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ABSTRAGT

A new random noise generator‘yields both ranéommteiegraphwwave o
@ﬁtput‘with a mean.@aumt_fate,af'BQ k@'and Gaussian naise‘ha%ing a
power spectrum flat between d-¢ and 20 ke. The neise genérat@f conss
sists of a radicactive source; pulse amplifier, Sehmitt triggarg binaryg;
1imiter;_filter amplifi@r9 and_abfeedba@k eircuit régulating the mean
count rates Ac@urately‘éredi@iabl@‘éharagtefisﬁics and relatively wide
bandmidth:make the new noise generator useful for fast analeg eomputa-
tien éndg in particular, for fepeti%iﬁevcomputersg

The output wavéform preceding thevfilter amplifier-is an acéuﬁatem»:
ly liﬁited randoﬁ‘talegraph‘wave of irgﬁvvﬁlts with a stable zere meén@-

Theeretieal design censiderations and performance data are presentedo
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. CHAPTER 1

INTRODUCTTON

Anu1©gw@@mputer studies of ranéém progesses requlre the .generas=
 ti©n of randamly varying V@ltages with appropriate statlstlcal prepertvies
b0 represent rand@mxy{varying'variablesggimitial @@ﬂditl@nsg amd/@r
parém@t@rsol | ‘ o o

An anél@gé@@mputer neise genérat@r'sh@uld possess the follewing

@hara@terlst1@s°2 ‘
1o A @tatmemary random @Etput voltage of known amplltud@e
2, Ad@quatebﬁms output, to miniwize further ampliﬁ;catlgn
' féquirememtsé | | o

30 A stable zero mean. ’A-mean.éther than Zexro ean Eeﬁgb%
tained'by addition of a d-c V@ltageoy

ho ILow cerrelation (less than 0.,1% of meamn square) for d@lays

o 'mad@ ab@ve l/bandw1dths in parti@ularg the @utput nust ned

@@ntain peri@dl@ @@mp@n@ntso

56 A ‘gtable power spe@tﬁal den31ﬁy9 preferably’flat:fr@m Zero
frequ@ﬁ@y t0 a frequeney SUfficienﬁly large wh@ﬁ @@mpared

o any n@is@ spectrum to be simulateds

: lseep f@r instan@@g'wo Feller, Prebability Theoﬁy and Its Appllm
@atlensg John Wiley & Sensg Ine.y New York, 1950 ,

QH@ Low, in Grabbeg Ramo, and Weoldridge, Handbook @f Aut@mati@ng
‘Gomputation, and C@ntralg Chapter 26, John Wiley & Sons, In@ag “New Yorkg
1559 :




A n@ise gen@rét@r 1nt@nd@d to pr@vié@ rand®m input Sigﬁals to
a repetltlve analeg @omputer is 1ikéky $o require a flat p@wer spactrum
extendlng'fr@m d=¢c to severzl thousand cyecles per se@@ndo The eutpub
power spectral d@nSity may‘b@ altered to meet avpérti@tlar r@quiremept
by neans @f linear shaplng filters; the @utput ampkltud@ @1str1bati@n
can b@ shaped by'means of di@@@ fuﬁ@ti@n gen@rat®rse 4

lol Raﬂd@m N@lS@ Gen@rat@rs

Gaussian=n@ise genera%ién by méans of neisy resistcrsgg-di@desg
ph@t@tﬂbésgg and thyratrons im a magnetlc fl%lé§ suffers fr@m ‘the Reg=
essity of el@b@rat@ regulati@n and/@r m@nltaring of RMS and dm@ @ntput :
19V€l$9 and ala@ fr@m n®nmnn1f@rmiqy @f the power spe@trum at 1@W’frew
quen@iesg L@w%frequ@n@y spegtral n@n%unifermiti@sa in@lgding line-
frequ@n@y'@émpenents due to hum pi@kﬁp9~@an bé‘rem®ved threugh samp=_ -
‘liné or demodulation andffiltefing of the noise generaﬁ@f output, which
ir@¢@emﬁéfsfavfia% p@rtion @f”th@ speetrum abeaﬁbd§@§7bbut the résaita
ing neise @uﬁpu@ speetra are flat only to 100-500 @psg andg hen@eg are

net useful f@? highmspeed repetitlve @emputatlene

BWWhlta N@lsa Test Setg Typ@ Oho 12L9A9” Mar@oni Imstrum@mts
leitedg England .

hWeRo Bennettg "Equlpment fer Generatlng Neiseg" Ele@tr@nlcsg
' Aprﬂg 19569 po 135 . -

Ibidag Po 135

‘ éR@Re Benn@ttg OE@ Be@@herg and Ho Low, "El@@%@@nically Stabim
-_li%ed Noise Gereration,® Ele@tronlcsg 27, Julyg 195k, ppo 163=i65

7H@ Low, @pocltag Chapter 26



1#2  An Improved Noise Generator Circuit

A flip-flop (binary) symmetrically triggered by a radiation de-
tector actuated with a radioactive source yields a random-telegraph
signal with Poisson-distributed zero crossings (Fig. 1.1).

