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ROUTINE FREQUENCY 
MEASUREMENTS TO 0,005 % 
• THE TYPE 620·A HETEROOYNE 
FREQUENCY METER AND CALI· 
BRA TOR ,* whieh is "'ifld y used (or routine 
frcclucncy mea surement s by transmitter 
manufacturers. COllllJlllnicnlion companies, 
iosl.leclion services, and laboratories. is no" 
heillg supplied "jlh II slo" -mot ion drive and 

auxiliary dial by meanli of which the precision and facility of sell ing and 
read ing the scale are greatly increased . The fr ic tion drin! fo rmerl y used 
has been replaced by a gear drive that has a rc,luction rat io of about 
15:1. To iosure smooth action and accurate repe tition of scllin gs. the 
pinion and drivin g shaft nre integral. and the inter nal ,Iri\'(: gear is 
spring-pressed 10 remove backlash . 

As sho ... · 11 in Figure 1. tllc driving shah Cl.rrics an auxiliar) (Iial. \\ hich 
effeeli vely subdi vides each full main scale division inlO 1('11 pariS. Si nce 
each main scale tli\,ision corresponds 10 10 kt:. elh:h a uxiliary seale di,·j. 
sion is 1 kc. \1 Ihe lo" .frcquclw~ end (10 \Ie) fif the main dia1.lhere · 

• J. Ie Cla"". ".1. 1l ....... . Il .... 'n. 1""1''''''''' \I .. ~r .. " .. l:h,;Io· ' n eo ....... , .... :· G~"~r.1 II ... .., f;';,.-i. _ ..... s,.,,'.n,lon.oc,oI ..... ,93(>. 

F,Gu,,: 1. Pan ... l, i,-.. "rthf' Tn'e,620. \ IIrl"r, .. I ~ ", · Fr''' I'' ~nf'~ \Iet ('r 
ami Ca lil,r"lur. 
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GENERAl RAOIO 2 

("n', Ihe ~mall('"t all\ililln !M.:ale ,lilj" ioJ U 

j" O.O ICC: at the h il:!"h.frcqul'nc~ end 
( ~(1 \I e), it i ~ 0.00;;1'1, . 

Tilt' T, I'~: 620·\ IIcI Cro{l ~ nc Frc · 
'1"l' Iu") \I ele r a nd Ca lilJrator l'o ll si~ I R 

n( all oscill ll lOf "h~' (rcllue nC' ) ,'/I I) be 
\arie,1 OCI"ccn 10 \1f' and 20 \le, lIl1Il 
II 1.\l e cr~'li l a l oscilla tor aga inst Ilhich 
IIU' frl'qllc nc~ of the variable osci lla tor 
,'8 U 1:It: s. tandardi :.-.cd. \11 unkno\\'n frc ­

'I !lent') is rne lt~urc(1 h} matchin :r Ihl' 
freq ueu!'} of till' \lIr iablc osci llalor 10 
Ihal of the unknQl.ql (as ;1I,lica ll'(l h~ 

zerO beat in a rCI't: iH'r ). The calibration 
.)f th ... luriahle o,;willat or is then c\wckl',1 
up:ui " ,., t he "f)8131 calihrat or ;111(1111[0\ •• 

arlee m arlc for Il n ) (Iri fl. For measure _ 

!twnls IIbo\e 20 \fI-. harmonics o f 1Iu­
I aria hie o;:"illalor arl' uS("tl. Relo,. 10 \h', 
Ihe fundamental of tilt' oscillat o ... is 
IIInt ehcII 10 a 1I&I"Ili0llic of the lin · 

1.. 1I001n. B~ using harmollics in this "II.'. 
frc!luCncies he l\ll'ClI about :.Jon kc nn t! 
300 \1 (, ('an he Illeasu ... ed . !llthough tht· 

FI"t IIg 2. \ i,'" ,If 1101' dipi or , h .. hl'lerQth lie 
{'''' I IH' '''', " ,,·' .. r .h" .. jug ~'alc <:IIlihrlll ["". 
Ell!"h I I i\i~i"n lUl lh .. 1I",: i1iur, ,li ;,1 i~ (1.00 1 \1 (,. 

fUlUla l1lt.'ni a l rllllge o f the \ariable .,,;(·il. 
lator is frOI1l 101020 \I e. 

