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A TIME/FREQUENCY CALIBRATOR 
OF IMPROVED STABILITY 

'rhe Cu it 'rime/ Frequency Calibrator, 
TYI'E ]-213,' , 1 is a uu iqllc instrument. 
Seldom U3VC seven electronic tubcs done 
so much in so ~mlll1 a package alld :11 so 
low 11 cost. In less than .K cubic foot it 
provid(.'S all t he fUIl(;t ious of a secondary 
standard. 

The circuitry and the dcsign of this 
compact, little instrument have fe<:civcd 
a continuillg atten t ion, buth in our OWII 
I:lboratorics Ilnd :\mong our cU!;wmcrs, 
with the n 'Suit Owl its performance has 
Uccn pcriodicHlIy improved as new 
methods and components bc('ame flxail­
able. T he latest. design, 'J'Y1'E 1213-0, 
embodies a new quart 7, crystal and its 
associuk'(\ oscillator ci rcuit, lugcliH'f 
with an impmved 10- 1 ivl e muitivibrator. 
With these improvements, the short­
tim£' stabiliLy of the output fr(''(ltiencics 
i::; incrc:I!;{'(1 by :l. whol e ordcr of magni-
111de and is now better than 1 part in 107. 

The now circuit. Imu desil!;ll fC:ltures 
are described in this art icle; t he b:tlance 
of the instrument is identical with that 
de8cribed in reference 2. 
'llobcrl U. Tlith","nd . "The 1'"il Cry.Utl o..,;n.t"r." 
G",,""'/ R"d.., E""....i.,t.e'dn'. Fcbrunry. LlM2. 
"n. W. Fn",k, F. D . [..,.I'i.'. "The 'PYp~ t21~C Uni l 
Ti '''efl'rt<tu~"cy C~]ibrat.or," G"" ..... l lind;" E",,,,,.­
mrnk?, June 1056. 

BASIC CIRCUIT SYSTEM 
AND ITS FEATURES 

Figure 2 is a block diagram of the 
redesigned instrument, The circuits COl]-
5ist of a ;j-Mc osciliatm' und frcctu('llcy 
dO\lbler, which Cll11 be set against WWV 
by uS(! of It ['adio rcceiver or ap;11inst 
Il locll.l stnndl1rd. Three Illuitiviumlors 
nrc us(,'<.1 to producC' t.he stnndard frc­
qtlcnl'ics of 1 Me, 100 kc, nnd 10 ke, 
which nrc available at a cltthodc follower 
for time caliurat ion, The four stnndard 
fr(.'qllcllcics also genemte harmonic spec­
tra. which ('an then be fed 1.0 ex ternal 
systems fo r l'nlibmtion or mixed with 
externnl1y gencrated signliis to produce 
a bCHt note within the instrument for lhe 
clllibmtion of cxterlllllly produced rf s ig­
nals, Thus, the inst rument CIl.Il be 
used lo: 

I. Calibrate the time axis of oscillo­
scopes. 

2. Cnlibrate receivers in frequency . 
3. Control Lhe timing of external 

systems. 
4, Caliurat.e osc illators by either Lis-

5.'l.jous figures or zero-beat l.ecJlIliqucs 
nt. any frequency from 10 kc to at least. 
1000 i\ lc. 

Fill""' 1. Po" , L vi ..... "Ilh Typ. 1213, D Unit Tim./f,.q ... "c., c"n"'"to, wllh T.,p. 12D3-8 UnU Pow" S"ppLy. 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



" 

~ GENERAl lAOIO E X " El IM~NT E R • 
5, Calibra te (and mon itor the cali­

bmt ion of) high-frequency oscillators 011 

any fn:quency to n liigh tiegl'ccof nCClIra­
cy, In t his a pplica tion :t standard signal 
generator i~ firs\. calibrated by t he 
st:tnd~lrd fn .. 'qllcHcics and then \ 1Sl.>d. to 
permit l)I'cC'isc offset of Ihc harmoniC' 
series. 

