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SUMMARY

A technical development project was estab-
lished for the purpose of providing a design
specification which could be used for the pur-
chasc of a quantity of improved low-frequency
impedance measuring boxes to replace the
units at present being used by Authority field
persounel and to provide the additional units
required to serve the needs of the expanded and
modernized airways system.

A specification, based on expericnces with the
existing types of impedance measuring boxes
and including certain refinements, was prepared

Figure 1. Type AC—46 unit.

and a sample unit was purchased. Tests were
conducted on this new unit and a final specifi-
cation was prepared by the Airways Engineer-
ing Division for a purchase of a quantity of
these units.

INTRODUCTION

The first impedance measuring set (figs. 1 and
2) used for airways work was procured in 1933
from the Leeds & Northrup Co. under Specifi-
cation 642 (Department of Commerce, Light-

Figure 2. Internal view of type AC—46 unit.
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257445—40

(1)



BEE
NOTE

it

_SCHEWATIC

PARTS_LIST
GenRud S39K MaL00Ouuf Min.53 unt
7064 8" Die -un Disl Lame
710 A 2 J4"D
Weston Thermo Mod- 423 |I5~(l om0y 5.2 Ohms
Fadarel Anticap. No. 1426
ussumx UNIT  Gen Red. Decoss 5108
50¢

“LVAW[TLR

INDUCTANCE AND VARIABLE COUPLING COIL. Special
BINDING POSTS Eby Jumior
FUSE Uiille Fusa Cof. Ko.1004 /8 Amp.

Trade names in the ebove list of pariuore umd

only to designate the slandard of encelkence de-
sired. Porls similer and squol, sleciricully end
machenicelly mey ba mbstituted.

. Exs

(© 1/

=

T AT g~
N T
-

’ y
R} \ 15
S —— — — T~ R <
\-—/J T J
i %' {
MOTE. THESE TEAMINALS TO HAVE
LOW CAPACITY TO SHIELD scaLe l/é_' -
o i 2 4 5 6 T 8 9 0 1 INS
et ——— F——

Figure 4. Sketch and outline of type AC-52 unit.

house Service, Airways Division, February 10,
1933) and was designated type AC-46. A
diagram of the circuit employed is shown in
figure 3.

This first set was large and heavy and was,
therefore, inconvenient to carry around for
field service. Only a small number of this type
were purchased. The condenser, which was a
large rugged unit of the variable type, had
fixed stops of definite capacity. These stops
were accurately calibrated and ineremental
capacitics were obtained by operation of a ver-
nier condenser. The condenser dials were
calibrated directly in capacity.

In order to keep the errors introduced by the
signal coupling system at o minimum, it was
necessary to operate the coupling coil at its
lowest mutual position, and in cases where a
change of rcading was obtained upon reversal
of the unknown leads, an average reading had
to be assumed as correct.

The sccond impedance measuring set design,
known as type AC-52, was also contracted for
in 1933 under the same basic specification,
which had been revised to give a sot with greater

Figure 5. Type AC=52 unit.




portability. A sketch of the proposed unit and
its circuit diagram is given in figure 4 (drawing
RB-1001). The actual arrangement of parts
and exterior items is given in figures 5 and 6.
This type of measuring set has been in constant

Figure 6. Internal view of type AC-52 unit.

use to date for the adjustment of airway radio
facilities. Its continued usc brought to light
certain deficiencies which were climinated in
the new design described in this report.

DISCUSSION
Early Equipment

The experiences of engincers with the AC-46
and AC-52 types of measuring units disclosed
the following deficiencies:

1. The signal source impedance introduced
error in measurements in proportion to the
setting of signal coupling coil.

2. The capacitance value for any setting of
the condenser dial could not be determined
conveniently or accurately.

3. The fuse in the measuring circuit was
frequently blown during preliminary measure-
ment. Further, the location of the fuse was
inconvenient in that its replacement required
removal of the panel from its case.

