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191' kiI91Tatt stations 

Iiigbrst iidrIily Response flat from 30 to 10,000 c.p.s. Distor- 
tion less than 2 °o at any frequency and modulation level. Noise level 
more than 60 db below 100 °o modulation. The 20K is not critical in 
adjustment and will maintain these characteristics throughout the life 
of the transmitter. 

i ILgIIest1 (1$j'iUi(III(1 Most economical power consumption. 3.5 
kilowatts unmodulated. 3.9 kilowatts at average program modulation. 
Plate efficiency of final amplifier better than 82 °c. Proper coordination 
of circuit design, components and tubes results in great economy of power 
consumption and operating expense. 

1J1 %(S1 UIISI Install the 20K now for one kilowatt operation. The 
complete 20K is used as an exciter for Collins 21D 5000 watt trans- 
mitter. By this method of boosting power you discard nothing and retain 
your whole initial investment. 

complete metering with new 
illuminated meters 

easy complete accessibility 

modern styled cabinet 

dust filters 

motor tuning 

inverse feedboc 

variable output c 

instantaneous 
change -ove 

high level mo 

complete control 

mechanical refinement 

SpeciFy the 20 K on your next installation. Collins 20 K Equip- 
ments will pay dividends to your listeners, to your clients, to you. 
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ALSiMag 
. . . the pioneer antenna struc- 
ture for FM (frequency modula- 
tion) transmission erected by 
Major E. H. Armstrong at 
Alpine, New Jersey is equipped 
with Super Low-Loss Alsimag 
196 Insulators. You, too, can 

use this fine Steatite material 
at no increase in price over the 
ceramic material you are 
now using. Ask for our new 

trade literature. It contains 
helpful, money saving sug- 
gestions. 
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erected at the station's Saxonburg transmitter, was dismantled 
and reassembled at the Allison Park site. Westinghouse photo. 
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Editorial 
Corn ment 

THE Board of Governors of the Society of Motion 
Picture Engineers have announced that the forty - 
sixth semi -annual convention of the Society will be 

held April 22 through 25 at the Chalfonte- Haddon 
Hall Hotel in Atlantic City, New Jersey. W. C. 
Kunzman, Convention Vice -President, is completing 
tentative arrangements for the meeting, while the 
Papers Committee, under the direction of J. I. Crab- 
tree, Editorial Vice -President, and Sylvan Harris, 
Papers Committee Chairman, has already begun its 
work of preparing the papers program. An excellent 
gathering is anticipated. 

FEELING that the television industry had reached a 
"crucial stage" of development, the Television 
Committee of the Federal Communications Corn - 

mission has recommended that the Commission adopt 
a more lenient policy towards the broadcaster. Speci- 
fic recommendations were made towards the elimina- 
tion of those regulations which may be interfering 
with proper business or economic processes. A defi- 
nite suggestion in this respect was that under certain 
conditions the television broadcasters be permitted to 
obtain a specific amount of commercial sponsorship 
for their experimental broadcasts . . . to the point 
where operating expenses would be defrayed. 

We believe this recommendation by the Television 
Committee to be a step in the right direction. Ex- 
perimental television broadcasting is certainly a costly 
procedure, and a certain amount of commercial pro- 
grams would do much to help these pioneers in tele- 
vision. An obvious objection, however, may be the 
costs of determining the operating expenses . . . a 

procedure which may be far from easy. 

THE 1940 Radio Parts National Trade Show will be 
held at the Stevens Hotel, in Chicago, from June 

I I through 14. The main exhibition will be held 
in the large exhibition hall in the Stevens Hotel, while 
the demonstration and conference rooms will be in 
both the Stevens and the Blackstone Hotels. From 
all indications the 1940 show promises to be bigger 
and better than the 1939 gathering. 
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DISTRIBUTORS : 

Graybar Electric Company, 
Graybar Building, N. Y. 

In Canada and Newfoundland: 
Northern Electric Co., Ltd. 

In other countries: 
International Standard Electric Corp. 

- plays both lateral and vertical 
recordings with new sparkle! 
Here's a pick -up that can handle 
all recordings - whether vertical 
or lateral. The Western Electric 9A 
Reproducer brings out their full 
quality -has a diamond stylus in- 
suring long life -costs much less 
than the two pick -ups you'd other- 
wise need. 

You can easily equip your pre,,- 

ent transcription tables with the 
9A Reproducer, reproducing arm 
and equalizing equipment. 

Ask Graybar for your copy of 
Bulletin T1630, which gives full 
information on this new aid to 
Better Broadcasting. 

ASK YOUR ENGINEER 

Western Electric 
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Indispensable .. 
With more pages, more 

items, more choice than 
ever before, the new 1939- 

40 AEROVOX catalog is 
now to be found among 
the working tools of lead- 
ing engineers, designers, 
production men. 

Be sure you have this 
catalog at hand for con- 

stant reference. If not, drop 
us a line TODAY. And 
remember, in addition to 
this largest selection of 

standard condensers and 
resistors, AEROVOX pro- 
vides A.A.E. ( Aerovox Ap- 
plication Engineering) in 

meeting your out -of -the 
ordinary and quite specific 
needs. 

AEROVOX CORPORATION 
Aleut , 

Sales Offices in All Principal Cities 
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C O M M U N I C A T I O N S F O R DECEMBER, 19 3 9 

IMPEDANCE MATCHING 

I INTRODUCTION 

ASOURCE of considerable contro- 
versy among engineers is the ques- 

tion of impedance matching, and it is 

the hope of this article to clear up this 
matter in its various aspects. Orig- 
inally, impedance matching meant the 
matching on an equality basis of the 
source and load impedances to the char- 
acteristic impedance of the intervening 
link, such as the transmission line. 
While this is still of paramount im- 

portance in telephone practice, the com- 
munication art has become so ramified 
that this consideration is of no im- 
portance in many other applications, 
and other factors determine the basis 
upon which impedance matching is 

done. It appears that the various fac- 
tors can be classified into the following 
groups. 

II MATCHING OF LOAD AND 
GENERATOR TO INTERVENING 

LINK 

In telephone practice -as mentioned 
above -a transmission line is interposed 
between the source and load. The line 
has certain characteristics that require 
to be catered to in order that successful 
transmission be accomplished. In par- 
ticular, it has a certain characteristic or 
surge impedance -if of 'infinite length - 
given by the formula 

R jwLI 
Z° = G -}- jwC 

where R, L, G, and C are re- 
spectively its resistance, series induc- 
tance, transverse conductance and trans- 
verse capacitance, per unit length. If 
R = G = 0 (which is approximately 
the case for an r -f transmission line), 
or if R/G = L/C (the so- called distor- 
tionless line) then equation (1) be- 

comes 

(1) 

Z. = VL /C (2) 

or a pure resistance. 
If a finite line is used, and it is ter- 

minated in a load impedance equal to 
its image impedance, given by equations 
(1) or (2), then it becomes equivalent 
to an infinite line, and its sending -end 
impedance becomes identical with its 

surge impedance. Furthermore, no re- 
flections take place on such a line, and 
such effects as "echo" are avoided. Ob- 

By ALBERT PREISMAN 
RCA Institutes, Inc. 

viously, it is easie t to match a line 
whose image impedance is a pure re- 
sistance, hence every effort is exerted to 
make a line "distortionless," at least 
over the frequency range of transmis- 
sion. This is usually done by adding 
lumped inductances in the form of load- 
ing coils in order to raise the ratio of 
L/C to as near equality with R/G as 
possible, since economic considerations 
determine how small R can be, and how 
small C can be (in the case of a cable). 
Unfortunately, loading coils make a line 
appear distortionless and hence easy to 
match up to a limiting higher frequency 

.....w ,.. 
..... ..,. ... 

. . . . .F. .i .. g . . 
.... o .,.: 

. o A..: 

Power- output tube transformer 
coupled to resistive load. 

only, but this upper frequency limit can 
be extended as far as 'required within 
reasonable limits by spacing the loading 
coils closer together along the line. In 
short, the load is matched on an equal- 
ity basis to the characteristic, surge, or 
image impedanee of a line to avoid re- 
flections, and particularly in the case of 
an ideal and also of a distortionless line, 
to insure flat frequency response. 

The generator, in order to maintain a 
flat frequency response, should have an 
internal impedance which is a pure re- 
sistance, and preferably one that is also 
equal to the surge impedance of the 
line. In this latter case we obtain max- 
imum power transfer, and also any 
surges or disturbances originating on 
the line are absorbed not only at the 
load end. but at the generator end as 

well, and thus reflections of these at 
the latter end avoided. 

Another case where the load and 
generator impedances are matched on 
an equality basis to the intervening link 
is where the latter is a filter section. 
Such a section can be designed so as to 
have a characteristic impedance which 
is practically a pure resistance over 
most of the pass band. If terminated at 
both ends by a pure resistance equal to 
its own characteristic impedance, it will 
have the desired pass and attenuation 
characteristics, although for theo- 
retically perfect results, the terminating 
impedances should be more complex in 
nature in order to match more perfectly 
the characteristic impedance of the sec- 
tion, which impedance departs markedly 
from a pure constant resistance near the 
limits of the pass band. 

It is interesting to note that while the 
terminating impedances (source and 
load) are matched to the characteristic 
impedance of the line or filter section, 
the latter impedance is made as nearly 
resistive in nature as is possible in prac- 
tice in order to facilitate this matching. 

Lack of space precludes any further 
discussion of these matters, but it is 
interesting to note in passing that due 
to the impossibility of perfect matching, 
equalizing networks are often required. 
For instance, in the case of a long line, 
undesirable phase shift may occur, 
which requires the further interposition 
of a phase -equalizing network between 
the line and load. The equalizing net- 
work when terminated in the load im- 
pedance, presents a matched impedance 
to the line, uniform amplitude transmis- 
sion, and yet has a phase -delay charac- 
teristic which is the inverse of that of 
the line, so that the overall phase char- 
acteristic is linear with frequency. 

III MATCHING OF LOAD TO 

GENERATOR 

Matching under these conditions may 
or may not be on an equality basis, and 
is employed where the intervening link 
is so electrically "short" as to require 
no consideration with respect to its 
characteristics. While it is possible to 
treat this case as a limit case of a trans- 
mission -line practice, it is probably just 
as well to study this type of matching 
on the basis of ordinary circuit analysis. 

The ordinary source or generator of 
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signal employed in communication work 
is characterized by a low conversion 
efficiency, and often is loosely coupled 
to its actuating source. As an example, 
the ordinary ribbon or dynamic micro- 
phone may be cited. Its acoustic to 
electrical efficiency is low, so that 
whether it is open or short -circuited 
makes little difference to the acoustic 
field in its vicinity. Furthermore, with 
reference to the source of the sound, its 
coupling is so low that its electrical 
loading has even less effect upon the 
source of sound. Hence there is every- 
thing to gain and nothing to lose in 
choosing an electrical load impedance 
which will draw maximum electrical 
power from it, and there is, in addition, 
no danger -due to design factors -that 
such a load will cause it to overheat. If 
the internal impedance of the generator 
is resistive in nature, and if its gen- 
erated voltage is in proportion to the 
impinging acoustic energy regardless of 
frequency, then if the load be resistive 
in nature and equal to the internal gen- 
erator resistance, maximum power out- 
put will result, and furthermore this 
power transfer will be independent of 
frequency and hence always propor- 
tional to the impinging acoustic power. 
Hence here too, matching is on an 
equality basis, but for a different rea- 
son from that for the transmission line. 

On the other hand, if maximum volt- 
age output is desired from the source, 
then the load may be any kind of an 
impedance provided it is many times 
that of the source, and in the above case 
the output voltage will be independent 
of frequency, since it is practically equal 
to the generated voltage of the gen- 
erator. Thus, for maximum voltage 
output, the impedance matching is on an 
inequality basis, and rather indeter- 
minate in nature : the load impedance 
has merely to be many times that of the 
generator over the required frequency 
range. 

It is interesting to contrast this with 
the case of a power generator. Here 
maximum conversion efficiency is 
sought for, since the electrical energy 
as such is to be sold, and the only re- 
quirements as to its wave shape are that 
it be sinusoidal and of constant fre- 
quency. Hence the internal impedance 
is made as small a fraction of the load 
impedance as possible, and this also in- 
sures that the generator will not over- 
heat. Were the load made as low as 
the generator in impedance, we should 
not only have excessive overheating, but 
the efficiency at best could be only fifty 
per cent. 

Some communication generators, 
however. do not have a resistive in- 
ternal impedance. A phonograph pick- 
up, for instance, has an internal im- 
pedance which is mainly inductive in 

The family of characteristics for 
the triode. 

nature (balanced- armature type) or ca- 
pacitive in nature (crystal type). For 
maximum power output, the load im- 
pedance should be the conjugate of that 
of the source, and equal to it in magni- 
tude. This, however, can be done in 
practice at one frequency only, and is 
of no value for an extended frequency 
range of operation. Hence the load is 
usually made resistive in nature, but 
now the frequency response from a con- 
stant- velocity -cut frequency record will 
not be flat unless the generated voltage 
of the pick -up varies in a manner to 
produce this flat response. This the 
manufacturer may attempt to do, and 
he will then rate his pick -up as being 
of such an impedance -say 500 ohms - 
by which he means that a satisfactory 
frequency response will be obtained if 
the load be a 500 -ohm resistance, since 
the resistance will not vary with fre- 
quency. Here, again, impedance match- 
ing is not on an equality basis, but 
rather on an empirical basis : the load 
impedance is such as to produce the 
best frequency response from the source. 

The generators just considered are 
linear -i.e., their internal impedance is 
a linear parameter. When the source 
is a vacuum -tube or photocell, however, 
the impedance matching becomes an en- 
tirely different matter. We are now 
dealing with a non -linear generator, 
and in many cases the load impedance 
must be carefully chosen so as to obtain 
maximum power output consistent with 
a permissable distortion content. 

The vacuum tube is not a generator 
of power in the ordinary sense of the 
word, but a variable resistance whose 
magnitude is controlled electrostatically 
by means of a grid, and which is cap- 
able of converting d -c energy (from the 
"B" supply) into the desired form of 
a -c energy. Since the differential equa- 
tions expressing the circuit relations, or 
the simplified equations for steady -state 
conditions when the applied voltage is. 
sinusoidal (Ohm's Law) are not amen- 
able to solution if the circuit parameters 
are variable (or even periodic in na- 
ture), it has been found advisable to re- 
place the vacuum tube with an approxi= 
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mately equivalent circuit whose imped- 
ances are linear, but which contains an 
a -c generator or generators as well as 
a d -c source. Such an equivalent cir- 
cuit may form the basis of impedance 
matching, but the analytical expressions 
are usually so involved that recource is 
often had to graphical methods. Sup- 
pose, for instance, we have a circuit as 
shown in Fig. 1, which represents in 
essence a power- output tube trans- 
former coupled to a resistive load R. 
The output transformer is assumed to 
be ideal, and the resistance shown is the 
reflected value of the actual load re- 
sistance connected to the secondary (not 
shown) . 

Suppose, first, that the tube is a 
triode having the family of character- 
istics shown in Fig. 2. The load line 
for the d -c component is drawn ver- 
tically upward through E,, to point A, 
since the primary of the transformer of- 
fers practically zero resistance to it. The 
reactance of the primary, however, is 
practically infinite to the a -c component, 
so that it is forced to flow through R, 
and accordingly, we draw through A a 
line BAC whose slope is 1 /R, or the 
load line for R. The path of operation 
for the a -c component is along the 
latter line. 

If the grid signal voltage is suffi- 
ciently great, the path of operation will 
include those portions of the tube char- 
acteristics which are curved, and as a 
result the current through R, hence 
voltage across R will not be a faithful 
copy of the grid signal voltage, ea. 
Suppose the path of operation be con- 
fined to the portion BAC, for which 
segment the distortion is fairly small 
and permissable, and the output con- 
sists mainly of fundamental power. As- 
sume further that the signal voltage is 
a sine wave, and that the operating 
point A (more correctly the quiescent 
point) is located midway in grid volt- 
age between those corresponding to B 
and C. This merely means that the 
bias has been chosen half -way between 
the limits of grid swing defined by 
points B and C. 

In this case it is easily shown that 
the fundamental power output, P, is 
approximately one -quarter of the area 
of the triangle BDC. This corresponds 
with the formula 

- (Emax - Emin) (Imax - 'min) 
P = (3) 

8 

Now if R is varied, the length of 
path of operation (for the permissible 
amount of distortion) will vary, as will 
the bias, which must always be midway 
between the extremes of grid swing. 
Specifically if R be increased, its load 
line will be more nearly horizontal, and 
a greater negative grid swing is Dos- 

'1 
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sible before the permissible amount of 
distortion is reached. This means, in 
turn, a greater grid swing and bias, and 
a different amount of power output 
(different triangle of different area). 

There is one slope corresponding to 
one particular value of R which gives 
the maximum amount of fundamental 
power output for the given permissible 
amount of distortion, and this is the 
value of the load resistance to match 
the tube. If the characteristic were to 
consist of straight parallel lines equi- 
distant in spacing (the so- called linear 
tube), then the above optimum slope 
would be one -half that of the slope of 
the tube lines, which corresponds to a 
load resistance which is twice the so- 
called plate resistance, rp, of the tube. 
In actual triode tubes whose charac- 
teristics have appreciable upward curva- 
ture, it will be found that the optimum 
value of R is more than twice rp. There 
is some small effect from the shifting of 
the load line due to self- rectification of 
the tube, but the results are still sub- 
stantially as explained above. 

The above can be explained on a 
physical basis. It was mentioned above 
that the tube can be replaced by an 
equivalent generator whose voltage is 

p.e8, and a linear resistance called rp of 
the tube. The distortion can be ap- 
proximately represented by a generator 
whose voltage is proportional to p.'es'. 

(This means that the distortion is as- 
sumed to be mainly second harmonic.) 
The magnitude of the second -harmonic 
voltage can be shown to depend upon 
R, and to decrease as R increases. 
Hence, as R is increased, e8 can be 
increased until the second -harmonic 
voltage is brought back to its original, 
permissible value. This means that the 
equivalent fundamental generator can 
be assumed to be generating a higher 
voltage p.e8. 

