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d-Class Radiotelephone License Course

Lesson 1

Introduction to Communications Electronics

Obtaining yon- 2nd-Class Commercial FCC 1.
cense aulomatically qualifies vou as an expert n
electronics. Furtitermore, it opens the door to the
rapidly-expanding field of communicalions, includjng
two-way and CB radio. marine radia, aviation elg-
tronics, ete. With a little further studyv, vou can o
tain a radar endorsement. permitting you to expand
vour services even further.

Even if you restrict yvour aetivities to servicing
home electronivs equipment such as TV radio, hifi,
you'll gain many benefits from a 2nd-Class license.
First of all, it puts you in a professional class, in the
eves of the public. T his can be usad to good advantage
in vour advertising and promotional material. And,
just as importary, studying for the license helps to
make you a better technician even if it does no more
than renew your acquaintance with basics you have
long sinee forgeiten )

In shert, a 2nd-Class Commercial License is your
“ticket” to a secire future in electronics

This PHOTOFACT ~"ECOND CLASS LICENSE
COURSE consisty of 20 lessons, ns -)ut‘mm.’_ on the
preceding page It concentrates on fh/‘ pecific sub

jocts wihich you, as a practicing serviceman, need
training in to poss the FCC Exam Maost of the lv«':of}ﬁ
include, as part of the text, questions typical of those

INTRODUCTION

whed an the Exam —und text tvpe ansy v
»ill give you the knowledge you newd to

tlar questions correctly. In addition, review quest
at the end of each lesson will permit vou to test

ell on vour knowledge of the most tndortant pon
I'be correct auswers are included with 2

1

monil easOn

We ruggest vou mike maximum wse of s
tions by actaally writing out e piww
pomng back to review the Jesson mateniat 5 i
yourself by not referring to the text during an
testing. Wait until you've actually written down
answers, so you'll know just what you need to sf
moare thoroughly. With this approach, von shoul
1bie to pass the FOC Exam on your fipst 17

For your initial studr of anch lesson, we s
yvont set aside about two to four hours each week 3
1s the average time depending on how much
already know and how fast you leayn Addition
study time will depend on how wel! vou absorb |
fesson material. You should be able to ecore 10
an thee Review Questions

What you girt out of this Courss will bhe strat

31

to vou. If you ahsorb ey rything sontabned i
lessong, vou'll bave ne problem in pussin
Class Kxam Good Luck! P

; '

trchnician entfering the twn-
is field is advised lo stuay
radiotelephone license,

Any clectronic ‘-(‘I'vff‘v.
way rmlins'nmmlmi(‘nt1]01l
B sbhilain a second-Cinss ,
f:: ll}:]:: “hii: knowledge and tv("hpu al ‘a'l.l“\' c;mubl(
uged more extensively i repairing, l'l'f"‘llflli,'t c
justing, and aperating r,»uln.x('ommun.x_tl':‘tl r:)n ‘\i:}: ?;“
(ne purpose of this cours s to provi (' ;‘(mp-\(“(‘
tochnical knowledi reqrired to pas .‘1- | ]',‘( 4
clasn radintalephons pxaminat CCOTLC ) ‘
ymportant PuUrpese 15 {O URProve your Wos
rachocommuni nipon vetem
Thua, yvou will gan & clpar under t.m-ln-;'”(?l't\t\lul
.mdiu equipmen’ amd  the service \.\)‘ the
o wesotnd « inss radiote lephene hicense can
Feni? those two-way 1 vohiy sl just

ond
oquully
1K knowladge  of

wo
h()! ]o'l ol
poerform. In pars whar,

ments amd measurements that must
FCC rules and regulations
measurements muest be made by a b

In sumiman ¢ PUCPOSE O
vt vou in secunng vour license,
sponsibilities of such a hcense, un n
vorr with the services vou as & heense hoid
render,

) ]
\

‘rtﬁnll'h b B et &= el e
vou must prss Elesvwer L.

9

nimercial mdio operator’s

Iwa elements eioomg TLLY! W oan
practices, Element 1 conawm!

y O eredid given for each correct anew ¢
containe 50 guesiwns, with 27 1 \
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introduction to Communicotions Electronics

The questions are subdivided so that you ma_v_select
the subject — ship, coastal. or aircraft radiotele-
phony — for ten of them. .
Flement 111 is entirely technical. dealing \\'1'th
slecironic terms and principles. tubes and transis-
(oTs. DOWET sources, transmitters, receivers, anten-
nas. ete. 1t consists of 100 questions, with 16, credit
for each correct solution. The passing grade for each

seent 13 "-:’('(‘

WHAT TO STUDY

1f vou are an experienced electronics technician and
properly prepare vourself by studving these lessons,
vou will have no trouble passing the FCC examina-
tion. In fact. some of the questions in Element II1
are quite elementary. You probably know the an-
swers to many of them. or will soon recall them after
a little review. The questions in Element IIT fall into
these categories:

Electronic Terms and Principles

A good review of common electronic terms such as
resistance. power factor. conductance, etc.. is in
order. Know how to work simple Ohm's-law prob-
lems «E = IR, etc.). Refresh vour memory about the
important properties of resistors. capacitors, induc-
torz. conductors, and insulators, Review frequency
and wavelength relationships. plus frequency assign-
ments and propagation characteristics.

Tubes and Transistors

Cerrainly vou are alreadv well up on tubes and
rransistors. However, a good review will help to re-
*ali some of the basic facts vou may have forgotten.
Refresh vour memory on major tube characteristics

too much about FCC transistor questions—they are
quite basic.

Power Sources

{uestions on power sources cover the fundamen-
rals of drv cells and other storage batieries, rectifier
power supplies, motors. and generators. You will
probably have to spend more time reviewing batterv
and motor-generator supplies than half-wave and
full-wave rectifiers using tubes or semiconductors.
Review fiter characteristics. and spend some time
studving vibrators and special rectifier tubes.

Transmitters and Antenna Systems

Transmitters and antenna systems will probably
f\e vour most time-consuming study. unless vou have
heen a radio amateur or have had other eiporience
ith Lransmitters. You must know the types of oscil-
lators, and have a good knowledge of Class-C ampli-
fiers Tuming procedures are important, too. Become

uniliar with modulation and the various tvpes of

tage and antenna coupling sys-
od. and a review of antenna
be of help. Use of meters in
s important—not .nply
u begin servicing

modulators. Inters
tems must be understo
fundamentals will also be of
tuning and iroubleshooting 1
on the exam, but later when yo

transmitters.

Receivers

Questions on receiv
channel.” However, s0
types of detectors you may [
existed. Review their operatio
their schematic configurations.

Measurements and Regulations

Making measurements and
jects you know instinctively.
ever, vou may have forgotten how
meter movements function, or h

shunts and series resistors. .

The above topics will be covered in detail in t_he
lessons that follow. Of course transmitter circuits
and their functions will be stressed because this is
the category likely to be thz most troublesome for

most electronics service techmicians.

ers will be “right down vour
me of the questions are on
i,ave thought no longer
n. and don't forget

using meters are sub-
Over the vears, how-
some of the basic
ow [0 use meter

FUNDAMENTAL SYSTEMS

There are three major station classifications in the
two-way radio services—mobile. base. and fixed. A
mobile station is one associated with a truck. auto-
mobile, boat. aircraft, or other vehicle.

A base station is often referred to as a land station.
1t has a fixed position and is used ior communicating
with one or more mobile stativns (and. on occasion,
with other base or fixed dispztch stations). The
great majority of rwo-wayv radio svstems fall under
the base-mobile classificatioas. usually consisting of
a single base station and e or more associated
mobile stations.

A fixed station has a permanent location and is
use}“l to communicate with other fixed stations only.
Th}s form qf two-way radio is usually referred to as
point-to-point communications. Norinally, fixed sta-
tions ha&:e no facilities for communicating with mo-
S?fi ns:x:?ons:‘ their principal service is to convey
This differe f"osrtn“telf: b;‘:: statin o S ey

e se station, which is also per-
inj‘m.ently located. but communicates with mobile
tations.
dj(;F:i:ea g:;bs't :mm;xon arran zanents of two-way ra-

ré shown i Fiz. 1. In the simplex ar-

rangement, the base and mohude units operate on th
same frequency. A sequential “on-off” communi .
T ket C unica-
Sy L established—in other words. only one sta-
!-h:s;:?egacnai“g; 2: i&tl !Pt:xzegbut all other stations of
v convem-a tioc mobile station can hear
n between the base station

and any other mobile station. Likewize, mobile sta-

9
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Fig. 1. Two-way radio systems.

tions can talk to each other when within range. Al-
though not common practice, a simplex arrangement
can also be used in a point-to-point svstem.

The duplex arrangement in Fig. 1B is the most
common two-way radio arrangement. The base sta-
tion transmits on a different frequency than the mo-
bile stations. Thus, the base station can communi-
cate with all mobile stafjons, but the mobile stations
cannot hear or comnminiiente with each other.

Despite the fact thai two transmitting frequencies
are required, the duplex arrangement is usually more
satisfactory than the simplex. The base station has
better control over the mobile units, and indivishml
mobile stations are not confused by symals from
other mobile stations,

The duplex arrangement also uses “m}-nﬂ frans.
mission. Quite often, the two frequencies are elose
together. In fact, each station c.‘u.?'hunurxly uses the
spme antenna for both transmifting and receiving,
and a relay switches in the anteona hetween the
tmnsmittt‘l: and receiver, In addition, other seg-
ments of the station equipment may be used to both
recoive and transmif. . . e :

A full duplex arrangement i shown in Fig. l(I:
Operating frequencies F and 1. are well separated;

sntly, each station can transmit and recetve
L s

CONBMMUL ot

at the same time. Bach transmitter ontput
ficiently isolated (separated in frequency) so that

(D) Full duplex, point-to-point.

!
‘infroduction o Cammunicaﬂons Electronic:

iz?tlllniuftuﬁf (;‘: ;xrmpamon receiver 12 ot blodk
; t PICX arrangemnent. two swation
R

) ersations. 1f there is mor
one mqhxln station, it will usually be on a gifferens
transmxt.h\,-q\u-m'y. The base station can estanii
communications with other mobile stations over <he
same frequvnc;s' or a different frequency can be e
_ Fullfiu];lex I8 more common in point-io-point thar
n mphxle >:\'stvms, In the typical arrangement of fpur
stations ;.ahown in Fig. 1D. the tranemit and receis
frequencies of the various fixed stations are
;‘se‘re(.i. each receiving on one frequency and trar
mitting on another. Highly dircctional antenns
make it possible to establish duplex—and even il
duplex-—cominunication with minimum nterier-
ence between stations. Notice that relay station
iransmits on F, and receives on F.. and that rela-
station 2 transmits on F, and receives on F. Poine
to-pont stations are usually assigned frequencies
the microwave or upper UHF spectrum. This is dane
to permit the use of antenna svstems with the highi
directional characteristics needed 1o prevent inter-
ference.

There are a variety of station assignments
land, marine, and aviation commumcations <o
provide communications between fand vob \
their respective base stations: others. between o
and sull others, between ships and fived land <
tions. In the aviation services there are sieals
ground stations and aireraft-to-aiveraft communica
tions. There are also special assignments that pesl
communications between aireraft and seagoing ves.
sals, Likewise. one or more small planes are ol
part of a two-way radie svstem that alse nchades
tand vehicles.

RADIOCOMMUNICATION BANDS AND
CHARACTERISTICS

Two-way radio, mwbile, and point-to-point service
arve distnbuted throughout the entire frequena
spectrum. The FCC assigns frequencies in acoos
ance with the service te be rendered and the
propagation characteristics suitable for the <o
The radie-frequency spectrum is apportioned
the following subdivisions:

e

Rejow 30 K

W o 3 K

UL L RN
AN fo

SO K o

D e A

RRCLLEHRETALL

VELF (very low frequeney)
L Clow froqueney?

ME (medium frspiency
HIE chigh fogueney
VHE (very hugh frequency
VIR (ultealugh frequenay
SHE st hiwh fregquency
EHE (extreme high

frRRieney SO0 (o SRR iy
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Jritroduction to Communications Electronics

lowest frequency bands and a low-fre-
. ment of the medium-frequency band are
I unly by maritime and aeronautical services.
Upto ke, radiotelegraph transmissions are most
amon. Here information is transmitted via inter-
nntional Morse code, and operators are required to
wve o commercial radiotelegraph license. Airway
ecacons and other stations that send out naviga-
ional signals share sections of this frequency spec-
rum. The international distress frequency of 500 kc
300 meters) s also located here.

WOHIZED
LAYERS
A
e -‘-f ?-—-—-.‘ —~—
o e o vl >,
3 il /A,I:——':" ““"7‘: . \\
/ﬂ‘—gf‘ ” i VST, \ Ly
. M')jp"’//‘ g T g T
. R LHORTWAYE R ~
2 315, Lt PaTH  TROPOSPERE - \\

Fig. 2. Propagation of radio waoves.

In this frequency spectrum. the ground wave
dominates (Fig. 2). As a result, a very reliable trans-
mission medium exists for both short and medium-
distance communications.

With adequate transmitter power, a sensitive re-
ceiver, and a large, efficient transmitting antenna,
very reliable long-distance communications can be
established. In recent years much experimental work
has heen done, in this frequency spectrum, toward
developing reliable world-wide communications. For

xample, very low frequencies will penetrate the
ocean water more readily than higher-frequency
waves. Thus they can be used for communicating
with submarines.

In the medium-frequency spectrum (between 300
and 3,000 kc), both the ground wave and the sky
wave contribute to the net signal delivered to a re-
ceiving location. At the low end of the low-frequency
spectrum, however, the ground wave greatly dom-
inates the sky wave. Consequently, reliable ground-
wave communications can be established with only
occasional limited interference from sky-wave com-
ponents.

['he radio broadcast band (AM) starts at 550 ke
and extends to 1600 kc. The ground wave serves as a
veliable local and regional transmission medium for
most of the broadcast band. During the evening
hours (especially in winter), strong sky-wave com-
ponents return to the earth. At varying distances
jrom the transmitter, fading oceurs as the ground
vgves and sky waves interact, sometimes adding and

ting Ground-wave radiation is
i 5 is more s0
i cer fairly soort distances— .
ore reliable, over tairl . ' :
:nt ,the high than the low end. Partxr.ulaiflg.:(ttr‘t!(fli’\;,
the local ground-wave components aré su ‘]ﬁatina 4
terference from sky-wave components origl g
a substantial distance.
Atmospheric noises are
quency spectrum. Summer
by lightning static, and in w
tween the ground wave and sk

tion a problem. )
In the frequency spectrum hetween 1.6 and 5 me,

a variety of two-way radio assignments. [t
it:ireer:?lalat small-boat radio assignments are made,
The installation of radiot:lephones aboargi small
boats has paralleled the accelerated interest in boat-
ing. As this growth continues, better .trafﬁc regula-
tion will be needed in both coastal and u}land waters,
Don’t forget that small-boat radio equipment must
be installed, adjusted, and serviced by a second-clazs
radiotelephone license holder.

The upper end of the medium-frequency spectrum
provides reliable coverage up to 50 or 100 miles (and
even farther under certain circtynstances). The de-
sired range for most two-way radios installed on
small boats and in aircraft is substantially less than
50 miles. Consequently, reliaklz performance can be
obtained from compact, low-power equipment.

Atmospheric noises are prevalent. In mobile in-
stallations, the problem of ignition interference
also must be considered. Sky-wave components
sometimes travel a great distance after bouncing off
the ionized layers. Upon returning to earth, they are
at a high enough level to interfere with more local-
ized communications. In some point-to-point com-
munications systems, however, sky-wave transmis-
sion is advantageous—it enables distances of up to

several hundred miles to be covered on a reliable
basis.

Long-distance point-to-gaint communications
and other services are assizned to the short-wave
frgquency spectrum (between 3 and 30 me). By
using the sky-wave bounce from the ionized layers,
the various bands of short-wave broadcast stations

that utilize these frequencies make possible reliable
world-wide communications.

The ionization of the v
earth is continuously shift

and measurement over the years have permitted the
develo(p:ment of consistent long-distance perform-
ance. Coupled with proper choice of frequency, time,

;;«;)\x'er, and directive antenpy, systems, these long
4 - . ° 3 ;
distance communications 8z.vices are able to pi

point strong signal e

s :
eacth. to almiost every corner of the

u.:tmospheric static s stronger at the low-fre-
quency end of the short-wave Spectrum, whereas

<ometimes subtrac

predominant in this fre-
transmission is plagued
inter the interaction be-
y wave makes recep-

arious layers above the
ing. Careful observation

¢
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ignitign interference increases in intensity toward
the high-frequency end.

Sunspot activities and aurora borealis. along with
the consequent magnetic storms, have a decided in-
fluence on short-wave performance. Sunspot activi-
ties, which occur in defnite cycles over the vears.
affect the level and degree of ionization. This activity
varies from day to nigh. season to season. and vear
to vear. On occasion, magnetic storms are so severe
that communication is impossible over large seg-
ments and sometimes over all the short-wave bands.

In addition to the point-to-point communications
systems, many mobile services are crowded at the
high-frequency end of the short-wave spectrum.
Again. all equipment must be installed. adjusted.
and serviced by or under the supervision of a second-
class radiotelephone license holder. Many land-
mobile systems are allocated frequencies between 25
and 50 mec, along with a limited number of maritime
and aviation assignment?.

The direct wave (Fig. 2) predominates at the
high-frequency end cof the short-wave spectrum.
Here the ground wave is attenuated to an insignifi-
cant level only a short distance from the transmitter.
and skv-wave reflections are more sporadic. Thus.
most contacts are by wayv of direct-wave transmis-
sions traveling in the immediate atmosphere be-
tween transmitter and receiver. Because of its re-
liability. the direct wave is ideal for two-way mobile
systems. With proper facilities and sufficient power
output. it is possible to extend the reliable maximum
range to 75 miles.

Citizens-band assignis#nts are made in the 27-mc
range. Millions of mobilx stations will eventually be
licensed to operate in this popular band. As before.
on-the-air power, modulation. and frequency checks
must be made by a second-class radiotelephone li-
cense holder.

The VHF spectrum extends between 30.000 ke
and 300 mc. In cddition to many other. less-publi-
cized services, this segment contains the television
and FM broadcast-stations assignments. Two fre-
quency bands are used extensively for mobile-radio
systems. and a third band is assigned to point-to-
point communications. All assignments except com-
mercial broadcasting ar» under the jurisdiction of a
second-class radiotelepho e license holder. Aeronau-
tical two-way radio sy§.éms and other aircraft and
marine navigational services are also assigned space
in the VHF spectrum.

Direct-wave propagation (Fig. 2} pmdomma.tpabin
this spectrum. The ground wave drops to an nsig-
nificant value only a short distance from the trans.
mitting antenna. The skv wave penetrates the at-
mosphere and the ionized lavers betore going off inte
space. In fact. the VHF and UHF spectrums are also

intfroduciion to Communicotions Electronics

used to transmit guidsnce and telemotering wen:
to missies and satellites,

The lower hall of the VHF specirum :
some ionospheric reflection. Intenge sunspos
ity. and some reflection of VHF signuis o
in a dense ionosphere. Ignition and
noises are strong at the low end of <F |
gradually decreasing toward the high end A
pheric noizes seldom exist. or if the; , BTE VT
weak. Inherent receiver notses beoome significan:
the VHF. UHF. and higher miCronase spectyums
Most receivers are troubied by tube naise from che
input stage. To gvercome such noise 2 crvaral mis
is often used. The newlv-conceived paramesric o
plifiers and masers are al=
their very low noise content.

The immediate atmosphere | troposphere  creat
influsnces the range and reiiabiicy of VH
mission bevond the herizon. Customanly VHE
UHF transmissions are censidereq o follow o
sight paths. However. the atmosphere does 0t
some bending of VHF waves. This re/ractinn =
the wave to travel bevond the strictly op® ne of
sight. How far it travels depends on how much =

ther spar }

empioved

\/ <“‘\\ 4 y/\/'*\

SN Are 2

P eedmser N FENCED ansE ) PONES

Fig, 3

VHf propogation and froposche b RS

bent (Fig 3). Many meteorological faviots encte
picture—barometric pressure. temperniurs
midity, to name a few. Air-mass lavers tenie: ¢
inversiens in the upper atmosphere. that irve
lanities also influence the degree of bending. In
under extreme conditions the rudic muve = onan
in duct-like fashion within these discen
may be propagated hundreds or even <
miles before returning o earth
Although these propagation phe
teresting and unusual. thev an upsu 3
two-way radio comnmunication. Tons
munications syvstems are designad for o
operation. plus a reasonsbie extensior S
average mirimum anrount af atmos
The UHT regron (between 3000 andd
resents an extension of the servioes o
VHF spectrum. tIn common werminol
tion above 1.000 mc is called the mucrowave
Simular two-way radio ssagn
and aviation are maden this regon. UF
assigaments also occupy g good sl
trum. together with radionavigaton is (&
radar). Assignments for pomd fop w
retay svstems are made
of the spectrum

“ sapres s
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Iintroduction to Communications Electronics

soneral, UHFE has a shorter range than VHF.
lowever, the UHF wave is more beamlike and thus

1 be reflected sharply by objects. For this reason,

UHF two-wayv radio system is often more salis-

tory in netropolitan areas than its VVHF coun-

rpari——the signal can be bounced to a mobile unit
<ireounded by skvecrapers: On the other hand. VVHF
soems to operate better m suburban and rural areas
scause of its greater range.
The UHF wave can be concentrated into a pencil-
heam by the use of directional antennas, This 1s
articularly true at the high-frequency end. Also,
phyvsical dimensions of a highlv-directional an-
tenna are practical at higher frequencies. As a result,
UHF frequencies are more advantageous In point-
point communications systems.

Only two terminal stations are needed for trans-
mission hetween two line-of-sight points. If the com-
munications system is to extend along a lengthy
right of way (oil or natural-gas line, turnpike, rail-

line. truck route. etc.) manned or automatic
ediate relay stations can be used.

\Microwave relay systems are being planned or are
already in operation for many industrial and com-
mmercial services, representing more opportunities for
the holder of a second-class radiotelephone license.
Translators, which carry television signals into re-
mote areas, use the UHF and microwave spectrums,
Studio-transmitter links and remote-pickup equip-

ent operate n this spectrum also. Some of this

uipment can be operated by a second-class radio-
lephone operator.

The SHF (super high frequency) spectrum ex-
rends between 3.000 and 30.000 mc. Radar and
microwave relayv services are assigned to this sector.
However. much developmental work is being con-
tucted to duplicate the services rendered in the UHF
2 VHF spectra, and some mobile operations al-
1eady are being tested. Navigational devices in par-
ticular can take advantage of the very sharp radio
searn that can be sent out by antennas of small
phvsical dimensions. Licensing and technical re-
yuirements are somewhat more liberal on the many

levelopmental frequencies. However. there is an im-
ortant niche here for the second-class radiotele-
hone operator.

SUMMARY
['fie obvious distinction enjoved by the holder of an
FCZ commercial license should be evident, if a col-
lective view 18 given the topics discussed in this les-
«on The expanded technical servicing qualifications
¢ well warth the effort, considering that radiocom-
munications systems numbering in the millions are
ernted, installed, adjusted, and repaired by tech.
cioinns holding first- or second-class radiotelephone
enses. You may already know that unlicensed per-
mnel are permitted to make certain adjustments

1 2 1 it meets the
iti .band transmitters, provided i
Gl of the Federal Commu-

.approval requirements ¢ g _
rtl}if:tf)l;g Cc»mmiqx'.sion. However, {)Wth&alr aC{J'USt-
ments that influence the operating 'freque}r]u.y.or
power input must be handled only by a tecl n;‘cxan
who has a first- or second-class radiotelephone

S€e. k !
hc?lphe‘g3 holder of a second-class radlote;ephone li-
cense can adjust and service, or Supervise the ad-
justment and servicing of, a wide variety of t'hese
radiocommunications systeme. There are a few ex-
ceptions, but they are outside the realm‘of two-way
equipment. For example, a secor_ud-class licensee may
not adjust or service commercial brqadcast equip-
ment (AM, FM, or TV), certain marine equipment
licensed to use telephony with power in excess of 100
watts, or stations which transmit by radiotelegra-
phy. However. the second-class permit dogs extend
to the operation and maintenance of certain educa-
tional FM and TV stations, and certain broadcast
relay facilities.

Many classes of two-way radio stations can be
operated—but NOT SERVICED—by licensees of
grades below second-class radiotelephone. Two such
grades are the third-class and tne restricted radio-
telephone operator. While the guestions in the third-
class examinztion (ElementesT and 1I) are nontech-
nical and have to do with hasic radio laws and
operating practices, you must be able to pass the
third-class exam to achieve a second-class rating.
Holders of a third-class permit may not adjust and
service the station equipment in any way that would
result in improper transmitter operation.

REVIEW QUESTICGNS

1. Compare simplex and duplex opera-
tion. Which 1s used most often in two-
way radio systems?

2. Where must the secunid-class radio-
telephone operater’s license be
vosted?

3. What is a verificat.on card?

4. Why are frequency assignments made
th the communication services on va-
rious bands throughout the electro-
magnetic spectrum?

5. Compare ground and sky waves.

6. ‘.\'hf:t is meant by direct -wave propa-
gation?

3 "Qmpam the propagsiion character-
sties of the HF, ViF, and UHF
apectra,

. Hox {ioes the relati ‘e effect of atmo-
spherie, man-made, and receiver in-

but noises change with relation to
frequency?

Anzwers to these questions will be included in PHOTOFACT Set No. 565
2 Lo . 00,
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Jﬁjfﬁm 2nd-Class Radiotelephone License Course

Lesson 2

Services and Frequency Assignments — Frequency Bands

There are many opportunities in point-to-point and
mobile communications systems for technicians who
can install, operate, adjust, and maintain such
equipment. Table 1 lists most of the two-way fre-
quencies assigned to equipment which comes under
the jurisdiction of second-class radiotelephone li-
cense holders. The symbols shown are used to iden-
tify the various bands.

Table 1. Major two-way radiotelephony bands.

Medium frequency (MF). .......1.6-11.5 mc
High frequency (HF) .............. 25-50 mec
Very high frequency (VHF1)...... 108-135 mc
Very high frequency (VHF2)...... 152-174 mc
Ultrahigh frequency (UHF) ...... 450-470 mc
VHF point-to-point . ............... 72-76 mc

The major two-way radio assignments in the
medium-frequency (MF) band are police radio, ma-
rine, and aviation (although there are some point-to-
point relay and a limited number of land-mobile al-
locations). Because of the great interest in small
boats, an increasingly active portion of the spectrum
between 1.6 and 3.5 mc has been allocated to stations
aboard small ships in coastal and inland waters.
There are numerous aeronautical station assign-

MEDIUM
FREQUENCY
(MF)  1.611.5mc

HIGH

FREQUENCY

25-50mc
(HF)

ments, largely for the benefit of passenger and cargo
air-carrier services. Many such assignments, particu-
larly for private aircraft and airdrome facilities, are
in the VHF1 band.

The upper portion of the HF spectrum is crowded
with mobile assignments. It includes not only the
very active Citizens band but also a high percentage
of the public-service and land-transportation serv-
ices. Again, each transmitter must in some way be
linked to a second-class radiotelephone licensee.

Similar assignments are made in the two VHF
bands. The 72-76 mc band has been allocated largely
for fixed-station operation. Point-to-point relay sys-
tems also have frequency assignments in this band.
In time, most point-to-point allocations and some of
the systems now operating on this band will use the
super high frequency (SHF) and the upper end of
the UHF bands. A high degree of stability and free-
dom from interference can be obtained more readily
in the microwave spectrum. The alert second-class
radiotelephone licensee will want to assist in the
development and use of these microwave-relay as-
signments.

Aeronautical radio facilities dominate the VHF1
spectrum. The assignments on the VHF2 spectrum,
however, are similar to those of the HF band. Land-

VHF
POINT-TO-POINT
72.76mce

VHF1
108-135me
/

VHF2
152-174me

UNHF
450-470me
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Services and Frequency Assignments—Frequency Bands

mobile radio assignments are predominant, although
railroad radio and coastal radiomarine allocations
are also prevalent.

The allocations on the UHF band are similar to
those of the VHF and HF bands. An increasing num-
ber of fixed point-to-point allocations are becoming
available, particularly at the high-frequency end of
the UHF band. Also included in this band are a Citi-
zens-band spectrum and an impressive array of al-
locations for land vehicle, marine, and aviation
facilities. Radionavigational aids (including radar)
for aeronautical and marine services are served by
UHF and higher microwave frequency assignments.

The following information pertains to the three
general classifications of land, aviation, and marine
two-way radio assignments. It will give you an idea
of the extensive use of radiocommunications equip-
ment. Even more important, it will give you a
glimpse of expansive avenues of growth open to you.
As you will see, your second-class radiotelephone li-
cense will unlock many doors of opportunity.

CITIZENS RADIO SERVICE

The Citizens radio service has had a phenomenal
growth, as attested to by the hundreds of thousands
of transmitters now in operation. This service pro-
vides for private short-distance radiocommunica-
tions, radio signaling and the control of remote ob-
jects by radio. Any citizen is eligible to hold a license
in the Citizens radio service, provided (1) the appli-
cant for Class-A, -B, or -D station authorization is
18 years or older, (2) the applicant for a Class-C
station authorization is 12 or more years of age. In
addition, not more than one person shall be licensed
to operate the same transmitting equipment. Citi-
zens mobile-radio units can be installed in land ve-
hicles, boats, and aircraft—but cannot be hired for
public correspondence, of course.

Classes of Stations

There are four types of Citizens-band stations.
Class-A stations are assigned an available frequency
between 460.05 and 466.45 mc and are limited to a
plate input power of 60 watts or less. They can be
operated as either base or fixed stations, and nor-
mally are authorized to transmit radiotelephony
only. However, they may transmit tone signals or
use other signal devices, but only to establish and
maintain voice communications.

Class-B stations are authorized to operate on a fre-
quency of 465 mc with a plate input power of 5 watts
or less. Normally they must be operated as mobile
stations only; however, they may be operated at
fixed locations in accordance with certain provisions.
They may employ AM, FM, or on-off unmodulated

carrier, and may be used for radiotelephony, to con-
trol remote objects by radio, or to remotely actuate
devices used for attracting attention (for example,
window displays). The frequency tolerance of the
Class-B station is not as strict as for Class A. This is
shown in Table 2.

Table 2. Citizens Band Power and Frequency Tolerances.

Frequency

Tolerance
Maximum Authorized
Class Plate Fower Input Base % Mobile%
A 3 watts or less . ... .001 .005
A Over 3 watts. ... .. .001 .001
B 3 watts or less . . ..
B Over 3 watts......
C 5 watts or less . . .. .005
C Over 5 watts
(27.255 mc only) .005
D 5 waits or less . . .. .005

Class-C stations that have a plate input power of 3
watts or less and are used solely for remote control
of devices by radio (other than those used solely to
attract attention) are permitted a frequency toler-
ance of 0.01%.

Class-C Citizens radio stations are authorized for
control of remote objects by radio, or for remote ac-
tuation of devices used solely as a means of attract-
ing attention. They are also authorized to operate
as mobile stations, but may be operated at fixed lo-
cations in certain instances.

Class-C stations are authorized to use amplitude
tone modulation or on-off unmodulated carriers. The
frequency assignments are 26.995, 27.045, 27.095,
27.145, 27.195, and 27.255 mc. The power input is
restricted to 5 watts or less, except on 27.255 mc,
where up to 30 watts is permitted.

The very popular Class-D stations are assigned
frequencies between 26.96 and 27.255 mc. The au-
thorized plate input power is 5 watts or less for am-
plitude-modulated radiotelephony only. Class-D sta-
tions are authorized to operate as mobile stations
only, but may be operated at fixed locations. They
may not transmit any form of radiotelegraphy. How-
ever, tone signals or signaling devices may be used,
but only to establish and maintain voice communica-
tions between stations.

The actual frequency assignments are given in
Table 3, along with the channel numbers by which
the various frequency assignments are customarily
identified.
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Table 3. Class-D Citizens Band Channel Frequencies.

Channel Megacycles Channel  Megacycles
1 26.965 12 27.105
2 26.975 13 27.115
3 26.985 14 27.125
4 27.005 15 27.135
5 27.015 16 27.155
6 27.025 17 27.165
7 27.035 18 27.175
8 27.055 19 27.185
9 27.065 20 27.205

10 27.075 21 27.215
11 27.085 22 27.225

PUBLIC-SAFETY RADIO SERVICES

Public-safety radio services are available for radio-
communications essential to the discharge of non-
federal governmental functions or to the alleviation
of an emergency involving the endangerment of life
or property. Authorizations are made for police, fire,
forestry conservation, highway maintenance, special
emergency, state guard, and local government. All
transmitter adjustments or tests which may affect
proper operation of the station must be made by, or
under the supervision of, a first- or second-class ra-
diotelephone or radiotelegraph operator. The license
holder is responsible for the proper functioning of the
station equipment. If Morse code is used, only a first-
or second-class radiotelegraph operator is allowed to
operate the station.

Unlicensed persons are not permitted to operate a
mobile station transmitting on frequencies below
25 mc unless authorized to do so by a licensee, pro-
vided the station is associated with and under con-
trol of a base station of the same licensee. Likewise,
an unlicensed person may not dispatch messages
from a base or fixed station unless authorized to do
so by a person holding a commercial radio operator’s
license or perm1t of any class, and only under his
direct supervision.

Fire Radio

Authorization in the fire radio service is given to
paid or volunteer fire departments or their person-
nel. Base, mobile, and fixed stations are authorized
as follows:

1.63 mc—Base and mobile.
33.42-46.5 mc—Base, mobile, and fixed.
72.02-75.98 mc—Operational fixed.
153.77-170.150 mc—Base, mobile, and fixed.
453.050-458.950 mc—Base and mobile.
952-960 mc—Operational fixed.
Microwave—For all types of services.

12

Police Radio .

Police radio stations are authorized to transmit
communications essential to official police activities.
Various frequencies are assigned to police base and
mobile stations, fixed stations, and zone and inter-
zone stations for communications both inside and
outside their jurisdiction, Frequency assignments are
made within the following frequency ranges:

1.611-7.935 mc—Base, mobile, zone, and interzone.
37.02-46.02 mc—Base and mobile.
72.02-75.98 mc—Operational fixed.
154.65-159.210 mc—Base and mobile.
453.050-458.950 mc—Base and mobile.
952-960 mc—Operational fixed.
Microwave—Assignments for all types of
services are available.

Forestry Conservation Radio

Authorizations for forestry conservation stations
are made only to persons or organizations charged
with specific forestry conservation activities. Fre-
quency assignments are as follows:

2.212-2.244 mc—Base and mobile.
30.86-46.82 mc—Base and mobile.
72.02-75.98 mc—Operational fixed.
151.145-172.375 mc—Base and mobile.
453.050-458.950 mc—Base and mobile.
952-960 mc—Operational fixed.
Microwave—All services.

Highway Maintenance Radio

Authorizations for highway-maintenance stations
are issued only to federal, state, local, etc., govern-
ments. Frequency assignments are as follows:

33.02-47.4 mc—Base and mobile.
72.02-75.98 mc—Operational fixed.
150.995-159.195 mc—Base and mobile.
453.05-458.95 mc—Base and mobile.
952-960 mc—Operational fixed.
Microwave—All services.

- Special Emergency Radio Service

Disaster relief organizations, physicians and vet-
erinarians, ambulance operators and rescue organ-
izations, beach patrols, school buses, and other
communications systems may use this service for
emergencies, but on a standby basis only. Frequency
assignments are as follows:

2-3 mc—Fixed.

2.726 mc—Base and mobile.

3.201 mc—Base and mobile.
33.02-47.66 mc—Base and mobile.
72.02-75.98 mc—Operational fixed.
453.050-458.950 mc—Base and mobile.
952-960 mc—Operational fixed.

Microwave—All services.
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State Guard Radio

State-guard radio stations are authorized primar-
ily to permit transmissions related directly to public
safety and the protection of life and property, and
secondarily to provide for essential nonemergency
communications necessary for training and main-
taining an efficient organization. Frequency assign-
ments are as follows:

2.726 mc—Base and mobile.
2.505-3.5 mc—Used when a second frequency
is required.

Local Government Radio

Stations in the local-government radio service are
authorized to transmit communications essential to
the official activities of the licensee. Frequency as-
signments are as follows:

45.08-45.64 mc—Base and mobile.
72.02-75.98 mc—Operational fixed.
153.755-158.955 mc—Base and mobile.
453.050-458.950 mc—Base and mobile.
952-960 mc—Operational fixed.
Microwave—All services.

INDUSTRIAL RADIO SERVICES

In the industrial radio services, parts of the radio
spectrum are made available to various industrial
enterprises which, for safety or other reasons, re-
quire radio transmitting facilities in order to func-
tion efficiently. Such radio facilities are not for hire
and may not carry program material. The various
industrial radio services are power radio, petroleum,
forest products, motion picture, relay press, special
industrial, business radio, industrial radiolocation,
manufacturers, and telephone maintenance. Pur-
poses and frequencies of the various services are as
follows:

Power Radio

Assignments are made to persons engaged primar-
ily in the generation, transmission, or distribution of
electrical energy; the production, distribution, or
storage of artificial or natural gas by means of pipe-
lines; the collection, transmission, storage, or puri-
fication of water by pipeline, canal, or open ditch;
and the generation or distribution of steam for use
by the general public or a cooperative. Frequen-
cies are:

1.605-4.65 mc—Base and mobile.
27.235-27.275 mc—Base, mobile, and operational fixed
37.46-48.54 mc—Base and mobile.
72.02-75.98 mc—Operational fixed.
153.41-173.35 mc—Base, mobile, and operational fixed
406.050-456.25 mc—Fixed relay and special.
952-960 mc—Operational fixed.
Microwave—All services.

Petroleum Radio

Assignments are made to persons engaged in pros-
pecting for, producing, collecting, refining, or trans-
porting petroleum or its products (including natural
gas) by pipeline. Frequencies are:

25.02-49.5 mc—Operational fixed.
72.02-75.98 mc—Base and mobile.
153.05-173.35 mc—Base and mobile.
406.05-412.75 mc—Fixed relay.
451.55-456.75 mc—Base, mobile, and operational fixed.
952-960 mc—Operational fixed.
Microwave—All services.

Forest Products Radio

Assignments are made to persons engaged in tree
logging, tree farming, or related woods operations.
Frequencies are:

27.235-29.77 mc—Base and mobile.
48.56-49.5 mc—Base and mobile.
72.02-75.98 mc—Operational fixed.
153.05-173.35 mc—Base and mobile.
406.05-412.75 mc—Fixed relay.
451.55-456.75 mc—Base, mobile, and operational fixed.
952-960 mc—Operational fixed.
Microwave—All services.

Motion Picture Radio

Assignments are made to persons engaged in the
production of motion pictures. Frequencies are:

27.235-27.275 mc—Base, mobile, and operational fixed.
72.02-75.98 mc—Operational fixed.
152.87-173.375 mc—Base and mobile.
952-960 mc—Operational fixed.
Microwave—All services.

Relay Press Radio

Many relay-press radio assignments are given to
newspapers and press associations. Frequencies are:

27.235-27.275 mc—Base, mobile, and operational fixed.
72.02-75.98 mc—Operational fixed.
173.225-173.375 mc—Base and mobile.
952-960 mc—Operational fixed.
Microwave—All services.

SPECIAL INDUSTRIAL RADIO

Quite a few persons and organizations are eligible
for assignment in the special industrial radio service,
including those engaged in farming, ranching, heavy
construction (roads, bridges, sewers, pipelines, air-
fields, and the production of water, oil, gas, or
power), and mining (including the exploration for
and development of mining properties). Persons
rendering certain specialized services essential to in-
dustrial operations or public health are also eligible.
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Eligibility is limited to those engaged in:

1. Plowing, soil conditioning, seeding, fertiliz-
ing, or harvesting for agricultural or forestry
activities.

2. Spraying or dusting insecticides, herbicides,
or fungicides in areas other than enclosed
structures.

Livestock breeding.

. Maintaining, patrolling, and repairing gas or
liquid-transmission pipelines, tank cars,
water or waste-disposal wells, industrial stor-
age tanks, or distribution systems of public
utilities.

5. Acidizing, cementing, logging, perforating,
or shooting activities, and similar services in-
cidental to the drilling of new oil or gas wells,
or the maintenance of production from es-
tablished ones.

6. Supplying of chemicals, mud, tools, pipe, and
other unique materials or equipment to the
petroleum production industry as the pri-
mary activity of the applicant—provided the
delivery, installation, or application of these
materials require the supplier to use specially
fitted conveyances and unusual skills,

7. Delivering ice or fuel to the consumer in
solid, liquid, or gaseous form for heating,
lighting, refrigerating, or power-generation
purposes by means other than pipelines or
railroads.

8. Delivering and pouring of ready-mixed con-

’ crete or hot asphalt mix.

i §°

Frequency assignments are:

2.292-4.6375 mc—Base and mobile.
27.235-47.68 mc—Base, mobile, and fixed or
operational fixed.
72.02-75.98 mc—Operational fixed.
151.505-171.975 mc—Base, mobile, and operational fixed.
406.05-456.95 mc—Base and mobile.
952-960 mc—Operational fixed.
Microwave—All services.

Business Radio

Authorizations are made in the business radio
service to businesses, schools, philanthropic organi-
zations, clergymen or ecclesiastical institutions, hos-
pitals, clinics, and medical associations. Frequency
assignments are:

27.235-43.0 mc—Base, mobile, and operational fixed.
72.02-75.98 mc—Operational fixed.
151.625-171.975 mc—Base, mobile,and operational fixed.
406.05-469.95 mc—Base, mobile,and operational fixed.
952-960 mc—Operational fixed.
Microwave—All services.

Industrial Radiolocation

Made to commercial or industrial enterprises
which must establish a position, distance, or direc-
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tion by means of radiolocation devices for purposes
other than navigation; or to an organization furnish-
ing a radiolocation service to such persons. This serv-
ice is used primarily in geographical, geological, or
geophysical activities. Frequency assignments are
between 1.75 and 1.8 mc, at certain frequencies be-
tween 2.9 and 9.5 mc, and in the microwave spec-
trum.

Manufacturers Radio

Assignments are made to persons engaged in man-
ufacturing, or to a subsidiary that will furnish a
not-for-profit radiocommunications service. Plants,
factories, shipyards, or mills where power-driven ma-
chines and materials-handling equipment are em-
ployed in the manufacture or assembly or the prod-
uct are included in this category. Establishments
engaged primarily in wholesale, retail, or service ac-
tivities—even though they fabricate or assemble any
or all of the commodities handled—are not consid-
ered manufacturers. Instead, they are classified
under the Business radio service. Manufacturers
radio assignments are:

27.235-27.275 mc—Base, mobile, or fixed.
153.05-158.43 mc—Base and mobile.
462.05-467.95 mc—Base and mobile.

Telephone Maintenance Radio

Telephone maintenance assignments are given to
telephone companies and other common-carrier serv-
ices employed primarily to render a wire-line and/or
radiocommunications service to the public for hire.
Frequency allocations are:

27.235-43.16 mc—Base, mobile, and fixed.
151.985-158.34 mc—Base and mobile.
451.3-456.5 mc—Base and mobile.

LAND TRANSPORTATION RADIO SERVICES

Part of the radio spectrum is reserved for certain
land transportation communications. These radio
facilities cannot be used for hire or to carry program
material but are provided for motor carrier radio,
railroads, taxicab companies, and automobile emer-
gency.

Motor Carrier Radio

Authorization for stations in the Motor Carrier
radio service is issued to bus lines, trucking compa-
nies, and moving and storage firms operating buses
or trucks within a city, or from city to city. Fre-
quency assignments are:

27.235-27.275 mc—Base, mobile, and operational fixed.
30.66-44.6 mc—Base and mobile.
72.02-75.98 mc—Operational fixed.
159.495-160.2 mc—Base and mobile.
452.65-457.85 mc—Base and mobile.
952-960 mc—Operational fixed.
Microwave—All services.
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Railroad Radio

Authorization is given to railroads, including rail-
way express companies owned wholly by the rail-
road. Frequency assignments are:

72.02-72.98 mc—Fixed.
160.215-161.565 mc—Base and mobile.
452.9-457 95 mc—Base and mobile.
Microwave—All services.

Taxicab Radio

Persons who carry passengers for hire—provided
they do not follow a schedule or operate over a regu-
lar route or between established terminals—are elig-
ible for this service. Frequency assignments are:

27.235-27.275 mc—Base, mobile, and operational fixed.
152.27-157.71 mc—Base and mobile.
452.05-457.5 mc—Base and mobile.
Microwave—All Services.

Automobile Emergency Radio

Associations, owners of private automobiles and
public garages providing emergency road service are
eligible for this service. Transmissions are restricted
to the dispatching of repair trucks and cars to dis-
abled vehicles for the purpose of saving lives or pro-
tecting property. Frequency allocations are:

27.235-27.275 mc—Base, mobile, and operational fixed.
150.815-157.5 mc—Base and mobile.
452.55-457.6 mc—Base and mobile.
Microwave—All services.

AVIATION RADIO SERVICES

The bulk of aeronautical radio-station assignments
are between 118 and 135 mc, with additional assign-
ments between 2.8 and 18 mc. Operational fixed sta-
tions are assigned between 72.02 and 75.98 mc, plus
additional allocations in the microwave spectrum.

Some of the radionavigational frequency assign-
ments are:

Localizer station—108.1-111.9 mc
Glide-path station—328.6-335.4 mc
Aeronautical marker beacon—75 mc
Radio range station—108.2-117.9 mc
Radio beacon station—200-400 kc
Microwave—Auvailable for distance-
measuring and other
navigational functions.

Some key aircraft frequency assignments avail-
able to aircraft stations are:

375 ke—International direction-finding frequency for
use outside the continental United States.

457 kc—International calling and distress frequency
for ships and aircraft over the seas. Transmission on
this frequency, except urgent and safety messages
and signals, must cease twice each hour for three

minutes beginning at 15 and 45 minutes past the
hour, Greenwich civil time.

8364 kc—For lifeboats, life rafts, and other survival
crafts communicating with maritime stations dur-
ing rescue operations.

121.5 mc—Universal simplex emergency and distress
frequency used by aircraft for emergency direction-
finding purposes, to establish air-ground communi-
cations in emergencies, and for search and rescue
operations by aircraft not equipped to transmit on
121.6 mc. This frequency will not be assigned to an
aircraft unless other frequencies have been assigned
to accommodate its normal needs.

121.6 mc—For air-to-air and air-to-ground communi-
cations with aeronautical search and rescue stations
engaged in search and rescue operations.

121.60, 121.65,—Airport utility frequencies. 121.60 mc

121.70, 121.75, can be used by aircraft radio stations

121.80, 121.85, for airport utility communications,
121.90,and provided they do not interfere with
121.95 mc¢ search and rescue communications.

118-134.95 mc—For air-traffic and airport control.

The calling and working frequency is 3117.5 kc for
commercial and 3023.5 ke for private aircraft. Air-
traffic control frequencies for private aircraft extend
between 122.0 and 123.05 mc. Two specialized fre-
quencies within this spectrum are 122.8 mc (as-
signed to aeronautical-advisory and private-aircraft
stations, and also used for establishing communica-
tions between private aircraft in flight) and 123 mc
(for contact between private aircraft and aeronauti-
cal advisory stations only).

MARINE RADIO SERVICES

Two-way radio equipment is mandatory on inland
and coastal boats and all seagoing vessels however
small, that carry more than six passengers for hire.
As a result, there is a variety of land and shipboard
radio stations requiring the services of licensed sec-
ond- or first-class radiotelephone operators for the
installation, adjustment, and maintenance of such
marine stations.

All licensed radio operators, especially those who
maintain marine and aviation equipment, should be
familiar with the distress frequencies, priorities, and
procedures.

The six key distress and emergency frequencies
are:

500 kc—Ships and over-the-sea aircraft; radioteleg-

raphy.
8.364 mc—Survival craft; lifeboats and life rafts; res-
cue operations.

121.5 mc—Aeronautical emergency and distress fre-
quency; emergency direction finding.
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121.6 mc—Air-to-air and air-to-ground search and
rescue operations.

2.182 mc—Maritime distress frequency; radiotele-
phony.

156.8 mc—Harbor safety and calling.

Small-boat installations are largely radiotele-
phones operating in the medium-frequency and
VHF2 bands. Practically all stations operate on
either 2.182 or 156.8 mec, or both, for distress and
emergency calls. Shipboard stations using radiotele-
phony are assigned certain spot frequencies between
2 and 23 mc or 156 and 162 mc. Most small-boat fre-
quency assignments, however, are between 1.605 and
2.85 mc.

Coastal stations open to public correspondence
have a variety of frequency assignments between
2.182 and 22.716 mc. Additional assignments may
also be allocated elsewhere, according to the needs
and location of the station.

REVIEW QUESTIONS

. What frequency band is most popular

for small-boat two-way radio?

. What frequency band is used ex-

tensively for private aviation two-
way radio?

. List the three frequency bands used

for land vehicle communications.

. Give the various categories of the

land-transportation, industrial, and
public safety radio service.

. Give the frequency limits of the two

Citizens radio bands.

. List and compare the various classes

of Citizens band radio.

. What are the power requirements for

Citizens band operation?

. What operator license requirements

apply below 25 megacycles?

Answers to these questions will be included in PHOTOFACT Set No. 565.
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Lesson 3

Radiocommunications Systems

INTRODUCTION

In the previous lesson you learned of the various
communication services and frequency assignments,
the propagation characteristics of the various fre-
quency bands, and how assignments are made ac-
cording to the service to be rendered.

Transmitter power outputs depend on the dis-
tance to be covered and the propagation problems of
a given area or service. Power output must be limited
to a safe maximum to prevent interference to similar
services which share the same frequency.

There are various types of approved modulation.
Modulation, of course, is the method used to impress
the information to be conveyed onto the radio-fre-
quency carrier. The various types of emission, as rec-
ognized by the FCC, are given in Table 1. The basic
type of emission and the supplementary character-
istics of the particular modulation are dependent,
too, on the service that the radiocommunications
system must render, as well as on the assigned fre-
quency and the type of information that the radio
channel must carry. This lesson will introduce you to
the more common forms of transmission employed in
radiocommunications systems. In later lessons, the
forms of modulation and demodulation used in mod-
ern radiocommunications systems will be discussed
in detail.

TYPES CF EMISSION AND MODULATION

The FCC classifies three major types of modulation.
These are amplitude, frequency, and pulse. In the
AM system (Fig. 1), the information is conveyed by
varying the amplitude of the carrier. The amplitude-
modulated wave consists of three signals—the orig-
inal carrier, the upper sideband (equal to the carrier
frequency plus the modulating frequency), and the
lower sideband (the difference between the carrier
and modulating frequencies).

Thus, it is apparent that the bandwidth occupied
by an amplitude-modulated signal is limited by the

Copyright © 1962 by Howard W. Sams & Co.. Inc. Printed in U.S.A.
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highest modulating frequency. If this frequency is
3,000 cycles, for example, the total bandwidth will
be twice as much, or 6 kc; if it is 10 kc, the total band-
width required will be 20 k¢, and so on.

In radio broadcast systems, the highest audio-
frequency component transmitted lies between 8,000
and 12,000 cycles (although some high-fidelity sta-
tions transmit higher components). Thus, the band-
width of broadcast stations lies between 15 and 25 kc.

In AM broadcasting, the frequency response is
generally limited at the receiver. The IF system in an
average broadcast receiver is designed to pass audio
components up to approximately 5,000 cycles. This
is done to minimize interference between stations
operating on frequencies that are very close together.
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The bandwidth of the average AM broadcast receiver
is usually less than 10 ke.

The low- and high-frequency audio components
are of significance in the transmission of music. For
the most intelligible voice communications, however,
a low-frequency limit between 300 and 350 cycles,
and a high-frequency limit between 3,000 and 4,000
cycles, are the most satisfactory.

There are three advantages to confining the fre-
quency response and bandwidth in voice communica-
tions. (1) With a narrow bandwidth at the transmit-
ting and receiving ends, the communication is less
subject to heterodyne and sideband interference
from other stations on the same or adjacent channels.
(2) The narrow-band signal does not radiate as many
sidebands and is therefore less likely to interfere with
other stations on the same or adjacent channels. (3)
A narrow-band receiver discriminates against static
and man-made noises, and thus itsinherent noise level
(tube and input) is usually lower.

In summary, a narrow-band system takes up less
space in the frequency spectrum, minimizes inter-
ference, and has a lower noise level.

In voice transmission, few significant frequency
components are present above 3,000 or 4,000 cycles.
Even if they are, their amplitude is usually so low
that they contribute little to intelligibility. It is true
that these overtones and high-frequency components
do determine voice quality and individualism. How-
ever, intelligibility is not reduced. This is why most
voice-communications channels are limited at 3,000
to 3,500 cycles. By so doing, they occupy less space
in the frequency spectrum, interference is reduced,
and simpler equipment can be designed.

Voice-frequency components below 300 cycles de-
termine the bass quality of a human voice. But again,
they are not essential to intelligibility. The low-fre-
quency components also represent the bulk of voice
power. Equipment designed for good low-frequency
performance must be capable of handling the higher
power levels in the low-frequency voice components.
If these components are eliminated during modula-
tion, however, the available power can be utilized
more effectively in the middle-frequency range. This
is the range most important to voice intelligibility.
The removal of lows permits more effective use of the
desired audio range. It also permits more economical
equipment design, because low-frequency perform-
ance and disturbances can be ignored.

The various types of transmission and emission
are shown in Table 1. Notice that each is given an
identifying symbol. These symbols are in common
usage, particularly in FCC publications. For ex-
ample, A3 is the symbol for regular AM double-side-
band (DSB), full-carrier emission. A numerical pre-
fix is often added to indicate the bandwidth. For
example, 8A3 indicates double-sideband AM modu-
lation which has a total bandwidth of 8 kec.
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Table 1. Emission chart.

Type of
modulation
or emission

Type of transmission

Supplementary
characteristics

Symbol

Amplitude

Absence of any modulation. .

Telegraphy without the use of
modulating audio frequency
(on-off keying).

Telegraphy by the keying of a
modulating audio frequency
or audio frequencies or by
the keying of the modulated
emission (special case: an
unkeyed modulated emis-
sion).

Telephony .................

Facsimile .................

Television ................

Composite transmission and
cases not covered by the
above.

Composite transmissions .. ..

Double sideband,
full carrier.

Single sideband, re-
duced carrier.

Two independent
sidebands, re-
duced carrier.

AG
Al

A2

A3a

A3b

A4
A5
A9

A9c

Frequency
(or phase)
modulated

Absence of any modulation. .
Telegraphy without the use of
modulating audio frequency
(frequency shift keying).
Telegraphy by the keying of a
modulating audio frequency
or audio frequencies or by
the keying of the modutated
emission (special case: an
unkeyed emission modulated
by audio frequency).
Telephony .................
Facsimile .................
Television .................
Composite transmissions and
cases not covered by the
above.

FO
F1

F2

Pulsed
emissions

Absence of any modulation in-
tended to carry information.

Telegraphy without the use of
modulating audio frequency.

Telegraphy by the keying of a
modulating audio frequency
or audio frequencies, or by
the keying of the modulated
pulse (special case: an un-
keyed modulated pulse).

Telephony . ................

Composite transmissions and
cases not covered by the
above.

Audio frequency or
audio frequencies
modulating their
pulse in ampli-
tude.

Audio frequency or
audio frequencies
modulating  with
width of the
pulse.

Audio frequency or
audio frequencies
modulating  the
phase (or posi-
tion) of the pulse.

Amplitude modu-
lated pulse.

Width modulated
pulse.

Phase (or position)
modulated putse.

PO

P1

p2d

P2e

p2f

P3d
P3e

p3f

P9




SUPPRESSED CARRIER

Some voice-communication circuits, mainly in point-
to-point equipment, use suppressed-carrier transmis-
sion (Fig. 2). In AM modulation, the information to
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be conveyed is contained in each of the sidebands,
not in the carrier itself. The carrier is therefore excess
baggage, serving only as the vehicle for producing the
transmission. While its presence simplifies receiver
design, and it can be made to provide automatic vol-
ume or frequency control, it can be dispensed with,
or at least transmitted at a reduced level.

In conventional AM systems with 100% modula-
tion, two-thirds of the transmitted power is in the
carrier; only one-third is contained in the useful
sidebands. Even for modulation less than 1009
(usually true except on peaks), the carrier still has
substantially higher power than the sidebands. As a
result, a lot of transmitter power is wasted on the
carrier. Furthermore, under crowded conditions the
carriers and sidebands interact and set up whistles
and squeals. Thus, if the carrier can be removed or
at least suppressed, there will be one less source of
interference to worry about.

Two advantages of reduced-carrier transmission
are: (1) Receiver design is simplified because a stable
substitute for the carrier no longer must be generated
within the receiver, and (2) All available power can
be concentrated into the sidebands.

SINGLE SIDEBAND (SSB)

Another widely accepted form of AM transmission
in point-to-point and amateur communications is
single sideband (symbolized as A3a). The prefix 3
in the symbol 3A3a designates a bandwidth limit of
3,000 cycles. In single-sideband transmission, the
carrier is removed or at least reduced substantially,
and one sideband is also suppressed. As a result, the
required bandwidth is cut in half. Hence, the total
bandwidth of 3A3a transmission is the same as the
high-frequency limit, or 3,000 cycles.

In addition to occupying less room in the fre-
quency spectrum, single-sideband transmission re-
quires less power and thereby reduces interference.

Radiocommunications Systems

In two-way radio systems, single-sideband transmis-
sion is used more frequently for fixed point-to-point
services. However, it is used in some mobile installa-
tions. As a matter of fact, radio amateurs have
already demonstrated its capabilities in mobile
installations.

The power-saving feature of single-sideband trans-
mission is obvious. Even with 1009 modulation,
each sideband contains only one-sixth of the total
power. Nevertheless, all the information to be con-
veyed is also contained in each one of the sidebands.
Thus, all the available power from the transmitter
can be concentrated into that one sideband. More-
over, the narrow bandwidth and the absence of a car-
rier result in much lower interference.

Single-sideband transmission is less troubled by
ionospheric variables and selective fading. (In selec-
tive fading, some of the frequency segments of the
transmitted signal fade in and out. This condition
produces intermodulation distortion in the receiver
and is heard as garbled speech.)

FREQUENCY MODULATION

Frequency modulation has a number of advantages
in two-way mobile-radio systems. The ignition sys-
tem of any vehicle is a source of impulse noises which
cause distortion by introducing amplitude variations
in the incoming RF signals. When AM transmission
is used, very little can be done to eliminate such noise
without affecting the desired amplitude variations
of the incoming signals. In a frequency-modulation
system, the desired information is in the form of fre-
quency deviations. Consequently, any amplitude
variations can be reduced or eliminated without af-
fecting the frequency.

The very nearness of the noise source to the re-
ceiver in a vehicle makes the frequency-modulation
system attractive for mobile installations, especially
in the UHF, VHF, and high HF bands. Although
amplitude modulation is used in these bands, its use
is much more common in the short-wave and on the
low end of the high-frequency (HF) band.

In an FM system, the frequency of the trans-
mitted wave increases sinusoidally during the posi-
tive alternation of the modulating sine wave. As the
modulating sine wave swings toward the zero axis,
the frequency decreases sinusoidally to the carrier
(center) frequency. On the negative alternation, the
frequency of the transmitted wave decreases below
the center frequency. The greatest deviations from
the center frequency occur at the crest of the positive
and negative alternations (15 kc from the center
frequency).

The frequency-change in the FM wave is the
amount of deviation—in the example, 15 kec. In as-
signing a channel for FM transmission, the FCC
specifies the maximum permissible deviation for the
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particular class of station. This deviation corres-
ponds to the 1009 modulation limit of an AM wave.

The maximum permissible deviation is not the
same for each type of service. For FM broadcasting
stations, it is 75 kc. For the FM sound signal asso-
ciated with television broadcasting, it is only 25 kec.
And for most two-way radio FM systems, it drops to
either 15 or 5 ke, depending on the station classifica-
tion. It is important for you, as a second-class radio-
telephone operator, to know the maximum deviation
permitted for the type of gear you will be called on to
maintain.

In an FM system, you might assume that the total
bandwidth is determined by the maximum deviation
of the wave. This is not true, however. Like the AM
wave, the FM wave is a composite of the carrier fre-
quency and center frequency, plus several sidebands.
Unlike the AM wave, however, the FM wave may
have more than one pair of significant sidebands (see
Fig. 3). The number of pairs (hence, the bandwidth
of the FM transmission) is determined, by the modu-
lation index at the highest modulating frequency.

The sideband pairs are displaced from the carrier
by the frequency of the modulating wave and its har-
monic multiples (2,3, 4, 5,etc.). Let’ssay that an FM
wave for a given maximum deviation has three sig-
nificant sideband pairs. The total bandwidth is then
equal to two (the number of sidebands) times three
(the number of significant sideband pairs) times the
highest modulating frequency. Thus, 10 kilocycles,
the total bandwidth.required would be 60 kc (2 x 3 x
10,000). What happens if the highest modulating
frequency is reduced to 3 kc? Now the total band-
width required will be only 18 kc (2 x 3 x 3,000). It
is significant, just as in AM, that reducing the audio
frequency also reduces the bandwidth.

In FM broadcasting, particularly for high-fidelity
transmission, the highest audio frequency is over
12 ke. In communications, however, the greatest in-
telligibility is obtained by limiting the audio fre-
quency to 3,000 or 4,000 cycles. Consequently, the
FM wave used for communications can be confined
to a much narrower bandwidth.
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Fig. 3. FM sideband distribution as influenced by
modulation index.
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Another method of reducing the bandwidth of an
FM transmission is to reduce the amount of devia-
tion. In an FM system the best noise rejection is ob-
tained when deviation is greatest. For this reason,
the narrow-band system (NBFM) has poor noise
rejection, However, the signal-to-noise ratio can be
improved by reducing the audio frequency. Because
the highest audio frequency for voice communica-
tions is much lower than that required in broadcast-
ing, a much improved signal-to-noise ratio can be
obtained, despite the more confined deviation of an
NBFM system.

The symbols for FM emission are shown in Table
1. Two-way radio assignments are predominantly
F3. A numerical prefix establishes the permissible
bandwidth. For example, 18F3 signifies FM tele-
phony with a total permissible bandwidth of 18 kc.

OTHER TYPES OF MODULATION

As an applicant for a second-class radiotelephone
license, you should also be familiar with other com-
mon forms of transmission and their symbols.

A1l is the symbol for radiotelegraphy where the
carrier is interrupted as in Fig. 4 to form a coded
message (usually International Morse code).

Another form of radiotelegraphy, common on the
low- and very-low-frequency ship bands, is A2. Here
the carrier is transmitted continuously, and the
coded message is formed by modulating an audio
tone (heard as the familiar “dit” and ‘“dah”).

Symbols F1 and F2 represent methods of sending
frequency-modulated coded messages. F4 and F5
represent frequency-modulated facsimile and tele-
vision transmission, respectively. Where amplitude
modulation is used, the respective symbols are A4
and A5. In television broadcasting, A5 is used for
picture transmission and F3 for sound.