If the levels £ E are accurately set by a precision limiter.

-ET

Fig. 1.1, Random-Telegraph-Wave

the mean output is zero, whereas the mean-square, autocorrelation, and

power spectral density are accurately given by

Ce{0) « B2 (1.1)
y(-¢c) = E2 e .2)
WM » — 5 (1.3)

1 “d
where cx is the mean count rate of the radiation—detector output pulses
(Appendix A). Low-pass filtering of the random telegraph signal yields
essentially Gaussian noise of zero mean and spectral density precisely
determined by the filter characteristics (Appendix A). The inherently
flat-spectrum random-telegraph signal is, however, extremely useful in

its own right. The binary nature permits its direct use for random



sw:.‘t@hlng (bg,nary multn.plj.@am@n)g @oZoy in @03?2’@18t®2’868 It alse -

serves. as a saurc@ of rand@mly %c,:,m@d events (PCZLSS@B pra@ess) in 81mu=11_;_1_

e ‘latn.onS of. @quipmenb fallums and quemng pr®blems such aa traffi@

e @@n’bﬁi"@l®9

An eaﬂier noise gensrat@r of this type utlllzed a selfw -

10

' quenched G@igermdueller tube as the radlaﬁn,m deteet@:ﬁ; but ‘bhls dew,,j."

'm,@e Was 11mited t@ r@la'bi‘vely 1@W @@unt rates (@1@“’%’ 50@ @ps} by i’@s

i demniza*blon tm@e , The néw neise generat@r to be d@serlbed repla@es L

- the Geigeraﬂueller t,ube by a scintillation dete@‘t@.;, (Type 931A ph@t@m

mLﬂ.fb:g_pller) a;;d__perm:.‘ts count rates-well in-excess of ‘75 ke for W?‘-d@‘” R

 band operatione. -

BG o Anders@ng dodo Aseltine, AoR@ Maﬁ@lnig CQWQ Sartare;
: VA, SelfaAdJustlng System for Optimum Dynam@ Peri'emanceg" IRE ’
. N‘a"e‘l Gonvention Record, Mar@hs 1958 ‘

S 9“‘1‘&@ Appll@a'i;ﬂ.@ns of Geda G®mpui;ers 'b@ Statlst.lcal Preblems
o of Operatlms Resear@hgw G@@d;y’@arg GERmé‘?Z% J'zm.eg 19559 Ppe 18wjl

10
, ”Rand@m Nowe Generat@r f@? Simula‘bion Stud:.es 9“ Geody@ar
Alrcraft Cerp@ramong De@ember > l95h ‘ o



 CHAPTER 2 |
 DBSORIPTION OF NOLSE GENERATOR

:The Bl@@? dlagram @f Flgo 241 111ustrates the @perati@n @f the f

elrcult deS@rlbed in thls papero Th@ neise generator @@nsists of a
source of radloactlve materlal mlxed 1n a 1ightmem1tt1ng ph@sph@r and

. a ph@t@mulilpller dete@tor whose output produces @urrent pulses @@rres=
'~/p6nd1ng to the em18310n of 11ght 1mpulses 1n the s@lntlllatlng phosph@ro i
f After ampllfxcation 1n a Smstage pulse amplifler9 pulses exceeding a - .
‘@ertaln threshold V®1tage trlgger a cath@den@oupled binary (S@hmmtt
tr1gger§ t@ preduce short pulses of @onstant amplltude and‘random tlms
@@curreﬁceg These pulses are 1nverted and applled to a binary (E@cles= .
Jardan trigger) t@ prﬁduce a square wave of congtant amplitude with
‘random zer@ QTOSSIngSo The @utput square wave has a dwc @@mponent whlch'
15 elimlnated by a cathede f@ll@wer follewed by a symmetrlcal 11mitere
The cathode f@llcwer output is cllpped accurately at equal p081t1ve and
negatlve voltage levels by'means of a dlode bridge llmltero The result
' ‘1s a randomwtelegraph 31gma1 having acourate levmls of %i& and = B

volts. The raﬁdom=t01egraph 31gna1 is ampllfled and/®r flltered in a
'@hopperustablllzed w1de~band omeraﬁlonal ampllflere Assumlng a'lswwpass
fllter cuttlng off well belgw the mean count rate of the randommtalearaph

31vn319 the fllter outpub will be approxxmately Gau531anell The p@wer o

. 11 )
o dﬂe Lee, Statistical Theo*y of G@mmunlcatlon, John Wil@y &
S@nsg Inceg 19603 pp@ 323=3h2 , «
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7
spectral d9351ty w111 be essentlally flat from zero frequenqy to near'
:withe fllter cut@ff frequem@y@ | | |
Slnce th@ mean. c@unt rate‘ef the.randemqtelegraph s;gnal affects .

