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B HO,H>CAST A NTKNNA 
,\IE,I. !l1) REMHl"T !i 

WITH T il E H-F 
A II HlGE 5 

FEBRUARY. 193 8 

A FREQUENCY·LIMIT 
MONITOR FOR THE HIGH · 

FREQUENCY BANDS 

• TH E INCREASING USE of f rc-
qucncics betv.cen 1500 kc and 30,000 kc (or 
speci al services. such as police. mari time. 
and aircraft communica l ion and in ternal ional 

hroadcas tin g. in rece nt years has rcsuhed in sufficient congestion 10 

wa rrant frc(l ucncy assignments withi n fair ly close accuracy tolerances. 
In onlcr 10 maintain Iransmitl e r frequencies within the accuracy 

lim it s req uired by law, i t is essential that each sta tion maintain either 
a fr c(ltlcncy monitor or ra ther e labora te freque ncy -measuring equip­
men t. 

Si nce the tota l irH' cs lme llt in plan t fo r s tations in the high-Crcquenc\' 
spectrum is oft.cn vcry s.ma ll in comparison with that for most s tandard 
broadcast s ta tiolls, it is d ifficult to justify thc relativcly largc outlay 
involvcd in thc purchasc of a highly prccise direct-reading monitor such 
as is rcqu ircd ill the hroadcast band. On the o ther hand, since operatin:r 
rerson nel mllst oft en be kept at a minimum, it is desirable to have 
ava ilable a n in strumcnt which tclls at a gla nce whether the tra nsm ill.er 
fre(lucncy is wi th in its lega l accuracy limits . 

Thc TYPE 775·A Frequency. Limi t i\lOI~ tor is designed 10 meet the 

FWlJK" 1. Panel ,· jew or lhe TY"f; 775-A Fr~I',c"':~' -Lim i l ,\ l oni lor 
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GENERAL RADIO 2 

I"" 
r- TRANSMITTER 

f:t6f 

"'''' 
MONfTOfU'.a .,,' .. " FREQUENCY OSCUATOft •• t VOLTAGE .., 

L-
AND AMPL.IFIER 

J 
DISCRIMINATING ~LAMPS 

DETECTOR "TWO!>( 

,-6..5I(C L.OW 

FICUKK 2. F"'lcl;ona l d;lI~ralll showing lhe alteration of the rrt.'qncncy- liUl il mon;lor 

uct!d (or a simple. compact, self-coll­
tained. and moderately priced (retlueney 
monitor to oo\(:r the frequency range 
from 1500 kc tu 30.000 kc. 

The requirements to Lte met by a fre­
quency monitor (or the high-frequency 
spectrum arc quite different frOIll those 
for the standard broadcast banJ o 

III the broadcast band. sufficient con­
ges tion exis ts 60 that in many cases 
scveral differcnt SlatiOI1S are assigned to 
lhe sa mecha ullCI. Under slich comlil ions, 
II hen interference CQIII.li lion6 arise. the 
inlerferc nce is of the close he terodyne or 
"nutler" type. This t) pe of interference 
becomes most annoying when Ihc inl.er­
fcring~ ig:nals diller sufliriently in fre­
quency to prOtlut.-e all audible beat nOle. 
While nominally the accuracy tolerance 
011 IJr(ladeast stalion frcquencies is ±50 
cycles, the Federal Communica tions 
COlllmi~ion. therefore. actually requires 
much doser adherence to the true as­
signed fre(llII.mcy. 

In order 10 check Lroadc8sl nation 
£re(lucllcies to a sufJicient degree of ac­
curacy, it is re(luired by law t!lat each 
sta tion shall maintain II continuously 
indicating. direct-reading frequenc) 
monitor of ,cry high accuracy. The 
Gcnera l Hadio TYPE '~75-A Frequcncy 
'I onit or, used in couj ullc tion .... ith the 

TYI'E68I·A FrC(IUcllcy- Oe vialion \I c ter. 
has long heen appro\'ed for Ihis class of 
~n· ice lind is now in lISC in IUllHi rc(ls of 
stlllions the worlll o vcr. 

At fretluclI cies above the standard 
Lroadcas t band , cond itions arc rallicall_, 
dilTcrcII I.- Beca use of the larger lIumber 
of channels available, thc brreater rela­
t;,-e importallce of '-sky waH!s" ill COlli­

parison wi lh "grou ud WfH'CS," and Ihe 
ucgligihle amount of "chain" operalioll. 
sharillg of oommon chan nels by con lin­
uous services is milch less, 

Such interfercnce as OCt:tlril in t he 
high-frc~ llIency T!ltlge is oonsequeully 
more ofletl of the adjacent channel he t ­
erodyne type limn of the dose hetero­
dyne tn}C common lO the broadcus t 
band. 

