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Patented Process

MAGICORES

offer many engineering possibilities for
improvement.

FOR EXAMPLE:

I-F trimming eliminating drift.
Improved gain and Q in Ant-
enna coils decreased noise.

CERAMICS

on new production facilities
offer better:

COST CAPACITIES
QUALITY DELIVERIES

CONDENSERS

Despite our previous high engineering character-

istics and exceptional results, we have been able
to importantly increase the quality, an improvement

proven by years’ tests.

CERAMIC CEMENT LIQUID CROLITE Super

Molded ceramic of real low ¥ QUArFZ . . . Aliquid for
impregnating and covering

lf)ss materials. Ne\_v possibili- purposes with losses lower
ties. Why not consider them? than fused quartz.

Write for Technical Data

CERAMICS
CONDENSERS

MAGICORES
RESISTORS
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Just try to find a program

you can't pick-up better with
the "8-&1ll"or the "Sultihuker"

Between them, these two famous Western Electric
mikes meet every broadcasting need. Both can be used
for non-directional pickups—both can be transformed
quickly for directional work by simply putting on their
acoustic baffles. )

The “8-Ball,” which jumped into immediate popular-
ity two years ago, is still being bought in bunches. And

orders for the newer “Salt-Shaker” keep pouring in
from broadcasters—and from Public Address operators
who find it ideal for their work, too.

At the low prices, you can’t afford anything less than
the true Western Electric quality these two mikes will
give you! For full details: Graybar
Electric Co.,Graybar Bldg.,New York.

Western Elecfric

Distributed by GRAYBAR Electric Co.

RADIO TELEPHONE

BROADCASTING

In Canada: Northern Electric Co., Ltd.

EQUIPMENT
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For

Quality Styling
in Radio Sets

THE universal use of Bakelite
Molded for popular-priced
radio ecabinets indicates how well
this material meets the dual require-
ments of distinctive styling at low
manufacturing costs.

BAKELITE

BAK

he regittered trode morks shown obove distinguish materiols
momsocwed by Bokelte Corporonon. Under e capsal “B & e

CORPORATION,
BAKELITE CORPORATION OF CANADA, LIMITED, 163 Dufferin Street, Toronto, Canada

Bakelite Molded is available in a
wide range of attractive colors and
mottles; and may be readily formed
into almost any shape or design.
Through its use, cabinets often may
be designed in one piece, and com-

247

msciTaRCD Y0

PARK AVENUE,

pletely produced in one operation
of the molding press.

In the molding operation, all
through-holes, lugs and metal in-
serts are permanently incorporated,
and a final lustre is imparted to
all surfaces. The uniform accuracy
with which Bakelite Molded cabi-
nets can be produced, and the re-
sulting simplifications in assembly,
provide further economies in pro-
duction.

Other characteristics of Bakelite
Molded, that make it highly ad-
vantageous for cabinets, are its
mechanical strength, lightness in
weight, electrical insulation value,
and high resistance to marring from
abrasion, handling, and furniture
polish or soap and water.

Manufacturers and designers of
radios are invited to obtain de-
tailed information. Write for eom-
prehensive booklet 50M, “Bakelite
Molded.”

(Left) 4-tube Emerson Radio with 2-piece
cabinet of rich mottled brown Bakelite
Molded. (Above) From the same molds,
different color-styling is obtained by pro-
ducing the cabinet body from lustrous
black Bakelite Molded. Molder, Associated
Attleboro Mfrs., Inc.

NEW YORK, N.Y.

West Coast: Electrical Specialty Co., Inc., 316 Eleventh Street, San Francisco, Cal,

LITE

umericol ugn lor iefinRy, or unlimtted quanidy B rybolizes e infrdy
avnbae Ol presant ond ura wses of Bokeliie Corporafion's prodves

THE MATERIAL OF A THOUSAND USES
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PROTECTED INTERMEDIATE
FREQUENCY

THE RADIO INDUSTRY, especially the radio re-
ceiver manufacturers, should be pleased to
learn that the Federal Communications
Commission has adopted a request from the
Radio Manufacturers Association for the
establishment of 455 kilocycles as a pro-
tected intermediate frequency. The Com-
mission will endeavor to protect this fre-
quency, set aside in the manufacture of re-
ceiving sets, by not authorizing any new fre-
quency assignments in the band from 450
to 460 kilocycles.

Request for the 455-kc¢ band was made
last year at the general hearings on alloca-
tions through the RMA engineering com-
mittee, composed of Dr. W, R. G. Baker,
G. E. Gustafson, Dr. C. B. Jolliffe, D. E.
Harnett, E. W. Wilby, E. T. Dickey, David
Grimes, and Virgil M. Graham.

Although this decision by the FCC may
not be all that could be desired, the receiver
manufacturers should still welcome it as
good news.

ROCHESTER FALL MEETING

THE 1937 Rochester Fall Meeting, sponsored
jointly by the Institute of Radio Engineers
and the Engineering Division of the Radio
Manufacturers Association, will be held on
November 8, 9 and 10 at the Sagamore
Hotel in Rochester. It promises to be the
biggest and best gathering in the history of
these meetings. This is especially true of
the technical sessions which will include
papers on television, receiver design, mea-
surements, etc. The complete program for
this convention will be found on pages 14
and 15 of this issue; a detailed report of the
meeting will, of course, appear in a later
issue.

FCC DIVISIONS ABOLISHED

BY UNANIMOUS VOTE the Federal Communi-
cations Commission has adopted an order
abolishing the Broadcast, Telegraph and
Telephone Divisions. This order, proposed
by Chairman Frank R. McNinch, went into
effect on November 15. In discussing this
change in policy, Chairman McNinch stated :

4 ® COMMUNICATIONS FOR OCTOBER 1937

“Some of the reasons underlying this
fundamental change of organization policy
are that experience has shown that to sub-
divide a small Commission has a divisive
effect and tends away from cooperation and
mutual understanding; the assignment of
such important work as has heretofore been
handled by divisions theoretically composed
of three Commissioners, but in fact func-
tioning with two Commissioners because of
the impracticability of the Chairman’s keep-
ing himself currently informed and attend-
ing meetings, has resulted in two members
of the Commission carrying an unnecessary
load of responsibility and exercising an un-
desirably large portion of the power and
functions of the Commission, while at the
same time denying the other Commissioners
any practical opportunity to participate in
decisions. When such major phases of the
Commission’s work, as Broadcasting, Tele-
phone, and Telegraph, have been committed
to the handling and decision of only two
members, these two members have been de-
nied opportunity to exchange views with and
profit by free discussion and expression of
opinions by the other Commissioners. Com-
missioners not on a particular Division have
felt a natural reluctance to inquire into the
work committed to others, hence, they were
denied effective expression of their views
upon pending matters. Furthermore, the
segregation of Commissioners into units,
with power to act, unavoidably requires that
they specialize in their thought and action
upon limited phases of the Commission’s
work and this, with other reasons above
mentioned, prevents a rounded development
of every Commissioner’s knowledge of and
experience in the whole field of the Com-
mission’s work,

“A Commission functioning as such has
the benefit of the free discussion and ex-
change of views, it learns better to cooperate,
the Commissioners gain a better under-
standing of each other, and they influence
and share in every important responsibility.
The aggregate wisdom and judgment of
seven minds is surely greater than any two
or three of the seven.”

We heartily agree with Chairman Mc-
Ninch, and believe that the communications
industry will profit as a result of the closer
cooperation.
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The Yaxlcy Junior Type Station Se-
lector Switch has been developed in
response to the demand for a unit
which will occupy a minimum of
depth behind the front panel. En- |
gineers contemplating the conversion
of current models to automatic tun-
ing without change of expensive chas-
sis dies will appreciate the necessity
of this conservation of space between
the front of the sub-panel and
the cabinet.

The unit incorporates the same features plungers to fit individual requirements.
of dependable mechanical action, quiet

A newly developed “L* t inal allow
operation and long satisfactory life found AR A A 54 erminal allows

series type connection of Yaxley Push

in the original Yaxley Station Selector Button Station Selector Switches and
Switch and is available with the same results in considerable economy of wiring
terminal arrangements. Flexible tooling and simplicity of operation.

permits rapid delivery of units in multiples Write for complete mechanical and elee-
of from 2 to 12 buttons in a single frame trical specifications covering Yaxley 3-S
and with variable lengths of actuating and 3-S] Station Selector Switches,

A?éﬁ*%'?“ NUF
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COMMUNICATIONS

FOR OCTOBER, 1937

A Five-Kilowatt, Air-Cooled
BROADCAST TRANSMITTER

OUTSTANDING among recently announced
broadcast transmitters is a 5-kw model
in which all tubes are air-cooled,
thereby eliminating the disadvantages
inherent in the elaborate water-cooling
systems always used in the past with
transmitters of this size. The improve-
ments in transmitter design and opera-
tion which result, directly and indi-
rectly, from this change have—for
medium-power transmitters—an impor-
tance comparable to that of the devel-
opment of the high-efficiency linear
amplifier’ in the high-power field.
Water cooling has always been the
bane of engineers invested with the re-
sponsibility of transmitter design—and,
putting it realistically, “a pain in the
neck” to the engineers who must keep
them operating. In the early days there
were the problems of rotting hose, leak-
ing hose connections, failing flow-
interlocks, and electrolysis. In recent
years the use of porcelain hose-reels,
more reliable interlock systems, and
completely non-ferrous circulating sys-
tems,” have greatly reduced the servic-
ing problems. However, there still re-
main the problems of scale formation on
tubes, gradual evaporation of water,
and necessity of losing time in changing
tubes. In addition, there is the question
of providing the necessary space and
piping external to the transmitter unit.
In the case of higher-power trans-
mitters it has seemed—and still seems—
that there is no immediate alternative
to the use of water cooling. However,
for a number of years the possibility of
eliminating water cooling in medium-

1“A New Power Amplifier Of High Efficiency,”
by W. H. Doherty, Communication & Broadcast
Engineering, May, 1936.

2“Broadcast Transmitter Features,” by John
. Taylor, Electronics, Jan., 1936

By JOHN P. TAYLOR

power trausmitters has heen given some
thought. The 3-kw broadcast trans-
mitter illustrated in tlie several accom-
panying views is the first actual realiza-
tion of this. The means by which this
accomplishment was made possible, and
the extent of the practical results, are
of interest.

One possible method of building an
air-cooled 5-kw transmitter would be

_ S

Fig. 2. One of the standard metal-anode
type tubes fitted with copper radiating
fins for air cooling.

to use a large number of smaller type
tubes. Another possibility would be the
construction of some radically different
type of tube. Both of these would prob-

ably have disadvantages outweighing
the possible gain. The more desirable
course, and that resorted to in the trans-
mitter shown here, is the use of stand-
ard type large-size tubes. These are
891’s and 892’s respectively—which are
regular metal-anode tubes which have
been used in standard 5-kw broadcast
transmitters for several years, and thus
have proven characteristics and life-
expectancy. Formerly these tubes were
mounted in jackets through which water
was circulated—the other parts of the
circulating system consisting of a pump,
a cooling-radiator and a blower. In the
new transmitter shown here, these same
tubes are air cooled. The expedient
which makes this possible is the addi-
tion of a large number of copper radiat-
ing fins through which air is blown at
a constant rate. These fins are silver-
soldered directly to the tube anodes.
The modified tubes, which are sold with
fins already attached, are specified as
891-R’s and 892-R’s. One of these tubes
is shown in Fig. 2. In Fig. 3, which is
a rear view of the modulator and power-
amplifier units respectively, the method
of mounting these can be seen. The old
water jackets are replaced by large por-
celain cups into which the tubes, fins
and all, are set. Just below each of
these tube mountings may be seen the
air blowers which force air up through
the fins and out the top of the trans-
mitter. These blowers, one for each
tube, are of the silent Sirocco type and
are equipped with dust filters, so that
the constant passage of air will not de-
posit a film of dust on the tubes and
other components. It is interesting to
note that these two units of the trans-
mitter are—except for the blower en-
tries beneath, and exits at the top—
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Fig. 4. Simplified schematic diagram of the air-cooled 5-kw broadcast transmitter.

transmitter practice.

completely sealed. The result should be
to reduce, if not eliminate, the problem
of dust accumulation always present in
ventilated type of transmitter units.
The provision of air exits at the top of
the transmitter units facilitates the use
of ducts to draw this air to the outside

Fig. 5. (a) Frequency characteristic of the air-cooled transmitter.

of the building. This, however, is not
essential. Operation of the modulators
Class B, and of the power amplifier at
unusually high efficiency, reduces the
overall amount of heat dissipated to an
amount comparable to that of most 1-kw
transmitters. Since this is not ordina-

(b) Distortion

characteristic at 5000 watts output. (c) Distortion characteristic at 1000
watts output.
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The feedback circuit is unusual for

Also noteworthy are the power changeover and antenna-monitoring circuits.

rily considered excessive, the ventilating
ducts can not be considered a necessity.

In a change of the type represented
by this new method of cooling, a prime
question is that of expectable tube life.
The final answer, of course, will only
be available after widespread use over
long-continued periods. However, lab-
oratory tests have been very satisfac-
tory and have even led to predictions
that average life will be longer than
with water-cooling. There are several
reasons for believing that this may be
true. In the first place, there will be
no accumulation of scale on the anodes.
In the second place, the tubes are more
evenly cooled, and the glass seal and
press are cooled as well as the metal
anode. Finally, the fact that the radiat-
ing surface is much larger should tend
to prevent formation of hot spots. In
addition to these advantages, which re-
sult directly from the cooling method
employed, there are other contributing
factors which are due to the design of
the transmitter. One of these is the
high-efficiency operation of the tubes.
Another is the provision of separate
filament controls allowing filament volt-
ages to be adjusted independently to ob-
tain maximum life. Still another is the
unusually elaborate protective circuits
which are provided.

HIGH-LEVEL MODULATION

High-level modulation is another fea-
ture of this transmitter which is unique
for this power classification. Previously
5-kw transmitters have always made
use of linear amplifiers—the argument
being that since two water-cooled tubes
were necessary in the final stage in any
event, and since their capacity was suf-
ficient for linear operation, there was
no need for providing additional high-
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power tubes as modulators. In this new
transmitter the advantages of high-level
modulation definitely outweigh the dis-
advantage of the additional tube. In the
first place, the operation of the modu-
lators Class B, and of the power ampli-
fiers at high efficiency, greatly reduces
the amount of heat necessary to be dis-
sipated, aud thereby simplifies the cool-
ing problem. In the second place, this
method of operation affects a large sav-
ing in power consumption. That this
latter is not imaginary is indicated by
the fact that the total power consump-
tion of this transmitter (average modu-
lation) is only 18.5 kw, whereas linear-
amplifier models of recent date require
from 28 to 34 kw. With the extended
life now being obtained with most tubes,
this saving in power consumption is
several times greater than the extra
tube cost represented by the one addi-
tional tube. In addition to these advan-
tages, the use of high-level modulation
offers several other advantages. One of
these is that it makes possible an im-
proved feedback arrangement. Another
is the inherently lower distortion. A
third, and not least important, is that
the Class C r-f stages are much more
easily adjusted than linear stages.

FIXED FEEDBACK

The feedback system made use of in
this new transmitter represents some-
thing of a new idea, and as such de-
serves a word of comment. Unlike the
feedback circuits which during the past
year have been added to most high-
power transmitters, this one does not
require r-f rectification. This follows
from the fact that it operates only from
the secondary of the audio-input trans-

Fig. 3. Rear view of the modulator (left) and power-amplifier (right) units. -

former to the primary of the modulation
transformer. Reference to the simpli-
fied schematic (Fig. 4) will show that
the intervening circuits are all push-pull,
and due to the use of resistance-coupled
audio stages, only one transformer in-
tervenes. This has two important re-

sults: first, together with the elimina-
tion of the rectifier, it makes for unusual
stability, and second, it reduces phase
shift to a minimum. The former is im-
portant in that it allows a high feedback
ratio (30 db or more being claimed).
(Continned on page 52)

Fig. 1. Front view of the air-cooled 5-kw broadcast transmitter described in the accompanying article.
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TELEVISION ECONOMICS

THROUGH AN EXPENDITURE of many mil-
lions of dollars here and abroad for
research and development, television
transmission and reception has become
technically possible. Despite the time
and money which have already been
poured into this work, there are still
numerous engineering problems await-
ing solution in the television field. Per-
haps the most obvious of all is the need
for an inexpensive reliable electronic
method of producing large and bright
black-and-white - pictures of minimum
optical and electrical errors. Accord-
ingly those planning a television system
as distinguished from an individual de-
vice for use in that field must allow in
their budget for substantial and contin-
ued engineering development changes
as well as further basic research. The
balance sheet of television will therefore
include, for many years to come, major
expenditures on the engineering side.

Assuming technical development to
proceed apace and satisfactorily, the
construction, installation, and operation
of studio, transmitting, and syndication
facilities presents a major financial
problem. Television studio design is not
sufficiently advanced and standardized
at present to permit reliable cost esti-
mating. It is clear, however, that
studio facilities for an individual station
may well fall in the range from $50,000
to $500,000 with correspondingly in-
creased figures for points of major pro-
gram origination. Individual transmit-
ters are or will be available in due
course in the power range from 5 to
perhaps 50 kilowatts at costs which
may be crudely estimated as between
$300,000 and $800,000. It must be
remembered that television transmitters
include sound transmitters as a neces-
sary component. Further, while tele-
vision transmitters can economize on
antenna dimensions, they cannot econ-
omize in the least on antenna placement.
Tn a few large cities there are existing
buildings of a height adequate for tele-
vision purposes (500 to 1,000 feet or
more) but in many cities it will be
necessary to erect heavy towers on
existing structures, frequently with ad-
ditional bracing or reinforcing of the
existing building construction. The

By Dr. ALFRED N. COLDSMITH

Consulting Industrial Engineer

costs of such alterations and additions
are capable of estimation only in known
individual cases.

Television network facilities present
an unsolved economic problem. In pub-
lished statements, it appears that the
90-mile coaxial cable between New
York ond Philadelphia (which is un-
derstood to be fairly suitable for certain
television purposes) had a cost of $540,-
000 for a 90-mile span. This figure of
$6,000 per mile might be regarded as
developmental. Even if reduced sub-
stantially, it can readily be seen that
the cost of a coaxial cable network
parallelling the existing approximately
35,000 miles of telephone broadcasting
network would lead to an expenditure
running toward $100,000,000. If this
expense were cut down by restricting
the length and coverage of the net-
work, the territorial coverage of the
connected transmitting stations would
be more greatly reduced than in the
case of present day broadcasting., It
must be remembered that the service
range of the ultra-high-frequency tele-
vision transmitter is far less than that
of the medium-frequency radio-tele-
phone transmitter. A compensating cir-
cumstance is the fact that the popula-
tion residing within 30 or 40 miles of
the center of a major group of large
cities in the United States, though it
does not include many large rural areas,
nevertheless constitutes a large fraction
of the population of the United States
and perhaps a correspondingly large
fraction of the purchasing power.

Television receivers will require a
major expenditure by the American
public to justify extensive program
transmission which in turn can be spon-
sored by advertisers only after the look-
ing audience is of satisfactory size.
Judging from analysis and commercial
experience here and abroad, television
receivers will be produced in a number
of types and sizes differing mainly in
dimensions of the picture, frequency
band covered, and certain other points
of convenience. Simple receivers may
have a small picture for chair-side oh-
servation while large receivers may
project pictures of a size adequate for
viewing throughout an entire living

10. COMMUNICATIONS FOR OCTOBER 1937

room. The corresponding range of
prices can be very roughly estimated as
of the order of $150 to $1000, with
major acceptable performance for more
than one looker embodied in receivers
costing several hundred dollars. If a
figure of $250 per receiver is taken as
a cross-section average during the first
five years of television commercializa-
tion, and if it be assumed that there
will be 2,000,000 receivers placed in
American homes during that period
(which figure may be quite wide of
the mark), an expenditure by the pub-
lic of $500,000,000 for television receiv-
ing equipment would be involved.

Program production in the case of
television promises to be an even more
complicated, demanding, and costly
proposition than in the case of sound
broadcasting. Every factor of cost bids
fair to increase when sight is added to
sound.  The necessity for providing
visual surroundings in the studio (sets,
properties, background projection, and
the like) leads to major expenditures.
The number of actors available for tele-
vision will presumably be less than those
available for sound broadcasting be-
cause appearance as well as ability in
speaking or musical performance will
naturally be required.

It is necessary only to examine the
costly facilities and elaborate methods
which are used in the motion picture
industry to appreciate that somewhat
similar elements of cost in the television
industry may well impend. Even al-
lowing for the possibility that there is
considerable waste in motion picture
production, over-elaboration in detaiis,
extravagance in the search for spectacu-
lar effects, undue inflation of individual
returns in certain cases, and a generally
lavish method of operation, it must yet
be conceded that extraordinary reduc-
tions in cost would be necessary if tele-
vision is to use material even remotely
resembling that produced by the lead-
ing motion picture studios. No mere
minor simplification or economy would
meet the requirements.

In round numbers, it may be esti-
mated that Hollywood spends $150,000,-
000 per year to produce approximately

(Continued on page 50)
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LINEAR AMPLIFIER ADJUSTMENTS

ONE OF THE BIGGEST problems that the
transmitter engineer must continually
face is that of maintaining the Class B
linear amplifier in optimum adjustment.
The difficulties surrounding this prob-
lem arise from several sources. In the
first place, maximum output at carrier
level is not consistent with linearity of
the amplifier; in the second place, the
linear amplifier is not a saturated ampli-
fier, and, therefore, exhibits a high in-
ternal resistance. This makes the point
of optimum adjustment hard to recog-
nize. And, finally, it reflects a variable
load into the preceding stage.

CIRCUIT RELATIONS

Before the engineer can proceed in-
telligently to tune an amplifier of this
type he must have some idea of what
the circuit constants and the circuit cur-
rents should be. Therefore, prelim-
inary to the actual tuning procedure the
various relations which determine the
operation of the Class B amplifier will
be examined. With the data so ob-
tained it is not necessary to cut and try
aimlessly. This reduces the time neces-
sary for tuning and avoids ambiguous
results. There is a great wealth of in-
formation on linear amplifiers in the
literature, so no attempt will be made
here to delve into the fundamental the-
ory. Several of the fundamental re-
lations used in this paper have been
taken from two of W. L. Everitt’s
papers on the subject. It is suggested
that those wishing to study the subject
more fundamentally consult these works.
The nomenclature to be used is as fol-
lows :

E. — absolute value of negative grid

bias

E. — amplitude of the alternating grid
voltage

E, = voltage of direct-current plate
supply '

I, — amplitude of the fundamental al-
ternating-current component of
the plate current

Iz — amplitude of the alternating cur-
rent in each branch of the tuned-
plate circuit

I, — average or direct-current com-
ponent of plate current

R:, = impedance of tuned load at reson-

ance
R = tank-circuit resistance

By A. JAMES EBEL
Chief Engineer
WILL

© —one half the angle during which
plate current flows,

Fig. 1 is the circuit to be considered.
By assuming a linear tube characteristic
and that the maximum value of the grid
voltage never exceeded the minimum
value of the plate voltage, Everitt de-
veloped the following equation for all
amplifiers regardless of class:*

L =

Ry + ———
0—1sin20

This shows that the fundamental com-
ponent of the alternating plate current
will be linear with respect to the im-
pressed grid voltage if the load im-
pedance, the plate resistance, and the
operating angle are held constant. The
first two are essentially constant under
ordinary conditions, To make the
operating angle constant throughout the
entire audio swing the value of ninety

Diagram used to determine circuit
relations,

degrees must be selected. Assuming
this condition, equation (1) reduces to

D O
" R.+2R,

To establish a ninety-degree operating
angle the amplifier must be biased to the
cut-off point. This is determined by
adjusting the grid bias so that

E,

W, L. Everitt—*“Optimum Operating Condi-
tions for Class C Amplifiers’—Proceedings of
the I.R.E.—TFebruary, 1934

or the grid bias may be adjusted till
the plate current drops to zero. Inas-
much as the primary aim in tuning the
linear amplifier is to get the maximum
output consistent with linearity, the
variables that determine efficiency should
be examined. The efficiency of a linear
amplifier may be given by the follow-
ing:*

mp Eg Ry
Eff =

4 El, (RL+ 2Rp>

In most transmitters E, and R, are al-
ready determined, leaving E; and R,
as the only independent variables. An
examination of this relation shows that
the efficiency of the amplifier is linear
with respect to the impressed alternat-
ing-current grid voltage. This is true
only, however, up to the saturation
point; i.e., that point where the maxi-
mum grid voltage equals the minimum
plate voltage. Beyond this point the
amplifier is no longer linear, and, there-
fore, this is a limit to the value of the
a-¢ grid voltage which can be applied
during modulation. From this fact the
proper amount of excitation at carrier
level may be determined by reducing the
value of the excitation voltage at satura-
tion by one-half.

The other variable which can be
varied during the process of tuning is
R.. If an attempt is made to maximize
equation (4) with respect to Ry the re-
sult shows that the efficiency increases
with the value of Ry,. This does not,
however, give maximum output, for as
R, increases the input decreases, and
the total result is a reduction in the out-
put. The input must, therefore, remain
constant as the efficiency is maximized
with respect to R.. This can be done
by expressing the input explicitly in the
equation for efficiency as follows:

T p.Eg Ry 1, ’
ffe——— ... (5)
4E, T, (R.+2R,)
Since
21
T — (6)
™

(Continued on page 48)

*W. L. Everitt—Optimum Operating Condi-
tions for Class B Radio-Frequency Amplifiers”
—Proceedings of the I.R.E.~—Iebruary, 1936.
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UNIFORM LUMPED LINE
( LADDER STRUCTURE)

o,%lgsgo

ALTHOUGH the literature on filters is extensive,
most of the material involves the use of ex-
ponential and hyperbolic functions.  This
mathematics is used to stress the analogy
between filters and transmission lines. It
also makes for completeness and com-
pactness so that the filter designer can
proceed very efficiently when he has
the proper mathematical tables at
hand.

