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THE NEW GR FREQUENCY STANDARD 
Like vol tage, urrent, and im pedance, 

frequency is a factor in mo t electrical 
me urement . It enter dir ctly i n  o 
ac mea urement , and indirec ly i n  o de 
mea urement , appearing mo t often 
as i re iprocal tirne. ince time is 

reciprocal ly r lat d to freq uen cy, good 
fr q uency andard can b come a good 
time tan dard for tim measurements. 
In view of the nece ity for ome ort of 
freq uency stan dard for even a 1000-cycl 
imp dance mea urement it ha become 
almo t routine for an electrical measure
m n t  l aboratory to po sess a stable 
fr qu ncy tandard wh ich can be 
c heck d again t tandard-frequen cy or 
standard-time ignal from appropn
a e ource . 

I t  would be a m i  take to on id r that 
a "frequency standard' con i ted olely 
of an extremely table o cil lator. Fre
quency di vider and m ultipliers are 
nece ary to make he fr quency stand
ard useful o er the range of frequencie 
co ered by electrical m easuremen tech
niqu , and to permit calibration of he 
freq u ncy in t rms of recognized in er
national standard . Th p rov1 ion of 

tandard ou put ·ignal o ver the range 
from low au dio to m icrowave frequen cies 
in ure maxim u m  u efu lne for appl ica
tion ranging from he rodyne- y teni. 
fr quency ni.ea urement to ervice as 
t irn -ba e referen ce in d igital coun ters 
for frequency and i me-interval mea -
u rement . 

The frequency tan dard de cribcd i n  
thi article ni.ake available i n  various 
combinations, equipment to produce 
fundamen tal frequencie from 60 cps 
to 1 000 Mc . It inc l udes completely new 
in tru ment for gen rating h tandard 
fr q uency, for deriving he de ired low
fr quency u b-mul ipl , and for de-

eloping harmonic-rich outputs. An 
improved yncronometer* integrate the 
1 000-cycle output to permit time com
parisons wi h standard-time t ran mis-

ion , and the TYPE 1 1 1 2-A and TYPE 
1 1 12-B Standard-Frequency M ul ti
plier 1 provide high-frequency outpu u p  
t o  t h o u  and of megacycles. These 

e eral in rum nt can be u ed individ-

*Trademark pending. 
1Frank D. Lewis, " w tandard-Frequency Multi
plier ," General Radio Experimenter, Vol. 32, o. 14, 
Jul·, 195 

Figure 1. Frequency of Type 1113-A Standard - F requency O scillator c ompared w ith 18.0-kc standard
frequency transmi s s i ons of NBA over a s i x-month period. The a v erage d a i l y  drift at the end of this 
p erio d is 1.2 x 10-m. The N B A  transmitter i s  maintained on frequency by compari s o n  w ith a ces ium beam. 
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GE N E R A L  R A D I O  EX PE R I M ENTER 4 

fig ure 2. lntercomparison of frequ enci es of two Type 1 1 13 - A  Standard - Frequ ency Oscillators. The 

short- term freq u ency instability of one oscillator alone is less than this combined instabi lity by 1: 2. 
The left -hand plot shows frequ ency variations averaged over 1 -second sampling periods; the right-

hand plot shows frequ ency variations averaged over 0. 1' -second periods. 

ually or in variou ·om bination o meet 
pecific ne d . 'I hey are de. igned to co

operate with he Gen ral Rad i o  TYPE 

1 1 05-B Frequency Mea u ring Equip
ment a well a with counter-type fre
quency-m a uring -y tern . 

New t chni u e  , circuits, and c o m
ponent h ve been u ed wherever ap
p li ca bl e  con istent with con erva lVe 
d ign. Practical c01nprom i  ·e have een 
sought throughout to provide perform
ance comm n. urate w ith the pre ·ent 
sta e of he ar at pri e i n  k eping with 
equ i p ment for e veryday u . Thu in 
accord wi h G n ral R dio practic , the 
in trument are de ign d t be rucro- d, 
accurate, and dependable for ordinary 
enviro n m  n b u t  n t (with the con i d  r
able added co t nece ary) to cope w i t h  
the tringen requirem n t  of he m ili
tary ervices for extr me environmental 
con dition . 

The TYPE 1 120-AH 1 000-Mc Fre
q uency tandard illu r ted i n  Fig ire 1 
compn e the TYPE 1 1 1 3-A tandard-

TYPE 1112-B 
IOOOMc 

MULT IPLIER 

C> 

Fre uency 0 illa or, the TYPE 1 1 1 4-A 
Fr quency Di vid r, the TYPE 1 103-B 

yncron m ter and h e  TYPES 1 1 1 2-A 
and 1 1 1 2-B a ndard- ·� requency Mul i
pli  r . d i n  conj u n  ion wi h the 
TYPE 1 105-B Freq uency M easuring 
Equipmen t  and he ne\ TYPE 1130-A 
Digi a l  Time and Fr q uency Me er2 h i  
yield a comprehensive l i n e  of i nt grate 
frequency-mea uri n g  equiprnent. 

THE TYP E  1 1 13-A 

STANDARD-F R E Q U E NCY OSCI LLATOR 

The hear of the a embly i , of cour e, 
the t n dard-frequency g nerat r.  The 

Gen ral Radio TYPE 1 1 0 1 -B Piezo

Ele ·tric cillator, la t of a l o n g  l ine3 of 

di tingui hed prede e. ors, added it 
own contribution to t h  excellent reputa

tion of Gen ral Radio frequency tand

ard for dependability in th field . To-

day' req u irern.en t , 
on iderab ly better 

ho,vever, 
tability.  

2To b announc d next month. 

demand 

3Jame lr. lapp, "A New • requency tandard," General 
Radio Exp rim.enter, Vol. 3, o. 11, pril, 1920. 

AMPLIFIER 
XIOO 

LOW-PASS 

FILTER 

TYPE 1130-A 

DIGITAL TIME 
ANO FREQUENCY 

METER 

TYPE 1134-A 

DIGITAL-TO 

-ANALOG 
CONVERTER 

TYPE 1521-A 

RECORDER 

TYPE 1113-A 

·� ������� 
OSCILLATOR 

TYPE 1112-A 

IOOMc 
MULTIPLIER 

TYPE 1112-B 
IOOOMc 

MULTIPLIER 

F i gure 3. Schematic of equipment u s e d  to obtain the data plotted in F i g ure 2. Two oscillators are com
pared at 1000 M c. The d i ff erence frequ ency fo is mad e 1 cps for a 1 -second sample or 10 cps for a 
0.1 - second sample. The o u tp u t  from the mixer, abo u t  500 - mv peak-to -peak ,  is amplified to 50 volts 
peak - to-peak. A low - pass filter eliminates the small amount of 60 - cycle and 120-cycle components 
introd uced by the m u ltipli ers. Its c u t - off frequ ency is 15 cps, with better than 40 d b  atten u ation at 60 cps. 
The period of the d i fference frequ ency fo is meas u r e d  with the Type 1130 - A  D igital Time and Frequ ency 
M eter and its o u tp u t  ronverted into analog form by the Type 1134 - A  D i g ital - t o - A nalog Conver�r. The 
o u tp u t  is plotted by a Type 152 1 - A  R ecorder. This recorder has a bandwidth of 1 0 cps which permits the 

