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A FREQUENCY COUNTER WITH A. MEMORY 

AND WITH BUILT-IN RELIABILITY 

\.That another count r? Ye., the 
TYPE-: 1130-A Digital Tinie and Fre­

quency Meter .·hown in Figu · 1 i. a 
brand-11 w en ry in the fi ld of high­

. peed count r.· - n \V on th cen nd 

new u1 inan important d tail. . Lik 
. · ,·eral h I'.' it i. · an au torn.a tic inst.ru­
m nt f r the preei.·c m a ·ur ment of 
frequen<'y period ·111d tim int n "l ·. It 
differ· from_ th n , howev r, in u"incr n w 
cir ·uit · and ne\\· de.·ign id as to provide 

m u:ual f ai ur . · and a v ry high degree 

of reliability. 
The i11 ·trum nt m a ur . · fr qnenci · 

from d · to 10 Mc with a inax1mum 
preci .. ion of ±0.1 cps, p riod from 10 
µ. to 107 e · \Yith a preci. ion of ±0.1 
µ. c and tirne int n al. frorn 1 µ, c· to 
107 ,ec '"·ith a preci:-;ion of ±0. l µ.'ec-. It 

can ahm he usPd to cmmtr raudom cve11ts, 
mea�mre frcqu 'ncv ratio:;i. compute phas(' 

hift, and n1 asure C'haract ri .. tief' >f 
pub wa v form . . 

Diuital •ounter, hav f und incr asin()' 
application during th pa.·t ten yeari-; 
and , event! commercial versions ha ,-e 
·om into wid ll.' . Th de ·ign of . till 

an th r having ·in ilar ba i ·harac--

Figure 1. Panel view of Type 1 1 3 0 - A  .Dig ital Time and Frequency Meter. 
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G E N E R A L  R A D I O E X P E R I M E N T E R  4 

t ri:-;tics, wa:::i nndcrtak n only aft r 
thorOLwh .·tud indic·at d that both per­

formanc and con\. "nie11c of lV < uld 

be .·nhst:_tntiall. improv d. 

The '1 YP 1.; 1 130- \. i, · not ' ju. ·t a not h r 
C'ounter." From the i->tart of our dcvelop­

n1ent work w d c·id 'd hat we .·honld 

de. ·ign and market 1-ilLC'h an in. ·trun1 nt 
nly if \\" could n nk som. important 

ll0\V 011g;i necriug c· n ribn ti. on s  t h at 

\\. uld hnx subsl antial \·u.ln to most 

u:-;0rs. , 't udi :-; of s \' ral commerC'in.l 

<' rnutcrs }u ve \llH'O\'Cr-d inlerent .·h rt­

eoming. · in . ·i. ·ting de:-;ig11s, and field cx­

pC'ric1we has ,·hmn1 that m·tlfunetions 

ari. ing from the. 'C' oeeur oft n enough to 

he ohjectiouabl 'nd to neec. ·sit atc ex-

1 ensi \'<' maintennnc·0 progran1s. 

Furth< r inherent disa lvantao-0.· in 
previous in.·tnun nt.· httV' n'�·ntU- d fro1n 

the nnhu·e of the 1n l.1.·ur rn nt secruc1w 

or prog;nt1n used. 'T'he proC'css of nl t·cr­

natcly c·ountino- and displa. ing has led 

t th fa.miliar "i11t0nni1 tent" type of 

pr senti t ion, \\·hic·h is n t only in fficipnt 

hut te11d. · to eans operator conf nsion 

L.tti0·ue, an l annoyanc- . 

'Io overcome the di ffi.cult i s Rtem1 1i11g 

from th s inh0rc11t chn.rac·1cri.·tics and 

i11 g0n0l'n.l, to huil<l a bett r c·ount-.cr 

we hacl to d esign C'ireuii.s th� t w re not. 

1 nse l on trad itional i<l0as. So \\'e mndP 

a frc .. . ·h start. Yiewing th in:-;tn1n1ent 

tt.' t.h, spccia.liz cl digital c·o1nputer it is, 

we desio·11el th0 per<. ting syst'm 1he 

new hn.sie <'ireuits, the cl isplay and 

controls n.nd the m - ·hn,nical a. semhlv 

from the gro nnd up. The r snlt. i. · < 11 

instrurn nt that. ,,.e bclie\·c repr .·ent. 

a11 rntt :-;t·111diug <·omhination of p rforn -

n.1H'e n.nd reliahili ty. 

S PEC I F I C  G O A L S  A N D  ACHIEVEM ENTS 

Rel i abi l ity and Ease of M aintenan ce 

It. hn.· always h0en th objc('1 i c of 

G 11 ral Radio to prodnce reliable qnip­

rn nt. · n.d th .'tandard.' of quality de­

'" lop d in s ckino· thi.. ob· ·tiv have 

fonn d h ba::.;iR of th con1pany . · r pu­

tation. Thi.· backoTound ha. f nrnished 

a . oli f undation frorn which to work 

but it ha. b n bnttr s. · d a· all possihl 

poi 11 ts by in nova ti on, a. \Y -11 a. by th 

ex n f oth rs. 

'I'h comput r fi 11 in l artiC'uhr, i. 

a rich :-;onrc· of r hahiVit information 

an <l i a. an l th d sign of th ' 'I'YPE 
1130- Digi ul Time and Fr qt wn · 
::\'Ic1 er ha� dra,,·n xtcnsivel. upon co1T1-

puter techniqLtes and cornp n nts. A 

major d cisio11 obviou. ly, has b n th 

Heled ion of nieumn tubes in. ·tC"ad of 

tr an. ·i. ·tor.· as ac·t.i v on.1.ponen t. · .  Prog­

gre. ·:-; in h pc rformancc of ,·olid-. ·tate 

d0vie s ha::-; been coutinuou. and often 

. pedacnlar, in rec lit year .. Reliability 

011 th other hand, take. time both to 

lw achieved an t 1 a. R .'. d. T'h 

,,·ealt h of prO\'C'n components ancl re1i­

ahili1 y experience for \·a uum tu hes ha. 

th r fore on halanec, b n o-i\ n con­
trnll i1w weio·ht in th d ci.·ion. 

'T'o be most· useful, an cl etroni 

le\'ic sho11ld operate for a lono· tim 

wit hou fu.ilur and . hould b easily 

put l ac+ in . lTiee in a ::;hort hm . 'l h 

first of th :-> chara.rt. risiic. 1T1eusure 
rcliahiLity and the se ·on l ,a,'" of main­

tenanc . Th GR ouuter hu.. b n d -
.·igned to m et both th . r ciuirement.·. 

R liahili ty is assured fir. t of al I hy 

thorottgh , yst m d ,,jgn. The conutino· 

units desC'ribcd bel w for xa1 1ple 11sc 

a f<:edback .·yste1 not found els wh r , 

n.nd the fffriency of th operating pro-
. . 

grain i. 111 1qtte. 

Reliability is furth r � .�. ·ured by p ins­

taking c·ir<'LLit d . ·ign. C mp11t r-grade 

i ubc.· (frarn0-gricl t pc.· where i'illiiablc) 

are u.·e<l thrmwhout the instn1m nt. \.11 

· mpon nts arc , evercly d rat d m d 
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pr miun1-quality ·onn ·tor, are used. 
ir uit ha-v b n d . ·io-n d t p rat 

prop rly under xtent)i\' Yariation. and 
d o Ttl.dati n of tub pa.ram. t r 
no r quire fu Ny r gulat J pl,, t - and 
hca er power supplie. . nly one regula­
tor ir ·uit is u. d to a. :->ur n 

. ·tttl ilit of th ·ry 'tal- ·on r 11 
base Ol'3cillator. 

::.\1 dnlar · n. tru ·ti n ha b n u 
to l'implify m.aint nane . Every tub 
cir�t1i i8 011 ar1 t ·hed- iir ·tiit lJoard 
whi ·h can be qui kly r mov d for r pair 
or replac rn.ent, and test point.· ar 
tt\'ail ble · t rn.ark d p·1n l;-; on both ;-;id . · 
of th in.·trurnent. ,..rh et ·hed- ·ir uit 
board· en1body co1L·tr u  ·ti(1n techniqu . 

hat ha' r 'ult cl in a r rn.arkabl .· rv-
ice re •ord. Sine R b gau 

t ch d-cjrc ui t boards s Yentl vean; llPO 
w have shipp d l-t., 10 in· rurn.enV · 
taini1w 21. 300 boards. mong th S" 
21,300 boards only 12 failnr ·· h· v b n 

reported and h auset) for theti fail­
ures have :->inc been found and corr ctcd . 

D isplay 

'Ih pro Jr.m of d�ta, dii::;plar \\·a.· th 
Arnt to he at.ta ·ked. ,...rhe operating 
prooTain n. d in mm;t count r.' produce. 
an i1 effici nt and fatiguing int rn1itt n1. 
di. ·play . \Vhile onnt.:-; are being accnn1u­
lt1.ted b th i1. ·trnm. nt no inf on 1atic n 
i:-; pres n ted to th op rat.or. n,·-r · ly, 

whil the result i. · di.·plu.yed n o  n w 
inforrnation i. en rino· th ·otmt r. \\ 
hav developed a storage sy ·t n1 that 

hold.· a ·onnt alld d i .  ·play . it contin­

uou::;ly '\Yhil a n w c·ount i. · b i no- t c­
c·umulated. At th nd of eaeh countino­
int rval the n ' count is tr· n f rr d to 
th d i .  ·play i n  a brief, 100-µ. e · int 1-Yal. 

Careful attention \Ya.· al.'o given to 

th di. play it. lf. In-fo'1 r a l  ut. hav 
be n widely adopted for ounter l u 

M A Y, 1 9 6 1  

add con. id rnbly to xpen ·01npl xity 
an n1aintenance. Th rm.om t r-t p 
displ· y. n th th i· h<. nd h· v a run­
nirw-up-and-down apr ran th· ha.· 
o· n rall C> 11 found objcctionabl . rrhi. 
ohje tion i.· mpl t ly ov r ·on1e b the 
uHe of to rage and it \Ya h r f r 
d cid hat th . ·in'1pl , reliable neon­
bmp colu m n. off r d th l ,· :-) lntion 
f r oth ·onorny and con v ni nc . 

Four d cad . of th R counter can 
be u, ed ith r <V st rag or a.· connt in o· 

u11i . D pending upon "·hich function 
i.· s l ted, th' p rator ha�, th choic·e 

f ither an -dio·it "intenni t nt ' dis-
pln,y of conY utiorn. l p or a -±-diffit 
continuous display. By prop r , 
of th conntin()' int01Tal th -± con­

tinu i. ·ly di ·played igit. ca11 he any 
-I: con ·e ·utive digits in the - lio·it 
n tn1b r. vVh n calibrating ,·aria! 1 "­
fr qu n ·y oscill· t n; for xa11plc 011 
i' usu•1lly intcre. ·ted in onl th fin._ 
f '' digit . T'h - · would therefor be 
cho 'en for eontinuou. di. pla . n­
v r.' 1 m the n1ea. uremen of fr -

drif i.1 v ry :tabl 0!-)C'ill· ton.;;, 
few di o-j ts would .pro l ahl. 

·ig1 ific<. .1 and e ho:-) n for con-
tinu ou. di. 'Pia . 

further uniqn advantao· of in �rrnd 

. t rag i. th inh r nt · , .. 1ilability of 
\'oltage · suitable for analog graphi · r -
cordino'. Th simpl TYPE 113-±- Dig­
ital-t -An ·:d og < ll ,. rt -r ace . ·:or. , 
whi ·h op rate. from_ the storag d 

d pr Yi l . a c n put of 0.1 
accuracy au l Jin .ari t r corre. pond in{)' to 
any 3 con: cut.ive digit. of the coun t r 

d i. lty. Thi,· output will drive oTaphie 
r corder. direetl without th n d of 
an int rm diat cxpen:ive electromech­
anical . torag s_ . t n1. graphic r c rd 
is n1u h easier to anal ze than a li.'t of 
nu1nber, c. nd the r . 11 n b ju. t a. 
a ura if h prop r digit ar � 1 ·ted. 
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D e c i mal -Counting Units 

Th d sign of the de ·imal- ·ountino­
unit.-, or cl ead s. f th TR ounter has 
incorporatE'd both optim.izati n t h-
11iqu H and n v l id a.·. A fir. ·t . ·tep wa. 
a detailed . ·tudv of 1 ista 1 flip-flop 
cir ·nitH and the interrelation.' of :om­

pon nt valu . and tub characteri. ·tic·;-;. 
D sign curve::;1 wer l Yel p d frorn 
"·hi ch optin1un1 Yal ues eonlcl l e <let r­
mined dependiug upon sir >d repeli­
ti n rat .· and availahl-' tube:-;. 'I'hi.· wa. · 
followed hy an int nsi \"C study of 

d <'in1al-counting .·:v::-;t m:-;. 
In op ration the flip-flops of a decimal­

eountino· unit ar C'Olnpler 1 nted.2 T'hat 
is, th revers sta,tc> at. aeh input pul. · 

an i.·. · 1 an output or earry pulse for 
c\·ery other input 1 nl.· . �\. single flip­
flop. therefore, form.· a scale- f-t\\' 
circuit, producing '<. rr pul.·es at haJf 
th" rep tition rate of th input. Four 
<'tl.f'\ ,:. d d flip-fl ps form a ba. ·ic scale-of­
sixtccn assemhly as :-;h0\n1 in Fignr 2. 

Earl r c unt rs di:-;pla} ed their count 
dire tly in binary units autl it wa. 
cu. ·tomary to refer i o them ·),:-; :cal -of­
(}-l . ·al - f-12 e Lmt r.·, etc·., d pendi1io-

FLIP - FLOP 

PULSES TO 
ELEMENTS 

BE COUNTED � 
DECIMAL 
NUMBER -STATES-

0 0 0 0 0 

I I 0 0 0 

2 0 0 0 

3 I I 0 0 

4 0 0 0 

5 I 0 0 

6 0 0 

7 I I I 0 

e 0 0 0 

9 I 0 0 

10 0 I 0 

I I I I 0 

12 0 0 

13 I 0 

14 0 I I I 

15 I I I I 

16 =O 0 0 0 0 

upon the number of flip-ft p. u. ed. 'I'he 
m d rn d inrnl y tern. . 'tern. from th 
\York f I. ll' .-d ff :i \Yho . howed ho\,. 

change the seale-of-sixtcen :y ·t rn to 
a :cal - f-tcn l y mean.· of feedback 

and hmY i o lio-ht t n n on larnp. 
now fmniliar columnar di:play. 

io-m· .. ·ho\YS th tw f dha<'k :y. ·tems 
described by jro. ·doff. 

