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Changes and Additions

FCC has, effeetive March 1, 1952, opened to
narrow-band frequency or phase modulation use
the entire telephony suballoeations 3800--4000
ke, and 14,200-14,300 ke, After Mareh 1st the
answer to Question 51 on page 34, and Section
12.111 on page 73 should be amended aecord-
ingly.

On page 49, a typographical transposition in
the second sentence of the answer to Question
142 reverses the meaning. The sentence should
read: “The amplification factor is the ratio of a
plate-voltage change which causes a given plate-
current change, to the grid-voltage change which
causes the same plate-current change.”

A new FCC Distriet 24 has been established,
with headquarters in the Briggs Building, 22nd
and I Streets, NW, Washington, D. (., and
covering territory ineluded within the boundarics
of the District of Columbia extended ten miles in
all direetions.

In carly March FCC took action to streamline
more of its licensing procedures with the ereation
of a new application form, 105-A, to be used
after April 15th by a number of serviees, includ-
ing amateur, in applications for straight renewal
of station and/or operator license, By “straight”
renewal is meant renewal only, with no modifica-
tion requested for change of address, call, class of
privileges, ete. The form, to be known as the
“short-form renewal,” consists of three sceetions,
all to be filled out carefully and neatly by the
applicant. The first section requires notarization,
and then the whole affair is mailed direet to FCC
in Washington; it will no longer be necessary to
send along vour original license with such appli-
ations, Two of the three sections are detached
by IFCC and beeome their file records; the third
is in the form of a tear-out posteard which is
authenticated by FCC and mailed back to vou
to become a renewal “endorsement” of your
original license. Both original license and en-
dorsement of renewal must thereafter be ex-
hibited together as the renewed license uu-
thorization.

On those parts of the new form which become
FCC file records, the following basie information
is required:

1) Name (exactly as on your license)

2) Mail address (exactly as on your licensc)
3) Transmitter location {exactly as on your license, in-

cluding data on a remote control point if one is authorized)
4) Additinonal data:

a) License covered (amateur station, amateur operator,
or amateur station-and-operator)

b) Class of station (amateur)

¢) Call (your amateur eall)

d) File number (not required in the case of amateur
applicants)

e) Termination date of original license (i.e., the ex-
piration date of the license you are renewing).

We point out again this new procedure applics
to straight renewals only; if a modifieation or
other change is sought, continue to use old
IForm 610. Proof of operating time as a condition
to renewal is still required: the applicant by his
signature affirms a statement on the form that
he has complied with the minimum renewal re-
quirements. Changes in our regulations have
been mude with revised language as follows:

§12.27

(e) Application for renewal of amateur operator license
shall be submitted on FCC Forin No. 405-A. Unless other-
wise directed by the Commission, each application for
renewal of License shall be filed during the last 120 days of
the license term or within a period of grace of one year after
the expiration date of such license. During this one ycar
period of grace an expired license is not valid. A renewed
license :ssued upon the basis of an application filed during
the grace period will be dated currently and will not be
backdated to the date of expiration of the license being
renewed. In any case in which the licensce has, in accordance
with the Commission’s rules made timely and sufficient
application for renewal of license, no license with reference
to any activity of a continuing nature shall expire until
such application shall have been finally determined.

§12.67

(a) Application for renewal of station license shall be
submitted on FCC Form No. 105-A. Unless otherwise
directed by the Commission, each application for renewal of
license shall be filed during the last 120 days of the license
term or within a period of grace of one year after the ex-
piration date of such license. During this one year period of
grace an expired lieense is not valid. A renewed license issued
upon the basis of an application filed during the grace
period will be dated currently and will not be backdated to
the date of expiration of the license being renewed. This
one year period of grace shall apply only to licenses expiring
on or after January 1, 1951, In any case in which the licensce
has, in accordance with the Commission’s rules made timely
and sufficient application for rencwal of license, no liecnse
with reterence to any activity of a continuing nature shall
expire urtil such application shall have been finally de-
termined.

IFCC has now deleted the Netherlands Antilles
from the Restricted List on page 76, since that
government no longer prohibits amateur radio
communication.

No. 28-2, March 10, 1952,
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CHAPTER 1

Amateur Licensing

mitting station is a privilege made available

by the Government, through an agency
called the Federal Communications Commission,
to any citizen of the United States who can
qualify. The granting of this privilege in the form
of federal licenses is subject to the applicant’s
ability to demonstrate basic radio technical and
code knowledge, and familiarity with regulations
governing the amateur service. A primary pur-
pose of licensing is to ensure that the operator of
a radio transmitter is sufficiently skilled that he
will not, by improper adjustment of his equipment
or lack of knowledge of regulations, cause inter-
ference to other services using the radio spectrum.

To own and operate an amateur radio station
in the United States or possessions it is necessary
to have two licenses, both of which are issued by
the Federal Communications Commission from
its main office in Washington, D. C. For the
operator himself there is the operator license,
issued after the individual has passed a code test
and a written examination designed to test his
familiarity with radio law and regulations and
his knowledge of the proper operation of amateur
radio transmitting equipment. This examination
may be taken at any of numerous field offices of
the Commission, and in certain cases by mail,
as will be explained later. For the transmitting
equipment itself there is the station license, which
authorizes the operation of transmitting equip-
ment at a specified location and also authorizes
portable and mobile operation as permitted under
the regulations. Actually, the license itself is a
single card form containing both operator and
station authorizations.

It is absolutely essential that both licenses be
obtained before an amateur station of any kind s
operated. We wish to emphasize this point and,
further, to emphasize that there are no excep-
tions to the requirement for licenses for any of
the kinds of work an amateur is interested in
undertaking. Those who, after study, think that
the language of the law is such as to permit of
some special interpretation which will enable un-
licensed operation under certain conditions are
warned that the language of the law is air-tight,
and no such special interpretations are possible.
Please do not write us, therefore, asking if un-
licensed operation isn’t all right if the power used
is 80 low that the station won't be heard over the
state line, or if licenses are required for 2-meter
transceivers, or anything of that sort; you will
only be wasting your time and ours. There are
no special cases; licenses are always necessary.
The loss of future operating privileges as well as

r].juE operation of an amateur radio trans-

the prospect of fine and imprisonment face the
unlicensed operator who is sure he is an exception.

There is no age limit for amateurs. However,
only American citizens can obtain licenses to
operate amateur stations in the United States.
Since aliens possessing first papers are not yet
full-fledged citizens, they also are barred from
holding licenses.

The amateur license is & white card 3 inches by
5 iuches, containing both the operator and station
authorization on its face, and terms and condi-
tions on the reverse side. 1t is not necessary that
you post your license in your radio room, but it
is required that you have it in your personal pos-
session whenever and wherever you are operating.

License Structure

A new liceuse structure now provides a variety
of amateur license classes. The chart on the
following page lists each class and its require-
ments and privileges. To determine that the
applicant has ability necessary to enable him to
operate an amateur station properly with the
various privileges his license grants, the Govern-
ment requires that he pass a written examination
(in addition to filling out an applicatiop form) to
show that he is familiar with radio theory, opera-
tion and adjustment of basic transmitting equip-
ment, both telegraph and ’phone, and with the
essential parts of the radio law and regulations.
The scope of the examination varies with the
type of license, being extremely simple for the
Novice Class and graduating to a rather difficult
examination for the Amateur Extra Class. The
written examination for each class is described
later in this booklet under the appropriate chap-
ter. It is also required that the applicant demon-
strate ability to send and receive International
Morse “Continental” code at a rate of speed
commensurate with the license class — 5 words
per minute for Novice and Technician, 13 w.p.m.
for General, Conditional and Advanced Classes,
and 20 w.p.m. for Amateur Extra Class. Perfect
copy and sending must be accomplished for one
minute out of a five-minute test. That the appli-
cant intends to use 'phone rather than telegraphy
does not excuse him from the code test; every-
body has to take it. It is a basic requirement of
international treaty.

Learning the code is mostly a matter of prac-
tice. Instructions on learning it, on how to handle
a key, data on practice sets, etc., are contained
in a companion booklet entitled Learning the
Radio-Telegraph Code, obtainable for 25¢, post-
paid, from the American Radio Relay League,
West Ilartford 7, Conn,
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Code Test

T

Technician

advanced techniques

Class % Prior Expertence W ritten Examination Privileges Term
- 1 _— - I
Novice None 5 w.p.m. | Elementary theory and | Telegraphy in 3700-3750, | One year, not
regulations 26,960-27,230 ke., and | renewable
telegraphy or voice in 145-
147 Mec. Crystal control re-
quired; 75 watts maximum
input
Technician None 5 w.p.m. | General theory and regula- | All amateur privileges above | Five years,
tions 220 Me. renewable
General None 13 w.p.m. | General theory and regula- | All except voice in 3800- | Five years,
Conditional ! tions 4000 and 14,200-14,300 ke. | renewable
Advanced 2 One year since 1934, | 13 w.p.m. | General theory and regula- | All amateur privileges Five years,
except as Novice or tions, plus special exam on renewable
Technician radiotelephony
Amateur Extra | Twoyearssince 1934,3 | 20 w.p.m.? | General theory and regula- | All amateur privileges Five years,
except as Novice or tions, plus special exam? on renewable

1 Same as General Class, except examination taken by mail
2 Not available to new applicants after December 31, 1952
3 \Waived for persons who hold or can qualify for a General or Advanced Class license and who can show that they held amateur license prior to May, 1917.

I 43ILdYHO



AMATEUR LICENSING

FCC Field Organization

The Federal Communications Commission
maintains an extensive Field Engineering &
Monitoring Division, which among many other
duties conducts examinations for radio operator
licenses. There are 23 district administrative
offices, as follows:

BosTon, Mass.
NEw Yorxk, N. Y.
PHILADELPEHIA, Pa.
BALTIMORE, MD.
NoRFOLEK, Va.
ATLANTA, Ga.
Miami, Fra.

NEw OrLEANS, La.
HoustoNn, TEX.
DaLras, Tex.

Los ANGELES, CALIF.
SaN Francisco, CaLirF.
PORTLAND, ORE.
SEATTLE, WaBH.
DEenvER, CoLo.
St. PavuL, MiINN.
Kansas Crty, Mo.
Cuicaao, ILL.
DEeTroOIT, MICH.
Burravro, N. Y.
Hon~oruru, T. H.
SaN Juan, P. R.
JUNEAU, ALABKA

Examinations are given frequently at these of-
fices, as well as at the main office of the Commis-
sion in Washington, D. C., and the suboffices at
Anchorage, Alaska (branch of Juneau), Savannah
(branch of Atlanta), Tampa (branch of Miami),
San Diego (branch of ILos Angeles), Mobile
(branch of New Orleans), and Beaumont, Tex.
(branch of Houston). In addition, examinations
are held four times each year in the following
cities:

BIRMINGHAM, ALA.

CHARLESTON, W. Va.

CiNcINNATI, OHIO

CLEVELAND, OHIO

CorumBus, OHIO

Corrus CHRisTI, TEXAS

DAVENPORT, Iowa

Des Moines, Iowa

Forr WAYNE, IND.

FRrEsNO, CALIF.

GRAND Rarins, MicH.

INDIANAPOLIS, IND.

JACksON, Miss.

KNoxviLLE, TENN.

LittLe Rock, ARK.

MgeMmpHIS, TENN.

MiLwAUKEE, Wis.

NasBvVILLE, TENN.

OxraEOMA CITY, OKLA.

OMmAHA, NEBR.

PHOENIX, AR1z.

PiTTsBURGH, Pa.

St. Louis, Mo.

Savr Laxs City, UTAR

SAN ANTONIO, TEX.

ScHENECTADY, N. Y.

Sioux FaLLs, So. Dax.

Syracusg, N. Y.

TuLsa, OKLA.

WILLIAMSPORT, Pa.

WinsTON-SALEM, N. C.

This makes a total of 61 cities in which ex-
aminations for amateur radio operator licenscs
are available at least as often as four times per
year. The Rules of the Federal Communications
Commission say that any aspirant for amateur

7

licenses who lives within 125 miles airline of the
nearest of these points must appear in person to
take his examination. e can, however, appear at
any one of the points, not necessarily the nearest.
Persons living more than 125 miles airline from
any of these cities, as well as the physically dis-
abled and also persons in military service, are per-
mitted to take certain cxaminations by mail;
Chapter 5 of this booklet details the conditions
and the procedures.

Application Procedure

Now, if you live within 125 miles airline of onc
of the above examining points (except in Alaska,
outside Anchorage and Junecau, or Hawaii outside
Oahu, or the Virgin Islands — see Chapter 5),
you should write to or visit the FCC Engineer-in-
Charge of the district in which you live to secure
an application blank. Sce the list of addresses on
an adjoining page. Ask for a copy of FCC Form
610, the standard application blank for amateur
station and operator licenses.

The amateur application is rather detailed but
is straight-forward. The back of the form is con-
cerned with special cases, such as an application
for a club station, or an application taken by
mail, described more thoroughly in Chapter 5,
so in the situations covered by this section you
neced be concerned only with the face of the form.
You should not be concerned over the item re-
quiring you to waive claim to the use of any
particular frequency or of the cther as against
the regulatory power of the United States. This is
a form requirement under the law, and agreement
is required of all licensees, amateur or commer-
cial. Question 15 of the form requires the signa-
ture of the official in charge of premises if your
station is to be on premises under governmental,
corporate or institutional control. This is to show
that the necessary power to control the station
location has been given you. Whenever the sta-
tion is in your own home, owned or rented, the
question has no applicability. For instance, you
don’t have to get a signature if your residence is in
a Government housing project; you alrcady con-
trol your own home, so in that case just skip the
question,

When the form has been filled out, have it
notarized. (Notarization is not required for oper-
ator license only, but we assume you will be
sceking both opecrator and station privileges.)
Mail the filled-out form back to the Engineer’s
office or, if you are appearing at a district office
where there are frequent cxaminations, simply
take it with you. Of course, you will appear at
the specified time and take your examination.

First, the Engineer gives you your code test.
You will probably be taking it along with other
applicants. Then the Engineer will inspect your
“copy” quickly and determine whether you have
passed. It is required that you copy perfectly for
at least one continuous minute out of the five
minutes or so of code which will be sent as the
test. Then the Enginecr will examine you in send-
ing ability. If you are successful in passing both
the sending and receiving code tests at the re-



CHAPTER 1

UNITED STATES RADIO DISTRICTS
Address the District FCC Engineer-in-Charge

District No. 1, 1600 Customhouse, Boston 9, Mass, The
states of CONNECTICUT, MAINE, MASSACHUSETTS,
NEW HAMPSIHIRE, RIIODE ISLAND and VERMONT.

District No. 2, 748 Federal Bldg., 641 Washington St.,
New York 14, N. Y. In the state of NEW YORK, the coun-
ties of Albany, Bronx, Columbia, Delaware, Dutchess,
Greene, Kings, Nassau, New York, Orange, Putnam, Queens,
Rensselacr, Richmond, Rockland, Schencctady, Suffolk,
Sullivan, Ulster and Westchester; in the state of NEW
JERSEY, the counties of Bergen, Essex, Hudson, Hunter-
don, Mercer, Middlesex, Monmouth, Morris, Passaic,
Somerset, Sussex, Union and Warren.

District No. 3, 1005 Customhouse, Second and Chestnut
Sta., Philadelphia 6, Pa. In the state of PENNSYLVANIA,
the counties of Adams, Berks, Bucks, Carbon, Chester,
Cumberland, Dauphin, Delaware, Lancaster, Lcbanon,
Lehigh, Monroe, Montgomery, Northampton, Perry,
Philadelphia, Schuylkill and York; in the state of NEW
JERSEY, the counties of Atlantic, Burlington, Camden,
Cape May, Cumberland, Gloucester, Ocean and Salem; and
the county of Neweastlc in the state of DELAWARE.

District No. 4, 508 Old Town Bank Bldg., Baltimore 2,
Md, The state of MARYLAND; the DISTRICT OF CO-
LUMBIA; in the state of VIRGINIA, the counties of Arling-
ton, Clark, Fairfax Fauquier, Frederick, Loudoun, Page,
Prince William, Rappahannock, Shenandoah and Warren;
the counties of Kent and Sussex in the state of DELA-
WARE; in the state of WEST VIRGINIA, the counties of
Barbour, Berkeley, Grant, Hampshire, Hardy, Harrison,
Jefferson, Lewis, Marion, Mineral, Monongalia, Morgan,
Pendleton, Preston, Randolph, Taylor, Tucker and Upshur.

District No. 5, 402 Federal Bldg., Norfolk, Va. The state
of VIRGINIA except that part lying in Distriet 4, and the
state of NORTH CAROLINA except that part lying in
District 6.

District No. 6, 411 Federai Annex, Atlanta 3, Ga. The
states of GEORGIA, SOUTH CAROLINA and TEN-
NESSEE; the state of ALABAMA except that part lying
in District 8; in the state of NORTH CAROLINA, the
counties of Ashe, Avery, Buncombe, Burke, Caldwell,
Cherokee, Clay, Cleveland, Graham, Haywood, Henderson,
Jackson, McDowell, Macon, Madison, Mitchell, Polk,
Rutherford, Swain, Translvania, Watauga and Yancey.

District No. 7, 312 Federal Bldg., Miami 1, Fla. The state
of FLORIDA except that part lying in District 8.

