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A FIVE-DIGIT SOLID-ST ATE COUNTER FOR 

FREQUENCY MEASUREMENTS TO 220 kc 

The TYPE 1150-A Digital Fr quency 

_ 1eter i' the first of a line of inexpen ·ive, 
basic coun crf3 f r labor· tory and in­

du �trial application . Like the TYPE 

1130-A Digital Tin'le and Frequency 

_Teter announc d a ear ago it i ac u­

ra te, reliable and ea y to operate. Unlike 

th YPE 1130-A, \Yhich ha n'l mory 

circuits and a neon-tube columnar r ad-

ut, the TYPE 1150-A use transistors 

in tead of tube and an in-lin r adout 
with alternate counting and display 

p riod .. 

The counting circuits u. ed are impl , 

but unconven ional by today's practice. 

Instead of a cale-of-ten d riv d from a 

c 1 -of-�ixteen circuit through appro­

priate fe dback, the TYPE 1150-A is 

ba ed upon the earlier ring-of-t n count­
ing y tem.1 Although the ring circuits 

1, ·ee, for instanc , V. H. Regener, Review of Scientific 
InstruT11enls, 17, p. 1 0, 1946. 
�R. W. Frank and H. T. ::'vie l r, " Fr quency Counter 
with a i\1emory and with Built-in Reliability," General 
Raclio Experimenter, 35, 5, :\lay, 1961. 

similar approach, for instance, but using comple­
mentary techni 1u s, i described by R. A. Stasior, G. E. 
Technicril Information Series RGJ-EGP16, ::'vlay 16, 1961. 

req iir t n bi. tabl elen: ent", in. t ad f 

four,2 we have found3 that modern ern.i­
conductor can be u ed in a irn.plc and 

onom.ical de ign. Not only i the over­

all number of cir uit compon nt · for a 

mnpl te d cad in luding indicator 

actually le·· than that required for the 
coded cale-of-sixteen ir ui , but per­

fonnan e a  high ounting rate· i better 

and the circuits can be de igned to hav 

ren: endou latitud in a om1nodating 

variation in transi ·tor characteristics. 
Transistors typically operate at r la­

tiv ly low voltag and high unen 

and are therefore better suited to light­

ing incand cent la1np than o op r­

ating ga -di harg -type indic tor._ The 

ring-of-ten circuit i , a· a re ult, dir c ly 
adap able to the ten-lamp, end-fire­

illu1ninat d :r MERIK indicator (also 
de ribed in this issue) \Yithout int-r­

connecting ircui try. ince the coun 

proceeds around the ring, one fli�flop 

a a t im  n1 id nti al r t-. -t p r­

ation. there i no ti1ne lo t in feedback 

Figure 1. The Type 1150-A Digital Frequency Meter. Encased in Gen eral Radio's multi-purp ose cabinet,� 
the instrument is readily mounted in a rack or adapted to table-top use with end frames. The pane·I i.s 
31/2 inches high. The c ontrols and fittings are simple and clearly marked. Frequencies between 10 cps 
and 220 kc can be counted over presel ected time intervals from 0.1 t o  10 seconds. Display times can 

be continu ously adjusted from 0.5 to 5 seconds and ro. 

•H. C. Littlejohn. "The Ca. e of the Well-Designed In trument," Generrrl Radio Experimenter, 34, 3, l\Iurch 1960. 
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n1 chani rn , and th ff f delay in 

the tran i tor ar therefore ininirniz d. 

Th re i furl hcrmor , no n d to inter­

lock d 1 velH bctw en riou part f 
the circuit to n1aintain adequate inargins 

for r liability. The rino· ir uit · u. l in 

thil'> count er arc, in fa ·t . ·o noncritical 

that they will work "·i ,h int rmix d 

tran ·i::;to1" rano·i1w in characteri ti 

frmn the lowe8t-cost nllo:v-junction tran-

i �tor. t L.\DT typ � ! 

ThC' fact t hat incandc. ccllt lan1p can 

l lit dir t ly b th olle .tor currcn 

of the countino· transi. ·torR thc1ns lve 

leads to the utn1 ::;t ,·implicit and 

c 11 n1y. � t th , an ti1n , thi. · very 
.._implicit.y put.· a pr01niun1 on displaying 
the count according to the convC'ntionul 

count-diRpla. time cydc rather than 

the' continuous rPgin10 madC' po. ·.:iblc by 
th_ ll.'C f au.·iliu.ry 111 m ry cir uit .�. For 
ultin � te eaf-IC' of rNLding and efficiency of 

coun ing the n1C' m ory . yHtcrn pi ncC'rcd 

by the T -PE 1130-A io-ital Time and 
Frcqucn<'y l' 1ctcr rcn1ain.' prc-cmi11cnt. 