measurement of stability for 0.1 - second samples. 
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The new TYPE 1 1 3-A and rd-
Frequency 0 illator which replace i , 

u e he Gouriet-Clapp i rcuit4, i n  t ad 
of a modified 'Ieacham bridge, and re

plac the econd-harmonic exten ional
n1.ode quartz bar, 5 operating a 1 00 kc, 
with a ontoured T-cu quartz pla e, 
opera i ng at 5 Mc. Thi plate, developed 
b a group at he B 11 Telephone Labora
torie 6 under a i nal Corp con r ct ha 
a torage factor in th rang of 2 to 3 
x 1 06 which make po ible a high degree 
of decoupling be ween the fr qu ncy
control el ment an d i maintaining cir
cuit. Thi , in turn minimize hort-term 
fr quency variation . Care in proce ing, 
with particular a t ention to avoidinu 
contamination 7 min1miz 1 ng-t rm 
drift. Over-all tability i therefore ex-

11 n t  a hown in Figur 1 and 2. 
Figure 4 i a schematic of he o cilla

tor, howing he frequ ncy-con rol y -
em and the delayed AGC, which main
ain the dri e power to the cry tal at 

approximately 0..5 x 1 0-6 watts, a le el 
ar fully ho en o be larg nough to b 

•James K. Clapp, "A Broad ast Frequency Monitor for 
the 20 Cycle Rule," General Radio Experimenter, ol. 14, 
No. , January 1940. 

E. P. Fel b and J. 0. Israel, "A imple Circuit for 
Frequency tandards Employing Overton r;vstals," 
Proc. IRE, Vol. 43, o. 5, pp. 596-603, :v!ay, J955. 

F. D. Lewi , "Fr quency and Time tandard , " Proc. 
IRE, Vol. 43, l o. 9, p. 1055 and Appendix pp. 1065-106 , 
S ptember, 1955. 
gJames K. Clapp, "On the Equivalent ircuit and Per
formance of Plated Quartz Bars," General Radio Experi
menter, No. 10-11, Vol. 22, March-April, 1948. 
• . W. Warner, "High-Fr quen y Crystal nits for 
Primary Frequency tandards," Proc. IRE, Vol. 40, 
No. 9, pp. 1030-1033, eptember, 1952. 

7 A. W. Warner, "Frequen y Aging of High-Fr quency 
Plated Crystal nits ," Proc. IRE, Vol. 43, o. 7, pp. 
790-792, July, 1955. 

OSCILLATOR 
6688 , __ __ AMPLIFIER 

6688 
AMPLIFIER 

6688 

A P R I L , 1961 

' ou f h noi " for hort- erm flue ua
mall  enough o hat aging and 

aria ion of fr qu ncy with dri le el, 
which become significant at high po\ ers, 

are mini mal. Premium q uality long-life 
tube are used for o cillator and ampli
fi r to ur reliabir ty and o incr a e 
the ime between tube replacen1.ents. To 
rn1111m1ze effect of cathode-in erface 
impedance8 the o cillator ube i op

erat d at relatively low tr n conduc
tance and at r du ed heater temperature. 
Fil  ered d hea er v l tage lni n i mizes 
60-cycle frequency modula i n, and well

regula t d heat r an d  plate upplie n1.ake 
the operation of the in rum n u b-

tantially independ nt of line vol age. 
A and d feedback in the A G C  ampli
fier y tern keep he cry tal drive level 
wi h in 10 0 for 2:1 hange in tran o n
duc anc of the ube . 

'I he temperature- on rol for the 

q uartz plate i a two- tage y ·tern ba ed 
u pon the vacuum-bo tle oven tha ha 
gi n exc 11 nt reliability over he years 
in t h e  TYPE 1 184-A-A Televi ion Tran -
mitter onitor. 9 he temp rature of his 
oven i determined by a mer ury ther
mo tat, which provides an on-off ignal 
to the grid of a thyratron hat con rols 
directly the Im -po-� er oven heater. 
Cyclical emperature change an ing 
from thi on-off hea ing y tern have 

a • T. Rohn, "The Effect of a Cathode Impedance on the 
Frequency tability of Linear Oscillators," Proc. I RE, 
Vol. 4 , pp. 0- , January, 1960. 
11c. A. Cady, " e-..v Television Transmitter Monitor," 
General Radio Experimenter, Vol. 31, o. 4, eptember, 

1956. 

CATHODE 
FOLLOWER 

1/2 6922 
AMPLIFIER 
1/2 6922 � 5Me OUTPUT 

RF FEEDBACK 5Me TO 1112-A 

.....____ _________ -------l ... 
AGC T 

�-A,...c=-c=---_., 
RECTIFIER 

figure 4. Block schematic of the Type 11 1 3-A Standard-Frequency Oscillator. 
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G E N E R A L  R A D I O  E X P E R I M E N T E R  6 

Figu re 6. Interior view of the standard-frequ ency 
oscillotor. Note that oil parts are easily accessible. 
The crystal oven is at the left. The amplifier tubes 
and ot h er circu it elements are mounted on a Fiber
glos etche d  board in a cast frame. At the rear i s  a 
cooling fon with thermal cu t-off, which turns off 

the power if the fan fails. 

been reduced to the order of 0.001 °C a 
the quartz plute, and a re ·ultant fre

qu n y cycling of le than 10-10. fan 
i us d to equ alize the emperature in 

the cabinet in order to keep th in ·tru

n1 nt comp n nt cool and to provid a 

. uitabl a1nbient for th out r , tag of 
th tern.p rature- ·ontrol »v ·t ni. The 

out r age it ·elf, make� i n c . .  ar for 

the i1 n r age o cop ·wi h only a mall 

t inpe1a ure range . Th c01nbination 

n1aint in. t lea t a 1500: 1 control ratio 

over an ambien temp ra ure rang of 
0° to 50°C . 

To provide n1axin un1 prot ·tion. 

arrant t hano·e ·in an1bient te1nperature 

the o cillator-circuit component ·  t hat 
enter into the e tablishrn.ent of frequency 

ar all moun ed in the oven with t he 
quartz plate. 'I he coarse frequency ad

j u. t ment. whi ·h cover a range of adju t

ment of ab ut 5 x io-7 i includ d among 
th . e c mi onent , and i provided "ith 

an ingeniou drive me ·hani m. tha 

mini1nize · heat-leakage pr bl in whil 

as ·uring preci e settability. The fine fr -

quency adj u tmen , howe\·er , co,·er::; an 
adju ment range of only ± 5  x lQ-9 
and i · no ·en itive enough to arnbien 
change to \Yarran te1nperature control. 

