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PEBIMENTEB 
VOLUME XV No . 9 MARCH,1941 

DELIVERIES 
_OUR MANUFACTURING ANO ENGINEERING 
fA elL I TIE S are hea \,jly overloaded at present with urgent " 'ork, 
most of it directl y connected wi th the Na tional defense program. 
!localise of this, we a re un able to acecpt llIost orders for C(lu ip' 
ment of special design. 

We are making c\"ery effor t 10 mai nuin adc(luate stocks and to 
make prompt deli veries of stand ard apparatus, Ill uch of which is 
also IICt:c88ar y for the defense program, but 0\\ illg to slow del iv
e ries of raw materia ls and parts, as \\ell 35 to our 0\'0 It over taxed 
facili ties, deliveries on some ite ms will necessarily be slow. We ask 
your indulgence and , on our part, we will do our bes t 10 get equip. 
ment to you as promptly 3S possible . 

TRANSMITTER MAINTENANCE IN THE 
MOOERN BROAOCASTING STATION 

By C II AIIl.ES S . "GI-: n 

(Toc/miool St'/tCrl;wr. Stalhm IrOU· ) 

• AS IN MANY OTHER PUBLIC SERVICES, reliability in 
broadcasting is ach it'\cd only through carefu l and u nceasing plant 
main tenance operations. v. lii('h rcquire not only (''OIIl IJCl.cnt IJCrsonllci 
bU l accura te JIIcasuring instruments us well . (CoII I;IIued QII JX1ge:!) 
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GENERAl RADIO 2 

COlll '1I1 'reinl IIIcasuring: e(luipllIf'nt 
plu)!. a vilul rolc in Ihl" maintenance of 
tran smillcrs. II makes the tcsling of 
tran6.1JIilling c(luipmcllt ~illlpl~' and Ill" 

curate. ami il. sa,cs many dollars ;n 
eOIit!) failureI'. Tul,..!;!. condensers, in· 

tlu('larll'cs, ami all radio clluiprnen l can, 
h) proper llIuinlcnan~"('. 1.1(' m8llt: to op
crale mol'(' effit:iclltl~. Ih('feb~ achic\';ng 
lIIan~ more hours of o l>crilling life. In 
thi .. " ' B) the ;ns lrUIIlCnL8 morc than pay 
for 11]('II18('h cs. 

AI \\" OB , the entin' transmitting planl 
i!' operatcd and maintained from the in
s tructions give n in four operation routine 
manuals, namely: 

1. Opt'fU lillg Houl-illc 
2. Night \laint.euRllce 
3. On} \111;nlcnan4-"t' 
4. Special \la;lIlc",IIH:(' 

I n I hcf:t.: hunks, \\ hi eh \\ ere developed 
frum WOl('s operatin g expericnce. tlll:rc 
is 8(' t forth. each .Ia). a IlUmber of items 
\\hidl outline the maintenanee 10 be 
Jone . For each illlli, i.III:l1 item there is a 

tlClai led mainlcnun('c schedule tlcSt'rib
illg the \\orl.. 10 be don{'. Dctail('ll maill. 
11' lIalll 'C o f Ihis t)l'e Hl n) 8l.'C1I1 Ullnel'l'S· 
suri l)' complit:-alcd. 1 tis. ho\\evcr, a \· ilal 
o lx:ration if transmitter failures are 1.0 he 
a\·oidcd . 

