 
current, and voltage ranges. For lab- 
oratories that may wish to set up simi- 
lar equipment, the sets of tested thermal 
converters at NBS make possible direct 
determination of the transfer perform- 
ance of other converters to high accur- 
acy. At present, comparison with the 
Bureau's converters is recommended if 
accuracies better than about 0.1 per 
cent are desired. While the equipment 
used with the standards is not portable, 
the transfer standards themselves are, 
and they have been used with a portable 
potentiometer for measurements of volt- 
age and current at other locations. 

Heater Hum 
Heater -induced 60 -cycle hum in a.c.- 

operated low level amplifiers can be re- 
duced to less than 1 microvolt by suit- 
able choices of tubes and circuitry. Yet 
less fortunate tube -and -circuit combina- 
tions may give heater hum levels of 
more than 500 microvolts. These are 
conclusions of a limited investigation of 
heater hum recently made at the NBS 
Electronic Instrumentation Laboratory. 
Undertaken because of the need for low 
hum amplifiers for instrumentation 
work at NBS, the study has yielded 
useful practical data for designing such 
amplifiers. Emphasis was on catalog- 
ing heater hum characteristics of vari- 
ous tubes and circuit arrangements, 
rather than on investigating the causes 
of the hum. 

Eleven tube types, in various circuit 
arrangements, have been studied so far. 
Included were single triodes 6F5 and 
6SF5; dual triodes 6SL7, 7F7, and 
5691; and pentodes 6J7, 6J7G, 6J7GT, 
6SJ7, 5693, and 6SH7. In general, only 
four to six tubes of each type were 
checked, although tubes of several man- 
ufacturers were included wherever pos- 
sible. Data were discarded for occa- 
sional individual tubes which, because 
they showed wide deviations from the 
mean, were not believed representative. 

Circuits were varied with respect to 
cathode bypass capacitance, heater re- 
turn tie point, heater return potential, 
and grid circuit resistance. The cath- 
ode resistor was either bypassed with a 
50 µfd. capacitor or left unbypassed. In- 

put grid resistance was either zero or 
0.5 megohm. The heater return was 
either to one side of the heater, or 
through the adjustable arm of a 100 - 

ohm potentiometer placed across the 
heater supply and adjusted for mini- 
mum 6Q -cycle output. Heater return 
potential was either to ground, -to 45 

volts positive, or to 45 volts negative. 
Hum measurements were made with 
various combinations of these circuit 
variations. 

In the test setup, the 'f0-, 120-, and 
180 -cycle hum components of the out- 
put of the amplifier under study were 
measured on a vacuum tube voltmeter, 
using appropriate amplification and fil- 
tering. At. the same time, waveform 
was observed on a cathode-ray oscillo- 
scope. Gain was measured by applying 
a known signal to the grid of the test 
amplifier; hum level could then be ex- 
pressed in terms of equivalent micro- 
volts at the grid. Provision was made 
for switching from a.c. to ;d.c. heater 
supply for calibration and comparison. 

To obtain the desired measurements 
of heater -induced hum, external a.c. 
hum was reduced to a negligible value, 
using recognized shielding precautions; 

(Continued 071 page 26) 

Thermal converters and voltmeter 
elements used for testing ammeters 
and voltmeters at audio frequencies. 
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AUDIO DEVELOPMENTS at N B S 

Standardization of an a.c. voltmeter in the NBS Electrical Instruments Laboratory. 

IN SPITE of the tremendous amount 
of interest in television, micro- 
waves, and the like, there is still a 

great deal of research and experimenta- 
tion taking place in the audio field. 
Here are reports on two National Bu- 
reau of Standards projects which deal 
directly with audio. 

Transfer Standards 
As a part of a program to increase 

the range and accuracy of electrical 
measurements at audio frequencies, 
NBS has developed highly accurate 
electrothermic transfer methods for the 
measurement of voltage and current. 
Designed primarily for the testing of 
ammeters and voltmeters, the transfer 
methods make possible accuracies ap- 
proaching 0.01 per cent over wide 
ranges of current and voltage at audio 
frequencies. They thus enable NBS to 
meet growing demands for the accurate 
standardization of electrical instru- 
ments at frequencies higher than the 
commercial power frequencies at which 
these services have hitherto been avail- 
able. 

As the custodian of the national 
standards of physical measurement, 
NBS has the responsibility of insuring 
that the units of measurement used in 
science and industry are constant 
throughout the years and uniform 
throughout the nation. The Bureau has 
developed very precise standards of re- 
sistance and voltage, the values of which 
are established by absolute measure - 

Standardization of a.c. instruments and heater -induced 
hum measurements in amplifiers at NBS are discussed. 
ments that fix the relations between the 
electrical units and the fundamental 
mechanical units of length, mass, and 
time. From these basic absolute electri- 
cal standards, the Bureau has derived 
other standards for all electrical quan- 
tities in use today. Accurate compari- 
son of the secondary or working stand- 
ards of other laboratories with the pri- 
mary standards thus calibrated makes 
possible the high degree of accuracy 
and uniformity which prevails in electri- 
cal measurements throughout American 

Typical low-level amplifier circuit used 
in measurements of heater -induced hum. 
Both triodes and pentodes were in- 
vestigated under various conditions. 

science and industry. As higher audio 
frequencies are being used increasingly 
in aircraft, induction furnaces and 
heating, and in various electronic de- 
vices, it has become necessary to develop 
special equipment and transfer stand- 
ards for tests of instruments operating 
in this range. As the fundamental elec- 
trical units are . maintained by d.c. 
standards, all a.c. measurements of 
voltage, current, anc4 power are actually 
based on transfer instruments, which 
are standardized on direct current and 
then used on alternating current. 

The electrothermic transfer stand 
ards used at NBS are thermal convert 
ers, often called thermocouples or ther 
moelements. Each thermal converte 
consists of a conductor, heated by the 
alternating current to be measured, an 
a thermocouple, one junction -of whic 
is thermally connected to the heater`. 
The value of the direct voltage pro 
duced in the thermocouple thus depend 
on the value of the alternating curren 
measured. Although such thermal con- 
verters have commonly been used for 
measurements at radio and higher fre- 
quencies, it has not been generally re- 
alized that they provide the basis for a 
particularly simple form of electrother- 
mic instrument which responds equally 
well to direct and alternating current 
at audio frequencies. NBS investiga - 
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ins have shown that certain selected 
d tested thermal converters commer- 

ally available can be used for transfer 
ork to an accuracy of 0.01 per cent at 
rrents from 1 milliampere to 50 am - 
res over the audio -frequency range 
om 20 to 20,000 cps. Experimental 
d theoretical studies recently carried 

It by Francis L. Hermach of the NBS 
lectrical Instruments Laboratory have 
ought out a number of the factors 
verning the transfer accuracy, par- 
cularly at these comparatively low 

equencies. As the requirements im - 

sed by these factors can readily be 

et, the NBS studies have made pos- 

tble the specification and purchase of 
mmercial thermal converters having 

e required accuracy over wide cur- 
ent ranges at audio frequencies. Two 

orms of multirange voltmeter elements 
pith ranges from 0.2 to 750 volts, con - 

sting of commercially obtainable re- 
istors in series with the heater of a 

elected thermoelement, have been con- 
tructed at NBS, and their transfer 
(erformance has been carefully studied 
o make possible accurate alternating- 
oltage measurements. 

In standardizing electrical instru- 
aents, these transfer standards are 
sed for two distinct types of tests: one 
or instruments which respond to di- 
ect as well as alternating current, the 
ther for those which cannot be used 
vith accuracy on direct current. Instru- 

( gents of the first type are generally 
riven a transfer test which directly 
'etermines their a.c.-d.c. differences. 
?he instrument under test and the NBS 
tandard are connected so as to "see" 
he same electrical quantity successive - 
y on alternating and direct current. In 

each case the current is adjusted to 
troduce the same deflection in the test 
nstrument, and the response of the 
tandard is observed. From these ob- 
ervations the a.c.-d.c. differences of the 
est instrument are computed by simple 
'ormulas. These differences are rela- 
.ively permanent, and their measure- 
nent need not ordinarily be repeated. 
Thus, when combined with a d.c. test, 
.his procedure gives more information 
aIan would an a.c. test alone. 

In the a.c. test, the standard and test 
nstruments are connected together on 
lternating current, and the current is 
djusted for the required response of 

.he test instrument. The response of 
:he standard is observed, and the stand - 
rd is then switched to direct current, 
hich is adjusted to give the same re - 

ponse. The value of the direct current 
r voltage required to give this re - 
ponse is 'then measured with a poten- 
lometer and accessory apparatus. 

The results obtained show that, when 
roperly used, certain thermal convert- 
rs are capable of a transfer accuracy 
pproaching that of the best electro- 
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Block diagram of complete arrangement for investigating heater -induced hum. 

dynamic and electrostatic instruments 
and are useful over wide frequency, 
current, and voltage ranges. For lab- 
oratories that may wish to set up simi- 
lar equipment, the sets of tested thermal 
converters at NBS make possible direct 
determination of the transfer perform- 
ance of other converters to high accur- 
acy. At present, comparison with the 
Bureau's converters is recommended if 
accuracies better than about 0.1 per 
cent are desired. While the equipment 
used with the standards is not portable, 
the transfer standards themselves are, 
and they have been used with a portable 
potentiometer for measurements of volt- 
age and current at other locations. 

Heater Hum 
Heater -induced 60 -cycle hum in a.c.- 

operated low level amplifiers can be re- 
duced to less than 1 microvolt by suit- 
able choices of tubes and circuitry. Yet 
less fortunate tube -and -circuit combina- 
tions may give heater hum levels of 
more than 500 microvolts. These are 
conclusions of a limited investigation of 
heater hum recently made at the NBS 
Electronic Instrumentation Laboratory. 
Undertaken because of the need for low 
hum amplifiers for instrumentation 
work at NBS, the study has yielded 
useful practical data for designing such 
amplifiers. Emphasis was on catalog- 
ing heater hum characteristics of vari- 
ous tubes and circuit arrangements, 
rather than on investigating the causes 
of the hum. 

Eleven tube types, in various circuit 
arrangements, have been studied so far. 
Included were single triodes 6F5 and 
6SF5; dual triodes 6SL7, 7F7, and 
5691; and pentodes 6J7, 6J7G, 6J7GT, 
6SJ7, 5693, and 6SH7. In general, only 
four to six tubes of each type were 
checked, although tubes of several man- 
ufacturers were included wherever pos- 
sible. Data were discarded for occa- 
sional individual tubes which, because 
they showed wide deviations from the 
mean, were not believed representative. 

Circuits were varied with respect to 
cathode bypass capacitance, heater re- 
turn tie point, heater return potential, 
and grid circuit resistance. The cath- 
ode resistor was either bypassed with a 
50 µfd. capacitor or left unbypassed. In- 

put grid resistance was either zero or 
0.5 megohm. The heater return was 
either to one side of the heater, or 
through the adjustable arm of a 100 - 

ohm potentiometer placed across the 
heater supply and adjusted for mini- 
mum 6Q -cycle output. Heater return 
potential was either to ground, -to 45 

volts positive, or to 45 volts negative. 
Hum measurements were made with 
various combinations of these circuit 
variations. 

In the test setup, the CO -,' 120-, and 
180 -cycle hum components of the out- 
put of the amplifier under study were 
measured on a vacuum tube voltmeter, 
using appropriate amplification and fil- 
tering. At. the same time, waveform 
was observed on a cathode-ray oscillo- 
scope. Gain was measured by applying 
a known signal to the grid of the test 
amplifier; hum level could then be ex- 
pressed in terms of equivalent micro- 
volts at the grid. Provision was made 
for switching from a.c. to ;d.c. heater 
supply for calibration and comparison. 

To obtain the desired measurements 
of heater -induced hum, external a.c. 
hum was reduced to a negligible value, 
using recognized shielding precautions; 

(Continued on page 26) 

Thermal converters and voltmeter 
elements used for testing ammeters 
and voltmeters at audio frequencies. 
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FM TRANSMITTER 
for 

42 MC. 

By 
HARDEN G. STRATMAN 

IN RECENT YEARS, the ever ex- 

panding field of radio communica- 
tion has grown so rapidly that 

increasing interference, both man-made 
ana natural, has made necessary a new 
medium of transmitting intelligence for 
the efficient and accurate disposal of 
messages for the State Police System- 
frequency modulation. 

FM is effectively solving all prob- 
lems of station interference, cross mod- 
ulation and other types of direct inter- 
ference from other stations. In addi- 
tion, FM equipment as a rule occupies 
less space and is easier to service than 
amplitude modulated equipment of 
equal power. In short, FM radio offers 
an excellent carrier medium for quick 
action on messages and is just the type 
of communication service needed for 
state police work. 

Within the last few years, conver- 
sion from AM to FM has gradually 
taken place in the field òf communi- 
cations as the superior qualities of 
frequency modulation have become ap- 
parent. But until recently, transmitting 
power on the order of 250 watts was 
the usual order of the day. Now, due 
to the fact that station -to -station op- 
eration covers several hundreds of 
miles and the distance from control 
station to mobile unit may be as much 
as a hundred miles, many state police 
installations have increased their power 
to 3 kw. However, field experience has 
shown that this is somewhat more 
power than is necessary for the usual 
run-of-the-mill everyday communica- 
tion and, in some instances, power out- 
put has been dropped to 2 kw. without 
losing any advantages. 

The 3 -kw. FM transmitter described 
here has proven to be an excellent 

Indiana State Police Post No. 8 

at Jasper, Ind. An FM amplifier 
similar to the one described in the 
text is at the extreme rear left. 

Design and performance details of a 3 -kw. 

FM amplifier for police communications. 

model for use in the 42 -mc. band where 
most of the state police communication 
takes place. It was designed and manu- 
factured by Gates Radio Company and 
was first used in the modern and effici- 

ent Indiana state police system. The 
effectiveness of communications there 
attests to the superior usefulness of 
this transmitter. 

The type of construction used in the 
transmitter departs radically from the 
usual accepted design found in most 
low band transmitters. This new type 
of design was first used in a 3 -kw. FM 
transmitter in the 88 to 108 mc. com- 
mercial FM band and, except for re- 
design of the plate tank and grid tank 
circuits and method ,of input coupling, 
it is still basically the same. 

Vertical construction is used through- 
out to make the equipment as accessible 
as possible. All components can be 
easily reached through doors or re- 
movable panels. Forced air cooling is 
provided for the power amplifier tubes 
V1 and Vz at all times that the unit 
is in operation, by means of a blower 

Fig. 1. Basic diagram of the reflec- 
tometer for indicating antenna match. 

and a fan. The air circulation is con 

tinued for approximately two minute 
after all voltages are shut off to mak 

sure that the residual tube heat is r 
moved. This feature effectively lengt 
ens tube life. Additional protection is 

provided for the transmitter by an air 
switch which automatically keeps high 
voltage from being applied to the trans- 
mitter if the air should fail. A dust 

filter in the rear door provides dust 
protection while still allowing forced 

air circulation. 
All wires in the transmitter are 

numbered for ease of tracing from 
part to part should trouble develop, 

and motor tuning of all circuits is used 
to obtain ease of adjustments and to 

allow for optimum placement of tank 
circuit components. Push buttons and 
their associated indicator lamps are 
located on the front panel for control 
of various voltages and other functions. 

When the rear door is opened, the 
door interlock switch Si. operates and 
opens the holding contacts of E1, the 
plate contactor, thereupon shutting off 

the high voltage. Also provided is a 

high voltage shorting switch S. which 
effectively shorts the power supply and 

filter condensers directly to ground 
whenever the rear door is opened. Thi: 
gives utmost protection to operating 
personnel. 

Circuit breakers and overload relay: 
are provided in the primary side o: 

the plate and screen circuits for th4 

protection of the equipment. 
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Input a.c. line voltage to the . trans- 
itter is 220 volts, single phase, and 

s connected to a terminal board in the 

)ase of the transmitter. From there 
t is routed to a main breaker S, which 

ontrols all power to the other circuits. 
hen S, is "on" and the "on" button 
is depressed, the holding contacts on 

ontactor E, close and low voltage is 

applied to the transmitter, closing all 

f the other proper relays. The venti- 

ation fah A,, and blower A, will circu- 

ate air through the transmitter, clos- 

ng air interlock S,. The lumiline lamp 
,. over the front panel will light and 
lament voltage will be applied to all 

rectifier tubes and power amplifier 

tubes. Voltage will also be applied to 

the tuning direction switch S,, and the 
time delay E, will close after about 30 

seconds. Then, if the door interlock Si, 

is closed and excitation is applied to 
close under -voltage excitation relay E., 
high voltage may then be applied to 

the power amplifier circuit. This is 

accomplished by momentarily closing 
the high -voltage push-button switch S, 
which will cause the holding contacts 
on plate contactor E, to close, which 
in turn will cause screen and plate 
voltage to be applied to the power 
amplifier circuit. Should a short or 
overload occur somewhere in the ampli- 
fier circuit, the unit will be protected 
by screen overload relay E, and plate 
overload relay E, which can be set for 
a specific value of current. Even if a 

short should occur somewhere due to in- 
effectiveness of the overload relays, the 
unit is protected by the main breaker 
S, which contains a magnetic device 
to trip it out if more than 35 amperes 
are being drawn from the line. If ex- 
citation should fail, under -voltage ex- 
citation relay E, will trip off the high 
voltage. When the unit is to be turned 
off, high -voltage "off" button S, is 
pressed and then filament "off" button 

! S, is also pressed. The blower time de- 
lay E, will remain closed for approxi- 
mately two minutes to keep the air 
circulating and remove all residual 
heat from the transmitter. 

