
T H E G N AL D 0 

www.americanradiohistory.com

www.americanradiohistory.com


COVER 

Calibcating t he Type 761-A 
Vibration M et,er w i th the 
Type 1557-A Vibratio,n 

Calibrator. 

THE GE E A RAD I 0 

f XP f R IMf Nlf R 
@1,960-GENERAl RAD'IO COMPANY, WEST CONCORD, MASS., U.S.A. 

P.ublished Monthly by the General Radio Company 
VOLUME 34 • NUMBE S 11 & 12 NOV.-DEC., 1960 

CO TENTS 
Littie Dithers. . . . . . . . . . .. . . . . . . . . . . . . . . . . . .  . 

Type 1560-Pl 1 Vibration Pickup System ........... . 
New Instruction Book for the Transfer-Function Bridge .. 
Standard Inductor.... . . . . . . . .. . . . . . 

New Metered Variac ii Autotransformers ...... . 

Type W5LMT3 VariacE Autotransformer ...... . 
New Decode Resistance Boxes .............. . 
A Quartz-Crystal Frequency Discriminator ...... . 

lnterkama 1 960. . . . . . . . . . . . . . . . . . . . . . . . . . 

Page 

3 
5 
7 
7 
8 
9 
9 

1 l 
12 

The General Radio EXPfRJMENTER is moiled without charge 
each monfh to engineers, scientists, technkions, and ofhers 
interested ;n electronic techniques in measurement. When 
sending requests for subscriptions and address-change 
notices, please supply the following info motion: name, 
company address, type of business company ; s engaged in, 
and title or position of individual. 

GENERAL RADIO COMPANY 
West Co,nco,rd, M'a'ssachusetts 

Telephone: {Concord) £Merson 9.4 400; (Boslon) Clearwater 9-8900 

NEW YO'RK: Br,oad Avenue at linden, R " dgefl eld, New Jersey 
Telephone - N. Y., WOrlh 4-27 22 

N. J., WHitney 3-3140 

CHICAGO: 6605 Weit Nor1h Avenue, Oak Park, Illinois 

T,e/ephone - VIiiage 8-9400 

PHILADELPHIA: 1150 Yorlc Road, Abington, p,ennsylvania 

Telephone Ph;lo., HAFJcocl< 4-7419 
Abington, TUrner 7-8486 

WASHINGTON: 8055 13th SI'., Silver Spring, Mary!'and 

Telephone - JUniper- 5-1088 

LOS ANGELES: 1000 North Sew,ard SI., Los Angeles 38, Calif. 
Telephone- HOiiywood 9-6201 

SAN FRANCISCO: 11 186 Los Altos Ave., Los Altos, Calif·. 

Telephone- WHilecliff B-8233 

CANADA: 99 F orall Parkway, Toronto 15, Ontari o 

Tefephone- CHerry 6-2171 

EAST COAST: 

NEW YORK: 

.MIDWEST: 

WEST COAST: 

CA<NADA: 

RIEPAfR S'ERVIC,ES 
General Rad"o Co., Service IDept., 22 Bake-r A'venue, 

'Wesr Concord, Mass. 
Telephone-Concord, ,EMerson 9-4'400 

Boston, CLecnwater 9-8900 

General Radio Co,., Service Dept. , Broad Ave. at 
linden, Ridgefie ld, New Jene·y 

Telephone N. Y., WOr1h 4-2722 

N. J., WHitney 3-3140 
Generali Radio Co., 'Servcice Dept., 6605 West N,orf 

Ave., Oak IPark, Illinois 
Telephone- VIiiage 8-9400 

General Radio 'Co., Service Depi ., T0001 Nortb Seward 
Street, Los Angeles 38, Calif. 

Telephone - HOiiywood 9-6201 

Bayly Engineering, L d., First St·., Ajax, Ontario 
Telephone - Toronto EMpire 2-3741 

www.americanradiohistory.com

www.americanradiohistory.com


LITTLE DITHERS 
A Small, Self-Contained, Self-Excited 

Vibration Calibrator 

The a ·curacy of ound and vibration 

measurement in the fi ld i gr atl 
enhan l 'ed if he calibration of the n1eas

uring 'Y ·t m can b ch eked again t a 

:stable, knO\Yil ·ource imn1ediat ly before 

·111d a fter the m asurem.ent . The TYPE 

1552-B Sound-Level Calibrat or 1 is wide
ly <ctccepted a ' ,,uch a r f ren · sour for 

·ound m.ea ·urement . The n w TYPE 

1557-� Vibration Calibrator, shown in 

Ii ig;ure 1, nm,· perform' a similar func
t i.on for vibration m a urements. 

Thi.· calibrator generate a rnonitored 

vibration lev l of 1 g, rm. , acceleration 
at 100 cy<'les per :second for th c:ali
L>ra ion of any ibration pickup that i 
ai.taehed to i . It wa originally de
,. lop cl to c alibrate the TYPE 761-A 

Vibration lVIet r, a illu ·trated on he 
·uv r of thi i ue, or the 'IYPE 1560-Pll 

\ ibration Pi kup y ·tem.2 It will · rv 

·q ually "·ell to calibrate most of the 

onc-hundred-plu typ of piezo-ele tri · 

F i g u re 1. Panel view o f  the Vibration Cali brator. 

ac el rometer now available or n1oving

coil velocity pickup weighing 300 gram.· 
or les ' . It can provide on-the-spot cali
bration of vibration mea uring . ) tern. 

in1mediatel:v before and aft r i1nportant 

me suremen .· and al o · n be u ·ed to 

compare trant:>ducen; or to c alibrate 

working -r n. du r. · against a laboratory 

. ·tandard tran. ducer. 

DESCRIPTION 

Th TYPE 1557-A Vihr:1,tion Calibrator 

i a ·mall �baker driven by an internal, 
transistorized, elec romechai ical o.-eil

lator. Th functional diagram, i igur 
2 show both de:ign and cons rue ion . 

