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HIGH-SPEED DIGITAL-TO-ANALOG CONVERTER 
WITH STORAGE 

The conversion of digital datn to 
a na log form provides both LL cotl venient 
method of presentation and u lX'rm:ltlent. 
record. The lumlog output can be dis­
played on II graphic recorder, Illld when­
ever the input data ehanges continuously 

_ as II function of some olher pnmmetcr, 
such as time, tempcmturc, humidit y, 
pressure, etc., the reeord permits imme­
diate evaluation. A t.ypical application 
is shown in Figure 2, where the fre­
quency of a 5-1\ lc crystal is plotted tu! u. 
fu nct ion of temperature. 

Altbough the analog output may ba\'c 
nO better than 0.1 % accurticy, thi.., is 
quite sufficient for incremental ml'tu!ure­
men tS. I f the unalog output. is fo rmed 
by 3 digit8, the minimum increment. is 
0.1 %. B)' choice of the appropriate 
:l d igit~ of tbe input. the utllliog system 
interpolates bet,ween the next. signi fi­
Cil-Ilt units of the input data. This is 
illustrated by the example of Figure 2. 

When the analog output is fo rmed 
from the last 3 digits of lin 8-d igit 
cou nter indicating tenths of cycles l:ler 
I)('('ond , the total spa n of til(' analog 
output is 100.0 cps even tbough the 
COUJlt cr mil}' be- measuring a 5-;·.I c fre­
quency . The 0.1 % at'clImey of the nnll-

log output, therefore, is equiva lent to 
0.1 cps Ollt of the tot:l] input., and no 
accuracy is lost. The first 5 digits of the 
(,'(Iunter remain consta nt. When these 
are of any intere,-;, they can be read 
fro m tbe counter'" ViSIUl I display and 
recorded ma.nually. The analog output 
interpolates between .1,9!lS,·WO.O cps as 
analog 0 and 1,99 , 199.9 ilS o.nlliog 999. 
Should the datil exceed " ,fl9S,499.9, tbe 
fwalog output will "automat ica lly" shift 
its 0 to be 4,998.500.0 and t he new full 
scale would be 1.008,599.9. Sillce tbe 
analog is fo rnwd from ihe last three 
digits, it is not affected by the digits 
further to the left. This l:lermits high 
incrementa l ~nl; iti\'it y without da nger 
of full -sca le current being cxc('('(ied. 
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Fig ..... 2. F ... q ... n.y." ... "'mpe'ol ........ oto.",<lslI. of 
S_M. "'1'slol. f .. n nol. lot analog ....... wo~ 100 .ps, 
. o<h minor di"lslon 1 <",. Only Ih. ,Ignlftconl pcn1 
of Ih. anolog record (from 4991420.0 10 499'460.0) 

II ... plOdll •• d h .... Gal. 11m. wallO .. <and •. 
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.\t UH Iht: advantages of analog reM 
f'ordiug have loug been ft'~'ogniz('d, and 
lile T, 1'.: I 131 ~A lJigitat~lo-An1Llog (;ull­

vcrt('r' htL~ 1JC('11 Ilv:litabll' u!'> a compau­

ion ill~trum(,lIt tu the TYN: 1130-A 
Digital Tinlt' and Frequellt'y .\ I{'tf'r .~ 

The Ilc('{1 for Iltomgc of the digit:11 U:tt:l 
ht\:-I IX'CII di:;<'u&-;(od t previotLsly. ~10r:.!gf' 

f:witi. it·s lire' buill into tilt' ,(" I'/:; Il:KJ 
(·ountN. Tilt' introduetion of n('w digit:)1 
insl ruml'nt~ without storngc hal'! madt' 
it dt'simhlc to provide a ne\\ D-A ('nll­
\'('t'\('r wi.h i<('lf-I'ontnil1("(l fl l ol'ag<'. 

The nt'\I' Tn'E 113(i-.\ Digilal -to­
.\nato!; ('nllwrtl'r has 3-d('{'lId(' urn in­
pll', £11'" '1~III"fcl' into StOr.I!,!;l'. and 11.1 q, 
ov('r-:III :UT •• raey. Input liut:! with 
I-:?-I-:! or 1-:!-:!-1 weight ing i:. lIC'I·t'jllt·J; 
I-:?-I -.~ II t'ight ing n'quire>; :. minl)r modi­
fil'll' illh: J O-lilll' dl'('imul inJlUI i" lI('cI'I,I I,d 
whl'lI all :\1·('I's, ... ory, ,hI' '1'\ I'f, II:lti-I'1 
Dill{Jp :'IJalrix and C':lhlf'. i" u:-.('d. nillary 

"1" input lUusl be al lea.'!! (j v positive 
with n'SIX!t" to binury "0". The aclual 
voltage lUay be up 10 ± 150 v frolll 
grollnd. :'IIaximum l'OI1Vl'l'I;ioli mtc i~ 

OV(' I' 10 kt'. 
L'p to 9 Jet'atlf's of I-line B(,I) c:m be 

l'onnccted 10 .he input, :lIId a sclc(.'tor 
<!wit{' h permits S('I('('I ion "f :lI1y adjacent 
:101' thc 1:-tS1 210 form the uutput. Illu­
minUH:O illdic:.tw~ :;ho \\' whieh d('c:ldes 
aN' tlCll'Cted, 

Principle of O pe ro lion 

Figur<' ;1 is a :sim plified sehclllft til' 
uiagram. The input dahl if'; appli<.'d '0 
t he :un pJifil'NI ,I,., . .II!. Tht' gales 
(;1 ... (,'11_ are lIurmllll ,Y do:'('{1. a nd the 
inp .. 1 has no cIT(,('l 011 l ilt' ollljml 

, II. l' ~tr.',,",e"et, ".lr .. 1uoc 0"11'111 f'om Ih" O'Il' .. 1 
('I>\rntet." ~~ ... ~ Roo ... K' .... ',..ftr .. (U, 11)), Oetobo:<. 

"'" ft_ II rrank ."d 11.1'. \ 10 \1_. "I f"(>Illletley COUrlter 
",,,. II 'r~nt"ry .,,,1 ,,-jth IIo,jh _l " Lld,.ltrhly," G.ft ....... 
H~d,Q It'"""', .... ", .. (:I.~. 0», May, 1\ltI1 . 
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switches (slll ndard izcrs) S, . . . SLi. 

