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Nov ember - December 1966 

AUTOMATIC C'APACITOR-TESTING SYSTEMS 

The inspection bottleneck was broken 
by GR's 1 680-A Automatic Capacitance 
Bridge Assembly, announced in l 964. 
Many users who formerly tested ca paci
tors at a rate of ten a minute at best 
are now testing at rates better than 120 
a1 minute! In this issue we describe some 
of the complex au1tomatic tes.ting systems 
designed around this bridge and two 
new .accessories, tne 1781 Digital Limit 
Comparator and the 11770 Scanner System. 
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1 R. . Fulks. "The Automatic apacitance Bri ge," 
Genercd Rndio E.rpmmenter. April 19 ". 
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he Exp ri nt r 

COMPO E T 
UNDER 

TEST 

I PUT EASURE E T PROCESSING OUTPUT 

OTHER DATA 

Figure 1. Block diagram of a component-test"ng system. 
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h 1 • apacitanc Bridae. Pror-
, ng CCJ uipm n per., t n th 
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u cf ul form. T�xampl 

C'qtupm n ar digi · 1-t -anafo 
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Figure 2. A utomatic capacitance 
bridge and da a printer. 
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thel<@>IExperime er 

The 1 -10-A Digi al- o- T rn phic R -

1cording A . .  embl ·, ..,h wn wi h the 

bridg in Figur i conYenient or 

pl ttino- chang . in th Yalu of a gi · r 
comp n nt. Th digitul-d· a oul1 ut of 
th 1Jridg , aft r · r \' r.·i I tc · 1 nal a-

urren (o yolhirre) by a high-.·p cl 
digital-to-analog c nn'rt er , i.-· plo t ted hy 
a graphic• r on) r. R, T sf'lf'etion f h 

pr per i i · for ·onY r. ion, a pr d.
z ro uppreLLion c·� n l c obt ine i :--o th· t 

ery �mal ·han in th ,-alu f a 
c mponen plo .t d. 'l'hi 

m ina. .jon i.' .-ten.·in·ly 1n 

vir nm n al apacit »., a. 
for example in , he m .a. ur .m n of 

emp ratur co fi i nt . 

ne of th mo p pular m an of 

storing data for further . ati fr m 
an ly i i the pun h d ar . Through a 

fig11,1re 3. Automiat·ic 'capa
citance bridge and digitol• 
1·0-graphic recording CM� -

s emb,Jy, 

paraH I-to- ic. l conv rt <'r he bridue 

can b nn ctcd o a card pu l h for 

thi� purpo 

h r orms of data recording for 

fu ure proee� ·ing b r a com1 u er includ' 

1 un h l pC' and m n tif' tap . In

q niriP� :u invit d for. y. t m. including 

equipm n fo:r .2p 

Aro hC'r c1u.·;,.; utpu e uipm nt 
operatP.- on h c 1nponcn it 1f rath r 

than n th mea::;u m1 n d· a. Thi 

m pm l an b omhin d \vith th 

input c>r1uipm n to he ompo-

ncn t in l ranc· . xampl . 

\Yh.il J a<.li pro idc � the 

propC'r proc . ing quipm nt ( bc-
1 ') \V do not uppl m ·hanical 

hundhng equi men , which i re dily 

ob in bl from v ral m nufa tur r . 
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Processing 

Proce mg quipment takes everal 
forms. he 1 136- \ 1git 1- -Analog 
Conv rt r mention d abov i on 

exam pl . Another 1 de cribed more fully 
in th f lloVirin · arti 1 , i th 17 1 

Digital imit ompara or, w, ich om

pares the bridge reading with prese 
limi to t rmine wh h r . ·om
ponen t is in or out of ' olerance. the:r 
proce ing (in rfa ) in trum nt con-

r o put ignal from one in trumen 
into the form :required a the input of 
another in trum n . 'or x ,mpl , he 
p rall 1- o-s ria] conver er mention d 
above convert he parallel (all-at-once) 

data from he brid into the erial 

( ne-a - - im ) da a r q ir d b a 
card punch. Other in erface in rument 

change he volt g an impedan e 

lev · l or h 1 gi al oding of ignal 
from one form o ano her . 

