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"Receiver, IP 500"

HE IP 500 Receiver is a highly selective 2 -
circuit regenerative receiver having a wave...-:-)

length range of 150 to 6,800 meters. Load coils
are provided for increasing this wave length
range to 20,000 meters. The equipment is very
beautifully finished with polished bakelite dil2cto
panel and oak cabinet, and represents the highest
type of workmanship in radio receiver construction.

We have a limited number of these receivers
available for immediate shipment complete with
load coils, $385.00, f.o.b. Boston.

All sales inquiries regarding the Wireless Specialty Ap-
paratus Company's Marine Type Direction Finder should
be addressed to the Radio Corporation of America, 233
Broadway, New York City.

Wireless Specialty Apparatus Company
BOSTON, MASS.

Established 1907
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Every person interested
in Radio should have E-
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No. K -I0. 3!. " ammeters, milli -am-
meters, voltmeters, milli -voltmeters
and thermal ammeters for all receiv- 2
ing and transmitting sets.

B
k- No. K-20. Telephone receivers and

Loud Speakers. E-

'f- No. K-810. Medium and large size ammeters, milli -ammeters, volt-
meters. milli -voltmeters and current squared meters for all receiving and ..2

transmitting sets. g:
E Distributors, write for attractive proposition
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Electrical Instruments. Meters and Circuit breakers Ii---

EMAIN OFFICE: WORKS:
= 2134 Woolworth Bldg., NEW YORK Bethlehem, Pennsylvania g-
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--m Offices in Principal Cities in U. S. and Canada --_4
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Send for These
Bulletins

ACME TRANSFORMERS
As specialists in the de-
sign and construction
of Transformers we are
prepared to quote prices
and delivery on Trans-
formers singly or in
quantity.

Our Radio Transformers
are well known for their
high efficiency and rug-
gedness.

ACME APPARATUS COMPANY
200 MASSACHUSETTS AVENUE

CAMBRIDGE 39, MASS.

TRANSFORMER AND RADIO ENGINEERS AND MANUFACTURERS
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ERBERT H. FROST. Inc.

Radio Engineers Approve
Frost Precision and Quality

For many vears the name Frost has been favorably
identified with radio. Efficient engineering methods
and a system of rigid inspection, insure the quality
you insistently demand.

Herbert I f. Frost, Inc., is one of the world's largest
producers of head-fones, plugs. jacks and other
equipment. This tremendous volume makes possible
our moderate prices. combined with an unlimited
quality guarantee. Ask your radio dealer or jobber.

HERBERT H. FROST, Inc.
154 West Lake Street CHICAGO
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400-FrostRadio
Receiving Transformer.

No. 137-Frost Radio
Cord Tip Ping.

I 38-Frost Radio
.1i niti-Pkone Pima.



No. 25 Type Equipped
with Binding Posts

Price $5.00

No. 25A Unmounted
Type Equipped with

Leads for Soldering
Price $4.00

PACENT
AUDIOFORMER
Compact convenient for mounting es-
pecially designed for radiophone recep-
tion. Amplifies all audio frequencies with-
out distortion. Not a "one -frequency"
transformer.

For use with all tubes --
Ideal in 1X volt circuits

Specify Pacent Radio Essentials
Don't Improoise--"PACENTIZE"

Send for Bulletins D2

PACENT ELECTRIC COMPANY, Inc.
Louis Gerard Pacent. President

22 Park Place (Tel. Barrlay 0670 ; New York

Chicago
San Francisco
Philadelphia

St. Louis
Washington.D.C.

Minneapolis

RED SEAL

RADIO

SPARKER

NEW!
The Red Seal

Radio Sparker
for operating WD -11 Tubes
A Special Dry Battery that lasts nearly 3 times longer

Designed for operating the WD -1I dry battery tubes.
Composed of special cells for radio work. Will give
longer service and better satisfaction operating WD -l1

vacuum tubes than a single dry cell. For instance, a two cell Radio Sparker
operating one WD -II tube will last, not twice but nearly three times as long
as a single cell.
The Red Seal Radio Sparker is a light weight, complete unit.. The internal
connections between cells are soldered, thus increasing their efficiency.

The Radio Sparker is distinguished by a new label of striking design and
brilliant color. The reverse side of this label contains simple diagrams and
instructions showing the proper method of connecting to receiving sets.

The "Red Seal -M" identifies the genuine Manhattan products. Look for it
when buying. It is your guarantee of Manhattan quality

NEW YORK
17 Park Place

ST. LOUIS
1106 Pine St.

AN HATTAN
ELECTRICAL SUPPLY CO..INC.

CHICAGO
114 So. Wells St.

SAN FRANCISCO
604 Mission St.

Makers of the famous Red Seal Dry Batteries, Radio Sparkers and Manhci an Radio Products
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The whob world is at your fisedide whe-i you own
a Goebe Lege Ye-
Tec rare cf sa.cLo manufactLrisg expersace las
teurit us tile n portance of s nplicity. Rec cm.
men led Ey trozr good dealer: !because le!../ know
ti. el.).-Acomirgt of ordinary tiraratus.
Ask ceale- kit a dernonstrat on. Get ym.-. copy of
"Miair gs isf 4i"-the story o' :he develicanen of
tar terifect -e-.

A. H. GREBE 3< CO., Inc.
Richmond H
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THERMO-AMMETERS
(Models 400-401-425)

Model 425
THERMO-AMMETER

31-2" diameter

Under letters patent No. 1, 407, 147, grant-
ed Feb. 21, 1922, are the original Thermo -
Ammeters, which are the accepted instru-
ments for the accurate measurement of all
ranges of radio frequency current. These
Thermo -Ammeters are free from the serious
and objectionable characteristics possessed
by hot-wire instruments, thus their indica-
tions are of known accuracy.

Complete information sent on request

WESTON ELECTRICAL INSTRUMENT CO.
-3 Weston Avenue - - - - Newark. N.J.

linkers of Electrical Instruments Since 1888
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AMRAD

\loin Factory of the American Radio and Research Corporation, .11, iorri fillside,
Horne of Amrad Radio. Showing at extreme right Research and Fnotverring
,ries and Broadcasting Station WGI, the Pioneer Radiophone for Broadcasting

the Layman Purrlw.

Reliable Radio Products
This Corporation has already manufactured for the U. S. Govern-
ment alone over three-quarters of a million dollars' worth of Radio
Equipment during the late War-winning an enviable reputation
for precise production methods and quality workmanship. This
same exactness of manufacture, preceded by organized research
and planned engineering, is now employed in the building of
Amrad Radio Products for the use of the Layman Public.

Among the contributions of this Corporation to the Radio Art is
its development of a Vacuum Tube without a Filament-the
AMRAD "S" TUBE.

AMERICAN RADIO AND RESEARCH CORPORATION

MEDFORD HILLSIDE, MASS.
New York 4 Miles North of Boston Chicago
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This symbol of quality
is your protection

RADIO
x1,1,1 1,u

PAT E

Licensed for
experimental

Radiotrons
Developed and standardized by research,
used in practically every receiver of the
vacuum -tube type for reception and ampli-
fication. Radiotrons have become the very
heart of radio.

The mark RCA on every Radiotron in-
sures durability and uniformity of perform-
ance. When better vacuum tubes can be
made, RCA will make them. Beware of
Imitations.

1.1: your Dealer for Radiotrons

Radio R,!;pi-Corporation
h.ut of .America

Sales Office:
233 Broadway

New York, N. Y.

District Offices:
10 South LaSalle Street, Chicago, Ill.
433 California Street, San Francisco, Cal.
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RECEIVING MEASUREMENTS AND ATMOSPHERIC
DISTURBANCES AT THE UNITED STATES
NAVAL RADIO RESEARCH LABORATORY,
BUREAU OF STANDARDS, WASHINGTON,

SEPTEMBER AND OCTOBER, 1922*

BY

L. W. AUSTIN

(UN ITED STATES NAVAL RADIO RESEARCH LABORATORY, WASHINGTON, D.C.)

(Communication from the International Union for Scientific
Radio Telegraphy)

The observations are taken according to the method briefly
described in the PROCEEDINGS OF THE INSTITUTE OF RADIO
ENGINEERS for the month of June.

Radio Central on Long Island has proved to be the most satis-
factory of the American stations for comparison purposes, as
Annapolis and New Brunswick are too close for measurements
with the telephone comparator on the low antenna, while Say-
ville and Marion have shown themselves somewhat variable as
received at the laboratory.

The small table shows the ratios of the various averages, and
indicates the disappearance of the summer conditions of strong
afternoon fading and severe disturbances. It is seen that the
extreme fading persists later with the shorter wave station, and
it will be remembered that it began earlier in May and June.

The field intensities, 2 micro -volts per meter, given in a num-
ber of places in the tables, lie at the lower limit of the telephone
comparator, and are to be considered approximations. Such
signals were marked "too weak to measure" in former reports.

The signal measurements in the forenoon still indicate field

intensities of approximately twice the calculated values.
The calculated intensities for the signals, assuming 480

amperes at Lafayette and 380 amperes at Nauen, are

E (Lafayette) = 31.5 . 10 -2 volts/meter
E (Nauen) =15.3.10-2 volts/meter

* Received by the Editor, December 4, 1922
3



FIELD INTENSITY OF LAFAYETTE AND OF DISTURBANCES
(% = 23,400 in.) IN SEPTEMBER, 1922, IN MICRO -VOLTS PER METER

Date

10 AL Al. 3 P.M.

SignalSignal
Ehs-

tu rbances
Signal

turbances

1 80.0 200 50.0 1,000

2 90.0 300 .... ....

5 100.0 200 60.0 80

6 80.0 100 50.0 200

7 60.0 300 50.0 400
8 50.0 200 .... ....

9 70.0 150 .... ....

11 80.0 200 .... ....

12 60.0 150 40.0 300

13 95.0. 100 35.0 300
14 85.0 100 40.0 400

15 75.0 80 .... ....

16 80.0 30 .... ....

18 65.0 50 ....

19 60.0 40 .... ....

20 75.0 60 50.0 60
21 110.0 40 55.0 80
22 70.0 20 .... ....

23 100.0 30 45.0 60
25 * 20 * 60
26 * 20 55.0 150

27 65.0 40 .... ....

28 * 50 45.0 150

29 70.0 150 35.0 300
30 85.0 100 45.0 300

Average 77.5 109 46.8 256

*Not heard.
.... Not taken.
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FIELD INTENSITY OF NAUEN AND OF DISTURBANCES
(2 = 12,500 m.) IN SEPTEMBER, 1922, IN MICRO -VOLTS PER METER

Date

10 AL Al. 3 P. Al.

SignalSignal
Ehs-

tu rbances
Signal

turbances

1 26.0 100 * 80

2 30.0 80 .... ....

5 26.0 60 * 40

6 * 60 2.0 60

7 34.0 40 25.0 80

8 25.0 100 .... ....

9 43.0 40 --- ....

11 34.0 60 ....

12 38.5 80 2.0 100

13 60.0 50 15.0 100

14 43.0 50 2.0 300

15 30.0 30 .... ....

16 30.0 30 ....

18 6.0 20 2.0 600

19 26.0 15 .... ....

20 30.0 30 25.0 30

21 38.5 20 * 40

22 26.0 80 * 100

23 56.0 60 2.0 200

25 30.0 100 .... ....

26 38.5 10 30.0 80

27 34.0 15 13.0 200

28 34.0 15 13.0 50

29 26.0 60 17.0 80

30 26.0 40 17.0 100

Average 33.8 49.8 12.7 131.7

*Not heard .

. .. Not taken.



FIELD INTENSITY OF LAFAYETTE AND OF DISTURBANCES
(2=23,400 m.) IN OCTOBER, 1922, IN MICRO -VOLTS PER METER

Date

10 A. M. 3 P.M.

Signal
Dis -

turbances
Signal

Dis-
turbances

2 75.0 50 20.0 200
3 35.0 50 40.0 150
4 75.0 80 .... ....
5 60.0 100 35.0 200
6 * 100 30.0 600
7 * 80 50.0 200
9 * 40 70.0 100

10 * 40 60.0 80
11 * 30 55.0 80
12 85.0 15 50.0 150
13 * 40 60.0 50
14 * 50 * 100
16 * 80 60.0 150
17 * 40 40.0 200
18 95.0 30 50.0 80
19 * 30 55.0 60
20 * 40 50.0 100
21 95.0 30 45.0 80
23 * 30 40.0 60
24 * 15 45.0 300
25 * 15 70.0 40
26 * 300 45.0 300
27 * 150 25.0 400
28 * 150 20.0 200
30 * 80 19.0 50
31 44.0 60 50.0 130

Average 70.5 66.3 45.2 162

*Not heard.
Not taken.



FIELD INTENSITY OF NAUEN AND OF DISTURBANCES
(A = 12 ,500 m.) IN OCTOBER, 1922, IN MICRO -VOLTS PER METER

10 A. .M. 3 P. M.

Date Signal
rhs-

turbances
Signal

Dis-

turbances

2 26.0 20 2.0 80

3 26.0 30 8.5 50

4 38.5 30 .... ....

5 26.0 40 13.0 80

6 26.0 50 13.0 300

7 38.5 30 30.0 50

9 34.0 20 * FO

10 34.0 15 21.0 40

11 30.0 10 26.0 30

12 26.0 8 17.0 40

13 26.0 15 30.0 20

14 * 20 17.0 60

16 43.0 30 34.0 50

17 30.0 20 21.0 50

18 38.5 15 26.0 30

19 * 8 26.0 30

20 38.5 10 21.0 60

21 34.0 10 26.0 50

23 34.0 8 21.0 30

24 * 8 21.0 100

.25 26.0 80 21.0 40

26 21.0 100 17.0 150

27 21.0 30 * 100

28 4.0 50 .... ....

30 17.0 40 9.3 30

31 32.0 20 4.0 43

Average 28.7 27.6 19.3 65.6

* Not heard.

.... Not taken.
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RATIOS OF AVERAGES

SEPTEMBER

-----
A=23,400
i=12,500

Signal
P. M.

Disturbance
P. M.

A. M.
Signal

P. M.
Signal

A. M. A. M. Disturbance Disturbance

0.604
0.376

2.34
2.74

0.771
0.679

0.183
0.096

OCTOBER

A = 23,400
A=12,500

0.641
0.672

2.45
2.38

1.06
1.04

0.279
0.294

SUMMARY: Field intensities of the signals from the Lafayette and Nauen
stations, together with the simultaneous strength of the atmospheric disturb-
ances, are given for September and October, 1922.



