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CAPACITANCE AND INDUCTANCE MEASUREMENTS 
FROM 20 -60 TOO KC 

WITH THE TYPE 1454)-A IMpEDAbFCE BRIDGE 

One of Grneral R;~clio's mnst popular instruments is 
the TYPE 1650-A Impedance Bridgc. Thc TYPE 1650-A 
is essentially fivr bridges built into a sinslc, neat, port- 
ahlc pqckagr, with its own generator nncl detector for 
clc and I-kc ac measurements of cnpncitnncc, resist- 
ance, and ind~~ctance. An c~ternal g~rnrrator can he 
connectecl to thc Fjridgc for me~surements at fre- 
quencies otlier than 1 kc. The specific:~tinnc; for thr 
TYPE 1650-A claim 17; anccuracv up to 20 kc for Induc- 
tance and capacitance rneasurement~, and up to 5 kc 
for resistance measurements. 

Because the bridge circiiits wPrc caret~llly cl~si~lncd 
to minimize strny capacitances nnd inductances, i t  was 
reasonable to assttme that the bricljie rvo~rlrl pcrfornl 

- well at frequencies above the nominal "-kc limit. For 
several reasons: such higher-frequency performance 
was not incorporated in the instrument specifications. 
Among these reasons were a desire to keep thc hnsic 
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Figure I .  C and 1 accurncy mnges as a function 

of D a n d  Q frequency. 

accuracy statements as simple as possihlc, n realiza- 
tion that liighcr-frequencv test procedures in the 
calibration laboratory would aiIrI to the  cost of the 
instrnment, and t h ~  helief that the grcnt rnninritv of 
usrrs wnuld he interested in 1-kc measurem~nts  onlv. 

Since thc intmdnctinn n F  the TYPE 1650-.A, hnwrvrr. 
thc crcperirnc~ of rn;Env of our customers : ~ n d  our nrvn 
further tests indicntr that this hriclce can hr uced up 
tn IOI) kc with only a srirllt sacrifice in accnracv. 
Moreavcr, therr is a gro \~ ing  intcrcst in C nnd L 
mca~urements in the 100-kc region. The follnwing dc- 
tailed accorlnt OF thc ncctlracy nF tlir TYPE lRSfl1tl is 
given, not as an ncldition to kridye cpccific:~tionq. h ~ ~ t  
as a guide for tllosr wonclrring ulhat accuracy they 
might reasonably exprct at frkquenc.ies from 20 to 
100 kc. 

Fiyure 1 is a moilification of Fiqure 14 in thc i n s t r~~c -  
h'nn manual for the bridge. Up to 30 kc, the numbered 
IEnes show the limits o l  D and Q within which thp 
hnsic 1% C and L accuracy i s  possible. Abovc 20 
kc, the lines set forth the DO ranqes over mllirh t h r  
accnracies given in this article applv, The various . . 
numbered lines are: 
1. the end of the DQ rheostat range ( n o  C or L 

error ) , 
3, the 6rrt division on LOW D 01 RICH Q scalcs ( n o  

C or L error). 
3. the Iirnit imposed by t h ~  D of the standarrl 

capacitor (no C nr 1, error), 
4. the 20-cps low-ficquenev limit irnpos~rl by meter 

rmponse ( no C or T, error), 
6. the error En C nr L c r ~ ~ s c d  17y capacitance acrnsr; 

the SFI .~PS combinatiol~ of t l ~ c  ~tnndnrr l  capacitor and 
t h ~  np rheostat, 

7. the error in C, or L, caused by inductance in  the 
np rheostat, 

S. the end of the LOW TI and ~ G T I  .TI scales (no 
error j , 

9. the limit of 1% C and L accuracy, even wit11 
Oflhontcll, because of sliding null, 

10. another limit caused hy inductancr in the DQ 
rheostat. Above this line there mav he an additional 
C, and L, error of tl$. 

(Limit n~lrnhcr 5 was thr nominal "-kc limit ~ i v r n  
in the in~h-urncnt specifjcations.) 



