


PREFACE 
JOT '!'~ ~E,' A.tEN ~R'OM THIS ROO" , 

- , .. : .. ,.". ,:',." . 

This thesis was prepared in accordance with the requirements 
of the Engineering Graduate School program of Robert College. The 
subject of the thesis is Single Sideband Communication Systems. This 
is almost anew field in communications and gaining wide interest 
because of its advantages over the other communication systems. 

This thesis consists of nine chapters; first two are about, the. 
'general characteristics of the SSB system, third is about 'SSB gene-· 
,ration, the succeeding two about ,SSB generators and receivers, and 
the folloYling two about frequency control techniques of the SSB sys~ 
tems. ChapterS is devoted to" the, consideration of Linear Power Amp': 
lifiers in SSB systems. Since it is very important to maintain li~ " 
nearity in SSB systems, much space has been saved for this purpose.'.' 
In the last chapter, two special linear power amplifiers 
in detail. 

I want to express my'deep gratitude to Prof. Dr. Mustafa 
'for his, valuabl.e,sugg~stionsand urgings in preparatio~ of thisthef 

,'sis, Mr. M. Hananel and Mr. D. 'Dall for their great help in practi::-'i,; 
cal field and supplying me with the necessary documents. I am also, 
indebted to Miss Ay§e Dint; who read the t1?-esis through in ita e1e-.' 
mentary form and corrected the grammatical' mistalces and helped 
printing. 

June 15, 1965 
Bak1rkoy, Istanbul 
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PAGEl 

Before passing directly into Single Sideband (SSE) theor;{p 

I thought· it \'"Jorthrlhile to spend· a little time 011 different t ;;:1 

of modulationsyst ems in 'communications ~ comparison of their ~) e:~'­

i'orllk-'1nces, advantages and disadvantages, althouGh quite e. IG.l"'ce 

space is saved for the comparison of single sideband Y!i th other 

. modulation s;'lstems in the next cliapter" 

Thel"'ef'ore, this chapter is a BtlJrJnary of '<"<'hat 'tIe have seen :!.n 

oUX'Electronics courses o 

'10 I. I;:oc1ulation Spectra amI Spectral Bandrridth 

If a carrieI' wave li'lhich can be 6:l:::pressed. as a ro"ij8.ting vecto::r.' 

. . e ',or .... 
; - - J 0 - - J '\'0 to , -. -.Le -.Le 

is used in the transmission of intellisence t .then the int elliGer:ce 

may bE? re,presented by the modulation of the ampli-cude 11 phase? OT 

frequency of the rotating vectoro Cal"'riermodulation is used as 

a means of transmitting intelli.gence becanse it utili.zas the pro-· 

paga·tion prOIJerties of h-f and u-h-f electrozru~,gnetic \'~'aves and 

because the intelligence ffi'1Y be recovered from the moc1ulat eel ':(GWE:" 

Although the primary requ-1rement of tJ::1e modulation process is 

f're,quency converSiOl'l, the add:t tional purposes for modulatinG CSI1 

be stated as fol10'.78: 
, 

10 TIle signal frequencies are chansed to be transmitted to a 

preass:i.gned bcind, and this change of the siGnal :crequencief:1 C2.r:t 

be repeated as often as necessary by the process of remoduletinso 

20 We kno':! that the supel"'position of a ca:t'rier r!2.ve ont: 0 an all.:E () 

s:L821,al causes the tr3nzfeJ.:' of the audio signal band into the ::,,:,(~:tc 

Signal band \71ththe sideband p:.:·oducts m:,'Oltrl0. ';:;h~ 

.' 



I 
I 
I 
~ 
I 
I 
I 

~: " 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

"8E8EI< ,ISTANBUL 

,-
f ./ 

PAGE 2 

encyo At these frequencies t,p.e des:i.gnof ree.soriabl;y small a!l/~ 

efficient radiEd;ors, as yrell as tlje design or hie;h-pOi'ler ar:lpI5.f:icJ:'s $ 

is simpl:Lfied 0 

30 T}je resulting bandwid-th maY,:'be inc:i.. ... eased or decreased OV2::''' t1.F3.t; 

of tIle ori:;inal si511a1 to be ,transmitted, depending on the t~TPeC? 
modulation process used 0 It2E also known that the si2:nal-to-no:i GC 

ratio at the re6eiver is a functi6n of the bandwidth of the m6du-· 
la-Ged siGnal (+)0 Therefore the rnodula~ion process p:ro'i!ides an 

ac.dj.tioTIcl impl"ovement in received signal-to-noise ratio .. 

1';.3 I have indicated in the sacond I?tatement above p ;:,'hep,' ?. CED:--· 

. ~ e . ~ - ~'i,l ~t ' ," -M ~' ~r' ,'r .p 1,' n'" s ~- '~] ~-. "-:.,..,.\}'-,, ., .... ~ ~1, ,~:t.l. :-L~ :1..1:;; n,ou-_._Ct eo. _1"- c.ll.:, "cno .. n .!..as 1_.0 ~9 • pec lira _ CuriipOLt::.l.d: b .. ',L,~,·,;;:,., 

""'J.r~~,:~ +u!1 ~_,'.S. cJ'"lQ'e'b"'l'ld-<'~ n,,·t.· 'l·J,.. ;0 "')"'''''e-'''el''a1"lp -'-'I 1''"'8 4..1"'n t"'''''I''l C!·~""!n·l"'-"·····~ _k ~ _ • • ..J_ • c;. .. ":,0" "-,v.. V V _"-' 1-.! . .:. _ ..... _~ u\J ,c:;:" \I,d,l:- ~O.~ L! ,J .. ,',." )',: ... J-..:.. 

," Oy)l"(t '-"-en J'l,n+ one na'i-f' of' side i"'-;"eol'e"'c'i es is T'-;~,,·"'cYrl- l1'he ""-,,'e·,"," --t,J _~ ... l. _.... ~ ....... v.r J...& J! -- - - --- ,:..t. l J..i -- _ ...... t::O-' ... ~ .. ~f) ~_... ~-"- •• J.',,,:. 

side freauencies above and below the carrier fre~uenc',~ ore c~11-' - - , 
" :, :i~'(':'~ I 

tr}Q ?8.110.S l:~a~r or may no~ lmdel"go a Chf?11se iT, ":,.,<,,,~)- 1 
and phase. q'hey are nropagated '\';i til the carr-ier to the 1:-:~" -1 

which is a ~evice in· '!ihich demodulation process takes pleece. I, 

This process is just the reverse of the modulation process, and 

means to separate the audio SiGnal :froIl! the ca:.:'rier. The 5en83:8,1 

form of modulf:ited spectra is given in F'i[;ql(a) and (b)o 

litl1.de 

ceiver 

( .:. ) 

J?IG 01 

c-f. 
10 (CC:U-""Il,": 

+r-,,-,/Uc.nc':/I 

Chapte~(' 5 p An Introdt1,ction to th2 Fl"il1Ci!)leS 0-:" Co!r~T!1'!.tnicT:;:~o·n 

:1.'11e01"YI' John Cq Eancm~1::9 ~:cG:-(,2:.7-Hill I:oo:c Con)anYpInGo, l')61c 
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The f'i'tJ8 most 1.~t:i.dely usedrnodulation systems ,in electrical com­
munica.tions are gi v'en below:", , 

I. Amplitude moduiation (double sideband) 

eo Ampli tud.e modulation~double' sidel)and/suppressed 

b 0 Amplitude modulation-d'ouble sideband 
'2 .. 'Amplitlidemodulation (single sideband) (+) 

, 3i>' Frequency modulation 

:4 .. " Pulsemodulatio!l' 
5 ~l1u1 tipl e...'"t." syst ems 

" ' 

carrier 

Phase modulation is not. listed ,above since it has very limit ec. 

application in communications .. 

III commercial sound and television transmission ll the follorfins 
maximum, spectral bandriidthsare assigned: 

Ao Sound broadcasting 

I. A.mpli tude modulation--lO lec 
2. Frequency modulation--150 kc for commercial frequency mOQu­

lation,50 lee for television 
Eo Television broadcasting 

Video--sil1~sle-sidebg.nd amplitude modulation-~6 

Sound:.:.'-:-frequency modulation--6 l':e 

1 .. 3. Arnp1i'cude Hodu1ation (AI.:) 

'II 

Ii 

I, 

;,. 

j 

II 
~ 1 

i! 
, I,' 

t'] 

The main process in an' amplitude-modulating; system is the ITftJ.ltip-' 

lication of the basic information source by a carrier wav€1I that isp 

ACt) cos wet. Therefore, the purpose of the transmitter is to ach:i.­

eve, this frequencytransla"Gion, and the purpose oithe receiver is Ii 
~, ...... 

({- ) Also, termed nyestigial-sideband amplitud'e module:tion" since 
complete elimination o:f one sideband'could not ,be achieved 
up to recent times". 

{, 

I, 
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to pel"J:orm -Ii he inverse oper::1'cion so as to recover the j.nfo~('m2t:Lc;:r.1 
A 

SOU1"CC .. Frequency domain representatj.on of an ampli tude modul8.tio~(lj 

double sideband-suppressed carrier s~!stem is sho',-:n in Fig" 2? y!he::.:'r:: 

F( f) rep~,=,e8ents the assumed Fourier transform of the informatioI! 

or modulation source f X(f) represents the translated spectrllip., 

that iG~ the spectrum of 8 m( t) cos YlC t .. ,The conversion of XC f) in 

the recei-:rer is achieved by mul'!;ipl~ling c_1(ii) COSV!ct b;:;· cos \ ... ,..:~ 0 
jj ~ 

The resulting spectrum is denoted by Y(f), and the recovery o~t 

emCt) may be accomplished by filterinGo The block clia[;7'ams of tho 

I pm 
I 

- - ~--
-Iv 0 w -i-

-Spec;"'-u,,", of- ern if} 

~
JiY(;') 

r::-,'/fer- ..s'7b<.If-dres out----- --_t .spec""'~dl co,,"po~r.z,.,f-.J 
I '/2. \ 

I -1/4 ! - -- \ 
~
- - -_ \ 114 I - _: 

- I - , -m---, \ -<- --- ________ .1..__ _ _______ '--_______ _ 
-2fc -w 0 IV 2fc 1 ___ 

]l1G.,2 

actual system is siven in Fig .. 3. This S~tstem is termed "emplitncfJ o
-

mocluls:tedl) double-sideband p suppressed carrieJ::'11 (A:7-D8B/SC). 

FrGu3 
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The main dis~dvan'tage of this sys"tem, as with the case of single 
sideband, suppressed carrier system, is the necessity of In10riing 

the c81"rier frequenc'y coswc t at the ,receivero For the detect:Lo:n, 
purpose, a carrier v:ave is used in the receiver \"l11ich is in syn-

,chrOl.1:Lsmwi th the one that, is used in the transmitter. 1"010'" th8 

synchronization purpose, a pilot carrier is tl"8nsrrStted. 

Second system of amplitude modulation utilizes onl;y one of the 
. sidebands arolLl1d the carrier frequency in tr3.nsmission instead of' 

transmitting-the total spectrum about the carrier frequency fc" 
Since this is the subject of this thesis, detailed ·description 

of the system vlill follow in the next chapter, except a brief 

discussion given hereo The system is illustrated in FiGo4o ~he 

-Iv 0 w ,f'---- , 

FIGo4 

Y(lj , 

-FL- --1yz
---7I o 

-/G rc f-+-

J 

e",N-) 

y 
J 

advan'i;age of the system over the AE-DSB!SC is that the required 

char..nel band':lidth is reduced by one-half 0 Bu"1i the sjrsterr.r has the , 
seme disadvantage of coherent detectiono 

Since coherent de·tec"tion is the main problem in the two modulc;.-· 

°i;ir..g systems above, another system v:hich didnot necessitate the 

coh'e2"ent detection would be convenient to de;'rise. As e. startins 
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has informnti.on 
cont:dned in both the amplitu.de and phase .. This is sho';min Fi£~65~ 

'Nhere e-m( t) is assumed sinusoidal. Therefore ~ ccherent detection 
~. . 

is necessary to extract the information in phase and amplitude .. 

The siSil change i21 Gm(t) causes the carrier to change phaseo Thufj~ 

the first uay to be thousht of is to modulate the carrier by B 

sou.rce that does not change sign. This CB:n be achieved b7JT preVEnt­

ing GmCt) from going negative by adding a bias cor:1ponent. '.T:he p::.'O-· 

oess is indicated in FiS.6 .. This type of' modulation is terraed arDp-

11 tude modulation~ double sideband (A::-DSB) 0 How all the inf'orma-· 

tion is in the ampl.itude a~d an amplitude-sensitive device ma;,~ be 

used to recoveremCt)o Therefore~ the advantage of this t:lpe of 

modulation over the other t,;/o is that the ease ~!ith which the .I'SG8l)"" 

tion occurs. But the disadvantaee.is that 9 the carrier componen.t 
consumes a large amount of pOl7er .. it system block diagram is gi'V"C'11 

~-h-
e".(fl'" rcos w""t-

F"f~) 

E/Z \ e/2 

_.1 _l.L 
-fm 0 1m F-

k. +- e", (fj 

FIGo7 

I 
~5o'/l~~.' 

,-------~~-____ .____ _'J~ __ .. , 

I 

11 

I 
! 
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1 0 4. Comparison of ALI System_SJ 

.Ii concise form of. comparison is given belov; only by formulae: 

11>' AL1-DSB 

20 Al,t-DSB/ SO 

. 30 AU-SSB' 

where 

e(t) 

e(t) - E cos (we m 

total transmitted pO'.'!er ,l 

side band porier, 

post-detection sigl1al-oto-noise ratio j) 

predection signal-to-noise ratio 

height of the noise povler spectrum. 
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It ·is. convenient to consider the "direct n FI1 ti"ansmittcr, a1-
thr:mgh there ere se;reral·. systems for producing FZ:l signals. The 

. . . . , 

block d.iagram of the transmitter is givel1 in Fig.8. The freQuency 

of the· n.ester ()y:;cillator or uprimary oscillatorU is controlleo. ~)~;. i 
a2~ee.ctance -tube. ~he: oscillator output frequency is 17m 1 tiplied 

nine times in two stages by means of t·{{O frequency tl"'iplers; the I 
restJ.l-ti:n..g wave is impre8sedon the input of B. class C porter amp--

~!f ~::t :~=;~6~::::Y i:!: b~~: z::~::~: ) ~h:n:a!:e P~~:~~:mh :~e m!;i ~::- r 
ing is · solved by beating a sample of the output signal 8.se.inst a I 
refereI1...ce signal f'roma piezo: fixed-frequency standard; any cel1te: ... ·~. 

frequency drift (~?) is impressed at the input of a frequency dis­

crimim:r!;or~ The discriminator yields a control voltage!l which is 

. a. function of the center.;;.f'requenc:{ drift 0 This "'.Toltage is impress0d 

,;,!ith sui-table polarity into the modulating reactance-tUbe circu.:l.t 

to compensate for this driftA 

I 
I 
I 
~ 

I 

I 
I 

FIGo8 . ! 

(,.) For further detailS, E. s. Winlund. Drift ',nal;tsis of the Crosby I 
.!.. \. .. v.~. .) •... "'". ~_ _... _ ..... II , _ 0 -'- J.. .• ' •.. 11 v - .. .) ') rJ ,I ') - -' 'Y .. . F~~e,,,p'r-011c""\r ~·io~Ul pted C; ""0 11'; -!- p,.,oc TD',,: Y01 20 "'ul"lT 1 Q ,11 .~ 

~ (-:-1") Fox' furthel' deta.ils ~ Chapter 22, Harrnonics, ;:'...i.debanCt!3 $- 8.ncl ! . 

! fj1-""'ll(:·;e-r.t c, -ill j'"'(O'''''''''''''lru·,..,~t;o"'""' T"'~(":"'"". TOt'; 0 (lUCr.';~ ":\·c"' .. ~.,.,··· 1.'';1' j. '- ..... J. ,;,:.... v_ ..... _! Q _.L! V .1Iu!!1. _va. _ .1.i l:.~.,t.Li.:i ~..:;, 0 9 ..oJ ~..L..") -J . .,1' .. t.C .. , ~. \~ ..... c:; ',; .... J..J_ .. ' .... _...:... f/i 
if:;o.~~~y.A#_J~.oCi':I<i..1~--.-y,~~a;;: _ L , ...... ~ ... 
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In the following pa:::'agraph, frequency and' phase modulations 
are discussed together under' the topic of ttAnsle Uodulation" .. 

L .. 6 ... AngleY10dulation--Frequency 'and Phase ITodulation 
1 

I 
It was seen in amplitude modulation how the magnitude of a si:nu~ J

1

' 

soidal wave 
e(t) = A sin (271 Pt .. ~) 1 

I 
can be varie.d, known as modulation\) and can be made to carry i:rrfOj .... 9" 1 

·me.tion .. It isa180 possible to keep the anplitude A' constant, 2I:.di 
. . . I 

chanse the argument of the sine function in accorda.nce viith the j 
signal to be transn'litted. '1 

I 

1 
j 

In "phase modulation"!} -the phase ¢ in the expression. above is 

varied in accordance with the siGnal .. Thus, if the carrier is nhns'.}..l 
A. ~~ ~ 

modulated b~; a signal cos 2 Tlpt ~ the phase-modulated car1"ie1" is of '1 

the form 
1 

eCt) = A 81n(271 Ft .;. (00 f-D0 cos 2rrfLt )] j 
I 

'l:ha quanti t::- 11 f/J cos 2TIf- t in the above expression is called the 

phase deviation, and its instant:.'!.neous value may be expressed in 

. radians .. The degree of modulation is usually' defined as the rat:l.o 

of A¢ to the ma:::imv.m phase deviation -'Ghat the' particular tr:1l1sm:Lt­

ting or receiving apparatus of interest at the moment is cap:.:!ble of 

handline. The degree of modulation in phase modulation is thu.s 1!.O'(; 

. a DrODertv of the si'?~nal alone, as it is in amplitude modulFr'cioTI, 
.i;, .. \I ....., 

but is also defined in terms of the properties of the system in 

which it is used. 

In ttfrequency moduJ.atj.on fl (.ft-), the inst?,nt~neous frequenC;\f o±~ 

the first expression above is varied in accordance \'.li tll the s:L~;:nHl ¢ 

(~) For detailed nork on Frequenc:'l :.Iodulation; Frequency Anal;;"B:Lc $ 

l:I6dulation and lJoise, Stanford Goldman, ~,'lcGra\:,;·-E:Lll Book Com-

pany, Incoj 1948. 

~ ____ ~ __ -==--=.~~==_~ __ =. ___ w _____ = ____________________________________________ .~ _________ =='~F_ 

.] 
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Instan'Ganeons frequ.ency is crefined as, Y!nen the cai:rier frequenc;r 

. is ve'X'y hiGh in cOBp9.rison with the nodulation i':r-cqllency ~ 

• .l-..I. f 1n8~an~aneous requency = 1 de 

271 dt 

when the f~'>eq,uency-modulat ed signal is expressed. as 

a = A sin·e 

If e::: 2 I'Ft, then 

so that 
.lGan.l\i 0 

,_ an 
_~=F 
271 dt 

..l. .. ~. .,. • t,. t' 1 
~eilnl~2on agrees W2~n one usua one in case F is a cons-

?:;al~2'n(J' "..1.1"'" 1 ... ••• • . "". :) t' .r.> L ~~ <:.> use OJ: 1J.16 IoreCOlTIg aeIl11J.1i2011 p ';':6 cnn IJ.nc~ rw iOl,"'m 

a frequenc;y-modula';; ed signal ~ when the modulation is cos 2 71ft t .. 

'He can \7ri te 

.2:... 2.: == F {- .6 F cos 2 TTfJ- t 
2 1\ dt 

in which F and IJ. Fare constantso Integ:C"'3.tion 0:£' 1;he above 0ciuatiol!. 

yields 

e = 2 IT Ft {. (' fJ. P / fJ- ) 

Thus the frequency-modulated signal is 

. e(t) ::: A sin e - A sin [2 1i lilt .. (ll.P/p.) sin 2 Tfp. t {-

The (lUanti'i;~i .1F COS 2 1lfJ-t is called tlte fJ:'eque:n(~y d.eviat:Lon 

':111i1e ~F is called thep,eak frequency cteviatioi1 c Tlie degl-'ee of 

modulation is usually d.efined as the ratio of ~ ~ to ·the . m~:.:::imu.m 

1/e:!:'llli·tted frequenc~r deviation allowed by law. 01' as the ratio o:c' 

(:' 1 
~I J () 

/). F to the m~:dmum frequency deviation of which the system i8 C8.­

}:,ableo The definition of degree of mcdulatiollg thus does not t~8p8n:i 

onl~r upon proper-ties of tIle SiGnal itself but also. involves otl~c::.:· 
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I . -t hingssuch as equipmel1t :01" statuteso Blocl\: diagr-am of a fr-e\luGl1c;y' 
S 

CorrmlUnication~ s;y-stems using pu.lse modulation have i:'ound~T"2.,de 

application. Thel"eare four general kinds of pulse 1I1oduJ,a-t;ion: 

10 r"ulse-amplitude modulation (PAII) 

2.. Pulse-rlidth nodulation ( P';'IE) 

3 .. Pulse:-numbe7.'s modulation (J?,EI.I) 

4. Pulse-phase modulation (FE:) 

Pulse:"ampli tude modulation and pulse-'.'ddth modulation are j.llus'G:!:'[1-

ted inFig~10(a) and (h) ~ respectiv-elyp ~.7herc it is seen that thee 

average power involved is a function of the modulating: '-'lave y ':!hiGl~ 

rna:" be recovered ~:Z'om the pulse-moclulated y:aye by su:i."'Gable mE:"J)1r:~ 

of . demodula-'t,;ions 0 

r,n'n "I'ln r I II I i I I I, 
I I, -f- -_ . I 

tl i i ~~~I~ ! i -1"-1. " ii' L-l-l- I I r; I r -., L I 
.1 'I I I 'i . I r-: -~~ 

__ lLJL_,LL .. .J. __ L ,LL_U~ 

(a) (b) 

FIGolO 

.1' ".~_i:h.~;e;,~r~-: k~veTa,l ex6Gllen-~ reasor:.g for emplo:ri:n~~ pulsc-!:1odula-

'tion systemso As a result of r2dsr research, tubes such a~ rn2~net-
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··'1 
1 

. .' '. I 
pO\7e:r" Since the averagepo'(l(B' .involved is equal. to the p:roduct of . g 
the peak pmver ~ the p~18e duratioll' tinie, and the pulse repeti tj.on .; 

. . . . '. . ." . ~ 

frequency 2 . it is evic1en'c that by proper choj.ce of' operating para-l 

.m~ters the, average .power deman~s made by the PUlse-m~d'."'lla.tion -tra.Y.:;]-i 
nutter on :Lts pO':lel" supply may .be .caused to be relatlvely small II • 

resulting in economy of equipment ~ size and v1eight.. a 
I 
~ '1.;80 T:1u1tipJ.e:r..:i.ng Sy~teI:1s 

Eultiplexing is the technique of impressin.c; t'\::o or mOl'e con1f:luTli-" ~ 
cation channels on a sinGle circuit so that each can be oper?tcd. ~ 

simultaneously \"~j.thOl_lt interference "'lith the others., There are -1;\70 I 
me'i;l:lods 'of multiplc?=ing; time':'diYision mllltiplexing and frequcllc 2T-- .. 1' 
d.i vision mU.l tiplc::dng. 

Time-division multiplexing is performed l.lsil~; a system with S1.t"b-

carriers p ea,~h of \711ic11 consists of a series of d-c pulses; 6<3.ch ." 

pulsesu.bcarrierhas "the samefrequenc~r~ but the pulses are spe.ced i 
ill carrier anGle so that they do not overlap although ini; e::."leaved 9 

thus :!'esul'hing in a series of pulses. Each pulse subcarrie:r may be 

ampli tude-modulat ed, phase-modulat cd, width-modulated $I 01.'" numbc!'s­

modu.lated and then used to moclulate· a c9.rrier.· 

A frequ.ency-division· system is one using a separate subca.:r'riGJ.? 

:for each. channel with spaced SUhC<ll"rier frequencies. Subcarrierc 

:may' be amplitude-modulated, frequency-modulatea., or single-sidebar;d.­

. modula-t ed, and a. group of subcarriers may be used' to modu.late a. 
.higher frequency carrier. 

i 
8 
i 

t 
1 
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In the p:revious chaptel"' l1 various types of modulati.ng systems 

were discussed. In this chapter, the single-sideband .Ic;ype of mo­

dulation system will be undertalcen. Afte1." having an in-Gl"oductiol1 

to the chapter Ylith the "need for single sideband", the nature 
of the SSJ3 signa.l rrill be determined.; then, after stating the 

advantages and disadvantages of the SSB ,I and comparing the SSE 

with other types of modulation systems, economy of the SSE s~J"8tcm 

will be discussed, and a short history of evolution of the system 

viill be given. 

2 .. 1 0 Need for Sine;le Sideband 

the cO:mr;:J.unication services, such as ship-·(; o-shore CO::1-

l~1..1.nications, air-to-ground CO!T'XlUllications, and the many milit~2"Y 

and n::nral systems which require independence, mobility, and fle:::L-

bili"liy can satisfy their l1I'opasation characteristics only in the 
high frequencjT-rangeo Since ,the hiGh-frequency raI'..ge is limi·tecl 

betvreen J and JOEc frequencies, it is essentially required to 

make best use of the available space. Therefore ll the system used 
must provide a mi nimum bandwidth. Furthermore, guard bands bet';:eeD 

I 
I 
i 
t 

channels "co alloYI for frequency drift and pOOl" selecti vi ty be mini- I 
mizedo To avoid interference, spurious :!., ... adiation be kept to a ,tEl"]}': § 

10'11 value. 

In addition to those stated above, the advantage of' the SSE 

'~em aocrues p:!."'incipally from the higher efficiency of sideband po-

'.;'Jer seneration in the SSB s;ystem9 ar.d tB.1:es the form of reduced 8izc~ 
, . ·",t '" ...t. roO t . . .t. ." • ana. wCJ.C+J. OJ: equJ.pme:n~ or i::;ore e '.Lec lve C01lli-nunl.CaIJl.Ol1 :[or a GlV8!! 

size and weiGht. nspecinll:,/ ~ reduction in size and "'''eight 
valuable from the point of airbol"ne cOmImu,i cations. 

I 
I 

i 
I 
i 
~ ; 
i 
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2e 2. The 1JattU"c of the~ SSB Signal 
-~-

In the previous chapt er 9 it ,"Jas stated ·!;he.t .t~he SSP Y20cLulat ion 

system appears af-'Ger the elimination of one of the niclebal1d p:C'o­

duc'~s in the amplitude modulationo ~:herefo:rc, it is reasonable to 

think that SSE t~rpe of modulation is a kind of amplitude modul:1.­

tion S;lstcm in which some aC.ditional filters are used to elimincd;(:; 

one of the sidebands .. Thus, SSE comm.micatiol1 dC::''':).ves it s name 

fron the fact tha-I; the speC'Gl"lUn of the si8nal resembles 0116 0:;:' tr:o 
t"70 sidebands that are created in the f3.niliar process of amplitv_\~_C-

modulatj_on. In the amplitude 171odulation~ cu!lplitucle of thE? ca:l."r~.Lc:~' 

cc(t) is varied in accm."dance \"lith a maaulatinr; si~,;na19 e~(t)" 

Thel'>efore, '1:;ho process takinG pl8.ce is expressed by 

in 1,'i11ich e2( t) deno·tcs the resulting ampli tude-r::odul::rt ed s:l.sn:d ~ 

The operation is indic~ted in Figol(a). 