The f"'C(I"CI\C) of til(' "!lriable o~\"il· 
la lor is reallllircl' Ilr from II ,."il,·11 ~ut ll 
llial on tlte pune t. Thc t:ryslH l culibr:1I01' 
is lI scd l'old ) 10 Ile lcrmil1l.' I'It" crror in 
Ihe indit lllj·tI oS\.'i llat or freqllt' !Il')' This 
crror is Ih(' n alldc!1 too ... .;;ulnrai' led from 
Ihe oscillalor Il ial reading in order hi 

obtain Ihe corrt'cl valuc of Ihe unl...'lO\\n 
frcquent.') ulliler mcasurcment . 

The ovc>r·u ll u('c uraer of I1l ca ~ lm' III C III 

dcpends UpOI1 Ihe accuracy o f tl);' er~s­
tal calibrator mul the accurllq of Jre. 
(Iue" cy j,,'eflv:t!s on the sca le of the \uri . 
able osci llator. Errors in the &b:oollll l: 
calibration of the vlIrillblc OS"illa lor are 
ke pt 10\\ ill orde ... 10 make Ihe di:11 a ~ 

'Il>(l"~r ,lir;'CI reuding Illl pl}8~ihle. 10 

avoid 3mLiguil) in ;dcn l if}in~ Ilw l·r)!;. 
l a l calibra ling points.. ami for {·om en i. 
efl ee ill 0 l>cratio ll . In dll:cl..ing Ira ns· 
millcr IIfljusIIIICllt S lind in labonlll)r ~ 

im esligal ions. the result s as read di· 
rect ly from Illc Ilial , withoul correc lio n, 
u ... e lI\all~ l imcs 6 llffi e i e ntl~ aCl'llrat e 
(about 0. 1'7c or beller) . Oc)ond that. 
Ihe ab::olulC> ca lihrat.ion of Ihe llial is of 
litt le eOllscquenc('. bc('au5C c>rrors ,·an 
I){'" delerminNI a nrl allowed fo r ilL ICrlll !! 
uf Ihe cr~ i! t a l calibrator. 

'1'111." a ... inlJlc conde nser ill the vltriltlJll' 
u,;;('illalfJr CO\'Cr8 a r ... equc lwy " pun of 
I \Ie. \ 10' I"IO;lIt !! \\it('h d)all~C8 Ihe 
frcll"clII '~ in stq>s of I\lc frnm 10 \I c 
10 19 \l c. The frequency of the o",·il· 
lal or is. Il lI' r('f~)rc. the sum of 1111' S"ild) 
ali(I (Iial readin g;;, ('Qrrcctcd fo ... Ihe Ilial 
ITro ... ill ICI"lII i! ,)f I he. crystal o;;t'illator. 

In Fig: tlrt' 1 a mi F igu re 2. Ihe illlii. 
('a led o".,·i llat ()r frc{l"cne), is 11.1<)6 \1 ... 
SIIPPO!>C. for exa mple. thut. "hell Ihe 
l'alibralor i" ""itched on. the :rRro· 
h"al ;;ell in ~ for the 11.5 ~I (' C;llibration 
IKlint is found to be 11.5 13 \11-. un error 
of + .0 1:\ \II '. This indkatcs thai t he 
"",·illalur ,li;11 indica tion i ~ .013 \-Ie 
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hi gher than Ihe a('lual oscilllli or fr~· 

lIut"nc~ in Iht· 'iC'inity of I t5 \I e. lind 
Ihe true fruqui'llcy for u diul sc tting of 
14. 196 ~I(' is 11.196 - .0 13 or 1·1.183 \ Ie. 

Tt' n or lIIore usable f'aliLra lill I; fre· 
queucicg art· lI"ailallll" on (.'(1(:11 Ilial 
range. These re .. ull ItOI O'nl) from har· 
Illonics of Ille ('r) " I al oscil'alor frc1luenc) 
bealing "ilh tile fllmlamcnla l O'f the 
fre(luelll') me ter. but also frO'm bellt s 
ht.·I\\t"Cn hanllon;" 8 of bQth oscillators. 