'The cloubl -fccdba k system i: best 
adapt �d to 1i0·hting t n i n lamp.' jn a 

d cimal di:.,;play bee ans th plate Yolt­
ao·e. · of th four flip-fl. ps c·1n b prop rly 
combined in t simple nrnJrix of resiHt rs. 
'I'he . ingl -f dl aek . ys1 cm 1:-; best 
t dapted to relial 1 (·ounting. 

Because of the ea;-;e of ohtaini11 ()" the 
di.·play all pr \·i Lt.· couni ers ha\·e u:-;e l 
the double-feedback systc11in1 \\--sp 1.. d 

d c:ad . · .  , 'uch decades hmY \' r are 
.·nl j d to error.- in ounting; rausecl by· 

the 1nultiplc fredlm('k, n.11d failure.· frorn 
thi.· ·m1:-1<: haxe h' n a frequent . onrc of 
trouble. 

Th fir:t fccdba k :ignal rn i he 
double-£ dbac+ K.) st i .1 occur: a the 
count of four. The 0- l tra.l1sition f th 
third ftip-Aop r 'set:-; the scC'oncl flip-Aop 

i o 1. This opera hon uuH s no diffi�u lty 

tJL v\'. �t11arl, "Yucuu111-Tube Flip-Flop DeHign for 
oil.Un rc1al In trunH•ntation," ."EJ E.\1 Technical Pro­

gram, No,·ernb r 19. 19.)t--. 
�From ti cone pt of complciuenlar�· numbers. ln the 
binary 8Y tcm two number . 0 and l, forrn 1 he "·holc. l is 
th re�orc tl!C' comp! mC'nt of 0 and \"ice ver. a. and a flip­
flop, in taking on both Rtate , has co1upletcd the count of 
all possible nu1n er"'. 
"!· l�. !ro doff, "Electronic Counters," RCA Review, vol. 
\II, no. ;j, , pt., 19-IC\; I I. 43 '-..J.47. 

I. E. C:ro. doff. ''Elec·tronie hain "·ith D C'imal lncli­
calors," l-., ·. Patent :Xo. :..,..J.:3!.i,O(i:3; �larch 2, l' -1.'. 

Fig u re 2. Block di a g r a m of fou r cascaded fli p-flops 
in a scale-of- 1 6  a ssem b ly. E a ch flip-flop i s  set 
a lternatel y to states 0 a n d  1 by its in put pulses. O n  
transition from state 1 to state 0, each fl i p-flop 
tra n sm its a carry p u lse to the follo w i n g  flip - fl op, 
whi ch in t urn ta kes on states 0 a n d 1 at half the 
rate of the prec edi n g  fl i p-flop .. The fl i p-flop states 
correspondi n g  to the nu mber of i n p u t  pu lses a re 
t a b ulated below t h e  di a gra m. N ote that the l isti n g  
of the fl i p-flop states sho w s  the least si g n i fica n t  
di g i t  at the left- the reverse o f  the correspondi n g  

bina ry nu mber. 
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inc he 0-1 tr n i ion of h · cond 
flip-flop o- nerate no carry puls on-

ider, how ver the ran ·ition from 5 t 6. 
--rhe input pul.· first t. th flip-flop. to 

. ·tat · 0001 · th 0-1 tr· n.'iti n of the 
fourth flip-fl.op f d · a pul. · hack to the 
third flip-flop to re. ·et it. from. 0 o 1 · thi. 

0-1 tran. ·ition of the third flip-fl p, 

hmYever i.' the . mu tran. · i tion preYi­

ou. ·ly u.· d to r . · the econd flip-Rop t 

1 in th firnt feedback op-ration. v\. ith 
11 w tube:::; the nnwan ted f .db·"' ·k do . · 
no· occur bee.au.· th tranr-:;ition · from 
1 to 0 an 1 to 1 in th third fl ip-flop 

f llo,,· each oth r .·o clo ely in tim i hat 
a full-:-;izcd feed be.wk pu be to the . ·e · nd 
flip-fl p is not genernt d. , th tub � 
ag , h w ,. r, C'hang . · in voltao· level 

and cl la tim C" n and do, prev nt thi. · 
::-; q uenc frorn o · urri1 g pr perly and 

th e;onnL jump:-:; from 5 to in1-'t ad of 
fr01n 5 to 

r h ll \Y TR 0 ll ll t r d 0 n t Ufol 
thi. · t-4 :::;tern a.n rwhere, bu us .. in.:tead 
the foolp1 oof siugle-f dbac k . ·y::;ten.1. � t 

th :::;am tirn , by the u:--e of an addi-

M A Y, 196 1 

tional neon lamp4, the adding n�atrix for 

th t n n on lamp i. mad as imple 

and nornical as the rn nx u · d with 
h doubl -f edba ·k v t m. 

X eon lan1p are al · u ed 
fe dba k ne "·ork to 

p ra ion4 and n on larnp 

in the 
r liable 

are u ed to conv rt a low-, p ed countin<Y 
de ·ad into a con1biTiat.i n ·ountino· and 

rag cl '<:Lde4• 

Th problem_ of tube ao·i11g ha.· been 

greatly redu d jn th GR decad s. 
All ·ir uits ' ill op-rat with half-dead 
tub � that is, tub � with half th o·"' or 

twic the rp of a d :-:.io-n-c nt r tub or 
with n.n e;ombin· i n of new and 
ao· d tubeL. 

The 10-M c Decade 

'T'h ca.·caded tirn deb 8 involv '<l in 

ih tran ition frorn 7 t in the feed-

ba ·k , ' ·tern_ d . · ·rib d above limit it. 
use o input-pul · repetition rat . up to 

about 1 Mc. For op rati n io t fast r 
•R. ,_ . Sluart, " ·I •tric .'witching ircuit ," British 
Palenl Nu. "l ,()5:2, l· . . ·. Patent Pending. " untcr and 
Di play Syst m," l.". ;-4. Patent Pending.·· ountinll: and 
, to rage Sy. tern 

" 
. .  '. Paten l P •nding. 

FEEDBACK AT FEEDBACK AT 

figure 3. fee d b a ck systems f o r  
converting fro m sca l e - o f-six­
teen to sca le - of -ten o peration. 
The c a rr y  pu lses are generated 
d u ring transiti o n s  fro m state l 
to state 0, the feed b a ck pu lses 
d u ring transiti o n s  fro m state 0 
to state 1. The weightings 
necessa ry to convert the b i n a ry 
states to a deci m a l  n u mber a re 
listed belo w the ta b u lated fl i p­
fl o p  sta tes. The crossed - o u t  
b inary slates d o  not o ccu r b u t 
are b y p a ssed b y  the feed b ack 

reset o pera t i ons. 

5-6 TR ANSITION 

BE COUNTED lsf 2nd 3rd th 
PULSES TO � 

FEEDBACK AT 

3- 4 TRANSITION 

DECIMAL 
NUMBER 

0 0 0 0 0 

0 0 0 
2 0 0 0 

c 
I 0) 0 

0 0 I 0 
9 L1 0 

4 0 ? 1 0 
5 0) 

0 0 0 I 

6 ~ 
7 0 
8 0 
9 

10 0 0 0 0 

FLI P-FLOP 2 2 4 
WEIGHTING 

A. DOUBLE FEEDBACK SYSTEM 

• 7-8 TRANSITI ON 

PULSES TO � � 
BE COUNTED� 

DECIMAL 
NUMBER 

0 0 0 0 0 

I 0 0 0 
2 0 0 0 

3 0 0 
4 0 0 0 

5 0 0 
6 0 0 
7 I 

0 

8 0 I 
9 I 

10 0 0 0 0 

FLIP- FLOP 2 4 2 
WEIGHTING 

B. SINGLE FEEDBACK SYSTEM 
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COUNTING DECADES Figure 4. Block diagram of the counter; frequency 
INPUT 

CIRCUITS 

TIME 

BASE 

PERIOD 

MAIN 

GATE 

�------ PROGRAM 

CONTROL 

ra1 es, h igh-sp eel flip-flop.· an d 1nu lti pl e 

o-ati n o· syst ern1:55 h nn' b een d m·i sed to 

mrn1mjz t .he ti m e  cl l <  y. In t h e  GR 

h io-h -.·p eed dee ad , t w o  n o,·e l f eat u re.· 

ha\' l n lt.' d t hat con t ri l  u t  t o  a 

d egree of reliabi l i t y  comparabl to that 
{ f t h  l ow r Hp cl d C'ad s. A block 

d iagram of t h e  o-u,ti 1w syste1u u. ·ed is 
shO\Yll i n  -; igu r G.6 In th is .· st em_ t h e  

-± t h  flip-flop ii-; a simpl e ,'et -r set c ir cu i t  
w h i ('h ('On trol.· ;-, o-at e direc ti n g  the earry 

pu lses from t h e  bt fli p -flop t o  th 2n l .  
..--rh c c- oun t p ro eed s from 0 t o  9 i n  n orrnal 

. '{'ale-of-sixt n fa. · hi on .  Th e t ran si ti on 

from 1 t o  0 in th 3rd Rip-flop at t he 8t h 

count sC't s the ...tth fli p -Aop t o  t h  1 sta t e, 

c-lo.·in o- the crat e. 'T'hc ou t p u t  pu l se of 

the hit fli p-flop ;-, t th ('ou n t  of 10 i:-> 

t h erefor p rev n t ed from tri o-ger i n g  the 
2n d flip-flop and iu. ·t cad r . · h; t he -±t h 

fii p -ftop to 0, l e a,·i 1w al l fli p-flops in t h P 

0 . · tnt e an d rcop ni n g  th gat e. 

In t h.i i-> sy.· tcm on l y  the fir.·t flip-flop 

operates at th hi gh -inp u t  rat e. nrrent­
sou ree cou pli 1w7 i. · rn-;cd i n  t hi ::;  circu it 

t< ach i ,. maxim u m_ ::-;p eed. 

rl h e  decad e . ·y:-;t em. d esc ri} d I' sul t R  

i u  a 1-2--±- cod . Th i s  codin o- is ·on ­

Ycrt ecl to t he 1-2--1:-2 . equenc of t h e  

low r sp C'd decades in a f ou r-t u h  

reaclou t u n i t  s p arat from t h  10-Mc 
ou n t i n g  le ade. 

O pe rati ng P rog ram 

Th e operat i n o- sequ enC'e, or prognin1, 

u .  d in pr ,.i u cou n ter.· h a s  li m .i  ed t h e  

effic iency of inf onna tion proc :. ·in g t 
5 at e,-t . A 10-second m a ,uremen t 

of fr q uency for exam pl , requires an 
... n n  y1n g de ad time of at l east an act-

and period measurement. 

di tion al 10 ·on d .  for di, play a 
new cou n t i ng i nt erval begin . In con-

t r ast , th pr ogram f t h e  C u n t  r i 

3 effici en t. It is t her for e  ne .·sary 
t o  w a it only 2 . · n d  b for a n "­
n1easu rem nt is begu n, i rre · pediYe of 

wh t h  r digit s i n t  rrr1itt ent r -± dig i t . 

('Onti nn o l ar cfo;pla} d .  For a 011e­

. e ·on d n a. 'tlr m n t t h e  w ai t in g  int r ­
val is on l 0.2 secon d for a 0.1-, econ d 

m .a. u rem n t  o n ly 0.02 s c ond.· etc .. Th e 

effici enc y of th e on t in umv disp l a  . on 

th ot h r h an d. i s  . '8 nti al l �  100 . m · 
n ew an s\Yers ar transferred i n  o nl y  
100 m i cr :-.:; ·on d s. 

Human Engin eeri n g  

Th e po. i t ion in o· and l ab l in {J' o f  ·( u­

troL· and conne ·t or i:,; in pre v iou · d sign . 

h ave l eft  mu ch to be d e. · i red from the 
i-;tun<lpoint . of t he operat or. · .·ho,,·n in 
Fi gu re 1 t h e. e om.pon en t. · ar loffically 

arranged a nd cl arly lab l ed i n  h • R 

c ou n t er. Th t rm:s used ar .·im.p l e  a ud 

d · c:ri pt i ,· . ..--I w o-c ol or n gr vi n g  f u rt h  r 

. irnpl ifie.· th e opern,ti on of t h  im;t.r u ­
m n t .  Th whit e1 gra' i ng i ndic at es in­
f orrnat i on of pri m ary int erest to th 

operator .·u ·has th [nca. · u r  me n t  bei ng 

made and the u n i ts of measurem ut; t h e  

orang en gravi n g  i n di cate s . ec ondary or 

sup port ino· inform.ation, 8uch a ..:  th 
cou n t i n g  i n t  rva l. For {'x:am pl e wh n 
t h e  l arge, entr al l y  l oc at d, 1n a.· u· rn.en 
con t 1  ol i .  in the Tin'1e-In t erva l p o:si t ion, 

an orano-e dot at the rear of th dou hl -
bar knob p oin t .  to an oran ge lin e lead ing 

t o  th t art an l � 't p i npu t conne tor:-::.. 

sA. S. Bagley, ".-\ 10 :\'le , ·cater for ruclf'ar Counting and 
Frcciu ncy Ieasuremcnt.," HP .Journal. vol . 2, n . 2. 
0 tob r, 1950; 1 p. 1-4. 
6"F,. L. Kem.p, "Gated D cad ount r Hequirc>" - ·o 
Feedba<"k." Electronfrs, vol. 2u, pp. l-l;-147, February. 
19.)3. 
7Pat nt Pending. 
q:L \,V. Frank, ".-\n fmprov cl Pnlsc •enerator wif h J.'\ 
ns Rise Ti rn<'. '' Genern/ l?rulio E.r:pe1·irnente1-. :�:3. 2, 
Fehruar_,-. Hl.>9. 
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9 M A Y ,  1 9 6 1  

T E C HN I CAL D E SC R I PT I O N  

S im plified Block D i a gram 

T h e  s i m p l i fi ed b l o c k  d i agra m of Fig1 1 rC '  4 
h o w.· t h u t t he T Y P E  1 1 30- D igi t a l T i m e  and 

Frcq 1 1e n c-y 1\1 t cr · n t ai n  fi v  1 a · i ( ' « i r e n i t 
! > l odes : tlw I n p u  L 'i rc u i t s t h ' T i me B:u-ic, t lw 
:\ I a i n G ate,  h "  Progra rn Con t ro l  a n d  t h  
Dl'( ' i ma l-Co u n ti n g  rnits . T h e  I n pu t Ci re 1 1 i t  
a re mwd t o  gen ·nt l c t ri gger pu l ses from. t h e 
i 1 1 1  u t  · ig n a l . }or fn•q u l ' 1 1 ( 'y m •u · u re rncn t t h e 
t riggc•r p u l .·e · a rc co u n t (' I for a t i m i n t c ,rva l 
d e ri cd from. L he t i me ba. ·c ; fo r t i  me mC 'as u re­
nwn t (p<:'riod 1 0  pcriou , r t i m ' i nt er va l ) , t h e 
t ri g;gpr pu bes d <:'t e•rn1 i 1 1 c• t h e t i me i n t e rva l ,  
d u r i n g  w h i c - h  ( ' l oe k pu l.·e.· fro m t he t i me base 
are l 'ou n t ed .  

