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A SMALLER VARIAC SPEED CONTROL 
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Introduction 

I n the A pril issue of the EX1Jcr-imcltter, 
the TnE 1700 Vuriac Speed Controls· 
were described for operution of shunt. mo
tOI'S having ratings up to h h.p_ The TYPE 

1701 Controls are now offered fO I" applica
tions requiring up to about h~ h.p. output. 
A very compncL design has been achieved 

by employing miniature selenium I'ectificrs instead of the full-wave gas 
rectifier lIsed in the TYI'E 1700 Control. The selenium rectifiers also 

Figure 1. Ponel view of Ihe Type 1701-AK Vo,ioe Sp .... d Conlrol. 
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VARIAC CHOKE 
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ARM. 

IJJW HIGH 

FIELD 

FIg ..... 2. Ci.euit of Typ. 1701,"'11: Sp .. d Con t.ol. Citeuil of Typ. 1701· ... U i •• imi!o, but 
f"mi, .... Ih. field .... pply 01 a lowe. voltage and hal only a 'ingle .peed range. 

permit considerable cil'cuil simplification 
and reduction in cost and elimiMte the 
need for K. time delay when the unit is 
first turncU on. T wo types lHe otfen.,,<1. 
The T\I>~ 1701-AI\ is for shunt molOn:l 
of standard design . The Tn>E 1701-A U 
is for s('ries or universal mot ors con
vertL'<i by rcconnection for openttion at 
constant field c.xcitatioll, 

Circu it Detail s 

The wiring diagram fOl' th e Tyl'~~ 

1701-1\1\ Control i::l !\hown in Figure 2. 
Sepanltf> full-wavf> bridge reclifiers a.rc 
employed for the t\rmalurc nnd field. 
T he o.djustuble out put voltnge- of the 
Vannl' feeds the armature th rough one 
of the bridges ant.! n choke, which, 1\8 in 
the huger TYl'il 1700 Controli', sen'es 
both to reduce the ripple [md to improve 
the regulation. FixcU t:\PS on the , 'arinc 
furuish the field excitation through the 
second rectifier bridge. )iol1l1slly the 
field is left. fully exci ted, and the speed is 
controlled by Ilciju.'ilmcnt. of the Ilrnlll

l ure vohage from zero to mll.ximulll. For 
a pplications requiring lllCrcnscd maxi
mum speed at. reduced torque, however, 
the field excitation cnn be reduced by a 

l,\\'o-posi1ion speed-mug£' switch. The 
line powcr switch serves as the motor 
SUlrl, and stop switch, because the sele-
Ilium rectificrs are rlli\dy fOl' ins tl1nt 01'
('mtion without warm up. 

Construction 

The gencnd appcumtlcc of the control 
i~ shown in the photograph, .Figure I , 

The cabinet is (F Ii inches high, 51, 
inches wide, and 3;8 inches dccl). The 
10u\'el'5 1ll!lkc the widl h ,!.1 inch greater 
ovemll , lind the knobs and switches add 
about }8 inch to the depth. , 'clIl illl.tion 
is enti rely through the side lou vcrs, so 
the c/lbi net I'MI resL on its bas<' i\nd the 
I'ontrol CIUi be opcralCt'1 cOllvcllicntly on 
II hibomtory bench without being per
mrulcnlly installed. FUl'lhcr to fnei litllte 
laboratol'Y usc, and to si mpl ify insta lla-
1 ion, the p OWC I' cord :llld a four-colll..luc
tor motor cord are permancn11y atUl,ched 
to the control. 

Figure 3 shows the int.ernal construe· 
tion tmd the method of attachment of 
the eo\'er, The base is integral with the 
p{tnel. The cords ure tltlached LO the 
base, and the cover ill notched SO that it. 
can be removed without dist.urbing the 
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wiring. This constt'llctioll permits two 
..- [liternative methods of mounting in pcr~ 

mallcnt, installations. Either the control 
can be mountt'Ci through its base and 
the cover left free, OZ" the covel" can be 
permanently mounted on It vert ical sur
face through holes ill its back and the 
control in lurn attached to the COVCI'. 
The latter 11I'rangcmcnt makes it possible 
to remove a unit with ils connecting 
cords for servicing by laking out only 
the small screws attaching it to the 
covel'. 

