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ZERO TO 300 kc 

WITH F IVE-DIGIT A CCURA CY 

Th n w TYPE 1151-A Digital Tin1 

and Frequency 1\Ietcr is a more ophi ti­

cated bro h r of the TYPE 1150-A 
Digital Frequency l\lctcr pr viou ly 

announccd.1 I doc not rcpla e the 
TYPE 1150-A but it doc cJ·t�nd th 

range of pr ·i ion frequency mea urc­
m nt to low frcquencie , \\·here a simple 

ounting frequen y meter i in ffici nt. 

Low freq LL n ·i arc d t rmined ra pidl 
an l accurately by measurement of their 
period or decimal multiples of the 
peno . �Icastll'cment of higher fre­
quen ·1 i accompli hed in th u ual 
fa hion by the> counting of zcro-cro ing 
per unit time, but an altogC'thcr new 
and hio-hly effi i nt program i u d. 

Provi ·ion i al o mad for frequency­
ratio and multiple-interval mca ure­
ment in addition to the u ual totalizing 

or ac ·umulati vc counting fun tion . 

The input circuit include the con­
trol nccc ary for mea urcment of 

pul ed and low-frcqu ncy ignal 

trio-ger level, slope polarity, and ac or 

de coupling. 
The new counter i available in wo 

the standard model, TYPE 
•R. W. Frank and J. K. f:killing, "A Fiv -Digit olid­
,'tatc Counter for Frequ ncy l\Ieasurem nts to 220 kc," 
General Radio Experimenter, 36, 4, Apr.ii, 1962. 

1151- \. and lhe TYPE 1151-AP* which 

can be u ed o drive a uxiliar 
men - like the YPE 1137-
Printcr d n d el where 
1 Ll .t 

The other C'lcmcnts of the T1:-P 

cqu1p­

Data 
In thi 

1151-A 
counter arc imilar to the 'IYPE 11.-'50-A 

introcluc d a year ao-o. Counting d cadc , 
quartz-reference o illator, power up­

pli and packag arc ub tantially the 
ame. 

T H E  CO UNTER P RO G RAM 

The program of the 'I PE 1151- is 
as ffi ·icn a a, program can be me de 
for a col..mtcr without orag . It i 
mor complex than the lemcntary pro­

gram of th TYPE 1150-A Digital Fre­
qu ncy l. le> er, l o than the highly 

efficient program of the TYPE 1130-A 
Digital Time and Frequ-ncy .l\1etey wi h 
i t  torage y t m. 2 

inc the two useful intervals are 
tho c for counting and di play, it i 
obviou ly de irable to mm1m1z the 

zero int rval tha occurs between the 
*The TYPE 1150-AP Digital Fre 1ucncy :Meter is also now 
a ailable. 

tSeepage 9. ' 
2R. 'V. Frank and 11. T. :\!c. le r, "A Fr qu ncy Counter 
with a :\1 mory and with Built-Jn Reliability," Grneral 
Radio Experimenter .35, 5, lay, 1961. 

Figure 1 .  View of the Type 115 1 -A Digital Time ond Frequency Meter. 
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G E N E R A L  R A D I O EXPE R I ME N T E R  

rend of th display in crval and the tart 
·of th ncx coun ing interval. 'I'hi has 

been done in the new counter, who e 
frequency-m asurement program is 

shown in block form in Figure 2. 

The tim -ba of the TYPE 1151-A 
counter is, like the ring counting decades 

previously described, l an innovation. 
This counter u e two iden ical binary 

scale-of-1000 <livid r o con rol th 

100-1<.c 
OU ARTZ 

OSCILLATOR 

INPUT 

CIRCUITS 

t-----<� COUNTING 
GATE 

CLOCK GATE B OISPL AY 

SCALER 0.01 CONTROL CKTS 
SEC 

CLOCK 

counting gate duration and to produc 

variable display time. Since the e di id­
ers are ap riodic devices they can b 
used to produce multi pl· -p riod gating 

in d cimal t p . The binary scaling 

devic s cost less than many olid- tate 

mono table <livid r and ar more r -
liable . They also make pos ible a more 

efficient program. 

1Loc. cit. 

5-RING COUNTING 
REGISTER 

RESET 

PERIODS/ 
COUNTING 

TIME 

Figure 2. Elementary block 
diagram of the counter when 
used for frequency measure­
ments. The program scaler 
determines the crystal-con­
trolled counting time and the 

display time. 

I 100 ,.......,, u CLOCK II 

0 I 2 3 4 � 6 7 9 9 0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 1:5 16 0 
J I I I I I I I I I 1 I I I I I I I I I I I I I I I I : I I I I I I I I I t 

_J COUNT UNKNOWN b DI SPLAY ,o I COUNT UNKNOWN L 
I I 

f SET O: r : 
______ __,, �--�--�v-i y PROGRAM SCALER ZERO r I 

In a first scale-of-1000 divider, the 100-kc 
signal from h oscillator is r du ed to 100 
cps to supply clock puls s to operate the pro­
gram. Assume that the counting register has 
just been cleared and the program scaler set 
to zero by a reset pulse. The next 100-cycle 
clock pulse will cause the main gate to open 
and the program scaler to advance 1 count. The 
program seal r is od d to count 10 100, or 
1000 clock puls s by the PERIODS/COU:-<TING 
TIME switch . When the appropriate number of 
clock puls s have been counted the signal from 
the s aler closes the main ga e. nut the sc aler' s 
job is n t :finished . pon main-gate closure, 
the s al r is reset nd again begins to ac umu­
late clo k pulses. If, for example, a display 
int rval of around 0.3 second is desir d, the 
DISPLAY TIME switch set to its second position 
will t rminate the display interval aft r 32(25) 
clock puls s hav b n accumulated. 'The pro­
gram seal r op rates in a pure binary fashion 
to ount ou 16, 32, 64, 12 , 256, 512, and 1024 
clock pul s orr sponding to display time 
ranging from 0.16 to 1 0. 24 econds. * 

At the conclusion of the display interval, 
the next clock pulse generates the reset pulse , 
•This display interval has the ame precision as the gate 
interval. This is incidental; unfortunately, no one h:i.s 
yet found a goo<l use for it. 

and the very next clock pulse, 1/100 sec ond 
later, will open the counting gate to begin a new 
measurement. The maximum "time out" for 
reset is 1 /100 second, regardles of the gate 
time. Note that this pr gram is what might be 
termed fully synchronous since all thr e int r­
vals, counting, display, and reset, are continu­
ously und r c ntrol of the 100-cy le clo k. 

