CHAPTER IV
TRALSITITTER : CIRCUIT COMPOVELTS

General

Radio waves present a very convenient agency for transmitting aural
and visual intellipencs over considernble dist-nces and aress without the
need of any interconnecting wires. Radie spstems are in comnon use for sen-
ding and receiving ;

1, Code sizmals (radio telegraphy.)

2. Aural (sound) intelligence in the form of speech and musical tones,

3. Fixed graphic material {facsimile and teletypo.)

%o Tronsient visuzl images (belewision programs.)

Radio systens ean be dividéed into fwo classa&? commmications systems and

broadeast systen.

In comrmnications systens, intelligence is transudtted betison two or
more definite desired points, and the intcllisence is senerally intended

only for the particular receiving stotion(s) te which it is tronsmitied.

In broandeasting systems, the intellizence transmitied is intended
for reception by any person, within the servics range of the tronsaitier,

which possesses the necessary receiving cquipment.

Broadcoast tronsmitters ropresent the hishest develoment of radio-
telephone transmitters with respect to stability of earrier freocuvency,

bandwidth, low distortion and volice, etec., Such transmitiers nommally consist
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of a erystal oschillator followed by scveral buffer-amplifier stapes, a nodu-
ated amplifier, auldio-frequency modulating system, etc., plus accesscrics

such as protection equipment, monitoring fzeilities, ate.
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Fige 33 = A/block dizzram oft o complete transmitter.

The R-F portion of a transmitter-eonsists of a erystal-controlled
oscillator, a frequency multiplier, a buffer-‘amplifier, ard 2 R-F power
amplifier. The erystol-controlled oscillator produces an alternating eurrent

By

of thz required carrier frequsncy wvalue. For hish freguancy of tha carrizr,
the output from the oseillator is fed into the frequency rultiplicr in one
or neore stares, In addition, to nroduece a multiple of its input frequency,
the frequency multivlier also serves as an R-F sammlifier. The nower outmut
of the frequency multinlier is inereased by the buffer armlifier to the

value required to drive th: pouwer amplifier, The R-F power amplifier produeccs

the desired powsr output,

The A-F portion of the transmitter cousists of o micirophone, a speech

or audio armwlifier, and a modulator. The low voltoge output of the miercphone
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is inecrzaosed by the A-F amnlifier to 2 value that is high enough to drive
the modulator, The modulator is the lzst stare of the A-F amplifier and
oroduces the A-F output required to obtzin 100 per eant modulation, The
output of the modulator iz fed into the RaF powrer amplifier, which also

serves as o modulating amlifier.

Fiz. 3% shows the siwplified circuit dizgran of Western Electric
i34-1 transmitter which is a type of tronsmitters according to the FCC

Rules and Repulations which 45 mostlypused in broade-sting services.

In this chapter, thoseireuit components of the radic broadesst
tronsmitters which ~ener2lly esuse the interfarences, and the iethod to

reduce these interferences are fentioned.

Intsrference Generated By an Osclllator

The froguency of “he voFying curren®s or voltoros associated with

raciio and electronic eireuits may vary fron a few eyeles nor second to

nillions of cyclas per second. & vacuoua tudbe, vhen usced in conjunction with
the promer combination of circult elements; moy be made to produce an alter-
nating current having aluost any value of frequencys. The vacuum tube does
not crezte any electricol energy; it mersly chinges one kind of current te
another, The elsctiical circuit associated with 2 vacuum tube when used to

produce an altornating current is colled an oscillator circuit.

The waves sent out by 2 radio tronsmitter consist of eleciromarmetic

and elsctrostotic fields, As these fields are esused Wy an aliovnating
't wa



To frequency
§ monitor 3574

Al
Fa |

-dlwﬁm#—r‘[ Trans. line

WA — Mod. Direct
3514 h Homitor mon. ant,

Fig. 34 Simplified circuit of Western Elsctric Li3A.i transmitter.

B

98



87

current, their frequsncies ars the same as thot of the alternating current
producing them. The frequency of the altzrmatirz corrents used in commni-
cations ranges from hundreds of thousands of cycles per second to millions
of cycles per second. Radioc transmitters depend on vacuum-tube oscillators

to produce their high-frequency carrier currents,

Oscillators can be divided into two general classes:- self-controlled

oscillators and crystal-controlled osecillators.

