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3 JUNE, 1960 

ST AND ARDS AND ACCURACY 

The recent calibration seminars1 held 
at General Radio are a natural re ul of 
our long-standing in rest in the field of 
impedance standards and mea uremen ts. 
In the our of the . eminar \Ye have 
had the opportunity to discus problem 
of mutual intere t \Yith n arly one hun
dred engineers from commercial and 
military laboratorie actively con erned 
with tandardization. Th e discu ions 
have sugg sted several area where con
fusion and misund r tanding exi t. Our 
viewpoint on some of these may be of 
particular inter st to the larger audience 
of Experimenter read r . 

TERMINOLOGY 

Som vvhat urpri ingl tandardiza-
tiE>n for the language of tandardiza ion 
i lacking. 'Ierm uch a calibration ac
curacy and certification accuracy are 
u ed by different manufa turers with 
enough hades of cliff rence in meaning 
to create confusion when specifications 
or calibration data are compared. Our 
u age of these and other terms is out
lined below (\vith the full knowl do- that 
incon i tencie in our own past publica
tions and sp ifications may be found). 

Absolute Value 

By ab olute value of an electrical unit 
i meant the valu of the unit a derived 
from the fundamental units of mas , 
length tim , and th p rm ability of 
space. The determination of, the main
tenance of, and the dissemina ion of the 
electrical units are the responsibili y of 
the National Bureau of Standard 
l Three uch sen1inar.· have been h ld. See ", eminar on 
, tandards, Calibrations, and l\feaf'urements," General 
Radio Experimenter, 34., 1, January, 1960. 

2 B Circular 531, •'Extension and Dissemination of the 
Electrical and .'.Vfagnetic Cnits by the National Bureau 
of tandard . " 

3Current work at NB is xpected to reduce this un
certainty. 

(NB ).2 The determination is always 
subje ·t to some limitation and, there
fore, the unit a maintain d may differ 

lightly from the ab olute value. 
tandard resi ·tors offer an ex llent 

exampl of th r lation between value as 
maintained by NB and the ab olute 
value of the ame quanti y. The fact 

hat tandard re istors are availabl 
which how a tability from year to y ar 
wi hin 1 ppm or less does not necessarily 
mean that the absolute value of uch re
si tor i known t th ame a curacy. 
Publications by BS and by the stand
ardizing laboratori s of the other coun
trie indicate that the present certainty 
in the knowledge of the ab olute value of 
th ohm i limit d to om thing of the 
order of 10 or 15 ppm.3 It is obvious, 
th er fore, that onsiderable care mu t be 
tak n in interpr ting accurac tate
ments of ±0.001 0 whi h fr qucntly 
appear in connection with andard re
sistors. 

NBS Certification 

It is important that he meaning of 

Figure 1. A stable low-frequency inducta nee stand
ard, th e Ge neral Radio Type 1482 Standard Inductor. 

www.americanradiohistory.com

www.americanradiohistory.com


G ENERAL RADIO EXPERIMENTER 4 

the accuracy tatement given on an NBS 
certification of inductance or capaci ance 
be properly interpr ted. The accura y 
statement does not represent only the 
limit of absolute accuracy of the JBS 
measurement , but includes an a s

men t ba ed on e perience of the prob

able stability of the calibrated devic . A 
certificate i therefore is ued only for a 

produ ct ·which ha b een available to NBS 
for a ufficien t period of i me to demon
strate a pattern of stability behavior. 
The accuracy figure assigned to calibra
tions after a history of p rf ormance is 
e tabli hed i in tended to be uffici n tly 
con ervative to give the user reasonable 
as u rance that the tandard will remain 
within the stated limit for, say,  one year.4 

When an item i ubmitted for which 
no performance h i  ory x i  t , a report is 
issued, rath r than a certificate. 

Th NB pra tice outlined above 
cliff rs from som of the pra tice else
where. For exampl , in England the 
statement of accurac attached to values 

of resistance, capacitance and induct
an e normally ref er only to the calibra
tion a mad and no allowance i made 

for the tabil:ity of the device . 

