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A BROAD CAST FREQUENCY 
MONITOR FOR THE 20· 

CYCLE RULE 
, 

• ACCORDING TO RULE 3.59 * of 
the Federal COll1municn tiollS Commission. 
on and after January 1, 1910. the freq uency 
of each new broadcast sta lion , and of each 
existing station" here a new transmitter is 
installed, mllst be maintained within 20 

cycles of the assigned frequency. After J anuary I, 1912, the frequencies 
of all standard broadcast sta tions must be held 10 this tolerance. 

The FCC speci fications for frC(IUcnc:r monitors have necessarily 
changed as a resu lt 
of the new tolera l1 ~!c 

specifica ti ons IIIUI , 

10 meet 1 hese ne ..... 
s pecifica.lions. th e 
General Hadio Com . 
pall}' has designed 
a lIew visual.type 
frC(l uCnc)' monitor . 

'\ It hough (ullcl ion· 
al ly Ih e sa llie as 
previo u s mod e ls. 
"hjeh have had a 
grea ter customer ac· 
cep tance than any 
other make. this new 
monitor has a betler 

• Ru'" ..,~ ..... inl S 'ond • ..! 
u .... <k .. , Su,ion .. 

FICI! HEI. Pand"ie"' of 
Ihe LroadcaSI fn."<tuency 

monilOr. 
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GENERAL RADIO 2 

preCls lOII of readi ng, bc ucr accuracy, 
UIIII hell er slubili l ~' . Ln addilioll, it in ­
cludes a Ilt llllber of improvc mcnts v. bich 
conlribulC 10 increased eu;oe of operation 
and deueascd mainlenall('c, I I is dc­
signerl for easy installa t ion 1I lid simple, 
trouble-free ol)Cral ioll . Provision has 
been made for !l tod,in~ 11 lIumber of 
s tandard panel fiui shes, ami specia l 
fini shes to ma tch ot her e(l uipmcnt cun 
also be obtained. 

Thc cUlIlple t,e ,'islI lIl.l ) I.IC frequency 
lIIonil or c(tIlsisls o f ( I ) T~I'E 47S·C 
FrC(IUenC) \l ollilor, "itl. a TYPE 376-L 
Qllartz Pla te and (2) T",.,; 68 1·8 Fre· 
(Iucnc)' Dcviu t ion \lct cr. T he function 
of the frequency monit or uni t is to pro­
duce an audif)-frequcn"~ beat bel\leell 
a standard frc(IUency oscillator and Ihe 
transmitt er. The frequcnc) lle \' ia lion 
m ete r ilHlil'utcs the deviation of the fre­
quellc." of t his beat fro lll II standard 
IOOO-cycle ,alue. Tbe pr(M'CSl! is sho" 1\ 

functionally ill Figure 2, 

TY PE 475· 8 FREQUENCY 
MON I TOR 

Tht' sdh,' mati<: cin'uit lliagram of 
Figure 3 $ho .. s the !>(' , eral clement s of 
the frcqucm') monitor tluit : a piezo­
elec tric oscil1alor, a hufTer amplifier. on 
lll11plifier ror lilc IranSl1Iit ler ,'ol lage, 

[lnd a de tector for prorilicing Ihe audio­
frequency l.wa L. 

The cirell i I of t he (' rY811l 1 oscilla tor 
till S 5e\'era l interest ing fealures which 
\'un lribu te 10 a high del:, .... ee of frequency 
sta bil;t ),. T he frequenc} depends on ci r· 
cuit ami tu be pnrameters 1.0 a far lesa 
degree thnn in lILost circuits. No tun ing 
iIl J uct.a lll·e ill uscJ , and t he tunin g COII ­

dc nsers, CI and c.,. have 0 111)' a mi nor 
effect on t he frequency, which de~lHls 
allllOsl llomplc tely upon the quartz crys­
tal. _For ins tance, a change of 25% in 
Ihe clIpllcituncc of Cl nnd G.t protlutes a 
j' hange of ollly 6 rmr ts in OIlC million in 
Ihe oscilla tor freq nency. Condenscrs C1 

and C, arc locked at the faclory and no 
panel tll lli ng controls II rc neccssury. 
T his oscill a tor eireuit lI al! Ilevelo j:leJ in 
the General Il adio la bora tories and is 
used in Genera l Il ad io pr imary ami 
seconda ry frequency s ta ndards for Illoni· 
toring the fre(luencies of flulio sla l.ions 
I;y the Uu ited Sta tes and foreign govern· 
ments, 

T he quar tz pla te, TnE 376-L, is cut 
10 ha" e a low tempera ture t.:oellicicnt 
:111(1 is moun t,ed in a d us l 'proof. air.gap­
ty pe holder, The te rn pcnt tu re coc/ll \·ie llt 
is less than 2 par ts l)Cr mill ioll per degree 
C'.c ll tigrade, 3S is ShOll1l !,y t he plot of 
Figure 5. 

