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The Relation of Engineering to the Radio Industrial Code

American radio manufacturers are now operating under a “Code

. of Fair Competition for the Electrical Industry” which was approved
W by President Roosevelt on August 4. In the necessarily broad regula-
| tions thereby established for this highly ramified industry there is no
formal recognition of that select class of professional laborers to whose
creative effort the principal commodities of every radio manufacturer
owe their origin. There exists, nevertheless, a vital connection between
the corporate welfare of every radio manufacturer and the productivity
of his engineering employees. Unless the teachings of industrial history
are mockery, the radio industry will be distinguished for years to come
by an essential dependence upon inventive thought, both technical and
artistic. Periods in which this industry has provided large employ-
ment for labor and legitimate return on invested capital have always
been preceded by exceptionally productive engineering activity. The
recurrence of this sequence has been too consistent to suggest anything
but a causal relation.

A choice is now presented squarely to all radio engineers and their
employers: whether to revive conditions favorable to inventive engi-
neering effort or to continue with price-lowering as the main objective
of engineering thought. Such a revival would provide sufficient centri-
fugal force to throw the industry out of the vicious competitive circle
in which it is now spinning. Competition in ideas, rather than competi-
tion in prices, is still a sane and profitable activity. Furthermore, this
revival of creative engineering is the most direct means of reconciling
the Government’s requirement of sustained highly-paid employment
with that renewed effectiveness of invested capital which is vital to
the industry. Recognition of this principle is an obligation to be shared
alike by engineers and by their employers, in striving toward that re-
habilitation of the industry which we all confidently anticipate.

Lewis M. Hull

President

Institute Meetings

ATLANTA SECTION |

The Atlanta Athletic Club was the place of the April 13 meeting of
the Atlanta Section, H. I.. Wills, chairman, presided.
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“Class B and C Radio-Frequency Amplifiers” was the subject of a
paper by I. H. Gerks of the Georgia School of Technology.

In his paper, Professor Gerks presented, in an interesting and con-
cise fashion, a considerable amount of data concerning the theoretical
and practical operation of the two types of radio-frequency amplifica-
tion which have been standardized as Class B and Class C.

The paper was discussed by Messrs. Akerman, Bangs, Iitheredge,
Fowler, Goldwasser, and Petterson. The attendance was twenty-six
and a number were present at the informal dinner which preceded the
meeting.

CINCINNATI SECTION

The Cincinnati Section held a meeting on May 23 at the University
of Cincinnati. W. C. Osterbrock presided, and the attendance totaled
seventy.

R. J. Rockwell of the Crosley Radio Corporation presented a paper
on “B supply for Automobile Radio Receivers.” In introducing his pa-
per, the author pointed out that automobile radio receivers first employ-
ed batteries for obtaining plate voltages but that short life and high
initial cost made these undesirable. Later developments replaced them
with dynamos, generators which include wind-driven types for aircraft
purposes, and similar machines. The cost of operating and constructing
these devices was then considered which, together with low operating
efficiency, indicated the necessity of improvement. The next introduc-
tion was the vibrator type of interrupter combined with a step-up
transformer and a mercury-vapor rectifier in the high voltage circuits.
Tube failure indicated desirability of improvement and the use of the
vibrator interrupter in the primary circuit of the transformer, and an
additional set of contacts on the same reed to rectify the output of the
secondary of the transformer was then considered.

A discussion of the theory of this type of mechanism, the necessary
synchronization of primary and secondary to permit both to be oper-
ated on the same reed, and the filter systems necessary for quiet opera-
tion formed the main topic of the paper.

The general discussion which followed was participated in among
others by Messrs. Austin, Barbulesco, Boyle, Kentner, Kesheimer, and
Platts.

Los ANGELES SECTION
A meeting of the Los Angeles Section was held on May 16 in the
Hotel Arcady, and was presided over by J. K. Hilliard, chairman.

Two papers were presented, the first by H. R. Lubcke on “General
Aspects of the Don Lee 1000-Watt Television Transmitter.” Mr.
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Lubcke, who is director of television of the Don Lee Broadcasting
System, discussed the general aspects of their television transmitter
and deseribed its construction, appearance, and operation. Data were
submitted on the results obtained in the experimental operation of the
transmitter and reception of a complete program in Maine announced.
A brief outline was given of the requirements for reception of signals
from this transmitter. The paper was closed with a discussion of the
effects of fading on the received signals.

The second speaker of the evening, . M. Kennedy, development
engineer for the Don Lee Broadcasting System, delivered a paper on
«The Technical Features of the Don Lee 1000-watt Television Trans-
mitter.” In it he presented a general description of the transmitter by
the use of block diagrams. He then proceeded with a discussion of the
construction and operation of the various parts of the transmitter.
More technical features of the station and specifications of several of
the important components were discussed. Particular emphasis was
placed on the piezo-electric oscillator and methods employed in check-
ing its stability.

The meeting was attended by 140 of whom sixteen were present at
the informal dinner which preceded it.

The June meeting of the Los Angeles Section was held on the 20th
at the Los Angeles Junior College. Chairman Hilliard presided, and the
attendance totaled 150.

Two papers were presented, the first by J. F. Blackburn, consulting
physicist, on “Theoretical Considerations of Thermionic Vacuum
Tubes” and the second by C. R. Daily of Electrical Research Products,
Inec., on “Power Output Considerations of Vacuum Tube Circuits.”

Dr. Blackburn presented a brief history of the theory of thermion-
ics. By the use of hypothetical cases the speaker gave a clear conception
of the action inside tubes of the high vacuum type. After discussing
the elementary theory of the thermionic tubes, the speaker took up the
temperature and work functions of diodes. By the use of graphs, satura-
tion factors of tubes were shown and explained. The plate resistance
in vacuum tubes and the method of deriving its value were discussed at
length and various basic laws and formulas for diodes were given. The
paper was closed with a brief consideration of the function of the grid
in a vacuum tube and the principal tube characteristics were defined.

In his paper Dr. Daily treated principally the calculations for
power output of vacuum tubes as both audio- and radio-frequency
amplifiers. Fundamental considerations in the calculation of the gain
of amplifiers were discussed. The relation of the decibel rating to the
power output in watts as concern amplifying circuits was considered.
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Static and dynamic curves for various tubes were compared and meth-
ods of selecting proper grid bias explained. Maximum undistorted
power output for Class A amplifiers and formulas for computing this
were given. In addition, formulas were presented for determining plate
efficiency, and a chart giving the plate efficiency and the harmonic
content of various tubes as Class A and Class B amplifiers was presented.
It was pointed out that the harmonic content in radio-frequency Class
B amplifiers was not particularly important.

Personal Mention

H. C. Behner, Lieutenant, U.S.N., has been transferred from the
U.S.5. Langley to the Fleet Air Base, Coco Solo, C. Z.

E. B. Boise formerly with the DeForest Radio Company has be-
come a commercial engineer for the Hygrade Sylvania Corporation of
New York City.

J.J. Cummings is now technical director of WCAM, Camden, N. J.

Formerly with the Colin B. Kennedy Corporation, P. B. Gebhardt
has become an engineer for the International Radio Corporation, Ann
Arbor, Mich.

M. R. Jones, Jr. formerly at Stanford University has joined the
engineering staff of the Jenson Manufacturing Company of Chicago,
111.

Previously with Wells-Gardner Company, Walter Lyons has be-
come chief engineer of the Emerson Radio and Television Company
of New York City.

D. P. Mason, Lieutenant, U.S.A., has been transferred from the
War Department transmitting station in Washington to the Aircraft
Radio Laboratories at Wright Field, Dayton, Ohio.

W. T. Guest, Lieutenant, U.S.A. has been transferred from Wash-
ington, D. C. to Patterson Field, Fairfield, Ohio.

Previously with the Department of Communications, T. Nakagami
‘has become chief engineer of the International Telephone Company,
Ltd., of Tokio, Japan.

Leon Podolsky formerly with RCA Vietor Company is now a re-
search engineer for the Wirt Company of Philadelphia, Pa.

K. H. Thow previously with Standard Telephones and Cables of
Wellington, New Zealand, has joined the research department of Ultra
Electric, Ltd., of London, England. ¢

I. J. Ball has been advanced to radio inspector for the Federal

Radio Commission at the Frequency Monitoring Station, Great Lakes,
111,
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D. P. Bennett formerly with Warner Brothers Industrial Films, is
now instructing in photography and sound recording at the New York
Institute of Photography, New York City.

R. M. Booth, Ji., on leaving Purdue University, joined the staff of
Crosley Radio Corporation, Cincinnati, Ohio.

Previously with Ufonic Radio Corporation, L. B. Brittain is now a
radio engineer for H. H. Hoin, Los Angeles, Calif.

Formerly with the Bell Telephone Laboratories, Ansel Challenner
is radio engineer for the Television Laboratory of Oklahoma City, Okla.

C. J. Dow previously with the Robert Dollar Steamship Company,
has become chief engineer for Radio Engineering Company of Shang-
hai, China.

W. B. Larew, Lieutenant, U.S.A., has been transferred from Fort
Monmouth for post graduate work at Cornell University.

E. H. I. Lee has been transferred from Detroit, Mich., to become
assistant to the chief of the division of field operations of the Federal
Radio Commission and is located at Washington, D. C.

T. . Lo has left Hunan University to join the electrical engineering
department of Nankai University in Tientsin, China.

A. E. Lyle now chief engineer of the J ohnsonburg Radio Corpora-
tion, Johnsonburg, Pa., was previously with the Cable Radio Tube
Corporation.

L. J. McKesson of R.C.A. Communications has been transferred
from Manila to Rocky Point.

Formerly at the University of Minnesota, L. S. Nergaard has joined
the engineering staff of RCA Radiotron Company of Harrison, N. J.

Previously with the Mackay Radio and Telegraph Company, C. R.
Rowe has joined the staff of the Jensen Radio Manufacturing Com-
pany with headquarters in New York City.

E. W. Rector has been advanced to chief engineer of WKZO,
Kalamazoo, Mich.

A. E. Reoch has left the RCA Victor Company and is now located
with the Radio Corporation of America in New York City.

Formerly with the China Radio Corporation, H. L. Tsia has be-
come manager of the Shanghai office of the West (China Development
Corporation.
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ERRATA

S. J. Model has brought to the attention of the editors the follow-
ing errors which occurred in his paper, “Transmission Curves of High-
Frequency Networks,” which was published in the January, 1933,

issue of the PROCEEDINGS
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Proceedings of the Institute of Radio Engineers
Volume 21, Number 9 September, 1933

TECHNICAL PAPERS

THE RADIO PATROL SYSTEM OF THE
CITY OF NEW YORK*

By

F. W. CUNNINGHAM
(Bell Telephone Laboratories, Inc., New York City)

AND

T. W. ROCHESTER
(Police Department, New York City)

Summary—The application of radiotelephony to municipal police work in
New York City is described from the organization viewpoint. Brief references are
made to historical backgrounds and description of apparatus, and the steps taken to
select a receiver suitable for local conditions are outlined. The method of controlling
the patrol force by radio is described at some length with examples, and a summary of
results during the first year is given to show the value of this means of communication
to police work.

KS ;s\ YHEN radiotelephony is mentioned, most of us probably think

first of broadcasting. There are, however, other important

applications of this art, one of them being its use as an aid to

police work. Since this weapon in the war against crime is relatively

new and its use is growing rapidly, it may be interesting to discuss its

application in a specific case which is representative of good practice
in this field.

The New York Police Department obtained a license for its first
station (KUVS) in 1916. This station was used for transmitting radio-
telegraph messages to ships at sea and for carrying on two-way com-
munication with one of the police boats (station KUSM) used at that
time in patrolling the waters adjacent to New York. On February 27,
1924, station WLAW was established with a view to supplementing
the regular wire telephone service by radiotelephone. In 1929, a new
tube transmitter, operating on interrupted continuous wave and
continuous wave with the call letters WPY, was erected to replace
the old spark station KUVS.

While New York was the pioneer, it remained for the City of
Detroit to initiate the service commonly referred to as Radio Patrol.
Early experiments in 1921 were abandoned after a short period of

* Decimal clagsification: R566. Original manuscript received by the Insti-

tute, April 21, 1933. Presented hefore Eighth Annual Convention, Chicago, 111,
June 26, 1933.
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1240 Cunningham and Rochester: Radio Patrol System

operation only to be revived again about 1927, and the service was
placed on a substantial basis in 1929 when a standard 400-watt trans-
mitter was installed and approximately 50 cars cquipped with radio
receivers. The success of this system resulted in other cities rapidly
following the lead of Detroit and there are now about 100 transmitters
licensed for municipal police serviee in the United States.

SCALE OF MILES
e —
02l 2 3 4

-

Fig. 1

Precinct map of New York City showing transmitter locations.

New York again began active experimentation with radiotelephony
during the summer of 1929 under Police Commissioner Grover A.
Whalen, and on August 17, 1931, Police Commissioner Edward P.
Mulrooney obtained an appropriation of %$100,000 to carry out the
installation of the system described in this paper. B

Eight frequencies between 1500 and 3000 kilocycles are available
for municipal police service. Since these frequencies are shared by a
large number of stations operated simultaneously the power of the
transmitters is restricted to avoid interference. Power assignments,
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based on the population of the area to be served, are authorized up
to 500 watts maximum. When it is impossible to maintain reasonably
good service throughout this area with a single transmitter of the max-
imum power, permission may be given to install additional units of
the same or smaller output. :

A single 500-watt transmitter would be hopelessly inadequate for
New York because of the absorbing effects of the many tall steel

Fig. 2—Headquarters transmitter.

framed buildings, elevated railways, and bridges, and because of the
extent and configuration of the area to be served. The interference
caused by electrical systems and devices adds to the difficulty, and
greater signal strength is required for adequate coverage than would
be the case without these handicaps.

After careful study, it was decided to install a 500-watt unit at
Police Headquarters on Center Street and a 400-watt unit in Brooklyn
and another in the Bronx, all using the same frequency. This arrange-
ment required careful selection of transmitting sites but is far simpler
to operate and more economical of personnel than an earlier proposal
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to use seven transmitters. Synchronous operation of the transmitters
was also suggested but discarded as impractical. At the present state
of the art there is little doubt that in many parts of the city the signal
distortion resulting from' synchronous operation would reduce or en-
tirely prevent intelligibility of the transmitted messages. It is therefore
customary to transmit all signals from Headquarters and to repeat
them from the other stations. This arrangement has proved entirely
satisfactory.

The equipment at Headquarters is a Western Electric No. 305A
radio transmitting equipment and a Western Electric No. 9A speech
input equipment. The transmitting equipment consists of a 100-watt
transmitter with a 1000-watt power amplifier which is operated at 500
watts output. The transmitter unit contains a crystal oscillator, two
stages of radio-frequency amplification, and at wo-tube balanced modu-
lating amplifier, the grid voltage of which is varied by the audio-
frequency voltage supplied by the speech input equipment. The power
amplifier has a single push-pull stage, harmonic suppression circuits,
antenna coupling and tuning circuits, and a monitoring circuit. Each
unit also contains its own complete power equipment, such as the grid
and plate rectifiers and filters, and control and protective apparatus.
The required 4.5 kilowatts for the two units is taken directly from the
public service 3-phase, 60-cycle mains at 220 volis. Equipment similar
except for the changes required for operation at police frequencies
was described more fully before the New York meeting of the Institute
of Radio Engineers, December 2, 1931.!

The No. 9A speech input equipment is a standard alternating-
current operated single-channel broadeast outfit with three moving
coil microphones, one for the dispatcher, who normally issues instruc-
tions to the patrol cars, and one each in the offices of the Police Com-
missioner and the Chief Inspector. The loud-speaking monitor permits
the dispatcher to check all messages from his own or the other stations
except those through his own microphone. The speech input equip-
ment, except for the microphones, is entirely contained in the cabinet
shown at the left in Fig. 5 and, like the transmitter, it takes its power
directly from the local service mains at 220 volts, 60 cycles, drawing
about 150 watts from a single phase circuit. A more detailed description
was given before the New York meeting of the Institute of Radio
Engineers, December 2, 1931, by W. L. Black under the title “A com-
pact alternating-current operated speech input equipment.”?

' A. W. Kishpaugh and R. E. Coram, “Low power radio transmitters for
broadcasting,” Proc. I.R.E., vol. 21, pp. 212-227; February, (1933).

? To be published in the PROCEEDINGS
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Structural limitations prevented the erection of towers or poles
for the antenna on the Police Headquarters building but it was found
possible to erect on the Police Academy across the street a mast of the
same elevation as the cupola on the Headquarters building. Between
these supports an inconspicuous but effective single wire inverted ‘1’
type antenna of No. 2 hard-drawn copper concentric cable was sus-

SN

Fig. 3—Radio room in Precinct 71, Brooklyn.

pended directly over the transmitter. The vertical section is 60 feet
long, and the 39-foot horizontal section is 148 feet above the street.

The equipment in the Bronx and Brooklyn stations are similar
and consist in each case of a No. 9 type radio transmitter, a No. 2B
rectifier, a No. 3A tuning unit, and a modified No. 10A speech input
equipment, all made by the Western Electric Company.

The transmitter consists of a quartz crystal controlled oscillator,
a frequency doubler, a modulating amplifier, an audio-frequency
amplifier, and a power amplifier. Two crystals are provided, each with
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its own heater which is kept energized at all times, and an artificial
antenna is included to facilitate testing.

The power supply unit, shown at the left in IYig. 3, draws 4 kilowatts
from the 3-phase, 60-cycle public service mains at 220 volts. It con-
sists of two 3-phase rectifiers, one single phase rectifier, and two trans-
formers, and supplies potentials of 2500, 1000, 200, and 60 volts
direct current and 10 volts alternating current. Its relays automatically
apply the wvoltages in proper sequence when the master switeh is
operated and protect the equipment in case of failure of apparatus or
improper adjustments.

The tuning unit mounted on the wall consists of an inductance and
series condensers for tuning the antenna which is similar to that at
Headquarters but supported by two 65-foot wood poles on the roof
of the precinct station building. The speech input equipment includes
a No. 57A amplifier for raising the level of the messages over telephone
lines from Headquarters to the input level of the transmitter, and a
No. 6061A telephone set for use when the message is originated by the
local operator. The amplifier contains its own rectifier and draws all
its power from the local 110-volt alternating-current lighting circuit.

An operator is constantly on duty at each of these stations, but
the normal method of operation is for the dispatcher at Headquarters
to start the Bronx and Brooklyn transmitters by remote control and
feed his message to them over the telephone circuit and through the
No. 57A amplifier. In case of emergency both stations may be oper-
ated independently and each is equipped with a monitoring receiver
to avoid the danger of breaking in on a message from the other.

The filaments are kept constantly lighted at all three stations and
the carrier is started by closing the plate circuit.

When the system was laid out, the department had in operation
1100 automobile units, 10 boats, and 4 planes. It was decided to
equip 400 autombiles, 3 boats, and 1 plane with receiving apparatus.
Field and laboratory tests were made on all available makes of police
radio receivers before making a selection. For the field tests a 50-watt
transmitter on the Municipal building was used as the signal source
and the sample receivers were all in turn installed in a seven-passenger
test car which ran over a fixed route, introducing all kinds of conditions
expected in actual service. The tests were started each day at 2 p.Mm.
and ended at 5 p.m., the direction of the run always being the same.
Three trained observers always in the same positions in the car in-
dependently rated the performance of each set at twenty standard
points on the run. All car windows were kept open. The route selected
was through the skyscraper canyon of Broadway, along the Miller (ele-

.
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vated express) Highway, through the garment center, theatrical dis-
trict, and Central Park. It also included streets having subways and
elevated structures and those near the East River bridges and the New
York Central and Pennsylvania electrified railway systems. The ef-
fects of stray fields from the ignition systems of the test and other cars,
sign flashers, motor equipment, etc., upon the received signal were
studied as well as the absorption caused by bridges, elevated structures,
and steel framed buildings.

The bench tests included comparisons of receiver sensitivity and
selectivity, volume and quality from the loud speaker, filament and
plate battery consumption, and studies of the effects of vibration and
temperature changes.

The receiver selected was a special American Bosch seven-tube
superheterodyne outfit equipped with automatic volume control and
a manual sensitivity control between the limits of 1 and 100 micro-
volts. The receivers are mounted under the instrument board and the
controls on the steering column of the automobile units.

The standard car batteries and generators are used to supply the
2.2 amperes drawn by the filaments and have been generally satis-
factory. In a few cars low cruising speed or light duty prevented ade-
quate charging, and the generator pulley size was reduced to start
charging at a lower car speed and so supply more ampere hours per
day.

Plate power at 135 volts, 13 to 20 milliamperes, is drawn from
heavy duty dry B batteries mounted under the floor in sedans and in
the rear compartment of the smaller cars. These batteries require
renewal in five weeks and will soon be replaced by eliminator units
capable of delivering 25 milliamperes at 135 volts with a 6-volt, 1-
ampere input.

Magnetic cone type loud speakers specially impregnated against
moisture are mounted under the right end of the instrument board of
runabouts and on the ceiling in other cars.

The antenna consists of 12 square feet of copper screen in the car
roof, except in the runabout model which has about 40 feet of No. 16
rubber-covered wire sewed in the top.

Four-cylinder Ford runabouts and coupes are used by the Patrol
and eight-cylinder Cadillac, Chrysler, Ford, and Packard sedans
are used as detective squad and division cars and for the higher
officials. A folding writing shelf with,its own light is attached to the
instrument panel in front of the observer’s seat of all cars. Two wind-
shield wipers are provided, and the windshields open wider than on
stock cars to permit the use of revolvers. The ceiling lights are mounted




1246 Cunningham and Rochester: Radio Patrol System

at the rear of the top to keep their wiring away from the antenna. All
sedans are equipped with tear gas bombs and those used by division
detectives also have short rifles.

In addition, there are five repair cars on 24-hour service, each
equipped with eight spare receivers, loud speakers, pilot signal lamps,
batteries, fuses, and a full complement of instruments including a
dynatron oscillator set for 2450 kilocycles so that the receiver adjust-
ment can be checked without waiting for the next call from the trans-
mitting station. With this mobile repair squad it is rarely necessary
to take a patrol car to the shop for radio servicing,.

e

Fig. 4—Radio patrol car.

In all cars the driver operates and is responsible for the radio equip-
ment while the observer who sits beside him transecribes all alarms,
keeps the log and telephones the dispatcher as required.

As the city has an area of 316 square miles the area covered by each
of the 400 patrol cars is on the. average about three-quarters of a
square mile. Three patrol cars and a captain’s car are assigned to each
precinct. The area assigned to each patrol car is known as a sector and
is shown on the dispateher’s map at Headquarters. (Fig. 5.)

The dispatcher’s control map is mounted in 14 sections under glass
on a large “U” shaped table in the transmitter room which adjoins
the telephone exchange. The dispatcher sits at the center with the
maps of Manhattan and the Bronx before him, those of Brooklyn
and Richmond at his left and Queens at his right. Each car is repre-
sented by a numbered brass disk which is placed over the sector to
which the car is assigned. Any map section may be withdrawn from
under the glass for alteration without disturbing the disks or the other
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nap sections. The disks are numbered on both sides, with black numer-
s on one side and white on the other to indicate, respectively, that
he car is on routine patrol duty or has been assigned to cover a specific
.all. In addition there are paint-filled depressions, one above and one
selow the numerals, indicating by color the type of car and branch of
ervice to which it is assigned, as follows: Patrol cars and captains
sars have white dots, detective squad cars have black dots, detective
livision cars have red dots, and executive cars have green dots. A

-

Fig. 5—Radio room at Police Headquarters showing dispatchers control map.

brass ring is slipped over the disk corresponding to any car that needs
radio servicing. The disk is left with black number up until the service
man is sent to the car and is then turned over to show the white number
until the trouble has been cleared and so reported, after which the ring
is removed. If a ear must leave its sector for gasoline, oil, or grease, its
crew telephones the dispatcher who places the car disk on edge within
the ring until its return, but such a car is considered still available for
assignment. The disk is moved to the margin of the map and replaced
by the ring if the car is out of service for mechanical repairs.

The Headquarters telephone switchboard routes the incoming
alarm to the dispatcher’s desk. He notes the location of the trouble,
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selects the cars to be assigned and passes instructions to the announcer-
operator, who has meantime sent the 1000-cycle “Attention” signal
which precedes all calls. The frequency of the “Attention” signal was
selected as being particularly effective with the loud speakers used.
When the alarm is issued, the disks corresponding to the cars assigned
are turned over and left with the white numerals up until their crews
report the assignment completed. The report ordinarily made by the
crew of the first car on the scene, includes the rank and name of the
officer reporting, the numbers of the radio equipped cars that respon-
ded to the alarm, the number of the telephone used for the report, the
location of the assignment, what police action was taken and whether
the car and its crew are still required by the officer in charge at the
scene. The crew or crews no longer required are directed to resume
patrol duty at once.

Every hour and half hour, unless a message is being transmitted
a time signal is sent out. Any crew that fails to receive one of these
messages or time signals notifies the dispatcher and a radio service
car is sent to clear the trouble. The receiver is immediately replaced
if it is not functioning properly. While the exchange is being made, the
patrol car crew uses the service car receiver to listen for calls and, if
necessary, interrupts the service work to respond to an assignment.
When the service man has completed his work the receiver in the
patrol car is checked on the next signal and the service man and the
car crew report by telephone to the dispatcher who returns the car to
patrol duty and the service man to the shop or another assignment. Re-
ceiver repairs are made in the shop while the service men are awaiting
calls.

The station personnel consists at Headquarters of a dispatcher and
an announcer-operator and at the auxiliary stations of one operator
for each 8-hour tour. All of these men, together with a relief man for
each station, hold first class commercial radio operators’ licenses. There
are also twenty service men, one for each 8-hour tour and one relief
man for each of the five service districts. Some of these men also
have first class operators’ licenses and the others are expected to
qualify. Instructions on the characteristics, operation, and mainten-
ance of the equipment were given the men while the equipment was
being installed so that they would be prepared for their duties when the
stations were completed. 3

Only messages of prime importance are sent over the radio system,
the teletype and telephone systems being used where immediate action
is not essential. For the sake of brevity, code calls are used for several
types of assignment, such as “Signal 30” which means that “All cars
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designated are to investigate reported robbery, shooting, stabbing,
assault, etc., at address given; to arrest perpetrators, detain witnesses,
preserve evidence and take other police action as required, pending
arrival of precinct detectives.” On the average, the Radio Patrol cars
reach the scene of their assignments about 45 seconds after the trans-
mission of their instructions and one arrest is made for every 12 as-
signments. During the year the system has been in operation all calls
have been received by the cars and all assignments have been filled
and reported within the 15 minutes allowed for this purpose, except
in a few cases where the machines were wrecked on the assignment or
some similar reason delayed the report.

It has been found that the new system improves the morale of the
patrol force and the cobperation between them and other branches of
the service, particularly the detective branch. Also that to be most
effective, the training of candidates for Radio Patrol duty must be
modified since the necessary qualifications are much more like those
for detective service than for patrol duty as it was before the introduc-
tion of radio control. The officer is likely to reach the scene while the
crime is in progress or as the criminal is making his escape. Alertness
is more than ever called for and he must approach, gun in hand, to
meet the criminal on an equal footing. He must be able to size up the
situation at a glance, preserve evidence, and detain material witnesses
until the arrival of the detectives, whose greater cruising range may
delay them a few moments at most. The men respond to the new
opportunity to distinguish themselves and there is a waiting list for
the Radio Patrol assignment in every precinct. They are more eager
than ever to get into action even though it may be their last ride.

Another result of the new service is additional opportunity for the
law-abiding citizen to thwart the criminal. Many crimes costing lives
and thousands of dollars might be prevented by the police and the
criminals caught if the citizen would immediately telephone the police
of any suspicious action or crime he observes. To this end the Police
C'ommissioner has distributed a booklet desecribing the new system
and asking the cooperation of the public. Posters have also been widely
displayed. The resultant help has far outweighed the inconvenience
of the unnecessary alarms turned in.

The following are cited as typical examples of the cases handled
by the Radio Patrol.

The crew of Patrol Car No. 1074 noticed a dishevelled man running
on Third Avenue early one evening in April. When he refused to
stop they pursued and caught him. Failing to get a satisfactory explan-
ation of his behavior, they put him in the car intending to investigate
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his connection with some street brawl in the neighborhood. Just then
they received a “Signal 30” call for their car and two others to investi-
gate a reported hold-up at 34 Great Jones Street, Brooklyn. On ar-
rival the officers took their suspect into the restaurant at that address
where he was identified as the man who had shot one of the employees
a few minutes before during an attempted holdup.

One evening in May the radio dispatcher received a telephone
message that a man was in the East River off Third Street. Three
radio cars were dispatched to the scene. Thirteen minutes later the
crew from a fourth car reported that Detective Norton of Car No. 29,
the first car to arrive, jumped into the river, swam for the man and
after subduing him brought him to the dock where both were hauled to
safety. Both men were removed to the hospital suffering from sub-
mersion and the effect of their fight in the water, but both recovered.

Recently two colored men attacked a driver of a mail truck in
Brooklyn. A citizen in an apartment house heard his calls for help,
and telephoned the Police Department. Two cars were assigned to the
case. On their approach, the bandits ran into a near-by apartment
house, where one was captured in the cellar and the other under the
bed in one of the apartments.

Three patrol cars were assigned to investigate a holdup in a Chinese
laundry in Brooklyn. The third crew to arrive, finding that the three
holdup men had escaped into the subway for New York bound trains,
left the first two crews to collect the necessary information at the
scene of the holdup and raced the train to Union Street. There one
man went down on the platform and the other proceeded to the next
station, at Pacific Street. The patrolman at Union Street had the
subway guards delay opening the train doors until he could locate the
men, whom he found and took off at the next station where his partner
was waiting for him.

In another case, all patrol erews were ordered to look for two men
reported to be in a Hudson sedan, license number uncertain except
for the first two figures, last seen near Spencer and Willoughby Streets,
Brooklyn, in the 79th Precinet, after leaving a fight during which
they shot and seriously wounded three other men who were removed to
a hospital. In 17 minutes the crew of Car- No. 698 in the 102nd Pre-
cinet reported that they had captured the men who still had the re-
volvers used in the fight.

These cases are probably sufficient to illustrate the excellent results
obtained under difficult circumstances and the alertness, clear thinking
and initiative shown by the Radio Patrol officers in handling the
assignments. The serious nature of the offences handled is shown by the
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following summary of arrests for the first 12 months the station
was in operation. In most of these cases it is unlikely that the offenders
would have been caught without the aid of radio communication.

