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The Citizens Radio Service
By the Engineering Department, Aerovox Corporation

ON June 1, 1949 the Federal Com-
munications Commission inaugur-

ated the Citizens Radio Service on a
regular licensing basis. Prior to that
time, stations operating in this band
(460-470 Mc.) were governed by ex-
perimental rules, pending finalization
of the regulations by the FCC. The
new service provides, for the first
time, means whereby a private citi-
zen may engage in two-way radio com-
munication without being required to
pass a technical examination.

Because of the simplicity of the
new licensing procedure, and the long-
standing need for such a service, it
is anticipated that the citizens band
will become a very important aspect
of ultra -high -frequency radio. This
issue of the AEROVOX RESEARCH
WORKER contains a general discus-
sion of the rules controlling this ser-
vice, the technical requirements of
the equipment employed, the pos-
sible applications of citizens stations,
the propagation characteristics of this
portion of the UHF band, and the im-
plications of this new service in the
servicing and manufacturing fields.

Regulations
The detailed regulations governing

the Citizens Radio Service may be
obtained from the Superintendent of
Documents, U. S. Government Print-
ing Office, Washington 25, D. C. for
a fee of five cents. This reprint from
the "Federal Register" of April 5,
1949 is designated "F. R. Doc. 49-

2517." Application for Citizens Radio
Service construction permit and sta-
tion license may be made on FCC
Form 505 to FCC Field Engineering
Offices or to Washington, D. C.

In general, the rules provide for
the operation of a citizens radio sta-
tion by any citizen of the U. S. who
is over eighteen years of age and who
possesses citizens band equipment
which has been approved by the
FCC. The licensing procedure for
those thus qualified is quite "stream-
lined," requiring merely the submis-
sion of the non -technical, single card
application form (Form 505). The
normal term of the license is five
years from the date of issuance. It
authorizes the holder to communicate
with other Citizens Radio Service
licensees on a frequency -sharing basis

for pleasure, utility, or indirect profit.
By "indirect profit" it is meant that
the service may be used as minor in-
strumentation in a business. For in-
stance, a doctor might use the citizens
band for a private call system to main-
tain contact with his home or office.
The service may not charge for mes-
sages, handle program material in any
way connected with radio broadcast-
ing, transmit directly to the public
through public address systems, or
for other purposes contrary to Fed-
eral, state or local law. The FCC
regulations define the Citizens Radio
Service as "a fixed and mobile ser-
vice intended for use for private or
personal radio communication, radio
signalling, control of objects or de-
vices by radio, and other purposes
not specifically prohibited herein."
The artists sketch of Fig. 1 illustrates
the most popular concept of such
"personal radio communication."

Due to the non -technical nature
of the citizens license requirements,
this frequency allocation is not in-
tended as an experimental band. All
station equipment must be type ap-
proved by the FCC before the is-
suance of a station license. Any
transmitter adjustments or mainten-
ance which might effect its operating
characteristics must be made by, or
under the direct supervision of, the
holder of a first- or second-class com-
mercial license. The Commission
must be notified of any major modi-
fications which are made to the equip-
ment during its use.
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The regulations do, however, pro-
vide for the licensing of "composite"
equipment which complies fully with
the technical requirements of the Cit-
izens Radio Service. The procedure
for obtaining FCC approval for the
construction and operation of such
equipment is considerably more com-
plicated than that outlined above for
the case of commercially manufac-
tured, type -approved equipment.
Supplementary information, describ-
ing the complete design and testing
of the composite equipment, must be
submitted to demonstrate that it will
comply with the rigorous engineering
specifications. In some cases the FCC
may require that the completed equip-
ment be submitted to its laboratory
for type -approval testing. The ma-
jority of war surplus radio equipment
available in this frequency range,
such as the BC -645 air -borne trans-
ponder beacon, has been found by
the FCC to fall far short of the re-
quired technical standards of the ser-
vice.

Technical Requirements
Two classes of licenses are issued

which authorize operation of a sta-
tion within the 460-470 Mc. citizens
band. Fig. 2 shows the allocation of
frequencies in the band according to
class of license. The Class A license
requires that the transmitter frequen-
cy be maintained constant to within
plus or minus .02% of the intended
operating frequency, and authorizes
operation throughout the entire band.
The Class B license permits frequency
deviations up to plus or minus .4%
of the mid -band frequency (465 Mc.)
and all operation must be confined to
this band. The maximum power input
to the final tube or tubes in the trans-
mitter for the three subdivisions of
the band is also shown in Fig. 2.

