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LOW POWER RADIO TRANSMITTERS FOR
BROADCASTING®

By
AW, Krsrraven anp R, K, Conrawm
(Tiell Telephone Labaratories, New York Cityd

Summary-—Thiz poper dizcusses the pace of tow powered trslollations i the
existing radio broadeast aystem, ond the tmportance of apparalus for such slations
meettng the present-day requirements perfatning to freguency stability, modulation
e pability, fidelity, and radio-freguency hermonics, The characteristics and more
Tnderesitng features of @ new line of tramsmdtiers copering the range of outpul from
100 to 1006 walls are desorhed. The baste unit is o 100-watt Bransmitter employing
grid-bius modulalion which is novel in sofar o American broadeast practice s con-
eorped. Ot pals af 250, 500, and 1000 walts are obladned through the use of v supple-
mentary amplifier undl cquipped with fubes of appropricie capacity. Roadiation-
cooled tubes are used throughout, and both units are self-conlatned, being vperated
direct from an alterneding-curvent supply withow! the wse of rofuling machinery.
Mechanically the wnils are novel in that the housings are of o cabiinet form with doors
whith allew compleie access from the front for adjusiment and mainlenance.

ADIO broadeasting began with the use of {ransmitters of what
we would now term low power. That these were not ineffective is
evidenced by the imanediate response given by the public and
the rapid growth of the new induastry,

However, to extend the distances over which programs eould be
zatisfactorily transmitiod and to reach receiving points unfavorably
loeated, the necessity for powers greater than the few hundred watts
first craployed was goon recognized and the development of equipment
rated ab five kilowatts and upward followed. This development has
heen characterized by important technical advanees in equipment and
paralleled by a great growth in the broadeast industey wiih its own
imporiant advances in technique. Not a little of the growth and in-
creased effectiveness of broadeasting is due to the capabilities of this
so-called high power eguipment and its performance in vendering
serviee not otherwise possible,

tecognition of what has heen wccomplished with relaiively high
powered transmitters, and of the fact that they offer the only satis-
factory means of broudeasting over Jarge sreas, has tended to divert

atiention from low powered equipment and has possibly prevented a
genreril apprecistion of its capabilities in the field for which it is
adapied, that iz, in the serving of relatively small areas. The terms

* Decimal clossification: R3565.21. Original manuseript received by the Insti-
tuie, September 23, 19532, Presented before New York Mesting, December 2,
1938,
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Kishpaugh ang Coram: Loy Power Transmitters 213

“iow power” and “small areq” gre hoth indefinite, and while we may
arbitrarily define “low power” g COvering transmitters rated at one
kilowait or less, the “gren” which one of these transmitters may he
eapable of serving cannot he defined in sueh an arbitrary manner as
it is dependent Upon many factorg, Important among these sre the
clasgs of serviee required, the nature of the territory over which ihe
transmission takes place, and the receiving conditiong encountered, !
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Fig. 1

Simply to indicate in & general Way the comparative results whieh
may be expected with the radiation of different amonnpts of power,
there have been plotted on Fig. I a number of eurves to show the dis-
tances from a broadeast station at which, under {he eonditions gs-
sumed, certain field strengths will he obtained. Three CUrves are
shown., Clurve A indieates the approximate distances at which the
field strength is 200 millivolts per meter. Curves B and ¢ indicate the
approximate distanees at which the field strength is 2 millivoltg under
unfavorable and favorable conditions of frequency und attenuation,
It will be seen that with 100 watfs radiated field strengths hetween 200
and 2 willivolig may he expected ovep distances hetween one-fourth

FOLUM. Jansky, Jr. and 8. 1., Bailey, “On the use of field mtensity measyre-

Ments for the determination of broadeast station voverage,” Prog, LR.E, vol
20, o, 1, pp. 62-76; January, (1932).
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and 12 to 21 mileg from the station, and with 3000 watts radiated the
same range of field strengths may be had over distances between 2 and
24 to 60 miles,