For a linear generator the maximum 
power theorem states that maximum 
power output occurs when the load re- 
sistance is equal to the generator re- 
sistance. This is on the assumption that 
the generated voltage is constant. But 
in the case of the triode tube, it is pos- 

sible to obtain a higher equivalent gen- 
erated voltage if R is made greater 
than rp, so that under these conditions 
more power output is obtained even 

though this means R is mis- matched to 

rp. Since we are dealing with resis- 
tances, this state of affairs is true at 
all frequencies; so that mis- matching 
will not affect the frequency response, 
and hence can be employed in wide - 

frequency -range amplifiers. If the grid 
signal is fixed, however, so that the 

equivalent generated voltage cannot be 

varied, then the maximum power output 

is obtained when R = r,,, just as in the 

case of linear generators. 

In Fig. 3 is shown the very non- 
linear characteristics of a pentode tube. 
For a given operating point, A, the dis- 
tortion will vary with R in a very com- 
plex manner. For a low value of R, 
the output will contain more even har- 
monics, while for higher values, it will 
contain more odd harmonics. If R be 
sufficiently great, its load line for suf- 
ficient grid swing will cut through the 
characteristic where the plate current 
droops markedly, and a rich crop of 
harmonics will result. 

The optimum value of R, and the 
maximum power output is now to a 
great extent, a matter of opinion or 
choice between even and odd harmonics, 
since a value of R which gives a mini- 
mum of one, will not give a minimum of 
the other. About the only rule for 
matching here is that R should not be 
so high that its load line cuts through 
the drooping portion of the character- 
istic. This is also true for the push - 
pull AB, operation.' For push -pull AB, 
operation, more even than odd -harmonic 
distortion can be tolerated for each tube, 
due to the cancellation of the former in 
the output, so that the value of R 
chosen is generally less than that for 
a single -side operation. In all cases, 
however, R is very much less than 
the rp of a pentode tube, which is just 
the opposite of the case for a triode. 

When we consider a Class C tube 
operating into a tank circuit, the an- 
alysis becomes indeed complicated, since 
the reactive load has to be chosen so 

that a maximum of the following con- 
tending factors are obtained: 

(1) Fundamental power output, (2) 
freedom from harmonic output, (3) 
plate efficiency, (4) ease in driving the 
grid, (5) insurance against exceeding 
the plate dissipation. 

The choice of load parameters is 

too involved to be discussed here, but 
we may summarize all the cases of 
matching a load to a non -linear 
generator by saying that this is usually 
on an inequality basis in order that op- 
timum results be obtained. Specifically 

1See "Balanced Amplifiers " -A. Preisman- 
Communication and Broadcast Engineering. Part 
Iv, October, 1936. 

Showing the non -linear charac- 
teristics of a pentode. 

iP Ec 

e Eh 

Fig.3 

for an audio -amplifier power- output 
stage, this means choosing that value 
of load resistance which gives maximum 
fundamental power output consistent 
with a permissible amount of distortion. 
If this value produces a plate dissipation 
which exceeds that permitted for the 
tube, or if this value will demand an 
unreasonable degree of regulation of the 
"B" power supply, or if self -bias is 
desired, then another value of R, or a 
change in operating voltages, or both, 
may result in better results. Hence in 
this type of operation, impedance match- 
ing is determined by a variety of fac- 
tors, and therefore is quite a different 
matter from impedance matching for 
a transmission line. 

IV MATCHING OF GENERATOR TO 
LOAD 

In many instances the load must be 
catered to instead of the generator, and 
impedance matching is determined 
therefore, by the characteristics of the 
load. Three examples of this will be 
cited here, although there are many 
other instances. 

The first is the audio transformer. If 
this be of the input or interstage type, 
it may be represented by an equivalent 
T- network, which at low frequencies 
reduces to an (primary open- circuit) 
inductance, Lm, paralleled by a re- 
sistance, R. (see Fig. 4-a). At high 
frequencies the equivalent T- network 
reduces to a series resonant circuit 
(Fig. 4 -b), in which LL is the total 
leakage inductance as viewed from the 
primary side, and C is the reflected 
lumped equivalent of the secondary ca- 
pacities.' 

Let us first study the unloaded case, 
i.e., RL is infinite. We can also usually 
ignore Re as being very high. The 
voltage across Lm at low frequencies 
(Fig. 4-a) is evidently 

lLm e =eg (4) 
rg + jwL, 

and the voltage across the secondary is 

"a" times this, where "a" is the turns 
ratio. It is evident from equation (4) 
that as the frequency decreases, e de- 
creases, so that a flat frequency re- 
sponse is not possible. But if the per- 
missible drop in e is 5 %, for instance, 
at the lowest frequency desired to trans- 
mit, then if rg is made one -third of 
)Lm at this frequency, the desired re- 

sults will be obtained. 
At the high- frequency end of the 

spectrum, the voltage across C (Fig. 
4 -b) will be 

e=eg 
- j/c)C 

ra+ j (oLL -1 /(C) 
2See, for instance, Terman, Radio Engineering, 

pp. 188-202-Second Edition. 

(5) 
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At resonance, where woL = 1 /w0C, this 
reduces to 

-j /woC 
e=eg 

rg 

where Q = woLL /rg. If Q = 1, then 
e = eg, and the secondary voltage is aeg. 
This means that rg must be chosen equal 
to woLL. In a well designed trans- 
former, Lm, C, and LL are such that the 
optimum value of rg for the low -fre- 
quency response is the same as that for 
the high- frequency response, and the 
resulting curve will be as shown by 
the solid line in Fig. 5, where f, and 
fh are respectively the lowest and high- 
est frequencies to be transmitted. 

If a lower value of rg is employed, 
the low- frequency response will be im- 
proved, but a resonant peak will de- 
velop at the high- frequency end, where- 
as if rg is increased, both the high and 
low frequencies will be reduced. This 
is shown respectively by the broken lute 
curves A and B in Fig. 5. 

If the secondary be loaded, then we 
can combine the reflected resistance RL 
at low frequencies with rg (by Thevenin's 
Theorem) to give rise to an equivalent 
generator of lower generated voltage, 
but also of lower internal resistance. 
This results in an improvement in the 
low- frequency response. At the high 
frequencies, however, RL appears as a 
shunt across C, and produces two ef- 
fects : (1) it lowers the resonant fre- 
quency -even down to zero -and (2) it 
decreases the peak -even down to a 
drooping characteristic -so that the re- 
sponse curve looks like a composite of 
A and B, Fig. 5. In practice the 
transformer is usually designed so as 
to have a slight resonance peak when, 
unloaded, and a flat or slightly drooping 
response when loaded with a specific 
value of RL. 

If, on the other hand, the primary 
be loaded with a resistance RL, then it 
acts to make the generator resistance 
appear lower over the entire frequency 

= egQ (6) 

Characteristics of transformer 
load at low (A) and high (B) 

frequencies. 

range. As such, it produces a response 
which is similar to A of Fig. 5, but 
of reduced gain. It is therefore evident 
that by a judicious choice of rg, and 
of the loading on both the primary and 
secondary, it is possible to flatten out 
the response of a transformer, albeit at 
the expense of its gain. It may also 
be mentioned that an output trans- 
former is similar in its action, except 
that C is practically negligible, so that 
there is a droop both at the high and 
low end, and that it is almost invari- 
ably loaded on the secondary end. 

It may seem that the example has 
been presented backwards : that the 
transformer is really designed to fit 
rg, and not rg chosen to fit the trans- 
former. While in a sense this is true, 
the author prefers to regard the trans- 
former as designed to operate from a 
certain source impedance, and that the 
tube (the usual source) is then chosen 
so that its rg fulfills this requirement. 
From this viewpoint, impedance match- 
ing means choosing the proper tubes 
to give the desired frequency response 
from a given transformer. 

The next example is that of a loud- 
speaker. It is usually connected to the 
output stage through a coupling or out- 
put transformer, and thus reflects a load 
impedance to the tube or tubes of value 
correct for their proper operation. This 
has been discussed previously with re- 
spect to impedance matching of a load 
to a non -linear generator. Thus, a 15- 
ohm secondary means a secondary to 
which 15 ohms should be connected in 
order to reflect back to the tubes the 
proper value for their correct operation : 

maximum power output for a permis- 
sible amount of distortion, plate dissipa- 
tion, etc. 

Consideration, however, should be 
given to the internal output impedance 
of the tubes, i.e., the apparent source 
impedance which the loudspeaker load 
sees when looking back into its sec- 
ondary terminals. This is of particular 
importance with respect to the transient 
repsonse of loudspeaker, which impor- 
tance is being noticed more and more. 

It is customary to study the reaction 
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of the mechanical system of the loud- 
speaker upon the electrical source, and 
this reaction is called its motional im- 
pedance. It is possible, however, to 
transform the electrical impedance into 
an equivalent mechanical form to be in- 
serted into the mechanical circuit repre- 
senting the acoustic properties of the 
speaker. Thus, suppose the total elec- 
trical resistance of the source (as 
viewed from the loudspeaker terminals) 
plus that of the voice coil is R, and 
the total inductance is L. Further let 
B be the flux density in the air gap, and, 

1, the total length of wire on the voice 
coil. Then R and L may be replaced, 
in the mechanical circuit, by a me- 
chanical resistance Rm in parallel with a 
compliance, Cm, and instead of electrical 
source impedance, we may regard the 
speaker as being fed by a constant - 
velocity mechanical source (infinite - 
impedance generator), in parallel with 
the shunt combination of Rm and Cm. 
The latter are given by the following 
expressions : 

Rm = 10-°(B1)2 /R (7) 

Cm = 10 °L /(B1)2 (8) 

At low frequencies the speaker, if of 
the cone flat baffle type, appears as a 
series -resonant mechanical circuit, due 
to the mass of the cone and voice coil 
resonating with the compliance of the 
suspension. The mechanical damping 
of the speaker , is very low. Also, we 
may neglect Cm, and thus obtain the 
circuit shown in Fig. 6. If the constant 
current of the equivalent mechanical 
generator be applied, and particularly if 
it is of the above resonant frequency, 
and then suddenly removed, the speaker 
will continue to vibrate with a damped 
sinusoidal motion. This results in a 
"hangover" of the sound which is very 
annoying in its effects. 

If the resonant circuit is critically 
damped, then a single pulse will result 
of negligible effect. The damping is 
mainly that of Rm, as given by equation 
(7), and indicates that the higher the 
electrical circuit resistance, the smaller 
will be the equivalent mechanical damp- 
ing. 

The power stage should therefore 
represent a low impedance to the 
speaker. At the same time we are faced 
with the fact that the speaker should 
reflect a low impedance to the tubes if 
they are of the pentode type, which is 
considerably lower than their imped- 
ance (see Fig. 3), which is turn means 
that the tubes will appear as a high 
impedance to the speaker. In this in- 
stance of conflicting requirements, the 
tubes win out because the distortion 
products at all frequencies is more im- 
portant than the "hangover" at the 
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low -frequency resonance point. How- 
ever by an ingenious arrangement, both 
load and source can be satisfied. The 
solution is to employ inverse feedback 
of the voltage type. This makes the 
source appear as a low impedance to 
the load, and yet the load can actually 
be a low impedance compared to the 
source. In the case of a triode tube or 
tubes, however, we have seen (Fig. 2) 
that the load should be higher than the 
tube in impedance, and thus both can 
usually be matched without requiring 
inverse feedback. 

The third example is that of a driver 
stage furnishing grid power to a Class 
AB, power- output stage. This has been 
covered in a previous article,' and it 
will suffice to state here that the load 
in this case is very non -linear : the 
grids of the two power tubes, which 
grids draw current during only a frac- 
tion of the excitation cycle, so that the 
driver (source) impedance must be 
sufficiently low in order that the regula- 
tion be not excessive. This means that 
a sine wave, for instance, must not be 
deformed to an excessive degree, which 
would occur if the driver impedance 
were too high. While an exact analysis 
is prohibitively difficult, an approximate 
analysis is given in the article cited for 
determining the maximum value of the 
driver resistance for a permissible 
amount of distortion (assumed all third 
harmonic). The problem of impedance 
matching here is the reverse of that 
cited earlier in this article -that of the 
non -linear generator feeding the 
linear load -but in both cases it is to 
be noted that the basis of impedance 
matching is the obtaining of maximum 
voltage or power for a permissible 
amount of distortion, and that the non- 
linear element is the one catered to. 

V VOLTAGE AMPLIFICATION 

Heretofore we have discussed im- 
pedance matching mainly from the 
viewpoint of obtaining maximum power 
transfer. When we wish to obtain 
maximum voltage across the load, how- 
ever, our impedance matching proceeds 
along different lines. Ordinarily, the 
load is made as many times the source 
impedance as possible, since the ratio of 

load (terminal) voltage to generated 
voltage is the same as the ratio of load 
to total impedance of the circuit. The 
matching is therefore on an inequality 
basis, and is used in the case of the 
ordinary linear generator, and also the 
triode type of non -linear generator. 

When we consider the pentode tube, 
however, we must take more fully into 
account both the question of distortion 
products and maximum voltage output. 

"Balanced Amplifiers," by Albert Preisman. 
Parts V, VI, VII, Nov. 1936, Dec. 1936, Jan. 
1937; Communication & Broadcast Engineering. 
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Thus, referring once again to Fig. 3, 

we note that for a large grid swing, 
if a high load resistance be employed, 
the path of operation will carry over 
into the "knee" of the plate- current 
curves, and the distortion will be high. 
Hence a lower load resistance must be 
employed. If the signal level is low, 
however, a higher load resistance is 
permissible, with consequent greater 
gain. To obtain both high gain and 
high voltage output, a higher "B" sup- 
ply voltage must be employed, since this 
shifts the intersection of the load line 
with the voltage axis farther to the 
left. Another factor which influences 
the value of load resistance is the fre- 
quency range of signal to be handled, 
and the output capacity. Thus, in video 
amplifiers, where frequencies up to 3 

megacycles or more have to be ampli- 
fied, a low load resistance in series with 
a peaking coil must be employed to 
counteract the deleterious effects of the 
output capacity, and thereby insure 
flatness of response and linearity of 
phase shift. 

VI USE OF PADS 

Many occasions arise where a re- 
sistance attenuation pad is of great use 
in impedance matching. Its utility lies 
in the fact that the greater its attenua- 
tion, the less consequence has the mag- 
nitude or nature of the impedance con- 
nected to one end, upon the impedance 
seen looking into its other end. Thus, 
a 10 -db 500 -ohm attenuation T -pad, 
when open -circuited át the far end, has 
an input impedance of 610 ohms, and 
when short -circuited at the former end, 
an input impedance of 408 ohms. More- 
over, this input impedance is a pure re- 
sistance, and is practically so when 
terminated at its far end by a pure re- 
actance, such as an inductance. 

Suppose a phonograph pickup is to 
be connected to an unloaded input trans- 
former of a fairly high -gain audio 
amplifier. Suppose that both have been 
designed to give the best frequency re- 
sponse when facing a pure resistance. 
By inserting a pad between the two, this 

Fig. 5. Curves for various r,. 
Fig. 6. Equivalent circuit of 

speaker. 

can be accomplished, and in many prac- 
tical instances the insertion loss of the 
pad is of no great consequence. Other 
examples can be given, such as the use 
of a pad between a broadcast line ampli- 
fier and the telephone line, etc., but it is 
believed that the above example will 
adequately illustrate the use. In all 
such cases the pad serves as a buffer, 
and prevents variations in impedance 
with frequency of the network con- 
nected to one end from affecting the 
constancy of impedance seen by the 
network connected to its other end. 

The use of a taper or unsymmetrical 
pad enables one to match two different 
impedances to their images, just as a 
matching transformer does, but with a 
greater insertion loss, particularly if the 
magnitudes of the two impedances differ 
greatly. This is a cheap and satisfac- 
tory method of matching on an equality 
basis if the system has an excessive 
gain. This may be the case, for in- 
stance, where stock amplifier units are 
to be connected in cascade for some 
very special purpose. 

VII MIS -MATCHING OF IMPEDANCES 

Occasions arise where a mis- match- 
ing of impedances is desirable. Such 
applications are quite special, however, 
and can not be covered in any detail 
here. But one example will be given 
to illustrate this point. The ordinary 
telephone line of a mile or so in length, 
while considerd as having a character- 
istic impedance of 600 ohms nominal 
value, acts more like a simple con- 
denser. If connected to a source and 
load impedance of 600 ohms, it will at- 
tenuate the higher frequencies. If, how- 
ever, we choose such taps on the re- 
peater transformer as make the load 
and source impedance about 300 or 250 
ohms, we shall obtain a loss of the lower 
frequencies sufficient to provide an es- 
sentially flat frequency transmission 
without the use of a special equalizer 
network. While in one sense this is not 

(Continued on page 12) 
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New U -H -F 

Frequency -Modulation 

DRING the past year engineers of 
General Electric Company 

have carried out many field tests 
on the frequency modulation system of 
radio transmission. As a result of this 
development there have been offered for 
sale a 250 -watt transmitter and a one 
kilowatt transmitter, and designs will 
soon be made available for transmitters 
rated at three, ten, and fifty kilowatts. 

These transmitters have been de- 
signed to provide a harmonic distortion 
of less than one and a half per cent for 
modulating frequencies between 30 and 
7500 cycles, and less than three per cent 
up to 15,000 cycles ; deviation in re- 
sponse of less than plus or minus one 
decibel between 30 and 15,000 cycles 
with the high- frequency pre- accentua- 
tion filter omitted; and a frequency - 
modulated carrier noise level at least 60 
decibels below 100 per cent modulation. 

A pre -accentuation filter for the 
higher audio frequencies is included 
similar to the R. M. A. standárd for the 
television sound channels in order fur- 
ther to increase the ratio of signal to 
noise at the relatively weaker higher 
frequencies. An input of minus ten deci- 
bels is sufficient to produce 100 per cent 
frequency modulation. In addition, the 
mean assigned carrier frequency is 
maintained within a deviation of plus or 
minus 0.01 per cent by a new electrical 
circuit. 

The characteristics stated are ob- 
tained at any assigned mean frequency 
in the 30 to 44 megacycle band. The 
frequency swing to be used for "100 per 
cent modulation" will probably be plus 
or minus 60 kilocycles, but the equip- 
ment will produce a swing linear with 

A proposed turnstile antenna in 
which vertical spacing between 
elements is an electrical quarter 
wave. Two elements are in one 

plane, two others in 90° plane. 

the modulating voltage up to plus or 
minus 80 kilocycles. 

