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ZERO TO 300 kc 

WITH FIVE-DIGIT ACCURACY 

'I'll(' Ilrw T\"I'~; I \'~I·A Digital T inw 
!llld Fn-'l]lIt'm'y 1Iel('" i;; II mort' ~phil'lti
c:l! t'{l ill'olhrr of the TYr~J II ,iO-.\ 
Digiwl FrNjuCIH'Y ~1l'lN p",,-jou,.Jy 
!tIlllt)UIl('t>(1. Il d()('s not 1'('(>1:.('(' the 

THE 11.; 0-.\ , but it dOl'S (';>;: wlld t h(' 
r:01I(I' of prr'(·j,. io ll fff'{llIt'llt'Y mf'!tsur('-

111('11 \ to liJ\\' fN.'qllcnc i('s. wlwf'(' II ,. imp[c 
('Olllitilll; flwju('Il{'Y mt'\er is ill{'flil'il'llt. 

Lo\\' ft'cquC'ueirs arc dC\('I'mil1cd rapidly 
:11](1 !H'I' llI';lIely by m('a~lll'('Ill('tlt of tllf'ir 
J)Niods or dl'cimal multiples of the 
]>f' riud. ~1f'n8llt'enU'ni of bighrr £1'('
qUt'lwit's is Ht't-omplished in till' \\.~lt!ll 
f;l:.hioll. hy til(' ('Olin! ing of i'.('fo-{·ro",.~iugs 
IWI' unit tim!', but. lUI :l.itogl'l hrr 11('\\' 
Hnd highly cflicil'lIt program is llIif'd. 

Pm\'i~ ioll i8 :l lso made £01" frf'qu(,II('Y
ratio and multiple-interval nWlI"un'
IlWJlt , .. in addition to Ill(' 11:';U:lllo'alizing 
or lH'('ullIulut iw (,Ollll,iug fl1l1Ctiol1;:1, 

Th<, input cin'u it incll1dl'S , Il(' eOIl
trois 1ll'{'{'SSI1I'y for llU'asUI,(, llIcl1l of 
pul;;('d and lo\\-~ ff'('qtlcncy signals -
trigger Ic\'('l , slope polarit y, and ae or 
de ('onpling, 

Thl' Ilt'W COllntcr is ll\'ailabl(' in two 
"rn<i()n ~, the l'ltll ndard mod!'l, 'I'YI'I; 
' II, II , F,..,k .,,<1 J, 1\, !'kill;"., ",\ ~i,· .... DiICi\ ~h'L-
"uu~ ("Q''''\N I.,.. F"MI"~"C~' ;\I ...... "'~",,"' ... 10 Z21J kc," 
e'M",1 Hudw erP"',,,,n'tT, 36,~, '\l>toL. 1 96~. 

-; 7:1:' -- .......... 
< -. .- ;:-,.--is "" . .::. ' _. 

• "". "':'"' ~ 'It> ~ 

II:J1~A, and t lw '[""E 11,11 -.\1'· whldl 
e:1.1I be u:'t"'d 10 dl'i\'(' auxilia ry <,quip
nWllt - Jik{' ,hl' TYI'I; II:H-.\ 1):lln 
Printer debCribed ('/:;cwhcrc in this 
i»SI1{' . t 

Thl'otlwrl'\t'llll'nl"of lhr Tn'E II ,i l-A 
COI1I1I('r nre simi!:l!" to lilt' Tn'~; II.jO-.\ 
illt rod\ll't'd :L Y(,lll' ago. <. 'utLilt ing t\('cac!cs, 
(lLl:lrtz-I"('r('r('n{"I' o~'iJI:ttol', pOlI'er sup
pli('s, nnd p:l tkngl' an' substantially the 
same, 

THE COUNTER PROGRAM 

TIl(' progl~\m of til(' 'I'\'P~ 11.j1-t\ is 
as ('ffici(,llt as tl prop;rllm CllII 1)(' made 
for a e011lll('l' wilh"UI !:.IO I~tgt'. I t is 
mol'(' complex than till' ('[{'m(,I11:1ry pro
gram of , h(' Typ~; I ];-,0...\ Digital Fl'('
queue,)' .\ II,It'r, Ipss ,::0 Ih:ul t h" highly 
dfi('il'l1t prog]~un of Ill(- Tn'~: 1130-1\ 
Digit::d Time !llld FI1.'qu('lIey ~\ J ctc[ with 
its SIomgc !>Y:$II'IIl .1 

SinC(' t b(' two usdul intervals !irc 
those for COUll ling and display, it is 
ob\"iously d<,::>irl.lbll ' 10 minimiz{' thc 
zero illtt'rvul thaI ()('('urs lK'tw('('o the 
'Tt\fo T yl'a IltrO_AI' Do&i.aJ F ...... ~'''')' :"11._ i. at.> "" ... 
• ,·.,blbJoo. 
"....,,'*""9. • 
.n. w. ~· ... n" .nd II. T , ':e \L~" "" r,,'q,W"~)" c"'''''''' 
... ,,~ • :"Il~",,, .. y .,"\ ",,10 U",II_I" U .. loab,l"y," C;'~tT~1 
R~diQ ~;.(pe"'i"'~"'tT a.i, r.. 'h.y. WilL. 

._--_ . • • "" r--..-
~. ._---- . .--, 

0 r-
<b~ .. 0. .- ., ~-&'"t. ~. '. --- ---" -

FIIi I/'. I , Vi. w ol.h. Type l U I-A Dill"oL Ti .... oncl Freql/. ncy M ••• ,. 
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GENERA L RAD I O E X PERIMENT ER 

end of the display in tel'va l and the sta rt 
of t he next eoun ting intcn'al. This has 
been done in the new coullter, whose 
frequell cY-ffieusurcffi<.'nt program is 
shown in block form in Figure 2, 

The tim(>-bilSl.' of t he T YPE 1151-A 
counter is, ljke the ring coun Ling decades 
pre\"iously described,l an innovation. 
This tounter II&'S t 11'0 identic:d binary 
sca le-of-iOOO dividt' rs to co nt rol til{' 

rl ' NPlJ T r--" CO~TIN~ e'RClms L...E..ATf 

~ 

coullting gilte durat ion nnd 1.0 produce 
\':lria blc display lime. :Since these di"id
ers arc 31X'l'iodic devices they e:1II be 
used to pl'odut:c mulliple-pcriod gluing 
in decimal 8t("I1S, These binary scaling 
devices cost ]("ss than many solid-:; tnte 
monostable di\'idcrs and nrc mOt'e re
liable. They also ma ke pos:::iblc u more 
cflicient prognun. 

'I-vt-.nl 

f lll",e 2 . Ele menl .. ,y blo<k 
dloS'om 01 'he <ou nl. , when 
u.ed '0' ,.equ e ncy m e"' .. ,e· 
me nIS. The prog ... m .... 1 • • 
d ete rml n.. 'he «y, 'ol.<on. 
',oiled <oun';n ll ' ime ond 'he 

display lime. 

, ""',....... 0Cl.OC'<0 

~' ••••• ' •• o,~ •••• ' •• ~"~~~~~o 

! Icou.'T_L 

In H finot lJ<'ult'-of-lOOO div idor, th,.. IQO-k,' 
signlll from the OIt(" illtltor is rl'dut"ed tv 100 
cps to sllpply ('io.'k pulSl'l'l to O,",,'rtlte t hf' pro· 
gmm. Al!llumc thnt ttl>' ~Vllnting regIster has 
jUllt ht''I,n f'h~urf'(1 II.nd t he pnlgnun SI'aler 11\'1 
to ~cro by a rese t pulse. The next 100-cycie 
clock flulS!! will cnuse the main gilt/' to open 
a nd th,.. pmgmm !IefI1f' r to nd\'llllCl.' I {'OUllt. The 
pMgrnm scaJer ill roded to count 10, tOO, or 
IO(}O clock pullll:8 h.\· the l't:III""\)~/("OUSTl~" 
'l"TMt: IIwitf'h, Wht·n rhe Ililpropri:lte Il\llllht!r of 
dO('k 1)1l18C"S hnvc loeo·n l'Ountt'l:l, the lIignlll from 
t he !leuh'r do!lt..'lI t ill' ma;n K:)tO. But t he 81·:\ler'lI 
joh ;1I nM fin;sh,..:!. I'pon lOuin-gill!! CJOIIlll'e, 
tbe ~nlrr is r('"IIi't "",1 f1 "nin tlf'ginll to 1U'f'llmu· 
l:tw cJork pul!!i'!!. If, fn r e.\:fllllpl,', 1\ diSl'lny 
;n\ervnl of llround 0.3 !JO..'t'()nd ia ti("!lil"t..'tl, t he 
(>\~f'J."T TTMt: switl·h srt to ;ts second posi tion 
will tf'rmiJlHte th" displ:.o..y int ... rvill nf\,('T 32(2") 
clock pulSl'8 llllv", lw..'f' n nccllInulnt.ctl. ·T hl.! prn
]!r::un SCfll,..r opl.'r:)\f's in n pure hinl\l'Y fl!.8hion 
til Nmnt out 16,32,61,128,256,512, and 10"21 
,..l()('k [lllhj('S I"t)rtl'!!poud ing 10 disJ)If<)" time 
I'fITll!{ing from O. JG to 10.2·l l!C<:o nds. · 

.\t t he conclusion of the display int l'rv:II, 
tl)(' nl'xt I"lo ...... k pllise g"'npmtl'll !hc ",set pulse, 
'TI". d'"I,ln.)' i"lnnl h~. I"" ... me 1'''''''';0'''' 110" Kille 
i"w.val. Th" ~ ;"c"l~nlal; ""lo'IU""",l)" "0 Olle hl>..o 
r~' fou"d a JOO<l " ... fw it. 