Input 

Input equipm n i us d o perform 
the ac ual conn c ion of th terminal 
of the component o the t rminals of 
th bri g . u h q ipm n · - n range 
all the way from the 16 0- ::>l Te t 
Fixture in which component ar man
ually in rt d o h mor �ophi i
cated reel-t rpe han ler and vibratory
hop r fe d r . 

h devices conn c omponen s t 
the bridg ne ,t a im om apptica
ti n r quire that comp nent be con

n ted a pre cribed automa ic e
quen e an th n rec cled or scanned 
in th am or a cliff rent e uen e. 
For the e applica ion th 1770 an
n r y tern c cri ed on page 13 ·s id al. 

Other Dato 

Informa ion in addi ion to the m a -
ured valu i of n r uired , esp ially 

November- December 1966 

Figure 4. An automatic capadt·o.r-test system 
prod1uced by General Radio. 

wh n automatic output equipment is 
u ed. Id n ifying a 1a u ·h a erial 
numb r or da a on ondi ions of meas

uremen · such as temperatur , time of 
da 1 or lap d im , can b obt ined 
from additional in · rument connected 
into the proce ing quipm n (tbr ugh 

jut rfa quipm n if n ary) along 
with he primary mea urement data. 

TYPICAL SYSTEMS 

Figure i a pho oaraph f an au o
mn. tic capacitor-te ting y t· m pro

du · d by eneral Radio f r a large 
aero pac manufactur r. It i u ed for 
incoming in pection and qualit) -con
trol t ting of a broad arie y f ca

paci 6r . The follo'wing compon n are 
includ 
1) t c rr:ier a.n automatic 

ind x r, 
2) Bia ·-voltage power up ply, 

) 16 0-A Au toma ic apacitance 
Bridge Assembly, 
4) J 7 ·1 igi al Limi ompara or, 
5) erial-number genera or, 
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rim nter 

Figure S. A utomatic capac:itor-lest system produc:ed 
by G·eneral Radio for Corning G ass Works. 
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ti n of gla -diele tric capaci or . Th 
pa itor ar load cl int tick and 

m a ured by h t m. A a, pnn er 

and ard pu u ly r ·, rd 
rial numb r, ca1 a i an , and di si

pa ion fa tor . 

OTHER APPLICATIONS 
Th 

·ompo-
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eneral adio \V u a 16 0-i 
bridg' y t .m o ch k th turn io 

f h · l tran f rm r · u ed in th 

n r qu li with r 

n 1n an 
of hin-

1 bor -
m d ign 
a.pplicali n 

c::::J CA BE SUPF'LIEO BY GE ERAL RADIO 

SUMMARY 
Th wh o u oma · ·apac1-

m ,  
pli ati n . Thi 

1' :rraphically umm' nz 

PROCESSING 
RECORDI G, 

HANDLING 

-Y RECORDER 

I 2 -B 
GRAPHIC 

RECORDER 

1137-A 
DATA 

PRINTER 

AGNETIC 
TAPE 

RECORDER 

can n '"" 

ANALYSIS 

COMPUTER 

Figure 6. Chart showing instruments and devices. that can be used in an aut·omatic com
ponent-measuring system. General Radio can supply systems Including those compo·nents 

Indicated by tinted bl,ocks. 

9 

www.americanradiohistory.com

www.americanradiohistory.com


10 

r-r 
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Figure 1. GR 1781 Dlgital Limit Comparator shown with automatic bridge. 

DIGIT AL LIMIT COMPARATOR 
mention d in h 

ry in ru mc t 
fully the C'a 

Autom · ti· 

mbly. Figur 1 
ful mcmb r I , · or · famil r, 

th 17 l Digital Limit mparat r. ln 
thi in trum n t., mcasur me n <l.., a 
from th riclg ar, ·ompar d with 
m nually limit·, an th r �uJ . ar, 
pr ntC'<l o p� n I l· mp' und in la. r-
contac ·lo:sur a r ar-pancl n-
ne · r. Th11L· p· r· t r ·an b 
u ed not only f r t . ti a d m n ual 

sorting of c mp ncn t pre cribed 
t lerances but al o with pu qu1p-
mcnt, for u omatic or ing. 

lNPUT 

Th input t .h mparator i in 
the form f 1 I f ur-lin BCD d ·git , 

fi · . for lo._ val u 

) ' 

r r 

data ar normally u� <l a 1 -2-4- mod
ifi .--digit lim-

r, r for 
up r limit 

an on limit is 
f r th ' rang digi . mpl t om-

pari on ak · only 2 . .5 milli · nds. 