These differing practices have led to 
mi under anding and improper conclu-
ions drawn from a compari on of the 

certification accuracies offered by NB 
and N PL. NBS certifications of induc

tors, for instance, are typically ±0.03%, 
tho e of NPL typically ±0.01 0. In 

pite of the e difference , value assigned 
by the two laboratori are in agreement 
within 0.01 % as shown by informal com-

• 5 
pansons. 

4For exarnpl , an B ertificate for a standard resistor 
carries the following statement: "The accuracy shown i 
based upon this Bureau's record of the stabiiity of th 
resistor, or, for resistors submitted for the first tim.e, upon 
exp rience with resistors of the same type. It i expected 
that the resistance value will be reliable to the accuracy 
given for at least one year from the date of t t." 

5" tability Record of tandards of Inductance and 
Capacitance," General Radio Experimenter, 34, 4, April, 
1950. 

General Radio Certification 

To clarify he terms used in General 
Radio calibration cer ificates, 1 t us x
amine the numerical values a sociated 
with a typical standard (for  in ance, 
a TYPE 1409-Y tandard apacitor) : 

nominal value, adju tment a curacy, 
calibration or cert if ied value, and cali
bration a curacy. 

Nominal value and ad,iustm nt accuracy 

are engraved on the nameplat , i.e., 1.0 
µf ±0.05%. The nominal value of 1.0 

µf may b regard d a an abbreviation 
of the highly precise and ab olute value 
hat it would be desirabl to hav , per

haps 1.00000 µf. Th adjustment ac
curacy represents the clos ne to which 
we feel it  is  economically pra t ical to ad
just to the nominal value. Thi adju t
ment i made in  term of the known 
values of our referen tandards which 
are i n  ernally consi tent and, we believ , 
compatible with NB value to be ter 
than 0.01 %. Allowance mu t be made 
for this uncertainty, for errors of obser
vation, for minor differences in tempera
tur , and for po ible drift. Th se are all 
covered by th traditional General Radio 
practice of u i n<T a our laboratory ac
ceptance figure for adjustment accuracy 
a value not more han � he value en
o·raved on the nameplate. 

The ignificance of any adj u tmen t ac
curacy need exam ina ion when that ac

curacy is comparable in magni ude to 
the tolerance of NBS cer ification. For 
example the adjustment ac uracy of the 
GR TYPE 1409 Capacitors i now 
±0.05%. The National Bureau of 
Standard places a typical tolerance of 
±0.03% on the certification of our refer
ence tandards. Theoretically there
fore, the actual value of a standard 
capacitor adjusted to ±0.05% could 
differ from the nominal value by (0.05 
±0.03)%. 
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Figure 2. A 0.1-µf 
Type 1409 Standard 

Capacitor. 

Obviou ly, in the extreme case, the 
difference would be 0.0 %. Actually, \ e 

have good reason to believe that such an 
. tr m deviation will never occur. Our 

experience with NB cer ification of 
many of our refer nee standard for 

many years in the standards main te

n a nee program described later in this 
article indicate that the BS unit of 
c apa itance i onstant to better than 

±0.01 %. (S e preceding ection on 
NB Certification for the reason for the 

±0.03% tolerance.) As noted above 

the NBS units agree within ±0.01 
with tho e of other national standards 
laboratories. When one of our capacitors 
is sent to NBS (or other laboratory) 

JUNE, 1960 

for calibration, the certified value will 
be wit hin ±0.05% of nominal. For ex

ample, the 1.0-,uf tanclard of our pr vi

ou exampl would, at wor , be c rti
fied as, ay 1.00049 ,uf ±0.03%. 

The measurement of the actual valu 
of a tandard can usuall b mad with 

great r accuracy than the adju tmcnt 
to nominal value can be macle. Th 
measured value, or calibrated value, i , 

th refore the valu to b used for ac
curate measuremen ts. 

