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PREFACE

Radio has become part and parcel of aeronautics. Many
pilots and ground men are now required to hold radio opera-
tors’ licenses. Aeronautic radio offers splendid opportunities for
interesting and worthwhile employment.

“Aeronautic Radio” is for all persons interested in any phase
of the subject—students, mechanics, operators, pilots, and air
transport operations executives. All should be benefited by famil-
iarity with the contents of the volume.

In preparing this manual the author has been guided through-
out by two considerations: (1) the requirements of the Federal
Communications Commission as to aviation radio operators’
licenses and the regulations of the Civil Aeronautics Authority
as to radio in aeronautics, especially its use by pilots, both com-
mercial and private; and (2) the actual approved usage of exist-
ing aeronautic radio equipment for both communication and:
special purposes, such as course guidance and instrument landing.

The first eleven chapters, carefully studied, should prepare the
average person to pass the theoretical part of the examination for
an aviation radio operator’s license. The next five chapters
explain the special applications of radio to aeronautics. Those
thoroughly covering the book should be well prepared to acquire
quickly skill in the operation of radio equipment and to under-
stand readily manufacturers’ instructions for the installation and
maintenance of apparatus.

Only by drawing on the knowledge of many specialists iden-
tified with aeronautic radio in one way or another has it been
possible to prepare a book presenting a complete picture of this
field in aspects both of manufacture and operation. Fortunately
“all hands” have given unstinted help in supplying essential in-
formation. For their assistance I am deeply grateful. Names of
the companies follow :

Aero Digest, Aeronautical Radio Company, Aeronautical
Radio, Inc., Aerovoice, Inc,, Air Associates, Inc., Air Radio,

it



iv PREFACE

Air-Track Mfg. Corp., American Airlines, Aviation, Bendix
Radio Corp., Boeing School *of Aeronautics, Breeze Corpora-
tion, Bureau of Air Commerce, Civil Aeronautics Authority,
Dallas Aviation School and Air College, Eclipse Aviation, Fair-
child Aviation Corp., Federal Communications Commission,
Lear Radio Developments, Inc., International Telephone Devel-
opment Co., Inc., Parks Air College, Inc., Pioneer Gen-E-Motor
Corp., The Prest-O-Lite Battery Co., Inc., Radio Navigational
Instrument Corp., Radio Receptor Co., Radio Corporation of
America Manufacturing Co., Inc., Titeflex Metal Hose Co.,
Western Electric Co., Willard Storage Battery Co.

I wish also to make special acknowledgment of the help of
Major C. R. Johnson, United States Army, whose strict criticism
has set a high standard of aspiration in preparation of the book.

Myron F. EpDpy
March, 1939
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CHAPTER 1
AVIATION RADIO COMMUNICATIONS

Radio is the art of communication by means of radio waves.
Radio, in its many applications, is a large subject. The expres-
sion “radio communication” or “radio communications” is legally
defined as meaning any intelligence, message, signal, power, pic-
tures, or communication of any nature transferred by electrical
energy from one point to another without the aid of any wire
connecting the points from and at which the electrical energy is
sent or received, and any system by means of which such transfer
of energy is effected.

Contained in this coldly phrased definition lies the promise of
big things to come. But to be of greatest value, radio must be
understood and it must be controlled.

No other nation in the world affords its citizens as many privi-
leges in the use of radio as does the United States. It is in order
that this may be so and that all of the benefits of radio may be
enjoyed by all of the people, with proper considerations for
individual rights, that the Federal Communications Commission
(F.C.C.) exists. The rules and regulations of this commission,
together with the provisions of the Communications Act of 1934,
have all the weight of law and apply to the use of radio in aviation
as well as elsewhere.

Some of these governing factors are of particular importance
to airmen, and are presented in this first chapter so that their effect
on airline operation may be understood from the start. Do not
think of these provisions of law as merely tiresome rules to
memorize ; rather, come to understand their object and the neces-
sity for carrying out their spirit at all times. This attitude about
“radio regs” is invaluable indoctrination for any airman dealing
with radio because communications in aviation must be con-
ducted in a legal manner if the fine traditions of aviation are to
be maintained.
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Radio Services

There are three different radio services utilized in aeronautics.
These services are defined by the F.C.C. in the paragraphs which
follow:

Fized Service. The term “fixed service” means a service carrying on
radio communication of any kind between fixed stations.

Airlines maintain facilities for communicating between air-
ports by radiotelegraph and radiotelephone and therefore main-
tain a fixed service; however, it is of a special nature. See
“Aviation Service.”

Mobile Service. The term “mobile service” means the radio com-
munication service carried on between mobile stations and land
stations, and by mobile stations communicating among them-
selves.

Airplanes in flight maintain mobile service by communicating
with ground stations and with other airplanes by radiotelephone
and radiotelegraph.

Special Service. The term “special service” means the radio com-
munication service of radio beacons, radio direction finders,
transmission of time signals, notices to navigators, standard fre-
quencies, transmissions having a scientific object, and others not
herein defined.

The Civil Aeronautics Authority maintains a special service
particularly suited to persons who use the civil airways.

Aviation Service. The term “aviation service” means a radio com-
munication or special service carried on by aircraft stations, air-
port stations, aeronautical stations, or aeronautical point-to-point
stations.

It is this service, together with the mobile and the special
service defined above, with which this book aims to deal.

Radio and the Pilot

The important function of radio to the airman—especially
the private pilot—is to keep him out of trouble. Airline pilots
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know this; the itinerant pilot soon learns it to be true. Unfore-
seen dangerous flying conditions should be minimized by an
exact knowledge of weather and fields. The pilot should know
when to turn back, or not to attempt the flight in the first place.
But once he finds himself in trouble, the only help outside the
cockpit must come through his radio. He must know exactly
what it will do. He must have confidence based on experience
with radio. In the process of gaining this confidence he will
learn that to make full use of the radio is not so simple as some
of the popular newspaper and magazine articles would indicate.
He must know or have aboard his plane identifying signals, fre-
quencies, and weather broadcast schedules. If he has a trans-
mitter as well as a receiver he should know exactly what distance
range to expect of it for the altitude and time of day, and should
know the call letters and frequencies and distances of the stations
which can give him the information that is desired.

The most important of all radio facilities is the broadcasting
of weather information. The weather broadcast procedure fol-
lows a fixed pattern. It is desirable for the pilot to learn this form
so that the reports can be more accurately understood under
adverse conditions.

The second most important facility available to pilots is the
“radio range.” The same 200 to 400-kc receiver is used for both
“range” reception and weather; this receiver must be operated
correctly. There are 133 Range Stations located throughout the
United States, generally along established airlines and almost
never more than 200 miles apart. These stations transmit radio
signals which are projected along a fixed path over the surface of
the earth that the pilot may follow ; it may be pictured as a widen-
ing searchlight beam stretching across the country. Most airmen
are familiar with the type of signal sent out by these stations.

There are 84 marker beacon stations located throughout the
country which serve as radio “lighthouses” or “foghorns.” These
are of two classes. One is the low power (5-mile range) trans-
mitter which sends a nondirectional identifying signal. This
helps the pilot locate his position along a major range course.
Another type of marker beacon is the low-power radio range
which not only acts as a radio “lighthouse,” but also acts as a
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special runway radio-range direction indicator for some of the
intermediate fields.

He should know some of the “must nots” in connection with
flying the radio range and in the use of his aircraft transmitting
equipment. If he uses a direction finder—required equipment
aboard air transports—he must have a knowledge of the geo-
graphical position of the transmitting stations heard on it.

Perhaps most important of all to the pilot flying from one
point to another in the United States is a knowledge of existing
facilities and the methods by which they may be utilized.

Radio Stations

The different kinds of radio stations are defined as follows:

Station. The term “station” means all of the radio-transmitting
apparatus used at a particular location for one class of service and
operated under a single instrument of authorization. In the case
of every station other than a broadcast or amateur station, the
location of the station shall be considered as that of the radiating
antenna.

Sometimes a station antenna is remotely controlled. When
taking a radio-compass bearing which is to be plotted, the geo-
graphical location of the antenna must be known by the radio
compass operator aboard the plane so that the line of bearing
may be correctly plotted on his chart.

Mobile Station. The term “mobile station” means a station that is
capable of being moved and ordinarily does move.

Ships and other vessels are licensed as mobile stations. An
airplane equipped with two-way radio is a mobile aircraft station.

Portable Station. The term “portable station” means a station so
constructed that it may conveniently be moved about from place
to place for communication and that is in fact so moved about
from time to time, but not ordinarily used while in motion.

A radio transmitter installed in a truck would be licensed as
a portable station. (Certain blind-landing systems, discussed in
Chapter 13, use truck-mounted equipment. )
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Aircraft Station. The term “aircraft station” means a radio station
on board aircraft.

Such a station always carries at least one receiver and one
transmitter. A transport airplane usually carries three receivers;
two transmitters are generally installed on large craft.

In all cases transmitters are quartz-crystal controlled and may
be of the single or “two-frequency” channel variety. The output
is approximately 50 watts. The total weight of the transmitter,
including power supply, control box, control cables, microphone,
etc., is about 75 Ib.; the transmitter unit is about 10 in. square.
The transmitters used by airlines and itinerants are described in
Chapter 10.

Each plane carries a communication receiver, a beacon re-
ceiver, and an emergency or auxiliary receiver. The communica-
tion receiver is a multifrequency crystal-controlled superhetero-
dyne receiver having an output of the order of 1 watt and ar-
ranged so that either the pilot or co-pilot, or both, can control it.
The beacon receiver is of the continuously variable type of super-
heterodyne and generally contains a provision for quick switch-
ing, usually by means of a relay and pretuned circuits at 278 kc
for traffic control so as to make it unnecessary always to tune the
receiver off the radio-range frequency. This receiver likewise
is arranged for dual output and at times for dual control. It is
usually controlled through a rotating flexible shaft which may be
as much as 30 ft. in length.

Radiotelephone on the overland routes in the continental
United States utilizes frequencies between 2600 ke and 6500 ke
for communication between ground and plane. Figure 64, page
180, illustrates in general the transmission characteristics of vari-
ous radio-frequency signals. Because of these characteristics, day
communication is generally carried on at frequencies between
4500 and 6210 kc and night communication at frequencies
between 2600 and 3500 kc.

At least one day and one night frequency are used by.each
plane. If a plane is used over more than one route or in more
than one division, it is sometimes necessary to utilize as many as
eight crystals in both the aircraft receiver and transmitter. On a
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transcontinental flight, if a receiver or transmitter is not to be
retuned or replaced, approximately four day as well as four night
frequencies would be required. Some airlines interchange the
equipment at main division points and utilize only two-frequency
receivers and transmitters on the plane. Others employ larger
equipment with more pre-set frequency channels and do not resort
to interchanging equipment at division points. A complete set
of aircraft equipment includes power supply, remote control
equipment, etc. The total weight of all this is approximately
150 1b.

Aeronautical Station. The term “aeronautical station” means a sta-
tion used primarily for radio communication with aircraft sta-
tions, but which may also carry on a limited fixed service with
other aeronautical stations in connection with the handling of
messages relating to the safety of life and property in the air.

It is common practice to utilize 400-watt multifrequency trans-
mitters on the ground, quartz-crystal controlled. Quick fre-
quency change by switching is utilized both at the ground station
and on the airplane. Reception is accomplished through the use
of superheterodyne receivers with crystal-controlled oscillators
and arranged for quick switching between the various fre-
quencies.

Aeronautical Point-to-Point Station. The term “aeronautical point-
to-point station” means a station used primarily for fixed services
in connection with the relay of messages destined for or originat-
ing on aircraft and relating solely to the actual aviation needs of
the licensees.

Communications Systems and Regulations

Aeronautic radio, the subject covered in this book, includes all
of the subjects connected with the operation of the radio gear car-
ried aboard aircraft and at the ground stations which serve air-
craft. Radio sets aboard aircraft are for:

(a) Communication purposes, or
(b) Navigational aid.
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Federal ground stations have one or both of these two types

of apparatus and in addition are on a teletype circuit. Private

ground stations have radiotelephone transmitters and recelvers
and facilities for point-to-point communication.

Aviation Communication Systems

In the aviation industry, radio plays its most important role,
because in this field its chief purpose is to promote safety. It is
not a cure-all and the men who handle radio in aviation must be
competent if it is to perform its life-saving functions. All aviation
communications systems are now functioning well; but all are
subject to improvements. Systems will improve as the men who
work with radio increase their proficiency. The student should
learn as much as possible about existing networks and their
administration first; then as much as possible about radio
apparatus.

Civil Aeronautics Authority. The Civil Aeronautics Au-
thority has general control over all (government) civil airway
radio facilities. In addition, it regulates the use of radio by pilots
and airlines. It issuesan approved type certificate for radio equip-
ment. The regulations of the C.A.A. pertaining to radio can be
secured upon request.

The C.A.A. maintains a communication system along the fed-
eral airways for flyers without charge. Aviation messages are
passed along from station to station by radiotelegraph, radio-
telephone, and by teletypewriter. This Authority maintains
radio range beacons and other aids to navigation. Messages be-
tween the ground and planes are sent by radiotelephone; course-
guidance signals go out by radiotelegraph code. These U. S.
government radio facilities are the finest in the world. Frequent
revisions of airways maps are published by Civil Aeronautics
Authority. Plate I shows an airways station.

Airline Communication Systems. Airlines also maintain
communication systems between their fields and between the
ground and airplanes. Practically all of the domestic transport
companies use voice installations aboard aircraft. Radiotele-
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phone, radiotelegraph, telegraph, and teletype link company sta-
tions in the United States. On Pan American and other foreign
runs, radiotelegraph is much used both on planes and along the
ground. On page 18 are shown the frequencies used by various
airlines. (See Plates II and I11.)

Aeronautical Radio, Inc. This is a nonprofit corporation hav-
ing its main office at Washington, D. C,, organized in 1929 from
among a number of airline companies for the purpose of having
a controlling body to which radio station licenses could be issued.

Aeronautical Radio, Inc., does not own any radio apparatus at
the more than 250 ground stations and more than 350 aircraft
installations licensed in its name. The ground equipment is
owned by the respective airlines and leased to Aeronautical Radio,
which arranges the licenses with the Federal Communications
Commission for such frequencies as may be needed. The air-
craft station is owned by and licensed to the air transport com-
pany operating the aircraft. The company does not dictate to the
airlines their choice of radio apparatus or its servicing. Neither
does it employ a single radio operator, on the ground or in the
air. These, too, are provided by the respective airlines.

It does, however, through the lease agreement with the air-
lines, have unrestricted control over the use and operation of each
station to the extent required by the F.C.C. license. It is respon-
sible to the F.C.C. for proper mechanical and human operation
of the equipment, though it does not own the radio apparatus, nor
employ the operating personnel.

Cooperation necessary from the airlines is best manifested
when a new operator requires radio services along an existing
route or portions of several routes. Its mobile radio apparatus,
installed in the airplanes, is licensed with the F.C.C. for the fre-
quencies of the radio chain or chains where the new airline will
operate. Before the license is obtained, Aeronautical Radio satis-
fies itself that the new airline’s radio apparatus and personnel
meet F.C.C. requirements. The new airline need not buy or oper-
ate its own ground stations; existing stations in the network
extend their facilities and rearrange calling schedules. Similarly,
private pilots are accommodated on any chain. All radio licenses
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for mobile equipment are taken out in the name of the operator,
and for ground equipment in the name of Aeronautical Radio,
Inc.

Established airlines meet Aeronautical Radio’s expenses, less
what is collected from feeder lines and itinerants. What they pay
is apportioned on the basis of miles flown, not on the basis of
radio contacts made. Thus, the pilots are not being discouraged
from making as many contacts as may be needed for safe
operation.

Similarly feeder lines which are neither stockholders in the
company nor responsible for the perpetuation of its services, are
charged on the per-trip basis.

Itinerant pilots, however, are charged $1 per contact, or con-
tacts, within a one-minute period, the charge including radio
transmission of the message to the home base, if requested.

EXTRACTS FROM THE RULES AND REGULATIONS
OF THE
FEpERAL CoMMUNICATIONS COMMISSION

AVIATION SERVICE

(Revised May 10, 1937)

Note: These extracts which are supplied for information purposes
should not be considered as giving all rules concerning these
stations.

247. The term “airport station” means a station of low power used
only for communication with aircraft in the vicinity of an airport
and/or for the transmission of radio range signals for the locating of
the aircraft, and /or runways.

254. Airport stations will not be licensed to use more than 15 watts
power for type A3 emission. Airport stations authorized to be used for
the transmission of radio range signals may use power in excess of 15
watts for the transmission of these signals provided that the power is
limited so as to not produce a field strength of more than 1500 micro-
volts per meter at one mile from the transmitter location, in the direc-
tion of the maximum field. An applicant desiring to base operating
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power on the field produced must submit with the application for license
requesting authority to transmit radio range signals a record of field
intensity measurements made in sufficient number to insure accuracy in
conformity with this rule. All data on the antenna resistance, complete
description of the antenna system with dimensions and method of mak-
ing field intensity measurements, and of relating these measurements
to the operating power requested shall be submitted to and approved by
the Commission before any license will be granted to operate by this
method of power determination. If any change is made in the antenna
system, or any change made which may affect the antenna system, the
power of the airport station shall be immediately reduced to 15 watts
until data are taken and approved by the Commission as provided in this
rule.

255. Each licensee of airport, aeronautical and aeronautical point-
to-point stations licensed only for non-public aviation service shall keep
a record of the operation of each station, showing time of operation,
frequencies used and stations with which communication was held.

The licensee of every station licensed to carry on aviation public
service shall keep a record showing similar information and, in addi-
tion, a record of the messages handled.

An aircraft station not licensed for public service is not required
to keep such records.

These records shall be made available upon request by authorized
Government representatives,

256. In all cases herein where the word “day” occurs in connection
with a specific frequency, such use of the word “day” shall mean that
period of time included between 2 hours after local sunrise and 2 hours
before local sunset. If, for any reason, it is impossible to shift from a
day to a night frequency at the exact time required, such shift in fre-
quency shall be made at the earliest possible moment. Under no circum-
stances shall the use of a day frequency be continued at night on an air-
craft after such aircraft has once landed at one of the regular airports
along its route, following the time when such shift is required to be
made.

258a. The licensee of an airport station licensed to use the airport
frequency shall without discrimination provide non-public service for
any and all aircraft. Such licensee shall maintain a continuous listening
watch on the aircraft calling frequency 3,105 kilocycles, and also be
prepared to render a non-public communication service, during all
hours of the day and night; provided, however, that upon application
therefor the Commission may exempt any station from the require-
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ments of this provision when it appears that in the preservation of life
and property in the air the maintenance of a continuous watch by such

station is not required. Except for test purposes radio range signals

shall be transmitted only upon specific requests from aircraft desiring

to use the airport served by the station and the transmission of radio

range signals shall be discontinued immediately upon the landing of

such aircraft. Before conducting tests the licensee shall determine that

such tests will cause no interference on the assigned frequency or to

other frequencies.

259. The Commission may, from time to time, designate certain
airports at which the licensee of aeronautical chain facilities will be
required to make arrangements for the installation and operation of a
transmitter for the airport frequency, and maintain a listening watch on
3,105 kilocycles during hours to be specified. In cases of disagreement
between various interests at an airport, as to the operation of the airport
transmitter, the Commission will specify the arrangements.

260. Only one airport station will be permitted to an airport. Such
station shall render a non-public safety service to any and all aircraft
operators making use of the facilities of the airport. Communication
between aircraft and airport stations shall be limited to the time when
an aircraft is within 10 minutes’ flight or 30 miles from the airport. Air-
port stations shall be used for safety purposes in the control of air
traffic in the vicinity of the airport only. When airport stations are
installed in adjacent airports arrangements must be made between the
licensees for a system to prevent interference being caused by simul-
taneous operation. In the case of disagreement between the various
interests as to the operation of airport stations the Commission will
specify the arrangements.

262a. The frequenaes assigned for aviation purposes are as fol-
lows:

A. Distress, Calling and Navigation

278 kilocycles, airport frequency : Calling and working frequency
from ground stations to aircraft. Power not to exceed 15 watts.
3105 kilocycles: National calling and working frequency for all
itinerant aircraft. It may also be assigned to transport aircraft
in addition to the chain frequencies. Aircraft calling or work-
ing ground stations on this frequency will conduct a two-way
communication by utilizing the 3105 kilocycles frequency for
transmitting from aircraft to the ground and the 278 kilocycles
frequency for the receiving from the ground to aircraft.
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3120 kilocycles : National working frequency for all itinerant air-
craft, this frequency to be used in lieu of 3105 kilocycles for
working purposes on itinerant aircraft equipped for transmis-
sion on two frequencies; it shall not, however, be mandatory
for aircraft not having a rapid means of frequency changing
from 3105 kilocycles to 3120 kilocycles.

6210 kilocycles : Day only, for communication with stations of the
C.A.A. under conditions when the frequencies 3105 and 3120
kilocycles are unsuitable.

Other Channels for Aeronautical Use. In addition to the fore-
going frequencies allocated for aeronautical use, four channels
'in the 30-40 megacycle (Mc) band have been assigned for
(flight) student instruction; six channels in the 129-132 Mc
band for airport traffic control; and eleven channels in the 132-
144 Mc band primarily for radiotelephone service with aircraft
in flight.

The transmitter and receiver on an airplane constitute an “air-
craft station” which is also classed as a ‘“mobile” station; * radio
communication equipment used to communicate from the ground
to aircraft or from one place to another constitutes a “‘fixed
station’” and is generally referred to as a “ground station.” These
aviation stations may use radiotelegraph, code, or voice or both,
but are Not broadcast stations as they do not handle commercial
broadcasts.

Every station must be licensed. Every man who operates a
station must be a licensed radio operator.

Operators’ Licenses

Pilots on domestic airlines are required to have a third class
radiotelephone operator’s license. Any person holding this li-
cense may also operate a ground station set as long as a second
class operator is available if needed. However, most airlines
require their ground station operators to hold a second class
radiotelephone license, and a few airline companies in the United
States hire only those who hold a second class radiotelegraph
operator’s license. Most foreign lines, including Pan American,

* Unlike the sea-going vessel, which is also a mobile station, the airplane is not “open
to international service of public correspondence.”
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specify radiotelegraph, second, as minimum for any operating
job on the ground or in the air.

As to the legal requirements, operator licenses are valid for
the operation of radio stations as follows:

Radiotelephone Operator, Third Class. Any station while
using type A-3 or A-4 emissioni ; provided that,

1. Such operator is prohibited from making adjustments that
may result in improper transmitter operation.

2. The equipment is so designed that none of the operations
necessary to be performed during the course of normal
rendition of service may cause off-frequency operation or
result in any unauthorized radiation.

3. Any needed adjustments of the transmitter that may affect
the proper operation of the station are regularly made by
an operator holding a first or second class license, either
telephone or telegraph.

EXCEPTIONS:

1. The license is not valid for the operation of any of the various
classes of broadcast stations other than a relay broadcast
station.

2. The license is not valid for the operation of a coastal harbor
station or a coastal telephone station.

3. The license is not valid for the operation of a ship station
licensed to use types A-3 or A-4 emission for communica-
tion with coastal telephone stations.

Radiotelephone Operator, Second Class. Any station while
using type A-3 or A-4 emission.

ExcEeprTIONS:

1. The license is not valid for the operation of any of the various
classes of broadcast stations other than a television, fac-
simile, high frequency, relay or experimental broadcast
station.

+ Extracts from Federal Communications rule 443 governing operator licenses, as

amended to be effective April 1, 1938.
t Types of emission are defined on page 21,
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2. The license is not valid for the operation of a ship station of
over 100 watts power licensed to use type A-3 or A-4
emission for communication with coastal telephone sta-
tions.

Radiotelegraph Operator, Third Class. Any station while us-
ing type B, A-1, A-2, A-3, or A-4 emission; provided that, in
the case of equipment designed for and using type A-3 or A-4
emission,

1. Such operator is prohibited from making adjustments that
may result in improper transmitter operation.

2. The equipment is so designed that none of the operations
necessary to be performed during the course of normal
rendition of service may cause off-frequency operation or
result in any unauthorized radiation.

3. Any needed adjustments of the transmitter,which may affect
proper operation of the station are regularly made by an
operator holding a first or second class license, either tele-
phone or telegraph.

ExcepTIONS:

1. The license is not valid for the operation of any of the vari-
ous classes of broadcast stations other than a relay broad-
cast station.

2. The license is not valid for the operation of a ship station
licensed to use types A-3 and A-4 emission for commu-
nication with coastal telephone stations.

3. The license is not valid for the operation of a radiotelegraph
station on board a vessel required by treaty or statute to be
equipped with a radio installation.

4. The license is not valid for the operation of any ship tele-
graph, coastal telegraph, or marine-relay station open to
public correspondence.

In addition to the foregoing, there is a radiotelephone first
class, and a radiotelegraph second and first class; the latter is
attainable after one year of experience.
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Special privileges:

1. An operator of any professional class may operate any sta-
tion in the experimental service on a frequency above
30,000 kc in accordance with station license.

2. Subject to the limitations set forth above, the holder of any
class radiotelephone operator license may operate a radio-
telephone point-to-point station or a coastal telephone sta-
tion while using A-1 or A-2 emission, for testing or other
transmission entirely incidental to the service of such sta-
tion.

3. The holder of a radiotelephone operator license of any class,
when the license also certifies to his proficiency in Inter-
national Morse Code (16 words per minute plain language,
see Rule 436) may operate aircraft stations on domestic
flights while using any type emission authorized by the
station license.

Types of Emission

The various types of emission referred to above are as follows.
Waves of Class A include the following types:

Type A-1—Unmodulated continuous waves. Continuous
waves, the amplitude or frequency of which is varied by
means of telegraphic keying.

Type A-2—Continuous waves modulated at audible frequency.
Continuous waves, the amplitude or frequency of which is
varied in a periodic manner at audible frequency, combined
with telegraphic keying.

Type A-3—Continuous waves modulated by speech or by
music. Continuous waves, the amplitude or frequency of
which is varied according to the characteristic vibrations of
speech or music.

Type A-4—Television.

The term “radiotelegraph” as herein used shall be construed to
include the following types of emissions:
A-1—C.W. (continuous wave) Morse telegraphy.

Printer.
Slow-speed facsimile.



22 AERONAUTIC RADIO

A-2—Tone modulated I.C.W.

Special—High-speed facsimile, picture transmission, and special
methods of keying and modulating not included in A-1, A-2,
and A-3.

The term “radiotelephone” as herein used shall be construed
to include the following emissions:

A-3—Commercial telephony, single and double side bands.

How to Secure Operator’s License. The applicant for a
second class radiotelephone operator’s license will be examined
in the following subjects:

1. Radio communication laws and regulations. (Rules and
Regulations of Federal Communications Commission
may be obtained from Superintendent of Documents,
Washington, D. C.) The rest of this chapter is devoted to
this subject.

2. General principles of electricity ; operation and care of stor-
age batteries ; power supply apparatus. (These subjects
are considered in Chapters 2to 7.)

3. The theory, adjustment, operation, and care of radiotele-
phone transmitters ; receivers, including a diagram of an
installation of both receiver and transmitter. (These sub-
jects are covered in the chapters following Chapter 7.)

The examination for third class (radiotelephone) deals
mostly with regulations.* For third class radiotelegraph, a code
test must be passed, otherwise this examination is much the same
except that the diagram of a radiotelegraph transmitter must be
drawn and the operation of the set explained.

Bear these things in mind as you go ahead: the basic theory
in every case is the same; knowledge of the regulations which
apply to the various sets and services is very important.t

An applicant desiring to be examined for radio operator’s
license reports in person to the nearest radio inspector and fills

* Specifically, ten questions based on the radio provisions indicated in Title III,
Part I, Title V and Title VI of the Communications Act of 1934, as amended.

+ Aeronautics Bulletin No. 27, Aeronautic Radio, is an excellent and authoritative,
yet simple, treatise on this subject. It is interesting, nontechnical, free. (Apply te C.A.A}
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out two application forms. He is then given a written examina-
tion in sections, each section consisting of from five to ten ques-
tions. A percentage of 75 constitutes a passing mark. In case of
failure the applicant may not be reexamined for ninety days.

Radio Regulations

The rules and regulations of the F.C.C. taken all together
clearly indicate the proper way to conduct communications by
radio. It is quite necessary for radio transmitters to be licensed,
for if they were not, communication would be blocked continu-
ously by interfering signals and there would be no agency having
the power to prevent this.

Operators who man station transmitters also must be licensed,
otherwise there would be no legal control over their activities.

Any one guilty of operating a licensed radio station without
an operator’s license is subject to a fine of $500.

Only an American citizen may secure an operator’s license.

Once secured, the license should be kept on the operator’s per-
son or posted in plain sight in the transmitter room where he is
working.

The station license also must be conspicuously displayed in
the transmitter room.

An operator holding a second class radiotelephone license is
authorized to operate any radiotelephone station except a broad-
cast and an amateur station. A third class operator may operate
an aviation radio station under ordinary circumstances where a
second class man is in charge.

An operator may have his license suspended for any one of
the following reasons: (a) Transmitting profane or obscene
language; (b) maliciously interfering with other radio communi-
cations; (c) willfully damaging radio apparatus; (d) failing to
carry out the lawful orders of his pilot; (e) violation of any of
the conditions under which the radio license is granted, such as
power, frequency, grade of license, etc.

If an operator violates any of the provisions of the Communi-
cations Act of 1934 he is liable for a maximum fine of $10,000
and/or two years in prison. For violation of the Rules and Regu-
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lations of the F.C.C., the maximum fine is $500 for each and
every day of offense.

It is unlaw ful to transmit not only indecent language, but also :
propaganda against any department of this or any government,
any fraudulent distress signal, any superfluous signal, any signals
which maliciously interfere with other communications. There
is a penalty of a fine up to $10,000 and a prison sentence up to
two years for divulging the contents or meaning of any message
to any party other than the addressee or his agent.

All operators are obligated to adhere to the International Law
pertaining to distress signals. Every station must keep watch for
three minutes twice per hour beginning at the fifteenth minute
and at the forty-fifth minute after each hour, Greenwich Mean
Time, on 500 kc, the international distress frequency. Distress
signals hold precedence over all other signals.

How to Learn the International Morse Radiotelegraph
Code*

It is the opinion of the author and of a great many other men
who work with radio in aviation, that every radiotelephone oper-
ator should learn the radiotelegraph code early in his career. The
pilot must be able to distinguish the designating call letters of the
different beacons. Anyone listening in on a receiver ought to
be able to “‘copy’ code messages at a fair rate, It is for these rea-
sons that the code is given here with the urgent advice that the
reader attend some code class if possible; to learn the code by
himself if necessary. It can be done; amateurs prove this con-
stantly. Many different methods of learning to send and receive
have been tried in the United States during the past twenty years.
The Army has one system; the Navy another. Civilian schools
having large classes in attendance naturally use methods that are
different from those employed by small private schools which
handle small classes and individual students.

To memorize the code, study the groups on page 27 in the order
listed. Memorize each group, in turn, then send them. Do not
attempt to memorize group (2) until you have proved to yourself

* This section is from Lieut. Eddy’s booklet, “How To Become An Amateur Radio
Operator,” included here by permission of the Publisher, Short Wave Craft.
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International Morse Code Signals

LETTERS NumEeraLs
A — N —. 1l c———
B —... O —— 2 e
C ——. P o—. 3 e
D o—.. Q —— — 4 vorie
E . R .—. 5 eenns
F..—. S ... 6 —.-.-
G ——. T — 7 ——--.
H.... U.o— 8 —— ..
I .. Voo 9 ——— .
J —_—— W.o—— 0 ———————
K —.— X —..—
L o Y —o—
M —— Z ——-.

PuncTuatioN AND OTHER S16NS

Full stop )

Semicolon () —o——
Comma () ——- —
Colon ¢G) ———-..
Interrogation or REPEAT @ =
Exclamation () ——i——
Hyphen or dash ) —eeiim
Bar indicating fraction () — =
ATTENTION (Orcall)  m——
UNDERSTOOD Ce—

ErRor .

Go AHEAD —_———

Enp oF MEssage =

Warr —

RECEIVED (acknowledgment of message) c—
Double dash (separates preamble from address;

address from text ; text from signature) (=)— - —
FINISHED (end of work) e ——
The international signal of distress is »«:ome——...

(the letters S O S of the International Code)

25
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by actual work on a practice set that you know group (1). You
should react instantly and accurately without effort to each letter
when it is sent to you before deciding that you know the entire
group. When sending, each letter should register subconsciously,
on sight, as a combination of dot-and-dash sounds. E should be
reproduced as dit (the t in dit can be silent, if you prefer), M as
dah, dah, etc.

Just as soon as you feel that you know all of the letters in each
group as to their component sound parts, turn to your key. As
you make S, for example, think of it so far as the key is concerned
as dit dit dit—the sound which is S. Either pronounce the equiva-
lent sound out loud in memorizing and sending each letter, or say
it to yourself silently.

When you become tired while studying, rest a few minutes,
then continue. It does not pay to concentrate to an extreme de-
gree. Learn what you start out to learn perfectly, but you should
not make hard work of memorizing the code because it is a simple,
natural process, best accomplished when your mental attitude is
the same as when playing a game.

How to Learn to Send. Learn to send by sending with a good
practice set. Figure 74 is the circuit of an oscillator tube-type
set which you should be able to construct with very little trouble
or expense. If you prefer a buzzer set any of the simple practice
sets on the market may be purchased.

Try to secure an adjustment of the set used which will give a
fairly pleasing tone. In the tube set the amount of current regu-
lates the tone; in the buzzer set, adjustments on the buzzer itself
will change its tone.

Directions for Keying. First adjust the key by means of the
set-screws until there is a small gap between contact points, and
a medium tension on the spring. When manipulating the send-
ing key, or “keying,” you should hold down the key three times
longer for a dash than for a dot. The time space to be allowed
between the characters of each letter (the dots and dashes that
make up the letter) should be the equivalent of one dot. Avoid
a jerky manner of sending and do not try to send too fast.
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MEMORIZING GROUPS

(1)
dah

dah dah
dah dah dah

(2)

dit

dit dit

dit dit dit

dit dit dit dit
(3

dit dah

dah dit

dah dit dit

(4
dit dah dah
dit dah dah dah
dah dit dit dit
(5)
dit dah dit
dit dit dah dit
dit dah dit dit

oRgH

me-s

w-g UzZp

ol )

PERIOD ditdit ditdit ditdit

b~ MXUNK OO0 RLC

(=R~ T -

—

(11),

(6)
dit dit dah
dit dit dit dah
dah dit dah

(7)
dah dit dah dit
dah dah dit
dah dah dit dah

(8)
dah dit dah dah
dah dah dit dit
dit dah dah dit
dah dit dit dah

(%
dit dah dah dah dah
dit dit dah dah dah
dit dit dit dah dah
dit dit dit dit dah
dit dit dit dit dit
(10)
dah dit dit dit dit
dah dah dit dit dit
dah dah dah dit dit
dah dah dah dah dit
dah dah dah dah dah

INTERROGATION dit dit dah dah dit dit
BREAK ORDOUBLE DASH (=) dah dit dit dit dah
ERROR dit dit dit dit dit dit dit dit

WAIT dit dah dit dit dit

(12)

END OF MESSAGE dit dah dit dah dit
END OF TRANSMISSION dit dit dit dah dit dah

Nortk: You must remember the error sign from the start. You must
learn to make this error sign every time you make a letter wrong.
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The key should be held about as you hold a pencil—thumb on
left side, second finger on right side, first finger mostly on top and
on far edge. Keep your wrist limber; do not “grip” the key.

No one can actually teach you to become an operator. Almost
any operator, however, can advise you as to good form in keying
and you, yourself, must learn by listening to tell when you are
sending “good clean stuff.”

It has been said that if any two amateurs would send the Bible
to each other they would, by so doing, become operators. It will
certainly help, in the beginning, if an experienced operator can be
secured for sending to you and to listen to your sending. After
learning the code, you can “copy’ other amateurs on your receiv-
ing set; at first just a few of the simpler letters, then whole words
and sentences.

Practice making dashes first. Try the letters T, M, and O.
Then send the following series (Practice Exercise 1) over and
over until your keying is smooth and effortless. Keep the letter
close-coupled ; that is, with proper spacing between the parts of
each letter.

Practice Exercise 1. This practice exercise contains the
all-dash letters listed in memorizing group (1) : T dah; M dah
dah; O dah dah dah.

Two-Lerter Cobe Grours
TT MM OO MO OM TT MM MT MO TM
TO MO T™M OT MT OM TM TO OT OM

Turee-LErTER CoDE GROUPS

TOM MOO OoTO TOM OoMO MOO
TTM OMO MMT MMT oT™M TMO
TOO MTM MOM TOM TMO MTM
MOT TMT OTM TOO OMT OOM
TMT TOT OoOoOM ooT MTO TOM
Four-LerTER CoDE GROUPS

TOMO TMTM oToT MMOT MOTO
MTMT MOMO TMOM MOTT OTOM
TMTO MTTM MTMO TMOT TOTO

OTMO MTOM TOTM OMTM TOOM
MOTO OMTT TOMT OTMT MOTM

OMOT TOTO TOMO MOOT OTTO
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Frve-Lerter Cope GrouPps

TOTOM MTMOT TOTTO OTTOM

MOTMT MMOOT MTOMT MTOMO
OOMTT TOMTO MTOTM TOMOT
MOTTO MTOTM OTOMO OMTTO

TOTMO OMMOT TOMOT TMOTO

MOTOT OTMTO MOTTO MTOMT
TMOTT TMOTM TOTOO TOMMT
TOMOT OTTOM MTOMT MOMOT
OTMOT TOTOO MOTOM TOMOT
MOTTM TOTOM OMOTT OMOTO

Watch your spacing in the above groups, both between letters
and between groups. Notice that these groups can be sent from
left to right, or backwards from right to left; also both up and
down.

Pracrtice Exercisk 2. Next send dots or dot letters such as
LIS, E, EH, HL, HS, SI, and SE. Prepare a drill exercise similar
to the one which follows. As you write the letters in the drill
exercise, say them mentally to yourself, using “dit” and “dah”
instead of dot and dash. (Letter E is dit, I is dit dit, S dit dit dit,
etc.)

This exercise is for sending and receiving the all-dot letters in
memorizing group (2).

El EH SH ST IH
SsS 11 HI HS EH
ES IS SE 1E IE
HHA EE HE EI ES
Turee-LerTER GROUPS

SIS EIE ESE ISH HIS
ESE IEI 151 E1E SIH
HSI ISE THI SHE EIS
HEH HSH ESI EHS ISE
EHE ISI ESH HIH ESI

SIE SEI
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Four-LeTTER GROUPS

SISE SHIS HISH HEHE ISHE

ESHE ISIS SHIE ISHE SHEI

ISHE SHEE HSEI SEIS ISHI

HESE HISE HIHI EHIE ~ EHIS

HISI ESHI SEHS SISI SISE

ISES EIEI SIES HISH HSIE
SEHI

The next combination to try is that of words made up of all-
dot letters and all-dash letters. Try sending the following words :

It, set, hot, too, him, meet, totem, mites, items, met, home, his,
he, me, mist, hot, test, net, sot, toes, some, mete, sim, miss, moss,
sit, toss, tom, this, the, hem, otto, them, most, hoist, tee, motto,
moist, stem, memo, theme, mess, smite, smote.

The next three letters to be added will be A, N, D. Try sending
and receiving the following words : and, Dan, name, made, mad,
man, hand, sand, an, tan, Nan, maid.

Now you can send and receive certain short sentences:

It is time to meet him. He is to see Tom at noon. Nan and
Tom are Danish. She is a maiden. This time send the men. She
met him one time. The man and maid seemed to see them.

Practice Exercise 3. The following exercise contains the
letters EISHTMOAND from memorizing groups (1), (2),
and (3) on page 27.

F1ve-LerTER COoDE GROUPS

AISHD DANAS NINES DISOM SMITE
IDSNT ANOMI SAMES DODOS MISAD
NATID DITES MEDIN OTDIN DIDAN
ONSET SNADS TADAN SEDNI INISE
NADAT MIDAS MANDA HDTAN ADANE
NTMOA NEADS AIDIS OTESA DIDSN
ENTAH NEATS NANED MADIN HEOAD
ANADA ADNAD ODONA OSTEA SANDS

Special Signals and Procedure

A mobile radio station (in this case an airplane) may call some
other station, either airplane or ground even if their identity is
not known by sending the letters CQ. This is followed by de
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(from) and the call letters of the calling station, then followed
by the letter K which letter means “go ahead.”

The letters P A N by radiotelegraphy or radiotelephony are
sent out from an airplane immediately preceding an impending
forced landing—not an impending crash landing. In other words,
when a pilot wishes to give notice of damage to the plane which
compels the aircraft to land without requiring immediate assist-
ance, these letters are sent.

The distress call which should be sent from an airplane by
radiotelephone is mayday. This was originally adopted from the
French m’aidez which means “help me.” This should always be
followed by the name or number of the plane or the call letters of
the plane. If time permits, the approximate position of the plane
should, of course, follow this broadcast distress signal. This is
usually phrased in regard to what can be seen, as an example,
“mayday mayday mayday trip nine over heavy timber beacon
light dead ahead about 10 miles turning back turning back will
try to make Platte Canyon both engines out.”

The distress signal in radiotelegraphy consists of the letters
S O S. This means that the airplane sending this signal is in grave
and imminent danger and requests immediate assistance. A mes-
sage should follow this call giving the name or number of the air-
craft, its position, nature of its danger or its distress, and the kind
of assistance desired. Airplanes usually attempt to include the
line of action contemplated by the pilot in the impending emer-
gency as “jumping” or “bailing out.” The significance of these
brief messages is readily understood by anyone receiving them.
Any station hearing a distress signal shall first listen and Not
commence transmitting until it seems fairly certain that the dis-
tress transmission is complete ; then take action unless some other
station broadcasts acknowledgment and announces that it will
take action. The action indicated is, of course, the securing of a
promise by competent authority that help of a suitable nature will
be dispatched to the scene of the expected crash. (Note that the
radiotelegraph distress signals are sent on 500 k¢ which is the
international calling and distress wave. The radiophone distress
call “mayday” is sent on the frequency being used, not necessarily
on 500 kc.)
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The urgent signal consists of several repetitions of a group
of X’s sent before the call letter of the station called ; for example,
XXX XXX KFO de KFM. This would be sent by tele-
graph to station Oakland by plane K.F.M. when the plane has a
very urgent message to transmit concerning the safety of the plane
or some other plane which he has in sight. This urgent signal has
priority over all other signals except those of distress. All other
planes stop transmitting and listen, after hearing this signal,
whether they are addressed or not.