OUTPUT 

·our fr n -pan 1 l mps an orre-
ponding in rn I SPDT r lay provide 
i ual d electr · al indication of the 

compari on r sul . The lamps indicate 
G ' HIGH ' LO :\" or HIGH D/G. The 
r la r contact are i lat d from the 
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m t m nt and from 

ar rat d at 1 1 5  
put · nne to i 
conn ·tin a da a 

tion l limi 

A 16 

n 

SORTING 

c mp 

lati n, 

ach other and 
da a-ou -

provid· f r 

r r an addi-

op rat 

n b 

l660-A 
BRIDGE 
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resul and art the econd compara-

tor. 'I'hi equ1 n o mu un il ne 

mpara or in i ·at or un il 1 1  in-
dicate ·o GO. 'I h final deci ion will 
appl w r to the appropria ou put 

ir it hr h he rel y 
A 1137- a a Prin r b con-

�d c para or o btain a 
r ul . Th e r1n er 

id d: 
m nt 

m ur m nt 

rin 
m nt onl 

u -of-t ran e m a ure-

In 

m a  ur m 
r pr ntin.., th r 

1 al"o print d. 

CIRCUIT DESCRIPTION 

Th l 7 1 igi I Limi m · 

l all u nt.ial digital 
f th inpu data wi 

mpli h by a 

,, LOA O ( POWER '1 
RELAYS I I 

N0-00 I I 
COMPARATOR 

j 01. 
-,- -1 : : 
'r CJO I LOAD I j ._ ... ,__ ,-� 16/o o--'"1 

Figur·e 2. Diagram showing lnforconnec
tion of tnree compal'ators for multipl·e
limit sorting. (GO-NO-GO rel·ays shown 

are incorporated in comparators.) 
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1 2 

the�Exp rim nter 

Figure 3. Simplified logic diagram 

illuatrati"g co mparison technique. 

PRE IOUS 
BORROW 

equential e hniqu in ·hi h one four� 

line d e imal digi i un-

r 1n f ur-bi p· ral-
1on ir uit. n I 

for xampk' 

ub ra ·t d from h 

valu 

PRESET DATA INPUT DATA 
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.... 
rn 
� 

SEQUE T I AL 
I PUT 

CIRCUITS 

4 - BIT SUBTRACTOR 

PROGRAM 

BORROW 

STORE 

u d a h mo t i nifi

n e valu . A, th 
h final 

lect h 

ol a m1n1mum 
n r quir nly 

1, t �'.;) a mp lc com-

blo k pan ·on. 

the 

four- i 

po d 
ubtra 

l 

1 high r 

pff•se valu 
a a i e-valu<' c mparj n 1 

p rform d in mu ·h h way. h 

CONCLUSION 

l\.Ian f h 
brid 

compara or 
lo i f r h man 
men. u 
IlC'UTC' r . . 
lil rou in 

f an auto-

ing. Th 
ti utinc7 
n, advance 

man imp r an 
i n of human rror 

SPECIFICATIO S 
IRA GE OF LIM T SETTINGS: 000 0 lo ( ... 9 for 
bot.h ('and n. 
ACCURACY: Jam a that of data. ur . 
INPUT 
Data: 1 di . , BCD, 1 2 
ti on al). 

2 (1-2-4- op-

Logic Levels: 

'l"= TREP (or rREP to llRBF-2 Vol ) 
"O' = i REP-1 ( r Y Ree- to Y Re.P-50 volt ). 
Input Resistance: > .'.1-7 k� ( t d to l R&F). 
Maximum Source Resistance: 1 
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Reference Voltage: ±5 
chassis gro md. :.VI 
1 k!. 

t 

Com pare Com,mand: Logi · ] to lo ic 0 tra.n i
tion. .:\1illimum urnti n, 2.5 m ; inpu re-

i tan > 0 kn. 1axir nun s urce r i t.a · , 20 kn. 
OUTPUT 
D a t a: den ti ·nl to inpu 
Comparison Result: Ht:IJ di it, b hind 10 kn. 
Print Command: J, ri 1 to L gic 0 tra.n i i n, 
b hi d 2.2 HL 
Relay Contacts: -1 PDT ·on tact , 11 - , rms, 
0. 1 J rm , ma..ximum. 

