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A Modular Desjgn 

T h(' term fN'qucocy lIynlbc8izN c'a n 
quitR prop('fly be applied to liny of a 
varirty of d('\'ices. For insliull'c, 1\ 

type of radio trL1n~rnitter wid('ly ulK'd 
for sin'raft ('ommunicntioDS synthc"izl's 
a largf' Ilumbt'r of ('hanllrls by romhin· 
ing (t1'qU<'llcic,", )ol('1f'cted from group!! 

..... of indep<>ndrot crYRtals, Such $yn· 
the8izc~ art' not "frequency ('ohcrt'nt," 
tlinN:' th(> output frcquclley rdl('{'tll 
the individunl e rrors of S('vcml ('rysU\1 
oscillatoffl. But, if ench of the ('ry~tll i ll 

in lh(' groups has adequate accuracy. 
till' l'Iynthf!'lizM output (r('(Jurney is 
a('curate ('nough Ilnd stable enough 
for the intended application. 

An exa mplr of rohcr<'nt frequenry 
syn thesis is fou nd in the circuit ry 
often u!O('(l wilh atomic frequency 
standards to tran~late the atomic re&l
nancl.' frequCllty to a convenient round 
number, F'uch lUI oj ,\1" ~. Synthesizcl1l 
of this kind derive all inlc-rmroiate 
frt-'(Iucncics and the final frequen"y from 
a ~inglc source and nrc l hus frequency 
coherent. lIow('vN, iOil\cc only olle sy n
lhesized output frequt'llcy is produced, 
such n d('vicc is Iimit('(1 to it-s I:!pccia l
purpose IISC. 

;\Iembers of a rapidly growing class 
of gcncrnl-purpot'(' fn'<luellcy synthe
siz('r, in wbich lht' Ilew OR designs 
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Ix-Iong. prodm'(' man.\' output frequ('u· 
cirs ('oh('r{,lltly from Z1 ,.iugl ... rrimllr~' 
8Our(>(' Output may \)(' at Hlly ()Ill' of a 
\' {'ry [urg<' Iluml)f'r of disrN'tp fr<>qu('l1-

ri<'", u"LUtily -.('1('C't:lhif' Oil a d('{'imal
digit h.'l~b. Thi:- :Irti(,\f' wilt d{'!<{'ril"M' 
til(' out"tandinp; ('har:U't('risti{'~ und 
110\"('\ ft'utur!'!<. huth ('[edric'al and 
m('('hnllit'ul. inf'iudN[ in the li~t two 
of a family of :;.\'I\tll('!oli;~('rs now in pro
dm'lion by (:rllrm! H:u.lio Company. 
Of pnrtiruiar noh' in Ihl':;(' d(':-;igns Ill"(>, 

liNt. th<' liS(> of rqwtitin plug-in :<ub
zu, .... 'mblif':<. whi('h prrmit mally \'uria
lion" to suit pnrtirular requirrmrnt,.,: 
s{'('ond, proViSion for c·ontiIlIH)U;.t, 

smooth ('ovrrug<' of lUly dlOt'l'1l part 
of thl' frequ(>IlI'Y bund. from VNy wid(' 
to vcry nnrrow at will; lind. third, 
rit{'uilry for the 1oI:(,llerntion of pn'("i~ioll 
fr1'qu(,llc), m!l.rk('n-:. FN'qU(,II('i('l> nr(' 

~lef't('(l oy m(,!l.n,o of 11 "".'ril''' of ~*'P I)('d 
digit unit"., plu" a (·nntilluou!'1iy adjusl
Ilbl(' d('l·ltdc. Ikmot(' progrnmnllng 
('tlpnhility i" ~t:lIldll.rd for Ih(' ('on· 
tilluou .. "iy tldju~l!l.hif' IIllit: it b lUI extm
<,ost option for thf' stf'JlI)f'(i demdf'~. 

TYPES 1161·A AND 1162·A COHERENT 

DECADE FREQUENCY SYNTHESIZERS 

Frequency Ronges 

Figurf' la and Figur<' Ih "ho\\ the 
two (;H synthl,,.izrr,.. The phy;::ir'al rf'

!;C'mhhmf>(' i" no 1U't'idcnt; thf' uni!.~ Rrt' 
dC'Iigl1('d to bt, Il('uriy identical. III 
flld. Oll(' ('all IX' tntll!lform('d into tlw 
other h:r til£'" t' Ii:U1g(' of Oil£' plug-in 
modul£' . 

- . -- ---,..- -- _. . 
, ••.• • •.• • (iJ:i 

• e e • • • - . • " • • ,... ........... -;-,, _ ., """=..--.. 1O' ~ t 

Fil"" l b. Th,lyp' 1 161 · A Sy",he,iu. I, ,I"'ila . 
i" a p peara"ce 10 Ih e Ty pe 1 162 . ... . 

Th(' T yp(' IIHI-.. \ ('oheN'llt J)f>f'ad(' 
Fr('quent'y l;Yllthc"izcr provid('.'! IUIY 

d('.~irl'd output frf'qul'llf",V from d(' to 100 

h ". with <!('(·imal-digit I"{'adout of til(' 

>'('i('cted frt'(IIU'1){'Y on a serie" of III> to 
:;('vell illuminated digit dial" lind /I 

('olltinuou,.;-<,o\"erllgl' diul. T hl' !<l1\nll('"l 

digiwl I;tep in til(' fully equiPlx'd unit 
is 0.01 (ojs. 'J'Jw fill(, di\'isioll~ on the 
~'ontin\lou" dial. whell usrd lit t il(' ('!lei 

of the digit ~rie~, 1ll"{' at O.OOOI-~·y(·I(' 
int('t\·uls. For those wht") do nt")t rf'quirt, 
sud) finf' digitnl !It('\> ... , the dl'l'ign per
mil .... digit-in,.;{'rtion uui!. .. to be om ittrc\ 
at a reduction in price. Figurr 2 "how:, 
011(' ~urh striPJX'd-down model with 
four digit dial" piuS! the ('ontin uoUs 
{'ovrruge dinl. The th r('(' mi;;.-.ing digit~ 

inS('rtion modui('S ('3.11 be piuggl'd in. 
when{',·er th(' 1\('('(1 tl.riscs, to upgrade 
{h(' unit to a {'olllplet<' inS!trum('nt. 

Til(' TYIX' 11(,:?-A C'oh('r<'IIt. I)N.'ude 
Frl'<!\le1wy Hynth('~i1.('I' has ()u lJ)ut fre
quencies up to I ~ll"h, with n smll lk·sf 
digital increm('nt of 0.1 e :-< and fine~t 
I'ulibrntit")n lin('" Oil the f'ontin!lfllb 
dial at O.OOI·{'yrlr intf'rval<;. 

In either l'ynthc.:'izrr, thr Continn
ously :\djustabl(' [)1'(,ll.dl' (CAD) CRn 

be :l.ddrd on u t t he (,lid of tht' !wri t,,, of 
digit.al dials or, tit t lU' push of:1 buttou. 
("un fUllctionfllly rrpltlf'C all digit dinls 
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belo\\· nny choS('n m nk und thereby 
prm·ide wide, single-dial frequency co\'
('rage, remotely ('ont rolled, if dc:;.ired . 

By \·irluc of the self-{'l1librating fea
ture for the CA D, explflined in detail 
later, the partially equipped models, 
such as lh(' Typ" 1 162-A·I(' illustrated 
in Figure '1, ca n sct frequencies to more 
signilicant figures than the lIumlwr of 
dials wou ld 1<uggest. Tlllls the Type 
l lG:!-. \ 1(' {"all be set to four figures 
on the digit dials and four more 011 th" 
('.\1), t'ulibrat('d against the digit dials, 
for a total of eight. significan t figures. 

Swept·Frequency Generation with Fre
quency Markers 

The CAD d ial is direct-rending; the 
numbcrcd major di visions correspond 
to the digits Oil the step-adjustable 
dials. As all fulditional unique and \'ery 
lLseful feature, bui lt-in moni tor cir{,llits 
make it possible to set the CAD dinl 
pr('(·i&'ly to three or more signi ficunt 
figures, in terms of the digit. dials. Provi· 
siom; !ire also included for \'arying the 
frequeney of the {'ontinllOliS unit in 
aCf'ordance with an ele{"tricnl control 
input. These monitoring and ralibra ting 
cir(,uits assist. in the generation of 
u('{'urate frequency ma rkers, at the 
{'enter frequency defi ned by the digit 
dia l:! and at indl,pt'ndcnily ('hosen side 

flgu •• 2 . A p".li"l1y ' qulpped Inol.um. nl , Typ. 
1162_A4C, '''P and pan.1 vi ...... 

r.=. __ . _ . 
I " . . , - , . . . . ' . 
-----~ ... . . . . .. . . . . 

J;-•• - _ - . -; ~ i "'~~'~ ; I-
~ . ' 

frequenc ies. T he synthesizl'rs thus be
come swcl'p-freqllclH'Y generators, capa
ble of being !;\\·cpt with pJ"('{"ision over 
frt'quell(,Y bands ranging from a fracliOIl 
of a {"yele to many kilot.'ycles. Figure 3, 
which will be dii;cusscd in mor(' detuil 
later, is an {'xumple of th is sort of 
applieution. The ;~-, 10-, ' and !)O-cyl'ie 
passbnnds of the G It Typr 1000-A 
Wu\'e .\ nlllyzcr urc shown display('d on 
a storagl' oscilloscope, with accom
panying center frequency and side 
markers at small and prc{' i.sc interntls 

• 1.5", MARKERS 

3 '" P"" Bond 
• I .Q",/AARKER5 

3",ond 10", P" .. Bondi 
lO"" MARKER5 

3 ...... ,10"-,, "nd SO", p"" Band. 

Flgu.e 3 . Pall band I 01 'h. Type 1900· A Wave Analyze" wllh Ilmulioneoully ge nera' ed I.equen.y 
mo,k.'I . Th. Ilgnollou,.e lo. 11011 m. o l u. e menl "'al a Type 1161 · A Srn,h .. I .... 
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Modula r Construction 

The circu its of these synthesizers 
have been packllged in modules care
fully chosell as functiollal clement;;, 
which cun be comlJiul'd in !\ va riety of 
ways to satisfy ('itiler gf"llcrnl-pu rposc 
or specinlizcd requirements. The plug-ill 
modules arc pictured in Figure .t :md 
arc briefly d('scribcd in the following 
paragraphs. All modu le circuitry i ~ 

solid-state alld is mounted 011 one side 
oILly of the etched board,;. For more 
detailed descriptions. sec page 7. 

Digit-In se rtion Unit- Type 11 60-Dl-1. 
This module. basic to all OH frequency
,;ynthesizcr assemblies in this series, is 
used repetitively to provide select ion 
of {'aeil u\"uilabl(' digit. .-\ Dl-l un it 
is plugged in behind ('uch of the digit 
dinls visible in Figures I and 2. 

Continuously Adjustable Oecade
Type 1160-CAO. One of theS(' ullits is 
u!;Cd in each instru ment to prodde 
continuOIlS frequ('llcy coverage on a 
single dial over \\'ide or narrow fre
queucy regions liS sel('cil'd by pu,,;h
buttons. It may he omitted from the 
assembly wh('l"e t"Ollt inuou:,: coverage is 
not requi red, 

Ancillary Frequency Source-AFS. In 
this 1l.S&'mbly is the .;- \1 (; maSler 
crystal oscillator from wh ieh all fro
queneicil uSt'd in till' synthesis a re de
rived. I t provides an ad di tiona l output 
at 42 Ale/8, which is fcd to a ll the 
Dl-J units und the CA D, a nd a 
" pickel fence" of frequencies spaced 
100 kc/s apar t between ;3 and :H,l ;" Ic/s. 
This pif'ket fence is used in carh DI -J 
unit for digit-select ion purposes. 

Calibroting Mi xe r-CM-1. This sim
ple module C'o mpart>s the OUl put fre
queuey of t he CA I) unit, with the 
dia led output frequency of ally chosen 
group of D 1-1 unit.s for sclf-e:1librntion 
or m:1rkcr generation. If the CA D unit 
is not insta lled ill u particula r assembly. 
this mixer is omit.ted alf:;o. 

Output Mixer OM-l ond Output Multi 
plier-Mixer OMM-1. These modules, 
mcchllllicll!ly intcr(·hangcable. provide 
f"cquency translation between the syn
thesizing modules nnd the output cir
('uits of the Typcs 1 WJ-A und IltJ2-A 
Synthesizers. respectively. Hcpluce
mont of OIU' by the ol lier in the main 
irume changes the instrument fro m fl 

Type 11/) 1-.0\ to a Type J Hi2-A or vice 
versu . 

. . 

Fig .... 4. Th e b ... ic mod .. l .. o f 0 Ty pe 11 6 1. A o . 0 Type 1162.A Syn,hu lu •• t . f, I .. right (f ... n' ). 
Dig Ol .lnu.l ion Unit, Co nlin .. .. .. . ' y Adlu Uabl . a ecade. Po wer Supply , Anclllo. y F.eque ncy Sou.ce; 
(fl"") Co li b. ollng Mi x •• a n d Oulpu ' Multipller.Mlxe •. Diol light pone l. for 0 DI · l unll ond 'he CAD 0 .. 

• e. lln g o n ,h •• es pec liv. bOll • •. 
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FI II " . e 5. Top vie w of t he Sy ,, · 
Ihe. 11er ~h "u ; l . 

Power Supply-PS- l . Th is un it ac
cepts tlC power from the li ne or ue 
[rom u. 20- to 28-vo1L hattery and sup
plies 18 voits, regulated, to operate the 
sy nthesizer. 

Figure 5 shows the main fra me into 
which the modu les listed above are 
plugged io make lip either a Type 
llli\.:\ or a Type IIG2-A SynthcFizcr. 
Its deck is of <I sandwic h " construction, 
with banana plugs protruding down
Wllrd to t'ugage the power supply and 
the AFS and upwa rds to ('Olmect with 
all oth(>t modules. The frame cont~ins 
the push-buuon switches that control 
the fUllctiona l position of the CAD, the 
monitoring circuit'>, aud the fimtl output 
amplifier. 

PA NEL CONTROLS 

Frequency Select ion 

.\ ,; may be S('cn in Figurr I, eight 
freqllNlcy-s"tting dials, with illu mi
nated numbers on se\'cn of them and a 
continuously calibruled scale 011 t he 
f>ighth, provide all ill-line readout. of 
the sy n thes i ~ed freque ncy to nine or 
mon' significant figures. Behind each 
dial is a digit uni t. T he signal Hows 
through this synthesizing portion of 
the illstrnmcllt from right to left, cnte r-

SE P T EM BE R 1 964 ~ 

IIlg and leav ing ench digit uni t III 
sequence. 