The safety signal consists of the letter T formed in a group
of three, well-spaced, followed by the word de (from) and the call
signal of the station sending it. It indicates that the sending sta-
tion will immediately transmit a storm warning or message con-
cerning the safety of navigation.

A pilot may order a distress signal sent at any time that he
considers life or property to be in danger. If an airplane is fol-
lowing a maritime route, its transmitter must be adjusted to 500
ke. The order of priority of communication in mobile services
is as follows:

Distress calls, distress messages, distress traffic.
Communications preceded by an urgent signal.
Communications preceded by the safety signal.
Communications relative to radio-compass bearings.
All other communications.

N S

Special Applications of Radio to Aviation

In the early days of commercial aviation, one-way and then
two-way communication with aircraft was the first development.
Then the government devised a system of navigation aids along
the airways and commenced to broadcast weather messages while
guiding transport and mail planes from one radio beacon to the
next. In 1936 air traffic control by radio communication was es-
tablished at several points and in Chapter 14 this system is ex-
plained. Blind landing of aircraft was first accomplished in 1932;
in 1938 the government purchased and installed the first of a num-
ber of such systems, as explained in Chapter 9. Marker beacons of
a new type also were installed during 1938 and many improve-
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ments in other beacons were accomplished. The transmission of
teletype messages by radio is under way ; so also is facsimile trans-
mission, and television is undoubtedly on the way.

The man who does not catch up with radio Now and keep
abreast of its developments will not be able to hold his own in
aviation as he should, because the special applications of radio
which are due to be incorporated far exceed the number of uses
of radio at this time.

QUESTIONS

What constitutes a radio station?
Must stations be licensed ?
Who may legally operate a radio transmitter ?
What authority licenses stations and operators?
May an alien secure an operator’s license or a station license ?
6. Where should an operator’s license be kept? A station
license ?
7. If you secure a third class radiotelephone operator’s license,
will it authorize you to operate a broadcast station?
8. For what reasons may an operator’s license be suspended ?
9. 1f Rules and Regulations of the Federal Communications
Commission are violated, what penalty may be imposed ?

10. What is the penalty for: (a) Violation of the Radio Act of
19347 (b) Willfully damaging radio apparatus ?

11. What matter is it unlawful to transmit by radio?

12. What is the law regarding secrecy of messages?

13. What is the penalty for transmitting obscene, indecent, or
profane language?

14. What is the international law in reference to maintaining
watch on distress frequency of 500 ke?

15. What communication holds precedence over all other com-
munication by radio?

16. What is the (a) radiotelephone distress signal? (b) the
radiotelephone urgency signal ?

17. (a) Who has authority to transmit distress signals? (b)
Under what conditions? (¢) When may the signal be transmitted ?
(d) What transmitter adjustments are necessary for an aircraft
following a maritime route?

18. (a) What are the regulations covering use of 278 kc airport
transmitters? (b) What is the purpose of this transmitter?

AL
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19. What is meant by aircraft radio communication ?

20. Explain the terms “special service” and “aviation service.”

21. What kinds of radio stations are used in aviation?

22, Explain the function of the F.C.C.; of Aeronautical Radio,
Inc.

23. What frequencies are available for aviation service?

24. What is meant by the term “‘aircraft station” and what is the
rule governing the maintenance of a log by such stations?

25. What authority does the C.A.A. have in regard to aviation
radio?

26. Why is radio along the airways important to the private pilot
in good weather, in bad weather? (Note: If practicable, this ques-
tion should be discussed with some pilot in connection with existing
regulations governing “flight plans.”)

27. List government airway radio facilities; private (airline)
facilities.

28. What radio equipment is obligatory for an air transport ?

29. What is the scope of examination an applicant must pass in
order to secure a radiotelephone operator’s license, third class? a
radiotelegraph operator’s license, second class ?

TerMs To BE StUDbIED

Look up the definitions of these radio terms in Appendix II:
221, 255, 81, 191, 19, 9, 1, 25, 68, 90, 176, 213.



CHAPTER 2
FUNDAMENTALS OF ELECTRICITY

Introduction

As employed in this book, Aeronautic Radio includes all the
applications of radio to aeronautics. The most common applica-
tions are the transmission of voice and the radio aids to naviga-
tion.

The approach to any technical subject is made easier if the
fundamentals are thoroughly mastered. Radio is based on the
principles of electricity. For this reason, the student of aviation
radio should have a clear conception of the natural laws govern-
ing electricity. It is not necessary that electricity itself be defined
in the mind, nor that the fundamental reason for its existence be
known. It is necessary, however, that the principles governing
its use be thoroughly understood.

This applies particularly to students who have had no previous
instruction in elementary electricity; they probably will need a
more complete text that will elaborate on the condensed infor-
mation of this chapter. Instructors should advise them relative
to supplemental texts that ought to be studied.

Readers who do not have the help of an instructor should make
certain that they understand the different manifestations of elec-
tricity. Current electricity appears to flow or move through a
circuit. Static electricity is stored in a condenser or circuit and is
discharged as electrical energy. Current electricity is either uni-
directional or alternating in its flow. Direct current from a bat-
tery is unidirectional, ordinarily of constant strength, but it can
be made pulsating by certain apparatus.

Current that alternates rapidly in direction at different rates
may properly be designated as radio-frequency, audio-frequency,
or oscillating current. If oscillating, it may or may not be of
constant amplitude. Alternations of low frequency, such as the

35
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common 60 cycles per second of house lighting circuits, are quite
different from the higher frequencies employed in radio. All of
these terms must be familiar while thinking or reading about
radio equipment. Associated with the forms of electricity are the
units of pressure, flow, and resistance. Their relationship must
ever be present in the mind in order to understand the action in a
circuit.

In order to acquire basic knowledge of alternating current
and how it is handled, it is necessary to understand capacity and
inductance. In the study of alternating current circuits these two
characteristics should be associated with condensers and in-
ductors. Wire should be recognized as an electrical path; insula-
tion as a bar to the flow of current, and resistance as a control of
flow.

In taking up the study of vacuum tubes, bear in mind that they
are the most important items of all radio apparatus. The tube
is the most essential part of both the transmitter and the receiver.
Retain a mental picture of the elements in a tube and their posi-
tion in regard to each other. Know the action that takes place
between these parts.

It is customary for the manufacturers to provide a circuit dia-
gram with each set. Therefore, it is essential that students attain
facility in interpreting these diagrams by frequent practice in
tracing the component parts. Teachers are advised to require
much of this on the part of their students. A variety of circuit
diagrams are included in this book to be helpful in that direction.
Every student should be required to memorize the basic radio cir-
cuits of receivers and transmitters.

The definitions of terms that are employed in radio engineer-
ing and the symbols that have been adopted for circuit diagrams
and other illustrations pertaining to radio engineering will be
found in the Appendix. When a raised number follows a word
in the text, that word is listed and defined in Appendix II.

To most readers, this chapter will be a review of elementary
electricity studied at some former time. The review will be brief
in this case and should result in an added feeling of confidence in
approaching the more technical chapters that follow. To one who
has not studied electricity before, this chapter is more important.
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It will be the foundation for everything that appears later in this
book ; therefore, it should be carefully studied as a whole and then
reviewed by sections.

The “why and wherefore” of electricity is difficult to explain
to the satisfaction of the ordinary person. Scientists seldom at-
tempt to define electricity to the layman. If students understand
the manifestations of electricity, that will be sufficient for practi-
cal purposes. Theories regarding the nature of electricity have
changed as progress has been made in research. The most mod-
ern and the most useful is the electron theory. This is quite
generally accepted at the present time and is presented here as the
first subject. It is not within the province of this text to prove or
disprove the electron theory. It is not essential that it be proved
in order to have a proper understanding of aircraft radio. The
electron theory provides an excellent vehicle for electrical
thoughts, however, and should be grasped before the more con-
ventional presentation of electrical facts is studied. It is the only
theory that satisfactorily explains the action of the radio tube.

Electron Theory

Matter. Matter is anything, solid, liquid, or gaseous, that is
acted upon by gravity. Each kind of matter is composed of mole-
cules, which are the smallest particles that can be identified as a
part of any substance. Molecules are made up of one or more
atoms which are the smallest particles of matter that can be
obtained by chemical action. Molecules retain their identity as
part of a known substance ; atoms do not.

We know of 94 different kinds of atoms of varying weights
and sizes, generally called the “chemical elements.” All existing
substances are these elements alone, such as mercury, or compris-
ing some combination of them. For example, cane sugar will be
found to be composed of 22 atoms of hydrogen, 12 atoms of
carbon, and 11 atoms of oxygen. Hydrogen is the lightest atom
in weight. The lead atom weighs about 216 times more than the
hydrogen atom.

Electrons. An electron is a minute charge of negative elec-
tricity. It is not matter, but it exists as one or more portions of
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each atom of matter while the remaining portion, or nucleus, may
be considered as a minute charge of positive electricity.

In the normal atom, which shows no electrical properties, the
electrons are conceived as revolving about the nucleus with incon-
ceivable rapidity. The number of electrons in the normal atom is
approximately equal to one-half the atomic weight of that
element.

A negatively charged body is one which has obtained more
than its normal number of electrons. An atom in this condition is
called a negative ion.

A positively charged body is one that has lost some of its elec-
trons. Atoms that have lost some electrons are called positive
ions, or protons; they attract electrons.

Electrons that are lost from atoms do not remain free, but
seek positive ions. Negative ions repel electrons. If an atom is
changed to either a positive or negative ion, we say that it has
been ionized.

Emission of Electrons.®! Electrons can be produced by emis-
sion. To accomplish this, a suitable metal, such as tungsten, is
placed in a vacuum and subjected to a high temperature. The
metal may be heated by passing an electric current through it or
by some other means. When the metal is sufficiently heated, elec-
trons are emitted from the surface at an initial velocity which is
proportional to the temperature of the heated metal. The average
velocity of electrons so emitted is many miles per second but the
distance traveled from the surface from which emitted is very
slight. The number of electrons emitted from any metal (called
a cathode) depends upon the kind of metal, the condition of its
surface, and temperature. The more electrons emitted from the
cathode, the more positively charged the cathode becomes. How-
ever, the positive charge on the cathode remains at all times equal
and opposite in polarity to the sum of the charges on all electrons
that have been emitted. Therefore, all electrons eventually return
to the cathode. From this it will be seen that the function per-
formed by a cathode as described is to make available in its near
vicinity a supply of electrons, the emission continuing while the
proper temperature is maintained in the cathode.
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Thermionic Currents. If a plate of metal is placed near a
cathode that is emitting electrons and a difference of potential
is maintained from an outside source so that the plate (called
an anode) remains positive with respect to the cathode, current
will flow. The path of this current flow will be from the anode
through space to the cathode, and from the cathode through the
outside source back to the anode. This is called a convection cur-
rent, or a thermionic current. It is carried by electrons in a high
vacuum ; by both electrons and ions when gas is present.

The positively charged anode attracts the electrons as they are
emitted from the cathode. The extent to which electrons are
attracted is governed by the degree of positive potential main-
tained on the anode. However, the anode attracts all electrons
emitted when the electric field at the surface of the cathode is zero
or negative. Each electron emitted overcomes a retarding poten-
tial as it leaves the surface of the cathode before it is carried to
the anode.

The foregoing remarks are made here in connection with the
electron theory. The complete action taking place within tubes
is explained in Chapter 5.

Electron Theory of Magnetism. Electrons revolving about
the nucleus of an atom constitute a magnetic action. If there
are just as many electrons revolving in one direction as in the
other, the atom will not be magnetizable. When this type of (non-
magnetic) atom is in a magnetic field, it is diamagnetic, that is,
a repelling action occurs. The atom is called paramagnetic when
a greater number of electrons are revolving in one direction about
the nucleus of the atom than the other. In this case it is believed
that the rate of travel of the electrons and the planes of the elec-
tron orbits are changed. There is also an indication that the
atoms themselves are rotated by the inducing field.

Ordinary bar magnets are considered as consisting of a num-
ber of tiny elementary magnets. Before the bar is magnetized, it
is held that these elementary magnets form closed loops among
themselves, similar to that of a horseshoe magnet with a “keeper”
bar across the two poles. In this condition there is no magnetism
exhibited externally. When partially magnetized, these elemen-
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tary magnets are supposed to be partially straightened out. When
the bar is fully magnetized, the elementary magnets theoretically
are all turned in the same direction. The more elementary mag-
nets that are turned in one direction, the more powerfully is the
iron bar magnetized.

1f a bar magnet is suspended in the middle, free to swing, it
will point toward the general direction of the geographical north
pole. This end of the magnet is referred to as the north-seeking
pole, or more commonly as the north pole. The opposite end is
known as the south pole. Unlike poles tend to attract each other;
like poles repel.

A unit magnetic pole is one which, when placed at a distance
of one centimeter in a vacuum from an equal and like pole, repels
it with a force of one dyne. The laws of magnetism are closely
akin to those of electricity. Magnetic fields have the same general
manifestations whether produced by permanent magnets like the
bar magnet, by electromagnets, or by wire circuits in which elec-
tric current flows.

Static Electricity. A charged body possesses static electricity.
The space in which it exerts an electric force is called an electro-
static field of force. The amount of this force between small
charged bodies varies inversely as the square of the distance
between them and is a force of repulsion if both bodies are
charged either positively or negatively; it is one of attraction if
they are of opposite polarity to each other. The intensity of the
electrostatic field is influenced by the medium through which the
force is acting. This insulating medium is called a dielectric.

Current Electricity

Potential. The force which tends to discharge a body is called
potential. The more electrons present therein, the more potential.
Potential is synonymous with electrical pressure. (Impressed or
applied e.m.f., line e.m.f., and line voltage all mean the same.)
If there is a difference in potential, the electrons will move to
equalize this difference and we say that a current of electricity
flows, liberating heat and causing chemical or magnetic effects.
The current or electron path of flow is confined to conductors
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having little resistance and great conductance ; controlled by insu-
lators having considerable resistance and little conductance.

Units. A volt is the unit of electromotive force (e.m.f.) or
potential. (Symbol is E.)

An ampere is the unit of current flow. (Symbol is 1.)

An ohm is the unit of resistance. (Symbol is R.)

The following prefixes are applied as indicated to the various
electrical units:

Prefix Abbreviation Meaning
“deci” d one-tenth part of
“centi” c one-hundredth part of
“mil or milli” m one-thousandth part of
“micro” u one-millionth part of
“pico” or “micro-micro” up one-millionth of one-

millionth part of
“deka” dk 10 times
“hekto” h 100 times
“kilo” k 1,000 times
“mega” M 1,000,000 times

Ohm’s Law. One volt will force one ampere through one ohm.
From this law the following formulas are developed:

E=IR
I—=E-=R
R=E-+-1T

Where E = volts, R = ohms, I = amperes.

Electrical Power. The watt is the unit of electrical power.
(Symbol is ). Volts multiplied by amperes equal watts. Or,
using the symbols:

EXI=W
But, E=IXR
Substituting, wehave ] X R X [ =W,or[2R=W.

Quantity. When one volt forces one ampere through one
ohm in one second, a quantity of electricity called one comlomb
will flow (628 million-million electrons) and an amount of
energy called one joule will be expended.
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Current. When current flows through a wire, the conductor
is heated ; it has an electromagnetic field around it; it may retain
a static charge (or field) after the current flow ceases and the
wire has cooled. The propagation of radio waves is brought about
by employing magnetic and static fields.

Direct Current. Current that flows through a circuit of con-
ductors and apparatus continuously in one direction is called
continuous current (c.c.) or direct current (d.c.).

Alternating Current. Current which flows through such a
circuit, first in one direction and then in the opposite direction,
is called alternating current (a.c.)

Sources of D.C. Aside from the d.c. generator, the primary
cell is one of the most familiar sources of direct current. It can-
not be recharged. The storage or secondary battery stores chemi-
cal energy which is liberated as a.c. electrical energy. Chapter 6
deals with batteries.

Simple Circuits

Series Circuit. If the circuit contains apparatus connected in
succession one to the other, it is called a series circuit and the

AMMETER

Figure 1. A Series Circuit

Ammeters are always connected in series as shown. Assume that the resistance of the
lamp is 0.2 ohm and the bell 0.3 ohm. The voltage drop across the lamp would be the product
of the ammeter reading, 3, multiplied by 0.2, which is 0.6 volt, while across the bell it would
be 3 X 0.3 or 0.9 volt, If two similar cells were connected in series for the source, the voltage
drop in each case would be doubled, because the ammeter would read 6.

resistance is additive. (See Figure 1.) The difference in poten-
tial or voltage across any apparatus or any other portion of a
series circuit equals the current multiplied by the resistance of that
portion of the series circuit. (E =1 X R.) If cells are connected
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in series (from positive to negative terminals in sequence), the
total voltage of the source is the sum of the voltage of the cells
so connected. If in parallel, the amperage is additive. Two or
more cells constituting a source are called a battery, no matter
how connected.

Parallel or Shunt Circuits. The two terms, parallel or shunt
circuits, are synonymous. Voltmeters are always connected in
shunt. (See Figure 2.) Here the same voltage is applied to two
lamps. If their resistances are the same, each will take the same
amperage. Assume that A has a resistance of 100 ohms. The
current flow through it will be 1 ampere. The current through B

+

VOLTMETER

€100 VOLTS —>

Figure 2. Parallel Circuit

will also be 1 ampere so that 2 amperes will register on the am-
meter. In this case each lamp is a 100-watt lamp. Note, however,
that as the current is 2 amperes, the combined resistance of both
lamps in parallel must be less than the resistance of one. This is
logical, for with two paths the combined resistance is naturally
less than with one. This is expressed by saying that the con-
ductance is greater. The conductance is always numerically the
reciprocal of the number of ohms. Its unit is “ohm” spelled
backward: mho. In this particular case the resistance of both
lamps together is exactly half the resistance of one (100 + 2 =
50), and the conductance is, therefore, 1/50 mho. If another
similar lamp was lit, the resistance of one lamp would be divided
by three to find the combined total.

This is the rule for resistances in parallel : the total or joint
resistance will equal the reciprocal of the sum of the reciprocals.
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11 the resistances are equal, their joint resistance will be found
to be equal to that of one resistance divided by the number of
resistances connected in parallel.

In the above circuit (Figure 2) assume that A has 100 ohms
resistance and B 200. Then the reciprocals are 1/100 and 1,/200.
Added, the sum of these reciprocals is 3/200 and the reciprocal
of this is 66.66, which is, then, the ohms resistance in the circuit.
This can be checked. By Ohm’s Law (dividing the line voltage
by each lamp’s resistance), we can determine that A takes 1
ampere and that B takes 0.5 ampere. The line voltage, 100,
divided by this total amperage, 1.5, also gives 66.66 ohms, which
checks. What size lamps are they?

Figure 3. Series-Parallel Circuit

A takes 1 ampere and has a resistance of 100 ohms. 12 X 100
= 100 watts. Answer.

B takes 0.5 ampere and its resistance is 200 ohms. 0.5% X 200
=0.25 X 200 = 50 watts. Answer.

Assume that a 900-watt lamp takes 9 amperes. What is its
resistance? (I*’R=W.)

In this case W = 900 watts, as stated; also I = 9 amperes;
consequently, I? becomes 8. 81 X R =900. Therefore,
900 = 81 = R. Dividing 900 by 81 as indicated, R is found to
be 11.11 ohms. Answer.

Also: If the wattage is 900 and the amperage 9, the voltage
must be 100, because by algebra watts divided by amperes give
volts. (W =EI or E= W = 1.) If the voltage is 100, that
number divided by the 9 amperes will give the resistance resulting
in the quotient, 11.11, which also checks.



FUNDAMENTALS OF ELECTRICITY 45

Series-Parallel Circuits. (Also called series-shunt.) An
example of a series-parallel circuit is shown in Figure 3. The
resistance R is shunted across the source. The lamp and bell are
in series with the line from the source and therefore with each
other, but together they are in parallel or shunt with R. With a
source of 100 volts, there will be this same voltage across R and
also the same 100 volts across the lamp and bell together; but
separately considered, the drop of potential across the lamp and
bell will be the product of their combined resistance and the cur-
rent flowing through them. If their combined resistance equals
that of R, their current will also equal that through R, and if the
resistance of the lamp and bell together is equal, the voltage across
each will be half the total, in this case 50. In this circuit, ammeter
A, will not register the current passing through R.

If the lamp burns out, the bell will not ring; if the bell is
removed and the circuit connected again, the lamp will get the
full 100 volts. Disconnecting R will not affect either the bell or
lamp.

Drop of Potential in Line. Referring to Figure 3, suppose
that the conductors connecting R had a resistance of 1 ohm and
that the line beyond had 0.5 ohm. With 4 amperes flowing in the
first “leg,” the lossup to R would be 4 X 1 = 4 volts. (IR = E.)

There would also be a loss of power in the line up to this point
of 4> X 1 = 16 watts. (By the I?R formula.) There would be
a further line drop in voltage across the second leg (consisting of
the lamp and bell) equal to the current flowing there, 2 amperes,
multiplied by the second leg line resistance of 0.5 ohms which is
1 volt.

It becomes evident that loss in line voltage and wattage is to
be avoided by using extremely low resistance conductors and this
is done in wiring aircraft radio sets.

Conductors, Resistances and Insulators

Conductors. The resistance of a conductor depends upon the
material, its cross-sectional area, and length. With a uniform
wire, the resistance increases directly in proportion to the
length. Wire sizes are given in thousandths of an inch (mils) in
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diameter, in circular mils or by reference to the American Wire
Gauge which expresses the sizes in numbers—the larger the num-
ber, the smaller the wire. Three sizes of increase, by number,
will halve the resistance. Six sizes increase will double the diam-
eter; resistance will then be 14 that of the size in comparison.
For ordinary uses, the resistance of wires will not increase unless
overheated and they will not overheat unless made to carry more
current than they are designed to carry. Aluminum wire is much
used in radio sets because it is light and fairly rigid. Stranded
phosphor-bronze antenna wire is popular because of its strength
and low resistance.

Resistance. Resistance material should be cheap, durable
(especially when heated in service), and of high ohmic resistance
so that its bulk is not great. Iron is used where much power is
handled ; nickel-steel and German-silver wire are found in radio
sets; also special alloys such as manganin and invar are gaining
popularity. Resistance coils are called resistors.

Insulators. Slate, marble, wood, hard fiber, and phenolic
material like bakelite are used as insulators rather than resistances
because the resistance that they offer to current flow is very high.
Humidity may permit a small surface leakage of current through
or across these. Also, high voltages applied to these materials
may “break down’ their resistance. This fact is important in
their use as dielectrics in condensers. Dry air is one of the best
of insulating substances but its dielectric strength (the ability to
withstand this breaking-down effect) is lower than many liquids
and solids.

High frequency a.c. breaks down insulators more readily than
low frequency at the same voltage.

There is no perfect insulating material, but if those found
in radio sets are kept clean and dry they will function satis-
factorily.

Variable resistances of large current-carrying capacity are
usually called rheostats. ‘‘Resistors” are resistance units. A
voltage divider is a form of variable resistance. A potentiometer
is a variable resistance apparatus used for measuring a volt or
so in small fractions.
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The resisting, or insulating, or conducting, quality of any ma-
terial is determined by the molecular composition of that mate-
rial. In a conductor, this molecular structure is loose, so that
a voltage applied will set the electrons therein traveling with
facility, whereas, in an insulator, such activity is very slight—for
practical purposes it may be considered nil.

Resistance increases with temperature except in the case of
carbon and an electrolyte.

The resistance of air at high altitudes is greater than at low
altitudes. When wiring-in plane radio installations, this factor
must be considered.

Protective Devices. Circuits which carry power, whether for
lighting, for dynamo-electric machinery, or radio sets, are always
equipped with some form of protective device *** to safeguard
the apparatus connected into the circuit against short-circuits,
overload as to voltage, and in the case of a.c., inductive effects. A
short-circuit is simply a name given to a condition which arises
in a circuit whereby the current flows through a low resistance,
causing a dangerous rush of current. A screw-driver accidentally
dropped across the blades of a switch would cause a “dead short.”
Fuses, made up of some easily melted metal, either in a plug form
or cartridge, protect against this current overload. On big switch
panels, automatic circuit-breakers open up like a switch when the
voltage or the current in the circuit rises to a dangerous value.

Condensers (to be discussed in the next chapter) and in some
cases specially wound coils are used in a.c. circuits to prevent
surges of current under certain conditions.

Meters. The commonest forms of meters used in radio are
voltmeters and ammeters. In both instruments a pointer is made
to move over a graduated dial by an electromagnetic effect (ex-
plained in the following paragraph). The voltmeter is always
placed across the line in shunt as in Figure 2; the ammeter in
series with one leg of the circuit as in aerials. The thermocouple
ammeter works on a different principle; in this instrument there
are two dissimilar metals, crossed and connected to a shunt coil
carrying current. As each metal has a different resistance, the
two together can be made to deflect the meter’s needle.
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Electromagnetism

Magnetic Induction. The magnetic field around a single
straight wire carrying current is circular. If the wire carrying a
current is wound in a loop, it will be found that all the lines of
force about the wire will combine and pass through the loop in
the same direction. A magnetic field then exists both inside and
outside the loop; consequently the coil acts as a magnet. If an
iron core is inserted, it becomes magnetized by induction and we
have an electromagnet; the coil of wire is called a solenoid.

The total number of lines of force induced in the iron is called
the magnetic flux. The force which creates this flux is magneto-
motive force (m.m.1.).

The relation between flux density and magnetizing force is
a measure of the magnetizability of the iron and is called the
magnetic permeability. The permeability of a vacuum is 1.

There is no insulator for magnetism, but if sheets of iron are
placed around apparatus that needs protection, the iron will pro-
vide such an easy, permeable path for the magnetic lines of force
that they will not continue further to disturb the sensitive equip-
ment. Such apparatus is referred to as being “‘shielded” or “iron-
clad.”

Reluctance is the opposite of permeability and takes the same
relationship with flux and m.m.{. as resistance does with current
flow (which is analogous to flux), and e.m.{., which is analogous
tom.m.f. (See Ohm’s Law, page 41.)

Induced E.M.F. If a circuit carrying current is brought near
to a closed circuit that is not, the flux of the first (primary) will
“link” or sweep across the second. At the instant of linkage or
coupling, an e.m.f. will be set up in the secondary circuit. This
linkage or cutting of flux can be brought about by :

1. Moving either the primary or secondary circuit.

2. Switching on and off the primary current which supplies the
flux.

3. Having current flow through it first in one direction and then
in the other, as alternating current.

In any case, the induced e.m.f. is directly proportional to the
rate of cutting or linkage. The generator supplies the first
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method, the induction coil the second, and the transformer the
third.

It can be said that a radio transmitter propagates what
amounts to a moving magnetic field which will induce a weak
em.f. in a receiving antenna when linkage occurs with it, that
is, when the moving field sweeps across it.

Plate I1, page 12, shows a modern aviation radio transmitter
as installed at an airline ground station,

(QUESTIONS

30. What is meant by electricity ? a.c. electricity ? d.c. electricity ?

31. Define static electricity and explain how it differs {from cur-
rent flow.

32. Briefly, what is the electron theory and under what circum-
stances are electrons caused to be emitted?

33. State the mathematical relationship between the units of
e.m.f., current flow, and resistance.

34. How much greater is a megacycle than kilocycle?

35. The current flow in a circuit is 10 amperes ; the resistance is
12 ohms. How many kilowatts power?

36. Sketch a series and a parallel circuit and explain the differ-
ence between them.

37. Name five common insulators; two ordinary conductors.

38. Explain electromagnetism, defining magnetomotive force
and magnetic flux.

39. What is meant by magnetic permeability ; reluctance ; what
is the relation between them?

40. Sketch a series circuit ; a shunt circuit.



CHAPTER 3
RADIO ELECTRICITY

Alternating Current

In this chapter some of the more common and most fundamen-
tal facts about electricity as applied to radio will be presented as
an introduction to Radio Circuits in the next chapter. To under-
stand radio it is first necessary to learn the nature of alternating
current and how it acts.

Nature of A.C. Figure 4 shows the instantaneous values of
the e.m.f. of an ideal a.c. generator, plotted against the time of

155} ne o 200200 A.C. Moters read the
eAective nlugs of current,
and w/lage (r.ms =707
max.valve of sine wave)
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Figure 4. Sine-Wave Alternating Voltage and Current

one cycle of generation. This graph is conventionally known as
a sine curve or sine wave, It represents a fundamental equation
involving the action of a.c. expressed thus:

e=E,, sin2nft
where e stands for the instantaneous voltage existing at any given
instant, E,,,, represents the maximum voltage finally attained

during the cycle, ¢ is the time in seconds (or fractions thereof, as
the time element is very small) from the beginning of the cycle,

50
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and 2nf is the angular velocity. (The action of an a.c. generator,
explaining revolutions, is given in Chapter 7.)

Effective Values of A.C. From an inspection of Figure 4 it
will be seen that the values of the current and voltage are con-
stantly changing, but in the practical application of a.c. to radio
and other circuits one effective ampere is considered to be flowing
if the heat produced as it flows through a resistor is the same as
when one ampere of d.c. is flowing through the same resistor.
This effective value is, mathematically, the square root of the
mean value of the instantaneous value of the current, squared,and
is often referred to as the root-mean-square or r.m.s. value in-
stead of effective value. It is a fraction more than 70% of the
maximum value.

The average value of both the current and voltage, when gen-
erated in the pure sine curve or “wave” form shown, is 0.636 of
the maximum (peak) value of current or voltage.

w
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Figure 5. A Complex Wave and Its Sine-Wave Components

The mathematical relationship between the different values
of a.c. voltage and of a.c. current is as follows:

Maximum = 1.414 X Effective = 1.57 X Average
Effective = 0.707 X Maximum = 1.11 X Average
Average = 0.636 X Maximum = 0.90 X Effective

Radio circuits handle high frequency ac. or radio waves which
do not have perfect sinusoidal values. Instead, there are two or
more components which are integrally related. This is shown in
Figure 5. The principal frequency is known as the fundamental,
which is the lowest frequency emitted from a transmitter. The
additional frequencies are whole number multiples of this funda-
mental frequency ; the second harmonic has double the fundamen-
tal frequency ; the third harmonic, three times, etc. The effective
value for a complex wave such as a harmonic will be the square
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root of the sum of the squares of the effective values of the indi-
vidual frequency components or,

E=V\E:+E®+E:

where E is the effective value of the complex wave whose effective
value it is desired to compute, E,, E,, and E; are the effective
values of the fundamental and harmonics.

Sometimes there are both a.c. and d.c. characteristics to be
considered. This is the case where a.c. is rectified into pulsating
d.c. Here we find a.c. superimposed on the d.c. circuit. For this
reason rectified a.c. is generally “filtered” as explained under the
paragraphs titled ‘“Rectifiers” and “Filters” in Chapter 7.

Inductance. One of the chief properties of a.c. is inductance,
the coefficient of self-induction, defined as that property of a
circuit which opposes a change in the flow of current through it:
its symbol is L. The practical unit of inductance is the henry.
A circuit has an inductance of 1 henry when a current that is
changing at the rate of 1 ampere per second induces an e.m.f{. of
1 volt. (1 millihenry = 0.001 henry; 1 microhenry = 0.000001
henry). It is, therefore, true that inductance is basically a mag-
netic property that opposes any change in the flux and, therefore,
any change in either the magnitude or the direction of the current.
It can be said that inductance is the property of an a.c. circuit
whereby electrical energy is stored up in the form of electromag-
netic lines of force. The number of henries inductance in a circuit
is numerically equal to twice the number of joules stored in the
magnetic field when the current in the circuit is 1 ampere. It is
quite aptly referred to as “electrical inertia,” also sometimes as
self-induction. These phrases are all beneficial in expressing a
conception of this highly important property. All a.c. circuits
possess inductance; they are said to be inductive. In a straight
wire the inductance is distributed ; if the wire is wound, the in-
ductance is increased and concentrated; for this reason it is
customary to refer to a coil introduced in a circuit to furnish in-
ductance merely as an “inductance,” rather than as an inductance
coil. Also. the inductance of a circuit is usually considered as
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being made up of these coils, the leads being ignored as of negli-
gible inductive value in radio sets. The value of the inductance
varies directly as the square of the number of turns and depends
on the size of the wire and the permeability of the core. If the
core is air, as in most radio circuits, the permeability is 1 and the
amperage has no effect on the inductance.

Inductive Effects. The most familiar example of the action
of self-inductance is shown by the opening of a switch in either
an a.c. or d.c. circuit. The inertia or inductive effect of the
circuit tends to carry the current on past the opening through
the high resistance of the air, arcing the switch contacts in many
cases. At the instant of arcing, the lines of force collapse around
the wire; it is this stored energy that shows a counter e.m.f. ex-
isted as a result of them. This opposing e.m.f. which is induced
has an instantaneous value equal to the time rate of change of the
flux. The number of times the current stops or reverses per sec-
ond gives the time rate. In the process of mutual induction we
picture the reversals of current, natural to a.c., collapsing the flux
of the primary and thereby causing a linkage into the secondary
which produces an e.m.f. in the secondary. In self-induction this
primary flux collapse causes a linkage across the primary which
produces an e.m.{. in the primary, whether there is a secondary
winding or not. As the effect of this self-induced e.m.f. opposes
the applied e.m.f., it is termed reactance. As everything that
opposes the flow of a.c. is termed impedance, inductive reactance
can be computed as impedance and expressed in ohms. However,
it is NOT directly additive to the resistance of the conductors;
this is explained under the subject “Impedance.”

Mechanical Analogy. The mechanical analogy of a combina-
tion of force, weight, and traction may help to present a com-
parable mental picture of the a.c. circuit containing inductance
during any half cycle. If a tow-line and a large coil spring were
connected to an auto, the towing car would exert a force on the
line and the spring, creating tension before movement of the tow
started. If the towing car moved 100 ft., the towed car might
move more or less than that distance but, in any event, the latter
would certainly start a short time after the towing car started, and
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it would probably stop a short time after the towing car stopped.
In this case, the towing car furnishes the equivalent of e.m.f.;
the resulting motion is comparable to current flow ; the traction to
the ohmic resistance of the circuit; and the inertia of the towed
car to inductance. This inertia causes a lag in time, or a difference
in phase, between the applied force and the resultant motion. In
the case of an electric circuit, the closing of the switch applies an
e.m.1., but if inductance is present, then the resulting motion of
electron or current flow will not take place without a measurable
lag in time. In the induced circuit, the current actually flows for
an instant after the applied e.m.f{. has been switched off.

Water-Pump Analogy. Perhaps the action of a reciprocating
water pump, connected to a closed piping system, gives a better
example of the a.c. circuit. The friction of the pipes would be like
the resistance of the wire. If the pipe is coiled, as in a hot-water
heater, this coil causes a lag in water flow on both strokes of the
pump. When the pump is stopped for an instant at the end of a
stroke, water might continue to flow; in fact, it might continue
in one direction after the pump started in the other, creating a
back pressure. This back pressure would be like the counter
em.f. in an inductive circuit. Its effect would be apparent in
cutting down the water velocity like badly rusted pipes. It is well
to remember that neither the frequency nor the voltage is changed
by inductance, but that the current flow is decreased and that, as
the e.m.{. and current are out of phase, the power-factor will be
some percentage of 1.

Practical Inductors. ‘One of the most common forms of in-
ductance coil, or inductor, consists of a single layer of winding
on an air-core cylinder shaped like a baking-powder can. This is
called a solenoid type. The binocular coil consists of two solenoids
placed side by side, resembling binoculars, and connected in series.
In the single solenoid, the flux path is that of a bar magnet, from
N to S outside, and from S to N inside the coils. In the binocular
type, the inner flux from one acts through the inside of the other,
linking at the ends of the coils. The flux field in this type is quite
well confined to the coils as regards space, which is a great advan-
tage in radio receivers. Flux does not flow, or move, however.
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The so-called honeycomb and spider-web coils are now fairly
familiar types. These derive the names from their shapes and
construction ; various advantages are claimed for each form.

A recent shape to be developed is called the “toroid,” built like
a circular life-buoy, or a washer with a section removed like the
bite out of a doughnut. This coil also limits the flux to the center
of the coil.

In order to get a concrete impression of the relation between
the size of an inductance coil and the amount of inductance it
furnishes, the following formula used for computing the induct-
ance of Air Corps radio coils should be examined :

— 024*N2
344 9B + 10C
L = Inductance in microhenries
A = Mean diameter of the coil in inches
B = Length of winding in inches
C = Radio depth of winding in inches
N = Number of turns
(Note: In the case of a single layer of solenoid, C
may be assumed to be zero.)

The amount of energy stored in an inductance coil is propor-
tional to the inductance of the coil and to the square of the
current; or, mathematically, the energy in joules or watt-

2
seconds = L21 .

When inductance coils are connected in series their inductances
are additive if placed so the magnetic flux of one coil does not
link with the turns of any other coil.

When coils are connected in parallel or series parallel, the total
inductance is found by the same method used in computing the
total resistance of resistors placed in parallel, page 43.

The effective resistance of a very high (radio) frequency cir~
cuit is determined by dividing the square of the maximum effec-
tive radio-frequency current in amperes into the power in watts.
This is because of the “skin effect” (the tendency of high-fre-
quency currents to concentrate on the outside of conductors) and
may be several times greater than the pure ohmic resistance.
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Series Resonance. A radio circuit’ which has inductance,
capacitance, resistance, and the circuit source in series with each
other is known as a series resonant tuned circuit. (See Figure 6.)
In circuit S the current flow will be maximum at resonant fre-
quency and the value of this maximum current will be governed
by the resistance in the circuit. Curve A in Figure 6 indicates this
value for minimum resistance, curves B and C indicating current
values for resistance of higher values.

Parallel resonant circuits are used more generally than series.
Note that in circuit P there is inductance, capacity, and resistance
in series as in the series resonant circuit shown in S, but that the
voltage of the source is shunted across the circuit. In this type
circuit the variations of parallel impedance are shown by the same

< CONSTANT - T CONSTANT
L VOLTAGE- R = . VOLTAGE-
R VARIABLE = VARIABLE
FREQUENCY v o) FREQUENCY

S-SERIES RESONANCE P-PARALLEL RESONANCE

CURRENT IN SERIES CIRCUIT . AMPERES
IMPEDANCE OF PARALLEL CIRCUIT - OHMS

INCREASING FREQUENCY ===

Figure 6. Characteristics of Series-Resonant and Parallel-Resonant
Circuits

curves in Figure 6 that show the variation of current with fre-
quency for circuit S.

In studying this graph again, notice that the curves become
flatter for frequency near resonance frequency as the internal
series resistance is increased, but are of the same shape for all
resistances at frequencies further removed from resonance fre-
quency. The relative sharpness of the resonance curve near
resonance frequency indicates the sharpness of tuning, that is, the
selectivity, or ability to discriminate between voltages of different
frequencies in tuned circuits. The ratio of a tuning coil’s re-
actance to its effective series resistance is a measure of the
efficiency of the coil. This ratio is approximately the reciprocal of
the power factor (page 151); the symbol of this sharpness of
resonance is usually Q.
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This value (Q) for radio coils used in high frequency cir-
cuits runs to several hundred. The actual frequency width of the
frequency curve for a high frequency circuit will be propor-
tionately greater than for a low frequency circuit having an
equal value of Q.

The impedance (Z) of a parallel resonant circuit is actually
only the ohmic resistance at resonant frequency as explained
under Resonance, page 65.

Coupling. If the relation between voltage and current, as to
time or phase, is the same in both primary and secondary, the
most efficient coupling or transfer will result. For this reason,
most tuning coils are made variable as to turns; also as to their
position to each other, because the permeability of the magnetic
medium influences the degree of mutual inductive effect. Iron
cores are used in power transformers and for reactance or choke-
coils. In radio coils the core is usually air. The magnetic field
strength in air varies inversely as the square of the distance be-
tween coils. In the old-fashioned tuning coils the primary always
slid into the secondary, or vice versa, and they were always cylin-
drical. Now they are of different shapes and take various posi-
tions with respect to each other, usually controllable by the oper-
ator. They are now called inductors.

In practice, the coupling between two coils is given in terms of
their coefficient of coupling, symbol . Maximum coupling (1 or
100% ) is accomplished when all of the flux from one coil links
all of the turns of the other coil. Looser coupling, that is, less
than 100%, usually is employed in radio sets.

b= M
V LiLy
Where M is the mutual inductance, L is the self-inductance of one
coil, and L that of the other coil. In the use of this formula k& is
expressed as a decimal less than one; M, L, L,, L, must be ex-
pressed either as henries, millihenries, or microhenries.

Critical coupling is accomplished when the transfer of energy
from the primary to the secondary coil is maximum. Under these
conditions the sharpness of resonance (Q) is NOT the maxi-
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mum. Loose coupling makes for greater selectivity, decreased
amplification. The coefficient & for critical coupling
- —1__
V 010
where Q, and Q, are for the primary and secondary coils.

In designing radio sets, the engineer knows that many of the
circuit constants are modified by the effect of elements which exist
in other circuits in the set. In the operation of a set the manipula-
tion of coupling coils which make up part of the process of tuning
is best accomplished by trial and error but an understanding of
the mathematical relations existing in circuits which indicate
the controlling factors of selectivity and linkage proved to be a
great help to the thoughtful operator, particularly when dealing
with an unfamiliar set.

Link Coupling is explained on page 82.

Choke-Coils. There are two forms of choke-coils employed
in radio circuits ; audio-frequency and radio-frequency. Both are
used as balancing elements in the circuit action, supplying in-
ductance. Radio-frequency chokes usually are cylindrical in shape
and have air cores. Audio-frequency choke-coils usually are
wound on a steel core and have many turns of wire.

Mutual Inductance; Transformers. Mutual inductance is
measured in henries and must be considered where mutual induc-
tion takes place, such as between two coils arranged for the trans-
fer of energy in transformers or “tuning cotls.”

The primary and secondary coils of a transformer are placed
so as to increase their mutual induction, usually being wound on
top of each other on an iron core. The wattage output is never
equaled by the wattage input so that although the secondary of a
step-up transformer has a higher voltage and a lower amperage
than its primary, it delivers less power. Some of the power lost is
due to the iron core, but iron increases the mutual inductance of
the coils by providing a more permeable flux path. If this path is
partly through air, the transformer is said to have an “open core” ;
if not, the core is “closed.” A straight iron rod would form an
open core, and a hollow square piece would constitute a closed
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core which would allow less flux leakage than the open core.
Ordinarily, both primary and secondary windings are made up in
flat coils called “pies,” connected in series with each other. The
primary and secondary are carefully insulated from each other
and ventilation is provided by the method of spacing the pies on
the core, which is built up of thin strips called laminations, of iron
or silicon-steel or some similar metal. These iron-core trans-
formers are used in radio circuits having frequencies up to 10,000
cycles per second and air-core transformers are used with higher
frequencies. The iron causes too much heating at the higher fre-
quencies, due to hysteresis.

