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R"di" C"mp"ny, Cambridge, 

A NEW VACUUM-TUBE 
VOLTMETER 

C., TUOllt;-1< \y Xuu. 

w 
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• THE TYPE of pC;lk-rcadill~ ,':!('\l\l111-lulJC 
\'o!trnCI('r 11011' ('on~idc .. ed :-:l:\m!an! in Ihe 
communiClltioll'" intlll",'ry \\'tl"; lin.:' lntro-. 
du('C(\ by the ( ;CHcr:ll nadio Company 
,::ome \(> 11 yCat-,; ap;O whcn the T ype 72t).J\ 

Y:1CllllTll-Tul)e Voltmeter \Va." UIiIlOllllCC<J.1 The no\'('\ dc .. ip;n :111(1 ('x('('\· 

lent pcrfornuul('c of t hi ... voitmCl('1" ha . ..; mainlainC(1 it." popularity o\'or 
t he imcr\'cninJ!; ycar~ con,.;idcrahly beyond lhe l ime wh('11 advances 
in the al'l would norm/Illy ncc~ .. ilatc a new de:-i),(Tl. The dcn'\opmcnt, 
during thi" 1><'l"iod, of new iube:.;, cil'cuib, Hnd (,Olh't ruCl ion \('('hniquc:, 
h: .. ", howc\'(~r, pmgrc,.;:"cd continuou,.;1y, and lh(':-,(' now make it p()";'..;ihlc 
10 dc>-i~1l a completely new instrument hav ing evell beUe!' performance. 

I n the de,:;ign of the new 
T ype 1800-.\ Vacuum-Tube 
VoltnH'I<'I', wh ich l'Cplaccs the 
T ype 72G-.\, elfort hus been 
directed to correcting the 
minor di sadvantages t hat 
have \)c{on found ill the older 
volt meter as well as to in· 
cOI']}omtiug desirable new 
features th~lt make thc in
stnUTIent morc flexible and 
cOllvenient . 

' II' . :\, TUl.le, "T~·pe. 72';'A \'''''',m'''_ 
Tul><! \'"ILm~l""," (;""".,,1 Uadi" f:rl~,i _ _ "'N', V,,1. XI, !,,,, l~, :'Ilay 1()37, 
PI>, l-iJ, 

Figure ), Ponel v;ewoflheType 1800-A 
Vo<;wm_Tube Voltmeter, 
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GfNERAl RADIO E X P fRIM fNTfR , 
Sonw of the.~e di,,;nunLlllages were: 
I. The shielding of the probe of the 

Type 726-.\ WtC5 lIot complete, find 
trouble with pickup from strong lIelds 
:.It rl-equclLci~ OVCI' nLout 50 Me W:\S 
!-IornetimCil Cllcounl~l'ed, 

2, JILdividunl zero adju:=:tmcILL'; for 
r.ach rall~{, WCl'C u~1 ill the TyI>C 726-A, 
mid Ilu!."c ~ornetim~ drifted fmm thcir 
C'on't.'Ct sell ing, so thllt l'Ctlllju.:'i t melll of 
tllc zero when ~witchill~ from range 10 
l'llllgC was 1lft'C:):;m')', 

3. Tile \'oltngc-rej.!:tlllIling tl'fln.:;former 
ill the 'I'ype 72G-A W!l.~ cxpl icitly de
!-li),'1lcd lor Oll{' lilll' frl'quclley. In addi· 
lion, the tnlll"forlll{'r raclinlal :llllLpprc
l)iaLIl' 6<kyrle field. 

4. Till' Type 72t.i-,.\ l)L'ohl' W:.L~ rela· 
lively bulky t\lld dHlil'ull 10 get into 
confinctl "JlaN."". 

5. The TyJ)l' 72ti-.\ meIer II'n!' l'ome
wbat diflicull 10 I'clid :II a distlL1lce 
l)('CltUSt' of tht, kllife·(:dgc pointer Ilnd 
\\f~ collfu~illg bc<-ausc of the !ll'nlllge
ment of thl' ~nlcs. Rcfll'dion~ from the 
gl!!.ss II'CI'L' often hothel'SoIlH,', aUlI the 
light fl'olll the pilol light distracting. 

G. Til(' clll"inel of the Type i26-A , 
while OOI\\'(, l1ielil fOi' ordinal')' bench 
1I~ , w:l..~ nlllu:r hU'~c nlLd could IlOt 
I'cndily Ix) u"l,<1 in ot her I>o .... ition~ than 
I he nOl'mul olle ill which the p:lnel w~ 
III a 150 1I1lJ=,'le to I h(' horizonta1. 

Thc.<:e dii<:\{lnULhlgl)~J with othen: of 
l~ 1II0l'C millor' nat ure, hayc all been 
eliminated in the Type 18()(}.A. and 
many noll' featul'('S have been ~Hlded. 
The-e include: 

I. The 1):lllIl'al fl'CqIlCILCY of the probe 
h:l..~ l>t~'n iucre!I..,·"ed by nenrly 3:1, and 
the gain in high-fn.'<lucncy performance 
bccuu::<} of tht;' ('ornplct{' shielding is 
even gl'Catc.r. 

2. TIl{' input c:lp:1Cil.:lllce has been 
I\.'(luced by u factor of 2. :md the parallel 
resistullce ('omp01H'lH in('t't'llsod fourfold 
01 low fn'<I(1(,lLcies. 

3. J\n additional 0-0.5 volt senle hns 
ix.'Cn .added that e.xtend .. VIC sen~itivity 
by a factor of 3. 

4. A complele set. of d.e scales hu.,; 
been added, covcring the snme range:! 
ns the a.e scales. 

5 .. A f;Ct. of tenn inul parts has been 
provided th:ll makes it possible to :\S
semble, on the end of the probe, con
ncetors thaL will fi t all stil lldill'Cl Ceneral 
Radio Type 138.274, and 774 terminals. 

G. The new instrument is smilller, 
ligh1 er, and easier to ll.tiC. 

7. 1.1, cnll be opel'Utoo with the 1)3.1101 
horizont:ll, vertical, 01' incljnOO. 