The frecuency of the transmitter devends, of course, on the osecilla-
tor. The frequency of the oscillator, in turn, closely aporoximates that of
the resomant circuit associsted with the tube, If the eireuit constants
could stay fixed, the frequency would never change. In practice, this is not

the case.

As Ef0r64mentinn¢ﬁ'£if the-rsdic-—broadeast tronspditiers transmit
the carrier freguency outside the assigned frequency and its tolerance it
will couse a mutual interference with the adjzcent operating channels. The
frequency of the transmitier depends, of ﬁoursc, on the oscillator, Thus,
the oscillator should have a good freguency stobility in order to avoid the

shift in carrier frequency.

The tem, frequency stabdlity, refers to the ability of the oscilla-

F

tors to maintain const:ont froquency under orzeratins conditions. It is eviden
that the carrier frequency of these stations must e hold to a very close
tolerance. At present the allowrble variation in frequency for broadleasting

stations is + 20 cycles,



88

The factors affecting the fregquency stability of an oseillator are
(1) operztine voltare, (2) output load, (3) temmerature, and (4) mechanieal

vibration of the circuit elenents.

Onerating Veltass, Any variation in the opercting woltapes applied to the

tube affect the frequency by influencing the alternating currents that flow
betwsen the tank ciremit and the grid and plate electrodes of the tubs, The

operating voltoges crn be stabilized by the use of a rezilated power supply.

Qutput Load. Ary varinstion in Ehe plate resistance and the effective load
resistance will affect the freduency of an escillator in a similar manner

as changes in plate volbage, Thus, frequency stability moy be obitained by
supalyingz the tube with a de/power supoly having good regulation, and by
maintaining a constant load on £he tube,a or by the use of (1) a tank circuit

having 2 hirh effdctive Q, (2) a2 buffer am-iifier, and (3) electron coupling.

Frequency stability obtained by using a tuned cireuit having a hizh
effective Q and 2 low L/C ratic. Th¢ tube input eanacliances are in parallel
with the tank czpacitance and if the tank erpacitonee is made sufficiently
larze, variations of tube input capacitances will have less effect on oscil-

lator frecuency.

@ Tranmmitters,CAA Aoronantical Center Troining Series Manual

137,(Air Navigation Facilities Eranch), p. 5.
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One method of providing a constant load to an oscillator is to use the
oscillator to drive a class C amplifier with the load coupled to the plate
circuit of this amplifier. For maximum stability, the crid of the Class C
amplifier should not be driven positive. The type of amplifier is usuzally cz2lled
a "buffer amnlifier?. The buffer is normally of low power output and is used to

drive a re-ular Class C power amplifier,

Multisrid tubes may serve as both oscillator and buffer as showm in
Fig. 35. This circuit is called an electron coupled oscillator. In oscillator
of this type, the cathode, contrel grid and screen grid of the tube are ope-
rated as a triode oseillator, with the screen grid serving as the oscillator
plate. The electron stream within the tube is the coupling medium to the plate
circuit of the tube. The supprossor grid, operated at RF ground potential,
reduces the capacitive coupling betwean the. screen grid and plate, effectively
eliminating frequency instability resulting from changes in the osecillator
load. The use of a tank cireuit in the »ldata Bection of the tube males fre-
quency multiplicztion possible, by tuning the vnlate tank cireuit to a harmonic

of the oscillator frequency.
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Fige 35 = Elecctron Coupled Oscillator.
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Tﬁmpgrature. Temperature is also a2 factor in frequency stability. Tempe-
rature changes czuse tube elements to expand or contraet slishiily which
change the interelectrode capacitsnces. As these capacitaneas are part of
the tuned eireuit, the frequency of oscillator will be affected. Temperzture
changes will also slichtly affect the values of the tank coil and capacitor
which change the induetance and capacitance slizhtly, and this too causes a
shift in the resonant frequency. The method of minimizing the instability
are by the nse of (1) adequate ventilation, (2) a coil wound with large

wire, (3) 2 low direct input wolteze, and (4#) thermo-compensating capacitors,
Use of any of these methods will reduce the temperature of the oscillator

unit, thus incressing the/smount of stacility.

