
A HIGH-PRECISION 

FREQUENCY 

The TYPE 1213-C Unit im /Fr -

quency Calibrator is in no sen s a imple 

rede. ign of jts predece or, the TYPE 
1213-� B nit Cry tal cillator . L It i 

an all-new d sign that r fle ts both the 

ti ld xperience gai ned from the earlier 

in rument and the advance in elec

troni ·ircuit techniq l • · ov r th pa t 

fi year.·. The ne\v caJibra or com

pri. et:5, in a small unit-type case all the 
cir uit.., nece sary for the frequency 

alibrati n of o ·cillators, rec iver , and 

other \vide-range devices up to frequen

cie somewhat above 1000 megacycles; 

and for the we p-tirn calibration of 

cilto cop at int r al frorn 0.1 µ e 

to 100 µ ec. 

A comparison of the old and new 

'R. B. Richmond, "Unit rystal Oscillator," General 
Radio Experimenter. Feb., 19.52. 
"Improved Unit Crystal 0 cillator," General Radio 
Experimenter, • ept., 195fi. 

CALIBRATOR 

AND TIME 

FOR 

in 'trument 

feature of 
brator: 

how four i mportant ne\\

the Time/Frequency Cali-

(1) 10-l\1c harmonic ·eries . 

(2) crystal mixer crood from low 

frequ nci s to fr queneie above 1000 

Mc. 
(3) An amplifier for audi ble beat·. 

which make po sibl direct calibration 

of oscillators up to 1000 l\1£c. 
(4) A video amplifier for the multi

vibrator output to p rmit o cil lo · c op 
ti me-axis calibration and to make th 

output ·tandard-frequency "·ave-fonn. · 

available for dri,·ing ex ernal pul ·e 
eqmpm n .  

Additional feature are a· and r -
ettabill ty of calibration frequency de

viation with n di turbance of cali

bration and jmprov d fr q i ncy ta

bili and reliabilit . 

Figure 1. Panel view of the Type 1213-C Unit Time/Frequency Calibrator with Unit Power Supply. 
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Of particular irn.portance i reliabill y, 

which is becoming of more and more 

cone rn in th day of increa -ing 

electronic cornplexit . The TYPE 1213-
"Cnit Timc/Frequ n y alibra or on-

aining only seven va ·uum tube i 

not in the la w1 h in ·trument re
quiring a major r liability analysis ; yet 
it r fleet thinkin ·on h ubj e which 

will be appli d o in trun1 nt n1ore 

than on ord r of magnitude mor com.

plex. Th multivibrator , u ed a· fre

qu n y di vjd r · 111 thi in trurn nt 

rcpre · n a new onc-ept of rnultivi

hrator r liability in m.ea uring instru

ment'. They ar da. ·sical Abraham

Bloc·h2 multi\·ibrator , d . ign d Ly ana

l i al procedur ' to produce maximum 

im1nunity to ube-ehara teri tic det ri

orati n. Th e multi vibrator ar di ·-

·u · ·ed rn omc detail in th ircuit 
·cc 1011 f thi · rti ·l . 

BLOCK DIAGRAM 

Th , ba:::;ic circuit.- u.-ed in he rnit 

Time/Fr qucncy Calibra or ar ·hown 

in Fig. 2. rl hoy consist of: 

(1) A 5-Mc er · t 1 o · ill or I c

tron-coupl d t a 2 :1 multipli r. 

(2) 10-Mc buff r stage. 

(3) A group of hre multivibrator 

U!OH 
i0MC 
'"'c 
100 Kc 
IOKc 

5Mc 

CRYSTAL 
OSCILL-ATOR 

A"D 

DOUBLER 

IOMc 

V·I 
68E6 

= 

I 

BUFFER 
V·2 

(j.Al<6 
V-7 
6U8 

CONSTANT 
POWER 
LOAD OFF 

I Mc 
100 

IOKc. 

OFF 

I Mc 
MULTI VI SRATOR 10 Kc Kc 

controlled by a p· n-1 swi ch and divid

ing he 10-Mc r al con roll d fr -
quency by fa tors of 10, 100 and 1000. 

(4) A harmonic gen rator ,,.·hich will 

produ ce a ontinuou harmoni p c

trum of the 10-Mc, 1-Mc, 100-kc and 

10-kc signal from. th rn.ultivibrator. 