' the spectral den51ty ef the noise @utput9 the thresh@ld.level of. ﬁhe

Schmltt.trlgger is controlled by means of feedback thr@ugh a s?@rage,fﬁ e

‘]caunter empl@ylng an . @perati@nal ampllfle? 1ntegrat@r , This counting E
elrcult preduces a dwc valtage prop@rtional te the mean repetitman rate -
| 'ef tne S@hmltu trlgwer output pulses and compares 1ﬁ with a reference
| voltageo The resultant err@; Vcltage is flltared and fed.back to regum'
late the Schmltt trlgger threshold.levela |

2.1 ‘Deaivn Requlrements

The rate of decay of the avallable radlaactlve S@uree éete*mlnes
A ,the mean @@unt rates The. scintlllatorg excited by the radl@actlve igo= vf'
bope, emits light in the form of dmscrete packets.ofwenergy called
rphot@nss‘ The pefsisﬁenqy'of the scinﬁiliaiing phésphoﬁ sﬁeuldﬁbe.law
80 as t@ permlt qulek re@every or short flashese if'%his @@ﬂdition is
"net Satlsfledg pulses W111 have 101g tralling edges and tend to over=
“'xlapa
- Slnca the pulses @ccur at réndam tlmes and‘w1th random ampli-—
tudes, depemdlng up@n the energy af une phot®n$9 one reqnlres a pulse
amplifler whlch @an recover qulckLy after a severe overload and can’
amplify small nulses falthfully eccurrlng betwcen very large and fre-
B quent everload pulseso e A
o The random square'wave generat ng elrcultry requmres a Schmitt

_}trlgger and binary wmth speeds @omparab7e to that of the pulse ampilflero,

'~‘1n‘@he @gse the blnanyg a large @utpat is deS1red (100 veltﬁ or more).



A @emlﬁrgﬁise be't;wéen.}s;peed kand @u‘tfpu‘b should result. Te ensure a
stationary outiaﬁt veltage W':I‘_'bh’ ‘a stable zerd mean, an accuratie limi”cer
is vreq;,wﬁredo ‘ - |

With a congtant poten;bial ac:iros’s" ;the phototube ;) the max:mmm
 availsble eount rate is determined ;by tl;ié radieaeti%re source. The count
fate ‘is- alsé @riti@ally det@rminéd by the bias voltage at .the iir;x‘put “of
the S@hmi’c’o*triggérs, which is used to stabiliie the mean eount rate

through the aforementioned feedback-regulator cireuit.



CHAPTER 3

THE SCINTILLATION EETECTOR

| ‘?3g1 Radloaptlve Source and RCA 931A Ph@t@mﬁltﬁpller |

o The radioactlve source @on31sts of a radloactlve isotope mixed
‘w1%h a 11ght emlttlng ph@sphera It lS tne same,substanee_that ;s used

, by gewelers for the dial of lumin@as watcheso Thié‘jewéler‘s paiat Wa§ :
applled o a small regi@ﬁ of the tube @nvelape c@verlng the @athode af
g -the photQmultlpli@re | ' |

| The 931A is a §wstag@ ph@u@multlplier with an Swh response peakm;

ing at about*h@OO® aﬁgstf@mso' Thls phaﬁamultipller was s@leeued'he@ausas

of its relatlvely low costg'and because it ig of the vacuum *bype9 whlchg‘v

'unwike a gas ph®u®tube9 suffers little or n@ fatlgue kleas of sensitiv-
jxty with uS@) when @perated conti nueusly near Iull plate currenho
Sens1tivity is d@pendent on the respectave ampllflbatlon of each o

v @ynode staaeo :The overall ampllflcatlan is equa3 to the average ampliw
( ¢1@3@1®n per Stage raised to the ath p@merg'where nis the number ‘of
.1dynode stageso » j ; | | .

» A Supply of 10@0 V@lt is. applled to the ph@totube ascross a‘
 vd1tage élVlder pr®v1d1ng 100 Vbltu between succe331ve ~dynode staceso
A eurve of count rate vs vdltage a@r@ss~th@‘phoﬁ@tﬁbe is shdwn in Fige
'39l for a S@nmitt trigger threshold.level set near maximum c@unt rate.
A base socket of high grade, 1GWEEeakag@ plasblc prevmnts 1eaxage of

. high valtaae between tha mnltlpller tube alectrode te*mlnalso
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n

As can be seen in Fig. 3.2, the last 3 dynode stages have been
bywpassedo If peak pulse outputs are gontlnuously drawn from the tnbeg'
a momentary decrease in the bleeder current’results and cauges a cor=
respending decrease in the output Voltageo‘ This type of degenerative |
feedback may lead to nenlinear response from the ﬁubee The value of |
the capacltors Clg 622 and 63 is ghosen so that the Hime constant dew
. termined by them and the bleeder r931stance w111 be large with respect
to the pulses to be dete@tedo

The source and phot@mnltipller tube are c@mpletely enclosed by
a Muwmetal shiald malnlJ to prevent a=c fields from modulating the
‘count rate; the earth?s fleld mlght also cause a decrease in 31gnalo 12

3.2 V@nm@verl@ading Pnlse Ampllfler :

The 1nput 51gnal to the pulse ampllfi@r varies w1th the intenw
’51ty of the incident 11ght flashebﬂ each phot®1 in turn exeites the
cathode of the photomultlplier and yields ph@t@eTeetrens which cause
- an output pulse ampllfled by seeondary em1551ono The measured pulsg
,output 1s of negatlve polarlty and varies from near zero to ten or
‘flfteen v@ltse | \