I i individually calibrated to be direc 

reading, ·with divisi n. provided at inter-

Figure 5. View of Type 1113 - A  Stondard - fre q u ency O scillator control panel. The front panel is held in 
place with two catches, and is eos ily removed for adjustment of controls or observoti on of oven per
formance. The meter can be switched to perform any one of several functions, os a d iagnostic d evice. 
The coarse and fine frequency controls cover a total range of adjustment of 5 x 1 0-7 yet permit s etting 
to 10-10• The fine control is direct -read ing, with divi si ons spaced at intervals of 5 x 1 0-10. 
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Figure 7. Front view 
of the Frequency 
Divider with panel 

removed. 

vaL of 5 x io-10 and i · ttable to io-10. 
For op rational ·h ck a fiy -p int 

me r circui i in luded. The rn.eter 

che k. o cillat r bia rf output. pla e 

current inner-oven ten1pera ure, and 

outer-oven tem.perature. 

TY P E  1114-A FREQUENCY DIVIDE R 

Th Fr quency Divider produce from 
th 5-Ylc tandard signal a erie of ou -

put frequencie with fundam ntal of 
1 :i\1c 100 kc, 10 kc, 1 kc and 100 cp . 
Additional plug-in uni are available to 
furnish outputs at 400 cp and 60 cps. 

These ou put frequencies are es entially 

ine waves. For those application 

where harmonic series are needed the 

TYPE 1108-B Coupling Panel1° provide 

a harn1onic-rich output. One of the 

in1portant consideration in the d ign 
io. 'ee Type 1105-B Frequency-l\lea uring Equiprn nt, 
page 12. 

A P R IL, 1961 � 

of a fr quenc . tandard i that it "fail 
. ·afe ' that i that ther e no po · ·1-
bilit hat ei her th utp it fr quen ie 
or the indicat d tin1e b m rror a a 
result of failure of the tandard-fre
quency signal. Th er are t\YO fail- af e 
condition in the TYPE 1120-Fr quency 

tar dard . Fir t th yn hronou ·lo k 

will fall out of nchron i in ar d not 

restart if the driving signal fail or 
change frequen cy momentarily; nd, 

second , the frequency di viders have no 
ou pu in the ab enc of an input signal. 

The diYid r howev r ar� de igned 
to re tart when the input ignal reap

pear . Thu no ' aluabl data are lo t in 

uch appli ation a autmna ic fre

q iency- ompari on y. ·tern. in th event 

of temporary po\Y r failur 1Yhile the 

clock stoppage indicate that th tin1ing 
quen e ha been in terrupt d. 

Figure 7 and show th ine hani 1 

Figure 8. Rear 
view of the di
vider with plug
in units installed. 
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GENE R A L R A D I O EX PE R I M ENTER 8 

con truction of th divider. The front 

panel can be ren�oved o make te t 

p ir t a ily acce ible from the front 

of the r lay rack. Plug-in unit for the 

de ir d ou put frequ 1 cie are in· rted 

from th rear (Figure 8) . A ypical 

plug-in unit i hown in Figure 9. 
Tran i t r are u ed throughout for 

reliabili y, small ize, and low-power 

con umption. Figure 10 i a block dia

gram of the divider. The 5:1-Mc divider 

i regenerative, while the 10\ver-fre

quen y dividers are of the v,ritching 

type. 

The r generative Pl-unit divides the 

original 5-Mc frequen y (or optionally 

2.5 Mc) o 1 M . Each of the following 

unit (P2 to P5) divide by 10. The 

optional 400-cycle unit elects the 

econd harmonic of a 200-cycle ignal, 

and the optional 60-cycl unit divides 

200 by 10 and selects the third harmonic 

of the 20-cycle ignaL 

The 5:1-Mc reg n rative divider is 

shown in elementary form in Figure 11. 

To explain i opera ion, let us as ume 

the pre ence of a mall 1-Mc voltage in 

the 1-Mc circuit. Thi i multiplied to 

4-Mc, which is fed back to the mixer 

and heterodyned with the 5-Mc input, 

increa ing the 1-Mc output. 

This regenerative proc produce a 

1-lVIc sine wave. The operating condi

tions of the circuit are et to obtain 

5 Mc 
OR 

2.5Mc 

IMC 

I Mc 

100 kc IOkc 

F igure 9. View of a typ ical p lug- i n  u nit. 

limiting on a few tenth of a volt input, 

and the output i e entially con ant 

over 5:1 drive range. For 2.5-Mc input 

the mixer generate the 5 Mc econd 

harmonic and ·work a de cribed abov , 

dividing eff ctively by 2 /5. 

The lower frequency divider are of 

the "switching" type. Figure 12 i a 

block diagram. The input signal, a 

quare wave, i diff rentiated. The 

trigger generator is an amplifier gener

ating hort, po itive trigger pul e . Th y 
are used to drive a monostable multivi

brator (one- hot). The time con tant of 

thi circuit i cho n to reset at every 

fifth trigger pul e. Hence, one output 

pul e is generated for every 5 input 

pul es. The next tage i a bi table multi

vibrator (flip-flop). The quare wave 

from this flip-fl.op is one tenth of he 

input frequency. A narro\v-band filter 
select the fundamental compon nt 

Ike 400cps 60cp.s 

f • 
I I 

-r-!..-i ,--.L -, 
P5 2�...;!!5! PG : : P7 : 

I 
,_ __ .J L_f..J 

L ____ _?.QQ.CJ!�--_J 

DRIVING FREQUENCY 

Figure 10. Block 
d iagram of the 
F r e q u e n c y  

PULSE 
SHAPER 

IOOkc 
• 

Divider, 

www.americanradiohistory.com

www.americanradiohistory.com


9 

b "tz�r _F_, _ _,,�T'-£-R 
___ 

F
_
., ___ ' At-U-'L-Tl-P L-IE_R_1_· __, 

(N-IJ F0 

Fq • F,-fN-l)Fo 

� , F, o N 

F i gure 11. E l ementary s c hemati c  of the 5:1 re
generative divider. 

which I av ilable at h utput ter-
min al. 

The choice of a r gen ra ive divider 
from 5 Mc to 1 M c  and witching 
divider for the lmver frequen ie wa 
di ta d by two con id ra ion : The u e 
of a regenerative divider above 1 Mc i 
more onomical while below 1 Mc 
swit h ing <livid r have better pha e 

tability.  n important objectiv e  of hi 
de ign has been to ob ain high-phase 

tability o that t h e  outpu ·ignal an 
be u ed for the g n ration of high-order 
harmonic pectra with a m inimum of 
pha e modulation. For such applica
tion quare-wa e ou pu are p ro ided 
a 1 00 kc and 10 kc in addition to t h e  
sine-wav e  output . .  