Filament, blower, screen and plate 
voltages are indicated by pilot lights 
A,, A,, A, and A, respectively. Fila- 
ment voltage of the power ampli- 
fier tubes can be set correctly by R, 
located on the front panel. The grid, 
plate aAd output circuits are tuned by 
tuning motors Tm,, Tm, and Tm, in 
that order. Switch S, determines which 
one shall be rotated and switch S, ap- 
plies the power to them in a manner 
calculated to cause them to rotate in 
the desired direction. 

Two terminal boards TB, and TB, 
should be noted on the schematic. TB, 
is to be connected to a 90 -volt d.c. 
source and TB, to an external 110 -volt 
a.c. source. These two terminal boards 

and their associated circuits are pro- 

vided for two specific purposes. First, 
and most important, they allow remote 

control of the transmitter. Secondly, 

they allow personnel to work on the 
main amplifier with line voltage re- 
moved without closing down all com- 

munications, because the output of the 
driving transmitter can be connected 
directly to the antenna by means of the 
relays without changing any wiring. 
Occasionally just the driving transmit- 
ter will be used for communication 
service if not too great a distance is 

to be covered. Reference to Fig. 3 will 

clarify the way in which these circuits 
work. The remote "on -off" control of 

the transmitter is accomplished by two 

telephone type relays E, and E, de- 

signed to operate from the 90 volts d.c. 

Polarization of the d.c. must be ob- 

served to prevent damage to C_ ,. E. 
closes momentarily when the 90 volts 
d.c. is applied from the control desk. 

The momentary operation is accom- 

plished by utilizing the charging cur- 
rent of C24. Note that the contacts on 

this relay are in shunt with the "on" 
push button located on the transmitter 
front panel. Note that relay E, is ex- 

cited and the contacts remain closed 

during the total transmission period. 
This relay has two sets of contacts 
having two distinct functions. The .first 
set closes and applies excitation volt- 
age to the coaxial relays E and E,,, 
placing them in the correct position for 
a 3 -kw. transmission. The second set 
of contacts is in series with the "off" 
push button on the amplifier front 
panel and when the 90 -volt d.c. control 
voltage is turned off, the transmitter 
is cut off the air. In the unexcited 
position of the coaxial relays, the 
driver transmitter is connected directly 
to the output of the 3 -kw. transmitter. 
When it is desired to operate the ampli- 
fier from the normal front panel push- 
button control for servicing, the arma- 
ture of E, should be taped down to 
close both sets of contacts. 

Amplifier Circuit 
The grid and plate tank of the trans- 

mitter consist of quarter -wave linear 
elements. Input and output impedances 
are 72 ohms. Note the unique "banjo 
type" input half -wave delay type balun 
which changes the single -ended, unbal- 
anced input from the driver to balanced 
type. This change takes place through 
connecting the input to the grid of one 
tube and connecting a length of coaxial 
cable electrically one-half wavelength 
long from the grid of the first tube to 
the grid of the other tube. This causes 
an electrical phase shift of 180°. The 
length of coaxial cable is approxi- 
mately 92". 

The amplifier is neutralized by plac- 
ing variable condensers from the 

Rear view of the complete amplifier. 

screen connecting pins of the tubes to 
ground. These condensers, along with 
the distributed inductance of the tube 
connections, form a series resonant 
circuit to ground at the operating fre- 
quency and effectively isolate the input 
circuit fri,.n the output circuit. 

The tuning of an FM transmitter 
in the frequency range of 42 mc. offers 
greater difficulties with regard to tun- 
ing the various circuits than are nor- 
mally encountered on the lower AM 
frequencies. This is attributable to 

Close-up view of the grid tank circuit 
showing method of input coupling. 

V 2 \' I 
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Fig. 2. Schematic of low pass filter. 

greater reaction between various cir- 

cuits, caused by small inductive and 

capacitive reactances that can normally 

be ignored on the low 
frequencies but 

which become increasingly important 

at these higher frequencies. Conse- 

quently, when tuning a high 
frequency 

transmitter, it is well to recheck the 

previous adjustments constantly 
as the 

tuning progresses. 
The normal driving source of this 

amplifier is the Gates 250 -watt FM 

transmitter but any good driving trans- 

mitter that can produce a minimum 

output power of 60 watts will suffice 

as the amplifier drives very easily. It 

is possible to obtain up to 3.4 
kw. con- 

tinuous power from the 3 -kw. amplifier 

when it has been properly tuned. 

Tuning of the grid circuit is accom- 

plished very simply. A fixed capacity 

Fig. 3. 

condenser consisting of two large, round 

aluminum plates and a variable vane 

which varies the surge impedance of 

the circuit. When the vane is closest 

to the tank circuit, the surge imped- 

ance is lowest and the effective elec- 

trical length will be shortened. When 

the vane is at the farthest point away 

from the tank circuit, the surge im- 

pedance is highest and the effective 

electrical length will be extended. If 

unable to hit the desired frequency 

when the vane is all the way in, less 

capacity is necessary to reach the de- 

sired frequency. 
Output power may be varied effec- 

tively by three methods. First-and 
most important-is the use of the out- 

put loop, which varies output power ap- 

proximately 30% with a standing wave 

ratio of unity in the transmission line. 

This output loop is set at the optimum', 

point of coupling, the point at which 

toward maximum, an the output power as indicated by th 

nection is made to a non -radiating output meter has just stopped increas- 

dummy load of the correct resistance; ing appreciably. Overcoupling to a 

then low plate and screen voltages are point where undesirable effects such as 

applied. Tuning of the quarter -wave broad tuning and reactive effects may 

elements which comprise the plate tank 
be 

introduced 
u t o ucwhi h 

bamck 
i Lause o 
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scillation 

tank 

circuit is accomplished by a padding 

Over-all schematic of the r.f. amplifier, including power supplies and control circuits. 
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With drive 
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ing of the grid current meter. This 

shorting bar effectively changes the elec- 

trical length of the tank elements. 

When sufficient drive has been ob- 

tained (approximately 150 ma.), tun- 

ing of the plate circuit can be under- 

taken. If the load is properly matched, 

the transmitter neutralized, and the 

output coupling is proper, this tuning 
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r even resonance to a harmonic; should 

avoided. The output loop is motor- 

uned but if the normal travel is in- 

ufficient, the position of the pickup 

oop may be coupled "closer or more 

oosely" by means of a setscrew on the 
rive block. The screen grid control 

lso varies output power about 30% 

(method 2). This control is customarily 
set for a definite power output after 
ptimum, Eoupling to the output circuit 
as been obtained or for increased 
fficiency between input power to the 
late tank circuit and actual r.f. output 

power. A limiting factor here is the 

possibility of the screen drawing too 

much current or parasitics taking 
place. The third method is by means 

of a switching arrangement which is 

also provided on the plate transformer 
Ti to alter considerably the r.f. output 
by varying plate voltage. 

Neutralization of this transmitter is 

not accomplished in the conventional 
manner. There are three general 
methods of checking as toy whether or 
not the transmitter is properly neu- 
tralized: 
1. If the grid current (M,) does not 

rise to maximum simultaneously 
with the dip in plate current (M,) 
while the power amplifier plate tank 
is being tuned through resonance, 
neutralization is not adequate. 

2. If excitation is removed from the 
power amplifier and the excitation 
relay E4 does not open (removing 
plate voltage) , it indicates oscillation 
in the power amplifier itself, a result 
of improper neutralization. The self - 
oscillation in the power amplifier 
produces grid current which holds 
relay E4 closed, thus keeping plate 
voltage applied and allowing the 
amplifier to continue self -oscillation. 

3. If the balance control R does not 
permit plate current balance within 
10%, further adjustment of the 
neutralizing condensers is required. 

Experience has shown that method 
2 is probably the best bet for checking 
neutralization. Method 1 may not al- 
ways hold true as it is somewhat 
dependent on the driver internal im- 
pedance as well as on the complex 
impedance which may be reflected into 
the amplifier from the antenna -trans- 
mission line system. 

A favorable method of neutralizing 
to start with is to block out grid cur- 
rent relay E4 so that the transmitter 
will stay on the air without drive; 
reduce the plate voltage to about one- 
half and turn the transmitter on; then 
adjust the neutralizing condensers to 
a point where no output power is in- 
dicated on the output meter. This op- 
eration must be carried out swiftly to 
prevent damage to the final amplifier 
tubes. Then, with full plate voltage 

and drive applied to the final tank cir- 
cuit, the neutralizing condensers can 
be trimmed slightly to compensate for 
any difference in the amount of plate 
current drawn by the individual tubes 
and to make the grid current peak 
coincide with the plate current dip as 
the plate circuit ig tuned through reso- 
nance. This method of neutralizing ap- 
plies in general to all types of the 
higher frequency transmitters. As can 

be noticed from the schematic, the 
method of neutralizing used in the 
transmitter is to provide a low react- 
ance path from the screen grid of each 

power amplifier tube to ground at the 
output frequency. This is accomplished 
by the series resonant circuit in the 
screen grid circuit and effectively iso- 

lates the grid from the plate circuit. 
A particularly critical operating fac- 

tor is getting a good match from the 
driver transmitter to the grid circuit 
of the final amplifier. Failing to do so 

will result in reduced output power 
and appearances of instability seeming 
to come from improper tuning of the 
plate or neutralizing circuits. A good 
match between the driving transmitter 
and the 3 -kw. power amplifier can 
often be obtained merely by changing 
the output coupling of the driver unit 
or the matching point on the grid 
circuit of the amplifier. At times it 
boils down to something as simple as 
changing the length of the coaxial 
coupling cable from the driving trans- 
mitter to the power amplifier. 

Two push-button switches, S and 
5,3, are provided on the front panel for 
the purpose of checking the individual 
plate currents drawn by Vi and V2 of 
the amplifier. The balance control (R,6 

and R,7), which is available as a screw 
driver adjustment from the front, en- 
ables the operator to maintain the 
plate currents of V, and V2 in balance. 
When the push buttons Si, and S are 
in their normally closed position, the 
meter M_ reads the total plate currents 
of both V, and V, combined. This cur- 
rent multiplied by plate volts as indi- 
cated on M. will give the correct power 
input to the final amplifier. The sum of 

the plate currents, as indicated on M, 
when either S,_ or S is pressed, is not 
equal to the total plate current as indi- 
cated on M, when S and Si. are in the 
normally closed position. This is due to 
the fact that normally the screen cur- 
rent and grid current of V, and V, flow 
back to the filament through the closed 
contacts of S,, and Si,. When either 
push button is depressed, the screen 
and grid currents of the respective tube 
must flow through M, before returning 
to the filament. In doing so this screen 
and grid current will effectively cancel 
the same amount of plate current. 

A spark gap is provided in the plate 

A view of the low pass filter 
with the top cover removed. 

voltage supply circuit just across the 
plate tank bypassing condenser. It has 
a gap varying from lice to lá inch and 
protects the transmitter components 
from line surges. This gap will occa- 
sionally arc over with a loud report 
similar to that of a shotgun and will arc 
if the plate voltage "on" button is 
pressed just as the primary line voltage 
cycle is passing through zero, because 
at that point the current is changing 
most rapidly and indÿting maximum 
voltage in the secondat;ï of the plate 
transformer. 

Output Indicating Device 
The combination output meter and 

standing wave ratio meter employed in 
the transmitter is remarkably accurate 
and stable. It employs a MO -3285 re- 
fiectometer which is a device for meas- 
uring the VSWR (voltage standing 
wave ratio), and the r.f. power being 
fed down a transmission line. 

Essentially, it consists of two direc- 
tionally sensitive circuits which meas - 

(C ntinued on page 31) 

Close-up of plate tank circuit, 
output coupling loop, tuning 
vane, monitor loop, and the 
Type 4-1000A amplifier tubes. 
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Fig. 2. Schematic of low pass filter. 

greater reaction between various cir- 
cuits, caused by small inductive and 
capacitive reactances that can normally 
be ignored on the low frequencies but 
which become increasingly important 
at these higher frequencies. Conse- 
quently, when tuning a high frequency 
transmitter, it is well to recheck the 
previous adjustments constantly as the 
tuning progresses. 

The normal driving source of this 
amplifier is the Gates 250 -watt FM 
transmitter but any good driving trans- 
mitter that can produce a minimum 
output power of 60 watts will suffice 
as the amplifier drives very easily. It 
is possible to obtain up to 3.4 kw. con- 
tinuous power from the 3 -kw. amplifier 
when it has been properly tuned. 

Tuning of the grid circuit is accom- 
plished very simply. A fixed capacity 

has been placed across the ends of the 
grid tank which causes it to resonate 
near the desired frequency. With drive 
applied, the motor -tuned shorting bar is 
then adjusted to give a maximum read- 
ing of the grid current meter. This 
shorting bar effectively changes the elec- 
trical length of the tank elements. 

When sufficient drive has been ob- 
tained (approximately 150 ma.), tun- 
ing of the plate circuit can be under- 
taken. If the load is properly matched, 
the transmitter neutralized, and the 
output coupling is proper, this tuning 
is easily executed. But, of course, the 
ideal situation is seldom encountered 
when tuning is first attempted. As a 
starting point, with a transmitter that 
has just come off the production line 
or is known to be completely out of 
adjustment, the neutralizing condensers 
(C, and CO are set at about half -mesh, 
coupling is adjusted about half -way 
toward maximum, and the output con- 
nection is made to a non -radiating 
dummy load of the correct resistance; 
then low plate and screen voltages are 
applied. Tuning of the quarter -wave 
elements which comprise the plate tank 
circuit is accomplished by a padding 

condenser consisting of two large, round 
aluminum plates and a variable vane 
which varies the surge impedance of 
the circuit. When the vane is closest 
to the tank circuit, the surge imped- 
ance is lowest and the effective elec- 
trical length will be shortened. When 
the vane is at the farthest point away 
from the tank circuit, the surge im- 
pedance is highest and the effective 
electrical length will be extended. If 
unable to hit the desired frequency 
when the vane is all the way in, less 
capacity is necessary to reach the de- 
sired frequency. 

Output power may be varied effec- 
tively by three methods. First-and 
most important-is the use of the out- 
put loop, which varies output power ap- 
proximately 30% with a standing wave 
ratio of unity in the transmission line. 
This output loop is set at the optimum 
point of coupling, the point at which 
the output power as indicated by the 
output meter has just stopped increas- 
ing appreciably. Overcoupling to a 
point where undesirable effects such as 
broad tuning and reactive effects may 
be introduced back into the plate tank 
circuit, which might cause oscillation 

Fig. 3. Over-all schematic of the r.f. amplifier, including power supplies and control circuits. 

704 MAIN 
BREAKER 

J i '1 3 
I °I5 -I 2 
L°SbPs 

BLOWER 

250011. 

MOTOR 
LIMIT 

SWITCHES 

M31 

TUNING MOTORS 
GRID PLATE 
TMI TM2 

100= 

C T"" 

200 
Had. 

OUTPUT 
TM3 

7 1500.11. ES 
BLOWER 

TIME 
DELAY 

UNDER -VOLT 
EXCITATION 

RELAY CONTA CONTACTS 

E4 

OFF O 
E6 52 V. 

FILAMENT 
PB. SWITCH 

HOLDING CONTACTS 
ON CONTACTOR E6 

- us 
If 

AGE AIRR- DOOR_ 
VOLTAHIAGEL 

DELAY OVER - IL LOCK LOCK 
P.BSWITCH 

RELAY LOAD OFF ON ÉTÇ`>7 57 V 2 
El 

''E211ÚÚ 

PLATE 
OVER-LOAD 

RELAY CONTACTS 

5on RI el 
i , j,. 

5 LUMILINE OLAMP 
VENTILATION MR 

FAN 

OF 
54 

OFF 

O SS TUNING 
SWITCH 
DIRECTION 

VI 
4-I000A 

300 _NI4 
y 1 

Y ç Y 

i4 
-2_ 

e 

E 

V2 
4-I000A 

200 
YY14 

SPARK GAP 

rcl0 

200 
YY14= 200 

YY14 

METER 
MULTIPLIER 
5 MEG 

230V T 

220V 

A9 a 
50011 

210 V.0 Q 

550V 

400V 

O 
p 

100011 TO 550V 

V3 
V4 

"Z3 l_.15Z3 

ta 
43 

HOLDING CONTACTS 
ON PLATE CONTACTOR 

E7 

T3 

o 
ó 

O 
S19 

e 

4 

V5 

SCREEN' 
OVER- 

LOAD 
RELAY COIL 

2 

E3 

R F OUTPUT 

V6 
575A I575A - - 

FILAMENT 
ON 

1 V D.C. I--hESTERNAL 
CONTROL VOLTAGE L_JTBB TB9,LE__JIISV 601. A.C. SOURCL 

561 

2y14 2yt4. 

PLATE 
OVER- OAD 57511 

RELAY E2 
COIL 

0 

RF 
INPUT 
FROM 

DRIVER 

Í 

I 

td. 

6It 

la 

l 9 RADIO -ELECTRONIC ENGINEERING JUNE, 1952 



tr even resonance to a harmonic, should 

e avoided. The output loop is motor- 

uned but if the normal travel is in- 

ufficient, the position of the pickup 

oop may be coupled "closer or more 

oosely" by means of a setscrew on the 

rive block. The screen grid control 

lso varies output power about 30% 

(method 2). This control is customarily 
set for a definite power output after 
optimum, coupling to the output circuit 

as been obtained or for increased 
fficiency between input power to the 
late tank circuit and actual r.f. output 

power. A limiting factor here is the 
ossibility of the screen drawing too 

much current or parasitics taking 
place. The third method is by means 

of a switching arrangement which is 

also provided on the plate transformer 
T, to alter considerably the r.f. output 

' by varying plate voltage. 
Neutralization of this transmitter is 

not accomplished in the conventional 
manner. There are three general 
methods of checking as to whether or 
not the transmitter is properly neu- 
tralized: 
1. If the grid current (M3) does not 

rise to maximum simultaneously 
with the dip in plate current (M,) 
while the power amplifier plate tank 
is being tuned through resonance, 
neutralization is not adequate. 