'I'h nc d for 111em r r in thiH 1 H. cx­

p01rnivc inRil'Un1C'nt i,' les., howPvcr, b -
eausP thC' cyC' is le. s fatiO'u d hy h 

1 lurring that occur� luri1w the countino­

ini C'rYal in i11-li110 prcscntation th<.rn b. 

the nu ni 1g-up-:u1d-dmn1 appearance of 
colun1n::u di:-;play .. 

Five-digit pr . ntati n n Cu aril 
n1ct n. for a full l' o·i,·tcr a preci. ·ion of 

± 1 part in 105, dct rmin d l y th ± 1 
count unccrt� in y in th0 la. t pla e. The 
TYPE 1150-A Digital Frcqucncy l\Ict r, 

like other GR counter , i. cl igned to 
yield an a c cura y fi 0·ur tha t akc. full 
advantao·c of it. inhere n t prC'c1. ion. 

EYcn in thi, . implc inC'xp n. i\ e infltru-

1nent thi. le1nand the inclu. ion of an 

o cillator wi h a . tabilit. vcr cvcral 
minut of at lea t Y2-part per n1illion. 
This accuracy is n e ary l auRe t.ho 

count r an cour a ·ignal of 220-kc 
fr quenc for up to 10 ·econd . A t 1n­

per"1 ur - on rolled quartz r3 al, op r­

ating t 100 kc i therefore u ·ed a. the 

fundan1ental refer 11 f r th · n u 
timing ·ignal r - uire to produce the 

a curatcly known tin1e inten al. durin g 

\Yhich th ur t a un1ulate. 

MECHANICAL DESIGN 

n1ponent 
layout are imp.I and ffi i n wi h 

all cir uit · a ·ily a · ible for 111ainte­

nauce and open for coolino· (Fignre 2). 

Ri1 g counting uni . inpu ir uit and 

ti1ne-ba. e divider· are on rcn10vabl , 

vcrti ·al plug-in Cc.Lrds. 'I he e card ar 

arranged at right angle. t th fr ut 

panel and dir ctly behind a laro·c air 

filter. \. . ·mall fan xp l.' air from th 

b x and draw. ool ;, ir in ov r th verti­

cal circuit cards. With this cooling 

. Tstcrn a 111, ximun t inpen. urc ri e at 

thC' hottc. t spot on any of the circuit 

board:-3 i 1 . . ' than 10° , th rel y i 1-
. uri1w reliable operation at high a1nbicnt 

n1p ra urc .. 

The N MERI indi ·at r. ( . pao· 10) 

have a large and efficient hC'nt ·ink for 

their in ·ande cnt lamp.·, \Yhich pro­

long. lan1p life. In the event of failure , 
h wev r, any individual larnp cn,n be 

a il:v replaced. T'he gr up of fi 
NL. MERIK indicator arc acccHl"iblc fr01n 

the f · nt panel of the in run1cnt. \. 
quarter turn of two n1ounti11g thun1b-

cr "- p rn it. th en ire blo k of indi­

ator t b pulled f rward and wi h­

drawn ,·cvcral inche . -j igh rcplaccrn_ nt 
330-typ 1 mps ar . torcd in pocket 

behind the bezel. In or er to r pla a 
urn d-out lamp ne imply remov 

tv\TO crews h lding the backing plat f 
he indi at r and r places the lamp in 

the nun1ber d o k - . Th n ire re-
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pla em nt can be ac on1pli hed iu about 
one minute aft r a defective lamp ha 

been i olated. 
Wh n a lamp fails, th ntir d cade 

be omcs inop rative; no light h w . 

Thi fail-. af feature linunate any 
po ibility f in rre t readinCT. 

Polaroid filter i u ed in fron of the 
bank of five indicator.· t.o eliminate 
specular reflection. 

GENERAL CIRCUIT DESCRIPTION 

The TYPE 1150- Digital Fr qu ncy 

M t r ount the number of cycles of 
the input siO'nal in a time inter' al e. -

tablished by the table 100-k ·r.v t l 
oscillator. The block diagran1 Figur 3, 

how the functional 1 m n t of the 
y.t m. 

Th ignal from the 100-kc cry tal 
o cill tor (or from an external 100-kc 
frequency-standard) is converted to a 
pul e train to drive a . erie f preci. ion 
frequency dividers utilizing unijuncti n 
transistors. The output of thi <livid r 

chain con i t of pul . \\rith p riod of 
0.1, 1 and 10 econd . Th se pulse 

establi h h preci ion gate in erval. 