District No. 8, 400 Audubon Bldg., New Orleans 16, La.
The states of ARKANSAS, LOUISIANA and MISSIS.
SIPPI; in the state of TEXAS, the city of Texarkans; in
the state of FLORIDA, the county of Escambia; in the state
of ALABAMA, the counties of Mobile and Baldwin.

District No. 9, 324 U. 8, Appraisers Stores Bldg., 7300
Wingate St., Houston 11, Tex. In the astate of TEXAS, the
counties of Angelina, Aransas, Atascosa, Austin, Bandera,
Bastrop, Bee, Brooks, Bexar, Blanco, Brazoria, Brazos,
Burleson, Caldwell, Calhoun, Cameron, Chambers, Colo-
rado, Comal, DeWitt, Duval, Dimmit, Edwards, Fayette,
Fort Bend, Frio, Galveston, Gillespie, Goliad, Gonzales,
Grimes, Guadalupe, Hardon, Hays, 1Iarris, Hidalgo, Jack-
son, Jasper, Jefferson, Jim Hogg, Jim Wells, Karnes, Ken-
cdy, Kendall, Kerr Kinney, Kleberg, LaSalle, Lavaca, Lee,
Liberty, Live Oak, Matagorda, Madison, Maverick, Mec-
Mullen, Medina, Mont y, Nacogdoches, Newton,
Nueoces, Orange, Polk, Real, Refugio, San Augustine, San
Jacinto, 8an Patricio, Sabine, Starr, Travis, Trinity, Tyler,
Uvalde, Val Verde, Victoria, Walker, Waller, Washington,
Webb, Wharten, Willacy, Williamson, Wilson, Zapata and
Zavala.

District No. 10, 500 U, 8. Terminal Annex Bldg., Dallas,
Tex. The state of TEXAS except that part lying in District
9 and in the eity of Texarkana; the states of OKLAHOMA
and NEW MEXICO.

District No. 11, 539 Federal Bldg., Los Angeles 12, Calif.
The state of ARIZONA; in the state of NEVADA, the
county of Clarke; in the state of CALIFORNIA, the coun-

ties of Imperial, Inyo, Kern, Los Angeles, Orange River-
side, San Bernardino, San Diego, San Luis Obispo, Santa
Barbara and Ventura.

District No. 12, 323-A Customhouse, San Francisco 26,
Calif. The state of CALIFORNIA except that part lying in
District 11; the state of NEVADA except the county of
Clarke.

District No. 13, 307 Fitzpatrick Bldg., Portland 5, Ore.
The state of OREGON; the state of IDAHO except that
part lying in District 14; in the state of WASHINGTON,
the countics of Wahkiakum, Cowlitz, Clark, Skamania and
Klickitat.

District No. 14, 808 Federal Office Building, Seattle 4,
Wash. The state of MONTANA; the state of WASHING-
TON except that part lying in District 13; in the state of
IDAHO, the counties of Benewah, Bonner, Boundary,
Clearwater, Iilaho, Kootenai, Latah, Lewis, Nez Perce and
Shoshone.

District No. 15, 521 New Customhouse, Denver 2, Colo.
The states of COLORADO, UTAH and WYOMING; in the
state of NEBRASKA, the counties of Banner, Box Butte,
Cheyenne, Dawes, Deuel, Garden, Kimball, Morrill, Scotts-
bluff, Sheridan and Sioux; in the state of SOUTH DA-
KOTA, the counties of Butte, Custer, Fall River, Lawrence,
Meade, Pennington, Shannon and Washington.

District No. 16, 208 Federal Court Bldg., 8t. Paul 2, Minn,
The states of MINNESOTA and NORTH DAKOTA; the
state of SOUTH DAKOTA except that part lying in Dis-
trict 15; the state of WISCONSIN except that part lying in
District 18; in the state of MICHIGAN, the counties of
Alger, Baraga, Chippewa, Delta, Dickinson, Gogebic,
Houghton, Iron, Keweenaw, Luce, Mackinac, Marquette,
Mecnominee, Ontonagon and Schooleraft.

District No. 17, 3200 Fidelity Bldg., Kansas City 6E, Mo.
The states of KANSAS and MISSOURI; the state of IOWA
except that part lying in District 18; the state of NE-
BRABSKA except that part lying in District 15.

District No. 18, 1300 U. 8. Courthouse Bldg., Chicago 4,
Ill. The states of ILLINOIS and INDIANA; in the state
of IOWA, the counties of Allamakee, Buchanan, Cedar,
Clayton, Clinton, Delaware, Des Moines, Dubuque, Fay-
ette, Henry, Jackson, Johnson, Jones, Lee, Linn, Louisa,
Muscatine, Scott, Washington and Winneshiek; in the state
of WISCONSIN, the counties of Brown, Columbia, Calu-
met, Crawford, Dane, Dodge, Door, Fond du Lac, Grant,
Green, lowa, Jefferson, Keewanee, Kenosha, Lafayette,
Manitowoe, Marinette, Milwaukee, Ozaukee, Oconto,
Outgamie, Racine, Richland, Rock, Sauk, Sheboygan,
Walworth, Washington, Waukesha and Winnebago; the
state of KENTUCKY except that part lying in District 19.

District No. 19, 1029 New Federal Bldg., Detroit 26,
Mich. The state of OHIO; the state of MICHIGAN except
that part lying in District 16; the state of WEST VIR-
GINIA except that part lying in District 4; in the state of
KENTUCKY, the counties of Bath, Bell, Boone, Bourbon,
Boyd, Bracken, Breathitt, Campbell, Carter, Clark, Clay,
Elliott, Estill, Fayette, Fleming, Floyd, Franklin, Gallatin,
Garrard, Grant, Greenup, Kenton, Harlan, Harrison, Jack-
son, Jessamine, Johnson, Knott, Knox, Laurel, Lawrenee,
Lee, Leslie, Letcher, Lewis, Lincoln, Madison, Magoffin,
Martin, Mason, McCreary, Menifee, Montgomery, Mor-
gan, Nicholas, Owen, Owsley, Pendleton, Perry, Dike,
Powell, Pulaski, Robertson, Rockcastle, Rowan, Scott
Wayne, Whitely, Wolfe and Woodford.

District No, 20, 328 Post office Bldg., Buffalo 3, N. Y. The
state of NEW YORK except that part lying in District 2;
the state of PENNSYLVANIA except that part lying in
District 3.

District No. 21, 609 Stangenwald Bldg., Honolulu, T.11.
The Territory of HAWAII and outlying Pacific possessions
except Alaska and adjacent islands.

District No. 22, 323 Federal Bldg., San Juan, P.R.
PUERTO RICO and the VIRGIN ISLANDS.

District No. 23, 6 Shattuck Bldg., Juneau, Alaska. The
territory of ALASKA and adjacent islands.

e ——— e —
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AMATEUR LICENSING

quired speed, the Engineer will give you the writ-
ten examination for the appropriate license.
This will probably take you 45 minutes or an hour
or more, but you can spend any reasonable
amount of time in preparing your paper. After
the examination is completed, hand it to the
supervising Engineer. Often his staff will grade
it immediately so that you will know whether
you passed. The Engineer will send all the papers
to Washington for processing, and if you were
satisfactory your combination license will come
direct to your home about a month later. If you
should fail the examination, you have the privi-
lege of taking it again after thirty days —and
still again at thirty-day intervals, if necessary.

Code tests are graded as ‘“passed” or ““failed,”
separately for the sending and receiving tests.
Failure to pass either will terminate the examina-
tion. For written exams, 74 per cent is the passing
grade. For the purpose of grading, Examination
Elements 2 and 3B, “basic amateur practice”
and ‘‘general regulations,” required for all classes
except the Novice, will be considered a single
examination. All other elements are graded indi-
vidually as separate examinations.

Additional Examining Points

There are additional cities visited by traveling
FCC inspectors for the purpose of giving ex-
aminations, but since such visits are less often
than four times per year it is not required that an
applicant appear for a personal examination just
because he happens to live within 125 miles of
these auxiliary cities. However, since examina-
tions are thus conveniently available to appli-
cants in those vicinities, they are urged to appear
for personal examination. Also, applicants living
within 125 miles of one of the examining points
mentioned earlier, and thereby required to appear
for examination instead of taking it by mail,
may find one of the cities named below a more
convenient place for travel. Examinations are
held twice a year in the following cities:

ALBUQUERQUE, N. M.
AmARILLO, TEXAS
BAKERSFIELD, CALIF.
BaNaor, ME.
Boiskg, IpaBO
Butrte, MONT.

EL Paso, TExas
Hartrorp, CONN.
Hivo, T. H.
JACKBONVILLE, FrLA.
JamesTOWN, N. D.
Liaux, T. H.
LouisviLLE, KY.
MaNcrEsTER, N. H.
MARQUETTE, MICH.
PorTLAND, ME.
RoaNOKE, Va.
SrPOKANE, WaSH.
TALLANASSEE, FrLA.
Tucsown, Ariz.
Wicmita, KaNs.
WiLmineTon, N. C.
WarLoxo, T. H.

Annual examinations are held in:

Birunaes, Moxr. Las VEaas, NEv.

CUMBERLAND, Mb. Rarip Ciry, 8. D

KraMaTH FaLLSs, ORE. Reno, Nrv.
SpriNagF1ELD, MoO.
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Elsewhere in this booklet we list alphabetically
all the examining points mentioned in previous
paragraphs, with as much information as is avail-
able at time of publication concerning the sched-
ule of dates on which examinations will be held.
Where dates are approximate, cxact information
can be secured from the Engineer in charge of
your district as the time for the examination
nears.

Citizens temporarily living outside the United
States or possessions, such as military personnel
overscas, may apply for licenses by mail; those
in the Atlantic region (ISurope, Africa) should
write to FCC’s main office in Washington, D. C.;
those in the Caribbean, to FCC's Miami oflice;
those in the Pacific, to Honolulu. Such licenses
do not authorize overseas amateur operation, of
course, but this procedure is convenient for the
person who expects to return home shortly.

Exemptions

Amateurs who are applying for a higher grade
of license may receive credit for those portions
of the examination already passed if the test
was taken before a Commission examiner. There
is no credit accruing to licenses issued on the
basis of a mail examination. To illustrate, an
applicant for Advanced Class privileges who al-
ready bolds a General Class license needs only to
pass the special written exam on radiotelephony,
and receives credit for the 13-w.p.m. code test and
the standard exam on theory and regulations on
the basis of holding a General Class license. The
holder of a Conditional Class license gets no
credit toward higher grades of license, since his
examination was taken by mail. The holder of a
Technician Class license applying for a General
Class license will get credit for the standard writ-
ten exam on theory and regulations if he took it in
person before a Commission examiner, and has
only to pass the 13-w.p.m. code test; if his Techni-
cian license was issued on the basis of a mail exam-
ination, however, he has to start fresh when he
applies for a higher grade.

An applicant for any class of amateur license,
except the Extra Class, will be given credit for the
code test if within five years he held a commer-
cial radiotelegraph first or second class operator
license issued by the Federal Communications
Commission.

An applicant for Advanced Class privileges
who held those privileges (or the old Class A)
within two years prior to application may skip
the special radiotelephony written exam.

Persons who held amateur license prior to
May, 1917, may have the Amateur Extra Class
exam waived as detailed in Chapter 7.

Physical Disability

No physical infirmity is a bar to the issuance of
amateur operator and station licenses, provided
the applicant can qualify. An invalid or shut-in
who lives more than 125 miles from the nearest
quarterly examining point will, of course, follow
the usual mail prooedure (see Chapter 5). But if
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he lives within the 125-mile limit and is genuinely
incapable of traveling, he is similarly entitled
under §12.21 to take the mail examination and
should request papers therefor from his district
Engineer. The application itself must be accom-
panied by a physician’s certificate stating that
the applicant is unable to appear for examination
because of protracted disability; and sometimes
the Engineer will ask to see such a certificate
before he will send the examination envelope
to a location where normally personal appear-
ance is required. Needless to say, the infirmity
must be of a permanent or semipermanent
nature; temporary sickness does not entitle one
to exemption from appearance.

Some applicants for license, whatever the class,
are unable to write out their own examinations in
longhand because of blindness or other disability.
In such cases, the Commission will permit the
applicant to typewrite or dictate the code test
and examination answers. If unable to draw the
required diagrams, the applicant may instead
give a detailed verbal description of them essen-
tially equivalent. When this practice is observed,
the witness or examining officer must certify that
the examination comprises solely the applicant’s
efforts or dictation, and that no outside assistance
was rendered. The nature of the disability must
also be stated and if the examination was dic-
tated the name and address of the person or
persons who took and transcribed the dictation
must be noted.

Renewals

Provided you can show a certain amount of
activity and code ability as an operator yourself,
both your operator and station licenses (except
Novice Class) may be renewed indefinitely merely
upon application. Since the two licenses run con-~
currently, they are renewed simultaneously.

Proof of activity is no longer required for the
renewal of a station license, but it is essential
to the renewal of an operator license, so you had
better be thoroughly familiar with the require-
ments. See §12.27. It is required that you shall
have lawfully accumulated a minimum total of
either 2 hours operating time during the last 3
months, or 5 hours operating time during the
last 12 months, of the license term. This is oper-
ating time as shown in your log, or that of any
other station you operate, since the work may
be accomplished either from your own or any
other FCC-licensed amateur station. If you are
in contact with another amateur station for a
half hour, for example, it counts as a half hour
toward your accumulation of time. But two-way
communication is not required. For example,
if you are interested in radio control of remote
objects, such as model airplanes, the radio-
controlled {lying time of such models will count
toward your accumulation of activity, providing
of course it is properly entered in your log.

It is also required, in applications for renewal,
that you affirm your ability to send by hand key
and receive by ear, in plain language, messages
in the International Morse Code at a speed of at
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least that which is required in qualifying for an
original license of the class being renewed. Hand
key is interpreted to include all hand-operated
keys — such as semi-automatic keys or “bugs,”
and electronic keys, in addition to a straight key.
Thus for renewal of a Technician license, the
applicant would have to affirm code ability of at
least 5 words per minute; for Conditional, Gen-
eral and Advanced Classes, 13 words per minute;
and for Amateur Extra Class, 20 words per
minute.

Renewal applications must be filed during the
last four months of the license term, not more
than 120 days before expiration, not later than
the expiration date. Assuming you have the re-
quired activity, the process is simple. About four
months before expiration, write your district
Engineer for an amateur application form. You
will note it is the same form used for new appli-
cations and modifications. You, of course, fill
out the heading as a “renewal.” If you have a
licensed station, fill out all of the form — which
you will find an easy, straightforward job. Exe-
cute the affidavit. Attach any valid FCC amateur
license you may currently hold. This is essential,
and nothing causes so much delay as to forget to
return your expiring license(s). They will be can-
celed and sent back to you as souvenirs. Mail
your renewal papers direct to Federal Communi-
cations Commission, Washington 25, D. C. Your
new licenses should come to you in a month or so
and, if you have been forehanded about the
matter, before the expiration of your turned-in
tickets. You may continue to operate during the
time your licenses are away for renewal; in fact,
if you have applied before expiration date for
renewal only (not modifications or other grades)
and the Commission is delayed in its processing,
you may continue operating past the expiration
date until you do hear from FCC.

If you can’t show the required activity, you
must qualify for a new license by again taking
the amateur examination. You'll get your old
call back but meanwhile you’ll be off the air. If
you fail to file renewal application prior to the
date of expiration of your license, you have a
period of one year of grace in which you may file
renewal application without having to take the
amateur examination again. However, you still
must be able to show that the required activity
took place during the latter part of your license
term. Your license will not be valid during this
period of grace, and your new license will not be
back-dated to the expiration of the old license
but will be dated currently.

Of course, the Novice Class license may not be
renewed.

Modifications

If you change your address, you will want to
apply for modification of your license to show
the new address. This is a factor primarily for
station licenses, however, and the procedure is
therefore discussed in detail in the section on
“modifications” in Chapter 8. It is here to be
noted, though, that a license issued in response
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to an application for modification is no longer
valid for an additional five-year term, but bears
the same expiration date as the original license of
which it is the modified version. Therefore if you
should change your address toward the end of
your license term, it is desirable to hold off appli-
cation for modification until you can apply for
renewal at the same time —i.e., 120 days prior
to expiration. See the discussion under “tem-
porary operation” in Chapter 8 for further
details.

Duplicates

If by some chance your license is lost, de-
stroyed, or badly mutilated, you should apply
for a duplicate license. The procedure is simple:
Write your Engineer for a copy of application
form 610, and fill it out marking it as an applica-
tion for duplicate. Explain, in the place provided
on the form or on a separate sheet if more space
is required, the circumstances under which the
license was destroyed or lost —and if it was
mutilated, send the license along with the appli-
cation, also explaining the cause. Mail the appli-
cation to FCC at Washington.

Qualifying for Higher Grades

An amateur is quite free to apply for a higher
grade of license anytime he is able to qualify.
The holder of a Novice license may, for example,
take the Technician, Conditional (if eligible) or
General Class examination any time he wishes —
the very next day after he receives his license,
for example. In such event, the new license would
be really a new one, with the five-year term.
When a Conditional or General Class licensee,
after having acquired a year of experience, passes
the examination for Advanced Class license, the
“ticket” issued is actually considered by the
Commission to be a modification of privileges
and is therefore not a new license running for an
additional five years but a “modified” license
with the original expiration date. In fact, the
higher privileges are granted by an endorsement
on the original license. A Novice applying for a
Technician Class license should not, however,
submit his Novice ticket with his application.

