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FOREWORD

T HE Editors of Rapio have unquestionably become in recent years
the outstanding group in radio not affiliated with a definite commer-
cial interest. They are all practical radio engineers and active ama-
teurs of many years’ experience. They are the source of the reputa-
tion and prestige of Raplo, envied by publications of greater cir-
culation.

Starting several years ago with an extensive set of ‘‘notes’” com-
piled for their own use, the Editors of Rapio have developed the
present “Rapio” HaNDBoOK, which is now in its sixth edition. Each
edition is thoroughly revised, not merely brought up to date. To keep
up with rapid developments in commercial equipment, the great ma-
jority of items shown in the constructional pages are newly built for
each edition. Though a few outstanding items were selected from
other publications by the same publishers, the greater portion are
built especially for this handbook. All have been tried in actual
practice.

Taken allf in all, no effort has been spared in an attempt to com-
pile the most comprehensive book on the subject, both as a reference
for those with wide knowledge of the field and as a practical text
for those of limited knowledge and means.

In closing, we wish to thank those whose vear-after-year purchases
have indicated their approval of such an unusual policy. This policy
has only been possible, however, with the additional cooperation of
our advertisers. In similar technical fields texts such as this sell from
$5.00 upwards; whatever value this book may have for you over its
purchase price is a gift to you from our advertisers. We hope that
vou will reciprocate by using their products when suited to the job

at hand.
THE PUBLISHERS

SANTA BARBARA, CALIFORNIA
October, 1939

The Editors of RAD10 in preparing this work have not only drawn upon their
own knowledge and cxtensive experience, but also have drawn upon nearly the
whole current field of radio litevature, wherefore it is impossible to give due
acknowledgment to all whose work has been consulted to some extent. We wish
to acknowledge particilariy the kind permission of the RCA Manufacturing Ce.,
Inc., to use certain of the formulas in the theovetical paaes, as well as extensive
data and specifications on racuum tubes.
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Introduction to Amateur

Radio

WHILE much of the information in
this handbook 1s of interest to en-
gineers, students, sound men, experiment-
ers, servicemen, and commercial opera-
tors, undoubtedly the largest single
group having use for the material herein
1s composed of radio amateurs. Hence,
to them the major portion of this book 1s
dedicated ; the material is written from
their point of view.

Naturally an amateur finds much use
for a text that caters primarily to him.
But the person interested in becoming an
amateur has still greater need for such
a book. Hence this book is not only dedi-
cated primarily to the radio amateur,
but is so written that previous experience
with amateur radio or previous knowl-
edge of amateur radio is not required
for comprehension of its contents.

The Amateur

A radio amateur is one who makes
radio operating a hobby. While the defi-
nition of “amateur” would seem to in-
clude shortwave listeners as radio ama-
teurs, the term is ordinarily used to in-
dicate specifically those possessing a gov-
ernment license and amateur call letters.

More than 50,000 licensed amateurs
in the U.S.A. and many more thousands
throughout the rest of the world are ac-
tively engaged in this field for purposes
of experimentation, adventure, and per-
sonal enjoyment. Tt is interesting (o
consider what there is about amateur
radio that captures and holds the interest

of so many people throughout the world
and from all walks of life, for unques-
tionably there is something about it which
generates a lasting interest in its varied
problems and activities.

Many famous men, holding high-
salaried positions of importance in the ra-
dio industry today, got their start in the
radio business by discovering an interest
in amateur radio. A large numter of
these executives and engineers continue
to enjoy amateur radio as an avocation
even though commercially engaged in the
radio industry, so strong is the fascina-
tion afforded by this hobby.

Technical Achievement

Although “hamming” generally is con-
sidered to be “only a hobby” by the gen-
eral public, its history contains count-
less incidents of technical achievements
by its members which have served to
improve radio communication and broad-
casting. Many of the more important ad-
vancements in the art of radio communi-
cation can be chalked up to the ingenuity
of radio amateurs. Experiments conduct-
ed by inquisitive amateurs have led to
important developments in the fields of
electronics, television, radio therapy,
sound pictures, and public address, as
well as in radio communication and
broadcasting.

Fellowship

Amateurs are a most hospitable and
fraternal lot. Their common interest
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Figure 1.

While many amateurs have
talked all over the world
with home - constructed
equipment costing less than
$50 to build, the dream of
every “ham” is a de luxe
station like the one of
0. W. Greene, Jr., WICPI.

makes them “brothers under the skin”
and binds them together as closely as
would membership in anv college fra-

ternity, lodge, or club. When visiting a
strange town an amateur naturally first
will look up any friends in that town he
has made over the air. But even if he 1s
unknown to any amateurs in that town,
his amateur call is an “open sesame.” The
local amateurs will hang out the welcome
sign and greet him like a long lost
brother.

It is not unusual for an amateur in
one country to boast a large circle of
friends, scattered throughout the world,
with whom he chats nightly while seated
comfortably at home. He gets to know
these people intimately, many of whom
he will never meet personally. Frequent-
ly he is of service to them, and they to
him, in delivering messages to other peo-
pie.

Amateur radio clubs have been formed
in nearly all of the principal cities in
the United States. The first thing a new
comer should do is to attend one of these
club meetings and let the members know
that he is interested in joining the ranks
of radio amateurs. The veteran ama-
teurs will be glad to lend a hand with
any difficult problems you might encoun-
ter and often can give invaluable advice
as a result of their own experience. Also.

you will be introduced to others who
have recently taken an interest in ama-
teur radio, and will have someone with
whom to study. A '‘study companion”
is especially helpful when it comes to
learning the code.

Public Service

The radio amateur, or ‘“ham” as he
is often called, is of great social im-
portance. When hurricane, flood, earth-
quake, or heavy ice wreaks havoc with
telephone and telegraph lines and the
mails, the newspapers invariably follow
with an account of how aid was sum-
moned to the devastated area and com-
munication maintained with the outside
world largely through the efforts of ra-
dio amateurs. Radio amateurs are justly
proud of their record of heroism and
service in times of emergencv. Many
expeditions to remote places have kept
in touch with home and business by
“working” amateurs on the short waves.

A Diversified Hobby

Amateur radio is a hobby with sev-
eral phases. There are those who revel in
long-distance contacts with amateurs in
far-off lands and try to excel in number
of distant stations “worked.” These en-
thusiasts are called “dx” men.
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Others make a specialty of relaying
messages free of charge for people in
their communities, and these fellows
often perform meritorious services. Still
others prefer not to specialize, but simply
to “chew the rag” with any other hams
who happen to be on the air.

Then, there are the experimenters, in-
defatigable individuals always striving
for perfection. They are everlastingly
building up and tearing down transmit-
ters and receivers, deriving as much en-
joyment from the construction or im-
provement of equipment as from its op-
eration on the air. Whichever phase most
strongly captures your fancy, you will
find amateur radio an absorbing hobby.

Before you may join the others on the
air, however, you must be licensed by
the government to operate a transmitting
station; so your first task will be to ac-
quire sufficient knowledge to pass the
test. Those who attempt to operate (on
the air) any kind of transmitting equip-
ment without a license are liable to a
fine and imprisonment.

HOW TO OBTAIN YOUR
LICENSE

To obtain an amateur transmitting li-
cense from the U.S. government, you
must be a citizen of the U.S.A., master
the code, know how amateur transmit-

ters and receivers work and how they
must be adjusted, and be familiar with
regulations pertaining to amateur opera-
tors and stations. An application blank
for amateur radio operator and station
license can be obtained from your dis-
trict office of the Federal Communica-
tions Commission. A list of district of-
fices is printed in chapter 22.

When you have filled out this appli-
cation properly, sworn to it before a
notary public, and returned it to the
district office, the inspector in charge will
notify you of the time and place of your
examination. There is no charge for an
amateur operator and station license, and
there are no age limits.

It is necessary that your station not
be located on premises under the control
of an alien. Remember this when de-
termining the proposed site of your
transmitter and filling out the application
blanks. If you rent from an alien, the
premises are under your “control” and
you have nothing to worry about. How-
ever, if vou merely “board” instead of
rent, that does not put the premises un-
der your control.

The examination will consist of a prac-
tical code test and a written theoretical
examination. The written examination
usually includes ten questions. An ex-
tensive list of questions, typical of

those asked in the examination, is given

Figure 2.

The commodious “‘shack”
of John R. Griggs, WEKW,
was designed not only as
an operating room but as
a “fat-chewing room”
where amateurs could dis-
cuss the previous night’s
dx over a cup of coffee.
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aLaska K7

Hawanan is. K6
priLLipines KA

cuam KB6

wake KC6

mioway KD6
Jomnston KES

BAKER, HOWLAND, }KFG
AMER.-PHOENIX GR
Jarvis, PALMYRA KG 6
amERICAN samoa KHE

CANAL ZONE VIRGIN 1S, )
KB{ \

K5 (NY)

Figure 3.
SHOWING TERRITORY EMBRACED BY THE VARIOUS CALL AREAS, OFTEN ERRONEOQUSLY
REFERRED TO AS DISTRICTS. CALL AREAS SHOULD NOT BE CONFUSED WITH U.S. RADIO
DISTRICTS (1 TO 22).

in the Rapio AMATEUR NEwCOMER. In
the code test you will be required to
send and receive messages in plain lan-
guage, including figures and punctuation
marks, at a speed of 13 words per min-
ute (5 characters to the word) for a pe-
riod of one minute, without mistakes.

If you pass both the code and writ-
ten tests successfully, you will later re-
ceive a class B license from the Com-
mission’s offices in Washington. This
license, when signed by you, becomes
valid. It is a combination operator and
station license, one being printed on the
reverse side of the other.

The station license portion will bear
your call letters, which will be made up
of the initial letter W or K, your call
area numeral (to determine your prefix
and in which U.S. call area you are re-
siding, refer to figure 3), and two or
three additional letters, such as W9ZZZ.
The prefix W is assigned to all ama-

teur stations within the continental
U.S.A. and KA to KH to territories and
possessions.

Do not confuse the call areas (1 to
9) with the U.S. Radio Districts (1 to
22). It is rather confusing to the new-
comer because amateurs commonly re-
fer to call areas as districts and indi-

cate a station in, for example, the ninth
call area as a “ninth district station.”

The class B operator license will au-
thorize you to operate c.w. radiotele-
graph transmitters (any licensed ama-
teur transmitter, not just your own) in
any amateur band or radiophone trans-
mitters in the 160-, 10-, 5-, 215, 1}4-,
and 34-meter bands. You will not be
entitled to operate phone in the select 80-
and 20-meter bands until you have held
your class B license for at least one year
and have successfully passed an exami-
nation for the class A license. A list
of typical class A questions and their
correct answers is given in the Rapio
TeLeEpHONY HaNDBOOK.

The Class C License

If you live more than 125 miles, air-
line distance, from the nearest examining
point maintained by the Federal Com-
munications Commission, you may apply
for a class C license, the examination
for which is given by mail. Other per-
sons allowed to apply for the class C
license include (1) applicants who can
show a certificate from a reputable phy-
sician stating that the applicant is un-
able because of protracted disability to
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appear for examination, (2) persons
stationed at a camp of the Civilian Con-
servation Corps, and (3) persons who
are in the regular military or naval serv-
ice of the United States at a military
post or naval station.

A licensed radiotelegraph operator
(other than an amateur operator who
himself holds only a class C license) or
a regularly employed government radio-
telegraph operator must sign the class C
applicant’s blank in the presence of a no-
tary public, attesting to the applicant’s
ability to send and receive the continental
Morse code at the required speed of 13
words per minute. Do not send for class
C blanks containing the examinations and
questions until you feel you are ready
to lake your examination, as you are
not supposed to hold them indefinitely
after receiving them.

Holders of class C licenses may be
required by the Commission to appear
at an examining point for a supervised
written examination and practical code
test at any time during the term of their
licenses. This 1s seldom done except
where the Commission has reason to
suspect that the applicant would have
difficulty in passing the class B exam-
mation. For instance, an amateur hold-
ing a class C ticket who regularly is
heard on the air with a bad note or mod-
ulation, or is heard sending at 8 or 9
words a minute, or repeatedly requests
QRS, should not be at all surprised to
receive a notice to appear. The class
C license will be cancelled if the holder
does not appear for examination when
called or if he fails to pass when he
does appear.

The privileges granted by the class
C license are identical with those of the
class B.

Your operator and station licenses
will run concurrently, both expiring to-
gether three vears from the date of is-
suance stated on the face of the Ili-
cense. DBoth may be renewed without
examination if an application is filed at
least 60 days prior to the indicated date
of expiration and the applicant offers
proof that he has communicated via
amateur radio with three other amateur

stations during the three-month period
directly preceding the date of applica-
tion for renewal.

You may obtain just an operator li-
cense (without the station license) if
you desire; this will permit you to op-
erate any licensed amateur station. The
“station” side of the license will be left
blank and you will have no call letters as-
signed to you. It is not possible to apply
for or obtain a station license singly un-
less you already have an operator license.

Heavy penalties are provided for ob-
taining an amateur license by fraudulent
means, such as by impersonating another
person in an examination, copying from
notes, books or the like, or misrepre-
senting the fact of one’s U.S. citizen-
ship. Applicants who fail to pass the
examination can take it again after two
months have passed from the time of
the last examination.

There are so many special instances
that may arise that no attempt will be
made to cover every possible contingency
pertaining to the application for and
privileges accorded by an amateur h-
cense. If you have a special question
regarding some point not covered in this
book or which 1s not clear to you, write
to the Inspector-in-Charge of your radio
district. Don’t guess at the proper in-
terpretation or take somebody else’s word
for it; you may get in trouble.

There is one thing you should not
write to the inspector about and that is
the necessity for a license to fransmit.
A transmitter license is absolutely neces-
sary, regardless of power, frequency,
or type of emission; there are no excep-
tions nor special cases.

Before attempting to take the amateur
examination, the reader should have a
thorough knowledge of the regulations
affecting amateur operators and stations.
While “memorizing” procedure is not to
be recommended when preparing for the
technical portion of the amateur exam-
ination, the best way to prepare for the
questions pertaining to regulations is to
memorize the pertinent extracts from the
communications law and also the United
States amateur regulations, given in
chapter 22. They do not necessarily
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MOBILE OPERATION PERMITTED WITHIN
AMATEUR BANDS ABOVE 28000 KC.
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TYPE A-3 — RADIOTELEPHONY

TYPE A-4 — PacsiMILE

TYPE A-5 — TeLevision

U.S. AMATEUR BANDS

AND THEIR

HARMONIC RELATIONSHIP

Figure 4.

AMATEUR FREQUENCY BANDS.

The 1715-2000 ke. band is subject to change to 1750-2050 kec. in accordance with the Inter-
American Arrangement covering radiocommunication, Havana, 1937. The Commission reserves
the right to change or cancel the frequencies 112-116 Mc. and 224-230 Mc. without advance

notice or hearing.

have to be memorized verbatim, but the
applicant must have at his command all
of the information contained therein.

It is important that the reader clearly
understand the distinction between viola-
tions of the basic Communications Act
of 1934 and violations of the rules and
regulations set up under the basic act
by the Federal Communications Commis-
sion. The former constitutes the more
serious offense, and anyone is liable,

whether he be an amateur or not. The
difficulty some applicants experience
with certain questions 1s in deciding
whether a certain offense is a violation
of the basic act or a violation of rules
set up by our F.C.C. under the act.

[t is not necessary to learn the list of
U.S. Radio Districts given in chapter 22.
This list is included merely for reference,
so that a reader can determine in which
district he resides.
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Those residing outside of the United
States and Canada should get in touch
with their national amateur society to
learn about the regulations and procedure
for obtaining a license before even start-
ing construction on the transmitter, be-
cause in most countries the restrictions
on transmitting amateurs are much more
stringent. The part of this book pertain-
ing to treaties, laws, and regulations of
course will not apply, but the equipment
described will be found highly suitable
for the amateur in any country, as will
chapters on theory.

In Canada the requirements and pro-
cedure are not radically different from
those imposed by this country. To obtain
an operator’s license one must take a
code test (10 words per minute) be-
fore a radio inspector and pass a ver-
bal examination to test his knowledge of
operating procedure and his technical
ability. The examination fee is 50 cents.

The station license costs $2.50 per
year in Canada. The form for station
license is available from either the Ra-
dio Division, Department of Transport,
Ottawa, Canada, or from a local inspec-
tor’s office.

Detailed information on becoming a
transmitting amateur in the following
English-speaking countries may be ob-
tained by writing to the indicated organ-
1zations :

Australia. The Wireless Institute of
Australia, Box 2127 “L”, G. P. O. Syd-
ney, New South Wales.

Great Britain. The Radio Society of
Great Britain, 53 Victoria Street, Lon-
don, S. W. L.

Newfoundland. Newfoundland Ama-
teur Radio Association, P. O. Box 650,
St. John's.

New Zealand. N. Z. Association of
Radio Transmitters, P. O. Box 837, Dun-
edin, Cl.

South Africa. South African Radio
Relay League, Box 7028, Johannesburg.

Starting Your Study

When you start your study to pre-
pare yourself for the amateur examin-
ation, you will probably find that the
circuit diagrams, tube characteristic

curves, and formulas frst appear con-
fusing and difficult of comprehension.
However, after putting in a few even-
ings of study, one becomes sufficiently
familiar with basic concepts and funda-
mentals that the acquisition of further
knowledge is not only easy but fascinat-
ing.

As it takes considerable time to be-
come proficient at sending and receiv-
ing code, it is a good idea to start by
interspersing technical study sessions
with short periods of code practice.
There are two reasons for this: many
short code practice sessions benefit one
much more than a fewer number of com-
paratively longer sessions. Also, it keeps
one from getting “stale” while study-
ing theory and regulations by serving as
a rest period, thus serving to maintain
one’s interest. Each kind of study serves
as a respite from the other.

You can even start on one of the
simpler receivers described in the chap-
ter on receiver construction if you wish,
though at first you will be unable to de-
cipher many of the dots and dashes you
pick up on it. However, many interest-
ing hours can be spent listening to the
conversations of amateur phone sta-
ions. The numerous references to
“QSA”, “Rig”, “Rotary”, and other
mysterious terms will begin to take on
significance.

When you have practiced the code
long enough, you will be able to follow
the gist of the conversation of slower
sending code stations, and fish for “dx”.
Many stations send slower than “13 per”.
Stations repeat their calls many times
when calling “CQ”, and one need not
have achieved much proficiency to make
out their calls and thus determine their
location. Granted that it is advisable
to start right in with learning the code,
you will want to know how to go about
mastering it in the shortest possible time
with the least amount of effort.

LEARNING THE CODE

The applicant for an amateur license
must be able to send and receive the
Continental code at a speed of 13 words
per minute, with an average of 5 char-
acters to the word. Thus 65 characters
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must be copied consecutively without er-
ror in one minute. Similarly, 65 consec-
utive characters must be transmitted
without error in that time. The appli-
cant, however, is given sufficient oppor-
tunity to pass this code test, since send-
ing and receiving tests are both five min-
utes in length. If 65 consecutive charac-
ters, at the required rate, are copied cor-
rectly, somewhere during the first five-
minute period, the applicant may then
attempt a transmission. Again, if 65
consecutive characters are sent correct-
ly somewhere during this second period,
a passing mark is received.

Failure to pass the code test results
in a two-month rest period during which
the applicant can improve his mastery
of the code; thereafter, he may again
appear for another try.

Approximately 30 per cent of the
amateur license applicants fail to pass
the code examination. This may be at-
tributed to several things: excitement
and nervousness during the examina-
tion; a false sense of security with re-
gard to their speed capabilities, result-
ing in their attempting the examination
before actually being ready for it; and
incorrect method of learning the code.

The first two of these reasons may
be considered together, since they are
somewhat related. It should be expected
that nervousness and excitement—at
least to some degree—will hinder the
applicant’s code ability. The best pre-
vention against this is to be able to mas-
ter the code at a little better than the
required speed, under ordinary condi-
tions. Then a little slowing down due to
nervousness will not prove “fatal” dur-
ing the strain and excitement of the ex-
amination. As to the correct method of
learning the code, the following is rec-
ommended. Unfortunately, no “trick”
short cut to learning the code has been
found generally successful.

Memorizing the Code

Though the code itself imnay be mem-
orized thoroughly in a few days of dili-
gent application, the time required to
build up the speed will be entirely de-
pendent upon individual ability and reg-

ularity of drill, and may take any length
of time from a few weeks to many
months.

Since code reading requires that in-
dividual letters be recognized instantly,
any memorizing scheme which depends
upon an orderly sequence, such as learn-
ing all “dot” letters and all ‘‘dash” let-
ters in separate groups, is to be discour-
aged.

Each letter and figure must be recog-
nized by its sound rather than by its ap-
pearance. Telegraphy is a system of
sound communication, the same as is
the spoken word. The letter A, for ex-
ample, is one short and one long sound
in combination, sounding like did-dah,
and it must be remembered as such, not
dot-dash.

If you listen to the sound of a letter
transmitted slowly by a buzzer and key
in the hands of some experienced oper-
ator, you will notice how closely the
dots resemble the sound did and the
dashes dah.

Before beginning practice with a code-
practice set, it is necessary to memor-
ize the whole alphabet perfectly. A good
plan is to study only two letters a day
and to drill with those letters until they
become part of your consciousness. Men-
tally translate each day’s letters into
their sound equivalent wherever they are
seen—on signs, in papers; indoors and
outdoors. Tackle two additional letters
in the code chart each day, at the same
time reviewing all of the characters al-
ready learned.

Avoid memorizing by routine. Be able
to sound out any letter immediately
without so much as hesitating to think
about the letters preceding or following
the one in question. Know C, for ex-
ample, apart from the sequence A, B, C.
Skip about among all of the characters
learned, and before very long sufficient
letters will have been acquired to en-
able you to spell out simple words to
yourself in “did-dahs.” This is inter-
esting exercise, and for that reason it
is good to memorize all of the vowels
first, the most common letters next.

Actual code practice shauld start only
when the entire code, including numerals
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and the few commonly used punctuation
marks, have been memorized so thor-
oughly that any letter or figure can be
sounded at a moment’s notice without
hesitation.

Once you have memorized the code
thoroughly, you should concentrate on
increasing vour receiving speed. True, if
you practice with another newcomer who
1s learming the code, you will both have
to do some sending. But do not attempt
to practice sending just for the sake of
increasing your sending speed.

When transmitting on the code prac- |

tice set to your partner, so that he can
get recelving practice, concentrate on the
quality of your sending, not on your
speed. Your partner will appreciate it,
and he could not copy you if you “opened
up” anyhow. 1f you want to get a repu-
tation as having an excellent “fist” on
the air, just remember that speed alone
won’t do the trick. Proper execution of
your letters and spacing will make much
more of an impression. Fortunately, as
you get so that you can send evenly and
accurately, your sending speed will auto-
matically increase. Remember, try to see
how evenly you can send and how fast
you can receive.

Because it i1s comparatively easy to
learn to send rapidly, especially when
no particular care is given to the quality
of the sending, many amateurs who have
just received their licenses get on the
air and send mediocre code at 20 words
a minute when they can barely receive
good code at 13. While most old timers
on the air remember their own period
of initiation and are only too glad to be
patient and considerate if you tell them
you are a beginner, the surest way to
incur their scorn is to try to impress
them with your “lightning sending” and
then request “QRS” when they come
back to you at the same speed.

Code Practice Sets

If you don’t feel too foolish doing it,
you can secure a measure of code prac-
tice with the help of a partner by send-
ing “did dah” messages to each other
while riding to work, eating lunch, etc.
It is better, however, to use a buzzer or

THE RADIOTELEGRAPH CODE

IrxXc—IT0mMMmooOo@>»

NXXSES<C—H0LDODDVOZ
'

NUMERALS, PUNCTUATION MARKS, ETC.

Obhwmrn—

PER!IOD

COMMA
INTERROGATION
QUOTATION MARK
COLON
SEMICOLON
PARENTHESIS
FRACTION BAR
WAIT SIGN

DOUBLE DASH (BREAK)

ERROR (ERASE) SIGN
END OF MESSAGE
END OF TRANSMISSION

[ X XXX

7 eaamoece

8 - asasee
G evevename

] eoenenrene»

INTERNATIONAL DISTRESSSIGNAL o oo D GO @D 0 ¢ &

The Continental code shown above is used

for all

radio communications.

The Morse

code, used for land line telegraph’c com-
munication within the U.S.A.| is more com-

plicated. Attention

is called to the new

Continental code symbols for the comma and
period, also the elimination of the exclama-
tion point.
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BUZZLR
r h)

INEXPENSIVE 300
OHM POTENTIOMETER
VOLUME CONTROL

THESE PARTS REQUIRED
ONLY IF HEADPHONE
OPERATION 1S DESIRLD

Figure 5.

A KEY AND BUZZER MAKE THE
SIMPLEST CODE PRACTICE SET.

The buzzer should be adjusted to give

a steady, high pitched “whine.” The

phones and volume control may be

omitted if desired, in which case the

buzzer should be mounted firmly on a
sounding board.

code practice oscillator in conjunction
with a regular telegraph key.

As a good key may be considered an
investment, it is wise to make a well-
made key your first purchase. Regard-
less of what type code practice set you
use, you will need a key, and later on
you will need one to key your transmit-
ter. If you get a good key to begin with,
you won'’t have to buy another one later.

The key should be rugged and have
fairly heavy contacts. Not only will the
key stand up better; but such a key will
contribute to the “heavy” type of send-
ing so desirable for radio work. Morse
(telegraph) operators use a “light” style
of sending and can send somewhat fas-
ter when using this light touch. But in
radio work static and interference are
often present, and a slightly heavier dot
is desirable. If you use a husky key, you
will find yourself automatically sending
in this manner.

Special types of keys, especially the
semi-automatic ‘“bug” type, should be
left alone by the beginner. Mastery of
the standard type key should come first.
The correct manner of using such a kev
will be discussed later.

To generate a tone simulating a code
signal as heard on a receiver, either a
mechanical buzzer or an audio oscillator
(howler) may be used. The buzzer may
be mounted on a sounding board in or-
der to increase the fullness and volume
of the tone; or it may be mounted in

a cardboard box stuffed with cotton in
order to silence it and the signal fed
into a pair of earphones. The latter meth-
od makes it possible to practice without
annoying other people as much, though
the clicking of the key will no doubt
still bother someone in the same rooni.

A buzzer-type code practice circuit is
shown in figure 5. The buzzer should be
of good quality or it will change tone
during keying; also the contacts on a
cheap buzzer will soon wear out. The
volume control, however, (used only for
headphone operation) may be of the
least expensive type available, as it will
not be subjected to constant adjustment
as in a radio receiver. For maximum
buzzer and battery life, use the least
amount of voltage that will provide
stable operation of the buzzer and suff-
cient volume. Some buzzers operate
stably on 114 volts, while others require
more.

A vacuum tube audio oscillator makes
the best code practice oscillator, as there
is no sound except that generated in the
earphones and the note more closely re-
sembles that of a radio signal. Such a
code practice oscillator is diagrammed
schematically in figure 6. The parts are
all screwed to a wood board and con-
nections made to the phones and bat-
teries by means of Fahnestock clips, as
illustrated in figure 7. A single dry

1H4G 30

AUDIO
TRANSFORMER
® OR 1G4G

PRI.

" AFILAMENT
REVERSE THESE TWO SWITCH
LEADS If THERE IS

NO OSCILLATION

Figure 6.

THE SIMPLEST V.T. CODE PRAC-
TICE OSCILLATOR.

A dry cell and a 4Y2-volt C battery fur-

nish power. Omitting the .006-1fd. con-

denser will result in a higher pitched

note. Use the smallest, cheapest audio

transformer you can find, or the note

may have too low a pitch even with the
condenser omitted.
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Figure 7.

A BATTERY OPERATED

CODE OSCILLATOR US-

ING THE CIRCUIT OF
FIGURE 6.

The oscillator consists essen-
tially of a tube and audio trans-
former. Connections are made
to batteries, key, and phones
by means of Fahnestock clips
screwed to the baseboard.

cell supplies filament power and a 44-
volt C battery supplies plate voltage.
Both filament and plate current are very
low, and long battery life can be ex-
pected. The vacuum tube is the biggest
item from the standpoint of cost, but it
can later be used in a field-strength me-
ter with the same batteries supplying
power. Such a device is very handy to
have around a station, as it can be used
for neutralizing, checking the radiation
characteristics of your antenna, etc.

A 1H4, 30, or 1G4G may be used with
the same results. The tubes are listed
in the order of their cost at the time
of this writing. The first two are 2-volt
tubes, but will work satisfactorily on a
1.5-volt filament battery because of the
very small amount of emission required
for the low value of plate current drawn.
Be sure to get a socket that will ac-
commodate the particular tube you buy.

Oddly, it is important that the audio
transformer used not be of good qual-
ity; if it is, it may have so much in-
ductance that it will be impossible to get
a sufficiently high pitched note. If you
buy a new transformer, get the smallest,
cheapest one you can buy. The old trans-
formers used in moderately priced sets
of 12 years ago are fine for the purpose,
and can oftentimes be picked up for a
small fraction of a dollar at the “junk
parts” stores. The turns ratio is not im-

portant; it may be anything between
1.5/1 and 6/1.

Correct transformer polarity is neces-
sary for oscillation. If oscillation is not
obtained, reverse the two wires going to
the primary terminals of the transform-
er

The tone may be varied by sub-
stituting a larger (.025 ufd.) or smaller
(.001 pfd.) condenser for the .006-pfd.
capacitor shown in the diagram. A low-
er capacity condenser will raise the pitch
of the note somewhat and vice versa.
The highest pitch that can be obtained
with a given transformer will result
when the condenser is left out of the
circuit altogether. Lowering the plate
voltage to 3 volts will also have a notice-
able effect upon the pitch of the note.
If the particular transformer you use
does not provide a note of a pitch that
suits you, the pitch can be altered in this
manner.

Using a 1H4G, a standard no. 6 dry
cell for filament power, and a 415-volt
C battery for plate power, the oscillator
may be constructed for about $2.00 ex-
clusive of key and earphones. The fila-
ment battery life will be about 700 hours,
the plate battery life considerably more.
This set has an advantage over an a.c.
operated practice set in that it can be
used where there is no 110-volt power
available; you can take it on a Sunday
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picnic if you wish. Also, there is no
danger of electrical shock.

Automatic Code Machines

The two practice sets just described
—the buzzer and the v.t. oscillator—are
of most value when you have someone
with whom to practice. If you are un-
able to enlist a code partner and have to
practice by yourself, the best way to
get receiving practice is by use of a set
of phonograph code practice records or
a tape machine (automatic code-sending
machine) with several practice tapes.
The records are of use only if you have
a phonograph whose turntable speed is
readily adjustable. The tape machine
can be rented by the month for a reason-
able fee. Once you can copy close to
10 w.p.m., you can get receiving practice
by listening to slow-sending amateurs on
your receiver, as dmateurs usually send
quite slowly when working extreme dx.
However, until you can copy around
10 w.p.m.,, your receiver isn’t of much
use and either another operator or a tape
machine or code records are necessary
for getting receiving practice after you
have once memorized the code.

The student must observe the rule al-
ways to write down each letter as soon
as it 1s received, never dots and dashes
to be translated later. If the alphabet
has actually been mastered beforehand,
there will be no hesitation from failure
to recognize most of the characters un-
less the transmission speed is too high.

Don’t practice too long at one stretch;
it does more harm than good. Twenty-
five or thirty minutes should be the limit.

Time must not be spent trying futilely
to recall a missed letter. Dismiss it and
center the attention on the next letter.
In order to prevent guessing and to give
you equal practice on seldom-used let-
ters such as X, Y, etc, the transmitted
material should not be plain language
except perhaps for a few minutes out
of each practice period.

During the first practice period, the
speed should be such that a substantially
solid copy can be made of the entire
transmission without strain. Then, in
the next period, the speed should be in-

creased slightly to a point where all
of the characters can be caught only
through conscious effort. When the stu-
dent becomes proficient at this new
speed, another slight increase may be
made, progressing in this manner until
a speed of about 16 words per minute
is attained. The margin of 3 w.p.m. is
recommended to overcome the possible
excitement factor at examination time.
Then when you take the test you don't
have to worry about excitement or an
“off day.”

The speed must not be increased to
a new level until the student finally
makes solid copy for a S-minute period
at the old level. How frequently in-
creases of speed can be made depends
upon individual ability and the number
of practice hours. Each increase is apt
to prove decidedly disconcerting, but
keep in mind the statement by Dr. G.
T. Buswell, “You are never learning
when you're comfortable.”

Using a Key

See figure 8 for the proper position of
the hand, fingers, and wrist when manip-
ulating the telegraph key. The forearm
rests naturally on the desk. The knob
of the key is grasped lightly with the
thumb along the edge and the index and
third fingers resting on the top towards
the front edge. The hand moves with a
free up and down motion, the wrist act-
ing as a fulecrum. The power comes en-
tirely from the arm muscles. The third
and index fingers will bend slightly dur-
ing sending, but not because of conscious
effort to manipulate the finger muscles.
Keep your finger muscles just tight
enough to act as a ““cushion” for the arm
motion and let the slight movement of
the fingers take care of itself.

The key spring is adjusted to the in-
dividual wrist and should be neither stiff
nor “sloppy.” Use a moderately stiff ten-
sion at first and gradually lighten it as
you get more proficient. The separation
between the contacts must be the proper
amount for the desired speed, being about
1/16 inch for slow speeds and cor-
respondingly closer together (about 1/32
inch) for faster speeds. Avoid extremes
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in either direction. It is preferable that
the key be placed far enough from the
edge of the table (about 18 inches) that
the elbow can rest on the table.

The characters must be properly
spaced and timed with the dot as the
yardstick. A standard dash is three times
as long as a dot. The spacing between
parts of the same letter i1s equal to one
dot ; between letters, three dots; between
words, five dots.

This does not apply when sending
slower than about 10 words per minute
for the benefit of someone learning the
code and desiring receiving practice.
When sending at say 5 w.p.m., the in-
dividual letters should be made the same
as though the sending rate were about 10
w.p.m. except that the spacing between
letters and words is greatly exaggerated.
The reason for this is obvious. The let-
ter L, for instance, will sound exactly
the same at 10 w.p.m. as at 5 w.p.m,,
and when the speed is increased above
5 w.p.m., the student will not have to be-
come familiar with a new sound (faster
combination of dots and dashes). He
will merely have to learn the identifying
of the same sounds without taking so
long to do so.

It has been shown that it does not aid
a student to identify a letter by sending
the individual components of the letter
at a speed corresponding to less than 10
words per minute. By sending the letter
moderately fast, a longer space can be
left between letters for a given code
speed, giving the student more time to
identify the letter.

When two co-learners have memorized
the code and are ready to start sending
to each other for practice, it is a good
idea to enlist the aid of an experienced
operator for the first practice session so
that you will get an idea of what prop-
erly formed letters sound like.

When you are practicing with another
beginner, don’t gloat because you seem
to be learning to receive faster than he.
It may mean that his sending is better
than yours. Remember that the quality
of sending affects the maximum copying
speed of a beginner by as much as 100
per cent. Yes, if the sending is bad

Figure 8.
CORRECT POSITION OF FINGERS
WHEN WORKING A TELEGRAPH
KEY.

The hand should rest lightly on the key. The

wrist is used merely as a fulcrum, the fingers

to hold the knob and act as a cushion. A

“wrist motion” is used in sending, but it is

the muscles of the forearm that provide the
power.

enough, a newcomer won’t be able to
read it at all, even though an old timer
may be able to get the general drift of
what you are trying to send. A good test
for any “fist” i1s to try it on someone
who is just getting to the “13 per” stage.

If You Have Trouble

While there is no justification for the
contention sometimes made that “some
people just can’t learn the code”, there
is no denying that it is more difficult for
some people than others. It is not a mat-
ter of intelligence; so don’t feel
ashamed if you seem to experience a
little more than the usual difficulty in
learning the code. Your reaction time
may be a little slower, your coordination
not quite so good. If this is the case,
remember that you can still learn the
code. You may never learn to send and
receive at 40 w.p.m., but you can learn
to send and receive 13 w.p.m. if you
have patience and if you refuse to be
discouraged by the fact that others seem
to pick it up much more rapidly.

While the slow learner can ultimately
get his 13 per by following the same
learning method if he has perseverance,
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the following system of auxiliary prac-
tice will oftentimes prove of great aid
in increasing one’s speed when progress
by the usual method of practice seems
to have reached a temporary standstill.
All that is required is the usual key-
buzzer-headset outfit, plus an extra op-
erator. This last item should be of good
quality, guaranteed to pay proper atten-
tion to spacing, and capable of good
speed regulation.

Suppose we call the fellow at the key
the teacher and the other member of the
crew the student. All set?

Assume the usual positions, but for
the moment lay aside the paper and pen-
cil. Instead, the student will read from
a duplicate newspaper the same text the
operator is sending.

The teacher is to start sending at a
rate just slower than the student’s top
speed, judged by his last test. This will
allow the student to follow accurately
each letter as it is transmitted. After a
warming-up period of about one minute,
the sending speed is to be increased
gradually but steadily and continued for
about a period of five minutes. An equal
rest period is beneficial before the sec-
ond session. Speed for the second period
should be started at half way between
the original starting speed and the speed
used at the end of the first period. Fol-
low the same procedure for the second
and third practice periods.

At the end of the third reading prac-
tice period, start copying immediately,
using the same text as before, at a speed
just above the student’s previous copy-
ing ability. It will be found that one ses-
sion of the reading practice will for the
time being increase the student’s copy-
ing ability from 10 to 20 per cent. The
teacher should watch the student and not
increase the sending speed too much
above the copying ability of the student,
as this brings about a condition of con-
fusion and is more injurious than bene-
ficial.

Code Classes

A certain number of altruistic ama-
teurs send code practice on schedule once
or twice each week, and excellent prac-
tice can be obtained after you have built
or constructed your receiver by taking
advantage of these sessions. Call letters,
time schedules, and frequency in kilo-
cycles of the stations currently sending
code practice can be obtained by writing
the American Radio Relay League, West
Hartford, Conn. Enclose a stamped, self-
addressed envelope.