The tempera ture of the pill te is held 
to ± O.I, degree Cent igra de by a ICI1I· 

!'I(a MI!: 2. f'ulIl·tiolllll !.Iock d iasrum of tht monitoring I,.Slron. The frequency of tbe monitoring 
cr,~ La l call I.e .. ilher a l""vt or 11t."1o .. ttl~1 of Ihe Iran"mitler, l ince revening ! h f' Indl of Ihe 

il"liCP ling mder re . ('"n,~ Ihe dirttlion or 110., de, illl i..,,, ind icllt i<)n. 

1-------- ---------1 [---------1 
I I 1 IIoMPUFIER 1 

I CRYSTAL DETECTOR I 
I LlATOA AN O 

AMPUflER 

I "'lll, I 
'" ;J AMPUFIER ":::t ~-;. 1 

I 
I 
I I L __ TY~475-C FREQUENCY MONIT~_--' 

AMPLIfiER ., I 
I TYPE 68c8 I 
L!REaUENC..!....?EVIATION ~ETE~ 
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3 EXPERIMENTER 

...... ",.. -1-

~ FW W 
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. "" JrF- ~ W- ~ f ~ li",. .. .. " . . . . , 

OII"I$TA, A"'LlflU AWPLJfOU 0[' ! C10fl 
OSCI Ll ATOII 11' .. ",., .. ,,,-..., 

F,CURE 3. Schem alic circuit diagram or t he T yl'!> HS·C Fr~" lucncy Mon;tor. The metcr M , jn 
t he diotic .. ireu; t ;Ildi"at e& th tll cvc l~ of tile sjglwl ~ {rom the erys ' ,,! oscillator a mJ the I r"n~m j lt cr. 
Addiliolla l 001111101$ (no t 8hown in the d iug.""') on the [m~h lJU l lOllii ~ l l() rt cin:ui t I hI' utll ier '" hen 

nei ther [lIlllon ;$ • .kl' rCllk'(l. 

pera ture-coutrol system, so llant no 
appreciable variation in frequency with 
temperature ca n occur . Very lillie re­
straint on the \·ibra tion of the plnte is 
in troduced by the holder , so th a t the 
plate vibra tes freely . The heat·colllrol 
circ ui t is arranged SO that the mercury 
thermosta t breaks only a very 8111all 
current, thus prolonging tbe life of the 
thermosta t . 

Tbe crystal amplifier reduces the load 
which would otherwise be illq:tOsed 0 11 

the oscillator aud , by isolating the oscil· 
lator from the load, prevt!nts the 
ooupling to the transmitter from affect­
ing t be amplitude and frequeucy of the 
oscillator. The amplifier for the truns­
min er fretlueucy preveuts any volta ge 
of the crystal freq uency from gelling 
into the tra llsmitter circuits aud pro· 
ducin g modulation at 1000 cycles. I .ooser 
coupling to the trallslUiuer can be used, 
and tbe monitorin g voltage can be taken 
directly from the tTausmiLler erysll!1 
cont rol unit. For trausmitters usin g low­
level modulation, this is essential. A 
meter on the panel furuishes a IlOsitive 
indication of correcl signal level from 
thc tra nsmitter a nd from the crysl'al 
oscilla tor. Tbe leyel from Ihe tran s-
millcr is read lJy pressing 
labeled TRA NSMITTEH . 

the bullon 
When tbe 

rcadin g falls ,,·ith io the red ran ge 011 
the scale, the leve l is correct. Similarl y, 
pressing the MON ITO H but.1ol1 gi\' es 
a ll indica t ion o f crysta l oscilla tor leve l. 
The samc rell range on the sca le is used . 
Means for adjusting the illpu t to bOlh 
amplifiers are pro\' ideJ bcb Lnd the 
pailci. Tbese insure correct couplin g 
wben the monitor is installed , prc \'cnt 
false reatlings due to ovcrloatling, a nd 
grea tly (acilitate maintenance, without 
II nllccessa ri I r com plica till g tbe ope ra lion. 