Due to the use of newly developed 
circuits, the vacuum tube complement is 
minimized (a total of 31 tubes are used 
in the 1 -kw transmitter), high efficiency 
is obtained, and relatively low cost tubes 
are employed. Wide -band frequency - 
modulated signals are obtained in a sin- 
gle stage through the modulation of the 
output of a low -power radio -frequency 
oscillator by a "reactance tube" circuit. 
Stability of the mean carrier frequency 
is produced through the employment of 
electron tube voltage regulators and a 
stabilizing circuit controlled by a tem- 
perature- controlled crystal oscillator 
which continuously monitors the mean 
carrier- frequency and produces the cor- 
rection necessary to maintain it within 
stated limits. All i -f amplifier stages op- 
erate under Class C telegraph condi- 
tions, and therefore are highly efficient 
and non -critical in adjustment. Power 
output can be easily increased by the 
addition of the proper amplifier or set 
of amplifiers. Since the design is such 

Right: The one -kilowatt frequency 
modulation transmitter. Below: A 
block diagram of the one -kilo- 
watt frequency -modulation trans- 

mitter. 
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TRANSMITTERS 

that elaborate shielding and filtering of 
power circuit leads between units is 
unnecessary, and since the line of equip- 
ment is wholly coordinated, the edition 
of amplifiers is simple and good appear- 
ance is maintained. 

Turnstile Antenna 

The proposed antenna consists of four 
radiating elements of the folded wire 
type arranged so that two of the ele- 
ments are in one plane and the other 
two in a plane at ninety degrees. The 
vertical spacing between the elements 
is an electrical quarter wave, so the 
currents in successive elements have a 
ninety degree time phase relation. The 
two upper radiating elements are de- 
signed to have a feeding point impe- 
dance of three hundred ohms, and are 
connected together by a 300 -ohm surge 
impedance line. The line interconnect- 
ing the two center elements has a surge 
impedance of 212 ohms so that the im- 
pedance which is presented across the 
third element by the two upper elements 
is 300 ohms. The two lower radiating 
elements have an impedance of 600 
ohms, and are interconnected by a 200 - 
ohm impedance line. The impedance of 
the entire antenna at the feeding point 
will then be 150 ohms, and can conse- 
quently be used directly connected to a 
150 -ohm balanced transmission line. 

www.americanradiohistory.com

www.americanradiohistory.com


Intermediate Frequency 
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The radiation pattern of this antenna in 
the horizontal plane will be essentially 
circular, the radiation being horizon- 
tally polarized. 

Television 

With the crystallization of its work 
in television, begun in 1925, General 
Electric has announced a flexible stu- 
dio equipment and a one -kilowatt trans- 
mitter. This equipment includes cam- 
eras, microphones, a film projector, stu- 
dio and control room apparatus, picture 
transmitter, sound transmitter, and an- 
tennas. In full compliance with the R. 
M. A. standards for perfection of pic- 
ture detail, this equipment also incor- 
porates outstanding exclusive features. 

The camera and its mount provide 
means for the quick, accurate focusing 
and easy, smooth maneuvering neces- 
sary if action is to be well followed in 
close quarters. Sweep amplifiers are lo- 
cated within the camera housing to im- 
prove sweep linearity and render oper- 
ation independent of camera cable length 
up to 200 feet. The studio microphone 
is a high -fidelity velocity type, having 
adjustable bi- directional, uni- directional, 
and non -directional characteristics to 
care for the various contingencies which 
arise in program production. 

The television moving picture film 
projector is of special design which syn- 

Above: Block diagram of 1-kw 
television transmitter. Right: 
Cubical television antenna de- 
signed for W2XB (Helderberg 
station). Two are used: one for 

picture, one for voice. 

chronizes automatically and provides 
rock- steady pictures. The machine con- 
verts the standard motion picture film 
speed of 24 frames per second to the 
television standard of 30 frames per 
second, with two field interlacing at a 

Two G -E high -pressure radio 
transmitting tubes designed for 

the television transmitter. 

vertical picture stability of T/s of one per 
cent. Separate shutter and film loading 

Lower left: The one -kilowatt tele- 
vision picture transmitter. 

Lower right: Main control board 
of G -E television station W2XB 

is provided, and care 
minimize vibration. 

The studio control equipment which 
provides a picture definition of 441 lines 
corresponding to a frequency band from 
zero to four megacycles, provides for 
a maximum of six channels and the 
means for switching instantly or for 
fading gradually from one channel to 
another. Provision is made for full 
monitoring. The operator's burden is 

reduced by means of an automatic 
brightness control which supplements 
the manual control and maintains the 
"black" level during sudden background 
changes. The unit type of construction 
employed permits the expansion of 
camera facilities to six complete chan- 
nels without altering the existing equip- 
ment. 

Low -level modulation, employed in 
the picture transmitter, reduces equip- 
ment size and power loss. That portion 
of the lower sideband which is not to 

has been taken to 
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be transmitted is removed at low power 
level in the vestigial sideband filter, and 
consequently the high -power amplifiers 
are required to pass only that band of 
frequencies which is radiated as useful 
power ; the duty on the amplifiers is re- 
duced and large filter equipment in the 
high -power circuits is eliminated. When 
the transmitter is operated in conjunc- 
tion with a picture relay transmitter, the 
conversion of the radio frequency of the 
picture signal at low power level elimi- 
nates distortion which might be caused 
by detection and remodulation. The 
sound transmitter is a high -fidelity unit 
having an audio channel extending from 
20 to 15,000 cycles. 

The cubical type antenna used with 
this equipment is comparatively easy to 
adjust and feed; it can he adapted to 
melt sleet from itself in the colder cli- 
ates, and -if desired -both the sound 
and the picture antenna can be mounted 
one above the other on the same mast. 

As in the case of the control equip- 
ment, in which flexibility has been 
stressed, engineers have provided for 
the future in transmitters. If it is later 
desired to increase a station's rating 
from one to ten kilowatts, no equipment 
need be discarded or replaced. Begun 
during the year, the design of the 10- 
kilowatt amplifiers will shortly have been 
completed. 

IMPEDANCE MATCHING 

(Continued from page 9) 

impedance mis- matching, since the tele- 
phone line does not have a constant im- 
pedance, it may be considered as mis- 
matching in the sense that the source 
and load impedances are not the image 
impedance of the line. 

VIII NOMENCLATURE 

There has grown up in the art a cer- 
tain amount of nomenclature with re- 
spect to the equipment employed. We 
shall consider here the impedance rating 
of various devices. 

The impedance of an electrically long 
transmission line refers to its character- 
istic impedance. If the line be dis- 
tortionless, or nearly so due to loading 
over the frequency range desired, its 
impedance will be practically a pure 
resistance. For a telephone line this is 
about 600 ohms. 

The impedance of a pair of secondary 
taps. of an output transformer is the im- 
pedance of the load into which it feeds, 
as explained previously. Where there 
are several taps, the rating refers to one 
load connected at a time, although sev- 
eral loads can be connected simultane- 
ously if their total reflected impedance 
is correct for the output tubes. 

The impedance of an electrically short 
line refers to the terminating imped- 

ances, rather than to its characteristic 
impedance. Thus, a lire connecting a 
source -such as a microphone -to the 
input transformer of an amplifier, would 
be rated as to the source impedance, 
since as was shown previously, the in- 
put transformer may be unloaded and 
hence present a high and variable im- 
pedance, but nevertheless, for best fre- 
quency response, requires a source im- 
pedance of a certain fixed value. 

On the other hand, the impedance of 
the line connecting the output of the 
amplifier with the load is generally de- 
termined by the load impedance. Thus, 
if a 15 -ohm loudspeaker load be con- 
nected to the output terminals of the 
amplifier, the connecting line would be 
called a 15 -ohm line. The reflected 
internal output impedance of the power 
stage of the amplifier would usually be 
different from this value. 

There are lines, however, that may be 
called, for instance, 500 ohms and yet 
may be terminated in impedances that 
are variable with frequency. It is diffi- 
cult to determine in every case why 
they are so designated. Sometimes it 
is because the source normally operates 
into such a resistance, or the load from 
such a resistance source, but are used 
here in what may be termed an imped- 
ance mis -match relation because of poor 
design, economic justification and satis- 
factory results, or because certain spe- 
cial results are desired. In some cases 
the designation is due to the fact that 
the load or source has an impedance of 
500 ohms at some particular frequency, 
usually 1,000 cycles. In most cases 
where these are the reasons for so 
designating the line, the system has been 
co- ordinated to work properly together, 
and the component parts are in a sense 
"tailor- made" for one another. Where 
an attenuation pad is interposed be- 
tween such a source and load, the im- 
pedance of the line automatically be- 
comes that of the image impedance of 
the pad. 

IX CONCLUSION 

From the foregoing the reader may 
have gained the impression that, in a 
sense, impedance matching is more 
often a question of impedance mis- 
matching. However; as the author has 
endeavored to point out, if by imped- 
ance matching we mean the choice of 
impedances of the component parts so 
that they operate to give the desired 
results to a maximum degree, then 
matching can be on an equality basis or 
inequality basis, depending upon which 
are the optimum values. Transmission 
lines require equality matching ; non- 
linear generators, inequality matching, 
etc., and the best way to define this 
process is by making the definition fit 
the actual facts, where these represent 
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good practice. The attempt has been 
made, however to sort the different 
methods into various main groups, as 
indicated by the section headings, and if 
the result is that the reader is not more 
confused, but instead has a clearer pic- 
ture of this subject, then this article 
will not have been in vain. 

OVER THE TAPE 

G -E APPOINTMENTS 

Charles E. Wilson, Executive Vice 
President, was elected President and Philip 
D. Reed, Assistant to the President, was 
elected Chairman of the Board of Direc- 
tors of the General Electric Company at 
the meeting of the directors of the com- 
pany in New York City, November 17. 
They will take over their new responsi- 
bilities January 1, succeeding Gerard 
Swope and Owen D. Young, who will be- 
come Honorary President and Honorary 
Chairman of the Board, respectively. 

WASHER STOCK LIST 

The Wrought Washer Mfg. Co. of Mil- 
waukee, Wis., has announced the publica- 
tion of a new stock list -No. 55 -C. It is 
available to radio equipment manufacturers 
upon request. 

WESTERN ELECTRIC DIVISION 

To meet the unique requirements of, 
broadcasting stations, airlines, the govern- 
ment services and other similar users of 
its communication equipment outside of the 
Bell System, the Western Electric Corn- 
pany announces the formation of a new 
branch to be known as the Specialty Prod- 
ucts Division. This unit will be responsi- 
ble for such by- products of telephone re- 
search as : hearing aids, aviation, marine 
and police radio ; broadcasting equipment ; 

sound systems ; and equipment made to 
specification for the United States govern- 
ment. The new division, which will begin 
formal operation this month, will be lo- 
cated at the Kearny, N. J., works of the 
Western Electric Company and will be 
headed by F. R. Lack as manager. 

TELEVISION PRICE LEVEL 

In order to test out the price level of 
their large- screen television receivers, Mod- 
els 180X, 181X, 182X and 183X, the Allen 
B. Du Mont Labs., Inc., Passaic, N. J., 
announce a special Christmas allowance on 
all retail sales of such sets made by author- 
ized dealers during December, 1939. The 
test, points out the Du Mont management, 
is solely for the purpose of ascertaining to 
what extent lower prices can stimulate the 
television market. 

RCA ADVANCES SOMMERER 

Appointment of Harry L. Sommerer as 
Manager of Manufacturing for the plants 
of the RCA Manufacturing Company was 
announced by Robert Shannon, Executive 
Vice President. Mr. Sommerer, who was 
formerly assistant to the Executive Vice 
President, will have supervision of the 
company's manufacturing plants located at 
Camden and Harrison, N. J., Hollywood 
and Indianapolis. He has been associated 
with RCA Victor for thirty years. 

(Continued on page 30) 
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A FREQUENCY MONITOR 

THE inclusion of section 152.44 in 
the F.C.C. Regulations governing 
amateur stations has opened up 

large and new fields for gear suitable 
and sufficiently accurate to make the re- 
quired frequency measurements. 

Approved April 17th, 1939, and made 
effective the same date, the Federal 
Communications Commission removed 
relay broadcast stations from the experi- 
mental classification. This change al- 
lows greater usage of relay broadcast 
facilities as such transmitter can now be 
employed in commercial program work, 
where line facilities are not available or 
practicable. 

In connection with the Rules and 
Regulations, Section 40.02 (b) states 
that the frequency monitor to be em- 
ployed shall be designed in accordance 
with good engineering practice and 
shall have an accuracy sufficient to de- 
termine that the operating frequency is 
within one -half ( /) of the allowable 
tolerance. Section 40.02 (c) states that 
the licensee of each relay broadcast sta- 
tion shall provide the necessary means 
for determining that the frequency of the 
station is within the allowable tolerance. 
Section (d) states that the frequency of 
such stations shall be checked at each 
time of beginning operation and as often 
thereafter as necessary to maintain the 
frequency within the allowed tolerance. 

Relay broadcast stations are required 
to maintain the operating frequency 
within plus or minus the percentage of 

By I. L. GLERUM 
Chief Engineer 

Edwin I. Guthman & Co., Inc. 

the operating assigned frequency as fol- 
lows : 

Class of Station Frequency 
(a) 1,622 to Tolerance 
2,830 kc /s 0.04% 

(b) 30,000 to 10 watts or 
40,000 kc /s less 0.1% 
and above above 10 

watts 0.05% 

The frequency tolerance of stations in 
the high- frequency emergency municipal 
police classification of service is as fol- 
lows : 

Equipment Authorized 
Class of Station Before: After: 

Fixed and 10 -1 -38 10 -1 -38 
land stations 

above 30,000 kc /s .05% .02% 
Portable and 

mobile stations 
above 30,000 kc /s .05% .03% 

Although the monitor illustrated was 
originally designed to meet the amateur 
requirements, it has found application 
with slight changes for relay and police 
station work. In order to well maintain 
the accuracy specified, this instrument 
is designed so that the tolerance of the 
frequency monitor is better than one - 
half of the Commission's required speci- 
fications. 

This monitor has been used at radio 
stations WCMI and WLAP of the 

Southern Network, for the measure- 
ments over relay broadcast stations 
WEGE, WEGD and WEGO which 
operate on frequencies of 31,000 kc /s ; 

35,620 kc /s ; 37,020 kc /s ; 39,250 kc /s. 
Also, the 50 watts WATA which oper- 
ates on an intermediate relay broadcast 
frequency. 

In Lexington, Kentucky, the Fayette 
County Police Patrol maintains a two - 
way high- frequency police station that 
operates on a frequency of 37,100 kc /s. 
This system is monitored by a remote 
receiver continuously. The frequency 
check on all of the County Patrol equip- 
ment is made daily at this remote re- 
ceiver with its associated monitor. All 
relay broadcast transmitters are checked 
with the U -10A monitor prior to, and 
after each transmission whether it be in 
connection with equipment tests or regu- 
lar commercial or sustaining program 
broadcasts. The monitor's calibration is 
checked at the time of each measurement 
against harmonics of radio station 
WHAS, operating on a frequency of 
820 kc /s. In Lexington, WHAS has a 
measured field strength of 12.4 millivolts 
per meter which is highly satisfactory for 
the purpose. Also, the meter's calibra- 
tion curve is regularly spotted against 
WWV transmissions. At WCMI, on the 
Southern -Mutual Network in Ashland, 
Ky., the monitor is also regularly check- 
ed against harmonics and beats of the 

(Continued on page 26) 

Left: Frequency monitor mounted on a transmitter. 
Below: Circuit diagram of the monitor. 
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FREQUENCY MODULATION 

Part II 

By CHARLES N. YOCUM 

FARLY experimenters tried to pro- 
duce f -m systems, but failed 
largely because they did not ex- 

pand the frequency swing, but tried to 
compress it. However, they did prove 
that an f -m system could not make use 
of conventional a -m modulation methods. 

It would be well to review the basic 
requirements of a successful f -m sys- 
tem before attempting to understand its 
operation. Major Armstrong lists these 
requirements as follows : 

(1) The frequency transmitted by an 
f -m system shall vary alternately above 
and below a fixed frequency which is 
the assigned carrier. These variations 
should be symmetrical with respect to 
the mid -frequency, pass through it, and 
return exactly to this carrier when 
modulation stops. 

(2) In the transmitter, the frequency 
deviation of the f -m wave at any in- 
stant must be directly proportional to 
the modulating current resulting from 
the program. This deviation in fre- 
quency, however, must be independent 
of the frequency of this modulating cur- 
rent. 

(3) In the f -m receiver the detecting 
device, corresponding to the second de- 
tector in an a -m receiver, must respond 
to changes in frequency only. Changes 
in amplitude of the incoming signal 
must be prevented from affecting the 
detecting device. 

(4) The transmitter carrier shall be 
considered 100% modulated when its 
output is such that a properly designed 
receiver is modulated 100 %, or very 

nearly so. A lower percentage modula- 
tion at the transmitter must produce a 
strictly proportionate and lesser modu- 
lation in the receiver. 

(5) In the f -m receiver, the ampli- 
tude of the current produced by the de- 

Fig. 6 -b. The input from the mi- 
crophone passes into a correc- 
tion network in which the higher 
audio frequencies are amplified 

more than the lower ones. 

tecting device, as the result of the re- 
ceipt of a signal, must be strictly pro- 
portionate to the change in frequency 
at the transmitter, but independent of 
the rate of change of this frequency. 

Modulation means the continuous and 
reversible change of the r -f output of a 
transmitter from one set of conditions 
to another. In the earliest stations this 
change was accomplished by keying. If 
the operation of the key interrupts the 
signal, we have a crude form of ampli- 
tude modulation. If the key causes de- 
tuning, we have a crude equivalent to 
f -m transmission. 

True frequency modulation is not de- 
veloped in present day f -m transmitters. 

Fig. 6 -a. In the Armstrong system a conventional crystal -controlled 
oscillator produces a voltage, part of which passes through normal 
voltage amplifiers and the other part through the circuit enclosed 
in the dotted lines. This represents a practical f -m design. 
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Actually phase modulation is produced, 
then converted to frequency modulation. 