The:' P rogram o n t r  I o p  n ,  a n d dos '.' t h • 
:\ l ai n  G a l e, co n t rol R t h C '  d is p la y ,  a 1 1 d  l rn n d lc :,;  
t l i e  variou · r�se L i n g op • ra t i o n s .  

I n  put C ircuits 

.\ pri n1e rer ] 1 1 i rcnw 1 1 t. fo r d i gi t : t l  m< •u,.-;l l ri 1 1 g  
cq u i p m  ·n t i · t h a t  i t  b e  a ·  n •arly u u l o m a t i < ·  a s  
pO!-;s i b l  ' .  T h i  req l l i renwn t i:,;  p u t  t o  i t i-;  mos t 
severe t (»'t i n  the i 1 1 p1 1 t . C ' i r! ' u i t s  \\- here I h > 
cou n t  ' r s;-• · t <:'m meet .· l h user's sys t e m .  l f i g he. · t  
rd i ah i l  i t ;-• e a 1 1  l c ·  o h t  a i  n <'< I \\' h en t h e sign a l f'  
cou n t ed arc p u l ses o f  c ·on,.;t a n t  a ni. p l i t u d f ' a n d  
d u ra t i o n ; t h e 1no r • n a r l ;-r t 'O l l  t a n t ,  t he m o r  
r • l iab le t lw c•ou n t i n g. Yet t h i . ' . · i gn a l  mu. · t  ! )( '  
dcri vcd frmn t h e  user ·. ·  . · i g u a l  i 1 1  w h ic h  frC'­
q l l et H ':V , \\· a vcfonn 1nod 1 1 1 a 1 i o 1 1 ,  a 1 1 d n o i se a re 
n i l  variuhlc s .  To m a k e  t i le  c· u n t N  1 1 . du l wi t h  
t h · "- i d <·. · t  v a r i P t .'' o f  i n p u t  . · i g na l s  \\·c h � 1 ve 
1 l i t ' rcfore p rovided : 

L .\ mea 1 1 ' for n d j l l . · t i n g; t h  i n p l l t < ' i rn 1 i t  t o  
p ro d u ce t he t ri gg •ring p u lse a t. som ' . ·pee· i fi e  l 
i n p u t - ol t nge level.  T h i  perm i t s t he r·cj ec t iou o f  
. ·o m e  fo rm.· of  n o i . 'C i 1 1  t l w i n pt t t  si gn n l a n  l 
ada p t .· t h  c u nt •r t o  m<'a su r ' t h ' frc q u e 1 1 c·y r 
per· iod 0 r l o \\--d l l  t :v-ra t i o p 1 1  ls · t l s i unal.· .  

2 . . \ mea ns fo r re mo v i n g  d e  s o  t k i, t t h e 
freq uen ':'-' of a n  i n pu t s i µ; n a l  pcde. ·ta l ed OH d < '  
c · ttn h e  rneas 1 1 red 

3 . . .\ n a t t  n ua t o r t o  ] 1 ( • l p red u c0 t h e c ·ffcet . ·  o r  
no i1-;c a n d  i nc rease t h e rang · o f  t h e 1 Ti gge • ri u g  
l v • I  <'on t ro J .  

4 .  A means fo r s • l t'C't i u g t h e , · l ope o f  t h e  
i n p u t s i g n a l  w h i < ' h  p rod t H T  · t h e best t ri g;µ;N 
p 1 1 l R e .  T h i s  adj ust men t  i . ·  p a r t ic · 1 r l ar l y  i m-

Fig u r e  5 . S im p l i fi ed 
s c h em a tic d i agr a m  I NP U T  
o f  the i n put circuits. ----le-=:� 

p rl un t i n peri od a J l d  l i m e-i n terva l n1c•asu n�­
mc·n t . ·  "· her('1  fo r 1na x i m u 1n ac· e u rac ·y,  t h e  mo. · t  
ra p i d l y  c · h a 1 1 g i 1 1 g  porti o n  o f  t h  i n p u t s ig n a l 
· h o u l d  be :wl c. ·< · t C'c l .  

A si mpli f ied >w h c • m a t . i c  d i agram o f  1 h e  i n p u t  
C ' i rC ' u i t R  o f  L h e  c -01 1 1 1 k r i . ·  ,' h o wu i u  F i gu re ' .'1 .  
T he t \\·o 1Ti odc•  . · C'C ' t i o n .  o f  t he fi rst t l l bc � r re 
c·o n 1 w<· 1  cd as a p us h -p u l l d i ffC'rcnec-a m p l i  f i < 'r  o r  
' l o n g-t a i l ed pai r " 9. 'T h • i n p u t  · i gn a l i s  a p p l i N I  
t o n  ' grid o f  t h e• pa i r  n 1 1 d  a varia b l e • rcfc n ' 1 w c ·  

o l t age, d e t C'rm i 1 wd i >y t h e T riggPr- L( • \· , · I  
co n t rol .  i .  a pp l i ' d  t t h ' t h  •r µ; ri d . '1 ' h i .­
r ' frrcn<'c v o l t aµ;C' d t C 'rm i n C'. · t he •  poi n t  0 1 1  t I I ( '  
i n p u l -s i g 1H t l w a veform : i t "· h ie h a t ri gg<>r p 1 1 l :,;e 
i . ·  µ; ' l ler:i t N l  hy t.h c  T n p n i  ircuits .  F r f rc•­
q t 1 0 1 1 c · :v rncasu n · n 1 c · 1 1 1  o f  c · l ca 1 1 , .-i n uso id a l 
s i gn a ls, i t  iH d c •s i r: 1 h l e  t o  ge nera.t� trigg r I u l .·e.­
at t h e• 7i 'ro-c · ros. ·i n gs of t h  • i n pu t s ignal s 1 o 
ol >tai 1 t  1nax i m u m  H<' 1 1 si 1 i v i h- .  I f owcver fo r f rl '­
q u 0 1 1 c;-r n:1ea.-1 1 r e 1 n c · 1 1 t  of p 1 1 L·c \\'aveforn1s in t lw 
J H"C'S(' t J C ' < '  o f  1 1  oi,.;e \\ '  b ie h cau se. m u l t i 1  10 7<'ro­
<' ros. · i n gs , a n d  fo r 1 w r i od a n d  t i nw-i n 1 l 'rva 1 
me� v u rcm<'n t s  t 1 1 1 d  t h e C 'Ou n t i ng o f  r: i n d o r n  
< 'V • n t s ,  i t  i . ·  c l  •,.;i ra h l  t o  n d j u, t t he t riggeri n g 
I C ' v(• l  to t h e < ' I C ' a 1 1 ( •s l  o r 1no.- t  s i g n i f i r ·a n 1  por t i o u  
o f  t h f' i n p 1 1 t \\·a vpfo r m .  'I'h e  Tri ggcr-Lt•vt'I  
e n t rol is a pot e n t i on et ·r  ,,·i t h a grou nd ed 
c·c 1 i l  •r-t a p  c ·overi n g  :t b roa d regi o 1 1  of rot a t i o n  
w h i C ' h a l l ows a q u i ( ' k ,  m r u - ri t i C 'a. l  ret u r n t o  
gro u n d  p o t  •1 t t i . d .  Tlw ra nge o f  tlw rC'ferC' r i ee 
vol t ag;f' i s  ± 1 0  vol 1 .· w h i e h  i n  conj 1 1 u ! ' t. i o n  w i t h 
1 l t f' 1 0 : 1  i 1 1 p 1 1 t  atl l' J l l l a t o r ,  p ro v i de a n  e rr •d i ve 
i n p u  t -t ri ggC 'r i n g r: l l l j.!(' or ± 1 00 vol ts.  

B;-- i n t erc · h a n g; i n g t \ 1 ( •  grid ('  n n ect ion . r t he 
i n p u t  .- i g 1 i a l a n d  refe n ' l l C '< '  vo l t a g;<' t h e 8 l o p<'  

'o n t ro l  (not s ho\\' 1 1 in Figl l re - ) d krm i n es 
v< hc· t h c r  a t ri gge r p u l se i .- gC'n rat c l  a 1  a 
posi t i ve-goi n g  o r  a 1 H •ga t i v0-goi ng erosx i 1 1 g  o f  
1 h '  t riggeri n g;  l < 'Vt- 1 . T l w  l o pe Con t ro l  < ·:u 1 
a b  < ·o n n c·d a c a p ·  C'i t or i n  St'ri � \Yi t h  th i n p u t  
si g n a l  t o  h l o c· k  n n;-· c l c - t h a t  m a ;-r l w  p 1-e.-c 1 1  I .  

The ti r. · t  a m p l i f i t •r <' i rn 1 i t  , l so <'rvex : i , ·  a 
s t a b l e  l i m i 1 c ·r  s i m·c t h e pl a t e-vol t age l i m i L· 
a re c le t c nn i 1 1 Pd hy t h e p l : d e-. · 1 1 p ply vol t age a n d  
t h ' p l a t <• a n d  ea t b o le r •f:; i:o; t o rR , a n d  n rf '  esse n­
t i a l l y  i n depen d e n t  o f  t u he · h a raekrist i c · s .  
Becul lse o f  t h e s;-•ni. mct riC'al ha la n C'cd n a t 1 1 rc · o f  

9G . E. \'alley and T T .  \.\"al l ma n ,  " \"acu u 1 11-Tube .\ 1 n pl i­
fiPr," R ad ia t ion l .abora l or�· • 'crie·. ='lo. le'. :\ l eG raw - J l i l l  
Book Coru pau�· .  c w  York, �cw Yo rk . 1 9 1R,  p .  -1· 1 1 .  
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G E N E R A L  R A D I O  E X P E R I M E N T E R  1 0  

B I NARY 
NUMB ERS 

IFI 0 0 I I 2 0 3 I 
Cl) 4 0 
[5 5 I � 6 0 
=> 7 I 
z 8 0 

IF2 IF3 IF4 
0 0 0 0 0 0 I 0 0 I 0 0 
0 I 0 0 I 0 
I I 0 I I 0 0 0 I 

� 9 I 0 0 I 
� 1 0  0 I 0 I � I I I I 0 I 
o 1 2  0 0 I 1 3  I 0 I 

14 0 I I 15 I I I I 
16 0 0 0 0 

I 2 3 4 
I N PUT 

I I l I I I I I I I 
6 � 1F , v2 

I I I I I C ARRY TO 

� IF2 V4 

O U T P U T  

F i g u re 6. S cale - of - si xteen b i n a.- y  cou nter and di splay. The b i n a ry n u m bers repres e n.t the states of t h e  
fl i p -fl ops co.-.-es po n di n g  t o  a 1 24 8  wei g hted c ode. 

the c i re u i t ,  opera.Lion is · J. o e . . n t iall  i n c l  -
pen< len o f  plat  - 1 ppl.y or fi l a m_ n t:vol �ag;e 
variat i o n . · .  A n other att n !  u t  o f  t h 1 ' c1 re u 1t 1 
i t  verv hi uh d n 11mic ran ge w h fr h  p rmi t ' 
mea. ·ur:cm 1�t of ·i gn a l s w i t h  l a rgt� amou n t s  _ o f  
a mp l i l u< l e-mo_d u l 1:1- t io �  or low< r freq uency 1 101. c 
- Hi nce•  t he c · 1 re rn t  w i l l  n ot I H" c l n.m p  c l  by t h e 
1 ois or mod u lation p a l' , b u t  wi l l  co n t i n ue to op rat e nt t n 1  rcfc•r r l C'C'-1  v •I c ro: . . i ng . . The ou t p u of t he' fi r  t a m ph fi er t agc i .  
d i rect c·o u p l ed t o  th . eco n d .  Bot h h u n t  a1 �d 
�eri s-pcaking i n duC' lor a rc us .d t o  o h l am 
max i m u m  hantl w ic l t h .  T h  .·econd t age of 
ampl i fication i · si m i la r  to the fir»t xccp� t hu 
1 h p n.· h-pu l l  i n p n t  i.  co n vc�t crl to a . . m.gl <;l­
en dc•d ou t p u t  . . I n  lhi C'On nechon t h e c· 1 rc u 1 t  is 
wmal l v  re ferred t o a a cat ho l e-cou1 I d 
c l i p p  1._ 1 0  

. The o ut pu t of t he . 'C'C'ond amp l ifi r · tagc 1 s  
d i rect ly cou p ! t o  t h e  fol lo \\'. i u cr  C ' irc u i t  w i t ho u  
at ten u�1.t i o n  b y  m an.  o f  a t n od con ncetcd a .  a 
c 1 1 rrcn t . OU rce . 7• B c ·aus > r the' l arge cat hodc 
r<'si t o r  the t r iode d ra w  a c n .  t a n t ' l l lT n 
t hro ugh t he re · istor e nr�e · t ed t o  _ it. p l at . 
\V i t h  a cons tant c u 1T n t  m t h  re 1 t or and 
t herefore' a C'onstant  v ] tag across i t  a.ny 
variation in vo l ag at 1 1 c  t rminal o f  t he 
rC'si or i. t ra.n m i 1  t ec l  u n <l i m i n i  hed t o  t h  
o t her t e rmi nal b u t  a t  a d i fferent le level . 

The p u l  e-g�nera t i n g  c i rcuit  i t. el f  J ha ed n 
t h  fam i l iar ch m i t t  c i rc u i 1 1  ' ith another 
C ' u rr •nt-. o n rce-c n nect cd t riode' u ed to cou ple 
t h e 1 �ft-han I p l a t  t o  th . rig� -l:ian� �r i d .  
, h u n t  p a.k i ng a l o n e  is used m t h 1_ c Jrc t u t . rnce 
seri e  p akin..,. \Vo u l  I i n t roduc ·  . a. t1m d l ay an< l 
deerea e the max i m u m.  r peti t 1  n rat o f  t h  
C' i rcu i t .  T h  o u t p u t  pu l  e i g n ratC'd bf a smal l 
t o roidal t ra n former wound n a frr n te cor 
\\'hich iL  co n nected to t h e right-hand p l at o f  
t h e chmi t i rc u i t. 

Tb sen. i t iv i ty ( m i n i m u m  vo l ag _n ec:s­
Ra ry t o  p rod 1 u, o u t p u t  pu l. e. ) of h c1 1T 1 1 1 t  
<lescr i b  d i  ahou 1 00-m v  r m  fro m de t o  3 � r e ,  
ri · ing t o  250-mv rms i"tt l 0 \ k .  

