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A FIVE-DIGIT SOLID-STATE COUNTER FOR 

FREQUENCY MEASUREMENTS TO 220 kc 

The Tn" 1150-'\ Digital FI'(~qu!'l1ey 

:\lcl('1' j", tl)(' first of a lille of IIH'xpclIl>ivc, 
hu...~i(' l'UIIU!N"; for ltthomtot'y aud ill~ 

<.hl.~tl'ifl.l applirfl.l iOIl~. I.i ke lhe TH~ 
1130-.\ Digilal Time aud FI"NIUc:tlCY 
,\1 ('\(']' ImnolllH'('U H year ago, it b U(a"U­

rat(', I'('iiabi" and ('a.-;y tu op!'l'atp. Glllikc 
th(' TI' I'F: 1130-A, whirh h:u: 1l1('lIlory 
l,j l'l'uih :\IId a lIt'OIl-tube columnar l"Cad­

out. the TYI'E 1150-A u~s tl':lllsi,.;ton. 
ill.-;\l'ud (.f tubes and :1n in-line readout 
with all('I'llllle cou nti ng and di;oplny 
period:'!. 

'I'll(' touill ing cir(!ui tf; used arc simple, 
hut tlHf'Ol\\"rnlioll:ll by tocltly 's pmrtil'c. 
illslC'ad of a ,.;calc-of-ICll dt'ri,"cd from :1 

I"ca l(~)f-sixtl'('n ('in'lIit iht'Ough app/'O­
prillll' fl'l'dlxlIJk, the TYI't,: liDO-A is 
hn~d upon tl\(' !'tirlin t'ing-of-Icn COUl1t­

illg system.' .\.!t hough the ring eircuit s 

'.';"". (<lr i"",un..,. \. H. Hcgencr. H .. ".,.. ~f .<;,-.... Iii,/ir 
h"'","'<~I •. \,.1'. 1..0. lillil. 
' Il . II' . P,...nk and II. T. :\1.,11 ..... , .. ,\ ~'rocl"clle~· ('''tlnte. 
,,-,\h a .II Nn<lr)· an,] " ' ith Built·In Hd'"bllil.' ," G." ...... ., 
N, .. /,,, t:.rP'J'i ... ,~rtr, a:., 5, 'lay. Illtl!. 
1,1 ",ulilar aIJI' '''Q~h, fvr i""I .. Dc..,. hul u.in~ 00", 1'1 .... 
'''~''' •• y l~rhni'I'''''', i. dt .. cribc.-l b,' ll, ,I . S,,,, io' , {/. 1>. 
l''''hic''/ I ''f'''w'li''~ " ...... ~ HGI·t-·GI'/fI, :\ ! ~ y W. 19,11. 

, 
,- ' 0 -,., ... 
;~ .. (.,~ 0 • & 

_ .. 
0 ,., 

-"",--0 

rcquin· lell bi_~table CIOll1l'l1t,;, ill _~l('ad of 
fOlll',! w(.' ha\'c f(julltl ~ lrult modem semi­
cOllductors nUl bc 11.>;('d in II "illlple :llId 
cconomil'td ue"ign, XCII otlly i" Ill(> on'l'­
all lIumber of ('il'elli! t'Olllp')ill'llt" rOl' a 
complell' dl'cali(' , ill('ludillg i,ltlil'alol',;, 
:Wllll1lly le",:-; thun lhat I"l'q llil'f'li for the 
('oeit'u s(':lle-()f-~ixtl'(!ll til'I'lIit, bllt IX' I'­
fornlilllC,(, :11 high C(Hlllt ing ":lIt':; is 1)(-'ttl' I', 

lI lid Ihe cirelli!.'; ('til! Ix' dt'~ igJl('d to have 
!1'C1l\{'1lt/(jII" h\till1d(' ill ilc('ommodalillg 
Vfil'iut ion" in tl'an~il<tor eh:1ractcri [.;l i N~. 

Trtt!l~jstor:; typjf·tdly OI~II·Ilt{' :ll r{'la­
lin'ly loll' \'oltuge~ alld high ('UtTl'lIt i! 
and al'C t lll'rdort' bettN Hliteu to light­
ing illm ndC''':''C'llt tamp:-; thull to op(']'­
a ting gas-dis('haJ'gC'-1ype indicator>" 'I'll(' 
l'ing-of-ll'1l ('ir{'uit i:<, :1" :l l'C',;III\, dire('Uy 

adaptable to I he ICII-lnIllP, cud-fi re­
itlllmillf\t('d NU~I EltIK iudi('alOr (u]"o 
uc,;cri lwd ill this i';"Ill') \rilhout int('l'­
f'OIlIt('(,Iillg tirt'uiIl'Y. Hint'{' thl' ('OUlll 
pl'{)('ecds around 1 hf' l'illg, UIl!' f1i],,,·Rup 
al a lillW, ill id('lltieu! l'cS!.'I-s<!l OPI'\'­
ationS, then:' i,; no1inl(' !n.~! in f('('dh:wk 

'U" _.,.,.. 0 0 
" -'-' u< 

b -.-1 ., .... 
G • .. -.... .' • --- (' 0 

~ ", ,," ", ~ 
flgute 1. The Type THO·A 0 ;11]1,,1 Ffequency Mele" Enc" .. d in Ge ne.". Radio ', multl·pu<po" coblnel , ' 
th e In . tfume nt i. , e odlly mounled In a <ook Or adopte d ta lable.lop use wi th e nd from ... The p"n e l It 
317 In . he. hillh , The ~onl<olo and flninlll af e l imple ond clea,ly m"rked. F .. qu ~ n~i .. belween 10 .pI 
and 220 kc con be .ounled Over pruete cted lime In'efval . fr om 0. 1 10 10 .ecand • . Dllplo y tim .. con 

be conlinuoully odlu l led ',om 0 .5 10 S lecond l and 00. 
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G E N E RAL RADIO EX PERIMENTER 

Illcchunbms, uno I he efT()d~ of oelay;: in 
Ilw Inllh;i~lot';', 1\11' Iht'l'dnr(' miuimiz(,d. 

Thel"(' is, fUrl lwl"nlOl"c, 110 J(('(>ci to inl "l"· 
lot'k de lew·li" IH'lwt,('u "al"itfu~ part ,; of 
lIw {'i!"(~uit to maiut:lill f1dN1IW\(' murgin$ 
fllr I"l'lillhilit.v. Thl' ri!l~ (,jl"('uit :-< lI:-<NI iu 
thi" ("ouulcr arC'. i ll facl. "'0 HOI1('I'i th·:.tl 
that I I1('Y \\"ill II'm·k \I'ill1 illtl'l"lnix('d 
tl"l1t1",i",t(fr~, I'HIIgillg in t'iwnlcl (·I"i...:tics 
from th(' 100n':;I·coSI allo.,··jmlel iUIl t !"all· 

i"i"ton; to '1.\1)"1" t.\·Pl·~! 
Thl' fael that ille:lllc!e",n'1l1 i:4mps ('11n 

It(' IiI dirl'l'tly hy 111(' ~'ol1 ('r:t(' 1" t,."lll"l"('nt..:; 

