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COVE R 

Go-no- go testing is eosy 
with the new Type 1650- A 

mp dance Bridge and its 
accessory Tes Jig. This 
photo shows the bridge 
set up for the rapid tes ting 
of capacitors. 

The patented Orthonull 
feature of this bridge, which 
eliminates sliding balonc s 
when high-loss capocitors 
or 'nductors are measured, 
is discussed ift this issue. 
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A MILITARIZED, THREE-PHASE, LINE

VOLTAGE REGULATOR 
Th TYPE 1570- 25 Line-Yolt age 

Regulator is a compl telv mjlitarized 

·ervo-controlled three-pha e r gulator . 
The inherent advantage of no di tor

tjon, large power rating, and high ffi
cienc of thi typ of r gulat r, com

bined ·with its high accura · and xc 1-
1 nt tran ient re ·pon make it sp -

·ially attractive for many applicat ion . 

In addi ion to themilitary nvironm ntal 

requirements of shock vibra ion tern.

p rahir , hu midity and o forth the 

uni i d ign cl "·ith par bcular ernpha-
is on fl xibility, ca e of maintenance, 

reliability, and long life. 

Thi regulator i imilar in construc

tion to th ingl pha TYPE ] 570-A 15 
Line-\ oltage Rcgulator.

1 For ad apta

bility and ease of maintenance, i t  is buil 

in two units (Figure 1). The control unit 
contain all the electroni ircuitry and 

is identical "·ith the control unit of the 

singlc-pha e model. The regulator uni 
on i t of a three-gang Vv 5 \ ariac, a 

. ervomotor and three "buck or boost" 

transformer . 

Because all thr e pha ar controlled 

tog th r in r pon e to the variation on 

one control pha onl>r a ingle ervo i 

r quired and con idcrabl space and 

price a ings are po ibl over the use of 

Figure  1. Pane l vie w of 
th e Type 1 570- A S25 
T h r e  e -P h as e, A u to
m a t  i c, Li n e-Vo l tage 

Regu lator. 

three separate regulator While the 
performance of his type of regulat r i 

ind p nd n of load or load balanc an:v 

input voltag unbalance that results 

canno be corrected , sin a · h pha i 
not controlled indep nd n ly. Thu f r 

ac urat regul tion a balanced input 

voltage i n. ary. 
Ease of rn.ain nance wa a prime con

sid ration in the original de ign of th 

regulator. If rvi · of the le ·tronic ir
cuitry i r quir d, only th mall control 

unit need be remov d. The larger unit 
with all it power wiring can tay in en�

i e upplying unint rruptcd (but un

regulated) pmY r whil th control unit 

i being replac d or r paire l. l\Ianual 

con rol of output voltag i po ible dur-

jng the int rval by mean of th 

Variac l dial on th front panel. 

Tube can be replac d with ut th r -
moval of any ov r other than tube 

shi ld�. Remo al f a ingl du. t eover 

expose all other comp ncnt . om

ponent wiring i accomplished ,,·ith an 

etched circui to pro id a high degre<" 

of uniformity b tw n un i aC'h corn
ponen is marked \Yith it magnitu l 
and rating and i identified by a com-

11\f. C. Holtjc, ").rilitarized Linc-Yoltagc Regulator," 
General Radio Experimenter, 31, 6, ovember, 1!)56. 
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ponen number printed on the mounting 
board. The remo al of the bottom cover 
plate e:>-.--poses all etched wiring. The 
comple e circuit djagram is silk screened 

on the inside of his plate. For protection 
against the effects of moisture and fun
gu growth the etched board i aled 

\Yith a fungu -re istan varnish. 
Reliability and long life have been 

assured by on ervative ratings and the 
use of the be t materials and components 
in simple circuits hat hav proved re

liabl in long fi ld exp ri nc . 
For maximum versatility, a switch is 

provided inside the control unit for 50-
cycle opera ion of th regulator. In the 
50- ycle switch po ·ition, the range of 
operation is 45 to 55 c; in the 60-cycle 
position, it is 55 to 65 c. pace is also 
provided for tho installation of a sep
arate output-voltage-sampling trans
former to permit control of 400-cycle 
power, al though 50- or 60- ycle pow r 
must b available o operate the control 
unit. 

