
THE GE ERAL RADIO 

VOLUME 42 · NUMBERS 8 / 9 / AUG - SEPT 1968 

www.americanradiohistory.com

www.americanradiohistory.com


2 

the l<@> IExperimenter 
Volume 42 • Nos. B, 9 August-September 1968 

Publ :shed monthlly by th e General Radio Company 
© 196a - Genuol ltadfo Company, West Concord, .Mou., USA 

CON ENTS 

A Unique DC Voltmeter . • . . • . .  

Paige 

3 
Transistor Measurements with the l 650-B. . . . . . .. . . . . . . . . . . . . . . 8 
A New Audio-frequency and DC Microv.olter. . . . • . . . . . . . . . . . . .. 11 
GR Product Notes . . . ... . .. "' . . . . .. . . .. . . ... . . . . .. . . .. . . . . . . . . .  � . . .. .. . . ... . 14 

''h G n ral Radio E.rperim ·rifer i:-i mail d <:h mouth wi bout ·ha.rg ugi­
n er.·, :ci 11ti:t�, L ch11icia.n..,, d11cator� an<l other int-ere:l <l in th in·trument · a11d 
te ·hniq IL :-; of lee rical and 1 cLr{l11ir· · m tl"llr men tl'. Add re·::- H corre8p ndenc to 
Editor, Goie1al Radio E.cperiment r, Generul Radio C . , \Ye:.-;t oncord, I\iass. 017-..1. 

www.americanradiohistory.com

www.americanradiohistory.com


A UN,IQUE DC VOL METER 
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the[;] Experimenter 
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Figure 1. Block diagram of Type 1807 DC Microvoltmeter/Nanoammeter, 

GENERAL DESCRIPTION 
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• R istered trademark of E. L du Pont de Nemours and 
Company. 

Figure 2. Meter scale of 
the 1807. 
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PHOTOCHOPPER 

Figure 3. Simpl ified block 
di·agram of the 1807. 
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figure 4. Recording of the output noise current 
referred to ·the input with. 1 .Mn across 

the input terminals .. 
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the[;\Experime t r 
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f"gure 5. Recording of the leaka,ge current f'or 
a Type 1N3604 diode cycled through a 'temperature 

change of 10°C lo 401°C. 
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APPLICATIONS 
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Low-Level Differential Me0isu1rements 
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a u 1 or 2 µ V. Figur h ws a 
r c rding £ cliff r n1 ial m a ur ments 

Figure 6. Recording of the drih vf the voltage difference between two 
unsaturated standard cells, a1 25°C. 
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figure 7 .. Recording of the thermoelectric voltoge 
geoert!led by a thermocouple, 

RECOROER 

40V Rx •1o"n 

Figure 8, Te·st set-up fo.- measuring unknown 
resistor R,.,. 
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n 
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over a one-hour pe · od, shows he 

h rmo 1 tri vol ag b t n h "'o 
f th h rni · - pl vary 

µ -2 µ . bu th 
temperatur varia concluded to 

b about 0.9°· . 

High-Value Resistance Measurements 

Th lO\'ir- rr n and he 

hi b accuracy of mak :it 

i a l for v ry-hi h-r i · an m 
ur m n t . Figure is a t rpi al e up 

for ucb m a ur A nominal 

curr n t i of 410 p m a -
ur d with th rp la­

Rx 
.7:- X 1010 n. A 

dr pped to 0° 
by th 1 7 d er 
The re i tanc of Rx 
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to b 
wa 

cu rent m ur d 

d to 376 p 
t 0° th r for 

-K. . BAL 'J DJIAN 

bri f biography of )fr. Balek ji n appe red 
in the fay196 is u ofthcExperinient r. 
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Figure 9. Recording showing the change In 
c'urre"t (figure 8) as the ombien·t temperature 

cha1nges from 50°C f·o 0°C. 

SPEC FICATIO S 
RANGE 

-..--.. Voltage (either polarity): 15 p. - t 15 '0 full 
scale in 9 deca e range ; 0.05-.u /div re olution 
near zero on mo ensitive ran 

Current ( i h r p ln.rity): 15 pA t 1.5 mA full 
cale in!) decad range ; 0.0- -p. /div r elution 

near z ro on m t n itiv rang . 
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t e [;]Experimenter 

ACCUR.ACY 

Record-Current Linearity: ±(0.1 t;, of reading 
+ .5 µV). 
Interpolate: ±[0.1 �of full cale (rang ) + 0.1 
of re ding + 0.5 µVJ . 
Direct: ±( .5 , <' of r acting + 0. - µ ) above 
10% of full cale. ±(0.1 - � of full cal + 0.5 
µ ) b 1 \ r IO 0 f full cale. 
Temperature Coefficients (typical) 