In the use of the type AC-52 sct, it was gen-
erally noticed that if the signal input leads were
reversed, or the leads to the impedance being
measured were reversed, a change in the value
of indicated resistance would result. This
change was caused by the impedance and un-

balance of the signal source. The magnitude
of this change depends upon the degree of cou-
pling to the signal source and the true valuc of
the unknown being measured. The unbalance
continued to influence readings even though a
static shield was used around the coupling coil.
The latter difficulty was cxperienced also in the
AC-46 box.

In the AC-52 unit the condenser dial was en-
graved with 100 uniform divisions. This scale
was checked against frequency and a curve was
prepared. It was necessary to refer to this con-
denser dial calibration curve in order to de-
termine the capacity values for any setting of
the dial. This reference invited obscrvational
crrors and required more time for cach measure-
ment than was necessary when a directly cali-
brated dial was used.

A Weston 115-milliampere standard r—f
meter, having a resistance of 5.2 ohms, was used
as an indicating instrument in the resonant cir-
cuit of the AC-46 and AC-52 units. This re-
sistance affected, to some cxtent, the ability
to measure accurately high values of reactance.
Means of overcoming this deficiency through the
usc of other indicating methods were con-
sidered, such as:

(@) The use of a rectox rectifier and d-¢ in-
strument.

(b) A vacuum tube rectifier and d-c instru-

ment.
It appeared that impedance and efficiency
characteristics of rectox rectifiers at these
frequencies would prevent any gain in method
(@). Mocthod (b) presented a possible solution,
but the additional weight and maintenance of
batteries was not favored. Allowance was
made in the specification prepared for construc-
tion of the new unit, for the use of new methods,
if they could be proved at least equal to the
standard milliammeter method.

Compar;sons of Specifications

The following tabulation, based upon the
specifications for the old and the new units,
illuscrates the improvements contemplated for
the new unit.



New unib | 0ld {AC-52) unit 0Old (AC-46) umit
Frequency range_________ 200-500 ke_ .- . ___ ___ | 200-400 ke._ - __
Resstance range.. - .- ____ 5-200 ohms__ ... ________ 1,110 ohms __________.___ 1,110 oluns
Smallest resistancestepa___{ 01ohm_________._______ lobm____________ _____ 1 ohm
Inductance of resistance | Constant _______________ Proportional to resistance | Proportional to resistance
group setting setting
Resistor aceuracy (d—¢ | +01 percent ! __________ +03 pereent_. __________ +0 3 percent
measurcment )
Resstor aceuracy (r—f | +026 percent___________ +13pereent_ . ________ =+1 3 pereent
measurement)
Weght.___________ -~ I 3fpounds_______._______ Nane speeified___________ None specified
Dimenslons.__ ... __ 10 by 10% b%ngi/z 5ot 10 by 10% by 18%________ Do
Accurac of Tesistance |[2 5 pereent (35-150 ohms?
measu";'ements {5 0 }I))ercent {any setting 2)__ }None speeified . ... Do
Operating temperature | —30%°ta +125°F_______. None specified. __ . _____ Do
range
Signal source power re- | 5 watts maximum.____ __| None speeified___________ Do
quired for operation
Resonating indnetance ¥ | 750-850 750-850 560-600
{microhenries)
_______________________ 180 mun Sharpness of | Sharpness of resonance 100

resonance 45 min
Mavimum error shall not
exceed 02 percent for

Couplhng el design as
related to errors caused

by 1mpedance or un- spurce 1mpedances be-
balance of power supply tween 70 and 300 ghms
creult
Condenser___.____________ Similar or equal to G R
Co 722M, 1,000 mmfd ,
scale calibrated to give
capacity values without
reference to eurves
{Accuracy specified by
G R Co for No 722M
15 0 1 pereent )
Current  indieating  1n- | Weston 115 ma r—f meter,
strument or tube, ar rcctov eir-

cuits with d-e¢ 1nstru-
ments

Fuses shall be provided if
the r—f milhammeter 1s
used and they shall be
replaceable without re-
mosing equipment from
case