To provide ad quate trength for 
military shock and vibration require-

STEP-DOWN 
TRANSFORMER 

VARIAC• 
AUTOTRANSFORMER 

REGULATED 
OUTPUT 

ments, the regulator unit is built on a 
seven-inch U- haped, extruded-alumi

num channel. The smaller control unit 
mount on a%" aluminum panel. Both 
units will '"·ithstand the standard 1200-
ft.-lb. shock test, and they show no sig
nificant m chani al r sonances up to 
55 cycles per second. 

The re ula tor i desirrned to mee or 
to exceed th g n ral requir m nt of 
1VIIL-E-4158B and MIL-E-16400B. It 

will operate at full load over the ambient 
temperature range from -29° . to 
+52° . (-20° to +125° F.) and for non
operatino- toracrefrom -54 °C . to+85° . 

(-65° to +185°F.). "\Vith spe ial motor 
lubri ·ants, operation is po ibl at far 
lower temp rature . Operation is po -
sible with relative humidity up to 100 
percent, including conden ation cau ed 
by temp rature changes. 

While the e inili ary sp •ifications are 
generally more severe than tho en
coun t red in mo t indu trial applica
tion the incr a ed reliabili t. and ea e 
of maintenance may often justif th 
u e of the militarized r gulator in critical 
industrial application . This is particu
larly true for application at high am
bient temperatures or for portable in
stallations where mechanical hock or 
vibration is encountered. 

- lVI. C. HOLT.TE 

SPECIFICATIONS 
Terminals: Multipoint connectoF trip�
frequency: 45-55 cycles or 55-65 cycles, as se
lected by a switch. 
Waveform Distortion: None. 

Waveform Error: The average value of the out
put v..oltage i h Id constant, and a load d d 
p \Yer supply op rat d from the output of th 
regulator will give c n tant output voltag r -
gardle s of the harmonic distortion present in 
the powPr lin . The rms output voltage will al ·o 
remain constant, rf'gardl ss of the harmon i c  
di tortion pre ent, a long as the pha c and 

fig ure 2. Functional block diagram of the regulator. 
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amplitude of these h::trmonics are constant. If 
•th hannoni cont nt change,, the rms value 
will chang by an am unt l<' '8 than L'!:..R/n, 
whl'rt' 6.R i th hange in the· bttrmonic am
plitude and n i · th<' harmonk 11umber. 

A m bient Temperature: Full rating,.; apply over a 
temperature range of -29° to +52°C. 

A PRIL, 19 59 

Power Consum ption: N 0 load, 35 watts. Full 
load, 140 watts. 
Dimensions: Control Unit, panel, 19 x 3� inch
e ·; depth behind pand, 7 inches. Regulator 
Unit, pan I, 19 x 7 inche::;; depth behind p�'tnel, 
16� in ·hes. 

Net Weight: 97 pound::;. 

Ratings 

1570-ALS25 1 570-A HS25 

*Output Voltage per phase .................... 115 ± 1 0% 230 

91 0 82% 91% 
**Input Voltage as a per ·cut of Output Voltage. to to to 

1093 ll8% 10 9% 

Output Current per phase ................. ... 2 5  12.5 10 

Approx. KVA (wyc***) . . . . . . . . . . . . . . . . . . . . .  8.6 4.3 6.9 
tAccura yin % of output voltage ............. 0.5 1.0 0.5 

tt 'p<·cd of response, volts per SC'cond .......... 10 2 0  20 

***Delta rating is 1/.,,/3 ti.mes wye rating. *Interna.J adjustment. 

**In truments are shipped connected for ±0% range unles>'< ± l8'7o range is specified on order. 

t.\pplies only to mea.sured phase. Other phases depend on input voltage balance. 

tt::ilightly less for very small voltage corrections. 