\Vith the routine maintenance s ~ l; lelll 

of transmi Her opera tions eal'h ('0111-

ponen! parT is I;OOn I..no\\n to have .,'r
lain me:lsured val ues. At tlte eomplelion 
of a given test. lhe oper:llor enters his 
resulu on a log sheet beside the previou" 
measurCllu'nt of tbat cOnlpo nent. Should 
any difference Ix: o bserved , it is immc' 
diately corrected. and. in the majorit y of 
eases. a failurc can be avoided. For ex
ample. each n ight after sign-()ff of won, 
t.he firslmaintenancf' 0 lx:ration is In feci 
/I II eOllIlenscrs. '1'\\0 men are on watl'l1 ; 
collseque ntly , it takes II rclnli\cly short 
time to do this. Should II I,:ondcnser hal'c 
a hot SI)()t 011 i1., it is removed lind 
checked on the radio.frequcnl·}' brid ge . 
Usually . these hot-spot. condenser;; wi ll 
show II changc in pinIer factor. Failure 
to rClIlo,'e ouch II C'Ollllcll5er ma}, result 
in·'dead-air'-· All obscnations. \\hetlwr 

fJl': UH£ I. The ~ rrpngC!ncnl of "'11I;l'lI1ent for rOllline modullllion, (liSlortion Hnd noil\C 1e.~t8 HI 
won. Coa,;iallinefl from each po..-('r aml,lifier " age "re I."otlgh •• 0 the mc"snremeni.;! room I lltl per
mit lI1easuremen" lo he made on individual SlagCII. Antenna imred;Ulce i~ measured alA I. A~,a ndAI . 

50-. TRAN'SNITTER 

SPEECH , ____ --l0se." NOo. ! 
INPUT r 

EQUIPMENT UNITS 

, 
1ST.:2No.:lRo. 
P. A' I P. A.t P. A. 
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COAI(IAL L.NES'OII 
11,'. PICKUP O~ TH!,.
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Itny change was or was not noted , mllst 
he Jogged. 

Anothcr impor tan t use of the r·f 
bridge is in antenna impt.'dunce measure 
Ulen ts. Such JneUsureHh:nts lire csseutiuJ 
to broadcus tin g s tations using (I irecti\'e 
arrllYS, liS the rcplaCCIll(' l1t of ulmost an y 
l·olldclIscr in the phasing units will IIC· 

eessi ta tc a minor adjustmen t in the 
impedance mat ching transformers to ob· 
tuin the most efficicnt opcration. He
plal'emcn l mil) aITe<· t criticIIII ), thc 
impcdance match of the indi vidual lineS 
causing a considerable loss of energy, as 
\\1" 11 us lII()(li fy ing the CIIITent baluncc 
among the tOllcrs, alld this (:8nnot be 
dl" tec ted unless impedance Uieasure ments 
are made. It is nol safe to l)Crmit m ai n· 
tenance adjustments ill a n antenna (."oup
ling un it unless all r-fbrid ge is a vailable. 
so tha t, during the impcc Lion, if uny
thill!; is mo\'ed I\hieh result s in a change 
in current balancc, it may be I·cadily I.:or
rected. At. WOR the transmission lille 
leading to the phasi ng unit is measured 
"celdy, and it is assumell that if 11 0 

change is noted a ll is normal. J lo" cYcr, 
if II d Hlnge of 2% in im pedanl!c is noted, 
"hich cannot be aecoUil ted fo r. a more 
thorough inSllCc tion of the ph asi ng and 
termination units is under tak en. 

Thc impcdanccofthe indi vidualto,,·crs 
mlly be measured at.-l3 (see Figure I) . 
The im pc,lanee at A , in Figure 1 is 
checked " 'cekly, and is normally of the 
order 0(75 ohms. A 1 is checked monthly_ 
sillce thi!> transmission line .Ioes not un · 
dergo radical tem pera ture changes. All 
measuremcnts are madc wi th the Gen
era l RadioT\' I· eSI6·C Radio.Frc(IUency 
Urid ge, and in conj ullc tion with th is 
bridge II Typ~: 605-B S tandard.Signal 
Generator is usc(1 as the r-r p()\H!r source. 
Tbe frequency cal ibration of the gcner
ator is checked by ohtu ining a zero beat 
against the transmitter crysta ls. The im
peda nce measuremc nt is then carried ou t 

3 EXPERIMENTER 

" 'ith ahnoSL an} num ber of obsen 'ationl' 
m'er a range of plus or minus 20 kc from 
the carrier freque ncy. 

