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A GENERAL PURPOSE 
WAVEMETER 

.0 NE 
TO 0 LS 

OF THE INDISPENSABLE 
OF THE RADIO ENGINEER 

is the ordinary Wllvcmeter, While prt.'t:ise 
frequency measurements are often neces­
sary. there aTC llIall ), uses in the laboratory 
for an instrument that giles an a nswer 
.... it hin a few per cent quickly a nd con· 
venientl y. Among these are checking the 
freque ncy ranges of oscill ator coi ls, sclling 
and de termining oscillator freq uencies. and 

finding the frequencies of parasitic oscill a tions in r·r amplifiers For 
experi me ntal work the low accuracy of the W8 \'Cm e te r , as compared to 
precise crystal frequency s tandards, is more than offset by the speed 
and convenience of 
mcaSUrClllll nt , 

The l WO inex ­
pen s i\'c, gene ral­
p urpose wa ,' c­
me ters fo rmc rl y 
car ri('d in oll r ca ta· 
log (' 1 'yN~ 574. and 
TYI'E 358) ha\'e 
now bee n replaced 
by a single ins lru­
ment, T1I'g 566-A, 
'" hich combines, in 
an impt'o\'cddcsigll, 
'" ide range, s lllall 
si:r..e, good accurac). 
and low priee. 

FIGU RE L View of the TYI'£ S66·A 'WMv"mNcr 
IIhowing how coils lire 8t ored whell lIot in u ~e, 
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GENERAl RADIO 2 

FIGUJlI!: 2. View of the wavcmeter dial ~howin ll: 
the (r«ll,c:ncy ~e.l eII. The oulerllCale is engrll ~'ed 
in 'MI, the other Iwo ill Mack. 

This lIe\\ \\1I\t'rllctcr is {Iireet rt'uding 
in frC(ple ne} be t\\ cc n 0.5 and 150 \l c. 
On l) three frequ .. nc) scale .. are usell, as 
@.ho\\I\ in Figure 2. nlthough 1III're arc 
II\{, plug-in coils. The OilIer scale is used 

FIGLKI'; 3. Vicw "r ,I,,· Tn'''' ~()_ \ "avrn,,·ter in 
OIM:. The ooil c'all hl' rOlalMI to ~l''' r'' 01.1;111"'" 
COlll'1111g LO th,. IIOUn'!C .. hOll" (,"', .... ,1",- is 1..:;"1; 
mea,urffl. 

\,i ll. h,O l'(Iils, 0.5 lu 1.6 ,\I e and;j to 16 
\Ie. 'I'll" middle sca le cmers tile rangc~ 
1.6 to 5 \Ie and 1610 50 \\..: . The inl!idc 
sca lI' iii u;;cd for the high{';;1 freflllCIW) 

{"Hi!. 50 10 150 \Ie. These s.:;tie fO are ac­
cura te to ±2~ lip In 16 \1,', ami 10 

±3% hel '\L"" 1I l(i and 150 \II'. 
The N 'S(l lIan('c illlli('a(Or is lin il1l"1I1I­

"f>!<Cc'nt lamp. Wilh Inll-pOllt'f 08<'il· 
1,IIors 11K' relwlion of tl", II III cmf>lt-r on 
lite O:>('illalOr IlIloc ctlrl"('nl" '-'1lI1 he 01,· 
serl cd. 

Figure 3 gil cS nn idea of Ihe si:l''(! 'If I he 
\Ialemelef. ami s hOll >! OIl'-' of III,' fca· 
lures, Ihat all "oi l ~ (''''' ' 1'1 IIII' Il ighcsl 
fre(IucIlI"f o n(' ('1111 he rotaled 10 sc('u re 
Ihe desired 1'llIlpling, WllI'n not in liSt:. 

coils arc Siored in Ihe rUl'k on Ihe s ide "f 
Ihe ill ij lrllruenl. as "how II ill Figure I. 