Type 
1570-A LS25 

1 570-A HS25 I 3-phase Regulator, 115 volts . .... . . . . . . ... . . . .  · J 3-phase Reg u l ator, 230 volts . . ............ .. .. . 

Code Word 
DICKY 
DAILY 

± 10 /0 
2% 
to 

11 3 
5 

3.5 
1.0 

40 

Price 
$86 5.00 

885.00 

POLYSTYRENE CAPACITOR DECADE 
100 µµf per step 

Supplementing th three polystyrene 
decades previously announced , * a n w 
decade with capacitance steps of 100 
µµf is now available. Like its companion 

units of 0.001, 0.01, and 0.1 µf per step, 
thi new decade is admirably suited for 

applications that call for high in ulation 

re i tan e, low dielectric absorption, and 

constancy of capacitance and di ipa

tion factor as a fun ti on of frequency. 

Four capacitors are used in the dec
ade, with their magnitudes in the ratio 

1-2-2-5. Parallel combinations, as· se-

"' 'l'\ cw Dcc·ade Capacitor 'vi th P0lyi"trenc Dielectric," 
General Rad1:0 Experimenter, 31, 2, .Jul , 1936. 

Figure 1. View of the Type 980-D Decade Capacitance 
Unit. 

lecte<l by the S'< itch, yield all integral 
values from 1 to 10. The switch is rigidly 

constructed and includes a detent mech-

4 !:> "' '<>.��-·.:;.-..;:� .. -,, 
.3 -

:.::> {··� ... 
0 � 10 

·7 

R 

9 
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Figure 2 (left). Change in capacitan ce as a function of frequen cy. Sin ce the capa citors are adjus ted to their 
rated accuracy at 1 k c, the 1-k c value should be used as a reference for a.n estima te of the frequen cy error. 

(Rignt) Typical plo t of dissipation fa ctor as a function of frequency. 

ani m f r positive location of posi 10n. 

The witch in ulation , including the 

haft, i heat-resi tant , cro -linked poly

tyrene. Contac t is made by cam bear

ing on phosphor-bronze sprin , and the 

whole contact structure is heavi ly ilver 

plated. 

The individual capacitor unit are 

wound from continuous interleaved 

tapes of poly tyr ne ancl metal foil. The 

foil projec ing at a h end of the roll are 

soldered together to minimize inductance 

and eries re i tan e. 

The tape us-d for the di lcctric i 

sp ially pr par d of purified high-Inole -

ular-weight pol. yrene, having very 
high in ulation re i tance and fr do1n 

from unwanted polarization . Herrneti 
sealinO' with T fl n feed- hrou ·h in u

lator a ure high performan e, even 
und r adv rs humidi ty conditions. All 

capacitor units are h a stabilized , o 

that their long-ti1ne tability approache 

tha of the b t ilv red-mica capa ·itor . 

Terminal are provided for both 2-
terminal and 3-termina.l connections. 

SPECIFICATIONS 

Capaci tance: Total range, 0.001 µ.f; per step, 
0.0001 µ.f. 
Zero Capacitance: 2-terminal connection, approxi
mately 11 µ.µf; 3-terminal connection, < l µ.µ.f. 

Accura cy: 2-terminal, ± (l 3 + 2 µ.µf); 3-termi
nal, + 1 o/c, - (2 % + 4 µ.µ.f). Capacitance in
crement from zero setting is within this percen -
age of he indicated value for any setting. 

Dissipation Factor: <0.0002. 
Insulation Resistance: > 1012 ohms at 100 v, 
25° C., 50 o RH. 
Temperature Coefficient of Capacitan ce: Approxi
mately - 140 ppm/°C. 

Maximum Operating Voltage: 500 volts, de or 
peak, a.t frequ ncie up to 10 1\'I . 

Maximum Operating Temperature: 65° C. 
Dielec tri c Absorption: C'(' Vol agC' ReC'OVC'ry. 