METER 
FigUl'C 2 sholl'S the IU'l'angcment. of 

the five scnles OIL the fnce of the mcte! .. 
The two ollter ;;cales, 0 to 15 lLnd 0 to 5. 
fi.l'C linear. On these two scales n!'C !'Ca.1 
nil doc voltages and all a-e voltage." 
above 5 volts. The non·li near tlUler 
scnles, 0 to 0.5, 0 to 1.5, and 0 to 5, nre 
used only for u,..c voltage me:\Suremen L<~ 

of 5 volts or lC$.'i. '111e lH scales nrc cali
bratoo to read the r-m-s value of a s ine
Wllve voltage or 0.70i times the peak 
value of a voltage of complex wave 
shape. Tho accuracy of aU d.e nlllgCB 

nud all a.e ranges at low frequenc il!'! i;.l 
± 2% of full scale. 

A mirror hns been looMed beLwccn 
the inner Ilnd outer groups of scales. The 
mirror, of course, does not. incre!l.'ro the 
accuracy of tho voltmeter, but it docs 
mnkc it l)(»I8ible to read a voltage more 
precisely Ilmll wilen no mi l'r'or is P!·~Cllt. 
The extra prcci..'<ion of I'c.'lding or setting 
L'i most import:\IIL when SI1l:l11 differ
ences IllW;1 be observed. Without :1 

mirror, parallax makes it. very difficull, 
Lo observe small movements of Lhe 
pointer, espt"Ciall)' when the attention 
of the observer must be remO\'C(1 mo
mentarily from the moler to some p:lrt 
of Ihe circui .. under test,. \Yi1h a minor, 
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the eye rnn be placed precisely over the 
pointer for every reading. T he upper 
portion of the pointer has becll m:ulc 
knife-cdj!e(\ to f:wililtUU fmlher lite pre
(, j,,(, oh"cl"\'utioll of ,;mall uilTl'l'cnrcs. 
T he 1011'1'1' port iou h:\s bC('1l made hrond 
:-:0 that the approximate position of the 
pointer can he ~cen from ",Dille dilitancc 
ll\vny. 

Quilt' OfH'1l ::.mall difT{'r(' II('(l'; mWR b(' 
Ob::;l'l'v('(1 in an u,-c \'o11a~c that i" not 
pl'opel'iy read on one of the linear folcal~ 

umkl' the kllifc-l.'(lgcd portion of t 11(' 
pointer.]f the voltage ~ ni:xwc upproxi
mntely 0.5 \'olt, th e difference can be 
o l~e l'v('(1 on lJlO POl')'csPQlltiing linenr 
!-icnlc wit h ollly :l f'mall enor. If the 
\'oltnp;c i<; l~ than npPI"()x imatdy 0.5 
\'olt, the difference read on the lineal' 
,<crnle Illu:.t be COl"I'(,'Cttld for the nOn
I illcarity of the Il-C scale. Of COUl'SC, the 
aeHl:ll voltage level, if it must be knowlI , 
"hould he rl"'ad on the correct a-I" scale. 

The mcter fll('c i" illulllin:lted hy I11'o 
tamps in,~id (' lh(' metel' case. The illu
mination make;,.; II pilot lighl unn('('c,,-~ary 
:Ind t'liminat(':ol bot hcrl'om e reflect ions 
f!"Om thc glfl."-" ovcr the meter face. 

PANEL 

UII llw p:lllei. in addil ion to the 
meH'r, Iln' input lcrmillals fur a-e and 
doc vult!l~C m('aSli rcnwllt,~, Ilnd three 
opcmting t'ontrols. T he panel i~ :::howll 
in Fi~'11re 1. The doc terminal", at the 

figur .. 2. ClOie-up of !h .. m"' .. r lC", t .. , Th .. legend o. 
,h .. I .. ft is cg,ried to !tie ,gp ""0 lCol .. s by g lin .. 'hg" in 

,hi, vi .. w,;' hidd .. n by th .. m .. t .... co .... 
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upper I{'ft , proyidc t wo difTcmnt inpu t 
impefi:lnce:-:. The input ~i.-;t!lnce at the 
\'erli('111 pair L'i 10 meA"ollll\.~, while ll l(} 
II(1I'i7,01\t u.! piliI' IlppJy t he volt age direrlly 
to Ilw grid of the d-e amplifier tulw. 
A link L" pr-O\' idcd to "hort-circui t the 
pair of tC l"mi ll aL~ not being u."-OO. The 
tl.-(' terminals, which Cfi n be used only 
when the prulle t~ plugged inlo il", 
p()i';ilion behind t he panel, Me at the 
IIP])CI" ril!;ht. The LOW terminal i,,; noL 

grounded dil"eMly 10 panel but iii i,,,o

lated hy :\ blocking condCl1.';er. A shOlt· 
cin.'uiti ng link i, .. provided to ground the 
LOW terminal if it L~ d(l,.;ircd to do so. 
I nternal eOllJlect ions fo r It-C or doc volt · 
age mea.~l1remcnt are made by Ihe com
billetl power and selector swit ch loca.t.ed 
at t he left lIndel' the meter. 

The center k noh OpC1"i\tc.~ the 
VOLTAGE RANGE selcdor liwitch , 
which i,~ used to ~lcct the appropriate 
voltage \'allA"e for either a.-c 0 1" doc 
mCfl.'H lrernCllts. T he zero control t'l oper
ated hy the knob at the riA"hL The zero 
lif'ttillj.!; i.~ Hot (' h all~ed hy opcnl1 ion of 
the V()LT.-\G I~ RANCE 1;wit ch , al· 
thollp:h "Iiglll J"f':1djU:<t111Cll t may be rc
ftUil"Cf\ whf'1l the .-\-(' - D-C I-<wit rh i ~ 
Cl])t.'l'fItl'd. The line fusc", IOCRt cd at the 
\wHom of the panel, ca n be repiatL'{i 
wit ll the :lid of :\ ~t' l'ewdri\"cr wit hout 
feml)yillg till' instrumen t from it ..... 
cabinet. 

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 EXPER I ME N TER 

CABINET 
The shielded walnut cabinet is pro

vided with a storage compartment aL 
Ihe top for Ihe probe and the various 
lerminn!J; supplied. Figure 3 L~ a. view of 
the compartment. with the ptObc 
I)luggoo into position t.o alluw usc of the 
panel ~ input terminals. There is a 
slot. in each side of the cabinet for 
passage of the probe cable when the 
probe is used extemn1ly and the com
partment cover is closed. The two slot8 
have proved to be very convenient 
when the probe must be used at some 
distance from either sidc of the in
strument. 