These clcd ron ic swill-hes are sclf4lateh­
iug a nd serve fig SlOmgc e\cm(,111 >1 for 
the input data. A storage-eomm::tnd 
pulse (l;l'I') is a pplied to the puise gell­
erator ( 1'0) and t ile g3.1CS 0 1 ... (.'I! arc 
momclltarily ol>(,l1('d. This transfer sys­
tem docs nOt requirr ti ny zt'rOo.S(,t (dear) 
opcr::ltion before II ('W data is entered into 
ioitornge . .'-iL ••• S" assume states corre­
sponding 10 th,· input. Thr SCI' is gen­
eratctl h:y the digital SO Uf{'C :11 t he be­
ginniug of the "display time." -;\[051, 

counters provide a iiuitnble pulse output 
(print-t.'Ornmulld pulse). Tlu' towl [mll~­
fer time is ahou! 30 J.lSCC. 81 .•• Sl! 

connON t he weighting resistors to g l'ound 
for binary 0 :lnd to a p~isc voltage h' 
r or binary" I". Thl' !llUllog out put is the 
sum of 11111 h(' current:- 1 hrough /( L .. . Il l!. 
The I m:\ outpu t is ('!;sclltinlly n IJ v 
:swing IX'hind 15 kH. 

Accuracy - Linearity - Stability 

The impcdanc'e of the recorder docs 
not lljTll(:L the aeturacy or t h\"' linea rity 
of !.he out put. The l)ut]JlI l matrix is 
shown ill Figure .j. 

Exa minalioll !i.how~ that, while the' 
magn..itude of I . ili illT(,(·tcd by (; / .• 1 he relu­
t i\'c contribut ion of each COml)(UH'llt is 
independent of (; L. TIll' mngllitudl' of I . 

eU Ii be :Ldjustl.."<.1 I'or t he rcqui rpd full­
scule vulue hy adjust mell! of t he supply 
vollage B. 

The linca!"il.y of t he output is deter­
mined vy the :.Iecumey of the weighting 
rt',;is ton<, t he precis ioll of Ihe electron ic 
output tiwilehes, a nd the out put impcd­
:.111(:(' of the regulaled power slIppl .\· for B 
(see Figu re .1). 

The output switchCf; a re eomplemen­
ttlry pnirs of in \'ertc<1 transistors. The 
ofTsct \'olilige (the s.aturution volta ge) i.-; 
only 1 to:! milli volts, lind when B is O\'e .. 
l:l \"OIH~ I hi$ error dOC's not exccf'(1 0.0"2% 
of full 8Cll le. The vari:lt ion of E l\!j n 
ftlnction of the output Current from Ihe 
matrix is ncgligible. 

The slability of I h(' (\utput ill deler­
mined hy thl' t!tability of t he supply B, 
the weight ing rcsi"IOrs, lIn d the offset 
VOlt llgC . The largest ('on!ributiou is the 
u.·mpcratul'C coefii(' ic n t of t he zcnc r­
re fc r Cllel' di ode for the supp l y E 
« 10 ppm/ 'e) :llld t he leml)('I11I \11'1' in­
flll c ll ce (Ill t he we ighting re s is tors 
« 10 ppm 0(' r('f('rn'<i II) fu ll 81::1 11'). 

In addition to tlJ('j;(' SULlie crr(l~ t he re 
i.a It d YllIlmit· errO I" ::t.Su fu n("lion of tr:HlS­
fer m te. Consider the change fro m 3 to-t 
in 1-2-2-4 wl'ighlCd B('n. T hl' "3" output 
consists of II hiuarr "I" in til<' first bit 
flnd in t he S<.'Cond hit, i.I'., ,sf and ";;t (Ire 

fill'''' of. E"u;"o'.,,' c;uull of 'h. Olof'pu ' ",o"h •. 

G, .. . Gt2 art' the (."Oudut·taIiOCtl uf the wldgh". 
iug rt'IIISWr8 

S, . . . ,\ill tl,,~ stHllld'.rrIi ~cr 8wilchu 

K • ... K'l the volWgC8 "pplied to th~' weight.­
ing resistors (0 v for " loin:l.ry 'i)", e for " 
binary " I " ) 

0,. ig t tl(' eOlldncl,mcc 0( Ihl'. t(.'Corrlur 

." 0 !(I-:.G. ! 
I . - f,,, , t - 't "r. + G - '. ,. 

_ S, ..., 
I , 0/, + c. c. { /t,(:, + ,",',G. + ... + e.G~ ! GI+fJ,+.. ,.+ 't 

s 
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fig .... 50. Pemel o .. lpIIl. 

Fill" " Sb. 5. , ...... 0" N_ 
, .... 51 o"d St 0 •• 011_ 

fill"". Sc. 5, I ... "s 0" otler 
51 o"d ~ hn . HlrMd 0". 

on Ttl gt.'t thr- 11·1" output, th(' first und 
sec-ond hit have to chunge to binary "0" 
and the third bit to binary "I". In the 

switching schematic this means that. 81 
and S, have 10 tum oft and SI must turn 
on. Suppose that S, tu rn.s on hefore Sl 
and St an> olT: then, during this "over­
lnp" the output, cun be as high:l.s 7, or, if 
Sa turns on artel' 81 [uld 8 2 have t.urned 
oft, the output cn n momentarily drop to 
zero. Figure 5 illust rates this effect. 
The usc of fast eleell'Onic switches keeps 
this t ime inten'I\1 1CSl! than 1 ~<;(!C. In 
the worst case this can contribute atl 
output error of .000 1 % X conversion 
rotc (in cps). T he typic'al error is about 
thrt'e times less. I n the worst case, a I (\ 
l'Oll vrrsion mte of 10,000 per second, 
this amount s to I %. However, a re­
corder wit h r{>~pOllSC to 10 ke rarely has 
:m ar<'ul1lcy of oc-ucr than a few per­
cenl , so thnt Ihis error rn n generally 
be uegl~tcd. 