Voltage Recovery: <0.1 0 of original chargin�g 
voltage after a charging period of one hour and 

Type 

a 10-second disehargc through a resistan e 
equal to one ohm per volt of charging. 

Dimensions: See sketch. 

Net Weight: 2 pounds, 2 ounc s. 

Figure 3. Dimen
sions of the Type 
980-D De cade Ca-

pacitance Unit. 

2 MTG. HOLES 
#10-32 TAP "' I OIA. SHAFT 

�-c-\ ���/;�����. 

980-D 

Code Word 

OEPTH BEHIND 
Fl4NEL 3;f 

Price 
980-D I Decade Capacitor Unit . . . . . . . . . . . . . . . . . . . . . . . . .  I ALIE $ 57.00 
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ORTHONUL -A 

IMPROVE BRIDGE 

MECHANICAL DEVICE TO 

BALANCE CONVERGENCE 
Impedanc bridge ca1 o- nerally b 

divided into t'Yo ·la es, d ,pending upon 

the lo ation of the two adju table ·om

p n nt in the bridg ·ir ·uit. The ' ad

j u tmen t may be either . in the . anrn 

bridg0 arm or in different arm , ancI 

their positions <let rm in "·ha th 

bridge will r a l and h w th balance 

\Yill conYer ·e on the null. 

The familiar � ·Iax\Yell ind l tance 

bridge may take eith r of the c t"·o 

form aR shown in Figure 1. The balan e 

0quation are the ame for l oth form . 

II oweYer dial r0ading 1nu in gen ral, 

be proportional to onlv one variable ele

ment o that the quantiti indi ate<l on 

ihe dial are different for the c bYo cir

C'Uit a shown. 

The bridge that reads f_J and Q has 

seYeral important a vantag : (1) It 
reads Q, which i.· ffenerall a more cie

, ired quantity than R h0cau. e i t  give.· 

a mea ·ur of the purity or quality of th0 

inductor \\·i hont calculation· (2) becau C' 
the standard capacitor i. fixed it can 

m re ea.�i ly b0 made larg to permit 

h igher L and Q valu o be measured· 

and (3) both adjn. tments are 'ariablc 

resi to1·� which ean be · ntinuonsl�

acljustable over a "·id rang0. 

The L-Q bridge ha one disadvantage, 

howev0r: when lo\Y-Q com.pon nt. ar0 

1neasur0cI, the balancing procedur be

<'Omes tecliou and often impo . ibl 

owing to low con,· •rg n ·e of the 1 al

an · . Thi condition of ten ref rrcd t a 

, " liding null ' can b rem di cl by a 

m chanical unilat ral O'anging call d 

Orthonull a patented levi · u d for th 

fir i me on th GR TYPB J 650-... Iin
p an '(' Bridg d , crib d la t m nth. 1 

Cause of Sliding Null 

'Ih ou put voltag of an unbalan ed 

Maxw 11  bridge may be written in the 

form 

R +. L (RxRA+· RR(') X JW x- � JW N A T 
Eo 

= 
RT (1) 

EI DC'nominator 

The d nominator i:-:; a complicated func

tion of the bridgC' · rm. and O' nerator 

and det t r imp dance. , and f r the 

purpo e of thi. anal�r i. on ·an as um 

that it i con tant in the region near the 

null. The nurncrator i. · inade up f th 

difference b .tween th "unknown" im

pedance and a function of the brjdgc 

component whi ·h we will call the 

"bridge imp dance." At null, th . e t"·o 

jmpcdance arc qual. Off null, the out

put voltage is proportional o th liffer

en c betw en the t\YO quantitieR, "·hich 

l. the di tan.cc lwt\\·ccn them on th 

complex plane. In ba1an ·ing th hridge, 

one adjust. the ,-ariablc compon nt. 

t Hall, H. P., ".\ )\ew l 'niY!'r"al [mp<'dancc Bridg._,,'' 
G<'nernl Radio Exwrimrnlcr, :\Inrr·h, lfl.)fl, \'ol. 3:�. No. 3. 
pp, 3-!)_ 

Figure 1. Two types of Maxwell inductance bridge. 