The pha e tabili y of a divider may 
be expre ed in wo way : ither in 
degree phase angle of the output, or in 
terms of absolu e time varia ion (j i ter). 
In a regenera ive divider, th l op of 
the ignal voltage decrea e by an order 
of magni ude for each divi ion by 1 0. 
A urning con tan circuit-noise l evel , 
th pha e-angle jitter will be invariant . 

Thi m ean that the tiine j itter in ab
solu e u nits increa es by one order of 

A P R I L ,  196 1 

magnitude for ach decade of d ivi ion. 
wit hin g  <livid r on he other hand 

may b a u m  d to ha e con tan t ri e 

time regardl of fundamental fre

q u ncy so tha h e  ime jitter remain 
invariant.  Thi m ean that the p h  
noi e i reduc d b y  a n  order of m agni-

ude for each 10:1 divi ion. iven an 
over-all div i  ion ratio of 1 000, ay from 

1 Mc to 1 kc, and as urning that for 
each stage a switching divider con
tribu ed 1 n ec , then w will have a total 
of 3 n c ime jit er at the 1 -kc output. 
If a regenera ive divider op rating over 
the an1e range tart with a 1-l\/Ic lope 
equal to t h at of h hing <livid r,  
then the 1-Mc to 1 00-kc tage wil l 
contribute 1 n ec a in the p u l  e y e m  
d scribed above. From 1 00 kc to 1 0  kc 
t he lope of h inu oidal waveform 
ha decreased by 1 0: 1 ,  hence, he ji ter 
wil l  be 1 1  n ec and at 1 -kc output, the 
jit er will b 1 1 1  n c. This i 30 tim s 
more than the wit ching divider. 

While thi hypothetical example i s  
for ill u  t rative purpo only, m ea ure
ments h ave hown irnilar rela ion hip 
bet-Yveen the j itter of uch - circuit . A 
typical figure for the circuit  of t h e  
TYPE 1 1 1 4-A i a n  av r g e  of . 0 5  n e c  
of jitter p e r  d cade. T h e  m easurement 
wa made \Vith a ampling oscillo cope 
m a uring the to al ji ter of the 1 00-c 
output with re pect to the 5-Mc input. 

THE TYP E  1 1 03-B SYN C R O N O M ETE R 

The reciprocal relation hip betw en 
frequency and time ha been of prime 
importan c e  from the earliest days of 

2:/ 
TRIGGER ONE SANO 

------1 GEN t-----1 SHOT 1-------iFLIP-FLOP....._---1 PASS 
L-----' -1l.....I1..JL. ...JLJL. FILTER 

F, 
5 

F, 
10 

Figure 12. B l ock d i agram of the s w i tching divider. 
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G E N E R AL R A D I O  E X P E R I M E N T E R  10 

frequency tandard .. T'im i. a funda-

111 ntal irn ivion in our phyRic� 1 d -

Rcription, f thi1 g.�, and th need for 

n1ore and more a curate 1neasuren1ents 
of time ha teadily in rea ed over th 
y r. . A frcqu n ·y -tandard whi h 

o- n rate a �erie of e en .· at a ,·ery 

c:onstant rate, can be con ider d aR a 
Jin ar interp lator betw en 1T1 aRured 

tinrn.· that m rk th b ginning and end 

of time interval . To p rforiu thi. f unc-

tion i is ne ·ary tha the event. b 

conn t d over the interval, and this 

counting can be ni ely do1 by a s n

chronou clock. 

Th e ent. c unted ar ultirnately 
displayed b the c:lo · k a. turn of a 

. ·haft, or in fin r detail by the angl of 

the .·haft. clo ·k de.-iuned to run fron1 a 

frequ ncy tandard . ·hould th r for run 

. ·rn.oothly, at very con. tant angular 

Yelocity, so that its shaft ano·le bear.· a 

c ns ant relation. hip to the electrical 
angle of the , inusoidal driving ,-ignal, 

and it hould be pr vid d with a 111 ch

ani ·m for accurately determining the 
�haft angl at any d Rired point in tin1e. 

Th General Radio 8yn ron01neter::;11 

haY , over the ycarH n1et th se require

n1 nt · admirably a ·  · tt t d by their 

u. throughout. the world. Th y ar 
ba. d, prin1ari ly upon 1 0- ·y le syn
·hron u motor having 100-tooth rotor 

fabrica ed from high-grade ili · n-. ·t 1 
laminations. Two driving coiL· p
po ·itely di po�ed with r 'P c to th 
rotor haft carr th 1000- y 1 clri ving 
signal uperimpo ed upon a d bia.·ing 
·urrent. Pul ·ei::; of orq ie ar therefore 

exerted upon the t eth at a 1000-c cl 
rate as they pa-- th pol pie e and the 
rotor . haft turn a 10 r volution p r 
:-.; cond. 'I he rotor it. ·elf arri . a circular 
well coaxial with the ·haft, "·hi h ·011-
tain::-; radial baffle and which i partially 
fill d with n:ier ury. 'I hem.er ·tu-y, in thi� 
configuration d es double duty in . rY

ino- a a heavy mas to prod i e flywh l 

a tion and a a dan1ping agen to mini
mize hu ting . 

The rotor haf , which is v rti al 

when the in. rument i · in it. normal op-

rating po ition drive. a horizo1 tal .·haft 

at 1 re olu ion p r econd through th 
combination of a ' orn1 and gear. Thi. 
, haf , in turn dri \·e th lo k in cha
ni in through nother right-anuJ w rm-

tl"The Type 411 yncbronous iotor," General Hacrio 
E:rperimenter, \·01. 1, No. 11. ;\lay, 1927. 

JI. . ·. V>'ilkins, "�ynch ronous ;. {olor-Driven Clocks," 
Genernl Radio EJ·perimenter, Yol. 5, o . . 5, etobcr. 1 n:3(). 

F igure 13. Type 1103-B Syncronometer. The new 24-hour dial face is easier to read than the old. The 
microdial and second-hand shafts are acces s ible through the ports to the right and left of the clock face, 
respe ctively, and can be set with a crank. The Type 1103-8 is completely self-contained, with its own 

power supply, and can be driven from any one-volt 1000-cycle s o urce. 
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figure 14. Successive traces, at 2-second intervals, 

of 1000-cycle signals terminated by closure of the 
contactor in the Type 1103-B Syncronometer. For 
comparisons with standard-time signals the Type 

1109-B Com parison Oscilloscope is rec om mended. 

ancl-g ar combination, which reducei;; th 

. peed to 2 revolutions p r minute. The 

second hand of the dock i. dri\·en from 

thi:-; shaft through a 2:1 differential gear, 

\Yhich make· possible continuou adju t

ment of the e and-hand po. ition "·ith

out a ffecting th op ration of th l ·k 
motor in any way. 'rhe minute-hand and 

hour-hand haft. arc po. iti,·ely dri \·en 

by the second-hand . ·haft, o that th ir 

r lative position. r main correct "·h n 

nclju"tment are made. The hand, them

i;;eh·e:-i howev r are driven through ·lip 

clutche o that they can be individually 

et, when de ired. 