Dis tortion measureme nts also play a n 
important part in the maintenall(."c r Oll

tine of a broallcast station . Too oft en 
sta tions arc run on the theory " It sounds 
a ll righ t to me!" This hit lind miss 
anal ysis is no t adequlIle tUlIa} . IlCca u5C 
instruments are available for measure· 
ments to pro"e the e fficie ncy of the 
transmitter adjust men t. These instru _ 
ments are easily used and providc an 
accurate analysis of tranSlitittcr per
formance. The Gcneral Rudio Tn'!': 
732 ·.8 Distortion and Noi~ ~ l e l.e r and 
the General Radio T\'1'1': 732·Pl R ange
Extcnsion Fi ltcrs arc used for both 
a udio and Illodulated r-r currier meas
ure ments. 

The transmitter is measurel l c\'cry 

FIGUfll~ 2. Ellu il"nenl for me"suring ",odu
laliOll and dis tortion cons'8u of wa"e IInatyzer, 
l.eat. fr"'l' ,eney oscillator, ",oolu[a lion meIer, 
distortion aud uoise meier. range·e.,-leu8ion 
filter, ami cathotle_ray Oi!Citlo:;rllph. Thtll6 are 
eo""en.ienl.ly mounted on a pair of relay raekll 

as .Lown bere. 
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GENERAl RADIO 4 

Sunds) uight for dis tor tion aud noise. 
'('hi .. Les t iii expedited by the explanation 
iu the routine book. and it requires onl) 
about fihcclI lIlinutes to make a com
plete set of melli'Urcme nlS. The opera
tions IIrt: as (0110\\6: First , the General 
Hawo '1' \1'£ i13-B Ikat.Frequency Os
cillator is fed into tbe speech input 
equipmell t, ami several \('veis are se
lected to pro\-ide 15% . 37.5{-(, 50t'£. 
75°1t.. H5 (ji, and JOO<"1 modulation. At 
each level lhe distortion meter is used to 

determine lhe over-all distortion aL It 

gi\'cn audio frequency. Figure 1 iIIus· 
trales th.is arrangement in LJlock form. 
Tbe c<luipmcllt used (or tbe Lest is 
81.10\\ 1\ in Figure 2. The teSI. is repeated 
for ,'ariou! frequencies , namely, 50, 100. 
400. 1000, 5000, and 7500 cycles. A 
lIoise measurement is also malle, and 
[lOSiti,'e and nega tive mooulution peaks 
are checked on the 'J'l'l'E 731-A \lotIula· 
tion Monitor. l\t the same time the 
modu lated r-f carrier is obsened Oll a 
cathode-ray oscilloscope_ As "as pointed 
out, this check is lIlade ,\eekl) ,Imt '" ben
ever a tube is rCUJo\ed in all} of the 
modulated r-f s lagc~. an additional check 
is madt, nil that slagc. This is malic pos. 
bi llie b) coaxiallincs ",hich arc brought 
to the measuring room from the 1st , 
2nd, and 3rd p()\, cr amplifiers as "ell as 

(rom a coil cou pled 10 the impedance 
matching transformer, as illustrated in 
Figure 1. Frolll previous measurelilen ts, 
each stage is knowllto perform in a given 
"ay, and Bny changes in its character
iSlies arc immediately detected. Thus, 
distortion measurements have, in many 
instances, helped to prevent costly 
brellks during air shows. 

