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[1/'11 

, ... mure SI,lblc .ilI.llt,:.S ~tlhjnt It) ,1j.ll1lK th.m lilt: Amen 
r31l tr,l/I<:.istor .Inrl Ihi~ is .lltrihull'll p r incip.tlly co Ihl' 
CUI11I",-.;li',11 (If tht' J.::crm.lniulll. A (ou r-Ir.tnliistron tell' 
phUIlf' r('pc.th" i .. pH 11l!".'d h.lving .1 g:.lin uf 45 e!u fo r :l. 

1"'-''' I.,lfid (nol I! 40 to 10,000 ('p:., 1\ hidl imhc.ltc .. SOniC

\\11,11 ll'\\l'r I.:.Ull pl'r !.t.lgl' ,h,1Il for t h e .1\·I·r.I~{· Ir,HISis 
tor Thi~ m.I\' l'llll trihulc to its ,t:rC,ltcr SLlbi]i!\', Other 
11'1,1;",111"11" indlJdl'd.1 l1iini _l lLlfl' 2-l r.lIlSisthlli :uTllJliticr 
\\Ilh 1',1'0"1\,,,. ":O!llpnncll\:. priuIL'II,.!\ pll'xig1.ls:;,.1 simi! If 

.HI I'lIlu-r ins-'rlt .. ! in .... II ITt' telt'phone Ime. a 6 transis

I [IOn r 10 btl ro." en Ir .• md .1 Willl.11 ure Ir ..I11l>lIlillcr for 300-
1110'1.'[ \\,lldl-IIl.;th:o 

\10\ F \,-tM:rt!. - I'r.I1hl_lro". rr .. ",i!>l""+? " IN.lt 10. RCld,.,. vol 
If I 1'1' !II(-!!U.jul> .on.1 ."ugu~I.IQ-I ? 

. \ tr.tII:iistur usin~ ,J t hin fi1.l1ncnt of gcrlll:t niulIl 
r.d'nUl 0 .01 XOO I (III in ero!>!'> sec t ion ) h:t\'ing al~ o hmic 
!..t~e COnt .u·1 .I t one end .• 111 o hmic colJeclur.n the other 
,'nd .. utd n poin t COIlI.lel emi tter on the ril;,u llen t verv 
dose to the "miller 1\3S descrihed. For n-ty pc material. 
t he::>c dt:ctrodcs are hi,IS{'t1 in :\ manner simi la r to th.lt 
(or the 2-poiut COUl-It' t tr.tnsistor. II was poin ted ~ 
IIt;1t Ih(' gain of this tlcnce results (rom the modula tion 
"f IIIe 11Igh boc:k rt'Slc;t,lIl('e of the lil.llnen t between the 
\'lI1ittl'r .and I"f,lle('{or 111 lonlr.I"t to the Silll.ltil)l\ in the 
2-puil1t ('lInl,I\ I I r,lIlsi1't'lr II hert' it is th e high ren:rsc 
1!11 lk'tl.lfhT of thl' !"oll"\'lor h.1fri\'r {h,lt i3 rnodllLLtcd It\' 
1I1t/,· itljl" li(ln frtJ1l1 tl", 1'11li lt cr 1'01\cr g.lil15 of 15 d('{'i
hd:< up to fr\'qlll'111 ICt; of thc nnlCf of a meg,lcydc wefe 
rq')()lle,j an,J nui,;c rnC.lsurcnlCll IS .... erc made inrii('.lting 
In IlIiPllllt'IU"nt .,f IU to 15 drnl,ds ovcr till' ,l'cr.l~c z-

- , 
p .. ;nl ! (,nl.1\ t Ir.ln~I!!I'1f 

III \\ 'h,,"l.l~y.l, 1. I'e.n_.", "'nl) lot 11.')"I1e:!!.~ I I"lciujtX"ll0n 
", _,..-11\."1111111 'l" .. nI1l1\C ~!llIlle~ and !i1.lIncllI.ln 1",III~is· 
..... ' -,;~:, .'iv, 1 ~, h jit",_. \01 2!t. fll' JH-Joo Jul)'. I Q~9. 

II!) \\ "'h.~l.le\ I.; I. 1'''.It ... ,I1. '1. Sl ~.rl.~ ,.tnd \\'.11 lJr.HI.iin. 
";\ I ,~11I11 ',,111 "~I tilt' r'·_lsl .. rKI' .. f .1 ~e rll1.l ni",n fii:ll11e"l Ly hole 
lIIj~ ... ,,,,,," I'llys. H" . \01. i(',I1_I'iI).'U\;USl, 1949. 

Electronic Computers 
/)jgiflll C!llI/puffrS 

J'ou r 1,II~e·!'t ,iI.· di!-:il'll t:f,mplltcr~ \\ ,'rc cllluplt't\'tJ 
.tlu l pUl into npn.1I1I1Il dl1rin~ 11)49. Thc~.· r\'prt'SCIII .1 
_lIh..,t.,IIII,1 .10101,11'111 to the prl'\'iou::.l\- t'fl lilpleh:d 111.1-
I hinl·... . -

rite \ l. lrk II J ( -.lInd. \II,r \\'. 1"1 tUIUpl,·ll·d .tt II ;\r\,. lfli 

,111d Iltl' "\,'111 \\.13, \·ld,rit.·,1 I.,' :tit C!(I ,'lk'lIt fr,u r ·d.l\ 
~\"Jli I )o'!!t!l!!ll1' S"I,I"llIl"'r <111 1.,rg..:-",.d..: di.c:; !. !1 ( .d lUI.Il 
Ing m.1< hl lll I \ Iwl II .. ;!PI,li( .llioli "l' hi,,(·.d l Ubl( l r sloro· .. 
',IlIlI. .glll'tj, .!r"ll_. 200 IIUI1II,f'f'i;'tIId ISO('"nst. l lI{s \\Ilh 
.111 .tI'"· ...... 111111 "f -I \ t11illi .... ·lflll'ls ;,nd -1 .000 num l,t'rs 
\1 Hlt lun~c'f II' I'~- .... lxlo·,·1I-lIi,,1I d.'tilll.ll nlllllh{'rs .Ir~' 

U"l·.!III.C '0"11,.1. 'I II .... , 1i),1·,1 1",1111 , .11 It liJildil- lIuit \Ihi .. h 
11011h,I'Ji.· ... in 121) 1"llh.,.~"l1d .. , ,\I1",I"'r d,IllU luul.lin!! 

