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The G~N~RAL RADIO 

EXPERIME NTER 
VOl. VI. No. 4 c: SEPTEMBER , 1931 

ELECTRICAL COMMUNICATIONS TECHNIQUE 
AND ITS APPLICATIONS IN ALLIED FIELDS 

SOME USES FOR A PRECISION CHRONOGRAPH 

1lI;';>"""''\iI I-1 E term chronograph nUl} 

lJe applied to any instrll­
ment which furni shes a 
rCt.'Ord o f even Is " i th refer­

T 
ence 10 their lime of occurrence. De­
vices of Ihis 80rl bave long been kno\\ n 
ami ha\'c found ",ide u;oe in irlduslry 
and the arlS. 

5c\'cr81 ex amples of the ch ronograph 
!lfe 10 be Bee n ill the recording barom­
etcr", Ihe recording thermometer, the 
rCl'onJillg wattmeter, etc. In Ihese de ­
\'ices a rectangular or circular graph is 
obl aiucd 011 which olle co·ordina te is 
calibra ted in some scule of lime. whi le 
the other co-ordinate is calibrated in 
tcrlll il of pressure. temperature. power, 
or" hatcvcr lluantily is to be measured . 
Records of this sort a re ob taiued by 
moving a stri p or dis!! of paper at- a uni­
form predetcrmined ra le while a pen or 
slylus trave ls across the papcr in a 
direct ion l>erpendicular 10 the motiOll 
of the latlcr, the defl eclioJl of Ihe pell 
hcing proportional 10 the qualltity 
recorded. 

Another use of the chronograph is 
that of recording time interva ls, as 
exemplified by the siphon recorder. 

"herein the lo-aml·fro llIot ion of a pen 
upon a moving strip of paper traces a 
record indica ting in terva ls of short and 
long duration (dol s aDd dashes) wllkb 
ma }" he interpreted as Morse Code in 
the Iransmission of int elligence. 

51 ill anOI her appliea I ion ofthecl lrono­
graph has 10 do with the measurement 
of time inl erva ls. It is with this latter 
lise that we shall tleal in the follo,,-ing. 
Thcre are '\\'0 se parate methods which 
lIlay be employed for measuri ng lime 
inl en 'a ls hy /lJeallS of the chronograph. 

I n one of these, mca ns are providell 
10 produce a uniform mOlioll of Ihe rc· 
cording puper and to measure the 
lime int erva l direc tly in term s of the 
linear displacement of the record. The 
drum type of chronograph fall s int o 
this class. A piece of paper is mounted 
upon a uniform ly revolving cylin der 
aud I'ecords of e \'cnl s are imlica led by 
the displa cemen t of a line drawn by a 
pen or lIy lIlinute holes punclured in 
the raper hy means of an elec t.rie spark 
at the heginning and end of the inter­
va l. Obv iously, Ihe precision of such 
measurements depends upon the uni· 
formity with which Ihe paper is moved. 
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FICUMK J. T he cbronograph, COn!iBting of 3 TVI' I\ 33.8- 1. String Oseillograph ill which 11 moto r­
drin'll Tn'E !.OS OllCillograph Carnera reJIlaCCI lhe "~ IIIII rotating-mirror box, ulld II 1'VI'E 407 

5ynchronotu Shu Her fitted wilh II I!l'ccial ~11UHt'r wh«1 

The Qeeond IlIc lhod. which is inher­
e lilly ('n(1nl,le of ~realer precision. (,(Ill' 
sists of making 11'0 !!imulllwcC)uS an!1 
adjacent rc("ords upon the p81>cr. the 
1I10liol1 of I\hieh need be on I) approxi. 
matd) uniform. One record is produced 
b) the phenomenon to be 1I1Ca.'lUfCd, 

\.hile the- illfliealion of the S('cond rel"­
ord i ~ prolluced independent I) at li la led 
IIml IU'j'Ufllldy lillled intcnals IIlltl 
senes thererore as the liruing ~·II If'. An 
Cl:8 mp!f' of slich a double ret'ord is seen 
in Figure:!. 

