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A NEW CIRCUIT FOR AMPLITUDE 
COMPARISON 

IN THIS I SS UE 
"age 

CoS"'I'A."T.POW~:It""'AI."TOR, VAII-
IAliU;..('URIU:.' .... l"OAD ..... .. 7 

One or the fundnmental operutiolls 
to he performed with elcetrollir C'in:llil.>l 
is thnl of nmplitudc (·omparison .. 1 1IIp­
litu.uc cOlllparison iii the determ ination 
of equuli I y I.ctwcen two \"011 ages, rnther 
than the ijClcetiOIl of a wll.\'cforlll that is 
above or below agi\"eu nmplitucic. a.'l ill 
amplitude selectioll. The 11 1llpl it ude ('om .. 
!lamto!" docs not rClmll ill the faithful 
!"cprootlc·li!)!! of n portion of Ii wave­
form, but ruthN, produccs un output 
pul~ at ti ll' moment of equality of two 
voltab!"(.'l>· 

~ • -"-,-

Flgu •• 1 • • 

• 

lOCAL !)IOOE 

The opel"lltion of allY amplitude eom­
pnrator depends upon the cb:vm·t cris­
t ies of ~mc nun-lillctlr device. First. let 
us ('Ol\sid('l· UII tlnll>lilude comparator 
using an idcl\l diodc, tiS sho\\'n in Figure 
1. The diodl' is simply tI switch. Whcli 
the iupul \'ollage is Il('~:\t i '·e, the 0111 put 
is zero; whet! the iuplit \"oltah'"C is llOSi­
live, the output i.s I\: time:; the input 
uHlil Ihe umplificlo I"ci\t'hes ~Itumti(ln. 
A change ill the tlmplifi{,l· gaill ("an 

change only thc 810I>C or the inpltl-ollt­
put relation. The di>!(.'l)nlilluity of ~ I (II)C 

i:; dctennill(.'(j compkt£'l.v by lil£' idcul 
diode. If the outpu t i.~ ditTl'rClllinkd, a 
vollage !:Ilep will lx' ot.taille<l :11 lhe 
mOllwut the input t·r~ zero \·oILS. 
Only the magllitudc of the >ller will de­
p~'nd 011 the amplilier gain ami t he rute 
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of {'Ium!!:,' of the input \'nlln!!:l'. 
Fi21lrt' 2 l< huw:- \\'h~I' h:tPlll'lI .~ II'hl' ll n 

more prudir'nJ diode i,; IH·<1. Thl'rt, i .. 110 
discQllIinllit.\' of flIOI)t'. Til" nmplifit')' 
gain ('h:lIl~~ IlQi Dilly til£' slop., flf lIw 
input·ollljlllt c'htl)')w!l'ri"lir', hili :11,,11 
th(' point !l.t whirh t.hl' e\HVl' npP"un" If) 

dr-part from Z\'I'O. If thi;;; rlltlplil i .. dilTN· 
cnliatr'u, II puhw \\"ill IH' Obl:lll1l'd lioth 
till' mnj!;uilUil(l nllff p~ili t)Jl !If Ill(' nUI­
put PI11.~l" hOl\ \ '\' \'", dr'pend UpOIl :un­
plifi(lr WlilL Tim$!, Ih(' flf'I'ur:h'Y of all 
nmplillltlf' ,'wnpnr:l\fII' 1111:<\,41 11Il:1 "nll'­
t it'al dj!)tl1' d\ ' I)(,lld,~ ntll finly IIplll1 IllI' 
<l1 :tlJili l.\' of til(' di {ldr dllll'lll'1\' I'i"l il ', 
hilI al"l1 upon till' ai lil;t.\' of till' l'in' lIi t ry 
hI dttl'lTn illt, S()Ill(' point 0 11 llw 110n-
1illl'In (' h:lr1\('II' r1sli ,'. 