Aluminum___ . __

22-pagecopper__ . _______

Instrument fuses_ ________

Sheldihg_ . __________

Terminal insulation_______ Bakelite BM-262 having

highly polished surface

min

Not speafied_____________| Not specified

1,000 mmfd, figure of | 1,500 mmid, figure of
mernt (2= fRC ) maxi- ment (2r fRC2) max-
mum 003 by 1012 mum 008 by 10-12
measured at 1,000 measured at 1,000
cyeles Calibration cycles Calibration

curve to be mccurate to
within 2 minfd at time
of deliverv  Dial to be
marked 1n approxmate
capacity Vernier knob
to have 25;1 ratio
Weston 115 ma r—f meter

curve to be accurate to
within 2 mmfd at time
of delivery IDhal to be
marked m approximate
eapaeity Vernier knob
to have 8,1 ratio

Weston 115 ma rf meter.

T'uses shall be provided____| None specified

Alumimum or Bakehle
Copper
Bakehtce

Aluminuin or Bakelite_ ____

Copper__________________
Bakehte_________________

1 For 10-ohm steps and 100-ohm resistar
2 Irrespective of reactive ecInponent up to X=R
3 At 300 ke

Test and Observaiions on New Unit

The followmg tests and observations were
mede on the unit dehvered under the project
contract

Mechanical Construction —The general fea-
tures of the new umt (AC-263) are shown 1n
figures 7, 8, and 9 Better visibility of the
condenser dial would have been desirable
Alteration of the condenser structure to obtain
bettel visibihity would have risked disturbance
of ita caltbration The metal handle supplied
appeared to make the unmit more difficult to

0 25 percent and 13 percent for 1 ohm and 0 1 ohm steps, respectively

carry than the older type AC-52 umt, which
has o flexible leather handle

Werght —The weight of the umt as delivered
wag 37 pounds, which exceeded the specifica-
tions by 2 pounds In general the weight 1s
determined by the particular components called
for in the speafication and 1s not under control
of the manufacturer A change 1 either the
cabmet or the component specification 15 neces-
sary to reduce weight to the specified 35 pounds

Electreal Features —A circutt diagram of the
new unit 18 shown in figure 10 This conforms



in gencral with the diagram of the older units.
The position of the parts in the new circuit,
however, results in a definite improvement in
the ability to measure various types of un-
knowns. The use of compensating inductance

for each resistance as shown is in accordance
with the specification, and eliminates need for
correction when measuring reactance.

Figure 7. Closed view of type AC-263 unit.

The resistor accuracy and the accuracy of
the condenser calibration were carefully deter-
mined by the subcontractor (General Radio
Co.), in accordance with standard manu-
facturing practice.

The same type of current indicating instru-

Figure 8. Open view of type AC-263 unil,
2074 — 4l ——2

Figure 9. Internal view of type AC-263 unit.

ment (Weston Thermo-Galvanometer, 0-115 ma)
as used in the older boxes was used in the new
design. An analysis of the various types of
indicator circuits by the contractor indicated
that for greatest stability and accuracy the
thermal instrument should be used. It was
pointed out that aging and low efficiency at the
operating frequency were points against the use
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Figure 10. Digram of type AC~263 unit.

of rectox. The use of a vacuum tube rectifier
was avoided because of the disadvantage of
using a battery, and because of possible dis-
turbance of the resonant circuit by the tube
element capacity. An impedance transformer
was considered for coupling either the tube or
the rectox to the resonant circuit. The pres-
ence of the additional clements and the weight



in contrast to the simplicity and accuracy of a
thermal meter led to the final adoption of the
latter.  The resistance of this meter Is, as In

Figure 11. Type AC-263 unitshowing resonating and coupling coils.

the past, 5.2 ohms. The fuse required for pro-
tection of the meter was found to have a resist-
ance of about 8 ohis, giving a total series
resistanee of 13 ohms.

MUTUAL INDUCTANCE  (MILLIHENRIES!

20

60 80 100
PERCENT COUPLING DIAL SCALE

Figure 12. Curve of mutual inductance versus coupling coil sefting.