2. If excitation is removed from the 
power amplifier and the excitation 
relay E. does not open (removing 
plate voltage) , it indicates oscillation 
in the power amplifier itself, a result 
of improper neutralization. The self - 
oscillation in the power amplifier 
produces grid current which holds 
relay E. closed, thus keeping plate 
voltage applied and allowing the 
amplifier to continue self -oscillation. 

'3. If the balance control R does not 
permit plate current balance within 
10%, further adjustment of the 
neutralizing condensers is required. 

Experience has shown that method 
2 is probably the best bet for checking 
neutralization. Method 1 may not al- 
ways hold true as it is somewhat 
dependent on the driver internal im- 
pedance as well as on the complex 
impedance which may be reflected into 
the amplifier from the antenna -trans- 
mission line system. 

A favorable method of neutralizing 
to start with is to block out grid cur- 
rent relay E. so that the transmitter 
will stay on the air without drive; 
reduce the plate voltage to about one- 
half and turn the transmitter on; then 
adjust the neutralizing condensers to 
a point where no output power is in- 
dicated on the output meter. This op- 
eration must be carried out swiftly to 
prevent damage to the final amplifier 
tubes. Then, with full plate voltage 

and drive applied to the final tank cir- 

cuit, the neutralizing condensers can 
be trimmed slightly to compensate for 
any difference in the amount of plate 
current drawn by the individual tubes 
and to make the grid current peak 
coincide with the plate current dip as 
the plate circuit is tuned through reso- 

nance. This method of neutralizing ap- 
plies in general to all types of the 
higher frequency transmitters. As can 

be noticed from the schematic, the 
method of neutralizing used in the 
transmitter is to provide a low react- 
ance path from the screen grid of each 

power amplifier tube to ground at the 
output frequency. This is accomplished 
by the series resonant circuit in the 
screen grid circuit and effectively iso- 

lates the grid from the plate circuit. 
A particularly critical operating fac- 

tor is getting a good match from the 
driver transmitter to the grid circuit 
of the final amplifier. Failing to do so 

will result in reduced output power 
and appearances of instability seeming 
to come from improper tuning of the 
plate or neutralizing circuits. A good 
match between the driving transmitter 
and the 3 -kw. power amplifier can 
often be obtained merely by changing 
the output coupling of the driver unit 
or the matching point on the grid 
circuit of the amplifier. At times it 
boils down to something as simple as 
changing the length of the coaxial 
coupling cable from the driving trans- 
mitter to the power amplifier. 

Two push-button switches, S and 
S,3, are provided on the front panel for 
the purpose of checking the individual 
plate currents drawn by Vi and V, of 
the amplifier. The balance control (R,, 
and R) , which is available as a screw 
driver adjustment from the front, en- 
ables the operator to maintain the 
plate currents of V, and V2 in balance. 
When the push buttons S and Si, are 
in their normally closed position, the 
meter M, reads the total plate currents 
of both V, and V, combined. This cur- 
rent multiplied by plate volts as indi- 
cated on M. will give the correct power 
input to the final amplifier. The sum of 
the plate currents, as indicated on M. 
when either S or S is pressed, is not 
equal to the total plate current as indi- 
cated on M. when S and S are in the 
normally closed position. This is due to 
the fact that normally the screen cur- 
rent and grid current of V, and V, flow 
back to the filament through the closed 
contacts of S. and Si,. When either 
push button is depressed, the screen 
and grid currents of the respective tube 
must flow through M, before returning 
to the filament. In doing so this screen 
and grid current will effectively cancel 
the same amount of plate current. 

A spark gap is provided in the plate 

A view of the low pass filter 
with the top cover removed. 

voltage supply circuit just across the 
plate tank bypassing condenser. It has 
a gap varying from ifie to % inch and 
protects the transmitter components 
from line surges. This gap will occa- 

sionally arc over with a loud report 
similar to that of a shotgun and will arc 
if the plate voltage "on button is 
pressed just as the primary line voltage 
cycle is passing through zero, because 
at that point the current is changing 
most rapidly and indt#ting maximum 
voltage in the secondar:' of the plate 
transformer. 

Output indicating Device 
The combination output meter and 

standing wave ratio meter employed in 
the transmitter is remarkably accurate 
and stable. It employs a MO -3285 re- 
flectometer which is a device for meas- 
uring the VSWR (voltage standing 
wave ratio), and the r.f. power being 
fed down a transmission line. 

Essentially, it consists of two direc- 
tionally sensitive circuits which meas- 

(C,ntinued on page 31) 

Close-up of plate tank circuit, 
output coupling loop, tuning 
vane, monitor loop, and the 
Type 4-1000A amplifier tubes. 
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Fig. 2. Schematic of low pass filter. 

greater reaction between various cir- 
cuits, caused by small inductive and 
capacitive reactances that can normally 
be ignored on the low frequencies but 
which become increasingly important 
at these higher frequencies. Conse- 
quently, when tuning a high frequency 
transmitter, it is well to recheck the 
previous adjustments constantly as the 
tuning progresses. 

The normal driving source of this 
amplifier is the Gates 250 -watt FM 
transmitter but any good driving trans- 
mitter that can produce a minimum 
output power of 60 watts will suffice 
as the amplifier drives very easily. It 
is possible to obtain up to 3.4 kw. con- 
tinuous power from the 3 -kw. amplifier 
when it has been properly tuned. 

Tuning of the grid circuit is accom- 
plished very simply. A fixed capacity 

has been placed across the ends of the 
grid tank which causes it to resonate 
near the desired frequency. With drive 
applied, the motor -tuned shorting bar is 
then adjusted to give a maximum read- 
ing of the grid current meter. This 
shorting bar effectively changes the elec- 
trical length of the tank elements. 

When sufficient drive has been ob- 
tained (approximately 150 ma.), tun- 
ing of the plate circuit can be under- 
taken. If the load is properly matched, 
the transmitter neutralized, and the 
output coupling is proper, this tuning 
is easily executed. But, of course, the 
ideal situation is seldom encountered 
when tuning is first attempted. As a 
starting point, with a transmitter that 
has just come off the production line 
or is known to be completely out of 
adjustment, the neutralizing condensers 
(C, and C5) are set at about half -mesh, 
coupling is adjusted about half -way 
toward maximum, and the output con- 
nection is made to a non -radiating 
dummy load of the correct resistance; 
then low plate and screen voltages are 
applied. Tuning of the quarter -wave 
elements which comprise the plate tank 
circuit is accomplished by a padding 

condenser consisting of two large, round 
aluminum plates and a variable vane 
which varies the surge impedance of 
the circuit. When the vane is closest 
to the tank circuit, the surge imped- 
ance is lowest and the effective elec- 
trical length will be shortened. When 
the vane is at the farthest point away 
from the tank circuit, the surge im- 
pedance is highest and the effective 
electrical length will be extended. If 
unable to hit the desired frequency 
when the vane is all the way in, less 
capacity is necessary to reach the de- 
sired frequency. 

Output power may be varied effec- 
tively by three methods. First-and 
most important-is the use of the out- 
put loop, which varies output power ap- 
proximately 30% with a standing wave 
ratio of unity in the transmission line. 
This output loop is set at the optimum 
point of coupling, the point at which 
the output power as indicated by the 
output meter has just stopped increas- 
ing appreciably. Overcoupling to a 
point where undesirable effects such as 
broad tuning and reactive effects may 
be introduced back into the plate tank 
circuit, which might cause oscillation 

Fig. 3. Over-all schematic of the r.f. amplifier, including power supplies and control circuits. 
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or even resonance to a harmonic, should 

be avoided. The output loop is motor - 

tuned but if the normal travel is in- 

sufficient, the position of the pickup 

loop may be coupled "closer or more 

loosely" by means of a setscrew on the 

drive block. The screen grid control 

also varies output power about 30% 

(method 2). This control is customarily 
set for a definite power output after 
optimunt coupling to the output circuit 
has been obtained or for increased 

efficiency between input power to the 

plate tank circuit and actual r.f. output 
power. A limiting factor here is the 

possibility of the screen drawing too 

much current or parasitics taking 
place. The third method is by means 

of a switching arrangement which is 

also provided on the plate transformer 
T, to alter considerably the r.f. output 
by varying plate voltage. 

Neutralization of this transmitter is 

not accomplished in the conventional 
manner. There are three general 
methods of checking as to whether or 

not the transmitter is properly neu- 

tralized: 
1. If the grid current (M,) does not 

rise to maximum simultaneously 
with the dip in plate current (M2) 

while the power amplifier plate tank 
is being tuned through resonance, 
neutralization is not adequate. 

2. If excitation is removed from the 
power amplifier and the excitation 
relay E. does not open (removing 
plate voltage), it indicates oscillation 
in the power amplifier itself, a result 
of improper neutralization. The self - 
oscillation in the power amplifier 
produces grid current which holds 
relay E. closed, thus keeping plate 
voltage applied and allowing the 
amplifier to continue self -oscillation. 

3. If the balance control R does not 
permit plate current balance within 
10%, further adjustment of the 
neutralizing condensers is required. 

Experience has shown that method 
2 is probably the best bet for checking 
neutralization. Method 1 may not al- 
ways hold true as it is somewhat 
dependent on the driver internal im- 
pedance as well as on the complex 
impedance which may be reflected into 
the amplifier from the antenna -trans- 
mission line system. 

A favorable method of neutralizing 
to start with is to block out grid cur- 
rent relay E. so that the transmitter 
will stay on the air without drive; 
reduce the plate voltage to about one- 
half and turn the transmitter on; then 
adjust the neutralizing condensers to 
a point where no output power is in- 
dicated on the output meter. This op- 
eration must be carried out swiftly to 
prevent damage to the final amplifier 
tubes. Then, with full plate voltage 

and drive applied to the final tank cir- 

cuit, the neutralizing condensers can 

be trimmed slightly to compensate for 
any difference in the amount of plate 
current drawn by the individual tubes 
and to make the grid current peak 
coincide with the plate current dip as 
the plate circuit is tuned through reso- 

nance. This method of neutralizing ap- 
plies in general to all types of the 
higher frequency transmitters. As can 
be noticed from the schematic, the 
method of neutralizing used in the 
transmitter is to provide a low react- 
ance path from the screen grid of each 

power amplifier tube to ground at the 
output frequency. This is accomplished 
by the series resonant circuit in the 
screen grid circuit and effectively iso- 

lates the grid from the plate circuit. 
A particularly critical operating fac- 

tor is getting a good match from the 
driver transmitter to the grid circuit 
of the final amplifier. Failing to do so 

will result in reduced output power 
and appearances of instability seeming 
to come from improper tuning of the 
plate or neutralizing circuits. A good 

match between the driving transmitter 
and the 3 -kw. power amplifier can 
often be obtained merely by changing 
the output coupling of the driver unit 
or the matching point on the grid 
circuit of the amplifier. At times it 
boils down to something as simple as 
changing the length of the coaxial 
coupling cable from the driving trans- 
mitter to the power amplifier. 

Two push-button switches, Si, and 
S,,, are provided on the front panel for 
the purpose of checking the individual 
plate currents drawn by V, and V, of 
the amplifier. The balance control (R,. 
and R.), which is available as a screw 
driver adjustment from the front, en- 
ables the operator to maintain the 
plate currents of V, and V, in balance. 
When the push buttons S. and S. are 
in their normally closed position, the 
meter M, reads the total plate currents 
of both V, and V, combined. This cur- 
rent multiplied by plate volts as indi- 
cated on M. will give the correct power 
input to the final amplifier. The sum of 
the plate currents, as indicated on M, 
when either S. or Si, is pressed, is not 
equal to the total plate current as indi- 
cated on M, when S. and S are in the 
normally closed position. This is due to 
the fact that normally the screen cur- 
rent and grid current of V, and V, flow 
back to the filament through the closed 
contacts of S. and S,,. When either 
push button is depressed, the screen 
and grid currents of the respective tube 
must flow through M, before returning 
to the filament. In doing so this screen 
and grid current will effectively cancel 
the same amount of plate current. 

A spark gap is provided in the plate 

A view of the low pass filter 
with the top cover removed. 

voltage supply circuit just across the 
plate tank bypassing condenser. It has 
a gap varying from Me to 1/43 inch and 
protects the transmitter components 
from line surges. This gap will occa- 

sionally arc over with a loud report 
similar to that of a shotgun and will arc 
if the plate voltage "on" button is 
pressed just as the primary line voltage 
cycle is passing through zero, because 
at that point the current is changing 
most rapidly and in acing maximum 
voltage in the secon4ary of the plate 
transformer. 1 

1 

Output Indicating Device 
The combination output meter and 

standing wave ratio meter employed in 
the transmitter is remarkably accurate 
and stable. It employs a MO -3285 re- 
flectometer which is a device for meas- 
uring the VSWR (voltage standing 
wave ratio), and the r.f. power being 
fed down a transmission line. 

Essentially, it consists of two direc- 
tionally sensitive circuits which mess - 

(Continued on page 31) 

Close-up of plate tank circuit, 
output coupling loop, tuning 
vane, monitor loop, and the 
Type 4.1000A amplifier tubes. 
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ACCELEROMETER 

INTEGRATION 
By ALVIN B. KAUFMAN 
Research Engineer, Northrop Aircraft Co. 

THE USE of single- or double - 
integration circuitry with accel- 
erometers to allow simple switch 

selection of acceleration, velocity or dis- 
placement functions is well known. 
Similarly, velocity pickups may be 
single -integrated to indicate displace- 
ment. However, there are many criteria 
in the operation of such equipment and 
the design of circuitry to accomplish 
the desired end result which are often 
overlooked. 

Almost every type of vibration pick- 
up consists of a mass and spring, 
housed in a suitable case, and damped. 
When the case is shaken, there is a 
relative movement between the mass 
and case, and a transducing device of 
some sort which is incorporated in the 
instrument produces an electrical sig- 
nal proportional to the displacement or 
velocity of the mass with respect to the 
case. Such "seismic" instruments-ac- 
celerometers, seismometers, vibrometers, 
velocimeters and the like-are con- 
structed similarly and differ funda- 
mentally only in their natural frequen- 
cies and the methods by which relative 
motion between mass and case produces 
an electrical signal. 

A seismic type vibration pickup re- 
sponds as an accelerometer in the re- 
gion well below its natural frequency, 
as a velocity meter near its natural 
frequency, and as a vibration or dis- 
placement meter in the region well 
above its natural frequency'. However, 
as indicated above, the accelerometer 
may be used for all three functions. 

The accelerometer has an output pro- 
portional to the displacement of the 
internal mass when the transducer is a 
strain gauge, or an inductive, capacitive 
or crystal pickup. The self -generating 
velocity pickup does not meet this re- 
quirement and will be omitted from 
further discussion except as previously 
noted in regard to integration. Its out- 
put is a function of velocity, i.e., the 
speed with which the armature or wind- 
ing cuts a magnetic field. Accelerom- 
eters are used by industry where low - 
frequency to steady-state accelerations 

Miller oscillograph amplifier CD -2 for 
use with carrier excited strain gauge 
accelerometers. Acceleration, velocity, 
or displacement functions are obtainable. 

Criteria involved in the operation of integrator 
circuitry to indicate velocity and displacement. 

are encountered and integrated as re- 
quired to indicate velocity or displace- 
ment. 

Single integration for converting 
"g" or acceleration indications into ve- 
locity indications requires that the out- 
put signal decrease 6 db for every oc- 
tave increase of frequency. In other 
words, for every doubling of input fre- 
quency the output potential must fall 
to one-half its previous amplitude. 
Double integration is identical except 
that the output decreases 12 db per 
octave. In practice, double integration 
is not employed in one stage due to gain 
problems and inability to secure satis - 

Fig. I. Reduction of gain with frequen- 
cy for single- and double -integrated dr 
cuits. Attenuation for the double -lute 
grated circuit is about 12 db per octave 
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50 
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o 
3 12 
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24 48 

factory capacitors in the size required. 
Generally speaking, the use of inte- 

gration circuitry implies that the ac- 
celerometer used is critically damped 
and-if over a single stage-puts out 
essentially a sinusoidal wave. This last 
requirement is rarely met in instrumen- 
tation. It is obvious that steep wave - 
fronts or harmonic acceleration com- 
ponents must be amplified to achieve 
reliable end results. The problem of 
obtaining satisfactory integration exists 
mainly because the integrated amplifier 
has limited frequency response. This 
may be seen by Fig. 1, and when it is 
recalled that 12 db attenuation per oc- 
tave of amplified frequency means a 
rapid reduction of gain with frequency. 

Integration may be accomplished with 
the simple R -C circuit shown in Fig. 
2A as applied to the input of the ampli- 
fier. This system is not too practical 
for the very low frequency ranges, re- 
quiring large values of capacity. Inte- 
gration by this method may also lead 
to very inaccurate results if more than 
a short portion of the start of capacity - 
developed potential is used, due to the 
non-linear charging current'. Figures 
2B and 2C are frequency -sensitive feed- 
back circuits for obtaining large equiv- 
alent capacitances. This method of 
obtaining a large, effective capaci- 
tance is useful where the physical size 
or the electrical quality of a very large 
capacitor is objectionable. The circuit 
of Fig. 2C is in most frequent use com- 
mercially. Integration accuracy depends 
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ainly upon amplifier design. 'If the 

mplifier is suitably designed, the out - 

ut signal will be proportional to the 

integral of the input signal to within an 

accuracy of one per cent or better'. 4. 