(a) (b) 

FIGol 

Hor!p if a carrier \'12.\'0 repres0nted by 

-,­
Cd~rier l ~c. tf) 

(e) 

and a modulating si:':11al which can be described as .I!.ihe sum of a 

large number of sinusoidal components 
N 

e (t) :: L En cos ( :'In t+ ¢ n ) ( 3 ) 
J. n=l 

are ta}:en and superimposed onto each othel", the -reSlll-t is obto.i:r!.c,,~ 

b"\r ins ert i on of (2) and (:3) int 0 (1). 
oj 

, 
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cos .[(uc - w)t + ~' - ~nJ n c 
IOVIer sid:3band 
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1 .. ' N' 

t- r.... ~ En cos [ ( rf .:- W ) 'I; 1- (j{ + Ii< Jl ( ,~," ) 
2 ;;~ c n ¥-Ic)'.ln 

upper sidebancl 

The manipulation ill expression, (1) is obvious,. £lince; 

cos A 0 cos B = ! (cos A 
2 

+ }J .!L COloi A 
tm ....... -.- _ 

2 2 

The expression (4). clearly: shows' that in the output signal, there 
is a comp011ent due to the ca:n"ierfrequency Vihile the -'t;l.70' banda 
are s~nmnetrically placed around.i t .. The typical modu.lating siGnal 

as a function of time and of itsf spectrloois illustrated in 
.Pic.2(a).The.resulting ALi signal and its spectlTLUll, shorling the 'Gv:o 

,identical sidebands Simil::l!, to the spectrum of the origin3.1 module::-
,ting signal; are illustrated, in FiSo2(b). 

t1iwj 

t- L _LImm 
I • UJ 

.... '" 

cJlw) 

HtttHttHtmiftrif-t-_ ~~" ,'" 
We;. : ' "lYI!"lI'JI:~"'1 iitli!rltiiii:ful6ilr---.,,: 

(0) (<:1. ) 

Instead of follovrin.s the operation given in expression (·1·) p if 

the ca:c:t"'ier ',omiTS and "the mOQulatfngviav-8 are mu.ltiplied, the p:t"O-­

duct '\'.ril1 be a. double sideband signal (nSB) 'which ioiden-t:i.c2.1 to 

the .Al:: signal 0:t'.:cept th:;.t 'i;:lJ,e strong cerrier component 
" 
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present in the output. J:hist;'lpe of signal is illustrat ed as a 
function of t and f' $ Pi:; 0 2(c) 0 

(5) 

lower sideband 

l· N 

L E cos 
2 n=~ n 

( h\ 
~ I 

upper sideband. 

Expression (7) gives a clue to SSE gcnerationo rot is very ob­

vious tha°i; if one of the sidebands is eliInina-ted. by usiDG· a SSB 

filterll a filter which passes only one of the sidebands~ a SSE 
signel is obtained~ This operation is 

pression for such a SSB signerl, 04-(1;) 

and is illustrated as a function of t 

shovm in FiCo l( c) to e::-
is given in e~pression (7)s 

and f in FiC; ... 2(d): 

The.E:xpression shows that the selected sideband is the upper side~ 

band~ The Im'fer sideband might just as well be selectedinsteac1 
of the upper sideband. I~ut t at this stage it is proper to state 

that upper sideband is. 'Jjransluted in the frequency clomsin \7ithou-t 

inversion, \7hercas Imler sideband is tranBlntcd with il'lve:r.siOl1.o 

This l"esults from the 'fact that the t ... 70 sidebands are 3~trlliuetrieal 

around the carriel" frequency. It is also apparent from expression 

(7) that the resulting signal occupies only half the total spec-

. truIn required fOl" AEo corfl.!TIunication. 

It i.'laS stated in the previous chaptel" that a coherent d(d;;ection 

for eithel"' SSE/SC Ol~ DSB/SC ... ras neCeSS3.T;r. In the past$ a.lo·,7-pO'.lC;:;·s 

pilot carl"iervlas transmi-tted foZ' sil21el~onizB.tionp that is 9 fm.'" 

aU'comatic frequency control (aie) purposes to In:'ovide this Emc1 .. 

HorJGver, \lith present day frequency s'cahili ties (1 cps at 10 ~:c 

ground and 10 cps at 10 I~c in mobile eauipment;) the need fOl" afc 

and p:ilo-'tj carriers j.s 01iminatedo 
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Thus, since SSB/SO signal does not contain a high-power C8,j:rJ..~;r 

signal for demodul8.tion proc~~s8p this carrier must be supplied by 

the receiver itself., 'Ho\'f~ it is a common practice to 1.1.80 the 10-

callY-Genera'~ed carrier to tJ.."anslate the SSE signal bac!:: to its 

oriGinal POS2 ti0l1 in the· a-f band using conventional frequency 

conversion tccmliqueso The block diagram of a SSB li.enodulator is 
shown in Pigo3 .. 

-:5B. '~-.Jf----. '. 1 r:,/+er r ~13l t. ;.1"'.-1 J ~F l~ 
'-"put 

:PCmoc/u/dh'nJ Cd,.,.(e,. edIt):: Cos (<.Jdt"+¢c/) 

It is qU-1 te apparent tha.t, if the demodulo:'cins 'carrier provic.ed 

by .tche receiver is no'~ of the correct frequency, the demodulated 

SSB signal will be shif'~ed up or down b;ya uniform amount from 

its original location in the spectruIDo If' the demodulatin?; carrler 
D~(t)is given as Q. . . 

and the demodula.ted SSB signal p ea(t) will be' givell as 

N 

I. En coS [("\1C -,wei .;. Vl!1) o§- 00 - ¢d t- ¢~1 J 
n:d 

It oan be seen from the inspection of e~pression (9) that if 
Ba(t) is iden'tical to the oriGinal carrier frequencyp BcCt)\) thG11 

the denodulution product is simply the ~riginal sisnal f:r·eQu.cnc~r. 

But)1 if Ba(t) is differen-/; from Bc(t)g,then vVn '.7ill be displGCBcl 

from. its orir;in.al position by an amount eq.ual to (':If'. - ";:'1)0 :~O"::r 
.... v.. 

from the point of 'l[ier! of phase angles t if only the phase of tIle 

demodulating carrier is different from the phase of the original 

modulating carrier g all component s of the output siGn31 ';Jill ha.ve 

d n ~t ~~ nh se ohi?+ eC·llal to ~'ne d.~~~e-_·Rnce (0 - ~)',~~)c un er,~one a co l:, au'li _'J a i:k,._._ u • ~ .,~ v _..L.......... - F _ 
'"' - C Q. 
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It .i8 apparent from the above discussion that to provide a 
demodulating carl'>iel'> at the receiver of exa.ctly the right f'rec:.u"': 

ency is o:f snpl"eme import·ance i' and this is th.e prima:r:,r reason 
for the hiGh cost and complexity of SSB equipment in. comparison 
to AI{; equipment 0 The.refore the Ufrequenoy control tecp..niques fm.? 

SSB" will be discussed in a·laterchapter .. 

2.3. Advantages of the SSB Sy,:;rtem 

I 

As it was discussed earlier in this chapter that -the main 

I 

Ii 
advan-

1

11 
tage of the SSB system comes from the reduction or elimination of 'j 
-the hiGh-porrer c2.rrier •. Secondad;rantage is that of the reduced 

spectrunh A SSE signal is more durable in the 1're8en06 of selec- I' 
tive f3o.ing and illterfe~ence conditions. As an e:Z8.mple, deterio­
ration of'an AlJ signal with selective fading is illustrated in 

P,., f1' 4 "Q., 0' 

. . LSBy .. usa 

l]l~ 
~ ... 

TAtANS,.,.,TreO SIGrNAL 

REc£lv,,-O .31c;NAL 

(ONt! S,l>C{lAN/) L0.5T) 

-------------------4-----------------~__4 

LSB.<' ').uss 

~~t 
TR:.ANSMI'T.TQO .sIGNAl-

, ., _. -----·-------:1 

.~ "'y" \ ~AJ 
Rr;C/i:NE7> oS ,GNAl. i lallCIFNe/) SltiNAl.. .., 

(~'EQ. ~t!DucS:l> BYof/a}! (CAflRIER. oSHl;:T&D 90 4
) I 

-_. ------. ---- I I 
I I 

i 

! ,...,...... I 
~ I P~OO<Jl..ATcO 

SI~AL 

_."._._ .. ____ . ______ . __ .L. __________ ....:_. __ . __ j _______ . __ __ -1 

. 
In generation and utilization' of' sid.eband pm"Jcr$ the SSE ovor-

all efficienc3T is higher tha.n 7;i th the A.II equipment 0 A detatlecl 

co~parison betvleen SSB system andPJ:i system "rill be given in the 
secti-on deyoted to the comparison of SSE with ather t:rpe of. mod.u~ 

lation S"lf.rGemso ., ., 

I 
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2.4. Disadvantages of the SSB System 

While discussing the SSE signal generation, it Vias said that 

special kind of filters and modulators (balanced modulators) I 
are necessary to pass only one of the sidebands. Therefore, this ~ ; 
causes an increase in both complexi t JT and the cost 0 Fu:."thermore ~ j 
'::hat is more impo:rtnnt is to generate the demodulating caT'rier I 
Ylhich results eyen in more complexit:;. In fact Il the effect of the I 
latt er one is :r.:;,uch 1-:101"'e pronounced in the complexity problem tha11 i 
that of the first. The 8GB system recl1 .. Li.res frequenc:,r control havinz;; 
accuracv and stabil·j t;r on the order of 0.2 to 2 1)Urts per million i 

<.1 - 1.1 _ " 

in the h-f spectru1l1, ~;hereas present practice in fixed and niobilc . 

All communication in the h-f spectrum ranges from 50 to 200 part s 

per million .. In multichannel operation i·t; is almost TJ.oXl..applicable 

to provide larGe banks of cr:rstals 'Hi th such highstabili ty, the:~e .. ~ I 
fore, it becomes unayoidable to eruploy a very stable crystal oscil­
lato!'; r1b:ich is designed usinG a highly complex freQuency-sYllthesis 

'technique for derj_ving any desired operatin~ frecrltency from the 

, one stable EdGnal.. tf Stabilized Liast eZ' OscillatOJ:.11t desien factors 
'will be considered in the chapter of ":b"requcncy Control Technit}tlCB 

for SSE" .. 

2.5. Comns.risoll of SSE ':li th O':;he1' TYl)es of ·tIodula·tion Systems 

A. Comparison of SSB \7ith All 

a. Po'.'!cr Comparison of SSE and :\1.'f. ! 

There are irariOl'B ways to compare the opel'utiona of AT.; sys·cem I 
and SSE systemo nut, under ideal propaeation conditions it is I 

most convenient to compare the requi~ed powers in the transmitterG I 
of both lEI and SSB sy:'::rliems to produce a given sig:'1sl-to-noise rat 3'_0 , 

(s/n) at the receiver for the tyro S;':tstelPs0 The convenience of· this 

way· as a cor.'lparison basis comes from the fact that it is the sig­

nal-to-noise ratio vlhich determines the intelligibilit~r of the re­

ceived sigTI2.lo FiG.5 shor:;s the comparison of Sml with AL~ systems 

v1h01."e 100 pc:r'c0nt p single-t one modulation is used .. (+) --(-:-) FoX' fUl"'thcr information on single·-tone p tv/o-tone mocl..ulation 
'techl"i que of SS:r.~ Fundamentsls of SSE, Collin£ Radio Compa:n~l 
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The 
ca:r!:'~er power is assumed to be 1 UYI..it of po'.ver. If' the degree of 

sine-wave modulation is IOO~'percent, the r-f powe.I' transmitted 
vlill be 1.5 unite of p0\'7eri 1 unit of t7hich is contributed b3T the 

carrier, and 0.5 unit of which is contributed by the t,,'J'o sideba.nds 
each having 0 0 25 unit of p07ier.Tb..is Al5tranSI:1i tter if: compa~:'ecl 

with a SSE transmi tOG er vlhose ttpeak-envelope':'power tf (PEP) is 0", 5 
uni t of power. Peak-envelope-porler is the rInS pO"!lcr developed at 

the crest 0-;: the modulation envelope. 

( a) 

(b) 

(c) 

(e) 

(x') 

~:he voltage vectors corresponding to these cases '.7hen the ic1.c'1-

-tical siGnal-to-noise ratios are assll..'ned to be the cOT':lpe.rison 1)2--

si s are sho'.7n in PiS 0 5 (b) • An amnlitude'-modul:::'.:ted 'tI8.VC can be :ren·" 
~ 

J~esented as the i!ector sum of a vector correspondi:nc'to carr:Ler p 

8.nr" fix eo. in direction and magni tude and sense; and tYro ,\recto:!:s 

of identieal lens"Ghs \711.ose magnitudes are o:he-h:?!lf oi' the carriex' 

vector lY'.B.511itude (Dinee 100 percent sine-vravc modulation is 3S8U·­

med)- and vihose origins arc located at the tiIl of the carrier vec-' 
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tor p and rot~diing in roverse dil"ections r:ith the same an.rSlll~:t'!' ',:-e-
locity. It is obviously seen from this l.~epresentation that the 

resultant of the b'lO sideband. voltage vcct.ors is either in 01' 

1800 out of phase with the car:r'ier voltage' vectorco j?enlr:-el1vG~ope­
voltaGe (FEY) is produced when the resultant of the tno sideband 

voltages is in pha.se 'Hith t)10 carrier voltage vector on fu:rtho!' 

condition that 'I;he uP90r and lovler sidet,and voltages are i1'1ot2.n­

tanoously in phase \i'i til each other. roV!, if 100 percent :981"':'eot 

,sine-wave modulation is aS81.1..!1.lod, ·the voltage vector of' the ca:r­

riel' may be taken as I-volt t1nit voctor in which case each of -~he 

two sid'e:band-voltage vectors is 0 .5 unit of volt. ~ilhe:r-efore, the 

. pea};:-envelope-vol1iage in this case \'.'1,11 be 200 units of volt .. If 

. we again assume auniJe-ohm xesistance basis for cor::parison pu:!.~-

poses, it is seen from ·the above discussion the.t 0,,5 unit of "\Tolt 

in each sideband produces 0,,25 U11it of PO'i,;'cr in each sideband .. 

Fol1oYring the same reasoning, rtecan deduce that 0.5 unit of rated 

peak-envelope-powcr of a SSB transmitter (''-ihich rdll J. ... esult ill the 
same siGnal-to-noise ratio) is generated by (0.5)~/2 unit of volJIj 9 

'or.O.,? Ul'lit of volt. Ii:1i this stage~ it is emphasised again that 
1 unit of rated carrier pm7er in an An system produces the same 

signal-to-noise ra·tioas does a SSE system ,j'ith 0 0 5. rated peak-

envelope-pm7ero 

~:r:he r-f envelopes developed by the voltage vectors are sho-;m 

I, 
I 
~ 

i r in Fig.5(c).·The r':"'f envelope of the At: signal has a peak-envelOpe-"j 

voltage of 2 units which p:roduces 4 units of peak-envelope-po\7er.. IJ 
It was stated above that this 2-unit peak-envelops-voltage results II 
in -'Ghe case when the. trIO sidelJsnd voltage vectors are instantane- ~I 

. ~ ouslv in nhaseco On -the other hand the peak-envelope-voltage of the I 

SSB ~lignai is 0:.7 U!l..it of voltage vlith a resultalT'tj peak-envelope- II 
~1 

power of 0.5 u:ait of power"ll 

Figo5(d) shows the demodulation products ofAl;i and SSE 1"-f Big- 11 

nels" In the· case ofAr.: c1.emodulation!,l coherent detection by e con-

"'t0rrtional diode 'detectol" used in AU receivers isasS"J.!'.Jed .. ThiH 

tyne of· detection '!iekes the name of coherent detection since the 
~ - . 

"llol-ta.ges of the triO sidabands are added ill the det ectoroAudio 

vol-taee 8..3 a demodulation product of l~J,l recei "\fer is 1 unit of 

~ j 

II 
11 
J; 
r 
I 
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voltage nhich :Ls equal to the -Stull of: the lower and upper sicleb811t:l _1'_ 

voltages. When the ~""-f siG11al is demod1l1e.ted in the SSE receiv61"v 

an audio voltage of .7 unit developes v/11ich is equiv~16~1t to the 

transmitter uppe:-c sideband (ol"lo'.'!er sidebe.nd) si811o.10 I 
If a broadband noise level is chosen as 0.1 uni Je cif val t8.GC pel" 

6 kc bandwidth, the .fi.n bandwidth~ the same noise level is crlual 'GO 

0.07 unit of 'Voltage per 3 kc band';;idth~ the SSE band':ridth .. This ic 

shonn in Figo5(e) .. These values represent the same noise porler lc~· 

vel per kc of bandrridth; that iS Il (0.1)2/6 eqnals (0 •. 07)2/3 ,. ~Nith 
this chosen noise leyel, tJ?-e signal-to-noise ratio for th€' .'l.I.; sys·­
tem is 20 log sIn in terms of voltage or 20 db .. The sin ratio for 

l 
t 

I , 
~ 

~ 

I 
~ 
9 
} 

the SSB s:rstem is also 20 d0 9 the BEI.me as for the AE system" The i 
0 0 5 pO\ver unit of rated peak-envelope:"'power for the SSB traJ)smitte:;:"9! 

therefore, produces the same signal intelligibility as the 1 pm'ier -1_ 

u.ni t rated carrieI' pOYler fOJ.4 the At! transmi·!;ter .. 

Conclusion: Under ideal propagating conditions but in the pI'csen·· _. 
ce of broadband noise (-e-), an Ai: andSSB sys"i;empeJ."form equall;;. 

(that is? same sin ratio) if the total sideband pOYleJ." of the t"JO 

$ 

transmitters is equalo This means that a SSE tr.s.nsmitter. '\7ill l;'1;;:t-"- I 
form as \7ell as an AIl transmitter of -tvdce the carrier pO';rer rati11C:" a 

• 11 t iT It r( • .t:.o r' L''''' :\, ~ - I o. ..tl. enna ,0 age vomparJ.son O.L 0.::>.0 8.l1Q li .. !. 

The peek anteD..t."'18. voltage is the governinG factor in the airho:1:'118 ~ 
I 2nd mobile installations where electricallv small antennas are re-. .. v i quired o It VIas sho':!Yl in Fi':;05(c) and diccussed above that the :-C'-f ~ 

envelope in the AI: case has a peak-cTIyclope-voltage of 2 \-1.ni t s 9 ! 
'snereas in the SSE case it is 0.7 unit of vol"[;a;:e. ~hel"efOJ:c the i 
raJcio of peak-envelolle-vol tuces is 8.pproxi~at ely 1/3, that is p thc; I 
peak antenna voltage of the SSE 8~rstem is app:.ro):imately 1/3 th:3.t o:~- I 
the Ali systemo Since the 1i1:1i tins factor is o:':'t en the corona bJ.'eo.k- i 
do;:·;n _point of the ante11113 in choosino:: the ecmiDment no':/er g tl1.e aboY(;1 

~ .. ~ - I 

2"O.ti9 u:,ust be tn}:en into consideration '.·:hcn selecting. the eCjui r)11!SlJ.-;; c I 
(+) FoJ." gene.ral C'.escription of' noise banch7idth and noise rati.os in I 

Laplace transform treatment; Chaptel" 10? Harmonics p Sidebands ~ 

and' Transients in COT'.rrclunication ErJ,gineel"i1lZ J C" I~ouis Cucci2. ~ II, 

I:cGJ."2::i-IIill Book Company? Inc .. p 1952" " 
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1-1; is more significant '1;0 se-J_0c"t; thE: pO'.7e:r rlhich call be 2. ... sd.ia-ccd 

from an antenna of Given dimEmsions .. As an e::::ample, an antenna 

r:11ic11 can :-::'2.diate 400 ':latt~~. of r-i' pm-:er must be connected to r~ 

t.ransmitt er \":1108e maximum .l"ating is 100 watts of power. This is 

so II because the peak .... envelope-p01'ler is 4 times the carrier po·,'!e1." 

in .JGhe Ai;I casco On the other hand, a SSB t:::."ansrnitter 1,7:b.ose maxi:mv,lfl 

rating is 400 vlatts can be used '.7i-i;h the same antennao 

c .. AdYalTGa.c;;e ofSSn ':lith Selecti vo PadirLG Condi tiona 
Selective fading is due to t~e n~nse - ... - _. t_, and power relationships 

oetv;een the carrj.el'" and the sidebands in 1:: type of transm..i.ssion 0 

Previous t~o sections are discussed on the basis of ideal propa-
t · "'.l.' - t . - ..... t' d ' . 1 ga 1.on cona.1.l,1.011S o .rJU , ser1.OUS <.i1.Suor -lon an ~:!eCL::er SlGna re-

ception are caused :In A:: b~r selective fading oyer long distances. 

To -r>eal-ize ·C'1·c1r:-1-1.J- y a~"''l .l.},e +noore+:l'cp1 nO"'er ·r,.-.om ?-ne s-lr:'n~l -- - - _\..;. _l.- ...... \,.( 1J..i.J.. v __ '-"" U ..... -.LJ 'tl __ 1_ v __ ~ -t~"''''''. ~ 

the received signal must be the e}:act replica. of the transmitted 

signa1 9 that is p the upper sid.eband ~ 10;'1er sideband and ca:::.~rier 

must be received exactly as transmitted. Fi.S .. 4 sno',oJsthe deterio­

i"'ation of an MY si;::nal 'tIi th different types of se~'..ecti ~re f'adiI1.07o ~ v _ 

As ,::ill be seen from the figure II there are th:ree t;'.7pes of fadi:r:!.g? 

';7hich are sideband. fading p carrier fading, and carrier phase shift 4 

Over long distance transmission, one of the sidebands fades out, 

or even completelydisap~ea.rs .. But as long as the other sj_deband 

contains the same intelligence this is not so detrimental fro+n 

the point of reception. Horlever» since· "lihe opera.tion of lU7. is so 

adjusted to receive both oi' the sidebands that althou.gh the J.'GCC­

ived. Signal contains "I;he necessary intelligence, it is the level 

of noise which remains constant., That i89 10ES of one of "~he side­
bands does not have any effect on the noise level~ This is equiY2,­

lent to a 6 db deterioration in sIn ratio out of the rcceivc~. 

Since a carrier voltage must be at least as strong as 'I;he sum 

of the two sideband voltages to demodu'late the r-f signal? any 2l."t:­

tenuEtion in the co.1"r-1e::1:' level more than the sidebands resul"i;s j.T, 

the most serious selectiY6 fadinr;., 

CaX':t"i er phase shift causes also s elective fadil1C~o III the y'epx's·-
l- •• '" 1"' 1 d 1 -'--' . n 1 sem .. 2:tJ..on. 01 an anp locate e-mo u alten Slg ;..3_ if cm:'rier changes 
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phase by 90 de,.::;rees for example from its o:riginnl position, the r('­

sultant of the sideb2.11d vectors is !90o out of phase' y!i th the c::::.:('-' 

rier vectol"o The envelope of the phase modulated siGnal which 3:'8-

suIts from this phase cha!lGe,~,bears no' resemblance to the original 

Alu envelope and the conventional AI.: detector ¥lill not produce an 

intelliGible signal. Therefore, any shift in the car:t"'ier phase from 

its original phase relationship v:ith respect to the sidebands 'i'dll 

produce some phase modulatioll with a consequential loss of intell:;_·~ 

gibility in the audio signal. 

S . q~nl C'r'( .\. d t h .. t '" ~nce Uv":" 0", syst,em oes no ,ave any carrJ.er 2n ranSITlJ .. SSl.onl) 

and since only one of the sidebands is transmitted, it is Y8T'J 0'0-· 

vious that neither carl'i.er 'fading nor carrier phase shift influen­

ces the transm..i.ssion characte!'istics~ Selecti vefading within the 

one sideband of the SSB system only changes the amplitude and fre~ 

quency response of the signal .. It very rarely produces enough dis­

tortion to cause the received signal or voice to beunintelligiblc~J 

do Compa~"ison of SSE with ArI under Limiting Propae;ating 

Conditions (+) 

Communications are limited by the combination of noise? severe 

selective fading, and narrow-band interference under limit:i_ng pro­

pagating conditions over a 1011-€:-range patho In slJ.ch, a case, SSE is 

more advanJGugeous with respect to AE. This is shown in PiSo6 ':there 

the ·{;V10 transmitters compared h3ve the same total sideband powero 
The figure shov,s that, the received siGnal. in SSB case v.rill provide 

up to a 9 db advantage over the All signal vrhen interference and f,'].·­

ding becomes prevalen·t;" 

eo Comparison of Airborne Hizh-Frequency Systems 

For illust;rative purposes an AE set, A1YARC-38 rated at 100 ·,m.tt;:; 

r-f output and a SSB set, Al;/.:':..RC-58 rated at 1000 ';!atts l"'-f output 
, ~. F' 7 rill '-' , ~"'n""'r. o·C' these ~l:i.·Jo v.nit "1 ·_i.~~ are compareu ~n I~g. 0 11e i.req1..,ency .l.U 6'-' ... -' ~ . - - -

from 2 -'GO 30 i=co 

TIo Comparison of SSE ~ith ~l 
Fig.8' Sh0'.7S a comparison between a mobile FU s:'tstem and a mobile 

(+) Fm.' further details; JoF~ Honey, npe:rf'ormance of A~;'i and SSB 

l Comr,n.mic3:~ionsl1 ~ Telc~Techp sept <I 19530· " 
,~""""""'II!'lI~~'1'I':-""~~~. D'7? .~.. u~ •• -III iiiII;I yO 

,I 



.2 

9 

f, 

THESIS 
ROSERT COLLEGE GRADUATE SCHOOL 

SEBEK. ISTANBUL 

~ 

~ .t>I'~ . 
. rfl'\. S' 

~'~ 5". . 
... ,-r~~ . 

W'!J$ 

~I . 
R.erfO:E.Q.ENc.E A,.." T/'.l.AN,sM/TrEA. _ -(00 w ~Q'e.R.. 

-5 

'DftAL 

( ':.':.';;'E) 
POOR. 

Pll...o;:'A.G-ATION C.OND/T/0NS 

FIG.6 

.s~;!RE I"AOIN(j..A.NI> 

IN"'lfl<~t;;~ENCE:" 

AN/AI<C3i/!::11111:11~~ I>t!> .. a 1>9+31>8 ==lbDS(EFFE<.T'vFJ __ I 
N"I/IJ1.c 58 ft' m, 1000 "'J _ s~ e. 

OuTPUT PowE:R.. 