While these curves and figures are only typiecal, they do illustrate
the extent to which power mugt be inereased to extend materially the
region of high daytime field strengths and the effectiveness of small
amounts of power in producing these field strengths over appreciable .
though relatively short digtances. With full realization that the larger -
arens must of necessity be served with high power equipment, and that,
clogely grouped smaller areas may well be taken care of in the same
manner to advantage, it is evident that small isolated areas ean be
adequately served with rather small amounts of power. Thus where 5
program has enly community interest and it is not desired to cover
more than the loeal area, a single small siation will probably do all -
that is required. Also, where it iz wished to distribute a program to a
number of limited areas around separate centers of population, the
provision of a number of low power transmitters, one centrally located °
in each ares, is an efficient and economical arrangement. In this con-
nection, it may be noted that cenfrally locating small transmitters is
nol a sericus problem as the points of very high field strength which
might cause troublesome interference do not extend far from the trans-
mitter. This feature is advantageous as it facilitates usefulemploy-
ment of the radiation in all directions from the transmitier location.

The importanee which has been attached to the possibility of serv-
ing the smaller communities at relatively low cost through the use of
low power equipment iz indieated by the facis that nearly half of the
total number of broadeast channels are given over to stations of one
kilowatt and less in power, and that there are some 300 of these sta-
tions,

Compared with a larger station, the sphere of influence of one of
these may be relatively small, and apparatus failure or irregularity at
a single station may be relatively unimportant; nevertheless they repre-
sent in the aggregate n great many listeners who are entitled to receive
satisfagtory service. Poor service and poor quality are distasteful fo -
the individual whether he iz one of & few lisieners or one of thousands.

For these reasons, regulations covering the performance of equip-
ment as it affects the gervice given or the general broadeast scheme
apply equally to transmitting equipment of all powers. As these regu-
lations are made more rigorous to gain the advantages of progress in
the art, increasing attention must be given to the equipment whieh is
employed, and to the details of desipn which enable it to meet the
esacting requirements placed upon it. In the case of low power equip-
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ment particularly i is important that both operation and maintenance
of the high performance standards required be had at reasonable ex-
pEILse.

Pig. 2 Western Electric Noo 12-A (100-watt) radio transmitier.

To illustrate how the various demands upon it are met in 2 modern
radio broadeast transmitter, & line of low powered equipment will be
deseribed in which a number of novel features have been incorporated.

The basic unit is the self-contained 100-watt radio transmitier




218 Kushpough and Covan? Low Power 7

angmitiers

shewn i Figs. 2 and 3. It oceupies 2 Hoor space 36 by 25 inches and

ands 6 teet 6 incheg high. The honsing marks a departure from whag

Cestern Electyd
trans

No. 12-A (100-watt) radio
ar {doors open).

has been common in this Lype of equipment. It is in the form of 2 sub-
stantinl steel cabinet designed and finished to present a pl asing ap-
pearance. The meters and conirols are conveniently grouped 1o allow
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farge doors in the front which permit aceess for all ordinary adjust-
mant nnd maintenance.

The circuit of this unit, somewhat simplified, is shown in Fig, 4.
The quartz confrolled oscillator at the feft provides frequency stability
well within the present 50-cyele requirement with practicatty no muin-
tenance, No adjustment of thermostat or cireuit is required of the
operator, and as the erystal is not handled after calibration, the fre-

CTIRCUHT
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gueney control may be said to be tenly a ntoraatic, and the hazards of
careless handling or maintenanee are minimized. The entire oscillator
civeuit is housed and ealibrated as o unit which my be readily remaved
or replaced in the transmitter. Fig. 5 shows how this oseillator unit is
placed in position i the transmitter. The control element in the
erystal heater eireuit is a three-element gagcous tube rectifier. When
e contaet in the thermostat is open, this rectifier is ullowed to pass
current to the heater us the grid of the tube is effectively positive in
respect to the filament. When the corvect operating lemperafure is
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reached and the contacts of the thermostat close, the grid of the tub
is connected in such a way that it is always out of phase with the plat
voltage, and no current ean flow through the tube into the heater. T

fEEact

Fig. 5Plaeing erystal oseiliator unit in the fransmitier.