The count rate is determined by'the number of these pulses which
>will exceed a certaln threshald valueo The pulses occur at random times
and can be very @T@se t@cethere Hences ene requires a fast amp11f1er‘
whieh can ampllfy the small pulses above the threshold valueg and will
not be overloaded by the larger pulsesa The problem of fast response

was not as diffiecult ﬁo*solve as hhe prébiem of overloading. If the

: 12“lulont Mhltipller Phototubesg" &lien B, Dumont Laberateries,
Incoy Cliftony No Jog 1959,9 Po 11 »
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13
controel grid @fvone of the émplifier tubes is driven ab@vé cathode pO”A
tentlal by a large pu1399 ﬁhe resigtance of the eoupling condenser
@harging circuit is greatly reduceda With the grid above cathode potens=
tial, a small grldwcabhede r351stance is placed in parallel with the
'1arge grid leakage resist@r@ The decreased time constant results in a
large change in coupling=eendenser véltave during the time of a strong
pﬁlsee This. change causes the output voltage o @vershaat with the long
time constant in the eutput circuite, During the flrst part @f the re~
éavery perieds; the grid»petential'of the next stage may be near or below
cutoff, The amplifier will then not péss.sméll signals and is said te
‘be bloéked ar'Qverlaadedg Succéeding pulsés will not be passed and the
eount rate‘de@réaseso

Gne 501utidn that was expléred'wasi to ‘introd.u@e a diede inv the
‘g?id'@ircuit of one of the stages to limit the size of the pulse; but
a corresponding less in speed was experienced due to the internal @apé@=
itance of the diodes o

An 1dea1 sdlutlon'woﬂld be a fast amnllfler that W©u1d amplify
 the small pulses a great deai and the 1arge pulses @ﬁLy slightlyo' The
‘eireuit finally used is one c@mmonly used in nuclear physics experimen-

' tatioﬁl

3 and empl@ys difference amplificationo The firsi stage of the -
pulse amplifier is a 11near amplifier and the two following stages com=
prise the dlfference ampllflero DoCo ceupllng between the first stage

and the difference ampllfler av01ds the problem of charglng coupllng

L3ng0de1 215 Nonaaverlaadlng Amplifiery? BairdvAtemlcg Incey
Massachusetts .



',_111.'
@apa@iﬁ@rsp b
| | The non=overloading pulse amﬁlifier is shown in‘Fige 3030 The
feedback loops and b351c design are very similar to the "Oak Ridge-
Fairsteln" and "Br@okhavenxohase" clrcultselh‘ The negative 1nput 51gw
nal fr@m th@ phot@mmltidller is ampllfled thr@agh VL=A and appears as
a p@Sltive 81gna1 at the grld of V1=B, VL-B and V2-A are connected as 4
a difference ampllfler9 w1th their grldé coupled ﬁhr@ugh\a long time
constant (220 kilehms and 0.l microfarad). Under normal éoaditiomsg
10903 when the p@ultive input signal at the grld of V1-B is smalls the
dlfference amplifier can operate with law effectlve cathode 1mpedance
.(13 kilohms in parallel with the Ty of the other tube) since both V1-B
and'VE%A are c@ndu@tiﬁgo When the signa1~is 1argeg V2=A cuts off and
all ecurrent flows thrsugh VléBg the effe@tlve cathode 1mpedance of which
'15 n@ﬁ‘lB kllohmso For large signals Vi=B w111 draw grid current; bub
sinece there is ne coapllnc capa01tor in the grid c¢ireuit, it will re-=
turn to 1ts quiescent operating p@int as soon as the larce signal
"@easeso V3 is an 1nverting ampllfler WhOa@ eutput is the trlggerlng
signal for ﬁhe Semmltt trlggero\
Two feedback loops help to stabilize the galn characterlstlcs of
_the pulse amplifiera ngthrequen@y negatlve feedback is applled from
the cathode of V2<B to the cathede of Vi=A through a @apaclter and re-

sistor in shunt, The @apaelt@r in shunt wlth the feedback re51st@rAf

‘overcomes the capacitance from ﬁhe cathode of Vi-A to ground, There is

_]'_L.“Ibid._o |
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16 -
als@”é'se@andy 1@w=ﬁrequency feedba@k @@nne@tien fr@m the cath@de @f
‘V1=B and V2-=A %o the grid of V1=A t@ stablllze 1@Wﬁfrequency fluctuam |
~tions in vnltage (caused f@x example by @hanges in tube eharacterlsﬁ
tlcs) ‘ The lang tlme @onstant of the 390 kilohm re51st@r and 25
m1@r®farad @apa@itof confines the effe@tiveness af thls feedbaek to the

qulescent current @@ndlt1®ns of VlmA and the dlfference amplifiers

363 Performance of the Nonm@vezioadlng Anmﬂlfier
| Tests made on the ampllfler were made w1th an astable multiv1m o
’brat@r at 2 mce The'r;se-t;me of the 1nput pulsejwas_oeoh mmcr@se@@ndsg, 
 and tne recovery time was bolé microsecéndsy The ampiifiers riSé time
is no greater than 0022 mi@rose@onds the recevery time 0016 mlcresecendo‘
':.;The effe@tive pulse gain varies w1th 1nput amplltud99 due to the n@n= i
llnear;difference amplificatlono. The output voltage never - exceeds 60
véltso This @@éurs f®r an.inputjéf b voltso Reliable_amplifi@ation is

obtained in execess of 2.5 me.