LOSS WITHOUT PHASE SHIFT

Unit Vector

Such theory, however, con-
tains formulae too difficult for
one to visualize readily un-
less he is quite familiar

with these mathematical
functions and so it
does not give a sim-
ple physical picture
of the basic filter
selectivity*.,  To
give such a picture

PHASE SHIFT WITH ZERO LOSS.

Fig.4
VALUES OF r vs. 2L 2 g
2z =L COMPONENTS
\

2 AN ’ there is presented

2
(’ t_&_/_g_ =1 M) 4-[6—/2 herewith an elemen-
1/-6/2 -1 /8 [2 ---- tary version of filter

A 3

N /82 theory with the use of the
simplest  possible mathe-
matics to cover the ground
gone over. The formulae ob-
tained, while given simpler forin,
are basically the same as those ob-
tained in such a standard reference
work as K. S. Johnson’s book “Trans-
mission Circuits for Telephonic Com-
munication.”

Consider the general case of a uniform
lumped line of series impedance Z, and shunt
impedance Z, as in Fig. 1, starting at the left
and extending indefinitely to the right.

Let there be a sinusoidal voltage E — Eonux
sin pt applied as shown at the left. Currents will
flow in all branches. Call the series branch current

after the first branch point i, and the shunt branch
current i,.

Next we note that these currents will be reduced from
branch point to branch point by the same factor since the
line to the right is indefinitely long. Call this factor r.

(Note that —loger is the propagation constant.) With real im-
pedances some dissipation takes place so that the magnitude of
r cannot exceed unity but may be anything from O up to 1, as ihe

4
\
\
\
\
\

-i/e/2

r-db.
of loss ©

o

{

21
2

N
-0

-4.0

Fig.5

-4.08

-4.50

-6.25
-{0.125

Q
<
i

LOSS WITH PHASE REVERSAL

*Mention should be made of G.

A, Campbell’s paper, “Physical Theory of the Electric
Wave Filter,”

Bell Syst. Tech. Jl., Vol. 1, No. 2, page 1, which gives an analysis that is
non-mathematical but not elementary and to T. E. Shea’s book, “Transmission Networks and
Wave Filters,” pp. 209-20, showing a number of graphical representations similar to those
given here but with more detail and with allowance for terminal impedanees.

CURRENT RATIOr
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A SIMPLIFIED THEORY

By HOMER DUDLEY

limit for zero dissipation. The phase
of r may be anything from — 180°
through zero up to -+ 180°. The
series and shunt branch currents out of
the second branch point will be ri, and
ri, respectively. Those out of the third
branch point will be r*i; and r*i; and so
on down the line.

Next we write the voltage equation
for the first complete mesh shown.

Zi, = (1 —r) Zs,
Similarly the current equation for the
second branch point is written,

ri,
I, = ri; +ri, or

i = (2)
1—r

These two independent equations can

be solved for the current ratio r and

also for any desired impedances. Thus

the impedance of the infinite line to the

right as seen from a full shunt termina-

tion is given by

(See Fig. 1.)

The desired formula for r is obtained
by eliminating i, and i, from the voltage
and current equations (1) and (2).
Doing this gives

(1—r)* Z,
————— e (4)

r Zz
This equation is amazing for its

simplicity. Thus each Z appears only
once, that to the first power and even
then the two Z’s are combined in a
single ratio. Yet this simple relation
unfolds a complete picture of filtering
action. All that remains is to show
equation (4) as a graph for various
filter conditions.

In ideal filters Z, and Z, are both

Z,
reactances so that the ratio —

Z,
is a real number in the range from
—® to 4 . The -corresponding
values of r are readily found by in-
spection of (4) and lie in three ranges
thus:

pure
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OF FILTER SELECTIVITY

BELL TELEPHONE LABS.

Z,
Range A, for — positive, + o to 0,
r goes from 0 to + 1. This is the case
of loss without phase shift. It is shown
graphically in Fig. 2 with r as a frac-
tion and the same points in db of loss.

Z,
Range B, for — between — 4 and 0,
Z,
r has a fixed magnitude of unity but
changes in phase from = 180° to 0°.
This is the case of phase shift without
loss. The corresponding polar diagram
is shown in Fig. 3-A for positive values
of 0. Negative values give a down-
ward semi-circle instead of the upward
one as shown in Fig. 3-B.

The explanation for this peculiar ac-
tion of r in changing phase while keep-
ing a constant amplitude is made clearer
by rewriting equation (4) thus

7, 1 ~
)
Z, Vro

For the range of r in
r = 1/0 so that

1 :
& { 102 }
Z 1/0/2

2

question

°

= {1/—0/2—_1/9/2 )i

This can readily be pictured in polar
coordinates as in Fig. 4 which shows
graphically 1/—6/2, 1/_0_/2, the dif-
ference and the difference squared.

For any value of 8 from 0 to + 180°
the value of 1/—0/2—1/08/2 will be
a negative imaginary number starting
with magnitude 0 for 8 =0 and be-
coming 2 for © = 180°. Squaring this

Z,
gives the corresponding values of —

Z:
starting at 0 and going to —4, always
negative and real.

Similarly with negative phase angles
for © values of 1/—0/2 — 1/9£ are
positive and imaginary starting with
magnitude 0 for 8 =0 and becoming

Fig.7-A
T-SECTION

HIGH -PASS
FILTER

Loss =00

F=oco
2 for 8 = —180° leading to the same
Z,
— range from 0 to —4.
2 Fig.7-B

Z, CURRENT RATIO P
Range C, for — between — 4 and — o,

r goes from — 1 to 0. This is the case
of loss with phase reversal and is
shown in Fig. 5.

These are the three basic types
of propagation characteristic to
be found in filters. They may
be combined in various ways
and in various amounts to
get the specific filter
characteristic  desired. . R
Fig.10 T Fig.8

The preceding dis- :
CURRENT RATIO DIAGRAMS FOR SEVERAL BAND-PASS FILTERS

cussion covers com-
pletely in a general
way the attenu-
tion and phase re-
lations existing in
filters built as uniform
ladder structures. A

common filter form has a
T or = network for a sec-
tion and a repetition of these
make up a ladder structure so

they are covered here. Further-
more if some other type of network
such as a lattice is used then an
equivalent T network can be found.

To this extent such types are covered.

Fig. #1-A Fig.41-B
T-SECTION CURRENT RATIO r
’ BAND-PASS FILTER

As a final step polar diagrams of r
will be drawn for the simple T-type sections
of low, high, band-pass, and of band-elimina-
tion filters.

A. Low-Pass Filter. The network and polar
diagram of current ratio r for the low-pass filter

YA
are shown in Fig. 6. Here — is negative at all fre-
Z.
quencies so there is no OA attenuation range as in the
more general case. Point A corresponds to 0 frequency and
the arrows represent increasing frequency. The current lags
(a positive angle shows lag in these diagrams) as we proceed
from section to section away from the starting point. At 180° is
the cut-off frequency F.. For frequencies above this the loss
increases to become infinite at infinite frequency. The impedance ratio

Li/2 Ly/2

Fig.12-A
T-SECTION

LOW-HIGH
PASS
FILTER

joL Fi
With

g.12-B
CURRENT RAT10
DIAGRAM

Z
— becomes 1
Z, —

joc

= —w'l.C. subscrip 0 at the ecut-off

(Continued on page 42)
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PROCRAM OF ROCHESTER FALL MEETING

APPROXIMATELY nineteen papers will be
delivered during the three days of the
1937 Rochester Fall Meeting of the In-
stitute of Radio Engineers and the En-
gineering Division of the Radio Manu-
facturers Association, at the Sagamore
Hotel, Rochester, N. Y. They will
represent to a large extent a gauge of
the progress made during the past year
in radio and allied research.

A complete listing of the technical
papers, with their time of delivery, will
be found on the following page. This
list includes many subjects of particular
interest in respect to television and re-
ceiver design as well as standardization.

Last year at the Rochester meeting,
A. F. Murray reported on the ten
recommended standards then adopted by
the RMA Television Committee. At the
1937 gathering he will report briefly on
the new standards added to the list, on
the trend of standardization, and, if the
information is available, on the fre-
quency channels recently set aside by the
U. S. Government for experimental tele-
vision.

In presenting his paper on television
synchronization, F. J. Bingley will con-
sider the problems of synchronization
in a 441-line interlaced cathode-ray tele-
vision system. The real test of a syn-
chronizing system is the ability to main-
tain perfect interlacing at the receiver.
The received synchronizing impulses
must provide good synchronization of
the horizontal deflecting circuits and
give perfect interlacing and vertical syn-
chronization which does not fail. Mr.
Bingley will discuss the causes for im-
perfect interlacing and the several re-
quirements which must be fulfilled by
the transmitted synchronizing signals.
He will also give a comparison of the
various synchronizing systems used in
the U.S.A. and abroad.

The method of color specification of
cathode-ray tubes adopted by the In-
ternational Commission on Illumination
in 1931 will receive attention. R. M.
Bowie and G. A. Fink will describe
three general methods of obtaining data
and will discuss the advantages and dis-
advantages of each.

In his paper “Figure of Merit for
Television Performance,” A. V. Bed-
ford will trace the evolution of a sec-
tionalized test chart for measuring
resolution, halftones and deformation of
televison images. Vertical resolution
and horizontal resolution are measured
in each of twelve sections of the screen
and a formula for converting these read-
ings into an over-all resolution figure
of merit is given. The figure obtained
is equivalent to the total number of
black and white dots which could be
put in a scene to be transmitted, with
random location relative to the position
of the scanning lines, and which could

all be separately identified and located in
the received picture. The figure of
merit may be used as a specification of
performance or as a check on develop-
mental progress.

Of special interest will be C. E. Bur-
nett’s description of the “Monoscope,” a
developmental type of tube designed to
produce a video signal of the test picture
or pattern enclosed in the tube. The
high-quality video signal which can be
obtained from the Monoscope makes it
particularly useful for testing the vari-
ous units of a television system. Some
of these uses are testing studio circuits,
receiver circuits, and cathode-ray tubes
for television reception.

According to Wm. N. Parker, it is
well known that present-day high-
definition television requires modulating
frequencies from 0 to above 3 mc, so
that tube capacities and other difficulties
make the handling of such a wide fre-
quency range difficult when using well-
known methods of plate or grid modu-
lation. Also, the attenuation of very
broad sidebands, when passed through
resonant circuits, is serious. To over-
come these difficulties Mr. Parker has
developed a form of modulation known
as “transmission-line modulation.” He
places the modulator at the end of a
14-wave transmission line connected at
the proper place, to the transmission line
connecting the antenna to the power
oscillator. This installation is capable
of 80% modulation up to 4 mc, and
with good plate efficiency.

In the paper entitled “Negative Ion
Components of the Cathode Ray,” C. H.
Bachman and C. W. Carnahan will dis-
cuss, in general terms, the presence and
detection of negative ions in the beam of
a high-vacuum cathode-ray tube. Mass
spectographic analysis has been applied
to separate the negative ion components.
Their probable sources and effect on the
screen will be discussed.

In “Space Charge Limitation on the
Focus of Electron Beams,” L. B. Head-
rick and B. J. Thompson will consider
the equations for the envelop of electron
beams having either rectangular or cir-
cular cross section. An idealized focus-
ing field will be assumed in that the
initial perpendicular or radial com-
ponent of electron velocity is assumed
to be proportional to the distance of the
electrons from the beam axis. The
electrostatic force of the electron space
charge is the only force considered to
oppose the formation of a line or point
focus on the beam axis at some distance
from the focusing field. The electron
density over any cross section of the
electron beam is considered to be con-
stant. The axial velocity of beam is
assumed to be homogeneous. For the
rectangular beam, two cases will be

14 © COMMUNICATIONS FOR OCTOBER 1937

considered: (1) the electron beam in a
field-free space, (2) the electron beam
accelerated by a uniform axial poten-
tial gradient. The circular beam is as-
sumed to be in a field-free space. The
relations between the variables beam
current density, voltage, initial angle
and the distance between focusing field
and the focal point will be shown by
curves. In cathode-ray tubes made at
present for television and oscillographic
purposes, the space-charge limitation on
the focus is not of great importance be-
cause other factors contribute largely to
the spot size. However, as improve-
ments are made in electron focusing sys-
tems, the space-charge limitation may
account for a large portion of the spot
size. Results show that for a circular
beam having a given current, voltage,
and initial angle, there is a resultant
minimum beam diameter at the focal
point which can not be reduced by
changing the radial component of the
focusing field. The value of the mini-
mum beam diameter is nowhere zero
and increases rapidly with distance be-
tween the focusing field and the focal
point. In contrast, for a rectangular
beam with one dimension infinite, the
minimum beam width depends upon the
perpendicular component of velocity
supplied by the focusing field. The beam
width may be zero up to a given dis-
tance from focusing field and beyond
this distance the minimum beam width
increases with distance from the focus-
ing field.

Also of interest will be the paper pre-
sented by J. B. Sherman, describing a
method of automatically obtaining fre-
quency-response characteristics of audio
apparatus on the screen of a long per-
sistence cathode-ray tube, without me-
chanical equipment,

D. B. Sinclair’s paper, entitled “Par-
allel Resonance Methods for Measure-
ment of High Impedances at High Fre-
quencies,” may be summarized as fol-
lows: The use of the ordinary series-
resonance methods enables one to meas-
ure the effective resistance of a series
tuned circuit. The use of parallel-
resonance methods enables one to meas-
ure the effective conductance of a par-
allel tuned circuit with equal ease. The
duality existing between series and par-
allel tuned circuits is pointed out and
measuring methods described which are
the duals of the usual reactance-varia-
tion and resistance-variation methods.
By analogy these parallel-resonance
methods have been named the “sus-
ceptance-variation” and “conductance
variation” methods. Errors caused by
strong coupling to the high-frequency
source and by residual parameters in-
herent in the standard condenser and
circuit wiring are discussed for both
series and parallel-resonance systems.
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A comparison of the ranges, precision
and accuracy of the two categories is
given. Experimental results are pre-
sented for the susceptance-variation
method at broadcast frequencies. It is
shown that accuracies within 0.25% are
obtainable when care is taken with the
experimental procedure.
MONDAY, NOYEMBER 8

9:00 A.M.—Registration.

10:00 A.M.—Technical Session.

Parallel Resonance Methods for Meas-
urement of High Impedances at High
Frequencies, by D. B. SINCLAIR, General
Radio Company.

Report of RMA Television Transmis-
ston Frequencies and Standards, by A. F.
Murray, Philco Radio & Television
Corp.

Vibrational Tube Analysis, by A. B.
OxLey, RCA Victor Company, Limited.

12:30 P.M.—Group Luncheon.
2:00 P.M.—Technical Session.

The Problem of Synchronization in
Cathode-Ray Television, by F. J.
BincLeEy, Philco Radio & Television
Corp.

New High-Efficiency Modulation Sys-
tem, by R. B. Domg, General Electric
Company.

4:00 P.M.—Inspection of Exhibits.
RMA Committee Meetings.

0 P.M.—Group Dinner.

5 P.

6:
7: M.—Technical Session.

Specification of Screen Color of
Cathode-Ray Tubes, by G. A. FINK and
R. M. Bowig, Hygrade Sylvania Cor-
poration.

Figure of Merit for Television Per-
formance, by A. V. Beprorp, RCA Mfg.
Co., Victor Division.

TUESDAY, NOVEMBER 9
9:00 A.M.—Registration.
Exhibits Open.
9:30 A.M.—Technical Session.

Direct-Viewing Type Cathode-Ray
Tube for Large Television Images, by 1.
G. Mavrorr, RCA Mig. Co., Victor Di-
vision.

Stabilization of Oscillators, by C. E.
GraNgQvisT, Stockholm, Sweden.

A Unique Method of Modulation for
High-Fidelity Television Transmitters,
By WiLLiam N. PArker, Philco Radio
& Television Corp.

12:30 P.M.—Group Luncheon.
2:00 P.M.—Technical Session.

New Projects of the RMA Engineer-
ing Division by L. C. F. HorLe, RMA
Engineering Division.

Measurement of Characteristics  of
Automobile Antennas, by H. LymaN,
Philco Radio & Television Corp.

Discussion by H. C. Forses, Colonial
Radio Corp.,, and D. E. Fostry, RCA
License Laboratory.

2:00 P.M.—Physicists' Session.

Space-Charge Limitation on the Focus
of Electron Beams, by B. T. THOMPSON

and L. B. Heabrick, RCA Mig. Co,
Radiotron Division.

Negative Ion Components of the
Cathode Rav. by C. H. BACHMAN and
C. W. CarnaHAN, Hygrade Sylvania
Corporation,

4:00 P.M.—lInspection of Exhibits.
RMA Committee Meetings.
6:30 P.M.—Stag Banquet.

WEDNESDAY, NOVEMBER 10

9:00 A.M.—Exhibits Open,
9:30 A.M.—Technical Session.

The Monoscope, by C. E. BURNETT,
RCA Mfg. Co., Radiotron Division.

Further Data on Inverse-Feedback
Amplifiers, by C. B. Fisuer, Northern
Electric Company.

Teledynamic  Control by Selective
Ionization and the Application to Radio
Receivers, by S. W, SeeLey, H. B. DEAL,
and C. W. KimBarL, RCA License
Laboratory.

12:30 P.M.—Group Luncheon.
2:00 P.M.—Technical Session.

Stability of Wide-Band Amplifiers, by
E. H. B. BARTELINK, General Electric
Company.

An Audio Curve Tracer, by J. B.
SueErMAN, RCA Mfg. Co., Radiotron
Division.

4:00 P.M.—Exhibits Close.
RMA Committee Meetings.

THE VOLTAGE GAIN CUIDE*

THE VOLTAGE GAIN GUIDE is a tabulation
of gain values based upon performance
of available voltage amplifier tubes and
the corresponding operating conditions
with which these gain values may be
secured. It serves as a companion chart
to the power guide® for use in the selec-
tion of possible tube complements in the
design of audio amplifiers.

The gain guide is arranged according
to the magnitude of the specified gain.
FEach value of gain is accompanied by
the tube types, operating conditions and
circuit constants by which it may be
obtained. Where more than one type
of tube is listed as giving the same gain
they are arranged in the order of the
maximum output voltage obtainable.
Any tubes which are electrically equi-
valent to those listed may be considered
as having the same gain characteristics
under identical conditions.

*Material prepared by Engineering Depart-
ment, Hygrade Sylvania Corporation.

1 “Power Guide Chart,”

Radio Engineering,
August, 1937, p. 19

(See page 16)

The maximum signal voltage is ex-
pressed in peak volts and not as rms
values. An increase in distortion may
be expected if these values are exceeded.
The signal voltage differs from the bias
value because allowance should be made
for the effect of contact potential; in
some cases the curvature of the dynamic
characteristic curves limits the permis-
sible grid-voltage swing. The maximum
output voltage is the rms value of the
a-c component of the plate voltage when
the peak signal is applied.

For plate supply voltages other than
those specified in the table, the output
voltage and peak signal may be con-
sidered as varying in the same ratio as
that of the new plate-supply voltage to
the voltage listed. This applies only for
self-biased operation with the same cir-
cuit constants, and for plate-supply volt-
age changes of not more than fifty per-
cent.

The stage gain for plate resistors
other than those given may be obtained
approximately by use of the following
equation:

R: (Ro + Ri)
VG=VG —m8 —
R: (Rp + Ri)
Where: VG:= Voltage gain with new
plate load resistor
VG:= Voltage gain given in
chart
: = New plate load resistor
R1 = Plate load resistor given
in chart
Rp = Plate resistance of tube
as given by tube man-
ual or characteristic
chart

The optimum bias, peak signal, out-
put voltage, bias resistor and plate cur-
rent as shown in the gain guide do not
apply to the new condition if a change
in plate load resistor is made to obtain
a different gain.

The grid load resistor of the follow-
ing tube should not exceed the recom-
mended maximum value for that tube.
Neither should it be less than twice the
value of plate load resistor listed in this
gain chart if serious distortion is to be
avoided.
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VOLTAGE CAIN GUIDE

(See page 15)

GAIN | VOLTAGE | MAX. TUBE PLATE PLATE |SCREEN SELF GRID PLATE PEAK
DB GALN OUTPUT | TYPE LOAO SUPPLY| GRIO BIAS BIAS | CURRENT | SIGNAL
VOLTS RESISTOR | VOLTS |VOLTS RESISTOR | VOLTS MA, VOoLTS

RMS OHMS OHMS APPROXe
6 5 1 H4G 50,000 45 1e5 0.3 le2
16 é 10 3% 50,000 100 2,700 3.0 Lol 2.4
7 8 1H4G 50,000 6745 2.0 05 le?
7 17 1H4G 50,000 1co 38 0.8 345
Vi 36 37 50,000 250 2,800 8e0 249 7e2
7 28 1H4G 50,000 180 50 le8 402
9 24 6u6* 50,000 250 1,800 465 25 3.7
20 10 6 76 50,000 675 2,500 led 0.6 0.9
1o 13 76 50,000 100 2,300 2.5 lol te9
t 13 6rR7G 50,000 1co 2,100 243 lel 17
1 44 6R7G 50,000 250 2,700 6¢5 2.4 57
22 1l 44 76 50,000 250 2,500 6e5 2,6 Se7
13 4 6c56 50,000 45 2,700 le0 0o 4 Oed
13 9 6C56 50,000 6745 4,100 1e6 0.4 1¢0
13 16 6cse 50,000 100 2,500 2.3 0e9 le7
13 16 6u56G 30,000 100 1,500 243 1e5 1.7
13 16 1H6G 200,000 135 2.3 0.2 le7
13 43 6C56G 50,000 250 2,300 5¢5 2.4 4.7
14 2 6J456 30,000 45 1,100 0.8 047 0.2
15 6 6456 30,000 6745 1,200 1e2 1.0 Oeb
26 15 50 645G 50,000 250 2,300 55 2,4 407
21 9 105GP 100,000 6745 22.5 0.8 0.3 066
21 13 6N76 100,000 100 14900 1e5 Oe4 0e9
24 17 ID5GP 100,000 1oo 45 3.0 0.6 1e0
25 35 6N76GO 100,000 250 1,200 248 1e2 2,0
27 10 1E56 100,000 100 | 2245 0.8 0e3 065
27 38 6N760 250,000 250 2,300 2.8 0eb 2.0
27 48 |los6P 250,000 180 45 3¢5 0.4 2.5
28 6 1ESG 100,000 67¢5 2245 0.5 003 0e3
30 31 13 IF76 100,000 180 45 led 0¢7 0.6
34 12 6K5G 100,000 100 3,000 lol Oe4d 065
35 10 6q76 100,000 100 2,800 1e¢0 0e4 0.4
38 27 1 D5GP 100,000 180 45 2,0 1.0 le0
39 14 6K 5G 250,000 100 55200 lel Qo2 0e5
32 40 1t 6Q76 250,000 100 5,000 1e0 0o 2 Oe4
40 17 1E56 250,000 180 45 2,0 0.7 0e6
42 18 1E5G 100,000 180 45 1e5 1.0 0.6
42 24 é6Qye 100,000 250 1,500 leb L0 0.8
43 9 6F5¢C 100,000 100 2,900 0.9 0.3 0e3
33 45 19 IF76 250,000 180 45 2.0 0.5 066
45 26 6Ks5G 1 00,000 '250 1,500 leb Lol 0.8
46 26 6Q76 250,000 250 2,900 teb 0.6 0e8
48 27 6K 5G 250,000 250 2,800 teb 0.6 0.8
52 22 6F56G 100,000 250 1,700 led Oe8 0.6
53 't 6F5G 250,000 100 54000 0e9 0.2 0e3
36 63 27 6F56G 250,000 250 3,000 1ed 0.5 06
85 42 6976 100,000 250 50 1,100 te3 1e2 0.7
42 125 44 6v7¢ 250,000 250 50 2,400 (Y4 0.7 0e5

* TRIODE CONNECT!ON
O ALL DATA EXCEPT FOR SELF BIAS RESISTOR IS FOR EACH SECTION SEPARATELY.
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DISC RECORDING

FIELD RESPONSE OF A LABORATORY MODEL OF

THE NON - DIRECTIONAL MICROPHONE FOR SEVERAL ANGLES OF SOUND INCIDENCE

Equipment and lts Quality Requirements

By T. L. DOWEY

THE MICROPHONE and amplifier equipment used in
transcription recording is closely akin to that used in
other high-grade rccording work. One of the more
recent types of microphone is the Western Electric 630,
a dynamic transmitter which is housed in a small spheri-
cal casing to overcome diffraction effects and is provided
with an acoustic screen in front of the diaphragm to
render it non-directional. Fig 1, taken from the article
cited, shows its frequency response characteristics with
sound coming from various angles of incidence.
Preliminary amplifiers raise the signal coming from
the microphone to about zero level at the bridging bus.
In one typical transcription recording installation at the
present time, this bus may also receive input from wire
lines, from disc reproducing machines in the process of
re-recording or dubbing, and from a radio receiving set
when it is desired to make a record of a program as it
is broadcast. Switching facilities are provided, per-
mitting any desired interconnection of studios, amplifier
channels, and recorders. A monitoring loudspeaker is
provided above each recording machine, with a switch
by means of which it may be connected to the studio
channel on which the record is being made. I<ach studio
monitoring room also has a monitoring svstem with
high- and low-frequency speakers in a baffle. The vari-
ous monitors are operated through amplifiers from the
bridging bus of each channel. There is also an announc-
ing system which provides communication between cach
monitoring room and the stage and recording room.