- Fl . P . STIIA'fF.Mt:n:R 

SPECifiCATIONS 

00111 lit .... " BCD weighled 1-2--1-2 or 1-2-2 .. 4 . 
MinQr modifiClitiol1 luJ8.pLs fOr 1-2.-4-8 input. 
Hillary I at least 6 volts pOllitive with resvect to 
binary O. InllUt im pedance 50 kilohm!!. Bi­
nary 0 rAn be oiJl;et from ground by ± 150 
volt.8. Swikh 1!C!leetl'! allY adjacent three or the 
last two digits £If up to nine-decade inpul. 
C." ... "io" h,., Up to 10,000 couvel1'lion8 per 
seoond (controlled by digit.a1-melU!uring instru­
ment). 
0".'-011 "'cc .. ,ocy, ±O.I % of fulJ ..cale (in­
clude!! repeatai.uli ty, long-term stability, linear­
ity, ± 10~ Ime variation, ~nd ± 15 C ambient­
tempemtur .. variations around \lonna! 25 C) 
± 0.000 1 % X e<il1vCl'Ilion moo in cpl!. 
510.011. T,o"sf .. , 5Il-~ tl'l:!.I)sfer time. 
SIII.a ll . C .... "'ond P .. I .. , S /'SIlC, ±6 v<)ltA mini­
mum illw 10 kilClhm~, rise find fall t i ll1t'fl IC611 
than 1 ,II!\I!C. 

O .. lp .. " I rnillinmpere with l5-kilohm IIOUI'Ce 
impedance, or 100 millivolta wilh lOO-ohm 
lII'Iurce impedlUlce. !\~tive side grounded if 
lJinary 0 or input not more than 20 volta from 

grou nd. Output flOf'Lting if offset voltage larger 
thall 20 volts. 
l ood, 2000 ohms maximum for I mill iampere 
output. 1000 OltffiS minimum for 100 millivolts 
output. 
U". oNly: ±0.05% of fullliCBle. 
510bUlly: ±0.0'l% for ± 10% line voltage; 
± OJJ03% of full l!Cll le per d~ C. 
Ace.no,11IS S .. ppll ... : '1',-".. C A P-22 Power 
Cord, spare fuses. 
... .CIlS IOry A" a ;Lotol., 'J'yPI'J Il36-PI Cable with 
diode-matrix, required for IlI!e with IQ-line 
decimal dlit!!. from GeneNl.I Hadki e<iuntel'li of 
t he 1150 ;;eries. 
P ..... . R. q .. I' .... nl., 105 W 125 (or 210 to 250) 
volts. 50 to 400 CpiI, 7 W!\ttll. 
Cobl"e" Hack-bench. 
01", . ,,"10"" &noh model - width 19, height 
3h depth 12 inehce (4SS by SQ by 305 mm), 
liver-all; rack model - ptlnel 19 by 3Y3 inohCII 
(485 lJy 89 mill ), depth behind pllnel II inches 
(280 11I111) . 
Ne! Weighl' 13 poumhl (6 kg). 
Shlppi"l1 W.ill"': 17 pounds (8 kg). 

Price 

113 .... M 
1136_"'R 
11:16 , '1 

Dlgllol_lo-"'"ol-. Ca" ... " . ' . Bench Model 1136-9801 
1136-9811 

$6$0.00 
6$0.00 Dlgilol_ta.Anol", CO" ... rt • • , Hl\ek Model. 

Olod. Mal.i. a"d Cllbl. (for oonlletltiOIl to 
TTP£ I150-AP or 11 51-AP Count.er) .... . . 1136-00Q L 160.00 

• 
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A sen!litive, wcll-ahielded detector 
~ystem is a basic requirement. in most 
audio- a nd radio-frequency measure­
ments. Detector sensitivity determines 
the resolution in null-type bridge meal\­
uremelllS 3S well as in the mensurement 
of high val ues of uttenuation. In both 
these mca:>urenwnl s, adequate shielding 
is a primary factor in determining the 
ultimate aecuN1Cy. Detectors of this 
description have been avuiJnble from 
Genera l Radio for most of the spcl'tru m 
up to 1000 ke. These flrC; 

( I) The Tl'l'E 1232-.\ T uned Amplifier 
and Null Deteetor - 20 cps to 20 kc, 
with cont inuous coverage, plus 50 kc 
and 100 ke. fixed. 
(2) ThE' TYI'!': 1:l12-A Cnit Nnll Detec­
tor - 50 eps to 5 ;\ Ic, untuned; I !l Ie, 
tuned, with the Tn'~~ 12t2-PI 1-l\lc 
Filter. 
(3) The Tn!': ONT Deteetol'8, which 
are heterodyne typei!-, 40 to -1000 ;'l I e. 

DECEMBER , "63 ~ 

TWO NEW MIXERS 

FOR THE 

DETECTION OF 

RF SIGNALS 

Kow two new rf mixers fill the gaps 
below 40 :\Ic. Th<,y operate hy the 
heterodyne method, with low-fl"('{luency 
detector units serving as i-f amplifiers. 

The heterodyne detector has a justly 
deserved preference over other t)' pe8. 

I t is currently the most conven ient 
means of achieving high ~lIsitivity , 

wide tuning runge, and a high degree 
of harmonic rejection. It aJso hilS a great 
dynamic ra.nge ~auS(' its amplification 
is essentially linear over S5-db of input.­
signal va riation . Its dis.·uiv3Iltages arc 
few, but the princi)Jl.li one should be 
mentioned . In its simple form, flO selec­
tivity is pro\' ided ill the signal input 
ci.rcuit, and SO it ca.n htwe some spuriolls 
n'S]XlIlSCS from illl.llges and harmonics, 
which ma ke iI, unsuitahle for W.ll VP analy­
il is. In general. these arc 1I0t. trouble­
some, and the addition of circuits to be 
t ulled by the user wOli ld complicate the 
operation. 

THE TYPE 1232-PI RF MIXER 

The circuit of the TypE 1 232~ Pl HI" 
;'Ilixer is shown in Figure 1. Induded are 
a mil;ronmmetcr for seuing the level 
of the local oscillator and a h.igh-Q 
tuned tronsformer to exclude the local­
oscillator signal from the T uned Ampli­
fier und Kull Detector. 

Circuit elemenu; nre enclosed in all 

aluminum cylinder to which is appended, 
in a sepnrate comp:lrtment, thc meter 
housing. In addition, douhle-hraid co-

axinl cable is used on all signal leads. 
As n rc:~lIlt, the mi xer is completely 

-

f it ..... I . Sd .. moHc di"lJfOm CIt 11'Ie ... 1 ... d,euil. 
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GENIRAl RADIO lXPIII M INTE I 

,~, 
Rf' "IMER OUTPIJT NJLL DETECTOR 

I.J)C.O,L OSCILL ATOR 

fi ..... 2. 810ek <110.0'" of co",plt.t. <I.t.~lor .yl ..... 
... iI.g,h. Typ4 1232 .... , IF loU .... 

shielded from rf fields, thus preventing 
spurious null-balance indications. 