The frC(luency tolerances in lhc high­
freq uency hand s ha\'e been SC I u p 10 

minimize such illlcrfereuce. Since ad­
jace nt channel hel erodyne interference 
iii not scnsitive to sillall fre<lucncy 
changes "ith;n these tolerances, literal 
compliance "ith the accuracy limits sc I 
lip is eOIlSC(IIlClllly suflicien l to insure 
mai nten:lllcc of reliable service. A moni. 
tor which tells at a glance ,. helber the 
transmit I,cr frc<ltlcncy is. or is not. wit hill 
its legal accilracy limit s is a (,'(lIlvcnicnt 

t ype 10 use for the high-fre(luency range. 
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The TYPE 775·A Fre(llIeucy·UUlit 
~Iollitor is designed for such a function. 
Mounted on the panel are IwO warning 
lamrHI and a dial. whidl is sct to the fre­
quency limit assigned to Ihe station to 
be monitored. So 10llg 118 1hc trllusmiller 
frequency remains .... ithiu Ihe assigned 
limits . both lamps remuin dark. If tbe 
trallsmitter freqnency increases beyond 
the a.ssigned accurac} lilllil, ooe warning 
lamp lighl s.if the transmitter freqnency 
decreascs beyond the assigncd accuracy 
limit. Ihe olher lamp lighls. 

For more aCCllral,1'; monito:ring, the 
LI M IT dial may be set 1,0 closer toler­
ances than Ihose required by law. The 
.... arning Ilimps simply indicate when the 
devia tion in transmitter frequency ex· 
ceeds the limits sct on the dia l. 

A functional diagram of the TnE 
775-A Frequency.Limit J\ l onilor is 
sho ..... n in Figure 2. The instrument oon­
s is ts of a highly s tablc quarlz-eontroUed 

,..... monitori ng oscillator which produces a 

vollage rich io harmonics. a dClector 
which mixes thc Irun~lIIillCr freque ncy 
and n harmonic of the local monitoring 

; 
• > 

3 EXPERIMENTER 

HAl VOLli 

'"~ LOW fR(QUlNCV 
LI" IT CIIICUIT 

,~~ 

•• 
I 
I 
I 

I 
I I I 
t-LI~'nl 
I I I 
I I I 
I I 

.ILOCKLIS 

',"",. votU 
,~o .. 

HIClH flllQUlNC, 
LI"'IT CIIICIIIf 

F' r.tJ Jt~ 3. Voltage.frequency characlen81;CII 
of the fretluency.dillCriminating circ.,il 

frequencr to produce a lo ...... frcquency 
beat 110te, anJ a {requel1cy-<liscrillliuat­
ing circuit which Light s a warning lamp 
..... hen the beat {requeucy deparls CrOUl a 
value of 6,5 kc by more than a pre­
dClenoiJlcd amount. 

Provision is Illude fOT the use of fou r 

FIGURE 4. Schematic ... iring diagram of tho limit.indicating &ee;tion of the (requency_limit 
monitor. The beat-freo:luenc) voha!;e olJlained from the detector i~ iml.r~ ul)OO the grid of the 
6ft7 dUI,lex.diode.triode. The a-e plate voltage of the 6R7 j l! develol.etl acf'086 the frf!(I1U~nry. 

di;ocrilninating cireuil. the characteris tics of whieb are shown in FleUR R 3. The ,·oltage ohtained 
from ellch branch of thi! cireui t i, fed to a grid of the 6N7 dual triode, which is biued to cut.olT. 
Each ,.lllie of tile 6N 7 fe«l, II gu triode ,,'],ieh has a "'lIrning lamp in ila pl" le cire"i!. 111 ~hunl 
with th l' fretluency.dillrrimiuating circuil is a 1)olcnt;Otnetcr which iii n&<",1 to ol,uin II fra ction of 
the loul a-e "late vollalle."hia fraction ie rec tified Ly one oflhe 6]( 7 diodctl and used 10 biu tht 
grid.(l of Ih", 6Ni beyond their normal cut-olT "011 oil"'. The d -e biaft . eonlroUcd by th, &<"lung of tbe 
LIMIT di ll l, delCfluinctl lht freo:luellcy at which Ihe l a n'l~ will light. Whfll lin a-c voltage Oil either 
grid e1cc:ed~ Ihie bill&, "ta te eUTunt flo ... e. trirpinJ; one of the 885·.(1 and li l;hting a warnin!; laml' .. , .. , 