Cou nti n g  C i r c u its 

The gC'n cra l mode of opera t ion of � h e  coun -
i n rr c i rcu i t  h as � l r ady b "n de c n b  c l . T h e  
c l �ncn t s of t he. c i rc u i t. a.re ' fl i p- fl.op , ' o r  
l ist abl  mu l t i vi b ra t o r  . .  

Fort y of t h  7 c irc u i t i n  t h e eou n t cr a re 
fl ip-flo1�s. f t h ese 40 ci r� u i t -, 36 are u. C'd i?1 1 h e 

< ' imal Cou n t i ng U m t  , ,,.· her t h e  hm11;ry 
. cal e-of-sixteen ii;: penn n t ed t o  a 'C'td -of-.tC'n _fo r 

i t h r tan dard co u n t i n g or e m l n n a l w n  
c u n t i ng- t rag . 

Fo u r  ca cad d fli p- flops formina- a cal -of-
i x  C'n are h o w n  i n  Figu re 6 .. . . L •t 1 1  a . . u m C' t ha t  t h  ('l rd · \\' J t h m  t he 

reet.a.nglc r pre n t i ng �aC 'h . fl i p-flop �re t h  
t wo t ub form i n g t h  e n· · m t .  v. c uch n he 
fl i p-flop t o  be in th "O" st a t e  \\' i t h  1 hC' righ t� 
hand t u be cond u c t i ng.  'T h u  in the fig1 1 r  t h  

hadC'd circle rC'pres e n t  o n  t u b -.· , and t he 
, ·al e-o f- i x teen is i n  U1e · t ·it 0000. T h  
horizo n ta l  l i ne' < '  n n  c t i o ns rep re. n t  i n p u t  , 

n,y t o  grid , an d a n gn. t i ve p 1 1 l pl aeed �n 
the commo n  c o n n  ct i on b •twe · n  t b  tu b . wi l l  
t u rn o ff  wh i chC'ver tube i o n  and v•i l l  t h u  
com p lement t h  . t ate, c h angi n g � z ro . t a  e t o  
a o n  o r  a one t o  a z ro. \ siunal  fed Lo ith r 
grid . p ·  rat ly w i l l et ti! - A i p-_flop t o . t t.ie 
spcf'i fie< l · tate o n ly.  I f  t h  f i 1 p-fiop .1 s  al rcad�· 10 

h at . t a t e, t he p u lse w i l l  h a ve no effe • t .  
:_>.; O \V h a v i n  r tabl i  hed t h e g r  u n <l ru l 

can be ui n  o cou nt.  Th firs pu lse r c ·  i v  
A i p-A op 1 i n  F i ..,. u r  6 wil l  cau i to revcr 
. t a t c ( 1 000) .  Th

0 
l ul formc<! .w h n h .ri g h t ­

hand t u be uo s o ff w i l l b 1 o · 1 t 1 v  and ·wi l l  n o t  
affe t F F2 .

0Th eond p u J  'vi l l  cau 1' F l  t o  
r t u rn  to the 0 tate and t h e ri ght- h a n d  u b  i n  
t u rn i ng on wil l  pro d uce a negat i ve pu l e cau i n g  
F F2 to compl m c n t  (0 1 00 ) .  bac h 1 -to-O t ran.-

i t. io n  wi l l  p rod u c a c a rr. '  pul a n d  a h 
1 11J a<'ob :.\ l il l man a m !  Herbert Taub . " Pu lse u.n7d Di�it al 
C' i r<" u i t s , "  ::\ l e  raw- Hill  l ok o m p a n .v ,  Inc . .  >l e.,;1· Y ork , 
X w York, 19.'56. .. z · · 1 1().  H . , 'chmitt,  " A  Ther n 1 io n i C' Trige:Pr . .fo u rnri of • ci­
enfi/ic Instrwnenls, vol. 1 5, PP- 2 .i-2f1 ,  .J a n uary, 1 0 3 " .  
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w ,  ff" 2 IF 3  ff"4 

0 � lm g �  � I  .. � 2  � [?j� g 
I 

� 3  ' 

Z 4  0 
� �  ....J 5 I � 6  

� � � �  O U T P U T  8 7  
0 8  

� � : �  9 I N PUT F B  - I  
F B - 2  

Figure 7 .  Gros d off 1 224 w eighted code show ing i ndicator m atrix and feed bac k paths. The shaded area s 
designate com b inations of fl i p - fl o p  states that exist uniquely in c onj unction w ith the t w o  states 0 a nd 1 

of ,F f l  f o r  the al.l o wed s ta tes. The n eon l am p s are connected to the m atrix b u ses . 

uc< 'eRs ive fl i p-flop will  "·i tc h  nt h a l f  the rat 
of the one bcfo r i t .  'The i m p l c  circu i t,  of 
:Figure l herefore p rod u ct ' t he c o n  v c n  i onul 
s ul -of-.· i x t eeu ::icq ucncc. 

To 1nake tL  u. ·cful eou n t r, o n  m ust ad d 
a p ropriat  mean.' t o  i n d i cat e t he f l i p- flop 

l a 1 es .  'Th i · i . ·  eon vcn i cn t l v  do1 1 c  wit h neon 
hunps t ha t  arc ope rat ed from eoml > inati 1 1 o f  
p la t '  vollnK -.· i n  t h ' flip-flop t u be. · .  T n  Figu re 6 
four neon lmnps are sho w n ,  c o n n ected to l ight 
w hen th right-hand t u be i ,  co n d ucting (state 
1 ) . Th n eon l amp. · n r  t h e refore o ff for a 0 an d 
o n  fo r a 1 i n  the partic u l a r  digit. ( i n  t he bi nu.r 

y.· t c m )  t hat tlwy rep rc. n t. T h  . ·e  digit arc, 

F igure Sa. Plate voltage w a veform s 
at 50 k c  of V2, V 4 ,  V6, and, VS for 
1 22 4  c o ding . The s y stem o perations 
o c c urring at pul ses 4 and 6 produce 
the dips in FF2 and F F 3  w a veform s .  
Thes e dips, in turn, c ause the diffi ­
c ulties inherent in thi s s ys tem . The 
fi rst feed back is unam big u ous; the 
s econd, however, requires that the 
time· c onstant of the feed bac k path 
be c ritically a d j usted to be short 
c om pared to the tim e bet w een maxi­
m um - rate counts but long c om pared 

to the duration of the dips . 

F igure S b .  F F 2  grid - v oltage w a v e ­
f o rm .  The first  feed back s ho w s  
c learl.y a s  a n  unam b i guous s i g nal;  
the sec ond s ho w s  a pos it i v e  o v er ­
s hoot c aused b y  d i fferentiation o f  
t h e  pos i tive s l ope o f  the 0 - 1  tran s i ­
tion i n  F F 3 .  I n  this exam ple the grid 
s wings 4 v o lts a bove the 1 0  volts 
required for cuttoff. When this over­
shoot becomes too l arge it w i l l  pro ­
duce the c o m m on l y  observed d ecade 
failure o f  s k i pping from an indicated 

c o unt of 5 to 8 .  

2 

I 

respect i vely, 1 ,  2, 4 ,  a n d  , a n d  t he' f l i p-fiop,_; 
ar ::;aid t o  I i  • wci gh l ed 1 -2--�- fo r con n t i n g; .  
l< or  e x a m pl e ,  supp )se t he cou 1 1 tPr  h as r<•­
rPcC'iv d 1 0  p u bes. F l i p-flop. · n u mber 2 a n d  l 
w i l l t h en b • o n ,  and H i p- f lo p.· 1 a n d 3 off, 
yiel d i n g a <·ou n t  o f  0 (2 ° )  + 1 (21)  + 0 (2�)  + I 
(23) = 1 0 . Th • f-i rs l  n uclea r 1-;ca l c n,; \\T rc · r ·o n­
struc· t ed i n  t h i . ·  1rc 1 wra l fai·d 1 io 1 1 , w i t h h i n a r_\· 
d i  · p l ay · .  

Fo r <·0 1 1 vc n i c n<'c and spc •c•d o f  rcad i u g  i 1 1  
ineas u ri n �  s �  ·s l t'ms i t  is  obv iously de. · i ra h l c · t o  
C"ou n t  a n c l  t o  d i. ·pb_ t h e eou n t cd n u ni. b r i n  t h · 
d c i ma l · tem.  I .  E .  1 ro. l o ff o f  H . C ' . \  ,·h o \\·ed 
how t o  c·onslrt t l 'L  a del'a d e  c·o 1 1n <'r based on 

4 
I 

I 
T 

6 
I 

8 
I 

' . 

V2 P lote, F f l  

V 4  Plate, F F2 

V6 P late, F F 3  

VS P late, F F 4  

F. B.  Grid V - 3  F F - 2  

V 4  Plate, F F - 2 

V6 Plate, F F - 3 

VB P l ate, F F - 4 
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O U T P UT 
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F i g ur e  9. General R adi o 1 242 - w e i ghted c ode s h o w i ng feedbac k and i n di c at o r  m atr i x .  S h aded a rea s 
sho w neo n - l am p  m atrix c onnecti ons. For t h i s  c o di ng a tri p l e  a dditi o n  m ust be used. T h e  l o s s  i nv o l ved 

in t h i s  additi on is m i n i m i z ed by t he us e of I N H I B I T  l am p  i n stead of a resi stor. 

pe r m u t i n g t h ' sca l e-of- · i x 1 c  •n t o  a cal  -of-ten 
a n d  at t he san1 t i me <"o n n eC't i n g  ten neon 
l a mps i n  a simple inal ri x to d i  · p l ay t he cou nt 
a.·  a dec i ma l  n u rnher.3 

FigurP 7 · hows t h< doublc-frcd l  ac-k .·y. t 'm 
of U rosd o ff .  It  i . ·  H1P Hvst  m 1 110. ·t commo n l v  
1 1 :-;<•c l i 1 1  mod ern cou n t e�s bero use thP trm-la 111]J 
1 1 1utri:r i.-: thp ::;i111 ple-'il . T h  genera l  seq uen ce of 
t hi .- eod i n g  S,\'H lcn1 hmi a l read,\· been d esc1·i l wd ,  
a n d  t he weak ness a 1 1 a l,\'7:ed . T h e  po.·s i h i l i t y  o f  
fa i l u re i .  shown c · l ea rl ,\' i n  t h  . · c i l l ogrnm.- o r  
Fig;m·<' 8 .  

The Ri ngle-feedhu<"k ·yH t em w h ich G ro. d ff 
. ugg st 'd doc. n t h ave t h i, b ui l t- i n  ha,.;ard .  
r t :-;  o pcrat i o n  h as been p n�viow;ly d e  ·crihcd a n d  
t he sys t em i .  shO\\' l l  i n  Figure n .  1 11 t h i.- y · t ('IU 
t h(• <·ou n t  p ro< '('E' l:.; norma l l y  up to the ei g h t h  
p u l se. T h e  0- 1 t ran.-i t ion o f  t h e  fou rt h  f l ip-flop 
t l wn rC:'sP t s  l io t h  t h e .·<'c·o m l  and t h i rd fli p- Aops 
. i n rn l t au eousJy to 1 t' l i m i n a t i n g  t h  6 SC'al <'-of­
si '\ t <'C l l  l > i nary states t o  1 3  w i t h o u t  ni t i < ' a l  
t i n1 i t 1 g .  T h e  q ues t ion i m med i a te!,\' a risPs, w h ,\· 
h : u � n ' t  t h is more n' l i a h l ' cod ' h • 'n 1 ·ctl ra t h er 
t b a n  t lw C'ommon on ·. 'I he' a n s w e r  I i e. ·  i n  t h  ' 
i n d i ca t o r- la m p  mat ri x w h i C ' h  n-c . hal l u o w 
dis< 'u .  s. 800 I, i gu r l 0, w here th i cod i n g  sy. tcm 
i s  s ho w n  i n  operat i o n  a t  50 kc" 

H _ t' fcr aga i n  to F i g; n r< '  7 . . \ ssu n1c that a gi ven 
J H'On l a rn1 in t he i n d icat o r  w i l J  i n i ze n l y  \\'h 11 
i t  i:-; c·on11 etc l f ro m  t he p t n ti a l  o f  a n  off 
fl ip-Aop plat e t o  t ha t  of an o n  plate.  ::\ o w ,  fo r 
e x a m p l e ,  t a ke the> d c i m u l n u m b  r 1 .  T h e  1 
l a mp i conn ected from t h e  plate of V2, w h i  · h  

i .  off (s t a t e  l )  v i a  t \\'O rcsist on;; t o  p l a t e ·:-; o f  \'4 
and \ 8 \\· h ic h a re 0 1 1  (st at e 0 ) .  Thus t l w l l am p  
w i l l  l ie o n .  T h esP · t a t C's i n  F P2 a n d  F l• 4 a r  
u n i q ue t o  the d igi 1 s 0 a n d  l i n  1 h i Fi  C'od i ug 
. ·y.-t crn . I n  a l l  ot her a l l O \\'Cc l .- t a l cs ei t her 0 1 1 <' o r  
t he o t lwr f l i p- f l o p  i .- i n  .- t n t e  1 and t h e  voltage 
at t h  n on l a m . p  i:,; L �  t lw on-p la t e  v o l t ag;c 
w h i C' h is n o t  s u ffi c i e n t  t o  l i g h t  i t. L i k ewi se, a l l  
.- h aded . t a t ' c ·omhi 1 1 a t i o n.· i n  Figu re 7 a rC' 
u n iq u e• t o  co rrc.-pon d i 1 1 g  dt•c · i ma l  n u m ber,-. l'\ o t e  
i ha t  "·lwtlwr t he 0 or 1 he 1 l a mp i.- l i {!; h ted 

lcpP 1 1 d  0 1 1 1.v u po u  t he .- t a t <' o f  t h e fis. , A . i p-fl o p .  
Tlw I i 1" t  A i p-flo p a l ways dctPrmi ncs \\· h l ' thcr 
t he even or odd la m p  of a .-cl cC ' t ed p a i r w i l l  l i f,!; h t . 
I 1 1 t h ir-; •-.;am.pit> t h  'r fon', t lw t ,\' J )( '  of .s i m pl t •  
re:->i. t r n1at 1· ix s h o \\' n "·i l l  u 1 1 ai n b i g 1 1 o u .- l y  <-o n­
t ro l  t h e la m ps.  ::\ o "" l oo k  at  Figu n '  n. ::\ o t c  
1 h a t  .\· O · 1 1 C ' h  c ·o1nl > i n a t i o 1 1  f t w o  u n i q 1 1 c •  s l a t er-; 
c x i. I s  fo r caC'h p a i r  o f  dC'e i mn l  m n n l w rs. I n  
order t o  get an 1 1 1 1 a n 1 higuou. co1nhi n a  1 i o n ,  we 
must <"om h i n e  a t  l c•art on e{' t he s t a t  s of t h r ' C 
of t h e fli1 -flops . Tlw ( � c i w rn l H a d io ( 'Ot t n t i n �  
d t•<·uc l c  use. t h  c ·o1n l > i 1 1 a t i o 1 1  . .- h o w n  s h a c l ed .  I 1  
wou l d  h e  po · · i b l {' to < 'On t i n u e  t o  u.-c u .  r .-is t o r  
mat ri x  w i t h  n t h rcP-rcsi. t o 1· add i t  i o n  t o  C'OH trol 
t h e l i gh t i ng; o f  t h e si x-seven l :unp pa i r, hu t t he 
J os.- i n . u c h  a resis t i ve ad dc>r,  w hen e o u p l  d \\' i l h  
tlw fixed i o 1 1 i 7: a t i o 1 1-c lci  n i z n t  i o n  v J t n ge-i 1 1 < - r<'­
mt•n t req u i ren1l' n t s of neon J a n1ps, wou l d  ea l l  
fo r 1 1  u econmnica l l ,\' l a r<rp fl i p-flop pl a t e> F; w i  1 1  g . .  
\\' have <l :.vclopcd n m�1.t ri x sy t m rcq u i ri nµ; 
t he .';a 11 1 e  i l n t e  R w i n gs as a n o rma l dcca c l< ·  1 ,y 
add i n g  o n e  n eo n  l a m p  t o  t h e mat r i "  t o  p r< 'VC ' 1 1 t  

F F - 1 

F F - 2  

F F - 3  

F F - 4  

F i gure 1 0. T yp i ca l  w a veforms f o r  t h e  
fl i p - fl o ps i n  t h e  General R e1 di o 1 2 42 

c o de of p l e1 te s .  
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f i g ure 1 1 . G e n er a l R a d i o  1 0 - M c  D e c a d e .  

t h e  i n i za ion of t he i x- even lamp d u ri n g 
h . tat 8-9.12 n o n  l a m p  co t l i t t le more 

than a r i tor o we have th r liable code -
and at a l most no in reas in ·osl .  