The 1noving part, �Ii i ·on ntri 'ally 
and re�iliently n1otmted within the cylin
drical main body, �f 2, of h hak r, 
\\·hi h i. · in turn resilien ly n�ounted to 
the calibrator cas . The tran i:stor am
plifier supplies energy to the driv coil 
of �lf 1, while the pickup cojl feed back 

energy to maintain o cillation .. and op

erates th indicating n1eter. The shaker 
motion is inu oidal, and th frequency 
of the le tron-iechanical o. cillator i:-; 100 
cp.· but th main .·hak r body, -iJf 2, with 

it . ·usp n. ion re onate below 10 eps. 
Small change in the n1a .· of -rJf2 caused 
by addition of the mass of a vj bra ti on 
pickup, for exarnpl , have a negligjbl 

effect on the inotion of llf i, while th 
motion of JVl2 i::; d termin cl by the ratio 

of 1Jf1 to 1112. The n-ia. s of .Jf 2 is alwayR 

more than 10 tim . th n�a . of M1 and 
o for 1 g acceleration of the . hn,ker 

body, jJ.J1 mu. t . hak in exc . of 10 g. 
When the mas of the sh·::tk r body i · in

crea. ed by that of a Yibration pickup, 

tGros . E. E., "An Improved • ound-Le,·el Calibrator," 
Genernl Radio Experimenter. 30, 1, Jun , l 9°55. 
2See page 5 tbi ;ssu . 
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Figure 2. F u nctional dia gram of t h e  c a l i brator. 

the n-iotion of ilI1 n1u ·t b in T �. · d o 

n-iaintain th f Jf2 at th 

1 g l v l. Th 111 tio1 f ill 1 i · n1 nitor d 

b)' he l in t r, "·hi ·h i� c·alibn.lted 

to reo-i t r h tlon of '11.f 1 hat i:-: 

required t m.uintain nJ 2 at 1 O" as n 

fun t.ion f the t ddcd l ad. The calc 

r "tds direct.Ly in shak r Load frorn 100 

t 300 grams. Th load is 1nacle up of 

,,. rem.o' abl 50-crran-i di c and or 

th vibration pickup or pickup h ino· 

en.Ii hrn tcd. 

OPERATION 

Operation of h calibrat or i:-: �impl . 

pickup of kn wn ma · i. at.ta ·h d to 

th ·haker eith r in phic of one of the 

r 1nova.bl 50 oTam di · " or to n of 

th li T · b · n an. of d ible-faced 

pr :-.··ur -.· ns1tIY tc. p .3 Th calibra or 

is turn cl 01 and the utput is . ·e to 

l g rms by adju tn1ent of the LEYEL 

3:\ngiers Adl1e:::i,· :::. Divi;;;ioa of Interchemic:al Co111pany; 
, eotch Brand. :\Iinacsola :\fining and :\Ianufaeturing 
Compau�·. 

· ntrol un il the pan 1 n ter indication 

c rre ·p nd · o h mas · in oTrnns of 

th to al external load n h shakC'r. 

�or example \nth calibration of a t.in. 

aec l rome ter w ighing 20 o-ram. · h 

ace leromet r i. · at a ·h cl ·o one of th 

di. es with do 1bl -faced pr .-.·ur ··scn.·i
tive ape and th LE EL control i� 

adjus cl ·o th rn t r r ad.· 1 20 (the 

ma · � of th ace: l rom t r plu. · th m<.t." 
of th two 50 o-ram. di ·c ·). 

'7Vh n th n ral I a h T'YPl•� 15G0-
( 5 gr'1m.·) i, ealihratecl, 

I c li · i · r plac cl hy he pickup and 

the m terr �ding i , ' t o 100. For the 

G neral Radi 'IYPE 761-Pl 759-P35 

Pickup (215 grams) bo h di. ·c·s arc 

re moved and ·he ·orr ·t n1 · r r adi11g 

i� 215. 

Life te ·t · on h calibra r in lic•l 

that it will op rat continu t.u.;ly :tt 
1nax11num utput f r ov r 10 0 hour�. 

uw non · l op ra i 1 w:i ll u. w.tll�· he 

b lm\· th maximum and "·ill Hot l)(' 
·ontinu u , h uni ·hould gi\·C' trouhlC'

fr 8 rvic f r m ny years. 

Th rm· velo ·i y at 100 cp� for 1 o

rm.· a l rati n i · 0. ·] 4 inch p r · eo11d 

and the corre pondin o· rn-i di placement 

l 0.000978 in h. rrh total excur�·io11 

(peak-to-peak di placem nt) of the 

shnk r body or pickup i · 0.00277 i11ch. 

EXTERNAL FIELDS 

he inagn ti fi lcl. · m a:mr d 1 cnr 

thC' calibrator ar n1ax1n1un.1 a· the 

f h i n trun1 nt n.» one 

n l. Th de field j, · 100 

bau s r low r ·when the rio·h -ha11d 50 

gran-i disc is r moved . �nd r hC' Ramp 

condition · the ac field is l 88 than 1 

()'au ·. ·. Th mea ·ur cl stray magneti<· 

field"' ar ·omewha · l w r ·:i.t tl lc>ft

hand ·id of th in ·trum nt and � ne 

,'houlcl mount pickup · that may b 

·u. ·c p ibl n th· t id . 
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ACKN OWLEDGMENT 

'I'he 'I'YPE 1 557-A Yibrutjou Calibra

tor i:s an extension of an original de. ·ign 

b · D. Y. Xoi. eux of Bolt, B ranck, and 

N O V E M B E R - D E C E M B E R , 1960 

X wn1an, Ine. The l resent 111 C'hanical 

and magn tic- lesign "·n, · engin r d hy 

P. K . .:.\IeElro:--·. 

- E. E. ("lR08 ·, .JR. 

SPECIFICATIONS 

O ut p ut: .\CT lern.tion, 1 g rm!:' ± lOc ·(;. 
\"cloeih 0.614 in. ,::cc·. 
Di:;:plac:c>mcnt, 0.00097 in., 1·m!",0.00277 

in., peak to peak. 
Freque ncy: 100 <' ± 1 cc . 

Battery: -! H:.\I-4 :.\Icrcu1·.,- cPlls or equivalent. 

Ty pr· 

Battery Life: 100 hn•. of c·otd iauous peraJ.ion. 
A c c es so ry S u pplied: L<>athcr c•a.1T:\ing r·aRc. 
Dim ensions:  -! h:--· b.\· -! inc·hCI" (102 h,,. 20-! by 
102 mm). 
W eig ht: 31·4'. pound.· (1.5 kg), including l0a,t h r 

ca1T.\'ing C'asc. 