." 
-$ ~ ~ • £ ~ ; ) HIGH 
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GENERAL RADIO 4 

separat.e (·tY8Ials to monitor four dirrer_ 
ent frNluencies. The quarlz plates lire of 
tile 101\ -temperat ure·cot':fficicnl I ype and 
arc protec ted against large changes in 
ambient telllperature II)' a si mple tCIIl­

pcralufc-control system which IIJ:1in­
lains the cOIU I}urtmcnt temperature at 
50° C. ±3° C. All individual hlllin.!! 

condenser for each cr»i la l is mounted 011 

the panel and u selector swi tch 011 the 
panel s illlllll lUlCOlis l y switches 1 heq uart z 
p lulC. lUlli ng coudcliscr, and ill plll cir­
cuit when different transmitter fre­
quencies arc to be monitored. 

A n electron-ra) tube is used to illfli . 
Cli tC II he ll the local mon ito ri!) !; oscilla tor 
is correcd y adj usted. By mealls of a 
s\\ilch mounted 011 t he pa nel, it ma y 
also be COUllcc tcd to ind icate when the 
correc t input (rom the transmitter is 
obtaincd . Thc accuracy of the instru· 

men t is not erit ieallr a ffect.ed b)' ci ther 
loca l osci lla tor adjustmcnt or inpu t 
,·ultage. 

Thc dial 0 11 thc pa nel used to se t the 
accunlcy li mits is cngraved for fre­
lluency deviations Crom ± 500 c)'cles to 
±3000 cycles. With this span of adjulOt ­
IUcn t the f.refluency ra nge o f the inSlru ­
ment is as indicated in t he specifica tio ns 
below. 

A simplc push-bu tton switch on the 
panel is pro vided for rou tine checking 
of the ins tru men t under operating con­
ditions. Once installed a nd p ut. in proper 
o peration, tlO fu rt her adjus tment s arc 
necessarycxccpt fo r challgin!; the U M IT 
dial wilen switch ing frOIll o ne freqneney 
10 another. 

T he instru ment is en tirel} self-con ­
tained . It may be operated from a llY 
110-120 VOI I, '10-60 cycle lille. 

- O. O. SrNCLAilt 

SP ECI FI CAT IONS 
FllqUlncJ Ranle : 

For li",il! of ±O. 10%: 1500- 3000 ke 
for limil8 of ± O.05%: 1500- 6000 ke 
~'or li lTlit8 or ± U 0.1 % : 1500- 7SOO kc 
For li'"it~ or ±O. 03%: Jioo- 10.OOO ke 
For lirni18 of ± O.02%: 2500-15.000 kc 
For limilll of ±O. UI %: 5000-30.000 kc 

Tu b e ~: SUl'l,lierl wi lh ill~ l ru rn enl -
1 - T ype 6AS Pentagrid Converter 
1 - 'r y pe 6]7 Penlode 
I - Type 61t7 Duplex-Diode Triode 
I - TYlle 6N7 D,wl Triode 
2 - T y pe 885 Gas Triode!! 
I - T ype 6XS Reclifier 

Atcur ao of MonUorln c Frequ.ncy : Moun t inl : Standard 19.inch relay.rack 
The ahtl()lu tc a~.., .. racy i, 0.003 % .... hen u6ing mo",,, t ing or tahle mounti" l>_ 
1'\'1'''; 3i6.0\1 Q"orl'l: I' late. 

Stability of MonHorln , Frequency : 
'1'1", frt'( I"'~ney sinhilily ;8 0.001 % o .. e. Ion!; 
l'erindil or lime. 

Qua rlz Plate:TYI''': 376.,\1 Quartz P]"le8 
arc to he u~d with this ins trumenl am] mUSI 
he ordered 8el, .. rlltdy. 

Acc uruy 01 Frequency Dlscrlmlnat · 
inl Network: When of,erated al "rol'er 
inpnl vOlt llgC, the "'arn,ns: lamp8 ,,-ill ligh l at 

fre<i"t'"ci,·./I \''''Iich are " 'i thin ±200 cyelCii 
± 10(1. of tI,r LlflI IT d ial reading. 

T,vpc 

A(C&BOrlu RequIred: 
TYPlI 376-,\1 Quart?: Plate. 