Rod t il!' v"'ry n,..xl. clOt'k pul",', 1/ 100 !I('t"(>Il d 
IiIter, will open th(' counting glltt' ~o hegill:1 new 
U)('IlsureU)('nt. T he m:lximum "time out" fo r 
reSl't ig 1/ 100 SC«lnd , regnrdlC88 of t he ~'lI.c 
t ime. ;\"ote tha t t hill program is whut might be 
termed full )" synt hrOlIOUS since :\11 tllrt.oe inU'r
vn]s, Iloun ting, displ:ly , :lnd l'I.:ilCt, nre continuo 
ously under control of tl\l.' lOO·c~'cle clock. 

Figure 3 sll()ws tht' l"I'nrmngclllent of the 
bnsic cirouit l>locka for ]){'r iod meaaun'mcni 

Here, the input I"irt uit s prodm'l.' the ir 0111.' 
pulse pe r cycle for the progr.lln, lind the 100-
kc (l$J.ill:ltof 111111<0'8 nre rmS!ll:'d th rough the 
(·ounting gllt!! to lit! lICCllluulatcd ill the regis
te r. Periods lind tlll.' ir lIIulti]}11.'8 lire th,..refore 
lnf'll.S1lreU in :I minimum lillie in <"' rcment of 10 -. I.(;t us us/nnne, liS with our Il!"f'\';1"o1l9 ('xIlTIlple, 
th:\t a reset. pulse h:\lI just IK.'t:u produced. The 
next llUl!ll: from the input \· irru its \\'ill OI){'11 the 
mnin gate and St.'Ht th(' ('oullting (If the input 
llulSl'8 III the progrrUl\ s.:nler. If t h(' scnl('r Iii uo t 
ill the cil'(:uit, Il sin"dl.' lJoCriod will Op<:11 lind 
cll)!iII' th l) gnte. If the I·ERj{\[).'I/("<'1JSTI.~(;-'· I\n: 
switch is ~t lit 10, ten IlulllCl! must be COllllled 
bdor!." the g:lte doees, et.c. Upou g:.te clOl!ure, 
tht) Prob"T"fllll &'nl('f la n 'I!Ct to zero, :lnd, :11I1w
fore, the pulSl'll from the 1 OO-(')'l'le clock l>e<."Ome 
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r it", input !li!:IUlI. " hinary $eQU('I1~ or l()().f'r,' lc 
cll)(·k 1111\$('''' i8 now COUnll-tl to MtHbli",h the 
disll!'W mh'rvnl. Thl' 1Ii"" '11 rmm t l\l' 1II'lIler 
via thl' liilllllll,'·.lim(' Imit(·h in[, lllll" t il{" I'l'-

11('\ pul8!', I1ml "" Ilre bnek when' we 81nrH-d 
from. TIll' llt'lO:I puiS(' from t hl' inlmt circuits 
will ugilin OJlf'1l t },e counting gnt<', 

T he prQj:rflm for rr{'(l u(' IH~y.T1\lio mOO811 ro
mcn~ i8 l')(lwtly lik l' tha~ fo r lllultiph·-p.-rioJ 
IUl'lUIurl'rnf'lnt, shown in Figure 3. T hll 100·kl.\ 
OItCiU:ltor whidl llrovidcd the precision duck 

JUNE , 1963 

for lK'riod IIlCIUIUl"(' InL'fltil i8!!imply n'lllaef'<1 wit h 
1\ 8('(.'(lnd, smpl!', II!'I of input I-il'('u il& 3UI)IIO&I' 
Ilsigrml of 10 ('1M! i8 imprt ..... 1 011 the nmin inpll t 
termin"la (wi th 1111' \1t:""UIlf.MY. ... T IIwitrh 1'1('1 In 
l't:RIOII ). T ILL' !'{)Ullting 1'I.·l(,illu-1" will displR} iu 
pt·riOtIIlS 10.000 (1<'11.'1 "r ~I. If the ~IF: .ul URt:
~ l t:ST !Jwitdl ill IlUW 11["t~·d ill II,\TW position 
find II tOO-kl' si,ll;1I111 isltdmiu<'{I, t ill' I'(!j..ristcr will 
s t ill relld 10,000, IIm\ I h \' nllioof fl'l'(III('IIf'Y B to 
froqucliry ,\ . If llw 1,H'ril)( ls mul tiplier is set:"it 
10, thl' ~':I(\illg ill 10 Bf A, 1'1(' 

' ......... "tL.ocof' 
., •• · • • "._u .. ··• 

flgu ... 3. EI.m ... tory block 
0 .... IIml .. g diogrom of the 
counl .. wh.n uu d for ~.iod 
m.o ....... m."1- Th. program 

""" " " 1"'"",,, "I'''' """'"'' ,~ ......... ~ .. ,'" "",,,, I 
51<1~~l '~QoI 'N.., r C~I$ , , 

.. 01 ..... ' • • m l .... ,h. "umbe. ., .. ... ,." " 

of period. m.o ..... d ond th. 
t I ! I I ' , ' I I I '" , ' , " " I ' , 

-.Jc:tiMl~D,~,,~"' il iOI dlsplo 'f tim •. 
-----.l.J 1I<sp\..&Y 10 

• T 5H;O 

-, PIIOGII&M r SULVt r-"'~""---

iNPUT CIRCUITS 

'I' ll(' iti('al digita l fll'qu('u{'y m('l(' r 

WOli id IX' :111 tll 110nlflt ic nW:l81lri llg in ;o; t rll

Inf'Ut, to whit:h onl' I;Quld ('onnl'd n sig
lIal of :lny kind (no matter how w('l1 k . 
di .. lurlKI, 0 1" Iloi,.:y) 1I11d a lways ~'('t 

til(' ("orll'ct !UlSWl'r. Furli)('rm or(>, Ihi" 
lX'rr(,(,1 d {'\·i<."<" should not hurden Ihe 
~i gllal /;()lll"ef' witb 11 load. (' i l i ll'r ('on
dU('livf', l'f'll('tivc, or rndi:niOIllIl . While 
oln'ioll$ly II(,V('1" 1'<'a1i :r,NI. this idf'HI is, 
lIt'vNtiWI('HS, 111<' d('signl' r's obj('c1 iVf'. 
Inpul circui1 s ~houtd I'('qllirt, an nhsolutc 
minimum or adju8tments and 0 1)('rfI101' 

:l1h'nlion, shl)lIld load t h(' cir('u it nndf'r 
It'~1 IlS littl(' 11S po~ihlf' , and ~hou ld 

rntlbh' pr:lt: tienlly not hing. Tbe' input 
('ir('uits of the T WE 11;'"11-:\ Digital 
Time Iwd Fn'<]ul'llcy :'I1f'tc r 111'(', w(, 

bdicve, the bl.,~t :tvail:tblc - almost 
wit hout rt'gtll'(l 10 /'OSI. 

1'0 nell il'\'I' t he d<'''l ired lewl of per
rormanCE', the nf'W ('()u n tN hll~ rour in
put ('o n l rol" :UI(.1 l'lwilt'Il('~ (in cOlltr:n .. l, 
to t h(' simpl(' T YI'E IlliO, which h:1(.1 
none), \\'ilh th('SI'. (IIII' ('un choose: 

( I ) A(' or d(' f'o ilpling 
(2) Z<'ro-(' I'o~;o;ing .',lnlX' for trigger ing 
(3) Tl'i!;!,'"('l'iug If'\,cI over 3. l1:ll'l'OW 

r:lI1gc 
(,I) Ti ighN s(,I1;o;itivity - 0.1 \'011 at 

IOO-kilohm input "e"i>lta n('f' or, ('on
vCrf«'h', I \"olt inti) 1.0 mf'goh m . (lu 
other words, the input sc.n"ith·ity is 
1 mi,' j'oum lx'rt' .) 

\rhilc t h is f!f'xihiiily is l'onlrnry to 
the idl'nl of nutomlll iOIl, it dOf'i; permit 
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the counter to olX'I'ate more sueeeSl'J"uily 
iJl Hoi:;;y ell\"irotllllt'lltS. l£t us examine 
lhese inpul, ein::uits 10 sec what thl'.\" 
can do. 

Figul"c is:"t simplified schemat ic 
of thC'sc ('il"cuit>l. It is noL clilirdy Ill'\\". 

but is l\ "tl":llI$i8101"IZalion" of an 
amplilude comp:ll'lltOl" desigllcd for 
another illstrunwnl.1 'I'he circuit ha .~ 

the inpm characteristics of a Schmitt 
cilX'uil, but has bet fer common moue 
rejection fOI" s uch things as v:L1'iationS 
in such IXJ\\'I' I"-f< lIpply voltagt', 1('mpNa
tun', ('lc. 