Five per cent accuracy is generally the 

tolerance guaranteed by manufacturers 
of commercial equipment, and this fig- 

ure for over-all accuracy of the com- 

plete system is probably in line with 

the most favorable configuration. 
Before continuing into a discussion 

of commercially available equipment 

and design parameters, further discus- 

sion of what integration accomplishes 

and how it does so might be desirable. 

For a given amplitude and frequency, 

assuming a sine wave, the path of the 

accelerometer (analogic to the electrical 
output wave) will traverse a given 

distance. If the frequency were doubled 

without any change in accelerometer 
displacement, the amplitude of the ac- 

celerometer signal would quadruple. 
The accelerometer signal increases as 

the square of the exciting vibration 

frequency as' can be seen from the 

equation: 
g = .0511Df' 

where D is displacement in inches, f is 

cycles per second, and g is peak -to -peak 

acceleration. Thus, doubling the fre- 
quency would consequently increase the 

acceleration and the output amplitude 
four times. 

To reduce the acceleration signal to a 

velocity signal, single integration is re- 
quired. The velocity equation': 

V =,rfD 
indicates that a single stage of inte- 
gration in the amplifier, reducing the 
wave amplitude by 50% (6 db) at 
twice the original frequency, would meet 
the requirements. The output signal 
would only double for each octave in- 

crease of vibration frequency. As the 
equation indicates, at constant dis- 
placement the velocity is directly a 

function of frequency;, therefore, dou- 

bling the frequency should double the 
output signal. Thus it can be seen that 
with the aid of a switch the amplifier 
may be connected so as to become a 

linear amplifier for reading accelera- 
tion, or be single -integrated to indicate 
velocity of the accelerometer. 

The output of the velocity pickup or 
single -integrated accelerometer ampli- 
fier supplies a voltage and frequency or 

velocity signal proportional to displace- 
ment and frequency. Thus: 

D=V/'Rf 
and an integration of the velocity signal 
will give a displacement signal. We 
have previously noted that for con- 
stant amplitude of vibration the dou- 
bling of the vibration frequency in- 
creased the accelerometer signal output 
by four times. The first integration re- 
duced this to double -signal amplitude, 

and this second integration again re- 

duces the signal by 50%, or to unity. 

With double integration the output sig- 

nal is independent of frequency, re- 

sponding linearly only to displacement. 
In both cases maximum velocity or 

displacement indication is limited by 

the maximum "g" rating of the ac- 

celerometer. The previous equations 
then may be factored to give the maxi- 

mum allowable values: 
V = TrfD (D calculated below) 
D = g/0.0511f 

The velocity pickup, although widely 

used because of its high output signal, 
has a serious limitation. It is suitable 
for the measurement of velocity or dis- 

placement only where oscillatory vi- 

bration exists. Prolonged acceleration in 

one direction allows the pickup to come 

to rest, at which time the signal indi- 

cation ceases. On the other hand, an 
accelerometer such as the Statham, 
with strain gauge pickup, will continue 
to give a signal as long as the accelera- 
tion exists. 

It must also be pointed out that for 
all equations presented the displacement 
is peak -to -peak (or double amplitude) 
for vibratory systems, while for centri- 
fuge or steady state acceleration where 
the "g" loading is hi one direction only, 
the previous equations are not appli- 
cable as there is no frequency compo- 
nent. As in the vibratory system, twice 
the "g" rating is available over the 
steady state system when alternate ac- 

celeration directions are present. Thus 
an accelerometer tagged ± 2g could 
use the figure "4" in the "g" equations. 
AcceleLation forces as produced by a 

centrifuge may be found from the equa- 
tion: 

g = =r x RPM'/35.3 X 10' 
where r, the radius, is in inches. 

Commercial equipment is manufac- 
tured by many companies. On the west 
coast, Statham, Consolidated Engineer- 
ing, and William Miller are among the 
companies well known for their special- 

A typical unbonded strain gauge ac- 
celerometer made by Statham Labs. 

IN 

N 

(A) 

(C) 

Fig. 2. (A) Simple integration dr - 
cuit. (B) and (C) Frequency -sensitive 
feedback circuits for obtaining large 
values of equivalent capacitance. 

ization 
bonded 

in this field. The Statham un - 
strain gauge accelerometer is 
(Continued on page 25) 

Schematic diagram of a typical vibration amplifier. 

ALL RESISTORS 1/2 WATT 

ALL CONDENSERS 400 W D C. 

R, ADJUSTED TO SUIT 

GALVANOMETER, REPLACED 

WITH TRANSFORMER OR 

INPUT: HIGH IMPEDANCE BATTERY FOR TELEMETERING 

ACCELEROMETER, DIRECTLY APPLIED OR 

THROUGH A THERMADOR GEOPHYSICAL TRANSFORMER 
POSITION: I. LINEAR ACCELERATION AMPLIFIER 

E. VELOCITY INTEGRATED 
3.01SPLACEMENT INTEGRATED (RESPONSE DOWN TO 3 DRS.) 
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--= COUNTING RATE METER 
by 

EDWL\i N. KAUFMAN 

AT SOME TIME in the life of 
every engineer, the problem of 
designing and putting into use 

some form of "counting rate meter" 
invariably arises - an instrument that 
will indicate the number of events oc- 
curring at any given rate, random or 
repetitious, for any given time. The time 
is usually based on the number of events 
per minute but seconds or hours can be 
used, depending upon the rate. 

The alternative to a counting rate 
meter is an instrument which actually 
counts the individual events by means 
of registers or electronic scaling cir- 
cuits. It has a disadvantage in that the 
number of events occurring during a 
given time cannot be determined until 
after a time interval has past, whereas 
the counting rate meter indicates al- 
most instantly the predicted number of 
events for any given length of time. A 

Aft. . 
mine 4.445 

An instrument for indicating events per 
unit time, whether random or repetitious. 

241. - - .2.544.. -- - - - -... - -- - _ 
study of literature on this subject shows 
conventional circuits (such as in Fig. 2) 
using, as a rule, large electrolytic con- 
densers. Circuits of this type have 
numerous disadvantages. For example, 
a change in electrolytic capacity or a 
difference in input signal level will 
cause large errors in calibration. Other 
disadvantages are inability to handle 
low counting rates and difficulty in ob- 
taining a linear scale calibration. 

However, the purpose of this article 
is not to discount such circuit instru- 
ments but rather to present a logical 
approach to the problem, and to intro- 
duce a successful counting rate meter 
having a range of 2000 to 50,000 events 
per minute. The meter can also be de- 
signed for lower or higher rates. The 
meter damping is rated in percentage 
of probable error (full scale) and does 
not cause a change in calibration. 

4 

Unfortunately, a simple, successful 
R -C type of counting rate meter is im- 
possible to obtain unless the occurring 
events produce electrical pulses which 
do not deviate in height and waveform, 
although the repetition rate may vary. 
Even so, the problem of obtaining a 
satisfactory capacitor still remains. 

For this reason, the input circuit o 

this counting rate meter (see Fig. 1) 
consists of a pulse amplitude discrimi- 
nator, the bias of which can be adjusted 
from 0 to 100 volts. Thus, if the discrimi- 
nator is adjusted to 10 volts, any signal 
above 10 volts will trigger the circuit 
and put out a standard pulse. These 
pulses trigger a univibrator pulse shap- 
ing circuit. The univibrator has a quasi - 
stable state lasting about 15 micro- 
seconds. The output pulse (negative) 
is impressed on a 0.0001 µfd. condenser 

(Continued on page 27) 

Fig. 1. Complete circuit diagram and parts values of the versatile counting rate meter. 
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OESN'T C 

Instruments of war must be unerringly 

dependable, and every part used in their 

construction must contribute to this standard. 

That is why El-Menco Capacitors have won 

such wide recognition in their particular field 

.. . Because of their margin of extra wide safety 

factor they are absolutely reliable. 

dik 

For higher capacity values, which require extreme tempera- 

ture and time stabilization, there are no substitutes for El- 

Menco Silvered Mica Capacitors. El-Menco Capacitors are 

made in all capacities and voltages in accordance with 

military specifications. 

MOLDED MICA 

From the smallest to the 

largest each is paramount 

in the performance field. 

Write on your business letterhead 
for catalog and samples. 

Jobbers and distributors are requested to write for 
information to Arco Electronics, Inc., 103 Lafayette 
St., New York, N. Y. - Sole Agent for Jobbers 
and Distributors in U. S. and Canada. 

nlencoM,C. 
CAPACITORS 

Radio and Television Manufacturers, Domestic and Foreign, Communicate Direct With Factory- 

TRIMMER 

52 

THE ELECTRO MOTIVE MFG. CO., INC. WILLIMANTIC, CONNECTICUT 
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RADIO WARNING SERVICE 

The first systematic forecasts of ra- 

dio propagation conditions in the North 

Pacific and Alaskan areas were issued 

recently by the NBS Radio Propagation 

Field Station in Anchorage, Alaska. 

This latest aid to all users of radio 

communications serves the same func- 

tion for these areas as does the North 
Atlantic Radio Warning Service at 
Washington, D. C. 

Disturbances to radio propagation- 
natural phenomena which result from 
the intense magnetic fields of the near- 
by auroral zone-have long hindered 
communications in the Alaskan area. 
However, advance warning of their oc- 

currence, together with forecasts of the 
day-to-day quality of propagation con- 

ditions, can lead to more efficient use of 

the short wave radio spectrum. The 

North Pacific Radio Warning Service 
was designed to supply this vital need. 

sta. 
es n cash remun ' a 

rtaih officers last y r ran 
f ually.. 

uneratlo 
s princi 

u isco nuing th 
plan heretofore in effect provid 
i - for the purchase of sigle pr 

annuiti 

low replacement rate. Over-all savings 

in critical material also will be accom- 

plished. 

COMPUTER LABORATORY 

Dr. Warren C. Stoker, professor of 

electrical engineering at Rensselaer 
Polytechnic Institute, Troy, N.Y., and 

member of the department since 1933, 

has resigned to become director of the 

Institute's Computer Laboratory. This 

laboratory has been opened with the 

installation of the Reeves electronic an- 

alog computer which is shown in the 

photograph, Dr. Stoker at left. Other 

types of electronic computing machines 

SHOCK -RESISTANT ELECTRON TUBES 

Thirty new long -life electron tubes 
which can be used commercially as well 

as in military equipment have been pro- 
duced under a Navy Bureau of Ships 
project in cooperation with the Army 
and Air Force, with Aeronautical Ra- 
dio, Inc., of Washington, D. C., doing 
most of the development work involved. 
Use of these tubes in radio, radar, so- 

nar, navigation and fire control instru- 
ments will enable operation despite 
shock of gunfire. 

Subjected to tests that would cause 
immediate failure in most present-day 
tubes, the newly developed tubes have 
proved to be from two to ten times more 
resistant to shock and vibration and 
have 20 times the life expectancy of 
former types. While their individual 
cost will be five to ten times higher 
than that of present commercial types, 
total costs will be reduced because of 

eov oc,,... 

will be added as Dr. Stoker assembles 
his staff of four or more computer 
scientists. 

phy and the cold sterilization of heat - 

sensitive foods and drugs using pene- 

trating gamma radiation. 

MAGNECORD APPOINTMENTS 

George C. Kent and William E. Daly 

have been appointed to the staff of 

Magnecord, ,Incorporated, manufactur- 
ers of magnetic recording equipment, as 

senior mechanical engineer and electri- 

cal development engineer, respectively. 
Mr. Kent was formerly a design engi- 

neer with the Revere Camera Company, 

and prior to that, was associated with 

the Russell Electric Company and Hot- 

point. He received his degree in me- 

chanical engineering in 1943 at Ohio 

State University. 
Mr. Daly worked for several years in 

magnetic recording head development 

for Shure Brothers, Incorporated, and 

previously was employed by the Engi- 

neering Research Associates of St. 

Paul. He received his degree in electri- 

cal engineering in 1947 from the Uni- 

versity of Minnesota. 

RADIATION LABORATORY 

With the opening of Stanford Re- 

search Institute's new Radiation Engi- 
neering Laboratory in Stanford, Calif., 
the largest source of radioactivity out- 

side of AEC installations will be made 

available for research in industrial uses 

of atomic and nuclear science. Com- 

panies wishing to explore uses of radi- 
ation for their processes or products 
may bring samples to the laboratory 
for irradiation. 

SRI's radioactive source will have 
five times the power of any presently 
available for industrial and medical re- 
search. The laboratory will develop and 
engineer practical, safe systems for the 
use of large amounts of radiation in a 

wide variety of possible applications, 
including non-destructive testing of 

metal castings and parts by radiogra- 

FLORIDA U. APPOINTMENT 

Dr. Linton E. Grinter, research pro- 

fessor of civil engineering and mechan- 

ics at Illinois Institute of Technology 

since 1946, has been appointed dean of 

the graduate school and director of re- 

search at the University of Florida, 
Gainesville, Fla. 

For the past two years Dr. Grinter 
has been consultant to the Board of 

Control for Southern Regional Educa- 

tion and is now a member of the board's 
commission on graduate studies. He 

taught civil engineering at Texas A and 

M College for nine years before going 

to Armour Institute of Technology in 

1937 to organize and head the graduate 
school. When Armour and Lewis Insti- 
tute merged in 1940, Dr. Grinter became 

the first vice president of Illinois Tech. 

TRANSFORMERS AND COILS 

The Raytheon Manufacturing Com- 

pany of Waltham, Mass., known for its 

custom-made transformers, announces 
complete facilities for large volume pro- 

duction, as well as for engineering de- 

sign and production of 
photograph shows a few 
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an 30,000 individual designs of 

aytheon coils and transformers. 
One of the few sources equipped for 

tzendraht coil windings, Raytheon can 
sign and build toroid-L-coils from 
e problem up, or wind to specified 
L and Q values ... precision wound 

temperature stabilized, powdered 
rmalloy cores, high permeability solid 
aterials or stamped "O" cores. 

AIDGET RADIO TRANSMITTER 

Dick Tracy's wrist -watch radio may 
ecome a reality in a new "era of ger- 

uanium," according to General Electric 
,ngineers, who offer as an example a 
nidget experimental radio transmitter 
,uilt by Everett Read of G -E's Elec- 
ronics Laboratory at Syracuse, N. Y., 
vhich has a broadcasting range of sev- 
,ral hundred feet. A tiny germanium 
ransistor (shown at the right) enables 
he transmitter to operate on a minia- 
ure dry cell battery inside the case. 

BBC IMPROVES ACOUSTICS 
t. The British Broadcasting Corpora- 

- ,loon, in retreating its largest studio at 
laida Vale to improve acoustic quali- 

;ies, made use of the findings of BBC 
research engineers who determined that 
rectangular shapes are the most effec- 
tive for diffusing sound to give good 
tone and good definition. 

Roofing -felt membrane absorbers 
which serve to reduce reverberation 
time and also act as scattering elements 
t all frequencies above about 90 cps. 
ow cover most of the side walls. The 
ighly reflective ceiling surface was 

Broken up by introducing scattering 
w slements consisting of flat rectangular 

plates supported on pedestals 1 to 3 
feet from the ceiling. Composite ab- 
-orbing units, presenting a serrated 
wall form, were installed in the rear to 
revent sound from being reflected as 

s strong echo. 

ROMOTIONS AT DU MONT 
111 Five top members of the Instrument 

ivision of Allen B. Du Mont Labora- 

tories, Inc., have been promoted to new 
key posts within the division. 

Dr. P. S. Christaldi, formerly engi- 
neering manager, has been named as- 
sistant division manager; Mr. G. Robert 
Mezger, formerly technical sales man- 
ager, has been appointed engineering 
manager; Mr. Emil G. Nichols has been 
promoted from assistant technical sales 
manager to technical sales .manager; 
and Messrs. Melvine B. Kline and Wil- 
liam G. Fockler have been appointed 
assistant engineering managers. Mr. 
Kline is the former head of the special 
projects section of the Instrument En- 
gineering Department, and Mr. Fockler 
the former head of the development 
section of the same department. 

MICROWAVE DIATHERMY 

Microwave diathermy promises to be- 
come a useful and efficient new tool in 
physical medicine, according to the Di- 
vision of Experimental Medicine at the 
Mayo Foundation, Rochester, Minne- 
sota, where an investigation has been 
under way since 1946 on the possibility 
of using microwaves for medical dia- 
thermy. 

Studies on the heating effects of mi- 
crowaves showed that temperatures can 
be produced which are considered ade- 
quate for therapy. Moreover, micro- 
wave diathermy has the distinct ad- 
vantage of being more easily controlled 
and more conveniently applied than 
short wave diathermy. 

POWDER METAL PRESSES 

To meet the exacting operating stand- 
ards required for carrier equipment, the 
Lenkurt Electric Company of San Car- 
los, Calif., manufactures many of its 
own components, including powdered 
iron cores. Recently, Lenkurt installed 
a Stokes tabletting press for use in its 
component manufacture, and the man- 
ager of component sales engineering at 

Lenkurt has this to say about it: "Since 
installing the Stokes R-4 press, we have 
been able to achieve a production rate 

on some types of products running 
about 800 per cent of previous rates." 

The Stokes R-4 eccentric -cam single 
punch press applies pressure from 
above and below simultaneously, and 
uninterrupted production and protec- 
tion against damage are provided for 
by an automatic excess pressure release. 
This press is made by the F. J. Stokes 
Machine Company, 5500 Tabor Road, 
Philadelphia 30, Pa. 

FLEMING AWARD PRESENTED 

Dana K. Bailey, of the NBS Central 
Radio Propagation Laboratory, has re- 
ceived the Arthur S. Fleming Award 
which is presented annually by the 
Washington Junior Chamber of Com- 
merce to the Government Service man 
under 36 years of age who has been of 
greatest service to the nation. 