This proced ure lil a} he exll'lldcd 10 
Ihe IIH)re f'lnhorale Iriple recon l sho\\11 
ill figurc 3. lI ere Ihe time inten'al be­
I\\cell t\\O scJlitratc phenolllcnu is 
IIIcasurcd against the lillle sca lf' \\ hi('h 
ill here giHIl h~ the spaced dOl s ulong 
one sidf' of I he pll per. 

There has rel'cntl} been Je\-eloped in 
the lahorutories of the Ceneral nadio 
Com pun} a high'preci sion chronograph 
capable of making time·interval meas· 

IIrernenl5 to beller thlln the neareSI 
0.001 sc(.'Qlld . SII('h precise rnell sure· 
lIlf'nl S conld nOI re li ably be ob tained 
\\ ith an)' rnore-or·lcS8 pOlUlerolls pen or 
st, Ius. T hc vihraling s tri ngs of the 
Tn'!:: 338-G Siring (;lIIVanolllcter. 
\\hich is of the nature of un Eilltho\'en 
ga lva nometcr, hccause of their small 
lIIaliS and short pe riod of vihration. lire 
inherently more lillie!.. ami reliahle in 
resl}()nsc and lIlore !luitable for the pur· 
pose. These stri ng'S are t tined to ha \ e a II 
1lIlIlaml.lell natural frequency of the 
order of 2000 cyclcs per sel·ond. Appl) . 
iug the oil.drop llamping 10 the strings 
renders them essentially Hperiolii(·. Thi s 
chronograph cOllsis ls. then·fore. of the 
1,\ I'E 338·G Si ring Calvanometer, to· 
gether with the TnE 108 Osci llograph 
Camera dcscribed ill the C('I/eml Raclio 
£rperimellrer for ,\ pri!. 1931. For great· 
er cOII \'CnielH.'e and to obta in higher 
paper speeds Lhan ca n be realized by 
hand cranking, this ca mera has been 
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fo' ICURR 2. A t1 ou !.le timing rccord (r,,11 liir.e) obtained by 31)I' lr itl! aignaJ wltllgn 10 both 
nri n l!~ in • Tn"]; 338-P2 Double Sirillg Holder. Time increase. (ro", left to right 

pro,i(/("(I "ill. a 1II010r dri,'C. \ paper 
speed of frOIl1 80 10 100 inches per sec­
ond is possible. using: a high I) sensiti ve 
rC(,~)r( 1 illg pa per (East man Kodak Com­
puny No. 697). 

The liming scale record 8110\\ 11 in 
Figure 2 \18S obtained 8S (0 110 \\ 8: A 
S) ncltrollo ll8 motor ha l iug a shaf, 
speed of 10 revolutions per secoud IHIS 

dri'-ell ei ther by tile 600(:)<:Ie m aillS or 
b} the IOOO.c}cle frequency obl lt incd 
froUl Ille prim ary 61andartl of tile lab· 
orlltor}. The shari of the 1II010 r carried 
a Ilisc hllving a concentric ring of 100 
uniformly spacc(1 holes, the splicin g 
I,e l\\ ccn boles approximaling their 
dia meter. This " phonic'· disc. 8ho"n 
in Figure 'I. "as equipped llith a mer· 
curial "ta lJilizer, thereb} mllllllllzmg 
any chant.'C hUllt ing of tile motor. By 
mea n,; of a rad ial slit, a ligh t bea m 

"as alternately projec ted through one 
hole at a time and ecl ipscd. These light 
impulses, 1000 per sccollll, were passe. I 
inlo a (1holOCell whid l wus followed by 
11 11 overlouded amplifier. The outpu t 
current wave from this umplifier was 
applied to olle of tile two s trings of the 
ga lvanometer, the vibrlltiou of which 
produced the sharply peaked wales 
0.00 1 second apart. \lcasurements to 
ahout 0.00025 secoml fII ay be made 
aga ius t such a time sca le. The accuracy 
depends obl' iousl} ul>O lI the accu ra cy 
of the frequency dri\ iug the sy nchron­
ous motor. For convcniencc, ever} 
twenlietb impulse (0.020 second) was 
omitted I,y Ica \ing out the correspond­
ing hole in the disc. The tenth-second 
int erval (one poi ll! on the disc) ,.as 
slJCcifica ll} markcd in the manner 
showu. By thus indica ting the multiple 