4 ,H"" .~ .u!dn's", lll"'lllU [II"'" IlljlUI .Iwl o)1I11',Il .lr(· 1111 
1l1;'lI.:ItI"\U (' ! I>t'. 

'1'10,· Ifell (uIUPUI"1 ;\ 1,,,11'1 \ I I ... ,I KI·n,·r.d purp1Jx 
digll.1I r('I ,,} 0..:""1\1111" 1 ..... I(h all (·l cTlroni •. • llv o r t.l llC 

(1IIIlrolh:d progr.\III. T he clio. t fI '1l1I" \In 'I.:"r .• m .lrr.lllg\' 

ment h,LS .,lCI't.'!>l> to lvml'lIl. . tiOIiS o f sc\cr.d bU lld r"'t1 

A, " I , .-
JiJ 

semipermanent hul11 III ... t,lIId,lrd {"rmu!.," Thc solu· 
tlOn of .In\ !>!.lllItlr.II"I,I.I'·"1 h"llIllt'S Ih,,1 tl'l'I'ft,l,h:nl 
Llpc .. imp"- furBIsh tlu' l"rJllui.t 1111111 111'1" mol II", IIl JlUl 

dolt ... o( Ih c prol,I'·111. ;\'''"'l.!ud.ud prohl"lIh .Ift· pr,,· 
,=r.lll1l1h,d II~· illdllidll.,lh ... ,d,~1 ill ... llI .. ti.,,1o.; ,,11 Ih,' 

prol'km ,.111('_ 
Inl'·i"ll.lli,)l\.d II Uloll l'· ...... \1."11111'· ... ('I" ]I"r.l[t"" dl'I,,

ercu l..lrd -pro!; r,11ll !Ill" I ,.11, ui.ll.ll,., II Ill, It l' 11111 "11,' ,til ,It;

l'ouilling machin,· II Tlh .111 .·I,~ lIUUI,· •. tI, UI.IIIIII.:" I'UIII h. 

i llslruCli,)ns and ,1.11.1 .H' IlIlr",luI,-~I"ll jl,tIllh",I":'lnJ~ 

It' m,lkc po ... slbk it,·r.ltioll'; .II"J 01'11011 .• 1 "'111",'Ulill.· ... Illr 
111\ 01 \("(1 '·II/oi in'·PlIlIl.:" .... i'·nl1tll .1I1t! .tllu,lr!.d l.dnll,J 
tioll" R,· .. uh ... IPI"'.U· 'HI Jlllllt\',IIt'nn~ "r pllill 111"'1"'1(11 ... 

Thc B I :\ -\f '. ntlllpld'~' I,,· Iht' 1;.1."1 I \I.Uh hh 

Computer t ',.,q~r:\ l1 nl\. h .• " I\\ ,n 1I11.'1I1Of\. ,rithlllc lir 
('on IroJ, :t lid t.:h tykIlH: ~ irell i t,; "1'..:r.1I 111'0. .. III t:""II'I,'lC ::'1 11 

chI\JI\i,,"l. E.II'h 1II\'J!lf)\1 "ll)rt:,,5 1 .!~() ]),11.11\ dt .. 11 \\ ur·J .. 
; 11 ,\ 16-ch.lllnd tlcL.l~' hu,· . \ JuI1'l,h.·.,lillll 111111' h .llwllt 
one mllliSt'COIlI..l. All IX-loll or) k, ·\ ho.lr·!. ""HIIl.lry P'llltCI. 

and 11I. lgl1l'li..: 1.lpt.' IIIIHH .W.! "UlPIJI .Ifl· 111"'1\ "I, I 

(J.\ lJ 

(H -I) 

(3HJ 

Wb) 

'\!.ul.; III.' [)lgitJl c.:ump .. lrr \'fitI':~:I"" \01. I ,. I \!WII, 
10-1 0 
E G \"' \re .... • r ile Udl ""'''I'"ler. \I ·~I,·I \ I r ..... f'l. 
vtll.6S, pp.1.51 1S6.~l'leltll>er, I1l4'} 
- 11l\1 ..... ,rd-Jlruj;tr ,lIl1m .. -J cle.. crunk: (..Iklll.",,,." Il,,:, ,II .". 
pute.- XC" _Iell"r" \ "I. I . P .1. s.-j'"O:I1I1,,·'r. I II", 
·Cml- l'rt .... r.IUlIlt' .. \ LleLlrunic ~,I, I1Lpl"Ir. l'r~'lil1l11 ... n \ I ,n_ 
tI,,\ of I "f"l'In IIi,,,, - Ilitern.ltl"n .• 1 nll_ in<'-_' \ I ... -h·II'" ('~. 
;':ew \'url. . "l. Y .. I·/I').I> H. 

(3J7) J. P. Er\.;o:.t Jr. I W \1.'IILhll· •. IIII\1. I( \\',.",,1, • \,,' .... tt! 

(.Us) 

(1"11 

.y~wm ."'tulll,,I1( ,·,,,nllll\cr.~ r;/(, F. .. ~ \",.1 ,.. II' 

_ 'Im'. I 'l \1.1 . 
~ -h(: 111 'i \l·." J) . (Il'11 CO"lp .. !rr \'~;"'!'!I'" . \·,1 I I' \ .. i\ 
(1).1'1 
- rho> HI'i \1 - '>',11,,1 ( Mr .• lr' \ [,';/1",. ' \ .\ I' I. 
~·I'lcmtoer. I'll" 

T hc ":ollll'kUU!i ul t llt- ... \ 11I"lrllllll'llI", I'rlll,.II,h nh',U1~ 
t h,. t t 949 \\ 111 1II. lrk the end <oi Ilw 11r,,1 plu ... ,·", I' ,,,I ~ 1\ 

com puler dc\cllIPIIlClll !II Ilhith th\'IC h ..... 111'1·11 muth 

IliSl. u5sion I,f t hc (t'I1I,lrk .Ihk .IC, 'Hl11,li"hl11t'n IS 1\ I,I. h .Ifc 
.lI lti('ip.tI , ·'] .Iud r,·\\ rl'J'tlrt~ 011 .1< lu.d .!IIoI(· \t.'IIICIII..;. 

