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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- 
chase of a quantity of improved low-frequency 
impedance measuring boxes to replace the 
units at present being used by Authority field 
personnel and to provide the additional units 
required to serve the needs of the expanded and 
modernized airways system. 

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

and a sample unit was purchased. Tests were 
conducted on this new unit and a final specifi- 
cation was prepared by the Airways Enginccr- 
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 Rr. Northrup Co. under Specifi- 
cation 642 (Department of Commerce, Light- 

Figure 1. Type AC-46 unit. 
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Figure 2. Internal view of type AC-46 unit. 
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Figure 3. Diagram of type AC46 unit 
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Figure 4. Sketch and outline of lypc AC-62 unit. 

house Scrvicc, Airways Division, B’cbruary 10, 
1933) and was designated type AC-46. A 
diagram of t,he circuit, employed is shown in 
figure 3. 

This first set was large and heavy and was, 
therefore, inconvenient t’o 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 st’ops of definite capacity. These stops 
were accurately calibrated and incremcnt’al 
capacities n’crc obtained by operation of a ver- 
nicr condenser. The condenser dia,ls were 
calibrated dirc&ly in capacity. 

In order to keep the errors introduced by the 
signal coupling system at a minimum, it was 
~lcccssary to operate the coupling coil at its 
lowest mut8ua1 position, and in cases ~vherc a 
change of rending was obtained upon reversal 
of the ulllrnown leads, an average rending had 
(80 bc assumed as c~orJw’l’. 

The second impedance measuring set design, 
known as type AC-52, was also contracted for 
in 1933 under the same basic specification, 
which had bcml revised t’o give a set with greatrr 

^^ _.__ -.. .-. ..-. 
E‘iyure 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 act’ual arrangement of pasts 
and exterior items is given in figures 5 and 6. 
This type of mrnsuring set has been in const’ant 

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

USC to date for the adju&mcnt of airway radio 
facilities. Its continued USC brought to light 
certain dcficiencirs which were climinatcd in 
the new design dcscribrd in this report’. 

DISCUSSION 

Early Equipment 

The expcricnces of cngiucers with the AC-46 
and AC-52 types of measuring units disclosed 
the following dcficicncics: 

1. The signal source impeda,nce introduced 
error in m~surcments in proportion to the 
sct’ting of signal coupling coil. 

2. The capacitance value for any setting of 
the condcnscr dial could not bc dctcrmincd 
conveniently or accurately. 

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

1~1 t#hc use of the type AC-52 set, it was gcrr- 
erally noticed that if the signal input leads wcrc 
reversed, or the leads to the impcdwnce being 
measured were reversed, a change in the value 
of indicated resistance would result. This 
change was caused by tho impedance and un- 

balance of the signal source. The magnitude 
of t’his change depends upon the dcgrcc of cou- 

pling to the signal source and the true value 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 experienced also in the 
AC-46 box. 

In the AC-52 unit the condcnscr dial was en- 
graved with 100 uniform divisions. This scale 
was checked against frequency and a curve was 
prcpnrcd. It was necessary to refer to this con- 
denser dial calibration curve in order to de- 
terminc the capacity values for any setting of 
t’he dial. This rcforcnce invited observational 
errors and rcquircd more time for each measure- 
ment than was necessary when a directly cali- 
bratcd dial was used. 

A Weston 115-milliampcrc standard r-f 
motes, having a resistance of 5.2 ohms, was used 
as an indica,ting instrument in the resonant cir- 
cuit of the AC-46 and AC-52 units. This re- 
sistance affected, to some extent, the ability 
to mcasurc accurately high values of reactance. 
Means of overcoming this deficiency through the 
USC of other indicating methods were con- 
sidcred, such as: 

(a) The use of a rectox rectifier and (1-c in- 
strumcnt. 

(b) A vacuum t8ubc 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 
(a). M&hod (b) presented a possiblo splution, 
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 m&hods, 
if they could be proved at lea,st equal to the 
standard milliammetcr method. 