DImensIons: Panel (widl h) 19 inche! x 

(heighl ) 7 iudlCil x (deplh) \O ~ii inchCft. overa ll. 

Net Weithl : 29% pounds. 

Power Supply : llO. 120 .. 0Iu,40.60 cyd es. 

P a we r I np u I: A pl,roximnle!y 72 walllt will> 
heater ON lind aJlJlroxitlltllely 45 waiU .... il h 
I,ea tcr OFF, with llS·volt line. 

Cooo If'ont Price 

i'iS-A 
:Ii(,-:'I I ( Inclodinf!: tuhc~. lu'l lCi!fi Ilu .. rl?: plate) I 

Quartz Plale (for usc wi th Tn'8 77S-A) 
nO llG Il 

1.<4. "OK 

$2-10.00 
50.00 ench 

l'h' ........ " .. '.n' i.o .... "of .. '"."d u"de' 'h" ("U"w'''' U. S. I'a',,~ " o"d I.""".., •• '''''_",., 
I' .. "" .. " f ,he. A""".., ... 'I".Io.oho"" ... .! T"Ie"." .. Com,,",,,. oolel, ro< ,,,m .. tioo. '" , ...... ,.h. ;o."",a''''o. " .... "'e· 

.... "1. '''I; .. ~. ''''''''''' ;00 ond ...... k>" ..... " , ... ",k io ",,,, u" .,,,,Io..d oc;""ce. 
r.,.",. ,~n'I~II!!.n.'..~rrllco ' ion. or D,. G. W. I'>e<~ , .. <I&'n'''1 to> I';"..,.., .... " ;., ory'".10 o"d ,heir ."""";. ,,,.j .,,,,,,i ••. 
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5 EXPERIMENTER 

BROAOCAST ANTENNA MEASUREMENTS 
WITH THE R· F BRIDGE 

elN THE PAST FEW YEARS 
th e TYPE S16·C nadia-Freq uency 
Bridge has been widely used by 
broadcast engineers for measuring the 
impedance of antennas and their 88-

sociated coupling and feeding systems. 
The bridge method of measurement is 
rapid. convenient, anti accurate. lladi at­
ing systems can be lined up quickly and . 
once adjusted, can be mailltltincd at lOp 
perform8m.:e through rou tine checks. 

Tbe appl ication of Ihe bridge to 
measurements of this aort is best illus­
trated by discllssing a typica l broadcast 
installa tion recently measured. A fun c_ 
tional diagram of the rad iating system 
at Station WEE' · is illus trated in Figure 
2. This radiating system is designed to 
reduce Ihe radiation in the east-west 
direction in order to avoid possible inter­
ference with Station WTAG in Worces­
ter.Mass., which is operating ou the ad· 
jacent channel. J t consists of two 
vertical antennas, 'P and E, which are 
fed through a bridging transformer T, 
phasing networks tIIw and cPl!, concentric 
transmission lim .. "11 Lw and Ls aud im­
I>cdance mat ching networks Zw and Zg. 

By adjusting the bridging transformer 
T, and the pbasing networks cPw and cPR, 
the ratio of magnitudes and the phascs of 
the currents in the two antennas llIay be 
varied to give the desi red field.strength 
"allern. 

·C.D.S .• u.,.'on. M ..... 5'1(11<. "I'. a'~ '",leh,...! '0 ,10" 
,nanal''''''''' on.1 . ' aff o( " ' E):I ('" pormiuion ,0 cart, 
.... ' ""' .... n. .... n ...... ,J", r.dio"n, .,.' em o( ,hi .... , ...... 
whkh w .. <hc.en a. a ' 0,""-"' ''''. "Un','M of ~O<><Ie<n 
brood ... , ' ..... II.'ion. 

FIGtlllS I . O ne of the ant t:nna lOWt:r1I at 
WEEI. The Iln(cture at tI.le hue of the antenna 
ho ... _ the impedance matchiug network lind 

melCr1l for reading .nlt: .. n. current 
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GENERAL RADIO 6 

J11 lining II I} thill radiating: S}il l c lII the 
most illl l)()flant measureml!nls are: 

(I ) ){esistance and reactauce of an­
tenna a t operat ing frequency. 

(2) Characteris tic impedance of lines. 
(3) I mpedallce ill which cach line is 

lerminalcd (input impedance of im ­
l:ledanccolllalching netvmrk). 

(4) lnput impedance of line when ter­
minated wi th impedance-malching net· 
work. 