11 01\ 1.'1 c r . 1101.' tOl1lpl~·It.'d 1ll.1< hi,ll'" .tI,' "Iill "'ll111i!1ll't.'rl~ 1 

b) Ihe p rokt-tcd unc!>. 
O thcr 1ll.ljor do.!\c1oPIllCl1t pr .. j l·\ t" 111,\\ 1"'"I~ \.1111,·, 1 

out ,I re Iist{'I[ i 1\ I cfercllt l'~ (J 4c) tv ~J.:; -I 

l_l40) "I n~IIIUle fHI \ ,I>.IIKI..,-1 Slud~' (",,"pUI"r, 0'1: 11011 (""" />"/" 
,\'rJ. ~fln • \.,1 I . p. 1. -\1>1,1./",11,1 

(.14 I) " I "51:1U~'- 1,,1 \ .1> .111' ttl "lUdy ( ·,OInl .1l It" • lllt."", l' "~,..,:~, 
.\rJ.'d~lkr · \,,1 I I) 1. Sellleml-er, 1\I\l,t. 

(J~ 2) -Wtllrl"H,,1 1,- iJ ll!l/,ll ("m/>,,/n S ..... ' I~II"" \ .. 1 I'"' 
\ veil. !'I·W 

(J·t l) -\\"hirl ... ",d I.- l}J, ':'I! C"mp",!" Yfu;·.'I.tI~· · \·,,1 l' t. 
Stpl t!I11"e~. I '/",, \I 

(.1."1 ) ·OKI ) \':\C.~ DI:II'" r.,n'/I"la .\,op!dln,' \,,1 I l' '\1'<11 
11)49. 

(J·I ") ~ I n~lICute f"r ;'\l1lm· .. io.:.II '".II)~I~ "'''''1''''0:'· I'I."·!/ \. 'II' 
(>"In ,'t'Fl lt/I,. " , "I I I' \; \[I<I\. 1'1\" 

+.1..\ 1» '1"~lIlute fur :\,,111"/11 .• 1 \".11\_1_ ''''''I"'' ' ' I'I,./! 
P"!~ ' .\~:..irll~ ' • \,,1 I l' I ..... ·l':e'''t~'r 1",'1 

(.~ i) 1< \I III ...... h. K \ III ""'I'I~·Il. ",.1 \1 . 1.11,~ .• 110, I ....... 1 
,I.";;.:,, "I th ... \{.",I ... ,,,, '·""'1""""· ,,,,I ",., ICI" It- •• 11. "I 
~l.ler.lc,,,,,>! f", 'h'~ 1(.1. II ..... " .. "I"'" - .1f.,I~ J 1 ;'1 ., .. 1 
Ullln·lul, ' ''(-'''''/1;./,1/1./11, \ I 11'1' :"1 ••• ,~. 117 li!.t'" 

\III ) 
Uoltf'l. I """S. 
(' F \\,·_c ,nd I I 11"\",,,1.."\ 1""'''''I'''',·tl '- 1 
tlhe '1III'h' .,Ii,,,,." I'",,, 1 I": I \ .. 1 >1' 'I' I I ' 11'~I. II" 
ccillbe,. "IIS .. """. IU""H .,,'''' I,.",. ",j I; I' :i1,1. \,,~u~c 
I'I-I ·j. 
Mlb\,tl'I.'Jll "'''lIl'llll'r:- f) ' t,l.rI 1'''''/,1,1,' \,.."t./In. · \'1>1 I 
P .I. !\ pnl.I'} j l) 

• O ITiee ... f -':,1\ .,1 1-;,."" lid, l ,~I~- I q / -(.!. 



.' 
• 

• 

• 

• 

374 

(50) 

{JSI) 

'''l 

15.il 

(.15(,1 

(J:'8) 

, 

I{, I . ""l ,h',. - L In ,\\ tel in~u ul"el1 l .1 '''''', - I·.I('~. £"t., h'l. 
()~, p.,\J3;·\I,,,i,"/'W, 
I· 1"""1~ ;11"\ " . r ub~in. -(''''In'r~ i'' 11 "f nUIII'~I~ {ruIIl dP.('"i. 
m.d II! lilll ... } Il,rnl '" I hI' I I) \ ., ( . - .\f,llr. I'd Irf 111<1l ()t!~r 
.luI /., C1 "' rut.lI"·,, \ ul. .1, 1'1,,';'7 ~ II ,, \llril, 1"4'/. 
"] 1)\':\(". - P'J!.ld j" mpul<'r '\ '-:! 'lkUrr,' \ ul. I. I), I , "Il,il, 
l 'J I". 
• hi I\.\ C, - Ih:./,.I (",/I.p,, /., .\ r~-$I.lla, · ",,1 . I , p. 2 . S':l'IClII
],er.I'N". 
"I.\I.IIIC: Vltr/"I C""'P~IU ,\ r.,.fdi(.,' ' Il\. 1, J) . J ; ScI> 
1.,".] ... r, IV.,,) . 