Compar;sons of Specifications 

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



-rsnge - - 
Srgnal murce power re- 

qu,red for opcratmn 
Rcsamtmg mdnctance 3 

(mmohenrm+ 
Q ~_..... . . . .._.. 180 mm Sharpness of 

resonance 45 mu1 
Mamn”m errOI shall nut 

evceed 0 2 percent far 
murcc mpedances be- 
tween 70 and 300 ohms 

3mlar or oqus1 to G R 1 1.000 mmfd , 
Co 722iM. 1,000 mmfd , 

Bguro of 
mcnt (2, fRC 2) InrtXl- 

scale cahbratcd to Q%E mnm 
cammtv values mthout 

003 by ;w; 
meesured at -.. 

&em& to e”rreS 
(Accuraq specified by 
G R Co for No 722X4 
IS 0 1 percent ) 

cyc,cs tiaI,Dratlon 
~nrve to be accurate to 
althm 2 mmfd at tune 
of delmq Dml to be 
marked ,n approxmste 
eapmty Vermer knob 
to hare ,311 r&o 

n-?hton 11.5 ma r-f mctcr. Current u,dmtq m- 
strument 

wcston 115 ma r-f meter, 
or tuba, or r&o\ e,r- 
cuts ~,,th d-c mstm- 

Tar and Observallons 0” New Umt 

The follommg tests and obserretmns wycm 
made on tho umt d&wed under the project 
contract 

Mechanzcal Constrwtzon -The general fea- 

tures of the new umt (AC-263) are shown m 
figures 7, 8, and 9 Better mbdlty of the 

condenser dml would have been desmable 
Alteratmn of the condenser structure to obtitln 
bet&l \ mbdlty would have nsked d&uurbance 
of Its cahbratmn The metal handle supphed 
appeared to make the umt more difficult to 

1,110 ohms 
L ohm 
Proportlallal to re,lata”ee 

settmg 
io 3 percent 

* 1 3 percent 

None speufied 
DO 

DO 

DO 

DO 

56&600 

Not speafied 

1,500 mmfd, figure of 
mer,t (2~ fRC 2) ma\,- 
mum 0 OR b> IO-18 
measured at 1,000 
oydes Cebbrstmn 
curve to he mcuratc to 
mthm 2 mmfd at t,me 
of dehverv Dml to be 
marked in approxmatc 
capmtv Vermcr knob 
to hn\e %;I rntm 

weston 115 ma r-f meter 

None speaficd 

Alummwn or Bakehle 
Copper 
Bakehtc 

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

Waqht -The mght of the umt DS d&wed 
was 37 pounds, whxh exceeded the speclfica- 

tmns by 2 pounds In general the weight 1s 

determmed by the partmlar components called 
for m the spec~cotmn and IS not under control 
of the manufacturer -4 change m ather the 
cabmct or the component speclficatmn IS neces- 
sary to reduce wght to the speafied 35 pounds 

Electrical Fmtwes -A cucult dmgram of the 
new unit 1s shown m figure 10 This conforms 



in general with the diagram of the older units. 
The posit,ion of the parts in the new circuit, 
hem-ever, results in a dcfinitc improvement in 
the ability to measure various types of un- 
knowns. The use of compensating inductance 
for each rcsistancc as shown is in accordance 
with the specification, and eliminates need for 
correct(ion when mcnsuring reactance. 

Figure 7. Closed view of type AC-TX3 unit. 

The rcsist#or accuracy and the a,ccuracy of 
tdle condenser ca,librat’ion wcrc carefully deter- 
mined by the subcontractor (Genera.1 Radio 
Co.), in accordance with stzmdard manu- 
facturing pract’icc. 

The same type of current indicating instru- 

, 

I / 

Figure !I. Internal view of type AG2ti:l unit. 

mcnt (Wcstorr ‘~llcrI~l~C;illv:ll~~~l~CtC~, O-1 15 ma> 
as used in the older boxes was used in the new 
design. An analysis of t,he various t#ypcs of 
indicator circuits by t’hc conkactor indicated 
t,hat for greatest stability and accuracy the 
thermal instrument should be used. It was 
pointed out that aging and low elficiency at the 
opernting frequency were points against the use 

Figure 10. l)iyram of tSpe AC-263 unit. 

of rectox. The use of a vacuum t#ube rectifier 
was avoided because of the disadvantage of 
using a battery, n,nd 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- 
cnce of the addit8jonal clcmcnts :rnd the weight 
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Fiwrc 11. Type AC-263 unit showing resonating and coupling coils. 