(5) Charactcris lil: impedance of phas­
ing networks. 

(6) In l'1I1 impedance of phasin g net· 
works with sys tem COllnected. 

Each of these measuremell ts is dis­
c:ussed briefl y below. 

1. An tenna 
The antenna impedance is determined 

by breakin g the system lit the section 
A- A and measuri ng the impedance at 
the an teu na and grou nd Icads where 
they connect to the impedance-mat ching 
ne twork Z. 

A si ngle measurement a t the ope rat ing 
freq uency is usullily suOicicnt , bllt a 
freq ueue)' cha racteris tic of the an tenna 
is sometimes valuable in de termini ng 
'""he ther there is a ny dis turbing e ffect 
caused by resonan t sections of glly 
wires or a n)' IIlllleSirable resonances at 
harmonicil of the assigned s lat ion fre­
quency. The measured resista nce and 
reacta nce of the east antennll arc shown 
plo lleJ all a funct ion of frc(llIency ill 
Figure 3. 

For th is inSla liation, quarler·wll\'e 
resonance is seen to occur at 685 kc. 
half-wave resonan(;c a t 1070 kc, a nd 
three-q uarter-wa,'e resonance a t 1715 
kc. At the operatin g frellucuCY the a ll­
telma resistance is 2011 ml{1 the reactance 
4 1 11 capllci ti ve. Expressed in com pic,.; 
notation , this im peda nce is: ZA ... 20 -
j It. 

When measuring dire(~ li\'e s)'81ems of 
this sort an error lIIay occur because of 
the mutual im l"lCdance be tween t he two 
antenn as.- For t he system tested. this 
error was sma ll al the operuting fre· 

°JoIon t '. M ........... "S;"'I'~ Me.h, 
od r ... Ob.~ .. in l c.. .... ~ , A""U,,,ck 
and 1","- Kel., ...... in An'e ..... 
A, ... ,. ... " """ I , I/. 1';., o.:.~. 
1931. 

1--- --'1 8 ---- --- I 

, , ,. 
Fl(a l HI!. 2. A diagram or the 
anlenn ll .yltem at WEEL 
Z" au" Z",. are the impedance 
matching networks, I. E: lind 
1.11' the concentric linea and 
<iJE: and -i>w the Ilha.ing net ­
work •. Tbe bridging luna­
former, 1', i. a coupling unit 
be tw~n the pha Bin g ne t • 

... ·orka and the trl,na", illcr 
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7 EXPERIMENTER 

I 

.. , • • 
FICOM K 3. (Left) n ""i~ llI.n ce ehll racterinic of the l'a~ 1 all lellllll III WEET. (Right) RClichnee 

cha racterilllie of the '8011'. an!cnUIl 

qLlene,., both resis tive a Dd reacli\ c com· 
ponents looking inlo the east antenn a 
chunging about 1 n when the west un­
tcnna was opencli and grounded a t the 
base. All measurement s on one antenna 
and its feedio~ 8y&lelll \'oere made wi th 
the other antenna connected back 
through its feedin g system 10 the 
transmitter. 

2. Concentric lines 
To de termine the characteris tic im. 

pedance of the OOlloontric lincs, the 
syetcrn is broken a t lJ- B aud C- c. 
~l ea;; lIrC lllen18 or the imput impedance 
of the line arc then lIH1de from 0111'. end 
,,-jlh tile ot her cml open and shorled. 
The characteristic i"II>c<ia nce of the line 
is comput ed from the ex pression 

Zo = ...j Zof'Z,/c 

The lines used in the syste m tes ted are 
uitrogcn-filled and approxima t,d y 1000 
fect long. Ther arc designcd for a 

charactcristic impeda nce of 65 Q. A 
typical check 011 lhis fi gure is the mcas­
ured value for the westline, L lI'. of 65.'1 
- j0.56. 