Code l\"orrl Prirr 

1 557-A I Vibration Calibrator . . . . . . . . . . . • . . . . . . . . . . . . [ Y£YII> $225. 00 

TYPE 1560-Pll VIBRATION PICKUP SYSTEM 
New Ceramic Pickup - New Control Box for Use with Type 1551 

Sound-Level Meters 

�\ n ". bariun -tit�tnate a<·e leromet -r 

(T'YPE 1 5  )O-P51) with exe !Lent chante

teri. ·ticH ii-; now aYnilal l as ·in 'H'
('C. ·s ry input tran:-;duecr for th ·ound

lC'YCI in ter. .\. new control box ('I'yp E 

15()Q-P21) t con1pl m nt th ledrical 

ehnract ri:-;tic:-; of the pickup ha� h n 

cl0siµ;necl. It n10unt:-; on the end of the 

:ound-lc\· l in t r and pro\·id . · �torao·e 

for the pid.::up exten:-;ion prob . tips , 

and cahlc. The combination is eall "d 

tlw TYPVi l5GO-Pl 1 \'ihration Pickup 
� 'ysten1 and i. · ;-;ho\\·n in Figure 1. 

USES 

Th Yibration Pil'kup , y.·t m c:on

Yerts the .·ouncl-leYel nlC't r to a general 

purpm;e \'ibration .:.\Ieter. For a ,·cry 

mode.·t i1n· Kim .nt one C':.tn now put the 

pre(·1:-;1 n a t t enu ator. · amplifier.· nnd 

n wt0ring (·ir<'uit of his sound-le\'el meter 

to "·ork in the field of Yibration mca. ·ure

m 1 ts. As m cl rn pr du ·tion Ille ·hin ry 

and Yehie]e:-; are designed to fr.O faster and 

la�t longer Yihration stnclie� durillg de-

F i g ur e  1. Vie w of the Vibratio n Pic k u p  System 
attached to t h e  Type 1 55 1  -B So u n d-Level Meter. 

\·clopmental · ncl t sting .·tag · are 

bcC'on1ini:i; inorc :.Lnd n1ore in1p rt.:. nt. 

Operator comfort and ·af et a::; well a.· 

m� ehiuery or " hid lif pen l to n 
hu·g ex ent on .·mooth, vibration-fr c 

operation . Th '1ypg15GO-Pl 1 Yibrntion 

Pi ·kup ·. t m i.· � ·onYenient mean.· for 

m:.Lking these n1et1. ·urement::-:;. 'I'hc pic·knp 

syi-;tem aL o inerea::-; �· th u. ·eh.tine:-;.· of 

tl t;O ind-lC'v l m t r a.· a no· ·e-e ntrol 

instrun1ent. X oisc:s <·atised by :-;o]i 1-h rnc 

,·ihrntion.· ('H.ll be more easily tnwk0d 

down. DC'tcdion of C'X(' :-;si\'ely norny or 

won1 mtt<·hin01·.\r ]:-; oftC'll po:-;sibl CVC'l1 lll 
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ACCELERATION 
ft, VELOCITY 

DISPLACEMENT 

-10•-�-+-- + 
---- TYPE t560-P5t VIBRATION PICKUP ONLY 

-- OVERALL RESPONSE TYPE t56QwPll SYSTEM 
PLUS TYPE 15!5'1-B SOUND-LEVEL METER 

50 100 2:00 �00 1.000 2.000 
FREQUENCY IN CYCLES PER SECOND 

.000 

Fig u re 2. Freq u ency res pons e of t h e  pick u p  ( dotted 
curve) and t he co m p lete syst e m  (solid cu rve). 

th pre enc of high am bi nt noi. · l 'el. , 

hy u of a vibrati n pickup in plac of 

the microphone on the. ound-1 vel meter. 

Vibration m a. ur ments are ah.;o often 

n,· d for production noi. te ting of 

silent mall me ·hani. ·m.· and n otor.' 

where airborne noise e. ·t · ar impos. ible 

ven with v ry low ambi nt noi · 1 v L·. 

Routir e vibra j n-1 v l ch k on o erat- � 

ing ma hi1 ery ar an aid t pr v ntive 
maintenanc on m chin ry when vibra-

ion 1 vel. begin to climh, hut hefore 

exce . .  · 1 v w ar hat C'au. e. noiBe and 

failure occur�. 

Tibra ion mea urement · an be u. e l 
to. upplcmen ound-1 vel mea. urements 

med for noi. con r l purpo. ei:; m 

building. . Floon.; \Yn.11., piping v n

ti la ting dtwi s, all nre . ·om·cPR of noi. P 

that c. n he . ought out by u. ing n, 

\' ihration pickup. 

Other us . indud the rn a ur m n -
f all type. of machinery vibra ion to 

determine the need or effectivcne of 

. peC'ial . hock mounting or to determine 

th m iOI of lar()' pa,nel. or . upp rt. 

,,-hich could C'c u. n.01. e. 

CHARACTERISTICS 

The frequency re ponse of the TYPE 

15GO-P5l Pickup f r on tant accel ra

tion is shown by he do ted curve of 

Figure 2. Th ver-all re p n. of the 

TYPE 1560-Pl 1 y tern for con ·tant ae

<'eleration, velocity, or di. placement is 

hown by the olid cur e. of Figure 2. � . 

in<licat d, the re. ·pon. ·c of the ystcm i. · 

flc1t within ± 1 db (± 12 ) from 30 to 

1500 c·p . 

The nominal en itivity of the pickup 

i.· -lO n1v/g. The con rol h x prm·idC'.· a 

gain control (.·et a the f._ et ry t match 

th pickup ·en.· itivit_ to that f the 

ound-lev l m ter) plu. · integrating cir

cuit to convert the ac ·eleration re pon · 

to velocitv and di placement. The 

factors for conv rting d cih l r ding. 

to vibration quanti ie ar indicated on 

the control box narn -pla e a are the 

data r lat.in?· pi kup ·1nd con rol box 
to t h  und-1 'el m ter. Con-
,-ers10n . uppli cl in the 
in truction so th._ t decibel 

readings for accelera ion velocity, or 

displacem nt ar r adily ran lated to 

rm:::; inche.· per ,'ec 2 inch · per e 

or inche . .  

The maximum ace leration that can 

b mea ured b fore the pie kup h com , · 

non-lin ar i 100 g (38 600 inch / c2 or 

JU und r 132 db readino· or th . ound

level meter). 