the past, 5.2 ohms. The fuse required for pro- 
t’ection of the meter was found to have n rcsist- 
alrcr of ilbolit 8 ohms , giving a total series 
ix3ist:rncc of 13 ohms. 

minimum eflcct Ii-orii r~~vcrsd of source or lhc 
~~nl~riown lcatls tltiririg mensurcmrnts. Tllc? 

lise of :I grountlcd Parxd:iy shield between coils 
also contributed t~oward this nchicvemcnt. ,4 
deficiency in ‘YJ” of the resonating coil over 
that cnlled for in tlie specifktion was cnused 
by t’he shape of coil chosen. A “Q” of 90 
was observed wl~rrcas 180 was spccificd. The 
achievement of tlir liiglier “Q” would 11:1vc 
required sacrificing some of t’he other desirable 
features. 

The rnukd inductance betweeu thr coupling 
a,nd resonant coils for vxious settings of the 

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

coupling dial was compu trd from obscrvutions 
of the total series inductance of the t’wo coils 
for both aiding und opposing connections: 

Figure 12. Curve oi mutual inductanceversus cnupling coil setting. 

The rcsonat’iug inductnnce, L1, and coupling 
coil L2, slion-II in figure 11, wcrc dcsigtictl to 
have a relatively smtill ratio of lerigtll to tli:im- 
ct’er. By so tloillg it u-ns possible to SC(~III’~~ :I itig (~omiections, respectively. 

IV= L-’ - Ln millihcnries 4 I I 

where L, n~icl L,, are the measured inductance 
\-al1165 in milliheliries for the aiding and oppos- 
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828 4 803 304 6 330 167 133 162 3 E 

828 804 a 305 328 2 166 122 5 161 5 F 

B 94 805 a 804 a 327 2 328 2 51 493 51 G 

a05 6 804 a 327 4 328 2 51 395 51 A 

807 a BOO 2 325 2 332 8 57 37 2 5 65 K 

ali 6 804 3214 329 55 38 1 5 45 E 

all 6 804 3214 329 57 38 1 5 65 F 

C 94 809 a a01 6 323 2 3314 55 406 543 L 

I I 809 8 1 8018 1 3232 j 3312 55 39 6 5 43 G 

a10 0 a01 6 323 3314 6 41515931 M I 
I 

809 6 801 8 323 4 3312 56 386 1 553 1 N 1 

809 8 802 2 323 2 330 8 56 3 

Q e% A = SLIDE WIRE RHEOSTAT B = RES UNIT C= RES 

me of hC-52 unlt’at 260 kc I:....ohms-: ~1 ( tlons, the maxunum vanatlon of mdlcated 
4 Q of resonant e,rcu~t at 300 kc czdculated from 

reK’n~“c~ cur7 E H, llg,m 14 
rcslst%nce was 4 6 percent for the AC-263 umt 

(Q=,+) 

For the 165.ohm sample, (sample A) the va,na,- 
tlon for xl1 condltlons of test WLS from 161 to 

\ .!.-lb/ 168 ohms, or plus or mmus 2 18 pew& For 
where In-frqocno at rcs~nance, i, and fb arc 

frcquencras corres,aind,ng to 0 7 af resonant 
the 5.ohm rwstor, (sample D) there w-as no 

current peak an figure 14)-.--m.---- -.. -~ 42 8 obscrvnblc error under any method of COIIIIPC- 
tlon or nature of source 

5 &cult rcs~stanee a.t 300 kc 
Sample C conslstcd 

of sample B m scncs 1~1th & General Radio Co 

ohms.. 37 2 wavemetcr cod, nnd for this unknown the rc- 

A typxnl set of measurements wth the AC- mtancc varmtmr~ w xs plus or mmus 4 6 percent 

263 umt made on three unknowns 1s given m Sample C wa,s tested on the AG52 nut under 