Lx =RN RA� 
Rx= RNRA� 

L-R BRIDGE L-Q BRIDGE 
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alternately to give a minimum output 

'oltage, rep ating the process until a 
sati factory balanc<' is reached. 

In the L-Q bridg<', the two adjust

able component are RK and Rr. From 

the equation above it can be seen that an 
adju tmen t of Rr varies only the real 

part of th bridge impedance and there
fore \Yould move thi impedan ·e horizon

tally on the complex plan as shown in 

FigurC' 2. Both the real and imaginary 

part are proportional to the other ad

j u trn.ent R,v o that a yariation of hi 
q iantity cau s th bridge impedance to 
mov radiall from th or.gin. When Q 

is high, th wo adju tment have loci 
that are almo orthogonal, but when Q 

approaches z ro, the loci become more 

and rnor n arly parallel. It i o bviou 

that. a low Q value�· a yariation in only 

the imaginary (vertical) dir ction in
,·olves adjustment of both variable 

quantities. The pron'-s of balancing is 

somewha analogou to that of ta king 

with a ·ail boat that won't point clo e 
to the wind. 

Examples of two balance loci are 

gi,·en in Figure 3. l\1any adjustmen s are 
needed to obtain n balance, and it can 

be seen tha each djustment makes so 

small an improvement in the output 

voltage that in practice it is often un

noticeable, especially if an aural null 

Figure 2 (/eft). loci of adjustments on the Z plane. 

RN VARIED 

RN AND RT VARIABLE 

x 

indication is used. In this plot, the Q of 
the unknown is 0.5 which isn't very low. 
The ituation is mu h \YOr e if the Q i 
lower. 

Orthonull Mechanism 
Orthonulz2 make it po sible to ge an 

independen adjustrn.ent of the imagi

nary part of the bridge impedan e and 
hence rapid convergence. To do this, the 

ratio RN/R'l' in the r al paTt of "quation 
(1) is kept con tant a R.v i vari d by a 

gangi ng of th two adjustm nt . How

ever, when Rr i varied, RN and Rr 

ar no gang d so that only th r al part 
i vari d. 

The mechanism to ob tain th uni

lateral ganging on the r YPE 1650-A 
Bridg i � hown in Figur 4. Th fric

tion clutch which i ngag d whe n Or
thonull i active ha suffici nt fri tion 
to drive ea ily the low-friction D-Q re-

i tor (Rr). However, the RL resis or, 
RN, i · loaded by a verni r adjustment 
and by a mechanical ju tif. ing mechau
ism

3 
so that its friction is high enough 

to prevent coupling in the reverse di
r tion. 

If the two resistor were al way ganged, 
the ratio RN/Rr could be made con tan 

zu. S. Patent o. 2,872,639. 
3This justif ·ing rnechanism is an adjustable can� and cam 
follower, which varies the position of the potentiometer 
rotor with respect to the shaft and dial to co1np nsate fnr 
variations in the winding. 

F igure 3 (,-ight). Idealized balancing loci; Q = V:z. 

1.8 

1.6 

1.4 

1.2 

/ 
/ 

/ / 

/ 
/ / 

, ,.._,,, .... 
/ .... 

/ ' 
/ ' 

/ ' 

--
----

UNKNOWN AT (2.,1) 
O=i/2 

2.2 2.4 2.6 R 
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Figure 4. Interior view of the Type 1650-A Im peda nce Bridge, showing the ganged drive for Orthonull. The 
clutch lever, whic h is operated from the front pa nel, is between the two potentiometers; the c l utc h  face i s  

between the two pulleys o n  the left-hand potentiometer. 

by u e of resi tor of any similar char

a ·teri ·tic. However since Rr mu t bC' 
1noved independently of Rs, an exponen

tial R YS. (} charac teri. ti<.: is neces. ary in 

Figure 5. Plot of tota l n u m ber of bala nces requ i red 
to achieve 1 % f'lnal bala nce, with a nd without 

Orthonull, as a f u n ction of Q. 