The maximum velo ity and di. plaee

ment read i ng. are a function f fre

qucnC'y and are cl termincd hy the 100-g 

limit on th- piC'kup. :\.t 20 cp., for 

e. ample, the maximum velori -:.' would 

be 307 inch . /s c (approx . 130 db) and 

the maximmn di placement \Vould he 

2.44 ineh (approx . l l dh). 

The mini1num ace 1 ration mea. tu -

nien (sound-1 v I m ter reading of 

30 db) i 0.32 in. / 2 or .00 g. The 

corr ponding minim for ve l ocit. and 

di placem nt · re .003 iii. I and 100 µ 

inch re pee ively. 

Safe operating;temp ratureforthe pi k

up ex end. from 0 to 200° �. Ov r the tem

perature r ng of 30 to 1 0°F., th en i

ti vi ty remain cons ant "·i hin ± 10  
Except for tempor r y  urface leakage 
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tH·ros. th ceran1i(' unit, cable. , an l hio·h 

v�1lnP rcRistor. in th- rontrol box high 

hurnidity ha. no ·eriou. effect on the 

pcration of he y tern. ry atmo. -

phPre. hn.ve no ill off ('t. 

CALIBRATION 

Ab. ·olu . n itivity of the pi kup 

i. mea ured at low fr qu nci on an 

elec rodynamic hak r. rrhe di pla e

m nt of th ·hak r i. accurat ly de-

termined ,, .. ith m a uri11g micro cop 

an i tr b . copi illumina ion of fiduei

ary marks on the hak r table. ·\t 

frequen ie ahov 100 cp.· he re pon. · 
of th pic kup is mea. ur d on a mall 

N O V E MB E R - D E C E M B E R, 19 6 0  

piezo-electri · . ·hak r. Th r . pon. of 

n.ch pickup is C'h eke l over the fre

qncney rang of 10 cp · to 5 kc . Th 

eleetrical re, pon.'e. · of th n twork» in 

the control hox ar al 'O cnrefull 

•lwC'ked OVC'r the frequen y rnng of 

20 <'PR to 5 ke. 'I h t m <·an he 

readil.) ch ck with the 'IYPE 1557-A 

\'"ihrntion Cnlihrator ( · e pag 3). Thi.· 

new TYPE 1560-P l 1 \ ibration Pickup 

y m r pla the TYPE 759-P35 

\ ibration Pickup and TYPE 759-P36 

ontrol B · rhich ha' e b en upplied 

f r many rear, as an a ·c ·"or input 

yste1n for sound-1 vel meters. 

-E. E. GRO .' .JR. 

SPECIFICATIONS 

Cali brati o n: Th db reading. of the ound-lev l 
meter can be e nvcrt d into ah olut value. of 
li, placemen t , velocity, or accelera i n b,\· 

mean of calibration data supplied. 
Range: Th range of mea ur m nt of the 
pickup and ontrol box when u d with th 
TYPE 1551-B, TYPE 1551-. ' or th TYPE 759-B 
.' un -Level ::\1etet· is app1·oximatel_v a follow : 

H,ms DiRpla<'ernent - 100 micro-inch 
(minimum). 

Rm Velocity - 3000 micro-in<'h p r s e-

nd (minimum). Th upp 1· limit of v Jocity 

Typ 

and di plac ment mea urcmcnt. i dependent 
on th frequ nc_v and i d termincd b,\' the 
maximum n.cceleration pennis iblc b for n n
linearit,\· occurs (100 g). 

Rm ac<'eleration - 0.3 to 3 ,000 in./ ec/sec 
(100 g). 

Net Weig ht: TYPE 1560-P51 Vibration Pi lrnp, 
1.6 ounee. (45 g) (pickup onl.\•); pickup 
pluR 5-fo cahle probe, and tip., ounc· s 

(0.3 kg); TYPE 15 O-P21 ontrol Box, ] pound , 
3 ounce. (0.6 kg). 

Code TVord Price 

1 560-Pll Vibration Pickup System. . . . . . . . . . . • • . . . . . . . I PIK 1> $ 1 30.00 
. ' 

NEW INSTRUCTION BOOK FOR THE 

TRANSFER-FUNCTION BRIDGE 
\Ve have ree ntly pr pared a r vi ed 

,·er.·ion of h operatino- in rue ion for 

th 'I'YPE 1607-A Tran fer-Function and 

Immittance Bridge. Thi nm\· a n  

greatly enlarg d edition contain a oT at 

d al more operating information than 

doc:>.· the fir.· di ti on including a com-

pl ction on tunn 1-diod n1 a ·ure-

111 nt. ingl copi will b gladly 

furni hed without charge to n. ·er 

of the m rument . R ciu . t. · should 

includ the erial numb r of he in-

·trumen with which l ho k ifi to 

be u. ed. 

STANDARD INDUCTOR 
From las month articl on ne\Y tandard inductors the fol l o"-ing identificati 11 

and pri data w re inn.dyertentl.\' omitted. 
Type Cod Tl' ord PrirP 

1 482-A I Sta n dard Inductor, 50 µh . . . . . . . . . . . . . . . . •  I�Dl°CTOGAP $ 1 25.00 
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NEW METERE D VARIAC® AUTOTRANSFORMERS 

d n ft.Ch 
aut tran form.er, 

an1meter or a 

port a bl t . ting 
nsi. ·ting f · \ · ariu.c 
<1 v 1 t n1 t r, and "" n 

\Yattmeter or both. 

Rwitchi1 g fu:se. , an 1 3-\Yire pmYcr C'ord 

nrC' also provided. T'hese handy, con-tpac 
as. en1hlies hnxe many u. ·es both in the 

laboratory and on the te::;t. b nC'h trn1ong 

them. o\·ervoltagc and nndervoltuge 

test.', t rouble Rhooting; and rnea::-;ure

ment.- of voltao·p current and po\\· r. 

.YfeteI\' ar 1:;hi 11 l from th trani:;

f rm r. tray field, permitting nn ,·er-all 

ac urac. of 3 :;{ or full sC"al . Th 01 -off 

-·wi .h liHcon 1 C'c·t� both . ·idC' . .. of the Ii n ' . 

l\1ak -befor -br <tk . \\·itehc. pcrrnit the 

Ty!><' Input 011tput 
Voltnye l.'olt1111e* 

WSMT3A 120 0-1-1-0 

WSMT3W 120 0-140 

W5MT3A W 120 0-1-10 

W10M T3A 120 0-140 

W10MT3W 120 0-1-10 

*\'olLmctc>r range is 0-150 

Type W5 MT3AW Metered Variac. 