Figure 3 shows the rearrangement of the 
basic circuit blo ks for period measurement. 

Here, the input ircuits produce their ne 
pulse p r cycle f r the pr gram, and he 100-
kc oscillator puls s arc pas ed through the 

ounting gate to be accumulated in th regis­
ter. Periods and their multiples are the refore 
measured in a minimum time increment of 10 
µsec. 

et us as um , as with our previous example, 
that a res t pul e ha ju been produ ed. Th 
next pulse from the input circui swill open the 
main gate and start the counting of the input 
pulses in the program scaler. If the scaler is not 
in the circuit, a single p riod will open and 
close the gate. If the PERIODS/ OU TING-TD.1E 
switch is set at 10, t n pulse must be counted 
b fore the gate closes, e c. pon gat lo ur , 
the program seal r is reset to zero, and, as be­
fore, the pulses from the 100- y le lo kb com 
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its input signal. A binar ' s quenc of 100-cycle 
clock pul c i now count d to establish the 
display interval. The signal fr m h a] r 
via the display-tim witch initiates the re­
s t pul 0, and w ar back wh re we tart d 
from. Th next pulse from th input ircuits 
will again open the counting gate. 

Th program for fr qu ncy-ratio m asure­
ment is exactly like that for multiple-period 
mea w·cm nt, hmvn. in Fi ur 3. The 100-kc 
oscillator whi h provicl d the pr ci ion lock 

JU N E, 19 6 3  

for period m asur men t s  i simply r pla d with 
a s cond, sim1 le, s t of input circuits. uppo e 
a signal of 10 cp i impre don the main input 
t rminals (with th :-.1E SURE m TT switch to 
PERIOD). The counting r gi t r will di pla, its 
p riod a 10,000 (ten ofµ e " ) . If the rnA URE­
ME T swit ·h is now plac d in RATIO po ition 
and a 100-kc signal is admitted, the register will 
still read 10,000, n '"'th rati f fr qu n · B to 
frequency A. If th . p riods multiplier is et at 
10, he reading is 10 B/A, etc. 

100-Kc ,__ _----.1_ COUNTING 5-RING COUNTING 
UNIT REGISTER 

Figure 3. Elementary block 
and timing diagram of th e 
counter when used for period 
measurement. The program 
scaler determines the number 
of periods measured and the 

display time. 

OSC GATE 

CLOCK 
SCALER 

RESET 

INPUT 
CIRC UITS 

GATE 8. DI SPLAY 
CONTROL 

PROGRAM SCALER 
10, 100, 1000 

100'"'-' "CLOCK" 
0 I Z 343t1eI1011121!d41Sl6 

PERIODS/ 
COUNTING 

TIME 

I I I I I I I I I I I I I I I I II I I I 11 I I I I I I I !! I t I I I ! I I I I I I I I I I I I II I 1 I I I I I I I . . 
SIGNAL FROM INPUT CKTS 

1 I O l "Z 3 4 5 6 7 8 9  I i O l "Z 
f I I I I I I I I I I I I I I I J 1 1 I I ���- ----� I I 

__J couNT 1 0 J.J sEc cLoc" oR I : io I B CHANNEL 
I ;-' --------.; 

---- -----�' I DISPLAY 1'-0 ________ _ 

I r sn: 0 r I 
--y---P-R_O_G_R _AM---�r�--S-C -A -

L
E-R---,r�--Z-E _R_O 

__ _ _  _ 

INPUT C I RCUITS 

The id al digital fr qu ncy meter 

would be an automatic m a uring in tru­

ment to whi h on ould onne a ig­

nal of any kind (no ma t r hmv weak 

di tortcd , or noi y) and lway g t 

the corr ct an ' r .  F ll'the rmor thi 
perfect device should not burden h 

bel i  ve, t he b t availa 1 almo 

' ithout r gard to co t. 

To achiev the d ir d I v I of per­
formance h ne' coun r ha four in­
put con rol s  and wit h (in ntra t 
t th impl TYPE 1150, wbjch h d 

non ) . � ith the c on<' can choose: 
ignal ourc with a 1 ad i h r on­

ductiv reactive or r diational. \Vhile 
obviou� ly nevC'r realized, thi i deal i , 

n vcrthelc th d · O"ner' obj tiv- . 

Inpu circuit h uld requir an ab olut 
minimum of adju m nt and operator 
attention, should load the cir uit und r 

e a l i  t l  a po ibl and hould 

radiat practically nothing. The input 
ircuit of he TYPE 1151- DiCTita l 

Ti1n and Fr qu n y l\ 1 eter are, we 

(1) A or d co\1plin0" 
(2) ing lope for triggering 
(3) Trigg ring 1 v l ov r a narro 

ran()" 

(4) Higher sen itivity - 0.1 volt at 
100-kilohm input r i tan e or con­

v r I , 1 volt into 1.0 me()"obm. (In 
other word th input en itivi is 
1 mi roamp r .) 

While tbi flexibil ity i contrary to 
the ideal of aut mation, it do<" p rmit 
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the counter to ope rate more successfull 

in noisy en vironrnen s. Let us examine 

these input circuits to see what hey 

can do. 

Figure 4 is a simplified schema ti 

of these cir ·uiLs. It is not entirely npw 

but is a " ran i torization" of an 

amplitude comparator designed for 

another instrum n .3 The ·ircui ha 
the input characteristics of a chmit 

circuit , but has be ter comm.on mode 

rejection for su h things as variation 
in such power-. upply voltag , t mpera­
ture, etc. 

+ 20v 

F i gure 4. Elemen­
tary schematic dia­
gram of the i n put­
c i rcuit amplitude 
comparator. Sens i -

02 tivity is one m i cro­
ampere. 

ref 

-av 

The pair of symm tricall;-· onn ct d ran­
sistors (Qi, Q2) forms a bista.ble switching cir­
cuit. differ ntial amplifier (Q3), connected 
in the base ir tuts of h fli1 -fl p ransi tor , 
modulates their hn e curr nt with the input 
signal and caus"S swit hing a the ignal rate. 
Thi differential-amplifier transi tor i crucial 

al{. W. Frank, '"I low to .Kill 'lime - Accurately," 
General Radio Experimenter, 32, 19, Dece1nber, 195 . 

to the cir uit p rforman ·e. I i a doul le 
ili ·on, plana r, pitaxial unit wi h 20 1o gain 

(h 14) balanc , and less than 10 nanoamp res 
l , kag . 