AN/AAC.58 ~ o!6'egg" ;g# . I fS'#.£ It" VI"¥" 163 1...8S 
WE/~"T 

AN/~3glmlillllll'!l .3.5 CU t:T 

M/~58"a;! .... .3.8 c ... t=T 
. VOL.UME" 

1 
AN/;>,P.t.38/1i:...~~~'!lM!!ll!iipfi£SJiriil 10"3.0 W 

AN/M.C5g iiZiU"'i$~~~'Uii'''''4 & @E l:eli .... S'7' "58 rtJo 
PEA,,- ANTeNNA. vo.:..TA.G-E 

50 

III 
~ 

~ 40 

~ 
0 

~ 30 

'" ~ 
Q 

~ 

e 
... 
-t 
<: 
.~ 

~ 

2.0 

10 

0 

fJETE<'TEC .sPE'~ 
E'QUAL. 'TD Ncnsr 

-(OL------------L----------~,------------L---------~,~O 
.80 .;to 'QO 150 

A7.,.~N(JAT'ON BE/wEE'N 7t:l..ANSMITTEI:l. ,I...,\lt> RECElvER.. J DtJ 

PAGE ,,-1._) 

FIG~8 
BOGAZicl OWIVERSITESi KlHUPHANESI 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

SEBEK. ISTANBUL 
PAGE 

--------~----------------~---------------------
r- .~ ~a~_E ______________________________ ~_ 

SSB system of equ.al size. (T) The fiGure indicates that with bet-
ween 150 to 160 db of attenuatJ.' on. ·oetl.'.'een tll·~ J... • +..J.. d 

t;; lIl"anSml.,\ler an recc-
-j vel" a st""onrr q.; ,..,.',"'1 t· . ~ . 1 _. . . 
- It ... 0 .... -b .. · a . p "ne nar'X'Ohr··oa·m F:l provJ.c2es a better sIn 
;:,a'/;io than the SSE system.' Under vleek signal condition, from 16B 

B.nd hieher db of attenuation br.>tween tra"sIDJ.' t+ "'.,. .. An":: ...,.nce~ v€:.",. ':":lC 
-- ... ... ..... ;"J t~ C,. ... 'I..~ .... v,'...L. ..!., v ~ 

sin ratio of the Fr;: falls off rapidly, and the SSE system provides 
the best sin ratio. 

]?urthermo-_~e -:'11e SSP.. 8"~"".l· c.", v_ - "'J'~I.t., •• p as i·t will be soen from the figurE- ~ 
provides three times the savings in spectrum cpace as t'ne narroi'!-
1)anc1 -F~I s~TsteDo 

2.6. Economics of SSB 

While recent publications indicate a trend tm'1ard SSP, and i'ore­

cast a chanGe in the not too distant futul"e to the use of SSB for 

many services? it \"/ill be necessary for SSB to justify its 1.'!.sein· 

terms of the cost fa.ctors and economies in operation" 

Amop~ the cost factors are those oi' initial COSJG of the SSE -;~ra::'l 

mittel' and the SSE recei"tler" }?ov;er output is :n(l2"111all~i considereo. to 

be one of the impor'l;al1t constderations in aJ18.1;;rzing tJ..';anST;litter spe 

cificatiolls. Another fo.ctol." to be considered. in the analysis of 8C1') 

ipment is the opera'ting economies which call be realized by cnans:;:Ln.;: 

to l1evI? more advanced apparatus" 

Vii thout ql..1.estion, the 10rr-po\'/er SSE/SC tl"G.nsmi ttor ,\,lil1 sell at 

B. higher 'Price than the comparable AI.: t1"ansrni tte2'o This is 'o1'011.::;;ht 

ab01.rii by a reCluirclJlent for a ~arge2" :number of oi1. ... cui t s in 'i;he lo'.'! 

level stages of th.e SSE transmitter. 

In the SSE transT.".i tter, linear amplifiers must be used thrcmsh­

out, fJ."om the ver:r 10Yl level stUZ8S through the ::firJJ-11 l,inea:i." To~,.'c;:, 

lunplii'iel" (LEA). In genel'al~ the ~-f portions of a f;SB t:t'o.nGLli .. ~to::· 
brim.!.' about a moderate increase in the Im.il1ber of ciJwponent:.:: '1 27; co. 

~ . . 

and vacuum tubes ovel" that of an AI.: t:rnl1sm.i tter. :i?ur·thermo:::'c 1) c:ci­

'!;ically deSigned sideband separation iiI t ers, pJ..~ecise frequency 

( ~) !I/> :.JJ.gnusI::i and Vlo Yirestonc? HCo!flDarison 

VHF ~.;obilr: Se:;:vice ll 
0 Froc 0 9 III8 \I Dec .1956,. 

O·p ,. 
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'control devices l1lU!J't be -lial;:en into consider.';ltion. 

Ij'lhc Ctc'''Q renn-l- • - t d'f'"'" ... 
- ~ u~u -~~~~er aoes DO 2-£cr ~reBtly xrom a uell-desicned 

communications receiver for -~i\.l:. It differs chieflv in the re(luire-.. .. 
ment ,for reduced bandwidth, '.7hich :!.~equires a re19.tively comple:;: , 
_TF amul i -ri "'..,., o~~ '-t.'110 u ..... e Of' c..,.. .. ",-I- 1 l' 1 ""1 ~ .. "_ --_._--\;""- -'- L__ C1 _ J..Y~'IJ2._ or mec lan:LCa_ I2_cel". 

In addition to the advantage of recluced initial cost in the 
1 '1 t . .!.\" , 125_1er rans:mJ.. ,,-('er pO'.7ex· rat2!1fJS, there are certain operating cee--
Domies which can be achieved thl'ough the use of SSE transmitte1:'1/ 
There is a siznificant i'ac:to1." of redu.ced rfl"imary pm7er cost .. A 

SSE transmitte.r utilizing a linear a.rnplifie~" in the high pO\7er 

ra!l.ge re quires much lesspovler from the povre:;: lines. This is dUe 

to the greatl;;: increased effectiveness of SSE cOlwnunj_cations ';ih:lch 

permits a loner pO',7er t:.""ansmitter to do the job of a higher pO-:10:!''' 

11.[1 unit .. 

The cost of -'che transmitter 1n1ildings is increasing continuousl:r 
so -the matt er of f1001" sImce is ach.ieving increased attention .. ~~ho 

SSE transmitter. by elininat:Lng the modulator !."fHl'nires much less 

floor space, and~ hence, allov!S a smaller transnitJGer buildiIli30 

Because of Jtihe greater effectiveness of the '883 

-!iransrnissioll line and antenna costs can be reduced because the 

peak ;"Joltag;e~ encountered are much less in the SSB system. 

2.741 Historical Development of SSE COlnmu11icntiol"l S~ts'l;ems 

Although SSE tl'ansmissiO-n has only received publicity in. the 

last fe;'" years, thek1iowledge of the sideband and the development 
and uSe of' SSB techniques have progl"'essed ove!' the le.st 40 yeaI'8~ 

Ths acoustical vhenomenon of combining -trlo C;laves to produce StlJ:!1 

and difference ''laves cB.!'ried· over into elec"t;ric-'!!a~!e modulation. 
The p~esence of the upper and lo~er sidebands in addition to the 

\ 

carrier frequency were tacitly assumed to exist but ';Jere not cone·-

r o t",1,7 visualized in the earliel:~t I"!.odulated -G2'ansmissions. 'Recog-"""" v_~. 

'nition the.t one sideband contained all the signal elements l1cecs­

sar:r .to reproduce the oriGinal sienalcaL118 in 1915 .. IJG was then., 
tha.t at the l:ra\t;)i Radie Station at Arlin,;i;on p ITaq p that 3D ant nnna 

I 
II 
~. 
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.... ras tuned t 6 pass one sideo.9.nd l"J'ell, even thoueh the other ~7ns. 
attenuated. 

From 1915 until 1923,. the physical reality of sidebands was Yi~­
gorously argued \':ith the opponents contending that sidebands ·l7ere 

mathematical fiction. However, the first trans-Atlantic radiote­

lephone demonstration in 1923 nroYided a concrete anS'{rer .. This 

system employed a SSB signal YJith e pilot carrier. Sinc]_e sideband 

YJas used in this system because of thelimi tedp.ower cSlpac:L ty of 

the equipment and the narl"01;7 reson:mcc bands of eff:tcient nntem18S 

at the lorf frequency (57 kc) used .. By- 1927 trans-Atlantic SSE 
radiotelephony was open for public service. 

The fil"S"C overseas sys·cem vias folloVled by short-;vave systems r 

3to 30 ?,1c, Ylhich transmi·t"Ged double sideband and carrier because 

SSB development d5.d not permit practical SSB t:::'ansnj.ssion i 11 this 

frequency range. Hor/ever, SSB techniques were emlJlo~lecl in vartous 
multiplexing systems· •. It has not been until recentl~r· that equip-

. ment develolJllcntshave permitted the advantages of SSE· commun:i.c£­

tion to be fu.lly exploited. ThOEle developments h3Y8 oeen in the 

fields of frequency stability, fil te:::> selccti vi'c:;,", . an~ lo\'!-Cl.ist or­

tion linear pO\'l~r e.!l!pli,fiers.· These developments hrrve led to l::.ili­

"Gary and COlllI!1ercial acceptanc e of S,SB cor:::TIlunicatiol1 syst e::ns .. f2:b.c:rc 

a!'e presently available several radio aD::.tem:.' and conmercial SS3 

radio sets, fixed-station SSB eJ~citers up to 45 !;:YJ linear porter 

amplifiers (the ones used" in Iz,mir are r~ted up to 18 1::';':) ~ an'.3. 

airbol"ne transc ei vers capaoJ.e of relJ.able cOF.u:mnications Yli th Ul1-
'. " .!., • t . 11 t' . 1 . .t.. lizo1itecl ran::;e. Some m: lJr.ese eclt'.~pI1en 8 p .especla_ y' one mJ._ll.Ja::r:l 

equipments p are provided rli th automatic frec.:uenC~T selection and 

automatic tuning to further enhance their value as reliable, easi12t; 

o~erated systems. 
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SINGLE SIDEBAlill GEE'ER.1TIOIT 

After }la'f,.';ng d;scus d th SSE ' 
, ... v,-'-, oJ... ae ef cnar8.cteI'istics~ \7e are going 

to undertal:e the methods of gene!'ating the SSBsigna1. There are 

two·gerieral.r.nethods of' generntiTl..,g a SSB signal? but also a third 
me'1:;hoc1 of gene:i:'ation of' SSB signal will be examined (-t). 

. J .,.1<;0 Filter Eethoo. ofSSB Generation 

As it 'aas di sc us'sed in Ch!:lpt B.:t" 2, it is po ssi ble to elimina-t e 

one of the li.1odulation pl"oducts of amplitude modulation by using 

filterso . The filters used are so designed that the~r el5.rrd nate one 

of the B~,deba:r.i.ds, either uppe:r sideband or lovler sideband, depend­

ing o11t11e t~;pe of the filtsl"'o But $I commonly used filters in SSE 
. . 

generation are bandpass filters f and carrier is pl2.ced s:b on8 Bide 

or at.· the othel' of pass region according to Which band ':li11 be 

transmitted. ' 

I 

• o 
i 

I 

The procedure is simple 9 Effi audio sit,'Ila1 is fed inJ.;o a balanced 

modulator alol1g \v:i:'lih the carrieX' frequency 0 The OU"/iput of the lilOcli:.- ; 

lator is tVIO sidebands v;hi1e theul.odulator balances out the car::.. .. iero I 
The output of Jlihe balanced modulator is fGdinto a filtsY' in ',7hich I 

:~:g:f o~h~a~!::::n::d!~a:~~m::t ;~l ::~O~~i~l~:,,:~~e b~C:::~~c~h~: ace I 
of the'samo k1.nd~ Tn'iskind of stage succession is necessary sorne-
times especially ~"{hen the c!?I'rier frequency is set ete. quite hiGh 
n '. . t-' • • . . • ..&.. • d· '''.-:-. 1t" ., .-") 
Il"equency? S~l1ce ·\lnen~n suen a case :Lv 28 very. l:l::l-~CU ~o o,es2[;,TI 

'a filJ~GJ.:' y!hich '\'1il1 completel::,' eliminate onG :3ideband and pass the 

other Wit?lOU:t. anapprecia:Jle attenuation. Therefore ~ the tl"'ansle.-
'hion is done ins8veJ:'2l s-'Geps so as to eaGe the fil·t.er recl1,li:cemen'L 

l'he generation process· i8 shnrril in FiG~ J., ill ';.rhich t'.70 stages ~J.:re 

... 
(+) itA Third:'iethod of Generation and Detection of 

Donald K. '[leaver, Froe.IRE, pp.170}-170S, Deco 1956. 
. ... 

i 

PI:'!,· 

I; 

i 
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shOVlIlo- The 'numbe~ of' translationalstep,ScIDay" very.,f'rcll1rthree to 
,five.,' ' ',' ' " 

, " 

t---,---'l'...,SsS' o';;:"ort- , 

*,~f' 7rdh$/dh'nJ 
, .,cr-eyullncy 

. . - . 
".se~nd -In1tWd"~ 

,.;r,.eyue.ncy . 

FIG .. 1 

> ..... . 

,The detection process is simply the, .reverseofthegeneration$" 
,but in this case the balap.ced;modulat6rs are'not n~ededJinstead 
ordinary converteI' ci'rcuits are used~ 

, In Figo 2filt'er pasaba~d response is ShO\"ffi 'foTa carrier frequ':" , 
'eney of 100 kc 9 As i"/; was mentioned above ,the ,selectionoi' the 

, special band depend's on the locatiQn of. the carrie:rfr~quency v!i th 

respect, to -'~he ~aasb~~ Characteri,~,tiC ... oftha' ,~ilte!'. ,UPpers. i,de- I" 
band selectJ.on 1.8, ach1.eved by placl.ng thiJcar-.cl.el":frequency belorr , 

t~e"f'iltel" pa8sbandand vic,e versa., -In caaethefilter i.8 used for " 
recepti,on of the other si<iebandas well~romtimeto time" the pass., 
band characteristic of the filter should be ft.)tmIDetricai"that is p " 

< ~ .,' • ' " , -. ' ',' , 

the filter should provide' a' similar attenuati,on'behavior at boJ~h 
, , the, llPper and lov/eredge' ,or the filter, passband~'Since the 8e1eo-. ' . . 

tion of one of the sidebands necessitates:the moyeme!ltofthecai~­
rierfrequency Yr.i.threapect to the filter pas sb arid 6haracteristic 1 

it is: necessary to compensate' this movement of ,the' c'er-rier frequ­
eI}cy in the' following'translational ~evice., so that the output ,car":' 
rie!" frequency stays fixed. 

j 

It must be also· emphasized here that the .,G,uges of the passband 
characteristic of th~ f'iltej? should bk slioepenough to cause the 

.. ,~ 

. ,-" ., . ' 

comple-'Ge elimination of theundesi:red sideband. Pig. 2- Shows tha:'c 
a20-dba.ttenuation is 'offered for the' carrier where, a greater: 
degree of attenuation is achieved for: the undesired frequency.' 

.,i 
.j 
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FIG.2 

3 G 2 "Phase":Shift' lUethod of. SSBGeneration . . . 

. Iil tliis meth.od of generation 'sln,ce f3harpcutofi·.f±lters :are 
not used,it is possible to generate the' desii'edid .. deband ina 
single t·ranslational.stepregardless .o;f'ho\? .high>the"£inalsignal 

. i'requency may be" Actually .two:waysare ;·used:tn.'iha.a:rng method . of 
SSB generation" Thesewil1'beco~sidered belovi'Enicces~i vely" ' 

'. ' a ~ Input', is fed . into qe . wid.eband p '900 p~ase d:tff~r~nc e .netwci--k Q 

,·Tl1isnetw'orkia so designed that . 'th~,magID:-tudes'ot frequencies 

do not und~rgo any distortion. but the o tit put product cOIllprisea 
'. two components" of equalmagnitltde.w±th 90° phase shif't be-tween" 
'them. This output sismil is applied to two; bal,ariced mod1I1atorsp 

• >'~ • .' • 

one component to each, al'lda. carrier' freQ.uency c'ontaiiiing two 
products'of'equalmagllitude witb.90o phase: shift is also applied 

to these'modulatorsfone component 6fvfhicht~ ,each modulator. 
" VJhenthe output signals from 'these :two balanced 'modul~to:rs are 
added, one set 'of sidebands wil.i add in phase', gelleratinS.tlle de-' 
aired signal, wl1i.le the other sideband will'cancel1tself out. By 

subtracting instead of adding, it'is possible. to change sidebands. 

;Theprocedure issho'\~lll in Figo3( a) ,in block ~iagrml1. ·Pig.J( b) 
is, exactly the same procedure,but ·it shows the: operation morc 

clearly'o Fr.om Fi!H3(b) v/~,canwrite;< 
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cs(t) = Em cos (we - w )t TIl J 

ThUG esC t )l"'cpresen'b S -'Ghe 10vIer sidebanD_ .. 

PAGE .32 

In 'I;his method 9 suppression deg~~ee of the undesired sideband 

depends upon accurate balancing and requires very careful control 

. 'of ampli-!iudes and 1)11aees •. The n0!T.13.1 suppression degree practicull;/ 

achieved is 20 db ~ but 30-db :;-mppression lilay 'fraIl be expected .. TItl·~ 

it is qui'·te difficult to go beyond 40-o.b suppression .. 

I 

I 
I 

. ~ 

b I t d ... - -. • ·.cot· . t N.J--h ~ • • 1 I enS' aa 01 pne.8e-sn~J. ::Lng one cmnponen OI I.t 0 auCi..J.o m,gns. i 
90 0 iI- for easier control purposes and accuracy in phase shift ~ one i 
component of ';;he audio signal is shifted by ex degrees, v;hereas the , 

other component is shifted by f3 degreeso The otttl)ut of the phase- ~ 

shift nei;vvorI::s are applied to "two balanced modulators s6pal"ately" I:, 

The carrier frequency is applied to one modulator di::,"'ectlYlI whercs0 

90° nhase-shif-ted comnonen.t of the carrier is intJ."'oQuced into t!10 . ~ 

other modulator" The operation is represented in block diag~:am i:c~ 

Figo 4- belot'!. A mathematical trea.tment is also gi'ten (-£-) It 

('t) Sil1gle Sideband Principles anrl Circuits p E .. r;" Pa-ppcnftts \l \7ar:::"0:".:. 

Bo Dru{;:ne~ Edg~ 00 Scl~oenike9 Ec(}ra':i-Eill Eook Companyp 1964,p 

pp035-37 .. 
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Ec .cos 2 n fc t carrier 

.sSE 

a cos (2 n ft._,. _ +u .IL rv) -- • l~' . ... 1 
•• l;) "IF V' s~gl1a -1111!'ougn ()( ne t. r:ol"_f 

Inpu"ti to Eodulat or 13 

J~ ceo S (2 IT f c t - 90
0 

"" t:. ) 

PAGE 33 

. B cos (2 7i f . t to fo) :: signal throuJdl f3 llriiiWD:!."'k 
. 8 -

Qu" ".J.; .f-t1...I.. J'.,.. .... '-' uol.t __ v .... - ...... 5 Gives 

where 

A 
C( 

k 
_1.,..), 

f3 
~ 

6 

:: 

= 

= 
--
:: 

B cos (2n f -Ii i- d.. 
S 

signal throuSh f3 netrIQj .... k 

amplitude of signal through c< network 

phase shift of signal through 0<, netwm."'k 

ampli tude of signal through /:3 network 

phase shift of 8i[;113.1 tln"ou.gh f3 netwo:t'k 

error in carrier phase from 90° 

er:por in siGnal phaoe from sao c1iJ?fel'ence DC/G,,'leeXl . C' and f3 

llGtviorks 

f s= siGnal fJ.:'~ C}.uency 

:Co= carrier f:r'oquency 

Ee= cn.I'rier amplitude 

'J~he ou.l!i}')ut froB moduJ.atOJ::' A, if' comJ?lcte carrier oal:::mee is 8.sst.1.mccl l 

~ . • "l"--"--"~~ ______ ._,_ •• _____ • __ ._.~_ ... _ ........... ,~ __ ..... ___ .. .o; __ ,........,~ .. "._4 ____ •• ~ _____________ .. __ .. _ ___.. _____ ""'.......,..'I rer".,.. 
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a.n~ the' outptlt ,from modula-corB, if·completeca:r.rler balance is 
" surned, 

88-: 
,',' i 

1 

EBO 

-­, -
2 

{-
i-

cos [2X(f t-, c 

cos [2 IT (fc -

f)t ... c< ~..6. t-6] S 

i' )t - C< +.6. - ~J} s 

Then the total 01.ttput ,from bo"l;h modulators is 
EO :: E. O .. ''1"' 

A '~O ' , " , , 

; 

i 

I 
1 
I 

I 
'I 
1 
I 

,': ~22.'{'A 008[2,11" <,fc;',' +i's)t' .. ex]' +.A COS[2:rr'(f- :r;,,}t -e<J: ,'" , 
" ' '. C,' Q. " "I 

-,B 'cos[ 2 7r (fc+ 'fo)t +~. +h t- SJ'. B cos12 ~r(~c -.r sJ~- G"*11-6~ 
1 
i 

" 'It 'is seen from the ahovcequatt1.on that,lithe signal ar::tpTitudes ,l 

to both modulatorsareequalt ,and ,if there are no ',erroi"s, the totall 
output from both 'modt~lators will be,'" , 'j 

I 

and this is thelOive.r",sideband component obtain(';}ct • 
. : . . ' .' ' , 

. ", . , . ',' , \, . - . ' 

, '0. Hodified Phase .... Shift l:1ethod ofSSB Generati'on 
.. '", ~", -, 

I 
1 

I 
i 

This method of SSBgenerati'on useS twose.ts of balancedmcclula-j 
'tors instead 'ofol1'e .Fil~stsudio'signai is applied'tb.bothof' these '1 

modulators. Fu..!'thermore f ,an aUdiOfrequency'f'o ,WhiCh.idplaced at' ; 
" ,;:theari tlnnetic' mean of,t!J.~ audio band is appiied'i?:9."Ol~~.: of the !l10-
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~ 
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'"lith 900 phase shift. l'i~'51 dulators directly, and to th~ other one 

shor,s this method of SSB generationo In 

spectX'Ulil to the modulators is sho\7no In. 

I Pig,,6(a), the audio input , 

FiGo6(b)p the spectrum from i 
" 

the modulators is sho':m. Theref'ore~ we can conclude from this fi- ! cure that, the modulntion : .... 8:3ul-1; s in an inversion of the bott om 
~ 

half of the input spectrum and a shift of the top half of the input ; 

spectrum to a posi'!;ion in frcquenc:I coincident r:i th JGlle inverted I 
bottom half 0 ':':1101'"'e are also sum frequencies as sho~'!n '.7hich are e1i- l 

I minatec1 b~,- using lorI-pass filters .. ITorrt after the filters the sig-
i 

nals are applied to two modulators 9 one of which is clirect1:'l supp- i 
lied i7i'!;h the C3.J."'.l"j_cr fl'equenc~r, Ylhereas the c3:1 ... 1'ie1" f'requenc;t to 

'(;11e other o:l1e is 90° phase-shifted o As a result ~ the output 1;[ill 

i 

i 
I ho.YG the snme audio input spec'crum shape '.'lith 1111desired sidebands 
B 

from the ~ located inyersGl~7 beloYI the frequency axico As it is seen 

:fi;::'l.u'e tl1at. these undesired D::"'odu6ts are, sma. II enour;h if v 6 ,_ ~ 

phase 2.ncl I 

I 
t D avoid 108s of 8i.:--;n31 i 

a 
components to 1'0 in f:!..~ecl~e:1CY, d-c coupling should oe used., F:.n:tbGY'-~ 

The disadvantage of this m8thod is that 

2;lOre~ if the balance of th.:?' first set of moc.ula:toJ.'s· is not ael-deye;] ~ 
J , 1 .. 1·.l.,\ aCCUT2:te ~~~ 8. Car::i.'ler '71lEll.J,e 

. ; 

" 
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(a)' 
FIG~6 

FIGo8 

~dki." ~p hof;:; of ;"'pu{- ~p..c.h'u", 
SPEC. 7R.UM PRoM "'OOUl.A 7'Oq,S of .4NP :2 

(b) 

FIG . .,9. 

A'simpli:fied block diagram corresponding to ·Fi,g.5iS ShOi"Ill in: 
FigoB .. Ifthebandvdd-l;hof audio inptl~t s.pectrumiade~ignat·edby 

- , . -. . ,. . . ' 

Yi, and .the lowest fr'equencyby ~Lpthenthecenter: :e:req~ency' of 
the band\7idth fo can be expressed by: ' !. 

(1) . 

lIOYI $I if the input signal is a ,combination of'sinet~1"'ms p it can be 
expressed as 

'N 

ei ( t) = L En cos (w n t i~ ¢ n ) 
n=i·· 

( 2) 

As it is seen from the figure $I f 0 is the modulati~g. f:'C'equency of 
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the first set of :modulatOl:>a. Therefore, the outputs of thef':J.rst 
two balenc ed modu:lat orsal'e ,~, ' 

eal. = ., eitt) cos ·~v t '-
0, 

,ebJ. = 2 e
i 
(t') sin ri t 

0 

where Vlo = 2 7\ f o. ," (5) , 

The ,coefficient.' 2' is used for convenience and is assumed to 
be ;the property. of . the balanced ~odulators. Substittlting( 2) into 
(3) and '(4) and exp~nding gives: 

", ".'." 

N 

em :: "~~' En COB T(Vll1~\YO)t +, {6n,} -i-.Encos .I'(\in-t~:'!i.)t:i":.f6riT" (6) , 
,1'1 ' 

, ' '" ebJ.' :;: ~1-EnSin T(Yl!l,~w6)t ,f 91n l +En :,siD.{(wh+Wo)t:: ~ ¢l1l.' (7)'.<,': ' 
.--:' ' ... '. 

.~. " ~ .. ~' .' . 

, . The fre'quenciesfn ' ~ l'lnI2'7f8l:'e restricted to:tp,e t>J:'iginai band~ 
'"width w~ , " 

f~'6f1l6 fL i" ~ ,(a). 
. '. . ," 

, ' , 

.spectrum ~f': signals· is 'shovni in Fig~lO.Th.e.,lo~7-pa'ssfilterpassefJ ,: 
the 'frequencies,'from zero to W/2.From Ylr2:~t:o i .2f '-'(W/2)' there, 
" ,,',' " " , ' . '. "..'0·,', :', :" " ;' 
should be no signal energy whichprpvidesacc:inven.1.E3ntt:ransition 

'region for thefilteroA11oye 2fo'~ .(W/2}th~':.filt:er, should have 
adequate attenuation to eliminate the', h'-fcQlIl.ponerrs13 from the' ba- ' 

lancedmodtilators.Using such af'ilter. the,expre:ssionsf'or the .fil-, " 
ter oU"i;put v.oltages, are 

N 

ea 2 
,- LE 

ri=~ n 
COB [(\7n 

- \",':):t o .' ~. ¢l n " (9) 
t-l .. 

¢nJ eb2 = LE sin [fwn - w)t -t '(10) 
n",i n , ',,0 , : .... 

" 

,These two lov/-frequency functions a:t:'e, then~appiiea to',anoth6J." 
set of balanced niodulat~rs. But, in this casethe'modulatingfre.:.. 
q'uency is the carrier 'fr.equency Vl~, 'and this is ,the ,ba:nd'cen-ter of 
the desired SSBsignaloThe expressionsfol.') the,outpu~s,:of thiEf 

" ." 't ,-. • _." ... 

I 
1 
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second. set of l::.odulators are 

cos w t c 

FIGoll 

(11) 

(12) 

f 

i 

Subs-citutin,:; (9) and. (10) into (11) and (12), and. eXP8:ndh1g gives 

( 1 A. ,I -.) f 

~ 

l?inaJ.ly padding (13) and (14) gives the desired SSE output 

N 

e "= L E"I1 cos.[Cr: ~; ':In - VIC)t {- ¢n] . 
o n=1:"~ 0 

( 1):\ 
-.I I 

I 
I· (16) ~." 