Performance 

The internal resistance of the anna
lure supply circuit is ycry low, about J2 
ohms compared with the armature 1"(;

sistance of about 42 olum;. Hence, at 
base SptW, the regulation is only slightly 
grcatCl" than when the motor is operated 
directly fmlll n d-e linc. Families of 

r sp<'Cd-torque curves for the high and 

O CTOBER , 1949 ~ 

low sl>ced ranges of the control arc shown 
in Figure 4. As with motors operated 
from the hll'ger Tnt: 1700 Variac Speed 
Controls, the dsc in speed betwccn full 
load and no load is the same at all speed 
settings, so Ihe regulation e.xpressed as 
a percentage of the full-load speed is 
in\'el'Sely proportional 10 the speed sct
ting. T he r.p.m. risc is about -t70 and 
680 r.p.m. for the low und high speed 
ranges, or about 27 per cent and 20 per 
cent, respectively, at the maximum 
~pccd setting for each range. T his com
pares favombly with the performance 
of the larger TYPE 1700 Controls, the 
difference being largely in the inherently 
poorer regulation of the smaller motor. 

The Type 1701-AU Control 
for Converted Universol Motors 

This model of the control makes it 
possible to obtain adjuslable constant
speed olwrulion from a motor of the 

Fila""" 3. tnter;O. vie ... of control. 

IET LABS, Inc in the GenRad tradition

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

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



~ GENERAL RADIO EXI'EIUMENTER 

, 
i 

series or universal type by separately 
exciting the field at t he voltage normally 
appt.'D.ring across it at full load in the 
series conneetion and applying all ad
ju.stable voltage to the armature a lone. 
The performance is exactly the S3me as 
for n SblWL motor, but the fie ld excita
tion is supplied at lower voltage aod 
higher current. 

The reasons for supplying this model 
llf the control are that universal motors 
nrc widely available in n lnrge number 
of t.ypes, arc relatively inexpensive, aod 
run at high efficiency. They are the only 
motors genernlly available for operation 
fl.t speeds up to 10,000 r.p. m. nnd higher, 
nnd they are very compact for a given 
l)Ower output. Another consideration is 
thnt with this control various types of 
ccluipment run by universal motors ca n 
be modified for operation at adjustable 
coustant speed without cbanging the 
molor. Finally, l>roause of the high 
l!}lCeds IIvailable, operation 011 n. constnnt 
tot"(lue basis is possible on~r an extreme-

';gura 4. Spaad-IOI"qn evrva, for 1/ 20 h.p. shunl 
molor wiTh Ty pa 1701.AIC ConTrol for The high ond low 
• peed .ong.,. 
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Iy wide range of specxls, up to 50:1 or 
cvcn 100 :1. The only disadvantages of 
any consequcnce in the univCI"S.'l.1 motor 
Ilppcar to be tbat the high operating 
speed causes greater brush and bearing 
wear, nod that for somc applications a 
feln.lively high gear 01" pulley reduction 
ratio must be employed. 

It is clear that ·with d-e operation 
under steady load conditions the motor 
will perform identicaJly whether the 
6ehI and IlrJllIlt.ure are cOllnect.ed in 
series or separately excited at the same 
voltages. One motor tested, for example, 
had a rating of ~'h b.p. at 5000 r.p.m. , 
1.25 amperes, and 115 volts. The field 
resistance was 12.5 ohms, so the field 
voltage at full load was 15.6 volts and 
the armature voltage 99.4 volta in the 
usual seriesconneetion. When these volt
ages were supplied separately to the 
a rmatu re and ficld, opera! ion It t rated 
load was uMiTccled, but the speed, in
stend of varying widely with the load , 
WtlS maintained within close limits. The 

flgura 5_ Speed·Torqu. curv., for 1/ 15 h.p. con .... rt.d 
uni ... a .. al mo'OI" u •• d willi Typ. 1701-AU Conlrar com· 
pared wi,., 0'( ap •• aTion of III. molor • 
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very high starting torque of the series 
,-. connection must be given uP. on the 

01 her hand, for the relaUvely lower start
ing capabilities of the shull t motor. 
When , as in the Typ~J 1701 Control, the 
armature voltage is adjusted to set the 
speed, however, heavy loads can be 
started without difficulty by turning up 
the speed control. 