The routine lIlay secm a bit elaborate 
for a 15'1l1illule teu, bUl it is easily COIll

pleted within the allotted time after the 
operations have been repealed a few 
limes. Dllla sheets are supplied for the 
lIleasurements, und, si!l(;c 1111 cquipmcol 
is housed in OTIC group of racks, all meas
urelllents and transmiuer adjus tments 
are made {rom the measuring room. 
Once each month nn over-all check is 
made from the muster l.'Ontrol s tudio in 
New Yorl, thal is, a distortion check is 
matle through the s tudio equipmeut to 
insilre low line noise as well as low dis
tortion in the studio equipment itself. 
Once each year a more comprehensive 
s tml} is IlHllie ",ilh lhe General Radio 
Wave Allul}'zcr. These checks ure illl
I>orlant and give lhe operator a Ct.-eling 
o( seeurit}' iJecausc ever} thing iii normal. 

The routine [or the 50 kw transmitter 
tl(X!s 1101 lell Ihe entire maintenance 
s lor}' . Olher imporlant lllainlellllllCC op
eration" nrc carried out 0 11 shorl-\Ia\ e 
IJroadcasti ng eq uipment. The Ill a ll}' reo 

F,";l Kt: 3. EII"i!,""',,1 used 
"n 1111' telll I"",,<,h ;1I.-i,I(IC8 
ionllet.ill"':" ltridgeil. ' · .CUIlIn

lui", 'ohmete~ 8undurd_ 
sitnll1lllencralon;, IIl1d olher 
gen"r"I_I'lIrl''',,;e l eil l in ~ lru . 

rnenls. 
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~~ivers and portable transmiuers require 
careful testing with ade(luatc It!s ting 
I:{luipmellt 10 insure the collti nu ity of 
short-wave broadcast-s. To take care of 
the necessar} maintenance of the short· 
"'nve eqlliplllcII I, as well as 111 8ny other 
needs whicb have currently ariscn (rom 
F~I , a measuring bench was made to 
house these instruments. 

\!any ins lruments nrc capable of be· 
ing utilized for a wide varielr of tesls . 
for example, Ihe Tn>e 605· 1l Stand ard
Signal Ccncral.Or is used in a lmost ever)' 
acti\' ity fro m aliglUllcnl of short·wave 
receivers to field - strength measure· 
llu~uIS. In fie ld- strength measurements 
the signal generator is used as a calibra
tion oscillator in the W·50 i\'l e band . For 
shorl-wa\'e broadcas ting it is used as an 
alignment oscillator for receivers in the 
high-fre(lut!ncy and ultra-high-fre<lucIlcy 
bauds. It is lI~d for the 1>O"'er source in 
r-f bridge mcasurcmcn t.s and for the 
rueasuremelH of all rcceiver character
istics.. It is also used frequency lIIodu
lated for oscilloscope s tudies. 

The TYI'~; 650-A ImflCdance I3ridge 
alw has mall)' npplicatiolls. It is particu. 
lar!} useful ill measuring condensers ami 
resistors in the regular nightly main
lellUIICC ruutine on the 50 kw trans
mitter. For example, overload resistors 
have vcry low ,'alues. and ohmmetcr 
Illcasuremcnl& are unreliable if accuracy 
is desired. The imped ance bridge lloos an 
excellent joh o( ehecking these com· 
ponent part;> at WOH. 

The CC licral Hadia 
Vucuum-Tube Voltlllcter 

Tn'E 726-A 
has Leell uscd 

10 check r-r voltages on trausllliss,ion 
lim's: it assis~ in recci,er alignlllcnt and 
i ~ usc{1 to IIlcasure trnm;lllissioli line 
voltages in IKlrl,abl,· high.frc' lilency 
transmillcrs. 

