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' PREFACE

Thls thesis was prepared in accordance w1th the requlrements  = :
of the Englneerlng Graduate School program of Robert College. The 1
subject of the thesis is Slngle Sideband Communication Systems.vThls ;
is almost a new field in communlcatlons and gaining wide interest «’f;f1
' because of its advantages over the other communlcatlon systems.'

, v ‘This thesis consists of nine chapters, first two are about thelfi
'general characteristlcs of,the SSB system, third is about 'SSB gene-ﬁ,é
-ration, the succeeding two about SSB generators and receivers,,end}}

' ‘the following two about frequency control techniques of the SSB sys

 tems. Chapter 8 is devoted to. the consideration of Llnear Power Amp

“p llfiers in SSB systems.»51nce it is very 1mportant to maintain 11—;
Jﬁ-nearlty in SSB systems, ‘much space has been saved for this purpose.

In the last chapter two speclal 11near power ampllflers are glven

af. 5~in detall.

‘ 7c?for his valuable ‘suggestions and urglngs in preparatlon of this. the

I want to express my deep gratitude to Prof Dr. Mustafa Santur

“71913, Mr, M.AHananel and Mr. D.’ Dall for their great help in pract14

cal field and supplylng me w1th the necessary documents. I am also
: '1ndebted to Miss Ayse Ding who read the the31s through in its ele'
A 'mentary form and corrected the grammatlcal mlstakes and helped 1n
' prlntlng.

June 15, 1965 | | GUR TUNCA
- Bakarkdy, Istanbul ‘

Bogazici University Library
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CHAPTER 1

- : e "s

LICDULARION S STEH Iﬁ‘COHJU"T"“T OIS

V 30¢ore Dasalm> dlfcctl” irnto °1nﬂle Sideband (587 )'theory
I tnouwﬁt it worthwhile to spend.a little time on dif

oooof mouuTatlon s rstems in communwc ions, compazigon of thei
'formsnues, advanta“es and dlsadvantmbes9 glthough guite a large
Qspace is saved for the conwaﬁlson of sinzle sideband with other

T *moanlation systems in the next chapter.

bﬂ“eroreg this chapter is a swmary of what we have seen in
our Electronics courses, '

1.1, Ko&ulatiom Spectra and Spectral Bandwidth

S

If a carrier wave which cen be expressed as a roiating vecior

oy
:

U

= "ej@o = :s‘.éjwot-
ia‘used,i fne %ransm¢sszon of ﬁntﬂllié@nce,"h n the intellizence
,may bgyrep eserted ov the modulation of +the ompT‘t ude, phasge, or
~?rscuencJ-oz the rotqtvnr vectoro Carr1er modulation
"_a means o; tvansmvhtlné 1nﬁ971lgence because -it,utilj v 7
K ﬂafaﬁlop 3ror rties of h~Ff and u—h»; electrom gne"ic'anQs and

be quse the 1ntelllwen0ﬂ m,“,be recovered‘xrom the modulated wave.

Although the primary requirement of the modulation proce sriS
frequency couver rgion, the additional purposes for modulating can
‘he s»aced aa follows:

b

. The signal frequencies are changed to be transmitied to ¢

a
Lened Laad, and {this chan uencies can

.
W

o0
1h

nreasd ge of ithe gignal Trey
- be rep at ed as often as necessary by the process of remoduleshinc, .

bl ¥4 [ L4 o
2, %

erposition oz a carrier wave onto an apvdiio -

g know that the supery
siznal causes the transfer of the audio signal band into the radic
siznal band WWU%'the i&eban oroducts around thd carrier Tyreogue
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s

eney. At these Trequencies *he d@slgp of reaso&abWV emall and

S

efficient '*adiators9 as well: ac the dc910n of high-power amplifiersz,

4
3. The “esul+ing band adum may . be increased or ch cased over thal
nal signal to DC transmity ed, depending on th
ocess. used. It is also known that the signal-to-noise

=

O

£

o

et

{0 .
o

o

o]

3

4 ;.4.
H

ratio at the ecelvev 1s a ”unctlon of +the bandwidth of the modiu-
-nal (%), ~MeLC¢orn the modula%ﬂor process provides an
e ratio.

;...

1 1mn"oveﬁfnt 1n recewved ulgna?—to~

As T have indic ted 11 uﬂ@ gecond @ta? menﬁ above, when =
v . :

Yier ig modulated iq any known fashion spec%rel ompeonents
A

-

2ge tvo b&ﬁLS may or may n
e

o
. They are propagal ted with the carrier

G

c » which ig a device in which demodulation process takes placc.
This process is just the reverge of the modulation proce
' e

means Lo separate the audio signal from the carrier, The g
form of modulated spectra isg given in Fig.l(a) and (b).
H
LEEE 32
938 3358 ,
Q :} ?S _S/'sn.'ﬁfcar\f‘ :e '030‘ 5/’2‘:1‘"’/
A\‘n_?g“ T} % Vs spectrum \;\__é :0,; “’— band.gidih
< _f—"l Eogel i——‘-' —W*j
.§ 8 {,,ng ' o 'F T 2%5! 7f/£ Sigrificont Spectrun - £
. : J; (car—r-fer;
~ — % . . Frequency/
(2) PIG,1 (w0 N
(*) Chanter 5, An Intr ~oduckion to the ”r?nn1n7r“ of Commupicaticn

“heory, John C. Hancocl, Vetraw-Hill Zook Company,Iinc.,
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”:_munlcatﬂons are given belo _ ,
o l-;Amplvtude modulatﬁon (double s1debana)

»" 2, Amplitude modulation (s¢nﬂ1e 81deband) f*)
ij 3¢‘“requeLcy modulation ) ‘ | | I
_7?f4;f?u?se modulation .4
7f1 j5, LuTtlplex sys+ems ‘ o A |

"danplﬂcauven in communlcatlons,

A uound b*oadcastln

1 3(1) cos w_ t. Therefore, the purpose of the uvmn811tte“ is to achi-

1 2 ﬁcdulatﬂon Svstems

”he flve most W1del used modulatlon systems vn el octri¢al com»,j

‘ao Am011tuae modulat10n~d0uble 31deband/suppvesoed ca”fle”
b Dlltude modulat?on—double 51deband -

f.

Ehase modulatlon is rot lls+ed above GLDCG 1t hag very limited

Tn com“er01ﬂl gound and te1GVleon t*ansm1851or, the Tollowing

maximom spectral banauldtns are asgsigned:
Q

1 Amnlluu&c modulation--10 ke _ _
2¢ Frequency moaulﬂtlon~~150 ke for commercial freguency modu-
Tatlon, 50 k¢ for televigion - |
Be telev1s1on ‘broadecasiing '
Vvaeo~—81nrle~51debwnd amnlﬂtude mOdUlut10Q*”6 it

Souna-~frequencv modulat10n~-6

1. 3 Qmpllhude} odulatlon (AL )

mne main process in an ampll+ude—modulat1na svstcm is the m 1 ig \
lzcatlon of the basic 1nformatlon source by a carrier wave, iﬁaﬁ iz,

eve. tuls frequencv translﬂtvon, and the purposc of the recoi;em ig

3

(* ) ATse termed “vest131a1~51deband ampli. ude madulqtlon" since

L LR A R
:

'completn cllm’nat on of one sideband could not be achieved
; 'un to veﬂent uimﬁue :
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to perform {the inverse operation so as to recover the information

4
t

source. Freguency domain represoﬂuat*on of an amplitude modulztvoa«

double sideband-suppressed carrier system is shown in Pig.2, whers

®(f) represents the assnmed FPourier transform of the information
or modulation source, X(TI) represents the translated spectrur,

that is, the spectrum of e (*) cos Wot. The conversion of X(F) in

the receiver is achieved bv multiplying e (%) cos w, t by cos W, %.
The resulting spectrum is denoted by Y(I ), and the recovery or

Ll

e (t) may be-accompllshed‘by fi tevln” The block dlagrams of the

P X(4) E
—— e _11 e LO‘-M’J’ sidebond
N !
l - M;/_U”cr- sidebanc
) 1 t
-y e} W o —om . - "/c‘w ./c ~,L':+w 0 ,/:_W /.; fotw £ e
Spectrum of €, (t)
Eiliter separdtes out-
v Spectro/ componerts
, .
- . Z B
24l ~ T\
-2f 2f, Lo
acuuaT‘c"ﬂteﬂ ig g in Fiz.3, This system is termed "amplitule.
modulated, double-sideband, suppressed carrvier" (AI-DSB/SC).

e, (t) ( Product Linear Tomsmitic
L davice Amplifier S ~
L]
cos wet
Aol Product T e .
i Ampifier ewice, I Fhert . 2 occiver
| i
{ Cos we
PIG.3
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' The main alsadvancaﬁe of 713 sysbem, as Wluh the case of 31n:16
3 31deb¢nd, sunprcssea carrver system, is tne nece¢81uy of knowing

‘“the CgfIVCT ?requencJ cos
pu?pose, a carrier w'ave is
Uchranl m with the one uhat

R 5vn0hronlzatlon pu%poce, a

For the detection
usem in tne ;ecelver which
is used in hhe t

.w b at the receiver.
is in syn-
Fox the

.p.Llo+ carrier is transmitted.

ransSnitter,

Aueeond sjstem of amnlﬂtude modulaﬁlon utﬂl7 es only one

uhe.currler,frequency in transn

of the
ission instead oI
total spectrum about the cerrier frequency L .
~ Since this is the subject of this thesis, detailed description
f‘ofkthe system will follow in the next chapter, except a brief

‘@iscussion given here, Qhe~syatem is

'swdeb_nds around
‘ tfansmlttlng the

111uatv ted in Fig.4. The

Yi#/
Y2

O

CoEE . x4}
et -1 ._.“.L'.__’/_z.- L

L H

f—

--wow £ s . -“fc Q0 »‘Jc‘ £ : ’ » '{zr. *

s

€, (¢t} / .
(S

coberent detect+on would be convenient to devise,

Y
|

device one smband AMPI:ber
TQ,ANSM:TTER_
Cas PR :
B 2
T
Smek .-w o’w : fzf;
! ' . N Produck ‘ \: ' .
: A"'P"""cf T seviee Frtber 20 (4)
Coj;) " Récewsz
PTL 4
advantage of the system over the Al~-DSB/SC ig that the v qulveﬁ
channel bandwidth is reduced by ome-half. But the system has the
anme dis dvantag se OA conc“enu deteCulono
nce coherent aetecdlon ig ihe main problem in tL t¥o moduls
ting ystema above, another Gysbem which didnot necessitate the
As a gbtariting




THESIS

ROBERT COLLEGE GRADUATE SCHOOL - C PAGE G
BEBEK , ISTANBUL

poini, it must be sia xbed thet an AZ- P°~/°ﬂ wave has information
contained in both the amplitude and phase. This ig shown in Fig.5,

o)
[
1Al
[¢]

-
g-
@]
3

where em(ﬁ) is assumed sinusoidal. Therefore, ccherent d

ig necessary to extract the ﬂnfovmzt*on in phase and amplitude

The sign ¢ anoe in ej(t) causes the carrier %o chanze phase, Thuig,
¥

Co
the Tiret way to be thouzht of is to modulate the carrier by a

gsource that does not chansge sign. This can be achieved by prevent-
ing em(t) from going negative by adding a bias component. The puo-

-

cess i1g indicated in Fiz.6. This type of modulation is termed amp-
litude modulation, double sideband (AF-DSP). MNow all the informa-
tion is in the amplitude and an amplitude-sensitive device mav be
sed $0 recover e (t).‘Therefove, the advantage this type of
u
tion occurs. But the disadvantage_is that, the carrier component
A esystem block diagram is given

/\ Lo AN
o UV

Emit T Cas l<) “ : em(.'l.) Cas wy, +

1.5

| | AVAN |
_:fr}}: 5‘;; ot : koremlt) | ﬁ\/ﬁ%

=

e F#)E/Z X [kee,(ti]cos w t-
. K
&2 £/2 &2 Zp! ¥
B i | L . Ea 1 1 E74 5,41 t a4
- 0 I ) - P
)[m fm ) ;"'" 0 #m -6.'; m ..,L;«—,tm o '/"'fn- fothm £
FIG.6
2 ' )
T T @ = [FE ] T ]
F s l’dfer_ Bu,yer- Jl Pou'ﬂf L.. m::p-ul f:r:,,;v‘4?;‘: amp= l;f:c:‘ro; 3:‘;;’.{ -—L»’ —-\
- J L lamp}:ﬂﬂr‘ e [N o Te lifer the f e "
/
Safiy

/L.,'oj r"";" i IV ocal
o “"'ar-v,»ma‘f O . ' OswHatar
SO M T g . |

TRANIITTER PIG, 7

lation over bhe other two is that the ease with which the recen-
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l;&.‘Cdmwarison of Al Systems"

A conevse fo“m of comparl bn is given be‘c' on¢y bv formulae:

f(lA\AY—PSB e(t) (1 + my cos wyt) cos Wi

R s . mﬁv A
Py = (30/2) ﬁlgEm/é)-= Po(l & 2? )
L a2
Psp = Epf4
« 2 <= oq.
25 Aﬁstﬁ/SC ‘Q(t),: E,. cosg ( .ﬂm}t>v E, cos (vc + wm)t
2L
> - T -
% “m ?SB
e -—\2 . - - - - k —
SO/B '(Lm/z)/ﬁ £y T 2Pgpflyy T REL/Hi, T 28y
3e Al-SSB- e(t) = Em'cos,(wé - wm)t (lover sideband)
- S
= g&/2 =
Py T Ep/2 = Pgp
o= o = D = = +
where P, = total transmitted pover,
PSB: sideband power ‘
SO/HO= post-detection s*mnal-to—n01se ratio,
Slﬂ B ",predectlon gignal~ ~$0-noise ratio
‘ 7 = height of the noise power spectrum.

Iy

AR
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1.5. Freguency Eodulation (i)

'Iﬁ“is,cohvenient’to consider~ﬁhe ‘direct" FI transmitter,
though there are sevefal{systéms for producing FII signals. The
block nlaﬂrav of the trapsmitﬁer is given in Fig.8. The Irequency
'of the nester ”ﬂﬁallthr or "pwlmﬂ“y osci lauor" ie contr :
arreectance.uube. The 000111ator output frequency is multiplied
nine times in two stages by means of two frequency tzi ICT the
reSulzing,ﬁave is imﬁﬁeeséd;On the ihput of = clasg C power amp-
lifier which feeds ﬁnﬁo the antenné..fhe main prohlem here is ons
‘cent

.,

of jer—lr guency sta iligation (%), and the problem of monitor-
ing is solved by beaunu a sample of the output zignal against a

refer rence signal from a p;ezoffixed»frequency standard; any center- i
fre q ency drift (**) imnresSed‘at the input of a frequency dis-
exrim minetor. The discriminator yields a control voltage, which isg

"a_funcﬁicn,o; the cenber~f eguency drifi,. This "ol*aze is impressed {
with suitable polarity into the modulating reactance-tube cirveuils
to compensate for thisg drift.

Brimarrs —{ Bukber Freguengy Jr’— ?-T'fi:l,'umcy §F ﬁ’km’pweg_df Powﬂ"
a.sc///af‘oj lﬂmP/’F’e’ +"7.P/2"‘. . trpler : rmplifrer dmpl'ller Jg‘/ogmc
: 4 9s
. RQ: ‘::"‘11 .g/‘s;;;"d’d ! L |Freguengy) S HN‘: ,:::
- tu freguincy for # moni
s
e T ) . —
datic | 7
o ~Qu
o~ ency : . ‘.
Ia:;umw | Frren
. Aenti * - ' Fleze
Pkl , , oucidfor
»
151'_91\5,/ fmput™ ‘ o o
. N
F I(J e 8 . -

(¥) Por Turther details, ToS. Winlund; Drift Analysis of the Crosby
Freguency woaulated Circuit, Proc.IP%, vol,.29, July, 1941,

Be A . P
(%) Tor further details, Qlapter 2, Haroonica, Aldebanda, and
: m?ﬂnvwenta in bOﬂTunJ“ tion Bns's., Louls Cueccia, Yedwrar-Bill,
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gsoidal Wave

ecan be varied known as modulation, and can be made to carry im

; DY i i
vavied in adcordance with the signal, Thus, if the carrier is phaﬁﬂ%
‘modulazna by a 51gnol cOB Qﬁﬂt, the nhase-rou1]

h‘

‘a property of the sigral alone, as 1t is in amplitude modulati

Iﬁ the follomln" paragraph, frequency and phase nodulations

’;are discussed to”ether un&er the topic of "Ansle Modulation'.

-lg6a\Angleﬁﬁodula%ion~-Preauencv'and Phase lfodulation

- It was een in annlltude mooulatlon h ¥4 the wagﬂitude of a simi-

8(:5)': A gin (27 F% ¢ ﬁ)

fekalt
‘5natvon°,1t is also possible to keep- ne amplitude A constant, and

t
chanze the argument of the sine function in accordance ”1tp t‘e B

"81“na1 o he traﬂ smitted,

" In "phase modulation"gfthé phase $ in the ex

the fovm | B ,
ce(t) = A sin[2r Pt }~:~ (@5 &AQ) cos 2nmpt )]

The qua ntﬂuv Aﬁﬁ cos ERIVES the above exzpression ig called
8

in
instan aneous value may be expressed in
1

[

phase deviation, ana,it-

ianso.”he degree of modu tion is usua llv'defined as the ratio

ad a
£ A@ to the ma 1mum pﬁa e deviation that the pariicular trangmfﬁ

O

%ing or recelving apparatus of interest at the moment is capable
handling. The degree of modulauﬂov in phase modul ation ig %th not
2

o'
but is also defin ed in terms of the properties of the system in ;

-

hic h it is used,

“In "*rcmuencv mndulat .on" (*), the *ﬁgtanth sous frequency of
the firaﬁ expression above is varied in accor aanoc with the nlh?.‘ai

3

4

(*) For detailed work on. Freguency liodulation; Frequer c; Analyveis,
ticdulation aﬁd Hoise, Stanford uoléman, ieGrar- { 11 Teok Com-
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Instantaneous Irerueﬂca ig ce

fined ag, vhen t
c

& Jode

8 ne;y,nlg-,ia CPQ“QPTSOﬁ wih. the modulati

ingtantaneous frequency = = -

_E;.ﬁg F +.&V cos 2mpt
21 &t

tegration 0¢ the poovm ecuation

8 =2 nzn, + (AP/p) sin 2wt ¢ 8
Thus the 1requency~mcdulatEd Signal is

ey ) .zz. sin @ = A sin [2nFt ¢ (AP/u) sin 2npt ¢ %)

The quéﬁtityi AP cos 2 2Tpt is called the "‘eaz n.y.deviation
while AR is called tnc puak frequency &evia»iovc The degree of
modulation is usually defined as the ratio of AT to-the. marimun

d‘fr:quén“v deviation allowed by law or us tho ratio of
freouency deviation of Lﬂlch_dhe gysten 1g ca-~
. yablea The definitien of de egree of meodulation, thus does not depend
erties of tie;signal itseld but also involves othew
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RV A

AL A

i

'thingS‘such'ﬂd equipment or statutes. Dlock diagram of

.muaulztl o

J

8y ie&_is;shbwn in Fig.S.

Y’. R
: CRE

. - N rrrasafior B armpirer [ N Armsision bF ° .
CL B | kel O L p} | Arap it Asaim
- Co . ’ : ..’."::,cf//dfar——l .
N . : g AN T anNSrMITTER.
i RE Firtst e ¢
E . e ¥ =2y Audm
oud PR S - ver ' . 7S] —-—
Smpiibr Defocty] T |omphiter] Limiter "{defmfnr drplibrer] AN

MAM AW v A

FIC. 91;

RecEIVER

1.7. Pulse lodulztion
Coxmunﬁcgd¢ons'systems'using pulse modulation have
2apr mlcaﬁlon, i
Pulse-amplitude modulation (PAE)
Puls )
Pulseenumbers-médulu ion (FHID)

There are four general kinds of pulse
e-width modulation (P

3.
4.
Pul"e«amplltu e moavla**on”and nulse~"1dth modulat
ted in Pig.10(a) and (), respectively, where

Pulse~phase msdulatlon (PEL)

Recd oo v e
g frequency

found wide

modulation:

average pover 1ﬂvolved ig a Jnhc+.01 of {the modulating wave, which
may be recovered Irom the UULSQ—ﬁOdUlr d wave by suitable means

of

démcdulaﬁionso

ot e ef
i

e mmamef

—J
g

I S
SEE by

/
g
. T
S

hes such aa vaJnaL~
bi2 of high npeak
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power. Since the averabe novar 1nrolved 1s nouaT ﬁo the pTOLIGﬁ Gfo
the peak ﬁower, the pules du“aﬁlon time, and +the pulse revetvtbow
~;weoucncy, ﬁ'ia’eVWdcnc that bv pvapCf cao4vc of" overa ing psra~

YICLIT S ST T

- meters ﬁbe average nower demands made by the pulse-modulation trans-
'ml*tev on its power supp15 may. be caused to be felat,voly small,
‘resulﬁinr ¢n economy of eoulpmeﬁu, size =2 nd,ueibhua

18, Eultiplexlng~5ystéms

Zulﬁipléxing is the techn.nue of impressing t¥o or more communi-
that each cen be operated
h BT
muliiplc:1nm and freguencyw B

*on cbannOls on a single circuit so

[

ithout inﬁer*erence wit e others. There are HwWo
tiple xlng' tlmc division
division multiplexing. e

Time-division multiplexing is performed using a system with su
carriers, each of which consists of 2 series of d-c pulses; each
pulse subcarﬁlef has the same frequency, but the pulses are spaced

0

in carrle“.nnr?e-so that thev‘dq got overiap although intexrleaved,
thus resul 4 ing. in a gseries of Dulscs..Each pulse subcarrier may be
malvbvae~wodulatfd, Dhase modulated, width-modulated, or numhers-

modulated ana then used to modulate carrier.

|~
&5

Fa

A 1“equenc*~division-System is one us
for each. chﬂnnel wi%h_spacéd Subcarrier frequencien, Subcarﬂlers
may be amplltude~modu1ated,’frequengy-modulated, o B“BglC—BLdeb AR

.modulated, and algrou? of subcarriers may be used %o moduvlate a

ng a separate subcarrier

Jhigher frequency carrier.