Examinations for Advanced and Amateur
Extra Class licenses are not available by mail,
but must be taken in person at one of the FCC
examining points. When examination for a
higher grade of license is taken and passed at
one of the district offices, the amateur license
card is usually endorsed immediately by the
Engineer for the new privileges.

Licensing in U. S..Occupied Countries

In countries occupied by U. S. military forces
as an aftermath of World War II, some amateur
radio operation is permitted both to” members
of the U. S. forces and to U. S. civilian personnel.
To engage in such operation requires the obtain-
ing of a license from the appropriate area military
commander. An examination very similar to the
FCC examination must be passed, and the study
material in this book is appropriate. Rules and

11

regulations established by the military in the
occupied areas closely resemble the FCC regula-
tions. Signal and communications officers in these
areas can supply the correct address to which
application should be made.

At the present time the various types of mili-
tary-issued licenses do not include anything
similar to the Novice and Technician licenses.

Canada

The frequency bands and general privileges of
amateurs in the Dominion of Canada closely
parallel those in the United States. However,
there is no counterpart in Canada of the extensive
U. S. regulations; matters are considerably sim-
pler there. Canadian aspirants to amateur licenses
can get full information from the nearest radio
inspector or by writing direct to the Radio
Division, Department of Transport, at Ottawa.

Operation in Foreign Countries

Most countries will issue radio licenses only to
their own citizens. There are occasions, however,
when a certain few will issue amateur authoriza-
tions to U. S. citizens. The procedure is often
complicated and is subject to change from time to
time. If you have plans for visiting or residing in
a particular foreign country and wish to investi-
gate the possibility of securing a license to operate
in that country, write ARRL Hgq. for the latest
available information.

Passing the Written Examinations

For each class of amateur operator license
there is a written examination, varying in scope
in accordance with the privileges each license
grants. For the most part these questions are the
quickly answered ‘“multiple-choice” type (ex-
plained in detail in the next paragraph) which
require merely that the applicant indicate the
correct one of several suggested answers. Some
of these require simple mathematical calcula-
tions, in addition to which there are some ques-
tions — not of the multiple-choice type — which
also require the solution of simple problems in
arithmetic; finally, some of the questions (except
those in the Novice exam) involve the drawing
of a requested circuit diagram.

A word about the “multiple-choice’” type of
query. Thisis the kind frequently used in current-
events quizzes, where a question is asked and
four or five possible answers given, one of which,
and only one, is correct. In answering such a ques-
tion, it is necessary only to indicate which is the
correct answer; no explanation or comment is
required. In the amateur examination, each of
the possible answers is numbered, and a space is
left at the right-hand side of the sheet in which
the applicant puts down the number of the correct
answer. Two types of multiple-choice questions,
with the correct answer designated in each case,
are as follows:

A, San Francisco is located in:
1. Nebraska.
2. New York.
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3. Oregon. (Correct answer number
4, California. indicated here)
5. Texas. 4

B, San IFrancisco is not located in:

. The Western IHemisphere.

. The United States.

. North America. (Correct answer num-
. California. ber indicated here)

. Canada. 5

(LU R

As is apparent, the number put down must be
either 1009, right or 1009, wrong. There is no
opportunity for part credit on questions; an
applicant gets either full credit for correct an-
swer or no credit at all for an incorrect one. For
the person who is adequately prepared, an exami-
nation of this type is easier than the “cssay”
type. It is also fairer in that the personal opinion
of the examiner cannot enter as a factor; there is
thus no possibility of being ‘“docked” part credit
because a particular examiner might regard an
answer as insufficiently detailed, etc., as could be
the case in connection with the essay-type reply.

The questions and answers in this booklet are
designed to give you all the knowledge you need
to answer correctly the actual examination ques-
tions. But it should be emphasized that the ques-
tions we list here are not the actual questions in the
license examination, nor do they correspond ques-
tion-for question to similar examination items.
What they are, however, are carefully prepared
items designed to insure that you have the neces-
sary knowledge to cope with the actual test
queries. For instance, the examination might
have a question or a problem which involved the
use of Ohm’s Law to answer properly. Without
in any way duplicating that particular problem,
or even its type, a question could be devised
which made it necessary for the student to learn
the use of Ohm’s Law to the extent required in
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the examination. Similarly, if we give a question
here requiring that the student draw the diagram
of a multistage r.f. amplifier, it is a fair assump-
tion he would subsequently be able to draw dia-
grams of any one of its individual stages.

To the questions asked in this booklet we give
carefully-considered answers which naturally take
the form of brief discussions. Where the subject
needs a little more explanation you will find a
note appended, as in the questions involving
arithmetic, where we show how the computation
is made. But bear in mind that your actual ex-
amination will be in the muitiple-answer form
and that you will not have to write out a re-
sponse but will simply identify the answer you
perceive to be correct. There may be several
questions in the actual examination revolving
around one simple discussion in this manual, but
when you understand the subject you can readily
check off answers to any number of questions on
it. If our answers sometimes seem to the initiated
to be naive or incomplete, rest assured that they
are sufficient for the purpose. You may similarly
encounter several demands for circuit drawing
derived from a single one of our drawings, but
if you know the whole circuit you know all its
parts.

In other words, the purpose of this manual is
not to give the student the actual questions he
will meet but to equip him with the knowledge
he must have to pass the examination. In order
to familiarize himself with the underlying prin-
ciples, we also suggest a study of The Radio A ma-
teur’s Handbook, particularly those chapters —
depending upon the license being applied for —
dealing with elementary electrical and radio
principles, basic transmitter, radio-frequency,
audio-frequency and power-supply circuits, fre-
quency-measuring and monitoring equipment,
and radiotelephony.
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The Novice License

s AN incentive to encourage a greater number
A of people to engage in the hobby of ama-
teur radio, the Federal Communications
Commission has established, effective July 1,
1951, a Novice Class of license with greatly re-
duced requirements and only a few of the privi-
leges available to amateurs. This class of license
might well be termed an apprenticeship. It has a
term of but one year, compared with the five-year
terms of other amateur licenses, and the objective
is to give a newcomer a period of a year of actual
on-the-air experience or training in amateur
operation so that he may develop his skills toward
one of the permanent classes of license more
rapidly than he would by textbook study and
audio-ocillator code practice.

Examination for the Novice Class license may
be taken at any of the regular FCC examining
points mentioned in Chapter 1, or by mail if the
applicant is more than 125 miles airline from an
examining point where exams are offered at least
four times yearly, or if he is physically disabled, or
if he is in military service and unable to appear at
the designated time (See Chapter 5).

Requirements for the Novice license are the
passing of a code test in sending and receiving at
the rate of 5 words per minute, and a written
examination in the most elementary aspects of
amateur regulations and theory.

The privileges which are available to the
Novice licensee are:

3700-3750 ke. — telegraphy
26,960-27,230 kc. — telegraphy
145-147 Mc. — telegraphy or voice
In addition, the transmitter used by a Novice
licensee must be crystal-controlled, and may not
have an input exceeding 75 watts. Of course, the
Novice may operate portable or mobile on any of
these frequencies (See Chapter 8).

The most important point concerning the
Novice license is that it is valid for only ene year
and may not be renewed. Before the end of his
license term the Novice must qualify for one of
the other grades of amateur license, or go off the
air. He may try for a General Class license (or
Conditional Class, if eligible to take the mail
examination) in which case he must pass the
standard amateur examination, both 13 words
per minute in code and the regular exam on
theory and regulations or he may try for a Tech-
nician license, in which case he gets credit for the
code test (if the test was taken before an FCC
examiner) and has to pass only the additional
standard exam en theory and regulations, and he
may take this test by mail if he is eligible to do so
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e The Novice Class license offers an ideal
way to get started in amateur radio —
reduced code speed and simplified writ-
ten examination. It grants a portion of
amateur privileges on an ‘‘apprentice-
ship”’ basis for one year. This chapter
cxplains the new license in detail and
contains sample questions for the writ-
ten exam.

under the conditions specified earlier. He may not
try for an Advanced or Extra Class license, of
course, since experience as a Novice operator
does not qualify for the service requirements for
those licenses.

Anyone who is a citizen of the United States
may apply for the Novice license, except a person
who holds or ever has held an amateur license of
any class, Thus a Novice not only is unable to
renew his license at the end of its term, but he
may not again apply for Novice privileges. If an
applicant for Novice privileges feels that he can
pass the standard written examination for ama-
teur licenses but is unable to meet the 13 w.p.m.
code requirement, he may simultaneously apply
also for the Technician Class of license, taking
the 5 w.p.m. code test, the elementary Novice
written exam, and the standard written exam.

A Novice may operate any FCC-licensed ama-
teur radio station, but only to the extent of the
privileges available to the Novice and similarly
available to the licensee of the station being
operated. For example, he may visit a station
licensed to a Conditional, General, Advanced or
Extra Class licensee, and operate it provided the
transmitter is crystal-controlled, is limited to 75
watts input or less, and is working in the bands
specified for the Novice. A Novice may not oper-
ate a station licensed to a Technician, since the
latter’s privileges do not include Novice bands;
similarly, a Technician may not operate a station
licensed to a Novice, since the Technician’s
operator authority does not extend to the Novice
bands, and the Novice’s station license does not
grant authority to work above 220 Mec.

As stated, the written examination for the
Novice license is quite simple. It consists of about
20 questions dealing with basic amateur regula-
tions, and certain points of theory and technique.
The questions are of the “multiple-choloe” type,
a8 explained in Chapter 1. There are no diagrams
required. Following is a set of questions similar to
those which are asked in the examination. If you
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are thoroughly able to answer each of these sam-
ple questions, you will have no difficulty in pass-
ing the written exam. However, in any event we
recommend additional study of at least the
technical material in How to Become a Radio
Amateur (50¢) and preferably of the introductory
chapters of The Radio Amateur’'s IHandbook
(83.00), both available postpaid from the ARRL,
West Hartford 7, Conn.

(The references in parentheses at the end of
answers to regulatory questions are to appropriale
sections of the amateur rules or the Communications
Act.)

1. What is the maximum input power per-
mitted to the final stage of the transmitter
in a station licensed to the holder of a Novice
Class license or operated by such an oper-
ator?

The maximum input power permitted a Novice
is 75 watts. (§ 12.23)

2. What is the maximum penalty for a vio-
lation of the rules and regulations of the
Federal Communications Commission?

A fine of up to $500 for each day during which
the offense occurs, suspension of operator license,
and revocation of station license. (Act, § 502)

3. On what frequency bands may the
holder of a Novice Class license operate an
amateur radio station?

3700-3750 ke.

26.96-27.23 Mec.

145-147 Mec.

(§ 12.23)

4. On what frequency bands may the
holder of a Novice Class license operate an
amateur radiotelephone station?

145-147 Mec. (§ 12.23)

5. What is the log of an amateur station,
and what information is required to be en-
tered therein? How long must it be pre-
served?

The log of an amateur station is the written
record of transmissions. The log must show:

1) the date and time of transmission
2) the signature of each licensed operator
operating the equipment and the name
of any person not holding a license who
speaks over a radiotelephone trans-
mitter
3) call of the station called
4) the input power to the transmitter
5) the frequency band used
6) the type of emission used
7) the location of the station at the time of
transmission
8) the message traffic handled
Information such as the input power, frequency
band, type of emission, location of station, need
be entered only once provided the conditions are
not changed. Similarly, one entry of the date need
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not be repeated for other transmissions made on
that date. If the station is mobile, the approxi-
mate geographic location can be indicated in the
log.

The log of an amateur station must be pre-
served for at least one year following the last
date of entry. Similarly, any message traffic
handled must be kept on file for at least one year.
(§ 12.136)

6. What is the term of an amateur Novice
Class license? Under what conditions may
this license be renewed?

The term of an amateur Novice Class license
is one year. (§ 12.29)

It may not be renewed under any conditions.
[§ 12.27(b)]

7. What are the rules and regulations re-
garding the transmission of improper lan-
guage, false signals, or malicious inter-
ference?

The transmission of obscene, indecent or pro-
fane language, or of false or deceptive signals or
call letters, or of malicious interference is ex-
pressly prohibited and there are heavy penalties
for violation. (§§ 12.157, 12.158, 12.160)

8. What are the rules and regulations re-
garding purity and stability of emissions?

Below 144 megacycles, spurious radiations
must be reduced in accordance with good engi-
neering practice, and must not cause interference
to near-by receivers of good engineering design
not tuned to the transmitter. Voice modulation
of a transmitter must not cause spurious emis-
sions; the maximum modulation percentage is
100. Simultaneous frequency modulation and
amplitude modulation is not permitted. The fre-
quency of the signal transmitted must be as con-
stant as the state of the art permits. (§ 12.133)

9. What method of frequency control isre-
quired to be used in the transmitter of a
station licensed to the holder of a Novice
Class license?

The frequency must be crystal-controlled.
(§ 12.23)

10. What are the rules and regulations re-
garding the measurement of the frequencies
of the emissions of an amateur radio sta-
tion?

Regular measurement of the frequency of the
transmitter is required. This measurement must
be by means independent of the means used to
control the transmitting frequency and must be
of sufficient accuracy to ensure operation within
the frequency band used. (§12.135)

11. Who may be permitted to operate the
transmitter of an amateur radio station
licensed to the holder of a Novice Class li-
cense?

Any amateur radio operator except of the
Technician Class. (§12.28)
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12. Under what circumstances may an
amateur radio station be used by a person
who does not hold a valid license?

A person not properly licensed may not operate
an amateur station. However, he may speak over
the microphone of an amateur radiotelephone
station provided a duly-licensed operator is
present to control the emissions. (§ 12.28)

13. What is the maximum permissible
percentage of modulation of an amateur
radiotelephone station?

One hundred per cent. (§ 12.133)

14. At what intervals must an amateur
station be identified by the transmission of
its call sign? May any transmission be made
without identification of the station?

An amateur station must identify its call sign
at the beginning and end of each transmission
and at least every ten minutes if a single trans-
mission lasts longer than ten minutes. No trans-
mission by itself may be made without identifica-
tion of the station, except that during a sequence
of transmissions each less than three minutes
long, the call sign needs to be given only once
each ten minutes as well as at the beginning and
end of the work. (§ 12.82)

15. Under what conditions is notice of
portable or mobile operation required to be
given, and to whom in each case?

Notice of intended portable operation, or mo-
bile operation, must be given the I'CC Engineer-
in-Charge of the inspection district in which such
portable or mobile operation is contemplated
only when the operation is or is expected to be for
a period longer than 48 hours. (§ 12.91)

16. What are the recognized abbreviations
for: kilocycles, megacycles, Eastern Stand-
ard Time, Greenwich Mean Time, continu-
ous wave, frequency modulation, amplitude
modulations?

kilocycles — ke.

megacycles — Mc.

Eastern Standard Time — EST

Greenwich Mean Time — GMT

continuous wave — c.w.

frequency modulation — f.m.

amplitude modulation — a.m.

17. What is the relationship between a
fundamental frequency and its second har-
monic; its third harmonic, etc.?

The second harmonic is twice the frequency
of the fundamental, the third harmonic is three
times the fundamental frequency, and so on.
A harmonic is always related to its fundamental
frequency by an integral multiplier; i.e., 2, 3, 4,
5, 6, ete.

18. What is the relationship between a
cycle, a kilocycle, and a megacycle?

1 kilocycle =1000 cycles

1 megacycle = 1000 kilocycles = 1,000,000 cycles

15

19. What instrument is used to measure:
electrical potential; electrical current; elec-
trical power; electrical energy?

Electrical potential is measured by a voltmeter.

Electrical current is measured by an ammeter,
milliammeter, or microammeter.

Electrical power is measured by a wattmeter.

Electrical energy is measured by a watt-hour
meter.

20. What is the purpose of: a modulator;
an amplifier; a rectifier; a filter?

A modulator is used to vary the amplitude, fre-
quency or phase of the radio-frequency output of
a transmitter for the purpose of transmitting
information.

An amplifier is used to increase the amplitude,
or power level, of a signal.

A rectifier is used to change alternating current
into pulsating direct current.

The purpose of a filter is to attenuate unde-
sired frequencies while simultaneously passing,
without appreciable attenuation, a desired band
of frequencies and/or direct current. Ezamples:
The power-supply ‘‘smoothing filter,” which elim-
inates the alternating-current ripple from the
output of a rectifier but permits direct current
to flow with little or no attenuation; the “low-
pass”’ filter, which attenuates all frequencies
(such as harmonics in the output of a transmitter)
above a given frequency but passes all lower fre-
quencies.

21. What is meant by: amplification;
modulation; detection; attenuation?

Amplification is the process of increasing the
amplitude, or power level, of a signal.
Modulation is the process of varying the am-
plitude, frequency or phase of the radio-fre-
quency output of a transmitter. Modulation is
normally employed for the purpose of transmit-
ting information. However, it may also occur in-
advertently, as in the case of “hum’ modulation
of a signal resulting from ripple in the output of
an insufficiently-filtered d.c. power supply.
Detection or demnodulation is the process of
extracting the information contained in the
modulation on a radio-frequency signal.
Attenuation is a reduction in amplitude.

22. What is the purpose of: a radio-fre-
quency choke; an audio-frequency choke;
a filter choke?

The purpose of a radio-frequency choke is to
oppose the flow of radio-frequency current while
permitting direct current and audio frequencies
to flow without appreciable opposition.