'if II\{' e"ulltirlg tt"alhi",lor$ thrm~lyes 
I(':ld:-< to thf' utlllo.~t "impl il"ity and 
~·(·f)llOmy .. \1 Ihr ..:"mC' lil\\e. thi,;: y('J"~' 

flilllpJi{'il." pIlI'!:\ prf'lHiulll 1111 di . ..: p l:l."iu~ 

til(' ('OUlIt U('('I»)"{liug to tilt' ('()11\'('ntit)1l:d 
(>(HU11-di",phl~' linll' ('."1"1('. I":Ilh,'I' Ihan 
Ilw ,·ontiuuo\l.": l·I':.(iuw Ilwdp po"",ihl(' hy 
til{' (1"(' of :ltIxili:Il'." HlI'm!)I'," eir(·l1 it ,..; . For 
ultimat(' ('a~' of n':ldiu!!: nud efDtif'II(''\" of 

pOllnti)I)!;. IIIl' 11l('l\lory ;-o)':-<IPIll piOllt'(,I"(,'[ 
II.\" the T nl; 11:3()-\ D igital '['imp .11ld 
Frf·'lllI'llt·." :'- 1('tl'l" I"f'maill" pn·-f'lllilIf'Ht. 
TIt(· lI(,pd for' I1lPlHOI'Y ill Ihi~ If''''; I·X· 
1)('II..,i,·(' ill",t 1"1l\ll{'llj i" 1(·, .... hOlH'\'{·r. 1)("-
1':1I1"{' tilt' ('y,. i:-. [(";-os f:lligll('d Ity til(' 

hllllTjll~ that n('('ur,; during t hr· {'(lIIII! illg 
illtl'l"I'lli ill ill-lill\' PIl'''I'lIt:lli{J1I thall l)y 
th,.. l"l!tlllill/!;-llp·alld-doll"lJ npl)('a!";tlJ('(' of 
j'oli lmll:tl' di"pia.,",.. 

Fi\·f·-di!!il ]lJ"t'''I.'l lt:ltioli 1J('(·(''''''ar iJ.v 
IlH'ans. for :1 full r<'p;i)'i('J", :l PI·"f·i .~i(JH of 
±1 pal" i]( J{~. drit'!"ulilll'd hy till' ± I 
('owl! 1I l lf'(,l'tuinlY in ,he la~1 pl:1t'('. The 
TY\'~; llfiO-.\ Di)!it:tI Fn'I[IlI'Il('Y :'-[('1('1", 
likl' other r: n (·OIIllI ('I·:;. i,., d{'"i~l1('d 10 
yil'kl :111 ll("('u r:H'." fi~1lI1' Ihat tak(''i fill! 
ad \"alllag:f' of il" ill lwt'(' llt ])1"('("1"1011. 
r,"('1l itr Illi" "imp!(', ill('X I)(,Il."in· i]( ... I1"II-
1lIf' llt. thi.~ d('l!lalld .~ l ilt' inrlui'iolJ of till 
o:::cilluto]' with 11 ,,1:\hiJity O,'('r R!"'\'('11\1 
millules of at le,L4 1 ~p11rl pcr million. 
This aCCU!"1\cy i" n('ccs:;:w,V b('(':Hlf«' tile' 

("ountCl" ca n counl u i< i!,\lInl of 220-kc 
fll'qIlCII(",V fOI" up to 10 H·cond ,... A tcrn­

per:llI1rc·eolltrollt.-d qll:lt'IZ ('rY:;l al , opcr­
:llill).!; at 100 h , I'; ill('rf' forc lI:;('d u." the 
fUlldnnwnlal I"pfcr('JI('{' for tilt' \ 'minIlS 

li11lilll; ",igll:JI.~ I"l'fjllin·d 10 pJ"I!duc{' the 
act"lll'atf'ly k]l(!\\ ' n timi' illtpl"\"nl,; dlll"ill!,\ 
1\ hil'h the ('OU l lt ~ aCl'1I1Ilulatc" 

MECHANICAL DESIGN 

Th(· lll('ciwlfic:ll drsign 1l11d ct)1iJpOll(' !lt 
1".wulI al1' i'iltlpl{' :ltlcl ('flle' i(' l d, lIit h 
all (·jrcuiL..: (·II.« il.,· :H'('('~iblt' f{ll' nwillt c· 

n:IllI'l' and (llll' !1 for ("(!()ling ( Figlll"l' 2). 
n in!!: eOlilit ing unit ,;. input eir('uit,; lind 
linw-ha",(' cli\' id,' J";-O al"(' 011 l1'IHo\·ablp. 
\·pt"\ieal phlJ.!;-ill (':I1"(i:-:;. Tit('''I' (',lI·ds at·{' 

al"r:I1I~{'(1 :1 1 ]'i~ht lU1!!;](''; 10 the fJ"OIlI 
pall{'1 :uld dir{'('II), !whiud 1I 1:11")!,"f' ai r 
fillet' .• \ ';111:111 fan ('xp<"l,; :lir f1'"nl t hl: 
box :lIld rll": l.\l,;: ('oul air iu OVl'1" l h(' v(, l"li· 
cal ('il"cllil {':lr(k Witlt t h i,; {'U()lillg 

f:.\".~I{' 11l a IlIIlXiln1ll1l l(,UII){'t'0I1 I1re riM' :11 

till' hult(,,,, spot 011 : I n~' of Ihr ein""it 
hOllnl...: i .~ Ir· .... ..: thl l11 10°('. tlwl"r·b.v ill, 

~1I 1 ' i llg t·{·liah]r· O] lI ' l"'l tio ll at higl l ambit'llt 
1 ('I ll l)('rat III"(,!';. 

TIll" XDIEII IK illdi\'atol"~ (."I.·c pa,l!;C 10) 
han' n lurge· allt l ('Hi"je'ltI Iwal i<illk for 
\llt'it· im'a llde''':('('lIt l:ullp", w!ti,·h ]11"0-

I()II~" lamp life'. 111 111(' ('V{'lI l ()f failur(', 
hflll·('\·N . lJ1ly illdil' idllHI l!lIllp (':111 IH..· 

(!w"il." rrpl:lt"IXI. TIl(' gl"OlJP (If fin' 
XL'.\I~~l(lK jlldi"allll''; !It"(. a(·(·p,.:"illll· f!"lml 

tlw fl'()n1 pllll('1 o f t he intitrUlIlC'1l1. . \ 
ql1art,· ]· tUI"ll of 111'n mOlllllill~ thlllnh· 
'«('1'('\\'''' PNII lit,; til t' ('Hlin ' hl{J{'k of illdi­
{":II or." 1(1 hc ]JlIlIrti fOt"\I":ud :1\1d wit lt­
dl":\I\' ]1 1'('\'('1":11 ill(·h t'.~. Eigll l t"!'pla("I'Il1('lli 
3:.m .. t.,"PC 1:lmpfl :"1 1"(' :-< !oJ"(·d ill ]){){'kcl~ 

bt'hi lld \ 11(' I)('zel. Itl mdt·r tn J"('pla t·(' a 
l)\\l"lIl'd-out lam p. (111(' :::imply l"('Ill{J\'('S 
h\'o H'I"C\\'''' hnld illg tilt' h:u'k illg plat(' of 
tite ind ic:llot" :llld I"Cpla{'(''' lilt' bm p in 
Ihe lIu!Il l.l(' l"pd sock('1. The enlirc 1"('-
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plaCCIlWllt C:ltl l)(' actompli;;:hed ill about. 
one minute Itft<.' 1' tI defecti\'(' 11Lmp Iw.o; 
l)('el1 ir.:olnlC'd, 

When 1I hlllp fails, till' I'Htil'!' decade 
ix,t'omes inopt'J'alivl'; 110 light sholl'S, 
This f:1.il-:5afl' f('attll'e piimillalf's a llY 
po,,~ibility of illl'ol'J'('ci 11\:tding, 

,\ Polar/lid Iii tel' i~ 1I,~t'(1 iu frOllt of 111(' 
bunk of five indicmor.'l It) {'limi1\aj(' 
8pccu iur I'cOeel ion. 