An important feature of the TYPE 
170l-AU Control is that it takes advnn
tage of the greatly improved perform
ance of a. universal motor on de in com
parison with the usual operation on ac. 
Greater power output can be obtained 
with a motor of given size, the efficiency 
is higher, nnd cornmutfltion is very much 
better. With Il.-C operation, the brushes 
must be set off neutral for the best com
mutation, so that motors for reversing 
service arc not. entirely sll~ isfllctory. 

Wben motors are operated on dc, as 
,-.. wi th the TypF. 170.1 Control, excellent 

revcrsi ng characteristics arc obtained. 
Fib'ure 5 illUSlrates the compar3llm 

performance of a Mr. b.p. universul mo
tor working on adjustable a-c voltage 
from a Variac, and working on dc with 
fixed field excitation and adjustable ar
lOature voltage obtai ncd from the T YPE 

liOI Control. This mo~or II> suitable for 
use with tbe control, although its rated 
current for a-e operation, 1.25 amperes, 
is considerably greater than lhe maxi
mum continuous current, 0.8 ampere, 
which can be provided by the control. 
This is because on dc, even with 105 
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volts applied and with a Io.'l.d of rated 
torque, the arma~ure current is only 
about.l ampere and the speed is about 
70 per cent greater than the rated speed 
for a.-c operation. The 0.8 ampere cur
rent limi t of the cont rol is shown by a 
dashed lille. It is scell tbat this current 
will provide 80 per cent of rated torque 
at 8000 r.p.m. instead of the ruted 4600 
r.p.m. 'l'he combination of the control 
with this motor, then, will provide con
tinuously about 40 per cent more than 
the motor rated power, or about M I h.p. 
instead of .115 h.p. Because of these char
acteristics, considerably increased out
put can be obtained from a given uni
versal motor when used with the TYPE 

170J-AU Control wherever operation at 
increased speed and somewhat reduced 
torque can be provided for. Even with
out exceed ing the rated speed, about 75 
per cent of rated torque, or M"G h.p., can 
be obtained from this combinai.ion wit h
out exceeding lIle conti nuolls duty rn l ing 
of the controL 

The dashed characteristics show the 
com parative performance of the motor 
run in the series con nection from adjust
able a-c voltage. The usual in verse spccd
torque cbaracteristic contrasts greatly 
with the constant-speed characteristics 
obtained onde with separate field excita
t. ion. Conesponding operating volt.ages 
are also marked on the curves. The 
great improvemen t in both regulation 
and efficiency is apparent. 

- W. N. TUTT LE 

SPECIFICATIONS 
T ype 1701-AK T Vpe JrOI-A U 

Supply I'r.qUln~y • • • . 
Supply ..... It .. s. •• • • 
O·C Oulpul A.motu •• Voltos. 
D-C Oulp,-,' Armolu •• Cu ... nt 
D-C Output FI. td "'olt .. g' 
D-C Output FI.ld Cu ... nt • • 

00 , } 50 , } 
105-125 v 105- 120 v 

0- 115 '1 
O.S I1. m ll.."\". 

3Sv, 115 v 
0.211. 

00, } 50, } 
ItJS--125 v 1QS-12O v 

0-115 \. 
0.8!\. max. 