" . H. JI .!rl n.:~ , ~.\ I >11\", .. ,kul.llill~ l1Iall"m:I;, - J:,,,d(oJ.r:ou r. 
\ ,,1 IS, Pl'. 1,3, 0" ,, ' 1,,11. I \I-I Y, 
J. , ', \\ ,IIi.",,' ,oud I !,ill,uI II. " ',Ie. Imnk ,lit:it .11 r""1JlU l er ~, ~ 
,\<1/11 " ,1"".1"111 l' ~~7:~pll"lllocr15,19~iL 
~l \ \\ ;11...-;, ~1'IO).: r ,'" II1 I C dl-"¥Ij:; 11 f .... ,:. hi.:h-~ I"'-cJ lIululII. , tie 
... l1rul- , wI!; 1".l(hiJ1(·, ~ ) .'I>p. $". blJl1., 101,16. pp. ~ li-210; 
J Ullc. ll)W, 
II R.II.ITln."C, ~1.1I. \ . ;":~ I'>",a " , :\1. V. \\I1I.~, F. C. \\, i]. 
"'''liS, J. II \\ iH,;IIM1n, ,,,,, I ,\ . II . Boolh, P O\ 'liscus~iof1 0" C"01ll -

IJUli"", nHllhineo." I' rw. Rt/y. S« .. I . 1 (>1. 195, pp. 265-28i; 
)('Cem!,et 2.1, 1 9~8 , 

!-.bny ~cl1(' r,tl SLl nCI S h:'\l'c bce ll m.u le awl o lher de
!;t"ripti\'c Illakri,tI IIriUen. 

(.15" ) W. II m;r..~, ~Ek",·tronj( .lil'il,d , ,'unll-'fs," Flu, f:", .. \ '01. 68, 
1'1>, .~-I I~ ,_\pn1.19~ 1). 

(Jell) W . J Ld.ell. - UUl rollf. ,lIh! .Hl1ljJUt.ll ioll,- Sd . .11,111 ., '01. 
'1'.]IP 31.'k'13: :-'o,e'llher. 1'1-1!i. 

,(. 1) 1< . I' .• , i<.1 ,,,1 \ !I "rr~·. -Ut-..:u umech.lnit.1 1.lnd ..:lOCI! unie (,.1-
(ul.l1in,: ,jt'''~.w )",,,n l. S. _1/,. h'$/. EI.· •. E",., \'01. ,10. 
p.UI.'. I'll 55 73, ~I,' rdl. 1'14!). 

(362) L. 1\, 1<"len\lur, · \lcch.lllu· •• 1 bra ills," Fmlu"t. \'01 39, pp. 
109-118. rtl .1 Y, I'I~ ' I . 

(JO.\) " E :-"I.\ C," [)I£ilof C""'PUl ft _\""'$1.-/1,.,: " 01. I, p. I; April, 
PN'i. 

(J()-I ) u. n. II.,Tt,,:c, ·C.kul"linj: [ n'tll"Il~'n 15:ln,1 ~I ;u:hine:s: Cn;
ler~ilr"r l ilinvi~ I'n>!-_ lJrlJ.l!1.I, [Il.: pl'. US: 19~9 . 

(J()S) !{ P . i{iclt tmYl't '''hi :-.. C . :'Il clr"fl<.Ii15, ~ ;\!o,J"m computin~ . ~ 
PJ.YlICS TudtJ)" \'vl. !, I-'P b 15 : 0. tulter. Jh_J' ). 

T he n:):Hioll Lctw(.ocll di~it , tI ca lcul 'l tors and the brain 
h.IS been t he SUbjCl t of cOllsidcr,lblc Iii".. IIssiol!. 

(J66) 

(36;) 

(368) 

W. S. :\1 ,.Culluclt , ~Thc hr.t ill.l~ ,I (1)InIlUlilli: machine." £J~c. 
E >:g ,\'ul. uS. pp, 4t)l--49 i: June. JI}~!J . 
\\ . !~ :\shl.y. "Ut'Sif;n for ,I Lr,, ;n," Eh:riJnj( Ene (London), 
vol. 211, pp. J7')-';S3; December, 1948. 
;-:, \\ iener. "("yl,er netKsOI ('Olllro[.Iml Cummunica l iun in Ihe 
.'\ "in1:l 1 :1,,<1 l\i;,chine, W J ohn \ \ 'lle}' and Suus, 1 nc " 1'\ ew York, 
~. Y.; 19-18. 

Thc m ost <lilli("lIll pro blem in the construction o f d 
1'lr~e·st.11c digita l compUlers ("ontinues to bc thc ques
tion of h011 10 build a memory, anu thc few paper:; \1 rit
tell do /lo t rcll~'t,'t th e gre:.llnl:SS of the effor t 1\ hi r h is 

being exerted. 

(J(,9) J. I' . Ed.en. J r., II. LukvlT, .lI lt,l G. Smali"" II'A dynami,·"lty 
1 l-1;eneral~"'! ,,,emory luLe: j'RI)C. I.R ,E., ,"ul. 37.11_ 165; Felt
ru,lrr, 1')4" 1\ 1,~tr,u'l uf oral polper. 

(370) L. l'en", I1 .. , PTiI(' g r.lphecon- a picture J; loral<e lulo('," RCA 
Rn. .. ' (II. 10, PI', ;') -73: !\I"uh, l'l~9 . 

CJ 71 ) :\. \ ', II ... cIT. "I he menh'ry 1IIIIt ::Ind illl " llpli(,.lion In elec
tron ic cOUlput<l tivn." .I/a/h . 70./'1l'-5 'lfl(/ Olhtr ~lld5 /0 Compu
ta lll'n. \'01. J, PII. 21j 1 286; Octoher, 19·U1. 

(Jill F . c. \\ ,lh.1I11~ ,IUU J. l~ilJ.,u rll , ",\ slora l; c5~Stel1l [tor use " jlh 
hilloLl)'·!li J,: ila l ma(hirt·~. ~ Ptl>£. lEE (Lvndon), 101. \16, p.lrt J. 
pp. ISJ-!()(J; rtl arrh. I'j~') . 

(JiJl M . V, \\,ilke-<a".1 \\ , J{cUI'> ;ck. ~:\Tl ull("s(lIlk memo,}, for the 
EI)S,\C,' Ffl'd"'nu: Eng, (London), vol. 10, pp. 108-2 13; 
Jul v, 1 !)~8. 