Below {'aeh digit diul is a pushbut
ton. Wben olle of these buttous is 
pushed (and aut.omat ically iatehed), !lll 
rf switch behind it in the sand wich 
deck pe rfor ms lhf': followi ng I,wo fUllc
t ions: 

I) T he output fro m the digit uni t 
nbovr 1 he nd.unted button and from all 
units to the right of it is coonected 
to lhe Calibrating ~ l ixer. (An output. 
of the CAD unit i!:l permallelltiy con
nected to t Ill' 01 her input of I his mixer. ) 

2) The main output of the con tinu
ous \lnit (CAD) is conneeted to the in
put of the group of digit un its to the 
left of thl' actuated button. The CA D 
thus fu nclionally replaccs the d iscon
nected digil. un its, us regards their 
contributions to the output frequency, 

OpNlttion of the pushbutton also 
(·ont.rol;; lump switches behind the 
p:l1lel to extinguish the illu miuiltion 
behind t.he replaced dia l numbers, so 
thnt the output freflllClH'Y is read from 
the illuminated numbers at~ the left, 
followed by the continuous dial read
ing. with little chance for error. 

Monitor Switch ond Mixer 

The MO:-'fTOR swit.ch, in its counter
clockwise position (CAD t'AL), applies 
the calibrat ing-mixer output. to the 
monitor meter. The meter I){'haves like 
nn analog fl"C4uelll:Y meter wlwu the 
CAD output frequc llcy differs suhstan
tia.lly from the output frequency of th" 
replaced group of digit units, indi(,:"lling 
upscnle from centf'r. As the CAD is 
tu[wd to wit hin n few cycles of zero 
beat, the metcr fo llows the beat:; di
rectly, T he CAD unit CU ll t.hus uc nd
justed 10 thc freq ucncy of IIny group 
of replaced digits 011 the main dials . 
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T h(' !A'at fn'Cju<'n('y from !hr- ('nl i
hruting mhrr :dMI li)JlX'ar" at 1111 lim('~ 

011 Iht' binding post:> markt'd H.; AT, 

Wh£l IL('VN Ihis IlI.'al fr('(lu('!l{'Y j,:; IX'low 
'-)() c/ :<, ttl(' (' \ J> fr('qut'Il('y is I'qulIl III 
th:tt illlJi('ILtl'd lIy al 1('lIsl Ihrl'e figul'l's 
of Ihl' digit dial,; 11:<('(1 ror ('alihraliou ; 
if Ill(' 1)('/11 i~ 11('10w:, 1'/ fl, tIle (, ,\1) d ial 
mil)' 1)(' rcliNI 011 to f(lIlr figur(' ... , 

\\'h('11 thl' ~IOXI rOil ::;will'h is ill ils 
('('lIlral po ... itioll (01'1'1'1-'1' VOL' I'1oI ) , till' 

ml'IN mNlxlIN'S !hl' voltagl' at the nmin 
outpHt {'ullIH'c'lor, with il s{'alr- nwg\' 
from 0 10 2 l 'IIIt", I'm", With a '}()-",!1Il1 

loud 0(" IlIglwr, lhp output (':ulll!l\a ys 1)(
Ildjlll.led 10 Z \'IJl I ~ or more, by rnean s 
of thl' 01 '1'1' 1" 1' u:n:I, ('ontrnl, ill. any 
frl'f!uf'lwy a l lOl'c' :~O c'h, 

,h \\ill 1)(' discU~8Cd more fuily 1al('-I', 
tht, ma)';tN ''f,v~ lt\l oSl'illator may 1)(' 
phust'-Io('k<.'d 1,0 an t'xtcrnal fl't~IJIl"IH'Y 
stnnd:lrJ . 

"'lwl] a hl<'killg :,;igna l is illl rodUf'('d 
{througll II jU"k at the J'('ar nf lhr ill· 
stru lll('n l l :mel tilt" :\10:\11'011 ,;will'h i>l iu 
it>l ,'IUt'kwi,,(' po~i lii)l l ( I.OCK T O ~:X 'I' 

"'TO ) , lhc m('tt'r I'I'rifit'>, PI'"Pl'I' phu~'(' 

10('k of till' <-ryshd olwill:itof to t il{' 
stllt\(I:lrd. 

Exlernerl (AD (()(Itrerl ernd Devierlion 
Indicolion 

TIlt' ( ' 0111 in uOII:;I.', .\ dj II"! alii!' 1)"":1(1,· 
(',\ 1») ('un uJ,leratr ill ri lllt'r of !II'O 
modl'~, Ilb ~'I('I'I('d by 11](' I'Oflxilil /{'n'T 

:;wil,'11 III tht' right t)r it,; diul. WIlt'1i Ihi>! 
!'witl' /i ,,1, 11'1'1"- t hr JXn.H NA \, I.Q( ' " nw,I, ', 
tilt' (',\ [) i~ highly !itablt" !'in('(' it,; 

output ft'eqll('\U'Y iii n lIYlltlw"i,.; of a 
!'Cluli"I'I." IlIrg(','ry"tul-ll)ekrod frl'tlllrnc'y 
tlnd a sm:\ll tnnlriiJulion from :111 I., ' 

o;;J'ilbl'lr. 
III thl' ~,xn, lt"\ I , I'(),,'I ICO I, m (l{!,,, t ill' 

('.\ I) (11111)111 ii'l dl'ri\'{'d ("O lI1plct('iy from 
tl ('OlitiIiIlOtl"ly Illnalll(' 1.(' (j"c'illator, 

Purl of the tuning (,:lpllf' iltllH'l' I )'; !HIP- .... 

piiNI by a voitllge-('ontrolhlblc "ilioon 
capueitalH .. ""e dinde. The control ci rcui t. 
is d r-roupled tn the t; xn: ltNA L COXT ItOl , 

binding postl1 at tht' I{' f l.. of I he ptllH:L 
Whf': 11 the t ',1 I} is switclu'd to th(· EX'I'EIl

:-1"' 1.1,'0,,"1'1101. mode, thc d ial light of the 
".\1> is di mmed w! nn illdirlti iOIl It) the 
Opl'l'utor thaI.. lh~ switch is in this 
po"ition. 

.\.s m:trked 011 til(' panrl. :1 ('c lllll'Ol 
... ignul of -O,a-\'oll, do will "hif t. t he 
CA D frt'quelu'y upward, by nil amou nt 
('q ua l to 0111' major dial di l'i,~ioll, from 
n Iwutrnl posil ioll set by Ihe C .. -I. i) dial 
itself. T he un it c:1ll be swcpt ± 10 
mnju r d ivisions from all." :-:; tnfting point 
within the dia l range, Whcll s lich elee· 
Ironil' control is used, the beat ftc
qll(>lwy appeuring a t. the H~:.-I.T binding 
l)Osts is strieti.\' proportiollal to the 
J('\'ialiOIl of Ih(' C.\ D fJ'('qucll c), fro m 
tilc digits on t tlL' rf'pi:H'cd dial:; and 
inf'rea:-.es at. till' rate of 1U kc/~ Ix'r 
major CA D di:ll di \' i~ ion .. f5ill ce the 
mujor (numlwr(,d) (i ivi;;ions on the ('A I) 

tliu! correspullu d irl'ctly to the numbers 
on the digit dial immedillli'ly above Ihe 
""hlll\ed pu,.:hhIltIOn, It IO-ke beat note 
indi('atcs, in the Typr I !til-A, lUI (Julpllt 
rl'{'ljUCII(''y dC\'intioll ranging fro m 0,001 
1" / " 10 10 h .!II ill de('lIde Mepl'>, depend
ing on ly f) 1l whir h plli'hblltt.on has been 
prl's...o,('d. III th£' T YPl' Ilfi1-A, the rOrrt~
,;pondillg ntngl' i,~ from 0.01 (·i s to 100 
ke,' :';. (Thc mill irn um figufes OI'l'lIt' when 
thl' billion d irt'clly ulldl'r Ill(' 1',\1) itself 
i~ aC"tn:ltf'd; the ff'pht('('d digit in this 
":I~' i ... 0.) 

Two nt!wr {'Onll'tl\,. 1)11 Ill\' fronl 
pam'l art' Sf'r('w-dril'l'r oPCr:lt('(1. Th(' 
( 11)' :,>'1'\1, .'Ut:ll {'onlrol i" [l "{'rnif'r on 
liL(' rrf'{"-rullning rrc(t\l('nry of Ihe ma8-
II'r ('rystal oscillutor, II, mil." 1)(' USt'd 
I'hher \J) Sl'l the free- rullning frL'<p u'Il('Y 
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FI,,,. . 6, 51, .11.1 '.a ...... ln' .. 
Iyp!c"r DI,I',/n",' h'n Unl! , 

;U't'ur:ltely :lgu in!;t a refer('nr .... or, i f .Ilt' 
~ylltllf'"izrr i ,~ pha&>-Iocked to all ('X
! .... rlml ",lll lldllrd, to adjust. for 0Plimum 
loddng "omlition,., The 0111(' 1" i«'f('\\'

drin'r ('ontrol ol)('rah'l'I !l 1<wi" ,h t hat 
(' h u lrgf'~ tlH' normal :I,'-coupled OulpI I! 
" ir('ui t to (.II- ('ou pling. With d(' .'ouplillg, 
till' (lilt put frf.'Qllf' l1 t Y ca ll IK' ndjll fi tcd 
:I~ low as d .... !'irf'd. down tn £I", hilt the 
f)II'I)ut \'olt:lgc :n':Iil:ible il'l only about 
I ,"oil. rm<l, The ou tput \'oillige monito!' 
m .... trr i>l dil"('onllet"ted in Ihi ... /iw jlf'h 
po"it ioll, 

With I IWf'e points in mind , Id us 
now procf'('(1 to [l ('onsidt' r:llioll of I h('o 
8y nl l lP~i7,ing priul'ipll' \L~('d 10 a tt ain 
sl('p]>rod frequclwy in<'Tf'melll.:O; 11" smllil 
:1,. rna,\, 1)1.' df'si1"f'd, 

THE SYNTHESIZING PRINCIPLE 
USED IN GR SYNTHESIZERS 

Each 0 1-1 module in thl' "yn tllf' .. ll'Rr 
1"f'('('in's :111 input l'iglHll at uhoul ,i 

:\ 1('", modifie.s lht' fr<'QI1f'll cy of thi" 
ftignal \,('ry i:!l iglltly in t.wo sIr-ps, Mrd 
dl'li \'{'ri'\ the modified frNIUl' tH'Y (agnill 
Iwar ,j ,1to/ i'\ J ali nn input to 1111' n('Xl 
1) 1·1 u ni t in til{' tra in . Figurf' 1; i~ a n 
!,I(, IYl!'Hlar,\' diagram showing th~' ('';'<':(' 11-
u:!1 prn{'(' .. ~l'''' pf'rformed in Il 1)1 ·1 unit. 

In I'igul'f' Ii cnt'h ~ignal (input lInd 
OUlput) i,. ilhowlI fl." hlldng It frf"IU(,IH '," 
Ihai , for l'on\'('nil'IH'<', may hr- rrg:lr(iI'd 
us the ~um of two f'O mpOIH'ni..s, TIll' 
firi!t t'ompOllcnL is a "ellrricr " frt'qu'-'Il · 

SE PT EMBER 1964 ~ 

l'Y, whi('h N'1I1:tius 1It1t'h:llig('d turough 
all tilt' 1)1 · 1 1IIl i t.--1111 :.cx1O kt' / I!, 

'I' il(' s('I'OIrtl ('ompol !t' t. t i" Ih(> ., sigtltl [" 
,'ompolI(, tl i. The signal ('ompOIlf' 1I1 :II
waS:; lies hetw('('1i 0 nrrd 100 kl' ~, 

Tin' ;: iglwl ('lImpolll'JI! if> JllodifiNI hy 
]l;I~S:lg(' through ('lH' lr diJ.,!;it-ill>5f'rt i"lI 
lwit ill lhe followillg v(' ry l<imple \\:t.\'S, 
a.s indiCtHctl in tht' figurt', 1 r \\(' tlt'lItHt' 
Th" lotal input fr<'qu(,llt'Y hy 

I,~ = I~ + I,,~ kl' ~ (I) 

and tilt' output frt'q m'lII'Y h.l' 

l UI = 1< + I.ow ' 

tlwll tlw D I-I uui! 
";0 that.: 

l)I' rfot'm~ {(pt'I';,lilJlls 

wh('r(' 

r.+ l",,+ 
, 10 

I.". 
~ + 

IU 
10 II 

III d 

(I) 

.r'ft, I"~I = t(ltal inpu t and output 
frequ(,lH'iN;. 

.r~ = ('arri!'!' t'l linpOtlCllt , in nlr-
ian!. 

{ = i' ignal .'ompUtl\"lt of ittllllt. , ., . 
.r .... , = signlll t'orn lWtWIlI of out

pul, 
d = ~[('I'h"d digit. frum {} to 

H in iu lt'gr:ll ,~h'p"., 

For conv('niellt'(' in followi ng fre
queTU')" dlfl ngl'l-! Ihrf)l!gh Ill(' t mi ll of 
digil unilil, WI' ('nn di;;rt'gllrd Ih(' !'arl'ier 
"ompOllf'lIt , ii it ll'f' lui'! Jla~I':; through 
1I1I(·han g{..-I, nnd C'OIWC'lltmtt' on only 
I h{' :::igna I ('OmpOl Ir- lll , Ill' ill ('I Ilia 1 ion ('-1 ) , 

Figurr 7 ~h(Jws f(Jur 1)1 - 1 units (. \ , 
B, C, 1)), "n('il wilh digit.~ ,-I{'t('df'll ll ~ 

indil'lllr<t li nd tllf' ,. igll:tl-t,t) ml>O!ll'nt 
flow th rough l ite lmin, from right to 
I('ft. Ol)'~r\'f' til{' ,'orn''''ponde!lt 'c 111.'
tween Ihe l<ign:d l'o mplHwn t of output. 
freqll('l\('Y from unit A f:!l.:m h / t;) and 
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~II"" . 7, Sllna' p ... . "a. 
Ih''''''gh 'tOur Olgil .lnn . lion 
Un;" , 11I" " ,olinl . yn lhul. 

", deolre d .lgnol 
compon. nl . 

1, ...... >0 

'l'~""" 
t 

..".,....,~_ .,_." ..... 
t.oC' digit. dial >;(,ttillg~ (24:3U). It iii 
clear l hat. the output frcquell('Y f!'Om 
anJl lIni!, in SlH:h a trniu of digiL unit;,; 
will haw' !l ::igllal componen t that IS, 

ill kilocydf's Pt'i' Sf't'OH(I : 

/. = l(Jil, + d2 + 0.1 d3 

+ U.Ol ,I~ + 
when' til reprc:';(,Ilt...;; 1I11' dialed digit 
0 0 l lH' ~lI1it at wh ir h tht' output frf'
qUC!wy iii !Ucui'lurC'd, a lld 1/, through d" 
1"1'[11"1',"'111 digit.'! dialed 0 11 sl\t'('cRSiv() 

unit. .. til th(' right,. 
l~tjH"tiol1 (oil uefiOt'R the two funrin

mental opC'l'IItinns pc' rfnrm.'{! on till' 
signal t·ompoJlcnt. by cll('h digit liHi~, 
wlli,'h pl'l"lllit freqtll'rlt'Y :;.Y nth{'~i;; i ll 
~t(,ps :"1)<0 small :l!'. Inn.v tw deiiir.,ci, Th",;", 
opera t ion,.: ti re: 

I ) Dh' id{' I h{' input Sigil li I I·om· 

pOllcnl hy 10. 