In order to cover t he rtLng(' fro m 70 kc 
to 10 l\lc. t.wo i-f amplifier ccnter­
frequencies are requin.>d . One is 20 kf' 
stnd is llsed to cover the runge from 70 kc 
to 500 kc. AC1Unlly, t he detector tall be 
t uned ('ontinuollsly dowo to 2:; kc, but 
sensitivity is reduced in t his runge, and 
spurious responses are more troubl~ 
some . • \ bovc 500 kc. the 20-kc freque ncy 
increment to which the local oscillator 
must be sci is difficult-to resoh'e , and the 
tuning is too ('riticnl. Therefore, above 
500 kt" a switch is made to t he IOO-kc i-f 
circuit whi('h i .... hroader ill bandwidth . 
The upper limit of \0 i\1(' was chosen 
because n.hovc this frequency it becomes 
diffiNllt 10 set the 1000kc increment , and , 
again, the tuning becomes too sharp, so 
t hat. any frequency d rirt of the ~igllnl 

" f, 

, 
, 
• , 

,# 

ht 
_r.l~ 

lOCI .. " 

~ --, ... 

source or the locill oscillator becomes 
apparent .. >\Iso, above about. 20 )'1c, the 
local-osciUator Luning agRin becomes 
critical. Otherwise, however, the mh :cr 
pe rforms perfectly well , ai, least as high 
3.8 60 l\'Ic. and , with t:are, snlisfactory 
result-s can he obtained. 

In practice t he operation of the system 
is quite simple. Figure 2 is a block dia­
gram of the rorn pietc dete<'tor system. 
The 2Okc-lOOkc switch Ol! the mixer is 
sci 10 the desired frequency, and the 
corresponding freque ncy is swit ched-in 
on t he T YPE 1232-1\ KuJl Detect.or. 
The loca l-oscilla lor output. is set to 
produce the required mixcr meter indi­
ral ion a nd the ost'illator iii t hen tUllcd 
to freque ncy by adjust mcnt for maxi­
mum oULput indiCfl.I ion in the T YPE 

1232-1\ TUlll.-d Amplifier and ~ull Dc-­
t('('tor when a.n cxtenml ~ignal is intro­
duced. For maximum sensiti vit y in the 
freque l1ey ra nge below 150 kc, Ihe crys­
tal current must he SCI to (1 particula r 
val uc, as shown in Figure 3. 

PERFORMANCE CHARACTERISTICS 

The significant. )X!rformnllce cha.rac­
teristics of t he mixer !\re given in Fig­
ures -I to 7. The lincnrily is shown as a 
function of input. signal le\'el in Fig-

, 

FIg"". S. S.""ith,lIy (0p4'" 
cI",ull "o!tos. fro", SO-Ohm 
.0 ... .0 , .q .. l"ol. ", '0 noi .. 
1 .... 1) o"d 10col-os<iII"',,r 
drl". "" 110"01 ".q ... ncy. 

• • 
E, 
0' I, 
,~ '" ~-'"'-

-;: --, >-~ .=-in --
i r I 

• 1= -.,. ... -, .. ,""" 000 .. " OOV!.", .. 

!~ 
o 

I I I I t I , , 
", .. 1'0 ~ ,M_ = -P'OQ " I'" ~ • , , " 
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me 4; it call be SC('II t ha t al>o\"(' about 
5()..mv input nil inrt"Cnsc ill input volt­
age produce."! a slTUlllcr.t ban-prol>ortioll­
ate increase in output indicntiOIl . The 
sensit ivity, defi ned as the input signal 
voltage required to illcrea.se the output 
indication 3 db abon' the noise levcl. is 
shown in Figure 3. Oiher data of interest 
arc gi ven iJI Fig\lre 5, which shows the 
sens itivity ru; a funct ion of local-oscilln­
tor drivc Im·cl. and ill Figure 6, wh ich 
shows lhe rclat iw' conversion loss also 
as a function of 1000.ll-oscillator drive 
levcl. The degradation of sensitidt), 
below the normal tuning range is shown 
in Figure 7. The mixer is still usn hie in 
this mnge, hut 1000l-oscillator feed­
through produces il la rger olll put indi­
cMion . 

APPLICA liONS 
Null Detector 

The combination of the Typ~~ 1232-P I 
l\1i:..:cr, t he TYI'E 1232-A Null Detector, 
and n local oscillator is an excellcnt 
hridge null detector for the frequClIf'Y 
mnge from 70 kc to 10 i\ lc. Figure S is 
a bkK.'k dingmm of a complet.e bridge 
systcm using th is detector, and fllypif'al 
setup with lhe TYI'~: 91G-AL Radio­
Frequency Bridge is shown on lhe fron t 
f'over. 

Attenuation Measurements, e tc. 

This detector sy"lem is I). ... rliculn rly 
well suited for the measurement. of ul­
tenu:l.lioll, c!'lpecially high \"lllu~ or at­
tenuatiou. For exa mple, with 1\ IOO-mw 
source and rellsonnblc padding ( 1(1 to 

DE CE M IIER , 1 963 

INPiIf TO MIXER 

10 db at, the detector) attenuation values 
as high M 120 db c."\Jl be measured. A 
suhstit ution method iacmploycd wherein 
the attenuation to be measured is com­
pared wit h a calibrated adjustable at­
tenuator, !'It/cll a 8 the Tn~: 874-0A. 
The TYI'F~ 1232-A Tuned Amplifier and 
Null Detec.tor is used us level indicat.or, 
sinee it docs not hnvc its own ca librated 
att.enuator. For maximum resolution in 
these measurements it is e...~'~'mtifll that 
the detector cireu it.s be operated wit.hin 
their linear mngc. Dewctor linearit y for 
the 1232-PI / 1232-A combination is 
sho\\'I1 in Figure I , and applies fo r aU 
diode-currcni I(>v£'lg above 200~. Fig­
ure 9 is a block diflgmlll of the mcasur­
jug set lip. 

Atten ua tion nf 10 db or Ies." can be 
mcasurf'd with :m aecumf':" of ±n of 
the db ilwrcmcJlt being me~surcd by usc 
of the db stille 011 lhe meter of t he null 
delcC'i/Jr. Ln lbis meas urement , linearity 
31 both the lo\\"e.~ t and highest usable 
inpul-signil l extremes. fo r l h(' d('teclf)r, 
are important .. The usable input.-8iglla l 

n~-" IPO( '1 

0 
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ra nge (,3n he determined from Figure 4. 
The deviation from lineurity at low 
lewl:; !\ri.-.es from the relnth"e contribu­
tion of the nmplifif' r lIoise ill the output 
indication, when the signal-Io-noisc 
rntio iR small. 