The high.frc'lucney ami ultra.high
frC{luenc} trllnsmitters ure subject 10 Ihe 
lIame scruliny as is the standard broud-

5 EXPERIMENTER 

cast tralls-mitter. Distortion measure
ments, Crequell c} rW1S, c tc., are also 
madc 011 tbcse transmillers, even \\hen 
tho [Km Cr radiutcd is as low us 0.2 walls. 
A mai lltell8m;e schedul c is IICCClssary for 
short-wave broadcast C(luipmellt, ali 
each transmitter is desib'lJed to be used 
under a numocr of di{fcrCllt conditious. 
These tran8.nli llers are designcd amI 
constructed in the laboraLOry of WOR's 
Techl\icalI~acilitie s Di,-j!;ion. each "ith 
different characteristics t,o IlIcettlifTcren l 
conditioll s. The frequency· respouse 
characteristics used with a gi,-en trans
mi t ler dcpend uroll the background 
noise condi tiolls. For exnmple. tbe 10\\ 
frequencies need more alteuuatiOll in 
airplanes than ill motor !.toa lS and sllb
marines, and tlus requires that each tYI)!! 
of brondcnst be gi,' en separate oon;;iJ cr
alion, 

Mall Y other instrllllleuts are used at 
WOn. and, sim:e it \\Quld require en
tirel y too Dluch space to explain thcir 
specific uses in de tail , Ihey are merely 
Ij" tcd here. These instrumenlil bu\'e UII 

FU;URK 4. Auoll.let" view or the le.t heneh 
8uowillg the Tn'l!: 650.A r .npetl;ouce Bridge 

in UK. 
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GENERAl RADIO 6 

c\cr.j ncrcB",ing utilit). Kllll, after COII 
tinua l II l'ltg(', they becoUle allllos t illdi s
peusaLle. 

1. \1' 3\C Analyzer 
2. Audio Oscillator 
;t Q -~lcl,c r 

I. IiClcrOO)llC Frequcllc) M e ter 
5. Frequene} -Limit \Ionilor 
6. SL81Ulani·Signal Generator 
7. \ ·C Vacuum-Tube VOhlHf'lcr 
8. IlIlpcda licc Bridge 
9, H-I' Bridge 

10. Ca thode. Hay O;;cilloOlt.:opc 
II. Dis tortion and Noise '\I c ler 

12. Hangc- Extcnsioll Filter 
n. \lodulatiOIl ~I Ollilor 

14-. Bea l -Frc(IUcncy O..ci lia lor 
15. Capacit,y Bridge 
J6. O·C Vacuum.Tube Voltmeter 
17 . Field·Strength \I cHauring Se t 
18. D·C Amplifier and Recorder 
19. Square. Wave GCHt.'r(lIOr 
20. U- II . F SLlUl{l arcl-Sigliul GeLlera tor 
2 1. PorlaLlcCnll,,>tIe' BayOscillosCol>C 
A modern broadcast ilIa liou needs 

theEiC iUiltrumcnts to a llain l he I-'Cst 1)08-
s ible conditions for cnicielll opera tion as 
it is fell that onl} tllrough such a s)stem 
can broatlc8s ling prO\'illc a bCHer public 
servl(:e. 

CALIBRATING THREE·PHASE POWER · FACTOR 
METERS WITH THE VARIAC · 

• IT CAN BE S HOW N that a single
phase sou.n :c of L"Ontrollable vollnge plus 
11 "Oltlllc icr to read tilt' "ollnge is al1lhal 
is Ilecessar) to calibrate three .phase 
electrodynamic po\\cr - factor meters, 
but, l:rctausc of Ihe usual dillieulLy of 
obtai ning Ihe "ariable \,ohage, it has 
IJcton cu"IOmar} ill Ihe pasllo usc !lIIlIne
Icn., \Oltmclers, ami a three-phase "n IL· 
'11~ .... ;",kl,,~tI ' " \I •• 1· ... 1 .\kCo.bo .. or .Itt . .. ·eo., ... • 

h ....... o" ... ,;".nd \I ..... tact .. ri". Coo" ... ",. r ... . h" .,..;, .... 1 
." ..... ,inn . ,~I , ..... 1.0 of ,h" .PI'I"'.' ..... . 

mct('r on a Ihree-ph ase lill t: \\ ilh a load 
10 mal-e Lhis calibration . Since the ~ 
Variac is a 0011\ ellient tleviL'e for varr-
ing tile mhllgc easily iIIlti \\ilh negligi ble 
phase shift, it IJccomcs au irullOrllllll aitl 
in more easil y calibratin g these meters. 