The voltmeter can be used without 
separate support in anyone of three 
positions: vertical, horizontal, aud in
clined. The three positions of use, to
gether with the small size und light 

figure ... hploded ~iew of the p,obe ond !he vo,ious 
1000inol fll1ings. 

figu,e 3. V .. w of me Iloroge comportment ot !he top 
of the cobinel. The probe filtingl are .!ored he, e. The 
p,eliminory model uled for thit photog, oph ho. only one 
.Ior for rhe probe coble. P",ol modell h<lve a .101 on ead! """ 

.Ide of the coblnel. 

weight, make lhe instrument easy to 
use in pructically any set-up. 

10 an iocl ined positioo, the insh'U
ment is supported by the metal currying 
handle at an angle of apptOximately 30 
degrees from the horizontal. The handle 
locks automatically eithcr in the vertical 
positiOIl, i.e., parullel to the panel, or in 
the horizontal JXlSition. It is released 
merely by pressing ill on the bandle 
near each hub. 

PROBE CIRCUIT 
The lH input voltage is rectified by 

a diode, which , at input voltages over 
5 volts or so, gives a linear d-c voltage 
oulput very nearly equal to the peak 
value of the a-c input voltage. At lower 
voltages, tbe d-c voltage output tends 
to "Illy as the square of the a.-c input 
voltage. Therefore, lIoll-linear scn les are 
needed fot' mClISUl'emcnt of a.-c voltage:,; 
up to 5 volt.s. 

The lube chosen for lise as the diode 
rectifier is the Type 9005 acorn tube. 
The 9005 was chosen because its natural 
frequency of 1500 megacycles is the 
highest of any diode commercially :waiI-
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, 
figure 6. A. shown ..... e.llle voltmeter con b" used with 
th" ponel inclined."'pportb"ing proY;ded by the handle, 

whidllock. into position. 

llble. Because of great care taken ill 
the design of the probe contai ning the 
diode and the associat.ed circuit elements 
(Figure 4), lhe resonant. frequency of 
the probe input circuit hilS been kept. 
at 1050 megacycles - two-thi rds as high 
as the resonant frequency of the tube 
itself. The high resonaut frequency was 
obtained by making t he probe small 
and compact and by minimizing the 
length of all input connections. The 
plate of the diode is coupled d irecHy to 
the high input terminal by a button· 
type condenser, and the cathode of 010 
diode is connected to the probe shell by 
a very short connecting str ip. 

The resonant. frequency of 1050 mega.
cycles makes it possible to measure 
voltages over a wide frequency range 
without applying corrections. Up to 300 
]\1"c, for instance, the maximum ermr is 
±12% when the indicated voltage is 
0.5 volt or more. If the indicated voltage 
is less than 0.5 volt, the error will be 
larger because of the increase of the 
transit-time error of the diode. 1 n 
Figure 5 are shown curves from which 

SE P TEMBER , '946 

corrections for frequency errol' can be 
obtained. Thc curves show that the fre
quency crror caused by input cil'cuit 
resonance is in the opposite direction 
from t he t ransit-time frequency error. 
For ins tance, at 0.5 volt indicated, the 
correction for transit-time balances the 
correction fo r resonance at 500 Mc and 
the net error is zero. When accurate 
measurements are not necessary, the 
instrument can be used as a voltage 
indicator up to 2500 Mc. 

' r--r-,- -f T +~ I I\~ 
Figur. 5. frequency cor
,.won for 0 numb ... of 
diff.r.nt indicot.d volt· 
og ••• TIM "' ..... mor~.d 
"" is indud.d !Q $how 
!h. complet. r...,.,o"". 

.ffect. 

• 

L ~ !++-I- -I-+-, + t _\\ ". 
! ! ! 
" -i--I--+---I----+-+--+---+---cl-i- ,. r·.~~ I I ~ 

~ !oV 
·,I---4--I--+---I----+-+--+---+---I--+---FC--i 
., +--+---~-+-+- -- --4-++---I 
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G EN ERAL R A DI O EX PE R IM ENTER 

The tmllf';i t.-t ime (or premutUl'l"'clItofT) 
('rror varies diredly with t he inter'elec
lrode spll~ing and would , thcl'efore, be 
leM with fl till)!> h:\ \' ing mor'C dosely 
spaced element.s, The spacing, however, 
is only afcw thoUSlmdth" uf an inch, fi nd 
iL seems imprtlcticul to d l'CJ'(.'3.Se thi" 
spacing withou t IOll'cl'ing the voltage 
ruting to !l- point. \\'hel'C t Iw high-voltage 
limi t \\'oilid be tuo lull' for all in:;lnunell t. 
dcsijrllcd to respond to voltages up to 
150 volts. 

All inspection ot the curves makes it 
clear fh ut the premature {'ulotT, in gen
eml, contribu tes subshUltinl error:; ill 
all voltages fit. frc<tucncies for which the 
rcson:Ulce-risc corrections c:m be m:H]e 
with fnir' accu!'fiey. The per'formance of 
the inst.rumcnt is therefore ]'athe]' con
si derably determined by the limit.a.tious 
of the tube itself, and fUI·t-her improve
ment in rcsonanee-ri !5C ('onditions would 
Icad to only [I millOr' inCl'CllSe in til(> uS('
ful fraq l1cnc)' ":wgc. For this type of 
voltmcter, t hen, it would st'CIH that lhe 
practical high-frcquency limi t.lVit h <,xi"t
ing tubcs had been apPl'oocht"{l closely. 

The uscr must remember t hat in o]'del' 
to objain the frequency ch;lm~t cri;;t i cs 

given ill Figurc 5, he must be \'el'y 
careful when mnking connection to the 

'--"","' , .. -.0:" ... 

• 
probe, The rclat.ion"hip betwccn 1 he 
vnhage at the probe terminal" anu th r.) 
\'ohaKc that it. 1...; de"ir(:d 10 mC!lSUl'e [It 

.~(,me point in a circuit depend" upon Ill{' 

tonncd ion.s lI ,~cd. Tire voltage applied 
to the probc i1'1 that :11 its terminal..;, 
II'hjch is Ilot necc:..;."arily tiro 8:trllt' :).<; 

I hat :II t he far end of I he connecting 
Icndi'1 . 1\1 high fl"C<lucllcies thl' con nec
I ion nm:-:L be :L" "hort and direct a,.; 
po.-;.."iblc. 