I 
F:l:'8Quenc~r norlTI:9.11y referred to as -the carrier co:'responds to 

a.nd Yl 
C 

is the center "of the SSB. Figoll sno-.'lS the spec'i:;~:,uli1 

I 
I 
i 

I 
________________ ~~_~J 
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SSE' EXCITERS 

PAGE 

In.this chapi;er, SSBexciters will be discussed shortly, and 
in the.next chapterSSB recei.vers will be:undertaken. 

4.1 .. The 'SSB'E~citer Considerations. 

The'SSB exciter translates the incomi~ audio signal to a band 

. of frequencies in the ·r-fband •. Therefore, the. SSB exciter genera-' 

tes an r~f sideband from the audio" signal input t translates thi~ 
sideband to the final output frequency, and provide sufficient amp..;.·~ 

lificationto drive the r-fpower amplifier~ Henc.e, aSSB exciter, 
is in fact, a.complete transmitter in itself. Functional diagram 
of atypical SSB exciter-is given .in Fig .. l. 

Exciters can be classified intVlo groups; a.Elementaryexcitersl1·· 

and b. Double-conversion exciters. The classification as such de­
pends on the degree of attenuation needed for the undesired spuri- .. · 

ous. mixer' products. 

A single mixer-exciter which corresponds t o the . elementary exci~·· 
tera is given in Fig.2. The process in this single mixer~exciter 
is that an audio signal after being processed ( -t) isf'edinto e. . 

balanced-modulator-filter SSE generator. The output of this gene­

rat oris two independent sidebands after the filter, and these tllO 

outputs are connected· in· parallel provided that necesssr'J iSolation." 

be achieved. It is necessarJ that the SSB exciter' attenuates the . 

image and injection frequencies 8ufficient.ly. If "Ghis need is not 

met by a single mixer-e:·:citer~ then double-conversion excitersrrn..ust· 
be used. It is eX'cremelyimportant to minimize the distortion le-;Tcl 

due totl1e translation of the modulating frequencies p and since 

the mixers with a power output above 0.5 ITf'.Y are 'seldqmemployed p 

it is also necessary to provide a large amotmt of amplification 

at the last stage which creates serioua problems from the pointoi' 

(oS-) '~Processing an audio signalU will be discussed 'later in this ..... 
chapter. '. 

I 
~ 

I 
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stabj.lity and regeneration .. 

The signals :.et:' mixer output is shoYll1 inFig.3~ IfvJe asSume an . ' 
X 1:0 is the desil"ed mixer output, and ;r is . the moduiatingfrequency p 

there seems to be'three. frequency products only one of Ylhich is the 
'desired frequency output p X'llco The t\-IO' other-are X_~y, and X ~. 2y 

Since, normally the injecti6noi' X .. Y is at much higher than the 
SSBsignal, it is necessary to provide the sufficiel1tattenuation· 
for the undesired frequency products~Therefore the mixing problem 
is carried .out· in more than one stage;t as compared totheelemen-
.tary exciterso Such a dualmixerexciteJ.' for AU/A .. 11C-58 ("") is sho1,'~-n 

. in Fig .. 4o 

AU(>IO 
/101 

FIG.2 

. ;:-REQIJEN(.Y TRANSi..ATOR. 
3-4kC . 

FIG~l 

FIG.4 

(1") . This is a :)ieoe of equipment manufactured by .Collins ,Radio 
Company .. A1T/ARC~58 WaS compared against· AH/ARP,:",.38::which is 

an AI:; set of the same company in the Second. chapter. 
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To generate the r-f sideband of J:requencies, theSSBe:;ccit er 
uses low-level modulation and obtains the desired output level. 

. through the use of linear amplifiers. Low-level mod~lation ieused' 
,since the carrier and the undesired s'idebandmu~t:b~,'ffuppre2sed, 
". and this can be achieved best by using a fixed,:low f'requen~y ~.', It 

"., 
J 

, is possible ,by practical desi€:?ns to ach~evea' suppression of ca1"­
rier by 40· db. The band of side frequencies isno:rmallyheld to 4- }~C . 

ill single,;..sideband eXcitel"s forcommur.lication· purposes. " 
, , 

We have in the preceding chapter seen the v/ays of genera~ing a ' 
SSB signal. This is done in -'che sideband generator nart 'of the SSB 

, . " , .' .;. - . " . 

, exciter in Fig.l. The sideband ge'nerator prOCeSses the input audio 
signal, generates the r-f sideband 'in ~modulato,r, ,s~;Lects the de.­
sired, sideband while suppressing the l}.ndes,~re~· sideband, and supp-', .. 
ressesthe carrier. 

4.2. Input Signal Processirl.g 

The audio input, to the SSB generator must be amplified, amplitude· 
limited, and shaped before being applied to the nfodulatorcircuits .. 
Since the applied audio inp·ut is generally e voie e signal \l the pro-' 
cessing of the signal is much more complicated,as compared with the 
processing of a single tone, ora group of tones,·or a signal from : 
a data gathering device of cons,tant amplitude. 

The amount of amplification depends upon the output capability, 
of the source of the audio signal and the input Signal requi!'('Jments 
of the modulatoro \',Iodulators require an audio signal· in the range 

of 0 0 1 to 1 volt at impedances of 200 o}1.ms for di'ode modu13to!'s, or 
several hundred-thousand ohms for vacuu..m tube modulators. The out-, 
put of a'microphone may be from 100.to 1000·. times less ,than the 0 .. 1 

tol volt range. Therefore, to obtain efficient utili~ation of the 
transmitter power amplifier, the a ppiieddrivlng s;igi:mlshould be 

as close' to maximum without e:cceedi!'l.,g the o"'.rerload.,le'iel •. . .., . . '; 

In ord'sr to make thehurnan voicem6re compatible t1tlh'theelec-
. trical characteristics of a conununications systems,- .:tw:p.m~rthodB of . 

, 

.:~ .. '-.:...-~, ---.-------:.......----'-~---'----..:....;..,--------------.;......--............ 
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J 
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I 

e~treme amplitude val~iatio11S are useclo reducinz; the 

hods are the 1) cor:1prBssion p 2) clipping =nethod 0 

.~. 

When the input 8iS11a1 is made up 0:;:' e:ctreme variations, 
a peak level to avera~e level to averaGe level of 4/1, the 

met -

su.ch as 

,'3VeraG8 

transmitted })o;'/e1" level 'iiill only be 1/4 the ma:dr;lUm output thE< . 

~ .. 

I 
I 
I 
i 

transmi·tter is capable of furnishil1L;o 

cuit p this ratio is somer;hat reduced" 

Thel"efore, in compressor C 1 "-'- 5 

I 
A compressor circuit uses a staGe of push-pull "fhieh iE biasod 

Yli til a d-c '1olta[e arplied to 

The:a _-tt ,_. ~ ami~li f·j ed ,1.11''''011('1'11 a'rl a"'l'n]'; p.; a'r> ",.I'''''o'e ·,,1'·;.-.h - ... ~ -- -- U..t. 0 .1""./,.'4 .. ~-...... _ l..J(;~..Io~ ...... i_\ .. ,~ coupled. 

i 
~ ; 

J 
-I~o P . .I."",n1'1o~"'orrnc.r m ("Pi~~'~) r,Ctorr1 i .... /rJ' +0 ttl"" ,\·o'~~>1··~~~ 

v __!.J J. !..hi .... o_~ .. 1.4.,-", &:"'"1 .- -':':1" ~ • -,.. \.J.._ J..4::;;.J • -- '.,., .;.:~ _ ..... ..!.. -~ V J of the siCPJ:1.1 i 

I aDDearini~: 011 the. e~nt eI'-t1:HJDed transfo:J::'rner either V4, Ol~ V4""'''~0~1duct.G Q 

-- .........' ...... .. u. D 

ThE; resultant cUl"rent fIov! causes a voltage (l.rO) across the co:;.:'res-

pondi112; J."esistor 9 RI00 The negative volt::::Ge on the control and :o:m:,:?p-· 

ressor grids of VI and. V2 reCcUCGS the ;:;ain of the ·tubes to l:.r:::i.t tl-~e 

e:::cursion of' the , ' auctlo si:.::;ne1., Compression of aoout 10 db is 1'.811.all~-

considered as an acceptable rna:d.mum value. 

AiJD/~TI'1 
INPU~~ 

r--~'­

A-t...(JlO 
ouTPuT 

I • 

i 
~ 

I 
~ 

I 
i 
~ 

~ 

i 
i 
~ 
I 
~I 

1 .... (1 co. Iy: !I amp ._J. v ~Ld':: '- ~! The clipper circuit~ on t118 

a. signa.l p and prevent 3 it :':-'J:'om e:::ceedins a p':'8set ID-~01o In t:}if~ ~; 
• '"I .... t' '. 1,J,.'\ :). !=.!.1"'o-"'·i-~~ n·""" ~ t~, .. pe of l'eduction o:f:' the mnpl:!. tuc.e OJ: '118 ;31.:::l!.8. v.~:.e C.l..,:, .l.,.l. ./.1.:. I 

~;O:::~i::~G~; :~: :;:~! ~:,;·:c !::: e:f b~":~:~ d.~~~~:~. i~o:~::~~'~J ~:i I 
1] ri' 'U'1Ct·j on .... j t"· cL1.~)r8:r's_ to ]j.m::Lt the ~I t ej~f.} n:rc l.1.S'.lcL~ .. ~:' U8e~. l!1 conJ L _. L ;,~- d _. , g 

____ ~~_J 
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spectrtlrn and reduce distortion. In the clippirig circuit p a weak 
consonanttha-c follows a loud VQ'll/e! in human'voice willoe given 

full amplification,.~lthough the preceding vo\'t~l was':severely clin..;. . 
pedcoThls amplifying of\'"leak .sonndsin relatio~ ,to soft sounds'is· 

referred to as nconsonant, amplification" 0 A simple clipper circtii t 
is shownin'FiG.6~ 

(a) , -= 
(b) 

FIG.6 

4.)0 I;Iodulators for ,SSB 

In this section a.short discussion of the modula.tors used in 

SSE system riill be given along vlith the scherillit,ic 'q.iagrains~ The1."e 
are three types of modulators used in -the SSE system.~'hese are 
(1) rectifier.modulators~ (2) multielectrode vacuum J.:;ube modula­
tors, (:3) nonlinear reactance modulators. In general, several types 
of modulators can be classified in two main functional classes? 

(1). those in which the modulation is dependent. on, the polarity of 
the modulating Signal, and (2) those \7h'ere"~he modUlation is depGl1';" 

dent on the instantaneous Y!aveform of the modulating signal • 

. The main advantage' of the rectifier modulators comes from the 
fact of high stability compared to multielectrode vacuum tube modu­

lators. Since no heating elements are present t no powerdissipatj.on 

·takes place. The rectifier modulators are of three types, :ring, so­

ries, or shunt. These are shown. in (a) ~ (b h(c )of InC. 7. The reo- 1 

tifier modulators are connected almost'always as·balanced mOdula-l 
, .' ."' l 

-tors so that, there '"till be no . output of the r .... f sWitching voltage .1 

in the modulator outpti.l~· terminalso 

On the other hand, nlUltielectrode yacuurn tllb~.'moduia:tors are 
mo:t"e fleJ:ibleandus~d ina wide' variety 'of applications in addi­

tion to sideband generation .. They are capabie·· of~ giving comrersion 

l 
I 
j 

I 
i 
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Gain ra.ther t1V3.ll loss as in the case of rectifier modu12tor8~ But 

the main dise.dYant8.38 ic p e.s indic8ted Ll tl-te rectiliel' moc.ul8.tor2~ 

that they have heating clement s. Vacuum tl.'hc modulat ors ~ employinS 

modulatin{!; fUl1ctions dependent on the 

t~c ~oa.l"la~l·n~ ~i~~als Q~e b~S]'cql1v ~J. -'. .... lJ b o~'':;;'J.!< 9 0._ ,a.. ..~- J 

modulator~ or a square lay; modulatOJ:'. 

instantaneous 8.1l!pli tude 0:: 
one of trIO t~"pes: e. produ.ct 
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and the moQulatil1.,g sienal applied to t!1e othero 
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On the oJeher hand, the modulation takes place in a square-laxl 
modulator directly because of the nonlinearity of the shape of tho 
plate current versus grid voltage curve of a vacuum tube triodeo 

Eonlinear reactance modulators are not used frcauentlv due to 
J. ~~. 

the lack of materials usable at high frequencieso 

rr_'l.~J.e P'J.;"'l.·)OSP o·r- +~le 'mOdtll ~'t s' r. ,.. ...... d b . ~~ - ~ y, u _~ or. 16 ~o oD~aln an r-l Blaaoan y 

combinine the audio sienal obtained fl"om the processil1S cire1..lits 
'. '" • . ' - •. , ~ 1.J,.. C • ana an r-I CR1"T1er \','ave 171 anamp.Ll-cUQe 1:10u.tLBvcr. 0upp~"eSS1on ai' 

carrj.erta1-:':8S p1ace~ hOYieVel",' in the o2lsncedmodulat01'"'s t;:h:Lch er£ip-~ 

lo;y either vacuum tub l s 01" c.iodeso 

In balanced vacumn. tube modulators, '::hen no audi 0 si.Gnal is app-

lied., the output of the moclulntol'" is zero~ since, the si:::snal from 

one tu.be is canceled out in the out:m.t circ~li·t by the si:~nal fro:!:l 

the other tube. But '.'Then push-pull audio signal is applied, one 

tube \':ill conduct mO!'0 th:l11 the other? since the modulating volta-
p •• l"t .. ~ l' . .. 1 d" f':es are O.i 01)1')0811;8 no ar1 ~;. ;~oa.u_at;or lS nm;Da~.anC8 xor 

~ ~ ~ - ~) 
sidc-

• , IJ..h ,....' ~ ... . ~ S1' , , ,.,d \"1'] 1 ')~-' cana, a L'OU3n lL ~s ~or carr1er~ cnere~ore, '_Qeoa~ ,_, apIcaL 

in the output thou:..~h the carriel" is suppressed~ Since the proccEs 

takinG place in the modulator is actually a mixing );>1"OC88S 9 the:l"e 

will be a sum and difference frequencies at the ou:tput 0 

At least minimu.i:1 30 db suppression o:f the carrier must be ac11:Le-­

ved b~i using t',yO tubes of the same cl:.al"actel"iErtics~ But, since it 

is necessary to obtain at least 4·0 db suppres f3ion of carriel'" in 

s:.i.n;:;le sideband sUDDx'essed. carrier tr?l1smissioll? fu.rther suppres­
sion of the cn: .... rier :Ls achieved b;y u.se of' filtci:s :C'ollO':/iD"g '1;£:'9 

modulator staGe. 

Diode balanced modulators e!i1:::;lo;y die-.des instead of vacuum ·tt1.bS8o 

fjlhe ad"p'l=>n+a("'-e of "!;1)i C{ t~n)e of modulators, 2.S it 'iJaS discussed 82.:1'-
~ ....... ..," 'J,",,~ u 0 - .... "'- ",IJ.: .. . 

lier p is the hiGh stabilit:.r due to non-e::istence of th'3 hea'c:Lr:3 

t7nes of b~lanced modulators are sho~n in FiSo8 emp-
"'-

lo:rinz vacuum tubes ~ A dioc.e balanced. l1lodu13tcr 1. s 8ho~.T!n in Pie:;" 9" 
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Table I' shows the most eignificantmodulation products (up 'to 
and' including sixth order) existing in the output of Va.:t'iOU8 rnoclu-
lators •. 

TABLE I. !.10DULATI01~· PRODUCTS 

.•.. Single diode. 

'·:f· ·s 
, 2f·· 
. 'S 

3fs 
4f' ·s 
5f '.' B 
6f '.' s 

2f· 
·:!"'··c ,~, 

2f ± fa ·0 '.' 

· 2f' '±2fs' o. • 
. 2f±· 3f" 

, o. s 
'" '2f' + A,;L' . 
.-C ,-:", • .los 

Sf . . c 
Sf '. ±f" . c s 

Series two-diode 

3f s 

f !. 5f (i-t) 
e s 

2f :t f c ,S 

2f. ,j: 31's' ,9' 

3f t.3f 
. C ," s 

'Sf :tf' " .... c s 

. , 

Ring or fou~;..d.iode 

. £,':t f . 
c s 

f :! 3f",(~) 
C ...... 

.. 
Sf :t f C . S 
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Series two~diode . Ring or four~diode 

". ." 

'>.'--. ;.' 

,(+,) 'Iftlle'signal consists' of two~requency'c?mponentsJ :f:L and 'f'2'" . 
... ,'.' ....•. ' .•. jihe modulator outP. ut, inc~J,.udes f± (21"':';::£ )' and· f, -t' (2f· _ y .. )' . 

c . '.'~.' 2 'c-:- 2 . :l 

. '( ..... )Like¥lise the modulator';utput . for an input· of t'.1oi'requencies'll 

,:.,:,'fi 'am:lf2,incllldesthe'fdllOWing: fe±.<2ti f2)~fc~'{2:f2 :fJ.), , 
'f+ ('31' - 2.f.2)" and :t ... ± (";)f

2
, '; - '):f ) '.' . '. e- . '. ~ · C -l.. ... J. • 

. .¥~'4~: Translation to: the Operatlng Frequency .. ' 
, "~, . , .. ~ .. ' ! -"' ,~ . .. ," '. :- . '. 

,;".:'):::T:ransfation .to '!ihe op~ratingi'requencY'iS 'achiev~d'by'llSeof' ~re~ 
, , ' :q~ency':'changer~ oTheseire'quenc'y~changerg· . employ all 'types: 'of'" modt~~ •. 
:"·:':lator~:~.isc'ussed,·"above,,.andnamed<as. nmiXerS" .... ,ln·this····p~oce~si;he·' 
;:;:s~':~ignalis ~sed :tOlnoduJ.steahigh-frequency ':car:riel'" \Yh6a~f;~'-~ 

.. ,:; 'queney' ',:~:~such:th~i;tlie up'per orl0·~'lersidebknQ.,iS on' th~:deaired.:, 
'"~operatihg frequency.. This modul~tio:n proc~ss,':giV'e;s' as areBllitpr()~:,> .: . 
. ' ';<duct'a .• crf":frequencies,ettherthe 'mUn' or. thediI,'i'erenee'of'thecari , ':;' 

riEn?"arid~the modull;ltingfrequencY.The important' conaideratioriherE(;, . 
is· the' frequency stability of the. carrier and the frequency . Elocuracy' 
since any .. error iilthe carrier frequency' i spassedonto' sid~band 
aignal,in exact proport'ion. The translation system consistsoi,tw6 .... 

. . ,basic components:' the modul~tor which is generally called· as a m; ):er~ 
'and' the ;carrierconml0nly called oscillator signal. 

. , 

4.,5, •. S!)Ur~ous' Mixer Products' 

A 'balanced mixer, using a double triode lUT? is shown in Fig 0 10 lJ, 

:a.n4 a.nother balanced m:b::er u:::'::::;:;, t=a=ng'; storois shown in Fig.ll. 

lu3it V/a.S discussed earlier~ to eliminate the spurious mixer pro­

ducts" ~:double-conver~ion exciters are 'usedo The~e employ~ore -than 
. one:~1;a~e ~f frequency cha.nger. The modulation pryduc:{ta ar~ shorm 

in Table,'I for various types Of modulaiiors ll and TableII.showFl the 
.... oalculatedf'rermency products contained in :t;he' plate .. ~urrellt ora 
12Atrttriode m~~er(f).' .' ' .' ..' . 

. . _. - . '. 

··tt),UDual Triode ··ili.7.el"s:PQv;~r~Series croeffic1entstl.,<A,.X.',eport by ;". '::nr~' v.W~Boiie 7/23/5i~/'" '. . 
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TABLE II 

esig = Q'cos qt==,O.2 

Eb = 250 V ' '11c':: 10, V Ebb '::415 V-~: ::: .10 K , 
'. -' . 

Table, derived~r~m,pm7'~:r- 'serles expandioll 'Where, 
. . ., . ~ . - . " -

ein"': Peos pt,-t Q cosqt,' 
" 

.. : . 

Zero db reference is IDagni tude of (p' ± ~). 
a~ =3.47XI0-4 ; 'a-2=1.47XlO-,5, a3=2.2..\:lo':'7,a4=3~ 1XIO-S" 

,:8
5

=5.7X10-9 

Pl~oduet , Order 
,'1 ., ST I I ' ~======~==2=N=P==~'==' =3=RP====' ~==4==TH==~I'='=5='=~==~,1 +80r 

'.- . 

q 
2.p 

o r----:--t--p!;.:.l:::..q~-l-~'---+_--:.....-.-I--..:..--J... R.t:=EJ.JCE' 

2.L 
2p:!:Q 

-tp 

3P!:,9 
Pr 2 Q 

2p:!:2'f 
~ 

4p t 'f 
3'1 p.l:3'l 3pt:2'} 

2pt.3Cf 

-I~O 1----.--+--.-----4-----j 
4~ p r4q 

In order to obtain the desired SUln or'the differeneefrequencYll 
it would be ideal to use a tunei.':hich had a charac"Gerie~ic CUr1ir-,; 

of second degree only" Unfo:rtunatelYJ s il1ce all the tubes have cha­
'racteristics ,;vith higher-degree ofcuZ'vatures$ "'Ghis CatlSes additio:-­

onel undesi:t'ed cO!Tlponents of frequ611cieso Sometimes these products 
" a.l'e far a.v-ray from the desired frequency that it is .. rela:tiV'sly ece-y 

",'.' 
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to <tliminat e them. But in c::1s' e' t' t th - na ey are close to the desired 
" '. freque,ncy, or. in the' passband' . OT_'"' th' f " . e ilter used, the problem beco-

mes complicated. 

455 
Icc 

OSc./lldfb,. 
(3.O"') . 

2.5_2.'1Mc. 

10.15 ... ) 2 

53 

lOOk 

S"~ndl (O.J5v) 

FIG. 10 
12AT7 

+250 ... 

FIG.Il 

.1
.. 1 Table, J;IshoV1B that there' are many undesired products .which are! 

,greateri,n :amplitude than the desired one, and also many which are :1 
smaller in 'amplitude than the desired one .. Furthel."more it shows" 
thatasthe'eJ!lplitude of the undesired products decreases. the order 
of the niixe'r product invol~red increases. If the"signal and operatir.!.:3 
freque~Gies are chosen intelligentlYIl the pre.senceofUndesiredrei:t,:G 
products in the output of JGhe frequency translation system may be mi 

:.ninri zed~ . 

406.'psdillatol' Requiremen'lis 

. Sirice .,tl1~ frequency stability of the output signal depends on 
. '~ 

. aCC1..'l..r8cy·· achieved in ·the .carrier frequency and the frequencies 0.1 -r.~:D 

:freq'L10nc,y chanse:rs or mixers, the error involved is the .sum of the 

" 
- -"-'~--~-------..;. .. ----
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"':~Op'S present in ea.ch stage 0 , As the error increases, a certain 
. ,p?int'·.·~i s. ~eached: where~nt ellig1.bilit::i ,1 s:degi'ad~d o This usually 
: oc;qUra~atappro:-::imately 100 ·cps. Also the increase in~;ror 
:';th~.':~t;lt1l:Y'alness oftl1e reproduc~d, flPeech' to sUf~er"firsto 

'Jto;'~aJ:ious oscil1ato~~, ~lleosc;i.l1ator stability'i~'.€p-venllfor 
·.·thestability is the Dost· important facto;r'in choosing .t'he ~onye~ 

ni'ent "oscillator. Frequency control techniques will be o.iscussed 
..... in Chapter 6. 

',:.,:- . - . 

'.:1' " 

TABLE III •. TYPICAL OSCI!JL..4.TOR LONG':'TERt.'I FREQUENCY' ERROR 
, . ,'.', 

, :.> 

c· ,'.'. Error .cps 
Oscillator 

. 
Type . , 

, Error ~~ 3' ~!t' 10 !,Ic' 30 , 
~ 

.. .1'..0. LIe 
- ';"., .. . , 

,Variable Frequency osc. 0.05 1500 5000 '15000 
" ',Crystal Oscillator 0.005 150 500 1500 . . 

I , 

~T.erftp. Controlled Cry.Osce 
i 

0 .. 001 30 100 300 ".-.'" 

(Precision standard Osc. 0.0001 3 10 30' 
,,' 

4.7. Amplification 

,;,,' ADlplif:;'cation in SSE, transmitters is usually achieved byhie11.­

>_gaintet~ode,tubes ~ Therefore, the output-of an.,axeit e~ . may be 11.-" ,~, 
'>·mited.':toa fraction of a, watt .,This pouer ,output is, applied to 

. ',iinea~'amplifie:rs in which itis'amplified. to such a degree that "'l 
';':~-b;.is'oi·:s1lffiO:im:i:t~·.mag;nitude to drive the last' stage of 'linear.. I 

,,'powe;r'a.nlp4f ier. .' "1 
_ -Tuned circtdts a:re used in linear ampufiersel? SS13eiCite:r,1 
,b~da-h~~, onon.ehand;- these tuned eircuits;constiiut'e~asuitable :11 

.. - ·iriatire Si~tance for the linear mnplifi e:r ceusing affiifficient -';-01- ..•• ··,·1".'. 

" :tage;amplific~tionll and, on the oth~r:handJ'tJ:iei 'sct,as :filter!:!' . " , • 

:w~ich.sU.ppressthe undes~ed frequency p'roduo"cs. in:tl~e frequency' 
tran.s,lation, systemo .... .:",' 

~:o:rdert 0 eiimi~t e~h~. third orderintel?modulat10n ,product .. 

:'lfote:A "Spurious Response Chqrt fl :is added at theendo:f this chap-
"v .', ',:te;t'~ Inthischar·t:~ptirioua )nixer product,s 'a.:v~ plotted v!i th 

I;::,,;'.'; .. ' .. r~,a:pe~t to. thes.ignal 'an~ . oscillatorfrequ.enciea. . .J 
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v;hich 'is the' main source of . qistortionilituned'linear' ampli±'i'e;t>sp .. 
' .... iovi level modulation must be~sedin linear,a.mpi:tfie~s:'ofthe SSE; . 

. ', ...tranSInitteroBut since .. thethil'Jd orderintel-moduiation'pl.'oduots"are";: 
, : .. lviiiysCl:ose to the desired signal. 1")1' fall intlIe,limpUl?1el." PB.,;;i,.", • 
, ~;;~,.ba'ndf·~'it"isnecessn-"'Y to limit the ma~iu.de of the inp'Ui': signe.is,~J' 

:;:::that'the tUbebperate~ 'on' a ,linear pa~:"~i':it~cl1aZ'act~j~iert,iC~ ,~.;. 
. . . : .' ' '....: .. ," , '. '.'-. . , : ~.:: ,;, - . , 

. ," ·.'The ·l:i.neerpri\~ie:r ampl:lfierswiJ.l' be 'diaeussed'in,de1;aifin C:t1apt?2" 
'. '. .'" , .' ',,' .,,' '~ ", . -' . . ~ , ; . 

:;·8 of 'thiS. thesis o " ," 

" .; .. 

'. 
. ... 

\', . 

....... 

. ' : 

... 
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C.H!i.PTER 5 
.';. 