TYPE 681· 8 FREQUENCY 
DEVIATION METER 

Li ke the frequcncy 
frequency deyiat iOIl 

monitor unit, lhe 
mcter is func· 

FtC\JKI> .\. T he iligna t.levd i,,,l icu lo r on Ihe 
frt,queney monitor lI"i t. When Ih,: ;Il l,u t I.w!'! i ~ 
co rrec l, Ihe meier reuding i ~ within l he r t'(/ 
(shown hlack in I lle I'hologruph ) ronge ou 

the scale. 
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GENERAl RADIO 4 

~YS'T[" 

F'C!!H"; 5. Schelll3 tic circuit ,Iiagra,u of the '('''I 'K 68 1. 1) Frequency Deviation J'.leler. ' I he 
"ulolluu.ic; \olumc coulrol eliminates the need for a manu .. \ inpu t eon lrol. 

tionally the sa me as previous models 
(see Figure 5) , but has been completely 
redesigned in tho5C details which pro­
,llIce grea ter accuracy and case of 0l><:ra­
lion. 

Owin g t.o the requirements of a nar· 
rower deviation range and increased 
precision of reading, errors of indicatioll 
have necessarily Ocen made very small. 
This has been achieved by maklng the 
response morc nearly lincar and the 
circuits morc stable, and by reducing 
harmonics of lhe beat Crequency. The 
linearity of t be (requency meter has 
been impro\'cd by using a dual sharp. 
ncss -oC·re sonan ce contro l (marked 

FIGURK 6. Frequcncy dcviations are indicated 
On thill meIer, which can I' e relld to helle. tlilln 

one.hll lf cycle. 

Ll NEA HITY in :Figure 5) wbidl oper· 
ates on both tnned circu its simulta· 
neonsly but. in opposit.e senses. Beller 
stabilit y is obtained through improved 
constructiou o( the tuned circuit in· 
ductors and capacitors. Lower distortion 
ill the amplifier tube anti the inclnsion 
of a low-pass filter greatly reduce crrors 
caused by waveform. ~ 

The A·V-C system replaces the man­
ual level atljustment provided on older 
models. By usin g a large delay voltage. 
satisfactory operatiou is obtained o\'er 
the sa me limi ts formerly attainable by 
manual adjustment. Constant input 
voltage to the frequency deviation meter 
is held over a beat.frequency am pl itude 
ra nge of 0.5 volt to 8 vol ts. This mean s 
that, a fter the monitor has been in· 
s talled, such faClors as cha nges ill line 
voltage. changes in the adjus tment of 
the lransmitter, and aging of tubes and 
circuit clements wi ll not affect t he 
accuracy of the IUc ter indica tion, and 
no corrective adjustments arc required. 

On ly two controls are necessary. thc 
mech anical and elecLrica l zero settings. 
Boll. of these a re screwd river alljusl-
ment s accessible fro m tbe pauel. T he 
elCI!trical zcro adjusllllent covers a ,........." 
range of ± 40 cycles. The imlicatillg 
meter has a rauge of - 30 to + 30 cycles. 
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GENERAl RADIO 4 

FU:;!JHK 5. Schemat ic ci rcuit uillgra m of the T YI'K 68 1. B Fro.,qucney D evia t ion MCler. The 
"ulOmn li.:: l·ol"m.:: control dirn inut Cli the need for a malluul inpu t t.'Ot1 lro l. 

1tonally lhe SlI lIle as prev ious models 
(see Figure 5) , hu t has been completely 
redesigned in tbose details which pro­
(itlee grea ter accuracy and ease of 0l>cra­
lion. 

Ow in g t.o the requirements of II nar· 
rower deviation range a nd increased 
precision of reading, errors of indication 
have necessarily been made very small. 
Tbis has been achieved Ly making the 
response more nearly linear and the 
circuits more stable, and by reducing 
harmon ics of the beat frequency. The 
lincarit y o f t be (rC(IUe ncy me ter has 
been improved by using a dual sharp­
ness -oC-re sonance control (ma rked 

FJ(;URK 6. Frequency devia t ion~ a rc indicated 
011 th i", meIer. which can Ilc rcad to hetl.er th"n 

one_balf cycle. 