2) Add to t hi.s a digit component, 
tha t is 10 times t he dialed d igi t. (in 
h is)' !lnd pal:!S t he rcsult on to thf' 
inpllt of the ncxt DI - I uil it in Lhf'tra in. 

1'bis gClleral principle is not ncw. 
It wa,; disclosed HI p rint ut lea st 
as f'a l"ly as 1\J,'12' nnd has becn util
ized in 11 nllmber of modern a pplil;:l
tiolls.~ ' I, ~. ~ H owever, Ow g rou ping of 
ne(·cssa r.v ri r('l lif " into:.J trai ll of idcnti
t~ a l digit ullit ::;. CIH'h of whko pe rfo rms 

the t wo lis IC'd ()Pf'rMiOIl S, Im~ mudC' 
po~siblr' the vcry versu ti le T y p es 

l l ij l ~ ..\ 11llel 11!i1-A Synthesizers und 
for'1hco mi ng meml)f'r:;; of Ihis fa mily. 

'''''"''"Iian P .. t~"1 ~". '~S.lI2. ··F...,.\"eD~Y i'lyntl,.,. 
....... " A",""pte<! 2lJ N.pt .. ,,,ber 1!1,;2. Am. P'''",Ie.1 Wi",· 
1_.Iot<!. 
• tJ. S. l'al~n\ No. 2.8211.2:";." 1);1/;;1.:11 F""'I" .. "ey SY'Hh~ .,,,,.Sy.t..,,,:· AI",II, 111.'>8. \ '. IV. 1:Ioloe. 
• C. i>. "M",n. :0;0. 2,~30.1f88. ,. Apllarntua lor ';co .. rtll, n ~ 
F~'I"enti ... :· .\I.,,·h 19. l!lf.o. A. F. lIoff. 
• H. S. ,'alent :-;". ~.1I3-I.716. '·\'.nnt~ .. F .... ,ue"ry flyn. 
tlo ... ,,,,,.:' .~ p,.;I2<). 1I1(;o .. J. 11'. S,,,,U,. 
• l·. S. ''IIle"t No. :1.12$.7211. ,. [)1.o:it ("0" lro.llw ~·"",~e .. e)" 
S)"lth....; .... ,·· .\ I.rd, 17. 11101.1 , ~IQnp J.' II ... ti ,, ~. 

OPERATING PRINCIPLES 

The Digil·ln,e,l1o" Un" (01.1) 

TIlt' l,rill!";I,I,. "f lLe 1)I;,;il- ' n~~'rlil)1! "n;1 i,.. 
tho: oJu,,1 ul" lhlll uf til!' familbr err..r nmll;llli,'f 
.~'!Ill!"1 inl<''' 11 .• ,·,11'1 m:\gllif.,· "!nuU fn.'lIU\·<)\·Y dH
(l'r(> ' '''0:8 t..1f "U("~'l!>'iv" ~uhlrlll'\iuus IHtd mulli. 
pliCHli"!!,,. II! 1111' IJigil"IIN'rlinll Unil, ill "'un· 
lrJl.~t, \". ,,(1,1 ><1111 !livid", If, ",,,,"'/nrl,,,·,, HIJ."lJ 
,1l1Y,'r,'m'e~. 

\" ~lh'"'U"~ litl' righl qf Fig1ll'''' R, 1111' 1u1.~1 
iUllIII ~i¥n"l I .. " tlig;1 'Iuit Ii." ho:lWl'l'lI 5 nnd 
5.1 \I"/~. '1'" thiA id udd('d ~2 ~Ic/~ f., .... 'IlPfrl"·t.1 
,·nh,·r.·utly frum tlh' rlUI8t ... r ~r.\"~lal "><I·i[J(\\ur. 
T" 11", r,,~uhi,,~ ~It m ftt'qu" ' It·.", whidl !i,'~ h.,· 
lllt't'u ,Ii l\1nl 47.1 ~lp/~, i~ ;.ddNI IIH' digit 
p'''nl~'n ... nl. 1'h,· ,lig;1 1·"ml"O],,,n l m:,.v Iw :Inr 
\l1ll' "r 10 rn·qu''1H.'k~ [n)/n !I.O \" :I.!l :'ol,,/s ill O. J. 
:'01,· ~ t"I'". TI ... (\l'!lir.',1 . lig;1 Nmll'oIlNI! i~ ijt'. 

11'f't"ll hy nWIlU6 Q[ n l)hllSl' I<wk bct" .... · n lUI 

f\:<,·ill:.lur rQnglHuul't.1 '<I 111l' d(!~ir~'(1 frt"lU(!l!cy 
I1IHI un(' (·uIll PHll.::ut of:1 pil'kd f.::rwc gcnl·nllet.l 
I:ohl"r('nl ly from Ih,' ~r.".,I,,1 ,,~("ilhHor. Th~ !luul 
sum frc'lu('n('~', Ilhu 1IIi8 "'("out! Il(lt.litlOIl, licl' 
11<'1"""" !i0 and ."1 1 :'ol,' /~. 

Thl' "ulput fr"'III" 'WY frum III" Iligil unit ill 
ull"-!"lll]1 of I hi>!, Imd thcrdol"t' lic~ Oll~'<' more 
Il<'l W"('n .5 0 nil/I 5.1 :'o l l'/s. ~Oll' I Im L I he .oi","!!1 
~tJm ]JtJnenl of the 1011.1 iUIJut frt"(IUf.'Il<·Y h,,~ t im;. 
lweI! divj, l.-d hy 10, It!l requi red b~' " quat iOll (,I), 
!IntI I)llI t :1 digit CUlI1l'Vno>!ll hw< II(. .... n uJ(iet.l, 
"hit-h. iI' kilo,·.,·(")c~ per l!Ct'tmd, II! 10 ti l1lf.'~ !h .. 
dill!!,.1 digit , :1" !I1",dfil·d in .::qu:lli.on (·1), 

I n the I) 1·1 \l ui t 1 he tli vi~iul! 11.\' 10 i~ Ht.' hi«vc,1 
\0.1' 1he lI,;('. of tIll' plmsc·lu.-k I ,~' hll; q!ll.'. Thl' 
ll'nlh Imrnwnir of II", Output oSl'WnlfIT i~ COIl1-
1'Ilrl'd ill n \lhn~e delc,'t"r "il h Iht, 50- 10 51·~Ic 
-ih'118]Ull'nl;nned Ilho\'(', " 1111 'hI' plllISlHlelc<' tor 
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output 1000b Ihe outllut olldlbtr.r :It l'XlIclly 
one-lenth uf thi~ rd"re llcc "igllul. 

Bot h I,hulle I~k~ Ulle (lulomlltirlilly IIwitdu' d 
101'0'-/)1<l1li filIN~ in the contro l loop wide h"nd 
for cllpture, IIllrroW lmlttl lUI luck is :lI'hie\·cU. 
AutomnLi!)-olell siug ,· irrlli t .. cxlinl(ubh Ihl' din I 
light inK if there is no 1(I~ k. T I,(l ":'Iplllr(l rllllgtl 
for ellc h (JdCilluto r ill ~o f:1.r in C!( (·t'!lll or n .. '<llIirL'
mCIL!S, h"wcver, that ijllch fnillln' is run '. 

O!.!!(' r v{' t h'-IL th .. eh<'licc <'If frl·IIU"!ldl'~ U!letl 
in the nUIl VI' I!Y I1t1,,'si~ing WOCI'!!.'! ii!- ~nrh UlIIt 
110 ]() II-orJrr IllU r i()l1~ prwurt!' urlllr')(l(' h cni n
c.id,·ltc,~ ill nlly of lhe tni~er~. T his: IIII':III~ lIlIIt 
!til imporlunl ~IJUriolis fn.'(jucn('ie~ ar.· rt'hll i"'el~' 
far reUl,whl frulil the dt'!lired ~ig"al.@ IUI,1 Ihftt 
Iillering r('I tui r"lllcnl!! life Ilwrdnrr 1101 ",,·\·I·!l·. 
III addition, the lilllpll' HC fillcra in the phnl'('
Ir,ck l ooll~ nrc uhk; to r~TIlO \'e t!.ny ""eh l,w,luc'" 
nol ('oml/INely \' liminll tNi h)' I hf' mi:'I ('r (JUt"ut. 
l ill(·r. 

In l'igun. 8, II (il'CtHJo.: dilll i~ ~hO"' 1I II~ til" f,·,·
'1(U·!H·Y-l'l.,I,·(·ting l'IHllrl)1. In 11w rf'lllol('ly pm .. 
grnnunr,I,l o.: vl'r~ion "f II\(: 1'11-1 unit, the Itllllillu] 
di:)1 Itll ~ lUI (·levt'nth pl,.t~itiun m:lrkr'd "II." At. 
thi" !OCtlin", i'/m!rol j~ tntn~r('rred 1,111 rl':lr ('HlI_ 
IH'('I"r," hil:h 11110)1'. digil >!I'll .... lio" hl' clOl'urt' lo 
ground in :1 hiquill!uy ('t0i1t'. 

Til. Conli_.J~ Adl,,'labl. D"cad. ICADI 

The CA]) it "'l' ry similAr in prjl",ipl,· hi tilt' 
hi-I. Tlw digit ij('Il'el i"n (L.~~ lUI UI«' iJl:i to r 1'1'11 -
l IUIiOUill.\, adju.8ll1hle from 2.!1 10 1.1 ;\Ir /~ (:1.0 
tn :I.g eorr('~poltd~ ' 0 di.,ri'H 0 I,) !I; 2 .f! Ilr.,,,i("·~ 
rang" t .. - 1. IIlId ·1 . 1 1·~tt' llI.I~ lite hij.:h ~i' le III 
II ). In lht· ' '''1'1':11'' .\1. l.I>t·" lO ude, II 5.0-:\1 (' ill
put MiJj;H:t1 il!. (ld,lu(1 to) ·12 ;\I('h lu ~1'lwr"le-H 
~ I dll, \·ry",t:.t-IOI·kt·d. T he digit Illl('ilIuwr, (·om· 
hi llt'd with lhi~, l,rodlll'l'II: ' lIigll1l1 rallg!U!, from 
·I! I.(I t., 51. 1 :<, I r/ ... (of" hich 47 ;\h'/@ ilS tir·d I" 
tilt' m:l!'tN I' rys lllJ ol·iUntor ). Arh'r di\, i.,iOlu; h y 
10 b~' lechni'lue"lIimihu to Iho.sc in Ihe Il l - I, 
the- Iin:\1 outp ut fre\lllcIII'Y liclI bet lIeeli I.\J'J liltt! 
S.II ;\Ie/@. ----.. ~fO 

S E'Y E M IlE It 1 96" 

In the EllTERS.U. ('O"" ROL mode the output 
vkillator il! 10 11111 ... ·1.1 tu rUIl he ... , under w nlrol 
IIf a IIE"<'Ollfl 8L'I"lioll lin the two-gullg tuning ea
v-.. ~ilor . Pari of II. ... OIItiJhlting-eircu it. ca. paci
l:tll~e i~ ~UJllllil'll by II. vul!:lge-\':lri:\ble-('ltp!lci-
1.:IIWI' diudo: , f\lr o:~l tTlIlII-('onlt'JI pllr]108CS U 
(Itl!Cribcd ear iier. 

Th" Ancillary f,equ.ncy Souru IAfS) 

A ... di!,(,II~~'d 1\1I0\'e, llw D I-I ami CAD unil !! 
:, 11 rC{luir(' nl) input :l.t 42 ;\Ic/@, lind the UI-I 
unit.s IUlditimmJly III'NI Ii roherenL pic ket felLloe 
from 3 to 3.!.I ~Ic/~. The A FS unit pro\'ide~ thN'c 
IWO iUJlut~ h/ lhe digit IIlIi ls. T he AFS unita.11!(1 
tU!llnin!' l he mush' r 5-.\11' t'ry~11I1 o .. '.cilb tot , 
fl'l)m whi.-h IhLo;;,,' .. ig n :ll~ an' coheN'n!ly de· 
riwd ; 1I1>!O ilkludl'd an' ei~lIi l .. b~' "hieh Ihi~ 
m:tsll't trY>l.I:\1 tllldllntor C>l1l III' l, hMf'-IOt,'kL.J 
I.) .I1.1)~' ~t.'l.),lp ~;' :\I e ~ignlll, o r lIuhllluitil)le there
o f. 11I01:l liu lI Ulllplilit'n< Illnk .. nl'nilnhle, at rt~ll r
IJunel (,(WIlt'ClIIri', ~lnml!lnJ fn'{IIlCliriciI nl 100 
J..e /SlinJ [, i\l dl< fli t 1iJ:K! in :lllxili:lr,l' C{lu ipTnI'Ilt. 
A 1.:<'11' output i8 (·onnl .... I1 ·'\ inln till' Slwdwich 
d, .... k Rnt! hrolllfhl (l ilt :.1 Inll"'r 1)tJ"'e r 1,·v.:1 ut 
till' n'ar uf the tkoek. Tilt' 12-;\1(' l!ignul is :~I~" 
:tw,il:.ble lit. a r~'M-d('rk rI'Ct·!,tl\rl,·. 

Fillllrc ~ I i~ j. J,lo.·k t1iHgtnm \If thl' AF~ IlUi t. 
The j.lrimllr) ~"Iln'i.·, lit. 5 .\l r/~, illllividl·dt.tI I 
;\11'/11, "hi,·h i ~ \lu'n lllulli"li(',\ to 12 ).Ic /~ in 
thn:l' ~t{' I "" In ,m"tht' r rlm;ll, Ihe I :\I(' /~ is fu r· 
th"r ,.h \' ilkd to 100 kt,/.o<, " III'T" I'ul!l('-/!h:,ping 
<'in'lIilli "n,1 Imndllll:¥ lillN" Hnt! nmplifins 
gl'lwr:\tl' I ht· pil'kd-f,.lIt .... " " ~ 1,111 . 

1,o<o.)1:llion ,tllIl'lifll: r~ ,Ire n~·d Hhl'rully til WI'
\·,·nt. und"s;r",1 TI':lrlillll~ ([m'lII l!; till' V:lri.,IIl! 
i nllut~ 1111, 1 untpllt ~. , 
Cty.,al O.cillato. In AFS Uni t 

Tht, IIUlIStl' r CQ'l!lal o"C.'iIIl\Illr ilS dl'~il!n"d rur 
le IlIIICnLIUtl'-('()('ffitit' lIl IIiT/lO\"'r Il,'sr lIurll\81 
rIMull-tl'mp,-'rstuT'· ItmJ,it·ttt '·IJI!,liliun~. lL II! 
11111 tl'mpt' r8Iurl .... ·ulltrolll·tI hUI has ruleqluue 
~llibili\.~' for mQ!;1 !lppliCAtirl/l!' '11"111' 1\ (lJJoI>rst.-d 

.::r:'J T t "uti! ""co . .. ~ ~11.rnsJt,. -- • " . <I , w"," 

'~"~T ® ''0' osre.~TOOt-'~"· -.- ~-
Y~To 

• ,., .. . ,-
.~ 
~~ -,,~ 
" ,--. , 

",C<C)' 't ~, 
.-~ 

1'0-'''''''11.1·· 1~t"M.~~OfOU 
", .. ,- tOG·,. 