THE RECORDING MACHINE

The recording machine®* (Fig. 2) must, of course, be
designed primarily with a view to rotating the record
at an extremely constant speed. The requirements in
this connection are determined for low-frequency
changes by the smallest change in pitch the car will
notice when cyclic pitch variation is continuous. It is,

1A complete description of this microphone is given in the article “A
Non-directional Microphone.” by Marshall and Romanow, Bell System
Technical Journal, July, 1936.

2“Machine for Cutting Master Disc Records,” by L. A. Elncr and
D. G. Blattner—Trans. Soc. Motion Picture Eng., May, 1929,

furthermore, an overall requirement, for it applies
to differences between the original and reproduced
sound ; since both a recording and a reproducing machine
intervene between the sounds, variations in the speeds
of the two machines arc likely to be additive in their
effects upon sound pitch, and the sum of the permissible
variations must, therefore, not exceed the total per-
missible variation for the system as a whole. Since the
stricter the requirements for constancy of speed the
more expensive the machine becomes, and there are com-
paratively few recorders as compared with the number
of reproducers, it is evidently economical to place the
severest requircments on the recording machine and to
be more lenient with the reproducing equipment. An
economical division of the total error between the two
machines is probably in the ratio of about 1 to 4. The
demand for constancy thus placed upon the recording
machine is far higher than can be met by gears and
bearings of even the most careful construction, and can
be filled only by special means.

Even were it possible to connect the motor directly
to the turntable, casual variations in the speed would
arise, from varying frictional loads on the turntable and
bearings. However, direct connection is unsatisfactory,
because the turntable must operate at a lower speed than
the motor, and reducing gears must, therefore, intervene.
In the actual apparatus the motor drives (through a
horizontal coupling) a worm engaging a worm wheel
which drives (through a vertical coupling) the shaft
to which the turntable is attached.

It is cyclic speed-change that must be guarded against
in this mechanism; all such changes with frequencies
from about one-half cycle per second up to the higher
limit of audibility are to be avoided. Speed changes at
audible frequencies introduce extraneous sounds into
the records, and speed changes at frequencies below the
audible range produce changes in pitch. There are in
general two points of origin for these variations: the
turntable and its bearings, and the gears. Speed-
changing variations in the load on the turntable and
bearings are most likely to have the frequency of the
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rotation of the turntable (a little more than one-half
cycle per second). From the gears three sorts of varia-
tion arise—those accountable to inaccuracies in the spac-
ing of the teeth, to errors in the shape of the teeth, and
to the successive shifts of load from tooth to tooth.

The fact that a continuous, slightly varying motion of
this sort is mechanically analogous to a slightly varying
electric current, indicates of course that the solution of
the problem lies in the application of electrical filter
principles to the mechanical analogies which may be
found in the recording machine in the form of masses,
springs, and dissipative mediums, such as oil.

A mechanical filter designed by the Bell Laboratories
in accordance with these principles is incorporated in
the Western Electric Company’s commercial disc-record-
ing apparatus. It uses coil-springs as its capacitances,
viscous oil for its resistances, and the masses of its mov-
ing part as its inductances. The great width of the fre-
quency band to be attenuated, and the number of sources
of variation, considerably complicate the problem of de-
termining what values of stiffness, weight, and dissipat-
ing ability should be used. For example, variations
due to gear inaccuracies are most readily absorbed by
very flexible springs, whereas disturbances due to varying
loads are best prevented from affecting turntable speed
by the use of stiff springs. The filter finally designed em-
bodies a compromise between these conflicting demands.
Its general construction is such that the worm-driven
gear drives the turntable shaft through the linearly flex-
ible springs, and relative motion of the gear and shaft
is damped by the oil.

Irregularities in the shape and spacing of the gear
teeth are averaged out by a multiple layer construction of
the gear and by having these gear elements drive the
turntable through a coupling linkage.

Because the deflections with which this apparatus is
expected to operate are very small, it is essential that
no motion be lost by “backlash” in pivots. Ior this
reason, and to minimize pivotal friction, flat reed-springs
are used for all joints.

Of the velocity variations from the two major sources
of error—that is, from varying load at one cycle per

Fig. 2. The recording machine described in the accompanying
text.
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revolution and from varying gear-tooth spacing, at 4
cycles per revolution—the former has been reduced
to 0.04% and the latter to a point below the limit of
measurement.

It does not seem necessary to dwell at length on the
other features and accessories of the recording machine,
as they have been more or less standard items for many
years. They include the carriage on which the recorder
is mounted and which is moved across the record by
means of a lead screw ; gear shifts for varying the groove
spacing and determining whether the cut is to be out-
wards or inwards across the wax; coarse feed cams
for moving the carriage faster than normal when cutting
the starting spiral; wax suction apparatus; and an air
gun supplied with filtered air or nitrogen for pressure
cleaning the wax, just before recording, to remove dust
and foreign matter from the surface.

ADVANTAGES OF VERTICAL RECORDING

While vertical movement of the recording stylus was
employed 60 vears ago by Edison, its modern applica-
tion has taken place in the past decade.? Among the
advantages accruing from the adoption of the vertical
principle are the following:

(1) In extending the frequency range in recording
and reproducing, one desideratum is the reduction of
the mass of the vibratory system of the reproducer ; that
is, its mechanical impedance. As a matter of practical
design, this was found easier with the vertical type.

(2) Reduction of the mechanical impedance of the
reproducer is also desirable as a means of increasing rec-
ord life. This strengthens the considerations mentioned
in the previous paragraph.

(3) It has been found that the reproducing stylus
point follows a vertically modulated groove better than
a lateral one, resulting in superior high-frequency re-
production in the former case.

(4) Vertical modulation makes it possible to use much
closer groove spacings, and hence to greatly increase
record playing time.

(5) It was realized that if a consistent all-round im-
provement was to be made in disc recording, the ma-
terials and processing must also be studied. Amongst
other innovations which will be described later, this lead
to the adoption of non-abrasive records. This, in turn
calls for a permanently shaped stylus point, which it was
found could be provided with less difficulty in the case
of vertical modulation.

RECORDERS AND SYSTEM CHARACTERISTICS

While the recorders themselves may be of a type de-
signed for vertical recording only, highly satisfactory re-
sults have been obtained by the use of recorders in which
a simple mechanical linkage is used to convert the mo-
tion of the stylus point from lateral to vertical.

No fundamentally new problem is involved in adapt-
g a lateral recorder for vertical modulation, since with
either system the desirable characteristics are about the
same, One type of vertical recorder now used approxi-
mates constant amplitude characteristics for the lower
frequency range from 50 to 300 cycles and constant
velocity for the higher range from 300 cycles to the
upper cut-off, which is about 9,000 cycles. (In the pres-
ent instance “cut-off” it taken to be the point at which
the response has fallen by 5 db.) In terms of relative

$“Vertical Sound Records” by H. A. Frederick, Journal of the Society
of Motion Picture Emngineers, February, 1932; ‘“Vertically Cut Sound
Records,” by H. A. Frederick and H. C. Harrison, Transactions of the
A. I. E. E., December, 1932.
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velocity of the stylus the recorders may be said to droop
6 db per octave below 300 cycles (Fig. 3). This arrange-
ment has the advantage of allowing a higher signal-to-
noise ratio than would be possible if the response were
constant-velocity at all frequencies. It also reduces the
danger of cutover at low frequencies of high amplitude.
At the same time, uniform response at all frequencies
requires that the reproducer (or some part of the re-
producing circuit) have a corresponding increase of 6
db per octave below 300 cycles. As the vertical cut
reproducer has a very uniform response, it is necessary
to provide the low-frequency compensation by means
of an electrical equalizer.

It is customary to apply relatively high levels at high
frequencies in making vertical-cut records, and to in-
clude a corresponding reduction in the reproducing equip-
ment. The result is a flat overall response with a con-
siderable reduction in noise. This is made possible by
favorable average amplitude-frequency distribution of
speech or music and of surface noise, since most surface-
noise energy is at the higher frequencies, whereas peak
amplitudes of speech and music decrease above about 500
cycles. A relative increase in the recorded amplitude of
the high frequencies, therefore, does not necessitate ap-
preciably reducing the maximum recording level, and a
greater signal level can be effectively recorded.

Since the pre-equalizer for obtaining this high-fre-
quency boost in recorded level causes a loss of 18 db
at frequencies up to 2,000 cycles, it is most economical
from a signal power standpoint to insert it at a point
of low level in the system. But since the monitoring cir-
cuit branches off after this point, it is necessary to add
a post-equalizer in this latter branch in order that the
monitoring be representative of normal reproduction.
However, in re-recording from one vertical-cut disc to
another, it is not necessary to apply post-equalization to
the disc reproducer and then pre-equalize again for the
recorder. Since these two elements are exactly con-
jugate, the two together have no effect and may be elim-
inated.

The recorder is calibrated to work from a 500-ohm
resistance circuit and will not give the rated response
when operated from any other source. On account of the
relatively high inductance of the speech coils of the
recorder, its impedance varies considerably with fre-
quency. Consequently, a disc recorder should not be
bridged across any other circuit unless the recorder
is preceded by an amplifier, since otherwise its variable
impedance would affect the frequency response of the
other circuit. While it is possible to alter the frequency
response of a recorder by operating it from an impedance
other than 500 ohms resistance, this method of control
is not recommended.

Although the single-frequency overload (at 300 cycles)
of a Western Electric disc recorder is about 21 db above
0.006 watt input to the recorder, the maximum safe level
for speech or music is about + 8 to + 10 db for a lateral
recorder and 4+ 10 to -+ 12 db for a vertical recorder.
These figures also depend on depth of cut and groove
spacing as well as the type of sound being recorded.
Heavy bass passages, such as drums, may limit the
maximum level appreciably, while sound lacking in low
frequencies may be recorded at a comparatively high
level. Similarly, sound from a “live” room gives greater
loudness for a particular maximum level on the record
than sound from a “dead” room. From the standpoint
of relative signal-to-noise level, each record should be
made with as high a level as possible. However, since
it is usually desirable to play all records at the same
reproducer gain setting, it is best to record only the loud-

RESPONSE vs. FREQUENCY CHARACTERISTIC
OF A VERTICAL TYPE RECORDER
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The frequency-response characteristic of a vertical recorder.

est records at maximum level and the others propor-
tionately lower.

For constant amplitude modulation of the sound track
groove, the minimum radius of curvature of the groove
decreases inversely as the square of the frequency. At
very high levels and frequencies, particularly with
vertical-cut recording in which pre-equalization is used,
it may become comparable with the stylus radius. If so,
an appreciable distortion is produced due to inability of
the stylus to track properly.

THE MOTOR SYSTEM

No matter how carefully the recording machine may
be constructed to avoid contributing velocity variations
on its own account, as already described, it is also neces-
sary to insure that it be driven at a highly constant speed
if undesirable effects are to be avoided in the record. In
order to properly take care of this requirement, the speed
regulation or change in speed of the motor-driving system
for normal line voltage and load variation must be held
within very close limits, and the absolute speed must
also be held within %4 of 1%, since at the end of a record-
ing it is necessary to switch from one reproducer to
another with minimum change in the pitch of sound re-
production. A sudden change in pitch greater than this
amount may be clearly noticeable.

The necessity for speed constancy in connection with
recording exists both in regard to the speed during the
individual “takes” and also in regard to the absolute
speed maintained for the different “takes” with any com-
bination of recording machines used within the capacity
of the motor system. In the motor interlock system
rapid speed variations due to momentary fluctuations in
mechanical load, etc., during “takes” are handled auto-
matically in a satisfactory manner by a control cabinet
associated with the distributor drive motor and by damp-
ing elements associated with the individual recording ma-
chines, as already described.

The synchronized motor system makes it possible to
start, stop and run the recording equipment in exact
synchronism, and, when running, to keep all the ap-
paratus at the exact speed necessary for correct record-
ing of sound.* Each piece of apparatus driven from the
synchronized motor system is provided with a separate
motor. These are controlled by the motor-driven dis-
tributor described below. These motors, which differ
only in size and auxiliary details, are especially designed
to provide a sufficient starting torque and to insure exact
synchronism during starting and running. Each motor
has a phase-wound rotor and a phase-wound stator. The

(Continued on page 58)

4Further details may be found in the paper “Synchronization and Speed
Control of Synchronized Sound Pictures” by H. M. Stoller—Transactions
of the S. M. P. E., September, 1928; Bell System Technical Journal,
January, 1929,
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MODERN TRENDS IN

ABOVE: Loudspeaker con-

cealed in modern fireplace.

Speaker is mounted on 17

Celotex and suspended at 45°
by springs.

LEFT: An early American
cabinet. See illustration at
bottom of page.

BOTTOM: Open view of same

unit as shown at left. Note

receiver in desk compartment

and loudspeaker housed be-
hind French doors.

ABOVE: An extremely modern cabinet of early
trend. The doors at left permit access to receiver,
those at right conceal loudspeaker.

LEFT: Sketch of a modified modern cabinet with
French doors.
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CABINETRY

By LEWIS WINNER

ABOVE: Same unit as at top
closed. Note provision for
magazine racks.

BELOW: Illustrating the new Super Pr
console as interpreted by Hammarlund.

A

[ dtnnons.

ABOVE: End piece of early

American theme — gumwood

finished walnut color. Note

inclined panel for easy manip-
ulation,

BELOW: The author at a combina-

tion bar-radio. The sliding doors

are mounted in treated, rubber-
fitted grooves.

RIGHT: A closed view of the bar
shown below.
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AN ULTRA-SHORT-WAVE RADIO LINK'

THE INAUGURATION, by Sir Walter J.
Womersley, M. P., Assistant Postmas-
ter General, of the Belfast-Stranraer
9-channel ultra-short-wave radio-tele-
phone link on August 31st, 1937, marks
an outstanding achievement in commu-
nications.

Although the use of ultra-short waves
for commercial telephony is by no
means new, this is the first application
in Great Britain, of a system wherein
as many as nine telephone channels are
passed simultaneously over a single
radio link.

This system is the outcome of many
years of research by Standard Radio
engineers into the technique of ultra-
short-wave communication, coupled
with long and arduous field trials. It is
interesting to note, too, that the ultra-
short wave is by no means the limit of
wavelength for communication purposes
and that the researches of Standard
Radio engineers into micro-rays re-
sulted in the design and installation as
long ago as 1933 of the Lympne-St. In-
glevert micro-ray link! used by the Air
Ministry, which operates on a wave-
length of 17.4 cms over an optical dis-
tance of 21.7 miles (35 km).

Foremost among the virtues of the
ultra-short waves is the possibility of
transmitting wide bandwidths. The
width of the band that can be trans-
mitted increases as the wavelength is
shortened, and it is for this reason
mainly that high-definition television
stations all operate in this region, as
they require a total bandwidth of as
much as 6 megacycles.

The equipment is designed for unat-
tended operation and is capable of com-
plete remote control from the nearest
telephone exchange. In addition it is
provided with spare equipment, part of
which 1is brought automatically into
operation on the occurrence of any ab-
normal condition. Both transmitting
and receiving equipments derive their
whole power supply from the public
supply mains, the only battery used in
the equipment being that for the opera-
tion of the relay system. A Diesel elec-
tric power plant is arranged so that
in the event of failure of the public elec-
tricity supply, it will take over the load
automatically approximately one min-
ute after such failure and thus avoid
serious interruption of the service.

1“Anglo-French Micro-Ray Link,” by A. G.
Clavier_and L. C. Gallant, Radio Engineering,
p. 19, February, 1934.

A description of the Belfast-Stranraer

9-channel ultra-short-wave commercial

radio-telephone link which was inaugu-
rated August 31, 1937.

TRANSMITTER

In order to understand the operation
of the system, let it be assumed that the
input of Channel No. 1 is supplied with
sinusoidal tone of frequency f, kc per
second. This input modulates a channel-
frequency oscillator having a frequency
in the range 150 to 300 kc per second,
say, 155 ke, resulting in a carrier fre-
quency of 155 k¢ together with upper
and lower sidebands of (155 f,) and
(155—1,) kec. If Channel No. 2 be
supplied with a tone input of frequency
fe, this will modulate an oscillator hav-
ing a frequency of, say, 165 kc per sec-
ond, resulting in a carrier frequency of
165 ke per second and upper and lower
sidebands of (165 + f,) and (165 —1,)
ke. Similarly, Channel 3 may have a
carrier frequency of 180 kc per second,
and so on to the ninth channel of which
the carrier frequency might be 280 kc.

The bands of frequencies derived
from the 9 channels are now added to-
gether, producing in total a sin-
gle frequency band extending from
(155—1,) ke to (280 -+1f,) ke. This
total frequency band is now used to
modulate the output of the ultra-short-
wave transmitter having a carrier fre-
quency in the neighborhood of 76,000
ke and to produce by this means a lower
sideband extending from 76,000 —
(280 + 1) ke to 76,000 — (155 —f,)
ke, the carrier wave of 76,000 kc and
an upper sideband extending from 76,
0004 (155—£;) ke to 76,000+ (280-+1,)
ke. This is the band of frequencies
which is radiated by the aerial system.

The band of frequencies radiated by
the transmitting system, as described
above, is delivered by the distant re-
ceiving aerial system to a superhetero-
dyne type of receiver. The second de-
tector of this receiver produces from
the above input the original sideband
extending from (155—1f,) ke to
(280 + f) ke. This band of frequencies
is then applied to a bank of 9 selecting
circuits which operate as band-pass
filters. The currents of frequency

(155—1.), 155 and (155 + 1) ke, will

22 ® COMMUNICATIONS FOR OCTOBER 1937

oo rradialbictar
i T TS T OIT T T

be passed by the first filter to a detector
circuit which delivers the original fre-
quency of f; kc to the first channel.
Similarly, the frequencies (165—1;),
165 and (165 -+ f;) kc will be passed
by the second filter to a detecting cir-
cuit which delivers the original fre-
quency f; to the second channel. In this
manner the whole of the band of fre-
quencies delivered by the second detec-
tor of the superheterodyne receiver will
be split up, detected and delivered to the
appropriate channel.

The carrier frequency of the ultra-
short-wave transmitter is held constant
within very close limits by a crystal-
controlled master oscillator while the
beating oscillator of the superhetero-
dyne receiver is similarly crystal con-
trolled. By this means a high degree
of selectivity may be attained in the
receiver without any necessity of fre-
quent retuning.

The foregoing explanation covers the
transmission of 9 channels in one direc-
tion on a carrier wave of 76 mega-
cycles approximately. For the reverse
direction the circuits of the same 9
channels are transmitted on a carrier
wave of 83 megacycles, approximately.

In order to minimize interference be-
tween the transmitting and receiving
waves, the plane of polarization of the
waves emitted by the transmitting aerial
is at right angles to that of the waves
received by the receiving aerial. At one
terminal, therefore, the transmitter is
equipped with an aerial system designed
for vertical polarization, whereas the
receiver is fitted with an aerial designed
for horizontal polarization. At the other
terminal the receiving aerial is verti-
cally and the transmitting aerial hori-
zontally polarized.

RECEIVER

The receiver is a superheterodyne in
the output of the second detector of
which the 9 auxiliary carrier fre-
quencies of the distant transmitter are
present. Each auxiliary carrier, to-
gether with its sidebands, is separated
by means of filters, amplified and recti-
fied to reproduce the original speech
frequencies corresponding to the chan-
nel in question. After amplification
these frequencies are passed out to the
line at the required level.

It is easy to mix together 9 channels,
but to separate them again without no-

(Continued on page 58)
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PLATE RESISTANCE CONTROL

in Vacuum Tubes as Audio Cain Control Means

By ALFRED W. BARBER
Consulting Engineer

THE MoST flexible tool of the electronic arts, the
thermionic vacuum tube, is continually being applied to
new uses and to extensions of old uses. In recent
months there has been an increasing application of
vacuum tubes to audio volume-control circuits. Encour-
aged by more or less successful automatic volume-
expansion systems, tubes are being applied to other
automatic audio volume-control functions such as auto-
matic overload prevention, automatic volume contraction
and automatic audio volume control. It is, therefore,
felt to be timely to point out various methods in which
vacuum tubes may be used for these functions, the theory
of operation and some practical design limitations in
audio volume control by electronic means.

While most electronic volume-control systems depend
upon essentially one thing, that of vacuum-tube plate-
resistance control, they may be separated into two groups
depending upon whether or not the control tube passes
the controlled signal from grid to plate or merely acts as
an impedance element in a gain-determining network.
Assuming that the control grid of the control tube never
draws current from a signal-bearing circuit, a primary
consideration in design is the curvature of the dynamic
plate resistance over the signal voltage excursion in the
plate circuit. Two other important factors are range of
control and the law of gain control as a function of the
control voltage. The last two factors, namely, range of
control and law of control may be easily determined
from readily available curves of mutual conductance and
plate resistance of various commercial vacuum tubes.
On the other hand the very practical question of dis-
tortion may not be as easily ascertained. The data taken
in my laboratory and herein presented may serve to

Illustrating the effect of twenty percent second-harmonic
distortion.
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point out, at least in part, what the distortion limits are
in some of the various possible control systems.

Vacuum tubes used as voltage amplifiers are ordinarily
operated at a quiescent point mid-way of the linear part
of their dynamic plate-current characteristic, especially
when maximum undistorted voltage output is required.
This mode of operation may be readily determined from
a family of plate-current vs. plate-voltage curves taken
at various grid-bias voltages and corresponds to the
normal mode of operation of amplifier tubes.

Tubes used as plate-circuit rectifiers, on the other
hand, may be operated at a point which gives a maxi-
mum of second order effect. This calls for a quiescent
point such that a large signal passes, more or less com-
pletely, through the lower bend of the dynamic plate-
current characteristic.

In electronic audio volume-control systems, however,
the quiescent point and hence the path of operation is
moved over a considerable portion of the tube’s plate
characteristic and it is at once evident that there are
amplitude limitations in such systems if distortionless
operation is to be obtained. Actually the distortion will
vary considerably with gain but by proper design and
operation it may at all times be kept within acceptable
limits. The most important restriction is amplitude of
operation which will readily be appreciated since the
greatest curvature in the path of operation will seem
straight if the amplitude of operation used is small
enough. The question is, of course, how small is small
enough?

Pentodes of low power capacity, such as those used as
radio-frequency voltage amplifiers or detectors, are
usually selected for volume-control circuits. In general

Second-harmonic distortion and control-grid bias plotted
against attenuation.
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the output is resistance coupled to the next tube and the
maximum gain condition is selected to conform to the
normal operating conditions of the tube. At this maxi-
mum gain point the load resistance may be chosen to
minimize second-harmonic distortion by causing the
path of operation to bend equally at upper and lower
extremes in the same way as for power-output pentodes.
The practical advantage of doing this is doubted since
even in the case of an expansion circuit where the largest
signal produces maximum gain it is impractical to
operate too near maximum possible gain and the dis-
tortion is not reduced for conditions of less than maxi-
mum gain. Also, due to the very high plate resistance
of this type of tube, it is impractical to attempt to secure
much straightening of the dynamic characteristic by
using very large plate load resistances. Thus it is felt
to be more important to determine tolerable signal
amplitudes without regard to the plate load. In the
systems to be set forth a load resistance of 50,000 ohms
was used.

The effect of operating over a curved portion of the
tube characteristic at greater than normal grid bias is to
flatten the upper portion of the waveform corresponding
to positively increasing plate voltage or decreasing plate
current. Analytically this produces a predominant sec-

bias change. This method has the advantage that con-
siderably higher voltages may be controlled at a given
point in the system for a given distortion than can be
applied to the grid of a tube used as a gain-control
amplifier. One serious disadvantage of this method is
that the minimum attenuation is in general high.

A modified form of the plate resistance attenuator
gives a wider control and less minimum attenuation and
at the same time maintains a large signal handling
capacity. If the alternating plate voltage is fed back to
the control grid as shown in Fig. 2 the dynamic plate
resistance as seen from the plate becomes rp/p = 1/Gn
or in other words 1/p times the normal dynamic plate
resistance. Thus a tube varied from a mutual conduc-
tance of 2,000 to 2 micromhos may be used as a resist-
ance varying from 500 to 500,000 ohms. Effectively the
upper limit of resistance will be determined by the plate
load in parallel with this dynamic plate resistance.

A circuit for feeding

alternating plate volt-

age back to the control

grid.
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ond-harmonic distortion term. As an illustration, Fig. 1
shows at “a” a pure sine wave, at “b” a 20 percent
second harmonic and at “c” the resultant wave obtained
by adding the fundamental and second-harmonic waves.
This resultant waveform will undoubtedly be familiar
to those in the habit of observing waveforms by means
of a cathode-ray tube.

The most commonly used audio volume-control
method consists in varying the plate resistance of a tube
used as an amplifier by varying the control-grid bias.
In multi-grid special-purpose tubes the bias of a grid
other than the normal control grid is often varied for
gain-control purposes. The choice of the tube and the
grid which is to be controlled will be determined by the
signal amplitude on the control grid, the available con-
trol voltage and the law of gain variation with bias
which is desired.

Another method of control is to use the plate resist-
ance of a vacuum tube as an element in an attenuator
and to control the plate resistance by means of a grid-

24 ® COMMUNICATIONS FOR OCTOBER 1937

Actual variations of 500 to 50,000 ohms or 40 db may
easily be obtained with a variety of tubes. In the at-
tenuator circuit, as shown in Fig. 2, if the input is placed
across resistance R in series with the plate load resistance
Ry, in parallel with the dynamic plate resistance 1/Gg
and the output is taken off across Ry in parallel with
1/Gn the attenuation between input and output is
Ri/GuRRy + R + Ryp. From a distortion standpoint
one advantage of this form of tube attenuator is that the
signal is reduced in proportion to the attenuation before
it reaches the tube.