THE OSCILLATION ENGINEERING DESIGN OF SUB-
MARINE ACOUSTIC SIGNALING APPARATUS

BY

WALTER HAHNEMANN

(SIGNAL GESELLSCHAFT, KIEL, GERMANY)

In submarine sound signaling, we are concerned with
phenomena which are highly similar to those of radio telegraphy.
In each case the problem is to transmit energy for signaling or
any other similar purpose from a transmitting station to a receiv-
ing station. Accordingly, there are transmitters and receivers
in submarine signaling, exactly as in radio telegraphy. At the
transmitter, the energy in question must be produced in
the form of convenient oscillations, and then transferred to a
suitable radiating system (sound antenna), from which it is im-
parted to the medium. At the receiver, a similar radiating
system must pick up the energy from the medium, and must
then transform it into such a form that it will give perceptible
indications to the observer on a suitable indicating instrument.
This process, in the case of radio telegraphy, is very well known.
In this paper we shall describe the acoustic or oscillation engineer-
ing design of typical transmitting and receiving apparatus for
submarine signaling.

Altho acoustics is a much older subject than radio telegraphy,
the necessity for solving engineering problems in the field of
oscillations first arose in radio telegraphy, and before the neces-
sary oscillation engineering basic laws were used clearly and
consciously in the field of acoustic engineering. The appli-
cation of these laws to the field of submarine signaling engi-
neering has taken place only during the last ten years. That is,
the basic laws of oscillation engineering were first necessarily
developed in radio telegraphy, the elder brother of submarine
acoustic engineering, and before the necessary investigations
could be carried out in the field of submarine signal engineering.
It is, therefore, not accidental that, for example, here in the

 Received by the Editor, November 10, 1922. Presented before THE
INSTITUTE OF RADIO ENGINEERS, New York, November 21, 1922. Translated
from the German by the Editor.
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United States a radio engineer and investigator of the eminence
of Professor Fessenden has produced the submarine signaling
transmitters which are known by his name. Similarly, in Ger-
many, the development of submarine signaling apparatus first
became possible thru the experience and knowledge which we
had gained in the field of radio telegraphy. We have here an
excellent sample of how scientific advances in one field may be of
great benefit to other fields.

At this point I wish to remark that this continual progress in
submarine signaling apparatus is having a beneficial influence
on related fields, as, for example, in the application of the same
principles to apparatus for signaling thru the air by sound
methods which are now being investigated along analogous lines.
In particular, we have already succeeded in applying the results
of submarine signaling investigations satisfactorily to one of the
most important aerial signaling instruments, namely, the tele-
phone. In this way we acoustic engineers hope to recompense
our closely related field-radio telegraphy-to some extent for
what it has done for us, and for this reason we feel in duty bound
to investigate telephonic problems.

A simple and most generally employed example of oscillatory
systems for transmitting and receiving in radio telegraphy is that
consisting of two coupled oscillatory circuits. This familiar
arrangement is shown in Figure 1. At the left we see the trans -

1:0iI"RE 1

mitter, with the receiver at the right. Both transmitter and
receiver consist of two oscillating circuits, one of which is a closed
circuit, and the other consists of the radiating system or antenna.
At the transmitter, the energy is transformed into oscillations
in the closed circuit: circuit 1. In addition to the oscillation
generator proper, which consists of a generator and spark gap in
the illustration, the primary circuit of the transmitter contains

10



the capacity C and the inductance L. The antenna is coupled
to the inductance L thru a suitable coil and forms the second
oscillatory circuit of the transmitter. The receiver is quite
similar. Energy is absorbed from the electric magnetic field
by the antenna 1 and is transferred thru a suitable coupling to
the secondary circuit 2, which also consists of a capacity C and
an inductance L, and which further contains in this case a de-
tector and telephone to give suitable indications of the incoming
energy. Thus, in both cases we have a coupling of a radiating
system with a closed oscillatory circuit. The closed circuits serve
for the transformation of energy, and the radiating systems for
the transfer of energy to or from the medium.

We shall now show how the same oscillation engineering
design is applied to a typical submarine signaling system. Be-
fore doing this, we must mention the mechanical and acoustic
analogues of closed electrical oscillatory circuits and of radiating
antennas.

In Figure 2 there is shown schematically a well-known
acoustic oscillation system: the tuning fork. The dotted lines
show the way in which the shape of the tuning fork is altered
when prongs b b are set into oscillation in any way. The points
a a of the fork, however, remain at rest, and are therefore nodal
points, whereas the remaining portions of the fork, and parti-
cularly the handle at the middle point of the fork c, also swing
up and down. If, for example, the prongs b b move inward, the
point c and the handle will move downward.

FIGURE 2

For our purpose, it seemed natural to use the tuning fork
which is already generally known in acoustics, or a similar
system as, for example, a reed. This was accordingly done. It
very soon appeared, however that the desired results could not
be obtained in this way. The reason for this is the following: In

11



these systems, mass and elasticity are not separated from
each other, but instead are distributed over the entire system.
An electrical analogue of this is well known to all radio engi-
neers, and consists of coils oscillating in their own free period
and in which inductance and capacity are also distributed over
their entire surface. Such systems are, in general, unsuitable
for use as closed circuits. Thus, if we apply an exciting or
retarding force to such oscillatory systems, they tend to shirk
the work by correspondingly shifting their nodal points. We

were therefore forced to discover a mechanical acoustic oscil-
latory system in which, as far as possible, elasticity and mass
were fully senarated from each other, exactly as in the usual
closed electrical systems with concentrated inductance and
capacity. Only after we had actually obtained such systems
were we ready to solve the problems which faced us.

The arrangement of such a closed oscillatory system with
separated mass and elasticity is shown in Figure 3. It consists
of two masses (represented by the squares) and an elastic mem-
ber connecting them (represented by the zig-zag line). A mechani-
cal oscillation system consisting of one mass and elastic element
has been previously frequently considered as typical of mechani-
cal oscillatory systems. This is, however, not the general case
of a closed mechanical -acoustic oscillatory system, but only a
special case of the more general form shown in the figure, from
which it is assumed, sometimes unconsciously, that one of the
masses is infinitely large.

IGURE 3

The generalized system consists rather of two masses and a
single elastic element joining them. Assuming that such a
system does not give out any energy, it oscillates about its center
of mass. It follows, therefore, that the amplitudes as well as the
velocities of both masses are in inverse proportion to their
respective masses, from which it also follows that the energy
of oscillation in each of the masses is inversely proportionately
to the mass. These are very important facts. For example,
this property of an oscillatory system leads to the possibility of

a mechanical -acoustic transformation without the use of a lever.
12



The lever-the mechanical analogue of the electrical transformer
-can be applied only in a limited way at frequencies of about 1,000
cycles per second and more, such as are under consideration, be-
cause at such frequencies it is only too likely to become an oscil-
latory system itself, and thereby loses more or less of its property
of transforming amplitudes of vibration. Furthermore, it is not
possible at such high frequencies to use the usual forms of pivoted
links.

A practical attempt to produce such oscillatory systems for
the high frequency of 1,000 cycles which is used in practice soon
showed that elastic springs, having the necessary large elastic
force, could not be built to have a sufficiently small mass. We
had to employ a new arrangement of an elastic element which
combined the smallest possible mass with the greatest possible
elastic strength. This was the longitudinally strained rod or
tube. In Figure 4 is shown such a mechanical -acoustic oscil-
latory system consisting of two masses with a longitudinally
strained rod between them. In this form, it has been possible
to make such systems which even for frequencies of more than
1,000 cycles per second had for practical purposes separated mass
and elasticity.

FIGURE 4

The coupling of such oscillatory systems to each other can be
most readily carried out by supplying a mass which is common
to each of them. In Figure 5 are illustrated schematically .two
such coupled systems. Herein a and b are the masses of one
system; f the connecting elastic element; c and b the masses of
the other system: and f the elastic element connecting them.
The mass which is common to both systems, or the coupling
mass, is b. The magnitude of the coupling mass, as compared to
that of the other two masses, determines the coupling coefficient.

The expression
ac

(a +6) (c+b)
gives the product of the ratios of the oscillation energy present
in the coupling member to the total energy present in each of the
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systems, and is called k2. If the common mass b is small com-
pared to each of the free masses a and c, practically all the oscil-
lating energy is concentrated in the coupling element and we
have the case of a strictly closed coupling or k2 is equal to unity.
If, on the other hand, b becomes larger than a and c, the coupling
becomes more loose, and we have approximately

FIGURE 5

k2=
a c.
b2

We see here clearly the analogue to the coupling coefficient of
two electrical circuits with their common inductance, which is
well known to be

k2=
M2

)

L1 L2

where Li and L2 are the free inductances, and 31 the common or
mutual inductance. As a and c become small compared to the
coupling mass b, we reach the case of extremely loose coupling,
and k2 approaches zero. Numerous experiments verified these
formulas thru the widest range of conditions. It should also
be mentioned that the consideration of these mechanical oscil-
latory systems not only gives us a simple picture of the produc-
tion of the two oscillation frequencies caused by coupling, but
also enables us mentally to follow without difficulty the oscilla-
tion phases of the separate masses. This coupled oscilla-
tion system is particularly suited for the examination of all the
phenomena which occur because of coupling, and is particularly
convenient for those who find it difficult to think along purely
electrical lines.

In ,studying and investigating the more or less complicated
electrical oscillatory systems, it is customary to subdivide them
into separate closed electrical circuits which are coupled to
each other in some fashion. In exactly the same way it is pos-
sible to study the design of complicated acoustic oscillatory
systems by using closed mechanical -acoustic oscillatory systems
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as the basic form. It became possible only thru this means to
get a clear idea of the oscillatory phenomena in sound signaling
apparatus.

In addition to the closed systems, we have open or radiating
systems, which are known as antennas in radio telegraphy. In
acoustics, a radiating system is one which has surfaces that move
into and out of the medium periodically. The simplest example
of such an acoustic radiating system is the pulsating or "breath-
ing" sphere. The laws of radiation for such a system were
worked out by Lord Rayleigh. In practice, however, the vibrat-
ing diafram is of principal importance. We have succeeded,
using Rayleigh's work as a basis, in calc'ulating the radiation
damping and equivalent oscillating mass of radiating systems
and in particular for diaframs, just as this is possible for antennas
in radio telegraphy.

For the pulsating or "breathing" sphere, it is found that the
oscillating mass of the medium is

1

M =471- R3 p (2;7R\2
i.

where R is the radius of the sphere, p is the density of the me-
dium, and A is the wave length corresponding to the frequency
in question. It can be seen from this that, in the practical and
common cases, in which the radiator is small compared to the
wave length, the associated oscillating mass of the medium is

independent of the frequency, and approximately
M R4A= 4r R3 p.

The radiation damping (logarithmic decrement) of the pulsating
sphere is given by

a =271.2R
A

It is assumed herein that the sphere itself is without mass; if it
possesses a mass m, at its outer radius, it is found that

=2-r2 R M
M

For the diafram, we have

M 1KA = 0.4 Rs p and a -5 RA
M

where R is the radius of the diafram, M is the associated oscil-
lating mass of the medium, and m is the mass of the diafram
itself, all of these being referred to the amplitude.of.the_eenter
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of the diafram. These last formulas have been well substan-
tiated by numerous measurements and experiments on diaframs.

In Figure 6 there is illustrated a cylindrical body which is
closed on one side by a diafram. This is the simplified form of
a radiating system for submarine signal engineering. We
imagine this body to be surrounded by water, and its interior
to contain air and the necessary exciting apparatus. The effect
of this radiating system on the medium is due to the inward and
outward vibrations of the diafram, whereby the medium is alter-
nately subject to compression and rarefaction, and is moved to
and fro. In the diafram, mass and elasticity are distributed

FIGURE 6

over the surface in sonic fashion, quite as in the case of inductance
and capacity distributed over an antenna. Just as we carry
out our calculations for the operation of coupled systems con-
taining an antenna by reducing the antenna to an oscillating
circuit with equivalent capacity and inductance, we have learned
also to reduce this diafram system to an equivalent closed
mechanical -acoustic oscillating system. For this purpose, we
refer the mass of the diafram and the associated vibrating water
mass of the free medium to the middle point of the diafram.
The elasticity is referred to the same point, and thus we obtain
the arrangement shown in Figure 7. Herein b is the sum of the
masses supposedly concentrated at the middle point of the
diafram, a is the mass of the housing or container, and f f is the
elastic restoring force of the diafram also referred to its middle
point. We see that we again have two masses in this case, which
are connected to each other thru an elastic element. So that we
have succeeded in reducing the diafram radiating system to the
equivalent of a closed oscillating system. Thus we are able, for
any desired acoustic apparatus, to produce the correct circuit
diagram by successively representing each of the vibrating
systems by the method given.

In Figure 8 there is shown a microphone such as is widely
16



used as a receiver in submarine signaling. It consists of two
electrodes between which powdered carbon is placed. The right
hand electrode is fastened to the housing of the microphone and
the left hand electrode to the microphone diafram. On the latter

FIGURE 7

FIGURE 8

electrode there is also an arrangement for connecting to the
middle point of the diafram. The microphone is a closed
vibrating system. The two masses are those of the mass c and
the mass 6, and the elasticity is that of the microphone mem-
brane in. A practical form of submarine signaling receiver is
illustrated in Figure 9. There can be seen the housing of the
receiver which is closed at one end by a diafram. The previously
described microphone is fastened internally to the center of the
diafram. The current is conducted to the microphone electrodes
thru two flexible wires which lead to a cable passing thru a water-
proof inlet into the housing of the receiver. The housing is, of
course, surrounded by water, and contains air. The whole
system consists of two coupled oscillation systems. The free
mass of one portion is that of the receiver housing, and the other
free mass is that of the housing of the microphone and the
electrodes fastened to it. The common coupling mass of the

17



FIGURE 9

two oscillating systems consists of a number of connected parts
and includes the other microphone electrode, the mass of the at-
tachment element of the microphone at the diafram, the oscil-
lating mass of the diafram referred to its center, and the associ-
ated oscillating mass of water also referred to this central point.
From the magnitude of the two free masses and of the common
coupling mass which is connected to them, the coupling coeffi-
cient of the two vibrating systems can be calculated according
to the previous formula. This gives one of the important
characteristics of the two oscillating systems.

In the case of submarine transmitters we are similarly con-
cerned largely with coupled oscillating systems.

This will be illustrated by a description of the electromagnetic
transmitter which was developed in the laboratory of the Signal-
Gesellschaft at Kiel. In Figure 10 we have a schematic diagram
of a construction thereof, in which g is the housing of the trans-

a

FIGURE 10

mitter and a is the diafram which shuts the housing g at one side.
The oscillation energy is produced by excitation of the mag-
netic parts b and c by means of coils which are not shown. The
masses b and c are connected by means of the elastic elements f f.
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Each of these elements consists of a cylindrical rod and a tube,
of equal cross-section. Their function is to bring together parts
b and c, and yet to obtain for the longitudinally strained rods or
tubes a length given by the desired oscillation amplitudes.
We are dealing here with two vibrating systems which are
coupled by a common mass and each of which has its own free
mass. One vibrating system consists of the diafram a in the
housing g; the other vibrating system consists of both magnetic
portions b and c connected by the elastic elements f f. The free
masses are c and g. The common mass consists again of different
portions, and includes the magnetic portion b, the diafram mass
referred to its center, and the associated oscillating mass of water
also referred to the center of the diafram.