3 EXPERIMENTER 

VarialiollS in Ihe frccplclIC') .,f lilt: 
crystal o"eillalnr arc u!<uall} negl igible . 
and Ihe accuracr of lIlea"urt' !IIclll if' 
main!) de pe nde nt O'n the pre(,j"ion "ill! 
" 'hich Ihe ,Iial i~ SCI wht'n mat chin g the 
unknO'wn frequenc} and YI he n f'ht·(·J...ing 
agains t the calihrato r. \11 lit"f'Ur!U') o f 
he tter than 0.0) (>"( i! "asil), oblninahlc. 

J. fi.. . CUI'I' 

SPECiAl MEGOHM BRIOGES 
• THE NEW FIELD of d-c resist· 
IUlI'e IIICIl ~ Urt· nH.: nl .s o pencd lip Ii}' t he 
TYI'l> 51-I·B 1\lcl;O' llIn Bridge· IlIId Ihe 
Tnl': 54 '·P3 500·vO'It '''oYlcr S upply· is 
"idcnin~ rlipidly . The case "'ith "hich 
measurement s in the thousand s of meg · 
O'hms CUll II(' malic I>crlllits deta iled 
studies O'f the e ffect O'n insulatiO'n resist ­
ance of time, LClllper3ture. and humid · 
it y: measurement s", hidl ha' e he retofore 
not l)C4! n cO'nsidt'red feasible. \Vllile the 
,;Iod. modd O'f the bridge mee't s the 
n~eds of lIIost u'<ers, there aplJOear to' be 
mall} (It'ca:oion!'o '" he n grl"aler rt"sislnncc 
rangl', greater genaiti,it ), and grea te r 
a«uraC) art;' needed. St-venl l 1II0difit:a· 
tion."; of Ihe stock bridge to' meet these 
re(luirement l' ure descri l~',l belo",. 

INCREASED RANGE 

The normal r/" I'iIl IRIWC rungc O'f the 
')'YI'E 51 1·13 I\l egohm I3rid gc is O.L 10 
10,000 megohms \.ilh an llel'uf3c}, of 
IIle IlSUl"e IIlt; nl \'ar} in g froUl :! 10 10%. 
'fllt' error in,TCIIS!'S to 30% at 100,000 
megolll118 lind a ref!iSlanf'e of I mcga· 
megohm t can he tle tel·l.ed. The bridge 
"ircuit tlM' ,I , toge ther ,.ilh the nel'cssary 

• It . t' . • ,.101. -" ~.\<JII \I ~""'", n,,,I •• :· ': ...... 1 
Ii.,! ... tJ __ .In#1O_. \<>1",_ "1\. '\". 1. Ju_. 1'.13\1. 

, T h ......... 6,..,. 4.10 .• ".J .... I.· •• I.u.r ........ 1 '" l . .. ,j " • 
... 11 "" ,...,., , ...... 1"'., •• 1 t..;.~". I ..... J • ",.Ii;"".',I<I. 
( I" "" {J •• I",k ..... u .. ""',j'm. 1(10 ...... '"',," .... ~ HI" ......... 

sw itching cO' olIcc tioll S, ill " ll own in 
figure I. Tile eX jJreilsion for tile IIl1kIlO\\" 
resistant'e Pin It'rm s (If Ihe ol her arlll S 
of the bridge iii: 

U 
P --N (I ) 

A 
The resistance range all Ii ,. holc CIUI he 
rliised by increasing IJ (lr N. TIll' LIpper 
timit a toue CRn be raised L) decreasin g 
A. Of these three mctllods o nt} Iht' finO! 
anJ las t are possible . • \ "tantlar,1 resist· 
alice of 1000 megolull" is rt.·laliH·t} un­
stable aud inaccurate, and ill an) t'aS(· 
is too near in \' alue 10 tht' inpul rcsi"l­
ance of the de tector tu lw: to I,... 1111 ft' . 
The choi f.."e beh\eell increasi ng Il fir 

decreasin g A df'IW: llti s oot l. 011 t·on · 
"c!lienee lind 011 th(' rangc ,te..irf',t. Ii ,·· 
"i!;lor Il can Iw: i "crell~d 10 I lIIe~ohlll 