The purpose of an audio-frequency choke is
to oppose the flow of audio-frequency currents
while permitting direct current to flow.

The purpose of a filter choke is to aid in
smoothing the direct-current output of a rectifier.
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23. How is the actual power input to the
tube or tubes supplying energy to the an-
tenna of an amateur transmitter deter-
mined?

The input power is determined by measuring
the direct-current plate voltage and the d.c. plate
current to the tube or tubes in the final stage in
the transmitter. The power input is equal to the
plate voltage multiplied by the plate current in
amperes. Ezample; Two tubes in the final stage
of the transmitter take 50 milliamperes each, at
a plate voltage of 500 volts. The total plate cur-
rent is 2 X 50 =100 milliamperes, or 0.1 ampere.
The power input is therefore 500 X 0.1=50
watts.

24. Why are a rectifier and filter required
in the plate power supply system of an ama-
teur transmitter when operated from alter-
nating current?

The amateur regulations require that an ade-
quately-filtered plate supply be used on trans-
mitters operating below 144 Mc. The rectifier
is used to convert the alternating current into
direct current. However, its d.c. output is pul-
sating, not constant, and the filter must be used
to smooth out the pulsations so that the out-
put is essentially ‘‘pure’” — that is, free from
pulsations or ‘“‘ripple.”’

25, What is a frequency multiplier?
A frequency multiplier is a device that delivers
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output at an integral multiple (i.e., 2, 3, 4 times,
ete.) of the applied frequency. The output of a
frequency multiplier is consequently on a fre-
quency that is a harmonic of the fundamental
(applied) frequency.

26. What are the undesirable effects of
overmodulation in radiotelephony?

Overmodulation results in the generation of
spurious sidebands — that is, frequencies lying
outside the band of frequencies or ‘channel”
actually required for transmitting the informa-
tion contained in the modulation. These spurious
frequencies, called “splatter,” will interfere with
communication on near-by channels and may
even lie outside an amateur band. At close range
they may also cause interference with broadcast
reception.

27. What is meant by a ‘‘parasitic’’ oscil-
lation?

A parasitic oscillation is one not essential to
the operation of the equipment and usually oc-
curring on a frequency considerably removed
from the operating frequency.

28. What is the purpose of a ‘‘key-click
filter’’ and when should it be used?

The purpose of a key-click filter is to reduce
spurious radiation generated when keying a ra-
diotelegraph transmitter. It should be used when-
ever required for suppressing such spurious
radiations.

(The receiving code test for the Novice Class license consists of 25 five-
letter words, mostly common ones. No punctuation marks or numerals
are included. To pass, the applicant must copy at least 25 consecutive
letters accurately. In the sending test, numerals and simple punctuation

marks may be included.)




CHAPTER 3

The Technician License

OR THE purpose of encouraging a greater in-

terest among would-be amateurs in experi-

mentation on and development of the higher
radio frequencies, the Federal Communications
Commission has established, effective July 1,
1951, a Technician Class of amateur license.

Any citizen of the United States may apply.
The requirements are the standard written ex-
amination on theory and regulations, and a code
test in sending and receiving at the rate of 5 words
per minute. Since an amateur radio license is
necessary to operate all forms of radio controlled
models, the Technician Class license should be of
special interest to those hobbyists interested in
radio control of airplanes, boats and cars.

The privileges available to the Technician are
all those amateur privileges above 220 Mc., using
any type of emission permitted in the band in
which he is operating. The frequency bands open
to the Technician licensee are:

220-225 megacycles

420-450 megacycles
1215-1300 megacycles
2300-2450 megacycles
3300-3500 megacycles
5650-5925 megacycles
10,000-10,500 megacycles
21,000-22,000 megacycles
30,000 megacycles and above

The following types of emission are permitted
in these bands:

A-0 Steady unmodulated pure carrier

A-1 Telegraphy on pure continuous wave

A-2 Amplitude tone-modulated telegraphy

A-3  Amplitude-modulated telephony

i Peak antenna power must not exceed 50 watta.

A4 Facsimile
A-5 Television (except in 220-225 Mec.)

In addition, frequency modulation may be used
on the above bands and pulse emission employed
on the indicated frequencies above 2300 Mec.

Examinations for the Technician Class license
may be taken at any of the regular FCC examin-
ing points mentioned in Chapter 1. In addition,
if the applicant lives more than 125 miles from
the nearest examining point at which examina-
tions are conducted not less than four times
yearly, or if he is physically disabled, or if in the
military services and unable to appear at the
regular time, he may take the examination by
mail. The procedure is outlined in Chapter 5.

If the Technician later applies for a General
Class license, he will get credit for the written
examination if he originally passed it in person
before an FCC examiner, but will not get
credit if his exam was taken by mail. Of course,
if a Technician wants “standard’’ amateur priv-
ileges and is eligible for a mail examination, he
may take the Conditional Class exam by mail and
receive the same privileges.

A Technician may operate any other amateur
radio station licensed by FCC so long as that sta-
tion is operated in the amateur bands above 220
Me.

The written examination for the Technician
license is identical to that for the General Class.
Therefore, the sample question-and-answer ma-
terial in Chapter 4 is directly applicable.

The term of the Technician Class license is five
years, and it may be renewed upon proper appli-
cation provided you can show the required proof
of operating activity.
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CHAPTER 4

The General Class

License

ue General Class license might be termed
Tthe “standard” amateur license. It was for-

merly known as Class B. It requires the pass-
ing of a code test at a rate of 13 words per minute,
both sending and receiving, and of a written ex-
amination in basic theory and regulations. It con-
veys all amateur privileges except the right to use
voice in the “restricted’”’ ’phone bands of 3800-
4000 and 14,200-14,300 ke.

Applicants for the General Class license must
take the examination before an FCC representa-
tive at any one of the points mentioned in Chapter
1. If an applicant lives more than 125 miles airline
from a quarterly examination point, or is phys-
ically disabled, or in military service and unable
to appear, he is eligible to take the examination
by mail but in that event he is issued a Condi-
tional Class license, which conveys exactly the
same privileges. (See Chapter 5.) A holder of a
General Class license applying for a higher grade
will receive credit for any portions of the higher
class license requirements which were originally
passed for his General Class privileges, but the
holder of a Conditional Class license gets no such
credit and has to go through the entire exam as
required.

The term of the General Class license is five
years. It may be renewed upon proper applica-
tion provided you can show the required proof of
operating activity. This of course is in the new
terms of either 2 hours operating time during the
last 3 months, or 5 hours operating time during
the last 12 months, of the license term — rather
than the three c.w. contacts previously required.
It is also necessary to affirm that you can send
and receive code at a rate of at least that speed
originally required for the class of license being
renewed — in this case 13 words per minute.

A General Class licensee may operate any FCC-
licensed amatcur station — his own or a friend’s
— on any amateur frequency and with any type
of emission permitted under the regulations ex-
cept the use of voice in the bands 38004000 and
14,200-14,300 ke., which privileges are restricted
to holders of the Advanced and Amateur Extra
Class licenses.

A General Class license is one of the three ama-
teur grades (the other two being Advanced and
Amateur Extra Class) whose holders are per-
mitted to conduct and supervise the code test —
and the written examination as well, if the holder
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¢ The sample questions and answers in
this ehapter are those eovering examina-
tion elements 2 — basie amateur prae-
tice — and 3B — general regulations.
‘These elements, as a single writlen
examination, are required not only for
the General Class lieense but also for the
Teehnieian and Conditional Classes.
‘They are also required for the two higher
classes of lieense — Advanced and Ama-
teur Extra Class, if eredit therefor does
not already exist by virtue of having
passed them before an FCC examiner in
connection with a eurrently-held license
of lower grade.

is more than 21 years of age — for the several
classes of license which may be sought by mail
examination under eertain conditions. (See Chap-
ter 5.)

The written examination for the General Class
license covers both lilement 2 — basic amateur
practice —and Element 3B — general regula-
tions. It is a *““combined” examination and is
graded as a unit, 74 per cent being the required
passing grade. The exam consists of about 50
questions, mostly of the “multiple-choice” type
explained in Chapter 1, but including also
some diagrams. Approximately two-thirds of
the questions are on technical subjects; the
remainder concern themselves with amateur
regulations.

The following sample questions are not those
on the actual examination, but indicate the nature
of questions which will be asked and cover the
field sufficiently so that if you are able to answer
each one shown here, you need have no fear of
passing the written portion of the exam. As can
be scen from an inspection of the questions, they
cover a ‘‘sampling” in cach of the numerous
technical and regulatory ficlds. As for all amateur
written examinations, we recommend additional
supplementary study, in this case the appropriate
chapters of The Radio Amateur’s Handbook and
of the actual amateur regulations printed in
Chapter 10 of this booklet. For the latter purpose,
answers to sample questions dealing with regula-
tory matters include references to the section
number of the specific amateur regulation cover-
ing.
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Questions and Answers Covering

Examination Element 2 -

Basic Amateur Practice

and

Examination Element 3B — General Regulations

1. Name the basic units of electrical re-
sistance, inductance, capacitance, current,
electromotive force or potential difference,
power, energy, quantity, magneto-motive
force, and frequency.

The unit of electrical resistance is the ohm.

The unit of inductance is the henry.

The unit of capacitance is the farad.

The unit of current is the ampere.

The unit of electromotive force or potential
difference is the volt.

The unit of power is the watt.

The unit of energy is the joule.

The unit of quantity is the coulomb.

The unit of magneto-motive force is the gilbert.

The unit of frequency is cycles-per-second or,
simply, cycles.

2. Name the instruments normally used
to measure (a) electric currents; (b) poten-
tial difference; (c) power; (d) resistance;
(e) frequency.

(a) Electric current is measured by an am-
meter; (b) potential difference by a voltmeter;
(c) power by a wattmeter; (d) resistance by an
ohmmeter; and (e) frequency by a frequency-
meter.

3. How may plate power input of an am-
plifier be determined when the plate voltage
and plate current are known?

The plate power input of an amplifier in watts
is equal to the product of the plate voltage in
volts and the plate current in amperes.

Note: For example, the power input to an am-
plifier operating at a plate voltage of 1000 volts
with plate current of 125 milliamperes (0.125
ampere) would be 125 watts.

4. Explain the purpose of using a center-
tap return connection on the secondary of a
transmitting tube’s filament transformer.

A center-tap return connection for the grid and
the plate circuit is provided on the secondary of a
transmitting tube’s filament transformer to pre-
vent modulation of the emitted wave by the
alternating-current filament supply.

5. If the high-voltage secondary of a plate
transformer were changed from a full-wave
center-tapped to a bridge rectifier connec-
tion, what would be the relative voltage and
current output ratings as compared to those
for the full-wave center-tapped connection?

With the bridge connection the output-
voltage rating would be double while the current
rating would be half that for the center-tapped
connection. In consequence, filter condensers of
twice the voltage rating would be required for the
bridge connection, while the filter choke might
have one-half the current rating for full output.

6. Why is it advisable to use a plate power
supply for the oscillator of a transmitter
separate from the final amplifier plate power
supply?

It is advisable to use a separate plate power
supply for the oscillator because frequency mod-
ulation of the emitted carrier is likely to occur
with a power supply common to the oscillator and
other stages of the transmitter — because of
plate-voltage variations with changing load.

7. How does a swinging choke operate to
improve the voltage regulation of a plate-
supply filter system?

The swinging choke provides increased in-
ductance with decreasing load current thus tend-
ing to keep the output voltage constant with
varying load.

8. Why is full-wave rectification generally
preferable to half-wave rectification in a
power supply?

Full-wave rectification is generally preferable
because the output is easier to filter as a conse-
quence of the higher ripple frequency.

9, What are the relative advantages and
disadvantages of mercury-vapor and high-
vacuum rectifiers of equivalent filament
ratings?

The mercury-vapor rectifier has a lower inter-
nal voltage drop of nearly constant value, along
with a relatively high current rating. However,
the mercury-vapor rectifier also has a critical
inverse peak voltage rating and a critical peak-
current rating which must not be exceeded in
operation. Because of the critical peak-current
rating it is not advisable to use mercury-vapor
type tubes with condenser-input filters. On the
other hand, while the high-vacuum type rectifier
has a greater internal voltage drop, the inverse
peak-voltage rating is limited only by the insula-
tion within the tube and it does not have a critical
peak-current rating, so that it may be used safely
with a condenser-input filter.
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10. What are the principal output-voltage
ripple frequencies with half-wave and full-
wave single-phase rectifiers, in terms of the
a.c. supply frequency?

With a half-wave rectifier, the principal output
ripple frequency is equal to the alternating-
current supply frequency; while with a full-wave
single-phase rectifier the principal output ripple
frequency is twice the a.c. supply frequency.

11. What is the principal reason for using
a filter in a plate power-supply system?

The principal reason for using a filter in a plate
power-supply system is to smooth out the a.c.
ripple component in the output and make it
‘“pure d.c.”

12. What would be a suitable type and the
approximate capacitance of the fliter con-
densers in a typical 1000-volt transmitter
plate-supply system?

Suitable types of filter condensers would be
paper, oil-filled, or pyranol types of 2- to 4-ufd.
capacitance with a working voltage of more than
1000 volts.

13. What would be the visible operating
results of a short-circuited filter condenser
in a plate power supply with an unfused
primary circuit?

With high-vacuum type rectifier tubes the
plates would become red hot, while with mercury-
vapor rectifiers the normal bluish-green glow
would become considerably brighter.

14. Why should a fuse be used in the
transformer primary circuit of a power-
supply system?

A fuse should be used in the transformer
primary circuit to prevent damage to the power
supply from overload.

15. Why is a bleeder resistor connected
across the output circuit of a high-voltage
power-supply system?

A bleeder resistor is used to give better voltage
regulation by providing a minimum fixed load on
the power supply.

16. What would happen if the primary of
a 60-cycle power supply was connected to
mains carrying continuous direct current?

With d.c. applied, excessive current would flow
in the primary winding of the power transformer.

17. What is the principal advantage of a
screen-grid type r.f. amplifier tube over a
triode of equal output rating?

The principal advantage of the screen-grid
type tube is that it does not require an external
neutralizing circuit because the screen-grid re-
duces the effective capacitance between the con-
trol grid and plate to a very small value,
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18. What tube rating indicates the maxi-
mum safe heat radiation capability of the
anode of a vacuum tube?

The maximum safe heat radiation capability of
the anode is indicated by the ‘‘maximum plate
dissipation” rating, expressed in watts.

19. In the classification of tubes according
to the number of elements, how many grids
has each of the following types: (a) diode;
(b) triode; (c) tetrode; (d) pentode; (e)
heptode?

(a) Diode, no grid; (b) triode, one grid; (c)
tetrode, two grids; (d) pentode, three grids; (e)
heptode, four or five grids, depending upon the
type.

Note: For each type, with the possible excep-
tion of the heptode, the number of grids is two
less than the total number of elements in the tube
as indicated by the general type name. The diode
has two elements; the triode, three elements; the
tetrode, four elements; the pentode, five ele-
ments; and the heptode, seven elements.

20. Describe the adjustment procedure
for proper neutralization in a radio-fre-
quency power amplifier using an r.f. indi-
cator coupled to the plate tank circuit.

The adjustment procedure for proper neu-
tralization is as follows: The plate voltage is first
removed from the tube or tubes of the stage to be
neutralized. This is an especially important pre-
caution, because the amplifier cannot be neu-
tralized with plate voltage applied. The input
and output circuits are then tuned to resonance
with the excitation frequency, as indicated by
maximum reading of the r.f. indicator coupled
to the plate tank circuit. The neutralizing con-
denser or condensers are then adjusted, while the
input and output circuits are tuned to resonance,
until the r.f. indicator shows that there is no r.f.
power in the plate tank circuit.

21. Why 1s it necessary to neutralize a
triode radio-frequency power amplifier oper-
ating with input and output circuits tuned
to the same frequency?

The triode r.f. amplifier must be neutralized
to prevent self-oscillation.

22. What undesirable effects may result
from operation of an unneutralized triode
r.f. amplifier in a transmitter?

Self-oscillation may result, with consequent
radiation on undesired frequencies, possibly out-
side an amateur band.

23. What undesirable effects result from
frequency-modulation of an amplitude-
modulated carrier wave?

Such unintentional frequency-modulation of
an &.m, signal causes spurious sidebands (“‘broad
signals’’) and unnecessary interference.
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24. What operating conditions would be
favorable for harmonic generation in a
radio-frequency doubler or frequency-mul-
tiplying amplifier?

Operating conditions encouraging harmonic
generation are high negative-grid bias, with
ample excitation, and a high-impedance plate
circuit tuned to twice the excitation frequency
(one-half the wavelength of the excitation volt-
age).

25. Where is link coupling applicable in
an oscillator-amplifier type transmitter?

Link coupling may be used between the oscil-
lator and buffer stage, between two r.f. amplifier
stages, or between the output stage and the an-
tenna coupling network.

26. What is the purpose of a Faraday
(electrostatic) shield between the output
circuit of an r.f. power amplifier and an-
tenna coupling system?

A Taraday (electrostatic) shield is used to re-
duce undesirable harmonic transfer and radiation
which otherwise might result from capacitive
coupling.

27. What are the output circuit condi-
tions for obtaining optimum power output
from a radio-frequency amplifier?

Optimum power output is obtained when the
output circuit impedance is matched to the rated
tube load impedance.

Note: Optimum power output is the maximum
power obtainable with reasonably good efficiency
and reasonable small distortion (low harmonic
content).