Of the above limits, only numbers 0, 7, 9, and 10 
are actual limits of C and L accuracy, The others are 
mechanical limits, limits of readability, D and Q limits, 
and the limit of meter response. Limits 8 and 7, fur- 
thermore. restrict the C,-L, range hut are well within 
the range of the C,-L, Bridge. Also. the C,-L, bridge 
limits (shown in red) come into a more useful DQ 
range at frequencies approaching 100 kc. The C,-L, 
hridge is inherently more accurate than the 6, -L,  
bridie to begin with (its lead inductance is Iess), and 
it permits better D and Q balances. The first ruIe in 
achieving maximum accuracy at higher freqiiencies, 
then, is to rneastlre parallel: capacitance and series in- 
ductance (usually the preferred measutements any- 
way). 

Above 50 kc, the point of balance on the CRL dial 
becomes important, C and L accuracy decreasing at 
higher CRL settings. The added error is caused by a 
phase-angle-com@nsating capacitor tapped onto the 
CRL potentiometer at about the 3.3 dial setting. From 
3.3 up, the percent error increases Iinearlv with car. 
dial setting, and at 100 kc there is an a d d 4  k ~ - ~ e r c e n t  
C, error at 10 on the cru. dial. However, proper use of 
the C R ~ ,  WJLTTPL~ switch makes it possible to bal- 
ance aImost any component on the lower half of the 
C E ~ L  dial, where accuracy is best. 

A t  frequencies above 20 kc, limits other than those 
shown in Figure 1 restrict the accuracy attainable with 
the bridge. We can state these limits in terms of a 
percent $nor,  which must 'ae added to the basic one- 
percent accuracv of the bridge. The added error intro- 
duced above 9b kc is a?umy.r negatiue, and the net 
etfect of the two errors will probably be negative. 
Tlis is shown in the following table of C,-I,, accuracy 
at CRL Cia1 settings between 0.4 and 4. 

Limits of Error 
Frequenw Bade Bridge Added Above Net Accuracy 

A~curacy * 20 kc Limiu* 

shewn above is -1.255 at 100 kc. For maximum accu- 
racy, then, the user should add 1.35% to the value 
indicated on the bridge. If such correction is made, 
the accuracy may then be expressed s]~.mrnetrically as 
+1.S% at 50 kc and f 2.25% at 100 kc. 

Above line 10 in Figure 1, a fi~rther ll? should he 
added to the pltrs net accuracy limit. 

?K- 21% +o, -1% 

DQ ACCURACY 
Above 20 kc, the C,-L, bridge is decidedly superior 

to the C,-L, bridge for measurements of D and Q. 
The accuracy with which D (or 1/Q) can be meas- 
ured by the C,L, 'bridge is: 

~k0.0005 fkc  

+l%, -2% 

AMPLIFIER SENSITIVITY 
The ampMer sensitivity decreases rapidly with in- 

creasing frequency, and an external detector may be 
necessary, d~pending upon the bridge generator volt- 
age level. \Tihen a TYPE 1210-C Unit RC Oscillator 
(20 cgs to 500 kc) is used as the generator, the sensi- 
tivity of the internal detector is just good enough for 
a 1% balance precision at 108 kc. 

- 

CORRECTION FOR RESIDUAL AND LEAD IMPEDANCES 
For maximum accuracy, the corrections for residual 

and Iead impedances, as given in Table 5 of the in- 
struction manual, must be applied. Those corrections 
that incIude w as a factor must he considered care- 
fully at higher frequencies. 

lOOkc i, 1 %  

SUMMARY 
Here are the points to remember in measurements 

above 20 kc: 
1. The C,-L, bridge is more accurate than the 

C,-L, bridge. 
2. Accuracy is greater with the CRZ, dial at a low 

setting, say between 0.4 and 4. 
3. While the basic 170 C or L bridge accuracy may 

be plus or minus, the error introduced above 50 kc is 
always minus. For greater accuracy between 50 and 
100 kc, add a 1% correction to the indicated value. 

4. When measuring D or Q above 20 kc, always 
use the C,-L, bridge. 

-F. T.VmVEEN 

G E N E R A L  R A D I O  C O M P A N Y  
WEST CONCORD, MASSACHUSETTS, USA 

below line 10 ia Pigum 1. 

Since the sense of the probable error is known, a 
correction can be applied to increase accuracy further, 
For instance, the average of the "net accuracy limits" 

+O,-2,570 

Printed in USA. 

+l%,-3-5% 
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