I '="..::::"J-l 
--

.... n . 
t.OC~ _ ..... 1 ~Il;o;t~ 

1"'Tf.~' ''' • .. tM<wt 

..... l-. 

Figur ••. FunnJonol Io lo.~ 
d la",om ", DIgll_h" ... tion 

Unil, Typ. 11 6 0 -0 1- 1 • 
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F'gu.e 9 . Fun cl lonol bloc ~ 
dloll ... m .. f th ' An ti ll ... )' 

F. t q u , n"y Sou .. e . 

Ilnder reMOUllb!~· eHn~tllflj IlInbienl l!~lUperll

tiJrt!; It ~llour nm <on (11111 unit, rl'l'orded 1'01\
linuou~Jy (Iver II \\{'{'kend in \\"illt~'r, wilh build
ing hefllt'ul Ullrk and n'-t"~tuhli~hell during the 
I'·('riud, ~howl!ll V~dlllioll~ of unIt 2 pllrt~ in lOt. 

When more 1!(.llblt, upera tillll i" requirl'"(t, the 
phllse-lo~king rif"(·uitry ~howli ill hlo('k dinJ(r(l/U 
furm in Fib'llr ... !} can be 11.,('(1 to ... stal,li~h a light 
I"ck lu" mnn·l:ltllult· ~!.t' ll(lard, ~u ... h II~ tilt' Typo· 
1115- B Stnndflrd-FrPQuf'IIf'Y ()~rill:ltor' (>'<-'<' 
Figure 10). Tilt· l'flHtroJ ~iglllll, III " :,ulomu!lip!e 
uf ,., :\Ic/~, ip fir~1 lill1ilNI, (lml I' ~hl'rJl pIII~1' il' 
furm .... J. Tb ... 5-:\lr "umpunent vf Ihi~ pulR" i" 
114!11'('led ill 1I III!H'd IIlllp1ifier, limill'(l hy a 
:-;C1,rnilt Irigger ~ i n·uil and alllp1iIi('d agtlin 10 
!UPI)ly nne ilipUL tn Lhr phl\~r dctt'cltlf. The 
In\\"-p:\,;.~ filtt'r in 111(' ,'onlrtll 1""\1 :IIINlu:11 4'ly re
mOVl'~ l(m-frl!qu,'IU'Y "1J11l1l ... n('nl~ lhal mighl 
4'IJIltribuH' III plmJ;(' jilh'r. 

Oulpul Circuit. 

,h hu~ I:OCI'u 1'1·,'11, lilt, uutput llf till' fimol unit 
in tl,e l,.,.il! of digit units is II sig-nftl between r, 
lind ;,.1 '\I('/~, whkh may llI.' c()n~id"r('u 1\ c"r
d"r ,·"mllom.nt "t 5.0 '\Ic/~, plll~ II signl'! ,·0111-
])\)twlll l}I't\\(ol'n 0 !lnd 100 kr/II. In till' Typ •. ' 
IIUJ-A ~.\·nthe~izer, Ih,' Olllpllt i\li .xl:r (1 ).\1_1) 
lIlIblnt{'l~ 5.0 .\Ic/~ [rum thi~ tutal Ulltpu~ fr .. -
t!Ul"WY, 1"!IV;lJg the ~ignlll oomp(ollrnl fI~ rf'~i

d\l'" I" Ihl' TYJlc' ) 162-A, Ihr finallJl-1 ,"'Ipill 
~ignH.l il< multi]!l;.,,, by 10 in till' OutlJUI l\lulti
plit·r-.\J i :\.('f (Or.I L\ I_ I). " fom I ht· mull i piil't] frc
'jlH'ney i~ ~uhITlI<: t4'J 50.0 ;\1,·/1', ~(I that, in thi~ 
,'"se, tI,e re~i,Jl1(' i~ 10 tinw .. Ih,· ~;gnul "UII1I)o
' I('nl rrmll Ih"l:.~t III-lullil., rlOng1llg Iher"f,)Ttl 
from 0 1(> I .\1.·/._, Jejl.'nuing"n di:Jl :<t·tting>:'. 

The ,jiffrr("we fr'·{IUf:W·.\· in this linn I rni:>. (0 

• II. 1'. fll,.,.t~n'~)"f"r:' ·Th" I<",bility nf St .. nd .. td·~· .... · 
<t""n~)· 00<,11 .. ",,.,.:· GI". ' ral RadiD E~"..,i"'''"I'', :18, I;. 
June lfliJt 

..- .... 
10 100 k~/5 Uf 0 to 1 ,\ III/s, dl:Jlending UII 
whether t I~ 0 :\1 -1 or th., 0:\1 ~-t-I j~ plugged ;n) 
(~ f('d tu the final out put amplifier, " hkh is 111\ 

iUlegrul JlM I. (If t h .~ main fr:ulIl: . T Ill' uutpul 
lunplificr, whell 1l.IH."Oupled, i~ flat wi thin I dll 
from :30 r/~ 10 w('lIl>('},ond ) .\ [ c/~. T lw l)ut pnl 
inl]ledltncl' iB 1(1\\ (lIppro~il1lu l ely 5 ohm~), turd 
llo t• lLVllilllhl{· .!lItjlul volt,lge (1110 load~ of 50 
'I"m~ ur higlw r i~ ill e"l:t' ... ~ of 2 volt~, rm~. 

III Ihe Ih· ..... lUpled conuil(un, lhe fimd umpli
[i"r iM etimilmll'd and thr Oll tpul, is tI.Ikell, by 
Wily of thl! h·vcl .... onlrol 1)()tenliumcll:f, frum 
I lw outl)ut mix .. r. In Ihi~ ('1I!«l, the oul 1mi itl1-
])rdl4l1('(' i~ hi~h und variuble (from 0 t Vllbout;~ 
kjlohm~, dej){'llding on levl·I-cOlJlr,,1 >'f·l t ing ). 
Till: aV:lilllbl,.. 0llen .... ircui l. I'ollll. g'· i~ IL llprox;
nll1tl'ly I volt. Til l' uut)lut V(l ll nll'tl:r j~ dl.o
,·Olllll'd(·rI in lhi8 mod., of operaliu/l. 

Pow~ , Supply IPS-) I 

Thl: plug-i" pow.·r :iup])l.) i~ t':onvl'nliolllll, 
~IIPIll.\'int-: 18 VOltll, rC)l:ulllt"d, til the hnlulIf'(j "f 
lilt' in~lru\lll'lI1. A Il1rnill:III){'w\'T lr!Ln~l<)rlner, 
in 1111 A-met:,1 1'1\;«', is "~l:d lu Ininimi7.l: ~ I Tl\y 

tif·hl~. 
A ~1>l'CiILI illl)111 j:ot·k l)('rl1li l ~ uJ)('rlltiun of tht' 

lI,\"nllU'~i1.er frum lllttteri{:Ii, if dl·~ired. T Il\' ""ril'!! 
(f'glllator ~till fund;tln~,!'(f allY hHttNY vo!lag.· 
from 2() Iv 28 ," ... II~ will provi{le norlllHI Op('T:i
tin". 

.. - . . ~ . ~,~.~ c 

, . 
•• • 

flg"re 10. View of th . Type 1115-8 Standord _ 
F •• q"~ncy Ouillalor. 
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APPLICATIONS 

When lIl(:re is fI requireffitut fo r pre· 
rision frequencies scled a ble at will , 
the com bi nntion of tl stahli', frce·run· 
uing, udjustuble oscillator nluJ II fre· 
quem'Y coullh'r will o ft e n fill tht bill , 
prodd ing une L .. will ing to monit.or the 
o!.<d llator fo r short.. or long·icrm drift 
lind correcL its tuning tiS required, On 
the other hond, wh('ren' r a n :Id justllult 
o~<,i l b\1() r IlIld tI frC<lucnc)' counter eall 
do a p recil<ioll frcqucllcy-gf'ncrat.ing jul), 
a dC<'llde synthesizer \dll do the job 
bcUt'r lind more reliably. 

Frequency Measurement 

In addition to its primn ry role of 
frequency OCIIl'r(ltiOIl., n s),lI t ht'l!.i7.er will 
oftt'li Ix' fOllltd mosL 1181;,ful ill frequcllry 
/IItu8urClllerii hy hctcnx lYl1c t('chniljll{,:!. 
A l.i'l&lj01l5 figure betweell a frequPIH'Y 
to be ffi<'llSurOO :'lnd a st llndard fre· 
quelley from Il synthN'izer will provide 
information 011 a ('l}1!titWQ1l8 1.»II<ill (u ud 
without tlllY ~ I t'OUlit UlH't' rtaint y), 
instend of 1111 a vt'r!lged O\'(!r the ('oun ling 
int~rvn l of u frCIIUf' II I'Y l 'OUllter, This if! 
partieu lllr]y IISt,ful in working with low 
freq uell t-ics, where it I:; net'(''<sary to 
uS(' mulliple-I)('riod mensure meJ1t~ to 
Ilchieve !I{'curtlr'y witb a ('QUilter, 

As nn illuiltralion. I periodif'ftlly 
mt'llsure the luning-fork frequellcy of 
my .\ {'cutron" wrist w:tl f' h {uo miulli 
fn'qup rwy :mo 1'),1'\('::' per :<t't'Ond l by 
fo rming u :nO- l.o-1 1,j"!<l1julI:'! pllU{>rl1 
wit h 80 .. 100.00 f' / ~ from II TYPl' lliq·.r\ 
SYll t it ('!< izc r. On this di:!p]lIY, 11 fn'
qU<'II('Y dpvia l iOIl as :;ffi!lli as 11 part pN 
million ('all i)(' oh;;cr\'l'd inSla ll tarwflu,,;]y . 

The all()\'l' commeu ts !lnd c:'I:a mplcs 
eould , of ('O!lri'(', a pply to a ny synt lw
si7.N l'IIPIlIJII ' of ~uffi (' i(' n tly ti ne fre
queJH'y steps. Th(' GB synt lwl;izel'S, 

SEPTEMBER 1964 ~ 

howewr, olTer () pf'r:lt i f)l1~ll 1}()1515ibilities 
1I0t available, to my knowledge in Ilny 
other devil-c of this gC/l(.'ml I'haractl' r. 
T hese Ud \'H nlagl's nct;nlt' fro m the 
uniquc cirt'u il ry pl'Cv iom.ly deseribed , 
wld eh pe rmit s the CA)) lmit to replar;e 
Il grollp of digi t .. ~ (:11; IIf,IPf'\eu by push
bu ttons) :Ind, "imult:Uleou"ly, to pro
vidf' a highly magnili('d mellsure of the 
departu re of thl' output frequency fmm 
that disl)!:lyed 011 tlw digit di:lls, :IS t hc 
CA 0 flX'quell !:), iii H<ljusl ed e itllf"r ma n· 
lIally or electrically . 

Tbi" feature (':UI be llsed to IldVo.l1-

tllgc in nWll.'~U rl'mc ll t of the frcqllclH:Y 
charucterj" ti!'S of ~l'led i \' e fXMfl ice net.. 
work>!, I t is I\I!«) most u!o;('ful ill the s tudy 
of rr('l]u('wy dri rt o r of ol her <:hllnges in 
adit'f' frC'llllC'llc'y ~O\l rf'(,", :suf·h as pre· 
(, jsioll cry,:tal o:o;r i llu tori'l. 

Measurement af Active Frequency Soorces 

Figurf' 1 I i", a block diagra m, showillg 
how n'I)' !'mu ll frl'q ll t'n<'y eh!l ngcs in :l 

freque ncy RO ll r('!' nlU 1If' trtl.ekcd [lilt! 

1'('('ortil,{1. Thr unknown f rcquell{,y , .r~ , is 
f'ompart'ri in u phll~ dl,tf'f'tor (on Il 
l-to·1 or II-to--I basi:!, or br h('tcrodyn
ing) with the out put frt'quellt'y,jn, from 
Uw "yn t hl'"izN. TILt, dc' voltage gen
N:\lC'd in the ph:l~ df ' h~(' t\lr is COIllI('{'( I..'<i 

to the t:xn:IIl\\l. t·\ U CU~TltOI. input 
of til{' syn thc:<izt' r so Ih:lt Iht' "YII\I1('
"izcr output automati('a liy tnl('ks the 
unknown f refl uPIIC·Y. 

, I T"l""·"U~ "["'~ I -, .... "'I<!I'.,~. ,,,, I 
~ ______ i _____ , 

L~~_~~~_L~J 
FIII ".e 11. MethOd 01 '.o~. rn ll ond , ould;nll ,h . 

drifl 01 on unknown I •• qu.ncy, f., 

11 
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~ GENERAl RA DI O EXPERIME N TER 

12 

flgll •• 12. SUIfQ u ie d ciulIl. for 
lI . n~.ollng <,""Ier. fr equenc y 
... arlce ..... d lid. ma,lee, s, fo. 

IIle with ' lo w Iwe.p. 

The monitur frequcl1ey from the B~: \T 
tcrmimdrl is measured or r('cordrd . As 
tilf' synthc!<izer output fn.'quf'Il'·Y VIl I'ici< 
in rcspOIlS(' to ('hllng('~ ill 111(' unknvwll 
fr(>qu(,IH'Y. til(' heat output va ries pro
portionately, at what may 1)(' 11 \"t' ry 
Ligh1.r mngllifif'd f litI', d"fJ('lIding upon 
whidl hliLion has i)('cn PU;:hNI. For 
t"t"!Unplc. if th~; drift is snwn. tht, X I 
{'PS hultoll might he u$('d. In llli" ('(1st' , 

II ch:lIlgC' of I (' / '0 in t il(> 8ynthcsiz{'f 
output would produce 11 lO-k(' l'iu:lIlgl' 
in the r('('or,kd be:lt. fn'qllt'!J('Y 1l 

mngllifiratioll of 10·. f;mnllcr ( rl" grf'akr 
magnili(':lliOIl 6 mil 1)(, IIlscd. :\;< n'· 
quired, l111'r('l), by operation (If other 
,)llshbutfom'. 

Measurement of Passive Selective Net
works 

FigUff' :~ II'II!,; lIotrd brit'fly at Ihe 
Wegiu llillg of thi!! 1II'lidt, as an eXll mple 
ur ~wrpt fr~qtlCIH'Y anul'ysi:; of :-:hurply 
selettiv!! eire'uitf<, with lirlf-grllf'mted 
mnrk{'rs. The tr:H'('!:l nf Figmt· :~ II'cri' 
obtained with 1iJ(' belp of t il!' t' in'IIIL 
shown in Figure 11. T his ei l'cu it. Ilall 
brcudlxlltrdl'd for t he PUfjXlS(' l\lld i" not 
:lvnilubll' in plLrk:tged form, but it. (':UI 

1)(' {':~i ly dllplil'!lti'd. In Figun' 12, the 
ii igmt! from U~; ."\'l', after u [ow-pus,; fille r, 
is I"cdified to prt)duc(' lo ll(' {'enter
frl'quCtlry markrr ()!'{'u frillg wilen tilt· 
('AD frcquelll'Y l'qllat~ thr !"('plaecd 
digit frequenc.\'. 