If you live in a large city, the chances
are that at least one of the radio clubs
or amateur part stores conducts a free
code class. If you inquire around a
bit, you can usually discover how to
get in on these practice sessions.

www americanradiohistorv com


www.americanradiohistory.com

TWO

Introductory Eleetriecity and

Fundamental Radio Theory

IT is now generally accepted that all
matter is made up of approximately 92
fundamental constituents commonly
called elements. These elements can ex-
ist either in the free state such as iron,
oxygen, carbon, copper, tungsten, and
aluminum, or in chemical unions com-
monly called compounds. The smallest
unit which still retains all the original
characteristics of an element is the atom.

Combinations of atoms, or subdivisions
of compounds, result in another funda-
mental unit, the molecule. The molecule
is the smallest unit of any compound.
All reactive elements when in the gaseous
state also exist in the molecular form,
made up of two or more atoms. The non-
reactive or noble gaseous elements heli-
um, neon, argon, krypton, xenon, and
radon are the only elements that ever
exist in a truly atomic state.

An atom is an extremely small unit of
matter—there are literally billions of
them making up so small a piece of ma-
terial as a speck of dust. But to under-
stand the basic theory of electricity and
hence of radio, we must go further and
divide the atom into its main components,
a positively charged nucleus and a cloud
of negatively charged particles that sur
round the nucleus. These particles, swirl-
ing around the nucleus in elliptical orbits
at an incredible rate of speed, are called
orbital electrons. It is upon the behavior
of these electrons that depends the study

21

of electricity and radio, as well as
allied sciences. Actually it is pos-
sible to subdivide the nucleus of the atom
into other particles: the proton, nuclear
electron, negatron, positron, and neutron;
but this further subdivision can be left
to quantum mechanics and atomic phys-
ics. As far as radio theory is concerned
it is only necessary to think of the normal
atom as being composed of a nucleus
having a net positive charge that is ex-
actly neutralized by the orbital electrons
surrounding it.

The atoms of different elements differ
in respect to the charge on the positive
nucleus and in the number of electrons
revolving around this charge. They range
all the way from hydrogen, having a net
charge of one on the nucleus and one
orbital electron, to uranium with a net
charge of 92 and 92 orbital electrons.
The number of orbital electrons is called
the atomic number of the element.

From the above it must not be thought
that the electrons revolve in a haphazard
manner around the nucleus. Rather the
electrons in an element having a large
atomic number are grouped into “shells”
having a definite number of electrons.
In the first shell there is room for only
two electrons; in the next, 2, the next,
6, then 2, 6, 10, 2, 6, 10, etc., until a total
of 92 electrons can be accommodated in
the heaviest atom, that of uranium. The
only atoms in which these shells are com-
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pletely filled are those of the inert or
noble gases mentioned before; all other
elements have one or more uncompleted
shells of electrons. If the uncompleted
shell is nearly empty, the element is me-
tallic in character, being most metallic
when there is only one electron in the
outer shell. If the incomplete shell lacks
only one or two electrons, the element is
usually non-metallic. Elements with a
shell about half completed will exhibit
both non-metallic and metallic character;
carbon, silicon and arsenic are examples
of this type of element.

In metallic elements (elements in which
the outer shell is just started and has
only one or two electrons) these outer-
shell electrons are rather loosely held.
Consequently, there is a continuous hel-
ter-skelter movement of these electrons
and a continual shifting from one atom to
another. The electrons which move
about in a substance are called free elec-
frons and it is the ability of these elec-
trons to drift from atom to atom which
makes possible the eleciric current.

The Electric Current

The free electrons in a conductor move
constantly about and change their posi-
tion in a haphazard manner. 1f, however,
the conductor is connected between the
positive and negative terminals of a bat-
tery, there will be a steady movement
of electrons from the negative to posi-
tive terminal, in addition to the irregular
movement of the electrons. This flow
constitutes an electric current, but as
soon as the battery is removed, the cur-
rent will cease.

When the battery was first connected
to the wire there was an electrostatic at-
traction between the positive terminal of
the batterv and the negative electrons,
and at the same time there was a repul
sion due to the negative terminal of the
battery at the other end of the wire. Tt
is the combined action of this attraction
and repulsion which causes the current
to flow. When the battery is removed
the electron drift from one end of the
wire to the other ceases and we say that
the circuit has been broken and the car-
rent stopped.

However, from the above it must not
be thought that each free electron that
has been set into drift by the current flow
travels from one end of the wire to the
other. Quite the opposite is true; each
free electron travels only an extremely
short distance, then instantly passes on
its motion, bucket brigade fashion, to a
succeeding free electron. Thus in the
general drift of clectrons along a wire
carrying an electric current each elec-
tron travels only a short distance and the
excess of electrons at one end and the
deficiency at the other are balanced by
the battery. When the battery is re-
moved the state of normalcy returns;
there is still the rapid interchange of free
electrons between atoms but there i1s no
general trend in either one direction or
the other.

Insulators and Conductors

In the molecular structure of many
materials such as glass, porcelain, and
mica all electrons are tightly held within
their orbits and there are comparatively
few free electrons. This type of sub-
stance will conduct an electric current
only with great difficulty and is known as
an insulator. An insulator is said to
have a high electrical resistance.

On the other hand, materials that have
a large number of free electrons are
known as conductors. Most metals, those
elements which have onlv one or two elec-
trons in their outer shell, are good con-
ductors. Silver, copper, and aluminum,
in that order, are the best of the com-
mon conductors and are said to have the
greatest conductivily, or lowest resistance
to the flow of an electric current.

Resistance

Certain materials have a molecular
structure such that when the free elec-
trons are made to flow in a definite direc-
tion, there are frequent collisions between
them and the individual atoms in the ma-
terial. The result of these collisions is
a decrease in the total electron flow. This
property of a substance which causes 1t
to resist a steadv electron flow is called
its resistance.
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1t will require a greater electromotive
force to produce a given current through
a substance with high resistance than to
produce the same current in a good con-
ductor. In the case of the conductor
virtually all of the electromotive force
is effective in producing current, where-
as in the resistor a portion is wasted in
the form of lost energy due to electron
collisions. These collisions cause the ma-
terial to become heated, and part of the
initially-applied electromotive force 1is
thus ultimately lost in the form of heat.
This same phenomenon of heat is ex-
hibited when a metal is repeatedly struck
by a hammer.

The resistance of a uniform length of
material is directly proportional to its
length and inversely proportional to its
cross sectional area. A wire with a cer-
tain resistance for a given length will
have twice as much resistance if the
length of the wire is doubled. For a
given length, doubling the area of cross
section of the wire will halve the re-
sistance.

Tt is interesting to note that the re-
sistance of most metals will increase with
an increase in temperature. Thus the
filament of a vacuum tube or a tungsten-
filament lamp will have a much lower re-
sistance when cold than when at normal
operating temperature. On the other
hand non-metallic conductors such as
carbon and silicon and insulators such as
glass and porcelain have a lower re-
sistance at high temperatures than when
cold.

The resistance of a material or circuit
can be expressed by a constant, R, which
is equal to the ratio of the applied electro-
motive force to the current produced.
Expressed as an equation :

electromotive force
RE—

current

This equation constitutes the basis for
Ohm’s Law, which is treated at length
in the succeeding text.

The commonly-used unit of resistance
is the ohm although the expression meg-
ohm (1,000,000 ohms) is sometimes used
when very large quantities are involved.
Ry definition, if a voltage of one volt is

applied across a resistance of one ohm, a
current of one ampere will flow.

The Coulomb and the Ampere

The coulomb is a quantity of electric-
ity; it is equal to 6.28 X 10'® electrons
flowing by a point and will deposit 1.118
milligrams of silver from a solution of
a silver salt. The rate of current flow is
measured in terms of the aempere. If
6.28 X 10'8 electrons, or one coulomb,
pass a given point in a conductor in one
second, a current of one ampere is flow-
ing. Thus we see that coulomb indicates
amount, and ampere indicates rate of
flow.

The Volt—the Unit of E.M.F.

The electrons are driven through the
wires and components of a circuit by a
force called an electromotive force, usu-
ally abbreviated e.m.f. or EIM.F. The
unit that denotes this force is called the
volt. This force or pressure is measured
in terms of the difference in the number
of electrons at one point with respect
to another. This is known as the poten-
tial difference.

The relationship between the electro-
motive force (voltage) to the flow of
current (amperes), and the resistance
which impedes the flow of current
(ohms), is very clearly expressed in a
simple but highly valuable law known
as Ohm'’s law.

Ohm’s Law

This law states that the current in
amperes is equal to the wvoltage divided
by the resistance in ohms. Fxpressed as
an equation:

If the voltage (E) and resistance (R)
are known, the current (I) can be
readily found. If the voltage and current
are known, and the resistance is un-
known, the resistance (R) is equal to
E
—. When the voltage is the unknown
I

quantity, it can be found by multiplying
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I X R. These three equations are all
secured from the original by simple

transposition. The expressions are here
repeated for quick reference:
E E
I=- R=— E=1IR
R i

where 1 is the current in amperes,
R is the resistance in ohms,
E is the electromotive force in
volts.

Applying Ohm’s Law

As a practical example suppose we
take the case where it is desired to place
a bleeder resistor which will draw 40 ma.
across a 500-volt power supply. In this
example both the voltage and the current
are known and the resistance value is
the unknown; hence, we use the second
of the two above equations which states
that the voltage i volts divided by the
current in amperes will give the desired
resistance value i ohms. The current
value is given in milllamperes; to con-
vert ma. into amperes the decimal point
1s moved three points to the left. Hence

40 ma. = .040 amperes.
E 500
R =-— R =—=12,500 ohms
I 04

Thus if a 12,500-ohm resistor is placed
across a 500-volt plate supply the current
passing through the resistor will be 40
ma. or .040 amperes.

Another typical problem for the appli-
cation of Ohm's law would be a re-
sistance-coupled amplifier whose plate
resistor has a value of 50,000 ohms,
with a measured current through this re-
sistor of 5 milliamperes. The problem
1s to find the actual voltage applied to the
plate of the tube.

The resistance R is 50,000 ohms. The
current I is given as 5 milliamperes ; mil-
liamperes must, therefore, first be con-
verted into amperes; .005 amperes equals
5 milliamperes. The electromotive force
or voltage, E, is the unknown quantity.
Ohm’s law is applied as follows:

Formula: E =1 X R
R = 50,000 ohms
1 005 amperes

Solution: .005 X 50,000 = 250 volts
drop across the resistor.

If the power supply delivers 300 volts,
the actual voltage on the plate of the
tube would be only 50 volts. This means
that 250 volts of the supply voltage
would be consumed in forcing a current
of .005 amperes through the 50,000-ohm
plate resistor.

As another example suppose that given
supply voltage is 300, and that the (meas-
ured) voltage on the plate of the tube is
100 volts. Find the current flowing
through the plate resistor of 20,000 ohms.
E

, and E
R
equals the difference between supply and
measured plate voltages.

Therefore:

From Ohm's law, I

200
I _—
20,000
I = 0.010 amperes, or 10 milliamperes.

Resistances in Series
and Parallel

When resistances are connected in
series the total value of resistance is
equal to the sum of each of the individual
resistances. Thus a 2000-ohm resistor
in series with a 3000-ohm one would
make a total of 5000 ohms—and if an-
other resistor of 5000 ohms were connect-
ed in series with the other two the total
value would be the sum of all three or
10,000 ohms.

However, when resistors are connected
in parallel (or shunt as such a connec-
tion is sometimes called) the resultant
value of resistance is always less than
the value of the lowest of the paralleled
resistors. It is well to bear this simple
law in mind as it will assist greatly in
approximating the value of paralleled re-
sistors at a later time. The calculation
of the exact values of paralleled re-
sistors will be discussed in the succeeding
paragraphs.

Like Values of Resistance
in Parallel

When two or more resistances of the
same value are placed in parallel the ef-
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fective resultant of the paralleled re-
sistors is equal to the value of one of the
resistors divided by the number of re-
sistors in parallel. This can be ex-
pressed mathematically as:

R(N resistors in parallel)

R(each resistor)

N (number in parallel)

Thus if (2) resistors of (5000) ohms
are placed in parallel the resultant value
is 5000 divided by 2, or 2500 ohms. As
another example, if (4) resistors of
(100,000) ohms are placed in parallel the
effective resistance of the paralleled com-
bination is 100,000 divided by 4 or 25,000
ohms.

Unlike Resistances in Parallel

The resultant value of placing a num-
ber of unlike resistors in parallel is equal
to the reciprocal of the sum of the re-

ciprocals of the various resistors. This
can be expressed as:
1
R — — - —
1 1 1 1
R; R Ry R,
Ry Rz R3 §RN R
] |
Figure 1.

RESISTORS IN PARALLEL.

The effective value of placing any num-
ber of unlike resistors in parallel can be
determined from the above formula.
However, it 1s commonly used only when
there are three or more resistors under
consideration since the simplified formula
given in the following paragraph is more
convenient when only two resistors are
being used.

Tweo Unlike Paralleled
Resistors

When two resistances of unlike values
are to be used in parallel the following

formula may be used to determine their
effective resistance:

R; X R,

R; + Re
where R is the unknown quantity,
R, 1s the resistance of the first
resistor,
R, 1s the resistance of the sec-
ond resistor.

A typical example would be an a.v.c.
resistor of 500,000 ohms, which is to be
shunted (paralleled) with another re-
sistor of some value, in order to bring
the effective resistance value down to a
value of 300,000 ohms. Substituting these
values in the equation for two unequal
resistances in parallel :

500,000 X R,

500,000 + R,

By transposition, factoring and solution,
the effective value of R will be 750,000
ohms. Thus a 750,000-ohm resistance
must be connected across the 500,000-
ohm resistance in order to secure an ef-
fective resistance of 300,000 ohms.

In solving for values other than those
given, the simplified equation becomes:

R =

300,000 =

where R is the resistance present,
R; is the resistance to be ob-
tained,
R, is the value of the unknown
resistance necessary to give
R, when in parallel with R.

Resistances in Series-Parallel

Resistances in series-parallel can be
solved from the equation :
1

R = —

1 1 1
Ri+R: Ri+R. Ret Ret+R,

Power in Resistive Circuits

Heat is generated when a source of
voltage causes a given current to flow
through a resistor. If the flow of cur-
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R
R, Ra ¢
Re R
Rz Ra
Ry
Figure 2.

RESISTORS IN SERIES-PARALLEL.

rent is continually being impeded as a
result of an insufficient number of free
electrons, there will be countless colli-
sions between the moving electrons and
the atoms and the clectrons must, there-
fore, be forced through in order that a
given number will move continuously
through the conducting medium. This
phenomenon results in heating of the
conductor, and the heating is the result
of loss of useful power or energy.

Wattage

The power in an electrical circuit is
expressed in watts and is equal to the
product of the voltage and the current
flowing in that circuit. Hence W
(watts) = EI. Since it is often con-
venient to express power in terms of the
resistance of the circuit and the current
flowing through it, a substitution of IR
for E (E = IR) in the above formula
gives: W = IR X T or W = I?R.

In terms of voltage and resistance,
W = E2/R. Here, I = E/R and when
this was substituted for I the formula
became W = E X E/R or W = E2/R.
To repeat these three expressions for de-
termining wattage in an electrical cir-
cuit:

W = EI, W = I?R, and W = E?/R,
where IV is the power in wails,
E is the electromotive force in
volts,
and I is the current in amperes.

To apply the above equation to a typ-
ical problem: The voltage drop across
a cathode resistor in a power amplifier
stage is 50 volts; the plate current flow-
ing through the resistor is 150 mlli-

amperes. The number of watts the re-
sistor will be required to dissipate is
found from the formula: W (watts) =
E X I, 0r 50 X .150 = 7.5 watts (.150
amperes is equal to 150 milliamperes).
From the foregoing it is seen that a
7.5-watt resistor will safely carry the
required current, yet a 10- or 20-watt
resistor would ordinarily be used to pro-
vide a safety factor.

In another problem, the conditions be-
ing similar to those above, but with
resistance and current being the known
factors, the solution is obtained as fol-
low;:SW =12 X R = .0225 X 333.33

If only the voltage and resistance are

E2 2500
- = ——— = 7.5 watts.

R 333.33
It is seen that all three equations give
the same result; the selection of the
particular equation depends only upon
the known factors.

known, W

Bleeder Resistors

Resistors are often connected across
the output terminals of power supplies
in order to bleed off a constant value
of current or to serve as a constant fixed
load. The regulation of the power supply
is thereby improved and the voltage is
maintained at a more or less constant
value, regardless of load conditions.
When the load is entirely removed from
a power supply, the voltage may rise to
such a high value as to ruin the filter
condensers.

The amount of current which can be
drawn from a power supply depends
upon the current rating of the particu-
lar power transformer in use. If a trans-
former will carry a maximum safe cur-
rent of 100 milliamperes, and if 75 milli-
amperes of this current is required for
operation of a radio receiver, there re-
mains 25 milliamperes of current avail-
able which can be wasted in the bleeder
resistor.

An example for calculating bleeder re-
sistor values for safe wattage rating
is as follows: The power supply delivers
300 volts. ‘The power transformer can
safely supply 75 milliamperes of current
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of which 60 milliamperes will be re-
quired for the receiver. The problem is
to find the correct value of resistance to
give a bleeder current of 15 milliamperes.

E

Ohm's law gives the solution: R = —

I
300

= —— = 20,000 ohms. (15 milliamperes
015

is equivalent to .015 ampere.) Therefore,
it is seen that the bleeder resistor should
have a resistance of 20,000 ohms.

Another problem would be to find the
required safe wattage rating of the
bleeder, under the same conditions as
givenn in the previous example, The
answer is secured as follows;: W = E
X 1 = 300 X .015 = 4.5 watts. It is
considered good practice to allow an
overload factor of at least 100 per cent,
since the voltage will increase somewhat
when all load except the bleeder is re-
moved. Therefore, a 10-watt resistor
should be chosen.

Voltage Dividers

A voltage divider is exactly what its
name implies: a resistor or a series of
resistors connected across a source of
voltage from which various lesser values
of voltage may be obtained by connection
to various points along the resistor.

A voltage divider serves a most useful
purpose in a radio receiver, transmitter
or amplifier, because it offers a simple
means of obtaining plate, screen and
bias voltages of different values from a
common power supply source. It may
also be used to obtain very low voltages
of the order of .01 to .001 volts with a
high degree of accuracy, even though a
means of measuring such voltages is
lacking. The procedure for making these
measurements can best be given in the
following example :

Assume that an accurately calibrated
0-150 voltmeter is available and that the
source of voltage is exactly 100 volts.
This 100 volts is then impressed through
a resistance of exactly 1,000 ohms. Tt
will, then, be found that the voltage
along various points on the resistor, with
respect to the grounded end, will be

exactly proportional to the resistance at
that point. From Ohm's law, the current
would be 0.1 ampere; this current re-
mains unchanged since the original value
of resistance (1,000 ohms) and the volt-
age source (100 volts) are unchanged.
Thus, at a 500-ohm point on the resistor
(half its entire resistance), the voltage
will likewise be halved or reduced to 50
volts.

The equation (E = I X R) gives the
proof : E = 500 X 0.1 = 50. At the
point of 250 ohms on the resistor, the
voltage will be one-fourth the total value
or 25 volts (E = 250 X 0.1 = 25). Con-
tinuing with this process, a point can be
found where the resistance measures
exactly one ohm and where the voltage
equals 0.1 volt. It is, therefore, obvious
that if the original source of voltage and
resistance can be measured, it is a simple
matter to predetermine the voltage at any
point along the resistor, provided that the
current remains constant.

Design of Voltage Divider

Proper design of a voltage divider for
any type of radio equipment is a rela-
tively simple matter. The first considera-
tion is the amount of bleeder current to
be drawn, which is dictated largely by
the examples previously given. In addi-
tion, it is also necessary that the desired
voltage and the exact current at each
tap on the voltage divider be known.

The current does not flow from the
tap-on point through the resistor to
ground or negative terminal, but rather
from the positive side, then out through
the tap, then through the device to
ground. This explanation can be more
easily followed by referring to figure 3,
wherein the arrows indicate the direction
of current flow through the external load
and through the voltage divider.

The device which secures current from
the voltage divider is indicated as C. The
current drawn by C flows through sec-
tion A of the bleeder resistor, then
through C, and back to ground. The
bleeder current, however, flows through
the entire divider, i.e., through both A
and B. Therefore, it becomes apparent
that when a tap-on point is chosen to
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LOAD

®[ !XT@NAL

Figure 3.

Flow of current through an ad-
justable voltage divider and to
an external load.

give tne voltage desired, it is necessary to
consider not only the current drawn by
the device C, but also the bleeder current.

The design of more complex voltage
dividers can best be illustirated by means
of the following problems:

A power supply delivers 300 volts and
is conservatively rated to supply all
needed current for the receiver and still
allow a bleeder current of 10 milliam-
peres. The following voltages are want-
ed: 250 volts at 20 milliamperes for the
plates of the tubes, 100 volts at 5 mil-
liamperes for the screens of the tubes,
and 75 volts at 2 milliamperes for the
detector tube. The voltage drop from
the 300-volt value to the required 250
volts would be 50 volts; for the 100-volt
value, the drop will be 150 volts; for the
75-volt value, the drop will be 225 volts.
These values are shown in the diagram
of figure 4. The respective current
values are also indicated.

b T

10+2+3 +20MA A 350 vOLTS ORroOP

10+ 2+5 MA B 450vOLTS OROP

300

VOLTS
O+2MA C 23 voLTs ORroOP
BLEEOER
CURRENT O 75 vOoLTS OROP
10 MA

400 VOLTS AT S MA

75 VOLTS AT 2 MA

Tabulating the foregoing:

Voltage Drop 50

A = 1,351 ohms.

Current 037
Dissipation = .037 X 50 = 1.85 watts.
Voltage Drop 150

B = 8,823 ohms
Current .017

Dissipation = .017 X 150 = 2.25 watts.
Voltage Drop 26
C pr— —

2,083 ohms.

Current 012
Dissipation = .012 X 25 = 0.3 watts

Voltage Drop 75

Current 010
Dissipation = .010 X 75 = 0.75 watts.

7,500 ohms.

The divider has a total resistance of
19,757 ohms; this value is secured by
adding together the four resistance values
of 1,351, 8,823, 2,083 and 7,500 ohms.
A 20,000-ohm resistor with three sliding
taps will, therefore, be of the approxi-
mately correct size and, therefore, would
ordinarily be used because of the diffi-
culty in securing four separate resistors
of the exact odd values indicated and be-
cause no adjustment would be possible
to compensate for any slight error in esti-
mating the probable currents through the
various taps.

While the wattage dissipation across
all the individual sections is only 5.15
watts, the selection of a single resistor,
such as a large resistor with several
sliders, should be based not only on the

250 VOLTS AT 20MA

Figure 4.

Combined bleeder and adjust-

able voltage divider resistor as

commonly used in radio re-
ceivers.
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wattage rating but also on the current
that it will safely carry. In the above
example, the wattage of the section car-
rying the heaviest current is only 1.85
watts. The maximum dissipation of any
particular section is 2.25 watts. Yet, if
a S-walt resistor were selected, it would
very soon burn up. The reason for this
is that part of the divider must handle
37 ma.

The selection for wattage rating is,
therefore, made on the basis of current
because wattage rating of resistors as-
sumes uniform current distribution. Most
manufacturers rate their resistors in this
manner ; if not, it can be calculated from
the resistance and wattage rating.

When the sliders on the resistor once
are set to the proper point, as in the
above example, the voltages will remain
constant at the values shown as long as
the current remains a constant value.

One of the serious disadvantages of
the voltage divider becomes evident when
the current drawn from one of the taps
changes. It is obvious that the voltage
drops are interdependent and, in turn,
the individual drops are in proportion to
the current which flows through the re-
spective sections of the divider resistor.
The only remedy lies in providing a
heavy steady bleeder current in order to
make the individual currents so small a
part of the total current that any change
in current will result in only a slight
change in voltage. This can seldom be
realized in practice because of the ex-
cessive values of bleeder current which
would be required.

When a power supply is used for
C-bias service, still another factor must
be taken into consideration. Rectified grid
current from the class B or C stages
will flow through the divider in the same
direction as the bleeder current. If this
grid current changes, the voltage applied
to the grid will also correspondingly
change. Adjustments of a C-bias sup-
ply should be made while the amplifier
draws its proper amount of grid current;
otherwise, the C-bias resistor setting will
be greatly in error. Heavy bleeder cur-
rents are thus required for C-bias sup-
plies, especially where the grid current

is changing and the bias must remain
constant, as in certain tvpes of phone
transmtters,

Since the grid current in a C-bias sup-
ply tlows from the tap on the divider to
ground, and in the same direction as the
bleeder current, it is important to remem-
ber that in this case the regulation is in
the opposite direction from the case
where power is being taken from a tap
on the divider. In other words, the
greater the grid current that is flowing
through the bleeder, the higher will be the
voltage at this tap on the divider—and
for that matter, at all other taps in the
same divider.

Applying the Previous Equa-
tions: Operating Vacuum Tube
Filaments in Series

Not only do the following problems re-
garding series and parallel operation of
vacuum tube filaments have practical ap-
plication in the design of radio receivers,
but they serve as excellent examples for
those who want to follow the solution of
typical problems involving calculations of
resistance, current, voltage and wattage.

When computations are made for the
operation of vacuum tube filaments or
heaters in series connection, it should
be remembered that each has a definite
resistance and that Ohm’s law here again
holds true, just as it does in the case
of a conventional resistance.

No particular problem is involved
when two exactly similar tubes of the
same voltage and current rating are to
be operated with their filaments or
heaters connected in series in order to
operate them from a source of voltage
twice as high as is required for the
tubes. If two six-volt tubes, each re-
quiring 0.5 ampere for heater operation,
are connected in series across a 12-volt
power source, each tube will have the
same voltage drop (6 volts), and the
total current drawn from the power sup-
ply will be the same as for one tube
or 0.5 ampere. By making this connec-
tion, the resistance has actually been
doubled; yet, because the voltage is
doubled, each tube automatically secures
its proper voltage drop.
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In this example, the resistance of each
tube would be 12 ohms (6 divided by
0.5). In series, the resistance would be
twice this value or 24 ozhms. The current

1
I would then equal — or 0.5 ampere,
24
trom which it can be seen that the cur-
rent drawn from the supply is the same
as for a single tube.

It is important to understand that in a
series connection the sum of the voltage
drops across all of the tubes in the cir-
cuit cannot be more than the voltage of
the supply. It is not possible to connect
six similar 6-volt tubes in series across
a 32-volt supply and expect to realize 6
volts on the filaments of each, since the
sum of the various voltage drops is equal
to 36 volts. The tubes can, however, be
connected in such a manner that the cor-
rect voltage drop will be secured as will
be explained later.

The following examples and diagrams
give all needed design information for
series- and series-parallel connections:

Example—One 6F6 and one 6L6 tube
are to be operated in a low-power air-
plane transmitter. The power supply de-
livers 12.6 volts. The problem 1s to
connect the heaters of the two tubes in
such a manner that each tube will have
exactly the same voltage drop across its
heater terminals. The tube tables show
that a type 6F6 tube draws 0.7 ampere
at 6.3 volts. Its resistance, accordingly,

E 63

I 0.7
6L6 tube draws 0.9 ampere at 6.3 volts,
6.3

09

If these tubes are connected in series
without precautionary measures, the
total resistance of the two will be 16
ohms (9 + 7). A potential of 12.6
volts will pass a current of 0.787 am-
pere through this value of 16 ohms. The
drop across each separate resistor is
found from Ohm’s law, as follows:
9 X 0.787 = 7.083 volts, and 7 X 0.787
= 54 volts. Thus, it is seen that neither
tube will have the correct voltage drop.

= 7 ohms.

and its resistance equals

One of the resistor values must, there-
fore, be changed so that it will be
equal to the other in order that the
voltage drop will be equal across both
tubes. If the larger of the two resistors
is taken and another resistor connected
in parallel across it, the value of the
larger resistor can then be brought down
to that of the smaller.

Substituting these values in an equa-

9X7
9—7

=31.5

tion previously given, R=

ohms. By connecting a resistance of
31.5 ohms in parallel with the 9-ohm
resistance, the effective resistance will
be exactly 7 ohms or equal to that of the
other resistor.

6F6 = 9 OHMS 6L6 = 7 OHMS

9 OHMS 7 OHMS
A

Ld

34,5 OHMS

[—— 12.6 VOLTS —

Y \

Figure 5.

The problem is made more simple by
the following procedure:

If the tubes are regarded on the basis
of their respective current ratings, it will
be found that the 616 draws 0.9 ampere
and the 6F6 0.7 ampere, or a difference
of 0.2 ampere. If the resistance of the
6F6 is made equal to that of the 6L6.
both tubes will draw the same current.
Simply take the difference in current, 0.2
ampere, and divide this value into the
proper voltage drop, 6.3 volts; the
answer will be 31.5 ohms, which is the
exact same value obtained in the previous
roundabout method of calculation.

The diagram in figure 6 shows other
possible connections for tubes of dis-
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8.3V Q SECTION
0.9A A

0.3

A
8.3V
SECTION Of3A
B8
A~
6.3V
0.3A
6.3V 6.3V
0.,3A 0.7

PARALLEL A
RESISTOR
@ OMMS

r—— 12.6 VOLTS ——————=M

Figure 6.

similar heater for filament current rat-
ings. Although section B in figure 6
appears formidable, it is a simple matter
to make the necessary calculations for
operating the tubes from a common
source of supply. In section B there are
three tubes with their heaters connected
in parallel. The current, therefore, will
be 0.3 + 03 + 0.7 = 1.3 amps. The
two tubes in parallel draw 0.3 4+ 03 =
0.6 amp. The difference between 1.3
and 0.6 is 0.7 amp. The drop across
each section i1s the same or 6.3 volts;

6.3
therefore — —
0.7

resistance across the two parallel-con-
nected tubes gives their sections the same
resistance as that of the three tubes;
consequently, al} tubes secure the proper
voltage.

When tube heaters or filaments are
operated in series, the current is the
same throughout the entire circuit. The
resistance of all tube filaments must
then be made the same if each is to have
the same votage drop across its termi-
nals. The resistance of a tube heater
or filament should never be measured
when cold because the resistance will
be only a fraction of the resistance
present when the tube functions at proper
heater or filament temperature. The re-
sistance can be calculated satisfactorily

- 9 ohms. This value of

by using the current and voltage ratings
given in the tube tables.

Electromagnetism

Everyone is familiar with the common
bar or horseshoe magnet. The magnetic
field which surrounds it allows the mag-
net to attract nails, washers, or other
pieces of iron to it. A peculiarity of an
electric current, hence of electrons in mo-
tion in general, is that a magnetic field
is set up in the vicinity of the conductor
of the current for as long a period of
time as the current is flowing. A field
set up by an electric current is called an
electromagnetic field to distinguish it
from the permanent field surrounding
the bar magnet.

MOTIONOF § — DIRECTION
ELECTRONS OF CURRENT

=

o F

+

Figure 7.

(A} shows the magnetic lines of force pro-
duced around a conductor carrying an elec-
tric current. (B) indicates how the effec-
tiveness of the field may be increased by
winding the conductor into a coil.

The field, or magnetic lines of force,
set up in the vicinty of the conductor ex-
tend outwardly from the conductor in a
plant at right angles to its direction. It
1s these lines of magnetic force that make
up the magnetic flux. The strength of
this flux in the vicinity of a simple con-
ductor is proportional to the strength of
the current. However, if the conductor is
wound into a coil the flux for each turn
of wire becomes additive to that of the
others and the flux becomes proportional
to the number of turns as well as to the
current flow. Since the flux is linearly
proportional to both the current and the
number of turns, the magnetizing effect
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of a coil may be described as a function
of the ampere-turhs of that coil ; the mag-
netizing effect of a coil is proportional
to the product of the current strength and
the number of turns in the coil.

The magnetic flux increases or de-
creases in direct proportion to the change
in the current. The ratio of the change
in flux to the change in current has a con-
stant value known as the inductance of a
coil.

Electromagnetic Effects

In drawing an analogy of voltage,
current and resistance in terms of mag-
netic phenomena, magnetic flux might be
termed magnetic current, magnetomotive
force or magnetic voltage. The reluc-
tance of a magnetic circuit can be thought
of as the resistance of the magnetic path.
The relation between the three is exactly
the same as that between current, voltage
and resistance (Ohm’s law).

The magnetic flux depends upon the
material, cross section and length of
the magnetic circuit, and it varies direct-
ly as the current flowing in the circuit.
The reluctance i1s dependent upon the
length, cross section, permeability and
air gap, if any, of the magnetic circuit.

In the electrical circuit, the current
would equal the voltage divided by the
resistance, and so it is in the magnetic
circuit.

Magnetic Flux (¢) =

magnetomotive force (m.m.f.)

reluctance (r)

Permeability

Permeability describes the difference
in the magnetic properties of any mag-
netic substance as compared with the
magnetic properties of air. Iron, for
example, has a permeability of around
2000 times that of air, which means that
a given amount of magnetizing effect pro-
duced in an iron core by a current flow-
ing through a coil of wire will produce
2000 times the flux density that the
same magnetizing effect would produce
in air. The permeabilities of different
iron alloys vary quite widely and perme-
abilities up to 100,000 can be obtained.

Permeability is similar to electric con-
ductivity. There is, however, one im-
portant difference: the permeability of
iron is not independent of the magnetic
current (flux) flowing through it, al-
though electrical conductivity 1s usually
independent of electric current in a wire.
After a certain point is reached in the
flux density of a magnetic conductor, an
increase in the magnetizing field will not
produce a material increase in flux den-
sity. This point is known as the point of
saturation. The inductance of a choke
whose core is saturated declines to a very
low value.

Counter E.M.F.

A fundamental law of electricity is:
when lines of force cut across a conduc-
tor, a voltage is induced in that conduc-
tor. Therefore, it can be readily seen
that in the case of the coil previously
mentioned the flux lines from one turn
cut across the adjacent turn, and a wvolt-
age is induced in that turn. The effect
of these induced voltages is to create a
voltage across the entire coil of opposite
polarity or in the opposite direction to
the original voltage. Such a voltage is
called counter em.f. or back e.m.f.

If a direct current potential such as a
battery is connected across a multiturn
coil or inductance, the back em.f. will
exist only at the instant of connection
at which time the flux is rising to its
maximum value. While it is true that a
current is flowing through the turns of
the coil and that a magnetic field exists
around and through the center of the in-
ductance, an induced voltage may only
be produced by a changing fluxr. Tt is
only such a changing flux that will cut
across the individual turns and induce a
voltage in them. By a changing flux is
meant a flux that is increasing or de-
creasing as would occur if the em.f.
across the coil were alternating or chang-
ing its direction periodically.

The Unit of Self-Inductance:
The Henry

As the current increases, the back
e.m.f. reaches a maximum, as the cur-
rent decreases, the back e.m.f. i1s maxi-
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mum in the same direction as the cur-
rent. This back voltage is always oppo-
site to the exciting voltage and, hence,
always acts to resist any change in cur-
rent in the inductance. This property of
an inductance is called its self-inductance
and is expressed in henrys, the henry be-
ing the unit of inductance. A coil has
an inductance of one henry when a volt-
age of one volt is induced by a current
change of one ampere per second. The
unit, henry, is too large for reference to
inductance cotls such as those used in
radio-frequency circuits; mullihenry or
microhenry are more commonly used, in
the following manner:
1 henry = 1,000 wmillihenrys, or 10°
millthenrys.
1 millihenry = 1/1,000 of a henry, .001
henry, or 10 henry.
1 microhenry = 1/1,000,000 of a henry,
or .000001 henry, or 10 henry.
One one-thousandth of a millihenry =
001 or 10 mullihenrys.
1,000 microhenrys = 1 millihenry.

Mutual Inductance

1f two inductances are so placed in re-
lation to each other that the lines of
force encircling one coil are interlinked
with the turns of the other, a voltage
will be set up or induced in the second
coil. As in the case of self-inductance,
the induced wvoltage will be opposite in
direction to the exciting voltage. This
effect of linking two inductances is called
mutual inductance, abbreviated M, and is
also expressed in henrys. Two circuits
thus joined are said to be inductively
coupled.

The magnitude of the mutual induc-
tance depends upon the shape and size
of the two circuits, their positions and
distances apart and the permeability of
the medium. The extent to which two
inductances are coupled is expressed by
a relation known as coefficient of cou-
pling. This is the ratio of the mutual in-
ductance actually present to the maxi-
mum possible value.

Inductances in Parallel

Inductances in parallel are combined
exactly as are resistors in parallel, pro-

vided that they are far enough apart so
that the mutual inductance is entirely
negligible, i.e., if the coupling is very
loose.

Inductances in Series

Inductances in series are additive, just
as are resistors in series, again provided
that no mutual inductance exists. In
this case, the total inductance L is:

E= Ly gt arceneansa etc.
Where mutual inductance does exist:
L=1,+1, 4+ 2M,
where M is the mutual inductance.

This latter expression assumes that
the coils are connected in such a way
that all flux linkages are in the same
direction, i.e., additive. If this i1s not
the case and the mutual linkages sub-
tract from the self-linkages, the follow-
ing formula holds:

L=L,+L,—2M,
where M is the mutual inductance.

Calculation of Inductance

The inductance of coils with magnetic
cores can be determined with reasonable
accuracy from the formula:

L =1257 X N2 X P X 10*
where

L is the inductance in henrys,

N 1s the number of turns,

P is the permeability of the core ma-

terial.

From this formula it can be seen that
the inductance is proportional to the
permeability as well as to the square of
the number of turns. Thus, it is possible
to secure greater values of inductance
with a given number of turns of wire
wound on an iron core than would be
possible if an air core coil were used.

The inductance of an air core is pro-
portional to the square of the number of
turns of wire, provided that the length
and diameter remain constant as the
turns are changed (actually an impossi-
bility, strictly speaking). The formula
for inductance of air core coils is given
with good accuracy, as follows:

L=N2XdXF,
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where :
L = inductance in microhenrys,
d =diameter of coil, measured to

center of wire,

N = number of turns,

F = a constant, dependent upon the
ratio of length-to-diameter,

This formula is explained under the
heading of Coil Calculation, where a
graph for the constant F is given.