In Figure 11 is shown a schematic "circuit diagram" of this
arrangement. Both free masses are given by the mass c and the
mass of the housing g (which is drawn as a ring). The common
mass is indicated as b. The two elastic elements are represented
by the springs f f and e e.

l'i(; I it e, 11

As will be seen, we arc dealing here with two oscillating
systems, one of which consists of the masses b and c and the
spring f f, the other of the masses g and b and the spring e e.
The coupling coefficient is again determined by the relation
between the common mass and the two others. To obtain the
best coupling coefficient and other desired results it is also neces-
sary to tune the separate systems and to have suitable damping
in each of them in relation to the coupling employed, just as is
usually done in radio telegraphy.

In conclusion there will be shown a number of illustrations
19



which will give typical examples of the employment of the sub-
marine signaling transmitters which have been described.

In Figure 12, a transmitter in its actual form is shown. At
the left is visible the transmitter which consists of two portions,
between which the coils for exciting the transmitter are placed.
This transmitter can be excited either with direct and alternating
currents (polarized transmitter) or with alternating current alone

Gunt; 12

(unpolarized trsnamitter). In the former case, the acoustic and
electric frequencies are the same: whereas in the latter case the
acoustic frequency is twice the electric frequency. It may be
mentioned briefly that the unpolarized transmitter is especially
desirable in cases where a long cable is necessary for transmitting
energy since there are then only needed two conductors in the
cable, and in the case of ground return only one conductor.

Both magnetic portions are connected thru an elastic tube
and rod system which consists of four such elastic members. The
entire apparatus is screwed to a diafram, the outer rim of which
is provided with fastening screws. By means of these screws
the diafram can be fastened to the housing shown at the right.
An electric cable is led into the housing thru a water -tight open-
ing, and an alternating current from a generator, or the neces-
sary direct current for polarization in addition (in the case of
polarized transmitter) is sent thru the cable.

In Figure 13 such a transmitter is shown attached to a tripod
which is suitable for location on the sea bottom in the open ocean.
The cable passes from the transmitter down one leg of the tripod
and then over the sea bottom to a land point.

20



FiGuitE 13

An entire installation of this sort is illustrated in Figure 14.
The tripod stands on the sea bottom and the cable runs.from it
to the power station on land which is assumed to be located in
in the neighborhood of a lighthouse. The transmitter sends
sound waves out in all directions. Consequently all ships passing
this point are able to receive the signals of the sound transmitter.
They can even steer their course in accordance with these sig-
nals, as is nowadays done in foggy weather by utilizing the
signals from submarine bells on lightships.

The first installation of this type was installed on the island
of Rugen, near the German harbor of Sassnitz, several years ago.
The railway ferry to Trellborg, a Swedish harbor, leaves this
point. The transmitter is placed close to the lightship "Jas-
mund" and is intended to replace the latter.

The power installation of this transmitter is given in Figure
15 which, at Rugen, is located in the machinery room of a light-
house. In the background can be seen the switchboard, and in
the foreground the converter. In this case, 50 cycle polyphase
power was available. This is first transformed into direct cur-
rent. A motor generator then produces the 1,000 cycle single
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phase alternating current. The direct current is also used for
polarizing the transmitter and for operating various pie,es of
auxiliary apparatus.

FIGURE 14

FIGURE 15
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The laying of the cable is shown in Figure 16, and illustrates
the beginning of the process at the land end. In the background
are seen the well known chalk cliffs of the island of
Figure 17 shows the laying of the cable in the ocean, Figure 18
the cable reel during the laying process, while Figure 19 shows
the transmitter on its tripod during attachment of the cable
and shortly before its submersion and setting up on the sea
bottom.

FIGURE 16

FIGURE 17
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FIGURE 1

FIGURE

All the various sorts of submarine signaling apparatus are by
no means covered by these two examples. There are several
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other forms of such apparatus which differ more or less from
those described. But they almost always involve mechanical -
acoustic oscillations which are produced or absorbed by means
of oscillating systems. It is therefore desirable in the design and
improvement of all such apparatus to proceed from the funda-
mental principles given above and to use the suitable "circuit dia-
grams" for determination of the oscillation engineering design
of such apparatus.

The problems which have to be solved in submarine signal
engineering are numerous, and to a large extent their field of
application is similar to that of radio telegraphy. In some cases
their applications are identical, as for example, in the methods
of determining distance which depend upon the simultaneous
reception of radio telegraphic signals and submarine signals from
a certain point, such signals being sent, for example, from a light-
ship. There are other important cases where these two methods
of signaling powerfully supplement each other, and their recipro-
cal contributions are therefore not only to be expected in the
field of theoretical and experimental investigations, but also in
the direction of practical application. I therefore hope that the
material given here has been of interest to radio engineers.

SUMMARY: The acoustic systems corresponding to closed oscillatory
electric circuits, to radiating electric systems, and to coupled circuits, are
described. The design of submarine signaling transmitters and receivers on
an engineering basis is described, and actual installations are discussed.

The resemblance of submarine signaling engineering and radio engineering,
and the relation between these fields are considered.

2.1



NOTE ON THE MEASUREMENT OF RADIO SIGNALS*

BY

C. R. ENGLUND

ENGINEERING DEPARTMENT, WESTERN ELECTRIC COMPANY, NEW YORK)

In 1917 (PROCEEDINGS OF THE INSTITUTE OF RADIO EN-
GINEERS, volume 5, page 248, 1917) the writer advocated the
method of measuring radio signals where a measured local input
is compared with the signal to be measured. Such measurements
have since been made in several quarters, but it is only recently
that the writer himself has had the opportunity of working out
the details for a successful measurement. In the following brief
discussion this particular method and results are described.

INTRODUCTION

It is doubtful if any direct method of measuring radio signals
of present-day intensities can be devised, the more so as with the
increasing number of stations, a highly selective receiving
apparatus is necessary for selecting the desired radiation. This
leaves the indirect method of which the two variations are, a
calibrated receiving set, and a local generator comparison,
respectively. These two variations differ only slightly since the
calibration of a receiving set requires the construction of a
generator capable of delivering a minute measured input and the
construction of such a generator automatically allows of the
calibration of receiving sets. This calibration has been found
readily possible, but at present the local comparison method
appears the better for routine work, leaving the particular type
and adjustment of the receiving set arbitrary.

Three means of identifying signal equality have been used in
this laboratory, namely, the telephone receiver, the Braun tube,
and a direct current meter. The former is usually, in telephone
work, considered good for an accuracy of ± 1 mile of standard
cable or approximately ± 12 percent. For radio work, with
static present, this comparison is less accurately made. The
telephone is particularly applicable to measurements during

*Received by the Editor, September 18, 1922.
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regular operation using as comparison source a local generator
with its output broken up by a key as with the ordinary "om-
nigraph." The accuracies obtainable by a meter are limited
only by the errors in reading the scale when static is absent, but
fall off rapidly as static increases. A meter can only be used by
pre -arrangement with the sending station, in telegraphic trans-
missions, as the sending key must be held down several seconds,
but is immediately applicable for radio telephone measurements
where the antenna current remains unbroken.

The accuracies obtained by the Braun tube have not been
fully determined. Under moderate static conditions it excels
the telephone on telegraphic signal measurements, but it becomes
useless with excessive static. In practice the beam of electrons
is deviated by a local alternating current source so as to give a
bright line on the target and the incoming signals used to sweep
this line at right angles to itself. The edges of the resulting
rectangle are then easily defined thru moderate static.

Comparison methods may be listed as:
(a) Primary-where a local emf. is induced in the receiving

antenna equal to the total emf. induced in this antenna by the
signal to be measured; and,

(b) Secondary-where an emf. drop across an impedance
favorably located in the antenna and associated circuits, and due
to the resulting signal currents, is compared with the locally
generated emf. In the first case, a knowledge of the antenna
constants is unnecessary (except for such geometrical data as
will allow a calculation of the ether electric field from the in-
duced voltage resulting) and static is always present as it must be
for telephonic comparisons. It is however more difficult to
generate and control, at exactly the signal frequency, the smaller
emf. thus needed. In the second case much larger and more
easily measured inputs (not necessarily of signal frequency)
may be used, but the antenna system must be carefully measured
as a knowledge of its circuit constants is required. In either case
the only requirement for the rest of the receiving set is that it be
able successfully to select and amplify the desired signal.

For telephonic comparison it is necessary to switch rapidly
from one input emf. to the other, and this can only be done for
case (a), by using a rotating directive antenna (loop), or a pair
of similar ones at right angles, unless by pre -arrangement the
signals are regularly "on" and " off." At times the directivity
of the static will give different interfering inputs on crossed dir-
ective antennas. For case (b) the local input can, if desired, be
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of a different frequency if applied directly to the detecting ele-
ment. This is very easily obtained by beat reception, as for
example by adjusting the beating oscillator frequency so that
by adding a key and fixed reactance to this oscillator, the
operation of the key will alternately "zero beat" the signal and
local generator frequencies.

EXPERIMENTAL WORK

This particular work was be -gun in October, 1921, at Cliff -
wood, New Jersey, and for several reasons Nauen, Germany
(POZ), was chosen as the original signal source. While the-
oretically the receiving set used is immaterial, practically this
was not found to be the case, since other interfering radiations
differed too little in frequency from that of Nauen. The follow-
ing table of stations and their nominal frequencies illustrates this.

Marion.... WSO 26,100 cycles
Stavanger . LCM 25,000 cycles
Nauen . POZ Number 1 23,800 cycles
Bolinas... KET 22,470 cycles
New Brunswick WII 22,050 cycles
Carnarvon MUU 21,130 cycles

The worst interference came of course from Marion and New
Brunswick. The primary requirement of the final measuring
system was that it must be reasonably simple and portable, and
this made a portable loop antenna necessary. Attempts were
first made to obtain such a good loop zero on New Brunswick
(distant about 11 miles or 17.6 km.) that this station would be
eliminated, after which Marion could be sufficiently reduced by
tuning so as not to interfere at the high pitched beat note result-
ing. This balancing out of New Brunswick was successfully
accomplished out of doors, but in the laboratory the outside
telephone line and the conduits for the power and lighting sup-
ply made a zero balance impossible. Accordingly a decided
sharpening of the selectivity of the receiving set was made and
the shielding of the set very carefully carried out. The resulting
apparatus is shown in the wiring diagram of Figure 1 and gave
excellent results. No other station but the desired one is heard
during the measurements. A frequency -output curve for the set
from loop to meter is given in Figure 2. The width of this
resonance curve can be altered at will by adjusting the coupling
condensers (4) of Figure 1, and the resonance frequency by
varying condensers (5). With the constants given, an ether
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FIGURE 1

electric field intensity of 48.6 microvolts per meter gives a loop
emf. of 3.66 microvolts and an effective 500 cycle power output
at set terminals of 2.33 X10-4 watts at 23,400 cycles signal fre-
quency. An ether electric field intensity of 3.5 microvolts per
meter is audible.

The method of obtaining the local err& is shown in Figure 1.
The generator is a Colpitts type vacuum tube oscillator, and by
reason of the capacity across the plate-filament terminals and the
capacity shunt -choke coil series output circuit gives a substantial
reduction of harmonics in the output. This output current of
about 1 milliampere is led thru a thermo-couple meter and an
attenuation box of constant impedance and the frequency is
thus kept invariant during the measurement. The generator
is enclosed in two concentric copper boxes (0.061 cm. or 0.024
inch thickness) and is completely shielded from the loop antenna
when two meters (6 feet) away. The batteries for plate and fila-
ment are singly shielded, the generator itself doubly so. It is
interesting to observe that raising the cover slightly so as to
expose a crack allows the stray magnetic field of the generator
toroid coil to flow out much as water escapes from a similar crack.
The same effect occurs if the side of the box is pushed in so as to
separate from the overlapping cover. In either case the loop
picks up the generator. The meter and attenuation box give
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little stray magnetic field and the electrostatic field is very easily
shielded out.

The attenuation box is a carefully constructed artificial line
of pure resistances and gives key settings of 1, 2, 3, 4, 10, 20, 30,
and 40 miles of standard cable and combinations of these. Its
surge impedance is 600 ohms and its construction shown in
Figure 3.
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It gives very satisfactory results at the moderate radio fre-
quencies used here, the key combinations checking against each
other, and input and output current ratios being correct to the
degree of accuracy with which meters can be read.

From the attenuation box the current is carried thru a copper
tube to a copper terminal box on the loop base, and the drop

30



across a non -reactive 1 ohm resistance inserted in the loop.
The conductor in the tube can be short circuited in the terminal
box, and after removing the loop connections three milliamperes
sent thru the tube without giving an audible response in the set.
The total capacity between the central connector and the tube
is about 200 micro-microfarads. With the heavy central con -
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20 8551 475 I 7 157.55
50 26..53 5551 4.5.64
40 78.551 584.9 15.57

FIGURE 3

ductor used, the series resistance and inductance are so small
that with a terminal impedance of 1 ohm the current attenuation
thru the tube is, by calculation, considerably less than 0.1 per-
cent. Three sources of error may be encountered. They are,
in order of importance, inaccuracy in making the comparison,
the distortion of the ether field by adjacent conductors, and the
off -balance to ground of the loop. It is also probable that the
use of too high attenuations in the attenuation box is risky, but
this source of error can only be exposed by an independent
method of accurately attenuating a small current to values
unmeasurably directly. It has been found possible mostly to
make aural comparisons to an accuracy of two miles of stand-
ard cable (24.4 percent.) and three miles (39 percent.) is never
exceeded. Measurements on Nauen are never quite free of
static, and so far a meter reading has not been possible. With
the Braun tube, settings to better than 1 mile of standard cable
are possible with moderate static.

The effect of adjacent conductors has so far only been noticed
in connection with the local ungrounded wire telephone line, but
it is probable that power circuits and conduit would show up
in more accurate measurements. Incidentally a source of much
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NAUEN OBSERVATIONS

Date
1922

Time Frequency
Approximate

Microvolts
per Meter

Feb. 14 . . . . . ... 35
16 11.15 A. M. 23,600 37
16 3.45 P. M. 23,600 36

17 10.00 A. M. 23,600 53
18 10.00 A. M. .. . . 36
20 10.00 A. M. . . . 29 and 35

21 10.00 A. M. .. . . 33
23 P. M. . . . . 22
24 9.35 A. M. . . .. 40

25 P. M. 23,500 39
27 P. M. 23,510 49
28 A. M. 23,450 28

28 3.15 P. M. 23,540 27
March 1 9.45 A. M. 23,400 50

7 9.10 A. M. 23,540 44

7 4.40 P. M. 23,600 ..
8 11.10 A. M. 23,540 48

10 11.35 A. M. 23,500 49

11 11.45 A. M. 23,560 44
14 2.45 P. M. 23,640 43
15 9.15 A. M. 23,590 49

16 12.25 P. M. 23,460 49
17 4.15 P. M. 23,480 35
18 12.30 P. M. 23,440 61

31 4.46 P. M. 23,466 38
April 1 9.05 A. M. 23,487 48

3 4.30 P. M. 23,560 42

4 11.35 A. M. 23,532 43
5 1.45 P. M. 23,488 20
8 11.05 A. M. 23,517 39

10 2.10 P. M. 23,576 22
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trouble is due to the careless manner in which the electric power
companies insulate their conductors, and on some days of strong
wind and rain the New Jersey coast region becomes an extended
source of severe interference to every receiving station having
outside power or telephone connections.