The IiIOIl·1I10tion dril l.' providell nil 
Ihe dial makes l)()fjsihlc a fine luljuSI. 
ment of the l'Ondenscf. The eOfl(l clIs.er 
ilself is similar in cons truction to the 
'1', 1>1;': 568, hut has a longer s tark . Pig. 
UI"(' ,J. is an insidc I' jew of the instru­
mc nt sho\\ing Illis comlellJ:>(' r, 

Four of the coils are \\ound un phe­
nolic forms II hieh enclose ami protel' t II ... 
II inding. The highe~ t fre<juelll') coil, lUI 
shown at the Jeri in Figure 3, iii a 
lSl raigbt bar. 

The slIIall si .. .c, aC('uruc), :lIld lOll 
prire of Ihis \\alClIlctcr make it a par­
ticularly desirable ins trull1(' 111 for th(' 
radio laboratory, Ikcltusc all our facil­
ities (lrc de"oled to \\af projcc ts, Ihis 
inSlrume nl is, It I presenl . availuble ou ly 
rQr war \\ork, - E. KAIII'IA1S 

SPECIFICATIONS 

Frequency RUI' : O.~ It) 150 ~ I e (601.1 10 2 
lI\{'l,.rlJ) ,,~ in g Ihe r"c pl"lt·in i,,,lu .. t<)r~ r" ... 
"i~l,..d "ill, 1.1,.. i"~1 .. "n ... ,,1. TI ....... )"'I.·n~"r ,1i,,1 
ilJ ,IirrCI "elld'n!! in rrf'(I',~nCV , The l'rl ... i~ iol1 
"'Ih " 'hieh II". .liul un I,,. .... ,,,1 i~:.! ( ( .or I..-Itcr. 
A"ur)cy : 'I'h,' ".' .. "nCI o'l r ,li,,1 i,,"icHlillll ;~ 
±:!, (. 0,5 II> 16 \1,,: " ,,;1 ±:" ,. 16 10 150 \1<-. 
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FIGu"" 4. In terior ,·jew ... r the 
T~' I' E 566·,\ ,,"' av"lIIeler, ~ho .. ·_ 
illg Ihe (.'O lIstrllclio ll of Ihe "",,, . 
denser. 

Acceu oli es Supplied: '1''' 0 sl ':Ir<' inolkn l.)r 
1" "'1'8. 
Dimensions: 134 ., 5; g,5 J , i",·h .·~,"' .. r·all. 

Nel Wellhl : 31"'"I"I~. 

Typt. 

;:;fI6_,\ 

C",I .. rrunl ----.--... 1 I' U:UI> 

I'ricp 

Sl!'i.UO 

MEASURING 
WITH 

BALANCED IMPEDANCES 
THE R-F BRIDGE 

INTROOUCTION 

• BECAUSE OF THE SPECiAl­
IZED NATURE OF BAlANCEO 
IMP E DAN C [S , e~luipltlent for their 
measure ment has not recei\'ed llS much 
atten tion liS has equipment for the 
measure ment of impedances \\itb one 
side grou nde~l , und it is not liS ge nerall y 
available. Consequellt.ly, Ihe problcm of 
measuring: hlilanccd impedunccs wid1 
equipment for measuring groufltle~1 im­
pedances is o ftcn e ncountered. MCllsure-

E'I,, ;valcnt circuit of II balanccd 
lillc. 

ments at rallio freq ue lwics of opcn·"irc 
transmi ssion lines and dillOlc antennas 
probably present the most common ex­
lllllpies. '1\'0 methods by "hidl these 
measuremc nts can be accomplished are 
deseribed h .. re becall!'C of their partic. 
ular use fulness \\ith Ihe TYP E 916-A arhl 
TWE S16·C Badio· Frequene), Brid!,'Cs. 
and the '!' '' I'E 821·A Twin·'!' IllI pe.l anec 
i\reasuring Ci rcuit. 