T e n - M e g a c y c l e  D e c a d e  

Up t o  t h i  .. poi n t  we have d i  c u · c l  d ea l -
de. · ign pri nc ip les w i t h  no refe rence t o  t he rat 
or cou n t i ng . L3 Beyond a certa i n  maxi1nu 1n i n p ut ­
pu l �c rn.t , howe ve1· t he fl i p- flop ,,· i l l  fa i l  to 
. witch b 'Ca u s of i n  u ffi cien t t i me for c·apaci­
tanc u,, ·oci a t ed w i t h  th i rc u i t  · to c h a rge 
or d i. c h arge . 

Prac t iea. l vac u u 1n-t u he cou n t i n O'  c i r u i t  i n­
vo l v i ng fl i p- flops "'·h ose p l at e c u 1-r n t  o p  rat e  
neon- l a m p i n d icat ors d i rect ly must h a v ' p l a t  

wings cxecedi n g  1 00 vol t s .  A, t h e  cou n t . i n g 
r· t e  i n c · r·ea::;cs, t h e A i p-flop i m peda nce l ve l 
mu t h d c- rca. · -. l i n  order to p ed t he e h a rg 
and d ischarg" f c i rc-ui t  cap:Lcitt nC'" .  V\T i t h 
fi xed vol ta,gP r p r i r  'ffi "n t , t he pO'vYCr i n pu t 
m ust rise d i rect ly w i t h  t his l ec rea in g i m­
pedance. A prac t ical power L i m i t  i. r ucl ee l t l. t  
eo un t i n g rate o f  abo u t  1 l\ 1 c  for t he con ven­
t i  n · l de<"adc." of F ign re 7 and .) . 

I n  t he de .. ign of a decade to op rate at 
] 0 :\fr,  a ' t 1·ai�ht r duct ion of 1 0  to 1 in c i rc u i t 
i m p  la nc-e level and p l at c� vo l t age swi ng." w i l l  
not yic• L c l  a p ru. ct icn, l , stable and r l i a ble ei reu i t . 
\;'\r i t h  co1 1 ven t ional  c - ircuit. at  t h i .  fr-q ueney 
t h e  d e  c ri t eri a fo r  re l i ab l e fl i p- fl o p  de. i n ean r t 
be met , even wi t h  t he best f rame-gri d t u b  . 
avai lable t.od a:v. The reasons are si mple . To 
meet o u r  r<'q u i re1ne n t s  "·e n1ust  0 1 1erdr fre t he 
tu bes o t ha t  t h e o ff' t u  be w i l l  rem a i n  off u n c l e r  
\\"( rst t u be-ai:i; i ng a n c t  con1ponen t -variat ion 
cond i t ion. . Thi .  v rd riv" vol t  a g  mu. t b 
a vai lable a t  t he grid . i d e  f th < :r  . · -c u pl i 1 1g 
net work w h i c h  nonnal l) h a. a vo l t ._ gc l o  of 
� to % .  T hese de. i crn requ i remen t. cal l  for 
l arger plate-vol tarrc s w i ngs t ha n  can be I ro­
d ueed w i t h i n  t h e  power rat i ng. of v u t h "  
h st modern t nl >es . 

\Ye have l v l o ped a fl i p-flop,  bas d on t h  
c u rrc•n t-. o u rcc c o u 1  l i 1 1g ·ys t c m  desc ribed i n  
t h e . ect i n 01 1 i n p u t  c i r nits .  i n  wh i (· h t h e noss­
coup l i ng los. ha h n l i mi n a t  d . 7  Onl�· Y2 t 
Vs of t l w p l a t . v.- i n g  of a n rma ] c i rc u i t  i 
req u i red,  w i th a p roportional a,v i n g  i n  h e  
power req ui red . \!\Tith a con vcn t iona] cir c u i t  
t he t wo-t o-on e  tube-ru n down c ri t Pria can he 
met a t  i m pf'da.nce l e vels approp riat e t o  5- :\ f c  
re ·ol u t io n ,  wit h t h  u n it.�' cou p l i n u;  t ech n i q u  
t h  . n m ' t u  h e  d i  i [  t ion w i l l  yi I d  a t  1 5- :\T 
c i rc u i t .  

I t  i not u ffic ienl ,  h owev e r, t o  c l e." i rrn a fl i p­
flop c i rc 1 i t  m et i n g  t h e h xed de rc- l iabi l i  t �­
cri t cria a n d  \\'i ch i ng a t  a s u ffie ien t l >' fa t ra t e .  
T h i s  c i rcu i t m u .  t n \,. h c l  · ign c l  i n t o  a dccad � -

Rel iab le  fl i p- flop ci rc u i t. in w h i C' h t h  · u t o ff 
t 1 1 b  h a, ·  a l a rge exce · ' bi as vol age req u i re l a rge 
t rigg ring vol t age." :i.nd, "· i th t he fin i t  r i  "-

i m ' of t h e  tdggering vol t age, n c c u m u l a t  mo r<' 
ti m dela)' bet ween l he appl icat ion o f  t h  
trigg"r and t he act ual  · t agc- · wi t e h i n rr ac tion 
t h an the m.or ' conve n t ional  d signs. Vario u  · 
. pecia l designs h a v e  b en s u ggest ed fo r  h i gh­
spcPd decades . lo  All  of t h cs for m  have been 
a na lyzed and t he con fig1 1 r: 1t ion . h wn i n  Figu re 
1 1  wa ado p t ed n. t he op t i m u m . t n t < " t u r  from 
th . tu ndpoi nt  o f  t i me del ay .6  

The I c-ude USC.' a ga t e  between t he fi r, t an l 
s <' nd fl i 1  -ft p.' . Thi.  gat e i s  ope rat ed at the 
cou n t  of t o  preven t eou n t  I o .  1 0  from s tt i n g 
V F2 t o  st a t e  1 .  F' F-1- is r '.'ld t o  t h e 0 , tat c  bv 
t he t en t h pu ls< ' n n d  i . .  u . t h  cany 0 1 1 t p u t .  

· 

The t i m  -de l ay req u i rem ('n t .  i n  h i  y t - m 
a ,r  c a  .. i l)-' e x p l a i ned . Fo r p roper P<"ration t h  
ga t e  m ust l w  closed u,t t h € cou n t  o f  1 0. I t  i .  
ope ra t c l  by F F4 at t he cou n t  o f  a n d  , o t he 
t o t  a l  l oop d lay i n  d u d i n g  t he gat e rise t i m t o  
t h e' do. ed cond i t i  n m us t be le. s t h a n  t wo 
cou 1 1 1  s at t h(' max i m u m. i n pu t freq ucnc-.y (0 . 2 
µ."CC' a l  1 0 I c  . T h  ga,t mu t a gai n h • open 
and read)' t o  pass n ca rry p u l .  fo r F F2 at­
('O u n t  2 .  Si nc·C '  l he fou r t h fl i p- flop i. re. <'t 
d i red l y  fro m F F l , it i." c l ear t ha t  t he < ' l . i n g  
t i 1nc-dclay l i m i t s.  Even w i t h o u r  rel iable a n d  

.. t i ff  ' fl i 1 -flops, t lw t ot al Loop delay doc." n o t  
a p p r  a e h  t h  0 . 2-µ."C<' fa i h u ·c figu re .  

='J o t c t ha t  t h  g·i i n g  ')»'tem of' 1 h i · decade 
lea ve. · t h e  S<"<' n d  fl i p- flop i n  . t a  0 f r t hf' 
co u n t .· a n d  9 .  \iVc t hc•rcfor ' , I �l.v ·:i p n r  
bina rv p rogres. i o n  wi't h '"'<" igh t i n g 1 -2-4- . 

i n c<· a n v  1 0- '.\ I c  resol u t io n  decade n1u!'\t h a ,·e 
sma l l  pl;t t c  . wi ngs,  a ."Ct of b u ffer a 1npl i ficri;: 
m u .- t  he used to d ri e the i nd icator.  'I h cse 
amp l i fier a rc d ri ven b�r t he 1 0- l\ fr deca d e  
pbt t h rough a. r<' i · tor m a  rix  w h ic h c h n , 1 1 �C'!" 
t h e co l t o  l -2-4-2 ,,. ighting o t hat t he bn ffer 
out put. i . '  i d  "n t.i ca l wi t h  t h  o u t pu t  of t he l owC'r­
spee< l dC'cades .  

12 French I atPnt l , 2.J 0 , 3GO, l ' .  , ' .  Patent pending.  
i:1z . n.  �- and N .  T.  Grisamore , " H � i gh . peed F'l i p- I· l ops fu r  
t h e  ?. l i l l i m i  roseco nd Region," I R E Trf/ns 'rdion .• o n  E1e(·­
l ronic o m p uters. � - ·'>, 3 . . : ptcmbcr. HJ.- u .  p. l 2 1 .  

A n  excellent survey of t Le prob l e m s  c::tn be fo1 1 nd i n  E .  
:\ [ .  ViT i l l i a m .  D. F .  A l dri c h .  a n d  .J . H .  \'>'oodfo rd , · · �peed of 
Elect ronic  . witch i n� Circuit ,. ,"  Prn('. of I R  8. YOL :3s .  
1 p .  (l ;)-f\9, Ja nuary, 1 950. 
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COUNTING DECADE 

OUTPUT 

I N PUT 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Js���� - - - - - - - - - - - - - - - - -
M A 1 N  GATE 

COUNTINGf..-- CLOSED -=!dcouN T I N G  

L_j 2 50 u see D E L AY 

Figure 1 2 . C o u n ting a nd s t o r a ge decades f o r  t h e T y pe 1 1 30 - A .  

C o m bi n a ti o n  C o untin g - Storage D e c a de 
a n d Storage S ystem 

.\ d cl' i m: d  eo u n l i J 1g u u i t  ' n t i re ly u n i q n t 1  t o  
t he TY PB l 1 30-.\ D igi t a l T i m  an < l FrC'q ucn c-y 
:'\ l e t c r  iH  sho\Yn i 1 1  Figu re 1 2. Tlw u n i i a c ·  1n­
h i 1 1 a t i o n  d< cn dc w h iC 'h  < 'an eit h •r  · un t i n  t h  
u o n n a l  fa::; h i o n  'l l frcqu ' t W i t'8 i n  c x ccRs o f  20 k c · 

r, a l t c rn a l  i v<• ly , w h iC 'h c a n  s t  r b i n ary da l � 
a n d  p n•st· 1 1 t i t  �v a dcein11 1 L  1 1 u n1bcr wh 1 1  t h e ·  
da t a arc n'ad i n  from o t h e r  �encral U adio 
:::; t:\ n_d a rd 1 -2-4-2 cod eel  dt'l ' ima l  C ' O l l l l  t i n g u n i t .  . 

" h  •n t hC' ·ou n t e r iH 1 1 . ·p I for c· n t i n uous c lif.;­
p l a ;-· o f' i n fo rmat ion, the e i g h t  c k u '  · arc bro k  •u 
� 1 1 t o t \\°O y;rot r l J8 o r  fou r  l'ac h .  T h i  is don e by 
1 1 t l e r n 1 p l rn g;  t llC' < ' : t rry J u l.· b l wC'cn t h e fo urth 
and t he fi ft h c k u 'H .  (Th i.' fifth <lc·u i · t h e first 
c · o m b i n a t i o l l  u n i t . )  Tlw t i m i n  r d iagram of 
Fiµ;u re 1 2  show.· t lw . ·cq u • 1 1 1 "  of •vcn t a fter a 
co u n l i ng i n t  C'rvn l .  'I his s q ucn c·c i,' i n i t i a t e  l I y 
t l w c losi n µ;  o f  t h e mai n ga ( a n d  n < lec l 1 000 µSec 
( ; t  t c r when t h e l c imal <'OU 1 1 t i n g  u n i t s  arc re ·et 
l o  zero.  

D w·i n µ;  t h is t i m  • i n t erva l : 
l .  Tb e H t oragc 1 rn i t 8  a re set t o  z ro, • ra i n g 

t h  o l ll dat : 1  from t h e l ai:-; t  c •o t m t i n g i n t erva l .  
2 .  A f t er a .  1 00-µ . cc i n t erva l to i n . ·u r ' tha t h<' 

• ! or: 1ge u n i t . ::i r ' a t  •q u i l ibri u m ,  
3 .  . t i-an�f r · u n 1 n1and p u l se is  gcnera kd o n  

t h �· '_' I ra n · fer ' bus 
.
l a,· t i n g  for 500 µsec. D u r i ng 

t 1� 1s  m l  rva l ,  <l l l .  I H n a .ry l i n  a c t m t i n g  decade 
\\"J l l _ e a �isc t h e t ra m; ['  r L a m p ( \  ! )  t h rou rrh 1 2) 
t o  1 o n 1 ze .  The re u l t i n g pu l ·c w i l l  set the 
cq u i v a l 0 n t  t o rag · f l i p-flop t o  t h  1 s t a t e . 