The one-revolution-per- e ond haft 
aL o drive. the contact or that is u ·ed to 

determine the valu of the shaft angle 

at a given moment in time. The con-

APRIL, 1 961 

tactor i mounted on a di who plane 

is normal to th . haft on a bearing that 

i. accurately coaxial with he haft. Th 

contactor i actuated by a cam on the 

. haft, and th no-ular po ition of the 

di c i · adju table from the front panel 

through a worm-and-wheel dri\·e. A 
mechanical counter driven fr m the 

adjusting . haft, provide an in-line 

dio-ital readout that i direct readina in 

milli::s c nd � and that can be r ad to 0.1 
milli:-;ec nd on an interpolating ·cale 

haYing mark. at 0.2-milli econd inter

val.. 1 hi choice of cal makes th 

resolution c mpatible with the unc r

tainty in pul ·e- tarting time that ari� K 

from propagation anomalie for time 

.ignals rec i\·ed over radio path . 1hiK 

unrertainty which may be as littl a.· 2 
mi ro ·econds for ground-·wave reception 

i gen ral ly about 0.1 milli e ·ond for 

. ky-"·aye r c ption.12 
12u. F. Hasting , ''Precision Freriucnc�· Control and 
:\lillisecond Timing." ReJ,Jort of XRL Progrc;,,;. p. l'-., 
Augu�t, 191\0. 
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CLOSING Tl ME DEVIATION (MILLISECONOSI 

Figure 15. Histogram showing the random nature 
of variations in closure time of the contactor in the 

Type 1103-B Syncronometer. The average devia
tion is less than the average uncertainty in sky-

wave reception of time signals. 
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G E N E R A L  R A D I O  E X P E R I M E N T E R  1 2  

The T Y P E  1 1 03-B yn ronometer 
shown in Figure 1 3  i i mprov d ov r i t  
predece or i n  v rG 1 re p ct . From a n  
operating tandpoin , h mvever, t h e  m o  t 
important are, undoubt d ly, the me
chan ical fea ure di u ed abo e, which 
make po ible 1nore conven ient u e with 
an improvemen i n  accura y of 1 0 : 1 .  An 
importan t ingr di nt in the mechanical 

em i he contactor, which follmv 
the general de ign of a contac or work d 
out by H .  F .  Ha t in g  of the al  R e-

earch Laboratory . Thi con t act r
mechani m h a  a very long rvice l if  
b cau e v ear is  di  t ribut d over a larg 
area and an ac u racy of clo ure of ap
proximately ± 50 to ± 80 µ e , without 
" bounce. " Figure 1 how typical per
f orman e for ignal di pl y and Figur 1 5  
i a h i  ogram of clo ing t i m e  . 13 Th 
ruggedn of a simple mechanism , r -
fined by improvement ba d on experi
ence, pro ide a rel iabi l i  y of op ra ion 
and ea e of maintenan e eldom ap
proached by m ore ompl x y tern in
corporating combination of ele trical ,  
opti al , a n d  mechanical techniqu 
Proven operating featu re include t h e  
abili  y t o  take a im -of-arrival reading 
without di turban e of the indi at ed 

pro vi ion for 
ynchronou 

time on the cloc k ,  and 
arting the 1 000-c cle 

m otor from th fron t  p n 1 .  

T Y P E  1 1 05 -B 

F R E Q U ENCY-M EASU R I NG E Q U I P M ENT 

Mea u r  ment of u nknow'TI frequ n
cie i n  term of a l o  ally genera d 
standard frequen y are b ing made m ore 
and m ore wit h  digital coun t i n g  equip
ment,  and the TYPE 1 1 3-A tandard-

13The clo!"ing t ime is us d f o r  r e f  rence b e  au e of its in
h erently greater reliabi li ty. For a description of use of 
the yncronom ter e : F. D. Lewi , " t andard Ti1ne 

ignals, "  General Radio Experimenter, ol. 32, o. 1 3 ,  
June, 1 9 5  . 

Freq u n i l la  or and he TYPE 
1 1 30-A Digi al Time and Fr qu n y 
::Weter have been d ign d o ombine 
th high a cura y and abili  y of a 

fr q u  n y an dard with t h  high re o
l u  ion and onven1 n of a counter. 

Th re ar , h owever, l i mitation to 
count r tha make i m perati th u e 
of oth r ype of mea uri ng i n  rument. 
I n  part:icul r,  th ounter i s  inherent ly 
a broad-ban d  d vice wid open to noi 
and unable to di t ingui h b w n a 
want ed zero- ro ing and a n  u nwan ed 

pike.  vVh n m asurem nt of frequen 
mu t be made in th pre ence of noi 
t her i s  therefore a n  d for device hat 
make hi  di crimin ion . Th human 

ar i x ell  n for thi purpo e, and the 
radio receiv r w i  h h un'lan operator ha 
fou nd considerable u e o er the year . 

The T PE 1 105-B Frequency-J\l[ea -
urmg Equipm n compri , ba ically, 
thr reg n r t ive ra io rec i r or 

in d d t ctor covering t he freq uency 
r nge from 1 00 kc to 1 00 Mc,  c mbin d 
wit h  h ree high- tability het rod n -
fr q ue1 c -m ter o il lator ov ring the 
fundam n ta l  freq uency rang 1 00-200 
kc,  1 -2 M c  and 1 0-20 M . Th tun d d -
tector can b op r t d ei h r os i l l  ing1 
for i n i  ial pick u p  of the un known irrnal , 
or n on-o ci l la  ing for de tee ion of h e  
d i ff  erenc frequen y b w e  n the un
known i gn 1 and a tan dard-frequ ncy 

ignal . hi  tandard-frequency i nal 
can be ei her a harmoni of th h t ro
dyne-freq uen cy met r, u ed to l ocate h e  
frequency wi bin ± 0 . 1 , or a 1 0-kc 
harmonic of the TYPE 1 1 1 4-A Fr q u  ncy 
Divid r used to make the final preci e 
mea ur m nt.  The fina l  mea u rement 
can be mad by compari on of t h  diff r
ence frequency with that of th T P E  
1 1 07-A I n  rpolation 0 cillator. T h e  
re ol u i o n  and ability o f  t h i  i n  tru-
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ment are adequate t o  provide a preci ion 
of co1npari n of ± 0 . 5  cp , and accu

racy corre ponding can b a ured by 
compari on of the output of the In er
pol tion Os i llator wi h he 1 00-cp 
output of the TYPE 1 1 1 4-A Frequ y 