The pcrformllllce of this instrument 
Itillgl~,". !l.S \\·j-th any rrcqucnl'Y Sl:U1d:lrd , 
upon the f;horL-tcrm frequcncy stnhility 
of t he oscillntor. In most cr.r:;t~'\l osci l­
btol's thc chief facl.or affecti ng the sta­
bility i!l \.f'mpcrllllll'('. To minimize fl't'­
quencr cb:U\~t's ca llSi.'{1 by tcmpel':lture, 
two method:; an~ :w:lilable, One is lhc 
lISC of :I temperfltU1'I'-controlL(:d oven, 
lhe uther Ihl! llse of II crysta l with an 
adequatdr lo\\' tempe m l ure coeffi cient 
of frequcncy. 

The cOll\'cutional method is to COII­
trol t he tl'mpcra ture of tll c nY'st:\!. CH-
1"51'; elaborate OVl'ns arc used, however, 
the t.emperatu re of the crystal wil l cyc::Je, 
rt.'sultillJ!; ill eye'lil.: \'ur'iatioHi) of frl"­
quclle:.", If \'ost U!' :<:i ze is important. 
sma ll OVf'rlS, usually \\'1111 bimetallic 
I.hl'l' lllustalR. IUll>; t bf' Il sed, ' l'emperatu rc 
('yeling is of tht' Qrder' of ± 1°C. with I'C-
5ullin!!: 1)l:riodi(' fn:x l'JCney variations oi 
tI..S much :t.'; I ppm. The c .... ding elTcI't is 
plll'ticulady umksirahlc when t ill' uni t. 
is to be USN :I.:; u tr:llI"fcr oscillator with 
refcrencc to WWV, bt'cuusc th(· rate of 
variation Cll!) he as gre:lt 11.') 1 ppm per 
minute, 

'I'hc ;.;cconJ method rL'<luires t hai the 
crystnl have n loll' temperu lul'(' cocfli­
(:icnt of frCt]UCIH:Y (Iver the entire con­
templated mllgc of operatillg tempera .... 

tUl'C. Because there is no temperature 
cycling, there will be no rapid ch:mges 
in fl'equcllcy. After thermal equi librium 
has bccn reached , the temper:l ture of 
the crystal c:tn be made quite sl:lble 
over sho1'1 periods of ti me , This shol't­
ten n ;;tability can be increased by t he 
addition of Ihel'mal inert.ia 10 lhe cr."stal 
unit. Stabilities of a few parts in 108 PfJr 
minu te arc possible. with a tempernturc 
coeffi ciellt, of I ill !07 rc for the crystal. 

Another des ign object.ive is t he reduc­
tiou of warm-up drift. Th is CHII be met 
if the t ryst:1l is kept a L ambicnL tf'm­
pemturc 01' if t hc cryst :d tcmpf'l'atul'c 
I'ist., is kept \'my low. The high compo­
Tlent density of modeI'll vlIl'uum-tuhc 
illstnlfJ1cnis makes this diffi t' lil t without 
till' w><' of fOl'coo ail' ('ooling, find forced 
ai l' cooling lll:lteriHUy adds to size, noi>le, 
weit!ht, and cost. Tlw Ul'lC of transistors 
\\'ou ld r(.'(luce the tf'mperatUl'l' risc, hu t 
a t pl'l.!sent t he ir higher cost will nol, per­
mit thei r usc in 101l'-pri(:('(.\ ins trument;;. 
As a conS(,'<"luence, the crystal ;;holiid 
IU1\'e a \'cry lo\\' tl'mperatul'e coefficient, 
I\ot on ly o\'cr its ol~rali.lIg rnnge, but. io 
it.s warm-up I'IHlgf' :18 wel!. 

Thc l'l'ystal fo r the TYI'E 1:?13- D Unit 
Time!, FI'C<luency Ca libratol' was dc­
si~ncd fM an operllting mllge of 20-GO°C. 
After thermal f'quilibrilllll has beel! 
rcaclH'd, the cl'.\'st:ll t.emperature is ap­
proximately 20°C higher than the am­
bienl. This determines a n ope m ting 
ambient range for the instrument of 
ODC to ,lQoC, Figurc '\ ~ hn\\';; the fre­
quency- versll~ t.empera.lllrc ch:u!).c tcris­
tics of the crystal. The solid lin e sholl'S 
the idcnl des ign cha r:lctCl'istics, The 