A PRIL, 1962 

Figure 2. Interior view, s h ow­
ing NUMERIK Indicator as­
sembly d etac h ed. The eight 
spare indicator lamps can be 
seen behind the panel to the 
left of the NUMERIK assembly. 

In order to under tand th pro(Tram, 
let us a sun that the im -ba. e CT•1te 

ontr 1 flip-flop i. in the " 1  ' . ate and 

that he tin1 -ba. e gate i' therefor. op n. 
'I h main-gG e on rol flip-flop i. in th 
"O' ate and th main o·ate i� clo, ed. 
Th next pul. e from the timC'-ba e di­

vider circuits passc. throuo-h the tirnC'­
ba e gate complcn1ent · the main-o-ate 
control flip-flop to t he "1" st�te and 

pen. the main gat . 'N"h n the main 
gate i. · op n, pul f th input- ignal 
frequency are admjtted t th fi ring 
countino· unit. and totaled. The next 
pul from the tirn -ba c divider pa ing 
through h<:' tirne-ba. e gat reset the 

n1ain-g t utrol flip-flop and clo. es the 
inain gat . The main ga i. ther fore 
open for exactly one p riod of the ime­
ba e signal. 

The N MERIK indicator now b o·in to 
display the resultan count. Thi. displ y 
in terval is detormincd by the disp lay­
tim monostable circui and is adj ustable 
f1 om 0.5 to 5 . ccond . .  'Vhen he main­
o·at on rol flip-flop cl . . the main 
gate it al o . t. · the tim.C'-ba. e at 
control flip-flop t.o thf' ' 0 ' . t te J InCT 

5 

www.americanradiohistory.com

www.americanradiohistory.com


6 

G E N E R AL R AD I O E X PE R I ME N TE R  

INPUT 

+ 

I PUT 
CIRCUIT 

I 
: TEST 

100-kc 

OSCILLATOR ?EX T 
0 E T 

100-kc 

_j_ INPUT 

"T 

PULSE 
SHAPER 

Figure 3 .  Block diagram of tne Counter_ 

t,he timc-b<: s gat . o tha no mor tin10-

ha8 pulse'.� can pa. · t th main-gate 

control flip-fl.op until th di play-tirn.e 

m.onostablc circui i. su , i output 

pul e operating th r t cir t.li . The 

reset cir ui t . ·et th ritw ounting 

cir uit, to z ro and the nd of he zer -

.. :cttino· pul \\-ill s t th timc-ba e gat 

control flip-flop t "l." The proce · 

then repeats. 

An infinite di play tim can b b-
tained if th output of th di play-tim 

n101 o. table circuit i op n <l RO that no 

reset puls is pr duced. A witch a one 

C'nd of the time-interval adj u · mcnt 

rano-e p rform.. thi. op ration and make 

1 o .. sible indefinite di ·play of the rmmlts 

of a . ingle mcasuremen initia d "-hen 
th manual reset button i pr . d. 

Pro vi. ·ion is al o made f r manual 

control of h counting t im . vVhen 

the counting-tim fiwitch ( Fio·ure 3) i� 

:-;('t to a four h position, the main-o-at<' 

Aip-Aop can be controlled fr m a pu. h­

button. The inain o·ate i.· opened wh n 

thi. butt n i r 1 a d and clo ed when 

the button i depres ed. With manual 

gating, one can use the counter a. a 

. imple totalizino· in trument. In the 

manual po. ition when the rn.ain-gat<" 

control flip-flop i · t to "0 ' a nonnal 

displ ay and cleari1w cycl i initiatC'd. 

,\normal clisp la.v time of 0.5 to 5. eeond . 
can b obtainC'd r thf> total rC'� ding 

O.I SEC 

MAIN 
GATE 

0 

MAIN-GATE 1-0 
CONTROL 

FF 
c 

0 
TIME·BASE 

GATE 
CONTROL 

FF 
0 

5 RI G COUNTING UNITS 

� 
0.2-5 SEC 
DISPLAY-
1 NTERVAL 

MONOSTABL RESET 

0 

ca1 b r ained ind fi.J.1.i ely if th di -

pla.y-tim witch i ct infinity . 
Ex ernal ir uitry can be u ed to 

ontrol the gate interval through an 

auxiliary plug on the r ar kirt of the 

instrument. In addi -ion, thi auxiliary 

plug al o provide : (1) the carry pul.. c 
from the la t of th fiv cl cad ; (2) 

mPnn. f r applying an xternaily g n r­

atC'd re et pul c; (3) a po itive pul e 

corrcspondin o- in time to th re t pu ls 

(4) +20 volt d · and (5) gr und. 