(5) A crystal n1ixer either to couple 

the harmonic ou of he in trun1 n on 

a coaxial lead or to produce and to 
d te · a beat ao·ain t a io·nal f d into 
th mucer. 

(6) An an1plifi r stao·e w1 ch d i

ther o am.plif th audio b a ignal 

from the inixer or to produ e a 'id o 

ignal for o cillo" ope alibration. 

CIRCUITS 

Oscillator 

A hernie ·ically aled, II 
quartz Tystal i� us d a 

con rol eJ mcnt for h 

I ron-coupled TOune - lapp3 os il-

lator ·ircuit u th ntrol-grid-

creen-grid spac of a p ntagrid con-

verter tub o provide the o cilla ing 

loop gain. Output i tak n fron� h 

plat ircui of he pentagrid tub 

which i tuned to r · onan a 10 1 . 

Buffar 

The 10-M igna1 at th plat of he 

HARMONIC 
GENERATOR 

(IN455-AI 

0·1 DETECTOR 
IN21B 

FY-! R·F 

l�PUT· OUTPUT 

2Abraham, TI. 
and Bloch, E., 
" oti sud 
Lampe - ah· a 
3-E Lee trod et 
leu rs Ap pli ca
ions," Publica-

tion 12 7 of t h e 
French 1Var fin
istry, April, 1 l . 
a lapp, J. K., 
"Fr quency-Sta
ble L- 0 illa
tors," Proc. IRE, 
42, ; ugust, 
195,i; pag 1295. 
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Figure 2. Block 

di agram of the 

calibr ator , 

showing the 

basic circuits. 
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o cillator drive a pentode buff r. Th 
45-volt buffer output a 10 Mc drive 

he 1-Mc multivibrator and either the 
harmonic generator or video amplifier, 
depending upon the po ition of the 
audio/video elector wit h. Th buffer 
output also feeds a germanium diode 
re ifi r circuit, which produce a d-c 
voltage for audio amplitude ontrol. 

Multivibrators 

Three multivibrator of a d 1g1 in
tended to produce maxi1num reliability 

re u ed to divide the 10-Mc buffer fre
quency to produce the tandard 1-Mc 
100-kc and 0-kc fr qu n ie . The e 
carefully de igned and constru ed mul
tivibrators will .in ure l;o.ng and trouble-

. ·f·tee·operation without regulated voltage 
upplie and with no readju tments of 

the circuit when tubes are replaced. A 

typi al cir uit i shown in Figure 3. I 
will be recognized as the simple t forrn_ 
of th a table multivibrator. The de
·io·n has be n carefully tudied and 

optim.ized for reliabili y by: 
(1) Exact adjustm nt of all on -rol

Jable cir uit param ters, and trigger 
amplitude o the correct value o per
mit maxinnun tub d grada ion before 
failure. 

(2) Choi of the operating poin for 
the tubes o hat he multivibrator 
p rfonnance a determined by the con
ducting-tube plate voltage i lea t af
fe t d by th aging of th ube. 

Figure 4 shows the timing a ion of 

Figure 3 (below). S chematic circuit diagram of 
typical 2-tube m ulti vibrator. 

F i gure 4 (ri ght) .  Tim i n g  diagram for mult i v i brator 
of Fi gure 3 s h o w i n g  typical plate-voltage wave

forms . 

J U N E, 1956 

the mult'vibrator of Figure 3. A.-.·urne 
that from to to t1, V1 i off; and at 
t1, V 1 witche on and qui kly by he 
loop regeneration is bro ugh o and 
beyond zero bia . (For th purpo. of 
this discussion, negl ct the po itive grid 
transient.) ow after tim t1 h plate 

oltage (Eb10) of 1 -1 is at a low value 
depe1 ding on the zero-bia plate urr nt 
and RL. Cc2 mu t di charg hrough 
Ra2 toward Ebb and it will con inue to 
di charge until he utoff of V-2 i 
reached, whereupon he wo ube� will 
again wit h, with r- going on and T -1 
off. We can no" writ down the equa
tion for the tirnino· action d t rmined 
by the di charge of the grid cou pling 
RC ircu1 and the an'lplitude f the 
plate w1ng . 