Figut. 2, 810c~ diog.om of Ih . ca llbra lo., 

,~ -
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dotted lines show the upper und lower 
txtrCIllCEI due to mnllufu<: turillg toler­
filll'('8. The tcmpcnuure c()('flieicnt is 
snl:l.lI :\l h'ffivcmtures down to 01)(" 
which fultil1~ the requiremCllts for low 
war m-up drift from the 101l'('s l amhient 

tcnwcntlur{' for whith the inSlrullwll1 
is opcrn livt,. An additional requirt' lIwnt. 
i~ th:ll lh(> crYin al :wt ivity should be 
constllnt 0\'1.'1' til(' entirf' 1f'IIlJl('rat1ll'C 

nLll(!:l'. Thi" combinllliOIl of rCtlu irl'­
men!" makC'S the manuf:ac l ur(' of tht' 
cryl'lud IIII;l quite diffi(>ult; ill ftlCI, i ll 

.-.omc illMllIlel'!' dips in act.ivity near 0"(, 
t:111110\ 1)(' Iwoidcd. The activit ," ;11 ('~' II ­

!iall:\' con~l:l ll t above 5°('. This meun8 
Ihlll, if the inst ru ment is tUI'IlL't1 011 at 
0"(, arnhil'lIt , til(' oSI:i lbtor 11M)" not 
st art ull lii the crystal h:J.s wlmll('(lup 10 
over :'j0C'. This will require nhout :) t il 

III minute'S or warm-til) t imt', Tht'rllltli 
l'fIUilihrium will he re:ldl(~i ill aI/ou t 1 
IU)llr, Thermal insuhtinn nmlllld the 
I'ry~wi unit wag added 10 {,\ imin:II(' rapid 
l'h!lHgt~ ill l:ryslul lemper:tI Ul'c cilU!!OO 
hy draf til. Tlt i;s improvf'(1 tI, (> minu te-to­
minute slahi li'.\' by abo u t OIH' order of 
mav;nitudc, 

I I h:18 been pointed ou t ntKH'C 111:11 
the tcmpcr.l lu re r i;;c fil t he l:rY8tl1i is 
ahout 20°C owinV; to t he power dis.. .. i­
pllted within the ill!'Irument. In t he 
>'wil('hi np: provided for t he 8Cveral ftllll . .'-

FIIIII'. 3 . EI.m . .. '...., .~h .mol l< of ,h. "","01 0,_ 
.ili ota... 
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tions of the instrument, lOfl.ds arc 
suhstitu tcd for r ir('lIil-l'l nO! aCI ive. so 
thM the total power input to the in.stru­
ment remains ('llll:>lilnt, 

The pl:\ tt' supply uf lhe u;scillal or i" 
rev;ulflt cd to n .. 'tIUet' the dTed of ± IO% 
l iH(~-voltage \,!l rillti OIl~ to an ()qninti('nl 

fr{'{luenc,v sh ift of k'i\S thllH J x 10,11 
whcli th ... i ll eXpCII~ivl' TYl't, 1:?03-B I' ni t. 
Power Supply ill 1Ist't.1. 

Wit h the Ilt'wly dt'!oiigl1ed o!iI'ill:lIor 
alltl l'rystal, t he 0\'cr-311 tlt:lbiiity of the 
unil is ooUer t hall 10 ppm for six 
months. and whcn thi~ l\Cellrt\C~' is MiL-­
quate, 110 ('aliilratioH agains t :\ pr('('i:.e 
st:lI1darJ i,. Ill·\,CAA:.ll'Y, J( hi!(hl'1' :H:cunu'.v 
is Heeded, t ht"' l'rysIl\1 ('un be l':l1ibnl1ed 
:lglli llSt ~Ul!ldanJ-frt'quclH'r radio tmln;­
mission ( \\1\\1\ '), or fl llot her frequenc .... 
i'lttl..nda ru of Rdl'{jUflt(' :lecunwy, immedi­
ately before ils u~c , Witlt this tmnsfer 
method. frequency IllCllI:'I'l'emenlS and 
c:llibralion to nhollL 2 x 10': :lrt· !)rac­
tical. 