Spc('ific attelluution measurements to 
wh ich this proc('dure is applicable' are: 

Attenuator or network insertion 1088 
Filter stop-band response 
Conxial cnble lossl 
Coaxial switch cross-talk 
Coaxial cable or connector leakuge' 

Fig,," I . 110<. 
dl .. ",.m .f 11'1. 
o-'o<lot I yl'-m 
v.od 0 1 .. brldgo 

null delict .... 

10 

CDL/IATO/I 
",,' 

Cooxiol Switch Crosstalk or Multiport 

Component Measurements 

The same basic procedure CUll be uscd 
in the mensliremcnt. of crosstalk between 
connections in muhi port components, 
such as coaxial swi tc hes, semiconduct.or 
switches, ~ nd duplexcl'S or multiplexers. 

The component, to be metHllIred is, 
for exa mple, driven at its input and the 
'Cthrough" channel (the output connec­
tiou to which the input is intcnded to 
prod uce an outpu t signnl) is terminated 
in fj mutched termination, or otber de­
~ ircd impedul1(:e , dcpend ing on thc im­
pedance wit h which the device is 110 1'­

mnlly terminCLted . The other unused 
ports are simila rly terminated . The de­
teetor is connected to the port in which 
crosstal k is to be measured. a nd the 
attclluation wit h this connection is 
measured by the substitution method . 
In the substitution method, a known 
amount of uttenuat ion is inserted to 
produce the su mc output indication that 
was produ<.w with the component 
installed. 

l\ lost systems opcrnte at n nomi na l 
imlX!dnnce of 50 ohms. The mixer inpu t, 
impedance is 11bollt 200 ohms, It ca n be 
made \'ery nearly 50 ohms by the addi: 
tion of an 874-C 10 lO-dh a ttcllllH.tor nt 
it.!:! input. 

For opcrnt ion at other than the 50-
oh m level, transformers are requi red . 

RF "'()lUi HUU. O(f£tTOll 

lOUL OSCllU,TOR 

• 
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NULL DETECTOR 
TYPE 1212-A 

flgu •• 9. BI .. ck dlag ...... 01 
Ik. 1232_ .. 1/ 1232 .... d.l. do. 
'y'IiI'" .. , lei III' I.., U .. 
.... a ' .... m.nl .. I aH.nua!ion . 

.. p,o,D, TYP£ 87"~GIOL, oPTIONAL LDCOI.l DSCILL4TOR 

Coble Connector o r l eakage 
Measurements 

Thp leakage or shielding efTCl'lin.>ness 
of ca bles or ('ollllcclors cn ll a lso be meas­
ured hy t he s..'lmc procedure a s for aitCIl ~ 
uatioll mp'nsllrcmellts. A specia l I('st 

fixture is required ill this case. Specific 
deta ils of this fixture a nd the procedure 
[u·e desc ribed in the reference ci ted. ~ 

, w. R. Thu~to" .• 'Tb.e MeNlu...,,,,e"~ (OF C.hle Cha,...,· 
t~n.tj",,:· Oenerallt.,I'" Reprint So. £·104 . 
• J. II. ZO'~I· '" II. F. MOI~hl~'llef, "R.-F Veahll~ Char..,· 
lenS""" 0 l''''l'ul .. C .... xial C .. l;.J.o. And 0.,,,\,,<,10"', 
.5fJl Me I" 7.3 (leo" ,Iii"" ........ '" J""nal, Sove",l>er, 1001, 
Gen~",l lied", Ilel'.inl No .. ~·IKI. 

S PE C IFI CATIO N S 

fr.qlle ncy R .. nge, iO ke t() 10 I'Ile. (Call be used 
":r. to 60 I'Ile, with care in the ~Ieetion and 
i entifieation of \ocai-{)SCiIlator [requcncies,) 
,.F Olliput F,e qll.ncl .. , Switell -o>e leeted to 20 kc 
or 100 kc. 
Bandwidtt" 0.8 kc in 2O-kc position, 10 kc in 
100-kc position \\·ith 11 20-kilohm outlJUt load 
(TYPE 1232-PI RIo' Mixer lilol)c), 

123'l·PI RF MI ••• . 

S.nllllylty, See Figure 3, 
1"1'111 ''''ped''nee, Approximo.t.cly 200 ohms, 
Outpu' Impedanc.: Apvro)[imo.lciy 20,000 ohms. 
DI ... . nl ... n.: Ditlmeter 2 '(, length 6U inches 
(58 hv 175 111m). 

Net W. lght : I POUlIt.! (0.5 kg). 
Shipping W.ight, 2 pounds ( 1 kg ), 

Code Number 

1232-0001 

TYPE 1212 - P3 RF MIXER 

The i2i2~P3 HF i\lixer is es.'renltally 
of t he sa me constrll('tion us the 1232~PI , 

d ifTc l" ing principall y in the choice of i-f 
{'{'lltcr frequency, i 1\1 0, The circuit is 
showl! in Figu re 10. With the 1212~A 

Unit Null Deteelor,lhe lowest frequency 
of o).X'rution is 3 i\ lc, Below l hi::, t he 

loclll-oscillator sign:ll feeds t hl"Ough di~ 

red ly inlo t he Unit Null D('\('<:10I', pro~ 
duein g it meter indirnt ioll in spite of the 
ftHer networks provided in t he mixer 
uni t. The highest frequency of operalioll , 

• 

-
fl gu,. 10. Sch .... otic ollhe Ty,.. 1212·P3 Rf MI •• ,. 
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Fig .... 11. Se .. lhl"lty 
(o"",,-elreuil ,",,,U"g" 
from 50-ohm I"""., 
for 1.,:b mo'.' dot'lu­
tlOII) ". loe,,"',,"!!­
lot.,.. dri... I.... 'ho 
1212.'3/1212_A de-

'.elor 'yo" "" 

again limited by lo<.;a l-oscilluwr tuning 
resolut ion , tUlli ng dif1iculty, etC., is 
UO ;\Jc. A!'.ide from these considera tions, 
the mixer lX'riurllls perfe<'l ly well up to 
alicast 150 1\1(', 

Null Detector 

Tilt' rC5IXlnSE' or the L'llit XliII lk­
tt.'Ctor i.<; a pproxinutc ly logarithmic, 
rather than linCh ", For Ihis reason, it 
does not have :\ gain control. The sys­
tem, is, Iherefore. usable only as n null 
detcctor, und , ill this applicat ion, it. is a 
scll !'.iti vc. t':ISy-to-liSE' instru ment. The 
principnl chanU'tNistics or intereql are 
lhe vnrifltioll of sensitivity with diode 
('urrcnl (Figure I J) and :!ent'liti vilY over 
t be frequency mugl' (Figure 12)_ 

Figure 13 i8 :l block i.liugrnm of the 
d('t~tor ~h(Jwn 11.8 parI of :.t (-ompirte 
rf bridgl' ~y"tt'm _ The hl{'u i o!'ciJ1al0r is 
a lways sel higher than 1 he gl'nc-mtor 
frcquCJlI'Y wlll'n the opcr:lIing fJ"('quency 
is below 10 :'-.1,-, in o rder 10 minimil'.I' the 
local-osdll:.tor voltage th:H get!! through 
to the mixe r ouq)lIt. 