TR LTI AT AN
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CHAPTER 2

R
et
b

I“‘uOﬁJC”TO“ 0 SILIGLE~STDEBAFD COXL JRICATIONS

o In Ae previous chapter, vawious types of modulating syste
were discussed, In this chapte the single-sideband type o? mno-
dulatlon systen will be undertaken. After having an introduction
$o0 the'Chapter with the "need for single sideband", the nature
of the SSB signel will be determined; then, a after stating the
advantages and dvsadvantages of the SSB, and comparing the SSB
with other types of modu1auvon 8y8 tems, economy of the SSB syetem
‘w1l7 be discussed, and a shoxt hlstory of evolutﬂon of the system
111 be given, :

ol

A

o Heed for Single Sideband

_ iany of the communication services, such asvshiy—tc;sho“ﬂ Com-
munications, air-to-ground communications, and the many military

iﬂ—l

and nﬂvwl systems which require independence, mobllluy, and xlex:
pility can satisfy their propagation characteristics only inm the
high frequency—rangeo'SiﬁceAﬁhe high-frequency range is limited
between 3 and 30c frequencies, it is essentially required to

make best use of the available space. ”neresore, the gystem used
must provide a minimuvm: bandwidth, Purthermore, guard bands between
channels to allow Tor freguency drift and poo;vselectivity be mini-
mized, To avoid interference, spurious wadiation be kept to a very
low value, ' |

In addition to those stated above, the advantage of the SSB syo-

ven apcrues nrlncvpally Trom the higher efficiency of sideband po-
wer generation in the SEEB system, ard takesthe form of reduced zize

&
i

and weight of equinment or more effective communication for a mive

size and welight. #specially, reduction iun gige and weipght is very

valuable from the point of airborne communications,
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A T

2.2. The Hature of +4he' S8SB Sirnal

[o¢]

In the previous chapter, it was stated thet the SSE moculation
gystem appears affer the elimination of one of the sideband pro-.
ducts in the amplitude modulation. Therefore, it is reasonable o
think that SSE type of modulation is a kind of anmpl

one of the sidebands. Thus, SSE communication derives its name

from the Tact that the spectrum of the signal resembles one o
: 1 s

ex(t) = (1 + keg($)]e (%) (1)
in waich ez(t) denotes the vesulting amplitude—m duluted signsl,

The operation iz indicated in Fig.l(a).
: ef{(-} Amphitude] €, (t) e, (¢} Bdfanced | €3 (t) e, (‘f) Bolunced 358 e., {(¢)
1 P ) Ot e o O] for! o . .
Medularoe ] anal Modulahr [ b sigmatl Fredufs R sse Ssinat
e ' s . carrier iec )

(a) | (D) (o)
’ ' PIG, 1 :

a carvrier wave represented by

e (t) = cos (Qct v 8,.) ! ; (2)

-y

How, 4if

and a modulating siznal whic

h can be described as the sum of a
large number of sinusoidal components
N
A
L Lot n) ¢
Gl(u) = E;Mn cos (Jﬁt + @n) (33
EY

are tazken and superimposed ombo each other, the vesult is obialx

by insertion of (2) and (3) into (1)
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'ez(t) = cos’(wct + 8, ) carrier component

o M e o
% “,ZZDn’cos [( - wn)t v @, - 0,]

2 n=d -
- lower sidebard
- ™ ¢ o +* : A
+ > ';s,nvcos [(Jc + u’n)b 3+ ;Z)'c re Qi‘l-} (1)

Lo : upper sideband

“wse

The manipulation in express on (1) is obviocus, since

; n WA =3
(COS A & ?‘coﬂ at -)
AR 2

-
=

o fe

cos & . cos D

The expression (4) clcawly shows that in the oubtput signal, there
is'a'comnoaent due to the car riew freeuenov wvhile the two bends

are svmmetrlcnlly placed arou d it. The typical modulating signal
g f s

I signal an

t‘i‘

ctrum ig illustrated in

"d
O

as a function of time znd of

s spectrum, ghowing the two

;>
b o

The resu’svn

. g
identical sidebands similar to the spectrum of the orizinal modula-
ting signal, are 11luutrat d in Fig.2(b).

S o Etw) & (_“') ’
e, (t). L\V/\ s 3 i\ e .t ‘ l " i ‘ m )
. ) w, “
l Modylating signel €, {"C)J.E;{U) : U7 Arphitude Modulated siynal g c(‘?_}l &, lw)
(a) (b)
Gl R )

i P

c

| Pe8/se signal e3lt), E3(w) b L SSB/se signal elt), Ey ()

»(Cj ,.> o | (é)

FIG.2
Inetead of following the operation given in expression (1), i
the cerrier wave anrd bhe wc&ulaulnw weve are multiplied, the pro-
ezl vo

duct will be a double sidcaand sigrpal (DSE) which ig idewtd:
1t the strong carrier component 1f not

£

the Al signal ewcept i
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in

LS

present
function

the outnuu.
of t and T,

83("5)

i1z

N f

Mz

VIS

J

U

ained,

'”he gxpregsion sh

of the uyper_aldebanw,
that upper sideband is.

Thisg
acouﬁd the carrier

$rum required i

t
e

-

¢ in
er SSE/SC or DSB

wag state
it

I

r

=

O

B

ft

frde

ot ¢

¥

wutomatic I
However, with present da
ground and 10 cps at 10

and pilot

[

This type of

(7) sives a
one of the g
which pas
Tuis

g

»,,

shows the t‘the'q 16¢ﬁ°d
b%ﬂﬁo The lower sideband might just as
dut, at +ﬁ1

uranslated in the
iﬂvefsion, whereas lover 81deband is trenplated w
“esvlﬁs fronm the fact
frequency.
(7) that the resulting ‘gignal occupies onl» hald

the-prevwovo

rri er was trensmitted for EVﬂcuﬁonl"ﬂt
requency control (a Cc) purposes to pro

-
("
-
¥
£

Bl 1n mobﬂlo equipm ient )
carriers ig elimin ‘

sigmal is illustrated as a

«2(c)e

= ﬁc(t) ° )

/

(5

% ¢c lower sideband

s

¢ P 4 g, ]

 [(?0>—'wh)t

~y

(‘i

sidehand

A4

IL(fc

vs wn}t upper
EeneratiOno
elimimn

clue to °S“
debanao

ses

It is very ob-
ol SSB
nly one of the sidebands, a SSB
iion is Fig.1(ec).
(m) in expr

i ?itoc(d)

ated ugisg =

e

s..

o

(ﬂ

:

oper show in
35}

and T in

3

}cos [(w oW )+ 3 ¢ % Qu]

Q-

(72

ess

is mgive io

.I
“‘\J

e

-
L]

”"ﬁlOD ox
(7

D¢&eb3nd is the upper side~
cll be mSlECLed instead

stage it is

is proper to state

frecuency domain withoutb

Fith inversion.
symmetrical
‘780 aprarent Tromn cxnfe spion

the total s

that the tvo sidebands are
It is

‘30"‘

Por Al comm Uﬁ¢cau¢0ﬂ.

ann

Ul

<t

that a coheren
in th 'na g

cn, tha
ide %

chapt

S

oC was necess.‘ Ve

e

v

fr

Fde
r

qucnﬂv stabilitias

{:21

-]
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NI

the recevver it Selxe Hovwr, it is a common practice to use th

Thus, since SSB/SC 81'nal doeg not contain a high-power carrier

31ﬂn11 for demodula ation pvocess, this carrier must be supplied by
e 1

“cally-zenerated carrier io translate the SSB signal back to its
- original position in the.a-f band uging conventLOﬁal frequency

conﬁer yion technlaneso mﬁe block diagram of a SSB demodulator is
ghowa in Figme3.

e, (+} o : .
Fa 558 : :
Ot it Desroduiater AR e (#)
- ss8 ! LR - =iter
- input . -

T/‘Cmoc’u/dﬁhj carrer ed(H: COS (ldd'f‘+¢d)

PICG.3

It is quite apparent thet, if the demodulating carrier provided

-

hv the receiver is not of the correct frequency, the demodulated

'SSB mimnal will be shifted up or down by a uniform amount from
'v_its oﬁlglnal TOCﬂtlon *n the. Spect%um, If the demodulating carrier

e - (t) is given as

+) = .t o g

ey(t) Qos,(idt * 8s) o (-)
and the demodulated SSB signal,'es(t) will be given as

[} ]
B W -7 v - - B
¢ ) z% iy CO8 [(‘c Ta ¥ n) ¥ @C gd MRS
(%)

Tt be seen from the inspection of expression (¢) that if
e.(%) is identizal to the original carvier frequency, e (1), then

s

) 1o idem ENEF

the demodulation product is simply the origingl signal frequency.

£ ) is different from e (t),,ﬁﬂcn w, will 1

fron its originzl position by an amcunu ecvﬁl fo L, - wd)o o,

from the point of view of phase angles, i¥ only th

demodulating carrier is different from the phase of the original

medulating carrier, 2ll components of the outpuit signal will have
s

undergone a constant nhase shift equal to The QlLLeM”ﬂCQ (¢C - @

<

d

)e
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Tt is apparent from the above discussion that to provide a

demodulating carvier

at the recdeiver of exectly the right frecu-
ency is of supreme importarce, and

to Al ea uinment. T1eﬂ

SSB" will b

2.3, Advantages of the‘SSB-Sysﬁem

As it was ai
tage of the f
the high-n
_specﬁrums A

3.

SSE

ov/er C arrl e?‘

scuseed eaVller in tn;s chapter tn
SSE system ccmes from the reduntlon og ellmlnﬁtion of
_uecona advantave is that of the reduced

svgaa3 is more durable in the nweﬂence of sslec-

this is the primaxy
fox the high cost ‘and comﬁlé*ity'o? SSP equinment in compariscn
fore uhe "“venuenay contrcl techniques
LSCLESE& in a 1ater chapter.

reagon

*he wain adv

for

tive fading and 1nber;erence condltionsa As en ezanple, deterio-
31 w1%h selective Tadln is illustrated in

ration of ‘an AN sign

<

Pized.- -
>’>SIDEIBANDV FA;ING : crrrisR k:‘AD//\;G- CARRIER PHASE SHIET
uss M5B . . SB" '}uss .
£ { l«
N J %)/ &T> | Yi>ril)’
| TRANSMITIED SIGNAL ' 7-zz;..~.s,-,.~rrep SIGNAL TRANSMITTED 5,@,;;_
| T e o
(| oo™ W
RECEIVED Siear RECEIVED SIGNAL RECEIVED S1eNaL
(ONE SIDEBAND LOST) ( =acziEr REpUCED BY 1/2) [CARRIER SHIFTED 90°)
. ’/-\‘ "‘\\ ) L .
M \/\/\/\/ ! \
< \\—I ' s NS N e \‘ /’ ‘
DEMODULATED DEMODLLATED . DEMODULATED
SI1GNAL JIGNAL SIGNAL
Piz.4
In gensrgﬁiom'and utilizetion of sideband power, the SSB ovor-
all e«“lcl ney is highker than with the AL equipment. A detailed
comparison bepheen‘SSE systen and A% S'thm will be given in the
gsection devoted to the comparison of §SB ?ifh othe“ $ype of modu

Jation sveobemse

Y
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2ede Disadvantages of the SSp Svstem

Wihile discussing the SSB 81&&31 reneratlon, it wa s_said;ﬁhat
cial kind of Ffiliters and modulauors.(balancea modulators
are necessary to pass oan onie of the sidebands, Thérefore, this
‘causeg an increase in both complexity and %he cost. Purthermor

6]
“a

what is more important is {to generate the demodulating cary i

L) ﬁ)

which results even in more complexity. In facht, the effect o
latter one is nmuch more Dronoznccd in +he complexity nvoble

0
I

%

that of the Tirgt. The SSR svutom requires frequency control ha VITLE
accuracy and stability on the order of 0.2 to 2 parts per million
in the h~T cncct“Lm, fhereas nvescp+ practice in Tixed and mobile
ALl communication in the h-f swncbrum ranges from 50 to 200 paris
per million. In multichannel oneraﬁﬁon it is almost norapplicable

to provide large banks of crrstals with such hizh stability, there-

Tore, it becomes unaveidable to employ a very stable crystal oscil-

lator; Whichis designed using a highly complex'frecuenCV~syntheaig
‘tcchvvove for deriving any desired onerat*n; freguency from the
one gtable gig bilized liester Oscillator® degign factor

a
the chapier of “Frequency Contrel Teohnlqueg

2.5. Comparison of 32SB with Other Types of llodulation Systems

As Comparison of SS2 with Al
a. Pover Comparison of SSB and All. ,
There are various ways 1o compare the operations of Al system
~and SSB system. Dub, under ideal prope; atlon conditions it ig
most convenient %0 compare the re :ulred powers in the tfansmlttcrw
of both Al and S8SE systenms to produce a given signal-to-noise reiio
(s/n) at the receiver Tor the two syetems. The convenience of this

way as a comparison basis comes Trom the Tact that 1t is the sig-
nal-to-noige ratio which determines the wrtel igivility of the Tp-

L%

ceived signal. TFizg.5 shows the comparison of 8SB with AN systens
where 100 percent, single-tone modulation is uged.(¥)

(+) TPor further informaiion on single~tone, two-tone modulatior
technique of S5, Fundasmentszls of S58%, Collins Radio Cowmpany
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Fig.5(2) shovws $he power spectrum Tor an AN transmitter. The

_caﬁﬁler powey is assumed to be 1 unit

of
gine~wave modulatvga ig 100~ nerceﬂt the

DOwWer,

If the degree of
r-f power transmitted

will be 1.5 units of power, 1 unit of which is contributed by the

carrier, and 0.5

unit of which is contributed by

-

the Lwo sidebands

each havinz 0.25 unit of power. This Al transmitter ig comnare@
with 2 SSB trensmitter whose "peaknepveloneépower"'( PRP) is 0.5

unit of power.
the crest of the

Peak-cnvelope~povwer is
modulation envelope.

7

: AM
S/NGLE TONE , SINE.wWAVE
AMODULATION

s -
S/NGLE To ~£ SINE~IAVE
rMoDULATION

RATED FOWER

25 .25
l!l

LSB ¢ usSB

RATED CARRIER
POWER =7

RATED PEFP
PowER =.5

O - -
. a—

VOLTAGE  VECTORS

i Lo %\
L5B .5 Y.5usB 158Yuse

o
- 400 o MODULATION 4 1t :
Il oz 7
. w -
e - c & usB
LoPe ‘
RF ENvELOPE MMM Pev=.¥
' PEV=2 PEP=.5

PEP=4

RECEIVER AUSHO
GIGNAL  VOLTAGE

' : usB+lsB=d

NOISE VOLTAGE
LARBITRARY NOISE POWER.
PER KG OF 8w EQuN- N AN
AnND ‘SOB: LE, !of}/a:s( 07)/3J

RATIO

S/

o

VOLTAGE =
.1 PER. 6 KC
BANDWIDTH

T VDLTAGE=
*07 PER 3 KC
BANDWNDTH

2oLoc,O°" =20DB

The voliage vectors corregponding

tical
giz apre shown in Fig.5(b).

resented as the vector sum
in direction and
1 lengths whose
vechor mag ﬂltuae (since 10C

med) a

siznal-to-noise ratios are agsumed o be ihe

0o these

case

An amplitudetmodulaied wave
of a vector correspoanding %o carvier,

magnitude and sense; and W

magnitudes are ohe-halfi of
percent sine-wave nodul

nd whose or rigins are located at the tip of

fal

atli
e

compari

the rme power developed at

(2)
(©)

(c)

(e)

()

eg vhen the ideun-

sont be~
can be

o vectors
the carrier
on isg asgu-
a

the carrier vec—
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tor, and rotating in reverse directions with the gane aa*u1°“ Te-
locity. I% is obviously seen frowm this repr esehtat"on that the '
resultant of the +wo swoebanc voltage vecﬁcrs SR ewthor in or
180° out of phase with the carrier voltage vectors, T

gal E::m‘?lonpm
‘voltage (PEY) is D“oduccd when the rosult:nt of the tw 31debandi
volﬁa@es is in phase v 7ith the carrier voltage vechor on fu?therA
‘condition thet the VPDer 2 ﬂd Towem gidebeand voltiges are ingtan-
 téneous1y in phase with each obther, Tow, 1if 100 percent perliect
‘slne-wave modulation is aqsuméd the voltage vector of the car-
Tier may ‘be taken as l-volt unit vector in which cuse each of the
o gideband-voltage vectors is 0.5 unit of vcl* Therefore, the
peak-envelope-voltage in this cada will be 2.0 units of volt. If
e agaiHVQSSﬁme a .unit-ohm vesgisiance pagis for comparigen pur-
pogesg, it is seen from the above discussion thet 0.5 uni
in each sideband produceg 0.25 unit of power in each sideband.
Pollowinﬁ the Qamp veasonlnr we can deduce that Ce5 umni
'peak—envclone pover of a SSB rarsmﬁt er (nthh will res
sane qvﬁnal~uo~norse ra tﬁo) ig veneraued by (0 ):"/2 unit of vclt;
or 0,7 unit of vol At this staze, it ig emphﬂslzea again £
41 unit of rated cur rier nowev in an AL systen pvoauc 5 the same
signal to-noise ratlo a does a SSB system with 0.5 rated peak-

cnvelope—p0wcra

 The »-f envelopes auveloncd by the voltage vectors are shown
in Fig.5(c). The »-f envelone of the Al signal has a peak~-envelope
voTtage of 2 units which nrodxces 4 units of peak-envelope-pover.
It was stateu .above that thig 2-unit neqk—envelone~volta~e resulta
in the case vhen the two sideband voltage vectors are 1nsuantanew

ouslm in nnase, On the other hard the peak-envelope-voliage of the

O

SSB signal is 0.7 unit of voltage with a resuld ant pesak-envelope~
power of 0.5 unit oi power. '

‘Fi£°5(d) shows the demodulation nroducts of A and SSE r-T gig-
nals, In the'case of Al demodulation, coherent detection by = con-
: vnn ional diode detector ‘used 1 1 Ali receivers is assumed. Thig
type of,detecﬁiOn takes the name of coberent uetcctlon s*nc the
voltages of the tvo svteaaﬂdv ave added in the deb“c%O?c fudio
- yolbege a8 a demodulation product of Al rEﬂcivev is 1 unit of

L
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voltaege which is equal %o the sum of the lower and upper gideband
vol“wcuo Vhen the »-f s*mnal is demcdnlated in the S8B receiver,
an avdio voltage of .7 unit developes which is equivalant to
transmitter upper siﬁcoana (or Tower sgideband) sizmal.

If a broadband noise level is chosen as 0.1 unit of voltaze per.
6 kc bandwidth, the AN bandwidth, the same noige level is equal

0.07 unit of voltage per 3 %c bandwidth, the SSB bandwidth. This ig
“ghown in Piz.5(e). These values renvesent the same noise powe' le-
vel per ke of bandwidthj that is (0.1)2/6 equals (0.07)2/3, ¥ith
‘this chosen noise level, the signal-to-noise ratio Tor the Al sye-
tem is 20 log s/n in tcrms of voltage or 20 db, The s/n ra *ib Ton
the S5E gystem is also 20 db, the seme ag for the Al system, The

0.5 power unit of rated peak-envelope-power for the SSE transmitter,i

therefore, produces the game giznal intelligibility as the 1 power
unit rated carrier power for the Al transmitter.

Conclusion: Under ideal ;WOnavnting conditions but in the nrésen»,
ce of b”oadLa“ﬁ Pbi se ( ), an AN and -SSB system perform equally ’ ‘
(that is, sane s/n ratlo) if the total sideband pover of tle o

transmitters is eaunl. This means that a SSB uransmitte“ will ner-

L s

form as well as an Al uransm¢ ter of twice the carrier power ma‘i? e i

be Antenna Voltage Comparison of S8B and AL

”he peak antemnne voltage is the governing

and mobile installabions where electrically small an

guired. I% was shown in Fiz.5(c) and discussed above that the »-7
envelope in the All case has a peal-cnvelope-voltage of 2 units,

whereas in the S8B case it is 0.7 unit of voliage, Therefox

ratio of peak-envelope-volitages is approximately 1/3, that ism, the

¥
Eod

peak antenna voltage of the S5B gystem is approximately 1/3 that of

the Al system. Since the limiting Tactor ig oxien the corona break-
he antenna in choosing the equinment pover, the above

T
be taken into consideration vhen selecting. the eguipmsni.

eription of noise bandwidth and noise ratiog in
' hanter 10, Hormonies, Sidebands

T X
and Transients in Communication Engineering, C. Louis Cuccisz,
TeGraw-1ill Boolk ComaanV, Tnc., 1952, o '

ey
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gnificant to select the power which can be rzdiatod
from an antenna of given dimensions. As an example, an antenng
e 400 watts of »-f power must be connected o o

tranemitter whose maximum rating ig 100 watts of pover, Thig is

witich can radiat

s 4 times the carrier power |
in the All case. On the other hand, a SSB transmitter vwhose maximum

- Y ol ]

rating is 400 watts can be used with the same antenna,
c. Advantage of SSB with Selesct
1

ive Fading Conditions’

e

?Lev“ov two sections are discussed on the bagis of ideal DTona-~

gation conditlons. But, serious distortion and weaker sigmal re- |
a

o
cepticn are caused in All by selecﬁive Tading over long distanceg.

C

To realize fidelity and the theoreticzl pover fram the gipr lg
c

[» )

the received vlgnMT migt be the exact replica of the transmitte

gsiznal, that ig, the upper sideband, low rer sideban d and carrier
-must be rece'ved exactly as transwvtted Fiz.4 shows %he deterio-
ration of an AT gignal with Llfferent types of selec

As will be seen from the figure, there arve mhree tory

, one of the sideba: nde fades out,
or even completelv disappears. But ag long ag the other sideband
cenbains the»samc‘inhell en»e this is not so detrimental from
the‘point'of veception. However, since ‘the operation of AN im s0
adjuste& tb receive both of the sidebands thet although the vece-
ived signal contains the necessary intelligence, it is the level
of noise which remains constant. That is, loss of one of the gide-
bande does not have any cffect on the noise level. Thisg is equiva-
lent to a 6 db deterioration in’s/n‘fatib out of the receiver.

Since a carrier voltage must be at least as strong as the sum
of the two sidebend voltages to demodulate the T-l signal, any ai-
tennation in the carrier level more than $he sidebands vesulisc in
the most serious gelective fading.