(3 74) t\ . n, ]looth, ".\ ""' I<oelic diJ,:ilal 'Ior.lge 5}'Mem,~ 1~ll'a,o ':>c 
Eng . (Lood.,n),' "I. 21. 1-']1' 2J~ -2J~; July , 1'149, 

(J75) F A. ~1"1 ~I,Jr li n.! W , ~l. ,\ AOIkro;cn. '" ]1lI1'Tf}vl"t ull(asonic 
Uel.l~ 1i1lt:S. t.ktl"'>:I.(I.loI 22, I'l' Q6-IOO;lul~', 19·1!) 

(3i6) II. Alh ~n, L. J.indl.er~. K. G. ~ a llllfors, \\'o1Il 11l3rk , <Inti 
E As lf\llll, ~ fheM)' anJ ill' pli('.I! ion of trO\.holrom. ," K,,"£I. 
Tt."' . I/ (>l sk ., NandI, (Stockholm), :-':0.12, PI), JlJ6; I?~S ( In 
EI1J.:li~ h ). 

Ap,il 

(.Iii) I. 1 ;\ uClh."h, J 1'. Ecker!, Jr. R. F 'h,l W, and C. n Shep" 
I'"rd, "\ lercllf}' tlcl.1Y line ""11",.1 I'ul.,c f.llt pi Sf:, 'trJII1Iq::,1.
ql"1t'">, - l'I<oc. j R.E .. "01. .17, PI'. 855 S61; August. l li4? , 

T he Ut' \ 'cltlpmcllt of ..:il'ctJit~ , IIslI all y o f an t'lCl'l roui l,;' 
nature. l'Olltinued ..It a grc,l l p.lee, A fcw p,lp • .:rs have 
appc.Jrcd dcs. ribing some of this I\ork . 

(378) J<. II , Barney. wThe J.in:tr~· qu,1I\Iil.er: ekr. Ell, .• HII. 68, pp, 
<)02-'167, r-: IJI eml.o::r , 19~9 . 

(3 79) R . ]) O'Ne,l l ami 1\. W . Tyler. "I' rtl!:I'e!I.'\ Report No. I , pholO
Rr:lph !l' di.l/. , I.II Io::<"orde r." M alh , 70bkJ alld Olur A ulJ /0 C"",
PUlll:Wft, 101. J,II IJ. 44·1- 44 5: April, 19~9, Kevlt " of a Progress 
Nep011 of j '~hlm,," K",I,lk C" .. da lal J'-' Ile 7, I Q~ 8. 

(.ISO) F , l< ;\1 "'I~n~, -Iliffen'nti.ll countin!!: ",Ih revtN;;lllt decade 
<;vuntint cin'Il;I~, ' Nro. Sn', h ulr ., vol. 20, I'p. 4:!~ 41.5, Jun t . 
I'I~'I. 

(.\,Q\) I I J Rl,'i,'h. aull R. L Unp'ilr)", -l, transblor tri ... ~er (1/(lIil , ' 
H.('t., .'1". hul, .. \'01. 20, PI' 586 58!!: .-\ ugust, I'll') 

(,IS2) n. J<. Bru"n .Ind N. Roo hesler. "j't'l.lifier llei"urLs for 11I11l1i
position §\\il,'hing,- p~{)c. I.R .E" ' vI. 37 , pp. 1Jf,l 1-17, Fth
TU,H\', 19~9. 

(J8J) II . /( . Gus-kk. Mrred ctermined c lt'Clt'lnio; counter,' I'RUC. 
IIU~., " "I J7, P 8U;Jul )'. IQ~9 . 

(384) S. H. \\'.Ishburn. " !{el.LY 'U-Cf,.'5' am! symmo::tr;c circUlUl ," 
Eke. E" l .. \' ul '68 , p. 9$8; ;\"0\ emher, I tI ~ 9. 

(385) ,\ . E . Ritchie, -Se.l ut'nt;<I1 aspC.;LS vi rel .. y ci rcuil". " t.lr' , En, . 
' ul. 68, p. 97~ : Ko,'clnt>er , 1941). 

(386) C . R . FrO"l. - ('uun ting " ith rel,ln," Elee, E ... " 1'01 68. II 
975; No,'ellll>er.1949, 

(J87) W. KeiSler, ~ I.Oj:! ic of reb)' circui t$.· Eke. 1:."" vol. 68. p. 
980: NovC'ml.er IQ~9, 

(J88) "Univenih' of l!1 inoi5 romponent te<oear~ h , ~ D'l i/of ClJmpul('r 
/'I'('U'Jftlll'," vol. 1, 11. ~ : Sellleml,,'r, PI·lq, 

(389) E. C. Oer\.:dcy. ~Gi"'1t Br:1in 5,~ John Wiley .'i: Son~. [nc., 
i"e"" York. N . Y.: 19·19. 

An(jl(>gll~ Computer '} 

Rapid progress h,ls I)cell madc in an.d!)~lIe computcrs , 
(d istiltguishcd from digital tOl11pl1tcrs in Iholt the varia
bles :,fC rClJrl.:senlcd .tS ,lll,tl ogollS ' j)h,I~"", !>haft ro ta · 
tions, etc ., ra ther th,1Il by JiSClcte dll;itc;). TIl(' ll1athe 
ll1at ic;d opcr,;tiotl~ ,Irl.: periorm('11 lhrou~ h analogous 
ph) si. ,II relatio ns such ,IS addition of \'OILl£"<; in ., n ek ... 
{ric cin'lIit by a s('ries connel'li.m or in ll·gr,ll i.,n ,1<; with 
a pl,Lllimc l c r. U (.'C<llIl>C o f t he ('nil I i 1l1l011t; rh.! f ,11"11.:1 II f I hl' 
' Il l,dogue . Sli t- it (ompul"r:; .Ircds., rd l'rrc,1 10 ;,<; 11.., 
n,n lill llt)US- \ .Hi,II)J.: t \' 1)('. 