T htl'(' 1\1"(' 11\'n hUi"i(' da&<es of ampli­
l ud(' ('omp:H1lItlrs, Fir,,!, :In' t ill)."" IllItl 
lI :<e lilll'nl' :lmpliliC'ntion !lml pulJo,c s hap­
ing. Thi:< )U'OIlP i" "uhjl,('1 to tlJ(' d ifli­
cultic~ ~howl1 in Figure 2. T hey arc nil 
"slope !.<Ctl5iti \'r," thaI is, t Il£' lime- at 
which the output, wtl,,{>form rcachcs a 
given voltnge Icvcl depends upon thc 
frequency or slope of the illpnt voltRbl'{', 
The nmoutlt of gain ill t hl! Illllpli!udf' 
f'ompnrntor de term incs the minimum 
frequcncy at. which opcrfltion is ])o...'I$i­
hie, Olwiously, tbese circuits nre usclC!;6 
M d-c com parators, 

The second group cOll5i51a of those 
thnt U!;C a. I'egenerat j,'c amplifif'I' around 
11 lion-linear dcvi('c, [n thL'! grou p, t hl! 
output pulse is ini!iated when the input 

• 

fltur.3, 
,. 
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BASIC 
BLOCKING OSCILLATOR 

"011:1/1:(' 1'('Seill'S some pH·determined d-c 
!t·,'d. ThC' pili:</.' I ' i ~(' linl(' is deicrmiucd 
hy III(' h:mdl\'id t II of I he rel!;CllCI'II i ivc 
amplifier, In mll n." of lhl'i'l:' c'i rC'uit8, Ihe 
r('~ctlC' r'[lti \'(' amplifil'r f1lld norl-lillellr 
rl t'\'i.,{, :Hl' l'fllllhilJl'{l inIU Olll' Il'if)(lc', 
The fa mili:lr blof'kitll?; o,wil!»I Ol' ."b o\\'\1 

in Fig:lHl' 3 i,~ 11 typi('u l l'Xillllp]C'. '1'11(' 
lrtln t-formt'I' in I II(' pin te I' ir('ui t pro\'jdl '!< 
Ih(' po>,ilil'(' f(,I'Ilh:tc 'k pulh. If till' input 
j" !;uffi('iC'lItly 1If')!::l!in', Ihe 1(11)(' i ,~ "III 

ofT. ,\ .~ til(' inplil ,'ohllJ!c riSC!;, a point If' 
refi(,hNl where thc lub(' 8ln rl,,, 10 "lIn~ 

duel. IItid :H Ih i!; poiut II rl'~t'n!'n\li\'c 

ai'lion "tart~, l)fi'l\'idin~ a khn!'!> 11t'~:I ­
t i,'!' pu!."" a t IllI' pl:1I (' wi1h tt slope in­
/lcpC'ndeut of the ill pill \\':11'1'1'01'111. The 
H mpli t udc' ('0111 pn l ' i "OIl /lcp"ud f:! 1I0t onl.,' 
011 t hC' ... lnhilit." of t ill' t I'iode ehflrnr tf'l'­
ist i('s bl1t nl;lO 011 IIH' appli('d plate aJl(1 

hCnler \'o!t:l!!t's, l' in('C 11,,'s(' l'criolls ly 
alTe('\ Ihe cut-ofT \'Ol llll,-:C. 

AnOlhc r c.x!lrnplC' :show n ill Figure <I 
is a monost:lbll' rnultil'i hmtor, oflcil 
('nlled the " long- tailed p!lir," V, is 
nonnntl,r off, and r , j!; on , 1l{,l ing as :l 

('tl.l.hodl! f oltowcr "i ll('I' the .'at hode re­
sistor i~ lurge. As th(' in pm voltllgc an d, 
I hCI'Cforc, the r'a! hode of \ ', go IIcgnt i \'C, 
ft point i .~ rCllchcd, determincd hy t hc 
rcf('rCI\('(' voltngc Oil the gl'id of Vt , 

wherc \ '~ 8tft l'l -s to ('ondu('1. Thi:s ('om­
plet(,5 a positin~ fce<lhn{'k pnth from the 
plate or \" 1 bllek {O t ill' e!\tho<lc of \'J, 
and n rcgcncrftt i\'{' lIelion f; iflrtS, pro­
dm' inp: a sh lt!'p nega! ivc plIl!;c across the 
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MONQSTABLE MULTIVIBRATOR 
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SOIMITT TIIlGGER CIRCUIT 

inductor in tho pbtc of V~. The accu­
rutyof t hi" ('I Ttll i t llh;o dCIX'ndf> upon t he 
stahiJily of tht' 1nbc ehn r:)('Il'l'isli<'s Hn d 
lIpon the applied voll1lgcs, although 

MULTIAR 

figu re 6. 

eh-ift from henter' voltage changes tends 
to cancel to some dc~rcc. 