Transformer Ratio. In transferring energy by inductively
coupling or linking one coil to another, the frequency of the in-
duced electricity remains the same as the primary source. The
voltage induced in the secondary will be of the same proportion
as the ratio of wire turns in windings of the primary and second-
ary transformer coils.

A 1-to-2 step-up transformer has twice as many turns in the
secondary as in the primary ; this same transformer would halve
the voltage output if the secondary terminals were connected to a
suitable primary source. In this case we would have to consider
the secondary coil as having become the primary. This ratio rule
holds true because of the basic law, that the value of e.m.f. pro-
duced depends on the relative amount of cutting of lines of force,
or “linkage.” A primary produces the same number of lines of
force with any given current, but 1000 turns in a secondary will
cut twice as many lines per alternation as 500 turns and so twice
as much voltage will be induced in a 1000-turn secondary as in a
500-turn secondary with the same kind of a primary and source.

If the frequency of the primary was doubled, the frequency
of the secondary current also would be doubled, but the voltage
is controlled by the number of turns employed.

Capacity

Capacity, Farad, and Condenser. Capacity is that property
of an a.c. circuit which permits electricity to be stored within it
in the form of electrostatic lines of force: its symbol is C.
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The unit of capacity is the farad. Its symbol is F when em-
ployed with numerical values. When one coulomb will raise the
potential of a condenser one volt, the capacity of that condenser
is one farad. A microfarad (abbreviation mfd.) is one-millionth
of a farad.

A practical condenser is a device designed to hold a charge of
electricity. Electrically, a condenser consists of any conducting
surface separated by an insulator from another conducting sur-
face. Two telephone wires stretched from pole to pole may form
a condenser, or even an inductance coil may act like one at high
radio~frequencies. An antenna and ground form a leaky con-
denser. Ordinarily, these and similar arrangements are not con-
sidered condensers because they are not designed to receive a
charge of electricity or to introduce capacity into a circuit. It is
well to remember, however, that each pair of leads, the electrodes
in a vacuum tube, etc., all have a condenser or capacity effect
in the circuit. This effect is usually negligible but not always.
The typical manufactured condenser is an arrangement of two
sets of metallic or foil plates rigidly separated from each other
by some insulating substance. Each set of plates is connected in
series and, therefore, has the same effect as one plate having an
area equivalent to their combined areas. Where one set of plates
is movable, the condenser is “variable.”

A condenser can be charged by d.c. The condenser also can be
disconnected from such a source, after it is charged, and later on
discharged. This is interesting from a theoretical standpoint.
However, our consideration of capacity is in regard to its prac-
tical adaptation to radio and here we find that its use is carefully
governed at all times by the design of the set and the proficiency
of the operator. .

The more skilfully capacity is utilized, the better will be
the performance of the set.

The condenser, whether of fixed or variable design, is synony-
mous with capacity to the average radio operator because its func-
tion is to supply capacity. This association of the two is quite
satisfactory from a practical point of view.

The insulating material between the plates of a condenser per-
forms a function different from the ordinary insulator and so
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these insulators are known as dielectrics. The capacity of a con-
denser depends on the nature of the material used as a dielectric,
consequently dielectrics have been assigned a numerical constant
which is a ratio to the basic constant of air, taken as 1. The dielec-
tric constant or specific inductive capacity of paraffine is from 2
to 2.5; paper from 1.6 to 2.5; hard rubber from 2.0 to 3.5; mica
from 3.0 to 7.0.

Capacity Explained. Capacity and capacitance are practically
synonymous. When the two plates of a condenser are connected
to the two leads of an a.c. source, current will produce the effect
of flowing through the circuit. If a condenser is similarly con-
nected into a d.c. circuit, current will not flow through that circuit
even though the condenser may receiver a charge of electricity.
In the first case mentioned, the condenser charges and discharges
with the alternate flow of current. In the case of the d.c. charge,
no reversal of current occurs and so the condenser does not dis-
charge. However, the theoretical explanation of the charging
of the condenser is the same in both cases ; that is, when an electric
pressure is applied to conductors insulated from each other, a
static strain is established between the conductors. This phe-
nomenon is facilitated in a condenser (not equipped with a means
for discharge) wherein the plates become charged bodies; using
a.c., each plate is charged with one polarity during one alternation
and with the other polarity during the next alternation. The static
lines of force constituting the electrostatic field between the plates
result from the charge impressed on them. If the plates of a
charged condenser were separated sufficiently, the connecting
lines would collapse, the charge existing on the plates would be
dissipated and there would be no longer a condenser in a practical
sense.

There is a definite relation between the amount of charge,
or the capacity of a condenser and the following :

1. The size, position, and substance of the plates (the more sur-
face exposed, the more capacity).

2. The strength of the dielectric (insulator) between them, i.e.,
the dielectric constant.

3. The applied voltage and its frequency.
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Note that capacity changes with the frequency. This is im-
portant ; and because of the high-frequency currents employed in
radio, condensers are necessarily designed for certain stipulated
frequencies.

When voltage is applied to the plates, the electrons tend to be-
come displaced, but because they cannot move through the inter-
vening medium, they establish a static stress. This tendency
toward displacement is referred to as a “displacement current”
(in the electron theory) and while it is occurring, an actual cur-
rent is flowing through the conductors and from one plate to the
other, charging one negative and the other positive. The static
field “passes” the current from one plate to the other. The
amount of energy stored up in farads is equal to twice the number
of joules in this field when the potential difference is 1. If the
charge is doubled, the difference in potential between the plates
(static voltage) will be doubled. In fact, there is a definite rela-
tion between the charge, the voltage, and the capacity :

(a) The capacity equals the charge divided by the voltage.
(b) The charge equals the capacity multiplied by the voltage.
(c) The voltage equals the charge divided by the capacity.

Irrespective of the value of the applied voltage, a condenser
does not accumulate its charge instantaneously. When the volt-
age of the plates equals the applied voltage, the charge is com-
plete, but not until then. A certain amount of work is done in
charging a condenser and this equals the charge times the voltage.

The same amount of energy will be liberated from a perfect
condenser on discharge as was received on charge. When dis-
charged, the plates have the same potential and no current flows.
The discharge itself supplies a voltage to the circuit opposite in
polarity to the applied voltage.

In a spark transmitter, a condenser—charged by a suitable
source—is discharged through an inductance across a spark gap.
This energy is radiated as waves, which are detected at the receiv-
ing station.

Capacity Effect. Capacity must be understood in two lights;
as a property which permits electricity to be stored as a charge;
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and as to its effect on the circuit—because of this storage of elec-
tricity—and its release. By upsetting the phase, or time, relations
between the applied voltage and current flow, capacity decreases
the power-factor of the circuit and Ohm’s Law does not apply.
Capacity introduces a reactance which can be expressed in ohms.

The most important point about capacity is that it can be used
in a circuit to neutralize inductance. Capacity is analogous to
elasticity, which is just the opposite in its effect from the inertia
effect ascribed to inductance.

Mechanical Analogy. In a water-pumping system consisting
of a reciprocating pump and closed pipe-line, with a double-acting
spring valve mounted in the line, tension is put on the valve-spring
before the valve head is displaced. At the end of the stroke, this
tension comes into play and the reverse stroke adds to its effect.
In an a.c. condenser circuit, current flows to one condenser plate
on one alternation and puts a tension or charge on that plate be-
fore the effect of the current passes through ; then completes the
alternation, and on the next—opposite alternation—this strain
comes into play. The charge is placed during the first half alter-
nation and is released during the second. Thus, in effect, current
appears to flow.

Comparing capacity to the auto-towing case mentioned in dis-
cussing inductance, we must assume that the auto representing
capacity is pushed, instead of towed, and that the spring connec-
tion between the cars is compressed at first, before motion begins,
so that when the pushing car stops, the tension of the spring will
tend to continue the motion. If this action can be conceived as
taking place in conjunction with that of towing (in the inductance
analogy), this conclusion will be reached: that an adjustment
could be made between the towing car and the pushing car so that
the car being pushed and pulled would travel exactly the same dis-
tance as the other two. This shows that inertia and elasticity
neutralize each other.

Reactance

Inductive Reactance. Inductive reactance opposes an alter-
nating current in passing through an inductance. Its symbol is
X or x and it is expressed in ohms.
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x = 2nfL where n = 3.1416
f = the frequency of the current in cycles per second
L = inductance in henries

As 2n equals approximately 6.28, the above formula is often
presented as:

x = 6.28fL

Capacitive Reactance. Another reactance is the limitation
placed upon the flow of a.c. by capacity. Its symbol is also x
and it is expressed in ohms. (The sub letters L and c are often
used to indicate that the reactance is due to inductance or ca-

pacity.) In this case ¥ = x , where C =

1
—_— r, e R
2nfc 6.28C
capacity in farads, the other symbols being the same as given
above in the inductive reactance formula.

Effect of Reactance on Current. With a given value of applied
voltage and inductance, the amperage will DECREASE as the
frequency is INCREASED.

With a given value of applied voltage and capacity, the current
will INCREASE as the frequency is INCREASED. :

From these two statements it is seen that the effect of induct-
ance in limiting the flow of current is least at those frequencies
where the limiting effect of capacity is GREATEST. (See table on
page 66.)

Impedance. Impedance is the total opposition to the flow of
an alternating current in a circuit containing both resistance and
reactance, and is expressed in ohms. Its symbol is Z.

1 3 2

Z takes the place of R in Ohm’s Law: E=1Z; % =Z;

E

== I. It is customary to represent resistance and reactance

graphically as the two legs of a right triangle, the resultant im-
pedance being the hypotenuse. (See A, Figure 7.)
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Susceptance is the reciprocal of reactance.

Admittance is the reciprocal of impedance.

With resistance represented by the base line, inductive react-
ance would be opposed to capacitive reactance as shown in B, Fig-
ure 7. Note that if these two reactances are numerically equal to
each other, the impedance will be numerically equal to the
resistance.

Example. Assume resistance to be 10 ohms, inductive react-
ance 4 ohms, and capacitive reactance 6 ochms. Draw the base
line to scale, 10 in. in length, one right-angle leg 6 in. in length,
and the other, opposite in direction, 4 in. The resultant of the
two legs gives one leg of 2 in. Scale this distance off on the longer

XM X, X
\\\{\ £ x|_=4
-~

R S R R=10 |
PPy

e = z

+ Xc=6

X v
A B8 o]

Figure 7. Graphical Illustration of the Relation Between Reactance X,
Resistance R, and Impedance Z

leg and draw a hypotenuse from this point on the leg. The length
of the hypotenuse in inches will represent the impedance in ohms.
(See C, Figure 7, as a guide for this graphical example.)

Check the results obtained by substituting the values given

1
in the formula given for Z. (6 for 2nfL and 4 for EFC—)
Notice in this case that the following simplified formula applies:
Z =V R?+ X* Inusing this formula, the two reactances equal
their numerical difference.

Resonance. A circuit is said to be in tune, or in resonance,?°®
when the inductive reactance equals the capacity reactance. The
voltage across the inductance due to the counter e.m.f. built up
therein is then opposite and equal to that across the capacity, and
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this counter e.m.f. may be many times greater than the applied
voltage. In this case Ohm’s Law will apply because the circuit
will act as if it contained nothing but resistance. When this con-
dition exists, the frequency of the circuit corresponds to the fre-
quency of the current supplied to and flowing in the circuit. The
frequency at which this occurs is called “resonance frequency.”
Every combination of capacity and inductance has its reactance
equal to each other at some frequency and by having variable in-
ductance and capacity, one circuit can be “tuned” to another. In
the following table, results are shown when using a 500 micro-
henry inductance with a 0.005 microfarad capacity in series, at
the frequencies shown:

F L C Z
Cycles per Reactance of Reactance of in Ohms
second Coil in Ohms Condenser in Ohms
60 0.188 530,000.00 530,000.00
1,000 3.142 31,840.00 31,837.00
100,000 314.20 318.40 4.20
100,700 316.23 316.23 0.00
1,000,000 3,142.00 31.84 3,110.00

Notice that the inductive reactance increases and that the ca- -
pacitive reactance decreases as the frequency increases. Reso-
nance occurs with the above combination at a frequency of
100,700—the resistance being considered negligible. It is neces-
sary for the coupled circuits in radio sets to be in resonance in
order that energy may be transferred between them, and without
this efficient transfer of energy, as from transmitter to receiver,
and from one circuit in a receiver to another, there would be a
decrease of operating efficiency, or complete failure.

In practical terms, since at resonance the inductive reactance
must equal the capacitive reactance, then

1
XL_ XC or ZﬂfL —m‘.
The resonant frequency is, therefore,
f ‘“—1—__ X 108

_-Zn\/LC
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where f is the frequency in kilocycles per second
2ris 6.28
L is the inductance in microhenries
C is the capacitance in micro-microfarads

In Figure 8, L is a variable reactance or choke-coil, being an
inductance coil with an iron core which increases its inductive
effect. C is a variable condenser.

With the key closed, current will be induced by P into S and
will tend to flow through L, C, and the lamp. The induced cur-
rent will have the same frequency as the alternator. The voltage
in S will be the same as delivered by the alternator if the number
of turns in P and S are the same.

P S
—
c /
;: ALTERNATOR
O
LAMP
g ) J
\/

Figure 8. A Simple Circuit with Which to Illustrate Tuning

The inductive reactance can be decreased in two ways: by
decreasing the number of turns in L or by pulling out the iron
core. The opposite action will increase the reactance.

The capacity can be decreased by turning one set of the plates
of the condenser away from the other and increased to maximum
by fully exposing each set to the other.

By experiment it will be found that an increase or decrease of
either capacity or reactance may result in the lamp burning at its
maximum brilliance, indicating that the circuit is tuned into
resonance.

Suppose that this resonant condition was reached with half
the inductance and half the capacity tuned in, and that when all
the capacity was tuned in, the lamp went out, indicating that the
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circuit was badly out of resonance. The condenser need not be
readjusted to its former capacity to tune the circuit—an adjust-
ment of the inductance alone may tune it.

When tuning a radio receiver, this sort of adjustment is
accomplished by the operator in tuning the received signals ; maxi-
mum sound instead of maximum light being the effect obtained
by perfect tuning. Figure 9 is a typical resonance curve for a tube
transmitter.

As explained in the chapter on transmitters, certain crystals
are incorporated as a part of the circuit in such a manner that

= L

C
T 200

Figure 8A. Absorption Fre-
quency-Meter Circuit

The variable condenser, C, 5
should have a maximum capacity y
of about 350 mmfd. The meter
should be arranged so that the coils
are readily interchangeable. The
lamp acts as a resonance indicator P
when the absorption meter is used 2200 2300 2400 2500
with a transmitter; its use is not CAPACITY, MICRO-MICROFARADS
essential, although it is a conven- .
ience. Figure 9. Resonance Curve

the frequency of the set is held at the value for which the crystal
is ground. The radio inspector will test a transmitter as to fre-
quency; in fact, if there is complaint on the part of other oper-
ators that interference is being caused by a transmitter being off
frequency, the inspector will call of his own accord to fix the
fault.

Amateurs (and sometimes others) check transmitter fre-
quency by hooking up a receiver nearby, the tuning dial of which
has been changed to indicate frequency from listening to stations
of known frequency and marking values on the dial. This sort of
a receiver is called a “monitor,” for when the transmitted signals
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cannot be heard on the monitor while it is set on the transmitter’s
frequency, the transmitter is obviously off frequency.

Sometimes an absorption frequency-meter is used. This con-
sists of a coil and condenser connected as shown in Figure 8A.
Maximum current will flow in the lamp when exactly on fre-
quency. A heterodyne frequency-meter is somewhat like the
monitor but with refinements that make for accuracy. There is
also an electron-couple frequency-meter but this and other types
ought to be studied at first hand; the important thing to remem-
ber is that it is an extremely serious error on the part of an oper-
ator to allow his transmitter to get off frequency. In receiving,
if it gets off frequency, the operator does not get the messages or
calls intended for him. Plate IIT shows a transmitter which has
ten fixed frequencies.

Frequency Tolerance is the maximum permissible deviation
(plus or minus) between the frequency assigned to the station
and the actual frequency of operation. This deviation is slight
in aircraft transmitters and is due to the different characteristics
of the equipment under different conditions of temperature and
humidity.

QUESTIONS

41. Explain the relation between effective and average value of
a.c. Which is read on the voltmeter?

42. Define inductance and explain inductive action.

43. Where are inductors and choke-coils used and why ?

44. Define capacity and explain the nature of capacitance.

45. How may circuits be coupled ?

46. Define reactance, impedance, susceptance, admittance.

47. Explain resonance and how a circuit is made resonant.

48. What is resonant frequency ? a resonance curve ?

49. How does an operator determine a transmitter’s frequency ?

50. Explain what is meant by frequency tolerance,



CHAPTER 4
RADIO CIRCUITS

Electrical Characteristics

Radio circuits are made up into transmitter sets, receiver sets,
radiobeacon transmitters, radio compasses, etc. They are all de-
signed to handle high-frequency currents; all possess capacity,
inductance, resistance. Each performs a different function as
indicated by their names.

Receiving Circuits. The receiver must have inductance and
capacity so arranged that the frequency of its circuit may be
adjusted to that of the transmitter; in addition it must rectify
these high-frequency currents and make them audible to the
human ear. Figures 25 and 27, pages 105 and 107, illustrate

basic receiving circuits.

Transmitting Circuits. A radio transmitting circuit, whether
telegraph or telephone or radio range beacon, must consist of a
source of high (radio) frequency, means of controlling this type
current (as to both power and frequency), and a means of emit-
ting the energy as radio waves.

Oscillatory Circuit.)™ Consider Figure 10. In this circuit,
when C is charged sufficiently, it discharges across the spark
gap. The rate of charge is

L twice the number of cycles-

per-second frequency of the
charging source. The rate

—¢ L oof discharge is controlled
by L, and is considerably

SPARK GAP greater than the rate of

o o charge. The discharge is

Figure 10. Oscillatory Circuit oscillatory. 1f each succeed-

70
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ing discharge is weaker than the first one, the condenser emits
what is called a damped electric wave-train. If the oscillations
do not die down, they have a “constant amplitude” and are called
undamped, continuous, or sustained, oscillations. (The periodic
motion of a clock pendulum is that of sustained oscillations.) In
the circuit shown, the resistance of the spark gap would “damp”
the discharge; that is, the amplitude would be decreased in each
of the several succeeding discharges following each charge. Spark
transmitters emit damped wave-trains ; tube transmitters emit un-
damped wave-trains. Spark transmitters make use of condenser
capacity as the source of oscillations, whereas in tube transmitters
a heated tube is employed instead. Spark transmitters are now
obsolete, but oscillatory circuit effects should be understood
before studying tube sets.

Frequency,”* Wavelength, and Waves. Frequency is defined
as the number of cycles or periods per second. The symbol for

frequency is f. f = —1—_— , where L is given in henries and C
2nVLC

in farads. Audio-frequencies range from 16 to 10,000 cycles

per second. These are audible to the human ear. Radio-frequen-

cies are those above 10,000. The upper limit of this “band,” as

ranges of frequency are called, is about 3,000,000.

In discussing the alternator, Chapter 7, it is stated that the
frequency of its generated current depends on its design as to
poles, and its speed. The wave-train frequency of an oscillatory
circuit depends on the frequency of its source (such as an alter-
nator), capacity, inductance, and resistance. The “natural fre-
quency” of an oscillatory circuit is the frequency at which it will
oscillate if it is not acted on by some external frequency. The
frequency of oscillations in radio sending and receiving circuits
depends primarily on the capacity and inductance tuned into these
circuits.

Aircraft radio transmitters are now all of the tube type, emit-
ting a pure continuous wave of the desired frequency with greater -
efficiency than any other type. These waves are radiated by the
antenna circuit, which, like all other a.c. circuits, contains capac-
ity, inductance, and resistance. Because of the physical properties
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of the material (length, size, etc.), it is impossible to reduce the
electrical properties below a certain sum. In other words, there is
a “natural” or fundamental frequency for every such circuit. The
quantity LC is called the oscillation constant and whether L is
larger than C, or vice versa, so long as their product remains the
same, the natural, or resonant frequency of a radio circuit will
not be changed.

It was originally the practice to convert this natural period or
frequency to the natural or fundamental “wavelength.” Natural
and tuned frequencies of radio sets are now usually expressed in
kilocycles per second. A kilocycle is 1000 cycles. The frequency
of a set, or circuit, can be measured by a frequency-meter. The
relation between wavelength in meters and frequency in kc is as
follows:

v
==
f
where A = meters
v = 300,000
f=ke

If the resistance is considered negligible, the natural frequency
of a radio circuit can be found by the following formula:

A=1885 v LC

where A = wavelength in meters
L = inductance in microhenries (1 microhenry =
0.000001 henry)
C = capacity in microfarads (1 microfarad =
0.000001 farad)

The fundamental wavelength 27 of an ordinary four-wire flat-
top antenna is about 4.3 times its length in meters; wavelength
being always expressed in meters. The wires act as one condenser
plate and the ground as the other. This fundamental wavelength
can be decreased by inserting a capacity in series with it, and can
be increased by inserting “loading coils” of inductance at its base.
The natural capacitive effect in aircraft antennas varies some-
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what with the size of the craft. The aircraft itself takes the place
of the ground capacity effect, and at ground stations antenna
capacity varies with the distance above ground, the shape, number
and size of wires and the lead-in. Usually, the higher the antenna
from the ground, the more efficiently the energy of the trans-
mitter is radiated and the more collective is its effect in receiving.
Aircraft antennas, or aerials as they sometimes are called, are
described in Chapter 15. Although the waves radiated may dif-
fer in lengths (frequencies) it is well to recognize the fact that
they are otherwise identical in their electrical properties, being
made up of two parts: electromagnetic and electrostatic lines of
force. These are propagated from a straight-wire aerial in all
directions, the magnetic lines of force parallel to the earth and the
electrostatic lines perpendicular to the earth, constituting a mov-
ing field which reverses its direction every half wavelength but
traveling with the speed of light, nevertheless, through a theo-
retical medium called the ether. Radio waves have often been
referred to as “ether waves,” “electric waves,” “magnetic waves,”
and “electrostatic waves” but they are really all the same thing.
Their motion is the result of fundamental laws of nature which
have made radio communication possible.

The action of certain short waves now being used in radio is
described in Chapter 8, and “directional waves” in Chapter 9.

Circuits

Condensers in Series. In Figure 11, C,, C,, and C,, are con-
densers connected to a charging source E. Referring to the
charge received by the right-hand plate of C; as - Q, then the
left-hand plate of this condenser re-

ceives a charge of —(, being equal X - c
in value and opposite in polarity ; the I'_'l H
next plate connected to it (the right-

hand plate of C;) has the same po-

larity, the next is positive, and the

left-hand plate of C, is negative. The €

charge Q is expres.sed in coulombs. Figure 11. Condensers in
Q = CV where V is voltage, and C Series
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is capacity in farads. The voltage of each condenser is equal
to the charge divided by the capacity of the condenser. Calling
V', the voltage across Cy, V5 that across C,, etc.,

Q Q Q

Vi=— Vo=— and V3 = —.
Cy Cs Cs

However, the sum of V', V,, and V3 is equal to the charging
voltage E and where C is the total capacity of the three condensers
it is also equal to Q.

Therefore:
g Q0 9 2@
_— _+_
C C, Cy (s
1 1 1 1

+
C ¢ C (s

From this it is seen that when condensers are connected in
series, their joint capacity will be the reciprocal of the sum of the
reciprocals of the individual capacities; the voltage across any
one of the condensers is in inverse ratio to its capacity.

It is evident that the total capacity of condensers in series is
never as great as the capacity of the smallest condenser in the
circuit, ,

If it is desired to find the capacity C of two or more equal
condensers in series, the following simple formula applies :

~n
where ('; = capacity of any one of the condensers
#n = the number of condensers

The capacity of condensers in parallel is found by adding their
individual capacities.

Inductance and Resistance in Series. The impedance due to
inductance coils in series is additive as with resistances in series,
but when an inductance and a resistance are in series together, the
resulting impedance is the square root of the sum of the resistance
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squared and the reactance squared. This is expressed in the
formula,

Z=V R T X

where X — reactance
X = 2xafL

Therefore X increases with f and so a few turns of wire which
might have merely ohmic resistance at low frequencies act as a
high reactance at frequencies above 10,000 (radio-frequencies).
As a matter of fact, the impedance due to the inductance coil or
coils is apt to be greater than the resistance when the two are con-
nected in series in a radio circuit. The inductance takes on a large
reactive value at radio-frequencies because of the extremely rapid
rate of flux change (linkage) across the coil. The resistance also
increases at high frequencies by reason of what is termed the skin
effect. High-frequency currents flow along the outer surface of
their conductors.

In the following table, the resistance R of an inductance coil
of 1.88 ~* henries was measured at the various frequencies f given

in the first column. The reactance is given in ohms in the column
headed X,

f R X,

60 0.2 0.068
10,000 03 . 11.3
100,000 1.0 112.8
300,000 25 339.0

It can be seen from this table how important it is to have
capacity in a circuit of radio-frequency, for without capacity to
neutralize the inductive reactance, the inductive effect tends to
prevent the circuit from functioning as a path of easy travel for
current. Under neutralized conditions of no reactance, a radio-
frequency current flowing in the circuit is impeded only by the
radio-frequency resistance of the circuit. This resonance is the
condition that every operator tries to maintain constantly.

Inductance, Capacity, and Resistance in Series. These char-
acteristics are discussed as an “Oscillatory Circuit” on page 70.
The power (W) supplied to this type circuit at resonant fre- .
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quency is W = I*R, where I is the radio-frequency (r.f.) current
measured between the inductance and capacity and R is the r.f.
resistance of the circuit. To obtain the current strength, the
ammeter should be inserted in the inductance lead—not in the coil
—-and the circuit should be grounded.

To find the reactance of this circuit, it is necessary to deter-
mine both the capacity reactance and the inductive reactance at
the frequencies to be employed. The two reactances can be com-
bined with the resistance of the circuit as explained under the
paragraph entitled “Inductance and Resistance in Series” on
page 74, or the impedance can be calculated at any desired fre-
quency by using the formula for impedance explained on page 75.
The capacity reactance is considered negative in combination with
inductance reactance, which is considered positive. The resultant
or combined reactance is negative at less than resonant frequency
and positive above this frequency, being neither negative nor posi-
tive at resonant frequency, but zero, as previously explained. The
value of impedance is always positive because it cannot be elimi-
nated due to the fact that its resistance component is always
present.

Antenna Circuits. The antenna circuit is a good example of
the practical application of the simple oscillatory circuit as shown
in Figure 10. The action of the circuit shown would be the same
whether the condenser is charged (1) from some outside source
not shown in the diagram, (2) from a source connected at the
spark gap, or (3) from a source induced into L from another
coil.

For an antenna circuit, case (3) would apply. The circuit
would be modified by replacing the condenser shown with an
aerial and ground connection. The spark-gap would not be
needed to discharge this condenser because its charge would
rapidly leak away in the form of radio waves.

For any given antenna, the more current input, the more
power will be expended and presumably the stronger the signal
and greater the range. When it is considered that the strength of
field set up varies inversely as the square of the distance from the
antenna, it will be realized that an extremely small amount of
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power reaches the receiver. But there are certain limiting factors
to the antenna current input. The formula for this current is:

I =2afl’C
where C = capacity of the antenna in farads
V' = antenna voltage
I = antenna amperage

As there is a practical limit to f, V/, and C, the radiation necessary
to assure received signals of maximum strength at maximum dis-
tances must be secured by employing the properly designed an-
tenna as to capacity. Certain ground stations have antenna masts
over 800 feet in height. Height increases radiation but as the
distance between the antenna and ground is inereased, the capacity
effect between them decreases. When the maximum capacity
commensurate with the greatest radiating efficiency has been
reached, the highest voltage that can be applied without trouble-
some ‘“‘corona” (discharge) effect must be employed. This seems
to be at the present time about 120,000 volts. (Obviously it is an
excellent idea for aircraft to keep well clear of all ground
stations. )

In aircraft installations, the capacity of the antenna circuit
is supplied by the antenna and the bonded metal parts of the plane
such as the engine and brace wires. Where a network of wires
replaces the ground connection at ground stations, this network,
called a counterpoise, is designed for a certain capacity. It is not
so easy to do this on an airplane, but the capacity of the bonded
plane can be determined and the aerial designed accordingly, to
some natural frequency. The antenna circuit can then be “loaded”
by inserting either capacity or inductance in the “lead-in” of the
aerial ; condenser loading decreasing the capacity and therefore
the natural frequency; inductance loading adding reactance and
increasing the natural frequency, or fundamental wavelength, as
it is sometimes expressed. Sometimes the aerial is loaded to sev-
eral times its natural frequency, but its final frequency can be
computed or determined in advance by reference to LC tables
similar to the one shown on page 66.

If the antenna is used unloaded, the maximum voltage will be
at the trailing or open end of the trailing-wire type, while the
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minimum voltage will be at the end that is led into the plane.
Loading will disarrange this distribution, as loading tends to
equalize the value of the voltage at both ends.

Parallel Circuits. Figure 12 illustrates a typical radio circuit
having a capacity and an inductance shunted across the same
source of voltage—this voltage acting simultaneously on each.
The applied voltage in this case, where neither leg of the circuit
contains extra resistance, is balanced by the reactive voltage of
both legs. At resonant frequency, the reactive voltage of one
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Figure 12A. Vector Diagram for
Circuit Shown in Figure 12

leg balances that of the other ; the reactance in ohms being zero,
as for series circuits. (See table, page 66.)

The circulating current is the amperage necessary to produce
the counter e.m.f. of the reactances. The larger the capacity of a
parallel combination, the greater will be the value of the circulat-
ing current. Although the reactive voltages are neutralized, the
voltage across C is equal and opposite to the applied voltage. If
the applied voltage is increased, more current will flow within the
two legs and the required counter e.m.f. will be built up.

Suppose that one of the legs shown contains resistance in
series with the reactance. In this case the supply circuit will have
a current flow as follows:

E

E
) —
Z  V RP4+ X3
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where R represents the ohmic resistance of the L leg, /R the in-
phase voltage component, and /X, the inductive counter e.m.f.,
which is exactly equal to the e.m.f. of the capacitive leg. As the
circuit resistance increases, the current decreases due to the ap-
plied e.m.1. being reduced by the IR voltage drop of the circuit.
This current component, in phase with the applied e.m.{., is the
line current (that which flows in the supply circuit). The out-
of-phase current due to the reactance of X, will be equal to the
capacity current in value, but 180° out of phase with it.

The impedance or effective resistance R which the parallel
circuit offers to the supply current at resonant frequency is given

by the formula: R = r_%’ where ( is the capacity, L the induct-

ance of the combination, and 7 the circulating resistance.

The calculation of the line current can be accomplished by
determining both the magnitude and phase of the different leg
currents and then adding them vectorially. This, as a graphic
method similar to that indicated in Figure 12A, takes into account
the phase displacement in degrees of arc; values can be computed
by trigonometry.

Suppose that in a circuit made up as shown in Figure 12, the
current I, through L, is 20 amperes, in phase with the line volt-
age called the active component, and current I, through C, is
30 amperes, leading the line voltage by 60°. The graphic way of
showing the vector sum, which is 43.6 amperes, is illustrated in
Figure 12A. '

The reactive component of a current is one that is 90° out of
phase. The angle of lead is found by the active and reactive com-
ponents of the line current. [, has no reactive components, so the
10 amperes are added to the line current only. I, has a reactive
component which is equal to the 30 amperes times the sine of the
angle of 60° which is 26 amperes. The active component of I,
is 30 times the cosine of the same angle, or 15 amperes. Adding
the two active line amperages, the sum is 35; the angle of lead
can be found by the following relation between this value and the
26 amperes reactive component: the angle whose tangent is
26/35 equals 36.6°. (Found in Table of Trigonometric Natural
Functions. )
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The impedance Z of the circuit would result from dividing the
line voltage by the 43.6 amperes, found to be the vector sum of
the current.

If it is desired to replace this circuit with an equivalent resist-
ance, this could be computed from Z cos 36.6°, and the equivalent
reactance would be Z sin 36.6°, but the same frequency would
have to be used.

Coupled Circuits

When two circuits are placed in a position relative to each other
so that a transfer of energy takes place between them, they are
said to be coupled. Circuits may be coupled inductively or by
capacity or resistance. Furthermore, they may be coupled direct
or “indirect.” Direct coupling is shown in Figure 13A and B.
Note that the coupling element is common to both circuits.

In indirect coupling the transfer of energy between circuits
is accomplished either by two condensers or two coils. This
method is shown in Figure 14A and B.

A B
Figure 13. Direct Coupling: A, by Inductance ; B, by Capacity

In the circuits shown coupled in Figure 14, electromagnetic
induction takes place. The power induced will be greater when the
coupling of either coils or condensers is close or “tight”” and least
when the distance between the coupling elements is a minimum,
in which condition they are “loosely coupled.”

When the coupling is small, or loose, the two circuits will be
resonant to one frequency, but an increase in coupling will in-
crease the mutual inductance and they will then be resonant to two
frequencies. One of these frequencies will be higher, and the
other will be lower than the original (resonant) frequency. That
is why a spark transmitter, tightly coupled, has two wavelengths.
Loose coupling is employed to eliminate interference in a receiv-
ing set and tight coupling is employed when listening over a small
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Figure 14. Indirect Coupling: A, by Inductance; B, by Capacity

band of frequencies when it is desired to hear several stations of
slightly different frequency.

Impedance Matching. When the internal resistance of a gen-
erator is the same as that of its load, maximum power will be
delivered to the load circuit, the internal and external circuits in
this case being “matched” as to impedance. Because this holds
true, the term “impedance matching” as applied to the design of
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Figure 15. A and B, Methods of Tapping the Parallel Impedance of Resonant
Circuits for Impedance Matching ; C, Low Impedance Link Coupling; D, High
Impedance Link
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transmitter circuits means that the load impedance presented to
the source is transformed to suit given requirements—which may
Nor be matching impedances numerically, but DoEs mean match-
ing to best advantage.
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Matching by Tapped Circuits. In addition to the custom of
impedance matching by inductive coupling with tuned circuits,
tapped resonant circuits are frequently used. (See Figure 15.)
In both cases shown in circuits A and B the impedance be-
tween the tapped points will be the total impedance (practically)
as the square of the reactance between the tap points is to the
total reactance of the branch in which the tapping is done.

Link Coupling. Another coupling arrangement used for im-
pedance matching radio-frequency circuits, known as “link
coupling,” is used for transferring energy between two tuned
circuits separated by space. Two such methods are shown in
Figure 15C and D. Compare A with C; such study will be a
helpful training in the study of actual radio set circuits.

Wave-Trap Circuits. Wave traps are employed as part of a
radio receiving set in order to eliminate an undesirable signal.
Wave-trap circuits are of three classes: the rejector circuit, the
acceptor circuit, and the by-pass filter circuit. The rejector cir-
cuit opposes the undesired signal ; the acceptor circuit accepts and
absorbs the energy of the undesirable signal so that it does not
actuate the receiver; the filter circuit provides a low impedance
path to ground for the objectionable signal. A practical illustra-
tion of the use of the rejector and acceptor circuits is furnished
in the radiobeacon circuit shown and described on page 361. The
shunt rejector consists of an inductor (inductance coil) and ca-
pacity in parallel. This type of trap prevents signals that are
above and below the wavelength to which it is tuned from being
received. The series rejector has a condenser and an inductor in
parallel with each other placed in series with the antenna, receiver,
and ground. This circuit can be tuned to reject any one specific
wavelength.

In the filter circuit, either a variable condenser or an inductance
coil that can be tuned is placed in series with the ground and
antenna. The receiver is shunted around this capacity or coil.
As the receiver offers an impedance to the interfering signal
which is greater than the impedance offered to the signal it is
tuned for, the undesired signal passes to ground instead of to the
receiver.
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Filter ® Circuits. Although any resonant circuit is useful for
selecting energy of a desired frequency and rejecting energy of
undesired frequencies, certain hook-ups are better adapted to
transmitting or rejecting more or less uniformly over a band of
frequencies. Rejecting action is known as attenuation; accom-
plished by filters. Filter combinations are basically of three types,
as illustrated in the simple forms of Figure 16. A is a low-pass
filter, used to transmit energy below a given frequency limit, and
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Figure 16, Filter Circuits

to attenuate energy of higher frequencies. Filters of this type
are generally used with iron-core coils or filter chokes in plate
power-supply systems for transmitters and receivers. A combi-
nation of inductance and capacitance elements of the arrange-
ment of A is known as a “‘pi” section because its appearance re-
sembles that of the Greek letter . B is of opposite character to
that of A, passing frequencies above a designated cut-off limit
and attenuating lower frequencies. It is therefore called high-
pass. The one shown is called a “T” section, because its form
resembles that letter.
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C is a type of filter for transmitting over a band of frequen-
cies and attenuating outside this band. It is termed a band-pass
filter.®®

Bridge or Neutralizing Circuits. Another special type of cir-
cuit widely used is the bridge or neutralizing circuit, made up of
capacitance and inductance so as to neutralize the undesired cou-
pling effects. Such circuits are generally used for neutralizing
the capacitance between the elements of tubes (Chapter 5) in
transmitters. Figure 17 shows typical bridge circuits, and the
balancing effects between parts therein.

w/}eﬂ L/'Lz,
l(//zen C, 'C: i : Ch=Cx

Figure 17. Capac1tance and Inductance-Capacitance Brldge Circuits
In beth A and B the capacitance C# is to be neutralized.

Antennas

A transmitter consists of two major parts: (1) a transmitter
circuit in which radio-frequency currents are set up, and (2) an
antenna circuit into which these currents are fed and out of which
radio waves are radiated. At the receiving station the antenna
(or aerial as it is often called) is acted upon by the waves radiated
from the transmitter in such a manner that the transmitted intelli-
gence can be made audible through the receiver. The waves that
are transmitted are also modulated. These waves are demodu-
lated or detected by the receiver. An aerial at any radio station
can be made to act both as a transmitting antenna and a receiving
antenna. Since the action of a receiving antenna is simply that
of a conductor which is cut by a moving magnetic field of force
in the form of a radio wave, only the functioning of a transmitter
antenna will be considered at this time.
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Types of Antennas.'® There are very many types of antennas
used in broadcast and other services. There are also several types
of aircraft antennas which are described in Chapter 15. Two of
the most common basic types of ground station antennas are the
Marconi and the Hertz.

A Marconi antenna can be a single wire, either vertical or part
vertical and part horizontal. It is connected through coupling and
tuning apparatus to the ground. The antenna wire acts as one
plate of a leaky condenser—the ground as the other plate—energy
being dissipated into the (air) dielectric,

The Hertz antenna is a single conductor suspended above the
earth. The earth plays no part in the mechanism of radiation
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Figure 18. The Important Curves for Harmonically Operated Horizontal
Antennas

Curve A shows the variation in radiation resistance with antenna length. Curve B shows
the power in the lobes of maximum radiation for long-wire antennas as a ratio to the maxi-
mum of a half-wave doublet antenna.

although it affects the practical performance of this type. The
Hertz is used almost exclusively for short-wave transmission.
One form of the Hertz is the Zepp, used on Zeppelin airships.
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Antenna Lengths. Antennas that are tuned (those of the
resonant type) are cut to proper electrical length in accordance
with the working frequency assigned to the radio station in order
that the maximum amount of power may be fed into them with-
out undue loss. The circuit of the transmitter which feeds power
into the antenna during transmission is generally tuned. An-
tennas are designed as to length for any fundamental frequency
desired; that of the Hertz is between 2.07 and 2.01 times its
actual length. For a simple half-wave antenna, length (in feet)
is equal to 468 divided by frequency in megacycles.

Radiation Characteristics. An antenna does not radiate equal
amounts of power in all directions. The radiation pattern of any
antenna is determined by its length in wavelengths, its effective
height above ground, and its angle with respect to the ground.
Vertical antennas radiate uniformly in a horizontal plane.

| / i@
T ) T EE* Section 2
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=
[ / T
UNBALANCED BALANCED

Figure 19. Directly Excited Antenna

Center-fed with suitable coupling arrangements. Antenna sections 1 and 2 are each
quarter wavelength,

Radiation Resistance. Radiation resistance varies with the
length of the antenna, its position with respect to surrounding
objects, and the character of the ground. A Hertz antenna 1 half-
wave in length has a radiation resistance of about 70 ohms, meas-
ured at the center of the antenna. Study Figure 18 briefly.

Antenna Excitation. When antennas are supplied with power
from a transmitter by keying or speaking into the microphone,
the antenna is “fed” or excited. Directly-excited antennas (those
fed with a tuned feeder line) are generally either “voltage fed”
or “current fed.” Voltage-fed means that the exciting power is
introduced into the antenna at a point of maximum voltage.
Current-fed antennas are those where the feeder line delivers
power at a point of maximum current.
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Figure 19 shows a common form of directly-excited Hertz
antenna fed at the center. When operated at its fundamental
frequency, sections 1 and 2 should be one-quarter wavelength;
the total length, section 1 plus section 2, should be one-half wave-
length.

Figure 20 shows a directly excited antenna of the end-fed
type. Itslength is determined by measuring from the remote end
to the point at which it is attached to the antenna feeder circuit.
Its length should be one-half wavelength for the lowest frequency
at which operation is desired.

Transmission Lines. Radio-frequency power is often fed
from a transmitter to a somewhat distant antenna. In this case
the impedance of the untuned transmission must be matched to
that of the antenna at the point of connection. (A ‘“transmission

MER
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Figure 20. Showing How Coupling for an End-Fed Antenna May
Be Accomplished

line” antenna, referred to as a T.L. antenna, is used at radio range
beacon stations. )

A resonant transmission line is simply an antenna that has
been folded so that the currents flowing in the two parts are oppo-
site in phase (page 151) but of the same magnitude so that the
radiation from one wire is offset by that from the other.

Standing W aves are said to exist in a radio transmission line
(or antenna) when there are electrical reflections from the point
of termination in a line back to the source of excitation. This
effect exists in an unmatched type of transmission line or in a line
improperly matched. The impedance connected into a line to pre-
vent standing waves is referred to as “surge impedance.”

The highest voltage in an antenna exists close to the end.

Antennas which swing with the wind do not radiate a wave
of fixed frequency.
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Field Intensity. The field intensity of a transmitting an-
tenna is expressed in microvolts per meter, and refers to the dis-
tribution of electrical energy in the field pattern of a transmitter.
The study of field patterns becomes very important when han-
dling any type of directive antenna such as the loop for radio-
compass operation described in Chapter 12 and the radiobeacon
transmitter antenna described in Chapter 9.