In Fig. 3 is shown the experimental set-up used to
make distortion measurements on the various volume-
control systems described. The output of a beat
oscillator is filtered to remove harmonics and is fed to a
calibrated input attenuator. The known output of the
attenuator forms the signal which is to be controlled by
one of the methods discussed above. The output
harmonics produced by the control system are mea-
sured by means of the harmonic analyzer and the results
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plotted. The second harmonic only is shown since it voltages from 0.3 to 1.0 volt is shown with full lines.
predominated in all of the systems measured. The con- The maximum distortion with this tube was produced
trol bias is shown with the results which are shown at maximum gain with a secondary maximum at a bias
against attenuation or gain less than maximum so that of 15 volts or 20 db below maximum gain. If 1 percent
the law of gain variation with bias may be seen. distortion is not to be exceeded the maximum signal

Fig. 4 shows curves of second-harmonic distortion voltage should never go above 0.5 volt with this tube
and control-grid bias plotted against attenuation or gain and mode of operation.
less than maximum for two types of tubes gain-con- The second method of attenuation, that of using a
trolled by grid-bias variation. The tube circuit is shown tube as a resistance equal to 1/Gy, was investigated and
along with the results. The solid curve “A” is second- the results are shown in Fig. 6. The solid curves are
harmonic distortion produced by a sharp cut-off pentode  second-harmonic distortion and the dotted curves are
(type 77). The input was 0.2 volt and the bias re- the control bias used. Curves “A” were taken using the
quired to produce the attenuations shown is given by the circuit shown in Fig. 6-A where the plate resistance of
dotted “A” curve. The solid curves “B” are second- a sharp cut-off tube was used as the plate load of an
harmonic distortion for a remote cut-off tube (type 78) amplifier tube. The alternating-current plate voltage
with signal voltages on the control grid of 0.1 to 0.5 was fed back to the control grid of the control tube as
volt. At “B” is shown the hias on the control grid described in connection with Fig. 2. Curve “B” shows
required to produce the attenuations shown. Qualita-  the results of using a remote cut-off tube as the amplifier
plate load. Both curves were taken with 0.1 volt on the
control grid of the amplifier tube and it will be seen that
Piate and Output the remote cut-off tube operates without exceeding 1
voitoge [ Voltmeter percent distortion.

Where large input voltages are to be encountered the
circuit shown in I'ig. 6-C has a great advantage over

Beat MM, Funda- | o Harmonic

oscitiotor |, el - | Analyzer | the other circuits shown. Several volts can be handled
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tively these results will fit sharp and remote cut-off by this circuit which is especially useful in cases where
tubes having characteristics similar to the tubes actually the signal is derived from crystal pickups or diode
used. Only a single curve is shown for the sharp cut- detectors. The circuit is an attenuator essentially as
off tube since it is evident that its distortion will be shown in Fig. 2 placed ahead of the amplifier tube. Dis-
excessive except for very small signal voltages. The tortion measurcments were made with 2 volts input to
curves for the remote cut-off tube are characteristic in  the system and the results are shown in the “C” curves
showing a maximum distortion at a gain somewhat less of Fig. 6. At no point does the distortion rise above
than maximum, in this particular case at minus 9 db. 0.2 percent. With resistors R, and Rs equal, the initial
The bias for this maximum distortion point was about insertion loss of the attenuator is 6 db.
8.5 volts. Ifor acceptable operation this maximum dis- Two general methods of obtaining gain control by
tortion point must be kept within certain limits. If 1 means of thermionic vacuum tubes have been described
percent distortion is taken as the maximum to be tol- both of which depend on the control of the dynamic
erated, the remote cut-off tube will operate satisfactorily plate resistance of a tube. The first method employs
as a volume-control tube if the signal voltage on the the tube to relay the signal. In order to keep the dis-
contro! grid is at all times kept below 0.15 volt. tortion low in this type of circuit the applied signal must
Fig. 5 shows the circuit and results obtained with a  be limited to something of the order of 0.1 to 0.5 volt
type 6L7 tube used as a gain-control amplifier with the for 1 percent maximum distortion, depending on the
signal applied to the first grid and the control bias type of tube used. The second method employs the tube
applied to the third grid. The bias is shown dotted and as a controlled resistance equal to the reciprocal of the
the second-harmonic distortion produced with signal mutual conductance of the tube.
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Design . . NoTES AND

MAGNETO MAGNET SELECTS
PNEUMATIC TUBE CARRIERS

PNEUMATIC TUBES, such as are used in
departnient stores for transporting cash,
are also utilized for speeding telegrams
under busy city streets between tele-
graph central offices and the branch
offices where messages are filed.

Frequently two or more branch offi-
ces are connected to a single pneumatic
tube line, as shown in Fig. 1. For such
cases, Western Union engineers have
devised an ingenious selecting mechan-
ism for automatically separating the
various message transporting carriers
sent through the line and discharging
them at the proper office.

The carriers destined to branch “X”
are constructed of non-magnetic ma-
terial while those for branch “Y” are
of the same construction except that a
¥-inch wide band of steel is attached
to the body of the carrier.

Fig. 2 shows a simplified schematic
diagram of the selector mechanism.

Just ahead of the terminal at branch
“X” a “pickup” or detecting device
“A” is mounted astraddle a non-mag-
netic section of the pneumatic tube.
This pickup consists of an automobile
magneto magnet around which is wound
a coil of very fine wire.

When a non-magnetic carrier passes
through the pickup, no effect is pro-

Fig. 2. A schematic diagram of the
selector mechanism for the pneumatic
tube carriers.

StaenT

Pickyup

SercTing
o

Svaser

SRRV
XA_:A;AIN o-::‘_-“' BaancH Y
Fig. 1. Showing how branch offices may be connected to a pneumatic tube line.

duced and the carrier is deflected by
the tongue of the selective switch “B”
and discharged at branch “X.” How-
ever, when a magnetic carrier passes
through the pickup a positive voltage
is induced in the pickup coil and ap-
plied to the grid of the grid-controlled
mercury-vapor rectifier tube “C.”

The grid is normally maintained at
a negative bias by the resistance “R,”
thereby preventing current flow through
the plate circuit of the tube. When the
positive pulse from the pickup is ap-
plied it over-rides the negative bias and
the tube flashes over, passes current and
causes the tongue of the selective switch
to be thrown by the solenoid “D.” The
carrier then passes through to station
“Y.” The re-setting contact “E,”
mounted in the tube just below the se-
lective switch opens the plate circuit
momentarily, as the carrier passes, thus
extinguishing the tube and making the
apparatus ready for another selection.

By varying the width of the steel
band on the carrier and the negative
bias on the tube, selections for several
more stations on one line can be made.

OSCILLOGRAPH AMPLIFIER
DESIGN

PRESENT demands for sweep circuit
simplicity in cathode-ray oscillographs
have made it necessary to go to the
amplified type of sweep circuit for linear
horizontal-deflection  voltages. This
sweep circuit possesses many advantages
in operating flexibility, according to G.
Robert Mezger in DuMont Oscillog-
rapher. The amplitude of horizontal de-
flection on the cathode-ray tube is di-
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rectly controlled by the horizontal gain
control. By the simple expedient of
overloading the amplifier and driving
the overload points off screen on either
side of the cathode-ray tube, it is pos-
sible to fill the entire screen for fine
detail study of a very high-frequency
signal. On the other hand, the require-
ments for amplifying a wave of saw-
tooth shape faithfully and of maintain-
ing a minimum return trace time im-
pose problems which are of sufficient
importance for thorough investigation.

The peculiar waveform of a linear
sawtooth causes problems to become
much more evident in amplifier design
than when the amplifier is designed to
carry a pure sine wave. The slow rate
of increase of a sawtooth of long period
causes it to have much lower
frequency components than its period
would indicate. At the same time, the
return trace is fast and it is necessary
that the amplifier have satisfactory high-
frequency response. It is also to be
noted that the bend from the linear
charging cycle to the discharge portion
of the wave carries all the frequencies
in the middle range. Because of these
requirements, a sawtooth is an excellent
wave for experimental work in amplifier
design.*

Let us consider a sweep circuit of
conventional design as shown in Fig 3.
It is necessary that this oscillator feed
into the grid of an amplifier tube for
the amplified sweep circuit demanded in
modern oscillographs. The fixed por-
tion of R is of the order of one megohm,
while the variable portion is about four
TK New Method of Testing for Distortion
in Audio-Frequency Amplifiers,” by H. J. Reich,

Proc. IRE, Vol. 19, No. 3, pp. 409-15; March,
1931.
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COMMENT . . Produection

Fig. 4. Circuit used for illustrating the
principal causes of plate-current varia-
tion.

megohms. This makes the plate load
variable from one to five megohms. R
refers to the total fixed and variable re-
sistance at any given {frequency of
operation. In practice, C is usually a
stepped capacitor.

The fundamental equation for the fre-
quency of this type of oscillator may be
obtained from the fundamental relation-
ship:

Q=CE
but Q=1{idt
SCE={(idt

integrating, we obtain, since 1 is main-
tained essentially constant,

CE=1t
1 I
t CE
I
or f =
CE
oor, expressed in the symbols of Fig. 3:
L,
f=
CE,

In order that the sweep signal remain
linear with respect to time, and of con-
stant frequency, it is necessary that I,
remain constant for each entire cycle
and that E, may not vary in magnitude
.due to any external causes such as
.coupling from other circuits. The
principal cause of variation of I, over
one complete cycle can be seen from a
consideration of Fig. 4.

Here R, represents the plate resistor
of the discharge tube, and R, is the grid
resistor of the amplifier tube. As E,
rises during the forward portion of
‘the sweep, the current I, flowing
‘through R, must divide inversely as the

.||b

% RS

Fig. 3. A sweep circuit of conventional
design.

impedances R, and (R.+ joGC,). If
(R:+ joC,) is small in comparison
with R, then an appreciable amount of
I, will flow into the grid resistor R, and
will cause the sawtooth wave to round
off at the top. That is, E, will decrease
due to the poor regulation of the plate-
voltage supply circuit, at a rate propor-
tional to the increase in I, where

Ep -
Iz:'—s B
R,

In order that the signal be transferred
faithfully, it is then essential that

But E.—=E,

where E; and E, are the grid and plate
signal voltages respectively. Therefore

E, E,
<L —
R, R

and Rz>>R1 ................ (l)

This requirement may be set up as our
first essential of linear sawtooth ampli-
fier design.

It has been found empirically that in
order to maintain E, equal to E, at the
lowest frequency of operation, the time
constant of C; and R. in combination
should be at least ten times the period
of the lowest frequency sawtooth signal
it is desired to pass.

That is:
RC = 10t
10
or RCZ— ... ... (2)
fmin

This equation represents the second
essential of amplifier design.

At the point where the gain of the
amplifier is determined, another type of
distortion enters in the nature of fre-
quency discrimination due to improper
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voltage division with respect to fre-
quency across the high and low sections
of the gain-control potentiometer. Fig.
5 will show this more clearly. In addi-
tion to the pure resistance of the po-
tentiometer, there are also stray capaci-
tances to be considered. C is that stray
circuit capacity from the input to the
potentiometer arm. C, consists of the
input capacity of the tube and other
stray circuit capacitances. Since Cy is
much smaller than C,, the greater por-
tion of the high-frequency voltages will
be developed across C,, while C, shunts
these signals to ground. C, then pre-
vents high-frequency signals from ap-
pearing on the grid of the amplifier.
There are two methods of balancing
the effect of this unequal potential dis-
tribution with frequency. One is by use
of a step-by-step voltage divider, using
a stepped capacity network placed in
shunt with the resistance and of such
magnitude as to render the stray and
tube capacitances of no importance. The
simplest method, and by far the most
practical from the cost standpoint, is to
1
make R, small in comparison with ——
o Cy
so that the shunt admittance of the tube
will be of no consequence. Arbitrarily
assuming a ten-to-one ratio, we may
write the requirement that:

1
10w C,

This equation represents our third re-
(Continued on page 46)

Gain R=

Fig. 5. Circuit illustrating improper
voltage division across a gain-control
potentiometer.

.........
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TELECOMMUNICATION

PANORAMA OF PROGRESS

IN COMMUNICATIONS

AUTOMATIC TIMER

SPEAKERS at the General Electric Com-
pany plant in Schenectady need no
longer worry about running over their
allotted time. The chairman’s problem
of handling several speakers on one pro-
gram has been simplified by an electric
time reminder.

The device automatically flashes a
warning to the speaker two minutes be-
fore he is to finish his address. When
this period has elapsed, the word
“Finis” is flashed on the reminder and
a low toned chime notifies him that his
speaking time has ended.

The control device for the reminder
is a small portable apparatus with a cali-
brated dial on the front, which may be
set for any duration of time up to 30
minutes. If the speaker is to talk for 10
minutes, the control is readily adjusted
and the two-minute warning will flash
to the speaker at the end of eight min-
utes.

A Telechron motor in the control
operates a set of switches which in turn
operate small relays in the reminder on
the speaker’s table. The equipment
operates on 110-volt, 60-cycle power.

TRANSCONTINENTAL TELEPHONE
PROJECT

THE LAST of a line of some 12,000 tele-
phone poles across a 290-mile stretch
between Amarillo, Tex., and Albuquer-
que, N. M,, the final link of the fourth
transcontinental telephone line, will soon

A typical radio-range station.

The automatic time reminder de-
scribed in the accompanying text.

be set in place by the American Tele-
phone & Telegraph Company. The erec-
tion of these poles is part of the largest
construction project undertaken by the
company since 1930.

While the company has three other
transcontinental lines, each providing
many communication channels, the
steady growth of traffic between points
in the East and West has necessitated a
substantial addition to intercoastal facili-
ties. The fourth transcontinental paral-
lels the airway across the Texas Pan-
handle. In general, it follows the same
route as the “Will Rogers highway,”
new transcontinental route from St.
Louis to Los Angeles through the famous
humorist’s home town of Claremore,
Okla. The newly-strung wires, span-
ning a distance of some 1200 miles will
be essentially a telephone “express high-

Note that four towers form a
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way” for traffic between Eastern points
and the Pacific coast.

"THE MANUFACTURE OF
VACUUM TUBES"

iN  “The Manufacture of Vacuum
Tubes,” which appeared on page 20 of
the September, 1937, issue of ComMU-
NICATIONS, we unintentionally failed to
mention that the photographs had been
taken in the vacuum tube plant of the
Western Electric Company.—Editors

MODERNIZATION OF RADIO-
RANGE TOWERS

THE UNITED STATES Department of
Commerce has awarded a $350,000 con-
tract to Blaw-Knox Company for the
fabrication of 400 radio-range towers
to be erected at various points through-
out the country.

The erection of these new towers at
needed points, and the modernization of
present stations represents a step toward
improving air safety by the United
States Government.

Modern radio-range stations consist
of a group of five towers, four of which
form a square with the fifth tower in
the center. The towers are about 135
feet high, and the radio impulses go out
directly from the tower structure. The
four outside towers transmit what is
known as the beam course, while the
center tower is used to transmit weather
reports and other information without
interruption of the beam signals.

square with the fifth in the center.
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The preceding pages show a chart of proper-
ties of our various insulating materials. Retain
this chart so you may refer to it when specify-
ing your insulating materials. Additional copies
available upon request.
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VETERAN WIRELESS OPERATORS

ASSOCIATION NEWS

W. J. McGonigle, President, RCA Building, 30 Rockefeller Plaza, New York, N. Y.

MEETING

THE NovEMBER meeting of the New York
group will be held on Monday evening No-
vember lst, 1937, at a place to be announced
on post cards to each member. All are
urged to attend this niccting to aid in
preparations for our fall activities.

ANNUAL CRUISE

THE THIRTEENTH Annual Dinner-Cruise of
the Veteran Wireless Operators Associa-
tion will be held simultaneously in New
York, Boston, Chicago, Miami, New Or-
leans, Honolulu, San Irancisco, London,
England, Wellington N. Z., Omaha, Los
Angeles, Washington, D. C., and many
other citics throughout the country and the
world. It is planned that these simultane-
ous dinner-cruises be dedicated to the mem-
ory of, and serve as a memorial to, our
late deccased wireless veteran number one,
Guglielmo Marconi. Further details will
appear in this page in coming issues.

MARCONI MEMORIAL

OUR SINCERE THANKS and grateful appreci-
ation is hereby tendered Mr. Lenox R.
Lohr, president of the National Broadcast-
ing Company, for his kind encouragement
and splendid support of the Marconi Me-
morial Fund being sponsored by our Asso-
ciation. Mr. Lohr added his contribution
of $250.00 to our steadily swelling fund.

We invite correspondence and contribu-
tions in this regard from all members of
the communications industry. Our address
is given above.

STATEMENTS

STATEMENTS have been mailed out to those
in arrears. Your early reply to the Secre-
tary will be deeply appreciated. We have
obtained a new supply of Membership Pins.
May we suggest your enclosing an addi-
tional dollar with your dues for a pin?

FALL

Now THAT fall is upon us we look for in-
creased activity in all of our Chapters.
We will record from time to time in this
nage their activities. We suggest you
communicate with your local Chairman or
Secrectary and assist in planning a com-
prehensive program of events for the com-
ing ycar.

MIAMI

MIAMI CITAPTER SECRETARY, V. H., C.
Eberlin, II, reports: “Down here where
the sun is hotter, the ‘Sun Worshipers
Chapter’ has convened and adjourned our
meeting of which I report below.

“A goodly crowd of ‘Lager-Imbibers’
were there, included among whom were
our congenial FCC Radio Tnspector, Joe
H. McKinney . .. Tropical Radio’s fam-
ous side-swipe King—Mr. Moon . . . Pan
Airways representatives, the Messrs. Mac-
kenzie and Harpley . . Senior Totman,

Department of Commerce Chief, and
others.
“Enclosed eight American pesos for

dues of Ralph Vern Upp, Mr. Mackenzie,
R. D. Phillips aud Wiley Paul.

“Random Notes—R. D. Phillips, in
charge of police radio in IFt. Lauderdale,
Ila., showed your correspondent and Wiley
Paul around the ultra highs with which
I't. Lauderdale maintains a quick check on
happenings in and about that up and
coming city . . . Joe McKinney was seen
sporting a Licutenant’s regalia out Opa
Locka way. Must be ‘two weeks Naval
Reserve duty time.” . . . Steve Kovacs re-
lieved Alex Vadas on the Yacht ‘Mascot’
for a spell while Alex vactioned tourist
fashion in ILEurope. (FM take special
note.) . . . Senor M. Fernandez relieved
I*. Dawson as Chief Operator of the Pan
Air Dinner Key Radio station. F. Daw-
son was transferred to the New York sta-
tion as Chief in Charge. Congrats to both
of them . . . C. S. Bodenmann of Mobile,
Alabama, requested an application blank.
We are temporarily out of them but as
soon as we receive some more from you
he’ll get one and join the ranks.

“That’s about all, except that Ye Miami
Secretary wishes to report spending a very
enjoyable time in the company of President
McGonigle whilst sojourning in the
northern areas. Regret not having seen
Secretary Parker but he can consider this,
as can all VWOA members, as a hearty
invitation to visit the Miami chapter this
coming season.”

Thanks lots, Ebby. Keep up the good
work and Miami will be largest of the
chapters.

HONOLULU

OUR ENTERPRISING Honolulu Chapter Secre-
tary, H. F. McIntosh tells us: “The ‘Surf-
Board’ Chapter of the Veteran Wireless
Operators Association held its semi-annual
dinner-meeting on July 23, 1937, at the
home of Past Chairman George Street,
in the beautiful Kahala district of Hono-
lulu. There wecre representatives of com-
mercial radio companies, the Army, Navy,
and Coast Guard radio units of the Island
of Oahu.

“George Street, acting chief cook, ably
assisted by Messrs. Maddams and Con-
nolly, presided at the outdoor barbecue,
turning out barbecued steaks, roast ‘Spuds,’
ctc., voted by all present as ‘a mighty swell
dish.” Plenty of fresh, tender young coco-
nuts, recently detached from the trees were
available for those desiring them. Dinner
was served in the spacious, attractive gar-
den with typical Hawaiian coconut oil
torches furnishing the light, augmented by
the silvery rays of a full moon that only
Hawaii knows.

“There were no long drawn out speeches,
and by far the principal event of the eve-
ning was a one minute’s silence when all

hands stood, heads bowed, prayer on lips,
in reverent tribute to the memory of the
greatest radio man of us all, the late
Gugliclmo Marconi.

“Altogether the meeting was voted a
huge success. The chow was perfect ; good
fellowship and congeniality abounded in
full accordance with the underlying princi-
ples and aims of our VWOQA. As for
the beer—if, at the cund of the evening
what remained of the original fifteen gal-
lons of beer were auctioned off and you
bought it for ten cents, you'd have made a
pretty bad deal.

“Enclosed please find Post Office money
order for four dollars covering applica-
tions for membership of Beunette O’Ban-
non, who has been in the Army Air Corps
since 1932 and is stationed at Wheeler
Field, Schofield Barracks, T. H., and Fred
M. Mitchem, a member of the Army Air
Corps since 1935, also stationed at
Wheeler TField.”

Splendid work Mac. You've got a fine
chapter and a very active one in the
“Paradise of the Pacific” and we look for
great things from you.

BOSTON

HARRY CHETHAM, Boston Chapter Secre-
tary, reports regarding the meeting of the
Boston Chapter in conjunction with the
New England Division, ARRL “Hamfest”
held at the Bradford Hotel in Boston on
Saturday evening, October 2, 1937: “A
nominating committee was appointed by
Chairman Charles C. Kolster, consisting of
Vice-Chairman Guy R. Entwistle, Sam
Curtis and Jack Dodge. The date of the
next Boston meeting was set for Monday,
December 6, 1937, at which time election
of officers will take place. Arthur Stockell-
burg motioned that all members forward
their votes to Secretary Harry Chetham.
A telegram was received from J. A.
Walker, at Thomaston, Maine, expressing
his regrets at being unable to attend.
Providence, R. I, was represented by
Howard Thornley, WPRO, and J. A.
Prior, WJAR; New Bedford by our old
timer Irving Vermilya who held amateur
license 1AA. The local police radio groups
were well represented—]J. G. Barrett, 1906,
of Boston police and the general chief
operator of Boston police headquarters,
Arthur H. Vickerson; the smiling Jimmie
Green, Brookline chief radio operator, and
Ed Tierney, chief radio operator of the
Cambridge police department.  Among
other old timers present were—I. T. Barnes
of Wellesley, Arthur Ridley, Wm. J. Ibach
of Marblehead, Commander of the Marble-
hcad Post of the Vetcrans of Foreign
Wars, Sam Curtis, Ted McElroy, Walter
Hamilton of Western Union, Arthur E.
Ericson of Beverly, and numerous others.
Some time we will give you the story of
the time Art Ericson was incarcerated in a
German prison at Bremerhaven in 1914 and

(Continued on page 46)
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The loop aerial installed in an American Airlines Stinson monoplane.

THE AUTOMATIC RADIO COMPASS

TEN YEARS AGO initial efforts were made
to develop a radio compass system, then
called “Hertzian compass,” in which the
angles indicating the position of a radio
transmitter appeared automatically on a
graduated scale, similar to the scale of
an ordinary magnetic compass. Two
years later, more complete studies were
undertaken and rough models and test-
ing apparatus were constructed. A first
working model was then made and the
essential principles established. The
apparatus described here, therefore, is
the outcome of considerable develop-
ment work by Les Laboratories, Le
Materiel Telephonique, Paris, France,
an associate company of the Interna-

The equipment installed in the demon-
stration plane.

Navigator's indicator complete.

Navigator's indicator, cover removed.

tional Telephone and Telegraph Corpo-
ration.

The automatic radio compass has
been submitted to numerous tests by
both civil and military aviation authori-
ties in France and other European coun-
tries, and it has been adopted by several
civil as well as government services
abroad. This compass, designated as the
R. C. 5E, was recently introduced to
American aviation at a demonstration
held at Newark airport, Newark, N. J.

The R. C. 5 E automatic radio direc-
tion finder can be used readily as a hom-
ing device to indicate the deviation to
right or left when heading directly
toward a radio transmitter, and it also
permits cross bearing to be taken dur-
ing a flight upon radio stations located

H cinbhiot
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to the right or left of the aircraft’s
course. In other words, the automatic
radio compass provides the pilot with
a continuous indication of the bearing
of any radio station to which it is tuned.
This operation is performed by means
of a single lever only and involves no
more technique than that required. to
adjust the ordinary domestic radio re-
ceiver. The bearings are relative to the
longitudinal axis of the aircraft and
appear automatically on an indicator
similar to that of an ordinary magnetic
compass.

By taking advantage of the numerous
broadcasting and radio-range stations
now in operation, it is unnecessary to
use the transmissions from airport
ground stations except when the direc-
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tion finder is in use as a “homing”
device. When homing on any suitable
transmitter, due allowance can be made
for the angle of drift. Bearings can be
taken on any transmitters within range
for the purpose of obtaining a line of
position; several bearings can be taken
in the space of a minute. The bearings
so obtained are automatically and con-
tinuously registered on an indicator
similar in appearance to a magnetic
compass, so long as the receiver is tuned
to the transmitting station. If simulta-
neous readings are taken on both radio
and magnetic compass, the latter being
corrected for magnetic variation and
deviation to give the aircraft’s true
bearing, then the sum of this true bear-
ing and the radio bearing gives the true
bearing of the transmitting station from
the aircraft, thus enabling the pilot to
determine his line of position on a chart.

heterodyne receiver; a remote control
head; and a phasemeter-type indicator
of bearings. Weight of the complete
equipment, excluding battery and elec-
trical cabling, is under 50 pounds. The
receiver operates in the range of 200-
2000 meters (1500-150 kc), is fed from
a 24 or 12-volt power-supply source,
and requires 125 watts of current
supply.