Various types of pulse modulation are symbolized
in the last section of the chart. Pulse modulation is
used in advanced multiplex and telemetering appli-
cations, and also in space communications.
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Fig. 4. Al and A2 code transmission—
Morse Code letter L as an example.




PREPARING FOR THE LICENSE EXAMINATION

Simple mathematics problems are a part of the FCC
examination. They are based mainly on Ohm’s law,
frequency or power calculations and other easy prob-
lems. The formulas you should know when you take
the exam are:

Ohm’s Law
E=1R I= E R= =
- "R 1
where,
E is the voltage in volts,
R is the resistance in ohms,
I is the current in amperes.
AC Ohm’s Law
E=1Z I= E Z= E
B T Z i B |
where,
E is the voltage in volts,
Z is the impedance in ohms,
I is the current in amperes.
Power Law
P =1IR P=12Z
P = E*/R P=E2/Z
P=EI P=EI
where,

P is the power in watts,
E is the voltage in volts,
I is the current in amperes,
R is the resistance in ohms,
Z is the impedance in ohms.

Resonance
1
b= e VIC
where,

f, is the resonant frequency in cycles,
L is the inductance in henrys,
C is the capacitance in farads,
= is a constant equal to 3.1416

Wavelength
_Yy
M
where,

A is the wavelength in meters,

f is the frequency in cycles,

V is the velocity of the wave
(300,000,000 meters per second).

Some sample problems follow:

1. If a vacuum tube with a filament rated at 0.25
ampere and 5 volts is to be operated from a 6-volt

Radiocommunications Systems

battery, what value of series resistor is needed?—To
provide 5 volts across the tube, there must be a 1-
volt drop across the series resistor. Since the same
amount of current flows throughout a series circuit,
0.25 ampere also flows through the resistor. Conse-
quently, its value, from Ohm’s law, is:

2. If the voltage applied to a circuit is doubled and
the circuit resistance is tripled, what will the final
current be?—According to Ohm’s law, the current
varies directly with the voltage and inversely with
the resistance. For ease of figuring, assume the old
current is 1 ampere. The new current will then equal:

Hence, doubling the voltage and tripling the resist-
ance causes the current to decrease to two-thirds its
former value.

3. A relay with a coil resistance of 500 ohms is de-
signed to operate when a current of 0.2 ampere flows
through the coil. What value of resistance must be
connected in series with the coil when operated from
a 110-volt DC line?—The resistance must be such
that the current flow is maintaned at 0.2 ampere.
The relationship can be set up from Ohm’s law as
follows:

I X Reoin = 0.2 X 500 = 100 volts

4. If the resistance in a circuit is doubled, what
will happen to the power?—It will be cut in half be-
cause the power varies inversely with the resistance
(assuming the voltage across the resistance remains
the same, of course).

5. If the resistance in Question 4 is halved, what
will the power dissipation be?—It will be doubled,
for the same reason.

6. What is the minimum required power dissipa-
tion rating of a 20,000-ohm resistor connected across
a potential of 500 volts?—Using the power formula:

_E* (500)*
R 20,000

It is customary, however, to select a resistor that
will provide at least twice the minimum vower dissi-
pation required. So, a 25-watt resistor v/ould be se-
lected, to be on the safe side.

7. What is the conductance of a circuit in which
6 amperes flows when 12 volts DC is applied?—The

= 12.5 watts
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resistance of the circuit is determined from Ohm’s
law.
_E 12 e
= = = 2ohms
Since conductance is the reciprocal of resistance,
its value would be:
L1 0.5 mh
R -3 = 0-5mho
8. If two 10-watt, 500-ohm resistors are connected
in parallel, what is the power dissipation capability
of .the combination?—Each resistor dissipates 10
watts, therefore the total would be 20 watts.
9. What will be the dissipation, in watts, of a 20-
ohm resistor through which a current of 0.25 ampere
passes?—From the formula:

P=1IR = (.25)2 X 20 = 1.25 watts
10. What is the maximum rated current-carrying

capacity of a 5,000-ohm, 200-watt resistor’—From
the formula:

P=1I°R

_ T’—_ 200
'=VR= V500
=1/.04 =0.2amp

11. What is the total resistance of a circuit con-
sisting of one 10-ohm branch in parallel with another
of 25 ohms?—The formula for resistances in parallel

1_1,.1.
Rr R1 R2
1
RT:
1 " 1
R1 R2
1
Rr=—— =17.143 ohms
1 1
10 25

12. If resistors of 5, 3, and 15 ohms are connected
in parallel, what is the total resistance?—Again
using the formula for parallel resistances:

RT: !
1,11
R1 R2 R3
Rr = 1 =124 ohms
1 1 " 1
5 3 15

13. What is the reactance of a .005 microfarad
capacttor at a frequency of 1000 kilocycles?—Using
the formula:
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1
2+ 1C
1
= 5.28 X 1,000 X 10° X .005 X 10-°
= 31.8 ohms

14. If 1-, 3-, and 5-microfarad capacitors are con-
nected in parallel, what is their total capacitance?—
9 microfarads. The total value of capacitors con-
nected in parallel is the sum of the individual capaci-
tances:

X, =

15. If 5-, 3-, and 7-microfarad capacitors are
connected in series, what is the total capacitance?—
Using the formula:

1
C_
T 11
C, C, GC,
1
= = 1.48 mfd
L1
5 3 7

16. Neglecting distributed capacitance, what is
the reactance of a 5-millihenry choke coil at 1000
kilocycles?—Using the formula:

X =2xfL =6.28 x 1000 X 10* X 5 X 103
X, = 31,400 ohms

17. If a circuit inductance has a reactance of 100
ohms and a resistance of 100 ohms, what will the
phase angle of the current be with reference to the
voltage?—Using the formula:

o g X 100 _
AMTTR T100
6= 45°

18. What is the impedance of a solenoid if its re-
sistance is 150 ohms and a current of 0.3 ampere
flows through the winding when 110 volts at 60 cycles
is applied to the solenoid?—The impedance of the
solenoid is equal to the voltage across it divided by
the current through it. Hence, the resistance and
frequency can be ignored—we merely threw them in
to see if you were on your toes! Using the formula:

Z= B 100—3666 h
=T=33" .6 ohms
19. If one complete cycle of a radio wave occurs in
.000001 second, what is the wavelength?—First we
convert the length of one period into cycles per
second:



f= 1 _ 1 _ 1,000,000 cycles or
period  0.000001 1,000 kilocycles

Then we use the formula for determining the wave-
length when the frequency in kilocycles is known.

\
"
300,000 300,000
~ T (inkilocycles) 1,000
= 300 meters

20. A series-resonant circuit has a resistance of
6.5 ohms and equal inductive and capacitive react-
ances of 175 ohms each. What is the voltage drop
across the resistance if the applied potential is 260
volts?—260 volts. At series resonance, the out of
phase reactances cancel and the impedance is equal
to the resistance. As a result, the entire 260 volts is
applied across the resistance.

21. A series-resonant circuit has a resistance of
6.5 ohms and equal inductive and capacitive react-
ances of 175 ohms each. What is the voltage drop
across the inductance when 260 volts is applied to
the circuit?—The component values are the same as
for Question 20. The current at resonance is:

E 260 n
Z 65 eiles
The voltage across the inductor is:
EL =1IX, =40 X% 175 = 7,000 volts

22. A series circuit has a resistance of 4 ohms, an
inductive reactance of 4 ohms also, and a capacitive
reactance of 1 ohm. The applied circuit emf is 50
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volts. What is the voltage drop across the induc-
tance?—The series impedance is:

Z =R+ (X, — X¢)*
=V (4):+ {4—-1)2=+/16 + 9= 50hms

The series current is:

I:—Z-:?z 10 amps

The inductor voltage is:
E, = IX, =10 X 4 = 40 volts

REVIEW QUESTIONS

1. What determines the bandwidth of
the signal transmitted by an AM
station?

2. What factors determine the band-
width of an FM radio station?

3. What is meant by narrow-band fre-
quency modulation (NBFM)?

4. Of what significance is the audio
bandwidth in a NBFM system?

5. Give the advantages of single side-
band transmission (SSB).

6. What are the advantages of a limited
audio-frequency band?

7. What are the advantages of frequency
modulation for vehicular communica-
tion?

8. Distinguish among Al, A2, and A3
emission.

Answers to these questions will be included in PHOTOFACT Set No. 565.
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Lesson 4.

Laws, Licensing, and Operating Practice

RADIO LAW

The radio spectrum, being finite, must be regulated
to provide space for the many services available. Fre-
quencies must be allocated in segments according to
the needs of the various services. Rules of procedure
must be established and enforced.

The regulatory agency in the United States is the
Federal Communications Commission (FCC), es-
tablished under the Communications Act of 1934.
The United States is also bound by certain interna-
tional agreements, because radic waves do not ob-
serve boundaries in their travels.

Copies of the rules and regulations for the various
radio services are available from the U. S. Govern-
ment Printing Office, Washington 25, D.C. If your
interest is in two-way radio, you should obtain Vol-
ume V, which covers aviation, public safety, indus-
trial, and Iand-transportation radio services. If you
have an additional interest in Citizens-band radio,
Volume VI is available. Volume IV covers the regu-
lations for the maritime services.

Elements I and II of the FCC exam are about the
basic laws and operating practices. Typical questions
and answers covering these elements are given at the
end of this lesson.

Notice that safety and distress laws and proce-
dures are stressed. You may never use this informa-
tion, but if a distress situation which involves you
does arise, it is extremely important that you know
what to do.

LICENSING

Radio transmitters in the {wo-way radio services
may not be operated without a station license, which
is granted by the FCC. Application forms can be
requested from the FCC in Washington, D.C., or
from one of their district offices.

As the holder of a second-class radiotelephone li-
cense, you should be familiar with the rules and pro-
cedures for obtaining a station license. In addition,
you should be prepared to help the potential user se-
lect the service most appropriate for his particular
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industrial, commercial, or professional need. You
can also assist him in the selection of equipment and
frequency. Finally, you can lend him a hand in com-
pleting the application, and provide the necessary
guidance until the system is in operation. The sec-
ond-class radiotelephone licensee who can follow
through from the initial planning until the station
goes on the air will be in the most advantageous posi-
tion to attract new customers and users. He can also
make himself indispensable in the maintenance and
expansion of present systems. All of this requires the
license holder to be familiar with the FCC rules and
regulations.

After getting your license, you should become fa-
miliar with the various types of two-way radio equip-
ment best suited for your area. A good way to start
is to get on manufacturers’ mailing lists. In this way,
you can keep abreast of new developments and thus
know what equipment is available and what it can
do.

Before buying his equipment, the potential user
must know the category of his intended communica-
tions activity. These categories were presented in
Lesson 2, along with the various frequency assign-
ments. It’s a good idea to know them. Specific fre-
quencies are listed in the appropriate rules and
regulations, and the applicant must select a specific
frequency.

The equipment used in most two-way radio sys-
tems must be FCC-approved and meet certain op-
erating requirements. The Commission maintains a
current list of equipment acceptable for licensing.
This list can be inspected at FCC headquarters in
Washington, D.C., or at any field office. Manufac-
turers of two-way radio equipment also have infor-
mation regarding the type-acceptance of their
models. If the prospective equipment is not on the
list, much lengthier descriptions must be submitted
along with the application for a station license.

LICENSE APPLICATION PROCEDURE

A sample station application form for the special
radio services is shown in Fig. 1. So that you will
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know how to fill one out, let us consider each item
individually.

The frequency is selected from those allocated to
the particular radio service designated for the user’s
intended purpose. It is up to the applicant to select
a frequency that will not interfere with similar ra-
dio services in his area. Any persons operating in the
same local-interference range (15 kc above or below
the frequency selected) must be notified.

Many areas, particularly those crowded with two-
way assignments, have a local frequency-advisory
committee usually composed of two-way radio equip-
ment dealers and licensed operators.

Item 1C refers to the type of emission. For ex-
ample, 20F3 refers to the use of frequency modula-
tion with an assigned bandwidth of 20 kc and a
maximum input power of 120 watts.

Items 2 and 3 are self-explanatory. They include
the business address of the applicant and the loca-
tion of the transmitter. (The two may or may not be
the same.)

Item 4 lists the type of radio service and whether
the application is for base, mobile, or both. Item 5
must be filled in if any mobile or fixed stations are
being requested for less than one year. Data on the
location of control point(s) more than 500 feet away
from the transmitter must be presented in item 6.
Antenna height above ground is inserted in item 7.

The eligibility requirements of the applicant are
covered in items 8, 9, and 10. Item 11 is answered
when the applicant intends to render a communica-
tions service to, or receive base-station service from,
other persons. In item 12, additional information
must be provided if the answer is no to either Part
A or B. The applicant must make clear that he will
have full freedom to operate the station in accord-
ance with FCC rules and regulations.

A functional system diagram is requested in item
13; it must be submitted when there are two or more
fixed stations at different locations. Such a diagram
must show their locations, and should include the
entire area over which communications are to be es-
tablished. Item 14 must be answered more com-
pletely when the proposed equipment does not ap-
pear on the FCC List of Equipment Acceptable for
Licensing.

Item 15 is a statement of eligibility. It must
include a general description of the applicant’s busi-
ness or activity, how the radio service will be em-
ployed, and any other information the applicant
believes will aid in determining his eligibility. Item
16 relates to the type of application being made.

Items 17 and 18 have to do with the antenna sys-
tem. If the applicant intends to install more than
one antenna on the same tower, the necessary in-
formation must be given in item 17. An appropriate
form must also be submitted when the over-all an-
tenna height above ground exceeds 170 feet, unless
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the antenna is mounted on a man-made structure
and does not increase the over-all height by more
than 20 feet. The special antenna form 401 must be
completed if the proposed antenna structure will
exceed the elevation of an established airport by
more than one foot for each 200 feet from the nearest
boundary of the landing area. Again, the form is not
required when the antenna base is no more than 20
feet above the ground or the top of a man-made
structure or natural formation.

In some services, the FCC grants the station li-
cense immediately; in others, a construction permit
is issued first. The final license is then granted after
the station has been completed and placed in opera-
tion, provided it complies with technical perform-
ance standards.

The local FCC district office must be notified when
construction has been completed and the station is
ready for testing. The main station license is posted
at the fixed station, and separate transmitter identi-
fication cards should be filled in and attached to
each mobile transmitter.

It will be your responsibility, as the holder of a sec-
ond-class radiotelephone license, to keep an eye on
the expiration date of your employer’s or customers’
transmitters. You should apply for license renewals
two months before they expire. The renewal form is
filled out in triplicate and submitted to the FCC.

OPERATING PRACTICE

Each radiotelephone operator should know and abide
by the rules and accepted procedures of operation.
Courtesy and consideration are very important in
minimizing unnecessary interference and maintain-
ing reliable communications on active channels. The
second-class radiotelephone license holder should set
an example for others, and should do everything
possible to encourage proper operation.

An excellent summary of radiotelephone operating
practice, suggested by the FCC, follows:

A licensed radio operator should remember that
the station he operates must be licensed by the Fed-
eral Communications Commission. In order to pre-
vent interference and to give others an opportunity
to use the airways he should avoid unnecessary calls.
He should remember that radio signals normally
travel outward from the transmitting station in
many directions and can be intercepted by unau-
thorized persons.

Before making a radio call, the operator should
listen on the communications channel to insure that
he will not interfere with communications already in
progress. At all times the operator should be cour-
teous.

Station identification should be made clearly and
distinctly so that unnecessary repetition of call let-
ters or names is avoided and to enable monitoring
stations to clearly identify all calls.




Laws, Licensing, and Operating Practice

FCC Form 400 Form Approved 4 (a). Name of Radio Sarvies COMMISSION FILE COPY
July 1955 HTCaE 0 Lo Budget Bureau No. 53-R133.2
ates of MM E ONLY
FEDERAL COMMUNICATIONS COMMISSION ECRICOMMISSICRIUS
b). Class of station: D
This authorization permits the use of only such transmitters as are specified under e pecify) 3 oblle
“Special Conditions” and those appearing in the Commission's “List of Equipment G g Call 8ign
Acceptable for Licensing” and designated for use in the particular radio service
named in Item 4(a) of this application. File Number
T 3 1 (d). Maxi 5. If mobile units, or other class of station st y are in this
1 (s). Frequeney L (b). No. of tranamitters A (), ‘,,lmmb'ﬂ“'" suthorization, show ares of operation
2D Baso or Land| Mobile Other ) e ochia
6. Location of control point(s)
7. Overall height sbove ground
of tip of antenns foet.
FOR COMMISSION USE ONLY
Antenna painting and lghting specifications:
Special Conditions:
2 (a). Name (ses instructions)
(b). Malling addrees (number, street, city, zone, state)
Term of authorization: This authorization effective.
il i . . EST. and is subject to
3. Location of transmitter(a) at a fixed location aad will expire 3:00 A.M 2
Number snd street (or other indication of location) further condmons as set forth on reverse side. If the station authorized herein
is not placed in operation wll.hm eight monﬂn this authorization becomes invalid
and must be returned to for llation unless an of
City County State completion date has been authonzed
By direction of the FEDERAL COMMUNICATIONS COMMISSION
Latitude Longitude
° . ” ° ' "
SECRETARY @
FOLD HERE - - .
8. Is spplicant s representative of an alien or of & 10reIgn 1v (). Applcstion tur. (LCheck one)
government? If answer is “*Yes'", explatn on the nv;rs« of thils page. Yen D No :] v * e 7 FOR COMMISSION USE ONLY
C New station Assignment of
8. State whether applicant is (Check omne) D m ut.horluuonD
Indtvidua1 [J Part O A ] Corporation ] Modification
D Relnstatement of D License to
44 Govornmmul Il-‘mltr T m A explred authorization cover CP
on out Item 1! AR WNineo: ted
assoctation llll ou' Item 20, on the muv.erse side of this page.) rPors (b) It for modification, state modiffoation proposed
10, If applicant is an individual, If applicant is =
1s applicant & citizen of the D D partnership, are all D No
United States? Yes No pariners citizens of the Unn.ed States?
11. Is communication service to be recalvgt.i m.)fn or rendered to D D
another person (see Instructions)? 1f **Yes'', name of person is Yes No {c) If this application refers to & rresently |(d) Give points of communication (csll signs)
authorized station, give osll slin
(b) The property on
13. Will the applicant own D which the Station
{s) The n;ﬂohequlpmem? Yesh q ])%D bv;rilll bt:qlocnted!l ° Yes D Ko D
the answer to either (a) or (b) Is "*No’’, see Instructions.) -
h rlzdd 1 ther
13. Attach functional system disgram showing detalls of proposed radlo system and o) ‘,;‘,:‘I,gg',‘ &re:::u.z rourts mi “}’efn 4 (a)? Yes D No D
| lnclude such other supplementary data ss required by specific rules. “I7. If antenns will be moumed on an exl
14. If 1t is proposed to use s transmitter which does not appear on the (,ommlulon [ : o tower, give call slgn; of users
“List of Equipment Acceptable for Li or if the sted but not
designated for use in the particular radlo service named in Item 4(s) o! this appli-
cation, describe such transmitter in detsll. (8ee instructions) 18, will extend more than 30 feet above the ground or natural
15. Statement of ellmbility formation, or more than 20 feet above an existing man-made structure D D
on which it will be mounted ? Yes No
(a) Give height and type of existing structure on which
antenna will be mounted (pole, mast, tower, building,
. ete., or of these)
(b} Distance to nearest (c) Elevation of ground, st antenaa
(Use space on the reverse of this page) ! Aireraft landing area feet. site, above mean soa level Teet.

All the statements made in the application and attached exhibits (

to

are a material part hereof and are incorporated herein as if set out in full in the application.
The applicant certifies that he has a current copy of the Commission’s Rules governing the radio service named in Item 4(a) above.

The applicant waives any claim to the use of any particular frequency or of the ether against the regulatory power of the United States because of the previous use of the
with this tication

i

i and all the exhibi

, inclusive) are ed material repr

same, whether by license or otherwise, and requests ac authorization in

Subscribed and sworn to before

Appilcant (Must agree with name as sbown In Item 3 (8)).

By, (Deslgnate appropriate classification below)
me this day of. 19
D Individual Applicant
Notary Public SEAL
(or Dame and Lle of GLher Person competent to Administer oaths) of A
Officer of Applicant Corponuon or
Offlcer and
Official of Govemmenul Entity Competent under the
My expires Jurisdiction to Bign for the Apvlicant
(OVER)
Fig. 1. Typical radio-station application form.
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To prevent tampering, a radio transmitter should
at all times be either attended or supervised by a
licensed operator, or should be made inaccessible to
unauthorized persons.

A radio transmitter should not be on the air ex-
cept when messages are being transmitted. The op-
erator of a radiotelephone station should not press
the push-to-talk button except when he intends to
speak. Radiation from a transmitter may cause in-
terference even when voice is not transmitted.

When radiocommunications at a station are un-
reliable or disrupted due to static or fading, it is not
good practice for the operator to continuously call
other stations in attempting to make contact, be-
cause his calls may interfere with the other stations
that are not experiencing static or fading.

A radiotelephone operator should make an effort
to train his voice for most effective radiocommunica-
tion. His voice should be loud enough to be distinctly
heard by the receiving operator, and it should not be
too loud since it may become distorted and difficult
to understand at the receiving station. He should
articulate his words and avoid speaking in a mono-
tone. The working distance range of the transmitter
is affected to some extent by the loudness of the
speaker’s voice; if the voice is too low, the maximum
distance range of the transmitter cannot be attained,
and if the voice is too loud the effective range may be
reduced to zero because the signals are distorted be-
yond intelligibility.

Radiotelephone operators should use familiar
words and phrases in order to insure accuracy and
save time. Some radio operating companies, net-
works, associations, etc., select and adopt standard
words and phrases for expediting and clarifying ra-
diotelephone conversations. For example, in the avia-

tion services, “Roger” means ‘I have received all of
your last transmission”; “Stand by’ means “Wait
for another call or further instruction’; “Out” means
“This conversation is ended and no response is ex-
pected”’; “Over” means ‘“‘My transmission is ended,
and I expect a response from you”; “Break” indi-
cates a separation between portions of a message;
“Say again” means ‘“Repeat,” and ‘“Words twice” is
used to ask a station to send every phrase twice. The
above procedure is often used in other communica-
tion services, too.

Often, in radiotelephone communications, a ‘“pho-
netic alphabet” or word list is useful in identifying
letters or words that may sound like other letters or
words of different meaning.

In making a call by radio, the call signal or name
of the called station is generally given not more than
(3) times, followed by the call sign, or in some serv-
ices the name, of the calling station not more than
(3) times.

In testing a radiotelephone transmitter, the opera-
tor should clearly indicate that he is testing, and the
station identification should clearly be given. Tests
should be as brief as possible.

If a radio station is used only for occasional calls,
it is a good practice to test the station regularly.
Such tests may reveal defects which, if corrected im-
mediately, may prevent delays when communica-
tions are necessary.

When a licensed operator in charge of a radiotele-
phone station permits another person to use the fa-
cilities of the station, the operator should remember
that he continues to bear responsibility for the proper
operation of the station.

Now let’s review a few typical questions on Ele-
ments I and II of the FCC exam.

Preparation for License Examination

ELEMENT |—-BASIC LAW

1. Where and how is an operator license or permit
obtained?—Request an application form and exami-
nation schedule from the nearest FCC field office.
Submit the application in the prescribed form, in-
cluding all subsidiary forms and documents, prop-
erly completed and signed, in person or by mail, to
the office of your choice (usually the closest one).
This office will make the final arrangements.

2. Must a person designated to operate a radiotele-
phone station post his operator license or permit, and
if so, where?—Yes. The original license of each sta-
tion operator must normally be posted at the place
where he is on duty. In the case of portable or mobile
stations, or when the operator holds a restricted per-
mit, he must have on his person either his operator
license or an FCC verification card.
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3. How must a person who receives a notice of viola-
tion from the FCC reply?—By sending a written an-
swer directly to the FCC office from which the notice
originated.

4. How soon does the FCC require a response to a
notice of violation?—Within three days.

5. If a person cannot respond to a notice of violation
in the time prescribed by the FCC, is it necessary to
explain the reason for any delay?—Yes, at the ear-
liest practical date.

6. Should the answer to each notice of violation be
complete and should reference be made to remedial
action, if any is necessary?—Yes. The answer to each
notice should be complete and not be abbreviated
by reference to other communications or answers to
other notices. If the notice relates to violations that
may be due to the physical or electrical character-
istics of transmitting apparatus, the answer should




state fully what steps, if any, have been taken to pre-
vent future violations.

7. To whom is a response to a notice of violation
addressed?—The originating field office.

8. May the FCC suspend an operator license or per-
mit for due cause?—Yes.

9. Can suspension of an operator license or permit
take effect prior to notification?—No.

10. How soon after receiving notification of suspen-
sion of an operator license or permit does a sus-
pension order become effective?—15 days.

11. May an operator who has received an order of
operator license or permit suspension request a hear-
ing?—Yes.

12. Is it prohibited by law to transmit superfluous
signals? Are profane and obscene language prohib-
ited?—Yes.

13. Does the government have authority to impose
fines for failure to comply with the rules and regula-
tions governing the use of radio on compulsory-
equipped ships?—Yes.

14. What does a person do whose operator license
or permit has been lost, mutilated. or destroyed?—
Notify the Commission immediately.

15. In applying for a duplicate operator license or
permit, what documentary evidence must be sub-
mitted?—The evidence of service obtained under the
original license or permit.

16. Is it permissible to operate pending receipt of a
duplicate operator license or permit after application
has been made for reissue?—Yes.

17. What provision is made for operation without an
actual operator license or permit pending receipt of
a duplicate?—Operation is permitted, but a signed
copy of the application must be exhibited.

18. Is the holder of a radiotelephone third-class op-
erator permit authorized to make technical adjust-
ments on the transmitter he operates?—No, except
under the immediate supervision and responsibility
of a person holding the appropriate first- or second-
class commercial radio-operator license, either radio-
telephone or radiotelegraph, as required for the class
of station involved.

19. Must a radio station that is required to be oper-
ated by a licensed radio operator be a licensed radio
station?—Yes.

20. Are communications bearing upon distress situa-
tions subject to the secrecy provisions of law?—No.
21. What penalty is provided by law for willful and
knowing violation of regulations imposed by the
Federal Communications Commission and of Radio
Treaties?—A fine of $500 for each day such offense
occurs, plus any other penalties provided by law.
22. What penalty is provided by law for willful and
knowing violation of the radio laws?—A fine of
$10,000 or imprisonment of not more than two years,
or both.

Laws, Licensing, and Operating Practice

23. Are radio stations subject to inspection by the
Federal Communications Commission?—Yes.

24. In radiotelephony, what are the distress, ur-
gency, and safety signals?—MAYDAY, PAN, and
SECURITY, respectively, repeated three times.

ELEMENT II—BASIC OPERATING PRACTICE

General

1. If a radiotelephone operator desires to make a
brief test of a transmitter, what would be a good
choice of words?—The operator should clearly indi-
cate that he is testing, and give the station identifica-
tion. Tests should be as brief as possible. The opera-
tor could say, “This is station KXYZ testing . .. 1,
2, 3, testing . . . this is station KXYZ testing, etc.”

2. Why is it important to avoid unnecessary calls by
radio?—To give others an opportunity to use the
channel, and to minimize interference.

3. Must a person listen on a channel before trans-
mitting?—Yes.

4. Why is it advisable to listen on a channel before
transmitting?—To avoid interfering with communi-
cations already in progress on the channel.

5. Why should a trial of the radiotelephone installa-
tion be made frequently?—To reveal defects which,
if corrected immediately, may prevent delays when
communications are necessary.

6. How can a radiotelephone installation be tested?
—By placing it in operation under normal condi-
tions. A radio check can be scheduled with another
station. Base and mobile stations can conduct radio
tests among units of the system.

7. Before placing the transmitting apparatus of a
radio station in operation for a test, what precautions
must be taken?—The operator should listen on the
channel to insure that interference will not be caused.
Tests should be as brief as possible.

8. What is the correct form for transmitting a dis-
tress call by radiotelephony?—The expression MAY-
DAY spoken three times, followed by the identifica-
tion of the mobile station in distress. The distress call
should be repeated three times, followed by the dis-
tress message.

9. Why is it good policy to be brief in radiotelephone
conversations?—Because others may wish to use the
channel.

10. What does the word CLEAR mean at the end of
a radiotelephone communication?—The operator is
through and expects no further reply.

11. Are there any ill effects to radiocommunications
if the operator shouts into the microphone?—Yes.
Shouting often causes overmodulation and severe
speech clipping, which distorts the voice communica-
tion. Overmodulation can also interfere with stations
on adjacent channels.

12. In a noisy location is it good practice, when
speaking into the microphone, to shield it with the

29



Laws, Licensing, and Operating Practice

hand?~—Yes. This reduces pickup of background
noises by the microphone. However, one must not
shout into the microphone, as explained in question
11.

13. In radiotelephone communications why should
the operator use well-known words and phrases as
much as possible?—To insure greater accuracy and
prevent repetition.

14. What is the operator’s responsibility upon hear-
ing the word SECURITY repeated three times?—
All stations hearing the safety signal must continue
to listen on this frequency until satisfied the message
is of no interest to them. Moreover, they must not
make any transmissions likely to interfere with the
message.

15. What must the operator do if told he is interfer-
ing with a distress signal?—Cease all transmissions
immediately.

16. What is the significance of the word OVER when
transmitted at the end of a radiotelephone communi-
cation?—"“My transmission is ended and I expect a
response from you.”

17. What is indicated by the word OUT when trans-
mitted at the end of a radiotelephone communica-
tion?—The conversation is ended and no response is
expected.

18. Can a radio operator always consider his radio-
telephone conversation completely confidential?—
No. He should never forget that radio signals can be
intercepted by others.

19. Incalling a station by radiotelephony, how many
times does the calling station generally repeat its call
sign or name?—VUsually, three times.

20. Would you listen on a shared channel before
transmitting? Why?—Yes. To avoid interfering with
communications already in progress.

21. Under normal conditions, would a transmission
on a calling frequency be proper if the receiver for
that frequency was inoperative?—No, unless the op-
erator can advise the called station to transmit on
another channel.

22. What is the difference between calling and work-
ing frequencies?—A calling frequency is used solely
to secure the attention of another station or stations.

A working frequency is used to carry on communi-
cations for other than calling.

In several two-way radio services, notably marine,
contacts are established on a calling frequency. Then
the two stations switch over to a working frequency
for message handling.

23. Why is it important to clearly give the station
call signs?—To minimize repetition and possible in-
terference. A clear call sign also assists a monitoring
station in identifying calls.

24. Should radiotelephone equipment be tested each
day?—Yes. (Refer to question 6.)

25. Should messages bearing upon safety, including
weather information, be given priority over business
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messages?—Yes. Safety and weather data rank third
and fourth in the priority list.

26. If a station is required by law to listen on a call-
ing and distress frequency, when may the listening
be discontinued?—When the station is communicat-
ing with another one.

27. Why should a radiotelephone transmitter be
kept off the air when voice transmissions are not in
progress?—Carrier radiation may cause interference
and heterodyning with other communications on the
channel, even when voice is not being transmitted.
28. Why is it beneficial for the transmitter of a radio
station to be in constant readiness for making a call?
—To avoid delays in making and answering calls and
in conducting the station’s function.

29, If a station is required to maintain effective lis-
tening on a distress frequency, why is it desirable for
the equipment to return automatically to reception
on the distress frequency immediately after it has
been used on another frequency?—This procedure
permits more effective monitoring of the distress fre-
quency, reduces the time of changeover, and relieves
the operator of the mechanics of changeover.

30. Why is rapid frequency change of the transmit-
ter and receiver desirable?—Communications can be
handled more quickly and efficiently. This is impor-
tant when frequent changeovers are necessary be-
tween calling and working frequencies.

31. What would you do as radiotelephone operator
if told that your voice was distorting?—Speak more
softly or perhaps further away from the microphone,
making certain to shield it from any external noises.
Distortion can also be caused by off-frequency oper-
ation or equipment defects.

32. Under what conditions may a radiotelephone
station employ a calling frequency as contrasted to a
working frequency?—For calling and replying. Also,
for distress, urgency, and safety calls.

33. In calling a station by radiotelephone, should
the calling station repeat the call sign or name of the
called station consecutively more than three times?
—No.

34. Why should stations using a shared frequency
leave an interval between calls?—To permit other
stations to use the channel.

35. What is the operator’s responsibility upon hear-
ing a distress call in the mobile services?—He must
immediately acknowledge receipt of the message. If
the station in distress does not use the auto-alarm
signal, the operator receiving the distress call may
transmit it, provided he is given permission to do so
by the person responsible for the receiving station.
The operator receiving the distress calls must avoid
interfering with transmission of the distress message
or with information concerning it.

36. When routine radiocommunications are unre-
liable because of static or fading, should the operator
continue transmitting, or wait for more favorable



conditions?—Wait for more favorable transmission
conditions, to avoid repetition and possible interfer-
ference. However, this obviously does not apply to
urgent messages.

37. What is the order of priority for radiotelephone
commaunications?—Distress, urgency, safety, bear-
ings, navigation and needs of ships and aircraft,
meteorological information, government communica-
tions of priority, followed by all other communica-
tions.

Special

1. In making a ship-to-ship contact, except in an
emergency involving safety, how long may a ship
radiotelephone station continue calling in each in-
stance’—Not more than 30 seconds, whether by
voice or automatically.

2. Exceptin an emergency involving safety, if a ship
radiotelephone station does not receive a reply after
calling, how long must it wait before calling again?—
One minute.

3. In regions of heavy traffic, how long may the ship-
to-ship radiotelephone frequencies between 2000 and
3000 kilocycles be used for anv one exchange of com-
munications (other than distress and emergency
communications)?—Five minutes.

4. How is a ship radiotelephone station required to
be identified in connection with its operation?—The
official call must be given in English at the beginning
and end of each transmission, and every 15 minutes
whenever transmission exceeds 15 minutes.

5. If aradiotelephone installation provided on board
ship for safety purposes becomes defective, what ac-
tion must the operator take?—Notify the master of
the ship.

6. Who signs the radio log of a ship radiotelephone
station, certifying to entries made therein?—The li-
censed operator or other person responsible for oper-
ation of the radiotelephone transmitting apparatus.
The use of initials or signs in lieu of a signature is
not authorized.

7. What are the requirements, with respect to lis-
tening watch in a ship radiotelephone station, during
its hours of service in the 2000-3000-kilocycle band?
—An efficient watch must be maintained for A3
transmission on 2182 ke. Insofar as possible, this
watch should be maintained twice an hour for three
minutes, beginning on the hour and half hour.

8. Who may operate the radiotelephone set aboard
a vessel?—A licensed operator must be in control on
frequencies below 30 mc. However, another person
may speak over the microphone. An unlicensed but
properly authorized person may operate a transmit-
ter licensed exclusively for transmission on frequen-
cies above 30 mc.

9. Is it necessary for all vessels having knowledge
of distress traffic to follow the traffic, even if they do
not take part in it?—Yes.
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10. What is the proper form to use in acknowledging
a distress message?—In telegraphy the proper form
is to repeat the call sign of the mobile station in dis-
tress three times, followed by DE, the call sign of the
station acknowledging three times, RRR, the dis-
tress signal, and AR.

In telephony the call sign of the station in distress

is repeated three times, followed by THIS IS, the
call sign of the acknowledging station three times,
ROGER, MAYDAY, and OUT.
11. What information must be sent following ac-
knowledgment of a distress message?—Every mobile
station which acknowledges receipt of a distress mes-
sage must—on the order of the master or person re-
sponsible for the ship, aircraft, or other vehicle—
transmit as soon as possible its own name, position,
and the speed at which it is proceeding toward the
distressed ship, aircraft, or other vehicle.

Before sending this message, the station must be
certain it will not interfere with other stations better
situated to render immediate assistance to the sta-
tion in distress.

12. Is it necessary to obtain the authority of the
master or person responsible for the vessel prior to
sending the information required, following acknowl-
edgment of a distress call?—Yes.

13. Is it desirable, when acknowledging a distress
message, not to interfere with other acknowledg-
ments from vessels better able to assist?—Yes.

14. Is a vessel which hears a distress message, but is
not in a position to assist, required to take all pos-
sible steps to attract the attention of stations which
might be in a position to assist?—Yes.

15. If the radiotelephone ship installation is used
during the day, is it necessary to make any special
test communication for the purpose of trying the
radio?—No. Normal daily operation proves the per-
formance of the installation.

16. What radio channel is used for communicating
with the United States Coast Guard?—On teleg-
raphy, 500 kc. For telephony, 2.182 or 156.8 mc. For
distress communications, an optional frequency of
2.67 mc is available except in the Great Lakes region,
where the distress frequency is 2.182 mc. Except in
emergencies, the Coast Guard station should not be
called during silent periods or when it is handling
traffic. At other times the Coast Guard station may
be called, by sign or location, for not more than 30
seconds.

17. What procedure is used in contacting the United
States Coast Guard?—Calling NCU or a specific
Coast Guard station on the proper frequency.

18. What procedure would you use in contacting a
coast station on 2182 kilocycles, and what would you
say over the air’—Announce the call sign or ap-
proved geographical position of a particular coast
station three times. The call is concluded with THIS
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IS and the sign of the calling station repeated three
times.

19. What attention should be given to the antenna
tower light at a radio station?—Daily inspection
plus a thorough check of all components every three
months,

20. What should be done in case the antenna tower
lights fail at a radio station?—1If they cannot be re-
paired within 30 minutes, an airways communica-
tions station (Civil Aeronautics Administration)
must be notified.

21. How should station identification be made at a
coast station using radiotelephony?—The official call
sign or approved geographic location is given in Eng-
lish at the beginning and end of each transmission.
22. If a licensed radio operator at the controls of a
radio station hears obscene language being trans-
mitted through the facilities of the station, what ac-
tion should he take?—He should attempt to end the
communication, even going so far as to take the sta-
tion off the air. The activity should be reported in
the log and the FCC notified.

23. If a coast station hears a distress call from a mo-
bile station, what action, if any, should the operator
on duty take?—The distress call has absolute prior-
ity over all other transmissions. All stations which
hear it must immediately cease any transmission ca-
pable of interfering with the distress traffic, and must
listen on the distress-call frequency. The distress call
must not be addressed to a particular station, and
must not be acknowledged before completed.

The coast-station operator acknowledges the dis-
tress message if in the vicinity, making certain he
does not interfere with other stations in a better po-
sition to render assistance. He also has the benefit of
land wires and other means of communicating with
fixed stations in a position to render assistance.

24. When calling a mobile radiotelephone station
but receiving no immediate reply, how often may a
coast station using radiotelephony repeat the call?—
At three-minute intervals. Station calls are limited
to one minute if no reply is received. In an emergency
this provision does not apply, of course.

25. What is meant by safety communication in the
Maritime Mobile Service?—The transmission or re-
ception of distress, alarm, urgent, or safety signals;
any communication preceded by one of these signals;
any communications which, if delayed in transmis-
sion or reception, may endanger life or property; and
occasional test transmission or reception if necessary
for determining whether the radio equipment is in
working condition.

26. What are the requirements with respect to keep-
ing a log at a coast station using radiotelephony?—
An accurate radiotelephone log must be maintained
during the hours of service. In general this informa-
tion should include time, date, and signature of the

operator on duty; all calls transmitted and received;
data on distress, urgency and safety information;
test transmission; interference conditions; equip-
ment failure and performance characteristics, etc.
27. Under what conditions may a coast station in-
tervene in a distress situation?—Any land station
receiving a distress message must, without delay, ad-
vise those participating in the operation of the avail-
ability of rescue facilities.

28. To what extent may a coast station using radio-
telephony communicate with other than ship
stations?~—Safety communications primarily, al-
though it may communicate with other ship, aero-
nautical, and land stations in accordance with U. S.
Government and International regulations.

29. For what purpose is the frequency 121.5 mega-
cycles authorized for an aircraft radio station?—It
is the simplex channel for emergency and distress
communications.

30. In lieu of a call sign, how may a private aircraft
telephone station be identified?—By its aircraft reg-
istration number.

31. What types of communications is an aircraft ra-
diotelephone station authorized to transmit?—Only
those necessary for safe aircraft operation. Normally,
an airport should not be called unless the aircraft is
within the area served by the station.

32. When must aircraft radio station and mainte-
nance records be made available for inspection?—
Upon request of an authorized representative of the
Commission to the licensee or his representative.
33. How often should station identification be made
at a base or land radiotelephone station?—At the
end of each transmission or exchange of transmis-
sions, or once each 30 minutes of operating time.
34. What entries must be made in the logs or records
of radio stations required to have antenna tower
lights?—Time of lights on and off, time of daily
check, and record of any failure and times of CAA
notification.

35. . What precautions should be taken when a radio
station is left unattended in a public place?—It
should be locked, or otherwise made inaccessible, to
prevent tampering by unauthorized persons.

REVIEW QUESTIONS

1. In what way can the second-class
radiotelephone license holder assist
a potential user in obtaining a station
license?

2. List at least six rules of courtesy you
would follow in operating a radio
station.

3. What is a construction permit?

4. Distinguish between station and op-
erator licenses.

5. When must an antenna form be sub-
mitted with a license application?

Answers to these questions will be included in PHOTOFACT Set No. 565.
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ANSWER SHEET

For Questions in Lessons 1 through 4

LESSON 1—ANSWERS

. In simplex operation, base and mobile stations

operate on the same frequency. In duplex opera-
tion, the base station transmits on one frequency,
while the mobile stations transmit on another.
Simplex operation is the more common in com-
mercial two-way radio services.

. The license shall be posted at the station trans-

mitter while service or maintenance work is being
performed. In lieu of displaying his license, the
licensee must carry either his license or a verifica-
tion card on his person.

. A card issued by the FCC, verifying that the

holder has a valid license of the specified grade.

. Frequency assignments are made according to

the service to be rendered, and take into consider-
ation the radio propagation characteristics most
favorable to that particular service.

. The ground wave travels directly over the surface

of the earth between the transmitting and receiv-
ing points. A sky wave refers to a high-frequency
radio wave that is reflected back to earth by the
ionized layers in the atmosphere. The ground
wave is steady and reliable except when it is inter-
fered with by out-of-phase sky wave components.
Sky wave propagation is less dependable and
changes as a function of the height and density
of the ionized layers.

. Direct-wave propagation refers to the compo-

nents of RF energy that travel in a direct path
between transmitter and receiver via the tropo-
sphere.

. At the low-frequency end of the HF spectrum,

ground waves and sky waves are used. Ground
wave communication is reliable but limited in
range. Amazing distances can be covered with sky
wave propagation in this frequency spectrum, but
such propagation is subject to the variables of the
ionosphere. Direct wave propagation is most use-
ful at the high end of the HF spectrum. Two-way
radio channel assignments abound in the range
between the high-frequency end of the HF band,
through the VHF band, and into the UHF band.
Direct wave travel is the only really useful type of
propagation in this great span of frequencies.
As the frequency increases, the radio beam be-
comes more confined. A UHF wave can be con-
fined into a beam more readily than a VHF wave.
The wave travels in almost a straight line between
transmitter and receiver, although there is some
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bending of the waves due to refraction in the trop-
osphere. The degree of bending depends on at-
mospheric conditions.

. Atmospheric noises are most predominant at fre-

quencies beginning below the broadcast band and
continuing up into the HF spectrum, diminishing
in intensity in the VHF region. Man-made noises
begin in the broadcast band and continue into the
UHF region. Vehicular noises are particularly
troublesome in the HF and VHF bands. Receiver
input noises become significant in the VHF, UHF
and microwave spectra. They are the major
source of noise in the UHF and microwave re-
gions.

LESSON 2—ANSWERS

2 to 3 megacycles.

118 to 135 mc.

25-50 mc, 152-174 mc, and 450-470 mc.

In public safety there are police, fire, forestry
conservation, highway maintenance, special
emergency, and local government radio services.
In industrial radio there are power, petroleum,
forest products, motion picture, relay press, spe-
cial industrial, business, industrial radiolocation,
manufacturers, and telephone maintenance radio
services. In land transportation there are motor
carrier, railroad, taxicab, and automobile emer-
gency radio services.

. 460.05-466.45 mc and 26.96-27.225 mc.

There are four classes of Citizens band services.
Class-A stations operate on frequencies assigned
between 460.005 and 466.45 mc. These stations
are used for radiotelephony only. Class-B stations
are assigned a frequency of 465 megacycles. They
operate at low power and with less strict technical
requirements. Class-C stations are authorized for
control of remote objects by radio, or for remote
actuation of devices used to attract attention.
They are assigned specific frequencies of 26.995,
27.045, 27.095, 27.145, 27.195, and 27.255 mc.
Class-D station assignments fall between 26.96
and 27.255 mc. They are authorized for ampli-
tude-modulated radiotelephony at low power.

. Class-A, less than 50 watts; Class-B stations, less

than 5 watts; Class-C stations, less than 5 watts
(except up to 30 watts on 27.255 mc); and Class-
D stations, 5 watts.

A licensed operator must be in control of the
transmitter.

(continued)



LESSON 3—ANSWERS

. The highest modulating frequency. In double-
sideband transmission, the bandwidth is twice
the highest modulating frequency.

. The bandwidth of an FM station is determined
by the maximum deviation and the highest modu-
lating frequency.

. In NBFM systems, the maximum deviation
(1009 modulation) is limited to 15 kilocycles.

. In an NBFM communications system the audio-
frequency range is limited to obtain better intelli-
gibility and to improve noise and interference
rejection.

. Single-sideband transmission is more conserva-
tive of power, requires less bandwidth, is less sub-
ject to interference, and causes less interference
to other services.

. Lowered bandwidth and improved intelligibility.
. Less subject to the vehicular impulse noises that
plague the mobile services.

. Al is carrier-interrupted code transmission; A2
is AM tone-modulated code transmission; and
A3 is amplitude-modulated radiotelephony.

LESSON 4—ANSWERS

. He can help the user make a decision on the type

of radio service that best meets his requirements,
help select a frequency and fill out the necessary
FCC forms, and help him through the initial
troublesome period of getting a system into oper-
ation.

. There are numerous rules of courtesy. Six of them

are: Listen before you transmit, be brief and
concise in your transmission, speak clearly, do
not use abusive or profane language, and use sim-
ple and understandable wording.

. A permit that authorizes the construction of a

station and installation of equipment.

. The station license has to do with the station and

transmitter. Operators’ licenses are issued to per-
sonnel qualified to operate or maintain transmit-
ters.

. It must be submitted if the antenna height is to be

greater than FCC specified levels.
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Lesson 5

Class-C Amplifiers

The Class-C radio-frequency amplifier is the main-
stay of the RF section of a transmitter. It amplifies
the radio-frequency carrier to the desired power
level, and also serves as a buffer to isolate one radio-
frequency stage from another (for example, the os-
cillator stage from a modulator or power amplifier).
Class-C amplifiers are also used as frequency multi-
pliers. In this application, the output is tuned to a
harmonic of the input wave—usually the second.

The efficiency of the Class-C amplifier is higher
than other amplifier classes, since it is biased beyond
cutoff and plate current flows for considerably less
than half the period of the input sine wave. The out-
put current pulses shock-excite the tank circuit,
which is tuned to the desired multiple. Oscillatory
action forms a new signal which, in a straight Class-C
amplifier, is essentially a sine wave.

A brief review of the other amplifiers will help you
better understand the reasons why the Class-C am-
plifier is truly the mainstay of the RF section. In a
Class-A amplifier, plate current flows for the entire
input cycle. The amplifier is biased along the linear
portion of its transfer curve, and the output voltage
is therefore a replica of the input voltage. Plate ef-
ficiency is lower than for Class-B and -C operation,
falling between 15 and 30 per cent. Normally, driv-
ing power is negligible because a Class-A amplifier
draws no grid current.

A Class-B amplifier is biased right at cutoff (Fig.
1). Consequently, plate current flows for approxi-
mately half the input cycle. Class-B amplifiers are
usually operated in push-pull, each tube conducting
during opposite alternations of the input cycle. The
two plate-voltage changes combine in the output to
produce a replica of the input signal. Hence, two
tubes operated Class B in a push-pull arrangement
provide an undistorted output with an efficiency of
60% or higher. Push-pull Class-B amplifiers are used
in high-powered audio amplifiers, as modulators in
transmitter circuits, and as RF amplifiers.

The Class-C amplifier (Fig. 1) is biased beyond
cutoff (often three or more times). Consequently,
olate current flows for only a portion of the positive
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Fig. 1. Class-A, -B, and -C bias.

alternation of the input cycle, and efficiencies of 75%
and higher can be obtained. The plate-current, plate-
voltage changes at the output of a Class-C amplifier
are highly distorted versions of the input cycle. Thus,
the Class-C stage is not used in the amplification of
audio or amplitude-modulated RF signals (although
in a resonant circuit, it is an excellent amplifier of an
unmodulated RF signal). The pulses of plate current,
which supply energy to the output tank circuit, pro-
vide the energy needed for continued cycling of the
resonant circuit. If a Class-C amplifier is operated
with the proper bias, excitation, and tank-circuit
constants and loading, a high-quality RF cycle will
be developed in the output.

Class-C amplifiers are almost always signal-biased
—that is, the flow of grid current during the positive
crest of the input signal charges the grid capacitor
to a high negative value (Fig. 2). Between pulses of
grid current, this charge is held steady by the long
time constant of the capacitor (Cc) and its asso-
ciated grid-leak resistor (Rg). This time constant is
longer than the sine-wave cycle applied to the control
grid. As a result, the charge on the capacitor con-
tributes all, or nearly all, of the DC bias on the grid
of the amplifier. Each new burst of grid current re-
charges the capacitor, and therefore a constant
Class-C bias is maintained.
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Fig. 2. Series-fed Class-C stage.

Some Class-C amplifiers employ an external grid-
bias source to augment the charge on the grid ca-
pacitor. External bias is often used to prevent the
tube from drawing excessive plate current should
signal excitation no longer reach the grid. If suitable
safety precautions are not taken, it is highly prob-
able that tube or circuit components will be damaged
by the excessive current.

The supply voltage for the plate can be fed in
shunt or in series, as shown in Figs. 2 and 3. In a
tetrode Class-C stage, the proper supply voltage
must also be applied to the screen grid. Often this
voltage is fed through a decoupling resistor-capacitor
combination (R1-C6 in Figs. 2 and 3) which prevents
signal currents from affecting the screen voltage.

}—outeut
c3

Fig. 3. Shunt-fed Class-C stage.

The energy developed in the plate tank circuit is
coupled to the antenna system (or to another Class-C
power stage). Some Class-C stages have built-in
meters to permit continuous monitoring of grid and
plate currents and plate voltage. RF chokes and
shunt capacitors are used to prevent RF energy from
passing through the meters. In low-powered trans-
mitters and the early stages of a high-powered trans-
mitter, meter-switching arrangements are more com-
mon. By switching the meter from one circuit to
another, the operator is able to check the operation
of several sequential stages.
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These built-in meters can also be used to tune up
the transmitter. Hence, only a minimum of accessory
test equipment is required.

VOLTAGE AND CURRENT RELATIONSHIPS

Two voltages are applied to the control grid of the
Class-C amplifier—the DC grid-bias voltage (Ec)
and the RF signal voltage (Eg) from the previous
Class-C amplifier or oscillator, as shown in wave-
form A of Fig. 4. As mentioned previously, Ec is
usually the result of charging Cc during periods of
grid current flow.

Waveform A of Fig. 4 is drawn with relationship
to the cutoff voltage and the DC bias. The level at
which grid current flows is also indicated. Waveform
C is the grid current. Its average value can be mea-
sured by inserting a DC meter into the grid circuit.
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Fig. 4. Class-C waveforms.

The tube draws plate current each time the grid
voltage rises above the cutoff level. Waveform B
shows the burst of plate current which flows during
each cycle of the impressed sine wave. A DC meter
can be inserted into the plate circuit to read the av-
erage DC current drawn from the power supply for
the stage.

Observe from waveform D that supply voltage
Eb is the DC reference level for the tank circuit sig-
nal; hence, at any instant plate voltage Ep is equal
to supply voltage Eb plus tank circuit voltage Et.

For efficient operation, a Class-C stage should be
carefully adjusted until the peak value of alternating
voltage across the tank circuit approaches the DC
value of the power-supply voltage. Ideally, the plate
voltage would swing from zero to twice the supply
voltage. However, certain other optimum operating
conditions must be established. In addition, a certain
minimum plate-voltage drop is always present across
the tube during periods of peak plate current. Conse-




quently, the tank-circuit voltage is always something
less than the supply voltage. The useful output
power of a Class-C stage is a result of the current
circulating in the tank circuit. If another inductor or
a resonant circuit is placed near the tank coil, en-
ergy will be transferred to the second circuit. Be-
cause any such coupling results in a transfer of
power, the energy in the tank circuit must be re-
placed. Otherwise there would not be enough to sus-
tain oscillation throughout a complete cycle, and a
series of damped or decaying waves would be de-
veloped.

Since the amount of energy supplied to the plate
tank circuit depends on tube current, proper opera-
tion becomes a function of plate-circuit loading, grid
bias, and the maximum power available from the B+
supply. Grid bias controls the “turn-on’ time of the
amplifier, and therefore determines the duration of
current pulses. The amount of plate current which
flows depends on the voltage across the tube, which
is a function of the supply voltage. These two factors
must be coordinated with the power requirements of
the load.

A DC plate-current meter is a good indicator of
tube and tank-circuit performance. When the load
on a Class-C amplifier is increased, more energy is
drawn from the tank circuit. To maintain oscillations
of the same strength, more current must be drawn
through the amplifier. This increase in power de-
mand is indicated by a rise in the plate-current meter
reading. Thus the meter not only indicates that the
plate tank is tuned to resonance, but is also helpful
in establishing the proper load conditions.

EFFICIENCY AND POWER

The energy from the plate power supply divides be-
tween the resonant circuit and the tube. The power
to the tube is wasted as heat. On the other hand, the
power to the tank circuit is available for producing
an output. The average power input, output, and
plate loss are a function of the average instantaneous
levels of the waveforms in Fig. 4.

As you will recall, the efficiency of a Class-C stage
is greatest when its conduction period is shortest.
You will also recall that during the period of tube
conduction, the voltage drop between plate and
cathode is lowest (equal to the plate-supply voltage
minus the maximum voltage drop across the tank
circuit). Thus, it is apparent that as the amplitude
of the tank-circuit voltage approaches that of the
supply voltage, plate voltage becomes lower when
plate current is drawn. Inasmuch as the power dissi-
pated by the plate is a function of both plate voltage
and plate current, less power is dissipated in the
tube when both plate current and plate voltage are
at a minimum.

Although these conditions permit the most effi-
cient operation of a Class-C stage, there is a limit to

Class-C Amplifiers

the maximum power that can be derived from the
output. Reducing the plate dissipation to a minimum
limits the power that can be extracted from the tank
circuit. In a practical Class-C amplifier, therefore, a
compromise must be made between best efficiency
and highest output. Ideally, plate current should
flow for approximately 120 to 150 degrees of the
cycle.

The grid circuit of a Class-C amplifier also dissi-
pates certain amount of power. As noted earlier, the
grid draws current from the cathode during the crest
of the input cycle. Thus, part of the energy delivered
to the Class-C stage is dissipated in the grid and the
grid-leak resistance. It is apparent that the lower the
grid current, the lower the power dissipation of the
input circuit. However, it is the strong, momentary
grid drive that permits a strong peak of plate current
to be drawn. This peak establishes the minimum
plate voltage. Again there is an optimum operating
condition—the grid excitation must be sufficient to
provide optimum operation of the plate circuit.
Thus, ample power to drive the grid circuit must be
made available at the output of the preceding stage.
By the same token, the grid circuit must not be over-
driven. To do so will cause excessive grid current and
consequent loss of power.

OPTIMUM OPERATION OF A CLASS-C STAGE

The factors which must be considered in establishing
optimum operation of a Class-C stage are:

1. The maximum instantaneous grid potential,
usually referred to as the amount of excitation.

2. The portion of the cycle during which the grid
draws current, usually indicated in electrical
degrees.

3. The instantaneous maximum plate current
drawn at the positive crest of the input cycle.
This peak current determines the amount of
energy to the tank circuit.

4. The portion of the cycle during which plate
current is dissipated, usually given in electrical
degrees.

5. The minimum instantaneous plate voltage,
which determines the maximum RF voltage de-
veloped across the tank circuit during the peak
of plate current flow and thus the division of
power between the tank circuit and the tube.

The maximum grid-signal excitation and grid bias
are selected to provide optimum peak plate current
at the desired minimum plate voltage. However, the
maximum grid voltage must never exceed the abso-
lute value of the minimum plate voltage. Otherwise,
the grid will draw excessive current, not only reduc-
ing the current available to the plate but also in-
creasing grid dissipation.

Suppose the “hoped-for” peak plate current, maxi-
mum grid potential, and minimum plate potential
have been established within the tolerances of the
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tube. Now the period of plate-current flow will de-
termine the efficiency of the stage.

As mentioned previously, increasing the period of
plate-current flow increases both the input and out-
put dissipation. Thus, the angle of flow is usually ad-
justed so that maximum output is delivered without
exceeding the rated plate dissipation of the tube.
Remember, however, that this is not the operating
condition for which peak efficiency is obtained. If
greater efficiency and more conservative operation of
the tube is desired, the conduction angle can be re-
duced. The required driving power must be increased
as the angle of conduction is decreased, so the only
way efficient plate-circuit operation can be attained

is to use more grid power. When this is done, over-all

efficiency of the stage begins to fall.

The plate-supply voltage has a very significant in-
fluence on the output power and hence the operating
efficiency of a Class-C stage. An increase in this
voltage will increase the peak RF voltage across the
tank circuit for any minimum plate voltage. In fact,
the available power output increases almost directly
with an increase in the plate supply voltage. The
maximum recommended plate voltage is determined
by the tube rating, and this value should not be ex-
ceeded. In some transmitters, power output can be
controlled over a limited range by raising or lowering
the plate voltage of one or more stages.

The selection of DC grid bias, maximum grid po-
tential (determined by the amplitude of the grid ex-
citation), and plate-supply voltage have much to do
with the power output and efficiency of a triode
Class-C stage. In a tetrode or pentode Class-C stage,
there is considerable latitude in their selection. The
desired peak plate current can be obtained by con-
trolling the screen voltage. In fact, screen voltage can
be used to adjust the power output to a specific level.

In order to obtain the most output with the de-
sired efficiency, it is customary to use a screen voltage
that is considerably higher than the maximum grid
potential and lower than the plate voltage. In this
way, screen dissipation—which could be high be-
cause of the high screen current drawn during the
minimum plate-voltage interval—is kept within safe
limits. If the screen voltage is not made greater than
the maximum grid voltage, the grid-circuit losses will
become too great. As in a triode stage, the minimum
plate voltage must not be too high because plate dis-
sipation will be excessive. Conversely, it must not
be too low because too many electrons would be at-
tracted to the screen and screen dissipation would
therefore be excessive.

LOADED AND UNLOADED PLATE TANK CIRCUITS

The plate tank circuit plays a very important part in
the function of a Class-C amplifier. It is tuned to the
resonant frequency of the signal to be amplified and
coupled to the load. Resonant tuning of the tank cir-
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cuit permits the greatest voltage drop to be devel-
oped (the parallel-resonant circuit has a maximum
impedance at resonance).

The tank circuit has such a low impedance off the
resonant frequency that it discriminates against
spurious signal components and harmonics. To pro-
vide adequate discrimination against harmonics,
however, the @ of the resonant circuit should be rea-
sonably high. The higher the @, the more the oscil-
lating voltage will approach a pure sine wave. If
there is inadequate energy storage (too low a @),
the oscillating voltage will contain harmonic com-
ponents which can be passed on to the output. Ac-
cording to the type of transmitter, the FCC requires
that the harmonic radiation of a transmitter be held
to a certain minimum level. Usually, special coupling
arrangements are included in transmitter output
stages to minimize the transfer of harmonics to the
antenna system.

The selection of the @ of a resonant circuit is again
a compromise. For the reason mentioned above, the
@ may not be too low. A high @ tank circuit stores
considerable reactive energy. Therefore, the voltage
breakdown and current-carrying capabilities of the
resonant circuit must be high, and this means more
expensive components will be required.

A tank circuit has two values of @—loaded and
unloaded. The Q of a tank circuit is higher when the
load is disconnected. The change in @ under load
determines the tank-circuit efficiency and how effec-
tively power is transferred between the tank circuit
and the load. In fact, the total power transferred
from the tank circuit to the load is a measure of the
tank-circuit efficiency.

Tank circuit @ under load is typically 10 to 12. In
some very high power transmitter stages, an even
lower Q is used to reduce voltage breakdown and to
minimize cost. Greater attention must be given to
the use of suitable networks to minimize harmonic
output to the antenna system.

In summary, too low a tank-circuit @ provides less
efficient operation of the Class-C stage, more diffi-
culty with coupling to the load, and a higher har-
monic content. Likewise, too high a tank-circuit @
results in a high circulating tank current and a
greater resistive loss in the tank-circuit inductor.
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Fig. 5. Class-C bias methods.



GRID-LEAK BIAS

A grid capacitor and grid-leak resistor are most often
used to provide grid bias, as shown in Fig. 5A. In
higher-powered stages, a combination of grid-leak
and external bias is often used, as in Fig. 5B. With
some external bias, loss of grid excitation will not re-
sult in damage to the high-powered tube and its as-
sociated circuit components. In addition, high-pow-
ered stages often employ safety components to pro-
tect the stage when the excitation fails. A warning
system informing the operator of such a deficiency
is sometimes included.

In Fig. 5C, the loss of grid bias will increase the
plate current and thus raise the voltage drop across
the cathode resistor. The added bias from the cath-
ode resistor prevents the plate current from rising
to the danger point.

In the grid-leak bias combination, grid current
flows when the tube is driven positive. As a result, a
negative charge is placed on the grid capacitor. The
magnitude of this charge is determined by the
amount of grid current and by the value of grid re-
sistance. When the grid-leak resistance is high, a
large bias will be developed. It follows, then, that
the grid excitation must be high in amplitude.
Otherwise, the tube will be unable to draw the de-
sired peak plate current at the crest of the grid-
voltage waveform (See Fig. 6). In this mode of op-
eration, the angle of plate-current flow will be low.

A decrease in grid-leak resistance causes a lower
Class-C bias to be developed. Thus, a lower exciting
voltage is needed to drive the grid to the point where
the desired peak plate current is drawn. However,
the conducting angle will be longer and the plate-
circuit efficiency will be lower.
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Fig. 6. Development of Class-C grid bias.
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An optimum value of grid-leak bias must be es-
tablished for the most effective transfer of power to
the load. The most desirable efficiencies lie between
60 and 80 per cent.

The grid-leak capacitor should have a substan-
tially higher value than the grid-to-cathode capaci-
tance of the tube. The capacitor must have a low
reactance at the operating frequency; otherwise, the
grid-excitation signal will be impeded. In conjunc-
tion with the grid-leak resistor, the time constant
must be long enough for the capacitor to hold a
charge between positive peaks of the excitation
signal.

The grid-leak combination affords a simple
method of obtaining Class-C bias, in addition to
being more or less self-adjusting. Small changes in
the amplitude of the exciting voltage have a substan-
tial influence on grid current and bias. These changes
are such that peak grid voltage remains essentially
constant. Therefore, the peak plate current will not
be altered, and the output will be held reasonably
constant in spite of reasonable changes in the ampli-
tude of the grid signal.