"ithout changin g it s Dcnlra,·). FO'r 11 
grea l,cr (·hange in ruuge. II '1'\1' 1:: GO:! 
Dec[I{te Hesis-Ianee no\ is "ulIlIl:('I('(' 
externally in pla('e of the 10 kn luga­
rithll1il' rcsistor. For some u,;cs it 11111 ) 
be morc cnll\enic n t to 811\';; lillltl' ;. 
logarit hmi t: rcsis lor of 10'1(' r valtlt'. U~ 

raisi ng: IJ to' L \IQ and ,Iroppin g 'I ll I 1/. 
the uppt'r rcsis1lil1cj' limit of t he brid}!l' 
becollle" 100 1\1 \ ·In . 

The COlInN't ions 11(,(,,1(,,1 f')r t h('k 

('hang('~ arl" "itO'" n in Fi j:: Ilf1' :!. Thr 
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GENERAl RADIO 4 

• 

positions of the S\\ilchc8 00 the punel 
are ~ho" u in Figure 3. Other changes 
and switches sho .... n in these figtlres will 
be described later. Choice of resistor IJ 
is made by the toggle swi tch markell 
M ULTI PLY BY 1 - 10 at the cent er 
of the panel. An external 'I'YI'" 602 
Deeadc Hcsistallce Um: is used by l'OIl­
necling it behl eeu the terminals markell 
GuA HO anti + BRIDGE and throwing 
tilt' l oggle 8" itch a t the bottom of the 
panel marked STD. EXT- I NT to EXT. 

INCREASED SENSITIVITY 

The sclIsitivit y of balancc of a ll-e 
resistant,:tJ bridge depends on the voltage 
se nsitivity of the detector, the vohagc 
applied to the bridge , and the ratio of 
the resistance of the arm s (here A aod 
8 ) across which the bri ~J ge supply is 
conllt!cted.t Expressed in tenus of 1/ 5 
uf a ga lvanome ter division, the se nsiti ,·­
it) of the standard Tn'" 5'~I-U ,\J egoluu 
Ilridgt! varies (rolll 0.15% at I Oil the 
~JECOI I ~ l S dial to 1.3% Ilt 10 find 12% 
III 100, wit h 100 volts across the brid ge. 
Hllisin g 1 he bridge voltage to 500 volt s 
.1.~cr(, Il 8CS these perce ntages IJ)' a fal:l0r 

of 5 alill ,,110"5 II resislalH'e o( 100 kM f! 
10 be balanccd to 2.5~. 

. E ou' 1 + ~ Ill ' t ::O"" .... " .l II - /,; .~. -,;. ,,- ..... ·n •• 1. •• "" ....... 
• _ ............. ,'" ""m .... uJ ,., ....... n •. ~ 1'_'" 68. (;0 ••• 
1 • .,;1( . 

FI.a II~ L (I-''ff) & lo t' III3Ii ,' ,liagr3111 "f II,,· 
u oel. III(HII'I of Tn·., 5·II.B '\ Iegolo", Bridge. 
F.q It~ !!. (Uigl,' l SdH'malie ,Iiawlltll "f Ilu· 
ml.'SHI,m Iori,j !>,·. iucl ,,,ling ullllle """li r;<'Illio ,, ~ 

ror a-copcralion of the bridge there is 
a 200 n shunt acrOll8 the galvanometer. 
Hemoving this shunt increases the 
bridge sensitivity by a factor of 4.3. A 
resistance of 100 kM·n ca ll then be 
balanced to 0.6% . Tbe pos ition of this 
shunt in tbe c ircuit is showlI in Figure 4 
which gi\'es the complete connections o( 
the a·e de tector tuoo. This shunt is COli · 

trolled by a toggle switch mounted 011 

the panel just below the galvanometer 
(see figure 3). Wilh lhe IIhunt removed 
the current sensiti vity of tbe galva. 
nometer is .8 Ila (or 1/ 5 division . 