The rotating loop, about one foot in
diameter, is driven through a reduction
gear by a small electric motor at a con-
stant speed of 300 rpm. The loop has
a drag of about 6 pounds at 150 miles
per hour; when the loop is rotating, the
drag is increased by 0.2 to 0.4 pounds.

Since a loop receptor is most respon-
sive to signals lying within its plane,
and least responsive to those at right
angles to it, this rotating loop will give
maxima and minima of reception at the

RADID Cames
(L L]

The tuning dial.

The ease and rapidity with which bear-
ings may be obtained render it practical
to obtain numerous intersecting “posi-
tion lines” and thus fix definitely the
position of the aircraft. The whole
equipment is remotely operated and can
be controlled by the pilot alone if so de-
sired. No trailing aerial is used. The
apparatus consists of a small motor-
driven rotating loop mounted externally
on the airplane; a special 5-tube super-

The control unit.

The pilot's indicator.

rate of 600 per minute each. The phase
of these maxima and minima, i.e., the
moment at which they occur with ref-
ence to the signal source, is an indica-
tion of angular relationship between the
source of signal and the neutral axis;
the neutral axis of the instrument co-
incides with the longitudinal axis of the
airplane,.

Signals received by the loop are fed
through the special receiver, producing
a variable current in its output stage
in phase with respect to the neutral axis
with the received wave. The neutral
axis of the instrument to which the
phase angle of the loop currents may be
compared is obtained by placing on the
rotating shaft of the loop a two-phase
current generator, the phase of which is
adjusted and held constant and coinci-
dent with the airplane’s longitudinal
axis. The variable current from the re-
ceiver, representing the maxima and
minima of reception, and the two-phase
generator current, are compared as to

A close-up view of the loop.

phase by a special improved phasemeter.

The variable receiver current pro-
duces a-c in the armature of the phase-
meter, a fixed-phase rotating field is
produced in the stator of the phase-
meter by the two-phase generator. The
magnetic reaction of the fluxes produced
by the two currents moves tlie armature
to a position perpendicular to the flux
when the current is at its maximum,
thus giving constant and automatic in-
dication of the phase angle, and there-
fore the bearing of the transmitting sta-
tion in degrees of arc.

Two indicators can be utilized. One
is called “navigator’s indicator” and the
other, “pilot’s indicator.” In the first,
the indication is read on a movable dial
graduated in 360° and moving in con-
nection with a fixed pointer. In the sec-
ond, the indication is limited to == 15°.

The first is called “navigator’s indi-
cator” Dbecause it is designed to read
bearings directly indicating the position
of the plane in relation to any given
transmitter Jocated in any quadrant.
The second is designed for flying toward
any given transmitter, and is useful for
this type of radio navigation. It repre-
sents an important advantage over the
homing systems since it greatly facili-
tates correction for drift.

The radio receiver.
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THE MARKET PLACE

NEW PRODUCTS FOR THE COMMUNICATIONS FIELD

UNIVERSAL MICROPHONE

In November a new transmitter-type
microphone will be distributed. The new
instrument will be an airplane desk typc
for small transmitting stations such as
those for airways or police stations. It will
be designed similar to a telephone and will
be produced with the switch at the top of
the microphone, in the base as a press but-
ton, or in the side of the tube. From the
basc upward the center of the microphone
will be ten inches or the standard telephone
height. The instrument will be furnished
with acroplance or police type of single-but-
ton, high sensitivity carbon microphone, or
with Brash crystal unit, or as a dynamic.

This microphone 1s a product of the [ni-
versal Microphone Co., Inglewood, Cali-
fornia.—COMMUNICATIONS,

MAGNESIUM DIE CASTING ALLOYS

Dochler has just announced the addi-
tion of magnesium basc alloys to their
list of die casting alloys which include tin,
lead, =zinc, aluminum and copper base
alloys.

Magnesium is the featherweight of the
known commercial metals. It is fully one-
third lighter than aluminum and on the
weight unit basis, is the strongest metal
available,

The addition of magnesium to the list
of available die-casting alloys combines the
labor-saving feature of the die-casting
process with the weight-saving feature of
magnesium.

The Doehler Dic Casting Co., 386
Fourth Ave.,, New York City, N. Y., will
gladly supply additional information.—
COMMUNICATIONS,

TRANSMITTING "‘CONDENSERS

Solar has announced that a complete line
of transmitting condensers is now ready
for trade distribution. The new line em-
braces oil, paper and mica types in ratings
that are said to be suitable for every pur-
pose. A catalog illustrating and describing
the Transoil, Solarex and Transmica fam-
ilies which comprisc this new line may be
secured by writing to Solar Manufacturing
Corp., 599 Broadway, New York, N. Y.—
COMMUNICATIONS,

HHlustrating the
wave-expanding fea-
ture of the new
Du Mont Osciilo-
graph.

THREAD-CUTTING SCREWS

The developnient of a screw that actually
cuts its own thread in metals and plastics
of practically any thickness has receutly
been announced. Its patented, thread-cut-
ting slot, plus a speccial hardening process,
eliminates the scparate tapping operation
normally required in the use of standard
niachine screws. Important production sav-
ings in both labor costs and time are as-
sured by the use of this new fastening

method and, because the screw remains in
the threads it has cut, a better fastening is
secured, it is stated. Should it ever be
necessary to replace the screw, an ordinary
machine screw of the same size will fit its
threads. A free demonstration kit of Shake-
proof thread-cutting screws, including an
assortment of different sizes and complete
instructions for testing, can be had by writ-
ing the Shakeproof Lock Washer Company,
2501 North Keeler Avenue, Chicago, Illi-
nois.—COMMUNICATIONS.

The Solar line of
transmitting con-
densers.
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WAVE-EXPANDING OSCILLOGRAPH

A wave-expanding feature, incorporated
in a new DuMont 5-inch, all-purpose oscil-
lograpl, permits the spreading of a small
portion of a wave for detailed study. It
also allows expansion of waves of much
higher frequency than the fundamental fre-
quency of the sweep. Million-cycle waves
are said to be observed with good detail,
and the return trace eliminator permits the
waves to appear only on the forward linear
portion of the sweep.

Complete information may be secured
from the Allen B. Du Mont Laboratories,
Upper Montclair, N, J.—COMMUNICATIONS.

6Y6-G

The 6Y6-G beam power tube was re-
cently announced by RCA to radio equip-
ment manufacturers. It is intended for use
in the output stage of a-c receivers, particu-
larly those in which the plate voltage for
the output stage is relatively low. With 135
volts on plate and screen, it is capable of
giving an output of 3.6 watts with a maxi-
mum signal input of 13.5 volts. Under
—these conditions, the total distortion is
about 9.5 percent.

Further details may be secured from the
RCA Radiotron Division, RCA Manufac-
turing Co., Inc., Harrison, N. J.—CoMMU-
NICATIONS.

ADJUSTABLE MOTOR DRIVE LATHES

A new design of South Bend back-
geared, screw cutting, precision lathes in
the pedestal adjustable motor drive has
been announced. The new drive is avail-
able in the five sizes—9, 11, 13, 15, and 16-
inch swing, and in bed lengths from 3 to 12
fect.

The opedestal adjustable motor drive
mechanism is a separate unit with the
motor and countershaft mounted on a
pedestal back of the lathe in a position
horizontal with the headstock cone pulley
of the lathe. Power is transmitted from
the motor to the countershaft by V-belts,
and from the countershaft to the lathe spin-
dle by a flat leather belt. This is said to
provide a smooth, steady pull, free from
vibration and chatter.

The South Bend Lathe Works, South
Bend, Indiana, will gladly furnish addi-
tional information on these lathes.—Com-
MUNICATIONS,
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A-C, D-C INTER-COMMUNICATION
SYSTEM

The Model 105 Teletalk is a loudspeaker
inter-communication system for use in of-
fice, factory, home, etc., where inter-com-
munication between one point and one to
five remote points is desired either as a
group or sclectively. A system consists of
one master station which is sclective and
which controls the direction of the con-
versation and originates the call to the
remote speaker stations which can answer
the master station only when called. No
communication is possible between the
speaker units.

Cabinets are solid walnut with a hand-
rubbed finish. Communication can be car-
ried on over a distance of 3,000 feet. The
Model 105 Teletalk is a product of the
Webster Electric Company, Racine, Wis-
consin.—CoMMUNICATIONS,

PHOTOTUBES

The following new photo tubes have just
been introduced :

RCA-921, gas phototube (cartridge
type) ; RCA-922, vacuum phototube (car-
tridge type) ; RCA-923, gas phototube.

The 921 and 922 are small in size and
built in a new way. They have a short
double-ended construction which eliminates
the conventional base and provides a long
insulating path between clectrodes. The
terminals at either end are in the form of
metallic buttons, so designed as to permit
inserting each phototube casily and posi-
tively in a clip mounting. Features of these
new simplified tubes are their lower cost,
their low interelectrode capacitance, and
their convenience in circuit arrangement.

Although these two new tubes are alike
in appearance, the 921 is a gas phototube,
while the 922 is a vacuum phototube. These
phototubes, because of their high sensi-
tivity to infra-red radiation, are particu-
larly useful in applications where incan-
descent lamps are ecnmployed as light
sources.

The new RCA-923 is a oas phototube
of the conventional type. It is similar me-
chanically and electrically to the RCA-918,
but has a shorter overall length.

Further dctails of the characteristics and
rating of each of these three types may be
secured from the RCA Radiotron Division,
RCA Manufacturing Co., Inc., Harrison,
N. J—COMMUNICATIONS.

AUTO-RADIO VOLUME CONTROL

The control shown in the accompanying
illustration is one of the new type which
has been designed to effect speedy replace-
ment in auto radios. These controls are
available with or without switch in resis-
tance values of 14, 75, 1, and 2 megohms.
All are tapped for tone compensation—the
tap can be omitted if desired. All have %-
inch diameter shafts 3 inches long, slotted
for entire length. Hinged shaft insert makes
duplication of either slotted or tongue-type
shafts easy. The controls without switch
are assembled with a slip clutch shaft—an
important feature for those cases where the
“on-off” switch is in the remote-control
head. Switch type units are furnished with
double-pole single-throw switch.

Further information may be secured
from Centralab, 900 E. Keefe Ave., Mil-
waukee, Wisc.—CoOMMUNICATIONS.

CATHODE-RAY OSCILLOGRAPH

The Model RFO-4 cathode-ray oscillo-
graph, shown in the accompanying illustra-
tion, has a self-contained clectronic fre-
quency modulator which simplifies connec-
tions and permits sclectivity measurements.
It has a variable width sweep from 0-30
kec. This modulator permits visual align-
ment at 605 kc or any harmonic thercof to
5 megacycles, without the use of an ex-
ternal oscillator. With an external oscil-
lator it produces an audio-frequency output
continuously variable from 0 to 15 kc. Also
permits visual development of audio-fre-
quency response curve.

Among the other features of this instru-
ment are: return trace eliminator (simpli-
fies alignment of a-f and r-f circuits) ; hori-
zontal amplifier for sweep expansion; high
sensitivity horizontal and vertical ampli-
fiers (0.2 volt per inch); trapezoidal pat-
terns permit percent modulation measure-
ments ; calibrated screcen; cathode-ray tube
rotation adjustable by means of flexible
mounting.

Complete information may be secured
from the maker, The Hickok Electrical In-
strument Co., 10514 Dupont Ave., Cleve-
land, Ohio.——CoMMUNICATIONS.
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COIL COMPARATOR

The Type 721-A coil comparator is in-
tended for use in the production testing of
radio-frequency coils, such as those used in
radio reccivers. The test is made by com-
paring the coil with a standard sample.

The coil comparator uses a new measur-
g circuit which combines the precision of
a null method with the simplicity of a res-
onance method. The circuit is a bridged-T
network, which, like a bridge, uses a null
point as an indication of balance. The re-
actance and resistance adjustments are en-
tirely independent, which greatly facilitates
balance settings.

In addition to its use as a comparator,
direct measurements can be made of induc-
tance and resistance. Capacitance can also
be measured if an external coil is used to
obtain a balance.

Additional information may be secured
from the General Radio Company, 30 State
Street, Cambridge, Mass.—CoMMUNICA-
TIONS,

"PLUGGIN" CONDENSERS

A departure from conventional design in
electrolytic  condensers is the Tobe
“Pluggin” condenser, a newly patented
product constructed with a UX 4-prong
tube base. With this new unit it is pos-
sible to make quick changes. The unit
is completely sealed and protected against
moisture and high temperatures in a non-
corrosive aluminum container. Further
mformation may be obtained from Tobe
Deutschinann Corporation, Canton, Mass.—
COMMUNICATIONS,

CATHODE-RAY TELEVISION TUBES

Two new cathode-ray tubes intended for
television reception have recently been
made available. They are announced at
this time for the convenience of experiment-
ers and amateurs who wish to construct
experimental television receiving equipment.
Identified by the type numbers RCA-1800
and RCA-1801, these new tubes are known
as Kinescopes.

These tubes arc of the clectromagnetic-
deflection type and employ viewing screens
on which pictures appear with a vellowish
hue. RCA-1800 has a 9-inch screen, while
RCA-1801 has a S-inch screen.

Further information may be obtained

from the RCA Radiotron Division, RCA
Manufacturing Co., Inc., Harrison N, J.—
COMMUNICATIONS.
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Unretouched photograph

SVEA METAL

In any form, round or flat wire, or strip, the leader for
Purity, Quality and Uniformity.

Whether for the smallest receiving tube parts or the large
Transmitters and Rectifiers, SYEA METAL is used by makers

of Quality Tubes.

lllustrated are collars and shields for receiving and transmit-
ting tubes. Small or large they are just as important and All
SVEA METAL for Quality. Also shown are tiny mica straps for
receiving tubes in contrast to the large anode support for
power tubes.

A QUALITY METAL for a QUALITY PRODUCT
SVEA METAL

Swedish Iron & Steel Corporation
|7 BATTERY PLACE NEW YORK CITY
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RAYTHEON TUBES

Several new Raytheon tubes have recent-
ly been announced, among them the 6F8G
and the K49CB.

The 6F8G is a tube designed for use as
a voltage amplifier and has two independent
triode sectioms, the elements of which are
all brought out to separate terminals. Each
triode section has the same characteristics
as the type 6J5G.

The K49CB is a resistance tube for use
in a-c/d-c receivers and is characterized
by a ballasting action for the pilot lights
rot found in the type K49C.

Complete information on these tubes is
available from the Raytheon Production
Corp., 55 Chapel St., Newton, Mass.—
COMMUNICATIONS.

HEAYY-DUTY WELDER

The welder, shown in the accompanying
illustration, is of the heavy-duty type and
is supplied in capacities from 75 to 250
kva. It is air operated and controlled with
magnetic valve, foot-operated switch, and
automatic timer and contactor. The welder
is supplied with air or water-cooled trans-

former depending on size. Current changes
are obtained by 24-point variable switch.
All controls, connections, etc., are com-
pletely enclosed in machine body. Bottom
arm has vertical adjustment; top and bot-
tom arm can be turned in any position.
Electrode holders arc water cooled.

This welder is a product of the Eisler
Engincering Co., Inc., 750 South 13 Strect,
Newark, N. J.—COMMUNICATIONS.

TRIADYNE 6AC5G

The Triadyne 6ACSG is a positive-grid
Class A power-amplifier triode which is
similar to the output section of the type
6B5, and requires a type 76 driver tube to
be connected with it in the usual dynamic-
coupling type of circuit. The type 76 tube
performs the same function as the input
section of the 6B5. While the positive-grid
characteristic of the 6AC5G suggests typi-
cal Class B service, the tube has been de-
signed to give optimum performance in
Class A service with the 76 driver.

Complete data may be secured from
Triad Manufacturing Co., Inc., Pawtucket,
Rhode Island—CoMMUNICATIONS,

IRC POWER CONTROL

A new IRC metallized-type power con-
trol, capable of carrying 2 watts, for plate-
circuit tone control and other similar ap-
plications, has recently been announced. It
is known as the IRC Type CP control. It
incorporates all of the well-known features
and characteristics of the Type C control,
including the metallized-type resistance ele-
ment permanently bonded to a moisture-
proof bakelite base, 5-finger contact, etc.
Rapid heat conduction from clement to
cover and shaft assembly is obtained by
an arrangement of a copper heat-conduct-
ing plate. This is said to make possible the
conservative 2-watt rating as compared to
the ¥5-watt rating of standard IRC Type
C controls. The size is the sanie as that
of the latter, being small for a power con-
trol of this rating.

Complete specifications and samples will
be sent upon requests addressed to the
International Resistance Co., 401 N. Broad
St., Philadelphia, Pa.—CoMMUNICATIONS.

VIBRATION PICKUPS

The Brush Development Company re-
cently announced its complete line of vi-
bration pickups. These devices are of
typical piezo-electric Rochelle salt crystal
design, and are applicable to the study of
noises and vibrations in various industrial
applications. Three types are now available.
Characteristics of the various pickups are
such that they cover the complete frequency
range. Literature describing these crystal
devices is available from The Brush Devel-
opment Co., 3311 Perkins Ave., Cleveland,
Ohio.—CoMMUNICATIONS.

TEST-O-LITE
For a number of yecars the Test-O-Lite
has been used _for testing electrical circuits.
Recently, an improvement has been made
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in this product which includes a pocket clip
for holding the Test-O-Lite firmly in the
pocket. Another improvement is increased
sensitivity so that it more easily detects the
presence of from 90 volts to 500 volts a-c
or d-c by the small neon lamp located in
the body of the tester.

The Test-O-Lite is a product of L. S.
Brach Mfg. Corp., 55 Dickerson St.,, New-
ark, N. J].—CoMMUNICATIONS.

LOW-LOSS COAXIAL CABLE

The “CO-X” low-loss coaxial cable is
said to have been brought to the market
as a result of the development of “Anhy-
gron”—a non-hygroscopic, light-weight,
high-strength insulation material. Uses of
CO-X are in antenna leads-ins, transmis-
sion lines, and feeders; transmission lines
between photo-electric cells and amplifiers ;
in circuits where h-f or leakage losses must
be small, and in similar circuits where radi-
ation or pick up must be low. CO-X is
comprised of three components, (1) the
braided inner copper conductor, (2) the
Anhygron separators, and (3) the outer
conductor braid.

Complete informnation may be secured
from the Transducer Corporation, 30 Rock-
efeller Plaza, New York City.—CoMMUN-
ICATIONS,

TRANSMITTING TRIODE

A new type of design is featured in the
transmitting triode showmn in the accom-
panying illustration. Features of the new
design are: a minimum amount of insula-
tion within the tube, low internal lead in-
ductances, and a post terminal construction
which makes bases unnecessary. The new
tube is designated as RCA-833 and is of
the high-mu tvpe for use as a radio-fre-
quency amplifier, oscillator, and Class B
modulator.

As a result of its construction, the 833
provides high plate efficiency at moderate
voltages. For example, it is said to be
capable of giving in broadcast service a
carrier output of 635 watts at 2300 volts
on the plate, and with this carrier output
can be modulated 100 percent. In other
services such as police transmitters, avia-
tlon transmitters, and experimental ultra-
high-frequency transmitters, the 833 also
provides good efficiency. It can be operated
under conditions of maximum input ratings
at frequencies up to 30 megacycles. With
reduced inputs its operating range is ex-
tended to 100 megacycles.

Further data regarding this tube may
be secured from the RCA Radiotron Divi-
sion, RCA Manufacturing Co.. Inc., Harri-
son, N. J.—CoMMUNICATIONS.

H diahbict
ATATATA'AA' BN e IE LB I e IRIRC IVIIVINIFNIAVIR'ZAS VI VIER]


www.americanradiohistory.com
www.americanradiohistory.com

The UTC model 7A-8A studio amplifier has been de-
signed for audition and monitoring service, or for home
radio service, where the absolute maximum in fidelity is
desirable. It is also suitable for driver service for 100W.
or 250W. broadcast stations.

STUDIO MONITORING AMPLIFIER

Three push pull stages are used, all transformer coupled.
The first two stages employ 6C5 or 6Cé triode tubes.
The output stage can be arranged for either 2A3 or
300A tubes. The power output is 15W. The gain is
85 DB with noise level 60 DB weighted below maximum
output. The frequency response is uniform from 30 to
14,000 cycles.

The input transformer used has primary impedances of
50, 125, 200, 250, and 500 ohms. The output trans-
former can be altered to suit the particular require-
ments of the user. Standard transformers are available
for driver service, for broadcast line and universal voice
coils, or for high impedances up to 6,000 ohms, simul-
taneously with the voice coil windings.

A meter and switch is provided on the audio panel to check the
plate current of the first stage, second stage and the individual
tubes in the output stage. A control is provided in the output
stage to balance the plate current of the output tubes. This is
extremely important in high power output stages to effect a
minimum of hum and distortion. The power supply panel incor-
porates a readily replaceable pilot light and fuse. These units
;re finished J/in the UTC attractive etched metal panels with
imensions 83" x 19", The model 7A-8A unit is $I6o oo

supplied complete, wired and calibrated. Net..

EQUALIZER
MODEL 3A—The UTC universal equalizer will

equalize telephone lines, recording systems,
pickups and cutters, microphones and all other
broadcast equipment. It is accurately cali-
brated and quickly adjustable for both low and
high frequency equalization. Low frequency
controls permit maximum equalization at 25, 50
or 100 cycles with zero to 25 DB control. The
high frequency end permits maximum equaliza-
tion at 4000, 6000, 8000, or 10,000 cycles with
zero to 25 DB control.

Net price to broadcast stations and
recording studios

$85

UNITED TRANS

72 SPRING STREET
EXPORT DIVISION : (OO VARICK STREET

STUDIO PRE-AMPLIFIER

The UTC 5A-6A pre-amplifier is designed to the best
broadcast standards for studio service. Input coils are
hum-balanced and in addition have quadruple alloy
shields. The hum level is practically negligible due to
extremely fine filtering in the power supply. The noise
level is 60 DB weighted below the maximum output of
plus 7 DB. The frequency response is uniform from
30-to-14000 cycles.

Input and output connections will accommodate 50, 125, 200,
250 or 500 ohm lines. The audio amplifier is arranged so that
either 1, 2, 3, or 4 stages can be used with respective gains
of 25, 50, 73, or 95 DB. Efched panels are used, having di-

&V mensions 3!, x 19. This unit is supplied, wired,
and calibrated. Net......................... 5125.00

FPORMERN CORR,

NEW YORK, N. Y.

NEW YORK, N.Y. CABLES :"ARLAB”
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COLLINS
-

Accepted as the most dependable and finest speech input console,

the 12H is being adopted as standard equipment in more and

more broadcast stations. 12N and 12Q Consoles (similar to 12H,

but modified in circuit and switching arrangement) meet

special requirements in large studios.

COLLINS RADIO COMPANY

CEDAR
NEW YORK, N. Y:

RAPIDS

I O W A

11 WEST 42 STREET

*grarron KBU=

—~H ONUDOLULWU

KGU has served the islands of Hawaii
and the mainland since 1922, Importance
of dependability in its broadcast equip-
ment cannot be over-emphasized. To
maintain modern standards of radio
transmission, every piecc of apparatus
in this station had to be.of the finest.

That is why KGU engineers selected
CORNELL - DUBILIER CAPACITORS.

Just one of the many instances in
which C-D condensers have established
a noteworthy record of dependability.

Mica ¢ Dykanol ¢ Paper
Wet and Dry Electrolytics

For complete details send for Catalog No. 150

*Photo Courtesy Station KGU—Honolulu.

CORNELL-DUBILIER ELECTRIC
CORPORATION

WORLD’S OLDEST AND LARGEST
EXCLUSIVE  MANUFACTURER OF
CAPACITORS

1005 Hamilton Blvd., So. Plainfield, N. J.

CORNELL - DUBILIER ELECTRIC CORP.

o
South Plainfield, New Jersey
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FILTER SELECTIVITY
(Continued from page 13)

frequency
4

— 0, LC=—4 or LC =
W,

Substituting back we get

Z, 4o’ (2F)*
—_—— or —

Z,  of (Fs)

where F is the frequency.

B. High-Pass Filter. Fig. 7 shows
the basic T-structure and the polar dia-
gram of r for the simple high-pass
filter. In this case we start at the
origin 0 at zero frequency and travel
to the left with increasing frequency
then swing around the semi-circle at the
bottom for here the current leads in the
succeeding section. We go around the
semi-circle to the end at A correspond-
ing to an infinite frequency.

Z,

It is to be noted that in this case —

Zs

approached the range — 4 to 0 from the

— 4 side as against the 0 side in the case

of the low-pass filter. It is also to be

noted that in both cases O increased

(clockwise rotation) with increasing
frequency, a general rule.

C. Band-Pass Filter. 1f in the
Zy
band-pass filter — approaches the range
2
—4 to 0 from the zero side the result-
ing r-diagram will be like that for the
low-pass filter, Fig. 6, with the range
OA added. This is shown in Fig. 8.
If the range —4 to 0 is covered by
Z
Z— in this order, then the polar diagram
of Fig. 9 holds, which is similar to Fig.
7 for the high-pass filter with the range
A0 added.

It is also possible to get effectively a
double pass band by having Z, and Z,
reverse sign at the same instant giving
a —41to 0 and a 0 to —4 adjacent
band for a total —4 to 0 to — 4. The
polar diagram for this case is shown
in Fig. 10. The corresponding case of
0 to —4 to 0 does not exist.

The graphs shown for all the filters
so far are for the simplest filter types
(those known as the constant-k). In
general it is not necessary for the loss
bands to have one terminus located at
the origin. It may instead be located
anywhere in the region 0 <r <1. Asa
simple example a high-pass filter struc-
ture is shown in Fig. 11 together with
its r-diagram.