amount of current that the thermostat confuet is required to earry to
a negligible amount.
The second tube is of the same type as the oscillator and is re-

gigtanen ennnledt 109t (i hice ie ahiofrad fromm o saadoeidams adomn o
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trapsizitter as the output of this buffer tube js stoothly varied from
nothing to full output by merely changing the bias from a value 80

fur beyond eut-off that no out put 1s obiained to a value thai will give
the desived output.

—
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Fig. 6
This stage is transformer coupled to the second stage which in turn

is eoupled to the final stage by means of 4 tuned cireuit and neutrulized
by the eonveutional Rice circuit.
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Fig. 7

The final amplifier stage employs two tubes in o push-pull cireuit,
and it s here that modulation takes place. It is effected by what is
known as grid-hias modulation. While it is believed o be entirely new
to radio broadeasiing, this { ype of modulation has heen »
mereial carrier telephone systems for g number of vears and is by no
means untried. The type of modulation maost, desirable for o pariieular
purpose is dependent upon a great many factors. The type emploved
in this transmitier is advantageous here in invoiving a minimum nmun-
ber of vaeuum tubes, and in contributing to the sim ieity and eronomy
of operation. The fundamental eireuit and the mechanism of its operu-

ton are illustrated in Figs. 6 and 7. The grids of the tubes are hiased

sed in com-
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to considerably below ent-off, and the rudio-frequency arid voltage
applied 1o Lthe two grids out of phase as in any push-pull am plifier. T
awdio frequeney or modulating voltuge is applied to the two grids iy
purallel effectively in series with the grid bissing voltage. Thus the
effective grid-bias voltage iz vavied in accordance with the audio fr
quency or other modelating volluge which accounts for the nam
“rid-bins modulation.” Referring to Fig. 7, the divect erid-bias volta
is shown adjusted to approximately ane and one-half times the valy
required to reduee the plate current 1o sere, and 1o this is added th
adio-frequency input voltage sufficient to produce a radio-frecieng
output. If by changing the bins or otherwise the peak radio-frequeng
grid voliage 18 varied hetween cut-off, where no onlput is had, an
some greater valie, a completely moduiated radio-frequency outpy
is oblained. This tranamitter ix arraneed <o that when enough radi
frequency voltage is applied to the grids to just reach the point wher
they hecome positive, eausing grid current to How, the outpur is som
thing over 400 watts which is the peak required for complete sym
metrical modulation of 100 watts The output is adjusted to 100 wati
of carrier by adjusting the output of the first amplifier stage. The ay
frequency, applied to the grids in paraliel, is then adjusted so that th
maximun swings of it, which are to effect complete modulat ion, caust
the radio-frequency grid voltage Lo vary between cut-off and the poind
near where the grids become positive and the oulput i about 40
walts. Ag the tubes are operated so that the relstion between input and
output vollages 18 essentinlly lnewr, the audiodrequency distortion
experienced 1= slight ag is indicated hy Tig. &

It will be noted that the transmitier contains no gpeech amplifier
as the input transformer which eonnects 1o the grids of the modulatis
amplifier is fed directly from the speech input equipment, This i
ancther step in separating the radio- and sudio-frequeney cireuits in
a radio broadeast system, a trend whieh began with the inanguration
of low level modulation. The speech level required is 4 10 deeibels;
valae considerably higher than commonly required at the input of
radio fransmitter, but one that any amplifier eapable of operating
touad speaker can supply,

St

The output of the final and n:odulating stage Is transferred throug
the output and antenns coupling eireuils to the antenna, The coupliy
circuit, which inclades the secondary of the output teansformer Ly, th
inductance Ls, condenser €5, and the antenna coupling condenser ¢
arranged to be very effective in the suppression of the radio-frequen
harmenies. This simple network is not difhealt 1o adjust, and inerease
o effectiveness with the order of the havmonics. L is made so that it