EXTERNAl GAlVANOMETER 

In order to measure resistance!! of 
1 M Mnor greater, a sellsitive wall galva. 
nometer or portable gaivanollleter with 
light.beam aud scale lIIust be connected 
externa lly. The insulated, c1osed~ireuit 
jack (see figures 3 and 4) used for intro_ 
ducing this galvanometer in se ries witb 
the inte rnal I>ointer galvanometer is '"' 
mounted in the IOll er left corner of the 
panel and marked EXT. CALVo A 
ga lvanometer having a I!4;! lIs itivity of 
0. 1 ~a per mm. will allow a resistance of 
I MMO to he halanccd to 0.7 % . lmpro\,. 
ing the galva nometer scllsitivit y to 0.01 
J.l8 per 1II1lI . allows 10 MMn to be bal· 
anced to 0.7% nndloo ~lA'l n to 7%. It 
will Ihen be possible 10 dete!;t I kMM Q. 

The resistanlX across the U • 
K.VOWN terminals through the insula· 

.1;:\('";;,,e.1 in Ih i~ arliclc. \\ ill! Ihe e'<ecj.linn of 
110.· ,·loarg .... ,liH'horll '· nnd "olni. )" rt.'~ri!i n l; 

@" il"'U:lO. Ih ~-;; l' "r,' ~hu"'11 ;11 110 .. l,a, ... 1 vi .'''' o f 
Fis urt 3. 

1
_-......... 
0 ... 0_ 
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tion of terminals. switches, and detector 
,.-. tube is between 10 and 100 M~m, de­

pending conside rably on relative bumid ­
ity . When Illeasuriug resistances of this 
order , e ither an initial reading must be 
mude with the unknown disconnected 
or the bridge Ulust be grounded to the 
C l\HD te rminal. 

A number of difficulties will arise when 
using a high sensiti vit y galvanometer . 
Foremost amon g these is lhe adjustmcnt 
of the ga lvanometer to zcro when the 
selector switch is set on CHECK or 
C HAH CE. The plate current of the 
de tector tube is norma ll y balaneed oul 
of the galvanometer circuit by turning 
the 10 kO rheOSl.aL I'ontrolled by the 
ZEHO ADJUST knob (1IC.'t Figures 3 
and '~) . The fineness of adjustment of 
this rheostat , 8 S de terminell L} its "ire 
t urll8 per inch. is onl} sufficient for the 
shunted internal gah anotlleler . Sin(.-e an 

__ external galvanometer ,.ith a sensit;\' il ), 
of 0.01 ,118 per mtll . is 3 10 times Hlore 
sensiti ve than the interna l shunted gal ­
\' Il nomeler, the fineness of zero adjus i . 
mcnt must be increased in this sa me 
ralio. This ca n be done by adlling a 
secollli 10 kP. rhe08tat shulltell by 250 n, 
as si.Jov. 11 i ll Figure 4, A fi xed resis-tan(.'C 
o r I kf! is pla<..-eu in series "jlh the rheo · 
stat to lilllit this I;Olltrol ttl ils u8C{ui 
range. The two rheostat s are mount ed 
coaxially and arc engaged by clutches 
to the shaft extending through the panel 
to Ihe ZEnO ADJCST knob. The knob 
and sha ft are he ld ill e r,€ah'Cment \\ it h 
the slllHltell rheostat which provides the 
fine adjustment. Wllclw ver Ihe range of 
Ihis (."ontrol is ex(.'Ceued, pressure on lhl' 
knoll releases t his d utch and engages tile 
olher rheostat for a eourSC' conlrol. Di ­
rections engra \'ct.! 0 11 t he panel belo\\ I he 

_ ZE nO ,\I)J U5'1' knob lire sho"l1 111 

FigHre :t The needed improvement olf 
3'10 in l£ro adjustment ;s e(l'lUled or 
e"'t't'Cl led over 0.6 of Ihe comple te 

5 EXPERIMENTER 

mol ion of the shunted rheosta t. The 
maximum rotll tiOIl of Ihis rheoslllt. is 
e(lui va lcnt 10 1\1 0 wi res on the COurSl' 

adjustment rheost at. 
When the selel' lOr switcll is turned 

frolll C H EC K 10 O PEHATE, there is a 

lIIomem ary dillnge in gar\ anotllc ler 
cu rrent , even \\ hell the bridge is exuetl) 
balanced. The resultant ticneclion of the 
ga l \'anomct~'r , while of no COU8C((Ul' IICC 
II hcn the internal ga lvanometer is used, 
is so la rge in the case of a sensitiH! ex­
terlla l ga lvanomeler that it is desirable 
to short iI, \\ h('llc\cr t ill' selector S \I ileh 
is turned. 