The Ihree type,~ of jcnnin!IL'l 8u pplicd 
for u"c wit h th,~ pt'o\)e a rc f; hown in 
Figlll'C 4, Th<,y irwludc:) Ty pe 27·' plug 
tcnniunl and 'rrpc 774 male and femalc 
coaxial tC]'lnin:\\:-I. A 5O-ohm di."c-IYPc 
re..:i,~to l' i..., ."u pplil'd for lIi'e wit h I hI' 
cO!Lxial t('l'min:!ls. The mehll cap :-:hf)wlI 
dircet ly in fro nt of tlrc pr'obe i.'i lI i'ed to 
:ltl:lch alllCrmill:1.L'i 10 the probe. Ther'l' 
ar'u Ih l'Nl thl'c:\dcd holes :Il"Ound lh~' 
t'CI.I!,'{' I)f t hc cnp instC:ld of on I)' till' one 
whi!,h i." rlt'ce, 'ml''y fol' ~ltj:\('hmt'll t of 
thc Type 27·' plu~ low jenninn1. The 
three hole." an' pt'ovifi('d ,,0 thaI the ('a)l 
can be fa.'llcll(,'t1 10 :L metal ,~hcct 01' 
ot her flat metal "urfnc(' when a mini
mum g;I'ollnd-eonnN' Lion indllctanee i::; 
tlcsircd. A hole in the mpl al sheet. 01' 
:-;llrfMcc m:\ke.'l i he hi~h probe inpu1 
t.cnni nal acces~ibl(', 

f ig .... e 7. Piol of imped· 
once VI. frequency for 
!I.e porollel component, 
of input impedonce. The 
equi ",len' pOfollel co-

pocilonce ;, 3. 1 1'1'1. 
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AI frcqu('u('it'" low ("Iloll~h 1;0 thnt 
hi~h('r input mpacitHm:e and 1011'('1' in
put ll11tllr:ll frCtlucm:y arc not illl
port:uH , t he )lml>c C:1Il 1)(' plUg):'Ni into 
po..;;! ion in t he ~t Ot'ilge com PIlI'! Il1{'TlI and 
the [l-{' volta,lw applied to tIl(' pUIl!'1 :1-C 

input tCl"luinnls. 
The prube ~h('11 is equipP".-'d wit h 11 

cylindriclll ~h icld 1 h:1I hn~ :111 :\I>I..'l'lul'(.' 
i hrou/!;h which the diool' L" uc(·('",~ihlc. 

When the ~hield is rO!llltxl until the 
aperturc into the probe j" tlo.~, the 
pwlK' j ... t'()Inplcrdy f;hieidcd. A molded 
hakelite ... hl'll sli p" 0\'('1' , Il(' prolw tint! 
j" hl'id ill place hy 31\ insu t:lted I1Ut. 
T he l'xpO"<'d Illl:t:d III the frOIlL end of 
lile pr'Ooo ;!< the only exposed parI of 
the prutX' t hat, can be at n do!' POI<:lItillJ 
to p;rOlilld. ('ollllcction to the doc :unp];
lier is Illlide with j. 1"!'('fI-W ;!,!!, !-hicldC(1 
(,Il lllf' :.t1)Q1I1 tiJ rt"(.> feN long. 

\\' h('1\ \'oltaj?;c mCUSUI"('mcnt..; Ill"(' madc 
on f'k'<'lronie circuit". or, fOI' that 
mattcr, on cirCllit:; of any kind , the 
men:<III'iug device should di",l mh ,he 
cin:uil :t ... litlle a..; pos,.; ibie. That j.-, 
the input impedancc of i he ml.':l.~lII";ng 
t1cvicc "IIOUI(l be as high aoS po.~;" i blc. 

A ]()O-mc/(ohm resi.stOl· i .. "hUlltcd :1ero,.;" 
Ihe diOlil' r('Ctifiel' :'U)(\ anothel' JOU
mc~ohm I"(~islol" is connected in "'crie.; 
wilh Ihe le:ld hom the diode plalc to 
the ~'I"id of I/I{' d-e ~ullplifier tuhe. T1l(~ 
rt.. ... i"wlll"e ":llucs gi\'c :111 ('lTeclin' 
p:wallel input r("'i.~ llll\ce of 2.j nwgo/lm .. 
:H low fl·{'(IUI'ncies. At hip:h fl'ftlliClleic" 
thl' input rc:-isl:lIlCc i" I'clhwcd hy till' 

!-india df('Cl t in the m ... i"IM;'j a nd hy 

SEPTE M8ER , 1946 

inCI"(':l,~cd 10s.. .. 1' , in til(' <licic('lri('''. The 
input capacitalwt' 10 tht' "mb(, Jll'OJX'1" 
i;; about. 3.1 mict'luni('l'Ofaracis of which 
0.8 micl'Omicroiarad i .. lil(' plale-In
cathode C:lpllcitanec ()f I Itt' diode. \\'hcll 
the ell p used for :lll:1t'hing thl' l('l'llliwtl" 
L<; ~('I'c\\'cd on lIll' prube :111ft til(, Type 

2i,' plugil :\1"(' used, t he input. caput'il alice 
;1' i ncre:l~ed ahOIiL 1 rnicromicl'of:lr:ld. 
Fil-,rure G "hows elll'\'CS of probe input 
l"(,:;jstancc and input rCilctance \,el"i"U:i 

f[('(lll('lI('Y' Thp input reaetancc Cl!n'c i" 
I'llieulated for lUi illJll1t Ctlpaciwllce of 
:$. 1 micromit'l'uffl.r:Lds. 