". ", 

0, 

Fig .... 4. EI ..... n. 
' .. ty . .... ..... Iic dla_ 
g • .,m .. f .... Inp,,'_ 
ci.c"i' "",plil"de 
. .. "'p ...... I .... S. n l l_ 

Oz ';vlt.,. I . .. ".. miet .. • 

..... "" ... 

,,' 

TIll" pl. i r I!f iJ.vlnl1ld d('I"I~· ('onn(,('tt...:1 lran
f!i~l')1"lj ((b , <,t,) form>! II "istable swil('hin!; ,·i .. · 
.'uit. .\ liiiTl'l"t'utinl IInllllifier (0.. ), ('(lIm\~·to:d 

in Ill\' hlif!(' eirt'uils OJf Ilu> fli p-fl op lransistors. 
modul::lt"s their bUill) (' urrell t "ith Ill" input 
~i~n!ll Ilnl! (!IUIS";! s\1"itl'hin~ Ilt UI!' siJ;: lull rI'\('. 
This ,liffC'l"('nli:Ll.ampiHkr tr:lIlsiSlor iA C'ruriill 
' It w. ~·.,. .. k. "11<>,," '0 h;,lI 'I'"".· - \ ""u ... ,~jy,·· 
Ci.,,«uI Had.,. H.lI,q ' /IlMUr. ~~. HI, 0.:.:",,,1,,,,. 1~5~. 

ttl the c'iN'uil ]wrfornllln(·,'. It i~ " ,I"uille 
aili("on. I' ];lllllr, " pil:lxi:li unit "ilh 20 ', !lain 
(",. ) )"tI:llIef', ilnd less limn 10 mll1O:LlUl" 'n'S 
Il'akllgc. 

The circuit op('mtes in I he following mMl1Icr: 
"SI'I'ml~ currf'nL halance in t he dHkrl'nliul 
IlItipli fier li nd SUP]JoOS\' Ihlll {}, is o n . Q,'s low 
cullc.·tor voltflgc, combined with the curren t 
l'a~inJ( the righ t side of t.he d i iT('l1.!nli,,1 
tl".Jnsi~tor, will kt~,p <l, IIhuI off :uHI Q,'s cOLl'·.·IN 
17011:11:,'<0 h ig h . The hil,:he r curren \. i.1I n. 10 Ilw 
j'll$C of lJ, " 'ill, eVCIl in 'he. jlf<!SCIH"C of the ,'qu"l 
Cll frl'nl from Ih~' Ir'ft sid,· of the diffcrf'ntial 
nn'pl ificr, kf'('1' l~, 011. Ko\\", SUPI.H.II!C thM Ih" 
~«III ~'1.)lo r curl"t!ut of (h.o ( the lefl sill!' of Iht· 
dilTcrcnliul p:lir ) is d( .... "'Il~:d, owing 10 th~ 
pr{'St.' n~cof an inpul sign:'I. Thc ,'olle~lorcurt"t" n t 

of Q, will ,1\,e I"Culj(' and {'Vl'IlU('liJ.I' wnultl dc· 
rrC:hlt' suni"ienl ty to IlI'rmil, 11. to go o n . BUI, 
11"Ilf'0 Q. stlirtS UIl, it hegins tu tu rn Q, off, and 
Ih .. elt"(,tl it switl:!w!I to Ihc ol'l.1Oi!iu' s l:lTl' al I' 
n\to: deU! rm int'(l onl.I' hy the g" in_h,md\lidlh 
product of (l, nn,1 Q2. Bl'ml'mher, QJ heJp"d Q, 
10J ~" o n ill lhe 1iI"!:J1. ]llllCe "lid ils 01 111'r sid,' WI'S, 
111 II", 8;lme linll', j,('lpin ll; Q, 1.0 J,;1l oIl". 1I t11 now 
th,' si ~n,,1 of q , ilsdf is kt'('pinl,: <:. 011 t'VI" n II"h l'lI 
110 is Ilgain at l>:llanc ..... 1I1'fml' Ihe "ircu il el U\ 
s\\"it<"i, wu·k to ;18 original .~I'l tl', t he "l.lrn·n, 
will hllve to 1)(, rCI'(of"SCd III (h to help Q, to ~Q 
011. Th,' IlIlWl l1l l h.v II'hic h till' h:lSt· eum'nl 
or Ib muSI lw vnrit,<llhrough Ihl' 1~11:)n ('" point 
10 ,·,II ISP Swilr-iling IS the I!urrent ~nsiti\'i ty or 
"hl"llll!l"('s;s" (If, Ill' drl"lIil. For tll(' TYI'~: 1151-.\ 
Di~itl\1 T im" 11IIt! FN'qlletl(lY ~.] cter, 11,il! 
q,,,. nlil .\" is one rnitT1"'III]JoCI"C. 

Th, ' ill PllL Tl'llis\':lIw(' :II tho hns;' of Q. is 
loll', h UI onl.\' onl' mi1"l"o,unpcrc is r"'1ui!"f'd II) 
Im·ill·h tilt' {'lrcuiL Unc ~.(>Jt will ('!lUSt! switl·lting 
111,..11 "J!plit1i II> tl1\' megtlhlll rt!siSI()r (Ih \, fLml 
wilh 100 kilohmll n len t.h_l"olt is'I' lcqun\l'. In . 
jllIl II'Jlaril .'· IS "asily w ll'1.) tcd b.I' simvle mlcr
dmnl:tc of tho: si!l:lml :md rcfcrf"flcc .. \ 1 Olll" 

lnl'gohm inpul iml""!:UWt', tlti~ r irl'lIit tYl'i"nlly 
hns an input U~ dli ft (the switl'hinll: Iwi llt l of 
It·so; thun I [III're with letnp'l"!lItllll.', mO.~1 of 
\\"1I;"h is 1./ . un],:ll,IIl('" of Q, lind {l. wi, h I,.m· 
p,·..,ltU1"('. The .'<iliron di(ld,·~ OJ lllld 0 , an.' U!!f'U 

t l' I'n'I"~1H s:Lturat ion of high.bet" transistors 
[LI l'l pl'll lCd WIlIj""'r.UUI'("iI. 

NOISE 

T he drifts J1l t Iw oTX'l"t'tillg po ill( 
of th!' iTlI)llL >l\\" itl"hing Clrcllit :11"<' It 
matter of tOIW(' l"Il , ~i1l('1' they constitute 
:"l. fonn of Iloif;!,. Th is noise, whidl i,; 
duf' to tiJ('rmal (im(' ronst:ltlts, IS V('l"Y 
10ll'in f1wpLt'l1ey a nd will only Ix> signif-

i('nnt when lo ng IX'I'iodil fl re I.N'ing 
nw:t stlrf'd , :wd tlwn only uming violent 
lcmpemture l·h'lngf's. 

TIll' \"1l1[1l drift is just 011(' of the 
"l\oi~':<'! l ha t d(' I1":I('t f!"Om IX'rform::l1lcc "'"' 
unu whi r· 1I must be min imized in tilt in-
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fi"" .. .$ . AlI,dol .. ~o'dilll 0' 0 ~O " tI ""O" " pe,iod m . . . .... m.llt 0' a _<i .. 111110 1. rh. fI ... t .. alion , af th . 
e .. ""'. Illdica'- Ih. caUllter'. 111. ,"al lIa l,. - I ... Ihan .$ millivo lt., peak_la-po.k . 

put eire-uits of a low-ft'i'Qm\l1ey C01 11l1(>1'. 
Thf' spt'eifi(':l1 ion fo r :lI'('UI"3e,)' o f a 
Ix'riod mm,.;nring dp\·iN;! al\\':.Iy~ I"f'tlds 
"± I count ± limp h:li'(' :lecumey ± 
('I"ror du(' to S!x of ill l)l!! sigllaL" Ofll'n 
t he ('oullter mallu fadul'Cl' ehooSf's to 
igllon' the coun lc-r'!'I own illplit-drell it 
noi8l'. II. T. AlcA lf'el' in II I,(,('('n l :tdi(']c 
in this publie3tion~ h:ls d ii)(·us..~1 the 
{'fTeet s of nOil3('R of I t II sorlS 0 11 I hl' 
:It'cur:ICY of tllf' mell<;urrnl('ntl; made by 
counH'I~. I [(,fl' we will Il'pt' tlt ol1 ly the 
bu"i(' equation. \rhe!) t ill' input signal 
iR n silll' Wtl\'(' 31111 triKhr('ring oceurs 
0 11 ZI'I"O 1"1"O>'$illj{S, t h(' ('1'1'01' Illat\{' in :~ 

JX'rioo ffil 'aSUl"f'menl du(' to inJlut lioi::(' 

il:! : 
1 I '~ 

(error) % = ± r V. X 100 

Where: 

v~ = I:x'uk efTectiv(' noiS(' voltoge 
1'. = pl'tlk !l;ip;nal \"ollflgf' 

In this eQUilIN Ill(' ('quinlk'nt in put 
!loiS(' is If''''' Ihu ll 5 milt in)h .... , lX'ak-tl)
pt'3 k . III the best input ('ire'uit tIlt' ir
rt'c!II('iblt' input noi";(' \volild 1)(' Ihat in 
thl' input I"f'sistor and t)()$."ih[y thf' input 
tr:l nsistor. In most counters, Ih(' noi;;c is 