Figure 5 shows the familial' Rehmitt 
trigger tilTUi!. Y\ is nOI"l11:1I1y 011 and its 
lOll" plate pot('ll/iill holds ,,~ oiL .\ de­
{'1'!·a..'.inJ..: input \'oltagc wl\\'£'form will 
cvcntonliy Iwrmil \ '~ to conduct. Posi­
tiVI' fccdhatk through t!w ('ommon 
c:Hhode resistor starts II rcv;cllC'rat i\'c 
!1{'tirlH. II'hi{'h ('utl; off \'1 !Inti gi"C'1; :\ 
lW!!fHi,'c onl pH t HIt he plate of \'2. As in 
the pn·\'ious l'in·tlits. 1 he p(lint of :lmpli­
tude ('ornpftt'isoll dl'prllfis npon hOI II the 
triode characteristics tllld the nppl ied 
voltage, 

[~O V E M 8 EII , 19!1 S ~ 

Que olll{'f' cil'('uit which is tl~cful, 
be('Hlll'C il is 1'(':h<onllhl,\' independent, 
of tilt, nmpliiil'l' I (I he ('h:I['[1('t ('I' isti('s alit! 

the nppli!'d plaIt' \'Ollll,!.!;(', i ,~ the .\ Ju\ti:u 
slwwll ill Figure Ii, ,\(' ('(11'11('), of nlllpli­
luli(' (·omp:n'i.wll depend.') prilliaril.\' upon 
the diode dl:II'!U'IPl'i.~1 i{· ..... :\ 1)1' lllall.\·, I he 
peJltodl' is pOll(hwlillg. The pOt>itil'c 
feedhack Wl(h through the jJ':1.11~fonnel' 
is brokell h,l' the divdc, which is lIon~ 

cOlldlll'ting. Whl'n thc input \'OltllgC 

dC('n'as(>~ 10 lllp pnint wlll'ri' the diode 
t' l l1ldu('I". a rCJ.!:c(!t·rali\·I' 111'lio)) start.s, 
r!lpidl.\· 1'II!1in~ ofT Ihr Pt'IlI(l(il'. 

Optimum sl'lll:'iti\'i1r fClI' lhis L,Ypc of 
cireui 1. ('1\11 he deri \'eLi aud dc mvll1>t 1'[1 tcs 

the fund:lmt'litallimitalivtl. I Il the fllne· 
tion:.!1 t in'uit of Figure 7, the open loop 
gnin is 

II 
G = K H +-;. 

T he change in loop gain caused by a 
c hfl.uge iu the diode rc.sislt~ ll ce is 

dG /( /\ 
dr {It + rJ' 

The va lue of R fO I" maxi mum scn:.;i ­
tivity. ('all h(' [(H(nd hy ditTercntia.liug 
lhi.s ('xprc:;.siolL with I'C"PCC I tb Jl nnd 
setting thc resulL equal to zcro, 

Fig" •• 7 . F"ncllonollc h . mal; c of Ihe r. g . n • • ol;". 
f.ed b o ck ty p e o f eir cu it. 
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INPUT 

R 

DIFFERENTIAL ... 
AMPLIFIE R 

fl,,, •• I , f .... dl.nol dia'll . . ... of ... .0 d.ew!! . i .. 
whic h " n IW"II), In ... a l u dlfull )' wi,,, a ... pllll •• 

,aln, 

_ (R + r)2 - 21l (R + r ) 
:2 -K -

(R + r)~ 
-0 

Soh-ing lhili equation, we get 
Il = r 

For maximum scnsit i\-ity, therefore, 
the d iode should he operated at itt; most 
non-linear point. and the !;cric.s rc,~ is tor 

should bo choscil t.o equal the resilltancc 
of the diode at this point. The amplifier 
gai l! required fDr optimum sclLsitivity 
ill 1\ *" 2. 

In this type of circuit, the diode is 
used to ebange tbe amount of 1)l»i-ilive 
feedback. When the loop gain l"Caches 
plus one, the circuit will 06('ill:llc. In­
creased !;ellsitivity can not be oblaincd 
by intf(!R8ing the amplifier gain beyoud 
K = 2. 

Figure ~ :-;how." a new circuit in which 
the scll1'itil·ity incTC:lSCS directly with 
:unpl ilicr gain. 