SUMMARY OF ARRESTS

= (o) o B P S 3
Assault, simple............... 24
Assault, felonious. ............ 84
Assault, robbery.............. 165
Auto, drunken driver.. ...... 19
Auto, leaving scene of accident. 7
Auto, reckless driving. ... ... .. 4
Burglary................. ... 305
Counterfeiting............... 24
Disorderly conduct. .. ...... .. 122
Escaped prisoner............. 4
Homicide. . . ... ............ 12

Juvenile delinquency .. .. ... . .. 134
Larceny, grand............... 152
Larceny, petty................ 100
Malicious mischief. .. ... ... .. 17
Possession of burglar’s tools. . .. 14
Possession of narcotics.. .. ... .. 5
Possession of revolvers.. ... .. .. 145
Rape... ..o s 7
Robbery.... ... 47
Transportation of alcohol.. .. .. 5
Unlawful entry............... 9

TOTAL........... 1408

During the first year’s operation the Radio Patrol cars recovered
stolen property worth over $250,000, which is greatly in excess of the
combined expenditures for station and car equipment and for their
operation and maintenance, including the salaries of the station

operators and the service men.
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AN OUTLINE OF THE ACTION OF A TONE CORRECTED
HIGHLY SELECTIVE RECEIVER*

By

I£. B. MouLLiN
(¥ngineering Laboratory, Oxford University, Oxford, I'ngland)
Summary—7The action of a highly selective simple tuned circuit located be-
tween a source of radio-frequency energy and the terminals of a detector is discussed.
Neat, the effect of linear and of square-law detection together with an audio-frequency
tone correction system s described. Various tnterference conditions are analyzed
with the aid of graphical construction.

I. INTRODUCTION

F A continuous wave is to carry intelligible information its ampli-

tude must be modulated according to some prearranged system

which, for example, may be speech or Morse signs. The simplest
form of such modulation is expressed by the equation

e = E(1 + M cos nt) cos pt.

Since in practice the modulation frequency n is very small compared
with the radio frequency p, it is customary to think of a sine wave
whose height varies at a slow rate. But the modalation does not oceur
in jumps affecting only the height of the wave but is continuous during
any half cycle: consequently the shape of any half cycle is not that of a
true sine curve. The difference becomes noticeable only when n is
comparable with p: by way of illustration Fig. 1 shows four quarter-
cycles when 7 is equal to 1/2p. Tt may be seen’that each half cycle dif-
fers considerably in shape from a sine curve and the maxima do not
occur at 180 degrees and at 360 degrees.

The modulation does not alter the frequency of crossing the zero
line; but it alters the height of each half cycle and also it alters the
wave form of each half cycle. Hence we are concerned with an electro-
motive force whose frequency is constant but whose amplitude is not
constant and whose wave form is not sinusoidal. If this electromotive
force acts on a tuned circuit it cannot produce a simple harmonic cur-
rent whose amplitudé follows the height of the voltage peaks. But this
electromotive force can be written in the form

M _ M -
e =F cospt+?cosp—nt+ > cosp—f—nt)

 Decimal classification: R161 X R361. Original manuscript received by the
Institute, April 12, 1933.
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which shows that it is the graphical addition of three sine curves of
constant amplitude and constant frequency. Thus the modulation of a
sine curve converts it into three unmodulated sine curves and these are
commonly described as a carrier and two side bands.

The resultant current in a circuit is the sum of the three compo-
nents: each component is the current which would be due to a com-
ponent electromotive force in the absence of the other two component
electromotive forces.

Sometimes it is convenient to retain the resultant current in three
separate components and sometimes it is convenient to recombine
them.

I1. Tae EFrecT OF A MODULATED ELECTROMOTIVE
ForcE ON A HIGHLY SELECTIVE RECEIVER

Consider a simple LCR circuit acted on by a sinusoidal electromo-
tive force: we shall not consider compound circuits but only the attain-
ment of selectivity by reducing the resistance of a simple circuit.

First suppose the circuit has no resistance and consider the poten-
tial difference v across the condenser: we have,

K
I = —
pL — 1/pC
I E
L —_ e = -
pC  pLC — 1
E 2
PP @)+ P
pVQ
E _
= , where o = i £e
2a<1 + g) Gl
2
E
= —, when o < 1.
2«

If the resonance curve is plotted so that the frequency is expressed as
a fractional change from the resonant value, then the two sides of the
resonance curve are rectangular hyperbolas. The resonance curve for a
circuit of zero resistance is shown in Fig. 2. Kvery circuit has some re-
sistance, and hence the peak has a finite height.

If we define the circuit power factor I/ from the equation I = R/plL,
then the height of the peak is /F. Within the hyperbolic branches of
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Fig. 2 are drawn the resonance curves for F=0.01, 0.05, and 0.1 per
cent respectively. It will be seen that these curves lie everywhere below
the hyperbolic branches and that they all approach very rapidly to
these limiting curves: this means that if the frequency is appreciably
displaced from resonance, the effect of resistance is negligible.

To assist in the interpretation of Fig. 2, it is supposed that the
resonance frequency is 1000 kilocycles, and the frequency displace-
ments from resonance are shown in kilocycles.

It will be seen that if F is less than 0.05 per cent, then the response
is sensibly independent of F for all modulation frequencies greater
than, say, 500 cycles.

For present purposes the term highly selective is used of a circuit
when an electromotive force acting on it has a frequency sufficiently
displaced from resonance tomake the response sensibly independentof F'.

Thus in Fig. 2, the circuit whose power factor is 0.05 per cent is
considered to be highly selective for all modulation frequencies greater
than say, 500 cycles.

Now use Fig. 2 to consider the response of a highly selective circuit
tuned to the carrier frequency of a modulated electromotive force. The
response to the carrier frequency depends on F, but the response to the
side bands does not depend appreciably on /. The resultant current
has three components, one whose amplitude isOE, one whose amplitude
is 1M - AC and one whose amplitude is 33 - BD. The voltage AC is in
phase with its electromotive force and the voltage BD is in antiphase
with its electromotive force, while the voltage OF is in phase quadra-
ture with its electromotive force.

Since the “side” component amplitudes are independent of F and
the carrier amplitude varies inversely as F, it follows that the modula-
tion depth of the resultant voltage will vary inversely as F. Expressing
the resultant voltage in trigonometrical form we have

E M
v = —<1 — —F sin nt)sin pt.
F 2c
Hence for a given value of F the modulation depth varies inversely as
the fractional width of the modulation.

If the response of the detector is proportional to the modulation
depth, then a tone correcting amplifier must be applied which ampli-
fies in direct proportion to the acoustic frequency.

If a highly selective receiver, a suitable detector and such a tone
correcting amplifier are combined, then all modulation frequencies will
be reproduced with the relative intensity which they had in the original
electromotive force.




1256 Moullin: Tone Correcled Receiver

It is useful to estimate the probable size of the factor F/2a, by
which the circuit reduces the depth of modulation. By means of valve
retroaction, /" may be reduced to 0.01 per cent, then if a=5X10-3
(5-kilocycle modulation on a carrier of 1000 kiloeyeles), F//2a=1/100:
hence the highly selective receiver reduces the modulation depth to
some 2 per cent of its intrinsic value.

ITl. THe ErrecT ON THE DETECTOR

Having found that the modulation depth of the detector voltage is
very small and since in practice the fractional modulation frequency
is very small, we shall picture the detector with a sinusoidal voltage ap-
plied to it whose amplitude varies very slowly and sinusoidally. We
know that this voltage is really the sum of three simple harmonie terms
but our simplification is extremely close when the circuit is highly selec-
tive. In other words we now find it convenient to put aside the true
description of a carrier and two side bands and to visualize an inexact
description which is very closely correct.

(a) Square-Law Detector.

We shall suppose the rectified current .J Is proportional to the
square of the rectifier voltage: this voltage varies slowly between
the values (4 + B) and (4 - B).

Hence,

J
— = (A +B)— (4 - B

= 4AB.
Referring now to Fig. 2, we remember that the quantity A is repre-

sented by OF and the quantity B by ;M(AC+BD)=M-AC
Therefore,

J 4E ME
E F 2«
2M
= —[?,
74

The acoustic output is thus proportional to M and inversely propor-
tional to F: if this passes through a tone correcting amplifier, as de-
scribed above, the final acoustic output will repeat the intrinsic modula-
tion and the intensity of all notes will increase in inverse proportion to
the power factor.

Exact treatment by carrier and side band voltages shows that the
rectifier produces also the octave note, but its fractional amplitude

P
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is negligible when the modulation depth is small. With highly selective
receivers this is inevitable and inherent to them and consequently the
output of a square-law detector is more pure when operated by a highly
selective circuit than it would be if it were operated by a circuit of
moderate selectivity.

(b) Linear Rectifier.

But if F has a value such as 0.01 per cent, the mean voltage applied
to the rectifier will probably be sufficient to make it depart from the
square law: or high-frequency amplification may be provided before
the highly selective circuit in order to make this voltage sufficient
to obtain linear rectification. In these circumstances the acoustic
output is proportional to the amount by which the amplitude of the
detector voltage rises above and falls below the mean value, which is
represented by OF in Fig. 2. Hence the acoustic output is proportional
to

M
S AC + BD) = M-AC
ME

20

We now have an acoustic output which is independent of the circuit
power factor: when the circuit power factor has been reduced to a
value sufficient to produce linear detection further reduction will not
produce any increment of acoustic output, nor does it affect the requi-
site adjustment of the system used to produce the necessary tone cor-
rection.

We may here regard a reduction of power factor as a device to
produce linear detection. Once this has been achieved there is no object
in going further unless the intrinsic strength of the signals was insuffi-
cient to produce linear detection when the power factor had heen re-
duced to a value which makes the circuit “highly selective,” as defined
in section II above.

1V. Tug PROBLEM OF INTERFERENCE

sefore considering the problem of interference it is first necessary
to consider the rectified current due to a detector voltage consisting of
two unmodulated sine curves: let these be 4 sin pt and B sin(p+n)t.

(a) Square-Law Deleclor.

If the rectified current is proportional to the square of the detector
voltage, the acoustic output is proportional to A B sin nt. Here there is
no restriction on the relative values of A and B; the acoustic output is
pure and does not contain an octave note.
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(b) Linear Detector.

To understand the behavior of this form of detector we must study
the envelope of the resultant voltage. It is not uncommonly supposed
that the envelope is the same as that of a true modulated voltage; this
is incorrect, but the difference is appreciable only when 4 and B are of

A A1
Vv \vavay

AN WA\

Fig. 3

Consider Fig. 3 which shows two sine curves of slightly different
frequency. At time « the two are inphase and the resultant is a sine
curve of height 44B: at time v they are in antiphase and give a
resultant height 4 —B. But at time B, which is half way between o
and v, they are in phase quadrature and the resultant sine curve has a
height \/ A2+ B2, The height of the resultant sine curve does not fall
to A4, until an epoch later than B: it does not occur until curve B has
an appreciable component in antiphase with 4 .

Fig. 4

The envelope is shown in Fig. 4 (a): in this the curve €863’ €’ is the
envelope for a modulated voltage and €606’¢’ is the envelope we are
considering. The detector voltage does not fall to 4 until the point 4:
and it remains greater than 4 for longer than it is less than A. Since
it rises to A+B and falls to A4 —B, the area above the line afdy is
greater than the area below the line. Therefore, the mean rectified
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current (direct) is increased by the presence of B, whereas with true
modulation it is independent of the presence of B. Further the shape of
the curve €80 is not sinusoidal, and therefore the output is not pure but
contains all the overtones. The envelope for the limiting case of A =B
is shown in Fig. 4 (b); there the increase of mean current and the
acoustic distortion is very noticeable. We may summarise these effects
as shown in the table below.

| Square Law ‘ Linear
Mean current Acourtic output Mean current | Acoustic output
Modulated voltage - —_——
increase note and its octave | no change note and no octave
Heterodyne voltage ! increase note and no octave l increase note and all overtones

The increase of mean current and the overtones from a linear rectifier
are appreciable only when A and B are comparable. If A is, say,
greater than 4 B they are so small that for practical purposes they may
be considered nonexistent. This is a very important point in consider-
ing the relative behavior to interference of highly selective and moder-
ately selective receivers and must always be kept in mind. We shall
suppose 4 is the desired signal (for the moment supposed unmodulated)
and B is the undesired signal (also supposed unmodulated for the
moment). If the receiver is not highly selective then A and B will be of
comparable strength and a linear rectifier will show an increase of mean
current.

If the receiver is highly selective then A will be at least ten times
B and the increase of mean current is sensibly nonexistent.

Now let A be modulated: referring to Fig. 3 we have to add the
small sine curve B to the now modulated larger sine curve 4, whose
frequency of modulation is much less than the frequency difference
between 4 and 3. During one cycle of difference frequency, the ampli-
tude of A will change very little and conditions will differ inappreciably
from those shown in Fig. 4 (a). If the circuit is highly selective, I3 is
inevitably much smaller than A and the modulation depth of 4 is only
some 5 per cent. But during the cycle shown in Fig. 4(a) the mean cur-
rent is in reality changing: this change is due to the modulation of A
and any change of mean current due to the presence of I3 is a second
order effect because of the essential disparity between B and 4. We
may visualize the complete cycle of changes by drawing cycles such as
4(a) about a base line (of which a8 'a’ is a small piece) which follows
the modulation of A. The modulation of 4 is unimpared and the out-
put due to the unmodulated B is the same as it would be if A were un-
modulated.
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(¢) Interference Due to a Modulated Signal.

Consider a modulated signal B(1+M cos nt) cos pt acting on a
highly selective circuit tuned to po the carrier frequency of the desired
station 4. Fig. 5 shows the hyperbolic side of the resonance curve of the
circuit tuned to po. The carrier and side frequencies of B are indicated
by B, By, and B,, respectively, in I'ig. 5, and these have electromotive
forces I, EM /2, and EM/2, respectively: for simplicity we shall take
M =unity and so have K, £/2, and E/2. The current due to B is CD,
that due to B, is 2GH and that due to B, is $EF. We shall divide the

H D
Po e ——p
l"&x\*j
Fig. 5

current ((H into two portions, GK and KH =FEF. Then the resultant
voltage is a component €D with side bands $KH and EF, giving a
voltage CD with sensibly the full modulation M and also an unmodu-
lated component of amplitude 1GK.
Calling the carrier separation x and the modulation width o (see
Fig. 5), it follows that
3GK «

cD o’
(1-%)
K2
We shall consider separately the effect of the modulated voltage C'D
and the unmodulated voltage 1GK.
Refer again to Figs. 3 and 4(a) and consider the effect of modulating
B:we shall have cycles such as 4(a) in which the voltage B is modulated
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up to 100 per cent superposed on a base line aa’ which is modulated
perhaps 5 per cent.

The total effect is shown in Fig. 6. The base line oy A is modulated
by the original wanted signal A. The envelope efxA is the 100 per cent
modulation of the unwanted signal B, but this is a modulation of the
difference frequency, which is shown by the modulated sine curve su-
perposed on the wavy base line afye.

The total acoustic output is now the modulation frequency of 4
plus the difference frequency modulated with the modulation fre-
quency of B.

g K
T /T\ A
ol o~ /f\/ T — =
\( fw—_ 2 ?5 T\
Fig. 6

The linear rectifier has the very important property of preventing
the modulation note of the interfering station from appearing in the
output. It is true that due to the displacement between the points 3 and
§ in Figs. 4(a) and 4(b), there is a trace of the modulation frequency of
B, but this trace depends on the ratio between the carrier voltage of B
and the carrier voltage of 4. In a highly selective receiver this ratio is
of the order of 50 to 1, and the trace may be ignored entirely.

It may be shown that the modulation of the weak station W is re-
duced by the strong stationin S the ratio $W.S (Appleton and Boohari-
walla)! and since W/S>3>1 in a highly selective receiver, this residual
trace is negligible. With a linear rectifier a strong station S is some-
times said to demodulate a weak station W. An alternative statement
is, that with a linear rectifier the modulation of W becomes a modula-
tion of the heterodyne note, but in addition there is a small current of
modulation frequency having an amplitude proportional to zWS.

The circumstances are exactly the same as in the superheterodyne
system of reception where the original modulation is handed on as a
modulation of the difference frequency.

If the circuit is not highly selective then the ratio W/S is not
necessarily much less than unity and the intefering modulation is re-
produced to a considerable extent.

A highly selective circuit combined with a linear rectifier acts as
a frequency changer of the modulation. It is so essential to understand
this effect that it will be illustrated by a numerical example. Stations

1 Wireless Engineer, March, (1932).
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A and B are separated by 12 kilocyeles; and both are modulated with 1
kilocyele.

(In the notation of Fig. 5, a/k=1/12 and therefore 3GK =1/12CD
and the presence of 2('K will be ignored.)

The acoustic output is the 1 kilocycle modulation of A4, which is
restored to its proper relative strength by the tone corrector.

The disturbance due to B is a modulated note of 12 kilocyeles, which
the tone corrector elevates to the same strength as if it had been a 12-
kilocycle note of 4’s transmission. This modulated note of 12-kilocy-
cles may be decomposed into a note of 12 kilocycles and half strength
notes of 11 and 13 kilocycles: after tone connection these come out in
the ratio 1, 0.42, and 0.54, respectively. Owing to the disabilitics of
acoustic apparatus these notes would generally be almost inaudible
and the presence of B would not be suspected.

There is an inversion of the acoustic spectrum: a low note of inter-
ference will appear as a high note and vice versa.

(d) Two Types of Interference .

It is convenient to divide interference into two rather arbitrary
categories.

(a) Interference by a station whose carrier is so far separated from
the desired station that there Is no appreciable overlapping
of the side bands.

(b) Interference by a station whose carrier is separated from the

desired station by an amount which permits considerable over-
lap of side bands.

Type (a) has already been considered and we find that a highly
selective receiver and linear rectifier confers much more Immunity from
interference than would have been expected from consideration of the
resonance curve alone.

To consider interference of category (b), we shall refer to Fig. 7
which is supposed to represent two stations 4 and B, having carrier
frequencies separated by 5 kilocycles and each station is modulated
with about 2.5 kilocyeles: then As, the upper side band of 4 is sensibly
coincident with B, the lower side band of B. We may choose to split B,
into the components GK and KH of Fig. 5. Then we shall say that
the heterodyning of 4 andB produces a 5-kilocyele note which is modu-
lated with 2.5 kilocycles, and has sensibly the intrinsic modulation of
B: this is equivalent to notes of 2.5,5,and 7 kilocycles. Also we must
say that a portion 1GK of B heterodynes with A and produces a note
of 2.5 kilocyecles. Being now clear that we are combining a modu-
lated sine curve B and an unmodulated sine curve 3G K with the car-

. L
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rier sine curve A, we see what notes are produced and can drop the
rather fictitious division of B; into two portions. But the process is
useful because it stops us from supposing that A, will beat with B
or By, As with By, and B and B,. Exact analysis would show that some
or all of these frequencies do exist but the magnitude of these terms is
vanishingly small.

We wish to compare the note of 2.5 kilocycles due to the modulation
of A with the note of 2.5 kilocycles which results from the modulation

“of B.

The acoustic output due to A’s modulation is proportional to M /2
(B;H +G,H,)=MGH. The note of 2.5 kiloycles due to B; is propor-
tional to s MGH.

A

Fig. 7

Hence the modulation note which is half way between the carrier
frequencies will be twice as strong from the wanted station as from the
unwanted station. This ratio is nearly independent of the detector and
is independent of the sensitivity of the receiver: with a linear detector
the ratio may be slightly greater than 2:1 if the circuit is not highly
selective, but the advantage is insignificant.

A proper tone correcting device exactly compensates for the fall of
the resonance curve and the combination of highly selective circuit,
linear detector, and tone corrector has the effect of displacing the audio
spectrum without altering the relative modulation depths. If an inter-
fering station whose carrier is separated h kilocycles from the desired
station is modulated with frequency m, it will produce an acoustic note
k of frequency h, a note 3k of frequency h—m and a rate 1« of frequency
(h-+m).

If two equal and equally modulated stations are separated by 10
kilocycles, and if the desired station is modulated at 2 kilocycles, and
the undesired station is modulated at 8 kilocycles, then the desired
station will producea 2-kilocycle note of strength «, and the undesired
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station will produce a 2-kilocycle note of strength 2. It will also pro-
duce a 10-kilocycle note of strength «, and an 18-kilocycle note of
strength 1x.

If an acoustic reproducer is faithful up to frequency n and then
cuts off abruptly, two stations separated by 2n will produce no inter-
ference if their modulation width is also restricted to n. If a telegraph
station signals a Morse dot by a modulation of 200 cycles and a dash
by a modulation of 500 cycles, then one aerial could be used to operate
any number of channels separated by one kilocyele: it could operate
500 channels in the wave band between 300 and 600 meters.

Since we find ultimately that the permissible difference of frequency
between stations depends only on the acoustic reproducer we might
suspect that the highly selective circuit and tone corrector are not
necessary. But this is not so, because the whole effect depends on the
action of a linear detector in shifting the acoustic spectrum: the de-
tector has this property only if the desired radio-frequency voltage
dominates the undesired voltage. This automatic domination can be
secured only by means of a receiver which has a very narrow band
width to radio frequency. This narrow band width will necessitate a
tone correcting system: this system is simplest when it has to correct
the resonance curve of a simple resonant circuit.

...>.—€>e<§_.<n.
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A STUDY OF RECEPTION FROM SYNCHRONIZED
BROADCAST STATIONS*

By

CHARLES B. AIKEN
(Bell Telephone Laboratories, Inc., New York City)

Summary—The present paper gives the practical results of an extensive analysis
of the detection of two modulated waves of identical carrier frequency. It is shown that
the total effects of time delay in the program distribution circuits, differences in cir-
cuit elements in the two transmitters, and differences in path lengths of the two signals
in traveling from their respective transmitters to the recetving point, may all be ex-
pressed in terms of two fundamental angles, v and B. v 1s the phase angle between the
two carriers at the receiving point, and 8 is an angle determining the relation between
the side frequencies received from the two stations. At any given point there will be
a different value of 8 for each modulation frequency.

Analyses in terms of B and v yield quaniitative descriptions of the distortions
present in the rectified wave. From these results it s possible to determine how the
distortions vary from point to point in space and upon what significant quantities
they are dependent. '

Ezperimental work has been carried out in the laboratory which confirms the
resulls of the theoretical analysis and which shows in a striking manner the effects
of small time delays on the quality of the received signal. This work agrees with theory
in showing that time delays, of the order of 200 microseconds, may be responsible for
serious distortion, and that a delay as small as 50 microseconds requires a 2:1
carrier ratio to prevent distortion.

It is shown that if two synchronized broadcast stations are far enough apart
and are of such powers that there are places where the signals from the two stations
are of approzimately the same strength and have traversed paths differing in length
by more than about ten miles, then distortion is at times bound to occur at these points.
At places where the path difference is greatly in excess of ten miles, very sertous dis-
tortions may occur. It is nol possible to reduce the distortion at such points appreci-
ably by equalizing the times of voice-frequency transmission of the program over the
wire circuils from the studio to the two stations, nor is there much advantage in mak-
ing the voice-frequency and modulating circuits at the stations identical.

Omn the other hand it is shown that if the two broadcast stalions with synchronized
carriers are fairly close logether, that is, within about twenty-five miles of each other,
there is no distortion in the middle zone between them if the modulated waves radiated
from the two stations are identical. There may, however, be variations in resullant
field strength. The effect of such variations may usually be eliminated by the use of
automatic volume control in the receiving set. An exception must be noted at points
where the resultant field strength falls below the noise level. At such points the use of
a recetving antenna having slightly directive properties will eliminate this dufficulty.

The results of the analysis suggest an interesting possibility for supplying
service to urban areas. Instead of employing one high power transmatter at a distance
from the region to be covered, it may be possible to distribute a number of low power

* Decimal classification: R550. Original manuscript received by the Institute,
April 1, 1933. Presented hefore American Asgociation for the Advancement of
Science, Atlantic City, N.J., Decemher 28, 1952,
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transmitters throughout this area and to supply each of them with identically the -

same modulated wave from a central point by means of appropriate transmission
circuits. The total radiated power required for adequate coverage should be far less
than that required when a single high power transmitter is used. On this account there
would be a great reduction in the total sky wave and consequently a great reduction
of interference at distant points. For this reason several station groups of this kind
could be operated on one channel with the same geographical separations that would
be required by several individual low power stations.

If, within station groups, the program were to be distributed to the various trans-
mitters at audio Jrequencies, the requirements on transmission time, frequency-
transmission characteristic, and modulation characteristic would have to be very severe
tn order to meet the necessity of identical radiated waves Sfrom all stations in the group.
Thts technical difficulty would be avoided tf the modulation of a carrier were effected
at a central point and the resulting modulated wave distributed to the several trans-
mitters over high-frequency transmission lines of equal lengths, or distributed directly
by radiation through the ether.

INTRODUCTION

ADIO broadeast systems involving the operation of two or more
stations on the same carrier frequency, and with the same pro-
gram used for modulation, have been put to considerable prac-

tical use, both in this country and abroad, and the list of such systems
is now a long one.®! The experience which has been gathered during
the course of the operation of these syvstems has done much to estab-
lish the limitations and possibilities of common frequency broadecast
ing of certain types. It has been observed that the quality of reception
is good where the field from one station predominates, but is usu-
ally unsatisfactory in the middle zone between two stations where the
field strengths are approximately equal. Experimental observations
of these regions of distortion, both in the field and in the labora-
tory, have led to the coneclusion that, if reception is to be of good
quality, the voltage induced in the receiving antenna by the weaker of
the two stations must not exceed K times the voltage induced by the
stronger station. Estimates of the value of K, which have been made by
various investigators, range from 0.2 to 0.5. These figures both refer
to the case in which the difference in carrier frequency is zero, or is so
small that it may be regarded as g slowly changing phase difference
between the carriers.

The theoretical treatments of the distortions which may be ex-
pected to result from the reception of two synchronous* carrier trans-

%10 Numbers refer to bibliography.
* It has been pointed out!® that the term “svnchronous” suggests identity
of phase as well as frequency and that hence “isochronous” is'preferable. This is
of course, strictly correct but as synchronous is a somewhat less clumsy term.
and as it seems to have taken on a perfectly well-understood meaning in its ap:

plication to common frequency broadeasting, it will here be used interchangeably
with isochronous. )
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missions have been based largely upon a consideration of the standing
wave patterns formed in the space field by the carriers and by the side

" frequencies. The variation of the carrier amplitude, distortion of the

received side bands, alteration of the effective degree of modulation,
etc., have been thus indicated. But the results of this type of analysis
are somewhat qualitative in character and cannot be readily inter-
preted in terms of the distortion components present in the output of
the detector. In fact, many such analyses have not dealt with the rec-
tifying action at all. Consequently, there has not thus far been brought
to bear upon the problem the full power of a theoretical investigation,
with the result that a complete comprehension of the significance of the
various physical quantities involved has not been achieved. It has not
been possible to say whether the recorded experimental observations
were made under optimum conditions, nor to specify what these con-
ditions are. This state of affairs has resulted in the temporary accept-
ance of certain misconceptions, such as the early thought that if exact
identity of frequency could be achieved the zones of distortion would
vanish; and has prevented the realization of all of the possibilities of
common frequency systems.

The present paper gives the results of an extensive theoretical
analysis** of the problem, together with the results of experimental work
which has been suggested by the theory. An attempt is made to point
out certain as yet unrealized possibilities of common frequency broad-
casting, and to establish limitations involving path length, program
circuit delay, etc. The results set forth do not abrogate in any essential
manner the majority of those obtained by others with regard to the
synchronous operation of fairly widely spaced stations employing the
usual program circuits, but it is hoped that they will place on a firm
theoretical foundation the limitations of such systems and will serve to
extend the range of useful practice beyond that which has so far been
established.

The mathematical processes underlying the results which are to be
given have been largely developed, for the linear detector, in a recent
paper.'2 The analysis for the case of a square-law detector is a straight-
forward matter and will be briefly considered in an appendix of the
present paper. Mathematical details will be avoided in the body of the
text.

It is assumed that the transmitters are not guilty of appreciable

#* When Mr. Gillett presented his paper!® on “Some developments in com-
mon frequency broadcasting” the analysis which forms the basis of the present
paper was in a very incomplete state. However, it was possible to furnish him

with a limited number of curves, which were included in his paper, from which
were drawn certain conclusions which will here be restated and enlarged upon.
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phase or frequency modulation and that the receiver is properly tuned
so that there is no unsymmetrical response of the tuned circuits.

Prase RELATIONS AND THE SPACE Freupt

The parameters which are significant in quantitatively determining
the characteristics of the reception of two isochronous waves carrying
the same modulation are: the ratio of the field strengths, the two modu-
lation factors, and certain phase relations between the carriers and
their accompanying side frequencies. In order to avoid unmanageable
complexity we shall deal chiefly with the case of a single modulation
frequency of P/2r cycles per second. The total phase relationships
between the two modulated waves may then be described by means
of two angles, v and 8, both of which are dependent upon the course of
events at one transmitting station relative to that at the other, and
also upon the difference in the lengths of the paths traversed by the two
waves in traveling from their respective transmitters to the recelving
point. These two angles, v and B, play an important réle in the greater
part of our discussion and their significance must be clearly set forth.

Let the wave radiated from one transmitter be taken as a reference.

Then the expression for this wave need contain no arbitrary phase an-
gles and may be represented by

E[1 + M cos Pt] cos wt, (1)

P /2w being the modulating frequency and w/2m the carrier frequency.
Now at a given instant of time the phase of the carrier leaving trans-
mitter No. 2 will differ from that of the carrier leaving transmitter No.
I by a certain angle. We shall assume that the second carrier leads the
first by an angle v,. At a receiving point which is equidistant from the
two transmitters, the carriers will be observed to have this same
phase difference. If the modulating frequency is furnished to the two

stations or by phase equalization of dissimilar circuits, then the en-
velopes of the two waves will have a zero phase difference between
them, and the wave leaving the second station may be represented by

e[l + m cos Pt] cos (wt + 7). 2)

However, if the modulating frequency at the second transmitter

leads that at the first by the angle Bo, then the wave leaving the second
antenna is represented by

T This matter is discussed in a slight] diff i i .12
. bibliogrant, | ghtly different way in Appendix A of No
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e[l + m cos (Pt + Bo)] cos (wt + o). (3)

The waves from the two stations will require identical times to travel
to an equidistant receiving point, and hence the phase relations be-
tween them will be unaltered and the expressions (1) and (3) may be
used to represent the waves received at such a point.

Suppose, however, that the waves are received at a point which is -
d, meters from the first transmitter and d, meters from the second.
Then, if the first wave is still taken as having zero phase, the relation
of the second wave to it may be described by the quantities v and 8

which are such that
wD

Y =0 — — (4)
c
PD

B=Bo—‘—c—’ (5)

in which D=d,—d; and ¢=3X10® meters per second, the velocity of
propagation. The two waves impressed upon the receiver at this point
may then be represented, in a very general manner, by

E[1 + M cos Pt] cos wi }

e[1 + m cos (Pt + B)] cos (wt + 7).
The significance of y and 8 may be shown graphically by employing

the conventional vector diagrams representing a modulated wave.