Nove1mber - December 1966 

GENERAL 
Accessories Supplied: 
par fu e. -1205-10 

n c con1pu.rntor to n1e: 
Accessories Required: If 
us tl, 12 5-1010 c-n.hll i 
table below. 

Power 

Power R equire d : l 05 o 12.5 or 210 to 25 V. 
GO Hz, I 0 \Y. ( P 5 t 235 I-. uvailu bl . ) 

Cabinet: Ra ·k-b •nch. 
Dimensions: B•nch modf'], width 19, h ight .J, 
d •pt.h 1 61 :l iu ( J ,) 1 - , 420 mm) ov r-all: 
rack rnod I, wi lth In, h<'ight :p 2, d 'I h b hind 
pan I I 0 in 1 , 9, 41 mm). 
Net Weight: 20 lb (9.5 kg). 
Shipping Weight: 30 lo ( H.O kg). 

f'ritalog 1\ umber 
1781-9801 
1781-9811 
4205-1010 

D srriplion 

Th 177 
1 

pair 

apac1 
bridg 

nc 

Type 1781 D igita l limit Comparator, Bench Model 
Typ 178.1 Digital Limit Comparator, Rack Model 
Ace ssory Cable (from sorting equipment to comparator) 

Figure 1. GR 1770 Scanner System. 
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1625.00 

65.00 
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1Il 
rum n 
f man 
Ulr. It 

unk 

<>h ng in ::i,pac1-

1 pF and be ·au c 

f l hr -t rminal 

''-ill i ray ap 

t rminal 
Lhi 

long 

comp n n 

c nfigurati n, it 
c1 an fr m ·h 
to g· un "\Vi th 
apabllity cannot 

In h 1770 
mn 
d by 

m he 
·roun 1 a -

I 
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th p rim nt r 

mg le th n 0.01 p 1 a ro the com

pon tit elf. 

DESCRIPTION 

Th nn r ('Om p f 

tw main unit\ he 1 ...... 71 ' ann r 'on-
trol and th · wi h. Th 

adap 
eparatcd f ron1 th 

i n turn b 

ont rol unit. In 

d 

h 

d 
n-

1 ng 

is xtr �m 'l 

an b 

arrang m nt aL o n.llo-w 

. pan 10n f h hann l C'apucit 
in •eral s1vi ch unit can b ·on-

nec d t a · gle c ntrol unit. 

I PU LI ES INF'UT CA9L£ 

�RU 
I 9 

SCANNER SWITCH UNIT 
Th 

0 1 0  -1 
types of wi 

h 177�-Pl 
he l 772-P2 
E h modul 

n ·lion pla tray cap 

th ina i hann 1 be w , n 
u tpu t rminal and gro n 

he ou put t rminnl 

1772-PI 
SPST M ODUL E 

r-

shown mor 

L _____ _ __ _ _ ..J 
OU PUT 

L.INES ,---------L 
"'""----t----T---��---yo / ,= 

I = 

I - I 1772-PZ 
I - I SPOT MODULE 

THRU 
I 9 

I I 
I CH4 EL I ACTIVE 

I I 
CHA NELS 2-6 OT 

S 0 N 

e of 

low 

ban 

con
r ly Ill 

E'IMINA,TING RESISTORS CA BE 
AOOEO 

!t* COMMO E" I AL, Ct.,N BE 
OISCONNECTEO FROM GROUNO 

I I 
I * - **" I - I 

Figure 2. SimpUfied schematic 
diagraim slhowing connections 
for g u<1rded scanning of two-

L_ _________ _J termino'I components. 
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0 HE 
CAPACITORS 

CAP4CI OR = 
Ul'.DER TEST 

*STRAY 

*STRAY 

modul u ·c long-Ef r d a h 
with f ov r _,.) milli n 

ration 
than_ 

l .r .'is tauc 1' 
1 

The l -7':"" • n r w1 h 
10 m ul · .i her yp 

a c pt 

un 
provid f r xampl a scanning ap ·

o !50 Lwo- erminal · omp n nt or 
1 0 i gl -t rminal . ignal lin 

Physical Descript ion 

r n.r 

cann r .:\' 

a 1770 cann r 
0- Aut m ti 

\. cmb] . Th 
h ·wn at th 

. Th and 

ul · pl fT in a h wn. 
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I 
.....L "T' <O I pF 

I 
TO 

BRIDGE 

Figure 3. Simplified schema
tic; diagram of scanner 

·swilchi1ng circuit. 