Late in 1931, Hans Roder, of General 
Electric, published a paper in which he 
developed the theory of three possible 
types of modulation. It was shown that 
the amplitude, or the phase, or the fre- 
quency of the emitted signal may be 
varied to convey intelligence. The 
mathematical derivation of his results is 
too lengthy for this discussion. Never- 
theless, Roder's conclusions are the ba- 
sis for present f -m designs and can be 
briefly summed up in the following 
statements. 

Normal a -m transmission may be 
represented by a carrier of fixed fre- 
quency plus two side bands symmetri- 
cally located above and below the car- 
rier frequency, in phase with the car- 
rier. These side bands are proportional 
in amount to the amplitude of the ap- 
plied program material. 

In both phase and frequency modu- 
lation, however, an unlimited number 
of upper and lower side frequencies 
may be produced. With phase modula- 
tion, as long as the phase shift is kept 
less than 30 °, the carrier and the first 
side frequencies predominate, while all 
the others are present in negligible 
amounts. Also, if this shift is kept small, 
the amplitudes of the important side 
frequencies are very nearly proportional 
to the impressed audio signal, and the 
percentage of energy in the undesired 
side frequencies of third and higher 
order is but a per cent or two of the 
total. (See Table 2.) In both phase and 
frequency modulation the carrier is 90° 
(or 270 °) out of phase with the side 
frequencies at peak modulation. At peak 
modulation the side frequencies are in 
phase with each other. 

Frequency modulation is merely one 
type of phase modulation, in which the 
amount of phase shift is inversely pro - 

Table I1. Roder's calculations 
for frequency -modulated ampli- 
tude variations. Phase modula- 
tion (last column) should be re- 
stricted to less than 30° to avoid 
serious distortion. Note that in 
phase modulation the phase shift 
varies inversely as audio fre- 
quency; in true frequency modu- 
lation the frequency deviation 
varies directly as the audio fre- 

quency. 
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10,000 100 2.5 - - - - - - - 2.9° 

5000 100 5.0 - - - - - - - 5.7° 

2500 99 9.9 - - - - - - - 11.5° 

1000 93.8 242 3.1 - - - - - - 28.6° 

500 76.5 4411.51.9 - - - - - 57.3° 

250 22.4 57.735.312.9 3.4 - - - - 114.6° 

100 17.7 32.7 4.6 36.5 39.1 26.1 13.1 5.3 1.8 286° 
Amplitudes are expressed as percent of 

unmodulated carrier. 
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suggested by R. E. Shelby, a special cathode -ray 
excess of 5000. A special target (shown at 

portional to the frequency of the audio 
signal presented to the modulating de- 
vice. 

It is well known that a phase shift of 
a wave may be developed if we beat or 
mix with this wave a second wave 
which is out of phase with it. The 
amount of phase shift resulting at any 
instant will be proportional to the phase 
difference between the two and their 
respective amplitudes. Therefore if we 
can set up a modulating device which 
will produce a carrier, then mix with 
it a second wave of like frequency (but 
whose phase relationship to the carrier 
depends on the amount of input energy 
and is inversely proportional to the 
audio frequency of that input) our prob- 
lem will be solved. 

Two modulators will be discussed. 
One is the Armstrong circuit used in 
most transmitters on the air today. The 
other has not been installed in any 
transmitter to date. It was described at 
the recent IRE convention in September 
by Mr. R. E. Shelby of the National 
Broadcasting Company, who devel- 
oped it. 

Let us consider the Armstrong sys- 
tem first. If we refer to Fig. 6 -a, we 
note a conventional oscillator, crystal 
controlled, producing a voltage which 
is divided at point A, part passing 
through normal voltage amplifiers. This 

tube is used to generate phase shifts in 
right) is used. 

ultimately will be the carrier. The other 
branch of this circuit is enclosed in 
dotted lines and represents a practical 
f -m design. 

The input from the microphone passes 
into a correction network in which the 
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Fig. 7 -b. The frequency -corrected 
microphone output is fed to a 
pair of balanced modulator tubes. 
The amplified output of these 
tubes as well as the amplified 
output of the oscillator appears 
across common load resistor RL. 

higher audio frequencies are amplified 
more than the lower frequencies. In any 
system the higher frequencies are at- 

Fig. 7 -a. It can be noticed that when the modulating voltage 
reaches zero, there is no phase shift between the modulated and 

uumodulated r -f waves. 

Unmodulated R-F l 

F Modulated R 

MODULATING VOLTAGE 
( E.M.F. applied to modulator grids) 

111111iki11 i 
1 1T l T T 

tenuated most in tranmission. By use 
of the corrector we can overcome the 
attenuation and present a program to 
the listener in which both high and low 
notes are equally well reproduced. This 
is a common practice in a -m transmis- 
sion as well as f -m. It is limited in a -m 
by the necessity of avoiding adjacent 
channel interference. There is no such 
danger in the f -m system. 

The corrector network contains a re- 
sistor R1 and a capacity C,. R, and C, 
are in series, and the voltage which 
drives the succeeding stage is that 
across C1. The impedance of C1 even at 
low audio frequencies is negligible com- 
pared to R1. Consequently, the voltage 
presented to the succeeding stages is 
inversely proportionate to frequency. 
See Fig. 6 -b. 

This output is fed to a pair of bal- 
anced modulator tubes through a trans- 
former Ti. The plate circuits of these 
modulator tubes are nonreactive for the 
crystal frequency. Thus, their plate cur- 
rents are in phase with the control grid 
voltages. When their screen grids are 
energized, by a voltage from the input 
transformer, T1, the output from the 
modulators is fed to the primary of T2, 
which has a natural frequency well 
above that of the master oscillator. The 
side frequencies generated by this net- 
work are shifted 90 °, amplified, and fed 
into a resistive load RL. The amplified 
output of the oscillator also appears 
across RL. (See Fig. 7-b.) 

At any particular frequency, the 
amount of phase shift in the resultant 
voltage appearing across RL is propor- 
tional to the amplitude and inversely as 
that frequency. At any particular am- 
plitude or per cent modulation, the time 
necessary to change from the normal 
phase arrangement to some new ar- 
rangement, and back to normal again, 
will be inversely proportional to the 
actual input frequency. The inverse of 
this time is called the time rate of 
change. The wave diagrams in Fig. 7 -a 
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Fig. 9. Major Armstrong's Alpine, 
N. J., radiator is of special con- 
struction to transmit horizontally 

polarized energy. 

will serve to make the progressive 
changes of the modulated energy more 
understandable. 

In this method of modulation, if the 
maximum frequency swing of the modu- 
lator is large compared to the master 
oscillator frequency, the upper side 
frequency will be larger than the lower, 
due to the increased reactance of the 
primary of T2. If a 15,000 cycle band 
of frequencies is to be transmitted, and 
a master oscillator of 75 kc is used, the 
upper side frequency will be almost 
twice the lower one. This would pro- 
duce serious distortion in the receiver. 
This is corrected by an R -C network 
which is the side frequency equalizer. 
This correction is accomplished after the 
side frequencies are combined with the 
oscillator output at RL. The energy 
level is low, and little or no ampli- 
tude distortion has yet occurred. After 
equalization, amplitude linearity is of 
no importance. Conventional frequency 
doublers and triplers, modified suffi- 
ciently to pass the requisite band width 
may be used to convert the phase- shifted 
fundamental frequency of 100 or 200 kc 
to 14 or 15 megacycles. Here the out- 
put is heterodyned against a second 
crystal, bringing the fundamental fre- 
quency down to 1 or 2 megacycles, but 
leaving the phase shifts and side fre- 
quencies unchanged. This frequency is 
increased to 40 or 50 megacycles, which 
is the proper carrier. In this process 

the original phase shift has been multi- 
plied several thousand times, causing 
an apparent frequency shift or modula- 
tion of the carrier. The large number 
of frequency doublers is necessary to 
produce sufficient modulation in the re- 
ceiver. Suppose a receiver were so 
built that it required 45° of phase shift 
to give 100% modulation, as a mini- 
mum. We are limited to a maximum 
phase shift of 30° in the transmitter. 
(See Table 2.) This phase shift will be 
inversely proportional to frequency. If 
we are to send an audio band of from 
30 to 15,000 cycles per second, then 
15,000 cycles would cause a shift of but 
6 /100's of one degree. Thus, in this 
assumed case, multiplication by about 
1,000 would be required to correctly 
operate the receiver. Actually, to over- 
come losses with some safety margin, 
the original phase shift is increased 
about 3,000 times in commercial de- 
signs. 

In the system suggested by R. E. 
Shelby regular amplitude modulation is 
produced, with or without high -fre- 
quency correction. This a -m energy is 
fed into a phase changing device, which 
divides the input into two equal parts, 
90° out of phase with each other. 
These quadrature components are fed 
to a special cathode -ray tube which pro- 
duces the necessary phase shift as fol- 
lows : If two voltages, equal in ampli- 
tude, but 90° out of phase, are fed to 
the horizontal and vertical plates of a 
c -r tube the election beam will scan a 

circular path on the screen. The diame- 
ter of the circular path is proportional 
to the amplitude of the voltage. In place 
of the conventional c -r screen a mica 
target is used on which a spiral con- 
ducting ribbon is deposited. The spiral 
is of a particular type, known as the 
Archimedian spiral. In Fig. 8 it may 
be seen that as the input amplitude 
changes, the diameter of the beam path 
also changes. Zero modulation is rep- 
resented by the spot Ml, 50% by the 
circle M. and 100% by M8. If the metal 
ribbon on the screen were in a pattern 
of straight lines, no phase shift would 
occur in the output current. But a 
glance at the diagram wilhshow that by 
virtue of the spiral form of the conduc- 
tor, phase shift does occur, and it be- 
comes greater as the modulating voltage 
increases. 

Phase shifts of upwards of 500 de- 
grees are claimed for this device. Thus 
a considerable saving may be effected 
in the modulator unit. Fewer frequency 
doublers and triplers are required to 
reach the transmitting frequency than 
in the Armstrong system. But the 
amount of signal that must be fed to a 
cathode -ray tube is large. The difficulty 
of balancing the voltages fed to the hori- 
zontal and vertical plates of the cathode - 
ray tube is somewhat greater than that 
of balancing the modulator tubes. The 
output from the cathode -ray tube is far 
less than that from the balanced modu- 
lators, requiring added power amplifi- 

(Continued on page 27) 
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Fig. 10. Two types of f -m receivers are already on the market. 
One is exclusively for f -m signals; the other is for both a -m and 

f -m. The diagram below pictures one for f -m only. 
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EViSi ON 
ENGINEERING 

Registered U. 8. Patent OQle 

TELEVISION ECONOMICS 

J -I3 Traffic Handling 

ONE division of television broad - 
casting which requires close and 

unremitting attention, and which must 
be handled on an exact basis for most 
types of program syndication, is traffic 
control. This involves the assignment 
of programs throughout the day to spe- 
cific stations, on a prearranged sched- 
ule, but with such flexibility as will per- 
mit almost instantaneous modification 
in the event that an emergency arises. 
Some idea of the complexity of the han- 
dling of traffic in present -day broad- 
casting can be gained by an inspection 
of the telegraph and teletypewriter 
rooms of any major network, as well as 

the huge wall charts showing the pro- 
gram on each station of the network for 
each program period throughout the 
day and night. The handling of net- 
work program traffic also involves con- 
tinuous and close contact with the in- 
dividual stations and the handling of a 
great amount of detail. Not only must 
the programs be routed to the stations, 
but station reports on the program qual- 
ity as received and on any interruption 
or special incidents during the program 
must be secured, analyzed, and properly 
handled. All this constitutes a sizable 
item of expense. 

J -I4 Commercial Activities 

It is self- evident that an important 
element of cost in television broadcast- 
ing will be sales promotion and actual 
selling of time, and programs and 
artists. The purchase of stories is also 
involved. As before, the broadcaster 
will have relationships with the agency, 
the client, the author, the artists, and 
the studio personnel, all of which rela- 
tions may have commercial, legal, pat- 
ent or copyright aspects. In the case of 

determining title to television copy- 
rights, the related problems may be 

Part XI 

By 
Dr. ALFRED N. GOLDSMITH 

Consulting Industrial Engineer 

expected to be even more vexatious than 
for sound broadcasting, at least judging 
from the experience of the motion -pic- 
ture producers who have found that it 
may take months or even years to clear 
the copyright situation in a given coun- 
try on a specific story. The complex 
relationships between the television and 
motion- picture industries will also 
doubtless require careful analysis and 
handling by a skilled commercial staff. 

J -I5 Public Relations 

Another important aspect of broad- 
casting is its contacts with the public. 
This involves the cost of publicity ad- 
dressed to newspapers, magazines, spon- 
sors, agencies, and other interested 

Optical chassis of Scophony 
home television receiver. 

groups. It includes the careful prepa- 
ration of program schedules sufficiently 
in advance, and the release of informa- 
tion concerning them. It comprises fur- 
ther the handling of the bulky corres- 
pondence received by the broadcasting 
station from the audience and the an- 
swering of communications from in- 
terested persons whenever an answer 
seems required. The building of good 
will by the broadcasting station or net- 
work is in considerable measure de- 
pendent upon considerable expenditures 
along these directions. Broader prob- 
lems of public relations are involved as 
well, inasmuch as broadcasting is of 
such major interest to the public that 
some legislators, whether animated by 
devotion to the public welfare or by no 
nobler motive than a craving for public- 
ity and political advancement, are prone 
to propose sometimes astonishing or dis- 
concerting "solutions" for what are im- 
agined by them to be the current "prob- 
lems" of broadcasting. In common with 
commercial activities having an educa- 
tional and entertainment aspect, the leg- 
islative side of broadcasting tends to 
alternate between breathing spells and 
midwest cyclones. In one form or an- 
other, these difficulties, combined with 
the cost of furnishing elaborate data to 
governmental agencies at frequent in- 
tervals, constitute an economic factor 
not to be neglected. 

J -I6 Patent Costs 

The development of television has 
been carried out over a period of years 
in a number of well- equipped labora- 
tories manned by skilled personnel. As 
a result, many inventions have been 
made which, in turn, have become sub- 
ject matter of issued patents or applica- 
tions from which the owner hopes in 
due course to recoup research cost and 

(Continued on page 21) 
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G -E TRANSMITTING TUBES 

GENERAL ELECTRIC has pio- 
neered the design and production 

of radio tubes since 1913. Many of the 
outstanding advancements in the radio 
industry during this time are directly 
traceable to vacuum tubes developed 
in the G -E Research Laboratory. 

All new G -E transmitters are equipped 
with G -E transmitting tubes to assure 
optimum performance. Be sure you get 
the most from your present equipment 
by specifying G -E tubes whenever you 
need replacements. 

A complete listing of standard G -E 
transmitting tube types for both ama- 
teur and commercial applications is 

now available. Get a copy through your 
dealer, or write direct to General Electric. 

This is the new G -E 1 -kw 
television picture trans- 
mitter. On the opposite 
page, the new G -E 1 -kw 
frequency -modulation 
transmitter. 

GENERAL ELECTRIC -whose Research Laboratory is the 
home of many basic television developments -now offers 

television broadcast equipment. Here is a new standard in high - 
definition picture transmission. 
Transmitters, tubes, studio and control -room equipment -all bear 
the unmistakable mark of G -E radio engineering, of quality that 
has meant top performance for more than 20 years. 
Whether you examine the smart new styling or the most minute 
detail of technical design, you will find this new apparatus built 
to give satisfaction every step of the way. 

Investigate G -E television through the nearest G -E sales office. 

11111T6711. :1eus ,,. 
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REQUENCY MODULATION 
-radio at its best -is now made 

available with all its advantages 
by General Electric's five new fre- 
quency- modulation transmitters. 
Their output ratings range from 
250 watts to 50 kilowatts. 
Based on the system originated by 
Major E. H. Armstrong, this out- 

standing equipment engineered by G.E. hits a 
new high in high -fidelity broadcasting. Think of it- distortion less than 11/2 per cent from 30 to 
7500 cycles . . . less than 3 per cent up to 
15,000 cycles! Almost complete freedom from 
interference -both natural and man -made- 
throughout the service area! 
The new G -E transmitters are marked not only 
by superior performance, but by simplicity, 
dependability, and economy of operation as 
well. Look into the advantages which frequency - 
modulation offers for your service area. General 
Electric will gladly help you do so. 

Look to G.E. for These Radio Products, Too . 

Receivers- standard broadcast, frequency -modulation, television, carryabouts, 
auto -radio, record -players, radio- phonograph combinations 

Pre -tested Receiving Tubes 

Emergency Radio -for state and local police, public utility and transit 
companies, hre departments, ambulances, forest service 

Receiver and Tube Checkers 

Radic for School Systems 

Oscillographs for Television 

Supplies- capacitors, instruments, transformers, wire, insulation materials 
Mycalex and fused quartz), tube parts, crystals, antennas, studio equipment 

Carrier- current Equipment -for telephone communication over power lines, 
protective relaying, telemetering, supervisory control, and low- frequency 
control of street lighting and water heaters 

EQUIPPED WITH G -E TUBES 

G 

For further information on G -E radio, television, and frequency -modulation 
equipment, and G -E transmitting tubes, contact the nearest G -E sales 
office, or write to 

General Electric, Radio and Television Department, Schenectady, N. Y. 

LOOK TO G.E. IN RADIO, TELEWSION, AND FREQUENCY MODULATION 

C 
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COMMUNICATIONS will cost 
you only $1.00 

for the next 12 issues* 

To the Publisher of 

COMMUNICATIONS 
19 E. 47th St., N. Y. C. 

Please enter annual subscriptions (12 issues) 
for each of the undersigned for which pay- 
ment is enclosed at the rate of $1.00 each. 
(This rate applies only on 4 or more sub- 
scriptions when classifications are given.) 
Foreign Subscriptions are $2.00 each. 

Name 
Street 

City -State 

Occupation or title 

Employed by 

Nature of business 

Product 
(State if Manufacturer, Broadcast Station, etc.) 

Name 

Street 
City -State 
Occupation or title 
Employed by. 

Nature of business 

Product 
(State if Manufacturer, Broadcast Station, etc.) 

Name 

Street . 

City -State 
Occupation or title 

Employed by 

Nature of business 

Product 
(State if Manufacturer, Broadcast Station, etc.) 

Name 

Street 
City -State 
Occupation or title 
Employed by 

Nature of business. 