D ivider to locate high-accuracy poin 
on the dial . By adj u ting the zero of th 
beat-frequ n y o il lat r u ed in th 
Interpolation 0 i l l  tor, one can t t he 
d ial to read exactly at uch point , 
thereby making t h  a curacy eq ual 
the resolution . The frac ional accuracy 
then bec01nes ± 5 par s in 1 06 for a 
frequency of 1 00 kc,  increasing to ± -

part in 109 for a frequency of 1 00 1 c .  
The perfonnance of the TYPE 1 105- B 

Fr qu n y-Mea uring Equipment great
ly x d that of it predecessor at the 
h igh-fr quency end of it mea uring 
range b cau e he 1 0-kc and 100-kc 
harm nic are m ich tronger. The 
T Y PE 1 1 14-A Fr qu ncy Divider does 
not, in it elf, p roduce a wide range of 
harmonic frequ n i valan ch -tran
. i tor harmonic genera or h ve th ref ore 

been incorporated in the TYPE 1 108-B 
Coupling Pan 1 to p rform thi p cial

i zed function . This approach produc 
trong, olid harmon ic "pi ke fence " 

through and beyond the range of the 
TYPE 1 1 05-B. 

The ignal produced by the diff r nee 
frequency be ween one of the e pic ket 
and the unknown frequency i entirely 
adequate to drive a counter if the un

known ignal is greater than about 
lOOµv and " out of the noi e. " For 
mea ureinents of thi kind a coun er 
can ther fore be substituted for the 
TYPE 1 107-A Interpolation 0 cillator. 
For general "off-the-air" mea uremen 
hov ever, the di crimination tha can 
be provided by the oscillo cope com
pari on v ith the Interpolation Oscil lator 
i s  in many cases vital. 

A P R I L , 1 9 6 1  

Figure 1 6. P a n el view of t h e  Type 1 1 1 6 - A  Emer
ge ncy P ower Supply. 

TYP E  1 1 16-A 

EM E RGENCY POWER S U P PLY 

An emergen cy po·wer upply uni i 
a ailable to main ain c ntinuou op r -
t ion of a frequ ncy tandard ompri ing 
an o i llator, frequency-divid r, and 
clo k unit . The TYPE 1 1 1 6- Emerg n y 
Po\ r Supply furni h a power fr m 

·ore: ge batterie , the w itch-over b ing 
accompli hed automatically upon failure 
of the main ac upply. The tran i t ion to 
batt ry upply occurs ' ithout int rrup
tion of the conti nuou oper tion of th 
o, il lator and t iming tern, so tha 
calibr ion proc dure involving in1 
integra ion can be fully r lied upo n .  

While t h e  d e  io-n of the T "PE 1 1 13-A 
tandard-Fr qu ncy cil lator prevent 

he po ibility of pern-ianent damage in 
the vent of pow r failur , a p riod of 
hour or even day may b neces ary for 
the tandard to r c r quilibriu1n after 

temporary un ttlement cau ed by 
power failure. 

The emerg ncy pO'iY r upply i , h re
f or , a recomm nded a ce ry for the 

frequency standard . 
- R. W .  FRANK 
- F. D. LEWI 
- H. P.  TR TEMEYER 

Note 

The design of the vari us in trument 
making up the comple e frequency 
standard and measuring equip1nent has 
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G E N E R A L  R A D I O  EX P E R I M E N T E R  1 4  

called upon t he talent of many General 

Radi engine r . he early concept and 
con truction of the TYPE 1 1 13-A Stand
ard-Fr qu ncy 0 cillator was '"orked 
out by C .  A .  Cady ; the final engineering 
de elopment wa the re ponsibility of 
H. P. tra emeyer, who was al o com
pl ely resp on ible for the development 
and de ign of the TYPE 1 1 1 4-A Fre
quency Di id r. The dev l opment of the 
TYPE 1 1 1 2 Fr uency M u l tipli  r 'vhich 

was tarted by J .  K. Clapp, wa corn.
pleted by F.  D .  Lewi , 'vho, " i  h R . ... . 

M orten on,  was a l  r pon ible for t h e  
modifications to t h e  TYPE 1 1 03-B n
cronome er. The avalanche tran i tor 
harmonic generator for the TYPE 1 1 0 -B 
Coupling Panel were d ign d by J .  IC 
Skil ling. The o er-a ll  program wa 
un der the upervi ion of R .  W. Frank. 

- EDITOR 

S P E C I F I CATIONS 

TY PE 1120 F RE Q UENCY STAN D A R D S 

Each frequency standard a embly i u p
pl ied i n  a fioo r-t p relay rack. The panel and 
re lay ra k are finished in G n ral Radio gra 
crac kle l acquer . pac i available in th ra k 
for addi t ion of u h auxiliary i tems as l i n  -
vol tage regulat or , emerg ncy power supply 
unit , radio receiving equ ipment, an d  l oud 

peakers . 
Th performance pe ifi ati on of the e 

frequ n y stand ards are l i  ted under he 
d c ripti ons of the compon n t  units de cribed 
in the fol lowing pages. Two models are avail
able, TYPE 1 1 20-A and TYPE 1 1 20-AH. 

T Y PE 1 1 20-A F REQ UEN CY STA N D A R D  

C o mponents� 

TYPE 1 1 1 3-A Standard-Frequ ncy Oscillator 
TY PE 1 1 1 4-A Frequen 'Y i vider 
TYPE 1 1 03- B Syncronom ter 
Floor-type r lay rac k 
B lan k panel to fill  rack 

onn tion cable 
O utput Fre q u encies: 5 lVIc,  1 Mc, 1 00 k c , 10 k , 
1 k C' ,  1 00 ps. Pl ug-in units for 400 cps and 
60 cp are also available. e TYPE 1 1 1 4-A 
Fr quency Divider. 
P ower Input: 1 30 watts, maximum, at 105 to 
1 25 (or 2 1 0 to 250) vol ts , 50 to 60 cps. 
D i mensions: Height 7678, width 22, depth 
1 8 Y2 i nches ( 1950 b 560 by 470 mm) ,  over-all .  
N et W e ight: 82 pounds (37.5 kg) . 

TY PE 1 120-A H 
1 000-MEGA CYCLE F RE Q UEN C Y  STAN D A R D 

C omponents: 

TYPE 1 1 1 3-A Standard-Frequenc cillator 
TYPE 1 1 1 4-A Frequ n y Divider 
TYPE 1 1 03-B Syncro nom ter 
TYPE 1 1 1 2- Frequ n y ::\1 u l tiplier 
TY PE 1 1 1 2-B Frequency :\ I u l t ipl ier 

O utput Fre q u encies :  1 000 :\ J c ,  1 00 :�vic, 10 Mc, 
5 Ic,  1 Mc, 1 00 kc, 1 0  kc, 1 kc, 1 00 cp ; 
optionally 60 cps and 400 cps. 