A counterpoise,® as used at some ground stations, consists of
a network of wires strung above the ground below the antenna.
It is a “false ground” and supplies capacity to the antenna system
when the earth is not used. The airplane acts as a counterpoise
when in flight.

Tuning Antenna Circuits. A radio-frequency ammeter is gen-
erally connected in the antenna circuit. The frequency of the
exciting circuit (as L in Figure 10) is determined by a wave-
meter (or frequency-meter) and then the capacity and induct-
ance of the antenna circuit is adjusted until maximum current
registers on the ammeter, indicating that the circuits are in
resonance.

QUESsTIONS

51. Draw a workable receiving circuit and label parts.

52. Sketch an oscillatory circuit and explain its action.

53. What is the relation between frequency and wavelength?
54. Condensers in series : is their capacity additive?

55. Inductance in series: how is impedance calculated ?

56. How may a circuit containing L and C in parallel be tuned?
57. Sketch two types of coupled circuits.

58. What is meant by the term “impedance matching”?

59. Describe a wave-trap circuit ; a filter circuit.

60. Describe two common types of antennas.

Note. Look up following terms in Appendix II: 13, 16, 17, 18,
78, 80, 255, 257.



CHAPTER 5
RADIO TUBES

Vacuum tubes are now considered the most important part of
all radio apparatus. They may be either glass or metal but an
understanding of the basic principles of their operation is abso-
lutely essential ; their functioning in aircraft radio receiving and
transmitting sets must be carefully studied.

Fundamental Phenomena

Extremely hot bodies discharge electricity; for example, a
white-hot platinum wire will emit negative ions, called electrons,
and these negative ions will negatively charge any nearby elec-
trode. This phenomenon occurs in all radio tubes. A cathode
emits electrons which pass to an anode.

Structure of Tubes

Tubes used in transmitters and receivers consist of a cathode
and from one to three additional electrodes, mounted in an evacu-
ated enclosure. The material employed for the enclosure or “en-
velope” or bulb is either glass, metal, or a combination of glass
and metal. The function of the cathode is to emit electrons; the
function of the other electrodes is to control and collect the
emitted electrons, Suitable electrical connections are provided
on the base of the glass bulb or metal shell containing these ele-
ments designed so as to plug into the circuit of the radio set for
which they are designed. As the function of the cathode is to emit
electrons with the greatest possible effectiveness, different ma-
terials are used in their manufacture, the materials selected de-
pending upon the manner in which the cathode is to be heated.
The directly-heated cathode, called a filament-type cathode, is of
pure tungsten wire. High-power high-voltage tubes have this

89
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type cathode. There is also a coated filament type of cathode.
This is usually a nickel-alloy wire or ribbon coated with a mixture
which contains certain alkaline earth oxides. A heater cathode
consists of a number of thin metal sleeves which have been simi-
larly coated, together with a heater element inside the sleeve and
insulated from it. This heater is either tungsten or tungsten-
alloy wire. The coated indirectly-heated cathode is often referred
to as a unipotential cathode because it has no voltage drop as does
the filament-type cathode.

The efficiency of the tungsten filament-type cathode as an elec-
tron emitter is relatively low ; that of the coated cathode is high.
Also, the coated cathode, of either filament or heater type, has a
lower operating temperature than the tungsten filament cathode;
is therefore not going to burn out as soon as the uncoated cathode.
The unipotential (indirectly-heated-coated) cathode has the fur-
ther advantage of a comparatively low hum level, a tube operat-
ing characteristic obviously essential to quiet performance of a
receiver. Coated cathodes are found in many of the smaller, low-
voltage tubes.

Thoriated-tungsten cathodes are made up from tungsten im-
pregnated with thoria, having a surface of thorium. This type
cathode emits electrons when heated at a medium temperature—
to a bright yellow glow. Their efficiency as emitters is not as high
as that of the coated cathodes, but higher than the tungsten cath-
ode. Thoriated tungsten filament tubes are much used with a
fairly high voltage. When used in circuits having extremely high
voltages, or when overloaded, the surface layer of thorium may
sputter off as the result of positive ion bombardment, thereby
decreasing emission.

The emission efficiency of the cathode is largely dependent
on its material and construction. The emission efficiency of any
cathode is the electron space current in amperes per watt of fila-
ment or heater power. For convenience it is usually expressed in
milliamperes per watt.

Anodes.® Anodes (plates) are made of tungsten, molyb-
denum, nickel, tantalum, or graphite. These have been selected
mostly because of their high thermal emissivity and mechanical
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properties. The anode is bombarded by electrons emitted from the
cathode. It must dissipate the heat of bombardment. In the com-
mon type of tube this heat is radiated by the tube envelope—gen-
erally a glass bulb. The more effectively this is accomplished, the
more power the tube will deliver. The larger the anode, the more
electrostatic capacitance it will have. It is desirable to keep this
capacity at a minimum in tubes used in high-frequency radio sets
in order that the losses involved may be held down to a minimum.
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Figure 21. Tube-Base Pin Numbering System

A, showing the pins looking at the bottom of a tube base or socket; B, bottom view of
sockets of tubes used in RCA-7B transmitter.

Grid Structure. Grids are of the same materials used in the
manufacture of anodes and in addition certain alloys of molyb-
denum, nickel, and tungsten. Some grids are coated with carbon,
this material tends to reduce the secondary emission of electrons
and to increase thermal emissivity.. The function of the grids is
to control the plate current, that is, the flow of electrons between
cathode and anode.

Bases. Bakelite, a plastic, is much used in making tube bases.
Certain ceramics, such as porcelain, are also used. Some bases
consist of metal shells with an insulating bottom disc. A good
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porcelain insulator will prevent radio-frequency losses between
base pins to a greater degree than will bakelite, but the latter is
cheaper and easily shaped and is therefore more generally used.

Tube bases are built with from four to eight pins for element
connections; except in the five- and eight-prong types, the two
cathode pins are heavier than the others. The pins of all except
the eight-pin or octal base are numbered according to the follow-
ing system. Looking at the bottom of the base or the bottom of
the socket, the left-hand cathode-pin is No. 1, and the others are
numbered consecutively in the clockwise direction, ending with
the right-hand cathode pin. In the octal (eight-pin) base, No. 1
pin is to the left of the key. (See Figure 21.)

In indicating which element is connected to which base pin,
it is customary to use the letters, F, F, or H, H for filament or
heater, C or K for cathode, P for plate, etc.

Bulbs. So-called “soft” glass is used in tubes which do not
generate extreme heat. Small tubes which must dissipate much
heat and large air-cooled transmitting tubes are made of “hard”
glass which will not commence to soften from heat up to a tem-
perature of 750° C., whereas soft glass will start to melt at
625° C. Hard and soft glass must not be confused with hard
and soft tube characteristics which have to do with gas content
as explained on page 96,

Manufacturing Methods

In manufacturing a filament-type glass tube, a flanged glass
cylinder serves as the main support of the elements. The support-
ing posts and lead-in wires are sealed into the top of the flanged
tube by fusing the glass. A smaller exhaust tube also is fused into
the side.

The filament—usually shaped like an inverted V—is next
welded to the supporting posts and then the grid is mounted. This
wire either is welded to, or embedded in, the supporting frame
upon which it is wound. The wire may be wound up cylindrically
or it may be flatly looped around a rack of two or more upright
frames. If cylindrical in shape, the grid surrounds the filament ;
if of a flat “rack” type, it is placed between the filament and plate,
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which is made in several shapes, varying from a wire-wound type
to heavy sheet metal. The plate is usually made of nickel, but
sometimes molybdenum or tungsten is employed.

The final step in building the tube is to enclose the elements
in a glass bulb, fuse it to the flange of the flanged tube and ex-
haust the atmosphere through the small tube previously fused
into the side for that purpose. If the oxygen of the atmosphere
remained, the elements would burn. The removal of the air is
accomplished by a vacuum pump with the tube hot and the ele-
ments electrically connected. When the desired degree of vacuum
has been obtained by the pump, corresponding to a few hundred
thousandths of a millimeter of mercury, the small exhaust tube
is melted off, permanently sealing the radio tube. Usually, the
hotter the tube while exhausting it, the greater the vacuum, and
as plain tungsten will stand more heat than oxide-coated fila-
ments, more gas and air can be pumped out of a tungsten-filameunt
tube than out of an oxide-filament tube. However, all tubes re-
lease some gas from their inner parts when placed in service and
to absorb these gases a small quantity of magnesium, phosphorus,
sulphur, or arsenic is left inside. These substances create a silvery
film on the inner surface of the bulb which attracts the gas that
remains inside, sealing it into the glass walls of the bulb. After
pumping out, the bulb is always cemented to an insulated base
containing four or five small hollow rods which are connected to
the contact prongs; two for the filament, one each for the plate
and grid. Rigidity of all parts is necessary to prevent vibration,
which causes “‘microphonic” noises in the receiver. Each tube is
tested when finished, to determine its fitness for the service for
which it is designed.

Plate IV is an illustration of an RCA tube during various
stages of its fabrication.

As a perfect vacuum is impossible to obtain, all tubes contain
a small number of gas atoms. If these gas atoms are broken up,
there will be two parts—a free or negative ion and a positively
charged nucleus or ion. These atoms, so broken up, are said to
be ijonized and become conductors instead of insulators as they
were before the ionization. The freed electrons break up addi-
tional atoms by collision and all the electrons are attracted to the
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plate, while all the positively charged nuclei, or ions, move toward
the filament. This movement produces an increase of current flow
through the tube by neutralizing the electric charge in the space
between the plate and filament, known as the “space charge.” 1f
this ionization continues, the surface of the filament breaks down.
If a too high plate voltage is applied, a “‘blue glow” discharge may
result and in this condition the plate current is not affected by the
grid voltage, consequently the tube becomes insensitive. The
more gas in a tube, the more danger of ionization; the “harder”
the tube, the less danger.

While exhausting the tube during its manufacture, a high-
frequency voltage is connected to the elements ; the color and dis-
tribution of the resulting arc will indicate the approximate
amount of gas not yet exhausted.

If a tube has a perfect vacuum, negative voltage applied to the
grid will not reverse the grid current. Therefore, in a tube hav-
ing less than a perfect vacuum, when negative voltage is applied
to the grid, the amount of reversed grid current will serve as an
indication of the approximate amount of gas present in the tube.

A “hard” tube contains practically no gas; a “soft” tube con-
tains a little more gas than a “hard” tube. A soft tube will require
an adjustment of voltage to best fit it for the use to which it is
put. The softer tubes are usually chosen for detectors because
they are most sensitive.

Plate V shows the component parts of an all-metal RCA tube.

Diodes

Operation. The two-element tube or diode ® consists of a
vacuum glass or metal tube containing a cathode, often in the
form of a filament heated directly or indirectly by electricity, and
a metal electrode called a plate or anode which usually surrounds
the filament. The plate and filament do not touch each other. Ifa
high positive potential is applied to the plate, this relatively cold
plate will be bombarded by the negative ions that the hot filament
emits. This bombardment charges the plate negatively. Then
current will flow in one direction only—from the plate to the
filament.
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If one wire of an alternating current source is connected to the
filament and the other to the plate, the a.c. will be rectified into
direct pulsating current by means of the one-way action of the
tube.

Note that there is no material connection between the plate
and the filament ; also that because of the fundamental laws gov-
erning electron emission, the electrons emitted are negative and
pass from the filament to the plate ; therefore, the positive flow of
current electricity is opposite in direction—from the plate to fila-
ment. The space between becomes a one-way conductor because
of the presence, in steady passage, of negative ions only. The
filament current does nothing but heat the filament so that it will
emit electrons. This fundamental conception of how a rectifying
tube functions is necessary to the understanding of rectifiers and
detectors.

Characteristic Curve. The easiest and most common way to
discuss the action of a tube in operation is by reference to a graph
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Figure 22. A, Diode Tube; B, Curve Showing Its Characteristics

which indicates its performance under the varying conditions to
which it is normally subjected in the service for which it is de-
signed. Sucha graph is called a tube characteristic curve as shown
in Figure 22B; 22A indicates the diode circuit hook-up from
which the readings were taken to plot the curve B. Characteristic
curves such as this are used to show not only the current flowing
between the plate (anode) and cathode as in B, but between the
cathode and other electrodes present in other forms of tubes
having three or more electrodes. However, as the plate current
is of chief interest in determining the output of a tube, the simple
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curve shown should be studied carefully. It shows that with fixed
cathode temperature, the plate current increases as the voltage
between cathode and plate is raised. For any specific tube, the
values of plate current and plate voltage would be plotted along
their respective axes.

With the fixed cathode temperature, the total number of elec-
trons emitted is always the same regardless of the plate voltage.
The simple curve of Figure 22B shows, however, that less plate
current will flow at low plate voltages than with high plate volt-
age. With low plate voltage only those electrons nearest the
plate are attracted to the plate. The electrons in the space near
the cathode, being themselves negatively charged, tend to repel
the similarly charged electrons as they leave the cathode surface
and cause them to fall back on the cathode. This is called the
space-charge effect. As the plate voltage is raised, more and more
electrons are attracted to the plate until finally the space-charge
effect is completely overcome and all the electrons emitted by the
cathode are attracted to the plate, and a further increase in plate
voltage can cause no increase in plate current. The point at which
practically all electrons are attracted to the plate is called the
saturation point.

Static characteristics are the values obtained with different d.c
potentials applied to the tube electrodes, while dynamic character-
istics are the values obtained with an a.c. voltage on the control
grid under various conditions of d.c. potentials on the electrodes.
The dynamic characteristics, therefore, are indicative of the per-
formance capabilities of a tube under actual working conditions.

Dynamic characteristics include amplification factor, plate re-
sistance, control grid-plate transconductance, and certain detector
characteristics, and may be shown in curve form for variations in
tube operating conditions.

Plate resistance (r,) of a radio tube is the resistance of the
path between cathode and plate to the flow of alternating current.
It is the quotient of a small change in plate voltage by the corre-
sponding change in plate current and is expressed in ohms, the
unit of resistance. If a change of 0.1 milliampere (0.0001 am-
pere) is produced by a plate voltage variation of 1 volt, the plate
resistance is 1 divided by 0.0001 or 10,000 ohms.
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Maximum peak inverse voltage characteristic of a rectifier
tube is the highest peak voltage that a rectifier tube can safely
stand in the direction opposite to that in which it is designed to
pass current.

Maximum peak plate current is the highest peak current that
a rectifier tube can safely stand in the direction in which it is
designed to pass current.

Triodes

Grids.'** Besides the filament and plate, the triode contains a
third electrode, or element, called a grid. This is a metallic mesh
so placed that the electrons emitted by the cathode must pass
through it to reach the plate. This grid actually controls the flow
of electrons. The sensitiveness of a receiving tube depends
largely on this controllability. By imposing positive (or nega-
tive) potential on the grid, the amount of current flowing between
plate and filament is controlled. This plate current can be in-
creased greatly by a very small increase in the grid potential and
the power released by the plate circuit is often greater than the
power expended in the input circuit. For this reason, amplifica-
tion can be increased by “feeding back™ part of the plate circuit
power to the input circuit. By this means, a tube can be made to
produce sustained oscillations, a phenomenon which will be dis-
cussed later (page 181).

Filament Current.’’ Both d.c. and a.c. are used to heat fila-
ments and (in the indirectly-heated cathode type) the heater ele-
ment. Alternating current is generally preferred because it per-
mits a more even distribution of current, but it may produce a hum
in the directly-heated filament. One advantage of the indirectly-
heated cathode is that a.c. hum is practically eliminated. If d.c.
is used, that part of the filament which conducts current back to
the B battery will carry more current than the other, tending to
shorten the life of the filament. If the B battery circuit is traced
through the tube in Figure 25, it will be seen that one leg of the
filament is in the B circuit as well as in the A circuit.

As a tungsten filament deteriorates from heat, its resistance
increases, consequently the current drops—then emission de-
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creases. As a higher voltage is applied, the filament temperature
rises and this shortens the life of the filament.

As a surface of an oxide-coated filament volatilizes, the re-
sistance of the current-carrying core remains constant, but the
impact of positive ions heats the filament in spots and these spots
burn out, ending the life of the tube.

Most receivers use a.c. tubes requiring 6.3 volts for the
cathodes, although some battery-operated sets use 2 volts con-
nected to the cathodes which are generally of the directly-heated
(filament) type.

Plates.)™® The plate resistance depends on the size of both the
plate and filament, being inversely proportional to their combined
area. It also depends on the voltage used and is affected by the
amplification factor. (Seepage 112.) To make the amplification
factor large and the plate resistance small, the grid is placed close
to the filament.

The plate current depends on four factors:

1. The distance between the elements.
2. The area of the elements.

3. The shape and size of the grid.

4. The grid and plate voltages.

Action of Three-Element Tube. Figure 23 illustrates a sym-
bol recently proposed by a standardization committee of en-
gineers as the standard symbol of a three-element tube. The
filament is heated by an A battery or other source of ¢urrent. The
grid is placed between the filament and the plate, but is closer than
the plate to the filament and influences it more. The grid usually
is charged negatively with respect to the filament, but not always.
The plate current varies with the filament temperature and plate
voltage; also it is varied by the electrostatic charge on the grid
which is obtained from an additional source, usually a C battery.

A negatively charged grid tends to turn back to the filament
the electrons emitted therefrom before they hit the plate. This
effect is helped by the “space charge” reducing the plate current.
If the negative grid charge is reduced, the number of emitted
electrons reaching the plate is increased and vice versa down to
the point where there is no plate current.
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A positive grid charge will offset the space-charge effect and
so the plate current will increase as the positive grid charge in-
creases. The grid-circuit voltage should be adjustable. The grid
current, which is small, is measured in microamperes, and its
value becomes important when a grid leak or grid condenser is
used. (See Figure 27, on page 107.)

The Tube as a Circuit. The input circuit is from grid to fila-
ment ; the output circuit is from plate to filament through a bat-
tery and external load. The elements of a tube all have capacity
known as interelectrode capacitance, as do the lead-in wires and
the base. Between grid and filament of a triode there are about

Figure 23. Three-Element Tube with Directly Heated Cathode

The filament leads are shown entering from the bottom, the plate lead from the top
while the grid is shown between these two elements.

5 micro-microfarads, and between grid and plate about twice that
capacity. In a tetrode these values are much decreased. There is
an inter-capacity or “‘coupling” effect between all elements which
introduces reactance, with resulting impedance. The whole tube
can be conceived as functioning as a variable impedance, or resist-
ance; the higher the grid resistance, the lower the tube resistance
and vice versa. If a.c. is used in the input circuit, the grid and fila-
ment both act as condenser plates permitting current flow in the
circuit which will set up a plate current by induction. The mutual
conductance of a tube should be as large as possible. Also, the
amplification factor, commonly represented by the Greek letter
mu, should be as great as possible when used as an amplifier.
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Control-grid plate transconductance, or simply transconduct-
ance (gn), is a factor which combines in one term the amplifica-
tion factor and the plate resistance, and is the quotient of the first
by the second. This term is also known as mutual conductance.
Transconductance may be more strictly defined as the ratio of a
small change in the plate current (amperes) to the small change
in the control-grid voltage producing it, under the condition that
all other voltages remain unchanged. Thus, if a grid-voltage
change of 0.5 volt causes a plate-current change of 1 milliampere
(0.001 ampere) with all other voltages constant, the transcon-
ductance is 0.001 divided by 0.5, or 0.002 mho. (Mho is defined
on page 43.) For convenience, a millionth of a mho, or a micro-
mho, is used to express transconductance. So, in the example,
0.002 mho is 2000 micrombhos.

Overheating. If the plate or filament voltage is too high,
ionization will occur, decreasing the effectiveness of the tube and
shortening its useful life. Increased voltage also subjects the ele-
ments to an increased temperature which will deteriorate all the
elements, especially the filament. Electron bombardment of the
plate may make it so hot that sagging will result. For this reason,
many high-power tubes are cooled by a water circulating system
around their outer surface, which surface is in many cases the
plate. Heat radiates poorly in a vacuum, consequently blacking,
sand-blasting, and oxidizing of the plates are often resorted to by
manufacturers to increase the heat radiating characteristics.

Tetrodes and Pentodes

Tubes containing four elements are tetrodes ;?*" those with five
elements are pentodes. The effect of grid-plate capacitance in
causing excess regeneration can be eliminated in a number of
ways. One scheme known as neutralization (page 109) requires
the use of a special circuit arrangement which sets up counter-
acting effects to balance out the action of the grid-plate coupling.
A preferable method is to reduce the grid plate capacitance in the
tube itself to a negligible value. This is accomplished by employ-
ing a fourth electrode in the tube, known as the screen. This
screen is placed between the plate and the grid.
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The screen is constructed so that although the flow of electrons
to the plate is not materially obstructed, it establishes an electro-
static shield between the plate and the grid. The screen is usually
operated at some positive voltage lower than that of the plate and
is by-passed to the cathode through a condenser having low im-
pedance at the operating frequency. The by-pass condenser
effectively grounds the screen for high-frequency currents and
assists in reducing the effective grid-plate capacitance. This per-
mits tetrodes to provide a high order of stable amplification with
relatively simple circuits. The 865 and 860 are typical tetrodes,
or “screen grid” tubes.

In all radio tubes, electrons striking a positive electrode may,
if moving at sufficient speed, dislodge or “splash out” other or

ca ' 3
F
SG
F Filament P Plate
CG Control grid SG Screen grid

Figure 24. Conventional Representation of a Screen-Grid Tube

secondary electrons. In diodes and triodes such secondary elec-
trons produced at the plate usually do not cause any trouble,
because no positive electrode other than the plate itself is present
to attract them. These electrons, therefore, are eventually drawn
back to the plate. In tetrodes, the screen (operating at a positive
potential ) offers a strong attraction to secondary electrons when
the plate voltage swings lower than the screen voltage. This effect
limits the permissible plate swing for tetrodes because the major
portion of the space current then goes to the screen rather than to
the plate. The plate-swing limitation can be substantially removed
when a fifth electrode, known as the suppressor, is placed in the
tube between the screen and the plate. Such five-electrode types
are called pentodes.
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The suppressor in a pentode is usually connected to the cathode
or to a low positive or negative voltage, depending on the tube
application. Because of its negative potential (in any case) with
respect to the plate, the suppressor retards the flight of secondary
electrons and diverts them back to the plate, where they cause no
undesirable effects. Thus, in pentodes, the plate voltage may
swing below the screen voltage. 6F6, 33, and 42 are pentodes.

The four-element tube is generally used as a radio-frequency
amplifier in receivers with a positive tap from the B battery con-
nected to the screen grid. It is the most successful radio-fre-
quency amplifier yet developed, and when so used will supply the
detector tube with a radio signal of several volts. It has also been
employed with success in transmitters and can be used as a de-
tector. When used as a detector, the first stage of audio-frequency
amplification can be dispensed with as this type tube gives an
amplification of from 40 to 75 per stage. (See Figure 24.)

Plate VI shows the construction of a pentode !"® in detail.

Detectors

The Function of a Detector.®” The primary function of a de-
tector is to convert (radio) a.c. to pulsating d.c. This rectification
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Figure 25. Non-Oscillating Tube Detector in Simple Receiving Circuit

process is absolutely essential in receiving because d.c. is necessary
for the functioning of the headphones; the radio transmitter
emits a.c. It is accomplished by either the grid or plate, according



106 AERONAUTIC RADIO

to the type of tube and circuit that is used. The detector also
converts radio-frequency currents, which are not audible in the
phones, to audio-frequency currents which can be heard in the
phones. Furthermore, the detector amplifies or increases the loud-
ness of the incoming signals.

Action of a Detector. (See Figure25.) The filament rheostat
R, in the lead from the A battery to the filament, controls the fila-
ment voltage. The negative terminal of the A battery and also
the grid are shown negative with respect to the negative terminal
of the filament. This negative voltage applied to the grid is called
the grid-bias and the amount of the biasing voltage is also con-
trolled by R. The B battery insures direct current through the
phones ; the condenser C by-passes the radio-frequency from the
plate circuit.
By putting the filament rheo-

- stat R in the positive lead from
= /| the A battery, the grid bias could
% be made to equal the voltage of a
o=
w3 / C battery; or, the rheostat R
<z 7 could be so connected as to vary
[ % 4 . . . e

= / the grid-bias from positive to

negative. This grid-biasing is
GRID VOLTAGE R
IN VOLTS done in order to operate the tube
Figure 26. Characteristic Curve of with a specific relationship be-
a Typical Detector Tube tween the plate current and grid

voltage (see Figure 26) ; the object being increased efficiency.

Plate Rectification. Assuming that the receiving circuit
(Figure 25) is in tune with some transmitter, the waves emitted
from that transmitter will induce a radio-frequency current in
the receiving antenna circuit. As it reverses back and forth from
antenna to ground through L,, it induces a radio-frequency cur-
rent in L, which is reduced to audio frequency, half of each cycle
of which passes through the detector and is made audible in the
headphones. In this particular circuit, detection is by plate recti-
fication.

Grid Rectification. Examine Figure 27. The grid leak is indi-
cated by the symbol R, and the grid condenser in parallel as Cj.
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Both are in series with the grid. The grid return lead is connected
to the positive side of the A battery. The resistance of the grid
leak is small, being from 1 to 10 megohms. The small “‘blocking”
condenser Cy has a capacity of from 100 to 600 micro-micro-
farads. Electrons from incoming waves are “trapped” by the grid
(Cs, the grid condenser, blocking their release), which becomes
more negative as the incoming oscillations become stronger. The
negative grid opposes the flow of electrons to the plate, decreasing
the plate current. The grid condenser also decreases the average
value of the plate current. (In a soft tube, leakage occurs from
the grid to the filament through the gas present so that a grid leak
is not needed.)
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Figure 27. Non-Oscillating Tube Detector in Receiving Circuit with Grid
Leak and Condenser

The resistance of the grid leak is maintained such that the rate
of leakage is proportional to the period of the audio-frequency
variations of the radio-frequency oscillations and not to the period
of the radio-frequency oscillations.

This detection process (with grid leak and condenser) is re-
ferred to as grid rectification. Radio-frequency voltage is reduced
to audio-frequency in the grid circuit; the plate circuit amplifies
the audio-frequency variations. This is a better method than the
plate rectification detection when the input voltage is small, be-
cause it is more sensitive to weak signals. When the input voltage
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is large (signals loud), distortion is liable to result from over-
loading and under these circumstances the plate rectification
method is best because, the output being greater, the tube is less
liable to overload.

Regenerative Detector. Study Figure 28. Either plate or grid
rectification can be accomplished with the regenerative detector,
a feed-back or tickler coil inserted in the plate circuit being induc-
tively coupled to the secondary coil of the receiving circuit. The
object of this circuit is to produce amplification without using an
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Figure 28. Regenerative Detector

additional (amplifying) tube. Larger radio-frequency voltage
is produced by the feed-back and this creates a louder audio-
frequency signal in the headphones. At a certain point in the
feed-back process, the tube will commence to oscillate and the
received note will become mushy.

Oscillating Tube Detector. The oscillating tube detector is
also called the autodyne and is a type of regenerative detector with
a large enough feed-back coil to keep it oscillating. It is used for
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the reception of signals from a continuous oscillation arc or tube
transmitter. (The arc transmitter is not used on aircraft but the
tube transmitter is.) The frequency of oscillations in this tube
will be governed mostly by the capacity and inductance of the
secondary circuit of the receiver. If this circuitis not quite in tune
with the transmitter, there will be two sets of oscillations in the
receiver—a new “beat” will be heard and the received note will
change with tuning. The current actuating the headphones in
this case is the resultant of the two currents of different oscilla-
tions. The frequency of this resultant current is lower than the
two that produce it.

Avoiding Oscillaton. Two methods of stabilizing to avoid
oscillation are known as the “Rice method” and “The Hazeltine
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Figure 29. Rice Stabilizing Circuit

method.” In both methods, the capacity of the tube is neutralized
by another capacity.

The Rice method is shown in Figure 29. The center of the
input coil is grounded, therefore the coils must be carefully spaced
or shielded or else the capacity coupling between them may de-
stroy the balance being sought. The use of this method may
decrease the sensitivity to a certain extent, but it prevents ‘“mushi-
ness” of tone in the headphones.

Heterodyne Detector. Two tubes are used ; one as an oscillat-
ing detector and another to superimpose a second set of oscilla-
tions. This makes a very sensitive detector, but the circuit supply-
ing the imposed oscillations must be kept carefully tuned. The so-
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called superheterodyne or multiple-heterodyne system is a name
given to a series of heterodyne circuits comprising one receiving
circuit.

In the superheterodyne receiver, radio-frequency a.c. is low-
ered into “‘beat” frequency by superimposing a locally generated
current. The resultant “beat” current is “filtered,” amplified, and
rectified and then passes through the usual stages of an audio-
frequency amplifier. In this connection, see also page 325.

Detector Tube Efficiency. The detecting efficiency is the ratio
of audio-frequency output power to radio-frequency input power.
The actual power in watts used in the radio-frequency input cir-
cuit is not readily measured. For this reason, it is preferable to
express the detecting efficiency as a relation between the radio-
frequency input voltage and the resistance of the external output
circuit. A detection coefficient is used; this factor squared and
then multiplied by the ohms resistance in the output circuit will
give the detecting efficiency of any tube.

In general, with a non-oscillating detector, if the received sig-
nal is weak, its strength will be directly proportional to the square
of the radio-frequency voltage applied to the detector.

If the received signal is strong, or if an oscillating detector is
used, its strength will be directly proportional to this radio-
frequency voltage, Not squared.

When an oscillating detector can be used, markedly superior
results can be obtained in detecting modulated continuous-wave
signals,

A good tube, properly handled, should operate for 500 hours
in average service.

Amplifiers

Process of Amplification. In an amplifier ® receiving tube, the
voltage impressed by incoming oscillations on the grid circuit pro-
duces oscillations of greater power in the plate circuit than the
same voltage would produce if impressed directly on the plate
circuit. This occurs because the small voltage coming into the
grid circuit is used to release current from the B battery to the
plate circuit. The advantage of this amplification process is obvi-
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ous in the headphones where the signals sound louder. It can be
accomplished before rectification of the incoming radio-frequency
oscillations, when it is called radio-frequency amplification, or,
after the rectification, when it is called audio-frequency ampli-
fication.

Amplifiers may be divided broadly into two general types,
those whose chief purpose is to give a greatly magnified repro-
duction of the input signal without regard to the power deliv-
ered, and those which deliver a relatively large amount of power
to a load such as a loud-speaker, in the case of an audio amplifier,
or an antenna, in the case of a radio-frequency amplifier. The
former is known as a voltage amplifier, the latter a power
amplifier.

In audio circuits, the power tube or output tube in the last stage
usually is especially designed to deliver a considerable amount
of audio power, while requiring but negligible power from the
input or exciting signal. The power amplification (ratio of output
power to power supplied the grid circuit) is consequently very
high. Such tubes generally require a large grid-voltage swing for
full-power output, consequently the voltage amplification (ratio
of output voltage to signal voltage) is quite low. To obtain the
voltage swing required for the grid circuit of such a power tube,
it becomes necessary to use voltage amplifiers, employing tubes of
high amplification which will greatly increase the voltage ampli-
tude of the signal. Although such tubes are capable of relatively-
high voltage output, the power obtainable from them is small.
Voltage amplifiers are used in the radio-frequency stages of
receivers as well as in audio amplifiers.

If a weak radio-frequency signal is amplified 20 times and
then rectified, it will be as loud as if it had been rectified first and
then amplified 400 times. For this reason, from one to three
radio-frequency amplifiers usually are connected ahead of a de-
tector tube with two or three audio-frequency stages after the
detector. Too many audio-frequency stages are apt to cause dis-
tortion, howling, and other noises when used in aircraft. In an
aircraft receiver, the headphones are connected into the plate cir-
cuit of the last audio-frequency stage and the entire unit is
“shielded”” by a metallic enclosure to reduce noise.
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Amplification Factor.” The extent to which the amplification,
or increase in signal strength, can be carried constitutes an ampli-
fication factor (designated by the Greek letter mu) and depends
almost entirely on the design of the tube. It is equal to the change
in plate voltage divided by the change in grid voltage. Also it can
be shown that it equals the electrostatic capacity of the grid and
filament divided by the electrostatic capacity of the filament and
plate. (Remember that capacity varies with the distance between
the electrostatic elements. )

The amplification factor depends on the spacing and size of
the grid wires, and increases with greater distance between the
grid and plate. It varies directly as the distances between the plate
and filament, and between the grid and filament. A fine grid,
mounted closer to the filament than the plate, will produce a large
amplification factor. This factor becomes a constant (except at
very low operating voltages) for each tube manufactured and is
a measure of the maximum voltage amplification obtainable from
that tube.

Sometimes the amount of amplification ® is expressed as a volt-
age amplification of a certain number per stage. This numberisa
ratio of increase between the grid and filament voltage of one
stage and the voltage delivered by it to the next stage ahead. An
amplification of ten simply means that the strength of signal is
increased ten times more than it was originally. By “overall gain”
is meant the increase in amplification accomplished by the entire
receiver.

Coupling of Amplifiers

If connected through a resistance, the stage becomes a resist-
ance-type amplifier; if through a transformer, a transformer
type; and if through an inductance coil or coils, it is known by
three names: inductance, reactance, or impedance type. If the
proper value of capacity and inductance is used, any type can be
employed for either radio- or audio-frequency amplification.

Resistance Type Amplifier. Tn Figure 30 R and R’ are re-
sistance coils of from 50,000 to 200,000 ohms, being greater than
the internal resistance of the tube between plate and filament; E
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is the input voltage; it causes d.c. to flow in the plate circuit of
No. 1 tube and through R. The voltage across R is applied to the
input of the No. 2 tube through the coupling condenser C to the
grid and through the A and B batteries, which are common to
both tubes, to the filament of No. 2 tube. C prevents practically
all positive plate voltage in No. 1 tube from being applied to the
grid of No. 2 tube, but does not stop a.c.; 7 is the grid leak and
helps to steady the grid voltage at the same value as that of the
negative filament. As the reactance of C varies with the fre-
quency, its capacity must be nicely calculated for aircraft re-
ceivers working on prescribed frequencies. Its impedance must

. C
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Figure 30. Resistance Coupled Amplifier

bear a precise relationship with R and R’ for most efficient
amplification.

The maximum voltage amplification per stage which can be
obtained with a resistance-coupled amplifier depends almost en-
tirely on the amplification factor of the tubes used. This type
amplifier is not very efficient on the aircraft wavelengths of from
400 to 600 meters. The high plate voltages required for coupling
through R and R’ call for large heavy batteries which are objec-
tionable in airplanes, particularly in military aircraft. Before
pentodes were developed, one stage of audio-frequency using
UX-240 type tubes (triodes) effectively amplified the received
signal about 20 times; two stages, 20 X 20 or 400 times, and as
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Figure 31. Theoretical Relation Between Voltage Amplification and Load
Resistance (Old UX-240 tube)

three stages were used, the total amplification was 20 X 20 X 20,
or 8000 times.

Figure 31 shows that the increase in amplification factor for
the old UX-240 (triode) tube is small at plate resistance above
500,000 ohms. In a UX-201A tube, the amplification gain is
small at resistances greater than 50,000 ohms. Tetrodes and pen-
todes are now preferred as amplifiers, being much more efficient.

Impedance Coupled Amplifier. (See Figure 32.) Coils and
condensers give an impedance coupling in this arrangement, in-
stead of the resistance coupling furnished by R and R’ in Figure
30, otherwise it functions much the same. The combined reac-
tance of the coils and condensers must be high at the frequency

CONDENSER

INPUT

A.F CHOKE
RESISTOR

I

Figure 32, Impedance Coupled Amplifier
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for which the amplifier is designed and yet have a low resistance
tod.c. It requiresa much lower voltage on the plate coupling coils
than the resistance-type amplifier. The resistance of the coupling
unit is so small in the impedance-type amplifier as to be negligible.
At 30,000 ohms, a coupling coil has about 100 henries inductance
at 50 cycles. The coupling coils for audio-frequency amplifiers
have an iron core with low internal losses and capacity.

The size of the blocking condenser must be as small as will
give good results, and the grid leak should have a large inductance
and a small resistance. This amplifier has a tendency to oscillate ;
it requires considerable tuning. The amount of amplification ob-
tained in a stage of this type depends on the amplification factor
of the tube, not of the circuit.

NO.1 TUBE NO. 2 TUBE

OUTPUT
INPUT T

ll—xi I —

-A +A -B +B

s
=
-

Figure 33. Transformer-Type Amplifier

Transformer Type Amplifier. In Figure 33, T1 is the high-
impedance primary of the coupling transformer connected into
the plate circuit of No. 1 tube, while T2 is the secondary of the
same transformer connected to No. 2 tube. In a radio-frequency
amplifier of this type, a 1-to-1 ratio air-core transformer is used
in aircraft sets designed for normal wavelengths; for extra-long
wavelengths, a step-up ratio is used. For audio-frequency ampli-
fication, a step-up ratio of from 1 to 3, up to 1 to 10 is used ; the
core is of finely laminated iron having a low internal capacity with
little flux leakage.

Tuned Radio-Frequency Amplifier. This is a transformer-
type amplifier for radio-frequency. It has a variable condenser
connected across the secondary of the transformer. By tuning
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this coupling circuit, maximum amplification can be obtained over
a wide range of frequencies, or wavelengths. Aircraft amplifiers
are usually designed for a rather narrow wavelength band, but
the introduction of this additional tuning feature will increase
the effectiveness of the amplifier on other than aircraft wave-
lengths. This is of advantage to the flyer who wishes to tune in
stations off the aircraft band, which will include most broadcast
stations.

Parallel Connected Amplifiers. When it is necessary to ob-
tain more power output than one tube is capable of giving, two
or more tubes may be connected in parallel, in which case the simi-
lar elements in all tubes are connected together as shown in Figure
34. When this is done the power output will be in proportion to

m
INPUT é 3 ’n

the number of tubes used; the exciting voltage required, how-
ever, is the same as for one tube.

No. 1

T2

ouTPUT

No. 2

Figure 34, Push-Pull Amplifier

R

The “Push-Pull” Amplifier. This is an arrangement of
matched tubes intended to reduce distortion in radio-frequency
amplification. One of the grids is positive when the other is nega-
tive, balancing the distorting components so that they are not
effective. This hook-up also increases the power output of an
amplifier.

A “balanced” circuit, in which the cathode returns are made
to the midpoint of the input and output devices, is necessary with
push-pull operation. (See Figure 34.) An alternating current
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flowing through the primary of the input transformer will cause
an alternating voltage to be induced in the secondary winding
since the ends of the winding will be at opposite potentials with
respect to the cathode connection ; the grid of one tube is swung
positive at the same instant that the grid of the other is swung
negative. The plate current of one tube therefore is rising while
the plate current of the other is falling. In push-pull operation
the second-harmonic distortion is cancelled in the symmetrical
plate circuit, so that for the same output the distortion will be less
than with parallel operation. It follows, of course, that for a
given degree of distortion, the push-pull amplifier is capable of
delivering somewhat more power than a parallel amplifier.

Reflex Amplification. The “reflex” system of amplification
passes the radio signal through radio-amplifiers, a detector, and
then through the same radio amplifiers for audio amplification,
making this set of tubes do double duty.

Action of Amplifiers

Aside from the various coupling connections which identify
amplifiers, such as impedance-coupled, transformer-coupled, etc.,
there are four classes of amplifier service recognized by engineers
and covered by definitions standardized by the Institute of Radio
Engineers (I.LR.E.). This classification depends primarily on the
fraction of input cycle during which plate current is expected to
flow under rated full-load conditions. The classes are Class A,
Class AB, Class B, and Class C. (The term, “cut-off bias,” used
in the following definitions, is the value of grid bias at which
plate current is some very small value.)

A Class A amplifier is an amplifier in which the grid bias and
alternating grid voltages are such that plate current in a specific
tube flows at all times.

A Class AB amplifier is an amplifier in which the grid bias and
alternating grid voltages are such that plate current in a specific
tube flows for appreciably more than half, but less than the entire
electrical cycle.

(Note: To indicate that grid current does not flow during
any part of the input cycle, the suffix 1 may be added to any of
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the above letters of class identification and the suffix 2 may be
used to denote that grid current flows during some part of the
cycle.)

For radio-frequency amplifiers which operate into a selective
tuned circuit, as in radio transmitter applications, or under re-
quirements where distortion is not an important factor, any of
the above classes of amplifiers may be used, either with a single
tube or a push-pull stage. For audio-frequency amplifiers in
which distortion is an important factor, only Class A amplifiers
permit single-tube operation. In this case, operating conditions
are usually chosen so that distortion is kept below the conven-
tional 5% for triodes and the conventional 7% to 10% for tet-
rodes or pentodes. Distortion can be reduced below these figures
by means of special circuit arrangements such as that discussed
after inverse feedback on page 123. With Class A amplifiers,
reduced distortion with improved power performance can be
obtained by using a push-pull stage for audio service. With Class

OUTPUT SIGNAL (0)

—GRID VOLTS

INPUT
SIGNAL (S)

PLATE CURRENT

Figure 35. Amplification Graph
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AB and Class B amplifiers, a balanced amplifier stage using two
tubes is required for audio service.

As a Class A voltage amplifier, a radio tube is used to repro-
duce grid voltage variations across an impedance or a resistance
in the plate circuit. These variations are essentially of the same
form as the input signal voltage impressed on the grid, but of
increased amplitude. This is accomplished by operating the tube
at a suitable grid bias so that the applied grid-input voltage pro-
duces plate-current variations proportional to the signal swings.
Since the voltage variation obtained in the plate circuit is much
larger than that required to swing the grid, amplification of the

4_J; SN
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e "§ VOLTAGE
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Figure 36. Class A Voltage Amplifier

signal is obtained. Figure 35 gives a graphical illustration of this
method of amplification and shows, by means of the grid-voltage
vs. plate-current characteristics, the effect of an input signal (S)
applied to the grid of a tube. O is the resulting amplified plate-
current variation.

The plate current flowing through the load resistance (R) of
Figure 36 causes a voltage drop which varies directly with the
plate current. The ratio of this voltage variation produced in the
load resistance to the input signal voltage is the voltage amplifica-
tion, or gain, provided by the tube. The voltage amplification due
to the tube is expressed by the following convenient formulae:
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Voltage  _ Amplification ., Load resistance
Amplification ~ factor Load resistance 4
Plate resistance

The output wave form of a Class A amplifier is sinusoidal as
illustrated in Figure 4, page 50.