RING COUNTING UNITS 

The hear of this counter is the nng 

count.in()' unit. A rino· ountin o- . y. tern 
can b con idered to b a . t.C'pping 

wit h with t n on act po iti01v, a.· 

hown i n  Fi o·urc 4. A lamp i connected 

INPUT 

PULSES 

n 
6t 
7� 

9 8� 
1� 

.___ ___ OUTPUT PULSE 

TO NEXT DECADE 

Figure 4. E lementary ring counter. 
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Figure 5. Simplified sche­
matic of one of the ring 
counting units used in the 
Type 1 1 50-A Digital Fre-

quency Meter. 

SET ZERO 
'- RMALLY CLOSEO 

CLEAR. 

-20 

to 0ach conta t, an l th ·witch ro or i 
conn cted to a ource of volta0e. Ea h 
time a pul e i rec iv d, h r tor mov 
from on contact to the next and th 
particular lamp that i lighted indica e 
the numb r of pul e that have b n 
received. By generating an output 
pul e ach tini.e the ro or move from 
"9 � o "0," he rino- counter function 
a a imple d cade divider and drives 
th succeeding unit at one-t nth th 
rate. 

Five ring counting unit (nc ' ) ar 
u ed in the TYPE 1 150-A Digital Fre­
quen y lfeter. T'venty-one tran i tor 
a:r:e required for ea h d cad , w for 
each of the ten dio·it , and on m r- to 
"move the rotor.' Figure 5 i a irnpli­
fi d chematic f one of theRe five ring 
counting units. All five are id ntic l in 
s ru ture. Th fir t unit differ from h 
other four only in the choi e of com­
ponen value. for be t high-frequ ncy 

perati n. Each unit con"i t f a ring 
of ten bi. tabl ir ujt,, ea h of which 
ha ne "hiO'h-curreni" tran. i. tor that 
drives its a ociated incande cent larn.p 
in th UMERIK indicator for that d cad . 

Ref -rrin o- to Figur 5, let u a tun 
tha the decade has been t to it 
z ro tate. Q-101 will b OFF ar d Q-102 
O::\'. Q-102 haR it bas forward-drive 

A P R IL ,  1962 

EIGHT IDENTICAL UNITS 
....,_I - 8 ____.... 

20v 

urr nt provided through R-103 and i 
in . aturation, pa ing 0 milliamp r 
to light the "O" larnp in the indi ator. 
Thi. 0 milliampere produ s a vol 
of -5.5 volt a ro R-101. Th ba 
Q-101 i r turned via R- 1 02, to th 
zero buss voltage f about -5.0 volt . 
Th ba of Q-101 i , therefor , rev r 
bia. ed with re p c to th mi r, and 
Q-101 r rn.ain OFF. The circuit i tabl 
in thi tat . 

All other pair in the ring have h 
oppo it table state. L f -hand tr n­
si or , Q-103, etc. ar all a urated, 
and the right-h nd tran i tor , Q-10-1, 

e ., are OFF. The e ar al o tabl 
tc t Look at Q-103, for example. 

\iVhen it i ON, nearly 1 milliamp re of 
ba e f nvard driv flo through R-105, 

whi h i con.nee d to h l ar bu 
(at the a1n potential ,a the s t zero 
bu ) . The drop across the 68-ohrn 
r si tor R-104 in th common mitt r 
cir uit i but 0.07 volt, and practi<'ally 

he full 20-volt coll ctor upply voltag 
app ar aero R-106. The v ry small 
emitter- o-collector d r  p of -103 i 
nonnally b low th condnction-kne 
voltage of Q-104 and keep it OFF. 

01nplete i off of Q- 1 0  ven at ek-
vated t mp ratur and for all p s i 1 
tran i tor ombination , i insur d by 
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the �ilicon dio d ( -1 03 in enes \Vith 
the emitter of Q-104). 

The input io·nal ad ance he tate of 

th d ad by on tage per pul e. 
n gati pul c i first ppli d to the ba. 

of the advance driv r Q-121 urning it 
OFF. h lainp driver, Q-102, lo ba. e 

forward driv an.cl go� FF. Th m-

mon-emi ter voltage hanges from -5. -

to zero, and Q-101 goe o . The po iti e 
pul c prod wed at the omm.on mitter 
i. fed through C-101 turning Q-1 3 OFF 
and Q-104, he "l" lainp driver o.i: . 