011//)11/ 
('11r1'1'nl 

(.-l m pe1'e11) 

0-.') 

0-5 

0-5 

0-10 

0-10 

dual-r� ng an1n1 r and Y ltm t r. to 

b �'"it ·h d und r load. 

'1 hre new n1odel · a1 now available 

in addition to the two (TYPE· vV5l\iT3.\ 

, nd \V5l\'IT3\V) pr -Yiously HJ nounc· .d. L 

For conYenient refer nc , all f],· aYail
nl le rn.oclels are li. ·tcd helmY. 

The new TYPE \V1or..rr3A and TYI'E 

\V10::.\'IT'3\V duphcn,tc in the 10-amp re 

rating the fentur .-· of he 5-ampere 
mo lels pre\·jou. ly announced. The 'I YPE 

' .5:\1'I'3A \V offers the ach·anta.ge of nil 

thr met en; - reading load Yol t:-;, 

amp r . · n11 l \n tt. · m n, . ingle 
a. ·:-<en bl>'· 
1":-.; c"- .:-.frtNed \'ariac-,,, TYPES \\".3:\IT3A, \\".:>.:-.rr3\\' ," 
Gn1erol R1rdio E.rpui111e11fl'r. :3:�. :) . :\Ia.y. 1!).39. 

JI et er Ntrnfie.� 
Pn'c 

0-1 ::\ 
0-5 

11 • 'ABAL $89.00 

'A BUB 1 12.00 ::\one 0-150 

0-750 

CA BEX 1 50.00 
0-1 0-1.'.>0 I 0-:) 0-750 

DOG EN 110.00 
0-2 I 0-10 

l>OGID 138.00 
0-300 I 0-1500 

Type W10MT3A M etered Variac. 
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9 N O V E M B E R - D E C E MB E R ,  1 9 6 0  � 
TY P E  \N 5 LMT 3 VAR I AC(li) A U T O T RA N SFORM ER 

Th popu b.r " I' Y P E  \Y : L  Y : l ri :H·(ii') 

n t ot ra rn-;fo rn1cr i �  n o w  a v n i l a h l C '  i n  ; 

p rh,h l  n c l C'l Y I B \V 5 L l\ '[ T3 w i t h 
c · ;. t:-;c, h a n d l e  on-off . · w i t .« h ovC'rl  : t e l 

p rot C 'ctor,  3-\Y i re <' Ord a n  c l  p l u g  a n d 

3- w i rc ou t let . 1 ax i rn u m  o u t. p u t  ,·ol 1 ag<' 

i s  l i m i t c l  t i n p u t l i n  vo l t : tg<' . w h i « h  

pPn n i t . - n .  n1: t x i nnnn c · u 1T n t  ( if 0 . 2  

a in pE>rC ' . · a n d  a n  ou i.pu t ra t in g  o r  l .  l k v : t. 

1 <l t d r- u rrc n t  of 7 .1 a m pE- 1·ps < ' a n  he 

l n t w n  · t  any poi n t. 01 the w i nd i ng : 
1n a x i n n un e u rrc n t  c · a n he d nt \Y l l  : l t , n r  

n ea r ,  r n a x i m u m  vol i .ag;0 o n l .'· · ,\  l o: H l 
d ra w i n g n o t  n1 orc t h n n  rn a x i n - 1 1 1 1 11  c · t n·

rc n t  a t  nutx i nn u n  \' O l ( ; t g< '  c · : u 1  h c ·on

t rol l c ·d o \·er the fu l l  ra n ge of ou p u t  
Y ol t a �;c- (0 t o  1 20) . 

The eon1 b i n n t ion of port : 1  b i l  i t:v h i gh 

ra t i n g ,  3-w i re p h w  :U l ( l b u i l t - i n n\· • 1 · J oad 

Vie w of t h e  T y p e  W5LMT3 V ariac'Rl A ulotran s 
form er. T h e  3 - w ire to 2 - w ire adaptor  s h o w n  al 

t h e  rig h t  is f u rn is h e d. 

p rotcet r 1 na k h i,· Yn r ia c a 1 n o;-;t u .  ·efu l 

d1.�Y ice f r ge n e ra l t ·t i ng i n  t h e  l a b
o r:l t or�r a n d  . h op . 

S P E CI Fl CATI ONS 
I n p ut Voltage: 1 20 .  

O ut p u t  Voltage :  0- 1 20. 

R at e d  C u rrent :  7 . 1 a r n p<' l '  .:': . 
M axim u m  C urre nt: � ) .2 :tl1 1 ( lf' l'CR . 
Load R atin g:  1 . 1  k v a .  

Driving Torq u e: 1 0-20 ounc -it  chc� (7 0- 1 -!0 
µ;111.-('tn ) .  
Ca-.e D i m e n s io n s :  (II  • igh t )  6Yt6 X (width)  -± Ys x 

(dept h) 4� i nch 'S ( 1 ()  . ·  1 2-± x 10 m m ) ,  not 
iuduc l ing han U and conL 
Net Weig ht:  14 p un i (3 . 7 - kg) . 

Code 1 1 'ord T'rice T!fp 
W 5 L M T 3  
VB-2 I Variac i() A utotran s former . . . . . • . . . . . . . . . . . • .  

R ep l ace m e n t  Bru s h . . • • • • • . • . . . . . . . . • . . • . . . .  

C 'OTOS $ 3 4 . 5 0  
.75 

N E W  R E S I STA N C E  DECADE BOXES �I T H  

IM PROV E D  S\NI TC H ES 

After having for several y : U '.' fu l fi l l < d 

on a . ·pc<' i n l  ba s i s r n a n y  r0q 1 ws t . · h:v 

c · u "t om r. ' f r dC'< "�H lc' r ;-; i s i  a n c ·0 hoxp;-; 
c ·on t a i n i ng; step� of 0 . 0 1 oh rn ,  W C '  a re 

n ow add i n g; t o  t . lw l i 1 w t\n ) l H'\\. i t, ( ' 1 1 1 .  · ,  

TY P E  1 -1- 3 2-T' : l ,  1 1 1 . l o h m . · , 5 d i a l s , i n  
.· t c  p. · o f  0 . 0 1 o h r n  a n d TY P E  l .+ 32- C :  
l J 1 .  I oh n18, -1- l i a l :-;  i 1 1  :-;t < 'p:-; o f  0 . 0  I oh m .  

rl l w  O . O l -oh 1n-pc• 1·-;-;t C 'p dC'c ·n c lc' g rPa t I .\· 

C 11 h ft 1 1 (' S t h  l l SC'fu } n ('KS f n 1 1 H l 1 t i -d i : t l  

l c -ad r · 1  · r .  If ,  i n  a pa rt i · u l a r  a p

p l i e at i o n ,  l m,·e� cl ·a l 1 u f;  d a. 

i . l w laf-;t of ·e\'e rn l  cleende;-; , it:-; reln t i  \'C' 

i n n ' ( ' U ra ·y ( ± 2  ) i :-- . · ,nun pee l o u t  by 

i .h h igh r · i�t n n · i n  � ri w i t h  i t . 