T he siguifirant difference bctw{.'Cn 
this circu it Ilnd previous drcuits i ~ the 
use of t.wo feed hack pa ths: a pu,..itivc 
f(!{.'(lbaek pat h ill('ludillg the diode lwd 
the rcsistor flo: alld a lIegati\'c ft't'dback 
p[l th including the IwO resistors /(, The 

,. 
" ~ 

~ , 
FI,,,,. 9 . A .. omplJlwd. e . ... pa ... lor. ba$.d 0 .. 

Ih . dre .. U of fill" ' •• , 

polarity of the net fcec!h[ll· k depends 
upon the diodc n;."istauec. When the 
diode rCijisttl nee is grc:llcr than /(Q' the 
net feed baek is nCI{:lti\·c. \\"hcli the 
diode rcsisL:uu:e is less than fl •. the Ill!t 
fcedback is p(lSit iw'. ,\ Ii the inplll yolI­
age varies from lIeg~lti\-c to positi\"(!, 
the diodl' imr,..drllwt! ('hallgc1', thus 
ch:lllging the ,..i gll (If the fet.'dlJru·k from 
ncgatiw! to po:-; iti vc. As in other re~ 

generative cil'('uil,". o.$f· illati(lll O{'cu rs 
whclI the loop J;llin reaehcs 1'1\115 one. 
Il owcver, ill t his dr-I'uit. 1\ loop gain of 
pltl~ one ean I~ readied hy progres­
sively smaller c!WIlj.tt':-; of diod!' resist­
ance as more and mOre gain i::; u:;cd in 
the amplifier. 

This circuit makes it possihlc to 
dctermine a point on tilt' dUtTll{'H'risti{'s 
of the non-linea r devit'c with :}s Illlwl, 
precision as desired . I I0wc\'cr. riO (·ir­
elli!. r an impl·ovc thc illilcrcllt stahili ty 
of the nOll-linear dev i('e. 

An amplitude cnmptl rator I hased on 
th is idea is shown ill Figure 9. The usc 
of four diodcs ill the bridge p:i \'cs :1n~ 

other factor of four in the scnsiti \' ity 
und pro\·ides some r !lll('cllation of drift 
ill diode chnnWLcristics wil h temper3-

'U. s. l'a , .."l1'>o. 2.71';,711\. 
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, 
lure. To insure thul the amplitude 
t'ullI pn ralor will ope rate Itt :I pU l'licuJar 
\·olt:l.l!;e levl'l, iudcpcndcnt Qf t he slope 
or II\{' inl)ut \·ulta!!:c. requires that t he 
(ulir \'upll('iIOl',s thnt couple t he diode 
IwidKc Iv t ilt' dilfercnl jal nmplifie l" be 
:mflit'icntly ,.;mall su that II IIcV;l igiblt· 
t&mulInL of Lhl' inpllL ,signal be coupled 
10 the amplillcr st.'lge. For proper opera­
lion, Ihe input VO!tab'l' scrn'l! only to 
challgt· the dTI'('tivc rcsistullcc of the 
diode!!" Ilud, IIw l't:fol'c. t.he po]urity of 
the fccdhlH'k . X oii>(! in the a m plifier 
stnge I'huuld then trigger the rcgcllcr­
ati\c 11cl ion. 

II a d-c voltage grClltcr Hum that 
required I II fit :lrt t he ['cgenet'tl li \ ' f' act ion 
iiS applied 10 the diode hlidg('. 1111 output 
pulse wiUIIC .L;:t·lIcr:Hcd. Ark .. this pulse, 
il ill IIct'l'b:l<'lr,V ror the plat(' lind grid 
couplin~ t':IP:Wit(II'iS to recharge,:\::c .>oon 

as rt.'charge UtTurs, allothl.'r pulse will be 
geller:ltcd. Thu~, t he out put ('Oll,<;i .. ts of 
Ii Il'uin .)f 1'1111'0" 8 sprU'ro by I I,f' rC'l'o\',' ry 
thm', It the iUPlil "nIHl!!:e ('Hnsi~l:l of tl 

Sllwtoolh ";\\'i.'('P, the ,'C.'r)\'{'r y li lll!.' e:1II 
ho made I'onllir i"HII,v IUIlt{ :-to I hill t he 
til'cuit will Ix' I'C"eI hy I ho II'ail ing edge 
of the s\\'C('p, :lHd :l :-:ingle output pullOC 
CIlIi hI.' QhLaine<l, 

Anotlwr ('lfL'!'1 of III{' diode,. :lnd thc 
t.'fJupJinA: eapael' on; i 8 II hysterc,'lh; efTc('t. 
H tIll' limo l'olls l l\II18 :'m,' 1I0t l'hOSOIi 
"fll'dully, it will he f\lund thai 0111'(' the 
(,'irl'uit ."'wrUI til ":-teill:lI.·, it r('(luirt'8 U 
relati\'e1y itlrc.c ch:lIlgc of applied volt-

NO V EMBER , 1 95$ 

ngc to stop the IJS<: illution. One of Lhe 
simplesL mc t h01 I-1 to IlVoid Ihill elfe(·t i::! 
to \lSI.' smull iudu(,toNi to {'ouple the 
siglHd \'olta!!:c tn t hr diode bridge. 