� 30 "FALSE NULL• 
CAUSED BY 

LACI< OF \ z RESOLUTION :c '----....-\ I-
� 25 
I-w "' 
0 .... "'20 
I-z w 
:E I-cg 15 
� 0 <( 
u. 0 10 a:: w � S���AL _______.. a> ::!: ::::> z 5 ...J <t 
B I-

o.2 .3 .5 2 
Q 

order tha a giv n angular chang will 
always produce the ame fractional re
sistance ch ange. Fortunately, re. istors 

with exponential winding hav logarith

mi · dial , which ar d irabl for con-

t ant percentag bridge ac uracy. The 

D-Q resistor of the 'I YPE 1650-A Im

p dance Bridge i a 54-db po ten tiome er 

and th CRL dial is logarithmic over a 
2 1-db range. The difference in exponen

tial pan of the two resistors re ults in a 
pulley ratio that i: favorable to torqu 

transrni ·ion in the direction required. 
The pulleys are connected by a wfr 

cable with pring tak -up to prcv nt 

backlash in the adju tments and two 

ball bearing are used to reduce drag. 

Advantages 
The advantage� of Orthon·ull opera

tion can most ea ily be illu� trated by 
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the xpcrjmcntal plot Figur - of Q s. 
the numb r of adju. tn1 nts n i:;;-;;ary 

to g t a 1 balan ·e . At hiO'h Q's, f ur 

adju, tm nt two of a h potentimn .t r, 

are gPncrally reqnired whether Orthonnll 
is used or not. Below a Q of 2, how ver, 
the eui·ye for ' no Orlhonull ' quickly 

ri. e, while th numl er of adju tments 

nC"ce ·ar has no in er ca ed for halnn(·<'s 
\Yith Orth01w/L. 

False Null 

\Vith ut Orthonull it i::; jmpo · ·il>lc> Lo 
obtain a 1 balance down to Q value f 

about Y2 if th u ual balan ·ino- pr -
c dur · i. u d. n<l r the · ndition, 

a f alsc J ull i r0ac:h0cl \\·here an adj u. 1.
m nt of Pither yai·iahl l in011t only 

cau c. a larger hridg0 unbalan · . Th 

phenom0non i. · clue to the finit resolu

tion of the R1. re istor and ma.� b x

plainecl with the aicl of Figure G. L0t us 

a umc that the R. adju ment is varied 

movino· the lo ·u of th bridge i1npecl

an. c along th radial line n hown. The 

be t minimum output ,. ltage o curs at 
point P, which i. the clo · c. t point on the 

line to the unknown. T'h perator \Youlcl 

th n make a horizontal Rr adju tmcnt, 

but . ·in ·e the re, ol u t ion R 7, is fini t(' thP 
lo ·u inust jump to Pither P' or P", 
both of "·hich arc' furt.h0r from the un

knmYn han P. Therdor , an adju tm nt 

of cith r variahlC' inC ' r a ('. th briclg 

output \·oltage, and tlw opNator would 

R N(L ) A D JUST MENT 
EXPLORATORY 

. . � RT ( Q ) ADJUSTMENTS ; ____ p ' ��-�p" 
\ 
\ "FALSE NULL" 
\ POI T 
\ 
\ 
\ 
\ UNKNOWN 
x/ 

Figu;e 6. False null. Resolution of Rr = 0.5%; if 
Q = 0.2, the error in L can be as great as 6.25'fo-
a· um t his poin t l - th be t null . It 
can be shown th a thi balan · ean 

o']' 
r ·ult in an nor of a much as :2Q� 
where 5r is the p rcent resoluti n of R·p. 
For the 1650-A or= 0. - o that th 

rror wo ild b 1 wh n Q = Y2 an l :25 
'"hen Q =0.1. 