T = Ro2 (J) 

and lil Eco2 = Ebb/µco2, 

1 + 
EplO 
Ebb 

T Ro2 c2 loge ( ) -
1 

1 + 
µco2 

in Ep10 = ip10RL1 equation (2) .·h w · 

all of the important cir uit "-ariabl 
The quantity J.Lco2 i a function of tube 
geon'letry and doe not ch· ng ap
preciably with ub life, o at ention 
need only be giv n to h R pr du t 
Ru c2 and iplO· 

I--Iow are the quan iti u d o 
p i1niz th d ign of a trigO'ered rnul ·i

vi brator? on ider Figur 5 \Yh re th 

VOLTAGE 

I I I I 
I 1 I I 

t 
Et 

I I 
I I 

TO NEXT Ecoz 
OBIAS 

- -CUTOP'F 

o>---�������---' 
FROM PLATE 2 OF 

PREVIOUS MULTIVIBRATOR 

MULTI VI BR Al OR 
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n + 72 
'I hi, i, the optimum trigger-voltage 

amplitude and the intercep of he 

grid di charge v ltag wa form w ·th 

th cutoff li1 in h ab of trigg r
ing pul s 11u t be a a tim of n + 72 

uni , where the time unit i that e tab

lished hy the int rval betw en trigger 

puls s. Th proof ha Equation ( ) 
doe proyjde h optimum. trigg r a1n

plitud follmY, . Con id r th locking 

condi i n for value of Et greater 

han and l than th op in'lun1 value 

given in equation (4); (1) Wh n the 
pla e wing Ep10 vari through vaJu 

gr at r h n and le than th d -

ign valu ' ith he l pe con tan , and 

(2) Wh n the range of lope values i 
greater and le s r han the original 

Figure 5. Linearized t i ming- waveform diagram 
for the multivi brator of Figure 3. 

RANGE OF MAXIMUM S�) 
(RC) DRIFT BEFORE 

FAILURE 

I/ --I 1: 
2 

...,......-.._ ------------+,,,_,.."----,,,£.--� 0 Bl AS 

Et 
2 

1: 

/--Y---,..C---'-
- - Eco2 

E t 
2 

Eb - Eco � ( N + V2 ) Et 

RANGE OF MAXIMUM PLATE 
CURRENT VARIATION BEFORE 
FAILURE 

slope with Ep10 h ld con an . I a be 
n tha valu of rigg r vol age 

gr a r than and 1 than that deter-

rnined by Equation (4) will decrea e the 

lockino- range of the multivibrator, by 

having it jump to a lock on he 4th or 

6 h triggering pul wh n Et i gr a r, 

or by ha ing it go ou of lo k inpl tely 

wh n Et i le 

rrher i an inescapable conclu ion 

tha follow from thi impl analy i . 

On I allov;r d a total de iatim of 

= 72 Et in the value of th grid di -

charge voltage 1 v 1 at the tim of th 

nth trigger pul e at which the mul i

vibrator ·hould wi ch. Therefore in a 

symmetrical multivibrator dividir g b 

10 (n e ual 5 on acl half- cl of h 

mul ivi br t r) a hano· of a ppr xi
mately :±:: 9 0 in -he combination of Epo 
and RC will cause a failure in h oun . 

� inc ini ion vari vvith time, or1e 
m ist r n--io any on rollabl fix d 

rror in rder to ran f r all allowabl 

variation to the tube which i bound to 

change with irne. Thi i 
adju tabl 

ff ' du 
h R- ti1n 

that mu 

plate curren 

done by u ing 

o r move any 

t 1 ran n 

n '' ith ag . Ini ial adju rn n can 

n ad to ak ad an age f hi 
fact by etting the R- tin--i on · ant on 

th long ide o that the toleranc for 

chnnge in plate current approxi1nates 

+ 3 and - 15 0• 

The fa t pr nt d b v pply to 

all tabl n--iultivibrator no matter how 

operated . When the multivibrat r fr -
quency i below 100 kc technique of 
"hard-bottor --iing "4 can be applied. 