Amplifi er 

Thc bl'idp;c-lyPC nmplifiel' is !'hown in 
i<impl ificd forln iu F i!,UI'c 8. The indi
e:ui ng melel' i.~ cOllllcelC(1 in !'Cries wilh 
Ihc appropriate preci"iou wire-wound 
I"(' .. ;""-tor bclwl'Cn the cathodes of the 
twin·triodc volt meIer Inb(', V-3. The 
t':1l hoc:k'" of V-:3 :1I'e connected dirt.'(;lIy 
10 the phltc;; of \'- 1, lmother Iwin 
triode. The lall£'I'lIlbc i>l u"cd to pn)\'idf' 
high dcgclll'tation without u .. in/( hi)!;h 
\'alllc.~ of I'Ci5 iSttlIlCC fmlll the C:lLhudc.!-~ 
of V-a to groulld :tllI!. (,oll~ql1cnlly , 

It high plaic-.~upply \'oha,!!;c. E:lch Iriorl<' 
l'C(!tion of V_I, tt1p:el irN with it..; cillhodc 
n .. 'Sistol' , has the CiTl'Ct of a i-meWlhm in· 
Cfementa] 1·t. ... ist:1ll('l' If. \,olta/(<, Ch:UlI;('; 
from the cathodc of v-a 10 13- ; fl' ! 111f' 
pi:lt('-"uppiy , ·oilal'.' 11<'\-'d 1)(> unly ·I.'}U 
\'olt" bCClllhl' of the 11)\\' d-{' .\rop in Iht' 

• II ..... UIl .. \1.. """I ""'"P''''''''''''''''' HII~ "liB r""'''~tl.~ ,I, "I.",,,; tip, .Ii rt.'.l~ttk<' ,,1.,.·,,(0' u.", ~ rod r"d ,,,_,,,,~"itt," 
. 11I .. ~'r(~U'ht<" \ ·uJ.:1. I'. 1 :1~. \II'il W:II. 

fig ..... 8. EI.mentory "".molic circuil diagram of Ih" Typ. 1800-A vt.>CWn'!-Tub. VoIlm • •• r. 
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GENERAl RAD I O EXPER IM E NTE R 

tllhf!. $ ilwc tht) i1wl'(:mcnl.al rc." i:;tan('f' 
from the V-3 cu.tLodcs to B- i;; high 
compared to the resistance of tJle meter 
circuit, the amount of degeneration is 
determined almost completely by the 
metcr-(lircuit resistance. At voltage 
ranges of 15 valls (ull scale Ilnd higher, 
the dl..'gcnero.Uon is sufficient to prevent 
1.1Ibe changes from affecting tbe calibra
tion of the instrument. Controls are 
provided for adjusting the calibration 
of the 0.5, 1.5, and &-.volt a-c aod d·c 
ranges in case it is ever necessary to 
change Y·3. Change of any other tube 
except V· I, the ctiode rectifier, hll.S no 
effect on the calibration. Changing V-} 
may require readjustment 00 the low 
are ranges. 

Input to the voltmeter tube, V-3, for 
a-e or d-e measurements is selected by 
the combined power and selector switch 
mentioned pl'eviously. The d-e input 
system provides an RrC filter to pre
vent any ripple volt.age irom reaching 
V-3, The desired input resistance is 
obtailled by proper connection of the 
short-circuiting link at the panel D·C 
input terminals. The input resistance 
of the OPEN GRID circuit is deter
mined by the insulation resistance and 
the grid current which flows [rom V-3 
through the voltage source. When the 
ll-C input is selected, a diode, V-5, and 
circuit identical to that in the probe is 
connected to tJle grid of the inactive 
t riode of V-3, The pUlllose of tills d iode 
is solely to balance t he voltage devel
oped at the other grid of V-3 from con· 
tact potentials and initial velocity of 
electrons in the probe diode. Y-L and 
V-5 must be selected 80 that each tube 
gives approximately the same vallie of 
initial developed voltage. The heater 
current for the two diodes, V-I and 
V-5, is regulated with an Amperite 3-4 
ballast lamp in order to maintain the 

• 
zero of t.he low voJt.t\ge a-e rj,ngC.') :L') 

stable as possible. 
Zero adjustment of the incticllting 

meter is accomplished by adjusting tbe 
grid biases of V -3 very s lightly. Bias 
adjustment is made on one grid to take 
ca.re of large zero shifts such as may 
be Cllcountercd. when V-3 is changed. 
Bias adjustment on the OtllC!' grid, 
which should be sufficient for all normal 
adjustment UCCCSSal'Y durUlg il.ctul\l use 
of the instrwllCllt, is made with the 
panel ZERO control. A third zero con
trol is provided to adjust the a-c zero 
into coincidence with the d-c zero. The 
control varies the division of heater 
current between the two diodes, V-I and 
V-5, and 80 changes the initial voltage 
developed by each diode. Coincidence 
of the two zeros is of interest only fo r 
the sake of convenience. Laak of coin
cidence bas no effect Oil the accuracy of 
measurement. A cha.nge of resistanr.e in 
series 'with the indicating meter, which 
happens whenever the VOL'l'AGE 
RANGE switch is rotated, has no effect 
on the zero reading. 

Power Supply 
I n order t o maintain an accurate, 

stable meter reading on the low-voltage 
ranges, the plate supply voltage must 
be held constant regardless of power-line 
voltage fluctuations, Stabil ization of the 
plate-supply voltage is obtained by use 
of an electronic voltage-stabilizing cir· 
cui~ consisting of two vacuum tubes 
and two Iloon lamps. Both the shunt 
amplifier tube of the stabilizing circuit 
and the variable-resistance series tube 
al'e miniature types. The voltage across 
two neon lamps in selies is used as the 
stable reference voltage of the system. 
When adjusted properly, the circuit 
maintains the plate-supp\y voltage with
in a volt or two of 450 volts as the power-
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• 
line voltage is varied from lOS to 125 
volts. Heater voltage changes in all 
t.ubes except the two diodes, V-I and 
V-5, h!we no appreciable effect on the 
meter reading. The heater current of 
Y-I and V-5 is, as mentioned above, 
regulated by a ballast lamp. 

The controls used for calibration and 
circuit adjustment arc mounted on a 
shelf at the bottom of t he chassis where 
they arc easily accessible whell the 
instrument is rcmo,-e<i from its cabinet. 
All of the circuit elements of the volt
meter except those in the probe are 
mounted on the panel and a small, 
compact chassL.,. The cha.s.':Iis circuit. cle
ments ruld the panel cir'cuit clements 
are connected together with a flexible 
cable so arranged that. the panel and 
chassis may be swung apart to allow 
C:l.Sy access to all portions of the circu it. 

SIEPTEMBER, 19<46 

J<'igure 9 shows a vicw of the complete 
assembly and a view of tbe chassis and 
panel separated to expose all paMa of 
the circuit. for servicing. The t.wo sec
tions are scparat.cd by removing four 
screws and UllSoldcring two direct con
llC\ltions to the grids of t he voltmeter 
tube, V-3. 

The Type 18OO-A Vacuum-Tube Volt.
meter has many advantages over tbe 
older Type 726-A. It. is smaller, lighter, 
and easier to usc j it can measure d-() 
voltagesj it. is more stable agai nst line
voltage rhangesj its input impedance is 
higher sud its frequency range is sub
stantially greater. ro.'leehanically and 
electrically, full advantage is taken of 
modem techniques and new components 
to produce liD outstanding new volt
meter. 