NEUTRALIZATION

Class-C amplifiers must often be neutralized to pre-
vent them from oscillating. While triodes, tetrodes,
and pentodes are all used as RF power-amplifiers,
beam-power tetrodes are most common. Multigrid
tubes are preferred because less grid excitation is re-
quired for a given power output.

A triode Class-C amplifier must be neutralized be-
cause the plate and grid signals are of the same fre-
quency and are linked by the grid-to-plate capaci-
tance of the tube. Without proper neutralization, a
triode becomes a tuned-plate, tuned-grid oscillator.
Screen-grid tubes normally do not require neu-
tralization, because the shielding action of the screen
substantially reduces the grid-to-plate capacitance.

When an RF stage 1s incorrectly neutralized, spur-
ious signals are radiated. In addition, it is difficult
to modulate such a stage correctly.

Fig. 7. Plate neutralization of a triode.

In the neutralization of a Class-C triode (Fig. 7),
an out-of-phase signal (Cn) is fed back from the
plate circuit to the grid. This neutralizing signal is
180° out of phase with the feedback through the in-
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terelectrode capacitance. Its amplitude is adjusted
to cancel out the regenerative feedback. The method
shown in Fig. 7 is referred to as plate neutralization.
In action the neutralization system is a balanced-
bridge arrangement, as shown in Fig. 7B. When the
bridge is balanced correctly, the plate-circuit cur-
rents flowing in the inductive and capaciti¥e legs of
the bridge will be balanced. Consequently, the varia-
tions in plate voltage produce no current flow
through the center of the bridge, and no plate-volt-
age variation appears across the grid-tank circuit.

SCREEN-GRID NEUTRALIZATION

Under most conditions, a screen-grid Class-C stage
does not require neutralization. However, at very
high frequencies or with tubes of high power sensi-
tivity, a small amount of feedback can start spurious
oscillations. To insure stable operation, therefore, it
is necessary to load the tuned-grid circuit or utilize
some other simple method of neutralization. Except
in wide-band Class-C amplifiers, it is not always ad-
visable to use a resistive load in the grid circuit, be-
cause this will necessitate an increase in grid driving
power. Instead, simple inductive or capacitive feed-
back links can be established, as shown in Fig. 8.

In the capacitive stabilization arrangements, feed-
back amplitude is determined by the ratio of ca-
pacitors Cl and Cn. In a practical neutralization ar-
rangement, a capacitive bridge with the following
ratio is set up:

Cn Cgp
Cl Cin

In the alternate circuit (dotted lines in Fig. 8),

an inductive link feeds back a small amount of en-

Fig. 8. Neutralization of a screen grid Class-C amplifier.

ergy from the plate to the grid. The polarity of the
link determines the phase of the feedback, and the
positioning of the link determines the magnitude.
LICENSE EXAM QUESTIONS AND ANSWERS
1. Describe the three classes of amplifier opera-
tion.—Class A, in which the stage is biased for con-
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tinuous operation along the linear portion of its Eg-
Ip curve; Class B, in which the stage is biased at cut-
off and conducts only during positive swings of the
input signal; Class C, in which the stage is biased be-
low cutoff and conducts for less than half the period
of the input signal.

2. Describe the characteristics of a vacuum tube
operating as a Class-C amplifier.—The grid bias is
set substantially beyond cutoff. Consequently, plate
current flows for substantially less than 180 degrees
of the input cycle. The plate-current pulse is not a
replica of the input cycle, but a parallel-resonant cir-
cuit in the plate circuit serves as an energy-storing
network which is capable of forming a sine wave
output when supplied with current pulses. Because
of its high efliciency, a Class-C amplifier can deliver
a large amount of output power with a small amount
of input power.

3. During approximately what portion of the ex-
citation-voltage cycle does plate current flow in a
Class-C amplifier’—Only for a portion of the time
when the grid signal is positive, usually between 90
to 150 degrees of the input cycle.

4. Is the plate-circuit efficiency of an RF amplifier
higher or lower when operated Class C as opposed to
Class B? Why?—Higher. In Class-C operation, plate
current flows for a shorter time. Plate-circuit effi-
ciency is equal to the power output divided by the
power input; thus:

. power out
efficiency in % = ———— X 100
LE,
The average value of the plate current is low be-
cause, although of high peak value, it flows for only
a short interval and only when the plate voltage is
low. Therefore, only a limited amount of input power
is dissipated at the plate, most of it being delivered
to the tank as output.

5. What is the primary purpose of grid-leak action
in a vacuum-tube transmitter’—The grid-leak re-
sistor of an RF oscillator or amplifier is used to de-
velop grid bias. Grid current charges the grid-leak
capacitor, which then discharges through a resistor.
The capacitor and resistor act as a filter to maintain
an essentially constant DC grid level between posi-
tive alternations of the grid cycle.

6. What is meant by a blocked grid?—One with
such a high bias that plate current does not flow.

7. What is the purpose of an RF choke?—A radio-
frequency choke (RFC) presents a high impedance
to RF energy. It has two primary functions—to pre-
vent RF energy from entering certain DC circuits,
and to introduce DC voltage into an RF circuit with-
out affecting the normal signal path. The choke has
practically no resistance to DC current, but a very
high resistance (impedance) to RF current.

8. Why are Class-C amplifiers not suited for
audio-frequency amplification? — Since a Class-C




stage is biased substantially beyond cutoff, plate
current will not be representative of the grid signal.
Thus, serious distortion will occur.

9. What are the advantages of using a cathode
resistor to provide bias for a Class-C amplifier?—
While a cathode resistor cannot provide Class-C
bias, it will limit tube current and plate dissipation,
which would become excessive in the absence of a
grid-excitation signal.

10. Explain the purpose of neutralization in RF
amplifiers? How is neutralization achieved?—Tri-
ode, and sometimes tetrode or pentode, RF ampli-
fiers must be neutralized to prevent them from
breaking into oscillation. Neutralization is achieved
by offsetting the effect of grid-to-plate feedback with
a signal of opposite polarity.

N
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Fig. 9. Grid-neutralization triode RF stage.

11. Explain how to neutralize a triode RF ampli-
fier. — Place the filament circuit in operation and
supply a signal to the control grid from the preced-
ing stage. Turn off the plate and screen voltages. If
the stage is being neutralized for the first time, set
the neutralizing capacitor for minimum capacitance.

Adjust the grid tank circuit for resonance, as indi-
cated by a maximum indication on a grid-current
meter. Tune the plate tank capacitor over its range.
If the stage is not neutralized, the needle of the grid-
current meter will jump whenever the plate tank cir-
cuit is tuned through resonance. Likewise, there will
be an indication of output when an RF indicator is
placed close to the plate tank circuit. Continue to in-
crease the capacitance of the neutralizing capacitor
slightly, and to tune the plate tank circuit through
resonance, until no change is indicated by the grid
meter. The stage is properly neutralized if the plate
tank capacitor can be tuned through resonance with-
out changing the grid-current meter reading.

As a final check, supply power to the stage at a re-
duced voltage. Tune the plate tank circuit for its
resonant dip, and place a load on the output. Supply
the maximum plate voltage, and adjust the plate-
tank and output-coupling circuits for optimum op-
eration.

12. What tests will determine if an RF amplifier
stage is properly neutralized? — Remove the plate
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power, leaving the excitation and filament power
normal. If it is possible to vary the plate tank ca-
pacitor through resonance without obtaining an RF
output indication or causing the grid-current meter
needle to kick, the stage is properly neutralized.

13. Why does a screen-grid tube normally require
no neutralization when used as an RF amplifier?—A
screen grid reduces grid-to-plate interelectrode ca-
pacitance, and the feedback path is of such a high
impedance that self-oscillation is not likely to occur.
When the input and output stages of a tetrode or
pentode stage are properly isolated and shielded,
neutralization is not required.

14. What is the purpose of a buffer amplifier in a
transmitter?—To provide isolation. In a transmitter,
a buffer amplifier often isolates high power RF
stages, the modulated amplifier, or the keyed stage
from the oscillator. Such isolation prevents changes
in operating conditions in later stages from affecting
the frequency stability or operating characteristics
of a preceding stage.
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Fig. 10. Radio-frequency doubler.

15. Draw the circuit of a frequency doubler and
explain its operation. — A typical doubler stage is
shown in Fig. 10. It is biased for Class-C operation,
and the output tank circuit is resonant at twice the
frequency of the RF signal at its grid. Bias is some-
what greater than for a straight-through Class-C
amplifier. The operating characteristics of the stage
and output tank circuit are designed to emphasize
the second-harmonic output.

16. For what purpose is a doubler amplifier used?
—To produce an output signal having double the
frequency of the input signal. When a series of
doubler or multiplier stages are used, the signal fre-
quency supplied by a low-frequency crystal oscil-
lator can be increased to provide the desired high-
frequency carrier.

17. What class of amplifier is appropriate as an
RF doubler stage?—Class-C, because it can be op-
erated to provide an output waveform which in-
cludes a strong second harmonic.
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Fig. 11. TPTG oscillator link-coupled to a neutralized
RF amplifier.

18. What is meant by link coupling, and why is it
used?—Link coupling is a method of transferring en-
ergy between two resonant circuits without using
direct magnetic coupling. In Fig. 11, link coupling
with transmission-line characteristics is used. Be-
cause the low-impedance link has minimum radia-
tion, it is able to couple energy over a considerable
distance with a minimum of capacitive and radia-
tion losses. Link coupling is often used between the
final stage and the antenna coupling or tuning
system.

19. What is meant by unity coupling?—It is a
tight coupling method that permits maximum trans-
fer of energy between resonant circuits. The coeffi-
cient of unity coupling is 1, but this is never quite
reached in practice.

ANTENNA

RESONANT
TANK

CIRCUIT LINE

Fig. 12. Pi-network tank circuit and coupling to an
antenna system

20. How can the production of harmonic energy
be minimized in a vacuum-tube RF amplifier?—By
correct choice of operating bias and grid drive, and
use of a high-@ plate tank circuit, correct loading,
and a pi-network tank circuit (as in Fig. 12). Push-
pull RF amplifiers minimize even harmonics. Addi-
tional low-pass tuned circuits and filters can be used
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to minimize the transfer of harmonic components
between stages.

21. Define parasitic oscillation.—Parasitic oscil-
lations are undesired harmonics. They are the result
of self-excitation of some portion of a circuit, and
usually have a frequency quite removed from the de-
sired operating frequency.

22. What may be the result of parasitic oscilla-
tions?—They can lower efficiency and stability by
causing the radiation of spurious signal components
which affect the modulation quality of the desired
carrier,

23. What are some possible indications of a de-
fective transmitter tube?—A drop in power output;
abnormal or erratic meter readings; optimum per-
formance of the stage cannot be achieved despite
careful tuning. Examination of the tube may reveal
an unlighted filament, a blue haze within the ele-
ments, arcing between electrodes, or serious over-
heating.

24. What are some possible causes of overheated
vacuum-tube plates?—A failing tube, off-resonance
tuning, improper operating voltages (plate voltage
and bias), spurious oscillations, loss of grid excita-
tion, and improper loading.

25. What would be the result of a shorted choke
coil in the plate circuit of an RF amplifier?—In a
shunt-fed, plate-voltage arrangement, a shorted
choke will bypass the tank circuit. As a result, no
RF voltage will be developed. In a series-fed arrange-
ment, RF energy may be present in supply lines and
other circuits normally at RF ground potential. Neu-
tralization or stability also could be adversely af-
fected.

REVIEW QUESTIONS

1. What are the three basic classes of
amplifiers? Describe the characteris-
tics for each.

2. What factors determine the efficiency
of a Class-C amplifier?

3. What is meant by Class-C grid-leak
bias?

4. Distinguish between the loaded and
unloaded Q of a tank circuit.

5. What action prevents the develop-
ment of a damped wave across the
Class-C output tank circuit?

6. Describe the oscillatory action of a
parallel resonant circuit.

7. Why does a Class-C amplifier draw
more plate current when load-coup-
ling is increased?

8. What is meant by the excitation of a
Class-C amplifier?

Answers to these questions will be included in
PHOTOFACT Set No. 569
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Lesson 6

Oscillators and Multipliers

In radio transmitters, the two most common
frequency generators are the crystal and electron-
coupled oscillators. Both have the excellent relia-
bility and frequency stability required to hold the
carrier frequency within the tolerances specified by
the FCC.

The crystal oscillator is very stable, the only fre-
quency drift occurring as a result of temperature
changes. For very strict frequency requirements,
crystals are often enclosed in an oven which is auto-
matically kept at a constant operating temperature.
In recent years, crystals have been very much im-
proved, and certain types with a very minimum of
temperature drift are now available. Consequently,
in many services it is no longer necessary to use a
crystal oven.
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Fig. 1. Functional plan of typical trarsmitter.

The power output of a typical crystal oscillator in
a transmitter is on the order of a few milliwatts. In a
typical transmitter, as shown in Fig. 1, the oscillator
is well-isolated from higher-powered stages by buff-
ers and intermediate amplifiers. In almost all HF,
VHF, and UHF radiocommunication services, the
oscillator operates on a frequency which is substan-
tially lower than that of the radiated carrier. Thus,
as mentioned in earlier lessons, the buffer and other
intermediate amplifier stages function as frequency
multipliers, increasing the rate of the oscillator sig-
nal to obtain the desired carrier frequency.

A given crystal confines transmitter operation to
a single output frequency. If the transmitter is to be
operated on more than one frequency, either a
crystal-switching arrangement or separate crystal
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oscillators are required. For mobile service, the
switched crystal plan is the most common. Two or
more operating frequencies can then be selected ac-
cording to system needs.

The electron-coupled oscillator can also be made
to have a high order of frequency stability in a care-
fully designed circuit. Circuit design is more critical
than for a crystal type, and some means must be in-
corporated to provide for accurate frequency cali-
bration. One major advantage of an electron-coupled
oscillator is that any specific frequency within range
of the oscillator adjustment can be selected for use
in the development of the carrier frequency. There-
fore, the electron-coupled oscillator, or variable-fre-
quency oscillator (VFO) as it is called, is common in
equipment requiring a vernier adjustment of the car-
rier frequency over a substantial range.

The addition of a suitable reactance tube permits
the electron-coupled oscillator to be frequency-mod-
ulated in a convenient manner. As you learned, fre-
quency modulation is popular in many radiocom-
munication services. This does not mean that a
crystal oscillator cannot be used in an FM transmit-
ter. In most services, narrow-band frequency modu-
lation is used and, as shown in Fig. 1, a phase
modulator can be used to alter the crystal oscillator
signal after it has passed through the buffer stage.
Such a modulation system becomes quite complex
when a wide-band deviation is to be obtained. How-
ever, with narrow-band modulation only a simple
phase modulator is needed.

HARTLEY OSCILLATOR

In addition to the electron-coupled and crystal-con-
trolled oscillators, there are a variety of other types
you should have some knowledge about in prepar-
ing for the FCC license examination. In this lesson,
the Hartley circuit is used to explain the basic prin-
ciples of oscillator operaticn.

Fundamentally, almost all forms of transmitter os-
cillators are Class-C amplifiers with a feedback link.
The purpose of the feedback path is to supply a re-
generative signal from the output back to the input
in order to sustain generation.
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Fig. 2. Series-fed Hartley circuit and its associated waveforms.

The Hartley circuit in Fig. 2 typifies this design.
The feedback signal is developed across the lower
end of the plate-tank inductance. Oscillations occur
when the phase of the plate signal is shifted 180 de-
grees so as to be in phase with the grid voltage. In the
Hartley oscillator, the necessary phase reversal is
achieved by proper connection of the tube elements
to the resonant tank coil.

The oscillations in the tank circuit are initiated
and sustained by bursts of Class-C plate current.
Thus, a sine wave signal is generated by the tank
circuit. The frequency of this sine wave is deter-
mined by the capacitance and inductance of the tank
circuit, and is determined by the familiar formula:

FO f— _1__— .
2r \/LC
You should anticipate there being at least one ques-
tion based on this formula in the FCC examination.
If energy from the power supply were not continu-
ously reapplied to the tuned circuit of an oscillator
in the form of plate current pulses, the oscillations
would gradually die out and a so-called damped
wave would be generated (Fig. 3). The function of
the feedback link is to swing the grid voltage in the
positive direction once each cycle, thus providing a
new burst of plate current for each cycle to be gen-
erated. The periodic supply of a constant amount of
energy to the resonant circuit produces a continuous
train of oscillations of the same amplitude. The mag-
nitude of the feedback voltage must be such that the
grid is driven far enough positive each cycle to cause
the same amount of plate current to flow each time.
Referring back to Fig. 2, it can be seen that a por-
tion of the signal across the tank circuit (Eg) is ap-
plied between the grid and cathode of the oscillator
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Fig. 3. Excitation of a resonant circuit by a pulse of current.

tube. This represents the input sine wave voltage of
the oscillator. Notice that the grid is supplied from
the low end of the tank; therefore, the polarity of the
signal it receives (Eg) is opposite to that at the plate
(Ep). As a result, the necessary phase reversal is ac-
complished. The position of the tap determines the
magnitude of the feedback, and determines the effi-
ciency and stability of the oscillator. As discussed in
Lesson 5, the amount of grid signal is one of the fac-
tors that control the efficiency of a Class-C stage. In
this instance, instead of receiving its grid signal from
a preceding stage, the Hartley oscillator obtains re-
generative energy from its own tank circuit.

It might seem as though the oscillator is an ex-
ample of electrical perpetual motion, which we know
is not possible. Remember, however, that the renewal
energy supplied to the tank circuit is the result of
current bursts drawn from the power source through
the tube.

Most types of oscillators employ grid-leak bias,
utilizing a resistor-capacitor combination with a
short charge time and long discharge time. In this
respect, oscillators are again similar to a basic Class-
C amplifier. When the grid draws current, at the crest
of each positive alternation in the feedback signal,
the grid capacitor charges. The time constant of
Rg-Cg is long enough to maintain that charge be-
tween cycles. In other words, the capacitor dis-
charges an insignificant amount between periods of
grid conduction, recovering the charge each time the
grid signal goes positive.

The amount of grid-leak bias developed is a func-
tion of the capacitor and resistor values and the
amount of grid current drawn, which in turn is re-
lated to the magnitude of the feedback voltage. Con-




stants are chosen to provide the amount of bias re-
quired to operate the oscillator at the desired
efficiency; the factors are much the same as for a
Class-C amplifier.

One advantage of grid-leak bias is that it is self-
regulated. When a circuit or supply voltage variation
occurs, it will influence the feedback magnitude. Any
such change affects the grid current flow and the
charge on the grid capacitor. The direction of the
change is always such that a compensating influence
results. For example, if there is a tendency for the
output oscillations to decrease, there will be a drop
in the magnitude of the feedback. Consequently,
there will be a less negative bias on the grid capacitor,
which causes an increase in the amplitude of the
plate current pulses and in the magnitude of the tank
signal. The net result is a reasonably constant output
which is more or less self-regulating.

ELECTRON-COUPLED OSCILLATOR
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Fig. 4. Basic electron-coupled oscillator (ECO).

The electron-coupled oscillator, as shown in Fig. 4, is
basically a triode stage which utilizes the interelec-
trode capacitance of the tube to provide energy feed-
back. In this configuration, the screen grid actually
functions as the plate of a Hartley triode oscillator.

The screen grid is operated at RF ground poten-
tial, and therefore serves as a shield between the os-
cillator section and the plate output circuit. This
isolation minimizes the interaction between the plate
and oscillator circuits. Changes in load or operating
constants thus have a lesser influence on the operat-
ing characteristics of the oscillator, as compared to
the basic Hartley circuit. In pentode versions of the
electron-coupled oscillator, the suppressor grid is
usually operated at ground potential and serves as
the shield.

As shown in Fig. 5, several types of output circuits
are commonly used with electron-coupled oscillators.
A resistor or an inductor can serve as the plate cir-
cuit load. If maximum output is desired, the tank
circuit can be used. However, if the plate tank cir-
cuit is tuned to the same frequency as the oscillating
section, there is a greater possibility of some mutual
interaction between the output and the frequency-
control elements of the oscillator. For the most
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Fig. 5. ECO output circuits.

stable operation, the non-resonant output circuit is
preferred.

This does not mean that resonant circuits are
never used at the output of an electron-coupled os-
cillator. As a matter of fact, resonant circuits are
used frequently, but in most cases they are tuned to
some multiple of the oscillator frequency. Usually,
the output circuit is tuned to a frequency which is
twice that of the oscillator (although higher har-
monics are used on occasion). When tuned to twice
the frequency, the circuit is referred to as an os-
cillator-doubler.

When the plate tank circuit is tuned to a different
frequency, there is less possibility of mutual inter-
action and instability. At the same time, it provides
one step in the process of multiplying the oscillator
frequency to obtain the desired carrier frequency.

The untuned output circuit is advantageous when
the transmitter is to be operated over a rather wide
range of frequencies. If the output is untuned, it is
only necessary to change the tuning of the oscillating
section when making a frequency change.

CRYSTAL OSCILLATORS

Certain crystalline materials produce a voltage when
under mechanical stress. One such material is quartz,
which is used in the manufacture of transmitting
crystals. If the pressure on such a crystal is varied,
an alternating voltage will be developed. Conversely,
when an alternating voltage is applied across a crys-
tal, a physical vibration is set up. Quartz crystal vi-
brates freely and is very stable. Most important, it
vibrates at a particular frequency determined by its
size and structure.

If such a crystal is inserted into an oscillator stage
which is tuned near its natural frequency, it will vi-
brate strongly. In fact, a potential difference, much
like the resonant voltage across a tank circuit, will
develop across the crystal. Thus, the frequency of the
oscillator will be determined by the natural fre-
quency of the crystal.

A typical crystal circuit is shown in Fig. 6 along
with its electrical equivalent. Notice that the crystal
is represented by a tuned circuit. The feedback be-
tween the output and the input is provided by the
grid-to-plate capacitance of the tube. In some crystal
oscillators—depending on the tube type, frequency,
and circuit design—some external capacitance is
connected between plate and grid to establish the
most favorable feedback conditions.
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EQUIVALENT

Fig. 6. Triode crystal oscillator and crystal equivalent.

An actual transmitting crystal is extremely thin,
having the appearance of a tiny slab of frosted win-
dow glass approximately 14 to 1 inch square. The
smaller the physical size of the crystal, the higher its
resonant frequency will be. The mounted crystal is
held tightly between two flat metal plates, each
brought out to a terminal connection.

Some capacity is introduced by the plates of the
crystal holder. This capacity is effectively in shunt
with the crystal, and has some influence on its operat-
ing frequency. In some cases this capacity is made
adjustable by the use of a small capacitor in shunt or
series with the crystal. By so doing, it is possible to
tune the circuit, over a narrow range, to some precise
frequency slightly displaced from the natural crystal
frequency.

A crystal oscillator need not employ a grid-leak
capactior because the crystal circuit itself is capaci-
tive and able to hold the grid-current charge. The
value of the grid-leak resistance is chosen to provide
the necessary time constant to maintain a constant
bias between intervals of grid current flow.

It is important to realize that average plate cur-
rent is maximum when a crystal stage is not oscillat-
ing. With no oscillations present, no grid current will
flow and no grid-leak bias will be developed. As the
plate circuit is tuned to resonance, the tank circuit
will begin to oscillate. Some of its energy is fed back
to the grid circuit, serving to excite the crystal and
causing it to vibrate at its natural frequency. In so
doing, the necessary grid drive signal is developed.
The flow of grid current during positive peaks of the
grid voltage charges the crystal capacity and builds
up the grid bias. As the circuit is tuned to resonance
average plate current will dip to a minimum value.
Resonant operation is not always the most stable
for a crystal circuit. It is usually preferable to tune
slightly off the minimum plate current point.

A crystal stage must be operated at low power
level. Too much feedback from plate to grid can re-
sult in excessive current which will damage the crys-
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Fig. 7. Pierce crystal oscillator.

tal. Thus, it is customary to operate a triode crystal
oscillator at a rather low value of plate voltage.

A common type of crystal oscillator is the Pierce
circuit shown in Fig. 7. Notice that it does not use a
tuned output circuit. The crystal itself serves as the
one and only tuned circuit, and is connected between
the plate and grid of the tube. The small capacitor
C1 is used to prevent DC voltage from reaching the
crystal circuit. Capacitor C2 develops a feedback
voltage of proper magnitude between grid and cath-
ode, and at the same time functions as the grid-bias
capacitor. For high-frequency operation, C2 may
not be a physical unit, but represented by the in-
terelectrode capacitance of the tube.

The Pierce oscillator has a low output but is highly
stable. Also, there is less danger of a damage to the
crystal by excessive current.

Tetrode and pentode crystal oscillators are com-
mon. They not only provide a higher output, but also
improved stability because of the additional isola-
tion between the output load and the oscillating
section. Furthermore, there is less possibility of
damage to the crystal because of the limited amount
of energy that can be fed back through the relatively
lower grid-to-plate capacitance. Crystal current is

+B

Fig. 8. Pentode crystal oscillator.




therefore kept low, permitting a stronger oscillation
to be developed in the plate circuit.

In the circuit of Fig. 8 the cathode, control grid,
and screen function as a Pierce-type oscillator. RF
variations are coupled through the interelectrode
capacitance to the plate circuit. As in an electron-
coupled oscillator, the output tank can be tuned to
the fundamental frequency of the crystal or to some
higher harmonic. In the latter case the stage serves
as both an oscillator and a frequency multiplier.

Crystals can be cut to operate strongly on a har-
monic frequency. They can be made to vibrate
freely on third, fifth, and even higher order harmon-
ics. For example, a seven megacycle overtone crystal
may be constructed to emphasize its fifth harmonic,
and will vibrate strongly at 35 megacycles. These
so-called overtone crystals are widely used in radio-
communications equipment operating in the VHF
and UHF ranges. Overtone crystal oscillator circuits
operate between 30 and some 100 megacycles.

Some overtone crystal oscillator circuits have spe-
cial arrangements to provide somewhat higher than
normal feedback. However, overtone crystals have
been developed which will “take-off” readily in most
conventional crystal circuits.

TRANSISTOR CLASS-C AMPLIFIERS
AND OSCILLATORS

The transistor has been a boon to the mobile radio
services and other radiocommunications systems. A
number of transistors have been developed to func-
tion well as oscillators and Class-C amplifiers, per-
mitting the design of compact, cool, and light-weight
transmitter stages. Frequencies up into the hundreds
of megacycles can be utilized in these applications.
All-transistor communications receivers are widely
available. Transistors are used in the audio and RF
exciter sections of many mobile transmitters, and
has practically obsoleted the vibrator in mobile
power supplies.

The transistor functions well as a stable low-power
Class-C amplifier. It can be also operated as a funda-
mental amplifier and as a frequency multiplier. A
sequence of transistor stages functions ideally as a
carrier generator, phase modulator, and multiplier
chain. Thus, in mobile radio services, for which a fre-
quency multiplication of 12 to 24 times is quite com-
mon, transistors are ideal components.

A typical Class-C transistor amplifier is shown in
Fig. 9. The common emitter circuit is used widely,
and is comparable to a conventional grounded-cath-
ode vacuum-tube stage. Grounded-base circuits,
which can be compared with grounded-grid vacuum-
tube stages, are used for VHF operation up to several
hundred megacycles. Conventional and pi-network
tank circuits can be used. The base-emitter imped-
ance of a transistor is quite low, and even the out-
put impedance in the collector circuit is not high in
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Fig. 9. Basic Class-C transistor amplifiers.

comparison to that of a vacuum tube. This factor
must be considered when matching input and output
impedance of a transistorized Class-C stage. As
shown in Fig. 9, tapped-inductor or capacitive-di-
vider matching arrangements are common.

As in vacuum-tube circuits, the transistor stage
can be signal-biased. In this arrangement, the cur-
rent in the base-emitter circuit provides the neces-
sary “grid-leak’ bias. A combination of external and
self-bias can also be used. The external bias can be
adjusted for the best operating conditions for a given
magnitude of applied drive signal. As with tube cir-
cuits, a higher supply voltage permits a greater RF
output to be developed.

A transistor stage makes a fine transmitter os-
cillator, providing both compactness and stability.
It may be self-excited or crystal-controlled, con-
nected in Hartley and other basic oscillator circuits
and, utilizing a tetrode transistor, operated as an °
electron-coupled oscillator. In the Hartley arrange-
ment of Fig. 10, the stage appears as a basic Class-C
amplifier, except that a tapped inductor provides the
necessary feedback. The coil is tapped at a point

-Ecc

L

Fig. 10. Transistor Hartley oscillator.
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Fig. 11. Transistor crystal oscillators.

which results in a feedback current that is in phase
with the base-emitter current and that sustains oscil-
lations.

Two typical crystal oscillators are shown in Fig.
11. The circuit in 11A uses a split capacitor arrange-
ment to establish optimum feedback. A small trim-
mer capacitor is connected in series with the crystal
to permit precise setting of the oscillator frequency.
A high Q output circuit is obtained by connecting the
collector to a low-impedance point on the tank cir-
cuit, reducing the loading effect of the collector on
the resonant tank.

A Pierce-type oscillator is shown in Fig. 11B. No-
tice that both crystal stages use some external base
bias. Use of external bias provides more stable opera-
tion and minimizes frequency drift with temperature
changes.

PREPARATION FOR LICENSE EXAMINATION

A considerable number of the FCC exam questions
are devoted to oscillators. The samples which follow
are typical of the material you should know. The
answers will give you a fine review of oscillator theory
and practice.

1. Draw a simple schematic showing a Hartley
triode oscillator with shunt-fed plate.—See Fig. 12.

2. Describe the fundamental principles of a vac-
uum-tube oscillator—The vacuum-tube and its as-
sociated components (which usually include a reso-
nant circuit) are combined to form an amplifier with
a feedback arrangement capable of utilizing DC
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Fig. 12. Shunt-fed Hartley oscillator.

power to generate continuous RF variations. Refer-
ring to Fig. 13, oscillations will occur when the feed-
back energy is of the proper amplitude and phase.
Because of the 180-degree phase reversal which oc-
curs between grid and plate in the usual amplifier,
the feedback arrangement must provide an addi-
tional 180-degree phase change to bring the output
voltage back in phase with the input voltage. This
in-phase condition, called positive or regenerative
feedback, replaces the energy dissipated in the input
circuit. As a result, self-sustained and continuous
oscillations can be generated. All types of oscillators
use this fundamental feedback principle.

FEEDBACK

ARRANGE- ——=—
MENT

TUBE |
AMPLIFIER | RESONANT
AND ouT CIRCUIT

[
| circuIT |
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Fig. 13. Block diagram of a basic oscillator.

3. Describe grid-leak action and how it is used to
achieve Class-C operation of a vacuum-tube stage.—
A capacitor connected in the grid circuit of an oscil-
lator or amplifier is charged when grid current flows
during the positive peaks of an excitation signal. In
an oscillator, this signal is fed back from the plate
circuit, whereas an amplifier receives the signal from
another stage. The charge across the capacitor in-
creases the bias on the stage. If sufficiently high, this
charge will bias the stage into cutoff for Class-C op-
eration. A resistor is used to provide a discharge path
for the capacitor, usually from grid to ground. The
voltage developed across the resistor serves to main-
tain bias on the stage as the capacitor discharges. To
achieve Class-C operation, the amplitude of the ex-
citation signal and the value of the capacitor must be
such that the resultant capacitor charge will bias the
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Fig. 14. Shunt-fed Colpitts oscillator.

stage beyond cutoff. Further, the time constant of
the capacitor and grid-leak resistor must be long
enough to maintain this cutoff bias until the excita-
tion signal again passes through its positive peak.
At this time, the stage will conduct and grid current
will flow, replenishing the charge on the capacitor.

4. Draw a simple schematic showing a Colpitts
triode oscillator with shunt-fed plate—See Fig. 14.

5. What is the difference between the Colpitts and
Hartley oscillator?—The Hartley and Colpitts os-
cillators are quite similar except for the way feed-
back is obtained. In the Hartley, a tapped (divided)
inductance arrangement is used. The Colpitts oscil-
lator uses a capacitive-divider network.
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Fig. 15. TPTG oscillator with series-fed plate.

6. Draw a simple schematic showing a tuned-
plate, tuned-grid oscillator with series-fed plate.—
See Fig. 15.

7. Draw a simple schematic showing a tuned-
plate, tuned-grid triode oscillator with shunt-fed
plate.—See Fig. 16.

8. How is feedback coupling obtained in a tuned-
plate, tuned-grid oscillator?—Via the grid-to-plate
capacitance (Cgp) of the tube. The net feedback
capacitance is also influenced by wiring and com-
ponent capacities.

9. Draw a simple schematic showing a tuned-grid
Armstrong triode oscillator with shunt-fed plate.—
See Fig. 17.

10. Draw a simple schematic showing a tuned-grid
Armstrong triode oscillator with series-fed plate.—
See Fig. 18.

11. Draw a simple schematic of an electron-
coupled oscillator—See Fig. 4.

Oscillators and Multipliers
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Fig. 16. TPTG osciliator with shunt-fed plate.

g%
:

=
s
o
—___, }___
‘@7.
]
000 -
0
mn
O o
——

RFC

A

Ebb

0
1

—

Fig. 17. Shunt-fed Armstrong oscillator.
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Fig. 18. Series-fed Armstrong oscillator.

12. Why is a high capacitance-to-inductance ratio
employed in the grid circuits of some oscillators?—
To improve oscillator stability; a more constant op-
eration is provided during a changing oscillator load.
Also, with a high-value tank capacitance, variation
in the stray capacitances will have less effect on os-
cillator frequency.

13. Describe the characteristics of an electron-
coupled oscillator.—An electron-coupled oscillator,
as compared with other types, provides greater iso-
lation between the load and frequency-controlling
sections. Hence, load and supply-voltage variations
have less effect on output and frequency. The ECO
circuit has good frequency stability, high efficiency,
anddgood output. Tetrode or pentode tubes must be
used.

14. Draw a simple schematic of a crystal-con-
trolled vacuum-tube oscillator—See Fig. 6.

15. What is the advantage of using a quartz crys-
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tal in a radio transmitter?—A crystal provides
excellent frequency control of the transmitter oscil-
lator.

16. What are the principal advantages of the
crystal-controlled oscillator over the tuned-circuit
design?—The crystal-controlled circuit has greater
frequency stability. In addition, the crystal is more
compact than the usual tuned circuit. A non-crystal
oscillator must be more carefully tuned.

17. Draw a simple schematic of a crystal-con-
trolled vacuum-tube oscillator using a pentode tube.
—See Fig. 8.

18. What crystalline substance is widely used in
crystal oscillators?—Quartz.

19. What will occur if a DC potential is applied
across the two parallel surfaces of a quartz crystal?—
A reasonable amount of DC voltage will deform the
crystal; an excessive amount could permanently
damage it. An AC voltage causes the crystal to vi-
brate or oscillate at its resonant frequency, the Q
being determined by the characteristics of the crys-
tal.

20. Why is the crystal in some oscillators operated
at a constant temperature?—To prevent frequency
drift. The resonant frequency of a crystal changes
with temperature; thus, when a close tolerance must
be maintained, the ambient temperature must be
kept relatively constant.

21. What is meant by the negative temperature
coefficient of a quartz crystal?—A negative tempera-
ture coefficient means the crystal frequency decreases
as the temperature increases. Temperature coeffi-
cient is given in terms of frequency change per de-
gree centigrade.

22. What is meant by the expression “positive
temperature coefficient,” as applied to a quartz crys-
tal?—A crystal with a positive temperature coeffi-
cient increases in frequency as its temperature in-
creases.

23. What is meant by the expression “low tem-
perature coefficient,” as applied to a quartz crystal?
—A crystal having a low temperature coefficient ex-
hibits only a small frequency change when subjected
to temperature variations.

24. What may result if a high degree of coupling
exists between the plate and grid circuits of a crys-
tal-controlled oscillator?—Too much feedback to the
crystal circuit. Excessive crystal current may cause
frequency instability, and overheating which can
fracture the crystal.

25. Why is a separate source of plate power desir-
able for the crystal-oscillator stage in a radio trans-
mitter?—A separate power supply minimizes the
influence of loading, and variations in the power
demands of other transmitter sections have less ef-
fect on the frequency stability.

26. What is the approximate range of temperature
coefficients to be encountered with X-cut quartz

crystals?—The range of X-cut crystals falls be-
tween approximately —10 to 4-25 cycles per mega-
cycle per degree centigrade, depending on the design
and operation of the oscillator.

27. Is it necessary or desirable that the surfaces
of a quartz crystal be clean? If so, what cleaning
agents will not adversely affect the operation of the
crystal?—Yes. Oscillating reliability and frequency
stability require that the crystal be clean. Carbon
tetrachloride, or even soap and water and a soft tis-
sue or cloth can be used to clean the crystal surfaces.
A dusty or oily crystal may be erratic, or refuse to
oscillate at all.

28. Do oscillators operating on adjacent fre-
quencies have a tendency to synchronize or drift
apart in frequency?—Crystal oscillators tend to syn-
chronize with each other. This problem often arises
when one crystal is used as a standard to check an-
other. To prevent lock-in between crystals, there
should be minimum coupling between their circuits.

29. Draw a simple schematic of a dynatron oscil-
lator, indicating the circuit element necessary to
identify this form of oscillatory circuit.—See Fig. 19.

TETRODE

T ovnatron
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Fig. 19. Dynatron oscillator.

30. Upon what characteristic of a vacuum tube
does a dynatron oscillator depend, and why?—On
the high secondary emission of a tetrode, which pro-
duces a negative-resistance characteristic. In the
negative-resistance region, plate current decreases
as plate voltage increases. Using this inverse rela-
tionship along with a resonant circuit, continuous
oscillations can be produced.

REVIEW QUESTIONS

1. Name the two advantages of electron-
coupled oscillators.

2. Name two advantages of a crystal
oscillator.

3. How is it possible to change the fre-

quency of a crystal oscillator?

Of what use is a frequency multiplier?

Briefly explain the operation of a fre-

quency doubler.

What is a self-excited oscillator?

Why is an oven sometimes used with

a crystal oscillator?

8. Of what use is a buffer stage?

o
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Lesson 7

Antenna Systems

The antenna system makes an important con-
tribution to the efficient operation of any radio-
communications system. There are several practical
limitations on the power output of a communica-
tions transmitter—for example, battery drain (in
mobile equipment), cost, size, and FCC restrictions.
Therefore, the proper type of antenna must be
used if the installation is to give peak performance.
Most antenna types stem from the basic half-wave
(Hertz) and quarter-wave (Marconi) designs shown
in Fig. 1. The impedance of a basic Hertz half-wave

Notice how greatly this dimension differs from band
to band.

The receiver and transmitter will not operate at
peak efficiency unless the antenna is brought into
exact resonance. Most antennas are supplied in the
full length required to resonate at the low-frequency
end of a given communications band. For best opera-
tion at some other frequency, it is necessary to
shorten the antenna. Antennas must be cut to the
exact length, although telescoping arrangements can
be used.

T T
i
¢

)\ L0-Z L0-Z
FEED FEED
LINE LINE

WAVE STUB

R

GROUND { OR GROUND
<~ PLANE} ACTS AS
"IMAGE" OF QUARTER-

Fig. 1. Basic half-wave Hertz and quarter-
wave Marconi antennas.

dipole is 72 ohms. The Marconi has a 36-ohm im-
pedance and is in effect a half-wave type with
ground or a large metallic surface (called a ground
plane) serving as the second quarter-wave section.

The physical length of an antenna element de-
pends on the radio band in which the antenna is used,
The most popular bands are given in Table I, to-
gether with a free-space quarter-wavelength meas-
urement for the center frequency of each range.

Copyright © 1962 by Howard W. Sams & Co., [nc. Printed in U.S.A.

MOBILE INSTALLATIONS

Practically all two-way mobile units employ vertical
antenna polarization. Such polarization provides
more reliable communications when the antenna
height is limited. Also, vertical-antenna systems are
best suited for producing the omnidirectional hori-
zontal-radiation pattern which most mobile systems
require. Furthermore, a vertical antenna directs the
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! Whip Length Whip Length
° Freq. Free-Space 1\/4 Considering End When Using
. MC in Inches Effect and Spring Loading Coil
i S 27 109 102 92.8
> 29 102 95.6 84.5
31 95.2 89 78
- | 33 89.4 83.5 72.5
° \ 35 84.3 78.6 66.2
l 37 79.8 74.2 61.5
2 39 75.7 70.2 56.5
I‘j' 3 ‘ l 41 72.1 66.5 52
) 43 68.7 63.3 47.5
_ 45 65.7 60.3 42.5
Fig. 2. Mobile antenna mounting arrangements. 47 62.7 57.4 -
49 60.3 55 _—

bulk of its radiated energy horizontally, instead of
sending it upward into the atmosphere.

The quarter-wave and shortened quarter-wave are
by far the most popular whip antennas for moving
vehicles. The vehicle body itself serves as ground,
thus permitting quarter-wave operation. The long
antennas for the 25-50 mc band are usually mounted
on the bumper or along the side of the vehicle, where-
as the shorter VHF and UHF antennas are mounted
in the center of the roof.

Many antennas are hinged so they can be swiveled
out of the way when not in use, even when the base
is mounted on a sloping surface. The longer, heavier
antennas used in HF systems are generally con-
nected to the base through a spring, to prevent dam-
age to the mount when the antenna brushes against
obstacles. Antennas are often connected to the trans-
mitter through coaxial lines, with standard coaxial
fittings at both sides. Coaxial lines are preferred be-
cause of their excellent shielding characteristics.
Solder lugs may be used, at the antenna end, for con-
nection to the terminals beneath the base.

Antennas for the HF range are sometimes cut
shorter than an exact quarter wavelength to make
them more manageable. When this is done, however,
the antenna will display a capacitive reactance to
the source of signal. The more the antenna is short-
ened from a quarter wavelength, the higher its ca-
pacitive reactance and the lower its radiation
resistance will be. This effect makes proper resistive
loading of the transmitter impossible, and as a re-
sult, its efficiency and output drop off. However, it is
possible to present a reasonable load to a transmitter

Table 1. Quarter-Wave Dimensions for Popular
Two-Way Radio Bands

Table 2. Practical Lengths of HF Whip Antennas.

if the capacitive reactance is offset with an induct-
ance, usually a coil mounted at the base.

While the use of a loading coil permits efficient op-
eration even though the antenna is shorter than a
quarter wavelength, less energy radiation is obtained
than with a true quarter-wave dimension. In achiev-
ing maximum antenna efficiency, there are other fac-
tors which must also be considered. For example, the
mounting hardware has an effect on the resonant fre-
quency. As shown in Table II, the actual rod length
is less than the theoretical “free-space” quarter-
wave dimension because of end effect, the inductive
action of the spring, and the influence of other
mounting elements. The third column shows how the
length can be further reduced by adding a loading
coil. Notice that the antenna can be shortened by as
much as 20 inches and still be resonant at the desired
frequency.

BASE INSTALLATIONS

Base-station antennas can be more elaborate and
thus more efficient than mobile types, since their size
and height above ground are not as restricted. The
simplest base-station antenna is fundamentally a
vertical quarter-wave. However, since such an an-
tenna is normally mounted too high to utilize actual
ground as its lower quarter-wave section, some kind
of artificial ground surface (called a ground plane)

Center
Band Frequency A/4 Dimension
(MC) (MC) in Inches
HF 25-50 37.5 78.7
VHF1 72-76 74 39.9
VHF2 150-174 162 18.2
UHF 450-470 460 6.41
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Fig. 3. Vertical antenna and ground plane.
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Fig. 4. Coaxial skirt antennas.

must be used to insure reliable operation and proper
impedance matching.

A typical ground plane appears in Fig. 3. Usually
it consists of several radial elements, each a quarter
wavelength and positioned horizontally beneath the
vertical element. Above all, the ground plane pro-
vides uniform antenna performance; in other words,
it does not permit the antenna characteristics to vary
with ground conditions, environmental changes, and
height above ground. In addition, a good low-angle
(close-to-the-horizon) vertical-radiation pattern
can be maintained. In effect, the latter characteristic
permits more effective use of the radiated energy.

The freedom from size limitations of base-stations
antennas makes possible the use of higher-gain types
using extended elements, or a group of radiating ele-
ments positioned one above the other. By making
more effective use of transmitter power, such anten-
nas increase the reliable transmission range of the
system.

In one popular extended type, the coaxial half-

140 130
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Fig. 5. Details of vertical collinear antenna structure.

wave antenna shown in Fig. 4, the transmission line
(coax) is fed upward through the center of a tubular
quarter-wave “skirt.” The inner conductor is con-
nected to the bottom of a smaller-diameter quarter-
wave section extending above the skirt, and the outer
(grounded) conductor is connected to the top of the
skirt. By minimizing the RF currents on the outer
conductor, such an arrangement increases the signal
radiation at low vertical angles.

Additional vertical-pattern directivity and gain
can be obtained by extending a half-wave antenna to
five-eighths of a wavelength. At the center feed
point, such an antenna displays a low enough im-
pedance and reactance that it can be matched to a
transmission line. Five-eighths of a wavelength is
about the limit to which a single antenna element
can be extended. Beyond this dimension, additional
vertical lobe patterns develop and more of the radi-
ated energy is directed upward, which is of little ben-
efit for ordinary two-way radiocommunications.

An antenna with even higher gain is the vertical
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Fig. 6. Vertical-directivity pattern of a typical collinear array
(solid lines) compared with pattern of a whip
antenna (dotted lines).
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Fig. 7. Wide-band antenna styles.

collinear type in Fig. 5. Here a number of half-wave
antenna elements are stacked and fed in phase. A
vertical collinear arrangement maintains a fully om-
nidirectional horizontal pattern, and a narrow ver-
tical-directivity pattern (Fig. 6). The resultant gain
is determined by the number of collinear elements
used. Gains as high as 10 db can be obtained from
this type of system.

Single-element vertical antennas have a rather
narrow bandwidth. As mentioned previously, they
must be designed for the assigned frequency, either
by cutting them or by using a telescoping arrange-
ment. If several transmitting frequencies are used
and they are widely separated, it is necessary to use
individual narrow-band antennas, or else to compro-
mise by making a median cut between the two fre-
quencies.

One alternative is to use an antenna in which the
quarter-wave element is folded or has a large cross-
sectional area (Fig. 7). Either feature helps present
a higher and more constant impedance to the trans-
mission line over a wider band of frequencies.

POINT-TO-POINT COMMUNICATIONS
Directional antennas are often employed in fixed
point-to-point communications services. This type of
operation is also suitable for some base stations
which communicate with several mobile stations,
provided the communications are all in the same

Fig. 8. Typical yagi-style antennas.
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general direction from the base location. Antennas
are made directional by using parasitic elements or
by feeding groups of elements in phased arrange-
ments. Yagi antennas, similar to the cut-to-channel
types used for TV reception, are among the most
common directional designs (Fig. 8). Directivity in-
creases in proportion to the number of parasitic ele-
ments used.

Antenna design is an important factor in compen-
sating for differences in radio-wave propagation at
various frequencies. For example, the short wave-
length dimensions at UHF make it practical to build
a very high-gain multielement antenna for this band.
Such an antenna helps to lengthen the inherently
short UHF transmission range. Similar antennas
would be too unwieldy to be practical on the longer-
wave HF band, but the limited gain of HF antennas
is compensated for by the longer distances over
which HV waves will carry.

The objectives of any two-way communications
system—cost, convenience, and wise use of the air
waves—all dictate that a highly efficient system be
used. Therefore, all components chosen must fulfill
the requirements of the job as closely as possible.

PREPARATION FOR LICENSE EXAMINATION

The following questions and answers are representa-
tive of the information you should know about an-
tennas in preparing for the second-class radiotele-
phone license examination.

1. What is the velocity of propagation of radio-
frequency waves in space?—Free space velocity is
300 million meters, or approximately 186,000 miles,
per second.

2. What is the relationship between the electrical
and physical lengths of a Hertzian antenna?—The
physical length is slightly shorter than its electrical
length.

3. What factors determine the resonant frequency
of an antenna?—The physical length of the antenna
is the main factor. Electrically, a typical antenna
may be a half wavelength; however, to make it res-
onant at a given frequency, its physical length would
have to be slightly shorter.

Element diameter, proximity of other antenna
elements and surrounding objects, and the presence
of insulators also determine the exact resonant fre-
quency of an antenna.

4. What is the effect, on the electrical length, of
connecting an inductor in series with an antenna?
—The inductor increases the electrical length, and
permits a physically shorter antenna to be used for a
given frequency.

5. What is the effect, on the resonant frequency,
of adding a capacitor in series with an antenna?—
The resonant frequency increases because the series
capacitor shortens the electrical length of the an-
tenna.




6. What will be the effect on the resonant fre-
quency of a Hertzian antenna which is shortened
physically? — Its resonant frequency will be in-
creased.

7. How 1is it possible to operate on a frequency
lower than the resonant frequency of an available
Marconi antenna?—By adding an inductor in series
with the antenna.

8. Describe the directional characteristics of the
following antennas: horizontal Hertz, vertical Hertz,
vertical loop, horizontal loop, and vertical Marconi.
—First, let’s review directivity. The two kinds, hori-
zontal and vertical, are shown in Fig. 9. Horizontal
directivity is the compass direction in which radia-
tion occurs; vertical directivity is the vertical angle
of radiation, expressed in degrees with respect to
ground. The horizontal directivity of a horizontal
Hertz antenna follows the shape of a figure-8 pat-
tern, and its maximum radiation is broadside to the
direction of the antenna element. Its vertical direc-
tivity is a function of height, surroundings, and soil
conditions. In free space it is considered circular; in
other words, the same amount of energy is radiated
upward, downward, and to the sides.

Horizontal directivity of a vertical Hertz antenna
is circular (i.e., omnidirectional). Vertical directiv-
ity, which is again a function of height and surround-
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Fig. 9. Hertz and Marconi antennas.

(A) Horizontal Hertz.

(C) Vertical Marconi.

ings, is usually low (i.e., almost parallel to ground).

A vertical Marconi also has an omnidirectional di-
rectivity and a rather low vertical angle of radiation.
Again, the vertical angle is a function of height and
the soil conditions beneath the antenna.

A vertical loop antenna has a figure-8 horizontal
pattern, but the maximum radiation is parallel with
instead of broadside to the plane of the loop.

A horizontal loop antenna is omnidirectional and
has characteristics similar to those of a vertical Hertz
antenna.

Antenna Systems

9. Which type of antenna has a minimum of direc-
tional characteristics in the horizontal plane? — A
single-element vertical antenna such as the Hertz or
Marconi types.

10. What is meant by radiation resistance?—The
value of resistance required to dissipate the same
amount of power normally radiated by the antenna.

11. If the resistance and current at the base of a
Marconi antenna are known, what formula is used
to determine the power in the antenna?—Power in
an antenna is computed using the formula P = I’R.

12. What is meant by horizontal and vertical
polarization of a radio wave?—The direction of the
electric vector of a propagated wave determines its
polarization. For example, the electric vector of a
horizontal Hertz antenna is horizontal; hence, the
antenna is said to radiate a horizontally-polarized
wave. A vertical Hertz antenna radiates a vertically-
polarized wave because its electric vector is vertical.

13. How should a transmitting antenna be de-
signed if a vertically polarized wave is to be radiated,
and how should the receiving antenna be designed
for best reception of the ground wave from such a
transmitting antenna?—The antenna should be ver-
tical to radiate a vertically polarized wave. The re-
ceiving antenna should also be mounted vertically to
extract the most signal from the vertically polarized
radiation.

14. Show by a diagram how a two-wire radio-fre-
quency transmission line can be connected to feed a
Hertz antenna.—See Fig. 10.

15. Draw a simple schematic showing how a single
tube employed as a radio-frequency amplifier is
coupled to a Hertz antenna.—Refer to Fig. 10.

16. Draw a simple schematic of a push-pull, neu-
tralized radio-frequency amplifier stage coupled to a
Marcont antenna system.—See Fig. 11.

17. What is the purpose of a Faraday screen be-
tween the final tank inductance and the antenna in-
ductance of a transmitter? — The Faraday screen
presents a low impedance to ground for any harmon-
ics and other spurious-frequency components pres-
ent in the final tank circuit. The desired signal passes
unimpeded between the final tank circuit and the
resonant antenna system. (See Fig. 11.)

18. What material is best suited for use as an an-
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Fig. 10. Two-wire line feed to a Hertz antenna.
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Fig. 11. Push-pull RF amplifier coupled to Marconi antenna.

tenna strain insulator which is exposed to the ele-
ments?—Glazed porcelain or other ceramic materi-
als, which have low RF losses and are least affected
by environment.

19. Why are insulators sometimes placed in an-
tenna guy wires?—To insulate the radiating element
from the supporting guy wires, and to break up the
guy wires into segments of a substantially shorter
electrical lengths than the transmitted wavelength
so they will have less influence on the radiating sec-
tion of the antenna system.

20. What is the effect of a swinging antenna on
the output of a simple oscillator’—When an antenna
swings, its load resistance, and hence the reactance
presented to the oscillator, varies. As a result, the
oscillator frequency and its output amplitude
change. When an antenna is fed directly from an os-
cillator, its variations and their influence on the os-
cillator must be minimized.

21. What is a dummy antenna and what is its pur-
pose?—A dummy antenna is made up of one or more
resistive elements which will dissipate the energy
normally supplied to the antenna. When fed from
the output of a transmitter for tune-up and test pur-
poses, the transmitter can be operated without radi-
ating a signal that could cause interference.

22. What is a wave guide? Cavity resonator?—A
wave guide is a transmission line that permits effi-
cient transfer of microwave energy between a micro-
wave generator and a load. A typical wave guide is a
hollow cylinder or rectangular tube in which the
walls guide the radio-frequency energy from gener-
ator to source. The energy is not conveyed by the
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tube, but is merely confined within its boundaries.
This results in minimum loss, which is further re-
duced by using a highly conductive internal surface
to minimize attenuation at the points where the mi-
crowave energy comes in contact with the tube.

The wave guide is more efficient in transferring
microwave energy than transmission line. The fre-
quency at which a wave guide is effective is a func-
tion of its physical dimensions—the larger its cross
section, the lower the frequency at which it is more
efficient. Wave guides cannot be used at low frequen-
cies because their size would be prohibitive.

Like a section of transmission line, a section of
wave guide can serve as a resonant circuit. When
used in this manner, the wave guide is called a cavity
resonator. A microwave cavity resonator can have
an exceptionally high @, and will be quite stable with
relation to its surroundings. Usually, the cavity res-
onator is either spherical or cubical and is completely
enclosed except for the injection points where the
signal 1is inserted or removed.

23. Describe briefly the purpose of a wave guide.
What precautions should be taken, in the installa-
tion and maintenance of a wave guide, to insure
proper operation?—The function of a wave guide is
to efficiently transfer microwave energy between a
source and a load.

Wave guides, like transmission lines, must be
matched to insure efficient transfer of energy. Junc-
tions and insertions for take-off points must be
planned carefully in order not to upset the matching.
The sections must be joined correctly to minimize
losses, and sharp bends and breaks must be avoided.




REVIEW QUESTIONS

. How can the electrical length of an
antenna be increased?

. Give the advantages of a ground
plane.

. Of what importance is the horizontal-
radiation pattern of a communica-
tions antenna?

. Why is the vertical-radiation pattern
of importance in two-way radio sys-
tems?

. In what way does the antenna radia-
tion of a mobile radio station differ

Antenna Systems

from that of a point-to-point com-
munications station?

. What is the difference between the

vertical radiation characteristics of a
quarter-wave vertical and a collinear
vertical?

. What is the relative difference in the

length of a quarter-wave antenna at
150 megacycles?

. Why is vertical polarization usually

more suitable for vehicular two-way
radio?

Answers to these questions will be included in

PHOTOFACT Set No. 569
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M/_gm 2nd-Class Radiotelephone License Course

Lesson 8

Microphones and Audio Amplifiers
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Fig. 1. Basic construction of a carbon microphone.

This lesson contains considerable basic electronic
theory and practice, with which you should already
be familiar but may have forgotten. It has been se-
lected and presented in a manner that will be most
useful in preparing for the FCC license examina-
tion. A knowledge of these fundamentals is im-
portant to you because it will help you answer more
examination questions correctly. Two basic audio
systems constitute a part of each radiocommunica-
tions station. The first is a speech amplifier, which
builds up the microphone signal before it is applied
to the modulator. The stages used for this purpose
are fundamentially voltage amplifiers. The modu-
lator itself is more often a power ampilifier, and is not
too different from the power-output stages of a high-
fidelity amplifier or PA system. Modulator circuits
will be dealt with in detail in lessons 9 and 10.

A second audio amplifier system follows the de-
modulator stage of the receiver. Its purpose is to
amplify the detected signal so it can drive a speaker
or headset. In small mobile, portable, and hand-held
units, the same amplifier used in the audio system
of the receiver is often used as the speech amplifier
and modulator of the transmitter. Such a transmit-
ter-receiver combination is called a transceiver.

MICROPHONES

The three most common types of microphone move-
ments used In radiocommunications are carbon,
crystal or ceramic, and dynamic. As shown in Fig. 1,
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Fig. 2. Carbon microphone circuits.

the carbon microphone consists of a small container
called a carbon button, which is attached to a dia-
phragm. The button is connected to a battery or
other source of DC voltage. As sound vibrations
strike the diaphragm, the carbon granules within the
button are compressed and expanded. This move-
ment changes the resistance and, in turn, the
amount of current flowing in the external circuit.
These variations in microphone current develop a
changing voltage across the primary of a step-up
transformer and to the grid of an audio-amplifier
stage, as shown in Fig. 2.

Instead of using a transformer to step up the volt-
age, the modern carbon microphone has such a high
output that it often supplies signal directly to the
the first audio amplifier input. A low-value resistor
serves as the load for the inherent low impedance of
a carbon microphone. The R-C coupling into the grid
isolates the DC components in the microphone cir-
cuit from the grid of the amplifier.

One disadvantage of the carbon microphone is
that current must be supplied from a battery or
other source of DC valtage. Another is that the car-
bon microphone is occasionally troubled with gran-
ule packing, which results in a hissing background
noise. It also has a limited frequency response; how-
ever, this is not a disadvantage in two-way communi-
cations systems, since response is usually limited to
the frequencies most important to voice trans-
mission.

One advantage of the carbon microphone is its
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Fig. 3. Construction of a crystal or ceramic microphone.

very high output level. This is important in the de-
sign of small compact units, where only limited audio
amplification is available before the signal is supplied
to the modulator.

Crystal and ceramic microphones operate on the
piezoelectric principle, in which certain crystals or
ceramic materials develop an output voltage under
pressure (Fig. 3). When sound vibrations are applied
to a diaphragin linked mechanically to one of these
piezoelectric elements, the variations of mechanical
pressure will vary the output voltage of the element
in proportion to the changes in sound pressure.

A crystal microphone is sensitive and develops a
strong output, although not as strong as provided by
a typical carbon microphone. It has a high output
impedance, however, and can therefore be connected
directly to the high-impedance grid circuit of a
vacuum-tube stage. No source of DC current is re-
quired.

In a second type of piezoelectric construction, a
number of very small elements or cells serve as the
diaphragm, and the individual outputs are combined
to develop the total output of the microphone. Bet-
ter frequency response and a higher output can be
obtained from such a multiple-element combination.

The high impedance of the piezoelectric micro-
phone limits the length of microphone cable that can
be used, because of the noise and hum to which any
high-impedance circuit is susceptible. Again, this is
no serious disadvantage in radiocommunications be-
cause only a short length of line is usually required
between the audio amplifier and microphone.

The dynamic microphone employs the moving-
coil principle, in which a wire coil attached to a dia-
phragm is positioned in a strong magnetic field (Fig.
4). When sound waves strike the diaphragm, move-
ment of the coil results. The turns of the coil cut the
lines of force of the magnetic field and induce a volt-
age in the coil.

The ends of the coil are connected to a transformer
in the microphone. This transformer can provide
either a low- or a high-impedance output, depending
on the microphone design. Often the microphone in-
cludes a suitable tapping arrangement that provides
a choice of low- or high-impedance outputs. Output
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Fig. 4. Basic construction of a dynamic microphone.

voltage is substantially higher on the high-im-
pedance position, sufficiently so that the microphone
can be connected directly into the grid circuit of a
vacuum-tube stage. High-impedance dynamic mi-
crophones are used for most radiocommunications
applications. In general, dynamic microphones
which have a high output level also have limited
frequency response. Since only a limited frequency
response is needed for the usual radiocommunica-
tions service, a high-impedance and high-output
dynamic microphone can be employed. When a low-
impedance dynamic microphone is used, a step-up
voltage transformer must be added between the
microphone output and the amplifier input.

Many radiocommunications microphones are dif-
ferential types, which are designed for close talk-
ing. Such microphones develop a strong output when
held close to the lips, but have a low sensitivity to
sounds arriving from a distance. The differential mi-
crophone has two apertures leading to the dia-
phragm. When the microphone is close-talked, the
sound enters only one aperture before striking the
diaphragm. However, sound arriving from a distance
of several feet enters both apertures and cancels out,
causing the output to drop very low.

The ability of a microphone to reject background
noise is important in radiocommunications. Often
there are many distracting noises from operating
machinery, conversations, traffic, etc. A microphone
with good close-talk performance permits the voice
signals to come through loud and clear.

The radiocommunications microphone in Fig. 5
is a hand-held type used mostly in mobile applica-

Fig. 5. Typical hand-held microphone for mobile use.




Fig. 6. Desk-stand microphones for use in base and fixed stations,

tions. The built-in switch lets the operator alternate
between transmit and receive operations.

The desk stand microphone in Fig. 6 is popular in
base stations and point-to-point communications.
This model includes a grasp-to-talk switch. To trans-
mit, the operator merely squeezes the microphone
stand. When he releases the switch, the transmitter
is turned off automatically and the receiver is turned
on. The goose-neck mounting shown in Fig. 7 per-
mits the operator to swivel the microphone to the
most advantageous position in terms of use and
background noise.

Many radiocommunications microphones are de-
signed to handle any of the three basic microphone
movements (piezoelectric, carbon, or dynamic). Mi-
crophones can also be selected according to the out-
put level and impedance requirements. In fact, mi-
crophones may look the same outwardly, yet their
elements may have different characteristics and even
different movements. Thus it isn’t always possible to
install a substitute microphone just because it “looks
like” the original.

A transistor amplifier can be built into the micro-
phone case to increase the output. The microphone
itself is usually a magnetic type and develops an
output comparable to that of a carbon microphone.
Consequently, magnetic microphones can be substi-
tuted in carbon-microphone circuits to nullify hiss,
aging of the carbon element, and other problems that
develop in carbon microphones as a result of vibra-
tion and high noise.

Fig. 7. Gooseneck microphone for base station use.

Microphones and Audio Amplifiers
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Fig. 8. Basic vacuum-tube amplifier.

AUDIO AMPLIFIERS

The speech-amplifier section of a transmitter in-
creases the amplitude of the weak microphone sig-
nal. A basic vacuum-tube amplifier is shown in Fig.
8A, and 8B shows the transfer curve. Note that the
stage operates on the linear portion of the curve.