3. Impedance· Malchl ng Networks 

The impedance-matching ne tv.orks 
ZII' and Zs a rc designed to work ltelween 
impedances of 65 + jO and 20 - i4 L. 
They arc of the so-ca lled iIllJJ(·Junce­
invcni ng type illus trated in Figure 't · 

III adjus l iug snch ne tworks the 1'''l'e 
S16·C Hadio-Frequency Bridge can he 
used to measure Ihe im pc(lallccs of the 
indi vid ual clements composing them uud 
their input impedances when they arc 
connected 10 the antennas. For perfect 
ma tchin g, wilen the system is hrol..clI at 
section B- I1. the impe..Jan ce al tllC input 
terminals of the imped a nce-mal ching 
nctworks wit h the antennas connec ted 
should be c(lua l lO lhe characterist ic im · 

' For. d...,u",;'>o u ( ;n'I""J.""".m.,d.i"f ''''Iwork. _. 
f, .. 'n., . .. "". C.rl G. 1);."..:11. nA"'en ... ..... " .In.,"" ... ·· 
1:1"""",,,,,. Sep,., 1935 .• "d ·'ermln.tin, Coo"'~n"'e 
u ..... •· ~iu. n_n.bot', 1930. 
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GENERAl RADIO 8 

I>cclance or the line, namely. 65 + jO. 
The degrce of matching 10 be achievefl 

is governed by practical consideratiOIiS 
father than theoretical. T oo b'l'Clll a 
mismatch ", ill cause serio llS 51,aud ing 
W3\'C8 to form on the concentric lincs. 
The s iunding current wavcs IlIlIy rcsult 
in exccl'Sive power 108s in the line li nd the 
s tanding voltage waves IIl lly f!IHl5e Ihe 
lille insulation to break clown. 

4. Phaslnl Networks 

Tbe networks q,w and IPB are used. ill 
the exa mple of Figure 2. to produce It 

phnse relation bet ween lite currents in 
Ihe Iwo lowers which results in t ile de· 
sirccl flttlia lion pauern. These are sym. 
metrical "'·networks of the type illus_ 
trated ill Figure 5. They arc designed to 
ba ve an image impedance of 65 + jO at 
the olM!rati ng (requeuc), and couse· 
quently match the line. 

The design and adj ustment of such 
uet"orks is beyond the IICOpe of this 
article, hut. the application of the Tn'!; 
516·C Hadio.Frequency Bridge to their 
measurement is similar to Ihe applica. 
tion to the irupedance.IIlUIchilig net · 
works. The imlividual element s lIlay first 
be measured, the characterist ic imped. 
ance llIay be Iletermined from open· and 
sbort..('ircuit mcasuremcn ts. allli the 
final measurement of the input imped. 
aOl:e made \\ hen terminated ill the 
complete ralliating system. This last 
measuremen t a t O- V for pcrfc('! IItlllch. 
iug should. of course. be 65 + jO. 

, ........ J 
I I , , 

"A --
~ 

I ~ , 
I , , 

'l. 
FIGVK~ 4. The inll'et1unce.malching network 
u~ to l:ouII]e the tramullil!4ion line to the 
antenna. Thill i, an artificial quarter·wa,' e line 
in which Ihe oonden~r sbown by doued lines 
ill replaeed by the effec tive parallel reactance 

o f tbe . nlenna 

5. Maintenance 

Once adjusted. the system should be 
checked periodica ll y, particularly when 
current read in gs indica te that something 
lII ay hu\'c changed. A measurement wi th 
tbe system broken at the section V~D. 

lookin g into the phasing network q,. 
which re5uh s in a resistive value of the 
proper magnitude. is usually sufficient 
indication that the impedances through. 
out the system are properly nlat ched. 

6. Measurement Technique 

The punct of the Tn'" 516-C Radio· 
Frequcncy Bridge is shown in Figure 7 
and the circuit diagram in Figure 8. 

The Lridge is dcsigncd for measurin g 
unknown illlpedallf!es either in terms of 
a standard condenser and power factor 
condcllser , as a Schering Lridge. or in 
terms of a s tandard condenser and an 
induclall('e-compcusatcd decade resis· 
tor. as a dirccl.reading irnpedancebridgc, 

For Ihe typc of measuremcnt to be 

FIGUlUI; S. Circuit diagrams or the pbasi ng network. taed . 1 \\'E ~: 1 
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made on broadcas t radiating s)stems, 
data are mos t coIH'enientl y taken with 
the IJridge used liS a direet-rearling im­
pedance bridge. For such measurements 
the bridge method has a considerable 
advantage over other methods in con­
veuience aod speed of operation. Users 
of the bridge ill lhe field have stated that 
it is possihle to make, in a few hours, 
measurements which might consume sev­
eral days' time with resonance methods. 