{'. A. WOOIlWARD, In. 

,.... fig"'" 9. Two view. 01 me ct.aJli,. AI IIIe righ. i, oIIow" "'" complete o,o.embly, wIIile rhe vie ... o. rhe 1.,11 ohoWi 
how (ho .. i. and panel •• porot. for ,enricinll. 
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GENERAL RAO I O EXPE R IME N TER " 
SPECIFICATIONS 

Voltale Raule: \J,I I" I:~I " .. It •• IK'. in~h r!lnj("~ 
(0.0. 1.5.:". Iii. [>II. ,,,,,I !iil! "nh ... lun ,,·~I('): (Ull 
to 1;>11",,11«. tI-.. , in ~ix "UlIW! (11.(;. 1.;;,5, 11i."tl. 
u",1 I':;() ,·ull_, full ~,·:\Ie). 
Aeeuraey: I).f'. ±2'; <I( f"l1 """te "n I,ll .,':'( 
r""i!f'~ ...... C". ± 2"( 01 fnll """Ie 01> "Il ~i~ ""Uj({'"t 
for ~i"u~oid,,1 ,·olttlJrl!". 
Waveform Error : nn Ih" n-e volt"I!C r"nl!~"'. th" 
i"~tr1U1\rnl, "I)er:\t{"l ,~" ,\ re:.k ".)Ionct<'r .. "li
hrnll'd 10 re"d r-1lI..,. "'Ih.l"~ nf" ~inf' WAVC. Qr Q.70i' 
of tIl(! penk value "f:1 ".,mpltlx "''''~'. 0 " di_1"rtc<i 
1I',\\'rfoTlus Ihc l)('r~('''I''II(' <If'dnt;nll "llh" ro;-ud inl( 
It<un tb,' r_l11-'; ,."lul! r11!'Y he ,,~ I"rl/(' II~ th., pet
,'<'nl;'II(' n( h"rt"o"i,,~ Ilr('<!'nt. 
F requency Error : .\\ l,illh fre<Lu" ,wi." nlll<H"""·., in 
Ih<l '''lI"l .. irruit ,uvl tr"n~i l-lillle ,,!fec t .. in dw 
(li, ... I" 1"<)t·liflcr inlrotlnre Hrr)n; i" the lUClcr r",.d
i"l{. Thl' n.<I""III('1! l'ffl.'rl (,'""'''~ 1 he Il1Ner 1<> ",·:,,1 
hil(h nnd i~ indl'll/'ndNlI "I Ill{' "pplied ,·,)ltl\l(l.'. 
TI\l' Inm~it-li",u er ro,· i~ II l"nl'l'911 Qf Ihl' "Iflllil'd 
'· ... It''IICl nn'lleud.' to 1'1',,"1' the Ih.~ler 1<) rl'tH.lI",,·. 
The ('ur\'e~ of Figom.' [, I(ivl' th{llrC'llIl'lIl'~' f'nrrt'1'
Ii"" for ,;j)verul tliff.,rl.'l11 ,·ohll!«' "" ·1'1 •. I t will he 
"vl .. ~1 thA~ til low v ... h,,~l'" lho lrllll,il--lime ·""d 
rI!!l'>IHUI~{' I'ff'~'I_~ 11.'",1 10 ,,·AI"·""!. whill' ul hiJ,':her 
\"t,lt:ol1~ Ihe crr,)r i" 1I1m{l,,~ ~lltirl'ly rluo ",I'C'l-
0"''''1.'1.'. 

Tili, ,·,,!tlllcter UI~y he (1 ..... 1 lIt lro"t\(~"r;!!>' Ill' 

II," WI ~'I) ,·y,·I"" wilh " fl·e(lo('n~l· I.'rr<)r uf I('«! 
lh"n ~,.;, 
Input Impedance : .\\ h.". {rl"l""'''';'''''! hl'equivulcUl 
Jl:lr:.llel r(",i~t:"" ... "f 11 ... '1-1' illl'lIt "il'{'uit i. ~.:; 

1800.A Vacuum-Tube Voltmeter 

mell:uh"'~. ,\ t lI iI!!lt'" fl' .. "ul.'"deo< d, i ... 1.'>;..,""' .... i~ 
r(', I" , ... ,,1 loy k.,... .. '" in Ihe ~hu"t l'''I),,,,ill\I!~. Th .. 
e'luiv"lellt pa""lll.'l ('''ll""it''I1'''~ :It w,li" Ir"'<tu,,!)
ei". i~ :1.1 ..... ( ,,·ilh ll,,· 1""')(' ":11' lIud I)I,,~ rl~ 
"'0,.. .. ,1, .\1 !ludi" ft'ellucl\{'ie_ lh i .• f'''I):I{·it~n\'(' 
in ... rl"'-""" ~Iil(htly. The 1>rol .. ~ ClIp lind 1']"", ,,,1,1 
lIPllr!lxinllltl'ly I .... r. Til l' :u·"otup:u.yilllo: pllll 
I:h·('~ till' ""ri"lin,, "I I?~ nnd X. wilh IrL,<,u"n'T· 

0" the O-C r:lUl(('i t",!> ,-"Iuc~ of i"PUI rl'~i~\I".r!l 
""" ,"oddell. I() mes.toIH"~ 11,,01 "1)('11 t-:rid. 
P ower Supply: !(I5 to 1:!5 volt>; "r ~1tI '" ~;;u 
,nit,.. zI-C. 50 I" 00 "yell!". The i"~lr\l",e"l i","r
p"rIIl"~ " "uIUljl:e teI(IIIIII'I. !f) ('omlll'n,;,,!f' f"r 
SIII>J)ly n,,' i" ljun~ 'l' ('r Ihi_ ,-"I"'l(c rll"ge. Til,· 
l)Ow('r input i~ I",,", Ih"" :!.~ W"I1". 
Tube.: T wo T n.: OOIt.;. on' T y!'!: I;."' t ' -CT. ,,"t' 
Tnt! (;,\T6. one Tn'!: ('.('1 . one TYPE EiX5-(;T. 
otle "1'\',": .1-1. " ntl 1<'·0 Tyl": If-II :Ire 11,,<,<1; "II 
IIro;- ""j)j)lied. 
Aece660riel Supplied : A /O("'CU-f",11 line "OIl1WNUI' 