iG. 
1.011. 
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S,...... ....... : t. loWr rnted ~peed down 1.0 zero 
ftt. oonBt.llnt. torque, A working r"uge of 30:1 
"ftll be Inti~fl'Ctorily clflilloycd 1\'iti> the THF. 
JiOI-AK Controlllnd up to 50:1 or more "hell 
the Tn.,; l iOJ·Al' Control is u.oro Ilith 1l1'01I' 
vert(,(i lIuh'cr!lnJ mol.or having n ~~ r:lUn(l: 
of 5000 r_II,m, or higher, T"'o speed rIUIII;I'>I, olle 
up to rnleu 1'1)('('d M d oile Rt rrour('(llieill c"d· 
tutton lip to uppro"im!llely twk,.. r"ted o!"ll('('(l, 
Rr(: provided 1ft thc TIn: IiOI · AI{ Coutrol. 
Only 8 ~h~glc rMge ill pl'Ovidcrl in the THE 
1711i-AU Control bccuu..<e of the higher fRlOO 
~peedjl of \luiver;onJ IllOwrs. 
Mo'''' The l '\"I'1'J IiOI-A K Ctmtml 1'1111 he 
u&'d with My Ho b.l). 115-volt d'e fihullt mo
tor or 11"ith ft!"i& h.I). motor when the current 
con8UlllIlUQII i8 wilhin the rnting of thor.onlrol. 
S))l't'd rRllgCil mnrked Oil Ibe pUnelllrEI for mo
tOTl! ]un'lug A. base speed of 1725 r.p.lll .• nl! 
!"f'UUL-ed fl('ld operalion up to 3400 r.I'.III. WI 

I,rovicled hy Bodine Motor Model NSII-3.'J 
i~te<t below. 

The 1'1"1'1'; , 70t-AU Cl1\lMI elUl be used with 
lio, 71', Of ! I ~ 11 .11. univerimJ motors II'hen the 
currcnt OOlllillJUplioll is within I he mting vf the 
COinl r(ll When OJicruting at ruted I'urrent, ~uch 
1fI0toI">J will rurni~h r!\led torque III. up to tOO 
per cent or IIl1) re of rated $peed, giving OIl1pU! 
firmer IIUll!ltlllltlillly Il:reater tlilm tht' r'ltlng. 
MotoT>l of I he four-win." rewl'!!ihle t.ype l'all he 

7" 111< 

, 
used 1\'itbout Iflo.;hficatlon. Uni-direetion ... 'Il mo
tors mur;L be provided "'ith IICjmrat.e field leads. 
Rodine type NS F' .... 12 1II010n1 ne h.p., 5000 
r.p.III., for N."ver»llll!: scr" i ~-e are lltoI:kcd !I.i! listed 
helow. Motol'll of olhl't ratinl-$ or with huilt--in 
genr reduction can he ohtalned frnm the nUlIlU
fneturer. 
O ......... d I'ro ... 'io .. : No protc<:tio!l for starting 
lond or momentflry overload is required. A 
slow-blow fuse it providL'\1 in tho TYI'~J liOI· 
AU (;Qntrol only WI R protection ilguinllt. d amage 
from stalling when Slurting nn exce'lSively 
heavy loRd. 

........ ,: -' Iowl'!! wit h bru;;be.l set on neutral 
give excellent TC\'el"l!ing perlorm:m!le with cither 
control. Sparking III. the OOlllnlulfl.Wr may occur 
if it. is Ilttempted to reverse molol'!! hllving 
bru!hcs set for a 8i",lo direct ion of rotation. 

M.U .. II"II .nd Wlrlnll : The control can be 
mounted ei ther t hrough tht' bottom or the hack 
Rnd can be used unmounted on a laboratory 
hench. i\-J owlting must permit venti lation 
through the side louve~. A 5~ foot JXlv,'er cord 
nnd 113M foot four- l'()nduclor motor cord fi re 
perrnl\nc.ntly Rlt1l.('"hcd 1.0 the control. 

Dlme .. olons: Heig:h t 61~le uldH.·", width filJ.-IG 
inches, depth 4~H inche!l overuJl. 

Weillh', Six polind~ folr ei ther mo.!el. 

('title It'uffl P"u 
1101 . ... lit V.,I. c t $paod Control, 115 v, fiO-tiO 1'·II·s., [or D-C I 

Shunt MOtM . . . 1\ 1'1" $65.00 
1101.AU v.,i.c t sp .. d C ... tr.I, t 15 v, fiO ... OO c.".>!., for(;Qu-

verted t -ni\'cl'S:u -' I"tor II E.\ III 65.00 
MOO-l S.dl .. e M.del NSH·ll ~leove-Be:jri~p; D-C Shunt 

.i\,I ?~~r,~I~o h;Jl& t7M r.I'.tIl ., for usc "'itb 
l.lI F. lI01-A h Iltml . . .. .. "01"Of\ ' 24.:10 