Ea ·h ·u ding pul e appli d to Q-121 

advance. the count by one dio·i . At the 

count of ten the circuit is witch d to 
th i nitial r di ion , and th negativ 
pul e, a the "9" lamp x ingui h . ·, i 

fed from the n u as a carry pul e o the 

advanc driver of the uccecding R u. 
In the simplifi d ·hema i of Figur 5 

the zero-. e y t m i. depi ted a a 

n1anual ·witch for s implicity . Openino­
thiL . ' ·itch b iou ly returns the clear 
buss to - 20 volts cau. ing all 1 ft-hand 

tran i 'tor of the bi table circui to 
, and turning th lamp driver. 

for la rnp "1 ' hr ough "9" FF. Q-101 

on the other hand, loses it forward bias 

d aturate , and p rmi ts Q-102 to o-o 

OK, h r by urning th "O" lamp o :r. 
fa. t tran i tor ' itch i. actually u ed 

in the T PE 1150- Dio·ital Frequency 

ompli ·h zero t ing for all 
five R 

TIME BASE 
Th ntary circuit for the 100-kc 

crystal o cillator is h wn in Figur 6. 
It uses two tr ansi tors an npn and a 
pnp, ir a modifi d Pier circuit. All the 
open-loop gain ( 0 ) of thi. ran i tor 

pair is u. cd a negative feedback. Thu , 
the cir uit gai n i very ·table wi h r8-

pect to varia ion in temp ra ur 
Yoltag , and rs, r -

Figure 6. Elementary schematic of 
crystal time-base oscillator. 

Rul i ng in excel len o cilla tor-frequ n y 

. tability. The e1nperaturc con rol for 

th cry ·tal p rat a Ion ·a the pow r 

line is cor n cted, whe h r or .ot h 

panel power witch i on. 

APPLICATIONS 
The basic ount r has many fr -

quency-measurement applica ior . It 

an b u ed to ali br ate , and o adju�t 
the calibr tion f ny ignal our ·e 
lying in the freque ncy range from a f w 

cycle per se ond to a maximu1n count­
ing fr quen y of 220 kc. few of i , 

inore irnp r ant appli ·ati n ar : the 

calibration and etting of o. cillators and 

ignal gen rat r., th monitorino- of frc­
quencie to 220 kc and m a ur m nt on 

preci ion :fil er and her fr quen y-

1 cti ve devices where hio·h r olution 

i n ded for a curate frequency e ting. 
Other phy i al mea ure1nent offer a 

''"ide range of u e including th ineas­
ul'emen t of rot ational peed (wi h a 
photoelectric or magnetic pickup),5 and, 

wi th appropria e transducers pressure , 

ternp ratur , train, and w ight. 

With an appropriate ran du r, 
ph toelec ric or otherwise the countino­
of object on produ tion line , of par­

ti le in liquids and of imilar ev nt 

that may not be periodic will form an-

5A photoel ctric pickoff devic is now in th final stag 
of design at Gene ral Radio·and will . oon b available for 
use wi h the ba ic counter and with our stroboscopi 
equipment line. This unit is a completely elf-contained 
light source and photoelectric cell, which will be PO'>Yered 
by the counter or the s robo co1 e and which will feed its 
output signal back to the counter or the st.roboscope for 
n1easurement. three-connector jack is provid d in th 
rear of the counter to accept thi new photoel.;>ctri 
pickoff. 
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other oToup of important c. ppli · ion 

Th ...,impli it of p ration the a ura y 

and th r lia ilit f hi ount r ar 
dctcrn1ining fa tor· in it ac ep ·ability 

in many of the applications_ 
- R_ w_ Fn \.NK 
- J _ IC KILLI 

A P RI L, 1 962 
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SPECIFICATIONS 

Frequency Range: 10 cp to 220 kc. 
Input Impedance: -co upled approximately 0.5 
megohm. hunted 1 y le than 100 pf. 

Sensitivity: B t.t r than 1 volt, l eak-to-1 ak; 
for pul:-< input duty ra1.i ,llOLtl<l l betw en 

. 2 and 0 . .  

Display: In-line regi r incand n -lamp-
opcrutcd. 

Display Time: • dju tal 1 from 0.5 t 5 cond , 
n.pproximat ly, or co. 

Counting Interval: 0.1, 1, 10 (" nd· or can b 
scl. n1<1ntw.lly. 

Accuracy: ± 1 count ± cry tal o cillator 
r-dabihty. 
Crystal-O scillator Stability 

Short-Term Stability: l ctt r than Y2 part per 
million. 

Cycling: L · than count r re olution. 

'l ype 

Temperature: 2Yz par p r inillion for 0 to 
50° ambi nt. 

Warm-up: \\ ithin 1 part per m i l lion nft r 
15 minute . 

Aging: Le. hn.n 1 part p r milli n pc>r 
we k aft. r 4 w • k ; decreasing h rcaft r . 

Crystal Frequency Adjustment: The frequency i 
within 10 part p r million when reC'ei,·cd. 
Fr qu ncy adju tment pro id d. 