Garrier phase shift causes also selective fading. In the repre~
6

£

ation of an amplitude-modulated signal il carrier changes
A

-
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L o

phase by 90 degrees for example from its original position, the Te-
gultant of the sideband veclors ig *“OO out of phase with the cor-
rier vector. The envelope of the phase modulatoa signal vhich ro-
suiﬁs from this phase change bears no resemblance o the original
Al envelope and the conventlonal All detector will not produce zn
1nte111glb16 signal, Therefore, any shift in the carrier phase from
its original phase relationship vwith respect to the sidebands will
produce some phase modulation with a consequential loss of intelli-
gibility in the audio signalo

-

Since SSB/SC system does not have any carrier in transmission,
and since only one of the sidebands is transmitted, it is very ob-
vious that neither carrier fading nor carrier phase ghift influen-
ces the transmission cnaracueylst~cs, Selective fading within the
one sideband of the SSB system only chenges the amplitude and Ire-
’_ouencv response of the sxﬁnnlg It very rarely producesfenopgh dig-

tortion to cause the received signal or voice %o be-unintelliwibleg'

d. Comparison of SSB with AN under Limiting Pmcnagﬁtlnu
Conditiong (%) _ |
Communications are limited by the combination of noise, severe

selective fading, and anarrow-band 1pter*erunce un&e limiting pro-

a*abvng conditions over a lopw~funge path. In such a case, S
more advantageous with respeut to All, This is shown in Fig.6 where
the 4two transmitters compared have the same total sideband power.
The figure shows that, the veceived signal in S8R case will provide
a 9 db advantage over the AT sizgnal vncn interference and
dlng bvcomes~prevalen$,,

e. Coﬁvar*son of Airborne Iidizh-Frequency Systems

“FPor illustrative purposes an Al set, 1?/““0 38 rated at 100 watta
r-T output and a SSE set, AT /ARC-58 rated at 1000 watts r-f outpud

are compared in Fiz.T7. The frequency range of these two units is

-

&

from 2 to 30 Ilc. B

B, Comparison of S8 with Tl
Fig.B shows a comparison between a mobile Til system and a mob ile

(%) Por Turther detzilsy J.F, Honey, "Performance of All and 353
Communicabions®, Telefﬂech, Septe 1953, C g
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SSB swstem of equal size, ( ) mhe figure indicates that with bet-

ween 150 to 160 db of attenuation between the transmitier and Tece-
iver, a strong signal, the nnrvow»baﬁd Il pfov*de a better s/n
»atio than the 8B system. Unde“ veak gignal cond

-Jo

‘ di%tion, from 168
iand higher db of =zttenuation bvtaecr trlnSJltt““ and receiver, the
s/n ratio of the Ty Falls off repidly, and the SSB system provides
the best s/n ratio. '

Furthermore the SSB systenm, as it will be seen from the figure,
provides three t4mes the savings in spectrum epace as the narrov-

-

baﬂ B squeﬁ.

2.6, Economics of SSp

While recent publlcatlors vndlcate a trend toward uS” and fore-
cast a change in the not too dlsmant future to the use of SSB for
many services, it will be necessary for SSB $o-Justify its use in.
terms of the cost factors and economies in operation.

Among the cost factors are those of initisl cost of the SSE tranm
mitter and the S8 rﬂccvvcv Pover ouﬁu ud ‘ g
be one of the imporftant conmlderatﬁona in analyzing’t?
bifications. Another & factor to he conszdbred in the ana
ipment is the op eratvn? economies which can be Tv&llZCU y changing
to ncv, more advanced amnarauzgo '

-
17

hi out guestion, the 1or——power SSB/QC $ransmittor w

i—h
*-J
H
o
g-—]
!.J
Y

4

a higher price than the comparable All transm_wte;e~kh1 ig
about by a recuirvement for a larger number of circuits in the low
level stages of the SSB ftransmitter.

" In the SSB transmitter, lineay amplifiers must be used
ou%,.from the very low level stazes through the final Ti

Amplifier (LPA). Im general, the »-T portLons or & [BISE
e in the number of cowmpone

T,

lon}

bring about 2 moderate incres
andé vecuum tubes over thaet of am ALl transmitter. Furthermore, cri-

Lo

tically'designed sideband separation Tilte erg, precise frequency

(*) &. Yagpuski and W, i r, toncg‘“ﬁomnariSOQ«of 598 «

YIF Yobils Serrice’, Iroc. N Dec.. 1956,
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‘con'wol devices must be taksn into congideration.

The °‘B recelver does wot differ greatly Trom a well-designed.

ERA M

commuﬁications receiver for All. It differs chiefly in the require-

‘ment for reduced bandwidth, which requires a relatively complex
IF amplifier or the use of crystal or mechanlcal filter,

In addition %o the advantage of reduced initisl cost in the
higher traﬁsmiﬁﬁer povier ratings, there are certain operating e¢e~
anomies which can be achieved through the use;of 858 tramsmitier,
There is a giznificant fgq*or of reduced primary power cost. A

S8 trensmitter ubtilizing a linear amplifier in the high power

ea £
range regquires much less power from the power lines, This is due

to the greaitly increased effectiv 7eness 0of S5SB commnications vhich
permits a lower power transmitter to do the job of a higher power
AT unit, | .

‘The cost of the transmitter buildings is increasing continuously
so the matter of floor space is achieving incressed attention. The

- SSB transmi+ter,bv elininating the modulator raguires much le
floor unace, and hence, a‘7 we a smallerw transmit% » building.

\

Because of ahe greater effectiveness of the S5S3B transmitter,
transmission line and antenna costs can be reduced because t
- peak voltages encountersd ave much less in the S55B system.

2.7 Higtorical Developm@nt of SEB Commupnication Systems

W)

Although SEB transmisg ssion ha s'only recelvad publicity in the
last few years, the kuovledge of the sideband and the development

and uge of SSB teehnioues have ﬂrogressed over the last 40 years,
The acoustical phenomenon of combLn_nr two waves to produce sum !
and difference waves carried over into electric-wave modulation.

The pregence of the unper and lowexr sﬁd9bands in addition to %the
G

carrier frequency were tacitly as sumad to exist bui were not conc-
1 he earliesgt modulated transmissions. Recog-
pition thet one sidebend contained all the signal elements neces-
sary to reproduce the original signal came in l‘"l)0 It wag then,
that a2t $he Yavy Radic Station at Awxl i-Nton, Va., that sn antenns

-



THESIS
ROBERT COLLEGE GRADUATE SCHOOL : : PAGE 27
BEBEK , ISTANBUL '

wag ftuned %6 pass one sideband well, even thoush the other wa
attenuated, - o L

From 1915 until 1923, the physical reality of sidebands was vi~

gorously argued with the opponents contending that sidebands were

mathematical fiction. However, the firet trans-itlantic radiche-
ylephone‘demonstr tlon in 1923 provided a concrete answer. This

syetem employed a SSB signal with pilot carrier. Single sideband

o3
wag used in this sySuem because of the limited power capaclty of
the equipment and the’narrow-%éoonnnce bands of efficient anternasg
at the low frequency (57 kc) used. By 1927 +wans~iﬁlznii - S8R

radiotelephony was open for 0ubl¢u ser'*ce.

The Tirst overseas»system wasg Tollowed by short-mave Egutensg
3 to 30 i, which tranémit : double Sdeband and carrie T because
S8B develonmeﬂﬁ'did no%t permit n'mctlcal SSE transmigsion in thisg
frequency range. However, SSB techniques were emplovr@ in vari
mult1n1021ng svsﬁemsg,lu hasg not been until

Q
T centiy-ﬁhqt eguip-
‘ment devc‘opmeﬂus ‘have nerultted the advantaz

e
es of SSB communice~
tion to be Tully exploited. These developments have been in the

Tields of 7“'i"ecmen ey sta

o
=
(D [l =)

ity, filter selectivity, and low-distor-
tion linear powew emplifier i

v and commercial accepia

5. These darCWOpme nts have le
nece of SSB communication sysiems. Th
Y entT“ available several redio amsteur and commercial S82
o sets, fixzed-station S8R exciters up to 45 kw linear power
ifiers (the ones used in Izmir are razted up to 18 kw), and

2}
L._.l

airborne transceivers capeble of relizble communications with un-
1

re
linmited rance. Some of these ecuvipments, esn9013117 the mi

.

equipments, are provided with automatic T”ECUCﬂC” gelection and
antomatic tuning to further enha 1

oberated systems, o .

nce their value asg reliab e, easlily |
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After havlno dlscussmd the SSB charscterigti cs, Ve arenginﬁ
to underta ke the meuhoas of L,enm:{'aw & the SSE signal. There are
1 r» 3 “‘h sy v 1 1 ‘

) tio gereral Tethods of gener ebting a S5B signal, but also a third
- meb bo of generat ion of SSB sign 1 will be examined (%),

‘3019 Filter XMethod of SSB Generation , L

As it was discussed in Chapter 2, it is possible ﬁo e11w1ﬂﬂt”
one of the modulation products of am
filters. The filtews used are so d

(4]

8
of the vﬁﬂbands, either upper sidebend or 1

3

vler sideband, depend-
lﬁo on the type of *h@ filtexr - But, commonly used filters in SSB
i G

ncra ion are bz apqss filters, and carrier ig place
“or at. the other oz pavs rezion according to Which band will be

£a
0

transmitted.

- The procedure is simple; an zudio sigmal is fed in%o a balanced
nodulator along with the carrier freguency. The oubtput of the modu-
lator ig two o*dcbanus ‘QllO mne modulator balances out the carrier.

The output of the bqlﬂncea modul tor is Ted into a filter in which
one of the gidebands is eliminated accor ~¢ing to the dﬁclr This

stage of balanced modulator and filter is followed by enother stage

of the game ;ind. This kind of sirge succession is necessary some-

times espgcially when the carrier frequency is sst at o quite high
frequency, since then in such a case it is vexry difficult Yo deszign
a i ter which will completely eliminate one sideband and pams the

other 71+hout an -apprec iaﬁle attenuation. Therelore, the transle-

ion ig done in several aﬁeps zo a8 to ease the Tilter requirement.

J.‘,,

t e
Th beaeratéon p;ocesafis hcﬂn in Piz.l, in which two stages arve

(*)’“ﬁ ”hiwd‘ﬁet 1od of Generation and Detectlon of SSR Signal”,
\ Dopald X. Weaver, }:woc,m » DP.1703-1705, Dec, 1936
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":Lfordinary conve%ter c1rcu1ts a e used.

-g,ency of TOO ke, As it Was ment¢0ﬁed above, the selectlon or thc

Bh"vm‘: r"he mm‘bel” of "?I'ﬂnSla“Gloml steps may VarJ froit three to

: »:/npyf'.?:fgn&l N wtances | [ R ; v a —
T ttor [T TR e P

st ranslating o Second -frans/dﬁrj AR
o .f",?i“?.'"y . : N ; c -/r27uency B " o :
PLC l

e ”he deteczlon pvocess ig 51nnlv the reverse oP ne venerat10M9‘
xgj;bu in this case the balanned nodulators are. nst needed, 1nsteaﬁ

In‘PLgoE fllter pansha d response ig. shown far a carrlef fvequ~j?3

'fisneclql banc depends on the locatvon of the carﬂle frecuenc“ mlph

 reanect to the passband char cterlstlc of the fllter. Upner uldC-wﬁ'!

;band selection is. achmeved by ;olac:mb the carrier Ivequency velow

- the filter passband and vice versa. In case the Tilter i used IO$“«ﬁ

“?weceptlon of the other svdeband as wall from tzme +o tlme, tne pass

' 7»band characﬁerlstlc cf the fllﬁer should be svmmetrlcal, that isp

a'uhe Illter should erV1de a slmllar attenuatlon,behav1or, at botl -
“the unper and 1ower edge ox the Tlltcr pasaband. Slnce the sclec~..7'

;“ u1on of one of the szdebands necessi%a+es the movement of the car-
L rler frecuencJ w1th respecu to the 111ter passband cnaracterlstﬂcg
it is necessary. to compensate +hls movemenﬁ of the carrler frecu~

3encv in the follov'lno translatwonal devxce so that the ouiput car—‘

'”"riev frequencv staJs flyed.

2 st be also empha81ved here tha* the edg s’of f%éipéésband'
'characﬁerlstlc of the filter should be steep enoubh uO causge the
) comnle ;e elimination of the una981red szdeband El ,2 shows th

~a 20- db attenuatvon 18 offered for ihe carrlew uhere a. ”TE&&G?
'deﬁreo ol attenuatlon is achleved for the undesx%ed fre unncve
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3 2« Phase~Sh-ft Metncd of SSB Generat¢on R R

: In thls method of generatwon ance sharp cu.of& fwlters are»
' 3noﬁ used, it is possxble to wenerate the de31red sldeband 1n a

 7f s1ng1e translational etep regardless of how hlgn the final si mnalrff
,uu‘?reauencj may be. Actually two ways are used in nhaSLng meth@ﬁ 0& i1
7 rSSB generaﬁlcno These wzll bp cons;dered belov successzvelye o

B Inpht is fed 1nto a wmdeband 90 phase difference net or’

"  f§h18 netJGfk is 80 6851gned that the magnitudes of freauencles «?:R
Qo mot undergo any distortion, but the output product comprises  f”

‘,;two components of equal «agnltude with 90°'phase mhi”t between -

' ,;%hem. This outnut gignal is applled to two balanced modulatora,rzﬁﬂ

' one comnonent to each, and a cawrler ?recuency containing two

ngnroductc ‘of “equal magnltude with 90° bhase shlft *s al o anplled

b0 these" modulators, one componeﬂt of which to each mcdulazor. .
'”When the ouﬁnut ﬂirnals Irom ‘these tmo belanced modulatorq are

‘ added, one. set of sWdebands wvll add.ln phase, generaﬁ:ng 4'he de~3;‘
' sired signal, whlle the other sldcband will cancel 1tse1? ouﬁo nJ{;

subtvactlng 1nstead of addlno, 1t 1s p0331ble to chqﬂge svdeban&

‘The nrouedure is sho:n in PlgoB(a) ln block dla ramo Plvqj(h)

f“f'ﬂs eyactly uhe same nrocedare, but- it QhOWE the Onmraﬁlou mope e
'vf‘clearlgg xrom Flggj(b) Je can wrlte~“ ' T

;, L\e (t) Am Blﬁ.W % sin W, t
o en(t) = By cos w5 cos. ”c

%
:
v
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8 fanced
] . dlanc , )
s or L, | Wide-band go° _J- Modukitor [_l A plitade :
Irput S3n0i ol phase difterone " Summing | 558 G- e,(t)
nefwork. | T Sreurt _0_7/?0 + - . Mockilator
} Balonced J . P » = 90° %5 :
Modul =90 . )
e ""‘?r ! en,(‘f'/' D_Ej Add/:,— . e‘({.):g4(-{}+ez(f‘}
' : &) L
. 96° phaisa dif- _ {Ampthe| ]
Fronslating gl FerneC netoark. Mochulator ez(g
) f&’ueng shgie y&eyuency - -
(2) - (b)
: F_.'.G 3 3
Since e4(t) = e () + e,(t) we have, after simplification,

Y = T Tl oo .
és(o) = B, cos (wc 0, )%

Thus eg4(t) wvepresents the lower gideband.

' In this method, suppression degree of the undesired gideband
‘depends upon accurate balancing and requires very careful conirol
cof emplitudes and vhases. The normal suppression degree practicall:; §
achieved is 20 b, but 30-dd $v3nwession may well be exnecied Duag
it is quite difficult %o go beyond 40-db subnre“”'onc |

be Ingtead of phase-shi ftir* one cownonent OT uhe audio signal
L

909, for easier control purposes and accuracy in phase shift, one

~component of the audio ¢ signal ig shifted by u;degrees, whereas the

other component is shifted by B degrees. The ut of the phase~

ut s
shift nedworks are applied to two balanced modu lators separately. ]
The carrier frequency is applied 4o one modulator dir rectly, Whercas |
90° phase-shifted component of the carvier is imbroduced into the
other modulator. The operation is représente& in block diagr&m in

Fig.4 below, A mathematical t eatment is also given (¥).

3

(%) single Sideband Principles and Circuits, E.W, Pappening,
B, Iruene, Edga“ 0. Schoenike, lcGraw-Iill ook Company, 1

1-3'9035”37a

I
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o Qsmned, :

RIS D =1, -
270 'EAO € B O

oo DAO =§ cos 27rf t ('_A cos (2 Jrf -5; a—oa )] )
| {cos [2 7. (f 4- j )'{: * 0(] & c..oB [27r(f7'

‘ -fn

;and uhe_ ouupv:l: fz'om modulauow B, 2.:. comnle;,e oar*ﬂﬁ er bals:nce 18 Rl

"'.EBQ:'T};}GBGGS (2TY4. t - 990 %A) [B cos. (27rJ. ‘t; ¢ & :—-‘C}OO * rS)]
. -_Jc !
==-é-— cos[27r(1 ef) o<-900-90°f:»A+6]
coo[27r(f s)’c-oc,~ %900+A*5]}
B3 . T :
cB. |
=-—-~-008[27T(f @f)mé“ﬂ-A&6]

. '!' COS [2 Tr(.L - l ).t » O( -g.A 5 8]}

. Then the total o’u,tpu’t ;frfom bo*th'modulau,ors is

R e A 2 f t - SOV el . :RJ
{ 009 ™ ( | ) ﬁ-o(] +. 1‘1 cos[?*r (1 _ 5)?» .Q(l | :
- B 003[2 7T(1 aj )*t 4—0& -z-AHS] -e- B ccm[.’an(f‘  - f )t-wm—}}

4“..’<V'K‘It 3.8 seez\ J.rom thc abovc equa‘*‘w on. thax, if *bhe s:.gnal a:mplltuqes e
%0 both moaula*{;ors are. equal, emd 13? 'the'ne are no - errorb, the tm, l”jf

kS 'fl'f*"».oxn«,};x..t from both modulators w:.ll be PR

| :,Eo tl cos[En ("7":’-' f )1: - 04]
and 'th:us iS ‘she 10‘:" - dcbaﬂd componem, obta'* nec’i

c. LOO.l.LlGd l‘hase-Shnt' e’ahod oi‘ SSB Genera‘m on

i "‘ha_s me‘cnod of ‘?SB gene:c t:.on uses t"*o sets of calanced wcﬁula?"
"v'v"fs‘or ::.nstead ‘of one, I‘:Lrat audlo :Jlgnal is. aptﬂlec. to bm:h of the_za‘
modulators, Furt hemoves an audlo Irequency iy "vh:.ch m placed at -
%he. ar_i:}meﬁtc mean o..,, the audlo band :Ls ayplled ’co one of the *no—?
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the other one with 90° phase shift. “1 5

nlators directly, and to &
- ghows this methed of $5B generation. In Pig.6(a), the audio input
spectrum to the modulators is shown., In F1g°6(b)9 $he spectrum from
the modulaters is shown. Therefore, we can conclude from this Ti-

gure that, the modulation resulis in an inversion of the bojtom

half of the input'spectrum and a shift of the tep half of the inpuid

spectrum to & position iﬁ,frequency coincident with the inverted

bottom half, There are also sum frequencies as shown which are eli-
]

minated by using low-pass filters. Tow, after the filters the si

nals are mp lied to two modulators, one of which isg directly supp-
lied with the carrier freguency, ulereas the carrier frequency %o

the other ome is 90° phage-shifted. i3 a wresult, the output will
have the game audio input spectrum shape i ith undesired sidebands
located inverscely below the freguency axis. As it

'.Jn
[1)]
]
o
k-
%
-y
H
Q
=t
o 3
ot
v
(o]

Tizure thet, thege undesired prccucas are,54@11 eﬂou“h if phese znd
amplitude balance is goode

The disadvantage of this method is that o avold loss of signal
t cc

« : o s . . A et e e
components to fo in f:eguencys a- oupling should be used. Furithewr-
nore, if the balance of the first set of modulators is nob achies
. : p : Caeria SN ]
accurately, a carvier whisile anrears a oo
Mo olulator Low-pass | Moduldtor
k4 ) © fiHer A -
Audie Corriar
Source fo Source
Auaio | 9o° ! . I gpe Output | Cutput
imput phase ﬂ"kj phdse shik e Ceewre TS558
4
»
Moduldon Low-pass - Modula .
2 Liwer 3
PIG.5

VOETEERN TV Y WAV

YR

WAL,
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3~ pass Barancad :

(=]

f.» Foew

Fotter | ‘Ho@/a-lu--" Lo ’ » . Inpun" -S:Snal Sped’-rum

1

S Sin ki°+

5:'nklg+ . ) el : o S

 EIG;81 ,Q;" !;f_"’ P PIG 9

L A sim{)llfled blGGJ{ dla@ram COI‘ asncndlng ‘co Flb ,5 15 ShO'frl‘i; in e
‘ﬁa:Flcho I uhe candwvdzh of auﬂlo input: spectrum is de81gnated”by"
Vwa’ and the loVeS reguency by ng Jhen %he center ¢requencw OI

the bandvldtn 6 can be ehnvessed bv

o el g e T _23” *[5 oy
Ffe lfL_g(w 2). S Y

L.

'1ﬁow, if the 1nnui Blﬂnal is'a comblna 1on of sine terms, it can be"

ezureused

Ag it is seen from the figure9 fb

e-(t) 'Z':En qoé(vin’c% 6. L @

Nz

is the modulating frequency of
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'} 1%hé-*1?St set of moaulauo”s. Therefore, the o&tputs o~,tne fltfhlg
- two balanced mcdulators avedfl, D | R
:'eai = ey (t) cos W t   ,1!i3[ “i‘(3);' f
"vb"" 2 e 1) sin of %x-,”5l;?fsi‘:“(4>;ifﬁ

3K;where1'~wo = 27Yf o fjéfj'   5,' j T .1 rf':] F f-. (51f E

‘The coexflcwent 2 1s used fo; convenlence and isg. aasumed to ‘7f‘

| be the pwoperty of ‘the ba‘anced moduTatcrs. Substluutlng (2) 1nto ;*;

i width W

*7_"(3) and (4) ‘and expandlng glves.~ i

';¥ﬁj LA R (T ' e
' e, = g:_‘; n cos [(w »u )'t e- (6 ] ] 11
N Lo - ',

~8l e

£y %_i}

: n~1 5

ba -En sin [(xﬁ . 3.;_'«. ¢n] v E ”

- ghe .Lrequenc‘fes f = sin/e-?r;;,are réstrictedj to the original band- -

Vf!Spectrum of" szgnals is shown in P1 loﬁiThe 1 ”'ijwii lter paswesf;l

{ o the frequen01es from zero to W/2. From W/2. to 2f - (W/¢) therefff
ll;fﬁshould be no sianal energy whlch prov1des a convenlent tvan81tion
| region for the filter. Above - (W/2) the'filter showld have |
1 adequate attemuation to. elvmlnate the h-f JomUOMEN€B fwom ‘the ba¥‘ f;
: 7ff1anced modvlators. Uszag such a fwlfer +he exnrcvswons for t“e fll“rl

”f‘ter oumput voltages are

it iaw (i “ o,
: ?:i-'ﬂ sin [(“u ' -:4 Yo )t 3 95 ] ;_'(1.0).‘ -

mhesa two lou—f"ecuencv fuﬂculons are then applled ta anomnev

irset of balanced modulutors. But, in th,u case the, modulﬂk“nb fre-
”z_quepcm is the carrier freauency Vo and this 15 +he ban& cenbew of

‘the de81red SSB sign°1° The expressione ;or the outpats of thwd ‘._7

Y H
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-

set oFf

are

€3 =
p3 T

5

R

3V T,

° W ks 2fe-wy 2f, 24w
FIG.10

Suhstituting (9) and (10) into

N En
@_o =) == COS [(W‘{»I -7 )
aB n=1 2 o
) N T -
.;.-'n
— e s Y7 %‘vmv -
b3 g; o co L( n 7o)
Pinally, adding (13) and (14)
Ce 7 G
.
e =2 § oos‘[(
Treouency norpally referve
W - w_ and w. i3 the cenber
c 0
of e .