Power Input: 330 wa t , maximum at 1 05 to J 25 
(or 2 1 0 to 250) vol t , �o to 0 p . 
Dimensions: Heigh 7678, width 22, d pt h 
1 8 �  in he ( 1 950 by 560 by 470 mm), ov r-all .  
N et Weight: 1 42 pound (65 kg ) .  

T Y PE 1 1 16 - A  EMERGEN CY P O WER S U P P L Y  

Input: 1 1 5 or 230 vol ts , 5 0  t o  60 cps from p o w  r 
line. 28-32 volt , 7.5-6 . 5  amp from batt ry 
(when operating frequen y tandard ) .  
O utput: 1 1 5 volts, nomi nal,  60 cps, 1 0 watt 
continuous . Frequency tandard requi r  1 30 
watts, max . 

A c c es s o r i e s  R e q uir e d :  2 -, 30-, or 32-vol bat t r ' ; 
battery chargi ng qu ipmen t.  
D imensions: Length 1 9, height 1 0  Y2 i nc h  . (4 - by 270 mm), d p h behin d  p anel 1 3  i n  h . 
(330 mm) . 
N et W eight: 5 Y2 pound (26.6 kg) . 

TY PE 1 1 13-A 
STAN DA R D - F REQ UEN CY O SCI LLA T O R  

Fre q u ency Stability: 

. gi ng: Le th an 5 x 1 0 -10 p r day av rag d 
o v  r 1 0  day , after 60 day of op ration. After 
1 ear of operation typi cal drift i s  1 s s  t h a n  
2 x 10 -Jo per day. 

hort-Terrn: B tter t han 1 x 1 0 -10 p r 
minute, as m a u red ' i t h  1 - econd sam pl e . 

Ov n ycl ing : Les ha n 1 x 1 0 -1 0 p ak t o  
P ak .  

Ambient :  Less than 1 x l 0 -10/°C ( 5  x 10 -9 
for 0-50° ) . 

Line: Le s than 1 x 1 0 -10 for 1 05 to 1 30 volt . 
Load i n g :  Le s han ±2 x 10 -10 for 50 oh m 

± 20 O ·  

Freq u ency A d j u stments: 

oar e: pp roximat ly 500 x l 0 -9. 
Fine: ± 5  x 1 0 -9 in divi ions of 5 x l -10• 

Set tabi l i t y :  To 1 x 1 0 -10•  

O utput:  1 volt rms i n to 50 o h ms at 5 M c  . . 4  volt 
rm for neral Hadio TYPE 1 1 1 2- Frequen 
:\I ultiplier. 
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Power I n p u t: 1 05 o 1 25 (or 2 1 0 to 250) vol , 
50 to 60 cp , 1 

T u b e  Comp l ement: n 
5965, 5727 , 565 1 ,  
6688/E l 80F. 
Tra n s istor Comp l ement: One ea · h  2 1\'" l 1 3  
2 N 1 372, two 2 N 445 . 

Dime n sio n s :  Panel ,  1 9  b 5 .:xt'  i nches (4 b 
1 35 mm) ; depth behind panel,  1 6 i nch 
( 10 mm).  

N e t  W eig ht: 3 0  pound ( 1 3. 6  kg) . 

T Y P E  1 114-A F R E Q U E N C Y  D I V I D E R  

Tra n s i stor Complement: One eac h 2 �  645 and 
2 1 2 1  , two 2 1 3  6 t h ree 2 � 1 372, f ur 
21. 520 ven each 2 1 69 a n d  2 5 2, fift n 
2 :r 04 , and sixte n 2 N 1 3 74. 
I n p ut: 5 1 1 c ,  1 M c ,  1 00  kc,  5 0  ohm . 1 v l 
± 50 
O ut p u t: (with 5-M input) : 5 l\ I c  

i n  \i ave : 

1 06 �c} 1 v { + fg 
1 0  kc } {

+ 50 l k  l v  _ 1 0 1 00 c 

0} i n to - o  o hm 

} i n  to 600 o h m  

:4�g � } 1 v { + fg 0} i n to 600 ohm 

*Optional acces orie 
Square Wave : 100 kc} Appro x i rna · ly 7 

1 0  kc vol t  pp open · i rc u i  

S p u rio u s  S ignals: ter than 34 d b  dow n .  

Jitter: L than . 5  n e · for 1 00 c outpu w i t h  
r pect o 5 M i n p u t. 

P o w er I n pu t: 1 05 to 1 30 ( r 2 1 0 to 260) volts, 
50 t 400 cps, approximat l y  7 wa ts. 

T Y P E  1 103 - B  S Y N C R O N O M ET E R  

I n p ut: 1 000-cycl e  s i ne wav , on vol t i n to 
50,000 hms. 

M i c ro d i a l :  

ontactor tabi l i ty:  �Iaximum con tact l 
i ng time deviation a t  an mierodial . e t in g  
± 0 . 1 m ec . 

Cal ibratio n Errors:  Th 1naxi m u m d viat ion b -
ween he i nd i cat d mi rodial etti ng a n d  th 

aC'tual con ta tor cl ing t i m  varies s i n u  oidal ly 
from 0 to ± 1 m c ov r th 1 000-msec rang . 

A c c u racy of Time I n creme nts: The maxi1n u 1n r-
r r over a ti me i n terval of 25 m i ± 2  
±0. 1 m c .  

P ower I n put:  1 05 t o  1 25 ( o r  2 1 0  t o  250) v I , 
50 to 60 cp ; 22 wa t , o n t i nuou ; 1 0  w att . for 

arti n 1notor. 

Dime n s io n s :  Panel ] 9 by % i n  h e  (4 5 b 225 
m m ) ; dep t h  h hind pan l ,  1 1  i nches (280 m m ) .  

N et W e ight: 3 - p o u n d  1 6.0(kg) . 

A P R I L , 1 96 1 

T Y P E  1 112 - A  
S T A N D A R D - F R E Q U E N C Y  M U LTI P L I E R  

S p u ri o u s  Sig n a l s :  n "vanted harmo n i c  o f  t h  
i n p u t  frequen ' Y  are a t  lea t 1 00 d b  b l o w  th  
de i r  d ou t pu t frcq uenc . 

F .-e q u e n c y- M o d u l atio n N o is e :  Les than ± 1  x 
1 0 -9 re i dua l noi. . 

L o c k i n g  Ra nge: Th i nput i gna l  can drift ± ]  5 
part in 1 06 befor th 1 e ked o cillato r  go o u t  
of ontrol.  

Ban d w idt h :  ( E x p r  
d iation rate ) 

d a a l lowab l e  fr qu ncy-

I n p ut: 1 vol t, 1 00-l c i ne \'\rave f rom tand ard-
fr q uency o c i l l ator. an also be dri v n a 
i n p u t  f req uenci of 1 ,  2 . 5 ,  n d  5 Mc ; req u i r d 
i np u t  i appro x i mate}  r 5 volt . 