The circuit shown in Figure 1 does not allow of a balancing
of the loop to ground, but the unbalance effect has been shown
to be negligible.

The apparatus described was, as stated, designed to measure
Nauen's radiation and possesses enough flexibility to follow the
rather marked variations in Nauen's frequency, but cannot cover
any extended frequency range. For these, other condenser -
coil combinations will be necessary, a change now being made.

The method of manipulation is as follows: a reading on a
vacuum tube voltmeter or Braun tube connected to the output
of the set is obtained with the loop end -on into the radiation and
the same deflection duplicated by the local generator with loop
broadside to the radiation. Or the vacuum tube voltmeter is
replaced by a telephone and the two inputs alternately com-
pared by turning loop and throwing the local generator on, the
latter meanwhile, being broken up into signals if necessary as
with Nauen. The voltage induced in loop is given by

27rf A NE
V =

3 X 10'°
where

f = frequency
.4 = loop area in cin.2
N = number of turns

E = ether electrical field
(volts)
\ CM. /

A table of some observations on Nauen is attached. These
are "key down" or peak field measurements.

SUMMARY: A portable compact measuring unit for incoming signal
strengths has been worked out, capable of measuring from 3.5 microvolts per
meter up, at 23,500 cycles, and giving satisfactory results. The measurements
are made by a primary comparison with a locally generated emf. by means of a
highly selective receiving unit and a 600 -ohm artificial line box especially made
for this purpose. The method is equally applicable to other frequency ranges
and should be especially convenient at the higher radio frequencies where the
absence of static allows of meter comparisons and the use of the double
detection method of reception. This latter method allows of a fixed filter
adjustment for all frequencies and is very flexible.
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RELATIONS OF CARRIER AND SIDE -BANDS IN RADIO
TRANSMISSION*

BY

R. V. L. HARTLEY

(WESTERN ELECTRIC COMPANY, INCORPORATED, NEW YORK)

As indicated by the title, this paper will discuss some of the
phenomena associated with radio transmission in terms of the
carrier currents and side -bands into which a modulated wave
may be resolved. The use of these terms implies a point of view
which perhaps is employed less commonly in radio engineering
than in some of the other branches of the communication art.
For this reason, I shall, at the risk of repeating much that is
already in the literature,' review such of the fundamentals of this
viewpoint as are necessary to an understanding of what is to
follow.

ANALYSIS OF A SIGNAL WAVE

Briefly stated, the point of view is that any signaling wave may
be resolved into sustained sinusoidal components, which may be
thought of as traversing the system as individual currents and
recombining at the receiving end to form the reproduced signal.
The possibility of such a resolution has been demonstrated mathe-
matically and the formulas for evaluating the amplitudes and
phases of the components are well known. A periodic wave
may be expressed as a Fourier series, that is, as the sum of an
infinite series of components the frequencies of which may be
thought of as harmonics of a fundamental frequency which is
equal to the frequency of repetition of the wave. Such a reso-
lution, however, is not directly applicable to the waves employed
in communication, for by their very nature they are not periodic.
A communication system must be capable of transmitting any
individual symbol regardless of what precedes or follows it. We

*Received by the Editor, October 13, 1922. Presented before THE
INSTITURE OF RADIO ENGINEERS, New York, December 13, 1922.

"Carrier Current Telephony and Telegraphy," by E. H. Colpitts and
0. B. Blackwell; "Transactions of the American Institute of Electrical En-
gineers," volume XL, page 205, 1921. "Application to Radio of Wire Trans-
mission Eryineering," by L. Espenschied; presented before THE INSTITUTE
OF RADIO ENGINEERS, January 23, 1922.
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may, however, resolve such an aperiodic wave by the mathemati-
cal device of assuming it to be one cycle of a periodic wave in
which the interval between successive occurrences of the disturbance
in question approaches infinity. The frequency of repetition is
then infinitesimal. The fundamental frequency of the Fourier
series and the frequency interval between adjacent components
are also infinitesimal; that is, the series of discrete lines of the
Fourier series spectrum merge into a continuous spectrum.
Mathematically this continuous spectrum is represented by the
expression F (t) 5 cos (q t-1-0) dq, (1)

which is known as the Fourier integral. Physically we are to
picture this infinite series of sustained sinusoids as having such
amplitudes and phases that the algebraic sum of their instantane-
ous values is zero for all instants before and after the disturbance
in question, and equal to the instantaneous value of the wave
thruout its duration. In Figure 1, curve A represents a telegraph
dot, curve B gives the relative amplitudes, S, of its components
plotted against their frequencies, and curve C, their phase, 0,
also as a function of frequency. The so-called "dot frequency"
corresponding to a sustained succession of such dots is indicated
on curve B.

It is obvious that if either the amplitudes or the phases of
the components be distorted, their instantaneous sum will be
changed; that is, the wave resulting from their re -combination
will be a distorted reproduction of the original wave. Also, those
parts of the frequency range in which the amplitude is negligibly
small can contribute little to the reproduced wave, and the
elimination of all components in those ranges will have little
effect on the quality of reproduction. Just what ranges it is
essential to retain depends upon the nature of the signal and the
standard of reproduction that is set up. What is important for
present purposes is the fact that the faithfulness with which a
system will reproduce any arbitrary signal disturbance is de-
ducible, in theory at least, from a knowledge of its transmission
of sustained single frequencies. By this is meant a knowledge
of how the relation, both in amplitude and phase, between the
input and output sinusoidal wave varies as the frequency of the
wave is progressively varied thruout the frequency range.

ANALYSIS OF A MODULATED WAVE

Let us assume now that a radio system is called on to trans-
mit such a signal wave, F(t), which may be either a telephone
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or a telegraph signal. If, as is commonly assumed, the modu-
lator causes the amplitude of the carrier wave, C cos p t, to be
varied in accordance with the signal, the resulting modulated
wave may be expressed as

m=C[1-l-kF (t)] cos pt, (2)
where k is a factor which measures the so-called degree of modu-
lation. If the largest negative value of k F(t) is just equal to
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FIGURE 1

unity, so that the instantaneous amplitude of the carrier wave just
falls to zero, the modulation is said to be complete. The sig-
nificance of complete modulation will be discussed later.

Now let us resolve the signal wave into its infinite series of
components, each of the form S cos (qt+0), where S and o vary
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with the frequency -. Neglecting non -essential frequencies, q
27r

may be considered to cover a range from ql to q2. If this value
of F(t) be substituted in (2) we get

m =C cos pt-Fk C cos ptf92S cos (qt+0) dq.
91

The first term, which is independent of the signal, represents

a component having the carrier frequency, 12 . The second

term represents an infinite series of terms each derived from only
one component of the signal. Hence each component of the
signal is represented in the modulated wave by an expression
of the form,

k C S cos (qt +0) cos pt = -1k C S 'cos Rp 01-1-0]-1-
2

(3)

cos [(p - q)t -0]. (4)

This represents two sinusoidal components, the frequencies of
which differ from that of the carrier by the frequency of the par-
ticular signal component. The similar expressions for the other
signal components each yield a pair of components similarly
placed with reference to the carrier. All of these taken together
form a pair of spectra or frequency bands extending on either
side from the carrier frequency in the same way that the spec-
trum of the signal extends from zero frequency. These bands
of frequencies are spoken of as "side -bands" and the component
currents of these frequencies as "side -band currents," or, more
often, simply as "side -bands." The side -band which extends
upward in frequency from the carrier is called the "upper side -
band," and the other, which extends downward, the "lower side -
band."

The form of these side -bands is shown schematically in Figure
2, where purely arbitrary curves are used to represent the ampli-
tudes and phases of the signal components over a limited fre-
quency range. It will be seen that the corresponding curves
for the upper side -band are derived from these by displacing them
along the frequency axis by the amount of the carrier frequency.
The amplitude curve of the lower side -band is derived by in-
verting that of the upper with respect to the carrier frequency.
For the phase curve of the lower side -band that of the upper is
to be similarly inverted and also reversed in sign. The actual
magnitude of the side -band currents relative to the carrier de-
pends on the degree of modulation, k, of equation (2). For com-

37



mercial telephony the limits of the essential band may be taken
roughly as 200 and 2,000 cycles. If high quality speech or music
is to be transmitted, a wider band is required. For telegraphy
the band width required varies widely with the speed of sending
and the type of apparatus used. In general, it is desirable to
preserve very low frequencies, which means that the two side -
bands practically meet at the carrier frequency.

AMPLITUDE AND PHAtE
CHARACTERI5TIC5 OF SIGN 4._

AmeLiTc.pc AND PI -1,45E
CHAR Nc-reRlsTics OF 5,2ErIDANDS

FIGURE 2

REPRODUCTION OF THE SIGNAL WAVE

Having arrived at a picture of the modulated wave as given
by equation (4), we shall first discuss the reproduction of the
signal from this as it stands, and then consider the effect on this
reproduction of various modifications to which the modulated
wave may be subjected before or during the process of detection.
While any device in which the current voltage characteristic is
non-linear may be used as a detector, the operation of the vacuum
tube lends itself to analysis because of its approximation to a
parabolic current voltage relation. That is, we may write,

i = (5)
where v is the voltage impressed on the grid, in this case the
modulated wave, and i is the resulting current. As the first
term is independent of v and the second represents simple ampli-
fication, detection2 can result only from the third term, a2 v2.
Since a2 multiplies all components of v2 alike, we may neglect it and
simply consider the square of the expression for the modulated
wave. This results in a series of terms which are the squares

2 In practice this parabolic law seldom holds strictly, and secondary con-tributions are made to the detected wave by terms of higher power.
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of the individual components and another which are their

products taken in pairs. Since

cost x= -1 (l+cos 2x), (6)
2

the square terms will yield only direct current, and currents of
approximately twice the carrier frequency. The product terms,

each of which contains the product of two cosines, may, as in
the case of the modulated wave above, be transformed into the
sum of two cosine terms the frequencies of which are respectively

the sum and difference of the component frequencies. Of these

only the difference frequencies can lie in the range of the original

signal. In other words, we may think of the reproduced wave

as made up of the sum of all the heterodyne beat notes resulting

from all the pairs of component sinusoids of the modulated wave.
The carrier component, C cos pt, beating with a component

1
of the upper side -band, -2 k C S cos [(p+q) t-1-0], equation (4),

gives the beat note or reproduced component,

r+= 1 k C2 S cos (qt ),

which is identical in frequency and phase with the correspond-
ing component of the signal, and has an amplitude proportional
to that of the signal component. Exactly the same expression
results from beating the carrier and the corresponding com-
ponent of the lower side -band. These two low frequency com-
ponents, being in phase, add directly to give

r = k C2 S cos (qt+0) (8)

as the reproduced component. As the factor k C2 is independent

of q, all of the signal components are reproduced with the
same relative amplitudes and phases, as in the original signal. Their

sum is therefore k C2 F (t), and the signal is accurately repro-

duced.
However, there are still other components of the modulated

wave to be considered. Every pair of components in one side -

band beat to give the difference of their frequencies, which is also

the difference of the corresponding signal components. The cor-

responding pair of components of the other side -band yield an
identical component and the two add in phase. Similarly every

component of one side -band beats with every component of the

other, giving in each case the sum of two component frequencies

of the signal wave. Like the difference frequencies, each of

these sum frequencies is produced twice. The combination of
an

(7)



the components of the two side -bands which were derived from
the same signal component yields a component of twice the fre-
quency of the signal component. The addition of these extrane-
ous components serves to distort the reproduced wave in a man-
ner quite similar to that of external interference. It is of inter-
est therefore to consider the magnitude of these distorting com-
ponents relative to the reproduced signal. The product of two

1side -band components of amplitudes 1 k C S and
2-

k C ,
2

equation (4), gives as the amplitude of one of the two components

2
of the difference frequency ' a - -

4
k2 C2 Sf Comparing this

7r

-q

with the amplitude, k C2 5, equation (7), of one of the two

reproduced signal components of frequency 1- , the ratio of the
27;

undesired to desired component is found to be -1 k. It is evi-
dent that this type of distortion increases with the degree of
modulation, k, or, as will be discussed more fully later, with the
ratio of carrier to side-band.3

SINGLE SIDE -BAND TRANSMISSION

So far it has been assumed that the wave applied to the
detector is identical with that produced by the modulator, a
condition seldom encountered in practice. For, in addition to
the undesired modifications which the modulated wave under-
goes because the transmission characterictics of practical circuits
are not ideal, there are other changes which when properly made
yield distinct advantages. These intentional changes will he
discussed first.

It will be remembered that any component of the signal can
be reproduced by the combination of the carrier with either side -
band. Hence it is unnecessary to transmit both side -bands.
Suitably designed electrical filters make it possible to transmit
one side -band and effectively suppress the other.' This makes
possible a very great saving in the frequency range required
per channel. It is of particular importance for long wave radio
telephone transmission where the width of a single side -band is
so large a fraction of the total frequency range available that the

A similar form of distortion generally occurs in modulation, resulting
in new components being produced in the frequency range of the side -band.

' For a description of such filters see the Colpitts and Blackwell paperreferred to above.
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number of independent channels is at best very limited. The
intensive development of a limited frequency range by the use
of single side -band transmission has probably progressed far-
thest in connection with carrier telephony over wires. Here
commercial service is being given over circuits on which the car-
rier currents of adjacent channels are separated by only 3,000
cycles. It is obvious that the transmission of both bands would
nearly double this separation, thereby halving the number of
channels per circuit. There is, of course, no reason why similar
savings may not be effected in the field of radio transmission.
In addition to this major advantage there is an incidental im-
provement in the quality of reproduction, for the distorted com-
ponents resulting from beats between components of the two
side -bands, that is, the sums of the signal frequencies, are elim-
inated.

CARRIER SUPPRESSION AND HOMODYNE RECEPTION

The other important modification has to do with the so-
called "unmodulated" component of carrier frequency. C cog p t,
in equation (3). As already pointed out, good signal reproduc-
tion requires that at the detector this shall not be too small
relative to the side -bands. However, it is merely a continuous
alternating current, and does not itself partake of the signal
variations. It is therefore immaterial whether it is transmitted
from the modulator or is supplied to the detector by a local source
such as an oscillator. The elimination of this component from
the modulated wave at the sending station is spoken of as "car-
rier suppression," and its re -introduction at the receiving end
as "homodyne" or "zero beat" reception. The term homodyne
implies supplying the same wave as distinguished from hetero-
dyne, meaning another. Zero beat refers to the bringing of the
local carrier into synchronism with the sending carrier by re-
ducing the beat note between them to zero frequency. While
homodyne reception is essential to carrier suppression, the re-
verse is not true. The reception of an ordinary modulated wave
may sometimes be improved by the addition of carrier at the
receiving end.