The chief characteristics of the Class A amplifier are low dis-
tortion, low power output for a given size of tube, and a high
power-amplification ratio. The plate efficiency—ratio of a.c. out-
put power to steady d.c. input power~—is relatively low, being in
the vicinity of 20% to 35% at full output, depending upon the
design of the tube and the operating conditions.

Class A amplifiers of the power type find their chief applica-
tion as output amplifiers in audio systems, operating loud speak-
ers in radio receivers and public-address systems, and as modu-
lators in radiotelephone transmitters. Class A voltage amplifiers
are found in the stages preceding the power stage in the same
applications, and as radio-frequency amplifiers in receivers.

A super-control amplifier tube is a modified construction of a
pentode or a screen-grid type and is designed to reduce modula-
tion-distortion and cross-modulation in radio-frequency stages.
Cross-modulation is the effect produced in a radio receiver by an
interfering station “riding through” on the carrier of the station
to which the receiver is tuned. Modulation-distortion is a distor-
tion of the modulated carrier and appears as audio-frequency dis-
tortion in the output. This effect is produced by a radio-frequency
amplifier stage operating on an excessively curved characteristic
when the grid bias has been increased to reduce volume. The
offending stage for cross-modulation is usually the first radio-
frequency amplifier, while for modulation-distortion, the cause
is usually the last intermediate-frequency stage. The characteris-
tics of super-control types are such as to enable the tube to handle
both large and small input signals with minimum distortion over
a wide range. The super-control action is due to the structure of
the grid which provides a variation in amplification factor with
change in grid bias. The grid is wound with coarse spacing at
the middle and with close spacing at the ends. When weak signals
and low grid bias are applied to the tube, the effect of the non-
uniform turn spacing of the grid on cathode emission and tube
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characteristics is essentially the same as for uniform spacing.
As the grid bias is made more negative to handle larger input
signals, the electron flow from the sections of the cathode enclosed
by the ends of the grid is cut off. The plate current and other
tube characteristics are then dependent on the electron flow
through the coarse section of the grid. This action changes the
gain of the tube so that large signals may be handled with mini-
mum distortion due to cross-modulation and modulation-distor-
tion. Figure 37 shows a typical plate-current vs. grid-voltage
curve for a super-control type compared with the curve for a type
having a uniformly spaced grid. It will be noted that while the
curves are similar at small grid-bias voltage, the plate current of
the super-control tube drops quite slowly
with large values of bias voltage. This
slow change makes it possible for the
tube to handle large signals satisfactorily.
Since super-control types can accommo-
date large and small signals, they are par-
ticularly suitable for sets having auto-
matic volume control. Super-control = e u_ |
types also are known as remote cut-off Figure 37. Plate-Cur-
types. rent Plotted Against
_ An interesting type of special tube is l(ir;fiéglftlrtzlgeTf}f’;e a’rill;;
illustrated in Plate V1.

The Class B amplifier is primarily one in which the output cur-
rent, or alternation component of the plate current, is propor-
tional to the amplitude (or square) of the exciting grid voltage.

The distinguishing operating conditions of Class B service are
that the grid bias is set so that the plate current is very nearly
zero or cut-off ; the exciting signal amplitude can be such that the
entire linear portion of the tube’s characteristic is used. Figure 38
illustrates Class B operation. Plate current flows only during
the positive half-cycle of excitation voltage. Since the plate cur-
rent is set practically to zero with no excitation, no plate current
flows during the negative swing of the excitation voltage. The
shape of the plate current pulse is essentially the same as that of
the positive swing of the signal voltage. Since the plate current
is driven up toward the saturation point, it is usually necessary

PLATE MILLIAMPERES
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for the grid to be driven positive with respect to the cathode dur-
ing part of the grid swing, as indicated in Figure 38. Grid cur-
rent flows, therefore, and the driving source must be capable of
furnishing power to supply the grid losses.

Class B amplifiers are characterized by medium power output,
medium plate efficiency (50% to 60% at maximum signal), and
a moderate ratio of power amplification. They are used for both
audio- and radio-frequency amplification. As radio-frequency
amplifiers, they are used as linear amplifiers to raise the output
power level in radio telephone transmitters after modulation has
taken place.

e e e g ey — e e =
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Figure 38. Operation of the Class B Amplifier

For audio-frequency amplification, two tubes must be used to
permit Class B operation. A second tube, working alternately
with the first, must be included in the amplifier circuit, so that both
halves of the cycle will be present in the output. A typical method
of arranging the tubes and circuit so that this end is achieved is
shown in Figure 34, the circuit resembling that of the push-pull
Class A amplifier, the difference being in the method of opera-
tion. The signal is fed to a transformer T1, whose secondary is
divided into two equal parts, with the tube grids connected to the
outer terminals and the grid bias fed in at the center. A trans-
former T2 with a similarly-divided primary is connected to the
plates of the tubes, the plate voltage being fed in at the center-tap.
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When the signal swing in the upper half of T1 is positive, Tube
No. 1 draws plate current while Tube No. 2 is idle; when the
lower half of T1 becomes positive, Tube No. 2 draws plate cur-
rent while Tube No. 1 is idle. The corresponding voltages in-
duced in the halves of the primary of T2 combine in the secondary
to produce an amplified reproduction of the signal waveshape with
negligible distortion. The Class B amplifier is capable of deliver-
ing much more power output, for a given tube size, than is obtain-
able from a Class A amplifier.

There are several tube types designed especially for Class B
amplification. The characteristic common to all these types is
high amplification factor (high “mu’). The plate current is small
when grid voltage is zero. These tubes, therefore, can be operated
in Class B at a bias of zero volts, so that a bias supply is not
required. A number of the Class B amplifier tube types consist
of two triode units mounted in one tube. The two triode units
can be connected in push-pull, so that only one tube is required for
a Class B stage. Examples of the Class B twin triode types are
the 6N7, 6A6, and 19.

Inverse feedback is used in audio amplifiers to reduce distor-
tion in the output stage where the load impedance on the tube is a
loud-speaker.

A corrective filter is sometimes used to improve the frequency
characteristic of an output stage using a pentode, when inverse
feedback is not applicable. The filter consists of a resistor and a
condenser connected in series across the primary of the output
transformer. The resistance to be used in the filter for a push-
pull stage is 1.3 times the recommended plate-to-plate load resist-
ance; or, for a single-tube stage is 1.3 times the recommended
plate load resistance. The capacitance in the filter should have
a value such that the voltage gain of the output stage at a fre-
quency of 1000 cycles or higher is equal to the voltage gain at
400 cycles.

Class C Amplifiers. The third type of amplifier is that desig-
nated as Class C. Fundamentally, the Class C amplifier is one
operated so that the alternating component of the plate current is
directly proportional to the plate voltage. The output power is
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therefore proportional to the square of the plate voltage. Other
characteristics inherent to Class C operation are high plate effi-
ciency, high power output, and a relatively low power-amplifica-
tion ratio.

The grid bias for a Class C amplifier is ordinarily set at
approximately twice the value required for plate current cut-off
without grid excitation. As a result, plate current flows during
only a fraction of the positive excitation cycle. The exciting sig-
nal should be of sufficient amplitude to drive the plate current to
the saturation point, as shown in Figure 39. Since the grid must
be driven far into the positive region to cause saturation, consid-
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Figure 39. Class C Amplifier Operation

erable numbers of electrons are attracted to the grid at the peak
of the cycle, robbing the plate of some that it would normally
attract. This causes a droop at the upper bend of the characteris-
tic, and also causes the plate current pulse to be indented at the
top, as shown. Although the output wave-form is badly distorted,
at radio-frequencies the distortion is largely eliminated by the
filtering or flywheel effect of the tuned-output circuit.

Class C amplifiers are used principally as radio-frequency
power amplifiers, since the Class C type of operation has very
little audio-frequency application. Although requiring consider-
able driving power because of the relatively large grid swing and
grid-current flow, the high plate efficiency of the Class C ampli-
fier makes it an effective generator of radio-frequency power.



RADIO TUBES 125

Characteristics desired : low driving power ; high output for given
plate loss.

Class AB Amplifiers. As previously stated, a Class AB ampli-
fier is one in which the grid bias and alternating grid voltages are
such that plate current in a specific tube flows for appreciably
more than half but less than the entire electrical cycle.

The Class AB amplifier is also occasionally called Class A-
Prime. The efficiency and output of the Class AB amplifier lie
between those obtainable with pure Class A or Class B operation.
Class AB amplifiers tend to operate Class A with low signal volt-
ages and Class B with high signal voltages, thus overcoming the
chief objection to Class B operation—the distortion present with
low-input signal voltages. The Class AB amplifier is widely used
where it is necessary to obtain a power output of considerable
magnitude with a minimum of distortion.

Linear Amplifiers. By linear amplifier is meant a radio-
frequency power-amplifier which is adjusted so that the voltage
developed across the load is proportional to the voltage fed to the
grid of the linear-amplifier tube.

These amplifiers are used to amplify modulated waves; they
do not distort the modulation envelope. The tube is normally
operated with a fixed bias that approximates cut-off. This grid
bias is a little less than for Class C amplifiers.

How Tubes Are Selected

There are so many different kinds of tubes on the market that
the selection of the correct tube for the service desired becomes
a matter for thought. Transmitting tubes are basically larger
versions of the small receiving tubes; in fact, sometimes receiving
tubes are used in low-power transmitters. The designer of an
aircraft set usually develops specifications which call for the very
best tube available on the market for the job he wants done, irre-
spective of price. For this reason it is not advisable for an oper-
ator to substitute one type of tube for another in the set he is op-
erating. If the matter of designation numbers and letters proves
confusing, go back to the section describing the bases of tubes
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Tuse Data
6.3-VOLT GLASS

Socket Fil, or Heater
Type Name Base | Connec-| Cathode Use
tions Volts | Amps
6A6 | Twin Triode Amplifier 7-pin M. T Htr. 6.3 0.8 | Class-B Amplifier
42 | Pentode Power Amplifier | 6-pin M. M Htr. 6.3 0.7 | Class-A Amplifier
. . Pentode R.F. Amplifi
6B7 | Duplex-Diode Pentode 7-pin S. Q Hitr. 6.3 03 P:;ltodz A-F. AmI:);iﬁe;
2.5-VOLT RE
Socket Fil. or Heater
Type Name Base | Connec-| Cathode Use
tions Volts | Amps
58 | Triple-Grid Variable-Mu. | 6-pin 8. J Htr, 2.5 1.0 | Screen-Grid R.F. Amp.
Amplifier Mixer
Screen-Grid R. F.
57 | Triple-Grid Detector 6-pin 8. J Htr. 2.5 1.0 Ampilifier
Amplifier Bias Detector
Class-A Triode
59 | Triple-Grid Power 7-pin M. N Hitr. 2.5 2.0 | Class-A Pentode
Amplifier Class-B Triode
. . . Screen-Grid R.F,
bl . . - '
oKy | TPl Varable M- ) rpino.| 6 | e | 63 | 03 | Amplifer
Mixer
* Metal.
TETRODE AND PENTODE
Max. Max. Interelectrode
Plate Cathode Max. | Max. | Screen |_Capacitances (Mufd.) Socket
Type | Dissipa- Plate | Screen | Dissipa-| Grid | Grid | Plate Base | Connec-
tion Voltage | Voltage | tion to to to tions
Watts | Volts | Amps. Watts | Fil. | Plate | Fil
865 15 7.5 2.0 750 125 3 8.5 0.1 8.5 | 4-pin M. I
807 21 6.3 0.9 600 300 3 11.6 0.2 5.6 | 5-pin M. H
803 125 100 | 3.25 2000 600 30 155 0.15 28.5 | 5-pinJ. L
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CHART
RECEIVING TUBES
Mutual
Plate Grid | Screen | Screen | Plate | Plate Resist-| Conduct- | Amp. Load Power
Supply | Bias Volts | Current | Current | ance, Ohms ance Factor { Resistance | Output
Volts Ma. Ma. Micromhos Ohms Watts
250 0 o - Power output is for one tube at stated 8000 8.0
300 0 load, plate-to-plate 10000 10.0
250 -16.5 250 6.5 34.0 100000 2200 220 7000 3.0
250 - 3.0 125 23 9.0 650000 1125 730 e _
250 - 4.5 50 — 0.65 — — — — —
CEIVING TUBES
Mutual
Plate Grid | Screen | Screen | Plate | Plate Resist-| Conduct- | Amp. Load Power
Supply | Bias Volts | Current | Current | ance, Ohms ance Factor | Resistance | Output
Volts Ma. Ma. Micromhos Ohms Watts
250 -3.0 100 2.0 8.2 800000 1600 1280 E— _—
250 -10.0 100 e B Oscillator peak volts = 7.0 —_—
250 -3.0 100 0.5 2.0 exceeds 1225 exceeds _ _—
1.5 meg. 1500
250 - 195 50 Cathode current = 0.65 ma. Plate resistor = 250000 ohms
250 -28.0 —_— — 26.0 2300 2600 6.0 5000 1.25
250 | -18.0 250 9.0 35.0 40000 2500 100 6000 3.0
300 0 —_— —_ Power output for 2 tubes at| 4600 15.0
400 0 stated load, plate-to-plate 6000 20.0
250 | -30 | 125 | 26 | 108 600000 1650 I 990 | — | —
20 | 10 w ] — ] Oscillator peak volts = 7.0
TRANSMITTING TUBES
. Approx.| Approx.
Sup- . Plate |Screen| Grid Screen| Grid |Carrier
Typical Operation Plate | Sereen | pressor| Grid | Cur- | Cur- | Cur- Re- | Driving} Output
Voltage} Voltagelyotage| Voltage| rent | rent | rent sistor | Power | Power
Ma. | Ma, | Ma. Watts | Watts
Class-C Amp. (Telegraphy); 750 12 | —— | — 80} 40 | — 5.5 | 45000 1.0 16
Class-C Amp. (Telephony) | 500 125 | — | —120) 40 | — 9 20000 2.5 10
Class-B Amp. (Telephony)| 750 126 | —— | —30| 22 | — { — | 45000 —— 4.5
Class-C Amp. (Telegraphy)} 600 250 f —— | — 50| 95 9 2.5 | 35000( 0.18 30
Class-C Amp. (Telephony){ 400 250 | —— | — 75| 80 g 1.5 | 15000 0.15 25
Class-C Amp. (Telegraphy)] 2000 500 40{ — 30| 160 42 16 | 36000 1.6 210
Grid-Modulated Amp. 2000 600 40| — 80| 80 15 4 | —1 2 53
Suppressor-Modulated Amp.} 2000 500 | —135| — 50| 80 55 15 { 27000 1.6 53
Class-B Amp. (Telephony) | 2000 600 401 — 40| 80 15 3 | —1 15 53
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RECTIFIERS—RECEIVING AND TRANSMITTING

Fil. or Max. | Max. | Max. | Max.
Socket Heater A.C. | D.C. |Inverse] Peak
Type Name Bage |Connec-|Cathode] Voltage| Output] Peak | Plate | Type
No. tions Per |Current| Volt- |Current
Volts| Amps. Plate | Ma. age Ma.
83 |Full-Wave Rectifier|-pin.M{ B | Fil | 50| 30 | 50 | 250 | 1400 | 800 | M
TuBe SeLEcTION CHART
Metal Glass Glass Glass Glass Glass
Descriptions Octal 63 V. 63 V. 25V. 20V, 20V,
Octal od od Octal Old
General Purpose Triode. . ............. 8CH 6C5G 76 56 1H4G 30
8J5G
High-Mu Triode .............,....... 6F5 6F5G
6K5G
R. F. Amplifier, sharp cutoff. . ......... 6J7 8J7G 6C6 57 1E5G 1B4
6U7G
R.F. Amplifier variable-Mu............ 6K7 6K7G 6D6 58 1D5G 1A4
TwinDiode.......................... 6H6 6H6G
Duplex-Diode Pentode. . ,............. 6B8 6B8G 6B7 2B7 1F7G 1Fé
Duplex-Diode G. P. Triode. ........... 6R7 6R7G 85 55 1H6G 1B5
6V7G
Duplex-Diode High-Mu Triode . ....... 6Q7 6Q7G 75 2A6
6B6G
Pentagrid Converter.................. 6A8 6A8G 6A7 2A7 1D7G 1A6
6D8G 1C7G 1Cé
Pentagrid Mixer-Amp................. 6L7 6L7G
Pentode Power Amp, ................. 6F6 6F6G 42 2A8 1F5G 1F4
6K6G (41) 1E7G 33
Triode Power Amp.................... 6B4G 6A3 45 31
6A5G 2A3
Twin Triode Power Amp.............. 6N7 6N7G 6A6 53 178G 19
6Y7G
Direct-Coupled Power Amp............ 6N6MG | 6N6G 6B5
Beam-Type Power Amp............... 6L6 6L6G
6V6G




RADIO TUBES 129

(page 91). Then secure a tube manual giving specific data on
some tubes which are available to you for inspection. (Much of
the tube data presented here is from RCA Tube Manuals.) Frac-
tically all the glass tubes on the market can be secured with octal
bases and these carry the suffix G attached to their type number.
If the glass tube is a duplicate of some metal tube it will carry
the same number. Example: 6K7 is a metal tube; in glass it is
6K7G.

The tube chart on page 129 is presented as an example of how
the amateur (and to a certain extent the engineer) selects tubes
for use.

The tube data chart on pages 126-127 supplies characteristics
on a number of tubes used in aviation radio sets that are described
in later chapters.

QUESTIONS

61. What are the essential parts of a diode? of a pentode?

62. Explain the action of a diode as a rectifier.

63. How does a triode function as a detector ? as an amplifier?

64. What is meant by the static characteristics and the dynamic
characteristics of a tube?

65. What is the difference between plate rectification and grid
rectification?

66. Describe the principle of a heterodyne detector.

67. Define the various classes of amplifiers ; a linear amplifier.

68. What is the essential difference between a receiving tube and
a transmitting tube?

69. Sketch the base connections and number the pins of a five-
pin tube base.

70. Define : audio-frequency, C power supply, control grid, emms-
sion characteristic, grid bias, input impedance. (See Appendix.)



CHAPTER 6
BATTERIES

Batteries and generators are the two most generally used
sources of electrical power found aboard airplanes and at ground
radio stations. Batteries furnish a direct current source of supply
which is entirely free from voltage fluctuation,

Primary Batteries

Primary Cells. Primary cells generate direct current by an
electrochemical process. Any two dissimilar conductors im-
mersed in an acid or salt solution constitute a primary cell. A
difference of potential is set up between these “electrodes,” one
of which eventually is consumed, “wearing out” or “using up”’ the
cell. A primary cell cannot be recharged.

The value of the e.m.f. depends mostly on the materials uti-
lized as electrodes; to a lesser extent on the nature of the solution
in which they are immersed (known as electrolyte) but not at all
on the size or arrangement of electrodes.

A simple form of primary cell consists of a strip of copper and
a strip of zinc suspended in a solution of sulphuric acid. When
the electrodes are connected to an external circuit, zinc will pass
into solution and bubbles of hydrogen gas will appear on the cop-
per strip. The current flow is from the copper strip through the
external circuit to the zinc strip, and from the zinc strip through
the electrolyte to the copper strip. The copper is the plus elec-
trode and the zinc is the minus electrode.

Local action is the process involved in the wasting of the zinc
when the cell is not in use. This action is decreased when mercury
is amalgamated with the surface of the zinc, which retards the
formation of bubbles of hydrogen gas.

Polarization is the effect caused by the film of gas bubbles
which is deposited on the copper electrode when the cell is con-
nected to its load, the external circuit. Here, an opposing voltage

130
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is generated which increases the resistance. Polarization can be
offset by the addition of certain chemical substances.

The internal resistance R of a cell is resistance offered by the
two electrodes and the electrolyte; it increases as these elements
become affected by use. Internal R must be added to the resist-
ance of the external circuit to which the cell is connected if the
overall resistance of the entire circuit is to be accurately computed.
If the voltage at the terminals of the cell is E; when the current
I, is flowing, and E, when current /, is flowing, then (by Ohm’s
Law) the resistance R can be found as follows:

El—Ez

R=7—7

The desirable qualities of a primary cell are large voltage, large
current capacity, freedom from local action, low internal resist-
ance.

Dry Cells

Description. The dry cell is the commonest form of primary
cell used in aviation. The larger manufacturers have developed
this cell to a very high standard of performance and it is used in
connection with both receivers and transmitters on airplanes.
However, it is extremely important that men dealing with avia-
tion radio sets thoroughly understand the limitations. The typi-
cal dry cell consists of a zinc container which acts as the minus
(—) electrode and an electrolyte of sal ammoniac and zinc chlo-
ride combined with a depolarizing mixture of manganese dioxide
in contact with the positive (+) electrode which is carbon. The
manganese dioxide is often mixed with ground carbon. Each
cell has a pulp-board lining which acts as an absorbent for the
electrolyte and prevents direct short-circuit contact between
the manganese dioxide mixture and the zinc container-electrode.
The electrolyte is mushy wet but the container top is sealed so the
cell is a “dry cell.”

Voltage. A good dry cell when new will give 1.5 volts. The
voltage is additive when a battery of cells are connected in series
—the normal hook-up. (A single cell is often called a battery.)
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One of the chief advantages of a dry cell battery asa d.c. source
of energy is that it gives a constant voltage under the normal
working conditions for which it is furnished.

Other advantages are : small size, light weight, and the range
of voltage and current they can be made to furnish. Also, they
are quite rugged, of a uniform standard as to electrical charac-
teristics, available in any town, and relatively cheap.

Small, light, battery packs are made up by a number of manu-
facturers for aviation radio use and usually consist of enough
cells to give any required voltage. As an example, there is a Bur-
gess battery of 96 cells which weighs only 94 1b. This is natu-
rally much favored by owners of small planes. The Burgess Com-
pany also makes a battery of this same weight (5996 Series)
having length of 10 in., height 1234 in., and width 3 in., with taps
provided for a source of 9, 2214, 45, 6714 and 135 volts. Such
batteries may be connected in parallel when used on apparatus
imposing a heavy current drain. (Fifty milliamperesisa “heavy”
drain. In this case the ampere-hour rating is 0.35 for a 24-hour-
a-day service.) Two of these batteries will operate a low-power
radiophone transmitter.

Current. Usually a large current capacity is desirable and a
large momentary current flow indicates a fresh cell. A “flash”
short-circuit test (with an ammeter connected dead across the
cell’s terminals) shows from 20 to 30 amperes of current flow.
When the cell is old, the voltage during this short circuit will drop
to about 1.1. Cells as low as this must not be used on aircraft
flights; each airline company specifies the “dead low” at which
dry batteries are discarded.

The normal current drain on a dry battery used with aircraft
radio sets is usually less than 1 ampere; for receivers it may be
less than 0.1 ampere. A record or “log” of current drain in am-
pere hours is usually maintained for all batteries used in flight
operations so their fitness for service at any time may be com-
puted.

Rating. The life of a battery varies with the current drain
and the life rating is exressed as service hour capacity. The
curves shown in Figures 40 and 41, furnished by the Burgess
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Figure 40. Constant-Current Discharge Characteristics for Dry Battery

Battery Company, show characteristics of a typical high service-
hour-capacity type dry battery.

No matter what the rating assigned to it by the manufacturer,
a battery should be periodically checked as to voltage while in
service. Also, if it is found that the filaments of receiver tubes
must be burned above normal brilliancy, this may be because the
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Figure 41, Constant Resistance Discharge Characteristics for Dry Battery
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B battery is weak. One particular 22.5-volt dry battery much
used in the Navy for plate (B) voltage supply delivers 4.3 milli-
amperes steadily for over a month, at which time its voltage has
dropped to 17 volts. The aviation radio specialist will do well to
learn the actual service life of batteries used by various airlines.

Care. The care of dry cells is a simple procedure, but impor-
tant. Batteries will deteriorate even while not in use, depending
somewhat on the conditions under which they are stored. They
should be kept in a cool, dry place, top side up. Heat decreases
their internal resistance; cold lowers their voltage; freezing
badly deteriorates any battery. When handled, they should be
kept upright and not squeezed or dropped. Contacts should be
kept bright. They should not be frequently tested by the short
circuit (“flash”) method. It is better to impose the normal load
and note voltage. Batteries recuperate when disconnected from
their load, but old batteries, which seem to “come back” while
“resting” between flights should be viewed with suspicion. To
send out a defective battery on an airplane flight is to commit
something very much akin to a major crime. In case of doubt
it is best to use a new battery. It is cheaper than a human life.

Transport planes use storage batteries; however, the emer-
gency power provided is a dry battery, kept sealed until needed,
capable of supplying four hours of service. Dry batteries are
IMPORTANT.

Storage Batteries

Storage batteries, sometimes called secondary batteries, or
“accumulators,” are much used aboard aircraft for radio and
other purposes and at aviation ground stations. Unlike primary
batteries they may be recharged again and again, this being one
of their chief advantages over the dry batteries just described.
They cost more, weigh more and must have more care, but they
are designed to furnish more electric power than dry batteries,
being often used to drive dynamo-electric machines, as explained
in Chapter 7 titled “Power Supplies.” In these cases they are
known as the primary source of power ; in other cases a generator
is the primary source, the batteries carried being auxiliary
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sources. Aboard some planes storage batteries are charged while
in flight, either by a wind-driven generator or an engine-driven
generator. There are two types of batteries used in aviation, the
lead type and the Edison. The 6- and 12-volt lead battery is most
common, but both lead and Edison types will be discussed in turn.

Lead Storage Batteries

Component Parts. The positive plate of the lead storage bat-
tery is lead peroxide; the negative plate is pure “sponge” lead.
For this reason this type battery is often referred to as a lead-
plate, lead-lead or a lead-acid battery. There are different ways
of manufacturing these plates but in every case the positive lead-
peroxide plate is brownish in color and its terminal is marked + ;
the negative plate is gray and its terminal is marked — . In addi-
tion, the positive terminal or “lug” is quite often marked with a
daub of red paint, or has a red bushing around it. In some cases
the letters POS are stamped in plain sight, the important thing
being that proper connections be made in connecting the battery
to its load or to the charging source. (In case of doubt, use a
voltmeter to discover correct terminals. )

The containing case for most portable storage batteries—the
kind used in aircraft—is a rubber compound, tough, water- and
acid-proof but breakable. This case contains a sulphuric acid
solution which serves as the electrolyte. The plates are held sus-
pended mechanically, almost rigid in this solution, the positive
plates alternating with the negative plates in sequence. Thin
sheets of wood or some composition insulating material are
mounted between each pair of plates to prevent contact, for if a
positive and a negative plate touch, an internal short circuit re-
sults, eating away the parts which touch; these sheets are called
separators. Special vent holes (capped) are built into the top, to
be opened only when adding distilled water or when the battery
is gassing while on charge.

Practically all large manufacturers of storage batteries turn
out light-weight, highly efficient batteries for aviation use. Some
of the special features stressed are self-ventilation, non-spillable
cases and vents, tough, almost non-breakable cases.
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Plate VII is an illustration of desirable features of construc-
tion.

Theory of Operation. A storage battery stores chemical
energy, not electrical energy. But it delivers electrical energy. No
action takes place in the battery until the terminals are connected
to complete the circuit; but as soon as the circuit is closed, chemi-
cal action occurs which generates sufficient electrical potential to
cause a current to flow. During this time, the peroxide of lead is
being changed into lead sulphate. When the change is complete,
the action ceases and the battery is called “discharged.” By pass-
ing a current in the reverse direction, the chemical action is re-
versed, changing the lead sulphate into peroxide of lead. When
this is completed, the battery is in condition to deliver current and
is called “charged.”

During discharge there is a decrease in the specific gravity of
the electrolyte in a storage battery. Charging causes a reversal
of these conditions. Because of this, it is possible to learn the
condition of a battery by testing the specific gravity and reading
the voltage. A hydrometer reading of 1300 indicates (usually)
full charge; 1260 is three-fourths charge; 1215-1225, is one-half
charge.

When a battery is completely discharged, the lead sulphate in
the plates has such a high resistance that it is almost impossible
to recharge it without causing the generation of so much heat
that the paste would be forced out of the grids. For this reason,
a battery should never be completely discharged.

Electrical Characteristics. The overall voltage of a storage
battery is, of course, the total of the cells connected in series—
the only way portable batteries are normally connected. A “6-
volt battery” is actually a 3-cell battery and will give about 2.2
volts per cell or 6.6 volts overall when in a new, fully-charged
condition. At this time the specific gravity of the electrolyte will
be from 1.280 to 1.300, depending somewhat on the nature of
the service it is ta render. (Heavy-duty batteries, such as starting
batteries, have a heavier electrolyte than do radio batteries with
a light current drain.) When the voltage of this battery drops
to about 1.8 per cell and the electrolyte has dropped 100 points
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(to 1180 or 1200 as the case may be, for the decimal point is not
generally used in work-a-day reports) the battery is considered
discharged and should be put on the charging line. The internal
resistance decreases during charge; it increases while discharg-
ing. Itis always low and the flash (dead short) test should never
be used.

Discharging. The actual capacity of the battery to deliver
power (the output) is computed in ampere-hours. This is the
product of the amperes drawn from it in actual service, multiplied
by the time of this service in hours. The ampere-hour capacity
depends on the total area of all plates. A normal discharge period
is set by the manufacturer. As an example, if a 60-ampere-hour
battery is discharged over a specified period of 8 hours its current

VOLTMETER AMMETER

G+ B+
. SWITCH

+ +
S- 8- TO LOAD

CONTROL BOX
Figure 42. Eclipse Generator Charging System for Storage Cells

output during this period will be 714 amperes. The efficiency of
a battery becomes a ratio of its delivered output, to the input while
charging it.

Charging. The battery must not be charged at too high a rate.
An 8-hour battery usually requires more than that time to charge
due to its efficiency always being less than 100%. Batteries CaN
be discharged and also charged in less than the “normal” time
recommended by the manufacturer. In aviation it is good prac-
tice to learn the best rates for the different batteries used; each
is designed for the service to which it is put.

Figure 42 shows a typical charging outfit.

It is not possible arbitrarily to specify any certain charging
rate for batteries which are on the planes. The best rate is that
rate which keeps the battery well charged but without overcharg-
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ing it. High charging rates will cause excessive gassing and over-
heating in a battery which damages both plates and wood separa-
tors. Do not allow the temperature of the electrolyte to get above
110° F.; decrease charging rate if this occurs because high tem-
peratures injure the plates. Consistent undercharging results in
a gradual deterioration of the cells. The plates sulphate exces-
sively and harden under this condition. Abnormal sulphation
damages the plates and in some cases they cannot be put back into
working order.

Constant potential battery charging is a method whereby the
rate of charge varies automatically with the requirements of the
battery. The generator used has a voltage slightly above that of
the battery. When the discharged battery is first connected to
the generator there is little electrical counter pressure in the cells;
therefore the current flows freely. As the charging progresses,
the voltage rises in the battery; this causes a decrease in the rate
of flow from the generator, until finally, when the battery voltage
has reached that of the generator, no current flows. (See page
156.)

Battery Chargers

Charging from a 110-Volt D.C. Line. Many methods of
charging batteries are available, the desirability of each depending
on the circumstances under which the charging is carried out. At
ground stations where a d.c. source of 110-120 volts is available,
it is only necessary to arrange a circuit having sufficient resistance
to reduce this voltage to the required charging value. Assume
that the charging rate of a 6-volt battery is 5 amperes. Apply the
following application of Ohm’s Law (page 41) :

_V—-E
I'=—%

E in this case is the voltage of the battery; ¥, the voltage of the
charging line; R is the resistance of the circuit and can be found
by substituting as follows:

110 — 6 104

or R = —— = 20.8 ohms.

S="F% 5
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This must be the total resistance of the circuit including the inter-
nal resistance of the 6-volt battery. A lamp-bank placed in series
with the charging line as shown in Figure 43 can be very easily
arranged to supply approximately this resistance; the ammeter
will tell when it has been accomplished if the resistances of the
lamps are not known ahead of time. If they are, their com-
bined resistance can be computed as explained on page 43.

The circuit shown in Figure 44 will allow the charging rate to
be varied at will by the manipulation of the variable resistance
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D.C.MAINS D.C. MAIns
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Figure 43. Charging a 6-Volt

Storage Battery from a D. C.

Line; Using Lamps for Resist-
ance to Regulate Charge Rate

Figure 44. Charging a 6-Volt
Storage Battery from a D. C.
Line by Using a Variable Resist-
ance to Regulate the Charge Rate

used here instead of the lamp-bank in the circuit shown in

Figure 43.

Charging from an A.C. Source. In order to charge a battery
from an a.c. source, some method must be employed which will
change or rectify the a.c. into d.c. A chemical or electrolytic recti-
fier can be used. A (positive) plate of aluminum and a (nega-
tive) plate of lead in a solution of ammonium phosphate consti-
tutes one form of rectifier. This is not nearly as popular in avia-
tion as the vacuum-tube type. At some ground stations motor-
generator sets are used for battery charging; this is probably the
best method of all. At other stations commercial 60-cycle power
is rectified by two-electrode tubes (diodes), then passed through
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a filter system which converts the rectified a.c. into d.c. for feed-
ing the plates of the tubes in the station’s radio sets.

A simple diode like tube 866 only rectifies one-half of each
cycle and this tube is therefore called a half-wave rectifier and is
used on voltages above 500. A full-wave rectifier tube consists
of two diodes in one envelope with their plates opposed, as receiv-
ing tubes 5Z3 and 83; these operate in circuits of 500 volts and
less. Both half-wave and full-wave rectifiers are of two general
types: (1) high vacuum thermionic; (2) mercury vapor, such as
the 83 and 866. These are characterized by a very low and
approximately constant internal voltage drop, amounting to about
15 volts. This drop is practically independent of d.c. load cur-
rent, but depends to some extent upon the temperature of the mer-
cury vapor within the bulb. Mercury-vapor rectifiers, in opera-
tion, have a characteristic bluish glow which fills a considerable
portion of the bulb. The extent of the glow depends on the value
of the d.c. load current.

Due to their low and relatively constant internal voltage drop,
mercury-vapor rectifiers are very useful in applications where
excellent voltage regulation of the d.c. power supply is desired.

High-vacuum rectifiers have an internal voltage drop which
is proportional to the d.c. load current being drawn. With vary-
ing d.c. load currents, they do not, in general, provide the good
voltage regulation obtained from mercury vapor rectifiers. Some
high-vacuum rectifiers, such as the 836, are designed with close-
spaced electrodes, so that a voltage regulation almost as good as
that of a mercury-vapor type is obtained.

Rectifier circuits are shown in Figures 45 and 46. Figure 45
shows the widely used, single-phase, full-wave rectifier using two
half-wave rectifier tubes. Figure 46 shows a single-phase bridge
circuit employing two half-wave rectifier tubes in series on each
side of a single-phase transformer secondary. This circuit is
capable of giving twice the d.c. output voltage for the same total
transformer voltage and d.c. output current as Figure 45. Since
the total peak secondary voltage is also the same as that for
Figure 45, tubes of the same peak inverse voltage rating can be
used. When the bridge circuit is used, it may be necessary to
reduce the load current in order to avoid exceeding the power
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Figure 45. Full-Wave Rectifier Figure 46. Half-Wave Rectifier

rating of the high-voltage transformer. “Filters” are used in
connection with rectifiers. These are discussed in the next
chapter.

Another form of rectifier much used aboard aircraft is the
vibrating (mechanical) type. This rectifier consists of a con-
tactor operated in synchronism with the alternating current to be
rectified. When the contactor is allowed to make-and-break the
circuit at the proper point of the wave, pulsations of current occur
in the same direction. With a single contact as shown in Figure
47, half-wave rectification is obtained; with a double contact as
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shown in Figure 48, full-wave rectification is obtained. When
the current. from the supply line is of the correct polarity to
charge the battery in Figure 47, the contacts close and the current
flows through the battery, but when the supply line reverses its
polarity, the contacts open so that the battery cannot be dis-
charged. On thisdiagram taps are shown for charging the battery
at several voltages.

The vibrator rectifier circuit shown in Figure 48 is built in
such a way that the connections of the charging line to the battery
are automatically reversed with the reversal of current flow in
the power line. This reversal in the rectifier is brought about by
a combination of two electromagnets and a spring. When the
current flowing in the power line passes through the a.c. electro-
magnet in one direction, this electromagnet attracts one end of
the d.c. electromagnet. When the current in the power line re-
verses, the other end of the d.c. electromagnet is attracted. When
the magnets are acting together, they overcome the tension of the
spring and close the vibrator contact permanently so that charg-
ing current flows through the battery. At the instant of reversal
of current flow, the magnets balance each other and the spring
opens the contact so that a reversal of current cannot flow through
the battery and discharge it.

Some vibrating rectifiers have a spring whose tension must
be adjusted so that it vibrates in step with the alternations of the
power line or supply line. With this adjustment correctly made,
the spring will open the circuit at the proper time. The spring
adjustment on certain vibrating chargers is critical and the
least movement of the regulating screw one way or the other
will start or stop the charge. Other chargers of the same type are
not at all critical and are easily handled. The adjustment should
be made to give the greatest possible current in amperes without
making the vibrator contact spark excessively. The vibrating con-
tact rectifier is fundamentally a vibrating reed, whose frequency
is the same as that of the current to be rectified, carrying a con-
tact which engages the second contact for each vibration of the
reed. The contacts complete a circuit from the secondary of a
step-down transformer through the storage battery each time
they touch.
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The armature is polarized either by using a permanent magnet
or by using an electromagnet energized by the battery being
charged. The result of using a polarized armature whose period
of vibration is the same as the frequency of the a.c. line is that the
contacts touch at the point of each succeeding cycle and remain in
contact for a portion of the half wave so that the resultant current
through the battery is shown in Figure 58(2), page 170.

Precautions While Charging. The routine procedure in
charging a battery is generally furnished by its manufacturer and
is always supplied by air transport companies to men assigned to
the duty of battery upkeep. These instructions are based on cer-
tain fundamental principles of their construction and internal
operation. Batteries must not be over-discharged. They should
not be left in a discharged condition. A complete and continuous
record of their performance, both during charge and discharge,
should be kept, as this perpetual and up-to-the-minute case history
provides the one most intelligent method of properly maintaining
the working unit.

During the charging period, hydrometer tests should be made
every hour. After there is no longer any increase in the specific
gravity, the battery should be left on the charging line for 3 hours
and then tested again. If there is no increase in the specific grav-
ity, the battery is completely charged.

In using the hydrometer, the temperature should be taken, as
the instrument is graduated for 70°. For each 3° above 70,
0.001 should be added to the specific gravity as shown on the
hydrometer and for each 3° below 70, 0.001 should be subtracted.

Care and Maintenance. The normal servicing of aircraft bat-
teries can be successfully accomplished by the use of a little com-
mon sense and careful handling. In disconnecting terminal leads,
a properly-fitted wrench should be used so as not to burr the
threads of the connection bolts. The battery connection lugs
should be kept greased with vaseline, Batteries should be carried
about with battery carrying straps and should not be bumped or
turned over. )

The voltage of the fully-charged cell should not fall below 2.
After charging, the battery should be left standing for 2 hours
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and the voltage again tested. Any drop in voltage denotes an
internal short circuit, generally caused by accumulated dirt or
sediment in the bottom of the case. One of the most serious con-
ditions to be guarded against is sulphation. This is caused by the
chemical action on the plates due to the breaking up of sulphuric
acid molecules H,SO,, which combine with the active materials
PbO, and Pb to form PbSO, (lead sulphate). This action takes
place even though no current is being drawn from the battery,
and is greatly increased when the battery is discharging. Some
causes of sulphation are:

1. Discharging cell at too high a rate.

Cell leakage due to moist top covers.

Allowing cell to remain idle for too long a time.

Failure to keep cell on trickle charge when not in use.

Wrong specific gravity of original electrolyte.

Extremely rapid sulphation will occur if cells are charged
with reverse polarity, or with alternating current.

AN e

In case a lead-acid cell shows signs of sulphation, the entire
battery should be subjected to a long heavy charge. If the sul-
phation is not serious, this will restore the affected plates to nor-
mal condition. If one or more cells still appear abnormally sul-
phated, while the remainder of the battery is still in good condi-
tion, it is best to remove the defective cells, treating them sepa-
rately by giving a charge at a high rate. If the specific gravity of
the electrolyte of a cell under treatment for sulphation rises above
the normal level, remove some of the electrolyte and replace by
pure water until the proper density is secured. If a long charge
at a high rate fails to raise the specific gravity above 1.200, new
electrolyte should be mixed to replace the old. The new electrolyte
should read between 1.275 and 1.300. This “doctoring” of
a cell by juggling with the electrolyte values should be done care-
fully. Distilled water should first be placed in a lead or earthen-
ware vessel, then the sulphuric acid poured slowly into the water.
Soda and lime neutralize this acid ; if acid is spilled, prompt action
is necessary to avoid painful burns and destroyed material.

All the cells of a battery should be tested at least once a month
and preferably every two or three weeks. If any of the cells are
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below 1.170 on any test, the battery should be charged up to full
value.

Only approved (distilled) water should be added to the bat-
tery, and only enough of this to bring the level of the electrolyte
up to a point slightly above the top of the plates, just making up
for the amount of water that has been lost by evaporation. This is
best done just before charging begins. Remember, the acid part
of the solution does not evaporate, therefore sulphuric acid should
never be added to any cell except when being “doctored” by an
expert battery man during a rebuilding job, or to replace spilled
electrolyte. (Rebuilt batteries are not used by commercial air-
lines.) Also, it is bad practice to remove any part of the electro-
lyte from one cell and put it in another cell. Keep connections and
filler plugs tight. Keep batteries clean. Learn how to do this.
Also, learn how to use a hydrometer correctly. Never use a
hydrometer in a lead acid battery after it has been used in an
Edison battery.

Commercial Types. The EXIDE, the PRESTOLITE, and the
WILLARD batteries are much used in aviation, not only for radio
sets but for lighting, instruments, and as a power source. All of
these companies issue excellent manuals of instruction relating to
their batteries. Plate VII shows certain details of construction
of Prestolite batteries.

Edison Batteries

The Edison cell differs from the lead cell in both construction
and material. The two plates of the Edison are made of iron
oxide and nickel, immersed in a solution of caustic potash. The
positive plate of the Edison cell consists of a nickel-steel grid or
frame which supports 30 perforated steel tubes filled with alter-
nate layers of pure flake nickel and nickle-hydrate. The negative
plate consists of a nickel-steel grid which supports 24 steel pockets
filled with iron oxide and a small quantity of metallic mercury.
The electrolyte is a solution of 21% potassium hydrate (caustic
potash) and a small amount of lithium hydrate. Alternate plates
are connected to different terminals. The specific gravity of the
electrolyte of an Edison cell does not change as in the lead cell,
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consequently a hydrometer reading does not indicate the condition
of the cell. The voltmeter is the only means of testing. The volt-
age per cell is much less than that of the lead type, being about
1.2; also the water per cell is much less.