CHAPTER h
. RANDCM SQUARE WAVE GENERATING CIRCUITS

“AND SUTP’EJT FILTER AMPLIFIER

hol Design of the S@hmitt Trigger

- The Schmitt trigger (Vh and o). shomi in Figo hol is of @@nven%
J@j{.qma.l d@sn.gﬂ}s The output ampllfler_ (Vé)‘ inverts the trigger teo the
pr@per polafi’bj a_n_d _preven‘ts'l@ading @f-.‘theg trigger by the binary.
A 'reéistén@e is used in the éathade eircuit of the first tube
%o reduce 'th_,e Loop gainz to near,ﬁnity and thus reduge hysteresis 0
approximat@ly._laﬁ voltse 7 If the hystéresis '@erére eliminated éntifélyg
the leep gain wouid.be equal to uwnity whiech is a relatively mstable
.condition. TDrift (due to supply veltage éhagges 9 tube aging, etco) :
eculd eause negatiﬁ’e hysteresis (loop gain less than unity) and the
cireuit would no lemger @hangé states?;lé,v The £ 1.8 velts hystgz;ésis .
- will ensure that the loop gaim.wiii remain .,’greé.ter ‘bhén unity even ﬁ'

- the eircuit drifts somewhat.

Lo2 Performance of the Schmitt Trigger

" i‘e performance of the S@hmitt trigger was determined while it .
was @peratlng in the eircuit. The umit was fed by the pulse amplifier
and 1®aded by the 1mrert,1ng amplifiere The rise time depends somewhat
on the speed of the triggering veﬂ,tagza s bub bisin' ne case less than

"0.16 mierosecend. The output switéheé between % 250 and £ 300 véltrs '

15Jo Willman and Ho Tanbg Pulse and Dlgl'bal Clrcu:l.tsg lioGraw=
Hill Book Gooy, Incey, 1956, ppe 16li=L i??

16Ibid

17
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with a,ré@ﬁveﬁy time of 0.18 mi@r@saeénagv The maximum réiiabls count -
rate obtained using the astable multivibrator connected to the input
~ of the pulse amplifier, éppreximateleZGS meo The drift of the.switéh=
\ing b@int is eliminated by the feedback control circuite

" ho3 Design of the Bistable Multivibrator

The binary (V7 and-v85 shown in Fige L2 is also of conventional
design;17 The output cathode foll@wer'(v9§ reduces the output voltage
ta.near the desired;iévelg lmwersvthe'autput impedance, and prevents
l@ading.the:binaryé

The-Shoftest interval bétween triggéring pulses for which the
binary will 6perate reliahty is ealled the resolving time and can be‘
-divided.inﬁa the transition time and the regovery time. The transitien-
timé is the time it’tékeé thchir¢ui£,t@ SWitchlstatésg while the re=
caveryAﬁime'is'the time that must‘elaPSe befére the circuit has estab-
1ished iteelf in itis new'statee ‘As,can be seen in the figure, the coup=
- ling attenuator isAéempensatedg This éddiﬁional capaeibance in the v
eireuid deéfaéses thé transition timé'of‘the‘binary But unfertunately
also in@reases.the‘recevery time. TIn this application, the signal that
ihdu@es the transition between states is a spike-type voltage. If the
spike is of a suffimiénﬁly short dufaﬁion9 the binary may be @6mpletély ,‘v
: insensitivé t@iit unless it ié @ompenéatede Thusg a‘sﬁorﬁ transition
 time is moré important than a short recovery time in this applicatione
The triggering pulse'from the output of the invertihg amplifier‘is

‘negative. This is desirable, since a binary is ordinarily mere

" 1T1h34,, ppe 1ThO-16h
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sensitive to a'negative pulse than to a positive pulseol8

Symme triecal
triggering is desired as a transition must oceur for every inmput pulse.
Triggeringrwas'first attempted—thfough’an_additionél resistor connacted .
directly in series with the supplj voltageo - Tt was found that to en-
sure reliable triggering the pulse‘must be large and'the @@mmutating;
capacitors had tQ be médé larger'than Was‘consistent with a shors
récovery timeeA The problem was selved by’triggering directly at the

"plates thr@qgﬁ diédes; .This resulté in two deéfinite advantages:

» 1o A éscreased re@overy:timg due to thejuse ef smaller commutating
" capaeitors. 2, The use of a trigger‘qf smaller amplitude ginee it is
no 1engef attenuated by thé‘plate iéad‘resistor@ De@reaéing the load
and attenﬁéting‘resistofs will improve the resolving time. The‘priee
that must'be paid for this improvement iﬁ resolution time is increased
power éissipationg and, unleSS,it is possible te inerease ﬁhe’tube'qurm
rent in'propcart.ién9 as the load resistor is reduced, the plate swing
will become smaller. Henee, not only ﬁill the useful @utput signal be
reduéedg‘ﬁut thé t@t&l‘grid sﬁing will become smallérpand‘it may becéme‘

'difficﬁlt-ﬁo maintain d-c stability in the‘binaryo When this occurs;
it may become necessary;to use preeision comﬁcneﬁtso‘ _

7‘ | The'oﬁtput of the cathéde'follewer'(V9) 15 51ighﬁLy greater than

. _i.BO‘VéltSQ as the diode bridge will limit te X 20 volts. This 20 velb

margin eﬁsures the eliﬁinati@n of any unwanted noise riding on top of

the randGmVSquare wave, and alsq fesults’in_sharper pulsése 'Since the

181}31@109 PPo 156-157
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random square wave is 'a?lsca‘ attenuated in ther resistance netwerk preceéa'
ing the cathode fellewer, the output of the binary must be fairly large.
Note that d=¢c coupling is used all the way frem the binary to the neise
generator output to presefve the eoﬁp@nents @f' the random signal all
the way down to d~¢. The cathode follower also acts as an isolatioen
‘neetworl‘c preventing the diode bridge frem loading the binary and at the

same ‘time féeds the bridge through a low input impedancee

lioly Performance of the Bistable Multivibrator

 ihe output of ‘the binérj éwi-ngs from % 300_ to £ 180 velts or an
'émt.put of 120 v«altsg ' The rise -t»ime is 906 mieresecond and the. rec@veryv
time is 4003 micreseeond. The maximum number of reliable transitioné
~is 0.7 ﬁaillion transitions per sécencia The @ﬁtput of the eatho&e folé-'

lower is from % 30 to = 30 veltso

ho5> Design of a Di ode Bridge lelter

| To ebtain an output voltage of adequate reot mean sqaaré with
a stable zere mean, the outpul eathode féllewer is followed by"the
diode bridge limiter shown in Fige;_ i;§3°1‘9 To allow fast rise times, the .
impedance level should be as lew. as possible. | Precision cafben depos=
ited resismrs pr@vida for aceurate limitlng lavelse The bi‘idgevbias
vo.,,tages must be Well ragulated and prei‘erably should be obtained direct-
1y from the "*efet‘encae supplies of the compu-ter in whieh the device will.
“be usede The part..cular e:.rculb shO'm here limits at £ 20 velts within

003 volts for both shor'i; and long pulses.

19 GoAo Korny, ToMo Korm, Eleetronic Anal@g Computers, Mc(}rawﬁ
Hill Book C@eg New Yorkp 1956, po 29k
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s hoé Output F:ther Ampllfler

Th@ output element of the eomplete randam n@ise g nératof'mustl"

. be a md@mbands da@ amplifler capable of. supplylng ’bhe requmed ga:.n and -

l@w output 1mpedan@@e A Phllbm@k Typ@ USA-*—«B @h@pperms*babilized ampllwf A

fier 1s usede Th@ @utput l®wepass fllter is pla@ed in the feedba@k l@@pf, ;;

' @f this ampllfierg plugﬂan termlnals permlt use of dlfferent feedba@k

'netwarks °.



CHAPTER 5
MEAN-COUNT-RATE (ONIROL CIRCUIT

The count rate can be set by adjustment of the threshold level
at the Schmitt trigger input (Fig* 5*1)e Note that two curves are
plotted* The method used was to measure the count rate with a volt-
meter at the grid of the Schmitt trigger; the voltmeter was then re-
moved, and the count rate was remeasured* The voltmeter capacitance
accounts for the difference in curves* Figure 5*2 shows the feedback
circuit* The count rate was measured at the output of the inverting

amplifier (V3 with the setup of Fig. 5*3*

Fig. £.3, Mean-count-rate Measuring Setup

Due to the low input impedance of the Baird-Atomic counter
(1600 ohms), a Tektronix type SUS5 oscilloscope was used as an imped-
ance isolating device preventing the counter from loading the invert-
ing amplifier. The counter was triggered from the oscilloscope's
vertical signal output terminal* Direct use of the cathode follower

in the control circuit was not as satisfactory as the oscilloscope for
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measurement purposese
Count-rate regulation could also have been accomplished through
feedback to the power supply of the phototube. This would have the
advantage of having more elements within the control loop. The reason
this method is not used is because eventually other phototubes may use
the same power supply.