Ridr ma rkcl'S arc PI'Odll("('d when the 
frequcncy nt BhAT iii ('qual t" a frc
queney inj cl' t eu f!"Om thc l'Oi dl'-markc l' 
oscilla tor. Sine{' II'!' 1111\'1' tht' grnrrnl 

lIo.A 

r~" 

rule thai the frcqllenry ut Il E ,IT dltlllges 
at the ratc of 10 kc/ s per major C.\ D 
divii;iull (see pagr 6). a side-mul'ker
o~d llntor frf'qIlCllt)' of 10 k/ h. will 
prudu('c i\ s{'condllry marker II'hl'llf'vel" 
the OA I) freqllc lwy i:; l\'movN! b,}' OIlC 
major dil'i;; ioll from lhut l'OhoWII nil the 
rcplllccd digi t dials. (A l:)-kl' ;;idc
marker ~igilul 1111\" produl'{';I mUI'kers Ht 
± 1 .. -) divisions, de:). 

To producc t.he tm.('c.o; of (O"igu rl' a, 
II slowly vllI'ying de I'olt;tge (obtaincd 
from a baLtery corHlcrted ac\"Os.<; II va
riable resistor' with groulld rti ("cutrr 
iup) was applif' d 10 thl' 1';Xn;n\',\L r IO 

l'ONTHOE, ('on nec1or :Lnd a lf<o to Iht' hori
zontal iJ11Hlt. of II s torage Of<eillost·o]lv. 
The output. of the s.vllt hesil.cr fed ilw 
Type I!)OO-A \\ 'lI n ' .\Ilalyzcl·, and tI](' 
analyzer Oll tpUt., rectili rd nfh'r passillg 
th rough Ill(' in temul :,;eledi\'it y, lI"a" 
('OIl1lf'tted to the vprt il'ai input of the 
oscillos("opf' on I'ha li llel :;\0. I. The out
put uf thc marker genCl"Htor II"11S ('011-

Ilcd('d to (·harlllci :;\0.2, (l\. t h(· hottom 
of th~' o,,;eillo;;Col)(1 fa(·, '. 

For the display of i,he :{-I".FIf' pass 
hund in 1"igUl"t' :~a, t lH' pll~hhlittOIl 
unuf'r X 1 C PS II'a s opf'rllt.ed , [(ud the 
side- marker os("illator was set, at 1:") 
kc/ s, so t hat the firf<t pai l' of s.ide 
markers O('Cll l"fed Itt ±I .. j (' j s. (Thc 
8('~'oJl{1 and thinl pair of markC'l'S arc 
at ±;~ cis und ±-l. '-, {'Is, by hnrmon ie 
mixing ill thf' mlll"ktor generator.) 

II I Vigllr!' :{h (l'O howing both the a
and 10-(',v('l r pass hllnds) til\' side
ma rker OS('i1l:\tor \\'118 !'et i.f) 10 k (· I ~, 

.. 
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Fi ..... U, l-.y ... pa n band a' Ih . T,p. \9OO_A W .... . ....... Iyut Gtaphi. 
l .. ,.1 R ..... d ...... u lp p . d .... Ith an . "p"'m a"Ial ph •• ,," fa, lI e ...... I' " .......... p l" ... alta, •. F.e .. ue"c, 

m .. ," .......... , . " .. aled .. ut .. matltaU, by .... 0' Ih • • " . .. 11 Ih ...... " 'I' flgu •• 12. 

lind markens thus oc(,ur It! 1-C'.y<'1C' ill
tN\'al.l1, The sweep width j" Ih(' MIll(, 
:If! ill Figurf' an, 

In Figurt' ;~c-, the 0 11 I.\' I'hangl' i,. 
thnL tilt' hutton undt'r X 10 l'P:-; hiU, 
bl'ell pm,hed, 80 that thr !:iwC('P \\'idth 
and mnrkt'r spncillg are 10 timc~ 1\" 

great Ill'! in Figure :\b. 
PC'rmuIlCIIL rf'cords on st rip (,hllrt., 

('tHl ,,1~ 1)(' ohtained by thc..'«' mrthods, 
Figul'f' I;J );ho\\'" the ;{-c-yl' l!' pass I~lnd 
of the Type I!)()O-A \\'fl\'(' Allnlyzer 
f'('('orded in thili way, T lw I<Ollr('(' of 
sweeping volt:1gf' w:ts :Ul l'x p<'rimC'lltal 
plll~-ill fOI,th(' T YPl' 1;)21 Crnphi{' 1,!'w' l 
Hr l'ordrr, ('on~ i ~l i llg of n \':\rillbl(' I'('

~i"tor g~'nl'f'd dirr{'tiy to t hr prll>('r 
Urin.', In thiH arrangement, l!1(' wide
rallg(' lognrithmic outp1l1 (If IllI' rr
{'onl!'r j'nn 1M' tll«"d to I'('I'l.1r(1 Ill{' sk irt 
~I('(·ti\'it.r, 

~imilllr r('rordings 1':]11 lw madr with 
th(' Iwlp f)f fill X- \" rCt'ordr-r, Thr clt,
n('c-tion on one nx is call I.x- made pro
p{lrtiull:oI to the fr('q ut'lwy llPIW:lring 
til IIC,,·.· (hy /I freqm'lIc}'-lo-\'ullage 1.'011-
\'rrtc'r );lH'h a~ the G H T ypr 11<12-, \ , fOI' 
instnrH'f'I, The deflel'l ioll on thi .. IIxi~ 
is tim ... 1)I'/ll)()rtiollui to th., /1'(,({JIf' ''CY 
l/ijTl'rulcl' /ro/1/ Ihal sholerl 0') (Ill O'l' d1flil 
rfiou,. with "'\':11(' fa('tor !l~ );('!('I·!t·d h,\' 
plIl!hbuUon , TIl(' C.\ I) rnn 1)(' i'W('pt 
mflllllllily or l'It'{'trit'a ll ~'; in !'ith('r I'a"(' 

Ihe ree'order ddlrdioll is ~tril·tly pro
I)()rtiollal tll fn'quenc,r, illdcpendrllt of 
\'uri:llioll13 or 1:l('k of lin(,llrit}, ill the 
Awcf'piug inpul. 

Other Applicolion ~ 

Th(' anliluhii ity of vl'rsatil(' 1:>)' 11-
the:<izers 8111'h tl.~ tho~' hcr(' df!l;cribed 
alld their lincal dCS!'CIl(l:tllt~ will UII

doubtedly gt'ncratl'lllllyriud of use~ be
}'oll(l the 8impit' ('xnmpif'!'i notro above , 
For ins talHx', tlwy ('an ht, in('oq )()r.ltN 
in phuSI'-lot'kcd loops 1.0 t'OIltrol t he 
frcqulC'l){',Y of 1l11erm\'n\'c o,.,eill:IWN', 
X'nrrow-ha utl f l'l'ql ll'IICY or ph!I Se-ll1odll
lal ion applic'atiQml r!'prf.'':ient tlltothcr 
fert il lC' field, T ra ll$mit ter-t'x{'it('r or re
{'('in'r-I(){':d-osc.:illa tor 1ISC';; art'. of ('0111'8(', 

ob\'ioll~, By relativlC'l," ::im lll(' "irc'llil 

mod ifi('tltiolls, t\\'o-phflli<' outpul" fir 

output!' with fhwd-frl'qu(, IlC'Y differeut'e 
CUll be achi(.'\'('(1. , \ ~ IiwK' " .... nlilcsizcl'8 
eome ill tn g~'uend II:<C. (;~ner.ll HlUlio 
Co mpany will wl'koml' suggestions for 
lltlx ilia ry equ ipment thaI will fa.-ilitutc 
s ti ll more \'aried :lpplinltiomt 

, \ T I1 EIlTO:\' Xon~:-;, Jit. 
CUDIT$ 

The :O;ynlhl'1!izel'l! tll'~'ritJL'(1 hf'Tf' \vould nOl 
hIll',' 11("'" po~.ihlt, w;Ihuut ,h" f'1I1h\L~ill-~lu"' 
\'ffurl~ of (:('(,rg" II I,,,hn'r aud Cllllrll'~ (" 
E,':Ut~, wht> /H. ' rt"I~'II'ihte r"r It m"jur pori ion 
lOr Ilw .,I,'('lrl('ul tl(,~Il(n , Wilh"m "', n,\I .. t~ 
hll8 :1180 1.1\'1'11 :111 :..-1;,", J~trll"ll"wl ill Ihi~ 
prOl(r1Ifll, pllrlil'ul:LrJ,' in \~\Lml'('l1Ull with thin.,;, 
"f,t tI) O'l1le . 

13 
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GENEIIAL IIADIO EXI'EIII M E NT EII 

SPECIFIC A TI ONS 

F, ... u . "cy 110"1" T)IJoI' 111)2-,\ , 0 I" I \1 1'/8; 
T"II" I I(il· \, 0 I" 100 kl-/s, 
CAD Dial Caln .. aUa" , Trl'" 111.\2-,\, 0 001 !"~ 
1"'1' tli",illlull 'I\pl' Ilt;I·.\, 0,0001 ,,/~ ,"'1' 
lii"l!>iulI, 
Oth.r Output. , T .'IJoI' IH;Z..\, 0.1, 1,5, 12, lind 
50 .\11'/" , ;1.0-5.1 lind bO-,;1 'Ir/s; I~ ""It I! dr. 
Tn}!' IWI_,\ , 0,1 , 1,5, lind 12 \11'/8 . [),0-5.1 
\l1'/S ; I~ v"ll~ II!-
Sputl,u. f" .. u, .. d .. , 1\'Pl' Il!i2_,\. iii !".'llI1 
00 tlii ,1"'0'11 Tq~ 1 WI·,\, III II'IUII 1(1 d U 1i""'Il. 
H'''''''' '_''\1 1"'I..~1 10 dU d""n. 
O.lIpU' L,,,,,., \djuI', .. IoII', 0 I .. 2 ,',,'111 int" 50 
l>hm8. Illll,11It N,nlr.,l"m' Illl'u'r lIU'h,'h,l. 
Ou'pul lI"po .... , ± I Jill. 50 "/s , .. ma\imlUll 
fn-qUl'!W ' 1111111111 ,,1"'1 /I. \·uil"Io',' dtt"'ll II> ti(' 
111 hilCh IlIIlwullnf't' lind Itt""r vulllll(", 
60 and 120 C,d, Sld, hand. , .\1 I('MI I/O dU 
d""11 ('1\111' 111;2-,\ I, III 11',ll!t I;OdU d!)"u ('1'11)(' 
lItll-.\ ), 

In l"n,1 Standard , I( 'MJln-U'I.lIl'ers,un' {'r~'lItlll 
'1$ IIIul .. r. Tt'mllf'Tuturt' ' ..... ·Hlrll'lIt IIf frequency 
i~ 1I1'I}fm;illllttf" ,1 I )( 10 t/ C lit 1' .. 11111 tem_ 
III·mlu",. ,\ frunl-,I,III\'I frl"IIH'II('I' Ildjusll1ll"lll 
'" p .... vidl'ti. ('r)~tuJ 'n>qUl'lllT "tUl bl! JII("kf'd 
tlf (·\t.,ruul ~Il,,,dlll"d 
""w •• Required ; 11;1/215/2:10 .. ult!! , 50 to GO 
',/1', "I" 100 r/s, '-)OJ ":t1t!', "I' 20- tu 28-.. \.lt 
11I'11"r~' , 1.)0\ '\llll"'f(~ 
C,bln,l : U!l(·k-I)(·ndt. "n,1 frRllI!."II fUT henrh 
tummt ,md fillillR'l rHr nlt'k muunt lin' in_ 
dudNI 
DI ... , ... I,nl: n ... ndl n" .. [,-I v.i,!th 1'1, I .. ·i"ht 
51~. tlf'lIth III ! ilU"hl~ (i!o.."l hI' n5 b," ;JjO 
IIlIn I, uI·"'1"-1I1I. rlu·k m,~Jt.I plllll'l I!i hy 
5 t~ inehl" ( I " h,' n.') 111111), dr/Hh I)('hind 
1'1l1ll·II :iinrllct (:tlOmm ). 
Net W,llhl! ;Ib p"undl! (1 • . 5 kg ). 
Shlppinl Wei'll h! , 15 J)(.\!nt!s (2{U, kk). 

TYPE 1162-A COHERENT DECADE FREQUEN CY SYNTHESIZER 0 10 Mels 
("a/i/'mltil /)iyiu 

SIIIII/lol SI. P -
TVI" ,',.;/.1111:/10<1<'<' 1)(mIlr~ 011/1/ Ihmd'8 + ('.IIl· ( 01/1'1. 0" /1/) I'ria 

1162. A7C 7 01 Unit> + CAD 7 • 0.1 ct. $5600.00 
IIn_A6C 6 01 Unih + CAD • • I ct. 5160 .00 
lln_A5C j 01 Un;" + CAD , 7 10 e/ _ 4nO.00 
lln- A4C ~ 01 Un;tt + CAD • • 100 e/_ ~2I0 .00 
1162_AlC 3 DI Un,., + CAD ] , I h I. 3140 .00 
1162· A7 7 01 Unitt 7 0. 1 e/ . 5100.00 
1162-A 6 6 01 Un;tt • I _I. ~660.00 
1162· A 5 j DI Un;" , 10 _/ _ ~120 . 00 
1162_A~ ~ 01 Unitt • 100 _/_ 3780.00 
1162_A3 3 01 Uni" ] 1 h I. 33~0 . 00 

TYPE 1161 -A COHERENT DECADE FREQUENCY SYNTHESIZER 0 10 100 kef ' 

(""W""'rrl i)jgtu 

1',111' 1',u14 ftVI.l4dtf/ v" "~I. O'UI/ ih .... 'u .. + ('.1/) ' 

1161.A7C 7 DI Uni" -'- CAD 7 • 1161 _ A6C 6 01 Unit. -'- CAD • • I \61 _ASC j 01 Vn," + CAD , 7 
I \61 _ A~C • 01 Un,,, + CAD • • 1161 _A3C 3 01 Uni" + CAD ] , 
1161 _A7 701 Uni" 7 
1161_A6 601 Uni" • 1161 . A5 .$ 01 Uni .. , 
116I · A4 • DI Unitt • 
1161·A3 3 01 Unit. ] 

· 11, .... ,.-.". If( ~1) ..... I,' .... ' .. llDt .... ,,-".,f'l <'cl.d_l .. 
IO ' ...... ' '.n~ ,,~ .... ttl" ....... h~ ... ~"D L 1,,,,,1. 

T,,. 
1160_01_1 
1160_CAD 

DECADE MODULES 

Step O .. ocl , 
C'ntlnu,u_ly Adlu"abl, D, _,d . 

(Includ,n9 Callb,a'in'll Miur) 

", ".'CII' 'OJ. ~,.;l~,n; 1'awM. I'cn,1,nll. 