The circuit op rates in the following manner: 
Assume current balanc in the differential 
a m plifier and su1 po e that Q1 i on. Q1's lo,11r 
colle tor vol age, ombin d with he current 
pa ing the right side of the differ ntial 
tr an i tor, will keep Q2 shut off and �' s ollecto:r 
voltag high. The high r current in R3 to the 
base of Q1 will, even in the pr s n0 of the equal 

current from the left side of the differential 
amplifier, keep Qi on. ow, suppose hat th 
collector urrent of Q3a (the left side of the 
differ n ial pair) is decreased, owing to the 
presen eofaninput ignal. Thecolle tor •urr n 
of Qi will d creas and even ually would de­

c re ase sufficientl) to pernrit Q2 t o  go on. But, 
when Qz starts on, i b gins to turn Qi off, and 
the circuit s,.,,itch s to th opposite s at at a 
rate determined only b the gain-band \Yid th 
produ t f Qi and Qz. R m rob r, Q3 h lp d Q2 
to go on in the first place and its other id "\-Ya , 
at the same time helping Q1 to go off. But. n w 
the. i<Tnal of Q1 its lf is ke ping 2 on ven when 
Qa is again at balan . B f r h cir ui can 

wi ch back to i s original state , the urrent 
will have to be rev rsed m Q3 to h l p Qi to go 
on. The amoun by which the base urrent 
of Qa must be varied throurrh the balance poin 
to cau e swit hing i. th u -rent s n itivi(,· r 
"h:,·steresis' of he ir uit. •or theTYPE1151-

igital Tim and Frequency eter, this 
q uantity is one m.icroampere. 

The input r sis an ·e a the bas f 3 i 
low, but only one inicroampere is required o 

\Vit h th circui . One volt will cau e wi.tchin& 
wh n applied to them gohm resistor (R� ) , and 
with 100 kilohms a tenth-volt is.adequate. In­
put polarity is a.sily el ted by im1 l inter­
change of the signal and refer nee. At on -
m gohm input imp •dance, this circu it typicall:v 
ha an input d drif ( h sw:itchino- I oint) f 
les than 1 mv /°C with tmnpera ture, most of 
\vhich is h1e unbalance of Qi and Q2 with tPm-
1 eratur . Th sili n diod D1 and D2 ar u ed 
to pr 'vent atur ati n f high-b ta trausi tors 
a elevated t rnp ratures. 

NOI SE 

The drifts in the operating po1n 
of the input switching ir ui are a 

mat er of concern, ince th -y con ti ute 

a form of noise. Thi noise, whi ·h is 

due to thermal t i me con tant , is very 
low in frequency and will only be ignif-

icant wh n long pPriods are being 
m sured, and th n only during violent 

t mp ra ur hang 

Therm l drift i ju t one of the 
''noi c '' tha d tra t from performance 
and which mu t be minirniz d in the in-
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POLARITY +--+---=--.....;c..----�--l--__._ _ _.. 
SWITCH 

NEG -i- ' 5mv pp 

•. 

21,N 
INPUT-CIRCUIT NOISE TYPE 1 151-A 

Figure 5. Analog recording of a continuous period measurement of a precise signal. The fluctuations of the 
curve indicate the counter's internal noise - less than 5 millivolts, peak-to-peak. 

pu circuits of a low-frequency counter . 
The specification for a · ura y of a 

period measuring devi e alway r ad 
" + 1 count + tim ba e accuracy + 
error due to / of input ignal." Often 

the ountcr manufa turer choo to 

ignor the counter' own input- ircuit 

noi . I-I. T. tfoAlcer in a recent ar icle 
in this publi ation4 ha di cus ed the 

eff c t of noi e of all sorts on th 

ace tra y of the mca ur mcnt made by 
counte r  . HC'r we will repeat only t he 
ba ic eq iation. \Vhen th input signal 

i a in wave and triggering oc ur 

on z<>ro cro , ing , the error made in a 
period ill a ur ment due to input n.01 e 

is: 

(error) % 

Where: 

1 Vn 
+ 7r Vs X 100 

V n = p ak effective noi voltage 

Vs = peak ignal ol tage 

In thi ountcr tho equi al n input 
n01 i le than 5 millivolt peak-to­

p ak. In the be input circuit th ir­

reducible input noi wou ld b that in 

the input r i tor and po· ibly the input 

tran i or. In mo t counters, the noi e i 

41-J. T. l\lcAleer, "Digits an Lie." General Radio Ea·pen·­
menter, 34, 12, Dec mb r. 196:?. 

not random but i a relatively coher nt 

ignal , consi ting of variou ignals pro­

duced v ithin the counter. In the TYPE 

1151-� ounter a lot of att ntion h 

b n given to minimizing the e noi 
Figure 5 is a r ording ho"·:ing 

flu tuation in th mea m· d period of 

a low fr qu ncy (3 cp ) signal. Th 
p riod of thi ignal (a po iti e aw­
tooth) is preci e, and i O\YU n01 is 
very low. The urv wa obtained u ing 

a new torao-e-type digital-to-anal o- con­

verter oon to be announced.· 

A P PL I C ATION S  

A digital frequency met r is a the 
nam o dearly implie an automatic 

in 1 rument for the accurate men ur mcnt 

of frequency. It ha twp advantag s 
o er any other m an of frequency 

mea urement. Fir i i accurat 

a a urak, ultimate] , a it r f renc 
o cillator ( in e pro i ion I mad for 

an external 100-k sour e to 
control th at tim a Cl.U'D. is not 

n e aril lirni ted to th a curacy of 

the built-in oscillator). ond sin e the 

mea tffement i automatic and the 

re ult i diRplnyC'd by big bright, in-line 

indicator the m a ur ment an b made 
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by un kill d people. The TYPE 1151-A 
Digitu.l Tim and Frequency M r ex­
tends the range of accurat m a ure­
m nt to th frequencies where direct 
counting of the unknown is too time 
con uming . 

The ratio channel i u eful for direct­

r ading indu rial m a ur m nt . A jack 
i provided at th r ar for connecti n 
to the TYPE 1536-A Photoelectric Pick­
off for mea urem nts of rotational peed. 

By application of two input signals to 
the A and B channel , the counter can 
b mad direct reading in any dimen-

sional ystem, as ft/sec, rpm, gallon /­
min, tc. 