(QUESTIONS

Primary Batteries:

71. What is a primary cell? Describe a common dry cell.

72. How many dry cells are required to make a six-volt battery ?

73. Where are dry cells used in aviation?

74. How may the fitness of dry cells for aviation use be deter-
mined ?

75. What determines the internal resistance of a dry cell?

76. What is meant by local action?

77. In continuous service, about what current flow may be main-
tained from a dry cell?

78. What sort of atmospheric conditions increase the useful life
of dry cells?

Storage Batteries:

79. What is the chief difference between a primary and a second-
ary cell?

80. Give structural details of (a) lead storage cell, (b) Edison;
name parts and electrolyte.

81. What is the unit of capacity of a secondary cell ?

82. What is the normal voltage of (a) lead storage cell, (b)
Edison cell, charged and discharged ?

83. How is the state of charge of (a) lead type cell and (b)
Edison type cells determined?

84. How does the internal resistance of cells affect the battery
output?

85. What is meant by “rate of charge” and “rate of discharge”
of a storage cell or battery?

86. List essential precautions in the care of a lead-acid type
battery.

87. Name two common chemicals which will neutralize the acid
in storage cells.

88. What causes sulphation in a lead-type battery?

89. How should a lead cell be treated to correct sulphation?

90. State precautions in handling sulphuric acid.



CHAPTER 7
POWER SUPPLIES

General Considerations

On modern aircraft the need for electrical power to operate
radio and other essential equipment is growing continuously.
The extensive electrical and radio installation aboard the DC-4
is an example of this increasing need for power units, or power-
packs, as they are often called—especially when related to radio
alone.

The nature of the equipment to provide a source of power for
radio sets in aviation—except at ground stations where commer-
cial power is available—comprise two general classes: (a) bat-
teries, described in Chapter 6, which can furnish only d.c. power,
and (b) dynamo-electrical machinery, from which either d.c. or
a.c. may be obtained. The most common of these, especially
aboard airplanes, are the generator, the motor, and the dyna-
motor. At ground stations will be found motor-generator sets
and rotary converters.

Dynamo-Electric Machines

Parts. The principal parts of a dynamo-electric machine are
as follows : The yoke, pole-picces, field coils, armature core, arma-
ture winding, commutator (or slip rings), brushes, shaft, bear-
ings, and mechanical frame or housing.

The yoke serves a double purpose; that of a mechanical sup-
port for the pole-pieces and as a path for magnetic flux. Itismade
of steel (sometimes cast; sometimes forged), shaped in a cylin-
drical form, and welded to form a homogeneous magnetic ring.

The pole-pieces, of forged or assembled sheet steel, are gen-
erally bolted to the yoke and are formed with flaring projections
at their inner ends to spread the flux over a considerable area of

the armature and also to serve as a mechanical support to the
field coils.

148
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The pole-pieces may be of solid steel or (preferably) built up
of laminations (sheets of steel about 0.025 in. in thickness) and
assembled together by insulated bolts passing through holes larger
than the shanks of the bolts.

The pole-pieces are usually wider at the face next to the air-
gap than in the main body, in order to spread the flux over a
greater area where it crosses the air-gap in the armature. This
enlarged section is called the pole-shoe and may be integral with
the pole-piece or a separate part bolted to it. The arc subtended
by the pole-shoe is usually from 60% to 70% of the arc from the
center of one pole to the center of the next pole.

The field coils consist of insulated copper wire wound upon a
form which fits upon the pole-piece. A current in these turns is
the cause of the magnetomotive force which produces a flux in
the magnetic circuit consisting of the yoke, pole-pieces, and the
armature,

The armature core is a hollow cylinder made up of many pieces
of sheet steel, punched to shape, and usually having slots punched
around its outer periphery. The steel of the armature serves to
carry the flux from one pole to the next ; the slots hold the various
moving turns-of-wire known as the armature winding. The mo-
tion of this winding in the magnetic field is the cause of the gen-
erated e.m.f.; a current in this winding is the cause of the force
on the conductors which makes the armature move when the
machine is used as a motor.

Rating. The rating of a d.c. machine is the output, together
with such other characteristics as speed and voltage, assigned to
it by its manufacturer. The continuous rating defines the load
which can be carried for an unlimited period without exceeding
any of the limitations, such as temperature, established by the
Standardization Rules of the American Institute of Electrical
Engineers (A.LLE.E.). Machines are classified in commercial
practice as high-speed, moderate-speed, and slow-speed.

Alternators

Theory of Operation. The power-driven generator, usually
called an alternator, is the most common source of a.c. A radio
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tube (see Chapter 5) can be used to change d.c. to a source of a.c.
for a transmitter, but the only machine which changes mechanical
power into electrical power is termed a generator. All generators
produce a.c. within themselves. Those that deliver a.c. are called
a.c. generators or alternators; those that deliver d.c. from a recti-
fying commutator are known as d.c. generators. The principles
of generation (and operation) are the same, being based on the
phenomena described as the linkage of conductors by flux. Be-
sides the required conductors (armature), and the electromag-
nets to supply the flux (field), rubbing brush contacts are needed
to lead the current to an external circuit in rotating armature
types. In an a.c. generator, the brushes bear on revolving col-
lector-rings.

An easy generator to describe and understand is one having a
north and south magnetic pole with an armature revolving be-
tween the poles. The flux is of uniform intensity; its path is
straight from one pole face to the other. The armature coils
sweep past these faces, linking the flux at right angles to its path.
At this instant maximum e.m.f. is generated in that particular
conductor ; when it is midway between pole faces, a minimum
e.m.f. is generated. The resulting current flows in one direction,
called positive, when in front of the north pole, and in the other
direction, called negative, when in front of the other pole. Con-
vention has prescribed the use of these signs for some time and
so the electron theory will not be referred to in connection with
this relative direction of current flow. The value of the voltage
produced in any generator will depend on three factors:

1. The intensity of the magnetic flux. This depends on the
number of the wire windings, the kind of core of the field
coil, and the strength of current flowing through this coil.

2. The number of armature windings.

3. The r.p.m. of the machine.

Factors 1 and 3 can be controlled within certain limits by the radio
operator ; 2 cannot, being a matter of design. As a matter of fact,
the r.p.m. of air-driven aircraft radio generators usually is con-
trolled by an automatic governor to deliver a constant voltage as
this is desired ordinarily.
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One hundred million lines of force cut in 1 second will produce
1 volt. The amount of amperage that can be secured from a gen-
erator is theoretically governed by the application of Ohm’s Law
to the external circuit, but of course the size, or ampere-carrying
capacity of the armature coils themselves, governs the electrical
output in a practical way up to the point of “burning out.” Like-
wise, friction will limit the r.p.m. Alternators are sold on a rating
of wattage output.

Frequency. In the simple two-pole generator mentioned, the
current will alternate at each pole. Two alternations make 1 cycle.
The frequency of a.c. is expressed as the number of cycles per
second. A two-pole alternator would deliver 60-cycle a.c. at 60
revolutions per second (3600 r.p.m.) ; likewise a four-pole gen-
erator at 1800 r.p.m., etc. This relation between r.p.m. and fre-
quency also indicates why generators for radio sets should oper-
ate at their rated speed ; if not, the transmitter supplied with their
current would be out of adjustment as to frequency ; consequently
all receivers tuned for their specified wavelength (frequency)
would never hear them. Radio alternators are made to deliver one
certain frequency; usually from 60 to 500. Frequency-meters
read in cycles (per second).

The values of e.m.f. generated and the resulting current in each
alternation varies through this half cycle or circle of 180° so that
besides a maximum value at 90° and a minimum at 180°, an
average and an effective value can also be computed. The a.c.
voltmeter and ammeter read effective values; the ammeter oper-
ates on the heating effect. Because the e.m.f. generated varies
sinusoidally in accordance with the angular rotation of the arma-
ture coil, it is called a sinusoidal e.m.f. or is said to have a sinu-
soidal wave form. The current is also sinusoidal and will have
the same frequency. If the voltage and current are in phase
(time), the volts multiplied by the amperes give watts as in d.c.
and the power-factor is said to be 1 (100% efficient) ; but if one
lags or leads the other, the power-factor is less than 1 and this
percentage must be applied to the product of volts and amperes
to get the effective watts. It should be noted that the time element
in a.c. circuits is highly important. (Review pages 50 and 51.)
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Eclipse Alternator. Eclipse Aviation, a division of Bendix
Aviation Corporation, at East Orange, N. J., manufactures an
alternator (Type KA-215) to be driven from the airplane engine
by a flexible-drive coupling between the driving-shaft and arma-
ture. This drive arrangement is designed to absorb torsional
vibration and power impulses from the engine which would other-
wise tend to affect the electrical operation of the alternator and
cause excessive wear on the shaft and bearings of the engine.
Different combinations of driving members and mounting
flange are available to fit the different types and makes of airplane
engines. Also, a cooling fan is made an integral part of the instal-
lation.

This alternator delivers 15 amperes at 32 volts, 60 cycles. A
separately mounted regulator unit is furnished by the manufac-
turer to be used in conjunction with the alternator. The purpose
of this is to maintain a practically constant value of voltage in
spite of slight variations in the airplane engine speed.

D.C. Generators

Commutation. The direct-current generator is basically an
alternator which has been provided with an automatic reversing
device called a commutator, in place of the usual collector rings.
The main difference is the manner in which the alternating e.m.{.
induced in the armature windings is permitted to pass into the
external circuit. Inthe case of the alternator, the e.m.{. is allowed
to act first in one direction and then in the reverse direction, while
the d.c. generator is arranged in such a way that the em.f. can
act only in one direction in the external circuit, that is, the e.m.f.
acts continuously in the same direction, being rectified by the
commutator.

Field Windings. After the alternating e.m.f. induced in the
armature of a d.c. generator has been rectified, it is used in ener-
gizing the field magnets. (Practically all d.c. generators are of
this self-excited type.) Various methods of connecting the field
coils to the armature are employed, depending upon the operation
characteristics desired. These methods are as follows:
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1. Series FieLp. When all the current flowing in the arma-
ture windings also passes through the field winding, the latter
must be connected in series with the armature terminals and the
load. This type of field is called the series field. Since the arma-
ture current is usually large, the field winding consists of only a
few turns of heavy wire. The number of ampere-turns to produce
the required flux is thus obtained by passing a large current
through a few turns.

The characteristics of the series generator at constant speed
are such that the e.m.f. generated varies with every change in the
load. Figure 49 shows the series field method of self-excitation.

Shunt field

wmm
Series field
R R
Figure 49. Circuit of a Series Figure 50. Circuit of a Shunt
Wound Generator Wound Generator

2. SuunT FiELp. When only a part of the current in the
armature winding is used to energize the field magnets by con-
necting them in parallel with the brushes, the shunt-field method
of excitation is employed. (See Figure 50.) Since the field is
connected across the armature windings, it receives the full
e.m.f. induced in the armature, consequently it must have a suffi-
ciently high resistance to limit the current drawn to a predeter-
mined value. The required flux is obtained by passing a small
current through a large number of turns.

The characteristics of a shunt-wound generator at constant
speed are such that, at zero load, the terminal voltage is a maxi-
mum. This is the kind most used on airplanes.
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3. CompounD. The simple series and shunt-field methods of
excitation with their opposing characteristics are usually com-
bined in large generators such as at ground stations where a prac-
tically constant terminal voltage is required irrespective of any
variations of the load. (Every dot and dash made by the radio
key varies the transmitter load.) The contribution of each of
the field windings to the total flux can be so proportioned that the
terminal voltage will remain constant from no-load to rated full-
load. Such a generator is said to be flat-compounded. The propor-
tions of the two fields may also be such that the terminal voltage
will rise slightly with increase in load. This is the overcom-
pounded condition. Figure 51 is a diagram of the connections of

v Shunt field
MVVWAWA—TTT0000 0,
Series field

— " \VVAN\—

R

Figure 51. Circuit of a Long Shunt, Compound-Wound Generator with
Terminal Voltage Control

a long shunt, compound-wound generator. It will be seen that
the shunt field is connected across both the armature and the series
field. In the short shunt, compound-wound generator, the shunt
field is across only the armature.

Eclipse Generators

Eclipse generators are available in a range of capacities to
supply a wide variety of service requirements. Plate VIII shows
an Eclipse generator. The mounting flange and drive member
on all standard models are designed in accordance with the S.A.E.
and U.S. Army-Navy Standards.
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The generators (with exception of the Type AL-1) are pro-
vided with flexible couplings between the driving-shaft and the
armature. The purpose of this device is to absorb torsional vibra-
tion and power impulses from the engine, thereby preventing
damage to the generator and excessive wear to the driving mem-
bers of the engine.

Purpose of Voltage Regulation. The operation of generating
equipment in aircraft, due to the constancy of the comparatively
high cruising r.p.m. of the engine, necessitates utilizing a means
of regulating the output of the generator so that overcharging of
the battery does not occur. The generator-driven speed when
cruising is sufficiently high to provide maximum rated output;
to maintain this output without overcharging of the battery has
led to the adoption of the voltage-regulated feature of Eclipse
generators. The indispensability of voltage regulation is particu-
larly evident in the generator models of larger capacities where
the rated output is necessary because of intermittent load require-
ments but would cause damage to the battery if allowed to charge
without being regulated in accordance with the state of charge of
the battery. One form of voltage-regulation unit (not the
Eclipse) is shown in Figure 61, page 173.

The Eclipse regulating mechanism is contained in a separate
cushion-mounted control box. Its operation is automatic and the
output of the generator unit is held at a predetermined constant
voltage. The voltage-regulating unit within the control box is nor-
mally adjusted for a constant voltage of either 14.2 or 28.4 volts,
which are values most suitable for use with 12- or 24-volt battery
systems. The current output of the generator is automatically
varied in accordance with the state of charge of the battery and,
in addition, the amount of current which is being drawn from the
battery and generator at that time. The combination of these con-
ditions is the basis upon which the generator charging rate is
automatically varied by the control box. Thus the proper charge
is delivered to the battery at all times without danger of over-
charging. A discharged battery will receive the maximum charg-
ing rate and as the charging proceeds (providing external load
requirements do not equal or exceed the generator capacity) the
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charging rate is reduced proportionately, tapering off to a trickle
charge when the battery has become fully replenished.

To preclude the possibility of the generator’s becoming over-
loaded with resultant overheating due to abnormal or excessive
load requirements, a current limitator unit is provided within the
control box; its function being to limit the maximum current
output to a value slightly in excess of the generator’s capacity.

In addition to the other features of regulation and control
performed by the control box, there is included a unit termed a
reverse-current cut-out. This device prevents the battery from
discharging through the generator when the generator is at rest
or operating at a speed at which it is not developing its normal
voltage. The cut-out automatically connects and disconnects the.
generator to and from the battery at the proper time,

Control Boxes. Three types of control boxes are available for
use with the generator units and differ mainly in the method of
mounting on the airplane. All types, however, are in themselves
cushion-mounted to prevent interruption of service due to exces-
sive vibration. The first type is provided with a mounting base
for installation in a permanent manner and is particularly adapt-
able in private aircraft or installations wherein ample space is
provided for inspection and servicing of the unit. In order to
meet the requirements of various installations, this particular
type is available with regulator, current limitator, and cut-out,
or with regulator and cut-out, or a combined regulator and cut-out
unit. The latter unit is not cushion-mounted and is designed pri-
marily for use with the third-brush generator.

The second type is designed so that the mounting base is per-
manently installed in the aircraft with the upper portion contain-
ing all three regulating units “plugged” in place and held by a
quick releasing clamp. The mounting base also contains, in addi-
tion to all wiring connections, a filtering means to eliminate radio
interference developed within the generator and control box.

Air Associates Wind-driven Generator Model GE-20

Air Associates GE-20 wind-driven Battery Charging Gener-
ators are designed to charge aircraft batteries at their normal
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charging rate. These generators are connected and operate in the
same manner as an automobile generator, being connected across
the battery with a reverse current cut-out in series with the gen-
erator to automatically disconnect the generator when its voltage
falls below that of the battery. The standard generator is made
for 12-volt operation, but 6-volt generators are furnished on
special order.

The output of the generator is only sufficient to furnish charg-
ing current for the battery ; therefore voltage regulators, current
limiters, etc., are unnecessary. The reverse current is mounted in
the streamline tail of the generator so that no separate relay or
control box is required. A by-pass condenser also is mounted in
the tail to reduce radio interference. Plate IX is an illustration
of the GE-20 generator.

Motors

At radio stations motors are used as prime movers and as one
end of motor-generator sets. Aboard aircraft they are also used
to reel antennas in and out, and for many other purposes : retract-
able landing gear, wing flaps, rudder and aileron tabs, and para-
chute release mechanism. The Dumore Company at Racine, Wis-
consin, has supplied many such motors to the aviation industry.
Nearly all large radio concerns supply special motors suitable for
operation with their sets.

A motor is a machine which converts electrical energy into
mechanical energy in the form of rotary motion, the amount of
electrical energy converted into available mechanical energy being
dependent upon the efficiency of the motor. Most generators and
motors are so similar that often they can serve interchangeably
with only slight adjustments.

Much of the theory of the generator, such as the generation of
e.m.f., armature reaction, sparking, commutations, field connec-
tions, etc., therefore applies to the motor. It is well known that
a force of attraction or repulsion is developed when different mag-
netic fields are acting in parallel directions in the same space,
depending, respectively, upon whether the flux lines are acting in
opposite directions or in the same direction. When a wire carry-
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ing current is placed at right angles to the direction of a magnetic
field, a force will be developed which will act on the wire to move
it. If a very flexible wire in loop form is placed in a strong mag-
netic field, and a current then passed through it, the loop will form
itself into a circle, in which case it would include the greatest
number of flux lines possible. This gives the rule that a circuit
always tends to move in a direction so as to include the maximum
number of flux lines.

When the direction of the magnetic field is reversed, the direc-
tion in which the wire carrying current tends to move also is re-
versed. Likewise, if the direction of the current through the wire
is reversed, the direction in which the wire tends to move also
will be reversed.

D.C. Motors. The simplest form of a d.c. motor consists of a
single loop with a two-segment commutator, arranged to revolve
in a bipolar field. Current is supplied to the loop by an external
source, through a commutator to the loop. The position of the loop
at the instant of connecting the source is such that it includes the
minimum number of flux lines. One side of the loop tends to
move upward, and the other side downward. This direction of
motion is the reverse of that necessary to induce a current in the
conductors having the same direction as that supplied by the
source. Therefore, the direction of rotation of the armature of
a generator, when operating as a motor, will be reversed.

As the loop continues to revolve, it reaches a position where
it embraces the maximum number of flux lines. In the case of
this simple machine, the loop will stop in this position unless it has
acquired sufficient momentum to carry it past this dead center,
in which case the commutator operates to cause current to con-
tinue to flow in the conductors and the rotary motion of the loop
continues as long as current is supplied.

When a d.c. motor is rotating, the field poles and the armature
are both being supplied with electricity from the power-supply
wires. If the power supply is suddenly cut off, a motor will act
as a generator, supplying its own field and generating electricity
until the friction and load cause it to stop. This shows that while
it is operating and taking electric power from the supply lines,
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supplied front"{@k line tends to cause a current to flow in one direc-
tion through the armature. The counter-voltage, in opposition to
the supply voltage, tends to cause a current to flow in the opposite
direction. The resultant voltage acting on the armature is the
difference between the voltage of the current which is supplied
and the counter-electromotive force. It is the resultant voltage
which determines the actual current flowing through the arma-
ture.

The speed of a motor depends on the counter e.m.{. developed
—the voltage of the power supplied to the motor remaining con-
stant. By inserting a resistance—generally variable—in the field
winding, the armature speed can be increased by cutting in resist-
ance. This increase will continue until the counter e.m.f., which

it is also ‘ng a counter-electromotive force. The voltage
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Figure 52. Starting-Resistance Box

will also increase because of the increased speed, reduces the arma-
ture current. The variable field resistances used to control motor
speeds are known as rheostats,

When a motor is operating at full speed, the counter e.m.f.
is almost equal to the applied voltage. At standstill or at low
speeds, however, the counter e.m.f., which depends on the speed
of rotation, is very small, so that the resultant voltage, acting on
the low resistance of the armature, tends to cause a heavy current
to flow. In order to limit this current, a variable starting resist-
ance or rheostat is placed in series with the armature. As the
motor comes up to speed, this resistance is gradually cut out of
the circuit. Figure 52 shows the connections to an ordinary
starting-box.

In order to prevent the starting resistance from being left out
of the circuit after a motor has been shut down, due to the failure
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of the supply line to furnish current or some oth ason, the
starting handle usually has an attached sprig ich returns it
to the starting position, except when held up by a magnet which
is energized only when the motor is running properly. This mag-
netic device may be operated by loss of field current, or by over-
load, loss of line voltage, overspeed, or some other factors. The
terminals of motor-starting rheostats must be marked to indicate
the part of the circuit to which each terminal is to be connected,
as, for example, “line,” “armature,” and “field.” To provide pro-
tection to the operator handling a motor-starting rheostat, fre-
quently it is entirely enclosed in a metal box with only the operat-
ing handle on the outside. Sometimes it is operated by an auto-
matic remote-~control relay, arranged to advance the contact arm
of the starting rheostat after successive time intervals.

D.c. motors are classified in the same manner as are d.c. gen-
erators : series, shunt, and compound.

The series motor is used where a large starting torque is re-
quired. After having started, if the load is suddenly increased,
the armature speed decreases very rapidly, and the reduced
counter e.m.f. allows a larger current to flow, the torque again
increasing. The series motor will develop a variable torque at
a variable speed.

The shunt motor is wound in exactly the same manner as the
shunt generator, that is, the field is in shunt across the supply
mains. It will not start on full load. If an overload is placed on
it, the motor will slow down and probably stop.

The shunt motor develops a variable torque at a constant
speed. Care must be exercised never to start a shunt motor with
its field open, as it will race and probably wreck itself.

The compound motor combines the characteristics of both the
series and shunt motor, and is the type most frequently encoun-
tered in aviation radio. It is used in most motor-generator sets.

By reversing the direction of either the field current or arma-
ture current on any type of d.c. motor, the direction of rotation
may be reversed.

Synchronous Alternating-Current Motors. Some types of
alternating-current motors are similar to alternating-current gen-
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erators in principle. The synchronous motor, for example, has
a field winding which is excited by direct current usually supplied
by a small generator on the same shaft with the motor. The arma-
ture, however, is supplied with current from an a.c. line.

The synchronous motor has the disadvantage that it does not
have sufficient starting torque, which means that it will not start
without some special starting motor on the same shaft (a starting
winding consisting of short-circuited copper bars built into the
field poles, or some other means).

Induction Motors. The most rugged and common type of
alternating current is the squirrel-cage induction motor. This
type has a stationary armature winding somewhat like that of a
synchronous motor. The rotor, however, consists of heavy bars
of copper which are short-circuited at the ends by rings. The cur-
rent flowing in the stationary winding, called the stator, induces
a current in these loops of copper on the rotor by the principle of
transformer action (page 58). The current induced in the rotor
sets up a magnetic field which, combined with the magnetic field
of the stator, causes the rotor to turn.

The single-phase squirrel-cage induction motor, like the single-
phase synchronous motor, has very little starting torque; there-
fore it requires some starting device. If started by hand in either
direction, it will continue to run in that direction. The three-
phase squirrel-cage induction motor has a large starting torque,
however, which makes this motor particularly applicable for driv-
ing machines which must be started under heavy loads.

Single-phase squirrel-cage motors when equipped with a start-
ing device are very commonly used because of their uniform
speed, simplicity, and ruggedness.

For small motors a shaded pole wmdmg is frequently used,
consisting of a single loop of heavy wire around one-half of the
face of each field pole. This shaded pole winding distorts the
field magnetism enough to start the motor turning in the correct
direction. To reverse the direction of rotation the loop must be
placed on the other side of each pole.

For motors rated at one horsepower or less, a split-phase wind-
ing is common, which may consist of small field poles wound with
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fine wire between the main poles. This arrangement gives the
effect of a moving magnetic field and thus causes rotation. A cen-
trifugal switch is used to cut this split-phase winding out of serv-
ice when the motor attains the rated speed. On the larger motors
of this type, a clutch is sometimes used to pick up the load after
the motor has reached full speed. Other methods of starting
single-phase induction motors use combinations of resistance,
reactance, and condensers to give an effect similar to that of a
three-phase power supply while starting.

Both the synchronous and squirrel-cage induction motors are
constant-speed types. The former maintains a constant speed
from no-load to full-load if the frequency of the supply voltage
is constant. There is a slight falling off of the speed of the
squirrel-cage motor from no-load to full-load. Both of these types
will be found at aviation radio stations. Motors, as parts of motor
generator sets, may be either a.c. or d.c.; in many cases this de-
pends upon whether a.c. or d.c. is available commercially,

Dynamotors

Construction and Purpose. Dynamotors are dynamo-electri-
cal machines employed for the purpose of changing d.c. at one
voltage to d.c. at some other voltage. There are two armatures
mounted on one shaft which rotate between one set of field
magnets. One armature receives current from an outside source
and acts as a driving motor. The other armature delivers a more
desirable voltage. Dynamotors are much used on airplanes.

Two of the most important requirements of any dynamo-
electric machine operated in the vicinity of receivers is the deliv-
ery of ripple-free voltage (if a d.c. machine) and the freedom
from sparking at the commutator. In the case of dynamotors
the commutated d.c. is smoothed out by filters. Sparking must
be kept down to a minimum by good design and proper upkeep;
otherwise there will be much “‘static” in nearby receivers.

Figure 53 shows the connections of a dynamotor.

“Pinco” Dynamotor. The “Pinco” Silver Band dynamotors
are made by the Pioneer Gen-E-Motor Corporation, Chicago,
111, in several sizes suitable for airplane installation.



16 AERONAUTIC RADIO

Due to the use of electric iron of highest quality, correct brush
material and large size wire, exceptional voltage regulation is
obtained. The large number of commutator bars reduces a.c.
ripple in the output to a minimum. The dynamically balanced
armature runs on grease-sealed bearings which insures smooth,
quiet operation. Pincos are compact, light weight, completely
enclosed in dust-tight case and are furnished with or without
filter.

In the type “E,” a steel welded center ring is used with light-
weight brackets in which armature ball bearings are mounted.
There are dust-tight end covers which are easily removed to per-
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Figure 53. Wiring of Dynamotor BRUSH-HOLDER

Figure 54. Type “S” Series
Brushholder and End Bracket
of Pinco Dynamotor

mit instant inspection of brushes and commutators. These power
supply units are unaffected by vibration, and deliver d.c. with
negligible ripple. For data on Type “O.S.,” see following table.

CAPACITIES
Min. | Max. | Max. Max. Output | Max. Output
Frame Length| Velts | Volts Volts Watts Cont. Watts Int. Weight
Input | Input { Output 40 C Rise 50 C Rise
0S-100 | 575" 6 32 350 10 15 2 th 14 oz.
0S-175 | 65%"” 6 32 350 18 25 3 b 13 0z.

These are conservative ratings intended as a guide.
Figure 54 shows one end of a Pinco Dynamotor.
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“Eclipse” Dynamotors. “Eclipse” dynamotors, manufactured
by Bendix Aviation Corporation, are available for operation
from either 12- or 24-volt batteries. The electrical characteristics
of these dynamotors are as follows:

Type Input Output

AD-2 3 Amps. — 14 volts .080 Amps. — 220 volts
AD-5 5 Amps. — 14 volts 100 Amps. — 360 volts
AD-7 8 Amps. — 14 volts 163 Amps. — 425 volts
AB-3 14 Amps. — 12.5 volts 154 Amps. — 520 volts
AA-2 57 Amps. — 11.5 volts 400 Amps. — 1050 volts

The Type AD dynamotor can be furnished either with or
without a mounting base. The Type AD mounting base consists
of a two-piece aluminum box, containing units for the filtering
of high frequency interference which may be developed within
the dynamotor. The filter box, or mounting base, is so designed
that the upper half, to which the dynamotor is attached, contains
the filtering units. The lower half is mounted in a permanent
manner in the plane and all electrical connections are made within
this portion. The upper half, with dynamotor attached, is electri-
cally connected to the lower half by plugging in place and is held
in position firmly by means of a quickly-opened snap clamp. This
method of mounting is particularly advantageous in that it af-
fords quick removal for examination.

The Type AB dynamotor is furnished with a “cradle” type
of mounting bracket and integral filtering means; the filtering
units being enclosed within the dynamotor head. All wiring con-
nections are made to an enclosed, compact terminal panel which
is mounted on the side of the dynamotor unit. The terminal panel
cover is provided with an outlet suitable for the attachment of
metallic conduit for radio shielding.

Type AA dynamotor can be furnished with or without a
“cradle” type of mounting bracket. Filtering units for this type
are normally furnished by the radio set manufacturer. For this
type dynamotor, there is available a 12-volt starting solenoid
switch which eliminates the necessity of conducting heavy cable
to the pilot cockpit for the control of the unit. The employment
of this switch, in conjunction with the microphone switch,
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provides for the starting of the dynamotor from a remote
point.

The Eclipse dynamotor consists of a ball-bearing-mounted
armature shaft supported at either end by the high- and low-
voltage heads. The heads, which contain the high- and low-
voltage brush rigging, are in most cases doweled to the yoke and
held in place by through bolts. However, in late model dyna-
motors the heads are provided with slots, to permit staking over
of the yoke, thereby eliminating the dowel pins. Field coils and
pole-shoes are held in the yoke by means of four screws. Remov-
able end covers facilitate inspection of commutator and brush
rigging.

The dynamotors are of bi-polar construction with a single
field winding, shunt connected. The armature assembly consists
of a core into which are placed the high- and low-voltage wind-
ings, which terminate in their respective commutators. When
the low-voltage side of the dynamotor is connected to the battery
circuit the windings are energized, causing the armature to ro-
tate, thereby producing current in the high-voltage winding.

The dynamotors vary slightly with respect to mounting fea-
tures and method of bringing out high- and low-voltage leads.
Units which have the leads brought out through a single rubber
grommet are intended for mounting directly on a filter unit.
Dynamotors which have leads brought out at each end through
threaded nipples are intended for flush mounting.

Esco Dynamotors. The Electric Specialty Company, Stam-
ford, Connecticut, manufactures a specially-designed, light-
weight (aluminum) type of airplane dynamotor in various classes
as to voltage output and power. They are all designed to operate
from the 12-volt airplane battery. Some types deliver high volt-
taged.c. ; some a.c.

Ground Station Power Equipment

Rotary Converters. Where an a.c. power source can be tapped
—most cross-country transmission power lines carry a.c.—and
a d.c. source is required at the radio station, a rotary converter
is generally installed. This is equally true when only d.c. power
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can be purchased and a.c. is desired for the radio transmitter.
In every case the armature has connections to the external circuit
attached to both ends. The usual form is driven as an a.c. motor
and delivers d.c. Because the a.c. motor is generally a synchro-
nous motor, the machine is often called a synchronous converter.
When used to change d.c. into a.c. the frequency of the delivered
a.c. of course depends on the r.p.m. and this type converter is
called an “inverted rotary.” Figure 55 shows the wiring of one
form of rotary converter.

Motor-Generators. A motor-generator set consists of a motor
and a generator, the shafts of which are direct-coupled mechani-
cally. Each machine is complete within itself although the end of

X
: 8, CR.
'
0. A !
8,
T

Figure 55. Fundamental Circuit of Rotary Converter

It has a single winding on one armature for both alternating and direct current. Direct
current from an external source enters the armature A through the brushes B: and B: and
also flows through the shunt field ST, causing the armature to revolve in the usual way.
Taps are taken off the commutator segments directly underneath the brushes and are con-
nected to collector rings CR on the opposite ends of the shaft, the circuit continuing through
the primary of an a.c. transformer T.

A

the generator shaft may be part of the end of the motor shaft
and one housing covers both machines.

The typical motor-generator used at aeronautic radio stations
consists of a d.c. motor (generally compound or differential com-
pound wound) and an a.c. generator.

Figure 56 is a schematic diagram of such a machine. In this
set the d.c. supply is 110 volts; the delivered a.c. has a frequency
of 500 cycles. The field coils of the alternator are supplied from
the 110-volt source. The r.p.m. of the d.c. motor is controlled
by the rheostat R1 which, in series with F1, is also tapped across
the d.c. source. F2 controls the voltage of the alternator as long
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as the speed of the driver is not varied. The frequency of the
delivered a.c. depends on the r.p.m.

Servicing and maintenance of dynamo-electric machines are
discussed in Chapter 16.

Power Line Transformers. Power line transformers are used
at ground stations in connection with primary sources of power
such as a commercial power line. Where the commercial source
is 2200 volts, this is generally stepped down to a three-wire sys-
tem at the radio station supplying 220 volts across the two out-
side legs of the circuit and 110 volts between either outside leg

D.C. SOURCE

R, Rz
E S8 ' tﬁ’ AC.
L A
F1 F2 é‘ l

Figure 56. Wiring of Motor-Generator

M = Motor Armature R1= Motor Field Rheostat
G == Generator Armature Rz = Generator Field Rheostat
Fl == Motor Field Winding S.B. == Motor Starting Box

F2 = Generator Field Winding

and the middle (neutral) conductor. The 110-volt circuits are
customary for lighting ; the 220 for dynamo-electric machinery
although rotary converter sets are built for either 110 or 220
volts.

All transformers which deliver considerable power, either
from a power line or as a part of a transmitter or receiver, are
called power transformers and are classified according to their
construction as open core and closed core. The cores are made
of laminated iron. In the open-core type this core is incomplete
as a magnetic circuit—some of the magnetic flux being forced
to pass through air. The object in building a closed-core trans-
former is to confine this flux as much as possible to the core.
Figure 57A and B illustrate these two types of iron-core power
transformers.
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“Core legs” are the parts of the core on which the primary and
secondary coils are wound. The coils are usually made up of
either enamelled or cotton-covered wire.

Figure 57C shows another form of core-type transformer
known as a shell type. Notice that primary and secondary wind-
ings are wound one over the other on a single leg of the core.
This type of construction is designed to reduce magnetic leak-

PRIMARY. Loy
N I

AC.
GENERATOR

|=

B-OPEN-CQRE TYPE

C-CLOSED-CORE TYPE O SHELL CORE TYPE

Figure 57. Various Types of Transformer Core and Winding
Arrangements

The shell type is used most on account of its lower magnetic leakage.

age. It is much used as an inductor (inductance coil) or choke-
coil in filter systems (page 83) of radio receiver systems.

Figure 57D is that of the shell-type transformer. Because it
has a center leg and two outside legs, two outside parallel paths
are provided for the magnetic lines of force indicated by the
dotted lines. The chief advantage of this design is that it has
very little magnetic leakage. It is used on power lines; also, in
both radio-frequency and audio-frequency circuits in radio sets.

The principles of transformers used in radio sets are de-
scribed in Chapter 3 (page 58).
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Power System for Radio Sets

With 110 volts a.c. available, it is possible to operate radio
sets without using “B’’ batteries as a source of voltage for the
tubes. In some cases the a.c. is stepped down and rectified. In
other cases it is stepped up. A typical B-power * unit system
(that which supplies power to the plate of a tube) would consist
of the following four units:

1. A step-up power transformer, the primary of which is con-
nected to a 110-volt a.c. line.

2. A rectifier which changes the a.c. to pulsating d.c.

3. A filter which changes pulsating d.c. to smooth d.c.

4. A voltage divider which enables various voltages as required,
to be obtained for the various tubes.

These are connected in the order named.

*AAMARAA M —
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=

(3)
Figure 58, Rectification of Alternating Currents

Rectifiers.?*! The rectifier is a device, wired in series with the
power supply, that changes alternating current to pulsating uni-
directional current. This change is accomplished by the valve
action of a radio tube. Radio tubes used as rectifiers are de-
scribed in Chapter 5. However, at this time it will be well to
learn how a rectifier functions. To do this, study Figure 58:
(1) is a typical wave. Here the polarity of the current and volt-
age completes a reversal during each cycle. In rectification, this
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wave is transformed into one in which the polarity is always the
same ; however, the amplitude of the current and of the voltage
may vary continuously. The resulting voltage is often called
“ripple’”’ voltage (page 163).

(2) shows the result of connecting the secondary of a power
transformer to a single rectifier element which permits the cur-
rent to flow through it in one direction only (from the plate to
the cathode) of the radio tube. Because of the valve action of
the tube, the resistance of the tube considered as a circuit is zero
in one direction but infinite in the other. Then during the period
while the upper end of the transformer winding is positive, cor-
responding to A in (1), current can flow to the load unimpeded.
When the current reverses, however, as at B, it cannot pass
through the rectifier, consequently nothing flows to the load. The
drawing shows how the output from the transformer and recti-
fier appears. Only one-half of each cycle is useful in furnishing
power to the load, consequently this arrangement is known as a
“half-wave” rectifier system.

In order to utilize the remaining half of the wave, two schemes
have been devised. At (3) is shown the “full-wave center-tap”
rectifier, so called because the transformer secondary winding
must consist of two equal parts with a connection brought out
from the center. In (3), when the upper end of the winding is
positive, current can flow through rectifier R, to the load; this
current cannot pass through R, because its resistance is infinite
to current coming from that direction. The circuit is completed
through the transformer center-tap. At the same time the lower
end of the winding is negative and no current can flow through
rectifier R,. When the current reverses, however, the upper end
of the winding is negative and no current can flow through rec-
tifier Ry, while the lower end is positive and therefore rectifier
R, passes current to the load, the return connection again being
the center-tap. The resulting wave shape is shown at the right—
Figure 58 (3). All of the wave has been utilized, and the amount
of power which can be realized at the load is doubled. However,
in order to maintain the same output voltage (instantaneous, not
average) as at (2), each half of the transformer secondary must
be wound for the same voltage as that furnished by the whole
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winding in (2); or, conversely, the total transformer voltage
with the connections shown in (3) must be twice the desired out-
put voltage.

Although the rectifier output is direct current in the sense that
the polarity is always the same, the amplitude is not uniform but
varies continually as shown in Figure 58. Before the power can
be supplied to the transmitting tube plates the “humps” must be
smoothed out by a filter.

Filters. Filters were first mentioned on page 83 in connec-
tion with receiving circuits. A filter used in conjunction with
rectifiers is known as a ripple filter (page 165), the object of
which is to deliver to the plates of the transmitting tubes
pured.c.

From a rectifier-filter system pure d.c. voltage is obtained, and
in addition, a superimposed a.c. voltage called a ripple voltage.

o— TV \—~ FO0 o oy VT —0
L L
£ i B
- I output = == output
TIF RECTIFIER
"190'8&“ ¢ T TUBE ¢ ¢
Figure 59. Choke-Input Type Filter Figure 60. Condenser-Input
(L = Filter Choke) Type Filter

(C = Filter Condenser)

The percentage of ripple is determined by dividing the effective
ripple voltage by the d.c. voltage. In a well-designed system for
use in continuous-wave radiotelegraphy a ripple of less than 5%
is satisfactory. For radiotelephony this ripple must be reduced
to half this percentage. (See percent ripple '™ in Appendix II.)

A filter circuit must have a combination of inductance and
capacity. Suitably designed inductors (page 54) or choke-coils
(page 58) provide inductance; condensers (page 59) furnish
the necessary balancing capacity. These are connected in several
different ways, two of which are shown in Figures 59 and 60
The design of a filter influences the voltage-regulation, that is,
the change in terminal voltage of a B power unit system (“power-
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pack’) with different load currents. Figure 91 shows a rectifier-
filter power supply circuit worth memorizing (page 222).

The windings of transformers and filter chokes used in plate
supplies all have some resistance; as the current drawn from the
power supply is increased, the voltage drop in the transformer
and chokes also increases, with the result that the terminal volt-
age drops. Besides the ohmic effects, there may be other causes
contributing to the decrease in terminal voltage with load, such
as the behavior of the filter.

In an engineering sense, the term “‘voltage regulation” refers
to the increase in voltage resulting when the load current is de-

— T +
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Figure 61. Generator Circuit with Voltage Regulation Unit and Filter Circuit

Dotted lines enclose the filter circuit; (L indicates iron core ‘“‘chokes” or inductance
coils).

creased from the rated value to zero, expressed as a percentage
of the terminal voltage at full-load current. It issometimes more
convenient, in speaking of plate-supply systems, to use the ter-
minal voltage at no load as a base, in which case the percent regu-
lation will be the decrease in terminal voltage from the no-load
value to the value of load at which the power supply is to be
worked. Assume the measured terminal voltage of a power
supply is 1000 volts at no-load (no current being drawn by the
transmitting tubes) ; then with the transmitter in operation, the
voltage is measured and found to be 750 volts. The percentage
voltage regulation will be:



174 AERONAUTIC RADIO

1000 — 750

100 = 0.25, which is 25¢;,

The voltage regulation will be found to vary with the load
and with the type of filter used. Good B supplies will have a regu-
lation of 10% or less; this is highly desirable.

Figure 61 shows a circuit designed to insure good voltage
regulation of a generator supply together with a filtering arrange-
ment which works in conjunction with the voltage regulator.

Voltage Dividers.?* Different tubes require different plate
voltages. Therefore, at the terminals of the filter, leads contain-
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Figure 62. The Voltage Divider

If only one value of plate voltage were required by all of the tubes in a radio receiver,
the power supply unit would now be complete, but since the various tubes require different
plate voltages, provision must be made to supply them. This is the function of the wvoltage
divider system. The fundamental principle involved in all voltage divider systems is that
whenever current is made to flow throdgh a resistance connected in the circuit, a certain
amount of the e.m.f. applied to the circuit is used up in forcing the current.

ing suitable resistances to reduce the voltage as required, are
connected to the various plates. How this is done in a receiver
is shown in Figure 62.

(QUESTIONS

91. Name and describe the essential parts of a dynamo-electric
machine.

92. Explain how a.c. is generated ; upon what does the voltage
and frequency depend?

93. Sketch diagrams of the field connections for a series, shunt,
compound, generator,



94,

ator.

95.

POWER SUPPLIES 175

Discuss voltage regulation in the case of an aircraft gener-

What is the theory of operation of a d.c. motor ; of an induc-

tion motor ?

96.
97.
98.
99.
100.

Describe how a starting rheostat operates.

Where are dynamotors used aboard airplanes and why?

List the power equipment used at aviation radio stations.
What constitutes an electric power system for radio sets?
Describe the operation of a rectifier-filter system.