METHOD 

Tbe (irs t Illc tho~jI is similar to thc 
I,ell·known me thod of measuring the in­
I.Crc!Cl· trooC ca paci tance of n triode by 
three ca paci ta nce Illcn$lIre lllcnts. The 
input impeda nce of tlte liuc is re prc­
se nted hy t lte e{plivale llt ci rcuit of Fig_ 
u re I. Tile m CHAu rClllcn t prot . .'cdurt· is as 
rollol' s: 

(1) Short-circuit impcdant·c 2t by 
grounding; line A il t lmint of mea~urc' 

lIle lli . and measure impcdanec frolll lillc 
H 10 grou nd . Cllll Ihe measured value Z'. 

Ill. n. S; .. 0I.; •. ' ·Im,,,,.la ,,cr \lu.","" .. " .. "" f1,oad • 
•.••• Allt~""."." ,'." II . Cutt,,,,,,,,i,,,,,;.,..,,, J"ly. 1939. 

3 EXPERIMENTER 
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GENERAL RADIO 4 

SA-LANetD L tNt 

FIl:t._ H~:! . Cirruil ,lilll;rarn of IIl1lilillry u<'! ....... k. 

z.z, Z ' - =",-'-",=­
~ - ~ + Za ( I) 

(2) Shorl-(;i rcui t impedance ~ hy 
connel· tillg line A to line IJ al point of 
meas urement, and measure im(>Cllancc 
frOIll tilt· junction to grou nd . Call the 
measured value Z" . 

(2) 

(3) Short-circui t impedance Z, by 
b .... oUluling line B at point of measure­
ment , antl lllcas ure impedance of line A 
to grOlllul. Cull the measurell val ue zm. 

Z'" = ZIZ: (3) 
ZI + h 

Combining Equations (1), (2) . and (3) 
:,;i,'cs; 

~ 2Z'Z"Z'" 
ZI = Z'Z" _ Z"Z'" + Z"'Z' 

2 -----;--';--;-
I 1 I (4) 

- Z' + Z" + Z'" 

FIGtJ KK 3. 0 ,)1;<)1,"1 e<lu; ,,1I1cn l circuit or IjIIl lll\~d 
line (or bulanced t!-'(cita lion ... )Itaget!. 

AO----l 

?Z'Z" Z'" 
Z, = 7.'Z" +¥~"~II; Z"'Z' 

2 
I I I 

Z' - 7," + Z'" 
(5) 

2Z'Z" zm 
Z.--~~~~~?W., Z'Z" + Z"Z' II + 7."'Z' 

2 

I I I 
Z' + Z" - Z '/' 

(6) 

E(lualiolis (4), (5), and (6) gi "e each 
componen t of impedallct', from \\ hic" 
both the line impedance Z.UJ antl tilt: 
unbalance ca n I.Ic fouud. 

Wl.Jcn the line is truly balanced, 
Zl = Z3. Z' = Z"', lIIul 

(4.) 

2Z'Z" L Z - ,,~ = -0--'--;-
t - 2Z" Z' (Sa) 

Z' 2Z" 

2Z,Z: 4Z'Z" 
ZAB= = (7) 

2Z, + Z: 4Z" - Z' 

This method, \I hilc hi ghl) nCI.llJratc, is 
rather Lime consuming IIUlI is most use ful 
whcn \H1lJalance of the line is of partiull . 
lar importance. 

METHO~ " 

A more rapid and direct me thod, sug· 
ges ted by ~ l r. Jo hn F. Byrne of lIarvarJ 
Uni,'ersity. is very 1181!ful whcn line hal· 
ance is reasouabl) \Iell maintained. J I 
requires the usc of the auxiliary ne t · 
work of Figure 2, wllich is a lumped . 
c ircuit singlc·u-e(IUCIICY equivalent of a 
balf-wal'C trauSlnissiOll line. 