£¢1 Design of a Storage Counter With an Operational-Amplifier Circuit

300 300 »300
e”.<o R
V4
AAA
K7-)
Fig. Storage Counter With an Operational-Amplifier
Circuit

Referring to Fig. 5.L, the cathode follower (V10) applies negative pulses
through a low impedance to the storage counter. The negative pulses
cause the capacitor (C") to charge through the diode (D”). The time
constant with which C* charges is the product of C* times the sum of

the diode and cathode follower resistances. If this time constant is
small in comparison with the duration of the pulse, then C* will charge
fully to the value e" = E, with the polarity indicated. During the

charging time of C”, the diode Dg does not conduct and no current flows
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- inte thé operatienal ampl*fiero At the term1nat1cn of the 1nput pulseg
 vthe @apa01tor Glrls 1efb w1th the . vdltage @1 E9 Whl@h now appears _~f

- -agross Ii and aerﬁss the serles @@mblnatlon @f D, ‘and the eperatlenal

ampllfiere' The polarlﬁy of thls voltage 13 such that 31 will n@t @anm" i_.

'ducto< The capac1t@r Cl Wlllg howeverg discharge through D 1nte th@

2
o 6pefatlonal ampllflerd - The time constant w1th'whlch thls transfer of

"g charge takes pla@e must be qulte small in @@mparisan w1th the 1nterval o

between pulses in order to all@w eQﬁlllbrlum to he establlshed between
‘~ the capacit@r valtages (Cl and Gz}@‘ The @apaclt@r 02 is ordlnarlly qnlte

large in comparls@n with Gya” 20

The average current fl@mmng 1ntc the
@peratlonal ampllfler is ECIMO‘ A nede equatlan at the 1nput of the

,'aperatlanal amplifler is

B e
Ecl ’;_‘aﬂ—ﬁfi., - Pl (501}".
o at dﬁ@o' Sdl?ing-f@m¢El' e
B = "%iERclaﬂ Cee e ,_,f(;;,@;g)

".l Equatlen 502 1nd1@ates the dlrect dependenca of the eperational ampli=

flers @utput voltage on the mean @ount rateo' If the mean @ount rate

»r ‘1ncreases9 the output vdltage'decreases and lewers the threshold‘vdltm

age at the iuput»éf;the'S@hmiﬁt‘trigéerg ceusing. the count-rate te
‘dééréaségaand thué_réguiéting'ﬁhe neise generatore One can adjust the

V‘vthréshold'level,by_varying-the refefence”voltage at the operational-.

“Ivide, ppo W33



"ampllfler 1nput@

'502 Performance of the Control lecult

The performance @f the centrol clrcult is tabulated in Tahle I@

Table T

» El  ‘i’ . Eg : AN'of~Phot®tub@fr;
-0 A% .. o
45 4100 50

é22 T 413 a0

The count rate was varled‘by decr3351ng the voltage across the photea

"fmu1t1pllera The 1arge changes were for 111ustrat10n purposes and'wodld.-f

) never be . expected to @@cur'ln a@tual practlcee The,reference vdltage

f@r the ab@ve teot was 100 voliso
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 CHAPTER 6
RESULTS AND DISCUSSION

. The noise generator deseribed in this thesis has been built and
will be incorporated in a repetitive eomputer now being built in the

2,22 It will be used primarily in @onne@ti@n with -

computer laboratory.
randoﬁapro@eﬁs sﬁﬁdisso

Thé frequen@y'@apabilities of the generator eircuitry meetd the‘
design f@qniremeﬁts for this;pﬁfpose énd exceed the count rates obtain-
able from the source used. This pérmi%é one to use a soﬁrce of higher
frequency if one should become available; and provisions have been
made f@f using two sources in parallel. If they are identical and
independent, the mean count rate of tﬁé neise ouitput should d@ﬁbleezs

- A primary @@nsiderétian in randem-noise-generator design is
freedom froﬁ periedie eompo;éntsé”“The'pulse cifcuitry generating the
random telegraph signa1 inherently diseriminates against line=frequency
hum pickup, although.stray'éo cps fielas and @ﬁrrents can modulate the -
mean count rate both in the photemul tiplier and at the Schmitt inﬁuto

The resulting effects on second-order statistics, such as the power

21GGAQ Korn, "Repetitive Analog Computers at the UanbrSitV
ogsArlzenaD" Instruments and Control Systems, Septag 1960, ppe 1551=
1553 )

zaTo Brubaker and Ho Eckes, "Digital Clock Delay Generators
and Run Counter for a Repetitive Analeg Computer,® Western Jeint
Computer Conference Proceedings, May, 1961

' ZBWQBO Davenport and Wolo R@@tg Random Slgnals and Noise, ..

!
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spectrum appear te be 1arge1y removed when .the random telegraph signai
is filtered for Gaﬁssian outpute It ié believed that the main peried-
ic interference in the desifed}randem output is due to line~frequency
compenents eriginating in th@:outpuﬁ émplifiergzh’ This is due mainly
to ehopper ripple and sﬁikese, Thisrceﬁld be minimized by omission
of the @h@pper stabllizer, and by d=c operation of the output ampli-
fier filaments. |

Small line~frequency éomponents of this type are, unfertunately,
rampant through most existing analog computers and measure about 3 1o
5 millivelts RMS. They are @6mp1etely negligible in ordinary comﬁuw
tations over the usual % 100 volt range, but might add up in statis-
tieal'werka In the applieation of thslpresent noise géneratsr to
the new repetitive analog c@mppferg this has been taken inté agcounts;

25

precision crystaléascillat@r cleck control™ carefully prevents com=
puter repetition rates and sampling‘frequancies harmonically'related'
to the line frequency, so that 1ine%f:equency comp@nentsAare averaged
out in all presently projected random%valtage measﬁrémentsé

. Photographs of the random=telegraph-wave and noise outpub are

shown in Figo. 6.l.