28. In which stage of a transmitter is an
amplifier of high harmonic output least
desirable?

An amplifier of high harmonic output is least
desirable in the output stage of a transmitter be-
cause radiation of spurious harmonic frequencies
may result, especially when the tank circuit is
directly coupled to the antenna system.

29, What are the relative plate current in-
dications for resonance and off-resonance
tuning of the plate tank circuit of a radio-
frequency power amplifier?

The plate current is minimum at resonance
and rises suddenly to an excessive value at off-
resonance tuning.

30. What are the advantages of a push-
pull r.f. power amplifier output stage as
compared to a single-ended stage of the
same power?

One advantage of a push-pull r.f. amplifier is
that even harmonics of the excitation frequency
are suppressed by cancellation in the output cir-
cuit. Another is that more complete neutraliza-
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tion usually can be obtained than with a single-
ended amplifier.

31. A 2000-kc. low-drift crystal having a
negative temperature coefficient of 5 cycles
per megacycle per degree Centigrade is
started in operation at 40 degrees Centi-
grade. If the temperature-frequency char-
acteristic is linear, what will the oscillation
frequency be at a temperature of 60 degrees
Centigrade?

The oscillation frequency at 60 degrees Centi-
grade is 1999.8 ke.

Note: “‘Negative temperature coefficient”
mcans that the oscillation frequency decreases
with rise in temperature. ‘5 cycles per mega-
cycle” means 5 cycles per megacycle of the speci-
fied calibration frequency of the crystal (in other
words, 5 parts per million). 1 Mc. = 1000 ke.
The total frequency decrease is therefore 5 X 2 X
(60 — 40) = 200 cycles = 0.2 kec. The final
oscillation frequency is therefore 2000 ke. —
0.2 ke. = 1999.8 ke.

32. A low-drift crystal for the 3500-4000 kc.
amateur band is guaranteed by a manu-
facturer to be calibrated to within 0.04% of
its specified frequency. Desiring to operate
as close to the lower band limit of 3500 kc.
as safely as possible, for what whole-number
kilocycle frequency should you order your
crystal, allowing 1 kc. additional for varia-
tion from temperature and circuit con-
stants?

The crystal should be ordered for a frequency
of 3503 ke.

Note: The formula for calculation of the pre-
cise crystal frequency for operation as near as
possible to the low-frequency end of a band is

+k

_ N1
fa=772

n
where fx is the crystal frequency
fL is the lower band-limit frequency
n is the calibration tolerance, expressed
as a decimal
k is the frequency range allowed for
temperature and circuit variation.
In this case,

3500 3500
= = = 3501.4
fx 1-0.0004‘“ 0.9996+1
+ 1 = 3502.4 ke.

The nearest whole-number kilocycle frequency
safely inside the band for the specified tolerance
with the additional allowance of 1 ke. is therefore
3503 ke. (not 3502 ke.)
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33. In the circuit diagram below, what is
the value of the bias voltage? What is the
value of the bleeder resistance, R;?

..@___

@5
o
+

The bias voltage, E., is 3 volts.

The value of the bleeder resistance, R, is
40,000 ohms.

Note: The cathode current is the same as the
plate current.

Hence, I = 10 ma. = 0.01 amp.
By Ohm’s LB,W, Eo = Ie Rl = 0.01 X 300 =
3 volts.
E, 200
Als Ohm'sLaw, Ry = 2 = —— =
so by Ohm’s Law, R To = 0.005 40,000
ohms

where [y is the bleeder current = 5 ma. = 0.005
amp.

34. A certain 1750-kc. Y-cut
quartz crystal has a positive
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crystal frequency for operation as near as possible
to the high-frequency end of the band is

fo__,
1+n
where fy is the crystal frequency
fu is the upper band-limit frequency
n i8 the calibration tolerance, expressed
as a decimal
k is the frequency allowance for tem-
perature and circuit variation.
In this case,

_ 4000
"~ 1.0004

The nearest whole-number kilocycle frequency
safely inside the band for the specified tolerance
and additional frequency allowance is therefore
3997 ke.

fx=

Jx — 1 = 3998.4 — 1 = 3997.4 ke.

36. Draw a schematic diagram of a full-
wave single-phase power supply using a
center-tapped high-voltage secondary with
a filter circuit for best regulation, showing a
bleeder resistor providing two different out-
put voltages and a method of suppressing
‘‘hash’” interference from the mercury-
vapor rectifier tubes. Give the names of the
component parts and approximate values of
filter components suitable for either ama-
teur radiotelephone or radiotelegraph opera-
tion.

temperature coefficient of 125 Ral

cycles per degree Centigrade [ ) Swinging  Smoothing

and is started in operation at 5, f 53 e L

40 degrees Centigrade. If the AL Vo

temperature-frequency char- 300ma. | 300 ma.

acteristic is linear, what will o— AN TN

the ‘oscillation frequency be at !5V.AC 1500V, | Conds [1500V. 5 geagsrn

o—— < £

a temperature of 60 degrees { T 3£ ..

Centigrade? L 3o
The final oscillation frequency is e ’I‘faﬁ,‘np,;_’_@;

1752.5 ke. €,=C,and L,=L, are buffer : HY.

Note: “Positive temperature co-
efficient” means that the oscilla-
tion frequency increases with rise
in temperature. The total change
in temperature is 60° — 40° = 20° C. The total
frequency increase is therefore 125 X 20 = 2500
cycles per second, or 2.5 ke. The final oscillation
frequency is 1750 ke. + 2.5 ke. = 1752.5 ke.

35. For what frequency should you order
your crystal for operation as close as safely
possible to the upper band limit of 4000 kc.,
with the same calibration accuracy and
allowance given in Question 32?

The crystal should be ordered for a specified

frequency of 3997 ke.
Note: The formula for calculation of the precise

condensers and chokes to
suppress rectifier *hash.”

(Q 36)

37. What is the principal purpose of using
door interlock switches on a transmitter?

Door interlock switches are used on a trans-
mitter to prevent the operating personnel from
accidentally being shocked by dangerous high
voltages.

38. What is the usual means for protect-
ing amateur station equipment from dam-
age by charges of atmospheric electricity on
the antenna system?

The usual means for protecting amateur sta-
tion equipment is an antenna grounding switch.
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39. Draw a simple schematic diagram of
a plate-neutralized final r.f. stage using a
triode tube coupled to a Hertzian antenna,
showing the antenna system and a Faraday
screen to reduce harmonic radiation.

Hertz Ant.

Faraday
Shield

e
il

R.E Choke

Tuned
Feeders

(Q 39)

40. Draw a simple schematic diagram of
a half-wave rectifier with a filter which will
furnish pure d.c. at highest voltage output,
showing filter condensers of unequal capaci-
tance connected in series, with provision for
equalizing the d.c. drop across the different
condensers.

Stoothing

R, Vollage-drop
Equalizing Resistors

-l- Condenser-
" input Filte

(Q 40)

Link
Coupling

(Q 43)
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41. What is a safe procedure for remg ng
an unconscious person from contact with a
high-voltage circuit?

The safe procedure is first to open the main
switch of the high-voltage power supply and then
remove the victim from contact with the high-
voltage circuit. No direct contact should be made
with any part of the victim’s body until the high-
voltage switch has been opened.

42, Draw a simple schematic diagram of
a piezoelectric crystal-controlled oscillator
using a pentode vacuum tube, indicating
polarity of electrode supply voltages where
externally connected.

o
Output
i

AC.Fil. Supply -B +5G 4B
(@ 42)

Note: The circuit for a tetrode (four-element)
tube would be the same except that the suppres-
sor grid would be omitted. For a triode oscillator,
both the suppressor and screen grid would be
omitted, as would also be the screen-grid supply-
voltage terminal indicated on this pentode dia-
gram.

43. Draw a simple schematic diagram of
two r.f. amplifier stages using triode tubes,
showing the neutralizing circuits, link cou-
pling between stages and between output
and antenna system, and a keying connec-
tion in the negative high-voltage lead in-
cluding a key-click filter.

A1
T~

-C +C

+
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44. Using a frequency meter with a pos-
sible error of 0.75%, on what whole-number
kilocycle frequency nearest the high-fre-
quency end of the 3500-4000-kc. amateur
band could a transmitter safely be set?

The frequency is 3970 ke.

Note: The formula for precise calculation of
the frequency indicated by the meter is

fu
fe=17m

where f; is the indicated frequency

Ju is the upper band-limit frequency

n is the specified percentage error, ex-
pressed as a decimal.
In this case,

4000

= 3000 3970.2 ke.
Too75 =~ 29702 ke

Jx

45. Using a frequency meter with a pos-
sible error of 0.75%, on what whole-number
kilocycle frequency nearest the low-fre-
quency end of the 7000-7300-kc. amateur
band could a transmitter safely be set?

The frequency is 7053 ke.

Note: The formula for precise calculation of
the frequency indicated by the meter is

ik

l1—n

where fy is the frequency indicated by the meter
fi is the lower-limit frequency of the band
n is the specified percentage error, ex-
pressed as a decimal.
In this case,
7000 7000
fx =

=T= 0007 — 09025 — (0029 ke.

46. Draw a schematic diagram of a pen-
tode audio power-amplifier stage with an
output coupling transformer and load re-
sistor, showing suitable instruments con-
nected in the secondary for measurement
of the audio-frequency voltage and current,
and naming each component part.

Audio-

A . Votimeler
7= (Rect.-type)
oad

Resistor

(Q 46)
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47. Draw a schematic diagram of a filter
for reducing amateur interference to broad-
cast reception consisting of (1) a series-
tuned circuit connected in shunt with the
b.c. receiver input to by-pass the interfering
signal and (2) a parallel-tuned (trap) circuit
in series with the receiver input to reject
the interfering signal.

Ant.

To Rec.

Ant, Past

Paralle!-tuned
(trap) circuit

Series-
funed
circuit

To Rec.
To Rec.
Ground Ground
Post Post
-— Ground

(Q 47)

48. What radio messages have priority
over all other communications?

Distress calls and distress communications
have absolute priority over all other communi-
cations. Communications Act, Sec. 321(b).

49. What is the penalty for willful or ma-
licious interference with other radio com-
munications?

A fine of up to $500 for each day during which
the offense occurs, and suspension of operator
license. However, if the willful interference is to
distress communications, there may be added a
fine of up to $10,000 or imprisonment up to two
years, or both, and revocation of station license.

50. What is the FCC rule regarding emis-
sion of unmodulated carriers by amateur
stations?

Emission of an unmodulated carrier, Type A0
emission, i8 authorized for brief tests and adjust-
ments, for permissible remote control purposes
and for experimental purposes, but is otherwise
prohibited except in the band 26.96 to 27.23 Mec.
and on amateur bands above 144 Mec. [§12.111
and §12.134]

51. On what amateur bands is portable
operation permitted without prior notifica-
tion to the inspector of the district in which
such operation is contsmplated?

On all bands when the over-all period that the
station will be located away from the fixed loca-
tion is to be less than 48 hours. [$12.91(a)]
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52, When may third-party messages be
handled between amateur stations of differ-
ent countries?

Third-party messages may be handled be-
tween amateur stations of different countries
only when such exchange has been authorized
by special agreement between the countries con-
cerned.

53. What period of each hour shall be
used for making important initial calls
when a state of communication emergency
has been proclaimed by the FCC?

Initial emergency calls of course may be made
at any time, but during the first five minutes of
each hour during an emergency all other stations
on the 1750-2050 and 3500-4000-ke. bands are
obliged to listen for such calls, so that is the
most favorable period for attracting attention.
[§12.156(c)]

* 54. When does a state of emergency affect-
ing amateur communications become ef-
fective and when is it terminated?

When so ordered by FCC. [§12.156 and 12.156
(e)]

55. What amateur bands are affected and
what frequencies are reserved for emergency
calling when a state of communications
emergency has been proclaimed by FCC?

Amateurs should read and be familiar with all
the provisions of the emergency regulation,
§12.156. The amateur bands affected are the
17502050 kc. and the 3500-4000 kc. bands.
When an emergency has been proclaimed, these
bands may be used only for emergency commu-
nications, and all incidental calling, testing and
casual conversation are prohibited. Furthermore,
within these bands, the frequencics 2025-2050,
3500-3525 and 39754000 kc. are then reserved
for emergency calling.

56. On what frequencies may a licensee
holding Class B (General Class) amateur
privileges operate an amateur radiotele-
phone station?

On frequencies 26.96 to 27.23 Mec. and on all
authorized amateur frequencies above 28.5 Mc.
and below 2000 ke. [§12.111]

57. What is the FCC regulation regarding
transmission of music by an amateur radio-
telephone station for testing purposes?

It is prohibited. [§12.104]

58. What is the highest modulation per-
centage of an amateur radiotelephone trans-
mitter permitted by FCC regulations and
under what condition may it be employed?

One hundred per cent modulation is the highest
permitted, and then only when means have been
employed to insure that this percentage is not in
excess of the modulation capabilities of the trans-
mitter. [§12.133)
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59. What power input should an amateur
station use for a particular communication
when the maximum legal input is 1 kw.?

The minimum input necessary to maintain the
desired communication. {Communications Act,
§324]

60. On what amateur bands is portable
operation permitted only when prior notifi-
cation has been given to the FCC Engineer
in charge of the district in which such opera-
tion is contemplated?

Prior notification is required for operation on
any amateur band when the over-all period of
portable operation is, or is likely to be, in excess
of 48 hours away from the fixed location. [§12.91
()}

61. On what amateur bands is adequately-
filtered direct-current plate power supply
required for operation of an amateur trans-
mitter?

On all frequencies below 144 Mc. [§12.132]

62. On what amateur bands is adequately
filtered d.c. plate power supply not required
for operation of an amateur transmitter?

On all authorized amateur frequencies above
144 Me. [§12.132. See also list of said bands in
§12.111]

63. What is the maximum permissible
plate power input to the final stage of an
amateur transmitter and under what cir-
cumstances may it be used?

The maximum input permitted at any time is
1 kilowatt on all bands except 1800-2000 Kec.
and 420-450 Mec., where special restrictions apply
[See §12.111]. But this 1 kilowatt input on the
other bands may be used only when means are
provided for measuring it accurately; if accurate
measuring facilities are not available, the maxi-
mum permissible is 900 watts. [§12.131]

64. How would a short-circuited turn of
the coil affect the resonance frequency of a
tuned circuit, and why?

A short-circuited turn would increase the reso-
nance frequency of the tuned circuit because the
inductance would be reduced.

65. What is meant by the harmonic of a
fundamental frequency?

The harmonic of a fundamental frequency is a
frequency which is an integral multiple (2, 3, ete.,
times) of the fundamental frequency, the funda-
mental being considered the first harmonic. A
frequency twice the fundamental frequency is
the second harmonie, one three times the funda-
mental frequency is the third harmonie, ete. For
instanoe, the third harmonic of 4000 ke. is 3 X
4000 = 12,000 kc.
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66. What operating characteristics dis-
tinguish the electron-coupled type oscilla-
tor with regard to frequency stability?

The electron-coupled type oscillator generally
has better frequency stability with varying load
conditions and operating voltages than other
types of self-controlled oscillators, although it is
not so stable under all conditions as a crystal-
controlled type oscillator.

67. What circuit conditions will minimize
the harmonic components in the output
circuit of a given radio-frequency amplifier
stage?

Harmonic components will be minimized by
a large capacitance-to-inductance ratio in the
plate tank circuit, along with grid bias not
much greater than cut-off value and the mini-
mum excitation voltage for reasonably good
efficiency.
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68. Give the meanings of the following
Q" signals: QRK, QRM, QRT, QRX, QSA,
QSY, QSzZ. :

QRK: The readability of your signals is . . .
(1 to 5).

QRM: I am being interfered with.

QRT: Stop sending.

QRX: I will call you again at . . . hours (on
... ke

QSA: The strength of your signals (or those of
L. )is L. (1 to 5).

QSY: Change to transmission on another fre-
quency (or on . . . ke.).

QSZ: Send each word or group twice (or . . .
times).

69. What is meant by a ‘‘doubler’’ stage?

A “doubler” stage is a vacuum-tube circuit in
which the output circuit is tuned to twice or
double the frequency of the input circuit.
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The Conditional Class
License—Examinations

by Mail

s oUTLINED in Chapter 1, the Federal Com-
A munications Commission has an extensive
field organization of district offices at which
examinations for amateur licenses are given regu-
larly. Moreover, traveling examiners visit many
additional cities from one to four times each year
to conduct examinations for operator licenses.
However thorough this arrangement, it still leaves
many portions of the country at a considerable
distance from such points of examination. Espe-
cially in the case of amateur operators, who have
no pecuniary interest in radio, the requirement of
extensive travel would work a considerable hard-
ship. Therefore the Commission has made ar-
rangements whereby, under certain conditions,
applicants for new amateur licenses may take the
examination by mail. This chapter will detail the
conditions and the procedures.

The “standard” amateur license is the General
Class, personal appearance for examination being
required. However, the Commission also makes
the same privileges available through a mail
examination under certain conditions, in which
case the license is known as Conditional Class.
Under similar conditions, mail examinations are
permitted for the Novice and Technician classes
as well. Mail examinations, in lieu of personal
appearance, are provided for the Conditional,
Novice and Technician Classes of license when
the applicant:

a) lives more than 125 miles airline from the
nearest city at which FCC conducts examinations
four times yearly, or oftener, and proposes to set
up his amateur station at his residence or some
other point similarly outside such a 125-mile
radius; or

b) is unable to appear for examination because
of physical disability, and his inability to travel
is substantiated by a physician’s certificate; or

¢) is unable to appear for examination because
of military service, and so certified by his com-
manding officer.