In Fig. 1, E represents the carrier of the stronger signal and e that of
the weaker. The angle hetween them is . The diagram represents the

(6)

and,

Fig. 1—Vector diagram of two modulated waves. The trigonometric expressions

for these two waves are E[14+M cos Pt] cos wt and e[l +m cos (cos Pt+p)]
cos (wt=+v). The diagram shows the state of affairs at time ¢ =0, when the
two side frequency vectors EM /2 are both coincident with the carrier vector
E. Each side vector em/2 then makes an angle 8 with the carrier e. v is the
angle between the carriers.

state of affairs at time {=0, that is, when the vectors representing the
two side frequencies of the stronger wave are coincident with their

carrier. At this instant each side vector of the weaker wave makes an
angle with its carrier which is equal to 8. K is the resultant carrier and
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S1and S, are the resultant side frequencies. From the inequality in the
sizes of these side frequencies and their lack of symmetry with respect
to their carrier, it is evident that the detection of this particular com-
bination of waves will yield distortion products of considerable magni-
tude.

The foregoing discussion shows that if an analysis of the reception
of the waves indicated in (6) is made with v and 8 as parameters, it is
possible to translate this into terms of space relations for any given
values of w and P by employing (4) and (5). This use of v and (8 results
in much simpler and more readily handled results than does the direct
insertion of path lengths at the outset, and we shall deal chiefly with
the phase angles and refer to Space parameters only when specific use
of them is desirable. But it should be observed that this procedure is
not restrictive, or lacking in generality, and that it is adaptable to a
description of areas of distorted reception, ete. ,

When the modulating program containg a number of frequencies, a
different value of 8 must in general be assigned to each frequency, with

modulating frequency, as indicated by (5), it is evident that distribu-
tion of distortion of various types throughout the voice-frequency spec-

COMMENTS oN THE ANALYsis EMPLOYED

The results which are recorded in the next section of this paper
have been obtained by an analytical determination of the audio-fre-

portar%t because of their property of giving essentially distortionless
detection, or, as it is frequently called, demodulation, of the usual
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type of modulated wave. In a sense these two detectors represent prac-
tical extremes, and all detectors commonly met with in practice which
have characteristics not conforming closely to either type will be in
between them. Consequently, the results obtained from the use of such
units in the reception of either one or two transmissions may be ex-
pected to be intermediate, in a general way, between the results ob-
tained when the square-law and the linear rectifiers are employed.

The method of analysis which has been developed for the linear
rectifier has been fully discussed in another paper.’? Certain minor ex-
tensions of this analysis have been found to be necessary in computing
the desired curves and these extensions are discussed in Appendix A.
A point to be observed here is that the amplitudes of the various audio-
frequency components of the rectifier output (which will here be con-
sidered as voltages, although an equivalent deseription in terms of cur-
rent is readily made) are conveniently expressed as ratios to the carrier
amplitude, thus removing any hother about the ahsolute magnitudes
of the impressed and output voltages. It happens that the solutions for
the linear rectifier contain the factor 1/7, and it has been found con-
venient to remove this by calculating such quantities as TEp/E,
wE.p/E, ete., in which E is the amplitude of the larger of the two im-
pressed carriers, Fp is the amplitude of the voltage of frequency P /2,
acting in the output circuit, and Esp is the amplitude of twice this
frequency.

In the case of the square-law detector, we are dealing with a non-
linear device possessing a characteristic which is not necessarily of
pure parabolic form, and we merely assume that the low level operating
portion of this characteristic may be represented by an equation in-
volving terms up to and including the second degree in the impressed
voltage. The absolute magnitude of the rectified output voltages will
depend upon the coefficient of the second-degree terms, i.e., upon the
curvature of the characteristic at the operating point. This curvature
will vary from one detector to the next, and from one point to another
on the characteristic of a given detector. When studies are made of
efficiency of detection the curvature must he evaluated. Here, however,
we are not interested in efficiency or absolute magnitude of output for
a given intput, but in quality, or the interrelation of the output com-
ponents. Such relations do not depend upon the magnitude of the cur-
vature, and we shall therefore refrain from encumbering the discussion
by including the second-order coefficient in our results, and shall
merely calculate values of such quantities as E, /B, Eyp/E? ete. Such
quantities are of the dimensions 1/FE, but this should cause us no
trouble.
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In many cases a desired quantity will contain a factor such ag M,
the degree of modulation of the stronger station. Instead of plotting a
different curve for each of several values of M, it is more convenient to
plot a single curve, the ordinates of which contain 1/M. Thus in Fig. 3
we have plotted Ep/E2M as ordinate and ecan use this same figure
to examine the results for various values of M.

In view of the foregoing, it should be evident that the form in which
the results are stated will not permit a comparison of the absolite
magnitudes of the outputs of the linear and square-law detectors, but
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Fig. 2—Fundamental audio-frequency output of linear detector when two waves
of the type illustrated in Fig. 1 are impressed upon the input. The carrier
ratio K =e¢/F is unity. Both stations are modulated 30 per cent (M =m
=0.3).

that the interrelations of the components of the output of one detector
may be compared with those of the other.
A brief discussion of the square-law analysis is given in Appendix
B.
Discussion oF Resvunts OF THE ANALYSIS

quantities which vary from point to point in space. There will now be
discussed a number of curves showing the output components of the
square-law and linear rectifiers, these curves having v or 8 as the in-
dependent variable. .

audio-frequency output of a linear rectifier when there are impressed
upon the input two waves of equal carrier strength (K=¢/E=1.0) both
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of which are modulated 30 per cent. The quantity actually plotted is
7/E times this amplitude. When 7, the phase angle between the car-
riers, is 180 degrees, the fundamental component of the output is zero
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Fig. 3—Fundamental audio-frequency output of square-law
detector under the conditions of Fig. 2.
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Fig. 4—Second harmonic audio-frequency output of linear
detector under the conditions of Fig. 2.

for all values of 3, since the carriers annul each other and the heats be-
tween the side bands will give only harmonics. It will be noted that the
magnitude of the fundamental depends radically upon 8 and vanishes
when 8 =180 degrees.

The curves of Fig. 2 are symmetrical about the vertical line through
~=0 and about that through =180 degrees. This is true of all the
curves shown in this paper in which either v or 8 is plotted as abscissa.

In Fig. 3 is shown a similar set of curves for the case of the square-
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law detector. The shapes of these curves are strikingly similar to those
of Iig. 2. The quantity plotted in Fig. 3 is Kp/E2M, and it is evident
that if Ep/E* were plotted the ordinates of the resulting curves would
be proportional to M. The ordinates of the linear rectifier curves are
approximately proportional to M when the modulation is less than
50 per cent, but the relation becomes more complex for M near unity.
Figs. 4 and 5 show the second harmonic outputs of the linear and
quadratic rectifiers, respectively, for the conditions of Fig. 2. The dif-
ference between these curves is very interesting. The harmonic output
of the square-law detector may be considerable for any value of v, if 8
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Fig. 5—Second harmonic audio-frequency output of square-law
detector under the conditions of Fig. 2.

has the proper value. On the other hand, the linear rectifier gives ap-
preciable harmonic output only when the carriers are near phase op-
position and the side frequencies are near phase equality, i.e, when the
resultant wave is nearly or actually overmodulated. However, this
difference between the two types of detectors is not as great as the

Fig. 6,1 where the solid lines represent the linear and the dashed lines
the square-law rectifier. For every value of 8 there is a value of v that
makes the second harmonic output of the square-law detector vanish.
This fact makes the quadratic detector curves of Fig. 5 lie below the
curves for the linear rectifier over a good portion of the range, but for
values of K,p/FEp near unity there is little to chooge between the two
types of detector. Later curves for which K, the carrier ratio, is less
than unity, show that 2 definite superiority may be attributed to the
linear rectifier.

I Two of the curves of this figure, namely, those for =0 and g =m/2 have
already been given in Fig. 15 of Gillett’s paper,!® while the corresponding curves
of Fig. 10 of the present paper have been shown in Fig. 17 of his paper.
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From Fig. 6 it will be noted that the distortion due to the generation
of harmonies is slight when +y is small, but Figs. 2 and 3 indicate that
- if B8 is large and v is small, there is a large reduction in the amplitude
of the fundamental audio output. This will cause a loss of certain fre-
quency bands in the output. Thus, suppose that B, of (5), is zero and
the time of travel of the two signals through space differs by 100 micro-
seconds, corresponding to a path difference of 18.6 miles. Then, if both
stations are modulated to an equal degree, the frequency of 5000 cycles
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Fig. 6—Ratio of second harmonic to fundamental audio-frequency output under
the conditions of Fig. 2. The full lines are for the linear detector and the
dashed lines are for the square-law detector.

will vanish from the rectified output at those points in space for which
~v=0. If the path difference is 93.0 miles, there will be no 1000-cycle
output when v =0, and frequencies near to this value will be greatly
attenuated. These examples make it evident that even when the phase
relation of the received carriers is such as to produce little or no har-
monic distortion, there may still be a serious impairment of the fidelity
of the rectified signal.

This impairment of fidelity may also be caused by unequal time of
wire line transmission of the programs, or by unequal phase shifts in
the audio-frequency circuits emhodied in the two transmitters, since
such inequalities will affect the magnitude of 8. They will also produce
harmonie distortion when +y is near 180 degrees. It is interesting to note
that a time delay of a small fraction of a millisecond in one wire line, as

e DR
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compared with the other, is capable of causing seriously distorted re-
ception in an otherwise ideal system (i.e., identical transmitters and
equal wave paths in the ether), while several hundred times as large a

delay may be tolerated before “echo” effects become appreciable.
When § is not zero the field strength will be zero at a carrier node

(y =180 degrees) only when the modulation is absent. A{ such points

the received signal will be tremendously distorted but will not vanish.
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Fig. 7—Curves showing the portion of a cycle of v during which the ratio of
second harmonic to fundamental output of a square-law detector equals or
exceeds a certain value. K = 1.0, M =m.

In Fig. 7 are shown a group of curves, for the quadratic detector,
and for K =1, each of which indicates the number of degrees in a cycle
of v for which Eyp/E»M will be equal to or greater than a specified
value. This number of degrees is a function of B which here serves as
abscissa. When M =1 the value of Eyp/E is 0.25 when a single wave
is received. In the reception of two equal waves it will exceed this
value for a large fraction of the range of v, if 38 is large. Since Y goes
through a complete cycle when the receiving point is moved a half
wavelength along the line joining the transmitting stations, the curves
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of Fig. 7 may be interpreted as showing the fraction of the area, in-
cluded in a band one-half wavelength wide, for which the distortion
exceeds a specified value.
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Fig. 8—Fundamental audio-frequency output of a linear detector under the
action of two waves of the type shown in Fig. 1. K=0.5, M =m =0.3.
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Fig. 9—Fundamental audio-frequency output of a square-law
detector under the conditions of Fig. 8.

Fig. 8 to 10, inclusive, show curves for the case in which the ampli-
tude of one received carrier is twice that of the other (K=e¢/E =0.5)
and the modulations are both 30 per cent. The harmonic distortion
produced by the linear rectifier is less serious than that produced by
the quadratic device, as may be seen by reference to Fig. 10. When the
carriers are directly in or out of phase the distortion from the former
detector vanishes. At such times the resultant side frequencies are sym-
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metrical with respect to the carrier, and no harmonic distortion can
result. However, when higher modulations are employed the resultant
side frequencies may add to a magnitude greater than the resultant
carrier, in which case the resultant wave form will be effectively over-
modulated. Serious distortion may then occur. Consequently higher
degrees of modulation of the original waves will call for higher carrier
ratios if reception is to be satisfactory.

The variation, with 8 and v, of the amplitude of the fundamental
audio-frequency output, which is evident from Figs. 8 and 9, shows
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Fig. 10—Ratio of second harmonic to fundamental audio-frequency output
under the conditions of Fig. 8. The full lines are for a linear detector, the
dashed lines are for a square-law detector.

that considerable modifications of fidelity may still occur when
K =0.5. Such variations will be reported in an account of the experi-
mental resultsﬁwhich is given further on. The dependence of the funda-
mental output on 3, when 7 is fixed, is of sufficient Importance to be
shown, for a typical case, in the form of curves having 3 as abscissa.
Fig. 11 shows the fundamenta] output of a linear rectifier for K = 0.5,
M =m=0.3, while Fig. 12 shows a similar set of curves for the quadrat-
ic detector.

A great many more curves might be given showing other combina-
tions of the various parameters involved, but the foregoing are typical
and are sufficient to give a quantitative picture of the distortions which
are encountered in the reception of twodequally modulated waves. The
curves given are for 30 per cent modulation of both stations. For higher
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modulations, the distortions will be greater and, in the case of the
square-law detector, may be determined directly from the figures al-
ready given. Thus if M =m=0.6, the value of F.p/F may be obtained
from Figs. 6 and 10 by raising the dashed line curves 6 decibels. The
same is approximately true in the case of the linear rectifier for the
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Fig. 11—The data of Fig. § plotted with™, the side fre-
quency phase angle, as abscissa.
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Fig. 12—The data of Fig. 9 plotted with 3 as abscissa.

lower modulations, although when M and m are near unity the rela-
tions are very complex.

Modulations Unequal

The effect of unequal modulations is interesting. It might be ex- !
pected that when one station is modulated to a greater degree than the
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other, the general result would be a decrease in the distortion in the'

regions where the field strength of the more deeply modulated station
predominates, and an increase where the weakly modulated station hag
the higher intensity. This is indeed true for certain pairs of values of
v and 8 but, in general, the phenomena are not so simple. Under many
conditions a decrease in the modulation of the weaker of the two waves
will actually cause an increase in the distortion. A physical picture of
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Fig. 13—Typical curves showing the effect of unequal
degrees of modulation. K = (.5,

this may be gained by considering the case of v=m, 3=0. In this case
the two carriers will be in phase opposition, as will the side frequencies
also. If M =m, the effective modulation of the resultant wave will be
the same as that of either component. But if the modulations M and
m are unequal, the side frequencies may cancel to a lesser degree than
do the carriers, with the consequence that the resultant wave is modu-
lated to a greater degree, or is even overmodulated. This may cause a
marked increase in distortion.

Fig. 13 illustrates the case of K=0.5 for the quadratic detector.
The horizontal line at — 12 decibels shows the distortion which oceurs
when both stations are modulated 100 per cent and B8 =0. This distor-
tion is the same as that which results when only a single 100-per cent
modulated wave is received. If the modulation of the-weaker station is
dropped to 50 ber cent, B being maintained at zero, the distortion will
decrease if v <106 degrees, but will increase for larger values of 7.
On the other hand, if the stronger signal is modulated only 50 per cent
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and the weaker 100 per cent, the distortion is less than when the modu-
lations are equal, and is constant for all values of y. Of course, this
- independence of vy will occur only for certain combinations of K, m/ M,
and B. In the last case cited, the modulation of the resultant wave isless
than 100 per cent.

When 8=, it will be noted that the condition M =m=1 results
in a greater maximum distortion than does that of either M=1.0,
m=0.5 or M=0.5 m=1.0. However, in the latter case the distor-
tion ratio is large over the whole range of ~y.
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Fig. 14—Typical curves showing the effect of unequal
degrees of modulation. K=1.0.

In Fig. 14 are shown a few curves for the case of equal carrier ratios.
When =, unequal modulation reduces the distortion ratio from an
infinite value independent of 8 for M =m, to the range of values shown
by the dashed curve. On the other hand, when 8 =0 a change in the
degrees of modulation from equal to unequal causes a great increase in
‘the distortion for the larger values of v. When B=m/2, the distortion
is not different, to an important extent, when M =m=1 or when
M=0.5 m=1.0,or M=1.0, m=0.5.

From the foregoing remarks it is evident that a detailed considera-
tion of the effects due to unequal modulations, as compared with those
due to equal, is a very complex matter. However, from the results ob-
tained, it may be concluded that, if the physical constants of the syn-
chronized system are such that 8 may have all sorts of random values,
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moderate inequalities in the modulations of the two stations are not
violently detrimental. This is true even though the region in which the
field strength of the more weakly modulated station predominates
may suffer a slight additional reduction in quality. On the other hand,
if the physical set-up of the system is such that 8 can be held near zero
in regions where the field strengths from the two stations are of the
same order of magnitude, then there is a great deal to be gained by
employing equal modulations. Probably all existing stations fall into
the first category. Systems which are so arranged as to keep B small
in important regions will be discussed presently.

Caseof B=0and M =m

In the curves which have been given for the condition of equal
modulation, it will be noted that the quality of detection is particularly
satisfactory when 8=0. Thus, in Figs. 4 and 10 it may be seen that
there is no second harmonic output from the linear rectifier under such
conditions, while Figs. 6 and 10 indicate a distortion ratio for the
square-law rectifier which is the same as that encountered when only
one wave is received. Moreover, when 3 is constant for all of the modu-
lation frequencies, there will be no impairment of fidelity, since they
will all be equally affected by changes in 7.

It is a simple matter to prove that if 8=0 and M =m<=1, then the
resultant modulated wave is of the same form as either of its two com-
ponent modulated waves and differs from them only in magnitude. To
establish this theorem, we note that the two impressed waves will be

E(1 4+ M cos Pt) cos wt }

and,
e(1 + M cos Pt) cos (wt + 7)

@)

The sum of these two waves is
E(1 + M cos Pt)[cos wt + K cos (wt + 7v) |
= E(l + M cos P)/(1 + K cos 7)2 + K sin? y

K sin vy
cos [wt + tan™! <‘—h—>:l
I + K cosy
= E~/1+4 2K cosy + K*(1 + M cos Pt) cos (wt +¢€). (8)
Now this is an ordinary modulated wave of amplitude
E~/142K cos v+ A2 .

and of degree of modulation M, and hence the distortion attend-
ant upon its rectification will be the same as that encountered in the
detection of any ordinary wave, of the same degree of modulation,
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which might be received from a single station. It is evident that if
in a given region the value of 8 could be kept small for all of the
frequencies present in the program (or modulation) spectrum, high
quality reception would be possible even when the field strengths of
the two received waves were nearly equal and this would be true re-
gardless of the phase angle between the carriers. Further, if 8 could be
made to have a value identically zero for all of the modulating frequen-
cies, then the quality of the rectified signal would not be impaired for
any value of the field strength ratio, except in so far as noise back-
ground might appear when the resultant amplitude was very small.
A discussion of practical systems for realizing such advantages will be
given in a later section.

Action of Automatic Volume Control

When the resultant wave is heavily overmodulated the gain of a
receiver which is equipped with automatic volume control will fluctu-
ate violently with the modulation. However, as overmodulation alone
will cause serious distortion, the antics of the gain control cannot do
much additional harm. Under some conditions the resultant wave may
have a low modulation, as will occur when v is near zero and Bis near .
The gain of the receiver will then be reduced by the action of the car-
riers, and the audio output will be low. In the intermediate condition,
when the effective modulation of the resultant is high but not sufficient
to cause serious distortion, the carrier may he somewhat reduced, thus
raising the gain of the receiver, and the output level will be high. v may
often drift in value and 8 will usually vary rapidly with the modulating
frequency. If K is near unity, the audio output may be of fair quality
at one instant, while at the next it may be affected by extreme non-
linear distortion; at one moment it may become very loud and an in-
stant later nearly vanish; or some frequencies present in the modula-
tion may practically vanish while others are greatly exaggerated.

However, if we suppose that 8=0and M =m at all times, the varia-
tions in the intensity of the resultant, as v varies, will be taken up by
the action of the automatic volume control, and the output will not
vary unless there is a noise background which swings in and out. If
K =1, when v passes through 180 degrees the resultant signal will
vanish for an instant, but if 7 and e are reasonably large the resultant
will stay below the range of action of the gain control for only a very
small interval of 7.

Review of Signaificant Points

The important quantities with which we have to deal in consider-
ing reception of two synchronized transmissions are K, the carrier ra-
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tio; M and m, the respective modulation factors of the two waves; v,

the phase angle between the carriers at the point of reception; and g,
the angle, also at the point of reception, which a side frequency vector
in one wave makes with its carrier vector at the instant of time at
which the analogous side frequency in the other wave is coincident
with its carrier.

v will vary from point to point in space even if the phases at the

transmitters are constant. If the receiving point is moved one-quarter
wavelength along the line Joining the stations, v will change by 180
degrees. At a fixed point v will vary only if there is a change in the rela-
tive phase of the carriers leaving the two transmitters, or in the dif-
ference in path length from the two stations to the receiving point.
Variations in v will be accompanied by variations in amplitude of the
resultant wave and usually by changes in quality of the rectified signal,
although if 8 is small the latter may not occur.

B is dependent upon the phase and time delay inequalities which
occur in the two complete electrical paths from the studio microphone
to the receiving point, and upon the frequency of modulation as well.
A difference of one-half millisecond in the total time of propagation will
give 8 a value of 180 degrees at the receiving point when the modulat-
ing frequency is 1000 cycles, of 540 degrees when the frequency is 3000
cycles, etc. Even a time difference of only 100 microseconds will give
B a value of 90 degrees at 2500 cycles. Not only will these time delays
tend to give 8 a random value, but also unequal phase shifts in the au-
dio amplifiers and similar equipment used at the two transmitters
will add to the variety of values which may take on.

When the carrier ratio is not small, distortion is bound to occur if
B departs from zero. Hence, it is evident that when two stations are
widely spaced, the variations in 8 with the position of the receiver
will result in distortions at many points, even if the time of propagaton
over all wire circuits could be made equal to within well under 100
microseconds, and the phase shifts in all equipment involved in the
two paths could be made identical. Even ideal circuits would not elimi-
nate distortion except at certain points. Add to this the facts that
differences as small as, let us say, 50 microseconds in the time of trans-
mission over long voice-frequency circuits can hardly be hoped for
under any circumstances, and that identical phase shifts in the numer-

ous pieces of equipment involved in the two paths could never be at-

tained in practice, and it becomes evident that B must be regarded
as a completely and incurably random quantity. This being the case,
there is nothing to be gained by efforts to equalize lines or equipment
as long as the inequalities are not so great as to give rise to echo effects.
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Even the modulations of the two stations need be only approximately
equal.

The only factor tending toward improvement in reception of signals
from widely spaced stations is the averaging effect which appears when
waves are received over multiple paths. Both P. P. Eckersley and Gil-
lett have concluded that this may result in a very important reduction
of distortion in regions where both stations are received about equally
well. Changes in polarization of the waves may also improve the
quality of the resultant.

It has been pointed out that the ideal conditions of B=0and M =m
permit of distortionless reception practically regardless of the value of
K and v. In view of the above, the only hope of achieving these condi-
tions is to place the synchronized stations close together and to supply
them both with the same modulated wave over short, equalized, high-
frequency circuits. But before going into the details of such a system
it will be well to discuss the experimental work which has been per-
formed.

ExPERIMENTAL OBSERVATIONS ON THE RECEPTION OF
Two IsocaroNoUs CARRIER MoODULATED WAVES

The theoretical work has shown the importance of v and 8 and has
indicated that experimental work on the reception of isochronous car- .
rer waves should be of such a nature as to take these quantities into
account. Curves have been discussed which show the effect of vy and 8
on the distortion when a single modulating frequency is used, and from
these it has been possible to draw a number of interesting conclusions.
In an actual transmission there will be present in the modulation, fre-
quencies covering the whole of the usual program spectrum, and for
each such frequency there will be a different value of B. The total dis-
tortion occurring in the detection of a complex wave can be described,
in a general way, by inference from the single frequency results. But the
carrier ratio which can be tolerated for various values of v, when 8
is random, must be determined experimentally.

A practically random character can best be bestowed upon 8 by
introducing time delay into one of the two electrical paths at a con-
venient point, for by making this delay large enough will take ona
wide range of values, and will vary very rapidly with the modulating
frequency. By progressively reducing the time delay, the random char-
acter of 8 will begin to disappear, and the carrier ratio which is tolerable
for a given value of v should begin to rise. This procedure will give
practical data on the effect of v and on the effect of difference in time
delay in the two paths.
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It has already been estimated that relative delays of less than 100
microseconds in an otherwise ideal system should give rise 10 serious
distortion, and hence it is evident that large values of delay should not,
be necessary in the experimental work. There was constructed an audio-
frequency network giving a nearly constant delay in the range from 0
to 5000 cycles. The delay obtainable could be varied in steps of 32
microseconds up to a maximum of 480. This network was introduced
into the audio-frequency feed to one of two modulators, the other being
supplied directly. The effect of time delay introduced at this point is
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Fig. 15—Block schematic diagram of equipment used in experimental study
of detection of two 1sochronous carrier modulated waves.
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the same as that of delay due to difference in the length of the ether
path. It is total relative delay which is significant.

In order to control the value of vy there was employed a high-fre-
quency, concentric conductor, transmission line, variable lengths of
which could be included in one or the other paths. At 1100 kilocyeles a
length of 225 feet of this line included in one path caused 1 shift in
relative phase of 180 degrees. This is 0.80 degree per foot.

A block schematic of the circuits is shown in Fig. 15 and is largely

This high impedance prevented any disturbance of the voltage distri-
bution along the line.
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The high impedance circuit included a radio-frequency attenuator,
the output of which was fed to the grid of a shield-grid amplifier tube.
The amplifier output circuit impedance was common to the plate cir-
cuit of this tube and that of a similar tube which was fed by energy from
the other modulator.

Across this output circuit was connected a vacuum tube voltmeter.
By cutting off one voltage supply the carrier amplitude of the other
could be measured, and the process then reversed. In making measure-
ments the carriers were first adjusted to equality at the terminals of
the voltmeter. Any desired ratio could then be obtained by manipula-
tion of the radio-frequency attenuator.

The output of the second modulator was fed to a length of cable
adjustable in steps of 5 feet, or 4 degrees of phase shift. Further
means were provided for cutting in or out of circuit a piece of cable
2 1/2 feet in length which represented a phase shift of 2 degrees. It was
thus possible to make adjustments of the carrier phase to within £1
degree of any desired value.

The total path difference which could be obtained by adjusting
both output lines amounted to 291.3 feet of cable, or approximately
233 degrees. As v only need be varied from 0 to 180 degrees, this al-
lowed ample margin. A complete reversal of phase of one carrier could
be obtained by a transformer with interwinding shield and a polarity
changing switch (not shown in the diagram).

A suitable portion of the output of the mixing amplifier could be
fed to either of two radio receivers. One receiver was equipped with a
square-law and the other with a linear detector. Both had fidelity
characteristics which were essentially flat to 5000 cycles, and both
were carefully tuned to the carrier frequency. All observations were
made on a frequency of 1100 kilocycles.

Check of Distortionless Case

As the first observational step, a check was made on the validity
of the theorem which has been established, to the effect that when
M =m and B8=0 there is no distortion with a linear rectifier, but only
variations in intensity of the resultant signal as K or v are varied. To
this end, the radio-frequency output from a single modulator was di-
vided into two parts which were fed to the phase adjusting circuits of
Fig. 15. The two signals thus derived were adjusted to equal amplitude
and to various carrier phase relations. The output of the mixer ampli-
fier was monitored on the receiver incorporating the linear rectifier.

No difference in quality could be noted between the resultant signal
and one signal alone. When phase opposition was nearly attained, so
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that the resultant carrier was 44.7 decibels below either carrier alone,
no distortion could be detected, although the background noise was
unpleasant, on account of the high noise field in the vicinity. However,
a change in the carrier ratio of 0.1 decibel raised the resultant signal
by a fairly large amount so that the noise was no longer objectionable.

It should be noted that the introduction of a greater length of cable
in one path than in the other will not leave B entirely unaffected. A
phase shift of 180 degrees at 1100 kilocycles will cause a change in 8 of
0.18 degree, or 0.00314 radian, for a modulating frequency of 1100
cycles. Such extremely small changes may be safely neglected in the
present work.

Similarity of the Modulators

The case of =0 and M =m may be used as a check on the simi-
larity of the two modulators and their associated circuits. The carrier
frequency amplitudes were adjusted to equality of magnitude in the
mixer output circuit. A 1000-cycle tone was then supplied to the modu-
lators without time delay in either circuit, and the degrees of modula-
tion carefully adjusted to equality. This was done by noting the out-
put of the radio receiver when first one signal and then the other was
supplied to it, and adjusting the 1000-cycle level supplied to one or the
other modulators as required. It was found that after such an adjust-
ment had been made at one level the modulation remained equal from
a point of definite overmodulation down to low levels.

A speech program was then supplied to both modulators, and the
peaks of modulation were adjusted to about 80 per cent. v was ad-
justed.to within 1 degree of 180 degrees and the equality of the carriers
again checked. The combined wave gave fairly serious distortion, show-
ing that the modulators were not identical. After every effort had been
made to improve the similarity of the circuits the distortion was not
entirely eliminated for the condition of K=0 decibels and v =180 de-
grees + 1 degree. However, a change of 0.5 decibel in one carrier ampli-
tude resulted in a very great improvement in quality, and 1.0 decibel
reduced the distortion to a mere trace. This indicated an equality in
form of the two waves which was suflicient for the present purposes.

The trouble encountered in making two physically adjacent labora-
tory modulators identical is indicative of the tremendous practical
difficulties which would be met in attempting to make two separate
radio transmitters so similar that 8, would be very small.

Determination of Tolerable Carrier Ratio as a Function of v

A time delay of 480 microseconds was introduced into the program
feed circuit of one modulator. There was then determined the carrier




+

Aiken: Reception from Synchronized Broadcast Stations 1289

ratio at which the distortion was slightly, but definitely, perceptible.
Tests were made in the open laboratory where listening conditions were
about average. The distortion noted would hardly be perceptible to the
average observer, although entirely appreciable to the engineer. A
higher standard of quality could have been employed, but it is felt that
the results so obtained would have been of less value in their applica-
tion to the problems of isochronous frequency broadcasting.

The upper curve of Fig. 16 represents the average of a number of
observations, and indicates the carrier ratio, as a function of v, at which
perceptible distortion sets in when a linear detector is employed and
the program consists of speech, with peak modulations running about
80 per cent. Programs were derived from two sources, a phonograph
record and a high quality microphone with a 5000-cycle low-pass filter
in the amplifier circuit.
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Fig. 16—Effect of carrier phase angle on the field strength ratio at which dis-
tortion is just perceptible in the output of a linear detector. The relative
time delay is constant for each curve, as indicated. Both stations are modu-
lated 80 per cent at peaks of speech program.