Fishpaugh and Coraue: Low Power Fransmitters 2
i g

regetanee 1= high of the fundamentad lrequency, and the cireadt ig tuned
by adiustment of €5 As the snfenna coupling renctance 18 relatively
s;r}nll, the reactance of £; is practically annulled by the negative re-
actanee of €5 a0 that for the Tundamential frequency the reactance of
e anul € together is very smalls At harmonie frequencies the reactance

oltage is
Hifier. The
o griids in
Thiss the

audio fre- , S S
J;ho name of L. inereases while that of ¢ deereases, and the resultant reactance

I of the cembination is relatively very farge, theveby greatly diserimi-
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R Oselllogram of rectified output of the No.o 12-A radiv transmitter at 160
per cent modulation, and curve showing vartation in audio-fragquency dis-
toriion with pereentage modulation.

nating against harmonie eurrents. Further dizerimination is had by
the effect of the negative reactance of the antenna eoupling condenser,
Fy the means employved, the harmonie radiation is kept well below
0.5 per cent of the fundamental, thus anticipating any requirement
which may reasonably be expected.

The antenna is funed by adjusting the antenns loading inductance
L for maximum cwrrent in the usnal manner. An artificial antenna
resistance is provided so that the transmitter may be energized with-
out radiating a signal, should this be desived for test purposes,

A menitoring outpui is provided by means of o trangformer which

erating :

d through
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i ponnected in the plate elrenit of the final stage, This type of monit,
is new and does not require a tube or other type of rectifier. It is obwi

Fig. 9—Western Electrie No. 71-A wmplifier equipped for
1000-wabl, operation,

ous that the audio-frequency currents flowing in this eirewjt result fromd
the modulation of the oufput of the amplifier, and therefore give
faithful indieation of it, -
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hig type of monitor

reciifier. 1t is ohvi- The entive power for the transmitter iz obtained from alternating-

currentt supply without the use of rotating machinery. Two rectifiers
supply 3000 volts for the last stage and lower voltages for plate und
grid-bias circuits, Wherever voltage reduction is required, potentiom-
tability of the derived voltage.

eters are employed in order to provide
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Fig, 10—Simplified cireuit of the No. 71-A amplifier.

The direuits are controlled simply, and relays are provided to in-
troduce the time delays necessary in energizing the mereury-vapor
reciifier tubes. When the SSTART? switch is operated, elosing Dy, the
filainents are all lighted, and thermal relay S; begins Lo operate closing
it front contaets after the proper interval. This operates the relay S
which locks itself up and, in addition to starting the low voltage
reciifier that supplies all grid potentials and low plate voltages, oper-
ates relny 8, opening the cireuit through the thermal refay. This allows
sult from © the relay to cool and remake s back contact whieh through Si, oper-
ated by the grid-bias rectifier, energizes the 3000-volt rectifier. This

give a
sequence allows the rectifiers to come into operation properly and
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prevents applicalion of plate voltage without grid bi
relay in the high volen ge rectifier operafes §
tage.

s The overlg,
oremove only the high v

The power required for operation of the iy
mately 1500 watts single phase,

The amplifier which is atinched to ihe 100-w
outputs of 230, 5

ansmitter is apprg

ati unit io prov
00, or L watts is similar in o ppearance to the tra;
mitter and occupies the same amount of s

pace. 14 s designed fa
readily mounting the rubes required for any

wof the three-powerg,

Fig. U—Dynamic characteristios of 4he No., Ti-4
(1000-wate) araplifier,

also is a self-contained unii and operates directly from a three-phase
alternating-current power supply. Iig. 9 ix » view, with the doors ope
of this unif equipped for 1000 watis otttput. It will be nated that all
cireuit elements likely to radiate are coinpletely shiclded. The box
the center contains the output eirenit counling coil, and the antenns
loading eoil is directly above it. The intevior is di vided horizontally
into two main divisions with (he power apparatus located in the low
seetion and the radio-frequency apparatus above.