Product 
(State if Manufacturer, Broadcast Station, etc.) 
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And those 12 issues will be chock -full of 
authoritative, NEW data on all phases of the 
communications field. 

RADIO 

TELEVISION 

BROADCASTING 

RECORDING 

SOUND 

You and your associates can obtain a year's subscription to 
COMMUNICATIONS (12 issues) for only $1.00 each by using 

the Group Subscription Plan. Here's how: 

* A regular yearly subscription to COMMUNICATIONS costs 

$2.00 -but when four or more men sign up at one time, each 

one is entitled to the half -price rate. (Foreign subscribers on 

the "G -S -P" only pay $2.00 each.) 

It is easy to get three or more of your associates to join a 

Group with you. Hundreds of leading engineers and tech- 

nicians have subscribed year after year on that basis. Use 

the convenient form on this page. Fill in the names, tear out 

and mail today with your check or money order. Renewals 

and extensions are acceptable also. 

COMMUNICATIONS BRYAN DAVIS PUB. CO., Inc. 
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TELEVISION ECONOMICS 

(Continued from page 17) 

a reasonable profit. Several substantial 
groups of such patents have been as- 
sembled and the manufacturer of tele- 
vision transmitting or receiving equip- 
ment will require competent advice to 
determine the nature and likely scope of 
patent licenses which he may require for 
the effective conduct of his business. 
Transmitting equipment purchased for 
broadcasting stations will presumably 
carry license charges in its first cost, as 
will the receivers purchased by the pub- 
lic. In addition to patent licenses, copy- 
right privileges in the musical and story 
fields will be necessary, and these are 
sometimes rather complicated and diffi- 
cult to define or secure. As a general 
rule, any major television broadcasting 
group will include divisions capable of 
handling normal routine along these 
directions. 

K. PROGRAM SYNDICATION 

The justification of program syndica- 
tion in television, as heretofore in 
sound broadcasting, is the corresponding 
reduction in program cost per member 
of the audience. It is this factor which 
enables a fine quality of entertainment 
to be sent to the public even though pro- - 

duction costs are high. Syndication has 
been found essential in one form or an- 
other in broadcasting and may consti- 
tute as vital a factor in the case of tele- 
vision, where unit program costs are 
higher than for present sound broad- 
casting. 

The type of syndication to be used 
will determine in some measure the 
scope and quality of the television art. 
There are two fundamental types of 
syndication namely, those having simul- 
taneity between the performance of the 
program and its reception (such as a 
studio pick -up or an outside -event pick- 
up), and second, those based on some 
form of permanent record (e.g., tran- 
scription programs for sound broadcast- 
ing). Each type of program has its 
advantages and disadvantages. It is be- 
lieved by many that the element of 
simultaneity is extremely important" to 
home audience, and that the listeners 
feel considerably more interest in and 
emotional response toward an event re- 
ceived by them at the moment of its oc- 
currence. In support of this, the at- 
tractiveness of sporting -event broad- 
casts, political conventions and the like, 
and timely or topical events is cited. 
It is further urged that, if network facil- 
itates are made available for such pro- 
grams, it is economic and desirable to 
use them for all programs (a broad 
conclusion _which is open to further and 
detailed analysis). The advocates of 

the recorded program point out that it 
also has major advantages including the 
possibility of repeated rehearsals until 
the desired effect is gbtained ice the rec- 
ord, the avoidance of error.. or "flat" 
performances during the actual broad- 
cast, the possibility - of flexible editing 
and cutting (a factor particularly im- 
portant in connection with picture -and- 
sound programs on film) , the establish - 
merit of a program library, the flexible 
assembly of státion groups for syndica- 
tion, the avoidance of station intercon- 
nection costs, the transfer of the time of 
a program. from ,the time ° of its occur- 
rence to the time of maximum audience, 
and the possibility of presenting a pro- 
gram at the same local time in a number 
of different time zones. The analog to 
present -day studio performances sent 
over a network would- be- television stu- 
dio performances transmitted to the 
audience by radio -relay or coaxial - 
cable systems. The analog to present - 
day transcription programs would be 
television programs on film. In addi- 
tion, there is a type of syndication men- 
tioned below which has not hitherto 
been used systematically in sound broad- 
casting but which may prove useful in 
the more costly television field, namely 
the use of the road -show company. 

K -I Road -Show Syndication 

Essentially _ this involves sending a 
group of actors or other performers 
from studio to studio to give substanti- 
ally the sane program or series of pro- 
grams from each station. Thus, a road - 
show company might present a series of 
dramatic, comic, or other sketches every 
night for a week, or on some other 
schedule, in each city to which they 
came. Assuming that the associated 

Showing screen and speakers 
for the Scophony system. 

studio sets were not too complicated 
and that careful management were 
available, this plan might prove work- 
able. Particularly suitable to the pur- 
pose would be dramatic or comic stock 
companies, vaudeville acts, and "little 
theater" groups. The road -show com- 
panies of the past were made up of 
actors who were, in the terminology of 
that field, "good troupers." These 
actors were quick to learn new parts 
accurately and with but few rehearsals. 
They could meet emergencies with as- 
tonishing resourcefulness. Depending 
upon the nature of their performances, 
they might remain in a given city any- 
where from a day to a month, or even 
longer. Road -show syndication has one 
distinctive advantage over other syndi- 
cation means, namely the fact that the 
performers, being physically present in 
the locality where the broadcasts will 
originate, are available for excellent re- 
lated publicity. Thus, the road -show 
members may participate in local activi- 
ties at times when they are not broad- 
casting and might even work with a 
tie -in at local theaters presenting mate- 
rial other than that which is broadcast. 
The economics of this form of syndica- 
tion have not been sufficiently explored 
to draw definite conclusions but, from 
the entertainment viewpoint, such a plan 
has some advantages and appealing 
features. 

K -2 Film Syndication 

It is obviously possible, using means 
previously described, to transmit tele- 
vision- telephone programs from sound - 
motion- picture film, either in the 35- or 
16 -mm sizes. In addition to the general 
advantages of transcription programs 
mentioned above, the use of film syndi- 
cation permits the accomplishment of 
two hitherto important results, namely 
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Projection equipment used in 
Scophony television system. 

the "splicing of time" and the "joining 
of space." More concretely, any two 
scenes, no matter how far separated in 
time or space, can be spliced together 
as represented in a reel of film to pro- 
duce any desired dramatic or artistic 
effect. This permits "flashbacks," elabor- 
ate changes of locale, and instantaneous 
changes in time, costuming and the like. 
It is of course obvious that film trans- 
mission and personal performances may 
be mixed in transmission if desired, by 
photographing some scenes using the 
same studio personnel and injecting these 
scenes at an appropriate portion of the 
programs. The accurate timing of pro- 
grams is readily possible with film by 
suitable cutting. Further, a film program 
can be slightly speeded up or slowed down 
as required, provided non -synchronous 
constant- brightness film projectors are 
used. The addition of advertising ma- 
terial in film programs by prefacing, in- 
jecting, or appending such material is 
readily possible. The audition checking 
of acceptability of the performance, 
when on film, can not only be carried 
out at will but repeatedly, and with the 
assurance that the film broadcast will 
be an exact replica of the audition. Ed- 
iting is similarly possible and relatively 
simple. Film also enables repeat per- 
formances to be carried out at any time, 
and takes care of such special needs as 
the evening broadcasting of news or 
sporting events which occurred in the 
preceding afternoon. When transoce- 
anic high -speed plane traffic is widely 
available, European news films may be 
presented in America the next day, a 
most interesting and unique method of 
surmounting present limitations. Fur- 

ther, film records of performances en- 
able the establishment of a valuable film 
library which can be used in new sta- 
tions as these are established, thus bridg- 
ing over the relatively unprofitable 
period before a major local audience is 
established. As previously mentioned, 
time -zone differences can readily be 
handled with film syndication. 

From the economic viewpoint, safety 
film in substandard sizes is highly de- 
sirable since it will reduce both produc- 
tion costs (negative costs) and print 
costs. A computation of such film costs 
shows an astonishing saving in favor of 
the smaller -gauge films, and their use is 
to be encouraged insofar as permitted 
by the requirements of picture quality. 

To the extent that film syndication is 
widely used, from the network viewpoint 
it involves a certain shifting in the cen- 
ter of interest. The present -day net- 
work is founded on inter -connection 
means and, while excellent sustaining 
programs are syndicated over the net- 
works, the major portion of the spon- 
sored programs are produced outside of 
the control of the networks. In other 
words, the networks do not appear as 
the major sponsored -program -producing 
agencies by serving the clients directly 
in this regard (though with the collabo- 
ration of the agencies). If the major 
emphasis in syndicated broadcasting 
were to be shifted to film program pro- 
duction and away from wire or radio 
networks, it might require a consider- 
able change in attitude, activities, pol- 
icy, and methods of the syndicating 
organization. 

K -3 Radio Networks 

The transfer of programs from one 
city to another may be accomplished by 
the use of radio -relay or booster sta- 
tions. Early experiments in this direc- 
tion indicated the practicability of oper- 
ation within certain limitations using a 
single relay station between two cities 
separated by a distance of 90 miles. 
Experiments we4 carried out on fre- 
quencies of 44, 61, and 79 mc using a 
power of 100 watts in the relay station. 
It is, however, desirable to use consid- 
erably higher frequencies than these for 
the purpose, e.g., of The -order of 150 mc 
or above and also to space the relay sta- 
tions more closely. Micro -waves in the 
neighborhood of 500 mc or beyond have 
also been proposed. 

It may be mentioned that even at such 
high frequencies as 250 or 500 mc, there 
are found differences of the order of 
30 -50% between the overland attenua- 
tion for a given distance in winter time 
and the correspondingly greater attenu- 
ation in summer time, over or through 
a path containing trees and vegetation. 

Relay stations for high -grade service 
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will probably be located at distances be- 
tween 10 and 20 miles from each other 
and preferably on the highest, least 
shielded, and electrically most nearly 
quiet places. The requirements gov- 
erning quality and reliability of opera- 
tion will necessarily be stringent. Each 
station must relay the incoming signals 
with an absolute minimum of frequency 
or phase distortion. Unless the loss of 
quality at each relaying station is kept 
at an extremely low value, the aggre- 
gate or cumulative effect of the multiple 
relaying will cause a serious deteriora- 
tion in picture quality. The higher the 
frequency used for the relay network, 
the more compact in general will be the 
equipment and the more effective the 
system, within limits. Highly direc- 
tional transmission is more readily ac- 
complished with antennas of economic 
size on the highest frequencies. Fur- 
ther, natural and man -made electrical 
disturbances decrease as the frequency 
is raised. This is an important factor, 
since the repeated introduction of noise 
into the signal at each relay station will 
necessarily be cumulatively injurious to 
the quality of the final output. For 
the same reason, tube and circuit noise 
within the stations must be closely con- 
trolled. 

In view of the necessity for a rela- 
tively inaccessible location of many of 
these stations, far from centers of popu- 
lation, it is likely that the majority of 
these stations (if not all) should be 
automatically operated (that is, they 
should be unmanned stations). The 
equipment may be run from gasoline- 
engine- driven generators or storage 
batteries or wind -driven generators or 
a combination of the preceding. Such 
stations will however require periodic 
inspection ; and some sort of transport 
or means ' of access to their locations, 
capable of use under any reasonable 
weather conditions, must be provided.. 
If such stations are located on hilltops, 
for example, this may lead to an appre- 
ciable cost item. On the other hand, 
the hill -top locations avoid the need for 
the elevation of the antenna on a tall 
mast which might be required in valleys 
or. plain locations. The decision as to 
inclusion or non -inclusion of a mast at 
the station is subject to careful balanc- 
ing of 'increased station range and dim- 
inished number of stations versus erec- 
tion and maintenance cost of the mast 
and elevated antenna. 

While a single one -way relay system _ 

seems at first sight comparatively sim- 
ple, there are nevertheless refinements 
which may be required and which will 
introduce additional costs. For exam- 
ple, if full dependence is to be placed 
on relay systems of this sort, it may be- 

(Continued on page 30) 
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ALL THESE RELAYS 

USE ISOLANTITE 

Photos courtesy of Advance Electric Company, Guardian Electric Manufacturing Company, Leach Relay Cont. 

pony, Struthers Dunn Inc., and Ward Leonard Electric Company. 

O 
N the relays of the leading manufacturers of radio Moreover, Isolantite has the advantage of being readily 

and electrical equipment, Isolantite* is liberally adaptable to new shapes. Its manufacturing processes per- 

used because it meets the most exacting requirements of mit the economical production of special parts. Isolantite 

design engineers. Both electrically and mechanically, it engineers will be glad to cooperate with you in working 

offers definite advantages to the equipment manufacturer. out the most economical design of parts that meet your 

Its extremely low power factor makes it an efficient insu- requirements. This is part of the cooperative consulting 

lator, particularly at high frequencies. Impervious to the service that Isolantite offers to the radio, television, and 

effects of moisture and temperature, it also offers the electrical industries. Through its long experience in the 

excellent stability under all operating conditions required design of ceramic insulators, and its specialized knowl- 

by delicately adjusted relays. Its high mechanical strength edge of the industries it serves, Isolantite is enabled to 

decreases the danger of breakage through shock and meet present needs and anticipate future ones. Consult 

continued vibration to which many relays are subject. with Isolantite engineers on your insulator requirements. 

* Registered Trade-name fur the products of Isolantite Inc. 

ISOLANTITE INC. 
CERAMIC INSULATORS 
Factory: Belleville, N. J. Sales Office: 233 Broadway, New York, N. Y. 

www.americanradiohistory.com

www.americanradiohistory.com


VETERAN WIRELESS OPERATORS 

ASSOCIATION NEWS 

W. J. McGONIGLE, President RCA BUILDING, 30 Rockefeller Plaza, New York, N. Y. H. H. PARKER, Secretary 

GREETINGS 

TO our members, friends and well wish - 
ers we extend our sincerest wishes for 

a Very Merry Christmas and a Happy and 
Prosperous New Year. 

OLDTIMER 

A real old timer, a veteran wirelessman 
of over twenty -five years standing, "Doc" 
James Forsyth, well known to all opera- 
tors of days gone by and many of those pres- 
ently following the calling, is now the only 
wirelessman among over seven hundred 
former seagoers in Sailor's Snug Harbor, 
Staten Island, N. Y. "Doc" has been in 
there these past five or six years and is 
gradually losing his sight : he says he will 
be totally blind in less than a year. It can 
readily be realized that one, who, like 
"Doc," has traveled the world over, must 
feel terribly confined -unable to leave the 
premises unless accompanied by someone 
who takes it upon himself to take "Doc" 
for an automobile ride and even then un- 
aware of where he goes. He misses the days 
of old but is reconciled to his future. How 
"Doe's" face lights up when he hears a fa- 
miliar voice from outside. To witness his 
pleasure is sufficient recompense for a visit 
to Snug Harbor. His visitors number but 
one or two a year. There are many of us 
who knew "Doc" when he was sailing the 
seas. Why not take time out to pay him a 
visit. Now that the holiday season is with 
us a Chirstmas card will cheer him im- 
measurably. His roommate will read it to 
him. To get there take the Staten Island 
Ferry at South Ferry (the Battery) and 
when you alight at St. George, ask the bus 
inspector for the bus that passes Snug Har- 
bor. The entire trip takes but forty min- 
utes. Won't you visit him soon. You'll en- 
joy the trip and it will give "Doc" a new 
lease on life. "Doc" sends 73 to all his 
friends of old. 

15th CRUISE 

All Aboard ! All Aboard ! For our Fif- 
teenth Anniversary Dinner -Cruise, celebrat- 
ing the continued progress of our Associa- 
tion in furthering the ideals upon which it 
was founded back in 1925 by a handful of 
pioneer veteran wirelessmen. In New York 
a gala Dinner -Dance will be held at the 
Astor Hotel, scene of many earlier grand 
affairs. The date this year is Wednesday 
evening, February 21st, 1940. It is the eve 
of a holiday (Washington's Birthday) so a 
late curfew is in order. 

A fine program of events for the evening, 
including several awards to worthy recip- 
ients, entertainment by outstanding talent, 
dancing to a fine orchestra and evening of 
general good fellowship -a minimum of 
speeches and a maximum of private "gab- 
fests." Our annual Cruise affords a splendid 
opportunity to see your friends of yore, 
many of whom you have lost track of for 
years. Many friendships of long standing 

have been renewed at these affairs to the 
gratification of all concerned. 

We are still anxiously awaiting details 
from our chapters regarding their plans for 
simultaneous celebrations and if they reach 
us before the first of the year with the plans 
we will include them in the January issue 
of COMMUNICATIONS. Please send them 
along, Chapter secretaries. 

Tickets are available at $4.00 per person 
for the Cruise at the Astor and may be ob- 
tained by request to us at Radio City. 
Tables of ten may be reserved in advance 
and early reservation will assure a good lo- 
cation. Tickets must be purchased in ad- 
vance. This is necessary as definite com- 
mitments must be made in advance and un- 
less we know exactly how many will at- 
tend we cannot properly plan a successful 
Cruise. We will appreciate your whole- 
hearted cooperation and look forward to 
seeing you at the Astor on the 21st. 

SCHOLARSHIP 

Excerpts from the broadcast over Mutual 
Broadcasting system network of the award 
of the Marconi Memorial Scholarship to 
Robert Barkey follow : Mr. Robert T. Pol- 
lock, President of the American Institute, 
said in part: 

"Robert Barkey won this award in com- 
petition with a score of enterprising club 
members. His fine work, persistent study, 
and the fact that he has his own radio sta- 
tion in his home, make him well qualified 
to receive this award. The award is a 
scholarship for two years in the R. C. A. 
Institutes, where he will receive the finest 
instruction in this important field and work 
with the most complete and modern radio 
and television equipment. 

"The American Institute is pleased and 
appreciative that the Veteran Wireless Op- 
erators Association has chosen to make this 
fine award to a member of our clubs. 

"I now have the pleasure of presenting 
the President of the Veteran Wireless 
Operators Association, Mr. William J. Mc- 
Gonigle." 

Mr. McGonigle : 
"The Veteran Wireless Operators As- 

sociation is an international fraternal or- 
ganization of old -time wireless operators 
bonded together with these 'Aims and Pur- 
poses' : 

"To foster and extend an esprit de corps 
among wireless operators. 