With appropriate transducers and 
terminal equipmen the counter can 
indicat , and with th TYPE 1137 Data 
Printer can record, any mea uTement, 
a�, for in tance, 

Units per anything 

Force - w ight - strain - pressUTe 
Flow-rate 

Velo ity, linear or rotational 
Voltage , Cill'r n , resi tance, via a 

voltage-to-frequency con ert r. 
-R. w. FRA K 

SPECIFICATIONS 
Freq uency Meas u rement: 

Ra nge - D to 300 kc. 
Sensiti v ity - 0.1 volt, peak-to-peak, at 100 

kilohms or 1 volt, peak-to-peak, at 1 megohm 
(1 micro mp re), witch- l cted. 

C o u nting I nte rv al - 10 milli cond to 10 ec­
ond , xtendible by multiplier ,·witch. 

Accuracy - ± 1 count ± cry tal-o cillator 
stability. 

Period Measurement: 
Ra nge - to 20 kc. 
N umber of Peri ods - 1 ,  10, 100, or 1000. 
Sensi t i v ity - 0.1 volt a 100 kilohms or 

1 volt , p ak-to-peak, at 1 megohm (1 micro­
ampere), switch-selected. 

Accuracy - ± 1 count ± time ba e accu­
racy ± noi. err r . 

In.put No ise - milliv It equival nt op n­
cir uit input noi� at 1 meg hm, le at 100 
kilohms. 

C o u nted F requency - 100 k . 
Rat i o  M easureme nt: 

Range- B/A, 10 B/A, 100 B/A, or 1000 
B/A. 

F re q uency R a nge - A inpu , de to 20 kc; 
B input , de to 300 kc. 

B I n put - 1 vol p ak-t - ak, 00 kilohm.<\. 

Dis p l ay: 5-digi , in-line Nurnerik register, in­
cand cent-lamp operated. 

Display Time: 0.16, 0.32, 0.64, 1.28, 2.56, 5. 1 2, 
r 1 0.24 c nd. , . witch- elected. 

Input I m peda nce: 1 rn g hm hunt d by 50 pf 
or 100 kil hm, hunted by 500 pf, witch-

1 ted. 

Type 

In put Trigger Level: ± 1 volt at 0. I-vol sensi­
t ivity ; ± 10 volts at I-volt en itivi y. 

In put Trigger Slope: A or de coupled, po itive­
or negativ -going. 
Crysta l - Osc i llator Stab i lity: 

Short-Term - Better than Yz part per million. 
Cycl i n g  - Le s than counter resolution. 
Temperat u re E ffects - Les than 2Yz part per 

:million for rise of 0 to 50 C ambient. 
Warmu p- Within 1 part per million after 

1 5  minut . 
Ag i ng - Le s than 1 part per million per 

week after four week , decreasing thereafter. 
Crysta l F re q ue n cy Accuracy: The frequ ncy i 
within 1 0  part per m.illi n when hipped. 
Frequency adjustment i provided . 
P ower Req u i rements: 105 to 125 ( r 210 to 250) 
v lt, 50 to 60 cp , 50 watt . 

Accessories S u pplied: TYPE AP-22 Power 
Cord, eight replacement incande cent lamp , 
spare fu e . 

Accessories A v a i lable: TYPE 1136-A Digital-to­
Analog onverter an l TYPE 1137-A Data 
Print er operate from outpu of TYPE 1151-AP 
model. 
Cabinet: Rack-hen h. 
Dimens i o ns: Benc h  model "dth 19, height 
3Ys, depth 12Yz inch ( 5 by 99 by 320 mm), 
over-all; ra k model- panel 19 by 3Yz inche 
( 5 by 90 mm), depth behind panel 12% 
in h (32 mm). 
Net Weight: 19 pound (9 k ) . 
S hipping Weight: 22 pounds (10 kg). 

Code Nuniber Price 
1 1 51-A M 
1 1 51-AR 
1151 -AP M 

D igital T ime a n d  Freque ncy M eter, Bench Model . . 
D ig ital T i me and Freq uency M eter, Rack Model ... 
Dig ita l Time a n d  Fre q uency M eter (with output for 

1151-9801 
1151-9811 

$ 1 1 9 5.00 
1 1 95.00 

printer or D/A converter), Bench Model ......... . 1151 -9871 1 2 50.00 
Digital T ime o n d  Fre que ncy Meter (with output for 
printer or D/ A converter), Rock Model . . . .... .. . . 1250.00 

1151-APR 
11 51 -9981 

.. 
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Decimal-cod d information an be 
redu cd to a permanent printed record 

hrough the u e of a digital printer . 
For u e wit h General Radio digital time 
and frequency met rs, there is now 

available the TYPE 1137-A Data Printer, 
a preci e, compa t, and economi al 

device which is manufactured for the 
General Radio ompany by B ckman 

In trument , of Richmond, alifornia. 
By fa t parallel entry of 4-line BCD or 

10-line code inputs, i can print at a rate 
of 3 line per ccond ;vith up to 12 digit 

p r line. 
The printer i cquipp d with plng­

in solid- ·tatc code module ( cc Figure 

1) to ontrol each digit lumn · a -l­

line mod ulc w hi h accepts 1-2-2-1, 
1-2-4-8, or 1-2-4-2 coding ; or a 10-1ine 
module which accC'p either 1 0-line or 

4-lin data. Ea ·h print r ontain the 

required quantity and typ of code 

modul o operate with the intend d 

digital in trum n . ince the ·apa ity 

of t he printer is 12 column how vcr, 
additional plug-in m dules of either 

JUNE, 19 6 3  

S O L ID- S T A TE 

D A T A  

PRINTER 

type are available for printing o her 

data in he unus .d column . 

The digital information can be re-
orded in predetermined digit-columns 

and group . Th input ·abl pro id s 
a p ra e plug for each cod modul , 
so that input data can be programm d 
to p ific digit-columns. In additi n, 
the diaital information can be paratcd 

into group by application of a column-

uppr 1011 ignal to h cod module 

Figure 1. Mu ltipurpose plug-in code modules with 
ind ividual input connectors allow complete freedom 

for composing a desired printing format. 

9 
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G ENE R A L  R A D I O  E X P E R I M EN T E R  

F i g ure 2.  C o m pact, t i me-prove n Burro u g h s  printi n g  
m e c h a n i s m  i s  designed for c o nti n uo u s-duty opera­

t i o n  with a m i n i m u m  of m a i nte na n ce .  

of t hC' digit-col umn in w hieh a pa C' i 

dPsin d .  "Cnplubo-in g  the appropriat 
code mo ul w i l l  a l o accomp li h thi . 