The character of the distortion observed near v =180 degrees was
very different from that noted when v was near 0 degrees. With approx-
imate phase opposition, a value of K less than that indicated by the
curve resulted in nonlinear distortion of an extremely unpleasant type.
When K =0 decibels and v=180 degrees the resulting uproar was
frightful. On the other hand, when y was near zero the distortion
showed chiefly as a reduction in fidelity, certain frequencies being badly
attenuated. This was to be expected, since, with equal carrier ampli-
tudes and a delay of 480 microseconds, the frequency of 1031 cycles
should vanish and the band of frequencies in the immediate vicinity of
1031 eyecles should suffer hadly. However, impairment of fidelity is not
nearly so unpleasant as nonlinear distortion. Even with a unity field
strength ratio the quality noted when v was near zero might be con-
sidered as being very nearly within the usable range, if a rather low
standard of quality is assumed.
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The point of perceptible distortion is much less sharply defined
when the question is one of fidelity than when it is one of nonlinear
distortion, and the relation between the standards of judgment em-
ployed in the two cases must necessarily be rather indefinite. Conse-
quently, the left-hand portions of the upper curve of ¥ig. 16, and the
curve of Fig. 17, cannot be considered as being as definitely established
as are their right-hand portions.

Fig. 17 is for the square-law detector and differs only slightly from
the upper curve of Fig. 16. The quality of the performance of a square-
law device is very appreciably inferior to that of the linear when only
a single modulated wave is received. Judgments based on a perception
of additional distortions, due to the presence of a second wave, yield
curves which are hardly different for the two types of rectifiers. How-
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Fig. 17—Effect of carrier phase angle on the field strength ratio at which dis-
tortion is just perceptible in the output of a square-law detector. Relative
time delay 480 microseconds. Modulation 80 per cent for both stations.

ever, the absolute magnitudes of the distortion products are greater,
on the average, for the quadratic type.

Eﬁ”ect‘of Variation in Time Delay

The lower curve of Fig. 16 is for a relative time delay of 64 micro-
seconds. Appreciable distortion occurs only when v is greater than 120
degrees and the maximum number of decibels required is less than when
a larger delay is used.

Fig. 18 shows a curve of the carrier ratio which yields perceptible
distortion when the time delay is varied, v being maintained within
*+1 degree of 180 degrees. These data were taken with a linear recti-
fier. The dotted curve represents values actually obtained with the
system employing two separate modulators, while the solid curve is
corrected to pass through zero at zero time delay. The lack of identity
of the modulators calls for a correction in this part of the curve, but its
effect is almost certainly negligible elsewhere. When 8 begins to take
on all sorts of values, due to Increasing time delay, a slight difference
in the modulators will be of no conceivable consequence.
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With a relative delay of 200 microseconds the carrier ratio neces-
sary to eliminate distortion is practically as great as that required for
larger delays. The curve has been studied to only 480 microseconds, but
it is very unlikely that any appreciable rise occurs after that point.
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Fig. 18—Effect of relative time delay on field strength ratio at which distortion
hecomes just perceptible in output of linear detector. Carrier phase angle,
v =180 degrees + 1 degree. Both stations are modulated 80 per cent on
peaks.

A field strength ratio of 2: 1 will allow a relative delay of about 50
microseconds, corresponding to a space path difference of 9.3 miles.
]E’ﬁect of Degree of Modulation

If the modulation of the two transmitters is increased appreciably
lover that employed in the foregoing work, overmodulation will set in.
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Fig. 19—Same as ui)per curve of Fig. 16 except that both
stations are modulated about 27 per cent on peaks.

This will cause an increase in the distortion arising in the reception of
two waves and will also damage the quality of the signal received
from only one station. Overmodulation should of course he avoided.
When the degree of modulation is decreased, the carrier ratio neces-
sary to prevent distortion will be reduced. This can, of course, be read-
ily predicted from the theoretical curves, but some experimental oh-
servations arc in order. In Fig. 19 is shown a curve taken under condi-
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~ tions identical to those of the upper curve of Fig. 16, except that the

modulation of both waves is here 10 decibels lower. This means that the
peaks were approximately 27 per cent. As before, the distortion oceur-
ring when v is small appears largely as a fidelity change and the left-
hand portion of the curve is not as definitely established as is the right.

A reduction in modulation gives rise to a reduction in the effective
service area of a station. In the case examined, a decrease in modula-
tion of 10 decibels improves the permissible carrier ratio under the
worst conditions (y = 180 degrees) by only 4 decibels. It is possible that
the correct figure is 5 decibels, or one half the decrease in modulation.
One decibel is a small amount in a judgment of this kind. At any rate

i6 T [ ‘

)
T

IN DECIBELS
®
N

CARRIER RATIO FOR
PERCEPTIBLE DISTORTION
N

o]

0 30 60 90 120 150 180
7 CARRIER PHASE ANGLE IN DEGREES

Fig. 20—Effect of carrier phase angle on field strength ratio at which distortion
becomes perceptible in the output of a linear rectifier. 3=180 degrees for
all of the modulation frequencies; i.e., there is no relative time delay but
the polarity of the program frequency supply to one modulator is reversed.
Both stations are modulated 80 per cent on peaks.

the ivmprovement in the permissible carrier ratio is not sufficient to
Justify the reduction in modulation.

A Specially Unfavorable Case

By employing no time delay and reversing the phase of the program
frequency feed to one of the modulators, it is possible to make B ap-
proximately 180 degrees for all of the program frequencies. In Fig. 20
is shown a curve of carrier ratio for perceptible distortion taken under
these conditions, a straight-line rectifier being used in the monitoring
receiver. When v is small the effective modulation is reduced, and if K
is set equal to zero decibels this reduction is very great. Mere changes
in level were discounted in taking this curve, and an attempt was made
to base judgments on degradation of quality alone. As before, the left-
hand portion of the curve is less definitely established than is the right.

Perhaps the most interesting fact to be noted in connection with this
curve is that its height at v = 180 degrees is only about 2 decibels above
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that of the upper curve of Fig. 16. A uniform value of §=180 degrees
throughout the audio-frequency range may be considered as more un-
favorable to good quality than the variety of values caused by a large

"relative time delay. Hence we have experimental support for the state-

ment which has been made, that the curve of Fig. 18 will show no
appreciable rise beyond 480 microseconds.

Carrier Ratio for Other Types of Program

_ Speech programs were used in obtaining the experimental data
which have been discussed. This was done for two reasons: first, be-
cause distortion of speech is usually more readily detected than is that
of music; and second, because the important distortion occurs when the
modulation is high, and by using a reader it is possible to obtain a rapid
sequence of peaks which fall just short of overmodulation. If a musical
program had been used it would have been necessary to adjust the level
so that overmodulation would not occur on the peaks. Considerable
portions of the program would then be of too low a level to produce dis-
tortion, and in a long piece of music there would occur only a limited
number of passages which are suitable for the determination of the
limiting carrier ratio. For these reasons, then, speech programs seemed
much better adapted to experimental work of the character which has
been reported.

However, it was desirable to have enough data on musical programs
to enable us to say what carrier ratio will be necessary to reduce distor-
tion to a just perceptible amount under the worst conditions;i.e., when
the modulation and time delay are high and v = 180 degrees. Observa-
tions on several types of music showed that a ratio of 11 to 12 decibels
was necessary, and that hence a ratio which will protect speech from
distortion under the worst conditions will also be about right for music.

Conclusions to be Drawn from Experimental Work

A number of interesting conclusions may be drawn from the experi-
mental results which have been obtained. They are in agreement with
the theoretical work from which many of them have already been pre-
dicted. The conclusions may be listed as follows:

Distortion is most serious, both in magnitude and in type, when
v =180 degrees; i.e., when the carriers are in phase opposition.

When + is near 180 degrees the distortion is of a very unpleasant
nonlinear character, while when v is near zero degrees the distortion
is largely a matter of impaired fidelity and is not nearly as unpleasant.

When the time delay is zero and the circuits of the two transmis-
sions are identical to a high order, i.e., when vy =0 and M =m for all of
the frequencies present in the modulation spectrum, there is no distor-
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tion when a linear rectifier is used, while with a square-law device the
distortion is the same as that which appears in the rectification of a
single wave of the same degree of modulation.

The advantage, from a standpoint of quality, which is to be gained
by using a linear rectifier, is about the same as that realized when only
one transmission is received. The carrier ratio at which additional dis-
tortion becomes perceptible as the weaker wave is increased in ampli-
tude is about the same for either type of detector, although the absolute
quality of the output of the linear device is better.

A carrier ratio of about 12 decibels is sufficient to reduce distortion
to a just perceptible amount even under the worst practical conditions,
provided the stations are not guilty of overmodulation. This figure is
applicable to programs of both speech and music.

The distortion caused by the presence of two waves will be de-
creased if the modulation of both stations is reduced, but the reduction
in distortion is not sufficiently great to compensate for the reduction in
the effective service area of each station, which is a consequence of
the use of low modulation.

What may be regarded as very small time delays are capable of
producing serious distortion in an otherwise ideal system. This is due
to a disturbance of desirable phase relations and not to anything in the
nature of echo effects. Delays hundreds of times as large are required
to produce the latter.

A relative time delay of 200 microseconds will be responsible for
distortions which are essentially as serious as those produced by much
larger delays.

A relative delay of only 50 microseconds between two otherwise
identical transmissions will produce a distortion, when the carriers are
out of phase, which is of sufficient magnitude to require a carrier ratio
of about 6 decibels for its elimination. Fifty microseconds corresponds
to a difference in path length in the other of only 9.3 miles.

THE PrACTICAL PossiBiLITIES OF THE DistorTioNLESS CASE

It has been shown that if at a given receiving point 8=0 for all of
the frequencies present in the modulation, and if the degrees of modula-
tion of the two stations are identical, then detection by a linear rectifier
will be free from distortion. This is true regardless of the carrier ratio
which may exist at the receiving antenna. It has been further pointed
out that almost insuperable difficulties are involved in making the two
transmitters and their associated circuits nearly enough identical to
fulill these conditions. Even could such identity be achieved with the
usual types of synchronized transmitters, distortionless reception with
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a carrier ratio of less than two to one could occur only where the differ-
ence in the length of path from the two transmitting stations to the
receiver was less than about nine or ten miles. Hence it is evident that
when synchronized stations are separated by considerable distances,
distortion is bound to occur in the mid-zone. The only known factor
which may tend to reduce this distortion is the averaging of a number
of waves arriving by different paths. The distortionless case, of the
present paper, cannot be realized for such systems. This does not mean,
of course, that they are to be discarded. On the contrary they are capa-
ble of the most successful operation, as has been shown in Gillett’s
interesting paper. But their limitations are definite and are now well
established. This being the case, the question naturally arises as to
whether there may possibly be other practical systems of synchronous
operation which will meet the essential requirements of the distortion-
less case, and which might extend the range of applicability of iso-
chronous carrier broadeasting. The present section will contain a dis-
cussion of this question.

The operating requirements which must be fulfilled are, first, prac-
tical identity of the radiated waves and, second, small geographical
separation of the two transmitting antennas. The latter condition will
insure that the area between the stations, where the carrier ratio is
near unity, will be served over ether paths of nearly the same length.
If both stations are of low power, the service area will be small, and
regions a considerable distance from both stations will not be served
at all. Hence there will be no areas of distorted reception which are of
appreciable importance.

As an example, let us suppose that two stations are placed ten miles
apart and that both radiate identical waves. The means of accomplish-
ing this will be discussed presently. At any point on a line halfway he-
tween the stations, which is perpendicular to the line joining them, the
field strengths will be equal, if we neglect nonuniform attenuation, and
B will be zero. At a point on the line of centers which is 3 1/3 miles from
one station and 6 2/3 miles from the other there will exist a field
strength ratio of two to one, if attenuation is neglected. At this point
the path difference is 3 1/3 miles which corresponds to a difference in
time of wave travel of only 17.9 microseconds. The data of Fig. 18
show that under such conditions no distortion will be experienced. At
points which are closer to the near station the relative time delay
will he larger, but so will the carrier ratio. At points nearer the center
the carrier ratio will e near unity, but the relative delay will he small.

There will be no distortion anywhere along the line of centers,
although, where the carrier ratio is near unity, there will be large varia-
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tions in signal strength of the resultant wave as the phase relation of
the two carriers changes. As long as the resultant signal is not down in
the noise level this will be a matter of no consequence. If the wave
pattern is fixed in space the listener will adjust his gain to the proper
value when he tunes in. If the pattern moves, automatic volume con-
trol will take care of the variations in Intensity.

When a receiver is located at a point where the carrier ratio is so
near unity that the resultant signal drops below the noise field, it will
be necessary to use a slightly directive receiving antenna, in the manner
which has been suggested by Gillett.!9 Since a very small inequality in
the carriers will bring the resultant signal up to a satisfactory level,
a directive effect of about 1 decibel should be sufficient. At such short
ranges the sky wave will be negligible, and hence, when the antenna is
once adjusted to the necessary degree of directivity, the adjustment will
be adequate for hoth day and night service. Thus the use of directive
recelving antennas at the few points at which they might be necessary
becomes a very simple matter.

A little consideration shows thut favorable receiving conditions
would oceur over u considerable zone, extending on either side of the
line of centers. In addition there would be areas of high grade reception
immediately around each stution. Thus high quality service to the local
community would be assured. At considerable distances from the
transmitters it would be possible to find points where the carrier ratio
was near unity and the path difference sufhicient to cause distortion,
especially if the sky wuves were of appreciable intensity. In order to
avoid delivering unsatizfactory service to such regions the power radi-
ated by the two stations should be very small so that the field strengths
at a distance would be negligible.

If a fair-sized reglon were to he gerved, more than two syvnchronized
stations would be emploved. * All of these would radiate identical
waves, all would be of 1ow power. und the spacing between adjacent
stations would be small. In this way a large local area could be fur-
nished high quality service with only a small total power radiated into
the ether, and the total sky wave would be accordingly reduced. Inter-
ference at distant points would thus be greatly decreased, and it should
be possible to set up a number of such groups on the same nominal fre-
quency. The stations of each group would be carefully synchronized
among themselves, but each group would be reasonably independent
of all the others. It would, of course, be advisable to control the carriers

* It may be readily proved that when more than two isochronous carrier
modulated waves are received at a point the detection will be distortionless if
all of the waves are identically modulated, and g=0 for each and every pair of
the received waves.
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of separated groups to within a few cycles, and in some instances con-
trol by land line might even be advantageous. Such points would have
to be settled in accordance with the total power assigned to each
group and the distance between them. Under favorable conditions
each group might transmit a different program.

In the example chosen above we assumed a spacing of ten miles
between two stations. When several stations are included in a group
it is probable that larger spacings should be avoided. Otherwise a point
midway between two stations might have poor reception caused by
the combination of a low intensity resultant wave from two of the
stations, with a wave from a third station which had too large a time
delay relative to the first two. Numerous station arrangements might
be worked out which were especially well suited to various types of serv-
ice requirements, but a reasonably complete development of this kind
would be too long to include in the present paper.

When only two stations are to be synchronized it may be desirable
to employ a spacing of more than ten miles. Just how widely they might
be spaced, without creating areas of poor service, would depend upon
the nature of the region to be served, its attenuation characteristics,
and the distribution of populated and unpopulated areas. With a
spacing of thirty miles, the points of two-to-one carrier ratio would
divide the line of centers into three ten-mile intervals if there were no
attenuation. The effect of attenuation would be to make these points
fall nearer the mid-point of the system. There would be little or no dis-
tortion near the line of centers with such a configuration, but if the
powers of the stations were sufficient to serve the whole area hetween
them there might be regions of had service well off to either side of the
system. In certain localities this might be of no importance while in
others it would be objectionable. It is evident that no definite limit can
be set to the spacing which may he considered desirable, but it is sug-
gested that about twenty-five miles or less would usually result in the
best sort of service conditions.

Radiation of Identical Waves

In view of the difficulties already pointed out, in obtaining practical
identity of the waves radiated from two stations of the usual type, it
would seem to be desirable that modulation of a carrier wave be effected
at a central point and that the modulated wave he distributed, over
circuits of equal electrical length, to the radiating points. ¥From a purely
technical standpoint high-frequency transmission lines suggest them-
selves as being ideal for this purpose. Distribution might be made at
low power, with amplification at each radiating point, or the full power
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required for radiation might be transmitted directly. We have supposed
that the power radiated would be small, probably a few hundred watts
or less, and consequently the power lost in transmission over a high
efficiency line a few miles long would constitute no serious economic
loss. In fact such an arrangement would probably be cheaper than one
requiring amplifying equipment at each radiator.

It would be necessary to equalize the time of propagation over the
various paths to within a few microseconds, but this would be a simple
matter at radio frequencies, and would allow considerable phase shifts
in one path as compared with another. When necessary, delay correc-
tions of a few microseconds could easily be made by including in the
short path a coil of high efficiency cable.

As an alternative, distribution at high frequencies could be made
through the ether, although amplifyving equipment at each radiator
would then be essential. The chief difficulty in such an arrangement
would probably be that of arranging for the auxiliary frequency or fre-
quencies required.

One method of distribution through the ether would involve trans-
mitting the control wave at g submultiple of the carrier frequency
which was to be broadeast. A linear rectifier might be used to give
distortionless multiplication of a modulated wave, but the output of
such a rectifier would contain only even multiples of the original
carrier frequency. If an odd multiple were required, it would be neces-
sary to separate a portion of the original carrier from its side bands by
means of very sharp filters, and to beat the single frequency thus ob-
tained with the appropriate modulated harmonic of the rectifier out-
put.

In many cases it would no doubt be more practicable to transmit
control frequencies in a range akove the broadeast band. It would then
be necessury to radiate two waves from the control point, one modu-
lated and one unmodulated Their difference frequency would then ke
broadcast. An extraordinarily close control of these two frequencies
would not be necessary, since any variation in thejr difference would
affect all of the radiating stations in the same way. Therefore, the
conditions requisite to distortionless broadeasting of the type we have
been discussing would not he upset. By using two auxiliary frequencies,
whether they were located above or below the broadeast band, it would
be possible to employ a sum or difference frequency for radiation and

would remove the restriction imposed by a harmonie telation hetween
the control and broadeast waves.
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APPENDIX A
Note on Calculations for the Linear Detector

The audio-frequency output voltage components obtained from a
linear rectifier have been calculated from equations derived in an earlier
paper.’”? These equations are rather lengthy and will not be repeated
here. It is merely necessary to discuss their application to the calcula-
tion of the present results.

In the paper mentioned, the method of derivation was such as to
establish the solution only when

1-M
1+m

K =e¢/E, being less than unity. This condition was introduced by the
use of expansions in terms of zonal harmonics which require it. It can
be shown that in the isochronous case (A1) may be replaced by a less
restrictive condition which depends upon . If 3=0, K may have any
positive value less than unity, while if 3=, K is limited by (Al). For
intermediate values of 8 the limiting value of K is between unity and
(L—M)/(1+m).

As was pointed out at the time, an expansion by a double Taylor’s
series is an alternative method of solution. When this is employed the
condition (A1) does not appear, although convergence does not occur
for all relations of M, m, and K.

When K =1 the condition (Al) would preclude the possibility of
dealing with modulated waves. Actually, the formulas are sufficiently
accurate for M and m small (e.g., M =m=0.3), and for ranges of v and
B such that the calculated value of Ep/E,» £1.0. This has heen checked
hy making a graphical Fourier analysis of points on the border of this
region.

Still further points can be obtained by calculating the case of K =1,
v =m. The resultant carrier is zero in this case and the side frequency
vectors combine into a single pair, the components of which are of
equal amplitude and rotate with a relative velocity of 2P radians
per second. The detection by a linear rectifier of two equal amplitude
continuous waves has heen treated by Colebrook.* His results applied
to the present case give

K < ) (A1)
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2EM

™

V = V(1 — cos 8)% + sin?

2 2
1+ ——cos 2Pt — —cos 4Pt - - :’ A2
[ +1.3 > 3.5 (42)

V is the amplitude of the resultant wave composed of the two modu-
lated waves of the type of (6). (See reference 12.)
The fundamental output component is zero. The second harmonije
18
4MFE
Kor = ——/(1 = cos B)% + sin?B. (A3)

32
In a similar manner it can be shown that when vy =0,

2EM -
V=——V/(1+cosp)t+ sin? 3
m

2 2 )
[1 + ——c0s 2Pt — — ¢cos 4Pt - . ] (A4)
1.3 3.5

(A2) and (A4) are for equal modulations but expressions for unequal
modulations may be readily derived.

The extensions discussed in this appendix, together with the origi-
nal analysis, 2 give data for g range of values of K, M, m, v, and 3 which
is sufficient for the present work .

ArrEnDIX B

Analysis of the Square-Law Detection of Two Isochronous Carrier Modu-
lated Waves

It will be assumed that the current-voltage characteristic of the rec-
tifier and load together may be represented by

U= a0+ aw + agw?, (B1)

The load will be taken to be a pure resistance r. When two isochronous
carrier modulated waves of the form of (6) are impressed upon the in-
put, the only audio-frequency voltages which appear across r will be
derived solely from the term in y? of (B1). Every component of audio-
frequency output voltage will contain ras as a simple factor. For the
sake of convenience and simplicity this factor will be dropped from the
discussion. The output voltage components are then obtained by sim-
ply squaring the expression

v=E[l+ M cos Pt] cos wt + e[l + m cos (Pt + B8)] cos (wt + v) (B2)
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and extracting the audio frequencies from the result. The only such
frequencies present are P /27 and 2P/ 2.

The result of the foregoing operations gives, for the fundamental
audio-frequency output voltage,

EP = EZLM
/(1 F K cosy)?+ K (K + cosy)® + 2Ku(l + K cosvy) (K -+ cosy) cosf3
(B3)
in which,
K= andp=— (B4)
g Ty
In the simple case of equal carrier amplitudes (K =1), (B3) reduces to
Ep
= (1 4 co 1 -+ 2ucos B+ ul
o, (1 + cosv)V pcos B+ u (B5)
The second harmonic output voltage is
E:M?
Eyp= V1 F2Kg cos (B+v) + Ku?] [1+2Kpu cos (B—7) +K?u?].

(B6)

From (B3) and (B5) there may be readily calculated a large number

of curves for various combinations of K, M, u, 8, and y. Typical cases
have been reported in the body of the paper.
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Summary— 4 recewring equipment and calibration method is described for the
measurement in absolute units of 5.1-meter (58.8-megacycle) field strengths. 4 trans-
matter of low power is used. The attenuation of the waves is discussed, and a field
strength contour map of Ann Arbor, Michigan, and vicinity is presented. The at-
tenuation constant is found to be 0.36.

Ezxperiments on recerving antenna lengths show the importance of a properly
resonant recewing antenna. The field distribution around the transmitting antenng
is tnvestigated by rotations of the antenna with the receiver at a fired location. The
polarization of the waves is studied, and results indicate that horizontally polarized
radiation is more rapidly attenvated than is the vertically polarized.

INTRODUCTION

T HAS become customary to speak of waves between 10 and 100

meters in length as “short waves” and of the corresponding fre-

quencies as “high frequencies. " Likewise, the region between one
and ten meters is generally designated as that of the *ultra-short
waves” or “ultra-high frequencies.” The term “microwaves” has been
applied to those waves less than one meter in length which may stil]
be considered as belonging to the radio spectrum.

The high-frequency region has for about a decade beep the sub-
ject of much investigation, and is used at the present by numerous
services. Studies of ultra—high-frequency transmission are, however, of
more recent date, and it is only within the last vear that extensive
quantitative measurements have been made.'234 The use of the ultra-
high frequencies for communication purposes is, however, still in the
early stages of development. T he study of this region forms a logical
continuation of the transmission studies of the short waves, and pre-
sents numerous opportunities for investigation. It is the purpose of this
paper to deseribe some experiments conducted at the University of
Michigan on the propagation of 5.1-meter waves (58.8 megacyeles).
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EQUIPMENT

Transmitter. Since the receiver used was highly sensitive, it was
possible to employ a transmitter of low power. A very satisfactory
transmitter was constructed using two type '10 tubes in push-pull.
It was found that if the tubes were not modulated and were operated
under constant load with the same input the frequency was very stable.
This stability was improved by a “high-C” plate tank circuit in the
transmitter and relatively loose coupling to the antenna circuit. This
loose antenna coupling as well as the relatively low efficiency of such
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Fig. 1—Tower on roof of elevator house on the Physics building, showing
transmitter with cover removed and the antenna in vertical position.

an oscillator at these frequencies combined to give an antenna power
which was small compared to the input. However, a transmitter input

of 15 watts was found to be sufficient.
The transmitter proper was located on a tower on the roof of the

Physics laboratories on the University of Michigan campus. The

power supplies were housed in the Luilding. The transmitter together
with the antenna formed a dirigible unit, which could be turned in any
direction desired. The center of the antenna was 27 meters above the
ground. Fig. 1 gives a view of the tower and the transmitter-antenna
system. The antenna was a full wave in length, so constructed that the
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currents in the two halves were in phase. It should be noted that the
transmitter was located at the middle of this antenna and formed an
integral part of it.

Receiver. A superheterodyne receiver was chosen as the basis for
the field measuring equipment. The set used was a modified National
type H.I"R. The indicating meter was placed in the plate circuit of
the second detector. The input to the receiver was made through a
one-micromicrofarad fixed condenser. For the field intensity work the
set was suspended in the tonneau of a Studebaker touring car. The
receiving antenna was a 2.75-meter aluminum tube with one end se-
cured in a ball-and-socket joint in the roof of the car directly above
the receiver. From the inside of the car it was possible to orient the
antenna in any direction. When vertical, the top of the receiving an-
tenna was 4.8 meters akove the ground.

Calibrating equipment. This consisted of (1) a shielded 5.1-meter
oscillator; (2) a variable coupling unit to the oscillator carrying energy
to (3) a fixed coupling unit with primary and secondary coupled in-
ductively; (4) an attenuator system; and (5) a shielded recelving booth.
For purposes of calibration the receiver was removed from the car and
placed in the booth both before and after a set of field measurements.

The input to the attenuator was made from the secondary of the
fixed coupling unit. The attenuator unit consisted of a twisted pair of
insulated copper wires running down tke center of a long brass tube
four centimeters in diameter. This tube furnished a shielded path for
the attenuator system between the oscillator and its associated coy-
pling units, and the receiver inside the booth. The pair was grounded
at the end in the receiving booth, and a tap was brought out radially
from one of the wires at g distance of seven centimeters from the
grounded end. The potential difference between this tap and the
ground constituted the output of the attenuator and was coupled to
the receiver. A radio-frequency current indicating device was intro-
duced between the variable and fixed coupling units. It can be shown
that the current measured at this point was at all times proportional
to the output of the attenuator.

To measure radio-frequency voltages one frequently resorts to the
vacuum tube voltmeter, calibrating this instrument at commercial
frequencies. At the higher radio frequencies, however, the shunt ad-
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the output impedance of the attenuator was very small compared to

b i

the input impedance of the receiver. Accordingly, a vacuum tube volt-
meter, also of a high impedance, could be used to measure the same
voltages that operated the receiver by coupling the vacuum tube volt-
meter to the attenuator in place of the receiver. The vacuum tube volt-
meter was calibrated over a range of somewhat lower radio frequencies
by the use of an inductance potentiometer.’ As this calibration dis-
closed no marked trend of voltmeter sensitivity with frequency, the
calibration was used with assurance at the ultra-high frequencies.
Since the radio-frequency current meter between the variable and
fixed coupling units indicated the attenuator output or receiver input
within a constant factor, the measurement of a single attenuator out-
put voltage sufficed to permit the receiver calibration to he made in
absolute units, i.e. microvolts. In order to give field strengths in micro-
volts per meter when the receiver was used in the automobile, the re-

_ ceiver input voltages were divided by a factor involving the effective

length of the car antenna.

ATTENUATION CURVE

The equipment described was used for a field strength survey of the
5.1-meter transmitter in Ann Arbor, Michigan, and vicinity. The re-
sults of part of this work are shown in Fig. 2. Readings were made in
2]l directions from the transmitter, and in order to reduce the effect of
the topographical variations it was attempted to make readings at
points having as little shielding as possible and with intervening terri-
tory of about the same elevation. It can readily be seen that such points
are limited. There are two extremes: (1) points in a direct line of ob-
servation were sometimes much higher than the intervening territory,
and consequently at these points the magnitude of the electric vector
approaches the theoretical inverse distance relationship, a value higher
than the same point would give if the intervening territory were of
the same elevation. Such points will be somewhat above the curve.
Points with intervening territory of the same elevation were very few,
most points being partially shielded by land of higher elevation. (2)
Points thus shielded, which are in the majority, will give a field strength
somewhat too low in value. For these reasons, the final attenuation
curve must be between these two extremes. The second group men-
tioned ahove predominates, hence, the curve must be drawn so as to
cover the higher values of this last mentioned group of points.

5 A. W. Hull and N. H. Williams, “Determination of elementary charge ¥

f(rl%r;r;neasurements of shot effect,” Phys. Rev., vol. 25, no. 2, p. 160; February,
JdLd).
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Summary— A receiving equipment and calibration method is described for the
measurement in absolute units of 5.1-meter (98.8-megacycle) field strengths. A trans-
miutter of low power is used. The attenuation of the waves is discussed, and a field
strength contour map of Ann Arbor, Michigan, and vicinity is presented. The at-
tenuation constant is found to be 0.36.

Ezxperiments on recewing antenna lengths show the tmportance of a properly
resonant receiving antenna. The field distribution around the transmitting antenna
is investigated by rotations of the antenna with the receiver at q fixed location. The
polarization of the waves is studied, and results indicate that horizontally polarized
radiation is more rapidly attenvated than is the vertically polarized.

INTRODUCTION

T HAS become customary to speak of waves between 10 and 100
meters in length as “short waves™ and of the corresponding fre-
quencies as “high frequencies." Likewise, the region between one

and ten meters is generally designated as that of the “ultra-short
waves” or “ultra-high frequencies.” The term “microwaves” has been
applied to those waves less than one meter in length which may still
be considered as belonging to the radio spectrum.

The high-frequency region has for about a decade been the sub-
ject of much investigation, and is used at the present by numerous
services. Studies of ultra—high—frequency transmission are, however, of
more recent date, and it is only within the last year that extensive
quantitative measurements have beep made.'-234 The use of the ultra-
high frequencies for communication purposes is, however, still in the
early stages of development. The study of this region forms a logical
continuation of the transmission studies of the short waves, and pre-
sents numerous opportunities for investigation. It is the purpose of this
paper to describe some experiments conducted at the University of
Michigan on the propagation of 3.1-meter waves (58.8 megacyeles).

* Decimal classification R270X R113. Original manuscript received by the
Institute, May 9, 1933. Presented hefore Detroit Section, June 15, 1933, °

'L. F. Jones, “A study of the propagation of wavelengths between three
and eight meters, Proc. L.R.E., vol. 21, no. 3, pp. 349-3%6; March, (1933).