Power Input: 10 t l� - (or 210 to 250) volt , 
50 t 60 cp� 45 \Yatt . 
Accessories Supplied: TYPE CAP-22 3-"'irc 
Power ord; I arc fu. e ; replacement ind i-

at r lamp . 

Dimensions: Bcneh model, \Vidth 19, height 
3Ys. d pth 12Yz inc-hes (4 5 l y 90 by 320 mm ), 
over-a ll ; rack moun1, pan 1, 1. l y 3}1 it.chc 
(485 bv 90 mm); d pth, 12�{ inche (325 mm). 

Net Weight: 17Yz pound' ( kg), approxinl:ltclv. 

ode II ord f rice 

1150-AM 
1150-AR 

Digital Frequen cy Meter, Bench Mou n t . _ . . . . OFFBR 
OC'CCR 

$915.00 
915.00 Digital F req uency Meter, Rack Mount . . . . .. . 

Patl'nt _\ppl ied For. 

NEW 3-WIRE POWER CORD 

'I he TYPE CAP-22 Power ord 

(3-\Yire) i now . uppli d ,,.-ith all ncral 
Radio in. trument. that u. ea deta ha.bl 
p w r rd r placi1w th TYPE CAP-15 

fonncrly upplied. Thi. new de io-n h , 

Type 

Type CAP-22 
Power Cord. 

a ha1n m. rh d connect r 
line nd with both m.al 

t it. PO\Y r­

and fem le 
conuE> tor , hu. p rmitting t\\·o or m.ore 

ord. to be attachE>d in parallel. Two 

o. 1 oncluct r.: arc u. C'd. The cover-
ing is rubber, and the m ne tor bodi . 
are inolded int('grally ,,·ith th ord. 

Thi p w r rd i al o avai lable , epa­
rately , as listed b 1 '"· It 1 ngt h i 7 
f t and it i rat d at 250 lt · 7 
an1pcrcs. 

Code Trord Price 

CAP-22 Power Cord . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . $2.25 

9 
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10 

G E N E R A L R A D I O  E X P E R I M E N T E R  

T HE NUMERI K INDICATOR 

Selection of t hC' b st avai lable readout 

i ndicator h u  · been an i mportant part of 
the dcv lo p1nc 1 1 , of n e \Y iu-l i n e-pr . · n­

t a t io n  i nstrumen t ,  l i ke the ne de cribed 

iu this issue. 

In he maj ori t y  of genera l-purpo e 

appli ra t io n. , and part icu lar ly in tran­

'i.'tor cir uit. , the u. e of i 11 cande cent 

l· m p  i l lu m inat io n i .  · e. ·pecia l ly suit-
blc . Tran ·i t ors o p  rate typically at low 

voltages and incandescen t  lamp · adapt 

ca. i ly to thes conditi o n .  w i t ho u t  re­

quiri n o- compli  ·c. t d an i l lary cir ui ry. 

Aft r a ·ar fu l . ·u rv y of available d -

. · ign 1 the products of IC ' . M .  Elec­

troni c  , ichmond, En gl an d  were 

j udged to ha c the b com.bination of 
th ·e de · irabl ·h rac risti 

1 .  Excel lent pre en ta ion ''Ti h clear, 

bri l l iant read u t .  Th whi ·e l ight i 

both niore p l  asin g  to th eye and 

a tinically m r ffici n han t he 

oran g -r d of n o n  di play . 
2 . .r-cat , o n1pact de ign,  with ef­

f ct i vc mean of heat dis  i pation to 

in u rc long lamp l ife . 
3 .  - c of tandard r adi ly avai l­

abl replacemen t lan1p . R p lacement, 

i n frequ n tly req u i red , 1s easil ' done. 

Fi gure 1 .  V i e w  o f  t he Type I N D-0300 N U M E R I K  
Indicator, w ith dimensions . ( A l l o w  additi onal �611 

on d epth, for c ommon terminal.) 

Fi g u re 2. Cut ­
a way view of the 
Type I N D - 0 3 0 0 , 
s h o w i n g  c o n -

stru ctio n .  

4 .  Efficien t  u se o f  l ight fro1n low­

po"ver lamp . 

5. Low paral lax. Al l �·ymbols ap­

pear to be nearly in the ame plane . 
6 .  \Vid viewing an gle . 

7 .  Rea onable price. 

The TYPE I N D  N M E R I K  I n d i cator 

combine ten (or tv.·elve) in ca nde ·cen t 
bulb w hi h can be i l luini1 ated i ndi­

vidually and ·which, i n  u r n , en d-fire 
i lluminate clear p lastic t1 i p  , a .. i l lu -

trat d in Figure 2. Light i i n t roduc d 

at one end of a t h i n , cl ear acry li p late 

and i condu ted -with l i t t le attenu at io n  

along reflective duct in g o he d i  · play 

su1face w here i t  i tran lated i n t o a 

b right d i p lay by l o  ely pa ·ed dots 

cri bed in the form of t he n umera l  or 

syinbo l .  A stack of en p late j u  t 
over Vt6 i n ch dee p .  