The full advantage of the bridge's 
llirect.reading fea ture is obtained for the 
measurement of impedanccs having a 
resistive component between 0 and 100 
n and a reactive component correspond­
ing to a series capacitance between 40 
and 11 50 J.llt f. For the mcasurement of 
impedances which have an inductive 
reactance. or a capacitive reactance fall­
in g outside this range_ a condenser in 
series ",ith the unknown impedance mus t 
he used. For the mcasuremcnt of irnped-

FICURE 6. Thill Ilholo­
s ral'h sho .. ·, the rQdio­
erelpleney bridge. the 
modulated OBcillator, 
a nd radio receiver I!Ct ul' 
in the "dog houae" a t 110 .. 
baM: of the antenna. The 
e'lIuil,ment at the 6· 

treme left of the picture 
indud..,. tbe imlK"dane,.. 
matching nel"'OI'"kB and 
melen for reading an· 

t enna eunent 

9 EXPERIMENTER 

IIIlCCS which hll ve II resis tive component 
between 100 and 600 n, an ex tcrnal re­
sistor may be connected in series with 
the internal inductance-compensated 
decade resis tor in tire bridge. TYPE 500 
Hesistors arc well adapted for such 
sen 'ice and are recommended for values 
up to 500 n. 

For accuracy and flexibilit y of opera­
tion in lIIaking anten na lIIeasurements, 
the use of a series condenser is recom­
mended in practically all cascIO. It is 
seldom possible in a broadcast installa ­
tion to connect the bridge to the poin ts 
betwee n whi ch impedan ce is to he 
mcasured without the use of relatively 
long Icads. Leads " hich are three or four 
feet long may "' e ll ha" e inductive re­
actances of from 1 to 10 Po at broadcast 
frc4 uencies and such a reactance, meas­
ured as part of tire unknown in'lx:dance, 
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GENERAL RADIO 10 

may lead to serious errors in low_imped_ 
ance measurements. With a ser ies con· 
denser. the effect of long leads lila y be 
e liminated by making two halunt:cs, one 
with unkno\\"n impedant..--e shor ted at its 
terminals and one wilh short removed. 

The procedure to be follo\\cd in mak· 
ing such measurements is as follows: 

(1) A series fixed condenscr is chosen, 
the ca paci tance of which lies hcl\\ cen 40 
and 1150 ~Ilf. The va lue of condenscr 
chosen shou ld he such that when tbe 
unknoym impedance is placed in series 
the effective capacitance will 61ill he 
within those limit s. 

(2) The bri(l ge is connected to the un­
kuowll impednw.:e wil h the fi.xed conden. 
ser ill series wilh the high Icad, 8 11(1 

the unknown impedance is then short­
cirelli' efl at it s terminals. 

(3) The iulcrnal induclance-coJUI:lClI­
sa led decade resislor in the Lridge is set 
10 zero and the brillge balanced ",i tl! the 
internal stil ll(l anl cOIl/ lenScr and the 
p(m er faewr adjustment. The se lling, 

Chofthcs landard condenser is recorded. 
(4) The short-circuit is removed from 

the terminals of the unknown imped­
ance and the bridge rebillanced with the 
internal decade resistor and the internal 
s tandard coudenser. This gives the sel­
tillg. R. of the resistor and a seuing, 
C~, of Ihe s laudnrd condenscr. 

'fhe change of resista nce in tire brillge, 
R, is then equ al 10 the resis ti,'e com· 
ponent of the unknown and the change 
of reactance in the brid ge, 

1 ( 1 1) 1 (Co - C,) - - - - =- - , iscquallo 
w C1 C2 W CIC~ 

Ihe reactive component of the unknown. 
Sin<.'C the leads 10 the unknowu im­

pedance are included in circuit in both 
measuremenlS, their impedance drops 
ou t in taking impedan ce differences and 
no error is introduced. A small residual 
error is left, wllich is caused by tile 
ca pacit ant:e of the high lead and 
series condenser to ground, hut this is 
usually negligible for low.i mpedance 
measm'cmen ts. 

The bridge is ordinarily usc!1 wi th a 
modulated oscillator as power sourcc 
alltl a radio rccci"cr as de tector. It bas 
bccn found thai , if distortion occurs in 
the audio modulating \'oltage or in tire 
modulation process, false readings lIIay 
be obtaincd whcn Ihe radio set is 110 1 

accurate! y I ulled to the carrier frequeucy. 
The error is mos t pronou nced whell lire 
reactance to be mcasurcd varies with 
(re(llIcncy ill II manner markcdly differ_ 
ent fro m the reaellInce of thc internal 
s llllldaru condenscr. Conditions under 
which this error llI ay be important are 
readily recogni zed by Ihe presencc of a 