A description of the power·factor 
lIIe ter itsd f alld ils prillciplc of 01)Crn
tion \\iJI help shOll the InethoJ of using 
the Variac for calibration. !lot h si ngle 
and IlOly phuse pOllcr-faetor me ter:. ha\e 

FIl::LHY. J (f.Jt). Schemlltic diagruill or Ihe 
~;Il;t.:.phHl!e llOwer.factor mcler. 

FtGLHF. 2: (ri!lu). Schematic d;II!;ru m ... f the 
th ree·phMi!e 11O .. ..,r . (actor mcler. 

A 

, f 
LJ.~,;;;o_ 

LOlO 

A 
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a s lIuiollary series coil , ;1 , and two 
mcwaLle vol tage coi ls, H an. I C. The t",o 
moving coils ure fi xed wilh respect 10 
ea!'h other. al an angle of 90", but rolule 
freel) \, illt respect 10 the fixed coil. No 
spriugs or othcr res toring devi('cs 1m ' 

u.;;c(l, and the only torque prod ll('ed on 
Ihe coi ls ;s Ihal cunsed hy the (.el;ol1 of 
Ihe elcctr ie fi{'l ds pro.luced " hen the 
ins trumenl is connected 10 the 1}Q"'cr 
line. In the single-phuse models the 
voltagc is fed to one of ll.e movable coils 
lhrough a resili tall.'e ant! to the o ll lC.r olle 
111rough a rcUelancc, us shown in .Figure 
1. Thus the curre nt, II.rough one ('oi l is in 
phase " ilh the line vohage, 'I hile the 
current is ou t of phase "'illl Ihe "01lage 
h) 90°. With thi s arrangemen t t.here is 
1)0 tor(j\lc bet" cen Ihc lallcr coil, C, and 
the rLxed coi l a t unit) power faclor, and 

" ", 

" 
F,<"; l lll> 3. Vector diagram of the vol tage "n,l 
,'urrcnl, relll l.ions in thc threc' I,haM; I",,,"cr.faclor 
'"cll·r. Thc currCll ' through !hc foxed ooi l is lA, 
,mil the voltage! a ... ro~ coits B an.1 C IIr ... E2, 

and E2a resl 'ccti,·clr. 

~() the 1II0\' ahle coil. n, oriCnl S it8elf 
parallel 10 thc fi xcli coil. As the 1.IO\\ cr 
factor ,Ic.'reuscs, the lonplc tlUt\\eC Ii the 
fixcrl ,md in.phase mOl' .. hl!' ,'oil, II. tic· 
e n.' tlSCS, wh ile the tOripJe betw{'en coil C 
and tI ll' fixcd one inereascl'. Thus, as the 
IJO"er faclor decreases. Ihe coi ls rolate 
farther and far ther from tbe unit.),. 

"" , .. 

,. ",-f-", .... 

F' GUH&4. Diagra.u 6100''';n:; IHlw the Varille is 
eonnecle<J '0 lhe pow ... r. (ac lo r meln, 'Nid, oon· 
nections as shown, one·half the !!Cal,.. ca ll Le 
ca librated. By shi(ling the Y"riae to .he other 
111 01'111,10; Cfl il , lhe o ther bal( of the !!Calc C/l1l he 

covcrM. 

power-fat' tor l}Qsitioll before equilibrium 
is reached, un til finally. al zero power 
factor. there is 110 torque bct,,'een the 
inpbuse coil, 11, and llw fi.'{eti coil, and 
coi l C aligns itse lf purallel to t.he fi xed 
one. 