~ . . . . . . . . . . . . . . . . . . . . . . . . . 
!-' IGU)!f. 3. A Lrit,le re<:Ord ha.·iug in .d,liliQn 10 tile t ... o lrace& or Figure 2 a lhird one 

made by a .y"chonoll~ mOlOr-dri\"c n shutte r 
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Fu.;UltF. 4. A ""honicdi!!()," ~uilllble for mount· 
ing 011 the glulel of 11 TYI'r. 407 Synchronolls 
Shutler rolating 10 lillle' 0 second. Each bole 
tben repr~DI" I milli~coll'l. tbe Yiu-&econd 
~nJ 20 "'illi-aceoml inten'ala beillg ;,,(iiealc'\ 

by the 811aCC8 allow" 

lime intervals. the records are easily 
and quick ly read and tbe chalice of rJflr· 

80llal error minimi7.cd. The use o f a 
phonic wheel and the phoLOcell is mani· 
festly superior al these speeds 10 any 
form of mceila uicld \' ihra l ing eoutact 
and, ill addition, p<!rmils the desirable 
multiple unit murkillgs. 

The liming record, shown in Figure 
3, was obtained by a ilimilar IOO·hole 
d isc driven lJy a synchronous 1II0tor, 

This liming unit, showlI in Figure 5, is 
50 placed tha t I he disc inl erceptsdireet. 
Iy the eflgc of the ligllthelHrI falling 0 11 

one end of Ihe ca mera slit aud accu· 
rately prints II. series of do ts 0.00] second 
apart along one side of the paper. The 
samt: sys tem of lIluhi p le int ervallllark· 
ings is employed. The latter procedurc 
eliminates Ihe photocell a lld II. lII p lifier, 
gives a record readahle at lellst to 
0.0005 second , and, with the doub le· 
string clement in the ga lvanomcter, 
permits a triple record. 

The complcl e asselllbl y of the ehron- ..... 
ogrllph shown ill Vigure 1 consis ts of 
the TYI'E 33S-C Sirin g Calvlm ometf'r 
IInll hase cab inet toge ther wit h the 
j·:1Il1era ami s ~· n eh ronolls shull er whieh 
arl' mount eJ in pl ace of the rotating 
mirror \' ic\dng box. The inSlnllllent is. 
of course, II photograph i(· reconlillg 
ost:illograph. OIn- iou!'ly the o8-cillo· 
graph as .. emhl) SIIOWII in the A pri!. 
19:\1 , Experimc,, 'er may be used us a 
chronogra ph hy ad ding the ruotor dri ve 
to the camera for high speed v;ork. 

One of thc important uses fo r wh ich 
this precision chronometer is ,,'ell 
adllptcd is the accura te eUlIlvarisoll uf 
two clocks. Separa te impulses from the 
clocks ma y, a t s lated limes, he pllt in­
di\' idually upon the Iwo s trings 11ml II. 

lrirle record ohtained showing the time 
interval between these impulses, so 
that highly accurate ratcs o f lhe clocks 
can be mcasure{l hour.by .hour or da y. 
by.day. It is wise. when worki ng wit h 
slleh precision, not to introdm!c rclays, 
e lC .. wit b thei r \ a riab le time lags, be· 
tWCCIl the docks allli tbe ga lva nometer 
s irings. Some technique cmp loyi ng 
photocells IIlld ecl ipsing light slits ca r· 
r ied by th~ primary mo\' ing mcm ber of 
the clock. that is, the pendululII, is to 
1)0 rccoUl lnellllell. 