The opcnoi:'ireuil output l'oital:,'C ap­
()Caring acrol!8 poiuts 3 and ,~ is equal iu 
magniludc and 1800 out of phase with 
the input ,'oltage across points I allJ 2. 
The short -circuit impcfJance looking 
back from po iuts 3 lind 4 is 7.cro. 
Thcveniu 's theorem there fore ShO\\8 
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lhat, whalel'cr the loading, the ,·ohagcs 
hetween points 1 ami 2 and between 
poill 16 3 and 4 \Iill be equal anti 1800 

OLlt of phase. 
A LJalam.!e,1 line connected betl\ cen 

points -I and 3 will , as II consequ(' lIee, he 
exci ted with hnlam:ed voltages. Under 
this cOll{lition, the etluivalcnt circuit of 
Figure 1 ca n be redrawll as shown in 
Figure 3 with the midpoin t of the archi· 
trave impedam:c groumled . 

When a halanred lille is COllneeted be· 
lIH.-en termina ls 1 ami 3, it is therefore 
equivalent LO conllecting an impeclanre 
equal to ZI in parallel with Zt/ 2 acr06ll 
the input terminals 1 and 2, alill another 
identical irnl)Cdallce across lhe out put 
terminals 3 and 4. Sinoo the network 
simulates a half·wave liue, the input illi ' 
l"JetJa nce is equal to the terminating im· 
IJedance. The effec tive input impedance. 
Z. is therefore 

Z.Z,/ 2 
Z. + z,;2 

2ZIZ, 
- 4. 2Z1+ Z~ 

ZotB ., (8) 

The eX (JCrimelilal procedllre mad· 
justillg the circuit of Fi gure 2 is vcr)' 
simple. T he tl'oO coils, L I ami L:. should 
be ide ntical lind shoulll have a reactance 

TAKI NG THE PULSE 
OF TURBINES 

• AN EXCEL LEN T I L LU ST RA · 
T ION of the ever.increasing: IIlil it)' of 
electronic leehni(lue ami cquipmellt il1 
Ihe field of !lIee' hanien l resea rch is Ihe 
met horl IIbNI b), Gencral Ele,·tric el1 · 
gineers Cor the s tudy of vibration of 
high .speed·l llrbine bud.cls. 

fiGUtt6 I. TyP£ 713·8 BCll t . F«,<!ucncy ~tI .· 
lor moulIltd in H'I, ... ",Lly ... il h t>ower II IIII,li fier. 

5 EXPERIMENTER 

at the operating (reqIICIlC} of the sa llie 
order of ma gnitu(le Uf! I,he irnl"JedallCf! 10 

be measured. The variable cOllllellS4!r8, 
C1 and (;, shou ltl loe of Stich size that 
their reaclan('t' can be set to hal f the 
coil rcactulices. The output termin als. 3 
allli 4, arc rU's t short-circuited and COli­

denser CI alljusted 10 series resonance. 
This condition call be found II)' ob!Crv· 
ing the input imlJCdance on the bridge 
and selling to zero reactance. The ou t· 
put terminals are thell open-cireuhed 
ami condenS4!r Ct adjusted to paraUel 
resonance. This is most easily obse rved 
uy balancing the bridge with a ca paci. 
tance at'ross Ihe UNKNOWN termin als 
allli adjus ting to lJIake the chan ge ill reo 
actance se lling 7.ero \1 hell the input illl' 
l.lCda ncc is connected ill parallel. Losses 
in the condenser1i and coils used in the 
network wi lJ calise a small measure ment 
crror. By proper choice of circuit ele· 
lIlenl.3. however, these can ordinarily be 
made negligible. Substantial ullhalance 
of the line will a lso ca use error. Whcn· 
f.' l c r suspicion arises that errors (rom 
these ('a uses are significa nt , a meas ure· 
ment by J\l ethod I ca n be 1I&C11 for \·cr;· 
fi ea tion. - D. 'B. SINCLAIR 
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GENERAL RADIO 6 

FIGUR!> 2. T he OIIcillalor S\lllp lielll>ower LO " i b~:l te 
tbe turbine buckets through a power amplifier 
and an electro_mecllallical tran&ducer shown 
above. 