Ll NEA HITY in .Figure 5) which oper­
ates ou both tuned circuit s sim ulta­
neously uut in opposit.e senses. n ett er 
stabil it y is obtained through improved 
construct ion of the tuned circuit in­
ductors and ca pacitors. Lower distor tion 
in the amplifier tube and the iuclusion 
of a low-pass filter greatly reduce errors 
caused by waveform. ~ 

The A-V-C system replaces the man­
ual level adjustmcnt providcd 0 11 older 
models. By usin g a large delay voltage. 
satisfactory operation is obtained o\'er 
the same limits formerly attainable by 
manual adjustment. Constant input 
voltage to the frequency devia tion meter 
is held over a beat-frequency am pli tude 
range of 0.5 volt to 8 vol ts. Thi s means 
tha t , after the moni tor has \)een in­
s ta lled, Stich factors as chan ges ill li ne 
volt age. chan ges in the adjus tment of 
the transmitter . aud aging of tubes and 
circuit clemcnts will not affect IIJe 
accuracy of the meter ind ica tion, and 
no corrective adjustments arc required . 

Only two COli trois arc necessary_ (he 
mechanical and electrica l Zt~ ro scllings. 
Bolh of these a rc screwdriver adjust-
ments accessible from the panel. T he 
e lectrical zero adjusllllcnt covcrs a I""' 
range of ± 40 cycles . The indica tlllg 
metcr has a raugc of - 30 to + 30 cycles. 
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GENERAl RADIO 6 

MOOERNIZATION OF OLDER 
MONITORS 

Bch,cell now Ilnd January. 19 12, 
Ulally users of the older models of fre­
quell~'y 1II0nil(lrs will ,\ish to ha\C them 
modifictllo comply "itlt the new rules. 
No modds ur the old TYPE 575 Fre­
qUellcy ) 101lil0r5 or 'r"p" 581 OC\'ialioll 

_\lelcrs cun be modernized. The TYPE 
(i~ 1 D~\'ia l ioll MeIers a lso CI111110t be 
brought into compliance \\jlll the neVi 

rule. lI o\\c\·cr. a program is now bt:illg 
worked Ollt for llIodcru izing the TYPE 
~75 Frequency .\-Iollilors, anti a trade ·in 
allowancc arrangement will be made, if 
practicnlilc, Oil oM Tn'E 61H De\'ialion 
J\ le l.f!rs (limed in for new OIlCS. D e tails 
of these pin liS ",ill be announccd later , 

- J. K. CLAPI' 

SPECIFIC AT IO NS 

Fr'Qu.ncy lIanl' : ± 30 (;}dN. 

A"uflcy: \rh .. n r C(;"';I",t! , ±e 13 pllrl , in on~ 
milliCln : ~n adjus tment id provided 10 bring Ihe 
re.ding into ayrec 'ncnl with monilori"g ~ tlllion 
me.~uremenl •. 

Vael/um Tubl s : The (QIIQ"'i,,!; I"he~ are reo 
q"i.,.d lI"d are , ,,pplied wi lh t he illitrumenl : 

1 - 6J7G 
!? - 6AC7 
1 - 6HiG 
J - 5V4G 
2 - WilG 
J - 6V6G 
2 - 6116G 
1 - VH- IOS- 30 

SI I b lilly: ±S I'~rl s in 0"1' million. 

D C8C";pliOIl 

\ ' i.lltlol·'I'n>e "'retltlene), Monilor 

Cal/pllnl 10 Tran $m illu : The monitor 
mu~t he COUI,Io:tl 10 the IraoJlrnitler a t II looilll 
" 'here Ihe currier i~ Imm(ldulatelJ. O uly u 8mllll 
degree of Cllpacitivl' couilling i& rClloired. A 
oo"I,lil1g "ire is luoviJL..:I in the OOllnCC::ling 
c .... e ill l'l,lied ,,-il • Ihe mOllitor. 
AUIS50r!es Supplied: ea"ne<;ling Cll hl e11, 
,.ilot light~, a",1 (" ~I'it (with 81.,nrc.). 
Power Supply: 105. 10 125·voll. 50· to 61'· 
cycle, a-c I;ue. 
Powu IRpul: 175wllttaw;lhlu:lllolI . 
Mounllol : S llIlIdard 19 · inc h rellly.ruek 
IIUllcl~. 
OI"'lnlloos : Pllncl. (Ienglh) 19 x (height ) 
22 ~ im:itee. ltehind panel, (lenglh) 17h x ~ 
(bciSIIl ) 22~ x (depth) II ~t iudle&. 
Ne l Wellht :95 1IOuutU. 