Record-Current Zero Dr"ft: ±(0.0 f full 
sc le+ .15 µV) per degr . 
Interpolate: ±(0.001 of reading + 0.001 
of full scale + 0.15 µ ) p degr C. 
Direct: ±(0.02 of r ding + 0.001 o/ of full 
scale + .15 µ ) p r degr 

INPUT IMPEDANCE 
Voltage: 150-µ 1.5-V range 
direct and ypically 5, 00 Mn on in rpola 
15-µ r n , > 50 1\In· 15-V to 1500-V ran 

10.51\In. 
Current: Internal hunts 1 I\fn in p A -µA rang 
1 kn in nA -lll1 rang 
Meter: ingle ale from -1.5 to 15. Logarith-
mic (20 dB) abov l o-r of full le. 
lnp t Current: Le th 5 p. . 
Noise: T '"])ic lly .5 µ for 3o- with 1 kn acr s 
input . 
Common- Mode Rejection: > l 
up to 6 0 de m� a 
for 0-Hz common-mod 
with input filter. 

Record-Cun·en · Ruponse lime (t pica.I): 0.1 
withou input fil r (1.5-Hz bandwi th) 0.3 

"th filter (0. z ban width) on 11 rang 
above 15 µ • 10 im low T' u 15-µV rang . 
Maximum Overload: olt ge: 15 n l.5-V 
:rang and low, l � V n 15- � range and 
abov . urr nt: l m max all range . 
Overload Recovery Time: pprox 3 s for 106 
overlo d. 
Recorder Output: Adjustable up to± 2. � op n 
circuit for full scale meter d c ion ; ± m..i 
into 1. kn ma.x load. 

GENERAL 
Terminals: ol -plated opp r binding p 
fron and rear pa.n ls. round conn c i n on 
rear panel only. Battery on ction on r ar 
panel . 
Power Required: 105 125, 205 2 0 V 0 to 
60 Hz, 5 ·'. ... p rat from xterna1 24-
dc upply; 153 P3 13a t r h arger 
recommended. 
Accenories Supplied: 2 4- adap binding 
po o IT · fu ; pow r c rd. 
Accessories Available: lnpu pr be, Te tronL"X. 

yp P602 · 153 P3 Bat r}' and h r er .. 
Moun1tlng: onvertible-Bench abi . 
Dimensions (width x heigh . d p h): B nch, 
12 x 5Ys l 7i in. (305 x 150 x 2 0 )·rack, 
1 x-34 �in.( 5x135x220mm). 
Net Weight: B n h, 11! lb ( .4 kg)· rac k , 10% 
lb (4. k ) . 
Shipping Weight: ench, 1 Yz 1b C.5 kg); r ck, 
1 lb ( .5 kg). 

Catal,og 
Number Description 

1807 DC Microvo fmeler/Nanoammeter 
Bench Model 
Rack Model 

1807-9700 
1807-9701 
l807-9601 Input probe, Tektronix type P6028, Cat. o. 010-007 4-00 

TRA SISTOR MEASUREME S WIT THE 650-B 

A m ntioned in th IV ay Exp ri-
m.enter th n w 1 5 - · mp <l-
ane Bridg 1 only for 

routi m ur m n om-
ponen t ut al f r m a ur rnent of 

ran i r h-paramet r . Th p cial 

test jig requir d for uch ea ur m n 

a w 11 as the pro dur is desc .·b d 
below. 

h 
igur 

ar d fin d m 

calcula ion tha 

indicate how o 

param h1e 
rminal 

ur om 

am · h four- l'minal 

a d hr from wo­
app ar in Fig­

ou bia ing th 

16 • •  1 

Figure J. equ·ivalent c.ircuit of a tranSi·UOr, showing 
how the common-emitter h-�paramelers are defined. 
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flgure 2. Derivat'ons of the formu.las for ht• and hr•· 
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ra io-arm r 
Th pro 
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jig (Figur 

n rol wa 

i nal m a ur m n 
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so hat RA h 
e d rmm 

u rng an xt 
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n ur a sma ll­

t forward­
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the[;]E perim 

RESONA T AT Hi TO AVOID Sl-tUNTING R in - � 

+ lk IO,.F -=- 30V 

LOW 
H I G H C>------_i. 

TO BRIDGE -= 10,.F 

DEC.ADE 
BOX 

figure 3b. The h0• test jig. 

d cade box connected b ween h HIGH 
NK rminal nd h J 5 - B ground. 

h.,_, is usuaHy a f w hou and ohm· and 

in -

wh r RA is th alu of h rati arm 
in kilohm (I kn n h l-kn m ltipli r 
rang ). 

b. Throw a swi ch ha onn c th 
bas t th coll ct r wi h a large capaci­

tor and m asur R in, which ' ill e 
a ou 2 ohms for an mitt r curr nt 

hi 
of 1 m . ale 1 te: h1e = --

R,n 
c. s th G ac bridg and h hoe te 

Jl  (F'igur 3b) and turn up th Hla-

Figure 3a. The h,;, test li:g. 

t. • .  ne 

t r 1 v l f r m r a. ed nsi ivity 

Measur 

balanc 
with th 

box. 