Thermo-compensating capacitorsg are small capacitors on vhich termpe-
rature changes have an onposite effasct than they have on ordinary componenits,.
These capacitors arae so comnected in the circuit that the effect temperature
changes have on then offsets the-effect temmerzture chences have on the
induetanee or canacitance of the ecircuit. The result is that the frequency

stays constant,

Mechanical Vibration, Illechanical vibration of the circuit elements such as
tubes, capacitors, and inductors also causes their walues to vary. These

cnanges in the vwolues of inductance and csmacitance will ersuse the rasonant

9 y"Radio Transmitters,™ AF liarmal 100-6,(Washinzton, D.C.:

U.S. Government Prirtinz, 1960), p. 22.
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frequency to vary with the mechaniesl vibration. Instability due to mecha-
niical vibration can be minimized by isclating the oscillator from ths source

of mechaniecal vibration,

When the frequency of a tronsmitter must be hald within close limits,
a erystal-controlled oscillator is used. This is an oscillator in which a

specially cut erystal controls ths frequency.

Certain types of naturally occurring crystals, such as quartz,
Rochelle salt, or Tourmaline, have piezo-slectric proverties. When certain
crystalline matsrials arg/mlaced under a mechanicsl strain, such as compress-
ion or expansinn, an electyigal @ifferznce of notential will be devslonad
across opposite faeccs of the erystali/This action is called the piczo-

L]
electric effect. Conversely, when a wolta~e is impressed across opposite
faces of this type of crystal,;it will eause' the crystal to expand or contract,
If the voltage avplied I8 altermating, thelerystsl will get into vibration.
The frequency of vibration will be equal to the rusonant fresouency of the
erystal as determined br its structural characteristics. When the freonsncy
of the applied voltaze is egual to the resonant freguency of the crystal,
the amplitude of wibration will be maxdmm, Because of its plezo-clectric
effect, a hizh-quality crystal can maintain the frequency of oscillation

so that ths variztion in frequency will be less than one part in a million.

The frequency stability of crystal controlled oscillators depend on

he Q% of the crystsl and its temperature coefficient. The Q of a erystal

anersy stored in the ma-netiec field
snercy dissivated as heat in the resistance

* Q =x1,’R=
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is very hirch. Tt may be rore than 100 times that'is obtainable in an equivalent
electrical circuit. The 1 of a erystal is detarmined by thes cut, the type

of holder, and the accuracy of rrindinz. Commercislly produced crystals

range in Q from 6,000 to 30,000, while some labor-tory expsrimentsl erystals

range in S uo to hﬂD,ﬂDG.lﬂ

Transmitters which require a very hizh derrse of frecusney stahbility,
such as broade~st trensmitters, use temperatures-controlled ovens to main-
tain a constant erystal terperature, These ovens are thermostatically
controlled containers in which the ervstals are placed. Of course, crystals
with special cuts arz used with a.temveraturs coefficient as close to zero

as possible,

The type of cut also/determings the activity of the crystal. Some
erystals vibrate at more than one freéquency and thus will operate at harmonice
frzquencies. These erysials are corronly es=lled crystals with rmltiple peaks.
Crystals which are not of wmiform thickness may have two or more resonant
freouencies. Usu2lly one resonant frecucncy is more vronounced than the

others, and the others are cnlled spurious frequencies.

The amount of current that ecan safely pass through a crystal ranges
from 50 to 200 milliamperes. When the roted eurrent is excecdad, the ampli-

tude of mechanical wvibration becomes too zrezt, and the ervstal may erack.

10 »"Radio Transmitters,” AF Manual 100-6, p. 33.
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@ver loading the crystal affects the frecuency of vibration because tha power

dissipation and erystal temperature inercase with the amount of load current.

Freguency Multipliers

To prevent intsrference to other radio ssrvices, radiation at harmo-
nic frequencies must be kept at a minimum, To keep harmonie radiation dowm,
nany transmittsrs use erystal oscillators. At higher frequencies, it becomes
inereasingly difficult to keep an ogeillator stable. Therefore, it is common
practice to operate the oscillator at a low fraquency and use stazes of
frequency multinlication to'resch the desired output freguency. Such a

stage 1s called a frequepcy /multiplier.®

The output wave form from an amplifier may consist of the fundamental
frequency nlus a mixture of éven and odd harmonics. By oroper circuit adjust-
ments, it is possible to pass on one of these harmonics to the following
stape and eliminate the ‘others. In other words, it is possible to make an

; ; ] 1
amolifier into a freguency multiplier, .

