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VARIAC MOTOR SPEED CONTROL S 

INTRODUCTION 

The rariac would appear to 1)(' un id('ul ('ompollcnt of a motor Rp<'Cd 
eontrol, and mueh eOll:<idcnl\ ioll Iw.>; \)('(>11 give]l to the problem of 
dl'V{'\oping:l. sptcm employing it which would be ,suitable for 6'f'IH'rai 
application. A s Wdy of the duu':lc\('!'i"ti('s of \':1l"iOIl8 type,.; of :H' mo­
lor." operatiug on adjustahle ,"oh:lg(' hus "hOII'll th'H , although ~('t'il'" 

tnotOI"l'i and st might repulsion HlotOI'S at'(' s:lii"faelol",Y with fans or wilh 

l'pbt iV!'iy cow;t:U1t \01I{[I<, iarg(' chanj.,'f's of SI)C('d ta ke phwf' und('I' V:lI'Y­
illg load. :\ ~lllnrnul'y of the work Oil :In:lllg\'tllcn\s of lhis kind ap­
IX':ll'cd ill til(' J';xpcr imcl1le,. for Febrllal'Y, 19-14. 

The Vat'iac ('au I)f' tt":N! al"o with a r!'ctifi!'1' to ~tt]lply ~dj\l~t:l.bl(' 

antlat.urc volt:lb't' to:1 d-I" .~ hllllt or tOlllpound motor, llH' fit·lt! remuin­
iug fully extited 0\'t'1' th(' ,.:])('pd rang!'. 'fhi" ,.:y,.:I(>111 CUll give Do. t':llIg(' of 

figllre 1. Vie'" of ° Type 1700·A Vorioc Speed Conlrol 
in.'olled on ° bench Jolhe . 
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OENEItAl ItAOIO EX PERIMENTER , 
control or 15 to 1 or more. Use of tbis 
arrangement, however, btl.\!. been limited, 
!)(''Cause it is considerably more <.'OlIlpli­
cated than the simple Variac ('olltroi 
find, as usually constructed, lean'S lI1uch 
to be desired in the way of teb"lJiut iUIi. 

Iteccnt developmcnt work on the , '11-
ritlc-rcctifler system, however, hus (JVt'r­
come many of the carlier limitations. As 
a result, t he TYPE 1700- AL and TYPil 
17~AlI "nriac S,>eOO Controls are 
IIOW offered as compact, s ingle-unit con­
trol! having a Ulaximum rating of H h .p. 
and with regulation characterist ics en­
t irely adequate for a large variety of 
llpplications. These controls, however, 
tll'e not intended to replace the more 
!.:omplicated elcctronic controls fol' wse:; 
whcre very close regulation o f spt-e<1 
with load is required. 

The external appearance of the !Jew 
control is shown in Figure L Much of 
the design work was directed to achiev­
ing a compact CQDSt ruction wbkh would 
pennit the control to be placed beside 
11 muchine in the location of t he usual 
push-button station. A manual start­
:-:top-rcverse switch is buil L into the con· 
trol so tlmt the nood of a buLton stat.ion 
und scparate box for the revcr8ing COll­

laclors is eliminated. Only the control 
hox !\lId the motor :lfC f{'qujrcd for the 

complete system. This arrangement not 
only reduces the C().';t but 3 150 very much 
s implifies in.stalhltion. Other important 
characteristics are the low ripple current 
ill the armature circuit and the Isrge 
overload capacity tl. \' :l. il llhie fOI' quick 
s larlillg unt! reversing. 

CIRC UIT DETAIL S 
'rhe circuit is shown in figure 2. The 

Variac supplies a fuU·w!lve xenon rect i­
fier tbrough a step·up autotrnnsformer. 
A separate winding of a few tUI1lS 011 

the Variac supplies filament power for 
t he rectifier. The rectifier output goes 
Lhrough a choke and a three-position 
reversing switch to the molo l" :l.I'mature. 
[n tbe "off" positioll of the switch, a 
dynamic braking resistor is COllnected 
across tbe armature to stop tbe motor 
quickly. The coil of all overload breaker 
interrupting the input line ig t..'O llIlected 
in the primary circuit of the autot rans­
fonner. The breaker SCI'VC8 also as the 
liIle switch. 