With Ihe LOW terminal groulIlled 
(the ordinary IISC of the brid ge), the 
deteclor tube, ami hence the gll ha­
nomt!lt:! r. is 1I00\'e ground b) al'"rO\: i. 

FtGlIIK 3. l'on,'1 \;eo. of ~ TYI'K 5'11·85-1 
\h·gohlll Hr;,IIt" . In 1I.I"il ;l)n 10 Ihe: ~"'l l ch"" 

81 ,0 .... n. I ..... UI IU'r8 can I,{' in~I ;, II,·tI ; ;, ,·j",r!;". 
tli 'feh arl;" S" i (,·11 II ",j " 1'01 u rl t r r,,""r~i III; ~ .... i\o·h, 
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GENERAl RADIO 6 

mately Ih(' Lridgt' \·01l8gC. \11 "x lernat 
ga lvallometer must therefore be in­
sulated from ground and protected from 
electrosta tic fields. 

The voltages supplied 10 tile llclcctor 
ur the TYPE 5·\..-I.P3 Power Suppl y arc 
8ufTicie nlt y well rcgulawcl so tha i tIlt' 
zero of the ;;hunlcll galvanometer does 
110t shifl by 1I10re Ihull 1.5 divisions for 1\ 

linc \'ol tugc chang., from 105 to 125 
volts. Sat isfactory operll iion willi 8n 
external sensitive gal\' lInolllclcr call be 
ob tained by Opt,orat ing the instrument 
frolll a magnetic 1}' I)e \'ohage f('gulntor,­
In C:\1remc cases it ma y Le nc(:cssar) to 
01:H!rate tile detector t ube frO Ill tlry IIIHI 
s torage bat teries. '1'111" bridge vollage l'a n 

always he taken frOIll the a-f' s uppl y. 

CHARGE AND DISCHARGE 
CURRENT 

Much cornlllcrcial insulation S llOl18 

I IIC pllcnornc non of dideet ric a bsofl" jon. 

n OlI fre<llIcll tl y re ferred to as interfacial 
Imi:lfizat ion. t COllimon cxa mples lIrI' 

.. lCe,,,I. ,,, ... ". ,hi, '/'''' . , .. ",.,1 .. b)" ,I.., u .~ ""'''h M.'~. 
~r.c' "'Ul, c;'n"""f. \I' _It 1,. ,,,. I I •••.•• ",1 II ... So·,I., t-:I,elt ... 
c,"""'''l. Chit_!". HI. 

I '~." ... I IC .,I ~' 1':.<1_,·~,~n'ff. J,,,..,. '113<1. 

FU: lJIIK 1. Uillgr"l11 or •. ,".)nnl·di(\n ~ r"r II,.. 

~...., ,lcll:"Cl<>r tnlo ... inl'lndin;! 111<" ;:;alv~I1"H'w"'r 
~hl1nl. 

PLATE 

~a bl c;;, gCllcrators, transformers, ami 
pape r condensers. On t he applica tion of 
voltage and after the flow of (·barging 
curren t to the eoudenser. t here is II s low 
decrcase in clirren t and an increase in 
apparen t resistance. From a kno"ledge 
of Ihe voltage applied 1.0 the bridg(' nlHl 
the resistuTlce reading. Ihe charging eur­
renl ca n be calt-ulatcd. It is somctilllt's 
also desirable to obtain the discharge 
current. This can Ue .Jone by nu'nns of 
the C II A HCE-D ISC ll a r ge s\li t c h 
sho" 11 in Figure 2, which allo\\ s t hc nl_ 
read y (:hnrged condellsc r to dischargt· 
into t he standard resistor N, while Icav · 
ing the de tector t nbe connected bel\\een 
the IV lind A arms. Adj ustment of t he A 
arlll \1i1l bring the gall'anometer relulin g 
to ze ro. provided that the Lrillgc voltage 
has bee I) reversed by means of the rt' · 
,'ersin g sw i\t~h marked + - in Fi gu re 2. 
From the resiS1:IIWc readings of the 
hri,lge the discharge current call be ca l­
culnted . The 1"'0 swi tches just llcscribcd 
,10 not appear in Figure 3, but \' ill 
be placed, the CHAHC ~~ ·DI SC ll arge 
swit ch near the righl si de of Ihe panel 
above Ihe MEGOI I.\'IS dial , and till' 

+ - reversin g sw itch to Ihe right of ti ll' 

II H ID C E terminal s. 