Core Material

Ordinary magnetic cores cannot be
used for radio frequencies because the
eddy current losses in the core material
become enormous as the frequency is in-
creased. The principal use for magnetic
cores is in the audio-frequency range
below approximately 15,000 cycles,
whereas at very low frequencies (50 to
60 cycles) their use is mandatory if an
appreciable value of inductance is de-
sired.

An air core inductor of only one henry
inductance would be quite large in size,
yet values as high 500 henrys are com-
monly available in small iron core chokes.
The inductance of a coil with a magnetic
core will vary with the amount of di-
rect current which passes through the
coil. For this reason, iron core chokes
that are used in power supplies have a
certain inductance rating at a predeter-
mined value of d.c.

One exception to the statement that
metal core inductances are highly in-
efficient at radio frequencies is in the
powdered iron cores used in some types
of intermediate frequency transformers.
These cores are made of very fine par-
ticles of powdered iron, which is first
treated with an insulating compound so
that each particle is insulated from the
other. These particles are then molded
into a solid core around which the wire
is wound. Eddy current losses are
greatly reduced, with the result that these
special iron cores are entirely practical in
circuits which operate up to 1500 ke. in
frequency.

Electrical Storage of Energy

So far we have dealt only with the
storage of energy in an electromagnetic

field in the form of an inductance. The
storage of energy in a magnetic field is
expressed in joules and is equal to
(LI?)/2. (A joule is equal to one watt-
second.) Electrical energy can also be
stored in an electrostatic field. A device
capable of storing energy in such a field
is called a condenser and is said to have
a certain capacitance. The energy stored
in an electrostatic field is also expressed
in joules and is equal to CE?/2, where C
is the capacity in farads (a unit of ca-
pacity to be discussed) and E is the po-
tential in volts.

Capacitance and Condensers

Two metallic plates separated from
each other by a thin layer of insulating
material (called a dielectric, in this case),
become a condenser. When a source of
d.c. potential is momentarily applied
across these plates, they may be said to
become charged. If the same two plates
are then joined together momentarily by
means of a wire, the condenser will dis-
charge.

When the potential was first applied,
electrons immediately attempted to flow
from one plate to the other through the
battery or such source of d.c. potential
as was applied to the condenser plates.
However, the circuit from plate to plate
in the condenser was incomplete (the
two plates being separated by an insula-
tor) and thus the electron flow ceased,
meanwhile establishing a shortage of
electrons on one plate and a surplus of
electrons on the other.

Remember that when a deficiency of
electrons exists at one end of a conduc-
tor, there is always a tendency for the
electrons to move about in such a man-
ner as to reestablish a state of balance.
In the case of the condenser herein dis-
cussed, the surplus quantity of electrons
on one of the condenser plates cannot
move to the other plate because the cir-
cuit has been broken; that is, the battery
or d.c. potential was removed. This
leaves the condenser in a charged condi-
tion; the condenser plate with the elec-
tron deficiency is positively charged, the
other plate being negative.
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In this condition, a considerable stress
exists in the insulating material (di-
electric) which separates the two con-
denser plates, due to the mutual attrac-
tion of two unlike potentials on the
plates. This stress is known as electro-
static energy, as contrasted with elec-
tromagnetic energy in the case of an in-
ductance. This charge can also be called
potential energy because it is capable of
performing work when the charge is re-
leased through an external circuit.

The Unit of Capacitance:
The Farad

If the external circuit of the two con-
denser plates is completed by joining the
terminals together with a piece of wire,
the electrons will rush immediately from
one plate to the other through the exter-
nal circuit and establish a state of equi-
librium. This latter phenomenon ex-
plains the discharge of a condenser, The
amount of stored energy in a charged
condenser is dependent upon the charg-
ing potential, as well as a factor which
takes into account the size of the plates,
dielectric thickness, nature of the dielec-
tric and the number of plates. This fac-
tor, which is determined by the fore-
going, is called the capacity of a conden-
ser and is expressed in farads.

The farad is such a large unit of ca-
pacity that it is rarely used in radio
calculations, and the following more
practical units have, therefore, been
chosen:

1 microfarad = 1/1,000,000 of a
farad, or 000001 farad, or 10
farads.

1 micro-microfarad = 1/1,000,000
of a microfarad, or .000001 micro-
farad, or 10-® microfarads.

1 micro-microfarad = one-million-
millionth of e farad, or
00000000001 fared, or 1072
farads.

If the capacity is to be expressed in
microfarads in the equation given under
energy storage, the factor C would then
have to be divided by 1,000,000, thus:

C X E?
Stored energy in joules = —-

2 X 1,000,000

This storage of energy in a condenser
is one of its very important properties,
particularly in those condensers which
are used in power supply filter circuits.

Dielectric Constant

The capacity of a condenser is largely
determined by the thickness and nature
of the dielectric separation between
plates. Certain materials offer a greater
capacity than others, depending upon
their physical makeup. This property is
expressed by a constant K, called the
dielectric constant. A table for some of
the commonly used dielectrics is given
here:

Material Dielectric Constant
Alr ..o 1.00
Mica .................. 2.94
Hard rubber ............ 2.50 to 3.00
Glass ........... ... 4.90 to 7.00
Bakelite derivatives ...... 3.50 to 6.00
Celluloid ................ 4.10
Fiber ................. 4to06
Wood (without special prepa-

ration) :

Oak .................. 33

Maple ................ 4.4

Birch ................ 5.2
Transformer oil ......... 2.5
Castoroil ............... 5.0
Porcelain, Steatite ........ 6.5
Lucite ................. 2.8
Quartz ................. 42
Victron, Trolitul ........ 2.6

Dielectric Breakdown

The nature and thickness of a dielec-
tric have a very definite bearing on the
amount of charge of a condenser. If
the charge becomes too great for a given
thickness of dielectric, the condenser will
break down, i.e., the dielectric will punc-
ture. It is for this reason that condensers
are rated in the manner of the amount
of voltage they will safely withstand.
This rating is commonly expressed as
the d.c. working wvoltage.
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Capacity Calculation

The capacity of two parallel plates is
given with good accuracy by the follow-
ing formula:

A
C=02244 X K X —,
t
where C = capacity in micro-micro-
farads,
K = dielectric constant of spac-
ing material,
A = area of dielectric in square
inches,
t thickness of dielectric in
inches.

This formula indicates that the ca-
pacity is directly proportional to the
area of the plates and inversely propor-
tional to the thickness of the dielectric
(spacing between the plates). This sim-
ply means that when the area of the
plate is doubled, the spacing between
plates remaining constant, the capacity
will be doubled. Also, if the area of the
plates remains constant, and the plate
spacing is doubled, the capacity will be
reduced to half. The above equation also
shows that capacity is directly propor-
tional to the dielectric constant of the
spacing material. A condenser that has
a capacity of 100 in air would have a
capacity of 500 when immersed in castor
oil, because the dielectric constant of cas-
tor oil is 5.0 or five times greater than
the dielectric constant of air.
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Figure 8.

In order to determine the capacity of
a parallel plate condenser, the following
transposition is of value when the spac-
ing between plates is known :
CXt
As —
0.2244 X K
where A =area of plates in square
inches,
K =dielectric constant of spacing
material,
C =capacity in
farads,
t =thickness of dielectric (plate
spacing) in inches.

micro-micro-

Where the area of the plates is definitely
set, and when it is desired to know the
spacing needed to secure a required
capacity,

A X 02244 X K

t—,_

U

where all units are expressed just as in
the preceding formula. This formula is
not confined to condensers having onlv
square or rectangular plates, but also
applies when the plates are circular in
shape. The only change will be the cal-
culation of the area of such circular
plates; this area can be computed by
squaring the radius of the plate, then
multiplying by 3.1416, or “pi”. Expressed
as an equation:

A = 3.1416 X r?,
where r = radius in inches.

The capacity of a multi-plate conden-
ser can be calculated by taking the ca-

A
Cc
Ci C2
\
CONDENSERS IN PARALLEL

Figure 9.
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Ci C2
i —

CONDENSERS IN SERIES

Figure 10.

pacity of one section and multiplying
this by the number of dielectric spaces.
In such cases, however, the formula
gives no consideration to the effects of
edge capacity so that the capacity as
calculated will not be entirely accurate.
These additional capacities will be but a
small part of the effective total capacity,
particularly when the plates are reason-
ably large, and the final result will,
therefore, be within practical limits of
accuracy.

Equations for calculating capacities of
condensers in parallel connection are the
same as those for resistors in series:

C C1 + Cz, etc.

Condensers in series connection are
calculated in the same manner as are
resistors in parallel.

The formulas are repeated: (1) For
two. or more condensers of unequal ca-
pacity in series:

1
C=—— %
1 1 1
SIS Sl
C: GCs G
1 1 1 1
or = + — ==
C C C C

(2) Two condensers of unequal capacity
in series:

C. X C

£ = e
C + G

(3) Three condensers of equal capacity
in series:

G
C = —
3

, where C; is the common

capacity.
(4) Three or more condensers of equal
capacity in series:

Value of common capacity

C = ——— — —

Number of condensers in series

(5) Six condensers in series parallel:

1 1 1
= =
1 1 1 1 1 1
—+ + + -
G G G G G G

CONDENSERS IN SERIES - PARALLEL

Figure 11,

Voltage Rating of
Series Condensers

Any good paper dielectric filter con-
denser has such a high internal resistance
(indicating a good dielectric) that the
exact resistance will vary considerably
from condenser to condenser even though
they are made by the same manufacturer
and are of the same rating. Thus, when
1000 volts d.c. 1s connected across two
1-ufd. 500-volt condensers, the chances
are that the voltage will divide unevenly
and one condenser will receive more than
500 volts and the other less than 500
volts.

By connecting a half-megohm 1-watt
carbon resistor across each condenser,
the voltage will be equalized because the
resistors act as a voltage divider and the
internal resistances of the condensers
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are so much higher (many megohms)
that they have but little effect in disturb-
ing the voltage divider balance.

Carbon resistors of the inexpensive
type are not particularly accurate (not
being designed for precision service);
therefore it is advisable to check several
on an accurate ohmmeter to find two
that are as close as possible in resistance.
The exact resistance is unimportant, just
so it is the same for the two resistors
used.

When two condensers are connected in
series, alternating current pays no heed
to the relatively high internal resistance
of each condenser, but divides across the
condensers in inverse proportion to the
capacity. Because, in addition to the d.c.
across a capacitor in a filter or audio
amplifier circuit, there is usually an a.c.
or a.f. voltage component, it is inadvis-
able to series-connect condensers of un-
equal capacitance even if dividers are
provided to keep the d.c. within the
ratings of the individual capacitors.

For instance, if a 500-volt 1-ufd. ca-
pacitor is used in series with a 4-ufd.
500-volt condenser across a 250-volt a.c.
supply, the 1-ufd. condenser will have
200 volts a.c. across it and the 4-ufd.-
condenser only 50 volts. An equalizing
divider to do any good in this case
would have to be of very low resistance
because of the comparatively low im-
pedance of the condensers to a.c. Such a
divider would draw excessive current
and be impracticable.

The safest rule to follow is to use
only condensers of the same capdcity and
voltage rating and to install matched
high resistance proportioning resistors
across the various condensers to equalize
the d.c. voltage drop across each con-
denser. This holds regardless of how
many capacitors are series-connected.

Electrolytic Condensers
in Series

Similar electrolytic capacitors, of the
same capacity and made by the same
manufacturer, have more nearly uniform
(and much lower) internal resistance
though it still will vary considerably.

However, the variation is not nearly as
great as encountered in paper condens-
ers, and the lowest d.c. voltage is across
the weakest (leakiest) electrolytic con-
densers of a series group.

As an electrolytic capacitor begins to
show signs of breaking down from ex-
cessive voltage, the leakage current
goes up, which tends to heat the con-
denser and aggravate the condition.
However, when used in series with one
or more others, the lower resistance
(higher leakage current) tends to put
less d.c. voltage on the weakening con-
denser and more on the remaining ones.
Thus, the capacitor with the lowest leak-
age current, usually the best capacitor,
has the highest voltage across it. For
this reason, dividing resistors are not
essential across series-connected electro-
lytic capacitors.

Electrolytic condensers use a very
thin film of oxide as the dielectric, and
are polarized; that is, they have a posi-
tive and a negative terminal which must
be properly connected in a circuit; other-
wise, the oxide will boil, and the con-
denser will no longer be of service. When
electrolytic condensers are connected in
series, the positive terminal is always
connected to the positive lead of the
power supply; the negative terminal of
the condenser connects to the positive
terminal of the mext condenser in the
series combination. The method of con-
nection is illustrated in figure 12,

ol- o"- ¢"_ .|_

POLARIZED CONDENSERS, (ELECTROLYTIC) IN SERIES

Figure 12.

Alternating Current

To this point in the text, consideration
has been given primarily to a current
consisting of a steady flow of electrons
in one direction. This type of current

' 4
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Graphical comparison of unidirec-
tional or direct current and alter-
nating current.

flow is known as unidirectional or direct
current, abbreviated d.c. Equally as im-
portant in radio work and more impor-
tant in power practice is another and
altogether different type of current,
known as alternating current and abbre-
viated a.c. Power distribution from one
point to another and into homes and fac-
tories is almost universally a.c. On the
other hand, the plate supply to vacuum
tubes delivers d.c.

An alternating current begins to flow
in one direction, meanwhile changing its
amplitude from zero to a maximum
value, then down again to zero, from
which point it changes its direction,
and again goes "through the same pro-
cedure. Each one of these zero-maxi-
mum-zero amplitude changes in a given
direction is called a half cycle. The com-
plete change in two directions is called
a cycle. The number of times per second
that the current goes through a complete
cycle is called the frequency. The fre-
quency of common house-lighting alter-
nating current is generally 60 cycles,
meaning that it goes through 60 com-
plete cycles (120 reversals) per second.
However, 25- and 50-cycle power is to be
found quite frequently and 40-, 133-,
and 240-cycle power is found in certain
foreign countries.

Radio frequency currents, on the other
hand, go through so many of these alter-
nations per section that the term cycle

becomes unwieldy. As an example, it
can be said that a certain station on the
ten-meter amateur band is operating on
28,640,000 cycles per second. However
it is much more convenient to say that
the carrier frequency is 28,640 kilocycles,
or 28.64 megacycles, per second. A con-
version table for simplifying this termi-
nology is given here:

1,000 ‘cycles = 1 kilocycle. The abbre-
viation for kilocycle is ke.

1 cycle = 1/1,000 of a kilocycle, .001 kc.
or 10 kc.

1 megacycle = 1,000 kilocycles, or
1,000,000 cycles, 10® kc. or 10° cycles.

1 kilocycle = 1/1,000 megacycle, .001
megacycle, or 10 Mc. The abbrevia-
tion for megacycles is Mc.

Applying Ohm’s Law
to Alternating Current

Ohm'’s law applies equally to direct or
alternating current, provided the circuits
under consideration are purely resistive,
that is, circuits which have neither induc-
tance (coils) nor capacitance (condens-
ers). Problems which involve tube fila-
ments, drop resistors, electric lamps,
heaters or similar resistive devices can
be solved from Ohm’s law, regardless of
whether the current is direct or alternat-
ing. When a condenser or a coil is made
a part of the circuit, a property common
to either, called reactance, must be taken
into consideration.

Inductive Reactance

As was previously stated, when an
alternating current flows through an in-
ductance, a back- or counter-electromo-
tive force is developed; this force opposes
any change in the initial em.f. The
property of an inductance to offer oppo-
sition to a change in current is known as
its reactance or inductive reactance. This
is expressed as Xy,:

XL = 27TfL,

where X; = inductive reactance ex-
pressed in ohms,

3.1416 (2r = 6.283),

T =
f = frequency in cycles,
L = inductance in henrys.
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It is very often necessary to compute
inductive reactance at radio frequencies.
The same formula may be used, except
that the units in which the inductance
and the frequency are expressed will be
changed. Inductance can, therefore, be
expressed in millihenrys and frequency
in kilocycles. For higher frequencies and
smaller values of inductance, frequency
i1s expressed in megacycles and induc-
tance in microhenrys. The basic equa-
tion need not be changed since the
multiplying factors for inductance and
frequency appear in numerator and de-
nominator, and hence are cancelled out.
However, it is not possible in the same
equation to express L. in millihenrys and
f in cycles without conversion factors.

Should it become desirable to know
the value of inductance necessary to give
a certain reactance at some definite fre-
quency, a transposition of the original
formula gives the following:

XL
L. = —
2w f
or when Xy, and L are known:
Xt
=3 oo
27 L

Condensers in A. C.
and D. C. Circuits

When a condenser is connected into a
direct current circuit, it will block the
d.c., or stop the flow of current. Beyond
the initial movement of electrons during
which the condenser is charged, there
will be no flow of current because the
circuit is effectively broken by the dielec-
tric of the condenser. Strictly speaking,
a very small current may actually flow
because the dielectric of the condenser
may not be a perfect insulator. This
minute current flow is the leakage cur-
rent previously referred to and is de-
pendent upon the internal d.c. resistance
of the condenser. This leakage current is
usually quite noticeable in most types of
electrolytic condensers.

When an alternating current is ap-
plied to a condenser, it will charge and

discharge a certain number of times per
second 1n accordance with the frequency
of the alternating voltage. The electron
flow in the charge and discharge of a
condenser when an a.c. potential is ap-
plied constitutes an alternating current,
in effect. It is for this reason that a
condenser will pass an alternating cur-
rent yet offer practically infinite opposi-
tion to a direct current. These two prop-
erties are repeatedly in evidence in a
radio circuit.

Capacitive Reactance

It has been explained that inductive
reactance is the ability of an inductance
to oppose a change in an alternating
current. Condensers have a similar prop-
erty although in this case the opposition
is to the woltage which acts to charge
the condenser. This action is called
capacitive reactance and is expressed as
follows:

1
Xe = ——,
2r fC
where X, = capacitive reactance in
ohms,

= = 3.1416,
f = frequency in cycles,
C = capacity in farads.

Here again, as in the case of inductive
reactance, the units of capacity and fre-
quency can be converted into smaller
units for practical problems encountered
in radio work. The equation may be
written :
1,000,000
X( = —_—
2xfC
where f = frequency in megacycles,
C = capacity in micro-micro-
farads.
In the design of filter circuits, it is often
convenient to express frequency (f) in
cycles and capacity (C) in microfarads,
in which event the same formula applies.

Comparison of Inductive
to Capacitive Reactance
with Changing Frequency

From the equation for inductive re-
actance, it is seen that as the frequency
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becomes greater the reactance increases
in a corresponding manner. The re-
actance is doubled when the frequency is
doubled. If the reactance is to be very
large when the frequency is low, the
value of inductance must be very large.

The equation for capacitive reactance
shows that the reactance varies inversely
with frequency and capacity. With a
fixed value of capacity, the reactance
will become less as the frequency in-
creases. When the frequency is fixed, the
reactance will be greater as the capacity
is lowered. In order to have high re-
actance, it is necessary to have low capa-
citance although in power filter circuits
the reactance is always made low so that
the alternating current component from
the rectifier will be by-passed. The capa-
citance must be made large in this case
because the frequency is quite low (60-
120 cycles).

A comparison of the two types of re-
actance, inductive and capacitive, shows
that in one case (inductive) the re-
actance increases with frequency, where-
as in the other (capacitive) the reactance
decreases with frequency.

Reactance and Resistance
in Combination

When a circuit includes a capacity or
an imductance or both, in addition to
a resistance, the simple calculations of
Ohm's law will not apply when the total
impedance to alternating current is to
be determined. Reference is here made
to the passage of an alternating current
through the circuit; the reactance must
be considered in addition to the d.c. re-
sistance because reactance offers an
opposition to the flow of alternating
current.

When alternating current passes
through a circuit which contains only a
condenser, the voltage and current re-
lations are as follows:

E
E=1X,and I =
X,

K

where E = voltage,
I = current in amperes,

1
X, = capacitive reactance or

2= fC

(expressed in ohms).

When the circuit contains inductance
only, yet with the same conditions as
above, the formula is as follows:

E
E=1X, and I = —,
XL
where E = voltage,
= current in amperes,
X, = inductive reactance or 2 = fL.
(expressed in ohms).

When a circuit has resistance, capaci-
tive reactance and inductive reactance in
series, the effective total opposition to
the alternating current flow is known as
the impedance of the circuit. Stated
otherwise, impedance of a circuit is the
vector sum of the resistance and the dif-
ference between the two reactances.

Z =VeT (Ke—X)lor
— __1 —
Z= \/r2+ (21rfL-— )
27fC
where Z impedance in ohms,

r = resistance in ohms,
Xy, = inductive reactance
(2 = fL) in ohms,

1
X. = capacitive reactance ( )
2+£C

in ohms.

An example will serve to clarify the
relationship of resistance and reactance
to the total impedance. If a 10-henry
choke, a 2-ufd. condenser and a resist-
ance of 10 ohms (which is represented
by the d.c. resistance of the choke) are
all connected in series across a 60-cycle
source of voltage:
for reactance Xy = 6.28 X 60 X 10 =

3,750 ohms (approx.),

1,000,000

, S A~

628 X 60 X 2

1,300 ohms (approx).
r = 10 ohms
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Substituting these values in the imped-
ance equation

Z = v 107 + (3750 — 1300)% = 2450

ohms.

This is nearly 250 times the value of
the d.c. resistance of 10 ohms. The sub-
ject of impedance is more fully covered
under Resonant Circuits.

Generation of Alternating
Current

Again recalling previous text, an alter-
nating current is one which rises to a
maximum, then decreases to zero from
that point, and then goes through the
same pulse in the opposite direction. This
continual change of amplitude and direc-
tion is maintained as long as the current
continues to flow. The number of times
that the current changes direction in a
given length of time is called the fre-
quency of change, or more generally, it
is simply called the frequency.

Alternating currents which range from
nearly zero to many millions of cycles
per second are commonplace in radio
applications. Such a current is produced
by the rotating machine which generates
the common 60-cycle house-lighting cur-
rent; it is likewise produced by oscilla-
tory circuits for the high radio frequen-
cies. A machine that produces alternat-
ing current for house-lighting, industrial
and other uses is called an alternator.
It is also called an a.c. generator.

Figure 14.
BASIC FORM OF ALTERNATOR.

-+

II ROCA~Fr g

Figure 15.

An alternator in its very basic form
is shown in figure 14. It consists of two.
permanent magnets, M, the opposite
poles of which face each other, and the
poles being machined so that they have
a common radius. Between these two
poles, north (N) and south (S), mag-
netic lines of force exist; these lines of
force constitute a magnetic field. 1f a
conductor in the form of C is so sus-
pended that it can freely rotate between
the two poles, and if the opposite ends
of conductor C are brought to collector
rings, R, which are contacted by brushes,
there will be a flow of alternating cur-
rent when conductor C is rotated. This
is the basic method of producing alter-
nating current.

If the conductor loop is rotated so that
it cuts or passes through the magnetic
lines of force between the pole pieces
(magnets), a current will be induced in
the loop, and this current will flow out
through the collector rings R and brush-
es B to the external circuit, X-Y. As the
rotation continues, the current becomes
increasingly greater as the center of each
pole piece is approached by the loop. The
field intensity of the magnets is greatest
at the center, and gradually falls to a
low value either side of center.

Figure 15 will serve to clarify the op-
eration of the alternator. The point P
is taken as the revolving conductor,
which is C in figure 14. As point P is
revolved in a circular manner, the change
in field intensity with consequent change
in voltage can be visualized. It will be
seen that as the conductor P begins its’
rotation, it starts through the lesser field
intensity, gradually coming into the max-
imum field, then away again to another
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field of minimum intensity. The conduc-
tor then cuts the magnetic field in the
opposite direction, going through the
same varying intensity as previously re-
lated, then reaching a maximum, and
then falling away to zero, from which
point the current again increases in the
original direction. When the conductor
has completed its 360° rotation, two com-
plete changes (one cycle) will have been
completed.

Actually the voltage does not increase
directly as the angle of rotation, but
rather as the sine of the angle; hence,
such a current has the mathematical
form of a sine wave. Although most elec-
trical machinery does not produce a
strictly pure sine curve, the departures
are usually so slight that the assump-
tion can be regarded as fact for most
practical purposes.

Referring to figure 16, it will be seen
that if a curve is plotted for an alternat-
ing voltage. such a curve would assume
the shape of a sine wave and by plotting
amplitude against time, the voltage at
any instant could be found. When deal-
ing with alternating current of sine wave
character, it becomes necessary to make
constant use of terms which involve the
number of changes in polarity or, more
properly, the frequency of the current.
The instantaneous value of voltage at
any given instant can be calculated as
follows:

¢ = Epax sin 2=ft,
where ¢ = the instantaneous voltage,
sin = the sine of the angle formed

1 cveee

— —*—'chcu——
- +
A
" +
.
. Tive
0 T T T
T MY
3 = I £
€ AR 4]
210° 330"
)
Y 240" 300"
1cvele s 270°
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wNERE, ¥ » PAEQUENCY 1IN CYCLES PER  SECOND

Figure 16.
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cz= raoians on 270
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4~MADIAN & 57,324 OEGREES

Figure 17.

by the revolving point P at
the instant of time, t,

E = maximum crest value of volt-
age (figure 16).

The term 2xf should be thoroughly
understood because it is of basic im-
portance. Returning again to the rotating
point P (figure 15), it can be seen that
when this point leaves its horizontal po-
sition and begins its rotation in a coun-
ter-clockwise direction, through a com-
plete revolution back to its initial start-
ing point, it will have traveled through
360 electrical degrees. Instead of refer-
ring to this movement in terms of de-
grees, mathematical treatment dictates
that the movement be expressed in
radians or segments equal to the radius.

If radians must be considered in terms
of degrees, there are approximately 57.32
degrees in one radian. In simple lan-
guage, the radian is nothing more than
a unit for dividing a circle into many
parts. In a complete circle (360 de-
grees), there are 2= radians. Figure 17
shows lesser djvisions of a circle in
radians.

When the expression 2= radians is
used, it implies that the current or volt-
age has gone through a complete circle
of 360 electrical degrees; this rotation
represents two complete changes in di-
rection during one cycle, as was pre-
viously shown. 2#f then represents one
cycle, multiplied by the number of such
cycles per second or the frequency of
the alternating voltage or current. The
expression 2rxft is a means of showing
how far point P has traveled from its
zero position toward a possible change
of 27 radians or 360 electrical degrees.
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In the case of an alternating current
with a frequency of 60 cycles per second,
the current must pass through twice 60
or 120 changes in polarity in the same
length of time. This time can be ex-
pressed as: .

2f
However, the only consideration at
this point is one half of one alternation,
and because the wave is symmetrical be-
tween O and 90 degrees rising, and from
90 degrees to zero when falling, the ex-
pression therefore becomes:

1
4f
The actual time t in the formula is
seen to be only a fractional portion of
a second; a 00-cycle frequency would

1 1
make —— equal to —— of a second at
4f 240

the maximum value, and corresponding-
ly less at lower amplitudes. 2xft repre-
sents the angular velocity, and since the
instantaneous voltage or current is pro-
portional to the sine of this angle, a def-
inite means is secured for calculating the
voltage at any instant of time, provided
that the wave very closely approximates
a sine curve.

Current and voltage are synonymous
in the foregoing discussion since they
both follow the same laws. The instan-
taneous current can be found from the
same formula, except that the maximum
current would be used as the reference,
viz:

i
where ¢

Imax

.Im“ sin 21rft,

instantaneous current,
maximum or peak current.

[l

Effective Value of Alternating
Voltage or Current

An alternating voltage or current in
an a.c. circuit is rapidly changing in di-
rection, and since it requires a definite
amount of time for the indicator needle
on a d.c. measuring instrument to show
a deflection, such instruments cannot be
used to measure alternating current or

voltage. Even if the needle had such
negligible damping that it could be made
to follow the a.c. changes, it would mere
ly vibrate back and forth near the zero
point on the meter scale.

Alternating and direct current can be
expressed in similar terms from the
standpoint of heating effect. In other
words, an alternating current will have
the same value as a direct current in that
it produces the same heating effect. Thus,
an alternating current or voltage will
have an equivalent value of one ampere
when it produces the same heating effect
in a resistance as does one ampere of di-
rect current. This is known as the ef-
fective wvalue; it is neither the maximum
nor the instantaneous value, but an en-
tirel-- different value.

This effective value is derived by tak-
ing the instantaneous values of current
over a cycle of alternating current, then
squaring these values, then taking an av-
erage of this value, and then taking the
square root of the average thus obtained.
By this procedure, the effective value be-
comes known as the root mean square or
r.m.s. This is the value that is read on
alternating current voltmeters and am-
meters. The r.m.s. value is 70.7 per cent
of the peak or maximum instantaneous
value and is expressed as follows:

Eete = 0.707 X Epay, OF
Teee = 0.707 X Tinax,

where E,.. and I, are peak values of
voltage and current respectively, and
Eete and I, are effective or r.m.s. val-
ues.

The following relations are extremely
useful in radio and power work:

Erms = 0.707 X Epay,
Ena: = 1.414 X E s

In order to find the peak value when
the effective or r.m.s. value is known,
simply multiply the r.m.s. value by 1.414.
When the peak value is known, multiply
it by 0.707 to find the r.m.s. value.

Rectified Alternating Current
or Pulsating Direct Current

If an alternating current is passed
through a full-wave rectifier, it emerges
in the form of a current of varying am-
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Figure 18.

plitude which flows in one direction only.
Such a current is known as rectified a.c.
or pulsating d.c. A typical wave form of
a current of this nature is shown in fig-
ure 18.

Measuring instruments designed for
d.c. operation will not read the peak or
instantaneous maximum value of the pul-
sating d.c. output from the rectifier; it
will read only the average wvalue. This
can be explained by assuming that it
could be possible to cut off some of the
peaks of the waves, using the cutoff por-
tions to fill in the spaces that are open,
thereby obtaining an average d.c. value.
A milliammeter and voltmeter connected
to the adjoining circuit, or across the out-
put of the rectifier, will read this average
value. It is related to peak value by the
following expression :

E..e = 0636 X Ena
It is thus seen that the average value is
63.6 per cent of the peak value.

Phase

When an alternating current flows
through a purely resistive circuit, it will
be found that the current will go through
maximum and minimum in perfect step
with the voltage. In this case the current
is said to be in step or in phase with the
voltage. For this reason, Ohm’s law will
apply equally well for a.c. or for dc.
where pure resistances are concerned,
provided that the effective values of a.c.
are used in the calculations.

If a circuit has capacity or inductance
or both, in addition to resistance, the cur-
rent does not reach a maximum at the
same instant as the voltage; therefore
Ohm’s law will not apply. It has been

stated that inductance tends to résist any
change in current; when an inductance
1s present in a circuit through which an
alternating current is flowing, it will be
found that the current will reach its
maximum behind or later than the volt-
age. In electrical terms, the current will
lag behind the voltage or, conversely, the
voltage will Jead the current.

If the circuit is purely inductive, i.e.,
if 1t contains neither resistance nor ca-
pacitance, the current does not start until
the voltage has first reached a maximum;
the current, therefore, lags the voltage
by 90 degrees as in figure 19. The angle
will be less than 90 degrees if resistance
is present in the circuit.

When pure capacity alone is present in
an a.c. circuit (no inductance or resist-
ance of any kind), the opposite effect
will be encountered; the current will
reach a maximum at the instant the volt-
age is starting and, hence, will lead the
voltage by 90 degrees. The presence of
resistance in the circuit will tend to de-
crease this angle.

Power Factor

It should now be apparent to the read-
er that in such circuits that have react-

ance as well as resistance, it will not be
f {
/jk\ / Tiue
l-to-l

CURRENT LAGGING VOLTAGL 'Vv/

(CIRCUIT GONTAINING PURE INDUCTANCE ONLY)

L”-J <B</
CURRENY LEAOING VOLTAGE BY 90"

(CIRCUIT  CONTAINING PURE CAPACITY ONLY)

e

Tt

Figure 19.

1llustrating the opposite effects of induc-
tance and capacity in a.c. circuits.
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possible to calculate the power as in a
d.c. circuit or as in an a.c. circuit in which
current and voltage are in-phase. The re-
active components cause the voltage and
current to reach their maximums at dif
ferent times, as was explained under
phase, and to calculate the power in such
a circuit we must use a figure called the
power factor in our computations.

The power factor in a resistive-reac-
tive a.c. circuit may be expressed as the
actual watts (as measured by a watt-
meter) divided by the product of voltage
and current or:

W

EXI
where W = watts as measured,
E = voltage (r.m.s.)
I = current in amperes (r.m.s.).

Stated in another manner :

W
cosf
EXI

The character 6 is the angle of phase
difference between current and voltage.
The product of volts times amperes gives
the apparent power of the circuit, and
this must be multiplied by the cosf to
give the actual power. This factor cosd
is called the power factor of the circuit.
When the current and voltage are in-
phase, this factor is equal to 1. Resonant
or purely resistive circuits are then said
to have unity power factor, in which case

E2

W=EXIW=IDIR W=_—

R

Resonant Circuits

The reader is advised to review at this
point the subject matter on inductance,
capacity and alternating current in order
that he may gain a complete understand-
ing of the action of resonant circuits.
Once the basic conception of the forego-
ing has been mastered, the more complex
circuits in which they appear in combina-
tion will present no great problem.

Figure 20 shows an inductance, a ca-
pacitance and a resistance arranged in
series, with a variable frequency source,
E, of a.c. applied across the combination.

Figure 20.

Some resistance is always present mn a
circuit because it is possessed in some
degree by both the inductance and ca-
pacitor. If the frequency of the alter-
nator E is varied from nearly zero to
some high frequency, there will be one
particular frequency at which the induc-
tive reactance, and capacitive reactance
will be equal. This is known as the res-
onant frequency, and in a series circuit
it is the frequency at which the circuit
current will be a maximum. Such series
resonant circuits are chiefly used when
it 1s desirable to allow a certain fre-
quency to pass through the circuit (low
impedance to this frequency), while at
the same time the circuit is made to of-
fer considerable opposition to currents of
other frequencies.

If the values of inductance and ca-
pacity both are fixed, there will be only
one resonant frequency.

For mechanical reasons, it is more
common to change the capacitance rather
than the inductance when a circuit is
tuned, yet the inductance can be made
variable if desired.

In the following table there are five
radically different ratios of L to C (in-
ductance to capacitance) each of which
satisfies the resonant condition, X;, = Xe.
When the frequency is constant, L must
increase and C must decrease in order
to give equal reactance. Figure 21 shows
how the two reactances change with fre-
quency ; this illustration will greatly aid
in clarifying this discussion.

If both the inductance and capacitance
are made variable, the circuit may then
be changed or tuned, so that a number
of combinations of inductance and ca-
pacitance can resonate at the same fre-
quency. This can be more easily under-
stood when one considers that inductive
reactance and capacitive reactance travel
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IMPEDANCE

MESIITANCE — AEACTANCE —

SERIES
<

CIRCUIT REACTANCE
HANGE OF APPLIED

VARIATION WITH
FREQUENCY

Figure 21.

in opposite directions as the frequency is
changed. For example, if the frequency
were to remain constant and the values
of inductance and capacitance were then
changed, the following combinations
would have equal reactance:

Frequency is constant at 60 cycles.
L is expressed in henrys.

C is expressed in microfarads
(.000001 farad.)

e X C Xc
.265 100 26.5 100
2.65 1,000 2.65 1.000
26.5 10000 .265 10.000
265.00 100,000 .0265 100,000
2,650.00 1,000,000 .0026 1,000,000

Formula for Frequency

From the formula for resonance,
1
2rfl. = ——, the resonant frequency
2#1C.
can readily be solved. In order to isolate
f on one side of the equation, merely
multiplying both sides by 2«f, thus giv-
ing:
1
422 = —
C
Divided by the quantity 4x2L, the re-
sult is:

1

2 =

4n?L.C
Then, by taking the square root of
1

both sides: f = ———
2ryLC
where f = frequency in cycles,
L. = inductance in henrys,
C = capacity in farads.
It is more convenient to express L and
C in smaller units, especially in making
radio-frequency calculations; f can also
be expressed in megacycles or kilocycles.
A very useful group of such formulas is:

25,330 25,330 25,330
orL = orC = ——
LC f2C f2L

where f = frequency in megacycles,
L = inductance in microhenrys,
C = capacity in micromicrofarads.
In order to clarify the original for-
1

f2 =

mula, f = —, take two values of
2=y LC
inductance and capacitance from the
previously given chart and substitute
these in the formula. It was stated that
the frequency is 60 cycles; therefore
f = 60. Substituting these values to
check the frequency:

1 1
60 = — ;3600 = ———;
2=VLC 4x21.C
1
L =
3600 X 4=2 X .000026
= 0265

The significant point here is that the
formula calls for C in farads, whereas
the capacity was actually in microfarads.
Recalling that one microfarad equals
.000001 farad, it is, therefore, possible
to express 26 microfarads as .000026
farads. This consideration is often over-
looked when computing for frequency
and capacitive reactance because capac-
itance is expressed in a totally imprac-
tical unit, viz: the farad.
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Impedance of Series
Resonant Circuits

The impedance across the terminals
of a series resonant circuit (figure 20) is
Z=1vr+ (XL —Xo)?
where Z = impedance in ohms,
r = resistance in ohms,
X = capacitive reactance in ohms,
XL = inductive reactance in ohms.

From this equation, it can be seen
that the impedance is equal to the vector
sum of the circuit resistance and the
difference between the two reactances.
Since at the resonant frequency X
equals Xg, the difference between them
(figure 21) is obviously zero so that at
resonance the impedance is simply equal
to the resistance of the circuit; therefore,
because the resistance of most normal
radio-frequency circuits is of a very low
order, the impedance is also low.

At frequencies higher and lower than
the resonant frequency, the difference
between the reactances will be a definite
quantity and will add with the resistance
to make the impedance higher and higher
as the circuit i1s tuned off the resonant
frequency.

Current and Voltage in
Series Resonant Circuits

Formulas for calculating series reso-
nance are similar to those of Ohm’s law.

E
I=— E = 1Z.
z
The complete equations:

E
R =

\/ £ = (XL—X0)2

E=1 \/ r2 + (XL—X0)2
Inspection of the above formulas will
show the following to apply to series
resonant circuits: When the impedance
is low, the current will be high; con-
versely, when the impedance is high, the

current will be low.