G ENERAL CIRCUIT DESCRtPTlON 

Thc Tn'lS 11.')0-A Digi tal Frequency 
;\ l el('l' COU Il!fl Ihf' llull1Jxor of (',Yrlc" of 
t il{' input ~iv;nlll in a lim!' intf'l'\'al e ..... 
tahli"hed h.v til(' ~tahlt' 100-k(' c'r.\'stal 
oscilbunr. T he blork diagram, FigurC' 3, 
!'hO\I'" th(' fUlletionnl clement." of the 
system. 

TIl(' ;;:ignal from the 1000kr rry;;:tnl 
oscillator (oj' ft'om an {'XICl'lllll 1000ke 
fN.'qnC'tlc.I'-:-;t!lndn!'d) i,~ C'olll'cI'(C'd to n 
pulse t]'~lin 1.0 dri\'C' 1. ~'ri e.'l of pr('c·i."ion 
ft'cqucm'.I' divid{'t's lItilizill!,!; un ijlllH'tion 
tmllsistors. The oulput of thi:; di videt' 
cha in con"ist s I)f pnlsc,<i wit h perinds of 
0.1, I, :llld JO fmrouds. Thmm pulI:!Cs 
estahlish tIll' p,'(~('i~io!l gate interval. 

APRIL. 1962 ~ 

Figu, .. 2. ln •• ,lo. "i,w, . how_ 
in g NUMUtK Indi.o.o ... ,_ 
... mbly d e 'ach" d, TI .. "ig llt 
'P"'" Indi.,,/o. lampi can b, 
'''"n b" hlnd /h" pane l ,A ,h" 
le ft of th" NUMUIK """mb'y, 

II! OI·dC'l· to umle]'St:~l!d the program, 
!I,t tiS fL.;."'umc Ihat the lin1('-hw«' gall> 
\'01)11'01 flip-flup i" it! Ih(> " I" :-;Iatc aud 
I hal tht timt'-ba:«, Wi ll' i,~ I h~' I'C'for{' Opt·11. 
The m:lin-gtltC' f'Olltrol flip-flop i~ in lhe 
"0" "Iat(', tLlIO the II1nill !tlllc' i" do~'d . 
Th(> Iwxl pul~ from thl' lillw-haSi' di­
\'ioel' ('il'('uil;; 1>1I.";'''{';; lhl'(lugh l ilt' tilll('­
hll>'(' tpll(', t'om pl('ll\ctlt;, Ihe muiu-gate 
('cHllml flip-flop 10 I ll(' "I" :,1:,1(> Ilnd 
up('n." Iht' main gatt'. Whl'l! th-t, mail! 
glll(' i"i (1)(')), pHI,...':; of IhC' input-"igllul 
f!'cqut'u<'y :1.rc admiilf'd to thc fl\'(' rillit 
('ollnti!!!! Hllil;! and tOlnlNl. T he 1\('xl 
pul",' from ,hC' timl'-h:ll'(' di\'idN pn":,,iu~ 

IhroH.c;h 111(' l in1l'-l)a"-l:' gnk .'(',;cls thl' 
mniH-galC' c'oulrc,llIip-flop :1.nd tlo,,('l< Ihe 
mai u gtttc. ThC' main ),\'litC' if' IIWJ'dol'e 
Opt 'll f01' c.\::\('lly olle period of the time­
ba.."I' ~ignnJ. 

Thr NU~I EIUK indicator.; UOII' bcgiu to 
display 111(' r('sultnlll ('Ol1nl. Thi~ di,o;pby 
inlr]'ntl ill- drlrrrnil1C'd by till' c1isplny­
I im('o rnO!lo:o! :lblC' {'in'lIi! nEld i.'l11djtlstl1ble 
ft',)m 0.5 to 5 ,..'c'ond..;. \\'IW11 t hc main­
),\'ftt(' ('ontml flip-flop rl(),.:{',; lit/' mail! 
gat(', it also !'<'11l- thl' lillll'-h:L<;(> g;:l1(' 
f'ontl'Ol flip-flc,p \0 t1w "0" "tali' , ('oln"ing 
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, 
, 
: .u. 

I,·· '" ~ . 
..:.. """ 

FI, .... 3. 8 10010 d la, .a", o f th . Co .... t • • . 

IIi(' tinlt'-iltl<;(, j,!;:ltl' SlJ that 110 mn .... ' liTH(,­
ha"'t' Jllll!i(''; (':111 p .. 'ls. ... 1o til{> mnil1-~Htt' 
('01(1 rol flip-flop IIlllil tht, di",pl:ly-lim(' 
llL1)1lo,.:labJ{' ('in'llit i<,!:;I1('.~ i t~ output 
pul4(' 1JIK',,·fttinl( Ihe r'(>SC'\ cirruit. The 
1'('4('1 (·in·llil ",('IS tht' l'ing r()lIl!till~ 

(·in·lIils to Z('I'O, lIlld ih(' ('lid of tilt, zero­
,.;('niug Jlut .... ' lI'ili ~t til(' lin1('-h:1:<.(> gatl' 
('(1111 rol nil>-flop to "I." The IH'Ot't·"" 

Ih('11 11'I)('al. .... 

\11 infinit(' di;.piay time (':tu ht.· 01>-
1:lill{'d if thl' ulllpilt of tl1f' di"pla.v-lime 
1Il001(J~\:thlt· ('irf'lIit i" opC'IU'(1 "'I ,h:JI 110 

1'I',.;(>t pul",' i,., prodUl,(,(1. A ';lI'itf'h at 011(' 

('uel of tl\{' lilllt'-illtNV:l1 :IdjllSIll1f'1lt. 

r:lllj.!;t' I)('rf( Irlll!' 1 his operal iotl :llld Inakl's 
110,.:.:illl(' indf'finit(' dif.'pJay of Ihe 1'('':1111;1 

(If II ~ill~lt, m('l~un'IllCIlI il1itifltNI II IWIl 

Ill(' mauulIll'(',.;{'t huttoll i,; pn·,,"'Lod . 
Prn\'i~inll is al.ooo 1ll:lde for mflllll:1I 

('(1111,,1)1 of the (>Qunling timf'. Wh('11 
,hi' l'oIlIHillg-lim(' ,.:witeh (Fi.l'lll,(, 3) i.: 
"d 10 a foul'lh I>o"il ion. till' lll11ill-Wllp 
Ilip.fll)!1 ('HII 1)(' ('Oulmlled from II pll.~h. 