SSB:rmCElVERS: 

, ":~I~the '~revious, chaptei." itl1~ 'SS:BeXci1;er;a~,c~nSider~d .. :' In 'this; 
::'ch~pte~i7eare going, "Godiscuss 'the SSB,l:·eceive:r.: considerations', ~ 

A,s: it weg"GllI'eady discussed;{n<the, first chaPt:~r>that recention 
,pr6cess in SSBsystem is, essentially the aanleas the demod.;ilation.", , 
,p~ocessin:the AM ays-Gem' except that a ~ar:i.--ier which'ia identical' ',' 

to:,the 'on's ,used iilSSn' exci.1cer mustbereinser-tedin the ',demodul2,-
tionprocesso It was also said that previouslye;:pilot carrier , 

'wastransmitted in order to facilitate therec0ption pI'qcess~ al­
,'thOllghthls is not necessary today vtith the use of highly precise 
ireq~ency devices and high selective circuits .. Fl.lrthermore, it was 
indi;qated in the previous chapt e:t .. that when the' frequency error 

,exceeds 100 cps intelligence degradationoccurs~ Therefore, it is 
"Gssentia1thatthe total frequency error· of the system, must be 

thanl06cpsc. 
.' 'Uauallydouble;,.conversion superheterodyne circUits ,are 

,'in the SSDreceivers. The purpose of using double-conversionmethoiL 
,- ",' - "," . . .' , 

,if$t as . in the case of double-conversion !!1ixira.g in'tj,le transmitters; 
. . . '. . - . . . '. 

'-wto reduce the sDm"ious' demodulation p:t~OductScinigh-frequency 
. '. - 4 _ _ ' . -

conversion'is achieved by a hit..hly stable cryataloscil1atol"p and 
. . . . . . 

,the,lOiv':'frequency conversion employs a tunable oscil1ator~ 

. The audio 'signal in .the' All' system is recovered from the r;,.f aig­
, , nalby~e'a:ns, ~fan .envelope dete.ctoJ!. The game method :canbe' alse> 
'. us~'d;£6rdetection 'purpose in the SSE receiYer .pro1rided thattlle " 

, amplitude of the reinserted carrier bellish enough to keep tllein";', 
'.termoduiation distortion at a low level.' 

, " , "The. ave (automatic volume· control) cirCuit'used in the SSB rece~:, 
. i ver is. al.so somewhat' different from the one thetis used in the 

~ lu'\1 system. This al~isesfromthe fact that the carrier in tneAL1 

. iTtjst'emis relatively constant and does not vary· qu.i.ckly· in the 
,,' amplitude; Therefore this avc S"lJstem may: have a relatively long 

time conBt~n·t'. On the other hand, since the signal in the SSE "8;;"8-· 
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tem chan.,30S very rapidl~t, this neccssi tates the use of quick acting 
type. of age (automatic gain control) rectifier. 

Single-sideband receivers have three main sections: e'radio-fI·e-. 
quency section p an iiitermedia:Ge frequency section g and an audio-' 
fJ."equency section. This clnssification is the same as the one used 
in API system. 

·5.1. Radio-Frequency Section 
The radio-frequency section of the SSE 2,"eceiver emplo~;s an r-1: 

amplifier and one or more mixer stages. The ptll'pose of the r-f sec­
tion is '1.;0 translate the r-f frequency to an intermed;i.ate frequenc~r. 

Increased' sensi tivit~r is obtained by the use of an. r-f amplifier 
at the first stage. The second advantage of using the amplifier 1.:1"" 

the first stage is tLat it reduces spurious products. Increased sen-
, . 

sitivity results from the fact that the noise in the amplifiers is 
much lovler than the noise in the mixers. Also, r";f filtering is 
!lsed. to elirrinate the spurious products ydthout much affecting the 

signal-t o-noi. se"!'3.'tio co 

The main sources of noise in a SSE receiver are the antenna noise 
the input resistance of the xaeceiver, and ·the ~rid.circuit of the 

first amplifier tube. If '~he gain of the first amplifier tube is 

not high enough, the grid circuit of the second tube alse contribu-

tes to the over-all noise. 

The antenna noise is due to the thermal noise, ~hich results 
from the random motion of electrons in the ante!l.na. The noise vol-c 

tage can be calculated by the follo'.7ing equation: 

where E n 

T 

B 

= (41CTBR)~/2 
... rms noise voltage ' 
_ Boltzmann' 6 Cons"tant p 1.38XlO-23 

= absolute temperature in OK 
= band,'ddtIl in cps 

R resistance in ohms 
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Therefore, i·t is apparent fronl this equation that the noise 

magnitude is . proportional to. t,he bandwidth .. 

The noise figUre pertaining to the receiver is expressed as the 
ratio in decibels be'~\7een the noise. level of th~ ~receiverto the 
noise le~ll'el of a perfec·t·receiver p · in which all the noise is ass'umoCt'1 

, to be generated in the antenna by thermal agitation. A perfect r~6e­
iver in wJ.1..ich the input circuit is desiened to ·match the.antenna. 

, ~ ... . 

sistance has a noise fieure of 3 db~ 

The tube 110ise can also be expressed as.'being equal to the noise 
generat~d in a resist:ance of the proper value and this is called the 

. equi valel1t noise:;! resistance of the tube. Equivalent noise resistan- ", 

ces of the tubes are given in Table Io A functional diagram of a 
typical SSE receiver is given in Fig.l, and the noise sources in a 

.f 

rec ei ver dre sho"."ln in Fig. 2 • 
IF SE:c."TloN AUDIO SECTION 

AHT 

FIG o 2 

From the table it m8.~r be deducted that the triodes have 10·,'181' 

. h . d and °In. p1,_'1<:'_; era ~ave lower noise than miXers .. nO:Lse t an pen~Jjo, es - ""- _ ..... 



Type 

2C51 
6AC7 
6fJI6 

. 6 r\. C,:'.1. ... .1.# .. 

6BK75 
6BQ7A 
6BZ7 
6J4 
6J6 
6T4 
6US 

12AT7 
12AU7 

. 12AX7 
12BH7 
5687 
5842 
6386 

GAGS 
6.A.H6 
6 ~ .,. ... 

hi'>.? 

6.A.K6 
6AU6 
6BA6 
6Ee5 
6BD6 
6BH6 
6J3..J6 
6BZ6 
6cn6 
6US 
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1 
TABLE I. EqUIVALENT TUBE NOISE RESIS?AlTGES 

.. -
,~, 

Ap,plication £Ill or gc Calculated p 
-~e.q 

:" 

Triode Amplifier 
' : " 

5500 455 I 
i 

11200 220 ' I 
' . 

11000 230 \ 
I 

10000 250 
' I 
i 
I 

6100 410 
1 
i 

6400 390 ! 
I 

6800 370 I 
11000 230 I I 5300 ! 470 I 

7000 360 
I 
t 

8500 295 I 
1 

6600 380 i 
I 
; 

2200 1140 I 
I 

1600 1560 
.3100 810 

10000 
\ ' 

250 
24000 105 

I 4000 625 
; 

Pent ode Amplifiel' 5000 1650 

9000 720 

5100 1880 

2300 8800 
j 
I 

,"t , 

5200 2660 , 
, 
i 

4400 .3520 I 
! 

5700 1350 
! 
i 

, 2350 13800 I 
I 

: 
4600 . 2360 I 

3800 I 3860 , 
! 

6100 1460 I 
! 

6200 It1·L~0 i 
I 

5200 2280 ! 
" ----J 

.. 
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Application gm or gc Calculated Reg 

2C51-
6A1r4 , 

6J4 
"6J6 

6T4 
12AT7 ' 

12AU7 
'12BH7 
5687 
6386 

,GAGS, 
6AK5 

·6BA6 

61305 
GBZ6' 

6U? 
,6X8 

, GEA7 
GRE6 
GSA7" 

" ,'6SB7Y 

Triad e HiJ:er 

'PentaCle Taxer, 

Pent agrid C o]lvert e2" 

1375 
2500 
2750, 

1575, 

1750 
"1650 

~.'550 

, ";775 ... j . 

',2500 

1000 

1250 
1280 

1100 

1425 

'1525 

1300 
2100 

950 

475 

4·50 
950 

,2900 ' 
1600 ' 

"1450 
2540 ' 

2290, 

2430 
7280 

, 5170 
1600 
4000 

6600 
7520 ' 

,14080 

-5400, 

5840 
.,9120 

7780 

61700 

174000 
·240000, 

61700, 

;, The ideal r-f'selectivity Vlould be obtained if tunable circuits 
'·were placed before the r-f runpli:fier' .. But thisia impossible for 

",mainly two reasons; first; it i'simpractical to use~ull'y tunable 
CircUits to correspond to a large Span of ;h .... ff'requ611cies, and the' 
. .'. ' 

,use of filters introduce such a high insertion loss that, this de-. . - ~. . . 

~ra~es the noise figure considerably.,Yfuereit isne~essary to use 

f'ilte~ing'bei~re' the :r~:f. amplifi~rll' aril:y one tU'P..able circuit is 

used. High ,selectivity is obtained by suppressing ths:s:purious 
,:frequency products by, using a tunable iiI t er between the r-f ~.mp­

lifier and the mixer. The numb'sr of elements used in the tunable . .' . . 

oircuit is determined by the factor Q. 
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The generalized ,selectivity curve is given at the end of this 

'chapter. 
, ,-.' 

'Ther-f signal' is translated into i-f, signal by mean~ of mixe:::a~ 

Th~ mixers ha.ve been discussed in the pre\riouschaptero But the, Drab 

lel!isencountere~ in receive:i:-~='fuixe!'a are slightly different from 
those, encount'ered in the mixe:rs of transmitters.p"lrpical receiver 

, ' , ~- . , 

ID:i.:;cer .spurious response~s shown in, Fig. 3. Arecei vel' mixer cross-
over,'response is shown in Fig .. 4. 

. . . .:: - ". ~ 

" 40 

20 

~-20 
OJ 
oJ 

, -40 

, -60 

11ST ' ;;?Nt> ' 3~1> 4,'TH 

500~c. 

2000 ",c. 

FIG.) 

SIGNAL 
1001 1<4 14 

{2 ND 11"'1>.>'10"'''' 
20021<C.} 

osc. 
15001<.c. 

49'3 ,,"C 

, 5021<.C 

FIG,,4 

Crossover (tweet p or birdie) type of' response is very inportant 
in receiver mii{ers. This is illustrated in Fig.4o Fig.4 shows tha-t 
a 1001 lec is applied "lio the mixer along Ylith the translatine f:1"'0-

:' '\ 

quency,of 1500 1\:co Th<;3refore, at the outpu·l; of' the Iilte~" appears 
the 499 kc desired frequency. But· also, due to' the se~oncl harmonic 
(2002 lw) of the sisnal f'requencyanother ou·i;put of 502 leo alJpe~?y·s 

at the output of the mi:mr" These two signals separated only by J kc 
are passed b~! the i-f filter and demodulated to give a tweet along - '" 
with, the desired sie;p..alo 
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';The best sensitivity is achieved by as much gain as possible 
tihe£td,'ot,:,'.themixers", This means that. the signal level is 80 strong 

. to' be"aufficient t~ override all the noise fr.om the mizers .. 

0:&0$8 :n:l()dulat1on is not sci important in SSE l"eCeiVt;TS a.s it is 
in,AMreceiversoThe cross modulation re~lts£l"om a strong signal 
neai. .. the,passband of the i-f.'.. filter wJ:~ch affects the passed sign2.l 
v1hell the filter is tuned to a weak signal .. Since there is no carrie? 
in.the single; sideband re,ception; .the modulation is applied to each 

. of the ,Sideband signal components. Furthermore g since the sin.gle­
sideband signal c6nsistsof a number of relatil'"ely V/Guk components p 

this undesired modulation is spread, and the interferin~ signal is 
merely, recovered as noise .. 

5.2.rntermediate-FrequencySection 

This section is composed of two main sections p frequency selective 
filter elements and the amplifier stages. The selectivi t~r of the fj.l-

. . 

ters ,used in the SSB receive~" must be considerably higher than those 
. used in the SSE transmitter to attenua.te the undesired si~..1als mO:i.,"e 

. than 60 db •. ln the case of' extremely weak Signals, the attenuation 

degree must b,e~ gJ:.'sater tha~.'i 60 db even. Optimum selectivity OCCLU"S 

when the noise bandwidth is large enough to pass' the required intel­
ligence, and the' s1dr-'1i bandwidth is narrow enough to reject an uu-

. . 

. desired signal in the adjacent communication channel. These corres-
,pond to ~ db and 60 db respectively. Therefol"s this necessitates 
extremely'steep skirts on the' selectiYity curve .. A selec"i:;ivity COl£::­

'parison isshov.'n in Fig.5 • T:b.ia figure Sh0\1s Jtjhatthe' selectivi'~:j 
CU1~e obtained by a Collins mechanical fil"!;~l" is very close to the . . , 

ideal selectivitycul"ve. On the other hand 7 double-tuned cix'cui-'Gs 
'employ overcoupled i-f -'Gransformers of Q' s of 150. 

, , 
The amplifier stage incre'ases the signal to such a valUE: to cll~:t'/e 

the demodulator star;e. In the amplifier stage cascaded' class A lin0:,:;u2 
, " ~ 

amplifiers are employed usiTl..g1"emote cutoff pel'ltode tubes. Tuned 

cuits are used as load resistances for these amplifier stageso 
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I 
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j 

I As it vIas mentioned 'above that the age is:d.lf'ferent in the SSE ,I 
re<;!ei vers ·'£:t-oltl.'that used :Lnthe, All recei ve:l'S~ ".Becauseconvent£onal 1 

::~>AIiI:?vc ope;at'eson-PGhe level of the carrier~ Since there is no car-J 
'-';,~ier inth$SS:B:.:receptionexceptthe inserted one or the local C8o:;:'-l 

"'riert'tli~ ~;;t~rii~tic, gain', co:nt:601 syst'ems used, :obtain their inf or- "I 

ma~iondirectly< f'romthe modulation 'envelopsi'Olithe" other hand,' j 

~since' the' inserted carrier is of high amplitude,special a";;tention 
'.' ", , -.' . 

l1lus'tbedev6~<;d ,to 1801ate11; f~om. the automatic :ga.in ,control, sys-

"tefu. This 'PZ'oblemis, solved, by 'taking the information for the age 
"difectly 'fi9m~Ae audio signal voltage ~ , 

":'~+,~h~,ti~e:'-c'o~stant of tht3"a~to~tiC gain:: Qont;rol' syntenl is -VB2~~l " 

1rnp'Ortant ,,:begause it,'mus~ li~itrapidlyetrong. signal from tecord_r~ 
i'6o'iouth aJ1d"aJ-so' it must be, slow enottght,o lo11oVlthe"si<llabj,c 

, . 

variation ofnormalspeech.T~is is'satisfiedby 'arrRC.circuit oi: 
' .•. 5Q:~~~~~'c'chapge "time and 5,,:,sec dischaj:.getime .. An' l~Ga· c;1rc1.1i t is 

.sho\"~inJfig'.6~ 

5.3.' ,A:udi,o-Frequency' Sec-tion 

'The-::audio-fr~quency section:emPlOyg;'demOdUla-cors to obtain the 
~ " , " .' . 

desi't'ed:~audio-f'requency signal from -the. inte,rmedia:te frequency 
along with' the amplifiers necessary -to amplify the sigr:al to a leve] 

suitabl'e:, for the audiooutpu·t circuits. The single sideband is fira;; 
.... ".,:" ,;' ,: . - . 

'combined with a local carrier of proper frequency relat'ionship nith 
, ,', 'I 

-the original audio signal. As i twa.s discussed in :the cllapt er of 
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Single Sideband' 'Generation, either uppe::c> or the lower" sidebnnd is 
obtained ,accord.ing to where tr:e cD.l"rier is located with respect to 
the passband characteristic of the low-pass filtero If the carr:i_8:1." 

" is plac'ed on the high-f'requencyside of the charHcteris"d_c the 10;;:8xo 

sideband is obtained and ,vice veraao' 
, , 

In order to minimize the intermodulation distortion pl"oducts 
,present in .the audio ,outPllt signal productmodula.tor circu i ts a~::e 

used in the SSE receptionoAlso they do not require large local 
ca:x.·rier 1.Toltages. A product modulator used in SSE reception is 

ShOYffi in Fig .1.· 

FlL.U:R. 
. G ......... p.AC'TEt2.sSTIC 

I 

IJot- I 

I 
I 

I 
I 

I 
I 

S'OESA .... " . 

FIG.7 

AGe. PE"TEC.TOR. 
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" Sill!JJARY 
, .... ....,~ , 

, In the firs-t i'ive chapters the generalchar3.cteristics of th\. 
SSBisignal a~e considered. ,!first .chapter wasdevo:ted· ,-to the general 

'comnarison . of, various' modulation systems. as an iirtroduction. SeccPnd - . -, . -' ,~... 

chapter is devoted to the, consideration of the SSE system in gene-' 

ral as compared to the All and F1T system. It VIas also discussed in 
this chapter thattJ:le SSB system haa an over-al~ advantage over 

, both, the;J\1-!i '.and·F:hlalthough the comparison between the. SSE' and FI:I 

,.h~sriotbeen fully develOpedye~. The· economics of the SSE system 
;'vaa considered as compared ,to' the AlI and a brief"history of SSB de-' 
.vedop11lentwas gi venq 

•. Third. 'chapt er underte~~s the single sideband e;ener9.tiono ·In this 
·'··chapter:Sirigie·sidebandgeneration>tecliniques were:discusseu., In 

'this chap'ter.'alsoa thi;d;-method,or"modi:ried pnase-shiftlt rae-thod: 
-of, generation of 'sing:leS~deband wa~ . given. 

:···.!i:p:·e fourth aildf·:tfiih c~apte~scontain'the gerJ,En:aldescrip-'Gions 
o·f:·:~in~le'6ideba~exciter.s·a.ndrec~iverl:joThe·basic··elemen-'t;S of -
'; '., ." . .' ", '., ", ,::..., . .':: ' : -: ,', , . ' ':': .' , . .' ;It::: 

.t4e:;:transini~'tersandreceivers·were:"given in these .JG,,vo ch~pters " 
;;a:i'&riiWi t1i.th~ "clue qon~ie.'er~t:i.on6to .. fuportflnt s~e~ifications .. ·1, 

···;;6f.the;.,ay~~m~,.us'ed especial1y:,in'Coliins ,equipment;.' : ," 
.. ,,": ~ .-:"..... -:, ' :') l:- ";". '. ' ......... ::. _. . ~ 

· .. ·T.he·f'61i1;>Win,g,two chapt.erS·}11ii: ,pe, devoted to the : :frequency 

·at~b~l,izati.onccine:taerations. and syntf!.~sizer .. stabilized SSB systems 
. :' .... :~;. '~>:.:_:. ',:.",;-:-. :.' -.. " . '. ,..:.: :-"."<': '.' .... _ -:". '.' ..... , . '~~" " '," 0'. :. 

:'Th~last . chapter 'lliJ..T'be~ :o'Ilt!iesubj ~c.t of'..linearpower at:pli-. 

'fi~r,J3,-"eniploy~clinthe l;lotstag-e. :of,SS}3:transrnitters. In this chap­

t ~f" linear povler' a..rnpli:ffE;'t'S·vriil bedisCtlSSed, "and' means of redu~ 
'Cinz'the:di~tortio~ in 'such 'amplifiers ,will be·dete~ined. AS' a: 
'8pecffic'e~ampie 208U-io iemployedin:the.TranSl7'itter Site of HATO~ 
.:Lzmir; 'i~·:.'chosen~ lftu;,t;herm9rc~30S---1Linear Am:plifi~r ... of iUnateur 

, . Sideband Equipment of Collins'is~d'eBcribed' shortly vrith its circuit 
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: CONTROL OF FREQUENCYIH THE SSB SYSTES{ , 

,,' , :j 
. I , . It wa~ ,indicated throughout the five cha.pters that the frequencYl 

, cqIltrolin the SSE aystemis very important ~ This results fr.om the I 
,0 • • ., •• _ •• ' , , • • • ,. ..j 

,fact· that the single sidebaild'suppZ'esse~ ~arrier communication 8;/s-i 
'·tem'does not u'se a carrier. Theref'6~e, stabi1ity of' the reinserted ,I 
,....". ",. ',' ' .... ,' ' , ' ' 1 
:f'r.equency" .. ~:t, "the recei veris the mait::l polnt. to be obtained .. A fl.'e- i 
quencyerror in carrier reinsertion of 20 cps or less ~::ill give gbO~ 
'Voice :"~eproduction. Frequency errors of around 50 cns '\1il1 ca.use an j 
~ppr~cia.bledistortion, and the reproductionrdll b~iinpai;ed at j 

).OO~CP8 fx<?quency: erJ."or., 

,Bei'ore th~ World VIer II, the ,increasedf'requency accuracy vras 
pl:ovidedbycryStaloscillators and a mu~ti:plicity of channels \'/3S 

provided'bye like, number of crystals. This is very irJpractical ~ . 
and" it 'was required that at a flick of' a svlitchone of hundreds of 
channels is chosen immediately .. Furthermore,the need for haYing 
narrower guard bands and-utilizing the vhf bands in more extensive 
service necessitated thede-I1"elopment of lTltlltiple crysta~ synthesi~,e1.1 

, ' I 

BooF.The operation principle Vias simple and depended upon the P!'O..- l 
',:cedureo~ mi:dng the output frequencies ofsevera.l crystal oscil1a-1 

I 

t,Ol?5 toge-liher ~o produce the desired output frequency.. Each oscil- l 
latorcontained ten or more crystals to provide a multiplicity of! 

'channels. 

6.1. Achievement of FrequencyStability,in theSSB System 

The first single sideband h-f' systems did not use the tecnniqLles 
-of' frequency stability that are used tpd~y. In order to achieve a 
coherelltdetection either a pilot tone or carrier rial3 transmitte(l 

.. 'a~o~g wi-th the sideband compone'rits, and the l"eceivei .. "f:re~uel1cy rms 
sYricliron:i.zed va ththe transmitting :frequency • The use of crystal­
controlled oscilla.tors waS sufficient to give the required amc.un-t; 

, of sta bili ty " , ' 

" 
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. Automatic frequency control, tec~i:i:ique was not tlsed in the first 
singie~sideband radiotelephony 'because 'the' ope'rating 'frequency \Y8$,' 

a~1~;'-as60 kc so that. th.e'frequencystabili'ty 'requireI!1ent was ' 
met by the available oscillators •. \8 the stabiliiiyand'theaccuracy 
of the,frequency y;~n."e increased,' t11eosci11at02"8 'became

j

bulky and 
,',fragile. and limited in fre'queney. channels. 'Thel"e:fol"e ,the need for 

stability and accuracy was satisfied late1" by:the development of 
"the 'Cl.:·ystal' frequency synthesizer. 

, BasicallyI' the single crystal, frequency synthesizer is fa cireu..i.'G 
in which harmonics and sUbharmonics ofa single-standa,rd' oscillator 
,are combined to provide a multiplicity of output signals which are 
all harmonically related to a aubharmonic of the standard oscil1ato~ 

·Theblock diagram of such a syn-f;hesizer is gi1ren in Fig.l. The grea-t 
'advantage of this circuit comes from the aeclL~cy and· stability of 
'the output signal whichts essentially equal to that of the stander' 

oscillator. 

2000J<J:. 

FIG~I' 

As the frequency increases the spurious frequency problems inc­
rease proportionally.and the channel spacing decreases. Therefore~, 
even in' the simp1es'tcircuits p extensive filtering and careful se­

lection of operating frequencies are reqllired .. This i8 the main aii' 

i'icultyencountered in the des.,;ign of the frequency' sy.nthesizoZ'. 

'If the synthesizer iste be used in the h-f range t the circu.:i t 
is considerably simplifie~. Pa~ticularly in sllch case3~ universal 
superheterodyne circuits ,are used. The block diagram is fivenin . ' , 
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6.2 c>VaI'iable-Prequency Oscillators, (ilFO) 

, . The 'desired frequ~ncy channel'is obtained by using a variable­
", :frequency 9scillator (VFO). The variable element in a, VFO may be 

either a capacitor or an inductor. The main problem in the VFO is 
to obtain a linear frequency van·a:tion by shaft rotation. This re­

quiX'ennent is mei! in variable-capacitor VFO by adding a large-value 
. fixed capacitor, in, parallel with the variable capaci to:!..... In a vari­
able-illductancetype 'of ·VPO ',a .inagnetic core is ,inserted and moved 

in or out by ineans of a lead screw. The basic principle is tha.t 
'the pe~'eability of the flux ,path depends upon the core position. 
The two'types of, circuits are shown in Fig .. 3 and 4. 
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,"", The capacitor 0) provides ,8 temperature compensation; and C
4 

:' ~"lliich i,gca.lledabutt~rf.lyc8'paci tor keeps the .total ca.pacitance 
" across the tuning capacitor constant .. 

:~upply-v'oltage vai'i'ation, . ,temperature' change.' michr-ophonicscause 
a shift in the selected frequency. By selecting a proper coil tap 

positio~ and selecting a proper ratio screen to· pla~te voltage the 
:ere~uel1cy variation is'decreased. 

,6.3~ The Stabilized Master Oscillator (S!,iO)' 

, ~' present-day demands the figure o~±*part in 'one IiU lli on' pre­
,s:ellts ,the required' absolute accuracy ,oyer -long periods of time :;:aat­

.:,her, than short-teZ"IIl stability. Furthermore,providing either conti.;... 
'::<~"nuous ·coverage. or channelized ,coverage in, st,epsno greater than '4 kc 

'is required in rut:!ny 'SSB> systems. 
;"-:' ' " , - . ,,' 

i. Th e'variab1e ,frequency, lnaster oscillator' is the main part of, the 

q' s~G.fibilized'::master 08ci11ato!'0 This oscil1ator,i~,ca~able6f being 
• : •• :'. -., ". " .<' • • ' • • ':.' ':, ; , ..... ' _.. • 

locked to aref~rerice signal'derived from a standard osc211ato1." of 
.extremely ,hl'glLac.curacy, and stability. The m~SteZ'oscillator is ste.­
'bil1zedby'means, of a f(3edback servo: system deriving its'errm:." aig-
nal fr'om the comparison of the phase, of the master, 'oscillator and' 
the. phase of the signal. derivedfroni:thestanctard reference 080i1-

:1a.t6r.· The block diagram of a stabilized mastel" oBcillat'or is shown 

in Fig.5. 

p~se r://S(r,;"",..,dlor 
,...eferenCS!. clr.rtved 
+ rom oS i-d ,,<dd..a 

2501:.<. 

. ." 700- fiool:.c. 
m M "dr~'c... I. 

of d (OJ:CSv:eS 

-f550-{460A:.c 

i' 

FIG.5. 

~OOO.K.C 

OUTPUT, 

The basic elements of a. stabilized master oscillator are the 

master oscillator p reactance control and discrimin~toro These e1e-
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menta are Sh0l7l1 in Fig" 6" Inductance 11 and capacitance 01 dete:rlrJin.e j 
the frequency of the master oscillator" The frequency o:f oscillation I 
may be manually changed by varying the capaci'tancc of C1 II ,or (,;.lee·~ 
tronicR11·ir cbflnged by ,val~dng ·the' permeabili tjT of the core on nh:i.C1:1 

III is wound" 

'b1Sc:R.IMINA.,.OR. 