The resonating inductance, 1,, and coupling
coil L, shown in figure 11, were designed to
have a relatively small ratio of length to diam-
eter. By so doing it was possible to sceure a

minimum efleet {rom reversal of source or the
unknown leads during measurements. The
use of a grounded Faraday shield between coils
also contributed toward this achievement. A
deficiency in “Q” of the resonating coil over
that called for in the specification was caused
by the shape of coil chosen. A “Q” of 90
was observed whereas 180 was specified. The
achievement of the higher “Q” would have
required saerificing some of the other desirable
features.

The mutual inductance between the coupling
and resonant coils for various settings of the

w IS

n

PERCENT CHANGE IN REACTANCE OF RESONANT CIRCUIT

40

60 80 100
COUPLING DIAL SETTING. (PERCENT}

Figuae 13. Curve of change in reactance of resonant circuit versus
coupling coil setting.

coupling dial was computed from observations

of the total series inductance of the two coils

for both aiding and opposing conncctions:

L,—L

) B oy .
M= i “2 millihenries

where L, and Ly are the measured inductance
values in millihenries for the aiding and oppos-
ing connections, respectively.



Coupling dial st tting A (ueh )
wo_____._ _____ . - (¢ 06675
&0______ em o L ool . 06325
60 ... ______ _ _ o _ ___________._ 04575
40 ____ I e e _ 01525
20__ Ll .. - o 00675
10 _____ e el l___ 00275
0. ______ _ 0

These measutements were made at 300 ke
u~ing a Boonton Radio Corp @ meter  Values
of mductance were calculated from condenser
scale readmngs of the Q meter  The coils were
completely disconnected from the mmpedance
boy cncuit A cwve of the results 18 given 1
figure 12

In a test
radio 1ange

conducted at the Richmond, Va ,
station, the vanation of eapacty

signal couplmg coil was observed  The results
were converted to show the change 1n reactance
of the resonant circuit for varous couplings
Similar tests on the AC-32 umt gave dato to
compare the two units and results of these
tests are plotted on figure 13 Both were tested
on the same ciremwit  The results of hoth tests
show reactance changes i general conformity
to therr respective mutual impedance cmives of
figure 12 No mmprovement 1s indicated by
the curves, however, expericnce has shown that
the old AC-52 umt 1s unstable, being affected
by unbalances i either the signal sourece o1 the
unknown

The following tabulation of the charactensties
of the AC-263 umt 1s presented as a matter of

required fo1 resonance fol varwus settings of | record and 1s self-explanatory
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; t N st fif ; H
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T Rl B
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Figure 14 Resonance curves of cypes AC-52 and AC-26) unils
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PLE | couP~ COND  DIAL CAPACITY DI | CALC [CORRECT gy
* |UING X N Cx Cn R_| ofimMs | R CIRCUIT
Al 9 828 3 806 304 7 327 161 | 123 | 1568 A

| 826 8 806 306 2 327 165 | 110 | 1595 B

828 805 305 328 167 | 122 | 162 c
831 806 302 327 168 | 1345 | 1625 D
828 4 803 304 6 330 167 | 133 | 1623 E
828 804 8 305 3282 166 | 1225 | 1615 F
B | o4 805 8 804 8 327 2 3282 51 | 493 [ 51 G
805 6 804 8 3274 3282 51 | 395 | 51 A
805 4 804 2 3276 3288 51 | 633 | 51 B
797 794 336 339 51 | 1383 | 51 F
7948 7948 3382 3382 51 | 0O 51 E
801 799 5 332 3335 51 | 287 | 51 H
800 8 801 3322 332 51 | -9 | 51 |
c | 94 808 2 80O 5 3248 3325 55 | 378 | 545 J
807 8 800 2 3252 3328 57 | 372 | 565 K
8116 804 3214 329 55 | 381 | 545 E
8116 804 3214 329 57 | 381 | 565 F
c | o4 809 8 801 6 3232 3314 55 | 406 | 543 L
809 8 8018 3232 3312 | 55 | 396 | 543 G
8100 801 6 323 3314 6 415 | 593 M
809 6 801 8 3234 3312 56 | 386 | 553 N
809 8 802 2 323 2 3308 56 | 377 | 583 0
®  # A = SLIDE WIRE RHEOSTAT B — RES UNIT C — RES_UNIT PLUS COIL