Here the zero-frequency point gives
r between 1 and 0. With increasing
frequency the loss increases in phase to

(Continued on page 44)
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Let CLAROSTA‘T—)

R ESISTANCE devices—nothing else, are the
sole concern of the CLAROSTAT organization. Its
engineers are constantly engaged in developing new
products and the further improvement of existing
products. Its plant is equipped exclusively for the
production of wire-wound and composition-element
resistors and resistance devices. Such specialization
is bound to be reflected in CLAROSTAT products—
and CLAROSTAT quotations.

No matter what your resistance problem may be, it
will pay you to submit it to CLAROSTAT for en-
gineering collaboration and quotations.

Loose=-Leaf DATA ....

Complete collection of engineering bulletins, in binder, will be
sent if you write on your business letterhead. Meanwhile, don’t
forget to submit those resistance problems for engineering aid

and quotations.

285-287 NORTH SIXTH STREET
BROOFKLIYN, NEW YOIK, U.S.A.

®* OFFICES IN PRINCIPAL CITIES »

www americanradiohistorv com

YOUR RESISTANCE PROBLEM

VOLUME CONTROLS

@ Composition and wire-wound types, includ-

ing tbe new Midget Type just introduced.
Widest range of resistance values and choice
of tapers and taps, shafts and switcbes. Maxi-
mum immunity to moisture and climatic con-
ditions. Minimum noise. Smoothest mechanical
operation.

METAL-TUBE RESISTORS

@ Handy voltage-dropping and voltage-divid-

ing resistance networks in metal envelopes
similar to metal-type tubes. Compact. Safe.
Keep heat above chassis. Hundreds of thou-
sauds already in daily use.

ARMORED STRIP RESISTORS

@ Metal-clad resistors including latest Molded-

Seal Type with bakelite protective jacket
inside metal caslng tor absolutely outstanding
service. Doubles. wattage rating. Greatest im-
muuity to moisture. Widest range of resistance
values and taps.

and OTHER TYPES

@ Flexible resistors with braided covering;

hum-balancing poteutiometers; dual and
triple controls for T-pad, L-pad and mixer
constant-impedance controls; output attenu-

ators, ete.
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Announcing
the

NEW
PRESTO

Junior

Portable

Recorder

THE lightest . . . smallest
... least expensive ... instan-
taneous sound recorder ever
produced. Weight 35 1bs. . . .
size 20" x 15" x 10" . .. less
than half the price of any
PRESTO recorder previously
offered. The Presto Junior Re-
corder makes and plays 12"
records at 78 RPM ... cuts at
100 lines per inch on Presto
aluminum or cellulose coated
blanks. .. gives an amazingly
good quality of reproduction.

An ideal machine for out of the
studio recording

ORDER NOW FOR DELIVERY
DURING OCTOBER

PRESTO

RECORDING CORPORATION
149 W. 19th Street, New York, N.Y.

Export Division (Excest Australia & Canada)

M. SIMONS & SON CO., INC.
25 Warren St., N. Y. Cable: Simontrice, N. Y.

Australia & New Zealand Agents & Stockists

A. M. CLUBB & CO., LTD.
76 Clarence St., Sydney, N. S. W., Australia

FILTER SELECTIVITY
(Continued from page 42)

o at the resonant frequency Fi of the
shunt branch where the phase reverses
and the loss thereafter decreases to zero
at the cutoff frequency F, after which
comes the pass band going up to in-
finite frequency.

D. Band-Elimination Filter. Fig.
12 shows a T-network and a current-
ratio diagram for a simple low/high-
pass or band-elimination filter.

In this case there is a pass band from

Zl Zl
0 where — =0 to F, where — = -—4

Z, Z,
for the first time. Then the loss builds
up to an infinite amount whenever Z,
becomes anti-resonant or Z, becomes
resonant, whichever happens first. Then
there is a region of loss in phase de-
creasing from an infinite loss to a
finite amount and then back to infinity
again at the frequency where Z, be-
comes anti-resonant or Z., becomes
resonant, whichever occurs later. Then
the loss decreases with phase reversal to
F’, the start of the high-pass band
above which the pass band to F —= « is
represented by the lower semi-circle.

More filter types could be shown but
these are sufficient to illustrate the
method of plotting the attenuation and
phase-shift characteristics. In a com-

Z,
plicated filter section — may cover all
2
or parts of the range — o to + o
many times as the frequency goes from
0 to . Each time the range — 4 to 0 is
passed there is a pass band of a type
plotted. Similarly the losses outside
these ranges are of types plotted so that
by assembling such portions of current
ratio plots the entire characteristic is
readily found.

In conclusion a simple mathematical
derivation of the attenuation and phase
characteristics of filters has been worked
out. The simplicity is obtained first by
avoiding the usual derivation of char-
acteristic impedance as the first step,
and further by avoiding all hyperbolic
functions. A simple equation to give
the propagation characteristic as the
current ratio is derived and it is then
solved “backwards” by inspection to
get the required filter theory without
solving quadratic functions. It is be-
lieved that the utmost simplification has
been used while still retaining the basic
mathematical theory of filters.

Next examples of simple filter types
are given. The results are plotted in
graphs of the current ratio to show the
attenuation and phase shift from one
section to the next.

L.ooking at how much theory has been
developed from so simple an equation
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(4) one is amazed, not at the com-
plexity of the filter theory, but rather
that so much can be stated in an equa-
tion appearing so insignificant.

TELEVISION EXPERIMENTS WITH
MOBILE TRANSMITTER

EXPANDING the scope of its experimental
television, the National Broadcasting
Company will inaugurate outdoor pick-
ups this month, for the first time in
America, with an RCA mobile television
station. The portable unit, the first to
be built in the United States, is now
under construction.

The outdoor experimentation will be
another forward step in the television
field tests. Immediately after the de-
livery of the new station NBC engineers
will begin an intensive schedule of tele-
vising outdoor scenes and current
events. Football games and other
sports, parades and news events are
listed in the outdoor schedule. All of
the work, however, will be strictly ex-
perimental, with a view to improving
the equipment and methods.

The new mobile television station will
consist of two specially constructed
motor vans, each about the size of a
large bus. Apparatus for picture and
sound pickup will be installed in one,
and a video transmitter, operating on a
frequency of 177,000 kilocycles, in the
other. In the metropolitan area, where
many tall buildings make high-frequency
transmission difficult, the unit’s work-
able range will be about 25 miles. Ten
engineers will be required to operate the
two television units. In the experi-
mental field work NBC’s present mobile
sound transmitter will be included in the
station.

The van mounting the video, or pic-
ture, apparatus will be the mobile
equivalent of a television studio control
room. It will be fitted with television
and broadcast equipment which will in-
clude two cameras, video amplifiers,
blanking and deflector amplifiers, syn-
chronizing generators and rectifiers for
supplying the “Iconoscope” beam volt-
ages. The principal sound apparatus
will be microphones, microphone ampli-
fiers and sound mixing panels. All the
equipment will be mounted on racks ex-
tending down the center of the van, af-
fording easy access to any part for re-
pairs, and the alterations which will
arise from the outdoor experimentation.

Because the transmitting equipment
will generate much heat in operation,
the interior of the van will be cooled by
air drawn through filters at the rear of
the vehicle and forced out through the
front compartment. A water-cooling
system will be installed to maintain
tubes at operating temperatures.
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"quu’rc the dodtor

It’s a time-worn expression—that phrase “You’re
the Doctor!” It generally means, “I don’t wanna
take the advice . . . but I guess I'd better ... or
else sompin’ may happen.”

We, the publishers of the industry’s liveliest, time-
liest technical magazine say, “Get yourself signed
up to a year’s subscription to COMMUNICA-
TIONS. The 12 issues will only cost you $1.00
if you use the Group Subscription Plan.

Here is how the “G-S-P” works: 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 co-workers
to join a Group with you. Many hundreds of
leading engineers and technicians have sub-
scribed 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.

You will read it in COMMUNICATIONS first—the
important news about all phases of the radio and
communications industry. You’re the doctor—
sign the prescription—er—we mean subscription,
today!!

COMMUNICATIONS « BRYAN DAVIS PUB. CO., Inc.

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.)

Name
Address
City-State

Classification

Employed by

City-State

Classification

Employed by ..

City-State

Classification

Employed by

City-State

Classification

Employed by
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for
Smooth

Control of
Voltage

- To regulate
A. C. Lines
L]

Use TRANSTAT*
REGULATORS

Used for numerous voltage-
control applications because of
its many advantages over re-
sistive and tap-changing devices.
Features are: High efficiency,
good regulation, great flexibility.
Voltage may be changed gradu-
ally, and without interrupting the
circuit, from zero to values higher
than line voltage. Well suited for
large and small voltage-control
problems.  Equipment available
for manual, motor, and automatic
control of voltage of any com-
mercial freqeuncy in single-phase
or polyphase circuits.

*Patents 1,993,007 and 2,014.570: other
patents pending; Transtat trade-mark
registered U. S. Patent Office.

Send
for
Bulletin
1176
for
complete
data

B ﬂ ..'_

AMERICAN TRANSFORMER
COMPANY
175 EMMET ST, NEWARK, N. J.

QUALITY TRANSFORMERS SINCE 1901

VWOA NEWS
(Continued from page 33)

sentenced to be shot as a spy for having
taken photographs.

“Chairman Kolster said he did not care
to accept another term as Chairman. We
are very sorry to lose his services. Treas-
urer Trop reports collection of a bunch
of dues and will shoot them in right soon.
We'll get out after the others and sign
up many new members.”

PERSONALS

WE TAKE genuine pleasure in reporting that
Charles D. (Jerry) Guthrie, “always a
VWOA Director,” after serving over
twenty-five ‘years in various branches of
the government radic services, is again a
permanent member of the government
family. On August 1st, 1937, Mr. Guthrie
received a permanent Civil Service appoint-
ment as Radio Supervisor in charge of the
New York office of the Maritime Commis-
sion. Hearty congratulations, Jerry, and
all the luck in the world to you from all
your friends R. H. (Bob) Frey,
Radio Supervisor for the Bull Steamship
Lines, again, this month, tops all for the
number of new members signed up. We
advise all who are eligible for membership,
but not desirous of joining just now, to
avoid Bob for if he catches you, you'll
stay caught. Thanks, Bob—keep up the
good work. A few more like you and we
would get back to our pre-depression quota.

NOTES AND COMMENT
(Continued from page 27)

quirement of an amplifier for proper
sawtooth amplification.

When amplifiers are to be used to
amplify the output of a linear sawtooth
oscillator, additional requirements must
be considered. Let us again refer to the
sweep circuit of Fig. 3.

In the minimum feed current position
of the four-megohm rheostat, the plate
load impedance of the discharge tube is
five megohms. This high impedance is
necessary to keep the plate current of
the discharge tube at a safe value with a
power supply of sufficiently high voltage
to insure good linearity.

If we apply the usual ten-to-one ratio
used in the previous conditions to this
problem, then this plate would be re-
quired to operate into an input potenti-
ometer of 50 megohms. In addition
to physical limitations, the conditions
under equation (3) render such a value
impossible. For minimum return trace
time, the high-frequency response should
be good, and the impedance of all cir-
cuits kept at a minimum. Under the re-
quirements of equation (3) the input
potentiometer should be 10,000 ohms
for a maximum sweep frequency of 30
ke. A resistance of this low value would
load the plate of the discharge tube until
all semblance of linearity was gone.

To obviate this difficulty, a convenient
method is to use a direct-coupled stage
from the plate of the discharge tube.
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Direct coupling to the grid of a vacuum
tube will provide high impedance for
good linearity at low frequencies and
proper potential distribution for good
high-frequency response. This stage
may be made with a gain of approxi-
mately unity and the whole circuit may
be considered as a sweep oscillator of
low-impedance output. The gain con-
trol will then be located beyond the out-
put of this stage and at a low-impedance
point. The cathode of the amplifier
stage must, of course, be properly baised
so that the grid may have the proper
potential while operating from a positive
plate.

Another consideration which is not
essential to amplifier design but which
must be observed for sweep-circuit de-
sign is that in no case can the input
capacitance of the first amplifier stage
into which the discharge tube feeds be
of appreciable size with respect to the
smallest sweep condenser in use, since
this capacity is essentially in shunt with
the frequency determining capacitor.

The requirements for proper amplifier
design to cover a wide frequency range
may then be summed up as follows:

RaK<Rg v (1)
10
RC=——
fomin e (2)
1
Gain R=<
100G civeevnn.. (3)

It must be borne in mind that these re-
lations hold for every stage of coupling
up to and including the deflection plates
of the cathode-ray tube.

If an amplifier is to be employed for
general oscillograph work in addition
to sawtooth amplification it is highly
desirable that it have high input im-
pedance to avoid overloading the circuit
under test. For an amplifier to handle
satisfactorily a 30 kc sweep signal, equa-
tion (3) requires that the gain-control
resistance be less than 100,000 ohms, on
the assumption of only 5 mmid for C,.
To satisfy the requirements of equation
(2), however, it is necessary that RC
be equal to or greater than .66 for a
minimum sweep of 15 cycles per second
and therefore the coupling capacitor
must be at least 6.6 microfarads, a value
which is not practical in commercial
amplifiers. The gain-control resistance,
however, has been left at the very high-
est possible value.

It can be seen, therefore, that the de-
sign of oscillograph amplifiers for wide
frequency ranges and for sawtooth
amplification is necessarily a compro-
mise. A sacrifice must be made either
by lengthening the return trace time, by
sacrificing linearity, or by using high-
resistance input circuits and losing the
response at the higher frequencies.

FOUR

REMOTE EQUIPMENT
CHAMPIONS!!

1913
Washington Ave.
St. Louis, Mo,

THE "DYNAMOTE"

The most compact remote ampli-
fier in broadcasting having 3
position mixing system, 5” illum-
inated V.L meter, four stage high
gain amplifier which may be used
with batteries or the Gates P-3
A.C. power supply. May be had
with attractive felt lined carry-
ing case which holds amplifier,
power supply and as many as 3

microphones.
PRICE Power supply
$119.00 case extra:

The "Dynamic Combine”

Here is a co-ordinated dynamic
microphone and A.C. operated
high gain remote amplifier. Hum
free, excellent response, high
gain and highly attractive in ap-
pearance. Microphone free of
cavity resonance and ideal for
voice or music transmissions.
Size only 17” by 7” by 4”. Finish
black ripple enamel with chrome
trimmings. Microphone has 25
of cable with locking type con-

nector.
$79.50

COMPLETE
PRICE

The “"Remote Compact”

A complete high gain amplifier
with separate power supply and
felt lined carrying case with
room for one microphone., Am-
plifier battery or A.C. operated.
Input variable for 30, 200 or 500
ohm microphones. Completely
hum free, wide uniform response
characteristics, sufficient gain, for
a plus 10 db. signal with either
velocity or dynamic microphones
is developed. A very popular re-
mote equipment in leading broad-
casting stations everywhere.

Price . ..... $79.50

The “Remote Conditioner”

The sensation of the 1937
N.A.B. convention. A high gain
amplifier, transformer type power
supply, input coupling trans-
former all compacted in a 17” by
7" by 47 case. Completely free
from hum, wide uniform response
and available for 30 or 200 ohm
velocity or dynamic microphones.
Very attractive with combined
black ripple enamel and chrome
finish.,

Price ... ... $62.50

Your inquiries invited. Literature available.

GATES RADIO & SUPPLY GO.

Cable address
Gatesradlo

QUINCY

5334
Hollywood Bivd.
ILLINOIS Hollywood, Calif.
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UNIVERSAL
MICROPHONES

...rugged ... modern

. . . dependable
Crystal Hand Model

New hand-type for amateur, p.a.,
sport events, etc. Output — 65 db.
(Desk holder $2.50).

All crysial models under patent
of Brush Development Co.

List Price $22.50
With lo.ft. Cable

Air Velocity

Latest in scientifie
development and re-
finement. Wide
range corrugated
ribbon and new high
flux alnico magnets.
Very latest trans-
former with double coils. All
impedances. 1 db, from 30 to
12,000 cycles.
List Price $44.50

With 25 ft. cable and plug.

(‘

(Desk mount Y

Especlally made for stage or or-
chestra where mike should be
mounted on floor or desk stand
Output ~ 65 db.
$3.50).

List Price $22.50
With lo.ft. Cable

New Dynamic

100% Satisfaction
or 100% Refund

Self energlzlng. Not affected
by heat or climate. An
amazing sound development.
Impedances 33 or 50 or 200
or 500 ohms: also high lm-
pedance direet to grid. Fre-
quency response 40 - 8000
C.P.8. Output—>58 db.

List Price $44.50
With 25 ft. Cable

®
CAL-FON ,

For two way
¢ omm unica-
tion. Inter-
studios, office
to office, fac-
tory. house to
garage., Hun-
dreds of other
uses. Simple
to install.
Modern. Any
number of
phones on
same line.

List $15.00 per Station
Handi-Mike

Single and double button. Rugged.
Damped seientifically. Gold contact
faces. Single button. Output level—
40 db. Double button.—55 db., both
inel. 6 ft. cord.

List Price $10.00
SINGLE BUTTON

List Price $15.00
DOUBLE BUTTON

o
Ribbon Microphones

Self energizing. No polarlzing volt-
age. D’lug in and use 1t. Semi-
directionzl. Distant plckup. No feed-
back. High impedance direct to grld,
also all other impedances. Can be
used on amplifiers of not less than
85 db. gain, Including 10 ft. two-
eonductor cable.

List Price $22.50
List Price $24.25
With plug.

ALSO . . . Two button lapel models; several
single and double button carbon models, con-
densers, airplane and police ear models, stands
and accessories. Also (Recording Divlsien) 5§
models of recording machines, dises, needles
and accessories.

Microphone Division

Universal Microphone Co.

424 Warren Lane, Inglewood, Cal.

AMPLIFIER ADJUSTMENTS
(Continued from page 11)

Equation (5) may be written, using
equations (2) and (6):

!"2 E;RL
Eff =——/4mm 7 —
2S (Ru+2R,)?

where S is the input.

Setting the first derivative of equation
(7) equal to zero we find that the
efficiency and, therefore, the output is
maximum when

The value of R, in a transwitter is
difficult to calculate, because its value
depends largely on the resistance
coupled in from the antenna circuit, and
this is a funetion of the nwmtual in-
ductance  between the tank and
the antenna coil. Mutual-inductance
calculations are always rather messy, so
as an alternative the circulating current
in the tank may be calculated using the
proper value of Ru. Then it is only
necessary to tune for this value of tank
current to arrive at the optimum load
value. It can be shown that at the
saturation point®,

E, Ry (P-'f‘l)
X.Ry (n+1) +2R, X,

Ir = .707

and if
R.=2R,
then
E, (» + 1)
In=707 ——M8M  ........... 9
Xe (1 +2)

The above expression gives the tank
current for optimum loading in terms
of the known constants of the trans-
mitter.

TUNING PROCEDURE

With these simple methods for de-
termining the grid bias the excitation
and the loading at hand, a tuning pro-
cedure may be set up. It is desirable
to make the rough adjustments at the
saturation point since that is a limiting
factor to linearity and, therefore, a
boundary point to work from. Then,
too, equation (9) applies to this point.
It is very difficult, however, to get
enough steady-state excitation to satu-
rate the grid of linear amplifier during
normal operating conditions because
twice the normal excitation is required.
In view of this a better method is to re-
duce the grid bias and plate voltage by
one half. Then, because of the linear
relationships existing in the amplifier,
the saturation point occurs at carrier
level or at one half of the normal satura-
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. . . For All Applications
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tion level. This half-voltage method
works itself very nicely into a tuning
procedure, which is shown by the fol-
lowing step-by-step description:

(1) Determine the operating grid
bias by use of equation (3) or by ad-
justing the plate current to the cut-off
point. Then reduce this and the operat-
ing plate voltage by one half.

(2) Apply the excitation and increase
until the saturation point is reached as
evidenced by non-linearity between Eg
and IT.

(3) Vary the plate loading till the
value determined by equation (10) is
attained. This might not be the exact
optimum point so R should be varied a
little on both sides of the point deter-
mined by equation (10).

(4) Check the power input to the
amplifier by multiplying the current ob-
tained at the setting of step 3 by the
normal plate voltage. This will give the
input at carrier level since the plate
voltage will be doubled, but the efficiency
will be halved. If the input thus ob-
tained is too great the excitation may
be reduced until the correct value is
reached. As a matter of fact, it is ad-
visable to reduce the excitation a little
below the saturation point if at all
possible, since the Ey — Ix curve is non-
linear in the vicinity of saturation.

(5) The plate voltage and the grid
bias should now be set at their normal
operating values, the excitation remain-
ing the same. Modulation should then
be applied, and the operation of the
amplifier checked by means of a cathode-
ray oscilloscope or a distortion-measur-
ing set. The plate current should be the
same as that obtained in step (3), or at
least approximately the same, and it
should not vary appreciably during
modulation.

It must be remembered that the values
obtained in actual tuning may vary
from tlie calculated values by as much
as 5 percent because of the approxinia-
tions used in deriving them. There-
fore, the final check must be made ex-
perimentally, so the value of checking
instruments can not be over-emphasized.
Care must be taken in the experimental
tuning, however, if ambiguous results
are to be avoided, for varying one con-
stant may at the same time vary another
in such a manner as to mask thie real
effect of the change. I‘or this reason,
if the calculated values have been de-
parted from too greatly in the process
of experimental tuning, it is well to
start all over again.

In conclusion, it must be mentioned
that at times distortion attributed to
bad adjustment of the linear amplifier
actually occurs because of the varying
load the grid circuit of the linear ampli-
fier presents to the output circuit of the
preceding stage.

|

Unexcelled Qualitye

For Recording and Reproducing
S Q J Q SYNCHRONOUS
DUAL-SPEED
e

B

In SAJA Dual-Speed
Synchronous Motors the

change is effected by

simple electrical switch-

inhg. There are no me-

chanical speed changing £
devices to impair quality. !!m"m!””mlm!

SAJA Motors incorporate basic U. S. patent-protected
features on synchronous motor design including:

® Absolutely Constant Speed ® Negligible Vibration
® High Torque and Efficiency  ® Gearless Construction
® Minimum Mounting Space and Servicing @

NEUMANN
RECORDING
HEADS

are properly designed to have a con-
stant velocity down to 300 cycles,
and an essentially constant amplifude
below this frequency. Due to their
correct dampening (spring oil-damped
method) they show ro resonance
points over the whole range. This
These recording heads are indi-  feature simplifies the proper use of
vidually tested, numbered and equalization which is especially neces-
sealed, bearing the name of S2rY for slow speed direct recording

. to raise the higher frequencies, and
George Neumann & Co. which to compensate the loss in materials.

is a guarantee of high quality  Their durability is warranted, as no
workmanship and performance.  deferiorating materials are used.

Send for technical literature and net prices.

SOUND APPARATUS CO.

150 West 46th St., New York, N. Y.
Sole Distributor of
Neumann sound recording apparatus @ Duralatonc records @

SAJA Synchronous Motors @ Herold Recording and Reproducing
Needles.
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Pluggin

THE FIRST REALLY NEW IDHA
IN CONDENSER DESIGN ! !

Plug
it in
just
like
a
tube!

Builders and designers of original equipment
will welcome this striking new condenser .
THE TOBE PLUGGIN! Based on a com-
pletely new construction principle . . . fully
protected by patents and copyright . . . this
product features a UX four-prong tube base
permitting a ready interchangeability and
speedy replacement. And the quality of the
condenser itself is on a par with all TOBE
products, the result of skillful manufacture
and thorough engineering. Conservatively
rated at 475 volts continuous operation, will
stand 600 volts and higher. Completely sealed
in non-corrosive container. Request samples
on your business letterhead.

TOBE DEUTSCHMANN CORP.
CANTON, MASSACHUSETTS

RADIO-RANGE SYSTEM CONTRACT
TO WESTINGHOUSE

NEW RADIO-RANGE STATIONS which

transmit signals marking the lanes of

the National airways have been ordered

by the Department of Commerce.

A contract, amounting to $700,000,
has been awarded the Westinghouse
Electric and Manufacturing Company
for 44 radio-range stations of the im-
proved simultaneous type which permit
continuous transmission of “on course”
signals without interruption for weather
broadcasts.

Starting next March, 1938, installa-
tion of the new stations will be made
at the rate of six each months.

TELEVISION ECONOMICS
(Continued from page 10)

600 hours of feature films (the 600
hours referring to running time on the
screen). This is at the average rate
of $250,000 per hour or about $4,000
per minute of screen time. Actually the
approximate range of production costs,
in terms of screen time, varies between
about $400 and $30,000 per minute !

When we consider that the major
networks in the United States run 17
hours a day, it is entirely clear that any
parallel plan for television production
would be a sure passport to financial
ruin. If the television audience is to
have programs resembling present-day
films, unheard of economies must be
introduced into film production for tele-
vision purposes. It does not appear
likely that any economically acceptable
reduction along these lines could be'
carried out, particularly in present-day
centers of film production where it is
but natural that the personnel would
view with scant sympathy a radical scal-
ing down of production costs, perhaps
fearing the repercussive effects of such
a change on their own motion picture
activities.

Another alternative is a great sim-
plification of the desires of the television
audience and the willing public ac-
ceptance of a type of television pro-
gram far less elaborate than that of the
theater. Some substitute appealing to
the television lookers must be found,
and it is believed that such a substitute
exists. A famous painter was once
asked how he produced his outstanding
works of art. His answer was: “I mix
my colors with brains.” It is clear that
television programs must use a high
proportion of thought, originality,
spontaneity of expression, novelty of
theme, extension of scope of subject
matter as compared with present day
films, and must in fact cover a far
wider portion of the activities of hu-
manity than any other form of enter-
tainment (except perhaps the printed
page). The method of utilizing ma-
terial and the tempo of presentation
must necessarily be different in the case
of television from those in the older
arts. Nor is so definite a break with
the past necessary exclusively on econ-
omic grounds. If television is to hold
the interest of the public in the face of
alternative methods of entertainment
and instruction, it must develop its own
technique and display unusual initiative
in its selection of subject matter and
the treatment of such material. It
would be out of place—as well as prob-
ably impossible—to indicate here speci-
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e ZOPHAR
MiLLs. INc.