By u,,;ilJg suffieielll amplifier gain, the 
clTeel,; of pla le aud hl.'llter \'olt!lge 
ehan", .. "!> elm bo made ;\1; sma ll fi t; de­
;;ircd. With u singlu double triode :mch 
lUI the 12A'I'7 , the gain is 8ufficient to 
reduce these effects to :\ few millivolts, 
T he sell,,-itivil:r of Ihis ('iN'lI it is abou t 
one-teu 111 of a lIl illi \'olt, T hill :;('1181 t ivity 
i.s so m uch grellter t han tht' .stability of 
the diodes heing u:sed thal allY further 
incrclL~ in sensitivity. which could e~ 
ily he oht ailled h,\' llddillg 1l.IIothcr stage, 
wou ld h.' ll l'iClt'l'li<, 

I n ordcl' to mea....;u I'C the scnsiti\'ity 
nnd Ill::o to determine how much su\bil· 
i iy ('Quld he uht:lined. a ('omparator 
Wa.1 hu ilt with fOllr J.;f'rllloilium diodcs. 
To rt'du('(' the ('lfr'I'1 (,{ tem pera l ure on 
the (liode ehnrlt('tcri,"li.,lS, t lwy were 
p illet.-d in :1 small (II'tlll·t;ocket-,..;ize ('rys­
tal O\'CII, This 0\'1.'11 IlI'ld the diode tern­
penuurc ("Ollljl[l.1I1 withiu One degn!e. 
Figurc 10 :-:hOWli the tl1'i fl from a cold 
fStart fOI' 11 thJ'(!c-hour pt·riod . The shape 
of tILe ('lIrve fOr the fir:;t ft'w minules us 
the O\'ell w:mll>j lip i:< irr('i('\'l\nt, Drift 
with the (',\'('Iirl~ of tllf' 0\'('11 i" let>ti th:lIl 
( 111(' milli\'olt. T hc slow drift i,,,, ahout 2.0 
millivolts 1)('" hfHU' (ltl.] l'IHlli :1]01 t.he 
diOt/l'S " lubili1,(' tlieir ("hlll'll.'tNi!:!ti!'s, :\,ij 

showll in Fi\4uft, I\. .Fi).turt, 12 ,,;hOWd 
t he cfTcct,li of line voltage. Bot h pla.te 

Flg lI'. 10, n ... . · holl' ,uo.eI of d.11I 0' th . n . .... clrc .. 11 ' . om a co ld "orl . 

TIME 
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o 2 , 

11m) tWIlIl'l' ~l lppli ('1' Iler!' " llri('d I- imlll­
lall"OII .. ))', 

~LIIf'p Ihl' '1'1I"ilidl~' 'If th t .. ,'IHIl­

p:U':llOr i'l ~" Hludl !!I\'ull'l' thart t Ilt' 
tiWhihl,V of lite' diodf'~ \ls~'d ill lIw 
1I I'id~l', it H't'm,~ d.·:>i!'l-. IIII' II) Hild ;-.onu: 
"llH'r 1I01I-lilll':\I' dt,'i!'.' whi.,/) i~ mort" 
ilwhh.' "it l. It ' lIIp,'r:lIl1l1' tllan til" J!;\'r-

1111111111111 Ilil l(l., .... , \~ IIIIII!: 11.'1 tIll' 111111-
li.waf lil'vi{'t' L" ~Iab l{-' , Hlurf' ... I'H~ili"il,\' 

t'llll Ill' Ilhwim'd h," :u ldiu!!; addil i.)Jml 
:lmplifwl' ).\'l1ill , :-'IUl'll w lwk r('lIl:lill .~ to 
1)1' dUll!' ill Ihi.- ch ... ·"tioll , 

In additi<lll I t) il.:- maH,v :lpp li":ll illll >; 