' 11 T. _"~ ' I ... , "I h.". (" ... 1 .... :· en.troi ROO,,, liz,-,_ 
..... ~.l~ . I:? I-"'<-N"I..,... \lIII!', 

not t":lIldoll1 b \11 ill a t"(' lnl ivl'ly ("o!tl'r<-nL 
I>igllld. eon"j"Iing of "arious ~igtlals pro
dm'cd wit h in t Il(' t'Ollll lN. In 1ile T n-E 
115 1-,\ ('OlllH('r, 11 tOI of attelltiOIl has 
b('('n given to minimizing 1 heSf' noiSf's, 

t"i j.(ul"(' 5 is !\ n.'eording sho\\'ing 
fhll't U:1I ions in the- nlf':ll'lIl"f'd period of 
!l low fJ"('qu('lJ('Y (:3 cps) signftL Th~ 

period of Ihi~ ~igllul (:\ po!:;itin' &'lW
tooth) is pn'l"i!;(', li nd its o\\' n llQ iS(' is 
\'('1")' low. The C\llTe \Vns ohtaillf'd u:<ing 
a 11('\\ stor:I~'-j .vpe' djg i lt\l~t () -a n:II~K ('111'
,-erter 80011 10 II(' !l nnOlllw{-l1. 

A PPLICATI O NS 

A digitfll fl"f'qm'lwy ml'lcr is, ll$ lhe 
!la llll' so (,[purly implil's, on :lIltomutic 
ill"l rllnwllt for til(' aC<'lImtc II1I'aS1ll1'II1('nt 
of fl1,'{jut'Il('Y, It ha" iwp tld vtUltftf,!;e'S 

0\'('1' :lily ot hf'I' meons of frequcncy 
lll('aSlll"f'mf'nt. Fil'st, it is :I('('ml1t(> -
!IS u('{'unll(', u[tim:Hdy, a~ it:'; M'ft' l1'ncc 

oi><'iltlltor (~iu(i' prod"iol1 is m:.I(If' for 
nn ('xlern:t1 loo-k(' pn'('isioll SOUl"('C 10 
('ontrol the g:lU' timf' , :\CCIII1I('Y is not 
IlI'N'ss:lril.,' timiu'd 10 th(' lI(·('lII·:W." o f 
thf' huilt-in o",dIl310r), &'colld, :-:im'(' the 
m('3Surrm('11\ i ~ llutolllati(' !lnd the 
I'{':,ult is di :<p[:.yn l hy bi~ , hl'ighl, ill-line 
ilLdiea!Ol"s , t il(' Illl :L,.uN'lllcnl ("all he· m:1d(' 
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GE NERAL RADIO EXPERIMENTER 

by UIl!:!killcd peoplt" The Tnt; 115 1-A 
Digi tu l Timl' {l nd Ff'{'qu(,llcy ;\ Iel('r ('x
lA'nds t hl' I~Hlb'l' of v,<:cumtl' 1n('llSure
mC1I1 to Ihe fr<'quencics when.' dirt'ct 
COlln1 ing of the uuknown is too time 
COl ltil lming. 

The rntio chan ll('l is u&'fui for di rect.
read ing indusl rial meflSUl'Cnlt'nti". A jack 
is provilit'd at the n'llr for COlllll't'liOIl 
to th£.' ']'\"1'.: I.');M;-.\ PhotoclC'Ctrit Pir'k

ofT fo r nt('t\SlIl't'mcnts of rotJ.ttiOllll\ spf'C'd. 
By npplicnlion o f two input signa! ... to 
tht' A and B eilnnrll'!s, t he counl!'r t'nn 

Ix- mn<i<' dil'('ct rrflding in any dintel!-

siona! aystt' ffi , as ft/sec, rpm, gallons/
mill , etc. 

With approprifLlc tr(Ulsduecrs and 
terminal c quipnU'IlI 'he coun t.{' r cnll 

ind icate, und with l ilt' T ypl,) 1137 Dal ;l 

Printer ClIn record, 11Ily mensurcmcut, 
a", fo r inslanec, 

Units pcr anything 

Force - weight - stmio - pressure 
Flow-ralc 

Ve locity, liucnr or rotationa l 
Volt.::l.g(l, current , N'siSln nce, ,·in n 

volwb"C-to-f requeuey COil w r tt'r. 

- n. W. FR!.NK 

SPECIFICATIONS 
fr ...... ncy M ...... ,.m. n" 

Iton,. - DC '(, 3QO k('. 
Sen,lli"llr - 0.1 v\llt, peak-to-penk, III '00 

kiJohrn~ or I vult, penk-to-pcuk: at I Tnl'Jtuhm 
(1 rnlerono'\)l'I1' ), 6\\·ileb~lectl'<l . 

Co .. ntlng 10,1.,,, o1 - 10 milli»OCQIIlb to 10 >ICC
onW!, cJ[u.'rlJiblr hy Inuitlplier ~'\ Itch. "'cc .. ,aey - ± I count ± ery~tnl~iI1" lOt 
~tubilily. 

,.,Iod M .............. I, 
Ran,. - DC to 20 kc. 
N .. mb., of Pe,lod, - I , 10, 100, or 1000. 
S.n.ill~I'r - 0. 1 voll :11 100 kilohUl~ or 

1 volt, IX'!lk-to-pt'uk, at I nlcg"hm ( I micro
ampere), ~"','('h ... ('lect('li. 

Acc .. ,acy - ~ 1 l'QUnt ± time I~ 1I('('U' 
rll('Y ± nui>l{' !'mm'. 

Inp .. ' Nol,. ;, millil'uiL< t~q llivllh'lIf up'l'n-
Circuit inllut uoi..e Ilt I m('J.:<,llIil, 1_ lit 100 
kiloh m!. 

C ... "led f'.q_"cy - 100 ke. 
Rali. M ........... . "I' 

Ron,. - I~ A, 10 B/ A, 100 8 / A, or 1000 
I1 /A. 

f •• q ... ncy Rane. - A mput. de to 20 kl', 
U in lJUt, de 10 300 ke. 

B Inpul - I volt l_k-to-llCI,k, 100 kilohTn~. 
Ol.ploy , ...... lll(il, in·line ;\ulllrrik rt'II:i~ll'r, ill
cll.ndl",('eu!·httnp upemH.'I1. 
Oi ' play Tim., n.lIi. 0.32, 0.(;1, 1.28,2 . .)6, ;'d2, 
or 1 It2 I ~('ffill(l ~ •• wit('h-~IN'tl'(l. 

Input Impedonc., \ n ll~"OIh ll1 ~hllnted by .r,o \" 
or 100 kdohlll ~ ",huuted I)y ,;00 pr, ~lI it(' ,. 
~1'1{'('too. 

1'!I~ 

Inp .. ' T.i" . r 1.".1, ± I volt nt O.I-vult !!en~i
til'ify; ± 10 vol~ il t 1-'·('lt ~1I~iti"it.". 
Input T,l" .. Slop.: AC or de cullpled, po..~itivc-. 
or Oe~lItlve-jl;uilllt . 

C,yslol.OuiU"lor SIc,bUlty , 
Short· T.rm - Uette r thl1.11 I,~ 1)11.11. per million. 
Cycling - [~ than ('OlInt!'r rei!Olution. 
T .... perot .. '. E"eet. - I.e<>< thaI) 21 ",l pII.TI..:. per 

Illilliun ror ri,*, of 0 to 50 C "mhien!. 
Wa ...... p - Wi thin I 1)lItt per million lifter 

I.; lIlinll\.e!O. 
A,lnll - I ..c;,.~ l lm1l I rmrt per million per 

w(!('k nfter four week~, tll'f'reo~il\/{ therell!'er, 
C,ysl.ot F •• q ... ncy "cc .. ,o~y : Tht' frequcm:y ill 
]]IUIlO 10 Pllrt'01 1)1'1' Illllhon Wh(,ll ",h[I)I:oed. 
Frt'(l ucney ndju~'ment i~ pro]!id('d. 
Pow •• Req .. I' ..... nls , 100j to 12.; (ur 210 to 250) 
w.l t~ . 50 to 60 CIII!, 50 Wlltt,,;. 

"c"$So,iu S .. pp ll ecl : Tn'!: C,\I'-2'2 Power 
('ord, eight rt'plllC('ment inClUI11e:<e1!11 t la m"". 
'Imre fll~. 
Acc.uo,iH A" ailabl., Tvl'F. 11;m.t\ Di~IIl.I.w
t\n"l~ ('onverl('r fi nd T,·I" : 1137. 1\ DIII:o 
P rinter o pera te from OUlilUt of 1','1'£ Ilol-.\P 
model. 
Cabln.t , lbek-llC-neh. 
Di ... . nslon., Belich mOlll'l - willth 19, heigh t 
3 7i. dC/Jth 12 '~ in('I1f''' ( ~ S.j h.v 00 by 320 mm ), 
m'l'r-al ; r!lrk 1110<,1('1 - 1)/111('1 IIJ lI.v 3 1 t indu', 
r~&i b~' 00 nun). depth Ix'hind I)/Ulel 12J{ 
inche:< (32!ol mm). 
N. t W. i,hl, 19 ponlld~ (9 kJl: l. 
Shipping W.19hl: 22\)()Ulltl" f lO kg). 