R 

x 

l 
-11 k) 

(1 
d. 

tly in mi romho. and 

ou pu capa i an 
rnal capacitanc dee 

0 

te: - RN 
o - R 

d cnde 
A. 

th r adin()' on h · RL 
in kil h and R .4. i h 

r in kilohm 

x 1 -1 

ba i r with a larg capa, i-

tor and In a ur 1 in m.icr mh 

alcula e: hre = Rfo (hoe - Y). 
. HAVE .. E 

A bri f biograph f l\fr. Hav n r appeared in 
the 1a 196 · i u f h E· perimenter. 
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A NEW AUrDt,0-FREQUENCY AND 

DC MICROVOL TER * 

1 
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a meter and a 

�-..... t. m r 
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he a nuator v r 
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and thi i h n red u d to th d 
p by h a 

u nc ).li­
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on 

gibl w t micr 

ar 

from 

old-

n n-o:ff ·wi h which in h off po i-

• Trademark rcgis ered in U 
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Figure 1. Block diagram of the 1346. 
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bri f bi 
nu ry 1 
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SPECIFICATIO S 

sso n 
5 kn 

+io 1 de -10 l de 

1. µ 10 de 

.:.. µV) 

61 to 25 kn with 
'int ha r r mov d 

E tac or c 
10 

55 n 

h 

h 

lS 

nd 

f 
an 

• Input imp dance vari & bown in t bl withs ting of inpu level con rol. a.n e adju t cl to remain con tant 
w'1 n varying th st p a t nu r for load impedance of > 50 0. 

1346-9700 
1346-9701 

od 
on r l a· 

Accesso r!es Supplied: Ba.' 
war wi h. r ck model. 

Weight: 
(4.1 kg). 

D scription 
1346 Audio-Frequency Microvolter 

Bench Model' 
Rack Model 

un ing hard-

kg); hipping, 
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NEW SH,ELDED SWITCH MODULE 

The 17"'"2-. �3 
ca bili i s of th 
to th 
by p 

a I 

r r i 
r an P"' ify 

board vitching m hod 
in that uit hi applica ion. 
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p · gra in 
d . hi Id-
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z � -eo t---if-----­
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-110 

-20�-�-�-�--'---'--������ 
o.s z :1 10 20 �o 100 200 

r-AC.Qu C Mttz. 

Isolation between channels of the l772-P'3 
(determined by en•ergixin•g one channel, appl'ying 
a signal through it, and measuring the signal on 
any unenerghed ·channel with a so-n detector). 

T 

u 
th 
al 

or r·· 

th1·ough h 

f f r h 

scillat r 
t count�r, 

n1. th oun r uld 
o sev r 1 

1ncr d v·c s 

PRECISIO� CAPACITOR 

The l 2 2- E i a ahl and pr 
nd d for u. 

apacitan 
capac1 anc t .a 
v ry I w. 

1 

Thi 1 w- apa i an m mber of th 
1422 family ha rang of 0.0 - o 0.1 1 
p and 0.0 to 1. pF, r lu ion o 

0 

.0 Q_, and .0002 pF per divi ion 
and will a ·isf r h p cial 

or u e in h Harri 
n y apac1 b1·idg * 

Na ional of 

mp rabl t 
R l 122 and ar 

giv n in full in 

W. P. lI rris, " . w ltrnlow-Frequcncy Brid e f 
Dielectric :V1e ur ro u , " 1966 1p1uol Report, Con/• 

nee on Electric l Irundation nd Dielectric Pltvnnrnent., 
page72. 
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NEW DIGITAL LIMIT COMPARATOR FOR 

1681 AUTOMATIC IMPEDANCE-COMPARATOR SYSTEMS 

-

O O O 5 O b 0 0 5 0 0 I 5 0 0 b 3 0 S 0 

Th 17 . Di(l'it. 1 Liinit. ./ inp· rutor -,h 

: nd th' 

a r. r to 
ridg 1) but 

f r u 

in�t ·un1 nt an 
:_ ut on a tic hun lin 

Tlw 17 :� is a 

and aR ordC'r. It i:-- nntihl I 

n r w• of 

r und 

urn 

d with 

Il 
on sp • ial 
r al llC' or 

� t � r r-pa1 1 
<·onn has ind p I lent 

up r and low r .)-digi limit.· f r both 
imp <l· nee ni::tgnitndc and plus angl . 