CIRCUITS 
Os cillator and Buffet 

A .'" ...... ).'It- crystal eontrolR thcSrcqucllcy 
of :l triode oscillator formed h,v the 
&:recn grid, rontl'Oi !(l'id, lu,d cathode of 
11 pt'lItod(', A panel eontrol for fr('{luclley 
iii l.':l libratt~1 in ppm illl'rl'IIWlllfti frt.'­

qucllcy dt:lILJl;l' , \\' I!PH unknown fr('­
<lucllcic::; ncar 7-cro 1)(,:1t ftn' Iwing mPll..,,"" 
urcti, it if; ('oll\'Cllicnt to devifttc the 

Figll •• 4 , F •• qll."c"".,'.mp • • olll, . ~ho<ocl ... i",l .. 
cof th . ,,<ys1o l., ,hco"' .. g 101.' 0"' . li m il • . 

• -- , , . J '. / , . . / , -'-. , . - -
, , ~r:;, ''I' ~ ~ 

" • . . . , 
' . . . , 
j - " .L I -

, 
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crystal Qscillator frequency slighlly with­
out disturbing its basic frequency set.­
ling. For this purpose, !\ "touch-but­
Ion" is provided 011 th~ front punei. 
Toucuinp; this button with lhe hand de­
crca8('S the oscillat.or ft'e<lllcncy slightly 
Ilnd pl'rmits :l. SCIlSI:' determinat.ion of the 
Lent note. The plate circuit of til{' os­
cillutor sw.@;f' is tuned to 10 i\ lc :md 
drives a buffer-limiter. T he buffer pro­
vides constnnt output voltage f'\'cn if 
the oscillator output chnngcs due to 
cllfl.tlp:es ill crYllta] nctivity. T he bufTel' 
output isndjustablc by mc:\ns ()f a scrcell­
grid voltngc control to permit precise SCv 
t ing of the synchronizing vohagefor the 
10:1 frC()llcm:y-divid ing mlllti\'ibrutor. 

Freq uency-Dividing Multi vibrato r 

The 10-Mc buffer driv('8 either Ull 

output circuit (in til(' 10-l\lc 8111ildl po­
sition) Qr the 1-1\[(' multi\'ihrator. The 
muitivibl':llOr dl!fli)l;n orip::inntcd for the 
TY I>~) 1:.!13-C ht\$ heen improvcd for the 
D model. The original tul)(' has been r(,­
plactod by a lIew (mmt·-,I.!.:l'id type, aud 
Ill(' circuit has been completely rl'd('­
signt'tl In IlCl"mit th(' maximum possible 
tube aging bt'fore fl failme of the multi­
vibrator by miseoullting occurs. 

Thl' multivibmtor cirruit ifl 8how1\ in 
Figure 5. In the .JUIIC 1956 iSfltle of 
the EJ:ller imnller, Ihe desigH of frC!­
qllcJ1cy-dividing mu ltivibmtors for Illax-

f Ig ..... 5. EI' '''' nl"ry s~h.m .. I;~ "f Ih e 10-1 M~ m ul!;' 
y;bra ,o •• , 

I 
•• " 

--<t-
"0 •• '" " 

r f " f " l • 
.~ 

, 

-it ., 

imum stabil it,), aga inst tube ilnd COm­
ponent. uging was d isclissed , including I he 
general problcm of proper circuit dcsi~l 
for opt.imum stability at lower frequen­
cies. Additional fu.ctors not. prcviously 
considcri..'(! nrc impor tnnL in the higher 
fl'ctlucncy divider circuits, where 11\1' 

high values of pla tr> load resi"tors neces­
sary for <lhard-bot.toming" can no!' 1,1' 
used, bec:lllse recO\'ery time would bl' 
too great. Let, tiS consider!l typicalmtll­
tivibralOl' designed to J i\'ide some hight,!' 
frC<lucller dOWIl to I Me. This multi­
vibr:lt.or mWlt hnvc tl free-n llllling frl'­
qucncr Iwar I i\ ic, and, if t he cireuit Ii' 
symml'j,rical, the platc \'oltage of th(' 
"(lIT" ~ide must rccover to Il(,llri)' !ll(' 
plate supply ,'olllige (sa.\' fQur t ime ('()I1-

stants) in oll(.'-ha lf micl'Osceolld, A real­
istic vll.lllc for the distributed cnp:wi­
tance aL n mlllti\' ihrutor plate eonsistin~ 
of th(' plate Cllpllcil,ance, the lond capu(·i­
lance, unci the gr id eupacitance refe l'!'('d 
to till' plate is nOOm 40 pf. WiLh thi" 
vnlu(' (If capacita nce, the m:n.: imu lIl load 
I"I..'Sistnr detcrmined hr the l'ecOVN.\· 
time ('llllstatlt wi ll be ·1000 ohms. 