In Ihe lbree· phase power.factor meter, 
use ;s made of Ihe different phase volt· 
ages ins tead of us in g a reactance 10 
shifL ll.e phase be tween Ihe two mov· 
able coils. Because of this arrangement, 
and the faet thaI oll ly one line current is 
applied to the instru men l, the three· 
phase instrument operates salisfll c lorily 
on the assumption of balmu:ed load con
tli tions only. Fi gure 2 shows the me thod 
of connection to the line und load. The 
e(luations for the I,orqlle produced be. 
t" ccn the various coils are: 

1'OI'{IIIt! hetwee n A a ud II = 
104 X E 21 X cos (e + 30°) X sin AB 

an,l torque be t wce n A und C = 

104 X En X cos (e - 30°) X I' in Ae 
where f A. is current Ihrou gh the fi xe,l 
coil aud E~I and Eu are the rcspec ti,'e 
phasc vohagcs. The phase angle of Ihe 
IOMI is e, al101 the eo.;; ine terms represcnt 
the cice tri{'(ll angle bc t\\ccn f A. (10.1 En 
or £ :31 a 8 sho" 11 in the \'eeior diagram 
of Figure 3. T he sine t(' rms represent 
the mechllnil'al anglcli he twcco the mov. 
ing all tl Gxed coils, When the t.\\'o torq llcs 
arc eq ual Imt, opposite, the moving coils 
" 'i ll cOllie 10 rest. alld th"ir angleS with 
resl)C"t to A ('an be dl' lcrmined from the 
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L\\Q C(lulItious by equa ting them thus: 

IA X £ 21 X COS (0 + 30") X sin AB = 

fAX Eu X cns (0 - 30°) X sin ..Ie 
B21 cos (0 + 300

) sin Ae 
0' - X ~---

Eu cos (0 30°) sin A H 

Thus it will be seen that onl y when 
the load is balanced and Eu CQ ll1118 En 
can the mechanical angle of the movable 
coils be calibra ted in terms of tbe phase 
angle. ] t will also be seen fro m the c(lua
lion that the mechanical angle can be 
ch anged, for a given phase angle, by 
varyi ng E t l ali(I E u with rcs l)CcllO each 
other. This fact points to the new 
method of calibration - keepi ng 8 fixed 
and at ?.e.ro while varying the ra lio 

eo. 

E2d E~8. T he fli agralll of Figure ,~ shows 
how the Varine and power.factor meier 
arc connected for thi s me thod. 

The ratio E21/ E" need onl y be se t 
cos (0+ 30°) 

equal to t.he ratio ( 30") 10 lIIukc 
cos 8-. 

the movable "oils rota te to the prOflc r 
angle for a phase angle O. n enoo. we can 
make lip the table shown below. 

The lIega ti\'e \'a lues indica Ie a change 
;n phase of 180", bUI , since most power
factor melers are calibrated fro m 50% 
lag through 100% to 50% le811, the low 
power factors are of lesser importance. 
Below is a connection diagram showi ng 
how half the scale wou ld be calibrated. 
By changing the Variac to the other 
movable coil Ihe' other half of the scale 
would be covered . 

cvs (9 + JOO
) £" £ .. 

Co, % of "lo af % PF =. • (9 + 31P) (9 + 30~) (9 - 30°) (9 - 30~) cm (9 30°) Normal Normal 

o lead _ 90" _ 60" .500 _ 120· - .500 - I. 100 - 100 
30 lead - 72°32' -'~2 ·32 ' .740 - 102°32' -.2 13 - 3-"7 100 - 28.8 
50 lead _ 60" _ 30° .866 _ 90" 0 0 100 0 
70 lead - 45°34' - ISo34' .964 - 75"34' 253 3.80 100 26.3 

100 0 " 30" .866 - 30° .866 I. 100 100 
70 lag 45°3·J' 75°34' .253 15°34' .9M .263 26.3 100 
SO lag 60" 'III" 0 30" .1166 0 0 1110 
30 lag n 032' J02°32' - .213 42°32 ' .740 - .288 - 28.8 1011 
o lag 90" 120· -.500 60" .500 - 1.00 - 1011 1011 
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