*B. Trevor and P. 8. Carter, “Notes on bropagation of waves bhelow ten
meters in length,” Proc. LR.E,, vol. 21, neo. 3, Pp. 387-426; March (1933).

3T C. S(‘helleng, C. R. Burrows, and E. B, Ferrell, “I'ltr;;—short—\\'ave
propagation, " Proc. I.R.E,, vol. 21, no. 3, pp. 427-163: Mareh, (1933).
. l4t C. Ig l;:nglundt, A B.'C‘Jja\\'fo;l‘d, and W, N\ Mumford, “Results of a studv
of ultra-short-wave transmission phenom na,” g s, vol. 2 1 )
S6it0p Ry Sor p ena,” Proc. LLR.E., vol. 21, no. 3, pp.
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EQUIPMENT

Transmitter. Since the receiver used was highly sensitive, it was
possible to employ a transmitter of low power. A very satisfactory
transmitter was constructed using two type '10 tubes in push-pull.
It was found that if the tubes were not modulated and were operated
under constant load with the same input the frequency was very stable.
This stability was improved by a “high-C” plate tank circuit in the
transmitter and relatively loose coupling to the antenna circuit. This
loose antenna coupling as well as the relatively low efficiency of such
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Fig. 1—Tower on roof of elevator house on the Physics building, showing
transmitter with cover removed and the antenna 1n vertical position.

an oscillator at these frequencies combined to give an antenna power
which was small compared to the input. However, a transmitter input
of 15 watts was found to be sufficient.

The transmitter proper was located on a tower on the roof of the
Physics laboratories on the University of Michigan campus. The
power supplies were housed in the building. The transmitter together
with the antenna formed a dirigible unit, which could be turned in any
direction desired. The center of the antenna was 27 meters abhove the
ground. Fig. 1 gives a view of the tower and the transmitter-antenna
system. The antenna was a full wavein length, so constructed that the
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currents in the two halves were in phase. It should be noted that the

transmitter was located at the middle of this antenna and formed an
integral part of it.

Receiver. A superheterodyne receiver was chosen as the basis for
the field measuring equipment. The set used was g modified National
type H.I'.IR. The indicating meter was placed in the plate circuit of
the second detector. The input to the receiver was made through a
one-micromicrofarad fixed condenser. For the field intensity work the
set was suspended in the tonneau of a Studehaker touring car. The
recelving antenna was a 2.75-meter aluminum tube with one end se-
cured in a ball-and-socket joint in the roof of the car directly above
the receiver. From the inside of the car it was possible to orient the
antenna in any direction. When vertical, the top of the receiving an-
tenna was 4.8 meters alove the ground.

Calibrating equipment. This consisted of (1) a shielded 5.1-meter
oscillator: (2) a variable coupling unit to the oscillator carrying energy
to (3) a fixed coupling unit with primary and secondary coupled in-
ductively; (4) an attenuator system; and (5) a shielded receiving booth.
For purposes of calibration the receiver was removed from the car and
placed in the booth both before and after a set of field measurements.

The input to the attenuator was made from the secondary of the
fixed coupling unit. The attenuator unit consisted of a twisted pair of
insulated copper wires running down tke center of g long brass tube
four centimeters in diameter. This tube furnished a shielded path for
the attenuator system between the oscillator and its associated coy-
pling units, and the receiver inside the booth. The pair was grounded
at the end in the receiving booth, and a tap was brought out radially
from one of the wires at a distance of seven centimeters from the
grounded end. The potential difference between this tap and the
ground constituted the output of the attenuator and was coupled to
the receiver. A radio-frequency current indicating device was intro-
duced between the varialle and fixed coupling units. It can be shown
that the current measured at this point was at all times proportional
to the output of the attenuator.

To measure radio-frequency voltages one frequently resorts to the
vacuum tube voltmeter, calibrating this instrument at commercial
frequencies. At the higher radio frequencies, however, the shunt ad-
mittance of the tube is of sufficient magnitude so that appreciable cur-

materially reduced provided the impedance of the branch, across which
the voltage is measured, is small compared to the input impedance of
the voltmeter. This fact was utilized in the calibration method, since

ﬂ‘
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the output impedance of the attenuator was very small compared to

' the input impedance of the receiver. Accordingly, a vacuum tube volt-

meter, also of a high impedance, could be used to measure the same
voltages that operated the receiver by coupling the vacuum tube volt-
meter to the attenuator in place of the receiver. The vacuum tube volt-
meter was calibrated over a range of somewhat lower radio frequencies

by the use of an inductance potentiometer.® As this calibration dis-

closed no marked trend of voltmeter sensitivity with frequency, the
calibration was used with assurance at the ultra-high frequencies.

Since the radio-frequency current meter between the variable and
fixed coupling units indicated the attenuator output or receiver input
within a constant factor, the measurement of a single attenuator out-
put voltage sufficed to permit the receiver calibration to he made in
absolute units, i.e. microvolts. In order to give field strengths in micro-
volts per meter when the receiver was used in the automobile, the re-
ceiver input voltages were divided by a factor involving the effective
length of the car antenna.

ATTENUATION CURVE

The equipment described was used for a field strength survey of the
5 1-meter transmitter in Ann Arbor, Michigan, and vicinity. The re-
sults of part of this work are shown in Fig. 2. Readings were made in
all directions from the transmitter, and in order to reduce the effect of
the topographical variations it was attempted to make readings at
points having as little shielding as possible and with intervening terri-
tory of about the same elevation. It can readily be seen that such points
are limited. There are two extremes: (1) points in a direct line of ob-
servation were sometimes much higher than the intervening territory,
and consequently at these points the magnitude of the electric vector
approaches the theoretical inverse distance relationship, a value higher
than the same point would give if the intervening territory were of
the same elevation. Such points will he somewhat above the curve.
Points with intervening territory of the same elevation were very few,
most points being partially shielded by land of higher elevation. (2)
Points thus shielded, which are in the majority, will give a field strength
somewhat too low in value. For these reasons, the final attenuation
curve must be between these two extremes. The second group men-
tioned above predominates, hence, the curve must be drawn so as to
cover the higher values of this last mentioned group of points.
s A. W. Hull and N. H, Williams, “Determination of elementary charge £

f(rl%r‘;‘xsgneasurements of shot effect,” Phys. Rev., vol. 25, no. 2, p. 160; February,
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Due to reflections and the arrival of waves by different paths, inter-

ference effects were noted at certain locations. The signal passed from

a maximum to a minimum value at intervals of a few meters along the

ground. Such patterns were observed only at a few locations and here
an average value was taken to represent the field strength. The values
of field strength are uniformly low within about one kilometer of the
transmitter, since within this radius the presence of steel frame build-
ings furnished considerable shielding for the receiver at ground level.
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Fig. 2—Attenuation curve for 5.1-meter radiation. o = 0.36.

ATTENUATION CONSTANT

Using points on the experimental attenuation curve, 1t is possible

to obtain the law connecting the variables involved. The equation is
of the type

K
E = —¢argin g
T
where,
E =field strength in microvolts per meter
K = constant dependent on antenna h
r=radial distance from transmitter
a=attenuation constant, de
on the wavelength
f=angle that the radius vector mak
tenna.

eight, antenna current, etc.

pendent on nature of the terrajn and

es with the transmitting an-

i
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It should be pointed out that this equation applies to a spherical
mode of radiation from an antenna and is the one best suited for the
conditions encountered; i.e. the inverse distance term times the addi-
tional attentuation factor e~ approaches more closely to the actual
conditions than would either an inverse square root or an inverse
square of the distance term multiplied by the same additional attenua-
tion factor.

Choosing any two points on the curve one can obtain the corre-
sponding values of E and r. Then,

E, = —e 21 sin 0,
T

E, = —e " gin 0,.
T
Provided both points are at a sufficient distance from the transmitter

so that sin 6; and sin 8, may be considered as unity, a solution for «
reduces to,

1 Eir
0g,
E27'2
o= —
To — T

The value of « from the experimental curve is 0.36. K. Sohnemann®
stated that « had a value between 0.3 and 0.5 for different sections of
Berlin and vicinity. F. Schroter® proposed an attenuation factor of the
type g—ar(d—h) [(H=h) '

Here,

r =radial distance from transmitter

d =height of absorbing layer such as is produced by buildings and
trees

H =height of transmitting antenna

h=height of receiving antenna. .

This form of attenuation factor would permit an inverse distance
propagation between a transmitting and a receiving antenna located
above the absorbing layer. The height of the absorbing layer is essen-
tially the height of the surrounding obstacles. In the case of the trans-
mitting antenna employed at the University of Michigan, d and I/
were essentially equal and therefore (d—h)/(H — h) was equal to unity.
Hence, the attenuation factor as proposed by Schriter becomes the

¢ K. Sohnemann, “Feldstirkemessungen in Ultrakurzwellengebeit,” Elek.
Nach. Tech., vol. 8 no. 10, pp. 462-467; October, (1931).

7 F. Schroter, “Zur Frage des Ultrakurzwellen-Runkfunks,” Elek, Nach.
Tech., vol. 8, no. 10, pp. 431-436; October, (1931).
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same as the one employed in this experimental study. It should also
be noted that the attenuation constant, «, as used in this investigation

oy 2 ) » <33 ) 3 'S ) ! ' PN w A N
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differs from that employed by Jones,' who used an « which was essen-
tially independent of the wavelength.,
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FierLp CoNTOUR MAP

In addition to the readings for the attenuation curve, field strength
data were taken over a period of several weeks for the purpose of ob-
taining a field strength contour map. The map of Fig. 3 shows the
field strength contours for the area over which measurements were
made. The numerals in the contour lines indicate the field strength in
microvolts per meter.

The contour lines show the general trend of the field strength. It is
to be noted that the transmission appears more favorable where val-
leys run radially to the transmitter. At locations in the vicinity of Ann
Arbor the field strength shows increased values on elevated points
which have intervening territory of a lower elevation between them
and the transmitter. The shielding effect of ranges of hills is also shown,
although considerable filling-in behind such obstructions does take
place.

In addition to the above quantitative measurements, numerous
headphone observations were conducted at greater distances, with the
transmitter audible as far as Toledo, Ohio, a distance of more than 80
kilometers south of Ann Arbor. In this case, the receiver was 200
meters below the line of sight from the transmitter. For both the con-
tour map and the attenuation curve data, the transmitter antenna was
maintained in a vertical position.

VARIATION OF RECEIVER INPUT WITH ANTENNA LENGTH

Fig. 4 gives the results of an experiment in which the receiver input
was measured for a vertical receiving antenna shortened by successive
steps. For a nonresonant condition the input voltage varies nearly
linearly with antenna length. This is seen to be the case where the
antenna length is small compared to the wavelength. For a resonant
condition the input voltage rises beyond that which one would expect
for a linear performance. In other words, an antenna approaching a
resonant condition performs as if it were a nonresonant antenna of
much greater length.

It should be noted that the section F to J is essentially a duplicate

 of A to F. The upward trend of the points 4, F, J is due to the increased

pick-up of the antenna as it was raised clear of the earth. This experi-

ment was conducted with the receiver below the line of sight from the
transmitter.

The curve shows that the resonant points occur at half-wave inter-
vals; the best length, however, appears to be n \/2, where n is odd. The

! Loc. cit., pp. 360-361.
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fact that n must be odd for maximum resonant effect is due to nodes '

and loops along the antenna which tend to cancel effects for n even.
An inspection of Fig. 4 reveals the fact that the distance between
successive corresponding maxima is 5.1 meters. That 1s, the distance
between the odd half wavelength niaxima, ¢ and (7, is 5.1 meters as is
also the distance between the even half-wave resonant points, & and J.
The distance of 5.1 meters is the same as the wavelength of the re-
ceived radiation. The first half-wave maximum, C, does not oceur at a,
wire length equal to one half of the wavelength used, since there is an
5000
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Fig. 4—Curve showing effect of antenna length on receiver input. Wavelength of
received radiation 5.1 meters. Receiving antenna vertical and located 2.7

kilometers distant from the transmitter.
end effect present on the antenna, This end effect is, however, present
also for the higher half-wave resonant points and is eliminated by tak-
ing the difference of the wire length for two maxima. Tn order to obtain
the wavelength of the received radiation it is important, however, that
the two maxima chosen for this difference be of the same type, i.e. odd
or even half-wave resonant points. This indicates the presence of an-
other end effect which is not the same except for maxima of the same
type. By choosing the proper maxima, the end effects will be constant
for both of the maxima, and when their difference is taken the end
effect error is eliminated. .

For example, the distance between the two maxima, C and E, is not
one-half wavelength. Neither is the distance from E to G, since C and
G are at odd half-wave maxima, and F is at an even half-wave max-
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imum. The distance between C and G, however, is one wavelength
to a high degree of approximation. The same statements hold true for
the minima, the distance between successive corresponding minima
being 5.1 meters.

The insertion of small tuned traps or “phase shifters” at the half-
wave intervals produced a marked increase in voltage available to the
receiver. A system of this type has been called a Franklin antenna.®
As an example, a uniform wire antenna 7.3 meters long gave an input
to the receiver of 3800 microvolts. When two phase shifters were in-
serted at the proper points, the receiver input was increased to 7450
microvolts.

TRANSMITTING ANTENNA ROTATIONS

The rotation tests were conducted for the purpose of making meas-
urements of the field distribution around a dipole antenna of the type
used. In investigations of this nature which have been conducted at
longer wavelengths, it was customary to use a fixed transmitting
antenna and to measure the field distribution with a portable receiver.
This method imposes limitations on the number of planes in which
measurements can be made.

Owing to the shortness of the wavelength used in this investigation,
it was possible to make the transmitting antenna assembly dirigible
as was indicated in the description of the transmitter. In this way the
receiving equipment could be located at a fixed point and the trans-
mitting antenna given various orientations.

The types of antenna rotation divide themselves into three distinct
groups: (1) rotations of the antenna in the horizontal plane, (2) rota-
tions in a vertical plane perpendicular to the radius vector, and (3)
rotations in a vertical plane parallel to the radius vector.

The equation giving the value of E at any point when the radiator
is a doublet is®

120mhl

A

sin 6 volts per em.

For the case where A, I, A\, and r are each constant,
F = Ksinf, where K = 120whl/r\.

By variations of the antenna in a horizontal plane,  could be varied,
and in this way the receiver input could be obtained as a function of
the transmitting antenna position.

5 P. P. Eckersley, “The calculation of the service area of broadcast stations,”

Proc. .LR.E., vol. 18, no. 7, pp. 1181-1182; July, (1930).
# 1.. B. Turner, “ercless ” (/dml’)l'ld[.,(, University Press, pp. 23-34, (1931).
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The curve of Fig. 5 shows the effect of a horizontal antenna rotation

in the horizontal plane on the receiver input. The car receiving antenna
was maintained in a vertical position. The transmitting antenna was
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Fig. 5—Results of horizontal transmitting antenna rotation in horizontal plane.
Distance of receiving location 4.28 kilometers (58.8 megacycles).

rotated through 200 degrees. At 90 degrees the transmitting antenna
was perpendicular to the radius vector from the transmitter to the re-
ceiver and for this condition the received field strength was a max-
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Fig. 6—Results of horizontal transmitting antenna rotation in horizontal plane.
Distance of receiving location 1.82 kilometers (588 megacycles).
imum. Fig. 6 shows the results of a similar test conducted with the
receiver at another location, and with the transmitting antenna ro-
tated through 360 degrees. The maximum field strengths occurred at
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approximately the 90-degree and 270-degree positions which corre-
spond to & transmitting antenna position perpendicular to the radius
vector.

Again using a fixed vertical receiving antenna, the transmitting
. antenna was rotated in a vertical plane perpendicular to the radius
vector. Under these conditions the angle § was a constant. However,
the angle ¢, which the transmitting antenna made with the horizontal,
was varied through 180 degrees. The results of such a test are given in
Fig. 7, in which the variation approaches closely to that expected for
a sine relationship. This is to be anticipated since the vertical com-
ponent of the electric vector for the various transmitting antenna posi-
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Fig. 7—Results of transmitting antenna rotation in a vertical plane perpendicular
to the radius vector. Insert at upper right shows antenna rotation a8
¢yiewed” from receiving location. Receiving antenna vertical. Distance to
receiving location 2.7 kilometers (58.8 megacycles).

tions is equal to the product of the maximum value, occurring with the

antenna vertical, and the sine of the angle ¢, which the antenna makes

with the horizontal.
The results of another investigation of this nature are given in Fig.

S. The solid line 4 represents the part of the test made with the re-
ceiving antenna vertical at all times When the direction of the receiv-
ing antenna was adjusted to give maximum receiver input the variation
followed the dashed curve B. Although this latter curve exhibits less
variation than curve A, it is evident that the horizontally polarized
wave is not as effective at a distance. In other words, ‘t is attenuated
more rapidly than the vertical. This agrees with the results obtained
by Trevor and Carter? in an experiment of a different nature.

2 Loc. cit., p. 396.
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A study of the positions of the receiving antenna as compared to !
the transmitting antenna, as given at the bottom of Fig. 8, indicates

that the electric vector was more nearly vertical, in most cases, by the |
time it reached the receiver at a distance of 3.4 kilometers than it was |

when it left the transmitting antenna. If one assumes that the receiving
antenna was able to indicate the direction of the electric vector, it
would appear that at sufficient distances from the transmitter the
electric vector would be essentially vertical regardless of the orientation
of the transmitting antenna in a vertical plane perpendicular to the
radius vector. The same, to an even greater degree, was also found to

L 0" 180°
2400 ] .
i P PR o - 90

- & L/ To transmitter
2000—5 g = N (due_south)

Z % 7

x & ,/’

w Q
le,oo~5 E]ﬁ, VAN S

(U £

€ | Bl A
1200 ' a— S

7 l
800 / R ‘
4oo¥

P A [
ANTENNA' POSITION IN DEGREES

0 15 3 45 60 75 9p 05 120 135 150 165 180

By, K7 L5t Lo fes hre Lars] ) o
207 (165) (607 (50) (140 (o0 - - (0) (359 %5“)%0')%07

Fig. 8—Results of transmitting antenna rotation in a vertical plane perpendicu-
lar to the radius vector. For curve A (solid) receiving antenna maintained
vertical. For curve B (dashed) receiving antenna position adjusted to give
maximum receiver input. The figures along abscissa give transmitting

1s explained by the insert in the upper right-hand corner of the figure. Re-

ceiving location 3.4 kilometers due north of transmitter (58.8 megacycles).
be true for transmitting antenna positions in a vertical plane parallel
to the radius vector. It is evident, however, that similar tests must be
conducted at varying distances along a straight line from the transmit-
ter before definite conclusions ecan be reached. Neveértheless, when one
considers a wave having both a vertical and a horizontal component of
the electric vector, it is reasonable to suppose that the wave tends to
become more nearly vertical as it progresses along the ground in view
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of the more rapid attenuation of the horizontal component. This dis-
cussion, of course, applies to the unreflected ground wave.

The solid curve A of Fig. 9 shows the effect of rotating the transmit-
ting antenna in a vertical plane parallel to the radius vector with the
receiving antenna at all times vertical. The results gave a curve in
which the maximum occurred for 8, which is now the variable, equal to
90 degrees, or with the transmitting antenna vertical. The curve does

| not appear symmetrical due to some characteristics of the transmitter-
4 antenna unit. When the receiving antenna was adjusted to give max-
§ imum receiver input the dashed curve B resulted, indicating again that
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Fig. 9—Results of transmitting antenna rotation in a vertical plane parallel
to the radius vector. For curve A (solid) receiving antenna maintained ver-
tical, for curve B (dashed) receiving antenna adjusted to give maximum re-
ceiver input. Insert at upper right shows antenna rotation as “viewed” from
the east of the transmitter. Receiving location 3.4 kilometers due north of
transmitter (58.8 megacycles).

" waves leaving the transmitting antenna horizontally polarized are at-

tenuated more rapidly than the vertically polarized waves.

CONCLUSION

The type of field strength measuring equipment and the method of
calibration as described in this paper have proved to be very effective.
From the field strength surveys, and in particular the field contour map,
a transmitter of low power with an input of ahout 15 watts is seen to be
able to give a good coverage of Ann Arbor and environs. It was demon-
strated that a vertical transmitting antenna has definite advantages,
and, in general, for this case a vertical antenna proved best for recep-
tion.
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A resonant receiving antenna was shown to be of considerable value.
Using an antenna of this type good reception may be obtained for field

strengths of about 50 microvolts per meter with even the comparatively

simple superregenerative type of receiver. An area of about 150 square
kilometers was covered with this as the minimum field strength. Such a
low power coverage would be admirably suited for certain types of
local services as broadcast, television, police, or local point-to-point

communication. Likewise, due to the relatively small range under !
ordinary conditions, similar services in other cities could use the same

frequencies without interference to each other.
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NOTES ON TELEVISION DEFINITION*
By

WiLriam H. WENSTROM
(Signal Corps, U.S.A., Fort Monmouth, N. J.)

Summary—This paper describes a qualitative study of the degrees of television
definition required for the adequate portrayal of various scenes under vartous condi-
tions. Still photographs transmitted by telephoto are examined. It is found that 60-
Line, 120-line and higher orders of television definition may be suitable for certain
missions conditioned by general factors such as the comprehensiveness of the scene to
be portrayed. '

INTRODUCTION

N THE television field many researches are directed towards the

gradual improvement of various methods of sight transmission.

Relatively rare' are inquiries into the limits which this improve-
ment must reach before television can adequately perform the various
functions for which it may be destined. The purpose of this paper is
an inquiry of the latter sort.

Aside from screen size, and image color and brilliance, which are
conditioned chiefly by the viewing circumstances and relatively easy
of attainment in any given case, the major index of television develop-
ment is definition—the clearness of the received image.

The considerations of this paper are based on the general scanning
system invented by Bakewell in 1847, applied to continuous vision
by Nipkow in 1884, and universally used in all television methods of
the present day. The Bakewell-Nipkow analyzing-synthesizing system
operates by (a) scanning elements of the scene or picture 10 be trans-
mitted one at a time along successive parallel lines, (b) transmitting
an electrical signal instantaneously proportionate to the shade of the
element being scanned, and (c) painting the received picture in suc-
cessive elements of light or shadow proportionate to the instantaneous
signal. For continuous vision complete pictures must be formed at
the rate of about 20 per second. As the scanning of two successive
constrasting picture elements produces a complete cycle in the varia-
tion of signal current, the signal current frequency varies from some
relatively low value up to 20 times half the number of picture elements.

The number of elements into which the scanner (or transmitting
device) divides a scene is the measure of definition, and determines

* Decimal classification: R583. Original manuscript received by the Insti-
tute, March 6, 1933.

1D K. Gannett—“Quality of television images,” Bell Lab. Record, vol. 8, p.
35%; April (1931).
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the upper limit of picture clearness at the viewer (or receiving device).
If this upper limit is to be even closely approached, the optical systems
must clearly resolve the elements concerned and place them with exact-
ness at any given instant; and the electrical systems, including the
media of transmission, must faithfully transmit all frequencies involved.

Most present television methods scan a picture of optimum cinema
proportions (about 4 units high by 5 units wide) along successive
horizontal lines. In addition to “elements per picture,” therefore, “lines
per picture” (approximately the square root of the number of elements)
is also a measure of television definition, equally quantitative and
somewhat more convenient in practical use. Sixty-line television is the
present visibroadeast standard; 120-line definition is said to have been
reached in experimental work. '

ProsLEM

The problem of this paper is: What degrees of definition (measured
in lines per picture) must television attain for the suitable portrayal
of various scenes under various conditions?

METHOD OF ANALYSIS

The method of analysis is in general that of D. K. Gannett! ex-
tended to higher orders of definition and to more comprehensive scenes.
Still photographs of different degrees of comprehensiveness, trans-
mitted by telephoto in various suitable sizes and reénlarged, represent
the appearance of different scenes ags viewed by television of various
definition standards. The method has one serious disadvantage which
may lead to underestimation of television possibilities: due to the
integrating effect of eye and mind, a scene in motion always looks
clearer than a still picture. In addition, sound accompaniment enhances
realism. However, as these stil] pictures represent ideal definition of
each given standard, which would seldom be attained in actual tele-
vision due to the practical limitations of mechanical, optical, and elec-
trical systems, it is notbelieved that estimates based on them are greatly
in error.

Four photographs, for three of which the writer is indebted to
Metro—Goldwyn—Mayer Pictures, were chosen to represent approxi-
mately equal gradations of scene comprehensiveness from the lowest
to the highest. They are:

1. a single face

2. a small group (four people in three-fourths view)

3. a musical comedy stage, including three torpedo-shaped detached
objects

4. general view of a football game.

o, et —
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| These photographs were transmitted on telephoto machines, through
§ the kindness of the American Telephone and Telegraph Company, so
| 25 to represent the performance of 60-line, 120-line, and 200-line tele-
b ision for each of the four scenes. Approximate representations of 400-
 line television? were obtained by means of suitable half-tone screens.

Fig. 1—Single face, musical comedy stage, small group, foothall
game (60-line definition).

Original photographs courtesy of Metro-Goldwyn-Meyer Pictures.
Telephoto transmissions courtesy of American Telephone and Telegraph Company.

From a study of the final photographs, which are published with
this paper, the reader can judge for himself the degrees of television
likely to be required for the adequate portrayal of various scenes under
various conditions. The conclusions of the writer, arrived at by this
wholly qualitative method, are to be regarded as first approximations

2 The writer had previously determined, by comparing Gannett’s original
photographs with home motion pictures, that the definition of the latter corre-
sponds to approximately 400 lines. It is assumed that the definition of the stand-
ard cinema is about twice as good, corresponding to about 800 lines.
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only, subject to any revision which later data and experience may sug-
gest.

In studying the photographs it was found convenient to use a rating
scale for television having six gradations, as follows:

SR
e
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&
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Fig. 2—Single face, small group (120-line definition).

Perfect: equivalent to commercial einema; no line structure notice-
able.

Excellent: line structure barel

‘ y noticeable; does not impair pictorial
impression at all.
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Good: line structure evident, impairing small details slightly.
Fair: line structure very evident, but does not impair general

pictorial impression.

S

Fig. 3—Musical comedy stage, foothall game (i—QO-line definition).

Poor: line structure impairs general pictorial impression.
Worthless: scene loses meaning.

JONCLUSIONS
The writer’s estimate of the suitability of the several degrees of
definition for the portrayal of various scenes is as follows:
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(a) 60-line television: fair for a single face, poor for a small group
or for detached objects such as a ship or airplane, poor to worthless
for a full theater stage or for large outdoor spectacles.

Fig. 4—Single face, small group (200-line definition).

(b) 120-line television -
or detached objects, poor f
(e) 200-line television :

good for a single face, fair for small group
or full theater stage or outdoor spectacles.
excellent for a single face, good for small




|
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groups and detached objects, fair for full theater stage or outdoor
spectacles.

Dot

Fig. 5—Musical comedy stage, foothall game (200-line definition).

(d) 400-line television: perfect for single face, excellent for small
group or detached objects, good for full theater stage or outdoor

spectacles.

Reversing the above order of reasoning, it is possible to determine




Fig. 6—Single face, small group (400-line definition).
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line definition).

, foothall game (400-

al comedy stage

Fig. 7—Music
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the degree of definition required for “fair-to-good” rendition of various

scenes:
(a) Single face: 60120 line.
(b) Small group: 120-200 line.
(¢) Detached objects such as ships, airplanes, cte.: 120-200 line.
(e) Outdoor spectacles: 200-400 line.

From the foregoing analysis, and from observation of present
television systems, certain general conelusions appear which, if verified,
may have the force of basic laws governing the performance of tele-
vision. These are:

(a) The degree of definition required in any given television applica-
tion 7s condilioned chiefly by the comprehensiveness of the scene to be
portrayed.

(b) The higher the contrast in a gen scene, the lower the order of
definition required to portray 1t. .

(c) While a lower order of definition may suflice for momentary pre-
sentation of certain scenes, a higher order of definition s required if the
observer’s continued attention s to be held.

From these hypotheses and the foregoing conclusions it is possible
to assume certain definition requirements for the classes of television
service likely to be most in demand:

(a) Two-way telephone television: 60-120 line, fair to good.

(b) Theater television :

(1) Brief television projections of news events, faces, small
groups, detached objects, ete.: 120 line, fair to good.

(2) Cinema projection of news events from films transmitted
by telephoto methods: 120-200 line, fair to excellent.

(3) Continuous television entertainment equivalent to
cinema : 400-800 line, good to excellent,
(¢) Home television, continuous:
(1) Faces, small groups, ete.: 120 line, fair to good.
(2) Full theater stage or outdoor spectacles: 200-400 line,
fair to good.
(d) Special purpose television:
' (1) Where contrast is high and relative position of objects
1S more important than their exact size or shape (pilot landing
airplane in fog by Hammond system, ete.): 60-120 line, fair to
good.
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(2) Where exact size and shape of objects is important
(military commander viewing battlefield, etc.): 400-800 line,
fair to good.

While generalized speculations about the future of television are
somewhat beyond the scope of this paper, it is interesting to examine
some practical possibilities in the light of the findings above:

(a) 80-120-line two-way telephone television appears to be now
technically possible, adequate for the purpose, and limited in use only
by economic factors.

(b) 120-line theater television suitable for brief news and other
projections appears to be awaiting only a few electrical, optical, and
mechanical refinements before it becomes technically possible.

(¢) 120-200-line theater projection of electrically transmitted news
films appears to be technically possible at the present time, and ade-
quate for the purpose.

(d) 400-800-line theater television equivalent to the standard
cinema appears to be a practical impossibility at the present time.

(e) 120-line home television appears to be now technically possible
for short range transmission, and awaiting only economic support.
It is perhaps good for the sale of several million receivers and consider-
able advertising income. Its futare as a universal entertainment med-
ium, similar to sound broadcasting today, appears to be doubtful.

(f) 200-400-line home television equivalent to home motion pictures
would be suitable for continued universal entertainment, but appears
to be a practical impossibility for the present. It is possible that the
degree of definition which home television must reach for universal
commercialization is in the neighborhood of 200 lines.

(g) Special purpose television: for certain limited uses the 60~120-
line television available at the present day is adequate; for such uses
as giving a military commander a complete view of the battlefield,
neither present systems, nor those to be expected in the immediate
future, fulfill the requirements.

or vl gl D~ ) ~C (A ——— 4o+
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A MAGNETOSTRICTION FILTER*
By
Harry H. HaLL

(Harvard University, Cambridge, Mass.)