('or/" NIilIIOCr Pri« 
IIS1.AM Dieil" l Tim. ond Fn q .. _cy Met .. , Bench Mod .. 1. . 11 5 ' .980 1 $119S.OO 
I UI.AR DI,; I"I Ti .... a"d h . .. "."cy M. I .. , RQc. Mod .. I ... 1151·9BI I 1195.00 
IlSl ·A 'M Oi,iI,,1 Tim . .. nd F . . .... . ncy Met .. (wilh Q!I'put fQr 

p,ln'.' Q, D II>. con~ .. ".r), a.nch Mod .. l ..... ..... 11 51.9871 1250.00 
IlS l . ... PR Dioilol Tim. ond f ....... ncy M.I .. !with o"'P'" for 

p,;nter o. D/ I>. co ..... rl. r), Roc. Model ......... 1'51·998 1 1250.00 

~ 
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SOLID-STATE 

DATA 

PRINTER 

Dt'eim:d,'(Kh'd information call be type are tl.vailable for printing other 
N'du('{'d to 11 p!'rm:lIll'llt, printed record 
through Ill<' usc or a digit:d print('r, 
For Util' with Gcncrnl Radio digital time 
and frt'qul'llf'Y m('tf'l1i, Ihen' is noll' 
lH'ailable lhe Tn'E 1137-,\ Data Print er, 
II pl,('t:i~" f'omp:)et, and cconomi('nl 
dr\'itt\ which is In:1llUfactul'('d fot' tIl<' 
Gt'Ilt't'ul rbdio ('ompany by Ik-tkman 
InstrUIll('nt", of Ril'hmond, (':\liforni:1. 
By ftL~t p:U':dlel entry of I-line BCD or 
IO-liru' cod(' inputs, it can print at :\ rat(' 
of:~ lim's per second with up to 12 digits 
I)('r line, 

The printt'r is ('qllippt'd with phI/!:
ill ~lid->iI;II(' ('(KI(, modlll(l~ (8('(' Fi~lln ' 

I) to eonll'Ol {':t('h digit ('Ollllllll: a 1-
linC' modul!' \\'hil'h acef'pts 1-2-2-1, 
1-2-1-8, or 1-2-1-2 ('odin~: 01' lL IO-lilll' 
modul(' whieh :W('f'pt;, (' ilh!'r 10-line 01' 

I-lill{' da~I, E:wh prinlt'r ('ontain:! the 
n''1uirrd qUlllltity and t,vpc of ('ode 
modulI'S to olJCmt(' with the intf'udN[ 
digit:11 instl'um('nt, SiJl('(' til(' ('ap:Il'ilY 
of tIl(' prilltf'r is 12 ('oll1mll~, hOW('\'N, 
(1(I<lilioI1111 plug-in modulcs of {'ilh{'I' 

data in thc IlnuSt'd eolumll>l, 
The digil:ll inform:lliOIl call be re

('orded in pl'('(leu'rmincd digit-columns 
lind groups, The input ('able pro\'ides 
a 8Cparatc plug for en('b (!ode module, 
80 thut input dat.a ell n be programmed 
to speeific digiH'Olulllns. In additiQ,Il, 
tlw digilal inform:lliOIl cun be Sl'ptlmtrd 
into groul)>! h,v applielltioll of a {'olumll
tiuPPN's..<;ion signnl to lilt' cod£' modulo 

figu .. I , Multipurposo p lult'ln ~odto modules with 
Indi"idual lnpul connedo •• ollow ~omp"" frood om 

for composing 0 d .. i .. d printing formal. 
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GENERAL RADIO EXPERIMENTER 

figu •• 2. Co"'poct. 'Imo. ,..o .. o" 8u"ouSh, I""i"li"lI 
mo. ho" I,,,, I, do.il"od for <onll"UOUI-duly opo. ,,· 

110" .... lIh a minimum 0/ malnlonan.o . 

of lilt' digil-(·olumn ill whil"h ~ ~I~l('(' is 
d('~jn'd . l'rlpluggitrg till' uppropriHte 
{'odc modUle' will ubo ae('ompli~h this. 

.\ two-('olor ribbon e:"lll Ix> :\uto
Il"h'l ti{'ully or mflllll!\JJy COlli rolled to print 
bluck 01" rcd 011 SlUndill"d 2U·in('h roll 
t~lpe. This i:4 II com'{'ni£'111 llleiU).i for 
indi£,;lt illg olT-lirn.il )1'tulings or tcadouts 
f!"Om diirPI'('nt input 8OUtc('S. 

f il ...... 3. Duri"g the ,..inlinl <y.l. 
Ih. 'ypo ...... mo... from "0" 
'hroulh "9", ""d Ih. polilion 
I ... nld ....... "d .od. gon.,alar p"o

du •• bl"o'y-c:oclod "alt,,"O •• Wh.n 
,h ... "011"901 <oincld ..... ith Ih, 
I"put Ilgnalo, th, I"pul modur .. 
I ... ".mlt pul ... 10 d<op 'ho slop 
fKII .... l. a"d hold 'ho Iypo ban u,,11I 

Ih. <yolo I •• omploted. 

The TYPE 1137-.\ Dutu Printer has II 
number of outsl:!uding dpsigll fcaLUI" ~, 
which ellSlln' opt imum performancc \\· it h 
a minimum of mailltclJancc. Through the 
IL-«' of solid-Shltl' ein'uits and the ab
Sf'lI(.-(l of plJwel"-tonsuming kcyooal'd 
al'lu:lto l"i'i, Ol'('r-HIJ power l"('quill'ml'lIt s 
have Ix-cn minimi;.-..l'd. The I'xtcnded 
front panel alTords an ullobstrm'(('d view 
of eilch line imm{'d iatcly af1.r-1" printing, 
Ilnd a u.sdul flat surface for writing 
011 the I);)prr tllpe. 

The !'Olid-st:.l\(' code modulI's have 
COII\'cnil'nt haudlrs for quick I"ClIlovlll 
fr(Jm the lap 1"I:':lr of lhe printcr. To 
f(ll'iliwlC trouble-shooting or mailltc
n:UH"C. the COlllrt)1 circuit chassis is 
mOHnted wrtically as 1111 intcgrJ.1 part 
of 011(' of til{' sid!' guSSC'ts. 

The print ing llll'chunism il:l u rcliablc 
n,uToughs "ID_key" iabuiator, shown in 
Figure 2, which is desigul'd for f:l.SL 
panlll{'i-cntl'y olX'ration. l.istirlg: kt'ys 
und inlerme<iilll{' k(.'yhmll"d have brrrr f"('

plUl"N! by "mali pawl-m:lglI(.'L dCl' i('('8, 
('u("h of which (:ol1ll"ul" lin ilidividu:1I 
U·to-D typ/..o bnr. This e/imilJUtes tire 
1l1'l'd f OI" oompil'x ml'cliauicaJ linkages 
uSlmll~' incorpomt('d ill digital prillt('Ni. 
Thf' stop-pawl:. and Hrrnnlun'8 (SI..'C Fig-

:: =-
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r' un' 3) an' I't'S('t Ilw('hani(-ally: t hul< the 
HSOOei:ltcd .'If'I'I romagl1l'l fl t'( 'quil1! only 
a minimum of power to hold t heir 1"C-

8rlt.~(,l i ,,(' il nllalU1,{,S in the aC1Utlted 

I){)~il ion . 1>:;\I·h e]I'cll'OllIllglll't is JlI'oddcd 
wilb an ('[{'(·tri~ l SU ppI1'S .. -"(Jr . Thi" -
plus Ihl' uS(' of all iuduction motol' 
OI)('11Hf'U tonlinLLollsly - helps to mini
mize ]'adial('ll c[ect !'il-:)] inlNfcn' IlC('. 

In pllu'c of t lw IIsual IO liding-f'olll ad. 
('omnHllators 01' slf'pping s\\'itchrs, II 
Sillg!t'-positioll 1 rJ lIsdut"(' r :lnd ('ode gCIl
Nul!)!' IIt"(' ll.~d to lntnshUt· l'llch posi
liou of till' Iyp" bars into binnry""<--oc/cd 
voltagl·s. TlwfI(! voltagt's il J'{' comp .. 'l t'('{] 

with the illput siguals in th" plug-ill 
code modulI's. \\'hcl1('\"('1' IIU' ill put t'o{\C' 
Coill('ides with the inl\'rH:t! t.Y1}!' posi 
iion {"ode , fl puli!(' is gel1entled \\"hidl 
rf']('u&'s the pnriicl1lar siop-pawJ 10 
lod, til(' lylX' bM iii lilt' pmpN digil 
pn,;ition. This positiOlI-dt'eodillg Pl"Ot
l'!'i!,1 eOlllinl1(,8 fro m "0" t hrough "0" 
11111 il all t.'ll!' bar.'; HI'(' proJx'rJy imkx('d, 
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FlglI'. 4, VI.w of Ih. Ty,.- 1137_A 0010 Prinl", 
lIack Mallnl.d, 

t.)1X', printing the col'l'('ct. digil s ou t he 
pa JX'r t:.pe. 