A simplified civewit of the amplifier is shown in Fig. 10.

The amplifier input is connected to the terminals of condenser
in the 100-watt unit. The resistances connested from erid to grid for

the Joad for the driving unit and in then is dissipated the power ou
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Kishpuugh and Coram: Low Power Transmitiers

put of the modualated stage. The remainder of the eircuit is similar to
that of the 100-watt unit with the natural exception that the eircuif
elements are designed for the larger eurrents they must carry. Here

ig. 12—Waestern Electric No “A (1009-watt) radio transmitting e uip-
ment consisting of the No. 12-A radio transmitier and the No. TI-A am-
plifier. ,

again it will be seen that an artificial antenna resistance is providec}
10 enable the transmitter to be operated for test purposes without
radiating, and a monitoring arrangement similar to that in the 100-
watt unit is provided.

Two radiasion-cooled tubes of a new design are employed in a
mgh-pull eircuit. The dynamic characteristic of the amplifier shown

o
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in Fig. 11 indicates a mple tube capacity 1o pernit 1000
with complete modulation whicl
watis.

-walt operatig
tentails & peak power of four kilg

306G ISoag

Fig. 184 udio-frequer

¥ eharacteristic of the No. 204-A
{(1000-watt) radio iy

ansmitting equipment,

This unit requires about 1000 watte of t]
bias voltage is obinined fromm a fall-w
employs mereury-vapor tubes, and the

wee-phase power. T
ave single-phuse vectifier whie :
SU0-volt plate potential is ob.

g

Fig. 14T ypes of iubey emploved in the Ne.

304-4 (1000-%214) radio transmit
titig equipment {designations are West

ern Hleotric code numbers).
tained from a full-wave three-phase

vapor rectifier tubes. A thermal delay ecireuit provides the DECessary
time interval for the filaments of the tubes to ro

ach operating tem-
perature before the high voltage is applied. An overlogd trip is pro-

reciifier also employing mercury
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to operation vided to prevent operation at heavy overloads, and a relay tn the grid-
f four kilo- bins eirenit is used to control the application of high voltage, thus
eventing the operation of the amplifier tubes without grid bias,
Fig. 12 is a photograph of a complete 1000-watt radio fransmitter
made up of the 100-watt unit and the amplifier just deseribed. The
entire equipment stands 6 feet 6 inches high and occupies a floor spaee
72 by 25 inches, All apparatus is accessible from the froat for main-
tenanee and adjustment. The sides and back panels are, however,
readily removable should oecasion require . All of the meters are
. motnted under glass at the top of the units, and the eontrols are of
an(:i'. The the spanner wrench type, 2 fonture that will be :1[.)1}1'()01&1;(?(% by 1’;1'1.05*3
ificr which who may 11;1\,‘*.0.?13{1 an adinstment changed by some curious visitor
ntial is oh- to t?v 1.]‘:%1‘1:%‘111111.-(.‘.!‘ o0, . ‘ “ ‘
The safety and control cireuits of the two units are interlocked.
Opening any one of the doors on either unit remnoves all high veltages
fromi both units. While switches are provided so that starting may be
soctionalized if desired, the entire transmitter may he eontrolled by
the master switeh in the 100-watl unit. When this switch is operated,
all of the various eircuits are energized in proper sequence, and the
transmitter may be put “on the air” from a cold condition in less than

pr

4 Ininaie.

The audio-frequency characteristic of a complete 1000-watt trans-
mitter is shown on Fig. 13.

Fig. 14 is a photograph of the various types of tubes used in the
1060-wait transmitfer. The 271-A, 242-A, apd 270-A are employed in
the radio-frequency cireuits of the L00-watt unié. The 258-A tube is
uged in the rectifier, and the 277-A controls the temperature of the
vtz oscillator. The 1000-watt amplifier employs the 253-A and
5%-4 rectifier tubes and the 279-A amplifier tube.
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