III 1,1f'l'Irllhil' ('quipnwlll, lid:.. drl'l tlt 
has intl'n ',~ lirll.( po--il,iliti.·,: ill iudu,;­
trjnlmc:I!:-LII'CntClit ami I'uilltol I!YI'I ICIllS, 

., 

., 

., 
, 

-, 
-, 

" ", >2, 

LINE VOLTAGE 

• , • 7 • 
Tnt.E IN HOURS 

W!tl'l'{'vcr i1 i>l pt'1,;. .. ihlc 10 gencmtc a 
":Iri:lbl., imp('t!alll'" lI'illl tl'nlIWI'!IIIJI'C, 

p n· ... ,;url' , P,)::<ilittll, lit' (JIliN 'IU:lllIily, 

il i~ po,>;...:; il,l" tu II"l' 1I1i:1 l'OmplIru.IUr 

l'il'l'uit din'I,tly , wilhOlI! first gl'IH'I'~ling 
Ii ,'oltflg:(' Pl'opo"ti'l1lni 10 tht' q nalltit y 
10 hl~ Illt·U" UI1'11. The dreuit dOl!~ trot 

rl'<llIire \'Oh:lgt' inrurm;lIio!l hul efin ~ 
~('Il{,l'1ltc nn output pulse dirl'l'lly f"f)tn 
an impl'd:UI('(-, {'h:Ulgl'. For lm ch appli-
I'a t ion:<, the diodl' 1 'l'io)1:(-' would he rt,:'" 

pl:lI'cd by 1l ,'ornhin:llioll or lin('al' I'e­
,.; i ,~to !" .; IIml (·11.'1l1l'1l\1l with :1 rl'"i" llIncc 
ch ange pt'OIIfU'l ioll:ll In the IIUHlllil Y 
tu III" d {·f('I' I(-,(1. Thll~ :III,\' of tlW,;lC qn:\I1-
titie>3 eQuId be "ollll'lllled h)' n !'f,l:'tli\'cly 
sirnpit· eire'liit with high scnf., iti"it)', 

'" 

, 
, 

fJ-l-­, t 

I!O ," 

- ;\1. C, 1l01,TJ t:: 

FIgu,e 12, Effec ' of 
Une " oll"y. "0,;0-

'ion ~, 
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THE VARIAC" AS A MEANS OF PROVIDING 

CO N S TA NT-POW E R-FACTOR , 

VARIABLE - CURRENT LOAD 

In cdurntionru·luborawry te~t ing of 
alternators aud trUllsformcrs it is fre­
quently dl':;irablc to provide n tOllstaut­
powN-flldor, vuri:tbk'-eu rrcnl lond. 
Adjl1:Hnlent of both resisti ve Ulld re­
al'live ('[('menU! t.o :u~'hic\'c len or twelve 
poiuts fo r a cu rve il:l both tl.'(iiolls and 
time ('oll~lIrnjl1J,!;. With the circuit of 
Figure I, the dcsirCtI load magnitude 
CUll he ohtttillcd quiekly and cosily. 

At u 1:1 ratio nd justmcHt uf the 
\ 'fl r-i ll!' All tolmrlsformer the rcndi ve 
aud rCbi~ti\'c componcuts arc maue to 
luke approximately fu ll load current. 
at the desired power-ral'lor. FO!' other 
('t!I'I-cnts the Varinc is adjusted to 

TRA NSFORME R 

ot.her r::.liOl:;. The load then appears to 

the sou r( 'c a.'! (N I/N 2)' ( Ii. + jS), WhNC 
NL and ,r, arc th o. turns ill the pr·im:u·.,' 
Ilrrd sceorrdary ('in'ILits, t'CSI>cctivciy, 
nnd /( + jX nre lhc equivalcnt. lit:rie:. 
componcrrts of lh<.> IO!ld. Whi le tbe 
parallel irrdLLdulLl'e :Uld resi:.tIlLlI'C ,Qf 
the Vnriac must be taken iLlto lit'I'OLln! 
at hjgh lr:lllsfonnalioll I'l).lio:;. the I!<i lllpie 
cxpre:;;:;ion is adequat c for moslll~,. 

The 13 ir lj!lc-pI13se illllslrntion is f!lls il,V 
cxtcnded to threc-phru;e cireuits by IISC 
of a three-phase Vllrin.c® :wsemhly. 