"To afford opportunity for social inter- 
course, and to promote a fraternal and 
comradely sentiment between and among 
its members. 

"To recognize meritorious service ren- 
dered by wireless operators on land, at 
sea, or in the air, by the erection of me- 
morials and by the bestowal of testimo- 
nials, medals, scholarships or other suit- 
able awards. 

"To acquaint the public with the work, 
traditions and ideals of wireless operators 
and to perform and encourage any other 
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purely fraternal activity or activities ad- 
judged helpful to the wireless profession. 

"Following the death on July 20, 1937, 
of o* illustrious honorary member, Gu- 
lielmo Marconi, founder of the wireless 
art, in order to keep alive his memory we 
named our several awards -Marconi Me- 
morial Awards. Among those honored in 
the recent past are Dr. E. C. Woodruff, 
President of the American Radio Relay 
League, received the Marconi Memorial 
Medal of Service ; David Sarnoff, former 
wireless operator, now President of RCA, 
received the Marconi Memorial Medal of 
Achievement ; Lieut. Carl O. Petersen, ra- 
dio member of both Byrd Antarctic Ex- 
peditions, received the Marconi Memorial 
Medal of Valor. 

"In words more eloquent than mine -Dr. 
Lee de Forest, `Father of Broadcasting' 
and Honorary President of our Associa- 
tion, greeted our recent dinner in these 
words : 'Far indeed have the lengthening 
years travelled since those days, and far 
indeed has that primitive art as we begin- 
ners knew it developed into the magnificent 
network of Radio Communications which 
today enlaces the globe. Justly proud are 
we Veterans to have intimately witnessed 
this incredible advance, to have had active, 
personal hand in this development, match- 
less in all the annals of scientific progress. 
Because we deeply felt, away back there 
in the early years of this century, that the 
seas on which we were embarking were 
as boundless as they were uncharted ; that 
mystery and strange allure and great ad- 
venture beckoned ús on. 

"The Annals of the Veteran Wireless 
Operators Association are glowing ones, 
bright- starred with names and deeds of 
heroic sacrifices. We have a record which 
as high heritage we can pass on to our 
successors with deep satisfaction and pride, 
confident that this fine tradition will be 
carried on.' 

"It is in this spirit so well expressed 
by Dr. de Forest that we pay tribute to- 
day to a young man selected for his schol- 
astic record to receive the First Annual 
Marconi Memorial Scholarship Award. 

"It is my pleasure to introduce a Char- 
ter Member and Director of our Associa- 
tion, Secretary and Chief Engineer of the 
Bamberger Broadcasting Service and Ra- 
dio Quality Group, Inc., himself a gradu- 
ate of R. C. A. Institutes, and Chairman 
of our Marconi Memorial Scholarship 
Committee, Mr. J. R. Poppele." 
Mr. Poppele : 

"Through the cooperation of Mr. Charles 
J. Pannill, President of R. C. A. Institutes, 
it has been arranged for our Association to 
yearly bestow upon a worthy young man 
of our selection the Marconi Memorial 
Scholarship in Radio and Electrical Com- 
munication. The Scholarship represents a 
value of approximately one thousand dol- 
lars and comprises matriculation fee, all 
text books and full tuition in the R. C. A. 

(Continued on page 26) 
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FILTERS and 
EQUALIZERS 

UTC produces special filters for many organizations. In addition to these 
special units, a number of standard items have been developed for specific 
requirements of the communications field. Some of these are described below. 
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PHONO and RADIO FILTERS 
(500 ohm impedance) 

2E PLAYBACK EQUALIZER 
In hill and dale recordings, as well as some lateral 

recordings, the high frequencies are brought up when 

recording to effect a high ratio of signal level to sur- 

face noise. Simultaneously, the low frequencies are 

attenuated so that the high amplitude will not overrun 

the track. The 2E equalizer compensates for both of 
these effects in playback. H -3 case, Net $25 

2F LOW PASS FILTER 
In practically all high fidelity sound sources such as 

phono, sound on film, microphone and similar service, a 

substantial amount of scratch or other parasitic noise is 

encountered. Since this noise is in the upper range of 

the audio spectrum, a low pass filter will eliminate the 

greater portion of it. For highest fidelity, however, this 

filter should have little effect on frequencies below the 

cutoff point. The 2F filter is ideal in this respect and 

is recommended for all broadcast work. Frequency of 
cutoff is 6000 cycles. H -3 case, Net $40 

2G LOW PASS FILTER 
Same as above, but cutoff frequency is 4500 cycles. 

H -3 case, Net $40 

2H SCRATCH FILTER 
This low pass filter is similar in purpose to the 2G 

but has not as sharp cutoff characteristics; suitable for 
most commercial and home applications. H -1 case, 

Net $15 

2J LOW PASS STATION FILTER 
This filter has a 9000 cycle cutoff, attenuating all 

frequencies beyond this point to eliminate the pos- 

sibility of the broadcast station overrunning its side - 

bands. H -3 case, Net $40 

2K INTERSTATION BEAT FILTER 
In high fidelity receivers some difficulty is encountered 

due to the IOKC beat frequency between the carriers 

of stations on adjacent channels. The 2K filter is de- 

signed to eliminate this one frequency without affecting 
the other high fidelity characteristics. H -1 case, 

Net $13 

EXPORT DIVISION: 100 VARICK STREET NEW YORK, N. Y. CABLES: "ARLAB" 
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Lingo Radiators Can Step 

Up the Efficiency of Your 

Station to a New "High "! 
You can DEPEND on Lingo Ver- 

tical Tubular Steel Radiators to 
give the UTMOST in Performance, 
Dependability and Economy. Re- 

sults of well -known engineers prove 
that Lingo performance is all that 
we say. Wherever installed Lingo 
has exceeded the efficiency expec- 
tations. Into Lingo designing has 

gone the finest engineering skill 

and modern antenna principles. 
The result - "plus" performance 
combined with low installation and 
maintenance costs. 

Write for Technical Folder 
It costs you nothing to have complete 
details on your desk. Send for our com- 
plete illustrated story -and if you send 
your location, frequency and power, we 
will provide you with complete cost and 
performance figures in advance, without 
any obligation. 

John E. Lingo & Son, Inc. 
Dept. C -12 Camden, N. J. 

ERTICR STEL 
'RADIATORS 

VWOA NEWS 
( Continued from page 24) 

Institutes two -year General Course in Ra- 
dio and -Television. 

"It was, of course, the desire of our As- 
sociation to have this award made to one 
in every way fitted to fully utilize the op- 
portunity afforded in this fine technical 
training. To this end, we conferred with 
officials of The American Institute of the 
City of New York, who, by virtue of years 
of experience in fostering science clubs in 
high schools throughout the country, have 
been of inestimable assistance. They de- 
veloped a series of comprehensive tests to 
determine each contestant's aptitude for 
radio engineering work, his general intel- 
ligence and the suitability and adequacy 
of his present training. The immense task 
of gracing these tests, averaging the scores 
and ultimately naming the winner was ef- 
ficiently carried out by educational experts 
from the staff of The American Institute. 

"At the conclusion of many weeks of 
work, the results of the tests were re- 
ported to the Veteran Wireless Operators 
Association. We have since made further 
investigation of the first ranking aspirant. 
We were gratified to find that, in addition 
to an excellent scholastic record, he is 
the possessor of a fine character and per- 
sonality. I am indeed happy to have even 
a small part in starting this young man 
toward the goal which he has set for him- 
self. 

"His progress during the two years of 
schooling and thereafter will be followed 
by our- Association and the optimism and 
hopeful interest of our membership is 
nearly as great as the eagerness of this 
sterling young man. Mr. Robert Barkey, 
will you please come forward? 

"Mr. Barkey, on behalf of the Veteran 
Operators Association, it gives me genuine 
pleasure to present to you this Marconi 
Memorial Scholarship. We congratulate 
you on your well -won success and predict 
for you a happy and useful career in your 
chosen work. We are not unmindful of the 
responsibility which this award carries, but 
we are confident that you are more than 
equal to the assignment. It is our fervent 
prayer that you may make of your life the 

finest possible living memorial to Marconi 
the father of this great art, in whose name 
this award is made." 

Robert Barkey : 

"Thank you very much, Mr. Poppele, I 
am very grateful to you and the Veteran 
Wireless Operators for this valuable schol- 
arship. I also wish to thank The Ameri- 
can Institute of the City of New York for . 

helping me in my radio activities, and Mr. 
Charles Hellman, sponsor of my radio club 
at Stuyvesant, for his personal interest. I 
hope I will be able to work hard while at 
R. C. A. Institutes and learn a great deal 
about radio and television in the next two 
years. Then I hope for a job in radio 
engineering. Thank you." 

FREQUENCY MONITOR 
ontinued from page 13) 

broadcast station's frequency. Here, also, 
measurements are made at the receiving 
station location in the transmitter build- 
ing. 

The accompanying circuit gives the 
fundamental design features of the 
U -10A monitor. With slight coil 
changes, it can be designed to cover any 
specified frequency by using either a 
0 -100 or 0 -330 degree dial. Funda- 
mentally, this instrument is designed for 
stability and ease of operation. As can 
be seen by the circuit, precautions are 
made to prevent frequency drift due to 
line variation. In addition to having 
voltage regulation, the filter condenser is 
abnormally large so that the tube draws 
current from this reservoir through a 
rapid line fluctuation, while the voltage 
regulator, of course, stabilizes the volt- 
age through slower line variations. 

The còil is wound on a ceramic coil 
form with permeability tuning, for ac- 
curate low- frequency setting. A small 
variable trimmer is included for zero 
setting at the high- frequency end of the 
dial. Each instrument is provided with 

FCC members see new RCA television field equipment. Left to right: 
James Lawrence Fly, Thad. H. Brown, Norman S. Case, T. A. M. Craven. 
This portable equipment, developed by RCA engineers, is assembled in 

carrying cases weighing from 35 to 72 pounds. 
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a calibration chart and it is only nec- 
essary to make re- adjustment of the iron 
core, if abnormally used or if for some 
reason the operator has found it neces- 
sary to change the frequency range for 
some other application. 

In most instances, there is a powerful 
broadcast station near enough to the 
scene of operation to permit inserting a 
headphone into the phone jack, using 
the amplifier tube in the monitor as a 
detector and zero beating the oscillator 
against a station for zero setting. In 
some remote locations, however, it may 
be necessary to heterodyne a receiver to 
accomplish the same result. 

A 6E5 electron -ray tube is included in 
this instrument to permit checking fre- 
quency deviation during transmitter 
operation. The transmitter is coupled 
to the instrument and the eye at zero 
beat-remains open. Any deviation in 
frequency causes an audio component, 
and closes the eye. Although this 
doesn't, indicate the amount of deviation 
in cycles, it does tell the operator that 
the frequency has shifted. The amount 
can then be determined by readjustment 
of the large dial. For the convenience 
of the operation a 100 -kc oscillator is 
included for spotting purposes. 

FREQUENCY MODULATION 

(Continued from page 16) 

cation. Each circuit has disadvantages 
but certainly each is extremely 'ingeni- 
ous. Hence, further simplification would 
seem to be inevitable. 

The balance of the transmitter is of 
conventional design, except that in the 
50 kw types certain problems had to be 
solved which were peculiar to the pro- 
duction of such power at 40 megacy- 
cles. These were not due to f -m, but 
were simply u -h -f considerations. The 
radiator is of special construction, built 
to transmit horizontally polarized en- 
ergy. See Fig. 9. 

An f -m transmitter has a wide fre- 
quency range. Reasonable care in de- 
sign and construction results in a sys- 
tem capable of handling frequencies 
from 30 to 15,000 cycles with ease. Con- 
sequently, program material must be 
carefully presented to the f -m transmit- 
ter since distortion which would be of 
little importance in other transmitters 
might be quite objectionable with an 
f -m system. 

Present recordings and wire services 
are flat to about half the above audio 
range. This is not objectionable if the 
transmitter likewise cuts off at about 
7 or 8 kc. In f -m stations, however, 
only the best recordings may be used 
and many wire services are unsatis- 
factory because the higher audio fre- 
quencies are lost. Wire lines flat to 15 

kc can be built, but are very costly. It 
again becomes apparent that the change 

FREQUENCY MODULATION 

ON THE YANKEE NETWORK 

. Eimac tubes give unexcelled 

performance and long life" . . . 

says Mr. Paul DeMars, technical 

director for the Yankee Network. 

Eimac 
1500 T 

Eitel- McCullough, Inc. 

788 San Mateo Ave. 
San Bruno, California 

Skeptics said it wouldn't work but Mr. Paul DeMars 
(technical director for the Yankee Network) be- 

lieved in Major Armstrong's system of Frequency 
Modulation. Through the farsightedness of Mr. 
DeMars and the cooperation of Mr. Shepherd 
(owner) this remarkable achievement in Broadcast 
transmission has become a reality. 

No engineer, pioneering in this field, could afford 
to risk the possibility of failure through the use of 
inferior equipment . . . every part must be fully 
dependable and capable of rendering superior per- 
formance, not only in the finished transmitter but 
all through its experimental stages. 

It is significant to note that Eimac tubes occupy 
the important sockets of the Frequency Modulation 
at WEOD and the High Frequency Broadcast sta- 

tion W 1XOJ, now in service on the Yankee Network. 

One more proof that: In the important new de- 

velopments it's Eimac tubes every time. 
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(1400HELPED 

US PERFECT 
THIS NEW RECORDER..! 

The new F -26 -3, just out, was perfected on 
the firing line. It meets the demands of engi- 
neers for a precision instrument, simpler to 
operate and easier to service: 

Amazing new cutterhead and network with a frequency response.flat to 
8,000 cycles (also available to fit Unit 199 and 220 Recorders, Model 2) 

Instantaneous variation of pitch and direction of cut eliminate expen- 
sive feed screws -a Fairchild exclusive 16" dynamically balanced 
turntable with direct synchronous drive assures split- second timing 
Instant change from 78 to 331/3 r.p.m. New recording, scale in minutes 
for all pitches and both OUT -IN and IN -OUT Floating motor mount 
eliminates all vibration. 

SEND TODAY FOR LITERATURE 

"... it had to satisfy Fairchild 

AERIAL CAMERA CORPORATION 
88 -06 Van Wyck Boulevard, Jamaica, L. I., N. Y. 

"300" SERIES 
A COMPLETE NEW LINE OF 

SMALL PLUGS- SOCKETS 
2 CONTACTS TO 3 3 CONTACTS 

PLUGS WITH CAPS , ., PLUGS WITH BRACKETS It, 
SOCKETS WITH CAPS SOCKETS WITH BRACKETS 

Ask for Bulletin 300 

HOWARD B. JONES 
2300 WABANSIA AVENUE, CHICAGO, ILLINOIS 

Frequency Measuring Service 
Many stations find this exact measuring service 
of great value for routine observation of trans- 
mitter performance and for accurately calibrat- 
ing their own monitors. 

MEASUREMENTS WHEN YOU NEED THEM MOST 
at any hour every day in the year 

R.C.A. COMMUNICATIONS, Inc. 
Commercial Dept. 

A RADIO CORPORATION OF AMERICA SERVICE 

66 BROAD STREET NEW YORK, N. Y. 
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from a -m to f -m cannot come overnight. 
Not only must we change the transmit- 
ter, but the microphones, pre -amplifiers. 
disc recordings and pickups must also 
be of the finest type if full benefit is to 
be desired from f -m. 

In this connection credit should be 
given to the Yankee Network. At their 
Boston studios they are operating a 
250 -watt, 136 -mc transmitter. This is 
the first such relay to be used for fixed 
service. This u -h -f transmitter covers 
an airline distance of 41 miles to the 
main transmitter at Paxton, Mass., 
where the program is rebroadcast from 
a 2 -kw transmitter. Soon, however, it 
will be rebroadcast by a 50 -kw trans- 
mitter now under construction. 

Two types of f -m receivers are on the 
market. One is for f -m only, one is for 
both f -m and a -m.* Fig. 10 shows the 
block diagram of a typical f -m receiver. 
One or more stages of r -f of conven- 
tional design are generally used. The 
oscillator and mixer circuits are not at 
all different from those used in a -m 
receivers. However, the i -f transformers 
are similar to television types. They are 
really band -pass filters capable of pass- 
ing a band width of 200 or even 300 kc. 
One mark of an f -m receiver is the re- 
sistance loading always present in these 
inter -stage transformers. Several prob- 
lems are solved by this arrangement. 
These resistors broaden the pass width 
of the coupling. Also in these circuits, 
composed of L, C, and R, the rapidly 
changing frequencies passing through 
the network may cause the generation of 
a number of harmonics. These must be 
dissipated lest they cause frequency or 
amplitude distortion. Loading resistors, 
of proper value, serve to absorb and dis- 
sipate these unwanted effects. 

A radical departure in the f -m re- 
ceiver is the use of a current limiter 
stage. This limiter follows the i -f ampli- 
fiers and is extremely important to the 
correct operation of the f -m receiver. 
The function of the limiter is to prevent 
changes in amplitude from reaching the 
discriminator. Such changes would ap- 
pear in the speaker as noticeable dis- 
tortion. A typical limiter starts to limit 
with an r -f input of about 3 volts peak, 
levels off at 5 volts and is reasonably 
flat to 100 volts or more. This tube is 
operated as a grid cathode rectifier, and 
the negative voltage developed across 
the resistor in the grid circuit from coil 
to ground may be used for a -v -c. This 
voltage may likewise be used for man- 
ual gain control by applying part of it 
to the r -f amplifier grids. If a magic 

*Circuit diagrams of commercial frequency. 
modulation receivers will be found in the fol- 
lowing articles: "F -M Receivers ", p. 518, Nov., 
1939, Service; "Receiver Trends for 1940 ", by 
Henry Howard, p. 476, Oct., 1939, Service; 
Frequency Modulation Receiver ", p_ 388, Aug., 
1939, Service; "Frequency Modulation ", by J. 
Snivas, p. 340 (circuit on front cover), July, 
1939, Service. Also of interest is "A Receiver 
for Frequency Modulation", by J. R. Day, p. 32, June, 1939, Electronics.-Editor. 
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eye is to be used as a tuning indicator, 
it may be located at this point. Note 
that both the screen and plate voltages 
of a limiter tube are equal and less than 
normal to secure sharp cut-off with 
zero bias. 