Since it is known that the impedance
will be very low at the resonant fre-

quency, it follows that the current will
be a maximum at this point. If a graph

is plotted of the current against the fre-
quency either side of resonance, the re-
sultant curve becomes what is known as
a resonance curve. Such a curve is shown
in figure 22.

Several factors will have an effect on
the shape of this resonance curve, of
which resistance and L-to-C ratio are
the important considerations. The curves
B and C in figure 22 show the effect
of adding increasing values of resistance
to the circuit. It will be seen that the
peaks become less and less prominent as
the resistance is increased ; thus, it can be
said that the selectivity of the circuit is
thereby decreased.  Selectivity in this
case can be defined as the ability of a
circuit to discriminate against frequen-
cies adjacent to the resonant frequency.

Referring again to figure 22, it can
be seen from curve A that a signal, for
instance, will drop from 19 to 5, or more
than 10 decibels, at 50 kc. off resonance.
Curve B, which represents considerable
resistance in the circuit, shows a signal
drop of from 4 to 3, or approximately
2.5 decibels, when the signal is also 50
kilocycles removed from the resonant

point. From this it becomes evident that
20
A
15 \

f
|
[\
[
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2000 2100 2200 2300
Figure 22.

RESONANCE CURVE.

Showing effect of resistance upon selec-
tivity of the circuit.
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the steeper the resonant curve, the great-
er will be the change in current for a
signal removed from resonance by a
given amount. The effect of adding more
resistance to the circuit is to flatten off
the peaks without materially affecting the
sides of the curve. Thus, signals far re-
moved from the resonance frequency
give almost the same value of current,
regardless of the amount of resistance
present.

Voltage Across Coil and
Condenser in Series Circuit

Because the a.c. or r.f. voltage across
a coil and condenser is proportional to
the reactance (for a given current), the
actual voltages across the coil and across
the condenser may be many times greater
than the terminal voltage of the circuit.
Furthermore, since the individual re-
actances can be very high, the voltage
across the condenser, for example, may
be high enough to cause tlashover even
though the applied voltage is of a value
considerably below that at which the con-
denser is rated.

Circuit @ —
Sharpness of Resonance

An extremely important property of
an inductance is its factor-of-merit, more
generally called its Q. It is this factor, Q
which primarily determines the sharp-
ness of resonance of a tuned circuit. This
factor can be expressed as the ratio of
the reactance to the resistance, as fol-
lows :

2=fL
Q — = 0
R
where R = total d.c. and r.f. resistances.

The actual resistance in a wire or in-
ductance can be far greater than the d.c.
value when the coil is used in a radio-
frequency circuit; this is because the cur-
rent does not travel through the entire
cross-section of the .conductor, but has a
tendency to travel closer and closer to
the surface of the wire as the frequency
is increased. This is known as the skin
effect.

The actual current-carrying portion
of the wire is decreased, therefore, and
the resistance is increased. This effect
becomes even more pronounced in square
or rectangular conductors because the
principal path of current flow tends to
work outwardly toward the four edges
of the wire.

Examination of the equation for Q
may give rise to the thought that even
though the resistance becomes greater
with frequency, the inductive reactance
does likewise, and that the Q might be
a constant. In actual practice, however,
the resistance usually increases more
rapidly with frequency than does the
reactance, with the result that QO nor-
mally decreases with increasing fre-
quency.

Parallel Resonance

In radio circuits, parallel resonance is
more frequently encountered than series
resonance; in fact, it is the basic foun-
dation of receiver and transmitter cir-
cuit operation. A circuit is shown in

figure 23.
A [\M
\\Y,
© N
O——
6 M
Figure 23.

In this circuit, as contrasted with a
circuit for series resonance, L (induc-
tance) and C (capacitance) are con-
nected in parallel, yet the combination
can be considered to be in series with the
remainder of the circuit. This combina-
tion of L and C, in conjunction with R,
the resistance which is principally in-
cluded in L, is sometimes called a tank
circuit because it effectively functions as
a storage tank when incorporated in
vacuum tube circuits,
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Contrasted with series resonance, there
are two kinds of current which must be
considered in a parallel resonant circuit:
(1) the line current, as read on the in-
dicating meters M, (2) the circulating
current which flows within the parallel
L-C-R portion of the circuit. See figure
23.

At the resonant frequency, the line
current (as read on the meters M) will
drop to a very low value although the
circulating current in the L-C circuit
may be quite large. It is this line cur-
rent that is read by the milliammeter
in the plate circuit of an amplifier or
oscillator stage of a radio transmitter,
and it is because of this that the meter
shows a sudden dip as the circuit is
tuned through its resonant frequency.
The current is, therefore, a minimum
when a parallel resonant circuit is tuned
to resonance, although the impedance is
a maximum at this same point. It is in-
teresting to note that the parallel
resonant circuit acts in a distinctly oppo-
site manner to that of a series resonant
circuit, in which the current is at a maxi-
mum and the impedance is minimum at
resonance. It is for this reason that in
a parallel resonant circuit the principal
consideration is one of impedance rather
than current. It is also significant that
the impedance curve for parallel cir-
cuits is very nearly identical to that of
the current curve for series resonance.
The impedance at resonance is expressed
as:

(2xfL)?2
R
where Z = impedance in ohms,
L. = inductance in henrys,

f = frequency in cycles,
R = resistance in ohms.

The curves illustrated in figure 22 can
be applied to parallel resonance in addi-
tion to the purpose for which they are
illustrated.

Reference to the impedance curve will
show that the effect of adding resistance
to the circuit will result in both a
broadening out and a lowering of the
peak of the curve. Since the voltage of

the circuit is directly proportional to the
impedance, and since it is this voltage
that 1s applied to the grid of the vacuum
tube in a detector or amplifier circuit,
the impedance curve must have a sharp
peak in order for the circuit to be selec-
tive. 1f the curve is broadtopped in
shape, both the desired signal and the
interfering signals at close proximity to
resonance will give nearly equal voltages
on the grid of the tube, and the circuit
will then be nonselective, i.e., it will tune
broadly.

Effect of L/C Ratio
In Parallel Circuits

In order that the highest possible volt-
age can be developed across a parallel
resonant circuit, the impedance of this
circuit must be very high. The im-
pedance will be greater when the ratio of
inductance-to-capacitance is great, that
is, when L is large as compared with C.
When the resistance of the circuit is very
low, Xy, will equal X¢ at resonance and
of course, there are innumerable ratios
of L and C that will have equal react-
ance, at a given resonant frequency,
exactly as is the case in a series resonant
circuit. Contrasted with the necessity
for a high 1./C ratio for high impedance,
the capacity for maximum selectivity
must be high and the inductance low.
While such a ratio will result in lower
gain, it will offer greater rejectivity to
signals adjacent to the resonant signal.

In practice, where a certain value of
mductance is tuned by a variable ca-
pacitance over a fairly wide range in
frequency, the L/C ratio will be small at
the lowest frequency and large at the
high-frequency end. The circuit, there-
fore, will have unequal selectivity at the
two ends of the band of frequencies
which is being tuned. At the low-fre-
quency end of the tuning band, where
the capacitance predominates, the selec-
tivity will be greater and the gain less
than at the high-frequency end, where
the opposite condition holds true. In-
creasing the Q of the circuit (lowering
the series resistance) will obviously in-
crease both the selectivity and gain.
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Circulating Tanl: Current
at Resonance

The Q of a circuit has a definite bear-
ing on the circulating tank current at
resonance. This tank current is very
nearly the value of the line current mul-
tiplied by the circuit Q). For example:
an r.f. line current of 0.050 amperes,
with a circuit Q of 100, will give a cir-
culating tank current of approximately
5 amperes. From this it can be seen
that the inductance and connecting wires
in a circuit with a high Q must be of
very low resistance, particularly in the
case of high power transmitters, if heat
losses are to be held to a minimum.

Effect of Coupling
on Impedance

If a parallel resonant circuit is coupled
to another circuit, such as an antenna
output circuit, the impedance of the
parallel circuit is decreased as the cou-
pling becomes closer. The effect of closer
(tighter) coupling is the same as though
an actual resistance were added to the
parallel circuit. The resistance thus
coupled into the tank circuit can be con-
sidered as being reflected from the out-
put or load circuit to the driver circuit.

If the load across the parallel resonant
tank circuit ts purely resistive, just as
it might be if a resistor were shunted
across part of the tank inductance, the
load will not disturb the resonant setting.
If, on the other hand, the load is reactive,
as it could be with too-long or too-short
antenna for the resonant frequency, the
setting of the tank tuning condenser will
have to be changed in order to restore
resonance.

Tank Circuit Flywheel Effect

When the plate circuit of a class B
or class C operated tube (defined in the
following chapter) 1is connected to a
parallel resonant circuit, the plate cur-
rent serves to maintain this 1./C circuit
in‘a state of oscillation. If an initial
impulse is applied across the terminals
of a parallel resonant circuit, the con-
denser will become charged when one set

of plates assumes a positive polarity, the
other set a negative polarity. The con-
denser will then. discharge through the
inductance ; the current thus flowing will
cut across the turns of the inductance and
cause a counter em.f. to be set up,
charging the condenser in the opposite
direction.

In this manner, an alternating current
is set up within the L/C circuit and the
oscillation would continue indefinitely
with the condenser charging, discharging
and charging again if it were not for the
fact that the circuit possesses some re-
sistance. The effect of this resistance is
to dissipate some energy each time the
current flows from inductance to con-
denser and back, so that the amplitude
of the oscillation grows weaker and
weaker, eventually dying out completely.

The frequency of the initial oscillation
is dependent upon the L/C constants of
the circuit. If energy is applied in short
spurts or pushes at just the right mo-
ments, the L/C circuit can be maintained
in a constant oscillatory state. The plate
current pulses from class B and class C
amplifiers supply just the desired kind
of kicks.

Whereas the class B plate current
pulses supply a kick for a longer period,
the short pulses from the class C ampli-
her give a pulse of very high amplitude,
thus being even more effective in main-
taining oscillation. So it is that the posi-
tive half cycle in the tank circuit will
be reinforced by a plate current kick,
but since the plate current of the tube
only flows during a half cycle or less, the
missing half cycle in the tank circuit
must be supplied by the discharge of the
condenser.

Since the amplitude of this half cycle
will depend upon the charge on the plates
of the condenser, and since this in turn
will depend upon the capacitance, the
value of capacitance in use is very im-
portant. Particularly is this true if a
distorted wave shape is to be avoided,
as would be the case when a transmitter
is being modulated. The foregoing ap-
plies particularly to single-ended ampli-
fiers. If push-pull were employed, the
negative half cycle would secure an ad-
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ditional kick, thereby greatly lessening
the necessity of the use of higher C in
the L/C circuit.

Impedance Matching: Imped-
ance, Voltage and Turns Ratio

A fundamental law of electricity is
that the maximum transfer of energy
results when the impedance of the load
is equal to the impedance of the driver.
Although this law holds true, it is not
necessarily a desirable one for every
condition or purpose. In many cases
where a vacuum tube works into a paral-
lel resonant circuit load, it is desirable
to have the load impedance considerably
higher than the tube plate impedance,
so the maximum power will be dissipated
by the load rather than in the tube. On
the other hand, one of the notable con-
ditions for which the law holds true is
in the matching of transmission lines to
an antenna impedance.

Often a vacuum tube circuit requires
that the plate impedance of a driver
circuit be matched to the grid imped-
ance of the tube being driven. When the
driven tube operates in such a condition
that it draws grid current, such as in all
transmitter r.f. amplifier circuits, the
grid impedance may well be lower than
the plate tank impedance of the driver
stage. In this case it becomes necessary
to tap down on the driver tank coil in
order to select the proper number of
turns that will give the desired imped-
dance. If the desired working load im-
pedance of the driver stage is 10,000
ohms, for example, and if the tank coil
has 20 turns, the grid impedance of the
driven stage being 5000 ohms, it is evi-
dent that there will be required a step-

10,000
5000

or 2-to-1. This impedance value is not
secured when the driver inductance is
tapped at the center. It is of importance
to stress the fact that the impedance is
decreased four times when the number
of turns on the tank coil is halved. The
following equations show this fact:

down impedance ratio of

N, Z, N,? Z,
— or —— =
N2 Z2 N22 Zg'

N,
where = turns ratio,
N,
Z,
—— = impedance ratio
Z,

In the foregoing example, a step-down
impedance ratio of 2-to-1 would require
a turns step-down ratio of the square
root of the impedance or 1.41. Therefore,
if the inductance has 20 turns, a tap
would be taken on the sixth turn down
from the hot end or 14 turns up from
the cold end. This is arrived at by taking
the resultant for the turns ratio, i.e.,
1.41, and then dividing it into the total
number of turns, as follows:

20
—— = 14 (approx.)
1.41

Either an impedance step-up or step-
down ratio can be secured from a parallel
resonant circuit. One type of antenna
impedance matching device utilizes
this principle. Here, however, two con-
densers are effectively in series across
the inductance; one has quite a high
capacitance (500 pufd.), the other is a
conventional size condenser used princi-
pally to restore resonance. The theory
of the device is simply that the im-
pedance is proportional to the reactances
of the condensers and, by changing the
ratio of the two, the antenna is effec-
tively connected into the tank circuit at
impedance points which reach higher or
lower values as the ratio of the con-
densers is changed.

In practice, however, it is usually
necessary to change the value of in-
ductance in order to maintain resonance
while still correctly matching it to the
antenna or feeder. This method is dis-
cussed at greater length in Chapter 17.

As the impedance step-down ratio be-
comes larger, the voltage step-down be-
comes correspondingly great. Such a con-
dition takes place when a resonant cir-
cuit is tapped down for reasons of im-
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pedance matching; the voltage will be
stepped down in direct proportion to the
turn step-down ratio. The reverse holds
true for step-up ratios. As the step-up
ratio is increased, the voltage is in-
creased.

TRANSFORMERS

When two coils are placed in such in-
ductive relation to each other that the
lines of force from one cut across the
turns of the other and induce a voltage
in so doing, the combination can be
called a transformer. The name is de-
rived from the fact that energy is trans-
formed from one coil into another. The
inductance in which the original flux is
produced is called the primary; the in-
ductance which receives the induced volt-
age is called the secondary. In a radio
receiver power transformer, for exam-
ple, the coil through which the 110-voit
a.c. passes is the primary, and the coil
from which a higher or lower voltage
than the a.c. line potential is obtained
is the secondary.

Transformers can have either air or
magnetic cores, depending upon whether
they are to be operated at radio or audio
frequencies. The reader should thorough-
ly impress upon his mind the fact that
current can be transferred from one cir-
cuit to another only if the primary cur-
rent is changing or alternating. From
this it can be seen that a power trans-
former cannot possibly function as such
when the primary is supplied with non-
pulsating d.c.

A power transformer usually has a
magnetic core which consists of lamina-
tions of iron, built up into a square or
rectangular form, with a center opening
or window. The secondary windings may
be several in number, each perhaps de-
livering a different voltage. The sec-
ondary voltages will be proportional to
the number of turns and to the primary
voltage.

If a primary winding has an a.c. po-
tential of 110 volts applied to 220 turns
of wire on the primary, it is evident that
this winding will have two turns per
volt. A secondary winding of 10 turns,

wound on an adjacent leg of the trans-
former core, would have a potential of
5 volts. If the secondary winding has
500 turns, the potential would be 250
volts, etc. Thus, a transformer can be
designed to have either a step-up or step-
down ratio, or both simultaneously. The
same applies to air core transformers
for radio-frequency circuits.

Transformer Action

Transformers are used in alternating-
current circuits to transfer power at one
voltage and impedance to another circuit
at another voltage and impedance. There
are three main classifications of trans-
formers: those made for use in power-
frequency circuits (25, 50, and 60 cy-
cles), those made for use at radio fre-
quencies, and those made for audio-fre-
quency applications. Power transformers
will be discussed in the section devoted
to Power Supplies and r.f. transformers
are analyzed later on in this chapter; a
few of the pertinent facts concerning
audio transformers will be covered in
the following paragraphs.

Impedance Matching in
Audio Circuits

In most audio applications it will be
the function of the audio transformer to
match the impedance of the plate circuit
of a vacuum-tube amplifier to a load cir-
cuit of a different impedance. The in-
formation given under the paragraph
headed [Impedance Matching is very
easily applied to this type of calculation.

In all audio-frequency circuit applica-
tions, it is only necessary to refer to the
tube tables in this book in order to find
the recommended load impedance for a
given tube and a given set of operating
conditions. For example, the table shows
that a type 42 pentode tube requires a
load impedance of 7000 ohms. Audio
transformers are always rated for both
their primary and secondary impedance,
which means that the primary impedance
will be of the rated value only when the
secondarv is terminated in its rated im-
pedance.
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If a 7000-ohm plate load is to work
into a 7-ohm loudspeaker voice coil, the

impedance ratio of the transformer
7000

would be —— = 1000-to-1. Hence, the
7

turns-ratio will be the square root of
1000 or 31.6. This does not mean that
the primary will have only 31.6 turns of
wire and only one turn on the secondary.
The primary must have a certain in-
ductance in order to offer a high imped-
ance to the lower audio frequencies.

[g ] Figure 24.
z. il LD The reflected impedance
i Zy varies directly in
proportion to Zp. and

the square of the turns
ratio.

N ]

Consequently, it must have a large num-
ber of turns of wire in the primary
winding. The ratio of total primary
turns to total secondary turns must re-
main constant, regardless of the num-
ber of turns in the primary if the correct
primary impedance is to be maintained.

To summarize, a certain transformer
will have a certain impedance ratio
(determined by the square of the turns
ratio) which will remain constant. If
the transformer is terminated with an
impedance or resistance lower than the
original rated value, the reflected im-
pedance on the primary will also be
lower than the rated value. If the trans-
former is terminated in an impedance
higher than rated, the reflected primary
impedance will be higher.

For push-pull amplifiers the recom-
mended primary impedance is stated as
some certain value, plate to plate; this
refers to the impedance of the total
winding without consideration of the
center tap. The reflected impedance
across the total primary will follow the
same rules as previously given for single-
ended stages.

The voltage relationship in primary
and secondary is the same as the turns

ratio. For a step-down turns ratio of
10-to-1, the corresponding woltage step-
down would be 10-to-1 though the #m-
pedance ratio would be 100-to-1. This
information is useful when it is desired
to convert the turns ratios given on cer-
tain types of driver transformers into
impedance ratios.

The same type of reasoning and sub-
sequent calculation would be used in de-
termining the turns ratio for a modula-
tion transformer to couple a certain pair
of class-B modulators to a class-C final
amplifier. The recommended plate-to-
plate load impedance for the modulator
tubes can be obtained from the tube
tables given later on. The final amplifier
load resistance is then determined by di-
viding its plate voltage by the plate cur-
rent at which it is to operate. The turns
ratio of the modulation transformer is
then equal to the square root of the ratio
between the modulator load impedance
and the amplifier load resistance; the
transformer may be either step-up or
step-down as the case may be.

STEP -UP

INPUT  VOLTAGE STEP-DOWN OUTPUT VOLTAGE

Figure 25.

Illustrating design and method of con-
necting an auto transformer.

The Auto Transformer

The type of transformer in figure 25
when wound with heavy wire and over
an iron core is a common device in
primary power circuits for the purpose
of increasing or decreasing the line volt-
age. In effect, it is merely a continuous
winding with taps taken at various
points along the winding, the input volt-
age being applied to the bottom and also
to one tap on the winding. If the out-
put is taken from this same tap, the volt-
age ratio will be 1-to-1; i.e., the input
voltage will be the same as the output
voltage. On the other hand, if the out-
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Figure 26.

Impedance step-up and step-down may be

obtained by utilizing the plate tank cir-

cuit of a vacuum tube as an auto trans-
former.

.||H

put tap is moved down toward the com-
mon terminal, there will be a step-down
in the turns ratio with a consequent step-
down in voltage.

The opposite holds true if the output
terminal i1s moved upward from the
middle input terminal; there will be a
voltage step-up in this case. The initial
setting of the middle input tap is chosen
so that the number of turns will have
sufficient reactance to keep the no-load
primary current at a reasonably low
value.

In the same manner as voltage is
stepped up and down by changing the
number of turns in a winding, so can
impedance be stepped up or down. Figure
26A shows an application of this prin-
ciple as applied to a vacuum tube circuit
which couples one circuit to another.

Assuming that the grid impedance may
be of a lower value than the plate tank
impedance of the preceding stage, a step-
down ratio will be necessary in order
to glve maximum transfer of energy.
In B of figure 26, the grid impedance is

veay high as compared with the tank im-
ance of the driver stage, and thus
there is required a step-up ratio to the
grid. The driver plate is tapped down
on its plate tank coil in order to make
this impedance step-up possible. A driver
tube with very low plate impedance must
be used if a good order of plate efficiency
is to be realized.

In C of figure 26, the grid impedance
very closely approximates the plate im-
pedance and this connection is used when
no transformation is required. The grid
and plate impedances are not generally
known in many practical cases; hence,
the adjustments are made on the basis
of maximum grid drive consistent with
maximum safe input to the driver stage.

Inductive Coupling — The
Radio-Frequency Transformer

Inductive coupling is often used when
two circuits are to be coupled. This
method of coupling is shown in figures
27A and 27B.

The two inductances are placed in such
inductive relation to each other that the
lines of force from the primary coil cut
across the turns of the secondary coil,
thereby inducing a voltage in the second-
ary. As in the case of capacitive cou-
pling, impedance transformation here
again becomes of importance. If two

s O L O

Flgure 27.

TWO COMMON  EXAMPLES OF
INDUCTIVE COUPLING IN RADIO
CIRCUITS.
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H
FREQUENCY
Figure 28.
EFFECT OF COUPLING UPON RESON-
ANCE CURVE.

Curve B shows what happens when the
coils are overcoupled; curve C is inter-
mediate coupling.

parallel tuned circuits are coupled very
closely together, the circuits can in reality
be overcoupled. This is illustrated by
the curve in figure 28.

The dotted line curve A is the original
curve or that of the primary coil alone.
Curve B shows what takes place when
two circuits are overcoupled; the reso-
nance curve will have a definite dip on
the peak, or a double hump. This prin-
ciple of overcoupling is advantageously
utilized in bandpass circuits where, as
shown in C, the coupling is adjusted to
such a value as to reduce the peak of the
curve to a virtual flat top, with no dip in
the center as in B.

Some undesirable capacitive coupling
will result when circuits are closely or
tightly coupled; if this capacitive
coupling is appreciable, the tuning of the
circuits will be affected. The amount of
capacitive coupling can be reduced by so
arranging the physical shape of the in-
ductances as to enable only a minimum
surface of one to be presented to the
other.

Another method of accomplishing the
same purpose is by electrical means. A
curtain of closely-spaced parallel wires
or bars, connected together only at one
end, and with this end connected to
ground, will allow electromagnetic cou-
pling but not electrostatic coupling. Such
a device is called a Faraday screen or
shield.

Link Coupling

Still another method of decreasing
capacitive coupling is by means of a
coupling link circuit between two parallel
resonant circuits. The capacity of the
coupling link, with its one or two turns,
is so small as to be negligible. Also, one
side of the link is often grounded to re-
duce further any capacitive coupling that
may exist.

Link coupling is widely used in trans-
mitter circuits because it adapts itself
so universally and eliminates the need of
a radio-frequency choke, thereby reduc-
ing a source of loss. Link coupling is
very simple; it is diagrammed in A and
B of figure 29.

In A of figure 29, there is an imped-
ance step-down from the primary coil
to the link circuit. This means that the
line which connects the two links or
loops will have a low impedance and
therefore can be carried over a con-

.
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Figure 29.

Two types of link (inductive) coupling and
below unity coupling.
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siderable distance without introduction
of appreciable loss. A similar link or
loop is at the output end of the line;
this loop is coupled to the grid tank of
the driven stage.

Still another link coupling method is
shown in B of figure 29. It is similar
to that of A, with the exception that the
primary line is tapped on the coil, rather
than being terminated in a link or loop.

Unity Coupling

Another commonly used type of cou-
pling is that known as unity coupling,
by reason of the fact that the turns ratio
between primary and secondary is one-
to-one. This method of coupling is illus-
trated in C of figure 29. Only one of
the windings is tuned although the inter-
winding of the two coils gives an effect
in the untuned winding as though it were
actually tuned with a condenser.

Unity coupling is used in some types
of ultra-high-frequency circuits although
the mechanical considerations are some-
what difficult. The secondary, when it
serves as the grid coil, is placed inside
of a copper tubing coil ; the latter serves
as the primary or plate coil.

Conduction of an
Electric Current

So far this chapter has dealt only
with the conduction of current by a
stream of electrons through a conductor
or by electrostatic coupling through a
capacitor. While this is the most com-
mon method of transmission, there are
other types of conduction which are
equally mmportant in their respective
branches of the field. An electric cur-
rent may also be transmitted by the mo-
tion of minute particles of matter, by the
motion of charged atoms called ions, and
by a stream of electrons in a vacuum.

The carrying of current by charged
particles, such as bits of dust, is only
of academic interest in radio. However,
there is a commercial process (called
the Cottrell process) which uses this
type of conduction in industrial dust
precipitation. A highly charged wire in-

side a grounded metal chamber is placed
so that the dust-laden flue gases from
certain industrial processes (usually
metallurgic refining) must pass through
the chamber. The dust particles are
first attracted to the wire; there they at-
tain a high electric charge which causes
them to be attracted to the sides of the
chamber where they are precipitated and
subsequently collected. A small electric
current between the center electrode and
the chamber is the result of the carry-
ing of the charges by the dust particles.

Conduction by Ions

When a high enough voltage is placed
between two terminals in air or any
other gas, that gas will break down
suddenly, the resistance between the two
points will drop from an extremely high
value to a few hundredths or thousandths
of ohms, and a comparatively large elec-
tric current will flow to the accompani-
ment of an amount of visible light either
as a flash, an arc, a spark, or a colored
discharge such as is found in the “neon”
sign. This type of conduction is due to
gas ions which are generated when the
electric stress between the two points be-
comes so great that electrons are torn
from the molecules of the gas with the
production of a quantity of positively
charged gas ions and negative electrons.
The breakdown voltage for a particular
gas is dependent upon the pressure, the
spacing of the electrodes, and the type of
electrodes.

Lightning, tank condenser flashovers,
and ignition sparks in an automobile are
such discharges that occur at atmospheric
pressure or above. However, the pres-
sure of the gas is usually reduced to
facilitate the ease of breakdown of the
gas as in the “neon” sign, mercury-vapor
lamp, or voltage regulator tubes such as
the VR-150-30. If a heated filament is
used as one electrode in the discharge
chamber, the breakdown voltage is
further reduced to a value called the
ionization potential of the gas. This
principle is used in the 866, the 83, and
other mercury-vapor rectifiers. Through
the use of the heated cathode the break-
down potential is reduced from about
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10,000 volts to approximately 15 volts
and the conduction of electric current is
made unidirectional, enabling the dis-
charge chamber to be used as a rectifier.
The applications of the principle of ionic
conduction in vacuum tubes (along with
discussion of electronic conduction) will
be covered in more detail in the chapter
devoted to Vacuum Tube Theory.

The emission of colored light which
accompanies an electric  discharge
through a gas is due to the re-combina-
tion of the ionized gas molecules and
the free electrons to form neutral gas
molecules. There is a definite color
spectrum which is characteristic of every
gas—and for that matter for every ele-
ment when it is in the gaseous state. For
neon this color is orange-red, for mer-
cury it is blue-violet, for sodium, almost
pure yellow—and so on through the list
of the elements. This principle is used
in the spectroscopic identification of
elements by their characteristic lines in
the spectrum (called Fraunhofer lines).

Electrolytic Conduction

Nearly all inorganic chemical com-
pounds (and a few organic ones of cer-
tain molecular structure) when dissolved
in water undergo a chemical-electrical
change known as electrolytic disassocia-
tion which results in the production of
ions similar in certain properties to those
formed as a result of the electric break-
down of a gas. For example, when
sodium chloride or table salt is dissolved
in water a certain percentage of it
ionizes or breaks down into positively
charged sodium ions, or sodium atoms
with a deficiency of one electron, and
negatively charged chloride ions, or
chlorine atoms with one excess electron.
Similarly, sodium hydroxide disasso-
ciates into positive sodium ions and
negative hydroxyl ions—sulfuric acid in-
to positive hydrogen ions and negative
sulfate jons.

This solution of an ionized compound
and water renders the aqueous solution
a conductor of electricity. (Water in
the pure form is a good insulator.) The
conductivity of the solution is propor-
tional to the mobility of the ions and to

the quantity of them available in the
solution. Maximum conductivity is had
not when there is a maximum of the
compound in solution but rather when
there is a maximum of ions in solution;
this condition is ordinarily obtained when
neither concentrated nor dilute but about
midway between. Maximum conductiv-
ity in a sulfuric acid solution as used in
storage batteries is obtained when there
is about 30 per cent by weight of the
acid in solution in the water. It is for
this reason that acid of about 30 per
cent concentration is used as an elec-
trolyte in storage batteries.

Conduction of electricity through an
electrolyte, as a conducting solution is
called, is made possible by the mobility
of the charged ions in solution. When
a positively and a negatively charged
wire are placed in an electrolyte the
negative ions are attracted to the positive
wire and the positive ions are attracted
to the negative wire. As the ions reach
the wire carrying the charge opposite to
their own, their excess or their deficiency
of electrons is neutralized by the respec-
tive deficiency or excess of electrons on
the wire and the jon changes from the
ionic to the atomic or molecular state.
If the jon happened to be that of a metal
such as copper, copper will be plated
upon the negative electrode that had been
placed into the solution; if the negative
ion was that of chlorine (the chloride
ion) then chlorine in the gaseous form
will appear at the positive electrode. The
conduction of an electric current through
an electrolyte always results in a chem-
ical change in the electrolyte. This fact
is employed commercially in electroplat-
ing and electrolytic refining.

The Primary Cell

If two dissimilar metals are placed in
an electrolyte a potential difference will
appear between the two materials. This
postulate is employed commercially in
the primary cell or “dry cell” as it is
somewhat incorrectly called.

The operation of the primary cell de-
pends upon the differences in the two
electrochemical constants for the mate-
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rials used as the electrodes. With the
zinc and carbon used in the dry cell
(with a paste containing ammonium
chloride as the electrolyte) the potential
is 1.53 volts. ‘With other electrolytes
and electrodes the potential output of the
cell varies from 0.7 to 2.5 volts.

When current is taken from a primary
cell the negative electrode (usually the
zinc container) dissolves in the electro-
lyte with the production of hydrogen
gas. If only the positive and the nega-
tive electrodes and the electrolyte were
contained in the cell, this hydrogen gas
would collect as a film on the surface of
the negative electrode. When this film
does form, the internal resistance of the
cell increases due to the insulating prop-
erties of the film of gas. A cell is said
to have become “polarized” when this has
taken place. To reduce this effect an
oxidizing agent called a ‘‘depolarizer”
(manganese dioxide in the case of the dry
cell) is incorporated into the electrolyte.
If current is taken from the cell at a rea-
sonable rate the depolarizer oxidizes the
hydrogen into water as fast as it is
formed. This formation of water as a
result of the normal operation of the cell
is one of the reasons that a dry cell
“sweats” when it is approaching the end
of its useful life,

Dry cells and batteries of them are
very commonly employed in port-
able radio equipment as both filament
and plate supply and frequently as plate
supply only at locations where there is no
source of alternating current. Through
recent improvements in cell manufacture
and in the design of batteries of these
cells it is possible to make very light-
weight sources of a quite reasonable
amount of power. 45-volt B batteries are
available ranging in weight from 16
pounds down to about 2 ounces. The
large sizes will stand current drain up to
about 75 ma. for a few hundred hours
while the smallest sizes will last only a
few hours with a drain of one or two
milliamperes. Medium sizes capable of

producing 8 to 10 ma. for one-hundred
hours or so are commonly used in radio-
controlled model aircraft and in the new
portable broadcast receivers. The aver-
age weight of a 45-volt unit in this classi-
fication is about 10 ounces.

Dry cells are also commonly used as
filament and plate supplies in meteorologi-
cal balloons (the ultra-light types usual-
ly), for ignition purposes on small mo-
tors, in some telephone and telegraph
systems, in hearing aids, and as sources
of grid-bias voltage in amateur transmit-
ters.

The Secondary Cell—
Storage Batteries

The primary cell, as described in the
preceding paragraphs, produces its volt-
age as a result of chemical action of the
electrolyte on one of the elements. When
the material comprising the active ele-
ment is used up, the cell is no longer
useful and must be discarded. The
secondary cell, on the other hand, is
capable of being recharged to its orig-
inal energy content when it has been de-
pleted.

There are two common types of
secondary cells: the Edison cell, which
uses iron as the negative pole and nickel
oxide as the positive in a 20 per cent
solution of potassium hydroxide as the
electrolyte; and the lead cell, which uses
lead as the negative pole and lead dioxide
as the positive pole in an electrolyte of
30 per cent sulfuric acid. The output
voltage of an Edison cell is about 1.1
volts and the output voltage of a fully
charged lead cell is about 2.2 volts. The
lead cell is much more common due to
its greater output voltage per unit, to
its lower cost, and to the fact that a
greater ampere-hour capacity may be ob-
tained in a given amount of space. It
is the lead cell which is used in the stor-
age batteries of automobiles, submarines,
and land-wire telephone installations.
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IN 1883 Thomas Edison noticed that
if an additional wire or terminal
were placed inside an incandescent lamp
and the filament lighted, the terminal
would acquire a negative charge of
electricity. J. A. Fleming began the
study of the Edison Effect in 1895 and
as a result of his findings, in 1904
he patented the two-electrode tube or
diode which became known as the Flem-
ing valve. Then in 1906 Lee de Forest
discovered that a third element could
be placed between the cathode and plate
to control the flow of energy between
them. This third element was called
the grid and its insertion into the diode
resulted in the most versatile of vacuum
tubes, the friode.

The Edison Effect and
Electronic Emission

The original Edison discovery was that
a heated filament would give off elec-
trons which would be attracted to a
cold plate in the same evacuated cham-
ber. It was later discovered that if the
plate were charged positively with re-
spect to the filament, a large number
of the emitted electrons would be at-
tracted to the plate. This discovery,
coupled with that wherein it was found
a grid could be placed between the two
elements to control the electron flow be-
tween them, forms the basis for the mod-
ern vacuum tube.

The free electrons in a metallic wire

60

are continually in motion at all temper-
atures, but at all ordinary atmospheric
temperatures these electrons do not have
sufficient velocity to penetrate the sur-
face of the wire. However, as the wire
is heated the velocities of the free elec-
trons increase until at a certain tem-
perature determined by the character of
the wire a measurable amount of them
are able to penetrate the surface of the
wire and be emitted into the surround-
ing vacuum. As the temperature of the
filament is raised above this critical tem-
perature the emission of electrons in-
creases rapidly.

TYPES OF EMITTERS

Emitters as used in present-day vac-
uum tubes may be classed into two
groups: the directly heated or filament
type, and the indirectly heated or heater-
cathode type. Directly heated emitters
may be further subdivided into three im-
portant groups, all of which are impor-
tant and commonly used in modern tubes.
These classifications are: the pure tung-
sten filament, the thoriated-tungsten fila-
ment, and the oxide-coated filament.

The Pure Tungsten Filament

Pure tungsten wire was used as the
filament in nearly all the earlier trans-
mitting and receiving tubes. However,
the thermionic efficiency of tungsten wire
as an emitter (the number of milliam-
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peres emission per watt of filament heat-
ing power) is quite low, the filaments be-
come fragile after use, their life is rather
short, and they are susceptible to burnout
at any time. Pure tungsten filaments must
be run at bright white heat (about 2500°
Kelvin). For these reasons tungsten fila-
ments have been replaced in all applica-
tions where another type of filament
could be used. They are, however, still
universally employed in most water-cooled
tubes and in certain large, high-power
air-cooled triodes where another filament
type would be unsuitable. Tungsten fila-
ments are the most satisfactory for high-
power, high-voltage tubes where the emit-
ter is subjected to positive ion bombard-
ment due to the residual gas content of
the tubes. Tungsten is not adversely
affected by such bombardment.

The Thoriated-Tungsten
Filament

In the course of experiments made
upon tungsten emitters it was found that
filaments made from tungsten having a
small amount of thoria (thorium oxide)
as an impurity had much greater emis-
sion than those made from the pure
metal. Subsequent improvements have
resulted in the highly efficient car-
burized thoriated-tungsten filament as
used in virtually all medium-power trans-
mitting tubes in use today.

Thoriated-tungsten emitters consist of
a tungsten wire containing about one per
cent thoria. The new filament is first
carburized by heating it to a high tem-
perature in an atmosphere containing a
hydrocarbon at reduced pressure. Then
the envelope is highly evacuated and the
filament is flashed for a minute or two at
about 2600° K before being burned at
2200° K for a longer period of time.
The flashing causes some of the thoria
to be reduced by the carbon to metallic
thortum. The activating at a lower tem-
perature allows the thorium to diffuse
to the surface of the wire to form a laver
of the metal a molecule thick. It is this
single-molecule layer of thorium which
reduces the work function of the tung-
sten filament to such a value that elec-
trons will be emitted from a thoriated

filament thousands of times more rapidly
than from a pure tungsten filament op-
erated at the same temperature.

The carburization of the tungsten sur-
face seems to form a layer of tungsten
carbide which holds the thorium layer
much more firmly than the plain tungsten
surface. This allows the filament to be
operated at a higher temperature, with
consequent greater emission, for the same
amount of thorium evaporation. Thorium
evaporation from the surface is a nat-
ural consequence of the operation of the
thoriated-tungsten filament. The car-
burized layer on the tungsten wire plays
another role in acting as a reducing
agent to produce new thorium from the
thoria to replace that lost by evapora-
tion. This new thorium continually dif-
fuses to the surface during the normal
operation of the filament.

One thing to remember about any
type of filament, particularly the thor-
1ated type, is that the emitter deteriorates
practically as fast when ‘“‘standing by”
(no plate current) as it does with any
normal amount of emission load. How-
ever, a thoriated filament may be either
temporarily or permanently damaged by
a heavy overload which may strip the
surface emitting layer of thorium from
the filament.