,·'ml. ~I".re ml'l"r 1'''''1'. "",] ru-.c~; Typt: 2,1 "",I 
Tn ,: ii4 tC!'lllin:l\ion~ "url ['(1-<"1",, tcnninDlill': 
r(';.i~tor fur pr"ho. 
M ounting: BInd, {'m~kl!l fitli~h "luminlltn lI'ult'l 
"lfHlnt ... 1 in " ~h il'ldt>(1 "",,IUlll ,·"hinet. The {"!m'Y
inl! hUlltlle ,"'I! he ol"\ '\1" cvm'I.'II'cnt "UI>I)()r~ r"r 
thl' in"lrumellt whell 1.1:1<'.'''' un ~ l><:nch wilh ,he 
1'11" .. 1 ,i1tNI l>!lI'k. 
Dimensionl: (Widlh) ,3 8' x (dpplh) 711" x 
( hei~ht ) 'l~·.o'·cr."n. 
Net Weicht: 1:lltor)(mJ~. 

.,,",'.'T t :i OS. OO 

CATHODE-RAY NULL DETECTOR 
Now Available 

Dlll'i ng the Wat·, the Type 707-A 
Cathode-Iby x,1I1 Detedor wa,<; t{'m
por!l1'ily di.·wontinued in ord('r that pro
duction faci li ties mi),Chl he eOllt'cntratctl 
on mol'{' Ilrgent item.~. 

Hl'pcated IIlqUU'I{':-\ f!'Om om eu:;
lomers have made it ('vident tha.t. a 
d('mand exi"t" for this illtltl'Utnent, and 
Wt' a rc glad to lllltlOU Il t' C that it is again 
available. 

" 
The T.,·pc 707-A Cathode-Ra.· 

Detector wa.~ described in the fi; 

TYPE 707-A C, 

USES: This visua.l !lull iudicatOI· 
tended r or use as a bahmce dete. 
bridge and other null-method mt 
ment >! at power-li ne and audio fro 
cies. When calibl·ated for a gi\'( 
quen!')', it can he ol>eratcd as [ 
indieator. It can al80 be used fo: 
paring freCluencies by means of Li~ 
figures 01', when cali brated, used 
a-c millivoltmeter. 

DESCRIPTION: The output of the 
i>! npptied through an SO-db highl\ ... -
t lve amplifier, opemt ing on the de 
ati\"e principle, to the vcrtical dcf! 
p[ate" of a one-i nch cathode-ray 
The hl'idge generator yoltage is a 
through an adjusbble phase-s[ 
nctll'ot·k to the horizontal p[at<:~ 
tilted e[lipse so formed is reduce. 
horizontal straight line at balance 

s 
Input Impeda nce: Olle megohm. 

Sensitivity: 150 pv nL GO cydea: 200 tt> 3' 
WOO cydep, 

Selectivity; .If) decibe1l! agninst sl'cond har 

Frequency Range : Plug-i" un its tune thl''' 
f<.lr Ilny olo~jtod OIICr!llillg freqoeue.l· bel' 
lind ~0tl0 cycle/i. Continuous tuniug r""11 
for IlItCh unit. 

Temperature and H umidity E tfects: When 
strument ii oLlOrntcd under 8m·ere co"di . 
U''''per''lUro nnd humidity some decre!L!!e i 
t"·iL)· "nd .selectivity may be expected. For 
frequenoy tun ing unitlt the sen~itivity rna: 
Jtleed by 118 much lI.S G dl>, while f<.lr 1111 tI, 
.wlecti" ity to the aceond harmonic may be I 
l>y 5 db. The ,,1I<)I"e fi gure~ IUe for R rcl~!i'·1l 
it)' of $0% at OSo Fahrenheit. 

Controls: PI,nel controls lire pro"ided lor ad 
the focus "nd bdlliance or the cathode_ray 1 
Ihe phaso and amplitude of the horiwlI\,,1 $r 

707- A I Cathode-Ray Null De 
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" 
TIlt' ' /\pc 707·/\ Cathodc- Iby Sull 

Dctet.'''w w:\.;;; de<;cribed in the first und 

SII'TEMIUR , 1946 

"'<.'tOnd editions of Catalog 1';:. The 
(,8l~llog description to: r<'Jllinted below. 

TYPE 707· A CATHODE-RAY NULL DETECTOR 

USES: This visual null indicator is in
icndl>d for USC as a. lml:mcc det.ectur in 
iJridh"t' and other null-method mca;,ure
mcnts at power-line and audio frequen
dCR. Wh(,1l calibrated for [L gi\'cn fre
~lll('n (·.\'. it can I~ opcmtf'd as 3. limit 
indi(';\tor. It can :d~Q he used fOl" com
ptwing f requcllcics by means of Li."M~jOUS 
fip;urc:- 'w, when calibrn.tcd, used w all 

I\-{' millivoltmeter. 

DESCRIPTION: T he output of the bridge 
i:i applied through an SO-db hight.\' sclCi'· 
live ampl ificr,·o]lCfating on tbe deb"CIlCI'· 

ati,'C principle, to the vertiClli deflecting 
pInk''' of a oue-inch cathode-my tube. 
The hr;d!."C generator voltage is applied 
through an adjustable phfl.5e-shifting 
IIctwork to th" horizon~li plates. The 
tilt.ed ellipse so formerl is reduced t.o a 
hOl;zollt:lI !:ltmight linc at balance. 

FEATURES: Independent indications arc 
given of the effect of bal:\ncing eit.her t.he 
react i"e or the resistive bridge cont.rol 
scparn.tely. This adds considerably to 
the speed and convenience of routi ne 
bridge measurements, and pefluit.s either 
hridge ('OIltrol to be- balanced accurately 
without llC('cssitnting an accnrate bal
ance of the other. Indication is also given 
of the direction otT balance of either one 
of the bridge controls. cho;;:en at will. 

T his !lull indio:\1.o.· cannot be injured 
by overloading and is inst:mt:\lleoW:l in 
response t\lId recovery, External fields 
do not afTert ita operat.ion, and it radi
ates no appreciable field. 

For' bridge bu.lancing, it is less fG
tif:,rtling t.hall hCfl.(iphoncs and call be 
uSC'd in noi:;y locations. 

°ll. S. f>llten~~o. '.1,:1,1211 

SPECIFICA liONS 

lI'Iput Impedance: Olle megohm. 