The technical requirements of the
Class A license effectively exclude all
but carefully engineered, crystal con-
trolled transmitters. No other known
method of transmitter frequency
control will dependably meet the
.02% tolerance specified. Since low -
drift quartz crystal oscillators are
available only at relatively low fre-
quencies, it is necessary to use a mul-
ti -stage transmitter to multiply the
crystal frequency to the required cit-
izens band frequency. The usual ex-
tent of such a crystal controlled trans-
mitter is illustrated in block form in
Fig. 3. It is common practice to ac-
complish the frequency multiplica-
tion in low power stages and use the
output of these to drive a high -gain
power amplifier at the output fre-
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quency.
It is evident from Fig. 3 that the

Class A requirements may be most
easily met by stations operating at
fixed
orate mobile installations. The in-
herent complexity of the high stabil-
ity equipment and the accompanying
heavy power drain make the hand -
portable "walkie-talkie" type of op-
eration improbable. High quality
equipment is necessary for operation
near the edges of the citizens band to
avoid interference with important
commercial services on adjacent fre-
quencies. The recent allocation of
UHF television channels starting at
475 Mc. makes the good conduct of
stations in the Citizens Radio Ser-
vice even more imperative. For this
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reason equipment meeting FCC ap-
proval must be as "fool -proof" as pos-
sible. Since it is intended for use
by non -technical personnel, no con-
trol effecting the frequency of trans-
mission should be accessible from the
exterior of the equipment housing.

It is the Class B license which is in-
tended to authorize the operation of
greatly simplified portable communi-
cation equipment which might be car-
ried on the person in the manner of
the war -time "walkie-talkie" or "hand-
ie-talkie" sets. This mode of oper-
ation has the greatest appeal to the
public and probably the greatest po-
tential field of application. The tech-
nical requirements of this license may
be met by relatively simple, light-
weight sets of the "transceiver" type,
in which the functions of transmitting
and receiving are performed by the
same tubes. Fig. 4 shows the mini-
mum equipment requirement for such
a station in block form. The trans-
mitter is a self-excited oscillator, mod-
ulated by one or two audio amplifier
stages driven by a high -output micro-
phone. During receiving, the bias
and plate voltage on the oscillator
tube are switched to convert it to a
superregenerative detector. The an-
tenna remains coupled in the same
manner, and the audio section is used
to amplify the detected signal and
drive a small speaker or headphones.
The complete transition from "trans-
mit" to "receive" is accomplished by
a single switch or relay.

Although equipment of the trans-
ceiver type has been approved by the
FCC for use in the citizens band, very
careful engineering is required to
comply with the Class B regulations.
This difficulty is due to several in-
herent limitations in the performance
of modulated, self-excited oscillators

2nd.
FREQUENCY
MULTIPLIER

3rd.
FREQUENCY
MULTIPLIER

POWER SUPPLY

ANT.

FINAL
AMPLIFIER

CRYSTAL -CONTROLLED UHF TRANSMITTER

FIG.3

MODULATOR



and transceivers in general. These
limitations may be listed as follows:

(a) Transmitter frequency insta-
bility. The inherent frequency sta-
bility of most self-excited oscillators
in the UHF range is very poor. The
frequency is effected by changes in
applied voltage, capacity changes
caused by thermal expansion of vac-
uum tube elements, changes in am-
bient temperature and humidity, ca-
pacity variations due to proximity ef-
fects, antenna loading variations, and
mechanical vibration. Voltage fluc-
tuations due to plate modulation
alone may cause frequency modula-
tion amounting to several hundred
kilocycles. The combined result of
such effects is to make it exceedingly
difficult to design an oscillator at
465 Mc. which will meet the pre-
scribed tolerances in the hands of the
public.

(b) Receiver radiation. The great
simplicity of the transceiver results
from the dual use of the tubes. How-
ever, when the transmitting tube is
used as a superregenerative detector
coupled directly to the antenna, a sig-
nal which is pulsed at the frequency
of quenching is radiated. This signal
is a potential source of interference
to other citizens radio stations and
adjacent services. Receiver radiation
may be prevented by the addition of
an r. f. stage between the antenna
and the "superregen" detector, but
the presence of this stage complicates
the function of transmit -receive
switching considerably.

(c) Transmit -receive frequency
difference. Due to the change in op-
erating voltage, there is a consider-
able difference between the frequen-
cy of  transmission and reception in
most transceivers. This discrepancy
in frequency has the effect of causing
two stations in communication to drift
around the band unless the transmit-
ter of each is retuned to a given fre-
quency before every transmission.

Nevertheless, the transceiver pre-
sents a very inviting approach to the
problem of simple and economical
equipment for the Citizens Radio
Service, and the solution of its limi-
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tations is a challenge to equipment de-
signers.