It is prol)()sed short ly to fllukc a ll in· 
teresting ust! of this chronograph in a 
rou tine daily measu.relllcnt in our la h. 
ora tory. The General Had io pie)lo­
electric primary (rc(lue ney s tanlia n l 
cOntai ns " S) IIchrouous clock driven by 
the s tandard rOOO.cycle frcquency. 
This clock is checked daily agai nst 
Mean Solar Time by OIea llS of tile U. S. 
Naval Observatory radio t ime signal8". 
The molor suaIt dri\·ing t his clod .. , amI 
tllrning ten revolutions per second , car­
ries an electromagnet ie geuera tor wllicll 
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,... giles an e lec trica l irupulse of exceed­
ingl) Rhort dura tion o llce l:ler revolu · 
lioll . These impulses, spu l'cd 0. 100 
sccond uparl , li re r{'corded on olle 
slring of a t riple rcconl ... 1.;le the other 
s tr ing rN.-eiICd the audin no te of the 
rad io lillie .. igna ll:!. the " nose" of which 
is Ihu l! (.'Ompa red II illl the .. , nchronolls 
d od .. , \lthough the illlpuise from the 
d ock gt'lI l"rlll Or is less IIHIII onc milli. 
sccoml ill duration, the recorded im. 
pulse 0 11 tlac 6lr in g IU818 allout ten milli. 
SC.,'onds. This it, due 10 tile aClion of the 
energy -storing clement s of the ampli. 
fi er. The nose of this clock impulse ca n, 
ho\\ c l cr. lJe llc lcrmilled ... ith great ae· 
I!IIrIJ C). A he terodYlle I) pc of radio rc· 
ecil er is cmplo)cd \\ilh ~uita lJle audio 
IOlle filt ers II hich serve to lIliuimi'l.e 
C'l:l rHIICOUS d isturhances alld to render 
the nose of lile time signal more clea rl), 
defi ncd. Uy 3\'eraging the records of 
sc \ era l !!uccessivc seconds, a com pari . 
SOli to ahOllt 0.0002 t>cconu is unt ici· 
putt,d . 

In order to minimize till' a!llount of 
photographic Ila llCr rcquired for such a 
;,eries of ohser\'a tions, a " sampling" 
ledLllique lias been perfected. By 
IIIca n!; of an auxiliar) sYliehronous cam 
cQnlaul dri ven by Ihe standard fre_ 
fluenc~ and closed for a l.out 0.2 second 
e\ ery .;econd , it is possible to starl. aud 
>l IOp Ihe ('a lllera mOlOr for a ",hort pe _ 
riod during each ~l"olld , Ihus using 
aholll 18 indIes inS l e u~1 of 100 inehc8 
of pllpcr for each second rccorded. 11 ) 
proper uuj lls1mcnl of Ihis cam " wi thin 
I he ~colJ(l :' the pa I)(' r II ill be Ira veling 
Itl lIIa.'l:illll1l11 '"I.teed a l the il1 ~tant of 
arriva l of eaeh nose of Ihe radio lilli e 
signals. 

\lan) aod varied IIpplicatiolis of 
such II precision chronogrllph "ill OCC lIr 
10 our readers. The tilile of throw uf a 

relay armaltlre heLI\ t."en back a lul front 
contac ts, and also the time lag Le· 
tll een the appl iclItioH of volt llge III II 
reillY and the mak e IIIHI IIreakor it scon· 
taclS are readi ly measured. NumerOIiS 
problems invoh ing the precise meas· 
IIrcmcllt of vel(", it y " ould offer possi. 
bilitics ror this ins trumcnt. The ' ·picl.. . 
"1' '' and "I:teed or an II th le le or l1Iotor 
vchicle tro veli ng o\'er II racc course li nd 
illt ercepting II BlIcc'ellsion of ligh l lIeams 
passing inlo phot ocells lIlar be meas_ 
ured "itll a preeisioll far exct.'etiing tha t 
obt ainell by all) s lop-watch lechnique. 

Another applica tion Ilhich should be 
or considerable illl l)Ortance concerns 
the lIIeasuremenl or tile speed. the ac­
celeration, and the deceleratiol] or IIn y 
form or revohing shafl. Tbis merel) 
rC(luires some fOrlll or pllOllie disc or its 
c(lui valenl lUounl ed "1)011 the shaft 10 

int ercept a light Oclllll passing into II 

FiC;URI; S. A 1'Y!·.: 'W1 S)' IH:h w nou! Simile., 
fill ed wilh a slmll.: r wh(:eJ like ll1ul ~lIow" in 

Figure " 
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photocell \\ hid. in lurn energizes one of 
the ga lvanometer s trings .... itll a pul . 
sa ting current \, hose increasin g or dc ­
ercasing fre rJllem'Y may accura te ly be 
measured llgains! the time scale. If, 011 
the o llmr hand. it is mecJmnielllly fea­
s.ible. the phonic d isc on the shaft lila) 
illLercep l dire/' II) !lIe light passing 
through the ca mera slit and thereby 
print II pholographic record un tIll' reo 

cOI'din g paper. I n this maImer aulo­
mOli\c engi neers mighl apply such 
C(lu ipllIcul to stud,.. the irregula rit ies 
of shaft rO lal ion Juc to lacl.. uf hahlllce 
and to in vestigate the " 8lip and grab" 
ac tion of brak e system s. 