MOD .... B.dlne M.del NSE_12 ~le-e\lf'-ijf'aring Reversible 
l ' niv{'t!.U.1 -,t Olor, I,~ h.p., 5000 r.ll.m., for use 
with Trl'.: '701-1\1 Clmrol . ... .\lOrolt· 14.26 

RETURNING INSTRUMENTS FOR REPAIR 

W]H'n CellPrnl Baclio illStrUIIIClitS nrc 
retunwd to the 8<'r\'ice Dcp:lJilllPnt for 
repair 01' rctonditioning, the 1 iwe cou
sUllled in handling the joh ellJl hI' )U'id to 
a minimum if the prO<'('()UI"t.l outlincd 
hr-re i.~ followed. 

Bcfor<' rf'tllrn in J.!; an instrllment for 
any reason, write to the Sf'r\'i('t' Depal't 
Im'llt l ,~t!lt i llg t ilt' reru:oll fOI" rl'lu/"Jl, (lnd 

gl\' lIlg lbe t.ypc :LIld serial numbers. 
Shipping ills truciions, whel"ll IIcceS!) f\I")" 
and n R eturned i\ illjl'l"in] Tflg, will t hen 
be furn i:.hed by the Sen'icc Department. 
00 not s hit) equipment to our Il]ant 
without 6rst obtn illillg instruction.s. t'n· 
ftuthorized shipmen ts IU'C m8(h~ a.t the ~ 
owner's risk. We canllot IIcecpt r csponsi· 

bilit y for t h em. 

IET LABS, Inc in the GenRad tradition

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

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



, 

When the return is to be made for 
repair, please give us complete illfor
Illation on tho observed defect s : theil" 
nature, symptoms, etc., HS well as a 
sketch of the external circuits to which 
it is COlUlected. When we Imve all this 
informatioll, we Clin often dillgnose the 
trouble and correct it. by furnishing u. 
replacement part. 

Oft.en instruments have boon rci ul'Ilcd 
with no greater trouble than a blown 
ruse or deteriorated V:lcuwn tube. Occa
sionally equipment has been returned in 
first-c11lSS condit.ion because the operat
ing instru otions supplied wlih it had not 
been followed, or possibly were not fully 
understood. Frequently what appears to 
be unsatis factory pCl'fOnnaJlcc CfUl be 
traced to the cxtcl'llili Oil'cuit with which 
the instrument is being used. 

Even when equipment must be re
t.urned for repairs, a detailed statement 
of the trouble mill' be very helpful. 
Analysis of this information sometimes 
shows that the trouble is caused by a 
single defective component wh ich ClUJ be 
easily rcplaced . Our bbol'ft1ory will 
know what condition needs corrcclion, 
and no time will be lost ill making extra 
preliminary checks. 

The letter or purclwsc onler :udhor
izing necessary work to au illstrUlUent 
should always be Illailed so 3S to arri\·e 
before tbe shipment. The Rell/med .1[(1-

lerial Tau should always be f:\Stened to 
the instrwnellt when shipment is Ilnl.cic. 
If this is not dOlle, serious delays will 
result, as in some cu.scs we would have 
110 way of knowing by whom the instru
ment was shipped. 

In accordance with the procedure of 
t.heir purchasing divisions, some of our 
customers request :l quotation to cover 
Ihe cost of reconditioning equipment. It 

O CTOBER, 1 949 

is 0111' pracl ice to submit an cstimnte 
based Oil record!; uf previous charges for 
equipment of the samc type and ub'C. 
This estimalC i.s !l01 :~ defilti te quot:ltion, 
bm is the form of minillltHlI (\lJd llul.xi
mum pri tts. 

We hiWC found it nel,ocssary to follow 
this plan rather than tn test tl returned 
in.strulllcnl completely and thelllo quote 
:Ul exact churge, which \\·oulcl inevitably 
be in excess of what the customer ex
pected because of the hboratOl·Y time 
required for testi.ng. Since repHir c1H1rges 
depend upon the cost of the labor and 
material involved , a considerable sa\-ing 
can thus be made iu the repair charge. 