A two- olor r ibbon can b auto­
ma t ica l Jy or man ua l ly con t ro l l  d t o  prin t  
black o r  red on tandard 2 _%'-inch roll  
t a pe . Thi i a convenient means for 
i n d icat ing off-limit readi n gs or readou s 
fro m  d i fferent i p u t  ourcc> . 

F i g ure 3. Duri n g  the printi n g  cycle 
t he type bars move fro m "O" 
t h ro u g h  ••9", and the pos iti o n  
transducer a nd c o d e  ge nerator pro­
du ce binary-coded volta ges. When 
t hese vo ltages c o i nc ide with the 
i n put s i g nals,  t he i nput m o d u le s  
tra n s m i t  pu lses t a  d ro p  t h e  stop 
pawls and hold t he type bars unti l 

t he cycle is c o m pleted. 

The TYPE 1 1 37-A Data Printer has a 
n um ber of o u t  tanding de igr featur s, 
which n Ul'C optimum performan c  with 
a minimum of maintenance. Through the 

u ·e of solid- tate circui t s  and the ab­
sence of power-con urning keyboard 

act iator , ov r-a l l  power r quir m nts 

have been minimized . The extend d 

f1 ont pane l afford an unobstructed view 

f each l in e  i mmedi tely aft r printing, 
and a u cfu l fla surface for writing 

on th pap r tape . 
The olid-statc code mod ules have 

nveru n hand l  s for ql.rick removal 
from th top rear of the print r. To 

facilitate rouble- hooting or mainte­
nan the cont rol circ uit cha is is 
mo unted v rt ical Jy a s  an integral part 

of one of th ide gus ets. 

The print i ng m chanism i a r liable 
B u rrough " 1 0-key" tabu lator , hown in 

] igur 2, ·which is d signed for fa t 

para l lel-entry op ratio n .  Li i n g  k ys 

and in rmcdiat k y board have b n re­

p lacC'd by m" 11 paw l-magnet d vie , 

aeh of wbi h control an individual 

0-to-9 type bar. Tbi e liminate t he 

nC'ed for com pl x mechanical l in kag s 
u ially incorporated i n  digi t a l prin ter . 

The top-pmvls and a rmat ff s (see Fig-

COOED COLUMN tNPUT SUPF'R�$10N 
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urc' 3) are reset mechanica l ly ; hu the 

a o iat d cl ctromagnet requir only 

a minimum of power to hold t heir re-
pe tive armatur s in the a tuat d 

po ition . Each electromagnet i provided 

with an le tri al suppre or.  Thi 

plu th u of an ind uction motor 
operated continuou ly - help to mini­

mize radiat d 1 ctrical interference . 
In place of he usual sliding-conta t 

commutator or tepping witche , a 
sincrle-position transducer and code gen­
erator are u ed to tr n late e h po i­

ti n of h yp bar into binary-coded 

vol tages. These voltages are compar d 

wit h the input ignals in the pl ug-in 

code rnod ul s. W henever he :U1put od 

coincid with t h  internal type po i­

tion code, a pulse is generat d which 
releases the parti u lar stop-paw l  o 

lo k the typ bar in th proper d igit 

po it ion . Thi po ition-dccoding pr 

e cont inue from "O" throuo·h ' 9" 
u nti l all type bar are properly indC'xed . 

The platen i th('n mechanically encra gcd 

and hifted upward toward t hC' i n -l i ne 

J U N E ,  1 9 6 3  

L 

F igure 4. View of the T y pe 1 1 37-A Data Pri nter, 
Rack Mo unted .  

type, printing th correct digit on he 
paper tape . 

This compact printer i availabl in 
either a portable cabinet for bench u e, 
as shown on page 9 or a rel ay-rack 

adaptor cabin t a hown in Figure 4. 

The printer occupiP only half the panel 

pace of the relay-ra k adaptor cabin t ,  
leaving adj acent space for a s  ociated 

eq uipment . 

cable i upplied with t he print r 

for direct connection to the companion 

in  rum nt . 

- I-I .  T .  l\I LEER 

SPE CIFI CATIONS 
Capac ity : 12 columns. 

D i g its:  0 through 9 or blank (column uppre · -

ion ) .  

P r i nt i ng Rate: 3 l ine · per ·econd maximum. 

A c c u ra cy : Id nticaJ to i n put . 
I n pu t :  

Lo.;:i ic L e v e l s  -

Source Resistance Binary 0 Binary 1 
1 00 k i lohm to - 50 v 0 to + v 

2 megohm - 1 2 to - 50 v O to + so v 
Code - 1 0-Ii ne code (one ,,·i re i. binary 1 ,  

eight w ires bin ary 0 )  or fow;-line ncn ( 1 -2-2-4, 
1 -2-4- , or 1 -2-4-2 ) in put. 

Res i st ance - Approximately 10 megohms for 
min u� input , 200 kil  h m. for plu i n pu t .  
I nterna l G r o u n d :  Isolated from cl a i . May b 
bia d to ± 1 00 volt . 
Color-Co ntro l :  

M a n u a l  - Two-position lever selects red or 
black print-out. 

Rem ote - Red, binary 1 or open circuit ; 
blac k ,  b i n ary 0. Input re i tance approxi mately 
2 mego h m · .  

C o l u m n  S u ppress i o n :  Single l i n e  grounded for 
each column suppres ed (3 milliamperes maxi­
mum, + 1 0  voltl:i oper circuit) . 
P r i n t  Com m a n d :  hange from bi nary 1 to 
b i nar 0. B i l l a ry 0, l 00 mill isecond. m i n i rnum 
after prin. ommand ; binary 1 1 5  m i ll i  econd · 
minimum before next p r i n t  command .  o urce 
resi. tance 1 megohm 1naximum. 
I n h i b i t  R e s e t  O utput:  OccljlrS '-'Yi thin 50 rn i l l i-

econd, after print command ; 200 m.i1lisecond 
n1axim uin d urat ion . 
P r i n t i ng R i b b o n :  7 / 1 6- in c h  two-color adding­
machine r ibbon . 
P a per: Standard 2 %:-i u ch rol l  tape. 
Power R e q u i rements: TYPE · 1 1 37-973 1 , 1 1 37-
9732, 1 1 37-9735 and 1 1 3 7-9736 - l J  5 volt , 
60 cps, 45 watts. TYPE 1 1 37-9733, 1 1 37-9734, 
1 1 37-973 7 ,  and 1 1 37-973 - 230 volts, 50 cp " 
45 watt . 
A ccessories S u p p l i e d :  able a sembly for con­
nection to coun ter, spare fuse . .  
A ccessory A v a i l a b l e :  TYPE 1 1 37-9604 and 
1 1 37-9605 Plug-I n  ode Modul e . 
Ca b i net:  R ack and po rtable model ava i lable. 