2hGer Korny Unpublished Commumication

'To-Brubaker and Ho. Eckes, opo. ¢ito



Scale
/qm/o litude = 10volts/cm.

Time-2Zmilliseconds/cm.

/577. 6./ , Random- 7é/e<7ra/oh- Wave and Noise Cutout



APPENDIX 4 -
' POWER SPECTRUM AND AMPLITUDE DISTRIBUTION OF THE NOISE 0UTPUT26

Th@v photomul tiplier in é@njuﬁ@ti@n with the pulse amplifier is
basically a seintillatien detestors The radi@a@tive decay causes the
_ S@intillaticn detector to emit réhdém véltage 'pﬁlses so that the pr@b-a
‘ ability of having n pulses large en@ugh t@ trlgger the S@hmtt trigger

in © seconds is that of the P@lssen dlstribu‘tlonﬂ

o oah eofT ' o
T’(ﬁgt) = (d'c.)nﬂe _ . . V (A1)

 where ¢ is ‘the -'aver’augerate of eccurrence of “-'lihe pulses in a unit *&;ime'
interval or the ﬁeén count rateio" |

Fer each random pulse large émugla to trigger the S@hmittg a
'}tranSitiém oceecurs in thé biﬁamro EBach tranlsitién‘ in the binary pro- ‘
duses a random éger@ erossing of the. telegraph wave at the éutput of - |
the diede bmdge llmtero |

The power sp@@‘“@rum of the noise generator outpub @'an be com=
putegi fr@m the _aut@@orreléiien fun@ti@n @f‘ the resultam‘t square wave
with random zero crossings. If 2% is the p@aka @wpeak amplrbud@ @f
the square wave o the corrélation between signals ¢ sec@nds apard is |
£ E2 for an even number of pulses and = B2 for an odd numbero- Y,Far -

positive, the time autocorrelation funetien is defined by

21,@@3' 2;120‘ ;@é‘_@;és PPo 331&33}‘;

o
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T

plT) = limo%n- 2(0)E(6 A7) db (4.2}
T T-=00 ~- : ‘
0
In the use of the random telegraph signal, the autogorrelation function
is

B2 ) (-1)"P(n, T)

_ n=0

()

"

il

: E2 e==2°(|'t| . B : (A03)
A Fourier transfeormation of the autocorrelation function yields the
p@wér s peetral denéity

4-0@

Ww) = f 2 (‘::’)e"“"j AT | (&ok)
=
L R O (aeB)
A1 pe - ~
hot?
The average power is then
' +00 . . 4
@(0) = "‘21%?’[ W(ew)dew = B2 | (406
=00 ' .

If the neoise generator output is passed threugh a sharp eutboff, low~
pass filter, the resulting power spectrum will be essentially flab
‘ﬁp to near the cut@ff f’re'qu,es-,nc;y'9 and the eutpu‘i; signal mll be approx= -

1mately Ga:cms:.i.za.ne7 The frequenecy at which the pewer spe@trum of

273040 Mcr adden, "The Probablllty Dens:Lty of the Output of a

Filter when the Input is a Randam Telegra hic S:. nal,* IRE Nat
Ganven‘bian Record, 1959 grap: gnal , ational
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equafion (Ao5) is down 1 ié given by
w == 1.020 2= A | B (A;‘?‘)
The effect of a linear filter @1; the power épe@trum is given by
Wy(w?) %"'IT(jwfﬁ» ivgwiw) - (as8)
where Wz(w) is the filtef Qtitmt ée%rér,- spé@tmm in response f@ the

filter freqﬁ@n?@y response T(jw) and the input power spectrum Wl(w')o

Consider a simple R fil’oei'9 whose frequency-response functien is

Wjw) = ——L (W, = 2) . (4e9)
| - ¢ * R0
j.,.,".&.)._&.l ‘
We _

The output autocorrelation function is

W =4 o :
B2 o eIV

P2@) = —mm Fa——)
. ) " w‘ w
wza.@j(l%-g;?") (1 %ch}

dw  (4:10)

- . wav.'t v 2_=R0tT
5 | .2 8 © = ), ©
= pe | SHWe® “e ~ . (A.11)
(hor® = w 2 |
, o3
In particular, if w, << 2,
w,T; o (Ao12)

»  We = 7T
polw) m 8% o= 7
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and for w zo.'g‘

-
| | ) =W, T =2 wT
?2(T§* = 122 @3 - (Ao13}
Finally, for w@.» 2efy
o =D ' L
a(T) = BRTHE | (hek)

McFadden?® has shomn that for K = ar=RC = ki, the probability
density of the output of an RC lmépass Filter for a Poisson square~

wave inpult appreximates the Gaussiah pr@cess‘ qﬁiﬁe welle

281h14,
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