These examinations by mail are also available
to applicants in Alaska outside Juneau or An-
chorage, in the Virgin Islands, and in Hawaii out-
side Oahu.
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¢ Examinations for some classes of ama-
teur license may be taken by mail under
certain conditions of inability to travel
to an examining peoint, or when the
travel distance is considerable. This
chapter details the proeedures and con-
ditions under which examinations may
be taken by nail for the Novice, T'ech-
nician and Conditional Class licenses.

Examination Procedure

So if, for example, you live more than 125 miles
airline from any of the 61 quarterly examining
points mentioned in Chapter 1, write the FCC
Engincer-in-Charge of the district in which you
live. Tell him in what class of license you are in~
terested, and ask for an amateur operator and
station application blank and for the mail ex-
amination papers for that class. He will send you
the application form, and a sealed envelope con-
taining a set of examination questions, and de-
tailed instructions as to procedure. Before doing
anything else read the instructions carefully. It is
very important that you follow each step closely.

Now, as part of the examination you have to
have yourself examined in code speed by some
licensed operator with whom you have made an
arrangement to that effect. He must either be
the holder of a General, Advanced or Amateur
Extra Class license or must have held within five
years a license as a commercial radiotelegraph
operator or must have been employed within five
years as a radiotelegraph operator in the service
of the United States. Sce §12.44. You will also
have to provide yourself with a witness who will
open the envelope of questions and certify that
you wrote out the answers without assistance.
This may be the same person who gives you your
code test, or someone else, but that person must
be at least 21 years of age. If you do not know a
licensed operator in your vicinity, communicate
with the nearest radio club or write your ARRL
Section Communications Manager (directory in
front of every issue of the League's magazine



QST), or ask the FCC Engineer to designate
someone in your vicinity. You must know the
name of your examiner-witness before filling out
the application. There is, in fact, a specified sc-
quence: first you fill out Form 610 (the applica-
tion) which includes the data on the examiner and
witness, and then you swear to it before a notary.
Next you get your code examiner to give you
your code test and to fill out and certify a state-
ment of your code speed, for which a space is
provided on the application form. Then, and only
then, are you ready for the written examination.
If you do not pass the code test, you must return
the examination envelope unopened, and wait a
month before trying again, during which you do
some more studying. But if your code speed test
was passed successfully, and the certification ac-
complished, your witness may then open the
sealed examination envelope. He examines it and
sees that it consists of a number of sheets of
paper, bearing the examination questions. He
hands these to you. You proceed to the answering
of the questions. Your witness must remain con-
stantly present, and at the conclusion sign a
certification that he opened the envelope and
that you wrote out the answers in his presence
and without assistance from any source. There is
space for this also on the application form. Then
you put both the application form and the ex-
amination sheets in the envelope provided, and
mail them. If you have passed, your license will
come to you in a few weeks, If you have failed
(you will be notified but will not be told on what
questions you failed) don’t be too discouraged —
study some more for the examination and after
another month or so try it again.

If, after failing either the code test or the writ-
ten examination, a mail applicant is willing to
take his chances on personal examination before
an Engineer, he does not have to wait thirty days
from the time of his failure but can go up for the
examination as soon as he wants to — even the
next day.

The written examinations, as well as the code
test, are identical with those which would be
taken for the particular class of license if you
made a personal appearance. Therefore the study
material in the other chapters of this booklet is
directly applicable.
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Special Conditions

Until reeently there were two situations under
which the holder of a Conditional Class license
was required to appear at an examining point
and take the General Class examination, or for-
feit his license. These were:

a) When the licensee changes his address to a
new location which is within 125-miles airline of
one of the quarterly examining points.

b) When the Commission establishes a new
quarterly examining point whose new 125-mile
circle includes the Conditional Class licensee.

Iowever, under new rules this requirement is
abolished and a Conditional Class licensce, like
the Novice and Technician, may move freely
about without ever being concerned whether
they have moved into one of the 125-mile circles,
or whether FCC has established a new examin-
ing point near them,

It should be further noted that if 4 Conditional
Class licensee under any circumstances violates
the regulations or otherwise incurs the official dis-
pleasure of FCC, he may be called upon to jour-
ney to the nearest examining point, even though
it be many hundreds of miles away, to be given
the General Class examination or lose his ticket.
This situation might arise, specifically, if the
Conditional Class licensee should be cited under
Sections 12.152, 12,153 and 12.154 of the amateur
rules; in that case FCC might call him in for
personal examination,

No credit towards higher classes of license
accrues to holders of amateur tickets issued on
the basis of mail examinations. For example, if a
Conditional Class licensee with two years of ex-
perience should wish to apply for the Amateur
Extra Class license he of course must not only
appear for personal examination but must again
pass the same examination elements which he
has previously passed in connection with his
Conditional Class license.

The Conditional Class license conveys priv-
ileges identical to those of the General Class —
that is, operation on any authorized frequency
band and with any authorized type of emission
for such band except the right to use voice in the
“restricted” bands 38004000 and 14,200-14,300
ke.
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The Advanced Class

License

OR MANY years it has been the custom of the
FUnit,ed States, and other countries as well, to

require the demonstration of special qualifica-
tions before permitting an amateur to use voice
communication in the more-heavily-populated
bands at 3.5 and 14 Mc. No additional code speed
test is presently required, but the applicant must
have been an amateur of the Conditional or Gen-
eral Class for a year and must pass an examina-
tion in advanced amateur telephony. This license
isknown as the Advanced Class license. It conveys
authorization to use voice in the bands 3800—4000
ke. and 14,200-14,300 kc. It was formerly called
“Class A.”

The examination for Advanced Class is given
only upon personal appearance. For most of us,
this means a trip to appear in person before an
examining officer at one of the examining points
listed in this booklet. Applicants in Alaska may
either make an appointment with the Engineer
at Juneau (P. O. Box 1421) or with the FCC
representative at Anchorage (P. O. Box 644) or
they can make arrangements with the Signal
Corps or Coast Guard to secure the sealed en-
velope for this examination from the Engineer
and administer the test., In Guam, the Naval
District Communications Officer is authorized to
give the examination.

To be eligible to apply, you must have had at
least one year’s experience as an amateur op-
erator, holding a class of license other than Nov-
ice or Technician, issued by the Federal Commu-
nications Commission. In other words, license-
holding before 1934 will not count since licenses
were then issued by the Federal Radio Commis-
sion, and before that, the Department of Com-
merce. If you currently hold a General Class
license, you will have to pass only the Advanced
Class written examination, consisting of about
forty questions dealing mainly with amateur
radiotelephony. If you currently hold a Condi-
tional Class license, you will have to take the
13-w.p.m. code test, General Class written exam,
and Advanced Class written exam, since credit
is not allowed for licenses issued on the basis of
a mail examination. If you currently hold a
Technician license issued after personal appear-
ance before an FCC examiner (and on the basis
of previously-held licenses qualify for the one
year of experience) you get credit for the written
exam and need to pass only the code test and the
Advanced written exam.

e As part of the revision of the amatcur
license structure by the Federal Com-
munications Commission, after Decem-
ber 31, 1952, the Advanced Class license
will no longer be available. Aspirants for
unlimited amateur *phone privileges will
have to obtain the Amateur Extra Class
license. (See Chapter 7.) However, hold-
ers of Advanced Class licenses may renew
them so long as they can comply with
renewal requirements.

Licenses of the Advanced Class may be re-
newed if the applicant meets the requirements
outlined in Chapter 1, but licenses of this class
will not be issued to new applicants after Dccem-
ber 31, 1952. After that date, it will be necessary
to seek the Amateur Extra Class license (sec next
chapter) for unlimited 'phone privileges. For pur-
poses of renewal, present holders of “Class A"
privileges should consider themselves already
Advanced Class licensees.

In order for an amateur station to operate with
voice emission in 3800—4000 or 14,200-14,300 ke.,
the station must be licensed to an Advanced
Class (or Extra Class) operator and must also be
operated by an Advanced Class (or Extra Class)
operator. If you hold an Advanced Class license
of course you may operate your own station freely
in these bands; but you may not permit an ama-
teur holding any other class of license (except
Amateur Extra Class) to operate your station in
those bands, nor can you visit the station of an
amateur holding any other class of license (except
Amateur Extra Class) and operate it in those
bands.

The Advanced Class examination resembles
other amateur written examinations in form,
consisting of questions mostly of the ‘‘multiple
choice” type but including also some requiring
simple calculations and others necessitating the
drawing of circuit diagrams. See our discussion of
this in Chapter 1. As with our sample questions
in earlier chapters, the following are not the
actual questions in the text hut are representa-
tive, and familiarity with them constitutes ade-
quate preparation. The applicant will also find
useful a study of theory in The Radio Amateur’s
Handbook, particularly the section dealing with
radiotelephony subjects.
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CHAPTER 6

Questions and Answers

Covering Examination Element 4(A) —

Advanced Radiotelephone

1. In the diagram:
(a) What is the d.c. plate voltage?
(b) What is the d.c. grid bias?
(c) What is the supply voltage?
(a) 75 wvolts.
(b) 7.5 volts.
(c) 82.5 volts.

—AAMAN——
B Supply ?
QN

Nots: The bleeder current through the 15,000~
ohm resistor is the difference between the total
supply current and the plate current, 30 ma. —
25 ma. = 5 ma. By Ohm’s Law, E = IR; the
voltage across this resistor is therefore 0.005 X
15,000 = 75 volts. This is the d.c. plate voltage
(voltage between plate and cathode).

The total supply current (plate current plus
bleeder current = 30 ma.) flows through the
250-ohm resistor. The drop across this resistor is
therefore 0.030 X 250 = 7.5 volts. This is the
d.c. grid bias voltage (voltage between grid and
cathode).

The supply voltage is the sum of the voltage
drops across the two resistors, or 75 + 7.5 =
82.5 volts.

2. What undesirable effects may result
from a self-oscillating buffer amplifier in a
transmitter?

Self-oscillation of a buffer amplifier may cause
the emission of spurious frequencies.

3. What type amplifier and class of opera-
tion is usually preferred for a frequency
doubler?

A single-ended type amplifier operating Class
Cis usually preferred.

4. Why is it advisable to use a separate
plate-power supply for the oscillator of a
multistage transmitter?

A separate plate-power supply for the oscilla-
tor minimizes plate-voltage variation and thus
provides a higher degree of frequency stability.

5. What is the most useful operating
characteristic of a ‘“‘push-push” type of
amplifier?

The principal output frequency is twice the
excitation frequency. Hence the “push-push”
type of amplifier, with the grids of two tubes
connected push-pull and the plates in parallel,
can be used as a frequency doubler.

6. What are the operating characteristics
of the electron-coupled type oscillator with
regard to frequency stability?

The electron-coupled type oscillator has better
frequency stability with varying supply voltages
and load conditions than other types of self-
controlled oscillators.

7. What circuit conditions will minimize
the harmonic components in the output of
an r.f. power amplifier?

A large capacitance-to-inductance ratio in the
plate tank circuit, along with relatively low grid
bias and the minimum excitation voltage neces-
sary for reasonably good efliciency, will minimize
harmonic output.

8. What is the principal disadvantage of
using a grid leak as the only source of bias
in a Class C r.f. power-amplifier stage?

Loss of excitation will cause loss of grid bias
and an increase in the plate current.

9. What are the relative merits of triodes
and screen-grid tubes as r.f. amplifiers?

Although triodes are generally more easily
loaded and are better adapted to plate modula-
tion, they require an external neutralizing circuit
to prevent feed-back and self-oscillation while
screen-grid tetrodes and pentodes normally do
not require neutralization because their internal
grid-plate capacitance is sufficiently reduced by
the screen-grid.

10. Show by a diagram the sinusoidal
modulation envelope of an amplitude-mod-
ulated wave:

(a) Modulated approximately 75%.
(b) Modulated 100%.
(c) Modulated more than 100%.
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11. Draw a diagram of a plate-neutralized
triode r.f. amplifier stage.

\
RE Input EE s ‘
T . Cond.
REBypass [ 7

-

-]
~C

g R.E Output

> R.F. Choke

+C-8
(Q11)

12. Draw a diagram of a coupling system
between two audio-frequency amplifier
stages, employing resistance elements.

Audio
Qutpul

>~ Grid

Plate
. S Resistor

Audio Resistor

Input

AAAAAA

Q1)

13. What are the principal reasons for
using a choke-input type filter in a power-
supply system employing mercury-vapor
rectifier tubes?

The principal reasons for using a choke-input
type filter are to obtain good voltage regulation
and to limit the peak current through the rectifier
tubes.

14. Would mercury-vapor or high-vacuum
type rectifier tubes of equivalent ratings be
preferable for a power supply in which fila-
ment and plate voltages must be applied
simultaneously? Give the reason for your
choice.

High-vacuum type rectifier tubes would be
preferable because plate voltage may be applied
safely without time delay for the filaments to
reach operating temperature.

15. What visible operating characteristic
di.tinguishes mercury-vapor rectifiers?

The mercury-vapor tubes show a bluish-green
glow when operating normally under load.

16. Why are mercury-vapor type rectifier
tubes more critical as to observance of anode
voltage rating than high-vacuum type rec-
tifiers?
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The mercury-vapor tubes have a critical peak
inverse voltage rating which must not be ex-
ceeded in operation, while with the high-vacuum
type rectifier the peak inverse voltage is limited
only by the insulation of the tube.

17. What advantage has a push-pull
audio-frequency amplifier over a single-tube
Class A amplifier of similar excitation re-
quirement and equal power output?

Even harmonics are not generated in the out-
put circuit of a properly balanced push-pull
amplifier.

18. What are the distinguishing operating
characteristics of a Class A type amplifier?

In a Class A amplifier the grid bias is adjusted
for operation over the linear range of the grid-
voltage plate-current curve so that the output is
a faithful reproduction of the input voltage wave
form. The average plate current remains con-
stant. The grid normally is not driven positive.
Hence the grid draws no current. The plate effi-
ciency is relatively low.

19. What improper operating conditions
are indicated by upward or downward fluc-
tuation of Class A amplifier plate current
when signal voltage is applied to the grid?
What correction should be made?

Upward fluctuation of Class A amplifier plate
current with excitation indicates excessive nega-
tive grid bias; hence, the grid bias should be de-
creased. Downward fluctuation of plate current
with excitation indicates insufficient negative
bias; hence, the bias voltage should be increased
to correct this condition.

20. Why is bias voltage generally necessary
on the grid of an audio amplifier tube, and
what is the principal result of improper
bias?

A negative grid-bias voltage is generally neces-
sary to obtain operation over the proper portion
of the grid-voltage plate-current characteristic
curve of the amplifier tube. Improper bias results
in distortion of the wave form in the output of the
amplifier.

21. What improper operating conditions
are indicated by grid-current flow in a Class
A amplifier?

Grid current flow in a Class A amplifier indi-
cates either excessive excitation voltage or low
negative grid bias, or a combination of both.

22. What is the principal advantage of a
Class B audio amplifier as compared to
other types?

Because of its higher efficiency at maximum
output and its low plate-power consumption
when idling, the Class B audio amplifier is more
economical of power than a Class A type ampli-
fier. Because of its relatively low distortion it is,
of course, preferable to a Class C audio amplifier.
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23. How should the average plate current
vary in a properly-designed and operated
amplitude-modulated radio-frequency
power amplifier?

The average plate current of the modulated
r.f. amplifier should remain constant with any
constant-carrier system, regardless of the method
of modulation.

24, What are the notable efficiency and
distortion characteristics of a Class B mod-
ulator employing two triodes in push pull?

The outstanding characteristic of the Class B
modulator is its high efficiency in combination
with relatively small distortion.

25. How do the excitation requirements of
a Class B modulator compare with those of
a Class A modulator having equal grid-
voltage swing?

The Class B modulator requires greater driver
power because the grids are swung considerably
positive and draw current on the excitation
peaks.

26. What would happen if the grid-bias
supply of a Class B modulator was suddenly
short-circuited?

The loss of grid bias resulting from the short
circuit would cause the plate current to jump to
an excessively high steady value and damage to
the tubes might result if the plate dissipation was
sufficient to cause the tubes to show abnormal
color.

27. What is the ratio of modulator audio
power output to Class C amplifier unmodu-
lated plate power input in a plate-modula-
tion system:

(a) With a sinusoidal signal?

(b) With a two-tone signal equivalent to

speech?

(a) 50% with sinusoidal audio power.

(b) Approximately 26% with a complex signal

equivalent to speech.

28. Define amplitude modulation.

Amplitude modulation is the process by which
the amplitude of the radio-frequency carrier wave
is varied in accordance with the amplitude of the
speech or other signal to be transmitted.

29. What are sideband frequencies?

Sideband frequencies are frequencies above and
below the carrier frequency, and equal to the sum
and difference of the modulation and carrier fre-
quencies, which are produced by the process of
modulation.

30. What radiotelephone transmitter op-
erating deficiencies might be indicated by
downward deflection of the antenna r.f.
current meter during modulation of the
final r.f. amplifier?
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Downward deflection of the antenna r.f. am-
meter might indicate insufficient r.f. excitation to
the modulated r.f. stage, inadequate filament
emission in the tubes of the modulated r.f. ampli-
fier, or very poor voltage regulation of a power
supply common to both modulator and r.f.
amplifier.