€yo COT woﬁ (11)
€5 sin wcﬁ’ (12}

VY SR |

WZZ?ZZ%

Spectrum of
autput Signdl
i
I
1]

- FIG,11

(11) an d (12), and expanding gives

B , _
e 0 ] b cos[(u -~ o )t - B ] (2 ))
nj 5 ‘
| E- ' .’ . . 1B
5% ﬁﬁ} " ?;'GOS[Kwé”wn%wo)t - gﬂ} (143

o’ 15y
e, <-J /
37 Tb3
. . . Gy
A - Y o Q.] (lu,
0 é,zn c) “1 .
d to as the carrier corresponds Lo
£ the 88B, Fig.ll oshows the sgpecitrum
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SSB’ L‘XCITERS

. In thls chanter, SSB ex czters Wlll be dlscussed shortly, and “j}>i
“1n the ne t chanter 538 receivers wlll be Lndertaken.- el

4, 1 mhe 'SSB EuClteT Conswderatlons

B mhe SSB exc1ter tran lates'bhe 1ncom1ng audvo s1ﬁnal to a band :

‘fﬁfo? frequen01es in the i ‘band, mhere;ore, the SSB excwter geﬁeraw7% 

“tes an r-f sideband from the audio 816nal 1nput translates thls i '

;VSLdeband to the final oatput frequeney, and provvde suyflclent ampni

" lification to drvve the v~ povwer amplzfver. Hence, a S5SB evc1uer,’*

" is 1n 1c'ac“l:,'a comnlebe transmltter 1n 1tse11. Funﬂtlonal dlagram ”
of a tvnlcal SSB eAclter is given 1n Figel,

Exclters can be 013351f1ed in two groups, a. TWem n+ary excvtersni
and b. Double- -conversion exciters. The 013531f1cat*on és such de~  &
Dends on the deg*ee ot attenuaﬁlon needed for the unde31red spur1~ ﬂ
ous mi xer products. ' ' ’ ' |

A s1nole mzxer—ewcwter which corresnonds 0’ the elemenuary ey0¢~1e
uers ig ?1ven in Pig.2. The process in this 81nyle mlxer—ewclter
is that an audio signal after being rocessed (%) LS fed 1nto k!

balanced—modulator—fllter SSB menerator. ”he outpu of th1s~gena-
rator is two 1ndependenu sidebands after the f11+er, and these tvo
outputs are connecbed in parallel Drov1ded that necessarv 1solat10n
be achieved. It is necessary that the SSB ez01te; attenuates the :
imnage and 1ngectlon ;reouenczes sufflc*eﬁ*lj. It tnls need 13 not
met bv a single m1xer~3301ter, then doubleoconvevswon exciters must
be used. It is ex tremely wmnortan* to minimige tho owstovtlop level
:'due to the translation of the modulaban frequencies, and 81nce‘

uhe mixers wit th a power output above 0,5 mw are seldom emploved,

13

g 2lso necessary to provide a large amount of ampllflcaﬁ¢on

it i
at th 1ast stage,whlch creates serwous problcms rom the point of

,(*) "P*ocessing an audlo olgnal" wwlT be dlscussed lauer 1n tﬂ*s

b Y

chanrero
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Sﬁaﬂillﬁj ‘and regenerat;on._f

“he signals et i e; output is shown 1n Fz .3. I10 we assumc aﬁ
X LC is the deszved m1 er oumnut, and vy is the modulaﬁlng 1"'fet.'p:.fsm.c:,)g,
‘there seems to be three freouency nvoducts only one of Whlch is the
‘desired freauency output X lc. The two other are I & 5, and X ¢ 2y,
 Since, norvmally the vnaec tion of X+ 3y is 8% much hlﬁher uhan the
~ 8S8E signal, it 18 necessary 0 provvde the su4f101euu attenvatlon
-fo# the LndeSWred frequency D”OduCuS¢ Tnere?ore the m“nlng proolem

is carried out in more then one stag eZ’as compared to the elemen~ ,
Tary J.exciters. Such a dual,miﬁer~exclter.¢pr‘ﬂ /ARC 58 ( ) 13 shown
in Pig.4. L SN T PR
S/Dgwb: Ge-N;gA7QQ B ' FQEQUENCY TRAANSLATOQ - AMp;FiEﬂ.
v T I 3-94me . L 4 3am me QurpuT
AUDID AMPL CoMPAEJJAg : gt SELECTIVE AP “"'E“ Sl m)sk; | LINEAR AMPUFIERS .

250&;05: : 2750 3750Kc PR ’ - A ‘» L Mam
S . R g Vs [ N
B ,(;wa?ri:E:)‘.’ h T:-thN’G.
.HJB
- o
- { Oscifla
" aups ‘A.,d;, Balonced - | S
-{::f’:_'-»%np’.'f- " rtoduiatorl > Pl'll‘er - Mixer - Ai‘;hf e . Vi Co a8 ’ S ) -
: — o  frayoen - A Beamnced j. PR 20,000 © .
S - : BT ~5npu£v\%‘“¢@Nﬂ*';vj' ‘.“77;»‘f7f;jz;gfk,
RPN s R rovwew Bl o R e ey TRy SRR
tredEel el Lo W ed o
L . ., J g RS . °$=f”4fcr B 'bsellldﬁy- ‘
L’S,Q' LT ‘ B, S Co R MCide . |20,455k<
Oseitlat] : s AR S : R >
) ’ ’-7*3.?H: . S e
" Voike feeg. | Balonced . . Varidble- | ' Outpid
‘ ’!"*Puf:?,—” Procuietuf | MirEr | il [ M ——_'-a:;,ﬁ» Ml \
.L-{- ] Haf N%;P,,.er T - S e . :
; . i > ” e U
°§Z;”ZZ°’ :.:-4?;1: xrxs,xz : Fibrer P e
.4
(*) 7hig iz a plece of 'plent manu'acmured bv Colllns Radic
3 o
Company. AI/ARC 58 was. comuaved a@alnsn ‘/ARC 38 Ihlch 18 
an AL set of the same company in the s acoad chanﬁe;.
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*ﬂ1151nce the carrler and the unde81red s¢deband must 'bQ supnresseé,v

To gemﬁrate the r-f svdeband o* 1°requencﬂes, the SSB e&c1ﬁcr
; uses low-level modulatlon and obtalns the de51red eu put 1eve1
*thvough the use of linear ampli 1ers,‘uov—level modulatlon lS usea

" and this can be achveved best by u51nﬂ a Fix ed lor frequen05. It
is UOSSWble by pructlcal deslvns to achleve a suppr6851on.0¢ caA«,l7

- rier by 40 db. The band of side frequenc'es is normany held to [‘ké*

cin sfngle-avdebana CKClterS for communvcatlon p yOSCS. 3

_ Ve have in the precedlng chanter seen the wavs o; generatlng a,Qif
» 'SSB szbnql. ”hls 1s 6one in %he 51dcband genevator n rt ‘of the SSfoi
"-eAc1+er in- Plb,_. ”he S¢deband @enerator prccesses the 1nput gudio |
‘ 1ona1,'generates ﬁne r-T 51aeband in a modulator,~°elects the de»’f}
"-81red 81aeband whlle supnre851n9 “the undes red. 31deband,‘and_8u9?*{:%

"resses the. carrver.:

4 24 Input ql?nal Processvnb

- The audio 1nput to the SSB genefato; mqu be ampl ie&, amplitﬁégi

_.llmlted and shaped befowe belnp applzed to the modulator cerU1t
'(ance the annlved audio input 18 generally a voice elgﬂal *“e nrowi

' cess‘tnQ of the ‘signal is much more compllcatea as compared wit tn thefi

'proce831ng of a SLngle tone, or a group of tones, or a smgnal 1vom -
a data gathering devvce of constant amnlluude. ‘

The amount of amplification depcnds upon the ovtpvt canabllltm
the source of the audwo signal and the input svgnal Tecvlremeﬁt
of the modulator., iodulators require an aualo signal in the vaﬂme

of 0.1 to 1 volt at impedances of 200 ohms for d*ode modulatorag‘o“i

several hundred-thousand ohms for vacuum tube modulators, The out-.

put of a microphone may be from 100 to lOOO‘tﬁnéh 1eés’£han the 0.1

%0 1 volt range. Lhcve?ore, to obtawn e¢¢vcvent utlllaauIOH of the
‘;%ransmltter pover amnllfler, tqe annlled drwvlng 81ghal should be
‘ as close- to maximum w1tﬂout exceedlnr the overload*level._-

In ordsr to makn the human vowce~more cﬁmpatlble Wmﬁh *he eTec»

-f'trlcal cnaracter15t1cs of a commun1cat10ns sysbems,_twp mebho&s of

s
s B
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reducing the extrems amplitude variations are used., Phese two meb-

oy

hods are the 1) compression, 2) clipping method,

the input signal is made up of sxtreme variations, such as
a peak level to averase level 4o average level of 4/1, the average
“transmitted power level will only be 1/4 the maximum output the

transmitter

is capable of

o Therefore, in ccmpressor clr-

cuit, this ratio is somevwhat reduced.

A compressor circult uses a sizge of » ush-vull ‘hich is biased
with a d-c voliace applied to the control and suppressor Zyrids.
Then 1% is amplified theough an amplifier stage which is counled
to a trensformer T, (Pige.5). Acording to the »olarity of the sipnel

anpearing on the center-tapped transformer sither V4 1 OT V@ﬁuonauﬁura
The resuliant curvent flow causes a veltage droz c”oss the corres-

pending resisior, Ijg. The nega ire veltage on the control and sunp-
ressor grids of V1 mnd V2 reduces the zain o7 %the tubes to Llimit the
excursion of the audl sijnalu Compression of about 10 db is uvsually

QUTPUT

Aubio

=x =

é
.

‘L”J_

IR

he clipper cirvcuit, on the other hand, reduces the amnlitude o
a gignal, and nrevents it from greeeding 2 pveset*lcyfln In this
type of reduction of The amplitude of the airral %he digiortion
ig verw high, and repults in loss of individualisy in speaking ans
broadening of %he spectrim cccunied by each greeche Loﬂ-pgss i
fers are usually used in conjunction ith clinpers to limit the

-
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spectrum and reduce dlStO”tTOn. In the cllpnxnu 01vcu1t, ,We&k
consonant +that Tollows a loud vowel in human v01ce Wlll be leﬂL

: full amnlvflcatlor, althoth the precedlno vowe'l was severelJ cTanl

ped Thisg amnllfylnv of weak sounds in relatlon to'ooxt sounds is

referred to as ”consonant am911fvcatlon"¢ A 81mn1e cllpper clrcuii*'

is sho n in F1”.6oi

FIG.6

4.3, Todulators for SSB , SRR v ,

In thls secvlon a. short dlBCUSSlon of the modulators used in
ASS? system w111 be given alo.no wﬁth the schewatlc d"awrams. Theve
are three types of modulators used in the SSB system. These are
(1) rec+wz1er.nodulauoru, (2) multwelectﬂode vacuum tube. moduTa—
%ors, (3 nonllnear reactance modulators. In general several tvnéO‘
of modulators can be‘classlfled in fwo maln‘functlonalAclassesg.
(1) those in which theﬂquulation isrdeéeﬁdeht pn,%he polarity of

the modulating signal, and (2) those where the modulation is depen~

»dﬂﬂt on the 1nstantaneous waveforn ox the modulau*nv szgnal.

The maln advantage of the rect*zlev modulators comes trom the
fact of high stability compared to muli 1electrode vacuum tube modu-

lators. Since ne heating elemenws are present, no power dl gipaticn

‘takes place, ”hc “0031;1er modulators are of three types, rlng, 8E--

ries, or shunt . ”hese are shown in. (a), (b)y (c) of Plﬁ.?..‘he reﬁvf

_ 't1I1er modulators are connected almost’ always as balanced modula~
“tors so that, there will ‘be no outnut of mhe w»f SWlECh~n” voltugc
"1n the modulauor ovtnu erm~nalso L o ‘ ‘

- On the other havd, multwelectrode vacuum tube modulators are
more flex 1b1@ and used in & wlde var*ety cf appllcaulons 1n adai-

tion to szdeband ﬁeneraﬁﬁono They are capable 01 ng ng conyemﬂlon ;
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]
s, Vacuuvm tube modulators

ing clemen’ s employing
Long dependent on the instantaneous amplitude of
£t

e
siznals, are basically one of two types: & product
re law modulator,

Pos. 2‘. cyeLE

NEG. cqu‘

1
Pos. Fi cycLE

(]
[t |
B
D,
B
R € .
NEG.Z.L cyelE
4
(v)
Pos. ¥ CYuE
EaN

Dﬁ \\ // Da
a( EC
NEG. L cycie
(c) .
PIG.T .
nal of B product modulator is pr ~oporiional tc the
$h the

one beinz the carrier and the other beinz
’ o this kind of modulator is a Adruble

, . 2 s 1} 71
carrier voliage is aphlied To one grid
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o
£

and the nonulat’ng signal applied to the other,

On the other harc, the médulation $takes place in a sguare-law
mpdulator directly because of the nonlinearity of the shape of %he
plate current versus grid voltage curve.of =

Lonlinear reactance moduletors ere nct used frequently due to
he lack of wﬂterlals uzable at hizgh frequencies,

The purpose of the modulators is %o obitain ap r-F sidsband by

combininﬁ the audic signzl obtained from the processing circuits
and an r-f carrier wave in an awmp plitude modulatecr. Suppression of

o}
éa*rlef takes place,; hovever, in the balanced meodulators which emp-
loy either vacuum tubgs or diodes,

In balanced vacuum sube modulators, when no audioc signal is app-
lied, the output of the modulator is zero, since, the gsignal from
one tube ig canceled out in the oubtput circuit by the sirmal from
the other tube. But when push-pull aundio sizgnzl is applied, one

“tube will conduct more than the other, since the modulating volia-

gés are of opposite'polarity. Todulator ‘is nov balanced for side~

band, althouzh it is Tor carrier; there

in the output thoush the carrier i ressed, Since the process

ta?ing place in the modulator isg actually a mixing process, there
e

a
will be a sum and difference fregu neies at the outout.
At least minimum 30 db suppression of the quf er must be achie-

ved by using two tubes of the same characteristics. Fut, slace 1%

ig necessary to obtsin ai least 40 db suppression of carrier in
ginzle sideband suppressed carrier transmission, further suppres-
sion of the carrier is achieved by use of filters Tollowing the

ulators emnloy disdes instead of wva

o)
.
Q
o
o
o’
5_..!
o3
b

0
o]
joh
sm

e of this tvpe of modulators, as it was .
ability due to non-eristence of the hesiing

(9]
Pz d
2

[
i
jayd
)
@
Cl
G‘

elements. Two trpes of balanced modulators ars shown in Figz.0 emp-
lovinzy vacuum tubes. & diode halanced modulater ig sghoun in Fig.9.
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% ”able I shows zhe mo"t p‘”nlxlcant Modulaowon nfoducts (up to ,1’f

and 1nc1ud1nw 813 th crder) CXlstinb in the output of various ygoL.fig

1atcrs.' ’ ' < e >‘__ S uﬂ.;;u;,1‘ _ R s
e TABIJ‘ I. ¥ JUL_ o}; fPEQDUGTS

. Single diodef, ; Series th~dipde ’ Ring or four-diode .
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.- Single diode | Series two-diode | ' Ring or four-diode
e
;(?)*lf the sig nal coa31sns OL two freouency compoaents,~ and Lé

gthe modulator outpu+ 1ncludes‘ f (QP S fz) ana f (Zf

L f and fZ, vnclLdes the fOllO?vnb. cf*i?iz .~2)o f *-(2;
(Bf 2.&.2) s a‘nd (Bf - 1)' Hitks -

anslatlcn to tne Opera‘clﬂ0 F“eahency

} lranslatlon to the operatlnw zrequency 18 achieved by“use of 're~
7 ;quencyﬁchangers.v”hese 1requen"y changers emnTOy all typespox.mddz
"}1ators discussed above, and nameé ‘as. "mzxevs" In this precesSﬂ he
S8B 81ﬂnal 18 used %o, modulate a hivn—zreauenﬂy c&rrlerf hoée fre
quéncv 1s such that *he upper or 1ower sldeband lS on ineﬂdesﬁrea‘
°operat1n° frequency. Thns modulﬂt4on pvccess gvvea as result p”Q
__'&usus of frequenc1es, elﬁher tbe SLm or the. &vffereﬂce of uh@ csﬁ
*frlev and the modulatvng 1reauenc The 1mpovtant cop81aeratlon here
?f~1s the freouency stabllltv o10 the carrier and the £ eouency s:mcm~ c*
 ,81nce anv error 1n the carrler freavency is nassed on to szdebanﬁ
;_ 51gna1 1n eaacu pronortlcn,'”he uranslatlon system con81sts of twc ;
‘f;baalc components- the moaulator Vh¢ch is generally a11ed as a mlxe 24!
fi‘and the carrwer commsply called osclllauor 91ﬂn 1.  ’,J:p~' o

4 S.ASnurlou leer Products

A balanced mlaer, uslns a. double *ﬁlode 12&27 is saown in ﬁi 0105
 v?and another bulanced ml‘e¢ aseag—%eaas&gvens 1s sh owmn 1n ?19,_1. -
f'As it was dlscussed earller; to el minate %he spurlous mixer ‘pro- !

ducts double-converSﬂon exclters are vseda "hese efnplc:rr mo“e tnan :
t?fone stage o? frequency chunger,,”he modt atlan praducts are shown .
 in Table I for various tyn°s of modaTanors, an& aol@ 1T shows thu; K
,f faa1cu1ated fveoucnﬂy nroducts ccntalned 1n the plate current of- a"”s
L 1ZAUT tﬂlode mizer(). . L SR - ~@"; L
Jf(i) "Dual T rlodevxifersrpoﬁer uerles Coeiﬁzc“erus"5545??9°Tt‘b§.74
D, T.W.Polie T/23/53. - =
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TABLE II -

| eos¢ =P coginﬁqé 2 vrms f,QSig “'Q cos ct = O 2. V

G  Eb 2)0 V Lk’ 10 V : Ebb = 415 V ?L_§;19fg;f°

_‘mable derlved Irom novar serles e pansﬁon wbere

. an“~ P cos pt S Q cos at =

- Zero db reference 13 marnltude Ol (p**q)* e
;31:3.47x10 4, a2~1 47y10 5,'33=2 10‘7, é4'3 7x1o
I 5_5 7110»9 5 ~

Proaucu Or der

+Bo
S P
b .
: 2P
R ) = - - P kR:PE&E"NCE‘ s
- s
S 23 aprq
. — 4p
) ~r . 3pt9 .
g Px29 : L 5p
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E‘ . 2pt2q
| tqg..
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-30 “ : . 3q © pxaq 3P52¢1 .
» 2pt3q
. 449 ptdq |
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160

in order %o obtain the QGS“red sum or ‘the ¢if Pe enceffrequgncyﬂ;'
.43 would be ideal to use a tube which had a cna%ac erigtic cuzve
- of second degree cnly. Un~0r%ﬁuatéj"g s:z.ncp all the tuhes nave cha
-;racterlstlcs 71vh ni ev—degrce of curvaturcsg' hls causes ada1t1~
onal unlesmred c0ﬁnonents of freouepc#esé gomeikLes‘ohese nroéuct
are Tar vay {rom uhC deSiTCd freauenc hhau ’t 1s.relnb1v 1v afg,
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zQ;to eliminate mhem. Luu in case taat they ave Close to t.e de,

o 31rea o
".Afrecuencmp or in the passband OT the f11ter used, the nroblcm beco-'fﬁ
.;mes compllcated, L _.:~ i S

S/,hal (0.5 v) :

‘Signdl [0.15y) -
.. Osc/llator . .

{3.0v} . .

L 2.5-2F M : _‘_2?5"."

(2.9} scopt . *250v
‘oscillator 2,500 ke - U '

4,
LOW-'”'\pcdan:e

FIG.ll'

rf‘able II sno I8 tuat there arc nany unde31red pvoducts whlcn are:
‘ffgveater ;n amnlltude than the de51red one, anﬂ also many which ave
*fsmaller in amplluude ohan the dea*rea one. Purthermore it ghows ’ ‘
74‘+hat as tne qmalvtude of the undesired products decrea@cs, the araer
of tne>m1”ew Q”Odqu involved 1ﬂcveases, 7 the szgnsl and operating g
Qf‘xreqvehglés are cnosen 1ruel11gentlv the prpsencewoz,undeu;rud'ww e
fproducts vn the outnut [erd tne frequency translatidﬁfsystem‘ﬁay'ﬁ@ i
i;LBIKWZeﬁ» i | | | o e

6. 080111 tox Peouayemonos |
‘Since the _requencv'stﬂbllwty of the outph signal depends on
];accurac} achieved in the cerrier frequency znd the frequencies of #in
‘;reouenoy'caanre?s orum::eru, the errox 1AVﬂ1vc is the sum of the
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pt_errcrs pvesert in emcn stacco As the evror lncreases, a certa*n

- the'naturalness of ﬁhe reprcducea speech to su Ter flrsta

*VFor varlous osclllatcrs, thn osclllator st abllhuv 1s glven,:OL

a.,m.ent ogcel llator. rrequemy comrol techmques 'm.‘*l be zuscussea
31n Ghapter 6¢ ’ '

‘,f mABLﬁ IIL,,TYPT AL O“CILLAWOR LO G- ERH rn KCY EPROR :

&

97. Ampllflcatlon

oy 4

= &mpl‘flcatlon 1n SSB transmltters is usuallr achlcvea by hﬂ51~ 
;aawn te%rode tubes,,mherefore, the outpLu 01 an eaciﬁef muy be lxv
mlteﬁ to a fractlon.of a. Watt. iavs power output 1s apdlled to
linear ampllfiers in whvch:~t is amnlifwed to- suca a: degree that
is3of sufficxﬁﬁ;magnltude to aere %he 1ast % age 0-‘11386_ ‘

;po*.v 3? amp.,.:.a.:.er. f .zl

; v;uned circui s are used 1n llnaa? ampllfiera exTSSR eﬁcﬂuer;
" “because, on one hanﬁ, tﬂese uuﬁed clwcu1+s constltute suztahWe

 whick suppress the undes*red frequersv vraduccs in the frenuen y
’*?traﬂslatlon system. ‘ s - | |

-

‘fIn oider to ellmlnate the thlrd crder’i Lﬁwibaulationtprdducﬁgi

ters In‘t 15 chart- spuriovs mixer proéueus are plomfed wluh
o Frespect eo the 81¢nal and oﬂchlauo% *recuencles.;. e

. ’f}pelnt is reached where 1ntelllgibilv v is. dngraded '”hls LﬁL&lWW,Sffiﬁ
'ﬁ?,occurs at approxlmately 100 cgs. A 850 the 1n&reasn in ervor causes 

the stabllﬂtd is. tne rost’ 1mpovtanu xac,or in ch0081ng-*he coﬁVe-.v#;f

~fgﬁa,;i;w = ,31§“~' oo Teror cps |
'"59?9*;;??93'T¥PQ;“~‘”'srrpri%f; e | 10 Hc»:u?BQ e
;yarl able Frequency Osc, | OQOBf;\:;“ 1500; 5000 1}15090 RO
Crystal Oscillator | 0,005 | 150 | 500 | 1500]
‘Pemp, Controlled Cry.0sc.| 0.001 | 30 | 100 -175A300~:F Fo
;Preclslon S%andard Osc. | 0.0001 | - = 3 10 | T30