4 frequency multiplier that gives an output twice the input frequency
is called a doubler, One which multinlies the input frequency uy three is
ealled a tripler. It is usual practice to %sep ths multipliecation in a single

stage dowm to a factor of two or threc because ths efficiency of a multiolier

Yrbsa. p. 105,
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i ; 12 e
decreases as the multiplication inersoses. In any case, a rmultipiier

usually feeds its output to a power mmrlifier.

Buffer Amplifior

-y

To prevent interference to other radio services, rrdiation at harmo-
nic frequencies must be “ept at 2 minirum. To kaeep harmonic radiation dowm,
many transmitters nse crystal oscillators, which have relativoly low po—r,
With thz oseill~tion occurring at low power, there is relatively little
danger of intorference. To raisg, the power outrut, these crystal oscillators
drive buffer amplifiers. Whaon the function of such an arm-lifier is to isolaic

the oscillator from the othér stages of the transmitter it is czlled a buffor

eurnplii‘:‘:.er.13
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Fig, 37 — Buffer Amolifier. "

12 rvid, p. 106,

13 Ivid. p. 105.
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In the case vhers the power amolificer is coupled dirsctly to the
oscillabor, the latfer is subject to a changing load. The input to the
amplifier represents the load on the oscillator. This changing load causes
the oseillator to bzcome unstable, So a buffer am-~lifier is used. The pur-
pose of the buffer is to act as an amplifier while isolating the oscillator

from the power amnlifier,

In the buffer amplifier circuit, Fig, 37, the buffer operates like
any other voltage amplifier, 15 The RF woltars developed across the oscilla-
tor tank is applied between grid and cathode of the buffer tube through
eoupling capacitor O, Capacitor 65 is included to by pass the RF wvoltaze

around the blas supply. Resistor R furnishes zrid le=k bias for the buffer.

The buffer plate load may be a tuned circuit, or it may be the pri-
mary of an sir-core transformer. The timed circuit offers a fairly corstant
load imped=nce and good response over a band of frequencies. Onee the cirew’
is adjusted with the values of capacitors Gz and Gj fixed, the load rewains

nnchanred.

Intarference Generated by the Amrlifiars

Most amplifiers require some care and consideration in desion and

constructi-n to prevent spuriocus oseillations from cecurring in the armli-

1
ﬁElactrcnics Training Staff of the Cruft Laboratory,Elcctronic Cir-

cuits and Tubes, (New York:lieGraw-Hill Pook Company,Inc., 1947), p. 494,




fier and associated circuitry.

The first form of oscillation is that which may occur 2t approximately
the same frequasncy as the amplifier operating freguency. This is due to
either or both of two possible reasons, The first is fecodback tlhrough the
coupling capaeitones of the amplifier tube. This results in the amplifier
acting like a TPTG oscillator. The cure for this osecillation is to ecancel
the fezdback capacitance by means of a centralizing circuit, or to use a
tetrode, or both. The sccond cause /0f oscillation at the amplifier opera-
ting frequency is through direct externzl fe:dback betwsen the tuned input
circuit of the amplifier and the oubput circuit, This can take place through
the inductive field of the coils that are part of the input and cutput
networks, or capacitively through the placement of other componznts associa-

ted with the input and output eireuits.

The swcond form of oscillation Is due to stray capacitances and in-
ductances in the grid and plate cirecuits Tisonating and forming an oscilla-

tor in the VHF region.

The third form of oscillatisn that may occur is a low frequency
one due to the W.F choke in the grid and plate resonating with the stray

capacitances present in the cireuit and forming a2 TPTG oscillator,

In commnicetion engincering, periodic oscillations occur that are
not harmonic. The microphone current when a stesdy sound is sung or spoken,
+he output of detector on which a harmonic voltaze is impressed, the se-nn-
ing voltoge on a cathode-ray tube, are important examples of periodic non-