31. Draw a schematic diagram of a com-
bination heterodyne frequency meter and
monitor.

RF i
Cond ™ RE Potp

ELECTRON-COUPLED OSC.

DETECTOR

S )
S
S
d -
Fil.

Supp.

Bandspread
Tuning Cond.

@

32. Draw a simple schematic diagram of a
peak modulation monitor which will in-
dicate when 100% modulation occurs or is
exceeded
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33. Using a frequency meter with a possi-
ble error of 0.75%, on what whole-number
kilocycle frequency nearest the low-fre-
quency end of the 14,000-14,400-kc. band
could a transmitter safely be set?

The whole-number kilocycle frequency nearest
the low-frequency end of the 14,000-14,400-kc.
band is 14,106 ke.
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Note: For precise calculation of the frequency
on which the transmitter can be set with a given
percentage tolerance, the formula to be used is

Ju
fx 1—n
where fx is the frequency on which the trans-
mitter is to be set

{1 is the lower-limit frequency of the band
n is the given percentage error ex-

pressed as a decimal
Ior this question, the equation is
14,000 14,000
Jx= {00075 ~ 09925
The nearest whole-number kilocycle frequency

which will be safely within the band for this
tolerance is 14,106 kc.

= 14,106.8

34. What particular precaution should be
observed in using a battery-operated hetero-
dyne frequency meter?

The **A” and “B” battery voltages should be
checked because a change in battery voltage will
affect the oscillator frequency.

35. Draw the trapezoidal type patterns
showing 50% modulation, 100% modulation
and over-modulation as they would appear
on the screen of a cathode-ray oscilloscope
properly connected to a 'phone transmitter.

1009, OVERMODULATION

(@ 35)

36. Draw a diagram of an absorption-type
frequency meter including a resonance
indicator.

Flashlight-bulb
Resonance Indicator

(Q 36)

37. Two filter chokes have the same in-
ductance, current and insulation voltage
ratings but one has twice the resistance of
the other. Which would be preferable for use
in a transmitter power supply and why?

The filter choke with the lower resistance
would be preferable because the output voltage
would have better regulation than with the
higher-resistance choke.
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38. Draw a simple schematic diagram of a
radio-frequency doubler stage driving a
neutralized push-pull power amplifier using
triodes, showing the method of interstage
coupling and indicating the relative reso-
nance frequencies of the grid and plate
circuits.
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39. Using a frequency meter with a possi-
ble error of 0.75%, on what whole-number
kilocycle frequency nearest the high-fre-
quency end of the 14,000-14,400-kc. band
could a transmitter safely be set?

The whole-number kilocycle frequency nearest
the high-frequency end of the band is 14,292 ke.

Note: The formula for calculating the precise
frequency on which a transmitter may be set
nearest to the high-frequency end of the band for
a given percentage tolerance is

- _Je
fx 1+n

where f; is the frequency on which the trans-
mitter is to be set
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fv isthe upper limitof theband inkilocycles 46. What would be the visible results of a
n is the percentage tolerance expressed as  short-circuited filter condenser in a plate

a decimal power supply with high-vacuum rectifier
For the present question, tubes and an unfused primary circuit?
14 400 The rectifier tube plates would become red-hot
fx = 16075 = 14,292.8 in operation.
The nearest whole-number kilocycle frequency 47. What precaution should be taken to
safely inside the band for this percentage toler- Pprotect filter condensers connected in series?
ance is 14,292 ke. (not 14,293 ke.). Resistors having a value of approximately

100,000 ohms should be shunted across each con-
40. What particular precaution should be  denser to equalize the d.c. voltage drops and thus

taken in using an absorption-type frequency  prevent breakdown of the individual capacitors.
meter to check a self-excited oscillator?

The frequency meter should be very loosely
coupled to the oscillator tank circuit so that the
frequency calibration of the meter will be af-
fected as little as possible by mutual coupling to
the transmitter circuit.

48. Why is a full-wave rectifier preferable
to a half-wave rectifier?

The full-wave rectifier output is easier to filter
because of its higher ripple frequency.

49. What constructional precaution
41. What is the purpose of using a quartz
crystal in & transmitter? should be taken to insure stable operation

. e of a transmitter having one or more neu-
th;r(t;seo i?mzfr:zf::{: y(?etermmes and stabilizes tralize d amplifier stages?
Isolation of the stages from each other should
42. What are the desirable operating char- be provided, either by interstage shielding or
acteristics of an A-cut crystal? adequate physical separation of the individual
The A-cut crystal has high output capability stages.
and a small temperature-frequency coefficient.
50. Explain the purpose of using a center-
43. Draw a schematic diagram of a two- tap return connection on the secondary of a
stage r.f. amplifier using screen-grid tubes, transmitting tube’s filament transformer.
showing a suitable method of interstage The filament center-tap connection is used to
coupling. prevent modulation of the emitted carrier by the
alternating-current filament sup-

ply.

51. On what amateur fre-
quencies is frequency modu-
A RE lation of the emitted carrier
7T Oupt permissible?

In the bands 26.96-27.23 Mc.,
29-29.7 Mec. and 52.5-54 Mc. and
on all amateur frequencies above
144 Mo. [§12.111] Additionally,
n.f.m. telephony is permitted in
1 the ranges 3800-3850 ke. and

(@ 43) 14,200-14,250 ke. (Advanced and
Extra Class) and 28.5-29.0 Mec.

44. What are the undesirable operation and 50-54 Mec. (all amateurs). [§12.111)
characteristics of a Y-cut crystal and what
precautions should be taken when it is to be 52. Draw a schematic diagram of a simple
used for transmitter frequency control? device for checking carrier shift of a radio-

The Y-cut crystal has a relatively large tem- telephone transmitter.
perature-frequency coefficient and tends to jump
frequency in steps when the temperature varies. S
A Y-cut crystal also may have two fundamental Carrier Freq,
frequencies fairly close to each other. For this
reason, the crystal should be checked for double-
frequency resonance in the oscillator circuit
before the transmitter is put into operation.

DIODE RECTIFIER
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Load
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45. What particular physical characteris- RE

tic distinguishes an X-cut crystal from Y- Fick-up o

and ‘A-cut crystals of the same frequency? L RIF. By-pass
The X-cut crystal is thicker for a given fre- = Condensers

quency than either the Y-cut or A-out type. (@ 52
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CHAPTER 7

Extra Class License

NEW “super-class” of amateur license has
A been established known as the Amateur
Extra Class license.

Under present FCC regulations no new priv-
ileges are proposed to bc attached to the new
license, over and above those available to the Ad-
vanced Class licensees. However, there are two
points of considerable importance concerning this
new license. One is that after December 31, 1952,
no more new Advanced Class licenses will be
issued. Therefore, in order to obtain maximum
amateur privileges — ‘“unlimited ’phone’ — af-
ter December 31, 1952, an amateur who does not
already hold an Advanced Class (Class A) license
will have to obtain the new Amateur Extra Class.
The second is that FCC may cventually establish
some additional privileges for the Extra Class
which will not be available to other amateurs.

The requirements for the Amateur Extra Class
license are:

a) two years of holding an amateur liccnse of
any class except Novice or Technician. This
license-holding must have been since 1934 — i.c.,
issued by the Federal Communications Commis-
sion and not its predecessors.

b) passing a code test in sending and receiving
at the rate of 20 words per minute.

c) passing the standard written examination in
theory and regulations (credit will of course be
given to holders of General and Advanced Class
licenses for this requirement, as well as to holders
of Technician Class licenses not issued on the
basis of a mail examination.)

d) passing a new written examination dealing
with advanced amateur techniques: ‘“advanced
radio theory and operation as applicable to mod-
crn amateur techniques, including, but not lim-
ited to, radiotelephony, radiotelegraphy, and
transmissions of energy for measurements and
observations applied to propagation, for the
radio control of remote objects and for similar
experimental purposes.”

Like the Advanced Class, the Amateur Extra
Class examination must be taken in person at
one of the FCC examining points, either at an
FCC distriet oflice or at one of the numerous
cities visited by traveling inspectors according
to a prearranged schedule.

ITowever, there is a waiver of all the require-
ments for an Amateur Extra Class license if an
applicant holds or can qualify for a General Class
license or higher, and if he ean submit evidence
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e The Amateur Extra Class license
requires the demonstration of a eon-
siderable degree of proficieney both in
eode and teehnieal fields. This ehapter
gives details on the top grade of amateur
license and, with the material in Chap-
ter 6, constitutes a complete study
guide for the written examination.

of having held amateur license prior to May,
1917. Application for the license under this ar-
rangement is made on the usual Form 610,
submitted to the 1°CC' district office together
with your present license and required evidence
of license-holding prior to May, 1917, in the
form of a photostat of an original license or a
citation of a listing in a Government call book
of that time.

Amateur Extra Class privileges are granted by
the usual endorsement on the regular license
card. In addition, holders of the top grade license
are issued a special diploma-type certificate.

The 20 w.p.m. code test consists of plain lan-
guage, often tricky and containing occasional
punctuation such as the comma, period, diagonal
and question mark. The written examination
consists of about 100 questions mostly on tech-
nical subjects but including several on regula-
tions, and with numerous diagrams required.
The questions are for the most part in the usual
multiple-choice form,

The Federal Communications Commission has
ivsued a study guide for the written examination
consisting of 279 example questions. Practically
every example question for the Advanced Class
license examination, published in question-and-
answer form in Chapter 6, is included in the
study guide; aspirants for the Iixtra Class license
should, therefore, be thoroughly familiar with
the study material in that chapter. The remain-
ing questions appear on the following pages,
together with answers, 1t should again be em-
phasized that these are not necessarily the exuct
questions which appear on the actual examina-
tion, but are intended primarily to show the
scope of knowledge required. In any event, per-
sons intending to apply for the Amateur Extra
Class license should use the material to follow in
conjunction with a standard text such as The
Radio Amateur’s Handbook,
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Questions and Answers Covering Examination

Element 4 (B) — Advanced Amateur Technique

1. A parallel a.c. circuit is made up of five
branches; three of the branches being pure
resistances of 7, 11 and 14 ohms, respec-
tively. The fourth branch has an inductive
reactance value of 500 ohms. The fifth
branch has a capacitance reactance of 900
ohms. What is the total impedance of this
network? If a voltage is impressed across
this parallel network, which branch will
dissipate the greatest amount of heat?

The impedance of the network is 3.28 ohms.
The branch consisting of the 7-ohm resistor
would dissipate the greatest amount of heat
since as the lowest resistance it would carry the
greatest current.

e u 140 - 3000

W L] L] L] &

(The circuit is shown in the accompanying figure. Since
all the clements are in parallel, the same voltage will be
applied to each. Assume 100 volts applied. Then the
currents are as follows:

I=100/7 = 1429 amp.
Iz =100/11 = 9.09 amp.
I3=100/14 = 7.14 amp.
Is=100/500 = 0.2 amp.
I5=100/900 = Q.11 amp.

Iy, Iz and I3 are in phase and may be added direetly; the
sum is 30.52 amp. I3 and I5 are out of phase and so the total
reactive current is their difference, or 0.09 amp. The total
reactive current combines with the total resistive current
by the right-angled triangle rule, so

2 2
l'\/ Iy + 1y

VE05DZ + (0.09)2 = V9315 + 0.0081
- \/'.DIiLG 30.52 amp., with negligible crror.
The impedance of the circuit is then
E 100

TT 3052
= 3.28 ohms.

This is essentially the parallel resistance of the three resis-
tors alone, In a case like this it can be determined by
inspection that the coil and condenser have negligible
effeet on the total impedance because their values are so
high in comparison with the total resiatance of the cireuit.)

2, What is the total reactance of two in-
ductances connected in series with zero
mutual inductance?

The sum of the reactances of the two induet-
ances.

3. When two coils, of equal inductance,
are connected in series, with unity coef-

ficient of coupling and their fields in phase,
what is the total inductance of the two
coils?

Four times the inductance of either.

(From the formula 1.1 4 L2 = 23, where L is the induct-

ance of the coils and M = & v//aLz, k being the coefficient
of coupling. With unity coefficient, }f equals L, so the total
inductance would be, since individual inductances arc
identical in value, I + L + 2L or 4L.)

4. What factors determine the core losses
in a transformer?

Core losses are of two types, hysteresis loscs
and eddy-current losses. llvstercsis losses vary
with the type and volume of iron or steel used in
the core and with the operating frequency and
magnetic flux density. lddy-current losses vary
with the volume and resistance of the core ma-
terial, the thickness of the laminations, the
frequency and the flux density.

5. What circuit constants determine the
‘‘copper”’ losses of a transformer?

Copper losses in a transformer depend on the
resistances of the windings and the currents flow-
ing in them. An external circuit affects copper
losses by determining the amount of current
that flows in the windings. In the transformer
itself, the resistance of a winding depends on the
material, usually copper, its temperature, size
of wire and its total length, which in turn is
determined by the number of turns and length
per turn.

6. What factor(s) determines the ratio
of impedances which a given transformer
can match?

The ratio of impedaneces that a transformer
can match is determined by the turns ratio, and
varies as the square of the turns ratio in cases
where transformer losses are small enough to
be neglected. It is also assumned, in using this
relationship, that leakage reactances of the
transformer are very small compared with the
load and source impedances, and that the react-
ance of each winding open-circuited is very
large compared with the impedances heing
matched.

7. In a Class C r.f. amplifier, what ratio
of load impedance to dynamic plate im-
pedance will give the greatest plate ef-
ficiency?

The highest possible load impedance will give
the greatest plate efliciency, since the ratio of
power in the load to power lost in the plate be-
comes larger as the ratio of load impedance to
dynamie plate impedance is increased. However,
under these conditions the power output is rela-
tively small.
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8. Why should impedances be
matched in speech-input equipment?

To prevent distortion and to give maxi-
mum energy transfer.

9, Why are electrostatic shields
used between windings in coupling
transformers?

To reduce or eliminate capacity effects
between the windings.

10. Draw a simple schematic dia-
gram showing a method of coupling
the r.f. output of the final power am-
plifier stage of a transmitter to a two-
wire transmission line, with a method
of suppression of second- and third-
harmonic energy.

11. If the power output of a modulator
is decreased from 500 watts to 10 watts, how
is the power decrease expressed in db.?

—17 db.

(See Q. 48 Substituting the above values in the formula
gives db. = 10 log 50. From a table of logarithms it is found
that log 50 = 1.7. Since the power has decreased, the
logarithm is negative, so 10 X (—1.7) = —17 db.)

12. During 100 per cent sinusoidal ampli-
tude modulation, what percentage of the
average output power is in the sidebands?

3314 per cent. The average power output
would increase 50 per cent with such modula-
tion; i.e., a 100-watt unmodulated carrier out-
put would rise to 150 watts. Sidebands carry the
excess of 50 watts, which is one-third the total.

13. Why is it preferable to isolate the di-
rect current from the primary winding of
an audio transformer working out of a sin-
gle vacuum tube?

The low-frequency response of the circuit is
improved, since the elimination of d.c. current
flow through the primary prevents a reduction
in primary inductance below its no-current
value.

14. Draw a schematic diagram of a
final amplifier with capacity coupling
to the antenna which will discrimi-
nate against the transfer of harmonics.

15. Identify by name the treaty and
article thereof which specifies the con-
ditions under which amateur stations
may be used to handle international
‘‘third party”’ traffic.

Article 42 of the Final Acts of the In-
ternational Telecommunication and Radio
Conferences, Atlantic City, 1947. (Sce
page 62).

16. When narrow-band frequency or
phase modulation is used in the band
14,200-14,250 kc. what special conditions
must be observed?

(ondenser
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The bandwidth of the modulated carrier may
not exceed the bandwidth occupied by an ampli-
tude-modulated carrier of the same audio char-
acteristics, and the purity and stability of such
emissions must be maintained in accordance
with the requirements of §12.133 of the ama-
teur rules.

17. Dothe amateur rules permit the holder
of a Novice Class amateur license to operate
an amateur station licensed to the holder of
an Amateur Extra Class license? If the Nov-
ice Class license may operate the station, to
what extent may he do so under the rules?

Yes, provided the station is operated under
rules applicable to the Novice —i.e., within the
frequency bands and with a type of emission
available for Novice operation, crystal control in
the transmitter, and not more than 75 watts input
to the final stage.

18. What is the ratio between the currents
at the opposite ends of a transmission line,
14 wavelength long and terminated in an
impedance equal to its surge impedance?

The currents are equal; that is, the ratio is 1:1.

Blocking  Tank Coil
———0
Gr/d/lknk Pi- Wr 4 Ant
7 rout ;fz adi
I
Fio] i
J [
o L 1
| FE (Q14)
- Cc+ - 56+

19. What is the primary reason for ter-
minating a transmission line in an imped-
ance equal to the characteristic impedance
of the line?
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In order to keep the standing-wave ratio at a
minimum, thereby reducing losses on the line.

20. What s the procedure to be followed in
order to determine whether Commission
approval is necessary before erecting a new
antenna for use at an amateur station or
increasing the height of an antenna already
in use at an amateur station?

Examine §12.60 of the amateur rules, which
provides that Commission approval is necessary
in cases where the antenna will exceed an over-all
height of 170 feet above ground, or will exceed
an over-all height of one foot above the estab-
lished elevation of any landing area (airport) for
each 200 feet or distance from the nearest bound-
ary of the landing area. Antennas not more than
20 feet above the ground or existing structures
or natural formations do not require approval,
however,

POWER DIODE RECTIFIERS
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usually is tuned to the second harmonic (push-
push doubler).