I h pla re i or' for all multivi-

•Harri , C. . , "Th 'Hard-Bottoming' Technique in 
ucl ar In trurnentation ircui De ign," IRE Trans

ar..ti"ons on uclear c'"c-ience. NS-3, 2: l'vlar h 19.56: page 5. 
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b1·ator of hi de ign are al ways se at 

their maxirnu1n ano,Ya ble Ve: lu . Thi 

value is determined by the tin-ie n 

ar o r charg th ouplino· apacitor 

af r the witchinCT in erval in which h 
tub i turned off., �r.he plate voltage 

h uld r ov r t alu r th 

upply vol ag 5. Th larg po 

valu of pla -load re is -ance gives he 

b t approa h to th "hard-bo tomed" 

harac n i and off-r he addition al 

feature of mini1num plate di ssipation 

for th tub and mini1nun1 plat ur

rent, which tend to incr as ube lif . 

Exp ri1n n lly mul ivibrator d -

ig ed on hi basis ha v - pro ed 

ex remely reliable . For exarnple a string 

of igh u h uni di vi ding fr qu I 

from. 10 Mc have op ra ed a lo k w i  h 

10- cond pul e for over nine rn onths , 

6 .500 hour · ,  \ .  i h o 1 a failur cau d 

by a vacuu1n tube. 

'I'h thr frequ ncy-div idino- multi-

vib ·a or are add d riall r t th 

circuit vs em by the frequenc e-

l tor wit 'h n th fr n an 1 .  r hi 

wi ch turn. the pla pow on ar d 

conn ·t the appropriat multivibra or 

t i h r th harin 01  i g n r r or he 

vid o amplifi r. Throughou thi w1 h

ing opera ion th pow r dis i pa ted in 

th unit i h ld on tant by th 11 -

ertion of du1nmy load resi tor that 

th box tern p ra ur -will remain a 

I arly on. tant a po ibl 

Amplifiers 

T'he audio-vid o witch th 

w input-output type · of operation. 

V'\ h n h um l to b u d for tim 

calibration vvi h th e wi ch in the 

vid o po ition h output of th 

· 0-Mc buffer or of on of h in ilti

vibrator conn cted to the grid of 

• henk, E. R., "The M ultivibrato1· - Applied Theory 
and esign," Electi·onics, JanuRry 1 !4; page 136. 

JU N E ,  1956 

h video an1plifier. 'I hi tag is a 
pentode arnplifier-]irni r f ding a ath
od f 1 1 ower. rrhe ca h de follower i 

d by th \vitch to a terminal 

pair on th pan 1 and provid a lo-w

imp dance source to drive xt n al 

ir u1 Whe1 t h e audio- ideo 

switch l thro' n h audio po ition 

th fol low ing chang s in r ui ry ar 

eff ct d: (1) the a1nplifier stag i con

v rted a o- tag audio amplifi r 

-with 5-kc ban d width and a voltage o-ain 

of about 70 db connected to the silicon-

r ·tal 1 ix r ou put (Fi ·ur 6); a. nd (2) 

th- 10-M buffer or on of h rnul I

bra r u put i on n cted to the 

harmonic generator. 

Harmonic Generator 

Th harm ni g n rat r c n ·i ' of 

two ·tages, the firs a pentode lin.ut r

driver, and the second a -riode used t o  

dri t h  g rr ar i Hl.1.-cry · al diode har-

1non i c gen ra or. Th pla of the 

pent de e tion j tu ned -v hen th fre-
1 n y l r 'Y i ch i in h 1 and 

10 Mc posi ions and it act a an un

un d n1plifi r in th 100-k · and 10-kc 
po ition . Th p n de tao· b tw n 

the multivibra ors and harmoni g n-

rator rem v mo of the trigger 

pul ha occur n th n1. ltivibra · r 

waveform and which would othenvi 
rnake the harn-ionic pectrum_ non-

ulifornL T h e tri d hari 01 ic g n r

atin g tage and it conn ction to the 

n-iix r a re hown i1. Figur 6. The 

dri vinCT ,. av form wi tche he pla e 

cu.rr n off and on, and the impedance 

di con inui y off r d by th cry t l 
diod wh n h pl urr n \Yl he 

on generate a Yery . ha rp negati e

goin o· pik f' ltao- . Th cri eri n for 

ry al diod u din hi applic i on 

i ha the front re ·i 'tance should b a 

low a po ible. f h n w 

"\ LI' di d u •d in 
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thi applica ion. I i · th harp voltage 

·pike that produce th uniform pec

rurn of harmonic fed to he mix r. 