CHAPTER 8
RADIOTELEGRAPH TRANSMITTERS

General Considerations

Employment. There is no practical way of communicating
with aircraft in flight except by radio. Two-way communication
is desirable in every case and on passenger airlines is a flight
requirement. Radiotelegraph sets provide the most reliable means
of two-way communication as to distance, the effective range of
a radiotelegraph transmitter being much greater than a radio-
telephone transmitter of the same weight. However, the choice
of radio communication equipment is not determined by this fact
alone. Knowledge of the Continental Morse Code is required by

AANAAANNNAN
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Figure 63. Conventional Representation of a Continuous Wave

the operator of a radiotelegraph set, therefore a radiotelephone
set may be chosen instead for some particular route where its
range is deemed sufficient. For a number of years, the U. S. Navy
has used radiotelegraph sets in its planes while the Army has
used both telegraph and telephone sets. As both kinds are suited
to transport plane and ground station use, they should both be
studied, especially as to circuits.

CW Transmission. When continuous oscillations of a con-
stant amplitude are emitted by a set, it is called continuous-wave
(CW) transmission.®® These oscillations may be generated in a
radio tube having a d.c. plate supply either from a d.c. generator,
from a source of rectified and filtered a.c., or from a battery.

176
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Figure 63 is a conventional representation of a CW wave train
showing the characteristics of a continuous wave. It is the only
kind of wave emitted by the modern aircraft sets described in
this book.

ICW Transmission. At some ground radiotelegraph stations
it is sometimes desired to interrupt the transmitted dots and
dashes at an audio rate. This gives interrupted-continuous-wave
(ICW) transmission. Such signals can be received on the ordi-
nary aircraft receiver. ICW transmission is used at radio range
stations. ICW transmission in the short-wave band carries well,
does not “fade” seriously.

Types of emission are given on page 21.

Design Requirements. All of the apparatus described in this
book are of careful design. Technical familiarity with these sets,
combined with a fundamental knowledge of design requirements
will help very greatly in an understanding of the radio equipment
that will be marketed in the future. (Special applications of radio
to aviation such as blind-landing systems are discussed in the last
two chapters.) Remember this: the adaptation of radio to com-
mercial aviation is mostly a matter of container forms—not of
new design principles. Another note of warning: radio sets are
not yet fool-proof ; actual experience in handling them should be
acquired after the theory of operation has been mastered.

The most important requirement of plane apparatus is relia-
bility. Both transmitter and receiver should function consistently
and effectively over their rated working range. If they work well
one day up to 200 miles and the signals fade the next day, over
a different territory at 100 miles, the set is not reliable; its effec-
tive range is certainly something less than 100 miles and it may
not be anything. No matter how skilfully a set is designed nor
how spectacular the results obtained by engineers on test flights,
its value is less than nothing if it is unreliable in performance
under service conditions, operated by aircraft personnel.

The entire set should be simple and rugged. Unless the aver-
age pilot, radio operator, or mechanic can readily learn to operate
the set with good results, its value is questionable. It should be
designed to withstand the normal usage incident to airplane travel
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—landings, change of temperature, dust, inclement weather, etc.
It should be accessible to facilitate testing and repairing. The
receiver should be both sensitive and selective as to tuning.

All apparatus should be as light and compact as possible and
neither the original cost nor the upkeep should be too great.
Manufacturers’ costs will go down as the engineering expenses
originally incurred in research are absorbed by quantity produc-
tion. Skilled operation will decrease maintenance costs.

Almost every set being manufactured today can be viewed
with confidence from the standpoint of operation, and an in-
creased knowledge of these sets will strengthen this confidence.
All aviation sets are designed to operate on frequencies that are
legal for this service.

The specifications for an airport transmitter are given in
Chapter 14,

Theory of Transmission

Radio Waves. The transmission of both voice and code is ac-
complished by the use of the energy of radio waves.?® A radio
wave is one, the period of which is a radio-frequency. It is the
function of transmitters to generate and propagate radio waves;
that of the receiver to intercept them and utilize their energy by
converting it into sound. Radio waves are a combination of
electromagnetic and electrostatic fields of force at right angles to
each other and to the direction of travel. They travel partly along
the ground; partly through the sky. The frequency of radio
waves is that of the radio-frequency circuit of the transmitter.
The wavelength is the distance in meters in space which is occu-
pied by one cycle. Frequency is expressed both in kilocycles and
megacycles. When frequency is expressed in cycles and wave-
length in meters, the commonly used formula is:

Meters — ——————300’000’000
cycles

The approximate velocity of light is 300,000,000 meters per sec-
ond; it is assumed also to be the rate of travel of radio waves.
The frequencies employed commercially range from about 15 ke
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to 100,000 kc; those used in aviation as well as in other services
are fixed by the F.C.C. as shown on pages 16-17.

The intensity of the field of force which comprises a radio
wave is expressed in microvolts per meter.

Propagation of Waves. Radio waves of one frequency behave
differently from those of other frequencies. As the entire spec-
trum of wavelengths must be utilized, the characteristics attend-
ing propagation are a matter of considerable interest and concern.
The time of day and the season of the year also affect propagation.
The received signal strength from various transmitters is
affected by different factors; the earth absorbs some of the
energy radiated from the transmitting antenna ; there is a natural
attenuation *® which increases with the distance travelled by the

TABLE oF RAp1o0 WAVE CHARACTERISTICS

Class

Chief Characteristics

Principal Uses

Low frequency:
Below 100 ke

Medium fre-
quency: 100 to
1500

Medium high
frequency: 1500
to 6000

High frequency:
6000 to 30,000

Very high fre-
quency: above

30,000

Low attenuation all times
of day and of year

Attenuation low at night;
high in daytime; greater
in summer than winter

Attenuation low at night
and moderate in daytime

Transmission depends
upon ionization of the up-
per atmosphere; varies
greatly with the time of
day and season. Attenua-
tion extremely small under
favorable conditions.

Waves travel in straight
lines; are not reflected by
ionized layers, therefore
can travel only between
points in sight of each
other

Long-distance trans-
oceanic service requiring
continuous operation

Airplane radio, direction
finding, etc. 550 to 1500 ke
for broadcasting

Moderate-distance com -
munication of all types

Long-distance communica-
tion of all kinds; airplane
radio

Short-distance communi-
cation, television, airplane
landing beacons
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waves; and there is a certain amount of attenuation and re-
fraction caused by the ionized regions of the upper atmosphere,
called the ionosphere, or the Kennelly-Heaviside layer of atmos-
phere.

There are several interesting and plausible theories which ex-
plain “bending,” “fading,” the “skip-distance effect,” etc., all of
which are of considerable value to the designer, the engineer, and
the physicist. The inherent characteristics of aviation frequency
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Figure 64. Transmission Effectiveness of Various Radio Frequencies

Approximate distance ranges of radio waves, 1 kw nondirectional radiation; useful
ranges lie within black areas.

waves are now quite well established, consequently the technique
of design and operation of aviation transmitters can be handled
accordingly. The table of radio wave characteristics on page 179
at different frequencies may be studied as a summarized guide of
how waves behave when employed for various forms of radio
communication service.

The chart of transmission effectiveness, Figure 64, shows day
and night distance range of certain radio waves.
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In Appendix II will be found definitions for modulated
wave, carrier wave, tone-modulated waves, marking wave, tele-
graph modulated waves, spacing wave.

Oscillator Circuits

The Oscillator Tube. Any three-element detector or amplifier
tube will oscillate under certain conditions. But if it is desired to
establish and maintain a.c. oscillations of constant frequency, a
tube designed for this purpose called an oscillator tube is used.
With the proper electrical constants, an oscillator tube circuit
can be made to supply any frequency of from one to several hun-
dred million cycles per second. This tube, then, becomes the
source of oscillations for continuous-wave transmitting sets and
these sets can be designed for practically any desired frequency
or wavelength. The production of a.c. within this tube depends
upon the control which the grid voltage exerts on the plate cur-
rent, that is, the valve action whereby a small amount of energy
applied to the grid releases a large amount from the plate battery
or an equivalent source. The tube is Not the original source of
energy, but it is the source of a.c. oscillations necessary for the
emission of radio waves. A certain amount of each oscillation
produced in the plate circuit is admitted to the grid circuit at
such a time interval that pulsating current waves are continuously
generated into the plate circuit. The time interval is controlled
by the electrical constants of the circuit, the condensers and
inductances used being variable for this reason. (Review Oscil-
latory Circuit, page 70, at this time.)

Elementary Oscillator Circuit. (See Figure 65.) L, and C,
constitute an oscillating circuit adjusted for a certain frequency.
L, is coupled to the circuit L,C, and therefore receives some
energy from that circuit, the oscillations in the grid circuit assist-
ing those in the plate circuit.

When the A and B batteries are switched on and the circuit
is tuned, weak oscillations will induce a.c. in L, which acts on the
grid and produces variations in the plate current which flows
through the oscillating circuit L,Ce, reinforcing the originally
weak oscillation. Each succeeding cycle increases the amplitude
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of the resulting wave until a continuous a.c. wave is established
inL;. L,isoften used to transfer further these waves externally,
as in the case of a transmitter. If a sensitive radio ammeter is
connected into the oscillatory circuit L,Cz, current flow will be
shown by it when oscillations are established.

Once established, continuous oscillations will be maintained
if the voltage induced in the grid circuit produces variations in
the amplitude of the plate current sufficient to maintain the volt-
age in the grid circuit. The necessary feed-back action can be
brought about by electrostatic or inductive coupling or by direct
coupling from the plate back to the grid circuit.

In Figure 66, L2 and L, are coupled together in order that
the voltage applied from the plate circuit will maintain the oscil-
lations. To allow tuning, C must be variable,

In Figure 67, the coupling is necessary in order to control the
grid voltage because in this case L, is not in the oscillatory circuit.
Tuning is possible if L, is made variable. .

In all oscillating-tube circuits, the varying plate circuit can be
considered as partly a.c. and partly d.c.

The frequency of oscillations and the control of frequency
are discussed in the chapter on radio circuits.

Efficiency of Oscillator Tubes. The efficiency of oscillator
tubes is the ratio of output power to input power. (The power
expended in heating the filament is not included.) For low-
power tubes, it is about 20% to 35% ; medium-power tubes, about
40% to 60% ; and for high-power tubes it may be as high as
85%. Current in the oscillating circuit is brought up to a maxi-
mum by varying the capacity and inductance until the load in the
plate circuit is just right for the tube to handle. By tuning in a
large inductance or tuning out capacity (or using an antenna that
is too small), the load resistance may become too high for obtain-
ing maximum current flow. In general, the power output is maxi-
mum when the equivalent resistance is equal to the plate resistance
of the tube. Maximum output may not insure maximum effi-
ciency. The two factors which determine the power put into a
tube are the plate voltage and the filament emission ; efficiencies
below 50% depend upon the tuning of the circuit.
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Types of Oscillators. There are two types of oscillator circuits
classified according to oscillation frequency control :

1. Circuits in which the oscillation frequency is determined by
the tuning constants of the circuit. These circuits make
up what are known as self-controlled oscillators such as
shown in Figures 65, 66, and 67.

2. Circuits in which the frequency of oscillation is principally
determined and kept constant by a piezo-electric crystal,
an electro-mechanical device. These circuits constitute
“crystal-controlled” oscillators.

Basic Transmitting Circuits

There are three good basic circuits much used in aeronautic
transmitters : the Meissner, the Colpitts, and the Hartley. They
will be described in the order named. The application that has
been made of these circuits to aircraft sets will be more readily
understood if the reason for their arrangement is made fairly
obvious. Note carefully the Colpitts and the Hartley; their indi-
vidual characteristics, and how they differ.

SW.

I
= H

Tl |
L

Figure 68, Meissner Circuit; Series Plate Feed
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The Meissner Circuit. The circuit as shown in Figure 68 is
a typical example of the simplified 3-coil Meissner circuit. (It
will be found helpful in understanding this circuit if it is com-
pared to that shown in Figure 65, page 182.)

Note that the Meissner circuit has a tuned antenna circuit
and that there is no other tuned circuit. The electrical constants
of any aircraft antenna circuit vary with the motion of the an-
tenna; therefore, in the case of a trailing antenna of any sort
that sways in such a way as to change its capacity, this method of
maintaining frequency is unreliable. As a transmitter that goes
off frequency while in operation may not be received at all, the
Meissner circuit is not considered as desirable in aeronautics
as the Hartley and Colpitts circuits,

Referring again to the diagram, it will be noted that the plate
circuit is tuned by C,, a condenser made variable for that pur-
pose. It does not tune any other circuit, but its capacity does act
as a control of the load taken by the tube.

By closing the key, voltage is applied to L;, which induces an
em.f. in L; and that coil induces an e.m.f. in the grid coil L.
The grid voltage produces a corresponding change in the plate
current and this pulsating plate current flowing through Lg in-
duces an e.m.f. in L;, creating radio-frequency oscillations at a
frequency determined by the tuning of the antenna circuit as
previously stated. As soon as radio-frequency voltage is induced
in the grid circuit, correspondingly greater variations of the plate
current are brought about, and this continued action is the process
of generation of radio-frequency currents emitted as continuous
waves. Plate current is regulated by using the proper number of
turns in the plate coil. The grid also has a coil to regulate the
grid current, although suitable variable condensers could be used
instead, in both cases, and the arrangement would still be known
as a Meissner circuit.

There is also a four-coil Meissner circuit, but this has not
been adapted to any commercial aircraft transmitter.

The Colpitts Circuit. The Colpitts circuit (Figure 69) is
directly coupled by capacity between the tube circuits and the
oscillatory circuits; that is, the grid is “capacitively excited.”
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Capacity coupling is described and illustrated on page 80. The
Colpitts is the only one of the three basic circuits under consid-
eration that is so coupled; this feature is one of the fundamental
differences between this circuit and the other two. By examining
Figure 70, it will be seen that the Hartley circuit is indirectly
coupled, by inductance. The Hartley circuit is also sometimes
directly coupled to the antenna circuit by inductance, but it is
never coupled by capacity anywhere within the circuit. It could
not be so coupled and still be rightly called a Hartley circuit,
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Figure 69. Colpitts Circuit; Direct Antenna Coupling; Parallel Plate Feed

It seems appropriate to state here that any of these basic trans-
mitter circuits can have an arrangement of internal circuits
whereby the tube-generated radio-frequency current emitting the
radio wave is fed into the radiating (antenna) circuit by either
an inductive coupling, or a direct coupling, or a capacity cou-
pling. Also, the radio-frequency current may, or may not, feed
through a radio-frequency “power amplifier.” Remember, the
method employed to excite the grid is an important distinguishing
feature.

Referring again to Figure 69, by varying condenser C;, the
charge stored in it can be made just right to excite the grid. Fixed
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condenser C, will then control the frequency of oscillation. As
these two condensers are in shunt, they are designed to withstand
the voltage supplied to them, which is fairly high. The grid-leak
resistance is always connected directly across the filament in the
Colpitts circuit, rather than across the grid condenser as in cer-
tain other circuits. This is necessary to provide a d.c. path for
proper grid bias. Cj; is not always included in the Colpitts circuit,
but where it is a part of the circuit, d.c. would not pass through
C, if a resistance was shunted across C;.

000000
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Figure 70. Hartley Circuit; Inductive Antenna Coupling

The Hartley Circuit. (See Figure 70.) In the Hartley cir-
cuit, as in the Meissner circuit, use is made of an inductive grid
feedback in establishing and maintaining radio-frequency oscil-
lations.

The grid and plate turns are made variable in the Hartley cir-
cuit in order that the proper number of turns can be introduced
into the circuit to excite the grid properly. There is a connection
near the middle of the inductance for the filament. If thereisa
greater number of turns between filament and grid than between
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filament and plate, the plate current will be increased by reason
of the greater feeding-back action that this arrangement will
cause. The “plate coil” is that portion between the filament clip
and the plate clip ; the “grid coil” is that part between the filament
clip and the grid clip. If the plate current becomes too high, the
plate lead can be moved farther away from the filament to lower
the plate current to its normal rating.

The frequency in this transmitting circuit is controlled by the
condenser C;. Also, if the grid is moved away from the filament,
there will be a drop in frequency, or if moved closer, there will be
an increase in frequency.

This circuit offers an interesting example of the action of a
condenser with low- and high-frequency voltage. C: prevents the
high-voltage low-frequency generator from being short-circuited
through L, but passes the radio-frequency currents from plate
to inductance. C; likewise stops the high negative voltage from
the plate supply generator from reaching the grid, but passes
radio-frequency voltage.

R, makes possible a correct negative grid voltage which re-
duces the grid current, saving power otherwise lost by dissipation.

C, and C; by-pass radio-frequency currents across the second-
ary of T,, the filament transformer. Cg is used when the nega-
tive supply line is above 1000 volts, to decrease the tendency of
the key contacts to arc. The choke X is an impedance coil which
is inserted to hold back the radio-frequency currents from the
generator used as a source where they, of course, would cause
damage.

Components of Transmitting Circuits

Besides a suitable power supply, discussed in Chapter 7, and
an antenna system described in Chapter 15, a radiotelegraph
transmitter is made up chiefly of an oscillator, audio-frequency
and radio-frequency amplifiers, and controls. In addition there
is usually a frequency multiplier, a tank circuit, and protective
devices.

Tank Circuits. The name “tank” has been given the tuned
circuit connected between the cathode and plate of the radio-
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frequency oscillator tube, probably because it stores electrical en-
ergy in its inductors and capacitors. Using a mechanical analogy,
considering inductance as inertia and capacity as elasticity, as in
Chapter 3, the tank circuit has a flywheel effect on the radio-
frequency (r.f.) circuit, smoothing out the oscillating pulses of
energy supplied by the tube and thereby producing a radio wave
of purer form; specifically, harmonics are reduced. It is obvious
that to accomplish this effect it must supply a proper impedance.
It must not, however, consume too much of the power output of
the tube.

The efficiency of a tank circuit is the output power of the tube
delivered to the tank circuit divided into the power delivered by
the tank circuit.

A filter network between the tank circuit and the antenna helps
to suppress harmonics.

Piezo-Electric Crystals. By the term piezo-electricity is meant
the electricity or electric polarity due to pressure, especially in a
crystallized substance. It can be assumed that any crystalline
body whose atomic structure is unsymmetrical and which has
double refracting properties from an optical standpoint also
possesses piezo-electric properties. Rochelle salts, tourmaline,
and alpha quartz are the three most commonly known piezo-
electric crystals. Beta quartz is not piezo-electrically active, being
of symmetrical (hexagonal) atomic structure. Rochelle salts is
too hard to handle under ordinary conditions to be of any prac-
tical value in radio apparatus. Tourmaline is too expensive.
Alpha quartz, therefore, is the only one to be considered. This
quartz is mined in the United States and several foreign coun-
tries. If it is free from structural and optical flaws it can be
cut so that it will manifest excellent piezo-electric properties.

Such a crystal can be used to control the output of a vacuum
tube oscillating circuit at one definite frequency and with maxi-
mum output. It furnishes the best means yet discovered for such
control. For this reason, it becomes an important part of all tube
transmitters containing this feature; such a transmitter can be
set at a very precise frequency and held at that frequency in spite
of voltage fluctuation and other disturbing factors for a period
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of months without the necessity of calibrating the set with a
frequency-meter.

The frequency of a crystal depends on its physical dimensions,
being cut and ground as desired. These dimensions will be re-
tained if the quartz is kept at a definite temperature. The method
of cutting the quartz in the manufacture of radio crystals is based
on the geometrical properties of the crystal. Besides the usual
X and Y axes (geometrically speaking), there is an optical axis
referred to as the Z axis. The X and Y axes are known as the
electrical axes. As the crystal is hexagonal in shape, there are
three X axes and three Y axes. Z axis is always at right angles
or perpendicular to the electrical axes. The crystal is cut so that
the sides are parallel to one of the Y axes and at right angles to
one of the X axes. This is called a “Curie cut” or “zero angle
cut.” There are three normal frequencies to which the ordinary
crystal of “Curie cut” will resonate. One frequency corresponds
to the X dimension, one to the Y dimension, and the other, termed
the coupling frequency, is between the X and Y frequency; it
depends on the X and Y dimensions. There is a definite relation-
ship between the dimensions in millimeters and the frequency in
kilocycles. This ratio is well known to the cutter and grinder who
works accordingly. If a crystal is ground down to one-half its
original thickness, the original frequency will be thereby doubled.
The crystal must be properly mounted, held, and housed. Various
types of holders are in use, depending to a great degree on the
conditions under which the transmitter functions. In order that
the crystal may be kept free from moisture and dirt, it has been
found best to seal it within a suitable container. It is necessary
that capacities other than between the plates holding the crystal be
kept as small as possible. These plates, between which the crys-
tal is held, should have lapped surfaces and should maintain
intimate contact with the crystal. The weight of the upper plate
should be a minimum and free to move up and down. Brass pegs
or a ring of bakelite can be used to prevent sideways motion of
the crystal.

A change in temperature of 10° C. in the 4000 kc range will
change the frequency as much as 1 ke. For this reason, a ther-
mostatic heat control which will maintain the temperature of the
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crystal at the constant temperature for which it has been cut,
is advisable. .

Briefly, it is extremely important that radio transmitters
maintain constant frequency. At broadcast stations an operator
is assigned to the duty of observing the frequency of the emitted
wave, using a special control panel to compensate for any varia-
tion. This is called monitoring; the apparatus used to control
both frequency and the degree of amplification is a monitoring
system.

Crystal-Controlled Oscillators. Because of their general use
in controlling the frequency of aviation radio transmitters, a
knowledge of crystal-controlled oscillators is of considerable im-
portance. Due to the fragile nature of crystals, especially those
ground for high-frequency operation, and to the small amount of
power they are capable of handling, it is general practice to use
them in conjunction with oscillator tubes of relatively low power.
Triodes, tetrodes, and pentodes can be used as crystal-controlled
oscillators. In the case of a triode, such as the 801, the plate
voltage should be reduced to about one-third of its normal value,
to prevent overloading the crystal by excessive feedback and
heavy r.f. currents. Pentodes, such as the 802, are especially
suitable for crystal-oscillator service, causing relatively little
loading of the crystal in properly designed circuits, even when
operated at full plate voltage. They will deliver considerably more
power output than triodes of similar size. In the case of tetrodes
and pentodes, which have efficient screening between the control
grid and the plate, it is usually necessary to introduce some ex-
ternal grid-plate capacitance in circuits where oscillation depends
upon the feedback produced by this capacitance. The external
feedback may be obtained by means of a small adjustable con-
denser (usually not larger than 2 or 3 mm1{d.) connected between
the grid terminal and the plate terminal. The extra capacitance
should not be made larger than necessary, because an excessive
value may cause sufficient feedback to overload and destroy a
crystal.

An elementary crystal-oscillator circuit is shown in Figure 71.
This uses a triode tube. In this simple circuit the tank circuit is
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first tuned to a frequency slightly higher than the natural fre-
quency for which the crystal has been cut. Under these condi-
tions the feedback through the grid-plate capacity of the triode
excites the grid circuit. The crystal then oscillates at approxi-
mately its natural frequency.

The power which can be obtained from a crystal-controlled
oscillator will depend upon the tube, its plate voltage, and the
amplitude of the r.f. voltage developed as the result of the
(mechanical) vibrations of the crystal. The limit of plate volt-
age that can be used without endangering the crystal in the crys-

-B +8

Figure 71. Elementary Crystal-Controlled Oscillator, Using
Triode Tube

The tank condenser C1 would have a capacity of about 100 mmfd., the
tank inductance Li having a value such as to tune the circuit to about
E:rystal frequency. C: should be 0.001 mfd. or larger. If a high-mu tube
is used, the grid leak Ri should have a resistance of from 2,500 to 10,000
ohms. With low-mu tubes Ry should be from 15,000 to 25,000 ohms. THE
StupENT CAN Buirp an Oscrirator Like THis.

tal oscillator shown in Figure 71 is about 255 volts when an X-
and Y-cut crystal is used. In this circuit the r.f. crystal current
can be measured by an r.f. galvanometer or low-range r.f. am-
meter connected as shown at A. Assuming that this current is a
maximum of 100 milliamperes, the power output would be about
5 watts.

A typical commercial type crystal oscillator is shown in Figure
72. Aside from the circuit arrangement, this oscillator is of in-
terest because it uses a beam power tube (described on page 128),
a type of tube especially designed to be used as an oscillator or
a transmitting power amplifier. The most notable design feature
is that the screen does not absorb appreciable power. Efficient
suppressor action is supplied by space-charge effects produced
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CHuaracTERISTICS OF RCA-802 TUBE

Heater Volts (a.€. or dic.) e euuririiniinini i 6.3
Heater Amperes ......oviuiiiiiiiriieenennraeannes 0.9
Transconductance (For plate current of 20 ma.) Micromhos. ... 2250
Grid-Plate Capacitance (With external shielding)............ 0.15 max. puf
Input Capacitance ........oveureneeernnneeeennnnnneinnnnn. 12 puf
Qutput Capacitance .....o.viet vt irtiriinnieeererennnnanns 85 upf

As R. F. Power AMPLIFIER AND OscILLATOR—Crass C TELEGRAPHY

Key-down conditions per tube without modulation

Pentode Tetrode
Connection Connection
D.C. Plate Voltage.......... 500 max. 500 max. Volts
D.C. Supp. Volt. (Grid No. 3) 200 max. _ Volts
D.C. Screen Voltage ........ 250 max. 200 max. Volts
D.C. Grid Volt. (Grid No. 1) ~200 max. ~200 max. Volts
D.C. Plate Current.......... 60 max. 60 max. Milliamperes
D.C. Grid Current........... 7.5 max. 7.5 max, Milliamperes
PlateInput ........oovvuvnns 25 max. 25 max. Watts
Suppressor Input ........... 2 max. —_ Watts
Screen Input ........... Ve 6 max. 6 max, Watts
Plate Dissipation ........... 10 max. 10 max. Watts
Typical Operation:
D.C. Plate Voltage........ 500 500 400 500 Volts
D.C. Suppressor Voltage... 0 404 — —— Volts
D.C. Screen Voltage ...... 200 250 100 100 Volts
D.C. Grid Voltage......... -100  -100 —60 60 Volts
Peak R.F. Grid Voltage... 155 155 90 90 Volts
Internal Shield ........... Connected to cathode at socket
D.C. Plate Current........ 45 45 45 45 Milliamperes
D.C. Screen Current....... 22 12 15 15 Milliamperes
D.C. Grid Current
(Approx.}) ...eevevennn 6 2 7 6 Milliamperes
Screen Resistor ....ceev... 13,600 20,800 20,000 27,000 Ohms
Grid Resistor .....ovnuue.. 16,200 50,000 8,600 10,000 Ohms
Driving Power (Approx.). 0.9 0.25 0.7 0.5 Watt

Power Output (Approx.). 14 16 10 12 Watts
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between the screen and the plate of the tube shown in Figure 72,
an RCA-807. (This tube, 807, is used as a power amplifier in
the RCA Transmitter AVT-7B, which uses an RCA-42 as an
oscillator.)

The pentode tube 802 is often used as an oscillator and its
characteristics and rating are given as an example of the infor-

RCA-807

C5=F

Ci, Cz, Cs, C7 = 0.005 mfd. Mica
L Ca = 2.0 mmfd/Meter/Section
a Cs, Cs==1 to 2 mmid. {not larger),

[+ -
x 2 E Ol'}’!;u'l’ 1000 V.
) (£) Ry, Rz = 50000 Ohms, | Watt
Ry Rz =200 Ohms, 20 Watts
R¢ = 15000 Ohms, 10 Watts
L2 La Rs = 8000 Ohms, 25 Watts

L1, Lz, Ls = R-F Choke

L4 = Tune to Crystal Frequency
F =14 A. High-Voltage Fuse
X = Crystal, Frequency "'f"

0-200
MA.

c
R4 Rs z 7

] +250V. F
= I-a +525v. (Courtesy RCA.)

Figure 72. Push-Pull Crystal Oscillator; Power Output, about 30 Watts

mation available to manufacturers of transmitters. It is a heater
cathode type. (See page 193.)

The suppressor and the special internal shield are connected
to individual base pins. The 802 may be operated at maximum
rated input at frequencies as high as 30 Mec.

Transmitting Tubes. There are so many power tubes for use
in transmitters that proper selection can only be made after a
number of design factors have been considered. In every case
the tube selected for r.f. power amplification is important, as this
is the tube which develops useful r.f. energy and supplies it to
the radiating system. Therefore, in selecting power tubes for
the final amplifier stages the following factors should be con-
sidered :

1. Power capability 3. Design suitability
2. Frequency capability 4. Costs
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As to (1) the tubes used in the r.f. power amplifiers should
be capable of delivering the desired power output when operated
within the maximum ratios.

Regarding frequency capability (2), the final amplifier tube
or tubes should be capable of operating at the desired radio-
frequency with sufficient d.c. plate input so that with a practicable
value of efficiency, the required output can be obtained.

Under (3) are included a large number of miscellaneous fac-
tors which the designer considers:

(a) The factor of power supply is important in the choice of
tube types. For aircraft it may be necessary to use tubes which
can be economically operated from a heavy-duty, low-voltage
battery supply. At ground stations where a source of a.c. power
is available, the problem of furnishing d.c. voltage is greatly
simplified through the use of suitable rectifiers and filters as
explained in Chapter 7.

(b) Power sensitivity. In those cases where the total num-
ber of stages in a transmitter must be kept to a minimum, tubes
having a high power sensitivity should be employed. Power
pentodes and beam power tubes, such as the 802 just discussed,
require very little driving power compared to triodes of equiva-
lent power output. For low-power frequency multipliers and
intermediate amplifier stages, the 802 pentode and the 807 beam
power amplifier are very useful.

(c¢) Circuit flexibility. Where a transmitter must be capable
of operating on a number of widely different frequencies with a
minimum of time required for changing frequencies, the use of
tetrodes or pentodes (in preference to triodes) is indicated. Be-
cause tetrode and pentode amplifiers do not, in general, require
neutralization, the problems that are sometimes encountered with
neutralized triode amplifiers are avoided.

(d) The size and shape of the tube may be important in some
transmitter designs because of space and weight requirements.
The arrangement of the electrode terminals is sometimes of im-
portance because it affects circuit wiring and the mounting of
circuit components.

(e) It is frequently convenient to use certain tube fypes
together because they can be operated from a common filament
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supply or from a common plate-voltage source; or because they
make practical certain other simplifications in design and main-
tenance.

In regard to costs (4), this factor includes not only initial
tube cost but also the costs of auxiliary equipment, maintenance,
and operation. An analysis of these costs will often indicate that
it is desirable to modify the design to meet the requirements of a
particular installation,

It is well to note at this time that in oscillator service for teleg-
raphy, a tube is operated with an unmodulated d.c. plate voltage.
The control grid is supplied with a negative bias voltage and is

Cl. Oscillator tuning condenser.

TYPE'45 This can be a 500 mmf, re-
/ ceiver type condenser with
dial similar to the National
Em-500

C2. Antenna tuning condenser.
This is identical with Ci and
is mounted to the left of CI.

C3. .005 mf. fixed condenser of
the mica type.

C4. Grid condenser: a 250 mmf.
fixed mica condenser.

C5. By-pass condenser: same as
C ("'Sangamo’* recom-
mended.)

RI. Grid leak, a 50,000 ohm re-

y

f\

K

RY/ sistor. (Type I.R.C. MF-4,)
R2. 20 ohm center-tapped re-
B- é Pe) sistor. {Pilot type.}

R e F. Flash light lamp and socket.
KEY Fit.

Figure 73. Simple Transmitting Circuit Showing Where Key Is Connected

excited by an unmodulated r.f. voltage. The screen of a tetrode
or a pentode is supplied with a positive d.c. voltage. The sup-
pressor of a pentode may be operated with a small positive d.c.
voltage or it may be tied to the cathode and thus operated at zero
potential. In the former case, the power output of a pentode is
slightly increased.

Figure 74 shows a one-tube transmitter set used for sending
practice only.

Characteristics of a few transmitting tubes are shown on
pages 126 and 127 for reference. Most of these tubes are used
in aviation transmitters. The advanced student is advised to se-
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cure additional data from tube manufacturers. R.C.A. Manu-
facturing Co. publishes tube manuals which can be studied with
profit by operators.

Frequency Multipliers. Because the plate-current waves of a
Class C amplifier contain a relatively high percentage of har-
monics,"'? an amplifier of this type can readily be employed to
double or triple the frequency of the r.f. exciting voltage. The
harmonic output can be increased by using a bias voltage higher
than for Class C amplifier service. It is common practice to
employ a low-frequency crystal oscillator, whose frequency has
a sub-multiple relation to the desired operating frequency, in
conjunction with one or more Class C frequency multipliers. A
3500 ke crystal oscillator can be used with several frequency
doublers to provide an r.f. voltage having a frequency of 7000
ke, 14,000 ke, 28,000 ke, etc. The plate circuit of a frequency
multiplier is tuned to the frequency of the harmonic which is to
be amplified. Triodes, tetrodes, and pentodes can be used in this
class of service. Pentodes as frequency multipliers generally pro-
vide more output for a given input than triodes or tetrodes;
high-mu triodes are somewhat better than low-mu triodes.

Radio Telegraph Transmitter Circuits

The purpose of any transmitter, whether radiotelegraph or
radiotelephone, is to produce, from power supplied to it, radio
waves, and to radiate these waves. This can be accomplished by
using a single tube, the waves emitted being of the CW type.
When keyed, it is a radiotelegraph transmitter ; if the carrier wave
is modulated by having impressed upon it another voltage, a
radiotelephone transmitter is created and a microphone wired
instead of the key.

A One-Tube Amateur Transmitter. For the experimenter
who wishes to build a simple, inexpensive one-tube radiotele-
graph transmitter, the circuit * shown in Figure 73 is recom-
mended for operation on amateur band-A frequency (1715—
2000 kc).

. * This circuit js taken from “How To Become An Amateur Radio Operator,” wherein
Lieut. Eddy explains how to build the set.
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The Master-Oscillator Power-Amplifier Circuit. A tube
transmitter having the oscillation generating circuit directly con-
nected to the antenna system, as in the case of the Meissner cir-
cuit, will radiate both the fundamental wave and harmonics of
the fundamental wave. The fundamental wave will be propagated
on the frequency as established. The harmonics will be propa-
gated on some multiple of this wavelength and will cause objec-
tionable interference that should not be tolerated. Radiation of
harmonics is greatly suppressed when the master-oscillator
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Figure 74. Simple Code Practice Circuit

A pair of phones are used, together with an a.f. transformer, a vacuum
tube, batteries and condensers, and a key, all arranged in the simple
manner shown.

power-amplifier circuit is used; a constant frequency is also
assured.

Figure 75 is a simplified diagram of this type circuit. The oscil-
lation-generating circuit is enclosed by dotted lines. Compare
this oscillation-generating circuit with the Meissner circuit (IFig-
ure 68, page 184), noting the great similarity. It will be seen
that the antenna system of the Meissner circuit is replaced by a
condenser, C,, in the master-oscillator circuit. This is of small
capacity, although shunted around a rather large inductance, L.
Condenser C; couples the oscillation-generating circuit to an
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amplifier. (The coupling could be accomplished by a coil instead,
and a coil will be found in some transmitters of this type at this
point in the circuit.) The output of the oscillation-generation
circuit transferred to the amplifier is amplified as to the currents
of the fundamental frequency, but little or no amplification of
the harmonics occurs. This is because the oscillation-generation
circuit is a “stiff circuit” (one having a large inductance-to-
capacity ratio, as stated above, for L and C,) and because the
antenna, or output circuit, of the amplifier is tuned to the funda-
mental frequency of the oscillation-generation circuit. The
inductance-capacity portion, or “‘tunable” portion, of the oscilla-
tion-generation circuit is often called a “tank” circuit (page 188).

The “chokes” (r.f.c.) are inductance coils of the honeycomb,
pancake, or banked-winding type. These absorb all damaging
surges of radio-frequency currents. They have a very small
distributed capacity. The natural period (fundamental wave-
length) of each choke is the same as the specified working wave-
length of the transmitter. When coupling by capacity, as in this
circuit, it is essential to use a negative potential on the grid. This
reduces the amplifier tube plate current to one-half the rated cur-
rent capacity when no radio-frequency controlling voltage is being
received from the oscillation-generating circuit. This makes for
greater efficiency im the amplifier. To place this negative potential
on the grid, and at the same time prevent the short-circuiting of
radio-frequency currents through the battery, the inductance coils
shown are required as chokes.

Operation of Master-Oscillator Power-Amplifier Transmit-
ter. In the transmitter set, the oscillation-generating circuit is
referred to as the master oscillator. In operating this set, it is
first adjusted to the working frequency by using a frequency
meter and varying C, and C,. The plate coupling of the generator
is then changed turn by turn, until ammeter A reads maximum.
This indicates maximum output from the master oscillator. By
next adjusting C; and L; correctly, maximum voltage will be
transferred to the grid of the amplifier tube. Maximum antenna
current will then result when proper adjustment of L, is made.
During this process of tuning each circuit in sequence, the wave-
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length may change slightly. If this occurs, it will be indicated on
the frequency-meter. In this case, C4 and L, must be readjusted
until the meter indicates the correct frequency. If this readjust-
ment causes a decrease of antenna current, C, must be varied and
the plate coupling changed until maximum antenna current is
again obtained.

An important thing to know about the master oscillator is that,
when its frequency is set, the swinging of the antenna does not
change the length of the radiated wave. This is a highly desir-
able characteristic when the use of the trailing-wire antenna is
contemplated. The master oscillator maintains the wave at<a fixed
value; the amplifier merely amplifies the output of the master
oscillator, thereby increasing the power supplied to the antenna.

Porcelain, and kiln-dried wood which has been boiled in
paraffin, are preferred for use as insulating material in the master-
oscillator circuit. There is less fire risk involved if porcelain is
used. These materials have low dielectric losses.

No metal fasteners should be used in this circuit, which ought
to be clear of all closed metallic loops. The capacity effect of
nearby leads should be kept to a minimum by supporting high-
voltage leads at a maximum distance from the bonded part of the
plane; otherwise losses will occur.

If the plate of the master-oscillator tube shows by its color
that it is overheating, it indicates that the grid coupling is incor-
rect and the number of turns in the plate circuit should be varied
until normal coloring is obtained. If overheating cannot be
stopped in this manner, the amount of capacity in the grid-tuning
condenser should be changed. If these changes do not reduce the
heating of the plate, the antenna should be inspected for grounds
or an open circuit,

Purity and constancy of the emitted wave are assured in the
use of a master-oscillator power-amplifier transmitter.

Transmitter with Harmonic Generator. By taking advantage
of the fact that the pulses of plate current have appreciable har-
monic content, a Class C amplifier can be used to generate output
power that is a harmonic of the signal voltage applied to the con-
trol grid. It is merely necessary to tune the tank circuit to the
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desired harmonic and adjust the length of the plate-current pulse
to a value that is favorable for generating the harmonic involved.
Neutralization is unnecessary, since the grid and plate circuits are
tuned to widely different frequencies. Harmonic generators of
this character are frequently used in radio transmitters and for
other communication purposes.

Most modern short-wave radiotelegraph transmitters are ordi-
narily designed around some form of oscillator having high-
frequency stability. Crystal oscillators are usually employed, al-
though master-oscillator power-amplifier arrangements, as well

(3) CLASS C AMP.

(1) CRYSTAL OSC. (2) HARMONIC GEN. i
A 2
AN
A
¢ s
N\ — ®
T &)
T % RF.C.
L =
= GND. RF.C.
+EB  ~EC. +EB -EC. +€B

Figure 76. Transmitter with Harmonic Generator

X, crystal; (1) crystal oscillator; (2) harmonic generator; (3) Class C amplifier; (4)
keying battery; (5) lag circuit; (6) R.F. choke; (7) key; (8) to antenna.

as electron-coupled and resonant-line oscillators, are used to a
limited extent.

When a quartz crystal is used to control the frequency, the
oscillator power output obtainable under commercial conditions
is only a few watts, and the highest practical crystal frequency is
of the order of 5 Mc. To obtain greater power, Class C amplifiers
are required and higher frequencies necessitate the use of har-
monic generators. The circuit of a simple crystal-controlled
short-wave transmitter is illustrated in Figure 76. Here the
crystal oscillator is followed by a harmonic generator that drives
a push-pull Class C amplifier. This represents a typical amateur
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design for a transmitter developing an output of from 50 to 200
watts of power.

Keying Transmitters

When the operator sends (keys), using a master-oscillator
power-amplifier transmitter such as shown in Figure 75, both the
master oscillator and power amplifier are cut on and off by the
action of the key, which is that of a single-pole switch.

1) {(2)
MASTER OSCILLATOR POWER AMP.
A - wN

Y II e -
TO ANT.

-
y

TUNING( 6)
# coiL

(5)

—
@ __GRID LEAK
I - = = [ l
=l T —HV. +HV.

Figure 77. Parts of Master-Oscillator, Power-Amplifier, Transmitter Circuit

(1) Master oscillator; (2) power amplifier; (3) r.f. choke; (4) grid leak; (5) r.f. choke;
{6) tuning coil; (7) key.

The output of a crystal-controlled type radiotelegraph trans-
mitter is controlled by the key in one of the stages following the
crystal oscillator, the oscillator being allowed to oscillate con-
tinuously. This method of keying improves frequency stability—
one of the advantages of a crystal-controlled transmitter.

In Figure 76 the harmonic generator is made inoperative be-
cause a large negative bias is applied to the grid when the key is
in the open position.
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In Figure 77 the key opens the plate leads and also the grid
return leads to the cathode.

In some circuits the key is placed between the center-tap
cathode connection and the ground; in other transmitters the
plate supply system is opened and closed by the key, either in the
primary of the power transformer or in the output of the filter
system.

The object of every operator handling a key is to send out
clean-cut dots and dashes which have a constant carrier fre-
quency and which produce a minimum of interference. Some-
times listeners in nearby receivers complain of hearing “key
clicks” as the key makes and breaks contact. These are caused by
high-order side-band frequencies produced by the sudden start-
ing and stopping of oscillations. A “‘time delay” or “lag circuit”
(shown in Figure 76) remedies this keying fault. Shielded cir-
cuits also help to suppress high-order side-bands.

Another so-called keying trouble occurs when the transmitter
goes off frequency. “Transient” waves in the power supply sys-
tem of the transmitter sometimes cause distortion of the dots and
dashes made by the operator’s key. Such frequency shifts are the
result of insufficient isolation of the oscillator from those ampli-
fier stages which carry keyed currents. Such frequency “drift”
(or “phase shift”) often occurs in master-oscillator power-
amplifier transmitters as the set becomes heated.

(WarniNG: Until you have learned to manipulate a key correctly,
do not blame equipment for the poor transmission caused by sloppy
sending.)