RECENT IMPROVEMENT S 

\11 Tl'I'E 51 ~·B 1\legollll1 Bridges arc 
11 0\' .. upplied with five insulated binding 
posts, tho&e mnrked nHIDCE. LN­
KNOWN, LOW. (;UAUO. This pre · 
~a ut io ll leaves no hi gh volta:;.! terll1inlll~ 
CXPOSC(1. Enlll I hou gh I he maximulll 
c urrClit that ("an hc llnlll II from Ihe '1" ' 1'" 

5-1-1·P3 SUO-volt Pm\l:r SlI ppl~ on shoft 
c ircu it is onl y lZ mil . it is fl'l t IIlat some 
danger ('xisls unless all h i~h \oltagc 
Icrlllinuls ure pro tel'tc(1. 

It has hctoll1/' po,;siblc to obt •• in II 

llIicu I'on tlcnscr ,If .001 J.l.f l'apll~i l all('" 

IHlvillg II ICllkug .. re~i"'illl"C or at It'a;;t 
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100 k \ If!. Such a condense r is nOI' 
",-.... plaeetl betwee n gritl ami fi la men l of Ihe 

dclt'('lor lube ID form \\tt h the 10 \ I f! 

..,fOrteS H·.., istor a res i st tlllce~' :lpal'ittlncc 

filtt'r \\ hich reduces the e ll'ect of a·c 
voltage on the gll lvanolllc lcr readin g b} 
a faclor of four. An al lt·rnat ing voltage 
of 2 vol ls cau t hen be placer! anosl' t he 
UNKNOWN lermina ls I\it hout I·hang. 
iug the galva no me ter zero by more t ha n 
0.3 (Ii,rill ion , e ,'c n wi lli tile M UL 1' 1 PLY 
RY SI\itl'h ~I a t 1000. 

7 EXPERIMENTER 

SUMMAR Y AND PRICE S 
St!ve n modification", of thc TYI'~; 

5·II-B Megohm Rridgc have been dc­
SI·ribell. The COl' t of making ('adl ('hangc 
;s li swd 1)1'10\1. T rilC Tlt llll bcrs ha vc been 
assigm:d to tht' mON' 1'01ll1ll0n (,omLina­
l ions. Wll ile in ;::cncral t he cost of any 
combination is the su m of Ihesc se pa­
rate charg.·s, a rClhU't ion is made for I he 
t llO fIlost I"olll mon 1 ~ df'lIIamlcd. 

- n. F. Fn;1.[) 

Prices for Se[)fIl'Ule Clumges (lml Nfl/ll/xored Combillmi(JrlS 

Ch""f:lP° Priro S,Jf 55 56 57 58 
--- -

l\IlTLT l l'L \' BY 1- 10 512.50 -- -- --
5 11 U,\,T 6.00 -- -- -- --
STD. K~T - I [,\T 6.00 -- -- --
EXT. CALVo 7 . .'>0 -- --
ZE1W ,\ DJL' ST 21.00 -- --
CHAnCE . 6.00 -- --
+ - 6.00 -- -----
"'I::'I' PIII CES -- $50.00 $21.50 S 18.50 $12.00 $60.00 

& n •• I~"a""". '"~ ,10 .. ..,10" .. " "",,.,,,po,, ,1 '" ...... 1 .,,~,.~,n. on h.",.,, :I. 
t '1'1 .... ""Ioi" ..... " TYrll 5·t-' . IIS I ""'~'. ,I .. more ", .mmon " .... of 'he b,;,I , •• ,,,1 h. o I""", 'n I'"'''' " emon,1. 