1 1 
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S PECIFICATIONS (Cont.) 
D i m e n s i o n s :  Rack model - ·idth 1 9, h ei ght 8 %' ,  
depth 1 5 34 inch s (4 5 by 225 by 390 mm),  
over-al l ;  portable model - width 9, height 1 0, 
depth 1 6 �  inches (230 by 255 by 420 mm), 
over-all. 

Type 
1 1 3 7 -973 1 Oota P r i nter, 

Net W e ig ht: Rack model, 45 pounds (20.5 kg) ; 
portable model , 35 p unds ( 1 6.0 kg). 

S h i pp i ng W e ig ht: Rack model, 55 pound (25.0 
kg) ; p rtable model, 45 pound (20.5 k g ) .  

Code u niber Pried 
P orta b l e  Mod el 

(11 5 v, 60 cps ) . . . . . . . . . . . . . . . . . .  11 37 -973 1 $ 1 67 5 . 00 

For use with 
T ype 1130-A 

Cou nter* 

For use with Types 
11 50-A P and 1151 - A P  

Cou nters 

1 1 3 7 -973 2 

1 1 3 7 -9733 

1 1 3 7 -9734 

1 1 3 7 -973 5 

1 1 3 7 -973 6  

1 1 37 -9737 

1 1 3 7 -973 8 

1 1 37 -9604 
1 1 37-9605 

Data P r i nter, Rack Mod el 
( 11 5 v, 60 cps) . . . . . . . . . .. . . . . . . . 
Doto P r i nter, Porta b le Mod el 
( 2 30 v, 50 cps) . . . . . . . . . . . . . . . . . . 
Data P r i nter, Rack Model 
( 2 30 v, 50 cps )  . .. . .. . . . . . . . . . . . .  

Data P r i nter, Porta bl e  Mod e l  
(115 v, 60 cps) . .  . . . . . . . . . . . - . . . . 
Data P r i n ter, Rack Mod el 
(115 v, 60 cps ) . . . . . . . . . . . . . . . . . .  
Dato P r i n t er, Porta b le Mod el 
( 2 30 v, 50 c p s )  . . . . . . . . . . . . . . . . . . 
Dota P r i nter, Ra ck Model 
( 230 v, 50 cps) . . . . . . . . . . . . . . . . . .  

P l u g -In F o u r -l i n e  Code M od u l e  . . . .  
P l ug -I n  1 0-Li n e  C o d e  M od u l e  . . . . . .  

11 3 7 -973 2 1 7 2 5 . 00 

1137 -973 3 1 700. 00 

1137-9734 1 750.00 

1137-97 3 5  1 3 50.00 

11 37-973 6 1 400.00 

11 37 -9737 1 37 5 . 00 

1 1 37 -9738 1 42 5 . 00 

11 3 7 -9604 5 5.00 
1 1 37-9605 7 5 .00 

*TY.PE 1 130-A counters . h ipped before February 1 963 r quire m inor modificatio n .  A modification kit is included with 
these printers. tPrices applicable for ales in . .  A. and Canada onl y .  

N E W  

F E R R I TE 

I S O LATO R S 

Figure 1 .  V i e w  of the 
T y pe 874-H l OOOL I s olator 

( 1 .0 - 2.0 Ge). 

Ferri t i olator ar ba i a l ly o ne-
way tra n mi ion d vie n rf igna l  

appliC' a t  o n  port o f  an i o lator i 
att n uc tcd very l i t t le i n  pa ing t hro ugh 

the i olator to th . e ond por . How­
C'Yer a i<Ynal appl i d at he C' nd port 

of he i olator i ub tantia 1 l y  att nuated 

i n  pa ing thro ugh he i o lator to the 

fir t port . 

\Vhen a n  i olat r i i n  ert between 
a i rrnal ourc a nd a load th energy 
from th sourc i tra n  mitted to the 

lo· d w i t h  v ry I i tt l  lo , but,  mvi ng to 

the high atten iation in the rcvcr e 

dire t ion the unde ir ble ffC'ct of 
chan er(' in l oad ond i l ion s on the ource 
ampl i ud and fr q_u ncy are ub tan-

i a l l y  r d iced . The i o lator t h u  o ffers 

th di t i n e  advan tage of lo• i n  ertion 

los o v  r th ord i nary att n uator pad . 

A a re ult hio-h r y t m en i t i '  i t iC' 

(or v 1 ) can be achie ed for a o-iven 

so urce power. 

DESCRI PTI O N  

Coaxial ferrite i so lat ors are now ava i l­

ab l that offer high performance cha rac­

en t ics over relativ0 l y  wid freq uency 
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Type 
874 -H SOOL 

Frequency Range 
0.5 to 1 Ge 

TABLE 

Isolation 

l 0 to 1 5 d b  

Insertion 
Loss 

0.5 to 1.5 d b  

J UNE , 1 9 6 3  

Can Be Used TVith 
These GR Oscillators 

874 -H l OOOL 
874-H 2000L 

1 to 2 Ge 
2 to 4 Ge 

1 0  to 15 d b  
20 to 25 d b  

0.5 to l d b  
0.5 to 1 d b  

1 209 -C, - C L, 
136 1 -A, 1021 -AU 
l 21 8-A 
1 2 20-A, l 3 60-A 

bands, as show n  in Fig ure 2 and Tabl I .  
They can actually b e  used over con-

i d  rably wid r frequency ranges than 

th ir ra ed 2- o-1 band wi h om 
deterioration in performanc . They r 
eq uipped with locking TYPE 87 4 Con­

ne ctors and w il l  handle up to 5 watt s 

cw po w e r .  

T H E O RY O F  O PE RATI O N  

The isolators de crib d here are ba d 
o n  the pheno men on of re onan ce-ab­
sorption.  Their isolation characterist i c  
depend on the ab orption of energy hat 
occ urs at f rromagn tic re o na nc . To 

achiev t his reso nanc , a ferrite material 

i p lac d in a r gion where the fiel d  is 

c i rc ularly polari z  d ,  and the ferrite is 

t ransversely magnetized by a n  xt rna l ,  
tatic magnetic field . The re o nance 

occ urs when the strength of t he external 

static field is such that the pr ce sion 

rate of the ferrite el tron- pin axe 
cau d by the static fi Id i approxi­

mat ly equal to t he frequency of t he 
c i rc u larly polarized field . (The circ u larly 

polarized field i er at d in the coaxial 
i olator by placing dielectric material 

asymmetrically between the o uter and 

i n ne r  conductor . )  

vVhen a signal i app l i  d a one p rt 

o f  an i olator, the ense of rota ion of th 

c i rcularly polarized field generated by 

t he dicl c ri is oppo i t  t o  t h  dir ction 
of electron pre e sion i n  h f rrite , and 

t here i s  l i t  le interaction between the 

ferrite and the appli d field . \Vhen he 

i gnal i appli d to th o t her port of 

the isolator h ro ation of h field i in 

.0 "O I ti 30 0 -' 25 z 
ifil4·H500�4-H 100�74·H200gL 

g 20 0: � 1 5  z 
o J O  z 
<r 5 z 0 0 

,· 

-
/ " . 