The operation is as follows: The positive DC volt-
age supplied to the plate attracts the electrons
emitted from the cathode. The number of electrons
reaching the plate and flowing out of the tube
through plate load resistor R1 is determined by the
amount of negative voltage supplied to the control
grid (here, —3 volts). Over the linear portion of the
curve (between —1 and —5 grid volts), the plate
current changes linearly with respect to the grid
voltage. With this grid bias of —3 volts on the vac-
uum-tube stage, the DC component of plate current
will be 2.5 milliamperes.

To better understand the operation of the triode
as an amplifier, assume that an AC sine wave of 2
volts peak is being supplied to the control grid. As
the sine wave goes positive, the grid bias decreases
and plate current increases. At the crest of the posi-
tive alternation, the instantaneous grid voltage is —1
volt and the plate current is 4 milliamperes.

On the negative alternation of the grid-voltage sig-
nal, the plate current decreases because of the
greater retarding influence of the grid. At the crest
of the negative alternation, the instantaneous grid
voltage is —5 volts and the plate current is only
1 milliampere.

It is important to recognize that the plate-current
change follows the grid-voltage change. As the grid
voltage swings between peaks, it changes between
—1 and —5 volts. At the same time, the plate current
also changes between the limits of 4 milliamperes
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and 1 milliampere. Thus, the peak AC plate current
change is 1.5 milliamperes. This current flows
through the plate load resistor R1. The plate-voltage
change can be determined by multiplying values for
the plate current and the plate load resistor, or:

Ep = Ip X RL
E, = .0015 X 20,000 = 30 volts

The plate-voltage change is 30 volts peak. Since
the initial grid-voltage change was 2 volts peak, the
amplifier has a gain of 30 divided by 2, or 15.

We have reviewed how a triode vacuum-tube
stage functions as a voltage amplifier. By correct se-
lection of tube and operating conditions, a vacuum-
tube stage can also be made to operate as a power
amplifier.

In a voltage amplifier, a rather high value of plate
resistance is normally used in order to develop a high
voltage output from a limited change in current. In
the power amplifier, however, it is usually necessary
to develop a certain amount of power across a rather
small load such as a modulation transformer or the
audio-output transformer that drives the speaker.
The power-amplifier tube is designed to produce a
substantial change in current when excited by a
moderate to high input-signal voltage. The function
of the voltage amplifier or speech amplifier of a
transmitter is to build up the microphone voltage
sufficiently to drive the audio power-output stage,
or the modulator.

VACUUM-TUBE CHARACTERISTICS

The three characteristics that tell the most about the
operation of a vacuum tube are its amplication factor
(p), mutual conductance (Gm), and plate resist-
ance (Rp).

The amplification factor is a measure of the ability
of a tube to cause a greater change in plate voltage
for a given change in grid voltage. If a tube has an
amplification factor of 20, the change in plate voltage
will be 20 times greater than the change in grid volt-
age. Thus, the amplification factor provides an indi-
cation of how well the tube produces a plate-voltage
change when a signal is supplied to its input.

The mutual conductance, or Gm, often referred to
as the figure of merit, indicates the capability of the
tube as a power amplifier or one that must develop a
signal across a rather low ohmic value of load re-
sistor. The Gm indicates the extent of the plate-
current change for a given change in grid voltage—
in other words, how much the plate current will
change with a given applied signal voltage.

The plate resistance (Rp) of a tube is the ratio of
the plate-voltage change to plate-current change.
This ratio has much to do with determining the de-
gree to which a tube loads down its associated cir-
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Fig. 9. Characteristics of triode, tetrode, and pentode tubes.

cuit. In a voltage-amplifier tube, this resistance lim-
its the voltage gain of its associated stage.

Triode vacuum tubes are characterized by a low
plate resistance and a rather limited » (depending
on physical construction). A triode is often referred
to as a constant-voltage generator because its plate
voltage is fairly independent of plate current for a
constant grid bias. Referring to Fig. 9, notice that
the triode curve is niore vertical, indicating that the
plate voltage changes only slightly with a substan-
tial change in plate current.

The triode has a fine fidelity as an audio amplifier
when operated on the linear portion of its transfer
curve. It does have a significant second-harmonic
component which limits its efficiency if second-har-
monic distortion must be held to a minimum, as in a
power amplifier. However, the second harmonic can
be suppressed by using two triodes in a push-pull
arrangement.

When used as a Class-C radio-frequency amplifier,
a triode requires neutralization because of its low-
impedance feedback path from plate to grid. More-
over, a triode requires more drive signal than the
tetrode or pentode in an audio or Class-C stage.

The tetrode has a high plate resistance, and can
have a high Gm. It also provides more effective
shielding between plate and grid, minimizing the ne-
cessity for neutralization. The constant-current
characteristics of tetrodes and pentodes are com-
pared in Fig. 9 with those of a triode. Notice how
slightly the plate current changes for a wide expanse
of plate-voltage change. Tetrode and pentode tubes
are referred to as constant-current generators be-
cause their plate currents remain relatively constant
with changes in plate voltage. Compared with a tri-
ode, a tetrode will exhibit a much greater change in
plate current and output for an equivalent change
in grid voltage. In Class-C operation, a good tetrode
normally requires no neutralization except perhaps
at very high frequencies, and even here, only a lim-
ited amount.

A pentode has an additional electrode, called the
suppressor grid, between the screen grid and plate.
Its primary function is to counteract secondary
emission at the plate. The plate voltage of a tetrode,
if permitted to drop below that applied to the screen
during a portion of the input cycle, will cause sec-
ondary electrons to become dislodged from the plate
and attracted to the screen.




Thus at a low plate voltage, there is a limit to the
range over which the plate voltage can be permitted
to change with a given input signal. However, since
the suppressor grid in a pentode is held at or near
ground potential, it is much more negative than the
plate and is able to retard the emission of secondary
electrons, causing them to cloud around the plate.
As a result, the plate voltage can swing to a rather
low positive value — substantially lower, in fact,
than the screen potential.

A pentode has a very high plate resistance, and it
can be made with a very high Gm as well. Thus, a
substantial change in both plate current and voltage
can occur with only a small grid-signal drive. The
curves in Fig. 9 show that, compared to the tetrode,
a pentode is linear over a much greater portion of its
curve.

A beam-power tube (Fig. 10) is basically a tetrode
but has characteristics more like those of a pentode.
Beam-forming electrodes are inserted between the
screen and plate to concentrate the electrons into a
beam. Because these plates are at cathode potential,
they have a focusing action similar to that performed
by the suppressor grid. Such a tube has high plate
efficiency and power sensitivity. It is very popular in
audio power and radio-frequency stages of a trans-
mitter.

PREPARATION FOR LICENSE EXAMINATION

The following questions and answers cover material
you should know about microphones and audio am-
plifiers in preparing for the second-class radiotele-
phone license examination.

1. What form of energy is contained in a sound
wave?—Mechanical, in the form of vibrations of the
air particles.

2. What characteristics determine the pitch of a
sound?—The pitch of a sound is usually determined
7y its fundamental frequency, which would pinpoint
ts position in a musical scale. Sometimes, however,
the term pitch is used in defining harmonic qualities
)r loudness levels.

3. Draw a diagram of a single-button carbon-mi-
:rophone circuit, including the microphone trans-
‘ormer and source of power.—See Figs. 1 and 2.

4, What may cause packing of the carbon gran-

BEAM-
CONFINING
ELECTROOE
CATHOOE
GRIO

SCREEN
GRIO

PLATE
Fig. 10. Basic construction of a beam-power tube.
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ules in a carbon-button microphone?—A severe jar
during a moment of strong current flow or excessive
sound pressure may cause the carbon granules to
stick together tightly, even after the sound pressure
has been removed.

5. What precautions should be observed in using
a double-button carbon microphone?—It should be
connected in a balanced circuit (one in which equal
and proper amounts of current flow in each side).

6. What precautions should be observed when
storing a crystal microphone?—It should be stored
in a dry, cool location because it is susceptible to
environmental extremes (particularly to high tem-
perature and humidity).

7. What is the purpose of a preamplifier’—A pre-
amplifier is used to increase the level of an audio
signal prior to its application to a power amplifier.
For example, a preamplifier is often fed from a low-
sensitivity microphone which is positioned some dis-
tance from the regular amplifier. Preamplifiers are
generally mounted near the signal source in order to
amplify the signal before it has a chance of being sub-
jected to noise distortions.

8. Draw a simple schematic showing a method of
resistance coupling between two triode vacuum tubes
in an audio-frequency amplifier—See Fig. 11.

9. What will be the effect of a shorted coupling
capacitor in a conventional resistance-coupled audio
amplifier?’—Some of the DC plate voltage of the first
stage will appear at the grid of the second stage. Con-
sequently, the second stage will be biased improp-
erly and will operate on the nonlinear portion of its
transfer curve. The sound will be distorted, and the
tube may even be driven into saturation, which will
reduce stage gain.

10. If the value of a coupling capacitor in a re-
sistance-coupled audio amplifier is increased, what
effect may be noted?—The capacitor will present a
lower reactance to low-frequency signal components,
and their amplitudes at the grid of the succeeding
stage will increase. The low-frequency response will
thus be increased.

11. What circuit and vacuum-tube factors influ-
ence the voltage gain of a triode audio-frequency am-
plifier stage?—The plate voltage, grid bias, and out-
put load resistance or impedance must be proper
with respect to the desired frequency response and to

+EgB +EgB
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Fig. 11. Resistance-coupled triodes.
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Fig. 12. Impedance-coupled triodes.

the characteristics of the particular tube used in the
stage. The mutual conductance (Gm) and the am-
plification factor (u) control the attainable voltage
gain of the tube.

12. What is the purpose of a bias voltage on the
grid of an audio-frequency amplifier tube? — The
bias voltage determines the class of operation. In
Class-A audio amplifiers, the bias is selected for op-
eration on the linear portion of the transfer curve,
considering the maximum peak-to-peak signal that
will be applied to the grid.

13. What will be the effect of incorrect grid bias in
a Class-A audio amplifier’—The tube will operate
on the nonlinear portion of its transfer curve. As a
result, the output voltage will not be an exact replica
of the input-signal variation. In addition, the stage
may draw grid current or excessive plate current,
and stage gain will be reduced.

14. Draw a simple schematic showing a method of
impedance coupling between two vacuum tubes in an
audio-frequency amplifier—See Fig. 12.

15. Draw a simple schematic showing a method of
transformer coupling between two triode vacuum
tubes in an audio-frequency amplifier—See Fig. 13.

16. Draw a diagram illustrating direct, or Loftin-
White, coupling between two stages of an audio-fre-
quency amplifier—See Fig. 14.

17. Draw a simple schematic of a triode vacuum-
tube audio-frequency amplifier coupled inductively
to aspeaker.—See Fig. 15.

18. Draw a simple schematic showing a method of
coupling a high-impedance speaker to an audio-fre-
quency amplifier tube without using a transformer or
causing plate current to flow through the speaker
windings.—See Fig. 16.

19. Draw a diagram of a microphone circuit, com-
plete with two stages of audio amplification.—See
Fig. 17.

20. What means are used to prevent interaction
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Fig. 13. Transformer-coupled audio stages.
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Fig. 16. Coupling to a high-impedance speaker.
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Fig. 17. Crystal microphone in two-stage amplifier.
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between the stages of an audio-frequency amplifier?
—Use of proper decoupling networks, usually resis-
tor-capacitor combinations in the plate and screen
supply-voltage lines. Such networks effectively de-
couple the individual stage current and voltage vari-
ations from the common impedance of the power
supply, which is linked to all stages of the amplifier.

Proper' shielding of stages and correct layout of
wiring and components are also important. In par-
ticular, the very weak signal input circuit should be
isolated from the high-magnitude output circuit.

21. What may cause self-oscillation in an audio
amplifier’>—Improper decoupling and bypass cir-
cuits, open DC coupling capacitors and defective
components in feedback networks, or any spurious
feedback paths that cause an output-signal compon-
ent to reappear in phase with the grid signal of some
preceding stage.

22. What may cause low plate current in a vac-
uum-tube amplifier>—An increase in bias, or a de-
crease in the plate or screen supply voltage. Loading
and excitation to an RF amplifier will also influence
the plate current.

23. List some causes of distortion in a Class-A
audio-frequency amplifier—Improper bias, plate or
screen voltage, or load impedance; too strong an in-
put signal; a defective tube.

24. Why are pairs of wires carrying AC heater
current in audio amplifiers twisted together?—To re-
duce the strength of radiated fields and minimize
the likelihood of hum pickup.

25. What are the advantages of using two tubes
in push-pull instead of in parallel in an audio-fre-
quency amplifier?—(1) More output can be ob-
tained because each stage need amplify only one
polarity of the input signal. (2) Even harmonics are
canceled. (3) Hum is reduced. (4) A more econom-
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ical transformer can be designed because DC core
saturation is not as great a problem.

26. Discuss the input-circuit requirements for the
grid circuit of a Class-B audio-frequency amplifier.—
(1) The power dissipated in the grid circuit must
come from the driving stage. (2) The input trans-
former must provide a match between the output of
the driving stage and the low-impedance input cir-
cuit of the grid. (3) The driving stage and grid-bias
source must have good regulation; otherwise, the
output will be nonlinear.

27. Draw a simple schematic of a two-stage audio
amplifier using PNP transistors.—See Fig. 18.

REVIEW QUESTIONS

1. When is a close-talk microphone ad-

visable for use in two-way radio ap-

plications?

What is a differential microphone?

How important is frequency response

in selecting a communications micro-

phone?

4. Name the major advantage of a car-
bon microphone.

5. What is the principle of operation of
a dynamic microphone?

6. What is the purpose of a speech am-
plifier in a transmitter?

7. What type of microphone requires a
battery or a source of DC voltage?

8. What type of microphone can be con-
nected directly to the grid of a vac-
uum-tube amplifier?

w o

Answers to these questions will be included in
PHOTOFACT Set No. 569
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ANSWER SHEET

For Questions in Lessons 5 through 8

LESSON 5—ANSWERS

1. Classes A, B, and C. The Class-A amplifier is

biased to operate on the linear portion of the
transfer curve. Plate current flows during the
entire period of the grid signal voltage. In Class-
B operation, the tube is biased at cutoff, and plate
current flows for approximately one-half of the
duration of the grid signal voltage (during the
positive alternation). In a Class-C amplifier, the
tube is biased below cutoff so that plate current
flows for only a small portion of the positive alter-
nation of the input waveform.

2. The efficiency of a Class-C amplifier is influenced

by the grid bias, the amplitude of the input signal,
the duration of conduction, and the characteris-
tics of the load.

3. The self-bias developed by current flow in the

grid-leak circuit.

4. The unloaded Q of a resonant circuit is high in

comparison to its Q under load. The power drawn
by the next stage or the antenna system intro-
duces additional effective circuit resistance; con-
sequently, the Q of the resonant circuit (loaded
Q) drops to a value lower than when the circuit
is unloaded.

5. The bursts of plate current which supply energy

to the tuned circuit.

6. In a resonant circuit, energy in transferred back

and forth between the inductive and capacitive
components. The initial flow of current builds up
a magnetic field about the coil. When the current
starts to decrease, the field begins to collapse;
in so doing, it causes an induced current flow
which charges the capacitor. The capacitor can
charge only to a level determined by the available
energy in the circuit; once charged, the capacitor
then begins to discharge, causing electron flow
in the opposite direction. The current flow again
builds up a magnetic field about the coil, which
rises to its limit and then collapses to start a new
cycle of activity. The energy is transferred back
and forth in this manner until it is dissipated in
the circuit resistance. This can be the actual re-
sistance in the circuit, or the load resistance re-
flected from an antenna system or the next stage.

7. It draws more plate current because energy is

being taken from the resonant circuit by the load.

Consequently, more energy must be delivered to
the stage from the power supply.

. This is the RF drive voltage supplied from the

preceding stage.

LESSON 6—ANSWERS

. They are more frequency-stable and have a

stronger, more constant output than simpler types
of self-excited oscillators. Their frequencies can
be varied.

. Fixed operating frequency and.minimum fre-

quency drift with changes in loading and opera-
tion.

. A small adjustable capacitor can be placed across,

or in series with, the crystal to permit a very lim-
ited adjustment of oscillator frequency.

. A multiplier stage or a series of stages is used to

raise the frequency of the oscillator to the desired
transmitting frequency.

. In a frequency-doubler circuit, the output circuit

is tuned to twice the frequency of the exciting
signal. A burst of plate current is drawn through
the tank circuit for each positive alternation of
the incoming excitation. Since the tank circuit is
tuned to twice the frequency of the incoming sig-
nal, two cycles of oscillatory action are generated
in the tank circuit for each burst of plate current.
The constants of the resonant circuit are chosen
so that the loss in amplitude of the single cycle,
occurring between plate-current bursts, is insig-
nificant.

. A circuit that generates a continuous stream of

oscillations without the application of external
excitation. The circuit provides its own feedback
to sustain oscillations. No external device such as
a crystal is used to maintain the frequency of
operation; the oscillating frequency is determined
by the tuned circuit.

. To a limited extent the frequency of a crystal is

influenced by the ambient temperature. By
mounting the crystal in an oven, the oscillator
will not drift with ambient temperature changes.

. A buffer stage is often inserted between the oscil-

lator and a later stage to minimize the influence
on the oscillator frequency of operating changes
in succeeding stages.

(continued)



LESSON 7—ANSWERS

. By adding series inductors.

. Minimizes the influence of variable ground condi-
tions and surrounding objects on the radiation
pattern of the antenna. A ground plane contrib-
utes a gain improvement because it permits the
vertical radiation pattern to be concentrated at
more favorable angles.

. The horizontal radiation pattern determines the
direction in which the signal is radiated (com-
pass angle). Antennas must be designated and
oriented in a manner that provides favorable radi-
ation and reception of signals between stations.
. The vertical radiation pattern is important in
concentrating the RF energy at the angles neces-
sary to direct the signals between the stations in
a system.

. In the case of a mobile radio station the horizon-
tal radiation patterns should be in all directions
(omnidirectional), since the direction of the base
station from the mobile unit continually changes.
For point-to-point communications, a highly di-
rectional antenna can be used because the sta-
tions are permanent.

. A collinear vertical has a sharper vertical radia-
tion pattern than a quarter-wave vertical. All of
the energy made available from the transmitter is
concentrated and beamed at a very low vertical
angle.

. A quarter-wave antenna designed for 450 mega-
cycles is approximately one-third the length of a
quarter-wave antenna cut for 150 megacycles.

. Vertical polarization is usually preferred because
an omnidirectional horizontal radiation pattern
can be obtained with a simple antenna construc-

tion. Furthermore, at the low height of vehicular
antennas, vertically-polarized signals are less in-
fluenced by their close proximity to the earth.

LESSON 8—ANSWERS

. In areas of high noise levels. A close-talk micro-

phone has a strong output when held close to the
mouth, but rejects surrounding noises.

. It is designed to cancel out noise and other vibra-

tions which arrive at the microphone from any
point except directly in front. Sound vibrations
from the front are emphasized, and develop a
strong signal output.

. It is preferable that the frequency response of the

microphone correspond to the intelligible voice-
frequency range. A rejection of very low and very
high frequencies is desirable because this im-
proves the ratio between desirable voice frequen-
cies and other distracting noises.

. The carbon microphone has a very high signal

output.

. The dynamic microphone operates on the mov-

ing coil principle. Voice vibrations move a small
coil (attached to a diaphragm) in the field of a
permanent magnet. The mechanical motion of the
coil within the magnetic field causes a correspond-
ing electrical variation to be induced into the coil.
This induced coil voltage is coupled to the input
of a speech amplifier.

. The speech amplifier increases the voltage ampli-

tude of the low level microphone signal.

. A carbon microphone.
. A crystal or ceramic microphone, because of the

high impedance characteristics they exhibit.
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FM Modulation Principles
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Fig. 1. Block diagram of a direct-FM system.

Two basic methods are used to frequency modulate
an RF carrier. One system is called direct-FM; the
other is known as indirect-FM, or phase modulation.
In the direct-FM process, the carrier frequency is
changed by varying the resonant frequency of an
oscillator tank circuit (see Fig. 1). This is accom-
plished by using a vacuum-tube or transistor circuit,
called a reactance stage, which acts as a variable
capacitor, inductor, or combination of both.

A typical reactance-tube circuit is shown in Fig. 2.
The function of the reactance tube is to introduce a
reactive component of current into the oscillator
tank circuit. A reactance-tube circuit can be de-
signed to deliver current which is in phase with the
normal capacitive current in the resonant tank cir-
cuit. The reactance tube then can serve as a variable
capacitor. It is also possible to design a reactance-
tube circuit that will furnish current which is in
phase with the inductive current, in which case the
stage can be used as a variable inductor. In the cir-
cuit shown in Fig. 2, the reactance tube is acting as
an inductance. Let us find out why.

In a reactance tube stage, a portion of signal volt-
age Ep, developed across the oscillator tank circuit,
is applied to the grid of the reactance tube through
phase-shifting network, R1 and C1. The resistance
of R1 is many times greater than the reactance of

Copyright © 1962 by Howard W. Sams & Co., Inc. Printed in U.S.A.

RESISTANCE
Tuskt

A
23
A

VARIES AND
CAUSES CHANGE

1N 1 =4

p==(c:)

T

audIo

Fig. 2. Simplified schematic of a basic reactance-tube circuit.

C1 at the oscillator frequency, so series current I is
in phase with voltage Ep. The network of R1-C1
appears as almost a pure resistance to the output of
the oscillator.

As would be expected, the voltage across capaci-
tor C1 lags the series current by 90 degrees. Conse-
quently, RF signal voltage Eg, at the grid of the
reactance tube, lags oscillator output voltage Ep by
90 degrees.

The RF grid signal results in a corresponding
plate current 1. This signal current is coupled via
capacitor C4 back to the oscillator tank circuit.
Plate current Ix is in phase with grid voltage Eg,
with the result that the plate current fed back to
the tank circuit through capacitor C4 lags the plate
voltage Ep of the oscillator by 90 degrees.

Next, let us consider the relationship between this
feedback signal and the capacitive and inductive
currents (Ic and IL) of the oscillator tank circuit.
RF current I, in the capacitive leg of the tank cir-
cuit, leads the tank circuit voltage Ep by 90 degrees.
Likewise, inductive current I lags Ep by 90 degrees.
Note that the latter phase relationship is the same
as that which exists between plate current 1 (fed
back from the reactance tube) and plate voltage Ep.
Consequently, the feedback component IX is in
phase with the normal inductive current IL in the
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oscillator tank circuit. In effect, the reactance tube
is acting as an inductor because it is introducing a
lagging current into the oscillator tank circuit.

How can the reactive current I, contributed by
the reactance tube, vary the frequency of the oscil-
lator tank circuit? This is accomplished by varying
the amplitude of the RF current component fed
back by the reactance tube. The resonant frequency

———, tells us that the resonant fre-
™

quency of a tank circuit can be increased by de-
creasing the inductance. A decrease in inductance
lowers the inductive reactance of the tank circuit
and permits a higher inductive current flow. The
same thing is done when an additional inductive
current component is introduced into the resonant
tank circuit. By changing the cycle-by-cycle ampli-
tude of this RF current component, we are, in effect,
changing the amount of inductance inserted by the
reactance tube. In fact, if we vary the amplitude of
the RF feedback current at an audio rate, we can
cause the frequency of the tank circuit and its asso-
ciated oscillator stage to vary with the audio infor-
mation. This is frequency modulation.

The RF plate current Lx is made to vary in ampli-
tude by applying the audio signal to the control grid
of the reactance tube as shown in Figs. 1 and 2. To
understand the influence the audio signal has on the
amplification of the radio-frequency component, one
can consider the audio wave as changing the grid
bias of the reactance tube at an audio rate. This
causes a change in gain and, therefore, variations in
the amplitude of the RF output current Ix.

In the earlier study of vacuum-tube characteris-
tics, you learned about mutual conductance Gm. Gm
is the ratio of a change in plate current to a change
in grid voltage, or:

formula, F =

I,
Eq

In the reactance tube circuit, the amplitude of the
RF grid voltage Eg is constant, and it is necessary
to change the Gm of the tube in order to develop a
change in plate RF-current amplitude. For a reac-
tance stage, tube operation is essentially linear.
Thus, the audio signal on the grid of the reactance
tube causes its conduction to vary correspondingly.

The RF plate current varies in amplitude because
the Gm of the tube is being changed at an audio
rate. Changes in the inductive current component in
the oscillator tank circuit follow, and cause a varia-
tion in the resonant frequency of the tank circuit at
the audio frequency rate. Thus, the oscillator fre-
quency deviates above and below its normal resting
frequency with the positive and negative alterna-
tions of the audio signal applied to the control grid
of the reactance tube.

Glll =
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Usually a triode, or a pentode connected as a tri-
ode, is used in a reactance tube circuit. A tube is
selected which provides an essentially uniform
change in mutual conductance over a wide range. By
so doing, a more linear deviation of the oscillator fre-
quency can be obtained.

In a direct-FM system, the frequency of the RF
carrier is varied directly, at an audio rate, as shown
in Fig. 1. This is accomplished by varying the actual
resonant frequency of the carrier oscillator. In the
example, the frequency is highest on the positive
alternation and falls to a minimum at the crest of
the negative alternation. The amount the carrier
frequency departs from the center frequency is
called the deviation, and depends on the amplitude
of the audio signal.

In broadcast FM, maximum permissible deviation
is 75 kilocycles, which corresponds to 100% modu-
lation. In the sound transmission associated with
television broadcasting, the maximum permissible
deviation is 25 kilocycles. In most radiocommunica-
tions services, the maximum permissible deviation is
either 15 kilocycles or 5 kilocycles. A signal of
greater amplitude will cause a wider deviation of
the oscillator frequency than one of lower amplitude.
The rate at which the oscillator frequency changes
depends on the frequency of the audio applied to
the reactance tube. The higher the audio-signal fre-
quency, the more rapidly the oscillator will change
from its center-frequency to maximum deviation,
then to minimum, and back to center frequency.

There are other types of phase-shifting networks
used between the carrier oscillator and the reac-
tance-tube grid. Each performs the same basic func-
tion, introducing a leading or lagging component
into the grid circuit of the reactance-tube. The one
shown in Fig. 3 causes a leading current component
in the plate circuit; therefore, the reactance-tube
appears as a variable capacitance across the oscil-
lator tank circuit.

In this network the reactance of capacitor C1 is
much greater than the resistance of R1. Since the
reactance dominates the resistance, series current I

Fig. 3. Basic capacitive-reactance tube circuit.




leads plate voltage Ep by approximately 90 degrees.
Since the current through and the voltage across
the resistor are in phase, the grid voltage Eg at the
reactance tube will lead the oscillator output voltage
Ep by 90 degrees. The reactance tube plate current
is in phase with the grid voltage; therefore, the RF
plate current component I will also lead the plate
voltage Ep of the oscillator. This plate current com-
ponent, when fed back through capacitor C2 to the
oscillator tank circuit, will be in phase with the
capacitive current in the tank circuit. Therefore, the
feedback current will alter the frequency of the os-
cillator by effecting a capacitive variation.

MODULATION INDEX

The ratio of frequency deviation to modulating fre-
quency is called the modulation index, and is written
as follows:

deviation

modulation index =
modulating frequency

With a given audio frequency, the bandwidth of
the FM wave is determined largely by the modula-
tion index. As mentioned in an earlier lesson, if one
were to break down the complex FM wave for analy-
sis, it would be found to consist of a carrier fre-
quency with an upper and a lower sideband for each
harmonic of the modulating frequency, sometimes
to the tenth harmonic. The higher the modulation
index, the greater will be the number of sideband
pairs created and the wider the bandwidth occupied
by the FM wave.

The formula tells us that with a greater deviation,
the modulation index becomes higher; with a de-
crease in the modulating audio frequency there will
also be an increase in the modulation index. If the
modulation index is permitted to exceed the design
limit of 5, additional sidebands are created as a
result of the interaction between the usual sideband
pairs. This causes an increase in the required band-
width and lowers the noise-rejection characteristics
of the system. However, the relationship between
bandwidth and modulation index is not a linear one,
because when the modulating frequency decreases
there is a slight decrease in the bandwidth, due to
closer spacing of the sideband pairs, while at the
same time the modulation index is rising in value.

In FM systems we are particularly concerned with
the modulation index at the highest audio frequency.
The modulation index determines the maximum
deviation permissible while transmitting the highest
audio frequency component at maximum amplitude
deviation. The working formula for this is stated as
follows:

Maximum Deviation

" Highest Modulating Frequency’
where M must remain not more than 5.

FM Modulation Principles

The greater the modulation index and the higher
the audio frequency limit, the greater the bandwidth
needed. Relatively wide channels are needed to
transmit broadcast-FM signals, and even the sound
signals associated with television broadcasting. In
the communications services the channel widths are
limited by reducing the deviation and the maximum
audio frequency. As mentioned previously, in most
communication services the deviation is limited to 15
kilocycles or less, while the maximum audio is seldom
greater than 3,000 cycles. These limitations do not
seriously harm the noise rejection characteristics of
FM transmission, since the modulation index re-
mains at the practical level. Noise in a radio commu-
nication system is related to bandwidth; maintain-
ing a low modulation index in the communications
services, good noise rejection characteristics exist
even though the bandwidth is more confined than in
broadcast FM.

INDIRECT FM

Frequency modulation can also be obtained using an
indirect method. In the process shown in Fig. 4, the
RF carrier is phase-modulated. In most indirect-FM
systems the RF oscillator is crystal-controlled. In
the phase-modulation process, individual RF cycles
in the modulator are caused to lead or lag the orig-
inal RF cycles (from the oscillator) in accordance
with audio variations. In so doing, the duration of
the individual cycles are stretched out or com-
pressed; in other words, the time required to com-
plete each cycle is increased or decreased.

The frequency of a wave is related to the time
(period) required to complete a cycle. If a cycle is
“stretched out” in time (period), a lower-frequency
wave results. If the time period is shortened, a
higher frequency wave results. Hence, by shifting
the phase of the RF cycles at an audio rate, a fre-
quency-modulated wave results (an FM signal has
been obtained by indirect modulation).

Phase or angle-modulation can be accomplished in
a number of ways. The basic system shown in Fig. 4,
was developed by Armstrong. The center-frequency
signal is supplied to a buffer-amplifier and to a bal-
anced-modulator stage. The audio signal also is
applied to the balanced modulator. The balanced
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Fig. 4. Block diagram of a basic phase-modulation system.
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Fig. 5. Typical modern balanced modulator circuit.

modulator produces two amplitude-modulated side-
band components without a center-frequency com-
ponent. Thus, the output of the balanced modulator
consists of two sidebands similar to those which
might be obtained using amplitude modulation at a
low modulation percentage, but with the center-
frequency signal removed.

The sideband components are then applied to a
network which produces a 90-degree phase shift,
after which the sideband frequencies are recombined
with the center-frequency component that has
passed through the buffer amplifier. The buffer am-
plifier serves to assure that the mixed signals will
have no effect on the crystal oscillator. In the mixing
process, a phase-modulated resultant is obtained.
The presence of the sidebands, with their 90-degree
phase shift, shifts the phase of the resultant signal
with respect to the original center-frequency signal
at a rate equal to the audio-signal variations. The
continually changing phase shift results in a phase-
modulated wave.

There is one fundamental difference between fre-
quency and phase modulation. In a pure FM system
the deviation is constant for a given amplitude of
audio, regardless of the audio frequency. The mod-
ulation index formula tells us that a change in audio
frequency will cause a change in the modulation in-
dex if the deviation remains fixed. Thus, in a fre-
quency modulation system the modulation index
changes with the audio frequency.

In a phase modulation system it is the modulation
index which remains constant for a given audio am-
plitude regardless of audio frequency. Inasmuch as
the modulation index is constant, the deviation must
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vary somewhat with the audio frequency. In practice
the higher the audio frequency of a given amplitude,
the greater the resulting frequency deviation when
using phase modulation. This nonlinear deviation
characteristic of phase modulation systems is usually
compensated by some form of equalizing network
which is inserted between the audio source and the
balanced modulator, as indicated in Figure 4. In
communications FM systems, this nonlinearity is
negligible due to the narrow range of audio frequen-
cies utilized (300 to 3,000 cycles—only a 10-to-1
ratio of highest-to-lowest frequency). So, in modern
communication transmitters, such as the balanced-
modulator system shown in Fig. 5, the normal devia-
tion limiting devices and circuits take care of any
slight tendency of the modulator efficiency to be af-
fected by the frequency of the modulating audio
frequency.
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NBFM PHASE MODULATOR

In FM radiocommunications, the maximum per-
missible deviation is much less than permitted in
FM broadcasting. Consequently, a simpler form of
phase modulator can be used. A common type of
narrow-band phase modulator is shown in Fig. 6.
Most communications FM transmitters use this type
of modulator.

The RF oscillator output voltage Ep follows two
paths—one to the control grid of the phase mod-
ulator through capacitor C1 and the other directly
to the plate circuit of the modulator through C2.
Hence, part of the modulator plate RF voltage is fed
directly from the oscillator while the other portion
is developed through amplification in the phase mod-
ulator tube.

Since a tube produces a polarity reversal of the
signal, it would seem that the two components pres-
ent in the plate circuit would be 180° out of phase.
This is not the case, however, because capacitors C1
and C2 have low values, chosen to establish a de-
sirable phase relationship between the two RF volt-
age components in the plate circuit of the phase
modulator. The direct component E; and the com-
ponent that arrives through tube action E. are indi-
cated in the vector diagrams associated with Fig. 6.

It would also seem that E. should be greater than
E, because of amplification by the phase modulator
tube. However, the values of C1 and C2, and the
operating voltages of the phase modulator, are
chosen to keep the two components at a comparable
voltage level. In some phase modulator circuits, a
small amount of degenerative feedback (in Fig. 6
the cathode is unbypassed) assists the phase modu-
lator in maintaining E; and E. at equal levels.

Two out-of-phase components of the RF voltages
are present in the plate circuit of the phase modu-
lator. In the phase modulation process, the ampli-
tude of RF voltage E. is varied by the audio signal
being applied at the grid. Its amplitude varies in
relation with the constant amplitude of the direct
oscillator voltage component E;.

The audio signal applied to the grid circuit of the
phase modulator and varies the phase modulator
grid voltage at an audio rate. When a proper tube
and bias have been chosen for the phase-modulator,
these variations produce a linear change in the mu-
tual conductance of the tube.

Since the Gm of the tube is changed by the audio
variation, the E. voltage developed at the output of
the phase modulator varies in amplitude at an audio
rate.

However, there are two components of RF voltage
in the plate circuit, E; and E.. The output voltage
furnished to the grid of the next radio-frequency
stage is the vector sum of E; and E.. This resultant
voltage is Eo, shown in the vector diagrams. Notice

FM Modulation Principles

in Fig. 6 how the phase angle of Eo also changes as
the amplitude of E. varies with the applied audio.
The higher the amplitude of the applied audio, the
greater the phase deviation. The higher the fre-
quency of the applied audio, the more often the angle
swings between its extremes.

Of course, the amplitude of the resultant Eo also
varies. So in the phase-modulation process some am-
plitude modulation is also introduced. However, the
succeeding multiplier stages of the transmitter tend
to smooth out these amplitude variations, leaving
only the frequency-modulated wave. In this respect,
their action can be compared to that of the limiters
in an FM receiver.

PRE-EMPHASIS AND DE-EMPHASIS

A major advantage of an FM transmission system
is that it can be designed to reject noise components.
Since most noise signals of the amplitude-varying
type, an FM system displays favorable signal-to-
noise characteristics. This rejection of AM compo-
nents is particularly important in vehicular installa-
tions, where ignition noises are present.

However, noise and interference also produce FM
components, so FM systems are not completely noise
free. Steps are taken to assure that the modulation
deviations of the FM signal are much greater than
random deviations caused by noises and interfer-
ence.

In an FM system such as shown in Fig. 7, noise
interference has less effect when it exists at low
audio frequencies, since audible interference consists
largely of higher audio frequencies. Thus, the noise-
rejection characteristics of an FM system decrease
when the noise frequencies are higher.

The noise-rejection characteristics can be Im-
proved by using pre-emphasis. Pre-emphasis, as
shown in Fig. 8, is inserted in the audio-amplifier
section of the transmitter. The pre-emphasis net-
work provides attenuation with decreasing audio fre-
quency. Consequently, higher-frequency audio
causes a greater deviation of the transmitter than
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Fig. 7. Noise as related to separation from center frequency.
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lower-frequency audio of the same amplitude. In
this way, the system is made less subject to noise
interference because of the more favorable relation-
ship between desired and undesired high frequencies
in the FM signal. This reduction in high-frequency
noise susceptibility produces a better over-all signal-
to-noise ratio as shown in Fig. 7.

In FM radiocommunications the auditor range
usually extends between about 300 cycles and 3,000
cycles. Thus, pre-emphasis affects only this audio
range. Above this high-frequency limit, the response
of the system is attenuated very sharply so as not to
transmit higher-frequency audio components. Like-
wise, high-frequency noise components originating
in the transmitter are attenuated severely and the
noise rejection characteristic of the over-all FM sys-
tem is again improved.

The audio-frequency response of the FM system
is restored to a linear relationship by the use of a
de-emphasis network in the receiver. Refer again to
Fig. 8. This network has a frequency characteristic
equal to but opposite that of the transmitter pre-
emphasis circuit. The de-emphasis network in the
receiver reduces the amplitude of the high-frequency

OVER-ALL UINEAR

RESPONSE

1
10KC 15'KC
AUDIO FREQUENCY

1
S5KC

Fig. 8. Over-all frequency response made linear by de-emphasis
in the receiver,

audio components returning them to the proper level
relative to the lower audio frequencies. Conse-
quently, any received noise components are reduced
a like amount.

In summary, the use of pre-emphasis and de-em-
phasis permits a linear transmission response with
respect to the desired audio frequency range. In ad-
dition it helps the signal-to-noise and signal-to-inter-
ference ratios, improving on the inherently good
noise and interference rejection characteristics of
FM transmission.

MULTIPLIER FUNCTION

The amount most practical direct or indirect FM
systems can vary the frequency of the oscillator out-
put is limited. The oscillator deviation is usually only
a small fraction of the maximum required for the
transmitted frequency. In the interest of frequency
stability, a low oscillator frequency is used in both
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radiocommunications and broadcast FM transmit-
ters. A series of frequency-multiplier stages are used
to raise the oscillator frequency to the transmitted
frequency. Fortunately the multiplier stages multi-
ply not only the carrier or center frequency but the
deviation as well.

In the phase modulation system used in broadcast
FM, only a very limited deviation of the oscillator
frequency can be permitted if low distortion is to
be maintained. A crystal frequency of only several
hundred kilocycles is used and a total multiplication
of more than 800 is required to obtain the very-high
frequency and 75-kc deviation of broadcast FM.

In radiocommunications, however, the required
amount of multiplication is much less because of the
more limited deviation. Multiplications between 12
and 36 are common. Crystal oscillators are in the 6-
to 12-mc range. A 10-mc oscillator signal need be
deviated only 1,000 cycles to produce a *15-kc
swing of a 150-mc transmitter frequency. In this
case the total multiplication would be 15 (15 x 10 m¢
and 15x 1 ke).

TYPICAL PHASE MODULATOR SYSTEM

The phase modulation system used in the Aerotron
communications transmitter (Fig. 9) is shown sche-
matically in Fig. 10. A crystal oscillator stage is used
to supply RF drive to the control grid of the phase
modulator, through capacitor C211, and to the phase
modulator plate circuit through capacitor C212. In-
ductor L212 is an RF choke. The phase modulator
output drives the succeeding buffer and multiplier
stages.

The microphone signal is coupled through capac-
itor C201 to pre-emphasis network R202-C202-
R203 and on to the grid of the triode section of
tube V201. As audio frequency increases, the micro-
phone signal sees a lower and lower reactance path

Fig. 9. Typical vehicular two-way radio.




through capacitor C202, while lower-frequency
audio must take the path through R202. Therefore,
a greater percentage of the higher audio frequencies
are developed across resistor R203 and impressed on
the grid of the tube. Lower frequency components,
attenuated by resistor R202, develop less voltage
across grid resistor R203.

The audio-frequency range of this speech circuit
is 300 to 3,000 cycles. The pre-emphasis network
has a rating of 6 db per octave. This means there is
a 6 db increase (equivalent to a voltage gain of 2) in
modulation level each time the frequency is doubled.
For example, if two equal frequency components of
1,000 and 2,000 cycles are applied to the input of
the network, the 2,000-cycle note would be empha-
sized 6 db above the 1,000-cycle note at the output
of the pre-emphasis network.

To obtain a correct over-all- response in the FM
system, it is necessary to use a de-emphasis network
at the output of the FM demodulator in the receiver.
Such a network is shown in Fig. 11. If correct fre-
quency compensation is to be obtained, the attenu-
ation characteristics of the de-emphasis network
must also be 6 db per octave over the 300-to-3,000-
cycle range, but in the opposite direction. In other
words each time the frequency is doubled there
would be an additional 6 db of attenuation. In this
case, a 2,000-cycle note would incur a loss 6 db
greater than a 1,000-cycle note when passing
through the de-emphasis network. Under this con-
dition 1,000- or 2,000-cycle notes at the output of
the de-emphasis network would be restored to the
same relative amplitude they had just ahead of the
pre-emphasis network in the transmitter.

The pre-emphasized microphone signal is ampli-
fied by the triode section of tube V201, Fig. 10. The
signal is then applied to a symmetrical diode clipper.
The function of the clipper is to remove negative
and positive audio peaks beyond a given level so as
not to overmodulate the transmitter; the circuit is
called an automatic deviation control.

For normal signal levels, both diodes conduct and
the signal is transferred through the clipper and via
capacitor C210 to the phase modulator. Refer to
Figs. 10 and 12. If there is an excessive positive peak
applied to resistor R207, cathode 3 will become more
positive than plate 6. Consequently, the left diode
cuts off and prevents the transfer of the positive peak
to the output. A negative peak will pass through the
conducting left diode and will appear on the common
plates of the diodes. However, if the negative peak
is excessive it will make plate 1 negative with respect
to cathode 2. Thus, the right diode will cut off when
a strong negative peak is present.

In other words, as shown in Fig. 12 the two diodes
are effectively in series with the signal path. If either
is cut off, the signal will be blocked from the output.

FM Modulation Principles

This is the condition that occurs when a strong posi-
tive peak cuts off the left diode, or a strong negative
peak cuts off the right diode.

The amplitude of audio signal applied to the grid
of the phase modulator is controlled by potentiom-
eter R215, which is called the modulation deviation
control. Its operation is similar to a volume or gain
control but its adjustment is more specific. Recall
that the amplitude of audio signal at the phase mod-
ulator grid determines the angular deviation of the
resulting phase-modulated wave and, therefore, the
extent of the frequency deviation. To properly ad-
just R215, audio signal from the microphone must be
sufficient to cause some clipping by the automatic
deviation control circuit on modulation peaks. When
such a signal is being supplied, deviation control
R215 is adjusted for proper transmitter deviation
(= 5 ke or = 15 kc depending on FCC assignment).

The network composed of C209, C214, R214, and
R215 form the equalizer network mentioned earlier.
Equalization is necessary when phase modulation is
used, so as to derive a true FM signal. This equalizer
network acts as a low-pass filter with a 12 db-per-
octave attenuation characteristic. Thus, equal-am-
plitude audio signals cause the same frequency
deviation of the RF carrier regardless of audio fre-
quency.

In practical radiocommunications systems using
direct-FM modulation, pre-emphasis is used at the
transmitter and de-emphasis at the receiver. In
phase modulation systems which develop an FM sig-
nal by indirect means, both are used at the receiver.
The function of the transmitter equalizer is to form
the same complex wave generated in a direct-FM
system, even though using the phase- or angle-mod-
ulation process.

LICENSE EXAMINATION PREPARATION

1. What are the merits of a frequency-modulation
communications system compared with an ampli-
tude-modulation system?—An FM system has bet-
ter signal-to-noise and signal-to-interference ratios.
FM systems are better suited for mobile operation
because they are less susceptible to the impulse
noises generated by ignition systems generators, and
they are able to suppress AM components. (Most
noise sources produce strong AM components.)

2, What effect, if any, does modulation have on
the amplitude of the antenna current of a frequency-
modulated transmitter?—The antenna current does
not change. In frequency modulation, the frequency
—not the amplitude—of the radiated wave changes
with the modulation.

3. In an FM radiocommunications system, what
is the meaning of modulation index? Of deviation
ratio?— What values of deviation ratio are used in
an FM radiocommunications system?—The modu-
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lation index of an FM signal is the ratio of the fre-
quency. The modulation index when a 2,000-cycle
note deviates the carrier 10 kc is 5 (10 kc divided
by 2 ke).

In the two-way radio services, the maximum devi-
ations permitted are 15 kc or 5 kc. With a high-fre-
quency audio limit of 3,000 cycles, the deviation
ratios would be 5 and 1.67, respectively.

4. Why is narrow-band rather than wide-band
frequency modulation used in radiocommunications
systems?—Narrow-band frequency modulation
(NBFM) requires a much narrower span of frequen-
cies. Hence, stations can be allocated nearer each
other in the frequency band. Since only a limited
portion of the audio frequencies are of significance,
the bandwidth can be limited. Moreover, the signal-
to-noise and signal-to-interference ratios do not suf-
fer as greatly as those of a wide-band FM system.
Of course, other simplifications are possible, partic-
ularly in the modulation system of the transmitter
and in the RF and IF systems of the receivers.

5. What is the purpose of a squelch circuit in a
radiocommunications receiver’—Normally, the re-
ceiver operates at all times, to monitor the channel.
When no signal is being picked up, particularly in
an FM communications receiver, there is a high level
of inherent circuit noise. To alleviate this disturb-
ance, squelch circuits are included to keep the audio
circuits inoperative until a signal is received. In an
FM system, the incoming carrier is effective in reduc-
ing receiver noises; when the carrier is not being re-
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Fig. 12. Simplified schematic of an audio peak clipper.

ceived, the inherent noise is very objectionable when
squelching is not used.

6. What type of modulation is largely contained
in static and lightning radio waves? — Amplitude
modulation. Lightning and static radio waves pro-
duce sharp impulses of noise which generate com-
ponents over a wide range of frequencies.

7. What type of radio receiver tends to suppress
static interference?—The FM receiver, because of
its AM-suppression characteristics.

REVIEW QUESTIONS

1. What is the purpose of equalization in
an FM system?

2. When does a reactance tube display
the characteristics of a capacitor?

3. Why is pre-emphasis used in an FM
system?

4. How does the modulation index influ-
ence the band of frequencies occupied
by FM signals?

5. What constitutes 1009 modulation
in an FM system?

6. Compare frequency and phase modu-
lation.

7. How does Gm influence the operation
of a phase modulator?

8. Give the technique for preventing
overmodulating in an FM system.
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Lesson 10

Amplitude Modulation Principles

Amplitude modulation is used in a variety of radio-
communication services from international short-
wave broadcasting to Citizens band radio. AM is
employed almost exclusively on the 2-3 megacycle
marine band, and is used for communications in the
aeronautical services between 108-135 megacycles.
Single-sideband transmission (a variety of ampli-
tude modulation) has become very popular in the
entire spectrum between 2-40 megacycles. Conven-
tional double-sideband AM is the oldest form of
carrier modulation and is still widely used.

In an AM system, the intensity or amplitude of
the carrier wave is varied by the information to be
transmitted. In contrast to a frequency modulated
wave, which can have more than one pair of signifi-
cant sidebands, the amplitude-modulated wave con-
tains only one pair of sidebands; these are separated
from the carrier frequency by the frequency of the
modulating wave. When a carrier is modulated by
an audio signal, three RF components are created
to form the resultant AM wave—the earrier, carrier
plus modulating frequency, and carrier minus modu-
lating frequency. The actual carrier frequency does
not itself vary in amplitude. Rather it is the com-
bining of the carrier with the two sidebands which
produce the resultant AM wave.

MODULATED
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TO ANTENNA

OSCILLATOR
AND
MULTIPLIERS

1 ADDS TO AND

('s ) SUBTRACTS
.~/ FROM THE Ep
Aupio VOLTAGE
AMPLIFIER APPLIED TO
MODULATED
AMPLIFIER
PUSH-PULL
AUDIO tEg
AMPLIFIER
Fig. 1. Diagram of a basic plate modulation system.
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PLATE MODULATION

By far the most common method of amplitude mod-
ulation is plate modulation, as shown in Fig. 1. In
this system the plate voltage of a Class-C amplifier,
called the modulated amplifier, is made to vary in
accordance with the audio signal amplitude. The
stage that provides the audio signal is called the
modulator. In the lesson about Class-C amplifiers
you learned of the influence plate voltage exercises
on the output of an RF amplifier. Since the output
of a Class-C amplifier can be made to vary in linear
fashion over a substantial range of plate voltages,
the technique of changing the plate voltage with the
modulating signal is an ideal method of modulating
the carrier.

How does the plate voltage affect the amplitude
of the RF cycle? In the Class-C amplifier lesson you
learned that plate current flow is in bursts which
result from the positive peaks of RF excitation ap-
plied to the control grid. The magnitude of the
plate-current pulse in the tank circuit determines
the amplitude of the cycle formed by the resonant
circuit. The higher the peak plate current, the
greater the magnitude of the RF cycle.

The DC plate voltage determines the peak ampli-
tude of the plate current for a given amount of grid
excitation and bias. The higher the plate voltage,
the higher the peak plate current and the greater
the RF cycle formed in the tank circuit.

In the plate modulation system, the DC plate
voltage is made to vary in accordance with the audio
modulation. As a result the RF energy in the tank
circuit varies with the plate voltage change.

In practice, a fixed amount of DC plate voltage
Eb is applied to the modulated Class-C amplifier.
This DC plate voltage is applied through the secon-
dary of a modulation transformer. Voltage in the
secondary adds to and subtracts from the applied
plate voltage. Consequently, the plate voltage sup-
plied to the modulated amplifier varies with the am-
plitude and frequency of the modulating waves. The
result is a corresponding change in the magnitude
of the RF energy in the tank circuit of the Class-C
amplifier.
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Fig. 2. Examples of AM modulation waveforms.

The rate at which the RF changes in magnitude
depends on the frequency of the applied modulation;
the magnitude of the modulating wave determines
the variation of the RF amplitude. This latter
change is more often spoken of as the degree or
depth of modulation.

An AM wave is said to be modulated 100% when
the magnitude of the RF signal varies from zero to
twice the unmodulated amplitude as shown in Fig. 2.
In the example it can be seen that the peak voltage
of an unmodulated RF signal has been assigned a
value of 400 volts. When the AM wave is 100%
modulated, by a modulating voltage of sufficient am-
plitude across the secondary of the modulation
transformer, the amplitude of the RF cycle at the
crest of the modulating voltage is 800 volts peak
(2 x 400). In the trough of the modulation, the am-
plitude of the RF cycle is zero.

It is not advisable to allow modulation in excess
of 100% (as demonstrated in Fig. 2b) because dis-
tortion results and the band-width of the trans-
mitted signal becomes excessive. Thus, it is necessary
to limit the amplitude of the modulating voltage to
a level that will not cause modulation in excess of
1009%. Usually some form of audio clipper, similar
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to that used in the FM communications system,
limits the peak amplitude of the modulating wave
so as not to produce modulation in excess of 100%.

Of course, modulating waves of lower magnitudes
produce lower modulation percentages. For example,
if the modulating voltage increases the peak ampli-
tude of the RF cycle only 50% at its crest, the AM
wave is said to be 50% modulated—as in Fig. 2c.
The formula for modulation percentage is as fol-
lows:

E Emi
% Modulation — —aX X min 60
2 Ecarrier

POWER AND IMPEDANCE RELATIONS

Just as the output transformer of a radio receiver
or high-fidelity amplifier must match the impedance
of the loud-speaker system, the modulation trans-
former must match the output impedance of the
audio power amplifier (modulator) to the input im-
pedance of the modulated Class-C amplifier. The
approximate impedance of the RF amplifier is deter-
mined by its plate voltage and plate current. For
example, if the DC plate voltage Eb is 400 and DC
plate current Ib is 100 ma, the modulation trans-
former must match the output of the modulator to
an impedance of:
RiN = &:iq(—) = 4,000 ohms
Eb 1

How much audio power must be made available
to modulate this Class-C stage? The unmodulated
power input can be determined by using one of the
following formulas:

PIN (unmod) — Eblb = ﬂ = (Ib)*RIN
RiIN

PIN (unmod) — 400 X .1 = 40 watts

This amount of power is being supplied continu-
ously to the Class-C amplifier, whether or not it is
modulated, from the power supply. The additional
power needed to obtain modulation must be in the
form of audio power supplied by the modulator. To
double the plate voltage Eb applied to the stage in
attaining 100% modulation, it is necessary that the
modulating voltage also have a peak amplitude of
400 volts. The modulating voltage must be changed
to RMS value for calculating AC sine wave power.
The audio power needed is as follows:

p_E
R

J107E 2

Pmop (output) = ﬂ

RiIN
(.707 x 400)*
Pmobp tput) =———— " — approx. 20 watts
(output) 4000 PP




In summary, to obtain 100% modulation when
using the plate system it is necessary that the audio
power output equal 14 the normal unmodulated DC
power input to the modulated amplifier stage. Of
course, for a lower modulation percentage, less audio
power output is required. In the AM radio commu-
nication services, it is necessary to modulate the
transmitter as fully as possible. The higher the mod-
ulation percentage, the greater the transmitter
range. However, to prevent distortion and the radi-
ation of signals outside of the assigned bandwidth,
it is also necessary to prevent overmodulation.

This could be difficult with nontechnical persons
operating the radio equipment. Consequently, some
foolproof method must be used which will cause the
transmitter to be modulated in depth without the
hazards of overmodulation. This is the responsibility
of the audio clipper, which permits a high average
modulation, at the same time preventing overmod-
ulation peaks.

MODULATED POWER OUTPUT

The actual power output of a modulated transmit-
ter is somewhat less than the power input. Let us
assume that the modulated RF amplifier has an effi-
ciency of 60%. This would mean that when the un-
modulated power input is 40 watts, as in our exam-
ple, the unmodulated power output of the trans-
mitter will be 24 watts.

Pout (unmod) = EFFICIENCY X PIN (unmod)
Pour (unmod) = .6 X 40 = watts

This is the carrier power output of the transmitter
whether or not it is modulated.

When the transmitter is fully modulated, an addi-
tional 20 watts of input power is supplied from the
modulator. This makes an additional 12 watts of
power output available. However, this power goes
into the sidebands of the transmitter. Since there
are two sidebands, each sideband has a power of 6
watts. The power in the carrier is unchanged from
its unmodulated value. It is apparent that with
100% modulation there is a 50% increase in the
power output of the transmitter. Furthermore, all
of this increase, which goes into the generation of the
two sidebands, is supplied by the modulator.

The two sidebands are identical except one is
above the carrier frequency and one is below the
carrier frequency. Both contain the same audio in-
formation. It is apparent that conventional ampli-
tude modulation is a rather wasteful method of com-
munication transmission; in our example a total
power output of 36 watts is radiated to convey the
information that is present in a single 6-watt side-
band.

It is anticipated that within a few years more AM
systems will be operated at improved efficiency. Sin-

Amplitude Modulation Principles

gle-sideband systems and suppressed-carrier opera-
tion of double-sideband transmission systems will
become more and more commonplace. In our exam-
ple, a single-sideband system would radiate only 6
watts of power; only half the spectrum bandwidth
would be needed and there would be less likelihood
of interference to other services. As mentioned in an
earlier lesson, however, both transmitter and re-
ceiver must be of more critical design and, in certain
applications, would be more costly to build and
maintain.

OTHER AMPLITUDE MODULATION METHODS

Plate modulation is by far the most common form
of amplitude modulation. Two other forms of AM
are shown in Fig. 3. Grid modulation is used because
it requires only a small amount of audio power to
modulate a Class-C amplifier of substantially greater
power output.

With grid modulation, the grid bias is varied at an
audio rate. The varying bias causes the RF plate
current to be varied in accordance with the applied
modulation. The higher the bias, the lower the peak
plate current and the weaker the RF generated in
the plate tank circuit. On the other hand, a decrease
in the Class-C bias causes a higher plate current and
RF of a higher magnitude is developed in the tank
circuit.

In a grid-modulated stage, it is customary to use
external bias instead of grid-leak bias. The amount
of bias made available from this grid-bias supply de-
termines the unmodulated condition and the carrier
output power of the grid-modulated RF amplifier.
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Fig. 3. Other basic AM modulation methods.
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The audio signal from the modulator adds to and
subtracts from the fixed bias. Thus, the Class-C bias
varies with the audio voltage. At minimum bias, cor-
responding to the positive alternation of the modu-
lating wave, a high plate current is drawn and high-
amplitude RF is generated. During the negative
sweep of the modulating signal, plate current is less
than the average value. Consequently, weaker RF
cycles are developed in the plate tank circuit,

The same variations in amplitude of the RF out-
put result as with plate modulation. However, these
changes in the amplitude of the RF cycles can be
made to occur with a small change in the grid bias
voltage, as compared with the large change in plate
voltage needed to produce an equivalent depth of
modulation. Grid modulation takes advantage of the
amplification contributed by the modulated ampli-
fier stage itself. For this reason, much less audio
power is needed to provide a given modulated power
output. However, the modulated Class-C amplifier
cannot be operated at as high an efficiency as is pos-
sible with plate modulation. A grid-modulated
Class-C amplifier is more difficult to design and much
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more critical to adjust for a linear modulation char-
acteristic.

SCREEN-GRID MODULATION

As you learned in an earlier lesson, the screen grid
of a tetrode or pentode tube has greater influence
on the plate-current flow than the plate voltage it-
self. Thus, it is possible to control the magnitude of
Class-C plate current by varying the screen voltage.
The screen grid voltage derived from the screen
power supply determines the unmodulated RF am-
plitude. With modulation the screer voltage varies
above and below the unmodulated value in accord-
ance with the audio variations. There will be corre-
sponding changes in the plate current; the higher
the screen voltage (positive alternation of the mod-
ulating wave) the greater the plate current and the
higher the amplitude of the RF in the plate tank
circuit.

The characteristics of screen-grid modulation lie
somewhere between those of plate modulation and
control-grid modulation. For example, much less
audio power is needed as compared to plate modula-
tion, but the power requirements are greater than
for control-grid modulation. In communications
gear, screen-grid modulation has been found to be
more stable and adjustment less critical; therefore,
it is used more often than grid modulation. How-
ever, plate modulation continues to be the most
popular form, since distortion is very high in the
other types. Many transmitters use a combination

Amplitude Modulation Principles
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Fig. 7. APELCO radiomarine transmitter-receiver.

of plate and screen modulation to attain greater effi-
ciency and improved modulation characteristics.

TYPICAL MODULATORS AND MODULATED
AMPLIFIERS

The modulator and modulated amplifier for a 50-
watt aeronautical base station transmitter are shown
in Fig. 4. The Aerocom transmitter (Fig. 5) operates
in the 108-135 mc spectrum. A dual beam-power
pentode tube is used as the modulated Class-C am-
plifier. Resonant lines tune the input grid and output
plate circuits. The modulator is a Class-AB, push-
pull audio amplifier.

The modulation transformer has three secondary
windings. The center secondary winding is con-
nected in the plate circuit of the modulated RF am-
plifier. By so doing the plate voltage is modulated
at the audio rate. The top secondary winding is con-
nected in the screen-grid circuit and causes the
screen-grid voltage also to vary with the modulation.
When a tetrode or pentode tube is used as the modu-
lated Class-C amplifier, it is possible to modulate
both plate and screen grid to obtain higher efficiency
and a more linear modulation characteristic.

The third winding of the modulation transformer
supplies signal to a modulation-compression circuit.
When the output of the modulator exceeds a prede-
termined level, the voltage is rectified in V10 and
used to apply a controlling bias to one of the early
audio stages. This negative bias, which is very much
like AVC in action, cuts down the gain of the speech
amplifier to prevent overmodulation of the trans-
mitter. In practice, the compression level is set so
the rectifier begins to conduct at 85% to 909%
modulation, and will prevent overmodulation even
though the audio input level is increased as much as
20 db. The modulation-compression system permits
a high average level of modulation, at the same time
preventing peaks which might overmodulate the
transmitter.
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The modulator and modulated Class-C amplifier
in an Apelco radiomarine transmitter is shown in
Fig. 6. The modulator consists of two transistors
connected in a Class-B push-pull stage. Clipping is
accomplished by an especially-designed modulation
transformer which saturates when the audio level is
too high and, by clipping audio peaks, prevents over-
modulation.

A low-pass filter is inserted in the modulated
B-plus line. Filters of this type have two functions.
They can be used to cut off all frequency compo-
nents above 3,000 cycles. As you learned, the audio
spectrum from 300 to 3,000 cycles is favored in com-
munications because of greater intelligibility. The
output filter is also helpful in reducing any wave-
form distortion that might arise because of the lim-
iting process. Most types of limiting or clipping
tend to produce some spurious high-frequency audio
components; these are removed by the filter net-
work.

When overmodulation occurs, the positive alter-
nation of the modulating wave causes the peak
amplitude to rise to a level of more than twice the
unmodulated-carrier amplitude. However, it is the
negative peak of the modulating wave that causes
the greater amount of trouble. It swings so far nega-
tive that the carrier is cut off momentarily. This
cutoff is particularly objectionable because it gener-
ates spurious frequency components that fall on fre-
quencies substantially removed from the bandpass
assigned to the station. Any negative modulation
peak in excess of 1009% also introduces serious audio
distortion.

Therefore, it is particularly important that nega-
tive modulation peaks be prevented. In the Apzlco
transmitter, two silicon diodes prevent this possi-
bility. If the negative cycle of the modulator output
voltage has a peak value greater than the DC plate
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Fig. 9. Simplified grid-modulation system.

voltage on the modulated amplifier, the polarity
across the modulator output reverses. If this occurs,
the two silicon diodes are so polarized that they
remove the negative peak and prevent the plate volt-
age from dropping to a level which would cut off the
carrier.

LICENSE EXAMINATION PREPARATION

1. Draw a simple schematic showing a method of
coupling a modulator tube to an RF power ampli-
fier to produce plate modulation of the RF energy.
—See Fig. 8.

2. Draw a simple schematic showing a method of
coupling a modulator tube to an RF power amplifier
to produce grid modulation of the RF energy.—See
Fig. 9.

3. What is meant by grid modulation? Plate mod-
ulation?—In grid modulation, the modulating wave
is introduced into one of the grid circuits. The mod-
ulating wave causes the negative grid bias to vary
with the modulation. Consequently, the RF power
output of the stage will also vary.

In plate modulation, the modulating wave is in-
troduced into the plate circuit in such a manner that
it varies the DC plate voltage applied to the RF am-
plifier. This causes the RF output to vary in step
with the modulation.

4. What is high-level modulation?—The plate
modulation of the final RF amplifier stage of a trans-
mitter.

5. What is low-level modulation?—Modulation at
the control grid of the final RF power amplifier or
any preceding stage.

6. If a 1500-kc radio wave is modulated by a 2,000-
cycle sine-wave tone, what frequencies are contained
in the modulated wave?—A 1500-ke¢ carrier, an
upper sideband at 1502 ke (1500 kc plus 2 kc), and
a lower sideband at 1498 ke (1500 ke minus 2 ke).
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Fig. 10. Basic circvit for Heising plate modulation. Fig. 11. Circuit designed for suppressor-grid modulation.