S'"IIIl,.., Sit p 
{lhll.18 (hUll I 

0.01 _I. 
0,1 _I. 
1.0 ct. 

10 e/ . 
100 e/ _ 

0.01 _I. 
0.1 _/ _ 
1.0 _/ _ 

10 c/_ 
100 e/ . 

$ 450.00 
510.00 

I'net 

15460.00 
!l020.00 
4510 .00 
4140 ,00 
3700 .00 
4960.00 
4520.00 
4080.00 
J640.00 
3200.00 
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NEW TALENTS 

FOR THE GRAPHIC LEVEL RECORDER 
Tilt' Type l:m-.\ (;ruphi,' 1,('\,(>1 HI'

('Qrdrr1 Ims, ill 111(' lil'(' y<'t\r!> sinc(' its 
illtrodu<'liOIl. S('(' 11 S('r\' jN' in manr 
hr:ITH'IJ('~ of php;i(·:d .. (·i('l\(·p~ and l'Jlgi
HI'<,rillg. :\ :<tl(·(·(·".~() r in,,'ruml'llt. til!' 
Trw' I.-dl-B, HOW ofT('rl' "PC('i:1 Ii'ih' in 
:wolI"ti(·.~. dbmtioll, :lm.i "onar a low
frf''11u'IlI'Y rc:.-pon~{' f'XI('nril'd down to i 
(')'(·1(',.; pl'r :«"('01111. SI"'('ml Ill'W a("

(,(,,.,,orir.; nrC' al'"-ll hf' ing addf'd 10 tilt' 
groll-ing lint' of (·quip nU'Tlt dc;:igrH'd 10 
('Ill-lllr(' propel" 11,.,(' of thr rf'c'ordf'I' with 
vnrious (;('Il('ra l Had io :llIalyzl'r:> :wd 
:<igu:ll "Ollf('{'''' To "implif," th('joh of 
(·h()().~illg thr right :tl·('c" .. "ori",;, I\'(' :In' 

!lOll li"lillg. undN di"tirwt type' IImn
hl'ri'. ml'USIlrt'nwllt l'.\'_~tl'm!< ilH'illding 
HlllliY?N or o,.,· il1ulQr, n'I'or<i{'r, amI IIw 

\1 r. lI\1llj~ tnd 'I J. F'Il",",.,_. "'\ r."'l'hi~ I ... ,-~I 
H~""'I ... ">llh II",., ~,,,,,,,,t.~ ~n.l \\-,,1<0 H.nK~'." 
G'~"."I H,.., •• Ifzp''''''o/U, ;U. 1;, Jun~ I~. 

nppropriatl' liuk ilnd dl'i\'(' un il ~, <'imrt 
pnp('r, aud otiwr II(T{'~-.ori,-",. 

Th(-' T,qX' \,-dl- I\ (;mph ie 1,(-'\,1'1 B(-'
"orciN is, likl' it" prC'li('('l't'''QI', II {'Olll
p \{'l('\y tran.siiltf)l'i~t'(i. ", ing\r-('hunlwl, 
;;('1'I'o-lyp(-' rel'ordl'r, whil·h plot,.; th(-' 
rms maguiwdt, of 1111 IH' \'ohag(' Oil a 
logarithmic' (d B) ,.;,'ul£'. Plug-in pot(-,l1-
tionwl(-'r.s prm'id£, fult-M'al£' rungc'''; of 
:..'0. 10. and SO dB, a~ w{'11 flJ< II lilH'llr 

1':1Ilg(> fol' de' I'('{·oniillg. ]-{('{·ording,.; ('an 
1)(' mudl' 11"; It fillH'ticlll nM olll~' of limp 
hut al:-;o of fr("l'lI'lH',v if til(' l'('t'ordt'r j" 

mreh:lIlil'ally c'oupl('d to nn o~dll:ttf)r 

or flnalyzrr, Thi" If'dUliqm' produc'(':; 
f IWIIIf'llt'Y-I'('''' lxlII,.p plol,.; aiIIOIll:l1 il'ally 
itl :1 malh'r of >'(','olld", 

Frequency Response and Writing Speed 

'I'll(' low-fl'('(II1(')H'.\' r{-',::pOIlSC' of lht:' 
!WW r('cord,',· i,.; It,,,,,, than 0.1 dB down at 

Flgu •• I . Vi."" of 'he Typ. 15]1 ,8 G.ophlc L .... IIt .. o,d • •• 
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~ GENERAl RADIO EX PERIMENTER 

H . 
~ ;..:- ., ~ : 10 ! i 

., : , , . , . " • • 
~ I , , 'e -: '.!:! : 
• .• ",!! , 1 , 1 ! 1 I ! 

'~ , ,! , .. , , : 
_L 

, 
i , , 

rllEQtJ{HCY IN CYClES PER S( CONg 

Fill .... 2. low _ftequ e .. cy .esPOIIU of 'h e GrClphic Lev.1 Reco,d e . '0' Ya,iouo pool . 
liono 0' ' he low_frequ e ncy cutoff s witch , 

:ro c' .~, 1('"" t ha n 1 liB down al I (' ", 
and :{ d B dow n a t \..; ,. '" {M'( ' Figurt' ~ 1. 

Thi;; ('x ll'lld,'d !o w-frf'q u(,IH'.v n'~IXH! _~{' 

n.'qll irl·_~ a gl'(';ltN dl' H'('tol' t illl{, ( '011 -

stllllt, I"{'lh wing t Ill' ahilit.\· of till' re
I'onl r- r to fo llow mpid c' ha llgf's in 11'n' \. 
Tllf'N'forf', \niting "'pI ,<,d anti dele{'{o r 
time' ('OIHt:Ult a r£' "WildU'd lOgf' thN. ,,0 

Iha l ,Ilt' u."(' r ('all illll)ron ' low-frC'

\lm' tw," l,(,:< POIl"f' at I h (' cXI}('tl"i' of 

~----TA8lE 

• 

WRITING SPEED AND 
LOW-fREQUENCY CUTOFF 

U fl/''',Y''\/H',d 
III ,~r 

" " l 

I ,OU"'''''Nll tflt"!1 
(",/(llT (", 

(Hr3JX1"~f ,IOI("! I 1/11) 

100 

" , , 

writing ,,)}{'('d or \-j(,{, n>~a" Tablt, I 
~hol\"~ th{' four \\Titillg,,,pl"t"d pO~ltlon~ 

and lllf'i r ("() r f('~pOlldilig t"utoff frt'( jll f'H

tiC',"," Thi" information i:o: {' lIgr:I\"f'd Oil 

tlw frollt PHllf't. 

TIlt' l' ilH' -II":tI' f' fl"f'qUf'IH 'Y r{' ~p<)l l~(' fOI" 

till' t hr{'{' low-£ t('{I\l('Iu-y ellloff" i "~ "hO\I n 

in Figur(' 2" For audio-baml ";11"( '{'pill~ " 

til{' 2()-t"yl"lt> ("utofT po"i tioll i" (1.~1I111ly 

"ati"rfU"jory " For grf'atf'r at"("ur:lt"y al 

tow frt' t lllC'lwi l':<, thl" 7-j"y ("t{' ("utoff m(loS ! 

b(' u"f'd" but Ih(' r('dlu"pti l\I"iling :<per d 

rf'qlllrf'"~ ("urrC'''polidillgl"I' lOll" SW('{'P 

!"i1)('t'{I.~" "\I)(w(' :,0 /" :<, Iht' II"ritiug ,.;pe('d 

and SII('C'P "~pt'('d (":Ill bC' il1("I"(':I~d 

during s W('t'p 10 1lllJ)lmIZ(' Ol"t' t-nll 
";W('('I) tillH' and f'rroT. 

Figut(> a 8ho\\":-\ th(> rt''"'pOlb(' of Ih{' 

r('('ol"d(>r to a 11""odan> hand of lloj:<(," 

• m-1 -, ....... . - . - .- - '~ • 

o[ 
• 

16 

• j • ~ , _ . _ _ J '" I", i "'" . 
Fig" •• 3 " Low_freq u.ncy r •• pon " of Ih . Grophic l . y e ' R. corde r 10 '!.I_ocrllYI! blind 

of p ink no; •• , w ;III 0 w ri ling ' p.ed Df I in/.u" 
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ACCESSORIES 

Potentiometers 
A 40·dB l)Otentiomt'tl.'r is supplied ; 

2O-dR, SO-dB, and linear potentio-
mcter>! are 1I\'ailahle as 3.N'C~'lOrie~. 

Molors 
Ac('essory motors pO·cyt'\c and 60· 

<,yde) lIrc avnilahlf' fo r f:ilow.~pef'd lind 
mcdium.spcNl dInrt drive. The ~Iow· 
flPf'(,{\ motor~ prod\l('{' rhart ~p<'t'ds <.f 
2_.i to i'-' in/ hr, a r('(juction by tI f{lC'tor 
of t30 from I he sp{'('(\ s a vu ilal,It, wi l It I he 
standard high·sp('ed mOlor . The m.'w 
medium-speed molors, T ype 1:,:}I·P2:1 
(00 ci s) and Type 1.')21·1'2-1 (50 ci s), 
ftrc cSpe('illlly IT'f'om mended for usc with 
analyzers. The slX'(.'(1 at which a n 
analyzer can he awc' pi. i!l in versely 
proportioll"\ to its bundwidth. The 
'i'ypf' 1900·A Wnve Analyzer hils 11 

('onsta nt bandwidth of 3. 10. or t>O t' / H 

and therefore rcqlli r('s a rOllsta nt sweep 
IIppcd owr lhe full O· to .)()·kr band· 
width of the in~trumf'nt. The~' IICW 

motors provide (,hurt speed!! of 0.·) to 
I.') in / min. >; I}(.·ed~ ideally su ited 10 the 
10- and :,o..('ycle bundwidlh8. 

With Ih(' eOllstnnt-pcreentllg<,-,hullll. 
width T ype 1.;0 1·'\ Sound ClnJ Vibm· 
lioll .\ llfIlyzf'r, th(' ~IOWL'St. s~d I)f till' 
nledium-spccd motor (0.5 in/ min ) is 
fe'{'ommPlld('d fur sw('('ping Ilf'Clr 4.;) ('/ s. 
The sweep til)('{'d ('Ull then 1)(' iner('!l.S<'d 
to :, in/ min or mof(' on the 2r.- to 2:,0.. 
(·yelc range. 

Thl' moun ti ng of Ihe ne'w motor has 
been desiguC'd to redul'e t he coupl ing 
of the motor noiRe to t llf' gear box. 
TIll' resulting ll('olLsli(' noiF.!..' is prac· 
ti('ully inaudihl(', an importa nt con· 
sidcratioll for ul'Ollsti l'nl mCllsurCIl\C'nts. 

Drive and link Units for Automatic Plolting 

Thl' new TYI:le 1:.21.PIOB Drive 
L'lIit (Figure 4) is de~igned to couplc the 

SEPTEM8ER 1964 ~ 

Tf'C'order to all Gelleral Badio osrillators 
and Il. lLulyzers. Whell atta('hed to the 
front of tlw ret·ordN. it i8 used, in can· 
junction with :t link unit, 1.-0 ('onpl£> the 
('hurt dri\'(' of the IT'1'urder to the dial of 
the frequency ~ur('e or unaiyz{'r (s('(' 
Figuf(' rn .. \ ('ontinuolls-ad jllstm('nt 
eluteh pl'nnil-S the record{'r to be syn
ch ronized wit h the osrilllltor (or annl· 
yzer) di:tI in lhl' idle position and Ihen 
engaged ill the onl\'~ or ;.;O.s'-~ "II' 

position. The OIUv~: position illl·Judes u 
slip fNlttlIT' t hai will prated all illrilru
me'ut eontai ning ;1 dial slop (e.g., the 
older T ype tr,.-li-l\ SOlLILd and ' ·ibm· 
tiOIL Analyzer and oldl'r Ill()()"l .. of the 
Type 1 ;~OI · B B('lil ... Frequelley Audio 
Geuerator). The XOX·:-; I.I t' po,..ilion is 
re( 'onuneml"d fo r lI&:-' wilh lltt' T ype 
I~AA Wave' .\nalyz('f llnd ()th('r ill· 
f;ln lme ill il J'(·(tuil'i ng gretltcl' driving 
torque. 

C'um-Hpcratt'd S\\ ilf'helS ill til{' o!'w 
drive un it turn the rctorcit'r motor olT 
ul the begillliing a lld {'nd of a swecp. 
A switch ill til{' f('('order ("u n engllgf' or 
diJ;{'llguge the ~Ikro:'\witt·hes. '1'll1"s(' 
cam .. a rc ca. ... ily iW't and do not have to 

FIll .... 4. VIew .. f 
'he Type 1521 -Pl08 

Drh.e UlIlI. 
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~ GENERAL II:AOIO EXI'EIfIMENTEI. 

1 B 

be di~llgl1gt'd m(>rhnnieully whrll they 
are not being u:;('d. 

The n(lw TypC' ].)~l-l']'i Link l 'n it is 
used to {'omH'c-t till' f('('OrdN and d rke 
unit to the TyIX' l:lOI-H Beat·he
quellcy Audio (;('Ilenltor or the Type 
\;'j,'H-A or 1.-IH-l·A ~OlLlld and Vibration 
Analyzer. (Tht' TyJ>(' IHOO-.\ Waxe 
Analyzer is ('ollpif'd by th(· Type 
WOO-PI Link l'niL ) Thf' II('W link unit 
inrlude.~ a :!..j-tooth 8procket to provide 
n 5('a](" fur tor of ;{() dB dt'C'ade. (Scale 
factor, for a logarithm i(' r hart, is the 
produd of dll in on the v(,rtical 5('11](' 

and in 'dt'radr of f"-'IIU{'ncy on the 
horizoutal sea lC', ('xpress('d in dB/ dec
ade.) This s('u\(' fador i.~ endorsed 
in the {'urrt'nt EL\ ~tfllldard and is uS<'d 
on til(' (;H TyP<' \.i21-UI2i t'hart paper 
u~cd with t il(' Typ<, l:lOl-B B('ut
Frequency .\udio {~enerntor. ik(,tluR(> 
m.'lny u~rs hll\,(' ('xprt'ss('d pl"('fert'n('e~ 

for otl\('r .~cllie fn!'torf.;, we have dc!;iglw<i 
the n('w unit for t'asy intNc'hllngeu.bility 
of "IH"(>t'krts, nnd w(> tlr(' making avnil· 

FIV"'. S. 
VI ..... of 'h. T.,,.. IlS0_A 

G." .. o'o,.II .. o,"" A.um bl.,. 

able tl kit (Type 1;121-PIH) that in 
e\udt's sprockets with 16, 20, :t?, an, 
and 10 l('('th. Tht' 16-tooth sprocket, 
ul'I<'d with the T ype l;jG-I-A ~()und and 
\"ibrntion Ana[yzN and with our Type 
1.121-9-1ti!l chart papl'r, f'('>oult,;; in :\ 
"rale fador of ,)() dB deetlde. 

T able II lists the s('uie f:ldor" ('orre
l'pon<i ing to the \·t\riou" spro<'ket,;; in tht' 
l'prockct kit, along with tht:' indu:-;tri(' ... 