Use with a Broadtast Reteiyer 

The '1''I't; 12 12-1'3 :\lixcr can also be 
used \dll1 tl. i'\t:uulrird broad,-:l!" t"(,(-(, jvcr 

Fill"'. 13_ &100:. 
diolll,am 01 1212. 
'3 / 1212-A d._ 
1.<1 .... I,.I~m, .. n d 
al "ull ... d .... 

... ithrfl ... ~" .. ........ 

, 
\ I' 

• 
• , 
• 

' j , 

I I 
SPECifiCATION, ~ -- ........ ;;r,:+-
SOISIT 1Tl' 

TYPICAL 

OPTlYI.'I 
CRYSTAL CU MfHT 

=1 
I , 

3 4 ~67 10 20 3040~60 
FREOUENC~-Mc 

in place of the Unit XliII Detetlo r_ Here, 
t il(' genera to r can be modlll:tt cd in m-df' .­
lo obwill a n 1l11t"J.1 null indication_ The 
St'nsili " il Y chanlcteristics shown in Fig­
ure 13 apply to this a pplication Illso 
with one cXl'cpt ion : t he !J-!-' v scnsit ivity 
vallie ext('nds to a lowcr frequc nt:y limit, 
approxilll:ltely 1.5 Me_ Therefore, with (\ 
hroadc11Sl re<:eivN 8('t 9. 1 I i\1 r , !l tunable 
detector fro m 0_5-1 :'I lc to GO ;\ 1(' is ob .... 
willed (if \\-(' incillde the 0_05-1 to 1.5 ;\1(­
ra nge of the receiver itsclf)_ Thefe nrt', 
however, sevenll prcC!l.lIt ions t o be 13 ken, 
:!ueh as th{' eliminat io n of hroad rast­
station interfefence_ T hese a~ d~crihed 
in detai l in the mixf'!' inst ruction book 
:tnd ifl eludc shil'lding or the bro::\dcast 
r('(-('ivcr :wd I':ne in :;«'lec'tioll of t lw gcn-

NULL DU(CTOII 

~. 
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F.g .... I • . Photo­
g.oph of .y.tem 
.hown 'n F'gur. 
I • . ar.d ... , Ih. 
Typo 1606-A ItF 

ar.d ... 

emtor frrqu('ncy to avoid tuning 10 
harmonic~ of t he N'("eiver loenl ():)('illnlor, 
A tntlli'liRtor portahl{' mak~ :l good r{'­
('{'iwt for this applieatioll. IX'{':HI!\{' il!< 
:::mall ~i1.(' IX'rmits it to be ca"iI ,v !lu r-

D ECEMBER , 1963 

round('d by tl ('Omplele ::;h iC'ld . 
Thl' com b inat ion ()f Ih<' detector nnd 

the TYPE 100(',-,\ Ihdio-frequeney 
Bridge is Ilhown in FigurC' I I. 

- J. ZonZl' 

SPECIFICATIONS 

Fr. qu . ncy Itong., 3 Me to 60 Me, (Can be lI,w d 
up to 100 l\lc if eare is t.'1kcn in the selection 
and idcntifiC/ition of loe!lI...()tICillutor frequency.) 
I. ' Oulpul F .. qu. ncy, , Me, 
e"ndwldth , 25 ke with TYI'~ 1212·A Ull it 
Null Dct('(!tor, 
S.nlltl ... ll y: See Figure 12, 
Input Imp ..... nco, Aj)proximntely 200 ohmll. 

1212· '3 RF Mi" .. ... 

Output Imp"'onc., Approxirn!ltely 50 kilohm~, 
T.rmin .... , Tn'l-l 874 COII.xial Conn('(!tor at end 
of cable. 
Dlm. n.ions: Di"metcr 2':(, length .6U inches 
(58 by 175 mill ). 
Not W. ight: I pound (O.a kg). 
Shipping W.ight, 21)()Unds ( I kg). 

1212·0003 $105.00 

ERRATA 
TYPE 900 PRECISION COAXIAL ELEMENTS 

In 11)(' ma1.(' of tYIX' IIII01I)('r-$, jolt'r­
an('('", and tahulation;; dCSl'ribillg Ihis 
<'qu ipment in our XO\'embcr ifo,:;\I{' , a 
('oup]<, of I'rr(jtR (,",pi in , lInllot i('('(] unt il 
Ion bll'. Siu('(' thl'S(' relate 10 importa nt. 
SIX'I·ific'll I ions, WI' hasten to l'orree\ them. 

Pag e 8, flrst para gra p h : 
Tolerance 011 chamC'\('ristie impedance 

is ±O.0G5%. 
Page 10 - Precision Rod and Tubing : 

Characleristic im pt'<innc(' IS 50 ± 
0.0.325 ohms (O.OG.l%) . 
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Flgu.. I. Now dllUbl .. plllg patch 
co,d. w"l> .tr"Jght-th,ollllh and 
,19hl_angl. connedlon • . bellly,. I. 
"" .. II .. bl. In 1.,2 . • or 3,'oollon9Ihl. 

• = ')y ,. 

flgu,,, 3. Now . 1"111.-,1"11 palch c ... d, .. ""liabl" In .. d o. blll.k 
.. nd In 9., 18_ ... , 36-I .. oh Ito nglh. 

f ig"" 2. Rut .. 
In body of ... w 
doublopl"tlm."nl 
ony fwD plUli1 

c .... b40 " " ....... 
Fig"". 4. AIIIS"lo, clip Ilips "" .... lng'. plug to con ..... plug 

lead '0 dip lood. 