I It the fields of medicine and psp .:hot. 
og)' there are Ulany uses for the chrono· 
graph as, for installcc, in the t im ing of 
ner"e o(' lion cll rrent s and in mea su ring 
relic \: responOlCS to 8hock or to "isual 

WAGNER GROUNDS ...... There arc 
(11'0 possible means of avoid ing errors 
in bridge measurements dul' to unlllll­
O!lCCS of the power source to ground . 
Qne is to isolate tile pOllcr somce from 
the bridge by mea ns of II \l eU shielded 
unrl balan~'ed tra nsformer: thc other is 
(() employ 11 Wagll cr Grouml Ilhieh, 
in cffect . shifts the ground poin t of the 
power o;OU fCe to llgree wilh the grou nd 
point of the bridgc. Unbatunce" of the 
1'01\ er !;(HlrI'e arc a 11110) ill g Ilccllu;;e I hey 
introduce stlUlll jill pedanccs 0 11 opposit e 
8 i~l c" of IIIC hridge .... hlell are not ill tlw 
sallie ra til) as the rat io urlllS. In some 
ci rcuits this is particularl) Irouhlf'"soll1c 
and unll'ss precliutioll l! arc tal..cII large 
errors are introduced. 

\Vherc the ratio aflus are fi:o.:ed and 
C<lual, as in the Tn''' 2 16 Cu ra eit y 
Bridge, it is possible to design a power-

and au rul Sli muli . The <lcolIst i('a l cn-~ 
gil1ecr is illt erestCl1 in the measurement 
of shor t tillle iut erl'als il.1 the s lUll y of 
rever herlltiol1 "h araeter iSli ell of en­
closed spuces. lI erc is all instrument 
II!tich should give accurat e data ,If 
this sor t . 

1 'IJe s llld~ of rad io wave propagation 
und the timing of sky wave echocs re­
(Iuires some (orin of high speed c!u'ono­
gru ph. With these random suggestions 
we leave it to our readers to eXl'a ml 
the list of poss..iLle appl ica t ions. 

The price o f th e chronograph equip­
me nt , co mpl cte " ith motor-(Iri vcrt 
ca lJle ra li nd sy nchronous shutter for 
operation froUl a ]10-1'011 , 60-cps. sup­
pl y, is 5468.50. All itcllIs but the 
moto r drive for the camera and the 
specia l " ph onic disc" are carried iu 
stock. - IIOIUTIO W . LA~tSON 
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The TYPE 193 Deo:atlc Bridg" with a Tn.: 

193-1'1 W"gIH' r Ground attached 
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supply tra nsformer" hieh isolates the 
bridge (rom the source and introduces 
~h ull t cn p"ci la nCf' ('qua ll } on the two 
sides of Ihe bridge. I II II bridge wil II ad­
jus ta ble r a l io a rlllS, such 118 tile TYPE 
193 Decade Br idge. lIo,,'(' l cr. i t is ob­
,iollsly im J>ossible for II siJlglc trans­
(ormer to achie l'C ba lallce under a ll 
condiliolls. For Ihi!< \lark the General 
Il Ullio Company recommends the Wag­
IIc r Ground and 11U8 dCH' lo l:.ed II ullit 
for II l1 ach ing 10 t Ile la lter ins trumen t. 

The '1' \ 1'1': 193-Pl W:Igner Grou nd 
consisls of a IOO-Qll1l1 1)()ICnliomcler 
"hich is intended 10 be colJllected in 
parll llel \Iil h t he 1J()\\cr sou rce. This 
I1 l1 i l , \I ilh the ml io arllls o f the brid ge, 
forms nn auxiliary bridge. balance of 
\, h iell ill lliclIl(,8 th a i l he a pparen t 
~round of the l>o\.cr source and the 
grou nd in the bridge arl' a l lhesame 1>0-
tcn lial. Pro\' ision is Illude for inserting 

an addi t ional 500 ohm s O il e ither one 
o r hoth sides of th e potent io meter. 