Aerovoice Transmitters

Aerovoice aircraft transmitters are manufactured by AERro-
voIcE, Inc., Islip, New York, and supplied in two models : D-30
and D-40. The D-30 weighs 1824 1b. complete and takes 15 am-
peres; the D-40 weighs 2214 1b. and takes 19 amperes. The size
of each transmitter is 8% by 7 by 414 inches; the weight of each
transmitter is 64 Ib., which makes installation aboard light
planes an easy matter. (Size, weight, and cost of radio equipment
are important considerations to the private pilot.)
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Although designed to furnish phone type of emission, they
are particularly interesting as examples of transmitters where
the operator changes from phone to radiotelegraph transmission
by merely pulling the microphone out of its jack and inserting the
sending key which is connected to a cable that also carries a jack
plug. To send on MCW the operator throws a double-pole
double-throw toggle switch. Keying is accomplished from an
electrical point of view by opening the cathodes of both oscillator
and amplifier. A relay is used in conjunction with this keying
circuit. This relay also permits the transmitting antenna to be
used for receiving. A fixed trailing-wire antenna is used.

The two models have similar circuits.” In each set a 6L6 metal
tube is used as an oscillator, connected in a stabilized crystal cir-
cuit. In the D-30 the output of the oscillator drives an RK25,
a screen-grid transmitting tube, which is the power amplifier.
This tube not only operates as a straight amplifier on 3105 and
3120 ke, but also operates as a doubler for 6210 and 6240 kc.
Approximately 80% of the transmitter output is obtained on
3105 and 3120 ke. The average modulated output of the D-30 is
27 watts.

The D-40 uses the same oscillator tube but it drives an RK39,
Its average modulated output is 36 watts, the carrier wattage
being estimated at 29.

One hundred percent high-level modulation is obtained. Two
6L.6 tubes act as modulators, supplying the necessary audio power
to modulate the plate and screen of the power amplifier. Two
separate AT-cut low-temperature-coefficient crystals are a part
of the circuit. One is ground for a fundamental of 3105 kc; the
other for 3120 ke.

A high-gain anti-noise type microphone is used. This feeds
directly to the grids of the 6L.6 tubes, a specially designed micro-
phone input transformer being used in this circuit.

Both models operate from a dynamotor which is equipped
with a filtering system. The filter compartment contains a relay
operated from the transmitter panel which shuts the dynamotor
off while the set is in a “stand-by” condition. Connections be-
tween the dynamotor and the transmitter are made by the use of
removable cables with plug-connector ends.
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The TBK Transmitter

The TBK transmitter, designed by the Bureau of Air Com-
merce (now C.A.A.}, manufactured by the Western Electric
Company, and installed at many government ground stations
along the civil airways, is an ideal type to study. Three methods
of transmission are employed in this set:

1. CW radiotelegraphy
2. ICW radiotelegraphy
3. Radiotelephony

It is used for three purposes:

1. Point-to-point communication
2. As a radio range beacon transmitter
3. To broadcast weather by radiotelephone

The entire transmitting equipment is remote-controlled, gen-
erally from an airport.

The radio-frequency unit contains a crystal and two
buffer stages, two radio-frequency intermediate power-amplifier
(I.P.A.) stages and a radio-frequency power-amplifier (P.A.)
stage. The crystal and the two buffer stages include six quartz
plates, an oscillator, two buffer amplifiers, a self-contained power
supply, and means for maintaining the quartz plates at a constant
temperature. A voltage regulator on the a.c. supply line to the
rectifier power unit insures constant output voltages from the
power unit. The crystal unit is used for transmitting on six pre-
determined frequencies in the 190-350 kc band.

As there are no means for crystal control of the transmitter
above 350 ke, the first I.P.A. stage is converted for master-
oscillator operation when used at higher frequencies. (Refer to
Figure 78.) The crystal unit is taken out of the circuit as shown
in this Figure by closing switch 34 which transfers the circuit
from the 6-volt supply to the field coil of relay 20. This relay in
turn connects the grid of the first I.P.A. from the output of the
second buffer amplifier to the junction of condenser 6C and vari-
ometer 42A located in the plate circuit of the first I.P.A. This
procedure converts this stage into a Colpitts oscillator circuit.
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The buffer amplifiers serve to supply sufficient excitation to
the first I.P.A. stage without permitting reaction on the crystal
circuit. The buffer amplifiers are operated as Class A, while the
I.P.A. and P.A. stages are Class C. The plate circuits of the
crystal oscillator and first buffer amplifier are untuned. Plate
variometer tuning is provided for the second buffer amplifier, the
LP.A. stages and the P.A. stage. Wave-change switch 36A, with
five taps, serves to adjust the total inductance in the plate circuit
of the P.A.

Used with the directional antennas required in radio range
beacon transmission, the output terminals X-X feed directly into
a goniometer (explained in Chapter 9). If a conventional open-
type antenna is used, a variometer (43) and wave-change switch
(36B) are provided for antenna tuning to an open-type antenna
for ordinary transmission.

Plate and screen-grid power for the power-amplifying stages
is furnished by a modulator-rectifier unit. The first I.P.A. stage
is self-biasing by means of resistor 23A, while rectifier unit 33
supplies a 110-volt bias to the second I.P.A. and P.A. stages. To
understand the manner in which the radio-frequency unit is keyed
for use in continuous-wave radiotelegraphy or in radio range
beacon transmission, it is necessary to study in detail the d.c.
plate and screen-grid return circuits for the power-amplifying
stages. Starting from center taps 4, 7, and 10 of the filament
transformer secondary windings, the plate currents flow through
the individual plate meters 18A, 18B, and 19, and thence jointly
through keying choke-coil 3, and through the contacts of relay 21
(if the relay is closed) to the ground lead (which is also the nega-
tive terminal of the high-voltage supply). The d.c. path is then
through the high-voltage supply to the respective plates and
screen grids of the tubes.

Note that the 1500-volt supply to the I.P.A. stages (terminal
29) also connects to a voltage divider made up of five 10,000-
ohm resistors in series (30A, 30B, 30C, 30D, and 30E ). With the
contacts of relay 21 closed, one of these, 30E, is short-circuited
(shunted) by choke 3. The field coil of relay 21 is excited from
the 6-volt d.c. supply only when transmitter test key 35 or the
main key (connected in parallel) is closed. With both keys open,
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relay 21 opens and the short on resistor 30E is removed. The d.c.
path is then from the ammeters through resistor 30E to the
ground lead and then through the high-voltage supply to the vari-
ous tube plates and screen grids. But note that one-fifth of the
1500-volt high-voltage supply, or 300 volts, appears across re-
sistor 30E; this places the filaments of the power-amplifying
tubes 300 volts positive with respect to the ground and hence with
respect to their grids, and the grids become highly negative. At
the same time, the plate and screen grid supply voltages to the
I.P.A. stages are reduced by 300 volts. The combination of high
negative bias and reduced plate voltage prevents the amplifiers
from passing any of the radio-frequency energy received from
the last buffer amplifier. The transmitter is thus keyed.

Certain auxiliary parts in the keying circuit require explana-
tion. Resistor-condenser combination 26, 45B, and 13A pre-
vents high voltage surges from breaking down the insulation used
in mounting resistor 30E when the short is removed, while re-
sistor-condenser combination 31, 45A, and 13B serves to prevent
arcing across the relay contacts. When the transmitter is used for
the I.C.W. or phone operation, keying choke-coil 3 is automati-
cally short-circuited by relay 22 to prevent wave-form distortion
in the modulated output of the transmitter. The operation of this
relay and the manner in which the transmitter is modulated will
now be taken up, in connection with a study of the modulator-
rectifier unit.

Modulator-Rectifier Unit. This unit contains the power
supply, audio-amplifying system and auxiliary control circuits
for the transmitter. (See Figure 79.) A voltage-regulator pro-
vides constant voltage, three-phase, 220 volt, 50 to 60 cycle a.c.
power to a three-phase step-up transformer—unit 54, at the up-
per right in this figure. The output of this transformer is recti-
fied by means of six mercury-vapor rectifier tubes, then properly
filtered and fed to a voltage divider from which the various plate
and screen-grid voltages of the transmitter are taken. The posi-
tive lead of each high-voltage supply is filtered by a choke-coil-
condenser combination ; in each case two condensers are in series,
with resistors in parallel to distribute the voltage equally.
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The audio input circuit (fed from terminals 34 and 35) is
designed to operate from a 500-600 ohm line. A suitable trans-
former (51) couples the line to the speech input stage, which is
operated as a Class A speech amplifier. The audio-frequency
voltage applied to the primary of speech input transformer 51
is controlled by a constant impedance, continuously variable
volume control (62).

The speech input stage feeds a push-pull Class A stage using
two tubes, and these in turn feed a second push-pull stage using
the same tubes operated as Class B amplifiers. The output of the
latter stage is then fed into a final push-pull stage containing a
pair of tubes operated as Class B amplifiers. The final stage feeds
into output transformer 57, which connects through combina-
tions of condensers and resistors across modulation choke 1. This
choke-coil is inserted in the plus lead from the 2500-volt high-
voltage supply (coming from terminal 30). The audio output is
thus superimposed upon the d.c. plate supply to the r.f. power
amplifier, giving plate modulation of the r.f. transmitter out-
put.

The interlock switch, shown at the left in Figure 79, serves
to select the type of transmission employed. This switch has five
contact blades (A, B, C, D, E) which may be thrown to the left,
as shown, for CW transmission, up for ICW transmission, or to
the right for phone transmission. This interlock switch controls
the power to the modulation system and to the relays which per-
form certain necessary functions for the particular type of trans-
mission selected. When in the CW position, blade A serves to
route the 2500-volt lead from the high-voltage supply directly
to the r.f. power amplifier. The remaining blades are open so
that the modulation equipment is not in operation.

When in the phone position (with blades in positions indi-
cated by dotted lines), blade A applies 2500 volts to the plates
of the output stage of the audio amplifier; blade B applies 1500
volts to the plate circuits of the first and second push-pull stages;
blade D applies a reduced voltage (obtained from voltage divider
38) to the plate of the speech input amplifier. The closing of
blade C applies single-phase, 220-volt power (obtained from
points 1 and 2 just above the relay 21) across the primary of
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filament transformer 52, across the field coils of relays 27A and
27B in the modulator-rectifier unit, and across relay 22 in the
r.f. unit through telegraph interlock terminals 15 and 16. The
closing of relay 27B places rheostat 43 across the field coil of
overload relay 24, to prevent this relay from operating when the
heavier current required for phone transmission is drawn from
the rectifier. The contacts of relay 27A are in a control circuit
which will be explained in connection with ICW operation of
the transmitter.

When the interlock switch is in the ICW position, blades A,
B, C, and D perform exactly the same operation as in the phone
position. Blade E completes a circuit through the contacts of
relay 27A (and also through terminals 18 and 21) to make
copper-oxide rectifier 72 apply 6 volts d.c. to the input terminals
of tuning fork 23 (a 1020-cycle tone oscillator) and to the field
coils of relays 26 and 42. Relay 26 serves to connect the output
of the tone oscillator to the input of the first speech amplifier,
and disconnects the audio input line from this circuit. Relay 42
connects a 50,000-ohm resistor (66) across modulation choke 1
to prevent surges in this choke during keying. As a further pre-
caution against surges in the ICW position, relay 28 (the field
coil of which is connected in parallel with the field coil of the main
keying relay) short-circuits the output of the first speech ampli-
fier during each instant that the key is opened (i.e., when the
r.f. unit is nonoperative). Contacts Y, as operated by a cam on
the shaft of the interlock switch, open relay 22 while the inter-
lock switch is being changed from one position to another, thus
cutting off power to the high-voltage supply during switching
operations.

Remote control of the transmitter is obtained by removing the
three connector straps between terminals 16 and 19, 17 and 20,
and 18 and 21 in Figure 78. The necessary operations for start-
ing the transmitter, selecting the type of antennas, etc., are all
carried out from the operator’s position at the airport by means
of a single leased telephone line. A special control system con-
nected to the line is employed which permits the carrying out of
many operations (previously set up) simply by dialing an
automatic selector,
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Circuits to Study

The following circuits, Figures 80 to 91, should be studied as
to construction, purpose, and function. They will be referred to
both in the latter part of this book and in manufacturers’ descrip-
tions of airplane transmitters.

A Hartley circuit is shown in Figure 80. The battery A heats
the filament of the tube, causing it to emit electrons. Battery
B puts the plate at a positive potential with respect to the filament
and electrons are drawn to the plate. Any minute disturbance
in the circuit will cause a change of potential between the grid
and plate, resulting in an instantaneous change in the electron
stream to the plate. Because of the high reactance of the choke-
coil, RFC, the change in plate current does not appear in the
B-battery circuit but causes a potential to develop between the
plate and filament through the condenser C, and the part of the
coil L included between C, and the filament tap. Since this part
of L is magnetically coupled to the part between the filament tap
and the grid condenser, Cs, there is an induced potential between
the grid and filament. This potential acts in a way to increase
the change in plate current. The process continues, being rein-
forced by the amplifying properties of the tube, and when the
power transferred to the grid circuit from the plate circuit is
great enough to overcome the grid-circuit losses, a state of con-
tinuous oscillation is reached. The frequency of oscillation is
determined by the constants of L and C; to a very close approxi-
mation. (The purpose of the grid condenser, Cs, and grid leak,
R, is to keep the average potential of the grid negative with re-
spect to the filament. When the instantaneous grid potential is
positive, electrons are attracted to the grid and current flows in
the grid-filament circuit.

This current is unidirectional and cannot flow through C;
but is made to flow through R, and the voltage drop resulting
is utilized as grid bias. C; offers practically no impedance to the
flow of r.f. currents. The direction of grid-current flow is such
that the grid becomes negative with respect to the filament. )

A push-pull tuned-grid tuned-plate circuit is shown in Figure
81. Asinthe preceding explanation, the filament battery heats the
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filaments of the tubes and causes electron emission ; the “B” bat-
tery puts a positive potential on the tube plates and attracts elec-
trons, causing plate current to flow. The circuits L,C; and L,C,
are tuned approximately to the same frequency. Any slight dis-
turbance in the grid circuit will cause the potentials of the grids
to change with respect to the filament; since the grids are con-
nected to opposite ends of the tuned circuit L,C,, a potential
which causes the plate current V; to increase will cause the plate
current of V, to decrease. These changes in plate current cause
a potential to develop across the circuit L,C, ; the potentials devel-
oped by each tube separately add together across the circuit be-
cause of the push-pull connection. The change in instantaneous
plate potential is larger than the originating potential in the grid
circuit because of the amplifying properties of the tubes. Because
of the electrostatic capacity existing between the grid and plate
of each tube, the change in plate potential causes a change in grid
potential which is in such a direction as to reinforce the original
change in grid potential ; the amplifying process is repeated and
when the power returned to the grid circuit from the plate circuit
is sufficient to overcome the grid losses a continuous oscillation
ensues. The frequency of oscillation is determined by the con-
stants of 1.;C; and L,C,. The purpose and operation of the grid
leak, R, and condenser, Cs, are the same as described in the dis-
cussion of Figure 80. Condenser C, is a radio-frequency by-pass
condenser, across the source of plate power supply.

A representative antenna feed circuit is shown in Figure 82.
The antenna or feeder system is inductively coupled to the trans-
mitter tank circuit, L,C;, by the coupling coil, L,. The radio-
frequency current flowing in L,C,; causes magnetic lines of force
to be set up above L;; these lines are intercepted by L,, causing
a voltage to be induced in L, which in turn causes current to flow
in the antenna system. The condensers C, and C; are used to
tune the antenna or feeder system to resonance with L,C,.

An oscillator circuit using series plate feed is shown in Fig-
ure 83. In series feed, the plate power is introduced in series
with the radio-frequency circuit, and the direct plate current
therefore flows through the tank inductance coil. The condenser,
C,, by-passes the r.f. across the power supply.
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An oscillator circuit using shunt plate feed is shown in Figure
80. In shunt feed the plate power is introduced in parallel to the
radio-frequency circuit. To prevent short-circuiting the r.1. volt-
age developed across the tank circuit, a radio-frequency choke-
coil, RFC, must be connected between the power supply and the
oscillator. The radio-frequency plate current of the tube flows to
the tank circuit through the blocking condenser, C,, which pre-
vents short-circuiting the d.c. plate supply voltage through the
tank coil, L, and the filament tap.

The circuit of Figure 84 shows a grid-return connection to
center tap of filament transformer. Since filament-heating power
is supplied by alternating current, an alternating potential appears
across the terminals of the filament transformer winding. If the
grid return is connected to one side of the winding, the alternating
potential will cause the plate current of the tube to vary at the
power-line supply frequency and will introduce modulation on
the output of the oscillator. When the grid return is connected
to the center of the winding, however, the instantaneous potential
on one side of the center-tap is balanced by an opposite potential
on the other side, hence there is no variation in grid potential and
the filament-heating source introduces no modulation. The by-
pass condensers, C, and C,, provide a low-impedance path for
r.f. currents flowing to the filament.

In the circuit shown in Figure 85, a resistor, R, having an
ohmic value sufficient to limit the current flow through it to a
reasonable value, and tapped at its midpoint, is connected across
the filament circuit. The grid return is made to the midpoint of
the resistor. The voltages across the two halves of the resistor
are equal and opposite, therefore the resistor performs the same
function as the center-tapped transformer winding described in
discussing Figure 84. The by-pass condensers serve the same
purpose.

In the circuit shown in Figure 80, a grid-leak bias is employed.
The operation is as follows: During the part of the radio-fre-
quency cycle when the grid voltage is positive with respect to the
filament, electrons are attracted to the grid, causing a flow of cur-
rent. This d.c. current cannot flow in the external grid-filament
circuit through the grid condenser, Cs;, because the condenser
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will not pass direct current. Therefore, the current must flow
through the grid-leak resistor R. As a result of the current flow,
a d.c. voltage is impressed across the terminals of R, the value of
which is equal to the product of the resistance of R in ohms by
the grid current in amperes. The direction of current flow is
such that the grid assumes a negative potential or bias with respect
to the filament.

In the diagram shown in Figure 86, the voltmeter, V, reads
the actual voltage at the plate-supply terminals of the oscillator
while the milliammeter, M, reads the plate current in milli-
amperes. The plate power input is then the product of the plate
voltage multiplied by the reading of M divided by 1000. The
milliammeter must be placed as shown and not between the plate
power supply and the voltmeter because in the latter case the
milliammeter would read the current taken by the voltmeter as
well as that taken by the tube, consequently the calculated power
would be greater than the true value.

In the diagram shown in Figure 87, the iron-core choke-coil,
L, is placed in series with the key that breaks the plate current to
the oscillator tube. Because of its self-inductance, L opposes any
sudden change of current in the circuit; therefore when the key
is closed the plate current does not reach its full value instantly,
but rises at a comparatively slow rate. Asa result, the power out-
put of the oscillator rises at a similar slow rate, therefore shock
excitation of the antenna, which causes key clicks, is avoided.
Since L stores energy in magnetic lines of force, it also tends to
keep the current flowing when the key is opened; this similarly
causes the amplitude of oscillation to decrease slowly. Arcing
would occur at the key contacts when the key is opened were it
not for the condenser C, which is connected across the key to
absorb the energy released by L. C retains its charge while the
key is open, but discharges through the resistor R when the key
is closed. If R were not in the circuit, the discharge of C would
again cause arcing at the key contacts at the instant of closing.
When L, R, and C are properly proportioned, key clicks will be
prevented and sparking at the key contacts will be minimized.

In a circuit of the type shown in Figure 88, when the filament
of the tube is lighted and plate voltage applied, any small disturb-
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ance in the grid circuit will cause a change in the potential of the
grid with respect to the filament and thus cause the plate current
to change. Since the plate current flows through L,, which is
inductively coupled to L,, a voltage will be induced in L,. If the
two coils are correctly poled, the induced voltage will reinforce the
original change in grid potential and the process will repeat itself,
being amplified each time by the amplifying properties of the
tube and building up to a continuous oscillation whose amplitude
is limited by the tube and circuit characteristics and the operating
voltages. The frequency of the oscillations is determined chiefly
by the constants of L, and C,. The grid condenser C; and leak R
set the operating grid bias, and condenser C, by-passes the radio-
frequency currents around the source of plate power.

Examine Figure 83 again: a tuned-grid, tuned-plate oscil-
lator. When the filament of the tube is lighted and the plate
voltage applied, any small electrical disturbance in the grid cir-
cuit will cause the change in the potential of the grid with respect
to the filament and thus cause the plate current to change. Since
the plate current flows through L., the change in current will
cause a voltage to be induced in L, which appears between the
filament and plate of the tube, since by-pass condenser C4 has
negligible impedance for radio frequencies. Because of the ampli-
fying action of the tube, the voltage so induced is larger than the
original disturbance which caused it. Because of the electrostatic
capacity existing between the grid and plate of the tube, the volt-
age existing between the plate and filament causes a further volt-
age to be induced on the grid which reinforces the change caused
by the original disturbance. The process repeats itself and a con-
tinuous oscillation builds up, the amplitude of oscillation being
limited by the tube and circuit constants and the operating volt-
ages. Grid condenser C; and leak R set the operating bias. The
frequency of oscillation is determined to a close approximation
by the constants of the two circuits, 1,C; and L,C,, which are
tuned approximately to the same frequency.

Consider the circuit shown in Figure 83. When radio-
frequency current flows in the circuit L,C;, electromagnetic lines
of force are set up about L,. These lines of force cut through the
turns of L,, causing a voltage to be induced in L, which in turn
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Figure 80. Self-Excited Oscillator Using
a Single Vacuum Tube

Figure 81. Self-Excited Oscillator Using
Two Vacuum Tubes in Push-Pull Arrange-
ment

Figure 82. A Satisfactory Method of Cou-
pling the Output of a Transmitter to an
Antenna System

Figure 83. Series Plate Feed to a Vacuum-
Tube Oscillator

Figure 84. Grid-Return Connection to the
Center-Tap of the Filament-Heating Trans-
former
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_I_ Figure 85. Grid-Return Connection to the
HH T Electrical Center of a Filament Circuit
Ci[€2 Where the Filament-Heating Transformer
W Has No Center Tap

Figure 86. Method for Measuring Plate
Power Input to a Vacuum-Tube Oscillator

Figure 87. Method of Preventing Key-
Clicks When Keying a Simple Vacuum-
Tube Oscillator

Figure 83. Electromagnetic Feedback in a
Simple Vacuum-Tube Oscillator

Figure 89. Electromagnetic Coupling Be-
tween Two Tuned Circuits to Transfer
Energy from One to the Other
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causes current to flow in the circuit L,C,. The transfer of energy
will be maximum when the two circuits are tuned to the same
frequency.

See Figure 90. A dummy antenna®® preferably should have a
resistance equal to that of the normal antenna or feeder system
at the point at which it is to be fed. Several methods of con-
necting a dummy antenna are shown in Figure 90. That shown
at A would be used when the dummy has comparatively low re-
sistance (up to 50 ohms, approximately) ; that at B is used when
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Figure 90. Dummy or Phantom Figure 91. A Satisfactory Rec-
(Non-radiating) Antenna, Cou- tifier-Filter Power Supply

pled to a Transmitter Qutput
Circuit for Testing Purposes

the dummy resistance is high (50 ohms or more) ; the arrange-
ment at C also is suitable for use with dummy antennas of 50
ohms or more resistance. The purpose of the dummy antenna is
to dissipate the power output of the transmitter without radiating
it ; relative power output can be measured if the resistance of the
dummy is constant for the range of currents used, and absolute
power output can be measured if the resistance of the dummy is
known accurately. Artificial aerials are useful during tuning
adjustments when it is necessary for the transmitter to deliver
power but actual radiation of power is not essential.
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In the diagram of Figure 91, power from the supply line is
stepped-up in voltage by the transformer T,, whose secondary
winding is tapped at the center. The outside ends of the second-
ary winding are connected to the plates of the rectifier tubes,
whose filaments are heated by means of the step-down trans-
former T,. As the ends of the secondary winding of T, alter-
nately become positive with respect to the center-tap, current
flows through the respective rectifier tubes; since the tubes will
pass current only in one direction, the output of the rectifier is
unidirectional but rapidly varying in voltage. The rectified volt-
age is applied to the filter, which consists of condensers C,; and C,
and the iron-core choke L. Because the choke and condensers
possess the property of storing electrical energy, the pulsations
in the rectified current are smoothed out, in much the same way as
the flywheel on an engine smooths out the pulsations of the driver
by mechanical storage of energy. If the values of L, C; and C,
are properly chosen, the output of the rectifier-filter system will
be continuous direct current, for all practical purposes. A satis-
factory value for L would be 30 henries, and for C, and C,, 2 fd.
each, for a supply-line frequency of 60 cycles. The bleeder resis-
tor R aids in stabilizing the load on the plate supply, and dis-
charges the filter condensers when the power is turned off.

TypicaL EXAMINATION QUESTIONS ON TRANSMITTERS,
WITH ANSWERS

101. Why does a high ratio of capacity to inductance in the tank
circuit of a self-excited transmitter improve the frequency stability ?

Ans. Because the relatively large tank capacity tends to mini-
mize those variations in frequency caused by changes in the inter-
electrode capacities of the vacuum tube with heating. A high ratio
of capacity to inductance in the tank circuit also minimizes the fre-
quency variations caused by changes in plate voltage.

102. What are the advantages of an oscillator-amplifier type
transmitter as compared to a self-excited oscillator ?

Ans. The efficiency of an oscillator-amplifier transmitter is
greater than that of a self-excited oscillator because the amplifier’s
grid losses are supplied from a separate source. The frequency stabil-
ity is better because the oscillator is isolated from the antenna system
and therefore is little affected by changes in the antenna or feeder
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constants ; changes in the amplifier plate-supply voltage have negli-
gible effect on the frequency of the oscillator, so that plate-supply
ripple does not result in frequency modulation or “wobbulation,”
and a key filter with a large time constant can be applied, if the
amplifier tube only is keyed, without causing a keying chirp.

103. What precautions ought to be taken in the adjustment of a
transmitter to prevent the emission of harmonics ?

Ans. The antenna coupling should be loose and the plate power
input to the last stage should not be excessive. Harmonic output also
can be reduced by limiting the excitation and reducing the grid bias.

104. If your self-excited transmitter erratically shifts frequency
during operation, name at least three possible causes.

Ans. (1) A tube or other apparatus may be defective. (2) A
connection may be loose. (3) Antenna or feeder system may be
swinging, causing capacity changes which affect the oscillator fre-
quency. Also, antenna coupling may be too tight.

105. Explain how you would determine whether a transmitter
is radiating harmonics.

Ans. This can be determined by having a receiving station located
at some distance from the transmitter listen on the frequencies that
are harmonics of the transmitter frequency.

106. What are the relative merits of a crystal-controlled trans-
mitter as employed in aviation sets, compared to a self-excited trans-
mitter ?

Ans. The crystal-controlled transmitter has greater frequency
stability than the self-excited transmitter, and can be depended upon
to stay upon one frequency unless through maladjustment it is per-
mitted to operate as a self-excited oscillator. The efficiency and
power output also can be higher than is possible with the self-excited
transmitter. Except for very low powers and relatively low-fre-
quencies, however, more apparatus is required for the crystal-con-
trolled transmitter, especially for operation on the higher-frequency
aircraft bands, where doubling amplifiers are usually necessary. The
number of frequencies on which the crystal-controlled transmitter
can work is limited by the frequencies of the crystals available,
usually “day” and “night.”

QUESTIONS

107. Explain the difference between CW and ICW transmission,
stating which form is used in radiotelegraphy.

108. How does a radio transmitter develop and propagate radio
waves?
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109. Describe some of the peculiar characteristics of high fre-
quency waves and how these affect aircraft communication.

110. Sketch a simple oscillator circuit and describe its operation.

111. Where and how are crystals used in radio transmitters?

112. What are the most desirable characteristics in power tubes ?

113. Sketch a master-oscillator power-amplifier transmitter cir-
cuit and explain its operation.

114. In what part of a transmitter circuit is the telegraph key
connected ?

115. List the uses of the TBK transmitter and the types of trans-
mission possible with this equipment,

NotE: Questions have been found to be of great value to the
reader who wishes to prepare himself to pass an operator’s
license examination. This is particularly true if care is taken in
the wording of the answers. (The answers given to questions
101 to 106 inclusive are considered satisfactory as examples.)

An understanding of circuits will be found to be of even
greater (and more lasting) benefit. For this reason the reader
is urged to go over “‘circuits to study” again and again until ade-
quate proficiency is attained in tracing and analyzing circuits.



CHAPTER 9

RADIO RANGE BEACONS

Radio Aids

The radio communication stations maintained along the Fed-
eral Airways System are in themselves an important aid to the
navigation of aircraft. So are the light beacons which have been
installed by the government. Various ground radio stations
managed and operated by Aeronautical Radio for the airlines that
contribute to the maintenance of this company also assist the pilot
in navigating his plane from take-off to safe landing. The traffic
control towers at various airports and at other points along the
airways further aid the pilot in taking off, landing, and flying a
safe course. Instrument-landing systems permit blind landings
at airports.

In this book, radio aids to air navigation are classed as to the
nature of service they render, as follows:

1. Radio range beacon stations (radiobeacons). These are
TransMITTERs and as their name indicates they are
located at ground stations, and include radio marker sta-
tions.

2. Radio direction finders (radio compasses). These are essen-
tially RECEIVERS and are installed both on the ground and
on board planes.

All radio range beacon stations in the United States are in-
stalled and maintained by the Civil Aeronautics Authority. A
few radio compasses have been installed by some airports and
airlines, but most of those in service are aboard planes. It is
interesting to note that Pan American Airways do not have the
advantage of radiobeacon service on their South American and
overseas runs, but have installed radio compasses at all of their
ground stations and aboard all their planes with remarkably fine

226
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results as to navigation. It should also be noted that both the
Army and Navy (especially the Navy) have used radio compasses
both aloft and on the ground for years. It must be remembered,
however, that the radio range service is free to flyers over thou-
sands of miles of airways; that radio-compass installations cost
money, a controlling factor in many cases in the selection and
adoption of equipment for commercial aviation. All transports
now carry radio compasses. It is more than probable that many
radio compasses will be installed along the airways in the future.
Certain it is that the Federal Airways System is the finest and
best equipped in the world and probably always will be. The
student should therefore know all types of radio aids, conse-
quently all types are described. Radio compasses, instrument
landing systems, and traffic control are included in Chapters 12,
13, and 14 respectively.

Airway Radio Range

Purpose. The purpose of all radiobeacons, except marker
beacons, is to emit radio waves of fixed intensity in a fixed direc-
tion like a beam, as a course for aircraft to follow. The path of
travel of an airplane from one radio range beacon to another
along an established airway is the path of the radio beam from
or to a radiobeacon.

The aural system is received by headphones ; the visual system
by observing the amplitude of vibrating reeds in the receiving
box that is usually mounted on the airplane instrument board.

The airway radio range is an aid to dead reckoning naviga-
tion.

Designations of Radio-Range Stations. Government radio-
beacon stations are designated, according to the class of service
they furnish, as follows:

RA-—Range (Adcock, vertical radiators), power greater than
150 watts.

MRL—Range (Loop radiators), power 50 to 150 watts.

RIL—Range (Loop radiators), power greater than 150 watts.

ML~—Directive or loop-type marker, power less than 50 watts.
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MRA~—Range (Adcock, vertical radiators), power 50 to 150
watts.
M—Nondirective radio marker.

The letter S preceding a designation symbol means that there
is simultaneous transmission of voice and range signals, as
SMRA. D means distantly controlled. Z indicates an ultra high-
frequency (station location) marker. In addition to this type
marker, there is a “fan” marker. When B precedes a designa-
tion, it indicates that the radiobeacon is operated in conjunction
with a scheduled broadcast station. V indicates that there are
facilities for voice communication with aircraft; W indicates
that the radio-range station has no voice facilities. T means tele-
type; X means that it is a principal teletype station. P is used to
designate any station which has point-to-point radio.

RA and RL class radio-range stations may be received at dis-
tances up to 100 miles, and are located approximately 200 miles
apart along the airways. Radio stations of these types are in
operation on most of the airways.

The medium-powered MRA and MRL radio stations have a
smaller range; they may be heard for distances up to about 50
miles. Although they have to be installed at closer intervals to
furnish continuous radio range guidance, requiring more sta-
tions, the medium-powered installations are less adversely af-
fected by a difficulty known as multiple courses which occur at
some of the higher powered stations in mountainous country,
and they therefore have been installed on the Northern Trans-
continental Airway and several other routes on the Federal Air-
ways system. Medium-powered stations also are used on some
other airways to supplement the service of the higher-powered
stations.

Still another type is the directional marker or miniature radio
range station, with a range of about 15 miles. These stations are
used to mark important intermediate landing fields and to serve
as homing devices, assisting pilots to reach these fields.

Most of the RA and RL stations and some of the MRA and
MRL facilities operate in conjunction with radio broadcasting
stations which announce weather reports on regular schedules.
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The communications and directional units may be housed in a
single building, which is the newer type of installation, or they
may be in separate buildings at a distance from each other. In
either event, they are located at a distance from the airport so
that the antennas will not constitute obstructions to landings and
take-offs, and generally are operated by distant control from a
C.A.A. office on the airport or intermediate field.

A combined station providing both directional signals and
weather broadcasts normally transmits both on the same fre-
quency. This is necessary because of the limited number of chan-
nels available, and has the advantage that the pilot flying the radio
range does not have to retune his radio receiver to get the weather
information. However, the radio range signals have to be
silenced while broadcasts are being made. These periods never
exceed 3 minutes and usually are less, but they may occur at the
very moment when a pilot flying on instruments is approach-
ing the end of his run and wants the assistance of the radio range
station in locating the landing area.

To avoid this difficulty, some of the radio stations are equipped
for radiophone transmission on an alternate frequency of 236
or 278 kc. At RA or MRA stations so equipped (the fifth tower
in the vertical radiator antenna system is a part of the equipment
for this purpose) the operator, upon request, will use the 236-
kilocycle frequency for his weather broadcast. When he does so,
he makes an announcement on the regular frequency that the
weather broadcast will be given on the alternate frequency. The
directive signals are silenced only for the few seconds needed for
this brief announcement and then are resumed immediately
Thus, the pilot who needs continuous directional service gets it,
and others listening to the station may retune their receivers for
the weather, if they wish to do so.

At the SMRA stations (one of the newest developments)
course guidance signals and voice transmission are accomplished
simultaneously.

Principles of Operation

In 1936, the Bureau of Air Commerce issued instructions, in
regard to the airway radio range, prepared by Ward D. Davis,
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instrument flying instructor for the Bureau. A portion of these
instructions dealing with underlying principles follows.

Begin by comparing a radio range which controls the intensity
of its signals in certain directions with a conventional broadcast
station which normally radiates its energy with substantially the
same intensity in every direction. Figure 92 illustrates the cir-
cular shape of the pattern covering the area over which a broad-
cast station would be heard with an ordinary receiver. Signals

Figure 92. Omni-Directional Broadcast Antenna

are strong near the transmitter and grow weaker gradually as
they spread out in all directions until they fade out entirely. The
radius of this circular area could be considered greater or less as
the receiver volume is advanced or retarded, or the transmitter
power is increased or decreased.

The shape of the pattern in which signals are audible can be
controlled to some extent by use of specially designed trans-
mitting antennas, one type of which is the loop illustrated in
Figure 93.
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Comparing the pattern of the loop with the pattern of the
broadcast antenna it will be found that radiation from the loop
is suppressed in both directions at right angles to the loop, and
maximum radiation is obtained in the directions in line with it.

®
El

200°
Side view of single loop transmitter antenna

As viewed from above
Figure 93. Beacon Antennas

The loop is represented at the center of Figure 94 as it would
appear if viewed from directly above. Note the directions in
which it points by reference to the aircraft compass-rose drawn
around the figure. For identification purposes the signals radi-
ated by this loop are broken up into a succession of dots and
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Figure 94. Single Loop, Bearing 100° and 290°

dashes corresponding to the letter ““A” (dot dash) and so repre-
sented by blocking in the areas covered by the signals. Figure 95
represents the areas which would be covered by another identical
loop at the same location but rotated 90° (at right angles) and
transmitting a succession of letter “N” (dash dot).

Two such loops radiating alternately would cover the areas
shown in Figure 96. It is obvious, however, that only in the
zones in which adjacent areas overlap would both the A and N
signals be audible.

Figure 95, Singlg Iz‘ggp, Bearing 20° Figure 96. Loops A and N Combined
an °©
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At the landing field represented by F in Figure 96, both A
and N signals would be heard with exactly equal strength, result-
ing in a steady monotone. The same would be true at any other
point on a line drawn through the center of each of the four zones
of overlapping signals.

An airplane taking off from the field, flying away from the
transmitter and following the line along which the A and N
signals continue to be received with equal strength, would start
with the receiver volume near minimum. The signal strength
would drop off rapidly at first, making it necessary to advance the
manual volume control at frequent intervals. (Automatic volume
control is unsuitable for range navigation.) As the signal becomes
progressively weaker with distance, the volume control would
have to be advanced less frequently. Eventually the limit of
receiver sensitivity would be reached or accompanying atmos-
pheric noises and interfering stations become louder than the
desired signal. This occurs under ordinary conditions and with
normal transmitter powers at approximately 100 miles from the
station.

At this distance it is possible to fly several miles before a
noticeable change in signal strength is apparent to the ear. It is
likewise possible to deviate a considerable distance to either side
before the ear can detect a change in relative signal strength of
the N and A. The limits between which a plane may range to
either side before a change in relative strength of the signals is
apparent can be represented by a line radiating from the trans-
mitter approximately 114° each side of the center line. This is
actually the way in which courses are plotted on aeronautical
charts. The true bearing of each course in degrees towards the
station is published by the Bureau of Air Commerce (now
C.A.A.) for all stations. The magnetic declination is specified in
each case. The use of flying charts on which all courses are
plotted with magnetic bearings is explained in detail in Special
Publication No. 197 of the Coast and Geodetic Survey.

It is now obvious that radio-range courses are merely narrow
wedge-shaped zones in which two signals of equal strength are
received as a monotone. The degree of accuracy with which the
ear judges relative signal strength (particularly station identifi-
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cation signals), determines the accuracy with which the pilot
can fly a radio-range course.

Like the entertainment broadcast band, the aeronautical
radio-frequency spectrum (200—400 kc) must accommodate a
great number of stations, and some interference is unavoidable.
To eliminate all danger of mistaken identity, each station is as-
signed an individual one- or two-letter identification. Approxi-
mately every half-minute the course signals are interrupted and
the station identification signals are transmitted twice in code,
once from each loop, whereupon the course signals are resumed.
Each radio-range station operates on a designated frequency.
This means that only one range station will be received at only
one place on the dial. Therefore, there are two means of identi-
fying a radio-range station—first, by the radio-frequency or dial
setting; second, by the identification signals. For instance, the
pilot wishes to tunedn the radio range at Los Angeles. He knows
that the radio frequency is 260 kc and that the identification
signals are BU (—--- .-—). He turns the radio dial to 260
and receives a signal. He waits until the station identification
signals are transmitted and reads them as B U. This has defi~
nitely established the fact that he is listening to the Los Angeles
range.

When a pilot is flying away from a range, the farther he pro-
gresses the less accurately does he know his position, but if he
follows any of the four courses towards the station he will be led
to a definite point. That point can be identified aurally by what
is usually termed the “cone of silence.” It is an area, normally
directly above the transmitting antennas, in which all signals fade
out when the airplane passes directly through it. It should not
be confused with momentary fade-out of signals sometimes
found along airways, resulting from other causes, since it will
be observed that just before reaching the cone of silence the sig-
nal volume builds up rapidly, drops off suddenly for a few seconds
depending upon the speed and altitude, then surges back with
still greater volume before it gradually begins to diminish as the
station is left behind. Unless the receiver volume is kept at a
minimum value and the airplane is exactly on-course when pass-
ing over the station, the signal will not fade completely out. The
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airplane receiving antenna should be as nearly vertical as possible
for best results. The reasons for these precautions will be evi-
dent from a study of Figure 97, which shows the normal position
and shape of the cone of silence.

The pilot should have a complete understanding of the inher-
ent limitations of radio ranges before attempting to fly them dur-
ing inclement weather. Range courses which theoretically should
be perfectly straight may be found to have kinks or bends in
them. This is most likely to occur where they pass close to or
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Figure 97. Cone of Silence Pattern

over hilly or mountainous terrain, large bodies of water, or over
mineral deposits. Under such conditions a course is sometimes
broken up into several parallel courses, usually referred to as
“multiple courses.” Bent courses are usually of little conse-
quence since the bend is generally small and away from and
around the obstruction that causes it. (However, in mountainous
country, -bends have frequently been found that necessitated a
change of compass heading of 45° or more in order to stay “on
course.””) Several such bends may occur on a range in a short
distance. Obviously, such a range would be hazardous to a pilot
who was not entirely familiar with that particular range. These
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conditions may be found anywhere, but are generally confined to
hilly or mountainous terrain. A bent course creates the impres-
sion that the course is swinging, if the airplane proceeds on a
straight path. The only time that courses actually do swing from
their fixed position is usually for a short period at sunrise and
sunset. This has been almost entirely overcome by substituting
for the loop antennas a system of four steel tower radiators, lo-
cated at the four corners of a large square plot and fed from a
transmitter in the center through underground transmission lines.

“Course shifting” is illustrated in Figure 98. The theoretical
explanation of shifting (sometimes called “squeezing”) of the

18 "
Figure 98, Illustrating Course Figure 99. An Altered Pattern
Shifting

courses may be visualized by plotting the pattern of the areas
covered by signals from each loop and noting the resulting dis-
placement of the on-course zones when the relative size of adja-
cent patterns is changed. The size of these areas is, of course,
governed by the power radiated from the corresponding loops.
The heavy dotted lines represent the pattern after adjusting the
transmitting equipment for this purpose. It will be noted, inci-
dentally, that any displacement of the course is achieved at the
expense of a corresponding reduction of the distance over which
the displaced courses may be used.

After shifting courses in the manner described above, opposite
or reciprocal courses remain 180° apart. Occasionally circum-
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stances demand a bend in reciprocal courses. This is accomplished
by altering the relative size of the patterns in such a manner as to
produce the desired alignment. (An example is illustrated in
Figure 99.) This alteration is obtained not by a reduction of
current in the loop, but by cancellation of a portion of the radiated
energy.

Shifting Courses. The method of shifting courses that ema-
nate from the beacon antenna will be explained by reference to
the field patterns as illustrated by Figures 100 to 105 inclusive.
All of this information relative to transmitting stations has been
abstracted from data supplied by the Bureau of Air Comme