harmonic oseillations. Analysis of perisdic functions shows thot a nonhar-
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monic wave (periodic function of time) consists of harmonic commonsnts,(see
APPENDIX I), of which the component of lowest freguency, or fundsnental,
has the same period T as the nonharmonie wave, The other compononts have
pericds of sz, Tfj, etc. A nonharmonic wave consists of a number of hormo-
nic waves of frequencies f = 1/T, 2f, 3f, ...... The wave of frequency f is
called the fundamentalj the Waves of frequencies 2f, 3f, ..... are called

th& SEGD‘ﬂd Ihamonic, thilﬂ I'Lamﬂhiﬂ, R

If the amplitude of the ~utput of an oscillator is unstable the
wave form will be distorted thus producing undesirable harmonics, An oseil-
lator tube generally operates as a Class C amrlifier delivering power
during less than one-half of the input cycle. Under this condition, the
plate current variation will not preduce a sine wave, and 2 tank circuit
is added in order to obtain/an aporoximate sine-wave output. In order to
have an output of approximately sine-wmve form, it is nscessary that the
tark eirenit stere snerpyyduring the portion of the cyele in vhich the tube
is delivering power and to deliver this stored ener-y to the load during
the portion of the eyele in which no pover is being delivered by the tube.
The prenter the amount of enerszy transforred to the succeeding stape, tha
hizher the efficiency of the tank eircuit. The ideal cordition would be to
have the tank cireuit deliver to the coupled load 21l ths ener:y it recsives
from the tube, This is immossible, of course, for the tank cirenit does
consume Bome energy. The anount it consumes depends on its Q. I the ecirenit
were unloaded, it would be desirable to have the @ of the unloaded eircuit
vary high. The hicher the Q, the lesser the amount of enersy consumed in tle

circuit by the resistancs of the tank. With the cirenit loaded, through, and



with energy being transferred to the load, tha Q of the loaded eircuit
should be as low as possible, to provide ths highest possible effective Q.
Under these conditions, very little enerszy is consumed in the tank circuit
itself, and practiecslly all of the power is consumed by the load. However,
thers is a minimum value of Q below which it is not practical to reduce the
effective 9 of the cireuit, If the volues of Q is much lower, considerable
distortion apoesrs in the RF wave form, becruse the harmonic comnonents of
the plate curront pulses produce harmonic voltame drops across the tuned
tank. Harmonic output from the ammlifisr is undesirable as it represents
wasted power, In addition, it may lexd te radiation of enersy at harmonic
frequencies which may interfere with other radio services, A hirh Q circuit
discriminates azainst these harmonic comnonents but csuses a loss in the

efficiency of the tank eircuit,

=F-fmpiifiers

The A-F amplifier systems is used for mofulation of radio telerhone
transmitters. Beeause &z very low distortion, lovw Ariving nower, and laow
power oubt-ut are wanted, the A-F amplifier moy be operatad under Class A
and with speecial connections, under Class A3 or Class £ conditions. The
performance of a singls tube Class 4 amplifier is limited to 2 certain

from the output by using two tubes in a push-pull cireunit.

In the pushepull amplificr two tubes are srrenred with the prids
excited by =guel wvoltazges 180° out of rhase and the outouts combined by
means of a transformer having a eenter-tapped primewy, With this arranse-

ment even harmonies and even order combination freguencies eaneel in the
q
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output,

The push-pull amplifier has severzal advantaces over single-sided
cireuits for power-outnut stazes. Prowsbly the most important of these is
the reduction ~f nonlinear distortion, which makes it possible to obtain
increased power cutput for a specified maximum distortion. Other advantages

is to reduce magmetization of the outnut transformer core.

Push-pull Class & Audio Amplifiers.

Fig. 38 1s the schematic diszram of the Push-pull Class A am-lifier,
The even harmonics of the individual tubes are in vhase, wharess the funda-
mental output currents are 180% out/of rhase. By connecting to the load
through a properly designed opbput fransformer, the evern harmonics will not
be transferred. The principal distortion remaining is then the third harmo-

nic,

INPUT I€ - OUTPUT
-!‘-EB

- ———

Fiz, 38 — Push-pull Class 4 amplifier, Rl = De-courling

16

resistor, R, = cathode rosistor for Dbias.

16
Stering and Monroe,The Radio Manual, p. 95.
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Push-pull Class 4 audis amplifiers do possess three very imsortont
advantages:

(1) The d-c rlate currents of the two tubes flow through the output
transformer windings in opposite directions, thereby producing no steady
magnetization of the transformer core. This is important, since the core
nead only be large enough to handle the mametic flux caused by the a-c
output current. This makes the unit more compact, less expensive and more
efficient.