?'?5410;d.r381stance for the 11near amnllfler causvno a sufflcleﬂt'"ﬁi“;*ﬁ
7 tage ampliflcatlon, end, on the other and, -they act as. Lil+9r“:":°

ate“A "b§urlous nsspcnse Chart" 18 added at the aﬁd of thls chaﬂeff
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o easEsa

5ijflow level modulatlon mLst be vsed ,n llnear ampllflaws of the SSB'

1ch 13 »he maln sou:ce om d¢stor+1on 1n.tuneu 11neur>ampll¢in1a9

Eftransmitieravpuv since the third order ’ntermodulatlon DroﬁUCué‘a?Q
ialwajs cloce to she deSLred SLnnal or Lall 1n xhe amnlixle& ‘pas
}band, it is nenessqvm to lwm”t the magnitude Q; %ne 1nput szﬂn_
fthat the tube opera%es on a 11near part of zts ch acterlstle

;:{The 11near powe¢ amplleers Nlli be dlscussea 1n detall ln Ch por
:8 ox thls t%esws, ‘j;_' | e s S ﬁ, :
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A xIn ﬁhe nvevwous caapter tge SSB ea,lter was consldeved. t;
- ;ﬁchaptev Vie are valné cc~dlscuss zhe 'SSB_ 7 celve‘ conaﬂdereuwoﬁsz
f‘;igszit4naa already dvscussed in +he flrat chapuer ihat rpcen+1on
Vfggrocess 1n SSB &jsuem LS essentlanJ the same as the demc&ulauion
ffgpwocess in;the AN s anem etcent that a carrier wnlcn ig identical
lif]uo the one used in SSB ex cciter must be revnaermad in the demo&a1a7 f§
ff}tlon process, Tt was also said thet prevmously a pllOu cerrier
~ibwas transmluted 1n o”der to 130111uate the vecoptvon chcess,bal~rf P
,’1thou&h this 15 no» necessary today W1th the use of hzguly preczseii E
'f?*ﬁequency devices and high selective circuit s. Furthermore, it mQ$ "‘

'f31nd1caﬁed/wﬂ uhe previous chapter that when the ‘frequency evﬂo”""
"fe?ceeds 100 cps 1n elllvence de*raaaulon occu¢s. Eherekore, Lt is-
| éfessent*al that the total frequenCJ error o? uhe svstem must be 7ess,§
,i:,;‘,,than 100 cps. | | gt P

,hi?:fﬂsually double—converclon superheﬁeroéyne 01T0“1°5 are em?loJCdl
:A,fvn the SSB receivers. ‘The purpose of using doub1e~conve$810n method
'ffisg as. 1n the case of. doub1c—conver31cn mixing in,the twanSﬂltters, i
i to reduce the spurious demodalatlon P”Odu°t5° High-frequemey -
| ?fconverszon ig achleved by a hl.hly stable crystal 0“3‘11““039 “n@ o
;3 tbe lcwafveau&ncy converszon emnlo}S a turab?e °“°*11at0r°"r" o

‘ The aud1o slgnal in the' Aﬁ sys»em,ls recevereé Trom the v—f 31ge;}
: f;na1 bV‘means of an EﬁV°IGDe deuecucr The same meuhcé ‘can be aTSc :
ffused for deﬁec%iom purnove lﬁ the SSB receﬂﬁeﬁ prov1ded that the
f7amp11tude of the reinserted carrier be nlgh enough 0 ! kegn tne/ ins
t’f‘temo ulatlon dlstov-tlon at a low levele B LT i

,‘1f”he avc (automatlc volume control) cvrcult used in the SSR wccl
1'?1ver lS also somewhat dleemunt Iﬂom the one tbat is uged in the =
P system.»Tn~s arlses from the fact ﬁhat the carri ier in the Al
{;s"stem.lu relatlvelv congtant and aoes not vary quickly in the-
'f%amplltude. “herefo”e this ave system may ‘have a relatively long
'3 t1me constaﬂua_op the o heﬂ hané, sznoe the: sxvnal ;n the SSB - 8*8~ 31
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: tem: cnanﬁes very rapidli, tq1s necessvtates the use OL qu~ck acti hL'
type of age (avﬁon atic gain ccdtrol) rectifier.

Siﬂgle—sideband receivers have three main sectionss a' radio-fre-
‘quency section, an intermediate Trequency section, and an audio-
frequency section. This classification is the same as the one ueed

in A¥ gystemnm,

561, Radio»?reauencv Sectioﬁ
The radio-freguency section of the SSB receiver employs an r-i

amplifier and one or more mixer stages. The purpose of the »-F sec—
tion is to translate the »-f frequency to an intermedizte freg
Ineréased sensitivity is obtained by the use of an »-f amplifier
at the first stage. The second advantage of using the amplif -
. the Ilrct stage is that it reduces spurious producte, Increased gen-
81»1v1tv results from the fact that the nolse in the amplifiers is «‘
much lower then the noise in the mizers Aloo r-f filtering is o
nsed. to eliminate the spurlous products without mvch affecting the‘_
signal-{o-noige - ratio.

The mein sources of noise in a 35B receiver are the antenna nol: c
the input resistance of the receiver, and'ﬁhe grid . circuit of the  1
first amplifier tube. If the gain of the first amplifier tube

not high enough, the grid civeuit of the second tube alsc contribu~

)

j
2]

tes to tbm over~u17 noise.

. The. antenna n01se is due %o the thermal noige, which reﬁultg
from the random motion of electrons in the antenna. The noise vol-
tage‘can'be calculated by the following eguation:

" . 2
B (4(HBR)1/

n

-

n = TmS noise voliage N 3
T Roltzmann's Constant, 1.38X10
abgolute temperature in o%
bandwidth in cps

registance in ohns

where

o ey
T

-y
r

v IR v s I o |
1

it
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e*efOfe, it is 8pnareﬁt L“O zhls eouatlon %ﬂah Lhe n013e
‘magnlhude lS proportional to the bandw1dth.,,

- The noise ngurp pevtainmng to the recelver 13 ehpressed as uhm'
.raulo in decibels beudeen the noise level of the receiver o Lhe}k
n01se level of a pe rfect -receiver, in whlch all the ‘noise is a39UM
%o be generﬂted in the artenna by thermal a¢1ﬁatlon. A'nerfect “acc

"lve% in which the input circuit is d981rned %o match tﬂe antenha “eig
SWStance hqs a noise fizure of 3 db.

- The tube noise can also be expr essed as! be.r.nD equal to the novseﬂi
 .generated in a r651sbance of the proper value and this is called the
“{equlvaTent noisey resistance of the tube. Equivalent moise T'c»zslsﬁ::.m--»
“ges of the tubes are glven 1n Table T, A functional dlagram of a _;
typical SSB receiver ig piven in Fig .l, and the noise sourcns in aifg
‘jrecewvez'dneshoﬁn in Fig.2. e

RF SECTION - | " E sEcTioN I Aupio SECTION
s ) T , ] S '
WE pixER IF AMPL LR MixER} F AmPLS g | pemobuLaToR AR AMPL
O %
R R

€3

CARRIER. -

FIG.2

From the table it may be deducted that the triodes hav re love
poisme than peniodes and emplifiers have lower nolse then mixers.
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TABLE I, BQUIVALEET TUBE HOISE RESISTANCES !
Type Application gmor ge | Celeulated B_
2051 |  Triode Amplifier 5500 455
6ACT | S 11200 220
6ATIE L o » 11000 230
©olean4 | « | 10000 250
| 6BKTS Y o 6100 | 410
6BQTA | o | 6400 ~3%0
6357 , - 6800 370, ;
6J4 - o 11000 230 |
6J6 | : | 5300 -~ 470
614 7000 360
6Us | 8500 295 b
12am7 - 6600 380 s
12007 A , 2200 1140 ‘
12A%7 | o | 1600 1560 3
12BHT - 3100 810 v
5687 | o 10000 250 It
5842 | 24000 S Lo TR §
6386 : 4000 625 : ‘
GAGS Pentode Amplifier 5000 1650 e
GAH6 | | | 9000 | 720 1
6AKS | | | 5100 1880 |
6ATE 2300 8800 i
e S 5200 | 2660 §
6BAG o 4400 3520 i
6205 - 5700 -390 f
6TD6 | | + 2350 13800 3
6EH6 | - 4600 . 2360 |
6RT6 B ‘ 3800 3860
cnz6 | | 5100 1460 y
| 60T6 | | - 6200 | 3:3-4»0 %
| eue 5200 2280 |

\

|
]
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@gpé::"“ ;Appiidation~" M  v gm or g Cd*guiatgd an

.,*iéé§1g°i’i Driode Iizer  ;f ' 1375 1 20000
leama .~ ‘2500 | . 1600
Coless | . | etso. | . 1450
o|es6 | 15750 | 25400
olems L boamso 2290
C|aesm7 o | o o) 1ss0 | 2430
ﬁll?-BrI'?' oo TS 5170
|esse | . | 1000 | 4000
| 6465 | Pentode lixer | 1250 . | 6600
leaxs | . o | 1280 | . 7520 .
lems | | 1wo | - 1080
Co|emze o | 1525 | 5840
Cfewe | 1 130 | a0
l6xs | | 20 | 7780

6BAT | Pentagrid Comverter| 950 | 61700
lese |- | 475 | 174000
poojesaToop L4500 |- 240000
-  ”;;5837!_ L oo .| .m0 | 61700

, The 1deal g selectlvlty would be obtalnad il tarablu clrcults-
]Fwere nTaced befove the r-f ampllfler. But: ub .8 ig 1mposswb1e for
};maln,v two reasone- first, it is 1mp"'nctlcal to use bulkv tunable
j_ c1rcuits %o correspond %o a Jarﬂe gpan of h~f :reoueﬂc"es, and the
‘ use. of ‘ilters 1ntroduce such a- hlgh wnse?tlon 70°s iﬁ&u Thla de-

7,gﬂades the noise figure conszderably, VWhere it is neces arv to use

-;fllterlnb oefore the raf amr11¢1er, onlv one tunable CIT“uln is
 used. hlgh gelectivity lc obtalned by uup “@SSlﬁg the snurvodc

,-ffrequency produc by - u_s:mb a tunable fllter between the r-f amp-
Q5glvfiﬁr and the mixer., The number of elemerts usea 1n the tunable
B fclrcu*t is determined bg uhe,?actor Q. ‘
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v . mhe generalvzed seTect1v1ty eurve 19 vlvan at tbm end of ?his
f'chapter.;vf*' ‘ ARt

L mhe r—f szgn l 1s uvanslated 1nuo 1—~ slwnal by meang of mixera
}f”he»miwers have been dﬂscusscd 1n the pvev1ous chapte But thc,yrob«
7?1ema encountered in. recelver_umixews are slightly Lﬁapewent f?dﬂ'
‘5those encountered in the mixers of transm_uters. !vnvcgl ”ece1vcv
n:ml er spu.lous response 15 ,hown in: ﬂiu.B A recezver nixer crosg-
;~0ver response 1s shown in F1g¢4o ‘

" . PRODUCT ORDER

S IsT ). 2anNp .} BRD AR
< R 4
L \
20| B00%e
gl e | 4c00pes00ke
. R B
- Y
B
-
o
Caaplt oo . "|35004500 ke | -
’.:‘..;”.—60» PR I N ) '1#50,2250»«;' o , o MIER . IF FlLTER
' - N SIGNAL 499 ke
1001 ®e 1y P
. c{2ND HARwmONK - .
N HixeR e : 2002 K¢ J
CINPUT Y w : .
1500 k€ O Sooke [T
AF]
: S ﬁ' 1 - Dsc .
@ o : ’ © . 4500ke
2e00 ke . Lt
PIG.3 | . | PIG.4

v ,Crousover (twent, or bvrd_e) tjne of response is very irport;nt
in receiv rer nmikers. This is illustrated in Figedo Figo.4 shows that
a 1001 ke is anplleﬂ te the mixexr a1onv‘w1ub the uranslan

W2
o
%
0
e
o)
H
ot
U1
o
O
W
o
o
3
g
©
]
S0
h
o)
LR
(4}
-
iﬂ
C.’
'5.4
=
(o)
o)
SR
i
Y,
g
jacy
oI
,..
c+
::S‘
[0}
H
1..:
’-—J
<k
. B
J
o
'
o
£
]
Q

the 499 ke de31red prenuency du+ a‘so, éue o the second harmonic
(2002 kc) of the siznal freguency. amo‘l;he'n output of 502 ke appears
at the output'ofAﬁne nizer, These two szgnals‘senaratea'onlv Lw e
'ére!passed by the i-f filter and demodulated %o give a tweet along
with the desired signal, = : s
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‘The best gensi 1Vﬁtv is achleved by as ‘much galn as pos ible
ahead c~ the mix eTTe Thig mmans that the vlvnal level is so strong
to“be sufflclent to’ ovcrrmde al1 He nosse Lrom tﬂe m_aers,

e Oross modu atvon is not so 1mpo”tant vn SS“ rcce1v5ra’as it ig
1n Am vccelve“s, The cvoss moou‘atlon reﬁults Ffom a strong signal
: near the passbana of the 1~15111ter,"hlch affects the passed signsl
when the fllter is tuned to a week signal. Since theve is no darrier
in the =inL1e sideband reception; the modulatlon is applied %o each
‘of the ‘sideband 81”na1 componants. ”urthermora, since the sginzle-
81ueband 31gnal consists of a number of relatvvelv ”eah components,
thls undesired modulatlon is spread, and the interfering signal is

relg recovered as n01se, ‘ ' . . . C

, '572;”Tntermediate—FféquenCy'Seétion

' ”hls section is composed of two maln sections, freq uency selectiv
fllter elements and ube ampllfler staﬂes, The selectiv *zv of fthe fil-
ters used in the SSB receiver mist be considerably hizher than those
o used in the SSW transmltter to sttenuate the unde31reu signals more

ohan oO db.. In the case of” e xtremely weak signals, the attenuation

v d gree nust be groater than,60 db even. Opbimum se’ect*vlty occurs

when the noise bandW1dth is large encugh to nasu the required intel-
'ﬁlvence, and the gkirt ‘bandwidth is narrow. enough to reject an un-
desired 81rnal in the - adaacent uommunlc tion channel. These corry
nond to 6 db and 60 4b vespectlveTy. Therefore this ne cesc1+aueb |
cytrenelj steep shlrts on the selecﬁlv t“ curve. A se#eCulvvty C O~
narlson is shown in.Plg.B. This fl"ure shows that the selectlxliy
u”ve obtained by a uOlliﬂS mechanlcal Illber is very close to bhe

1deﬁl seAect1v1oy curve, On the ounpr hand, double-tuned circuli
emp‘ov overcoun?ed i-f trawSrormers of Q's 04 150,

JEUO S
SR R

- The amhllller stave 1ncreaseg ﬁhe sig nal to such a value to 4
the ﬁemodulator stage. In the amplifier stege cascaded class A linems
ampll *evs are employed uulﬂ: remote cutoff nentode tubes. Tuned ¢l

Ral

!
cults are used as load resistances for these amplifier stages.
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e 48 it was mentloned above that the age is alfferert in the 881
f;ﬂfEcelvers from that used 1n the A recezvera._Becausb canvan i nal
"?‘avc operates on he level of the carwﬂera ownce vhere is no car-
riew in *he SSB receptlon excep* ‘the :nserted one or»uhe local cax- -
rlev, tLe automatlc galn ﬂont”ol systems used obtaln th ir vn;or~ é
mation directly from the moau atlon envelon On.the c*her hand, fj
i{ 31nce the 1nsavtea carrier isg o? hlfh amplltu&e, SpQCLal attention “?
}‘ ;”*5be ﬁevotad %o 1soTate it from the aufoma+1c zeﬂn con*vol Sy e~
tam.:”his prob7em is solved by taﬂlng the. 1r¢ovmatﬂ01 fﬂr the agc
&irec%ly from uhe auﬁlo 51"na?\volnaﬂeov ' ”

i
3

3
b

: Thp tlme constant of the automatic gain qon rol s“ﬁte is've;
'fV*mnortant becavse 1t must 11m1t ”anldly svronm rnnl fr c
tae lové, and leo 1t must be s1cw enough to ?ellow the lelnbgc
va*laulan of” normal speechg Thls is saulsfznd by ﬁtRC circuit of
50~msec caarge ﬁﬂme and 5~sec dlscharge tlmea An_ﬁGQ{circgit'ls
shovn %n.Plg.Ba i T R

'} v5e .Nﬁudio~Frequency Secblon

,auéﬂc-frequency sectwon emoloys demoduWabor to obzaln the

. ’9

,‘,»T
fd “i ed aua¢o-xrequencv signal 1rom the 1noar“edlate rr quency
along wlth the amyliLlETS necessary o ampl ity $he 1gra1 to a le

sultable for the audio - outnuk clrcultsc' ae szngle svdeband ig firei
camolned with a locql cawrler of proper irequencv relau'onshlp with

the orlglnal audio- svcnal. Ag it’vqs dlscuuseﬁ _ﬁ uhe chapter of
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qlngle Sldeband ueneraulon, either pper"' the Tbﬂé* J*éeﬁﬂn’jls
" obtained . acccvuvng'uo hhere the carrien looated W*th espect tc
 $&€ passbanl characterlstlc of the 1ow~pass 11lteroiTJ the carrier
ifws placed on the vah~ requency side of the chav"cter' ’ﬁc uhC lower

;_31aeband is obtawned and vice versact

A Tn order to minimize the 7ntevﬁodulat10n dfsto%tﬂon nrouuct
wfprgsent in the audlo-outgut X rPna}. product modulator circuits a”e
}uS¢d"in,ﬁhe SSB receptibno”ﬂiso they-do not require large local
_ﬂarrler voltabes. A pvcduCu modvlutov used in SSB rgceptibﬁ is
Asaoan in 1g.7¢,* - o
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*ﬁ the f;rsh "1ve chapLers t? g ral Cﬂﬂ?&@u@“lﬁﬁlCa of the
15534819381 a“e conszdered.»?zrst cha t r was devo sed o the bencia?

_ comparison. of.various mcdulatwon systens. as an 1ntvodu0u10w¢‘§ecﬁua,
;1chapter is devoted to the conslderaﬁlon o?,ﬁhe S58 system in gene~
ral as compared $o the AN and Fm‘system. It was also dlscvﬂsedgin'
“vthls chanter aat the 8sB SJstem,has an over—aTl advantage over
,ibo+h +he AJ and Tl alﬁhough tne comparlson betwgen the 883 and Fif

: ’{has not. been ?ully develoned yet The - economics of the SSB systemf
';ffﬁasccns*deved as. comﬂared to tha &ﬁ and a brlef hls*orv 0& SSB de~
‘f{velopmeni'wagvlven.~>”' Vi ‘ ' o R ‘ |

S ;-“1rd chapter undertekas *he sxngle S"debqnd ﬂenevatworo In £E¢s;
., ’hantew Slngle sxdeband @enera+1on ‘tecliniques were &1scussedo~in -
_,Avth’ chapter also ‘a th,r& metho& or “modl?lea naase— hlf+" mohnodggf
i};of generatlon o? alnble 81deban& was glven.' ,<'f45Q¢A.‘f B |

:“ha fourth and flfth chantevs con%qln uhe geﬁerql desorlptloRVf‘
e 1ngle 51deband excltevs and receivers. TLe ba31c eTBwenﬁs of
~the. 'ransmltters and *ece*vers.we e rlven 1n tqssa WQ chaptevs g

a10ng”11th,the Lue con31derat10ns to ﬂvportanu’sneC1"ic ﬁlong«
of- the'sVStems used espec1ally'1n)0011~ns equngﬂnt TR

to tﬁeAfre@vency

xo chapuerswwlll.be devoted

: ;1erh émplo"ed 1n the ﬂst sta
A ter 11near~power amplillers rzll be dlscussed, and meaﬂs af redv-
._1C1n0 the al tortlon.ln 5ucn amplzflers :ill be determlnea.
“fsneclzlc ezarple 208U~10 emploveﬂ 1n the Transm1t+er °1te o}
;jiiumlr, ws-chosen. Furthermore, 305~1 Jlnuav Amplzfier of Amateur
ﬁ;uldeband Equlpmenﬁ of Celllns is descvlbed shortly with 1ns circuit

As
£ HATO,

¥

73,d1arr&m ﬂlvenaﬁ - »‘«j : ff_ ‘fﬁ” Yf/;n DY
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CHAPTER 6

"[iif"cormpor OJ: FRLQU?‘I*f‘Y 3:1: "T | SB SYS'T‘E_

;7fcontrol ln +the SSE system is very imnorrant ‘Thisg recults from the
W?ﬁ;acv uhat the 81ng1e 31deband suppressed cavrler cemmuﬁlcatlon syrwz
'}Q»em does not use a- carrier. mherefove, stabilit by of the reza erted -
3fﬁ*requency at +he “ecevver is the main poing te be obtavnedo & fre- ;
’ﬁfcuency error in carrier reinsertlon of 20 cps or less will give &oo%
_?”f o#ce,reproduct1on. Frequency errors of around 50 cps will ceuse an |
lfpappreclable dlstortion, and the reproductlon Wlll be 1mpalred a* Ai
'VlOB~cp8 ?requency error.. 5

' f It was 1naicated throuohout the'xlve chapters tha+“uhe 1racuenQV§
i
3
|
1
1

_ BeTore the Worla war II, the 1ncreased 1wequenCJ accuracy we‘
g,]provided by crystal osclllators and a multlnllcwtv of channels wag -
?;gprov1ded by a llke number of crvsﬁals. This is vevy 1mnrac%vcalg
- and it was requlred that ‘at a flick of a switch one of hund;e&s 037
"”,channe 1 is chosen immediately. Purthermore, the need 10? having |
} na?rcWev guard bands and viilizing the Vhl bands in more extensive
~>fservvce nece351uated the developnent of mly 1ple cvvsta1 svnt sizex

1

. ;

1];tors togebher to produce the desired outnu* ?ﬂesuencvo Eacl osrm]»,;

 13£0 ccnta~ned ten or more crysna’s t0. ﬁfOV“ﬁe a multznlzc¢*y of
Lffchannels.féfme'_‘” s _%,;,,_   B G e

'~6'1;”&chié§éﬁenﬁ of.FrecuenCy tablllty in the SSB Systen
The 11rst Sﬂngle szdeband h—f ﬂystems uld not use the ecnni vgsi
i}of frequencg stabvlztg that are used today In order %o achieve 8
“cohereat detectlon ‘either a pllot zone or »avrlar ;as uganuhztﬁeﬁ
ffalong wlth the svdeband comnonents, end the recevve frc"ueﬁc" wes
'S¥nchronvzed with the uransn'tt ing frequency. The use of crySual~
Econtrolled 090111ators was suffielenﬁ~to give the requ_?ed amount
'io; Su&bl ity. | e L
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» &utomaulc Iwequency coauro1 tethBQHE Was no» usec 1n t% fiféﬁ

"°1n918~51aeband :acﬁOtelepnonJ because the operav ing vreoumnc
5fas low as 60 kc so thsat tne frequenev stabllltv reouzremﬁn 3@3.
fmet by the avallabTe oscﬁllators, AQ the soap¢11tv and the ageu Uracy |
';of uhe ;eauenuy xe“e ﬂncrease&, tne osclllato st bocama.balkg and |

&g
‘fj
9]
vl

*iﬁfraglle and limited in frequency channels. ”here*or -the»need»fer-

Lj~stab111 ty and’ accuracy . was satwsflea later b; uhe ac e’opmenu cr 
V,Lthe c%ys+al LTGQU@ECY synthe81 ' ' '

Bas ally, the 51ng1e crys»al frecuency sy he31ve“ 18 a c*vcusﬁ
‘in whlch harmonics and. subharmonlcs of a single —gtancuﬁd ‘oscillato
:5jare,comp;ned,tp prov;de a mult 1p1101ty of ounnut Signals which aru
a1l harmonically related to a subharmonic of the standard oscillatox
::7mﬁé'blb¢k'diagram'éf such a svnth981vev is glven in F:gﬁl. The gz ca

 mdvantage of this circuit comes from the accuracy and: stability of

""tﬂe outnut 81vnal whlch_gs essent1a11J equal ta tnat of the atandar
~vosc1llator. R ‘ ' ‘

Frequencyl g5 e | Adrmonie | 3op ke |- L Bondpass 2360 kc
ofividar —— generofort - mixer: CEeer T
< 10 » X3o ) . .
o : ' ]
Stdandard
Oscitiator
100 &C
harmonie .
ganardfor Vzoo.ol&c
X &o
'
- FIG,T:

- As uhe ?requency 1ncreases the spurious frécuéﬂcy'nrobWéms i

. rease pronortlonally and the channel sp301ﬂ decrcases, ”hevefore,
even in the 81mplesﬁ cirvcuits, exteﬂ81ve filtering and careful se-
fléct*or of operatlLo freouen01es are required. This. ig the main gif
’-chult} encountered in the deszgn of *he freouenc; synuhe31 efe

If the synthesizer is to be used in the hef vqnoe, the Cﬁrculx
-18 consider ably S’lel{ler~ arhwcularl” in- such cwes9 universa
superhetercdyne civcults -are used. The block diagranm %s fiven in j

"~I’lg.:-. ST - ' ‘ 7' ~

i -
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Cx‘\

RC

- RE A Var:’csblz )
T |Amplifier Ir

IF and AF
Amplifier | Amplifier

Detector

[ MHormonics of a’
c ‘q00 KC sgr:'g.s_

“'Ezcoz

,L/dmbhl'c.{ of . a .
7 KE SerRs or VFO

5?if6 20 Varﬂable~Frequencv Oscl atovs (vwo)

o The aeulved frequencv channel is ootalned by using = variabls—
,Vfrequencv cac;llator (VFO),,”he vawlable element in a YFO may be

either a capacltor or an- ﬁnductor.’“he

main oroblem in the YFQ ig

to ontain a 1136&? freouen y ?&Tl&tlon.by shaft rotation. This re-

3aﬂqu_rcmen% lS met 1n varlable—capacltO%
ed canac1tor in parallel u1th the varvable capacwto“‘

b7e—1ndvc%ance type. of VPO 'a magnntlc

VI'0 by adding a Targevvalue
In a2 var
core 18 1nsevtea and moved

1i;1n or ou by means of a 1lead screw. The basic principle is that
the nermeabllity of the flux path depends upon the core position.