A selenium rectifier bridge supplies 
the tield currcnt. Extra taps un the 
Variac permit boosting the in pu t to the 
rectifier so that 230 volts de call be 
obtained across the field from an u-(' 

input voltage of tbe l>tune value. Other 
taps csn be used to l1'(luce the field ex-

l'ig~r. 2. Cifwit af!tl. speed con/rot ""it, "'dllltr;"I, roilier !tIan rod;", .ymboh have b .. n IMOd 
I .... those .I.men'. !tIc l or. peculiar to ind~.'r;ol equip",.n'. Her>c:e, !tie ,,,,,,bob T, T .. fe' 10 the 

timing clock and its ,,,socla,.d ... itch. and 0 L •• f ... 10 !tI. ove.load b,.oke, 
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• 
ritation and thus inrr('ru;c flomcwhat. 
tho maximum speed. '1'0 prevent. dam­
a(ring the rectifier tube, a timing clock 
clelay!! application of plate voltage for 
40 seconrl~ after the filaml'lll is turned 
on. This delay unit. rccycles in 11:'8/\ than 
a ~e('QTld and so protects the lube against 
interruptions of line voltage. It will not 
break the circuit 011 transient dips of 
voltage, however, and so prevents need­
less interruptions of service. The timing 
clock is connected beyond the field fusc 
so that annature power rannot be RUp­

plied unlcI"S this fu ... c is int act And in 
place. 

CONSTRUCTIONAL fEATURES 

&>vr['fti pfohlrm!l weI'(' rlH"Olllltrrcd in 
making til(' cntir(' rontrol "mall enough 
10 be pl:wed hcf:.irlr a machin{' for direct 
rontrol by th{' ol)('flltor. An intf'rior 
view of the ('ont.ro\ is !'-hown ill Figure:{. 
The box ~iu' ill only 0 x 12 x 411" inrhl'S 
so that liltl'" IIpa{'(l i" availahl(' i)('tw{'('n 
the componrnls for W'~rmb'y !l.IU\ wirin~. 

Thil> diflklllty wnf< ovrrCOTne hy mounl· 
inl!: all ('ompon{'utf< on 1 h(' lid, J"lNIII it tinJ.! 
lht> wirinJ!: I'ahle 10 IIf' in!'lallf'fi without 
inlNfrrl'nl"(' fl"QlIl lht> ;lidrf; of thl' IlOx. 
,\,hi~ I"OIlf';tru(,tion and the 1lI,C of a pluJ,!; 
and jark h('tw{'{'11 I he hox and lid Ilf'r­
mit-lS the box, at-;;o, to be rwnnllllcnily 

... 'lll, 19419 

installed and the unit removed when de­
i"ired for s<'rvicing without disturbing 
the installation wiring. Where tleveral 
con trols are in use, a Apare can he kept 
nnd can Ix- used to rcpln<:e in il. f('w 
f<~conds a. unit needing aUention. 

Another design problem ws." 10 COII­

trol the flow of heat from the rectifier 
tube, which is between 50 and 100 watts, 
so that overheating of the other com­
ponents is prevented. To accomplish 
this, side louvers are provided and nn 
aluminum bame plate is placed betw(>{'11 
Ihe tube and the rcnHl.inder of the {'n­
('looure. The plate not only guides Ihl' 
heated air !ltrcam up to the 1011\'(>11\ but 
also refte{'!s hack radillnt heal from thl' 
tuh!'. The Variac, tmnsfonner, and ('\lOkr 
al"l' mounted in close thermal eontart 
wilh the lid, the outer f:Hrface of which 
provid~ considerable radiating arcH.. 
The effectiveness of theRe mcasUre8 i$ 

indicated by the fact t hat three hundred 
watts of fmnaturc power and forty watts 
of field power (,an 1)(' provided ron! in-
1I01isly by a. un il. of su('h !'mall dinWIl­
!'ions without o\'erheat inl!:' 

REGULATION CHARACTERISTICS 

Prohnh! y till' rn~t important chilrlw­
tl'rist ir df't('fm inin~ Ill(" fif'ld of apr!i­
Nil ion of an adju!<lahle spc'ftl motor i....; 

figure 3. Interior ~jew of til. Vor;o( Spud Conlrol. 
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ihe FPC('({ regu lation or challw:' of speed 
which tl1k~ place when the load is 
v~ricd. Clooe speed regulat.ion in an ad~ 
justablc speed motor is an expensive 
('I)HlInodity, and it is wasteful to provicl{' 
it. for applications wherl" it is not r('­
Quired. Information on the regll iat ion 
of the TYPE 1700 Controls in comparison 
with that of a thyratron control and 
with the simple r (:ontrols should indicate 
the general fields of u~efulneS8 of each. 
C'ons idprablc :;laving in tbe cost of an 
in:-l albtion can be made if the cbaractpr­
ist i~ of tbe motor and control are prop­
C'riy matched to thl' reglliatjon require­
!Hents of the lond. 