7. Draw a simple schematic showing a Heising
modulation system capable of producing 100 % mod-
ulation. Indicate power-supply polarity where nec-
essary.—See Fig. 10.

8. Draw a simple schematic showing a method of
suppressor-grid modulation of a pentode tube.—See
Fig. 11.

9. Draw a simple schematic showing the proper
method of obtaining DC screen-grid voltage from
the plate supply of a modulated pentode Class-C
amplifier.—Refer to Fig. 8.

10. What is meant by frequency shift or dynamic
instability with reference to a modulated radio-fre-
quency emission?—Any change in frequency of the
carrier during modulation.

11. Draw a diagram of a carrier-wave envelope
modulated 50% by a sinusoidal wave, and indicate
the dimensions from which the percentage of modu-
lation is determined.—See Fig. 12.

12. What is the relationship between the average
power output of the modulator and the plate-circuit
input of the Class-C amplifier under 100% sinusoidal
plate modulation? — To attain 1009 modulation,
the audio-power output of the modulator must equal
half the DC plate-power input of the plate-modu-
lated Class-C amplifier.

13. Why is a high percentage of modulation de-
sirable?—The higher the percentage of modulation,
the greater the average power output of the trans-
mitter. Inasmuch as the desired information to be
conveyed is contained in the sidebands and not in
the carrier, greater range and more reliability are
obtained when strong sidebands are radiated as the
result of a high percentage of modulation.

14. What are some of the results of overmodula-
tion?—Overmodulation distorts the modulated wave
and causes spurious signal components to be radi-
ated at frequencies substantially removed from the
carrier frequency, often overlapping into adjacent
channels and beyond.

15. What might decrease the antenna current of a
high-level, amplitude-modulated radiotelephone
transmitter when modulation is applied?—Inability
of the modulator or modulated amplifier to follow
the positive modulation crest. Incorrect grid bias
or insufficient excitation could prevent generation
of the high peak power necessary to convey the mod-
ulation crest. A defective modulated Class-C ampli-
fier tube or poor power-supply regulation could also
cause the antenna current to decrease. Too-heavy
loading of the modulated RF amplifier output might
cause the same disturbance.

16. Should the average plate current of a modu-
lated Class-C amplifier vary or remain constant
under normal modulation conditions? Why?—Re-
main constant. The plate voltage changes symmet-
rically with modulation, and the instantaneous plate
current should increase and decrease by equal
amounts on each side of its unmodulated DC value.
Because of this symmetrical plate-current change,
the average DC current should remain the same.

17. What is the effect of carrier shift in a plate-
modulated Class-C amplifier’—Carrier shift (fluc-
tuation of average DC plate current with modula-
tion) produces a distorted output and, if severe, the
generation of sideband components outside the nor-
mal channel.

18. What are possible causes of negative carrier
shift in a linear RF amplifier>—Some of the causes
of negative carrier shift (DC plate current decreases
with modulation) are a distorted modulated signal,
improper impedance match between modulator and
modulated stage, or between modulated stage and its
load, a failing modulated-amplifier tube, poor power-
supply regulation, or insufficient RF excitation at
the grid of the modulated amplifier. Overmodulation
can also produce a DC plate-current decrease.

19. What will cause upward fluctuation of the an-
tenna current when an amplitude-modulated trans-
mitter is modulated?—Upward fluctuation in this
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instance is normal—it shows that the power output
is increasing with modulation and the sideband com-
ponents are being radiated.

20. In a modulated Class-C RF amplifier, what
is the effect of insufficient excitation?—The modula-
tion system cannot follow the modulation crests.
As a result, insufficient peak power is generated dur-
ing the modulation crest, causing negative carrier
shift (lessened plate-current meter-reading, with
modulation) and a decrease in the antenna-current.
Under these circumstances, it is difficult to attain
normal high-percentage modulation.

21. How would loss of RF excitation affect a
Class-C modulated amplifier when using grid-leak
bias only?—With loss of bias, excessive plate current
flows, blowing fuses or operating the circuit breakers
and possibly damaging the tubes and associated
components of the modulated stage. An improper
load would be reflected to the modulator, establish-
ing improper operating conditions that might also
damage the modulator tubes and their associated
components.

22. What might cause variations in the average
plate current of a Class-B modulator?—The plate
current of a Class-B modulator normally varies dur-
ing modulation.

23. What would be the effect of a shorted turn in
a Class-B modulation transformer?—A shorted turn
(or turns, depending on how much of the winding is
shorted) can cause transformer losses and reduced
efficiency. There is the possibility of high current
flow in the remaining section and consequent burn-
out of the winding.

24. What might cause frequency modulation in
an amplitude-modulated radiotelephone transmit-
ter?—Improper isolation between its modulated sec-
tions and the oscillator, or a power-system defect
that causes the changing power requirements of the
modulator section to affect the supply voltages to
the oscillator. Improper tuning can make the oscil-
lator unusually susceptible to even slight changes in
loading or supply voltage.

25. How can the distortion effects caused by
Class-C operation of an RF amplifier be minimized?
—By adjusting the load on the stage, the excitation,
the grid bias, the supply voltages, and the charac-
teristics of the resonant tank circuit to operate as
a team during tuning. Furthermore, neutralization
must be exact and parasitic oscillations should not
be present. The grid circuit must be designed to
place a reasonably constant load on the'driving
stage, which is the source of the modulated RF
envelope that must be amplified by the Class-C
linear stage.

26. If the first speech amplifier of a radiotelephone
transmitter were overdriven, but the modulation
percentage capabilities of the transmitter were not
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Fig. 12. RF envelope produced with 50%, modulation.

exceeded, what would be the effect upon the output
of the transmitter?—The crest of the modulating
wave would be limited, and a distorted modulation
would be transmitted. If only one polarity of the
audio waveform is compressed by overdriving the
first speech-amplifier stage, carrier shift will also
result. Spurious high-frequency components might
also be radiated because of the clipped audio wave.
27. Describe three methods of reducing the RF
harmonic emission of a radiotelephone transmitter.
—There are many ways of minimizing the harmonic
radiation of a radiotelephone transmitter. The use
of pi-network tank circuits and filters between trans-
mitter and antenna system is particularly effective
in reducing harmonic content of the RF wave. The
antenna system, if designed specifically for the de-
sired operating frequency, will function as a poor
radiator at the harmonic frequency. Properly-tuned
tank circuits throughout the transmitter, and shield-
ing (such as the use of a Faraday shield between the
final tank circuit and the antenna-coupling net-
work) do much to reduce harmonic components.

REVIEW QUESTIONS

1. What is the major advantage of grid
modulation?

2. What determines the bandwidth of
an amplitude-modulated signal?

3. How is overmodulation prevented in
AM transmission?

4, For 100% modulation, what percent-
age of the total transmitted power is
in the sidebands? In plate modula-
tion, what is the source of this side-
band power?

5. In what manner does the average
plate current of a properly-adjusted
modulated amplifier vary with the
modulation?

6. Why should negative overmodulation
peaks be avoided in particular?

7. In what maner does the antenna cur-
rent vary with the modulation in an
amplitude-modulated system?

80 Answers to these questions will be included in PHOTOFACT Set No. 573
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Fig. 1. These silicon power rectifiers do the same job as the
tubes and transformer.

In recent years there have been substantial improve-
ments in the power supply facilities of radiocom-
munications systems. In low-power AC-operated
power supplies, germanium and silicon rectifier
diodes are replacing vacuum-tube selenium rectifier
types. Most new low to medium power units now use
silicon diode rectifiers almost exclusively. In fact,
there are some radio broadcast transmitters that are
powered entirely with silicon power rectifiers instead
of vacuum and gas tube types.

Zinc-carbon dry cells and lead-acid storage bat-
teries are still very popular and used widely in com-
munications equipment. Mercury cells are popular in
transistorized equipment because of their small size
and long life. However, such batteries as the new
alkaline-manganese primary battery and the sealed
nickel-cadmium rechargeable secondary battery
have become increasingly popular.

The solar battery has become an important part

Copyright © 1462 by Howard W. Sams & Co., Inc. Printed in U.S.A.

Fig. 2. These silicon rectifiers are rated at 750 maq,
200 to 600 PIV.

of space and other advanced communications sys-
tems. Solar cells generally operate in conjunction
with rechargeable sealed batteries.

SILICON POWER RECTIFIERS

The principal advantage of silicon power rectifiers is
immediately obvious when you look at Fig. 1. The
four silicon rectifiers can provide twice as much cur-
rent at approximately the same voltage as the two
dual-rectifier tubes and the transformer. With one-
fiftieth of the volume and one one-hundredth of the
weight of the comparable tube circuit, the silicon
bridge will provide 500 milliamperes of current at
350 volts RMS. Silicon rectifiers are available with
peak inverse voltage ratings between 50 and 500
volts. If higher voltages are to be handled, a number
of units can be connected in series. For higher cur-
rent demands, parallel combinations can be used.
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Fig. 3. Silicon rectifier mounting designed to replace
octal-based vacuum tube.

The silicon rectifier, Fig. 2, is basically a P-N
semiconductor junction. The N portion of the
material serves as the cathode, the P side as the
anode. When the anode is positive with respect to
the cathode, a large current will flow because of the
low resistance of the junction. Voltage of a reverse
polarity does not result in a significant current flow
because of the high reverse resistance of the junction.
Thus, when an AC voltage is applied, as for any rec-
tifier type, a unidirectional current will flow.

The advantages of the silicon rectifier are thus its
very low forward resistance, which permits a very
high forward current to flow with relation to the
junction size, and its high peak inverse voltage. The
forward voltage drop is very low which means that
only a small amount of power need be dissipated by
the junction. Thus, in directly replacing another
type of rectifier, there is an improvement in the pow-
er supply regulation.

Some silicon power rectifier replacement units,
such as the one shown in Fig. 3, have been developed
in recent years. It need only be plugged into the
vacated vacuum-tube rectifier socket. Direct replace-
ments of this type are available in current ratings
from 85 to 600 milliamperes, with peak inverse volt-
age values between 1500 and 2800 volts.

ALKALINE PRIMARY BATTERY
A popular new dry cell battery is shown in Fig. 4.
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Fig. 4. Design features of a typical alkaline battery cell.

The alkaline electrolyte is potassium hydroxide,
which has a high conductivity and results in low in-
ternal resistance of the cell. The cathode is man-
ganese dioxide and the positive anode is zinc. The
cathode is of high density, and the zinc anode makes
contact with the electrolyte over a large surface area.
Thus, the battery is capable of heavy drain and high
current operation. It is substantially superior to the
regular zinc-carbon dry cell, having a service life as
much as ten times greater. For light loads, the alka-
line cell has a service life two to three times longer
than the conventional dry cell.

Alkaline batteries are available in the various
standard dry cell shapes and sizes. Sometimes they
are called alkaline energizers.

NICKEL-CADMIUM BATTERY

The nickel-cadmium battery, Fig. 5, is a dry sealed
secondary type. It can be manufactured in various
shapes and sizes (including standard dry cell dimen-
sions) according to mounting requirements. It is a
sealed type and does not require the addition of
liquids. Furthermore, long idle periods in either a
charged or uncharged state do not adversely affect
battery life and operation. Such a battery responds
equally well to a light trickle charge or a quick high-
current charge.

The electrolyte is potassium hydroxide; the nega-
tive electrode, cadmium; and the positive electrode,
nickel hydroxide. On discharge, cadmium oxide




Fig. 5. Examples of nickel-cadmium rechargeable batteries.

changes to metallic cadmium. The electrodes are
very stable and there is very little internal discharge,
which contributes to the long life of this type of
battery.

A typical charging circuit for a rechargeable bat-
tery is given in Fig. 6. The values for resistors R1 and
R3 are selected according to the desired charging
current requirements of the particular battery.

SOLAR BATTERY

The solar battery has become increasingly important
in this age of space communications. The high effi-
ciency silicon solar batteries now available match,
watt for watt, the power available from dry-cell and
mercury-cell batteries. Size comparsions are made in
Fig. 7.

The complete solar power system consists of solar
cells and rechargeable storage batteries. The solar
cells supply power in sunlight only. Simultaneously,
they can be used to recharge the batteries, usually
nickel-cadmium types. In darkness, the rechargeable
batteries supply power to the radio circuits.

A switching arrangement can be used to make the
power changeover at appropriate times. However,
the entire system can be made automatic in its oper-
ation. Such is the case with the arrangement of Fig.

RECT. R3

Fig. 6. Bartery-charger circuit for nickel-cadmium batteries.
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Fig. 7. Silicon solar-cell batteries shown in comparison with
standard dry-cell and rechargeable batteries.

8. The silicon diode prevents the batteries from dis-
charging through the solar cells when they are in-
active (in darkness).

When the solar cells supply energy, the potential
of the solar battery is such that the silicon diode is
forward biased. Consequently, there is a low resist-
ance path for the current flow out of the solar cell.
However, in terms of the rechargeable battery cur-
rent flow, it sees a high resistance in the path to the
solar cells, because the battery voltage places a re-
verse bias on the silicon diode. The silicon diode
therefore presents a high resistance path insofar as
the direction of current flow out of the battery into
the solar cells. Thus, the solar cells can be connected
permanently in the circuit and need not be switched
off when they are not generating power.

TRANSISTOR POWER SUPPLY

In vehicular radio services, the transistor power sup-
ply circuit has taken over from conventional mechan-
ical vibrators and dynamotors. Such a transistorized
unit has as its advantage low battery drain, longer
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Fig. 8. Solar power supply circuit hook-up.
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Fig. 9. RCA transistor power supply for vehicular radio set.

life, and a substantially higher order of reliability. A
supply used with a typical mobile transmitter-receiv-
er is shown in Fig. 9.

A push-pull transistor oscillator, operating at sev-
eral hundred cycles, develops the high-current AC
variations needed to drive the primary side of the
power transformer. The transistor oscillator itself is
powered from the storage battery of the vehicle. The
operating voltages are derived from three separate
secondary windings. Silicon power rectifiers are used
in various configurations to convert the high-voltage
AC back to DC. At the top is a simple half-wave
rectifier which develops the negative bias voltage for
the transmitter. The middle DC voltage source is a
voltage doubler circuit, while a bridge rectifier is
used across the bottom secondary of the transformer.

The oscillations depend on current feedback into
the transistor base circuits. This feedback is by way
of the winding shown beneath the primary winding
of the transformer. The base-emitter bias is such
that the two transistors conduct. However, there is
an inherent unbalance in the transistors and in the
two halves of the primary circuit. Consequently, the
transistor currents are somewhat unequal. At the
start, therefore, one draws a stronger current.

As the current builds up, a voltage is induced into
the feedback winding. Since the ends of the windings
are connected to the transistor bases, in push-pull
fashion, the voltage on one base will rise at the same
time the voltage on the other falls. In fact, a forward
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voltage is applied to the more heavily conducting
transistor and a reverse voltage is applied to the
other. Thus, the current through the first transistor
continues to increase while the second transistor is
driven to cutoff. Eventually, the core of the trans-
former becomes saturated and, since magnetic flux
no longer increases to sustain the voltage across the
feedback winding, the magnetic field collapses.

The feedback now reverses polarity. With reverse
feedback, the first transistor is driven to cutoff and
the second one into conduction. The second tran-
sistor current rises until the transformer core be-
comes saturated. Once again the magnetic flux
reaches maximum, collapses and reverses polarity to
cause reversal of transistor operation.

Current flow thus “switches” from one transistor
to the other, causing an AC current variation in the
primary of the power transformer. The character-
istics of the saturable core of the transformer deter-
mine the frequency of oscillation. As mentioned pre-
viously, this is often several hundred cycles, simpli-
fying the design of the power supply rectifier and
filter circuits. The strong AC current variations in
the primary develop the necessary high voltage sec-
ondary potentials needed to develop the DC voltages
for operating the receiver and transmitter of the
radiocommunications unit. In transmit operation,
resistor 3R8 is shorted out to permit a stronger tran-
sistor current flow and therefore a higher power ca-
pability for use when the transmitter is switched on.
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Fig. 10. Diode detector and coupling network to
audic amplifier.

The series of contacts shown at the left are associ-
ated with the transmit-receive switching. When the
transmit switch on the microphone is depressed, re-
lay 3K1 is energized and pulls the contacts down. As
shown, the contacts are in the receive position. The
middle and the bottom rectifier-filter circuit is in
operation, providing 300 and 150 volts for receiver
operation. On transmit operation, four voltages are
made available—a low voltage by way of contact 2,
a medium voltage by way of contact 1, a high volt-
age by way of contact 6, and negative bias for the
transmitter by the top secondary. The high voltage
is derived by combining the voltages made available
by the middle and the lower rectifier sections. DC
voltages for the tube filaments and relay coils are
taken from the storage battery.

PREPARATION FOR LICENSE EXAMINATION

1. Draw a simple schematic of a vacuum-tube
diode detector, and show a method of coupling it to
an audio amplifier—See Fig. 10.

2. Explain the operation of a diode detector.—A
diode detector is a combination rectifier and filter.
Its rectifier action permits conduction during one
alternation of an applied modulation envelope. A
unidirectional current follows the variations of the
radio-frequency peaks; hence, the diode current flow
is a replica of the modulation present on the incom-
ing radio-frequency envelope. The output network
acts as an RF filter, but does not filter out the mod-
ulating signal. As a result, the original modulation
is recovered at the output of the diode detector.

3. What is the principal advantage of a diode over
a grid-leak triode detector?—It is capable of han-
dling a strong input signal without distortion, par-
ticularly at high modulation levels, and has a simple
and uncomplicated circuit.

4. Describe the operation of a crystal detector.—
A crystal detector functions like the diode detector
discussed in question 2. The crystal is composed of
some type of crystalline material such as germanium
or silicon, having a rectifying characteristic. It will

Fig. 11. Basic plate detector circuit.

pass current more readily in one direction than the
other. One side of the crystal detector is a semi-
conductor wafer, and the other is a fine wire (“cat
whisker’’) that contacts the wafer.

Older crystals had an adjustable “cat whisker,”
which was set to the most sensitive detection point
that could be found on the crystal. The modern
crystal is a carefully machined and shielded perma-
nent device.

5. Draw a simple schematic of a triode vacuum
tube connected for plate or power detection.—See
Fig. 11.

6. Explain the operation of a power or plate recti-
fication type of vacuum-tube detector.—A plate or
power detector is biased near cutoff; plate current
flows only during the positive alternations of the
radio-frequency cycles of the applied modulation
envelope. As in the diode detector, the instantaneous
plate current follows the peak variations of the mod-
ulation envelope. Unlike the diode detector, how-
ever, the triode circuit amplifies the variations arriv-
ing at its grid. An output network filters out the
radio-frequency components.

If the applied signal is strong enough to swing over
a major portion of the linear part of the transfer
characteristic, a good replica of the modulation will
be developed in the output. The input level should
not be too high or it will swing off the linear portion
of the transfer curve. Thus, the plate detector over-
loads early, in comparison with the diode demod-
ulator, but does deliver a strong output when excited
by a signal of suitable level.

7. What operating conditions define a tube that is
being used as a power detector?—The power detec-
tor is biased nearly to cutoff. This can be in the form
of fixed or cathode bias.

8. What are the characteristics of plate detection?
—Refer to questions 6 and 7. The plate detector de-
livers a strong and essentially undistorted output
when driven by a moderate signal, and is seriously
overloaded by a strong signal. It presents very light
loading to the preceding stage, compared with other
types of detectors.
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Fig. 12. Basic grid-leak detector circuit.

9. List and explain the characteristics of a square-
law vacuum-tube detector—A square-law detector,
by operating on the nonlinear portion of its charac-
teristic curve, develops an output that is propor-
tional to the square of the applied voltage. It is used
for heterodyning and other specialized applications.
However, it would produce a distorted output when
excited by a conventional AM envelope.

10. Draw a simple schematic of a triode vacuum
tube connected for grid-leak capacitor detection.—
See Fig. 12.

11. Explain the operation of a grid-leak detector.
—The grid-to-cathode circuit of a grid-leak detector
functions like a diode detector, the grid serving as
the plate of the diode operation. (Refer to question
2.) However, an amplified version of the demodu-
lated signal at the grid is developed in the plate out-
put circuit.

The grid-leak detector is biased near saturation by
the grid current drawn during the positive crest of
the RF cycles of the applied modulation envelope.
The negative alternations of the applied modulation
envelope swing over the linear portion of the tube
transfer characteristic, as shown in Fig. 12. The
instantaneous plate current follows the variations of
the negative RF peaks, and these variations produce
an amplified version of the grid-signal change in the
output. The RF cycles are filtered out by the output
capacitor.

The grid-leak detector is sensitive and develops a
reasonably strong output. Like the plate detector, it
must not be overloaded by too strong a signal; other-
wise, a reasonably undistorted output cannot be
developed.

12. Is a grid-leak detector more, or less, sensitive
than a power detector (plate rectifier)? Why?—
More sensitive. By operating at a low bias (near
saturation), it offers maximum amplification to a
weak signal. A plate detector operates near cutoff,
where the mutual conductance is low and a weak
applied signal is not amplified as much as it would
be higher on the transfer characteristic.
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13. What effect does the reception of modulated
signals have on the plate current of a grid-leak type
of detector? On a grid-bias plate detector?—In-
creases in the incoming signal amplitude (modulated
carrier) cause plate current to decrease for the grid-
leak detector, and to increase for the plate detector.

14. Draw a simple schematic of a regenerative de-
tector—See Fig. 13.

15. How does the resistance in the grid-leak net-
work of a regenerative detector affect its sensitivity?
—In general, the higher the grid-leak resistance, the
higher the sensitivity (up to the limit that produces
instability or blocking). Several megohms is typical.

16. What feedback conditions must be satisfied in
a regenerative detector in order for it to sustain oscil-
lations?—Adequate in-phase feedback to overcome
grid-circuit losses, as in any other self-excited oscil-
lator. These losses include the loading inserted by
the antenna or preceding stage.

17. What effect might be caused by a shorted grid
capacitor in a three-circuit regenerative receiver?—
The grid-leak bias circuit would be shorted out, caus-
ing loss of receiver sensitivity.

18. What might be the cause of low sensitivity in
a three-circuit regenerative receiver?—Improper
tuning. To derive peak sensitivity from a regenera-
tive detector, there must be a proper amount of feed-
back and optimum coupling between the antenna
and detector, or between a preceding RF stage and
the detector. Improper voltages, a failing tube, or
a defective component could cause loss of sensitivity.

19. Describe the operation of a regenerative re-
ceiver—The major units of a regenerative receiver
are an optional RF amplifier, a grid-leak detector
with feedback, an audio amplifier, and a power
source. The RF amplifier, audio amplifier, and power
source are conventional. The demodulator is a grid-
leak detector which functions as discussed in ques-
tion 11 and shown in Fig. 12, except that a feedback
link is provided, usually the tickler coil shown in
Fig. 13. The circuit supplies a controlled in-phase
feedback to the grid circuit. The incoming mod-
ulated signal is detected in the conventional manner
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Fig. 13. Basic regenerative detector circuit.




by the grid-leak detector. However, some of the RF
output of the grid detector is fed back to the grid
circuit in phase, to reinforce the original grid signal.
This feedback increases the impedance and the effec-
tive Q of the input resonant circuit, so that higher
sensitivity and selectivity result.

The amount of feedback can usually be controlled
because the sensitivity of a regenerative detector in-
creases up to the point where self-oscillation occurs.
Thus, in the reception of a modulated signal, the
regeneration control is advanced to this point. It is
then turned back slightly until the oscillations cease.
In the reception of a CW signal, however, the regen-
eration control is advanced to the point of oscilla-
tion, because oscillations are necessary to recover the
interrupted carrier (CW) information.

20. How is a regenerative receiver adjusted for
maximum sensitivity?—To receive a modulated sig-
nal, the regeneration control is advanced to the oscil-
lation point and then backed off very slightly. If the
antenna coupling is controllable, it and the regenera-
tion control are regulated simultaneously for the
most sensitive operation. The antenna coupling is
made as tight as possible so the regeneration control
can be advanced almost to the limit of its range be-
fore the circuit goes into oscillation. For CW recep-
tion, the regeneration control is advanced to the
point of oscillation so that heterodyning can occur.

21. In a regenerative receiver, what circuit condi-
tions are necessary for maximum response to a mod-
ulated signal?—Input coupling and regeneration
must be optimized. To do this, the regeneration con-
trol should be advanced to the point of oscillation
and then backed off slightly. Refer to questions 19
and 20.

22. What feedback conditions must be satisfied in
a regenerative detector for most stable operation of
the detector circuit in an oscillating condition?—
Stable operation occurs at an adjustment that is not
the same as for maximum sensitivity. If connected
directly to the detector, the antenna must be very
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stable. Stability is better when antenna coupling is
somewhat less tight than required for maximum sen-
sitivity. Likewise, the regeneration control can be
advanced a bit beyond the point at which the set
breaks into oscillation.

The feedback should be of reasonable constant
amplitude, and the input coupling should be such
that the oscillations and circuit remain stable in
operation.

23. Why is it necessary to use an oscillating de-
tector for reception of an unmodulated carrier?—
The function of the oscillating detector is to set up
an audible difference frequency between it and the
interrupted incoming carrier. Thus, the interrupted
carrier (CW) is reduced to an audible, interrupted
tone. The difference frequency between the incom-
ing carrier and the frequency of an oscillating de-
tector represents the audio frequency of the inter-
rupted tone at the output of the regenerative
receiver.

In a superheterodyne receiver, the interrupted
tone at its output is due to the difference frequency
between the IF carrier and the beat-frequency oscil-
lator (BFO), which must be turned on to receive
CW signals.

REVIEW QUESTIONS

1. Give the advantages of the nickel-
cadmium battery.

2. Why can the dimensions of the silicon
rectifier be small with relation to its
current carrying ability?

3. In what two ways are solar cells used
as power sources?

4. What is meant by the reverse resist-
ance of a junction?

5. What is the specific function of the
transistors of a transistor power sup-
ply?

Answers to these questions will be included in PHOTOFACT Set No. 573
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Fig. 1. Basic diode detector circuit, and an analysis of

its signal waveforms,

In AM radiocommunications services, the super-
heterodyne receiver and the simple diode detector
are mainstays. In some low-cost hand-held and port-
able units, limited to a few receiving stages, the su-
perregenerative detector is used because of its high
sensitivity and strong output. A new form of AM
demodulator called the product detector is used in
single-sideband systems.

In FM radiocommunications systems, conven-
tional phase discriminator and gated-beam demod-
ulators are the most popular, although some ratio
detectors are used.

DIODE DETECTOR

The diode detector functions as a combination rec-
tifier and filter of AM waves. The first step in the
demodulation process, as shown in Fig. 1, involves
rectification of the individual cycles. The peak am-
plitude of the rectified RF current varies in accord-
ance with the AM variations. The RF variations are
then filtered out, leaving only the original audio
modulation.

The diode detector, which may be either the
vacuum-tube or crystal type, has a low forward re-

Copyright © 1962 by Howard W. Sams & Co.. Inc. Printed in U.S.A.

sistance and a high back resistance. During positive
excursions of the RF signal, the plate of the diode is
more positive than the cathode. Consequently, cur-
rent flows through the diode. The DC current path is
from cathode to plate, through the tuned-circuit coil
and load resistor R, back to the cathode. The magni-
tude of this current depends on the peak amplitudes
of the RF carrier as it varies with modulation.

When the plate is negative with respect to the
cathode, the diode displays a very high resistance to
any current flow. When connected as shown in Fig. 1,
the plate is actually negative with respect to the
cathode for more than 180° of each RF cycle. This is
a result of diode current through the load resistor,
making the cathode positive with respect to ground.
Before the diode can conduct, the RF voltage must
rise to a level which exceeds that at the cathode. As
a result, diode current flows only during a portion of
the positive alternation of each RF cycle. Diode cur-
rent therefore flows in bursts or pulses, as empha-
sized in waveform B of Fig. 1.

Actually, output filter capacitor C charges to the
approximate level of each applied RF peak. The peak
level changes over a period of cycles in accordance
with the audio modulation being conveyed. The time
constant of the output resistor and capacitor is long
compared to the period of the RF frequency. Hence,
there is only a small discharge between cycles, and
the RF variations are filtered out. Since the peak
charge placed on the output R-C combination fol-
lows the modulation envelope, the average voltage
variation across the output corresponds to the orig-
inal modulation.

SUPERREGENERATIVE DETECTORS

The superregenerative detector has an extremely
high sensitivity. For VHF and UHF reception, the
design need incorporate only a few stages. Its selec-
tivity is poor, however, and it radiates an interfering
signal when coupled to an antenna. To better under-
stand the operation of a superregenerative detector,
let us first consider the general operation of two other
types—the grid-leak and the regenerative detector.
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Fig. 2. Fundamental grid-leak and regenerative detector circuits.

A grid-leak detector, as shown in Fig. 2A, is a com-
bination diode detector and amplifier. The control
grid and cathode of the tube function as anode and
cathode, respectively, of a diode detector. The posi-
tive alternation of each RF cycle causes a flow of
grid current which develops a negative charge across
capacitor Cg. Between cycles this charge remains
relatively constant because of the high value of grid
resistor Rg (the RgCg time constant is long in com-
parison to the period of the RF cycle). Changes in
carrier amplitude due to audio modulation, on the
other hand, occur at a much slower rate. Conse-
quently, the amount of grid current drawn, and the
charge on the capacitor, will vary at an audio rate,
resulting in a corresponding variation in the grid
bias. This, in turn, varies the average plate current
and, therefore, an amplified audio voltage variation
appears in the plate circuit of the detector. The
capacitor in the plate circuit filters out the RF vari-
ations.

A grid-leak detector can be made even more sensi-
tive with the use of regenerative feedback as shown
in Fig. 2B. In this circuit some of the RF energy in
the plate circuit is fed back to the grid with the
proper phase to reinforce the original RF grid volt-
age variations. Feedback causes an accumulative
buildup of the grid signal, resulting in a very high
output for only a small input. Too much feedback
cannot be used, however, because it will cause self-
oscillation and the stage will cease to function as a
detector. If the feedback is great enough to overcome
the grid circuit losses, the stage will perform as an
Armstrong oscillator instead of a regenerative detec-
tor. The most sensitive point of operation, therefore,
is where the stage is just about ready to break into
oscillation. Regenerative detectors usually employ a
regeneration control which permits the operator to
adjust the circuit for optimum efficiency by regulat-
ing the amount of feedback.

It should be mentioned that a regenerative de-
tector can be used to receive code (CW or Al
signals) when adjusted for an oscillating condition.
By detuning the resonant circuit slightly, above or
below the frequency of an incoming code-interrupted
carrier, an audible beat note results for each incom-
ing code mark (dot or dash).

One significant fact to note is that in the reception
of modulated waves, maximum sensitivity and selec-
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tivity is displayed near the oscillation point. The
superregenerative detector maintains a high sensi-
tivity by introducing controlled oscillations. Sche-
matically, as shown in Fig. 3, the superregenerative
detector need not differ from that of the regenerative
detector. The main difference is that grid resistor Rg
and grid capacitor Cg have a substantially longer
time constant.

The amount of feedback is such that oscillations
would normally be sustained, which would make the
stage ineffective as a detector were it not for the long
grid time constant which cuts off the oscillation
(quenches them) in a cyclic manner. It is the flow of
grid current that places the cutoff bias on the grid
capacitor. The value of Rg must be so large that the
bias voltage caused by the Cg discharge current will
hold the tube in cutoff for a large portion of each
oscillation cycle.

When the capacitor has discharged to the cutoff
level, oscillations begin anew. The oscillations, as
shown in Fig. 3, build up to the level at which grid
current flows. Now the oscillations decline gradually
to zero as the charge on the capacitor builds up to a
value higher than the cutoff voltage for the tube. The
charge on the grid capacitor now leaks off gradually
until the tube can conduct once again.

The RgCg time constant must be long enough that
the oscillations are interrupted for some time. The
actual value of the time constant determines the fre-
quency of interruption. This is called the quench or
squegging frequency. This quench frequency is
usually on the order of several hundred kilocycles
per second.

Demodulation of the incoming modulated wave is
accomplished by causing the quenching frequency to
vary with the modulation on the incoming carrier.
Let us consider the operation of the superregenera-
tive detector when no signal is being received. Ini-
tially there is certain to be some input circuit noise,
and small as it might be, it will cause a variation in
plate current that will start the feedback activity.
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Fig. 3. Basic superregenerative detector, and an analysis of
grid and plate currents.
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Fig. 4. The period between quench-frequency bursts
varies with modulation.

The feedback will reinforce this initial change and
oscillations will build up and have the same fre-
quency as the tuned circuit. They will continue to
increase in level until the peaks of oscillation cause
grid current flow. The grid current flow, as shown in
Fig. 3, will charge the grid capacitor. The increase in
the grid bias will cause the oscillations to decline.
They will, of course, have died out before the charge
on the capacitor diminishes to the conduction level
of the tube. Thus, there will be no oscillations until
the capacitor has discharged to a level that will per-
mit the tube to conduct. Noise components will then
initiate a new cycle of oscillations. The quenched
oscillations (on and off oscillation rate) will continue
at an essentially constant frequency, as in Fig. 4. It
is important to recognize that the superregenerative
detector is extremely sensitive, and with no received
signal is actually responding to the very weak noises
present in the input circuit.

A received signal adds to the bias contributed by
the grid circuit, and takes over the initiation of the
buildup of oscillations in place of the noise com-
ponents.

When the incoming signal is modulated, the “tim-
ing” of the “oscillation start” will vary in accordance
with the modulation. On crests of the modulated
wave, the periods of nonconduction will be shorter.
Consequently, the squelching frequency will in-
crease as shown in Fig. 4. When the modulation
swings into its trough, it will take longer for the tube
bias to reach the conduction level, and there will be
a wider spacing between oscillating periods.

As the quenching frequency varies with the in-
coming modulation, there will be a change in average
plate current. The more oscillating periods per sec-
ond, the higher the average plate current. Con-
versely, fewer oscillating periods will result in lower
average plate current. In other words, the average
plate current will follow the modulation of the in-
coming carrier.

An amplified version of this variation will be de-
veloped in the plate output circuit of the superregen-
erating detector. By detuning the plate circuit, the
superrengenerative detector can be made sensitive
to an FM modulated wave. In this application, it
operates like a common FM slope detector. Conver-
sion from FM to AM takes place in the tuned circuit.
As shown in Fig. 5, the amplitude of the tuned cir-

Fig. 5. How slope detection is accomplished with a
superregenerative detector.

cuit voltage varies with the frequency change of the
incoming FM wave. This change in amplitude repre-
sents a corresponding change in the grid bias, causing
an average change in plate current, just as in the case
of an incoming AM wave. A disadvantage of the
superregenerative circuit as an FM detector is that
it must be tuned very carefully and must be free of
drift so that the incoming center frequency can be
ideally positioned on the slope of the resonant circuit
response.

PRODUCT DETECTORS

In a single-sideband system, the carrier and one
sideband are suppressed; thus, only a single sideband
is conveyed between the transmitter and the receiv-
er. To recover the modulation, therefore, a local car-
rier must be introduced in the receiver.

One obvious method of demodulating a single
sideband signal is to use an oscillator that will re-
insert a carrier at the IF frequency of the receiver.
The inserted carrier and the incoming sideband are
then applied to a conventional diode detector. The
inserted carrier must have a high order of stability
and must be substantially greater in amplitude than
the incoming signal. This method of single-sideband
demodulation has stability, distortion, and signal-
level problems.

A more satisfactory method of demodulating
single-sideband signals is to use a product detector
such as that in Fig. 6. This circuit uses the hetero-
dyning process to recover the original audio informa-
tion. The basic principle of operation is the same as
for the input mixer of a superheterodyne receiver.
In this system, direct conversion is made between
the single-sideband and audio frequencies by intro-
ducing a local carrier which, in effect, amplitude
modulates the single-sideband signal.

Since the output of such mixing is a product of
the two signals, such a demodulator is called a prod-
uct detector. However, it is the difference frequency
which is emphasized in the output. The difference
frequency is the difference between the inserted car-
rier and the incoming sideband signal, which is the
original audio frequency. Since the heterodyning
usually occurs at the IF frequency of the receiver,
the sideband and inserted carrier are filtered out in
the output of the product detector.
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Fig. 6. Simplified product detector circuit.

As shown in Fig. 6, it is possible to use a crystal
oscillator as the local carrier generator. The crystal
signal is applied to one of the signal grids of a penta-
grid converter, and the single sideband component is
applied to the other. The two grids are biased for
linear operation; thus, the only audio output that
exists results from the heterodyning action between
the local carrier oscillation and the incoming side-
band signal. If we assume the incoming sideband
component is on a frequency of 456 kilocycles and
the inserted local carrier is on a frequency of 455
kilocycles, the audio output frequency will be a 1000
cycle tone.

The Crosby triple-triode product detector is
shown in Fig. 7. The input triodes are connected as
cathode-followers and are driven by the single-side-
band signal and the inserted local carrier. These two
signals combine in the cathode circuit, which is also
common to the cathode of the grounded-grid output
stage. The bias on this stage is adjusted with the
separate cathode resistor to obtain the most favor-
able mixing action with a minimum of distortion.
The output circuit of the grounded-grid stage em-
phasizes the audio component and filters out the IF
frequency.

PHASE DISCRIMINATOR

The two most common FM demodulators used in
radiocommunications equipment are the Foster-
Seeley phase discriminator and the gated-beam FM
detector. A conventional phase discriminator is
shown in Fig. 8. It consists of a double-diode ar-
rangement with a double-tuned input transformer.
When an incoming signal is of the same frequency as
the tuned input transformer (center frequency of
the FM signal) the identical currents drawn by the
two diodes produce a net output of zero. When the
incoming FM signal deviates from its center fre-
quency, the diodes conduct unequally, in accordance
with the direction and magnitude of the deviation.
The changing diode currents develop an output
which varies in amplitude in accordance with the
original audio modulation.

The input transformer is very important to the
operation of the discriminator because it develops
the two out-of-phase signal components. Signal is
coupled into the diode circuit in two ways. There is
a direct connection by way of coupling capacitor C1,
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Fig. 7. Fundamental circuit of the Crosby product detector.

producing signal voltage E3 across inductor L3. This
signal voltage is in phase with the primary voltage
Ep developed across the primary winding. The sec-
ond signal component applied to the diode circuit is
developed across the secondary of the tuned input
transformer, and is 90° out of phase with the signal
in the primary winding. Secondary voltages E1 and
E2 are of opposite polarities, as applied to the diode
plate sections, and both are in quadrature with the
direct-coupled voltage E3—one leading and the
other lagging.

The net voltage applied to the top diode, there-
fore, is the difference between E1 and E3. These two
voltages are 90° related and constitute the voltage
marked Ed1 on the schematic diagram, and in the
vector diagram of Fig. 9A, which shows the vector
relationships at resonance. The net voltage across the
bottom diode is the vector sum of E2 and E3. E2 you
recall is 180° related to E1 as shown in Fig. 9. The
resultant voltage applied to the bottom diode is Ed2.
Notice that Ed1 and Ed2 are of equal magnitude,
resulting in equal diode currents through the re-
sistor-capacitor output network. The top diode cur-
rent flows up through resistor R2; while the bottom
diode current flows down through resistor R3. Since
they are equal and opposite, the net voltage output
is zero at the resonant frequency.

What causes the change in the output voltage
when the signal swings above or below resonance in
the input circuit of the discriminator? The key lies
in the change in phase of the induced secondary cur-
rent above and below resonance. Above resonance
the secondary circuit becomes inductive, and below
resonance it becomes capacitive. Thus, the secondary
voltage will lead or lag the primary voltage by more
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Fig. 8. Conventional phase discriminator circuit.
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Fig. ?. Vector relationships of the voitages in the
discriminator circuit.

or less than 90°, depending on the direction and
magnitude of the frequency change.

Inasmuch as voltage E3 is always in phase with
primary voltage Ep, the two secondary voltages E1
and E2 will change from their phase relationship
with E3 as shown in diagrams B and C of Fig. 9.
Below resonance (Fig. 9B), notice that E1 leads E3
by more than 90° while E2 lags E3 by less than 90°.
Consequently, the net voltage Ed2 applied to the
bottom diode exceeds the net voltage Ed1 applied to
the top diode. Thus, the current through resistor R3
exceeds that through resistor R2 and the output
voltage waveform swings in a negative direction. An
opposite relationship, applied to a frequency devi-
ation on the high frequency side of resonance, will
result in voltage E1 leading E3 by less than 90°
while E1 will lag E3 by more than 90° (Fig. 9C).
Thus, the top diode conducts more heavily and a
positive voltage is developed across the output.
Capacitors C2 and C3 filter out the RF components,
leaving only the audio variations.

As the incoming FM signal deviates first to one
side of resonance and then to the other, in accord-
ance with the original negative and positive alterna-
tions of the modulating audio wave, the diode output
will vary correspondingly to develop the negative
and positive amplitude variations of the original
modulation.

In your study of frequency modulators, you
learned that the amplitude of the modulating wave
determines how much the FM carrier deviates from
center. In the demodulation process, the difference
between the diode currents is determined by the
extent of the frequency deviation. This relationship
is shown by the second set of vectors in Fig. 9 (D, E,
and F). Notice that the more the incoming signal
departs from center frequency, the more E1 and E2
depart from their 90° relationship to E3. In this
example, representing a deviation above resonance,
we find that the Ed1 resultant vector continues to
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increase while the Ed2 vector decreases (Fig. 9E).
Thus, diode 1 current dominates, and as the devi-
ation increases, as in Fig. 9F, Ed1 becomes greater
and greater, producing a stronger positive alterna-
tion at the discriminator output.

In summary, the FM discriminator responds to the
incoming FM wave in three ways. It responds to the
direction of the frequency change, reproducing either
the negative or positive alternation of the original
modulation. It also responds to extent of the fre-
quency change, producing an output variation that
corresponds to the original magnitude of the mod-
ulating wave. Further, the FM discriminator re-
sponds to the rate of change in the frequency devi-
ation. As you learned in your study of FM mod-
ulators, the rate at which the frequency deviates
depends on the frequency of the modulating wave. In
the demodulation process, the frequency of the dis-
criminator output corresponds to the rate at which
the incoming signal changes frequency. Thus, it re-
produces the original frequency of the modulating
wave.

GATED-BEAM FM DETECTOR

This type of detector uses the special constructional
features of a gated-beam tube to demodulate an in-
coming FM signal. In a gated-beam tube, the elec-
tron beam is guided from cathode to plate by special
shields and apertures. Control electrodes are the
signal grid (sometimes called a limiter grid) and the
quadrature grid. The plate and an accelerator elec-
trode operate at positive potentials and provide the
necessary acceleration for the electron beam.

It is the positive potential of the accelerator
electrode (Fig. 10) that attracts the electrons away
from the cathode. Whether or not the electrons pass
through the accelerator aperture toward the plate
depends on the signal-grid voltage. When the signal
grid is more than a few volts negative, electrons can-
not flow to the plate.

When the signal grid is less negative than neces-
sary to produce cutoff, the electrons continue toward
the plate. However, these electrons next encounter
the quadrature grid. If the quadrature grid is more
than a few volts negative, electron flow to the plate
will be cut off. If the quadrature grid voltage is less
than the negative cutoff value, the electrons will
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Fig. 10. Basic circuit for a gated-beam detector.
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reach the plate. The ability of the signal and quadra-
ture grids to control operation between cutoff and
saturation with only small voltage changes provides
a means of amplitude limiting the incoming FM sig-
nal (just like the separate limiter stages in the IF
system of most FM receivers), as well as a means of
demodulating the FM signal. Thus, the gated-beam
circuit is both a limiter and detector.

In acting as a limiter, the incoming signal varies
tube conduction between cutoff and saturation.
Amplitude variations and noise components are thus
clipped sharply.

The FM demodulation is a function of the quadra-
ture relationship between the voltages developed
across the tuned circuits of the signal and quadra-
ture grids. At resonance, the signal voltage de-
veloped across the quadrature circuit lags the
signal-grid voltage by 90°. This is a result of the
space-charge (capacitive) coupling between the two
grids.

Above or below the resonant frequency, the
quadrature circuit will appear inductive or capaci-
tive. Consequently, the quadrature voltage will lag
the voltage at the signal grid by more or less than
90°.

What effect does this shift in phase between
quadrature- and signal-grid voltages have on the
average plate current? When a center-frequency sig-
nal is present at the signal grid, a 90° counterpart is
present at the quadrature grid. The signal grid will
permit electrons to pass during the positive alter-
nation of the incoming signal. Likewise, the quadra-
ture grid will permit current to pass during the posi-
tive alternation of any signal present at its grid.
Since the two voltages are 90° related, both grids are
positive simultaneously for only about one-fourth
the period of the input cycle. Thus, plate current is
in the form of short bursts.

When the incoming signal swings higher in fre-
quency, the voltage on the quadrature grid lags the
input signal by more than 90°. The new phase rela-
tionship decreases the period of tube conduction to
less than one-quarter of the input cycle, and the
average value of plate current decreases.

Conversely, when the incoming signal swings lower
in frequency, the phase difference between grid volt-
ages is less than 90°. The tube then conducts for a
longer time during each cycle, and average plate
current is more than that which flows at the center
frequency.

In summary, the average plate current varies with
respect to the incoming FM deviations. Consequent-
ly, the gated-beam discriminator develops an output
current that corresponds to the modulation on the
FM wave. The greater the deviation, the more the
quadrature grid voltage will shift in phase away
from 90°, and the more the average plate current will
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Fig. 11. Diode detector circvit, showing coupling to
auvdio amplifier stage.

change from its resonant value. Thus, the gated-
beam tube responds to the magnitude of the original
FM modulation. The rate at which the phase angle
deviates at the quadrature grid depends on the rate
the incoming FM signal deviates about its center
frequency. In this manner, the discriminator re-
sponds to the frequency of the original modulation.

PREPARATION FOR LICENSE EXAMINATION

1. Draw a simple schematic of a vacuum-tube
diode detector, and show a method of coupling it to
an audio amplifier.—See Fig. 11.

2. Explain the operation of a diode detector—A
diode detector is a combination rectifier and filter.
Its rectifier action permits conduction during periods
of one polarity alternation of an applied modulation
envelope. The magnitude of the unidirectional cur-
rent increases and decreases with the variations of
the RF peaks. Hence, average diode current is repre-
sentative of the RF carrier modulation. The output
network acts as an RF filter, but does not filter out
the modulating signal. As a result, the original mod-
ulation is recovered at the output of the diode
detector.

3. What is the principal advantage of a diode over
a grid-leak triode detector?—It is capable of han-
dling a strong input signal without distortion, par-
ticularly at high modulation levels, and its circuit is
simpler and less complicated.

4. Describe the operation of a crystal detector
(rectifier).—A crystal detector functions like the
diode detector discussed in question 2. The crystal is
composed of some type of crystalline material, such
as germanium or silicon, which has a rectifying char-
acteristic (it will pass current more readily in one
direction than the other). One side of the crystal
detector is a semiconductor wafer, and the other is a
fine wire (“‘cat whisker””) that contacts the wafer.

Older crystals had an adjustable “cat whisker”
which was set to the most sensitive detection point
that could be found on the crystal. The modern
crystal is a carefully machined and permanently
shielded device.

5. Draw a simple schematic of a triode vacuum




Fig. 12. Basic plate detector circuit.

tube connected for plate or power detection.—See
Fig. 12.

6. Explain the operation of a power or plate rec-
tifier vacuum-tube detector.—A plate or power de-
tector is biased near cutoff; plate current flows only
during positive alternations of the RF cycles of the
applied modulation envelope. As in the diode de-
tector, the average plate current follows the audio
variations of the modulation envelope. Unlike the
diode detector, however, the triode circuit provides
amplification.

If the applied signal level is kept within the limits
of the linear part of the transfer characteristic, a
good replica of the modulation will be developed at
the output. If the input level is too high, it will swing
off the linear portion of the transfer curve. The plate
detector thus overloads more easily than the diode
demodulator, but it nevertheless delivers a strong
output when excited by a signal of suitable level.

7. What operating conditions determine that a
tube is being used as a power detector’—The power
detector is biased nearly to cutoff. This can be in the
form of fixed or cathode bias.

8. What are the characteristics of plate detection?
—The plate detector delivers a strong and essen-
tially undistorted output when driven by a moderate
signal, and is seriously overloaded when the signal
becomes excessive. It presents very light loading to
the preceding stage, compared with other types of
detectors. Refer to questions 6 and 7.

9. List and explain the characteristics of a square-
law vacuum-tube detector.—A square-law detector,
by operating on the non-linear portion of its charac-
teristic curve, develops an output which is propor-
tional to the square of the applied voitage. It is used
for heterodyning and other specialized applications.
However, it would produce a distorted output if ex-
cited by a conventional AM envelope.

10. Draw a simple schematic of a triode vacuum
tube connected for grid-leak detection.—See Fig. 13.

11. Explain the operation of a grid-leak detector.
—The grid-cathode circuit of a grid-leak detector
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functions like a diode detector, the grid serving as
the anode. However, an amplified version of the de-
modulated signal at the grid is developed in the plate
circuit.

The grid-leak detector is biased near saturation
by the grid current drawn during the positive crest
of the RF input cycles. The negative alternations
swing down through the linear portion of the tube
transfer characteristic, as shown in Fig. 13. The
average plate current follows the variations of the
negative RF peaks, and these variations produce an
amplified version of the grid-signal change in the
output. The RF cycles are filtered out in the plate
circuit.

The grid-leak detector is sensitive and develops a
reasonably strong output. Like the plate detector,
it must not be overloaded by too strong a signal;
otherwise, a reasonably undistorted output cannot
be developed.

12. Is a grid-leak detector more, or less, sensitive
than a power detector? Why?—More sensitive. By
operating at a low bias (near saturation) it offers
maximum amplification to a weak signal. A plate
detector operates near cutoff, where mutual conduct-
ance is low and a weak signal is not amplified as much
as it would be higher on the transfer characteristic.

13. What effect does the reception of modulated
signals have on the plate current of a grid-leak de-
tector? On a plate detector?—The stronger the in-
coming signal (modulated carrier), the more the
plate current will decrease for the grid-leak detector.
With the plate detector, plate current will increase.

14. Draw a simple schematic of a regenerative de-
tector—See Fig. 14.

15. How does the resistance in the grid-leak cir-
cuit of a regenerative detector affect the sensitivity
of the detector?—In general, the higher the grid-
leak resistance, the higher the sensitivity (up to the
limit of instability or blocking). Several megohms is
typical.

16. What feedback conditions must be satisfied in
— S
HIGH VALUE
RESISTOR

—

Fig. 13. Basic grid-leak detector circvit.
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Fig. 14, Regenerative detector.

a regenerative detector in order to obtain sustained
oscillations?—Adequate in-phase feedback to over-
come grid-circuit losses, as in any other self-excited
oscillator. These losses include the loading of the
antenna or preceding stage.

17. What effect might be caused by a shorted grid
capacitor in a three-circuit regenerative receiver?—
The grid-leak bias circuit would be shorted out, caus-
ing loss of receiver sensitivity.

18. What might be the cause of low sensitivity in
a three-circuit regenerative receiver?—Improper
tuning. To derive peak sensitivity from a regenera-
tive detector, there must be a proper amount of
feedback and optimum coupling between the an-
tenna (or preceding stage) and detector. Improper
voltages, a failing tube, or a defective component
could cause a loss of sensitivity.

19. Describe the operation of a regenerative re-
ceiver.—The conventional major units of a regenera-
tive receiver are an optional RF amplifier, a grid-leak
detector with feedback, an audio amplifier, and a
power source. The demodulator is a grid-leak detec-
tor that functions like the one discussed in question
11 and shown in Fig. 13, except that a feedback link
is provided, usually a tickler-coil arrangement as in
Fig. 14. The circuit supplies a controlled in-phase
feedback to the grid circuit. The incoming modu-
lated signal is detected in the conventional manner
by the grid-leak detector. However, some of the out-
put is fed back to the grid circuit to reinforce the
original grid signal. This feedback increases the im-
pedance and the effective Q of the input resonant
circuit, so that higher sensitivity and selectivity
result.

The amount of feedback can usually be controlled
because the sensitivity of a regenerative detector in-
creases up to the point where self-oscillation occurs.
Thus, in the reception of a modulated signal, the
regeneration control is advanced to this point. It is
then retarded slightly until the oscillations cease. In
the reception of a CW signal, however, the regenera-
tion control is advanced to the point of oscillation,
because oscillations are necessary to recover the
interrupted carrier (CW) information.

20. In a regenerative receiver, what circuit condi-
tions are necessary for maximum response to a mod-
ulated signal?—Input coupling and regeneration
must be optimum, which is achieved by advancing
the regeneration control to the point of oscillation
and then backed off slightly. (Refer to question 19.)

21. Inaregenerative detector, what feedback con-
ditions must be satisfied for most stable operation in
an oscillating condition?—The stable oscillation
point is not the same as for maximum sensitivity. If
connected directly to the detector, the antenna must
be very stable. Stability is better when antenna cou-
pling is somewhat less tight than required for maxi-
mum sensitivity. Likewise, the regeneration control
should be advanced a bit beyond the point at which
the stage breaks into oscillation. The feedback
should be of reasonably constant amplitude, and in-
put coupling should be such that the operation re-
mains stable.

22. Why is it necessary to use an oscillating de-
tector for reception of an unmodulated carrier?—
The function of the oscillating detector is to set up
an audible difference frequency between it and the
incoming carrier. The difference frequency between
the incoming carrier and the frequency of an oscil-
lating detector represents the audio frequency of the
interrupted tone at the output of the regenerative
receiver.

In a superheterodyne receiver, the interrupted
tone is due to the difference frequency between the
interrupted IF carrier and the frequency of the beat-
frequency oscillator (BFO), which must be turned
on to receive CW signals.

REVIEW QUESTIONS

1. What is the phase relationship be-
tween the input and output voltages
of a double-tuned transformer?

2. During what portion of the radio-
frequency cycle does a diode detector
conduct?

3. What are the two input signal paths
of a phase discriminator?

4, Why can the gated-beam tube be used
as a limiter?

5. Briefly describe the function of the
quenching oscillation.

6. What two voltages determine the
duration of current flow in a gated-
beam detector?

7. Why is the output of the phase dis-
criminator zero at the resonant fre-
quency?

8. What are the features of a super-
regenerative detector?

96 Answers to these questions will be included in PHOTOFACT SET No. 573
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ANSWER SHEET

For Questions in Lessons 9 through 12

LESSON 9—ANSWERS

. In a phase-modulated system equalization is
used to obtain a frequency-modulated resultant
although the angle modulation process is being
used. The equalization network displays an at-
tenuation with increased frequency so that equal
modulating-signals of differing frequencies pro-
duce equal deviations in the FM wave.

. A reactance tube is capacitive when the current it
introduces into the tank circuit of an oscillator
leads the tank-circuit voltage.

. Pre-emphasis causes the high-frequency modu-
lating signals to produce a greater deviation than
the lower frequencies, improving the signal-to-
noise and signal-to-interference ratios of the FM
system. The frequency characteristic must be
corrected by the use of a de-emphasis network at
the receiver.

. The higher the modulation index for a given
audio frequency, the greater the bandwidth oc-
cupied by the signal. The modulation index at
the highest modulating frequency determines the
bandwidth required by the station.

. In FM transmission, 1009 modulation corre-
sponds to the maximum deviation permitted by
the particular FCC station assignment.

. In a direct frequency modulation process the fre-
quency of the oscillator is changed directly by in-
troducing a varying reactive component into its
resonant tank circuit. In a phase modulation
process the phase of the center-frequency gener-
ated by the oscillator is shifted back and forth
with the modulation. Angle modulation of this
type results in a frequency deviation of the RF
signal. If equalization is used in the phase-modu-
lating process, a true FM wave results. This
method of generating an FM wave is called indi-
rect-FM.

. The G,, of the phase modulator tube is changed
by the applied modulating wave. Consequently
there is an output variation in amplitude which,
when recombined with the center frequency, pro-
duces an angle-modulated resultant.

. Overmodulation in an FM system is prevented by
audio clipping. In this process the modulation
peaks are clipped by diode (or other) circuits to
prevent the modulator from causing deviation
greater than the assigned maximum.

LESSON 10—ANSWERS

. Grid modulation requires much less audio power

for a given modulated-RF power output.

. The bandwidth is determined by the highest

modulating frequency.

. In most AM transmitters overmodulation is pre-

vented by an audio clipper stage. Its operation is
the same as that used for FM transmitters.

. With 100% modulation there is a 50% increase

in power output. Consequently, the power in the
sidebands is one-third of the total power output
at 100% modulation. This additional power is
supplied by the modulator in a plate modulated
system.

. When the transmitter is adjusted properly and

symmetrical modulation is applied, there will be
no change of average plate current in the modu-
lated amplifier.

. When there are negative overmodulation peaks,

the carrier is cut off momentarily, producing a
greatly distorted modulation envelope and gen-
erating spurious signals on frequencies other than
the assigned channel.

. In an amplitude-modulated system the RF power

output of the antenna increases with modula-
tion. Consequently, the antenna current will rise
with an increase in the modulation percentage.

LESSON 11—ANSWERS

. The nickel-cadmium battery is rechargeable. At

the same time it is sealed and does not require
the addition of any electrolyte. Units can be con-
structed in various shapes and sizes to meet spe-
cific needs. They have a long life and can be
stored in either a charged or discharged con-
dition.

. The silicon rectifier junction has a very low for-

ward resistance. Consequently, there is a mini-
mum forward voltage loss and, for a given rec-
tifier current, a substantially smaller amount of
power must be dissipated by the junction in com-
parison to other types of rectifiers.

. Solar cells can be used to supply power directly

to an electronic unit. They can also be used to
charge rechargeable batteries; the batteries, in
turn, supply operating power for electronic units.

. It refers to the resistance to electron flow offered

by the junction when a reverse voltage is present
across the junction terminals.

(continued)



. The oscillating transistor circuit serves as a power
converter between low voltage DC and high
voltage AC. The switching action is comparable
to that of a mechanical vibrator.

LESSON 12—ANSWERS

. At the resonant frequency the input and output
voltages are 90° related. Off of the resonant fre-
quency the two voltages are more or less than
90° related.

. The diode conducts for only a small segment of
the positive alternation of the radio-frequency
cycle.

. One path is direct through a coupling capacitor
while the second path is by way of mutual
coupling between the two windings of a tuned
transformer.

. If the signal swings a small amount negative at
both the signal and quadrature grids of a gated-
beam tube it is possible to cut-off the plate cur-
rent flow. An incoming signal can be confined
within narrow voltage limits and, therefore, am-
plitude limiting takes place.

. The quenching oscillations cause the oscillations

of a superregenerative detector to cut on and off.
Thus a high sensitivity can be obtained operating
in the oscillating range without permitting the
oscillations to build up to a level which will cause
continuous uninterrupted oscillations.

. The phase relationship between the signal and

quadrature grid voltages determines the time
duration of current flow and therefore the aver-
age plate current.

. It is zero because the phase relationship among

the radio-frequency signals is such that both
diodes receive the same net voltage. They con-
duct equal but opposite current through the out-
put circuit, producing a net voltage of zero at the
resonant frequency.

. A superregenerative detector has a very high sen-

sitivity developing a strong output from a very
weak signal input. It can be used to demodulate
AM- or FM-modulated signals. It is rather criti-
cal of tuning, has a wide bandwidth, and can
radiate an interfering signal.




ﬁg]fﬁa‘m 2nd-Class Radiotelephone License Course

Lesson 13

Receiving Systems

INTRODUCTION

In the radiocommunication service the superhetero-
dyne receiver is king. It has a high degree of stability,
excellent sensitivity, fine selectivity, and lends itself
to a practical and effective system of tuning. Occa-
sionally, however, a superregenerative receiver is used
in small lightweight equipment operating on the
higher-frequency bands, and tuned-radio-frequency
receivers are sometimes to be found in low-frequency
service. For example, most shipboard installations in-
clude a TRF emergency receiver. However, tracking,
instability, and feedback present problems which are
difficult to overcome in this type of receiver.

The superheterodyne uses a beat-frequency pro-
cess in its mixer stage. Incoming signal and local-
oscillator signal beat together to produce a “differ-
ence frequency.” When the receiver is tuned, the
frequencies of the RF amplifier and oscillator change,
so that a constant difference frequency is maintained.
The bulk of the signal amplification is done at this
fixed intermediate frequency. Since the IF amplifier
can be designed to operate at a single frequency
(which is lower than the signal frequency), high gain,
excellent selectivity, and a high degree of stability
can be achieved in circuit design. Adjustable tuned
circuits are used in an IF-amplifier system so that
each stage may be tuned individually to operate at
the intermediate frequency. In normal operation,
these tuned circuits need not be readjusted for an
indefinite period of time.

Only the incoming-RF and oscillator tuned cir-
cuits need be adjusted when the receiver has to be
operated at a different frequency. This is much less
of a problem than would be encountered with a
tuned-radio-frequency type of receiver in which
many resonant circuits have to be tuned each time
a frequency change is necessary.

An IF amplifier can be designed to display a maxi-
mum sensitivity and uniform gain over the desired
bandwidth, and its response can be made to drop off
very sharply outside of this desired bandpass. Conse-
quently, the likelihood of adjacent-channel interfer-
ence is much reduced.

Copyright © 1962 b)f Howard W. Sams & Co., Inc. Printed in U.S.A.

The use of the superheterodyne principle is not
without problems, one of which is the instability of
the local oscillator. Local-oscillator drift causes the
frequency of the IF signal to move out of the band-
pass of the IF amplifier. Distortion, reduction in sig-
nal level, and interference can result from such drift.
In radiocommunication services, the operator should
not have to interrupt his work in order to retune the
receiver; so in many receivers, the local oscillator is
crystal-controlled to prevent it from drifting off fre-
quency.

Image frequency pick-up is an ever-present super-
heterodyne problem. Also, there are spurious signal
combinations that can produce IF interference. You
are familiar with the image interference problem
which exists in the broadcast band. The local oscil-
lator of a broadcast receiver is tuned to the high-fre-
quency side of the signal frequency by an amount
equal to the IF frequency. When the intermediate
frequency is 455 ke, the local oscillator frequency
must vary between 995 kc and 2055 kc as the receiver
is tuned between 540 and 1600 kc. It is also possible
that signals on the high-frequency side of the local
oscillator frequency, if they reach the mixer, can
heterodyne with the local oscillator to produce a 455-
ke difference frequency. For example, when the
broadcast-receiver dial is set to 540 ke, the local-oscil-
lator frequency is 995 kec. If a 1450-kc signal reaches
the mixer it can heterodyne with the 955 kc local-
oscillator signal and produce an IF signal. This 1450-
kc signal is called the image frequency. Notice that it
is separated from the desired signal frequency by
twice the IF frequency (540 kc plus 2 x 455 ke=1450
ke).

As shown in Fig. 1, the image-frequency response
of a broadcast receiver with a 455-kc IF extends from
1450 to 2510 kec. Inasmuch as the broadcast band
extends only to 1600 ke, the broadcast image-fre-
quency range is said to exist between 1450 kc and
1600 kc. A broadcast receiver, therefore, when it is
tuned between 540 kc and 690 kc, can be subject
to interference from strong signals on frequencies
between 1450 kc and 1600 kec.
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. 4s5KC

I600KC

AUDIO
MIXER iF AMP DETECTOR ‘
SIGNAL AMPLIFIER | speaner
LOCAL
OSCILLATOR | 995-2055KC
Fig. 1. The basic broadcast superheterodyne.