Figure 15 Tabulation of test data Lype A C-263 umil

1 § of total inductance Ly (mcasured at 300
ke ). ol ___- - 90
2 O required to rcsonate fy alone (300 Le)
mmids__
3 Resistance of roesonant errcutt weluding fuse,?
B chms and meter, 5 2 ohms (measured by
use of AC-52 unit at 260 ke )_____ ohms__ 30
4 § of resenant cirewit at 300 ke caleulated from
resonance curve B, hgure 14

(e-723)

where fp=frequeney at resonance, 7, and f, are
frequencies corresponding to 07 of resonant

332

egurrent peak on figure 14)__________ __._ __ 42 8§
wfl
5 Circuib resistance at 300 ke (calc R= 6)
ohms__ 37 2

A typical set of measurements with the AC-
263 unit made on three unknowns 15 mven in

L g ampere Lattelfngses "“Low Hes' have been measured pod ther
reslstance 18 3 3 ohms at 300 ke

figure15 Measurements made with the AC-52
unit on one of these unknowns are also given 1n
figure 16 The circurts used m obtanmg the
data are shown m figure 17 From the data
1t will be seen that for the variety of test condi-
tions, the maximum vanation of indicated
resistance was 4 6 percent for the AC-263 unit
For the 165-ohm sample, (sample A) the vana-
tion for all couditions of test was from 161 to
168 ohms, or plus or minus 2 18 percent For
the 5-ohm resistor, (sample B) there was no
observable error under any method of connec-
tion or nature of source Sample C consisted
of sample B 1n scries with a General Radio Co
wavemeter coil, and for this unknown the re-
sistance variation was plus or minus 4 6 percent

sSample C was tested on the AC-52 unit under
a vanety of conditions similar to those used on
the AC-263 unit and the indicated resistance



varied from § ohms to 33 ohms It should be
noted that this tremendous error occurs only
for the 100-percent position of the source cou-
pling dial ~ For couplings under 20 perecent, the
AC-52 unit gave vanations of 5 to § ohms or
60 percent Below 15 percent coupling, the
error was 20 percent All of the AC—263 umt
tests were made with 94 percent couplng so
that 1ts superiot performance, when normally
operating at couphngs below thiz value, will
be even more evident

The manufacturer has provided a set of
curves with the AC-203 unit to be used m
determining true values of R 1n the unknown,
when the unknown contams reactance These
curves give (orrective factors ranging from 0 93
to 1 075 to be applied to the indicated resistance
for values of reactance from —200 obms to
+200 ohms No such curves were available

for the AC-52 umit In the tabulation, figure
17, the correction factor has been applied to the
“Corrected R’ column

The reactance for each unknown was calcu-
Iated for each test condifion !

Cre— Oy

X= _wOXX Ov

10° ohms

where
s =capacity 1equued to resonate the
unknown 1n micromicrofarads
Cy=capacity requred to resonate the
known, or measuring cireuit, m
micromicrofarads
w=2xf, where f 15 frequency m kilo-
cycles
For the new AC-263 umit the numerator of the
equation {Cx—Cy) becomes merely the differ-

1 See appendix
RLE | COUP~ COND _ DIAL CAPACITY Lyl CALC coFéaDE& TEST
% [LING X N Cx Cn R OHMS R CIRCUIT
cl| 5 95 98 332 343 5 51 P
10 95 98 332 343 5 51 Q
10 95 98 332 343 5 51 R
10 95 98 332 343 5 51 5
15 96 5 99 338 346 5 372 T
15 945 97 331 339 5 379 U
20 95 98 332 343 6 51 a Vv
20 953 98 333 343 6 51 S L
20 95 98 332 343 6 51 g W
c | 20 953 98 333 343 5 463 < X
20 95 3 97 8 333 342 8 418 a2 C
20 955 98 334 343 6 417 ) L
o+ 95 8 98 335 343 6 371 o D
20 98 101 3425 353 6 46 % D
100 o3 101 3425 353 7 46 g Y
100 98 101 3425 353 6 46 = Z
100 101 101 353 353 33 0 AA
100 9 985 336 3445 6 389 L
100 98 93 3425 343 33 225 G
100 95 o8 332 343 8 512 M
Moo 96 93 336 343 6 322 L
% C — RESISTANCE UNIT PLUS COIL