MODERNIZATION OF BROADCAST 

.IN 
RULE 

FREQUENCY 

ACCORDANCE WITH A 
of the Fc.Jenil Communiclllions 

Cflntll1i i\i\ioll. all nc\\ IJ roaucasl tra ns­
millNs instaHt· (1 after Januar~ I, 19'10_ 
whether for 111'\\ Slat ion;; or for 0 1(1 Sla· 
liolls. \\ill be re(lu iret ll O u;;e a LrO(llieaSI 
frt'(lucncy moni lor suitable for monitor­
ing 01 er tl1I' range 20 0 20 cycles. The 
TYI'E 175-C Fre(lllc nf',Y \l on iLOr a n.lthe 
'fYI'" 68\·13 FrC(IUe nl'y -Ocvia l ion Meter 

MONITORS 

IJesl'rib .. ,,1 in 1111' £tpf-'rilllcflll'r for Jan ­
ua rr. 19 10, arc approved by Ihc FCC 
for Ih is St'r\·ic·c. 

On or before Jalluar~ I. 1912. a ll 
sta nuurd uroulle:h, t sta lious wi ll Le re­
quired to COlli pi) I,-itll Ihe sa me rule. 
Users of ol(ler cquiplllt'nt will. of course, 
wish 10 have il modified 10 "omply with 
l he nCI' spccifica t ions. The !Hringf'nl 
requircments placet J Oil t he pt·rfonna n.' t· 
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GENERAL RADIO 8 

of the 1Il0 nit6f h) the lie', specificat ions 
(:all onl)' be Ille l by using modern tubes, 
,-ircuiIS. lind construction 1l](' lhods.. Con. 
sc<!ucntly, the old T YI'E 575 Piezo­
Electric Oscillator and the Typ~: 581 
FrC(IUency.Devialion \icler arc n OI 

suitable fo r this scr" itt, aod will hal' l! 
10 be replaced bJ Of'\\ equ ipment as 
they cannot be IJlOflified. 

The T'-PE '175·A or -B Frequency 
i\ IOllitors allli the TnE 681-A Fre_ 
quency.Deviation ~lelCrs ean. ho ..... · 
('vcr, be reb uilt 10 Le equiva le nt to the 
!lew 1"\"1'1;: 47S-C Frequency Monitor 
and 1''0'1'£ 681-11 Frequency-Deviat ion 
.. .\ICIer. The modificntion includes all of 
the necessary changes to make the elec­
trical circuit and performance of thc ol{1 
instrument C(lual to the new. and a lso 
involves mechanical change!! which make 
them practically identical in appearance. 
Thc modified units carry a full new­
instrument guarantee , 

New thermostats and thermometers 
for 60° C. will be installed in an)' lIlon;· 

tors now opera ting at 50°, IJCr nlltlmg 
opt!ra tion al higher ambient tempera· ........ 
lures. The the rmostat cirellit will be 
changed to that used in the new meter. 
which prolongs thermostat life. 

The price of the modification is 53 10 
if the c ustomer already hns the low . 
temperature-coefficient Tn'1-: 3'6·L 
Quartz Plate. "If the customer bas thc 
old Tl'I'E 376.JQuarlz Plate the cost of 
the modification including a lIew low. 
temperat ure-coefficient TYPE 376· L 
Quartz Plate is 5375. Special t'olors as 
Jislell fo r tlw /lew monitors call be SliP, 
plied at an additional price of $ 10.00. 

In order that the modificat ion of these 
instruments be carried out with a mini-
mum of {Ie lay to each SUI ion, it is lIeL"eS · 
sary that a production schellule be set up 
and rigid ly adhered to. This schedule is 
now being planned and, as soon as final 
arrangements arc made, t.he Service De· 
partment will se nd romplete de tails to ......... 
each station usi ng the old equipment. 
Please do not return monitors for 1II0di­
fication without fmot writing to the 
Service Department. - H. 11. DA \YES 

DON ' T FORGET THE EXHIBIT OF GENERAl RA D I 0 

INSTRUMENTS TO BE HELD AT THE STEVENS HOTEL, 

CHICAGO, FEBRUARY 12 TO 17 

GENERAL RADIO COMPANY 

30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENG INEERING OFF ICES 

90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARO STREET, lOS ANGELES, CALIFORNIA 
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