With II load H'Sistor of t his maglli t lIIl(" 
the cbssical circuit. i;; vcry scnsitive tn 
changes in the Wbe ctnhodu crni:;sion. 
Fol' exn m ple, JeL liS assu me that lIu' 
tube in t hl} cin'nit of F igure 5 is n h i~l( 

pcrfOrm[lllCC triode lI'ith 1m init ial rp of 
3000 oh ms. The tOla l !'csi1:;\:lJlce of th ... 
tube plus t he pl!l tc load will be 70[J(l 
ohms. and n 10% change in Cll rrent (:tnt! 
Iwnre the drop acros.'! the pi:tlc lond I'P­

sistor) \l'iII be oC{'il;;ioncd if the tube Tp 
rises to 3700 ohm;; (23%). T his will cel'­
!flilll), (;ause fai lure of evcn an optim:dly 
ntijulllc<i ll1ultivibr.'l to l' , In the nc\\" Illul­
livibralm- desiC: 11 of Figure 5, the Ch:tl'­
IIctcriSlics of I he \'~lClll l rn Il lbe al'e stabil­
ized by !lcgative feedback, T he lal'gl' 
willie of c:llhode I'C;;iSl!l llCl' , Rko cauS(.'S 
the r,. \'tlri:ltions 10 be swnmped by Ihe 

• 
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Fig u •• 6 . W ......... .,p <h",aClorioti .. of Ih.lnl"" ...... ' wllh two diff .... n' cryS'OII, ..... 11 .. ,,1 "11 III . ....... "'p • • ol ..... 

• ...tftd." ' poin t 01 36"C, Ih' o lho. 0' 4'~C. NOI. Iho' ti ... . I" """" run. from rlghl to I,ft, 

fooJhal'k , and the tube dr;,'cs its plate 
load rl~istor ru! a slabili1.cd ('orrent 
sourc·c. Inst<:nd of "1' as :l vnri:ltiOIll\1 
quantity, therefore, we hnn~ Tp plus Hk 
(l+~), and both Rk and I" :U'C rCluli \'cly 
stabl(' with aging. This c:ondi t iol1 i.!l 
valid lUI long us the lube rcmnins in the 
ncguliv(' grid region. 

The dioJcs ill the grid circuit, D-I , 
D-2, arc returned LO a sourc(' iml>e<l:\ncc 
low with fl'SpCt:1 to the grid ti ming re­
sistors, nnd thus tiley hold the grid in 
the n~al in' region, With this t'Ollncc­
tion t h" I-;\I e multivihrator can bo 
foIt:lh ili1.t..'(1 to k'8.'l than fl 5% fl(:(plCncy 
shift with :I doubling (100% c1mngc) of 
rp ' Plate cu rrcu! stnbi lization feedback, 
ho\\'c\'er, CX:lcts (l pricc. The perform­
ancl:' of R new tube has been reduced to 
l il ll! of lIli ngl'(i tub<- in order to obwin 
rcli:lbility, This gcneral circui t technique 
ca n be appliC\.1 to all SOI't~ of pulse cir­
cuits ill which til(' cnd vlIllle of pial(' 
currt'n\ is of importance, bill in OSCi UH­
tOI'~' ('ireuits sut'll 3S the frre- rullll ilL{!: 
mullivibmior, the loop ~aill ma,\' ofl<'n 
be imndlicicn\. to permil sclf-oscillntioll , 
III fa ct, It tr'iggcr or tmllsionl mny hll ve 

to be supplied before the circuit will 
operate at all , Such a cilnmcteristic can 
be a dis tinct nd\':mtage ill fr('(luency­
dividing Illulli\·ibnllors ~nusc, bf'fore 
t hc tu iX' hm; :lg~J sufll('il'ntiy to cause a 
mullivibmtor dh' ision error, the circuit 
will simply not operate fit nil, 