l t  h uld n t d that th ' fal ·e null' 
rror l . ·ribe l ab \'e can b a\·oid d I y 

a trial-and- rror n1cthod. In thi pl"o
cedure one tarts with,. rio 1.· Rx valu . · 

and mak · uc · ssi\ · haJa1 · ·, each of 

whi ·h "·ill b a 1 fal c null. The be t 
balance ma ev ntually b obtain din a 
loo·ical manner if the let ·tor in li · a ion 

is used a a guide in the choic of th 

succeeding initial R.v \·alue. K eedl to 
. a�r this i. a time-consuming proce lur 

Multiple Dips 

The :finite re. olu tion of th Rr rc-

i. tor al. ha · an ff e ·t on balances made 

\Yi th Orthonull, I ut l e. no Limit th ae-

figure 7. Effect on output voltage, f0, of limited resolution of Rr, assuming that RN is ideal, Rr has 0.5% 
resolution, and Q = 0. 1. 

!--- I% ---,i•�l,..,.r--- I 0/o -�� 
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SMALL REGION OF Z PLANE 

A P R I L , 1 9 5 9  

2 3 4 5 6 7 B 9 10 1 1  12  13 14 15 16 17 18 
f.- - I 0/o + I  0/o--""1 

SUCCESSIVE W I RES OF RN 
F i g ure 8. Effect on o utput voltage, f0, of l i m ited resoluti o n  of RN and Rr1 assuming ON = 0.23, 

or = 0.5%, and Q = 0. 1 .  

curacy . Instead , the l imit  d r olution 
au the out put voltag t o  mak re-

p ated d i p  a RN i vari d ,  and the b st 
dip can be chosen to give a more ac

curate reading. If both r i tors were 

p rf c t ly continuou , a variation i n  RN 
\Yould move the locu of the bridge i m
p d anc vertically on the complex plane, 
due to Orthonull action. However, if R T  

has fin i te resolution , a n  adj u t m  n t  o f  RN 
re ult  in a zigzag locu , a hown i n  
Figure 7 a ,  where each l ine corresponds 
t he ari ation of RN for one par icular 

w ire of Rr. Since he output voltage i s  
the di tance betwe n the unknown Zx, 
and the zigzag l ine, this voltage will go 
through a s rie of dips a RN is varied, 

as h own in Figure 7b. If t he best null is 
chosen , the error is alway le s than 
oT/2 , which i 3i 0 for the TYPE 1 50-A 
I mp d ance Bridg , and t h u  the error of 
t h  fal e null  of Figure 6 i avoided . 

Actually, of cours , bo h RT and RN 
have fi nite re olution ince both ar wire
wound pot ntiom ter . The RN (CR L 

r i tor) re olut ion i s  about 0 . 2% . As a 
result,  the locus of RN variation is not a 

Figure 9. Accuracy to be ex pected i n  measurement 
as a function of Q, w ith and without Ortlionull. 

.. False n u l l "  error i s  also s h o w n. 

erie of curv s a indi a d i n  Figure 7 ,  

b u t  a tep from one wir to anoth r a 

hown in Figure 8 .  Th i latter figur is 

ideali zed in that he ratio of resolut ions 

f h 
, ON . 

o t e two po ten t10meters, 5 ,  is as
T 

urned to be exa tly 2/5, which re u l ts 
i n  an even pa tern of po si ble balance 
points. As RN is varied, the output 
j umps in discrete step , with l arge j u mps 
coming as the setting of th coar er po
ten t iometer, RT, change from wire to 

wire. 
The most important limit on accuracy 

IOO% 
' ' '-\. .... \ "' 

\ '\ POSSIBLE ' \ " FALSE NULt: � 
ERROR 

r\ � 
VAPPROXIMATE ERROR 

6r - FOR 20 ADJUSTMENTS 
2ox• (STARTING AT +l00%) 

10% 
\ ..... ..... I\. l 

' \ \ 
"'-.! \ \ 
4' \ , 

ACCURACY """ \ WITH ORT H ONULL ""' 1 %  

' ' 
\ ' 