Figure 16 Tabulalion of tesi data type AC-52 umit
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ence m condenser dial readings since the scale
15 calhibrated 1n umiform mieromrciofarad steps

From the results 1t 18 observed that on low
1esistances huving a low ratio of reactance to
reaistance, such as represented by sample C,
the reactance 1s not accwately measured unless
a defimte procedure for connecting the unknown
15 always used Thele was, however, consist-
ency of renctance measurements (within 12
percent) for sample C having a relatively large
ratio of reactance to resistance Comparing
the AC-52 vmit with the AC-263, measurements
m test cremts I G, and M show reactance
values from 2 25 to 51 2 ohms for the AC-52
and from 39 6 to 41 5 ohms fo1 the AC-263

It should be noted that the resistance group
of the AC-263 umit 15 compensated, that 1=, 1ts
Teac tance 1s constant regardless of the resistance
setfing  Although this results m a large react-
ance piesent for even low remistance measule-

ments, this reactance does not have to be con-

Dhagrams ol test circuits

sidered 1in the calculations of 1eactance n the
unknown because of the compensating reactance
Ly (see fig 10) whreh 15 automatically mserted
mn the unlknown cireuit during measurements

In oider to check the correctness of the com-
pensating mductance L,, the termmals of the
umt marked unknown wete shorted and the
following readings observed

Cirerat  (bee fig 17) Coupling |Tndicated . Cale X
Ho_ .. ______ [ 11 2 0 98
L. ... . __ 94 05 0
Cooo_____ . 94 5 HES
B.__. ______ o I 94 4 98
A__ L I 94 _. - 98
. \ 94 3 925
W___ S | 94 3 0

The standard lcads supplied with the AC-263
it were then added to the unknown termuinals
and shorted at thewr outer end, giving the
following results



Crrcuit Coupling lIndlEatorlR Cale X

Ao P 94 - 9 4

B.________ - .. 94 - 3 94

Conc o L 94 __ 3 94

Do - 94 ' . 14

H - ____ .- 94 ________ 49
\

Unlknown sample B (see fir 15) was then
connected directly to the AC-263 unit ter-
minals without leads and the followmg ob-
gerved

Ciwremat  (Sue fiy, 17) Coupling Ind cated | Cale X
W_ _ . .- - 04 50 0 453
W_ , 23, 50 0
Lo ___ - 50 3 0y 0
Lo __ . s 70 3 0 0
L. . ... 94 50 0
Y - .- 94 5 0 1]

From the foregomng 1t appears that becausc
ol connecting lead lengths and the mherent
unbalance resulting, reactances of low value
cannob be accurately determuned without a
defimte connection procedure and a setting of
coupling control always below a predetermined
maxunum The discrepancies of measurcments
on sample B, figure 15, arc evidently caused by
connecting lead length and tight coupling of
the 1esonant measuring eircwit to the oscillator

11

CONCLUSIONS

The AC-263 unit 1s a definite umprovement
over the AC-52 for both resistance and react-
ance measurements  Further improvement in
reactance measurement accuracy can possibly
be achieved through a further study of cirenit
arrangement  There will always be error in
measurements made by the substitution method
used m the AC-52 and AC-—263 unuts, howcver,
the error 1s a function of coupling to the siyznal
source and 1f this couphng can be reduced
further through the development of more schst-
tive resonance indicators, the crror can be
reduced

The use of a compensated resistance group
15 an advantage in measuring low values of
reactance because 1ts reactance 1s automatrcally
climmmated However, a delinite procedure
must be established for connecting such react-
ances, and the source oscillator impedance
must be within certamn limits, or the coupling
must be below a prescribed value