This eOll)paet printer is llvailable in 
('idlt'r a portnblt, cabinet for helwh I1 SC', 
:1:; shown on puge n, or a !'e!a.v-rack 
adaptor {'Ilbill(' t, as shown in Figure -I . 
The pr11l1<:'r oc'cllpie .. olll.Y hal f t he panel 
sp:lt:(' of t ill' l't'bY-11LCk nci:qltOI· t":lbinet, 
]padng udjneell L space for !1';SOeillt<.,d 
f'([llipmf'tlt. 

A ('able is supplied with thp prilltel' 
for dil'('Ci (OOlItI('el ion 10 the companion 

'I'll(' plalf'1I is 111"n O1('(·h:l lli,'ally ('rlga~('d in$l1"1ltnt,ut. 

and ~bift('d up\\':mJ toward Ihl' ill-Jill(' - II. T . ;\kAu;J.,:1I 

SPECIFICATIONS 
Capa';,y, 1 2l""lumn~. 

Oigit., 0 thl'(HI~h \) or bhnk 
~i(\Il ) .. 

(eolumll suppre,... 

P, lnlinll Rate: 3 lin~ per I<CI;Qn{\ mUl'illlulll. 
A«lIra<'f: Idcntienl to input. 
Inpllt: 

lOill< l e ... ls -
':-;""ru lfe~i."(!)lre /Ji""'710 13i",rryl 

100 kilohm~ -8 to -aO \" 0 to +.i0 \' 
2 mcgIJlllm< - 12l() -50 \' () til +50 I' 

Cad. - IO·line eodll (one wire i~ hilm~· I, 
eh::ht II ire" hin:.ry 0) or fouil-line LtCI) (1-2-2-4 , 
1-:!-4-S, () r 1-2-'1-2) ill]Jul. 

R.si , tanc, - AJl]H'Ol'imutl'I)' 10 m<'ll=0lllll~ fllr 
millll.< input, 2{)O ki lohrns fur 1,lu~ input. 
Int.,nal GrDund: ih()lnlCd from eha.....,;i.s . i\i:ly be 
bin,('d ttl ± 100 volt ... 
Colo •. Contral, 

Manual - T wo-fJOSition lever selects red or 
hlu('k prlll t-out , 

R. mo'. - Hl'(i, hiunry I or open cirelli!.; 
bluek, hirr:H"y O. Input re<i~tnncc llpprOl'imntl'ly 
2 mell:ohm~. 

Column Supp,en;on, Sin,d(' line .'(J"ouudf'l.i for 
(',Idl columll bUPllre .. .-('(! r3 lIlilli:11l111CI'C" IIIfll'i
mum, + 10 volts 01..-11 circuit). 
P';nt CommO'nd: l'htlnl\(' frolll uillnry 1 tu 
biuary O. Uillury 0, lOti lUiJli~('('(}lld~ 11lillimurn 
nftt'r p rint ("<.\Illlll:lml: hinM," 1, If, lllilli~('('(}nd,. 
minimum bl'forc neXI prin t {'ll1l ll)HI1HI. oouree 
r("i~ t a n('e J 1l1(')I;Ohlll 1II:lximUIII. 
tnhibil Ren t Oulpllt: {)(o('I,ln< III thin 50 milli
,.('('On d ~ :lflcr print I'i)nlm:m,l; 200 1llilli,*'('ond~ 
UlliximullJ duratlun. 
P,inting Ribbon : 7 lO-ineh two-culor ndding· 
nUlchine rihhon. 
Poper: "':t und!lr,121~-i llCh !"t)ll tuP('. 
P .. we. lI,qlli"m.nl., T'I'.:I> 113i -Oi31, 1137-
I)ia:!, 1137-U73t., IIn.1 113i-Onr. - l11i \·I \lt~, 
(;0 c!"" ,15 wlllt~. T \·l'f'.~ 1137-U73.1, 1137-fJ734, 
Ila7·9i :37, nud 1\37-9738 - 230 volts, 50 CI~, 
·1,-, wutl~. 
A«.nori., Supplied, Cnble us.~elllhly for oon
nl'Cliun to ('OUliler, ~ jlllrc fll~(':o.. 
Accesso • .,. A .... llabl" Tn'Ell I I 37-9(iQ.l nnd 
1 137-9H(l5 Plug- In Code i\ IOIluk ... 
Cabinet: Buck nm1IJO'·tnble m"d('l~ nvai llible. 
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GENEIAL IAOIO EXI'ERIMENTER 

SPECIFICATIONS (Cont.) 
0,'" .... 1 .... : Rtlck model- width II), hellJ;llt 8~i, 
depth liP .. 1I1('hl'l! lis.; by 225 b~' 390 mm), 
over-lIll; \)ortnhll' m.k.\I'\- wl<lIh U, hrip;ht 10, 
depth Itl 2 inchE'>l 1230 by 2."") by 420 mill), 
c,ver-lIlI. 

H., W.i1jhl: Rack model , 45 poul\d~ (20.5 kg) ; 
I)oTttlhle model. 35 p()und~ (l tl.O kg). 

T'/~ 
1'31-9131 

For 1110 wilh 
1131-9131 

Typo1130-A 

Cou .. ' .'· 
1137,9733 

1137,9734 

1131-9135 

Fo' 1110 wilh T,/,p" 
1137-9136 

1150-Ap ond 1151-AI' 
COII .. 'O" 1131·9737 

1137-973' 

1131·960-4 
1137-9605 

Shlppi ... W.I"h' : Hack IllIX\!'], 55 polillIl~ (25.0 
kit ) ; por14ble mOl.lel, 45 po\lnd~ (20.5 kit ). 

('I)'/,.,\',I/III"'r I 'ri«"t 
OOla I'rln ' "" 1'0rlablo Modol 
[115 _, 60 cp.] 1137-9731 $1615.00 
O .. t .. Print ... , Rack Model 
(115 Y, 60 cpd 1137_9732 1125.00 
0 .. , .. '.1 .. 1 .... Portablo Modor 
[230 Y, 50 cp.1 1137_9733 1100.00 
0 .. , .. ',1 .. ' .... k .. ,k Modol 
[230 •• 50 cp. l •. 1137_9734 1750.00 
0 .. , .. 10,1 .. ' .... Po,l .. bl. Modol 
(115.,6Ocpll \137·9735 13$0.00 
0 .. 1 .. ,,1", ... , Rock Mod. 1 
[115.,60 cp.) 1137_9736 1400.00 
Do' .. " ,", ... , Po,loblo Modol 
(230 v, 50 cpll 1137_9737 1315.00 
0010 1' ,1", ... , Rack Modol 
[230 _. 50 cp.1 1137_9738 1425.00 

'1" •• ln Fo",-I.I". C .. do Madill . 1137-9004 $5,00 
1'1"11·1 .. 10-1.1". C .. d. Mod"l . 1137-9605 75.00 

"r,.rK L 130·" tou1Uf ... @1I11>P«i b"'".~ F. !In •• ,,. '9113 '",jIU,t 'U""" ,,,.,,hlleatoOrt. 
Ih ..... l>ri"\~... tl'''''''' .j),,~ .... bl~ for .Ito i .. lJ.a. ..... nd C ....... d .. only. 

A modificao"" kit ,. i .. dlld('d .. ·ilb 

NEW 
FERRITE 

ISOlATORS 

FIBII.O 1. View 01',,
Type I14-H1000l '"010'.' 

(1 ,0 - 2.0 Gd, 

F('rrit (' bolMon! lIfl' bu"jcally OI1{'
\\"H.\' tmut'lUission d('\'Iec:;, .\/l l'f signal 
applit'tl [It ODC llOJ'1 of all i$Olator is 

1l1I('lIllaINi n-rylillk' ill p:\~ing through 
lilt' i:o:ol:\lOr to (hI' SI'l'ond port. llow
f'\'f'r. a ~igllal app)it'd!ll Ih., """(,011<1 port 
of lilt' i:<olator is ~tlhslanlifilly :111,'nlllll('{] 
in pa_""ing through the isolator to the 
first port. 

\\'11('1) :\n isolal!)r ii'! 111$('rt('11 b('lwe<'n 
(1. signal ";()urc:(' alld :l I().'ul. til(' f' nergy 
from Ilw MOllrC(' is tr:.tllsmilUxi 10 the 
load wit h very lilt Il' loss, but. owing to 
tll1' high att{,llualion ill t h{' n,'\·{,r."(' 

dil1'ction, the unol'sirnblf' f'/Teets of 
t'h!lIlJ!,"('~ in 10:1<1 ('ondilionson lhf' tlQurcc 
Ilm pliwd{' lind fn"lllf'lley :LI'C' SUh,<llLll

I ially rt'tltl('('(\. TIll' iso)alor thul" olTf'rs 
Ihf' dis ti H(·t ,ui\'lllltllg(' of low illiJ('rtion 
lo~~ O\'!'r thl' oniinal'Y Il lt{'nlltLlor p:ld. 
_\15 a resull highl'r system 5('1\:<ill \'ili('5 
(or \Pvcl!;) Clln be uchicwd for a giY('1) 
source power. 