Nole: ,\It) I\re iuuehtl.'1j to I'wft'MOr .1. Bnw.' 
Wiley, of 1Il(! Unh't!rHity of Oklllll0m!l., rQr lhb, 
inWl'Cllt iug lIppl iCi. t.ioli of the Vlllri,\.C. - Em'J'f)n 

load ... all .. ltude 
II vo.led lo y ad · 
, .. . I1"g Vo,iae , 

ALT 
BEIN 

OR 
ERNATOR 

VARIAC 
whll. p o .... , fae · 
la . .. ... a l ... fI.ed . 

G TESTED 
LOAD 

MISCELLANY 
Among thc friends from oversc:\.:5 

whom we have welromed to 0111' plaut 
llud lahomlorie:; ill Cambridge during 
the p:1...;1 ~e\'eral mon ths arc: 

ProfC1isor AbrllhllO Izc('ksohn, of Es­
cola. ;\':H'iOrlal de r. lIgcnharia., Hi o dc 
J anei ro; nnd Dr. Gllilhcrrnc Hihci ro, 
Civil Enginccr, SilO Paulo, Brn1.il. 

C. S. Hangan, Sriemifir Ofli('cr, X~ 
tionnl Physiral Lahoratory, Xcw Delhi; 
and \' . 1\. n. Ullui, Senior Technicul 

A~"istUllt, India ;\ l ctcorologieal Dc­
p:ut mcllt, New Delhi, I ndi:l. 

Ellzo Fin3rdi. Sales ;\ laIlRhrcr, Ing. 
Giovanni C'nllcgnllo. TC<'hniral Dirc£'­
tor, and I) j)rnndo ;\lfL ... ~imcllo, i)irct,tor. 
Sorict.a Io: lc! t l'olC('nicn Chimi('i.J, I tllli­
una, ;\litnll, Italy. 

Dr. "In..'itl..'ihi Xaito, Elc<'tro Te(' l.ni ('&1 
L:lhorfllory, Tokyo; I\ciit'hi T akama, 
Din:i'tol' and .\.->$islant Chief. ,\/ci:iCi 
Dcnki K . K ., Tokyo: and YO."ih iji 'J'oYI>-
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shima, Furukawa Electric Company, 
Ltd., Yokohama, Japan. 

Andn.\ I.evy Soussan, Realisations 
Electroniqllcs Du Maroc, Casablanca, 
Morocco. 

Dr. M . Ccvcrs, Research Project En-

SOME 
&foro thc munilions m:,kcr8 IS tu.rt 

bidding for tJlC right to our new atomie 
riflc, wc hastell to ex pla in that, in the 
phot.ogro.ph on page 8 of our Or tobcr 
issue, the bullet WM travelling UhOliL 
2,700 feet I>cr l:IC('ond, not 10,000. The 
10,000 figlltC is the flashing speed of the 
strohQlo\('opn, lUI stat.ed iu the first. para· 

gincer, Philips Research Laboratories, "" 
Eindho\ren, Netherlands. 

Dr. John R. Whitt.uker, Principal , 
Technicnl Coileb'"C, Dundee, Scotinud. 

Karl·Ake Jarlx-lills, Ceneml Swcdi!)h 
Electric Company, Luc.l vik u, SWedCII. 

BULLET! 
graph of the caption . Our hallistics ex· 
pert deniCi nil rc:;pollsibilit)., for the 
second paragraph , rlaimillg that the 
error is obviously an (,'ditorial 0110. 

After an ex haustive invc:;ti,l,!;lltion 
the editor hill! decided to apologize 
and to claim he w:tS alit of town 
whell it happelloo . 

TilE Ge,u>rnl Ruliio EXI' J!IUM t.Wn;;U is mailed ,cit/lOut c/wrge #!fIe" 

111(""" t.o ellgineers, sciell t.i.~t. s. tee/,uil-illn.'! , ,,,td others i"tere,~ted 

in p/Rct.ronic well"ililtes ill nlClUJUreme"t .• Ir1hert sCI/dint: rf!l/,w.'1t:l for 
.'1 u.h.'1crjp t.i(Ul..~ und uddress.cluIIIS'· /totiee.OJ, I)/ellse SI/Ilply tile fo llou:iug 
jllforllllltion.: HUIIU'. compo,,), (ulclress , type of busill.f'.'1.'1 CO lli/HillY ;,'1 "lIguged 
i", ami tiLie or posituJII of ;,ulivi'/'HI/. 
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