Al ternating-cu rrellt nClwurks ,:.Il..:ul.l\()rs for po \\\'r 
sys tem p ro bl c lll S h.l\'c undt'rl-:tlnc il1lpon.lnt illl p rove
mcnts in eq uipmcnl ,-!lui Icdwiqtle .... Ind a JllIl1lbcr of 
new cJ.lcu l.1t ors ..Ire 1I111h:r nm:-truuioll. 

The .\n;:l("oll1 (at \\\:5Iillghou ~d, t hc ;\ m lhll l· ... lcrn 
Univcrsit y computcr ( Bll rc;\U .. f .\ l:fOll.IIUi(s, Arm.!
lIlcnt D ivisi on ) • • md tht; C..Iltf"rui,\ I lt<.tilull: (.I f Tech 
nolo'\::} an;'lll)g eOll lputcr a r~ Llrgc-5(,::l!t' ).;('I II.: r .11 jJllrpost 
elc(lric computers 1,;,( the di r cf'hln;'l]')g,lh' t~·pc _ The 
\\'e!>tinghllusc and C:tlifOlni.1 IIl-. ti1 u lc o f Tedttwlo).;\ 
unil:> I~cre join1 1y dC\'cl oped, the fO r!lll'r h('ing II ;-.cd 

prinLi p:\lJ} fur sf)h-j n~ Ir,lIl:.it·nt pn.b lclll" ill\ol\"t:d ill 
the clcu ril::d ~ll'd lIIct"h.w i,· ... r dt· ... ign of 1Il.1t'h inefY ;lfId 
[lo'\ cr sysl;;m~. Th\! Californi a ln sli l ll!\- 1)( I t'C IUJ I! ! to~\ 

unit is IlS\'<! f(lr a I.id.· \aril·ty ,,( prllllklll" , im.lwl1p).! 

mall}' ,Iirer.! fl '>llllttll r .. .1 ;ltld scrn,J plolih·lI\ s. Th(· 
i\ortlt\\f't'1p(1I ~'''Ill]lutl r is comp .. ",·d of the [.; l"i("-.. ir 
.Uil-d l-' I II (."lll~ SCUiOll o f till: \11<11.1111, log('!I!!'r \!oilh 

;"llccia l t'! ctllon k ~l'l' lI'llh IJvvl'1o]J"c l 1,\, \ 111" .\Crl'l l 

;\lea!>lIr"lll cll b I_:tho/'atory ,I t :\1l\lltwl'SIel"lJ ~ 1I1\'I'r<;ll\ 
It IlolS bcrll IISCt I chiefly Oil a r11l,111H'llt f1rlJbl . 'nl~, 

(v>O) W. ,\. ,\Iol"/.;:.n. F S l ~" t!,e , and J I Wjn~nh', · .-\11 IIIIJ>rovc.ol 
aL 1)(>1 I'>·orl.: lilli'll} :c~, - vailei' ~9- 1 r..! . pr~ntl.~I, .\ r H "'ummer 
r~f1"'4j \1~linll ~,,'~onr--"" \I , • • I" .... 1/'1 lJ '~tI ... 
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I,N1} ,. (l 11"I'll, - \'('\hn"I"<' "r h •• mlhn,,;: 1>(\""-' W~"'I!I ptllb'em~ 
,In" ",,, .. Irtn ,I> ~ ,\'" .It,·, ~ llf.", <:1.,1, \11 1 \\""1:< ',,·ner.,] 
'h'ClIfl),. ~I'''' y",\. , Y 1.1I>I1_In'.1i 1'1~11 

\.;'J!} I:. I 1I .• rdri ,mil I I ("rl.",.".· :-.". ' I!' hllilitle. nn Iii,' '\ I\a
,{,Ill" ,"'per SO .~~, pr.~.·nlM •. \11-".1' \\m'C"r \;,-,,(-[.,1 '1C(-,i".: 
!\e,. Yurk, i\ Y. JanU,lr> .11, J<lS(l. 

(.19J) J. 1'. C(>rhclr, -SUlI1r11.1f}, ul Ir.",~rurtl!.l\i"n uSt'f,,\ in con
MrUClln" ,un I.,,) III li.,ur ,ihrHiul1 r'n\hh·m~.- AII- E Ildpl'T 
49.106 , l'r("~n'l .. l, . \ I LE Snmmes- Gener .• 1 I\leoI'llIl);. ~"J!Up" 
<;COl{, ~ .\~~., .11.111(" 10 2 .. , I')!Q 

1<)4) (" II ~kC.wn C 'I \\"ill-, :In.! II.' [,)0.,1.11111, "l.Ic..lmniC 
' ... hni'lu ..... "11111,('.\ 10 :l'",!.;Jf,:.UC method. uf C"llll'lll"';ol1 • 
1'1t'''' K E .. ,,,t ,I; JI.ll~-I. \uJ;! ",t. 1CI4<) . 

(,I'IS) (~ P. "d:aOl' ell. \\ ill!< .. 11111 n :-.: 1.,"';:Inthi, " \llj,h,·.I
, i~'n nf !he C.I\ .\ ~~h f'1~'(',ri(' :l1I.l lne (','011"11('1' to nnnllfU'lr 
11'" h:ln'f~ :111,1 <.('fv"m('d1.lni~m~,~ I'.'pcr 4Q·le,.;. pre<;t"l1 te.!. 
.\IIT Sumlllo'C G':II('r.,\ \Itelin.:. o..;"'lU'll"COlI, \I.l~!l,. Junl" 
~0-·24, 1')4Q. 

[)ifflftnliul.·bmly:tr The tulil'''1 of th e dilTcrcli ti ,I 
:tn:th l~r'" h.I\'c hn'n ill ~"n il"c fnr .1 ('nn!<idcr;l hle nUlIl 
\IN ('I f ye:trt;. The 1,It ('~l !turhinl' ,It \ 1.11'1',uh U1'cttc; Insti
III\e o f Tl,t:hnnlnJ!' i'i ell'''I,ie,III,' ronell'I'lcc! :In,1 opt'r
au'(l Ihroul>h scn'o~ ,lIld ,) 'TO,. ... I>.u 1'\\lll"hll1;:: ~\ .. t('lll. 