Summary—4A rod of monel metal supported at its mid-point and fitted with
two coils, one on each end, shielded from each other, and supplied with a polarizing
magnetic field, resonates sharply at its natural longitudinal JTrequency to a roltage
tmpressed on one cotl, and induces a voltage in the other only while vibrating. It is
thus a very selective band-pass filter. The attenuation is more than sixty decibels off
resonance and about twenty at resonance. The band is about sevendy cycles wide,

thirty decibels up from the mindimum, whern the resonand frequency is 20,000 cycles.
The eflect of heat treatment and the design of the cotls and shields are discussed.
Actually two rods in series, coupled by a vacuum tube are used. This gives a curve
only seventy cycles vide, as muck as sizty decibels up frou the mindmum.

The attentuation is found to be low al Trequencies below about 8,000 cycles and
there is a rather shary mininoun at 16,000 cycles due to some mode of eibration other
than the longitudinal vne. These defects, howerver, may easily be remedied by the use
of a kigh-pass filter of conventional de stgn.

N designing 4 new harmonic analyzer for Harvard University, it

was desired to muke use of @ sharp bund-pass filter of some sort

which would be able to distinguish between two frequencies near
20,000 cycles, separated by not more than 100 cyeles and differing
by some fifty or sixty decibels in amplitude. To do thiz with an ordinary
electric filter would obviously be difficult. A quartz filter was thought
of but found impracticable at it frequency. A higher frequency might
have been used with, however, a sacrifice of resolving power,

G W Pierce! then suggested the use of nagnetostrictive vibrator.
At first a length of nickel tube, equal to a half wave at 20,000 eveles
(12.5 centimeters), wus supported at itz mid-point in a cylindrieal
shield, which was divided into two purts by a central partition. Euach
half of the shield contained u coil which fitted lovsely over the nickel
tube. A polarizing field wus provided by a horseshoe magnet placed
near the shield. A diagram of the arrangement is shown in Fig. 1. When
an alternating voltage wus applied to one coil a similar voltage was
found to be induced in the second due to the vibration of the nickel
tube. If the ratio of input to output voltage be expressed in decibels
and plotted against frequency, we have a typicul attenuation curve of

* Decimal classification: R386 X538 11, Original manuscript received by the

Institute, May 17, 1933, Presented before U, R. X1, April 27, 1933, Washing-
ton, D. (.

b ! Compuare 17, 3. Patent LSS2,396, “Muagnetostrictive Transformer,” G. W,
lerce.
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the device. The arrangement of measuring apparatus is shown in Fig. 2.
The filter was found to have an impedance at resonance of approxi-
mately 20,000 ohms, and the 20,000-ohm series resistance was accord-
ingly used for proper input termination. The curves of Figs. 3, 4, and 5,
however, were taken without this series resistance.

y 1l
]

Al —
I (LT PO "]

. Fig. 1—Schematic diagram and cross section of the filter.

The purpose of the shield was to reduce direct magnetic coupling
between the two coils. It proved to be surprisingly effective at 20,000
cycles. Tests for direct pick-up between the coils with the vibrator ab-
sent, gave attenuations greater than could be measured, that is,
greater than seventy decibels. Later, the measuring apparatus was ex-

20,000 N
CALIBRATED MAGNETO-

| STRICTION
OSCILLATOR BT '

[ 'e___vAcUUM TUBE

: —]_&- VOLTMETER
ATTENUATOR
‘ 600 0

~ Fig. 2—8chematic arrangement of apparatus used to measure the attenua-
tion. An amplifier having about sixty decibels gain was included in the block
labelled Vacuum Tube Voltmeter.

tended to measure greater attenuations but these tests were not re-
peated. All the curves shown were taken with the shield open at its
ends. But when the ends were closed by caps there was no appreciable
increase in damping. Actually, the distance from the inside surfaces of
the caps to the ends of the vibrators was very nearly one-half wave-
length at 20,000 cycles in air. But as far as magnetic shielding is con-
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cerned the caps are unnecessary and were used only for protection. The
air damping might probably have been reduced by adjusting the dis-

tance from vibrator end to cap, to an odd number of quarter wave-
lengths in air. This was not tried, however.

Fig. 3 gives the attenuation curve for nickel tube. Resonance is seen
to be not particularly sharp. It was therefore apparent that some vi-
brator having a much lower decrement should be used. J. M. Ide? gives
a list of magnetostrictive vibrators and their decrements, and it ap-
pears that monel metal, a natural alloy of copper and nickel, has a
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Fig. 3—Attenuation curves for nickel tube, 7/16 inch diameter, 1/64 inch wall.
The curves are for two strengths of polarizing field, H, being stronger than H,.

decrement of but 14 radians per second as compared with 20 radians
per second for nichrome and stainless steel, and about 600 radians per
second for nickel tube. Accordingly, a sample of monel tube 1/2 inch in
diameter, having a wall 35/1000 inch thick, was placed in the coils and
gave the curves shown in Fig. 4. We see that resonance is very much
more sharp than for the nickel tube but has much less symmetry. The
asymmetry was thought to be due to the vibration of the tube in
modes other than the longitudinal one. To test this the longitudinal
mode was damped by inserting corks into the ends of the tube and
allowing them to bear against the ends of the shield. This eliminated
the principal minimum but left the others practically undisturbed.

2 J. M. Ide, Proc. I. R. E., vol. 19, pp. 1216-1232; July, (1931).
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The next thing tried was a solid monel rod in the hope that because
of its greater rigidity it would be less likely to vibrate in any mode but
the longitudinal one. It might be noted here that commercial monel
varies considerably in magnetic propertics. In fact one of the first
bars of stock received was found to be almost nonmagnetic and a very
poor vibrator, while another in the same lot had quite the opposite
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Fig. 4—Attenuation curves for monel tube, 1/2 inch diameter, 35/1000 inch
wall. The longitudinal mode was damped by means of corks inserted into the
ends of the tube and bearing against the ends of the shield.

properties. The dealer kindly allowed a selection to be made from his
stock of the most magnetic bars, by testing with a horseshoe magnet,
and the substitution of these for the first lot. These were, without
exception, found to be very good vibrating stock. A piece of monel
rod, 1/2 inch in diameter, and in length equal to a half wave at 20,000
cycles, was tested in the filter giving Iig. 5. The resonance is very sharp
and is symmetrical as far up from the minimum as thirty-five or forty
decibels, and i less than 100 cycles wide at that level. Vibration in
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other modes is also seen to be practically nonexistent, though slightly
apparent far up on the high-frequency side of the minimum. This
was a much nearer approach to what was desired than anything previ-
ous to 1it. '

Pierce® has treated the electromechanical system involved in & way
similar to the familiar treatment of telephone receivers by Kennelly
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Fig. 5—Attenuation curve for monel rod, 1/2 inch diame-er.

and Pierce.* It is possible to deduce a motional impedance circle from
impedance measurements on the system, which yields its dynamic
characteristics, and the values given in the last paragraph were found
in this way. The asymmetry of the curve of Fig. 5 corresponds to the
“angle of dip,” or “depression angle” of the motional impedance
circle below the positive resistance axis. Since the voltage impressed
by the filter upon the grid of a tube is very nearly proportional to the

* G. W. Pierce, “Magnetostriction oscillators,” Proc. Amer. Acad., vol. 63,

p. 1, (1928); Proc. I. R.E., vol. 17, p. 42; January (1929).
¢ Kennelly and Pierce, Elecirical World, September, (1912).
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reactance of the rod, the curve will be symmetrical if the depression
angle is 90 degrees. It is actually 71 degrees in this case. The depression
angle is considered to be due to hysteresis and eddy current effects

| producing a lag of the magnetic flux in the magnetostrictive core be-

hind the magnetizing force in the coil. It was therefore thought pos-
sible to change the shape of the attenuation curve by milling slots in
the rod or loading it with copper rings. So far, however, such attempts
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Fig. 6—Attenuation curves for 1/2-inch monel rod in coils which clear it by
3/32 inch, for various conditions of heat treatment.

have been unsuccessful in changing the depression angle without
seriously impairing the efficiency and decrement of the system or
introducing unwanted modes of vibration.

We must further note that since the rod is vibrating with a node
at its middle the greatest stretch occurs at this point as well as the
greatest magnetostrictive changes of flux. The coils must then be as
near the center of the rod as possible. It has also been found by experi-
ment that rather long, thin coils, with as little clearance between the
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wire and the rod as necessary to allow the rod perfect freedom to
vibrate, gave better efficiency than shorter, thicker coils.

The cffect of heat treatment of the rod must also be discussed. A
sample was tested after having been cut from cold-rolled stock and
machined to fit the coils. The sample was then heated to g bright red,
kept there for about five minutes, and air-quenched, or cooled in ajr
on a piece of copper sheet three by eight inches in size, and tested
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Fig. 7—Attenuation curves for the same rod and conditions as in Fig. 6, except
that the coils clear it by 1/32 inch.

again. Finally it was heated again as before and this time quenched in
water. The results are shown in Fig. 6. The first condition gives very
sharp resonance but small maximum motional impedance. Air quench-
ing gave a large motional impedance but less sharp resonance, while

water quenching gave motiona] impedance and sharpness of resonance
about intermediate between the two other conditions.

The amount of clearance between the rod and the inside of the coil

form has a definite effect on unwanted modes of vibration. For the
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curves of Fig. 6 there was a clearance of more than 3/32 inch. For the
curves of Fig. 7 the same rod was tested in coils having a clearance of
less than 1/32 inch. In the former set a number of subsidiary modes

‘are clearly present, while in the latter they are hardly detectable.

It should also be noted that all of these curves were taken at ap-
proximately optimum polarizing field. The fact that the motional
impedance has a maximum value for a certain polarizing field was
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Fig. 8—Attenuation curves for two “water-quenched” monel rods in
geries coupled by a vacuum tube.

amply proved by observation of the output voltage when the polarizing
magnets were moved with respect to the rod, and the frequency varied
at the same time to keep the rod at resonance, for the natural frequency
of the rod is also dependent on polarizing field.

The details of the design of the finally adopted system are as fol-
lows. Since a total variation in amplitude of at least sixty decibels was
desired, two rod systems were used in series coupled by a vacuum tube,
in order to avoid coupled circuit effects. The velocity of sound in monel
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metal is given by Pierce? as 4549 meters per second and the lengths of
the rods were then made about 11.4 em for resonance at 20,000 cyecles.
They were turned to about 1/2 inch in diameter and drilled trans-
versely at the center to allow the passage of a small steel pin on which
each was suspended. The pin passed through holes drilled along a
diameter of the central septum of the shield which was about 1/8 inch
thick and which cleared the rod sufficiently to allow it perfect freedom.
No effort was made to locate the exact node of vibration other than
careful measurement of the central point of the rod. The coils used
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Fig. 9—Over-all attenuation curve for the two-section filter. The low attenu-
ation at low frequenci_es and the unwanted response at 16,000 cycles can be elimi-
nated by a high pass filter of conventional design.

were wound on bakelite forms with a winding space about 1 inch long
and 3/32 inch deep and allowed a clearance between the wire and the
rod of about 1/32 inch. 4000 to 5000 turns of No. 38 enamel wire were
used with a turn ratio of about 1.2 to 1.0 of output coil to input. A
larger turn ratio might be used with profit if the output is to go to a
vacuum tube grid. The coils were mounted axially in cylindrical shields
which fitted into recesses in the block containing the central partition
in such a way that the coils butted directly against the latter. The
shields and septum were made of brass. The polarizing field was
furnished by a pair of permanent magnets made of 1X3/8-inch chrome
steel strap, properly heat-treated, magnetized, and fitted with soft
steel pole pieces which were milled to fit the shields. When first mag-
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netized these magnets were found to give about optimum field. Over
about a year’s time, however, the effect of aging has been to reduce the

Fig. 11 —Photograph of the two-section filter with one pair of
coils removed to show the rods.

field somewhat below optimum value and reduce the efficiency of the
system. Somewhat larger magnets or smaller air gap are therefore
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recommended. The rods were carefully matched in frequency by cut-
ting them as nearly as possible to the same length and then adjusting
the frequency of the shorter one to the longer by filing it slightly around
its middle.

Fig. 8 shows the attenuation curve of the double system near
resonance, and Fig. 9 an over-all attenuation curve from 0 to 40,000
cycles. When these curves were measured the device was working
between 20,000 ohms and a vacuum tube grid. Near the principal reso-
nance the curve is seen to be only seventy cycles wide, as much as sixty
decibels up from the minimum. Note that there is a rather strong mode
of vibration at 16,000 cycles and that the attenuation falls down at low
frequencies. Both of these defects may, however, be easily remedied by
placing in series with the device a high-pass filter of conventional
design.

Below are listed the various characteristics of one of the rods.

Input impedance 20,700 ohms
Maximum motional impedance 3,090 ohms
Logarithmic decrement 20.4 rad/sec
Depression angle 71 degrees

o> i) Y- @) ~< @ o e
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PROPERTIES OF MYCALEX*

By
W. W. BrownN

(Radio Engineering Department, General Electric Company, Schenectady, N.Y.)

Summary—This paper presents data recently obtained on physical and electri-
cal properties of Mycalex, a material having extensive and growing applications in
the design of radio apparatus. The elecirical data relate lo the frequency range to
100,000 kilocycles.

PROPERTIES OF MYCALEX

INCE the previous publication of information on the properties
and applications of Myecalex to radio apparatus, considerable im-
provements have been made in manufacturing processes. In addi-

tion, physical and electrical properties have been more definitely es-
tablished and larger sizes have become available.

The following tabulation indicates the physical properties deter-
mined in accordance with A.S.T.M. Standard Methods of Testing
Molded Materials used for Electrical Insulation; Serial Designation
D-48-30.

Minimum Values, Average Values
Except for Water for Comparison
Abgorption Where with other Mate-
Maximum Valueis rials
Indicated
Density (Ib. percu.in.) 0.122 0.122t0 0.126
Specific gravity (C.G.8. units) 3.4 3.4 to3.5
Water absorption
24 hr, 0.069% 0.0319%,
48hr. 0.07% 0.036 9%,
Compressive strength
(1b. persq.in.) . 20,000 25,000
Specimen: 1}in.diameter
13in.long
Resistance toimpact (ft-1b.)
Specimen: £ in.-diameter rod 1.0 1.16
Specimen: %in. by §in, by 5in.
Tested parallel to direction of molding 0.8 0.87
Tested at right angles to direction of
molding 0.7 0.75
Transverse strength
(modulus of rupture, Ib. per 8q.in.) 15,000 20,000

Figs. 1, and 2, and 3, indicate the relative losses through a range of
frequencies much higher than previously measured. The data plotted
in these curves were obtained in the following manner. Samples for
testing were made up of insulating material 3/4 inch in diameter by 5

* Decimal classification: R281. Original manuscript received by the Insti-
tute, March 22, 1933.

L' W. W. Brown, “Properties and applications ol Mycalex to radio appa-
ratus,” Proc. [.LR.IL,, vol. 18, p. 1307; August, (1930).
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inches long. End caps of brass were attached with babbitt, leaving a
clear length of 4 inches between the caps. High-frequency voltage ob-
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taiped from water-cooled tubes, Type RCA-846, operating in a self-
oscillating circuit, was applied to the samples. After sufficient time had
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- elapsed to allow them to reach a constant temperature, the voltage

was removed and the temperature was measured by contact thermo-
couples. The values of impressed voltage were obtained by calculation
based upon a measured current through a known capacitance. A num-
ber of samples were tested simultaneously at all frequencies except the
highest, at which each sample was tested separately. This was necessary
to avoid excessive currents and the difficulties of measuring them accu-
rately at these very high frequencies. The insulator temperature was
measured at a point 1/2 inch below the bottom edge of the top end cap,
the top being the high potential end. This point was very close to the
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highest temperature point, since no electrostatic shields were used.
With the method and equipment used in measuring temperature, an
accuracy of plus or minus 1/2 degree centigrade was assured.

Following is a list of sizes in which General Electric Mycalexis
ordinarily molded:

Slahs—2 1/4 in wide, 12 in. long, any thickness between 1/4 in. and 1 in.

Slabs—T1 in. wide, 12 in. long, any thickness hetween 1/8 in. and 1 in.

Rods—modified octagonal, 7/8 in. diameter by 12 in. long.

Rods—Octagonal, 1 3/8 in. diameter by 12 in. long.

Slahs—2 1/2 in. wide by 24 1/2 in. long, and thickness between 1/2 in. and 1 1/2
in.

Slahs—1 in. wide by 24 1/2 in. long, any thickness between 1/2in. and 1 1/4 in.

Disks—3 in. diameter, any thickness between 1/4 in. and 1 in,

Disks—7 1/2 in diameter, any thickness between 1/4 in. and 1 in.
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As previously stated, General Flectric Mycalex can be sawed,
turned, milled, drilled, ground, or polished. Carborundum wheels are
recommended for sawing and grinding, and tungsten-carbide tools for
turning, milling, and drilling. Although Myecalex can be machined by
the methods used for machining marble, using ordinary steel tools,
the machining operations are greatly facilitated by the use of tungsten-
carbide tools as recommended above. High-speed twist drills are satis-
factory for drilling thicknesses up to 3/8 inch. Deep-drilling operations
are improved by the use of water lubricant. Water lubrication is gener-
ally recommended for all machining and grinding operations involving
relatively large operations.
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RADIATION RESISTANCE OF CONCENTRIC CONDUCTOR
TRANSMISSION LINES*

By
RoBerT WHITMER
(Department of Physics, Amherst College, Amherst, Massachusetts)

Summary—An expression for the radiation resistance of a cylinder is derived,
following the “tangential field” or “induced electromotive force” method as adapted
by Pistolkors. The result is used to determine the radiation resistance of a segment of
a concentric cylinder transmission line, as used in ultra-high-frequency oscillator
circuits. A comparision is made with the more conventional parallel wire line seg-
ment. Numerical computations are made for the case of a line one-half wavelength
long, with a radius (for the concentric line) and a spacing (for the open line) of one-
twentieth of a wavelength. These are believed to be the largest dimensions to be en-
countered in practice. The resistances are, respectively, 0.086 ohm and 3.02 ohms,
showing the concentric line to be definitely superior as far as radiation losses are
concerned.

X/\ { YHEN working with oscillators at frequencies above 300 mega-

cycles it is customary to use a short segment of a transmission
line in place of a tuned circuit. Tuned circuits have heen con-
structed which resonate at 1500 megacycles, and they have heen used
in oscillators at 500 megacycles. However, the network resulting from
the addition of a vacuum tube, with the distributed inductance and
capacitance of its leads, is quite complex, and the efficiency of the com-
bination as a source of high-frequency power is low. When a line seg-
ment is used there is a less abrupt change in the constants in passing
from the tube to the external circuit, and better operation is obtained.
Both parallel wire and concentric cylinder lines have been used,
although most investigators prefer the former because of the greater,
ease of construction and adjustment. The question of the relative ra-
diation losses of the two systems has arisen, and the following paper
gives an expression for the radiation resistance of the concentric line.
The method used is that of Pistolkors.! He found the power radi-
ated by two parallel wires, carrying equal sinusoidally distributed cur-
rents, when the wires are each an integral number of half wavelengths
long. He did this by writing an expression for the tangential electric
field at the surface of each wire, multiplying by the current with the
proper phase angle, and then integrating over the length. This was later
shown by Bechmann® to be equivalent to the usual procedure of inte-
grating the flux of the Poynting vector over an infinite sphere.

* Decimal classification: R322 Original manuscript received by the Institute,
March 23, 1933.

1AL AL Pistolkors, Proc. LR.E., vol. 17, page 562; March, (1029).

2 R. Bechmann, Proc. [LR.E., vol. 19, page 1471; August, (1931).
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I.
The general expression for the electric field is
1 904 :
E=—— — — grad ¢, (1)
c Ot
where .
1ol [4] ‘
¢ =— | —dv, and A = uc | —dy, (2)
€ r r

¢ is the scalar potential, e the dielectric constant of the medium, [o]
the charge density at time (¢ —7/c¢), A the vector potential, u the perme-
ability of the medium, ¢ the velocity of light, and [1] the vector current
at time (t—r/c).

For the particular case of the field at a point (d, £) parallel to a
straight wire in free space, carrying a current I =7, sin wt sin mz, where
m=w/c=2m/\, we have, dropping the vector notation,

Leos (wt — mr) sin ma dx
g = — Clo [m f
0 r
Jd Lcos (wt — mr) cos mx dx
+ 2 f ] (3)
8?;“ 0 r
cos (Wi — mr;_¢) cos ml  cos (wt — mr
= ¢l [ ( i £> — ( E>:| (4)
T T

where [ is the length of the wire, and
rg = NVdE+ =8 = VA F B

In particular, when d =0, we have

- ¢ : |
Suppose now a second wire of equal length, parallel-to the first
at a distance d, and also carrying a current I, sin wt sin mz. To obtain
the power radiated by the current in the second wire due to the field
from the first we multiply the current and field, with the proper phase
angle, and integrate over the length of the wire. Changing now to prac-
tical units, the resulting expression is

rsinmr,_,cosml  sin mr,
P, = — SOIozf |: i — il sinmzdz  (6)
0

Ti—; T,

cos (wt — ml + mE) cos ml  cos (wt — mé)
men] )

where z now represents the distance from one end of the second wire,
corresponding to the £ of (4). (See Fig. 1.)

R ey
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] When the wires are an integral number of half wavelengths long,
L{ the integrated form of (6) is

| Pu=30142[2Ci(md) — Ci(m~/ @+ P+ml) — Ci(mn/d+E—ml)]  (7)

!

E where,

. cos n dn
Ci(r) = — j ——, called the cosine integral of z,
. n
!
x? e g2
=7v +logz — + ~ +
2-2! 44! 6-6!
1 [y=0.577216 - - -, known as Fuler’s constant. ]
a 6,
| | >
-z "
'i 2a sin & “26
? )
1
o
z |
| l T
Fig. 1 Fig. 2

To find the power radiated by a current due to its own field, we use
the expression for eq instead of e, and obtain

Py = 301 [y + log 2ml — Ci(2ml)]. (8)

If now we let I2, represent the self-resistance of one wire, and R
its mutual resistance with the other wire, we have
Py :
R, =— =30 v + log 2ml — Ci(2ml) ] (9)

2
0

;: 30205 (md) — Ci(mn/d*+ P+4ml) — Ci(m/d?+1*—ml) . (10)

Iy

If the two currents are 180 degrees out of phase, as would be the
case if the line were used in an oscillator circuit, the radiation resistance
of the pair would he
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R =2(R, — R,.) = 60y + log 2ml — Ci(2ml)
— 2Ci(md) + Ci(m\/d* =+ 12 4+ ml) + Ci(m\/d® + [ — ml)]. (11)

Tables of Ci(x) may be found in C. P. Steinmetz’, “T'heory and
Calculation of Transient Ilectrical Phenomena and Osecillations.”
However, for small values of z, it is much better to compute C7(x)
from the series. For a more detailed treatment of these developments,
see Pistolkors.!

IT.

We shall consider a concentric system in which the radius of the
inner conductor is so small that we may neglect the phase difference
between components of the field from different longitudinal elements.
This, in effect, means that we consider the inner conductor to be a
thin wire. Its self-resistance will be given by I, (9). Unless the radius
of the outer cylinder is quite large, the currents in the inner and outer
conductors will be equal and opposite, and the mutual resistance of
either the cylinder or the wire will be given by I, (10), using the radius
of the cylinder, a, in place of d. We have then to find the self-resistance
of the cylinder.

We shall divide the cylinder into pairs of elements parallel to the
axis, each pair being separated by a distance

(92*01

2a sin (see I'ig. 2.)

We have from I, (7)

Py=301%[2Ci(md) — Ci(m~/d2+2+ml) — Ci(mN/d>+12—ml) ] (1)

for the power radiated by one conductor due to the field from the
second. If we substitute 2a sin (f,—6,)/2 for d in (1) and integrate both
angles from 0 to 27, we shall obtain the power radiated by all pairs
of elements of the cylinder, and hence the total power radiated by the
cylinder itself.

If the cylinder is carrying a current whose peak value is Iy, then the
peak value of current in an element df is

I,
dly = —df. (2)

2

Hence, rewriting (1),
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30[ 2 Vs 27 0 _ 0
P, = f f [201‘ <2ma e
4:’IT'2 0 0 2
6, — 6
—Ci<mVl2+4aZSin222 1+ml>
. 0 — 0
— Ci{m 12 + 402 sin? 5 — ml>:\a’02 df,. (3)

The variables may be somewhat simplified by noting the following:

[ w1159 6) )
_ 4 f j f :fu — y)dz'dy’. 4)

301 ,* T :
P, = f f <QCZ [2ma sin (02 — 61) ]
2 0 Jo

- Cl [MW—}_ 4a? sin? (02 — 6]) + MZ]>
- CZ [m\/l2 + 42 sin? (62 —_ 61) - ml] d@z d01 (3’)

Let us consider the first term in the brackets. 1f we expand it in
the power series for the cosine integral, we have

f f Ci[2ma sin (0 — 8,)]df, b,
0o Jo

= f f <7 + log 2ma sin (8: — 01)
o Jo

29ma sin (B, — 6;) |? 2ma sin (0, — 6;) |*
_ [2masin 0. ’)]+{' & 1)]—--->d02d01. (5)
2.-2! 4-4!

The first two terms of the expression on the right of (5) will later
disappear, so we shall not trouble ourselves to integrate them, but pro-
ceed immediately to the power series. Applying a reduction formula
to the general term we have, since n is even,

(__ 1)n/2(27na)n T T ' o
f f s1n"™ (02 — Gl)dﬁgr]@l
0 0

n-n!

(— D)2 (2ma)” f”[ sin®~! (02, —0,) cos (B — 61)
0

7n-n! 7

n—1 T
+ f sin™ (62 — 01)(”)2] d01

T 0
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The term which has been integrated once disappears upon apply-
ing the limits of 6,; by successive applications of the reduction formula

we obtain
— D" 2ma)r pr T
(— )—-—( ﬁ)ﬁf f sin® (8, — 6,)df,db,
n-n! 0 0
(— D22ma)* 1-3-5 - - - (n — 1)
- ( e, (6)
-7 2.4.6-.-n
Hence,

f f Ci[2ma sin (8, — 6,)] d6,d8,
0 0

= f f [v + log 2ma sin (6, — 6,) |d6,d6,
0 0

. ': B (%Qma)2 i (2ma)* 1-3  (2ma)s 1-3-5 ]
2.2 2 4-4" 2.4 6-6! 2.4-6

_ f f [y + log 2ma sin (6, — 6,) |d8,0,
0 0

4 i (— D"2(2ma)r
s - < = v

n=24,6-.. 22'42'62 PN ni’.n
LT f f [7 + lOg 2ma Sin ((92 — 91)]d92d91 + 77'20'(277’&@). (7)
0 0

Let us now consider the second and third terms of (37):
— f f C7[m\/12 + 4a? sin? 02 — 61) + ml]db,de,
0 0

= — f f <7 + log [mVIE F 4a2sin? 0y — 6,) + ml]
0 0

[m\/I2+ 4a% sin? (g, — 61) + ml]?

— LDVE TR ST — ) A mi
2.21

N v/ P+ 27T (8, = 6 + )

VT TR s 0 — 0y + mi)

14l — . ~>d02d01 (8)
and
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— f f Ct[mA/12 + 4a?sin? (0, — 61) — ml]d02d01
0 0

= — f f <’y + log [mA/12 + 4a’sin® (0 — 61) — ml ]
0 0
[mA/1% + 4a?sin® (0, — 01) — ml]?

2-2!
[mA/12 + 4a?sin? (6, — 01) — mil]*
4-4!

. ) d0,d8:. (9)

Let us add the first two terms of the expression involving —+ml
to the corresponding terms in —ml:

('y + log [m\V1* + 4u?sin® (62 — 0,) + ml] + v
+ log [m\/1? + 4a?sin® (0, — 6,) — ml])
= <2’y + log [m\/ZZ——i—éEﬁF(@;—‘@l—) + ml]
[m~\/1* + 4a?sin® (62 — 61) — ml])
= (27 + log [m2(2 + 4a® sin® (8 — 61)) — m2l2])
= 2v + 2 log 2ma sin (0, — 61). (10)

We now turn to the power series of (8) and (9). If we add terms in
+ml to terms having the same exponents in —ml, the result is

™ ™ % — 1 n/an
f 2 ( -———--)—— [(\/I* + 4a?sin® (6, — 6,) + D"
0 0 n=2,4,6---

n-n!

+ (\/ZT+ 4&2 sin2 (02 — 01) - l)n]d02d01

From the binomial expansion,

n{n—1) n(n—1)(n—2)
(u_i,_v)nzun_i,_nun——lv_‘_ Tun——2v2_l’_ 3‘ un~—3vz_j[_ T
also, (

n(n—1 nin—1)(n—2
(u__v)n:un_,nun—lv_*_ )un—27)2___(_ R )(__ )u7L—-3v3+ L.

2! 31
Then,
nin — 1)
(u + )"+ (u—v)* =2 \:u" == N 2yt

nin — 1)(n — 2)(n — 3)
L= Dl

un—4v4_+_ L. ]
4!
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Now Z(ml, 0)=0. Hence,
Pao = 30I%[y + log 2ml — Ci(2ml) |

which is exactly the expression for the power radiated by a straight
wire, of length [, obtained by Pistolkors.
From (15),

P,
R, = — =30[y + log 2ml ~ Ci(2ml) — 2Z]. (16)

We now have, for the total radiation resistance of the concentric
line,

R = Rs _f' Ra - 2Rm
- 30(2[7 + log 2ml — Ci(2ml)] — 23
— 2[2Ci(ma) — Ci(mn/T T @ + ml) — Cilmv/E+ a* — ml] ). (17)

The radiation resistances of the concentric and of the parallel wire
lines have been computed for the case [=\/2, and a=\/20. Here “a”
is the radius of the outer conductor and also the spacing of the open
line. It is believed that this is the largest value of “a” likely to be en-
countered in practice. It was found necessary to compute all the C7’s
directly from the series expansion.

The resistance of the concentric line is 0.086 ohm, and of the open
wires 3.02 ohms. From the method used, it is seen that this difference
is due to the decreased self-resistance of the cylinder, from that of a
straight wire. While these figures are for a half wavelength, it is to be
expected that similar relations will hold for a quarter wavelength.
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LOW-FREQUENCY RADIO RECEIVING MEASUREMENTS AT
THE BUREAU OF STANDARDS IN 1931 AND 1932*

By

E. B. Jupson
(Bureau of Standards, Washington, D.C.)

Summary—This report gives the monthly and annual averages of field inten-
sities of ten European and three American low-frequency transatlantic radio stations,
between frequencies of 16 and 24 kilocycles, and the field intensity averages of atmos-
pherics on 15 and 28 kilocycles, observed at the Bureau of Standards, for the years
1981 and 1982. Measurements were made by the lelephone current comparison
method. Annual average curves of daylight field intensities of European signals and
afternoon atmospherics on 23 kilocycles are shown with the corresponding yearly
averages of sun spot numbers. A monthly average field intensity curve of Tuckerton
WClI, 18.4 kilocycles, shows a return from the high values obtained in 1930 and 1931
to the average value of previous years. Some correlations between polarization of the
reflected wave and sun spot numbers derived from a year of continuous recording of
Tuckerton WCI, on loop antennas, are shown. The possibility of obtaining an in-
dependent value for the ground wave from such a series of observations is suggested.