TABLE It INDUSTRY SCALE FACTORS 
Vtmdt 

srl,lt Far/or l.tllfl/.h {!.,rhr-,)Jor Sr,;tX'k' r 1'01 
II,dtl~/rtl Slmlllanl (,III/riu-mid 'I'IIJW (,i()4 G~"tralor lull,) (,Ill ) 

Institute of High 
rid('lity \Iunufaetul"('l"S 20 2.0 16 10 

Propo~ed III tf'rtllt t iOllal 
~tnlldard .,-,,, ., -_ _ ,J 20 10 

Elf'rtronir I ndw,trirs 
. \s~J{'iation :m :to' :!t 40 

11l~tit\lt(' of lIigh 
Fidrlity ;\Iallufn('\ut"{'rs 2() 10 :t? :,.1f) 

lIearing .\ili Indu"try 1.1 I..j ;ili 10 
l'r()l){)~ed lnlrrnntion:11 

:-It{tudar(i :.0 ;1.1) 40 10 
l'ropo"Ni Intrrna tioultl 

~llIudurd .iO ;j.O·· IIi 10 
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supporting these senle factors. Although 
we currently catalog ('hart paper for 
only the :\0- and ,j()·dB/ dccade scale 
factors, II'C shull be glad t() rccommcml 

SEPTEMBER 196. 

other suppliers w users sending us a 
des<'ription of the chaTt desired , in
cluding decade length, vertical scale, 
etc. 

MEASURING AND RECORDING ASSEMBLIES 

T ht' re<'ordcr Clln 1)(' llS('d ill conjunctiOll 
willi 1111 o>1Ci l~'l~,r or al\:l.!y~r III Ilillt diTl~lly 
fTei l lienry.re~ponS(> .hta (,f networkll or lIyll
ten llll . The &eluJl for thette IlW:I.lIUremcntll r ... • 
quin'lI thl' rCfilrul'r, an OI!Ci1latl)r or 1l1I:llyzcr, 
a dri\'C unit, IIl1d Il link \lniL. Thie cquipml'nt 
ill 1l"",·mhl.'11 alld ~ul,pl it't! M /J. cOII1J>1f'11'lIy~telll 

IIm!er II !l('IJliftd(' IYI)e number. Tho.' U!ltT ,,'ill 
find it advllntag .... lII~ 10 purchu"l' the sYlltl'm 
in Ihi8 mrlllnl'r, ~in!'t.· Ollr rl'("omm(,lldl'd ('om· 
blul\lion Iff in~1 rllment.~. Ilarla, a nd dtart 1I/IIkr 
willlllllulllllliclIJ!y 01' I;UPIJIiI'(I. 

Type 1350·A Generator·Recorder 
Assembly 

This 1.8 a moat u>'dul Hulomatie ~.'i"t,·m for 
melL'uring th(' nudio-frl'qU('fI('Y e h:lracteri~li("!l 
01 li!tN~. 9.U.cn\mtllTt', ul'tworb, loudgpl'likl'r~, 
",i!'r()IJhCJu(,~, trn!1l'dll~rl!, und l·"mpl ... t<· IWQU~ 
tic ~y~l('m~ (~e F igure 5 ). T he T nlt· 1;10+-0 
IJ..III~FN.·qUt-IK·Y Audio Gcner:ltor i~ lUI illt'lIl 
osrillatur f<lT ~1I{' h m ... n~"r('ml'nt..c, ";Ilrt- it h:III 
II tTllly lugurilillni ,' fr{'qlleJlc~' dilli llud Btl Ullt· 
Jlut*vultHg'" \"urll11ion of ll' s.~ thlll! 0.25 dll lill t he 
QII{'i111.tur is dWt:pt. EXIIIIlpies of meulluremenl..!l 
Illude with lhill system are shnwII ill 1"ign TI' 1'> . 
;"'otic(' ti,e- inllJra~tio.:abili ty uf a puiut-bY· Jluint 

frequency-response lIiut of the IlllUnd level in 11 
ruolll. 

In addition to the gt!n('rlltor /.Ind recorder, 
the Type I:.I5O-A Gellcrfltor· IWcorder includes 
d rive llnd link uniu, I!. kit olllprocke1.s, nnd n 
muting lfWilch. The ~witch ~ hort.--eircu i l..!l the 
output of the OICilIalor during lhe b1.ll.nk pa rt 
of the dial or lit low fre-qllcncil'l!, 80 that loud· 
I!pellk('rII or ~}'~tcm~ call be protected while the 
rerord('r i~ ('ontinuou~iy e .. ('pt. Beclluse the 
blnnk parla un the chnrt 11I'l ler corr('~polld 10 the 
length of the blnnk portion 011 Iho dil.I, 8UCce9· 
8ive clllirla cnn bc rC\:Qfdl ... 1 with synchroniz:l,. 
lion of th4' chllrt nud the dinl frl·qu('n cy. 

Type 1910·A Recording Wave Analyzer 2 

The IineRr freqlll' ll('Y !!I'ai(', the thn'e band· 
widths (3, 10, lmd 50 c ~), fl,nd lhe high·level 
8()...d l3 llyn:unic·runge Qutllll t of the T yP<' 
19O()..A W"V(' ,\n"I~'~cr Ill""" it lUi ideal C(lm· 
l)!Inion in ~lI1lfnenl fur lilt' Type 1521·B GrAphic 
l..evel Het.'ONier (lICe Figure G). ,\n cxlllllplo 
I)f Il mcnsuremellt rn"de .. ith thll Ik-(:o rd ing 
W!lve AnKly w r is shuwn in Figure 9. 

• Am"hJ 1'~le ... n ... N~ ... w.,·ft ... "aly.cr Ita" 3 Ho.nd· 
,.j ,hlt •. 80-dll Oyn.,,,j~ l"tan .... " (ff~"ftl Radio EIfI'/ri. 
.. "" ... 38.4. AI,,.;I I~I\I , 

FI,,,,. 6. VI.w 0' lh. Typ. 19tO·" 
RuordilllWoV. ""oIYE", 

fil"" 7. VI.w 01 Ih . Typ. 1911·" 
R.co.dllli Sound ond Vlb,olloll "noIYE ... 
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GENER4l R4010 EX'ERIMlNTlR 

Fill .... I . • .co,d. of th. , ...... l nCY ' 1 lpon 'l of 0 pllbUc odd,e u "y"l.m, loken wllh (rop) mox'mllm 

I • 
! 
• 

w,llIlIlI .peed ond (below) ml .. lmllm w,lIlnll opeeel. 

"1111.1 9 . Chorto 0' "'od .. lollo" .. 01 .. 0 .. 0 1· k< 10 .. , 'o.lwo dlfl.u .. llyp .. of ",oll .. ell. tope. Nolelhol 
e " l I. obo .. , 10 d a ... " .. tho .. th . oth ... S .. ch m l o, .. ,.",e .. 1 . 0 .. " I mode eOlily whh Ihe ,lco,dl"l 
o .. oly . .... ow l"l t o th l 10_da dy .. om lc ,0"le. Fo, th e .. . .cordl, cho,tlpeed w o o 2.5 I .. ch .. per m'''"!' r 

wrltl"lI,peed , 10 ' .. ch .. p .. II.o .. d r bondwldth . 10 c/ •• 

... ~ ~ C .... -_. ""r~rm:::;r , 
"::':' r I' . ,I .. ! , I r 

'I=--"F ! III ;;..: -= 
I -r 
I -

"- ""J I - -r"",. 
.JI ; - ----. . ,. • ---

flll" .e 10. Cho.! .. co,d 01 a II lb.ol;on oce. l ... otlon ' p .. "'''''' "' I alll<ld 0" the chaul. of a 'atolliollnll 
",ac h l" l. For th l . ... eo l ll .. ""'" 0 h ' lIh · ' .... II . ... y "' .... ol'On plck .. p '0 .... d . 
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i 

__ "Ii~ 
FIg u,. 1 1. Ru o,d lng of no b . r, v , 1 In 0 < .. f, t. ,I ...... lIh both fa I t and 110 .... .... ' lIl ng Ip .. ds ond 40_dll 

po .. ntlo ... . ' ... 

Type 1911·A Recording So."nd cmd Vibra · 
'ion Aoalyzer 

Thi~ !I;;.~mbly is l)ll!l(>d (HI t ll(' T nll' 156 1-1\ 
Sound nnd Vibratiun Autt lyZt-r l , which J lli~ 

cou~lant.-J)t'rcenl"g\' b,\n, lwidlh~ of Y3' tlml l 10 
uclavc tttn.l z. rrC\IIII' U\'~ rllng,' of 2.5 to 2.', ,000 
cl M (l" ilture 7). T his Iln"ly~er indudes Iw'l 
re8tun.'~ c.ooJ)(>Cbl1y imporl:Ult in reeording: Iln 
Ilult.!mati(- rr('(llIelll'y-rtwgc-("lulllginjo: dl"'i("t;' ulltl 
a built-in mu ting M"'iu:h thllt :;hQrt .... i~uih the 
output during the blank l':lTt of t he tli,,!. 1'111' 
extel ld l-d low-freq u('nl'Y re~ll\m~ of lhe IIt'W 

rccvrd,' r Ii:f l'lltl.\" I"nharwc!< iUl WIC wi lh tlu· T~' IM' 
150 I-A Hound MId Vihrn tiun Anal.ncr for 

\'ibrution mf':u;urcmruli!. T he f('Cord"r can be 
W'I.'<.I du"" III 45 e ~ (;~ dB dow n) if u rl'Nponl<e 
Illot of the rl'tord,' r it..lle lf is fi rst mndl' IIIltJ t hl'1l 
eomp:l.red wi th l lw r('1"ording nmdll with the 
IUlnlY7.cr. I''igurc 10 i ~ lin r~l\nl!ll(! of :l f ('("Mt\t'{1 
vihrUliou nWa!lUn'l1wnl. All\J ther (!sllIllpl,· i~ 
our fl'llul"li,on uf t hI' !I("(IIi.'lie nvi!ll' iu till' l'lmrt
dri\"\l ~\'$lelll uf lIlI' rt-eotdl'r it.'l('lf. T hl' fl'("order 
nnnlru.d i,,~ own Brllll"lir uoi~' lIith the T ype 
15(j.I-A Suunu and Vihra liun Analyzrr und 
1\ lIOund-level meter. T he re!ulting datIl were 
ubst'rvl'd for 1K'I.kll ill !'Hund 1 .. \,{'1. Theile lI'crc 
found to I)(' the fourt h ... nd li ft h 11IIr llloni,'" of 
thr motur pini!)u /{l'nr m .. ~ll, :u nplili,·d by tlw 
.I(,·"r-bo'( III,/unling plnh '. l ~o llll.int-t Ihe mutur 
fru m lhe genr IlOx ""Ivl'd the pr,)hICIn, f('lhll'i llg 
Ihe Iloi~ until it WK~ I'ffleth-ally imludihl(> in 
H ' Iuil,t rl)om. 

fig",. \2 . VI • • 01 , k . Ty p. 1521 . 11 G,ophlc l e,(. ' " .co rd., 
..... ilh Ik . Ty p. 15S1 . C Sound_l .v.1 M.,.,. 

Flg u .. 13. Vi . .... of Ih . G'''ph lc l ..... 1 " , co,d .. 
b. n<h.moun te d wll h Ih . Typ. 1151 · AP Digital 
TIm. ond F. u ,u. ncy M .... ond th .. Typ. 11)6. A 
Dlgllal . lo _Anal .. g Co n ...... ' ... . 
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GENERA L RADIO EXPERIMENTER 

level-vs-Time and DC Recording 
TIll' T yp.> 1521-B emllhi(' i,j,!vt't ih','urlicr, 

like Ih! prt'dN"'~~lfr, C~II\ nl~o Iw 11~,d for Ievel
vlt-lil1w r.'.',)r.liul()i, 11M, rnr ill~t!lI1(:(', in III" mea&
ur('f,h'lIt of lIt.und Il,\'.,1 .lwr IHng IJl'ri H.t~ of 
tU1l1.' (!!('oIl Fi/{llrfll II ;md I:!). In :lo<lditi.l'l. ti,e 
1'yp<' 1521_B Gruph i., L('wl B{"l'oro.l"T ,'un lx, 

I'0I1\'t'rh~ 1 10" I-rnA iiI.' r~orJf'r hy mO:llmJ uf 
11.1' T )1JOC 1521-1'·1 Lim,'llr t>utt'ulionll'ler. The 
1.lgh ~1)('l"(t IUlIl at',·u r:wy of Ihill ~"T\'''-I YIJf' tI,: 
rl'l.'ordl' r m:lke it 1Il1..tut wilh 1101, T ype 11:3(;.1\ 
Dib';tul-t"-.\rmlog CAII\'l' riCr lIlld lhe T YPclI 
11 :/t" ,\I> nnd 11 5 1·A I' CUlIntl'tt; (1Ifi' rigure 1:1). 

- ?\1,\ltTlN W, B ,\ SL' II 

SPECIFICATIONS 

ItKo,di .. , Ro .. , ., \8 lIupjl1it~ l , 10 .111 fUU-1l<,'llhi: 
ZO .. lH :.nd 8(k! 1I rltnKI'8 M(' ul$l) l.vlli lnbLo·. Fttr 
.1(' rl.'l'ordilllt. 0.8 tl) I vult (O,R to U I lilA ) 
full-81'III(', wi lh z\,rtl inpllt I}j L_ itil'il mtjulItllhlc 
f,V"r ',dl !!CnLo', 
f .... I1 . ... 'f lI elpo .... o .. d W,Iti .. g Spud 

l .v.l Reco,di .. g , llij/;h-fTf'ilu{'Ul'Y rt'llIXIIl8C 

..J:2 J lt h' 200 !':i"/8, J."w-fn"IUC1H'.\' lIinl' -w:\V1' 
n~l~ulllt· il('I .... nd~ "I] writiu(t !l 1"H~-d, :Jl! lIhowu 
in f"I1"",iug l.uhlt·: 

II nilllll S/If ... / (fl /llIf".r ) 
ill /llrl lI)ilh O./-i,lrh 

Qr/!flShl»Ql ,. 
10 
3 

l.rm .... Fr~II'lr"ry 
(1'1l('1' r/~ (Irn 
litlPI I dlJ do ,"'I). 