Mr. Bailey received the award for 
his contributions to science, particular- 
ly in the field of radio wave propaga- 
tion, and for his extensive service in 
the field of internati*al relations. 
Since 1948 he has been a f. J. S. technical 
representative at meetings of agencies 
of the International Telecommunica- 
tions Union, an organization concerned 

with the assignment and most effective 
use of frequencies for radio communica- 
tions, short wave and television broad- 
casts all over the world. 

U.H.F. EXPERIMENTAL STATION 

Now that Station KM2XAZ is broad- 
casting experimentally on Channel 22 
from its new location in the John Poole 
Transmission Center on Mount Wilson, 
Southern California is receiving televi- 
sion signals in the ultra high frequency 
band for the first time. Owned and 
operated by John H. Poole for the past 
two and a half years from atop Signal 
Hill in Long Beach, the station has 
been moved to its new location with the 
authorization of the FCC. 

The purpose of this experimental tele- 
casting is the gathering of engineering 
information on propagation character- 
istics of these higher frequencies which 
is expected to be useful to both the FCC 
and the television industry when the 
u.h.f. section of the air is "unfrozen". 
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Uil SI -111E Conf erenee 
A staff report on thirteen of the papers which 

were presented at the April URSI-IRE Conference. 

he International Scientific Radio vice has been used successfully to ampli- ment was designed to provide about 15 

TUnion is one of several world tude-modulate the r.f. output of a micro- ma. through each coil with an input o 

scientific unions formed in 1919 wave oscillator with sine wave voltages .1 volt. Work on this project was spon 

under a general organization now called at frequencies from d.c. to above 10,000 sored by the Rome Air Development 

the International Council of Scientific cps. It has also been used as a control Center under contract AF 28(099)-33. 

Unions. It is commonly designated as the device in a degenerative feedback cir- In some cases it is necessary to equal- 

URSI (from its French name, Union cuit to stabilize the output of micro- ize the r.f. powers in two or more cir- 

Radio Scientifique Internationale). Its wave generators automatically, and as a cuits to a high degree of accuracy. A 

aims are: (1) to promote the scientific microwave switch. An interesting side- .microwave power comparator capabl 

study of radio communications; (2) to light is the fact that the attenuation of detecting a change of .02 db in powe 

aid and organize radio research requir- varies as the magnetic field is rotated at S band was described by K. C. 

ing cooperation on an international around the coaxial cable containing the Gunn and K. O. Holmes of the Air For 

scale and to encourage the discussion ferrite, variations of as much as 40 db Cambridge Research Center. This instr 

and publication of the results; (3) to fa- having been obtained during a com- ment consists of a hybrid junction, r 

cilitate agreement upon common meth- plete revolution. This is apparently due tating eccentric attenuators phased 180 

ods of measurement and the standardi- to inhomogeneities in the magnetic fer- apart in the two input arms, a matche 

zation of measuring instruments. The rite. A more complete description of load on one output arm and a 

International Union itself is an organi- this attenuator appeared in the October, detector on the other output arm. The 

zation framework to aid in promoting 1951, issue of RADIO -ELECTRONIC ENGI- maximum attenuation of the attenua- 

these objectives. The actual technical NEERING. tors is equalized by conventional means, t 

work is largely done by the National Superconductivity is a phenomenon and on the other half cycle, the attenua - 

Committees in the various countries. which has been under investigation for tors are removed from the wave guide, 

A joint meeting of. the U. S. A. Na- effe-tively shutting off the power in 

tional Committee of URSI and the Pro- 
fessional Group on Antennas and Prop- 
agation of the IRE was held in Wash- 
ington April 21 to 24. Here is a brief 
report on some of the papers presented 
at this meeting. 

Alan C. MacPherson of the National 
Bureau of Standards discussed a micro - 
calorimeter for the measurement of ab- 
solute microwave power. In this calo- 
rimeter, a matched termination is heated 
with the r.f. power to be measured. The 
temperature rise of the termination is 
measured and the calorimeter calibrated 
with known d.c. power. The unit de- 
scribed operates at X band at power 
levels from approximately 1 to 15 milli- 
wàtts, but the method is applicable to 
other frequencies. Sensitivity is about 10 

microwatts, and estimated accuracy 1%. 
Another NBS development, the mag- 

netic attenuator, , was described by 
Frank Reggia. This device consists of 
a magnetic ferrite as the energy -dis- 
sipating material, located inside a co- 
axial line. An external magnetic field 
is applied perpendicularly to the axis of 
the line, resulting in an interaction be- 
tween this field and the electromagnetic 

some time. C. J. Grebenkemper and J. P. 
the input arms alternately. The ampli 

Hagen of the Naval Research Labora- 
tude of the varying voltage at the de 

tory reported on the measurement of 
tector is determined by the input pow 

the Q of resonant cavities in the 10,000 ers, the position of the attenuator wheels 
mc. and 24,000 mc. regions while the and the phase relation between the two 
cavity was held at temperatures near input powers. Successive voltage peaks 
absolute zero. A logarithmic decrement are observed on an oscilloscope. 
method was used to measure Q, with a J. S. Barlow, G. W. Frey and J. B. 

recurrent pulse of r.f. energy of about Newman of Johns Hopkins University 
1 microsecond duration used to excite discussed atmospheric noise in the very 
the resonator. The decay was observed low frequency range resulting from 
on an oscilloscope. Loaded Q's of over lightning flashes. The power spectrum 
7 million were measured using a tin or from such a flash waveform is flat from ;s< 

tin-plated cavity. Calculations indicate 180 to 20,000 cps, falling off at lower 
that unloaded Q's in excess of 14 million and higher frequencies. The power spec - 

are obtainable. trum of a daytime tweek is flat in 

In determining the reflection coeffi- the 100 to 3000 cps range with a +20', 

dent in microwave measurements, it is db peak at the power weighted mean 

helpful to have a ratio meter working frequency of the waveform (5850 cps) 

in conjunction with a directional cou- followed by a sharp drop with increas- 

pler to indicate the ratio between the ing frequency. Available information 

direct and reflected wave. L. A. Rosen- suggests that the maximum of atmos- 

thal, J. L. Potter, and G. M. Badoyan- pheric noise power usually lies at 6 t. 

nis, of Rutgers University, have devel- 8 kc. Work on this project was don 

oped such an instrument, which con- under the auspices of the Office of Nava 

sists essentially of two electronic volt- Research. 
meters working into a conventional ratio An interesting aspect of the correl- 

meter movement. The meter deflection ation between atmospheric noise cycles 

depends only on the ratio of the average and sunspot cycles was reported by Ed - 

i 

field within the coaxial line. This inter- full rectified values of the input signals. na Schultz of the National Bureau o 

action permits instantaneous changes in Frequency response is limited to below Standards. Studies show that the radie 

attenuation to be obtained. The external 200 kc., so the instrument is made to noise cycles lag behind the sunspot cy 

field is produced by an electromagnet, respond to the modulation of the r.f. des by about 19 months. This knowl 

permitting convenient control either signal. As the ratio meter requires a edge may result in a 10 to 15 db im 

manually or automatically from a re- minimum current of 1 ma. through each provement in noise predictions. 

mote or proximate position. This de- coil for reliable operation, this instru- The "Ogiver," a radio noise metei 
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as described by A. W. Sullivan of the 
niversity of Florida. This meter is 
esigned to measure the probability dis- 
ibution of the envelope of atmospheric 
wise in terms of noise voltages ex- 
e.eded with any degree of probability 

ietween 0.01 and 0.99. Measurement is 
ade of the per cent of time that the 
aise wave exceeds certain arbitrary 
vels of intensity, and this is equivalent 
direct probability measurement. The 

vise wave 'is injected into a d.c. am- 
ifier with available bias applied to 

to first stage. This amplifier is used 
drive a probability computer which 

easures the probability or per cent of 
tue the noise wave exceeds the bias 
u ltage applied to the first stage. This 
itput is integrated and fed into an 
ror corrector, consisting of a differen- 
al amplifier, where the integrated out - 
ut of the probability computer is 
)mpared with a standard reference 
u ltage. This difference is amplified and 
pplied as the bias for the first stage 
f the d.c. amplifier. Further details on 
ois instrument will appear in an early 
sue of RADIO -ELECTRONIC ENGINEERING. 

ig A new approach to the problem of 
ilibrating field strength measuring 
,uipment employing shielded loop an- 
nnas was discussed by Harold E. 
inger and William E. Garner of the 
aval Research Laboratory. The basic 
ncept is that of using the shielded 
op as a transformer. The voltage 
duced in the shield due to the pres- 

ice of a field can be accurately calcu- 
ted. This value of voltage can then 

applied across the shield gap by a 
final generator with the loop turni 
,en circuited. The meter to be cali- 
,ated is then connected to the loop 
-.;d should indicate a field strength 
qua] to that which was used to calcu- 
te the induced voltage in the shield. 
'though this calibration method is 
isily performed in practice, it suffers 
om increasing errors above 5 to 10 
c. 

Georges Deschamps of Federal Tele- 
,nniunication Laboratories described 
method of analyzing wave guide junc- 
ens using non -Euclidian geometry. He 
owed how measurements through a 

inction, lossy or not, can be made by 
',eans of a "hyperbolic protractor" 
hich gives corrected standing -wave 
atios as if the junction were not there. 
Microwave printed lines have been 

-veloped as substitutes for wave guides 
lid coaxial lines. The problem of mak- 
tg measurements on such lines was 
to subject of a paper prepared by M. 
rditi and J. Elefant of Federal Tele- 

munication Laboratories. Applica - 
on of the principles developed by Mr. 
eschamps of FTL, and discussed in 

o e preceding paragraph, provides a 
ique method of measuring various 
rameters in a simple but accurate 

of 

aet 

manner. The advantages to be derived 
from the use of printed lines can be 
seen from a comparison between a 
printed circuit cavity and a conven- 
tional cavity for use in the 4400 to 5600 
mc. range. The conventional cavity is 
three times as long, has 200 times the 
volume, and 250 times the weight of 
the printed cavity. The Q of the printed 
cavity is, however, much lower, due 
primarily to the losses in the fiberglass 
insulating material which is used. 

When a series of standard frequencies 
is desired from a single low frequency 
standard, it is common practice to use 
a harmonic generator, with the result 
that the output is spread over the en- 
tire series of harmonics, leaving only 
a small amount of power for any de- 
sired frequency. This problem has been 
attacked by R. Guenther and A. Hahnel 
of the Signal Corps Engineering Labor- 
atories and has resulted in a selective 
spectrum generator which provides a 
restricted harmonic spectrum with the 
energy concentrated in the desired har- 
monics. It consists of a tuned r.f. os- 
cillator, which determines the center of 
the narrow spectrum, and a pulse gen- 
erator or shaper with the repetition 
rate derived from the standard fre- 
quency. If the oscillator is pulsed in 
such a way the oscillation will begin 
with the same r.f. phase at the start of 
each pulse, the resultant wave shape is 

periodical in the period of pulse fre- 
quenéy. Hence, the spectrum contains 
harmonics of the standard frequency 
only. The tuned r.f. oscillator need not 
be particularly stable, since detuning 
from the desired frequency merely 
shifts the r.f. spectrum without detract- 
ing from the accuracy of generator 
output. 

Continuing research in the field of 
surface wave transmission was reported 
by G. Goubau, C. Sharp, and S. W. 
Attwood, of the Signal Corps Engineer- 
ing Laboratories, in a paper titled "In- 
vestigation of a Surface Wave Line for 
Long Distance Communication." The 
authors discussed results of an experi- 
mental study on a two-mile, single -con- 
ductor, surface wave transmission line, 
for the frequency range of 100 to 300 
mc. The objective of these measure- 
ments was to determine whether the 
theoretically expected low attenuation 
over a frequency band of more than 100 
mc. could be realized and to what ex- 
tent field distortions, caused by sup- 
ports and bends, were de imental. Also 
the effect of weather cone tions was in- 
vestigated. Further information on sur- 
face wave transmission can be obtained 
from an article titled "Surface Wave 
Transmission Line" by G. Goubau, 
which appeared in the May, 1950, issue 
of RADIO -ELECTRONIC ENGINEERING. 

4(ç(ûPE/sSI/PiRia, 
... AT A NEW 

LOW PRICE! 
This superior laboratory instrument 
combines flexibility and accuracy in a 
new design. A vertical amplifier of 5 MC 
bandwidth; a high frequency sweep 
oscillator variable to 150 KC in 6 stop; 
full 4" vertical deflection without over- 
load. Stability insured by a Mu -Metal 
shield around the cathode ray tube. 
Never before could you obtain so many 

outstanding features in a laboratory 
precision scope at this low price. 

Write for Bulletin. 
^^ Model WBO -50 

The Vertical Amplifier has a sensitivity of 20 millivolts RMS per inch of 
deflection, a frequency response (Sine Wave) of 20 cycles to 5 megacycles that 
is down 3DB at 5mc, a square wave response that is an excellent duplication 
of all square waves between 30 cycles and 1 megacycle with a maximum tilt of 
5% for 30 cycle square wave, a maximum input potential of 1000 volts peak to 
peak, and an input attenuator of X1 -X10 -X100 positions, frequency compensated. 

The Horizontal Amplifier has a sensitivity of 0.3 volts RMS per inch of 
deflection, and a frequency response (Sine Wave) flat to 300 kc. 

The Recurrent Sweep Oscillator has a frequency range of 10 cycle to 150 kilo- 
cycles in 6 steps, with excellent linearity over entire range. :T 

2661 N. Howard St. 

249 /$249"* 
Philadelphia 33, Pa. 

F.O.B. Factory 

Price subject 
to change 
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FUNDAMENTAL OSCILLATOR 

Polytechnic Research and Develop- 

ment Co. announces a fundamental os- 

cillator which is continuously tunable 

over a frequency range of 35 to 900 

mc. This oscillator-Type 907-con- 
tains a novel tank circuit design per- 
mitting a 30 to 1 tuning range with 
an output voltage of not less than 1 volt 

across 75 ohms at all frequencies. Other 
features include a video type blanking 
circuit, which provides a true horizontal 
zero base line, and provision for the 
introduction of an external frequency 
marker. 

Further information may be obtained 
from the Polytechnic Research and De- 

velopment Co., 55 Johnson Street, 
Brooklyn, N. Y. 

RCA MICROPHONE 

Designed to provide broadcasters 
with a small, low-cost microphone of 

good frequency response and relative 
freedom from the effects of wind and 
moisture, the Type BK -1A microphone 
introduced by the RCA Engineering 
Products Department, Camden, N. J., 

and is ideal for studying noise levels 

in working areas involving worker 

safety, comfort and efficiency. Other 

applications include psycho -acoustic 

studies, measuring the performance of 

pearance when used in television scenes. 

Type BK-lA is a semi -directional, 
pressure microphone for general remote 
pickup use by AM, FM and TV stations. 
It has a frequency response of 60 to 

10,000 cycles, an effective output level 

of -53 dbm referred to one milliwatt 
and a sound pressure of 10 dynes per 
square centimeter. 

incorporates the outstanding character- 
istics of Model RCA 88-A, which it re- 
places, and is styled for pleasing ap- 

PORTABLE SLRVEY METER 

Nuclear Instrument & Chemical Cor- 

poration, 229 West Erie Street, Chi- 

cago 10, Ill., has announced a new 

wide -range beta -gamma survey meter 
based on the principle of the wartime 
"cutie pie." Nuclear's new "cutie pie" 

offers many features which eliminate 
the disadvantages of the previous in- 
strument. 

Model 2585 is so designed that it can 
be set upright for continuous monitor- 
ing. It is light -weight, with the cir- 
cuit and battery housing ahead of and 
close to the fingers instead of being 

balanced awkwardly above the handle. 
The five -position switch is located at 
the top of the pistol -grip handle to 

allow simple one -hand operation of the 
instrument, and zero -adjust and cali- 
brate controls are on top, ahead of the 
2%" meter which slopes toward the 
user for easy reading. 

systems transmitting music and speech, 

and evaluating the characteristics of 

acoustic materials. 
This GR sound -level meter has been 

designed to take advantage of new 

tubes, components, and miniaturization 
techniques, resulting in a smaller, 

lighter and more useful instrument. 
Weighing only 11 pounds, less than 
half the weight of its predecessor, Type 

759-B, the new meter occupies less than 
40% of the volume of the older model. 

SOUND -LEVEL METER 

According to the General Radio Com- 

pany, 275 Massachusetts Avenue, Cam- 
bridge 39, Mass., the new Type 1551-A 

sound -level meter measures product 
noise quickly and simply both in the 
design department and in production, 

CONSTANT CURRENT SUPPLY 

Providing a steady d.c. source from ? 

an a.c. line, the electronic constant cur- 

rent supply just introduced by Weston 
Electrical Instrument Corporation is 

designed primarily for use with poten-, 
tiometer indicators, recorders and con, 

trollers, where automatic standardiza 
tion is not feasible or where use of bat- . 

teries is not desirable. It may also bt 

used with resistance thermometers 
strain gauges, or other devices requir 
ing a constant d.c. current. 

Model 50220 is intended for a 10 -ma 

output at 1.4 volts d.c., supplying ir 

current with a high degree of stabil' 
to well within the limitation of plus 
minus 1/10 of 1 per cent. Units i 

other voltages and currents can 

furnished on special order. Full 
tails are available from Weston Elec 
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:al Instrument Corporation, 617 Fre- 
linghuysen Avenue, Newark 5, N. J. 