Imtttlu. '1'111' !ll:lill gate i:-l 01'('111"11 Illwl! 
I hi~ IJIllloll i.'i J1.'ieaJ.;{'d and I'lo;.('d whl'lI 
til(' hultoll il'! deprcSSf'<1. With murlllal 
),!;atillp:. Ollt.' ('an u"{' the counlt'r n!'l II 
~irnpi(' totalizing ill..-II1.II11enl. I II tht' 

maHlut[ I)().:ition. when Ih(' l11f1ill-)!;III1' 
('(Hltml Ril>-flop i." !'('t to "0" tI lIorlllal 
tli~pla.v :Iud d(,:lriug e)'('I{' is illili:lTro. 
\ norm:11 di"plfl~' tin)(' of 0 . .') tu fi ~'('onu,; 

1':1.11 1)(' /)ht:lin(·d or 1111' tnl:iI rt':tdill~ 

o 

t':HI bl.' rt't:lilit'd indc·fillil('ly if ti ll' di .... 
p[ay-lillle swil l'll i ~ ~, t to infi ll ity. 

Ex lel'llal ('ir(,lIil l'Y e:m be used to 
('oll t rol lIw gate il11f'rval th l'ough Illl 
:lllxil iary plug; 011 the r{':l r Rk ir'L of t he 
ill8\1'umCIl t. I n Ildtli lioll, t hi s ~1II ."iliary 

plug also provides: ( I) t he eflrry pul~ 
frOIll the last of the five dccad('s; (2) 
nW:I1l>l for flp plyinv; ti ll ('xtcrnnlly gCller­
atpd rt'8Ct pui~ ; (3) a 1)O~iti\'C plli~ 

(·orrt>,.: \)()ndillg in tim!" to t ill' rCi'et puii'ej 
( I) +20 \'olts dc; IIml (5) groulld . 

RING COUNTING UNITS 

'1'111' heart of t his countCI is the dng 
cOllllting unit. :\ riug I!Oll ll ti lig f.'y":I I' I\1 
{'!\11 bc t'oll!<ider(>d to be It ,.:\t·ppillj!; 
!<witth wit h tf'1I contact pOilition,.:. as 
"hfJI\'1I ill Fi jtlLrt' I. .\ IlImp j,.: COllllcct('U 

J 

\ 
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Fig .. , . 5. 51mpllfl e d .. he· 
",otic of o .. e of ! he , In g 
C ...... U" II .... i .. .. u d I .. ! he 
Typ. 11$0· '" Oigito l f re· 

q .. e n cy M ... . . 

~'1< 
£~v.~" 
~ •• ~r~ 

10 pach eOllt:l.('t, ami the ,..witch "rllOl' i~ 
COIlIICCI{'d to It ,"iOUl'l'(' of \'oltagc. E:u-h 
l ime :"I. pulsc i:; ]'C('ei\'cd, the rolol' movcs 
from one CQnt(H't to the Il(:oxt , :Hld the 
parti('ular Iltrnp t lmt i.~ lighted indictlles 
Ill(' llumlX'r of pul:;('s t hnt have bl'Cll 

n't'(-' in:,d, By gellcrati ng an output. 
plll:o'(' clu::h timc t hl' 1'01.01' moves fro m 
" U" to "0," tht' rillg ('Oll l1t CI' fUIH-'liollJ:l 
m~ n si mple del'!I(il' divider a nd d r i \'('~ 

t hc ~u (,(I(,'('(l illg unit. at Olle-te ll t h the 
ml{', 

Fi\'(' ring count ing uu its (RCU'~) :HC 

u,~'<1 in the T n .; 11 50-.\ Digitn.1 l'~­
qllC'Ill'Y :'d ctcr. T Wl'llly-onc tmllsistors 
u~'(' I'('qll i['('d fo r euch dcnlde, t ll'O fo t' 
c:1('h of thc tCIt digits, and one mOI'(' 10 
"Ill!)\'(' l lll' rotor," Figul'c 5 is n si mpli­
fied s('hemntic of OIlC of thc"C fin' ri llg 
('UlIlllillg units, ,\ 11 fivo nre iden tical ill 
f'trUl'ltIre, T h(' fil'l't un it diffe l'~ from the 
olher fall I' ollly in the choiee of {'O11l­
]101l('lIt ,'u luP!' £01' I)('st high-f!'equency 
oppra t iOI!. E.'H'h ur dt ('o l1 ~is ts of H ring 
of 11'11 hi;;:t:l hlc d rl'uillO, {'ft('h of II'h il'h 
1m:. olle "h igh-{, III'/'Cllt" tnm;;;i~ tO I' that 
driw'" it :<; as.."OCillled inc'undCSft'n t lamp 
ill t ht' ~'UM J::RI K inciic:ltor for th:11 d(,C:lde, 

HC'ferriug to Figu re 5, let liS a".<:mlle 
1hat 111{' {[('('aell' hIlS beell 00 1. to it,; 
1.('1'() sta le. Q- 10 1 will be OH a lld Q- 102 
o'\'. Q-l 02 ha.'i il!'! IJfi."t, forll'ard-dri\'p 

", '.Il . 1 9 6 2 ~ 

U'~T 'P! ~ .. t .( " ... " - '- 1 - -

"'" 

('url'{'ll t prO\'idpd th rough R- IQ.3 and is 
in ,<;':ullraliulI, ]J!I&ing 80 rn illi:lml)(' t'('s 
til tight. t ile " O" lamp in lhe illci ieflto]', 
Thi~ RO mi llillln pCI'Cli produces a volt a}!;c 
of - 5,5 volts ~1l'roSS H- IOt. The bal'!,' {If 

1l-10 1 is rctunLed \'ia R-102, to the P.et. 
1.('ro buss voltHgc of about -5.0 "011,;., 
The base of Q- 101 is, therefol't'. rt \'l'r..c 
bi:l:o<'d with I'(81)('(:1 to t ho emitt er, n.1l e! 
Q- IOI ]'t'Jnlli IiS o n '. Thc circui t. is stahlf' 
ill t his slate, 

,\ 11 other pai l'g in the ring han' tht' 
opposite st:lblc state. J~ft.-ha lld 111111-
si ... tors, Q- Io.'1 , etl'., nl'C: n.11 saturated, 
:llId the right.-hand tr.lI1sistors, Q-IO I, 
etc" arc On'. T h('>;c nrc also stnble 
~Ia l c~. t.oak at Q- IQ.3 , fo r exnm plf', 
Wh('ll it is o~, nearly 1 milliam lX'rt' of 
ba"C forward drive flows through H- IO!l, 
whil'h is l'OlIl1el'lro 10 l he elc:\!' bus" 
(at the &1 11](' potf' lI tia l as tbe S<'t wro 
bliSS), Thc dl'op aCl'OSS t he tIS-oh m 
n'"i<:lr)z' H ~ lO·1 in the common Cl11 ittN 
ci rcuit is but. 0,07 voll, a nd pl'llcl imlly 
llll' full 20-volt. colleclor supply voltllge 
ll ppl.'n.!'S ncro!'S R-IOG, Thc very "m:l11 
elllilh,' I'-to-l'Oliecior d rop of Q- IQ:-{ i<: 
norma lly ')("011' I he ('Onduct iOIl-k IH,''l' 

I'ollagc of Q- IO·' llnd keeps it on'. 
Complete cutoff of Q- IOI. ('\1('11 nl elt'~ 

\'n led tcmpf'l':lt 111'( '" a nd fo l' all I >os.~i b l(' 

lnlllf'iSlol' oombinn.lion,.:, is illsUI'f'd by 

7 
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GENERA L RADIO EXPERIMEN T~ R 

lilt' ",i!icon diode (C H-Io.'l in SC' I'ICS with 
the <'miller of Q-IOI). 