Image frequency interference is reduced by taking
steps to prevent the image signals from reaching the
mixer. Small broadcast receivers have only the an-
tenna-mixer resonant circuit to provide selectivity.
This simple tuned circuit does not offer too much in
the way of image rejection. High-quality broadcast
receivers and most communications receivers also
include RF amplifiers and/or a group of preselector
resonant circuits that provide more selectivity with
a resulting improvement in image-frequency rejec-
tion. In two-way radio and other advanced communi-
cations services, special resonant traps are often in-
cluded which are tuned to the image signal to prevent
it from reaching the mixer.

The problem of image-frequency rejection has a
great influence on the selection of an intermediate
frequency for a communications receiver. In general,
a low IF frequency offers higher gain, more stability,
and better selectivity. However, the image response
is better with a higher IF frequency because there is
a greater separation between the signal frequency
and the image frequency. This wide separation
makes it easier to design resonant circuits which will
reject the image frequency and pass the desired fre-
quency.

Since many of the radiocommunication services
operate on frequencies much higher than the broad-
cast band, the intermediate frequencies used in com-
munications receivers fall between approximately 1.6
mc (1600 kc) and 12 mc. There are some lower-fre-
quency IF amplifiers (less than 500 kc) but these are
usually restricted to double- or triple-conversion
superheterodyne receivers (which will be discussed
later) or those applications in which there is only a
limited tuning range. For example, a low-frequency
IF amplifier is usually used in Citizens-band radio
equipment since it operates in the 27-mc range. With
the receiver tuned to the lowest-frequency channel
(26.965 mc), the image frequency with a 455-kc IF
is 27.875 mc (26.965 plus 2 x 455). It is apparent,
therefore, that the image-frequency range is outside
the tuning range of the Citizens-band receiver.

If a receiver has to cover a range of frequencies be-
tween 40 and 50 mc, it would be extremely difficult to
obtain much image rejection using a 455-kc IF, since
there would be image frequencies all along the tun-
ing range at 910-kc (0.91-mc) intervals. However, if
an IF frequency higher than 5 mc were used, the
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image-frequencies would again be outside the fre-
quency range of the receiver.

It is also important to realize that the higher the
signal frequency, the more difficult it is to obtain the
narrow RF response necessary for good image rejec-
tion, unless the image frequency is well separated
from the desired frequency. For example, if the re-
ceiver is tuned to 500 mc and a 455-kc IF frequency
were used, the RF selectivity would have to be such
that there could be no reception of a signal at 499.09
mc. This is a tough design problem. However, with a
frequency separation of 10 mc between signal and
image, the proper rejection can be obtained easily.

It is apparent that the design of a superheterodyne
communications receiver must be a compromise be-
tween good image rejection and the advantages
gained by using a low IF frequency. Therefore, one
cannot expect any definite standardization of inter-
mediate frequencies used in communications receiv-
ers, since the choice of frequency is dictated by the
type of service to be rendered, unit size, and cost.

DUAL-CONVERSION SUPERHETERODYNE RECEIVERS

The dual-conversion receiver takes better advantage
of the attributes of the heterodyne principle. It uses
both a low and a high intermediate frequency. The
high IF provides the wide spread between signal and
image frequency necessary for good RF-stage image
rejection, while the low IF provides the high selec-
tivity which results in good adjacent-channel inter-
ference rejection and high receiver sensitivity.

Fig. 2 shows a functional block diagram of a double
superheterodyne receiver which is typical of the type
used in the HF, VHF, and UHF communication
bands. In this particular set the high IF is 10.7 mc
and the low IF is 1650 kc.

CASCODE [ Fo 10.7 | FREQUENCY [10.7 10.7,[ 2ND }630,
IST IST R 2ND IF
RF AMP Mixer MCS.| CRYSTAL - aCS”| | aup [MCS'| MixeR [KCS.
1ST 2ND)
osc 0sc
Fo-10.7 —|—
25— CHeaTED) ]
R RFiow L L
PASS = = tics)
oy |FITER — Kes.
| NOISE NOISE

RECT. AMP
AUDIO OC ampP ] 2ND
Amp
LoudD

IST
\sT IMITER] LIMITER
AUDIO 8 DISC

SPEAKER

Fig. 2. Functional block diagram of an FM receiver.

In order to obtain good selectivity, most communi-
cations receivers include one or more RF amplifiers,
preceded by a low-pass filter to reject interference
from signals on frequencies above the operating
range. Although the receiver in Fig. 2 is adjustable
to certain specific frequencies within its range it is
not continuously tunable. The receiver frequency de-




pends on the crystal used in the first local oscillator.

Let us assume that the receiver is to be adjusted
to receive a signal on 66.7 mc. The first local-oscilla-
tor crystal frequency must be selected so that a 10.7-
mc difference is obtained. The crystal oscillator can-
not be made to operate on the desired local oscillator
signal frequency since, to obtain a 10.7 mc difference
frequency, the oscillator frequency must be 56 mc
(66.7 mc — 10.7 mc). This frequency is beyond the
range of a normal, stable crystal. Therefore, if the
third harmonic of the crystal is to be employed, the
fundamental oscillations can occur at 18.67 mc
(56.3), and the oscillator output circuit used to mul-
tiply the frequency to the desired 56 mc.

To obtain high selectivity for the receiver, the out-
put of the first mixer can be applied to a crystal filter.
The crystal filter is designed to give almost an ideal
response, passing the desired signal and very sharply
rejecting adjacent channel signals. After high-IF am-
plification, the signal is passed to the second mixer,
another crystal-controlled oscillator, which operates
at 9.05 mc to produce a low IF of 1650 ke (1.65 mc).
A limiter arrangement follows the low-IF amplifier,
after which the signal is fed to gated-beam detector.

As you learned in the study of FM demodulation,
the received signal causes a sharp decrease in back-
ground noise because of limiting action. When there
is no incoming signal, this background noise is ampli-
fied and the noise output in the speaker becomes an-
noying. Most communications receivers include some
method of squelching this background noise during
no-signal conditions. Additional circuits are some-
times included to reduce noise levels, particularly the
noise associated with weak signals. Suitable noise re-
jection circuits in a receiver can extend its reception
range for a considerable distance.

Audio amplifier stages raise the signal level for
driving the loudspeaker. Inasmuch as many commu-
nications receivers are used in vehicles or in other
noisy locations, plenty of audio power must be avail-
able.

THE RECEIVER IN THE SYSTEM

Receivers fit into a communications system in three
different ways. In one plan (Fig. 3A), the transmitter
and receiver are separate: each is a complete self-
contained unit. Even separate antennas are used.
This plan is most often used in high-powered point-
to-point systems or in the base station of a mobile
system.

The most common plan for mobile and low-pow-
ered base stations is shown in Fig. 3B. In this ar-
rangement the receiver and transmitter are separate,
but the power supply and the antenna are common.
Transmit-receive switching takes care of the change-
over of the antenna and power-supply facilities.
Often the transmitter, receiver and power supply are

Receiving Systems

|—‘ TRANSMITTER | POWER
l— RECEIVER POWER

| [— TRANSMITTER —]
3 POWER
L RECEIVER )
TRANSMITTER
AUDIO POWER
RECEIVER

Fig. 3. Basic receiver and transmitter arrangements,

built into a single package which is called the trans-
mitter-receiver unit.

Smaller-sized, lower-power, and/or lower-cost
units, similar to the one shown in Fig. 3C, are called
transceivers. Not only are the power supply and an-
tenna system common, but certain other circuits are
used by both the transmitter and receiver. In most
of these the audio section doubles as both a speech
amplifier-modulator and an audio amplifier-audio
output section. Transceivers are available for both
AM and FM use, although usually they are associ-
ated with AM systems. Citizens-band radio units and
small-boat radiotelephone transceivers are typical of
AM types.

TYPICAL COMMUNICATION RECEIVER

A schematic diagram for the receiving section of an
Aerotron mobile FM transceiver is shown in Fig. 4.
From the specifications, given in Fig. 5, notice its
high order of frequency stability. As mentioned pre-
viously, this is very important because many com-
munications receivers are not tunable, and since they
are operated by non-technical personnel, they must
hold firmly to the desired signal frequency.

Sensitivity ratings of less than 1 pv are typical for
receivers of this type. The sensitivity of this particu-
lar receiver is given as 0.6 microvolt for 20 db quiet-
ing which means that 0.6 microvolts of signal input
will cause the receiver noise output to be 20 db less
than with no signal.

As is customary in voice-communication systems,
the audio bandwidth is quite narrow—extending
from 300 cps to 2500 cps. The selectivity of the re-
ceiver is quite narrow—the 6 db-down points are
usually only 7.5 kc apart. The bandpass is flat within
1% db over a 6-kc bandwidth; however, note that the
response is down 100 db just 16 kc on either side of

99



001

JOOIUNWWOD W4 uosoIdy " "By

*13A13331 SUOI

o
(4]
o
-
RF. AMPLIFIER I, MIXER Ist L¥. 2ne. MIXER s
g g F.
172 sose 112 cos8 172 68RE 172 68R8 172 68RO oo =
SXV-101 = V=103A V-104A ¥-108 s
SXV-103 SXV-104 Sxv-108
R-HO
ar0n (7]
! "]
-
. It e
LI 7]
470K |"005 Rusy C-122| 3
003
Ifa
" &
Lcazo
32 n-100
_12 o1 120
S ERLE] n-ue R-13 __4_E 3
] g 18K Y3 = .
Ist. LOCAL I:':r 2nd, LOCAL
172 6BR8 = == uzoég'na
o——\—zu LTer v-toze c-us v-104|
E rummuv—ol ‘o loLano T 7
34 FREG MAT—-O3 \ go—uc (13 LK ( PR é’
amrrea wntA0* - ) 8oL Lneren —r- 3 /, \ Tv-02
m.m-h\c? O;L-mmcn ,_.__/753;\_“_ 1300 [
~L=c w01 {2 L-104 e . \
va0, 2 ) bl e
J-401 = a-104 L 3 k-ur
oo TEST JACK 3 3300 G T b
v-202 T
Lo} |
5 W
L=104
= 4 —
CRYSTAL OVEN
LD DC AMPLIFIER c _L—‘
AUDIO It AUDIO NOISE AMPLIFIER - TER 3 o
AMELIFIER /2 12ax7 ve &8 - e posI
V-1 v-107 v-108
Sxv-108 C-134 i34 i SXV-107 Sxv-106 =
P
L)
o148 =
cacx ] 08 =102 _
_L «F ottt} 1 s
casg L' = E I== L
- -
dos, T~ |aue U | ol
____)z 0 ] I_‘_—___l'
=2 r R
S eF
wr
Elu R.143 R-142
“Te2%0 sl:'u -?21 0ox $100K —
+ A2
—— 125 (LN
128 o
oK, 1w 7230
lc . QO -s01 Pv 1 (Su-cou riee ;.‘,’u o3
“ol
[1:51] 6 66RS €BHE 6AUS 6BNG 12AX7 TES =
V-0 v-103 ¥-104 V03 $h0e v-i07 Ast $ae TALL ResisTons AnE w2 WATT U0
_ ZALL CAPACITORS ARE MFD U.0.8.
LN o—.— REMOTE SOUELCH o3
—LOz, \105—«1»0 an =300 PN 100 P s P s J'r 3 . 0 .
—TO’ \ / ‘07—— TRANS 0. (8) N '
MKE (T —;_0 0-—4——— 8 (C) =3
3201 Pe1
REMOTE JACK
J-402 SCHEMATIC DIAGRAM 8N IS/U
RECEIVER




Receiving Systems

Frequency Stability:
Sensitivity:
Selectivity:

Modulation Acceptance:

Overall System Audio Response:
Audio Output:

Audio Level:

Squelch:

0.00059%, over —40 to +75°C

0.6 microvolt or less for 20 db quieting

+ 7.5 kc at 6 db down

+ 16 kc at 100 db down

=+ 14 db throughout band-pass range of = 6 kc

=+ 2 db from 300 to 2500 cycles

1.5 watts with less than 109, distortion

Less than 1 db variation in audio output from 0.6
microvolt to 0.1 volts RF input

Fully noise compensated; front panel adjustable

Fig. 5. Specifications of receiver.

the center frequency. This will give you a good idea
of the selectivity that is incorporated into a modern
communications receiver.

The audio output of 1.5 watts has less than 109
distortion. Furthermore, there is no more than 1 db
of variation in this output for signal levels from 0.6
uv to 100 mv. Thus, there will be an essentially con-
stant audio output despite wide input-signal varia-
tions—a condition which is quite prevalent in mo-
bile-radio services. As a result, it is not necessary for
the operator to continually change the audio volume
control when reception is switched among various
stations.

As can be seen in Fig. 4, the RF amplifier is cas-
code-connected. Most servicemen are familiar with
the use of the cascode amplifier in television tuners.
It is used in high-frequency communications receiv-
ers because of the same favorable operating features:
namely, low noise content, favorable impedance rela-
tions, and high stability. Transformer L101 provides
a match between the low-impedance antenna system
and the input to the cascode amplifier. AVC is ap-
plied to grid 2 to prevent overloading when strong
signals are received.

A series-resonant circuit consisting of C101 and
L1102 is connected from the plate of the first section
of the cascode to ground. This image-rejection circuit
is made resonant to the image frequency (signal fre-
quency plus twice the IF frequency). This simple
technique is very effective for a fixed-tuned receiver,
however, image-frequency rejection becomes more
difficult when a receiver must tune over a band of fre-
quencies.

A three-section resonant network links the output
of the cascode amplifier to the grid of the triode
mixer. The selectivity of a tuning circuit at high fre-
quencies is usually poor when a single resonant cir-
cuit is used. A group of resonant circuits in cascade
improves selectivity making it possible to obtain
faster drop-off response immediately outside of the
desired bandpass. Cascade resonant circuits are quite

common in communications receivers. In fact, some
IF circuits may use as many as ten sections.

In your study of piezo-electric crystals you learned
that they display characteristics similar to resonant
circuits, therefore, crystals connected in various con-
figurations can be used to obtain almost ideal selec-
tivity curves. Many communications receivers use
these “crystal filters” as the major component in
determining the selectivity of the receiver. Such a
crystal filter (FL-102) is connected between the out-
put of the first mixer and the input of the high-IF
amplifier.

The local-oscillator signal is coupled to the mixer
through capacitor C107. A pentode crystal oscillator
is used with the grid-cathode circuit components
chosen for efficient overtone operation. Inductor
L1104 and the capacitance of the tube function as an
impedance-matching network because a crystal has
a low impedance in series-mode overtone operation.
A high impedance thus exists from grid to ground at
the crystal’s third harmonic; the plate circuit of the
oscillator is also tuned to the third harmonic of the
crystal frequency. Small changes in oscillator fre-
quency can be made by the 1.104 adjustment, allow-
ing the crystal to be set precisely on frequency.

The crystal filter is hermetically sealed and con-
tains six elements. The networks L107 and L108 are
impedance matching devices; 1.107 matches the first
mixer to the crystal filter and L108 provides a match
between the filter and the first IF stage.

The first IF amplifier employs a single-tuned reso-
nant circuit in its output. Resistor R110 provides
some loading of the resonant circuit to obtain better
bandpass and tuning stability. The output of the first
IF amplifier is capacitively coupled through C114 to
the grid of the second mixer.

The second mixer receives its local oscillator signal
from a crystal oscillator operating on the 9.05-mc
fundamental mode of the crystal. The 1.65-mc out-
put of the second mixer is coupled through a double-
tuned IF transformer to the grid of the second IF
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stage. After amplification, the IF signal is coupled
via another double-tuned transformer to the first
limiter.

The limiter operates at very-low plate and screen-
grid potentials because of the voltage drop intro-
duced by resistor R123. Receiver gain ahead of this
stage is so high as to produce a small negative volt-
age across RC-102 from thermal receiver noise alone.
This voltage may be measured at pin #8 on test jack
J401 and is an excellent indication of overall receiver
gain. If the voltage measured at this point is below
—0.3 volts (with no signal input), the gain of the
preceding stages is marginal, indicating that tube re-
placement or receiver realignment may be necessary.

It is apparent that the average communication re-
ceiver is highly sensitive; therefore, provisions should
be made to allow limiting of even very weak signals.
The limiter tube will limit signals of less than 1 uv
measured at the antenna terminal.

A gated-beam tube is used as the demodulator and
second limiter. Operation of this circuit is described
in Lesson 12. The demodulator output is coupled to
two circuits. PC-101 contains components which
function as a bandpass network which couples noise
components to the control-grid of the noise amplifier.
The demodulator output is also passed through a de-
emphasis network, composed of resistor R128 and
capacitor C133, and coupled by C134 to the audio
gain potentiometer R136. The signal from this con-
trol is conveyed via capacitor C135 to the triode
audio amplifier, and thence to a pentode audio-out-
put stage.

Noise amplifier tube V103 operates with a con-
stant gain. Its noise output is rectified by crystal
diode CR101 and filtered by resistor R133 and capa-
citor C137 developing —9 volts DC at the grid of the
DC-amplifier tube. The grid-to-cathode voltage of
this tube is determined by this —9 volts and the posi-

tive voltage present at the cathode as a result of volt-

age divider R139 and R137 and squelch control
R138.

The DC-amplifier plate-current flow through re-
sistors R140 and R142 determines the DC voltage
that is present between cathode and grid of the first
audio stage. This voltage is enough to cut off the first
audio amplifier stage when no signal is being re-
ceived, thereby muting the receiver and preventing
receiver noise from reaching the loudspeaker. The
noisé signal rectified in the output of the noise am-
plifier develops about +9 volts at the grid of the DC
amplifier.

When a signal is received, the noise level drops be-
cause of limiter action and the noise-rejection char-
acteristics of FM demodulation. Consequently, very
little (if any) noise reaches the grid of the noise am-
plifier, therefore the +9 volts is no longer present at
the grid of the DC amplifier. This removes the cut-off
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bias from the grid of the first audio amplifier, per-
mitting the stage to operate in a normal manner. The
audio signal is amplified and applied to the audio out-
put stage and loudspeaker.

The first audio amplifier tube is often called the
squelch or gated tube because it is controlled by the
presence of noise at the output of the sound detector.
When no signal is being received the noise compo-
nents are strong, and the receiver is muted. Upon re-
ceiving a signal, the noise components are reduced,
the squelch tube bias becomes normal, and the audio
system operates.

PREPARING FOR THE LICENSE EXAMINATION

1. Why are high-reactance headphones generally
more satisfactory than low-reactance types, for use
with radio receivers?—High-reactance headphones
allow a receiver to be operated into a higher impe-
dance load. They can be coupled directly to the plate
circuit of a tube, presenting less load and permitting
a greater audio signal to be developed.

2. Why should polarity be observed in connecting
magnetic headphones directly in the plate circuit of
a vacuum tube?—To insure that the fields of the elec-
tromagnet and permanent magnet are aiding. This
precaution need not be observed for crystal headsets.

3. If low-impedance headphones (on the order of
75 ohms) are to be connected to the output of a
vacuum-tube amplifier, how can this be done to per-
mit most satisfactory operation?—A transformer
should be used to match the high-impedance output
of the stage to the low impedance of the headset.

4. What type of radiotelephone receiver, using
vacuum tubes, does not require an oscillator?—A
tuned-radio-frequency (TRF) receiver.

5. Draw a diagram of a tuned-radio-frequency re-
ceiver—See Fig. 6.

6. What is the principal advantage of the tetrode
over the triode in a radio receiver?—The tetrode does
not require neutralization; also, tetrode stages usu-
ally have higher gain.

7. What type of radio receivers are subject to
image interference?—Superheterodyne receivers.

8. What types of radio receivers contain IF trans-
formers?—Superheterodyne receivers. These are the
transformers that transfer the IF signal between IF
amplifiers.

9. Draw a block diagram of a typical superhetero-
dyne.receiver using a 455-kc IF and capable of receiv-
ing AM signals. Indicate the frequencies in the vari-
ous stages when the receiver is tuned to 2450 kc.
What is the frequency of a station that might cause
image interference to the receiver when tuned to 2450
kec? The image frequency would be 2450 kc plus two
times the IF in kilocycles. In the example of Fig. 7,
with an IF of 455 kc, the image frequency would be
3360 ke (2450 4 2 X 455).
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Fig. 6. Tuned RF receiver.
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Fig. 7. Functional block diagram of a superheterodyne receiver.

10. Explain the purpose and operation of the first
detector in a superheterodyne receiver. It is a mixer
consisting of a nonlinear stage that mixes the incom-
ing signal with the local-oscillator signal. The result
is a difference frequency in the output corresponding
to the frequency of the IF amplifier in the receiver.
To keep the signal-frequency, local-oscillator, and
sum-frequency components from appearing in the IF
amplifiers, they are eliminated by the output circuit,
which is tuned to emphasize the difference frequency
only.

As the receiver is tuned over a given frequency
range, the local-oscillator frequency follows the fre-
quency of the input circuit, to insure that the first de-
tector produces only the intermediate frequency.

11. Explain the relationship between the signal,
oscillator, and itmage frequencies in a superhetero-
dyne receiver. In a superheterodyne receiver, it is
possible for a signal other than the desired one to mix
with the local-oscillator signal and produce an IF
difference frequency. In the example of Fig. 7, the

desired input frequency is 2450 kc. If the local-os-
cillator frequency is set to 2905 kc, a difference fre-
quency of 455 kc will appear in the output. A strong
signal on 3360 kc may reach the grid of the mixer.
If the signal beats with the local-oscillator signal, a
difference frequency of 455 ke (3360 minus 2905) is
again produced. Hence, it is possible for an image-
frequency signal to interfere with the desired signal.

Image-frequency interference is reduced by using
highly-selective input circuits, RF stages between the
antenna and mizxer, and double or triple conversion.

12. If a superheterodyne receiver is tuned to 1000
ke and its local oscillator is operating at 1300 ke,
what incoming signal frequency could cause image
reception? 1600 kc. The receiver IF is 1300 kc minus
1000 ke, or 300 kc. The image frequency is 1000 kc
plus two times 300 kc, or 1600 kc.

13. What are the advantages of adding a tuned RF
amplifier stage ahead of the first detector (converter)
stage of a superheterodyne receiver?>—DBetter image-
frequency rejection and selectivity, higher signal-to-
noise and signal-to-interference ratios, and reduced
local-oscillator radiation.

14. What is the purpose of operating a second os-
cillator near the intermediate frequency of the re-
ceiver?>—To permit reception of a CW or any other
unmodulated carrier. Such an oscillator is called a
beat-frequency oscillator (BFO).

15. What is the purpose of shielding in a multi-
stage radio receiver?>—To prevent oscillation. When
several high-gain amplifiers are used, even a very
small percentage of the output signal, if fed back to
the sensitive input stages, will set up oscillations
which make the receiver unstable or inoperative.
Good shielding prevents radiation and minimizes
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hum and noise pickup. Undesired magnetic and elec-
tric coupling are also minimized by proper shielding.

16. What is AVC and how is it accomplished in a
radio receiver?—Automatic volume control (AVC)
permits the receiver to display maximum sensitivity
to a weak signal, while lowering its sensitivity to a
strong signal. AVC action prevents a moderate or
strong incoming signal from overloading the receiver
and distorting the output, or causing the receiver to
become inoperative because of blocking. It also im-
proves the signal-to-noise ratio.

AVC action is accomplished by taking a DC con-
trol voltage from the diode detector or a special AVC
diode stage. The diode current is applied to a resistor-
capacitor combination which has a long time-con-
stant; the negative side of the capacitor supplies bias
to one or more IF or RF stages. When a strong signal
is received, a high negative voltage appears on the
AVC capacitor and line, reducing the receiver gain
and preventing the strong incoming signals from
overloading the other stages. When the incoming sig-
nel is weak, there is little or no DC voltage on the
AVC capacitor. Consequently, the receiver gain and
sensitivity remain at their maximum.

17. What is meant by double detection in a re-
ceiver?—A superheterodyne is sometimes referred to
as a double-detector receiver. The first detector is the
mixer, which converts the incoming signal to the in-
termediate frequency. The second detector demodu-
lates the IF envelope to recover the original modula-
tion.

18. Compare the selectivity and sensitivity of
tuned-radio-frequency, superregenerative, and su-
perheterodyne receivers—The superheterodyne re-
ceiver has high selectivity and sensitivity, but is the
most elaborate of the three.

The superregenerative receiver has a very high sen-
sitivity, considering the few stages used, but its selec-
tivity is poorest.

A tuned-radio frequency receiver can be made to
have a good sensitivity, and its selectivity depends
on the number of RF stages employed. It is often em-
ployed for emergency use (where low power-drain is
important) because stability, selectivity, and sensi-
tivity can be obtained with only a few stages. It does
not radiate unwanted signals because it has no os-
cillating stage.

19. Draw a block diagram of an FM superhetero-
dyne receiver and compare operation with an AM
set.—The RF, mixer, local oscillator, and IF-ampli-
fier systems are quite similar to their counterparts in
an AM superheterodyne receiver. In a wide-band FM
receiver, the bandwidths of the RF and IF stages are
broader than those in a conventional AM superheter-
odyne. The audio-amplifiers are similar except that a
deemphasis network is required, the frequency re-
sponse is broader, and the distortion is less.
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Fig. 8. Biock diagram of an FM receiver.

The receiver of a narrow-band FM communica-
tions system has a limited bandwidth, and more em-
phasis is placed on stability. Often, the FM commu-
nications receiver is fixed-tuned by using crystals in
the local-oscillator circuit. The audio-frequency re-
sponse is quite narrow because communications
channels are concerned only with voice frequencies.

An FM receiver, shown in Fig. 8, uses a limiter
and an FM demodulator. The limiter stage is usually
a saturated IF amplifier that removes any amplitude
variations from the incoming FM signal. The FM de-
modulator is usually a conventional discriminator,
or a ratio detector. Sometimes a gated-beam detector
is used to remove the information from the FM sig-
nal. Some FM demodulators have limiting character-
istics—while demodulating the FM signal, they also
suppress amplitude variations. With such a demodu-
lator, a limiter stage is not normally needed. The
major difference, then, between the FM and AM re-
ceiver is in the use of limiters and FM demodulators.

LESSON 13
REVIEW QUESTIONS

1. What is an image frequency?

2. Give the advantages of a double su-
perheterodyne receiver.

3. In what two applications are piezo-
electric crystals used in a receiver?

4. Name three methods of reducing im-
age response.

5. Why is a simple superheterodyne with
a low IF frequency satisfactory for
Citizens band reception?

6. Why are RF and IF selectivity impor-
tant characteristics of a communica-
tions receiver?

7. Describe the basic principle of opera-
tion of the squelch circuit of an FM
communications receiver.

8. In what terms is the sensitivity of a
communications receiver rated?

Answers to these questions will be included
in PHOTOFACT Set No. 577
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Lesson 14

Two-Way Radio Circuit Descriptions (FM)

INTRODUCTION

Frequency-modulated systems are dominant among
the land vehicle and other two-way radio services
that come under the general heading of public-safety,
industrial, and land transportation. The most nota-
ble exception is the Citizens band radio service which
uses amplitude modulation. AM is also prevalent in
the small-boat marine and the aviation radio services.
Again there are exceptions, particularly when planes
or boats are tied in with land vehicle systems.

There are any number of two-way radio schemes
and arrangements. The most popular plan uses a base
station and a series of mobile units. The base station
is usually installed in or near the place of business,
perhaps convenient to the dispatcher’s office of a large
organization. Usually the base station transmitter
and receiver are near the operating control center of
the system.

In some cases, the transmitter-receiver unit is in-
stalled in suitable housing at the top of a nearby ridge
or at the top level of a tall building, and operated by
remote control from the control center. A variety of
combinations are given in Fig. 1. In other installa-
tions only the transmitter is located at the high loca-
tion, while the receiver is convenient to the dis-
patcher at the control center.
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Fig. 1. Mobile base station plans.
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In many two-way radio systems the base station
and each mobile station are identical, with the excep-
tion that the mobile power supply operates off the
vehicle’s battery while the base station equipment
is powered from 110 volts AC. In some schemes, the
base station and mobile equipment is added to the
base-station transmitter. In this plan the base station
power output is greater than the power output of the
mobile units, so that stronger signals are delivered to
the mobile receivers and they can move into more
difficult reception areas.

At times, an additional preselector-amplifier is
placed ahead of the regular receiver of the base sta-
tion. The added sensitivity and selectivity can be of
help in receiving longer range signals from the mobile
units. A relay station can be used to transmit
stronger signals behind ridges or into difficult recep-
tion areas at the extremes of the system range. At
the relay station, a receiver picks up the signal trans-
mitted from the control center. The demodulated
signal is then used to modulate a transmitter which
sends out a stronger signal into the difficult area. The
relay transmitter can operate at a lewer, the same,
or a greater power output than the control-center
transmitter—as determined by the area to be cov-
ered.

Vehicular installations are of two basic types. The
transmitter-receiver and power supply can be
mounted as a single unit, usually in the trunk, and
the remote control box is mounted beneath the dash-
board (as shown in Fig. 2). This control box houses
the necessary operating controls plus suitable con-
nectors for attachment of the microphone and loud-
speaker. In practically all two-way radios, the
transmit-receive switch is part of the microphone.
Depressing this switch places the transmitter on the
air; when the switch is released the radio returns to
the receive position.

A close-up of a control box as well as the micro-
phone and switch are shown in Fig. 3. Notice that
there are only three operating controls on the control
box. These are the ON-OFF-STANDBY switch, VOLUME
control, and sQUELCH control. The squelch control
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Fig. 2. Two-way radio control box and speaker.

(Courtesy Motorola, Inc.)

is adjusted for a quiet background when no signal is
being received, and should not be advanced too far
because it can have an adverse influence on the sensi-
tivity of the receiver to a weak signal. It should be
adjusted just to the point at which background noisz2
ceases to be annoying.

A second common installation plan mounts the en-
tire two-way radio set as a single unit beneath the
dashboard. As shown in Fig. 4, the control facilities
are then a part of the transmitter-receiver and power
supply unit. In some cases the speaker is built into
the same cabinet; in others, it plugs into the unit but
can be mounted wherever convenient. Receive and
transmit lights can be seen in Fig. 4. Two toggle
switches which permit the choice of one of two fre-
quencies, in both the receive and the transmit posi-
tions, are located on the extreme left and right sides
of the control unit.

COMMERCIAL MOBILE STATIONS

The transmitter schematic for the RCA two-way
radio set pictured in Fig. 4 is given in Fig. 5. As
shown at the top left of the schematic diagram, two
oscillator circuits are provided for two-frequency

Fig. 3. Close-up of control box, microphone and tronsmit switch.
(Courtesy General Electric Co.)
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Fig. 4. Single-unit two-way radio.
(Courtesy Radio Corp. of America)

operation. If a crystal oven is included, the oper-
ating frequency can be maintained within a tighter
tolerance as indicated under frequency stability in
the specifications chart. The crystal oscillator circuit
is a modified Pierce-type with screen grid, control
grid, and cathode operating as a Pierce triode os-
cillator with its oscillations electron-coupled to the
plate circuit..

The crystal frequency falls between 2 and 3 mega-
cycles according to the assigned carrier frequency. A
small trimmer capacitor 2C2 permits a precise ad-
justment of the operating frequency of the crystal
oscillator. The phase modulator is excited by the RF
signal from the untuned plate circuit of the oscillator.
The phase modulator is identical to the type dis-
cussed in Lesson 9, providing a maximum phase
swing of approximately 90°. A radio-frequency sig-
nal is supplied to both the grid (by way of capacitor
2C5) and the plate (by way of capacitor 2C6) of the
modulator. The audio signal arrives from the second
audio stage by way of a low pass filter (inductor
2L12 and capacitor 2C41), which attenuates audio
frequencies above 3000 cycles. This filter also re-
moves any spurious high frequency components gen-
erated in the clipping process.

The audio signal is supplied to the control grid of
the first audio stage through a pre-emphasis net-
work consisting of 2C48 and 2R35. When a carbon
microphone is used, the DC voltage drop developed
across 2R36, which is part of a voltage divider net-
work connected to the supply voltage line, provides
microphone bias. Jumper A is removed when the
microphone does not need bias.

The output of the audio amplifier is applied to the
series-connected audio limiter. This circuit is similar
to the limiters covered in Lessons 9 and 10. The re-
sistance of the limiter circuit, and capacitor 2C45,
provide the integration needed to round off and
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Fig. 6. Aerotron 100-watt base station.

terminal of the low-power transmitter-receiver. The
contacts of the changeover relay K601 switch the an-
tenna to the input of the receiver when the relay is
not energized. When the relay is energized with the
operation of the microphone switch, the relay con-
tacts apply the RF excitation to the grid circuit of
the power amplifier. The second set of relay contacts
link the output of the power amplifier to the antenna.

A dual tetrode is used in the push-pull power am-
plifier; no neutralization is necessary. Inductor L601
and split capacitor C603 serve as the grid tuned cir-
cuit; the split-capacitor arrangement permits the
rotor plates to be grounded even though they are a
part of a balanced resonant circuit. The grounded
rotor is advantageous because the hand capacity as-
sociated with the tuning shaft will have a minimum
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influence on the resonant frequency of the grid cir-
cuit. A combination of grid leak and external bias is
used. Switch S601 is a tune-operate control which
lowers the screen voltage during the initial transmit-
ter tuning steps.

The resonant plate circuit is composed of inductor
L604 and capacitor C605 with a parasitic resistor
connected between the rotor and ground. Resistors
R604 and R605 are also parasitic suppressors; they
reduce the tendency for an amplifier to self-oscillate
at very high frequencies. These resistors are usually
mounted very near the tube electrodes and insert a
loading resistance on any possible combination of
external components that may tend to resonate with
the tube capacities.

Inductor L605 is a low-impedance secondary wind-
ing that provides proper transformation between the
output of the power amplifier and the antenna. Ca-
pacitor C607 is used to tune the antenna system by
tuning out any reactive components that may reflect
an improper load to the transmitter or cause a mis-
match between the transmitter and antenna.

The plate voltage is decoupled by capacitor C606
and radio-frequency choke L603. An R-C decoupling
network is also used in the screen grid circuit of the
transmitter.

TRANSISTORIZED EXCITER

The GE transmitter shown in Fig. 8 uses a transis-
torized RF exciter, the oscillator of which is shown in

Fig. 7. Base station power amplifier.
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smooth the audio-signal peaks after they have been
clipped.

Notice that the second audio stage has a quiet-
channel input—a low-pitched audio tone used to
modulate the transmitter. This tone unsquelches
the receiver for the desired station. In the absence of
the tone, all receivers are squelched and interference
from other stations is eliminated. When a two-way
radio system does not possess quiet-channel capabili-
ties, it is possible for interfering signals to enter the
receiver and unsquelch the audio circuit. The use of
the quiet-channel technique requires the presence of
an audio tone of a specific frequency before the re-
ceiver will unsquelch. Furthermore, with the use of
different tones, several groups of stations can be
operated on the same radio channel and one group
will not hear communications between stations of
another group. In this arrangement, the frequency of
the audio tone determines which particular station
or group of stations is selected.

The phase-modulator output is supplied to the
control grid of the first tripler 2V2B through capa-
citor 2C9. The tripler multiplies the center frequency
of the modulated signal by three. As you learned,
most multiplier stages operate in a Class-C fashion
with a resonant plate circuit tuned to the desired
harmonic. The resonant plate circuits are completed
by jumpers connected among terminals 1, 2, 3, and
4 according to the desired operating frequency.

The RF drive to the tripler stage is indicated by
the voltage drop measured across grid resistor 2RS.
This voltage drop is determined by the tripler grid
current—which, as you learned in your study of
Class-C amplifiers, depends on the level of the RF
excitation applied to the grid. It is this grid current
that develops the Class-C grid bias for the stage.

Coupling between the tripler-plate tuned circuit
and the grid tuned circuit of the next stage is through
2C13. The individual tuned circuits are mounted in
shields; therefore, there is no mutual coupling. Pro-
per shielding of resonant circuits is also important
in obtaining stability and minimum radiation of
spurious signals. In transmitter design it is important
that only the final output frequency of the transmit-
ter be conveyed to the antenna. Various crystal and
multiplier frequencies should not reach the output
stage, and therefore must not be radiated by the
various tuned circuits used in the transmitter.

According to the final output frequency, the next
RF stage is used as either a doubler or a tripler. In
other respects this circuit is similar to that of the
previous tripler. RF drive can be indicated by meas-
uring the DC voltage drop across 2R12.

The next stage of the transmitter is a doubler. The
doubler stage (and the final PA as well) use a com-
bination of grid-leak and external fixed bias derived
from a negative source in the power supply. A mu-
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tually-coupled, double-tuned resonant transformer
conveys the RF excitation from the output of the
doubler 2V4 to the grid circuit of the power amplifier
2V5. Capacitor 2C39 and inductor 2L11 form the
tuned plate circuit of this stage, while capacitor 2C35
provides neutralization and inductor 219 and resis-
tor 2R23 suppress spurious oscillations in the output.

If switch 2S1 is open, the final power amplifier can
be operated at reduced power for tuning purposes. In
tuning the power amplifier, it is helpful to be able to
measure plate current by connecting an appropriate
meter across resistor 2R39 in the plate-voltage sup-
ply.

The power-amplifier output is coupled to the an-
tenna by way of the mutually-coupled coils 2L.11 and
2L12, and the harmonic-suppression filter 2FL1. The
variable capacitor 2C39 is used for plate tuning, while
capacitor 2C40 is used to tune the antenna circuit.
Inasmuch as the transmitter is designed to supply
signal to a low-impedance antenna system, the mu-
tually-coupled arrangement provides a transforma-
tion from the high-impedance output of the power
amplifier to the low impedance of the antenna
system.

Network 2FL1 is a low-pass filter which provides
a 70 db attenuation to frequencies above the carrier.
This network prevents the antenna system from
radiating carrier-frequency harmonics which can
cause interference in other frequency bands.

Relay 2K1 is activated by the transmit-receive
switch of the set. When the relay is energized by hold-
ing down the transmit-receive switch of the micro-
phone, the relay contacts switch the antenna from
the receiver to the transmitter. When the transmit
switch is released, the antenna is switched back to
the receiver input.

BASE-STATION POWER AMPLIFIER

Long-range communications and/or poor propaga-
tion conditions often dictate the use of a higher-
powered base station transmitter. Many systems use
mobile-type equipment at the base station or use a
base station transmitter with the same power output
as the mobile units. When the system is to be ex-
panded for operation into more difficult receiving
areas, or the range of the system must be extended, it
is helpful to be able to add certain equipment to the
base station in order to increase the power output.

An Aerotron unit is shown in Fig. 6. The cabinet
houses the additional RF power amplifier and in-
cludes facilities for the initial Aerotron 20-watt sta-
tion. The 20-watt unit, in this case, acts as the FM
exciter for the 100-watt power amplifier. The sche-
matic diagram of the power amplifier is given in
Fig. 7.

Connector J601, shown at the bottom left of the
schematic, links the power amplifier to the antenna
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Fig. 8. General Electric transistorized mobile station.

Fig. 9. The feedback ratio of the Colpitts-type cir-
cuit is established by capacitors C4 and C5, and the
collector circuit is tuned to twice the oscillator fre-
quency. A buffer stage isolates the oscillator from a
delay-line modulator, which is followed by a doubler
stage.

Notice the similarity between transistor RF cir-
cuits and those of vacuum tubes. For example, the
base and collector tuned circuits are comparable to
the plate and grid tuned circuits of a vacuum-tube
RF amplifier. Transistors, however, have low-imped-

Two-Way Radio Circuit Descriptions (FM)

ance inputs and outputs; consequently, the base and
collector elements are connected to the resonant cir-
cuits at low-impedance taps on the coils, making it
possible to obtain high-Q resonant circuits by avoid-
ing severe loading from the low impedances of the
transistors.

The phase modulator in the GE transmitter is
unique. A delay line is, in effect, an artificial trans-
mission line. As you know, it takes a specific amount
of time for an RF signal to travel along a transmis-
sion line, according to the characteristics of that line.
Likewise, it takes a specific interval of time for an RF
signal to travel down and back the electrical length
of a delay line. If the delay time of the line can be
made to vary with the audio information, the phase
of the RF signal will be varied according to the delay
characteristics of the line. This is, in effect, phase
modulation. The actual delay characteristic of a line
can be altered by a DC bias placed across the line.
If the bias on the line is made to vary at an audio rate,
the characteristics of the line will change in a cor-
responding manner, and the RF signal on the line
will be phase-modulated.

The output of the last transistorized multiplier
stage is coupled by a low impedance coupling link to
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the first vacuum-tube stage of the transmitter. Suc-
ceeding vacuum-tube stages build up the power level
of the FM signal.

In your study of Class-C vacuum tube stages you
learned that the grid current rises as the RF excita-
tion is increased by tuning the associated tank circuit
to resonance. In a similar manner, the base current
increases when the RF excitation to a transistor stage
is increased. Since this current also flows in the
emitter circuit, resonance can be indicated by an in-
crease in emitter current when the base tank circuit
is tuned to resonance.

When the collector tank circuit of a transistorized
class-C amplifier is tuned to resonance, there is a
reduction in the collector current, just as the plate
current in the vacuum-tube Class-C stage decreases
when the plate tank circuit is tuned to resonance.
Since the transistor collector current also flows in the
emitter circuit, there will be a dip in emitter current
when the collector tank circuit is tuned to resonance.
If the Q of the collector tank circuit is lowered by the
introduction of a load, there will be an increase in col-
lector current, causing a rise in the emitter current
meter reading.

Transistor stages are usually monitored by meas-
uring their emitter currents. In the schematic dia-
gram of Fig. 9, metering points are present at J101
and J102 in the emitter circuits of the buffer ampli-
fier and multiplier.
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REVIEW QUESTIONS

. What is function of the audio clipper

in an FM transmitter?

. Give the uses for a relay transmitter,

a supplemental power amplifier, and a
receiver preselector.

. What are the applications for low-pass

audio filters and integrators in trans-
mitters?

. What ismeant by instantaneous devi-

ation control (IDC)?

. Describe the principle of quiet-chan-

nel operation.

. Why is a low-pass filter usually used

in the RF power output stage of a
transmitter?

. What three adjustments are usually

associated with the RF power-output
system of a transmitter?

. How is a transistor Class-C amplifier

usually metered?

Answers to these questions will be included in

Photofact Set No. 577
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INTRODUCTION

Amplitude modulation is widely used in communica-
tions. In low-power equipment, AM lends itself to
simple circuitry and the construction of compact
equipment. Its narrow bandpass is a particular ad-
vantage in low-frequency operation. If the highest-
frequency audio component is limited to 3000 cycles,
the total required bandwidth is only 6 kc. In FM
transmission, a bandwidth of at least 20 kc is allo-
cated for a frequency deviation of only +5 ke.

AM is used extensively in the 2-3 mc spectrum for
small-boat radio allocations. In keeping with the type
of modulation widely used in IF and HF aviation,
navigation and landing systems, AM is used even in
the VHF aviation band. Amplitude modulation is
also used in Citizens-band equipment.

For point-to-point, long distance, and relay sys-
tems certain more-specialized forms of amplitude
modulation have become increasingly popular. Sin-
gle-sideband transmission (SSB) has grown encour-
agingly in recent years. This narrow-band method of
transmission has been particularly effective in over-
coming much interference in long-range communica-
tions.

SMALL-BOAT RADIO

The small-boat radio unit shown in Fig. 1 has a 20-
watt transmitter that can be operated on any one
of five channels between 2 and 5 me. Only nine tubes
are used, five of them a part of the receiver. Five
controls are needed to operate this marine trans-
mitter-receiver—the RECEIVE-TRANSMIT switch on
the microphene, and the SQUELCH, OFF-STANDBY
switch, VOLUME, and CHANNEL SELECTOR front-panel
controls. The unit incorporates a vibrator power
supply which is operated from the boat’s battery.

The oscillator section is crystal controlled, and
separate crystal circuits are provided for each of the
five channels. In the receive mode, the crystal fre-
quency will be 455 kc either above or below the sig-
nal frequency, depending on the image-frequency
problems of the particular frequency allocation.

In the receiver, a conventional double-tuned IF
amplifier is used, supplying signal to a diode de-
tector. The diode detector develops an AVC voltage
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which is applied to the grid of the IF amplifier and
the signal grid of the converter. The detected signal
is fed to the audio amplifier and output section
through a noise-limiter diode.

Noise-limiter action adjusts automatically to the
received signal level. If noise peaks exceed the car-
rier-modulation level, the noise diode cuts off and
prevents noise components from reaching the grid
of the first audio stage. As you have learned in your
study of receiver circuits, such a limiter circuit re-
duces noise but does not eliminate it. Thus it is still
important to provide noise suppressors throughout
the electrical system of the boat, just as in the case
of a car-radio installation.

A conventional squelch circuit, using a pentode
tube controlled by AVC bias, cuts off the audio
driver during the absence of incoming signal. Hence,
the loudspeaker is silent when no signal is received.

In-the transmitter section, a triode crystal oscilla-
tor is used in a Pierce circuit. A selector switch
chooses the crystal for the desired operating fre-
quency. Although the Pierce oscillator has an un-
tuned output, it supplies almost one watt, the out-
put needed to drive the modulated power amplifier.

It is interesting to note the six individual opera-
tions that are performed when the frequency selec-
tor switch is set to a new frequency. In the receiver,
two sections switch in the proper crystal circuit for
the local oscillator. In the transmitter, the frequency-
selector switch chooses the transmitting crystal, the
capacitor to resonate the power-amplifier tank cir-
cuit, the matching tap on the tank coil, and the
antenna loading tap.

The modulator section consists of a single voltage
amplifier, transformer-coupled to a Class AB. push-
pull power amplifier. The modulation transformer
matches the impedance of the modulator stage to
the input impedance of the modulated Class-C RF
amplifier. Overmodulation is prevented by the sa-
turable core of the modulation transformer and a
negative-peak clipper diode which limits the nega-
tive audio peaks which might cause modulation in
excess of 100%.

The microphone used with the transmitter is a
high-output carbon type, which is capacitively cou-
pled to the grid of the speech amplifier. The DC
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voltage needed for the carbon microphone is ob-
tained across a resistor in the cathode circuit of the
modulator. When the TRANSMIT switch is depressed,
it causes a relay to be energized, transferring the
power supply voltage and the antenna from the re-
ceiver to the transmitter. When the switch is re-
leased, both the antenna and the DC power are
again connected to the receiver.

'.':'.-:'.':
e

CUOREOLTee
RO R

4lrisa

S[rean

Fig. 1. Marco small-boat radiotelephone.

TRANSISTORIZED MARINE RADIOTELEPHONE

The marine radio shown in Figs. 2 and 3 uses a vac-
uum-tube RF section in the transmitter, but a tran-
sistorized receiver, speech amplifier-modulator, and
power supply. The power input to the final RF ampli-
fier is 65 watts. The unit uses three vacuum tubes and
ten transistors and provides a choice of five marine
channels. The receiver is also tunable over the AM
broadcast band.

The three vacuum-tube stages which comprise the
transmitter RF section are shown at the top left in
Fig. 3. A pentode crystal oscillator is used to supply
excitation to the two parallel-connected tubes of the
Class-C power amplifier stage. The voltage drop
measured across grid resistor R7 is determined by the
amount of grid current and thus indicates the RF
drive to the power-amplifier stage.

Parasitic-suppression resistors are used in the con-
trol-grid and plate circuits. Inductor L4 is an RF load
choke, while capacitor C9 blocks the DC plate volt-
age from the pi-network tank circuit. Modulation
is introduced at the junction of RF choke L4 and ca-
pacitor C8, and at the screen grids of the PA section.
Plate current can be calculated by measuring the
voltage across 10-ohm resistor R11.

The resonant frequency of the power-amplifier
tank circuit is determined mainly by the tap on tank
coil L5. This tap is pre-set at the time of installation,
according to the frequency of operation. The match
between antenna and power amplifier is determined
largely by adjustable antenna-loading capacitors
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C11 through C15. As in the previously-described
transmitter, a tapped loading coil is used to tune the
antenna system.

In transmit operation, the microphone signal is ap-
plied to the emitter circuit of the first audio amplifier,
shown at the bottom right of the schematic diagram,
Fig. 3. A transformer-coupled audio power stage fol-
lows, the output of which is coupled through trans-

Fig. 2. Kaar Marine radiotelephone.

formers T'10 and T7 to the modulator. The secondary
of modulation transformer T8 is connected in series
with the B+ voltage to the modulated Class-C am-
plifier. A modulation limiter CR3 prevents negative
overmodulation peaks while a low-pass pi-filter net-
work attenuates frequency components above 3000
cps.

Power and Control

The power-supply circuits of the Kaar Marine
Radiotelephone are quite unique. A 12-volt battery is
used to power all the receiver transistors, including
the first AF and audio-output transistors, which are
used in both the receiver and the transmitter sec-
tions. When switch S3 is closed, the battery voltage
is filtered by resistor R53 and capacitors C36 and
C65 and applied to the A4 and A— lines. Voltage
regulation is accomplished by zener-diode D1.

Notice that the positive side of the battery con-
nects to the filtered A+ line through silicon diode
CR9 which provides reverse-polarity protection. If
the battery is connected to the unit with the proper
polarity, this diode has a very low resistance and
does not impede the current flow from the battery.
As you know, transistors and other components can




be damaged when connected to a power source with
improper polarity. The function of the protective
diode is to prevent this from happening. When the
diode is back-biased it has a very high resistance that
prevents the application of power to the transistor
stages. Lamp DS2 will also light to indicate when the
battery has been connected incorrectly.

The transmitter-filament circuits are energized
when the switch S4 (lower left) is actuated. The
transmitter only goes on the air when the micro-
phone keying switch is closed. This switch closes the
contacts of relay K2 applying power to the modu-
lator transistors, and the power-oscillator.

When the transmitter power supply operates, re-
lay K1 is also energized. The contacts of relay K1
then switch a number of receiver circuits to the trans-
mit condition, and the cathodes of the transmitter
tubes are grounded, placing them in operation. The
antenna is changed from the receiver to the transmit-
ter. The audio output stage is connected to the input
of the modulator and the microphone signal is
switched into circuit of the first audio amplifier.

Receiver

The receiver section consists of a transistorized
mixer, IF amplifier, and detector-AVC combination.
The receiver local oscillator, also transistorized, is
shown at the right center, in Fig. 3.

When a communication is to be received, the chan-
nel-selector switch connects the proper mixer-tuning
capacitor according to the chosen frequency. The
same switch chooses the proper crystal so the local
oscillator will produce a 455-kc IF,

For the reception of broadcast signals, the mixer
circuit and the local oscillator must be made tunable.
In this case, the mixer tuned-circuit consists of trans-
former T2 and capacitors C16 and C17. In the local-
oscillator circuit, the broadcast setting connects
transformer T'13 and capacitors C58 and C59 to form
the resonant circuit. C16 and C58 are ganged to-
gether and form the tuning capacitor. Local-oscil-
lator injection for all bands s via the secondary wind-
ing of transformer T'12 and capacitor C52.

Two resonant circuits and a low-impedance sec-
ondary are used to couple the mixer output to the
base of the IF amplifier. A similar IF coil couples
the IF amplifier to the detector. The audio output
from the detector’s emitter circuit is coupled to the
volume control through capacitor C34.

A noise-limiter diode CR2 is associated with the
detector output. The collector-current flow for the
detector stage is a function of the receiver carrier
level; when noise components exceed this level the
noise diode CR2 opens and blocks their transfer
to the volume control. CR2 can be disabled by
switch S2.

AGC is also developed by the DC component of

Two-Way Radio Circuit Descriptions (AM)

current flow. The AGC current is applied through RF
choke L7 to the emitter of the mixer transistor. C32
and C64 function as AVC filters.

A SINGLE-SIDEBAND (SSB) SYSTEM

In a single-sideband system the carrier is first gener-
ated in a normal manner. However, during the modu-
lation process the carrier is removed, leaving only the
upper and lower sidebands. After the modulator
stage, one of the two sidebands is removed; the side-
band that remains is then amplified and transmitted.

Inasmuch as the SSB signal is actually formed at
a low signal level in the transmitter, the RF ampli-
fiers that follow need only amplify that signal. Thus
the power can be concentrated into the amplification
of this one signal component, while in a conventional
double-sideband system the power must be distrib-
uted among the carrier and two sidebands. Therefore,
for a specific single-sideband output power, the SSB
transmitter is more efficient and can be more compact
compared to a conventional AM transmitter with a
comparable communications capability.

A functional block diagram of a Collins SSB trans-
ceiver is given in Fig. 4. In the transceiver arrange-
ment a number of stages are used for both the receive
and transmit operations. The solid and dashed lines
show respectively the transmit and the receive signal
paths. The transceiver uses twenty tubes and five
crystal diodes. The unit operates within the fre-
quency band between 1.6 and 15 mc, at a power out-
put of 100 watts. The receiver sensitivity is 0.5 micro-
volts.

Transmit Operation

One of the supplemental advantages of a single-
sideband system is that a practical and low-cost
voice-operated transmitter (VOX) can be designed.
In this type of circuit, the transmitter goes on the air
whenever the operator speaks into the microphone.
When he is not speaking, the unit automatically re-
turns to its receive function.

The first stage of the transmitter, shown at the top
left of the diagram, is the speech amplifier. Its re-
sponsibility is to increase the level of the microphone
signal. Its output is sent to a cathode follower and
then to the balanced modulator. The audio signal is
also applied to a series of VOX stages including an
amplifier, rectifier, and relay control. In these cir-
cuits, the amplified microphone signal is rectified to
form a DC control voltage that operates a series of
send-receive relays. Whenever the microphone is
used, this circuit goes into operation instantaneously
and puts the transmitter on the air. The function of
the anti-trip rectifier is to prevent the loudspeaker
output, when receiving, from placing the transmitter
on the air.
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As shown at the center of the block diagram, the
carrier oscillator operates at 455 kc. This low-fre-
quency signal is coupled to a balanced-modulator
diode through a 455-kc isolation amplifier. The bal-
anced modulator generates two AM sidebands, upper
and lower, and at the same time removes the carrier.

A typical balanced modulator is shown in Fig. 5.
In a four-diode balanced modulator, the diodes are
connected in a bridge circuit. These diodes should be
matched so that they have the same forward resist-
ance. The audio is applied at two opposite corners of
the bridge; the carrier voltage is impressed at the re-
maining two corners. Modulated output is taken from
the same two terminals at which the audio signal was
applied. However, a suitable filter prevents the low-
frequency audio components from being developed in
the output circuit which couples the RF sidebands

to the next stage of the transmitter.
Ig SIDEBAND
OUTPUT

AUDIO
FILTER

CARRIER

Fig. 5. The basic balanced modulator.

When no audio signal is applied to the modulator,
the bridge is balanced; although the carrier signal is
present, the signal currents in both legs of the bridge
are the same. Consequently, there is no RF voltage
drop across terminals C and D. In other words, the
carrier-frequency signal does not reach the output of
the modulator.

The presence of an audio signal unbalances the
bridge; when the audio biases the bridge in the posi-
tive direction (a positive alternation), diodes 2 and 3
are biased in the forward direction while diodes 1 and
4 are biased with reverse polarity. As the biased
diodes are affected by the carrier signal in the now
unbalanced bridge, sideband frequencies develop in
the output. The magnitude of the sideband com-
ponents follow the amplitude changes in the audio
signal.

On the opposite alternation of the audio signal,
diodes 1 and 4 are biased in the forward direction
while the reverse bias is now applied to diodes 2 and 3.
Again sideband components are formed, which now
correspond to the negative sweep of the audio signal,
and these components appear as the output. As a
result, a modulation envelope is developed; the car-
rier is absent and the envelope shape depends upon
the addition and subtraction of the two sidebands.

The double-sideband, suppressed-carrier signal is
now fed intc a sideband filter. In the diagram of Fig.

Two-Way Radio Circuit Descriptions (AM)

4 this is called a 455-kc mechanical filter. Its func-
tion is to remove one of the sidebands. In the circuit
of Fig. 4, the upper sideband is removed while the
lower sideband is passed on to the mixer. An example
will clarify the task of the filter. Let us say that a
2000-cps audio signal is being used to modulate the
transmitter. The two sidebands at the output of the
balanced modulator will be at frequencies of 457 kc
and 453 kc. The sideband filter will pass the 453-kc
signal to its output, but it will reject the 457-kc com-
ponent. Only low frequency sidebands will be passed
to the next stage. The filter will pass those frequency
components between 454.7 kc and 452 ke, corres-
ponding to an audio frequency range of 300 to 3000
cps. It is apparent that although the filter is called a
455-kc filter, it actually passes only a band of fre-
quencies on the low-frequency side of 455 kc. The
filter is designed with as much rejection to the carrier
frequency (455 kc) and to the upper sideband fre-
quencies as possible.

The function of the balanced mixer is to raise the
frequency of the SSB signal to the actual transmit-
ting frequency of the station. The mixer is a hetero-
dyne-type, similar to the mixer in a superheterodyne
receiver. In this case, however, the injection fre-
quency is much higher than the sideband signals.
This makes the difference frequency at the output of
the balanced mixer substantially higher in frequency
than the incoming signal from the 455-kc filter.

The injection signal is supplied by the channel os-
cillator. Its output is fed to the balanced mixer
through a phase inverter. The phase inverter and bal-
anced mixer prevent the injection-frequency compo-
nent from reaching the output, in much the same
manner as the carrier frequency component was
blocked from the output of the diode balanced modu-
lator.

Let us determine the sideband-frequency spectrum
at the balanced mixer output when a 6-mc crystal fre-
quency is used. The output frequency will be the dif-
ference between the channel-oscillator frequency and
the sideband signal. As mentioned earlier, this side-
band has frequencies ranging between 454.7 and 452
ke. If the channel oscillator frequency is 6 mc, the
difference-frequencies at the output of the balanced
mixer will be in the range of 5.5453 mc (6 — 0.4547)
to 5.548 mc (6 — 0.452). The frequency relationships
throughout the transmitter and receiver are given in
the chart of Fig. 6.

The SSB signal is now increased in power level by
the RF amplifiers prior to being applied to the power-
amplifier stage. In a single-sideband transmitter, the
RF power amplifiers which follow the modulator
must operate in a linear fashion so as not to distort
the modulation envelope. Consequently, the power-
amplifier stages of the SSB transmitter are operated
either Class A or Class B, instead of Class C.
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Two-Way Radio Circuit Descriptions (AM)

TRANSMIT

Original Audio................... 30-3000 cycles
Carrier Frequency....................... 455 ke
Balanced Modulator Qutput......... 454.7-452 k¢

455.3-458 kc
Sideband Filter Qutput............. 454.7-452 k¢
Crystal Frequency........................ 6 mc
Balanced Mixed Output........... 5.543-5.548 mc

RECEIVE

Sideband Received............... 5.543-5.548 mc
Local Oscillator. ......................... 6 mc
Receive Mixer Output.............. 454.7-452 k¢
Sideband Filter Output............. 454.7-452 ke
Injection Signal......................... 455 ke
Product Detector Qutput.......... 30-3000 cycles

Fig. 6. Frequency components in the SSB system.

Receive Operation

The receiver signal path follows the dashed line in
Fig. 4. An incoming signal is first applied to the re-
ceiver RF amplifier—notice that this low-level signal
amplifier is used for both the transmit and receive
functions of the transceiver. The output of the RF
amplifier is mixed (in the receiver mixer) with a
local-oscillator signal that is derived from the same
oscillator that supplies injection signal for the trans-
mit mixer.

In the receive mixer, the incoming SSB signal
(sideband frequencies between 5.5453 mc and 6.548
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mc) is combined with the channel-oscillator signal.
The output of the mixer selects the difference fre-
quencies (the frequencies between 454.7 kc¢ and 452
ke) and applies them to the 455-kc mechanical filter.
The bandpass of this filter is the same as the fre-
quency range of the IF signal.

Following the filter, the received signal is passed
through two IF amplifiers and then to the product
detector (operation of the product detector was de-
scribed in Lesson 13). The carrier-injection signal for
the product detector is derived from the 455-kc os-
cillator. As you will recall, this oscillator was also
used in the transmit operation. The difference com-
ponents at the output of the product detector fall in
the 300 to 3000-cps audio range. A two-stage audio
amplifier follows, raising the audio to a level suitable
for speaker operation.

REVIEW QUESTIONS

1. How can coarse and fine frequency
adjustments of a resonant line be pro-
vided?

2. What is the reason for an audio clipper
in an AM transmitter?

3. What is the purpose of the balanced
modulator in an SSB transmitter?

4. Why is a sideband filter needed?

5. What is the purpose of a tapped an-
tenna-loading coil?

6. How can a transmitter resonant cir-
cuit be pre-set for operation on a par-
ticular frequency?

7. Give the basic principles of the VOR
aviation homing system.

8. Why are circuit breakers, relays, ther-
mal delay circuits, and other auto-
matic switching devices needed in
high-powered transmitters?

Answers to these questions will be fncluded
in PHOTOFACT Set No. 577
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Lesson 16

Test Equipment

REQUIRED TEST EQUIPMENT

Two or three pieces of test equipment are needed to
check out a transmitter, to make sure it complies
with FCC technical regulations. One such instrument
is an accurate frequency meter, used to determine if
the transmitter is set exactly on the assigned fre-
quency. The same meter is generally used for check-
ing the frequency stability of the transmitter. Once
a transmitter is set on its assigned frequency, its fre-
quency drift may be no more than that permitted by
FCC regulations. Generally, this requirement is in
terms of a percentage of the assigned frequency.

Modulation meters are required for checking the
percentage of modulation, to make certain it is no
greater than that permitted by FCC regulations. In
an FM system, 1009 modulation represents a fre-
quency deviation of 5 kc for some installations, and
for other services, a maximum deviation of 15 kc.
Again, the modulation meter not only is useful in
making certain that 100% modulation is not ex-
ceeded, but also permits the technician to adjust the
transmitter for adequate deviation.

Coverage and reliability are improved if the trans-
mitter is made to deviate to its maximum limit on
modulation peaks. Most transmitters include special
circuits which prevent instantaneous modulation
peaks in excess of 100%.

For AM communications systems, the amplitude
modulation must not exceed 100%. A test setup can
be arranged to measure the actual amplitude-modu-
lation percentage. Here again, the modulation level
should be adjusted as high as possible (average above
70% ) for the greatest coverage and reliability. At the
same time, modulation peaks must not exceed 1009%.
In AM transmitters, too, special circuits are usually
incorporated to prevent modulation peaks from over-
modulating the transmitter.

An accurate RF power-output meter is helpful in
deriving the best performance from each transmitter.
Most communications transmitters are FCC-ap-
proved and do not require an accurate power meas-
urement. If the transmitter is operated according to
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its accompanying instructions, it can be assumed to
be operating at the rated power output.

Whether this type of transmitter, or one that re-
quires power-output measurements, is employed, a
power indicator is useful—if for no other reason than
making certain the transmitter is matched to the
antenna system. When the two are matched, the
antenna radiates almost the total power the trans-
mitter is capable of delivering.