1 ia ampere JAttellueS “Jan Res have been RlenEUrsd Emd then a variety of condltlons smular to those used on 
CBslEtanOe 1s 3 3 OhnlS at ml kc the AC-263 umt nnd the mdlcated resistance 



vaned from 5 ohms to 33 alms It should be 

noted that this tremendous ei-ror occurs only 
for the 100.percent posltlon of the source cou- 

plmg dud For couplmgs under 20 percent, the 
AC-52 umt gsre vanatlons of 5 to 8 ohms or 
60 percent Below 15 percent couplmg, the 

error uns 20 percent All of the AC-263 umt 
tests were made with 94 percent couplmg so 

that Its supeno~ performnnce, when normally 
operatmg at couplmgs below this value, will 
be even more endent 

The mnnufecturel has provided x set of 
CII~VRS wltb the AC-203 umt to be used m 

determmmg true values of R m the unknown, 

n hen the uokmown contnms reactnncr These 
cur\ es g1w c orrcctme factors rangmg from 0 93 
to 1 075 to be apphed to the mdlcnted resistance 
for values of reactllnco from -200 ohms to 
$200 ohms No such curves veere avrtdablc 

E 

for the AC-52 umt In the tabulation, figure 
17, the corroctlon factor has been apphed to the 
“Corrected R” column 

The reactance for each unknown WY&S calcu- 
lated for each test condltlon 1 

x=- C-G oc Xc lo8 ohms 
x Y 

where 
Cx=capmty nzquued to resonate the 

unknown m mmonucrofarads 
CN=cupaclty reqmred to resonate the 

kllown, or meas”l-lllg clrrll1t, Ill 

rmcromnxofarads 

For the new AC-263 umt the numerator of the 
equstlon (G-C,) becomes merely the d&w 

100 95 98 332 343 8 512 M 

YOO 96 98 336 343 6 32 2 L 

0 C : RESISTANCE’UNIT PLUS CdlL 

I%-IIre 16 Tabulalmn Of ‘es, data type *cdz ““ll 



enw m cor~denser dud readmgs snre the SC& 

13 cahhratrd m uniform nucrom~~oforad steps 

From the results It 1s obserred that on low 
leslstnnces huvlng a low ratlo of reactance to 
reslstancc, such as represented by sample C, 
the reactance 1s not accmntely measured unless 
a defmlte procedure for conncctmg the unknown 
IS ahays used Thele 5, as, however, consist- 
ency of renctance measurements (wthm 12 

percent) for sample C havmg a r&t&y large 
ratlo at reactance to resistance Co1npanng 
the AC-52 unit with the AC-263, measurements 

in ht clrcult\ I. 0, and 14 show reactance 
dues from 2 25 to 31 2 ohms for the AC-52 
md from 39 b to 41 5 ohms fol the AC-263 

It \hould be noted that the reslstnnca group 
of the AC-263 umt 1s compensated, that 19, Its 
~RI tunce 1s constant regardless of the reslstunce 

settmg Xthough this results m a large react- 
ance present for ever, low res1stnnce mensme- 

muds, thn Ieactmce does not have to be con- 
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From the fmegomg It nppeari th&t bwausc 

oi connectmg load lengths and tho mhcront 
unhalancc rosultmg, rcnctnnves of low value 

cannot be xccuratcly detcrmmcd xnthout n 
defimt>c connection prowdure and a settmg of 

coqlmg control nlwnys below a predrtamned 
maxnnum The dlrcrrpnncles of measurements 
on sample B, figure 15, arc evidently caused by 
conncctmg lead length and tight couplmg of 
the lesorlamt mensrrrmg cunut to the oscdlator 

CONCLUSIONS 

The AC-263 umt 15 a defimte unpro\nncnt 
orer the AC-52 for both resistance and rcact- 

ante measurcmcnts Further nnprovcmcnt m 
reactance measurement accuracy can possibly 

be schmved through a further study of cxcut 
arrnngrment Therr ~7111 always be error m 
measurements mndc b\- the wbstltutlon method 

used m the AC-52 and AC-263 ulvts, howorer, 
thp error 1s a function of coupltig to the sq$nal 
sourcc and If this couplqg ran bc reduced 
further through the devclopmcnt of more SCIISI- 
tlve I-e~onancc mdn-kx-s, the error can be 

red11rd 

The cahbratcd condenser used m the AC-263 
rullt 1s a dlstmrt ndvuntagc m both RCCWBCV 

and rOnVCnlCnCC of measlllemcnts 
The three suitchcs used m the AC-263 umt 

are unsatlsfactorv The contacts arc not of 
the w~pmg type and occzslonally fall to make 