The calibrated condenser used 1n the AC-263
unit 18 a distinet advantage in both aceuracy
and convenlence of measmements

The three switches nsed m the AC-263 unit
are unsatisfactory The contacts are not ot
the wiping type and ocecasionally fail to make
pood contact Another type using rotary self-
cleaning contacts would be preferable



APPENDIX

The theory involved i the use of the 1mped-
ance measuring unit 1s as follows

(1) If a ciremt consisting of a col L;, con-
denser (!, and a curient mdicating device Af;
18 coupled to a source of radio frequency energy
through o coil L, the current flowing in the
arcmt at resonance will be dependent only
upon the vesistance of the crxcmt and the
electromotave force miroduced by the coupling
coll If the coupling and resonating condenser
are set to give a certam value of current with
an unknown resistance, R, m series with the
circwib, anolher resistance, R,, which 1s equal
to R, may be substituted for R, and the cur-
rent will remain the same If the resistance,
Ry, 15 a calibrated standard variable resistance
1t can be used to determine the value of E,

(2) If I, 1s the current, E; the induced elec-
tromotive force, and Z; the cirewt mmpedance
including an unknown,

E
L:j (@)

Simularly, if the unknown 1s replaced by a cal-
brated resistance umt, making the cwreut
impedance, Z;,

E,
J ®)

Iz=
If, however, the coupling to the source of energy
18 held constant so that £;=F, and if the cali-
brated rtesistance umt 1s adjusted to make
I,=1, then,

21222
However, since Zi=R +1X,
and Zy=Fy+3 X,
1t 18 possible to make Z,=R,
and Zy—=R,

by adjusting the circut to rvesonance for each
condition (z) and (b) so that 3X;, and ;X
become zero ‘Then

R,=R, (c)

which means that the resistance of the cirewt
ineluding the unknown 1s equal to the resistance
of the ciremt inecluding the calibrated known,
or, since the coi, condenser and mdicatmg
mstrument of the measuring circuit are common
Lo both known and unknown adjustments, then
the unknown 15 equal to the value ndicated by
the calibrated resistance umt

(3) The reactance componentin the unknown
can be determined from the values of capacity
required to resonate the circuit under conditions

(e) and (b)) Under the first condition
1
Xi=55 @
and under the second resonant condition
Y= ©
PI(oN ‘

where X;, X; are capacitive reactances required
to resonate the cirecuit under the two conditions
respectaively, ) and 4 are the corresponding
capacttances, and w=2xf Subtracting (e
from (d),

1 1
K== el
e -

T w (0102) o ‘0(01025

X,—X, represents the change 1 capacitive
reactance required for resonance between condi-
tions of known and unknown and if the known
contams no reactance this difference represents
the reactance of the unknown, X 1f the known
contains reactance, 1ts vaJue must be added to
the reactance determined by the given equation
If the known element has compensated or con-
stant reactance, a reactance of the same amount
may be added 1n series with the unknow n lead,
and measurements will be direct and require no
correction  If AC, ¢ and (% are in micromicro-
farads and £ 18 m kilogyeles,

a3



_10°A0)

X_ LlJOloz

ohms

When (; 15 geater than ¢} inductive reactance
in the unknown 18 indicated

(4) The substitution method of measurement
assumes that the electromotive force induced n
the measuring circuit 18 constant and, since the
cacuit 1s resonated and the resistances made
equal the induced voltage 1s generally constant
and not a source of error  If the distribution of
electrostatic capacity in the measuring circuit
changes for different settings of the resonating
condenser and for different types of unknowns,
grounded or ungrounded, the current mdicated
may not be the true value mn each case, thereby
gving rise to error 1 measurement

14

@

The 1mpedance of the source of oscallations
which 18 coupled to the measuring cirewit does
not mmiroduce an error 1n measurements because
it 15 present for both readings If the connec-
tion of the unknown to the measuning cucutt
causes an unbalance or change in the source
circuit error will be introduced
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