The TYC'E 1700 Controls providf' a 
f]uality of regulatiOll which is very murh 
hl'Uer than that of the simple cantrall" 
such as a Variac wit11 an a-c commutator 
motor, although not w good as is ob­
tainable with the fll11y compensated 
thyratron {"ontrol. This is illustrated in 
Figure 4 whieh shows the speed as a 
fnnction o{ lORd for different motor alld 
control romhinations, all adjlLsted to 
about one quarter of the maximum 
speed at full load. 

• 
The uppf'r run-c is for a rf'plI l~jon 

motor with II. Vnriac. The next curve is 
{or a ~ imi lar arrangement using an :\-t.' 

~eries motor. T he. t wo are essen tially 
!'imilar except that the rcpu L"ion motOI" 
"breaks down" or sudden ly loses speed 
like an ind uct ion motor! but at a much 
lower {raction of synchronous speed. 
The series motor loses speed more or 
less uniformly as the torque ill increased 
in the neighborhood of full land _ For 
both motors at this setting the speed at 
one.quarter lond is about four t imes the 
full·load speed and even a s light change 
in load rCf'ult.s in a considerable change 
in speed . The improvement with the 
TYP E 1700 Control is !'hown in the third 
"urye. The rise in speed when the torque 
ill reduced to one·quarter of it.!! full ·loru:1 
\'alue is only 210 rpm or 47 per cent in­
stead of 300 per cent or more noted for 
other arrangement.s . A curve for 5 I)('r 
cent regulation, readily achiever! wit h 
the compensa.ted thyratron control. i8 
shown for comparison. 

The ri8e in speed in rpm between full 
load and no load is Ill!' same at all spe(>r! 
sl'tti ng5 for the nl'w (,"Olltrn!. Th is P('r­
formance is not neccs8arily obtaine(\ 
with a system of this kind , beeaus(> on 
light loa.ds the b!l.ck emf of the motor, 
which is proportional to the speed, tend!' 
to rise to the pea.k value of the rectified 
wave. Use of a properly designed choke 
,,,ill prevent the ri!'e of "oltage abov(' the 
average value and grentiy improve the 
reglliation. Ji'igll re 5 l"hows regulation 
C'llf" CS at various speed settings for I he 
TYPE 17DO-AH Control and shows by 
dllShed lines for comparison the per· 
formance of a s imilar ~ystem withollt a 
choke. The marked improvemcnt i~ 
apparent. Since the rpm rise in spcen 

figu re A. Co",porioon of Ihe performo",. o f v .. ri_ 
QUI ' ypel 01 con,rol l y.I"",. odjui,,,d lor on,,_ 

quo,l", ",o~imum Ip""d 01 full Iood. 
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Ix-twcen full load and no load ii'. the 
~alllc at nil settings, the pcrocniagc 
regulation il'l invcnoely proportiollnl to 
the speed setting. Thus at the rated 
l'.p<'cd of li50 rpm the regula tion is only 
16 per cent instead of the l :lr~r vnlue 
corresponding to t.he reduced l'Ipc('d sct· 
ling used in figure 4. 

" Pi ll, 19~9 

With the thyratron control the motor 
must. be derated about one-third. For 
many applications employing the Variac 
control, it it; a convenience as well as an 
economy not. to have to use an oversize 
motor to take eMC of the ripple current 
in the armature circuit. 

STARTING CURRENT AND 
MOTOR LOSSES AND EFFICIENCY OVERLOAD CAPACITY 

In ('()mpar~on with a speed control of 
the thyratron type, the new control 
gives ooMiderably reduced motor losses, 
because tbe a-c ripple in the armature 
circuit is vcry much less. This charac­
teristic is partly due to the fact that thc 
firing point is not delayed by grid action 
Md partiy due to use of the choke. Use 
of the diodc rectifier in the new control 
makC8 it possible to obtain good filtcring 
Ullin!!; only a small choke, whilc it is not 
usually fcru;iblc to attempt to filter the 
IIharply p<>akNI waveform of the thyra­
tron l'C('tifier circuit. 