-!. l -o µs c a ft r t h e t rm i nat ion of the 
t ra n. · fcr eon1 m a n d ,  t he den'  a rc re ·ct to zero 
a.nd t he nc\\· cou n t i ng cycl C' can b tart c l .  

\\" h en t hey io1 1 i z  , t h e n ·on lamps t h  mselv 

p rovide p ulse · v1·hiuh tran fer < lata t o  
n g  u n i t s ,  o t h at t h  i o l at i ng r 
i he eo u n t i n g  a n d  t o rag u n i t  can have v e r  
h ig h  va J u • . i n ce t h  o e  n l am ,,_.h n noL �onized, have v e r  sn1all ·apaci ta;n c  : t h  co u n t­
rng a n d  t o  rage u n i  ts operat e i n  I I nd n t ly 
and n o  com p l e x w i t c h ing i · r q u i r  d .  

.\ t t he neo n-l am p  j u nc t i o 1 1 . , t he J ic i:i l  0 ancl 
l Pvcl. · from t h e coun ting d c·  I prnvide ±50 

olt acr th l u l b  "" h i c h  i s  not to ionize a n d  
1 50 vo l t · aero . .  t b  J u.mp \Vh i h m u  t ion i zc fo r 
a 1 t ran f r .  These level  i n . u re hat u 1 1  • lc(•t d 
n eon l a m p. ·  ca n be us 'd \Vi t h  no d a n ger of faJ  ·e 
t r:ansft • r  o r  fai l u re t o  1ran. fe r .  'V hav p ro­
vided a cmn p l  x ,  a n < l  h • ret for u n ob t ai n abl 
fu n c t ion in t h e  com b i n a t i o n  con n t i ng stora •r� 
decad e, hy usi n g o n l y  fou r i n  x pensi vP n ,;;n 
l amp · ,  eiO'h t resist o rs, a n d  eigh ·apaci o rs .  

Progr a m 

Figu r 1 3  i . ·  a. l l oc k  diagram of t, he p r  gra m-
o n t ro J  s · t  m 1sed i n  t h  G ou n t er .  

L e t  u .  a u m  t h a t  t he s q uence b tri n w i t h  
a reset p ulse from t h e  Reset en erat or . T h  
re. ·e p u lse sets a. l l t he Dec i m a l - o u n t i n g  1 1 i ts 
an<l  t h e Prognun- o n t r  L ecade t o zero and 
s t -·  t he lVIai n O a t  F l i p- Fl op a nd t he Progra m 
Cat e F l i p- Fl p to z ro ,  1 sing he i\ Ia i n . a t  
the Program a t e ,  t h  · i d at and th� 
T i me ( � a t e. i nc t he Time Gate i c ld. d ,  c l o k 
p u l  es from t h e Time Ba. e canno activate the 
:\ I a i n  G ate FJ i p-Fl p and t he trigge r pul e 
fr m th  I n pu t i r c u i ts ca n n o  en t r t h e  
D c i ma.l ounting n its . 

11Patcnt Pcndin�. 
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1 5  

T h  re. et p u lse a l  o t ri gger h e  R eset Del:1  
.en ra t o r , w h id1 produce a p L L l sc -l-00 µseC '  

l a t  r an d s t the Prorrram G a t e  I •  l i p- F l p t 

t h e  " ] " st ate, open i ng the P rogrrun • t an I 
part i a l l y  con l l et i ng t h  D i  d 0  C : ak. T he T i nw 
Gate i st i l l  e los d b u t  p u l .·cs from t h  Tim 
ba. ·e ca n pas. · t o  t h e  P rogram- �ontrol DeC'ad c .  
T h  fi r · t  Ti me- Ba, ' p u l  · ad · u H"es t lw t a t e  of 

h dec·ad to " l " , w h ic h  com p l Pt e. ·  t he Di 
G a t , and cause th , Tim , ; tite t p n .  rrh c  
n e x1 T i me- Ba p ull ' ,  t h e . ·  c o n d ,  pa . ci:; 
t h rough th T i m Uat ' a n d  C 'O m p l c m  'ff L  · t h �  

:\ l a i n  Gat€ F l i p - F l o p  t o  ' l ", w h i c h  01 e n s  t h e  
M a i n  G n tc and a l low, p u l ses from t h e  I n t u t  

' i r  u i L- t o  en t er t h  Dec i m a l - _,ou n t i n g � n i t . . 
The se< 'ond Ti me- Base p u ts ' al.· advtl . n < 'c. ·  t h e  

t a t e  of t h ' P r  grnm-C n t ro l  Dccack t o  ' 2 " 
whic-h d i st 1hl  . · t h e  Diod · G a t e. ·  an I cl . c. · 1 h e  
T i m e  ( htt ::-;o t h a the fol l o w i ng T i mc- l hsc 
p u l .·es e a n n o  do.- , t he l\fain  ( . a t e . The >. J n i n  
Cl n. t ' rc'mai ns open w h i l e  t i c T i m - Ba. ' p 1 1 L·0. · 
co n t i n ue to ad anc t he .· t at o f  the P rog ram-

'o n t rol  D < 'a I . '\V h c n  th c lec ·ad c rc'a C ' h e. · ' 1 "  
agai n ,  t he Diode G a t e  i .  aga i n  e n a b l  ,< l a n d t he 
Ti nw C i a t c  i. open d ,  a l l o w i ng t he 1 w x t  T i mc­
BaR , p 1 1 l  , Lh "l ven t h ,  t o  pa ·s t h rough �1nd 
compleme n t  t h  l\ T a i n  C : a t c  Fl i p- Flo p t o  O, " 
d o. · i n g  t h o :\ l ai n  Cat . Pul cs from t h  I n p u t  

' i rc· u i t  h a  ] )('en a l l  wed t pt1.·s t h rough t he 
� a i n  C a t  i n t o t h  De< ' i m al  Cou 1 1 t i n g  n i t fo r 
cxad l y  t e n  T i me- Base p 1 1 l s ' i n t ervaL· .  

T h l' < ' l o  i ng o f  the :\ 1 a i n  G a,t c a L  t h e e n d  the IYH .�asu rem n t  i n t r v a l  ck t he Pr gram" 
U a ! C' F l i p- Fl o p to ' O " and l c+. ut t lw P ro ­
gra m (h1t  , D i od , n,t  ', a n d  Ti me C at e  o t h a t  
t h e '  D ( ' i rn.nl-C u r  t i ng n i t, ·  C 'an d is play t h , i r  
a,c · c · u m u l a t ed c-ou n L  1 f  t h e I n t enni tt e n t  d is p l ay 
mod< i R  u eel ,  t h ,  :\Iain h,t e  do · i ng n L·o t rig-

M A Y ,  1 9 6 1  

gcrs t h e Di.- play- l n t  1-va l GenNa t o r .  A t  t lw 
E n  l f 1.1 . c ksi red 0 .  1 - t o  1 0- 'C'C'Oll I di::;pb:-· t i nw 
t h  H csd Gen ' m t or i, t ri ggPrcd p rod u e i n l,!: : i  
rrn;;c t  p u l se w h i e h  begi n · t l i c  e::-'c ] p  a ga i n . 

I f  t h e Con t i n u ou.·  d i sp l n :-· m d0 i� u:-;ed , t h e 
Display I n t erva l i s  d i:-;nl  l c>d a n d  t h e :\ l a i n  l : ; 1 t e  
clos i n g t riggN. t. he T ra rn.; fp r  U n i t .  T h i. u n i t  
ca 1 1 .· �.- t he co u 1 1 t  : teemn 1 1 l a. t ed i n  t h e fo l l r  < ·o u n t ­
i n  g t i c -C 'ad C'S t o  hC' trnu sfC:'lTC'd t o  t h e f O l l  r Stora ge 
dcc · : lde .. · .  A ft •r n, 1 -IYtscc· i n t r a l ,  g;c1w r:1 t ed by 
t h t•  Tra nsfer Dc'l :ty,  t h  T CHC'l ( ; e n P r: 1 t o r  is 
t ri ggered a n  l t h  C ':Vf"k h g i n s  a ga i n .  T h  
m<': I .  u rt ' nH n t  C ' y ( ' l c.' c · :rn be , · t op p < ' i a n d  s t : t r t cd 
aga i n  at n n y  poi n t  by l h  :.\ fu n 1 1a l H c·sC' t , w h ich 
i . ·  c -o n t rol lc>c l I y t h<' fro n t -p:u a• l  H t''"1C:'1 ;.; w i tc h .  

For 1 0- Pcriod mcasu n•nw n t s , 1 h  · ro le-::; o r  t h  
I n p n t  i rc u i t· a n d Ti m ' Base : 1 n' rC 'versed so 
t h a t t h<' l\ I ai n  ( ; a t <' r0ma i 1 1 s  opt ' n f r t <' n  i n p u t  
i n t ' r v :. d .  w h i l e ·  T i mP- Ba. ·c p u l se's : n  n'gist c • rcd 
i n  t h C' DN· i m a l-C'ou n t i ng F n i t s .  

The 1 1 .·p of the Pr gra m- C 'on ! r  I T  0c·a c l e  i n  
t h e s�·s t eril provide. '  t h r0c a c l vnn t n g0;.; : 

1 .  To o l  t a i n  a 1 0-sl'eo n d  m n.f' l l n ' mPn t i n t er­
vn l t he l o wc. 1 . · p<' d 'ri m '- BasC'  d i v i d e > r  o r wrn t  
n , t  1 c ps n 1 t hcr t h a. n  0. 1 c ps .  

2 .  TC'n - P  •riod n·was1 l T'eme> n t s  a n ' :vi ) _,. n1: 1 c lc.  

3.  The d0:u l t i mC' l w t ,,·ccn ll1<':l R l l  l'l' mcn ts  i � 
dc·cTcasc•d to l wo-l n t  hs o f  a rnca:·n t n'nl 'l l t  
i n t e rva l .  

For . · i  1 1 glc-1wriod :tn c l  t i nw-i n 1 C' rva l nw:1s1 irc­
n1 'I l l s , t h e P roo-ra m c : a t C' ,  Progra 1n- o n t ro l  
DeC"adc,  and Diode C : at e : l l' <  rc mov0d f r  m t h  

�·st em a n< l  t he Tinw C a t e  opC'ra l c s u nd c· r t h  
<l irce t eon trol o f  t he Progrn m. l i : 1 t e  F l i p- F l o p  
or t h e I n p u t C ' i 1·c 1 1 i t s .  T l w  �)-s t t • m  e fl i < - i t>n e.'· i 
t hen red uc(' l t - o c  c a 1 neas1 1 r< >n1Pnt ht i n g  
n1:td ' d u ri n g  VC'ry o t h e r  i n t c>rv a l : 1 t  I '::i t . 

Fig u re 1 3. Block d i a g r a m of t h e  D i g i t a l  T i me a n d  Freq u enc y Meter 
f o r  freq uen c y  a n d  1 0-period measu rement. 
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T I M E  BAS E 

D r i v e  S o u rc e s  

'I h c  i i rnc ha:-; of t h e  T' Y P E  1 1 30-A 

o u n t r i. · d :-; i o-ned t o  op ra t e  from. a 

5- 1 . · o u rC'e.  To s u i  a "- i d e  vari · t v  of 

r q u i re1n n t. fSeveral d ri \· :-;ourc , ·  a r  

ava i l a b l (' a s  opt i o n a l u n i ts w h i  · h  can be 

p l nggc l i n to t h  rea r of t he C 'O u n t  r .  'I h e  

'T'yp 1..; l 1 30- P2 0:-;c i l l a t o r  / 1 u l t i p l icr u l ­

l oy\·s opera t i o n  from. _ · t cr n a l  :-;o ur ·es of 

l 0 k C' ,  1 l\/fr, o r  5 1\i i c ,  or fr01 n  a n  i n ­

t e r n a l  5 - 1 c  os(' i l l at o r .  Th i n t  r n a l ­

o:-; i l la t or c i r  ' u i t  uHc. · a r o  rn-t  n1pera­

t u re q uart z e ryst a l  of c.-c· p t i on a l  · h a r­

<H' t r ist i c :-; 15 w i t h  a :-;hori -t rm. , · ttt b i l i  t y  
of :.thou t l / 1 0 8 p r r n i n u t e  a n d  a n  agi n g  

l " t c  o f  a bo 1 t  2 / 1 07 p r  ,,· c k .  T'h 

m u l t i p l i  'l' c i rc u i t  us :-.; n o vel  t c h n i q uc. 

l v e l  p d e:-:;pec - i a l ly for t h i s app l i  ·a­

t i on . 16 
Th TYPE l l 30-P3 OsC ' il l a t o r  cou­

t a, i n .  · t h m.;c i l la t or port i u of t h  ' 1 Y P 1�  

l 1 30- P2 O. ·c i l la t or / 1I u l i  i p l i  r n d  i. 
1 ·  < ·o m n1 nd d for t hos app J ic� t i o n .  

w h  r a r t -p r-m. i l l i o n  t c c u racy i s  R u f-
fi c i en t . 

The 'T'Y P J:<J  1 1 30- P-t Preei�i  n O. T i l l n t or 
i ;-;  a so l i d-st a t e  d e v i C'C eon t a i n i n g  a 5- I c  

f u n diun n t a.1-rnod c ry. · t al . Th e e r  s t  a l  

a n d  t he osc i l l a t o r c i rc u i t  are e n c lo.-cd i n  
· 1  proport i o n a l -('o n t ro l  o ve n . T h i s  os · i l ­

l at or d i :-:;p l ays a . ·h ort -tcnn .·t ab i l i t  o f  

ah n l / 1 09 p e r  n1 i n u t c  a u d  a n  ao-i n o­

ra t e  of a bo u t  5 / 1 0 · per w 0e k .  'I' h e  t i me­

haHc d ri ,-e so u rce:-; n1cn t i on d w i l l  l 
deser i hcd i n  f u rt her det a i l  i n  a fort h ­

com i n g  i s. · u  of t h  Experim enler. 
I f  x t rem p reci .  · i o n  i:-; req n i r  d t h  

c ·ot m t er c ·a1 1  be operat d from a s t a n dard 

freq neucy o. ·c i l l a t o r  such a "  t h  T Y P E  

1 1 1 3- A ,  1 7  1 1 si 1 g a T Y P E  1 1 30- P l  T i m.  -

Ba:-;e l -n i t  o r  a n y  of t h e  o n es n1 n t i o n  d 
a hoYe. 