APPLICATIONS 

When Ihe Time Frequency Calibrator 
is used as lUI illlil'IX'Il(\ellt standard , its 
over-all a CCllnley is aboul 10 parts pcr 
million, \\,hcn st:Illt1'1rdizt..'(i aga inst 
W\\' V radio 1 ran~m iR."ion!l or other 
known standard, (W('LLmcil'6 compllrable 
wi1h that of till' rf'fNI'llc(> slllndard elm 
b(' !'ltl:lint'<i, Ihnl i~. a f{'1I' pans in 107. 
Wll{'n til{' inlil mlllI'nt i~ d llibmtcd be­
fore (,'tlch m('llSur<'m('nt, t he UN'ume), is 
determined b,v lht' !lhort-ll'rm :stability 
of the er:rstal oS<'illalor, the effects of 
swi lching, lind eXIl'l'IIlI l CllllnP.('liOIlS, The 
low l error from thCS(' Murecs will be less 
than 2 x 10-7, 

With thi~ il1;;1lt'1l111enl , oS( .. ilblors and 
rI)('<'ivcrs can be clIlibrnll'd llt IO-~Ic 

intervals up to ilL i('IL~l 1000 :'Ill', (It I-M c 
internl ls up t.o JQO ;\1(', at 1000kc inter-

fL,u,ol , Shorl_lo rm s lobitily .oco.d of Iho e,ys lo' oulLlol ... . Tot .. 1 chon,o in 0 .. 0 mL n uio Ls Lou Ihan 6 pom 
I .. 10·, 

SHORT-TERM STABILITY RECORD 
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~ GENEIt"L ."010 EXPERIMENtER • 
mls Up to 100 ;'I. lc, and at IO-kc inter­
va ls up to 10-:'.1/-. 

If the fr<'<lu{,lwy to he measured is not 
l~ multipl(' of tl. !;landaI'd ilflrmonic, a 
double t mn~fer syslem (,HIl lx' lI:;1xL /\ 
b .. 'at note of th(' unknown fre<ltll'lItY lWei 

th(> lIf':U'M\t slulI(l:trlJ Imnnonie il'l ob­
t:till(>(l and t1H'1l mrnp!lr('(1 against a 

cnl ibrntcd vfLl'i:\blc low-frequent? osci l­
IntoI' . An accuracy of !\ fl'w parts in 107 

is possible tip to 100 ,\ Ir-. T his method 
has been dCiK'ribcd in detail el~clI'h{'r(''' 

- H. W. FltA,"K 
II. P. STR"n:;\U:n~H 

SPECIFICATIONS 
O"'pur F,e,q".nc'''' 10 ~h', I Mr, 100 k{", 10 kr'. 
Output Amplltud .. , 10 ~I r: ,') v IK·nk-IO-pI'll.k; 
30 \' Ill·flk-t')-p(·ll.k III 1(,"('r UIII I)1I1 rrl'(lm'rH'i~" 
from "u.I,,' ullIpl,fil-'T, rf iUlrmoni('!< u"'able to 
I(XXI ~h' from 100:\l r ,lUtlllJl, It) 500 ;\1 (' fMln 
[-~tr uutput, 10 100 ~Jt. from l ()O..k,· <}UlPIlt, 
~Ind to 10 ;'ok fmrn IO-h nUlplit 
Oulpu( ""ped"n": \'id,~) rll.thow .. ruJloW<'f, aoo 
ohl!\..~; rf 011111111 (Julllilll'i l (mm I'ry"tnl-<Iiod~ 
IllIrmonir g"lInl'lor. 
F.eque ncy Slabillty: 

I. T"mll>tr(Jlll~r 
s. \\'''~rn-lIl) Clwml-'t"n~til''': 

For 11111 >i('111 tl'II\PNllltlrt'~ uf 25~C, "r 
O\"'f, t1,.. wsrlll-np dl1ft will not ,'x('I'pd 
-2 X 10-7 ··C. With IImhi"lIt 0-IO"C nv~tn! 
m~.y 1101 0p.·ral<' until in ... tfull\rlll nti"il\!' 
"1)('fHlil'lC 1'·1I\ 1 ... ·f"lnrf'. ~Imimum op"'rut ing 
IImbiPllt O"C. 
h. OpNnlUlI( CII:tf1u"I('ristof'~: 

In IImhi"nl flUl I:(' ZO-'II1-C, Ill\' ,lI'tilllllOf 
drifl i.~ urt\w(ot\ -I 'I: 10-7 °C slIll + 2 'I: 

1()-1 "'C. 