The net result is that the form factor 
of till' Rrmnt.ur<' current of tho thyratron 
control nt full load i!l about 1.55 at all 
!ipeed !lctting8' , and for the Vari!l.o Hocti­
orr Control varies between 1.16 at full 
speed to 1.02 at one-tenth of maximum 
speed . Curves of form factor as func­
tiom of load at various speeds are given 
in Figure 6. 

Since it ill the low-l"p<'cd l()!i~ thai 
u~Llally limit tile rating of un adju!itl\blc­
!iJlf'cd motor, the result in practico i~ 
,·hat no derating of Ihe molar duc 10 
rippl£' is r<'lluired with the new ('()nlro1. 

fig"'. 5. hgulCltion tl,ln'e. at ~CI'i<wI .p .. d. 
ICI' the Typ. 1700.AH Variac Sp •• d ControL 
Do".d lin .......... p.rfo,manc. 01 CI li",ao •• yol.", 

... itNwt chok •. 

The full-wave xenon rectifier is more 
compact and less expensive than a pair 
of thyratrons of equal rilling, so that it 
is economically feasible to provide tube 
capacity in t he T YPE 1700-AH Control 
almost five times the full-load armature 
current rating of the motor. The recti­
fier tube, in addition , hIlS a thrC(H3Ccond 
overload rating 50 per cent greater than 
its conlinuotllH luty rating. This pcr­
mitf; about seven limes the full-load 
motor current for three seconds on 
s tarting Or reversing, I\nd I he momen­
tary initial surge of current may be 
even greater. The circuit hreaker is of 
the inverse-lime-delay typo and if.o! de­
IllY characteristics r,ro approximately 
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matrhed to the overlond ra1i nl!. of the 
rectifier t.ubel as shoWI! in Figure 7. With 
this protection l ru:lvant.age can be tAken 
of the I'hort.-pf'r iod overlolld eapabilit iell 
of the tube without I'is kin,l: dest r\lction 
in the evcnt of a li tnll 01' the applicatioll 
of a load of cxcc~i"c in<'l'lin, The THE 
1700- A L Control fo r 11 5-volt operation, 
employing the same tuhe, has the same 
ellrren t rating fit half the voltage so 
the overload and starling margin is 
rcdu ced. Even in this CH.Se 350 per cent 
of full-loud curren t , ample for ordinary 
work, is available for start ing, and full 
pl'Ot<'ction is provided by the breaker. 

The quick-f;larting featufC of the COIl ­

trol is frequently of great imJlQrtan ce 
in production work. Man y of t he thyra­
tron controls provide protection of the 
tubes by automatically limiting the 
starting currcnt to 150 or 200 per cent 
of the fu ll-load current, This is some­
t imC8 Tlcce&;ary in s pecial cru;c~ for pro­
tection of the driven load , but for 
ordinary work the relati\'ely s low ~Iart 

is a dellnite drawback, The TYl'E 1700 
Controls 8hould pro\'e their value in 
many a ppli(,!l t iomi where fast ::; tllrtillg 
or re\'ersing is desirable, 

• 
APPLICATIO N S 

Many fields of appli c!lt ion of adjlJ .~ t­

able speed motors which ha vE' heen 
:U;I' lIll1cd to r'P'lllire a cont 1'01 of clo,<;c 
regulat ion ('an he I'el'\'('(\ hy the T"Pf; 
1700 Cont 1'0111. This is bCf'llW'<' the ('hoif'e 
has hithe rto IlCen limited , e~sentinlly, to 
(:o ntI'015 of e ithf'1' very good or \'ery 
poor regulation. I t has been fOllnd , with 
the new control, that e\'('11 thr ~peed 
risc of 100 pe r cent 01' 11I0re which takes 
place at the lower ~pced settings ",hE'll 
the load is removed is not o rdinl\rily 
objcctionablE' , 1n wOl'k with ~rna! llnthns 
or drill prcsse~, for exam pi" , thc operat.or 
merely turn!' up the conll'Ol lInli l the 
dC!'ired cutti ng ~pc('d is obtained under 
load, It i!' h(' licvff\ t hat. work of 'hi~ 

kind within I he torquc limits of 11 J.i 
h,p. Illotor wilt generally be found suit­
able for the TnE 1700 Contro!."., 