'I'll(' inpill "il;llfll adnulccs the statc of 
til(' dec.ide by olle stage l)Cl' puISt, .. \ 
Ileg:tt iVl' puJS(' i!'i til',.:.1 uppliecl to tIl{> ba."{' 
of the adnuwc dd vcr (J-121. tuming it 
(H' ." 'I'll(> Jamp drivN, Q-102, iu>;c:< bfu«' 
fonrfl.l'd dri\'e alld gOl.'S OFF. The COlll­
llll)ll-('Juittcor vultugo I'hang('s f!'Olll -5.5 
10 Zi'I'l), nnd ll- IUl grl{'.~ O~, The posilin­
p\ll~(' prnduI'('d at the common emittf'r 
i~ f('d Ihrough C-lOl. tll l'lling Q- 103 un' 
Ullt! Q-IU-I, thc " I " lump ori,'cl', O~, 
J~l('h :>1I('f'('('ding pulse applil'd to Q-12 1 
udVllIIl"'fl the ('QlIILI by 01)(' digit. At Llw 
CQunt of It'll lll(' {'ircuit i .... f;wil dll'd to 
Ill(' inilial t'Uliditioll.~, nlld thl' lIeg:lli,·(' 
puiR', as thc " !J" lamp cxtingub.lws, is 
fl'd from till' Hf'\T at: a. cnlTy pulse to the 
H(h-:HI('e d!'in'l" of the slIce('eding lieu, 

I n Ilw l'impJificd schematir of Fi~llll: ' 5 
Ihl' zl't~}-s(.'1 ::IY!3I('1ll is dt'pickd til" a 
Ilmnu;tl !Owileh for sirn p1iei! y. Opening 
thi" ,.;wi! I'h ~lb,-ioll~l.v rclm'us the elf'llI' 
lilt&; to -20 volt",. Nl liSi uV;:'ttl Icfl-hand 
1I'.lllf';i:O;l!II'l'< "f Ih(l hisl:lblr' cil'cuit>l 1,1 
";:Ittlmle, :\lld tUJ'uilig tlw I:unp dri,-('I'''; 
for larnp~ "I" thl'Oligh "9" on .. Q- IOI, 
on tlw other ham!. 10"<.'" iti:' forw:\rd hi:it>, 
J(':.atuntIC's, :1.nd pel'rniL~ Q-I02 10 go 
liS, th('rchy lut'[\illg the " 0" lump O~. 
A fa~t 1I'lltl:o;i!!lor "",itch iii nl'tu:llly lI!«'d 
ill Ihe Tn.: 1150-,\ Oigital Ft'erllte!lcy 
:-. ft ler to aecolllpli"h zero &.'1 ling fol' tll! 
fil'Cl Ilet" ", 

TIME BASE 
The t'll'lIwnt:lry einuit for thc' IOO-kc' 

('I')'.~ta[ o~l'illutol' is shown in FigUll' O. 
It USC!! two tt':lIl!OistOI"$, all npn :ltld a 
,lilT), ill.'\ modified Pit'n't' eil'{'uit. ,\ 11 the 
opcn-loop g:1I1l (UO db) of thifl II':ltI ~i,~lo [' 
pail'i.'1 Ils('d us tlf'!!ativt' ff'f'dbul'k. Thus. 
Oli_' eircuit gain is "{'t'y ,4ahlco with r9-
"1lC'N t" I'Mint iotll< iu 1I'Il1IlC'mtut'(', 
I'oltrl).;:(;. :\ml trnll,.;i.~lor p:lmllwtt'l'S, 1'1'-

'. 
fl Qu. e 6, EI . ... . nt." ..... hemalic of 

c .... st~1 Ilm e_ b a u .. ullla la" 

!<ulling in I'Xl'I'I!CIII oscilialo['-frf'fjll(,lIcy 
:<tll hifil.\' , The tf'ltlllCt'alU1'C cOlnJ'ol fo r 
tht' ('1'.'1'::01:1 I o lX'nll('s as loug ll."i i he 1)0\\'('1' 
lilli' i::-: cOIIlll'e\t'd , wlwthcr Ot· not t he 
panel pOIl'CI' switch is on, 

APPLICATIONS 
T he btl~ ic countcl' has many fr(,­

quCtlcy-tllCllSlll'emenl nppliC:ll iOtls. 11, 

{':ltl be u~d to ca libt'all', ami 10 adjust 
the (':dibt'aiion of, any fl ignnl ilOIl I'i'P 

I.\'itlg ill the frr'fjl lc t)C'y r;lngco from a few 
{'yel('" per second to a maximum COllllt­
ing fr('(I IIC[)e,Y of 220 kc. ,\ few of its 
mol'(, impOf\iUlI :lpp1il'atiollil aN' : t.he 
ca!ibmtion :tllcl sell illg Ilf C)Rt' illatol'$ fi nd 
sigmll geller:llOl'S. i hc monill)t'ing of fl'c­
quclltieH to 2'20 kc, and tnf!n;;:;UI·C II lt'nl:.; 011 

pt'('ei,.:iotl lillel':; :lilt! 01 1l(' t' frequclle.,,­
S«l(,(·tivc dc\'iccs, when' high I'ci'OJul i(1Il 

i,~ 11(,('(1('(1 fot' accumtc frequen cy ~l'tt iltg. 

Othcr phy::;ical nl(~:\~nrcm(mts 01T('t' :~ 

wide rnllgr of lIses, itlcl udillg tlw mf'a:<­
UI'('l\l l'ut of robtionnl spced (with a 
pholO('lcci ric Ot' mngtlcl ie pi('kup), ~ :t Ill!. 
lI'ilh llppropri:ll(, Imlls<lu(.'(' I'S, pressure, 
j(,UlIX't'atlll1:', ;;:;1 mill, and weight. 