The primary advantage of carrier suppression lies in the
saving of sending power which it makes possible, or, what is
equivalent, the increase in range made possible when all the power
of a give!' ition is utilized in the side -band. Of the various
ways in which this suppression may be accomplished, the sim-
plest is by the use of a so-called balanced modulator as shown
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schematically in Figure 3. Carrier frequency from the source
C is applied to the grids of two vacuum tubes in the same phase,
while signal currents, indicated at S, are applied to the two in
opposite phase. The two plate circuits are differentially con-
nected with a common output citcuit. In the absence of signal-
ing current the amplified carrier frequency currents from the
two tubes neutralize each other and nothing is transmitted.
With the application of signaling current one grid is raised in
potential and the other lowered, with the result that more radio
frequency is developed by the first tube than by the second and
the excess appears at 0. The magnitude of this radio frequency
current is proportional to the instantaneous value of the signaling
current. Upon reversal of the direction of the signaling current
the effect of the second tube predominates and radio frequency
is again transmitted, this time with the phase reversed, owing to
the differential connection. The wave form of a signaling cur-
rent and the resulting output current are roughly as shown in
Figure 4, A and B. If this output be amplified for transmission
there will be no load on the amplifier and antenna except during
actual speech, when it will be proportional to the intensity of
the speech.

n -
FIGURE 3-Balanced Modulator

That these intermittent pulses of carrier frequency produced
by a balanced modulator are equivalent to a modulated wave
from which the carrier frequency component has been removed,
may be easily shown. Consider a single sinusoidal component
S cos (q t+0), of the signaling wave which is applied to the bal-
anced modulator. The resulting output current is a wave of
carrier frequency, the amplitude of which is proportional to C

and to S and varies cyclically with a frequency - between the

values +K C S and -K C S, where K is a constant of propor-
tionality and the negative amplitude indicates a reversal of phase
during half of the audio frequency cycle. Such a variation may
he represented by the expression

i=K C S cos (qt+0) cos pt. (9)
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Taking the sum of these expressions for all the components of
the signal gives the second term of Equation (3) which was shown
to represent the side -bands.

In estimating the power saved by carrier suppression the com-
parison should be made with a system transmitting the carrier
which has been so adjusted that the power is used to the best
advantage. So far as a single signal component is concerned
this would call for making the carrier and side -band equal, as
their product would then be a maximum. This, however, would
imply that the distorting currents from the interaction of two
side -band components would be as large as the signal currents
themselves. That is to say, quality considerations require that
the major part of the transmitted power be in the carrier com-
ponent. Quantitative data on the relation between the ratio
of carrier to side -band and the quality of transmission has bee
secured in the laboratories of the Western Electric Company,
and it is hoped it will be published in the near future. Briefly,
the results indicate that the good quality which is obtained when
the carrier component is large falls off very rapidly as the mag-
nitude of the carrier component is reduced so as to approach that
of the side -band, the latter being measured when a sustained
"ah" sound is used as the signal. Under these conditions the
side -band is sustained at a value about equal to the maximum
occurring in ordinary speech. That is to say, even the peak
power in a carrier suppression system is less than the car-
rier component alone in an ordinary system adjusted to give
the same side -band. From these considerations it appears
that there has been a tendency to attach undue signifi-
cance to "complete modulation," as a more or less unique
and ideal condition of operation. For nothing revolutionary
occurs as the carrier is decreased thru the value corresponding
to that condition. The distortion due to interaction between
the side -bands is present for larger values of carrier and continues
to increase progressively for smaller values. The exact degree
of modulation to be permitted therefore depends upon the stand-
ard of quality to be met. In a carrier suppression system the
degree of modulation, k, approaches infinity more or less closely
depending on the completeness of the suppression.

In addition to making possible the use of carrier suppression,
homodyne reception presents other advantages. It furnishes a
ready means of increasing the intensity of the reproduced signal,
since this is proportional to the carrier component at the receiver
as well as to the side -band. Also, by making the carrier large,
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k is made very small and the distorting currents due to inter-
action of the side -bands become negligible. The use of a large
local carrier in homodyne radio telephony assists in frequency
selection in the same way as does the hetrodyne wave in radio
telegraph reception. Suppose an interfering message is separated
from the desired one by only a few thousand cycles and so is not
entirely suppressed by the receiving selective circuits. Currents
of voice frequency can be reproduced from its side -bands only
by interaction with its own carrier, and hence they will be small
compared with those of the desired message, which are propor-
tional to the local carrier. On the other hand, the large currents
due to the interfering message and local carrier will all have fre-
quencies above the voice range, and so can be suppressed by
selective circuits in the output of the detector.

The same general reasoning applies also to static interference.
Appreciable interfering currents of signal frequency can result.
only from those components of the static wave which lie in the
frequency range of the side -bands. Moreover, they will bear
the same ratio to the signal currents as do the static components
to the side -band components. We may conclude, then, that when
means are provided for eliminating all of the static except that
which is inherently inseparable from the signal, the disturbing
effect of the residue is determined solely by the relative magni-
tude of the side -band components and the static components
which lie in the same frequency range. As the object of high
power stations is to make the signals large compared with the
static, the importance of concentrating the power in the side -
bands rather than in the carrier is obvious.

EFFECT OF RADIO DISTORTION

Let us pass now from the intentional modifications of a modu-
lated wave and consider the effects of unintentional distortions.
Limiting our attention first to systems in which the carrier is
transmitted, we have to consider the effect of distortion such as
might be introduced by the sending and receiving circuits and
the transmitting medium. Assuming the characteristics of these
to be known in terms of their transmission of sinusoidal compon-
ents of various radio frequencies, we wish to determine their effect.
on the amplitudes and phases of the components of the reproduced
wave. We shall assume the current voltage relations in the trans-
mission system to be linear, so that no new frequencies are in-
troduced. Then any possible distortion in the modulated wave
may be represented by assigning the proper amplitudes and
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phases to all of the components. Corresponding to a single
component of the signal we may write for the received wave

m = B cos (pt -0)- -B + cos [(p+ q) t+0-0+]+
B_ cos [(p - q) - -(i) _I (10)

where the amplitude, B, and phase lag, 0, may vary in any
arbitrary manner for the different components of the modu-
lated wave. We shall assume that B is always large enough
compared with B+ and B _ that the interaction between the
side -band components may be neglected. It will be seen that
the single frequency components reproduced from the two side -
bands are not in general equal nor in phase and may either aid
or tend to neutralize each other. They will be of the form,

B [B + cos [qt +0 -(s+ -0)]+B_ cos [q t+

0- (0-0 -)]t (11)

Taking the resultant of these two gives as the component of the
reproduced wave,

r= R cos (q 1+0 (12)

where

R = B 'N/ B2 +-F B2 _+2 B + B _ cos [(4)+ - - _)] (13)

B 4_ sin (4) 4_ 41)) +13 _ sin (0-4,
tangy= (14)

B+ cos (4)+ - 4)) 1-B _ cos (0-0_)

It is evident that both the amplitude, R, and the phase shift.
of the reproduced component depend upon both the amplitudes

and phases of the corresponding components of both side -bands
and on the phase of the carrier. The amplitude depends also
on the amplitude B of the carrier, but as variations in this affect
all components alike, they do not alter the wave form of the re-
produced signal, but only its magnitude.

The expressions for the reproduced wave become much
simpler for a system in which one side -band, say the lower, is
suppressed. Then

B _= 0

and equations (13) and (14) reduce to

R= B B+

(15)

(16)

Ik=0+ - (17)

The amplitude of the reproduced component is independent of
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the phases in the modulated wave, and is proportional to the
amplitude of the side -band component. Hence amplitude dis-
tortion of the reproduced wave can result only from unequal
transmission of the different component frequencies of the side-

band. The change in the amplitude curve for the signal will
be identical with that of the side -band. The phase shift, *,
is independent of amplitude distortion of the modulated wave.
It is equal to the difference between the phase lags of the side -
band component and the carrier. Fortunately the quality of
telephone reproduction is not seriously impaired by shifting the
phases of the various components by even as much as several
cycles. In telegraphy, however, the shape of the signal current
which operates the relay depends very much on the preservation
of the proper phase relations of the components, and the entire
nature of the signal may be changed by phase shifts of even a
fraction of a cycle.

It is worth while then to examine some of the phase shifts
which are likely to occur in practice. Transmission of a sinusoi-
dal wave thru the free ether involves a phase tag proportional
to the distance and to the frequency. Hence the phase lags,
4+ and 4, due to this cause, will be proportional to p-Fq and p
respectively, and their difference, 1,, will be proportional to q.
Replacing * by h q in equation (12) and regrouping terms gives

r = R cos [q (t - h) 0]. (18)

By displacing the origin of time by h this becomes identical with
the original signal component. Also, since h is independent of q,
the same time shift brings all the components into agreement;
that is, a phase shift proportional to the frequency does not dis-
tort the wave, but merely delays it by the corresponding time
of transmission.5 In considering the terminal circuits then it is
only the departure of their phase lag versus frequency curve
from a straight line that need be considered as a source of dis-
tortion. It is of interest to note here that for most filters this
relation is approximately linear thruout the range of free trans-
mission. The actual curves for a particular band filter are shown
in Figure 5, where there is plotted against frequency the relation
of the amplitude and phase of the current at the third section
of an infinite filter to those of the voltage applied to the
first section. It will be noticed how the phase curve departs

For a fuller discussion of this point see a paper by T. C. Fry on "Theorie
des binauralen Horens nebst einer Erkliirung der empirischen Hornbostel-
Wertheimerschen Konstanten," "Physikalische Zeitschrift," 23, page 273,
1922.
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abruptly from a straight line at the edges of the band where
the sudden drop in the amplitude curve occurs. Similarly
Figure 6 shows how in the current voltage relation of a simple
resonant circuit, the distortion of phase and of amplitude
occur together.
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In case both side -bands are transmitted, a simple relation
is found if the distortion is symmetrical with respect to the car-
rier frequency. By this is meant that, however the different
components are distorted relative to each other, for every signal
component the two corresponding side -band components are
equal in amplitude and are shifted in phase relative to the carrier
by the same amount; that is to say, for every value of q con-
sidered separately,

Then

B = B _ = (19)

(I) = - _ = (20)

R=2BB±

= (1-

(21)

(22)

The same considerations as to distortion of the side -band
apply here as for the single side -band. There is one point, how-
ever, of some practical significance. As is evident from Figure

47



6, the characteristics of a resonant circuit come very close to
satisfying these symmetrical conditions if the carrier coincides
with its resonance frequency. Its effect on the amplitude and
phase curves of the reproduced signal may therefore be derived
independently fron the amplitude and phase curves of the tuned
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FIGURE 5-Amplitude-Frequency and Phase -Frequency
Characteristics for Band -Pass Filter

0

circuit. lf, however, the circuit be detuned, this symmetry
is upset and we are forced to the complicated relations of equa-
tions (13) and (14), from which it is difficult to draw general
conclusions.

An interesting case of unsymmetrical transmission is that in
which one side -band is only partially suppressed owing to insuf-
ficient selectivity. Let us assume that the upper side -band is
transmitted without distortion. Then for a given amplitude
of the lower side -band its effect on the amplitude curve of the
reproduced signal will be worst when the phase relations are such
that for some frequencies it aids the upper side -band and for others
it opposes. The greatest fractional change in the amplitude of
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any one signal component due to the presence of the lower side -
band occurs when the two oppose. It is then reduced in the
ratio

B +- B - =1- - (23)
B+ B+

Thus, if the lower side -band component were a tenth of the upper,
the most it could do would be to change the amplitude of the
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FIGURE 6-Amp itude-Frequency and Phase -Frequency
Characteristics of Simple Resonant Circuit

signal component by a tenth. Such a change would have little
effect on telephone quality, particularly as it would have this
maximum value at only a few frequencies. The case of teleg-
raphy is rather different. Here the two side -bands lie so close
together that it is practically impossible to separate them by
radio selective circuits, and even when, as in wire transmission,
so low a carrier frequency is used that the two may be separated
fairly well by filters, the side -bands corresponding to the lower
signal components differ so little in frequency that even a. sharp
filter does not produce very great discrimination between them.
This, coupled with the fact that the phase shift of a filter ceases
to be linear near the edge of the transmitted band, leads to very
considerable amplitude distortion.

The effect of the unsuppressed side -hand on the phases of the
40



reproduced components is also rather complicated. Equation
(14) shows that it is a maximum when

+ = 0

=90°,

in which case the presence of the lower side -band changes

tan from 0 to B=. As in the case of amplitude, this effect is
B

unimportant in telephony, but would need to he considered in
telegraphy.

(24)

PHASE OF THE LOCAL CARRIER

Coming now to homodyne reception, the important new
factor to be considered is the fact that the carrier component is
now perfectly arbitrary in amplitude and phase. This is true
even tho the sending carrier is not suppressed, for, by suitably
choosing the local carrier, the resultant of the two may be given
any desired value. Since the amplitude of the carrier affects
only the magnitude of the reproduced signal as a whole, we need
consider here only the effect of arbitrary values of its phase, 4.
For simplicity we shall assume that the modulated wave reaches
the receiver unchanged except for the phase lags involved in
undistorted transmission. Let us designate by 4.1 the phase
lag of the carrier which is received from the transmitting station
or would be received if it were not suppressed. Then

0=41+7i, (25)

where ri may be regarded as the phase displacement of the local
carrier.

Consider first a system in which one side -band is suppressed.
From equation (16), the amplitudes of the reproduced signal
components are independent of the phase of the carrier. From
equation (17), the phase,

(26)

But 0+ -401 represents only the phase shifts of undistorted
transmission; that is, the delay suffered by the signal as a whole.
Hence the net result is that all components have their phases
shifted by the same amount; namely, the phase displacement
of the carrier, which can never be more than a single cycle. For
telephony this is of no practical importance, but it is evident
that in a telegraph system using side -band suppression and homo-
dyne reception the phase of the local carrier would have to be
very carefully controlled.
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Consider now the case of homodyne reception of both side -

bands received without distortion; that is,
13÷=B_ =B. (27)

and 0+-01=01-0--=h9. (28)

From these relations and equations (13) and (14) we get

R=2BB. cosy,. (29)

=h q. (30)

This shows that the amplitude of every component varies as
cos ri; that is, when the local carrier is in phase or 180° out of
phase with the received carrier the reproduced components are
maximum for intermediate values they decrease, becoming zero
when the two carriers are in phase quadrature. The phase lag, k q,

is that due to transmission alone; that is, the phases of the repro-
duced components are independent of the phase of the local
carrier. Since the phase of the local carrier affects only the
amplitudes and affects these the same for all components, it does

not alter the wave form of the reproduced signal, but does affect
its magnitude very materially.