2. Li~ I'alli/ye BRew 
!'>fnuwlltary 1111(' \'"lt~"~,, l'IuuIK'',; of ± 10 ("~ 

nrr{"i'\ frt'l IU('l\fY hy ll""~ lhilll 5 X 1()-11. Chaul;­
iUI:!: lim' volt'I~" will nIT(,(·t fn'qlU'nry pN 

T"pe 

\PlIlpNatlllt' i>llI'CifiC'Rtion 8110\,('. C± IO'G line 
"'iI! C'h'll\g~ t{'mllt'mtml" ±'I"C.j 
3, Swildiing und Loodi'lfl {.;ffccl~ 

T h(' \'Omllin(-tl l·IT(-!'!" of "wiu'hiul( nnd 
IOlldiul( dul' 1(1 "xu'rml! '~)lIn('C'tion.~ 111't' ItS>! 
Ihun 1 x 10-1. 

Senolt;v;ly: Us"bll' h~nt nou'!< cun hi' pruilul'("d 
With 50 millivolti ~1~n~.1 iUlml to nwU'r ""('f tlt(­
It:iflnonic rnnlt<'~ sp('/·ifit'd nbon' \Lud"f "Out.-­
put nrnpilludt'>'," 

tub .. : OUI' l'urh !IAKG, ti \l l tiWA fi\J22, SA N8, 
til''''; 1"'11 59tH . 
Pow •• Required: li.:5 V Il(', 3 nmpi 300 \. (II', liO 
JIm. T ll't: 1203-H t 'ni t Po",erSllllply i, rt'com­
mcnded. 

AccenOfI .. Supplied: '1'1'1'.: 1213-1'1 DiITrrf'n li­
tll/lr, '1'\ I'r. fl7'1 Con:-:ll1l Connector, ,/.lIt! multi­
I)()inl C(II Ir\"/'lor 

Mounllng: Ahunillurn IIlu ... 1 uud ,1<1"1 filli~ht'd 
!II !("r!lv; nhmllllum N\\'( 'r filll~h,'d ill .. I"'lf lit(. ... 
qUl.' r. 'Heiny flll'k p:lIl1'l (Tn'l;lSO·P4l'3) is 
nvni!uhh' (Of mllUlllilll( both (·tllihmtflr !llId 
power ~up]Jl)', 
Dlmenol"n" W illt h IU 1 2, IwiKhl 5 )4, tlL'pl h 7 in,. 
liver-nil. 
We igh" ·1 II>" 10 ,'z, 

rl)llt' II'tml 

1211_0 
120)-8 

Un!! Tlme/ F.equency Call b,,,, :>, ', .• , ...• , ..... R.:IU:L 
\1.1\ .: 

UIO.GO 
40.00 Unl! Pow .. Supply .... ., •. , ••. ,' .•• , •.•• , 

01 " ".IN'I J,.:,~". 1:,7; It .... ,,""'! und~r ""'''''I. r.r 'h~ \""'r;""n Ttl"l,b..,,, ... ",I T~!'.·~'.l'h. C ..... ,,/ III,d, .. (,"_ 
fJ<"M','" "f I"",,, ... II"d ,,' {; \\ I',p,,,,, l!>"rlB;","" 10, p,e .. , ..t .... "k ,·r)",.!. u,,,1 ...... "',R\,~l ~"'''I!' \. 

SEE THEM AT THE SHOWS 
:\ 1.111:" of the !l('W (;('lIl'rlll Ibdio iH;;II·lillH'rlt.~ lhat yOIl han' b(,{,1l 1'endillJ!; llimlll 

ill thl' Hr,/lfrllllfn!i-r lI'ill h(' d isp!:ly('(l ut l('\'Imi('nl 1ll('('tillg'S tlli" f:dl. 

Piau j)ate .1l rrfilW (;I? Hoo(h X'III/firr 
Chicago Oct. 12-14 Natio nal El ectronics Co nfe renc e 177, 178 , 179 
Atlonta Nov. 9-11 4th Instrum enlation Confe rence C6 

Boston Nov, 17-19 

General 

Northeo st El ectro ni cs Research 
and Engin eering Meeting 

Radio Company 

9 , 10 
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