Reactivating Thoriated-
Tungsten Filaments

Thoriated - tungsten filaments (and
only thoriated-tungsten filaments) which
have gone “flat” as a result of insufficient
filament voltage, a severe temporary over-
load, a less severe extended overload, or
even normal operation may quite fre-
quently be reactivated to their original
characteristics by a process similar to
that of the original activation. However,
only filaments which have been made by
a reputable manufacturer and which have
not approached too close to the end of
their useful life may be successfully re-
activated. The filament found in certain
makes of tubes may often be reactivated
three or four times before the filament
will cease to operate as a thoriated emit-
ter.
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The actual process of reactivation is
simple enough and only requires a fila-
ment transformer with taps allowing volt-
age up to about 25 volts or so. The
tube which has gone flat is placed in a
socket to which only the two filament
wires have been connected. The filament
is then “flashed” for about 20 to 40 sec-
onds at from 114 to 2 times normal rated
voltage. The filament will become ex-
tremely bright during this time and, if
there is still some thoria left in the tung-
sten and if the tube didn’t originally fail
as a result of an air leak, some of this
thoria will be reduced to metallic thorium.
The filament is then burned at 20 to 40
per cent overvoltage for from 30 minutes
to three to four hours to bring this new
thorium to the surface.

The tube should then be tested to see
if it shows signs of renewed life. If
it does, but is still weak, the burning
process should be continued at about 15
to 20 per cent overvoltage for a few
more hours. This should bring it back
almost to normal. If the tube checked
still very low after the first attempt at
reactivation the complete process can be
repeated as a last effort.

Thoriated-tungsten filaments are op-
erated at about 1900° K or at a bright
yellow heat. A burnout at normal fila-
ment voltage is almost an unheard of
occurrence. The ratings placed upon
tubes by the manufacturers are figured
for a life expectancy of 1000 hours. Cer-
tain types of tubes may give much longer
life than this but the average transmitting
tube will give from 1000 to 3000 hours
of useful life,

The Oxide-Coated Filament

The most efficient of all modern fila-
ments is the oxide-coated type which con-
sists of a mixture of barium and stron-
tium oxides coated upon a wire or strip
usually consisting of a nickel alloy. This
type of filament operates at a dull-red to
orange-red temperature (1050° to 1170°
K) at which temperature it will emit
large quantities of electrons. The oxide-
coated filament is somewhat more ef-
ficient than -the thoriated-tungsten type
in small sizes and it is considerably less

expensive to manufacture. For this
reason all receiving tubes and quite a
number of the low-powered transmitting
tubes use the oxide-coated filament. An-
other advantage of the oxide-coated
emitter is its extremely long life—the av-
erage tube can be expected to run from
3000 to 5000 hours, and when loaded
very lightly tubes of this type have been
known to give 50,000 hours of life be-
fore their characteristics changed to any
great extent.

The oxide-coated filament does have
the disadvantage, however, that it is un-
suitable for use in tubes which must
withstand more than about 600 volts of
plate potential. Some years back trans-
mitting tubes for operation up to 2000
volts were made with oxide-coated fila-
ments but they have been discontinued.
Much more satisfactory operation is ob-
tainable at high plate potentials with
thoriated filaments.

Oxide filaments are unsatisfactory for
use at high plate voltages because (1)
their activity is seriously impaired by the
high temperature necessary to bombard
the high-voltage tubes and, (2) the pos-
itive ion bombardment which takes place
even in the best evacuated high-voltage
tube causes destruction of the oxide lay-
er on the surface of the filament.

Oxide-coated filaments operate by vir-
tue of a mono-molecular layer of alka-
line-earth metal (barium and strontium)
which forms on the surface of the oxide
coating. Such filaments do not require
reactivation since there is always suf-
ficient reduction of the oxides and dif-
fusion of the metals to the surface of the
filament to more than meet the emission
needs of the cathode.

Indirectly Heated Filaments —
The Heater Cathode

The heater type cathode was developed
as a result of the requirement for a type
of emitter which could be operated from
alternating current and yet would not
introduce a.c. ripple modulation even
when used in low-level stages. It con-
sists essentially of a small nickel-alloy
cylinder with a coating of strontium and
barium oxides on its surface similar to
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that used on the oxide-coated filament.
Inside the cylinder is an insulated heater
clement consisting usually of a double
spiral of tungsten wire. The heater may
operate on any voltage from 2 to 85 volts
although 6.3 1s by far the most common
value. The heater is operated at quite
a high temperature so that the cathode it-
self may be brought to operating tem-
perature in a matter of 15 to 30 seconds.
Heat coupling between the heater and
the cathode is mainly by radiation, al-
though there is some thermal conduction
through the insulating coating on the
heater wire, as this coating is also in
contact with the cathode thimble.

Indirectly heated cathodes are employed
in all a.c. operated tubes which are de-
signed to operate at a low level either
for r.f. or a.f. use. However, some re-
ceiver power tubes use heater cathodes
(6L6, 6V6, 6F6, and 6B4G) as do some
of the low-power transmitter tubes (802,
807, T21, and RK39). Heater cathodes
are employed exclusively when a number
of tubes are to be operated in series as in
an a.c.-d.c. receiver. A heater cathode is
often called a uni-potential cathode be-
cause there is no voltage drop along its
length as there is in the filament-type
cathode.

TYPES OF VACUUM TUBES

If a cathode capable of being heated
either indirectly or directly is placed in
an evacuated envelope along with a plate,
such a two-element vacuum tube is called
a diode. The diode is the simplest of
all vacuum tubes and is the fundamental
type from which all the others are de-
rived; hence, the diode and its charac-
teristics will be discussed first.

Characteristics of the Diode

When the cathode within a diode is
heated, it will be found that a few of the
electrons leaving the cathode will leave
with sufficient velocity to reach the plate.
If the plate is electrically connected back
to the cathode, the electrons which have
had sufficient velocity to arrive at the
plate will flow back to the cathode
through the external circuit. This small
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CURVE SHOWING NUMBER OF ELEC-

TRONS REACHING THE PLATE PLOT-

TED AS A FUNCTION OF PLATE VOLT-
AGE.

It will be noticed that there is a small
flow of plate current even with zero plate
voltage. The flow can be stopped by a
small negative plate potential. As the
plate voltage is increased in a positive
direction, the plate current increases
approximately as the 3/2 power of the
plate voltage until the saturation point is
reached. At this point all the electrons
leaving the filament are being attracted
to the anode.

amount of initial plate current is an ef-
fect found in all two-element vacuum
tubes.

If a battery or other source of d.c.
voltage is placed in the external circuit
between the plate and cathode so that
the battery voltage places a positive po-
tential on the plate, the flow of current
from the cathode to plate will be in-
creased. This is due to the strong at-
traction offered by the positively charged
plate for any negatively charged elec-
trons. If the positive potential on the
plate is increased, the flow of electrons
between the cathode and plate will also
increase up to the point of saturation.
Saturation current flows when all of the
electrons leaving the cathode are at-
tracted to the plate, and no increase in
plate voltage can increase the number
of electrons being attracted.

The Space Charge Effect

As a cathode is heated so that it be-
gins to emit, those electrons which have
been discharged into the surrounding
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Figure 2.

ILLUSTRATING THE SPACE CHARGE
EFFECT IN A DIODE.

(A) shows the space charge existing in
the vicinity of the cathode with zero or
a small amount of plate voltage. A few
high-velocity electrons will reach the
plate to give a small plate current even
with no plate voltage. (B) shows how
the space charge is neutralized and all
the electrons emitted by the cathode
are attracted to the plate with a battery
sufficient to cause saturation plate cur-
rent.

space form in the immediate vicinity of
the cathode a negative charge which acts
to repel those electrons which normally
would be emitted were the charge not
present. This cloud of electrons around
the cathode is called the space charge.
The electrons comprising the charge are
continuously changing, since those elec-
trons making up the original charge are
attracted back to the cathode and are
replaced by others emitted by it.

The effect of the space charge is to
make the current through the tube vari-
able with respect to the plate-to-cathode
drop across it. As the plate voltage is
increased, the positive charge of the plate
tends to neutralize the negative space
charge in the vicinity of the cathode.
This neutralizing action upon the space
charge by the increased plate voltage
allows a greater number of electrons to
be emitted from the cathode which, ob-
viously, causes a greater plate current to
flow. When the point is reached at which
the space charge around the cathode is
neutralized completely, all the electrons
that the cathode is capable of emitting
are being attracted to the plate and the
tube is said to have reached saturation
plate current as mentioned above.

Insertion of a Grid —
The Triode

If an element consisting of a mesh or
spiral of wire is inserted concentric with
the plate and between the plate and the
cathode, such an element will have an
effect on the cathode-to-plate current of
the tube, The new element is commonly
called a grid, and a vacuum tube con-
taining a cathode, grid, and plate is
commonly called a three-element tube
or, more simply, a triode.

If this new element through which the
electrons must pass in their course from
cathode to plate, is made negative with
respect to the filament, the charge on
this grid will in effect aid the space
charge surrounding the cathode and
hence will reduce the plate current of
the tube. As a matter of fact, if the
charge on this grid is made sufficiently
negative the space charge will be in-
creased to such an extent that all the elec-
trons leaving the cathode will be repelled
back to it and the plate current will be
reduced by zero. Any d.c. voltage placed
upon a grid (especially so when speak-
ing of a control grid) is called a bias.
Hence, the lowest value of voltage which
causes cutoff of plate current is called
the value of cutoff bias.

Figure 3 illustrates the manner in
which the plate current of a typical triode
will vary with different values of grid
bias. This shows graphically the cutoff
point, the approximately linear relation
between grid bias and plate current over
the operating range of the tube, and the
point of plate current saturation. How-
ever, the point of plate current satura-
tion comes at a different position with a
triode as compared to a diode, Plate
current non-linearity or saturation may
begin either at the point where the full
emission capabilities of the filament have
been reached or at the point where the
positive grid voltage begins to approach
the positive plate voltage.

This latter point is commonly referred
to as the diode bend and is caused by
the positive voltage of the grid allow-
ing it to rob from the current stream
electrons that would normally go to the
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PLATE CURRENT PLOTTED AGAINST
GRID VOLTAGE, WITH CONSTANT
PLATE VOLTAGE.

For values of grid bias between those
which give plate current cutoff and plate
current saturation, the value of plate
current varies more or less linearly with
respect to changes in grid voltage.

plate. 'When the plate voltage is low
with respect to that required for full cur-
rent from the cathode, the diode bend
is reached before plate current satura-
tion. When the plate voltage is high,
saturation is reached first.

From the above it can be seen that
the grid acts as a valve in controlling
the electron flow from the cathode to the
plate. As long as the grid is kept nega-
tive with respect to the cathode, only an
extremely small amount of grid energy
is required to control a comparatively
large amount of plate power. Even if
the grid is operated in the positive re-
gion a portion of the time, so that it will
draw current, the grid energy require-
ments are still very much less than the
energy controlled in the plate circuit.
It is for this reason that a vacuum tube
is commonly called a walve in Britain,
Australia, and Canada.

Interelectrode Capacitance

In the preceding chapter it was men-
tioned that two conductors separated by a
dielectric form a condenser, or that there
is capacitance between them. Since the
electrodes in a vacuum tube are conduc-
tors and they are separated by a di-
electric, vacuum, there is capacitance be-
tween them. Although the interelectrode

capacitances are so small as to be of lit-
tle consequence in audio-frequency work,
they are large enough to be of consider-
able importance when the tubes are op-
erated at radio frequencies.

Figure 4 shows the interelectrode ca-
pacitances in a triode as they appear to
a circuit in which the tube is operating.
The grid-to-filament (Cg) and plate-to-
filament (C,) capacities cause no seri-
ous disadvantage for ordinary work
since they add only a small amount of
capacity to the input and output circuits.
However, the grid-to-plate capacity
(Cep) acts effectively as a small coupling
condenser from the output circuit of the
tube back to the input circuit. This ca-
pacity can cause undesirable effects in
the form of regeneration or oscillation in
radio-frequency amplifiers. The effect
of this capacity can be balanced out by
a bridge circuit of capacitances, a process
discussed under Neutralization in the
chapter devoted to Transmitter Theory.
The quest for a simpler and more easily
usable method of eliminating this capac-
ity or its effects led to the development
of the screen-grid tube or tetrode.
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EFFECTIVE INTERELECTRODE
CAPACITIES IN A TRIODE.

The Tetrode or Screen-
Grid Tube

When another grid is added to
a vacuum tube between the control grid
and plate, the tube is then called a tet-
rode, meaning that it has four elements.
Such tubes are more familiarly known
as screen-grid tubes since the additional
element is called a screen. The inter-
position of this screen between grid and
plate serves as an electrostatic shield
between these two elements, with the
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consequence that the grid-to-plate capac-
itance 1s reduced. This effect is accom-
plished by establishing the screen at r.f.
ground potential by by-passing it to
ground with a fairly large condenser.
The grid-plate capacitance is then so
small that the amount of feedback
voltage from plate to grid is normally
insufficient to start oscillation. The ad-
vent of the screen grid tube eliminated
the necessity for lossers and neutraliza-
tion previously required to prevent a tri-
ode r.f. amplifier stage from oscillating.

In addition to the shielding effect, the
screen grid serves another very useful
purpose. Since the screen is maintained
at a positive potential, it serves to in-
crease or accelerate the flow of electrons
to the plate. There being large openings
in the screen mesh, most of the electrons
pass through it and on to the plate. Due
also to the screen, the plate current is
largely . independent of plate voltage,
thus making for high amplification
When the screen is held at a constant
value, it is possible tc¢ make radical
changes in plate voltage without appre-
ciably affecting the plate current.

Secondary Emission; Pentodes

When the electrons from the cathode
travel with sufficient velocity, they dis-
lodge electrons upon striking the plate.
This effect of bombarding the plate with
high velocity electrons, with the conse-
quent dislodgement of other electrons
from the plate, is known as secondary
emission. This effect can cause no par-
ticular difficulty in a triode tube because
the secondary electrons so emitted are
eventually attracted back to the plate.
In the screen grid tube, however, the
screen is close to the plate and is main-
tained at a positive potential. Thus, the
screen will attract these electrons that
have been knocked from the plate, par-
ticularly when the plate voltage falls
to a lower value than the screen volt-
age, with the result that the plate cur-
rent is lowered and the amplification is
decreased.

This effect is eliminated when still
another element is added between the

screen and plate. This additional element
is called a suppressor, and tubes in which
it is used are called pentodes. The sup-
pressor grid is sometimes connected to
cathode within the tube, sometimes it is
brought out to a connecting pin on the
tube base, but in any case it is estab-
lished negative with respect to the mini-
mum plate voltage. The secondary elec-
trons that would travel to the screen if
there were no suppressor are diverted
back to the plate. The plate current is,
therefore, not reduced and the amplifica-
tion possibilities are increased.

Pentodes for radio applications are
designed so that the suppressor increases
the limits to which the plate voltage may
swing; therefore the consequent power
output and gain can be very great.
Pentodes for radio-frequency service
function in such a manner that the sup-
pressor allows high voltage gain, at the
same time permitting fairly high gain
at low plate voltage. This holds true even
if the plate voltage is the same or slightly
lower than the screen voltage.

Beam Power Tubes

A beam power tube makes use of a
new method for suppressing secondary
emission. In this tube there are four
electrodes: a cathode, a grid, a screen
and a plate, so spaced and placed that
secondary emission from the plate is
suppressed without actual power. Be-
cause of the manner in which the elec-
trodes are spaced, the electrons which
travel to the plate are slowed down
when the plate voltage is low, almost to
zero velocity in a certain region between
screen and plate. For this reason the
electrons form a stationary cloud, a
space charge. The effect of this space
charge is to repel secondary electrons
emitted from the plate and thus cause
them to return to the plate. In this way,
secondary emission is suppressed.

Another feature of the beam power
tube is the low current drawn by the
screen. The screen and the grid are
spiral wires wound so that each turn in
the screen is shaded from the cathode by
a grid turn. This alignment of the
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screen and the grid causes the electrons
to travel in sheets between the turns of
the screen so that very few of them flow
to the screen. Because of the effective
suppressor action provided by the space
charge, and because of the low current
drawn by the screen, the beam power
tube has the advantages of high power
output, high power sensitivity and high
efficiency. The 616 is such a beam power
tube designed for use in the power am-
plifier stages of receivers and speech am-
plifiers or modulators. Larger tubes em-
ploying the beam-power principle are be-
ing made by various manufacturers for
use in the radio-frequency stages of
transmitters. These tubes feature ex-
tremely high power sensitivity (a very
small amount of driving power is re-
quired for a large output), good plate
efficiency, and freedom from the require-
ment for neutralization. Notable among
these transmitting beam power tubes are
the T2l of Taylor, and the 807, 814,
and 813 of RCA.

Television Amplifier Pentodes

There was a need in television work,
where extremely wide bands of frequen-
cies must be passed by an amplifier, for
vacuum tubes which would give ex-
tremely high amplification and still have
comparatively low plate impedance and
shunt capacitances. This need led to the
development of the 1851, 1852, and 1853
—all three of which answer this re-
quirement with slight individual varia-
tions. Through the use of a large cath-
ode and a very fine mesh grid spaced
very close to the cathode, it has been pos-
sible to obtain in these pentodes ampli-
fication factors of 6000 and above with
transconductances - of 7500 to 12,000.
The true significance of these figures can
be grasped after the material in the lat-
ter part of this chapter has been studied.

Pentagrid Converters

A pentagrid converter is a multiple
grid tube so designed that the functions
of superheterodyne oscillator and mixer
are combined in one tube. One of the
principal advantages of this type of

tube in superheterodyne circuits is that
the coupling between oscillator and mixer
is automatically done; the oscillator ele-
ments effectively modulate the electron
stream and, in so doing, the conversion
conductance is high. The principal dis-
advantage of these tubes lies in the fact
that they are not particularly suited for
operation at frequencies much above 20
Mec. because of difficulties encountered in
the oscillator section.

Special Purpose Mixer Tubes

Notable among the special purpose
multiple grid tubes is the 617 heptode,
used principally as a mixer in super-
heterodyne circuits. This tube has five
grids: control grid, screens, suppressor
and special injection grid for oscillator
input. Oscillator coupling to control grid
and screen grid circuits of ordinary
pentodes is effective as far as mixing
is concerned, but has the disadvantage
of considerable interaction between
oscillator and mixer,

The 6L7 has a special injection grid
so placed that it has reasonable effect
on the electron stream without the dis-
advantage of interaction between the
screen and control grid. The principal
disadvantage is that it requires fairly
high oscillator input in order to realize
its high conversion conductance. It may
also be used as an r.f. pentode amplifier.

The 6J8G and 6K8 are two tubes
specifically designed for converter serv-
ice. They consist of a heptode mixer
unit and a triode unit in the same en-
velope, internally connected to provide
the proper injection for conversion work.
While both tubes function as a triode os-
cillator feeding a heptode mixer, the
method of injection is different in the
two tubes. In the 6J8G, the control grid
of the oscillator is connected internally
to a special shielded injector grid in the
heptode section. In the 6K8, the number
one grid of the heptode is connected in-
ternally to the control grid of the oscil-
lator triode,

Single-Ended Tubes

From the introduction of the screen-
grid tube to the present time it has been
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standard practice to bring the control
grid (or the no. 1 grid as it is called)
of all pentodes and tetrodes designed
for radio frequency amplifier use in re-
ceivers through the top of the envelope.
This practice was started because it was
much easier to shield the input from the
output circuit when one was at the top
and the other at the bottom of the en-
velope. This was true both of the ele-
ments and of their associated circuits.

With the introduction of the octal-
based metal tube it became feasible to
design and manufacture high-gain r.f.
amplifier and mixer tubes with all the
terminals brought out the base. The
metal envelope gives excellent shield-
ing of the elements from external fields,
and through the use of a small additional
shield inside the locating pin of the oc-
tal socket, the diametrically opposite grid
and plate pins of the tubes are well shield-
ed from each other. The 6SJ7 and 6SK7
are conventional r.f. amplifier pentodes
exemplifying this type of design, the 1852
(6AC7) and 1853 (6AB7) are television
amplifier pentodes, the 6SA7 is a new,
greatly improved pentagrid converter
tube, the 6SQ7 is a diode-high-u triode
and the 6SC7 is a dual triode.

Dual Tubes

Some of the commonly known vac-
uum tubes are in reality two tubes in

one, i.e., in a single glass or metal en-
velope. Twin triodes, such as the types
53, 6A6, 6SC7, and 6N7 are examples.
A disadvantage of these twin-triode tubes
for certain applications is the fact that
the cathodes of both tubes are brought
out to the same base pin.

Of a different nature are the 6H6 twin
diode and the 6F8G and 6C8G twin tri-
odes. The cathodes of each of these
tubes are brought to a separate base pin
on the socket, thus making them true
twin triodes. Other types combine the
functions of a double diode and either
low or high u triode in the same en-
velope, as well as a similar combination
with a pentode instead of a triode, Still
other types combine a pentode and a
triode, a pentode and a power supply rec-
tifier, and electron-ray indicating tubes
(magic eyes) with their self-contained
triode d.c. voltage amplifier.

Manufacturer’s Tube Manuals

The larger tube manufacturers offer
at a nominal cost tube manuals which
are very complete and give much valu-
able data which, because of space limita-
tions cannot be included in this hand-
book. Those especially interested in
vacuum tubes are urged to purchase one
of these books as a supplementary refer-
ence,

APPLICATION OF THE VACUUM TUBE

The preceding section of this chapter
has been devoted to the theory of vacuum
tubes and to the various types in which
they commonly appear. The succeed-
ing section will be devoted to the appli-
cation of the characteristics and abilities
of the vacuum tube to the problems of
amplification, oscillation, rectification, de-
tection, frequency conversion, and elec-
trical measurements.

THE VACUUM TUBE AS
AN AMPLIFIER

The ability of a grid of a vacuum to
control large amounts of plate power
with a small amount of input energy al-
lows the vacuum tube to be used as an
amplifier. It is the ability of the vacuum
tube to amplify an extremely small
amount of energy up to almost any
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amount without change in anything ex-
cept amplitude which makes the vacuum
tube such an extremely useful adjunct
to modern industry and communication.
The most important considerations of
a vacuum tube, aside from its power
handling ability (which will be treated
later on), are amplification factor, plate
resistance, and mutual conductance.

Amplification Factor or Mu

The amplification factor or mu () of
a vacuum tube is the ratio of a change
in plate voltage to a change in grid volt-
age, either of which will cause the same
change in plate current. Expressed as
a differential equation:

dE,
&= -
dE,

The u can be determined experimen-
tally by making a slight change in the
plate voltage, thus slightly changing the
plate current. The plate current is then
returned to its original value by a change
in grid voltage. The ratio of the incre-
ment in plate voltage to the increment in
grid voliage is the p of the tube. The
foregoing assumes that the experiment
1s conducted on the basis of rated volt-
ages as shown in the manufacturer’s tube
tables.

The plate resistance can also be de-
termined by the previous experiment. By
noting the change in plate current as it
occurs when the plate voltage is changed,
and by dividing the latter by the former,
the plate resistance can then be deter-
mined. Expressed as an equation:

dE,
R, = —
dl,

The mutual conductance, also referred
to as transconductance, is the ratio of
the amplification factor (u) to the plate
resistance :

dE,

A dE,  dI,
S,, = =

R, dE, dE,
d1,

The amplification factor is the ability
of the tube to amplify or increase the
voltages applied to the grid. The amount
of voltage amplification that can be ob-
tained from a tube is expressed as fol-
lows:

#Ry,

R, + Ry,

where Ry, = ohmic load in the plate cir-
cuit. In the case of a type 6F5 tube with
a plate resistor of 50,000 ohms, the volt-
age amplification as calculated from the
previous equation would be:

100 X 50,000

50,000 + 66,000

From the foregoing it is seen that an
input of 1 volt to the grid of the tube
will give an output of 43 volts (a.c.).

AUDIO-FREQUENCY
AMPLIFIERS

Amplifiers designed to operate at a low
level at radio, intermediate, and audio
frequencies are almost invariably of the
class A type. Higher level audio ampli-
fiers can be of the class A, class AB, or
class B tyvpe: these classifications and
their considerations will be considered
first. The class B and class C amplifiers
as used for medium and high-level radio-
frequency work will be considered under
Radio-Frequency Amplifiers.

The Class A Amplifier

A class A amplifier is, by definition, an
amplifier in which the grid bias and al-
ternating grid voltages are such that plaie
current in a specific iube flows at all
times. The output waveform from a class
A amplifier is a faithful reproduction of
the exciting grid voltage upon the grid.
For the above conditions to be the case it
is necessary that the grid bias, or the op-
erating point, of the amplifier be chosen
with care to allow maximum output.

Figure 5 shows the operating charac-
teristic of a tvpical vacuum tube. It will
be noticed that the curve of plate current
with varying grid voltage is quite linear
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within certain limits—outside these limits
it is no longer a straight line. Tor an
amplifier to be able to put out a voltage
waveform which is a faithful reproduc-
tion of the input waveform, it is neces-
sary that the range over which the grid
voltage will be varied shall give a linear
variation in plate current. Also, a class
A amplifier must not draw grid current;
so the operating point must be midway
between the pont of zero grid bias and
the point on the operating characteristic
where the curvature becomes noticeable.
Such a point has been chosen graphically
in figure 5.

When the grid bias is varied around
this operating point the fluctuation in grid
potential results in a corresponding fluc-
tuation in plate current. When this cur-
rent flows through a suitable load device,
it produces a varying voltage drop which
is a replica of the original input voltage,
although considerably greater in ampli-
tude.

Should the signal voltage on the grid
be permitted to go too far negative, the
negative half cycle in the plate output
will not be the same as the positive half
cycle. In other words, the output wave
shape will not be a duplicate of the input,

and distortion in the output will therefore
result. The fundamental property of
class A amplification is that the bias volt-
age and input signal level must not ad-
vance beyond the point of zero grid po-
tential ; otherwise, the grid itself will be-
come positive. Electrons will then flow
into the grid and through its external cir-
cuit in much the same manner as if the
grid were actually the plate. The result
of such a flow of grid current is a low-
ering of the input impedance of the tube
so that power is required to drive it.

Since class A amplifiers are never de-
signed to draw grid current they do not
realize the optimum capabilities of any
individual tube.

Inspection of the operating character-
istic of figure 5 reveals that there is a
long stretch of linear characteristic far
into the positive grid region. As only
the small portion of the operating char-
acteristic below the zero grid bias line
can be used, the plate circuit efficiency
of a class A amplifier is low. However,
they are used because they have very
little or negligible distortion and, since
only an infinitesimal amount of power is
required on the grid, a large amount of
voltage amplification may be obtained.
Low-level audio and radio frequency am-
plifying stages in receivers and audio am-
plifiers are invariably operated class A.
The correct values of bias for the opera-
tion of tubes as class A amplifiers are
given in the Tube Tables.

The Class AB Amplifier

A class AB amplifier is one in which
the grid bias and alternating grid volt-
ages are such that plate current in a spe-
cific tube flows for appreciably more
than half but less than the entire electri-
cal cycle when delivering maximum out-
put.

In a class AB amplifier, the fixed grid
bias is made higher than would be the
case for a push-pull class A amplifier.
The resting plate current is thereby re-
duced and higher values of plate voltage
can be used without exceeding the rated
plate dissipation of the tube. The result
is an increase in power output.
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Class AB amplifiers can be subdivided
into class AB, and class AB,. There is
no tlow of grid current in a class AB,
amplifier; that is, the peak signal volt-
age applied to each grid does not exceed
the negative grid bias voltage. In a
class AB, amplifier the grid signal is
greater than the bias voltage on the
peaks, and grid current flows.

The class AB amplifier should be oper-
ated in push-pull if distortion is to be
held to a minimum. Class AB, will fur-
nish more power output for a given pair
of tubes than will class AB,. The grids
of a class AB, amplifier draw current,
which calls for a power driver stage.

The Class B Amplifier

A class B amplifier is one in which the
grid bias is approximately equal to the
cutoff value so that the plate current is
very low (almost zero) when no exciting
grid voltage is applied and so that plate
current in a specific tube flows for ap-
proximately one half of each cycle when
an alternating grid voltage is applied.

A class B audio amplifier always op-
erates with two tubes in push-pull. The
bias voltage is increased to the point
where but very little plate current flows.

ouUTPUT
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Figure 6.

This point is called the cutoff point.
When the grids are fed with voltage 180
degrees out of phase, that is, one grid
swinging in a positive direction and the
other in a negative direction, the two
tubes will alternately supply current to the
load.

When the grid of tube no. 1 swings in
a positive direction, plate current flows
in this tube. During this process, grid
no. 2 swings negatively beyond the point
of cutoff ; hence, no current flows in tube
no. 2. On the other half-cycle tube no. 1
is idle, and tube no. 2 furnishes current.
Each tube operates on one-half cycle of
the input voltage so that the complete
input wave is reproduced in the plate
circuit. Since the plate current rests at
a very low value when no signal is ap-
plied, the plate efficiency is considerably
higher than in a class A amplifier.

There is a much higher, steady value of
plate current flow in a class A amplifier,
regardless of whether or not a signal is
present. The average plate dissipation or
plate loss is much greater than in a class
B amplifier of the same power output
capability.

For the reason that the plate current
rises from a very low to a very high peak
value on input swings in a class B audio
amplifier, the demands upon the power
supply are quite severe; a power supply
for class B amplifier service must have
good regulation. A high-capacity output
condenser must be used in the filter cir-
cuit to give sufficient storage to supply
power for the stronger audio peaks, and
a choke-input filter system is required
for good regulation.

Load Impedance for Amplifiers

The plate current in an amplifier in-
creases and decreases in proportion to
the value of applied input signal. If
useful power is to be realized from such
an amplifier, the plate circuit must be
terminated in a suitable resistance or
impedance across which the power can be
developed. When increasing and de-
creasing plate current flows through a
resistor or impedance, the voltage drop
across this load will constantly change
because the plate current is constantly
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changing. The actual value of voltage on
the plate will vary in accordance with
the 1Z drop across the load, even though
a steady value of direct current may be
applied to the load impedance; hence, for
an alternating voltage on the grid of
the tube, there will be a constant change
in the voltage at the anode.

The static characteristic curves give
an indication of the performance of the
tube for only one value of plate voltage.
If the plate voltage is changed, the char-
acteristic curve will shift. This sequence
of change can be plotted in a form that
permits a determination of tube per-
formance; it is customary to plot the
plate current for a series of permissible
values of plate voltage at some fixed
value of grid voltage.

The process is repeated for a sufficient
number of grid voltage values in order
that adequate data will be available. A
group or family of plate voltage-plate
current curves, each for a different grid
potential, makes possible the calculation
of the correct load impedance for the
tube. Dynamic characteristics include
curves for variations in amplification fac-
tor, plate resistance, transconductance
and detector characteristics.

The correct value of load impedance
for a rated power output is always spe-
cified by the tube manufacturer. The
plate coupling device generally reflects
this impedance to the tube. This subject
is treated under Impedance Matching,
Chapter Two.

Tubes in Parallel
and Push-Pull

Two or more tubes can be connected in
parallel in order to secure greater power
output; two tubes in parallel will give
twice the output of a single tube. Since
the plate resistances of the two tubes are
in parallel, the required load impedance
will be half that for a single tube.

When power is to be increased by the
use of two tubes, it is generally advisable
to connect them in push-pull; in this
connection the power output is doubled
and the harmonic content, or distortion,
is reduced. The input voltage applied to
the grids of two tubes is 180 degrees out

of phase, the voltage usually being se-
cured from a center-tapped secondary
winding with the center tap connected to
the source of bias and the outer ends of
the winding connected to each grid. The
plates are similarly fed into a center-
tapped winding and plate voltage is in-
troduced at the center tap. The signal
voltage supplied to one grid must always
swing in a positive direction when the
other grid swings negatively. The re-
sult is an increase in plate current in one
tube with a decrease in plate current in
the other at any given instant; one tube
pushes as the other pulls; hence the
term: push-pull.

Harmonic Distortion in
Audio Amplifiers

Distortion exists when the output wave
shape of an amplifier departs from the
shape of the input voltage wave. Distor-
tion is present mainly in the form of har-
monics, which are voltages existing si-
multaneously with the fundamental at
frequencies 2, 3, 4, 5, etc. times this fun-
damental frequency.

The lower order of harmonics, namely,
those whose frequencies are twice and
three times that of the fundamental fre-
quency, are generally the strongest. The
presence of strong harmonics in an audio-
frequency amplifier gives rise to speech
or music distortion plainly apparent to
the human ear. The average ear can
tolerate a certain amount of distortion,
and audio amplifiers are, therefore, rated
in percentage of harmonic content. The
value of 5% is generally accepted as
being the maximum permissible total har-
monic distortion from an average audio
amplifier.

Voltage and
Power Amplification

Practically all amplifiers can be divid-
ed into two classifications, voltage ampli-
fiers and power amplifiers. In a voltage
amplifier, it is desirable to increase the
voltage to a maximum possible value,
consistent with allowable distortion. The
tube is not required to furnish power
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because the succeeding tube is always
biased to the point where no grid cur-
rent flows. The selection of a tube for
voltage amplifier service depends upon
the voltage amplification it must provide,
upon the load that is to be used and
upon the available value of plate voltage.
The varying signal current in the plate
circuit of a voltage amplifier is employed
in the plate load solely in the production
of voltage to be applied to the grid of the
following stage. The plate voltage is al-
ways relatively high, the plate current
small.

A power amplifier, in contrast, must
be capable of supplying a heavy current
into a load impedance that usually lies
between 2000 and 10,000 ohms. Power
amplifiers normally furnish excitation to
power-consuming devices such as loud-
speakers, They also serve as drivers for
other larger amplifier stages whose grids
require power from the preceding stage.
Power amplifiers are common in trans-
mitters.

The difference between the plate power
input and output is dissipated in the tube
in the form of heat, and is known as
the plate dissipation. Tubes for power
amplifier service have larger plates and
heavier filaments than those for a volt-
age amplifier. High-power audio circuits
for commercial broadcast transmitters
call for tubes of such proportions that it
becomes necessary to cool their plates by
means of water or forced air-cooling
systems.

Interstage Coupling

Common methods of coupling one stage
to another in an audio amplifier are
shown in figure 7.

Transformer coupling for a single-
ended stage is shown in A; coupling to
a push-pull stage in B; resistance
coupling in C; impedance coupling in D.
A combination impedance-transformer
coupling system is shown in E; this ar-
rangement is generally chosen for high
permeability audio transformers of small
size and where it is necessary to prevent
the plate current from flowing through
the transformer primary. The plate cir-
cuit in the latter is shunt-fed. A resis-
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Five common methods of a.f. interstage
coupling.

tor of appropriate value is often substi-
tuted for the impedance in the circuit
shown in E,

RADIO-FREQUENCY
AMPLIFIERS
Radio-frequency amplifiers as used in

transmitters invariably fall into the
“power” classification. Also, since they
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operate into sharply tuned tank circuits
which tend to take out irregularities in
the plate current waveform and give a
comparatively pure sine-wave output,
more efficient conditions of operation may
be used than for an audio amplifier in
which the output waveform must be the
same as the input over a wide band of
frequencies. The class B and class C
r.f. amplifiers fall into this grouping.

The Class B R.F. Amplifier

The definition of a class B r.f. ampli-
fier is the same as that of a class B am-
plifier for audio use. However, the r.f.
amplifier operates into a tuned circuit
and covers only a very small range of
frequency while the audio type works
into an untuned load and may cover a
range of 500 or 1000 to 1 in frequency.

Class B radio-frequency amplifiers are
used primarily as linear amplifiers whose
function is to increase the output from
a modulated class C stage. The bias is
adjusted to the cutoff value. In a single-
ended stage, the r.f. plate current flows
on alternate half cycles. The power out-
put in class B r.f. amplifiers is propor-
tional to the square of the grid excita-
tion voltage. The grid voltage excitation
is doubled in a linear amplifier at 100%
modulation, the grid excitation voltage
being supplied by the modulated stage;
hence, the power output on modulation
peaks in a linear stage is increased four
times in value. In spite of the fact that
power is supplied to the tank circuit only
on alternate half cycles, the flywheel
effect of the tuned tank circuit supplies
the missing half cycle of radio frequency,
and the complete waveform is reproduced
in the output to the antenna.

The Class € R.F. Amplifier

A class C amplifier is defined as an
amplifier in which the grid bias is ap-
preciably greater than the cutoff value
so that the plate current in each tube
is zero when no alternating grid voltage
is applied, and so that plate current
in a specific tube flows for appreciably
less than one half of each cycle when
an alternating grid voltage is applied.

The class C amplifier differs from
others in that the bias voltage is in-
creased to a point well beyond cutoff.
When a tube is biased to cutoff as in a
class B amplifier, it draws plate current
for a half cycle or 180°. As this point
of operation is carried beyond cutoft,
that 1s, when the grid bias becomes more
negative, the angle of plate current
flow decreases. Under normal conditions,
the optimum value for class C amplifier
operation is approximately 120°. The
plate current is at zero value during the
first 30° because the grid voltage is
still approaching cutoff. From 30° to
90°, the grid voltage has advanced be-
yond cutoff and swings to a maximum
in a region which allows plate current
to flow. From 90° to 150°, the grid
voltage returns to cutoff, and the plate
current decreases to zero. From 150° to
180°, no plate current flows since the
grid voltage is then beyond cutoff.

The plate current in a class C ampli-
fier flows in pulses of high amplitude,
but of short duration. Efficiencies up to
75% are realized under these conditions.
It is possible to convert nearly all of the
plate input power into r.f. output power
(approximately 90% efficiency) by in-
creasing the excitation, plate voltage and
bias to extreme values.

The r.f. plate current is proportional
to the plate voltage; hence, the power
output is proportional to the square of
the plate voltage. Class C amplifiers are
invariably used for plate modulation be-
cause of their high efficiency and because
they reflect a pure resistance load into
the modulator. The plate voltage of the
class C stage is doubled on the peaks at
100% modulation; the power output at
this point is consequently increased four
times.

Figure 8 illustrates graphically the op-
eration of a class C amplifier with twice
cutoff bias and with the peak grid swing
of such a value as just to approach the
diode bend in the plate characteristic.
When the excitation voltage is increased
beyond this point the plate current wave-
form will have a dip at the crest due to
the taking of electrons from the plate cur-
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rent stream by the grid on its highly pos-
itive peaks.