Propagation Characteristics
Because the citizens band alloca-

tion is in the UHF portion of the
radio spectrum, communication is
usually limited to virtual line -of -
sight distances. Stations using a few
watts input, as is characteristic of
stations of the "man -portable" kind,
are able to communicate for distances
ranging from a few blocks in very
populous city areas, to several miles
in residential districts having fairly
flat terrain. Over truly optical paths,
such as might exist between stations
operating at elevated locations, ap-
preciable distances may be spanned,
even with very low power. The pres-
ent record for amateur communica-
tion in the 420-450 Mc. band is 262
miles.

Waves at these frequencies are
attenuated considerably by dense fol-
iage. Antennas should, therefore, be
above tree -top level wherever pos-
sible. Because of the portable ap-
plications of the service, vertical an-
tenna polarization will be favored for
its omnidirectional properties.

There are also very pronounced
"shadowing" effects behind hills, tall
buildings, and other large obstructions
at these frequencies. In many cases,
however, reception at such sites may
be made possible by indirect path
propagation of the type illustrated in
Fig. 5. By this means, radio waves
reflected by other large obstacles may
reach the receiver by indirect routes.
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Citizens stations using the high-
performance equipment specified for
the Class A license, and the greater
power permitted under these condi-
tions, should enjoy considerably great-
er dependability of communication
The use of very stable transmitters
will permit relatively narrow -band,
high -gain superhetrodyne receivers
to be employed. The resulting im-
provement in receiver sensitivity
should enable this type of station to
communicate over distances several
times greater than those covered by
Class B stations. High -gain direc-
tional antennas of the kind shown in
Fig. 6 of the August, 1949 AEROVOX
RESEARCH WORKER may be em-
ployed by stations at fixed locations.

Commercial Aspects
The Citizens Radio Service repre-

sents a new field of endeavor for the
manufacturer and radio service man.
Since the licensing procedure for the
service is based primarily upon the
availability of commercially manufac-
tured equipment, a large potential
market exists for type -approved sets
which can be economically produced.
The high cost of satisfactory equip-
ment for two-way radiotelephone com-
munication is at present a major
drawback in the expansion of this
service.

In a similar manner, citizens radio
provides a lucrative field for the ser-
vice man who equips himself with a
commercial radiotelephone license so
that he may legally engage in instal-
lation and maintenance of citizens
radio sets. As the service grows and
gains in popularity it should be pos-
sible for an enterprising technician to
build up a large clientele of citizens
band licensees. Since the service man
will have to assume responsibility for
the proper functioning of the equip-
ment under his care, it will be neces-
sary for him to acquire some special-
ized test equipment, such as a precis-
ion UHF wavemeter, for this purpose.



How Small Is Small? pos

The miniaturization trend has posed the question and

Aerovox capacitors provided the answer. If the usual

run of capacitors are just too big for those extra -
compact assemblies turn to Aerovox for the immed-

iate answer to your problems.

Aerovox engineers have concentrated on miniaturi-
zation, checking and rechecking foils, etches, forma-

tion processes, containers, etc. To meet the "size"

trend they've developed the smallest electrolytics ever

made. Working with metallized paper, they've come

up with amazingly compact paper tubulars. Given a

cost cutting problem, they've come up with miniature

plastic tubulars that combine top performance at bot-

tom prices.

Small, smaller, smallest Aerovox capacitors proved

the immediate answer to this miniaturization trend.
Consult your local Aerovox distributor for further in-

formation.

capacitors

TYPE SRE "BANTAM"*
ELECTROLYTICS

Smallest metal -can electrolytics
yet! One shown is ISO v. 10

mfd. Type SRE are relctively
low -voltage numbers. 3 to 150
v. 5 to 500 mfd. Especialli suit-
able for hearing aids, personal
radios, cathode by-pass appli-
cations, screen filter functions,
etc.

'Trade Marks

"AEROCON"* PLASTIC -

SEALED TUBULARS
Utilizing usual paper tube with
the exclusive Aerovox Duranite
sealing. Section is permanently
protected against humidity,
heat and other severe -service
conditions. Save money over
usual plastic -molded tubulars.
Tiny Type P'85 here shown, in
200 and 400 v..00025 to .1 mfd.

"AEROLITE"* METALLIZED -
PAPER TUBULARS
The most compact and lightest
paper tubulars yet. Utilizing
unique metallized paper in-
stead of usual paper and foil.
In addition to tremendous bulk
reduction, Aerolites are self -
healing. In other words, if
breakdown occurs due to volt-
age overloading, dielectric im-
mediately reforms and capaci-
tor is as good as ever. Type
P'82 in 200, 400 and 600 v. .01
to 2. mfd. Shown here is direct
size comparison on standard
paper tubular and "Aerolite
of same ratings.

FOR RADIOELECTRONIC AND
INDUSTRIAL APPLICATIONS