, ., H .  \Y. Fr n k .  H .  P. S t rateme:ver,  ".-\ T i m ('/Fr q u  ·n ;.· 
Ca librator o f  T 1 1 1 pro\"('d Stabi l i t y , "  G 1 1  ro l H11dio 
E.,.peri ,,,,,11/tT. ( >etob('r. l !):;()_ 

Ti m e - Base D i v id e r s  

The d i '  i d  r · i r  · u i t "  · r of t h  pro \· n 
n1. u l ti v i brator t pe. Th low-fr q u -n · 
<l i v i d r" u · h i o·h-va l u  d p l a t  -l oad r -

s i:-;t on; to i n sur " ha rd bot - n1. i n g  a n d  
1 n u u m 1 z  t h  e ff  · t  o f  variatio n . ·  i n  tub 
c h aract eri:· t i  s.1· The h i gh-fr q u e n cy 5-
:;\, c t o  1-1\/[c m.u l t i v i b ra t  r u .  s a frmn -
grjd d o u b l e  t ri ode i n  a c i r  i i t  ,,- 11 � t a-
h i l i z  d by · u rren t  fe dba k . 15 1 00 

rn c r  a. ' i n  t h  p l ·  re:-: i .  ·tan ·e cau.  e. 
o n ly a 5 c h a n ge i n  t h e  fre -ru n n i ng 

fr q ue n c  of t he rn. n l t i v i brat or. . B -
catve of t h  cxc p t i  n a l  . · t abi l i t  of t h  . ·e 
C' i n · u i  t i"i , u o  p riod i c ·  adj u�trneu L' are 

r q u i r  d .  

Ti m e - Base M o n it o r  

I f  t h  5 - lf c t i n1e-bas d r i  .- ign a l  i ,  

ab. ·el l t h e  < l i v i d  r hai n w i l l  op rat at 

a fr q uen ·y rror of a bo u t  5 0 .  i m i l a r l  

i f  a fai l u r  ::-;ho u l d  o c  u r  a n  w h  r i n  t h  

i i m b a  e t h  1 -cp. n n 1 l t i v i b ra t o r ,  t h  

l u:st d i  v i d  r i n  t h  c h a i n  "· i l l  b i n  e rr< J r .  

S n C ' h  a n  I T  r of o u r:-:; , "·i l l  b c 111 
o h v i o u. · if t h e c o u u  t r i, " t £01· . ·e l f-

h · k  p rat i o n . I1 ad d i t i o n  t o  t h i . , 

however a m o n i tor c i rc u i t  h as be n p ro­

\ · i d ed to i n d i  'at a n y  i r regu l ar i t y  i n  t h  
t i 1n b a  .. e .  T h  0. 5-, eco n d  h a lf  p riod f 

t h e 1 -cp.  d i \· i der i �  ·on t i n uou · l y  con1-

par d ,,- i t h  · 0 . 5-s cond i n t en·a l , \Yh i c h  

i :-;  i n d  pen d n t ly o· n rat ed b a fr 
ru n n i n o- n: u l t i v i brat r of de� ign , i m i la r  

t o  t h  d i  v i d  r C' i rc u i t s . I f  t h  j 0 . 5-s c o n d  

i n  rv" l s  cl i ff  r b n 1 o r  t ha n  1 -;{ , a pan l 

l i gh t fta h 8 t o  w a r n  t h e  opera or.  T h u .  

t h  t i rn b•u-; ' i ::;  con t in uo usly own 1:lorr>d 
z <' n  when th counter i. m aJ· ing m Pasur -

m n/. . 

U H .  T. l\1cAIPer, ".\ Nov I l\ I  t ho<l for Fr-qu n y .\ I u l t i ­
p l i cul i o n , "  Elect ronic Indu ·/l'ie . ...\ Hi;u. t ,  1 95!). 
t7 " :-\few Fr qu n cy .'tandard . "  G nerrt l Radio E:rperi­
men/e1·,  A ri l ,  l 9(H . 
' H. . \V . Fran k ,  F. D. T ,ewi".  "Th<:> T�· 1 e 1 2 1 :3- l. - n i t  
Time/Frequenc�r Ca l i b rat o r . "  Gen Prrtl Rorlio Exp ri­
m en l e r ,  June, 1 !)56. 
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1 7  M A Y ,  1 9 6 1  

M ECHANICAL D E S C R I PTI O N  

T h  TYPE l 1 30-A D igj t al Ti m a n d  

FrC'q l l  l H'Y 1\!Ieter h aR hecn d e. · ign d t o  

fa<'i l i t a1 e both t he <'o n . ·t ruct i o n  of t h  

i n .  · t n n n  n t a n d  t h  oeca. · ional  ma i n t -
., 1 rn n e  r q u i r  d .  AR rncnt ion ed abo,-e 

C'\·cry \·a · u n 1T1-t u be c i rc u i t rn o n  an 

a. · i l r moya b l t c h  d-c i rC ' u it boa rd 
p l u go· 'd i n t o t h  m a i n :-; t r u  · t u r  . 'I'h 

m a i n  st rnct u rc is n r ugged fram - ,,·o r k  of 

(·ast ttl 1 l m ac h i n ed a l u m i n u m ,  C'on 1 a i n ­

i n µ;  t h  pow er t ra rn;;;for mcr, . ·om of t h  

powcr-. · 1 1 p p l:v l ' C ' < ' i i f i e r:-; t W < l  fi l t  r ca­

l a< ' i h m·;,  i u t er ·on n ec t i o n cab l es ph ws, 
a n d  soc · k  ' t s, . · o r n  c ·o m p n n t  t l'm i u al 
hoards , n n d  t h e  fro n t  pan I w i t h i t  . 

. \\· i t.c h "S a n d s \\' i t  c h  C ' i rc u i t :s . Fron t ­

p a n  1 s\\' i t C " h s ( ·ou p l <- 'L u t o m a tica l l y t o 

. \Y i t < -h s o n  t h e  t c · h  1 boards '" i t h ou t  

se1 -sc l'C' \Y:-; o r C' r i t  i en l  n l i o - n rn en t .  Eac h 

e t  c · l wd hoa n l  i :-;  :-;ec· u r  • ly f::.vteu d i 1 1  t b e  
i 1 1 :-; t r u r n  n t  b y  r n ea n s  of a s i n O' l .·C ' re w .  

T i m C'- Ba. ·e  d r i \· e u n i t :-;  p l t w  i n t o  t h e rea r 

of 1 h i n s1T n m  n t  a n d  n rc h e l d  by h\·o 
pa n l s(· l' ,,· s .  

Q u iet forC 'C'd-a i r  coo l i n g i s  us < l  to h o l d 

t h e  i n t el 'nal  t em p  ra t n rc ri:-;e t o  aho u t  

F i gure 1 4  .. I nterior view of the T y p e  1 1 30 - A  
Digital T i m e  and Frequency M eter. N ote t h at t h e  
etched - circuit boards ( so me show n partiall y  

withdra w n )  are readil y ac c essi b l e. 

1 5  C a ho ,-e t h x t C'rn a l  a m h ien t 1 m pe r­
a t n re. Th m r  fi l t er s n aps o u t  eas i l y for 

clea n i ng.  
.\.. ,- i  '" of t h e i n st rn men \Yi t h  a h i n et 

l'C'n 1 m·cd i s  :-;hm,· 1 1 i n  J1 � l tr P  1 -l- .  

TESTING TECHN I Q U ES 

Bccu n:-1e of t h  m od n l "' r c ·o n st n t c · I i o n  
of t h e Co1 m t er, i t  i . ·  poss i b l e  t o  t est cac·h 

t <-h cl hoard t ho ro ugh l .  as a u n it I C'­

forc i n stal l a t i o n  i n  t h e i n st  rum_ 1 1 t  · a n  l 
t h e  s1 ru d u rc i t :-;e l f  \\' L 1  h i t s po\\·er s n p p l .  , 
. \\' i tc h es,  a 1 1 d  C 'ornponen t s  c a n  he t C':-;i cd 

a l o n  . I n  ad c l i t. i o n 1 o  . · u hassem hly t est­

i n g ,  of c ·o 1 trse, t h C' C'Orn p l C't C' I i n . · t ru m C' n t  
i .  · . · u hj ed c<l t o  ovC' r-a l I t C's t i 1 w. 

A possi l 1 d i ffi c u l t y  c ·a w .;ed h.r t h e  
"· i d e  t o l eran c of t h P  c · i n · n i t s  t o  t u be an l 
co m prn wn t var i a t i o n  i . ·  a 1 1  i n e rease i n  t h e 

p robabi l i t y  t h at a \\' r01 1 g- \ · a l ned c ·om­

po 1 1 e 1 1 1  or ft \\' < t k  t u  he m ay go u n -

n o t i ( 'cd , . · i n cc t h e ( ' i rc u i t  may . · t i l l  fu 1 1 c­
t i o n  p roper ly . ,..ro c - m ba t  t h is poss i h i l i t :v , 
t hP c i rc u i t i-;  a rc suhj cet ed t o  n 1a rO" i na l  

t :-;{ i n g  i n  \Yh i d1 1 h . · u 1  ply a n d  :-; i gn a l 

vol t ag s arC' yn.ri C'c l o,-er ,,· i d  ran g :-; . 

The Dec i m n. l -Co n n ti n g  1 ._T n i 1 s ,  for C'X­

n ,m p l e. m w -; t  oper·1 t C' p rope rl� for a p l a t e­

. 1 1 pp l y  Yol i agC' \'a r i a t i o n  o f  ± 1 20 ,-o l t s  

uho n t  t he n om i n a l  nt l n e  of + 300 vo l t � , 
a n d  t h e  T ' i m e- Ba. ·e u 1 1 i t  n1ust op r a t  at  
htt l f  i t s  nomin·  I p l a t -. upp l y  Yol t a.g . I n  

add i t ion , e\·erv i 1 1 . - t  r 1 1 rn cn t m u st o pern 1 <' 

propPrly t o  1 1  . .  5 :\ l e .  
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G E N E R A L  R A D I O E X P E R I M E N T E R  1 8  

A C C E S S O RY E QU I PM ENT 

To il r a. th r� ng of appl icc t i m  
o f  t h - T P E  1 1 30- \ 1 i o·j i::l.l ' 1  i m n.n d  

, req l le n cy Met e r  t h  fo l lmY i n g i n :-;t ru­

m e n t s  are availa b l e : 

Type 1 1 32 - A  D ata P r i nter 

.:.\ I a n ufctC't u r d and . rv1e d by i h  

lary CorporaJ i on of � an abriel  

C a l i forn ia , n,n d :-;o l d  h T R ,  t h e  rJ' Y P E  
1 1 :32-A Data Pri n 1  e r  pro\ · i des a per­

m a n  n t p r i n  1 ed reeon l  of he resu l t . ·  of 

mca. · n r  m .n t  o n  c.1.cld i n g-mach i n  t a p  

a n d  a l l ow ,: u n, t t  n d  cl rnen.. u rcr  1 - nt � .. 
The irn. ; t nunen t an tmna.1 i ea l ly print:-; 

rows of t wc l n>-d i g i t  rn 1 mbern a t  ·1 rat e 

adj 1 1 sta h l c fro m o n e  p ri l l t n'ry t we n t y  

. f'( ·on d . ·  t o t h r p r i n t . ·  p - r  . ·eeo n d .  E ight 

of the t wc>h· d ig i t .· re o l  t u,i n ed d i r  c t l y  

fr01n t he o t m t er a n d  t h  o! h r four 

c J i o· i t . ·  1 n ay be ob t ai n ed fro m  x t ern al 

;..;01 u ·(·es. A key board and p ri n t -c o m ma n d  

l nu· a {  t h 0  t op of t he i n . · t r n m e n t  a l lmY 

1 1 1 1 rn hers t o  be t peel m a n na l ly bet ween 

, n i o rn a t l c· p ri n t . · .  A 1 1 u t p n t  f r d ri \· i n g  

a n  I .:.\ 1  i- mmmary p m wh is a a i h  h i e  ;:ls 
a ;-;p<:>C' i a l  op1 i o n . 'I h e  p ri n t C'r  i. · m o n n t  e l  

i n  a hen C ' h-t ypC' cas0 w i t h t he add i n o·­

maC'h i n e  t ape i s:-;n i n g  from t he t o p .  

T y p e  1 1 34 -A D i g ita l - T o -A n a l og 
C o n v erter 

B eat l . 'C of t h  i n i  ernal st orag capa­

bi l i t y  of t h e'  con t i n u o u s  d i spla y  of t h  

T Y P E  1 1 30- A D ig i t a l 'ri me and Fre­
q n  rn·, .:.\ I ei er, t h P  t as k  of g rap h iC 'a l  l'C'­

corcfo 1 g  i :-;  nu-;il y . ·i m p l i fi 0cl . 'rhc T Y PE 
1 1 3-J.-A D i g i L  1-i o- \ n a l og Con y r( c>r ac­

f'Ppi :-; t h  fou r- l i n e ,  1 -2-.+-21 bin ary-C'odcd­

dc(' i rn a l  ou t pu ts of i he fonr st ora o·C' 

dcf'ad . ·  of t h  ,0 1 . m t  i· and p rod u( 'es a 
< fr ( n al oo· ou t p u t  of 0. 1 / acr 1 1 rac_v . rr fos 
ac·c· n racy .·peC' i fi Pai ion i 1 1 c l uc lc. ' t he effect 

of I on l i n  ari t y repea t a b i l i ty,  ± 1 0 0 
li u -Yo l t a0·e vari a t i o n s  l o n o·-tcrn1  f:ita b i l­

i ty a n d  ambient t en1pcra t u res fron1 0 
to 50C' . 1 h e 'I heven i 11 eq n i va .J en t  of t h  

o u t p u t  c i rc u i  of h e  i 1 1 .  ·t n 1 m n t  i.  
Yo l t age . ·om·c v ryi 1  g from 0 to -30 
vo l t.s  l -'h in d  a r . · i st a n c  f 30 k i l ohms.  

r l  h i s o u t.p n 1  wi l l d r i v  1 -m a  gn1phical 

rec or l e rs w i t h i n p u t  i m p  ... dan ce. up t o  

2 k i l oh n1. · .  i 1  i n t er n a l  1 0  -oh m r 'isi· r 
can be con 1 1 ec d i n  . ·h u n t  \Y ] t h  th ut­

rrnt t .rm i n a l s  t o  pr v i d e  a 1 00-m i l l i vol t 

, i g n n,l  to dri v m ost vo l t ao- rc�corderR, o r  

xt r n n,l i·eHi.  · tor. · ·a n b e  eon n e t ed to 

prod uce ot h er volt ao·ei-;. Th e in. 't ru m en t 
ean b . ·w i t c h ed t o  opera t e  fron1 a n y  

t h ree or t· h e  ]a .  · t  t w o ,  emvec n t i Ye d i gi t . 

o f  h e  Col l n t e r  d i sp l a  , c 1 1  "·i n g a pr -

c > i�ion of r c· rd i 1  g a. · ,; r  at as · hat of t h  

o n n t  r i t . · lf. Th a \'._ i hbi l i t y  of t h is iu­
s t rn ment tio n  . ·h o t t l cl i n c rease t he popu­

l ar i t y  of graph i ca l  r0cord i n g o f  freq n n c) 

st a b i l i t y  drift  et f ' . , b · a n .  of t h  a. 

f i n tc rprE't a i i o n  of gra p h i ('a ] r eord 
(' r n pL r d ,,·i t h  t hat of a l i r-;t of l r i n ted 

n t m 1bers. 