Thus in a carrier telephone system fluctuations in the phase of
the local carrier are much more serious when both side -bands
are transmitted than when one is suppressed, the only effect then
being an unimportant phase distortion. In a carrier telegraph
system, however, the amplitude fluctuations which occur when
both side -bands are transmitted may not be particularly trouble-
some since telegraph receiving apparatus is designed to operate
over quite a range of signal intensity. The phase distortion
occurring in single side -band transmission is however serious.
It may perhaps be considered fortunate that the requirements
as to phase regulation are least severe in telephony with a single
side -band and in telegraphy with both side bands, since these
modes of operation appear on other grounds to be the most prac-
tical for the two cases.

In comparing single and double side -band transmission it
is interesting to note that for equal sending power, the power of
the reproduced signal component is twice as great with two side -

bands as with one. However, the power of the same frequency
resulting from static is also twice as great, so that the ratio of
signal to interference is the same in both cases. To show this,
let B1 be the amplitude of a component of the single side -band
and B2 that of each of the corresponding components of the
double side -band. Then equality of power gives
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and the power,

B,2 = (31)

For the single side -band the amplitude of the reproduced com-
ponent is

R1=g B1,

where g is a constant of proportionality. The power,

1/31 g2 B12 = g2 B22.

(32)

(33)

(The resistance is here omitted as it is assumed constant thruout.)
For the double side -band, since the two components are in phase.
the resultant amplitude,

R2=2gB2, (34)
and the power,

P2 = 2 g2 B22 = 2 Pi. (35)

If the static be assumed to approximate an impulse, the am-
plitudes of all its components will be sensibly the same. If we
call this amplitude S, then, in the case where the receiving cir-
cuit admits only one side -band, the amplitude of the reproduced
interfering current of the frequency of the signal component is

/1= g S, (36)
and its power,

1=
2

g2 S2. (37)

With both side -bands this interfering current is made up of two
equal components derived from the static components of fre-

quencies277 and -q respectively. The phase difference r
277

between these two will be accidental, so for any one case the
resultant amplitude,

/2 = 2 g S cos e, (38)

W2 =2 g2 S2 cost S. (39)

As all values of e are equally probable, we may average W2 with
respect to e, whence

W2 = g2 S2 =2 WI. (40)

There is then no choice between one and two side -bands on
the basis of the ratio of signal to interference, With a single
side -band, the major advantage of economy in frequency range
is secured at the expense of the minor disadvantage that to give
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the same response the amplification of the receiving set must be

greater by a factor of two in power, or about three miles of
standard cable.

USE OF NON -SYNCHRONOUS LOCAL CARRIER

In practice, however, unless the receiving carrier frequency
is controlled by the same source as the sending carrier, it is

rather difficult to maintain even the frequencies alike, to say
nothing of the phases. Let us suppose that the local carrier
is out of synchronism by a small amount, n. Consider first the
simplest case where the carrier is suppressed and one side -band
only is transmitted. The local carrier beating with each com-
ponent of this side -band gives a component of normal amplitude,
but of a frequency differing from that of the original signal
component by n. That is, all the frequencies of the speech are
raised or lowered by the same amount, n. This must alter the
wave form very decidedly, but the surprising thing is that in
telephony the intelligibility is not seriously affected when the
difference is made as much as fifty cycles or so. The apparent
pitch of the voice changes, of course, as n is varied.

If the carrier is transmitted, either intentionally or thru
incomplete suppression, the situation is less favorable to asyn-
chronous reception. The two carriers then beat together, giving
a component of frequency n which may be troublesome if the
received carrier is large. However, its frequency is generally
below the voice range, and so it can be suppressed by a filter in

the detector output. In addition the received carrier beating
with the side -band gives the components of the original
These are superposed on the displaced speech from the local
carrier, the corresponding components of the two differing in

frequency by n. As a result, the two sounds beat together
just as two tuning forks would. For very small differences
in frequency a periodic rise and fall in intensity is heard.
When the difference is increased so that the individual beats
can no longer be distinguished, a sensation of roughness results.
And when the difference is made still greater the two waves may
be heard as separate sounds of noticeably different pitch. The
prominence of this beating effect depends, of course, upon
the relative magnitude of the two carriers, since the two
sets of speech currents are in the same ratio as the two ca-
rriers.

This effect of the received carrier may be very much reduced,
and in the ideal case entirely eliminated, by the use of a balanced
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detector similar in structure to the balanced modulator of Figure
3. It can be shown that with such a circuit the combination
frequenciesresulting from any two components applied at S are
neutralized.in the. output circuit, while the combination of each
with the carrier applied at C is transmitted. Thus if the side -
band and received carrier enter together at S, the components
having the original signal frequencies are eliminated and only
the displaced components remain.

When the other side -band is added, the situation is still
further complicated. In the absence of received carrier the local
carrier and one side -band give a set of components the frequencies
of which are greater than those of the signal by n, while the
carrier and other side -band give a set less by the same amount.
These two sets combine in much the same way as do the displaced
and normal speech obtained with a single side -band and received
carrier. Here, however, the beat frequency is 2 n. Also, as
the two sets are equal in amplitude, the beats will be much more
pronounced, the intensity falling to zero each time the two
waves are in opposition. For slow beats the apparent pitch of
the sound is half way between the frequencies of the two equal
components, and so the normal voice frequency will be heard.
With large frequency displacements of the carrier the two dis-
placed speech waves, being of equal intensity, will be more
easily distinguished than in the case of the single side -band.

It is interesting to note that this result, as well as the fre-
quency shift that occurs with a single side -band, follows directly
from the relations arrived at above for the phase displacement
of a synchronous carrier. The non -synchronous carrier may be
thought of as a synchronous one the phase of which is varied with
the frequency of the departure from synchronism. With a single
side -band it was shown that a phase displacement of the carrier
affects only the phase of the reproduced component and that it
changes this by an amount equal to its own displacement. This
progressive phase displacement in all the components of the re-
produced wave is, of course, equivalent to a change in their
frequencies equal to the frequency displacement of the carrier.
With both side -bands present, a phase displacement was shown
to have no effect on the phases but to change the amplitudes
of the reproduced components by the factor cos Thus a pro-
gressive change in 7, will cause a cyclic variation in amplitude
having two minima for each cycle of 7, ; that is, a frequency of 2n.

If the two side -bands are accompanied by the carrier there
arc added the beat note of the two carriers and the components
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of the original signal. The addition of a small amount of this
speech of uniform amplitude to that of varying amplitude already
present merely tends to make the variation slightly less pro-
nounced. From the foregoing it appears that for telephony the
most favorable condition for using a local carrier which is out of
synchronism is that in which only one side -band is transmitted.
Fairly considerable frequency variations are then permissible
and asynchronous operation appears to have practical pos-
sibilities.

For telegraphy the case is quite different. In the first place
the important components of telegraph signals are much lower
in frequency, so that the side -hand lies closer to the carrier, and
a much smaller absolute displacement of the carrier frequency
is needed to give the same effect as in the telephone case. Con-
sidering only such small displacements, it appears that the gen-
eral addition or subtraction of frequencies which occurs with a
single side -band will alter the shape of the signals quite seri-
ously. The slow fluctuations in signal intensity which occur with
both side -bands are probably less serious over most of the cycle.
However, they might well cause some signals to be lost entirely
each time the intensity passed thru zero.

For asynchronous reception, then, just as for the case of a
local carrier displaced in phase, single side -band transmission is
preferable for telephony and double side -band for telegraphy.
The difficulties are of the same general nature in the two cases.
but with the asynchronous carrier they are considerably greater.
This is in agreement with the idea expressed above, that lack of
synchronism may be looked upon as an aggravated case of phase

displacement.

October 9, 1922.

Research Laboratories of the American
Telephone and Telegraph Company,
and the Western Electric Company,
Incorporated.

SUMMARY: The modulation of a carrier wave by a signal wave and the
subsequent reproduction of the signal wave are discussed in terms of the sus-
tained sinusoidal components into which the various waves may be resolved.
The conception of a modulated wave as being made up of a carrier component
and two side -bands is explained.

The saving in frequency range resulting from transmitting a single side -

band is emphasized. Carrier suppression and homodyne reception are shown
to save sending power, increase receiving sensitiveness and aid in suppressing
interference from both stations and static.

Equations are derived for the distortion of the reproduced wave in terms
of that of the modulated wave. In general, both the amplitude and phase of
each component of the signal depend on both the amplitudes and phases of
the corresponding side -band components and of the carrier.
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The effect on the signal of various typical distortions of the radio wave is
examined for both single and double side -band transmission, as is also that of
altering the phase of the locally supplied carrier and of altering its frequency.
The resulting distortion of the signal is found, in general, to be more serious
for telephony when both side -bands are used and for telegraphy when only
one is used.

It is also shown that the reproduced signal has twice the power when both
side -bands are transmitted as when the same sending power is concentrated
in one. The signal to static ratio is, however, the same in both cases.

5ii



FURTHER DISCUSSION
ON

"RESISTANCE AND CAPACITY OF COILS AT RADIO
FREQUENCIES"*

BY

J. H. MORECROFT

A. Press I,y letter): The experiments of Professor More -
croft in endeavoring to cheek up the work of Dr. Breit are so im-
portant a matter for radio science that it may he of value to
emphasize the crowning assumption of Dr. Breit's mathematical
development s.

Turning to "The Physical Review" for June, 1921, equation
(4) of the article on "The Distributed Capacity of Inductance
Coils," it will be seen that the assumption is made that the
charge density at any point x is a function of x times the rate of
change of the current at, any point taken as a standard. The
formula in

Q (x) =a (x) di,
d t

In reality from the experiments of Professor Townsend of
Oxford, and others, the wave distribution of current, so far as
its plural nodal distances are concerned, is a function of the fre-
quency. This frequency function can he of the resonant type,
or even of the dissonance type as the writer has indicated
elsewhere. Much depends on the geometrical constants of a coil
with respect to the particular frequency. It would be too much
to expect that 4 formula of the simplicity (1)

L (C +C 0) =w2- (1)

should hold for both cases indicated herewith.

(4)

G. Breit (by letter): Referring to the second paragraph of
Press' letter: "Turning to ... at any point xis a function of

.r times the rate . . ." The part in italics is wrong, as is seen from
 See page 257 of the August, 1922 (volume 10, number 4), issue of the

PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS.
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the formula (4) quoted. This formula is reproduced not quite
correctly by Mr. Press; the Latin a being used for the Greek a.

I do not think it is correct to call the assumption discussed
by Mr. Press the crowning (?) assumption of my deduction.
The first paragraph of my synopsis introduces Co as the quantity

which is experimentally known to satisfy: L (C -1-C.) = (12 My

problem was to calculate Co within the range of w for which the
above relation is reasonably true. The same point of view is
brought out in the summary. The absolute validity of the

equation L (C 1
0) =

2
would be, of course, untrue. The factors

which make this equation a good approximation I tried to con-
sider in the section: "Explanation of constancy of Co" (pages
669-671, "Physical Review"). As shown there within a certain
range the formula may be expected to hold.

The assumptions underlying my derivation I tried to sum-
marize on page 650 under 1, 2, 3, 4, 5. These are essentially
reviewed on the bottom of page 656 and the top of page 657.

The point of view taken towards Co is brought out particularly
under (h) (page 657).

In Mr. Press' letter 12 in (1) should be -12.iv

It is difficult for me to be sure that I understand correctly
the section of Mr. Press' latter just after (4). He certainly can-
not mean that I do not consider the dependance of current dis-
tribution on the frequency because this is the fundamental point
in my derivation. It would seem then that he considers the fact
that a coil can vibrate in different modes. This fact has been
known to Drude and is generally obvious by analogy with an
organ pipe. The difficulty is taken care of by the fact that the

range in which L (C +Co) = 1 is used deals only with one mode.
cu'
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DIGESTS OF UNITED STATES PATENTS RELATING
TO RADIO TELEGRAPHY AND TELEPHONY*

ISSUED OCTOBER 31, 1922-DECEMBER 19, 1922

Br
JOHN B. BRADY

(PATENT LAWYER, OURAY BUILDING, WASHINGTON, D. C.)

1,433,599-R. Brown, filed July 2, 1921, issued October 31, 1922.
Assigned to American Telephone and Telegraph Company.

NUMBER

h.9.1
1,433,599-Radio Circuits

RADIO CIRCUITS for an electron tube transmitter and receiver
whereby the transmitting and receiving apparatus may be oper-
ated in close proximity to each other at the same station without
interference, and wherein two-way communication may be had
without mechanical switching from transmitter to receiver. In
this circuit Figure 1, advantage is taken of the commutating
characteristic of an electron tube for shifting the operation of
the system from transmission to reception. R A indicates the
receiving antenna connected to circuit R I functioning its an
interrupter and from thence to receiving apparatus which may
transmit the signal energy to a line wire telephone circuit L.
T A represents the transmitting antenna connected to circuit
T I which also functions as an interrupter and from thence to a
suitable modulator M and source of continuous wave energy S
with the line wire system L. An oscillator 0 generates an oscil-

*Received by the Editor, January 5, 1923.
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lating current which is passed thru a distorting circuit D T and
is then alternately superposed on the two interrupters T I and
R I. If a wave of proper polarity is superposed on the normal
potential of the grid circuit of the tube T I, the tube may be
caused to operate upon the straight amplifying portion of its
characteristic during the flat topped interval of the supplied
wave, so that the modulated radio frequency will be freely trans-
mitted thru the interrupter T I to the antenna T A. The tube
R I will at the same moment have a pulse of current supplied
to its grid, of such a character as to prevent transmission. The
next succeeding half -wave will be in the opposite direction, how-
ever, and will shift the operating point of the tube R I to the
amplifying portion of its characteristic, so that the received
radio oscillations will be free to be passed thru the interrupter
and impressed upon the detector D. Transmitting and receiving
will, therefore, take place alternately at a high frequency rate
determined by the frequency of the oscillator 0.

1,434,064-A. Monteilhet, filed
October 31, 1922.

METHOD OF AND APPARATUS
in which synchronized means are
ing the local circuit of both the

September 15, 1913, issued

FOR FACSIMILE TELEGRAPHY,
provided for periodically vary -
transmitter and receiver with

means for sending a signal energy impulse of constant value
from the transmitter to the receiver at the time the transmitter
energy reaches a predetermined value. A galvanometric optical
receiver is employed for the reception of cliches, reliefs, photo-
graphs, and the like transmitted.

1,434,707-E. W. Kellogg, filed April 21, 1921, issued November
7, 1922. Assigned to General Electric Company.

RADIO RECEIVING SYSTEM, in which a plurality of receiving
antennas are located at widely separated points having their
receiving circuits interlinked by line wires with a central receiv-
ing station to which the signals may be conveyed and read. The
transmission lines connecting the several receiving stations with
the central station serve to transmit the local generator fre-
quencies for each of the receivers from a single generator at the
central station.