FIGU" K 3 (abo~·e) . Enginet'rII ",o,'e the cryshl 
pick up along the Lucket lips. T he pick-up ouq)" t 
;8 rl'd 10 the ca t hode-ray oocillogrll ph sho ..... " 
Iwlo,,', 

F IGUNE " (below). Poinlll o f I'e~k ,-i !.o ra tion a re 
no ted on the 08cil1ogrll ph 118 t he I' iekup is 1II0"C« 
along the huckeu. 

One of tue prohlems confronting: t he 
designers of turbine v. heels is tha t of ob­
taining a quantit a ti ve kno,d cll gc of the ~ 
frcqucTlt·y and amplitude olf reson ant or 
o ther vibr;lIiolls sc i up ill Il l{' wheels, 
particularl y in the bucke ts al thc per iph . 
cry (which may IraH!1 a t s rlt:cd s ap­
proat;hing a thousand miles ].lC f hour). 
In " heels llcsi:'YTlc(1 fo ... t ilt; high sl}Ceds 
prevalent in modern practice. the vibra-
tions that Ot:cur a ... e likel y 10 be of high 
r ... equcncy und ... c1ali vd y small ampl i-
tude. Con\'entional mechanical means of 
... eproduciug and stllll ying these con-
(Ii lions. "hile satisfactory with the 
!urger s truc1urcs and lo\\ er frequencies 
1.)01l1111 0 n at lower speeds. !)cCOllle prac_ 
ticall y uscless. In the ncxi bility ami 
vcrsati li ty of modern eiedronic prac-
tice. 1I0\\ cver. a slitisfll c\ory solut ioll has 
I~en fo ulI(L 

The buckets arc vibrulcd by mea ns of 
an e1ectro·meehanieal tra rr s(hlt~r . dri\'en 
b} a 1000·\\ a ll amplifier, A Ge neral " 
Hadio Tl"I'E 71.3· 13 Beat ·Frequency Os· 
cillator was se lcc1ed to drive the P O\ IC '" 

allll'iifil.)r . The rela t i\'ely hi gh-I)Ower out . 
put (1 wall), the low dis tor tion, and tbe 
fiue frequency control of tire Tn' r,: 713-13 
make it pa ... ticul arly suitable fo r this 
application. 'Vitll the oscill a tor all. I 
1)() \\ er amplifier , the buckets can J.,c 

dri l'e ll at any frequency in the range 
from 30 cyclcs 10 20,000 cycles.· 

The resulting vibra tion of the (IriH!Il 
buckets is picked up h) II piezo-c ledric 
vihrllt ion pickup applied to lire imci.,e t 
t ips. and applied 10 an amplifier feedin g 
a cathode .... Il }' oscillogra ph. The vib ... a ­
t ions. ampli fied in magn itude approx i­
matdy 100,000 limes. can then conven · 
ientl y be ohserved and measure(1. The 
resulting inform ation assists in the dc­
sign of \\heels tha t are free from de· 
s tructi ve resonarwes al Jlormal speeds. ~ 

..... he '."I~ uf 'h~ T,'~" ~ l l,U i. zo ~)·c"'. , ,, 1\1.000 
ryel"", ,h . ......... o n'\'li60< . .. d ,lnoh'.'J,'.tn 1;"''';01 ,h. ,on,. ,u ,1, •• ~; .. n a 00_., 
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7 EXPERIMENTER 

DISCONTINUED INSTRUMENTS 
elN ORDER TO PRODUCE 
CRI TICAL WAR GOODS al rnax · 
illlUlII efficiency, it is uc(:essa ry for the 
manufac turer o f spl"l'i;lllics [0 climilHtle 
frOiIl his line those items for which the re 
is litt le dl' nlund. \\ ll ich can be easil y pro­
duced by others, or wllieh ci't'ClI lially dll­
pii('stc other ite ms in Iht! line. In this 
way, production faci lit ies. materi als, and 
man power are collS('f\'cd fo r t he manu­
facture of morc url:,,'cnl ly nCI:ded il,e rns. 