Mixer 

Th n11xer u d in he nit '1 in-ie/ 

Frequ n alibrator i a ne w de ign 

combining good high-frequenc per

formance with c01npac ne ·s aeces ·ibil

ity for crystal replacen-i n , and prote -

ion for the cry tal diod . Th coa 'ial 

panel fit ing er e th doubl purp 

of eith r oupli 1 g the r-f p trun1 o 

xternal systems a an output conne -

tor, or a an input fitting to a 'ep an 

xternally pr du d r-f ignal to b 

1nix d wi h th tandardiz d r-f p '

trum. built-in coaxial coup ling capaci

tor protects the 1N21B cry ·tal n.1.ixer 

agains surges from connect ing external 

•ir uit . Th 111.ix r curr n i produc d 

1 the harmoni -gen ra or wa v f rm 

·o that with small injeetecl .� igna ls , the 

injected ignal d oes not rn.a erially af-

f l effici ncy of th rn.ix r. 

1: he gain of h audio an plifier i · 

·on r lled in a n n-linear fa ·hion b 
adj u t ment of grid bias on the se ·oncl 

audio s age. Enough bia i · applied to 

cu th ib off f r mall ·ignal · . o ha 
und .ired bats of harn1. rnc-.· f th 

standard frequen y ignal be vY n h r

m 111 of h unknown ign l can b 

reJ t d. 

Power Supply 

'1 he Unit Tim. /Frequency Calibra

tor i designed to work wi h ither th 

neral R adio TYPE 203- or 1201-A 

P w r Suppli . Pow r r uir m nt 

ar 0 v lt 60 n-iilliamper 6.3 

v It , 3.15 ampere . The TYPE 1201-A 

Regula ed upply i r comm nd d for 

rrn mm um hum and 1nax1n1um frc

qu n y tability. 

Construction 

11 of he ircuit exc p th har

n1onic-genera tor age are loca ed on 

a sino'le etched board. Thi board ha 

an ch d ground plan under th cry -

al o illa or, buff r and audi -vide 

amplifi r cir ui . Di tribut - apa i

tance loading on the multivibrator i 

r d i d by mi t ing th rrround plane 

i nder h · ir ui aref ul on id ra-

ti n of compon nt layou and hi ldi1 g 

on hi board insure a good nviron

m n for h ry tal o cillator free of 

h rmal tr n i n . and el ctri al inter-

fer n e. 'I h niul ti vi bra or tim on-

. tan t are con r L lcd by pr I I I rn.-

pon nt ,�·ith mica capa

ci or and gla 

capacitor . rr h om-

p on ent 111 u r  good 

m.ul ivibra r p rform-
STAN OARD anc and long lif . 

_.___ __ __..,........, t--o FREQ U ENC I ES 

Figure 6. Cutaway 
view of the crystal 
mixer, with sch ema

tic of triode har
m onic - g e n e rating 

stage, 
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APPLICATIONS 

'lhe TYPE 1213-C Uni Time/Fre

quency Calibrator u ·ed with the r -

quir d pow r upply and headphon 
provide all the necessary appara us for 

the cal ibration of radio-frequ ncy oscil

lator· and r iv r t fr qu ncie be

yond 1000 l\if , and i al o provide· 

square-waYe m arkers for oscilloscope 

sweep-tin'le calibration. A ·imple plug

in d vi th 'I YPE 1213-Pl Differen-
iator ( . upplied a an ac e sory) con

verts the ·e quare wave to brief pul e . 

T'he output pul 'e has been made power

ful enough to rigger mo puJ e gener

a ors and os illo cope ·weep , thus pro

viding a stable driving ourc for tin1 i ng 

pul e systems for variou applicat i on . 