R.7 

IH-

Frequency discrimina.tor pl:'ovides a d-c oU'cput signal ',vhose S.!!'1P­

Ii tude and pqlari ty c3:na deternrf ned by the relationship bet',7eel1 the 

i:J?put signal frequency and the frequency to vlhich the discrimina'Go2" 

is tuned~ Th.e frequenc:'l discriminator consists of a double-tuned 

transformer and two diode rectifierso The action of' the discrimina-· 
tor depends on the fact that the phase of the voltage developed aJ~­

ross the secondary of the discriminator transformer '.7ill v8.r,/: as 
'i;hefrequellcy of the applied signal is varied aboye and belo',7 -the 

transformer resonant frequency .. The frequency discrinin3-Gor ci:t:'cuit 

and the resultant output error voltage are 

8+ 

A 8 C 

~l> .. 
+~ \~ ee pp"'--____ _+: 

~~ ,?e:z 
co=-

1== 999I<C 

8 '_01 0-\7n -j n Pl.· ,r 7 - , --_..... C"O 0' 

, 

i 
1 

1 

.1 
1 
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The' reactance control pl'>ovides -the means by which the direct 
current output' of the ,discrimi-nator is .made '-to alter the inductcu:ce 

or capacitance of the tuning elements of the master oscillato!'o f,e-­
a.ctmlc€'tube circuitsp- saturable reactors, voltage-sensitive cnpa­
yitors, andmotor-driyen variable capacitors are used for this pur­
pose. 

The manner in which the stabilized master oscillator circuit ope­

rates may be described in two conditions, open-loop and closed-loop .. 
If the control is opened at the grid of the reactance control tube 

and the tuning of the oscillator varied Vii th the discriminator tu-;; . 

ning fixed at f 0' the outpu.t ~101 tage 'of the discriminatoZ' ... ·lill fol-

loW' the ope·n-loop curve shovin in Fig.8. If the master oscillator f~e 

quency . differs from the discriminator fre.quency when the loop is ola 
sed, the master oscillatol" frequency vlill be pulled toward the dis­

criminatQrfrequen~yprovided the proper polarity of discriminator 

and control devJ.ce has been obs€1."Yed. It is ilnportant to realize 

that perfect cQrrec:tion cannot be achie1Ted unless there is an infi­
ni te a.rnotmt of~amplification of the errO:L"' sj.gnal f1."OT:1 "Ghe disCl"'imi­

l1ator .. This can be seen by examining the dj,scriminatorout:yut -;;11on 

the loop is closed. ' If perfect correction had .someho"\:: been achievec 9 

the discriminator output 'vould· be zero. ·ObviollSiy such cannot be '~.h.e 

case as' there must be some signal appliedtp there·actance 'cont:r'o~ 

to correct theoscillato1.' frequency error:.' Pneclosed-loop frequency 
·"error will depend on the master' oscilla.toJ. .. ·error and 

,the control loop. The performance of the. closed-loop 

dashed curve in Fig. 8 • 

. -+ 
I 

I 
I 
I 

I 
-_/ 

.FIG.B. 

+f. 

on the gain 0 -2 
~ 

is ShOYiU by the 
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. 1i 
b

' - .~. 1 
o "Ga~ned. Ii In stabilized master oscj.llators stable operation can be 

,\'lithloop bandwidth exceeding 400 cps, and enough gain to suppress 

microphonicdisturbances arising from vibration and shock. I 
. , .. , '.' 

1 

• Careful attention mustb~' paid to ,the frequencies usea. in the 
.synthe~izer mixer al-lihoughtp.e 8"110. aynthesizer 'avoids many spurious 

1 
:j 
I 

frequenciesqO-l;herwise,spur,ious' frequencies fulling ".7itl1.in a few 
• > , • • 

kO,'bfthe desired frequency.will phase-modulate the master oscilla-
t'oro.'Thespurious· frequencies outside this range will be easily 
,suppressed andvlill not appear in the. ~aste; oscillator, output. 

6.4. The StandaJ:'dReference Oscillator 

""·;.,:Sl.Iloe:: :frequencya.cc~acy and stability of the stabilized masJGc:r 

·osci'llator depend. completely upon the standaTdrefel:'ence oscillator,: 
"it is very important to employ a reference oscillator or theg-J."eat-
'eat 'precision' obtainable :rtithinthe limitations 'of t'he over-all equ-' 

;ipmel1t'specification~,Thl? important factors in order to obtain a 
high frequency: stability are various. First or all, . time and changes 
in 'the environmental conditions must not effect the elements of the 

I 
1 
l 

. ~:;o:t:~:::i:~e A a:= ::::e:f O:h:~::~:::;. i;h:;:;:;:~J t~: ;:=1 
sonator should be sealed in 'an'evacuated glass' enve'Iope. Fur't;hermore, . 

the temperature of the quartz. crystal must be extremely closely'con­
trolled since the resonant. frequency of the quartz resonator is de-
pe:Qdent on the r-f power dissipat ed in it 9 especially athighel" 

powers. 

The coupling between the resonator and the active or amplifying 
portion Of the circuit should be as small as possible while still 
maintaining sufficient coupling for sustained oscillations. The Q 
of the reso.nance network must be at least one million so as to a11o.'."7 I 
vel-'-;! ligh-l- c oupl; ng to. the active netvlork .. , I 

~he ~a~io of ~h~ gain to the phase instabilities thr~_>ugh -the am]!"- I 
lif'ying network must be maximized. Care in shielding is required 

between the oscillator stage and the folloVline buffers so as to eli-, 

:::::l~;d=:~r::o:e:!:::k S::~:l:~;:e st ages sine e th~ s feedback ,I 
Ii 
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The block diagram of atypical refeZ'ence oscillator is shoi:-m in 
.... -4. 

Fig.9. The temperature of this resonator and. allied critical compo-
I ' ,nents are held constant to better than OoOloC duril1!.;S normal fixed 

ata.tionoperation by meane .ofan elec'trol1ically-controlled oven .. 
ThaI-me quartz resonator is a fundamental AT cut crystal sealed 

. . . 

in an evacuated glass envelope. The "temperature coefficient of this 

~J.'"1Jstal resonator is onlY'8erveral parts in 107 per degree C. By' 

'· .. va:l?Yi!l..g the· precision trilPJrier; ·mipacitor C-104 small adjustments of 
I . the oscillator frequency are accomplishedo The amplitude of 080ill8.­

.tion is controlled so that the resonator· pmYe!.' dissipa.tion is less 

I 
I 
I 
r 

... "tllan 0.1 fLwatt ga.t"'ld so that no appreciable ·harmonics are presen"!; 

in-this circuit. 

OVEN 
-- ----1 

I 
I 

~HC. 

The tempeJ:>ature control oven is the basic part of the refe:t."'cnce 
frequency oscillator. This oven maintains the reso'P...ai;or and o1;he:-L' 
critical componen"'Gs at a cons-tant temperature within very close 
limits. The oven is controlled at approxil11~tcly '65 0 Cg and is capable 

of delivering 8 W .of heater power q 

Typical sho:;.-t .... tel.""Il1 and long-tel."I!l stability. curves are shoy,:n in 

Fig~lO and. FiEoll.: ~ 
< ~ • " 

1 
I 
I 
I 
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This chapter is a short ·summary of single-sideband system frequ­

ency stabilization. and sigle-sideband system operation in gener2.1 .. 

A vector representation of sidebands of an amplitude mOQulated 
signal with respect to carrier is given in Fig.l .. It 'l"lan alread.y 
discussed "that the two sidebands in an amplitude modulated sisnal 

containz the identical information p and the carrier is only a EeaDS 

of translation of frequency from one band to the other. J:Jeverthele813$ 
"the phase relations between the carrier and the sidebands are i~po~­
tant from the intelligibility of the signal. In Fig.l, the amplitll-

I ' 

des of the signal are represented by vector length, while vector 

direction indics.'ces instantaneous phase with respect to the carrie:: .... o 

It is' seen from the. figure that the tv,ro sidebands are identicall~7 

syIP.metrical to each other in both amplitude and phase about the C3.Z'­

ri.eroIf there is any deviation from this symmetry l' the sign81 is 
no more '"amplitude modulated. 

.. 
J 

F=o.f-""" , 
,.;-_---4.1 -~ 

7.1. Advantages of SSE S~rstems 

As it "lIas discussed in Chapter 2, the ionospherio rc:diurn e:f:fects 

the amplitude modulated communiqation"resllltil1..g in a. kind. of diGto~c-, 
tion knOYln as selective fading .. This selective fadin,:; :7as oxn.cined 

in d.etail yuth the results on the-8mplitude-modulated. signalo Tile 

main di$crepancy here arises from the fact that in amplitude modu~· 
lation the carrier phase wi-!;h respect to the sidebal1ds is an hnpor­

tant point to draw full attention. but in a single-sideband signal 
since the car~ier is suppressed ~ there is no problterll ':[hat soever 
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conce-rning this point.. Of COV..l?S0, sinsle-sideband signals are subj ecd; 
to 'selective fading as are other types of modulated signals, but ~this 
fading does not generate int.elligence destroying harmonic distortion 
and:intermodulation in the SSE modulatJ..onot Selective fading produces 
what is known as amplitude versus frequency distortion in SSE s;y-s­

,terns, ; but this'type of distortion' only makes a voice signal sauna. 
,'peCtiliar and has'litti.e effect on the intelliGibility .. 

Second' advantage of the ,SSB systems over AI! as was discussed is 
the channel size reduction~ The SSE system utilizes only half of 

, '. 
thebandYlidthassigned to' ,AM system., Furthermore, narro\"l-band. phase 

" and:frequency modulation voice circuits usually require more than 
", 8000' cycles because' significant second':", and third-oreler sidebands 
'are'produced est,he moduiation, index approaches. one; theJ."efore SSE 

'i:sconsiderably more, economical. from the point ,of bandYlidth than 

'aitha'; 9f'these. . 

,",.:,A, third ,~dvanta~eof: .. 'the, SSBsystems comes f'rom the power requ-i­

rement~: Low power; requirement reduces the . transmitter size a~d cost 
,:ebn~iderablYI; Fore:x:ampie; ."?l1.'.iu1 transmitter, its transmission-line 
.SYstem"a~, antenna, system 'vlould' need to be capable of 'handliT'..g 

L.,:fourti.me~,ashigb:r7'fvoitege~ and currents astheSSB equipment. 
'I ";'~ca:pableof doini, the saIne job.' rTom the standpoint of a-c' input ' 

1·::4:::~o:i/::;!:i:::e~;o o::a::::t::s ~u:~e P::1,t::n:!t:~\;::~d 
~ ~t~ . - . . -

I 

,!
..1.2.SSBTrallsmitter and Receiver 

In Al'a .transmitterfrequency translation is performed at ~he fre- I 
I .q;ttemcy of the transmitted signal, and this may be either at hir.h II 

I 
,level as in the case of the plate ~Odu1.a.ted "'s~gnal, or at a lo~"'le-i 
vel fol1.owed· by several ~tages of linear amplif'ica"tionw Because of i 

1 

:,1

· relatively complex filtering probl.emsp the modulation problem is i 
ca~'ied out at a relatively low fixedf'requency in the SSE trans- 1 

mittero This facilitates the design of satisfactory sideband filters.! I A simplified block diagram of a typical SSB transmit-ter is given 
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again in Fig~2. The charactel~stic of the designed filter should 
be so as to provide moderately.~.flat pass-bandsLd a·-..rery sharp cut­
off at each side of the passband, vlith especially.high attenuation 

at the carrier frequency. As it YlaS discussed' earlier, the frequency 
. . . . 

translation process is carried out in t\70 or more stages to. e~tmi-

nate the spurious mixer prod.ucts~ If the pilot carrier is transmit­
ted, the level of this. cSl'Tier is usually 10 to 20 db below the 

.level of a normal All carrier. All stages up to thelinearpO'.Yer 
amplifie~" operate .at about only 001 Ylatt and linear parler' amplifi;~r 
requires a peak input of only approximately 0.1 vratt 0 

1001'-'-, 
Osc'lIa!-o..-

Cd .... r-:~ 

At+enudto ... 

Bdldnc.e.d 

r1oduldto .... 

AudiO 
Aomplo·.fi~ . 

C.;'dl,tdl Idt!t'ce 
s,' ei:>dnd f;1+er 

. -100.i-103.15Kc 

-1.6 Me f:.ed 
·kequtn':f 

Ose:J\dtor 

:;=:"5+ 
f""qu",,",?, 
c.on'J'Qrtcr 

Vdr,'dbl" 2-2"1-1,,, 
Osdllclf.or 
3.5-2T.Sl'1c 

Le. Second Lin<>clr 

~r::r k''''~<1 po ... .,. 

~.'19-1.S1 Me COn~r-k,.. omp'if,· ..... 

A simplified block diagram of a SSB receiver is given in Pig o3o 
Usually the receivers employ more than one stage of frequency con­
version so as to keep the level of the spurious mixer products suf­

ficiently lo~. As it ~ill be seen from Fig.3 that special .partB 

employed in a SSB ·;receiver·:c' are sideband and carrier filters, 

, , 
" ...... 

" 
"" I , I 

' ... 
AVe. 

Aud/o 

Ouf-pu+" 
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carrier amplifier andlimitel", carrier.discriminator, automatic 
. tuning-mechaniams~ and a special audio demodulator.·Ali of these l 

fea.tuz.es are nee e ssEiry to' s\?pal.'.a.te sidebandB:from- the· carrier, main- 1 
<-ta.i~the ~rec~iver in 'exactttme with the transmitted signal~and '. ! 
"i::;:~:e 'a signal that has a"very loW distortion and inte:rmodulation ,I 

-~ I 
·7 .. .3 .. )?recision Frequency-Controlled SSB Systems 

It .' is' very, important' to.' obtain a 'frequency stability' and accurs­
i;y in bothSSB transinitters and receivers. The inserted carrier in 

. . . 

',;;#e _receiver must. be within af'ew cycles of the originai modu.la.tion 
. :frequency carrier,since any instahility of this carrier is reflec­
. ted -directly -in the output • But at present time only. thef'requency 

":stability _and accuracy are not euf'f'ic±ent to establish and maintain 
. . . '. . 

".: R::receiver' in'sufficiently accurate tunevll:th transmitter~.to give 
<:'13atiSf'actory eommunications.·Therefore, in order to avoid this dif­

-:ficu'ity~ iti8 necessary' to include' aome sort a! automatic trans-
'- • • <. ' ~. - ., > ! . • 

~ . ,Iidtter-tracking: lnecliaD1sm.thatia capaple ofmaintaimlii -the recei-
.. ". '";" ',.'- .. 

·',-'V.er"1n· proper. tune ,on~ethe ·receiveriFl. accurately manually tuned 
,'::t,ri.th.e.d~a:tred sigri~l~"In order to obtainthisautoJ:!i?ti6tracking, 

'-···'.~()m~Coirtinuous sigIlaiwhichiS :called'thepilo;;' c1n~rier is trans­
. ···,'nli~t,ed.·aiollg<.~ th.· •. th~'n.~~al.moditlat~~np~oduot~.'J3ut·. this .. ' pilot 
··:'cari:ter·-isc at::level·lOto30'.dh·.below';I{onnai A1Lcarrier.lev~l. Fig.,4 
-sitriwli.·a.bl~ck diagram of . ~;pre~i'si~o~';frequency-controlled SS13iirana­
ndtt~1!'~'_TheatabilitjTand accuracyoi\theoutputfrequency . are de- .. ' 

:'te~'iie~entirelybY'\l1.e . chB.;act erist1cs, "of.jihe l{)O"7kcpre~ision 
, .. oa'ci11ator,,-wherreas 'in Fi~.2the acchraQy-and 'stability ·.·de~end upon 
"the>~bcuracieSaJ1d stabilities' of th~. 'ti,lI'e:e oscil1.etolis.employed 4 -

'; ~'.. 1 

~ j 

.' Iri:,'tlle Ss:B receiver, a carrier i:s'i11s~rt~d or the pilot carrier ... 1 

.; ····~Ia:£i~stsepEu-at ad from the1>emailld.er:.Qf~hesignal by means of s-
..... : .'.. C":","';"··:· .' ". . .,' .. . '. .. .,' :. ". i· ;:,' • "'. '. .-.' .' 

':ve:ry:'snal"pfilter'" thena1Uplified··andli'l1itted~Ablock: diagJ;"8.m of 
··spfecision frequency-controlled SSE :;f?c.e.i~,er is ,given. inFig~5o 

'. • ;'. • : ' ," '" < 

Since'a 'SSE system ~'lith' precision frequency c.o;ntro:tof 'both trans­
nuttel?a .and receivers has no need foraiito~tictr~ckingof z'ecei­
vera, thee.lements of' a: conventionai SsS.recei var . that are . employed . 

:'''for. tracking have been l'ett,'out "in ·there6eiyeroI'~ig.5'~ 
[J -,. 
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W 
I 

A-uci,o 

. OU-fpUt­

The. precision frequeney control for SSB:'transniitters and rec~d­
ver?'is derived thrb~th.eU8eofpreciaion'maste:r. oscillato~sSJ 
foilil~,ed,.by.m.lit~b:te:frequenCysynthesizers~ Todayp pl"ecisefrequ­
en6y. st811dards. are designedtoopera~t;e atonlj afewfrequenciea 
sucl1·"as~OQ 'kc, 1.~o,2~5:mC, 5 ·mc.Th.ere:f'ore to convert these 

. :f:requenciestoother accurate frequencies.· .soke.so:rt ·of· ~~l:'equency 
converter named, synthesizer is .used; In -'tihe. desi~-n'of synthesizers 
:rorh~f ·SSE use i-1; has· oeensuggested that it is .only necessary for 

th.ese· devices to be able to gene:ra:-~e accurate outpu.t f:i:'equencies 
. at· the iCOD-cycle point so·· This type of· design reeul t s' inconsidel"ab­
··la.simplification over one that Ylouldbe capable of delivering COll~' 

tinuous 'accurate frequency control over the complete range" 
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CHAPTER B 

LINEAR POWER AHPLIFIERS 

This chapter is about the last stage of SSB transmitters. 
Since it is very.important to sustain the frequency stability 
and accuracy, this stage should be given some consideration. 
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are 
For r-f linear amplifier operation, the following features 

desirable in the povler amplifier tubes: 
a. High gain 
b. Low plate-to-grid capacitance 
c. Good efficiency 
d. Linear characteristics which are maintained without degradation 

at all frequencies in the desired operating range. 

The needs for power amplifier tubes in the v-h-f and u-h-f ranges 
have spurred development of tubes suitable for operation at those 
frequencies. This has resulted in tubes with better performance in 

- -
the h-f (3 to 30 mc) range. A typical comparison can be made bet-
ween type B13 tube and the type 4X250B tube which are in the same 
power class. The small compact design of the 4X250B tube results 
in short lead lengths, better- screening, closer element spacing 
and much higher performance which can be maintained easily over the 
h-f range. The ceramic construction, rather than glass, of an inc­
reasing number of new tubes promises to result,in a more I'U,~ged 

and longer lifed tube. Ceramic sealed tubes which are now available 
include the RCA-611B which is smaller than the 4X150A, the Eimac 
4CX300A which has characteristics similar to the 4X250B, and all 
ceramic versi6n of the 4X250B, the Eimac 4CX5000A which is capable 
of 10 bv of r-f output, and an RCA super-power, shielded-grid tube 
that will deliver 500 bv of r-f output. Tube manufacturers have 
addi tional types of power amplifier tubes under develol?ment v{hich 
promise better performing tubes for the near future. 

The Collins Radio Company has chosen to use high gain tubes 
of those types considered to be the best compromise of desired cha·­
racteristics. At low signal levels, such as exist in. exciters, 
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, ',"', ,,'., I 
conventional receiver-type r~f a~Plifier' t'ube~are, u~ed' •. For'd~l~ver-1 
ing 0.1 watt output from excJ.ters, the type 6CL6, whJ.chJ.s a IDJ.ma- i 

, , _~, ' ,'. "', ' :,,', I 

ture 9-pin tube, is generally used., The 6CL6 is also, ,frequently u~ed I 
to excite type 4X250B power amplifier tubes. The 4X250B tube is used! 

in small, cQmpacp ~quipment for power level~ of ',1 kw by" ,paral~el1irl(; I 
three,' and for pov;erlevels of 509 watts by' pk;railel~int~ -,iiwo.The., ' ,i 

type '4CX5000Ais used for' ;powerlevel~of f~()m<:5'kw;.to 1'0 --~kt{:~,Thi S ~ , Ii 

tube is used, to obtairi pow'er le;el~' tip "to 45'kW", by' p~rai'l;ei{i.:rii' ~ '." ' 
four of them. 

8.1.' Basic Linear Power Amplifier Circuits~ 

For linear operation, r-f power amplifiers may be operated 

class ,A or class AB. The amplifiers used are quite conventional, 

being either grid 4.ri ven or cathode driven (grounded grid) type 

amplifiers. lioweve;, the design considerations are extremely strin­

gent to produce maximum linearity for a given tube in a given cir­

cuit. The tube operating point must be discreetly chosen and pre-

cisely maintained, neutralization must be as effective as possible, 

r-f feedback circuits are often used, and input and output impedan-

ces must be held'as constantas'possible. Generally c~assA pentode 

amplifiers are employed in lovi-level power stages to preserve line-

arity in these stages while producing enough power to drive the 

higher level stages. Class ADJ. or, AB2 , triode or tetrode pOYler amp­

lifiers are' employed in the' high-level power, stages to ob,tain the 

,desired power output~ 

I 
I 

I 
I 
I 

I a. Grid Driven Triode Power Amplifier .. I 
Fig.l is a simplif':i.e'd schematic,ofa,typical,grid d'riyen triode I 

power amplifier. 1'his amplifier, operating classABJ. ,produces up I 
to 2.5 kw using the 3X3000A-l triode. The triode tube, having a ! 

I 

large plate-to-grid interelectrode capacitance, always requires II 
neutralization to prevent oscillation when used in the,"grid-driven ,,! 
circuit. The only typesot' triodes capable of cla~s AB:i0peration , I 
are the low amplification factOi"types",;,sllch.:as 3X30·OOA-·1' •. Due to ,::7 II 
the low 'llmplificatiol1' fa'ctor "v:~r; 'high' ~~f:grid~xci t.ati'on, ;';01 tats~ I: 

is required ,on the order of 1000 :"'01 t s ,for 3X3000A-1~:.'A" 'similar ' "il 
j 

I, 
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i 
I 
I: 

i 
II 
II 
Ii 

. tube suitable for class AB2 operation is the 3X2500A-3 which has an I 
amplification factor of 20. This niedium-j1 triode requires less grid ,I 
S\ving, but it requires grid driving power for class AB2 operation. t 

~. 

:Neutralization,. of course, is still required. 

b. Cathode Driven Triode Power Amplifier 

Fig o 2 is a simplified schematic of a typical cathode driven 
(grounded grid) triode power amplifier. This amplifier, operating 

I I! 
3>2.500~ 

BIAS I .\d 
Id ~, .. ~ . f 

, 
·1 

I 
1 
I 

FIG.2 
i 

i: 
.: class AB2 produces 4 to 5. 1m using the type 3X2500A triode. In the l~ 
! cathode driven amplifier, the control grid is at r-f ground and the N 

signal is fed to the cathode. The main advantage of operating the 
triode in this manner is that the control grid becomes an effective 
screen between the plate and the cathode making neutralization 8el- ! 
dom necessary. The small values of plate-to~cathode capacity have I 

very little effect on the input signal be~ause the imput circuit 
i 

impedance is 

triodes with 
be used. 

usually qUite low. Since neutralization is not required,! 
an amplification factor of 20, such as the 3X2500A. can I 

r 
~ 
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I I 
I II 
i c. Grid Driven Te~e Power Amplifier 
I I I Fig.) is a simplified schematic of a grid driven tetrode pOiver I 
i amplifier. This amplifier operating class AB produces 250 watts Del" I 

tube using the type 4X250B tetrode. In general the same design con-I ~ * I 
k siderations exist for tetrode amplifiers as for triode amplifiers. I 

That is t grid circuit swamping is required to hold the input il~pe- II 

I 
~ 
I 
i 

! 
I 
! 
! 
I 
l 
~ p 

! 
! 
" i 
I 
I 
J 
I 

I , , 

I 
i 

·1 
e 
I 
: , 

dance constant if the tetrode is driven into the grid current reeion I'll 
and neutralization is' generally required if the tube is to operat e II 
over the entire h-f range. However, since the plate-to-gridcapaci- II 
tance is small in the· tetrode, neutralization is much simpler. The f 

Pt.A."TE' '1 
2000 v ii 

~. !' 
).------j(-~~_::t-- OUT PuT \11 

A"2.508~ I T 

Q
--\:-j(----r-··0--f~-"k ~ I' 

INPUT ' '. :3, ~ 3 ! 
<; ~ J. I " 
~ I ~ SC~E~N 

"'= 0.:- ~~~~ 5 r" .. Ii 

" I: 
II 

I: 

Ii ttlell 
This ,1 

tetrode amplifier, being a high gain tube, requires r.elatively 
drivins power and a relatively. small grid swing for operation. 

perIni t s the parallelling of tubes with a common input netv/ork and a 
common output network which reduces the number of stages and simp­
l~fies tuning. In the tetrode power amplifier, the screen voltage 
has very pronounced effects on the dynamic characteristics of the 
tube. By lowering the screen voltage, the static current required 
for optimum linearity is lowered. This permits greater plate r-f 
voltage swing ·'which improves efficiency. The use of lower screen 
voltage has the adverse effect of increasing the grid drive for 
class AB2 operation and lowering power output for class AB~ opera­
tion. The tetrode tube can be used without neutralization in the 

high-frequency ra~~e. 

'i 
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8.2. Power Amplifier Output Ne'tworks 

a. Tank Circuit Considerations· 

The plate tank circuit of an r-f power amplifier must perform 
four basic functions: 

1. It must maintain a sine wave r-f voltage on the plate of the 
tube. 

I 
I 

I 2. It must provide a low impedance path from plate to cathode for ~ 

t harmonic components of the plate current pulses. 
3. It must provide part or all of the necessary attenuation of 

harmonics and other spurious frequencies. 
4. It must provide part or all of the impedance 

. ~f 

matching from the 
tube plate to the antenna. . . 

In addition, for many uses the output circuit should be single ended 
so that it will feed into a 52-ohm coaxial transmission line. A 52-
ohm coaxial transmission line is desirable because it prevents Erliray 

r-:f radiation near the transmitter; it is convenient for coaxial r-f 
switching; it is a convenient impedance for additional r-f fi.ltering, 
and because it is ideal for directional wattmeter installation. For 
simplicity of operation, the output circuit should require a minimum' 
of tuning controls·. A direct-coupl~d network, such as the 71-L net­
work, is the most suitable network to meet these requirements. 

The Q of the plate circuit, of which the tank is a part, must 
be sufficient to keep the r-f plate. voltage close to a sine wave 
shape. If the plate circuit Q is insufficient, the r-f waveform may 
be distorted which will result .in low plate efficiency. This loss 
of efficiency is seldom noticed unless the plate circuit Q is less 

than 5. A plate circuit Q of at least 10 is knOVffi to be sufficient 
for linear operation and is a recommended,minimum. 

In a linear power amplifier, the second harmonic ~omponent can 
be as great as 6 db below the fundamental at full peak envelope 
power. The higher order harmonic components drop off rapidly but 
their magnitude varies greatly, depending upon the pulse shape. 