Founded 1846
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Brooklyn, N. Y.

Do You Know
That—

® You Can Secure Custom Built
Transformers, Auto-Transform-
ers, Chokes, Reactors, Etc.
Built Exactly to Your Specifi-
cations by "Newark" for Little
More or Possibly Less Than
"Stock" Equipment !

® A List of the Customers of
"Newark'' Reads Like a Direc-
tory of the Electronics, Radio
and Electrical Field!

® That "Newark" Can Give You
Prompt and Dependable Ser-

vice.

Send Your Specifications and
Order for That Transformer fo
"Newark"

Specializing in custom built trans-
formers for nearly two decades

NEWARK
TRANSFORMER CO.

15 Frelinghuysen Av., Newark, N.J.
Telephone: Bigelow 3-3577-8
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nc methods of interest in this connec-
tion, but enough is known of the capa-
bility of the television screen to make
it certain that, within an economic
framework, astonishingly attractive pro-
grams can be produced by competent
producers.

It may be desirable to recapitulate
the expenditures involved for the
United States in the establishment of
nation-wide television service. It should
first be emphasized that little aid is
obtainable by coniparison with the data
from foreign countries. For one thing,
England is the size of New York State
and Texas is the size of Germany. Each
of them has an average population dens-
ity far in excess of that of the United
States. The ultra-high-frequency trans-
mitter has a limited range as compared
to that of the present-day broadcasting
transmitter. These factors combine to
make the task of television in the United
States far more difficult than in the
cited countries. It would be economical-
ly unsound and technically unwise
blindly to follow what might seem to
be a lead from other countries. The
United States must solve its television
problems in its own way and in its own
good time.

Assuming the establishment of per-
haps 100 television stations with inter-
connecting facilities of several net-
works, an adequate program-preparing
staff, and the sale to the America public
of a reasonable number of television
receivers, it is found that the total capi-
tal expenditure by the public and the
radio industry is of the order of a half
billion dollars (and possibly much
more). The effect on the industry of
a radical change in the type of receivers
sold and in the broadcasting service
rendered, and the effect on the public
psychology of a change in radio presen-
tation methods must alike receive seri-
ous thought before television is com-
mercially introduced. Sober considera-
tion must be given to the twin ques-
tions: Is the public ready—and is the
industry ready? It might be added—
and are the engineers ready?

If we keep in mind that television is
the most luxurious form of broadcasting,
that its upbuilding in the United States
is a major financial, artistic, and educa-
tional project, and that it must be
geared to the times and the trend, we
shall have a balanced economic picture
of the situation. Guided by such con-
siderations, there will undoubtedly be
offered to the public in good time this
latest of services. Tt is to be hoped and
expected that the offering will be made
and accepted in such fashion and at such
time as will insure its enthusiastic ac-
ceptance and will thus lead to a normal
and healthy growth of television broad-
casting.

ACORN MODEL
T-3 MICROPHONE
HIGHLY PRAISED

LExceptional beauty of design, flexi-
bility of use and wide range per-
formance of Astatic Model T-3
Microphone is a topic of much im-
portance in Public Address, Broad-
cast, Recording and Amateur circles.
Improved crystal assembly, skilfully
suspended to prevent vibration or
shock, offers greatly xmproved fre-

quency response over previous single diaphragm types.

and spring cable protector. Polished chromium
Fully guaranteed...............

finish.

By tilting the head
upon its unique swivel mount, acoustic feedback may casily be controlled and
the pickup made either dlrectlonal or non-directional, as desired. Model T-3
comes equipped with interchangeable plug and socket connector, 8-ft. cable

LIST PRICE $25.00

ASTATIG TRU-TAN CRYSTAL PICKUPS

Incorporate Improvements for Finer Reproduction

T'rue-Tan Model O-7, new stream-
lined Crystal Pickup, is an ideal
instrument for modcrn amplifier
and phonograph combinations.
Only 9 long. Designed with
offset head for records to
12”. Includes exclusive
Axial Cushioning to re-
duce motor noise and
) prevent speaker-pickup

t
oAf:::tlc feedback. Black
head finish.

reduces

tracking LIST PRICE
error to

a minimum

$12.00

Write for
Literature
Address
Dept. M-2

Tru-Tan Crystal Pickup Models B-10 and
B-16 are both instruments of the highest
type, designed for professional use and finest
installations. Offset head design and sub-
stantial construction eliminate resonance
periods throughout the useful recorded fre-
quencies, provide truer reproduction and
longer record life. Fully guaranteed.

Model B-10 (illustrated) LIST

for records to 12 inches PRICES] 7-50

Model B-16 for LIST

records to 16 inches PRICE $27-50

ASTATIC MICROPHONE lABORATORY lnc.YOUNGSTOWN 0.
Vienecr 7lla/w/acfwwu of o}

Phoducts

LICENSED UNDER BRUSH DEVELOPMENT CO. PATENTS

WIRE WOUND RESISTORS

MICROHM WIRE WOUND RESISTORS are built on the foundation of
a QUALITY PRODUCT and can be used as a component with the
finest of precision instruments. Manufacturers interested in maintain-
ing the QUALITY of their apparatus recognize this merit of QUALITY,
demand and use only MICROHM WIRE WOUND RESISTORS.
sion Resistor Company manufactures a complete line of all types of
wire wound resistors and is equipped to meet the most rigid speci-

fications.

Write for catalog and prices

Preci-

TYPE
Watt (Aetua1

PRECISION RESISTOR COMPANY Size)  Res.

332 Badger Ave.

Manufacturers of custom built PRECISION and INDUSTRIAL WIRE WOUND
RESISTORS.

1o 500000 ohms
Accuracies as
close as

of 1%.

Newark, N. J.
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HIGH AND ULTRA-HIGH
FREQUENCY PORTABLE
TRANSMITTER o Type HFM

@ 10 watts nominal output over entire

range.

@ 7000 to 60,000 Kec. with single crys-

tal.

@ Lower frequencies to order.

@ Completely self-contained.

@ Al, A2 and A3 emission.

@ Operates from 6v. D.C. or 110 A.C.
supply. Power equipment available
for either.

@ Anti-noise microphone for mobile
operation.

@ Portable receiving equipment to
work with above.

PORTABLE PACK M.0.P.A. UNIT

TYPE PTR-19-M
2 WATT TRANSMITTER AND A
RECEIVER MONITOR
We have helped many with their port-
able and mobile communication problems.
Write, stating your requirements, and we

will advise on available or custom built
units.

Write for Bullefin C-38

Radio Transceiver Labs.
8627 - 115th Street
RICHMOND HILL, NEW YORK

CBS TELEVISION TRANSMITTER
NEARING COMPLETION

THE COLUMBIA BROADCASTING SYSTEM’S
new television transmitter, construction
of which required the work of some 50
technicians for a period of more than
nine months, is being given its first
power tests at Camden, N. J., and
probably will be ready for delivery
to New York shortly after the first of
the year.

When all “bugs” have been eliminated
the transmitter is to be shipped to New
York for installation on the 73rd and
74th floors of the Chrysler Building.
There it will provide television pro-
grams from the nearby Grand Central
Station studios.

[ ]
BROADCAST TRANSMITTER
(Continued from page 9)

The second is important in extending
the frequency band over which the feed-
back is effective. Less well considered
systems actually increase distortion at
high frequencies—due to the fact that
phase shift in intervening stages causes
the energy fed back to be shifted in
phase, so that at some point in the high-
frequency register it becomes additive
rather than canceling.

While this feedback arrangement
from the circuit viewpoint is a part of
the audio circuit only, it actually has
an effect beyond this. Study of the cir-
cuit will indicate the reason; namely,
that with a high-level modulation sys-
tem it actually compensates for distor-
tion and ripple in the Class C stage,
and also tends to compensate the modu-
lating voltage. Thus nearly the full ad-
vantages of an overall feedback system
are obtained, while at the same time the
ustal disadvantages are avoided. Dif-
ficulties due to a varying degree of feed-
back, or coupling instability, are
avoided, and critical adjustments are
unnecessary.

FIDELITY CHARACTERISTICS

High-fidelity transmission, claimed or
actual, has now become commonplace.
Nevertheless, the degree of considera-
tion given to obtaining exceptional char-
acteristics perhaps deserves comment.
The distortion characteristics, both for
5-kw operation and 1-kw operation, are
shown in Fig. 5. These are from actual
measurements on a typical transmitter
(the manufacturer’s specification says
“less than 3% rms, 0-959% modulation,
50-7500 cycles”). As will be noted, the
distortion level is low not only in the
middle band, but also at comparatively
low and high frequencies—a point to
which sufficient consideration is not al-
ways given. The frequency character-
istic (see Fig. 5) is similarly excellent
(being substantially flat from 30 to
10,000 cycles). The carrier and hum
level is specified as 60 db below 1009,
modulation (for measurement without
a weighting filter).

Apparently in recognition of the in-
creasing number of stations operating
with 5000 watts daytime and 1000 watts
night, provision has been made in this
transmitter for instantaneous change-
over (necessary to avoid loss of time
when power is altered). A single switch
on the front of the panel not only re-
duces the power (by changing to a
lower tap on the high-voltage rectifier,
and inserting resistance in the exciter
plate connection), but also cut-ins a
resistance in the modulation-monitor
circuit, so as to automatically correct
the carrier reading.

Control circuits, following the trend
of recent years, are more extensive than
ever before. In addition to providing
the usual features of automatic or step-
starting, time-sequencing, etc., an ar-
rangement is provided so that in start-
ing the plate voltage applied to the tubes
rises smoothly from zero to full voltage

Showing an array of cathode-

ray oscilloscopes used in the

final testing of Aladdin Radio
Industries products.

Frequency

66 BROAD STREET

Measuring Service

Many stations find this exact measuring serv-
ice of great value for routine observation of
transmitter performance and for accurately
calibrating 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

Wor pwidE

NEW YORK, N. Y.
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(in a time interval of approximately one
second).

Protective circuits are similarly com-
plete. New features—at least new for
this power classification—include cur-
rent-limiting resistors for charging the
filter capacitors, and a re-setting device
which, operating from any overload, in-
terrupts the plate power rapidly and
returns it again automatically, perform-
ing this function three times before
power is finally removed.

The power amplifier, in addition to
featuring high-efficiency operation, has
another feature which is illustrative of
a new trend in transmitter design. This
is the use of a low kva ratio tank cir-
cuit. This trend seems to be a recog-
nition of the necessity of avoiding side-
band cutting at low frequencies. A sec-
ond advantage, of course, is the reduc-
tion of circulating-current losses. The
amplifier is easy to adjust, and the neu-
tralization, which is of the fixed type,
is uncritical—"

In addition to the high-power rectifier
(which uses six 872-A’s) there are
three low-voltage rectifiers—one of
which supplies plate voltage for the
crystal-oscillator units only—and a
heavily loaded rectifier supplying bias
for the modulators.

The output of the transmitter is de-
signed to work into either a four-wire
balanced open-type line or a standard
concentric-type line. T-networks at both
ends of the line are provided for reduc-
ing harmonics.

A feature which is not entirely new,
but is interesting, is the use of a moni-
toring rectifier to drive a remote meter
(located on the transmitter panel) in-
dicating antenna current. This meter
will not be burned out by lightning dis-
charge, as is likely to occur with ther-
mocouple types. It is also connected to
operate the re-setting mechanism, so
that in case of arc-over in the antenna
circuit the arc will be broken and the
transmitter returned to the air without
a noticeable program break.

The construction of the transmitter is
generally similar to that of recent “de-
luxe” designs, being of the so-called
“vertical-chassis” type (also see pre-
viously published description of the ex-
citer of this transmitter’). New fea-
tures include the sealing of modulator
and p-a units (mentioned above), and
the location of all relays, breakers and
control apparatus on a separate power
control panel. This panel can be seen
at the extreme right in Fig. 1. The door
between this panel and the three main
units is intended to furnish quick access
to the rear, particularly when the units
are built into a room partition, as is be-
coming more and more the practice.

3¢“The Low-Power Transmitters,” by J. P.
Taylor, Communication and Broadcast Engineer-
ing, June-July, 1937,

Model 20A Microvolter

A QUICK ACTION MICROVOLTER FOR THE
~FACTORY PRODUCTION LINE

18 Fixed frequencies, selected by a switch —(No calibration curves
or tuning dial).

Any 18 frequencies between 150 and 20,000 kilocycles can be
supplied, with provisicn for changing to new frequencies when

’
\
| .
|

Write for illustrated circular and full details.

FERRIS INSTRUMENT CORPORATION
BOONTON, N. J.

USE A CRANE . ..

When A Jack Would
Do The Job

You could use a 20-ton crane to lift
your car to change a tire. But—a
I-ton jack would do it more efficient-
ly—more economically.

It's common sense to pick the equip-
ment that fits the job. That's why so
many electrical, mechanical, and de-
sign engineers specify Relays by
Guardian—Big in contact capacity—
Compact in design—Low current drain
—Long Lived—These units are "tops"
in efficiency and dependability. There's
a size and type ideally suited to your
specifications.  Write today for illus-
trated Catalog C.

Unit shown is No. 110 AC Relay (or 115 DC).

Many other types for every application.

Also stepping switches, electric counter, sol-
enoids, mercury switches, elc.

GUARDIANG/ELECTRIC

1623 W. WALNUT STREET CHI
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OVER THE

TAPE . . .

NEWS OF THE COMMUNICATIONS FIELD

GATES GPEN WEST COAST OFFICE

The Gates Radio & Supply Company,
Quincy, Illinois, announce the opeuing of
a west coast office under the persornal super-
vision of Mr. Norman D. Ncely, prominent
in radio engincering circles for many years
in the western states.

This new office is located at 5334 Holly-
wood DBvld, Hollywood, California, and
offers to broadcasters in California, Ariz-
ona, Nevada and Utah not only the oppor-
tunity to sce and inspect products made
by the Gates Company but a source of en-
gineering consultation regarding remote
and studio equipment, design and applica-
tion.

AIRCRAFT RADIO BULLETIN

A new bulletin issued by the Western
Electric Company, 195 Broadway, New
York City, describes and illustrates the
Type 20 aircraft receivers and accessories,
including modified forms of the receiver
which are just being introduced to accom-
modate those who wish to have facilities
for receiving the 500-kilocycle international
distress frequency (600 mcters).

This publication also announces a new
unit known as the D-99018 oscillator. This
addition to the Western Electric line of
aircraft radio equipment is a simple and
compact device which, used in conjunction
with the Type 20 receiver, permits contin-
uous wave signals to be picked up by pro-
ducing a “beat note” of a frequency con-
trolled by the opecrator or pilot.

Those interested in installing and using
radio in aviation will find much uscful ma-
terial in this newly issued publication.

"CLEAR RECEPTION"

Under the title of “Clear Reception,” an
attractive and interesting folder is offered
by Aerovox Corporation, 70 Washington
St, Brooklyn, N. Y., on the subject of
background noise suppression. This litera-
ture deals with the several ways in which
noises reach a receiver, and how thcy may
be stopped either at the set itself or prefer-
ably at the noise source. Also featured are
the several types of noise eliminators or
filters now available. A copy may be had
through any Aerovox jobber or from the
manufacturer direct.

MICABOND CATALOG

The Continental-Diamond Fibre Co.,
Newark, Delaware, have just issued a cat-
alog. Complete descriptions, specifications,
ete., of Micabond, a bonded mica insulating
material, are included. The catalog may
be secured by writing to the above organi-
zation.

NATIONAL UNION ANNOUNCES
CONDENSER LINE

Mr. H. R. Peters, President of the Na-
tional Union Radio Corporation, announced
from the company’s New York City head-
quarters this month the entry of his com-
pany in the field of condensers for radio
service specialists.

AMERICAN-BOSCH BULLETINS

Bulletins describing the following equip-
ments arc available from the United Amer-
ican Bosch Corporation, Springfield, Mass-
achusetts : Models 117 B1 (1500-1800 kc)
and 127 B1 (2200-2500 kc) police-station
radio receiver; police-car radio receivers;
police-radio power supplics, Types GM-
LA (250 volts) and GM-EB (190 volts) ;
Volt-O-Matic generators.

INSTRUMENT CATALOG

Sensitive Research Instrument Corpora-
tion, 4545 Bronx Boulevard, Necw York,
N. Y., have recently issued supplementary
Catalog No. 40 on their line of electrical
measuring  instruments, which includes
microammeters, milliammeters, ammeters,
galvanometers, millivoltmeters, voltmeters,
voltammcters, wattmeters, ohmmeters, volt-
ohmnicters, volt-ohm-milliammeters, and
irradiometers (for continuous measurement
of the radiation output of X-ray equip-
ment). This 64-page catalog may be ob-
tained from the above organization.

P-A SHOW

A p-a show with over $15,000 worth of
cquipment on display and demonstration
was held on October 1st and 2nd in the
Sound Auditorium of the Wholesale Radio
Service Company at 100 Sixth Avenue,
New York City. Large crowds of enthu-
siastic sound men, servicers, amateurs and
others interested in sound equipment, at-
tended on both days. Demonstrations of
the complete line of Lafayette amplifiers,
microphones, speakers, recorders, record-
players and associate equipment were in
continuous progress.

WROUGHT WASHER ANNIVERSARY

Fifty years ago in the city of Milwaukee
a little plant called the Nut and Washer
Mfg. Co. made an inconspicuous start in
2 small building measuring thirty by sixty
feet. The outgrowth of that little company
is the present Wrought Washer Mfg. Co.,
which is celebrating its fiftieth anniversary
this vear, and now has grown to be one of
the largest producers of washers in the
world.

BROADCAST ENGINEERING CONFERENCE

From February 7 to 19 a Broadcast En-
gineering Conference will be held at Ohio
State University. This confercnce is in-
tended primarily for broadcast station en-
gincers and from all reports an excellent
group of engineers will appear on the pro-
gram. According to the tentative program
there will be lectures on broadcast antenna
design, high powered amplifiers, modula-
tion and distortion measurements, studio
acoustics, and ultra-high-frequency propa-
gation, etc. Those interested should write
to Dr. W. L. Everitt, Department of Elec-
trical Engineering, Ohio State University,
for further information.
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RMA CREDIT MEETING

The Eastern RMA Credit Committee
held its monthly meeting on October 20 at
the Hotel New Yorker in New York City.
The meeting, for the monthly exchange of
credit information, will be headed by the
new vice-chairman of the castern commit-
tee, Mr. Victor Mucher, and with the usual
cooperation of the National Credit Office,
the official credit agency of the RMA.

RMA members are also reminded that if
they desire data or are not able to have
representatives attend the monthly meetings
of the association’s credit committees, they
can apply to the National Credit Office, 2
Park Ave, New York City, and secure
detailed credit data of the NCO, which is
the basis for the committee meetings.

NEW PRICE SCHEDULE FOR MIRROR
RECORD

Mirror Record Corporation, 58 West
25th Street, New York City, manufacturers
of all types of blank discs for recording
purposes, announces a new price schedule.
Thosc desirous of obtaining this literature
can do so by writing to the above organi-
zation.

DU MONT BULLETIN

A 4-page bulletin describing the new Du
Mont all-purpose, 5-inch cathode-ray os-
cillograph, Type 168, is now available from
the Allen B. Du Mont Laboratories, Inc.,
Upper Montclair, N. J. The Type 168 os-
cillograph features the sweep-expanding
amplifier.

STUPAKOFF MODERNIZES PLANT

The Stupakoff Laboratories, Inc., Pitts-
burgh, has just completed a plant moderniz-
ing program which includes the installation
of a 65-foot tunnel kiln and a complete ma-
terials preparation plant for crushing, pul-
verizing and screening various ceramic
bodies. The die making shop and press de-
partments have been expanded with the
most modern machine tools and specially
constructed ceramic presses. These addi-
tions and improvements enable the Stupak-
off company to expand their activities in
the manufacture of insulators in the radio,
appliance and clectronic tube fields.

AMERTRAN BULLETIN

The September, 1937, issue of the Amer-
tran Transformer News has been devoted
to the Type TH Transtat voltage regu-
lator. A complete description, as well as
standard ratings and list prices are given.
Write to the American Transformer Com-
pany, 178 Emmet St., Newark, N. J.

G-E BULLETIN

The General Electric Co., Schenectady,
N. Y., have recently issued an interesting
4-page bulletin covering their line of small
panel instruments. Write for Bulletin

GEA-2645.
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Submit your

PROBLEMS
-

One tube . . . a hundred tubes . .. thou-
sands of tubes! All with precisely the
same filament characteristics. That’s the
story of Driver exclusive “melts” ear-
marked for the given tube manufacturer.

L FILAMENT WIRES |

In keeping with the demand for longer
life and improved characteristics, several
filament alloys are available, such as
Hilo. Modified Hilo, Cobanic, Tensite
and Sylvaloy. Held to most exacting lim-
its on size, milligram weight, resistance,
elongation,

L CARBONIZED NICKELS

RadioCarb A or carbonized nickel ribbon
in widths up to 6” and .002 to .015” thick-
ness. Also bare strip in widths up to 6”
and as fine as .001” thick.

LORIDS AND SUPPORTS |

Precisely tempered wire for grids fabri-
cated in “Tophet A.,” “Tophet C,” Pure
Nickel, Manganese-Nickel and “Moli-
met.” For supports, pure nickel wire spe-
cially treated for uniform elongation.

Tell us about your tube problems. Our
metallurgists and engineers will col-
laborate in their solution. Data sent on
request.

M BUR B.DRIVER CO.

NEWARK, NEW JERSEY
ANV

That’s all we ask—your name and address on the coupon below
and this big 1938 radio catalog will go in the mails. It's probably
the greatest “year-book” in radio history — 180 pages, over
50,000 items. Servicer, amateur, sound engineer—anyone inter-
ested in radio, will find in this new Wholesale catalog hundreds
of sensational values.

Puslic ADDRESS SYSTEMS

More thon 25 "stopper” pages of sound }°

equipment for modern business. You'll want
to see this new Lafayette streamlined P.A.
tine — trim, easy to operate, with superb X:
tone and compelling sales appeal.

LAFAYETTE RADIOS

you see this catalog. Pages of sturdy, extra
powerful receiver sets in beautiful cabinets.
There are 5 to |13-tube models {70 in all)
with every advance feature known,

HAM RECEIVERS

The amateur, with his copy of the new
. Wholesole catalog is certainly ‘'the ham
what am.” Every nationally known line for
“Thim to choose from, and Wholesale offers
the easiest, swiftest, most economical way
to order.

_ TEST EQUIPMENT

g'_ Servicemen will marvel at the test equip-

Q. ®8| ment Wholesale dpicrures in one caialog!

yu Tt w ] Whether you need a pocket voltmeter or a
Cathode-ray oscillograph, you'll find it at
Wholesole.

MAIL COUPON NOW
WHOLESALE RADI0 SERVICE CD.:

NEWYORK,N.Y. CHICAGO,ILL. ATLANTA, GA.

100 SIXTH AVENUE 901 W. JACKSON BLVD. 430 W. PEACHTREE ST., N. W.
BOSTON, MASS. BRONX, N.Y. NEWARK,N.J. JAMAICA,L. L

I WHOLESALE RADIO SERVICE CO., INC.
100 SIXTH AVENUE, NEW YORK, N. Y,

I Rush FREE 1938 Catalog No. 69-72K7
i

| Name

I FEEL LIKE A
KING WITH THE
NEW CATALOG
WHOLESALE SENT!

GOLLY, I'M SEND-
ING IN THIS COU-
PON RIGHT NOW!

I Street

City. State ..o I
L 1 | | PASTE COUPON ON PENNY POSTCARD | | | |
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"BROADCAST COMPONENTS"

“Broadcast Components”. is the title of a
new 46-page handbook-catalog which may
be secured from United Transformer Corp.,
72 Spring Street, New York, N. Y. Com-
plete data on the UTC line of transformers,
filters, chokes, equalizers, reactors, control
units, and the like, are given. A number
of useful engineering charts are also in-
cluded, as well as a number of interesting
circuits for amplifiers, preamplifier-mixer,
preamplifiers, modulators, etc.

WIRE STRIPPER BULLETIN

A 4-page bulletin describing the Colonial
reversible wire stripper is now available
from Pyramid Products Co., 2309 South
State St., Chicago. The wire stripper de-
scribed will strip either clockwise or count-
er-clockwise.

GENERAL CABLE BULLETIN

“General Cable Trenchlay (Concentric
Type) and Ruralay” is the title of Bulletin
UC-2 which is now available from the Gen-
eral Cable Corp., 420 Lexington Ave., New
York, N. Y. The cables described in this
bulletin are for direct earth installation.

{
WESTERN ELECTRIC BULLETINS

An interesting bulletin that has recently
been made available by the Western Elec-
tric Co., 195 Broadway, New York City,
is entitled “Police Radio-Telephone for the
Small City or Town,” and describes their
latest police-radio equipment . . . including
an ultra-high-frequency coaxial antenna for
police headquarters. Also available is a 6-
page bulletin describing WE’s new 22A
radio transmitter for police departments.

RADIO TUBE MANUAL

One of the most complete radio tube
manuals to appear so far has just been
published by the Philco Radio and Tele-
vision Corporation under the auspices of
the Radio Manufacturers Service. The 64-
page volume printed on coated paper and
measuring 614 by 9 inches is ready for
distribution to the trade. Thirty-four pages
are devoted to socket layouts of home sets
listed numerically by models; seven pages
to socket layouts of auto sets; nine pages
to characteristic tables, bulb sizes and
types; four pages to base views and
schematics; two pages to tables of bases
and types and four pages to tube comple-
ment list for all Philcos ever produced. Re-
quests should be addressed to the above
organization at 3701 N. Broad St., Phila-
delphia, Pa.