Th mea ured data are fr quently re
ferred to as a " calibration" and th 
piece of paper carrying the inf'ormation is 
often ref rred to a the " ·alibrati n ccr
tifica e." Far mor important than what 
the document is called is the significanc , 

or accuracy of th number appearin g on 

it. The accuracy at the ime of measure
ment depends upon wo fa tor (1) the 
precision of the compar ison against the 

working tandard u d and (2) h ab o
lute accuracy of that standard. The sub-
equ nt usefulne s of the newly cali

brated tandard and it certification 

d p nd upon th tabilit , and a tand
ard i truly u f ul only after it own 
tability history is kno\vn, although 

knowledge of rcpr s ntat i e stability of 

tandard of th am type an l man u-

figure 3. Chart !>howing the relation between nominal and calibrated value!> for a General Radio standard 
_ of capacitance or inductance. 
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fac ure i in the cas of an w tandard, ing anoth r tandard to be used for tha 
reassu nng. 

"\V b li ve that it i much m ore u ef ul 

to provid information on all th i em 

contributino· to un ·ertain y than to 

·ombin h m int n over-all accura y 

tat mcnt. Thcr for-, th crtifi ·ation of 

Lhc rYPE 1409-Y tandard Capacitor 

r a<l "Thi capa itance alue wa ob

tain l b. dir ·t mpari 01 , pr ·i e t 

bcttC'r than ±0.01 \Yith a lik tand

ard certified by the National Bureau of 

tan lard to an ac •nra ·y of ±0.03 0 in 

abRolute ·apacitanC' . " 1 mp rature co-

ffici nt i · al o pccified. Since the ta-

bility of this standard i tated a 

±0.01 for a period of a1· , th 
u. er looking at thi ccrtifi ate within a 

f w month f i <la· ha r a enable as

suran · that the valu giv n i orre ·t 

within abou 0.01 . On the other hand, 

if all ·hr fa ·tor w re combined and 

th a· ·ura tat d a ±0.05 , ·h u er 
could only con lud that tha numb r 

r pre cnted his limit of confi dence in the 

iven value. 

USING A STANDARD 

In ummary, when a tandard is to be 

u cd, the follO\ ing items of information 
are d irable in the ord r de ribed: 

(1) 'Ihc nominal value. 

(2) ThC' adju ·lmenl accuracy. 
(3) Th certi.ficat or calibration value. 
( 4) The accuracy of calibration: 

a. Pre ·i ion of alibrati n. 

b. A ·cura ·y of w rking standard 

against whi h calibration was 

made. 

c. tabilit , a known or a . ured. 

(5) KnO\dedg of nvironmental on

ditions and their possible effect. 

Giv n uch informa ion, one is ready 
to u th tandard for checking a piese 

of m a uring quipment or for calibrat-

purpose. 
Th xtent t o whi hone mu t b on-

cerned with some of the finer poin di -
u cl above dep nds upon the ac ura y 

requirem n of the job to e don . If for 

instan e, a 1 0 or a 7-23 bridg i to b 

ch ck d and th available s andard of 

d ired nominal alu ha an ad.fustm nt 

accuracy of ±O.o- i hould no b 

n ·e ary o worry about it m (3) ( ), 
and (5). If on th oth r hand a 0.25 
d vice is to be checked, th 0.05 0' ould 

onsume a significant portion of he d -

ir d a uracy and th alibrated valu of 

the standard should b u ed a a pr cau-
tion. If th maximum pos ibl a ·cura 

i r quir d attention mu t be o·i en to 

all the factors list cl in order to a h 

real accuracy that i ol taine . Finall 

attenti n mu ·t al be paid o th t ch

niqu of m a 11'.' inont, in ord r to realize 

the maximum a ailable ac uracy of the 

tandard. 

TRACEABILITY 

To tho e c nc rn d with standardiza

tion, "tra eabilit. ' ha , in th pa t few 

years become a mat er of importan · . 