good contact Another type usmg rotary self- 
cloanmg contacts xould be prcfcr&lc 



APPENDIX 

The theory mvolved III the use of the Imped- 
nnce moas”rlng umt 1s as follows 

(1) If & c1Rxut cons1stmg of & cod L,, con- 

denser C,, and a cunent mchcatmg dewce M, 

1s coupled to a source of radio frequency energy 
through a ~011 L, the current flowmg m the 
i,uxUlt at resonance wdl be dependent only 

upon the resistance of the arant and the 
electromotwe force Introduced by the couphng 
cod If the couphng and resonntmg condenser 
are set to give a certam value of culrent wah 

an unknown rcswtance, R, ,I, sencs with the 
clrcmt, another reslstancc, R,, which 1s equal 

to R,, may be substituted for H, and the cur- 
rent ~11 remmn the same If the reslstana, 
RN, 1s a cshbratcd standard variable resistance 

It can be used to determme the value of R, 
(2) If I, 1s the current, & the Induced elec- 

tromotlve force, and Z, the arcult impedance 
tncludmg en unknown, 

IlEg (4 

Smularly, If the unknown IS replaced by a call- 
brated resistance umt, makmg the arcult 
unpodance, Z,, 

If, however, the Louphng to the source of energy 
IS held constant so that E,=E, and If the cah- 
brated res&ance umt IS adlusted to make 

Ix= I, then, 

z,=z, 

However, ante &=R,+IXI 
and &=R+X 
It IS possible to make Z,=R, 
and Z,=R, 
by adlustlng the cwxnt to resonance for each 
cam&on (a) and (b) 80 thst IX, nnd ]S7d 

become zero Then 

R,=Ra (4 
( 

whvhlch means that the rcslstance of the cnzmt 
mcludmg the unknown 1s equal to the realstance 

of the clrcult mcludxng the cahbrated known, 
or, xnce the cod, condenser and mdlcatmg 

instrument of the measurmg c1rcl”t are common 
to both known and unknoan adlustments, then 
the unknown 1s equal to the vnlue lndlcated by 
the cahbrated resx&ancc umt 

(3) The rewtance component m the unknown 
can be dctermmed from t,hhe values of capacity 

required to resonate the crrcult under condltlons 
(a) and (b) Under the first conchtlon 

X,=2 
w (Cl) 

and under the second resonant condltlon 

where X,, X2 are capacltwe reactancos requxed 

to resonate the cuaxt under the tvo condltlons 
respectwely, C, and C, are the correspondmg 

capacitances, and o=z?rf Subtractmg (e) 
from (a), 

X,-X, represents the change m cnpacltwe 
reactance reqmred for resonance between condl- 

tlons of known and unknown and If the known 
contams no reactance this dflerence represents 
the reactance of the unknown, X If the know-n 
contams reactance, Its value must be added to 
the reactance determmed by the @yen equation 
If the known element has compensated or con- 
stant reactance, a reactance of the anme amount 

may be added “1 serms with the unknoan lead, 
and measurements ~11 be direct and requxe no 
correction If AC, C, and 17, are m nncrommro- 

farads and f 1s 111 !&cycles, 

) 
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When Cz 1s @eater than C, mductwe renctance 
m the unknovn IS mdlcated 

(4) The substltutmn method of measurement 

nbsumes that the electromotwe force mduced 111 
the measunng cnwnt 1s constant and, smce the 
mc.ult 1s resonated and the resAanccs made 

equal the Induced voltage 1s generally const>wrt 
and not a source of error If the chstnbutmn of 
electlostatlc capaaty m the measurmg arcmt 
changes for d&rent settmgs of the resonatmg 
condenser and for chfferent types of unknowns, 

grounded or ungrounded, the current mduxted 
may not be the true value m each case, thereby 

g1vmg nse to error 111 measurement 

The unpedance of the source of oscflatmns 
ahlch 1s coupled to the meesurmg cvcolt does 
not mtroduce sn error m measurements because 
It 1s present for both readmgs If the connec- 

tmn of the unknown to the rneasurmg cncut 
causes an unbalance or change m the source 
cnnut error ~111 be mtroduced 
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