1,435,009-E. W. Kellogg and C. W. Rice, filed April 27, 1921.
issued November 7, 1922. Assigned to General Electric
Company.
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N iMBER 1,434,707-Radio Receiving System

N UMBER 1,435,009- Radio Receiving System

RADIO RECEIVING SYSTEM employing a plurality of receiving
sets connected to an antenna system at selected points along
the antenna whereby disturbing signals do not interfere with
reception in the different receivers. The antenna is aperiodic,
so that the strength of the signaling currents produced therein
is substantially independent of the wave length. Incoming
signals are impressed upon the input circuits of a plurality of
electron discharge amplifiers at potentials produced in the
antenna at different selected points. In order to improve the re -
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ception, means are provided for impressing upon each of these
input circuits a current selected from another point in the an-
tenna which will be of the proper intensity and phase to neu-
tralize in each receiving set disturbing currents produced therein
either by interference from undesired waves or by strays. Each
of the output circuits of the amplifiers has associated therewith a
resonant circuit which is tuned to the frequency of one of the
signaling waves which it is desired to receive, and these resonant
circuits are associated with the respective receiving sets.

Reissue 15,495-I. Langmuir, filed January 29, 1920, issued
November 21, 1922. Assigned to General Electric Com-
pant.

"WIRELESS" SIGNALING SYSTEM. This patent relates to a
heterodyne receiver employing an electron tube circuit with a
coupling between the grid and plate circuits, one of the circuits
being resonant, whereby local oscillations may be produced of a
different frequency from that of the oscillations to be received.
Each of the circuits are coupled with the antenna system. This
patent was originally granted as 1,313,093, dated August 12,
1919, on an application filed March 11, 1916.

1,435,455-H. P. Donle, filed February 2, 1920, issued November
14, 1922. Assigned to the Connecticut Telephone and
Electric Company, Incorporated.

ELECTRIC CURRENT CONTROLLING DEVICE in the form of a
tube construction having a filament contained within an ex-
hausted vessel and two outer electrodes spaced apart on the
outer surface of the tube, one serving as an anode or plate and
the other as a control electrode.

1,435,941-J. Robinson, filed November 12, 1918, issued Novem-
ber 21, 1922.

RADIO DIRECTION FINDER in which a pair of coils in vertical
planes are set at an angle to one another, preferably at a right
angle, and are rotated about a vertical axis until no appreciable
difference in strength of signal is found, when the effect of that.
coil lies at right angles to the direction of arrival of the waves,
the bearing of which is desired, is superposed positively or nega-
tively upon the effect of the other coil. The bearing can then
be determined by the position of the first coil. A switching
arrangement is provided so that one coil may be temporarily
cut out and an equivalent inductance inserted in the circuit.
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The invention is illustrated in connection with a direction finder
installation in the fuselage in an aircraft.

1,436,252-R. A. Heising, filed December 27, 1918, issued
November 21, 1922. Assigned to Western Electric Com-
pany, Incorporated.

N t NIBER 1,436,252-System for Producing
Modulated Waves

SYSTEM FOR PRODUCING MODULATED WAVES, utilizing an
arc generator for telegraphy. An electron tube is connected in
circuit with the arc system. Referring to the drawing, the gen-
erator 5 supplies a direct voltage to the circuit 15 and condenser
14 which periodically discharges across the electrodes 9 and 12

and causes simultaneous discharge across the electrodes 8 and 9.
The amplitude of the discharge across the electrodes 8 and 9 will
depend largely upon the instantaneous condition of the device 6.

Thus while the amplitude of the discharge may be made to vary,
the frequency thereof will remain substantially constant. Aitho
the discharge across electrodes 9, 12 may consist of a small amount
of energy, it may serve to control the discharge of a much larger
amount of energy across the electrodes 8, 9. The device 6 acts
as an amplifier and reproduces in amplified form the impedance
changes in or the current changes thru the device 26.

1,436,676-M. H. Petersen, filed October 21, 1921, issued
November 28, 1922.

SYSTEM FOR "WIRELESS" TRANSMISSION OF WRITING, PIC-
TURES, AND THE LIKE, in which part of the current circuit of an
alternating current generator connected to the transmission leads
is short-circuited by means of a contact arrangement, which is
so actuated by means of the writing at the sending station that
the short-circuiting is started or interrupted by means of a con-
tact needle passing over the written lines. The received oscil
lating current energy is combined with the energy of a separately
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produced auxiliary current the frequency of which is slightly dif-
ferent from the frequency of the received current, producing a
beat frequency operating an oscillograph. Another beat frequency
is produced differing from the first beat frequency and the second
beat frequency combined to produced synchronized mechanical
movement.

1,437,021-J. C. Schelleng, filed May 11, 1921, issued November
28, 1922. Assigned to Western Electric Company. Incor-
porated.

NUMBER 1,437,021-Electron Discharge Device Circuits

ELECTRON DISCHARGE DEVICE CIRCUITS. This patent shows a
circuit for an electron tube transmitter in which small inductance
coils are connected in the individual plate circuits of the several
vacuum tubes in the system. In the case of 50 watt tubes in
parallel for radio transmission, these inductances have a value
of the order of 10 microhenries. These inductances serve as
choke coils for preventing the production of undesired or parasitic
oscillations. In the diagram the choke coils are indicated by
reference number 17.

1,437,240-E. C. Hanson and W. L. Carlson, filed May 28, 1920,
issued November 28, 1922.

-1170"11

S7 2.5

6
NUMBER 1,437,240-Apparatus for Detecting Minute Values

of Energy

APPARATUS FOR DETECTING MINUTE VALUES OF ENERGY.
This invention relates to an apparatus for detecting slight varia-
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tions in frequency of an oscillating current which might be
brought about by slight forces, such as light rays striking the
plates of a condenser suitably connected in the oscillating circuit.
The principle involved in the apparatus is the heterodyning of
two or more oscillating electric currents to produce a beat, the
frequency of which will be determined by the natural constants
of the circuits and the external influence of a particular frequency
acting upon one of the circuits. The apparatus is intended,
among other things, as a measuring device for minute forces such
as light rays.

1,437,400-W. W. Conners, filed June 12, 1919, issued December
5, 1922.

METHOD AND APPARATUS FOR INDICATING THE GEOGRAPHI-
CAL LOCATION OR MOVEMENT OF BODIES, employing a similitude
board on which the movement of a body in miniature at the
transmitter causes a reproduction of the movement at the re-
ceiver.

1,437,498-L. De Forest, filed June 16, 1916, issued December
5, 1922. Assigned to De Forest Radio Telephone and
Telegraph Company.

OseittioN, in which the filament, grid, and plate electrodes
are arranged with the filament lengthwise in the tube, the grid
wound around a frame which carries the filament and the plate
supported on the interior of the wall of the tube surrounding
but out of contact with the grid.

1,437,607-E. L. Mueller, filed November 18, 1920, issued
December 5, 1922.

ELECTRON TUBE, in which a mercury arc is formed within a
refractory chamber disposed within a grid electrode surrounded
by a plate electrode in the usual form of an electron tube. The
mercuty arc is used as a source of electrons for the purpose of
avoiding the limited life of the usual filamentary cathode tube.

1,437.772-J. B. Nowland, filed June 13, 1922, issued December
5, 1922. Assigned two-thirds to Simon Bitterman.

RADIO APPARATUS. This invention relates to a vernier tun-
ing coupler for a radio receiver. The coupling system is arranged
with a primary winding in the antenna ground circuit and a set
of two secondary windings each of which can be adjusted inde-
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pendently relative to the primary winding. One of the second-
ary windings permits a broad adjustment of coupling for tuning
purposes while the other secondary winding permits a vernier
adjustment of coupling whereby the secondary circuit is accu-
rately tuned for reception of incoming signals on different wave
lengths.

1,438,290-W. E. Beakes, filed July 1, 1918, issued December
12, 1922. Assigned to United Fruit Company.

AN ANTENNA SYSTEM is shown in this patent whereby an
antenna conductor may be reeled on and off of a metallic drum
to secure the desired period of antenna system. The antenna
conductor is normally contained upon a metallic drum. One end
of the conductor is secured to an insulated cord which is wrapped
upon another drum. By winding or unwinding the cord different
optimum length of the antenna is secured for a particular wave
length.

1,438,347-R. A. Weagant, filed March 6, 1920, issued December
12, 1922. Assigned to Radio Corporation of America.

RECEIVING APPARATUS FOR RADIO SIGNALS for use with a
plurality of antennas situated at a distance from each other and
connected to the same receiving circuit. The system may em-
ploy large loop collectors constructed at great physical distances
apart. In a system of this kind it is usual to have long horizontal
leads going into the receiving station, but these leads pick up
undesired signals and static. In the present invention electron
tube amplifiers are arranged immediately adjacent each of the
antennas for amplifying the energy received on the antenna
system and conducting it to the receiving station located at a
distance. The idea is to amplify the signal and static current
derived from the cages so that they will be large compared with
those derived from the leads. In a modified circuit the energy
of each of the antennas is converted to audio frequency and then
conducted over the leads to the receiver.

1,438,567-R. E. Winstanley, Jr., filed February 1, 1919, issued
December 12, 1922.

RADIO SIGNALING APPARATUS in which the transmitter is
controlled by an automatic circuit closer for causing the trans-
mission of any selected number of a plurality of pre -determined
signals or messages. The apparatus is particularly intended for
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the transmission of distress signals from ships at sea without the
attention of an operator. The transmitter is contained within
a cabinet which is normally closed, the apparatus therein being
inoperative. When the cover of the cabinet is opened the trans-
mitter circuit is closed and start signals are transmitted. By
the movement of control switches different messages may be

transmitted by the automatic circuit closer sending out such
expressions as "S 0 S," "All is well," "Sinking," or other ex-
pressions.

1,438,969-L. R. Spengeman, filed September 17, 1918, issued

December 19, 1922. Assigned to Western Electric Com-
pany, Incorporated.

VACUUM TUBE in which a resilient wire spring in the shape
of a V with spring coils between its ends is arranged in the tube
for maintaining the filament taut at all times.

1,438,988-L. Espenschied and Herman A. Affel, filed September
30, 1919, issued December 19, 1922. Assigned to American
Telephone and Telegraph Company.

HIGH FREQUENCY TRANSLATING CIRCUITS for telegraphy, in
which an iron core modulating device is employed having a
plurality of windings. An input circuit containing a source of
current of one frequency is connected with one winding on the
core and a second input circuit containing a source of current
of a different frequency is connected with another winding on

the core. Filters are interposed in each circuit adapted to trans-
mit only the current of the frequency generated by the source
associated with the respective circuits. A third circuit containing
a source of direct current is connected with a third winding with
a filter interposed in the circuit. A fourth winding on the modu-
lating device is connected with the transmitting system such as

an antenna ground.

1,438,989-L. Espenschied and Herman A. Affel, filed September
30, 1919, issued December 19, 1922. Assigned to American
Telephone and Telegraph Company.

HIGH FREQUENCY TRANSLATING CIRCUITS, employing an arc
generator as a source of oscillations. An input circuit is arranged
to modulate the oscillations of the arc circuit in accordance
with voice frequencies with a filter so connected in the input
circuit as to exclude therefrom undesired oscillations.
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1,439,363-J. H. Hammond, Jr., filed December 13, 1919, issued
December 19, 1922.

RECEIVING SYSTEM FOR RADIANT ENERGY, particularly
adapted for submarine vessels. The antenna is arranged with
an entering insulator with adjacent ring contacts on the insulator
which when submerged in salt water establishes a circuit which
renders inoperative control apparatus within the submarine.
The idea is to render the control unresponsive to interfering sig-
nals which would normally be caused by salt water washing over
the antenna during transmission of control signals.

1,439,495-H. M. Williamson, filed September 25, 1922, issued
December 19, 1922.

RADIO RECEIVING APPARATUS, including a thermionic ampli-
fier with a high reactance and a condenser shunted across the
grid filament circuits for preventing inherent oscillations in the
grid circuits.

1,439,562-P. D. Lowell, filed September 9, 1921, issued Decem
her 19, 1922. Assigned to Radio Instrument Company
Incorporated.

N u M BEI( 1,439,562-Amplifying System

AMPLIFYING SYSTEM, comprising a plurality of electron tube
stages with interchangeable coupling means between the output
circuit of one tube and the input circuit of a succeeding tube
whereby a coupling transformer wound for a particular band of
wave lengths may be quickly removed from the circuit and a
different transformer wound for a different band of wave lengths
may be plugged in. The invention contemplates a series of
transformers efficiently transparent to one hand of frequencies
while opaque to another band of frequencies which may be sub -
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stituted one for another to transfer efficiently the different bands
of frequencies from one electron tube stage to another.

1,439,563-P. D. Lowell, filed September 9, 1921, issued Decem-

ber 19, 1922. Assigned to Radio Instrument Company,
Incorporated.

24
N I-MBER 1,439,563-Radio Frequency Transformer

RADIO FREQUENCY TRANSFORMER, in which the primary and
secondary windings each comprise a group of coils, each coil hav-
ing a plurality of fine wire turns wound along the periphery of
an insulation material and spaced from an adjacent coil, the one
group of coils being spaced from the other group of coils to de-
termine the coupling of the windings for a particular baud of
frequencies. The transformer is designed to operate over a
limited band. of frequencies. Several different transformers are
provided having different coupling characteristics and arranged
to be plugged in between the electron tube stages to pass the
different waves of wave lengths.

1,440,142-G. Fuegel and Herman Schmid, filed December 27,

1918, issued December 26, 1922. Assigned to Apollo Mag-
neto Corporation.

ELECTRICAL CONDENSER designed particularly for magneto
installations. The condenser is supported by a binding screw
passing thru one of the sets of armatures and securing the con-
denser unit in position within a casing.

LIST OF RADIO TRADE MARKS PUBLISHED BY PATENT OFFICE

PRIOR TO REGISTRATION

(The numbers given are serial numbers of pending applications)
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161,010-"MATCHED TONE" for telephone head -sets. C. Brandes
Inc., New York, N. Y. Claims use since about March,
1914. Published October 31, 1922.

161,028-"SIMPLEX' arranged in ornamental design-for radio
apparatus. Simplex Radio Co., Philadelphia, Pennsylvania.
Claims use since on or about March 16, 1921. Published
October 31, 1922.

151,143-"BEAcoN" arranged in ornamental design-for current
rectifiers, transformers and batteries. Beacon Rectifier
Company, Hyde Park, Massachusetts. Claims use since
January 1, 1918. Published November 7, 1922.

160,500-"RADIOBAT" arranged in ornamental design-for radio
receiving apparatus. Multiple Storage Battery Corporation,
Dover, Delaware, and New York, N. Y. Claims use since
March 6, 1922. Published November 7, 1922.

165,194-"BEsToNE" arranged in ornamental design-for radio
receiving apparatus. Henry Hyman and Co., Inc., New
York, N. Y. Claims use since April, 1922. Published
November 7, 1922.