Simpler test equipment such as RF output indi-
cators, absorption wavemeters, grid-dip oscillators,
and others are useful in transmitter tune-up and re-
ceiver adjustments, and in the localization of trouble
in the two-way radio system.

An accurate signal generator is particularly impor-
tant in receiver alignment. Many of these receivers
have an extraordinary sensitivity, down to less than
1 uv. This sensitivity is possible only if the receiver
circuits have been critically aligned. Keep in mind
that most of these receivers are fixed-tuned—the
user has no way of tuning in the signal if it is absent
or mushy.

Some standard pieces of electronic test equipment
such as a VOM, VTVM, capacitor checker, oscillo-
scope, and other component testers are helpful, too.

THE ABSORPTION WAVEMETER

The basic RF indicator and frequency meter is the
absorption wavemeter shown in Figs. 1 and 2. It is
hardly more than a calibrated resonant circuit which,
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Fig. 1. Principle of the absorption wavemeter.
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Test Equipment

when coupled near the source of RF energy, can with-
draw some of the energy. This meter will absorb
maximum energy when tuned to the same resonant

frequency as the source,
& DIODE
ES #
LG e T O
Fig. 2. Indicators for absorption wavemeters.
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PILOT
LIGHT

Some form of RF indicator such as a lamp, neon
bulb, or crystal-and-DC-meter combination can be
used to indicate the relative strength of the energy
absorbed by the resonant circuit of the wavemeter.
When the wavemeter is tuned to the frequency of the
RF source, the indicator will read maximum; but if
tuned to either side of the resonant frequency, the
meter reading or lamp brilliancy will decrease.

If the resonant frequency of the wavemeter tank
circuit is known from the dial setting, the frequency
of the RF energy can be determined. Usually the
capacitor dial of the wavemeter is calibrated in fre-
quency. Therefore, the setting of the pointer on the
calibrated scale, when the capacitor is tuned for
maximum RF indication, shows the frequency of the
RF signal being measured. In other absorption wave-
meters, the dial is calibrated from 0 to 100 and the
exact resonant frequency of the tank circuit is deter-
mined from a chart.

Wavemeters are usually equipped with replace-
able coils so they can be made to operate on different
frequency bands, with a separate dial scale or calibra-
tion chart for each band.

To provide minimum loading and additional con-
venience, some absorption wavemeters include a low-
impedance pickup coil. The main meter coil remains
part of the wavemeter proper and is not coupled to
the RF energy being measured. The small pickup
loop is coupled to the source of energy and transfers
the small amount needed into the absorption-wave-
meter circuit (Fig. 3).

The absorption wavemeter is important in making
approximate frequency measurements while a trans-

Ima
B o -
T g8
PHONE
! JACK
PICKUP
LOOP

Fig. 3. Absorption wavemeter with pickup loop and phone jack.
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mitter is being tuned. It also serves as a good indi-
cator of the strength of the RF energy. When set at
a fixed position from the energy source, the influence
of tuning on the output can be noticed immediately.

Most absorption wavemeters also include a phone
jack into which a pair of headsets can be plugged, and
any modulation on the RF signal heard. Hente, when
the absorption wavemeter is used to check out RF
amplifiers that convey a modulated RF signal, the
quality of that modulation can be tested, using the
detector circuit that is part of many absorption wave-
meters. (For proper demodulation of an FM signal,
some form of FM detector would have to be associ-
ated with the wavemeter.)

The wavemeter principle can also be used as a
sensitive RF output indicator. In fact, it is no prob-
lem to attach a small antenna to a wavemeter, as
shown in Fig. 4, to make it even more sensitive to the
output of a transmitter.

WHIP
ANTENNA

vy INDICATOR

9 "1 CIRCUIT

Fig. 4. Use of wavemeter principle in an RF indicator.

If the wavemeter is tuned to the transmitter oper-
ating frequency and placed somewhere in its imme-
diate vicinity, a strong RF indication can be ob-
tained. It is in effect a field-strength meter. With the
meter positioned a fixed distance from a transmitter,
various tuning adjustments can be made to maximize
the RF output. In fact the wavemeter, if placed in
the field of the transmitter antenna, permits a rather
good indication of the tuning of the antenna system
and the effectiveness of energy transfer from trans-
mitter to antenna.

TUNING METER

A nonresonant RF indicator is shown in Fig. 5. This
is a very popular instrument for field checking the
power output and tuning of communications trans-

WHIP
ANTENNA

y

@

bc =
200 JIAMP et

Fig. 5. Typical RF field indicator.




mitters. In consists of a crystal diode and a sensitive
DC meter. The indicator is a simple rectifier-and-
filter circuit. Capacitor C1 and potentiometer R1
function as a filter to smooth out the unidirectional
detector pulses. Thus, the steady current flow
through the DC meter is a function of the signal
strength at the input. To improve the sensitivity of
the device, particularly when HF and VHF signals
are being checked, a short antenna can be attached.
Sensitivity can be adjusted with potentiometer R1.
The amount of resistance inserted into the circuit
influences the amplitude of the current flowing
through the DC meter.

A tuning meter of this type, when placed near the
transmitter or its antenna, will indicate the relative
power output of the transmitter, and the effect of any
transmitter adjustment on the power output can
then be noted.

It must be stressed that this type of RF meter,
being untuned, is sensitive to an extremely wide fre-
quency range. For this reason, it cannot be used to
check the transmitter frequency.

GRID-DIP OSCILLATOR

The grid-dip oscillator is a useful test instrument for
checking transmitter circuits. Most grid-dip oscil-
lators can also be used as absorption wavemeters.
The grid-dipper contains a frequency-calibrated
oscillator. The Millen grid-dip oscillator in Fig. 6
uses a Colpitts circuit that operates over a frequency
range between 1.7 and 300 mc. Seven plug-in coils
are employed to cover overlapping frequency ranges
between these two extremes. A sensitive DC meter

Fig. 6. Circuit of the Millen grid-dip oscillator.

M2 is positioned in the oscillator grid circuit for
measurement of the current there. The variable
capacitor of the grid-dip oscillator is accurately cali-
brated and is used, in conjunction with an accom-
panying chart, to set the oscillator to a specific
frequency.

As a grid-dip oscillator, the test unit can be used
to determine the resonant frequency of a de-ener-
gized tuned circuit. When a resonant circuit is
brought close to the oscillating tank circuit, the
tuned circuit under measurement absorbs some of

Test Equipment

the energy from the oscillator tank circuit. (Refer
to Fig. 7.) Inasmuch as energy is removed from the
tank circuit of the grid-dip oscillator, the oscillator
feedback into the grid circuit decreases. As a result,
the grid-current meter reading drops, or “dips.”

ANTENNA INPUT

K

RECEIVER
UNDER CHECK

3l

UNENERGIZED
RESONANT CIRCUIT ® TUNE @ AS SIGNAL
o ®

FOR DIP GENERATOR

(A) Determining resonant frequency
of o de-energized circuit.

(B) As a signal generator.

. SIGNAL TUNE FOR
(C) As a grid-dip SOURCE ZERO BEAT
oscillator. @ IN HEADPHONES
HETERODYNE
FREQUENCY - —é 2)
METER

Fig. 7. Using the grid-dip meter.

When the grid-dip oscillator is set on the exact
frequency of the resonant circuit under measure-
ment, the meter will dip to its minimum value. This
setting indicates that the grid-dip oscillator is gen-
erating a signal of the same frequency as the reso-
nant tuned circuit under check.

A grid-dip oscillator can be utilized as a signal
generator, as shown in Fig. 7. Therefore, it can be
used in signal-tracing a communication receiver, and
if the dial can be calibrated very accurately, for
alignment work to a limited extent.

The grid-dip oscillator can also be employed as an
oscillating detector, similar in action to a heterodyne
frequency meter. In this application, as shown in
Fig. 7, the grid-dip oscillator is brought near the
source of RF energy. A pair of headphones, inserted
into its phone jack, will pick up a beat note when the
frequency of the grid-dip oscillator is brought near
the signal-source frequency. If this note is zero-beat,
the grid-dip oscillator is set to the same®frequency as
the source of the signal. In this application the grid-
dip oscillator has been used for determining the fre-
quency of an unknown signal source.

The oscillating-detector principle of the grid-dip
meter can in itself be used to calibrate the meter
accurately, as shown in Fig. 8. In this check, it is
coupled near a crystal-controlled frequency stand-

WWV SIGNAL
FREQUENCY - /
STANDARD H TUNE FOR ”
ZERO} BEAT: COMMUNICATIONS
@ ® RECEIVER
HETERODYNE
METER| @ ® _|AS GRID-DIP OSCILLATOR

(A) By using o frequency (B) By using o communications
standard. receiver.

Fig. 8. Calibrating a grid-dip meter.
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ard. Whenever the grid-dip oscillator is tuned to the
crystal frequency or one of its harmonics, a beat note
will be heard. At the beat-note position, the grid-dip
calibration should be checked. Some grid-dip oscil-
lators provide a calibration control so the oscillator
can be reset if it has drifted.

Still another method of checking the calibration of
a grid-dip oscillator is to tune a communications re-
ceiver to WWYV frequency (2.5, 5, 10, 15, 20, and
25 mc), as in Fig. 8. The grid-dip oscillator is then
tuned to the same frequency. When a zero beat is
heard at the receiver output, the grid-dip oscillator
has been set to the same frequency as the incoming
WWYV signal. The dial calibration can be checked at
this point.

When the oscillator tube is turned off, the grid-dip
oscillator becomes an absorption wavemeter because,
with no plate potential supplied to it, the tube func-
tions as a diode and the meter becomes part of the
diode load circuit. When coupled near and tuned to
the frequency of an RF energy source, the meter will
indicate any current increase. The operation is sim-
ilar to that discussed for absorption wavemeters.

POWER OUTPUT

Power output can be measured by attaching a
dummy load to the transmitter output. The dummy
load should have the same impedance as the antenna
system into which the transmitter normally works.

TRANSMTTER | puMmy .

UNDER TEST LOAD SR oc
CALIBRATED
INRF VOLTS

OR WATT

RF
CURRENT
METER

Fig. 9. RF power-output measurement.

An RF ammeter (Fig. 9) can be inserted into the
dummy-load circuit. Power output will be:
P=1I°R
A calibrated RF voltmeter can also be used to
measure the RF voltage across the dummy load. In
this case the RF power output is:

P=E?/R
FRONT
PLATE
I BACK
5 ! PLATE
COAXIAL PARALLELED
CONNECTOR RESISTORS

Fig. 10. Home-constructed dummy load.
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An RF voltmeter is generally a crystal diode recti-
fier and a sensitive DC meter calibrated to measure
RF voltage. The technician can build up a matched
dummy load by using parallel resistors, coaxial fit-
tings, and a mount, as shown in Fig. 10, The 50-ohm
dummy shown can be plugged into the antenna-out-
put fitting of the transmitter. Resistors should have
sufficient ratings to dissipate the output power of the
transmitter.

COMMERCIAL RF POWER METERS

A problem in making RF power measurements is that
circuit operating conditions change when the test
instruments are inserted across the transmitter out-
put or into the transmission-line path between the
transmitter and antenna system. Commercial instru-
ments, referred to as insertion-type RF wattmeters,
provide the answer to this problem.

Fig. 12. Gertsch Model FM-6 frequency meter.




A typical inserticn-type wattmeter is the one made
by Bird Electronic Corporation and shown in Figs.
11 and 12. This unit is designed specifically for line
insertion between a 50-ohm transmitter output and
a 50-ohm antenna system. As shown in Fig. 12, it is
inserted between the transmitter output and the co-
axial transmission line going to the antenna system.
Various plug-in termination elements are made avail-
able. By insertion of the proper element, six wattage
ranges can be measured—0-10, 0-25, 0-50, 0-100, O-
250, and 0-500.

The instrument responds to the direction of wave
travel and is capable of measuring the power in the
forward wave traveling between transmitter and an-
tenna, as well as the power contained in the reflected
wave traveling back toward the transmitter because
of a mismatch in the antenna system. It is apparent
that the RF wattmeter is helpful not only in making
power measurements, but also in adjusting the trans-
mission line and antenna system for a minimum
standing-wave ratio to insure the most efficient trans-
fer of power from transmitter to antenna.

In using an RF power meter of this type, it is very
important to insert a plug-in element of the proper
size and in the proper direction. For example, the
reflected power of a closely matched system is much
lower than the direct power. To make an accurate
measurement of the reflected power therefore re-
quires the use of a low-power plug-in element. More-
over, if this element is inserted in the improper direc-
tion, the strong direct power will be supplied to it,
and the crystal and meter could be damaged.

FREQUENCY AND FREQUENCY-DRIFT MEASUREMENT

The FCC requires that each transmitter operate on
its assigned frequency or frequencies. Futhermore,
any drift from that assigned frequency must be main-
tained within strict tolerances. In most two-way
radio services, the permissible percentage of drift is
only 0.0005% at frequencies over 50 mc.

The frequency meter must be of the highest qual-
ity, and its tolerances should be even stricter than
those of the transmitter if exacting frequency meas-
urements are to be made. A drift tolerance of 0.0001
per cent permits more accurate setting and measure-
ment of transmitter frequency than a less accurate
one.

An example of a signal generator with an accuracy
of 0.00001% (one part in a million, PPM) is the
* Gertsch model in Figs. 12 and 13. It is both a very
accurate signal source and a precision frequency
meter. In the communications services between 20
and 1000 mc, it can be used to measure a transmitter
frequency exactly (well within FCC tolerances), to
set a transmitter on a specific frequency, and to pre-
cisely align a sensitive fixed-tuned communications
receiver.

Test Equipment
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Fig. 13. Block diagram of Gertsch frequency meter.

The functional block diagram of a VHF signal
generator and frequency meter is shown in Fig. 15.
The two blocks at the top right function as a hetero-
dyne frequency meter. The signal to be measured is
applied to the beat detector, along with a signal of
known frequency from the high-frequency oscillator
and buffer of the generator. The resultant zero beat
between the incoming signal and the fundamental
or harmonic output of the internal oscillator is am-
plified and used to present a visual or aural indica-
tion. Headphones or a meter can be used to establish
an exact zero beat, and the dial reading indicates the
unknown frequency.

The dial of the high-frequency oscillator used in
the heterodyne frequency-meter section is calibrated
in 1-mc increments between 20 and 40 mc, as indi-
cated on the scale at the top left-hand corner of the
instrument. To obtain a reading accuracy of one part
per one million, there must be an elaborate means
of interpolating between these 1-mc points.

A 1-mc crystal oscillator with an accuracy of bet-
ter than one part in 100 million is used as a base fre-
quency in making this interpolation. The 23rd to
42nd harmonics of this crystal oscillator are beat
against the output of the high-frequency oscillator
and buffer, and a harmonic is selected that beats the
output down to an IF range between 2 and 3 mc.
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Let us follow the example shown in the block dia-
gram. The incoming signal frequency is 22.176820
mc. Of course, this is not known when the signal is
first applied. However, a zero beat was obtained when
the high-frequency oscillator and buffer was tuned
somewhere between 22 and 23 mc, as shown in the
read-out blocks at the top left of the block diagram
in Fig. 13.

The proper harmonic of the 1-mc crystal is deter-
mined by choosing the next lower one to the reading
on the megacycle dial. (Notice the number 22 di-
rectly below the main scale of the megacycle dial.)

After the signal is beat down into the 2-3-mc range
(25-22.176820 = 2.823180), a 100-kc oscillator is
utilized as a base frequency. One of its harmonics is
now employed to beat the 2-3-mc component down
to the 300-400-kc range. This is accomplished by
positioning the set switch of the 100-kc divider for
a maximum reading on the 100-kc meter. In the ex-
ample the 100-kc harmonic on 3-2 mc, when beat
against the 2.82318-mc output of the first mixer and
IF amplifier, produces a difference frequency of
0.37682 mc. The 100-kc maximum was obtained with
the hundreds-of-kilocycles dial set to position 1.

A similar arrangement is used to beat the differ-
ence frequency down still lower. In this instance, a
10-kc generator acts as the base frequency, and its
harmonic beats the signal down to the 40- to 50-kc
range. It was necessary here to use the 7 position
to obtain maximum output on the 10-kc meter.

In the final step, a continuously variable low-fre-
quency oscillator operating between 40 and 50 kc is
used. The two components are actually compared in
a phase discriminator, which then supplies a cor-
rection voltage through a reactance-tube circuit to
the high-frequency oscillator. The oscillator dial is
moved very carefully until the lock-voltage meter is
centered. This makes certain the two frequency com-
ponents are on the exact frequency and in phase. The
low-frequency oscillator dial is now varied slightly
until a zero beat is obtained, and the dial setting is
noted. The incoming signal frequency is the total of
the dial and decade reading, as shown at the top
left of the block diagram.

The accuracy with which a frequency measure-
ment can be made is apparent when we consider that
the very accurate 1-mc crystal also insures the ac-
curacy of the 100- and 10-kc decade dividers. The
lock-in arrangement assures proper setting of the
low-frequency oscillator.

The frequency drift can be determined by noticing
the maximum departure of the incoming signal fre-
quency from the assigned frequency over a period of
time. At no time should the transmitter frequency
c}ggge more than the percentage specified by the
FCC.

The Lampkin micrometer frequency meter shown
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in Figs. 14 and 15, in conjunction with an appro-
priate chart, gives a direct reading in percentage of
frequency drift (often referred to as percentage de-
viation). It should not be confused with the desired
and normal frequency deviation of an FM trans-
mitter. The meter reading indicates the percentage
of separation between the actual and assigned fre-
quency of the transmitter.

Fig. 14. Lampkin micrometer frequency meter.

The micrometer frequency meter is a small and
economical signal generator and heterodyne fre-
quency meter consisting of a carefully calibrated
variable-frequency (ratio-coupled) oscillator that
operates between 2.33-2.67 mc. Harmonics of this
oscillator permit frequency measurements of up to
several hundred megacycles. A diode harmonic gen-
erator is useful in obtaining strong harmonics up in
the very-high-frequency range. An accessory unit
permits measurements up into the UHF communica-
tions spectrum.

RF COUPLING HEADPHONES
RATIO- COUPLED AUDIO -
OSCILLATOR
2330/2670KC DETECTOR AMPUFIER
e ‘ I CRYSTAL -
HARMONIC
GENERATOR e ehal RECTIFIER

Fig. 15. Functional plan of Lampkin frequency meter.

The heterodyne section consists of an audio de-
tector and amplifier. A crystal calibrator is used; the
calibration occurs at 7.5 mc, the third-harmonic out-
put (2.5 mc) of the variable-frequency oscillator.
The frequency meter can also be checked with the
WWYV standard-frequency signals. In fact, the ac-
curacy of the instrument is dependent on how well
the variable-frequency oscillator can be calibrated.
Again, it is a matter of just how well the known fre-
quency is known.




In calibrating the signal generator on the WWV
transmission, the calibrated dial of the micrometer
frequency meter is set to the exact frequency of the
WWYV transmission. The two signal components are
then picked up on a communications receiver tuned
to this frequency. The calibrating trimmer of the fre-
quency meter is varied until an exact zero beat is
obtained with the main dial of the frequency meter
set to the WWYV wavelength.

The accuracy of the basic micrometer frequency
meter of this type falls between 0.0025-0.005%. Its
accuracy is satisfactory for communications frequen-
cies below 50 mc. As mentioned previously, the fre-
quency tolerance established by the FCC for fre-
quencies above 50 mc is now 0.0005%. As a result,
an accessory crystal calibrator is required with the
basic micrometer frequency meter in order to obtain
a frequency accuracy of 0.00019, above 50 mc.

FM DEVIATION MEASUREMENT

It is necessary that the frequency deviation of an FM
communications transmitter be measured to insure
compliance with FCC maximum deviation limits and
to provide strong and usable FM signals at each com-
munications receiver. The FM deviation is measured
on an FM modulation meter. The Lampkin unit,
shown in Figs. 16 and 17, and the deviation meter
section of the Motorola frequency and deviation
meter in Fig. 18, are basically high-quality FM re-
ceivers. They can be adjusted precisely, and the de-
modulated output can be measured exactly in a cali-
brated vacuum-tube voltmeter circuit.

Fig. 16. Lampkin Model 205A FM modulation meter.

A versatile switching arrangement permits the
205A to be used for a number of adjustments. In
the TUNE MAXIMUM position the meter reads the DC
component of the limiter-tube grid current. The re-
ceiver section of the deviation meter can now be
tuned for maximum incoming signal, and the local
oscillator set to the heterodyning frequency required.

The TUNE zERO position connects the discriminator
output to the input of the VTVM tube. This posi-

Test Equipment

tion, by indicating the proper center-frequency tun-
ing, permits the discriminator to be set exactly.

These two adjustments are made with no modula-
tion applied to the transmitter under test. The selec-
tor switch can be connected to the MoDULATION test
position. Now the DC component at the output of
the peak rectifier and filter is supplied to the VTVM.
Normal voice modulation or tone can be applied to
the FM transmitter, and the meter will read its peak
deviation. Both the positive and the negative peaks
can be measured by setting a polarity switch asso-
ciated with the discriminator output.

YANTENNA sh;%t;l;gg
- LIMTER-
MIXER AMPLIFIER DISCRIMI~ AM‘;UDF'?ER
2.5MC NATOR el
PEAK KC
OSCIL L ATOR] 0-25
CATHODE PEAK oC
26-49 MC FOLLOWER RECTIFIER YTVM

Fig. 17. Functiona! plan of Lampkin modulation meter.

The FM modulation meter permits the communi-
cations technician to set the modulation of the trans-
mitter at a level that will provide a high percentage
of modulation, yet not cause a greater deviation than
permitted by the FCC.

Fig. 18. Motorola Model TI099A frequency and
deviation meter.

As mentioned previously, most communications
transmitters include special speech-clipping circuits
that reduce the amplitude of the voice peaks. The
adjustment of these circuits can also be observed on
the modulation monitor. Speech peaks should be
clipped as much as possible, up to the point where
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the quality of the audio reproduction is adversely
affected. The proper setting of the modulation level
and peak clipping provides a high average modula-
tion percentage without over-modulation peaks.

The principle of operation of the Motorola peak
modulation deviation meter in Fig. 18 is the same. It
has two maximum deviation ranges, 0-15 and 0-7.5
ke, and in conjunction with an appropriate frequency
meter which supplies the local-oscillator signal for
the mixer, is usable over a center-frequency range
between 20 and 1000 mc. The frequency-meter por-
tion of the instrument is similar to the Gertsch gen-
erator described previously. The Motorola deviation
meter is an all-semiconductor unit, using crystal
diodes and transistors throughout.

AM MODULATION CHECK

An oscilloscope is useful in checking not only the per-
centage of modulation, but its fidelity as well. If the
modulation process introduces any distortion, it will
be evident on the oscilloscope screen. One example is
improper adjustment of the limiter and modulator,
which can clip the voice frequencies severely.

CI-RI ARE PART OF
: OSCILLOSCOPE CIRCUIT

4 35MMF @
8 TURNS #8 WIRE

WINDING DIA. 5/8"
0 LENGTH 34"

TRANSMITTER

h 1

Fig. 19. Simple modulation-envelope check method.

Fig. 19 shows one method of using an oscilloscope
to check amplitude modulation. A small portion of
the modulated RF energy is removed from the plate
tank circuit or antenna system and supplied to the
vertical-deflection plates of the oscilloscope. (Be-
cause of the high frequency of the energy, the en-
tire vertical-deflection system is not used, only the
plates.) If required, a link coupling and an addi-

(A) Carrier.

(B) For 100%3
(Epmax — 2E.).

(C) For less than 100%
(Epax <2E,).

I \HN AL
it g

| Il

Fig. 20. Envelope check of modulation.
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tional resonant tank circuit can be used to supply
more RF voltage. In this tuned arrangement the
pickup loop need not be coupled as close to the RF
source as before.

In making a modulation-percentage measurement,
the carrier is sine-wave modulated. If the fidelity of
the modulation is to be checked as well, make cer-
tain a pure, good-quality sine wave is used.

The modulation envelope is displayed on the oscil-
loscope screen, as shown in Fig. 20. In measuring the
percentage of modulation, the carrier is first dis-
played without modulation, and its vertical height
is adjusted between appropriate divisions on the os-
cilloscope screen. Now the modulation is added and
the increase in pattern height noted. 100% modula-
tion is indicated when the trough of the modulation
envelope goes to zero and the crest rises to twice the
amplitude of the unmodulated carrier.

A lower percentage of modulation can be measured
and the actual percentage calculated from the follow-
ing formula:

% modulation = E'"“T_Ec X 100

By selecting the proper resonant circuit, the ar-
rangement in Fig. 19 can be used for almost all AM
communications transmitters. Degree of modula-
tion, distortion, and modulation-limiter activities
can also be observed on the reproduced envelope as
adjustments are made.

QUESTIONS

1. Give three uses for an absorption
wavemeter.

2. In addition to its use as an absorp-
tion wavemeter, what additional fa-
cilities are provided by a grid-dip
meter?

3. Describe the basic principle of the re-
flectometer.

4. Why is exceptionally accurate equip-
ment needed to measure the absolute
frequency and the frequency drift of
many types of communications trans-
mitters?

5. What are the limitations of a simple
tuning meter?

6. How is RF power measured?

7. Of what significance is the measure-
ment of reflected power on the trans-
mission line of an antenna system?

8. Give the operating principles of a
modulation monitor.

Answers to these questions will be included
in PHOTOFACT Set No. 577




f//wfgwa 2nd-Class Radiotelephone License Course

ANSWER SHEET

For Questions in Lessons 13 through 16

LESSON 13 — ANSWERS

. A signal frequency that is separated from the sig-
nal frequency to which the receiver is tuned by
twice the IF frequency.

. High sensitivity and selectivity and better image-
frequency rejection.

. To crystal-control the transmitter frequency and
to crystal-control the receiver local oscillator fre-
quency.

. Good RF selectivity, use of a high IF frequency,
and a double superheterodyne arrangement.

. Because of the narrow bandwidth over which the
Citizens-band receiver is tunable and the good
selectivity that can be designed into the RF stage.

. The RF selectivity determines the image fre-
quency rejection while the IF selectivity estab-
lishes the adjacent channel rejection of the re-
ceiver.

. The squelch circuit of an FM communication re-
ceiver uses the noise output of the FM demodula-
tor to establish a cutoff bias on one of the audio
stages, muting the receiver. When a signal is
picked up, the limiter action of the receiver re-
duces the noise output of the discriminator. The
absence of noise signal in the squelch circuit
causes the squelch system to return normal bias
to the audio amplifier stage.

. The sensitivity is rated in microvolts per a certain
db quieting. It represents the minimum signal
that will cause the background noise level to be

reduced so many db below the incoming signal
level.

LESSON 14 — ANSWERS

. It clips audio peaks so that the transmitter will
not be overmodulated. and the deviation of the
transmitter will not exceed the FCC limits.

. A relay transmitter amplifies and retransmits an
incoming signal to send a stronger signal into a
difficult or more remote receiving area. A supple-
mental power amplifier is added between the regu-
lar transmitter output and the antenna system in
order to give an additional boost in the power
level of the transmitted signal. A receiver-pre-
selector is placed ahead of the normal receiver to
boost weak incoming signals.

. The low-pass filters prevent the radiation of spuri-
ous high-frequency components that result from

voice-frequency clipping. They also attenuate
audio frequency components above a specific high-
frequency limit (usually 3000 cycles) and provide
a phase-to-frequency correction for the phase-
modulated FM transmitter.

. The instantaneous deviation control sets the level

of the modulating signal to obtain good but not
excessive deviation of the FM signal.

. In quiet-channel operation, a special tone signal

is transmitted to the receiver to activate its cir-
cuits. Since other signals on the same frequency
will not operate the receiver, the receiver remains
quiet unless the desired signal with its special tone
is received.

. To minimize the radiation of RF harmonics.
. The plate circuit tuning, the load coupling, and

the antenna tuning.

. By measuring the emitter current.

LESSON 15 — ANSWERS

. Coarse frequency change can be accomplished

with a shorting bar that can be moved along the
line, while the fine frequency adjustment is usu-
ally a small adjustable capacitor that can be
placed across the resonant line.

. The audio clipper removes voice peaks so that the

transmitter will not be overmodulated. Over-
modulation of an AM transmitter causes the gen-
eration of spurious signal components and con-
tributes distortion to the desired signal.

. The balanced modulator removes the carrier but

permits the two sidebands to pass on to the next
stage.

. A sideband filter removes the undesired sideband

and passes along the sideband that is to be trans-
mitted.

. The tapped antenna loading coil permits the an-

tenna to be tuned and matched to the output of
the transmitter.

. With the use of pre-set adjustable capacitors or

coils that can be switched into the resonant cir-
cuit according to the frequency of operation.

. In the VOR homing system a phase comparison is

made between two arriving signals (one coming in
on a subcarrier). This phase difference is a func-
tion of the angle of arrival of the signal at the re-
ceiver with relation to the geographic position of
the VOR station.

(continued)



. Automatic switching facilities and safety devices
are used to permit transmitter operation without
the possibility of damage to the high-power and
costly components of a high-power transmitter
by a faulty component.

LESSON 16 — ANSWERS

. To measure relative output, check for spurious
and harmonic signal components, aid in neutrali-
zation, and in tuning to a desired harmonic fre-
quency.

. The grid-dip meter can be used to check the fre-
quency of resonant circuits without any energy
being supplied to that resonant circuit except by
the grid-dip meter itself.

. The reflectometer by proper positioning of its
pick-up probes is able to separately measure the
forward and reflected power on a transmission
line, and by so doing, allows the amount of energy
to a load as well as the amount reflected from the
load to be determined.

. Because of the very close tolerances of FCC-
assigned frequencies.

. It is non-resonant, and therefore, gives no indica-

tion of the frequency of the RF energy it picks up.

. RF power can be determined by measuring the

energy supplied to a matched dummy load. If the
impedance of the antenna system is known, the
power can be determined using a power law cal-
culation after measurement of either the RF cur-
rent or RF voltage. Power can also be measured
with a suitably calibrated RF detector and DC
metering circuit.

. It determines how efficiently a transmitter is

matched tq an antenna system. With a perfect
match there should be no reflected power.

. A modulation monitor measures the percentage

of modulation of an AM or FM transmitted signal.
It does so by using the magnitude of the carrier of
an AM signal as a reference level. The change in
the resultant wave with modulation is then indi-
cated on a suitably calibrated meter. In the case
of FM modulation the incoming center frequency
is used as a reference and the calibrated modula-
tion meter responds to an incoming change in fre-
quency.
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Lesson 17

Basic Transmitter-Tuning Procedure

INTRODUCTION

Various types of test instruments used for transmit-
ter tuning and maintenance were covered in Lesson
16. Included in the discussion were a tuning meter,
an absorption wavemeter, a grid-dip oscillator, an RF
power meter, a frequency meter, and a modulation
meter. Standard test instruments such as the VOM,
VTVM, and oscilloscope also find application in two-
way radio servicing. Various test facilities are often
included in a single test unit. Suitable connectors and
test leads permit convenient test-instrument inser-
tion into key points of specific transmitter models.
Many transmitters have built-in metering facili-
ties. Either a single meter can be switched into indi-
vidual circuits for current and voltage measurements,
or specific meters are connected permanently into
key transmitter circuits. Low-power transmitters,
even though they do not have an cutput meter, often
include some kind of output indicator such as a neon
bulb, to give some indication of transmitter output.
Four factors of special concern in tuning a trans-
mitter are operating frequency, frequency drift,
power output, and modulation level. Other factors
such as operating efficiency, minimum radiation of
spurious signals, stability, reliability, and other oper-
ational conditions also should be considered.

CLASS-C AMPLIFIER TUNING

Control-grid current and plate (or cathode) current
readings can tell much about the operation and tun-
ing of a Class-C amplifier. The grid current can be
used to indicate much about the tuning of the grid
circuit, the development of grid-leak bias, and the
level of excitation made available from the preceding
stage. The plate-current reading tells much about the
tuning of the output circuit, and the effectiveness of
the stage in delivering power to the next stage, or the
antenna system if it is a final amplifier.

Current meters of suitable value can be inserted
directly into the control-grid and plate circuits as
shown in Fig. 1. Usually the meters are protected by
RF chokes and/or capacitors, because RF energy

Copyright © 1962 by Howard W. Sams & Co., Inc. Printed in U.S.A.

must be blocked from the meter movements to pre-
vent damage. The meters are DC types and measure
the average or DC component of grid, plate, or cath-
ode current.

ADJUST FOR I}, OIP

R-F METER,
IF USED

ADJUST FOR RATED
I,, AT RESONANCE
A RFC

ADJUST FOR =k
RATED I AT

RESONANCE

ADJUST FOR MAXIMUM Iq
+8

Fig. 1. A metered Class-C amplifier.

Another common method of metering communi-
cation transmitters is shown in Fig. 2. In the meter-
ing circuit used in the plate, the low-value resistor
acts as a meter shunt. Consequently, a basic meter
movement, if suitably calibrated, can be used to
measure low, medium, and high currents by proper
selection of the value of the shunt resistor. Such a
plan is particularly adaptable to meter-switching ar-

METER &
= MULTIPLIER SHUNT ¢

+8
Fig. 2. Alternate metering plan.
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rangements which use a single meter to measure cur-
rents in various circuits throughout the transmitter.

A similar arrangement is used in the grid circuit.
In this example, a basic low-voltage voltmeter can be
used. The value of the shunting resistor, as well as
the value of the series multiplier resistor, is selected
to calibrate the basic meter movement with relation
to the normal current range in the circuit to be meas-
ured. This plan can also be used in meter-switching
arrangements.

Input Tuning

The first adjustments to be made in a Class-C
amplifier involve the excitation from the preceding
stage and the tuning of the resonant grid circuit.
Grid-circuit tuning must be done with the tube fila-
ment operating. The reason for this is obvious; there
will be no flow of grid current unless the cathode is
emitting electrons. The grid circuits of low-powered
stages are usually tuned with the plate voltage ap-
plied; however, to prevent excessive plate-current
flow, the initial grid-circuit tuning of a high-powered
amplifier is usually performed with the plate and
screen voltages turned off.

The tuned circuit associated with the input must
be brought into resonance, and at the same time, the
excitation supplied from the preceding stage must be
set to the normal value. When the grid tuned circuit
of Fig. 1 is tuned to resonance, a maximum RF volt-
age appears between grid and cathode. Conse-
quently, there will be a maximum grid-current flow.
Thus in using a meter to tune the grid circuit, the
control is varied until the grid-current meter reads
maximum. In the adjustment of many Class-C ampli-
fiers, particularly low-powered stages, this is the only
grid circuit adjustment required. In higher-powered
amplifiers, however, it is sometimes necessary to ad-
just the grid current to a specific value after the grid
tank has been resonated. The power output of the
preceding stage, and hence the input to the stage
being tuned, might be controlled by varying the de-
gree of coupling between stages, or by regulating its
screen or plate voltage. In practice, the output con-
trol of the preceding stage would be adjusted until
a specified amount of grid current flows when the
grid tuned circuit is peaked at resonance. Sometimes
the grid tank must be retuned after the input level
is adjusted.

Output Circuit

In a low-powered Class-C stage the next step is to
“dip” the plate current. When the plate tank is tuned
through resonance, its impedance rises to a maximum
value. Consequently, the plate current drops or dips
to a minimum value. Thus, the proper plate-current
resonance tuning is indicated by minimum reading
(sometimes called maximum dip) of either a plate or
cathode meter.
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It should be mentioned that an absorption wave-
meter or other form of RF indicator can also be used
in resonating a tank circuit. Whenever a tank circuit
is brought into resonance its impedance, as men-
tioned previously, becomes maximum, and therefore,
the RF voltage across the resonant circuit rises to a
maximum. Thus, a wavemeter or some other form of
RF indicator will indicate a maximum reading when
the tank circuit is peaked at resonance.

In order to prevent the stage from drawing exces-
sive current during the tuning-up process, higher-
powered Class-C amplifiers are often tuned initially
with a reduced value of plate and/or screen voltage
applied, and less than normal load connected to the
output. (Some load is usually preferred to prevent
the tank-circuit voltage from building up to an ex-
cessively high value that can cause arcing and pos-
sible breakdown of insulating materials.)

In the tuning of a‘high-power stage, the plate tank
is first tuned to resonance as indicated by a maximum
dip in the plate-current meter reading. It is then
possible to increase the loading on the power ampli-
fier until the recommended value of plate current is
drawn; as the load is increased, the plate-current
reading will rise. Loading reflects resistance into the
tank circuit and lowers its impedance and Q; there-
fore, a higher plate-current flow results.

In adjusting the tuning and loading, there is
usually some interaction. Consequently, both adjust-
ments must be jockeyed back and forth until the
proper plate current is drawn when the tuned circuit
is at exact resonance. This process is called “rocking.”

NEUTRALIZATION

Triode Class-C amplifiers usually require neutraliza-
tion. Even certain multi-grid tubes, depending upon
the frequency of operation, require neutralization.
Normally, some form of adjustable degenerative
feedback is used to cancel out the tendency toward
self-oscillation. However, the neutralization of multi-
grid tubes is often non-critical, and non-adjustable
neutralization schemes can therefore be used. Several
typical neutralization methods were described in
Lesson 5.

Those amplifiers that require it are usually neu-
tralized with the plate supply voltage turned off.
Even though the plate voltage is off, some of the RF
energy present in the grid circuit will leak into the
plate circuit when a stage is not neutralized. As
shown in Fig. 3, a wavemeter or some other type of
RF indicator can be used to indicate the presence of
this energy in the plate circuit. In fact, one of the
objectives of the neutralization procedure is to make
the necessary adjustments which will remove any
trace of RF energy in the plate circuit.

In an un-neutralized amplifier, when the plate
tank is tuned through resonance (even though no




plate power is applied), there is leakage of RF energy
from the grid circuit to the plate circuit. At plate
resonance, therefore, there will be a maximum
amount of energy withdrawn from the grid tuned
circuit. As a result there will be a dip in the grid-
current meter reading. The greater the need for neu-
tralization, the more energy the plate circuit will
withdraw from the grid circuit when the plate cir-
cuit is tuned through resonance. It is apparent,
therefore, that the grid current meter can be used
advantageously in the neutralization procedure.
When a stage is completely neutralized, it is possible
to tune the plate tank circuit through resonance
without causing a dip in the grid-current meter

reading.
EJ]
OUTPUT
INDICATOR
& RFC

()

+8

Fig. 3. Triode Class-C amplifiers must be neutralized.

As mentioned previously, neutralization reduces
the tendency of a Class-C amplifier to self-oscillate.
When a Class-C amplifier self oscillates, it generates
a spurious and unstable signal and interferes with
the amplification of the desired signal. In the neu-
tralization process, the controls are adjusted to stop
the transfer of energy between grid and plate circuits.
In so doing, the stage is set so that, when plate power
is applied, there will also be no leakage of energy from
plate circuit to grid circuit (a necessary condition for
producing self-oscillation). Thus, by adjusting the
stage so that it does not convey energy from grid to
plate circuit with no plate power applied, we also
guarantee that there will be no transfer of energy
from plate to grid when the power is turned on.

The actual recommended neutralization procedure
varies. In most cases the neutralization capacitor is
first set to its minimum value. The plate supply volt-
age is off, but the filaments are in operation and
normal excitation is applied to the grid. The plate
tank circuit is then tuned through resonance. At re-
sonance, there should be a dip in the grid current and
the RF indicator will read maximum. The neutraliza-
tion capacitor is then advanced slightly. Once again
the plate tank circuit is tuned through resonance and
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the extent of the grid-meter dip and/or the strength
of the RF energy noted.

If there is still an indication of RF energy transfer
to the plate tank circuit, the neutralization capacitor
is advanced a bit more. Step by step the neutraliza-
tion capacitor is advanced until a point is reached at
which there is no grid-current dip when the plate
tank circuit is tuned through resonance. Once the
neutralization capacitor is advanced beyond the
point of a proper setting, there will again be an in-
crease in the amount of energy transferred between
the grid and plate circuits. In a critical circuit, there
is only one definite setting of the neutralization ca-
pacitor that will prevent the transfer of energy or, in
other words, completely neutralize the stage.

On occasion, complete neutralization cannot be at-
tained. When this happens, one must be especially
careful in neutralizing the amplifier to make certain
that the very minimum of energy is transferred. In
this case, although complete neutralization is not
possible, the feedback is reduced to such a low level
that oscillations cannot be sustained. However, this
is not the ideal condition and occasionally other
problems arise, particularly when the RF is modu-
lated.

TUNING THE RF EXCITER

The three basic functions of the RF exciter section
of a transmitter are to (1) generate a stable RF sine
wave, (2) multiply the oscillator frequency to obtain
the assigned carrier frequency of the transmitter,
and (3) increase the power of the RF excitation to
the level needed to drive the power amplifier.

Most transmitters use a highly stable crystal-con-
trolled electron-coupled oscillator. Small adustable
inductors or capacitors (shown in Fig. 4) are used to
change the crystal characteristics slightly to provide
a very fine adjustment of the oscillating frequency.
One of the types of frequency meters discussed in
Lesson 16 can be used to set the oscillator on some
precise frequency. This is accomplished in one of two
basic ways. The frequency meter can be used to
measure the actual frequency of the oscillator, and
the oscillator can then be adjusted to a definite sub-
harmonic of the assigned carrier frequency of the
transmitter. The more common method is to use a
frequency meter to measure the actual transmitter
frequency. The oscillator frequency can then be ad-
justed with the trimmer capacitor or the variable in-
ductor until the transmitted carrier is on its assigned
value.

In communications equipment, many crystal os-
cillators have an untuned output. Consequently,
there is no oscillator-tuning adjustment except the
one that sets the oscillator to an exact frequency. In
some other transmitters, the oscillator is also used as
a doubler. In this case, there is a tuned plate circuit
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which is made resonant at twice the actual oscillator
frequency.

The oscillator-plate tank circuit could be tuned to
the second harmonic with the aid of a plate-current
meter; the tank circuit would be tuned for a dip in the
plate-current reading. However, in actual communi-
cations equipment, facilities are not usually included
for metering the crystal oscillator circuit. Inasmuch
as the degree of coupling between the crystal oscil-
lator and the next Class-C stage is fixed by design, it
is possible to tune the crystal-oscillator output cir-
cuit by observing the grid-current meter reading of
the next stage. When the tank circuit is tuned to reso-
nance, there will be maximum output, and therefore
a maximum grid-current meter reading at the next
stage.

MAXIMUM l° AT
PROPER HARMONIC

(OSCILLATOR

FREQUENCY
SET
Y

Fig. 4. Oscillator-multiplier adjustments.

In most communications transmitters, a series of
stages are needed to obtain the total transmitter-
frequency multiplication required. Doubler and tri-
pler stages are common, and a quadrupler multiplier
is occasionally used. Multiplier stages are tuned in
the same manner as a regular Class-C amplifier; the
tuned-grid circuit is adjusted for maximum grid cur-
rent, and the plate-tuned circuit for minimum plate
current. Often, metering facilities are provided only
for the grid circuits. In these units, the plate-tuned
circuit is resonated by adjusting it for maximum grid-
current indication in the next stage.

The tuning of a multiplier stage has one serious
problem: The plate tank circuit must be tuned to the
proper harmonic of the signal supplied to the grid.
If, by design, the tuned plate circuit has a narrow
frequency range, it is usually not possible to tune to
other than the correct harmonic. Even so, some
means should be used to make certain that the tank
circuit is tuned to the correct frequency, because a
circuit defect might cause it to tune to an incorrect
harmonic. Some tuned circuits associated with mul-
tiplier stages have adequate range to tune through
more than one harmonic. A suitable RF indicator
should be used to ascertain that the resonant circuit
is tuned to the correct harmonic. An absorption
wavemeter is an ideal RF indicator to check the
frequency in a multiplier. The wavemeter need only
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be placed in the vicinity of the tuned circuit under
tests. For example, if a certain multiplier stage has a
7-mc input signal and is to be used as a tripler, the
wavemeter would read a maximum at 21 megacycles
when the plate tank circuit is tuned to the third har-
monic. If a stronger output is obtained at 28 or 14, it
indicates that the tank circuit is not tuned to the
proper harmonic.

A grid-dip meter can also be used to check the
resonant frequency of a tank circuit. It gives a posi-
tive indication of the harmonic to which a tank cir-
cuit is tuned, even though no power is supplied to the
RF exciter. As you know the grid-dip generates its
own oscillations and gives a definite reading when-
ever its frequency is made the same as that of the
resonant circuit to which it has been coupled.

POWER AMPLIFIER AND ANTENNA TUNING

Four major adjustments are usually associated with
the tuning of the final power amplifier and antenna.
These are the grid circuit, tuned plate circuit, an-
tenna coupling, and antenna resonant tuning. The
tuning controls and circuits of Figs. 5 and 6 are typi-
cal. Sometimes an additional coupling control is used
to control the magnitude of the RF excitation to
the power amplifier. However the coupling from the
preceding stage is usually fixed at some optimum
amount.

Q ANTENNA
TUNING

OUMMY
LOADING|, )

-
-

OIP I, RATED I, AT RESONANCE

" ; LOWJB HIGH +8

Fig. 5. Power amplifier tuning.

As in any Class-C amplifier, the input circuit is
tuned to resonance as indicated by maximum grid
current. If there is an excitation-coupling control it
is now adjusted until a specific amount of grid cur-
rent is drawn with the tuned grid circuit set at reso-
nance. Often, the input circuit is tuned before any
power is applied to the screen and plate of the power
amplifier. Some other power amplifiers are tuned ini-
tially with a low value of screen voltage and/or plate
voltage.

Most power amplifiers cannot be tuned unless some
load is placed on the transmitter output. This can be
in the form of an antenna or a resistive (dummy)
load. There are various types of resistive loads avail-
able that are calibrated to measure power output.
Such dummy loads are particularly useful in tuning




a transmitter for peak performance without radiating
any signal.

With light antenna loading present, the plate is
tuned to resonance as indicated by maximum plate-
current (or cathode-current) dip. It is then possible
to resonate the antenna. The antenna tuning is va-
ried until maximum plate current is drawn when the
plate tank circuit is tuned to exact resonance. Very
often this process involves considerable rocking be-
tween the two controls because the antenna initially
reflects some reactance into the tuned circuit, and
therefore is able to change the resonant frequency
of the tuned plate circuit; hence, the plate tuned cir-
cuit must be returned to resonance each time the
antenna is tuned. Once the antenna is brought into
resonance and is reflecting a resistive load to the plate
tuned circuit, it will be possible to vary the coupling
(loading) between the plate tuned circuit and the
antenna without causing any shift in the resonant
frequency of the tuned circuit.

ANTENNA
TUNING

Fig. 6. Use of the reflectometer.

A power-output meter or antenna-current meter is
particularly helpful in bringing the antenna system
into resonance. When such a meter is used, it is neces-
sary only to tune the antenna circuit until the output
reading is maximum. Plate tuning can then be read-
justed for resonance. Alternately adjust the two con-
trols until a maximum output is obtained with the
plate tank tuned to exact resonance.

After the antenna is brought into resonance, the
coupling between the power amplifier and the an-
tenna can be adjusted until the plate current is of
the specified value.

Finally, full power can be applied to the amplifier,
and various controls can be touched up slightly for
optimum setting.

When a transmission line is used to link the out-
put of the transmitter with the antenna, a reflecto-
meter or power-output meter that reads direct and
reflected power can be of advantage. As indicated in
Fig. 6, such output indicators are calibrated to read
forward and reflected power as well as the standing-
wave ratio on the transmission line. By subtracting
the reflected power reading from the forward power
reading, the actual power delivered to the antenna
can be determined. The power radiated by the an-
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tenna is the real criterion of how well the transmitter
has been tuned.

The standing-wave measurement checks out the
match between the transmission line and the an-
tenna. If the antenna system is tunable, it is possible
to adjust the system until a minimum standing-wave
ratio is obtained.

TUNING A TRANSISTORIZED CLASS-C AMPLIFIER

Transistorized Class-C amplifiers are usually tuned
with the aid of a current meter inserted in the emitter
circuit. Usually, the drive to a transistor stage is
measured by metering the base current. The circuit
of Fig. 7 shows a typical Class-C transistor amplifier
and associated adjustments. When the tuned input
circuit is resonant at the frequency of the RF excita-
tion, maximum signal voltage is present between base
and emitter. Consequently, there is a maximum flow
of base current. Inasmuch as the base current also
flows through the emitter circuit, the emitter meter
indicates the level of the excitation to the stage. The
input resonant circuit is thus tuned for maximum
emitter current. If necessary, the level of the RF ex-
citation can be regulated so that a specific amount
of emitter current flows,

When the collector tank circuit is tuned through
resonance, it displays a maximum impedance. Conse-
quently, a dip is seen in collector current. Inasmuch
as collector current also flows in the emitter circuit,
the emitter-current reading will dip when the col-
lector tank circuit is adjusted for resonance.

PEAK Ig DIP Ig

3

Nl

RATED Ig RATED Tg

Fig. 7. Tuning Class-C transistor amplifier.

With the antenna loosely coupled to the collector
tank circuit, the antenna can be tuned to resonance
as indicated by a maximum emitter-current reading
(at resonance the antenna will draw maximum power
out of the tank circuit). The coupling between the
collector and antenna tuned circuits can then be ad-
justed for the most effective transfer of power with
the proper value of emitter current. As the load on
the Class-C stage is increased, the effective Q of the
collector tank circuit decreases and there is an in-
crease in collector current.
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Fig. 8. Final power amplifier of Gates 500-watt transmitter.

TUNING A HIGH-POWER AMPLIFIER

The power amplifier of a Gates 500-watt communi-
cations transmitter is shown in Figs. 8 and 9. This is
a 2-22 mc transmitter for use by police, aviation,

marine, etc., stations. A push-pull neutralized triode
circuit with tuned grid and plate circuits is used.
Criss-cross neutralization between the plate of one
tube and the grid of the other is employed. Unlike a
single-ended stage, the correct out-of-phase neutral-
izing signal can be obtained for each grid without the
use of a tapped inductor. The two neutralizing capa-
citors N2 are shown just below the center of the pho-
tograph. Grid, plate, and antenna output currents
are metered. The antenna coupling network is shown
in Fig. 10.

The recommended procedure for neutralizing and
tuning this stage is:

1. Proper excitation is applied to the input of the
final stage (plate power has not been applied), and
grid capacitor C17 is tuned for maximum grid cur-
rent.

2. In order to neutralize the stage, some form of
RF-output indicator is loosely coupled to the plate
inductor L7 (the neutralizing capacitors are set to
maximem capacity), and plate capacitor C23 is ad-
justed for maximum RF indication.

3. Adjust the neutralizing capacitors simultane-
ously for minimum RF indication. As the capacitors
are adjusted beyond this position, the RF output in-
dication will increase. Return to the position of zero
or minimum RF indication.

4. Tune capacitor C23 through its range while ob-
serving the output indicator and grid-current meter.
If the meter dips as C23 is tuned, thorough neutrali-
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Fig. 9. Schematic of Gates power amplifier.
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zation has not been attained. Retouch the neutral-
izing adjustments for zero or minimum effect on the
grid-current meter when the circuit is at resonance.

FEED - THRU
INSWLATOR

CONTACTS OPEN
WHEN RELAY IS
ENERGIZED

)
{
(70 T0
T87-27 TB8-4I

RECEIVER R i
PLUG

Fig. 10. Antenna coupling network for Gates transmitter.

5. Some load can now be coupled to the stage, and
power applied. In the Gates transmitter, power can
first be switched to one tube and then to both, to
make sure excessive plate current is not drawn. Ca-
pacitor C23 is now carefully tuned for a plate-current
dip.

6. The antenna-coupling circuit is next adjusted
to resonate the antenna and reflect a matched load to
the transmitter. The main function of the right tap
on L1 (Fig. 10) is to bring the antenna into reso-
nance. Capacitor C1 and the other tap on L1 largely
determine the reflection of the correct load to the
transmitter. If the resonant setting of C23 does not
change much from its unloaded setting, and if the
rated plate current is drawn at the same time the RF
antenna current is maximum, the antenna system
is at resonance and is loading the transmitter prop-
erly.

PREPARATION FOR LICENSE EXAMINATION

1. Describe the construction and characteristics of
a D’Arsonval meter—The D’ Arsonval meter is a cur-
rent-indicating device that uses a permanent magnet
and a moving coil, as shown in Fig. 11. The current
to be measured is sent through a coil of fine wire and
two spiral springs. The magnetic field set up around
the coil reacts with the permanent-magnet field, and
this reaction sets up a torque that moves the coil
clockwise until the spiral spring exerts an equal and
opposite force. A pointer attached to the moving coil
moves across a calibrated scale to indicate the actual
current value. Upon removal of the current, the spiral
springs return the coil and pointer to zero. A higher
applied current develops a greater torque, causing
the pointer to move farther along the scale.

Basic Transmitter-Tuning Procedure

The D’Arsonval movement can be made very sen-
sitive. When a suitable series resistor is added, it can
be calibrated to measure volts, or with a suitable

,-ﬁ ”;‘*\\)

\ MOVING CoIL
PERMANENT
MAGNET '\

\
FIXED
A ) VANE

(A) D'Arsonvol.

g

(D) Wottmeter.

(B) Repulsion. (C) Current dynomometer.

ME AL JRCTION
0
(E) Thermocouple.

Fig. 11. Basic meter movements.

source of voltage and a network of switched resistors,
can be made to measure resistance. Although basi-
cally a DC meter, it can also be used to measure AC
currents and voltages with a suitable rectifier.

2. Describe the construction and characteristics of
a repulsion ammeter.—The repulsion ammeter, often
referred to as a moving-vane type, consists of a fixed
and a movable iron vane inserted in the field of a
magnet coil. (Refer to Fig. 11B.) When a current is
introduced into the field coil, the resultant electro-
magnetic field magnetizes both vanes. The two repel
each other and the movable vane, being mounted on
a pivot, moves a pointer across a calibrated scale. The
repulsion ammeter can measure DC or low-frequency
AC current. The latter can be applied directly—no
rectifier is needed.

3. Describe the construction and characteristics of
a dynamometer—The dynamometer movement, as
shown in Fig. 11C, consists of a movable coil, a
pointer and associated scale, and two fixed coils. To
measure current, the movable and fixed coils are con-
nected in series. The torque produced by the mag-
netic reaction between the fields of the movable and
fixed coils causes the movable coil to move the pointer
across the calibrated scale. The dynamometer, like
the repulsion movement, can be used to measure DC
or low-frequency AC current.

4. Describe the construction and characteristics
of a wattmeter; a thermocouple meter—The watt-
meter (Fig. 11D) employs a dynamometer-type
movement. However, the two fixed coils are con-
nected in series across the line. The movable coil is
connected in series with a resistor across the line, and
acts as a voltage-measuring device because the cur-
rent through the series coil is a function of the ap-
plied voltage. The fixed coils, having a very low
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resistance, respond to the current flow in the line.
The deflection of the pointer is therefore a function
of voltage and current, or power. The response, or
torque, is also a function of the phase relationship
between current and voltage. Consequently, the
meter responds to the true power, compensating
automatically for the load power factor.

The thermocouple movement, shown in Fig. 11E,
is used mainly for the measurement of RF current,
although it responds to both DC and low-frequency
AC currents. It consists of a thermocouple and a
sensitive permanent-magnet movement. The current
flow in the heater winding heats up the dissimilar
metals of the thermocouple, causing a potential dif-
ference to be developed across the thermocouple.
Current then flows through the sensitive DC meter
because of this potential difference. Being heat-oper-
ated, the unit will respond to the rms value of the
current to be measured.

5. What is the relationship between the effective
value and the heating value of RF current?—They
are the same. This is why the thermocouple meter is
said to respond to the effective value of RF current.

6. A frequency meter having an over-all error
proportional to frequency is accurate to 10 cycles
when set at 600 kilocycles. What is its error in cycles
when set at 1110 kilocycles?—The percentage error
at 600 kc is:

10 X 100

% Error — 600,000

=.00124%

At 1110 ke:
Frequency = .00124 X 1110 ke X 1000 = 18.5 cycles

7. A heterodyne frequency meter with a cali-
brated range of 1000 to 5000 kilocycles is used to
measure the second harmonic of a transmitter oper-
ating on approximately 500 kilocycles. The meter
reads 1008 kilocycles. What is the actual frequency
of the transmitter output?—

1008 kc — 504 ke

8. Discuss Lecher wires, their properties and use.
—A Lecher-wire arrangement is commonly used to
measure frequencies in the VHF and UHF ranges.
The Lecher wire is a resonant circuit composed of a
section of open-wire transmission line mounted on
some type of form. In association with a suitable in-
dicator, as shown in Fig. 12, it is able to function as
an absorption wavemeter when loosely coupled to a
source of high-frequency energy by way of a pickup
loop or capacitive-coupling arrangement.

A shorting bar, when slid along the line, is able to
tune the line and set up a strong standing wave.
Minimum and maximum positions of the standing
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wave are located with the indicator. By measuring
the separation between adjacent minimum or maxi-
mum positions, the wavelength of the signal to be
measured can be ascertained. This reading can then
be converted to frequency by calculation.

x >
< a4

b3 z
f—r2——~1 __
SOURCE

) Ol

RF INDICATOR

TUNING
BAR
Fig. 12. Lecher-wire wavemeter.

9. A ship radiotelephone transmitter is operating
on 2738 kilocycles. At a certain distance from the
transmitter, the 2738-kilocycle signal has a measured
field strength of 147 millivolts per meter. The second-
harmonic field at the same point is 405 microvolts per
meter. To the nearest whole unit in decibels, how
much has the harmonic emission been attenuated
below the 2738-kilocycle fundamental?—

147

E
= l —l == —
db=20log B, 20 log 5208

=201log 363 = 51db

QUESTIONS

1. What happens to the emitter current
in a transistorized Class-C amplifier
when the collector tank circuit is
tuned through resonance?

2. What happens to the grid current in a
Class-C amplifier when the excitation
is increased?

3. What happens to the cathode current
when the load on an RF power ampli-
fier is decreased?

4. What happens to the amplifier plate-
current reading when the antenna sys-
tem is brought into resonance?

5. How can you use a grid-current meter
to determine if a triode Class-C stage
is neutralized?

6. What method can be used to tune a
multiplier stage to the proper har-
monic?-

7. What type of meter is used to measure
grid and plate current? What type of
meter is used to measure antenna cur-
rent?

8. Give the steps you would follow to
tune a Class-C power amplifier.

Answers to these questions will be included in
PHOTOFACT Set No. 581.
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Lesson 18

Citizens Band Installation and Adjustment

The basic functions of Citizens-band radio equip-
ment differ very little from model to model (the block
diagram of Fig. 1 is of a typical CB unit). The units
are basically transceivers with the antenna, power
supply, and audio section used for both transmit and
receive functions. The receiver is usually a super-
heterodyne and generally uses an RF amplifier and
one or two stages of IF amplification.

The receiver can be either tunable over the entire
Citizens band or of the crystal-controlled type. Some
units permit both tunable operation and a choice of
several crystal-controlled frequencies. The usual
Citizens band unit contains an AM detector and a
two-stage audio amplifier. Noise limiter and squelch
circuits are commonly included.

The transmitter consists of two, or sometimes
three, RF stages. It is crystal-controlled, and the op-
erator can select any one of the several operating
frequencies (channels). In the transmit position, the
audio stages serve as the microphone speech amplifier
and modulator.

A panel-mounted switch or, more often, a relay cir-
cuit accomplishes transmit-receive changeover. The
switching usually involves the antenna, microphone,
loudspeaker, and the audio-output circuit. In RE-
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Fig. 1. "Functioncl-block diagram of a Citizens band radio.

Copyright © 1962 by Howard W. Sams & Co., Inc. Printed in U.S.A.

CEIVE position, the antenna is connected to the re-
ceiver input, and the loudspeaker is connected to the
output of the audio system. In TRANsSMIT, the an-
tenna is transferred to the output of the transmitter,
the microphone is connected to the audio amplifier,
and the audio-amplifier output is applied to the
transmitter as modulation.

For base station operation, the power supply is
AC-operated from the 115-volt line. For vehicular
installations, the unit operates from a vehicle battery
using either a vibrator or transistor-type power
supply circuit. All-transistor models are operated
from self-contained batteries, usually a dry cell, a

Fig. 2. International Crystal Citizens band units.
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mercury cell, or a rechargeable nickel-cadmium bat-
tery, however some units have provision for operating
from the vehicle battery.

Two typical Citizens-band units, manufactured by
The International Crystal Manufacturing Company,
are pictured in Fig. 2. The Model 10 is a small com-
pact unit which has only four operating controls. Its
receiver is a tunable type and can be set to any de-
sired Class-D Citizens-band channel by using the
control at the left. Notice the dial is calibrated in
terms of the channel number. The transmitter can
be set for any one of three crystal-controlled fre-
quencies by using the selector switch at the right.
The two other controls are souUND vOLUME and the
RECEIVE-TRANSMIT switch.

The other unit is a more elaborate model. Its re-
ceiver is tunable but this unit permits a choice be-
tween two crystal-controlled receiver frequencies. It
also includes a squelch circuit. When suitable crys-
tals are installed the tranSmitter can be operated on
any of three Citizens-band channels. The transmit-
receive changeover is relay-controlled, and is actu-
ated by the microphone handswitch.

ALL-TRANSISTOR CB UNITS

It is apparent that Citizens-band units are much less
elaborate than the commercial two-way radio gear
considered in previous lessons. Likewise the transis-
torized CB units are simpler than their commercial
counterparts. All-transistor CB units have transmit-
ter power-input levels from less than 100 milliwatts
to the FCC maximum of 5 watts. When the trans-
mitter power input does not exceed 100 milliwatts,
and the antenna is no longer than five feet, station
license is not necessary for communication with sim-
ilar units. However, if these units are used as a part
of a regular CB system, they must be licensed. All
units having an input power in excess of 100 milli-
watts must be licensed.

Fig. 3. Osborne all-transistor 5-watt CB unit.
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The Osborne all-transistor CB unit in Fig. 3 oper-
ates with 5 watts input, delivering better than 3 RF
watts into the antenna system. Except for its small
size and light weight (one-fourth that of an average
vacuum-tube CB unit), the Osborne Citizens-band
unit has specifications similar to its vacuum-tube
counterpart. It has facilities for four crystal-con-
trolled frequencies.

Fig. 4. Lafayette 100-milliwatt hand-held unit.

The Lafayette unit shown in Fig. 4 is typical of the
low-power hand-held units. Its input power is 100
mw. In such a unit the speaker also serves as a micro-
phone. The push-to-talk switch is located on the side
of the case.

A Webcor transistorized CB transceiver is shown
schematically in Fig. 5. All functions are handled by
nine transistors and two diodes. The transmitter has
an input power of 100 mw and the receiver boasts a
sensitivity of 1uv for a 10 db signal-to-noise ratio.

In receive position, the incoming signal is applied
to the base circuit of the converter via a tuned circuit.
A crystal oscillator provides an injection voltage for
the converter through capacitor C17. Two IF-ampli-
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Fig. 5. Webcor hand-held all-transistor CB unit.

fier stages follow. A crystal detector circuit is used,
developing the audio signal across the volume con-
trol potentiometer R11. A transformer-coupled audio
amplifier and push-pull output stage follow. Positive
AVC voltage is supplied to counteract the base bias
of the converter to prevent over-load with the recep-
tion of a strong signal.