I I v " '' ... I SOLAT ION ;' 

v ... 
. 
I NSERTION LOSS 

I I I 
� 0.4 0.5 0.B 1.0 1.5 2.0 3.0 4.0 5.0 
-' 0 � FREQUENCY-Ge 

Figure 2. Average i s o lation and i n serlion-loss 
characteri stics of several iso lators. 

the same dire tion a the p re n ;  
t he field is strongly coupled to t h  

ferrit el ctro ns and a larg a mo unt of 

n rgy i d i  i pated in the f rrite . 

REFLECT I O N S  AN D RF SO U R CES 

W h  n an rf o ci l lator fe ds a load 

dir ctly, refl tion from h load on 

arriving ba k at the so ur e an i nflu nee 
the source output power and treque ncy. 

"\Vh n the fr q uency of op ra ion and 

th load condi ion ar fL d t he r -
flection , u n le they ar very large do 

not usually affect the stabi lity of the 

our e output. 
h n chang are made in t he load 

condition a for in tance when t he 

load i an adj u ta bl att n uator in a n  

attenuation-ID a uring yst m ,  or wh n 

variou load or a lidi ng shor circuit 

is onnected to an impedan -m a ur­

i ng syst m, the hange in load r fl ctions 

can cau hang in the amplitude and 

frequ ncy of t h  ource . imilarly, when 

the source frequency i vari d w ith fix d 

load condition , th refl ction (a ob-

rv d from th ourc ) change i n  arnpli­

tude n phase and affect t he amplitude 

1 3  
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R E F L E C T I O N  COEFF ICIENT 
0 0 2 0 4 0. 6 0 8 1 .0 0
1=====�==�::;;;:;����-t--

TYPE 8 74 - H  2000L I SOL ATOR 

YPE 874-G6 FIXE ATTENUATOR 

TYPE 874 - G I O  F I XE D A T T E N UATOR 

SHADED AREAS N D IC A T E  O U T PLTT VAR I AT I ON S  
A S  A FUNCTION OF T H E  PHA SE OF T H E  
R E F L ECTION AS SEEN BY T H E  S O U R C E  

and fr qu C' n · of the ·o u rce.  In c i t h r- r  

a e a n  i ·olator bet ween t hE' o urcc and 

thC' l oad ' i l l  i mp ro ve t he ·o ir C' tabi l i ty . 

T he outpu i m pC'dan · c  o f  a n  rf ourc 
i ,  u .  ual ly n o  50 ohm . � Ia n  a p p l i  a­

t i  n howC'vcr req u i re u mat ched . u r  

Hf'r t he I lator can c nvC'rt t he 

C' ffec t ive . onrc u put i m.pcd n ee to 50 

h m  over broad fr qu n ra nge 

w i  hout t u ni ng and \\i t h  a mi ni mum of 

pow r l o  

I S O LATO RS V E R S U S ATT EN U AT O R  PAD S  

Fi gur 3 and 4 how t he ad vantao-cs 

o f  the i olator o ve r he fixed a ttenuat or 

pad . The data w re taken w i t h  a 

Rad io TYPE 1 3  0-A -1- l icrowave · i l ­

l ator o perat in g a t  4.0 G e .  Loads who e 
r fl tion o ffic ien t vary fr m 0 u p  t o  

approxi ma t e l y  1 .0 wer u d a nd heir 

phase relative to th o urce w re vari d 

by mean of a l i ne r t her bC'twe n t h  

o urc a n d  t h  load . T h  i olator u d 

wa a TYPE 874-H2000 L that at 4 . 0  Ge , 

.0 -5 .., .!. 
� 

0 

5 -ro -!------��===Z?Z�Z r O d b  
LU > 
� 
_, �-1 5 

.. 
SHADED AREAS I N D I C AT E  O U T PU T  VAR I A T IONS 
AS A F U NC T I O N  OF THE P H ASE OF THE 
R E F L ECTI ON AS SEE N BY T H E  S O U R C E  

I so l ator v s  fi xed atte n u ators at 4 G e ,  c o ntro l l i n g  out­
put variat i o n s  ( F i g ure 3, left) and fre q u e n c y  p u l l i n g  
( F i g ure 4 ,  he/ow-) o f  rf  s o urce ( Type 1 360-A Mi crowav e  

O s c i l l ator). 

had an i 1r rt ion lo of 0.9 db and an 

i olat ion of 2-± db.  Three TYPE 7-i-G 
} i xed A t t  n ua t o r  of 6 1 0  and 20 db, 

re pc t i v ly ·were us d for ompan on _ 

'I he . had d area i n  Figure 3 hO\v t he 

varia t ion i n  ou t pu t a t  any gi v n re fl e  -
tio n  co :ffi ient a the pha e of t h e  r fl c t ­

c d  \ av I va ri d t hrou h 1 0 degree . 

Figure -± how t h  frequen cy-p u l l i n g  

effect o n  t he o ci l lat or a a funct ion o f  

load rC' fiec t ion oeffi i e n  . Kot t ha t  t he 

i o lat o r  i better th n t he 1 0-db pad i n  

c o n t r  l ling t he fr q uen y-p u l l i ng eff c t  . 

Add i t ional data taken w i  h a TYP 

1 2 1 8-A "C n i  0 c i l lator op rat i n o- a 1 .  -
Ge an d a TYP E 74-I-I l OOO L I o l at or 

(in rt i o n  lo of 0.  9 db and i oJation o f  

1 3  db) are pr e nted i n  Figu re 5 and 

imilar performance w i l l  b - obtain d 

w it h  ot her type of c i l i a  tor . Triode , 

tran i t or k l y  t ron backward-w a 

magn c> t ron , and o h r o c i l l ator hav i n g  

tightly o upled o u  put i rc u i t  ar u -

j c t  t o i m i lar i n  tabi l it ie and t h  u 

I s o lator vs fixed att e n uators at 1 . 5 Ge, co ntro l l i n g  o utput 
vari ati o n s  ( F i g ure 5, left) and freque ncy p u l l i n g  ( F i g u re 

6, below-) of rf s o urce (Type 1 2 1 8-A U n it O s c i l lator). 