With :111 ap]l t'opt'illtc tr:UlsduCt.'r, 
photOf'le(,ll'if' or olh(' t'\\·if'f', lh(' f'ounling 
of objl'ets 011 PI1)ciul'tioll lill('f', of ]>:11"­

tides in liquids, and of 8imihu (:\'CIIIS 
thaI, 1n!IY no~ he periodic will form 1I1l-

. , l'hol'>Clc~'d" [oi~lwtT ,Ie,·i",,;. no,,· ;n 'he IIn.1 ,,!n~ 
,,', f'I<i~" a! Gen,,'al tlM,!i,,..,,,,! will .... "" b~ n'·~it.bl,· for 
""" ... "h .h ... h •• ;~ . ..."nler Kn" w;lh " ... '1 .... I""""'l'i " 
cquil",,~m lin~, Tim "ni, i •• ro!UplNely ",,11_mnl.''''''' 
li~hl .... \1 ...... nnd ',I>o' .... lcflrie ""II, which will 00 I",we",!! 
b)· Ih~ ",""'<~r 0' <h ... ' n:rb'.""1'" and ... hid. ~'il '""d il. 
,""I"", .i~, ... 1 ""~k to 'h~ .,,,,,mer or the .'rob<Ho""'I<' (or 
tIlc""'I'1!'I"tnt. " t1' ........ ""nnL'CIo' j,,~k i. i'ro'·iM~1 in Ihe 
..... r or the ,...,...,,1.' '0 nOt'efll 'h;~ n~w l, hnt""IN·lr'n 
piok<>tT, 
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othcl' ~rOllJl (If inlpon:u'l appli("atiolls. 
Thl' :-ilnpl[(>jl y of opcrat iou, t h(> !l('('UnH')' 
nud IIIl' rpliahility of Ihi;; ('OllutN IIrC 
dN f"I'miu ilig flll'IDI'S ill it,;; :l1't'{'p tabilil y 
in mllll.\' f) f ,Ilesc nppl it':lt iOIl !'. 

- H . \\' . Fit \XI( 

-.J. 1\. SKILLI NG 

APRIL , 1962 

CREDITS 
The T\ I'.~ II :l()..,\ Di.llillll Fn'CIlU'W'Y .\It'tl'r 

W/l.I! dl!\'I'loJlNt hy II . "t. Ft!lllk nnd ./. 1\. 
Skilling. II . P. St nlll'nwYl't t Dc\'(·lopnll'nt 
Engim .. 't'r , II . ,\ . )'lorl"'ll"On, De!<i~n EnKiu('(' r , 
lI. (;. i'ltirlin~, D('.h(IWT, II .• \. C'hi)1l1l!lu. 
PrortuHioll t': ntcinl'<'r, nll,1 \\'iIlillm I toward, of 
Cor,wll l ' nil' ... ,...it\", 11:11'(' ull "')utrihuh!,1 ,,, .101.' 
filial dc,-i!:li . . 

- EUI"l'UU 

SPECIFICATIONS 

F ....... n.y Rong e: 10 C'I~ to ::t10 k(·. 
!np .. llmp.d .. nce: .' C..£'QUI}lcd approxim!,!l'ly O.a 
nW~l)llIn ~hllnt .. 11 lIy Ie-~ 11'!i1l 100 pf. 

hnaitlvily: 1\.l'lh'r Ihan I 1·.,It, 1 ){,:"Ik-lo- ll. ~. k; 
fOT I".I~\· ill l\lIl, duly mlio " IoIlILI,1 1)(' hc hl/'('u 
0.2 luul 0.8. 

DI'ph.V: In-linl' TI'gisler , im'nudl" "l'lI l-bmp­
",>!'ral,·d. 
O •• p ... y TI m., . \tl jll~tHhll! from 0.5 1(0:" ~{'('f}JHI,;, 
:ltltJTl)\i m:'( l'ly . IIr 11;1. 

Cou"ling .n ltrIl Ol , 0. 1, I, 10 ~t'I"·()!1d~. or (':"111 be 
~{'f 11\,11111,,11.\'. 

Accur .. cy , ± I {'()lIn l ± I'r~'" *,,l o:-C"illnlor 
~Iuhility. 

Cr., ... ,.O.ci .... tor Slab .... y 

Shool_Term 5t .. b .... ,.: Ikul'T IhAIl 1:; lm r t per 
milht)!l. 

CycUng, I A..~~ Ih:ln ('QU ilt er .... 'ljOlut ioll. 

' e mp . ... tur., 2 12 I1ll r',. Jll!r milli()!l for 0 10 
50°(' (HIlI';l'U!. 

W .. rm_u p: Within I par' l)('r millio n nfler 
I:" minu!l'!!. 

Ag'n~ : I ... "", Ilmll 1 p:ITt rot'r million lX' r 
\q"('k IIflt'r I "l't:k~: ,1''I'f(':""inl( ,lLl'r ... "fler. 
Cry.la! Frequ. ncy Adlu .tm ~nt: Th(' fn'(IUl' lw:v ill 
withiu 10 pl\fl~ lH'r milliUfI I\h{,u n.'t:I'i \'cd. 
F re<.III'IW.V :tdju~lnWl\t pr(>llidrd. 
P .. Wlt Input , LO.i (() I:!,j ("f 210 to 2.)(») "(tits. 
[.0 to COO {' Il~. 'illl"lIlt ~. 

Acc.uod .. SuppU, d , Tn'l.: ('.\1'-22 3-Win' 
I'olwr Cort I: ~ ,m .... · fll"""<: il rt'pLII'{'ml'nl illlJi­
r,lIo r I :un l'~. 

D ..... n II Dn " BI.·I1<'11 111011,·1, " iolth In, hl'i/-!h! 
an,:. delllh 12 1!,! ind" ... (·I~j by Ill) h.V 320 nUll), 
OV"r_al; m"k !noun' . Imllt'l, 111 hy 3 12 illdll'~ 
fls:,IIY tHl mm li tI.'tllll, 12 34 inch(~ (32.'". mm). 

Net W.lg ht: Ii I ~ IJl)U(II~ (8 kf(l, a llprv xill).(,I('I~·. 

1"111" 

IUO_AM 
IIS0 .AR 

0 .11110 ' Freque ncy Mot ••• 8 . nch M .. unl 
DIg lt .. ( f re qu.ncy Met .r, Ra ck Mount 

I. ( '0'/1' Word 

"I I t: I! 
,,,.ITI! I 

I~ri"f 

$9 15.00 
91S.00 

NEW 3-WIRE POWER CORD 
'I'll(' T\ I't; C.\P-22 PaWN Cord 

(3-wirt') i" now su ppli(,d \\ ilh alt Cr1l!'Ild 
Ibrlin iU>.;1 !11tn('l1l~ I hat UM' a d(,l:1rlltlhll' 
])/)11('1' ('onl, r(lJ)lflt"ill~ tilt' T, I't: C.\P-15 
f!!I'IIW1"ly i'\1(]Jp!i('d. Thi'i 11('11' df'si,u;n htl !>; 

CA P.2"l 

Typ. CAP- 2"l 
Power Cord . 

I Po w •• Cord 

n humlllrriwad ('/)ul1('t'lor :\1 its powrr­
linl' (Ind. \\ ilh hol h IUll]r :lnd £('1\1:1]" 

('Ontll'('tOl-":'. I ]ltI ~ , )(,!"Iui11 jll!! 1 \I' ll or mOl1' 

('ol"d~ l u 11(1 :111:l('hl'd in paralll' l. '1'1\ 0 

;\0. 18 l'oHdu("i())":< :l1"l' \1"1'11. 'I'll<' COn'I'­

illp; i:4 l"uhlwZ". aud 1 h(' ('OIll\Cl"lOl" bodiN, 
:II'(' molded illti']:.:l"fllly with Ih(> (·ord . 
Thi ... 11O\\'(lr ('ord i ... 1\1;;(1 !1\'lIilu!J](I ~Ptl­
r:ltely, :1..'" li ~INI ]x·low. I (~ length i:-: i 
fccl , and it i;; r.1I('d at 250 \'olt s. i 
il mpCn!~ . 