! These harmonics must be attenuated in the ot.put net~ork so that 

; ~ 

I 
i 
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they are 50 db, 80 db, or even further, below the fundamental com-
ponent. The 7\-L network will· at~enuate the second harmonic to abouJe 
50 db lelow the fundamental, which is from 10 db to 15 db more atte-
nuationthan can be obtained from the simple n network. Vfuere more 
attenuation is required, external filters of either the low-pass 
or band rejection type are added. Increasing plate circuit Q incre­
ases harmonic attenuation, but since doubling the Q result.:;! in only 
6 db,IDore second harmonic attenuation, Q's above 20 are seldom used 
below 30 mc. 

The n-L output network is ideally sui ted to matching a tube 
load to a 52-ohm coaxial transmission line. Loads with a standing 
wave ratio as high as 4 to I can be matched easily. This can be done 
with any value of tube load impedance, whereas the simple T'i network 
has difficulty matching to low load impedance when the tube plate 
load resistance is high. 

The 7I-L netvlOrk has only four variable elements, and they can 
be· ganged to have only a tuning control and a loading control, as 
shown in Fig.4. Since in the 1\-L network, C2 and L2 affect loading 
in the same direction, the extra capacity and inductance range of 
the elements required to extend the loading range of the circuit is 
relatively small. For example, the loading control varies about ±25 
per cent to match a 52 ohm load with a 4: 1 swr. The tuning control 
varies about ±10 per cent. 

_~-<52.0""" 
~:krr C2¥_·; - i oUTPuT 

~ CI1--1. C2T--i J-
c---~--_W--. 6 0 

TuNING \...OADIN6 

FIG.4 

b. Circuit Losses 

Nearly all of the tank circuit loss occurs in the coils. These 
losses are closely related to the ratio of plate circuit coil Q to 
plate circuit Q, but other design considerations enter in. These ... 

I 
I 
II 
'I 
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I' , 
circuit losses are shown in Fig.5 for a IT -L network, which has lower I, 
losses than other networks for 50 db of second harmonic attenuation~ I 
Resistances rJ. and r 2 represent. the equivalent series resistance of i 
the coils determined from coil Q and reactance. Resistance r is the I 
equivalent load resistance in series with L and is determin~d from I 
the relationship J. . 

I 

= 

I., ~, L2 

FIG.5 

Resistance Ra is the series resistive component of the load. The 
n -L network loss is given by the equation: 

Per cent loss = ( .- -to 

c. Tank Coil and Capacitor Requirements 

The frequency range and method of tuning are major factors in 
determining tank circuit components. Continuously variable coils 
and capacitors which \vill cover the entire frequency range without 
any band switching are the most desirable. However, this is not 
practical in Autotune transmitters because of the limited torque , 
available to drive the tuning elements and the often short reposi­
tioning time specified. With these limitations, bandswltching is 
almost essential. ~bere instantaneous frequency change is specified~ 
it is common to switch from one pretuned r-f unit to another and 
manually tuned circuits are suitable for this purpose. 

! 
I 
! 
I 
I 
I 
! 
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The use of continuously variable elements has the following 
advantages: 

1. The circuit Q can be kept more uniform across the frequency 
range. 

2. The circuit losses can be ,kept to a minimum. 

I 

3. The range of variable coils and capacitors can be less. I' 

4. A maximum amount of harmonic attenuation is more easily main- I 
tained acrOElS the frequency range. I 

Variable vacuum capacitors are vddely used in transmitters ,rlth po- I 
wer levels of I IDV and higher. Their added expense is often justi­
fied by the added capacity range, small size, and low series induc­
tance. especially where voltages above. 2500 volts are employed .. Vari1. 
able tank coils are usually constructed wi th a rotary coil and eithe.:~ i 

a sliding or rolling contact that traverses the length of the coil 
as it is rotated. The unused turns are shorted out to keep high vol­
tages from developing in them. The series self-resonant frequency 
of the shorted-out section must not be near the operating frequency 
or high circulating currents will develop and cause, appreciable 
power dissipation. 

8.3. Neutralization 

a. Effects of Plate-to-Grid Capacitance 

The 'purpose of neutralization is to balance out the effect of 
plate-to-grid capacitive coupling in a tuned r-f amplifier. 

In a conventional tuned r-f amplifier using a tetrode tube, the 
effective input capacity is given by the following equation: 

Input capacitance = Cin + Cgp (1 ~ A.Cos:G) 

where .Gin = tube input capacitance, 
Cgp - plate-to-grid capacitance, -
A = voltage amplification from grid to pla·te, 
e = phase angle of the plate load. 

. ... 

In an unneutralized, 4-1000A tetrode amplifier with a gain of 33 
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the input capacity of the tube with the plate circuit in resonance 
is increased 8.lptF due to the unneutralized plate-to-grid capacity. 
This small increase in capacitance is not particularly important in' 
amplifiers where the gain remains constant, but if the gain does 
vary, serious detuning and r-f phase shift can result. The gain of 
a .tetrode or pent ode r-f amplifier operating beloW' plate saturation 
does vary with loading so,that if it drives a following stage into 
grid current, the loading increases and the gain falls off. 

{ . 
Q, 
~ ! r 
~ i 

Ii 
1 
S 
f 

I 
The input resistance of the grid is also affected by 

to-grid capacitance. The input resistance is given by the 
equation: 

~ 
the Plate-I. 
following 

Input resistance = I 

b. Neutralizing Circuits 

Most of the neutralizing circuits developed for use with tri­
odes lnay be used equally successfully with tetrodes. However, those 
circuits which require balanced tank circuits for neutralizing pur­
poses only, are undesirable because the trend in r-f 'power amplifier 
design is toward single-ended stages. 

• 

i 
I 

I 

A conventional grid neutralized amplifier is shown in Fig.G. i 
Capacitor C3 balances the grid-to-filamentcapacity to keep the grid I 
circuit in balance. When C~ = C2 and Cn = Cgp ' it is readily seen , 
that a signal introduced into the grid circuit will not appear I 
across the plate circuit because the coupling through Cn is equal I 
and opposite to the coupling through Cgp • The relationship for no 
coupling from the grid circuit to the plate circuit is given by the 
relationship 

C)./C 2 = .Cgp/Cn 

This indicates that the grid tank circuit need not be balanced to 
ground. If C2 is made larger, then Cn must be made correspondingly 
larger. In a tetrode amplifier, C is very small (approximately 0.11 gp 
,Ppf) so that practical values, 5 J-I,uf. can be used :fo1' en when C2 is 1 
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By placing most of the grid tuning capacitance across the grid 
tank coil, using the bypass capacitor C from the bottom end of the 
grid tank circuit to ground for C2 ' and using the grid-to-filament 
capacity for Cl.' the modified grid neutralized circuit shown in 
Pig.7 results. The relationship for neutralization of this circuit 

is given by the relationship 

This relationship assumes perfect screen and filament bypassing and 
negligible effect from stray inductance and-capacity_ This modified 
grid neutralizing circuit is very effective for neutralizing tetrode 
power amplifiers and is accomplished with single-ended tuning ele­
ments. 

8.4. r-f Feedback Circuits 

An r-f. feedback is a very effective means of reducing distortio­
in a linear power amplifier. l~ db of r-f feedback produces nearly 
12 db of distortion reduction, and this distortion Feduction is 
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realized at all signal levels. However, voltage 
reduced by the amount of feedback employed, so 
feedback the gain is reduced to one-quarter. 

a. Feedback Around One Stage 

PAGE 87 

gain per stage is 
that v7i th 12 db of 

. Fig.8 shows a negative feedback circuit around one-stage r-f 
amplifier. The voltage developed across C4 is introduced in series 
with the voltage developed across the grid tank circuit and is in 
phase oPPosition to it. The feedback obtainable with this circuit 
can be varied between zero and 100 per cent by properly choosing 
values of C3 andC40 It is necessary to neutralize this feedback 
lifier, the neutralization requirements being 

To satisfy the neutralization requirement, it is usually necessary 
to add capacity from the plate to the grid. 

FIG.8 

b. Feedback Around Two Stages 

Feedback around two r-f stages has the advantage that more of 
the tube gain can be realized while nearly as much distortion re­
duction can be Obtained. For instance, 12 db feedback around two 
stages provides about the same distortion reduction as 12 db around 
each of two stages separately_ Fig.9 Sh.oV1S a negative feedback cir-, . 

cuit around a two stage amplifier with each stage neutralized. The 
small feedback voltage required is obtained from the vul"tage divider j 
C

6 
and C

7
_This feedback voltage is applied to the cathode of the 

first stage. The feedback divider can be left fixed for a wide fre­
quency range since 06 is only a few micromicrofarads. For example, 



-Hi="<;!C: I. '- ..... 1 .. ) 

ROBERi COLI.EGE GRADUATE SCHOOL 
SEBEK ,ISTANBUL 

PAGE 88 

~~.". -,- ~...--z~_' ____ ._U'_'_~_~~ ____ = ___________ = .... _=;: ___ ..__~_~ 

I :l 

I ~ 
1 I ~ 

I,,,t--~~ ~T-~?lil (ffi -IJl I 
II 1~~!j~~:~:~ ___ jC' I) !.~ 

-C9 CIO -.-J I 13 .I C7 • 

I L.--j--4-----1!- ~ 7 i 
I ell § 

i
l ~ 

. FIG. 9 ~ 

I if the combined tube gain is 160 and 12 db of feedback is desired. I 
I the ratio of C7 to C6 may be 400 fff to 2.5 PI':£: Either inductive 5 

I
I input coupling or direct capacitive coupling may be used with this j 
I circuit, and any form of output coupling can be used. i 
I It is necessary to neutralize the cathode-to-grid capacity of 1 
f the first tube in the two stage feedback cireui t to prevent undesi- i 

'
II 

. rable feedback coupling to the input 8rid circuit 0 The relationship i 
~ for the circuit which accomplishes this cathode-to-grid neutraliza- I 
I tion is II 

i C8/C'9 = Cgf/CIO i 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

In a two stage feedback a1Jlplifier, the voltage fed back to the 
cathode of the first stage must be in phase with the grid input sig-

nal, the resultant grid-to-cathode voltage increases as shown in 
Fig.lO. \r.hen the output circuit is properly tuned, the resulting 

·1 grid-t a-cathode voltage on the first tube is minimum which will make Ii, 
voltdge. 

theAacross the interstage tank circuit minimum also. !I 

INPUT 

YC;-GI>l> 

I
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~ i 
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INCOI1J<.EC.T, OuT-OF-PHASE 

FIG.IO FEeDBACK, 

8.5. Automatic Load Control 

Automatic load control is a means of keeping the signal level 
adjusted so that the power. amplifier works near its maximum por/er 

capability without being overdriven on signal peaKsO' In AM systems 

II 
I' 

I; 

f 
! 
\ 

1 
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l I !j: 

it is common to use speech compressors and speech clipping to per- '1'1 
I form this function. However in a SSB system these methods are not I 

I
' equally useful because the peaIs~ of the SSB signal do not necessa- ~l 

~ I 

" rily correspond with the peaks of the audio signal. Therefore, the il 
I most effective means of control is obtained by a circuit which re- 2' 

II ~~', cei ves it s input from the envelope peaks in the pOYler amplifier and : 

I ,its output to' control the gain of t(he exciting signal. Such a cir- II 

I 
cult is an automatic load control alc) circuit. ~l 

I Fig.ll is a simplified schematic of an alc circuit. This circuit~l 
I uses two variable gain stages of remote cutoff tubes, such as 6BA6, 11 

I operating very similarly to the i-f stages of a receiver with auto- ~lj 

I 
i ! ' 
I 
! 
I 

matic volume control. The grid bias voltage of the variable gain ~ 
amplifiers is obtained from the alc rectifier connected to the pOVler Ii 
amplifier plate circuit. The capacity voltage divider steps down the II 
r-f voltage from the power amplifier plate to about 50 volts for the ~l 
rectifier. A large delay bias is used on the rectifier so that no II 
reduction of gain takes place until the signal level is nearly up II 
,to full power capability of the power amplifier. The output of the ! 

I 

alc rectifier passes through RC networks to obtain the desired at- I: 
tack and release times. Usually a fast attack time, about two milli- ! 
seconds, is used for voice signals so that the gain is reduced ra­
pidly to remove the overload from the pOVler amplifier. After a sig-
nal peak passes, a release time of about one-tenth second returns 
the gain to normal. A meter calibrated in decibels of compression 
is used to adjust the gain for the desired amount of load control. 

FIGoll 
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In a single channel speech transmission, the alc circuit per­
forms the function of a speech..compressor. To do this a range of 
12 db is usually provided with control maintained on input peaks 
as high as 20 db above the threshold of compression. Since th~ sig­
nal level should be fairly constant throueh the preceding SSE gene­
rator, it is unlikely that more than 12 db for the SSB generator, 
a speech compressor in the input audio amplifier is usually used 
to limit the range of the signal fed into the SSB generator. 

the 
An 

Fig.12 shows the effectiveness of the alc circuit in limiting ~ 

output signal to the capabilities of the linear power amplifier" ~ 
g 

adjustment of the delay bias will put the threshold of compressicn~ 
~ at the desired level. 

FIG.12 

8.6. Linear Power Amplifier Tuning 

VThen a power amplifier is operated class C, a pronounced plate 
current dip and grid current peak are fairly accurate indications 
of proper tuning. In a linear power amplifier, the use of these in-
dications are limited. For instance, in a class A amplifier there 
will be no plate current dip; therefore, the class A amplifier out-

:. ; 
~ 

~ 
~ 
§ 
~ 
1 
~ 
~ 

4 

1 
.i 

I 
1 
I 

I 
i 

put circuit must be tuned for an indication .of maximum input to the 
next stage. In class AB amplifiers, the plat~ current dip is not II 

\1 
always readily detected. This' does not mean that conventional tuning j; 

procedures will not properly tune a linear amplifier, but tuning a ! 
linear amplifier with conventional procedures is muc.h more exacting 0 I: 

.' One procedure commonly used is to increase the drive to a stage in I 
order to obtain a good plate current dip indication. I 

In low Q tank circuits, the point of plate current dip'is not 
a true indication of exact resonance because the pla~e current dip 

I 
I 

I 
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occurs at maximum impedance rather than when the tank circuit is 
pure resistive. This is especially true for 71 networks and IT-L 

networks. For instance, in a network with a Q of 10, the phase angle 
at maximum impedance is about 170 from unity. Tuning this far from 
resonance in a linear amplifier vdth r-f feedback can be much more 
serious than in a class C amplifier because the phase angle of the 
feedback voltage is critical. 

a. Phase Comparison Tuning 

Use of a phase comparator circuit to compare the phase of the 
input signal to the phase of the output signal affords the most sen-
sitive means of tuning a linear power amplifier staGe. This circui't 
employs a phase discriminator, such as sho\vn in Fig.13, for phase 
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The phase discriminator can slso be used to obtain an error ! 

signal for servo tuning the stage. However, for servo tuning, coarse I' 
positioning information is necessary because the phase discriminator t 
responds to harmonic tuning poinots and because there is insufficien-t ~ 

" 
output from the phase discriminator over much of the frequency range.~ 
This coarse positioning information can be provided with a coarse ~ 
follow-up potentiometer which receives information from the exciter '~ 
frequency control circuits. Such a system requires that the master l 

I 
potentiometer track the tuning curves of the amplifier tanle circui°l;s ~ 

! and that sequencing controls be used to i~~tiate and halt coarse pc- i 
sitioning at the proper times. Pretuning informati.on can also be : , 
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derived from the exciter r-f output signal by using a coarse discri­
minator circuit. This circuit is a series Re network fed with r-f 
voltage from the exciter. 

b. Loading Comparator Circuit 

Since the voltage gain of a tube is dependent upon the load 
resistance, a loading comparator circuit, as shovm in Fig.14, can be 

ERROR. 
S'';NJ.L 

used to determine proper loading. The loading comparator is designed 
so that a predeterroined ratio between positively rectified grid vol­
tage and negatively rectified plate voltage produces zero error sig­
nal output. The power amplifier is then manually or automatically 
loaded until the error signal output goes to zero. The clamping diode 
is required so that the circuit vdll maintain control under light 
load when the amplifier is driven into plate saturation. In plate 
saturated operation, the rectified grid voltage vdll continue to rise 
with reduced loading while the rectified plate voltage remains ~ela­
tively constant. This vdll cause the circuit to lose its sense of 
direction and result in reducing the load even further. To maintain 
the sense of direction under this condition, the clamping diode pre­
vents the rectified grid voltage from exceeding a voltage which is , 
proportional to plate current. Therefore in plate saturated operation:;!/ 
which is similar to class C operation, loading is determined by the :1 

ratio of plate current to r-f plate voltag~. Proper compronp-se of the ~ 
magnitude of the plate, grid, and clamping signal·voltages results i 

in a loading comparator that produces proper loading information re­
gardless of the operating conditions, pr'ovided the plate circuit .is 

held at resonance. 
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c. Ant enna Tuning and Loading 

The output network of a variable frequency transmitter must be , 
I 

capable of tuning and loading into a transmission line which presen'cs: 
different impedances at different frequencies. This requires output 
networks which will match a wide range of load impedances with the 
power amplifier output. In fixed-station equipment, the power amp­
lifier usually works into a transmission line and antenna designed 

) 

so that the load impedance presented to the amplifier varies over 
only a limited range. In this case the ou~put network is designed to 
match the load impedance directly. In mobile and airborne equipment, 
the power amplifier usually works into a coaxial transmission line i 
terminated vdth a wide variety of antennas that present unwieldy j 

~I' terminating impedances. In this case an antenna coupler is used which: 
can be located in one of two positions: (1) It can be located near i 

I or in the transmitter to provide proper coupling between the trans­
I mittel' output network and a transmission line which is terminated 
U vdth a mismatched antenna; (2) It can be located near the antenna 

to' terminate the transmission line properly and provide coupling 
for maximum por/er transfer to the antenna. The first method is COID­

monly"used in mobile transmitters, and the second method is used in 
airborne transmitters. <[ :z z :t 
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Two power amplifier control functions are required to match pro­
perly the load impedances presented to the power amplifier with the 
power amplifier network. One is a phasing control, or tuning control, 
which will balance out desirable'reactance and malee the load resistiv 
or as nearly resistive as is possible. The other is a load control 
which will provide the proper terminating impedance. Fig.15 shows 
several ways that the output network components can be ganged to pro­
vide tuning and loading with two controls. The tuning control is ad­
justed to produce a plate current dip, which 'indicates maximum. impe­
dance. For more precise tuning and automatic tuning, the phase dis­
criminator circuit is used. The loading control is adjusted to pro­
duce a pre-established value of grid voltage and plate current or, 
in some cases, a pre-established value of screen current and plate . 
current~ For more precise loading and automatic loading, the loading 
comparator circuit is used. The loading and tuning circuits must be 
so designed that the controls will not lose sense of direction under 
any circumstances. This is absolutely essential for automatic loading 
an~ tuning and is highly desirable for manual loading and tuning. 

8.7. Power ~ppliea for Power Amplifiers 

Fixed transmitters up to 1 kw usually use a single- phase a-c 
power source, and larger fixed transmitters usually use three-phase 
a-c power source~ Mobile equipment may operate from a 6-volt to 28-
volt d-c power source using dynamotors or vibrator power supplies 
to obtain the required high voltages. Airborne equipment usually uses 
the 400-cycle a-c power source of the aircraft. 

In addition to supplying the required d-c voltage and output cur 
rent, the power supply must have adequate d~c regulation, good dyna­
mic regulation, and low ripple or noise output. Most high-voltage 
power amplifiers have a varying load characteristic so that good d-c 

, , 
regulation is essential. To reduce ripple and noise, high-voltage 
filters are used between the rectifier circuit and the power supply 
load. The filter chokes place a high impedance between'the rectifiel" 
and the load, making large capacitors necessary in the output side of 
the filter. These output capacitors supply the rapid variations in 
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load current which are impeded by the filter choke. This is particu­
larly necessary in high-voltage power supplies for linear power amp­
lifier stages. 

Vacuum rectifiers can be used for small, low-voltage power supp­
lies which have relatively constant load. Gas-type rectifiers are re­

quired where better regulation is necessary. The mercury-vapor recti­
fier is the most common gas-type rectifier used because it has long I 

life when properly operated. Operating a mercury-vaP9.r rectifier above] 
·'f\~ 1 

or below its rated temperature, changes the vapor pre"ssure in the tube: 
and reduces its peak-inverse-voltage capability, making the rectifier 1 

more susceptible to arc-back. Equipment which is subject to wide ambi1 
ent-temperature variations, such as military equipment, uses inert ! 

gas rectifiers such as the JB28 and 4B32. These tubes can be operated 
in ambient temperatures from -75 0C to +90°0, which is frequently a 
necessary feature. The tube life of the "inert gas rectifier, however, 
is only about one-third of the tube life of an equivalent mercury­
vapor rectifier.· rfietallic rectifiers, such as selenium and copper 
ox~de, are frequently used in power supplies delivering less than 100 i 

i 
volts for relay operation, etc. I 

Rectifier tube life is increased by operating the filaments 900 

out of phase vlith the plate voltage. This minimizes the difference 
in voltage from each end of the filament to the plate and allows a I 
more uniform emission over the entire filament. A 600 phase differenc~ 
between the filament and the plate voltage is often used when it is 
more easily obtained because almost the full advantage of quadrature 
operation is realized. Tube ratings of some of the larger rectifier 
tubes are increased for quadrature operation. 

Transient voltages and currents which far exceed the steady­
state values occur in power supplies when the supply is energized. 
If these transient peaks exceed the peak-inverse-voltage rating of 
the tube, an arc-back may result. For this reason, rect.1fier tubes 
are often operated so that the normal peak-inverse-voltage does not 
exceed one-half of the rated peak-inverse voltage. If this is not 
possible, a step-start circuit is used which starts the transforrner 
with resistors in series with the primary. After a shoTt time delay, , 
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these resistors are shorted out. Some high-voltage rectifiers are 
started with a resistor in series with the filter capacitor, with the 
resistor being shorted out aft~:. a short time delay. This prevents 
a transient due to the charging current required to bring the voltage 
up on·the filter capacitor. The added resistance in the circuit pre­
vents excessive current in the rectifier. 

8.8. Control Circuits 

Power amplifier control circuits must perform tl~ree functions: 
1.They must supply circuit control, 
2.They must provide equipment protection, 
).They must provide personnel protection. 

In small transmitters, the control circuits may consist of nothing 
more than an on-off switch to supply heater power and a push-to-talk 
button to apply plate voltage and put the transmitter on the air. In 
larger equipnlent, push buttons are usually used to initiate a certain 
sequence of relay operations which complete a function in the proper 
manner. niany transmitters, particularly those suitable for remote con­
trol, are capable of complete energization from a single push-button 
control. 

The filament on-off fW/itch, or push button, initiates a sequence 
of functions that applies power to the filaments; starts the cooling 
system, and energizes time delay circuits that make the power ampli­
fier ready for the application of plate power. When operated to the 
off position,~the power amplifier is shut down. 

Filaments of high-power amplifier tubes are energized separately, 
and, in the case of mercury-vapor tubes, a time delay allows warmup 
time. The blower is started at the beginning' of the starting sequence 
because the life and reliability of many components is greatly depen­
dent upon operating temperature control. A~r interlocks prevent the 
application of power to high-power tubes before cooling air is pre­
sent and a blower-off delay maintains cooling air after' shutdown. In 
various power amplifier stages, it is essential that bias voltage be 
applied before plate or screen voltage is applied. This requires se~ 
quencing the application of bias voltage and the plate voltage as \,/8111' 
as interlocks between the two so that the loss of bias voltage will ! 
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result in removing the plate voltage. 

Power amplifier control circuits are sequenced and interlocked 
so that everything else must be~· on and functioning before the high­
voltage plate transformer is energized. Certain power tetrodes require 
that screen voltage be applied simultaneously with plate voltage to 
prevent excessive screen dissipation. To prevent high-current and high 
voltage transients, plate voltage is often applied through step-start 
circuits which place resistors for a short time in the power supply 
circuit. 

Medium-power and high-power tubes are nearly always protected 
from excessive plate current by overload relays. These relays remove 
the high-voltage primary power if the plate current exceeds a preset 
value. Many overloads that occur during normal operation will clear 
themselves when the high voltage is removed. For this reason, large 
power amplifiers are usually provided with an overload recycle cir­
cuit. This circuit brings the power amplifier back on after an over­
load. If the overload reoccurs, the power amplifier will again shut 
dovvn. The number of recycles before shutdown can generally be preset 
with a recycle counting ~{itch. 

8.9. Tube Operating Conditions for R-F Linear Power Amplifiers 

SSB amplifiers provide linear amplification and operating con­
ditions similar to those of audio amplifiers. There is one fundamen- 1 

I 

taldifferenc~, however, between audio and r-f linear amplifiers. Thi~ 
I 

is that the input and output voltages of a tuned r-f amplifier are : 
always sine waves because the tuned circuits, if they have adequate 
Q, make them so. Therefore, the distortion in an r-f amplifier re­
sults in distortion of the SSE modulation envelope and not in the 
shape of the r~f sine wave. This can be restated that distortion in 
an r-f linear amplifier causes a change in gain of the amplifier 
when the signal level is varied. The greatest differen~e between an 
audio amplifier and an r-f linear amplifier is in the grid driving 
power requirements when driving into grid current. In the audio amp­
lifier, the driver must supply all of the instantaneous power requiI~d 
by the grid at the peak of the grid swing. To deliver this peak power 

"' 
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the audio driver must be capable of~delivering average sine wave po­
wer equal to one-half of the peak power. In an r~f linear amplifier, 
the tank circuit averages the power of the r-f cycle due to its "fly­
wheel" effect so that the drive-r need only be capable of delivering 
the actual average power re~uired, and not the peak. With these re­
servations in mind, examination of the audio or modulator data of a 
tube will, give a good idea of its r-f linear power amplifier operating 
conditions; 

a. Class A R-F Linear Amplifiers 

In low-level amplifiers, where the output signal voltage is less 
than 10 volts, small receiving type tubes, such as the 6AU6, are very 
satisfactory for class A service. For voltage levels above 10 volts, 
the 4X150A is t)le best choice for class A operation because it has 

/ 
short leads, low plate-to-grid capacitance, and high transconductanceo 
Class A amplifier tubes should be operated in as linear aportiori of 
the plate characteristic curves as is· practical. This can be done by 
inspecting the plate characteristic'curves of the tube. Usually the 
static plate current which results in near maximum plate dissipation 
is the best. The maximum output voltage should be kept to about one­
tenth the d-cplate voltage or les,s to obtain signal-to-distortion 
ratios of 50 db or better. The d-c plate voltage regulation for class 
A operation is seldom of importance and cathode bias and screen drop­
ping resistors are commonly used. Even wit'h tubes such as the 6AU6 
and the4X150A which have short leads and low grid-to-plate capaci­
tance, it is desirable to load the input and output circuits to 5000 
ohms when operating up to 30 mc. 

b. Class AB R-F Linear Amplifiers 

In the power range from 2 watts to 500 watts, class ,ABJ. is nor­
mally used. This class of operation is ve~ desirable because distor­
tion due to grid current loading is avoided and because high power 
gain can be obtained. At present, tubes are not availab~e which will 
give low 'distortion with good plate efficiency operating class ABJ. 
at power levels above 500 watts. Therefore, for higher power levels I class AB2 operation is used. 
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For class AB operating conditions with a given screen voltage 
and given plate load, there is one' value of static plate current which 
will give minimum distortion. The optimum value of static plate cur­
rent for minimum distortion is aetermined by the sharpness of cutoff 
of the plate current characteristic. Grid bias is then set -to produce 
the optimum static plate current. This optimum point is determined 
from the load line on a set. of c'onstant current plate current curves. 
Values obtained from this curve "are then plotted to obtain the plate 
current vs grid voltage curve shown in Fig.16. This curve is the dyna-I 
mic characteristic of the tube. By projecting the most linear portion I 

I 

GR1D 
VOLTA(,.£ 

"'J---

I 
i 

I 
Q / I . 