A prooTam has been in tituted by h 

D par ment f f n e to in ur hat 

the calibrati ns of tandards u ed in 

quality-assurance program are in fa t, 

prop rly referr cl to he national stan l
ard . Th bje i of hi pr gram i to 

insur agreement of dim en i n cl c:

tri ·al comp nent valu , and perform
an e among quipm nt pr du d by 

different manufa 'turcr at cliff r n · 

time , and in differ n localit ies . Com

patibihty of int r onne ·t d elem n of a 

system, or of omp ncnt u l in a gi n 
equipment, requires a ommon base of 

fundarnen ·al le trical and mechanical 

tan ard . By cl finition and by law, th 

common bas is th tandards a main-

J 
J 
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3iuoYea.r Warranty 
\Ve warrant th<tl ca<:h nl)W in�tru

n�c•H �old by 11� ;,, tree from defect;; 
in mnrcrial ttnd wor"-nrnn�hip rind tha·r 
propbrly w;cd it \Vill pcrf,)rm in ful I 
�iccon.I:.n..:e wich applicuhk ,,p,xltka-
1ion' for a period of two y<.::11·-. aftc1· 
original ,.,hipment. Any in,trnmcnt or 

ompunent (hut i� roun<l "ith1n the 
t\vo-ycar period 1101 to meet 1h..: e 
,.rand .. rd:. aft<:r cx<1mination h) om 
factory. di..,rrict office. or atuhorizcd 
rei air ug.en ·y pcr:.o:incl "ill bc n�
p .. irctl or. al our opt iun, 1 eplaced 
"i th out charge. c:h·ept for t11he' or 
halleric" that ha' c given normal 
'\�r\:IC�. 

GENERAL RADIO COMPANY 
WEST CONCORD, MASSACHUSETTS 

T-his fmtCr\I w(J� in.sprrClt!!'d ond C<ill(OJ�d 
DY I I 

Cclibtation 1'tOf'tdQf"d.s. 01. apph<:oblc or� 
t�os::t:toQ!� t9 thf-!- NaHonoJ 6urt'!ov of Stondords� 

Figure 4. This 2-year warranty tag, which is supplied 
with all instruments, carries a statement 

iained by th 

ards. 

of traceability. 

ational Bur au f Stand-

To mee the de ired obj i e, c rtain 

militar procurement program now re
quire, as part of qualit r-assurance pro

c dures , tha some demonstration b 

giv n by equipmen manufacturer tha 

h uni u d in h ir cali bra ion can 

be traced tho e tabli hed by the 

ational Bureau of tandards. 

Th xecution of this exc llent plan 

ha r at d om ifficul y b caus h 

natur f th · quir <l " l m 1 ra ion ' 

or " · rti:fication " i n t ·learly d fin d. 

T'he ans\ er e vol ved by eneral adio, 

in response to man requc t to" ertify " 

"warrant, ' or "demon rate ' trace

abilit. of our tandard , i a eal tating 

tra ·eab ility to B mbo ed on all 

' n ral Radio · alibrati n certi£ ·a 

T co r in trum nt with which cali

bration ertificates are no normally 

supplied , a tatemen has b en added o 

the warranty cer ificatc that i atta hed 

to each in trum nt .·hipp d. Thi ·war-

JUNE, 19 60 

ranty tao· with the raceability tat m nt 

1. hown in Figure 4. Th eal and/or th 

'varrant tat m nt ha e been ati fa·

tory to th va t maj ori t of our us

t rn rs mili ar as w 11 a ommcr ial. 

In a few in stan ·c , hO\vever, w have 

been requ t d to upply m re d tail d 

information. A ·omm n r qu t in u ·h 
·ap,e J that w ta th 1 tc t dat of 

·alibrati n f our tan<lar<l by I B . 
rlhere are a number of reasons why we 

do not consider this to be the proper ap

proach for a manufactur · r of tand rd 

and \Ve ha e nsi ntly void d the 

upplying f su h informati n. The mo t 

ignifi ant bjcction o this procedure i 

that it con titute an over implifi ·a i n 

an<l does not r ·oo-nize h tru natur of 

a tandards tru ·tur . To illu trat h 

compl xity of h probl m, the �eneral 

Radi proc dur f r the main enan 'e of 

capacitance standard i described lat r 

in thi article. Been.us - th validit of 

any calibration depends upon o inany 

fac ors - he tandard , th m thod of 
measurement and, in d, th in egrity 

of the entire organiza i n - w b lie· e 

qualit a ur n an not be obtain d 

from any ino-le detail uch a the date 

of an NB ' calibration. If h r i any 

doubt ab ut th validi y of a alibra

ti n, th unit in que i n mu t b re

f rr d to a qualifi <l indep nd nt tand

ard laborator or to NB . 