 VWhe two types of clrcu_ts are shown in Fig

f3 qnd 4»

0.061 =

o e 7
1(:, _Lci _[/ =_c
“Ef R T|napF| 3

E Sl ___L_ = pf »N
’ Tuﬂl(ﬂs . o - ’

Jumn ,

O RIG ° 3

] ,Ou{—puf‘ .
T 2,750 -3, 750 ke

© Cg 12pf

- Trimes

0.01 : .
f‘FI +150 jou/dfed

C, 12pf N4,500 +empey-¢h-;=_ coefelent
0 tempersture coetficient
C3 18pf ‘N Bo {Empe&hm‘.ue%'cl'Qﬂf

¥ TQQ-' ng

ﬁ.;

FIG.4
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s  §mhe canpczuor 03 provvdes a temperatLre cowpensation, and C&
giwhlch is called a butterlly capanltor Lepps the total. canac1tnnce
f{across %he tun*né capaﬁltor ccnstanu,‘

‘Suppl?-voltace varlatvon, temperanure chanoe, mchYopbonlcs CuLQ

fg;a sh1ft in the seTecte& ;requenc . By SelECulﬂg a proper coil tno o

‘fn081ﬁ10n,and selectlng a’ proper ratio screen to- nla‘e vqltagefthﬁ"
£ requency var1atlon.13 aecreascd. R

16 3. The Stablhzed aster oSc:a later (s:uo)

.fIn presen -day demands tﬂe flgure o -*—-part in ‘one- mill*cn pre~

\sents the. requ_red absolute accuracv ovev "onu ne*woéa oP t'me 3&«('
fher than short—term stale ty, Fu.taermore, ovﬂavno elﬁhev cows1~ |
fnuous covera e o channelzve& coverace in steps no g“ea%er vhap 4 1':::
| ise *equired in many SSB systems. ’ S

Tke varlahle frequcncy naster osclTlator 12 uhe mgln part of the
3s§abllzzed mas+er osclllauoro Thisg. OS”lllauO? is canan1e of beln¢
:ﬂlockeé to & refe”ence smgn&l derlve& from a staadard 03011lat0ﬁ of
if*extvemely algh acoufacv and Suﬁb’llﬁ « The mastem oscll7ato” vs t'
&‘b1119ed bv means of a feedbac sorvo svstem der1V¢ng 7&8 ervcv 315
ﬁinal Irnm the compavlson o? the nhase of the masuev OuClllauOT and

’;f:ﬁhe Dhase of the 51rnal derlved from the stanﬁard ve*ereﬂce csall-

~,ilgt°r_ TLe block dwa“?am of a stablllzed masﬁev oscvllpf 'S_ShGﬁﬁm
[ Cowpais | - [Reactmce | [ Master 7] ook
[,’{}'2?" COn/fO/ OSC:I'//deF . OuTPUT.
-Fre uency ) BdndpaSS . g Banch_gg‘_ - ) ;
Jii’:.‘f:b; | Fiker faixer Filker rrer
245255 £¢ : i 4?00-7«?00/4: o I ; l
Phase. discriminafor mth "’d""'o""c\ . h th harmonic of
| reference olerived of & 10KC ServeS S a fo0kc Series
£rom standard 1550 - 14604 h S8voxc -
250kc . : T
: FIE&E-

The ba31u elemeaﬁb of a stabllkzcd master Oac111atov are the
maste; osc¢llator, reactance control and dlocrlmlnqt\vo These ele-
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nents are showm in
the frequency of %
may be manually ch

fronically changed
Ll ig wound.

*
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DISCRIMINATOR c2 L2 » ) , CoNTROL

i REACTANCE

4

b

PIG.6.
- Frequency discriminstor provides a d-c outpui sign al whose amnp-
tionship bhebtween the

litude and nolarltj Gre determined by the rela
‘1nnut signal frequency and the freguency to which the discriming

.-(

) 30
S F A

is ﬁunbdo Tho frequency d*ﬁcrimlnaror consists of a éouble»tuned_

tranalormer and *vo diode recitifiers. The action of the discrimina-
1

tor depends on the
ross the secondary

fact that the phase of the voltage developed ac-

of the discriminator transformer will vary as

the Trequency of the applied siznel is varied above and below the

transformer resonant freguency. The frequency discriminator cireunii

and the resuTmant outﬁui error Vo1+age a”" shown in Fig,7.

?,'__ FREQUENLY DISCRIMINATOR,
KA
F,=lo00 KC ) L - E
‘]_ , | i L ©
T +€5 == E
;z . 1
-l € ] 2111108 b
ey p=—3
l F b é Ez
) (-2 -
L
B+ ) N

E°= +
F=4001 ke

(o4 —
ep,
+8g €p
2
-2
z ,A’z
Eo=E~E, E,=0 Eg= —
" F = 4000 KC F =999 KC

CFTGTe h




THESIS |
" ROBERT COLLEGE GRADUATE SCHOOL | PAGE 553
BEBEK, ISTANBUL »

”‘e“for wlll aepend on +he mas+er oscillator. error and on}+he gain of

The:réactan¢e“60ntrol provideé’the neans by which the direct :
current output of the discriminator is made to alter the inductance
or‘canacitance‘of the tuning glements oz the master oscm?lauo*o e~
actance uube circuits, srturable reacbo?s, voltape—sen sitive corzm
_'cltcrs, anﬂ motor—&rlvcn varlabTe canacltors are used for this pur-
‘fpose., | -

» _'mhe wanner in which bhe stabi ized master oscillator circuit cpe-—
rates may be described in two conditions, cpen-loop and closed-loon.
It the“éontrol 4s‘op¢neé at the grid of the reac%ance control tudbe

- and the tuning of the oscillator varied with the digerim inater tu
‘ning fixed at T 0? the outpub voltage<of the discriminator will Tol-

Q’

e

* low the onen~loop curve shown in Fig.8. I the master oscillator fre
quency differs from the dlscr1m1natdr frequency when the lcop is clo
*ysed,]t%e'mastev‘o cz’lator frequency W1ll be pu71eo toward the dis—
criminator frequency 0“0v1oed the D*ope% polarity of discriminator
~and control device hao3been observed., I is important o realize
thet perfect correciion cannot be achieved unless there 15 an infi-
nite amount 0¢ amplm:zcatﬂon of the‘ervom?signaT‘?wom the discrimi-
“nator, ©his can be seen by exemining the. discriminator outvut when
'fuhe loop is closed.‘Tf perxact cor*ectlon raﬂ someh0n been achlieved,
“the discriminator outnut would be zero. Obvvouslv such cannot be the
'_case as’ there mst be some 31gna1 applled to the veactance control

" to correct the- oscmll&ror ¢requency er“or.””he CloseL—TQQp frequency

?7fﬁhe conirol loop. rf‘he permormance oT the cleEed-Toop 1s sao«n by uh@
;j1dashed curve 1n.F1g.8, e ‘ '

OuTPUT-DC VOLTS

~
-~
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~ In stabilized master oscillators stable operation can be obtained
VH&Wﬂth 1loop bandw vidth exceeding 400 cps, and enough galn to sup press
l_;mlcrophonlc dlsturbances ar 1q1ng from v1bratlon and ‘shock, |

: Care?ul atueniﬂon must be pald to tne~ equenc*es used in the
jfsy“the81zer mixer althouvh uhe SLO svnthe81zer avoidsg many spurious
'lfreauencles, Otherw;se, spurlous ;requenc1es xaTllﬂv Wlﬁ;lﬂ a Tew
ifkc of the deslred Irequency,311l phase-modulare une naster 050111
'Qtor.,”he onurvous Treouenvles out 81de znls rance will be easily
:ifsupnfesseé aad Wlll not appe w;~n the master oscl“lato* autnuﬁe

1*6.4, Lhe S andafd Fave%emce 050111&tor

L gince  ¢wequency*accuracy and stablllty of *he Sb&UllT zed mastew
ﬂ‘i060117at0r depenﬂ cempWetely unon the standavd refevence 0331113tor9

ﬁ.ﬂlt 18 verv 1mnortanu to emnloy a reference eseillator of the great—
: .est pr80181on obtai nable vxthln ‘the 11m_tatﬂons of the over»all eabmj‘

 ;1pment snecz?lcatlon. The 1mnortant Tactovs in ordex to obtain a
“high ~reauency stablllty a”e varlous. Fivst of all, time and cbanbes
i*fln the environmental condltﬁons must not effecu the elements of taef
/2‘”esonatov‘01rcu te A hl"h degree of cleanllness ig necessarv in op-
 “der to m~nlmlve the anln0 rate of the. resonator. There 1ore, %hefre~‘
>rf30nator should be sealed in an- evacuatea g7ass envelope. Furthermore

the temnevatuwe of the quartz ‘crystal must be e:tfemely closelv’conr;
‘trolled Bince the resonant frequency of the quartz resonator is de~

‘fvendent on the r«f power dWSSl?ated in it, 389301allv at hlgﬂ&”
‘po ers,‘ ' ‘ ‘

o
L3

'”The coupllng between +he vesonator and the ac+1ve or amplify
norﬁlon of the circuit shovld be as small as possvHWe while still
mmlnualnlng 8Uf-lC1Eﬁ$ couplznﬁ for SLstalned oscillations, The O
of the resonance network must be at least one million so as to allow
‘very 1igh* coupling to the active network..

”he ratio of the gain 1o the phase instebilities threugh the anp-
lifying network must be maximized, Care in shielding is required
between the 0801llat0“v°taﬁe and the following buffers so as to eli-
-minate undesired feedback from these gtages alnce this feedbacﬂ
generallm has poor phase svabﬂl**v ; fa
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" The blovh dla?ram of a xvplcal refo ence ogcillator is s%o?n in

_Fzg.9¢ The temparauure of this resonator and. a71?ed critical compo-
7nnen$s are ‘held constaﬂt to better than O 01 C durlnp narmal fTixed
station operatlou b"'means of an e1ec»ronlcally—conurolled OVeNe
 ”he l—mc quartz resonator ig a fundamenual Achut crystal sealed
fl;ln an evacuated glass envelope. ‘The cemperatu.e coefficient o: this
; crygta1 resonutov is onlJ several parts in 107 peET egree Co BY
'fvarylﬂr the precision’ urlmmer capacitor C-104 small adjustments of ,
ﬁ7the osczlla or 1reaueﬁﬂy are. accom011shcdo The amplitude of oscilla-
ftlon is controlled so that the resonator power. dissipation is less R
ffthan.o._npwat and so- that na appre01able harmorlcs are nrasenb
” 1n thls clrcult. P ‘ ' AR .

".F'Icos.'

Lhe tennerature cond rol oven is the baszc puvt of the veferenc

' 'f”e0uency osc*llator, mhla oven ma 1n+azn3 the resonator and Quh@?

tvcal ccmponents at a cOﬂs;anﬁ bemnﬂfayu*e within very close

»11m,ﬁs° Thp oven is controlled ‘at apnrerlmazelv 65° Cy and is Caﬂ”b10
kOT dellverlng 8 w of heajer power.

"‘vp:.ca1 sho**t-—x:erm and 101'1!"-—'5‘81”}31 S’bab? llfy (\u:gves are shown in

Tig.lo and I"lf"cﬂ e
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This chapbter is a short summary of single-sideband system fregu-

ency stabilization, and sigle-sideband system operation in general

Lk 8

A vector representatioﬁ of sidebands of an amplitude modulated
gignal with respect to carrier is given in Fig.l, It was alrea&y
discussed that the two sidebands in an emplitude modulated siznal
containZ the identical information, and the carrier ig only a meang
'o, translation of frequency from one band to the other. Tevertheless
the phase relations between the carrier and the sidebands are impor-
tant from the 1nte111g_bﬂlﬂuJ of the szgnala In Fig.l, the eampliftu~
des of the m1rnal are renresertea by vector lenzgth, while vector
direction indicates instantaneous phase with respect to the carrier.
I3 ig seen from the figure that the two sidebands are identically

sgnmetrlc al to each other in both amplitude ané phase about the car-
krle¢. IT there is any deviation from this svmmetVV, the signel is
no more amnlltude modulateu. ’

ro"M FoO-M.
A

- /v\ifv"f/’\ﬂ
TR 7

FIG.1,

T.1. Advaniages of SSP Systems

As it was discussed in Chapter 2, the ionospheriec return effects
tle amnl*cude modulated comﬂunﬁcutﬂon-“esulwwng in a kind of digto

tion Xnown as selective fading. This selective fadins was gwamined
in detail with the vesults on the.amplitude-modulated Tignal. The
main digcrepancy here arises from the fact that in amplitude modu-~

lation the carrier phase with respect to the szdebanas is an impor-
tant point to draw full attention. But in a single-sideband signal

gince the carrier is suppressed,ruhcwe ig no p“oblem wnatsoever

3
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-* concez'n3.no thls 001nt.‘09 coufsc, single-gideband 51rnals aye suujeab
to selectwve fadlng ag are other thes of modulated signals, but this
fladlng does not generate 1n‘telllﬂ'ence destroylng harmonic distortion
 .and 1ntermodulaulon in the SSB modulatlon° Selective fading produces

:‘what is known as amplltude versus +‘z'ecp.lenc:y distortion in SSE sys-
  tems, but this tyne of dlsto“t10ﬂlon$y makes a voice signal sound

:~;pecullar and has 11ttla effect on_the 1ntell,glbility.

- Secona adranugge of the SbB svstems over Al as was discussed
vlithe channel size weductlon.,”he S5B -system utilizes only half of

“the handw1dth 3881gned to AN system. Pu_thermore, narrovi-band phage
: Qaaé frequency modulation vozce cire uits usually require more
v: ?8DO0 cycles because smgnlflcant secona- and thlra—owder sideband
:  are p”oduced as the modulatlon 1ndex apnroaches one; thevch?a'SSE
'is con57derablv more economlcal Lrom the 901nt of bandﬂldth than

f;ﬁélther of these.‘

*
na

mo

ffA thlrd advantage of the SSB systems,comes from the “ove requi- .
rement.' Low power vecu*remeﬁ“ veduees the transmitter size and cost
conézderablgo Fo:e example, an Al.:. transm..i; tery its transmission-13i ne
system, and antenna system would necd %o be capanle of handllnb
fbur tlmes as hian rnf voltages and currents as %he SSB ecuipment
capable o? dolng the same joh. From the . s%andpaln% 0¢ a-c input
”f}requlﬂed to operate the tﬁo ﬁrgnsm_tters, the SSB transmlvuer sgou¢d
;ﬂﬁ;require cnlv'appv011mately one~31zth as much powe¢ as the ALl trans-
~‘m1tter.v,;“ft~ ; C S TR

’? 2. SSB Tvansm1t+er and hecelver

‘ In<Aﬁ transmlttev,1 q ency translaulon is pewformed at xhe fre-
‘ qﬁency of the transm_tﬁ d' dnal, and this way be either at high
~devel as. in the case. of the plate modLlaﬁed sign al, or at a low le-

vel ;ollcwed by ‘several staves of linear amplification. Because of
"relatlvely complex fllterlng problems, the modulastion problem is
'1¢érrfeé out at a relatively 1ov'fixed'”“ecuencj in the SSB trans-

&1téer. Thgs fac111tates the design of satisfactory sideband filters.
o A~51mp11f1ed block diagram of a typ;caleSB transmitter is given
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ggain'*n'ﬁi Eo2s “he charact eristic of the Q351fred filter should
e 80 asg to prov1ae moderateTy °1at Dass—bana and a very sharp cut-
off at each swde of the passband with esnec1a11y nlgh attenuation
'éﬁ'ﬁbe carrier frequency, As it was dlscussed earlier, the frequency

'ftranslat*on nvocess ig carrved out in two oxr more stagcs°to elimi~

 ,nate the Spu~10us mixer productss I £ the pilot carrier is transmit-

ted, the levelvof,thls~carrler'lg, uallv 10 to 20 db below the
'_flevel of & normal AX carrier}»All stages up %o the . lvnear power
f;amplifﬁer operate at about ‘only 0.1 wati and linear power amplifier .
”7requ1“es a peak 1npuu of o ly apprOY1ma*ely O l wath.

| Garrier | Aemekxed) o o veeiable |7 22eme
L «FrEquEnoy B e : [ Oscllidtor :
AH;eHUd_i:‘OP Oscillator L . . V] 3.8-27.8Mc¢
o *{Crystal lathice | - First RN LC 1 7] Second - Li
. 400kc. | Balanced . . ! . : 1 co! ihear
Oscittator - L sideband fitter [ &re?"”‘ﬂ X bond > {rﬂiuzncy lwd - POwer
3 Modulstor . 1400.4-163.75 ke ‘ converter . 4{61-:-;:-”‘ comverter 5"77".{'.",'
Audio
MPII‘-F“Q‘I":
. FIG o 2'.
Audio \npu(" : .

A s_mn11115d bTOcL dlagram of a SSB receiver is given in Fig.3.
Usually the receivers emnTOV more than one'stavé-of frequency con-
ve“svon g0 as to ‘keep the level of uhe spurious nmixer products sul-
¢1c1ent1y low. As it will be seen xrom Fig.3 that qu01a1 parts
emv1oyed in a SSB recelver ave sideband and carr1e¢ fi-tera,

RE Bt | L tF Second crysil kel | Sigppand | | Audie Audia
L Amp/r%br gt /;’:S btpeed Ampll'fv'er - Atxes "’%d ekl Jala - ""’PI’FB" [
) 2-26r1c rxer A 4.5 Mc K 100_1_13335“‘ for . n Duty
T A '
' } Vaeable |- Fixes! <rysfl Lo
Oscetlator ' . Freguency edprier 1y
' 35285 Mc| Oseillator e,
N - . 1.6 M 100 4.¢
N T ' ] L ci
\\ | | h . -
~ 1 . carrRr dmp
Ny [ AvC - {and timiier
N S50d6 :
N
N 7.
! o e———
Aufpmahc] . | Motor . ) carrier 60 ke. reockixe]
furhg i conﬁ‘-el . . Arscriming— |-ad Contralled
motor amplifier L Fore oscillafor | . :
. _ S
~rt : ' R
F.!. To 3 L 2 . : . )
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jiﬁcarrler ampllfler an& l.mltev, cavrler dlscrlm_n %or automatic ,
Qi;tunlng mechanlsns, and a special audio demodulator, All of these
hf_features are necessary to. separate s;&ebands from the carrler, main-
 ";%31n‘the receiver in exact tune Wlbh the’ urunsmluted 51Pnal, and Aq
foyroduce a 51gn37 that has a very 10w dlqtortlon and 1nip*mo&u1at1an
zjflev61¢ T B A, ’

.~,’

e ‘7 3. Pl"ecw sion Frequency"%ntmn"d 53 SJStems

s It 1s verv 1mportant ta obtaln a frequencg stabllluy and accura-
;5fcy in both SSB’ transmit tters and receivers. The inserted carrier in
”3zthe recelver mnst be w1th1n g few cycleo of the original modulazlo%"
fgfrequency ca”rle since any 1nstab111ty of this ca rrier is reflec—
. ted directly inm the output. But at present tire only. ﬁhe»*requeLC“
"fstabxllty and accuracy are not sufflcwent t0 ESuabllSh and maintain
affecelver in: sufflclentlv accurate tune wzth transm*tter $o give
satlsfactory communlcatlons. Thevefore, in order to avoid this dif-
“flculty, it .is necessary to 1nclude some sort of auﬁcm»tic trang-
mlfter trackznﬁ medhanlsm that 18 capablg of maﬂntainlnb +the rece7~fﬁ
i er“ln propev tune once the rece vev is accurately wanuallv funed
t0 the degired sz.gnal. In oraer 'so obtaln this . utomat'!c. trac}:mg,
some cbntlnuous smwnal ahwch 15 called the pilot ca*rler is trans—
”mltted along Wxth>tha normal modulatlon‘products. but thls alloﬁ o
ar ier is at;lével 10 to 30 db below mormel A carrier. levels Flgo@
fblock dmagramyof a prec1°1on Torequency-cantrolled SSB urﬂnm»_
° lihe Btablllty an& accuracy 01 the output Trequency awe de~ '
; nedventlrelg bv fhe characterlstlcs o? ﬁhe 1OD—Lc nrec101on '
"1lator, Whereas in Flg.z the accnracy and st bllztv depenc upon
accuracles and stabllltﬁes of ths tnren osclllntgrs employed.‘

A the SSB recelver, a cavrler is xnsavtea or the’ nm*ot carri é'A
3 first sepadated from ﬁhc remavnéev Qf the smvnal n” means of &
‘5varv;éha"p fvlter, uhen anpllfweu and lzm;ted.;A,black Liaaram of iff
fﬁa\rreclglun fraquencJ—contralled SSE reaalver is. szen 1n.T1 Fe

'slqincg & SSB svstem w:th prec15ﬂon ;chuencv ccnrral of both trang»'
,{ym1t+ers ané rece1vers Las no need Ior automatvo %rucklnw of “ecu1~_f
7{ vcr3, the elementa of &' convenmio&al SSB recelvev that are emplovcd
%ﬁifor trac ln@ have becn 1e?t out in the’ recezvew of 316.5.
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: ;“"he preclslon fvequencj centrol fov QSB tv rsm1+ters ﬁd véCﬁiu_,
*;vevs 1@ derlved threuch the use ‘ot pveclsion maate; osc111auo%s,
vfffellewed by sultable fveavency synﬁheszzers.‘moaav, precise frequ~
»fﬂencJ standavds are de51gned to onera e at cnlj a ?ew freauencles
'stuch as 100 ey 1 Moy 255 Ly 5.me. Thare;o*e tc convert ohase -
'frequenc1es to. oﬁhe% accura 1 frequenomes sowe sorﬁ cf renuenc?
Vchoﬂverter named synuh351zer is usedo Tn the ﬁesz¢n 0¢ synthesl ers
j ¢or h=f SSB ume it has been suggested that it is only necessary fbr

L]

“ these deV1ces mo o > able to wene ate accurate output £ Tequencies

‘ at uhe 1000~cyc1 poin tsa'Th»s type of &eszvn results in consxdrraa~
'"le slmpliflcatlcn ove _one hat would be- capable of de verlrg COn
“ﬁtlnuous accurate freqxencJ cont rbl-over'the'complete rENgS.
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CHAPTER 8

LINEAR POWER AVPLIFIERS

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.