The device corresponding to the sec- 
ond detector in an a -m receiver is 
known as the frequency discriminator. 
This circuit must be so designed that 
it transforms the frequency swing of the 
transmitted wave into variations in am- 
plitude in the audio system of the re- 
ceiver. Depending upon the set, be- 
tween 20 and 80 volts will be developed 
when the transmitter frequency swings 
75 kc above or below the carrier. From 
this point to the loudspeaker the audio 
system may have any or all of the fea- 
tures associated with present models. 

The most sensitive adjustment re- 
quired in the servicing of the f -m re- 
ceiver is that of the discriminator net- 
work. Condenser C, in the primary 
of the transformer linking the limiter 
to the discriminator, insures that the 
receiver is correctly tuned to the exact 
carrier. If this adjustment is poorly 
made, the output will be distorted be- 
cause the wave form fed to the audio 
system will accentuate the plus fre- 
quency changes, limiting the others, or 
vice versa. Condenser C2 in the second- 
ary of the same transformer insures pro- 
portional voltage output for various 
amounts of frequency swing. 

These two condensers should be ad- 
justed by feeding into the first i -f stage 
a signal from a service oscillator of the 
exact i -f of the set. The oscillator should 
produce as flat an output as possible, 
over the working range. Connect a v -t 
voltmeter between Point A and ground 
( Fig. 11) . Now vary the frequency fed 
to the i -f by swinging the oscillator over 
a band at least 200 kc wide, 100 kc each 
side of the i -f. The voltage between 
Point A and ground should be zero at 
the exact carrier frequency and should 
be equal in amount, although of oppo- 
site electrical sign when the frequency 
is set equal amounts above or below 
the i -f. Not more than 3 db variation 
should occur, over the range +100 kc 
to -100 kc. 

The limiter may be checked by con- 
necting a milliammeter in the limiter 
plate circuit, meanwhile varying the in- 
put voltage supplied by the signal gen- 
erator. A v -t voltmeter between Point 
B and ground should indicate an input 
voltage from 1 or 2 volts to about 100. 

The limiting action should correspond to 
that described above. 

Observe caution in aligning the i -f 

transformers. It is theoretically possi- 
ble to widen the pass band of the i -f's 
by double peaking them. Nevertheless, 
the need for absolute linearity of phase 
shift throughout a band 100 or 200 kc 

GUTHMAN U1OA BRINGS YOU 

FREQUENCY 

AT LOW COST 

Meek.". R:ç.d 
Rayw =me4114 f 
Broadcast Stations 

Radio Laboratories 

Electrical Laboratories 

Radio Amateur Operators 

e..4".osn Boa& la YOUR 

474erUuerwry 

Rye 

ACCU RATE..DEP EN DAB LE. ECONOMICAL 
For compliance with Sec. 40.02 of F.C.C. Rules and Regulations -for accurate check 
of U.H.F. in diathermy manufacturing -any of a dozen such frequency checking 
problems are solved with the GUTHMAN U -10A FREQUENCY METER MONITOR. 

Pictured above is the standard unit as used by hundreds of amateur radio operators 
today, including W6USA. For broadcast stations (Including mobile transmitters) 
and radio and eleFtrical laboratories, the U -10A is Custom Built to requirements, 
with condenser, coils and a 0 -330 dial engineered for your frequency range at 
small extra cost. Matching calibration chart also supplied. 
Tolerance is well within F.C.C. requirements. 
Yet your station or lab can easily afford several U -10As, for its price is most 
moderate. The standard unit is priced at $34.50 net -with 6 tubes. Usual added 
cost for special coverage design is $10.00 net. 

YOUR INQUIRIES ARE INVITED 

:-- :7- CABLE ADDRESS: 

400 S.PEORIA ST. CHICAGO . U.S.A. GUTHCO- CHICAGO 

SHALLCROSS SOLID SILVER SWITCHES 
Superior solid silver switches -# 536 -single 

------ --f --` section and #537 -two section -1 to 11 con- 
/.,, tacts of fine solid silver and multi -leaf silver 

contact arms. Utilizing Ceramic switch plates ,tip with high surface leakage; designed to with - 
''_ stand high voltage and maintain extremely low 

pt 

\,.., contact resistance. Write today for complete 
information in Bulletin #500 SH. 

IIS1HALLCROSS MfG. COMPANY 
A ) 

` 

&laadcad..11eataiüny Inrhruneati 
Rerr',lu2L ,and.Áccrrzate 

COLLINGDALE, PA. 
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Laminated - Molded 

INSUROK 
INSUROK, the precision 
plastic, offers designer 
and engineer almost lim- 
itless opportunities to use 
plastics in effecting manu- 
facturing economies and 
giving to products im- 
proved structure, perform- 
ance and appearance. 

Get in touch with Rich- 
ardson office nearest you. 

%!e RICHARDSON COMPANY 

in width suggests that a single peak will 
introduce less possibility of distortion. 
This may best be checked by putting 
a milliammeter in the limiter grid cir- 
cuit in series with the grid resistor. An 
oscillator should be connected to the 
last i -f stage. This stage should be so 
adjusted that it passes the entire band 
width with a change in reading of the 
milliammeter of not more than 1 ma. 
The same adjustment should then be 
made for the next i -f and so on, until 
the mixer tube is reached. 

Faults, normally not objectionable 
will frequently appear in an f -m re- 
ceiver. Ripple in the power supply, par- 
ticularly to the plates of the tubes, must 
be avoided. Microphonics, due to in- 
sufficiently rigid mechanical support of 
coils and condensers, may cause fre- 
quency modulation in the receiver it- 
self. Distortion at times may be due 
to insufficient d -c bias between heater 
and cathode in the r -f stages. In some 
cases, it may be necessary to filter the 
r -f heater leads at the sockets to re- 
move r -f. 

In those sets which are adapted to 
both f -m and a -m reception, it will be 
found that two general designs are 
available. In each case a conventional 
second detector is used for the a -m pro- 
grams and a limiter- discriminator for 
the f -m. Either one of these is chosen 
by means of a switch. In order to pre- 
vent broad tuning on the a -m position, 
some designers use two sets of i -f trans- 
formers with their outputs ganged with 
the above switch. An alternate method 
involves the use of but one set of i -f 
transformers with a 10 or 20 -kc filter 
connected in series with the No. 1 grid 
of the second detector. If this filter is 
efficient, good results may be obtained 
on both types of programs. 

Bibliography 
Proc. IRE., Dec., 1931, Roder, Ampl., 

Phase, Freq. Mod. ; Proc. IRE, May, 
1936, Armstrong, FM. ; G. E. Review, 
May, June, July, 1939 ; Electronics, June, 
1939 ; Service, July, 1939 ; Service, Aug., 
1939 ; Service, Oct., 1939 ; Q. S. T., Aug., 
1939 ; Fortune, Oct., 1939. 

Manufacturers 

__ 
.,___ MARINE 

` RADIOTELEPHONE 
} "^ * 20 WATTS OUTPUT ON 3 FREQUENCIES 

* 2 BAND SENSITIVE RECEIVER 
* EASY TO OPERATE 

" * THE HIGHEST QUALITY AT A 
SERIES 26 REASONABLE PRICE 

Write for complete technical specifications 

KAAR ENGINEERING CO. 
PALO ALTO, CALIF., U. S. A. 

of High Grade Marine and Police Radiotelephone Equipment 
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TELEVISION ECONOMICS 

(Continued from page 22) 

come necessary to provide alternative 
relay paths in districts where interrup- 
tions of service due to weather condi- 
tions or the like may occur. Such al- 
ternative relay paths should preferably 
be placed into operation automatically 
if the original circuit is opened or be- 
comes inoperative. Further, reversi- 
bility of relay systems is a requirement 
in many instances and, while this can 
be accomplished by several practical 
means, yet it constitutes an additional 
element of cost. 

Such relay systems, particularly on 
the micro -waves, are capable when cor- 
rectly used of carrying an astonishing 
amount of traffic. Thus a number of 
the television signals and their corres- 
ponding telephone signals, as well as 
facsimile, telegraph, teletypewriter and 
"order- wire" connections of various 
sorts can be carried simultaneously by 
multiplexing a relay system of this type. 
The radio -relay network also lends it- 
self conveniently to a certain amount of 
rural television broadcasting along the 
network by establishing automatic tele- 
vision broadcasting stations using the 
frequencies assigned for transmission to 
the public for that purpose at the relay 
stations and then connecting them into 
the network. That is, automatic broad- 
casting stations can be established along 
a radio -relay system and connected 
thereto ; and such broadcasting stations 
can function to send programs to the 
public non -directionally, if desired, at 
the same time as the program is sent 
along the radio -relay network highly 
directionally and on far higher fre- 
quencies. Systems of this sort are defi- 
nitely competitive with coaxial -cable 
networks and will doubtless be subject 
to intensive development and trial. They 
open up expanded possibilities of broad- 
casting and communication. 

(To be continued) 

OVER THE TAPE 

(Continued from page 12) 

CHARLES E. SEMPLE, JR., DIES 

Mr. Charles E. Semple, Jr., died sud- 
denly on November 27. The loss of Mr. 
Semple, who was Vice -President and _Gen- 
eral Manager of the Astatic Microphone 
Laboratory, Inc., of Youngstown, Ohio, is 
deeply regretted. 

ALLIED APPOINTMENT 

Mr. A. D. Davis, President and General 
Manager of the Allied Radio Corporation, 
Chicago, Illinois, announces the appoint- 
ment of J. W. Rubin as Manager of Ad- 
vertising. Mr. Rubin comes up from the 
ranks, having started as a clerk in Allied's 
shipping room. 
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PORCELAIN PRODUCTS CATALOG 
Announcement of a new line of switch 

and bus insulators is made by Porcelain 
Products, Inc., in a catalog just published. 
These new insulators are assembled with 
an improved asphaltic compound, known 
as "Permalastic" compound. Complete 
data is given on all standard N. E. M. A. 
and several specially designed switch and 
bus insulators. A line of conductor clamps, 
adapters and spacers is also shown. Porce- 
lain Products, Inc., Parkersburg, W. Va. 

WESTINGHOUSE APPOINTMENT 
Announcement is made by \\ alter Evans, 

Manager of the Radio Division of West- 
inghouse Electric & Manufacturing Com- 
pany that F. P. Nelson will be in active 
charge of programming and promotion of 
sales for the company's International Sta- 
tions WBOS, Boston, and WPIT, Pitts- 
burgh. International short -wave broadcast 
service has been maintained continuously on 
a non -commercial experimental basis since 
1923 when the Westinghouse Company pio- 
nee ed in short wave broadcasting to for- 
eign countries with the establishment of 
station 8XS. 

ERIE RESISTOR APPOINTMENT 

Mr. G. R. Fryling, President of the Erie 
Resistor Corporation, announces the ap- 
pointment of C. H. Alvord as Manager of 
their factory at Erie, Pa. Mr. Alvord is 
well known in the radio and electrical in- 
dustry, having been connected with many 
well known companies supplying compo- 
nents to these fields. 

CARLTON LAMP APPOINTMENT 

Thomas Spina, formerly with National 
Union Radio Corporation, has been elected 
Treasurer of the Carlton Lamp Corpora- 
tion of Union City, New Jersey. Mr. Spina 
is one of the pioneers in the radio tube 
and lamp bulb industries and assisted in 
the development of the nitrogen gas -filled 
incandescent lamp. 

PRESTO BULLETIN 

Presto Recording Corporation, 242 W. 
55th St., New York City, have recently 
issued a bulletin covering their line of re- 
cording turntables, amplifiers, equalizers, 
discs, radio tuners, microphone mixers and 
other recording accessories. Copies may 
be secured from the above organization. 

CORNELL -DUBILIER BULLETINS 

Two bulletins have been made available 
by the Cornell -Dubilier Electric Corp., 
South Plainfield, N. J. One bulletin, des- 
ignated as 1939 -1940 Catalog No. 162, 
covers replacement motor starting capaci- 
tors. The second publication, Catalog No. 
168A, covers "Test Mike" and "Service 
Mike," new instruments for a -c motor 
starting capacitor service tests. 

WESTERN ELECTRIC BULLETIN 

Western Electric Company, 195 Broad- 
way, New York City, have recently issued 
a booklet devoted to their Absolute Alti - 
meter -a radio terrain clearance indicator 
for aircraft. Rather complete data is given. 
Write to the above organization. 

REPRINTS 

The article "Designing Die Pressed 
Steatite Ceramics," by W. L. Scoville, 
which appeared in the October, 1939, issue 
of COMMUNICATIONS, is now available in 
reprint form. Those interested in secur- 
ing copies should write to the American 
Lava Corp., Chattanooga, Tenn. 

FORNIED 
POI 

TUNGSTEN AND 
MOLYBDENUM 

Add CALLITE Quality to the natural qualities of tungsten and molyb- 

denum. Callite formed parts are CERTIFIED -that means uniform, 

tested and proved. Callite can serve you better, regardless of your 

requirements. Our entire staff of metallurgists and engineers are at 

your disposal ready to bring to the solution of your particular 

problems a vast fund of specialized knowledge and experience. Formed 

parts in special shapes made accurately to your specifications. Consult 

Callite today. Catalog on request. 

CAI.LITB PRODUCTS 
D I V I S I O N 

EISLER ELECTRIC CORP. 542 39th ST. UNION CITY, N. J. 

Radio engineers 
who are 

RADIO AMATEURS 
buy a fresh copy today of the 

RADIO AMATEUR 
CALL BOOK 

The CALLBOOK is the only publication that 
lists all licensed radio amateurs in the United 
States and over a hundred and seventy -five 
different foreign countries. 
Each issue also contains a world map show- 
ing amateur prefixes, press time and weather 
schedules, amateur prefixes listed alphabeti- 
cally and by countries and a world time con- 
version chart. 

Complete ... Accurate ... Up -to -Date 
Issued Quarterly 

MARCH . . . JUNE . . . SEPTEMBER 
and DECEMBER 

Annual subscription $4.00 
Single copies $1.25 

Buy your copy now from your radio Jobber 
or direct from: 

Radio Amateur Call Book, Inc. 
608 S. Dearborn St., Chicago, Ill., U. S. A. 

ICONIC 
THEATRE QUALITY 

SPEAKER SYSTEMS 
Broadcast engineers will like the Iconic 
because, whether in monitor or audition 
room, each voice and instrument is heard 
in its true naturel tones. Operators of 

small theatres and school auditoriums will 
like the theatre quality with which 
ICONIC meets their every requirement. 
For full information about the Iconic Sys- 
tem, sound reproducers, theatre systems, 
or speakers see your dealer or write 

LANSING MANUFACTURING CO. 
6900 McKinley Ave. Los Angeles, Calif. 
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WAT E R ti 
TRANSMITTING 

IR COOLED 

AMPEREX ELEC 
79 WASHINGTON STREE 

ECTIFYING TUBES 

IC PRODUCTS, Inc. 
BROOKLYN, NEW YORK 

Export Division: 100 Varick'¡irf: ow York. U. S. A. Cables: "ARLAB" 

IEZO Electric Crystals Exclusively 
Quality crystals for all practical frequencies sup- 
plied SINCE 1925. Prices quoted upon receipt 
of your specifications. 

Our Pledge: QUALITY FIRST 

SCIENTIFIC RADIO SERVICE 
UNIVERSITY PARK HYATTSVILLE, MD. 

Gardiner Rosin Core Solder provides a quick acting flux of pure water white rosin -no solvent added. Permits faster, cleaner work by expert or amateur. Unequalled for high tensile strength, uniformity and economy. Costs less than even ordinary solders because produced in volume by the most modern methods. There is a Gardiner quality product or every soldering need . in various alloys and core sizes . . . in gauges as small as 1/32" in 1, 5 and 20 -lb. spools. 
Eastern Sales Office and Warehouse: 

DAVID M. KASSON & CO.. 401 Broadway. New York 

LATEST 

BROADCASTING 
EQUIPMENT 
We carry a complete line of transmit- 
ting tubes and equipment for broad- 
cast stations and studios as well as 
sets, parts, supplies, testers, public 
address systems, etc. All of your 
nationally known favorites are in- 
cluded in this one big, time and 
money saving book. Write for your 
copy today. You'll like our prompt 
service and attention. 
Prompt Service Always 

When You Renew Your Subscription to 
COMMUNICATIONS 

Remember the Group Rate - $1.00 a year for 
four or more subscriptions. 

Regular Rate -$2.00 a year in U. S. A.-$3.00 in foreign countries 

DUKE'S COLLEGE OF ENGINEERING 
In accordance with a resolution adopted 

by the Board of Trustees of Duke Uni- 
versity, the Division of Engineering, which 
was administered as part of Trinity Col- 
lege, was reorganized into the College of 
Engineering of Duke University. W. H. 
Hall, Professor of Civil Engineering and 
Chairman of the Division of Engineering, 
has been appointed Dean of Engineering. 

AEROVOX BULLETINS 
Aerovox Corporation, New Bedford, 

Mass., have recently issued an industrial 
condenser manual as well as their 1939 -40 
Catalog covering condensers, resistors and 
test equipment. Both bulletins may be se- 
cured from the above organization. 

JOHNSON BULLETIN 
The E. F. Johnson Co., Waseca, Minn., 

have recently issued a bulletin on their 
line of radio transmitting equipment. This 
bulletin covers variable condensers, induc- 
tors, antenna systems, antenna wire, insu- 
lators, plug°, jacks, etc. Write for Cata- 
log No. 966. 

STAR PORCELAIN BULLETIN 

The Star Porcelain Co., 81 Muirhead 
Ave., Trenton, N. J., announces the pub- 
lication of a 12 -page booklet, "Survey of 
Technical Characteristics of Molded Ce- 
ramic Products." It takes up in detail the 
physical properties and applications of their 
specific ceramic formulas, namely, Com- 
mercial White, Nu -Blac, Thermolain, 
Vitrolain and Lavolain together with nov- 
elty porcelain and insulating beads. 