E n" n  when t h i  l ,,·e;-;t de ·nd i ::-;  us c l  

"· i i h only on o r  h\·o ot her::-:,  it  :-;t i l l  ca n 

I )( '  ,-ery UHeful i n  m a k i ng p rec i :-;  adj w..;t 

n w 1 1 t t o  a de. · i red e i r(' u i t  (· n < l i t i  n ,  a� 

f'o r  i nf-;tanee,  ·:t n u l l  bn l n nee i n  a n  i m.-
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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  10 

F i g u r e  1 .  Vie w  of t h e  Type 1 43 2 - T  D e c a de Res i stor. 

pedn.n e bridge. l- �cd in an ae b ri dge t.o 

;-;ct t l  re ·i ·tive ba l a n c  i t · h igh rc:-:o l u 
t i on perr n it:-; a e l T  . ·po n d i ng .-ha rp n i n g 

of th nul l ,  8 tha t h e  d ir d rea d i \·c 
ba l a n ce ca n be ::-et w i th great r prec i K i on . 

\V h i le th 0 . 0 1  hn1-p r-f'tep 'I Y P E  5 1 0  
cad -Re · i  tor lT n i t  ha l b  n .  m t1 1 1 u fa < '

t u red for :-some t i n1 on a special bn. · i .  · 
for �elected u seH i t  hecani.e pos:,-;ibl ' 1 ,o 

c ·n t a l og it  for :-.;epara . ·a l (a. · T Y P ID  
:- J O-�·\A) ttn d t o  u �  i t  i n  decad rc�i · t 

a rn: hoxe� o n l y  ·when the l ow-re.· i <l n a l 

r :-;i.�t a n ee \' r ·ion of t h  TYPE 5 1 0  
:--;w i tc h ,  abou to he c l  sc r i bed e a m c  

i n to p rod uctio n .  

'Th i :-;  I m  · i < '  eh : u 1g ' i n  t h ' T Y P I': 5 1  O- P3 
a nd - 1  3 L  t-) "· i l < " hc:-; w a . ·  inad fur th • 

p u rp ;::> of r 'd u c i n µ;  Lh ·"·i ·h r »· i . ·l
a 1 H ' l '  \\· l i i < 'h i s  ;-;t a L cd a :s  be i n g bet\\" en 

0 . 002 a n d  0 . 003 oh m i n  ou r cu r-re 1 1 L  
Ca t a l og > l -:-.; , of w o  si l v r-bca rino· 

a l l o�·. · a ·  t h ' rn:.'\,t r i a l · from \\" h i ( "h 

l o  mu.kc the c · o n Ltw bu t t o ns , , · \\· i teh 

bru.  ·hcK ;uu l t a ke-off . · pr i 1 111-. · ha. · r ':-;u l t c l  
i 1 1  a d nca:-5 of t ,h i . ·  r . ·j. ·t· uH: I ·' a 

fac - t or o f  th ree or fou r o on . Th i � rn a n . ·  

tha t t .h ::;\\· i t < ' h  rc>;-; i .  ·t· u w  o n  n .  norma l 
K\\· i kh "·j l l  not. x c · , d one m i l l i oh rn  

' \"l 'n u n d  ' I '  ext rcmc < · o nd i t i on 8  of r "·iHt

· u H ·e \·a riat i on .  * ( ,· · '  F i()"u r 2 for .) p i < ' a l  

Ya ri a t i on of r . · i:-;ta n cc v. · .  im " fo r ol 1 
a 1 1 d l l t' \\" m 'La l eom b i n  a t i ons. ) 

� i rn·c t he hY o 1 1 C\\" a l l oy8 r •ferrcd t o  

a l >o\· c a rc h i g;h-c pper a l l  y , h- 1  \' i n g 

�ma l l  :-; i h· ' r  � \,d d l t i n · rn th r h ·  n a h rgc 

p ropor t i on of z i n c , i h y appear rN 1 dc r  

i n  C 'o lor  t h a n  th ' ea rl i c r  a l l oy · .  B 'eau r-;c 

t h e h i gh-copper n l l �'H a r  m r f-lu bj et 
t o  c ·o1T0Kion by aCm " P h  'r ' or fi l l g r 

m : 1 rk i ng a n u m ber of < ' Orrceti v · 1 11 ·a�

U r< '� h a ve been b \, k c n . T'he brui::-h ". · · 1 r ' 
l l i < ' kcl -pJa led , .xc p t,  on t h  ·on act. . ·u r

fa < '  . · .  t.o n 1a i n t a i n  a ppea rance.  Th t a ke-

off :pri n�s a r  · j h·cr-p l a ted to a.-. · u r  

pc rs i ::sleHL'.C of th or io· in a l l  1 w C'On t a<.:t 

* I n  1 h iR c·  1 1 11 ct ion i 1  >< h o u l < l  he poi nte<l  out  t h at t h  
swi l  < "h re1<i><t:u1CC' L endR t o  i u1°n'asc under c i r  ·u 1 1 1s tan · . 
"· 1 1  'r t l 1 c • >:w i t < "h has not bc<•n 1 1 1 0\"ed for a l o ng; pcrio<i of 
i i n H'. Th i>: i,; t rue of C ' \'l'll t l 1 c best s w i t ch material.· . !'u c h  
"" sih·l'r. l t i s  a l wa�·,., pruden t . af t e r  a box has . ·tood wit h 
o n<' or 1 1 1orc s w i t  c·l i e,; i n  •l  gi Yl'n posi t ion fo r a n »  con
:<idera b l e  period. 10 gi ,·c t he sw i t ehc, SC\"eral s w i n�s b a c k  
a nd for l l t  o\·e1· t h  ful l  1·ang<' of t heir 1 1 1 ot ion. Thi.  w i l l  
d iso<ipa t e  h�- fri <·t inn : 1 1 1 �· fnrei;.rn p ro d u ct w h i c l 1  m a y  h a Yc 
! m i l l  u p  l l w ,owi r l' 11 n'Ri l' t a n ec dur inµ; t h  penorl  of i n 
'"·t i ,· i h- .  T h i :<  :>l t ol l l d  lwconH'  a s  m u c h  a mat ter o f  h a b i L  a·· 
h r u s h i i1 :.r  n 's t 'Ct h or el :-rn i n g unc ·s spcctacl '"· 