MAINTENANCE OF CAPACITANCE 

STANDARDS AT GENERAL RADIO 

In order to a sur cura e and r lia-

ble calibration th n ral R di 

Company follow· a well-ordered pro

gram of incluctanc and capacitance 

s1-and rdizations. Th capa itan tand

ardization program i typical . A ne of 

fixed pa ·it r rangir g from .001 t 

l.Oµf ·wi h 1-2-5 valu s in ach d ca 1 i 
nt to ):l B periodically. Before , hip-
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m n the e capa itors ar ompared , 

item by item , vi h similar unit which 

ar h ld in our lab ratory under con

trolled conditions a r f r n e tandard . 

Imm diately after return from Washing

ton thi, comparison i mad again. These 

m a ·ur rnents rv to guard aO'ainst 

possible shifts in value that ma occur 
from abn e in hipm nt, from possible 

mix-up of certificate , tran po ition of 
figure in data, tc. ny change in alue 

that i observed b tw en the two . ets of 

measur m n t an r a onably be a -

sumed to be a shift in the. tandard that 
was. hipped, rath r than in the reference 
standard which remained comf'ortable 
and uncli t1ll'b d at home. 

The steps described give reasonable 
a suran · that th alibration value 

hav been tran f rr d uc e full. from 

KB bu on additional very important 

eri s of measurements is made which 

serves a a cross-check on th int rnal 
con i ·tency of our measurement pro

cedure and mak po ibl the a sign

m nt of valu ha ed on the average of 
the entir cncs f B calibration . An 

ini. r ·ompari on of th entir t from 

0.001 o 1.0 µf i made by a "bootstrap ' 
t chnique a f llows: valu i a igned 
to a 0.001 µf unit and a s c nd unit of 

like n minal valu i measured in t rms 

of the first; he two .001 units in par

allel arc th n u d to m a ur , in turn, 

the two .002 capn.ci or ; he two .002 

plus on of th .001 are parallel d to 

mea ure the two .005 standards; the two 

.005 capacitor in parallel are used t9 
mea ure the un it value 1n he next 

0.1 1.0 

Figure 5. Plot showing 
consistency between 
G e n e r a l  R adio-d e
rived values and NBS 
calibration of Ge.neral 
Radio reference stand
ards after adjustment 

for over-all level. 

decade. The proc i r p at d for ach 
decad in t h  e Additional et of 

w rking andards , u ed in th apacitor 

manufacturing de par men an d in h 
calibrating laboratory ar in lud d in 

the abov interco1nparison. 

The data are th n plotted as devia

tions from nominal vs. capacitance mag-

nitude and the plot nne ting h 
m a ur d p int i adju ted upvv·ard or 
downward to r due to a minimum th 
average differen ·e b t ween th derived 
values and the NBS values. Figur 5 

how the resulting final val l . Th 

diffArence between he two ·e s of poin t 
will then be z ro if the fallowing on

ditions have been m t: 

(1) The intercompari on wa mad 

with no rror. 

(2) The apacitor add properly when 

conn ct d in parallel. 

(3) The tempera ure of th- apa ·itor 

was the am durino- intercompari on a 

durin B alibration (or proper al-

lowance wa mad for any variation). 

(4) No changes in value hav oc

curr d. 
(5) All h NB value ar p rf t. 

Typically , h tv o t of valu agr 

to b ter than 0.005 after the 1-vel of 

our data ha b n adju t d to agree mo t 

nearly with the avera e level of th B 
data. 'I'h pro dire d rib d ab-

li h our ·apa itan e in he 

range 1000 pf to 1 µf. , pa it n val

u below 1000 pf are derived fron1 the 

1000-pf value . Tc hniques for subdivid

ing from the larg r capacitan e value 

u ing preci ion adju ·tabl capacitor , 

www.americanradiohistory.com

www.americanradiohistory.com


9 

hav been d velop d which are inter

nally con i t nt to a few hundredths of 

1 3 . A a check on thes procedure , 
low-valued standard are o a ionall 

sent to NB , and we have con tru t d 

an absolute standard at 0.5 pf which 
checks with the derived value within 

about .0 1 3- Such agreement is reason-

VACATION 
Durin the week of July 25 and Au

gust 1, our Manufacturing Depart ments 

will be clos d for vacation. 