Li o·ht t ransmi sion h rough t he a cry lie 
is  o good tha th botton1 "ymb 1 of t he 

t ac k  appear to hav about t h  same 

brightness as the t o p  sym bo l . Thin 

. hect of refle ti paqu m.at ria l , 
'"hich eparat h pat h t h r  ugh ,,· h i c h  

o t h e  di  play surface i .  con­

ducted r-du e cro i l lun1inat ion t o  t he 
point ' h re a l l  yn1bol x ept th one 
illumi nated ar , for pra t i cal purpo es, 

not vi  ible. 

B cau of the thin stack and excellent 

light condu t iv i ty,  the N UM E R I K  I ndi-
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Figure J .  R ear 
vi e w  of the Type 
I N D-0300, s ho w -

ing terminals. 

cator has t he u n u  ua l ly wide vrnw1ng 

an gle of 120°. 

'I h  u n i t are o n  e n i  n tl y  m ou nt d 

behind the pan e l  wi t h  o n ly two s ·re\\·, . 

T'o ach ieve 1011 0" l a m p  l if , t h  larn.p. 
ar mou n t  d in a dri l l  d, ::-; lid · lu m i 1  u 1n 

b lo k which e rv . a n  ffi i n t  heat 

. i n k .  Fu rther , t he · i n k  i j oi ned to t he 

front pan 1 of the i n  trume n t  by larg -

cro - i 1 1  alu m i n u m . . i dc blo k . .  rl hi .  

configu rat i o n  lead to coo l opcrat i n an d 

to lamp l ife averagi n g 5 000 hours u n der 

'vitch in g ondi tio ns.  
Lamp ar read i l y  repla ·ed . The rc-

1noval of two er w at t he back of the 

A P R I L , 1 9 6 2  

I n d i  a t or frc s th l am p  block and 

t rininal p lat a. a u n i t .  

Typical u .  ·eR o f  i h N M ERI K I n d i­

cat or arc fou n d  i n  a n n u n  i t or · , ·o n1-

putc r. · cou n te r:.;; d io·i ta l o l t m.eter · a n d  

. · i nu l  r in. tru1neut. ·  i n dicator board for 

p roce. . con t ro l ,  pao-i n g . ·y pro-
0Tamm.cr. , radar t i m i n g  n d  

l o  · k  d ii.;p lay.' . 

Two t 'P . ar avai l ab le from. t oc k : 

T h  TYPE I).; D- . 00 whi h h a  .. t e n  
n u meral. ze ro thro u gh 11 in ; and t h  

TYPE I J - 1  0 1  which ha the t e n  

n u merals p l u .  a comma o n  t h  right . · idc 

and a dcc i rna l poi n t  <'<'ll t c red on th left 
side of t h  n umera l R .  dd i t ion a l type . 

w i t h let ter. and th r y m b  1 are 

ava i lable o n  p cial order. 

The M E R I K  I n dica tors arc rn.anu-

f act u rcd for n ral adio by I\: . G . l\t L 
Elc · t. ro n ics u n der a n  agr eme n t  tha 

mak n ra 1 Radio th exclu · i ve d i  ·-

tribu or h nit d � tate a n d  

Canada. 

SPECIFICATIONS 

Lamps: 1 4-vol , 80-mi l l i ampere 0 . 5  candle­
power T- 1 %  b u lb ; G.E. #330 or cq un. l . ' orking 
l i fe approxirnat ly 5000 hour (switching v;ith 
1 0  d u ty rat i o ) .  

Vie wi n g  .A ngle: 1 20° hori zonta l ; 60° vcrti al. 
Symbol H eight: 1 V.6 i n  h .  

Lamp Holder Block: , l i d a l u m i n 1 rn  heat i nk 

wi h n Ion-fi l led Bak lit  backi ng bloc k .  
Xickel- 1.Jver contact spri ng and 1 1 i l v  r­

plat d terminal ( 1 3  for TY PE IN D - 1  0 1 ) , n 
for eac h lamp an d n. common grou nd . Th 

grou n d onn c t  ion i.. to he a e of th TYPE 

I X D-0300 ; it i. in .  ulatcd from the case i n  th 
TYPE L D- 1 80 1 . 
Mo unti ng: k- f-panel by wo 4-40 screws. 