For r-f linear amplifier operation, the following features

are desirable in the power amplifier tubes:

a. High gain

b. Low plate-to-grid capacitance

c. Good efficiency

d. Linear»characteristics which are méintained vithout degradation
at all frequencies in the desired operating Tange.

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 tubeg with better performancé,in
the h-f (3 to 30 me) range. A typical comparison can be made bet-
ween type 813 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, betterlscreening, 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 s more rugged

and 1onger'lifed tube. Ceramic sealed tubes which are now available
include the RCA-6118 which is smaller than the 4X150A, the Eimac
4CX300A which has characteristics similar to the 4X250B, and all
ceramic version of the 4X250B, the Limac 4CX5000A which is capable
of 10 kw of r-f output, and an RCA super-powver, shielded-grid tube
that will deliver 500 kw of r-f output. Tube manufacturers have
additional types of power amplifier tubes under development which
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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'arity in these stages while producing enoufh power to drive the
~higher level stages. Class. AB or AB2, trlode or tetrode power amp-

~desired power output.

conventlonal recelver-type r- ampllfler tubes are useo. For de11Ver

ing 0.1 watt output from exc1ters, the type’ 60L6, whlch is a m1n1a~"

ture 9-pin tube,fls generallv used The 6CL6 is also’ frequently used
to excite type 4X250B power amplifier tubes. ‘The 4A2503 tube is used
in small, compact ~equipment for pover levels Ol 1 kw by parallelllnb

three, and for pomer levels of 500 watts by parallelllnt two. The L
type 4CXSOOOA is used for power levels of from 5 kw to lO kv. mlus .

tube is used- to obtaln power levels up to 45 v by Darallelllng
four of them. ' '

8.1.‘Basic.Linear Powei Amplifier Circuits.
' For linear operation, r-f power amplifiers may be operated
class A or class AB. The amplifiers used are quite conventional,
being elther grid drlven or cathode driven (grounded grid) type
amplifiers. Fowever, the des1gn considerations are extremely strin-
gent to produce maximum linearity for a given tube in a given cir-
cult. The tube operating point must be discreetly chosen and pre-
cisely maintained, neutralization must be as effective as poseible,
r-f feedback circuits are often used, and input and output impedan-
ces must be: held as constant as pos51ble; Generallv class A pentode
amplifiers are employed in low-level’ power stages to preserve line-

lifiers are- employed 1n the hl"h level power stages to obtaln the

a. Grid Driven Triode Power Amplifier

Fig.l is a simplified schematlc of. an typlcal grld drlven tllode
power ampllfler. This amplifier, operatlng class AB s pProduces up
to 2.5 kw LSlng the 3X3000A-1 triode. mhe triode tube, having a
large plate-to-grid interelectrode capacltance, always requires
neutralization to prevent oscillation when used in the q'1:'J.cl driven
clrcult The only types of triodes capable of class AB operatlon ,
are the low ampllfloatlon factor types, such as. 3k3000A 1. Due to f
the low ampllflcatlon fautor, very hlvh r-f.grld exclfatlon volta"e
is requlred, ‘on the order of 1000 volts for 3X3000A~l. A 91mllar ’
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. tube suitable for class AB, operation is the 3X25004-3 which has an
amplification factor of 20. This medium-u triode requires less grid
swing, but it requires grid driving power for class AB2 operation.
Neutrallzatlon,.of course, is still required.

b. Cathode Driven Triode Power Amplifier

Fig.2 is a simplified schematic of a typical cathode driven
(grounded grid) triode power amplifier. This amplifier, operating

ouTtPuT

FIG.2

‘class A32 produces 4 to 5 kw using the type 3X2500A triode. In the
cathode driven amplifier, ‘the control grid is at r-f ground and the
signal is fed to the cathode, The main advantage of operating the

~ triode in:this_manner is that thejcohtrol grid becomes an effective
screen between the plate and the cathode making neutralization sel-
dom necessary. The small values of plate-to-cathode capacity have
very little effect on the input signal beéause1the imput circuit
impedance is usually qﬁite low. Since neutralization is not required,
triodes with an amplification factor of 20, such as the 3X2500A, can
be used.
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c. Grid Driven Tetrode Power Amplifier

Fig.3 is g simplified schématic of a grid driven tetrode power
amplifier. This amplifier operating class AB1 produces 250 watts per
tube using the type 4X250B tetrode. In general the same desizn con-
siderations exist for tetrode amplifiers as for triode amplifiers.
That is, grid circuit swamping is required to hold the input inpe-
dance constant if the tetrode is driven into the grid current region;
and neutralization is generally required ifbthe tube ig to operate
~over the entire h-f range. llowever, since the plate-to-grid capaci-

* tance is small in the tetrode, neutralization is much simpler. The

‘PLATE
2000 v

—1‘-—‘1‘%—1;* ouTPuT

) A 2508
-y~ —{\ —y- B ~l
|:‘ é
INBUT 83 4 -—
(S} ,‘ _L I
AL 3 SCREEN

B1AS 515 Y

~Tov

PIG.3 _ .

tetrode amplifier, being a high gain tube, requires relatively litile!
driving power and a relatively. small grid swing for operation., This
permits the parallelling of tubes with a cormon iﬁnut network and a
common output network which reduces the number of stages and 81mp~
1af1es 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 prid drive for
class AB2 operation and lowering power output for class ABl opera-
tion. The tetrode tube can be used without neutralizat%on in the
high-frequency range.
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8.2, Power Amplifier Output Networks
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.
2. It must provide a low impedance path from plate to cathode Ffor
~ harmonic components of the plate current pulges.
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 1mpedance matching from %he
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 stray

r-f radiation near the transmitier; it is convenient for coaxial »-f
switching; it is a convenient impedance for additional r-f filtering,
and’because it is ideal for directional wattmeter installation. For
simplicity of operation, the output circuit should require a minimum
of tuning controls. A diréct-coupled network, such as the n~L net-
work, is the most suitable network to meet these requiremenis.

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 known to be sufficient
for linear operation and is a recommended  minimum.

In a linear power amplifier, the second harmonic component 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.

Phese harmonics must be attenuated in the otput network. so that

H
i
i
B
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- load to a 52-ohm coaxial transmission line. Loads with a standing

they are 50 db,_80 db, or even further, below the fundamental com-
ponent. The 7-L network will attenuate the second harmonic to about
50 db lelow the fundamental, which is from 10 db to 15 db more atte- :
nuation than can be obtained from the simple T network. Where more ;
fattenuationvis required, external filters of either the low-pass g
or band rejection type are added, Increasing plate circuit Q incre-
ases harmonic attenuation, but since doubling the Q resultg in only

- 6 db, more second harmonic attenuation, Q's above 20 are seldom used

below 30 mc.
The wL output network is ideally suited to matching a tube

wave ratio as high as 4 to 1 can be matched easily. This can be done
with any value of tube load impedance, whereas the simple n mnetwork
has difficulty matching to low load impedance when the tube plate
load resistance is high.

The 7L network 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 n-L network, 02 and L, 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 comtrol
varies about *10 per cent.

L, . \
, c..]_;u?é;:z | IS St ‘
& FF .
v . , . |
; o ,
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ToNING LOADING
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PIG.4 -0
be Circuit Losses

Nearly all of the tank circuit loss occurs in the coils. These
losses are closely related to the ratio of plate circult coil Q to
plate circuit Q, but other design considerations enter in. These

R Tp——
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circuit losses are shown in Fig.5 for a n -1 network, which has lowvier
losses than other networks for 50 db of second harmonic attenuation.
Resigtances T, and Ts represent the equivalent series resistance of
the coils determined from coil Q and reactance. Resistance r is the
equivalent load resistance in series with L, and is determined from
the relationship

e _ By,

Q® ¢ 1 (R/E% 1

- FIG.S

Resistance R is the series r881st1ve component of the load, The
n -1 networP loss is given by the equation:

Per cent loss = ( § ——2—) X 100
: rq + T, Ra 2 rq» ‘
¢. Tank Coil and Capacitor Requirements

The frequency range and method of tuning are major factors in
determining tank circuit components. Continuously variable coils
and cepacitors which will cover the entire frequency range without
any band switching are the most desirable.'However, this is not
practical in Autotune transmitters becausg of the limited torque
available to drive the tuning elements and the often short reposi-
tioning time SPecified. With these limitations, bandswiiching is
almost essential. Where instantaneous frequency change is gpecified,
it is common to switch from one pretuned r-f unit to another and
manually tuned circuits are suitable for this purpose.

h Y
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The use of continuously varlable elements has the following
advantages:

s

1. The circuit Q can be kept more uniform across the frequency'
range. ‘

2. The circuit losses can be kept to a minimum,

3. The range of variable coils and capacitors can be less.

4. A maximum amount of harmonic attenuation is more easily main-
tained acrogs the frequency range. |

Variable vacuum capacitors are widely used in transmitters with po-
wer levels of 1 kw 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., Vari-
able tank coils are'usually'construcféd'withra rotary coil and either|
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 01rculat1ng currents will develop and cause, anprec1ab1e.
power dissipation.

8.3. Neutralization
a., Effects of Plate-to-Grid Capacitance {fﬁﬁ

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 = C;,, + Cgp (1 evA:CoszQ)

tube input capacitance,

where C; =
Cgp = plate—to—grid capacitance,
A = voltage amplification from grid to plate,
6 = phase angle of the plate load.

In an ﬁnneutralized, 4—lOOOA 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 8.1 ¥ 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 pentode r-f amplifier operating below plate saturation
does vary with loading so that if it drives a following gstage into
grid current, the loading increases and the gain falls off.

The input resistance of the grid is also affected by the plate-~
to-grid capacitance. The input resistance is given by the following
equation:

1
ot .
? Cgp(A Sin 6)

Input resistance =

b. Neutrallzlng Circuits

lHost of the neutralizing clrcults developed for use with tri-
odes may be used equally successfully with tetrodes. However, those
circuits which require balanced tank circuits for neutralizing pur-
poses only, are undeslrable because the trend in r-f power amplifier
design is toward single-ended stages.

‘ A conventional grid neutralized amplifier is shown in Fig.b6.
Capacitor 637ba1ances the grid-to-filament capacity to keep the grid !
circuit in balance. When C 02 and C = Cgp’ it is readily seen
~ that a signal introduced into the grid clrcuzt will not appear
across the plate circuit because the coupling through Cn is equal
and opposite to the coupling through Cgp. The relationship for mno
coupling from the grid circult to the plate circuit is given by the
relationship :

3

C,/Cp = Cgp/Cy

This indicates that the grid tank circuit need not be balanced to
ground. If Co is made larger, then G, must be made correspondingly
1arger, In a tetrode amplifier, Cgp is very small (approximately 0,1
#f) so that practical values, 5 uuf, can be used for Cn when 02 is
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very much larger than Cl.‘

By placing most of the grid tuning capaéitance across the grid
tank coil, using the bypass capacitor ¢ from the bottom end of the
grid tank circuit to ground for 02, and using the grid-to-filament
capacity for Cl, the modified grid neutralized circuit shown in
- Fig.T results, The relationship for neutralization of this circuit

o= -

is given by the relationéhip

This relationship assumes peffect 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 ié a very effective means of reducing distortign
in a linear power amplifier. 12 db of r-f feedback produces nearly

12 db of distortion reduction, and this distortion reduction is
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realiZed,at all signal levels. However, voltage gain per stage is :
reduced by the amount of feedback employed, so that with 12 db of
feedback the gain is reduced to one-quarter.

a. Feedback Around One Stage

. Fig.B shows a negative feedback circuit around one-stage r-f
amplifier. The voltage developed across 04 is introduced in series
with the voltage developed across the grid tank circuit and is in
phaéé opposition to it. The feedback obtainable with this circuit !
can be varied between zero and 100 per cent by properly choosing the :
values of C3 andvc4. It is necessary to neutralize this feedback amp—
lifier, the neutralization requirements being

~ CgpfCr = C3/0
To satisfy the neutralization requirement, it is usually necessary -
to add capacity from the plate to the grid. ’

e e—

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 ss 12 db around
each of two stages separétely. Pig.9 shows a negative feedback cir-
cuit around & two stage amplifier with each stage neutralized. The
small feedback voltage required is obtained from the voltage divider
Ce and 07.'This feedback voltage is applied to the cathode of the
first stage. The feedback divider can be left fixed for a wide fre~
quéncyrrange since 06 is only a few micromicrofargds. For example,

h Y
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if the combined tube gain is 160 and 12 db of feedback is desired,
the ratio of C, to Cg may be 400 mf %o 2,5 wi Either inductive
input coupling or direct capacitive coupling may be used with this

ot W B Ll A e aadlaid B AL ,c.uu,.lf.w:.Jnw..a“lr;samm'r!\w&.us:rwuaunm,;r.r.:.» FEFR Fol g o ety LT P RS

circuit, and any form of output coupling can be used,

It is necessary to neutralize the cathode-to-grid capacity of
the first tube in the two stage feedbaék circuit to prevent undesi- }
rable feedback coupling to the input grid circuit. The relationship g
for the circuit which'accompliShes this cathode-to-grid neutraliza-~ |
tion is

Cg/Cq = Cpp/Cro

In a two stage feedback amplifier, 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
Pig.10, When the output circuit is properly tuned, the resulting
gr1d~to~cathode voltage on the first tube is minimum which will make
theﬂacrcss the interstage tank circuit minimum also,
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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 power
capability without being overdriven on signal peakss In Al systems
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it is common to use speech compressors and speech clipping to per-
form this function. However in a SSB systém these methods are not
rily correspond with the peaks of the audio signal., Therefore, the
most effective means of control is obtained by a circuit which re~
ceives its input from the envelope peaks in the power amplifier and
its output to control the gain of the exciting signal. Such a cir-
cuit is an automatic load control (alc) circuit.

Fig.1ll is a simplified schematic of an alc circuit. This circuii
uges two variable gain stages of remote cutoff tubes, such as 6BAG, |
operating very similarly'to the i-T stages of a receiver with auto-
matic volume control., The grid bias voltage of the vaiiable gain
amplifiers is obtained from the alc rectifier connected to the power
amplifier plate circuit. The capacity voltage divider steps down the
r-f voltage from the power amplifier plate to about 50 volts for the
rectifier, A large delay bias is used on the rectifier so that no
reduction of gain takes place until the signal level is nearly up
to full power capability of the power amplifier. The output of the
alc rectifier passes through RC networks to obtain the desired at-
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 power amplifier. After a sig- {

nal peak passes, a release time of about one-tenth gsecond returns

the gain to normal. A meter calibrated in decibels of compression
is used Yo adjust the gain for the desired amount of load control.
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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 the sig-
nal level should be fairly constant through 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 usuvally used
to limit the range of the signal fed into the SSB generator.

TPig.12 shows the effectiveness of the alc circuit in limiting

.the output signal to the capabilities of the linear power amplifier.

An adjustment of the delay bias will put the threshold of compressim
at the desired level. -

dDB 3p8

e

ALC AMPL QuTPUT, DB
~
=4
i

ALC AmMPL INPUT, DB

FIG,.12

8s6. Linear Power'Amplifier Tuning

When a poﬁer amplifief 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-~
put circuit must be tuned for an indication .of maximum input to the
next stage. In class AB amplifiers, the plate current dip is not

always readily detected. This does not mean that conventional tuning |

procedures will not properly tune a linear amplifier, but tuning a
linear amplifier with conventional procedures is much more exactznuf
One procedure cormonly used is t0 increase the drive to a stage in

~order to obtain a good plate current dip indication,

In low Q tank circuits, the point of plate current dip is not
a true indication of exact resonance because the plate current dip

Rt Pi Liog Wit Sets 100

SELENETIANI T LTI TR LAY WL S I S T T

LAY

LR UL AP LT R ST L

S A Vi b




PR 3a
THES]

ROBERT COLLEGE GRADUATE SCHOOL PAGE O
BEBEK , ISTANBUL T

occurs at maximum impedance rather than when the tank circuit ias
pure resistive, This is especially true for i networks and n-L

networks. For instance, in a network with a Q of 10, the phase angle 1
at maximum impedance is about 17° from unity. Tuning this far from :
resonance in a linear amplifier with r-f feedback can be much more
serious than in a class C amplifier because the phase éngle 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 ouiput signal affords the most sen-
gitive means of tuning a linear power amplifier stage. This circuit
employs a phase discriminator, such as shown in Figz.1l3, for phase

comparison. |
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The phase discriminator can also be used to obtain an error
gignal for servo'tuning the stage. However, for servo tuning, coarge
p081t10n1ng information is necessary because the phase discriminatox
responds %o harmonic tuning points and because there is insufficient
output from the phasgse discriminator over much of the freguency range.:
This coarse positioning information can be provided with e coarse :
foliow—up potentiometer which receives informationm from fthe exciter
frequency control circuitso Such a system requires that the master
potentiometer track the tuning curves of the amplifier tank circuits |
and that sequencing controls be used to initiate and hal} coarse po- .

gitioning at the proper times. Pretuning informatiog can also be !

!
!
1
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derived from the exciter r-f output signal by using a coarse discri-
minator circuit. This circuit is a series RC network fed w1th r-f
voltage from the exciter.

b. Loading Comparator Circuit

Since the voltage gain of a tube is dépendenﬁ upon the load
resistance, a loading comparator circuit, as shown in Fig.l4, can be

s

PA
© STAGE

DhiODE .
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. REC TIFIER

LA

PioDE -
NEGATIVE
RECTIFIER

DIODE
CLAMP

ERROR

. ? SIGNAL

uged to determine proper lbading. The loading comparator is designed
8o that a predetermined 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 oufput goes to zero. The clamping diocde |
is required so that the circuit will maintain control under light |
load when the amplifier is driven into plate saturation., In plate |
saturated operation, the rectified grid voltage will continue to rise |
with reduced loading while the rectified platé voltage remains rela-
tively constant. This will 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, loadlng is determined by the j
ratio of plate current to r-f plate voltane. Proper comproglse of the
magnitude of the plate, grid, and clamping signal -voltages results
in a loading comparator that produces proper 1oadiﬁg information re-
gardless of the operating conditions, provided the plate circuit .is
held at resonance.
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Ce Antenna Tuning and LoadingA

The output network of a variable frequency transmitter must be
capable of tuning and loading into a transmission line which presents:
different impedances at different frequencies. This requires output
networks which will match a wide range of load impedahces 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 output network is designed to
match the load impedance directly. In mobile and airborne equlpment,j
" the power amplifier usually works into a coaxial transmission line
terminated with a wide variefy of antennas that present unwieldy |
terminating 1mpedances. In this case an antenna coupler is used which
~ can be located in one of two positions: (1) It can be located near 5
or in the {ransmitter to provide proper coupling between the trans- i
mitter output network and a transmission line which is termxnated
with a mismatched antennaj; (2) It can be located near the antenna
to terminate the transmission line properly and providé'coupling
for maximum powver transfer to the antenna. The first method is com-
monly used in mobile transmitters, and the second method is used in
airborne’transmitters.‘
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Two power amplifier control functions are required to match pPro~
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 make the load resistiy
or as nearly resistive as is possible. The other is a load control
which will provide the proper terminating impedance, Fig.1l5 shows
geveral 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, whichfindicates maximum impe-
dance. For more precise tuning and automatic tuning, the phase dis-
criminator circuit is used, The 1oading 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'designedrthat the controls will not lose sense of direction under
any circumstances. This is absolutely essential for automatic loading
and tuning and is highly desirable for manual loading and tuning.

- 8.7. Power Supplies for Power Amplifiers

Fized transmitters up‘to'l kw usually use a single-‘phase a-c
power source, and larger fixed transmitters usually use three-phase
a~¢c power source. Mobile equipmeht 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. lost high-voltage
power amplifiers have a varying load chargcteristic so that good d-c

regulation is'essentiél.,Tb 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 rectifier
and the load, making large capacitors necessary in the output side of
the filter. These outpuf capacitors supply the rapid variations in

h Y
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load current Which are impeded by the filter choke. This is particu-
1arly 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-
guired where better regulation is necéssary. The mercury-vapor recti-
fier is the most common gas-type rectifier used because it has long j
life when properly operated, Operating a mercury-vapor rectifier abovc
or below its rated temperature, changes the vapor pressure in the tubc
and reduces its peak-inverse-voltage capability, making the rectlflerj
more susceptible to arc-back. Equipment which is subject to wide ambii
ent-temperature variations, such as military equipment, uses inert
gas rectifiers such as the 3B28 and 4B32, These tubes can be operatedi
'in ambient temperatures from -75% to +90°C, which is frequently a
necessary feature., The tube life of the'inert gas rectifier, however,i
is only about one-third of the tube life of an equivalent mercury- 1
vapor rectifier, lietallic rectifiers, such as selenium and copper f
oxide, are frequently used in power supplies delivering less than 1002
volts for relay operation, etc. | i

Rectifier tube life is increased by operating the filaments 90°
out of phase with the plate voltage. This minimizes the difference
in voltage from each end of the filament o the plate and allows a
‘more uniform emission over the entire filament, A 60° phase dlfference
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 1argér rectifier
tubes are increased for quadrature operation.