Type 1 1 33 -A Freq u e n c y  C o n v e rter a n �  
Video A m pl i fi e r  (under development) 

Th?'8 1'n stn1,menf. 1' ncrca ·es tlw ·en . itivity 

of thr' TYPE 1 1 30- A .  and increase the 
f1· q1wn ,If rang<-' to 600 � !  c .  Th,-, instru­
mr'nt pr01 • idf. ' a rhg1'tal rhsplau and can be 
opfralfd eithfr a a widP-banrl hfl('rodyn e  
corwertel' .for clean signals o r  m ;  a selective 
rom C'rLC'r I or noi. ·y . 1'gnal8 .  T hr' h C'lerodyn -

rr�{C'rC'nC<' . ignals ar<' deri1 <'d from the 
cr,1;,qtal-controlled T1: m  -Ba. P driiw , o urce 
of lhP CountPr and arP ju.<;t a s  accurate . 

- R . W .  F RA N F  

- I-I. 'I . 1\1 L E E R  
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1 9  M A Y , 1 9 6 1  

A C K NOWLE DGM E NT 

Th d ign and d velopment of h e  

T Y P E  1 1 30-A Digi t 1 Tin'le a n d  Fr -
q u  ncy M et r wa · th e work of a develop­
ment team con1.posed of R. W .  Fran k ,  

H .  T .  McAl er, a n d  R .  W .  tuar u n der 

the leader h ip of M r .  Fra n k .  The de i­
m al- unti1  g u n i t  nd th program­

con t rol i n i t  were designed Ly R. vV . 
tuart , th input a in p l i fier a n d  ti me­

ba ·e u n i t  by H .  T. M c A l e  r, and t h e  

1 0- M  decade , mai n-gat y tern , top-

channel com par· tor ar d power upply 

by R .  W .  Fra n k .  The m odu lar con cept 

was developed by R. vV . Fran k and 

worked ou ooperatively with H .  T. 
M cAleer and H .  G. tirl i ng . P. IC Bodg 

on u l ted n me c h a n i  a l-en g i n ee r i n g  

problem a n d  tes i n g a n d  calibrat i o n  

proc dure w r d vi ed b y  W .  P .  

Buuck.  G .  E .  Pil kingt on wa r . p o n  ibl 
for producti n ng111  rin g .  

-EDIT R 

S P E C I FICATI O N S  

F R E Q U E N C Y  M EA S U R E M ENT 

R a n g e :  De to 1 0  Mc. 
S e n s itivity: 0 . 25 vol t rm fo r sine waves, more 

nsi t i v  at low fr q uencie ; 0.4 volt pea k - to­
p ak for typical pu lse waveforms. 
C o u nt i n g  I nter v a l :  1 r n  ec to 10 ec, e · tend i­
h l  by 1\1 t/l'I PLE I NTERVAL witch or extern a l  
con n ctions . 
A c c u r a c y :  ± 1 c ou n t ± ti m  -ba e-o i l l  a o r  
accu racy . 

P E R I O D  M E A S U R E M EN T  

R a n g e: 1 0µ ec to 1 07 sec - ( d e  to 1 00 k c )  -
for s i ngl e-p riod mea u remen t . 330 µsec t o  
1 07 sec - (de t o  30 k c )  - for ten-p riod 
1neasu re1nen t .  
S e n s i t i v it y :  0. 1 vo l t . rms for s i n e  waves ; 0.3 
vo l t peak-to-peak fo r y p i c a l  pu l e waveform . .  
C o u nti n g  I nter v a l :  1 p riod, 1 0  periods, ex­
t nd i ble hv M U LTI PLE I TERVAL s witch or 
external on nec tions.  
C o u nted Freq u e n c y :  10 M c ,  1 00 kc,  l 1 c ,  
1 0  cp ' ,  or externa l (6 vol t · rrns i n e  wav , or 
+ 1 0  vo l t p ak p 1 1 l  e. 1 01) cp t o  1 0  M c ) .  

A c c ur a c y :  :±:0. 1 � a t  1 vo l t  rm for si ng l e­
peri od measu r ment : better fo r h i gher vol t age 
level and good . ignal-t o-noiRe rat io . ±0.0 1 Yc 
at 1 vo l t  rms for 1 0-p riod measur men t ; 
het t r for h il:!;her voltage l e vel  and good s i gnal­
to-no ise ratio. 

TI M E - I N T E R VA L  M E A S U R E M E N T  

R a n g e: l µsec t o  1 07 ec . 
S e n s i t i v ity: 0 . 3  vol t p ak-to-peak. 
C o u nted Freq u e n c y : 1 0  Mc, 1 00 kc, 1 k , 
1 0  cp. , or - x t  r n  1 (6 volt rm i n e  w a v  , o r  
+ 1 0 vol t peak p u l  e ,  1 00 c • p  t o  1 0  M c ) .  
A c c ura c y: Depen den t o n  s lope of i n put i gn a l  
a t  i nsta n ts o f  tri ggeri n g .  F o r  st eep slope 
( e _ g . ,  p u]s s) : ± 1  p ri od of f r  q u  ncy coun t ed 
± ac u rac of freq uency coun ted . 

C O U N T  M E A S U R E M EN T  

R ate: De to 1 0  M c .  

S e n s it i v it y :  0.25 vo l t rms for i ne wave , m re 
se nsi ti ve at l ow freq uencies ; 0.4 vo l t  peak -to­
peak for typical p u l s  waveform 
C a p a c ity: 1 08 cou n ts .  

T I M E - BA S E  O S CI L L A T O R  STA BI L I T I E S  

T.1Jpe 
1 1 30- l 2 

l 1 30- P3 
1 1 30-P4 

l 1 1 3-
( w i th 
1 1 30- P l )  

G EN E R A L  

Shm·l- 'l'er?n 
l es. than 1 / 1 08 
per m i n u t e 

l ess than 1 1 1 09 
p r m i n u te 
l ess than 1 / 1 010 
per mi n u t e  
measu red with 
1 ec a m ple 

Lonq- Tenn 
l e  s th.an 2 / 1 07 
p r w k 

l es tha n 5/ 1 0  
per week 
l es than 5 / 1 01 0 
per d ay 
( 1 0-day av r­
age after 60 
day ' opera­
tion ) 

D i s p l a y: �eo n-la m p  col u mn - 8 d ig i ts i n t er­
m.i t t en , 4 d i gi t s  continuous.  

D i s p l a y  Ti m e: Vari ah l , 0. 1 to 1 0  s c, i n fi n i te 
or con ti n uous d i  p lay . 

I n p ut I m pe d a n c e :  l niego hm s h u n t ed by 40 p f .  
I n p u t  Atte n u at o r: x 1 o r  x 1 0 . 
C h e c k :  1 0  cp. , l kc ,  1 00 kc or 1 0  l\.1c ca n h e  
co u n t  on for I m. ec to l 0 c .  

M o n it o r: F l as h i ng lamp i n d i cates l ac k  o f  t i me­
baRe d ri ve s i gn a l  or i mp roper opera t ion o f  
f r  quency d i vi ders. 

I n p u t  Tri g g eri n g  L e v e l :  Vari a b l e  ± 1 0  vol t. . 
I n p u t  Tri g g e ri n g  S l o pe :  P R i ti ve-goi n g o r  
n el!n. t i ve-goi ng, ac o r  d e  cou p l i n  . 
E x t er n a l  O ut p ut s  - F r o n t  P a n e l : G TE i gn a l 
(coi n c ides w i th cou n t i n g i n t  rval ) .  

S Y N C  p ul ses ( at st art o f  i n terna l p rogra m  
cycl e ) . 
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G E  E R A L  R A D I O E X P E R I M e N T E R  

c )  to..ndard 
p ndin n 

ACCESS O RY l lN S'T R U M ENTS 
T i m e - B a s e  U n its ( pag 1 }  a 11 c l  b Vt> for 
seti p t ion and ' tah i l i t y  hgur · J . 

20 

E xterna l  O ut p uts � At R ea r :  '1 LTl PLF.-I. '\T R-
\ L conn ction (l rminah· of 
L ER L pan •I ·w itdi ; .. carry ' "  p ul - of 
progru m-r ·on l rol dc<·ad t o  b c-onn t  J dow n by 
ext  rnul i n t ervuJ-multi1  lier cireuit for HECK, 

l' y p e  l 1 30 - P 2  T i m e - Ba s e  O s c i l l at o r/ M u l t i p l i er 
( re· r plug- i n )  f r p ra ion fr m l k\·, L :\ [ " 
5 .:\le or i 1 1 tcnu.1l ; i\k.  

REQ J<; - Y a n d  1 J' t.J Rioo m · sur ment J .  

T y p e  1 l 30 - P 3 5 - M c  T i m e - B a s e  01sc i l l a t or (rear 
plu -ir i ) .  

1 fou r-Hue. binary- · d J-<l cimal digit 
( ] ,2, 4 , _ )  ("0" = l - \•olt . " l "  = 6 vol t -
0.5 megohm u r  •e imp dan · - min imum 
load i m pedan · I .  n -'gohm ' · 

T y p e  l 1 30 - P4 5 - M c  Pre d s i o n  1'i m e - B (l s e  O s c i l l.:d o r  
(rea r p l  ug-i 1 1 ) . 

T i m e - iB a s e  D r i v e  R e q u i re d :  5 . fe ,  I vol rms 
in o ;o ohms ( uppli • l by I 1 30-P2, -P3, -
1 1 1 3- .\ ) .  

T y pe 1 1 30 - P J  C o 1u pl i n g  U n it for u:;:c with ext >rnal 
t im h� , ', uch ll:'I T P� 1 1 1 3-A ' 1 an dard­
Fr 4u •111·y 0. ('i l btor.  

T y p e  1, J 32 - A  O a t. a Pri n ter 

P o wer I n p ut: 1 1 5 230 vol 50-60 ep.s, 4 
T y p e  1 1 3 4 - A  ID i g i l o l -to - A n a l o g  C o n v er1 er f r 
d ti. ,· i n , trraphic r c-ord r. 

watt . 
D i m e n s io n1s: W i d t h  1 h i h l - 3 4 ,  <l p h I\) 
inehe. (-1 5 by -J-00 1 y -l 5 m m ) ,  o • 'r-< 1 1 .  
W e i g ht: .- l h .  (:3� kg).  

T y p e  l J 30 - P 5  S e r v i d n g  A cc e s s o r y  - perm i t  
o p  nit1on o a n y  of 1 1  } riuh·d-d reuiL  bourd, 
d a r  r s t  of in�trum 11 for pend iomd 
t roublC' ·h n11g. 

'l'yµe 
1 1 30 - A M l  
1 1 30 - A R l  
1 1 30 - A M 2  

1 1 30 - A R2 

1 1 30 - A M 3  
1 1 30 - A R J  
l 1 30 - A M 4  

l 1 30 - A R 4  

(J: n, c l u d i n g'  T y p e  1 1 3 0 - P l  T i m e - B a s e  U n i t) B e n c h  M ou n t  . . . •  
( J' n c l u d i n g  T y p e  1 1 30 - P l  T i m e - B a s e  U n i t) R a c k  M o u nt . . . . .  . 
( I n c l u d i n g.  l' yp e  1 l 30 - P 2  T1i m e - 6 a s e  O s c i l l a l o r/ M u lt i 1p l i1er} 

B e n c h  M o u nt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
( I n c l u d i ng. T y p e  1 1 30 - P 2  Tii m e - Ba, s •e  O s c i l l at o r/ M u lti p l i er) 

Ra ck M o u nt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
( l, n c l u d i n g  T y p e  1 1 3 0 - P J  J' i m e - B a s e  O s c i l l at or) B e n c h  M o u n t  
( I n c l u d i n g  T y p e  1 1 30 - P J  l i m e - B a s e  O s e i  l a t o T )  R a c k  M ou n t  
( I n c l u d i n g  T y p e  1 l 30 - P 4  Pre c i s i o n  T i  m e - B a s e  O s e i  I at or) 

B en c h  M o u nt .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
( I n c  u d i n g  T y pe 1 1 30 - 4 Prec i s i o n  Ti m e - B a s e  O s d l l a l o r) 

R C1 ck M o u nt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
1 1 32 - A  Data Pri nter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1 1 34 - A M  D i gita l -t o - A n a l o g C o n verter ( B e n c h  M o u nl) . . . . . . . . . . . . . .  . 
1 1 34 - A R  Di 9lfa l - t o - A n ,al o 9  C o n verter ( 'R 1a c k  M o u nt) . . . . . . . . . . . . . .  . 
1 1 30 - P 5 S e r v i  c: i n g  A. cc e s $ o r y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

l: ' . Pa.t ut · 2 , · L ,4 7 ; 2, 7 7 ,  ; and Pat n P ncl i nic. 

O O R R E CT1I O 

'ode I Vord Prire 
LABOR $25 8 5 . 00 
\I J X L \t 2 5 85.00 

LA PE L 2 7 :S O . OO 

.\I )('H A  2750.00 
LA ::'> 'O 2670.00 

:\!OU L 2670.00 

IA :-; :E: R 2 9 5 0 . 0 0  

�1.E'l' 1.. 2 9 5 0 . 0 0  
LJ J  I '  1 45 0 . 0 0  

.\H. R 595.00 
'lU'Fr 5 95.00 
:\I LAR 30.00 

h T 'PE 1 1 1 2-� tan r - r i u  n 

_ f ull ipli r iup Lt . p · ifi ·at i n.: 
h Apri l 

should � 
I n p u t :  I 

1 .  · 1  E "i(PERIJIE1 TE R 

riven a input frequ n c 1  of l t 
(1. 5  vol t -· )  2. ,.. 1 ( . ·I \' l t ) ,  or 5 I 
(OA volt . \\ il l  run fr wit h n in1 u 

' .. u 

corr 
v I t ,  

-fr ill ll ·y 
.:: 1 11 

· i l l t 
wuv from 
r.  · n � 1. 

. · i irnal. but a b  ·ol u t c  frC'q ueucy rnn 1 ill 
rror b r • v ra l par1 · p r milli u .  

G e n e r a l R a d i o  C o m p a n y 
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