<.> 2.0 
� <.:> z 
:::::; � 1 . 0 Cl.. 
>­u z LU :::> 0 w er .._ 

1 . 5  Ge 
3 d b  

0 2 0 4 0.6 0.8 1 .0 
R E FL E C T IO COEF F I C I E N T  
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of a n  i olator a op po cd to an attenuator 
pad i equa l ly advantageous with all 

types. of o urces.  

A P PLICAT I O N S  

Attenuation M e a su r e m ents 

In the mea u re ment of attenuators, 
fi l r , and o t her devic s wher a t n­

u ·  t ion n'lay b hi h i t  i u ua l l  im­
portant that the de vi , under m a ure ­
mcnt be working bet\ een matched 

our e and load . In add i t ion , i i u ual ly 
nccc ary t u c all  a i labl power i n  

ord .r t o  attai n suffici n - en i t ivity i n  
the region. o f  hio·h att n ua ion.  H re t h  
u e o f  an i olat o r  be ·ween t he so urce and 

th dcvi under t st off er di. tinct 

advantage . 
n t he de ·ector idc an i o lator pro­

vid a mat ch O\ er more t han a 2-to- l 

frequency band while i ntroducing a 
compara tive ly n gligiblc lo in tran -

mission. Keith r tuner nor atten uator 
pad me t bo h the e condition s .  

Slotted - Line Measurem ents 

In a lo t d-l i n  inea ur men y t m 

in which a tightl y coupled , u nmatched 
rf ource i u e d ,  c hange in fr qu n y 

with changes in t h  imp danc of th 

u nknown connected can cau e error . 

For examp l , i f  the po i ion of he 
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de i r  d referen ·e plan i determined 

by t he po i t ions of vo l tage m m 1 ma 
wit h t h  unkn O\Yn and w i t h a hort- or 
o p  n-circ u i t  termina t i  n ·on n cted,  a 

hang i n  frequency \\ i l l  cau e a n  e rror 
in th po it ion of the reference p l a n  _ 

� imilar rror can occur "'·'hen a l id in er 
h rt c ircui i u ed . I n  y t m i n  which 
e n  i i vity i · a lim ita ion , for in ta n 

w h  n very large v WR a rc mca u rcd 
t he use of an i so l ·01t o r  i n  pla · c  of a n  
attenuator can r u l t  in a n  i mprovcm n t  

i n  m a u r  m n acc ura ·y.  

Genera l 

These i ola tors can al o b u d :  
To m ch a dct tor to a 50-o hin l i n  
o r a broad fr q u  n band w it hout 
t u n ing a n d  without a i gn i fi ·an t  reduc­
tion in n it1 v1t . 
To i mprove t h  ourc amplitud ab i l ­
i t y  i n  both fixed and we p-freq ucn cy 

sy tern tha requir an ampli u de-regu­
Jated rf o utp i t .  
I n  a h t rodyne dete t o r  to red u e he 
lev l of h lo a l -o c i l lator igna l app a r­
i ng at h d te tor t rrni na l by 1 0  t o  
20 d b .  

'Vher v r ource outpu tabi l ity , im.­
p dance match , or mini m um l o  1 a n  
i mportant con ideratio n .  

- T . E .  lVlACKENZI E 
SP E C I F I CATI O N S  

8 7 4 - H S OOL 
87 4 - H l OOOL 
874-H2000L 
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;... � k. �  

0 . 5  t 1 
1 to 2 
2 to 4 

<%) ,.,, c 
� H  
8 �  � ;... I ":> 
:;:: ..c 

....... "t::I 

1 . 5  
L O  
1 .0 

ci --
"" =- �  

. § � ;3 I :::c: 0 

� I  $l:: H o.... � 
� 1j tr> � c <%) ,..0 - .,,,.. - === ....... '1:: p,.. """' 

1 0  1. 20 5 
1 0  l . l  5 5 
20 1 . 1  5 

874 - H 500L l s olotor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

874 - H 1  OOOL I s o l ator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
874 - H2000L I s o l ator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

t:.�. Patent Xo. 2 , 5 1  ,457.  

Length 
r: 

� 
� � .,._ � � � :;:: "'"" ........ ....-: 

1 0 .%'  275 
7 :Y.I: 200 

� 2 1 0  

l'ode . rumber 
087 4 - 9 5 8 1  
0 874 - 9 5 8 3  
0874-9585 

Net W ight 
<%) 

§ <%) � � :;:: ..s ;::l 
0 . .... � 0.... 

...! 1 .  
1 J..2 0 . 7  
2 0 . 9  

Pric 
$ 5 50.CO 

3 25 .00 
275.00 
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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  

G e ner a l  R a d io Exh i bit  i n  To kyo 
G c ne r'-1.1 1 acJjo wu 

h fi rm"' t a.kin 
C'Xhi bit L t  h 

proud t o  be on of i 1wl u d i n g  Cn l r� ·r tary f mmc rc · 
rl in t h  F r  n kl i n  R . ,. l . J r . , · n<l C . . . 

. H is ·h-
'I okyo . Th 

') . Y1 .... 1 or . .  

' ou r  
:.\Iidori " 

General Radio al new U.S. Trade Center i n  Tokyo, as se n hy U.S.  U n dersecre ary of Com merce 

Franklin 0'. R oosev It, Jr., with representQfives of Mldor i ya Electri c .  From left to rig ht, the Messrs. 

N agak ura, S ales E n g i ne e r; K uroha, President; F D R, .Jr.; Sekido, l m pori' Div ision Manager; a n d  

l s ti h:awa, M a n ager, I nstru m e nt Sa les Section. 

Personnel Changes at our Sa es Engineering Offices 

1 < nald F .  
t ran fprr d t 

n •arl r a •car u t  
'oneord .  

\'{'TI ' JOIT I  f ( ur 
Offic m I a rc h ,  1 .  13 .  H i.· 

will i ndud mct r  pol i t a n  L . 

Ju .  t h  mil ih ry in:.--h l l a t i n in 
T � r t  r ion of ( a l i f  rnia . R o n a l d  Moss m a n  H a rold '5t'8vens 

G e  e r a  I R a d i o  C o m p a n y 
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