168,367-"RESUNDA" in ornamental letters, for radio receiving
apparatus. Jones -McKee, Inc., New York, N. Y. Claims
use since July 15, 1922. Published November 7, 1922.

168,368-"Hv-ToNE" for radio receiving apparatus. Jones -
McKee, Inc., New York, N. Y. Claims use since July 15,
1922. Published November 7, 1922.

168,529-"THE CLARION" in ornamental letters-for loud
speakers. Maurine W. Hirshfield, doing business as Mar -
field Radio Mfg. Co., New York, N. Y. Claims use since
July 1, 1922. Published November 7, 1922.

168,683-"L M" in ornamental design-radio transmitting and
receiving apparatus. Maline-Lemmon Laboratories, New
York, N. Y. Claims use since May 5, 1922. Published
November 7, 1922.

168,768-"HUSH-A-PHONE" in ornamental design-for telephone
muffler. Hush -A -Phone Corporation, New York, N. Y.
Claims use since March 3, 1922. Published November 7,
1922.

161,691-"LONG DISTANCE" for radio apparatus. Chicago
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Radio Laboratory, Chicago, Illinois. Claims use since on
or about July 1, 1919. Published NOvember 14, 1922.

161,728-"PEERLESS" for radio apparatus. Thompson -Levering

Company, Inc., Philadelphia, Pennsylvania. Claims use

since January, 1909. Published November 14, 1922.

162,947-"DAYTON" for radio apparatus. The A -C Electrical
fg. Co., Dayton, Ohio. Claims use since on or about

August 1, 1922. Published December 26, 1922.
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RADION
The Supreme Insulation

Radion is a special quality of hard rubber developed
exclusively for radio use. It possesses certain mechanical,
electrical and other physical advantages which distinguish
it as superior to other mouldable materials, of whatever
nature, offered for use in the radio industry for panels or
moulded parts. Exhaustive tests made at the Electrical
Testing Laboratories (New York), than whom there is no
more capable or unbiased authority, in competition with
twelve other standard materials offered, have established
the fact that-

Radion has the lowest phase angle difference (0.51 for
frequencies from approximately 129 to 694 kilocycles per
second, wave lengths from 434 to 2,600 meters, and a corre-
sponding dielectric constant, 3.9. Resistivity 1.0x108.

Mechanically, Radion is equally advantageous in radio
work. It cuts and drills easily and cleanly without danger
of fracture or chipping. It resists warping at normal tem-
peratures, is absolutely impervious to atmospheric condi-
tions, waterproof, alkali -proof, and unaffected in contact
with almost all acids. Radion takes a high mirror-like
gloss finish which adds materially to the appearance of any
apparatus on which it is used.

Radion sheets are made in a range of standard sizes,
while special sizes are supplied on quantity orders. There
are two standard thicknesses, 3-16 and 1-4 inch, and three
stock colors -black, brown and mahoganite (mahogany
grain).

Radion standard moulded parts include Dials, Knobs,
V -T Sockets, Variometer Tubes and Rotors, Aerial Insu-
lators. Special moulded parts are made to order for manu-
facturers, as Phone Ear Caps and Cases, Condenser Sides,
Bases, Antenna Plug Parts, Buttons, Switch Handles, etc.

Radion Panels and Parts are now standard equipment
with many manufacturers of sets, and are preferred by
those who construct their own apparatus.

Write for Radion catalog

American Hard Rubber Company
11 MERCER STREET, NEW YORK, N. Y.
CONWAY BUILDING, CHICAGO, 1,1.INOIS
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WAVE METER
Type 174-B

DIRECT READING
WAVE METER

RANGE 150-3000 METERS

Price $68.00
The Type 174 Wavemeter is designed for general use in com-

mercial and experimental stations. Its equipment is such that it
is adapted for use with receiving and transmitting apparatus
employing either damped or undamped waves. It is self-con-
tained and direct reading, features which make the instrument
particularly valuable for commercial work.

A hot wire galvanometer is used for indicating resonance of
transmitted signals, while for received signals a crystal detector
and binding posts for telephones are provided. For producing
damped oscillations of known wavelengths, the wavemeter is
equipped with a high frequency buzzer.

The oscillating circuit consists of three coils with a selector
switch and a variable air condenser. This combination gives a
wavelength range of 130-3000 meters.

Particular care has been given to the mechanical construction
and to the appearance of this instrument. All of the equipment
is mounted on a hakelite panel and enclosed in a polished walnut
carrying case. The metal partc arc finished in polished nickel.

Send for Bulletin R

GENERAL RADIO CO.
Manufacturers of

Radio and Electrical Laboratory
Apparatus

Massachusetts Avenue and Windsor St.
CAMBRIDGE MASSACHUSETTS
Do not confuse the products of the General Radio Co. with those of other con-
cerns using the words "General Radio." The General Radio Co. has been manu-
facturing radio and scientific instruments for many years. It has no affiliation with
any other company.

Standardized on General Radio Equipment Throughout



Brandes
TN the laboratory of Reginald Fessenden, the famous
I engineer, Brandes Matched Tone Headsets were de-
signed primarily to meet the exacting requirements of
radio engineers.

The great popularity of Brandes Matched Tone Head-
sets among amateurs and the public generally has never
caused Brandes to disregard their primary purpose.

The super -sensitiveness and the Matched Tone perfec-
tion make them essential to every radio engineer. There
are two types, the Superior, with impedance of approxi-
mately 20,000 ohms at 800 cycles, and the Navy, with
impedance of approximately 25,000 ohms at 800 cycles.

District Offices:
76 Pearl Street, Boston. Mass. 33 South Clinton St., Chicago, Ill.
709 Mission Street, San Francisco, 1220 Nicollet Avenue, Minneapolis.

Minn.Cal.
704 Granite Bldg.. Pittsburgh. Pa.Munsey Bldg., Washington, D.C. 1028 Fourth Avenue, Huntington,

802 Fcrsylh Bldg., Atlanta. Ga. W.Va.
Distributors in Australia and New Zealand:

It ternational Electric Co., Wellington. N. Z.
Made in Canada and England by.

Canadian Brandes, Limited, Toronto and London
Distributed in Canada by Perkins Electric. Limited

Toronto - MONTREAL - 1Vinnmeg

C.Brancies,mc.-237 Lafayette St.,N.Y.

cMatched7bne
Radio Headsets

RESULT' OF 15 YEARS' EXPERIEXCE
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BURGESS
RADIO BATTERIES
--Designed by wireless specialists

Burgess radio batteries are designed, made and
sold by radio engineers. Burgess didn't rush
into the field with merely a collection of flash-
light cells. Burgess experimented and perfected
the most efficient "B" battery long before the
present pcpularity of radio began.
Leading Manufacturers specify and progressive
jobbers handle Burgess radio batteries.

Burgess Battery Company
DRY BATTERIES

Engineers-Manufacturers
Offices and warehouses 
Chic ago. Ill.; St. Paul.
Minn.; New ork, N. I".;
Kansas City. Mo.; Boston.
Mass.; Madison, Wis:
Washington, D. C.; (Ness
Orleans. La. In Canada:4 a

BIAGESS BATTERIES, Ltd" ,

1Vinnipeg, Toronto,
Montreal

"ASK ANY RADIO ENGINEER'

ILIGHTNING ARRESTER
. , For 16 Years a Lead-

er in the Field of
C___ __-__1 Protective Apparatus

L. S. BRACH MFG. CO. NEWARK. .\ . .1.

DUDLOM AGNET WIRE
and WINDINGS

have been developed especially to meet the exacting requirements
of radio apparatus construction. With our large, modern plant
and large force of workers skilled in the handling of fine wire,
we are able to give you the utmost satisfaction in taking care of
your wire and coil requirements.

WRITE TODAY FOR PRICES AND SAMPLES

DUDLO MANUFACTURING CO., FORT WAYNE, IND.
Pacific Coast Representative

A. S. Lindstrom, 111 New Montgomery St., San Francisco, Cal.
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MURDOCK
REAL

RADIO RECEIVERS

Have Been Standard
Since 1904

TYPE No. 56
2000 - OHM - $5.00
3000 - OHM - 5.5o

BUY THEM FROM
YOUR DEALER

WM. J. MURDOCK CO.
CHELSEA, MASS.
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NOVO
"B"

BATTERIES
FOR RADIO

22:: -45 & 105 VOLTS
. ,

,

NOISELESS
DEPENDABLE
GUARANT EED
ASK YOUR DEALER
NOVO MANUFACTURING CO.

424-438 W.330 ST.
NEW VORK

531 SO DEARBORN ST_CHICAGO.

Order Now
Bound volumes of the 1922
I. R. E. PROCEEDINGS are
now available as follows:

Bound in blue buckram
To members $8.75
To otbers $11.00

Bound in brown half -mo-
rocco

To members $10.25
To others $12.50

Orders with remittance
should be sent to the Sec-
retary, The Institute of
Radio Engineers, 140th
Street and Convent Ave.
New York, N. Y.

I V



Available Once More!
De Forest Vernier Variables

These condensers are perfection. Movable
plates are heavier than those found in any other
condenser on the market. Heavy, adjustable,
locknut hearings that cannot stick. A single,
separately controlled vernier plate permits you
to "get on the peak" and have 20% louder
signals. Accurately made. securely fastened
counterweight balances movable plates aml per-
mits operation in any position-vertical, hori-
zontal or at any angle. Supplied with the
Bakelite knob and white dial that made MR.6
distinctive and which are found on all precision,
laboratory equipment.

Due to the popularity of, and heavy demand
for, our Mr -6 Receivers, all the CV -1003 and
CV1503 condensers that we could build have
gone into these sets. Consequently these un-
equalled instruments have not been on the mar-

ket for some mouths. Increased production now
enables us to supply distributors and dealers
with a fair supply. There is nothing like these
condensers on the market-use them in that
100% efficient set you contemplate building.Built of finest obtainable mater als, carefully
adjusted and individually tested at 500 volts,
they are the condensers yo..i would order if you
had some made to order.

CV -1503 has a maximum capacity of .0015
mfds. and is designed for use in the primary
circuit, either in series or shunt with inductance.
CV -1003 has maximum capacity of .001 mfds.,
which is correct for -the secondary circuit in
shunt to inductance. Used with DeForest
Honeycomb Duo -lateral Coils they provide tuning
equipment unsurpassed for selectivity, sharpness
and all-round efficiency.

DE FOREST RADIO TEL. & TEL. CO.
JERSEY, CITY, N. J.
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ARISTOS
TOPPERWELD"WIRE

TRADE MARK AIR. RD MT. OK

Made by the Molten Welding Process

ADOPTED AND USED BY THE LARGEST
RADIO COMPANIES IN THE WORLD

For aerials, Copperweld has advantages over
solid copper or bronze

Radio frequency currents, because of "skin effect," flow along the exterior
of wires. The smooth exterior thickness of copper on Copperweld Wire gives it
practically the same high electrical conductivity as a solid copper wire (see Let-
ter Circular No. 62, U. S. Bureau of Standards).

Greater strength is given by its steel core. No. 14 Copperweld Antenna
Wire has .50% greater strength than No. 14 hard -drawn copper or 7 -No. 22
stranded copper wires. It stays up under severe loads when copper and stranded
copper wires sag and break.

For ANTENNA, No. 14 Bare Copperweld Antenna Wire
For LEAD-IN, No. 17 Rubber Insulated Copperweld Wire
For GROUND Wire, same as Lead -In Wire
For GROUNDING to earth, Copperweld Ground Rods, diem.

Larger sizes for commercial stations

Copper Clad Steel Company
New York Chicago

Mills and Main Office, Braddock P. O., Rankin, Pa.
9_25252R25252.5

L

Electrical Testing Laboratories de-
sires to announce that it is in a posi-
tion to test radio receiving equipment.
Its broad experience gained through
testing the wide range of electrical
apparatus is brought to bear on this
work.
Tests are now in progress and the
testing service is available to all.
The Electrical Testing Laboratories
specifications are checked by the
Bureau of Standards.

ELECTRICAL TESTING
LABORATORIES

80th St. and East End Ave., New York

NV!



Dubilier Condensers
for all radio purposes
DUBILIER mica condensers have been adopted by

the principal governments of the world and by
the leading commercial radio companies. Whether
they are designed for transmitting or receiving they
are always distinguished by their constant capacity.

TRANSMITTING CONDENSERS
Dubilier transmitting condensers are free from

brush discharges and are so carefully made and
tested that they have been accepted as the standard
by the principal broadcasting stations, the Army
and Navy, the manufacturers of ship sets and by
radio manufacturers in general. They are made in
a wide range of capacities.

RECEIVING CONDENSERS
Dubilier receiving condensers, called Micadons.

have been widely adopted for reception. Because
thay are made of pressed mica and foil they reduce
the tube noises due to fluctuations in capacity.
Micadons are guaranteed to be permanent in capac-
ity-an indispensable requisite in C. W. reception.

The new Dubilier Variadon is a mica variable con-
denser, no thicker than an ordinary dial, but equal
in capacity to a variable air condenser of several
dozen plates.

Send for the new Dubilier catalog in which all
Dubilier condensers are described and illustrated.

DUEll LI ER Condenser
Corpadiop.

48-50 West 4th.St. N.Y.
Branch Offices:

San Francisco, Cal., 709 Mission Street Washington, D. C., Munsey Building
Seattle, Wash., 1926 L. C. Smith Bldg. Huntington, W. Va., 1028 Fourth Ave.
St. Louis, Mo., Syndicate Trust Bldg. Chicago, III., 33 So. Clinton St.
Los Angeles, Cal., 337 South Western Ave. Pittsburgh, Pa., 704 Granite Bldg.

Atlanta, Ga., Forsyth Building

Distributed in Canada by Canadian General Electric
Company, Ltd., Toronto, Canada
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The idea Magnavox combina-
tion for home or amateur

station

HE Magnavox, in amplifying with extreme sen-
sitiveness, every signal supplied to it from the

receiver, must necessarily amplify any extraneous
sounds which may originate in the receiver or power
amplifier itself.

Therefore the combination of Magnavox Repro-
ducer with Magnavox Power Amplifier is very desirable,
and gives uniformly superlative results.
R-2 Magnavox Radio with 18 -

inch horn: for those who wish
the utmost in amplifying
power: for large audiences,
dance halls, etc.

R-3 Magnavox Radio with 14 -
inch horn: the ideal instru-
ment for use in homes, offices,
amateur stations, etc.

Model C Magnavox Power
Amplifier insures getting
the largest possible power
input and volume for your
Magnavox Radio. 2 stage,
3 stage.

Combination R-3 Repro-
ducer and 2 stage Power
Amplifier (as illustrated )

Magnavox Products can be had from good dealers everywhere. Our In-
teresting new booklet (illustrated in three colors) will he sent on request.

The Magnavox Co., Oakland, California
New York: 370 Seventh Avenue
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