(2) There is no tendency for the ocutput current to flow through the
power supply unless the tubes are unmatched. This greatly simplifies the
bypassing and isolating necessary for stakle oneration.

(3) When the filaments are operated from altermating current, the

resulting hun is reduced by the push-pull actiun.l?

R=N" amrlifiers

One job of an R-F amplifier is to isclate the oscillator from the
antenna. inother job is to increase the transmitters® power output up to
the desired powar level. This is particularly impvortant when a erystzl
osecillator is used. This am-lifier may feed the am~lified RF oseillations
right into the antenna system, or it may feed into snother amplifier, whieh

feeds into the anterma system.

17 Thaq.
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Naturally, R-F amplifiers are desicned to dasvelop modil.2tely to very
high nower across the load in the plate circuit. It is 2 natural course to
choose Class C operntion, due to its power capabilities, and hish plate
circuit efficiency.

A modulated R-F wave has a2 frequency spectrum which extends over a
band of frecucncies that is usually small when compared with the magnitude
of the carrier frequency. It is necessary to design R-F amplifiers which
have large voltare amplifiecstion for frequenciss in the neighborhood of the
carrier frequency and which can be agjusted e2sily, within given limits,
for various earrier frecusncissy It is equally essential that R.F amplifiers
have low voltaze amplification/ for z11 frequoncies outside the ~iven band
in order thot a given station may be s aeted to the exclusion of all other
stations which micht be transmitting at that time. This selectivity is
accomplished by use of tuned parsllel circuits in which the tuning capaci-
tance is composecd of the interstage wiring capacitance, the input and out-
put capacitesnces of the tuhes used, and whatever addad capacitance moy De

required.

Surpression of Harmonie Radiation

In Class C and linear amplifiers generate harmonies, provision must
be made to prevent these harmonic woltazes from being radiated. This 2:
especially immortant in radio broade-st transmitters which radiated harmo-
nic in a very small froction of the desired radiation but will still have
'sufficient strength to produce interference with other communieations up to

a reasonable distance.
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Harmonie energy niay be directly rediated from the cireuits of the
transmitter or from niscellaneous wires that are coupled to the transmitter
clreuits. This direct radiztion is usually snall and esn bes pre onted by

corpletely shielding the entire transmitter.

Harmonie energy may also be delivered directly to the antenna by the
R-F output amplifier of the transmitter. This harmonic radiation can be kept
small by use of: (1) 2 high Q tank circuit; (2. coupling systenms from the
final tank circuit to antenna that discriminate agoinst harmonies; and (3)

R-F filters betwesen final tank cireuit and the antennz.

Monitorinz/of Radio Trausmiiiers

Provision is 2lways made im all' excent very small radio transmitters
for monitoring the transmitter-behawiar and protecting ageinst favlts. Moni..
toring equipnent normally insludes meters to rend the vlate and grid current:
of the various stages and the transmittizr outout, Freouency monitors ard

nodulation nonitors are also emmloyed in all breadenst transmitters,

Frequeney Monitor. The FCC Tules and DRasulaticns undzsr Sszetion 3.59 states

that the operating frequency of esch amnlituda.nodulation broadensting
station shall be maintained within 20 cycles of itz assigned value, Under
Section 3,60 of the FCC states that the fraquency monitor is subjeet to

FCC. approval znd rust have a stability and accuracy within 5 ppn.

Fiz. 39 indicates the sim-lified circuit diagram of the Generzl
Radieo Type 11814 Frequency Honitor which is =n aporoved type operating

within the specified limits.
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Modulation Monitor. The FCC Rules and Remlations under Szetion 3.56
requires that ez2ch broadessting station shall have an approved nodulation
monitor in operation at the transmitter to measure the degree of modulation
of the transmitter and for furnishing instant warning when the degree of

modulation of the transmitter oxcecds a selected specified wvalue.

Fig. 40 indieates the simplified circuit diagram of RC.L 66A Modula-
tion Honitor, which is a type of modulation monitor neccording to the FCC

Rules and Regulations which is mostly used in broadeasting services.
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