J ,' ch modul m lu e 
or f r t.hP in1 ut li 

B. ·c eonn for 

in.·trum 'n 
m iul ·-· 

a 14-p:iin 

an w 

r 

onne ·

parall 1 

lin · .  

d for connection to th 

SCANNER CONTROL UNIT 

T'hC' 1771 " f'ann r 
all-so1id- ta 
tr l up 
I maxim m r 

figure 4. Scanner system connected to CJUtomatic bridge., Scann1er switch is at laft; control unit i above 
the bridge. 
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the:;]Exp rim 

I wi 

nt r 

in 'trument ha. 
for hann 1 .· 1 

i n and bri ht in-lin 
readou of the a n· han 

tri al r d u 1 al -·o pr Yi le along 
with u o h r 1 c ri · 1 in p u � an 

OPERATING MODES 

T'h t.humh-wh 
he fir't nd la· 

K-

in w hi h h .. 1 n 1 
i� initi.. hy manual op r· -

tion of < fron -pa el pu hbut on r b ' 

an l· tri al l:'lign·il applied t a rear 

16 

conn ·t r: 

F• g u r e  5. Si m pUrled 
s c h e mciric d i a g r a m  
s howi,ng intercon nec
tions be ween control 
unit and switch unit. 

ehann 1 
d 

fir:s hm 1 

111 '·hi 

1771 SCAt-.NER CO TROL 

- - - - --, TE S I DRIVERS I 
TP I 

1 I 
I I 
I I 
I -15V I I 

THRU 
I 

I 
I 
I 
I -15V I 

nc 
t h 

l i , 

h a 

L_ 
REL 

V�F 

chann 1 gro pi. r p titiv ly ·anncd ; 

(4., I .,p · A'l' in ' hi h th . canner 

r m::nn� on h 

bu t n r an 
g n r t 

ignal · 

fir ·t ·hnnn 1. A. pu h
x crnal input i.' u� <l 

n u ·I u "mea. ur ' 

(f) R.\.XD '.\I � E ·.·, in whi ·h any 
hann I C' n t e s lcct d by BCD C'onta ·t 

lo ur , ap li cl o a r ar n or· 
( ) RE'.\1 Ti-�, rn whieh any mod of 

op rat ion m be I by contact 
1 ur a li cl a r ar conne tor. 

ig l fr 

hannel an 

mille.·c ond 
lffi a 
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Fig.ure 6. Bridge-scanner 
sy stem used in environ
m·ental tes.ts on dipped-

mica capacitor:;. 

Nov ember - December 1966 

Photo courlc&y of U.c Ele tro . lotii•c _ fanufacturino Co., Inr. 

o in n al an outpu ignal i:-
,n ra ed t operat h brid . At 

h a t hir in cn·al, adj u -
milli cond 

initia d. In h 

a h o 
i na1 from h 

hi in rval unle 

bridge a. au 
o advance oon r. 

a 
it 

Fron -pan l rnu al 11 w th oper-

a or moni or th d la r • gn l n an 
o cillo � pe. 

SCANNER CO TROL - SCANNER 
SWITCH INTERCONNECTIONS 

1' igure f . h 'v a implifi h ma ti 
diagram of om of the int 
tion b , w n he 

and the \V 
de ad 

r I 

onn 

tens 

d cad 

an ran will be 

h ld in satura ion, onne ting th oil 

f r wi ch 0 b w n V n F and 
h e - 1 5-v 1 ply. Th diod in 

n with h r d- wi h oil allow 
th perat while ho e in 

r . 

oiJn pr v nt h urge 
amag1ng th dri' r 

Th ·oil-re urn lin , REL I con-

n ted throu h a rm· lly ·aturu ed 
trun i tor 0 r REF· Thi tran i tor i 

u off for h re�et operation i ablinO' 

all channel . 