Se t ups and II1l\d\ 01 tIll' prohlem d,H,l art" f\'11 in thr{lu~h 
lmnched ta l)Cs. The Il .. cfu lnt'''s of dilTl'fcl1tial :lna]p.ers 
has b{'en e\tend('t:1 reecnlly br the ).1 i.·hel h~,'hniqlles. 

:\!l'Io.:'Jr (:\1.Ib-:>.ld\u"l'lt!l Inst itute of Tet.: hllolv~ ~ IS ,I 
Lm:e ...... alt". comhined elcctric·:mal('lJ;:lIc compu tcr ,\I1r1 
Ilibh t simulator. III f1il;h t simul.llinn a fli$.;ln taull' is 
j)Ositioncd at normal speed, the cOlHpuh'r soh'ing I he 

"troOyn:'lII ic equation of flight. i.e.:" silll1l1.tling t he ,u'
lion of the plane. An auto pilot (',In thus lJe testL-d on the 
tligh t t:l.b!c jus t ,15 though it \\cre in the plane under the 
"pi.~·ificd !ligh t conditions . 

In ~tr'ligh t computinJ;:. the time base is n r lJitr:lry anel 
the com pute r funnions .15 al\ elec tronic d ifferen t i.11 ,tIl.I' 

h le('. Intl'gratint: ;tmplilicrs pro\'i<lc intcgr.llinn with 
rcst~t to till 'c. ). l ulti p licrs arc l)f the l,lrrlt'rstr,lill' 
gilllgl' t~ pc, 

!)evelopm\,nt has also l'()I1tin ut.'d on elcc.· t rnnic-di f
f" renti;tl.an.,h zer-t~ pc (,·OIJ1 ]Hller:. bv Ree\'es. Philurick, 
Good\'(:al, and others. O\'cr th irty of lhe Rec\cs COIll
puter!> .IIC no .... in usc. prillcipallv uy the Air I'oree ,1ncl 

il'l contr;u·lors. 

(1)t'l) \ (" ("101.. ,111.1 F. J \ ! ,, ~i"'H"~, " \lore dlfferenl,.I! ,lIlo1hu',. 
. 11'1.1i· .. !iun, - Le '! Ell'<, H". \UI:Y< 1 tQ41) 

\'17) t~. L. \l ichel. -F.·l(\en~i<>ns ,n ,htl'c:rentiJ.\.lnaly1r:T It'oChni(IUe -
;"". SCI. h ulr. , p. 35-7. IVIR. 

11)8) \. I' ,...-hlds. ~Comp.,ri"'n "I l"no: lime :lnd shnrt ,iml" :1m'll,>\; 
r,,,npuIC"I'"5,· I'"pet ~u·13, p1~"'o("'IICOI, ,\IEE. Summa GeIl<'Ta l 
~tt't' lInl: ~",amJm"flIl, ;\I.IOS., June 20-2 '; , 1 9~9. 

1'JoQ) :\ C II.1U, ",.\ ~enenhle<l an.11o,. cnml)uler for flit;hl ~im"h· 
lion," ~per ~O'48, pre<entt'll. AIr. L \\'inler General ;" lcellf1l:. 
:\c:" \ ork, .... Y .• J:",u.,rv 31 1'150 . 

100l II <; K'e~hl~,um ",n·1 (" E \\'"rren," \ ml"thno.l f".. , l e~i ... nil1j1; 
Ilul>,(' tf.IMtQrI11I:f"." P'II~f 49·IQ~. We!'I"ntcol .. \11' 1: Su"",wr 
G •. """,,I M,~\i"It, S","lI,,,",011 \b, !i. •. JlIne 2'0-~~, 11)4'1, 

Facsimi le 
(\ 11 ,'Il.II ~ .. i:s of f.It'sinulc ,I'" \iellcd hy tl,i.' ;1111 \(', 1 ~('n

i, t'" \lolS I'rtS('n It'd. F~('sil\1ilc .ll'plit·aliolls I') I "lIIlIIell I,t! 
t"I('gl'aph 5\"'\('"'''' h.1\·~ becn (,,(p.l1ldcd. ,\ nc'\ r,'; t> rrl in~ 
IIlt'dium IItili llng !,;;l~'Tlillll1 ('(.I.II:lIgs fur {iw"Rrlln r'·]ll'n· 
dll' tum h .• .:: h('cn tI(,""ril>(~1 

'T" .. "" 1,. ;"'(\ it. ,,1 ,," ill "'\r..:,r. ph" ~ II' .. 'I~." l'"i .: 7'" h 
",,~ \ 1'1' t-\, II"u .. r~, "11'/ 

~ ... ,."r.,ph,<: ,nf'" ,I" In,. 1," 1, ~ ,. ... 

1
'[ It 14, }.lnU"')I. 1'1·1" 

... Burich .,.1. ·C .. , ."I"ral"'" f,n i" rll Ie It, 'ILl n 
.'tItt"l . ,\ 11:"·. Teo..hnl(:.,\I'~pn 41)·1011. (ll!'en,l 'e., l"~1'I 

.H5 

rll.'rl' \\ ,l'i III H·ll' I,..~1 I,,' thc l'h,lilH R('<;. ·If( h I.:tho· 
.. "wril'!> in 11"lkind, ,I vI'rv lugh s]"Il!,-",1 f.u' .. illlll{' rom· 
IHuni('atil'll S\StclO ('!lI pl(\\'ing a ("oll iinuuu 'l hdl St·.11I 
lIin~ 111111 f. lr Ir,lnsll1i!O~inll .lUd .1 ("ol1linuous phot l), 
j.!'fnphil" me th od for Iweplit!n, dC""'nh,'11 in five ,Irlidl'!;: 
' 40-1) - F,,,periml'nr:ll Ir.UI",lIitl;ng .lIulleo.'CI\'inl· l"1uillllleut 1m h,;::h-

'11Co~1 b e!; im,k- Ir.1I1'lfIi«.o;ion.· 
(,I) II. I{in,,'. D. l';:ll- i~, ,llll! M. \dn '1',,1, ~':cn~'I',I.~ P~il 'PJ 

1'("(l.. HM'. \"lli. 10, P!,- I fI') 210: J Inu.,ry, 1111'/ 
:\.) P l';:le,~. F. I ,'. \\' "'''or, an'\}. \ 1 Unk "I!t-I:lib .. j Ih~ 

Ir.l n~l11in.,· - 1';,..lIps 1',.l.. R". .. \",,1. 10, 1'1'. 25i ~M, 
l\brdl IIII? 