\ \ 0.1 % .02 .2 .5 1.0 2 .I 
Q 
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i that it is po. 1b] to a- t a n e 
halru1c ha.t i in err r by approxi-

r utely o, /4Q bu 'vhi i a g u. 
t h  b po. i i  l balanc . Th i.  u r  

w hf'n t h  unkno wn i · i n  t h  w · 
si l 1 lo ·at i n,  in th c· mpl x l 1 :.  i.e .. 
wher i t  1 f a1·th . t from c ny J alan · 

point.. 

h r, I 

b 

im rtant limit 

ba Hash whi · h  i · 

t 

w i t h  rPusonabl caT 
1 o gc->t 1 l · , of 1 Ii'. 

n .  

I S  U 

on th 
mall 

ap

pn ·jm t ac ·ur· y p . il le ,..,-ith �O 
balan ·e adj u ·tmenL. l art i ng wi h a 

+ 1 00% un lane in i n  luc t ar1 ce.  

Co n d u s i o n  
OrthGnull mak p , ible rap id h 1-

n a l w Q ,. lu . aY iding t e Hd-
m nulL '  'I'h ba. i 1 r idge ac ·ura · r i .  

n aff t i .  i t  · Orthon u ll only a.ff c t �  
th ann r i n  which t h  balan · , is 
mad . ffe · li vPly the ac ·ura a t  \• .ry 
lo' Yalu . i. i m p r  Yed b av idru1c 
of f 1 n u l l. . 

I . h uld be poin ed out t h at on th 
TYPE 1 6f0-A I mpc l nc· Bridg the Or
tho n 11ll mec h an ism c an be us d for l i.gl 

D a1 a i ta1 m a. ur m n t .s  us ,..,- 1 1  a. 

1 \\. Q in lurt anc mf'nsurC'm n t  . Th e 
d \'i · ·an b di. ·  nga�<'d so t h L  t h i  h Q 
(low D) hula:i 1 c·C':-> c·:w 1 f' m ad i n  t h  
u. u a l  mann r. 

A c k n o w l ed g m e n t s  
The i dea for Ortho n u ll wa:-- prompt l 

by .. ugg ' '  ion fr m Dr. D .  B .  ' i n  lair 

for m aking an orthogonal L--R bridg 
( ' igure J )  g i ve a Q r adi1u by appr -
pr]at adj i. mer of l ga.ri t h m i  calc .' . 

Tl m chan i cn1 dc'."i 11 of t h  
i .  m wa.s w rk d o u  by : . 

- I T .  P .  

G E N ERAL R A DIO EX.H I BITS N CA N AD A  
u r  ana l ia1 "ri t d. will  haY 

opportun i ty to the lat t 
Radio i n  trurnent 
m •nt a th .·h ibit to b 
m cti ng o· th cou tical 

m rica at 1 -1 . 

G eneral R ac l io  t rnv l i nj!; di  pby 

,-.,i l l  be in u t ario and Queb c from :lay 
1 1  i\ 1 ay 2 . I t  w i l l  be a l  t he away 
JI tel  in Toron t o  n �·fay 16 a1 d at th 
Ca1 ri I I  tel  in Ion t rcul on i\ fay 2 -:1 ,  

f r  m 1 2  t o  6 r . M .  

E R R ATA TY P E  1 6 50- .A  1 .M P E D A N C E BR OGE 
Plea n t e  t h  f ollowin(r C 'orr di 1 

p cificati n f r thi � n  t:rum ,n , 
app aring i n  u r  J\JL r h i .  � u  : 
Capacitc1mce Accura c y :  ± 1 % ± 1 µµf. 

G e  e I 

Frequ,e1ncy !R a n ge f o r  R :  20 c 1 o .5 kc.  
On pa,g 7 ,  under I ro n -Core I n d u ct o rs, 
th l a._ t l ine of the fir. ·l paracrraph should 
r ad at initial perm 'ab i li y. " 

clio Compan y 
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