('0(/" lror.1 I'r"ir~ 

Tllr t . ) $2.25 
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~ GENERAL RADIO EXPERIMENTER 

THE NUMERIK INDICATOR 
!'i('lt'j,t iotl of til(' bl'_ ... t II vailllbll' l'l'adout 

illlJit'atur h:h hl't'll an imllOrtlilit pal'! (jf 
lil(, dl' \'t,lopllwlIl of Ill'\\" ill-lim'-pn.-'''I'Il­
tal iUIl in:-;II'lIl1wuts likl' Ill{' Ollt' lil'scribed 
in t hi.~ i,.,:.;\I{', 

Ju the majority of b'"('llcral-pUlpoilO 
~Ippli('ati,,"~, alld p:II'liculurly ill Iran­
... j:-;tor eireuil. ... , 111(' U'"'l' of iIlC:J.II<.1C:"ccut 
hlm!l ilhlBlination i~ C'"'I){'('hLlly ~ lIi l · 

ubll'. TrlLll:-;i:-;tOl'loi oper:1 \1' 1 ypiea]]y at low 
\'o]tllC:c:->, lind ill(':md('':(:cnt lamp:" udapI 
I'lI:.;i ly to 'h\'~ I'ullditio ll>i \\it hout re­
t]lliriug t'OIHplicatt'd :IIH:illat"y ('i l"cHitry, 

, \ ftCl't\ t':II'(' I"\l1 SII1"\ '('Y of available ue­
."igm:, thl' produl'lS of 1\:.( :,.\ 1. EII'(-­
trOllies, itit'llmoml , I·:ugland . \\"erc 
juclgl'd Ie) hn\"(' t ht, h".;\ {'omiJi li ut ioll of 
tilt,S(' dc .... iml,le ('h:tr:u'tl'l"il"ll il"": 

1. Ext,t'lIl'tlt pl'('M'n\a1 iOIl wilh rieur, 
brilliaul r('lIt!out. 'l'hl' whit(' light is 
both mol'(' pl<:tl.:.<illg to till' 1'.y1' 31ld 
arliuil'lIl1y mure eflieit'llt tlmn t he 
or:tll)!:t'-I'l'll (,f 1I1'U1I di.~p]l\y,"', 

2. Xl'at eOlllpad ul':-ign. with ('f­
f('('live m('allS of hl';\! tii ... "ipfI!ioll 10 

ill;;;tln' long lamp lif('. 
3. l'1:{' of standard, r('adily IImil­

ahle n.'plru'('III(,llt 1!lIlII'''', H('plarelllcnl, 
infl"l'llu('u!ly l"t'quirt.'l1. is cnsily done, 

Fl.",. 1. Vi . ... 01 Ih . Typ. INO· OlOO NUMUIK 
Indicolo., ... llh d lm. , .. to". , (Allo ... odditio"ol 'At. 

0" d . pth , 10 . common I .. ml"ol .) 

Fig". . 2. elll· 
0 .... 0'1' .. i. w of Ih . 
Typ. IND·0300, 
. howing con· 

$Iruclion. 

L Eflit'icnt lie<' uf li!!;h! fmlll low­
POW('I' la mps. 

5. Low parallax. AI] :<ymho]!' IlP­
peat· to be Ht'ady ill ! Il(' .~:t l l \(' plll lH' 

G, ,rid(' vicwing angle. 
7. Hea •. "Ollltb l(' pl'il'l'. 

T he Tnt: I X I) Kml E lllK I lldieHtOl'S 
f"ornh inc t('tl (or tWI'!\'c) [1l('1ll1dI'H'CIIL 
blllb,; \\"hit'h ('an he illurn inat('d iudi­
\-idll:llly aud whieh, in lIIrt1, (' lId·fire 
illumiulttc dear p!:tst ie 8t rip!l, :I.:" ili lls­
t l":\ ted in FiguI"C 2. Light i>i in t l'O(hl('('(I 
lit OtIC ('lid of :l thill, eil'ar Het'ylit' platc 
auel i~ l'Uuducle<i wi lh lilll(' IlItf'lHlaljnll 

aloJlg t'(' fI('l' lin' dllet illg 10 t il(' d["pl:IY 
!lurfft('(' wher(' il i.~ trall ... lated iulu it 

brighl dispiuy by {'1osl'1,v !ljl,H1,d doH 
Rf"rilX'd ill th .. fo rm of th(' 1\III1W1111 01" 
.:-;ymbul. .\ stack of It'll 1)11!t(,~ is ju,.t, 
over §.l6 ill('h (!foe]). 

Light trall.'!mi."'''i()tl l hroll~h I Ill' lI!'r,vl i(' 
i;:; ,",0 good Iha t t il!' hottom !,;.vlIlhol f,f l iI(' 
.~ta('k ap lx'ar.~ to h:\\'1' ahout l ilt' :":UlH' 
hright lW':;'''' :1." tll(' lo p ~.\"nllJol. T hin 
~h t'<'l;; of l"('fiet'tivl' oP:HIIII' 1I1:(1('1"i;\I, 
which .5('p;ll';lIl' til(' pl'l lh!' I h l"oll~h whit·1I 
t h(' light to the di ... pIHy .~ \II" f:H'{' i,.: ('011-
ducled, reduct' ('I"O,",~ illllmillfitiotl 1(, the 
point WhNC :)11 >iymhol;.: (',\('('I>t t he OIlC 
illuminuted :11'(" for pmt'ticlI[ pUI"]>OSl'S, 
not visible. 

Becuusc of ihe thi n .'!Iaek and l'x('t'llt'nt 
light ('Olldlll" lL\'ity, t hc oSl':\n:1UK Indi· 
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Fig.... 3. Iteo, 
view 0 1 Ihe Type 
IND .OJOO, . ho w· 

inll le ,,,,inal •• 

cat or has the ulIuswdly Idele vic-willI!; 
an~lc of 1200

• 

Tht, uuils arc conveHil'lIt1y mOlln('d 
behilld tlw panl'l Idl h OllJy I Wi) :-'CI\lIl'S. 

To achic,,!' 'Ollg lamp lift'. till' lamps 
111"(' mounted in 11 driUI'(I, I;olid :llllmilllllH 
hlock whil·h ~'r\'C'fO :\K :lIl dl1"il'llt IW:l1 

f:ink. Fllrllwr. 1 hl' ;;ink i:-: joilwd to I he 
fr(mt pallt'l of the instrument hy large­
c l'ogs-l~c{'lion alumillum fOi dl' hlockK "'his 
l'onfigllrnti l)11 It'adK to {'ool O]X'l'at i,m ~llid 

to lamp 1if(' :i1'C'l'aging 5.000 hom.'! under 
switching cOlldit iOIl:-:. 

L .. 'ulIp!; :1I't' I'f'adily repiated. The I't'­
movnl of two screws tIt the buck of the 

APRil, 1 962 

Indicator frN's the lump block und 
tt'],llliwl1 plate :t" a unit. 