There will be busines a usual in the 

Sal Engin ring and C mmercial De-
partm nt . Inquiri including r qu t 

for technical and commercial informa-

JUNE, 1960 

able evidence that the a umption are 

sufficiently well sati fied, an that th 
preci ion and consi t n y of our mea -
urem n ar adequat to tran f r B 

aluc to the product shipped from our 

laboratories with no appreciable degra

dation of accuracy. 

- IVAN G. EA TON 

CLOSING 
tion, \ ill r c ive ur usual prompt atten

tion. ur ervi · Department requests 

that be au of ab nee in the manu-
facturing and r pair CTTOup hi pm n t 

of equipment to b repaired at our plant 
be scheduled to reach u after th vaca
tion period. 

SEMINAR ON HIGH-SPEED 

PHOTOGRAPHY TECHNIQUES AT M.l.T. 

'I'h cientifi and nO"ineerinO" use of 
high- p ed photographic mea ur m nt 
technique 'vill be the ubje of a on -

week seminar at the Mas a husetts In
stitute of Technology, starting J\1onday 

August 15. The m etinO"s will ·ent r at 
the trobo opi Light Laboratory where 
the theory and appli ation of numerou 

methods will be discu sed and tudied. 

It is planned that morning will b 

devoted to theory and demon tra ion 
while the afternoon to laboratory prac
tice and experience. 

Subjects to be cover d include pulsed 
strobo opic ligh ing, optical high- peed 

camera Kerr 11 , Faraday shutter , 

image converter etc. peciali t in 

high-speed photoO"raphy have been in

vited to cover their ubjects at he 

seminar, and there will be practical lab-

oratory demonstrations of 1nany ypes 
of high- peed photography equipment . 

The hio-h- p ed motion-pi ·ture and 

still am ra giv pac -tim r olution 

for compli ated mechani al motion . 
ne an think of the high- p cd camera 

for the mechani al engineer a b ing 

analogous to th cathode-ray oscillo
O"raph for the ele trical. One of the ob

j t of th minar i to give those who 
att nd a r al working knowl dg of the 
various device . 

The program i und r the dire tion of 
Profes or Harold E. Edg rton of h c

partment of Ele trical Engineering at 
M.I.T. 

For furth r information inquir from 
the Offi e of the umm r e i n Room 

7-103, M.I.T., Cambridge, Ma sachu

etts. 

www.americanradiohistory.com

www.americanradiohistory.com


G ENERAL RAD I O  EXPER IMEN TER 10 

EXPANSION OF LOS ANGELES OFFIC E  

INCLUDES S ERVI C E  DEPARTMEN T 

Two views of the service laboratory at General Radio's Los Angeles Office. 

General Radio's friends west of the 
Rocky Mountains will be intere ted to 
learn of our expand d operation at Lo 
Angeles. Our office in that city now has 
complete service facilities for the repair 
and recalibra ion of Gen ral Radio in
strument , along with a large tock of 
repla ement parts. Alfred J. Guay, a 
factory-trained service engineer formerly 
in charge of our Chica o service depart
ment,  is now at Los ngele , supervi ing 
a team of expert ervice technicians. 
Customers in the western tates hould 
find the Los Angeles office the most con
venient ag ncy for r pair of our in tru
ments ; instruments sent to Los Ano-eles 
for repair will normally be delivered 
back to the customer in less than two 
weeks. Thi exten ion of our district-

office service operation terminates a 
long and pleasant association with the 
Wes tern In rument Company for many 
year our We t Coast service repre enta
tives. 

The Los Angele office ("LAO" to u ) 
also include a Commercial Department, 
under the direction of Robert W. Hol
land, ready to assist customers in all 
matters relating to orders. Many catalog 
item are carried in stock at Lo Angeles 
for immediate shipment.  And, lik all 
General Radio district offices "LAO''  
has a factory-trained Sale Engineering 
Staff available for counsel on your m a
suremen problems. The office, at 1 000 
North eward Street (Telephone HOlly
wood 9-6201 ) ,  is managed by Joseph E.  
Belcher. 