1
i
5
i
|

" 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, rectifier 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 transformer
with resistors in series with the primary. After a short time delay,
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these resistorg are shorted out., Some high-voltage rectifiers are
gtarted with a resistor in series with the filter capacitor, with the
resistor being shorted out after a short time delay. This prevents

a transient due to the charvlng current required %o bring the voltage
up on ‘the filter capacitor. The added resistance in the circuit pre-
vents excessive current in the rectlfier.

8.8, Control Circuits

Power amplifier control circuits must perform three functions:
1.They must supply circuit control,
2.They must provide equipment protection,
3.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 equipment, push buttons are usually used to initiate a certain
sequence of relay operations which complete a function in the proper
manner, llany tfansmitters, particularly those suitable for remote con-
trol, are capable of complete energization from a single push-button
control,

The filament on-off switch, 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. Air interlocks prevent the
application of power to high-power tubes before cooling air is pre-
gsent 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 well
as interlocks between the two so that the loss of bids 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 %o
prevent excessive screen dissipation. To prevent high-current and hizh
voltage transients, plate voltage is often applied through step-start
circuits whlch place resistors for a short time in the power supply
circuit.

|
Medium-power and high-power tubes are nearly always protected ?
from excesgsive plate current by overload relays. These relays remove l
the high-voltage primary power if the plate current exceeds a preset
value. liany 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 reeccurs, the power amplifier will again shut
down. The number of recycles before shutdown can generally be presed
with a recycle countlng switch.

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-
tal difference, however, between audio and r-f linear amplifiers. Thi
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 SSB 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 difference between an j
audio amplifier and an r-f linear amplifier is in the grid driving j
power requirements when driving into grid current. In the audio amp-
lifier, the driver must supply all of the instantaneous power requlrea
by the grid at the peak of the grid swing. To dellver this peak powver

I T < T
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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 "fiy~ j
wheel" effect so that the driver need only be capable of delivering
the actual average power required, and not the peak. With these re-
servations in mind, examinafion of the audio or modulator data of a

tube will give a good idea of its r-f linear poWer amplifier operatlrr
'condltlons.

a. Class A R~F Linear Amplifiers'

In low-level amplifiers, where the output signal voltage is less
than 10 volts, small receiving type tubesg, such as the 6AU6, are very
satisfactory for class A service, For voltage levels above 10 volts,
the 4X150A is the best choice for class A operation because it has
short leads, low plate-to-grid capacltance, and high transconductanceo
Class A amplifier tubes should be operated in as linear a portion of~;
the plate characteristic curves as is practlcal This can be done by
inspecting fhe~plate characteristic curves of the tube. Usually the
gtatic 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-c¢ plate voltage or less to obtain signal-to-~distortion
ratios of 50 db or better. The d-c plate voltage reguiatibn for clasgs
~ A operation is seldom of importance and cathode bias and screen drop-
ping resistors are commonly used. Even with tubes such as the GAU6
and the 4X150A which have short 1eads and low grid-to-plate capaci-
tance, it is desirable to load the input and output circuits to 50600
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 AB is nor-
mally used. This class of operatlon is very desirable because distor-
tion due to grid current loading is avomded and because high power
gain can be obtained. At present, tubes are not available which will
give low distortion with good plate efficiency operating class AB
at power levels above 500 watts. Therefore, for hlgher power 1evels
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 determined 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 constant current plate'current curves,
Values obtained from this curve ‘are then plotted to obtain the plate
current vs grid voltage curve shown in Fig.l6. This curve is the dyna-
mic characteristic of the tube. By projecting the most linear portion
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of the curve to intersect with the zero plate current line, the grid
bias is determined. This point of intersection is often referred to
as the projected cutoff. The static plate current which will flow
with this grid bias is the proper static plate 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 accu-

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

the slope of the major linear portlon. This will allow the amnllfler
to operate class A wilth small 81gnals and deliver power over both
_halves of the cycle. With a large signal, the tube delivers power
over egsentially one-half the cycle. Then the change in plate current
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relative to plate voltage sﬁing over half the cycle will be half as
much for small signals as it is forqiarge gignals and linear operation
is obtained at all signal levels.

The screen voltage of a tetrode tube has a very proanounced effect
on the optimum static plate current, because the plate current of a
tube varies approximately as the three-halves power of the screen
voltage; For example, raising the screen voltage from 300 to 500 volis
will double the plate current. The shape of the dynamic characteristic
will stay nearly the same, however, so that the optimum static plate
current for minimum distortion is also doubled. A practical limit is
reached because high static plate current causes excessive static plde
digsipation. | |

In practice, it is found that the static plate current determined
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, which can be done without caushs
appreciable distortion. In tetrodes, the optimum static plate current
is a function of screen voltage, and the high screen voltages required
for class ABl 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 using
a lower screen voltage and driving the tube into the grid current re-

gion, a second principal cause of distortion.

Co Estimating Tube Operating Conditions

The operating conditions of a tube operating class AB in an r-f
linear power amplifier can be estimated from the load line on a set of
constant plate current curves for the tube, a2s shown in Fig.l7. From
the end point of the load line, the instantaneous peak plate current,

lp’ and the peak plate voltage swing,'ep, can be established. From
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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d-¢ plate current, Ip = iy/n

plate input watts, Pin = ipEB/n

average output watts and PEP, Py = ipep/4
plate efficiency, LEff =Trep/433B '

two~-frequency test signal the relationsﬁips.are:
d-c plate current, IB = 2ip/1r2

b , S
plate input watts, Pin = 21PEB/n

average output watts, P, = 1pep/8

rEP watts, P = ipep/4

, ‘ 2
plate efficiency, Eff = (n/4)-~ ep/EB

An actual tube with moderate static plate d1881paulon will have ope-

ratlné characteristics similar to those shown in Fig.18 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

"gomething less than the d-c plate voltage in order to avoid excessive

3
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grid drive, excessive screen current, or operation in the nonlinear
plate current region. liost tubes operate with an eff1c1ency in the
region of 55 t0o 70 per cent at peak signal level.
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8.10. Distortion
a. Causes of R-F Linear Power Amplifier Distortion

The pr1n01pal causes of distortion are nonllnearltles of the
amplifier tube plate current characteristic and grid current loadlng.
In order to confine distortion generation to the last stage or two
in a linear power amplifier, all previous stages are operated class h.

The generation of distortion products due to the nonlinear cha-
facteristics 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 shape 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 6peratingvpoint, contains the coefficients of
each order of curvature, as shown in the following expression:
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ip =k, ¢ kieg ¢ k2e
In this expression, ip represents instantaneous plate current, kl, ke,
etc., the coefficients of their respective terms, and e the input
grid voltage signal. The values for the coefficients are different for
every power series written around different zero signal operating po-
ints., By making the input signal, e&, consist of two equal amplitude ’
frequencies with a small frequency separation, the distortion producte
of concern in linear amplifiers can be obtained. Fig.20 shows the Bpec
trum dlstrlbutlon 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 frequen01es
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, seventheorder,.etc. The first and most important
means of reducing distortion, then, is to choose a tube with a good
,plate characterlstlc and choose the operatlng condition for low odd-
order curvature.

The nonllnearlty caused by grld current loading is a function of
the regulation of the grid driv1ng source. In general, this regulatloﬁ.
with varying load is poor in linear emplifiers. It is common practice
to use swamping resistors in parallel with a varying grid load so that
the resistance'absorbs about ten times the power that the grid of the
tube requires. This prov1des a low, constant driving source 1mpedance
and improves llnearlty at the expense of increased driving power.

The 1nstantaneous‘plate current of all tubes'drops off;and causes
distortion when 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 plate. In all but a few transmitting tetrodes, the
plate can swing well below the screen voltage before plate saturation
occurs. However, when»theAplate sWings'into_this region, the instanfta--
neous plate current drops considerably. If distortion requirements are
not too hlgh, the increased plate efficiency realized by using plate
swings can be realized, However, to minimbze distortion, the allowable
plate swing may have to be reduced. .

b. Distortion Reduction
There is a need for reduced levels of intermodulation distortiom

from r-f linear power amplifiers used in SSB systems. This need existg
‘not because the distortion noticeably reduces the intelligibility of
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the SSB signal, but because diStortion products outside of the channel
- 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 that volce 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 sideband.

. There are two basic means of'reducing digtortion to levels better |

than is obtainable from available tubes. These are r-f feedback and
envelope distortion/canceling. An r-f feedback is very effective and-
quite easy to obtain. Ten‘décibels of r-f feedback will produce nearly
10 db of diStortion,reducfibn which is realized at all signal levels.
Envelope distortion canceling has an inherent weakness because it de-
. pends upon envelope detection for its feedback signal. This means that
distortion canceling must be instantaneous to be perfect. Since some
‘delay is inherent in the envelope detector and feedback loop, the ei-.
fectiveness of this circuit depends upon how short the time delay can

be>madé.'Development work indicates that a combination of r-f feedbackf

and envelope distortion: cancellng will provide more distortion cancel-~
'flng .than. either: method separately. Using 10 db of r-f feedback around
all three stages of a 20-kw PEP power ampllfler, 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-kw PEP,




f“h?f;2% ﬁf kﬁfi ji;15‘;i<_i © THE st.v .', ~, v,“ E ' 1--

. - ‘
- 'ROBERT COLLEGE GRADUATE SCHOOL PAGE lﬁ)é;

. BEBEK ,ISTANBUL

‘9.1, 208U-10 Linear Power Amplifier

The ?urpose of Equipment, The 208U-10 lﬁnear Power Amplifier g
an avtomatically + uned r-f anplifier intended for commumications in
fixed or transportable radio stations. The Ffunction of a 1ir

e
wer amplifier is. to raise the pover level of en r-f input signal
Without changing any other characteristi of the input sig
move than 0.2 watt »-f input power from an exte rﬁal exciter is re-
guired to drive the 208U-~10 Linear Power Amplif a
‘ﬂOutputﬁof'107kilowatts peak envelope power (PEP) or continuous gve-—
_rage power, The linear power amplifier will emplify any tvpe of =»-%

ﬂ

H
[OM
3
ct
(o]
[0
-
o
0]
2.
(v]
®)
®
LA

'/input signals within the 2,0-%0 30.0-megacycle range which do notb
'ezceed}the bandwidth and pOWer~nandllng capacities of the equinpment.
The 208U-10 Linear Power Amplifier'can be 10¢a11y or remotely cont-

“rolled for continuous duty, unattended operation. ‘

TAELE I, EQUIPIENT REQUIRED

25

equired Characteristics

Quantity Item

=
s
L
o
i
Q
R
o
[¢4]
H

‘Capable of de elivering 0,2 watt »=% |
output into 50 onms from 2 O to0 30. Q;ca;

1 h~f antenna | Capable of radiating 10 kv »-f pover
' at the degired frequencies within the
2.0~ to 30.0-mec frequency rangeé.

3 Power conduc- | Rated at 250 volts, 100 amp for 220~
tors . volt operation.

3 v Coaxial cables | Type TG-58C/U, for »-F iuvvag 2lc and
‘ ‘ tge outputs. Lenzth to be determined
‘ B ' ‘ bv nartvcular installation,

1l Coaxial cable | 50-ohm, 1-5/8-inch, coaxial Titii
and transmission llpe to svsten ai
N2, .
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TABLE 2, TEST BQUIPMENT REQUIRED

;:}f_Slgaal Generauc? N EA':Heﬁle‘*—Packawﬂ‘6O6A oﬁ eduivélépu
”L~Vacuum~Tube Vcltmetev g'Hewleﬁu—Pacxard 410B. or equlvalﬂnt
Volt-Ohm~Hilllammeter | Priplett Hodel 630 or eculvaTenu
;Capacltlve Voltage o Pewlett-Packard 453& for hP~4loB
| Divider - l‘..;; e b
158 Oscﬂlloscope——,,_rirh ‘ 7Tekt¢on~x 533 ulth uvPe CA pluc»ln unliff!f
g T R—F Dummy Load S Bird Hodel 502 “1ecoro— pvlae or ecuvu‘
b o) valent . R LT
,,i;Probe Coaxval T Conr '_'QEevle*+—Packara ”55A
| |nector e .
| Probe cox 131 W Con— | 'fﬁewlett-yackard 4saa‘
. |mector e , o ’ o , S
 ”~B1ectron1c Voltmeuer v.ffB311ant1ae 300G or eouzvalcn* a-c vol*~T fV
' Lmbtev with 1-pe“cent accuracv E

| i Plectrlcal Descrlption., mhe 208U—10 Llnea” Po¥ .mpllﬂlev 151**°
"ffan automatlcally tuned llnear pover amp11¢1er !hlch 1s crlven bJ an
”,external excltercg“ot more than.o 2 watt r-f input 51Onal is requi
H{red to drive the 11near power ampllﬂier to rated 10.0. kzlo@aﬁts o
1}goutput pcwer._“he 11near power amp114le% is capable c* acceptﬁng 2
'}}watts average powe“ 1nput w1thout damage. The equlpment w111 delwve“;
:ﬁﬁlO kilowatts r-f output pover into a SO-ohm load, The »-i. amn11¢~er
ij“stages con51st of two—level,lwvdaband v-f ampllfiersg a wlate-tu .
;fidrlver ampllfzer- and the pouer amplifier uhlch operaﬁes.into e ﬁu~l*
3;ned pl—L output network. The linear power ampllrler r* clrculta arn*
'fyftuned to- rﬁf 1nput 51gnals within the 2,0~ to 30 O—me rsnge dur ng
2*fan autcmatlc tune cycle° The automatic tuﬂe cycle pro;wam rrovvd
:?ngor coarse p081t onzng bhe r«f tuned C’“CHloS, condﬁtTOﬂﬁl flne tu—
Tffnlng of optlonal external outnut equlpment, and &1ﬂ&7 ;1ne tunlnﬁ'gk
' éf clrcultﬁolﬂhe galn.of the 11near power ampllfler is coa~ﬁ;
ﬁ:trolled Qurlng the the cycle by 1ntern31 gazn control c1rcu1+s. ”hef
“ifoperatlng point is carefullv controlled to nrov1de hlgh efs 1cleECV”??
1" and 1ow 1ntermodulatvon dist tortion. A broadband capa cztance bfldapj;:
5slc1rcuvt malntalns accuraue FA grld neutrallzatlcn over the entlrm~
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’fbe made at the top of +he cablne

frequency range. The linear pover amplifier develops automztic load
control (alc) and transmitter gein control (tze) voltages which can

be‘applled to the enternal_sySUem exciter to control the syetem gain.

The linear power alelAVGf is capable of operation on 195- to iSS
volts a-c, 3-phase, 47- %0 63-cps prlmarv povwer., All operating ?oln
tages are provided by pover supplies | ithin the power supnlv unit.
The power supplies provide %o?EO volts d~c for the pover ampl
 tube plate, -1250 volts d-c for the power am*lirleﬂ tube cathode and

’"b

A

~ for the broadband and driver amplifier tube cathod les, +150 vol% g 8-s ]
" Be Tor the ige amplifier and for signal control bias, 225 volts a-c

”(adjusteﬁ) tubé‘filameht voltage, 115 volts a-c servo-moior relereii-
- ce vdltage, +28 volts d-c¢ for servo-amplifier Be and relay “Oﬂ“Mﬂ‘9 ,:

:Land 600 volts d-c Levvng blas°

All pcvef supplies are protected by Tuses and a mein circuit bro-

aker. Unit and compartment door interlocks are ?TOVLﬁed for sales
-and seve*al overload protec%wve circuits ave prov1aﬂﬂ to protect

[S144
equlpment agalnsb mal’unctvon..”he equiament can be ?oca17" con%rclé»

,led Trom uhe cablnet neter and conirol panel unit 4, which is
'?ﬁvﬂded as Dart of several anpl¢cat10n groupsq System connections can

O
L&
o
fo ]
[« 7
e
t.'i'
fote
O
3
e
2
3
o
&
O
o
)
i
(]
o
3
<i
b
O
foust
i~
D
[N

-"opefatlon. Cont*ols are DTOV’ded on *he 1:cont ranels of the unlts
for locaT test operutiono S

TABLE 3. I &3 ICAL CHARACTERISTICS

SR - _ _ -
Characteristic o Description I
‘»-f output power 10 kilowetts peak envelope nova” or 10 kilo-:

watts continuous average power

r-f input power 0.2 watt PLP or average, 2.0 waitts maxinum
/ oo - (during tune cycle onlys

Frequency range - 2 to 30 megacycles . 3
Tuning. - Automatically tuned to resconmence by servo- |
o ' mechanical means during an automatic fTuue j
‘eycle. Tune ecycle manually positioned for |
local test purposes, Tuning time is not wmore
thun 25 seconds with 60~cns Drvmarg pover |

lIl'DU be

.
»

LR
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MABLE 3. (CONTINUED)

Characteristic - Description
Pvpe of emission SSBy Ally CW, or any other $vpe within the
' bandwidth and power capabilities, A
) . . _ ) . ) . ) b
r-L{ bandwidth ‘< 12 ke with net more than 0.2 db variation
from 4 to 30 me, and not more than 0.1 db

; - from 2 to 4 mc. Lo
Output load impedance | 50 ohms: maximum SVR of 2 4o 1 from 2.0 ﬁ0§

2,5 mec.
meximum SVR of 3 4o 1 from 2.5 %o
I 30 O MG e - ; i .
Input impedance ‘ ‘50 ohms: maximum SWR of 1.5 to 1 from 2,0
o . tOBOQO meC . . \
. q i , . i
Intermeodulation die- Third and higher order products not less
tortion than 35 db below one tonme of a two-tone {
_ signal-producing rated pover. ' BRI
Harmonic output ‘ Second harmonic not less than 55 db below |

fundamental., Higher order harmonics not - |
less than 60 db below fundamental. ‘ b

. o

Input power requive- | 195 to 225 volis line—fo-line, 3-phase, 47 |
ments s to 63 cps. Taps for linme voltage compensa-
: L tion are prov1ded. : ;
Power consumption
Condition (nominal
at 8.0 mc) | o ,
Filaments on o 2,5 lw (nominal), 0.95 pover factor
‘Plate on | 3.3 kw (nominal), 0.96 povier factor
'neyed (static plate | 10,0 kw (nominal), 0.98 power factor
currents) A - S |
Two-tone test at 20,0 kw (nominal), 0,98 power factor
10 kw PEP | DA | ,
Slngle tone GW at 22,0 kw (nominal), C.98 power factoxr
10 kv ,
- TABLE 4, TUBES
Designation Type ; Function
1A8T1 ‘ 6S4A PA keyer
2v1 7788 | Ige am“lifiér e
2v2 - 40%350A | Troadband amplifiex
2V3 o 4CE3504 Driver ampTifier
o2va 40%350A | Driver ampliiisr ,
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TABLE 4. (CONTIHUED)

Designation ‘Type - Function
2v5 40X10,000D Power amplifier
2V6 S l2ans Ale/sidetone detector

Fig.l shows the overall appearance of 208U-10 ILinear Power Amp~

lifier,

. : : {
Fig.2 showe the same Linear Power Amplifier with the doors open.
‘Fig.3 showeg the same ILinear Power Amplifier with the comparsment -

doors open.
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FIG,1. Overall appearance of ‘2080;10
Linear Power Amplifier
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FIG.2, 208U-10 Linear Power Amplifier

with the doors open
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FIG.3. 508U-10 Linear Power Amplifier
with the]compartment doors open.
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The 308-1 Iinear &mplifier (FPig 5) congists of a one-stage linsaw
,amnlifieﬁ and the necessary power supplies, It is cwnable-oz maxzhn?°
legal input power in the amateur bands between 3.5 and 29,7 mc. It
operztes éith&r C¥ or S5SB zervice with any exciter (such ag TWi~-1, =
EWI-2, or 325-1) capable of 80 watis PEP output. In addition, the
amplifier may be operated outside the amatevr banrnds at any frequeﬁéy

0
petween 3.4 and 320 me by retuning the input circuits, P:go is the
block diagram of 30S8-1 and Fig.6 is the schematic diagram, '
Circuit Description. The 308-1 uses a 4CX1000A tetrode ag
the r-f amplifiex, The cathode of the amplifier is driven, requi?iﬁf;
some 80 watts PIP Tor proper operatiom. The screen grid is rﬂuﬁé :

f

directly to the chassis for better grid-plate isclation. The blased
control grid is bypassed so that it is at »-T ground. 4 12AL5 av téfﬁ
matic load conirol =z cthle§ monitors the grid circuif{ and 3pUL109

alc to the exciter the moment the r-f amplifier draws any grid cur-
rent, thus mairtaining class AE‘ operation. The minute amcunt of -
grid curvent drawn before alce 9008 does not degrade linearity, o

these Tew microvolts actually improve the linearity curves only ai-
A
[

exr appreciablv grid current 1s drawn is linearity affected. A plate
overload melav ‘grid overload relay, zand thermal ovérload ralcg ars
included i £or 'p protection of the 40X10004. »-f outpui is.counled

through a pl network into a 50-ohm load (with a maximum permissible
SWR 2:1), i

e

Power Supply. Since the power amplifier screen grid is at d-c

ground potential, it is necessary to provide the cathode with nega-
tive 200 wolts in oxder to supply gereen voltage which is 200 vo
higher than the cathode potential, EFF ective plate-cathode voTth

-is the sum of the screen-plate supply (2800 volts) and the catho

-J

screen supply (200 volts). Control grid bias is referenced to th
cathode,'J-l plate and screen current passes through the 200-vo lt
aupnly; aaé only plate current through the 2800-volt supply. ALl

- )

ﬁ]1“c73y ' operated from d-¢ sources except the %ﬂm&wdelav relaw

(i?
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v203
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.
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POWER SUPPLY sl T
(8) GOH . .. .“:“—‘- SCREE"J

f3~K202 and the“ma1 ovevload ”elay “*02 Switchlno fvom S8B t0 ow
 v perablon automatlcaTlv lowers che plate volﬁage and changes
¢g§bias¢ The amplifier ope”ﬂteu with approflmwtelﬂ 3000 volts plate-
'{7to—catnode in SSB servwce and. apDpIrox 1mately 2400 volte niatemﬁa—“f ,
  fcathode in CW. serv1ce. The power supplles may be commected %o eif ,

'5;115-v01t 11nes or 230~volt,‘3—w~re serv1ce l*neso The 230~vo1
”553~W1re conﬁectlon is nreferred¢_g . |
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FIG.5. 30S-1 Linear Amplifier
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