DESCRIPTION 
C',Q.'lxial f{'rril{' ioolfltors art' now aVflil

ahle' that o!Tpl" high IX'I'forma nt'(' (· hnr:lC
tNislics o\'er rl'lati vply wid(' fl'{''1IL(,llcy 
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174·HSOOI. 

Frtque'lcy 
li(lIIoe 

0.,5 to 1 Gc 

TABLE 1 

J ,~llIlioll 

10 10 1,5 db 0.,5 10 1.5 db 

Call Be Uu-I With 
7'}u!$e Gil O$(·ilw.wrI 

87 4 ·Hl 000l 
'74·H200ot 

102 Gc 
210 4 Gc 

101015 db 
20 1025 db 

0.,5 10 I db 
0.5 10 I db 

1209·C, ·CL, 
1361·A,I021 -AU 
1218·A 
1220·A, 136O.A 

bunds, as show n in figure 2 und 'fuble J. 
They C:l1I :tcluaily be used over con
sid('nlbly wider frequency ranges than 
their mted 2-to- 1 bands \\'ith SOIlW 
dctcriomtion in pe rformallee. They :It"(. 

equipped \\'ilh locking T YI'E 8 7·1 COIl
nectors nnd will hund[e up to 5 wntt~ 
c\\ power. 

THEORY OF OPERATION 

The isolators described here arc h:l:;cd 
on the phenomenon of I"CSOtltlllcC'-ab
sorption. Their isolfllioll characterist ics 
depcmJ on the ahsorption of cnergy t hnt 
ot"'urs at ferromagnetic I"('son:lllec. To 
Itehil:'\,c this reSOIlU llce, a ferrite material 
is placed in a region where the fie ld is 
circularly pol:lrized, and t he ferri te is 
trallsversely magnetized by nn extcl'!l!ll, 
'ltillic !ll:lgnctic fie ld. The reSOtlatl(:e 
occurs whcll the stre ngth of t he extl'rllal 
st!.l\ ic field is such t hat the precession 
rate of the ferrite electron-spin :-txes 
cllused by the static field is :tpproxi
mately equ:tl to the frequency of t he 
circularly pobri ~ed fi('ld. (The circu[arly 
pohriz('d field is created in the eOi~ ,x i[l[ 

ii>OlMor by p[:H'ing di f' lec! ric illllkri:ll 
tl!:iymnl('tril'lIl1y bctween the outer :-tne! 
iUII('f concluct.ors.) 

\\'hl'lI u ~ignnl is npplil'd at onc port 
of an isolntor, t he sense of l'Olal iOl! of th ... 
cirt'ulady IXllari wd field gCIlCl'fltcd by 
the diel(,(·tri<- is OPIXlsiLe 10 t hc direction 
of I'ICC\fOn precessioll in the fc n ite, (lnd 
there is [itt[e inter:lction bet\\"CCIl the 
f('rrite ([(lei lhe npplied ficld. \rhen t h(' 
sign:11 is applied to 1 he 01 her port of 
th(' isoblor. t Il{' rotation of the field is in 

· · , , ' 
" , 
Ez • ., , 

0 , 
, 
0 , , 
• 

TG-~ 500L 8N ~1000.L!!T"".!!L..oog} 

~ Y " -L ISOI.AT OOtl I . b ,rtt+1- .'-
lNSERHO .. ,~ , , 

0.11 ~o "2.0 30 •. 0 1lI 
FII!:CU(,'oC T-~< 

Fig",.. 2. A~.'og. 10 010110n o nd Ino • • Hon· lou 
charaderioriu of .e ~ eral ioalala..,. . 

thf' s:'unc dil'f'diOIl as the precession; 
the field is strongly COl1p[ed 10 the 
ferrite electrons, lIlI(l a largl' amount of 
en('rgy is dissipated in I hc fNrilc. 

REFLECTIONS AND RF SOURCES 

Whell an rf oscillator f('Cds a lond 
directly, rc RcctiOlls from the load 011 
Ilrriving back at Ihe 801l 1'ef' eall influence 
the source output IXlWl'r and frequl'I1l')'. 
When Ihe fN'queTlcy of uw'ration and 
lhc load conditions nl,(, fixed, the re
fl ections, un[es<; tlwy arc \'('1')' large, do 
not uSlInlly nITI..'ct the stahility of the 
sou rce OUlpUt. 

When ch!lnges are made ill the load 
conditions, all- for in;;t:ll\Ce, when the 
10:ld i!; an adjuslal)[(O aiU,! IHlalor ill :\11 
auenwllion-llle:lsuring systcm, or when 
vnrious IO!lds 0 1' a sliding short ci rcuit 
is {'utlllccted to an impcdall(·c-measur
iug ~.yslem. th!' f'lw ngl' ill IO:ld rdl<'cl ions 
enll callg(: ehanges in t Il(' :lmpJitudc and 
fr<.'Cjucllc,r of til(' source. Similnrly, whell 
Ih(' source frNlllC'lwy is vnril'd wjlh fL'Xed 
load conditions, Ill(' n,I1('{'liolH; (as ob-
8('rvcd from Ihe SOHr(,(,) rh:mgl' it! ampli
tude and pita,se and nlTt'ct tbe nmplillldc 
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, r--::: ___ ~~====O=;::::_= 
,,-~."-(.6~ ~l() "'l~~ .. TDI' • ' --:::~======== ~ T""'- .'4-Gm""tO AT1[WAT(lIO 

"".t.OCD ""(A$ 'M/>CAll OU!PV1 ~A~IATIONS 
4\ • f'-""Cl,CtI or t~[ 'HA5( ~ T~[ 
~(H.(Cl'Q/oj OS ~((N II' h .( SOIJote£ 

ami 1"11'lplI·,II'." "f tIll' ~Ul"('(', III eit hi' r 
l'flSI', flll i' .. ohtOI" hC>tII'N'1l till' sOlin'\, 3 1\d 

thf' 10 •• <1 "ill impmn' !Iw sourN':.:t:lhility. 
Th!' outPllt imprdnlwf' of all rf N}U rc·C' 

i,'i u";lIally not rIO ohm;:, .\1:lUf applit,'l1-
lion:o:, hOIl'f'I'l'r, rt'quin' a tn:l! I'hl'd :;(IlIft1!, 
11 .... 1"{' Ihl' isohnor (':U' ('ollW'r' the 
{'IT('!'l iw' !',(}Ur('(' oul]lllt imlX'tlaU('(' lo:jO 
ohms (W('I" brnlld I" r'C'clllelH',Y I'nnges 

without I cLUing aud with a minimum of 
1)Ower Itk';;c. 

ISOlATORS VERSUS ATIENUATOR PADS 

Figures :~ rHld I ... holl' Ihe nd\'flllt:lges 
uf . ht~ i~1alor owr tilt, fi;wd :l1i('lIuulor 
p:ld, Tht' d:lla W('N' t:lkt'll wit h iI (;(' rll'nll 
Hadio Tn>" 13GO-i\ .\ 1iCll)wlln' O;;('il
lator oJ)('r.Jliug:tl 1.0 C(', l..o:.ds whose 
n' fll'('tioli {'()f'ffi(' if'nl~ \':lry from 0 ILp 10 

:lpproximul{'ly 1.0 Il('I't' Ust'tl., and th(,ir 
phn~s N'1:lt i I'l' to t 11(> !!Qur('(' W('I'<' I'Mit'd 
hy IIwan8 of a Jinl' 8t r('ll·h('r bclwc'en the 
'l4)urre and thl' lond, The i;ool:llol" U>;('{\ 
\\'u;,o a T, I'~; 87l-1l2000 L 1I1nt. !It .J ,O Gc, 

51<001)(('1 U(A~ "" 'Ut OUT""T "''''ATIOI'oS » A rllNCTIO .. 'If f~( ~~.!it: Of" 1"1[ 
IIfH£CT'OOO 11$ ;UN BY " It SOI!RC[ 

"ol",lor v, find oll.nuolors ",I " G(, controlling oul. 
put ... orioUons (fl;u,. J, 1.',) ond ',.q ... n .. ., pulling 
(FIgu,. 4, be,,"w) 0'" l ou,c. (T.,p. I360-A Mlcrowa ... 

O,<.IlIalor). 

had all 111 ... l'I' t illll JQNi of O,!J db :lllli :'In 
isul:ltinll of:!1 db, Tht'<'C Tn·t: 871.(; 
Fixed . \ tlf'lItlator!< or n. 10, and :10 rill, 
r~pt"('li\'(-I.\', \\'(' 1'(' 1I,~('(1 fur f'O m pflri,,;oll. 

Th(' ;,ohl\t!t'd H 1,(';\;;;' in Figmc :3 ... holl' I he 
\'flrlalioll~ in output II. :lIly gin'n rdl('('-
11111\ coeffici('nt 1I~ 'he ph!I:-(" of t hc 1'('(1('('1-

cd wal'e i8 \'uI'i('(1 t hrough 180 d('~r('('~, 

Figlll'<' ·1 ~holl'''' Ih(' ft'<'f]u(,llcy-pulling 
t'fTf'('ts 011 tl\(' ():)(:illal()r fI~:l fUlll'Iion of 
hwl n'fll'ttioll ('()('flit i(ln" ;\OlC' i ha. Ill(> 
i,"(lI:lIor is IIt'tl('r than Ihl' IO-db pad in 
COll i )'ollilll( 'hI' fN'qU('llty-pulling ('ITl'rl iI. 