H, UpOIi inspection of a retmned 
instrument, it. is found thn.t the cost of 
I'ccondil ioning will be in excess of nonw.1 
charges, the cus tomer is ad vi.sed of the 
maximum cost , and no work is (.\oll e lIJtHI 
a reply is received. 

i"n rccondit ioning a returned instru
ment we eleHIl it. thoroughly; check find 
I'csolder RJlY COJlnections Ihat may lu\\'e 
weakened ; replace Of repair allY COlll

ponent, Pfirts that have become woril, 
deteriorat.ed, or dmw1b'Cd ; lighten ull 
assembly and moulltiJlg screws ; clean 
the panel a.nd polish the cabinet. 

it is thCJI SOl lt to the l:l.bor:ltory fl.w 
fina I test and rCC:llibntt ioll. The repaired 
instnullent lllUSt pass thf' ":lmo test as:~ 
new instrument. If an obsolote type, it 
is tested llllder the speciflc:llions that 
wem used when it pass('c\ th n)ugh the 
lnboratory origi nally. Because of Illo 
cnreful and completo l'econditioning in 
our shop and lnboratory, we am !Ible to 
guarantee the instrument for one year, 
tubes !Uld batteries cxCelltcd. TillS guar
antee is identical to that wbieh applied 
when the instrument was originally sol d. 

- I I. I I. 1)AW).:s 
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Recent Visitors fo General Radio- Mr. 
A. Brunux, Ateliers de Constructions 
Electriques, Charleroi, Belgium; Mr. P. 
L. Jain, Jubbulpore, C.P., India; Mr. 
Arun Prasad, Bangalore, South India; 
Dr. R. A. Smith, Tclecommunication 
Research Establishment, Great Mal
vern, England; Dr. H. Van Dijk, l{am
erlingh-Onoes Laboratory, Leiden, Hol
land; and Mr. Gunnar Hammerik of 
Maskin-Aktieselskapet Zeta, Oslo, sales 
representatives for General Radio prod
ucts in Norway. 

Papers - by Ivan C. Easton, Engineer, 
IIAmplifier and System Measurements," 
tenth lecture in the Spring Educational 
Series of the Audio Engineering Society, 
New York, May 19. 

and at a meeting of the Seattle Section 
of the I.R.E. 

In Den mark, we have been represented 
for the past year by Mogens Bang and 
Company, Copenhagcn /Skordsborg. Our 
friends in Denmark will be glad to 
learn that, effective October 1, Mogens 
Bang and Company will be our exclusive 
represen tatives in Denmark. 

Credits - Design and development of 
the TYPE lOOI-A Standard-Signal Gen
erator, described in our September issue, 
was carried out under the supervision of 
Eduard T<arplus. Development engi neer 
was A. G. Bousquet, author of the de
scrip!..ive article. 

Erratum 

-

- by Arnold P. G. Peterson, Engi
neer, "Tbe l\'Ieasurement of Non-Linear 
Distortion," at the Pacific Coast Con
vention of the I.R.E., San Francisco, 

It has been brought to our attention ,..-...,., 
that the capLion of Figure 3 on page 3 of 
!..be Augus!.., 1949, Experimenter is in
conect. The caption should be"Circuitof 
the 1\-PE 1931-PI A-M Detector Unit.." 

TilE Gen eral Radio EX.I'EIUMEN1'ER is mailed wit/IOItL clwrge each 
IIwnt h t o engineers, scientis t.s, tecllnicians, and others intereSl ed 

in conunu.lliCf.II.ion-Jrequency nleasure"tenl, (trld control probfelns. 
When setlding requests Jor subscriptions and address-change notices. 
ploose supply th e Jo llowing il/Jormation: name. company address , type 
oj business company is engaged itt, and title or position of indi vidual. 

GENERAL RADIO COMPANY 
215 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 
TELEPHONE : TRowbrldl1 6·4400 

BRANCH ENGINEE RING OFFICES 
IIEW lO1l1( •• N[W YOU 

.. WEST STREET 
TEl .- WOrl~ '·UU 

lOS UCHES 11. CALIFOUIA 
l UI HOnlt SEWAlD STRUT 

TH.-HOIt,. .. . ,.1211 

CItICAGO S. ItUIiDtI 
In SOUTH MICHIIiU HEMH 

TH.- won llb , ·un 

"'::"'~ 
'" 

IET LABS, Inc in the GenRad tradition

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

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