A sw itch is al so in co rporated in th e 
unit for eonneetill g th e pho nes or 
other hal ance indicator e ither LO the 
brid ge or to the Wagner G round . AI 
lh e sa me time th is s,,-itch furni shes li n 
cas) means fo r shift ing the resist :uu:e 
balance arm (ro lll one sid e of lh e 
brid ge to the oth er. 

Th e price of th e unit is S20.OO. 

WAVEMETERS ...... Hecenl expe r i­
menta l work hy General Hadio en­
gi neers seems 10 indi<"a te th at the 
prec isio n freq ue ncy me te r o f Ih e 
(ulure will be sill1i1 (lr to lbose shu .. 11 

in th e aeco ltlj HHl )' in g pho tog raph . 
Th ese were built (o r the United SLates 
Coast Gnard and had their counterpart 
ill another design and co nst ruction 
order from Ih e Un ited States Navy. 

Calibrllting a groUI) of al)ec;a l Klf-checkin! heterodyne wavemelere de~ ; g ned and bu ilt by 
General Rad io for the Unitt<! Statee Coa~ 1 Gua rd 
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I n ge neral. a seLf·calibratin g hetero­
d YIIC wave mete .. consiSls o f a he le ro­
dplc oscill ator fill ed \·,itJl interchange­
nb!e coils nu d a straight-line-frc(llI cncy 
condenser (or coveri.ng a wi de band of 
frc(lueucics. A piczo-c1ectric oscillator 
is al so iuclud cJ . harmonics from which 
serve to furni sh poi nt s at wh ich tJ,IC 

calibration of the he terodyne may be 
checked. 11 is al so possible by this 
ar range me nt to alJullllon the use o f 11 

calibration for the hete rodyne except 
liS a rough one is n Cf'<icd to he lp 
identify ba rmonics. By giving sufli­
e ient atten t ion to the linearity of the 
lUlling condenser, it is possible to 80 
constru ct the ill st rumc llt that inte r_ 
polation between adjacent crystal har­
monics is cllrried out hy a simple 
graph ica l process. 

As (lD example of tbe possibl e range 
of such ao instrument, the ones shown 
in the photograph cove Ted ISO to 500 
kc. lind 2200 to 4280 kc. usin g two 
piezo.clecLric oscil lators, olle at lOO kc. 
and one at 110 kc. 

CAPACITY BRIDGE, TYPE 216 ...... A ne" ' -
instruction book (OT thc TYI'£ 216 
Capacity Bridge has just been com· 
pleted and copies aTe ,lVailablc without 
charge to t hose who own the bridge . 
The hook /lot only gives suggestions Cor 
fhe usc of the brid ge but incl ude;; a 
detai led discussion of il.8 principle of 
operation. Two char ts to aid in com­
puting power fac tor and dielec tric con­
Slant (lrc included. 

Please mention the scriu l nUltdJcr 
of your bridge when writing for your 
copy of the hook. 

THERMOCOUPLES .. .... III addition to 
the lin e of co ntact-t YIlI' \ ' : I CUUIlt­

mou nted therll1 oco uples described in 
Part 2 of Cata log F, th e Cellcnl Hll tii o 
Company is aLout to annoullce scpa­
rate heate r t he rmocouples mount ed in 
the saUle style of bakelite casco An 
arti cle discuss ing thc gcDcral prin ciples 
of thermoco uple design aud describ­
ing the General Hadio t hermocoupl es 
will (I]lpear in t hc next issue o f th e 
Expcrimerucr. 

TilE: GENERAL RADIO COMPANY mail., ' lie Experimellter, witlwu t charge, 
each 1II0llth fo ellgineer., Sciell lill ts, and olherll illteres fed ill COl/mwl!' 

icationfrcquellCJ mClUlirement and control proMemll. Please .CIUJ requests 
Jar subscriptiOlu and addreu'cha"ge notices 10 the 

6~N~RAL RADIO COMPAN Y 

30 State Street Cambriclge A, Massachusetts 

........ 
," 

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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