MAGNETIC TAPE RECORDER 

Featured in the magnetic tape re- 
corder just announced by the Ampex 
Electric Corporation, Redwood City, 
Calif., is a radically new drive system 
which accomplishes more than a 5 to 1 

improvement over the best previous re- 
corders. This system eliminates any 
effect of tape backing and other usual 
causes of speed variation. 

According to Ampex, Model 500 is a 
precision instrument which reproduces 
100 to 100,000 cycles per second with 
the lowest possible flutter and wow ac- 
complished in the recording field. The 

8!!-G' 
-0 O O 

tape is rigidly held to a capstan by 
vacuum, providing reliable tape motion 
without introducing any flutter or wow 
by pressure rollers or slippage. Since 
both the recorder and playback heads 
contact the tape at the capstan, tape 
scrape and vibration are reduced to a 
minimum. 

DELAY LINES 

Electrical delay lines for use in com- 
puters, radar, television and other elec- 
tronic applications where delays are 
required ranging up to 100 microsec- 
onds are now being offered by the 
Gulton Manufacturing Corporation. 
They feature low loss, temperature sta- 
bility made possible through the use of 
specially engineered temperature corn - 

s í' pensating capacitors, and small physi- 
n cal size. 

All of these delay lines are custom - 
engineered to the exact mechanical 

!I 

It 

specifications and electrical character- 
istics required. Further information 
may be obtained by writing to the 
Gulton Manufacturing Corporations 212 

Durham Avenue, Metuchen, N. J. 

STANDING WAVE AMPLIFIER 

The Type 275 amplifier designed by 
Polytechnic Research and Development 

Co. is a high gain linear audio ampli- 
fier for accurately indicating voltage 
standing wave ratios. It may be oper- 
ated either as a broad -band amplifier 
over a range of 300 to 3000 cycles per 
second, or as a narrow -band amplifier 
at 500, 1000 and 1300 cycles per second. 

The input circuit of this unit pro- 
vides for either Crystal or bolometer 
operation with a variable bolometer bias 
of 2.5-8 ma. The square law meter, 
calibrated to read directly in db, and 
the high voltage gain of 140 db make 
this unit particularly suitable for micro- 
wave attenuation measurements with a 
bolometer r.f. detector. 

Inquiries for additional information 
should be addressed to: Polytechnic Re- 
search and Development Co., 55 John- 
son Street, Brooklyn, N. Y. 

HIGH SPEED PRINTER 

The "Synchroprinter" is a high speed 
printer developed for recording the out- 
put of analog or digital computers in 

directly readable form on standard 
paper. Capable of printing 15 lines of 
40 characters each in one second, it may 
be used in any application where data is 
available in electrical or mechanical 
form. 

Featuring independent . control of 
printing and paper feed, this high speed 
printer permits data produced at irreg- 
ular time intervals to be consolidated 
into adjacent lines of print. Printing 
is accomplished by means of continu - 

(Continued on page 30) 

PRECISION 
COIL BOBBINS 

Assures 

Better 

Insulation, 

Moisture - 

Resistance 

and 

Heat 

Dissipation 

Continuous 
Laboratory 
Control of 
materials means 

Precision Bobbins are 
15 to 20% stronger, yet light 
in weight-have greater insulation, 
heat -dissipation and moisture - 
resistance, as well. Another extra 
is increased coil winding space. 

Flanges with leads, slots, 

holes or plain-furnished flat, 
recessed or embossed. Bobbins 

made round, square, rectangular; 
any ID, OD, length; of dielectric 
Kraft, fish paper cellulose acetate, 
plastic, combinations. 

Write today for free sample 
and new Mandrel List 

of over 1,000 sizes. 

PRECISION PAPER TUBE CO. 

2063 W. Charleston St. Chicago 47, III. 
Plant No. Two, 79 Chapel St., Hartford, Conn. 

Also Mfrs. of Precision Paper Tubes 
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ENGINEERING SURVEY 

It was disclosed in a recent nation- 

wide survey made by the National So- 

ciety of Professional Engineers that an 

estimated 60 per cent of the potential 

managerial talent of engineerst 
poor 

communications 
lost to industry today, due 

communications between engineers and 

top management. A 48 -page report on 

the survey has now been released, and 

copies may be obtained from the head- 

quarters of the Society at 
5, 

Fif- 

teenth Street, N. W., 
D. C. 

This survey report, entitled `;How 

to Improve Engineering -Management 
Communications," is the first of a series 

of research projects initiated by this so- 

ciety to help alleviate the current short- 

age of engineers by assisting industry 

to secure the best utilization of its pres- 

ent engineering force. Contained in the 

report is a detailed suggested formula 

for improvement in engineering -man- 

agement communications. 

from the Government Printing Office. 

Each set includes Circular 499 (310 

pages), two supplements already pub- 

lished, and one supplement scheduled 

for publication shortly. 

IRON -NICKEL ALLOYS 

"Iron -Nickel Alloys for Magnetic 

Purposes (20 to 90% Nickel)," a 20 - 

page bulletin available from Ì 
hec., 

Dept. 
Inter- 

national Nickel Company, 
EZ, 67 Wall Street, New York 5, N. Y., 

discusses the more important magneti- 

cally soft alloys. Tables and graphs cor- 

relate chemical composition with mag- 

netic properties, trade names and 

sources of supply. Typical applications 

suggest uses for the alloys depending 

on their predominant characteristics. 

MOBILE RADIO 

Outlining the uses of two-way mobile 

radio equipment for materials handling, 

plant maintenance and protection, and 

other industrial applications, the four - 

page, illustrated leaflet which has just 

been issued by RCA Engineering Prod- 

ucts Department is designed to provide 

management with such information as 

what two-way radio is, what it does, 

and how it can be used to help cut costs 

and improve efficiency. 
The leaflet, entitled "Mobile Indus- 

trial Radio," and known as Form MC - 

1752, may be obtained by writing to the 

Mobile Communications Section, Radio 

Corporation of America, Camden 2, 

N. J. 

LENKURT DEMODULATOR 

The Lenkurt Demodulator is a new 

house organ which will be mailed regu- 

larly to individuals interested in the 

field of telephone and telegraph carrier 
equipment. Each issue will contain ar- 

ticles on such subjects as special prob- 

lems of carrier operation, unusual appli- 

cations of carrier equipment, and meth- 

ods of using carrier equipment to ob- 

tain better and more economical com- 

munication channels. 
Requests for the Demodulator should 

be addressed to the Publications De- 

partment of the Lenkurt Electric Com- 

pany, San Carlos, Calif., and should 

include name, company, position and 

address. 

NBS CIRCULARS 

Two new publications have been an- 

nounced by the National Bureau of 

Standards. The first, entitled "An Ad- 

hesive Tape -Resistor System," by B. L. 

Davis, presents a complete description 

of NBS developmental work on an ad- 

hesive tape -resistor permitting close 

control of resistance 'salues. Contain- 

ing 83 pages and many illustrations, it 
is available for 30 cents from the Gov- 

ernment Printing Office, Washington 
25, D. C. 

The second publication is "Nuclear 

Data, Supplement 2" which brings up to 

date NBS Circular 499. "Nuclear 

Data" may be obtained for $4.25 a set 

poration, 50 Day Street, South Nor- 

walk, Conn. The two-color, 12 -page 

book tells how Regohm regulators pro- 

vide close control of voltage, frequency, 

and current, and how they can be used 

in servo systems. Typical circuits are 

included. 

OTS PUBLICATIONS 

Many valuable developments for the 

electronics industries in the fields of 

materials, manufacturing techniques, 

electronic devices and theoretical ad- 

vances are reported in the February, 

issue of the Bibliography of Technical 

Reports, while the March issue features 

technical developments in the food, tex- 

tile, electronics and metallurgical indus- 

tries. These Bibliographies may be 
ob- 

tained for 50 cents a copy arom the 

Office of Technical Services, U. S. De- 

partment of Commerce, Washington 25, 

D. C., orders to be a 
payable to the 

check or money order 
Treasurer of the United States. 

Also available from the OTS are 

three reports covering technical ad- 

vances which make possible better radio 

transmission systems. PB 105 591, en- 

titled "Determination of Microwave 

Atmospheric Absorption Using Extra- 

terrestrial Sources," and PB 105 410, 

"Monitor Tuning Indicators for FSK 

Reception," each sell for t 
cents a 

copy. PB 106 131, "UpperAtmosphere 
Research Report No. XIII Rocket -Borne 

Instrumentation for Ionosphere Propa- 

gation Experiments" sells for $1.25. 

PLASTICS FOR ELECTRONICS 

Currently being distributed by the 

Emerson & Cuming Company, 126 Mas- 

sachusetts Avenue, Boston 15, Mass., is 

a four -page folder describing their 
plastic materials, products and tech- 

niques, as well as their facilities for 

research and development. As illus- 

trated, some of the products to which 

the various plastic materials have been 

applied include: packaged electronic 
sub -assemblies, missile -borne telemeter- 
ing systems, gas -pressurized wave 
guide antennas, thermistor assemblies, 
and precision capacitors. 

REINFORCED PLASTICS 

For the first time, a single depend. 

able source for the major raw materials, 

of reinforced plastics is available to thé,` 

plastics industry, according to a four¡ 

page brochure which has just bee' 

printed by the Plaskon Division q 

Libbey-Owens-Ford Glass Company, 

Toledo 6, Ohio. 
Polyster resins reinforced with Fibe,+1I 

Glass form ultra high strength lamil 

nates that are light in weight and es 

be adapted to a wide range of product 

The dimensional stability of these la 

nates permits production of parts wi 

uniformly close tolerances. Resistan 

to common solvents, rusting and rotti 

is an added advantage. 
Technical service is also featured 

this brochure, which will be furnis 
on request by the Plaskon Divisio 

VOLTAGE REGULATORS 

Functions and applications of Reg - 

ohm direct -acting, finger -type voltage 
and current regulators are analyzed in 

Engineering Bulletin 505.00 just an- 

nounced by the Electric Regulator Cor - 

LEAD CLAD METALS 

A 22 -page booklet has just been p 

lished by Knapp Mills Inc. entitled "' 
History and Development of Ferrol 

Lead Clad Steel and Cupralum L 

Clad Copper." Thoroughly cove 

these two mediums suitable for the 1 

dung and processing of radioactive 
terials, the booklet also contains a 
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arison of Ferrolum lead clad steel with 
heet lead and a comparison of Cupra- 
um lead clad copper with lead pipe. 

Copies may be obtained by writing to 
he Research Department, Knapp Mills 
nc., 23-15 Borden Avenue, Long Island 

N. Y. 

'RECISION CASTINGS 

The Microcast Division of Austenal 
.aboratories has just published a 16- 
ege booklet in full color entitled "New 
)pportunities for The Creative Product 
nd Design Engineer" which outlines 
he development of the Microcast pro- 
ess of precision investment casting 
rom the first uses of the process in 
roducing intricate dental appliances 
o today's thousands of applications in 
-irtually every branch of industry. 

Copies may be obtained from the 
,licrocast Division, Austenal Labora- 
ories, Inc., 224 East 39th Street, New 
Cork 16, N. Y., or 7001 S. Chicago Ave- 
'ue, Chicago, Ill. 

teeelerometer 
Continued from page 15) 

sed widely and may be used in con - 
unction with the William Miller Model 
'D-2 integration amplifier. Velocity 
ickups of Consolidated Engineering or 
thers may be used with Consolidated's 
lodel 1-110B vibration meter. 
Integration amplifiers for accelerom- 

eters may be of two distinctly different 
types. If the accelerometer is of the 
strain gauge type, it may be excited 
with a d.c. supply, in which case the 
amplifier perforce would have to be 
of the direct -coupled type or capable of 
response down to two or three cycles. 
Otherwise quasi or steady state accel- 
eration, velocity, or displacement could 
not be indicated. When a.c. is used to 
excite the strain gauges, capacitive or 
inductive pickups in an accelerometer, 
a carrier type amplifier is employed. 
Typical of these commercial units is 
the William Miller Model CD -2 unit. 
As an a.c. carrier is amplified, capaci- 
tive coupling may be used and steady 
state conditions may still be recorded. 
It is essential to use a phase sensitive 
detector (or to unbalance the' bridge) 
where the sign of the acceleration, ve- 
locity, or displacement is required. For 
actual steady state displacement not 
due to acceleration, strain gauges in- 
stalled on the structure may be used to 
indicate the deflection, accelerometers 
not being suitable for this purpose. The 
accelerometer will only indicate dis- 
placement where acceleration forces are 
involved. 

REFERENCES 
1. Statham Instrument Notes #2 & #19. 
2. Elmore & Sands, Electronics, McGraw-Hill 

National Nuclear Series. Volume VI (Inte- 
gration) . 

3. Hausmann & Slack, Physics, pp. 162-163. 
4. Electronic Instrumentº, Vol. 21, MIT Radia- 

tion Series (Integration). 

MICROWAVE ABSORPTION BY SNOW 
By ARTHUR G. ROBERTS 

NEW light has been shed on the 
strength of radar echoes from snow- 

.nd ice -covered targets and on the at- 
enuation of microwave energy through 
nowstorms as the result of a long-term 
nvestigation by the Division of Radio 
nd Electrical Engineering at the Na- 
ional Research Council in Ottawa. One 
.f the practical conclusions to be drawn 
rom this essentially fundamental study 

!s that a few inches of moist snow may 
ie enough to mask out many types of 
adar targets when temperatures are 
approximately at freezing point. It is 
mportant that this limiting factor in 
he use of radar be recognized in navi- 

anation. 
Two experimental assemblies were 

sed: one ont -of -doors, for studying re- 
ection coefficients of natural snow sur - 

'aces at microwave frequencies; the 
ether in a cold chamber, for measuring 
he dielectric properties of snow under 
controlled conditions. 

The outdoor assembly consisted of 
wo towers, 30 feet high and some 50 
'eet apart, with a 3 -cm. transmitter 
nounted on one tower and a receiver on 
he other, both instruments being free 
o move on vertical tracks. With the 
ransmitter in a fixed position and the 
eceiver moving slowly up or down, the 
utput of the receiver would vary, indi- 
ating the extent to which the radiation 
effected from the surface between the 
owers interfered with the direct ra- 

diation. From the interference patterns 
thus measured, the reflecting properties 
of the surface between the towers could 
be determined. 

The assembly was first calibrated over 
a surface of bare ground between the 
towers. A sheet -metal platform was then 
placed between the towers to provide a 
uniform surface of known characteris- 
tics. Measurements were made when- 
ever snowfalls covered the surface. Data 
collected during several winters showed 
that the attenuation of microwave radi- 
ation through snow was, in some in- 
stances, much greater than expected. 

The ajparatus in the cold chamber 
has made it possible to measure, for 
the first time, permittivity (i.e., the real 
part of the complex dielectric constant) 
and loss tangent (i.e., the ratio of the 
two components of the complex dielec- 
tric constant) of both snow and ice at 
precisely controlled temperatures. The 
work was done by means of wave guide 
techniques, some of them specially de- 
veloped for this purpose. 

Permittivity of snow and ice was 
found to be independent of temperature 
in the range from 0°C to -18°C. The 
loss tangent of ice was highest at 0°C 
while that of snow varied linearly with 
snow density, indicating that snow is a 
low -loss dielectric substance. It . was 
also discovered that the loss was greatly 
increased when free water, even very 
little of it, was present in snow. -0- 

RELAYS ... WORLD'S 

LARGEST STOCK! 

Your requirements of 
large or small quanti- 
ties of relays can be 
quickly supplied from our huge stock. 

Wide variety of types, all made by 
leading manufacturers. Each relay is 

brand new, inspected and fully guar- 
anteed by Relay Sales. 

STANDARD TELEPHONE RELAYS 

VSHORT TELEPHONE RELAYS 
DUAL TELEPHONE RELAYS SLOW 
ACTING RELAYS SEALED RELAYS 

VROTARY RELAYS MIDGET RELAYS 

VKEYING :.FLAYS DIFFERENTIAL 
RELAYS VPLATE CURRENT RELAYS 

ANTENNA SWITCHING RELAYS 

V"BK" SERIES VSTEPPERS & RATCHET 

RELAYS VLATCHING & INTERLOCKING 

RELAYS MECHANICAL ACTION RELAYS 

VOLTAGE REGULATORS OVERLOAD 
& CIRCUIT BREAKERS REVERSE 
CURRENT RELAYS VAIRCRAFT 
CONTACTORS VMOTOR & CONTROL 

DEVICES TIMERS SOLENOIDS 
I/ RELAY ASSEMBLIES 

RELAY SALES 

CATALOG 

NOW READY 

WRITE FOR YOUR 

COPY TODAY 

833 W. CHICAGO AVE. 

DEPT. R, CHICAGO 22, ILL. 
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personal 
R. T. CAPODANNO was recently elected vice president in 

charge of engineering of the Emerson Radio and Phono- 
graph Corporation, New York, N. Y., having held the post 
of director of engineering since 1949.. Prior to his Emerson 
connection, Mr. Capodanno spent 22 years in engineering 
and development of industrial and commercial television and 

radio receivers, communication equipment and Government 
electronic projects. 

J. Ii. DEROIS has been named vice-president in charge of 

engineering at the Mycalex Corporation of America, Clifton, 

N. J. Formerly with Plax Corporation, Shaw Insulator Com- 

pany and G -E, he brings to Mycalex a wide experience in 

both the electrical and mechanical fields. A member of the 
American Ordnance Association, Mr. DuBois has been asso- 

ciated with numerous firmament projects including radar, 
projectiles, and communications. 

DONALD G. FINK, one of the nation's leading electronic 
authorities, now joins Philco Corporation, Philadelphia, Pa., 
as co -director of research-operations. Editor of Electronics 
since 1946, Mr. Fink headed the Loran Division of M.I.T. 
Radiation Laboratory during the last war, was consultant to 
the Secretary of War from 1943 tó 1945, and recently served 
as U. S. spokesman at the Zurich, London and Geneva tele- 
vision conferences. 