A NEW PLUG FOR PATCH CORDS 
Although known primarily as nil in­

strumellt manufacturer, General Radio 
has developed many r-omponcnts and 
parts that achieved industry-wide popu­
larity. Not:lbte among these was the 
«banana" plug, introduced iII th is coun­
try by Gil in 1924 and ma nufactured 
ever since by UI> as Ihe TYPE 274 I)]ug. 
The present crop of banana plugs in~ 

eludes single, double, insulftled , and 
shielded va rieties. Two patcb cords, 
each consisting of 1'Wf: 274 double plugs 
molded 011 both ends of a shielded cable, 
have also been it vllilablc. 

A new lineup of 12 TYPE 274 Patch 
Cords offers ( I) a new, improved double 
plug, (2) a choice of stmigbt~throt1gh or 
right-angle connection to the plug, 
(3) a wider choice of lead lengths, and 
(4) Ilew single-plug patch cords. 

The new double plug consists of two 
banana plugs, one gold-plated and one 
nickel-pbted, whose soldered ends arc 
encapsulutcd first. in polystyrene (for 
its electrical qualities) and then in cell u-

lose-acetate butyrate (for its high-impact 
propert ies). At the other end of the con­
nector body are two banana-plug jacks. 
and the configmation of the conncctor 
is such t.ha t. a lly double plug cun be COII ­

nected to any other, regardless of 
whether the plugs hn ve straight-through 
or right-angle connections (see Fig­
ure 2). 

The gold and nickel color coding of 
the banana plugs is in accordance with 
electrical wiring conventions (t.he nickel 
is the shield, or ground connector). [n 

addiiion, the word SIIIELO is clellrly 
marked next to the shield terminal. 

Double-plug patch cords are now 
available in 1-, 2-, and 3-foot lengths, 
with either straight-through or right.­
angle connections. l£!lds a rc mnde of 
low-capncitance, flexib le coaxial cable. 

The single-bana na-plug patch cord is 
shown ill figure 3. It is Ilvailable in 
either red or black and in three lengths: 
9, 18, and 36 inches. The connector body 
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is molded ceJlulore-tlCctatc hutyrntc and 
includes 11 jack for su\cking. The banana 
plug's versatility a llows quick conver­
sion of the patch cord to an allig.ltor 
d ip lead by the addit ion of 3. T"YPE 838-13 
Alligator Clip, W! shown in I'igure-l. 

An Tn>!;: 27-1 Plugs ami .b ('k!!. hnvc tl 

CQn tw·t. resistanl"t' ill t.h.;> ord(>r uf I Illilli­

ohm. Plugs sent firmly in jack:; so that, 

t he plug sptings arc not. df'p4'lltil'd on for 

nll"('haniclii stability . 

1-'11ll'h cONI~ with ~hiclded plugs aN' 

also uvailable, as listed below. 

ParI No. Prit;ll 

27"·llB 
274.LUt 
274.lMB 
274.LM. 
21 4·LSB 
274·LSR 
274.NI' 
274. NI'M 
274.NI'S 
274.NO 
274·NOM 
214·NOS 
274.Nt 
274·NLM 
214.NLS 

Single· Plllg l'''leh Cord. J6.inch, hillock 
Si"lIle · I'IIIIII'"I<h Cord.J6.inch, red 
Si"III .. Plug I'ol<h Cord. IS-inch, black 
Si"gl,.PlIII I'oleh Cord , IS-inch, rOO . 
Sing le. I'IIIg I'oleh Cord, 9-inch, blllck 

02i4~I)·I68 
O'';!74~~92 
0274~9S47 
0274-9848 
0274-9849 
0274-9SbO 
0274-9880 
0274-989'2 
0274-9852 
0274-fJ800 
0274-9800 
0274-9861 
0274-9883 
0274-9882 
0274-9862 

$1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
3.50 
3 .50 
3 .50 
3.50 
3.50 
3.50 
4.S0 

Single·I'IIIg Pol<h Cord, 9-inch, red .. 
Dou .. I .. l'lul I'oteh Cord , 3-foot, liidc oonnf'Ct ion 
Dou .. I,.l'lul I'oleh Cord , 2-foot.l'ide oonneetion 
Dou"I,- I'IIIg 'oleh Cord, I-foot, side oonnection 
Dou"I,·l'lul POleh Cord, 3-foOt, end ()onlll'ctiOI> 
Dou"I,.l'lul I'o lell Co.d. 2-foot, e nd connection 
Dou ..... 'lul Poleh Cord, I-foot, end eonne(;tion 
Shi , lded Do .... I .. 'lull Poleh Co,d, 3-foot. 
Shield l d Do .. bt .. l'lul Polch Co,d, 2-foot 
Shl, lded Deu"I .. PIIIII Poleh C"d, l-feMlt ... " 4.50 

HANDBOOKS TO HELP YOU 
The II andlJook oj N m:se M easuremellt 

first SPIXlSred in 1953 nnd met. with 
"idc [l{"flaim from expert [lnd 1.yro alike. 
It brought togethe r in one cOn\"enjent 
booklet n wcultb of definil ions, dft tfl, and 
proff'dures for the mCflsurcmcnt of noise 
in industry. This handbook has lleell re­
wrillen and r('vised with c11ch succeS."liyc 
*->dition, to keep pare with c.hanging 
tltll.ndJlr<i!l and ncw dC"i('{'s. The new 
firth edition is fl ('omplcte tlnd ftlltho rita­
(ive I I'Clllise, full of usefu l information 
(or thOM! who ll('Cd io measure acoustical 
Il0ise - whet her prodlll't noise, e llvinlll ­
menlili 1I0ise, or the transiell t. noi<;f' of 
pMSing "ehk·les. 

'I'll{' IImul1xJ(}k of N()i~ MCQ$I/rtlllc"t 
is priced fit one dollor (SI.OO) , postpaid, 
wh i('h i ... i'ubsttllllillll.y IN!); thnn it ('ostl'l 
liS to pri[lt and mllil it. Si l'~', (i x !) illt'hl'i', 
256 paw's, an OlI18ulllding 1'Klr~in! 