SPEAK -O -PHONE REPRESENTATIVES 

The Speak -O -Phone Recording and 
Equipment Company, manufacturer of in- 
stantaneous recording equipment and in- 
stantaneous recorders, has appointed the 
following as sales representatives in their 
respective territories : Paul Cornell, 3292 
Cedarbrook Road, Cleveland Heights, 
Ohio. ; Mel Foster, 601 Cedar Lake Road, 
Minneapolis, Minn. ; Henry Segel, 235 
Pine Street, Gardner, Mass. ; Royal 
Stemm, 21 E. Van Buren Street, Chicago, 
Ill. ; Royal Smith, 912 Commerce St., 
Dallas, Tex. ; Byron Moore, 191 Starin 
Ave., Buffalo, N. Y., and Don Wallace, 
4214 Country Club Drive, Long Beach; Cal: 
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THE MARKET PLACE 

PHONO MOTOR 
The General Industries Co., Elyria, 

Ohio, have recently announced a 78 rpm, 
gear drive, governor -controlled phono- 
graph motor for heavy duty work. The 
motor is identified as Model RG and is 
furnished complete with mounting plate, 
10 or 12" weighted turntable. Operates on 
110 -volt 60 -cycle a -c. Complete data may 
be secured from the manufacturer. 

BRUSH CRYSTAL MIKE 

The Brush Development Co., 331 Per- 
kins Ave., Cleveland, Ohio, have intro- 
duced their Model US crystal mike which 
is designed to meet the demand for a sensi- 
tive microphone with a high output, it is 
said. The output level is -44 db for close 
speaking. The US is housed in a moulded 
plastic case. Additional information may 
be obtained directly from Brush. 

PRONG -BASE ELECTROLYTICS 

Prong -base midget can electrolytics are 
announced by Aerovox Corporation, New 
Bedford, Mass. Compact, economical, sim- 
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PRECISION MADE 

BLILEY CRYSTALS 

Thorough workmanship, critical inspection 
tests and accurate calibration, assure the 
high degree of precision and dependability 
essential in all radio communication services. 
Write for catalog G -I I covering Bliley crys- 

tals, holders and ovens for frequencies from 
20 kc. to 30 mc. 

BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING ERIE, PA. 

We manufacture a complete line of equipment 
Spot Welders, electric, from '/4 to 500 KVA: 
Transformers, special and standard types; Incandes- 
cent Lamp Manufacturing Equipment; Radio Tubes. 
Ex -Ray, Cathode Ray. Photo Cells, Electronic 
Equipment Vacuum Pumps, etc. Tungsten Slugs, 
Rod and Wire Manufacturing Equipment; General 
Glass Working Machines and Burners; College 
Glass Working Units for students and laboratory: 
Photo -Flash Lamp Equipment; Neon Sign Manu- 
facturing Equipment; Thermos Bottle Equipment: 
Wire Butt Welders: A.C. Arc Welders from 100 to 
400 Amps. CHAS. EISLER, Pres. 

EISLER ENGINEERING COMPANY 
741 So. 13th St. (Near Avon Ave.) Newark, New Jersey 

A CONTINUOUS 
WORLD'S PAIR: 

A 280 Tube 
and 

"Sylvaloyn 
Filament 

WILBUR B. DRIVER CO. 
.á ÿ. NEWARK, NEW JERSEY 

units will find 
the new Type 105 MICROMETER 
frequency meter accurate (.0I %), 
versatile (1.5 to 56mc.), econom- 
ical ($135). Write for details. 

LAMPKIN LABORATORIES 
BRADENTON, FLA. 

ply mounted, these dry electrolytics are 
for compact assemblies and replacements. 
Mounting prongs slip into an elliptic fibre 
supporting washer (insulated can) or metal 
washer (grounded can) riveted or eye - 

letted on chassis, and bent over. Terminal 
lugs slip through hole in washer, for sol- 
dered connections. 

SWITCH AND BUS INSULATORS 

A new line of switch and bus insulators 
is announced by Porcelain Products, Inc., 
Parkersburg, W. Va. These insulators are 
assembled with a new asphaltic compound 

known as "Permalastic," which is said to 
be permanently elastic and to have a high 
softening point, as well as high elasticity at 
low temperatures. The line covers all 
standard N.E.M.A. units, as well as sev- 
eral special units. All units are available 

with either radio- interference treated or 
standard glaze. 

GROUND CLAMP 
A newly developed "8 point" ground 

clamp has been announced by the Acces- 
sories Mfg. Co., 4612 N. Clark St., Chi- 
cago, Ill. The ground clamp provides a 
connection with 8 solid points of contact. 

8 POINT. 
GROUND CLAMP 
PATENT PENDAN(,. 

It is made to fit any size rod from /" to 
1- 1/16" or any size pipe from /" to /" 
Literature is available from the manufac- 
turer. 

TYPE 50 VARIAC 

The newest addition to the line of Gen- 
eral Radio Variacs is the Type 50, avail- 
able in a 115 -volt model at 5 kva and in a 
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The Blackstone 

TheTotun house 

0,EwIit, 

Belleuíew Bíltmore 
y 

A. S. K I R K E BY, Managing Director 

= KIRKEI;J 
HOTELS 

WAXES 

COMPOUNDS 
FOR 

INSULATION and WATERPROOFING 

of ELECTRICAL and RADIO 
COMPONENTS 

such as transformers, coils, 

power packs, pot heads, sockets, 
wiring devices, wet and dry bat- 
teries, etc. Also WAX SATU- 
RATORS for braided wire and 
tape and WAXES for radio 
parts. The facilities of our 
laboratories are at your disposal 
to help solve your problems. 

FOUNDED 1846 

MILLS, Inc. 
120 -26th ST., BROOKLYN, N. Y. 

AMINATIONS 
for Output TRANSFORMERS 

of Highest Permeability 

Standard stocks in a wide range of 
sizes for Audio, Choke, Output and 
Power Transformers. Write for dimen- 

sion sheets. 

1111 permanent 

AGN EIS 
ALNICO (Cast or Sintered) 

COBALT -CHROME -TUNGSTEN 

Cast, formed or stamped permanent 
magnets for all purposes. Engineering 
cooperation backed by 38 years ex- 

perience in magnet making. 

TOOLS ,, DIES » STAMPINGS 
HEAT TREATING 

Thomas & Skinner 
Steel Products Co. 

1113 E. 23rd St. Indianapolis, Ind. 

230 -volt model at 7 kva. These are con- 
tinuously variable auto -transformers in- 
tended for industrial applications and are 
designed to give reliable, continuous ser- 
vice. Particular applications include line 
voltage correction, voltage control in rec- 
tifier systems, speed control on electric 
motors, stage lighting control, and the con- 
trol of heating in electric furnaces. Gen- 
eral Radio Co., 30 State St., Cambridge, 
Mass. 

VELOCITY MICROPHONE 
The Carrier 300 -V velocity microphone 

is said to incorporate all latest advance- 

ments in microphone engineering and tech- 
nique, including static and magnetic 
shielding, stand or suspension mounting, 
live rubber shock insulation, sturdy con- 
struction and corrosion proof interior as- 
sembly. It comes complete with 20 feet 
of shielded rubber covered cable and is 
available in two models -200 ohms imped- 
ance and 500 ohms impedance. Complete 
technical data will be sent to those inter- 
ested simply by addressing the Carrier 
Microphone Company, 15 East 26th St., 
New York, N Y. 

CONSOLIDATED CONDENSERS 
A new method of sealing both dry-elec- 

trolytic and by -pass units is now employed 
on all Consolidated condensers, according 
to a recent announcement made by Con- 
solidated Wire & Associated Corps., 522 
So. Peoria St., Chicago, Ill. All consoli- 

dated condensers are now end sealed with 
a specially developed material which the 
manufacturer states offers great resistance 
to moisture and assures long life. The 
condenser illustrated is an inverted type, 
lock nut mounting, dry- electrolytic in 
drawn metal container. 
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WHEN YOU CHANGE 
YOUR ADDRESS 

Be sure to notify the Subscription 
Department of COMMUNICATIONS 
at 19 E. Forty- seventh St., New York 

City, giving the old as well as the new 

address, and do this at least four weeks 

in advance. The Post Office Department 

does not forward magazines unless you 

pay additional postage, and we cannot 

duplicate copies mailed to the old 

address. We ask your cooperation. 
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MINIATURE TUBES 

RCA Radiotron Division, RCA Manu- 
facturing Co., Inc., Harrison, N. J., have 
recently announced to equipment manufac- 
turers a new series of 1.4 -volt miniature 

tubes as follows : RCA -1R5 pentagrid 
converter, RCA -1S4 power amplifier pen- 
tode, RCA -1S5 diode -pentode, RCA -1T4 
super -control r -f amplifier pentode. These 
new tubes provide a complete complement 
f the design of compact, light-weight, 

equipment. They are small in 
size (only about 2" in length by /" in 
diameter) and highly efficient in opera- 
tion with 45 -volt B supply. The high op- 
erating efficiency of these new types has 
been attained by a new design which pro- 
vides compactness without decreasing the 
size of essential electrode parts. Compact- 
ness has been achieved by replacing the 
conventional base with a new glass "but- 
ton 7 -pin" base sealed to the glass envelope 
and by mounting the electrodes directly on 
the glass button. 

RECORDER 
Duplex Recording Devices 

36th Street, New York City, 
announced the development 

Co., 514 W. 
have recently 
of a profes- 

sional recorder. This unit, shown in the 
accompanying illustration, is of the two - 
speed gear -driven 16 -inch type. The op- 
eration of the turntable at either 33 1/3 or 
78 rpm is accomplished by a single -control 
coupled to a syncro -mesh clutch arrange- 
ment that is said to be timed to engage 
and disengage the gears and motor at the 
same instant. The cutting mechanism 
travels transversely on two rigid bars 
across the turntable. The angle of the 
cutting stylus is adjustable. An added fea- 
ture is a flexible shaft that can be adapted 
to drive any 16 mm hand crank camera. 

MOLDED SOCKET 

Designed to fit the new all -glass tubes 
announced by RCA at the Rochester 
I. R. E. Meeting. Socket is of molded 
high -dielectric black bakelite with seven . 

contacts arranged in a Y8" diameter circle. 
Mounts in a plain, %" diameter clearance 
hole, and is held in place with a spring 
steel retainer ring. Floating contacts won't 
break seal between glass and .040" tube 
prongs. Center sleeve shidlds contacts from 
each other, and has a hole in lower end 
for grounding. Overall diameter of socket 
is no greater than that of the tube. Adap- 
ters for these tubes for use with tube test- 
ers. and analyzers are also available. Ameri- 
can Phenolic Corp., 1250 W. Van Buren 
St., Chicago, Ill. 

ELECTROLYTIC CAPACITORS 
Solar Manufacturing Corp., Bayonne, 

N. J., has just announced a dry electroly- 
tic capacitor, type DY, incorporating new 
features of construction. The base is a 

Capacitor 
Section 

Self -closing 
Rubber Vent 

Molded Soft 
Rubber Base 

Mounting 
Prong Is 

Part of 
Assembly 
Ring 

Drawn 
Seamless 
Can 

Solid Rod 
Anode Riser 
Reducing Usual 
Connections / by Half 

Cathode Tab 

Solidly 
Fastened i Direct to 
Assembly Ring 

".Spun End- 
Leak-proof 

Compression 
Ring 

Tinned Anode 
Solder Lug 

novel soft rubber molding through which 
all terminals are brought and sealed under 
compression in a manner similar to that 
used in wet electrolytic p actice. Low con- 
tact resistance, improved r -f characteris- 
tics, thorough sealing, freedom from the 
cause of intermittents, and the advantages 
of the wet electrolytic type of vent are 
claimed as features. A special engineering 
data sheet is available. 

MARINE RADIOTELEPHONE 
The Series 126 Marine radiotelephone 

equipment is shown in the accompanying 
illustration. This equipment, available 
from the Kaar Engineering Co., 619 Emer- 
son St., Palo Alto, California, is built in a 
special narrow cabinet measuring 8" wide 
by 15" high by 11" deep to facilitate place- 
ment in small boats. 

30 ohms 
list 

$60.00 

200 -500 
ohms list 

$68.50 
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Wherever extreme dependabil- 
ity is required, DRAKE Pilot 
Light Assemblies are usually 
specified. They will be found 
on aircraft instrument panels, 
practically all leading radios, 
and many electrical devices. 
Among the prominent users are 
R.C.A., Zenith, Emerson, Scott, 
General Elec., Western Elec., 
Bendix, Western Union, U. S. 
Navy, and many others. High 
speed precision methods assure 
quick service, low cost. Stock 
units in big variety or special 
assemblies developed for any 
Pilot Light Problem. Get full 
particulars. Write today. 

SEND for FREE BOOK 

DRAKE MANUFACTURING CO. 

1713 W. HUBBARD ST. CHICAGO, U. S. A. 
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GRIP -TO -TALK 
DESK STAND 

Type G, Grip -to -Talk, Microphone Desk 
Stand, most practical on the market. 
Palm pressure upon switch bar operates 
remote control of amplifiers and trans- 
mitters through suitable relay systems. 
Interchangeable socket connector to 
accommodate Astatic Microphones. 

G Desk Stand (alone) $10.00 
G T -3 Desk Stand equipped with Model 
T -3 Crystal M icrophone as illustrated) 

$30.00 

See Jobber or Write for Literature 

ASTATIC MICROPHONE 
LABORATORY, INC. 

YOUNGSTOWN, OHIO 
Licensed Under Brush Development Co. Patents 

Astatic Patents Pending 

ROTARY 
CONVERTERS 

Engineered right . right. 
ete 

That 
ives why this complete 

Converters PIncor 
give tble depended upon to of of trouble-free 

sservic ours dresstion of publice for system 
power fluoresce t 

to slifiers, radios, A.C. mo 
in- struments 

and otherl Available 
with or without 

ing 6, 12 32 p110convert_ volts D.C. to 110 or 220 

volt watts. Quiet, 60 to 
Send smooth, 
Send org come ate mnact, 
below. today. Use coupon 

PIONEER 
GEN -E -MOTOR 

CORP. 
CHICAGO. ILLINOIS 

PIONEER GEN -E -MOTOR CORPORATION 
Dept. R -5L. 460 W. Superior St., Chicago, III. 

Please send me complete information on Pincor 
Rotary Converters. 

Name 

Address 

City State 

l 
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Individualized to meet your 
specific instrument design 
specifications. 

Clare Relays are available 
in innumerable coil, contact, 
adjustment and timing com- 
binations - accurately made 
of quality material. 

Clare engineers welcome an 
opportunity to assist you in 
your problems. Personal at- 
tention will be given your 
inquiry. 

Write for 
CLARE RELAY 
LITERATURE 

C.P.Ci.AR.E & CO. 
LAWRENCE & LAMON AVES. - - CHICAGO 

15 East 26th St., New York City 

PREVENTS 
NEEDLESS 
BLOWS! 

+4-AS A 
4-I I G+I TIME 

LAG! 

C SMIING 'RESISTOR (1FUSK E 

LIN 

32 
29 Helps equipment do a better job! Fuses, 

power packs, relays, B-F lines, motors, 
magnets, solenoids, having inductive or 
capacitative surges. Useful on inter - 

34 mittent duty circuits. Good on electric 
fences, portable tools, vibrator circuits, 
etc. Eliminates blown fuses due to crys- 
tallization of the fuse element. Multi - 

25 plies the life of the equipment it pro- 
tects. These are a few of the cost reduc- 
ing reasons why the SLO -BLO Littel- 
fuse will do a good job for you. Can 
we send you a sample test fuse? Please 

3 make request on your company letter- 
head. Write today. 

31 
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LITTELFVjE INC. 
4751 RAVENSWOOD AVE. CHICAGO, ILL. 
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0055 
PER SECOND 

1 Mnn11tiNllluig i._ 

GENERAL RADIO CO. 
CAMBRI E. MASS. 

s LOW HIGH 40 

4 

'/ 

BROADCAST 

FREQUENCY MONITORING 

TO 

± 20 CYCLES 

TO ENABLE BROADCASTING STA- 
TIONS to comply with Rule 3.59 of the 

Federal Communications Commission, al- 

lowing maximum transmitter frequency 
deviation of only -4- 20 cycles for new 

transmitters or new stations after January 
I, 1940, General Radio announces an im- 

proved Broadcast Frequency Monitor. 
A number of new electrical and mechan- 

ical features are incorporated in the new 

monitor, which bears FCC Approval No. 
1452. 

ELECTRICAL IMPROVEMENTS 
I -New high -stability crystal- oscillator circuit. 

Crystal amplifier to isolate oscillator. 
:t -Input amplifier to isolate transmitter. 
4 -Diode voltmeter. 
IS-New temperature- control system. 
(t- Improved frequency -deviation meter circuit. 
7- Simplified operation. 
S -New inside layout for simplified replacements. 

G -R STANDARD 
BLACK CRACKLE 

The Deviation Meter scale now reads 

plus -minus 30 cycles and is direct reading 
to one cycle. The monitor has been so 

simplified in construction that the only 
controls on the panels are Heat and Fila- 

ment -Plate OFF -ON switches. 

NEW PANEL CONSTRUCTION 

Through use of dress panels for both in- 

struments, it is now possible to secure a 

frequency monitor to match any desired 
panel finish, at small extra cost. Four 

standard panel finishes are carried in stock. 

A plain aluminum panel is also available for 
finishing by the customer and subsequent 
engraving and assembly by G -R at the cost 

of the stock panels. Following prices are 

for G -R black crackle finish: 

WESTERN ELECTRIC 
GRAY 

OUTPUT 

tt (:)( 

RCA FLAT 
BLACK 

Type 475 -C Frequency Monitor . $330.00 

Type 68I -B Frequency Deviation 
Meter 145.00 

Type 376 -L Quartz Plate 85.00 

Special panel finish (other 
than standard G -R black 
crackle) available from stock 
in Western Electric gray, RCA 
gray, RCA flat black and plain 
aluminum for finish in any 
color (see above) . . . $5.00 
per panel or $10.00 for com- 
plete monitor. 

Deliveries start early in January, 1940. 

Write for Bulletin 518 
for Complete Information 

RCA GRAY 

OUTPUT 

0 0°- 

ANY COLOR 
DESIRED 

GE ERAL RADIO COMPANY 
CAMBRIDGE 
MASSACHUSETT 
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DYNAMOTE 
PORTABLE REMOTE AMPLIFIER 

WO, BF 
GATES RADIO 8 SUPPLY CO. 

Ut ;IMC"' U. t). S. A. 

METER 
RANGE 

# 
< 

GATES RADIO G SUPPLY [0" CliTERtQUIIICY,ILL.,U.S.R.- 
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