THE VACUUM TUBE AS AN
OSCILLATOR

The ability of an amplifier tube to
control power enables it to function as
an oscillator or a generator of alternating
current in a suitable circuit. When part
of the amplified output is coupled back
into the input circuit, sustained oscilla-
tions will be generated provided the in-
put voltage to the grid is of the proper
magnitude and phase with respect to the
plate.

The voltage that is fed back and
applied to the grid must be 180° out of
phase with the voltage across the load
impedance in the plate circuit. The volt-
age swings are of a frequency depending
upon circuit constants.

If a parallel resonant circuit consist-
ing of an inductance and capacitance is
inserted in series with the plate circuit of
an amplifier tube and a connection is
made so that part of the potential drop
is impressed 180° out of phase on the
grid of the same tube, amplification of the

potential across the L/C circuit will re-
sult. The potential would increase to an
unrestricted value were it not for the
limited plate voltage and the limited
range of linearity of the tube character-
istic, which causes a reversal of the proc-
ess after a certain point is reached. The
rate of reversal is determined by the
time constant or resonant frequency of
the tank circuit.

The frequency range of an oscillator
can be made very great; thus, by varying
the circuit constants, oscillations from a
few cycles per second up to many mil-
lions can be generated. A number of dif-
ferent types of oscillators are treated in

detail under the section devoted to
Transmitter Theory.
THE VACUUM TUBE AS

A RECTIFIER

It was stated at the first of this chapter
that when the potential of the plate of a
two-element vacuum tube or diode is
made positive with respect to the cathode,
electrons emitted by the cathode will be
attracted to the plate and a current will
flow in the external circuit that returns
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the electrons to the cathode. If, on the
other hand, the plate is made negative
with respect to the cathode the electron
flow in the external circuit will cease due
to the repulsion of the electronic stream
within the tube back to the cathode. From
this is derived a valuable property, name-
ly, the ability of a vacuum tube to pass
current in one direction only and hence
to function as a rectifier or a device to
convert alternating current into pulsating

dc.
® .
®
Figure 9.

Figure 9A shows a half-wave rectifier
circuit. For convenience of explanation,
a conventional power rectifier has been
chosen although the same diagram and
explanation would apply to diode recti-
fication as employed in the detector cir-
cuits of many receivers.

When a sine-wave voltage is induced
in the secondary of the transformer, the
rectifier plate is made alternately positive
and negative as the polarity of the alter-
nating current changes. Electrons are
attracted to the plate from the cathode
when the plate is positive, and current
then flows in the external circuit. On
the succeeding half cycle, the plate be-
comes negative with respect to the
cathode, and no current flows. Thus,
there will be an interval before the
succeeding half cycle occurs when the

plate again becomes positive. Under
these conditions, plate current once more
begins to flow and there is another pulsa-
tion in the output circuit.

For the reason that one half of the
complete wave is absent in the output,
the result is what is known as half-wave
rectification. The output "power is the
average value of these pulsations; it will,
therefore, be of a low value because of
the interval between pulsations.

In a full-wave circuit (figure 9B), the
plate of one tube is positive when the
other plate is negative; although the
current changes its polarity, one of the
plates is always positive. One tube,
therefore, operates effectively on each
half cycle, but the output current is in
the same direction. In this type of circuit
the rectification is complete and there is
no gap between plate current pulsations.
This output is known as rectified a.c. or
pulsating d.c.

Mercury Vapor Rectifiers

If a two-element electron tube is
evacuated and then filled with a gas such
as mercury vapor, its characteristics and
performance will differ radically from
those of an ordinary high-vacuum diode
tube.

The principle upon which the operation
of a gas-filled rectifier depends is known
as the phenomenon of gaseous ionization,
which was discussed under Fundamental
Theory. Investigation has shown that the
electrons emitted by a hot cathode in a
mercury-vapor tube are accelerated to-
ward the anode (plate) with great ve-
locity. These electrons move in the elec-
trical field between the hot cathode and
the anode. In this space they collide with
the mercury-vapor molecules which are
present.

If the moving electrons attain a
velocity so great as to enable them to
break through a potential difference of
more than 10.4 volts (for mercury), they
will literally knock the electrons out of
the atoms with which they collide.

As more and more atoms are broken
up by collision with electrons, the mer-
cury vapor within the tube becomes ion-
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ized and transmits a considerable
amount of current. The ions are repelled
from the anode when it is positive; they
are then attracted to the cathode, thus
tending to neutralize the negative space
charge as long as saturation current is
not drawn. This effect neutralizes the
negative space charge to such a degree
that the voltage drop across the tube is
reduced to a very low and constant value.
Furthermore, a considerable reduction in
heating of the diode plate, as well as an
improvement in the voltage regulation of
the load current, is achieved. The ef-
ficiency of rectification is thereby in-
creased because the voltage drop across
any rectifier tube represents a waste of
power.

Detection or Demodulation

Detection is the process by which the
audio component is separated from the
modulated radio-frequency signal carrier
at the receiver. Detection always in-
volves either rectification or nonlinear
amplification of an alternating current,

Two general types of amplifying detec-
tors are used in radio circuits:

(1) Plate Detector. The plate detector
or bias detector (sometimes called a
power detector) amplifies the radio-
frequency wave and then rectifies it and
passes the resultant audio signal com-
ponent to the succeeding audio amplifier.
The detector operates on the lower bend
in the plate current characteristic, be-
cause 1t 1s biased close to the cutoff
point and therefore could be called a
single-ended class B amplifier. The plate
current is quite low in the absence of
a signal and the audio component is evi-
denced by an increase in the average un-
modulated plate current. See figure 10.

(2) Grid Detector. The grid detector
differs from the plate detector in that it
rectifies in the grid circuit and then am-
plifies the resultant audio signal. The
only source of grid bias is the grid leak
so that the plate current is maximum
when no signal is present. This form of
detector operates on the upper or sat-
urated bend of its characteristic curve
and the demodulated signal appears as an
audio-frequency decrease in the average
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Figure 10.

Illustrating detector operation in upper-
and lower-bend portion of the character-
istic curve,

plate current. However, at low plate volt-
age, most of the rectification takes place
as the result of the curvature in the grid
characteristic. By proper choice of grid
leak and plate voltage, distortion can be
held to a reasonably small value. In ex-
treme cases the distortion can reach a
very high wvalue, particularly when
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the carrier signal is modulated to a high
percentage. In such cases the distortion
can reach 25%.

The grid detector will absorb some
power from the preceding stage because
it draws grid current. It is significant
to relate that the higher gain through
the grid detector does not necessarily
indicate that it is more sensitive. Detec-
tor sensitivity is a matter of rectification
efficiency and amplification, not of am-
plification alone. Grid leak detectors
are often used in regenerative detector
circuits because smoother control of re-
generation is possible than in other forms
of plate and bias detectors.

(3) Diode Detector. In this type of de-
tection the input r.f. signal is simply rec-
tified by a diode and the modulation com-
ponent appears as an alternating volt-
age across the diode load resistor. This
type of detection, although it gives no
gain and has a loading effect on the cir-
cuit that feeds it, is frequently used in
high-quality receivers because of relative-
ly distortionless demodulation or detec-
tion that is obtained. Diode detection is
also frequently employed in superhetero-
dynes because it is a simple process to
take the negative voltage from the diode
load resistor and use it as the a.v.c volt-
age. Figure 11A shows a conventional
diode detector with provision for taking
the diode load voltage for use as a.v.c
bias.

(4) Infinite-Impedance Detector. Fig-
ure 11B illustrates this comparatively
recently popularized type of detector cir-
cuit which has advantages over previous
types where distortion-free detection is
required. The circuit is essentially the
same as that for plate or power-detection
except that the output voltage is taken
from the cathode circuit instead of from
the plate. This gives the advantage that
practically 100 per cent degenerative
feedback is incorporated into the circuit
with a consequent great reduction in har-
monic distortion as compared to the sim-
ple plate detector. The circuit gives no
loading to the circuit from which it ob-
tains its voltage—hence the name, infi-
nite-impedance detection. Also, due to

TO AUDIO

TO
AUDIO

(&
T
§

=
=

Figure 11.

the 100 per cent degenerative feedback,
the circuit has a gain of one. Essentially
the same output voltage will be obtained
from this detector as will be obtained
from a diode detector.

Frequency Converters
or Mixers

Another common usage of the vacuum
tube is as a frequency changer or mixer
tube. This ts the operation performed
by the first detector or mixer in a super-
heterodyne and consists of changing
(most frequently) a particular high-fre-
quency signal (bearing the desired mod-
ulation) to a fixed intermediate fre-
quency. In this service the high-fre-
quency signal and another signal from a
local oscillator whose frequency is
either lower or higher than the h.f. signal
by an amount equal to the intermediate
frequency (the frequency to which it is
desired to convert) are fed to appropriate
grids of the converter tube. The resultant
intermodulation of the two signals in the
converter tube produces one frequency
which is the sum of the two, and another
frequency which is equal to the differ-
ence between their frequencies. It is this
latter frequency which is selected by the
output circuit of the mixer tube and
which is subsequently fed to the interme-
diate frequency amplifier.
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Conversion Conductance

The relative efficiency of a converter
tube in changing one frequency to an-
other is called its conversion conductance
or transconductance. Recent improve-
ments in mixer tubes have allowed size-
able improvements to be made in the ef-
ficiency of mixer stages. With the latest
types of mixer tubes it is possible to
obtain nearly as much gain from a fre-
quency changing stage as from an ampli-
fier stage with its input and output cir-
cuits on the same frequency. Discussion
of mixer characteristics will be found in
the chapter, Receiver Theory, and under
the section Special Purpose Mixer Tubes
earlier in this chapter.

The Vacuum Tube as a
Measuring Device

The characteristics of the vacuum
tube make it very well suited for use as
a measuring device in electrical circuits,
especially when no power may be taken
from the circuit under measurement.
Vacuum tube voltmeters are the most
common application of this principle. V.t.
voltmeters of the peak-indicating and

r.m.s. types will be found in the chapter
Test and Measurement Equipment.

Particular types of vacuum tube volt-
meters utilizing the action of an electron
stream upon a fluorescent material to give
a visual indication are the electron-ray
or “magic eye” tubes, and the cathode-ray
oscilloscope. In the electron-ray tube a
small knife whose charge varies with the
voltage under measurement (usually the
amplified d.c. voltage of an a.v.c. circuit)
deflects the electron stream to produce
a varying angle of fluorescence on the
visible screen at the end of the tube.

In the cathode-ray tube an electron
gun consisting of cathode, grid, and ac-
celerating anode or plate shoots a fine
beam of electrons between two sets of
deflecting plates separated by 90° to a
fluorescent viewing screen at the end of
the tube. One set of deflecting plates
is most commonly set up so that it will
deflect the stream of electrons back and
forth in the horizontal plane. The other
set of deflecting plates is oriented so that
it will deflect the same stream up and
down in the vertical plane. The practical
design and application of the cathode-ray
oscilloscope 1s covered in the Test and
Measurement Equipment chapter.
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Radio Receiver Theory

A RADIO receiver is a device which re-
produces, in the form of useful output,
all the intelligence carried by an incoming
radio wave. A necessary adjunct to the
receiver is the antenna. However, the
details of the function of the antenna are
covered in another part of this book.

Common Receiver Terms

Before proceeding further into the
subject of receiver theory, it is necessary
to define several commonly-used receiver
terms. These are selectivity, sensitivity,
tuning, detection and fidelity.

Selectivity is the measure of the re-
ceiver’s ability to discriminate between
signals of different frequencies.

Sensitivity represents the receiver’s
ability to respond to radio-frequency volt-
ages in its input circuit. Quantitatively,
sensitivity is a measure of the smallest
radio-frequency input voltage which will
give a predetermined reference audio
output.

Tuning is the process of resonating the
receiver’s radio-frequency circuits to fre-
quencies within its range.

Detection is the process of reproducing
the intelligence applied to the original
r.f. signal. Since this process involves
removing the modulation component from
a radiotelephone carrier wave, it is often
called demodulation.

Fidelity is a measure of the ability of
the receiver to reproduce accurately the
intelligence contained in the modulated
radio wave applied to its input.

80

Basic Components

The basic parts of a simple radio re-
ceiver are the vacuum tube and the cou-
pling circuits. The tube provides the
amplification and detection, while the
r.f. coupling circuits provide the selectiv-
ity and determine the frequency at which
the receiver operates. Besides the r.f.
coupling circuits, other coupling circuits
in the receiver are used for supplying
power to the electrodes of the tubes and
for coupling the audio-frequency ampli-
fiers, if used.

Radio-Frequency Coupling

Any radio wave which is intercepted
by an antenna will induce a radio-fre-
quency current in the antenna. This
minute current can be made to energize
a radio receiver by passing it through an
nput coupling circuit.

When the current from the antenna or
feeder is caused to pass through a coil,
such as L, in figure 1, a voltage is in-
duced across the coil. It will be recalled
from chapter 1 that this voltage across
the coil is equal to the product of the cur-
rent and the impedance of the coil. The
impedance of a non-resonant coil such as
L, is made up principally of its re-
actance. This reactance is a function of
the coil dimensions and the frequency of
the impressed current.

Coils L; and L, in figure 1 are said to
be inductively coupled, as radio-fre-
quency energy is transferred from one to
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L2 vT

7l'c

Ly

= oND

Figure 1.

INDUCTIVE COUPLING.

The antenna coil and the grid

coil are inductively coupled to-

gether. Both coils are usually

wound on the same form with

the antenna coil at the lower
end of the grid coil.

the other by virtue of the fact that the
alternating inductive field around L,
links and unlinks with the turns of L.,
thus inducing a voltage in Lo.. The an-
tenna may also be coupled to the receiver
by capacitive coupling. An example of
this type of coupling is shown in figure 2.

By means of capacitive coupling, the
radio-frequency energy in the antenna
may be coupled directly into the re-
ceiver’s tuned circuit, L-C,, without the
use of an antenna-coupling coil. With
antennas of ordinary lengths the capacity
of C; 1s quite small. If the capacity of
this condenser is made too large, too
much coupling between the antenna and
the tuned circuit will result and the cur-
rent flowing through L will be reduced.

Resonant Circuits

The current flowing through L, of fig-
ure 1 is imited by the reactance of the
coil. This reactance increases with fre-
quency while the reactance of the vari-
able condenser, C, which is connected
across Lo, decreases with frequency.
Thus, it may be seen that for any setting
of C there is a frequency at which the
capacitive reactance and the inductive re-
actance are equal. These two reactances
are opposite in effect and neutralize each
other at this frequency, resulting in a cir-

cuit having zero reactance and a condi-
tion of resonance.

At resonance the current flowing Back
and forth between L, and C is limited
only by their resistances; since the re-
sistance of modern condensers is very
small, the current is actually limited by
the resistance of the coil. The high cur-
rent flowing through the coil causes a
voltage across the coil (and consequently
the condenser, since they are in parallel)
equal to the product of the current and
the impedance of the coil. As the im-
pedance of the coil at resonance is high,
the voltage across it is also high. Thus,
it may be seen that at its resonant fre-
quency the voltage across a tuned circuit
may be very much higher than what
might be expected from looking at the
diagram and assuming that a simple
transformer action took place between the
primary and secondary.

BANDSPREAD

The frequency to which a receiver re-
sponds may be varied by changing the
size of either the coils or the condensers
in the tuning circuits, or both. In short-
wave receivers a combination of both
methods is usually employed, the coils be-
ing changed from one band to another
and variable condensers being used to
tuse the receiver across each band. In

ANT

Cz

— GND

Figure 2.

CAPACITIVE COU-
PLING TO THE RE-
CEIVER.

C: must not have too much
capacity or the voltage across
the coil will be reduced.
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practical receivers, coils may be changed
by one of two methods: A switch, con-
trollable from the front panel, may be
used to switch coils of different sizes into
the tuning circuits or, alternatively, coils
of different sizes may be plugged man-
ually into the receiver, the connection
into the tuning circuits being made by
suitable plugs on the coils. \Where there
are several “plug-in” coils for each band
they are sometimes arranged on a single
mounting strip, allowing them all to be
plugged in simultaneously.

Bandspread Tuning

In receivers using large tuning con-
densers to cover the short-wave spectrum
with a minimum of coils, tuning is liable
to be quite difficult owing to the large
frequency range covered by a small rota-
tion of the variable condensers. To al-
leviate this condition, some method of
slowing down the tuning rate, or band-
spreading must be used.

Quantitatively, bandspread is usually
designated as being inversely proportion-
al to the range covered. Thus, a large
amount of bandspread indicates that a
small frequency range is covered by the
bandspread control. Conversely, a small
amount of bandspread is taken to mean
that a large frequency range is covered
by the bandspread dial.

Bandspreading systems are of two gen-
eral types: electrical and mechanical. Me-
chanical systems are exemplified by high-
ratio dials in which the tuning condensers
rotate much more slowly than the dial
knob. In this system there is often a
separate scale or pointer either connected
or geared to the dial knob to facilitate
accurate dial readings. However, there
is a limit to the amount of mechanical
bandspread which can be obtained in an
inexpensive dial before the speed-reduc-
tion unit develops backlash, which makes
tuning difficult. To overcome this prob-
lem most receivers emplov a combina-
tion of both electrical and mechanical
bandspread. In this system a moderate
reduction in the tuning is obtained in the
dial and the rest of the reduction ob-
tained by electrical bandspreading.

Parallel Bandspread

Electrical bandspreading takes two
general forms. In one, two tuning con-
densers are used across each coil, one of
rather high capacity to cover a large tun-
ing range and another of small capacity
to cover a small range around the fre-
quency to which the large condenser is
set. These condensers are usually con-
trolled by separate dials or knobs, the
large condenser being known as the band-
setting condenser, and the smaller one
being the bandspread condenser. Where
there is more than one tuned circuit in
the receiver, a bandsetting and a band-
spread condenser are used across each
coil and all the condensers serving in
each capacity are mechanically con-
nected together, or ganged, thus allow-
ing a single dial to be used for each pur-
pose even though there may be several
tuned circuits.

Since the tuning range of a condenser
is proportional to its ratio of minimum to
maximum capacity, a wide variation in
the amount of bandspreading is made
possible by a proper choice of the two
capacities. As the minimum capacity
across the circuit is set, for the most part,
by the capacity of the bandsetting con-
denser, the greater the capacity of the
bandsetting condenser the greater will be
the bandspread for a given size of band-
spread condenser.

The bandspreading method described
above is usually known as the parallel
system. This system, as applied to a
single tuned circuit, is diagrammed in
figure 3. The large tuning, or band-
setting, condenser, C;, usually kas a max-
imum capacity of from 100 to 370 ppfd.
C., the bandspread condenser, usually has
a value of from 10 to 50 pufd., depend-
ing upon the design of the receiver.

A special form of the parallel band-
spread method is used in some manufac-
tured tuning assemblies. In this system
a single set of stationary plates (stator)
in the tuning condenser is acted upon by
two separate rotors, one of large capacity
for bandsetting and the other of small
capacity for bandspread. Each rotor is
operated by a separate dial. This system
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allows the bandsetting and bandspread
functions to be combined in a single tun-
ing-condenser unit. A variation of this
method is sometimes used in which the
same dial is used for both bandsetting
and bandspreading purposes, the change
from one function to the other being ac-
complished by a “gear-shifting” mechan-
ism built into the dial. - The schematic
representation of this type of bandspread
system is shown in figure 4.

The parallel system of bandspreading
has one major disadvantage, especially
for amateur-band usage. This disadvan-
tage lies in the fact that if the band-
spreading condenser is made large
enough to cover the lower-frequency ama-
teur bands with optimum capacity being
used across the coil in the bandsetting
condenser, an extremely large bandset-
ting condenser is needed to give an equal
amount of bandspread on the high-fre-
quency bands. The high capacity across
the coils reduces the voltage gain of the
tuned circuits on the high-frequency
bands, where it is most needed.

Tapped-Coil System

To allow equal bandspread on the ama-
teur bands and still not use extremely
high bandsetting capacities on the higher
frequencies, the variation of the parallel
system shown in figure 5 is often em-
ployed. As the bandspread condenser is
connected across part of the coil, this
method is usually known as the tapped
coil system.

The theory upon which the tapped-coil
system operates is quite simple. The ef-
fectiveness of the bandspread condenser
in tuning the coil depends upon the pro-
portion of the coil included across the
bandspread condenser terminals. As the
number of turns between the bandspread
condenser terminals is decreased the
amount of bandspread increases.

In most amateur-band receivers em-
ploying the tapped-coil system of band-
spreading a separate bandsetting con-
denser is permanently connected across
each coil. These condensers are either
mounted within the coils, in the plug-in-
coil system, or alongside the coils in the
bandswitching system.

Cy/|IC2 Cy
G

FIGURE 3 FIGURE 5

E %| % Cy
Cy/[C2a mCz

FIGURE 4 FIGURE 6

Fii

FIGURE 7

FIVE DIFFERENT  BANDSPREAD

CIRCUITS.

The operation of each of the circuits is
described in the text.

The tapped-coil bandspread method is
quite widely used in modern amateur-
band receivers, especially in home con-
structed sets. Its principal advantage is
that it allows equal bandspread, to any
degree desired, over several amateur
bands. Another advantage is that it fa-
cilitates accurate tracking in ganged tun-
ing circuits; the taps are slid along the
coils until the various circuits track
identically.

The bandspread condenser, C,, may
have a maximum capacity of from 25 to
50 pufd. for amateur band usage, while
the bandsetting condenser, C;, should
have a maximum capacity of 30 to 150
ppfd. for amateur bands from 10 to 160
meters.  Although it is possible to use al-
most any combination of capacities at
Ci and G, too little capacity at C, is
liable to lead to cross modulation and
image interference, while too great a ca-
pacity at C, will cause uneven band-
spread, the high-frequency end of the
tuning range being more crowded than
the low-frequency end.

Series System

_ Another bandspread system is shown
in figure 6. This system, which was
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widely used in the past, and is still em-
ployed to some extent, is known as Series
bandspread. In this system the band-
spread condenser, Ca, usually has a ca-
pacity of 100 to 150 ppfd., while the
bandsetting condenser, C,, may have a
capacity of 25 to 50 ppfd. The principle
upon which the circuit operates is that
while the minimum capacity across the
coil varies but little for any setting of
the bandsetting condenser, the maximum
capacity available may be varied consid-
erably.

Condenser Switching System

In figure 7 is illustrated another meth-
od of equalizing the degree of band-
spread over a wide range of frequencies.
C, is the large 350-ppfd. tuning con-
denser; two bandspread condensers C,
and Cg, of 50 pufd. and 15 wupfd. re-
spectively, are switched across the large
condenser for bandspreading the short-
wave bands. The 50-uufd. condenser is
suitable for bandspread tuning in the
range from 75 to 200 meters, and the
smaller condenser is suitable from 10 to
75 meters. The disadvantage of this
circuit lies in the switching arrangement,
which may require relatively long con-
necting leads; the minimum capacity of
the circuit would then be rather high, and
the lumped inductance low at the higher
frequencies.

PLATE BLOCKING CONDENSER
TRIMMER TO SIMULATE
CAl

PACITY OF PLATE LEAD
FOLLOWING CIRCUIT

Figure 8.

CONCENTRIC TANK CIRCUITS AS
USED IN ULTRA-HIGH-FREQUENCY
RECEIVERS.

Concentric tanks are best at very high fre-
quencies as they have a much higher imped-
ance at these frequencies.

Figure 9.

CIRCUIT FOR COUPLING A BAL-
ANCED ANTENNA TO A CON-
CENTRIC TANK CIRCUIT.

For 56 Mc. the coils are 5 turns, 134-in. in

diameter and wound to a length of 38 inch.

It may be necessary to adjust them somewhat
for maximum signal strength.

Linear Tank Circuits

In receivers operating in the ultra-
high-frequency ranges of 56 Mc. and
above it becomes increasingly difficult, as
the frequency is raised, to construct con-
ventional coil-and-condenser tuning cir-
cuits having high impedance and low
losses. To overcome this difficulty,
linear tank circuits are often employed.
These tanks may consist either of open-
wire lines or concentric circuits. The
concentric type is somewhat better for
receiver applications as it is self-shielded
and at the same time permits a some-
what higher impedance to be obtained.

An example of an ultra-high-fre-
quency r.f. stage using concentric-line
tank circuits is shown in figure 8.
Coupling between stages is provided by
running the plate lead of one stage
through the hollow inner (grid) con-
ductor of the following stage. Figure 9
shows a suitable method of coupling a
balanced, two-wire antenna into the con-
centric grid circuit of the r.f. stage.
While there are many ratios of inner-to-
outer-conductor radius that will give
satisfactory performance for receiver
tank circuits, the most practical ratio,
where the size of the receiver must be
kept within reasonable limits, has been
found to be about 1-4. The chart of
figure 10 shows the capacity required to
resonate different length lines of a 3.86
radius ratio (¥4-inch and 2-inch outside
diameter pipes) at 56 and 60 Mc. The
tuning condenser maximum and mini-
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LINE LENGTH, INCHES

B
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TOTAL CAPACITY, LUFD

20l - .

Figure 10.

GRAPH SHOWING CAPACITY NEC-
ESSARY TO RESONATE CONCEN-
TRIC LINES.

The graph shows the amount of capacity
needed to resonate concentric lines with a
3.866 ratio of conductor sizes at both ends of
the S-meter band. As explained in the text,
the graph may be used for other bands.

mum  capacities required for full band
coverage may be determined directly
from the chart. For instance: a line 32
inches long will require 20 pufd. at 60
Mc. and 25 pufd. at 56 Mc. This means
that the total minimum capacity across
the tank circuit, including that of the tun-
ing condenser when “wide open” and all
tube and stray capacities must be 20
pufd., while the maximum capacity across
the circuit with the tuning condenser
closed should be 25 pufd. The length
used should be that of the inner con-
ductor, even though it mav extend below
the chassis. A general idea of the ap-
pearance of a concentric-line receiver for
56-60 Mc. may be obtained from figure
11.

Line lengths and capacities for the 215
and 174 meter bands may be determined
from the chart by multiplying the fre-
quency by either 2 or 4 and dividing the
figures for both length and capacity by
the same factor.

Vacuum-Tube Amplifiers

A radio-frequency amplifier tube can

be connected between tuned circuits in
order to increase the sensitivity of the re-
ceiver. The amplification derived from
the vacuum tube depends upon the type
of circuit in which it is used; if the plate
load impedance can be made very high,
the gain may be as much as 200 or 300
times that of the signal impressed across
the grid circuit. Normal values of gain
in the broadcast band are in the vicinity
of 100 times. A gain of 30 per r.f. stage
is considered excellent for short-wave re-
ceivers which have a range of from 30
to 100 meters. Radio-frequency ampli-
fiers for the very short wavelengths, such
as from 5 to 20 meters, seldom provide a
gain of more than 10 times because of
the difticulty in obtaining high load im-
pedances, and the shunt effect of the
rather high input capacities of most
screen-grid tubes.

? ® .
e W]

Figure 11,
SUPERHETERODYNE FOR 56 MC.
USING CONCENTRIC TANK CIR-

CUITS.

The acorn tubes used in the high-frequency
stages are located under the chassis.

WwwWw americanradiohistorv com


www.americanradiohistory.com

86 Radio Receiver Theory

The RADIO

Beside acting as radio-frequency am-
plifiers, vacuum tubes are also used in
receivers as detectors, audio-frequency
amplifiers, mixers in superhetrodynes,
tuning indicators, and rectifiers. The
operation of the tubes in these applica-
tions has been described in chapter 3 and
will be covered more or less in detail in a
later portion of this chapter.

Receiver Tubes

The tube manufacturers have been lav-
ish in their production of tubes for use
in radio receivers. Many similar tubes
are made in different forms, such as
metal tubes, glass tubes with standard
bases, glass tubes with octal bases similar
to those used on metal tubes, glass tubes
with tubular envelopes, glass tubes en-
cased in metal shells and fitted with octal
bases and tubes with similar characteris-
tics but differing in their heater or fila-
ment voltage and current ratings. Some
tubes are designed for dry-battery fila-
ment supply, others for automobile serv-
ice and another group for operation from
an a.c. source.

In general, there are certain distinct
classes of tubes for particular purposes.
Screen-grid tubes were primarily de-
signed for radio-frequency amplifiers, yet
they are often employed for regenerative
detectors, mixers and high-gain voltage
audio amplifiers. General purpose triode
tubes are designed for oscillators, de-
tectors and audio amplifiers. Power
triodes, tetrodes and pentodes are de-
signed for obtaining as much power out-
put as possible in the output audio am-
plifier stage of a radio receiver. Diodes,
are designed for power supply rectifiers,
radio detectors, automatic volume control
circuits and noise suppression circuits.
In addition to these general types of
tubes, there are a great many others de-
signed for some particular service, such
as oscillator-mixer operation in a super-
heterodyne receiver.

All vacuum tubes require a source of
power for the filament and other élec-
trodes. Various components in a radio
receiver are for the purpose of supply-
ing direct-current energy to the elec-
trodes of the tubes, such as the plate

and screen circuits. In nearly all cir-
cuits, the control grid of the vacuum tube
is biased negatively with respect to the
cathode, for proper amplifier action. This
bias is obtained in several ways, such as
from a self-biasing resistor in series with
the cathode, fixed bhias from the power
supply or grid leak bias for some oscil-
lators and detectors.

Various by-pass and coupling conden-
sers are found in different portions of
the circuits throughout a radio receiver.
By-pass condensers provide a low imped-
ance for r.f. or audio frequencies around
such components as resistors and choke
coils. Coupling condensers provide a
means of connection between plate and
grid circuits in which the d.c. voltage
components are of widely different val-
ues. The coupling condenser offers an
infinite impedance to the d.c. voltages,
and a relatively low impedance to the
r.f. or a.f. voltages.

Screen-grid tubes have a higher plate
impedarice than triodes and, therefore,
require a much higher value of plate load
impedance in order to obtain the greatest
possible amount of amplification in the
audio or radio circuits. Screen-grid tubes
are normally used in all r.f. and i.f. am-
plifiers because the control grid is electro-
statically screened from the plate circuit.
Lack of this screening would cause self-
oscillation in the amplifier; when triodes
are used in radio-frequency amplifiers,
the grid-to-plate capacities must be neu-
tralized. The r.f. amplification from a
triode amplifier in a radio receiver is so
much less than can be obtained from a
screen-grid tube amplifier that triodes are
no longer used for this purpose.

Circuit Capacity

In the sections on Tuned Circuits and
Bandspread Tuning mention was made
of “stray” or circuit capacity. This ca-
pacity, in the usual sense, is defined as
the capacity remaining across a coil when
all the tuning, bandspread, and padding
condensers across the circuit are at their
minimum capacity setting. Circuit ca-
pacity can be attributed to two general
sources. One source, which is fixed for
any particular type of tube, is that due to
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the input capacitance of the tube. This
capacity is listed in most tube tables and
characteristic sheets. Strictly speaking,
the tube input capacitance is not a fixed
value, since its effective value varies
somewhat with plate load impedance, grid
bias, frequency, etc. However, in all
except the extremely high-transconduct-
ance tubes the published measured input
capacitance is quite close to the effective
value. In the high-transconductance types
however, the effective capacitance does
vary considerably from the published fig-
ures, under different operating condi-
tions.

The second source of circuit capacity,
which is more easily controllable, 1s that
contributed by the minimum capacity of
the variable condensers across the circuit
and that due to capacity between the wir-
ing and ground. In well-designed high-
frequency receivers every effort is made
to keep this portion of the circuit capac-
ity at a minimum, since a large capacity
reduces the tuning range available with a
given coil and prevents a good L/C ratio
from being obtained.

Typical value of circuit capacity may
run from 10 to 75 pufd. in high-fre-
quency receivers, the first figure repre-
senting concentric-line receivers with
acorn tubes and extremely small tuning
condensers and the latter representing
all-wave sets with bandswitching and
large tuning condensers and conventional
tubes.

Types of Receivers

There are numerous types of receivers
suitable for high-frequency reception.
However most of them fall under one of
the following general classifications:

(1) Regenerative detector with or
without audio and with or without
radio-frequency amplifiers.

(2) Superregenerative receiver.

(3) Superheterodyne receiver.

The regenerative receiver has been
quite popular in high-frequency work for
many years. It combines high sensitiv-
itv, simplicity, low cost, good signal-to-
noise ratio and reliabilitv. TIts principal
disadvantage, however, and the one which

has caused it to assume a secondary role
in the high-frequency receiver picture, is
its lack of selectivity when subjected to
large signal inputs. For uncongested lo-
calities, where interference problems are
not great, the regenerative receiver can
give performance comparable with the
most costly of receivers,

Simple Detector

Probably the simplest receiver of all is
a regenerative detector without either
audio or radio-frequency amplification. A
typical receiver of this type is dia-
grammed in figure 12. This grid-leak
detector operates as follows: In the ab-
sence of a signal in the input circuit and
with the proper voltages applied to the
filament and plate, the plate current as-
sumes a value near the upper bend of the
tube’s characteristic curve. When a sig-
nal voltage is applied across the input
circuit the plates on the coil side of the
grid condenser, C, become positive (lose
some of their electrons) each half-cycle
of the signal voltage. When this side of
the grid condenser goes positive, elec-
trons from the filament flow to the grid
and into the plates on the grid side of C,
the resulting excess of electrons trapped
on the grid causing it to assume a nega-
tive potential and reducing the plate cur-
rent. To prevent the grid from becom-
ing more and more negative as electrons
accumulate on the condenser, a high-re-
sistance grid leak, R, is connected across
the condenser. This resistor allows the
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Figure 12.

REGENERATIVE DETECTOR CIRCUIT.

A regenerative detector makes the simplest

high-frequency receiver. In a good location

this type of receiver will give amazingly good
results.
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negative charge on the grid to become
cumulative only during the number of
r.f. cycles that constitute one-half an
audio cycle, thus allowing the plate cur-
rent to follow the modulation on the im-
pressed signal. This type of grid-leak
detector gives high audio output, since
rectification takes place in the grid cir-
cuit and the amplifying properties of the
tube are utilized. Unfortunately, how-
ever, this type of detector is prone to
give rather high distortion when sig-
nals having a large percentage of modu-
lation are impressed on it. The grid-leak
detector is not limited to triodes; either
tetrodes or pentodes may be used, these
generally having greater sensitivity than
the triodes.

For the reception of c.w. (constant-
wave telegraphy) signals, it is necessary
to provide some means of securing a
heterodyne, or ‘beat note” with the in-
coming signal. In the autodyne detector
this is done by coupling some of the
radio-frequency energy in the plate cir-
cuit back into the grid circuit and al-
lowing the tube to oscillate weakly. The
feedback or tickler, coil, L,, is closely
coupled to the grid coil and thus provides
the feedback necessary to make the stage
oscillate. Since the detector is most
sensitive on the edge of oscillation, a
variable condenser, Cp, may be used as a
variable plate by-pass to adjust the de-
tector for its most sensitive condition.
This condenser is called a “throttle con-
denser,” or regeneration control.

With the detector regenerative, that is,
with feedback taking place, but not
enough to cause oscillation, it is also ex-
tremely sensitive. When the circuit is
adjusted to operate in this manner, mod-
ulated signals may be received with con-
siderably greater strength than when the
detector is in a non-regenerative condi-
tion.

Alternative Detector Circuits

The circuit shown in figure 12 is by no
means the only one which will give satis-
factory results as a regenerative de-
tector. There are several methods by
which regeneration may be obtained, and
also several alternative methods of con-

trolling the regeneration. In tubes with
an indirectly-heated cathode, regenera-
tion may be obtained by tapping the cath-
ode onto the grid coil a few turns up
from the ground end or by returning the
cathode to ground through a coil coupled
to the grid winding. With tetrode or
pentode tubes, feedback is sometimes pro-
vided by connecting the screen, rather
than the plate, to the tickler coil.
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Figure 13.

POPULAR REGENERATIVE DETEC-
TOR CIRCUITS.

Showing some of the more popular regenera-

tive detector arrangements. Values of one

to three megohms for grid leaks are com-

mon. The grid-condenser may be .0001 xfd.
and the screen by-pass 0.1 afd.
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Alternative methods of controlling re-
generation consist of providing means for
varying the voltage on one of the tube
elements, usually the plate or screen. Ex-
amples of some of the possible variations
in regeneration and control methods are
shown in figure 13. Representative re-
ceivers employing some of these circuits
will be found in chapter 6.

Radio-Frequency Amplifiers

To increase the sensitivity or selectiv-
ity of a receiver, one or more radio-fre-
quency amplifier stages are often used. A
typical radio-frequency (r.f.) amplifier
connected ahead of a regenerative de-
tector is shown in figure 14. A pentode
tube is used in the r.f. stage with a tuned
grid circuit and inductive coupling from
the antenna and to the detector. Capaci-
tive coupling could be used in both in-
stances, but in the case of the coupling
between stages, a high-impedance radio-
frequency choke would have to be con-
nected to the plate of the r.f. stage to
allow plate voltage to be applied to the
tube. A capacity-coupling system which
allows the r.f. choke to be dispensed with
i1s shown in figure 15. This circuit is
often used at ultra-high frequencies
where a high-impedance resonant circuit
in the plate of the r.f. tube is desired in
order to obtain greater amplification.

As previously described, the tuning
condensers on the r.f. stage are usually
ganged with those on the detector to pro-
vide single-dial control. However, when
the r.f. stage is separate from the re-
ceiver and the tuning controls not ganged

_______ P
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Figure 14.

SKELETON DIAGRAM OF R.F. AM-
PLIFIER AND REGENERATIVE DE-
TECTOR.

The use of a radio-frequency amplifier ahead
of the regenerative detector increases the
receiver's sensitivity and selectivity.
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CAPACITY COUPLING BETWEEN
R.F. AND DETECTOR STAGES.

A coupling circuit of this type is sometimes

used at ultra-high frequencies when it is

desired to obtain a high-impedance plate
load for the r.f. tube.

it is commonly known as a preselecior.
A preselector may be added to any re-
ceiver but it is most often used with the
superheterodyne type.