Cod(' Word Price 

OI!;\"OK i560.00 

' ·bi. ;""""nen';' .... nuf."" ..... 1 .,,,1..,101 ,,,,,I.. ,he Fo'lo>wl". 11. S. "".n" and llu..., a,_b"'''.: 
I. ".,.,,,.01 .... A, .... ic . .. ' r ekpl,,,,,,, ... d ' f .k, •• pb ColD,,,,,), ...... 1,. fur ~, l~p ''''n in _.",b. i''''c. , i.a''Ud, "' ... u ..... 

.... "" 'et ' ;n" ;"U,uo;'"ID .nd d.~."",,,,,,,,, .. ·(><~;n ptI"" and ' I",IOed .... n"". 
2. I' .,.",. aft" I*,cn, applica,lono of 0,.. C. 'fo'. I·;.,. ... pe".iuib, '0 pie ... ..,Iec' rk ur".100 a"d ,holt ......,100,,",, ."""., •. 
, . I'ar.", ' II. 1.\11'1.31 5 . 
.... I·. ' cn' No. 1.%7,1a.. 
5. I'. ,,,,,. No. 2.012.197. 

ONE CY CLE PER SEC OND FROM THE INVERSE 
FEEOBA CK OSCILLATOR 

.IN THE RESEARCH LABORA · 
TOR Y there is rrCflUl'lItiy a lIeCI I for a 
generator of freque ncies \\ell bdo\\ the 
15 (It 20 c)dcs per 6CcolI(l that is the 
usal,lc low.frc(IUCIlC} limit of mos t 
audio-freq ue nc) oscillators. 

Good r.J(:I\\cr outpu t mul good wave · 
form at these "cry 10\\ fre(luclicies can 
be ohlllincd from the TYN: 608- A 
Oscillator· by using an c:\tcrllul range· 

('x le nsiOIl unit. ExlensiOIl of the OI}Cr· 
Ilting range to low ' frequcncics is mudc 

l:IOssiblc by the IInit lue in \'c r!\C· feedbnc\.. 
circuit t used in this instru/llent. 

The m\(' illator is lIonmlily opernlcli 
by "IClUl I! of a series of pllsh buttons. 
Ilhidl provide oscillation at anyone of 

· U. II . .s... ... " A 1.., ... · O j" .... , ..... o.,..;Uu""." ~J ~ 
ItnJ;" &_1",,,,,,,,,,. Volume X III . "'0. II. A,..il. 1939. 

I ll . 11. s",''' ... " N~ ... Tr." o( S.I«-,in O"'"i' . "J s..- A,,,,I;...,..,. ..... I>~'nf> oj ,j,o Inu" .... '" RnJ,'~ 
E"~I_ •. \ 'olun .. U. l\, ... 2 • • >p. 226-2li, t·~b<""r. 1938. 
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'17 frequencies throughou t the audible 
rallb't'. The unit is also etluipl)Cd "illl 
jad..s, allo ... in g ol)Cralion of the ri rcuit 
at \'8riOlls olher frcque lwies, and Ihis 
has pr(l\'ell 10 be a mOSI adva ntageous 
feal ure gince nol only are ollll!r frc· 
'Iuclwies I,i tlli" the lIorlllnl range avai l· 
able. hut satisfactor) operation ca n he 
allni llcd at frequencies fa lling consider· 
aLly outside of this lIorlll a l range, pro· 
I idcd some slight sacrifice in purity of 
wa ve form ca n be lolernlcd. 

A good example o( the usefulness of 
Ihe o>leiUator a t ler} low fre«uencies 
occu rred recently in the Ceneral Hadio 
laboratories, duritl g \lork on the design 
of It \· jbratiou meler " hieh ... il l ha\'e a 
flut response {loWII to 2 or 3 c}'cles IJer 
second , Slidl response is not diJTlcult 1.0 
SCl'ure in cases \I here only a moderah: 
amounl of amplifil'aliou is re,(uired, bU l 
in Ihis application the high degree of 
l!CnSi li\'itr required a high·gain lIIulti · 
Singe amplifier, and, obviously, sollie 
sa tisfactory mellllS \I/'tc required for 
mak in g exact measu remcnts of its gain­
frellucncy characteristics. 