100 
20 , 

13 018 down 01 <4.5 e/oJ , 
13 oil down 01 " .5 c/,I 

DC: heo,dl .. ,, : :. ,Ill dH""U III " <'II', (Jx'lIk-to
pcu!.: ""'I,litud,' ",~ lh:m '2j% uf full II/'al,,). 
Pol , ,,lIo,""e ' lin . .. dl'f 

20 , 40 ., 10.dB POI , ,,liom,"": ::I:: I % (,f 
fuU~noJo' dU Vlihw 1)lu~ /1 ["'{IIICIlt'.\· Nrvr u[ 
0,5 till III 100 kc/_ lilld I .S dli fll 200 kl'/s. 

li" .... 'ole"llomll." ±I% "f full ~\':III', 
IIololllllon : ±O.2b% ,,[ [ult 1\1·:\11.'. 
Molth .. um I .. pu, Va"""., 100 volts "t. 
I .. put A". "uoIO" 1:0 dB in lO-dB slcl's. 
l"p"llm~.do ... . : IO,Ooo(lhm8 for :\,·lr-vd "'( ..... rd
illS; l ()f)t) "IUlUI fill' !II' r"rllT<lin~. 
Mo.l","", Senlillvl,'f : I rn\' iii 0 dB for 1;:\",1 
I'Cl!lJl'(linll; ; 0.8 V full-fl!':, k rllr lIP n.·t'"rJing. 
'ope' Sp .. dl 

Hlgh-Ipnd mo'o. ( .. o.",olly l .. ppUedl, 2,f,. 
7,5, 2f>, 75 in /lUin . l'l!I-d fUf IlIlIh"""'I",,'I-d-tnu16*nt 
nW(l.8Urt'mO'lItll lind pr"ductiun v.'Sliuil: wllh 
'l)J '" IW.t "'Idiu (:,'nt'rlll,)r. 

M , d;um _l pe.d malo. (Iuppll.d on "'I""'), 
O.b, 1.5,5, 15 in/ min. I'l!\:(l with nll:llytl:1ll Il11d 
in ICVl'I-vlI- li m(> "" tu rdinb"ll . 

Low_ope.d malo. (Iupplied 0.. .." .... I): 2,5 , 
i.5. 25, i5 in / hr. ITSt....! r"r Itlvt'I-I"It-till1(' "'('IUI
IIn'mcn18 lOr lvng dur:,tiun ( I tA. 21 hf/ulll ). 
h'e,nat DC 1II1. , ... u: An t:o:lenm! til' .,·f('reuct' 
voII"K" (,r fr<om O..'i to I }i \' "an I.II! "PJllk-d 
inl.'rn:dl.\· I" {·orn. .. ·t flIT v!l r i" l i'mll uf up Iu a 
tIt I ill lhe sign,,' ""'irt."e "f I lw 8plt{'", ulltlCt 
\('111. 
O. leno, lII.p .. "I., II m8 within 0.25 tilt for 
II1!llti"l t.: sino· Wl.Vl1I, ~'I\mre WiIV,''', nr noillC. 
J>Ct('C\"r ')J.lC r:l\iIlK ICVI'I is 1 v"lt. 
Ch .. " 'ape" I-in .. h N ... ~,rdir~ .... idth on 6-inch 
11tI1J('r . All rhUs lire 100 rt .. .:-c long. ~'t' full ti~t of 
,'hnrls at f·lId. 
Au.nod •• Supplied , IO-JU I)olell li (jlltcltr, 
21~nll, 2-!lllnl"(·\.out Ut.: of n~ ink , 2-IIUlll'(.,I}j,ttltl 
uf Rll'('n ink, hunl(' 'If r .... tenliullll'U' r ell.':u\l' r. 
I roll ur Type IS21.~I2S "lIpo'r, drl'IJIJ('nI fur 
fillillg PCIl8, T YIJe. CA I'-Z2 Pu" f'r Curd. MpUtC 
fultl'll, :odnl)l.,r ,·[,ht., (nr ""une"tit'li 1(, s"u"d_ 
'''''u~urinlC c<Ll1ipnlt'liL :lml tu oUl('r tkvkt'll 
h:wing \l'lcl'hufl" jlU'kll_ 
Au" ,orl.1 Avollobl.: l'utelltiumctl't"S, t'llII rl il, 
illk. high-, mt...!inm- :IIHI sl<OW~P'l't.-d 11001""1, 
d rive :.nd !ink IIlIil@,:UlIiBI."j in prl<:"e lable. 
Pow. , R' qui .. ",en'., 105 t il 125 (or 210 \u 2,',0) 
y"ltlI, 60 " /~ , :!5 " ':Itta. 5(k~· .. lc modele t'l.re 
IIv:liluhl(>. 
Cob l .. . I: H:lI'k-IH·II .. h , 
DI""""to",, 111'll t h 1II00d - width 1\), heigli t 
\1, tl"plli 1:\I'j indtl'll ( ~85 hy 2.IU loy :~50 nun), 
tove r-ull ; rack IIllJllci Ilu.ucl HI by rs~ 4 inl'hel 
( 185 l.l\" :ru. nlln), oe)/ lh hC'hind JI:mel III, 
iudll'8 (2'.10 mn). 
N. t W.I"hl: 50 pOl l11t1S (2a klt ). 
ShIpp I .. " WeIght: li2 IJ"U lids (2\1 !.:g). 

'l"1IPf' 

15'lI . BR 
lS'l I _BM 
1S'l1 _11I01 
1S21_SMOI 

.1fa" .. /j"y 
811PP/1I 

rrf''lutNrll 
" UPI!f 
-"ptN/ h"'" 

lIo '~ 
lench 
Ro ,1c 

.~" 

60 c/o 
60 c/o 
50 c/o 
50,/ . 

2,$.7$ in/min 
2.5,75 in/min 
2.~·7S i"/",in 
2.5·7S : .. /",in 

DRIVE AND liNK UNITS FOil COUPLING to GENERATORS AND A N ALY ZERS 

1S21-'108 
1S21 _'1S 

1521 _Pl' 

1900_PI 

Drlv. Unil to operate on~ link unil 
Link U .. II fo, "'''pRing'o T'fp . 130"-1 a .. al· f, equ.ncy Audio G .... rolo< 
or 10 Typ. 155(-A 0' T~pe 156(_A Sound o"d V1b,0Iio .. Anoty'" 
Sp,ockel Kit fo, obove link unil, The •• • prockell off., a chol , . of ,h. fol. 
lowing .(ole facto .. I.alio of da/t""h v. rti cal lCol, 10 d.cod •• /i .. cI. on 
horizontot ... 01.): 20, 2$, (S, ond jO dl/d"od •. 
LI .. k U,,;I for coupli .. g 10 Type 19OO·A Wove Anolyur 

$9U.OO 
995 .00 
995.00 
9U.00 

$12 .00 
26 ,00 

IS.OO 

3S.00 
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1' JI~ 

1521-9421 
1521-9464 
1521-9465 
1521-9493 
1521-9469 
1521-9463 
1521-9429 
1521-9421 

1521-9466 

7'VJlt 

1521.1'19 
1521.'218 
1521 · 1'23 
1S21 _1'24 
1521.1'208 
1S21 _1'22 

SEI'TEMI!II 1964 

i.'alibm 
IIlal IIrwi:o 

20 <;/ •. 20 \ 
0·10 .c/" 1 
0·50 ~c/., I 
2.5·H norm 
2.5.2$ nO,,,, 
2.5 c/.·25 
25·7500 c/ 
Cantin ....... 

,/t, log 
inear 
;neo, 
olized, log 
o lized, log 

ke/., 1011 
" log 
'A.ln div 

Contj....-. Yo.in div 

CHAIIT PAI'ER 

ion ("hart 1~':1'h (in) 
l'trljm/(IJi~) ('a/ilm/lftl /Jlunk .. , 4V. 

" " 0 

" \6 0 

" 7~ I~ 

" 5 I 

" " 3 

" "" I 

" 'Qfllinuou' 

50 continuou. 

MOTORS 

(!WIIII" peed, 60 ,/.) fa, pop., .p •• d. 01 2.5 to 75 in/min 
Ihlgh·.peed, 50 c/ . ) 10. pope • • p •• d. 01 2.5 10 75 in/min 
("'odiu",·.pe.d, 60 c/., 10' popo, .peed. of 0.5 to 1.5 in/",in 
!modlu", •• peed, 50 ,/.) lor popo, . p.ed. of 0.5 to 15 in/min 
1!ow •• peed,6O c/t' fo, p "per .peed. 01 2 • .5 to 75 in/h, 
110w·.peed, 50 e/.) for p op ... p .. d. o f 2.5 to 75 in/h, 

RECORDING ASSEMBLIES 

A .. 
1"., 

1304.1 
1900.A 
1900·A 
1.564·A 
1.564·A 
15.H.A 
760·1 A 

G.n.,oIO' 
Anoly •• , 
Analyze. 
Anolyu. 
Ano ly.e, 
Ano ly.e, 
nolyn, 

1114.A, 1136·A 
CItIur1el'J D/A C 

f acto,.,. onembled and ,.ody to ..... End frame. ond 'oc~ ",pporto 
. upplied f .... ben,h .... reloy·rock IIIOIItIting. 

Typ. 1910_A R. co,dlng Wo". Anolyu, 

Prin 

$2.15 
2.15 
2.75 
2.15 
2,15 
2.15 
2.15 
2.15 

2.75 

Price 

$59.00 
65.00 
59.00 
65.00 
59.00 
65.00 

Co...pon.nl Uni" 
Typ. 19OO·A Wowe Anolyu, 
Typo 1.521.1 Graphic level Record ... wit" ">0' 

dlu""'poed ""'tor ond . ecord ... occ •• lO<i •• 
Type 1521·"01 Drive Unil 

to 40·d8 pot.n" o ..... II' includ.d wirh r.c .... d.d 
Typ. 1560·1'95 Adapllr Cabl. Iphon. to d""bl. 
plug) 

Typ. 1900·1'1 lin~ Unil 
Typ. 1521·9464 Chart Pope" 10 ,olh 
Typ. 1521·9465 Chart P"per, 10 roll. 
Type 1521· 1'3 80·dB Polentlomet., (jnaddiUon) 

TIIPIl P,icll 

1910· A Recording Wo ... Anolyur 
(60·cycl •• upply' 

1910-AQ R.cord ing Wa". Analy •• , 
150·cycl •• upply) 

$3500.00 

$1'00.00 

Typ. 1911_A R. co,dlng Sound ond Vlbralion Anolyur 

COtIIponenlUniu 
Typ. 1.5~.9820 Sound ond Vibro,ian Analy~ •• , 
Ro~. Mod.1 

1.521·1 G,aphic l ... el R. ~ .... der wilh 
",edium"PHd "'~Ior ond recorder oee ....... i •• 
Typ. I 521·1'108 Dri~e Unit 
Typ. 152I.PI5 Un~ Unit [wi th i", ... chong.obl. 

16· and 24"aoth .pro, .ell) 
Typ. 1.521 · 9469 Ch",' P"per, 10 '011. 

T~pe 1560·2'" Adop,or 
to Off. el phon. plug 

1911_A 1 
p,;" 

Reco,d ing Sound ond Vib.o tion 
Anoly~ ... [60_cyd. wpplyl $2315.00 

Recording Sound and VibrollCltl 
AnolylO' UO.cycie IUpply) $2315.00 

1911-AQI 

Gtntrator _ReCl .. d., A ... ",l>ly 

Compon.n, Unit. 
Typ. 1304.8 a.al·Frequency Audio Gen.rotor 
T~p. 1521.8 Gfophic l.vel R.cord •• ond r.· 
cord ... o" .... orl •• 
Typ.,521·Pl0IDri ... Unll 
Typ. 1521·1'15 l ink Unit 
Typ. 1521 . '16 Sproc~el Kil 
Typ. 130 •• PI M""ng Switch 
Typ. 1.521·9'27 Chart Poper, 10 '011. 
Typ. 1560· '95 Adoplor Coble, pilon. to d""blo 
plug 

-

Type 214.NP Po ' ~h Cord, double plug '0 doubl. 
plug 

ry~ I'rin 

1350·A Gen,,'olor·R.cord •• A ... ",bly 
(6O·(yd ..... pply) 52000.00 

1350· AQ Gen.ralor·h,ord.r Aue",bly 
(SO·cyd. IUpp.y) '2000.00 

TI,,, Type 130'·PL ~lul1" .. ~"",h ." ,,1>11+<1 ",11, tJ ... T YlI4' 
Ia:;o...\ _",My i •• ,·.U" ble .ot1"""'''!Y r"r f.:JI .OO. 
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GENERAl RADIO EXI'ERIME NTER 

Coming in September 

ELECTRONIC INSTRUMENT MANUFACTURER S' EXHIB IT 
8oston to Woshington, D,C. 

Nint, lellding manufadurers of dec
trOllie im;truments have joined logethe r 
to present the Fifth Annual Elec
tronic Instrument l\lnnufacturers' Ex
hihit ( Eli'l E). which will opell &'ptcm
Ix>r 2\ in ~In.ssachusetts, make six 
olle-dny slands in ~ew York , New Jer-
5('),. alld Pelillsyh'ania, and close in 
Wu:-;hillgtoll. D.C. 011 October 8. 

As before, EL\IE will ofTer opemting 
diHplllYs of the latest. in infitrmTlentu
lion , pills 111(' ChllllCC to dis('u$ mcu$
urellWl1t problems with farlory (Ingi_ 
OI''(·rs. A new feature of this ycur's 
EIl\J E i'l :1 St'ries of tel'hni('1I1 Iws.,'l ions, 
at whic·h engineers from the nint' pllr
ticip:lting l'ompanies \\'ill give 8hort 
formol t:ilks on \'a rious instru menultion 
:md mcasurcm('nt subject,.,>. The$;(' talks 
will run ('onsccutively throughout the 
day. 

General Undio will exhibit its new 
Type 1102-A Coherf'nt Decade Fr{. ... 
quellcy Syn lhcsizer, Type 9OO-LB Pre
cision Slotted Line (alld recording sys
tem), Type I \.-M)..)311 I -~ I (> Digit:ll 
Frequency )'Ieter , T ype \:lUij-A Tone
Burst Generator. T y pe I806-A Elec
tronic Voltmeter, Type WOO-A Wave 
Analyzer. Type 1025-A St.'lmlard 
Swccp-f'N'qu{'ncy Generator, T ype 
IH44-A \Iegohm Bridge, a nd T.vpe 
1 [15-13 Slnudal'd-Freqllenc)' Oscil\a, to l' . 

Spon;;ors of EIME, in addition t.o 
G R, IIrt': Amp<'x Corpomtion , Brush 
Instnlments, I\eith ley Ins lrumcnts. lnl' .. 
Lambdzl Electron ics, l'\OIl+Lin(>.ar Sys
tems, Inc,. G<'Org" A. Philbrick Re
sea r<:hes, Inc ., Singer ).Il'trics Division 
(Panoramic Instruments and Sensitive 
Hesearch Instru me nts ), 

The complete E I!\IE schedule : 

l ynnfield, MossocnuseHs 
Syracuse, New York 

Monday, Sept 21 Coloniol Country Club, Route 128 

Bethpoge, long Islond 

Cedor Grove, New Jersey 
North Plainfield, New Jersey 
Philodelphio, Pennsylvania 
Red 80nk, New Jersey 
Woshington, D. C 

Wednesdoy. Sept 23 Rondolph House, hit 37, 

Monday, Sept 28 

Wednesday, Sept 30 
Thursday, Ocl 1 
Mondoy, Oct 5 
Tuesdoy, Od 6 
Thursday, Oct 8 

N. Y. Stote Thruwoy 
HoHdoy Monor, Hicksville Rood, 

south of Grumman 
Frior TlJCk, Roule 23 
Washington House, Route 22 
Marriott Motor Hotel 
Molly Pitcher Hatet 
Internotional Inn 

General Radio Company 

.":,'" 

, 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988
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