,4-- - -- - - - .- - -l STATIC Ip 
:t ___ ~ _____ _ 

1-G-i<IP EliAS Ec ---1 

FIG.l6 

of the curve to intersect with the zero plate current line, the grid 

j 

I 
1 
i , 
1 

; bias is determined. This point of intersection is often referred to 
as the projected cutoff • The static plate current \';I'hich will flow 
with this grid bias is the proper staticpla~e current for minimum 
distortion. This procedure is used in audio amplifier design and is 
nearly correct .for r-f linear amplifier design. Perhaps a more acc}l­
rate procedure for determining the proper bias for r-f amplifiers is . , 
to choose the point Q so that the slope of the curve at. Q is one-half 1 

the slope of the maj or linear portiol1~ This will allo ... '/ the amplifj.er 
to operate class A with small signals and deliver power over both 
halves of the cycle. With a large signal, the tube deli',ers power 

[lover essentially one-half the cycle. Then the change,in plate current 
i 
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relative to plate voltage swing over half the cycle will be half as 
-

much for small signals as it is for large signals and linear operation 
is obtained at all signal levels. 

The screen voltage of a tet~rode tube has a very pronounced efi"ect I 
on the optimum static plate current, because the plate current of a I 

tube varies approximately as the three-halves power of the screen 
voltage. For example, raising the screen voltage from 300 to 500 vo1ts 
will double the plate current. The shape of the dynamic characteristic 
will stay nearly the same, however, so that the optimum static plate I 

I 
current for minimum distortion is also doubled. A practical limit is I 
reached because high static plate current causes excessive static plaej 
dissipation. t 

Ii 
In practice, it is found that the static plate current determinedf 

by the above method is so high that plate dissipation is near or be­
yond the maximum rating of the tube when using desired d-c plate vol­
tage. For this reason, it is often necessary to operate the tube be­
low the optimum static plate current. yv-hich can be done \,;i thout causfuc 
appreciable distortion. In tetrodes, the optimum static plate current 
is a. function of screen voltage t and the high screen voltages required. 
for class AB~ operation usually require an excessive amount of plate 
current for minimum distortion. A choice must then be made between . . 

operating the tube at lower than optimum static. plate current or usins 

I a lower screen voltage and driving the tube into the grid current re­
gion, a second principal cause of distortion. 

i , c. Estimating Tube Operating Conditions 

The operating conditions of a tube operating class AB in an r-f 
linear power amplifiel." can be estimated from the load line on a set 0 ... 

constant plate current curves for the tube, as shown in Fig.17. From 
the end point of the load line, the instantaneous peak plate current~ 
i , and the peak plate voltage swing, e , can be established. From p . p • 
these two values, the principal plate characteristics can be esti-
mated by using the following relationships for a single"-frequency 
test signal: 
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"l 
1 

FIG.17 

d-c plate current, IB = ip/rr 

plate input watts, Pin = ipEB/1f 

average output watts and PEP, Po = i pep/4 

plat e efficiency, Eff = n ep/4EB 

~ 

I • 

I
, 1'-'or a standard two-frequency test signal the relationships 

I d-a plate current, IB = 2ip/~2 
J 

I 
are: 

! plate input watts, Pin = 2ipEB/1T2 t 

! 

:1 

average output watts, Po = ipep/S 

PEP watts, Po = i pep/4 
? 

plate efficiency, Eff = ( 1'( /4)": ep/EB 

i 

t 
i r 
~ 

An actual tube ~ith moderate static plate dissipation will have ope- I , I rating characteristics similar to those shown in Fig.lS for the single 
tone and two-tone signals. Plate dissipation and efficiency at maximum~ 
signai level are effected little by even rather high values of static; 
plate dissipation. In practice, the peak plate swing is limited to 
something less than the d-c plate voltage in order to avoid excessive 

~ 
~ 

" 

, 



, THESIS-
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEI{ ,ISTANBUL 
PAGE 102 

grid drive, excessive screen current, or operation in the nonlinear 
plate current region. Most tubes operate with. an efficiency in the 
region of 55.to 70 per cent at peak signal level. 
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8.10. Distortion 

a. Causes of R-F Linear Power Amplifier Distortion 

The principal causes of distortion are nonlinearities of the 
amplifier tube plate current characteristic and grid current loading. 
In order to confine distortion generation to the last stage or two 
in a linear power amplifier, all previous stages are operated class A. 

The generation of distortion products due to the nonlinear cha­
racteristics of the amplifier tubes can be derived from the transfer 
characteristic of the tubes, also called the dynamic characteristic, 
as shown in Fig.19. The sbape of this curve and the choice of the 
zero signal operating point Q, determine the distortion which will be 
produced by the tube. A power series expressing this curve, written 
around the zero signal operating point, contains the coefficients of 
each order of curvature, as shown in the following expression: 
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'I In this expression, ip represents instantaneous plate current, kl.' 
etc., the coefficients of their respective terms, and eg the input 

u grid voltage signal. The values for the coefficients are different 

I 
for 

I 
J 

:1 
d 
~ 

I 
i 

eve~y power series written around different zero signal operating po­
ints. By making the input signal, eg , consist of two equ~l amplitude 
frequencies with a small frequency separation, the distortion products 
of concern in linear amplifiers can be obtained. Fig.20 shows the spec 
truro distribution of the stronger plate current components. It is seen 
that tuned circuits can filter out all products except those which are 
near the fundamental input frequencies. This removes all of the even­
order intermodulation products and the harmonic products. The odd­
order intermodulation products fall close to the original frequencies 
and cannot be removed by selective circuits. Fig.21 shows these odd-
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order product which fall within the pass-band of selective circuits. 
The inside pair of intermodulation distortion products are third-order, 
the next fifth-order, seventh-order, etc. The first and most important 
means of reducing dif;Jtortion, then, is to choose a tube with a good 
.plate characteristic and choose the operating condition for low odd­
order curvature. 

The nonlinearity caused by grid current loading is a function of 
the regulation of the grid driving source. In general, this regulation 
with varying, load is poor in linear amplifiers. It is common practice 
to use swamping resistors in parallel with a varying grid load so tha~ 
the resistance absorbs about ten times the power that the grid of the 
tube requires.' Th:ts provides a low, constant driving source impedance 
and improves linearity at the expense of increased driving power. 

The instantaneous plate current of all tubes dr6ps off and causes 
distortion wh€ni the instantaneous plate voltage is low. The main rea­
son-for 'this drop is that, current taken by the grid and screen is 
robbed from the p~ate. In 'all but a few transmitting tetrodes; the 
plate can sWing well below the screen voltage before plate saturation 
occurs. However, when the plate swings into this region, the instant a· .. 
neous plate current drops considerably. If distortion requirements are 
not too high~ the increased plate efficiency realized by using plate 
swings can be realized. Howeve~", to minimlilze distortion,. the alloW'able 
plate swing may have to be reduced. 

b. Distortion Reduction 

There is a need for reduced levels of intermodulation distortion 
from r-f linear power amplifiers used in SSB systems. This need exist~ 
not because the distortion noticeably reduces the intelligibility of 

--_--..:.._----,---
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t'he SSB signal, but because distortion products outside of the channel j 
I 
I width necessary for transmission of intelligence interferes with ad-

jacent channel transmission. The distortion of some of the early SSB 
power amplifiers was so great th~t voice channels were placed a full 
channel width apart to avoid adjacent channel interference. Recent 
power amplifier developments permit adjacent channel operation, using 
power amplifiers with signal-to-distortion ratios of from 35 db to 40 
db. However, power amplifiers with signal-to-distortion ratios of from 
45 db to 50 db would further increase the utility of single sidebando 

There "are two basic means of reducing distortion to levels better 
J 

than is obtainable from available tubes. These are r-f feedback and 
envelope distortion canceling. An r-f feedback is very effective and 

i 
I 
l 
1 

1 

! 
I 
.l 
I 

1 

j 
j 

1 
'I 

quite easy to obtain. Ten decibels of r-f feedbaclt will produce nearly I 
10 db of distortion reduction which is realized at all signal levels..l 
Envelope distortion canceling has an inherent weakness because it de- ~l 
pends upon envelope detection for its feedback Signal. This means that ! 

1 

distortion canceling must be instantaneous to be perfect. Since some 
delay is inherent in the envelope detector and feedback loop, the ef-

i 
j 
j 

fectiveness of this circuit depends upon how short the time delay can j 
. . . 1 

be made. Development work indicates that a combination of· r-f feedback I 
and envelope distortion' canceling will provide more distortion cancel- l 

, ; . 1 
,ing,.than. either".method' ~eparately. Using 10 db of r-f feedback around : 
all three stages of a 20-kw PEP power amplifier, and a signal synthe--
sized from the input envelope to grid modulate the first stage, a 
better than 50 db signal-to-distortion ratio has been obtained for 
all distortion products at any signal level up to 20-1tw PEP • 

... 
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CIIltFTER 9 

9.1.208U-IO LineaJ." Porrer Amplifier 

The Purpose of EqUipment .. The 208U-10 Lineal' PO';':er )\.mplifier 

an au"tomatically tuned r-f amplifier intended for cOmI2unica-cions in 

fixed or transportable radio stations o The function of a linear DO­

wer amplifier is. to raise the poy;eI' level of an r-f input siGnal 

vJ'i t~out changing any other characteristic of the i:nput siGnal 0 LOi,; 

more than 002 watt J."-f input porler from an ext er118.1 e:::ci t eJ:' i 81'0-

qv.ired to drive' the 208U-IO Linear Porler .A.1'!lplifier to 8. rated pm-:er-

.. output of' 10 kilowatts peak envelope pO;7er (PEP) or continuolls &'''',"6-

rage power .. The linear power amplifie:::> ~.7ill amplify anv tVDe of r-i 
v " .. 

-. input signals within the 2 0 0-to 30.0-megac:y"cle range ;711ic11 do not 

exceed the band\7idth and -porler-handling capacities of the equipment .. 

The 208U-IO Linear Pm7er IiIl'lplifier can be locally or remotely cont­

rolled for continuous duty, unattended operationo 

TABLE I. EQUIP?lENT REQUIRED 

r--------,---'--~-----,__------------------- ------~- ~ 

Quantity Item Required Characteristics ! \ 1 
1 

I 

3 

I 

r-f exciter 

h-f antenna 

PO\7er conduc­
tors 

Coaxial cables 

Coaxial cable-

I ~ 
Capable of delivering 002 YlatJe 1.~-:L l i 

I output into 50 ohms from 2,,0 to )0 "Or.2c" i~ 
, Canable of radiatil1...g 10 1::",'1 J.. ... -f PO:::8:1...... .; 
at - the desired freauencies ';:ithlll -the I_ 

200- to 30 00-rnc :frequenc~r range.. II 
II 

Rated at 250 volts, 100 amp for 220- I! 
volt operationo ~ 

T3~ne FG-58C/U p for r-f in;nr'ti ~ .:;.lc and I 
tBc outputso Length to be determinsd !I! 
bv narticular installatioDo ~ 

u "' 

50-ohm p I-SIB-inch p coa:dal fi ttirlGs ! 

J 
~~~ transmiss~on line to s;;'steI;,! ante::1- ll~. 

'-'-_____ . _________ --L __________________________ ---' 

I 
f 

I 
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TABLE 2. TEST EQUIHillllT REQUIRED 

, Item 

Signal Generator 
, ' ' 

, , Vacuurn.';"'Tube Voltmeter 

'volt';"Ohm~r,'fil1iaImneter 
',Capacitiye Voltage 
Divider' ' 

Osriil1.0scope 
R-F DUmmy Load 

Probe Coaxi'al T Con-
, 'nector 

:P:robecoaxial :rr Con­
nector' 

Electronic Voltmeter 

Type 

Hewlett-Packard 60GA or equivalent 
HeWlett-Packard 410B or equivalent 

Triplett Eod~l 630' orequi v~lent 
HeY/lett-Packard 453A for TIP-410B 

, Tektronix 533 with type 'CA plug-in li.T1it 

BiTd Hodel 502, Elec.lGJ?o:...Impulse or equi~ 
valent ,. ' 

'Hewlett-Packard 455A 

Hewlett-Packard 458A ' 

Ballantine300G or'equivalent a-c volt...; 
meter withl-:--percent, accurac~·iI 

Electrical'Description. The 208U-lO Linear ,PO\'lsr Amplifier is' 
'an' automatl~ally tuned linear power amplifier .... {hich is/driven byan' 

external exc:iter.notmorethan 0.,2 watt r-f input signal isrequi-' 
• , ' c , ~ • _ • , 

':t'e~>todrivethe linear power amplifier to rated 10.0.' kiloWatts r .. f 

outputpo~yer. The linear power amplifier is capable of accepting 2,':': 

,', 'wattsaver~ge:"powerinput W:lthoutdamage I> The eqnipmentYrill deli vex-,.' 
,lO>kilowa:tt-s,:b.~f' output power into a 50-ohm load .. The r"'::(amplifier~'" 

"stagesconsist ,of-two-level,' wideband r-f amplifiers; a plate...;,~uned> 
, ,dri';'eJ? amplifier;snd the' power amplifier which operat~H:Linto a tu~.:~-' 
ned<pi~L'o~tp~t network.' The ,linear power' amplifier r-~ ~ircUi tsar~"l 
tuned :t ~ ,r-:f': input' signals wi thin the 20 O-~ 0 30. O-mc~8:~e during '., ._1 

'anautorriatictunecycl'eoTheautomatic tune cycle prcgramprovides ,'j 
.iorcbar~e:PQB:tt:Loning·t;he r-ftuned c-l7'cuita, conditioYlalfine tu':"J 
'niilgof 'riptj.onal 'external output, equipment, and final f~e, tuning,,':':! 
or,the,I,r:"'! circtrlts.The gain of the linear power amplifier 'is con':":'J 
, ' , " " '" " :, , , '.- ' ' I 

"trOlled d1lring,thetune' cycle by internal gain controlcircuits~ The:] 

oper~ting" polnt i8~arefullycontrolled to provide ,high -. eff'ici,enCy~,j 
ana: low interDlOdulation 'distortionoA broadband capacitance bridge 

, maintains accur~te FA grid neutralization, overt,he entire 
~ "< 
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frequency range o The linear power amplifier develops automatic loc:G. 
contro.l (ale) and tranarni tt er gain control (tgc) voltages ';/hich cc:.ri 

be applied to the extel~nal syst-em exciter to eontrol the S"l:rstem £l:8j_Dcl 

The. linear power amplifier is capable of operation on 195- to 255 
volts a-c, 3-phase, 47- to 6)-cps primary pO'.'lero All operating vol­
tages are provided by power supplies wi thin the 1)0-;,'6:;''' 8UDD1"'! unit" 

. - ... - ,.. 
The power supplies provide ?6250 volts d.-c for the porler aml)lii'ier 

. tube plate, -1250 volts d-c for the pQ1.ver amplifier -tube cathod.e a11'~~ 

. for the broadband and drivel' amplifier tube cathodes~ i·150 yolts c-c. i 
~ Bt- for the igc amplifier and fOT_signal control bias, 225 voltz a-a · 
~ (adjusted) tube filament 'Voltage, 115 volts a-c servo-motor ref"erE:n-- ~ 

ce "oltege, ~28 volts d-c for servo-amplifier 13'1- and relay cont:':'ol S' 

. and 600 volts d-c keying biaso 

.~ 

All porler supplies are protected by fuses and a main circuit brc·" 
akeI'o Unit ·and compartment door interlocks are provided for aafet;;)' B 
and several overload protective circuits are provided to protect -(;he 

equipment againg-Ii malfunction. The equipment can be locall~,~ conty-ol-
.. . 

I 
I-led from the cabinet meter and control panel unit 4- ~ ,<!hich is pro--
i 

System connections can ~ 

.. . 

vided as·part of several application groups. 

be made at the top of the cabinet :for additional remot-e-controllec1 E 
I 'operation. Controls are provided on the front pan'ela of the unit S f 

for local test operation., !: 
~ 

S 

r--_______ m_~-:-A_B_LE_,,_3..,._o _E_·'_L_E_C_T_P_ .. I_C_'A_L_'_C_II_A-=R_A_C_T_F_;'D:-I..I~sm-:-i_I_C_S ___________ :-:-___ , I 
Characteristic Description . r ! 

~----:------+---------------:-----------! I 
r-f output power 

r-f input pmyer 

Frequency range 
Tuning. 

10 kilowat·ts peak envelope pO';ler or 10 
vlatts continuous average po\'!er .. 

ki 10-" ~ 

0.2 \7att PEP. or average t 2.0 vlatts mazimu .. :m 
(dtu:ing tune cj~cle only) 

2 to 30 megacycles , 

I 
.. ~ 

~ 
: ~ 

Automatically tuned to resonance. by servo- . 
mechanical means during an automatic tunc I 

, ! 
cvcle. 'I'u..'tle cycle manually positioned fm.... ,i 
local test purposes. TtlilinB time is not morel,· 
than 25 seconds y;ith 60-cps primary pO';':er I' 
inpu.t.. ! ~ -ll 
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~m=mr~u~ ; 

TABLE 3. (COETDTUED) 11 
! 1 

Characte:_.~~_~_s_t_i_C ______ -+ _______________ D_e_s_c_x_'l~·P~.~_~_i_o_n ___________________ ~ Ii 
Type of emission SSB, AI:!.., CW, or anv other t:m6 vIi thin the I 

bandwidth and pm7er capabilities. ! 

r-f bandnidth 

output load impedance 

Input impedance 

In-termodulation dis­
tortion 

I H" • t t I a:rmonlC ou pu 

Input porrer require­
ments 

POi'10r conslli'1lption 
Condition (nominal 

at.8.0 mc) 

Filamen·ts on 
Plate on 
Keyed (static plate 

currents) 

Two-tone test at 
10 1-;;\1 PEP 

12 ke with not more than 0 0 2 db variation 
from 4 to 30 me,' and not mOl"'e than 0.1 db 
f1"om2 to 4 mc .. 

50 ohms: maximu.ru SWR of 2 to 1 from 2 .. 0 to : 
2.5 me. 
maX'im~ SVlR of 3 to 1 
3000 mc. 

ohms: maximum SWR 
to 30.0 mc. 

of I 50 

I Third and higher order nroducts not less 
than 35 db belo'!,'! one toD.e of a t-:!o--tone 
signal-producing rated power. . I 
Second harmonic not less than 55 db belo',-; 
fundamental. Higher order h2rmonics not 
less than 60 db belo'!l fund<:E1wntal. 

! 295 to 225 volts line-to-lil1e, 3-phasB g 47 
to 63 cps. Taps for line vol-tage compensa­
tion are provided. 

2.5 1-'"'" ...... , (nominal) ~ 0.95 p.o~JC!' factor 

3.3 l-:rl (nominal)1I 0.96 pO';ier facto:.:' 

10.0 kw (nominal) , 0.98 po\ver factor 

20.0 kw (nominal) , 0.98 po":;,rer factor 

fact 0::-

.j 

1 
1 

! 

I 
L 
11 

! 

'1 
i 

j 
1 

j 
1 

i 11 
: .1 1 

! Single tone CW at 22.0 kw ( nominal) , 0.98 pO-{ler 
10 lrw ~------------~~------~--~-----------.~ 

TABLE 4. TUBES 

Designation Type Function I 
~·-------------4----~----~~----------------~------~1 

lA8Yl 

21J1 

2V2 
2113 

2iJ4 

6S4A 
7788 I 
4cf350A I 
4CX350A 

.FA kC;}Ter 
Igc amplifier 
Eroadband amplifier 

Driver amplifier 
Driver amplifier j 4CX35 011. I 

._._ - --'-----1 ___ --' 
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TABLE 4. (COETINUED) 

Type· Function l 
4CXlO,OOOD 
l2AL5 

Po';:er amplif'i. eX' ! 
Alc/sidetone detecto~J 

Fig.l ShOY1S the overall appearance of' 208U-IO Linear POVle~? 

li:fiel". 
f 

Fig., 2 shows the same Linear Power A.mplif'ier ~::i th the doors 

Fig.3 shorTs the same Linear POYler AmplifieJ."' \'.ri-~h the 

doors open. 
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FIG.I. Ov~rall appearance of 208U~IO 
Linear Power Amplifier 
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FIG.2. 208U-IO Linear Power Amplifier 
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FIG.3. 208U-l.OLinear power Ainplifier 
with the, compartment doors open. 
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The 308-1 Linear Amplifier (Fig,?) consiS"cs of n one-staGelinG:,:n:.' 
amplif:Le:l."', and the necessa~"Y pormr suppli~wo It is capable of m8.:dli~U:t:'J 

legal input po'::er in the amateUZ' bands between 3.5 and 2907 n;c" It 
\ 

opera'i;es' either CW or SSE service with any cJ:citel" (such as Krn:r-l~ 

K\'lrI-2 $I or 328-:-1) capable of 80 \'latto PEP outpu"G 0 In additioDp -lih£: 

amplifiel" may be operated outside the amateur bands at any :frequency. 

betw'een 304 and 30 me by retuning the input ciJ:'cuits. FiSo4 is tho 

block diagram of 308-1 and Pigo6 is the schematic diaGram. 

r-f Circuit Descriptiono The 308-1 uses a 4CXIOOOAtetrode as 

the r-:f amplifier. The' cathode of the amplifier is driven, l'eqliil. ... ing 

some 80 watts PfP for proper operationc> The screen grid is Grounded. 

directly to the chassis for better grid-plate isolationo The biased 

control. grid is bypassed so that it is at r-f grolli"'ldo A 12i\1J5 aU-{jo;", 

matic load. control rectifier monitors the grid circuit and applies 

alc . to the e:-:ci ter the moment the r-f al'l1plii'ier draws any grid cur,", 

rent ~ thus roail"!taining class AD operationo The minut e amount of 
J. . 

. grid current dra,7n before alc act s does not degrade linearity 0 ?atliGZ"' 

these fe':l microvolt s actually improve the lineari ty curve; on1;y :?,:E'.~ 

.J- • b1 . d t" . l' . t " ... , ~ ~. 1 . uer apprec=t2 -:7 [;rl curren 1.8 cira\7n J.S J.near1. y aIIeCli6U. 11- P_2!1i':;: 
I 

overload r~la~T ~ . gr-id oii0:;,"load relay~ and "!;ho:rma..l overload. l"'elcy arc' 

included fdr'p:rotection of the 4CXIOOOAo r-f output is coupled 

throur.;.,h a. pi network into a 50-ohm loa.d (VIi th a ma.--:imum permicsi b1e 

SW'p 2"') .f"..I..", 0 _ 0 

P071er Supply.. Since the porrer amplifier ,screen grid is at d-c 

gJ."ound pot ential, i~ii is necessary to provide the cathode rli th nega.­

-Give '200 volts in order to suppl~r Screen voltage which is 200 volte 

higher than 'the cathode potentialo Effective plate-ca-thode voltage 
is the sum of the screen-plate supply (2800 volts) and ·the cathode~ 

screen suppl~r (200 Yolts).Control grid bias is referenced to the 

cathodeo All plate and screen current passes through the 200-volt 

supply, and only plate current through tho 2800-volt supply 0' All 
relays are operated from o.-c sources except the titne ... delay relay 

I 

I 
i 
I 
I 
I 
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.. sW 

1{202,andthermal,overload re1ayKI02 9 Switching from SSE to CW 
, , , 

. opera-tionautomatically: lowers. the plate voltage and changes grid 
" . 

", "bias., The amplifier operates with approximately 3000 ,volts plate~ . ' . - -. . . . 

1 
:l 

to-cathode in SSB service and .. approximately 2400 volts' plate-to-:] 
cathode in ow service,_ The power supplies maybe connected toeithcfl"'; 

. ',I 
'j 1:15-volt linesor 230,:",volt,3-wire service lineB~The 230-volt,j 

,'J~\tire' connect'ion is nreferred. 
. ." . . -'. -. 

'"I 

'SOW PEP ALL EANOS 
FROM "3.4 Me iO 29.7HC 
FR.o'M ExCITER 

, ALCOUTPUT 

POWER 
AMPLIFIER. 
, ViOl 

"lCX/COOA 

AL'C RECTIFIER. 
V203 

12AL5 

_OUTPUT iO 
" ANTENNA 
I 

+280o\'OC 
TO PA PL.ATE 

J. 

-200VDC 
TO PA-. ' 

CATHODE: 

PLATE 
; IPOWE, R SUP,PL.Y 

" V201&.V2.02. 
866A 

, (2) 

'SCREEN OVDC 
}---+'---l' POWER 5UPPLY .. TO PA , 'I (B) 6014, -::-, SCREE~. 

FIGo4~, 

", " 

. ~ . 

" 

'I 
-~ 

I .. ,~ 
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,:,,' 

'. 
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10 

20 

30 

40 

50 

NOTES: 

CR210' 
IN34 

115V { 
50/60 

CPS 

R230 
35 

IFILAMENT ADJUST I 

TB201 

I.UNLESS OTHERWISE INDICATED. ALL RESISTANCE VALUES 
ALL INDUCTANCE VALUES ARE IN MICROHENRYS. 

" I "N"TU 0 .. TUI!: COAXIAL LEAD IS CRITICAL. IT IS PART, 

}~"~0j~,~f! .··•· .. ~j,i:!.f/~r1jif~;,1,;:,:,i:: 
;,"", -,.. <-

. :"'~ ',. '.. .:';>.:1 , 
,., t 

V203 

, ,J2.02;, >---.-'--_"--, 12AL5~--':'-"-..... .:.:..._~rm~'-"-'lI-"":':'" 
ALC OUTPUT, 

5202 
POWER 

R233 
8.2 

R204 
10.1 

I . " 

I • L ________ _ 

R202 
470 

R201 
8.2 

CR205 
C203 : 

i 150UF 

K201 
STEP 
START 

I I 
I I ___________________________________ 0 

VALlIES ARE IN MICROMICROFARADS. 

T202 

T201 

K205 
ANTENNA 
CHANGE 

OVER 

PLATE SUPPLY 

F205 
lAMP 

R232 
10 

I 
I 
I 
I L __ 

" .. ' 

~~~~';-:.=r-::-~~~--::.."~" ~~"~'~' ~---,--~~--------,-"-' • ~l' 

~~~~~I~~~~~~~~.~~~~II 
CI20 ~ 

t-.JVI/\r-++--" 33-250 I 
!TUNING! l___ id~i50 

C211B 
CR209 250UF 

LI07 
2MH 

~--'-"---------------~~~~------------------------I-N~I08*_I------_r-------J ~J~~ r:~~ I~~~ ~:: 

I', 
.~20S 

°15UF 
C207 
4UF 

R21!5 
8.2 

C208 
4UF 

K204 
OVERLOAD 

R205 
18K 

R20S 
18K 

R'l07 
18K 

S20S 

SIOI 

KIOI 
ANTEIINA 
CHANGE 

OVER 

J203 
ANTENNA 

RELAY 

I 
I 
I 
I 
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I 
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