NATIONAL CONVENTION ON 

MILI TARY ELEC TRONICS 
S HERATON PARK. HOTEL, WASHINGTON, D.C. - J U N E  27 - 29, 1 960 

You are cordially invited to vi  it  the 
General Radio exhibit in Booths 49 ana 
50 at thi convention. Instruments on 
display will includ pulse g n rators, 
sound-mea uring in truments, imped
ance bridges, beat-frequency video gen-

erator ,  random-noise generator, admit
tance meter, and transfer-function 
bridge .  All displays will be "live , "  

o that you can operate the i n  tru
ments and put them through their 
pac . .  
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1 1  J U NE ,  19 6 0  

A CONDUC TIVITY BRIDGE ASSEMB LED 

FROM S TANDARD PARTS 

The ac impedan e bridge is of ten u ed 
for mea u rem n t  in ci n ifi field far 
removed from 1 tri ity and electronics. 

nv tigation in chemistry, physiology, 

medicine, and biophysics for i nstance 
frequently requir mea ur ment of 
conductivity,  apa i tan , r i tan e or 
dis ipation f ac or, and the r quirements 
of the pro bl m ar sometimes best met 
by a bridge tha is of ten simp ler in con
figuration and more ft xiblc in range 
than s tandard catalog typ u h a 
bridge an be a embled from tandard 
i mpedan ce decade and other suitable 
elements. 

The bridrre show n  in Figure 1 wa con
structe l in the D partmen of Biophys
ics at the Univer ity of Pittsburgh for 
the mea uremen at 1 kc, of changes in 
the conductivi y of aqueou solutions. 1 

In condu ctometric titra ion , the ra e of 
change of conduc i vity is a mea ure of 
the extent of interaction of th reag nt 
\vith the material in t e solution. m e  

only th change in conductivity v,ras 
wanted, rather than the absolut valu , 
an elaborate conductivity bridge wa 
unnecessary. The degree of a curacy d -

sir d w a  abou 1 %. 

l Gary FC'lscnfcld and Sylvia Huang, "The I nt raction of 
Polynudcoti<lcs with atioo , " Biochimica and Bio
physica Acta, 'ol. 34 ( 19.'}9) . pp. 234-242. 

Figure 1.  Schematic of the conductivity bridge. 

S H I E L D E D  
T R A N S F O R M E R  

I n  t h  circui shown, t h  unknown,  X, 
i a empcratur -con roll d c ndu tivity 

cel l, whose rcsi ta c, w hen fi l l  d w ith 
elution, is about 30 kilohms. The cell 

capa itan e ( 1 000 to 2000 pf) is balanced 

by th variable capacitor in  th a j acent 
arm o that the parall 1 r i tanc of t he 
cel l  is indicated directly by etting of the 
decade re istor,  R .  Th re istors A and 
B plug into j ack-top binding posts, so 
that th ir ra io can be easi ly changed. 
For mea urements a t  1 000 cy · l  nly 
a minimum of shieldi ng wa found to be 
neccs ary. 

Th t ctor, D, i a TYPE 1 2 1 2-A 

nit Kull Detector with a TYPE 1 95 1 -A 

Filt r .  

The generator, G, is a 'IYPE 1 2 1 4-A 

Uni t Osci llator,  f d to th brj dg through 
a TYPE 578 Bridge Tran form r .  

A = TYPE 505, 50 k n, Fix d R i tor 

B = TYPE 505 5 k n  Fixed R "'i tor 

R = TYPE 1 432- M De acie R i tor 
1 1 1 ,  1 1 0 ohms, in step of 1 ohm. 

C = TYPE 9 0 De ade apa i tors 
and TYPE 1 420 Variable Air  Capacitor, 
as required. 

(W are i n d  bted to Profe. or Gary F I nfeld 
for permission to publi h the above de cription 
of his bridge.) 

F I LT E R  A N D  
N U L L  D E T E C TO R 
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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 2  

OUR 45th ANNIVERSARY 

A. E. Thiessen C. C. Carey D. B. S i nclair  L. H. Pexton J. D. Q u a c k e n bos 
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