Typi('aJ 11."1';" tlf lhl' :->l;MERIK I lIdi­

('aWl' aI'(' f()uIIJ ill uIlIlI11wiat01'$, cum­

PUU'I'}i. ('oUllll'l'I', Jigilal I'oltm('tcn; :tlld 
:-imibr ill"lnlllH'lIt,.., illllk:tlor board" for 
Pl'I)('(':-'" ('01111'01. pap;inp; ;;.1':-'1('111'<:, pro­
gl'alllm(>f,;, nltiuJ', tinting :;ySICnl8, and 

dock di,..plays. 

T wo tyP('f' a rt' H,I'Hilahl(' fmm stock: 
Tilt' TWE !:\' J)-O;~OO , II'hi('h haf' It'll 
nUlll('J';ll,;, 1.<'1'0 lhrough uil\\,; alld thl' 
THE fl\'IJ-1S01. whil'h h:\" the 1(,11 

Ilunwrul" pln<:;:l ('omnHl nJi I hl' right "idt' 
tmd n d('('imal poi llt c('IIi<'rI'd on til<' left 
;;ide of thl' l1\1n1l'1':I1". AdJiliomd t.q)('~ 
wilh 1(·l1(>r." Mid other ;;)'l1Ibo11', HI'C 
available 011 ",peda l order. 

The ."I I ~lt: UJ K illdi('!ltors UI'(' mUIIU­
fllctlll'f'd for Cf'II('ml Jbdio hy 1\.(;.;\1. 

EJ('i"Irouil'l'! undf'r ai, t'grl'crncll t that 

rnnk(',.; (:I'II{'ral H adio I hI' exclusivl' dis­

tribu tor fo r tli(' L'lIitcd SIIl.t!'f' and 

Calmd::t. 

SPECIFICATIONS 
lo",ps: l 'l-voll . 80-milli.111lIlcr(' , O.r, ,·und!. '" 

/
)(I\\'cr T-l % hUlhj G.E. *330 or ~Iulll. Work;ug 
ife appl'i)ximaldy :j()()() houl'!; ('II\ildliu~ \\<ilh 
\O':c duly r:llio ). 
Vi e wing Anll le: 12(}° hori7.outiilj GO° verljl'al. 
Symbol Helll hl: II IG judI. 
Lomp Hold .. Block: Solid :[llIIni,,(I[1\ he:ol sink 

wilh n~'lon_tilk~1 II:lh'iill' blll'kinl'l hlod.:. 
:-;i('k('l~ilv~'r ('t)ntad "JlrinK~ and II i$.ilv{'r_ 

IIJal'-~J I.ctmiwtls (13 for T n'. : 1:\D_1801 ), Que 
or ... ad, IHmV :11),1 " ('ommon grouud. Th ... 

J:TOuml "onn~'t"iOIl i~ to !he ,'US(' of lh(' Tn'l: 
i\,D.Q300; it i .~ jnllulull~1 fTOm the CMe ill lIlI' 
Tnt: Ii\D- IS01. 
Mounting: nat'k-uf-J):ml'l by two 4_'10 setCw .... 

Window Si~" 

MDunllnll: 

3, hy ~\r, itWI, 1.4 hy I' 16 indlC.~ 

2~", iudll"', \'l'IlIl'l''l< 
Dlm . n olo ns , Whh!! 

N . I Weillh l: 

Ildghl 
Dt'pl h 
(in,.juuing tt'rmin:,ls) 

Code WDrd: 

'ric .. , J- I'J 
20-4!) 
r)(l- !I!I 

100- 2')H 
30(H~)!) 

I,OOO-'I.!)!)',) 
fi,OOO-!I ,!,!~) 

10,000-'111 

--I ( ~ ,ti",·I" .... ,·,·"t('"" 
I il)('h 

2 inl'1)('~ 
21~ ill,.j".,. 

Il ~ (jlltH~'" 

ISI)AK 
S32.20---

3().(',Q 
28.r.o 
2i.20 
21.70 
22.00 
18.10 
I(UIO 

I ;ndl 
23, i",·h('~ 

21',~ iIWI"'ll 

... oun~~'lI 

I",un 
~33.fOO 

32.00 
30.00 
28.HO 
211.10 
23.30 
1!).I;o 
18.10 

11 
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GENERAL RADIO EXPERIME N TER 

TYPE 161O-B 

CAPACITANCE-MEASURING ASSEMBLIES 

VI.w af Typ. 

Thi.'! ('apm·il:1ll(·p..nl(':IsurillA" syst(>1ll il; 
nOlI cquippl'<i ,lith the TYI'E 1210-C 
l'nit IH' O,;(·illator tlnd til(' nCII" T n'E 
1232-.\ Tuncd .\mplifi('r and Xull O('t('l'­
tor. "'hi('h rl'pla('(' lh{' TYI'E 1302-.\ 
{)."j(·illalor nnd til(' THE 1231-BHF.\ 
.\ mplifier :lILd Xull lX-tN·tor uscti III till' 
T "'t; J(jiO-.\ \-..>;('l1Ihli(· ... ~Il"iti\·ity i .... 
in(·re~ •. -.('(I O\"'r t h:1t of pn.·viou.'I nHxld", 
and the dl'I'-'('lor is c'nll1 iHllou"ly tUIl:. hit' 
from 20 <"p ... 10 20 k(', 1111 h I w() addit ional 
fiw(\ point s .. jn h :11Ld 100 kt'. T he 
o,'«'illator frcqu(,II('Y j" (·()Iltinuou~I.,· ad­
j1l-~t:.hl(' frl)lll 2Cl I'p,., to 5()O kt'. Thl' 
('ap:wil:lll('(' hridl(:{', '1\I'~: 'Itt-C, 1'1'­

main" UI1('hall~f'(l 
Prl('(,s for till' '1'\ n IIi IO-B \"'~(,l1lhli(' .. 

lUX' \Oll"l'r th:1Il for 1111' T\I'~: ltitn-.\. 
()winA" 10 til(' U~· of till' I('~" 1''\I)('n'''I\'1' 
hut IlHtI'l' Il\UtlNn f),"l'itlalor :l1ll1 <1(,­
t("('wr. 

1610·8 Capacitanc. · M.a, .. ring A ...... blr. 

Two mfld('I~ :II'(' :I\':lllahl(': (I) thl' 
T\'1'~: lfilO-H, whit'h illt·llldt',.; til(' Tn'~: 
illt-P I (;uard ('in·lIit. lind is _~uitabll' 
fur hnth ,hn.'I'-tt'tllliual awl tWo-t('rminal 
nlt'~'_~\lI"(·nWIlt,.;, and (2 til(' T\'N 

U;lH-B2, whi('h i,.;~uiIHhl(' fnr two, 
If'rminai 1IlI':I"IIl'('lIlf'lIt" 0111.\·. I;:'u'h i~ 
('OmplNI' ill (·:rlllIwl-I.'·J)(> n'iay rlwk. 
with ('nnlll'(·tioll ,':\hlt·_~ :wel IlI)\\N ('un I 

r'II" 
1610·8 

1610 · 82 

Capacitanc •• M.alu,lng A' ..... bly 

Capacitan u· M. alu, lnl AII .... bl y 
lie .. Guard Clrcu,t) 

General Radio 

(',.,/,. Irl)r~ 

~t.u." 

Company 

f>ria. 

$\740.00 

1465.00 

"'::'. ... 
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