Regenerative R.F. Stages

To increase the amplification and se-
lectivity of the r.f. stage, either when in
the form of a preselector or when as an
integral part of the receiver, it may be
made regenerative. The regenerative
r.f. amplifier increases amplification and
selectivity in a manner similar to that of
the regenerative detector. The regenera-
tive r.f. amplifier is never allowed to os-
cillate, however; the greatest amplifica-
tion is obtained with the circuit operating
just below the point of oscillation. Fig-
ure 16 shows a regenerative r.f. stage of
the type generally used on the higher fre-
quencies.

A minor disadvantage to the regenera-
tive r.f. stage is the need for an addition-
al control for regeneration. A more im-
portant disadvantage is that, due to the
high degree of selectivity obtainable with
the regenerative stage, it is usually im-
possible to secure accurate enough track-
ing between its tuning circuit and the
other tuning circuits in the receiver to
make single-dial control feasible. Where
single-dial control is desired, a small
“trimmer” condenser is usually provided
across the main r.f.-stage tuning con-
denser. By making this condenser oper-
able from the front panel, it is possible to
compensate manually for slight inac-
curacies in the tracking. A further dis-
cussion of regenerative r.f. stages will be
found under the section on superhetero-
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Figure 16.

THE ESSENTIAL PARTS OF A SUPER-
HETERODYNE RECEIVER.

There are several possible variations to this

arrangement, Occasionally the i.f.-amplifier

stages are omitted in simple superhetero-

dynes. R.f.-amplifier stages are quite often
used ahead of the mixer.

dyne receivers, in which connection they
are most often used.

Audio Amplifiers

Nearly all radio receivers employ some
kind of audio amplification. The audio
amplifier stage or stages are usually of
the class A type, although small class B
stages are used in some receivers. The
operation of both of these types of ampli-
fier was described in chapter 3. The
purpose of the audio amplifier is to bring
the relatively weak signal from the de-
tector up to a strength sufficient to oper-
ate a pair of headphones or a loud speak-
er. Either triodes, pentodes, or beam
tetrodes may be used, the pentodes and
beam tetrodes usually giving greater out-
put. In some receivers it is possible to
operate the headphones directly from the
detector, without audio amplification. In
such receivers a single audio stage with a
beam tetrode or pentode tube is ordi-
narily used to drive the loud speaker.
Several representative audio amplifier ar-
rangements will be found in the follow-
ing chapter.

THE SUPERREGENERATIVE
RECEIVER

A special form of the regenerative re-
ceiver known as the superregenerator is
quite popular for use at ultra-high fre-
quencies when it is desired to keep cost
and weight at a minimum. The super-
regenerator is essentially a regenerative
receiver with a means provided to throw

the detector rapidly in and out of oscil-
lation. The frequency at which the de-
tector is made to go in and out of oscilla-
tion varies in different receivers but is
usually between 20,000 and 100,000 times
a second. As a consequence of having
the detector go in and out of oscillation
at such a rapid rate, a loud hiss is pres-
ent in the audio output when no signal is
being received. This hiss diminishes in
proportion to the strength of the signal
being received, loud signals eliminating
the hiss entirely.

Detector Operation

There are two systems in common use
for causing the detector to break in and
out of oscillation rapidly. In one a sepa-
rate interruption-frequency oscillator is
arranged so as to vary the plate voltage
rapidly on one of the detector tube ele-
ments (usually the plate, sometimes the
screen) at the high rate necessary. The
interruption-frequency oscillator com-
monly uses a conventional tickler-feed-
back circuit with coils appropriate for
the frequency at which it operates.

The second, and simplest, type of
superregenerative detector circuit is ar-
ranged so as to produce its own interrup-
tion frequency oscillation, without the aid
of a separate tube. The detector tube
damps, or “quenches,” itself out of sig-
nal-frequency oscillation at a high rate
by virtue of the use of a high value of
grid leak and proper size plate-blocking
and grid condensers. In this type of
“self-quenched” detector the grid leak is
usually returned to the positive side of
the power supply (through the coil) rath-
er than to the cathode.

Both types of superregenerative de-
tectors act as small transmitters and radi-
ate broad, rough signals unless they are
well shielded and preceded by an rf.
stage. For this reason they are not too
highly recommended for use on fre-
quencies below 60 Mc. However, there
are occasionally cases where their use is
justified on the 56-to-60 Mc. band. The
superregenerative receiver tunes very
broadly, receiving a band about 100 kec.
wide. For this reason it has found wide
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use for the reception of unstable, modu-
lated oscillators at ultra-high frequencies.

THE SUPERHETERODYNE

The superheterodyne type receiver is
the most widely used form of receiver
today. Because of its prominence in all
fields of radio reception, every radio ex-
perimenter, whether he contemplates
building a superheterodyne or not, should
be thoroughly familiar with its principle
of operation.

Superheterodyne Principle

In the superheterodyne a radio-fre-
quency circuit is tuned to the frequency
of the incoming signal and the signal
across this circuit applied to a vacuum-
tube mixer stage. In the mixer stage the
signal is mixed with a steady signal gen-
erated in the receiver, with the result that
a signal bearing all the modulation ap-
plied to the original but of a frequency
equal to the difference between the local
oscillator and incoming signal frequen-
cies appears in the mixer output circuit.
The output from the mixer stage is fed
into a fixed-tune ntermediate-frequency
amplifier, where it is amplified and de-
tected in the usual manner and passed on
to the audio amplifier. Figure 16 shows
a block diagram of the fundamental
superheterodyne arrangement.

Advantages of the
Superheterodyne

Practically all of the advantages of
superheterodyne reception are directly at-
tributable to the use of the fixed-tune
intermediate-frequency (i.f.) amplifier.
Since all signals are converted to the in-
termediate frequency, this section of the
receiver may be designed for optimum se-
lectivity and amplification without going
into the extremely complicated tunable
bandpass arrangements which would be
necessary if the signal-frequency tuning
circuits were designed to have a com-
parable degree of selectivity. High am-
plification is easily obtained in the inter-
mediate-frequency amplifier, since it op-
erates at a relatively low frequency,

where conventional pentode-type tubes
give a great deal of voltage gain. A typ-
ical i.f.-amplifier stage is shown in figure
17. Here it may be seen that both the
grid and plate circuits are tuned. Tun-
ing both circuits in this way is advan-
tageous in two ways: it increases the se-
lectivity, and it allows the tubes to work
into a high-impedance resonant plate
load, a very desirable condition where
high gain is desired. The coil-and-con-
denser combinations used for coupling
between i.f. stages are known as i.f.
transformers. These will be more fully
discussed later in this chapter.
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Figure 17.

TYPICAL INTERMEDIATE - FRE-
QUENCY AMPLIFIER STAGE.

Pentodes such as the 58 or 6K7 are usually

used as i.f.-amplifier tubes. For high-gain

i.f. stages, the 1851, 1852 or 1853 types may
be employed.

The choice of a frequency for the i.f.
amplifier involves several considerations.
One of these considerations is in the mat-
ter of selectivity; as a general rule, the
lower the intermediate frequency the
better the selectivity. On the other hand,
a rather high intermediate frequency is
desirable from the standpoint of image
elimination. Images are a peculiarity
common to all superheterodyne receivers,
and for this reason they are given a de-
tailed discussion later in this chapter.

While intermediate frequencies as low
as 30 kc. were common at one time, and
frequencies as high as 10,000 kc. are
used in some specialized forms of re-
ceivers, most present-day communica-
tions superheterodynes nearly always use
intermediate frequencies around either
456 kc. or 1600 kc. Two other frequen-
cies which are encountered in broadcast
receivers are 175 ke. and 262 ke.
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Arithmetical Selectivity

Besides allowing the use of fixed-tune
band-pass amplifier stages, the superhet-
erodyne has an overwhelming advantage
over the T.R.F. type of receiver because
of what is commonly known as arith-
metical selectivity.

This can best be illustrated by consid-
ering two receivers, one of the t.r.f. type
and one of the superheterodyne type,
both attempting to receive a desired sig-
nal at 10,000 kc. and eliminate a strong
interfering signal at 10,010 kc. In the
t.r.f. receiver, separating these two sig-
nals in the tuning circuits is practically
impossible, since they differ in frequency
by only 0.1 per cent. However, in a
superheterodyne with an intermediate
frequency of, for example, 1000 kc., the
desired signal will be converted to a fre-
quency of 1000 kc. and the interfering
signal will be converted to a frequency
of 1010 kc., both signals appearing at the
input of the i.f. amplifier. In this case
the two signals may be separated much
more readily since they differ by 1 per
cent, or ten times as much as in the first
case.

Mixers

The heart of the superheterodyne is its
mirer. No matter how much signal is
applied to the mixer, if the signal is not
converted and passed on to the i.f. ampli-
fier it is lost. The tube manufacturers
have released a large variety of special
tubes for mixer applications and these,
as well as improved circuits with older
type tubes, have resulted in highly ef-
ficient mixer arrangements in present-
day receivers.

Figure 18 shows several representative
mixer-oscillator circuits. At A is illus-
trated control-grid injection from an
electron-coupled oscillator to the mixer.
The mixer tube for this type of circuit
is usually a remote-cut-off pentode of the
57—6]7 type. The coupling condenser,
C, between the oscillator and mixer 1is
quite small, usually 1 or 2 pufd.

This same circuit may be used with the
oscillator output being taken from the
oscillator grid or cathode. The only dis-

advantage to this method is that inter-
locking, or “pulling,” between the mixer
and oscillator tuning controls is liable to
take place. A rather high value of cath-
ode resistor (10,000 to 50,000 ohms) is
used with this circuit.

Injection of oscillator voltage into
mixer elements other than the control
grid is illustrated by figures 18B, C, D
and E. The circuit of 18B shows injec-
tion into the suppressor grid of the mixer
tube. The suppressor is biased negative-
ly by connecting it directly to the grid of
the oscillator.

An alternative method of obtaining
bias for the suppressor, and one which is
less prone to cause interlocking between
the oscillator and mixer is shown in fig-
ure 18C. In this circuit the suppressor
bias is obtained by allowing the rectified
suppressor-grid current to flow through
a 50,000- or 100,000-ohm resistor to
ground. The coupling condenser, C, for
use with this circuit may be 50 or 100
pufd., depending upon the frequency. As
in the case of control-grid injection, the
output from the oscillator may be taken
from the cathode instead of the grid end
of the coil, if sufficient oscillator output
is available. Mixer cathode resistors
having values between 500 and 5000
ohms are ordinarily used with these cir-
cuits.

The mixer circuit shown in figure 18D
is similar in appearance to that of 18B.
The difference in the two lies in the type
of tube used as a mixer. The 6L7
shown in 18D is especially designed for
mixer service. It has a separate, shield-
ed infector grid, by means of which
voltage from the oscillator may be in-
jected. This circuit permits the same
variations as the suppressor-injection
system in regard to the method of con-
nection into the oscillator circuit. The
6L.7 requires rather high screen voltage
and draws considerable screen current,
and for these reasons the screen-dropping
resistor is usually made around 10,000 or
15,000 ohms, which is considerably less
than the value used with most other
mixer tubes.

Figure 18E shows injection into the
mixer screen grid. When connected in
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the manner shown, a rather large (.01-to-
0.1 pfd.) coupling condenser may be
used. This circuit is liable to cause
rather bad pulling at high frequencies as
there is no electrostatic shielding within
the mixer tube between the screen grid
and the control grid. A variation of this
circuit in which the pulling effect is re-
duced considerably consists of using an
electron-coupled oscillator circuit similar
to that shown in 18A and connecting the
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Figure 18.

MIXER - OSCILLATOR COMBINA-
TIONS.

The various oscillators do not have to be

used with the mixers with which they happen

to be shown. The triode oscillator shown at

E could replace the pentode circuit shown at
B, for instance.

plate of the oscillator and the screen of
the mixer directly together. A voltage
of about 100 volts is then applied to both
the oscillator plate and the mixer screen.

The different oscillator circuits shown
in figure 18 are not necessarily limited to
use with the mixers with which they hap-
pen to be shown. Almost any oscillator
arrangement may be used with any mixer
circuit. Examples of some of the pos-
sible combinations will be found in the
Receiver Construction chapter,

Combination Tubes

There is a series of pentagrid convert-
er tubes available in which the functions
of the oscillator and mixer are combined
in a single tube. Typical of these tubes
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are the 6A7, 6A8, and 6SA7. The term
pentagrid has been applied to these tubes
because they have 5 grids, one of the
extra grids being used as grid and the
other as an anode for the oscillator sec-
tion of the circuit. Suitable circuits for
use with these tubes are shown in figure
19A, and 19B.

Another set of combination tubes
known as (riode-heptodes and iriode-
hexodes is also available for use as com-
bination mixers and oscillators. These
tubes are exemplified by the 6J8G and the
6K8; they get their name from the fact
that they contain two separate sets of ele-
ments—a triode and a heptode in one
case, and a triode and a hexode in the
other. Representative circuits for beth
types of tube are shown at 19C and 19D.

Some of the combination mixer-oscil-
lator tubes make exceptionaily good mix-
ers when their oscillator section is left
unused and the oscillator-section grid is
connected to a separate oscillator. The
6K8, 6]8G and 6SA7 perform particu-
larly well when used in this manner. A
circuit of this type for use with a 6K8 is
shown in figure 20. The points marked
“X” in figure 19 show the proper place
to inject r.f. from a separate oscillator
with the other combination type converter
tubes. When the 6A7 and 6A8 types are
used with a separate oscillator the un-
used oscillator anode-grid is connected
directly to the screen.

Mixer Noise and Image
Interference

Mixer noise and images are inherent
faults common to all superheterodynes
and, since difficulties arising from both
types of trouble may be eliminated by the
same remedy, they will be discussed to-
gether.

Mixer noise is a direct consequence of
the process of frequency conversion. It
is caused by shot noise within the mixer

Figure 19.
CIRCUITS FOR COMBINED MIXER-
OSCILLATOR TUBES.
A and B are for “pentagrid” tubes and C and
D for “triode-heptode” and “triode-hexode”
tubes.
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tube in the same manner as tube hiss in
ordinary amplifier stages. Mixer noise,
however, is considerably stronger than
tube hiss in an equivalent r.f. stage.
\While this noise cannot be eliminated, its
eftects can be greatly minimized by plac-
ing sufficient signal-frequency amplifica-
tion ahead of the mixer, so that the noise
is small in proportion to the signal. In-
creasing the gain after the mixer will be
of little advantage in eliminating mixer
noise ; greater selectivity after the mixer
will help to a certain extent but cannot be
carried too far since this type of selectiv-
ity decreases the limits of bandpass and
reduces the strength of the high-fre-
quency components on modulated signals.

Images are also a result of frequency
conversion. They are a result of the
fact that there are two signal frequencies
which will combine with a single oscil-
lator frequency to produce the same dif-
ference frequency. For example: a
superheterodyne with its oscillator op-
erating on a higher frequency than the
signal, which is common practice in pres-
ent superheterodynes, is tuned to receive
a signal at 14,100 ke. Assuming an 1.f.-
amplifier frequency of 450 kc., the mixer
input circuit will be tuned to 14,100 ke.
and the oscillator to 14,100 plus 450, or
14,550 ke. Now, a strong signal at the
oscillator plus the intermediate frequency
(14,550 plus 450, or 15,000 ke.) will also
give a difference frequency of 450 ke. in
the mixer output and will be received just
as though it were actually on 14,100 kc.,
the frequency of the desired signal. The
only way that the image could be elim-
inated in this particular case would be to
make the selectivity of the mixer input
circuit and any circuits preceding it great
enough so that the 15,000-kc. signal
would be eliminated with these circuits
tuned to 14,100 kc.

For any particular intermediate fre-
quency, image interference troubles be-
come increasingly greater as the fre-
quency to which the signal-frequency
portion of the receiver is tuned is in-
creased. This is due to the fact that the
percentage difference between the desired
frequency and the image frequency de-
creases as the receiver is tuned to a high-

6K8
L UNUSED %é IT%
%E AMP.
T 7
L =
+B
Figure 20.

USING A SEPARATE OSCILLATOR
WITH A DUAL-PURPOSE CON-
VERTER TUBE.

A separate oscillator may also be connected
into the mixer circuits shown in figure 19
at the points marked “X.”

er frequency. The ratio of strength be-
tween a signal at the image frequency
and a signal at the frequency to which
the receiver is tuned required to give
equal output 1s known as the image ratio.
The higher this ratio, the better the re-
ceiver mn regard to image-interference
troubles.

With but a single tuned circuit be-
tween the mixer grid and the antenna,
and with 400-500 kc. i.f. amplifiers image
ratios of one hundred and over are easily
obtainable up to frequencies around 5000
ke. Above this frequency greater se-
lectivity in the mixer grid circuit
(through the use of regeneration) or ad-
ditional tuned circuits between the mixer
and the antenna are necessary if a good
image ratio is to be maintained. An
image is always twice the intermediate
frequency away from the desired signal.

Since the necessary tuned circuits be-
tween the mixer and the antenna can be
combined with tubes to form r.f. am-
plifier stages, the reduction of the effects
of mixer noise and the increasing of the
image ratio can be accomplished in a
single section of the receiver. When in-
corporated in the receiver this section is
known simply as an r.f. amplifier; when
it is a separate unit with a separate dial
it is known as a preselector. Either one
or two stages may be used in the pre-
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selector or r.f. amplifier. Some single-
stage preselectors and a few two-stage
units use regeneration to obtain still
greater amplification and selectivity.

Another method of reducing image-
interference troubles is through the use
of higher i.f. frequencies, resulting in a
greater separation between the signal fre-
quency and the image frequency. I.f.
amplifiers operating on frequencies of
1500-1600 kc. are quite common in re-
ceivers operating up to 30,000 kc. For
reception at still higher frequencies, in-
termediate frequencies as high as 10,000
kc. are sometimes employed.

Double Conversion

To give both good image ratio at the
higher frequencies and good selectivity in
the i.f. amplifier, a system known as
double conversion is sometimes em-
ployed. In this system the incoming sig-
nal is first converted to a rather high in-
termediate frequency, such as 1600 kc.,
and then amplified and again converted,
this time to a much lower frequency,
such as 175 kc. The first if. frequency
supplies the necessary wide separation
between the image and the desired signal
while the second one supplies the bulk of
the i.f. selectivity. An example of a re-
ceiver employing this system will be
found in chapter 6.

Regenerative Preselectors

R.f. amplifiers for wave-lengths down
to 30 meters can be made to operate ef-
ficiently in a nonregenerative condition.
Amplification and selectivity are ample
over this range. For higher frequencies,
on the other hand (wavelengths below 30
meters), controlled regemeration in the
r.f. amplifier is often desirable for the
purpose of increasing the gain and selec-
tivity.

The input impedance of the grid cir-
cuit of a radio-frequency amplifier con-
sists of a very high capacitive reactance
which becomes part of the tuning ca-
pacity for longer wavelengths. However,
in very short wave receivers the input
reactance of a screen-grid tube may drop
to very low values, such as a few thou-

sand ohms. The input impedance then
drops to such a low value that very little
amplification can be secured from the
complete r.f. amplifier stage.

A small amount of r.f. feedback can
be introduced to compensate for this tube
loss. Regeneration can be carried to the
point of actually creating the effect of
negative resistance in the tuned circuit,
and thereby balancing the resistance in-
troduced across the tuned circuit by the
relatively low parallel tube resistance.
Excessive regeneration will result in too
much negative resistance, which will
cause the r.f. amplifier to oscillate. Oper-
ation should always be below the point
of self-oscillation.

As previously discussed, a disadvan-
tage of the regenerative r.f. amplifier is
the need for an additional regeneration
control, and the difficulty of aligning this
circuit with the following tuned r.f.
stages. Resonant effects of antenna sys-
tems usually must be taken into account;
a variable antenna coupling device can be
used to compensate for this effect. An-
other disadvantage is the increase in hiss,
or internal noise, in the r.f. amplifier.

The reason for using regeneration at
the higher frequencies and not at the
medium and low frequencies can be ex-
plained as follows: The signal to noise
ratio (output signal) of the average r.f.
amplifier is reduced slightly by the in-
corporation of regeneration, but the sig-
nal to noise ratio of the receiver as a
whole is improved at the very high fre-
quencies because of the extra gain pro-
vided ahead of the first detector, this
extra gain tending to knock down the
conversion and thermal agitation hiss in
the first detector and the i.f. amplifier
stages by allowing one to run them at re-
duced gain for a given receiver output.

Input Resistance

The input resistance of tubes used as
r.f. amplifiers varies considerably with
frequency. At broadcast frequencies the
input resistance of most tubes is high
enough so that it is not bothersome. As
the frequency is increased, however, the
input resistance becomes lower, and at
frequencies above 25 Mc. it can become
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OOWN FROM ""HOT™ END

T 1

Figure 21.

CIRCUIT USED TO REDUCE GRID-
LOADING EFFECTS.

Tapping the grid down on the coil in this
manner increases gain and selectivity of high-
transconductance tubes at high frequencies.

so low as to reduce greatly the voltage
across the tuned circuit and broaden the
resonance curve, resulting in a decrease
in gain and a lower image ratio. These
effects are particularly pronounced in the
high-transconductance tubes such as the
1851 and 1852.

The difficulties presented by input-re-
sistance effects may be partially obviated
by tapping the grid down on the coil, as
shown in figure 21. This circuit is com-
monly employed with high-transcon-
ductance tubes when operating on the 28-
t0-30 Mc. amateur band, and nearly al-
ways with such tubes on the 56-to-60 Mec.
band. Acorn tubes, due to their smaller
dimensions and lower capacities, are con-
siderably better than the conventional
types at ultra-high frequencies and it
usually will not be found necessary to
tap their grids down on the tuned circuit.

Bandpass Circuits

All i.f. amplifiers emplov bandpass cir-
cuits of some sort. A bandpass circuit
is exactly what the name implies—a cir-
cuit for passing a band of frequencies.
Bandpass arrangements can he designed
for almost any degree of selectivity, the
type used in any particular application
depending upon the use to which the i.f.
amplifier is to be put.

Bandpass circuits consist essentially
of two or more tuned circuits and some
method of coupling the tuned circuits to-
gether. Some representative arrange-
ments are shown in figure 22. The
circuit shown at A is the conventional
i.f. transformer with the mutual cou-

pling, M, between the tuned circuits be-
ng provided by inductive coupling from
one coil to the other. As the coupling
1s increased, the selectivity curve becomes
less peaked, and when a condition of
over-coupling is reached the top of the
curve flattens out. When the coupling is
increased still more, a dip occurs in the
top of the selectivity curve. The wind-
ings for this type of i.f. transformer, as
well as most others, nearly always con-
sist of small, flat universal-wound pies
mounted either on a piece of dowel to
provide an air core or on powdered-iron
impregnated bakelite for “iron core” i.f.
transformers. The iron-core transform-
ers generally have somewhat more gain
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Figure 22,
BAND-PASS CIRCUITS FOR USE IN
I.LF. AMPLIFIERS.
The operation of the different circuits is dis-
cussed in the text.
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and better selectivity than equivalent air-
core units between 175 and 1500 ke.

The circuits shown at B and C are
quite similar. Their only difference is
the type of mutual coupling used, an in-
ductance being used at B and a capaci-
tance at C. The operation of both cir-
cuits is similar. Three resonant circuits
are formed by the components. In B, for
example, one resonant circuit is formed
by L,, Ci, C;, and L, all n series. The
frequency of this resonant circuit is just
the same as that of a single one of the
coils and condensers, since the coils and
condensers are similar in both sides ot
the circuit and the resonant frequency
of the two condensers and the two coils
all in series is the same as that of a
single coil and condenser. The second
resonant frequency of the complete cir-
cuit is determined by the characteris-
tics of each half of the circuit containing
the mutual coupling device. In B, this
second frequency will be lower than the
first since the resonant frequency of L.,
C, and the inductance, M, or L., C,
and M is lower than that of a single coil
and condenser, due to the inductance of
M being added to the circuit. The oppo-
site effect takes place at C, where the
common coupling impedance is a con-
denser. Thus at C the second resonant
frequency is higher than the first. In
either case, however, the circuit has two
resonant frequencies, resulting in a flat-
topped selectivity curve. The width of
the top of the curve is controlled by the
reactance of the mutual coupling com-
ponent. As this reactance is increased
(inductance made greater, capacity made
smaller) the two resonant frequencies
hecome farther apart and the curve is
broadened.

The circuit of figure 22D is often used
where a fairly high degree of bandpass
action is required and the number of i.f.
transformers used must be kept at a
minimum. In this circuit there is in-
ductive coupling between the center coil
and each of the outer coils. The result
of this arrangement is that the center
coil acts as a sharply tuned coupler be-
tween the other two. A signal somewhat
off the resonant frequency of the trans-

former will not induce as much voltage
in the center coil as will a signal of the
correct frequency. When a smaller volt-
age is induced in the center coil it in
turn transfers a still smaller voltage to
the output coil. In other words the
coupling of the three coils increases as
the resonant frequency is approached and
remains nearly constant over a small
range and then decreases again as the
resonant band is passed.

Another very satisfactory bandpass ar-
rangement which gives a very straight-
sided, flat-topped curve is the negative-
mutual arrangement shown at E. Energy
is transferred between the input and out-
put circuits in this arrangement by both
the negative-mutual coils, M, and the
common capacitive reactance, C. The
negative-mutual coils are interwound on
the same form and connected “backward,”
as shown.

Crystal Filters

The selectivity of an intermediate-fre-
quency amplifier can be greatly increased
by means of a quartz crystal filter. This
results in a better signal to noise ratio,
and is a very satisfactory means for ob-
taining a high degree of selectivity in the
i.f. amplifier. The quartz crystal 1s
placed in the i.f. amplifier circuit in
such a way that it acts as a very sharply
resonant filter which will pass only an
extremely narrow band of frequencies. A
simple crystal filter circuit is shown in
figure 23.

The crystal functions as a series-res-
onant circuit having a very high Q. The
capacity across the crystal holder is neu-
tralized by means of the phasing con-

CRYSTAL

E LR

PHASING COND kL

Figure 23.
SIMPLE CRYSTAL-FILTER CIR-
CUIT.
A quartz-crystal filter such as this will

increase the selectivity of the inter-
mediate-frequency amplifier.
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Figure 24.

EQUIVALENT CRYSTAL CIRCUIT.

The crystal is equivalent to a large induc-
tance in series with a small capacitance and
resistance.

denser and center-tapped tuning con-
denser or center-tapped input coil. The
phasing condenser can also be made to
change the selectivity characteristic of
the filter circuit, and therefore this con-
trol always should be located on the front
panel of the radio receiver.

By placing the phasing condenser in
the circuit so that the voltage across it
is out of phase with that across the crys-
tal, the parallel resonance can be shifted
above or below the series crystal res-
onance. Thus, the phasing condenser
can be adjusted so that the parallel res-
onance causes a sharp dip in the response
curve at some desired point, such as 2
ke. from the desired signal peak. This
effect can be utilized to eliminate com-
pletely the unwanted sideband 1 kc. away
from zero beat for c.w. reception. The
b.f.o. then provides a true single signal
effect, that is, a single beat frequency
note. This effectively increases the num-
ber of c.w. channels that can be used
in any short-wave band.

The circuit in figure 24 will illustrate
the principle of operation of a quartz
crystal filter. The quartz crystal may be
compared to the equivalent electrical cir-
cuit shown, where C, is the capacity
across the quartz plate when not vibrat-
ing, R is the resistance equivalent to
the frictional effects of the vibrating
crystal, L the inductance corresponding
to the inertia and C the capacity cor-
responding to the elasticity. On one side
of resonance, the c¢ircuit has capacitive
reactance, due to the elastic forces which
control the crystal vibrations, while on
the other side of resonance the reactance
is inductive because of the effects of in-
ertia. The crystal vibrates freely at
resonance, its amplitude being limited by

the frictional effects at resonance. L and
C are equal and opposite in reactance,
the impedance is very low, and the res-
onant frequency is the same as the me-
chanical vibration mode.

A typical 451-kc. quartz crystal showed
an equivalent inductance of 3.5 henrys
and a series capacity of less than 0.1
pufd. The effective Q may run as high
as 10,000, which results in an extremely
sharp resonant curve, not obtainable
with ordinary condensers and coils. At
frequencies slightly off-resonance, the
series impedance is extremely high due
to the minute series capacity C and
enormous inductance L.

Other typical crystal filter circuits are
shown in figures 25, 26, 27 and 28.

The ideal response curve for an i.f.
amplifier in either a phone or c.w. re-
ceiver would be flat-topped and straight
sided. The pass band would be somewhat
wider for phone, however, than for c.w.
An ideal c.w. curve would have a 300-
or 400-cycle flat top, while for phone
the flat top for good intelligibility and
maximum freedom from QRM would be
3000 or 4000 cycles wide. The phone
fidelity would be impaired with this de-
gree of selectivity because of the chop-
ping off of the higher frequency side-
bands, but the intelligibility would still
be quite good in spite of the narrow
pass band. The narrow pass band has
the advantage of allowing one to dis-
criminate between two stations quite close
together in frequency without inter-
ference.

The type of series crystal filter com-
monly used in superheterodynes gives a

CRY STAL
bl i
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Figure 25,

A POPULAR CRYSTAL-FILTER
ARRANGEMENT.

In this circuit a tapped output coil is

used to provide a good impedance

match between the crystal and the
following grid.
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CRYSTAL

LI MINE

Figure 26.
ANOTHER POPULAR CRYSTAL-
FILTER CIRCUIT.

The output coupling condenser in this
circuit is usually a small (3-30 ppfd.)
trimmer. A balanced input circuit may
either be obtained by a center-tapped
coil, as shown, or through the use of
two condensers as shown in figure 25.

very narrow response curve at 456 or 465
kc. when set for maximum selectivity.
Fortunately, however, the response curve
can be altered by suitable circuits to make
radiotelephone reception possible if some
loss of sidebands can be tolerated. For
c.w. reception, the maximum selectivity
of the crystal will be found useful in
many cases.

Variable-Selectivity
Crystal Filters

' There are several circuits for broad-
ening the response characteristic of crys-
tal filters. Two of these methods are
shown in figures 27 and 28. Both meth-
ods consist of a circuit arrangement for
introducing a resistance in series with
the crystal, thereby lowering its Q and
reducing the selectivity. In the circuit
of figure 27 the selectivity is minimum
with the crystal input circuit tuned to
resonance, since at resonance the input
circuit is a pure resistance effectively
in series with the voltage applied to the
crystal. As the input circuit is detuned
from resonance, however, the resistive

CRYSTAL

— i )
e | % r

Figure 27.
VARIABLE-SELECTIVITY CRYSTAL
CIRCUIT.

In this circuit the selectivity is mini-
mum when the input circuit is tuned
to resonance.

component of the input impedance de-
creases and the selectivity becomes great-
er. In this circuit, as in figure 25, the
output from the crystal filter is tapped
down on the i.f.-stage grid winding to
provide a better match and lower the im-
pedance in series with the crystal.

The circuit shown in figure 28 also
achieves variable selectivity by adding
an impedance in series with the crystal
circuit. In this case the variable im-
pedance is in series with the crystal out-
put circuit. The impedance of the out-
put tuned circuit is varied by varying
the Q. As the Q is reduced (by add-

Figure 28.

A WIDE-RANGE VARIABLE-SELEC-
TIVITY CRYSTAL CIRCUIT.

Variable selectivity is obtained by increasing
or decreasing the Q of the output circuit.

ing resistance in series with the coil)
the impedance decreases and the selec-
tivity becomes greater.

1600-Kc. Crystal Filters

Since the selectivity of a series crys-
tal resonator varies approximately di-
rectly with frequency, crystal filters for
use with i.f. amplifiers in the 1500- to
1600-kc. range are approximately three
times as broad as their maximum se-
lectivity setting as 465-kc. crystal cir-
cuits. This is no great disadvantage, as
a well-designed 1600-kc. filter may be
made to have 300-cycle selectivity at its
maximum setting. For radiotelephone
reception the 1600-kc. filter actually is
advantageous, because its minimum selec-
tivity permits a much wider band than
a 465-kc. unit. The wider available pass
band allows the crystal to be left in the
circuit at all times and the selectivity
merely varied to suit the kind of recep-
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Figure 29.
TYPICAL DIODE A.V.C. CIRCUIT.

This circuit will be found in many super-

heterodynes. The diode also acts as a de-

tector, audio voltage appearing across the
volume control, R..

tion desired. Variable-selectivity cir-
cuits of the type shown in figure 27 re-
quire special consideration when used
with 1600-ke. crystals, however. This is
due to the fact that the capacity across
the crystal holder, and consequently the
capacity of the phasing condenser, is
much higher, due to the thinner crystal
required at 1600 kc.

As the phasing condenser and the crys-
tal are actually in series across the in-
put circuit and selectivity control, any
change in setting of the phasing con-
denser will alter the selectivity. This
difhculty may be eliminated by using a
special form of phasing condenser
which acts as a capacity potentiometer
and maintains equal capacity across the
input circuit and at the same time varies
the capacity in the phasing branch.

Second Detectors

Second detectors for use in superhet-
erodynes are usually of the diode, plate,
or infinite impedance types, which were
described in detail in Chapter 3. Oc-
casionally, grid-leak detectors are used
in receivers using one i.f. stage or none
at all, when the second detector is re-
generative. In terms of audio output, the
various detectors line up as follows: 1st,
grid-leak; 2nd, power; 3rd, infinite im-
pedance; 4th, diode. The difference be-
tween the output bf the diode and infi-
nite-impedance types is very small, with
the infinite-impedance having just a
slight edge,

Diodes are the most popular second
detectors because they allow a simple
method of obtaining automatic volume
control to be used. Diodes load the tuned
circuit to which they are connected, how-
ever, and thus reduce the selectivity
slightly.  Special i.f. transformers are
used for the purpose of providing a
low-impedance iput circuit to the diode
detector.

Automatic Volume Control

An elementary circuit of an automatic
volume control (a.v.c.) system is shown
in figure 29. A diode tube is used as a
rectifier of the carrier signal. The radio-
(or intermediate) frequency circuit to
the diode is completed through the small
condenser C,, which is too low in value
to by-pass audio frequencies. The carrier
signal i1s detected or rectified, and the
resulting current flows through the diode
circuit and the resistance R,. This recti-
fied current develops a voltage across
R;, which is more negative at the un-
grounded end.

A simple R-C (resistance-capacity)
filter in the form of R,-C, may be con-
nected to the diode circuit in order to
utilize the d.c. voltage for automatic vol-
ume control purposes. The filter irons
out the audio frequencies and also acts
as a decoupling filter. The negative volt-
age developed across R, and C, has a
value directly proportional to the in-
coming carrier signal. This voltage is
used to bias the control grids of some of
the r.f. and i.f. amplifier stages. An in-
creased negative bias will reduce the am-
plification of the radio receiver so that a
strong carrier, such as from a local
broadcast station, furnishes approxi-
mately the same audio-frequency out-
put signal as would be obtained from a
distant broadcast station. Automatic
volume control has the further advan-
tage of maintaining the audio signal at
a_fairly constant level, even though the
signal from a distant station may be
fading or varying in amplitude,

A great many different circuits are
used for obtaining a.v.c., and it is obvi-
ously impossible to show them all here.
Essentially, most of these circuits consist

wwWw americanradiohistorv com


www.americanradiohistory.com

102 Radio Receiver Theory

The RADIO

bt e
—iH gf"" E]L.—

3 100,000
b3

DET
AF
@ Figure 30.
A.V.C. CIRCUIT FOR ANY
ere SUPERHETERODYNE.
so.000 - This circuit may be added to
28700 687 a receiver not equipped with
vas a.v.c. The 2B7 or 6B7 acts as
an a.v.c. amplifier and diode
200e rectifier.

of some kind of rectifier for rectifying
the signal and using it for bias ori the
preceding stages or else some sort of an
amplifier biased near the cutoff point
which draws more current through a
plate resistance when a signal is applied,
the drop across the plate resistance being
used in one of several possible ways to
bias the amplifier stages.

Figure 30 shows a typical automatic
volume control circuit which can be ap-
plied to almost any superheterodyne re-
ceiver.

The resistors and condensers in the
various i.f. and r.f. grid-return circuits
constitute a time-delay filter. The time
constant of the a.v.c. circuit may be re-
duced by using smaller condensers or re-
sistors or increased by using larger ones.

Signal-Strength Indicators

A visual means for determining
whether or not the receiver is properly
tuned, as well as an indication of the
relative signal strength, are both provided
by means of tuning indicators of the
meter or vacuum-tube types. Direct cur-
rent milliammeters can be connected in
the plate return circuit of an r.f. ampli-
fier as shown in figure 31 so that the
change in plate current, due to the a.v.c.
voltage which is supplied to that tube,
will indicate proper tuning or resonance.
Sometimes these d.c. meters are built in
such a manner as to produce a shadow of
varying width. Vacuum-tube tuning in-
dicators are designed so that an electron-
ray eye changes its relative size when
the input circuit of the tube is connected
across part of the d.c. component of the
automatic volume .control circuit. The

basic circuit for this type of indicator i1s
illustrated in figure 32.

Unfortunately, when a meter is used in
the plate circuit of a stage for the pur-
pose of indicating signal strength, the
meter reads backward with respect to
strength. This is caused by increased
av.c. bias on stronger signals resulting
in lowered plate current through the
meter. For this reason special meters
which indicate zero at the right-hand end
of the scale are often used for signal
strength indicators in this type of circuit.
Alternatively, the meter may be mounted
upside down so that the needle moves to-
ward the right with increased signal
strength.

A circuit which allows an ordinary
meter to be used, and which gives con-

AVC

Figure 31.

A LOW-RANGE MILLIAMMETER
MAY BE USED AS A TUNING OR
SIGNAL-STRENGTH INDICATOR.

The plate currént to an i.f. stage varies

as the a.v.c. bias changes. A 0-10 d.c.

milliammeter will serve in most cases.

The meter reads “backward” in this cir-

cuit, strong signals causing the current
to decrease more than weak ones
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i Figure 32.
ELECTRON-RAY TUNING IN-
DICATOR.