Th hannel-dri\ r ran i 

uppl · 11 to mA. The r 

coil th i -72-Pl P nn r 

�I cl 1 requir J - m.A and tho e in 

h 177:...-P - PDT _I dule 
r quir 30 m.\. Thu on-
trol nit an dri four 
1 -ch nn 1 ingl -wir ann r witch 
Cnit ( 10 1772-1 1 P T modul in 

a h) r ne 1 - hann 1 guarded- wo-
terminal cann r on i tin of wo 

cann r witch .,.ni ( 10 1772- ) 1  
P T modul in one and 1 0  1772-P2 
P I module in th oth r . 
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Harold T. McAleer received the B.S.E.E. and M.S.E.E. degrees from th Massachusetts 
Institute of Technology in 1953. He was employed as a cooperative student ot GR on 
the design of high-frequency measuring and recording instruments. After two years' 
service as on engineer with the U. S. Army Signal Corps at Fort Monmouth, he returned 
to GR as a development engineer in GR's frequency Group,, where he designed 
frequency counters, and associated instruments. Since early 1966 he has been respon
sible for the design of systems. at GR. He is a registered prof ssional-en·gineer and a 
member of the IEEE, Era Koppa Nu, Tau Beta Pi, and Sigma Xi. 

Richard F. Sette, designer of the 1781 Digital Limit Comparator ,and 1770 Scanner 
System, received the B.S.E.E. and M.S.E.E. degrees from Nor1heastern University in 
196'.J ond 1962, respectively. He performed graduaite research in solid-state physics 
at the A'r Farce Cambridge Research Laboratory and later served in the U. S. Army 
Electronics Laboratory ot Fort Monmouth, where he w,as concerned with the testing 
and evaluation of integrated circuits. Since joining GR in 1964 he nos been responsible 
for the design and development of data-processing equipment for automatic testing 
systems. He is o member of the l,EEE and Eta Koppa Nu. 

APPLICATIONS 

G h w the 177 

n 

1-
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1na tiv 

al ob u 
r, 

r 

0 

nv1r nm 

f -;)fj t 
m ny 

on 

In another 

l 

ming 

pr , •ril 

t 

for ma 

u 

known tim in 
Th fl xibi · y of 
m k it i al f r hi 

r 

uch-<lial

of h 

ann r y 
applica io . 

ipl I r r. 

- IIAR LD 
I H RD 

SPEC FICA IONS 
1771 SCANNER CONTROIL 

IN.PUT 
Logic Levels ( l''REF = 1 'ch(LI i• ±5 ' V): 
" l " = i·REP (or l'nsP 1·REF - 2 vol ) 
" " = VnEF - 10 (or Vnt::F - to VnEF 
15 volts). 
Channel Advance: · ogic-1 v 1 tran i ion, ei her 
polari y; inpu resistan · = 5 kn; maximum 

ourc re istance = 2 k . 
r, n a. t l to VnsF; input re · -

anc k . J p -circuit voltag = 1 RBF 
- 15 vol . 

' 
anc = 1. 
- 1 5  volts. 

OUTPUT 
Channel ldentifkatlon:: B 
optional); outpu r · anc 

1-2-· 2 (1-2-4-8 
= 22 
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Novembe1r- December 1966 

Measure Command: Logi 0 to 1 gi, 1 transi
tion behind . l µle . 
Channel'-Switdi Drive Current: 0 n1 • .  

End of Sca1n: gi -1 v J run itiun, e]t r p -
larity, behind , 0 kn. 
TIMING DELAYS 

Seu le De lay : 10 m . 
Safety Delley: Adju tabl 1 0 m · - r . 
O'vtpvt Dela,y: Adj lstubl 0 rns - 2.5 s ( un 
be inhibited). 

1772 SCANNER SWITCH 

<Capacity: 10 s un11c•r mouuks. 
1772-Pl SPST SCANNER MODULE 

Complement: LU ::,;Mi wi d1 c la · ,' rat t 
25 \, 0.l A, m:1.•imur11.. hut I d-dri ' r  quir -
ment: 1.) V ut, l , rt • .  