GEORGE L. LOOMIS is the new manager of the radio 
tube plant of Sylvania Electric Products Inc. at Burlington, 
Iowa. Mr. Loomis, who joined Sylvania in 1936, has had 
long experience in radio tube design and has addressed engi- 
neering groups on this and allied subjects. He was manager 
of the radio tube plant at Altoona, Pa., before becoming 
engineering manager of the division's Product Development 
Section in 1950. 

JOHN II. PAINTER, newly appointed special representa- 
tive for General Electric broadcast equipment, with head- 
quarters at Washington, D. C., will be responsible fbr liaison 
between all G -E broadcast equipment personnel and broad- 
cast consulting engineers. A graduate of Newark College of 
Engineering, Mr. Painter has been with G -E since 1945. 
Prior to this appointment, he was engaged in application 
engineering work on television broadcasting systems. 

RUSSELL J. TINKHAM has been appointed manager of 
the newly established Chicago office of Ampex Electric Cor- 
poration; he will supervise factory representation, applica- 
tion engineering and service for Ampex magnetic recorders 
in the midwest. Mr. Tinkham was connected with much of 
the original development work on magnetic recording car- 
ried on by Armour Research Foundation, and was one of 
the founders of Magnecord, Inc. 

Audio Developments 
(Continued from page 9) 

heater leads were twisted and shielded 

and kept away from the grid circuit, 
which was also shielded. 

Circuit components were based on 

median values given in manufacturers' 
manuals. Preliminary checks indicated 
that hum is not significantly affected by 

the usual variations in components- 
plate, screen, and cathode resistors, and 
cathode and screen bypass capacitors- 
required to match different load im- 

pedances. 
The most hum -free amplifiers investi- 

gated so far at NBS used either of sev- 

eral triodes (6F5, 6SF5, 7F7, or 5691) 

or a pentode (5693) in a circuit includ- 
ing bypassed cathode, heater grounded 
through an adjustable potentiometer, 
and low grid impedance. Wide hum 

differences were found for different tube 

types as well as for different circuit 
arrangements. Apparently, however, 
the 60 -cycle equivalent input hum of 

almost any tube type tested, whether 
triode or pentode, can be reduced to 10 

microvolts by suitable circuitry; and 
all of the triodes tested could be 
brought below 2 microvolts. 

The NBS figures are for the 60 -cycle 

components alone and are therefore not 
fully comparable with figures given in 
the literature, which generally includ 
harmonics. The 60 -cycle componen 
were measured because of their impor 
tance in low level power -frequency am- 
plifiers, often required in instrumen- 
tation applications. Some of the low 60 - 

cycle values measured at NBS were ac- 
companied by harmonics no greater or 
even substantially less than the 60 -cycle 
figure; in other instances the harmonics 
were many times greater than the 60 - 

cycle component. 
The general effects of the circuit vari- 

ations were not unexpected. Without 
the cathode bypass condenser, hum was 
of course much greater; a sufficiently 
large bypass condenser is obviously de- 

sirable for all low hum applications. 
Return of the heater circuit through 
an adjustable potentiometer connected 
across the heater supply reduced the 
hum to as little as 1/20th or even 1/50th 
of the initial value when adjustment 
was optimum. Returning the heate 
circuit through 45 volts, either positiv 
or negative but preferably positive, r 
duced hum somewhat in most cases. 
Increased grid circuit resistance tended 
to give greater hum in triodes, while in 

pentodes hum in general either showed 
no change or else decreased with in- 
creased resistance. 

Various theoretical and practical as- 
pects of heater hum have been treated 
in the literature. The NBS investiga- 
tion, however, provides more practical 
data than have been generally available 
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tube and circuit selection for mini - 
1 ing heater hum in low level am- 

ers. 

LIOGRAPHY 
Peacock, D. P., and Wissolik. R. A., "Low 
Jae Miniature Pentode for Audio Amplifier 
vice," Tele -Tech, Vol. 10, No. 2, February, 
t. 
rleming, L. T., "Controlling Hunt in Audio 
Iplifiers," (NBS), RADIO & TELEVISION NEWS, 
',ember, 1950, p. 55. 
)ickerson, A. F.. "Hum Reduction," Mac- 
ias, December, 1948, p. 112. 

unting Rate Meter 
continued from page 16) 

tinted by a trimmer condenser marked 
AL.," whose capacitance can be var - 
1 to calibrate the instrument. This 

rndenser (fixed unit) may have to be 
Vied somewhat in capacity to put the 
strument within the calibration range 
the trimmer condenser. One section 
a 12AU7 is used to increase the effec- 
e value of the "damping" condensers 
sich determine the fractional probable 
or. The capacitances are effectively 

iltiplied by the factor, 1 -f- G, where 
r is the gain of the stage between grid 

d plate. Large values of effective 
1acity can be obtained by this meth - 

allowing the use of small paper or 
-filled condensers. In the circuit shown, 
e condenser's effective value is 14 
les larger than its rated value. 
The counting rate meter can be cali- 
eted by connecting a sine wave oscil- 
or or pulse generator with an output 
mal of 10 volts or more to the input 

t cuit. Signals less than one micro- 
: 'ond in width are not recommended. 

Using an audio oscillator at any audio 
frequency times 60 will give the counts . 

per minute which should be indicated. 
167 cycles per second would give 10,020 

cycles per minute, which is detected by 

the counting rate meter as 10,020 counts 
per minute. Thus, by selection of some 
audio frequency, any scale can be cali- 
brated. 

However, if the range resistors are 
accurate, calibration on any one range 
will automatically provide calibration 
for all scales. Since the repetition rate 
of an audio oscillator is consistent, the 
"damping" or probable -error -switch po- 
sition is immaterial. 

This instrument can be employed for 
many purposes other than indicating 
events per minute, including use as a 
tachometer or unknown -frequency in- 
dicator. 

Fig. 2. A counting rate meter -can 
be constructed as shown, wherein a 
charge is built up across a conden- 
ser by successive counts, and the 
voltage across the condenser meas- 
ured. When the charging and dis- 
charging rates of the condenser are 
equalized, the meter will give an 
indication of the counting rate. 

TRANSOCEANIC TELEVISION? 

' 111E URSI meeting in Washington in 
April, reported in greater detail on 

ge 20, was the scene of some lively 
e ;eussions concerning the mechanism 
t tropospheric propagation well beyond 
e horizon. Taking part were Thomas 

Carroll, Massachusetts Institute of 
tchnology; Joseph Feinstein, National 
treau of Standards; Martin Katzin, 
teal Research Laboratory; and L. J. 
tderson and J. F. Colwell, Navy Elec- 
rnics Laboratory. Regardless of the 
eehanism of such propagation, the 
bt that it exists forms a basis for some 
ghly interesting speculation. 
It has been found during the past 
ven years that field strengths meas - 
ed well beyond the horizon from high 
wer transmitters throughout the v.h.f. 
d microwave range have shown much 
gher fields than conventional theory 
d predicted in the absence of ducts. 

vte signal at these distant points, al- 
t rugh small, is always present and is 
ilependent of antenna height. It ap- 
rars that after about 30 miles the field 
s ength falls off at the rate of about .7 
e per mile for all frequencies from 30 
1 about 4000 mc., whereas theory pre - 
1.t8 a drop of 2.5 db per mile at 3000 
lc. Of equal importance is the fact that 
'adulation is apparently unaffected at 

extreme distances. One report from Bell 
Telephone Laboratories indicates a re- 
ceived signal 700 db above the theoreti- 
cal level, with modulation substantially 
unaffected. 

Here, then, is a possibility of obtain- 
ing reliable microwave signal transmis- 
sion over long distances without inter- 
vening relay stations, merely by using 
extremely high power, very high -gain 
antennas, and sensitive receivers. One 
thought is, of course, the possibility of 
intercontinental or even transoceanic 
television, a development which would 
undoubtedly better world relations. 

The reluctance of the Federal Com- 
munications Conunission to grant un- 
limited power to TV stations and the fact 
that the FCC has considered it necessary 
to enforce rigidly the minimum spacing 
of TV stations are now understandable. 
With increased antenna gains being ob- 
tained for fringe area reception, and with 
increased sensitivity of TV receivers, to- 
gether with the use of boosters, it be- 
comes obvious that TV signals can in- 
terfere with each other over distances 
heretofore considered impossible, even 
when duct transmission does not exist. 

Here is a discovery which will indeed 
bear watching! 
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Measurements Corporation 
MODEL 79-B 

PULSE GENERATOR 

REPETITION RATE: 60 to 100,000 

pulses per second. 

PULSE WIDTH: Continuously variable 

from 0.5 to 40 microseconds. 

RISE TIME: Approx. 0.25 microseconds. 

OUTPUT VOLTAGE: 150 volts (peak) 

positive. 

POWER SUPPLY: 117 volts, 50/60 
cycles. 

MEASUREMENTS 
CORPORATION 

BOONTON D NEW JERSEY 

THE NEW MODERN ANSWER 

TO VARIABLE A -C VOLTAGE CONTROL 
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Type 10 POWERSTAT 
MORE EFFICIENT than the wasteful, heat - 

dissipating resistance type controls. 
LESS SPACE is required. Not only is it com- 

pact but since it does not produce heat 
there is no ventilation problem. 

RUGGEDLY CONSTRUCTED for long life and 
dependable service, 

EASILY ADAPTED to any load within its rating. 
SMOOTH CONTROL is assured by glass smooth 

commutator surface and advanced winding 
technique. 

CONSERVATIVELY RATED with rated output 
current available at any brush setting. 

SIMPLE MOUNTING to back -of -panel by 
means of a single hole. Locked in position 
by keying arrangement. 

INPUT OUTPUT 
1 I6.,13 oz. 

120 Volts 0 - 120 Volts 
60 Cycles 0 - 132 Volts 
1 Phase 1.25 Amperes 

165 VA 

$ 8.50 
It not rated 25% with order. balance CO,. D. All price, 
F.O.B. our warehouse New York. No order under $2.00 

We ship to any part of the globe. 

LEEDS RADIO CO. 
75 Vesey Street Dept. RN 
COrtlandt 7-3440 New York City 7 
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"ELECTRICAL MEASURE- 
MENTS" by Forest K. Harris, Ph.D., 
NBS Physicist and Professional Lectur- 
er in Electrical Engineering at George 
Washington University. Published by 
John Wiley & Sons, Inc., 440 Fourth 
Avenue, New York 16, N. Y. 784 pages. 
$8.00. 

Designed for the student of electrical 
engineering or of physics, and for the 
laboratory worker, this book is based en 
more than 25 years of laboratory work 
and 10 years of teaching. It combines 
the points of view of the practicing 
engineer and laboratory worker on the 
one hand, and the research worker and 
student on the other. 

"Electrical Measurements" empha- 
sizes the nature and magnitude of the 
errors encountered in practical meas- 
urements and the means that may be 
taken to minimize or correct them, as 
well as presenting the devices and ar- 
rangements by which various types of 
measurements are made. 

All necessary material from basic 
principles to applications within the 
field of d.c. and low -frequency appli- 
cations is covered more thoroughly than 
in any other book on the subject. 

"COPYRIGHT, DESIGN & PAT- 
ENT GUIDE" by Henry J. E. Metzler, 
LL.B., Registered Patent Attorney. 
Published by Améliorant Co., Inc., P. O. 

Box 108, Halesite, L. I., N. Y. 125 

pages. $2.00. 
The purpose of this book is to outline 

the basic principles of the present copy- 
right and patent laws, and to render 
assistance and helpful suggestions to 
those who seek protection for their in- 
tellectual property. One of its more 
specific objects, however, is to aid au- 
thors, composers, inventors, business 
men and general law practitioners in 
distinguishing among the various types 
of protection available, namely, whether 
patent, copyright or design protection 
is best suited for a specific work, article 
or the like. 

Considerable space has been devoted 
to copyrights because many schemes 
attempting to substitute something else 
for patent protection propose copy- 
rights in cases where patents only can 
afford protection. It is believed that 
anyone who has read this book will be 
able to select the proper type of protec- 
tion for his invention and thus will save 
himself unnecessary expenses and dis- 
appointments. 

The subject has been treated in 
abridged form in order to reduce read - 

ing time to a minimum, and a compre- 
hensive index is designed to help locate 
any one of the various matters covered 
herein. 

"GENERAL NETWORK ANALY- 
SIS" by Wilbur R. LePage, Professor, 
and Samuel Seely, Professor and Chair- 
man, Department of Electrical Engi- 
neering, Syracuse University. Pùb- 
lished by McGraw-Hill Book Company, 
Inc., 330 West 42nd Street, New York 
18, N. Y. 516 pages. $8.00. 

This book has been developed to pro- 
vide a unified approach to the subject 
of network analysis. The treatment is 
general and is intended to supply the 
background for advanced work in either 
power or communications. Although 
some filter -design theory is included, 
the text deals primarily with analysis. 

The material may be classified into 
the following broad aspects: steady 
state in lumped networks, steady state 
in distributed systems, and transients 
in lumped networks. A number of spe- 
cialized techniques of fundamental im- 
portance in the development of the ma- 
terial are included, such as matrices, 
symmetrical components, transmission - 
line charts, Fourier series, Fourier in- 
tegral, and the Laplace integral. 

Emphasis has been placed on the un- 
derstanding of underlying phenomena, 
as well as on techniques for finding 
solutions to problems. 

"PROCEEDINGS OF THE NA- 
TIONAL ELECTRONICS CONFER- 
ENCE"-1951-Volume 7. Published 
by the National Electronics Conference, 
852 E. 83rd Street, Chicago 19, Ill. 736 
pages, including charts, diagrams and 
tables. Cloth edition. $5.00. 

This book contains either complete or 
in digest form the 79 papers which 
were presented at the 1951 National 
Electronics Conference held in Chicago 
on October 22, 23 and 24. A program of 
the three-day session is also given. 

Topics covered by these papers in- 
clude: servo theory and distance meas- 
urement; electron tube developments; 
information theory; audio systems; 
signal detection; high frequency meas- 
urements; high frequency electron 
tubes; analog computers; circuit analy- 
sis; industrial inspection and meas- 
urement; television; medical and indus- 
trial applications; magnetic amplifiers 
and their application; components, 
measurement and assembly; micro- 
waves and propagation. 

The appendices include a catalog of 
the various exhibitors at the 1951 Con- 
ference, and contents of previous issues 
of the Proceedings. -Copies of Volumes 
2, 4, 5 and 6 may also be obtained for 
$5.00 a copy. 

Communication 
(Continued from page 5) 

per minute as a reasonable rate of 

speaking, 15 bits per second is obtained 
as the rate of producing information 
in English speech when intelligibility 
is the only requirehnent. For a channel 
having a 40 db signal-to-noise ratio, 
a bandwidth of about 1 cycle would be 
sufficient for transmitting this informa- 
tion. 

In the present state of the telephone 
art, channel capacity for transmitting 
speech by the ordinary inefficient means 
is ample, and it would be economically 
disadvantageous to effect the bandwidth 
compression just described. But with 

television the case is different, because 

it uses about a thousand times as much 

channel capacity as does speech. Reduc- 

tion in the channel capacity needed 

in transmitting- television could save 

money, and in fact workers in the 

field are addressing themselves to this 

problem. They are trying to take ad- 

vantage of the fact that in many area 
of a picture the brightness does no 

change from one point to anothe 
abruptly and erratically, but for th 
most part rather slowly and smoothl 
They would. like to take advantage o 

the fact that successive pictures o 

"frames" are not much different, onl 

a little new information being adde 
from picture to picture. They have, is 

one case, already taken advantage o 

the nature of the average picture am 
of the nature of human perception i 

transmitting color television with re 
duced bandwidth by using "mixes 

highs." 
Consider bandwidth reduction b 

utilization of the properties of th 
destination. In speech transmission 
for example, the ear is relatively in 

sensitive to phase distortion. Cons 
quently, phase information is not a 

important as amplitude information an' 
need not be sent so accurately. This ca 
be translated into a bandwidth savin: 
Moreover, the reduction in frequenc 
discrimination of the ear as frequenc 
increases indicates that a further r 
duction in bandwidth is possible. To 
considerable extent the vocoder, a Bel; 
Laboratories development, utilize 
equivalences among speech sounds b 

largely eliminating phase information 
and by lumping groups of frequencies 
together, particularly at the higher 
frequencies. The transmission of colon 

television by the "mixed highs" prin 
ciple takes advantage of statistical cor 
relation at the receiving end, that is 

the correlation in the human percep 
tion mechanism. 

In summarizing the relative merit 
of the three methods for reducing ban 
width, it might be said that bandwidt 
reduction by the exchange of signal -t, 
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se ratio would in many cases be the 
st economical approach. 

ndwidth and PCM 

he object of a transmission system 
i to reproduce at the output any funs - 

n of time which appears at the input. 
can be shown by a Fourier series 
+ansion that any time function of 
ation T and highest frequency corn- 
ent W cycles per second can be re- 
duced exactly by 2 WT independent 
pies of its amplitude taken at a 
ular rate of 2 W samples per second. 
ise and other interference introduce 
ors in the recovered information 
kerning the size of the sample. How - 
r, this can be minimized by allowing 
y certain discrete levels of amplitude 
position of the transmitted pulse, so 
kt when the signal is sampled, the 

çel nearest the true signal level is 
t. If noise and interference are not 

l great, the- original level of the sig- 
L is determined, and the signal can 
reformed, or a new one created hav- 
the level originally sent. 