A lleW ba.ndbook ha..'i jllst appeared on 
till" Sl'Cne, the Hrm{ilJaok oj lI igh, .. Spef'd 
Plw/lIgrtAphy. This is n cbmpendium of 
prineiples tlnd mcthoos of lhe phot.o­
gmph ing of objcct8 moving at Iligh 
speeds. The light sources cOllsidclW [Ire 
GeneraJ Radio 5t rClooscopeS, wh ic·h prcr 
duee lighl flasht'iS or one mi(>rose('ond 
or lcss. Objecls modng faster t han the 
~p<'('d of $(lllnt\ c'lui he rt'cordcd on film b.v 
t hc tiC light Sl)ure('s. Thi ... :'l(i-pt\gt booklet 
i.<l filII of d ... tnil<,t\ pmcf'riul'CS. l\8('ful to 

hoth professional ZLlld limalCur. E-iizl'. 
I) x fJ inl'h\,,, .• 'ill pngrs. Frt(> upon l'<'qllesL 

The lJandbQQk (If l 'Qll«gc Conlrol. pub­
lished earlier this ycur, is designed tt) 

help you get the m(l;o.l from your "srilwlll 
t"ld justnblc llut01rnns£ormer. 1'1)(,OI'Y, cir­
(·uit;o., :1nd applications arc ('ovel'cd. 
Size, S7~ x II inl'hc;o., in pngrs. Free 
IIpon request. 
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~ GENERA L RAOIO eXPERIMENTER 

CHARLES 

C. 
CAREY 

('lw.rl f'S c. ('m'I'Y, 1:11(' Pr('~idr-nt of 

thi,:; !·ompall .... , ('alne to (:{,llt'l':d Badin in 
1\.127. In If!:ll 110 \\'ns m:ldC' .\l-;Sist~1H 1 to 
thC' Vjec- Pr{'<; idcnt. for I'lOduf'tic)11; in 
193-1, ProdlU't ioH SUJ)('rintr'ndC'Hl : in 
19-1) , \' i ('{'-Pn'~id ('llt f(}]" Product ioll: in 
1050.:1 Oirt'l-tor of til(> O)m ])l.Hl,V; fmd 
ill 1 9.~)(j, Pr{'~ i (lr·nl. 

An alumnus of Boston Uni versit y 
alld NQfthC;1!ltcrn Cniversity, he w:\s 1\ 

director of the ;\Inliomll Shawmu t Bank 
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DONALD 
B. 

SINCLAIR 

Cf'Il('1'a1 Badin's II(' W Pl't'sidf'llt. e' lf'(' ted 
hy the Din'('Um; 011 Octol)!.'!' 18, i-: 
])oH:tld n, :-iilll'iail', 

Dr, Rinl'l.nir waS hoi'll in Willni~g, 

i\i3nit olm, in ID 10, !lttcllclf'd the Uni,'!;, !'­
s ily of :\lallitoba from ID2fi to I!)~\,) , 

then lr:lnsfel'l'f'd to thc i\ 1:lAAH:h usptts 
Lnst i l llil' of T {'('hnoiQg,v, II'h('n' 11(' 1'('­

cdved d ejl;rees of RB in 1931, R:\I in 
]D~2, [lnd s.c J) in 1!)35, lie joined (;('11-

el't\] B:l(lio in 19~(i lind sU])f«'qUf'lltiy 

her(lm(' C hief Engin('('l', In I!J.',:) Il(' \\':lS 
appoilltNI Vil'l'- Pn.'sidt'nl for El1ginl'l'r­
ing and in ]!JJ}fj W:18 d('('lcd f1 Director. 
For the past two ,,'1':11'1< hf' Ims h('ld t he 
pmt of F: ... c("utiw \,il'('- l' r('-:idenl :lnd 
Tech nica l Dil"Cctor', 

fi nd II trustL"C of :\'orthcastcl'tl Univer­
."ity. 

lI is w Jen lS were mnny, find his in ter­
ests rll llged OVf'I' man," fields . ;'I los! 
impor t:.1 n t IlL cmploy('{'-owllcd GCllcml 
Hndio \\"I1S ?IT L Ca rey's ('on~t:.11l 1 interest 
in all employees, their f! lIcccsscs, ;lnd 
t heir prohlems. 

Among his many eonlrihutionfl to our 
C'-ompany WCI"C his pbHl1ing lind ex{'('u­
lion of OUl' sc\'cml expan:;:ion pl'ognnu:;: 
during a nd sin('c World War II , includ­
ing Ihc tm nsfcr (If a ll operat ion.:;: fro m 
Cambridge to the present site in Concord 
:lnd Ollr eun'ent ex panf< ioll in t.o ~\ ncw 
plilut in Bolto n , ;\I:\I',S, 

On Ocloher 17 , Cha rles Curey died llj 

t he age of .')8, We who wel'e enrithed by 
hi!' ;iG-yea l' cn reer with Gn are suddcned 
by his dcnih, 

During World Wa r II Dr. Rinclair 
WIIS in Chfl l'ge of Ihe f'Cilfch rec'Civcr 
\\ork for radar ('ou ntcrmi':isu rcs a t the 
Ihdio Hcsear(:h LabomlO1'yat llarvf1 rd 
Uni vcl'Sit y, and Iw Wil$; u mc m\)('r of 
Di vision Fi vc of t ht' ~at il)nal f)l'fen!'C 
Ilcscn n 'h Commit tee on Gllided '\Iissilcs . 
For his work on countcrmctlSIU'CS and 
gu ided mi",,,ilcs, he rN'dved the Preili­
d ent 's Ccrtil'icute of ,\Icdt In I !H8. 1"l'Om 
1!J5·1 to 1!).')8 he was tl memher of the 
T('chnl('n l Advil'ory !'anel on Ele('/wll­
ies of the Dep:u't mellt of I1l'f(·I1;;(', 

Dr. Sindair is a Fel\o,,' of t he 11'; ]>:1-:, 
and was l'rl'f< iden t of Ilw I I ~E in ItI,')~, 

fo ll owing II term a s '1'1"('11,;"111'('1· in I!) 1!)- .'jO, 
lie scrvf'd on til(' Exe('uHw Commi ttpe 
of the IHE in 1!)18- 1!)!)O llnd ugaill in 
H),5~- 19?j3 , and wus O il the BWIf(.1 of 
Direc\ on; from I!J 11) to 1 !)!i-l H nel ill 1 !l58. 
li e i" :llso :) mc mlX'r of Rigmn Xi, l':iu 
T\a ppa Nil, t he A nWl'i('a It J\ s.<;t)('i~l t ion 
fo r the ,\d v:ul('f'll){'llt of ~'icU('e, ill(' 
}\mCl' i('nn Phyflka l So(, j!"ly. and the 111-
f.i lrumcnt ROt' iC'ty of Ame rica, 
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