FU:UlI1~ 7. Ps nd I,ho lograph of the ' ['yPI:I: 

5 16·C Katlio· F'TC<I"<!lICY Bridge 
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f'IGtniK 8. Circuit t1illgrll'" of tllll Tn'l! 516-C Ihtlio-Fr'l<IUcIICY Ilridgc. Car.-f"l mljuHtrnent in 
our labora tory of CI'O ami '_I' 10 CO"'llcnsatc fu~ rC8i"hwl i"'l'tldanct,ll makes the bridge direc t r~atl­

illg ill capaci tance and re.>iUance 

s trong second harmonic of audio fre­
(Iuenl'y at Ihe bridge balance. The 
lreCOlH.I harmonir is caused h)' the beat · 
ing together uf the first-order side·ballds 
and does not of ilM:lf cause all)' error in 
the bridge balance. 

By using un ullIllodulat cd oscilla tor 
for a Ij()"er source and a rallio se t wi th a 
heat oscilla tor cou pled to thc i J stages, 
thi!! error ill u\'oided siuoo Ihe bridge is 
then operated a t a singlc frc{lucnc)". A 
mod ula tell !Wun:c is cons illerahly Illort' 
convenient 10 lise, huwc\'c r, li nd , in 
ge neral, ca reful ttlilin g to the carrier 
\,ill yield a suOiciently al'curate result . 

The com ple tc set·tlp of equipment rec· 
ommended for anlenna measurements 
consists of: 

( I) Tn>., 6aL.A \J()(l ulaWd Oscillator 
(can be used e ither modulat ed or un· 
modulated) . 

(2) Typ~; 5 16·C Ratlio.FrecJllc ncy 
Bridge. 

(3) Glle 200 Ji~ f, olle 500 j.tj.t f. amI Olle 

1000 pj.t { TYPE 505 Condeni;Crs. 
(,I) One 100 f! and two 200 n TlI' ''; 

500 Hesistors. 
(5) nadio receiver. 1I the recci ver is 

used ,>'ilh a loca l beat oscillator in the 
if circuit 10 llt'a l with an UlIlIlooulated 
W8\' C from the bridge, it should be pro· 
\'ided "ith a good seusiti,'it), control. 
This is nccessa ry because, for loud sig­
lillis, a loc;ll beat osci llator \\ilI teod to 
II1l1illla;1I the audio output constant, 
irrespect i\'c or input sigll ul, o\er II fairly 
\\ ide range at high iopu t ICl'cls . LInder 
Buch eoo,\itio lls it is impossible to lleter· 
mille when a bnlance is approached and 
the balance l)()int is " k.nifc-edge" in 
width . 

- O. n. S I "CL..\I!I 
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MISCELLANY 

• MAN Y G ENE R A l R A D 10m. 
s lTumenlS designed primarily for the 
commu nicatiolls field find their way into 
industrial research laboratories, where 
the use of c lcctricalmcthoos of measure· 
ment ill iuvestigating mechanical I)he­
lIomcna is cons tantly increasin g. One 
instrument whi ch see ms to lie almost 
universa l in il s application is the TYN; 
636·/\ Wa\c j\nalyzcr. The photograph 

at left sho"s this ins lrurncnt as used in 
the laboratories of the Sperry G}ro­
scope Company in con nection "ilb 
vibration studies. We arc indebted to 
the authors and to EIt.'f;tric(ll E"gilll!eriliB 
for pcnnission to reprod uce Ihis photo­
graph which was used 10 illustrate a n 
article by O. E. Esval ami C. A. rrischc 
en titled " Dynamic Ualancing of Small 
Gyroscope Hot ors." appearing in the 
June, 1937. issue . 

• G ENE R A L R A 0 I 0 cngmeers par· 
licipat,e in technical conferences - at 
the 1938 Wi.ner Convcntion of t,he 
A. I. E.E., /I. II . SCOII and L. E. Packard 
attended the conrercllcc on Sound and 
Vibration ; W. N. Tuttle the couference 
ou Network Analysis and Synthesis. 
A. E. Thiessen ... ill lead the discussion 
Oll Modulation ancl Distortion Measure­
ments at the nroad cast Engineering 
Conference sponsored by Ohio S l.tllC 

Universi ty, Fe bruary 14 and 15. 
Mr. ScOIl, 011 February 15, wi ll speak 

before the Engineers' Club of Philadel. 
phi a on the i ll llU!~ lrjai npplicat ions of 
Genera l Hadio ins trulllent s. 
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