HE tables and curves in this paper are a continuation of the ex-
tended series of field intensity measurements on low-frequency
American and European transatlantic radio signals, made by
the late Dr. Austin at the Bureau of Standards in Washington. The
tables show the annual averages of field intensities observed between
10 and 11 a.m., E.S.T., which represent an all-daylight transmission
path, while those observed between 3 and 4 p.M., E.S.T., on the

TABLE I
Transmission Data

Approximate Approx. Distance
Frequency and Antenna Effective |from Wasgh-

Call Location . Wavelength Current Height ington

J (ke) A(m) I (amp) h (m) d (kilo-

meters)

FYI, Bordeaux, France 15.7 19100 500 180 6160
DFY Nauen, Germany 16.6 18100 400 170 6650
DFwW Nauen, Germany 23.1 13000 400 130 6650
GBR Rugby, England 16.0 18700 700 185 5930
IRB Rome, Italy 20.8 14400 500 156 7160
ORU Brussels, Belgium 16.2 18520 — - 6270
SPL Warsaw, Poland 16.4 18280 — — 7240
SAQ Gottenborg, Sweden 17.2 17440 — — 6450
GMU Carnarvon, Wales 21.3 14100 — —_— 5840
LCM Stavanger, Norway 24.8 12080 — s 6100
FYN Lyon, France 19.7 15200 270 110 6400
WCI Tuckerton, N.J. 18.4 16300 900 96 251
WQK Rocky Point, N.Y. 18.2 16465 500 83 435
WSS Rocky Point, N.Y. 18.8 15960 700 < 83 435

¥ Decimal classification: R270 X R113. Original manuscript received by the
Institute, May 3, 1933. Publication Approved by the Acting Director of the
Bureau of Standards of the U. S. Department of Commerce.
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[Luropean stations represent a part-daylight, part-darkness path. All
measurements were made by the telephone current comparator
method.

During 1931 and 1932, several stations included in reports of pre-
vious years ceased continuous transmission and the scattered measure-

TABLE II

Average Field Intensities of Rome (IRB), Nauen (DFW), Carnarvon (GMU), Lyon (FYN),
Stavanger (LCM), and Atmospheries in Microvolts per Meter

10 A.M. 3 p.M.
Atmos. Atmos.

IRB DFW | GMU | FYN | LCM (23kec | IRB DFW | GMU | FYN |23 ke
1931
Jan. 78 61 48 59 35 15 97 72 47 70 22
Feb. 67 46 38 55 27 17 70 51 38 58 28
Mar. 85 65 51 76 38 22 81 61 48 77 34
Apr. 91 64 45 65 33 19 61 42 32 49 44
May 83 60* 44 60 32 22 61* —_ 30* 40 57
June 59* = 34 48 27 28 — — — 39* 364
July 55% 37 31 46 — 32 — — — — 350
Aug. — 44 34 47 24* 24 — — — 23* 260
Sept. 55*% 53* 30 42 20 18 — — 17 26 134
Oct. 51* 40 32 38 24 16 49 36 27 34 37
Nov. — 7 26 32 22 23 — 36 29 44 27
Dec. — 19 12 14 — 21 — 37 25 34 29
Av. 69 47 35 49 28 21 70 48 33 45 116
1932
Jan. — 22 16 17 — 17 — 30 — 22 23
Feb. — 25 20 19 — 18 — 39 — 23 35
Mar. — 30 21 20 — 30 — 29 — 18 47
Apr. — 24 15 16 — 26 -— 21 — 14 48
May — 26 19 20 — 21 — — — 13* 68
June — 25 18 20 — 23 — — — == 185
July 7 = 23 16 19 — 32 — — —_ — 244
Aug. — 30 18 23 — 18 — — — — 180
Sept. — 29 20 22 — 23 —_— — = = 108
Oct. — 23 16 19 — 20 — — — 20 39
Nov. —_ 13 8 8 — 25 — 17* — 14* 49
Dec. — 18 13 14 — 27 — 28 — 22 42
Av. — 24 17 18 — 23 — 27 — 18 89

* Less than ten observations.

ments on these particular stations rendered their annual averages of
little value These have been omitted from the tables.

Table [ gives the transmission data for the stations measured.
Tables 11, 11T, and IV show the monthly and annual averages of field
intensities for these stations and atmospherics at 15 and 23 kilocycles.
In Tables 11 and 111 most of the 3 p.m monthly means for the sum-
mer months are omitted, because of the difficulty in obtaining measure-
ments through the heavy summer atmospherics. All monthly averages
containing less than ten observations for the month are indicated by
an asterisk, as these values are not considered as representing fair
averages. '

1 Proc. 1.R.E., vol. 12, p. 521, (1924).




1356 Judson: Low-Frequency Radio Receiving Measurements

1] ]

g

&
|

5
I

TRANSATLANTIC
IGNALS

3ol \/ \\/ -

[

1%

I
4

FIELD INTENSITY- MICROVOLTS PER METER

2 80

o

8 70 \ L]

5 |

S 60| SUNSPOT NUMBERS

Z 500

- "

[

g 3% N \

220 : \ / h~
0w oL \

[e]
1913 1916 1917 1918 1919 1920 1921 192z (923 1324 192> 1926 1927 1928 1929 1930 19031 1932
YEARS

Fig. 1—Annual average field intensities of transatlantic daylight
signals and sun spot numbers.

A continuation of the comparison of the annual averages of trans-
atlantic, east-west daylight field intensities and sun spot numbers, is
shown in Fig. 1. The field intensities in the signal curve were derived

TABLE III

Average Field Intensities of Rugby (GBR), Nauen (DFY), Brussels (ORU), Warsaw (SPL), Gottenborg
(SAQ), Bordeaux (FYL), and Atmospherics in Microvolts per Meter

10 a.M. 3 P.M.

GBR |[DFY |ORU| SPL | SAQ [Atmos.| FYL | GBR| DFY| ORU| SPL | SAQ [Atmos.
15 ke 15ke

1931
Jan. | 187 | 90| 89| 63 48 18 198 | 2928 | 127 | 129 | 100 56 25
TFeb. | 174 | 80| 86| 61 41 20 169 | 185 | 91 97 75 44 33
Mar.| 208 | 104 | 110 | 78 63 25 180 | 219 | 98 | 111 81 56 40
Apr. | 202 | 97 | 100 | 68 54 21 127 | 132 | 76 75 53 38 49
May | 196 | 91| 98| 70 52 25 115 | 129 | 66 65* | 46 36 59
June | 138 | 67| 70| 48 38 31 103 91 | 49* | — 37+« | 27+ | 406
July | 178 | 70| 781 49 43 36 69* 88 | — - — | = 379
Aug.| 199 | 78| 80| 46 45 28 66 | 119 | 46 — — 26* | 310
Sept.| 172 | 71| 76| 39 | 43 21 88 | 123 | 44 50 28% | 92 156
Oct. | 165| 62| 71| 36 38 19 135 | 168 | 68 83 10 32 42
Nov.| 143 | 55| 64| 32 30 29 150 | 166 | 7 84 43 492 38
Dec. | 126 | 49| 51| 30 22 28 130 | 180 | 78 36 50 37 39
Av. 174 | 76| 81| 52 43 25 128 | 152 | 74 87 55 38 131

1932
Jan, | 131 39| 51| 28 23 22 117 | 157 | 63 68 44 30 29
Feb. | 120 | 45| 46| 29 26 23 121 | 169 | 66 66 46 34 40
Mar.| 131 | 51| 51| 35 29 40 111 | 140 | 54 55 34 29 53
Apr. | 1321 47| 511 35 27 35 79 | 116 | 45 18 29 21 60
May | 150 | 58 | 60| 41 28 28 134% 113 | 41 45 34 20 92
June | 146 | 56 | 57 | 37 30 33 56 86 | 20+ | = = - 224
July | 134 | 47! 51| 34 29 42 53%  71% = — — 300
Auz. | 148 | 53| 60| 36 32 25 42%  G4x — — - — 213
Sept.| 160 | 66 | 66 | 36 31 33 88% 115% 41* | ag* | o24v | 128
Cet. | 144 | 52 | 58| 29 26 31 131 | 183 | 58 | 47 35 29+ 55
Nov.| 101 | 30| 39| 19 14 33 110 | 150 | 44 59 23 20 57
Dec. | 141 | 43| 52 28 19 39 144 | 175 | 68 82 44 30 58

[aa]

Av, 137 | 49| 53] 32 26 32 99 | 128 | 51 60 35 27 109

* Less than ten observations,
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TABLE 1V

Average Field Intensity of Tuckerton (WCI), and Rocky Point (WSS and WQK),
in Millivolts per Meter

10 A.M. 3 P.M.

WCI WSS
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a
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[€24
)]

WQK

1931
Jan.
Feb.
Mar.
Apr
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

Av.
1932
Jan.
Feb.
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May
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July
Aug.
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Oct.
Nov.
Dec.
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by averaging the observed values of all stations after they had been
reduced to a common base. Nauen, DFW, was used as the base station.
This is in accordance with the method described by Austin.?2 The most
interesting agreement between the two curves obviously occurs at the

two maxima and minima of the sun spot cycles. In 1930, however, two
years after the sun spot maximum of 1928 the field intensity increased
to a value greater than previously obtained remained high through
1931 and decreased to a comparatively low value in 1932. A rise in

o
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N
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r

FIELD INTENSITY— MILLIVOLTS PER METER
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(o}
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Fig. 3—Monthly averages of field intensities of Tuckerton,
WCI, 10 a.m, E.S.T. 1930-1931-1932.
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field intensity was also observed in 1921, four years after the sun spot
maximum of 1917 but of considerably less magnitude. It is of interest
to note that these phenomena occurred near the same phase in each
sun spot cycle.

The curves of the annual averages of sun spot numbers and the
strength of atmospherics observed at 3 p.m., E.S.T., on 23 kilocycles
have been extended to include values for 1931 and 1932. These are
shown in Fig. 2. The dotted part of the atmospheries curve between
1918 and 1924 was measured by the shunted telephone or audibility
method, and are considered less precise than observations made in
the following years. Atmospherics for 1931 and 1932 have decreased
with the sun spot numbers contrary to the inverse relationship ob-
served from 1918 to 1930.

Fig. 3 shows the monthly averages of Tuckerton, N.J., (WCI)
18.4 kilocycles for 1930, 1931, and 1932. The field intensities which
were high during the latter part of 1930 and the early part of

? Proc. I.LR.E,, vol. 19, no. 9, p. 1615; September, (1931).
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1931 have returned to the average value obtained for previous years.
The continuous recording of Tuckerton for a period of one year
has shown some interesting correlations between the relative field
intensity of the reflected wave and sun spots. A series of approximately
300 24-hour records were obtained for the year, May, 1931, to April,
1932 inclusive
Two loop antennas were used for reception. One which was placed

‘in the plane of propagation received the ground and complete reflected

wave when vertically polarized. The other placed at 90 degrees to the
plane of propagation received only the horizontal component of the
reflected wave when it was polarized at some angle to the vertical.

TYPICAL Z4-HOUR RECORDE OF
TUCKERTON, WC1, RECEIVED AT
WASHINGTON, D.C., DEC.3-4,1831

i
)
40 | FREQ. = 18.4 KC., DISTANCE = 251 KM.
t
'
1

SlHGNAL|RECHIVED

W oM LOGIP ANTIENNA
R\ )N PLANE OF PROPAGAT|ION

3

#
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10 AN = Y 1m47 ’ Ny /‘\A 4 :47
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Fig. 4

An autodyne type receiver and an audio-frequency amplifier con-
stituted the receiving set. The audio output was connected to a copper-
oxide rectifier and the rectified current fed to a Cambridge thread re-
corder. The receiving set was connected alternately for five-minute
periods to each loop antenna by means of a control clock and relay
system. A typical 24-hour record of Tuckerton (WCI) obtained with
this arrangement is shown in Fig. 4 where the upper curve was pro-
duced by the signal received on the loop antenna in the plane of propa-
gation and the lower curve produced by the signal received on the loop
antenna perpendicular to the plane of propagation. The latter repre-
sents the voltage induced in the loop antenna by the horizontal com-
ponent of the reflected wave (perpendicular to the plane of propaga-
tion) caused by rotation of the electric vector at some angle with the
vertical. Consideration will show that no voltage from the ground wave
is produced in the loop antenna in this position.

No satisfactory method has been devised for separating the actual
values of field intensity of the ground and reflected wave received from
high power transmitters on low frequencies from comparatively short
distances (in this case, 251 kilometers) The lower curves, or curves-of
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polarization, were selected as being a relative representation of the
reflected wave free from ground wave interference. This, of course,
would hold true only when the electric vector of the reflected wave was
rotated from the vertical plane.
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Fig. 5—Monthly means of average day and night field intensities of WCI re-
ceived on loop antenna perpendicular to plane of propagation, and sun spot
numbers.

Yor purpose of analysis these curves were divided into two sections;
one being that portion between local sunset and sunrise, represented an
all-darkness transmission path while the other between sunrise and
sunset, represented an all-daylight transmission path. A mean value
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Fig. 6—Twenty-seven-day period, for one year (May, 1931-April, 1932, inclu-
sive) of WCI received on loop antenna perpendicular to plane of propaga-
tion, and sun spot numbers. Smoothed by three-day moving averages.

of intensity for the sunset-to-sunrise period for each record was ob-
tained by averaging the values of intensity for each half hour.
Similarly, for each record, a mean value of intensity Between sunrise
and sunset was obtained. In Fig. 5, the monthly averages of these
night and day means are shown with the monthly means of sun spot
numbers. For the period of time considered (one year) the agreement
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between the sunset-to-sunrise field intensity and sun spots is close. The
¢urve for sunrise to sunset (daylight) is less in agreement with that of
the sun spots, and considerably lower in intensity than the sunset-to-
sunrise curve. Comparison of the two field intensity curves shows less
rotation of the reflected wave for daylight than for night.

As a definite twenty-seven-day period of sun spot numbers is known
to exist, a twenty-seven-day periodic average of the daily averages for
the sunset-to-sunrise portion of the curves was computed, and the cor-
responding curves of field intensity and sun spots are shown in Fig. 6.
The twenty-seven-day periodic averages of field strength measure-
ments were obtained by averaging the values for the 1st, 28th, 55th
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Fig. 7—Monthly means of average day and night field intensities of
WCI received on loop antenna in plane of propagation.

days, etc. This mean constituted the first day of the period. The mean
of the values for the 2nd, 29th, 56th, ete., days constituted the second
" day of the period, and so on. Each of the curves was smoothed by three-
day moving averages. Again, the agreement between the sun spot
numbers and the field intensity for the all-darkness transmission path
is in evidence. Daylight intensity of the field produced by rotation
showed no indication of a twenty-seven-day period.

No correspondence was found between daily variation in intensity
of signal and daily sun spot numbers, nor for any shorter period than
that of twenty-seven days.

Considering the observations made on the loop antenna in the plane
of propagation, represented by the upper curve in Fig. 4, it will be seen
that the greatest variations occurred hetween sunset and sunrise.
These variations were assumed to be caused by phase interference be-
tween the ground and reflected waves, or perhaps at times produced
by rotation of the electric vector or hy absorption of the reflected
wave.

The field intensity values from the curves represented by the
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upper curve in Fig. 4 were first averaged in the same manner previously
explained. The monthly means of the intensity for daylight and dark-
ness paths are shown in Fig. 7. The all-daylight average curve agrees
with the corresponding part of the curve from the same station in Fig.
3, which also represents the daylight monthly mean as measured at
10 A.m., E.S.T., by the telephone current comparison method.
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Fig. 8

The values from the recorder curves (for the loop antenna in the
propagation plane) between 12 noon and 11:30 o.u. were next averaged
in the following manner: For each month the values of field intensities
occurring at 12 noon on each day were added and their mean obtained.
Likewise, the means for 12:30 P.M., 1 P.M., 1:30 p.m., 2:00 P, ete.,
were computed. A typical monthly average curve thus obtained is
is shown in (b) of Fig. 8 while (a) is a curve for an individual day,
shown for comparison. The yearly average curve (May, 1931, to April,
1932, inclusive) derived by the same method. and which is almost a
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straight line, is given in (c), Fig. 8. Such a curve suggests a constant
field intensity of the ground wave, remaining after the positive and
negative effects caused by phase interference have been cancelled by
averaging a large number of observations over a considerable period of
time.

It is of interest, that out of the three hundred records no two
patterns of the curves were found to be identical. However, some sim-
\larities were observed in two or more successive days.
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Proceedings of the Institute of Radio Engineers
Volume 21, Number 9 September, 1933

NOTE ON A MODIFIED REACTANCE-FREQUENCY CHART*

By
J. R. TowMmIig

(Pacific Telephone and Telegraph Company, Seattle, Waghington)

knowledge of the susceptances of coils and condensers together

with the equivalent reactances of such elements in parallel is

frequently required in many communication problems. These
quantities may be readily obtained with the aid of a standard “Bell
Laboratories, Reactance-Frequency Graph Sheet” (Keuffel and Esser
No. 359H-47) to which an inverted scale of ordinates graduated in
micromhos has been added.

This modification makes it possible to read directly the suscept-
ances or reactances of any coil or condenser falling within the range
of the chart. Thus, for example, suppose it is desired to find the sus-
ceptance of a one-millihenry coil at a frequency of 1000 cycles. Re-
ferring to Fig. 1 this may be accomplished by entering the chart on
the right-hand margin at a point denoted by 0.001 henry and follow-
ing the associated slant line until it intersects the vertical 1000-cycle

~line at Q. The projection of the point @ on the “B” scale then deter-

mines the desired value of susceptance which in this case is 1.6X105
micromhos. Conversely the corresponding value of reactance may be
read on the “A” scale and is found to be 6.3 ohms. Likewise the sus-
ceptance or reactance of a condenser may be found by following the
appropriate slant line to its point of intersection with the desired fre-
quency line and then proceeding in the same manner as for a coil.

The possibility of solving circuits comprised of coils and condensers
in parallel follows immediately from the fact that the resultant suscept-
ances of such combinations is equal to the algebraic sum of the suscept-
ances of the various branches. Thus having determined the branch
susceptances and having performed the necessary additions or sub-
tractions it is only necessary to enter the resultant susceptance on
scale “B” and to read the desired value of reactance on scale “A”
This may be simply illustrated by solving for the reactance of a paral-
lel resonant circuit at frequencies both above and below resonance.
For example, consider a circuit comprised of a 1.0-millihenry coil and
a 0.0I-microfarad condenser. The resonant frequency of such a com-
bination may be readily determined by noting that the slant induc-

* Decimal classification: R220.1 X R240. Original manusecript received by
the Institute, May 18, 1933.
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tance and capacity lines intersect at a frequency of approximately 50
kilocycles indicated by point P, Fig. 1, where the branch susceptances
are equal. The resultant susceptance at 30 kilocycles is then found by
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Fig. 1—Use scale A, main scale of ordinates, for reactances, and scale B,
marginal scale of ordinates, for susceptances.
projecting points ¢ and a’ upon the «B” gecale and taking the difference
of the corresponding readings. Thus the resultant susceptance is 5300-
1900 = 3400 micromhos, which by referring to the “A” scale is found
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to correspond to a reactance of 290 ohms which is the desired result.
Likewise at 200 kilocycles the corresponding reactance may be ob-
tained by projecting the points b and b” and proceeding as before. The
combined reactance in this case is approximately — 85 ohms.

Since this method is applicable to either series or parallel circuits,
it is evident that it may be extended to any combination thereof, and
that it may be applied to any reactance network provided that the
latter is capable of resolution into series and parallel groups of elements.

Although the accuracy of this particular chart is rather low owing
to the extreme range of the variables, this defect is more than com-
pensated for in many problems by the case with which the results may
be attained. Where greater refinement is desired it is possible to con-
struct charts of somewhat restricted range which will possess approxi-
mately slide-rule accuracy.
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DISCUSSION ON “PITTSBURGH’S CONTRIBUTIONS TO RADIO”*
S. M. KINTNER

H. S. Gowan:! Attention is directed to the fact that, although Pittsburgh
may claim the glory of contributing broadcasting as now constituted, Dr. Kint-
ner neglects to appreciate properly the contribution of amateur radio op-
eravors in introducing broadcasting to the public.

Amateur radio communication as a hobby was well organized for many
years before 8XK or KDKA were put into operation. For this reason, these sta-
tions were able to start program work with a listening body already in existence
and in operation. Without these thousands of receiving stations manned by ex-
perienced operators, eager to demonstrate the new ‘“miracle” to their fellow
citizens, it might have been impossible to convince the layman that program re-
ception was practical; it would certainly have taken many years of expensive
galesmanship.

It might also be noted that a considerable number of the complaints of in-
terference mentioned by Dr. Kintner resulted from the use of “single-circuit”
tuners, which were kept on the market unduly by various manufacturers. Ama-
teur operators were therefore not always responsible for interference caused by
their signals.

* Proc. L.LR.E., vol. 20, no. 12, pp. 1849-1863; December, (1932).
1 Grimes Radio Corporation, Kitchener, Ont., Canada.

CORRECTION

There has been brought to the attention of the editors the following correc-
tion to the paper by Rudolph Bechmann, “On the Calculation of Radiation Re-
sistance of Antennas and Antenna Combinations,” which appeared in the Au-
gust, 1931, issue of the PrRocEEDINGS. On page 1480, the last line of equation (33)
should read

j gin 26 .
+ 304 cos® o 50 —1) —Ci(20) +log26 + C

L

instead of

in 20
+ 30{0082 a(s nze — 1> — Ci(20) + 21og 20 + C}
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BOOK REVIEWS

Elements of Engineering Acoustics, by L. E. C. Hughes. Published by Ernest
Benn, Litd., London. 159 pages. Price 8/6d.

~This is an excellent summary of the broad problem of sound reproduction.
The introductory chapter deals with sounds and sound systems, a sound system
being defined as a microphone and reproducer with intermediate apparatus. A
concept here introduced is that the aesthetic value of a sound depends on its
acoustic-ratio, that is, the ratio of its direct intensity to its reverberant intensity.
In a later chapter the modification of this ratio by the acoustic surroundings at
the originating and reproducing points and by the directivity of microphones and
loud speakers is discussed under the topic of acoustic distortion.

Discussion of the nature and measurement of sound fields is followed by a
general chapter on the reproduction of sound wherein the objective and subjec-
tive aspects of distortion are considered. The chapter on electro-acoustic meas-
urements deals not only with loud speaker and microphone response, but also
with the determination of frequency, power-level, gain and loss, nonlinear dis-
tortion, signal-to-noise ratios, and with the calculation of simple attenuation
pads.

Typical frequency and directivity characteristics of carbon, condenser, mov-
ing coil, and ribbon microphones are shown and their construction briefly de-
scribed. Amplifiers and their power supply are treated in a chapter which gives
also an outline of the equivalent network method of transformer design. The
book closes with a chapter on reproducers in which are presented. after a state-
ment of the general requirements, performance curves and short descriptions of
telephone receivers and the principal types of loud speakers.

The omission of much of interest to specialists is, of course, inevitable in
covering such a broad subject in a single volume. Offsetting this, however, are
references throughout the text to an appended list of sources in English and
other languages. The reviewer feels that the inclusion in this list of the I.R.E.
YEARrR Book section on Performance Indexes and Tests of Electro-Acoustic De-
vices would have been helpful.

The treatment throughout is compact but clear, equations being introduced
where necessary for definition. The decibel and logarithmic frequency axes are
consistently used. There are 32 diagrams and 4 plates, some of the latter lacking
in detail and contrast.

This book should prove interesting, helpful, and stimulating to anyone en-
gaged in the operation or design of sound systems or their components.

*BENJAMIN OLNEY

Vector Analysis, by H. B. Phillips. Published by John Wiley and Sons, Inc.,
New York. 231 pages, 62 figures. Price $2.50. .

This book consists of two parts, the first covering the elementary principles
and fundamental operations, including partial differentiation, integration, gen-
eral coodrdinates, irrotational and solenoidal vectors.

* Stromberg-Carlson Telephone Manufacturing Company, Rochester, N. Y.
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The remaining half of the book covers an analysis of fields, the properties of
potentials, and linear vector functions. The style is clear and the treatment
holds a good balance between the mathematical and physical aspects of the case.
The book is thus of interest, not only as a text in mathematics, but as a text to be
used collateral with a course in electromagnetic theory or hydrodynamics.

*F. W. GROVER

Wir-less Receivers, by C. E. Oatley. Published by Methuen and Co., Ltd.,
Tondon. 103 pages, 41 diagrams. Price 2s. 6d.

This book is a pocket monograph directed to the needs of a beginner. Nearly
all of the information dates back of 1927. The major problems of simple receiver
design are discussed in a few words. There are brief mathematical treatments of
grid-plate capacitive coupling, antenna circuits; detection, and amplifier circuits.
The superheterodyne and the more recent developments are omitted.

tHaroLp A. WHEELER

Mesures Radio-Electriques Elementaires, by F. Dacos and M. Rousseau. Pref-
ace by O. DeBast. Published by Dunod, 92 Rue Bonaparte (VI), Paris, 233
pp- 82 figures.

This book is & text on high-frequency electrical measurements, prepared for
use at the Montefiore Electrotechnical Institute (Liége), and the preface is by
the Director of the Institute. It is, in reality, two books—one on measuring in-
struments by the first author, and the other on the theory of resonance phe-
nomena with brief applications to measurement methods, by the second.

The first part is in three chapters, covering instruments for measuring cur-
rent, voltage, and power, respectively. The types of current-measuring instru-
ments discussed are the oscillograph (electromagnetic, and cathode ray), gal-
vanometer (permanent magnet and electrodynamometer, unifilar, and bifilar)
and the thermal types (hot-wire and thermoelectric). Instrument transformers
are also treated in some detail. The voltmeters discussed are the electromometer
(very briefly and inadequately), and the usual thermionic devices. The watt-
meters described are those of Kipp (two-thermocouple method), and a Wheat-
stone hridge method.

In general, the theory of all these instruments is presented adequately, and
in every case the discussion of the sensitivity attainable, and their limitations in
actual practice is good. An admirable and unique feature is a graph giving the
sensitivity of the various current measuring instruments as a function of fre-
quency. But little space is devoted to descriptions of particular makes of instru-
ments, practically all of which are by European manufacturers.

The first five chapters of the second part, together with an appendix giving
a summary of the essentials of the symbolic operator method employed in the
text, form an admirably lucid and compact presentation of the theory of reso-
nance phenomena in both simple and complex circuits. Both the free and forced
cases are treated. The most original matter in the book is that contained in
chapters IV and V of the second part. In chapter IV the tuned triode amplifier
is developed in a very illuminating manner from coupled circuit theory as a radio-

* Union College, Schenectady New York. .
+ Hazeltine Corporation, Bayside, L. I., New York.
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frequency transformer with a unilateral coupling coefficient. In Chapter V the
same device is developed to yield the theory of the triode oscillator with external
(magnetie) coupling.

Chapter VI is the most disappointing portion of the book. It has to do with
the measurement of frequency, and the resonance methods for measuring re-
sistance, inductance, and capaecity. The latter methods are dismissed with such
brevity as to impair seriously their usefulness, while the discussion of frequency
measurement is confined almost solely to the absorption type wavemeter, and
the Amagnat modification to make it a null instrument. No mention of the much
more accurate modern methods utilizing harmonies of precise piezo-oscillators is
made, and the heterodyne frequency meter receives scant attention. The use of
harmonics from an audio-frequency source (unspecified) through the intermedi-
ary of the multivibrator circuit is briefly treated. In one other respect, the book
will disappoint American readers. The bibliography contains sixteen titles, of
which one is in English! A book covering such similar ground with no reference
to Bureau of Standards Circular No. 74, seems somewhat of an anomaly in our
eyes.

However, within the limitations as to material set themselves (antennas,
field strength measurements, transmission lines, filters, etc., are not treated) the
authors have produced a very readable and valuable book.

*L. P. WHEELER

* Naval Research Laboratory, Bellevue, Anacostia, D. C.
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BOOKLETS, CATALOGS, AND PAMPHLETS RECEIVED

Copies of the publications listed on this page may be obtained gratis by ad-
dressing a request to the publisher or manufacturer.

G. F. Lampkin Laboratories at 146 W. McMillan St., Cincinnati, Ohio, have
issued Bulletin No. 6331 covering their station frequency meter.

RCA Radiotron and E. T. Cunningham of 415 S. 5th St., Harrison, N. J.,
have jointly made available the following reports: Application Note No. 16 on
the Operation of the 2B7, or 6B7, as a Reflex Amplifier, No. 17 on Special Ap-
plications of the Type 53 Tube, and No. 18 on Operation Conditions for the
Type 19 tube. Laboratory Series No. UL-6 and UL-7 discuss respectively Reflex
Circuit Considerations and Methods for Conversion of a Tetrode or Pentode
Plate Family. In addition data sheets are available on the 19, 2-Volt Class B
Twin Amplifier; the 1-V, a Half-Wave Rectifier with 6.3-volt Heater; and the
1273, a Half-Wave Rectifier. )

“How to Get Complete Reception Data” is the subject of a small pamphlet
issued by the Westinghouse Electric and Manufacturing Company, East Pitts-
burgh, Pa.

Recent leaflets released by Shure Brothers Company of 337 W. Madison St.,
Chicago, 1l1., cover their Model 40 Condenser Microphone and Model 41A Con-
denser Microphone Power Supply.

Ohmite Catalog No. 9 which gives data on rheostats and resistance units is
available from Ohmite Manufacturing Company of 636 N. Albany Ave., Chicago,
I11.

Lumotron Vacuum Products Division of the General Scientific Corporation,
4829 South Kedzie Avenue, Chicago, Illinois, has issued a catalog covering a
number of products in the photo-electric and allied fields.

Miles Reproducer Company of 244 W. 23rd St., New York City, has
issued some leaflets covering their public address systems, microphones, and
hearing aids.

Bulletin 220 of the Radio Engineering Laboratories, 100 Wilbur Ave., Long
Island City, N. Y., covers portable radiotelephone equipment for ultra-high
frequency transmission and reception.

A storage battery charger employing a tantalum rectifier is discussed in a
leaflet issued by Fansteel Products Company of North Chicago, I11.

Paper, mica, and electrolytic condensers are discussed in a booklet issued
by Solar Manufacturing Corporation of 599 Broadway, New York City.