The calibration of o illa or in the 

laboratory is ea ily carried to frequen-

cie · in ex· of 1000 M by introdu ·-

tion of th ill tor · ignal at the de-
te tor fi tting of the calibrator; au d ibl e 

beats are p rodu ed a he dial of th 

o cillator i ro at d. Th 10-Mc point 
permit ready iden i fi cation of calibra

tion points beyond 1000 l\1c by a count 
of the ' id ly pac d b a point on h 
dial . B low 500 Mc it i po ible to add 

calibration marks at clo ·er in ervals by 

use of the 1-l\1c outpu . 'I'he harmonic

generating y t in is ff cti v in upply

ing harmon i. of 10 M to 1500 Mc; and 
of 1 Mc to 500 Mc, with inpu ig nal · 

in exce of 50 mv. The 100-kc and 

0-kc multivibrator can be used for 

o cillator calibra ion up o 100 Mc and 

10 Mc, re pectiv ly. Calibration of 

·en itive i· eiver i r adil rri d out 

by the use of the r-f output harmoni 

series. With en itive receivers he 

harmonic ar u abl abov the fr -
quency limit given for o illator- ali
bration operation. When usi ng the cali

brator for receiver calibration care 

hould be takeI ha lower harm nic of 

J UNE, 1956 

tl 1- or 10-1\IIc ou put ignal being 

used do no block the i-f amplifier. I is 

po ibl to blo k the receiver if a uffi-
iently trong ig1 al of h harn101 i · 

pectrum lie. within the i-f pass band. 

A hio·h-pas . · filter rnust be used between 

the 1213-C and the receiver he i ng cali

bra d o ·on thi diffi ult . 

Mea urcn1en of frequencies lying 

near the standard frequency hannonics 

i fac i li tated b the inclu ion of the 

' ouch-bu ton' cry· 1-o ·illator fre
quenc de viator on the panel. 'I'ouchin g 

his button reduce:' he frequency of th 

c ry tal o illator lightly, thu indi

ca ing th sign of th diff r nc he

tween the un known frequ n "j and the 

standard frequen y, without requi r i ng 

any r ettino· f he 1nain freqn nc 

adju n en control. alibra ion f he 

weep ime of cathode-ray o.·cillo · ·ope .· 

i easily carri ed out: 'T'YPI� 1213-P 1 
Differ ntiat r i in ert d in th pau 

of bindin g po. ·t · nn c d t th video 

ou put a mpl i fi r; the . ele tor witch i · 

·ct to timing marker·; and th r ulti1 g 

t imi ng p 11 e · are appli d to th cope. 

Pul are a ailable at interval of .1 

1 10 and 100 µ ec. The ac uracy of th 

interval · i. th ame a that f h 

Figure 7. Wave forms in the Type 1213-C 
Time/Frequency Calibrator. 

10-kc video-a mpli
fier output (note 100-

kc marks) 

10-kc multivibrator 
plate. 

1-Mc harmonic gen
erator plate 

Unit 
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c rystal o c i l lator. i 1  c it i po ible o 

alibrate the c ry tal o cillator dir tly 

agai n · WW\ by us of a radio rec iv r,  

the a u racy of th tim i ng markers is 

much gr ater han ha r qu1 r  d for 

illo C'Opic m a ur m.ent 

- R . w. FRA N K  
. LEW I  

The a u thors are i ndebted t o  W. P .  Buu k and . M. Eame for their man . u g<? t,i on anc l  
contribution during the development of t h e  U n i t/Ti m Frequency G l ibrator. 

S P E C I F I C A T I O N S  

O utput Freq u e n c i es : 1 0  l\1c, 1 M c, 1 00 kc, 1 0  kc.  
Output A m p .litudes : 1 0  M c ,  lOv peak-to-peak, 30 
volt peak-to-p ak at lower output frequen ie 
from pu l amplifi r ;  r-f harmonic u abl to 
1 000 Mc from 1 0- if output, to 500 [ · from 
1-J\1 output, to 1 00 I i · from 1 00-K outp ut, 
and 1 0  M c  from 1 0-kc output. 
O utput l m pedence : Vi deo cathode-fol lower,  300 
ohm ; r-f outpu ob ain l from c ry tal-diode 
harinonic generator. 
Stabi lity : Aft r 1 hou r warm-u p ,  drif rate wit h 
r gu lated pl t uppl _  i m< i n ly the drif r te 
of the q uartz cry tal ( approx l ppm/0 ). \Vith 
unregu lated pow r u pply, an add itional varia
tion of == Y2 ppm with l ine v ltag chanuc from 
105 to 1 25 volts .  
Sensitivity : sab l  b a t  n t can b prod ncect 