in : l'y�t<"nl ·11.· orn d . ign d b  l n r. l 

Hn.dio f r r H u r 

1 Gt:m·ral Radio E:rp,·r 'mt nlcr, Dec.om er l G . 
1 G 111ral Radio Erpf'rimenJrr, .J u n  -,luly 19G . 

DC-LEVEL CONTROL FOR THE 1 398 PULSE GENERATOR 

· or y an h · u ' cl o · n-
1 v J of th outp it p ·ls• 

� 1 d I rf. Tirn ·on tan of th 

eirPu.it can b 1 ct d ac 
reguln. in r 

rd in 
r. Th ontput-pul d r... ion. 

in .. r b0 ;_ vcrag ' Tlw L . -Pl n1p n n on-
pos1 iv 

on rol 
I , k < r n gativ p ak and 

i · indep nd n t  of du y ra io 
lrol attach . to id of, n d I'lY 
I ow r fr I 1 th I ul ' ner tor. 

atalog 1 umber 

1422-9833 
1422-9580 

1783-9801 
1783-9811 
1398-9601 

0480-9337 

Description 
Predslon CapacitoT' 

1422-CE, with standard calibration 
1422-CEP, with precision calibration 

1783 DigHal Limit Co m parator 

Bench Madel 
Rock Model 

1398-Pl DC Component Control 
480-PJ17 Rack-Adaptor Set for combination of 1398-A and 1398-Pl 

15 
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INDIA 
"1ot Yarie Pri a e Lim ed 
Bombay 1 
Branches: Calcutta , 

Luc now. Kanpur, ew 
DeJhf, Bangalore, adr s 

JAPAN 
idoriya Electric Co , Ltd 

To yo 
KOREA 
M·C l nlernation I 
S n Francisco 94103 
Seoul, Korea 
MALAYSIA and SINGAPORE 
Vanguard Company 
Kuala Lumpur, alaysia 

MEXICO 
Fredin s. A. 

exico 17, 0.F. 

NEW ZEALAND 
w. & K. clean limited 
Aue land 

PAKISTAN 
Pa land Corporati on 
Karachi 29 

PHI IPPINES 
T J. olff & Company 

a I, Rizal 

PORTUGAL and SPAIN 
Ad Aur iem • Inc 

ew Yor • ew Yor 1000 
Residen repre entatives in 

I\ ad rid and Lisbon 

REPUBLIC OF SOUTH 
AFRICA 
G H. L ogler Co., Ltd. 
Johannesburg 

SOUTH and CENTRAL 
AMERICA 
Ad. Auriema, Inc. 
Ne Yor • ew or 10004 
Resident representa i es in 

principal cities In South 
and Cen ral America 

TAIWAN 
Helg ten Sc ient 1 fie Co., Ltd. 
Taipei 

THAILAND 
G. S i mon Radio Company 

Ltd. 
Bangkok 

TUR1KEY 
evag En ineering, Trading 
and Indus r ia l Corporation 

I stanbul 

GE A ADIO co PANY OVERSEAS) 

Helenastrasse 3, CH-8034, Zurich 34, Switzerland 

AUSTRIA 
Olpl. Ing. Peter archetti 
A-1060 Wien 
BELGIUM 
Groenpol- Bel g1que S.A. 
Bruxe'lles l 
DENMARK 
Semler & a thiassen 
DK·2100 Ktlbenlla en 0 
EllRE 
Plea con act= 
General Radio Company 

(0 erseas) 
or 
General Radio Company 

(U.K.) Limited 

FINLAND 
I nto O Y 
Helsln I 10 
FRANCE 
E Radiophon 
Par is 16 
Bureau A Lyon: 69 Caluire 

(Rhone) 
Radiophon Corporation 

ew York, ew York 10022 
GERMANY 
General Radio GmbH 
D·B ilnchen 80 
Norddeutsche Vertretung 
Dr.-lng. iisslein 
D-2000 Wedel 

GREECE 
arias Dalleggio 

Athens 139 

IS RAEL 
Eastron lcs Ltd. 
Tel A iv 

lTALY 
Ing. S. Dr. Guido Belotti 
1-20135 ifano 
Uffici: Geno a, Roma, apol1 

NETHERLANDS 
Groenpol Industrial Sales 

Company 
Ams erdam 

NORWAY 
Gusta A R ing A S 
Oslo 3 
SWEDE 
Firma Johan Lagercrantz B 
Solna 3 
SWITZERLAND 
Seyffer & Co. AG 
CH-80 o Zurich 

UN11TED KINGDOM 
General Radio Company 

(U.K.) Limi ed 
Bourne End, 

Bue lnghamshrre 
YUGOSLAVIA 
Sanford de Brun .. 
A-1030 Wien 3, Osterreich 
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