(l) F.C \\' .~I""r.,\1.\ ,'" rot"If,,11 \1.Unk,·I)<'Ilil~{,llhe 
rt{c,\er: PI"II!>} 1,,11 Nr • ,,,I, tn, I'P, 2"'~ 271. \larch 
19~Q 

l,l) n. Io:1"h :Iud \\. ,'"n Tul. - rr.tn~n",·;"" 1,1 tht' ,,:g'I~llI. · 
Philip, '1"(<11, Nfl'" "01. 10. l.p.l~' 1 l'I~. \ p'" 1'1\'1. 

(e) 11. "lei •. Hut \ 1 ,.'" 1',,1. -I.: \ndlmlli/,lli"n "f Ir.,n"llilter 
;H"l fl.'lei\O.:I,' PIt:I"" ]'r,/r I\n',. ,,,I to, "I' .. ll~ ,IH, 
i\ I.l y. I'J-I'I. 

Applic,ltlOIl1' () f rM IIro.1.<I(';I<;\ faL!\jmde cquipmcnt "' 
cdur.l!iol1.11 fidds, p.\rticuhrl\" jnll(ll~b!>l1I. in, rt'.1Sed 

, hrou~hotll till' \'eM. 
\ 105) n Z. 5hefrin, a r.dkini lIe"'~I'.lper ,- Tit" Q,,,II, \"01, 37. P 

8010; \ Iarl h. 19-1'). 

J)csui pli \ e m,lt<'ri,d for loro,1.l!I-.ISt cngincf'rs npPC;Jr("(1 
.• s a I.rief In:,ltmcnt (If '" ~h.:II\O: opcr,niol1. 
(406) ~Fa~il11 itl". - Eno:inl"<!rinlo! 11 ,\lIIn".,\'; "' •• linn.'! ,\. ,. ~lIi,'" ,,, 

nr".ldt.H.!("r~. f"UHh edilion. :.('CI'"'' 2. ani"le 6, IQ~t/ . 

.. \ hook rcl.ll(:d the c'(lX'ricllc('s of Iwo nc\\" ... p.q J~rlll(' 1l 
in il1,.t.t1lin~ .md I)pcr.tting ,I multi edition hnl.ldc.t'lt 
f.I(·silllll l' pllhltc::ttion ill Florida t'\'('r:1 thr('c'\l' Ir pcricxl. 

(~on 1,,(, Il il1 •• "ul f . J ""IIi"Jn, ~ 1.\C"mik- \I ,-( ;r,' .... ,11111 Uuol.:. 
(0., :-';l'" \'VC'l.:, X Y.: IQI? 

;\null1l"r hnok. ' ·Ol\ t.lin~l ;l at.1 ull d rCllit ;tllaln'l~ :l ntl 
('quipl1lcnt as clc,,-ign .... l ;lntl fahri('at('(1 in the I ' 11It~1 

SI,1.U'S. 
(408) c. R. JOIl~. ~ F.ct:~in,ilt·: \Iutr~y 11:11 Bnol..s. IIIC, 

y(!Tk • •• \ . ; 19~1) , 

Thc further intere"t fir ~()\'crnmCl1t ,l~l'nr,es in WC<l.lh('r 
tII:lp distribution hy f.\('~imile \\'1" fnl1uI\cd hv conlin· 
Ul-d cle\eloplIlcnt ;lnd proJuCltnn uf illlproH'(1 cquip· 

mell ts. 
( ~ 09) ·~ew fac.i,nile recQr(ler.· Td. ami 7.1 1::r, "01 6;, IIp. 10, 11 . 

Januar)', !'H9. 

One dC\'clopllle nt of significancc wa .. the lntrodll! tion 
()f a high·speed s)'!:;tem for the transmi!,,>irm flf graphic 

III:.&tcrial. 
I IiOl · Ullr.lf:u," EJnlr(J'1 uJ, vol. 22. pp. 7,·,1): J,IrIlllr\" IQI'I 
fi ll ) J) S. BOlle! and \' J. Dukl". "111Ir.lfa'(: RC 1 HI'1l, . , ,,I 10. PI" 

~JI) II~: ;\brt"h. 11)49. 

Industr ia l Electron ics 
The applica tions of cl~tr(1ni("s to the wlutinll ('I f in· 

dust rial prnblcnls h,I\'(' ~rn\\11 ,It ,HI accc1l.'r,Il('l1 r,lte in 
19'19. A cQn f('(cll( e held ill April ill Buthln, N' . \' . fo· 
(,uc;('I'1 "ttcnllon on prtlblcmo: uf gn-,Iter rcli,liliht\'. 1',1' 

pers " en' presented on tIll' .lppli,·,l1inl1 of cl('\tr,)n tulK.'S 
to mutrir I:Ol1lro1. elccl ronic regul,lt'lrs, :lr PI\WN con· 
tio! . life tests or vacuum tullCS .11111 main tenance prob· 
lems of tlltJ{'~ In indll~trr. and rcgul,ltlon of suppl)' vol t
,1J.!'l ,w('(ls, Thc il1.lrlt-qu;\( iM of tUltl' r,ltings, ncedrd im
prll\'crnellts :n tu]'" th,lr.I,·ltri.,th' ,\11<1 r,lIin~"1 and 1Ic;(' 
of ,·ap.lcitorll l!I dL'i (I ollie .;irC'lIIl!o, etl: .. \\,'rc i11~ dt-· 

J ,/ ... :.: 
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