\ i ll ru n fr w i  h n i n pu i gna l , but · b o-
l ut frequen cy m y rror by several part 
p r m i l l i o n . 

O u tput:  o u r  c han n ls ; one each o f  1 M and 1 0  
:\ le  and two of 1 00 :\ I  ; a l l  i ne wav · a l l  50 
ohms ;  20 m i l J i wat , max . ,  in to 50 oh ms. 

O p e n - Ci r c uit O u t p u t  V o ltage: pproximat 1 Z 
vo lt . 

Termi n a l s :  TYPE 74 Coaxial onn · t 
adaptor are avai labl to fit al l co mmon l y  u 
c nn ect or yp 
T u be Compleme nt: Tw-o each 
6 Y5, 6X ; thr e 
1 2 . X 7 ,  565 1 . 

6 4, G B  5 ,  
eac h 6 0  0 ,  

P ower S u p p l y :  1 05 t o  1 25 ( o r  2 1 0  t o  250) v o l t  , 
50 to 60 cycl , 1 1 0 '"'a t . 
A cces s o ries S u p p l i e d :  TYPE P-22 Pow r ord, 
TYPE 74-R22 Pat h ord, two TYPE 87-1- 5 

able onne tor , par fu e . 

Dime n .s io n s :  R lay-rack pane l , 1 9  b.Y 1 2 .:xt' i n  eh 
(4 0 b r 330 m m ) ;  d pth ,  1 1 .Yz i nc h  (3 1 0  mm). 

N et W e i ght: 25 pou nd . ( 1 1 . 5  kg).  

T Y P E  1 1 1 2 - B  
S T A N D A R D - F R E Q U E N C Y  M U LT I P LI E R  

I n p ut: 2 0  m i l l i ,\·att , 1 00 . I , in wave f rom 
TY PE 1 1 1 2-A tan d ard- Frequ n y M u l t ipl ier ; 
.- 0-obm i n put imp d a nce. 

O ut p u t :  1 000- I c  i n  '"a e ;  50 m w  i n t o  
0-o hm load ; 50-oh m  o u t.1 ut i m p  <l a n e  . 

L o cki n g  R a nge: ± 1 00 kc a th i np u  f r  q u  ncy. 
Ban d w id t h :  .\ l lowab l freq uency devi ation rat 

1 00,000 ycl at th i n pu fr q uency. 

Tube Compleme nt: Three each 6 G 5 ,  6A 5 
1 2  X 7 ,  5651 ; two 6AE:.5 ; one ac h 6U6, 6 
6 B :\ 1 6 5 76. 
P o w e r  I n p u t: 1 25 watts . 

A c c e s s o r i e d  S u p p l i e s :  TYPE C P-22 Pow r ord,  
TYPE 74- 5 Cable on nector, w o  TYPE 

74-R22 Patch Cor ls,  spar fu e . .  

N et W eig ht� 35 pound ( 1 6 . 0  k g ) .  
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G E N E R A R A D I O  E X P E R I M E N T E R  1 6  

0th r :.p i a ions a r  • id L'n t ic:il "it h  t ho 
f r T P l -. 1 1 1 2- \ a hoH·. 

T Y P E  1 1 05 - B  
F R E Q U EN CY - M E A S U R IN G  E Q U I P M EN T  

}. 

'l'yp 

1 1 2 0 - A  
1 1 2 0 - A H 
1 1 1 6 - A  
1 1 1 3 - A  

1 1 4 - A  
1 1 4 - P6 
1 1 4 - P7 

1 1 03 - B  
1 1 2 - A  

1 1 1 2 - B  
I I  0 5 - B  

p 

d - ript ion f hcH< i n. l rll
neral 1 urlia l!.:.xp rim nl r 

DI m e n s. I o n s:: H eight 76Ys, \'\t.id l h  22, dept h 20 1 '.? 
i n c• h  ( l  - o  y 5 - b y  - mm) '" r-a l l .  
N e t  We"g h l :  3-0 poun d ·  ( 1 6  kg).  

Freq u e n c y  Sta n d a r d . . . . . . . .  . . . . . . . . . . . . .  . 
1 000 - M e g a c y c l e  Fre q u e n c y  St a n d a r d  . . • . . . . . .  

E m erg n c y  P o w er S u p p l y  . . . . . . . . . . . . . . . . 

Sta n d a .r d - Freq u e n c y  O s c i l la t o r  . . . . . . . . . . . . . . . . 

Freq u e n c y  D i v i d er . • . . . . . • • • . . . 

400 - c y c l e  P l u g - i n  U n i t  . . . . . . . • • . . . . . . . . . . . . . .  

6 0 - c y c l e  P l u g - i n  U n it  . . . . . . . . . . . . . . . . . . . . . • • . .  

S y n c r o n o m eter . . . . . • . . . . . . . . . . . . . . . .  

Freq u e n c y  M u hi p l i er . . . . . . . . . . . . . . . . . . . . . . .  . 

Freq u e n c y  M u l ti p l i er . . . . . . . . . . . . . . . . . . . .  . 
Freq u e n c y - M ea su r i n g  E q u i p m  n l'. . . . . . . • 

C I SI O N  CO D CTAN CE 

o(/r> Word 

l·� POCI T  
1'1 ?0 0 1-:  
::-.· rr at 

Pnce 

$ 3640.00 
6450.00 

540.00 
1 550.00 

950.00 
85.00 

, 1 5. 0 0  
900.00 

1 450.00 
1 360.00 
5 900.00 

R I DGE 
e n l u <'ttl l H'l I ridg ' ·m

a l  1 · l i ) T Y P ffi  I i ; _ _  \ 
f hi h- •m p n t u r  

.. y:-;t ' I l l  . (2 10- 1  1 •r,  i u or ";.H t i c  .-al 
·1 nd · l u t i  n� )f 
a n<l )rgam · . ol 

f �1 5° 

I c· L r  l:'·t .· m aqu m:-; 

• n t i-;  a t 'I 11 ·ra u · .,. 

' I I  Ub I for . · i  u I i  'H l f t h  
t , or •c J. J uz otl am n. r: . . r I n  :- , '' .\ I n:n i<>n 

ond11ctJLncf' Bridg1• of � '1·w I >t• i�n,"' Juurrwl uf tJ  • 
El 'Clro.rh1 mic;1l . 'Q(.'i, /y,  \h rrh . l \l H .  

R P R E S E N T  A IV E A P PO I  T E D  FOR EW Z E A LA N D  

L i 1  l i  
I adi  

Z a lt nd.  

f \Y . � I H  

n 
r pr . n a t 1  r 

t. •hnieal and 

G e  e r a  I 

r X C'w 

mr 1 r · in.l 

U<.' 
' :>  

� n rn.l Rn.di pr 

t tha fi rm , 

C o m p a n y 
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