Other “eye” tubes such as the 6N5, 6US
and 6G5 may also be used in this circuit.

ventional right-hand movement of the
needle with increased signal strength is
shown in figure 33." The plate (or plate
and screen) current to the stages receiv-
ing a.v.c. bias is fed through one-half of
a bridge network. The meter, M, is
usually a 0-1 milliammeter. The resistor
values shown are average ones; it may be
necessary to change them slightly, de-
pending upon the number of stages draw-
ing current through the network. Using
a lower value at R will give greater
“swing” for a given signal strength,
while larger values will reduce the swing.
The variable 1000-ohm resistor is used to
set the meter for minimum indication
when no signal is being received.

Beat-Frequency Oscillators

Beat frequency oscillators, usually
called the b.f.0., are a necessary adjunct
for reception of c.w. telegraph signals on
superheterodynes. The oscillator is cou-
pled into the second detector circuit and
supples a weak signal of nearly the same
frequency as that of the desired signal
from the output of the i.f. amplifier. If
the i.f. amplifier is tuned to 465 kc., for
example, the b.f.o. is tuned to approxi-
mately 464 or 466 kc. in order to produce
a 1000-cycle beat note in the output of the
second detector of the superheterodyne.
The carrier signal would otherwise be
inaudible. The b.f.0. is not used for voice
reception, except as an aid in searching
for weak stations.

The b.f.o. input to the second detector
need only be sufficient to give a good beat
note on an average signal. Too much
coupling into the second detector will
give an excessively high hiss level, mask-

TO PLATES OF STAGES ON AV.C. LINE

1000
M +B
2000 A
RZ 50000 n

W 1= -8

Figure 33.
FORWARD-READING SIGNAL METER

CIRCUIT.

The meter, M, is usually a 0-1 d.c. milli-
ammeter in this circuit.

ing weak signals by the high noise back-
ground.

A method of adjusting the b.f.o. output
to correspond with the strength of re-
cetved signals is shown in figure 34. A
variable b.f.o. output control of this sort
is a useful adjunct to any superhetero-
dyne, since it allows sufficient b.f.0. out-
put to be obtained to give a “beat” with
strong signals and at the same time per-
mits the b.f.o. output, and consequently
the hiss, to be reduced when attempting
to receive weak signals. The circuit
shown 1s somewhat better than those in
which one of the electrode voltages on the
b.f.o. tube is changed, as the latter usually
change the frequency of the b.f.o. at the
same time they change the strength, mak-
ing it necessary to reset the trimmer each
time the output is adjusted.

In nearly all receivers in which both
a.v.c. and a b.f.o. are used it is necessary
to disconnect the a.v.c. circuit and manu-

JO 2ND DETECTOR

THRU VERY SMALL

COUPLING CONDENSEZR
(1 OR 2 LUFD.)

Figure 34.
VARIABLE-OUTPUT B.F.O. CIRCUIT.

Being able to vary the output of the b.f.o.
is sometimes helpful when receiving weak
signals.
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‘ % MIXER

OSCILLATOR

SERIES TRACKING
CONDENSER

Figure 35.

SHOWING THE LOCATION OF THE
SERIES TRACKING CONDENSER IN
A SUPERHETERODYNE.

The series condenser allows the oscillator to
tune at a slower rate than the mixer.

ally control the gain when the b.f.o. is
turned on. This is because the b.f.o. acts
exactly like a strong signal and puts
a.v.c. bias on the stages on the a.v.c. line,
thereby lowering the gain of the receiver.

Tracking in Superheterodynes

Because the detector (and r.f. stages,
if any) and the oscillator operate on dif-
ferent frequencies in superheterodynes, in
some cases it is necessary to make spe-
cial provisions to allow the oscillator to
track with the other tuned circuits when
similar tuning condensers are used. The
usual method of obtaining good tracking
is to operate the oscillator on the high-
frequency side of the mixer and use a
series “tracking condenser” to slow down
the tuning rate of the oscillator. The
oscillator tuning rate must be slower be-
cause it covers a smaller range than does
the mixer when both ranges are expressed
as a percentage of frequency. At fre-
quencies above 7000 k.. and with ordi-
nary if. frequencies, the difference in
percentage between the two tuning ranges
is so small that it may be disregarded in
receivers designed to cover only a small
range, such as an amateur band. A mixer
and oscillator tuning arrangement in
which a series tracking condenser is pro-
vided is shown in figure 35. The value
of the tracking condenser varies consid-
erably with different intermediate fre-
quencies and tuning ranges, capacities as
low as .0001 ufd. being used at the lower
tuning-range frequencies, and values up

to .01 ufd. being used at the higher fre-
quencies.

Noise Suppression

The problem of noise suppression con-
fronts the listener who is located in such
places where interference from power
lines, electrical appliances and automo-
bile ignition systems is troublesome. This
noise is often of such intensity as to
swamp out signals from desired stations.

There are three principal methods for
reducing this noise:

(1) A.c. line filters at the source of in-
terference if the noise is created by
an electrical appliance.

(2) Noise-balancing circuits for the re-
duction of power-leak interference.

(3) Noise-limiting circuits for the reduc-
tion, in the receiver itself, of inter-
ference of the type caused by auto-
mobile ignition systems.

Line Filters

Numerous household appliances, such
as electric mixers, heating pads, vacuum
sweepers, refrigerators, oil burners, sew-
ing machines, doorbells, etc., create an in-
terference of an intermittent nature. The
insertion of a line filter near the source
of interference often will effect a com-
plete cure. Filters for small appliances
can consist of a 0.1-ufd. condenser con-
nected across the 110-volt a.c. line. Two
condensers in series across the line, with
the midpoint connected to ground, can
be used in conjunction with ultra-violet
ray machines, refrigerators, oil burner
furnaces and other more stubborn offend-
ers. In severe cases of interference, addi-
tional filters in the form of heavy-duty
r.f. choke coils must be connected in se-
ries with the 110-volt a.c. line on both
sides of the line.

Noise-Balancing Systems

Power line noise interference can be
greatly reduced by the installation of a
noise-balancing circuit ahead of the re-
ceiver, as shown in figure 36. The noise-
balancing circuit adds the noise compo-
nents from a separate noise antenna in
such a manner that this noise antenna
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Figure 36.
JONES NOISE - BALANCING
CIRCUIT.

This type of circuit reduces intensity
of power leak and similar interference.

will buck the noise picked up by the
regular receiving antenna. The noise an-
tenna can consist of a connection to one
side of the a.c. line, in some cases, while
at other times an additional wire, 20 to
50 feet in length, can be run parallel to
the a.c. house supply line. The noise
_antenna should pick up as much noise
as possible in comparison with the
amount of signal pickup. The regular re-
ceiving antenna should be a good-sized
out-door antenna, so that the signal to
noise ratio will be as high as possible.
When the noise components are balanced
out in the circuit ahead of the receiver,
the signals will not be appreciably atten-
uated.

This type of noise balancing is not a
simple process; it requires a bhit of ex-
perimentation in order to obtain good re-
sults. However when proper adjustments
have been made, it is possible to reduce
the power leak noise from 3 to 5 R points
without reducing the signal strength more
than one R point, and in some cases there
will be no reduction in signal strength
whatsoever. This means that fairly weak
signals can be received through terrific
power leak interference. Hash type inter-
ference from electrical appliances can be
reduced to a very low value by means of
the same circuits.

The coil should be center-tapped and
connected to the receiver ground con-
nection in most cases. The pickup coil
consists of four turns of hookup wire 2”
in diameter which can be slipped over
the first r.f. tuned coil in most radio re-
ceivers. A two-turn coil is more appro-
priate for 10- and 20-meter operation,
though the four-turn coil is suitable if
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care is taken in adjusting the condensers
to avoid 10-meter resonance (unless very
loose inductive coupling is used).

Adjustment of C, will generally allow
a noise balance to be obtained when vary-
ing C, and C; in nearly any location.
One antenna, then the other, can be re-
moved to check for noise in the receiver.
When properly balanced, the usual power
line buzz can be balanced down nearly to
zero without attenuating the desired sig-
nal more than 50%. This may result in
the reception of an intelligible distant sig-
nal through extremely bad power line
noise. Sometimes an incorrect adjust-
ment will result in balancing out the sig-
nal as well as the noise. A good high an-
tenna for signal reception will ordinarily
overcome this effect.

With this circuit some readjustment is
necessary from band to band in the short-
wave spectrum; noise-balancing systems
require a good deal of patience and ex-
perimenting at each particular receiving
location.

Noise-Limiting Circuits

Several different noise-limiting circuits
have become popular. These circuits are
beneficial in overcoming automobile ig-
nition interference. They operate on the
principle that each individual noise pulse
is of very short duration, yet of ex-
tremely high amplitude. The popping or
clicking type of noise from electrical ig-
nition systems may produce a signal ten
to twenty times as great as the incoming
radio signal,

As the duration of this type of noise
peak is short, the receiver can be made
inoperative during the noise peak without
the human ear detecting the total loss of
signal. Some noise limiters, or elimi-
nators, actually punch a hole in the sig-
nal, while others merely limit the maxi-
mum peak signal which reaches the head-
phones or loudspeaker.

The noise peak is of such short dura-
tion that it would not be objectionable
except for the fact that it produces an
overloading effect on the receiver, which
increases its time constant. A sharp volt-
age peak will give a kick to the dia-
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phragm of the headphones or speaker,
and the momentum or inertia keeps the
diaphragm in motion until the dampening
of the diaphragm stops it. This move-
ment produces a popping sound which
may completely obliterate the desired sig-
nal. If the noise peak can be limited to
an amplitude equal to that of the de-
sired signal, the resulting interference is
practically negligible, except in extreme
cases.

A.F. Peak Limiters

Remarkably good noise suppression
can be obtained in the’ audio amplifier
of a radio receiver by using a delayed
push-pull diode suppressor. Any twin
diode tube can be used, though the type
84 high vacuum full-wave rectifier tube
seems to be the most effective.

The circujt in figure 37 can be used to
describe the operation of this general
tvpe of noise suppressor or limiter. Each
diode works on opposite noise voltages;
that is, both sides of the noise voltage
(+ and — portions of the a.c. compo-
nents) are applied to diodes which short-
circuit the load whenever the applied
voltage is greater than the delay voltage.
The delay bias voltage prevents diode
current from flowing for low-level audio
voltages, and so the noise circuit has no
effect on the desired signals except dur-
ing the short interval of noise peaks.
This interval is usually so short that the
human ear will not notice a drop in sig-
nal during the small time that the load
(headphones) is short-circuited by the
diodes.

6H6
1ST.AF. TUBE *

13y t3v.
+

Figure 37.

A.F. PEAK LIMITER CIRCUIT.
This type of noise limiter is helpful
in reducing short-duration noise pulses,
such as automobile ignition interfer-

ence.

Delay bias voltage of 1% volts from a
small flashlight cell will allow any signal
voltage to operate the headphones which
has a peak of less than about 172 volts.
Noise peaks often have values of from
5 to 20 times as great as the desired sig-
nal; so these peaks operate the diodes,
causing current to flow and a sudden drop
in impedance across the headphones.

Diodes have nearly infinite impedance
when no diode current is flowing; how-
ever, as soon as current starts, the im-
pedance will drop to a very few hundred
ohms, which tends to damp out or short
circuit the audio output. The final result
is that the noise level from automobile
ignition is limited to values no greater
than the desired signal. This is low
enough to cause no trouble in under-
standing the voice or c.w. signals.

It is necessary to use a push-pull diode
circuit because the noise peaks are of an
a.c. nature and are not symmetrical with
respect to the zero a.c. voltage reference
level. The negative peaks may be greater
than the positive peaks, depending on
the bias and overload characteristics of
the audio amplifier tube. If a single
diode is used, only the positive (or nega-
tive) peaks could be suppressed. In
figure 37 the two bias dry-cells are ar-
ranged to place a negative bias on each
diode plate of 174 volts. A positive noise
voltage peak at the plate of the audio
amplifier tube will overcome this negative
bias on the top diode plate and cause
diode current to flow and lower the im-
pedance. A negative noise voltage peak
will overcome the positive bias on the
other diode cathode and cause this diode
to act as a noise suppressor. A positive
bias on the cathode is the same as a nega-
tive bias on the diode plate. The 6H6
has two separate cathodes and plates,
hence lends itself readily to the simple
circuit illustrated in figure 37.

These circuits are very effective for
noise elimination because they tend to
punch a hole in the signal for the dura
tion of a strong noise voltage peak. A
peak that will cause a loudspeaker or
headphones to rattle with a loud pop will
be reduced to a faint pop by the noise-
suppression system. ~The delay bias pre-
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Figure 38.
ADJUSTABLE  NOISE-LIMITING
CIRCUIT.

In this circuit the bias on the limiting

diodes may be adjusted for different noise

levels. The center-tapped choke may be

the primary of a small pentode output
transformer.

vents any attenuation of the desired sig-
nal as long as the signal voltage is less
than the bias.

With this type of noise limiter it is
possible to adjust the audio or sensitivity
gain controls so that the auto ignition
QRM seems to drop out, leaving only the
desired signal with a small amount of dis-
tortion. Lower gain settings will allow
some noise to get through but will elimi-
nate audio distortion on voice or music
reception. At high levels the speech or
music peaks will be attenuated whenever
they exceed the d.c. delay bias voltage.
Faint ignition rattle will always be audi-
ble in the background with any noise-
suppressor circuit since some noise peaks
are too small to operate the systems, yet
are still audible as a weak rattle or series
of pops in the headphones.

Figures 38 and 39 show two noise-
limiter circuits which can be used as sep-
arate units for connection to any re-
ceiver. The unit shown in figure 38 can
be connected across any headphone out-
put as long as there is no d.c. current
flowing through the latter. A blocking
condenser can be connected in series
with it if necessary, though better noise
suppression results when the blocking
condenser is in series with the plate lead
to the headphones. Delav bias is ob-
tained from the plus B supply through a
15,000-ohm 10-watt resistor and a 200-
ohm wire-wound variable resistor. The
cathode or cathodes are made a volt or
5o positive with respect to ground and
minus B connection.

The diode plates are connected through
a center-tapped low resistance choke to
ground as far as bias voltage is concern-
ed. Any push-pull to voice coil output
transformer can be used for the center-
tapped choke in figure 38. The secondary
can be left open. The delay bias is ad-
justable from 0 up to about 3 volts and
once set for some noise level, can be left
in that position.

The unit illustrated in figure 39 can
be connected across any audio amplifier
stage, even the output stage which drives
a loudspeaker. Any bias from 115 to
90 volts or more can be connected in
series with the center tap and 84 tube
cathode. The higher values of delay bias
would be needed for high output levels
from the loudspeaker. Generally, 2275-
to 45-volts bias will allow enough delay
to allow moderate room volume reception
of the desired voice signals without level-
ing off and distortion. As low a delay
bias should be used as possible without
distortion, in order to obtain effective
noise suppression.

Noise Silencers for Connection
Into 1. F. Amplifier Circuits

Several noise-silencing or limiting cir-
cuits have been developed for connection
into the i.f. or detector portions of a
superheterodyne receiver. Tests conduct-
ed with a great many of these circuits
have indicated that the one shown in fig-
ure 40 is among the most practical and
desirable for use in amateur communica-
tions receivers. The noise-silencing ac-

AF. OUTPUT
OF RECEIVER

SMALL CLASS B OUTPUT TRANS.
1:9 OR 2:1 RATIO
(PRIMARY & SECONDARY REVERSED)

Figure 39.

NOISE LIMITER FOR USE
WITH LOUDSPEAKER,
The high bias on this noise
limiter allows it to be used
across high-level audio stages.
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Figure 40.

AUTOMATIC NOISE SILENCER, DE-
TECTOR AND A.V.C. SYSTEM.

This circuit places a low resistance across the
audio output when noise peaks occur.

tion is entirely automatic and does not
require readjustment for each incoming
signal.

A double-diode, such as a 6H6, or two
separate tubes are necessary for second
detector and noise-suppression tubes. One
diode acts as a second detector and a.v.c.
tube, the other being connected across it
as a noise-suppression tube. The prin-
ciple of operation is as follows: The in-
coming carrier signal will build up a cer-
tain value of a.v.c. voltage across the
75,000- and 100,000-ohm resistors in the
detector diode. The plate of the noise
diode is connected across these two re-
sistors, as well as the cathode of the noise
diode. The plate of the noise diode will
remain at the average potential developed
by the a.v.c. voltage due to the carrier
signal. The time constant of the 13-
megohm resistor and %-ufd. condenser in
the noise diode plate circuit will not fol-
low the short pulse period of a noise
signal. This noise pulse will act upon
the cathode of the noise diode due to the
very short time constant in that circuit.
The noise peak causes the cathode to be
more negative than the plate, so that the
noise diode conducts current and drops
to a very low impedance value. This
effectively short-circuits the audio-fre-
quency output for the duration of the
noise pulse. Thus, it can be seen that this
noise silencer will operate very effective-
ly on noise pulses of short time duration,
such as ignition noise, without destroy-
ing the intelligibility of the desired sig-

nal. However, in the case of a power
leak which produces a more or less con-
stant noise voltage, the signal would be
blocked out for so great a time that it
would be unintelligible.

The noise silencer shown in figure 40
can be used for either phone or c.w.
reception, but is most effective for the
latter. The noise diode for phone recep-
tion must be set so that it will not oper-
ate for noise pulses of an amplitude less
than twice that of the incoming carrier
signal; for c.w., the device can be made
to operate for any noise pulse of greater
intensity than the c.w. carrier. The
changeover from phone to c.w. is accom-
plished by short-circuiting the 75,000-
ohm resistor. This operation can be ac-
complished by means of a single-pole
single-throw switch, or, if desired, by a
double-pole single-throw switch, in which
case the automatic volume control can
simultaneously be cut off for c.w. recep-
tion.

Practical applications of various modi-
fications of the noise limiters described
in this chapter will be found in the fol-
lowing chapter on receiver construction.

A more detailed and comprehensive
discussion of noise balancing and noise
limiting systems will be found in the
Rapio Noise Reduction Handbook.

RECEIVER ADJUSTMENT

Good results can only be obtained from
a radio receiver when it is properly align-
ed and adjusted. The most practical
technique for making these adjustments
is given in the following discussion.

The simplest type of regenerative re-
ceiver requires little adjustment other
than those necessary to insure correct
tuning and smooth regeneration over
some desired range. Receivers of the
tuned radio-frequency type and super-
heterodynes require precise alignment to
obtain the highest possible degree of se-
lectivity and sensitivity.

Test Instruments

A very small number of instruments
will suffice to check and align any multi-
tube receiver, the most important of these
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testing units being a modulated oscillator
and a d.c. and a.c. voltmeter. The meters
are essential in checking the voltage ap-
plied at each circuit point from the power
supply. lf the a.c. voltmeter is of the
oxide-rectifier type, it can be used, in ad-
dition, as an output meter when con-
nected across the receiver output when
tuning to a modulated signal. If the
signal 1s a steady tone, such as from a
test oscillator, the output meter will indi-
cate the value of the detected signal. In
this manner, lineup adjustments may be
visually noted on the meter rather than
by increases or decreases of sound inten-
sity as detected by ear.

Tuned R. F. Receiver Alignment

The alignment procedure in a multi-
stage r.f. receiver is exactly the same as
aligning a single stage. If the detector is
regenerative, each preceding stage is suc-
cessively aligned while keeping the de-
tector circuit tuned to the test signal, the
latter being a station signal or one locally
generated by a test oscillator loosely
coupled to the antenna lead. During these
adjustments, the r.f. amplifier gain con-
trol is adjusted for maximum sensitivity,
assuming that the r.f. amplifier is stable
and does not oscillate. Oscillation is in-
dicative of improper by-passing or shield-
ing. Often a sensitive receiver can be
roughly aligned by tuning for maximum
noise pickup, such as parasitic oscilla-
tions originating from static or electrical
machinery.

SUPERHETERODYNE
ALIGNMENT

Aligning a superhet is a detailed task
requiring a great amount of care and pa-
tience. It should never be undertaken
without a thorough understanding of the
involved job to be done and then only
when there is abundant time to devote to
the operation. There are no short cuts;
every circuit must be adjusted individ-
ually and accurately if the receiver is to
give peak performance. The precision of
each adjustment is dependent upon the
accuracy with which the preceding one
was made.

Superhet alignment requires (1) a
good signal generator (modulated oscil-
lator) covering the radio and intermedi-
ate frequencies and equipped with an at-
tenuator and B-plus switch; (2) the
necessary socket wrenches, screwdrivers,
or “neutralizing tools” to adjust the vari-
ous i.f. and r.f. trimmer condensers, and
(3) some convenient type of tuning indi-
cator, such as a copper-oxide or elec-
tronic voltmeter.

Throughout the alignment process, un-
less specifically stated otherwise, the a.f.
and r.f. gain controls must be set for
maximum output, the beat oscillator
switched off, the R-meter cut out, the
crystal filter set for minimum selectivity
and the a.v.c. turned off. 1f no provision
is made for a.v.c. switching, the signal
generator output must be reduced to the
proper level by means of the attenuator.
When the signal output of the receiver
1s excessive, either the attenuator or the
a.f. gain control may be turned down,
but never the r.f. gain control.

LF. Alignment

After the receiver has been given a
rigid electrical and mechanical inspection
and any faults which may have been
found jn wiring or the selection and as-
sembly of parts corrected, the i.f. ampli-
fier may Dbe aligned as the first step in the
checking operations.

The coils for the r.f. (if any), first
detector and high-frequency oscillator
stages must be in place. It is immaterial
which coils are inserted, since they will
serve during the i.f. alignment only to
prevent open-grid oscillation. However,
in order to save a changeover operation,
it is suggested that those covering the
lowest-frequency band be used, since they
will be the first ones tackled in the front-
end alignment.

With the signal generator set for a
modulated signal on the frequency at
which the i.f. amplifier is to operate, clip
the output leads from the generator to
the last i.f. stage; “hot” end to the con-
trol grid, “cold” end to the receiver
ground. Adjust both trimmer condensers
in the last i.f. transformer (Cy and C, in
figure 42) to resonance as indicated by
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signal peak in the headphones or speaker
and maximum deflection of the output
meter.

Each i.f. stage is adjusted in the same
manner, moving the hot lead, stage by
stage, back toward the front end of the
receiver and backing off the attenuator
as the signal strength increases in each
new position. The last adjustment will
be made to the first i.f. transformer
with the hot lead connected to the control
grid of the first detector. Occasionally,
it is necessary to disconnect the 1st de-
tector grid lead from the coil, grounding
it through a 1,000- or 5,000-ohm grid
leak and coupling the signal generator
through a small capacitance to the grid.

When the last 1.f. adjustment has been
completed, it is good practice to go back
through the i.f. channel, re-peaking all of
the transformers. It is imperative that
this recheck be made in sets which do not
include a crystal filter and where neces-
sarily the simple alignment of the i.f.
amplifier to the generator is final.

I. F. With Crystal Filter

There are several ways of aligning an
i.f. channel which contains a crystal-filter
circuit. However, the following method
is one which has been found to give
satisfactory results in every case:

If the i.f. channel is known to be far
out of alignment or if the initial align-
ment of a new receiver is being attempt-
ed, the crystal itself should first be used
to control the frequency of a test oscilla-
tor. The circuit shown in figure 41 can
be used. A winding from an i.f. trans-
former can be used for the plate induc-
tance. If none is handy, a b.f.o. coil can
be used as shown in the diagram. In
either case, it is necessary to disconnect
the trimmer across the winding unless
it has sufficient maximum capacity to be
used in place of the 350-pufd. tuning
condenser indicated in the diagram.

A milliammeter inserted in the plate
circuit will indicate oscillation, the plate
current dipping as the condenser tunes
the inductance to the resonant frequency
of the crystal. Some crystals will require
additional grid-plate capacity for oscil-
lation; if so, a 30-ppfd. mica trimmer
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Figure 41.

TEST OSCILLATOR CIRCUIT.
This oscillator can be used for rough
alignment of receivers using a crystal

filter.

may be connected from plate to grid of
the oscillator tube. The oscillator is then
used as a line-up oscillator as described
in the preceding section by using a.c. for
plate supply instead of batteries. The
a.c. plate supply gives a modulated signal
suitable for the lining-up process.

The crystal should then be replaced in
the receiver and the phasing condenser
set at the “phased” setting, if this is
known. If the proper setting of the
phasing condenser is unknown it can be
set at half capacity for the preliminary
line-up. Next, a signal generator should
be connected across the mixer grid and
ground and, with the receiver’s a.v.c. cir-
cuit operating and the beat oscillator
turned “off,” the signal generator slowly
tuned across the i.f. amplifier frequency.

As the generator is tuned through the
crystal frequency, the receiver’s signal
strength meter will give a sudden kick.
Should the receiver not be provided with
a signal-strength meter, a vacuum-tube
voltmeter, such as shown in chapter 18,
can be connected across the a.v.c. line; if
the receiver has neither a.v.c. nor a tun-
ing meter, the vacuum-tube voltimeter
may be connected between the second de-
tector grid and ground. In any case a
kick of either the tuning meter or the
vacuum-tube voltmeter will indicate crys-
tal resonance. It is quite probable that
more than one resonance point will be
found if the receiver is far out of align-
ment. The additional points of re-
sonance are spurious crystal peaks; the
strongest peak should be chosen and the

www americanradiohistorv-com


www.americanradiohistory.com

Handbook

Superheterodyne Alignment 111

signal generator left tuned to this fre-
quency.

The phasing condenser should next be
adjusted for minimum hiss or noise in
the receiver output and the selectivity
control, if any is provided, set for maxi-
mum selectivity. From this point on, the
alignment of the i.f. amplifier follows
conventional practice, except that the
a.v.c. circutt is used as an alignment in-
dicator, each circuit being adjusted for
maximum output. If the receiver is of
the type having no a.v.c. or tuning indi-
cator, and the vacuum-tube voltmeter
must be connected across the second-de-
tector grid circuit, it will be necessary to
remove the vacuum-tube voltmeter and
make the final adjustment on the last i.f.
transformer by ear after the other trans-
formers have been aligned.

B.F. 0. Adjustment

Adjusting the beat oscillator is rela-
tively simple. It is only necessary to tune
the receiver to resonance with any signal,
as indicated by the tuning iidicator, and
then turn on the b.f.0. and set its trimmer
(or trimmers) to produce the desired beat
note. Setting the beat oscillator in this
way will result in the beat note heing
stronger on one ‘“‘side” of the signal than
on the other, which is what is desired
for maximum selectivity. The b.fo.
should not be set to “zero beat” with the
receiver tuned to resonance with the sig-
nal as this will cause an equally strong
beat to be obtained on both sides or re-
sonance.

Front-End Alignment

Before the front-end alignment is be-
gun, inspect the tuning condenser sections
for good “fitting.” All the plates must
be made perfectly parallel throughout the
tuning range if the set is to possess uni-
form sensitivity throughout the tuning
ranges and if ganging operations are to
be facilitated.

Alignment of the front end begins with
the high-frequency oscillator. Tnsert the
lowest frequency coils (160- or 80-meter
range in ham receivers) and set the main
tuning dial to the point where it is de-

sired to have the highest frequency in the
band fall. Couple the signal generator to
the antenna input and provide an un-
modulated signal on the high-frequency
band limit of the low-frequency band.
(2000 or 4000 kc. as the case may be.)

Next adjust the parallel trimmer of the
h.f. oscillator coil (C;, figure 43) slowly
from maximum capacity until the gen-
erator signal is picked up. Two separate
signals will be encountered; one at the
high-capacity (low-frequency) setting of
the trimmer, the other near the low-
capacitly (high-frequency) setting. The
desired signal is the highest frequency
one, since the h.f. oscillator is to be op-
erated at a higher frequency than the in-
coming signal. The lower frequency sig-
nal represents the image setting. This is
occasioned by the fact that two settings
of the h.f. oscillator will provide signals
which will beat with the incoming signal
to produce a third signal on the inter-
mediate frequency. The frequency of the
first setting is numerically equal to the
intermediate frequency plus the frequen-
cy of the incoming signal; the other to
the intermediate frequency minus the
signal frequency. When one or more
efficient r.f. stages are employed ahead
of the first detector, the image will usu-
ally be attenuated sufficiently to make it
readily distinguishable from the real
signal.

When the h.f. oscillator has been set
to the high-frequency signal, the gener-
ator is switched off by opening its B-plus
switch and the other stages, starting with
the 1st detector, are peaked at the same
setting of the tuning dial by adjusting
the paraltel trimmers (as C,, figure 43)
for peak in the background noise. 1f the
recetver has no rf. stages, the back-
ground noise due to thermal agitation in
the front-end tubes may not be loud
enough for the purpose, and a modulated
signal will be necessary for detector
trimmer adjustments. The trimmer is
then set for signal peak.

In setting the detector and r.f. trim-
mers it 1s possible, as in the case of the
h.f. oscillator, to select the image setting.
The real signal is the low-frequency
(high-capacity) one in this case, since
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the detector and r.f. stages are to oper-
ate at a lower frequency than the h.f.
oscillator.

If the adjustments have been made by
means of set noise, the unmodulated sig-
nal is again supplied and the h.f. oscilla-
tor setting rechecked. There should not
be enough interaction between the h.f. os-
cillator and other front-end stages on
160, 80 and 40 meters to shift the oscil-
lator setting when making detector or
r.f. adjustments. Interlocking is violent
on some receivers on 10 and 20 meters,
however, and the recheck is apt to show
that the signal has been displaced several
dial divisions during the detector-r.f. ad-
justments. If the signal is found to be
displaced, it is necessary to reset the h.f.
oscillator and detector-r.{. circuits and in
turn to recheck the oscillator, repeating
the process until the outfit settles down.

After the front-end circuits have been
set at the high-frequency end of the band,
the generator is adjusted for an unmodu-
lated signal on the lowest frequency in
the band and the receiver is tuned to lo-
cate this signal. With “all-wave” type
receivers it is a matter of good fortune
when this signal is tuned in at the desired
point on the dial. Almost invariably it
will be located many dial divisions above
or below the proper reading, sometimes
off the low end of the dial entirely. In
receivers designed only for the amateur
bands, the band edges will usually be
properly located.

If the signal is below the desired point,
the capacitance of the series padder (Cs,
figure 43) must be increased. Conversely,
if it is above the desired point, the ca-
pacitance must be decreased. Whichever
the case, the signal must be carried to the
other side of the desired point (by cut-
and-try adjustment of C;), a distance
equal to the same number of dial divi-
sions by which it is already displaced and
then retuned at the proper dial setting
by adjusting Cs.

For example, suppose the 4000-kc. end
of the 80-meter band has been set and
3500, which should fall on 10 on the
dial, is found at 15. The signal is five
divisions higher than desired, so the ca-
pacitance of C, is decreased progressively

until 3500 is tuned in at 5, or nve divi-
sions on the opposite side of the desired
dial reading. Then with the dial set at 10,
3500 is retuned by adjusting Cs.
Whenever any adjustment is made to
any circuit at the low-frequency end of
the band, it is necessary to readjust the
circuit at the high-frequency end. So,
after making the low-frequency band-
setting adjustment explained in the fore-
going, it 1s necessary to reset C; to the
high-frequency signal with the set tuned
to the high-frequency band limit. It will
then be necessary to return to the low-
frequency end, repeating the adjustments
to series and parallel padder condensers
there, repeating the process until the
high- and low-frequency band limits coin-
cide with the desired points on the dial.
After the h.f. oscillator has been set
according to the foregoing directions, the
generator is switched off and the de-
tector-r.f. sections checked for tracking
as follows. If the circuits contain only
parallel trimmers (as C., figure 43) and
these have, of course, already been set
at the high-frequency end of the band,
the set is tuned to the low-frequency end
of the band and each circuit checked by
pulling out and pressing in the outside
plates of the individual tuning condenser
sections, noting in which direction the
plates must be moved in order to bring
up the background noise or modulated
signal to a sharply defined peak. If the
plates must be moved only slightly, they
are bent permanently to give the required
separation. Drastic bending is to be
avoided, however. If more than one
eighth of an inch bend is required in any
section, the corresponding coil should be
pruned as indicated rather than produce
an unsightly bend in the condenser plate.
If increasing the capacitance of the con-
denser (pushing the plates together)
brings up the peak, the inductance of

st (113 2o
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Figure 42.
REPRESENTATIVE I.F.-AMPLIFIER CIRCUIT.
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the coil must be increased. Decreasing
the capacitance (pulling plates apart)
indicates that the inductance of the coil
must be decreased. These operations are
purely cut and try and require a great
deal of patience.

1f the only low-frequency adjustment
has been gentle plate-bending, readjust-
ment at the high-frequency end is not
necessary. But if the coil inductance has
heen altered, the corresponding parallel
trimmer must be readjusted at the high-
frequency end of the band.

Even though the high-frequency oscil-
lator and the detector and r.f. stages have
been set at both ends, intermediate points
throughout the tuning range may be con-
siderably out of gang. Both oscillator
and detector-f.f. sections must be checked
at several points throughout the tuning
range of the condenser, bending the
plates as the test indicates. When bend-
ing the outside plates in the vicinity of
the band limits, care must be exercised to
prevent shifting the high- and low-fre-
quency settings made previously. If the
band-limit signal positions are inad-
vertently shifted, bending the condenser
plates outward will recover a signal that
has wandered up the dial; bending the
plates inward will recover one that has
gone down the dial. This bending must
be done at dial settings for the band lim-
its.

If the detector and r.f. stages contain
series padders, arranged as the oscil-
lator section in figure 43, they are ad-
justed with the parallel padders as ex-
plained in the section on h.f. oscillator
adjustments. Tt must be borne in mind,
however, that the series padded adjust-
ments merely set the bandwidth, and
plates must still be bent to insure track-
ing at the intermediate points through-
out the range.

Perfect Tracking

Perfect tracking is evidenced by a uni-
form level in the background noise as
the set is tuned through any waveband.
If the end plates of any condenser sec-
tion are bent gently in either direction
in a well-tracked front end, the back-
ground noise level should decrease.

Condenser
plates are bent
only on the lowest
frequency coil
range. \Vith the
other coils, band
limits are set in
the same manner
and tracking tests
made by gently
testing with the
condenser end
plates, but the
indicated adjust-
ments are made

Ly 48T  DET

Figure 43.
SUPERHETERODYNE
MIXER AND OS-
CILLATOR TUNING

CIRCUITS.

In some cases the series :
padder, Cs, is not used. to Correspondmg

An example of that type  coils rather than
of circujt is shown in to condensers.
figure 4. How well the
' higher frequency
coils can be made to fall in line by care-
ful pruning of their inductance values de-
pends upon the efficacy of the ganging
job on the lowest frequency range.

A. V. C. Checking

_ The automatic volume control system
15 checked by picking up a modulated
signal with a.v.c. switched off and run-
ning the r.f. gain control to a point
where the receiver blocks. Switching on
the a.v.c. should relieve this blocking.

Multiband Receivers

Individual coils in multiband receivers
with coil switching arrangements or
plug-in coils must have small trimmer
condensers shunted across the inductive
circuits, as shown in figure 44. This al-
lows fairly accurate alignment in each
band by following the procedure previ-
ously outlined. In assembling a super-
heterodyne, the labor of checking is
rather long and tedious since each coil
must have exactly the correct inductance
because bending the main tuning con-
denser plates would unbalance or mis-
align all other coils.

Unfortunately, in receivers incorporat-
ing coil switching arrangements, it is
practically impossible to obtain accurate
circuit alignment on all coils. Many com-
mercially built receivers use two stages
of r.f. ahead of the first detector, tuned
rather broadly in order to overcome this
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Figure 44.

TYPE OF TUNED CIRCUIT USED
WITH COIL-SWITCHING RE-
CEIVERS.

Separate trimmer condensers are used

across each coil so that the proper

L/C ratio may be maintained on each
band.

defect and obtain better signal to noise
and image ratios.

The foregoing applies to the all-wave
communications receivers and not to
bandswitching or plug-in coil receivers
designed to cover only the relatively nar-
row amateur bands; tracking is not such
a problem in the latter type receivers.

If either the r.f. stage or first detector
1s regenerative, it must track closely with
the h.f. oscillator. This type of circuit
is shown in figure 45 where C; and GC;
are approximately 25-uufd. ganged tun-
ing condensers on the main tuning dial,
and C; and C, are bandsetting con-
densers of 100 to 140 pufd. In this in-
stance, Ca can be used as a panel-oper-
ated trimmer condenser to hold the cir-
cuits exactly in line at high degrees of
regeneration. The series padding con-
denser C; of figure 43 is not required in
this class of receiver due to the very
narrow band tuning range of C, and C;.
The coil turns on L, and L, can be
adjusted so that at random settings of
C. and C4 they will give practically per-
fect alignment. Varyving the coil turns
and spacing between turns will insure
good tracking throughout all the ama-
teur bands with the possible exception
of the 160-meter band. This form of re-
ceiver invariably uses plug-in coils which
first must be adjusted properly, the turns
then being cemented in place.

Notes

When lining up a receiver which has
automatic volume control (a.v.c), 1t 1s

FIRST DET

H F 0OsSC

Figure 45.

REGENERATIVE TUNING AR-
RANGEMENT.

When the receiver covers only a nar-
row band, the oscillator series pad-
ding condenser may be dispensed with.

considered good practice to keep the test
oscillator signal near the threshold sen-
sitivity at all times to give the effect of a
very weak signal relative to the audio
amplifier output with the audio gamn con-
trol on maximum setting.

In checking over a receiver, certain
troubles are often difficult to locate. By
making voltage or continuity tests,
blown-out condensers, or burned-out re-
sistors, coils or transformers may usu-
ally be located. Oscillators are usually
checked by means of a d.c. voltmeter
connected from ground to screen or
plate-return circuits. Short-circuiting the
tuning condenser plates usually should
produce a change in voltmeter reading.
A vacuum-tube-type voltmeter is very
handy for the purpose of measuring the
correct amount of oscillator r.f. voltage
supplied to the first detector circuit. The
proper value of the r.f. voltage is ap-
proximately one volt less than the fixed
grid bias on the first detector when the
voltage is introduced into either the grid
or the cathode circuit.

Incorrect voltages, poor resistors or
leaky by-pass or blocking condensers
will ruin the audio tone of the receiver.
Defective tubes can be checked in a tube
tester. Loud-speaker rattle is not always
a defect in the voice coil or spider sup-
port, or metallic filings in its air gap;
more often the distortion is caused by
overloading the audio amplifier. An if.
amplifier can also impair splendid tone
due to a defective tube or overloading.
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