[n a PCM system all of the above 
tures are incorporated: the input 
al is band -limited to W; the signal 

sampled at a rate of 2 W; samples 
' e quantized and encoded; code groups 
cs then transmitted by time or fre- 

ency division; the code groups are 
fenerated at intervals. In the re- 
ver, regenerated code groups are 
;oded to form impulses proportional 
the original samples, and the im - 
ses are sent through a low-pass 

ier of bandwidth W to recover the 
ginal signal wave. 

' Properties of PCM: (1) The band- 
':dth for PCM is at least n times as 
bat as that required for direct trans- 

ssion of the signal, n being the num- 
of pulses per code group. That is, 

i ¡the coded message is to be trans- 
:ted in the same time as the original, 

e, 

to 

more 

be 
la higher rate than the original sam- 

:n samples. This transmission at the 
'her rate requires more bandwidth. 
i Because of regeneration the trans- 
,ision requirements for a PCM link 

almost independent of the total 
th of the system. (3) The signal -to- 
e ratio in PCM systems is set by 
quantizing noise alone. (4) PCM 

roaches closer to the full utilization 
hannel capacity than any other sys- 
in use but still requires about 8 

in power over the power theoret- 
j ly"required to realize a given chan- 

capacity for a given bandwidth. 
, In PCM the signal-to-noise ratio 

b varies linearly with the number 
digits per code group, and hence, 

the bandwidth; but as the band- 
h is increased the noise power in- 

creases, and a proportional increase in 
signal power is required to stay ade- 
quately above threshold. Contrast this 
with FM in which the signal-to-noise 
ratio varies with the log of the band- 
width. On the other hand, as the re- 
ceived signal rises considerably above 
threshold, the signal-to-noise ratio im- 
proves with FM but not with PCM. 
Also, there is smaller complication in 
FM transmitters and receivers for high 
signal-to-noise ratios than in the case 
of PCM. In the end, communication 
theory cannot determine whether FM 
or PCM should be used; this depends 
on such matters as cost and simplicity 
of equipment. 

Some Observations on Coding 
General 

To economize on time, bandwidth, or 
power, it is necessary to encode in such 
manner that the message contains max- 
imum information. If the interval be- 
tween samples is constant, the spectrum 
of the maximized information function 
is that of "white" noise passed through 
an ideal low-pass filter. Maximum sig- 
nal-to-noise ratio consistent with band- 
width is obtained by coding in the bi- 
nary system of units. 
Redundancy and Self -Checking Codes 

An approximation to ideal coding 
would have , the property that if the 
signal is altered in 
a reasonable way 
by noise, the orig- 
inal signal can be 
recovered. That is, 
alteration will not 
bring the message 
closer to another 
reasonable signal 
than to the origi- 
nal. This behavior 
is accomplished at 
the cost of some 
redundancy in the 
coding. For ex- 
ample, there is a 
redundancy of 
about 50% in the 
English language, 
and this remains 
in the channel 
symbols of teleg- 
raphy. Hence, in 
a noiseless tele- 
graph about 50% 
in time could be 
saved by proper 
encoding of the 
messages. This is 
not done, with the 
consequent ad- 
vantage that in 
spite of a consid- 
erable amount of 
noise in the chan- 
nel a significant 
percentage of the 
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letters can be received incorrectly with- 
out subtracting appreciably from the 
information content of the message. 

Redundancy is the price that is paid 
for being able to read a message cor- 
rupted by noise. Consider communica- 
tion by a form of telegraphy in which 
"on -off" pulses are transmitted. Because 
of noise or faulty operation there is a 
certain small chance of receiving a 
pulse when an "off" was intended. If 
each message were repeated, an error 
could be detected but not corrected. 
Most errors could be corrected if each 
message were sent three times, but it 
can be shown that this is an inefficient 
method of guarding against errors. A 
much more efficient procedure is to 
utilize the recently developed error - 
correcting code techniques of R. W. 
Hamming of the Bell Telephone Lab- 
oratories.' These error -correcting codes 
make perfect operation possible in the 
presence of relatively infrequent errors 
by the utilization of a self -checking 
principle which involves minimum re- 
dundancy. Error -free operation is par- 
ticularly important in work with large 
digital computing machines, since ob- 
taining the correct answer depends on 
carrying out each of a long sequence 
of operations correctly with no possibil- 
ity of error. 

The concluding portion of this article, 

OPHAR 
WAXES 

N COMPOUNDS 
Zophar waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot, 
electronic and electrical equipment or 
components of all types; radio, tele- 
vision, etc. 

Cold flows from 100°F. to 285°F. 

Special waxes non -cracking at -76°F. 

Compounds meeting Government speci- 
fications, plain or fungus resistant. 

I Let us help you with your engineering 
I problems. 

1 

ZOPHAR MILLS, INC. 
112-130 26th Street, 
Brooklyn 32, N. Y. 

1952 RADIO -ELECTRONIC ENGINEERING '29 



Irvington Varnish & Insulator Com- 

pany, 6 Argyle Terrace, Irvington 11, 

N. J. 

FERRITE CORE KIT 

Grayburne Corporation has announced 
the availability of a special experi- 
menter's ferrite core kit to enable en- 

gineers to familiarize themselves with 
the high -permeability, low -loss ferrite 
cores used in Grayburne's new minia- 
ture Ferri -Chokes and high -ratio Vari - 
Chokes. This core kit, Type FCK, con- 

sists of 27 various -sized cores which are 
well adapted for experimentation in i.f. 
and r.f. coils ; solenoids ; linearity, width 
and other variable controls; and in many 
electromechanical applications. 

For further details, write directly to 

Grayburne Corp., 103 Lafayette Street. 
New York 13, N. Y. 

scheduled for the July issue, will dis- 

cuss periodic, aperiodic and random time 
functions as applied to communication 
theory. 
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New Products 
(Continued from page 23) 

ously rotating type wheels and cooper- 
ating print hammers. 

The "Synchroprinter" is manufac- 
tured by the ANelex Corporation, Con- 

cord, N. H., and is furnished in a dust - 
proof case which may be placed on a 
table or mounted in a standard relay 
rack. 

PLASTIC TAPE 

A new calendered tape, said to have 
excellent chemical resistance and un- 
usual dielectric strength, has just been 
announced by the Irvington Varnish 
and Insulator Company, Irvington, 
N. J. Superior oil resistance makes the 
tape a natural selection for use with 
transformers or diesel equipment, while 
the high tensile strength makes its use 
on taping machines more effective. 

Being calendered, Temflex 105 tape 
possesses perfect uniformity of thick- 
ness far superior to an extruded prod- 
uct, according to the manufacturer, and 

virtually eliminates internal stresses 
caused by uneven tensions in the wound 
pad. Further information, technical data 
and samples can be obtained by writing 
to the Sales Promotion Department, 

ELECTRONIC SPRAY STENCILS 

Increased code marking production 
of any complicated electronic device is 

claimed possible with the precision 
stencils developed by Jas. H. Matthews 
& Co. In a few seconds, a complete elec- 

tronic chassis can be coded for its com- 

ponent parts by paint spraying. 
Matthews precision stencils are made 

by specification to fit over the parts 
to be marked, regardless of their shapes 
or sizes. Stencil holders make it pos- 
sible to spray both sides of a chassis 
in a single operation, and eliminate the 
necessity for handling a "wet" stencil. 

For more complete information and 
literature, write to Jas. H. Matthews & 

Co., 3868 Forbes Street, Pittsburgh 13, 

Pa. 

sion-resistant joint, with joint cleansing 

eliminated. 
Brazinal is available in triangular 

rod in several sizes. The advantages of 

"BRAZINAL" 
With the substantial increase of 

aluminum application in the various in- 
dustrial fields, there has been an in- 
creasing need for an easily applied, 
strong and corrosion -resistant joint, 
obtainable at a reasonably low temper- 
ature. A. E. Ulmann & Associates, Ltd., 
342 Madison Avenue, New York 17, 

N. Y., announce a brazing type filler 
alloy for aluminum and its alloys- 
"Brazinal"-which does not require a 
flux and which produces a strong corro - 

the triangular cross-section are 
surfaces, sharp edges and a 90° angle, 

all of which aid in applying the rod. 

The rod is supplied in lengths of 12, 

15 and 18 inches. 

SERVO STABILIZER 

A simple device for stabilizing a.c. 

servo systems was recently announced 
by Kalb f ell Laboratories, Inc. It con- 

tains a variable damping adjustment, is 

equipped with cathode followers for in- 

put and output, and plugs into an octal 

socket. 
The twin -T servo stabilizer has a 

phase shifting network to compensate 
for the lag caused by motors or other 

inertial elements, and overcomes hunt- 

ing while maintaining the fastest pos- 

sible response time. The twin -T net- 

work is made up of silver mica condens- 

ers and deposited carbon resistors 
give, excellent stability with respect to 

time and temperature. 
For a descriptive pamphlet, write 

Kalbfell Laboratories, Inc., P. O. Br 
1578, San Diego 10, Calif. 

flat 

IGNITRON TUBE 

In production at National Electron- 
ics, Inc., Geneva, Ill., is an air-cooled 
type ignitron tube designed especially 

for the control of small resistances 
welders and for similar a.c. control ap-1 

plications. This tube, designated a' 
NL -1001, is capable of controlling 60 

gMbID1D22. 
ecome ciefte 

AUGUST 15.16-Annual Summer Semi- 
nar, Emporium Section of IRE, Empo- 
rium, Pa. 
AUGUST 27-29-Western Electronic 
Show and Convention (WCEMA and 
IRE), Municipal Auditorium, Long 
Beach, Calif. 
SEPT. 29-OCT. 1-National Electronics 
Conference, Sherman Hotel, Chicago 
Ill. 

i' 
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mp. r.m.s. demand or 9 amp. d.c. at 
50 volts a.c. 

The manufacturer states that NL - 
001 is lower in cost than any other 
gxtitron now available and that it 
tilizes an exceptionally economical 
Mounting arrangement. Complete data 
gay be secured from National Elec- 
ronics, Inc. 

Transmitter 
Continued from page 13) 

re the voltage of the incident and 
effected components of the wave travel - 
g down the transmission line. The 
cident voltage is calibrated in kilo- 

-atts, and the reflected voltage in 
"SWR. The wattmeter scale is accur- 
te as specified for unity standing wave 
atio. It should be corrected by a cali - 
ration factor for large standing wave 
atios. This correction factor, however, 
mounts to less than 10% for VSWR 
2ss than 2. (See Fig. 1) . Voltage is 
educed in the loop consisting of R and 
' by current flowing in the center con- 
uctor, and by the voltage drop across 
le resistor R from current flowing 
trough the capacitor C. One of these 
Dltages is directly proportional to the 
ne current I, and the other is directly 
roportional to the line voltage E. 
'hese two voltages add or subtract de - 
ending on the direction of energy flow 
own the line, or upon the position of 
le transmitter and load. For correct 
aeration of the coupler, these two volt- 
es are made equal when the line is 

:rminated in its characteristic resist- 
zce R,. The two directional couplers 
re carefully adjusted for a transmis - 

.:on line impedance of 72 ohms. 

'se of the Transmitter 
I In the particular case of the Indiana 
late police installation, the output of 
ie transmitter is being fed into an 
¡f -derived low-pass filter to eliminate 
ossible television interference. The in - 
ut and output impedances are calcu- 
tted to match the impedance of the out - 
ut coax and the antenna. 
L. and C, is a series resonant circuit 
the second harmonic of 85 mc. The 

me applies to circuit L. and C,. Cir- 
it L. and C, is tuned to the third bar- 
onic or 126 mc. Circuit L, and C., is 
ned to a frequency of approximately 
mc. and is so tuned to help maintain 

PHOTO CREDITS . 

Page Credit 
3.. Federal Telephone & Radio Corp. 
4... Radio Corporation of America 
5 General Electric Co. 
8, 9 .. National Bureau of Standards 

the correct impedance of 72 ohms. 
L,, and L. also help to assert the correct 
impedance and Isolate the various cir- 
cuits from one another. Refer to Fig. 
2 for the schematic of the low-pass 
filter. 

The output of the filter is fed into 
an Andrews folded unipole antenna. 
The 3 -kw. amplifiers are providing 75 to 
100 mile talkout range from 400 -foot 
towers for the Indiana state police 
system at the present time. 

Lighthouse 
(Continued from page 7) 

of the pattern from the other side. 

It will also be readily seen that radia- 
tion from each side of the baffle has 
a pattern similar to that caused by 
diffraction over a knife edge, which 
accounts for the sharp slope on the 
diffracted side. The part of the pattern 
not caused by diffraction is readily 
controlled by adjusting the primary 
feed so that the distribution of phase 
of the directly radiated energy and 
of the reflected energy causes them to 
combine to give the desired pattern. A 
wide variety of patterns is obtainable. 
The saw-toothed outer edge is, of 
course, the interference pattern caused 
by the phase difference of the reflected 
and directly radiated energy. 

Returning to the diffracted radia- 
tion, the slope of the pattern on the 
diffracted side is a function of the 
length of the surface plate, and of the 
distance of the primary feed from the 
plate (in -this case-a quarter of an 
inch). The slope becomes greater with 
increasing length and less with in- 
creasing distance from the plate. 

The radiation patterns indicate that 
as an observer moves in either direc- 
tion from the crossover there will 
be a very marked increase in the sig- 
nal from the side facing the observer, 
and that at the crossover both signals 
will be equal. If the signal on each 
side is modulated in a distinctive man- 
ner, such as in the interlocked "A -N" 
coding, a very simple means of pro- 
viding a straight and easily recognized 
course is available. With the equi- 
äignal antenna shown and the use of a 
receiver similar to the one described, it 
has been found that the angle over 
which the two modulated signals are 
of equal intensity is less than 15 
minutes of arc. In actual practice, it 
was found that at a distance of five 
miles out, in line with the point of 
crossover and with the vessel beam 
on, it was possible to pick up the 
A and the N signals separately and 
distinctly by carrying the receiver 
from one end of the 110 -foot vessel 
(Radel II) to the other. 

The output from the transmitter is 

Fig. 7. Schematic diagram of the 
antenna switching arrangement. 

fed through a standard wave guide 
system terminated at the antenna by 
a T junction, at which point the energy 
is alternately switched from one slotted 
wave guide array to the other. This is 
done with a pair of semi -i Mating vanes 
mounted on the shaft of a rotary relay. 
The vanes slide into slots one-half 
wavelength on each side of the junc- 
tion, thus alternately shorting the path 
to one or the other of the antennas 
(Fig. 7). 

Two of these transmitters have been 
set up in Halifax Harbor and eight 
receivers have been loaned to local 
shipping companies for trial purposes. 
Comments from the shipping compa- 
nies trying out this equipment have all 
been enthusiastic. - 

TAKE ADVANTAGE OF 
THESE OPPORTUNITIES TODAY! 

Positions open NOW for: 
ENGINEERS and TECHNICIANS 

Here's a real chance to gain valuable ex- 
perience in the field of ELECTRONICS! 

You will be working on the vital prob- 
lem of electron tube reliability for an 
established aeronautical communications 
firm. 

We need men of good educational 
background and experience who can 
handle either field or laboratory assign- 
ments, men who understand circuits and 
the mechanical aspects of electronics, 
engineers with electron tube design and 
application background. We will con- 
sider men who do not have a college 
degree if they have comparable experi- 
ence. Salaries commensurate with ability. 

Our personnel have been informed of 
this advertisement. Replies will be kept in 
strict confidence. Send a resume of your 
education and experience to: 

Box 526 

RADIO -ELECTRONIC ENGINEERING 
185 N. Wabash Ave. 

CHICAGO 1, ILLINOIS 
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R -C COUPLING NETWORKS 
By GILMORE BOWERS 

This nomograph provides an easy method of calculating 
phase shift and attenuation in 11-C coupling networks. 

DRAW a line between the value of C on the 

capacity scale and the operating frequency 

on the frequency scale. Draw another line from 

the point where the first line intersects the "cross 

axis" to the value of R on the resistance scale. 

Extend this line to the attenuation and phase 

shift scale, and read the values of attenuation and 

phase shift. .®4 
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Pest° 
rep/ace 

vigh* Fe&ral- 
The Original Miniature Selenium Rectifier! 

IT PAYS YOUR CUSTOMERS in finest quality 
and dependable, long -life performance-proved by over 
30,000,000 units shipped to the field! 

IT PAYS YOU, Mr. Serviceman, in customer 
satisfaction and goodwill-and a good profit on every job! 

Here Are Other Specific Reasons Why "Federal 
Is Your No. 1 Choice for Servicing the Big, 
Growing Radio-TV Replacement Market: 

Tests by receiver manufacturers 
show a life expectancy of well 
over RTMA guarantee. 
Over 250,000 tests prove supe- 
rior immunity to shelf -aging. 
Federal's synthetic barrier layer 
stops change during long storage. 

Quality rigidly controlled. All 
units fully tested before release. 

Units available either packed 
in the attractive Federal resale 
box or in bulk. 
Constant research keeps you 
up-to-date on rectifier progress. 

SAVE TIME -SERVE YOURSELF 

from Federal/i NEW 

jFEDERALTELECOMMURICATIO LABORA 
' TORIES,Nutley, N..1 a unit of 

IT&T's worldwide research and 
engineering organiz fion. 

luur', 19.52 

It Pays to Replace With the BEST! , 

Federal 
SELENIUM RECTIFIERS 

I 

LOOK FOR IT 
ON YOUR 

DISTRIBUTOR'S 
COUNTER! 

America's Oldest and Largest Manufacturer of Selenium Rectifiers 

Federal Telephone and Radio Corporation 
SELENIUM-INTELIM DIVISION 

100 KINGSLAND ROAD, CLIFTON, NEW JERSEY 
In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q. 
Export Distributors: International Standard Electric Corp., 67 Broad St., N.Y. 
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