An appli('lttion for whi('h the new ('011-

t ro l seems ideally I; lJit.Ni 1.« to winding 
maehincs of v:\fiow; I,y pc!'l. Here a wide 
range of ol)('rilting ~pced l> if; df'I' irnhlc 
in addition 10 n gradual start. undN COIl­

trol of the opcmto!', Considerable pro­
duction time, 111(>0, CltJi be I'!WM if, :\f1('1' 
starling, the s pecd call be turlled up to 

FiIl U'" 6 , for", faclor ar a.malu,., c .... .,"1 <n a lunctian Fill .... 7 . Overlaad cha.act".i,Iic a f ,ectifl". lub. 
al laad al "a.ia", 'p"e d., ","d d"lay cha'act".i.I", af clrcull breaker. 
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, 
the maxilllum which is safe for a given 
set of winding conditiolls. Universal 
winding mncbiues are generally supplied 
with adjustable speed motors of the 
brush.f>hifting ~ype. These have charac· 
leri:;tics similar to lh()l!;c of (l repulsion 
motor operated with !I, Variac and, par· 
ticularly at the lower-speed settings, u.re 
very sensitive to load, as shown ill 
Figure4."hespet'd tends to creep badly 
and even warm-up of the lubricating 
grease can calise the speed to double. In 
our own factory we have found that usc 
of the TYPE 1700 Control gives a marked 
increase in the stability of operation of 
IIlll.chincs of t his type with 9. correspond­
ing increase in production efficiency. 

Another application which should 
prove important is to proce8:Iing of ,'ari· 
ous kinds where the timing of an opera­
tion must Ix> adjustable over a fairly 
wide rauge. Examples arc blueprint­
ing machines, photogmphic developing 
equipment, electroplating, etC'. In work 
of this kind the load is nearly constllllt, 
and the motor will hold the set speed 
vrry closely. Slight changcB of speed 
will occur with line voltzlge vz\riatiollS, 
but the speed changes less than in pro­
I>ortioll to the voltage l·h:mge. This is 
Uecause ill a !lbullt 
IIIvtor I he change 
in field tlxcill1tion 
partially COIlIPCll­

!lutes for thearmu­
ture voltage varia­
tion. 

FiljlU'. 8. P"".I vi ... of 
" .. Typ. 1700.AH v". 

,ioe Sp .. d c-Irol. 

"pall , 1'4' 

The limitations of the (:ontrol must 
be kept io mind in order to apply it 
sucl.'eS!lfully. The intermediate quality 
of tbe regulation characteristics has al­
ready been discussed. Much machine 
work, including precision grinding, re­
quires that speed be very closely main­
tained under fairly wide variations of 
load. For such applicationll, the control 
is clearly not suitable. Another limita­
tion common to many adjustable-epeed 
motors is tbat torque rather tban horse­
power must be kept within a limiting 
value over the speed range. If an adjust­
able speed motor replaces a fixed speed 
motor lliIi.ng several pulley ratios, the 
twailable horsepower instead of being 
t.he same at the various fixcd speeds will 
be proportionsl to the speed. This is not 
38 serious as it might appear OOeause 
many types of load have a CQllilta.nt 
torque characteristic or a torque that 
decreases as the speed is reduced. The 
point shou ld be borne in mind, however, 
in estimating tho size of motor required 
for a given application. Because of thf' 
torque limitatioll, it is important to 
choose the pulley or lransmission ratio 
so that t he working spctu l·uHb't! i:-; nellr 
the upper limit of the ('ontrol. 
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GENERAL RADIO EXrU:IMENTEIl • 
If the ch!\rIlcteristics of the control 

lind motor are properly matched to the 
load requirements, it is believl.'{l that !l. 

wide Held of application will be found 
for the TY I'E nOD controls, nnLl that 

the advlIlltages or adjustable speed up· 
eration can be extended to many fields 
where tbe cost of other suitable systems 
is prohi bil i\·e. 

- ,Yo N. T UTTLE 

SPECIFICATIO NS 

Supply fr~u.ncy . 
A-C Inpul Voltoao 
o-c Oulpul Armolur. Voltoa. 
o-c Olliput Armolu .. Cur ... n' 

Continuous . 
30 Seconds. 
~ OlltpIII flohl Voltogo 
D-C OlllpUI fl.ld Curronl 

Speod Ron,., Motor rated BI>ee<i down to ~ero 
a~ COWltaot torque. USIlll operatiog range 
10:1 or 15:1. 
MOlor: Any d~ shunt or compound motor with· 
in the above ratin~ may be used with the 
eontrol. A motor With a commutatiog pole iii 
preferable becauae improved commutation is 
obtaiued over the speed rauge. We caD supply 
moton as listed below. 