\/1 auxiliary unit containing the neec!'o· 
I!a ry high resistances for ol)Cra lion of 
the osciJllltor at 10\lcr frcquenc ies \\a ... , 
t herefore, I.:onstrucled ami arranged 10 
plug in lO Ihe Sl.1Uld ur,1 ,!" ,,£ 608_ '\ 
O"cil1ator, 

f'IGlRI[ t. Sho"ing II ntn{:f" 
t' I f'n~;ftn un;. (·.-."n.~'H'd 10) 
lh(' 1'\'1'1[ 608· \ O-e;lIlIlor, \ 
jack 11 1 1I1l~;I!o l,ro\;<i{'41 ill Ih .. 

- o",·;I1"t" .. , a"d Ihe u"l~ IH'I'· 
~8I1r}' mo,lifiCll ti", ,;~ .he holQ 
in .he """'r ." ",/m;' th" 

Jllng, 

7 EXPERIMENTER 

In sc\'C!rlli applicil lions ... here 1'l lS_ 
Illmers ha\'c requirel l ,,()Ccial IOIl.frc· 
(Iuellcy oscil1alors, ntlachlllenu have 
l)Cen built fo r t lte TYPE 60S·)\. One of 
these is shOll II in Pigure L This par. 
t icular mode \. TYN; 608··U)0. operaleS 
a l 7, 8, 10, lintl 15 c}cles and l'ltn be 
allachcd to all} 'j'YI'E 608." Oscill nlnr 
wilh 110 change,; in Ihe uuil exccptin g to 
cut 11 slot 111 Ihe dust cover to lllll)w 
pll8sage of the cllble, 

The (litTicult ie8 of accurate harmoni,' 
measuremen ls al slich low fre{lUencics 
ltal e made it impractical thu s fu r to 
determine qllaulilillil'ely Ihe 1'I(' Iu ai 
ha rmonic content of the oscillu lnr wa\'C­
form when openll ing Itt sucll 10'" fre · 
quell('ies, There is no re/lson 1,0 (,elie \'e, 
hO\l e \'er. that il shou ld be seriousl} 
\\'orse than a t highf"r frequencies, Sll 
lon g as the 5000-olull output circuil is 
IISCII, .. hieh .Ioes not invoh'e the lrans· 
fo rmcr, Certain ly, for most labora tory 
uscs at these frequencies the purity of 
wa\,crorm is enlirely sat isfactory . Fi g. 
ure 2 siJo"s oscillograms of the ou tput 
of the osci lla lor at several frefluellcie8 
bel ... cen one nnd 10 cycles I>cr second, 

T lm s far the re(lu irement s of ,·us· 
IOlllers for c(l uipmCnl of this ty pc hn\'e 
IJecll so \'lIricd Ihllt 110 standard {Iesigns 
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are being carried in stock. Special range· 
ex lc ll siou uni ts of Ihis type can, how. 
eve r, be built to order 10 customers' 
specificat ions. The ('061 is depel1llellt 
UpOIi the !lumber of frequencies required 
ali(I the value of the frequenc ies. The 

price of the unit increases as the fre­
quency decreases. due to Ihe higher I""'. 

values or the precision resistanccs re­
quired. Correspondencc regarding YOllr 
particular re(luirement s is invited. 

- II . n. SCOTT 

MISCELLANY 
• THE NEW nroa~lcas t Frequency 
\I oll ilor described in this issue wns de­
s ib'11e(1 by J. K.Clapp, II . n. Hollis, amI 
P. K. ~ l eElroy. 

• AN EX HI BIT of General Il IHlio 
apparatus \\ ill be held at the Slevens 
1I 0tel. Chicago, from Febnwry 12 to 17, 
1910. This is to be a working display of 
equipment as it is used in typica l appli-

ca tions and will include many new in· 
struments. Experimelller renders arc 
cordially invi ted to attend . 

• AT THE DECEMBER 15 l11eet ­
ing of the Bos-ton Section of Ihe Ins titute 
of llad io Engineers, Dr. W. N . Tuttle 
a(\tl Dr . D. B. Sincl ai r of the General 
Radio COl11pan y presented a syn1]}()S iul11 
on '1' \\ in -']' Nu ll Ci rcuits. 

GENERAL RADIO COMPANY 
3D STATE STR EET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 
9D WEST STREET. NEW YORK CITY 

1000 NORTH SEWARO STREET. LOS ANGElES. CALIFORNIA 
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