Geeneral Scientific Laboratories of Ridgefield Park, N. J., has issued leaflets
covering their peak voltmeter, audio-frequency amplifier, and modulation meter.
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RADIO ABSTRACTS AND REFERENCES

N HIS is prepared monthly by the Bureau of Standards,* and is intended
to cover the more important papers of interest to the professional radio
engineer which have recently appeared in periodicals, hooks, etc. The

number at the left of each reference classifies the reference by subject, in ac-
cordance with the “Classification of Radio Subjects: An Extension of the Dewey
Decimal System,” Bureau of Standards Circular No. 385, obtainable from the
Superintendent of Documents, Government Printing Office, Washington, D. C.,
for 10 cents a copy. The classification also appeared in full on pp. 1433-1456 of
the August, 1930, issue of the ProceEbpINGS of the Institute of Radio Engineers.
The articles listed are not obtainable from the Government or the Institute
of Radio Engineers, except when publications thereof. The various periodicals
can be secured from their publishers and can be consulted at large public libra-
ries.

R0O00. RAp10 (GENERAL)

RO005 R. F. Shea. Engineering organization. Radio Eng., vol. 13, pp. 18-19;
June, (1933).

“In this article the author presents his ideas as to economical and efficient organization
of engineering staffs for radio manufacturing plants.” A functional diagram of a large
radio manufacturing engineering organization is given.

R051 R. A. Watson Watt; J. F. Herd; L. H. Bainbridge-Bell. The Cathode-
XR388  Ray Oscillograph in Radio Research (book). Published by H. M. Sta-
tionery Office, London, England. 1933. Price, 10 shillings.

This book is divided into six partsin which the following subjects are treated: (1) His-
tory, properties and operation of the oscillograph; (2) The variation of electromotive
forces with time; (3) Special applications of various methods tc the study of wave forms
of atmospherics, and the continuous recording of echo pulses received from the ionized
regions of the upper atmosphere; (4) Applications of cathode-ray tube as a radio polarime-
ter; (5) Use of oscillograph as a relay; (6) Photographic problems.

R100. Rapio PrincirLEes

R113 The Ionosphere. Electrician (London), vol. 110, p. 857; June 30,
(1933).

This is & summary of Prof. Appleton’s address to the Royal Society of London. The
structure of the ionosphere, diurnal, seasonal and other regular variations, recurrence
tendencies and irregularities, nature of ionization, ionizing agencies, and processes of
electron capture are discussed. It is pointed out that four components of the ionosphere
may be associated with ionization potentials of different atmospheric constituents, atomic
and molecular.

R113 E. V. Appleton; J. A. Ratcliffe; E. . C. White. Fine structure of the
lonosphere. Nature (London), vol. 132, pp. 872-873; July 17, (1933).

Evidence is presented to show that there are three or four layers or regions of ionization
in theionosphere.

R113 R. A. Watson Watt. The ionosphere. Nature (London), vol. 132, pp.
13-17; July 1, (1933).

This article is a kind of résumé of the results obtained by the various experimenters
studying the ionosphere. The existence of several layers is indicated by data of several
different observers. The question of intensity of ionization does not seem to be one on
which different observers agree. The views of several observers as to the cause of the
ionization are reviewed.

* This list compiled by Mr. A. H. Hodge and Miss E. M. Zandonini.
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J. A. Ratcliffe. The magneto-ionic theory. Wireless Engineer & Ezx-
perimental Wireless (London), vol. 10, pp. 354-363; July, (1933).

The magneto-ionic theory is the name which has been given to the propagation of
electromagnetic waves through an ionized medium in the presence of a steady imposed
magnetic ﬁgld. Without delving too deeply into mathematics, the theory is explained for
the worker’s use. The treatment first given neglects the “Lorentz term L.” Then the
Lorentz term is included, and the alteration of the results observed. In a similar way
collisional friction is neglected and later considered. Curves for the index of refraction and
polarization which hold for wavelengths less than 1800 meters are given.

A. L. Green; W. G. Baker; R. O. Cherry; D. F. Martin. 1—A pre-
liminary investigation of fading in New South Wales. 2—=Studies of
fading in Victoria—A preliminary study of fading on medium wave-
lengths at short distances. 3—Studies of fading in Victoria—Ohserva-
tions on distant stations in which no ground wave is received. Radio
Research Board, Australia, Report No. 4, pp. 1-59, (1932).

Obsgervations were on broadcast wavelengths and in directions at various angles to the
magnetic meridian. Results are divided into two sections: (1) Results obtained at 65-200
kilometers. At these distances fading was found to appear anytime after half an hour be-
fore sunset and to disappear before the same length of time after sunrise. Slow, quick and
periodic fading was observed. (2) Results obtained at 590-870 kilometers. Slow fading
of irregular period, ranging from two to thirty minutes, and of amplitude varying from
0 to 0.5 millivolts per meter, and quick fading superposed on the slow of smaller armpli-
tude and of period 5-30 seconds were observed.

K. G. Jansky. Radio waves from outside the solar system. Nalure
(London), vol. 132, p. 66; July 8, (1933).

) Data taken on the direction of arrival of radin waves from outside the solar system
indicates for the cosrdinates of the region from which the disturbance comes, 2 right as-
cension of 18 hours and declination of —10 degrees.

A Esau and W. Kohler, Ausbreitungsversuche mit der 1.3-meter
Welle. (Propagation tests with the 1.3-meter wave.) Hochfrequenz.
und Elektroakustik, vol. 41, pp. 1563-156; May, (1933).

Author’s summary: “The propagation tests with 1.3-meter wave showed that even in
conditions where an optical path did not exist, with 1.5 watts of high-frequency power
distances of 10 kilometers could be covered. However, through absorption, reflection and
scattering the field strength decreased very rapidly. The ranges obtained in the tests for
equal field strengths over (a) optical paths, (b) flat land partly covered with trees, and
(c) denge woods, were in the ratio of 25:4.1:1.” The field strength increases with trans-

mitter height and is a maximum on an optical path. When the transmitter is near the
ground the vertical polarization is in general superior to the horizontal. The amplitude of
the vertical polarization is on the average 1C0 per cent greater than the vertical polariza-
tion up to d/x =1 (where d =transmitter height). The field strength of the 1.3-meter wave

is entirely independent of the time of day. Fading was in no case ohserved.

A. L. Green. State of polarization of sky waves. Radio Research
Board, Australia, Report No. 2, pp. 11-36, (1932).

Polarization measurements were made in Australia under conditions very similar to
those under which measurements were made in England, that is, for transmissions along
the earth’s magnetic field. Experiments are cited which are now being made with a view
ultimately to control the fading of broadcast signals. It is shown that one property of a
downeoring wave, namely, the phase difference between its normally and abnormally
polarized components, shows a certain meagure of constancy for different beights of the
layer.

W. (¢. Baker and A. L. Green. The influence of the earth’s magnetic
field on the I)olqrizati()n of sky waves. Radio Research Board, Aus-
tralia, Report No. 3, pp. 9-34, (1932).

This paper is a theoretical discussion of the influence of the carth’s magnetic field on the
propagation of sky waves of broadecast frequencies in the Heaviside layer. The calculation
in not restricted to the case of propagation along lines of magnetic foree. It is shown that
the effect of the magnetic ﬁe]g is to make the direction of transmission of waves in the
Heaviside layer oblique to the wave front. From data on the ratio of the components of o
downeoming sky wave i, is eoncluded that the errors in apparent bearing of a station
should be large at night when the direction finder is gouth of the transmitter, and com-
paratively small when the direction finder is north of the transmitter and about 200 miles

from it.
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A. L. Green. Height measurements of the Ileaviside layer in the early
morning. Radio research Board, Australia, Report No. 2, pp. 37-80
(1932).

From aythor’s summary: “Reflection coefficients of the layers were calculated in most
cases and 1t was found that a mean valuefor the lowerlayer wasabout 15 per cent for the
period preceding sunrise, and about 30 per cent for the upper layer in the early morning,
when the lower layer had ceased to reflect. Reasons are given for supposiig that the
likely maximum value of the reflection coefficient for the Heaviside layer would be about
50 per cent, so that average values of about 15 per cent indicate imperfect reflection as
well as extra attenuation of the sky wave at points along its path where it passes through
the “D” region of absorbing ionization.” Times in minutes after time of sunrise at ground
level called “cut-off times” at which the intensities of sky waves fall below easily meas-
urable values seem to depend on time of year and type of layer movements in the earlier
morning.

R. A. Watson Watt and 1.. H. Bainbridge-Bell. Recording wireless
echoes at the transmitting station. Nature (London), vol. 131, pp.
657-658; May 6, (1933).

S. L. Mitra and H. Rakshit have received echoes from the ionosphere on the same an-
tenna used to emit the pulses. The authors of this letter suggest that the reduction of
echo amplitude near the receiving antenna may be due to the receiver as a whole being
rendered relatively insensitive, for periods of many milliseconds, by the incidence of the
strong ground pulses.

T. L. Eckersley. Polarization of echoes from the Xennelly-Heaviside
layer. Nature (London), vol. 131, pp. 512-513; April 8, (1933).

This 1s a letter which corrects an error made by the author in another letter in Nature,
September 10, 1932, p. 398. The latter dealt with the subject of the polarization of echoes
reflected from the Kennelly-Heaviside layer. According to the magneto-ionic theory, the
left-hand circularly polarized ray should be less attenuated than the right-hand one and
not vice versa.

B. van der Pol; T. L. Eckersley; J. H. Dellinger; P. le Corbeiller.
Propagation of waves of 150 to 2000 kilocycles per second (2000 to

150 meters) at distances between 50 and 2000 kilometers. Proc.
I.R.E, vol. 21, pp. 996-1001; July, (1933).

Using eight graph sheets a condensed statement of the propagation characteristics of
radio waves of 150 to 2000 kilocycles is made in terms of field intensities produced at dis-
tances between 50 and 2000 kilometers for both day and night.

'G. H. Munro and L. G. H. Huxley. Atmospherics in Australia. Radio

Research Board, Australia, Report No. 5, pp. 1-49, (1932).

The progress of an investigation of atmospherics which interfere with radio reception in
Australia 1s described. Using two stations separated by 300 miles simultaneous observa-
tions were made on atmospherics and their origins determined. Practically all atmos-
pherics observed have been associated with lightning flashes. The use of direction finders
to locate low pressure areas and to observe their motion is considered. Automatic con-
tinuous directional recorders are being used to secure further information.

Operation of new antenna at KYW. Radio Eng., vol. 13, p. 10; June,
(1933).

A new quarter wave directional antenna supported by a wooden mast is described. The
ground connection consists of copper sheets and radial wires.

E. W. B. Gill and R. H. Donaldson. Resonance in three-electrode
valves. Phil. Mag. (London), vol. 15, pp. 1177-1181; June, (1933).

A large three-electrode vacuum tube is used to determine the resonance period of elec-
trons vibrating about the grid between anode and cathode, the voltage on the grid being
variable. The data show a distinct resonance for grid voltage =24 volts approximately for
10-meter waves. Thisresult remained practically constant for different filament emissions.
This is said to confirm the theory that A2V =constant.

R. DeCola. An analysis of power detection. Proc. I.R.E., vol. 21, pp.
984-989; July, (1933).

Thereasons foroverloading of detectors as output devices is discussed. It is shown that
in grid cireuit rectification replacing the grid leak with a high impedance choke extends
the overload point considerably. Using a 247-type pentode 800 milliwatts are obtained
at the output circuit with seven per cent maximum distortion.
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J. A. Hutcheson. Application of transformer-coupled modulators.

% R355.8 Proc. I.LR.E., vol. 21, pp. 944-957; July, (1933).

R140

R140

R140

R140

R148

R163

A brief résumé of Heising’s modulator theory is presented together with a discussion of
the class B operation of tubes in & push-pull audio-frequency circuit. Several cases of
commercial applications of class B audio amplifiers are mentioned, Several general prob-
lems involved in the use of a class B audio amplifier are discussed with the conclusion that
such an amplifier will produce more audio power for a given tube complement, at higher
Sfﬁmency, and with less distortion than amplifiers previously used in commercial applica-

ions.

J. G. Brainerd. Some general resonance relations and a discussion of
Thevenin’s theorem. Proc. [.R.E., vol. 21, pp. 1050-1054; July,
(1933). ‘

It is shown that the maximum possible current which can be obtained through an im-
pedance joining two’ points of a linear network is in general greater than the short-
circuit current between those points; the maximum possible voltage is in general greater
than the open-circuit voltage; the ratio of open-circuit voltage to short-circuit current is
equal to the ratio of the maximum possible voltage to the maximum possible current and
both are equal to the magnitude of the input impedance of the network, etc. The condi-~
tion for maximum voltage across a branch of alinear network is derived. As a preliminary,
a form of Thevenin’s theorem different from the usualone and of greater usefulnessin the

analyticalsolution of some circuit problems is obtained.

P. Caporale. A note on nonlinearity in transducers used in communi-
cation. Proc. I.R.E., vol. 21, pp. 1029-1038; July (1933).

For those cases where the characteristics of a nonlinear transducer can be expandedina
power series, a generallaw or equation is derived for the characteristic of a compensating
transducer, that is, a transducer which in combination with the first transducer will pro-
duce over-all linearity. It is shown, moreover, that when the seriesfor the distorting trans-
ducer is not sufficiently rapid in its convergence, it becomes impracticable to realize the
necessary compensating transducer.

J. Groszkowski. The interdependence of frequency variation and
harmonic content, and the problem of constant-frequency oscillators.
Proc. I.R.E., vol. 21, pp. 958-981; July, (1933).

This paper represents the operation of nonlinear oscillating systems. The symbolic
calculus has been used throughout in a complete and exact manner, by employing it for
the fundamental frequency as well as for all harmonic frequencies which appear in the
system. This could be done owing to the investigation of the negative resistance operation
from the energy point of view. Formulas are obtained which allow the interdependence of
the frequency variation and the content of harmonics to be determined. It appears that
these harmonics, whose amount varies with the change of operative conditions (supply

voltages, etc.) of the system, are just responsible for thq frequency variation.

D. A. Bell. The optimum decrement of tuned circuits for the reception
of telephony. Wireless Engineer & Experimental Wireless (London),
vol. 10, pp. 371-374; July, (1933).

This article is a discussion of the factors that determine the optimum decrement of a
receiving circuit. It is shown that there is an optimum degree of damping for a tuned
circuit where the applied electromotive force is independent of the circuit. In a tuned-
plate circuit it is especially desirable that the decrement of the circuit should not be un-
necessarily reduced. Tables give values for R, where R represents alllosses involved in
the tuned circuit, and for the effective dynamic impedance of a circuit of negligible damp-
ing for various modulation frequencies. )

E. A. Laport. A simplified method of modulator design. Electronics,
vol. 6, pp. 184-185; July, (1933).

The procedure is to obtain the characteristics of theload which is to be modulated; to
compute the current and voltage conditions existing in the load when it is modulated in
the desired degree; to compute the current in the modulation reactor circuit to give the
modulating voltage; to determine the modulator characteristics to give these conditions;
and to apply these computations to the static characteristics of the type of tube to be used

Lo obtain the dynamic characteristics, the excitation required, and associated information.

W. F. Floyd. A note on interference tones in superheterodyne re-
ceivers. Proc. Phys. Soc. (London), vol. 45, pp. 610-616; July 1,
(1933).

“Briefly the problem involves: (1) The reception of at least three signals; (2) Double
detection,and (3) A filter action between the two detectors. In the case of rectification by
detectors with generalized characteristics, quantitative analysis is extremely complex.

"he form of the result, however, shows how large is the number of possible sources of
interference tones. The specific case of square-law rectification is considered also.”




1376

R230

R241

R265.2

R270

R270

R270

R280
X R382

R320

Radio Abstracts and References

R200. Ranto MEASUREMENTS AND STANDARDIZATION

F. W. Grover. Tables for the calculation of the mutual inductance of
any two coaxial single-layer coils. Proc. I.R.E., vol. 21, pp. 1039~
1049; July, (1933).

The tables and formulas here presented enable the mutual ccnductance of any two
coaxial solenoids whatever to be calculated from a single formula. Examples make clear

that a five-figure accuracy may be attained with concentric coils and even with poorly
coupled coils the error does not exceed a few parts in ten thousand.

L. Podolsky. Electronics in resistor manufacturing. Electronics, vol. 6,
pp. 180-181; July, (1933).

Severa] methods of automatically testing resistors and ejecting the ones which fail in
test are described. One method uses a bridge, two arms of which are vacuum tubes, an-
other bridge method uses a light beam galvanometer and photo cells. A cathode-ray tube
method of testing tapered volume controls is described. A thyratron actuated tempera-
ture control and a viscosity test device are also described.

N. W. McLachlan. On the amplitude of loudspeaker diaphragms at
low frequencies. Wireless Engineer & Experimental Wireless (I.ondon),
vol. 10, pp. 375-380; July, (1933).

The amplitude of vibration necessary for a 10-centimeter radius’ disk to radiate one
watt of acoustic power is calculated. Atlow frequencies this amplitude is very large. Am-
plitude in an average case is then calculated. The resonance phenomena are treated. The
relationship between amplitude and loudness is deduced.

W. G. Baker and L. G. H. Huxley. Corrections to field strength meas-
urements. Radio Research Board, Australia, Report No. 1, pp. 7-22,
(1931).

The theory of the loop antenna is considered on the assumption of uniformly distributed
capacity, and the ordinary transmission line theory applied. Tables of correction factors
are given.

W. G. Baker and O. O. Pulley. A radio field-strength survey within
100 miles of Sydney. Radio Research Board, Australia, Report No. 1,
pp. 23-32, (1931).

This paper describes the development of a receiving set capable of measuring weak
field strengths. Measurements were taken for roughly 100 miles around Sydney. The
most important result is to show that 2BL,lying on the coast,has a great advantage over
2FC, several miles inland, for the service of the South Coast Distriot.

S. Namba and T. Tsukada. A method of calculation of field strengths
In high-frequency radio transmission. Proc. I.R.E., vol. 21, pp- 1003-
1028; July, (1933).

The theory on the transmission of high-frequency radio waves developed by one of the
authors in a previous paper is applied to practical problems and a systematic method of
calculating the field strengths of high-frequency waves is established. The property of the
ionization chart is explained and the method 0f construction of the chart is given. From
a number of measurements made on high-frequency transmission, it is shown that the
coefficient of recombination in the F layer is about 1.5 X 10-10 (sec.~1) this value being
in fairly good coincidence with the theoretical value.

Ferrocart-—Losses in radio-frequency magnet cores—Hans Voigt’s
latest invention. Electrician (London), vol. 110, pp. 849, 851, June 30,
(1933).

The manufacture and use of Ferrocart, a special core material for high-frequency coils,
is described.

R300. Rapio ApPPARATUS AND EQUIPMENT

C. F. Boeck. Radio distribution system for apartme(nt buildings. Ra-
dio Eng., vol. 13, pp. 20-21; June, (1933).

An amplifier and distribution system is deseribed which accommodates up to 3000 re-
ceivers from one antenna. The system is alternating-current operated and requires only
an occasional gervicing. With this system, each receiver operates as though it were sup-
plied from a separate and independent antenna,
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(. Grammar. Twisted-pair feeders for transmitting antenna. ST,
vol, 17, pp. 17 20; July, (1933).

Resulta of a gronp of tests with twisted-pair feeders are given,
A Black. Ditection finding for amateurs, Wircless World (London),
vol. 32, pp. 430 457 June 30, (1933).

“ame praeticalvdess for direction fincling sets ate given.

=4

1D, MeArthur, Eleetronies and electron tubes——Part. V. Pliotron
and sereen-grid tube applieations, Gen. Elee. Rer., vol, 36, pp. 330
A30; July, (1033,

The methind of aperation of class A, B, and ¢ amplifiers is described. Methods of

Measurig power output are gnen. A grnernl dhscussinn of amphfiers and the various
fartors that offect therr operation are given

The Catkin tube. Radio Eng., vol. 13, p. 11 June, (1933).

The metal-contaiied receiving tubes are described and ilustrated Operating char-
arteniaties vl ane varuum tube are given.

AL AL Ausman. The processing of thorinted tungsten tilaments. Radio
Eng., vol. 13, pp. 15 170 June, GRERIN

The sleetron emission abtaaable (rom cutdeeroated . tungsten, and therium filaments
ys given. A shiart tabde showing the exiaston of thonnted tungsten and of pure tungsien
for different tempwratyres from 1000 degrees Kelvin to 28X degrees Kelvin is also mven,
A methad of prepanng a thonated dlamentas described.

1. Glauber and A, G Camphell. A study of hum generation in vac-
Hum tubes as affected by heater design. Radin Eng., vol. 13, pp. 1213
June, (1033

Results of a study of the amount of hum prduced by the vanous types of heater-type
eathodes are given 1t s found that the hum produred by the doutde hmrgmn type o
A d-volt hoater 18 less thau for any other type of heater sxamined 1118 suggested that the
vacnuum tube manufacturers nught well atandardize v the use of this type of heates and
f,nninl the duphieation nf tube txpes now necesmiated by the differcnt voltages used vn
hoaters.

C 1. Kilgour and 1. M. Glessner. Dinde detection analysis. Proc.
IR EL vol 21, pp. 950 odds July, (QRSKI N

Thia paper mives the eurrent and output relations for the linear and square-law diode
detectarin terms of the deteetion efficieney and the detectar and load remstances The
aquare-law cazeis shownto vield results mmilar to the hinearforlarge input potentiales and
reasonahle values of foad Tt is shown that the use of a smallenrdenser across the load
decreases the detection efficiency hut increases the input tmpedance. The connectinn to
the driving cireuit of o second dinde for the develnpment of automatic volume conteol
potentialis shown ta cause distortion when such s tubess used with a delay bnas

AL V. Callendar. A theory of available output and optimum operating
conditions for triode valves. Proc. LR.E., vol. 21, pp. a0u-029; July,
(1933).

In this paper, the form of the triode curves is first investigated experimentally,and the
allunable limits of dynamie swing thus determined for any gven per cent harmnnic:
on this basis, a series nf expressions are mathe_matmnll,\' developed mving the rpqmrgd
output characteristics in terms of an eamly obtained valve constant. Curves are given for
output and correet plate current with various values of resistive load and of per cent har-
monie limit, with or without conditions of limited anode dmsxﬁstmn. The case of a prac-
tical load wath low direct-current resistance is examined,and the results are checked with
a harmonic analyzer; the psper concludes with 8 few practical rules.

F. E. Terman. Resistance stabilized oscillators. Electronics, vol. 6, pp.
190-191; July, (1933). ’

Resistance stabilized oscillator circuits are shown. Methods of construction and adjust-~
ment are given in detail.
V. J. Andrew. A simplified frequency dividing circuit. Proc. L.R.E,,
vol. 21, pp. 982-983; July, (1933).

A circuit is described in which a type 57, three-grid tube functions as two triodes in two
separate oscillator circuts. One of the circuits is a crystal oscillator, and the otheris a

self-excited circuit which is controlled by the crystalso that it oscillates at a subharmonic
of the erystal frequency.




1378

R357

Radio Abstracts and References

C. L. Lyons. The Pentagrid converter. Wireless Engineer & Experi-

XR361.2 mental Wireless (London), vol. 10, pp. 364-369; July, (1933).

R361

R361.3

R363.1

R365.22

R380

R384

R387.5

R388

R388

The vacuum tubes 2A7 and 6A7 (the same tube except for hez?,ter voltage) are five-grid
tubes designed to take the place of the oscillator and detector in superheterodynes. The
tube contains an oscillator grid, anode grid, two screen grids, a controlor modulator grid,
a cathode and anode. The tube has the following advantages: (1) higher translation gain;
(2) oscillator system independent of radio-frequency system; (3) bias voltage can be used
to control volume; (4) automatic volume control with a minimum number of tubes.

J. C. Haydock, Jr. An unusual 56-me superregenerative receiver.
QST, vol. 17, pp. 14-16; July, (1933).

Details of a portable set with a self-quenching detector.

R. W. Tanner. Automatic regeneration. Radio Eng., vol. 13, p. 10;
June, (1933).

A circuit arrangement is described in which automatic regeneration of a constant value

over the entire tuning range is accomplished. This circuit arrangement should be very
useful in high-frequency receivers.

W. Ure; E. J. Grainer; H. R. Contelo. The Balancing and stabilizing

- of high-frequency amplifiers with special reference to power amplifiers

for radio transmitters. Jour. I.E.E., (London), vol. 72, pp. 528-543;
June, (1933).

Part I gives a brief sketch of the historical development of the high-frequency ampli-
fier. Part II contains a discussion of the balanced bridge in relation to vacuum tube cir-
cuits, in which the effects of stray coupling, circuit unbalance and assymetry of driving
potentials upon the stability of bridge-circuit amplifiers, are considered. Part III gives
an account of some experiences met within the experimental development of a two-stage
power amplifier developed by H. M. Signal School, Portsmouth, for naval ships use as a
wireless transmitter. The transmitter is described.

W. F. Cope. A method of tone control. Wireless Engineer & Ezxperi-
mental Wireless (London), vol. 10, p. 370; July, (1933).

. A method of tone control is described which depends forits effect upon g seriesresonant
circuit consisting of a choke in the grid lead to a vacuum tube, its input capacity, and the
alternating-current resistande of the preceding vacuum tube.

Parts and accessories for radio receivers. Radio Eng., vol. 13, pp. 8-9;
June, (1933).

Briefly the improvements that have recently been made in available radio parts and
materials are reviewed.

G. F. Lampkin. The micrometer frequency meter. QST, vol. 17, pPp-
10-13, July, (1933).

A frequency meter which is constructed about a micrometer condenser is described. The

meter 18 compact, alternating-current operated, and at 3500 kilocycles, frequency can be
determined to + 500 cycles with an error of not more than 0.015 per cent.

P. D. Morgan and H. G. Taylor. The resistance of earth electrodes.
Jour. I.LE.E., (London), vol. 72, pp. 515-518; June, (1933).

The most important aspects of the resistance of electrodes used for earthing electrical
installations and apparatus are treated. Electrodes must have a large area of surface in
order to form low resistance grounds. Salting the ground around the electrode is sug-
gested. The use of coke breeze is also discussed.

C. E. Holler. A linear timing axis for cathode-ray oscillographs. Rev.
Sci. Instr., vol. 4, pp. 385-386; July, (1933).

By charging a condenser by means of the plate current of a constant current vacuum
tube and discharging the condenser through a grid-glow tube a convenient timing axis is
provided. The axisislinear, the circuit simple and the amplitude and frequency are con-
trolled by potentiometers.

Zworykin’s ionoscope (mosaic of 3,000,000 tiny photo cells scanned
by cathode ray beam). Electronics, vol. 6, p. 188; July, (1933).

A device which should greatly improve television pick-up is described. The image of the
scene to be televised is focused on the 4 X5-inch plate made up of 3,000,000 individual
photo sensitive cells. Each cell, when illuminated, stores its photoelectric charge iun its
associated condenser. The cathode ray beam, sweeping the plate, discharges these con-
densers, producing impulses which are then amplified.
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H. Piesch. Eine neue Kompensations-Messeinrichtung zur Bestim-
mung des Ubertragungsmasses an Vierpolen. (A new compensated
measuring device for determining the transmission equivalent of a
four-pole network.) Elek. Nach. Tech., vol. 10, pp. 251-257; June,
(1933).

A measuring device for determining the transmission of a four-pole network is de-
scribed, by means of which the damping and phase change of a network may be deter-
mined. The special feature of thé circuit was to make the phase angle arbitrarily large so
that positive and negative damping values may be determined and the result obtained
quickly and without trouble.

R400. Rapio COMMUNICATION SYSTEMS

Radio interference. Electrician (London), vol. 110, p. 862; June 30,
(1933).

The Institution of Electrical Engineers has set up a committee representative of all
electrical interests for the purpose of congidering and making recommendatiors on the
question of interference with broadcast reception arising from the operation of other
electrical apparatus.

Electrical interference. Wireless World (London), vol. 32, pp. 458-459;
June 30, (1933). '

A campaign is being conducted by the Wireless World and others to obtain legislation
that will give the Post Office authority to demand the elimination of interference pro-
duced by electrical machinery. A questionnaire has been prepared and it is proposed to
eliminate interference from Brighton and Howe districts as a preliminary experiment

A T.. J. Bernaert. Avoidable interference. Wireless World (I.ondon),
vol. 33, pp. 4-5; July 7, (1933).

Types of apparatus causing radio interference and methods of eliminating it are dis-
cussed. Several types of filter arrangements are shown.

R500. APpPLICATIONS OF RADIO

Reception of television. Electrician (London), vol. 110, pp. 854-855;
June 30, (1933).
The cathode ray tube and its use in television reception are described.

R&00. NONRADIO SUBJECTS

E. H. Reyner. The researches of the late Dr. D. W. Dye on the vibra-
tions of quartz. Jour. [.E.E., (London), vol. 72, pp. 519-527; June,
(1933). .

This article reviews briefly the physical properties of quartz as an introduction to a
review of the work of Dr. Dye. The discoveries, dynamic analysis of vibrational motion,
interference measurements, and application of quartz to control of time keeping devices
are some of the things discussed. Tifty-three plates of vibrating quartz plates are shown.
Most of these plates are taken with Dr. Dye’s interference method.

N. H. Williams. Modes of vibration of piezo-electric crystals. Proc.
I.R.E., vol. 21, pp. 990-995; July, (1933).

(a) A crystalis made to oscillate by subjecting it to the action of an air wave produced
at a considerable distance from the crystal by a jet of air escaping from a small tube. The
piezo-electric charge developed on the surface of the crystalas a result of the oscillation is
mapped out by means of a tuned amplifier, and the vibration is analyzed into a funda-
mentaland many overtones. For crystals that arelong in one dimension, the overtones are
nearly exact harmomnics, (b) Exciting the crystal electrically by means of two tubes and
especially designed electrodes, any harmoni¢ up to the tenth can be produced. The crystal
usually has only one mode of vibration for each pair of electrodes.

E. Hughes. The measurement of peak values of alternating currents
and voltages by means of a thyratron. Jour. Sci. Instr., vol. 10, pp.
180--1%2; June, (1933).

«Thig paper deals with the use of a thyratron for measuring the maximum value of an
alternating voltage such as the potential drop in a low resistance shunt, carrying an
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alternating current. By this method, the maximum value of the potential difference can be
determined within 0.02 volts. Reference is made to the various precautions necessary to
ensure relianble and consistent readings. ‘
W. H. Lord and O. W. Livingston. Thyratron control of welding in
tube manufacture. Electronics, vol. 6, pp. 186-187; July, (1933).

The advantages of controlled welding are pointed out and a schematie eircuit of &
thyratron grid-controlled rectifier welding control is desecribed.
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