A motor of ~ b.p. rati!1S ean be operated 
continuously at about 20 '70 overload by tbe 
Typx 1700-AL Control and at llbout 25% over­
load by the TYI'Il 1700- AII Control. A motor 
of 3-$ b.p. ratiog caD be used with eitber control 
for mtermittent duty or for continnoU8 duty 
wbeo tbe armature current is witbin tbe limit.'> 
given in tbe ratings. 
O .... ' load 'rot.ctla", A time-de11l.Y magnetic dr· 
euit breaker protecU! tbe rectifier tube agniu8t 
exc:essive starting current but does not proteet 
!..he other CQmponents or tbe motor agaiMt 
~ustaincd overloads. For applications requiring 

T,p< 

Type 1700-AL 
5<>-60 , 

105-125 
o--U5 

2.68 
9.6 Ii 

115. 105. 95, 78 
0.'1 n 

Type 1 rOO-A /I 
50- 60 e 

210--250 
0-230 

1.35 a 
9.68 

230, 210, HIO, 156 
0:2 a 

continuous duty ncar full load, the IIrmllture 
current requi rements should be cbe<:ked witb a 
meter. 
1I .... rl al ond DYlloml. Stokillg, A manually op· 
ern.ted start...swp--reverse switch nod 11 dynamic 
braking faaistor are included io tbe eoutrol. 
Strong bmkillg actiou is obtained in tbe stop 
position. 
Moulliing ond Wiring: Roles nre provided in tbe 
bllek of the box for mounting Oil a wall or 
bracket. Mounting must be vertical and Juust 
permit free al'cess of Ilir throu~h the bottom of 
tbe eabinet. Two holes for ax or cooduit wir­
ing are located in tbe center of the botto/ll of 
the box. 
Dlmonlions: Box, 9}16 x 123-s x 4!i-s inches; 
dimcMioU8 over knobs and louvers, 97f e x 1 2~ 
x 6 incbes. 
N., Wolgh l' 313-4 pounds; G. E. motor 30 pouuilil. 
Tllb" One TypE EL-6C supplied witb tb /! con­
troL 

Code Word Pme 

17OG-A.l 
17OG-A.H 
&C46A829 

Vorlo. f Spe.d Con"ol, It5-v., 50-60 C. A BASE $17S.00 

8C46A.&30 

V ... loc t Sp .. d Control, 230-'1., 50-60 c.. . • 
G. E. 'h to.p. Soml .. nclo.od, . I ............ lng. com-

poulld.wound molor, 1750 rpm, 115 v. dc, 
for use witb 1'TPE 1700-AL. . . . . 

G. E. V3 to.p. Somi ... " cloud, "' ...... boa'in'. com· 
pOllnd-wo,:,"d motor, 1750 rpm, 230 V. dc, 
for use WIth T ypE: 1700-AB. . . . .. 

flln. won ... nOll .odlllo, III" (Spare) 

ABon: 

t.l OTOR· 

~I OT'OIt • 

"1'" onlc 6peeJ ,'011\",1 with ,now<. lne C<lIDpound tode '"oro. ~ .. _. n,,<m)R 01' ~UOY& .. 01'<> •• 

rr., .. le' ....... l Ttlli"~~ '0 U.S A U,S p,.~m No. 2.009.013. 

GENERAL RADIO COMPANY 
215 MAS SAC HUSETTS AVENUE 

17S.oo 

.'.79 

47.59 
1$,70 

CAMBRIDGE 39 MA SSAC HU SE TT S 
TELEPHONE : TRowbrldl e 6·HDO 

BRANCH ENGINEERING OFF I CES 
NE W YOR K I. NEW YORK 

to WEST SlRE£1 
TEL.- wo,a I·Hn 

lOS lMGIUS 1I. CAlifORNIA 
1001 NORTN HWUO STRUt 

tH.- MOlly ... ' ,·1211 

CN IC _C O 5. ilLINOIS 
no SO UTH MICHIUN AVENU E 

JEt. - WU u_ I· Jl II 

'.':;'''­.,. 

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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