Type 

with 50 m i l l ivol t i gnal inpu to mi ' r over th 
harmoni rang p cifi d un !er ' u tput m-
pl itude . 
T u be C o m p l e m en t :  l -6 B E6, 1 -56 7, 2-596-J., 1 
6 A K6, l -6A , 1 -G 8. 
Power S u pp l y : 6.3 v a-c, 3 a: 3 0 v d-c, 0 
ma . TYPE 1 203- A ot· TYPE 1 20 1- i recom
mended . 
Accessories Supp l i ed : TYPE 1 2 1 3-P l iff r n i a
tor on oaxial conne tor, and one m u l ti poi n t 

on nc tor. 
M o u n t i n g : l u mi n u m  panel and ide , f:ini h d 
in b lac k crac k le : aluminu m cov r, fini h d in 

1 ai· lacqu r .  R lay rack pan l i avai l able for 
moun ing both calibrator and power upp ly . 

D i m e n s i o n s : l O Yz ( width ) X 5 %  ( h  igh t )  X 7 
(d  pth ) i nches, vera l l .  Net W e i g h t :  4 l b  , J O  oz . 

ode Word Pric 

1 2 1 3 - C  
1 20 3 - A  
1 20 1 -A 
4 80 - P 4 U 3  

U n i t  T i m e/Freq u e n c y  C a l i brator * . . . . . . . . � RE B E L  
ALT E 
A E'l' 

$ 1 95.00 
40 .. 00 
80.00 

U n i t  P o w e r  S u p p l y  • . . . . . • . • . . . . . . . . • . . • . . . •  

U n i t R e g u l a t e d  P o wer S u pp l y  . • • . . . • •  , . . . . . • .  

R e l a y -r a c k  p a n e l  (for m o u nt i n g  both c a l i brator 
and po wer s u p p l y )  . . . . . . . • . . . . • • . . . . • . . . • . .  • IP � ART 1 0 .00 

* . Patent 2 , 54 , 4 57 ; l icensed 1 1 nde1· patent of the mcrican Tclep hon and T l graph o . ; l i e  n. d unde1· 
pat nts of the Rad io ,orporation of . merica : l' i cens d und r put nt of (;_ 'i . P i e rce perta i n i ng to µ i pzo electric 
cry tals and th ir u ociated c i rc u i t  . 

VACATI O N  C L O S I N G  

During the weeks o f  J uly 2 3  a n d  July 30, our m a n ufacturing departments will be closed for v a cation. 

There w i l l  be busi ness a s  U5ual i n  the sales-e n g ineering a n d  c o m mercial departments. Orders a n d  inquiries, i n cl ud 
ing requests for tech n ical a nd s a l e s  information, w i l l  receive o u r  usual prompt attention .  

Our service department requests that, because of absences in the m a nufacturing a n d  repair grou ps, sh ipments o '  
material b e  scheduled t o  reach us either well before o r  dela yed u ntil after the vacation period. 

G E N E R A L  R A D I O  C O M P A N Y  
2 7 5  M A S S A C H U S E T T S  A V E N U E  

C A M B R I D G E  3 9  M A S S A C H U S E T T S  

T E L E P H O N E :  T R o w b r i d g e  6 - 4 4 0 0  

B R A N C H  E N G I N E E R I N G  O F F I C E S  
N E W  Y O R K  6 ,  N E W  Y O R K  

9 0  W E S T  S T R E E T  

T E L . - W O r t h  4 - 2 7 2 2  

L O S  A N G E L E S  3 8 ,  C A L I F O R N I A  

1 0 0 0  N O R T H S E W A R D  S T R E E T  

T E L . - H O l l y w o o d  9 - 6 2 0 1 

C H I C A G O  5 ,  I L L I N O I S  

9 2 0  S O U T H  M I C H I G A N  A V E N U E  

T E L . - W A b a s h  2 - 3 8 2 0 

P H I L A D E L P H I A  O F F I C E  

1 1 5 0 Y O R K  R O A D 

A B I N G T O N ,  P E N N S Y L V A N I A  

T E L . - H A n c o c k 4 - 7 4 1 9  

S I L V E R  S P R I N G , M A R Y L A N D  

B O S S 1 3 t h  S T R E E T  

T E L . - J U n i p e r  5 - 1 0 8 8  
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