F i g u r e  2. (Left) C h a n g e  i n  s w i t c h  resist a n c e  a s  a f u n cti o n  o f  
t i m e  w h e n  l eft at  rest.  W h e n  s wit c h  i s  rotated,  t h e  res ist a n c e  

0 1  �---�--,,,o--.zo,---o""o-...,•oo..,,.__2""'00.,...-->00...,_�moo· 
DAYS ON CONT ACT 

•00.---...,-----..,---,-----...,---, 

0 --
BRONZE _LL_ 

0·10L-----,-oo-.oo---o --'----:-.o=-=oc:-.ooo�---.:-::ooc:"",ooo=-� 
CYCLES OF OPERATION 

drops i m m ediate
ly to its or i g i n a l  
v a l u e . ( R i g h t )  
C h a n g e  i n  s w it c h  
r e s i s t a n c e  a s  a 
f u n cti o n  of c yc l e s  
of o perati o n  f o r  
b r o n z e  a n d  s i l 
ver - beari n g  - c o p-

per a l l o y s .  
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1 1  

r . i ·tanr , which improv · t h  i r  l d  r

abi l ity at t h e  ::;ame t i me. Xew l u brican t:-> 

o henY i  · i 1n i lar to "·hat had be n i n  

u:e ,  but hav i n g  stronO' a n  ioxidant 

proper i . , are mploy d .  'rhat u cd a 

h con act-button-bru ·h i n t  rfa · i. · 

::\ I a. ·ter Lubri c a n t ' ::;  H l O l  ava i l able for 

Type 

N O V E M B E R - D E C E M B E R ,  1 9 6 0  � 
mai n t  nanc pu rpose. fron1 our Sen· i C 'c 

D partm nt i n  f u r-ou n · t u b  . · ttt 75 

c n t  per tube. Th i, ·  l u brican i . ·  cq n a l l �· 

sa t i  ·fact or. for u s  on l c l  r 'I' Y PE 

510 • w i t.eh .� h;,,tv i ng pho. ·phor-bronze 

bru ·he,· a nd Tohi n-hron z cont·ie t but-

tons. - P. I{. M ELR y 
ode Word Prfre 

1 432 -T  
1 432 - U  

1 ,  1 1 1 . 1  o h m s  i n  steps of 0 . 0 1  o h m  • • • . . . . . . . . • • . . . . • . •  

1 1 1 . l o h m s  i n  steps of 0 . 0 1  o h m  • • • • . • . . . • . . . . • • . . . .  

DEVI L .. 
DE\ J N  

$ 1 20.00 
95.00 

A QUARTZ-CRYSTAL FRE QUENCY 

DISCRIMINATOR 
N OTB: This discrimin ator i not built f r �ale by t he General Radio ompany. The de c · ri p t. ion 

i publi  h d for t he informat ion of those who may wish to build t heir own. -E o. 

Duri ng the dcvcl op1nent of l ow-noi.  · 

frequency-1n u l t i p l icr y�t m , a sen ·· i t i v  

fr q uency d i  ·cri rn i n a tor wa de,Ti e d  t o  

m a ·ure the dynnmic fr q u  n y m dula

ti  n p r  ent i n  th ou put · ignal frmn 

t h e  multiplier. The disc r i m i nator, which 

i . ·  de cri bed here ,  prov i d  a ru it ivit  

adequate for the mea 'U rement of devia

t i on of ± 1 x 1 0-9 or l e '.· when a n a r r  w

band \vav analyz r i u d t o  1 c t  t h e  

mod u l ati on-freq uency con1ponents. 

o---- 'P =.f'(<.J ) 
I N P U T  

SIGNAL 
( F M )  

PHASE 

DETECTOR DETECTED 
FREQUENCY 
MODULATION 

F i g ure 1 .  B lock d i agra m of the d i scri m i nator. 

Th ir u it m e: k u of he . ·t p 

pha.se-vs. -frequen y cha racteristic  of a 

q u a rtz ry tal  at "n r '  onan to 

prov i <l the r q u i red · n · i t i v i  y .  A bal

an ced phu. -d t ector c i r  ·ui i · u · d o 

r due th eff c of amp l i tud n dul  -

t i on .  The block d iagram_ of the c i rc u i t  

:h w t h a  i t  b l ng t he c l a  f 

fr q uency d i seri rni nator i n  w h i c h  the 

i np u t  .ignal i .  appl i ed to a pha d -

t c r t hrough n han n  1 w i th n gligi

ble pha. · s h i ft and t h rough a econd 

chann 1 "· i t h  a pha. . h i f  that is a 

fu n c t i on f frequ n y .  

T h  c 1 rcm - i .  · . · i m i lar to the Fo�t •r

eel ey di  < > r i n 1 i nator c i r  · u i  i n  ·ofar �v 

h balanc cl pht.t. -d ct r c - i r( ' u i t  i s  

con ·ern d .  Th i nherent tu ncd-c i reu i t  

phase . h i ft how v r which i th bt si . ·  

of th operation of the F o  ·ter-. ccl cy 

d i . '  ' l' i 1u i nator 1 · n gl igi ble  ·ompa r - d  

"· ith th pha , . · h i ft pr u l i n  t h  
. ·eri s-r ·on ant <Ty:->ta l a. · t h e  i n p u t  fr -

q uenc \'aries abou t the s ries-re:-;01 1 a n t  
f r  1uenc. . T h  :-; lop f t h  p h a. · -sh i ft 

chara t ri · t i c  i n  t h e  q uartz c ry:;t a l  

hrin h i · larger i n  ·on1 p  ri:on w i t h  t hu.t 

i n  th LC ci rcu i t  by approx i ma t e l y  the 

ratio of the Q . of the re ·onant el men t .  · ,  

1 00,000 
or approxirnat l y  

100 
= 1 000. T I  n < ·  

th pha e h a racteri t i  of  h q l<  rtz 

rvs al d01n inatc. that of the in Iu ctun< "c

capa itance c i r  · u i  . 