We have listed from lillie to lime in 
the Experilllcnler* instruments that lIrc 

discontinued fo r the duration of the war. 
To those previollsly lis ted the follo\\i ng 
itellls have now I)('''e ll added: 

'1', I'E H9-A \'\' a\cmelcr 
TYPE TI'I-A Amplifier 
TlPE 672-A Power Supply 
Tn>~~ 673·A Power Su pply 

US IN G A POLARIZING 
CAPACITANCE 

• FOR MEASUREMENTS of the 
ca paeitallCC- and the power fac tor of 
electrolytic conllensers with the TYI'E 
71O·B Cap3cit3 m;c Test Hr id gc. it is 
usually desirable to upply It doc polar­
i;o;i ng voltage 10 the condenser IInder 

Tn£ 755 ·A Coudenser 
'I'ypt,; 5S8·AlI.! iHct,cr 

E:Xt-"t'p t for frc(llIcllcies beh'ee ll ISO 
iV1:e and 300 \1(", the TYp~~ 4 19·A Wavl>· 
meter can be rupiaecd by the new 'J'Y1'E 

566·/\ fles(:ribt-d in this issue of t he 
E.lperime1!lcr. For fre(llIClleies abovc 
150 \1e, the T YPE 758 ·/\ \\?a\'emcter 
('an be used. 

The ampli fier and the 1110 po\\er sup · 
pl ies can. for m os t uses. be duplicat ed 
easily in the labora tory or hy other man­
ufacturers. 

T he 1'YI'E 58S·A ,\1 Meter, formerly 
carried in our catalog for use wi th Tl' N : 

493 T hermocouple. is 110 longer needcd 
since this t hermorollple "3S dis"on­
ti nued some time ago.t 

.&.I~i_",,.,.. So,,, .. I'HI. Fd ••• 1912, 
lI'J!'"Ti""",,.,.. II.., .• \QU . 

VOLTAGE WITH 
TEST BRIDGE 

THE 

les l, in order 10 simul a te operll ling con • 
(Iilions. 

Formerly, terminals for apply in g 111I! 

polari;o;ing voltage witb this bridge were 
uvailahle on special order ou ly, at I!.II 

extra charge. Because of Ihe growing dc-

f'IGUNI> I. Schc",,,tic circuit diagram of till: TYI·g 71O-B C"I',,";t""cc Teet Brjdge. 

SRI ""''----, 
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FIGUlU~ 2. Panel view or the Typl. 7·10·8 Capncitanee TeSI Bridge. The I'olari,.dng voltage 
terminals are at the to!, of the Ilane]. 

lIland ror Ihis reature, it is now included 
in the s tock model of the bridge, at no 
increase in price. 

Figure L is a schematic circuit dia· 
:''T3m , and Figure 2 shows the position 
of the terminals on Ihe panel. 

The polarizing volta ge is applied in 
serics witll the 60-cyele bridge supply. 
The condenser shown across the polar­
izing battery is usually necessary to 

avoid a reductioll in bridge suppl y volt· 
age resulLing {rom the impedance of the ~ 
battery in serics with the supply. A 
rectifier·filter combination wit h a high. 
capacitance condenser in the filler oul-
put will obviate the need for the con· 
denser as will also a storage bal1.ery, 
wbich uSllally has a high equivalent ca· 
pacitance. The condenser should always 
be used with dry batteries. 

THE General Radio EXPERIMENTER is moiled witholtt charge each 
month to engineer., .cienti.t.s. tecllniciana, and other. intere.ted j'l 

communication-frequency meaaurement and control problems. WI'en 
sending reque.ta for aubscription. and address-change notices, please 
supply tIle following information: name, company name, company ad­
drus, type of bu.sineu company i6 engaged in, and title or po6itiorl oj 
individual. 

GENERAL RADIO COMPANY 
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 

!to WEST STREET, HEW YORK CITY 

1000 NORTH SEWARD STREET, LOS ANGELES. CALIFORNIA 
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