1772-P2 SPOT SCANNER MODULE 

Complement: 10 SPUT wit h c nta t , rated t 
25 V, .1 . , m;.1.x.imum. h::i,nncl-driv r iuir 
ment: Hi ut 30 t 

OIRDERING INFORMAT ION -The 1770 Scanner System is notpresenlly 
available as an "off the she/(" item. ln'qufries ,a,-,e invited for scanner systems 
as described above. The price for a typical 50-channel g,uarded scanner is 
approximot ly $3500. 

EXPERIMENTER on Microfilm 
Librari s and t · fa C'cl \Vi h h 

pr 1 m of p a 
n w ob in an or 

Exp rimenl r, fr m Yolum o 
th pr n on m] ''f film. Ea ·h Y l
ume 1 in the form of p i ti 'ii micr -

film on m t· l 
i nlarg l op1 s un 
quP.',. i 11 inqu1ne r 

h uld be dir 
' ] ; 

ui bly l· b 1 
be p.rin c 1 

hi 

INSTRUCnON MANUAlS iFOR THE CLASSROOM 

man 
m t uc ion 

m truction. 

inf rm i n n ir 

of op 'ation, 

In 

1 

OU 

al n 

d igna 1 n 

bina -i n 

p 

13 

fo nd R 

1gn rin i1 I , 

ial m a ir, m nt 

hniqu ar 
gran r 1 Lt "t� for ingl , 

m nuuL f r tl.'C in tl (•la 'l' 
qn n iti ,' ar r qu t d a 

u ually b mad o d fray prin ing ·o 

to 
of 

ADDENDUM 

Pul 

nti 
-. 

r_[ ·>,' 
or (.Jul 

gn -

ar \Vi th-
me 10n b 
n.rl in ti 
G n rat r 

I :�I 1- '\ ; t l 
s b c m

l 

uL 
Pul.' 

r and � YPE l . .  !-Pl 

In h '  speeifi, ·n io � for th 1.):...- - A 
Da a R rd r ( )do) r i '. u ) , lin 
of ·yp wu.· omitted from th J' ighting 
rlurrart ri:-;tfr . Tl IDI 1 p cifica-

ion f 11 \\'!": 
Weighting Characteristics: :-;: AB and cons a.n. 
·urrent f >r both playback a.1 plifi r.·; ' .  B 

('Ollc trLnt current �Lili A, n, and "ci •h ing 
( tt nclur :-l mnJ-1 ·v 'l-1nt•l,,cr d1:1.rar·t 'l"it'tic.:) rur 
r .rort.I channel ff I. 'un� an curr ·nt fur r ·curd 

hm111 l #�. 
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t x p  r i m n t  r 

G E N E R A L  R A D I O  C O M P A N Y  
W S T  CONCOR O , M A S S AC H U S E  T S  O 7 9 1  

20 

EXPER ,IMENTER Editor Ret i res 

".i h h i  ' i:�u h 
l� x p c r i m c n t r b i d  

a re \\·c l l  t ' h a rl  · E .  

b 

• r h n f r 

3 h 

J OlT a i n  

a f t  r gra d un. i n O"  fr m 

I . I . T . ,  and . w ·k i n g  w i  h .T . K .  ' h  I p  
h I pe i n r fi r. c · o m rn  r · ia l  

prim· ry r ' < ( I H  H C) :-<t n n c la rd. . l r 1 .  T-t 
h u rn 'J l is  f ull a t t Pn t i o n  o h • writ-

n ' ·  r 1 · . i n cp t lw n ,  � .  I u b lic -i l _,. :\ le.  n
ag r a nd tl.' D i rP etor ( f he  r l . re mo

t i  n J pa rtm n t ,  h ha . .  h p h  r l l h 

E. ·p rim n lcr, cuta l o-. i n .·tn 1 c  i n m  n
u al , ha1  <l l k.· ,  a L ' ,  a nd g n r._ 1 p u  h 
l i  i . I i · d i torit 1 j udgm nt  wa al

hi · w ri t i n g  w . · 1 ·a • 
cl t u: 

t IlJ O. 

fro m 

.·t wi:-1h � w i  h i. man 

\V rd wcr a l  wa_ : so ' ] l  ·h  • '11 . 
F .  Y n V n ,  E d i  r 

G E N E  A L  R A D I O  C O M  PA N V  
W E S T  C O  C O R D , M A S S A C H U S E T T S  0 1 7 8 1  
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