PACKING CATALOG

A new “miniature” packing catalog, fea-
turing the eleven most commonly used U. S.
packings, has been announced by the Me-
chanical Goods Division of United States
Rubber Products, Inc., 1790 Broadway,
New York City. The “preferred eleven”
illustrated in this booklet were chosen be-
cause they meet a large percentage of nor-
mal packing requirements.

This booklet was compiled as a substi-
tute for the larger and more comprehensive
packing catalog issued by “U. S earlier
this year. Tt should prove valuable as a
reference for engineers, plant operators,
and executives.

"DURACORD TREE WIRE"

“Dyuracord Tree Wire,” Publication C-
36, is the title of a new bulletin just issued
by the Anaconda Wire and Cable Co., 25
Broadway, New York City, N. Y. Com-
plete descriptions, test data and tables of
insulation thickness are included.

RMA BOARD EXPANDS SERVICES

New services for RMA Members, especi-
ally in engineering, were approved by the
RMA Board of Directors at its meeting
September 29 at the Hotel Roosevelt in
New York City. President Leslie F. Muter,
of Chicago, presided and there was a full
attendance of the RMA directorate, now
enlarged to twenty-five, including seven
new directors elected at the convention last
June in Chicago. The new directors are
P. S. Billings, E. Alschuler and J. J. Kahn
of Chicago, S. T. Thompson and S. I. Cole
of New York, H. E. Osmun of Milwaukee,
and Ray F. Sparrow of Indianapolis.

Production and merchandising problems
were prominent at the meeting of the board,
which was the regular fall session to out-
line membership services and activities for
the ensuing year. There were several meet-
ings also of committees and groups.

In expanding services for members and
especially for engineering, the Association’s
Board authorized the committee to collect,
maintain and distribute detailed data on re-
ceiving-set characteristics. To continue and
expand standardization of component parts,
the Board authorized an additional fund
and also the engagement of a consulting
engineer on special engineering problems.
The Association’s engineering work will
continue under direction of Dr. W. R. G.
Baker of Bridgeport, Connecticut, engineer-
ing committee chairman. The extensive
parts standardization work will be especial-
ly valuable to parts and accessory members
of the association.

The RMA Board renewed its opposition
against public shows, local or national, for
exhibition of receiving sets, The Board re-
affirmed former resolutions against exhibits
of receiving sets in trade shows or public
shows, either by manufacturers or distrib-
utors, on the ground that such public shows
are detrimental to the industry. The RMA
recommends that its receiving set manu-
facturing members do not exhibit or sup-
port, directly or indirectly, any such trade
or public shows, and that manufacturers
urge their jobbers not to participate in such
shows.

In its consideration of merchandising
problems, including the new Miller-Tydings
law authorizing contracts for resale price
maintenance, the RMA Board received a
report that action might be expected soon
from the Federal Trade Commission on
pending fair trade practice rules in the sale
of receiving sets, including the proposed
rule against “spiffs” and other sales prac-
tices.

"ADYANCED DISC RECORDING"
“Advanced Disc Recording” will be is-
sued in a new edition November 1 by the
Universal Microphone Co., Inglewood, Cal-
ifornia.

RCA BULLETINS

The RCA Manufacturing Co., Inc., Cam-
den, N. J., have recently issued a number
of interesting bulletins. These bulleting
cover the following equipments : ultra-high-
frequency broadcast receivers, Types MI-
7802 (battery operated) and MI-7803 (a-c
operated) ; ultra-high-frequency mobile re-
lay transmitter, Type ET-4315 (30.1 to
42.1 mc, 15 watts) ; the Type 500-B police
transmitter (500 watts) ; Type AR-5025
police station-house radio receiver; Model
AR-5013 police car receiver; Terra-Wave
police broadcast transmitter, Type ET-5017,
and amplifier, Type AA-5018; the Type
76-A consolette, a self-contained, two-
studio speech-input system; 68-A beat-fre-
quency oscillator, 69-A distortion and noise
meter.
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RCA SOUND CATALOG

A comprehensive, 36-page catalog listing
more than 100 commercial sound products
has been issued by the Commercial Sound
Section of the RCA Manufacturing Com-
pany, Camden, N, J.

The new catalog, which will be distrib-
uted through RCA’s sound equipment
wholesalers, supersedes the previous pub-
lication. It is printed on high-grade coated
stock in two colors and is profusely illus-
trated. ‘

C-D CATALOG

The Cornell-Dubilier Electric Corpora-
tion has made available to broadcast and
radio engineers catalog No. 153A, a com-
prehensive folder listing in detail Cornell-
Dubilier mica transmitting capacitors. This
catalog can be obtained by addressing re-
quest to the Cornell-Dubilier Electric Cor-
poration, South Plainfield, New Jersey.

THE "SHAKEPROOF ENGINEER"

The Shakeproof Engineer, a bulletin of
technical information devoted to the inter-
ests of better metal fastening methods, is
now being published by Shakeproof Lock
Washer Co., 2507 N. Keeler Ave., Chicago,
Illinois. The first issue contains some very
interesting information on Shakeproof’s
new thread-cutting screw. Write to the
above organization.

WHOLESALE NOW [N BOSTON

Wholesale Radio Service Company, Inc.,
of 100 Sixth Avenue, New York City,
added another link to their growing chain
of establishments with the opening of their
display and salesroom at 110 Federal Street,
Boston, Mass., with Mr. Michael Scott,
well known radio merchandiser in charge.

PAUL B. KLUGH AND A, ATWATER KENT
NAMED HONORARY RMA DIRECTORS

For their many years service to the radio
industry and the RMA, Paul B. Klugh,
formerly of Chicago, and A. Atwater Kent,
of Philadelphia, have been honored by elec-
tion as honorary members and also direc-
tors of the association. Their honorary
election was voted unanimously at a meet-
ing of the RMA Board of Directors in New
York City on September 29. The resolu-
tion stated that the RMA desired to retain
their active interest and valuable services,
which will now be available formally in
the future, This is the first occasion on
which such honors have been bestowed on
former officers of RMA.

BULLETIN ON MERCURY SWITCHES

A 12-page bulletin describing the com-
plete line of GE Kon-nec-tor mercury
switches has just been issued by the General
Electric Vapor Lamp Company, Hoboken,
N. J. Designated as Catalog 603, the new
publication features full-size illustrations of
the twelve common types of mercury-to-
mercury and mercury-to-metal switches. A
table shows the capacity and electrical
specifications of each type. A 4-page sec-
tion is devoted to desirable applications of
mercury switches.

GENERAL ELECTRIC BULLETIN

The Radio Department of the General
Electric Company, Schenectady, N. Y.,
have just released an interesting bulletin
describing their 30-42 mc ultra-high-fre-
quency police-radio receivers for station
houses and police cars. Associated equip-
ment is also described.
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AMPEREX
C

ARBON ANODE
T ’ \NSMITTING TUBES

ELECTRONIC PRODUCTS, Inc.
79 WASHINGTON ST., BROOKLYN, N. Y.

Featuring:

COMPACT POWER
POSITIVE CONTROL
UNIVERSAL APPLICATION

@ Unusually high starting torque in both directions is
now obtainable in this new midget motor.

@® Dynamic braking and reversal of rotation are easi_ly
accomplished by simply switching in a low voltage circuit.

@® Recent developments make it possible to announce
the addition of small gear reduction assemblies, integral
with the motor, enormously extending the range of appli-
eations.

@® Both reversible and unidirectional models may now
be mounted in any position, with or without speed reduc-
tion assemblies.

For additional information address your inquiries to

THE ALLIANCE MFG. COMPANY

SOUTH MAHONING AVENUE, ALLIANCE, OHIO

We make Permanent Magnets
for All Purposes = Stamped,
Formed and Cast Magnets <
Chrome ... Tungsten .. .
Cobalt . .. Alnico (cast only)

STEEL PRODUCTS CO.

WRiE 1120 E. 23rd ST. - INDIANAPOLIS

P‘“ TOOLS

-

CE® LAMINATIONS FOR RADIO TRANSFORMERS

DIES - STAMPINGS

ALFRED W. BARBER

Consulting Engineer

35-33 172nd Street

Flushing, N. Y.

PATENTS — TRADEMARKS — COPYRIGHTS
Correspondence Solicited

EUGENE E. STEVENS

Registered Patent Lawyer
Washington Loan and Trust Bldg. - Washington, D. C.

-ﬁpp'zovea{ éy f. C. C.
BLILEY CRYSTALS

Bliley Broadcast Crystals, Holders
and Ovens are specially designed for
General Communication Frequencies
from 20 Kec. to 25 Mc. Bliley Broadcast
Crystals and Ovens are approved by
F.C.C. Forfull information and prices,
write for Bulletin G-9.

BLILEY ELECTRIC COMPANY

UNION STATION BUILDING ERIE, PA.

COMMUNICATIONS FOR OCTOBER 1937 o 57

www americanradiohistorv com


www.americanradiohistory.com
www.americanradiohistory.com

AN ULTRA-SHORT-WAVE RADIO LINK

ticcable crosstalk is a problem on its
own. It is on the special design of the
channel-selecting circuits, by means of
which this end is achieved that the suc-
cessful operation of the whole system
primarily depends.

GENERAL

It is quite evident that a fault in any
part of the equipment common to all

three terminals of the stator windings of all motors, as -
well as the three terminals of the distributor stator, are

(Continued from page 22)

channels would be a catastrophe; a fault
in one channel is serious, but the fail-
ure for any appreciable time of 9 chan-
nels is disastrous. The ultra-short-
wave transmitter unit, being common
to all 9 channels, is, therefore, provided
in duplicate. The reserve unit is nor-
mally not under tension, but if a fault
such as the failure of a tube occurs,
the power supplies and the aerial are

DISC RECORDING

(Continued from page 19)

bility of the
smoothed out.

springs,
To suppress surges in this filter system,

automatically switched from the service
to tlie reserve unit and a fault signal is
given to the distant remote-control
point. That portion of the receiving
equipment which is common to all 9
channels is similarly duplicated. In
addition, the power supply is duplicated
by an emergency plant which is
switched in on failure of the public
supply.

irregularities arve effectively

all connected to the three-phase a-c power supply. The
three terminals of the distributor rotor winding, brought
out by means of slip rings, are similarly connected to the
rotor windings of all motors in the system. The dis-
tributor itself is similar in design to the motors, but of
sufficient size to supply the necessary rotor current to
all the motors in use. It is driven by a separate motor,
the speed of which is regulated. With this arrangement,
it will be seen that an electromotive force is generated, in
the rotors of the distributor and motors, of a frequency
equal to the difference between the excitation frequency
of the stator and the frequency corresponding to the
speed of rotation of the rotor. For example, if the 4-pole
distributor is driven at 1200 rpm and 60-cycle excitation
is used, there will he generated in the rotor an emf
having a frequency of 20 cycles and a voltage of approxi-
mately 70, which is proportional to the frequency. The
torque delivered by the service motors is partly trans-
mitted from the distributor drive motor through the
electrical interlock and is partly developed by the service
motors themselves, functioning as induction motors
whose rotor circuit resistances arce reduced by means
of a three-phase rheostat which is connected across the
rotor buses.

REPRODUCING EQUIPMENT

The value of the precision teclhnique used in making
vertical-cut transcriptions would be entirely wasted if a
similar degree of precision were not used in the design,
manufacture and operation of the reproducing equipment.
The first and perhaps the most fundamental item is the
accuracy of speed control of the turntable. In the broad-
cast reproducing cquipment every necessary precaution
has Dbeen taken to imsure absolutely uniform turntable
speed.  The driving force is obtained from a precisely
controlled 1200 rpm motor sturdily mounted and clec-
trically interlocked with the 60-cycle a-c power supply.
The necessary reduction in speed from the motor to the
turntable is accomplished by a worm-and-wheel reducing
gear running in oil. In order that there will be no
possibility of transmitting speed variations to the turn-
table which might be caused by slight gear inaccuracies
or instantaneous motor-speed changes, a mechanical filter
system has been built in between the last gear and the
turntable. This filter system involves a flywheel and
a flexible connector between the flywheel and the drive
gears. The turntable disc acts as a flywheel ; the flexible
connector consists of a series of six springs connecting
the last gear to the turntable. By properly proportion-
ing the moment of inertia of the flywheel and the flexi-
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or a persistence of any oscillation of the turntable, fric-
tional damping has been applied to the spring connec-
tions. All turntables are tested to be sure that they are
free from oscillations that cause noticeable pitch changes.
As a further precaution against transmitting gear irregu-
larities to the turntable, separate bearings are provided
for the gear and for the turntable shaft. Also, the turn-
table shaft is carried on a ball thrust hearing running in
oil in order to keep the bearing friction low and very
uniforn.

Given a uniformly driven vertically-cut disc the next
item of reproducing equipment is the vertical reproducer.
This also must be a precision instrument in every re-
spect. Laterally- and vertically-cut records drive the re-
producer point quite differently. ILateral-cut records
drive the point from both sides, but the point rarely fol-
lows the center of the groove with great exactitude. It
deviates from the center in a degree chiefly dependent
upon the mechanical impedance of the reproducer. On
the other hand, a vertically-cut record drives in only
one direction. The restoring force is due chiefly to the
combination of the elasticity of the supporting structure
and the weight of the stylus. The stylus point will
always remain in contact with the record unless the
forces set up by the undulations exceed this normal
restoring force, hence, operation should always be below
this limiting condition. This sets definite requirements
on the mechanical impedance of the vibrating parts which
must be met to insure faithful reproduction of vertical-
cut records. In the vertical reproducers the stylus can
follow the sudden downward motion of the record groove
even to accelerations about one thousand times that due
to gravity alone.

IExtensive development work indicates that a highly
satisfactory design of reproducer for vertical-cut records
is the type of structure now familiar in loudspeaker de-
signs, nanely, that in which a coil nioves in a radial
magnetic field. Such a reproducer is sturdy, light and
efficient, and its performance is linear over a wide ampli-
tude range. That is to say, the energy (or sound) out-
put is precisely proportional to the size of the undulations
on the record whether they are very small or very large.
The coils used have a diameter of approximately one-
tenth of an inch and the total mass of the vibrating sys-
tem, including the diamond stylus, is only about 25 milli-
grams. The total force on the record has been reduced
from 150 grams in former types of reproducers to ap-
proximately 30-35 grams. This insures much longer
life of the records and tests have shown that the first
few thousand playings cause negligible deterioration.
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- Chassis Cradle

Prevents Damage—Holds
Chassis in Any Position

ONLY $4.85
at your Distributor

Holds any make or model radio
chassis in desired position for
testing, aligning, repairing, re-
placing parts, etc. Clamps hold

Prevents danger of accidental damage to coil
Allows both hands free for work. Puts repair
Is very desirable for displaying radio chassis.

chassis in vise-like grip.
assemblies, tubes, etc.

jobs on a production basis.
Made of steel—-cadmium plated. Order today through your distributor,

ACRO TOOL & DIE WORKS

1401 WILSON AVENUE CHICAGO, ILL.

CLEANS BUT DOESN'T DAMAGE

Dm Jumbo "3-in-1" Cleaner
BLOWS—-VACUUMS —SPRAYS

Powerful~but cleans most delicate electrical or other machinery
and instruments without disturbing most precise adjustments.
Gives high velocity of dry air at low pressure—and there’s no
moisture, y

Cleans corners and small-
est nooks, removing every
particle of lint and dust.
Easy to handle—Portable—
Weighs only 14 lbs.
Sent on Free Trial

IDEAL COMMUTATOR

DRESSER CO.
1062 Park Ave., Sycamore,

1llinois

INSURE YOUR FUTURE! Start Training Now
PRACTICAL RADIO ENGINEERING

Do you ever sit down and ‘‘lock your job in the
face”’? Are you satisfied with your present po-
sition, or anxious to get ahead? Today, you can’t
be satisfied, because rapid new developments mean
Radio wants only men who are TECHNICALLY
TRAINED.

Better Men Get Better Jobs!

Right now is the time to start training—so you
won’t be left behind when others go ahead.
CREI offers you home-training that will equip
you to keep pace with Radio.

Write for FREE COPY of Booklet:
“A Tested Plan for a Future in Radio”

Capitol Radio Engineering Institute

WASHINGTON, D. C. DEPT. RE-I0  NEW YORK CITY |
14th and Park Rd., N.W, 29 Broadway \

LOWER (OST5

are made posstble through the use of Gardiner
Rosin-Core Solder. Its uniform high quality
permits experienced workers to do faster work
and inexperienced help to do better, neater work.
It saves both time and material.

Made in various alloys and in gauges as fine
as 1/32 of an inch. Because of modern pro-
duction methods Gardiner Solder costs less than
even ordinary kinds.

We also make bar and solid wire solders,
and dipping and casting metals.

Eastern Sales Office and Warehouse:
DAVID M. KASSON & CO.

264 Canal St., New York

aardiner
METAL CO. k//

\\\\ ;

4819 S. CAMPBELL AVE,

IF-RF WINDINGS—AIl types, your tolerance—prompt delivery any quantity—send

samples or specifications for quotations—Export inquiries invited.

Address Dept. C.
PRECISION iINDUCTANCE CORPORATION, 591 BROADWAY, NEW YORK
——

m»

LAMPS, PHOTO CELLS,
D CATHODE RAY TUBES,

CHAS. EISLER

EQUIPMENT PRODUCED

MILLIONS

UNIT CATALOG, ELECTR
EXHAUST, ETC., ETC., E!I%.WELDER

EISLER ENGINEERING

750 8. 13 ST. (NEAR AVON)

ND ELECTRON TUBES, INCAN-
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Rack . .. get the Station ready for Profitable and Dependable
service this winter. . . . Long Life and Good Operation plus
Low Cost make our Repair Service ot Distinct Value to you.
Write us for Prices and Details
NATIONAL RADIO TUBE CO.
SAN FRANCISCO, CALIF.

| |
‘ Let us overhaul the Cripples that clutter up the Spare Tube \

3420 I8TH STREET

N N L

(REAEERTIIaGE

Manuracrurers or Seinat Weareeo Tusing ror v Evecrmicar Inoustar
SQUARE - RECTANGULAR - AOUND

2035 WEST CHARLESTON STREET ,
Lé»taiy(',,./// 188014,

“THE CRYSTAL SPECIALISTS SINCE 1925”

PIEZO-ELECTRIC CRYSTALS

GUARANTEED Accurate to BETTER than .01%

SCIENTIFIC RADIO SERVICE

Send for FREE Booklet and Price List!
UNIVERSITY PARK . - HYATTSVILLE, MD.

SPEAKER GRILLE CLOTH

Complete assortment of patterns.
Special colors and patterns made to order.

Samples and prices furnished upon
Shipments made from stock.

* request.

A. G. HINTZE

300 WEST ADAMS STREET CHICAGO, ILL.

RADIO IN IT S-ENTIRETY!

“B.A" serves the trade with every need in radio—

complete 160-page catalog of nationally known
— radio receivers, public address, parts, supplies and
7 equipment. Orders shipped same day received.

BURSTEIN-APPLEBEE CO.
1012-14 McGEE ST. --- KANSAS CITY, MO.
UP-TO-DATE CATALOG AVAILABLE
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The
First Comprehensive
Treatise

TELEVISION
ENGINEERING

By J. C. Wilson

Now of Columbia Broadcasting Svstem

While much has been written on
this interesting and advancing
science, most of it has been semi-
popular, or else confined to the
work of some one leading experi-
menter,

Now for the first time appears a
genuine scientific textbook -—a
complete study of the fundamental
principles and the many and im-
pressive technical advances which
have been made. The whole sub-
ject of Television is discussed from
the standpoint of the advanced
student and of the engineer.

Cloth. 514" x 814", 504 pp. Illus. $10.00

—— PITMAN —/———

PUBLISHING (CORPORATION
— 2 W. 45th St.,, New York

LYNCH
GIANT KILLER CABLE

For any and all types of radio
frequency transmitting and
receiving systems.

Not only endorsed by, but used by
leading radio experts everywhere

PURE GUM
{LATEX)
INSULATION

World's Largest Mokers of Antenna Systems

L. S. BRACH Mfg. Corp.

Newark, N. J. Est. 1906
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the AMPERITE
VELOCITY

*hNEW DESK STAND

Ideal for desk. pulpit, lootlights, bon-
quets. Leaf spring suspension acis as
shock absorber STAND ONLY . . .
LIST $4.06 NAME PLATE with call
leitexs . . . LIST $2.00

MICROPHONES: Model RBHn (High
Imped.); or RBMn (200 ohms) with
cable connector & switch . . . LIST
$42.00 Models RBSn. RSHn, with
switch only .. LIST $32.00

NEW “HAM MIKE'’

No Peaksl No Splashingl Real
Broadcast Quality! RF Choke Cir-
cuit included in microphone. Out-
put.-68 db. Operates directly into
grid. MODEL HAM (High Imped.)
or MODEL HAL (200 ohms) . .. Gun-
metal, LIST $22.00. Chrome LIST
$23.00. Price includes Ham Desk
Stand. Call Letters, and 6 feet of
cable.

A popular Amperite Velocily of

very high excellence. Used for both j
speech and music. No peaks. Flat
response over audible range. Out-
put—68 db. Triple shielded. Shock (i
absorber, swivel bracket. MODEL | T
RAL (200 ohms); or MODEL RAH §i i
(2000 ohms) high impedance . . .

FREE: Window Decal
& Window Display
AMPERITE@. 561 BROADWAY, N. Y

HOW
TERMINAL CUSTOMERS
ARE MADE

few weeks ago W—— Engi-
A neer R R—— was in a

tight spot—he had to have a
special cable connector and db.
meter for a rush job—a sponsor
decided at the last minute to
broadcast a new price policy from
his own desk. There was no time
for if-ing and but-ing. It was
simply up to W—— to deliver.

R tried his regular suppliers.
Nowhere could he find what he
wanted. It was getting late. Finally,
in desperation, he called a friend—
J— D—. Naturally, J— recom-
mended Terminal Radio right off.
R— dialed Barclay 7-0622, ex-
plained what he needed. In less
than an hour the engineer had
his equipment—exactly to specifi-
cations.

This could happen to you. Get to
know Terminal today and its
sleeve-rolled policy—service, speed,
quality merchandise—always.

TERMINAL

RADIO CORPORATION
80 Cortlandt St., New York City
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PRODUCTION COIL TESTING

ITH the new G-R Coil

Comparator, an ingenious-
ly designed measuring circuit,
you can make reactance and
resistance or Q production
checks on coils and condensers
over a wide range of resistance
and induectance.

The comparator is extremely
simple to operate, direct reading
in tuning capacitance differences,
shows up small variations in coil
losses, and requires only inex-
pensive auxiliary equipment. It
has sufficient accuracy to hold
coils and condensers to extreme-
ly close tolerances.

The auxiliary equipment re-
quired is simple and generally
already available. It consists of
detector (a

an oscillator, a

broadcast receiver operating at
the test frequency), and the
standard coil or condenser with
which the test samples are to
be checked.

‘Where precise results are not
required, the comparator may
be used for direct measurements
of resistance and inductance by
means of the approximate cali-
brations supplied.

The comparator is supplied
in two models: Type 721-AM
in cabinet ($85.00) and Type
721-AR with metal dust cover,

($80.00).

@® Write for Bulletin 184 for complele description.

GENERAL RADIO COMPANY

Branches: New York Los Angeles

Cambridge, Massachusetts

San Francisco

MANUFACTURERS OF PRECISION ELECTRONIC MEASURING EQUIPMENT
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The Bass Reflex Pri

€ Briefly, this new acoustic principle involves the function of an acous-
tic network through which back-side radiation from the cone type of
loudspeaker is made to add usefully to the acoustic output from the
front-side. Thus that energy, previously a source of destructive inter-
ference and difficult to dissipate satisfactorily in open-back loudspeaker
cabinets and baffles, becomes a source of useful acoustic output. And,
by suitable acoustic network design this added output occurs through
a range of low frequencies not heretofore possible to produce by prac-
tical method. In short, one or more octaves of low frequency response
range is added to what has previously been accepted as maximum loud-
speaker and baffle ability.

This accomplishment not only involves consideration of acoustic net-
works in simple form but also those of more comprehensive nature which
are Jensen developments and which constitute new art. Application of
this new Bass Reflex principle is practical in every known use of direct
radiator loudspeakers and we predict that henceforward consideration
of the principle will be mandatory if the best possible acoustic results
are to be achieved in treatment of loudspeakers and associated cabinets

££)

—or baffles.

1
1
i)
1

JENSEN RADIO MANUFACTURING cq

6601 SOUTH LARAMIE AVENUE

. e /Vﬁme .gma#ej Me ,Qaa'/:ty"

. l| € We offer the details of this new
[ Engineering Service to those manufact
] : incorporate the principle in their ma
service may either involve consideratig
works or of those more comprehensive
tor usually being that of finished produc
objective. Specifications are provided

cabinet enclosures, loudspeaker design
sis of the receiver itself. Those intere
and ask for a date at which the work

i i d

@ Jensen built Peri-Dynamic Re- Model
producers, incorporating Bass Re-  Reprodus
flex, are offered the trade for all So:’ne Mo
manner of applications concerned it

. : i corporat

with the Reproduction and Rein- . 4 ..o

. forcement of sound. Models are  ernistic

R - ?vailable with eit.herIB, 10.‘ 12 or 15  Station

inch speaker equipment. List prices  €rence

range from $12.50 up. The list price of Model KM-12, illustrated ~ use whe
at left, is $34.25 complete with 12-inch PM12-C speaker. ?; repr
KM and KV Models are shipped in kit form with enclosure o geq
. designed for easy assembly in the job. They are |Feal for public Writé
address, radio and similar uses. on all M

C
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