TYPE I X D-0300 TYPE I X D- 1  0 1  

Wind o w  Si z e: 

Mounting: 

Dimensions: 

Net Weight: 

Code Word: 

Pric es: 1-19 
20-49 
50-99 

1 00-299 
300-999 

1 , 000 ,999 
5,ooo-9,mm 

1 0 ,000-up 
Patent pplied For. 

) 

% h:-i r.� 16 i ne h  

1 1 31(; i m; h e. ,
-

f'Pn t e r  
1 i neh 

2 i n e hc. 

2 1"'2 i nC'  h es 

4 1 2 O U H C'  
I N OA I\: 

. 32.20 
30 . 60 
2 . 60 
27.20 
24.70 
22.00 
1 8. 40 
1 6 .90 

% by 1 l,,(G i n c h e. 
2316 i nc h  . ' c 

1 i n c h  
2 3 ,, i nch 

2 1 !{6 i nche. 

5 oun ·cs 
J N O IG 

.;·33_60 
32.00 
30.00 
2 . 60 
26. 1 0  
23.30 
1 9 .60 
1 . 1 0  

1 1 
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1 2  

G E N E R A L  R A D I O  E X P E R I M E N T E R  

CAPACI TAN C E-M EAS U R  N G  ASS EM B L I ES 

V i e w  of T y p e  

T i . ·  ·a  pa · i t a n  · 1 . • 

n q lli I {'c l w i  1 l P t•: 1 OJ I - 1 

r n i t  I ). (' i I l a t  r and .he 1 1  \Y T Y P B  
L .. 2-.\ Tm 1 I .  u p l i fi r a n l _ � u l l  D l e­
t r. whid · pbt·e th TYPE 1 .  0 ..... - _  

>.'c· i l b t or n n cl  t i  'I Y P I� 123 1 - J  l _ \  
.\ m pl i f i  r a n l _ �ll l l  t '"  · > r  u.·e l i n  th ' 
TYr 1-; J n -.\ .\:--. em l Ii ... . ;--; n ·i iYit >· i. 
i n  T u� I OY r t l  � t < f p i· ·yi ott.' m > le i :-; ,  
an<l  t w I 't < et ff i ,.;; . , n t i n uon. l �- t \ t 1 1 · 1 l  I 
from 2 )  c•pi-: t n  ... k e ,  w i t.1  i,\\·o a c l d i 1  i o 1 1 a l 
fr1:ed point . · ,  50 ke a n < l  1 00 k c .  'T'h 
>. · · i l l :  t >r fr q u  t t ('>' i s  c · 01 l i i nn ou�l�T a 1-

j ustnl ]p  from 20 < ' I . ·  to ;)(){) k<'.  r l  h<'  

<'< 1 }  :H· i  a 1 1  · br idg •, T Y P E  7 1 { }- ' n·­

n1: 1 i 1 L· tl l l  1 � l l lD"-'d . 

ri C ' •s fo r  1 he T Y  P t•: l ( i l O- n  A. .... nl l i c•s 
11 \\' �r j hal l for t he T Y P J-;  I r  1 0-. \ .  

t he U!-:C' of t h · le .... � x r wn ·1y ' 
uu <lurn osc i l n t or a n  I c lc-

\\ o m )  l c> l .  t r  aY:1 i la hl <� : t h  

'"f'1 r E  H i  1 )- J , \Yh i  · h  i n < '  I n  I .... 01e T'Y P r: 
7 1 0- P-I � 1 1 a rd ' i r  ·uit , a n d  i. o..;u i ta l  le 
for I o t  h h n-' -t rm i n a l a n d  hn - t c  rrn i n a l  
1 1 1( . .  1 s u n'n c 1 1 t .· ,  n rn l ( 2) t l w  TY P t•:  

1 6 1 0 - B  Ca p a c ita n c e - M e a s u r i n g  A ssem b ly. 

I ' 1 0-l  2. ' ·h ic ·h i . ·  :--u i l a hlc•  for two ­
t Pnn i na l  m ': l :-'ll n men t .· 0 1 1 1 :-· .  EaC'h i · 

eom pl t i n  C" · 1 h i 1 w t - t .qw relay rn C' k ,  
wi t h  't l\ ll  d ie m  ea hle .. a nc } ( HH'r c · nrd . 

161 0 - B  

161 0-B2 

Cw/, W orrl 

C a p a c 't a n c e - M ea s u r i n g  As s e m b l y  . . . . . .  , . . . :-; t·;D.\ "i" 

C a p a cita n c e - M ea s u.-i n g  A s s e m b l y  . . . . . . . . .  _ .' A B ��  
( l e s s  G u a rd C i r c u it ) 

G e n e r a l  a 1 0  C o m p  a y 

$ ' 740.00 

1 465.00 
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