Acldi! ilmal dala tnkeu with :'I Tn>.~ 
12 18-.\ l-uil 0 8('illlll0r o lX'r:ll ing III Li 
Ge :lnd a T"PE 871-II I000L 1;;()Jnlor 
( i n~l'l ion 10M of 0,9 dh li lld if;()IHtioll of 
l:~ tlh) :11'(' pn'S«'llt(><i ill Fi~uf'('s.? lInd Ii, 

Si milar 1X'liol"m:11l(,(, will be obtllillro 
with OI h('r tYIX'S of oi'ocillaior;:\. Triod(', 
tl':lllt'ii"lor, klY!lt l"on , bHCkwfll'U-\\':!\'(', 

mllglll'lrOll, ami ot her oscillators h:n-ing 
tightly f'ollpli'd output eir('uits fin' !S1Ib
j('(,1 10 simi lHr ills t:lhililiN!, lind tIll' UI'(' 

Ilol",lor ¥. fI .. d ol!.nuot~r. o t I .S Ge, (on!Tollin ; aul pu t 
... orlol'on. (Flg ur. S, 1.',) and fr.qIMnc., pulling (flgur. 

6. below) of r' .oure. (Type 121 1· "" Unit O,dtlolor). 

, 
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,... of all isoltl 101" 1I" nPJlosrd t.o 11 n :1 I tl'llI ln tot 
p:Ld i . ., ,·qually :ldvalL tab't'ous \\'ii h 1111 
I:Ylx's ot' SOllI"CI'S. 

-

A PPLICATIONS 

Attenuatian Measure ments 

J n til(' n1('aSUl"(' Il\CIIL of 11\ U.'IlUU torSI 
fi1tl'r~. alld otl)('1' d('vicl's wl)('1'(' a!tell
llatioll Illuy 1)4' high. it is u"ua lly im
pOI'Wll1 that tIll' dl'\,ict, IUillpl' 111('1I1':\1l"('
nwnt 1.>1' \\'ol'kjug Ut'tW('t'H matd\('d 
>;oun:(' tlmllOtld. In additiun, it is w:ma)Jy 
n('N'K<;;lry 10 u:s(' all il\'l1ilnblp ])()W('I' ill 
orde\' to Ill1aili :<ufliril'Jl1 S<'nsiti\'ity in 
till' 11'giow:l of high aW:llllatiOIl. I k r(' the 
II$(' of :In i~)hI\or hel W('('11 the roIIIT(' and 
lilt' dl'\'ice undcl' test. (lIYNs distinct. 
ndvnntllgr", 

()I\ thl' dl'\{'t/or .~i d l" iUI ii'Ol:ltor pro
vide!;:l l11illch on'!' mo]'(' th:UI 11 2-10-1 
frt'qul.'lwy band whi ll' illll'od llcing a 
('ompar:)liv('ly \ll'gligibll' loss in lralll;
mis"iQII, :'\1' i th{'1' t1ln('I';; 1101' :1 111'1111[\101' 

pads mN'\ bolh these I'ondilions. 

Slotted-line Me a surements 

III tl "lotted-Iii\(, tn('asut'f'llwnt system 
in whic h 11 tightly ('ou pled , unmatched 
I'f S(llll't~ i8 Il~d, dl:lngl's in fr<'q uC'lwy 
with dI1U1h"CS ill t he impeda nce of thc 
unknowH L"OllIlC(>tcd (:nH cnusc er rors. 
For !'xampll', if Ihe p()t'.i l ion of t he 

JUNE , 196 3 ~ 

desired I'cf{']'cll te piaUI' i;o ch'lC'rminl'd 
uy I he po."it iun~ of \'ohage minim:l 
wi th the unknown :\lH[ with :l ;ohol'\- 01' 
opell-{'in'lIit \el'1ninntioll t'l mn!'l'INL [\ 

('ha Hge in frl.'tjllCIl('Y lIilll':UI"" nil I'ITOr 
in the pOl': itioll of illf' n o f(, I'!'IIl'(' pitt II!'. 

Ri rn ilar (' ITO]':' ('all ott'ur wiwn a Sliding 
:;hol' l ('il'('lIit is IIs(,d. In ~,\''''tt,m.'' in \dlkh 
S<' llsili\'ity is a limiUltiol1 o for insl:IIl{'(" 
w h (,11 vl'ry lal'~(, \'~ II'Il '~ U]l' rncaSll r('(t, 
till' u,>;(' of an i$()h\tQr in pi:w\' of :1Il 
:l111'1l1ll1101' 1'311 ]'(,,,,, I( in all improVI'IlWIl L 
ill ml.'a Sll l'l'IllCIlL accuracy. 

Genera l 

'I'hct'e i"ol:llor.< ean also llC' II&'{i ; 

T o mll!ch II df'lectol' to :L 50-ohm litH> 
OWl' a "ro:ld frNjll('I)('y bnnd withQu\, 
l11 ninl-\' a nd without a ,.;igllifielllll ]'cd uc
lion ill f:.Cllsith' ity. 
'1'0 impl'ov(' t Ill' ;«)I\!'e(-'1\mplitudp "tabil
ity ill bot h lixl'd aud !;w('('p-ft,I'tI1tI'1t('Y 
systl'rns th:li 11'(11111'(' till nmplitudc-regu
lal('(1 rf OUtput. 
In a h(OI(,l'OdYlll'dl'keto!' to I'educe the 
I('\'\'I of tIl{' IOt:;lI-oSr,i]I:t t or siP:ll11 I 11 PIX':U
ing at. t Il(' detector tC]-millllfs by 10 to 
20 d b_ 
WIlf'I'('\'cr SQurL'<l output sl:1bili ly. illl
ped:lIIcc match, or mini nHlIl1 lo8S is :In 
impodtlili (Oo llsici('l'n t iOiI. 

~ T. E. ~ IA{'J{~:~ZH: 

SPECiFI CATION S 

174_HSOOL 
174 _H1 000l 
174 _H2000L 

1'1111' 
174 _HSOOL 
174_H1OOOL 
174_H2000L 

0.5 tll 1 
) \02 
21(11 

Iso lolo, . 
I.olala. 
1001010 •. 

Uj 
1.0 
1.0 

10 
10 
20 

~ 

;: 1'1 
'l '" ,"---
1.2f1 
L)S 
1.18 

, 
o 

;;..-, 
}5 I 
:--~ 
=.'" :..., = , 

5 , 

Lellylh 

276 
200 
210 

0874-9581 
0874_9583 
0874-9~85 

, 
)1., 
2 " 

1.8 
O.i 
O.!! 

$.5S0 ,CO 
325.00 
2 7 5_00 
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General Radio Exhibit in Tokyo 

(;{'tlcn\l Hadio wa:; proud to 1)(' 011(' of 
the firm" Inking part in Ih(' olX'ning 
exhihit at the n('1I' U.S, T rade ('(,Iller in 
Tokyo. The (',\hihiL featuring indu;:ll'inl 
instrument s lind laborntory upptlmlus 
from;)8 l',S. firm;:, ran from .\pl'i1 2 lO 
:W, find uttraelcd some 10,000 \'j"ilors, 

ilH'luding l 'udf'I"S('(,n'tury of Commf'n'c 
Franklin D. B~n'lt, ,jr., :lIld L',S. 
Amhassador to ,Japan K O. Hci!iCh· 
auer. 

T Il(' G H ('xhihi\ \\':li; pr('l'('llled by our 

rcpre;«,lIw.lin' in .Japan, the :\Iidoriya 
Electric Company, of Tokyo. 

Genlfo! lIodio 01 1M ... u .s. Trade Cln'.r In Tokyo. 01 INn by U.S. Unde."ftctllary 01 Commorci 
franklin O. ROOM ... llt, Jr., wil h ' __ 'Inlall" .. of MldOl'I'I'o Electric. Fr.m I, fl la rillhl, 'h, M ... tI . 

Nogokllra, 5 ..... Engln ••• ; K .... oh .. , p .... . lde .. l; FDR, Jr.; S.~;do, Import DI"I.lo n Ma .... lrtr; .. nd 
I, hl. .. wa, Mon0 lrt", 1", "um, "1 S .. ... , s.~;o" . 

Personnel Changes at our Sales Engineering Offices 

Honalel F. :'I lo$><mtlll was r('{'ently 
transferred to tile Toronlo Offi(·l'. nft('r 
Ilrarly a yenr at our plant in \rest 
C'OIll'ord. 

!larold St('Y('Il<; joined till' staff of our 
Los .\ngC'le>! OOke in ;\ /nrrh. 106.3. II i,; 
«('rritory will indude ml' t l'opolitnl1 Lo!! 
.\ngclC'!! plu>! thr mililnr~' in~I:IlIHlions in 
the :'Ilojn\'(' D{'S('rl rt'f.!ion of Cnlifornia. Ro"old MOllm,, " 

General Radio Company 
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