22. Draw a diagram of a bridge rectifier
giving full-wave rectification without a
center-tapped transformer. Indicate polar-
ity of output terminals.

23. Draw a diagram of a rectifier system
supplying two plate voltages, one approxi-
mately twice the other and using one high-
voltage transformer with a single center-
tapped secondary, and such filament trans-
formers as may be necessary.

24, What is meant by ‘‘arc-back”
‘‘flash-back” in a rectifier tube?
“Arc-back” or ““flash-back’ occurs in mercury-
vapor rectifier tubes when the maximum inverse
peak voltage is exceeded to the extent that a
{lash-over takes place between the rectifier cle-
ments in the tube and allows current to
flow in the wrong direction.

or

[
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@
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(Q22)

21. If an r.f. amplifier circuit consists of
two identical tubes, the grids connected in
push-pull and the plates connected in paral-
lel, what relationship will hold between the
input and output frequencies?

The output frequency will be an even harmonic
of the input frequency. The plate tank circuit

1YV, A.C.

Fil. Trans.

€

——0+

25. What are synchronizing pulses
as used in television transmitters
and receivers?

Synchronizing pulses used in tele-
vision transmitters and receivers are
pulses of extremely short duration which
ensure that trace lines across the face of
the picture tube in the receiver are
synchronized or locked in with the trace
lines in the television camera.

D.C.
OuTPUT

26. If an amateur frequency-
modulation radiotelephone transmitter
operates at 100 per cent modulation, what
is the ratio of unmodulated power output
to modulated power output?

1:1 — that is, no change. The power output of
a frequency-modulated transmitter is not varied;
only the frequency changes with modulation.

1OV,A.C.
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32. Is a high degree of mod-
ulation desirable in connec-
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27. Draw a diagram of a grounded-grid
amplifier.

28. What is a Doherty amplifier?

A Doherty amplifier is a linear r.f. power am-
plifier in which the load is divided between two
tubes in such a way that the average plate efli-
ciency is high either with or without modulation.
One tube delivers the carrier when there is no
modulation, the other tube being idle. With
modulation, the “carrier” tube is modulated
downward and also contributes part of the addi-
tional power output on the modulation up-peaks.
The sccond tube operates essentially only on the
modulation up-swing, its power being added to
the output of the first during this part of the
modulation cycle. The proper division of the out-
put from the tubes is accomplished by proper
choice of bias and operating conditions, and by
use of circuits that automatically vary the plate
loading on the two tubes in accordance with the
modulation cycle.

29, What may be the cause of a decrease
in antenna current during modulation of a
Class B r.f. amplifier?

This is the result of nonlinear operation which
may be due to any of the following: insufficient
grid bias, excessive excitation, low filament emis-
sion, plate loading too light (plate efliciency under
unmodulated carrier conditions too high), exces-
sive resistance in bias supply, poor regulation of
r.f. driving voltage (inadequate driver output, or
insuflicient “swamping” of driver output), non-
linear modulation in the earlier modulated stage
or preceding Class 3 amplifiers.

30. How may the output voltage of a dyna-
motor be regulated?

By varying the input voltage in some manner
such as use of a rheostat in series with the input,
or tapping the input connections across a different
number of hattery cells.

31. What is the principal advantage in the
use of a dynamotor, rather than a motor
generator, to furnish plate power to a small
mobile transmitter?

The dynamotor is smaller and operates at
somewhat higher efficiency because of reduced
mechanieal losses as compared with separate
machines.

tion with a self-excited type
of transmitter? Explain.

No. Any reasonable percentage
of modulation will, naturally, re-
sult in wide variations of plate

g RFoutput
8y-

pss voltage which in turn will cause
variations in the transmitted
frequency.

33. Describe briefly the con-
struction of a wave guide.
Why should the interior of the
wave guide be clean, smooth and dry?

The most common type of wave guide is essen-
tially a hollow metallic pipe, usually rectangular
in cross-section. Its cross-scetional dimensions
determine the lowest frequency that will be prop-
agated without excessive attenuation. The in-
terior of the wave guide should be clean, smooth
and dry to minimize r.f. losses; any irregularity
or discontinuity causes reflections resulting in
standing waves.

34. What determines the operating fre-
quency of a magnetron oscillator?

Its dimensions and the electric and magnetic
field intensities; also, the associated circuit con-
stants.

35. What determines the operating fre-
quency of a klystron?

The clectrode voltages and the dimensions of
the associated resonant cavities,

36. In what radio circuits do klystron os-
cillators find application?

As local oscillators in microwave receivers and
as generators of c.w. power in microwave trans-
mitters.

37. In what radio circuits do magnetron
oscillators find application?

Principally as pulsed microwave generators in
radar transmitters, although magnetrons have
been developed for generating relatively small
amounts of ¢c.w. power in the microwave range.

38. The Commission’s rules state that the
operating frequency of all radio stations will
be determined by comparison with a pri-
mary standard of frequency. What is this
primary standard of frequency? llow is it
made available for use by licensees of ama-
teur radio stations?

The primary standard of frequency is that at
the Nation:al Bureau of Standards in Washington,
D. C., and it is made available for use through
WWV radio transmissions on “standard” fre-
quencies of 2,500, 5,000, 10,000, cte., kilocycles.

39. Explain how you would go about
checking for spurious sidebands.

A superhet receiver having a crystal filter can
be used for checking spurious sidebands outside
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the normal communication channel. With r.f.
input to the receiver kept at a low value and with
the crystal filter in its sharpest position and with
h.f.o. on, tune each side of the carrier while an-
other person talks into the microphone. Spurious
sidebands will be observed as intermittent beat
notes coinciding with voice peaks, or as clicks or
crackles well away from the carrier frequency.

40. Why are crystals having fundamental
frequencies above 5000 kc generally BT-cut
rather than AT-cut?

BT-cut crystals are thicker for the same fre-
queney and thus less suseeptible to fracture.

41. Give a simple description of the oper-
ating characteristics of a reactance modu-
lator.

Basically, a reactance modulator is a grid-
modulated r.f. amplifier with its plate connected
to an oscillator tank circuit. A small amount of
voltage from the oscillator tank is applied, with
its phase shifted 90 degrces, to a control grid
in the modulator. This causes an r.f. current to
flow in the modulator plate circuit (and through
the oscillator tank) which is 90 degrees out of
phase with the normal tank current. The out-of-
phase current can be made either to lead or lag
the normal tank current, depending on the par-
ticular ecircuit chosen; thus the reactance mod-
ulator simulates cither a capacitance or induc-
tance connected across the tank. The inductive
or capacitive effect increases with the amplitude
of the r.f. plate current generated by the modu-
lator, and can be controlled by varying the
amplification. This is done at an audio rate by a
form of grid modulation, so that the instan-
tancous frequency of the oscillator can be varied
in accordance with the modulating signal.

42, How does the field strength of an ama-
teur station vary with distance from the
antenna?

The “unattenuated” field strength (i.e., the
free-space field strength in the absence of factors
that might cause loss of energy) decreases in in-
verse proportion to the distance from the an-
tenna. In ground-wave transmission the wave
loses some energy in the ground and lower
atmosphere and the actual field strength there-
fore decreases more rapidly than is indicated by
the inverse-distance law. In ionosphere transmis-
sion there is also loss of energy or “absorption”
in the ionosphere, with the result that the re-
ceived field intensity is less than would be ex-
pected from the total distance travelled by the
wave considering only the inverse distance law.
Absorption factors depend on the characteristics
of the ground, atmosphere, and ionosphere, and
vary with the wavelength and distance.

43. What are five of the usual steps that
may be taken to reduce harmonic radiation
from an amateur station when such radia-
tion causes interference to the reception of
television broadcast programs?

CHAPTER 7

Typical measures are as follows:

1) Shield all r.f. circuits.

2) Filter all low-frequency and d.c. supply
leads leaving the shielded enclosure, to prevent
harmonic currents from being conducted outside
where radiation can occur.

3) Arrange r.f. circuits and wiring to.minimize
harmonic generation by preventing inadvertent
resonances from occurring in the TV frequency
range.

4) Choose operating conditions that minimize
harmonic output; for example, use of cut-off bias
or less on amplifier stages where permissible,
use of minimum r.f. grid drive.

5) Reduce power.

6) Install harmonic traps in final stage.

7) Install an antenna-tuning network for
added selectivity and harmonic suppression.

8) Install traps, stubs, or a low-pass filter be-
tween the final stage and antenna system.

9) Use an antenna that tends not to accept
power at any frequency other than the funda-
mental; e.g., a system that is matched to the
transmission line.

10) Shift to a lower-frequency band so that
the harmonics falling in the TV range are of
higher order and therefore have lower amplitude.

44. Lecher wires will materially aid an
amateur station licensee in determining the
frequency or combination of frequencies
causing interference to the reception of tele-
vision programs. To what frequencies should
they be calibrated?

To the frequencies of the television channels
where interference is experienced, or to inter-
mediate frequencies possibly in use. Lecher wires
also can be used to calibrate a test oscillator or
grid-dip meter covering the above range.

45. What type of voltmeter absorbs rela-
tively low power from the circuit under test?

Any voltmeter which has a very high resistance
or impedance in comparison with the circuit
under measurcment; e.g., a vacuum-tube volt-
meter.

46. If the conductors in a two-wire r.f.
transmission line are replaced by larger con-
ductors, how is the surge impedance af-
fected, assuming no change in the center-
to-center spacing of the conductor?

The surge impedance is lowered.

47. What may cause unsymmetrical mod-
ulation at an amateur radiotelephone trans-
mitter?

Lack of symmetry is a common characteristic
of voice waveforms, so voice modulation is prac-
tically always unsymmetrical — that is, the peak
modulation percentage upward differs from the
peak modulation percentage downward. The ex-
tent of such dissymmetry depends on the type
of mierophone and the characteristics of the
speaker’s voice. Unsymmetrical modulation of
this type does not represent improper operation
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so long as the modulation system is linear. Un-
symmetrical modulation due to nonlinearity may
be caused by distortion in the speech equipment
and modulator or by improper operation of the
modulated amplifier such as, in the case of plate
modulation, insufficient grid bias and r.f. excita-
tion, incorrect plate loading, or overmodulation.

48. What is the formula for determining
the db, loss or gain in a circuit?

The decibel is fundamentally based on power
ratios, and is numerically equal to ten times the
common logarithm of the power ratio. That is,

Py

db. = 10 logPl
where I’y and I’; are the power levels at different
points in the circuit. The larger of the two is
generally substituted for 1’2 in the formula. The
logarithm is positive if there is a power gain, and

negative if there is a power loss.

The formula also may be written

Es 1y
db. = 20 log I or 20 log 1,
where E; and E; represent voltage levels and
I, and Iy current levels in the circuit. These
formulas can be used only when the input and
output voltages or currents are mcasured in
identical impedances, because it is only under
this condition that the proper power ratio is
secured.

49, What will occur if one tube is removed
from a push-pull Class A audio frequency
amplifier stage?

Primarily, the power output obtainable with-
out serious distortion will be reduced to one-half
or less. Although the single tube can be operated
within acceptable distortion limits, the total dis-
tortion will be somewhat greater than from the
push-pull stage (even at the reduced power out-
put) for the following reasons: liven-harmonic
distortion is no longer canceled as it is in the
push-pull amplifier; the output transformer will
tend to saturate from the unbalanced d.c. in the
primary when only one tube is operating, the
grid bias may not be optimum if a cathode resistor
value based on two tubes is used; and the load
resistance reflected on the plate is reduced since
only one-half the output transformer primary
is working,

50. If an amateur station licensee receives
a report indicating that his station was
measured 450 cycles below the edge of a
band assigned for use by amateur stations
but station records show that at the speci-
fied time measurements at the station
showed the frequency to be 50 cycles inside
the lower edge of the band, what is the error
in the device used at the station to measure
the frequency?

The sum of the two measurements, or 500
cycles, if it can be assumed that the equipment
used by the reporting station is 100 per cent ac-
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curate. Percentage error would be expressed as
7 where f is the measured frequency in cycles

per second.

51. What procedure can be used to deter-
mine whether the limiter circuit of a fre-
quency-modulation receiver is operating
properly?

If a frequency-modulated signal generator is
available, the audio-frequency output of the re-
ceiver should remain constant, with constant tone
modulation, when the generator output is varied,
except when the signal strength is reduced to the
point where noise becomes audible. A similar test
can be made with an unmodulated signal gen-
crator (or by tuning in unmodulated signals off
the air) by measuring the d.c. voltage developed
across only one of the diode load resistors in the
discriminator. The voltage should be constant,
above the threshold, regardless of the input signal
strength.

52. What is the maximum current that
may be continuously and safely passed
through a 10,000-ohm resistor rated at 25
watts without injury to the resistor?

Fifty milliamperes (0.05 ampere).

(The formula for power dissipation is P = I2R, where P
is power in watts, I is current in amperes, and R is resistance
in ohms. Transposing algebraically,

25

I? = g Substituting, 12 = o = 0.0025, and

I = 4/.0025 = 0.05 ampere.)

53. Describe an electrodynamometer type
ammeter.

The electrodynamometer ammeter has two
coils, one fixed and the other (to which the pointer
is attached) pivoted to rotate within the first.
Current passing through the two coils in series
set up magnetic forces that cause the pivoted coil
to turn an angular distance depending on the
strength of the current and the construction of
the coils,

54. Why is a shunt used on an ammeter?
T'o increase its range of measurement — i.e., to
permit measurement of higher values of current.

55. What is an ion?

An ion is a minute physical particle which is
electrically charged, positive or negative; for ex-
ample, an atom which has lost one of its electrons
or which has gained an electron.

56. Name a type of detector that requires
no local source of d.c. power.
A crystal detector.

57. Describe the principal construction
characteristics of a D'Arsonval type am-
meter.

Principal characteristics in construction of a
I)Y’Arsonval type meter are a permanent magnet
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and a pivoted coil (through which the current to
be measured passes, and to which the indicator is
attached) placed in the ficld between the poles
of the magnet.

58. Assuming each meter to be properly
calibrated, how may the total current flow-
ing through a circuit be determined from
the readings of two ammeters connected in
series in the same circuit?

Take the reading of either meter. If each meter
is properly calibrated, they should show identical
currents.

59. How many watts equal 10 milliwatts?
A milliwatt is one-thousandth of a watt; ten
milliwatts therefore equals 0.01 watt.

60. What effect on the capacitance of a
condenser would result from a change in the
dielectric constant of the material between
the plates of a condenser?

The value of capacitance would be changed
depending upon the dielectric constant of the new
material; if it were greater, the capacitance would
be greater; conversely if it were lower, the ca-
pacitance would be reduced.

61. What is the lowest assigned amateur
frequency band in which the transmission
of television signals is permitted?

120-450 Me.

02. If a television transmitter is being
operated under the authority of an amateur
station license issued to the holder of an
amateur Extra Class license, may the trans-
mitter be controlled by the holder of: A
Novice Class license? A Technician Class
license? A Conditional Class license?

Novice — no; Technician and Conditional —
yes. Novices are not authorized to operate ama-
teur stations above 420 Mc. (where television
transmission is permitted), while Technician and
Conditional Class licensees are.

63. What is the purpose of the mosaic
plate in a television camera? To what item
of photographic equipment is it similar in
function?

The purpose of the mosaic plate in a television
camera is to store an electrical image correspond-
ing to the visual image focussed upon it, for later
scanning by an electron beam to translate the
clectrical image into a television signal. Its func-
tion is similar to that of the film in a photographic
camera, which similarly stores the image for later
development.

64. Why are synchronizing pulses trans-
mitted with television signals?

Synchronizing pulses are transmitted to ensure
that trace lines across the face of the picture tube
in the recciver are synchronized or locked in with
the scanning lines in the television camera.

CHAPTER 7

65. Under what conditions may the holder
of an Amateur Extra Class license operate
an amateur station for the purpose of com-
municating with a ship station licensea by
the Federal Communications Commission?

An Amateur Extra Class licensec may operate
an amateur station for the purpose of communi-
cating with a ship station when that station has
been specifically authorized by the Commission
to communicate with amateur stations.

66. It is good practice to speak across
rather than into some of the older types of
microphones, such as carbon button types.
Why is this so?

There is less tendency toward overloading the
microphone, or “blasting,” and consequently the
reproduction is more faithful to the original
specch. Also, the possibility that moisture from
the breath will enter the working parts of the
microphone to cause possible difficulty is lessened.

67. Is it necessary to neutralize frequency-
multiplier stages in a transmitter?

Ordinarily no, since the grid and plate circuits
are usually tuned to frequencies having suflicient
separation to prevent self-oscillation.

Tuned to frequency
“of interfering signal
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68. Upon what characteristic of an elec-
tron tube does a dynatron type oscillator
depend?

1t depends on the faet that in some types of
tubes, particularly the early forms of tetrodes,
electrons striking the plate will cause “seeond-
ary” electrons to be “splashed out”, and if the
plate is operated at a lower positive potential
than the screen the secondary electrons will be
attracted to the sereen. This reverse flow de-
creasoes the total plate current, Over a small range
of plate voltages, increasing the plate voltage
will enuse the plate current to deerease, giving a
“negative resistance” characteristic. By proper
choice o