DIFFERENTIAL BALANC I NG CAPAC rTOR 
E.F JOH SON 19MA1  I 

I N34A 

RESISTANCE 
BALANCE 

25k OUT ,,.. 
50k 

r 
25k 

F i g ure 2.  Circuit s c h e m at ic  of 
t h e  d is cri m i nator.  
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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  o�r�Ulr VOLTS 

• 1 0  

F Rt:OUC Y OCVIATIO ICYC'-(SI 

I 
- - .. '° 4 100 .- 1 50  • 100 

• 0  

T h  rin <"  i al , Pr ie,..; resc m : 1 1  · t h  

< 'ry. t a l  p r  :--t' l l \ :-, a ,·er)" Im' i m p  da l l  ·c· 
in t h e ::-; ignal pa t.h , "·hcTl'a . ·  t h • . ·hu u l 
t"C':-> O l l ! l  l )( " (  of t h  Ty. · t a l  " i t h  i l  . .  0\\" 11 

l ' led ro h c ·n pa c i t � 1 w  1 r •s u l  · a h igh 

i m ped: 11 u ·c'.  [ T p rn ·p the :-: l n u  t-r ':-- 1 1 a n t  

poi n t ,  ' ·h i  · h  wouh l l h <  n\ i .  ' r p r<'s<'l l 
a I os:-:i hl . ·p u r i as r •spon.·c•, ha s l gl i-

,.i hlP i n f i l l  l l < ' . 

Tl t' fre q u  Hl'Y of l I H'  sc rip...;- r  sou a n t  

n'. pous • o f  t he' q u a rt z Tyshl .ii-: ad

j tst ah l ' hy n H': tn;-; of t h  adj w .;l .ah l ' 
S ( ' l" J C ', < ' a pa l ' i t or. T l  ba n l w i c l t h of 

t h i . '  n•:-.po1 1 . ·< i · : ff d e  l hy t h  . ·h u n t  

C ' :t ] l : t < · i t o r ,  c · o n n e d  • d  l t \\ (  • 1 1  t l w 

< ' <  nt< 'r-t op of t h e e o i l  a nd "T0\ 1 1 1  I .  .\ 
b r,..!; ntptw i tor h r •  1 rrn h H·c :.; n: r-
r< \\·-ha nd r<':-tl  1 l l :-<<' (m : n : i n  u r  Q) a:-. 

_ ,  

Ot,;JPU1 YO rs 
r " o 

t o  

- 0 

F i g u r e  3 .  R e 
s p o n s e c h a r a ct er
i st i c  o f  (left} t h e  
1 0 - M c  d i s c r i m i 
n a t o r  a n d  (right) 
t h e  1 - M c  d i s -

cri m i n at o r .  

d C'.' m a n y  < · ryst a l  fi l t <' r  c i r · u i l . 

T h ·  r ..,J 11 . ..; '  of t l  d i:-;c · r i n  i 1 ta t or i 

l i m i t  d t o m d u l u t i < n fr q l · 1 u- i e:-; '' i t  h i n  
t . J  pa:-;. · ha n d  o f  I h<: ( ' ry .  · l n L  hrn t H • li .  
A I od u la t  i o n-fr ' q  u IW,\" · i  k ba nd: b -

yon I t h (' I >< 1 1 d "  id t h  ( f th T.'·...,t t  l 
le n w n t a r  n ol pa.-,,.., •d . The 1 0-A  I ·  

l i sl ' r i m i nat or d ·..:·t' ri l >t d has hl' n use l 
t o  m : . · u  ·e ( ) -cy · l < ' a 1 1 d  1 0-< ' ,\T l e  

m > i u h  t i  n ,  a nd > < .  t i r  1�tt ' 1 20-c . ,n · l c• 

n l u ! t  t i on . I t  i s 1 1ot  • ffpd i ve for h i g h  • r  

n . 1  l u l a t i o ll rt t t P:-; . . \ 1 - . c ·  d i .Tr i m i n a t or 
l 1 a s  �1 1:-:o l e -c u bu i l t l u t i . ·  nnt ('!T •d i \· • 

for 1 n od u l : 1 t  i o n  n t l� a h  ,. ' u ppr · 1-

m a t l' L .'· 1 0  < ' .n· le . · • ec - ,  a 1 1 c l  l ' IH '  i :-;  t o l  
1 1 :-:efu l f o r  t h  m � ..; u re rn <  n t  f l \\ e r

:-::u p p l y- r  • lat d m l u b t i o n .  

- F H \ ' K D .  , E \ 'I."  

I N T E R K A M A.  1 960 
v · e w  of t h e  G e n er a  o d i o  b o o t h  al l nt e rk a m a  1 960, t h e  l 1n te r n atl o n a l  C o n g r e s s  a n d  E x h i b i ti o n  f o r  
I n s t r u m e n t a ti o n  C o nlrol  o n d  A u t o m a t i o n , h e l d  ot D iis s e l d orf, O c t o ber 19 l o  26. S h o w n  a t  r e a r  o f  t h e  
b o o l h a r e  (lefl) D r .  
- I n g .  G u'n1 er N u·s s-
1 i n ,  G e n er a l  R Cll d i o  
r e .p r e s e n t a t i v e  i n  
G er m o n  y ,  a n d (righl} 
P e t e r  J. M a c a l l< ca, 
e n g i n e er fr o m  t h e  
G e n e r a l  R a d i o  f a c 
tory. T h e  l o d i e s  i n  the 
f oreg r o u n d  a r e  M i ss 
S c h u h m a c h e r ,  D r .  

'uss l e i n 's secretory, 

a n d  M r s .  M a c a l k a . 
A i s o  i n  a t t e n d 
a n c e  w ere R o bert A. 
S o d er m a n , A d m i n 
h l ro t i v e  E n g i n e er, 
a n d  G e neral  R o d ' o  
r e p r e s e n l a t i  v e s  
f r o m p r i n c " ,p a l  
E u r o  p e o n  c o u n tri e s .  

G e n e r a a 1 0  C o  p a  y 
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