The RF section of the transmitter is a two-stage
affair consisting of a crystal oscillatcr and a Class-C
amplifier. Notice that the audio output transformer
T5 has two secondary windings. The voice-frequency
variations across the top winding are used to collec-
tor-modulate the transmitter RF amplifier. In the
transmit condition, the loudspeaker is used as a mi-
crophone and supplies a signal for the base of the
audio-amplifier driver. In the receive function, the
bottom secondary of the output transformer supplies
audio power to the loudspeaker voice coil.

Section S1A of the transmit-receive switch changes
the antenna from the receiver input to the transmit-
ter output. Section S1B switches the battery voltage
between the transmitter and some stages of the re-
ceiver section.

INSTALLATION

Several major steps are involved in the installation
of a CB unit. An antenna must be selected and in-
stalled. The transceiver itself must be mounted and a
transmission line routed from it to the antenna. The
transmitter must be tested to make certain it com-

plies with FCC rules and technical standards. Most
CB units are so designed that transmitter operation
does comply; the major responsibility of the installer
is to make certain that optimum transmitter per-
formance is obtained. The receiver operation must
also be checked and appropriate steps taken to mini-
mize noise and interference pick-up.

The three most common Citizen-band antennas
are the quarter-wave ground-plane, the quarter-wave
coaxial, and the quarter-wave whip, as shown in Fig.
6. The first two are used almost exclusively for base
stations, while the latter are popular for vehicle in-
stallations.

GROUND BASE
PLANE COAXIAL A/4 WHIP LOADED SPIRAL

A4 A4 \4 <4 <\4
A bGND.
BASE
A4
VARIOUS A/4 WHIPS
A

Fig. 6. The five basic CB antennas.
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Occasionally, more elaborate base-station anten-
nas are used to deliver stronger signals to difficult re-
ceiving areas. If communications are only between
base stations, it is possible to use higher-gain beamed
antennas with parasitic elements; these include Yagi
types.

The length of a full quarter-wave mobile whip an-
tenna is about 108 inches. A somewhat shorter physi-
cal length is permissible when spiral-type construc-
tion is used as shown in Fig. 6B. For short-range
communications, very short base-loaded whip an-
tennas are available.

If communication is to be established over a sig-
nificant range, the base-station antenna should be
mounted high and clear. Keep in mind, however, that
the FCC limits the antenna height to no more than
20 feet above an existing structure. Furthermore, if
the antenna is mounted on an existing mast or tower
the antenna may not extend above the top of any ra-
diating element of the antenna which was already
mounted on the tower.

Transmission Line

The two most common types of coaxial transmis-
sion line used in Citizens-band installations are RG-
58/U and RG-8/U. RG-58/U is used more frequently
because it is less costly and easier to handle. How-
ever, its loss at 27 mc is.2 db per 100 feet compared
toa1dblossin RG-8/U. This loss is unimportant for
many installations. For example, in a vehicular in-
stallation the length of line is seldom more than 20
feet. However, for base station installations where
the antenna may be 50 or more feet away from the
CB unit, the lower-loss lines are preferable, for it is
important to radiate every bit of available power.

The most common type of coaxial hardware used
in Citizens-band equipment is the PL-259 or UHF-
type connector and receptacle, although standard
phono plugs or auto-radio plugs and sockets are used
in some equipment. Recommended procedures for
attaching RG-8/U and RG-58/U cables to a PL-259
connector are shown in Fig. 7. Since the RG-58/U
coaxial cable is of small diameter, a UG-175/U
adapter is used for attaching this cable to the
PL-259 connector.

Many CB antennas are equipped with a PL-259
socket. Others, particularly those for vehicular
mounting , use standard lug terminals. In the latter
case, soldered ring-lugs should be attached to the
antenna end of the transmission cable. The inner
conductor fastens to the terminal at the center of the
antenna-mounting base; the outer conductor con-
nects to the ground terminal.

VEHICULAR INSTALLATION

In general, the full quarter-wave whip antenna is
preferred. However, its nine-foot length presents
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mounting and obstruction problems. Usually such an
antenna must be mounted on the bumper or far down
on the quarter-panel or side of a truck. A tie-down
clip is used to hold the antenna tip near roof level
when the vehicle is in areas where it is likely to en-
counter obstructions.

RSN

Fig. 7. Attachment of connectors to RG-8/U and
RG-58/U cable. (Courtesy RCA)

Short antennas such as the base-loaded and hel-
ical (spiral) types can be mounted on the roof, cowl,
or other high locations. These types are less efficient
than a full-length model, however, they can often be
mounted in higher and better locations making up for
some of the ill effects of less efficiency.

Most Citizens-band units are used by the vehicle
driver and, therefore, are mounted beneath the cen-
ter of the dashboard or in some other convenient lo-
cation. Although power for the CB unit can be ob-




tained by connection of wires directly to the battery,
it is advisable to connect it to the accessory side of
the ignition switch. In this way the unit can only be
operated when the ignition switch is on. When the
ignition key is removed, it is impossible for unau-
thorized persons to use the unit. Remember, the FCC
says that safeguarding the equipment from such
tampering is the user’s responsibility.

Fig. 8. Typical dashboard installation.

As shown in Fig. 8, the CB unit is usually
mounted snug against the bottom of the dash. In fact,
most units are equipped with hanger-type mounting
brackets. It is necessary to drill several holes for the
mounting screws, but be certain not to drill through
electrical wires.

After the unit is mounted, the power connection
can be made to the accessory terminal of the ignition
switch. The power rating of the accessory line is ade-
quate for the usual CB installation. The ground for
the CB unit is obtained through its case when it is
properly attached. A good ground can be insured by
connecting a lead from some convenient ground lug
on the unit to a good auto ground-point such as the
metal firewall or frame.
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Fig. 9. Coaxial feed-through capacitor.

A coaxial feed-through capacitor for noise filtering
can be connected in the power lead to cut down noises
that may arrive at the receiver via the battery lines.
Such a three-terminal capacitor is shown in Fig. 9.
The outer shell is fastened down tightly to the vehicle
ground or to the case of the CB unit. One lead con-
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nects to the DC input of the unit; the other, to the
line from the ignition-switch terminal.

The coaxial transmission line can now be run be-
tween the antenna and the CB unit. In a bumper-
whip mounting, a special clamp firmly holds the an-
tenna mount. The antenna proper is threaded onto
the top of this mounting. Usually the transmission
line is brought through the trunk, fed beneath the
rear seat, and brought to the front area beneath the
floor mat.

A body-mount base is usually installed by drilling
four holes—a large hole of 114-inch diameter for the
antenna base connections and three smaller ones
for mounting bolts. The transmission line must be
threaded along the car frame to the engine compart-
ment. It is then fed into the dash area through some
convenient hole in the firewall. If desired, the an-
tenna lead from a bumper-mount can be routed in
this manner instead of through the trunk.

When using the short whip antennas for cowl or
windshield-corner mounting, a simple mounting as-
sembly can be used. Usually it is the same as that
employed for a car radio antenna. Before the antenna
is tightened down, the coaxial line is connected to
the antenna and fed through the mounting holes into
the engine compartment. It is then routed to the
CB unit through a convenient hole in the firewall.

Mounting a roof-top whip is often the most diffi-
cult assignment. Usually, working space and a loca-
tion for mounting the antenna can be uncovered by
removing the dome light of the car. Most often a
5% inch hole is needed for the antenna installation
although one should start by using a smaller hole as
a guide. It is necessary to snake a pull-wire between
the upholstery and car body from the dome area
to beneath the dash. The coaxial line can be pulled
along the same path.

NOISE REJECTION

A special problem of vehicular radio installations,
whether they be in the Citizens band or any of
the other two-way radio services, is the suppression
of electrical noise. The higher the noise level, the
stronger the incoming signal must be, if reliable com-
munications are to be attained. It is of little advan-
tage to have a receiver with a 1-uv sensitivity if the
noise level is several microvolts. Unfortunately there
are several strong RF noise sources associated with
the ignition and electrical systems of a car, boat, or
aircraft. :

The same basic steps apply to reducing noise in
practically all two-way vehicle installations. Conse-
quently, the information given in this Citizens-band
lesson also applies equally well to other radio in-
stallations.

The vehicle’s spark plugs are, in their way, small
spark-gap transmitters. More sparking occurs in the
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distributor. Also, electrical contacts open and close
in the voltage regulator causing interference. The ex-
tensive wiring In a car can function as an efficient
radiator of this RF interference. There are several
points at which static electric charges can collect and
alternately discharge to create RF interference. Only
by proper shielding and filtering can interference
from these many sources of noise be reduced to a level
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Fig. 10. Noise suppression in vehicle electrical system.

[A F B
8 -1 GENERATOR ]

at which a sensitive communications receiver can
function. The ignition system of a car, boat, or air-
plane generates strong noise components. However,
the reduction of interference from the ignition sys-
tem can often be solved with less trouble than inter-
ference caused by certain other vehicular disturb-
ances. The generator, regulator, and ignition system
are shown schematically in Fig. 10.

A major step in reducing ignition interference is to
insert resistance in series with the spark-source. Such
resistance does not affect the operation of a prop-
erly-adjusted engine. Spark plugs are available (Au-
tolite) with built-in suppression resistors. It is also
possible to buy suppression resistors that connect
between the top of the spark plug and the ignition
wire, also shields are available which can be placed
over the plugs to minimize the radiation of RF en-
ergy. Resistance ignition cable is also available for
use as spark-plug wires. This cable has a resistance
of approximately 400 ohms per foot.

The distributor points open and close the battery
supply in the primary circuit of the ignition coil. The
abrupt collapse of the magnetic field about the coil
(when the points open) generates pulses ranging
from 10,000 to 20,000 volts across the secondary.
These high-voltage pulses and the distributor rotor
cause the spark plug gaps to arc in a definite se-
quence, or firing order, enabling combustion to take
place.

A source of contact sparking exists at the rotor of
the distributor. Interference from this source can be
reduced by inserting a resistance between the sec-
ondary side of the ignition coil and the rotor contact.
Resistor values between 5K and 10K are generally
used. The maximum total resistance used between
the ignition coil and each plug-gap should not exceed
15K.

In many installations the suppression of ignition-
system noise lowers the RF noise level in the receiver
to at least a tolerable level. Of course, the use of good-
quality parts in the ignition system and the proper
adjustment of spark-gap spacings and distributor
points also reduces the amount of interference gen-
erated. However, if the ultimate in performance is de-
sired, or if an obstinate case arises, it is important to
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Fig. 11. Noise suppression at the generator.
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remember there are other possibilities for noise sup-
pression. RF interference can be reduced in the bat-
tery line by inserting a feed-through capacitor at the
battery terminal of the ignition coil. The ground lug
of the feed-through capacitor is connected to the
metal band which supports the ignition coil. One
terminal of the capacitor is connected to the battery
terminal of the ignition coil (as near the coil as pos-
sible); the other capacitor terminal connects to the
lead from the ignition switch.

VOLTAGE-REGULATOR AND
GENERATOR INTERFERENCE

Ignition noise makes a popping sound that is espe-
cially noticeable when the engine is running slowly.
Generator noise usually causes a whine, and its pitch
varies with the engine speed. To reduce this latter
type of interference, a coaxial capacitor should be
connected in series with the armature lead of the
generator. The capacitor case should be grounded to
the generator frame as shown in Fig. 11A. One ter-
minal of the capacitor goes to the armature terminal;
the other connects to the lead that runs to the volt-
age-regulator.

A further reduction in generator noise can be ob-
tained by using a resonant trap. Sparking interfer-
ence from the generator radiates a wide band of fre-
quencies. However, we are most concerned with noise
impulses that occur at the operating frequency of
the CB equipment. A parallel-resonant trap circuit
connected in series with the armature terminal of
the generator, as shown in Figs. 10 and 11B, will
display a maximum impedance to CB frequencies.
Consequently, these frequencies will be blocked from
the electrical system of the vehicle. The parallel res-
onant trap is tuned with the receiver operating. It is
adjusted for minimum generator noise in the set.

Once the generator noise is reduced to a satisfac-
tory level, it is quite possible that voltage-regulator
hash will become noticeable. This produces an erratic
popping noise that varies only slightly in frequency
with engine-speed. A filter has already been placed in
the armature line between the voltage regulator and
the generator, and an additional coaxial capacitor
can be connected near the battery terminal of the
voltage regulator.

MISCELLANEOUS FACTORS

Completely-shielded ignition systems are available.
These include shielded regulator, shielded ignition
coil, and shielded distributor cap. Shielded wires are
provided to interconnect the generator and voltage-
regulator circuits as well as the coil and spark plugs.
Noise suppression kits can also be purchased. They
include spark plug suppressors, a distributor suppres-
sor, a voltage-regulator suppressor, and the necessary
coaxial capacitors, cables, and other hardware.

Citizens-Band Installation and Adjustment

In a troublesome noise-reduction problem there
are a number of other remedies that can be tried.
Filter capacitors may be placed between various bat-
tery leads and ground, such as those connecting to
the ammeter, gasoline gauge, oil-signal device, igni-
tion switch, etc. Such lines might be of a resonant
length and may radiate RF noise very strongly.
Headlight and taillight leads and any accessory wir-
ing running from the engine compartment must be
suspected in a troublesome case. Some cases may in-
volve the temperature sender, gas-tank float sender,
heater blower motor, or electric wiper motor.

Bonding metallic surfaces can also prove helpful.
A flexible braid, % inch to 1 inch in width, is used to
bond the engine to the firewall and frame. Other
bonding can be used to form a good electrical path be-
tween hood and cowl, or between exhaust system and
hanger clamps. All bonded surfaces should be cleaned
thoroughly so the braid makes good electrical con-
tact.

Tire static and wheel noise can be reduced in the
usual way with static powder and hub springs to con-
nect wheel and axle electrically.

CB RADIO ADJUSTMENT

The receiver of the CB unit is usually checked rather
extensively during the installation and noise-sup-
pression procedure. If the receiver is a tunable type,
quite a few signals can be received in most localities
simply by tuning the receiver through the band. The
operation of any squelch or noise-limiting circuits
should be checked. It is also important to spend an
adequate amount of time teaching the customer how
to operate the unit.

In an isolated location, it may be necessary to use
another station of the same system for checking-out
a particular installation. An accurate test-signal gen-
erator can be used for adjustment purposes, if one is
available.

When the receiver is crystal-controlled, obviously
the reception can be checked only on the channels
provided. Most CB units come equipped for Channel
9 operation, which has become a universally-accepted
calling frequency. In most locations, it should be pos-
sible to pick up some signal on this channel. If not,
receiving tests must be made with companion units of
the system. A variety of signal sources and test units
for Citizens-band adjustment and maintenance are
available. Several test-signal sources, as well as tun-
ing and absorption meters, were covered in Lesson 16.

Factors of primary importance in the transmitter
are frequency, power input, and modulation level.
The technician is also interested in deriving the most
output that is possible without exceeding the 5-watt
input limit.

Any one of the twenty-two CB channels may be
used. However, the frequency must be held within
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0.0059% of the assigned frequency for each particular
channel. Most CB units are supplied with the trans-
mit and receive crystals already inserted for one or
more channels. These crystals have been selected and
factory-tested to be sure they are within the FCC fre-
quency tolerance.

Crystals for different channels can be ordered by
specifying the exact model of CB unit in which the
crystals are to be used. Distributed capacities and
other characteristics vary from model to model and
manufacturer to manufacturer. Thus, any crystal
selected must go with the model in order that the
unit operate within the FCC frequency tolerance.
Don’t interchange crystals among different models
and makes unless you have a frequency-meter which
can measure well within the FCC tolerance. Even
then, such measurements and adjustments must be
made only by the holder of a second-class radio-
telephone or higher-grade FCC license. A commercial
license is also required if any modifications or adjust-
ments are made that can possibly cause the DC
power input to the final RF stage to rise above the
assigned limit.

By FCC rule, the input power to those circuits of
a transmitter which contribute RF energy to the an-
tenna system must be measured with a DC voltmeter
and milliammeter of suitable accuracy. The product
of the-DC voltage and the DC current shall not ex-
ceed 5 watts. If this input fluctuates with modula-
tion, the power at the maximum voice peak shall not
exceed 5 watts. Home-constructed units should be
checked by a radiotelephone license holder of sec-
ond-class grade or higher before they are put “on the
air.” All of this emphasizes the fact that any person
interested in doing Citizens-band servicing should
take immediate steps to obtain at least a second-
class radiotelephone license.

Off-the-air power input and output measurements

SOLDER ON LEAD
SOLDER AND CLIP

Fig. 12. A #47 bulb as a dummy load.
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can be made by non-licensed persons if a dummy load
is substituted for the antenna. A #47 bulb, fastened
in a plug as shown in Fig. 12, can be used as a dummy
load. Dummy loads that connect into a regular PL-
259 socket are available on the market. Test sets that
make an absolute mesurement of power output while
they serve as a dummy load are also available.

Some CB units include a convenient test-jack for
inserting a DC milliammeter to measure final-ampli-
fier plate currents. If you know the supply voltage to
the final amplifier, the power input can be calculated
using the power formula (P=EI).

After an installation is made and the receiver is
checked, a dummy load can be substituted for the an-
tenna if an on-the-air transmitter check is to be
avoided. Many CB units include some form of RF
indicator. When the unit is transmitting, the indi-
cator will show that RF energy is being delivered to
the dummy load or antenna system. Normally the
indicator light (or meter) will fluctuate when you
speak into the microphone. This indicates that the
RF carrier is being modulated. The antenna can now
be reconnected and an on-the-air check made with
some other unit of the system. )

REVIEW QUESTIONS

1. What form of modulation is used in
CB transmitters? What methods are
used to prevent overmodulation?

2. What are the power limitations on a
CB station?

3. What is the CB frequency tolerance?

4. What steps should be taken to reduce
ignition noise?

5. How can generator whine be reduced?

6. How are CB transmitter power output
and modulation checked?

7. How do you order crystals for CB
equipment?

8. What are the functions of the trans-

mit-receiver changeover switching in
a CB unit?

Answers to these questions will be included in
PHOTOFACT Set No. 581.




i@fffaw 2nd-Class Radiotelephone License Course

Lesson 19

Two-Way Radio Installation and Adjustment

The usual two-way radio installation for mobile, in-
dustrial, or public safety radio service is seldom much
more elaborate than a top grade Citizens band instal-
lation. Compact single-unit equipment is now avail-
able for these services. Space problems are often
solved through the use of a multiple unit, such as
the Comco model shown in Figs. 1 and 2. In this unit
only the small control box and microphone need be
mounted near the operator. The main transmitter-
receiver unit can be located at a position where it will
take up a minimum amount of useful space. The con-
trol box is usually mounted beneath the dashboard,
and a microphone bracket is positioned at a point
convenient to the hand of the operator. A power cable
must be installed between the control box and the
ignition switch or battery. A power and control cable
is also needed to connect the control box with the
transmitter-receiver unit which can be mounted in
the trunk, engine compartment, at the rear of the
driver’s seat or at some other appropriate location.

Fig. 1. Comco two-way radio units,

Inasmuch as several bands are used for the services
mentioned above, the particular antenna installation
depends on the frequency of operation. For opera-
tion in the 25-50 megacycle band the antenna instal-
lation, except for the antenna length, is quite similar
to a Citizens band installation. Since the 27-mc Citi-
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zens band is located at the low frequency end of this
spectrum, the average mobile antenna is usually
somewhat shorter than that of a CB unit.
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Fig. 2. Basic interconnections of mobile two-way
radio componentd.

If the assigned frequency lies in the VHF or UHF
bands, a considerably shorter antenna may be used,
and the car roof provides the best antenna mounting.
Usually this is an efficient type of installation, be-
cause of the higher location of the antenna and the
effectiveness of the large-area metallic car top as a
ground plane for the antenna system. Rear deck and
cowl mountings are also used, but less frequently.

As in the case of a Citizens band installation, co-
axial and ground-plane antennas are the most com-
mon for base station use in the 25-50 megacycle band.
Similar antenna types are available for use in the
VHF and UHF bands; however, in these bands a
higher gain is practical because high-frequency mul-
tiple-element collinear types are no longer than a
standard quarter-wave type on the 25-50 megacycle
band. The two most common coaxial cable types used
are RG-8/U and RG-58/U.

Since rather long-distance communication is often
required, the base station antenna is sometimes
mounted on a high mast or tower. Many of these in-
stallations are similar to the types made for long-
range television reception; tower heights in excess of
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70 feet are used at times. In some installations the
transmitter-antenna site is on the top of a hill, ridge
or tall building. Antenna installations must comply
with FCC regulations.

FM BUSINESS COMMUNICATOR

In this section the installation and adjustment of a
typical FM two-way radio unit designed for use in
the business-radio service will be considered. The
Gonset G151 (Fig. 3) provides a 36 watt FM signal

€229 TRANSMY L105 RECEIVER ~C101 RECEIVER

TTER ’ 7 €100 RECEIVER
R OUTPUT TANK ADIUST l—mcu.umn ADSUST 7 INPUT ADJUST .
e fove [esiceceivee:

OSCILLATUR PEANING

.......... ]

@181
M communitaios

-—orenET

- powER 0N
CONTROL INDICATOR LAMP

MICROPHONE INPLT / SQUELCH
VOLUME ON-OFF

CRYSTAL OVEN

J202 c230
ANTENNA LOADING
ADJUST

Fig. 3. Gonset FM business radio communicator.
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(+5 kc deviation) on any assigned frequency be-
tween 151 and 174 mc. The unit is crystal controlled
in both transmit and receive positions. By changing
power cables, the unit can be operated from either
a 117 volt AC or a 12 volt DC power source. Thus,
similar units can be used at the base station and
mobile stations. The transmitter frequency stability
is 0.0005%. Receiver sensitivity is 0.8 microvolt for
20 db quieting.

Pre-installation Check

Prior to the installation of a two-way radio unit it
is wise to check its condition and performance. Go
through the unit to make certain the tubes are se-
curely in place and that the proper crystals have been
installed. The appropriate power cable can now be
connected to the unit.

When checking the operation of the Gonset model,
first set the volume control to mid-range. Then, while
the unit is warming up, connect an FM signal gener-
ator to the antenna terminal, and set it to the receive
frequency. Use a 5-microvolt FM signal with a mini-
mum of 3 kc deviation at 1000 cycles. A 1000-cycle
tone should now be heard through the speaker with
the squelch control set at any position.

For checking out the transmitter section, a 50-ohm
wattmeter, capable of dissipating a minimum of 40-
50 watts, should be connected to the antenna termi-
nal. Depress the microphone press-to-talk switch.
The wattmeter should indicate a minimum reading
of 36 watts. The transmitter frequency should now
be checked to make certain it complies with FCC
specifications.

A modulation meter should now be used to deter-
mine the deviation characteristic of the transmitter
output. Remove the microphone from the micro-
phone input jack and substitute a 1000-cps, 1-volt
rms signal. With the transmitter turned on, adjust
the deviation potentiometer for a maximum fre-
quency swing of 4.7 ke.

The preceding checks on the transmitter must be
made by or under the direct supervision of indivi-
duals holding a radiotelephone first or second-class
license. If the unit does not perform properly, it is
necessary to make additional adjustments and pos-
sibly alignment. Alignment and maintenance of the
FM communicator will be covered in the final lesson
of the course.

Netting

It is necessary to set all the units of an integrated
communication system to the correct frequency. Im-
proper netting is a prime cause of poor system per-
formance. All units should be netted precisely prior
to installation. After installation has been made the
netting should again be checked and fine adjust-
ments made if necessary.




If the system has not been operated previously, it
is necessary to select one unit to operate as the base
station. Check the transmitter output frequency of
this unit and set it in accordance with FCC specifi-
cations. Also, check the receiver section to make cer-
tain that a received unmodulated signal within FCC
specifications will give a zero voltage reading at test
point J102-5 (discriminator DC output).

Next, turn on the transmitter associated with one
of the mobile units to be netted with the base station,
but do not modulate it. Adjust the mobile unit trans-
mitter frequency trimmer control for a zero-voltage
reading as indicated by a VTVM connected to test
point J102-5 of the base station receiver. Re-verify
that the transmitter thus adjusted is within FCC
specifications.

To net the mobile unit receiver, turn on the trans-
mitter of the base station. Now adjust the mobile unit
receiver local oscillator slug for a zero voltage read-
ing indicated by a VT'VM connected to test point
J102-5 of the mobile receiver. The above controls are
readily accessible at the top of the unit as shown in
Fig. 3.

If a unit is to be added to an already established
system it should be netted with the base station. The
procedure is the same. The transmitter is turned on
without modulation and its frequency trimmer con-
trol is adjusted for a zero voltage reading measured
at the base station receiver. The base station trans-
mitter is now turned on without modulation. The
receiver local oscillator slug is set for a zero voltage
reading at its discriminator output.

Installation

The Gonset unit can be mounted directly under
the dashboard or slant-mounted against the firewall
as shown in Fig. 4. Prior to the connection of power
to the unit the vehicle voltage regulator should be
checked for proper operation. Measure the battery
line voltage with engine started but operating below
the generator pull-in speed. If the reading is less than
12 volts, check the battery connection and, if neces-
sary, recharge or replace the battery. The engine
should now be stepped-up so that the generator is
operating at full output. The voltage measured at
battery terminals should not exceed 14.5 volts. Let
the engine idle and turn on the headlights for a few
minutes. Again run up the engine speed to full out-
put. Note the voltage before and after switching the
lights off. The reading should stay substantially con-
stant at no more than 14.5 volts. If this voltage is
not stable between 14 and about 14.5 volts, the regu-
lator should be adjusted or replaced.

In connecting the power to the unit make certain
that proper battery polarity is observed. Always
double-check polarity and also make certain the unit
is properly grounded to the car frame. Transistors

Two-Way Radio Installation and Adjustment

can be ruined if reverse-polarity power is applied to
the unit.

For the best over-all performance and range, it is
suggested that a vertical quarter-wave antenna be
installed at the approximate center of the vehicle top.
On some vehicles the interior dome light can be re-
moved temporarily to provide convenient access for
drilling the mounting holes and fishing the antenna
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Fig. 4. Mounting the communicator.

cable. After the antenna is fastened, a wire must be
routed beneath the headliner fabric to a corner post
and, through the post to a point behind the dash-
board. The antenna transmission line can now be at-
tached to the wire and gently pulled through to the
antenna. On convertibles or other vehicles where a
rooftop antenna installation is impractical, the an-
tenna may be mounted on the rear deck or trunk lid.

Post-Installation Check

The FCC requires that pre-operational checks be
made after the initial installation. The frequency and
deviation must be within the tolerance set forth in
the technical standards. These operational checks
must be made by a properly licensed person.

Connect an in-line RF power meter (reflectometer,
if available), capable of dissipating 40 watts or more,
between the unit and antenna. After a suitable warm-
up period, start the engine of the vehicle and accel-
erate until the generator indicator does not show dis-
charge when the transmitter is operated. The
antenna loading control and the transmitter RF out-
put tank circuit are now adjusted for maximum
power indication on the meter. If the meter can also
read the standing-wave ratio (VSWR) the antenna
can be adjusted until there is a minimum standing-
wave ratio. Recheck the transmitter frequency and
the modulation to make certain the operation of the
unit still is within FCC specifications.

The receiver can be monitored by measuring the
AGC voltage present at test point J102-1 witha DC
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VTVM. The receiver input tuned circuit is then ad-
justed for maximum noise output. If there is consid-
erable noise present, it is wise to make additional
checks throughout the ignition and wiring circuits
of the vehicle. In particular, defective components
such as distributor points and rotor, bad plugs, and
faulty terminals should be replaced. Noise suppres-
sion techniques were covered in Lesson 18. The use
of FM modulation is, of course, of great benefit in
itself in the suppression of noise.

SMALL-BOAT INSTALLATIONS

The installation of a small-boat radiotelephone
does not differ too much from that of a two-way
radio installation in a land vehicle. The frequency of
operation, however, is much lower, and therefore, the
antenna is much shorter. The antenna is highly base-
loaded. In fact, a separate loading adjustment is
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Fig. 5. Raytheon small-boat radio and typical
mounting position.
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UNDER THE SEAT |

usually provided for each channel. It is also more
difficult to obtain a good ground. Since AM modula-
tion is used, noise suppression can at times be trou-
blesome.

A typical Raytheon small-boat radio and sug-
gested mounting position are shown in Fig. 5. Can-
vas or ventilated plastic covers should be used to pro-
tect the unit from water spray.
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Fig. 6. Small-boat antenna installation.
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12 volt boat battery

Mounting hood

12 volt 20 ampere
circuit breaker -

Locate near battery or in
terminal box, as shown.

Connect in
the unground.-
ed wire.

#2041 luge

Ground strap —a
. 00S to . 020"
thick x 2" wide
copper.

Terminal box
(in boat)
to ground plate

Handychassis hang-
er can be formed by
inserting two sheet
metal screws here
{leave heads project-
ing about 1/8").

Remove masking tape
and connect ground
strap behind hood.

Attach to bulkhead

2 conductor #12 gauge,

Banana plug for
antenna socket
High-voltage

le‘i‘“)

i

OBSERVE POLARITY,
Connect red (+) wire to
small terminal, brown
wire to large terminal.

side mtg.
insulators

nut

wing nut

lu,

Int. lock washers Antenna

Connector

Fig. 7. Installation instructions for Kaar marine radiotelephone.

A typical antenna mounting arrangement is shown
in Fig. 6. Notice the fairing block which conforms
to the shape of the boat at the mounting position and
holds the antenna vertical.

Installation instructions for a Kaar marine radio-
telephone are given in Fig. 7. As in the case of a
vehicular installation it is important to observe bat-
tery polarity. An overload breaker is a wise accessory.
The power cable should be as short as practical. Cable
clamps and screws can be used to hold the cable in
place.

The insulated lead that runs between the radio-
telephone and the antenna should be routed away
from metallic surfaces and sources of noise; spark
plug wire (not resistance type) is often used for this
lead.

The best performance can be obtained only if an
adequate ground system is incorporated. The
grounding problem of a metal hull boat is not diffi-
cult. The radiotelephone chassis need only be con-
nected electrically to the hull by as short a length of
ground strap as possible.

A proper ground system must be installed if the
hull is constructed of wood or fiberglass. The FCC
recommends a metallic area of 12 square feet be at-
tached to the bottom of the hull. This ground plate
can be of brass, copper, or heavy copper foil. All elec-
trical grounds from engine block, battery, radiotele-
phone, etc. should be grounded to this plate using
straps (short as possible).

Some small-boat engines have metallic enclosures
and shields; be certain these are grounded. Metallic

shields placed around the engine reduce RF noises
radiated from the engine and electrical system. Spark
plug popping, generator whine, and distributor or
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Fig. 8. Noise suppression techniques for a small-boat radio
installation. (Courtesy Heath Co.)
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regulator noises can interfere with small-boat recep-
tion. Land vehicle and small-boat suppression tech-
niques are the same. These are summarized in the
suggestions given in Fig. 8.
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Fig. 9. Typical RF output system of a small-boat radio.

The diagram of Fig. 9 is typical of most marine
radiotelephones. A pi-network tank circuit is used
to obtain an appropriate match between the output
and the low-impedance antenna system. The very
short length of the antenna means that a very large
loading coil is necessary.

Five loading capacitors are used—one for each of
the five channels of the transmitter. There are also
five taps on the final tank coil and on the antenna
loading coil. Usually a closed-circuit jack is provided
so that a current meter can be inserted into either the
plate circuit or cathode circuit of the output tube for
tuning purposes. The circuit of Fig. 9 also shows an
output meter which can be used to give a relative
indication of power output.

In tuning up such a transmitter, the taps are posi-
tioned along the tank and antenna coils according
to the frequency of operation desired. The higher
the frequency of operation, the smaller the amount
of inductance required.

In a typical tune-up procedure, each of the an-
tenna-coupling capacitors would be set near maxi-
mum. Starting at the high frequency end, the tapsare
positioned along the plate tank and antenna coil from
high frequency end to low frequency end. These taps
are usually color coded. Most manufacturers include
a chart with their instruction manual to help you
position each tap according to the frequency of oper-
ation.

If tap position information is not available, the
correct position is determined experimentally. With
the transmitter turned on, the tank coil tap is grasped
by the lead only and run up and down the tank coil
until a position is found at which the plate or cathode
current dips. Usually this position is found for the
highest frequency of operation and other taps are
then located successively until the lowest frequency
tap has been placed in position. A similar procedure
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is used to position the taps on the antenna coil. In
this case each tap position is located when maximum
output is shown on the output indicator.

Once the tap positions have been located, the indi-
vidual loading capacitors permit a fine adjustment on
each channel. The plate current is dipped on each of
the channels. Usually it is preferable that this occur
at some specific value of plate current. If the plate
current dip reading on any one of the channels is
substantially off, the associated taps on plate coil
and antenna coil can be moved slightly. The coupling
capacitor is then varied to dip position again and the
new current noted. By switching back and forth, it is
usually possible to bring the minimum plate current
to somewhere near the correct value,

REMOTE CONTROL INSTALLATIONS

There is a variety of remote-control systems used in
the two-way radio services. Many vehicle installa-
tions are of the remote control type with a control
box mounted beneath the dashboard (convenient to
the operator) while the transmitter-receiver is
mounted in the trunk or at some other location. The
functional plan shown in Fig. 10 is typical.
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Fig. 10. Aerotron remote-control installation plan.

The vehicle battery is shown at the top right and
is linked to the car ignition system as well as the
power relay of the two-way radio installation. Bat-
tery current will flow through the relay coil only
when the ignition switch of the vehicle is turned on.




When the relay is energized, contacts 1 and 2 of the
relay close and power is applied to the transmitter-
receiver power plug.
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Fig. 11. Aerotron remote-control head.

Remote control heads vary from manufacturer to
manufacturer. Some include a built-in speaker and a
microphone socket. In other types, the speaker
and/or microphone socket are separate and must be
linked by cable to the remote control head.

A coaxial cable is connected between the trans-
mitter-receiver and the antenna. If the antenna is
mounted at the rear of the vehicle, only a short length
of cable is needed.

ANTENNA

O

/_Rc-e/u FOR RUNS OF 150" OR LESS

115 VOLTS AC RG-17/U OR EQUIV. FOR RUNS N
50/400 CPS EXCESS OF 150",

D

MODEL
700

EMICROPHONE
MICROPHONE
E SOCKET

REMOTE
CONTROL HEAD

/u CONDUCTOR CABLE
TOTAL CABLE RUN
NOT TO EXCEED 1000’

/-4 CONDUCTOR CABLE

(A) Without remote-controlled power.
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A multi-conductor cable links the remote control
head with the transmitter-receiver. The Aerotron re-
mote control head schematic shown in Fig. 11 is
typical of this type. When switch S601 is closed, the
battery circuit to the relay coil is completed. Power
is then supplied to the transmitter-receiver. The pilot
lamp 1601 indicates when the receiver is turned on.
The microphone switch places the transmitter on the
air; at this time, indicator lamp 1602 comes on. Po-
tentiometer R601 is the volume control which gov-
erns the amount of current flowing in the voice coil of
the speaker. Resistor R602 is the squelch control.

Two common base-station remote-control plans
are shown in Fig. 12. These arrangements permit the
transmitter-receiver to be positioned at a favorable
location with respect to the antenna system; at the
same time, minimizing the amount of clutter received
by a crowded dispatch point. In a typical installation,
the transmitter-receiver and remote control head can
be separated as much as 1000 feet. The only differ-
ence between the two arrangements is that primary
power can be controlled from the remote location in
the second plan (Fig. 12B). In the first plan (Fig.

ANTENNA

PN

RG-8/U FOR RUNS OF 1S0' OR LESS
Lb”" RG-17/U OR EQUIV. FOR RUNS IN
EXCESS OF 150’

8 CONDUCTOR CABLE

MAIN POWER CABLE
FROM SET PLUG INTO
MgggL 115 VAC SOCKET HERE

115 vOLTS AC

50/400 CPS
MICROPHONE PRIMARY
POWER CONTROL —G_—_
UNIT

8 CONDUCTOR CABLE
TOTAL CABLE RUN
NOT TO EXCEED i000"

MICROPHONE
SOCKET

Eg

|4 CONDUCTOR cABLE

o]

REMOTE
CONTROL HEAD

(B) With remote-controlled power.

Fig. 12. Telephone-line system for remote control operation.
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12A) the main power must be turned on and off at
the transmitter-receiver location.

In those installations where the transmitter site
is on top of a hill or a considerable distance away from
control center, the remote control operation is main-
tained over telephone lines. Both DC current for
relay control, and audio-frequency signals are sent
over the same telephone pair (see Fig. 13).

DISPATCH POINT TELEPHONE TRANSMITTER SITE
PAIR
RECEIVE FROM
AUDIO RECEIVER

SWITCHING L
RELAY

AND DC
SOURCE [~ ]
T0
TRANSMITTER

Fig. 13. Basic remote control method.

During transmission, the amplified microphone
signal is sent over the line to the modulator section
of the transmitter. During reception, the output of
the receiver at the remote location is sent over the
line to the audio amplifier-loudspeaker system at the
remote control point. The function of the relay con-
tacts at the remote point are the same as that of a
transmit-receive relay associated with units previ-
ously covered, with the exception that the relay coil
is energized over the telephone path. When the sys-
tem is turned to the TRANSMIT position at the remote
control point, DC current flows through the tele-
phone line and energizes the relay. When the relay is
energized the contacts close and place the transmit-
ter on the air.

More elaborate remote control systems are avail-
able that can control more than one receiver and/or
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transmitter, switch main power, and send back trou-
ble signals to the remote control point. For high-
power transmitters, remote metering facilities can
also be included.

REVIEW QUESTIONS

1. The FCC is particularly concerned
with what three operating parameters
of a two-way radio transmitter?

2. At what times is it necessary to make
transmitter measurements, in com-
pliance with FCC regulations?

3. What circuits are switched in the
transmit-receive changeover opera-
tion of the Gonset unit shown in Fig.
5?

4. Why is the proper installation of the
antenna particularly important in a
small-boat installation?

5. What is the preferred mounting posi-
tion for a mobile VHF or UHF an-
tenna?

6. What is the frequency tolerance the
business radio service in the 150 mega-
cycle band?

7. How can a single telephone pair be
used to establish a simple remote con-
trol system?

8. How can the meter shown in Fig. 7 be
used to measure the standing wave
ratio of a two-way radio transmission-
line system?

Answers to these questions will be included
in PHOTOFACT Set No. 581.
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Lesson 20

Two-Way Radio Maintenance and Troubleshooting

INTRODUCTION

Two-way radio maintenance involves three basic pro-
cedures—preventive maintenance and performance
checks, alignment and tune-up, and trouble localiza-
tion. A sensible preventive maintenance schedule is
the key factor in maintaining a high order of reliable
performance. By law, transmitter output, frequency,

and modulation must be checked every six months. .

That is a good time to consider the receiver perform-
ance as well. Actually, it is wise to check the equip-
ment monthly, or at least a few times during each
compulsory six-month period. Vehicular installations
are subject to considerable vibration and need to be
checked frequently. Do not permit deteriorating con-
nections and rising interference levels to hamper im-
portant communications.

Records should be kept on each unit. OQutput level
plus frequency, current, and voltage readings should
be recorded on forms made up for this purpose. When
readings begin to change from the normal it is a
certain indication that maintenance is necessary. It
may be that only a tune-up is required or, a tube is
going bad. In other cases it may lead you to a defec-
tive part which, if found, may prevent a complete
breakdown several weeks later.

The test equipment required for two-way radio
maintenance was covered in considerable detail in
previous lessons. Of course the test equipment itself
must be kept in peak operating condition. In par-
ticular, those instruments used to make the re-
quired FCC measurements should be religiously
maintained.

TUNE-UP AND ALIGNMENT

As in most electronic equipment, improper tuning
and adjustment can cause faulty operation. The
characteristics of circuits and components change
over a period of time. Changes in supply voltage can
influence the tuning of both receiver and transmitter.
Environmental changes such as temperature or
humidity often alter operating conditions. When
tubes or other components are replaced, their char-
acteristics often differ from those originally used in
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the circuit. The severe jolting that a mobile unit en-
counters can cause operating conditions to change
suddenly or perhaps over a period of time. These
many conditions, no matter how painstakingly the
designer attempts to avoid their influence, require
that units be tuned-up and aligned on occasion if
peak performance is to be retained.

In this section we will consider in detail the align-
ment of the FM communicator which was discussed
in Lesson 19. From the schematic diagram in Fig. 1,
you will notice that the communicator is divided into
three major sections—transmitter, receiver, and
power supply sub-chassis. Alignment slugs and key
test points are marked. You may wish to locate some
of these points as you review the circuit description
given in Lesson 19. In general, it is a much less con-
fusing arrangement of components than you may
have encountered in servicing television receivers.
The convenient test points and sockets, which are a
part of most two-way radio equipment, are a defi-
nite help both for alignment and for localization of
faults.

Don’t align until you are reasonably certain that it
is necessary. The need for alignment is usually indi-
cated by a gradual deterioration of performance in
the transmitter or receiver. Perhaps the full trans-
mitter output cannot be obtained or the modulation
level seems low. Maybe the receiver has trouble pick-
ing up weak signals or, there is a high background-
noise level. Perhaps the speech is a bit distorted as
though the receiver is not tuned correctly. Of course,
other factors can produce the same apparent troubles
and these possible conditions should be checked be-
fore a decision is made to align the unit.

Standard tests, made each six months to insure
optimum operational capabilities, often disclose
gradual deterioration of performance as a result of
misalignment, incorrect adjustment, tube aging, or
component failure. Prior to removal for bench serv-
ice, however, a visual check of the installation should
be made. Check the condition of tubes, cabling, an-
tenna connection, microphone hook-up, and power
circuits. If these are all normal and it is still not pos-
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sible to tune the unit for peak performance, you must
determine if the problem is a bad part or a need for
general tune-up and alignment.

First you should check key power-supply voltages.
In particular, make certain that the power supply is
providing full voltage under load. The possible cause
of a low voltage reading could go back as far as the
voltage regulator or battery of the vehicle.

Gonset recommends the following test equipment
to be used in maintenance work on their FM com-
municator:

1. A stable VHF signal generator with provision
for several crystal-controlled outputs. Preferably,
the generator output should be fundamental on all
ranges, to prevent spurious responses within the
equipment.

2. A calibrated attenuator or pad that can be used
to reduce the generator output to exactly 0.25 uv or
less for making receiver-sensitivity measurements.

3. A modulation monitor and frequency meter.
The accuracy of the frequency meter should be at
least 0.0002% or better (1 or 2 parts-per-million).

4. An in-line RF wattmeter that can be used to
check transmitter output and antenna-system effi-
ciency.

5. A DC VTVM.

6. An AC voltmeter, calibrated in db.

ALIGNMENT PROCEDURES

A thirty-minute warmup period for both test equip-
ment and two-way set should be permitted before
alignment begins. Check the power-supply voltage to
the receiver at pin 3 of test socket J102, using a DC
VTVM,; the voltage reading should be 210 volts. The
test socket J102 can be seen at the very center of the
photo in Lesson 19. Notice from the schematic dia-
gram (Fig. 1) that the supply voltage arrives at this
point from the contacts of the transmit-receiver re-
lay. Thus the unit must be in the receive condition to
permit a voltage measurement at this spot.

Before starting the alignment procedure, turn the
volume control clockwise until some noise is heard in
the speaker. The squelch control should be set fully
counter-clockwise.

1. Connect the VTVM to pin 1 of J102. At this
point the meter will read the limiter grid current. Use
the 3- or 5-volt scale of the meter. Connect the signal
generator, through a 0.01-mfd isolation capacitor, to
pin 2 of the second mixer tube V104A. Apply an un-
modulated 455-ke signal to this grid.

2. Adjust IF transformers T107, T106, T105,
T'104, and T'103, in that order, for a maximum read-
ing on the meter. Maintain the input signal level so a
reading of not more than 3 volts is obtained on the
VTVM.

3. Connect the VIT'VM to pin 5 of J102. Notice
that at this position the meter reads the DC output
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of the discriminator. Adjust the top core of T108
(secondary of discriminator transformer) until the
output voltage reading is zero volts DC. Adjust the
bottom core of T'108 for equal positive and negative
peaks when the signal generated is varied above and
below 455 kc by equal amounts. Readjust the top
core for a reading of zero volts with the signal gener-
ator at exactly 455 kc. The bottom core of trans-
former T108 tunes the primary of the discriminator
transformer.

4. Connect the signal generator to pin 9 of the first
mixer tube V102A through a 0.01-mfd isolation ca-
pacitor. Apply a 10.7-mc signal to this control grid.
Be certain the signal generator is set precisely to 10.7
mec. This can be assured by checking the discrimina-
tor output at pin 5 of test jack J102, varying the
signal-generator frequency until exactly zero volts
is obtained. This setting then corresponds exactly to
10.7 mc since the discriminator has been previously
set to exactly 455 kc and a stable crystal oscillator
is used to form the second IF.

5. Reconnect the VT'VM to pin 1 of socket J102.
Set the meter on the 3- or 5-volt scale. Adjust trans-
formers T102 and T101 for maximum meter reading.
Keep the signal generator output low enough that the
meter reading is less than 3 volts.

6. Connect a generator, with a frequency range be-
tween 150 and 175 mc, to the antenna receptacle
J202. Set this generator to the exact channel fre-
quency. This can be done by either zero-beating with
an accurate heterodyne frequency meter or by
checking for discriminator-zero. Adjust L105, 11086,
and C109 for a maximum meter reading. These ad-
justments insure proper oscillator frequency and in-
jection voltage.

7. Adjust capacitors C106, C104, and C109 for
maximum meter reading. Keep lowering the signal
generator output so the meter indication is no more
than 3 volts maximum.

8. The receiver can now be “netted” by adjusting
inductor L105 in accordance with the procedure sug-
gested in Lesson 19.

Transmitter Alignment

Transmitter alignment and tuneup also requires
the use of a VT'VM inserted into the appropriate pins
of transmitter test socket J203. With the transmitter
turned on, (keyed), its supply voltage can be
checked by inserting the meter into pin 5 of J203.
A normal DC reading is 325 volts. This voltage ar-
rives at the transmitter circuit by way of the trans-
mit-receive relay contacts. In the transmit position,
the relay is energized and the contacts closed, apply-
ing the DC voltage to the transmitter circuits.

1. Connect the VI'VM to pin 1 of the doubler
stage, tube V204. The voltage measured at the grid
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MATCHING RECEIVER AUDIO
S'G::TL A UNDER VOLT-
GENERATOR AT TENUATOR TEST METER

RECEIVER QUTPUT
— CAN BE FROM ACROSS
VOICE COIlL. OF SPEAKER

Fig. 2. Receiver sensitivity check.

RECEIVER ALIGNMENT OSCILLATOR

The need for an accurate and stable signal source at
10.7 mc for receiver IF alignment can be met with
an inexpensive transistorized oscillator which can be
constructed in a very short time from readily-avail-
able parts. A non-critical circuit, suggested by Aero-
tron, is given in Fig. 3.
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NOTE
L LI MAY BE ANY SMALL R F CHOKE GREATER THAN
LT

Fig. 3. Receiver alignment test oscillator.

The test oscillator should be constructed on a
small metal chassis, keeping all leads as short and
direct as possible although actual lead length and
placement of parts is not critical if ordinary receiver-
construction practices are followed. The battery
may be a small transistor-radio type. It should be
mounted on the chassis and the entire oscillator unit
enclosed in a metal box in order to prevent undesired
radiation. The output jack, J-1, should be of either a
coaxial or shielded phono-type. All fixed resistors are
14 -watt composition and the fixed capacitors are
disc-ceramic types. The output-level control, R6,
should be of a composition type rather than a wire-
wound control.

A single trimmer, C4, has been provided to adjust
the exact frequency of the crystals used. If greater
precision is desired, individual trimmers of 5-30 mmf
may be used from the collector side of each of the
crystals to ground, instead of the single trimmer
shown. The crystals should also be mounted inside
the metal box and can be soldered directly across the
selector switch, if desired.

The test oscillator should be carefully checked
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against a suitable frequency standard and the trim-
mer (or trimmers) adjusted for a maximum error of
less than .002% on any of the crystal frequencies
used for alignment work. Frequency adjustment may
be conveniently done with a communications receiver
which includes a crystal calibrator and provision for
receiving WWYV on 5, 10 or 15 mc. The 100-kc crystal
calibrator should first be checked against WWV. The
receiver can then be set to exactly 21.4 mc, using the
calibrator and BFO to produce a zero beat at this
frequency. The test oscillator should be set at the
10.7-mc switch position and placed near the antenna
lead of the receiver. The trimmer may then be ad-
justed to accurately set the test oscillator on 10.700
mc.

It is suggested that crystals be initially installed
for 10.7000, 10.7075 and 10.6925 mec. The first fre-
quency will be used for IF alignment and receiver
“netting” adjustments. The additional frequencies
can be used for proper adjustment of filters, IF trans-
formers and FM detector and, for checking selec-
tivity. If desired, crystals may also be installed for
1650 ke, 455 ke or any other frequency, as long as
all crystals are of the fundamental-frequency type.

PREVENTIVE MAINTENANCE

Preventive maintenance is a key servicing factor for
reliable peak-performance operation. Such steps pro-
vide good insurance that most troubles will not occur
when the two-way radio unit is most needed. Impor-
tant things to include on your preventive mainte-
nance schedule are:

1. Check the power source often. Battery connec-
tions should be kept in good condition. Make certain
the mountings are secure. Take measurements of
battery strength, electrolyte level, and output volt-
age. Keep watch on the operation of the voltage regu-
lator. Watch out for cable wear.

2. Check antenna and ground connections. In-
spect for any physical damage to the antenna and
make certain good contact is maintained between the
inner contacts of coaxial plugs and antenna elements.

3. Becertain that tubes are seated securely. Check
transmitter and receiver tuning. Make a measure-
ment of transmitter frequency and deviation. Check
receiver sensitivity.

4. Make routine internal inspections of equip-
ment, looking for signs of overheating or parts de-
terioration. Keep an eye out for loose coil connec-
tions. If the equipment is subjected to environmental
extremes such as dust, wind and rain it is wise to es-
tablish a preventive maintenance schedule that in-
cludes checking of all plugs, connectors, tubes, and
fasteners for proper cleanliness, seating, and tight-
ness of fit. Loose foreign objects can be removed
from the inside of the cabinet with a soft dry brush

‘ is related to the amount of drive signal supplied by

the crystal oscillator.

2. Key the transmitter and verify its frequency of
operation with a frequency meter. Adjust L201 for
maximum voltage indication.

3. Connect the VTVM to pin 1 of the test socket
J203 to read tripler-grid excitation. Tune interstage
transformer T201 for maximum voltage reading.

4. Connect the meter to pin 2 of test socket J203
(drive to output stage). Tune L202 for maximum
reading.

5. Screw the primary slug of transformer T202
completely out of coil. Turn the secondary slug until
it just begins to enter the coil. Key the transmitter
and tune the secondary coil for maximum voltage.
This reading should be about —25 volts. Slowly turn
the primary slug into the primary coil at the rate of
2 turns at a time, retuning the secondary coil each
time. Continue this procedure until approximately
—50 volts of drive is being developed. In this tuning
process, both the resonant tuning and the drive are
adjusted alternately until the transformer is tuned to
resonance at the same time it delivers the optimum
drive to the final power amplifier.

6. The cathode current of the output stage can be
measured by inserting the meter at pin 3 or 4 of
J203. The plate tank capacitor C229 can now be
tuned for minimum cathode current. Capacitors
C229 and the antenna tuning capacitor C230 are
adjusted alternately for maximum reading on the
output-power meter. This should be approximately
36 watts.

7. The antenna can now be connected to the trans-
mitter output. If available, a reflectometer-type
power and SWR meter can be connected into the
line. Capacitors C229 and C230 can now be re-
touched for maximum output with minimum stand-
ing-wave ratio.

Modulation Adjustment

In preparing for modulation checks it has been
assumed that the transmitter has been adjusted for
maximum power output on the correct frequency. A
1-volt 1000-cps audio signal must be supplied to the
front-panel microphone jack J201. An FM deviation
meter, with whatever attenuator or impedance-
matching device is required, is connected to the
transmitter output J202.

1. Adjust the DEVIATION LIMIT control R205
for 4.8 kc deviation.

2. Check both the positive and negative deviations
tor deviation percentage. If the modulation is non-
symmetrical by more than 1% ke, slightly readjust
L201 (modulator plate-circuit tuning) for a linear
deviation.

3. If L201 did require readjustment, it will be
necessary to recheck the crystal frequency because
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L201 can cause a slight alteration of crystal fre-
quency. Readjust C211 if necessary.

4. Reduce the audio-generator output to 70 mv.
At this input signal level, the deviation should begin
to decrease.

5. As a final check, reset the audio level of 1 volt
and vary the audio-generator frequency between 200
and 20,000 cps. The deviation should not exceed 5 ke
at any frequency.

6. The receiver and transmitter should now be
“netted” in accordance with the procedure described
in lesson 19.

RECEIVER SENSITIVITY MEASUREMENT

A signal generator and audio voltmeter are used to
measure receiver sensitivity in the typical arrange-
ment shown in Fig. 2. Signal generator and receiver
should be permitted to warm up at least % hour or
more. The signal generator is connected through an
attenuator pad and/or matching device to the re-
ceiver input. The audio voltmeter is connected to the
output of the receiver. - °

It is very important that the signal generator be
set precisely to the receive frequency for this meas-
urement. A DC VTVM can be connected to the dis-
criminator output and the signal generator frequency
set very carefully for a zero output. The receiver
squelch should be turned off.

1. Reduce the signal generator output to zero. Ad-
vance the volume control until the output meter
reads some reference voltage—say, 10 volts. This 10-
volt reading is the reference output-noise level.

2. Increase the signal generator output until the
meter reading drops to 1 volt (which represents a
20-db decrease in the output).

3. Read the RF signal voltage applied to the re-
ceiver input. This amount of signal (in microvolts)
represents the receiver sensitivity for 20-db quieting.

As you know, the noise output of an FM receiver
decreases with an increase in the applied signal be-
cause of limiting action. This test procedure deter-
mines the applied signal level needed to reduce the
noise output of the receiver by 20 db.

4. At times, the sensitivity specification of a re-
ceiver is given in some other value of quieting such as
6 or 10 db. It should be understood that 10-db quiet-
ing at a prescribed signal level is not as good as 20-db
quieting at the same signal level. In the former case,
the noise output of the receiver has only decreased
by 10 db when the signal generator output has been
increased to a specified level.

Of course, you can measure the sensitivity of the
receiver in terms of 10-db quieting by setting the
signal generator output to the level at which the re-
ceiver noise output has fallen only to 10 db.
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or with a clean, dry air blower. Relay contacts and
their operation reliability should be watched.

TROUBLESHOOTING

The same logical steps you would employ in tracing
down a defect in a television receiver can be used in

POWER

Inoperative on DC or AC

Operates OK on AC, blows fuses on DC

1. Vibrator sets

2. Transistor Power

Low B+ voltage operating on DC

Low B+ from any power source
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locating faults in a two-way radio system. Just as
you mentally divide a television receiver into a group
of functional sections, a two-way radio system should
be segregated into separate units and sections.

A generalized chart for localizing trouble in two-
way radio gear follows:

SUPPLY

(a)
(b)
(c)

Defective fuse or fuses.
Defective switch.
Defective transformer.

Defective vibrator.
Defective power cable or plug.

(a)
(b)

(a)
(b)
(c)

Defective transistor.

Reversed battery polarity.

Transistor shorted to heat sink (defective insulat-
ing washer).

(a)
(b)

(a)
(b)
(c)
(d)

Low battery voltage.
Defective vibrator or transistor.

Shorted tube or shorted B+ bypass capacitor.
Defective rectifier.

Defective filter capacitor.

Defective power transformer.

Once the power supply has been checked, operate the set with a dummy load and check the transmitter as

follows:

TRANSMITTER

Inoperative; no RF output

Operative, but low RF output

Output OK, modulation deviation low

Modulation distorted

Output and modulation OK,
frequency out of tolerance

Defective tube.
Defective relay.
Defective crystal.

Defective tube.
Transmitter out of alignment.
Low B+; see “Power Supply’’ checks.

(b)
(c)

(a)
(b)
(c)

(a)
(b)
(c)

(a)
(b)

(c)
(d)

Defective tube in audio system.
Defective microphone.
Automatic deviation control improperly adjusted.

Defective tube in audio system.

Check receiver first; if present on more than one
receiver, the transmitter is probably at fault.
Check modulation deviation and reset if neces-
sary.

Check transmitter frequency; reset if out of toler-
ance.

Defective oscillator tube.
Defective crystal.

(a)
(b)

After both power supply and transmitter have been checked, connect the set to an antenna and check the

‘ receiver as follows:
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Two-Way Radio Maintenance and Troubleshooting

RECEIVER

Inoperative,noaudio ............................

Inoperative but loud hiss at maximum volume
and minimum squelch positions . ................

Squelch inoperative .............. ... .. ... .....

Receiver operative but low sensitivity ..............

Receiver operative but audio distorted .............

Operative, sensitivity normal but
excessive ignition noise . .......................

REVIEW QUESTIONS

1. Give the procedure for making a re-
ceiver-sensitivity measurement.

2. How is the proper setting for inductor
L202 in the plate circuit of the tripler
(Fig. 2) determined?

3. How are the controls associated with
first receiver oscillator set correctly?

4. Why is it not necessary to tune the
second receiver oscillator?

5. How is the proper drive to the trans-
mitter output stage set?

(b)
(c)
(d)

(a)
(b)

(a)
(b)
(c)

(a)
(b)
(c)

(a)
(b)

(c)

(a)
(b)
(c)
(d)

Defective tube.

Check supply voltages.

“Signal trace” to find faulty stage.
Check relay contacts.

Defective tube in input stages.
Defective crystal.

Defective squelch system tube.

Check limiter operation.

If tubes check OK, refer to “Low Sensitivity,”
below.

Defective tube in RF or IF system.

Defective antenna.

Check limiter voltage. If less than normal, check
receiver alignment.

Defective tube.

Check discriminator action with signal known to
be on frequency and having proper modulation
deviation.

Receiver out of alignment or defective crystal.

Defective tube.

Check discriminator circuit.

Check limiter action.

Check vehicle for excessive ignition noise.

6. What steps must be taken in the ad-
justment of the modulation of the FM
communicator?

7. What is the function of each set of
tape associated with the output sys-
tem coil of the transmitter shown in
Fig. 7?

8. Does 6 db quieting with an applied
one microvolt signal represent a high-
er or lower sensitivity than a 10 db
quieting with an applied one micro-
volt signal?

Answers to these questions will be included in PHOTOFACT Set No. 581
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ANSWER SHEET

For Questions in Lessons 17 through 20

LESSON 17 — ANSWERS

The emitter current goes through a resonant dip.
The grid current rises.

The cathode current decreases.

The plate current rises.

The plate voltage of the stage must be turned off
but the grid drive should be on. If the stage is
neutralized there will be no dip in the grid current
reading as the plate tank is tuned through reso-
nance.

There will be a dip in the plate current when the
plate tank circuit is tuned through harmonic reso-
nant frequencies. That the tank circuit is tuned
to the proper harmonic can be ascertained by
using an absorption wavemeter or a grid-dip
meter.

. DC meters which read the average DC component

of grid and plate current are used. An RF meter
must be used to measure the antenna current.
Peak the input resonant circuit for maximum grid
current. Adjust the excitation until the required
amount of grid current flows when the tuned grid
circuit is at resonance. With some loading con-
nected to the output, tune the plate resonant tank
circuit for a maximum dip in plate or cathode
current. Bring the antenna circuit into resonance
by tuning for a maximum plate current at reso-
nant setting. If an antenna current meter, RF
voltmeter, or field strength meter is used, the an-
tenna can be tuned for a maximum reading. Ad-
just the coupling between the plate tank circuit
and the antenna system until the required amount
of plate (or cathode) current is drawn.

LESSON 18 — ANSWERS

. Amplitude modulation. Audio peak clippers, satu-

rated transformer cores, and negative overmodu-
lation diodes can be used to prevent overmodula-
tion.

. On the Class-D Citizens band, the power input

limitation to the final RF stage is 5 watts. Unli-
censed CB units with an input not to exceed 100
milliwatts may be used to communicate with like
units.

The frequency tolerance is 0.005% for Class-D
operation.

Proper equipment adjustment, suppression resis-
tors, feed-through capacitors and proper shield-
ing.

5.

6.

—

Feed-through capacitors, resonance traps, and
proper shielding.

By measurement of the power delivered to the
dummy load. Test instruments are available
which read the modulation percentage, at the
same time serving as a dummy load and power
meter. A reflectometer can also be used to meas-
ure both the forward and reflected power to de-
termine exactly how much power is delivered to
the antenna.

Crystals are ordered according to the desired
channel frequency for the transmitter. Selection
of receiver crystals is based on the channel fre-
quency, the IF frequency of the receiver, and
whether the local oscillator tunes above or below
the signal frequency. Crystals are purchased ac-
cording to the model number of the CB unit so
that it will operate within the FCC tolerance.
The changeover switch performs the switching
that changes the antenna and power circuits be-
tween transmitter and receiver. The output of the
audio section must also be switched between loud-
speaker and the modulating signal input to the
transmitter.

LESSON 19 — ANSWERS

Power input, frequency, and modulation.

. Upon installation, whenever changes are made

that can influence the three major operating pa-
rameters, and at least every six months.

Supply voltage and antenna.

Because the antenna is very short with relation to
the operating wavelength. The antenna system is
also important because of the difficulty of obtain-
ing a good ground.

. The center of the roof, because the large metal

roof can serve as a ground plane. It is also usually
the highest mounting position available on a ve-
hicle.

0.0005%.

The voice frequency as well as a DC control cur-
rent can be transmitted on the same line. The DC
current is used to operate a relay which, in turn,
performs the transmit-receive switching.

. The meter when inserted between the transmitter

output and the transmission line (the meter itself
must give the same impedance as the transmission
line), will give an accurate measure of the stand-
ing-wave ratio.

(continued)



LESSON 20 — ANSWERS

1. The receiver is first adjusted with no applied sig-

nal and with its gain high enough to read the
specific amount of output noise. An unmodulated
signal of the desired frequency is then applied to
its input. The signal level is increased until the
noise output of the receiver has fallen 20 db or
some other specified value. The input-signal level
that produced this reduction represents the signal
sensitivity of the receiver in terms of the specified
amount of db quieting.

. By adjusting the controls until the grid current
is peaked at the final stage. If necessary, an ab-
sorption wave meter or grid-dip oscillator can be
used to make certain the output is tuned to the
proper harmonic of the incoming signal.

. With an applied signal of the proper frequency,
the controls are adjusted for peak grid-current
flow at the limiter.

. Regardless of the signal frequency, the high IF

frequency is constant.

. By adjusting the degree of coupling between the

windings of the coupling transformer.

. The modulation meter is attached to the trans-

mitter output. The deviation control R205 is set
for a specific level of deviation when a signal of
appropriate frequency and amplitude is applied
to the microphone input.

. The three sets of taps permit an optimum induct-

ance for the plate tank circuit, the degree of
coupling between the transmitter output and an-
tenna system, and antenna tuning for each oper-
ating frequency.

. A lower sensitivity, because for a given level of

signal the noise output has only been reduced
6 db instead of 10 db.