SelUllthily: IbO "V o.t 00 cycl~: 'lOO to 300jJ" nt 
H~}O GYcll'~. 

SelecliYily: '10 dccibcl~ 1Ii!lIirl~t ~e''Ond har"'o"i~. 

Frequency RaDge: 1'lu,· ;1I uniu IlIn(' (hOI' IIn'lllille" 
("r any dc_ired OIlC!rlHin i fref/Ilene,· oot"e<!n 20 
lIud 2000 cycle!!. Continuo, ... Wiling rllug<! ;.i;5r , 
tor.-eh unil. 
TllllIperature &Dd Hwnidi\JI E lllltt.: Wilen thill in. 
~Iru",em i~ operated under lICl"eTU couditions o( 
tC"'perIlLUre alld humidity .;omc decren,;l' in !!ensi. 
ti,· ily IUld IIOleeli" ilY mil)' be C!XI)f'{'tl!{). I'or tI,e 1<.1'" 

troqueney tuuiug uni ts Ihel ~,,'~iti"ity UUl)' be TO

,Iuee<ll)y Ill! lUuch IL5 6 dl.o. while ror 1111 unitlilhe 
",]cctidty 10 the~ll<llulrinonic ma,-be r!'!du~1 
b) 6 dh. Thll abcn'!'! figurCllllre for II retat;,·e hu",;c]· 
it)' of SO% at 95" Fahren~lt , 

COlltrob: I'anel controls aH} pro,;ded for adiu~ung 
tllr rO<'u~ ",.d brilli8nce of the Cl!.thode-rR), ]HIttern. 
the 1'1.11..'1(1 nlld IImpliludeof thohOt;Jontal sweeping 

7U7-A I Cathode·Ray Null DeteclOrt .. 

'·ohage. and the pin. 6CllJ'l't;dty, and Im.ml!: of the 
lllllplifier. 
ACClllloriu Suppl ied: A i ·fool line l'Q[lIlL'C tor oor<.l, 
S]lure pilot Inml,", lind r" ....... oue 'I"-rr& 27<1_M I'lug. 
lind one Tn'~ :?i4-:'<C' Shielded Conductor . 
.Acclluories Required: One plug·ill phlll!ing circuiL 
Uo llIled at nny fl"llqooney below 400 (')'cl~; oue 
plu/l·;1\ tuning 'mit for ellch opellltini (rellucmcy 
"oed. Theae " ... no~ included in the priC'tl of the 
;n"trumeol. (See price litt on page 12.) 
P ower SupplJ': IUS 10 125 volt.!!, 40 to 60 cyciCIII. 
P ower Inpul::?O ... attA Ilt 00 eyciea. 
Vacuum Tubes: One 6t{7.(l pellt.ode. ono 6Fs.G 
twin triode, olle GJ5-0lriOtJe, o,,~ 013 ~llthode-rIlY 
lube. !lnd olle GX6 rectificr: 1111 !lrc supplied ... ·ith 
the in.lltrUllumt. 
MOUDtina': Stlllldnrd 19-incl, rellly.rack panel. 
Walnut end braekct.e are .upplied for table mount
iUIl· 
DimeuiolUl: Pllncl. 19,. ,wches: deiHl, hehind 
panel, 9 inches. 
Ne t WIl i(bI : 21) lIoul]d •. 

SOLT,- $2(10.00 
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GENERA l RADIO EX PERIMENTER " 
PLUG-IN UNITS FOR TYPE 707- A CATHODE-R AY NULL DETECTOR 

These units are l'equil'cd foJ' usc with 
Tn'£ 707-A Ca.thode-R~y Null Detector 
and arc not included in the price of that 
instrumcnt. 

A phasi ng unit is necessary for opera
tion at any froclucncy /)clew 400 cycles. 

At 400 cycles and above, nOlle is I'e
quir{.'(I. A tuning unit is required for 
each opera.ting frocluency. The tuning 
mnge is ± 5%. 

AU units plug into mounting jacks 
provided ins ide the null detector. 

PHASING UNITS 

1'U~ COO~ Wortl Priu 

707-P l 
707-P2 I 

For FrequeneiOl Belo .... 100 cycle l .. "1 
For Frequenciel Belween 100 Ind 400 cycles 

IH1LLTKCIo:'T 
~IJ"LLTEClIO\' 

$8.00 
8." 

AMPLIFIER TUNING UNITS 

7'JI~ Frcqueru:v Colle Word Price 

707-PU 42 cyclu XULLT&I;CAT $30.00 
707-P 60 60 cyc:1u NULI.Tl;CPOO 30.00 
707-P60 60 cycles XIJ"LLTEC&n:: 30.00 
707-P1 00 100 cycles NULLT£(lT.AP 30.00 
707-P400 400 CyclOl :<1' I.L'l'ECf"f(; 30.00 
707-P1000 1000 cyclel ~ULLTECtHJ" 30.00 
707-P2000 2000 cycles XULLT&CIlI.I' 30.00 

MISCEllANY 

We were pleased to welcome recently, 
!lS a postwar visitor, 1\'[1'. Lewis M. 
Lyoos, a member of the fll'ln of Claude 
Lyons, Ltd ., who have fo r many years 
l-eprescntcd the Gencrallbdio Com puny 
in Greut Britain. 

Other rcceoL visitors to our planL :1OJ 
laborilto lic.~ include our I'eprescnlnnve 
in Finland, 1\[1'. Ie L. Nyma.n of Hel
sinki , who was accompanied by Mr. 
Ie S. Sainio, Chief Engineer of the Fin
nish Broadrasling Company; Dr. Alfred 
P. De Quervain, Assistant Chief En
brillC<'l", Electronics Department, Browll-

Boveri Company, Ltd. , of Badell, 
Switzerlnnd, and :\1r. Hobert, C. Habich 
of Berne, Switzerland , Rod Port Wash
ington, New York; Dr. Stig E kelof, Pro
fcsso(' of T heoretical Electricity and 
Electrical .Measurements, Cblllmcl"S 
Tekniskll. H ogskola, Gothenburg, Swe· 
den, and Mr. P. Poppe of Oslo 
Lysvcl'kcr, Oslo, Norway; Dr. R. W. 
Guclke of the South African NMional 
Physical Labonltol'Y, Pretoria, South 
Africa; and P rofessor F. Dacos, l llsli
lute i\'rontefiol"C, Liege, Bcl!,rium. 
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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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