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.ABsmAcT

-A' precisÍon, low-Ieve1 integrar d,iscrininator, having a long te:m

stabilÍty of better tharL L,2 nirlivolts, and. a sensitivity of 2 nitli-
vortsr and. a sharlmess of triggening of 1 nirlivolt, has been d.evelopedo

Since this circuit w'iLl trigger on pulses having a magnitud.e of less thar¡

0"5 nrilIÍvolts, it Ís expected that a sensitiv:ity of 0.5 nillivolts laith

a stability of 0"1 uillivolts nay be achieved, by the use of more stable

resistors and. a Sorensen line regulator which is functionjrrg properly.

A tLifferential discrim:inator, enployÍng this jntegraL diserimi¡.a-

tor and. the Gatti system for dete:roining the wind.ow rrid.th, has been

d.eveloped..
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CËAPIER I

II{TRODUCgI0'I

ST¡I¡EIÍEIST otr' tEE PRoBLE¡I

A d.iscri-ui:rator, as the nane lnplies, is an eLectroric device

r,¡Ì¡-ich ðisti-nguishes between voltage pulses havjxg èifferent mâgn'itudes.

The pur¡rose of this sttrdy is to d.evelop a precision, low-level" discri¡ni*

nator. [tris refers to a very stable device having a range of operation

fron about five nll-lívoltso or lesso to about one voJ.t, and capable of

ùÍscrj.:¡i¡ating between puJ.se heights havilg a separation as suall as one

or two niLlívolts.

flre nost frequently usecl ùLseriminator for scintillation cor.nting

equiprnent, consists of a pair of pentod.es or trÍocles, hauing plate to

grid capacitive coupllng in the fomrarcL ðirection, and direct cathod.e

couplÍng for positive feedbacko NomaLly, one of the tubes is conducting

and the other is biasecl offr so that a pulse of a eertain rnirrinun

am$J.ftutl.e is necessary to causre the circuit to triggpr"

JIISTTFTCAEIO{ FOR ÐISCRIJVIINATOES

The justÍficatÍon for the existe'nce of integral and d.ifferentÍaL

ùiscri-ni:rators lies ma'iyrfy in the xise of proportional. d.etectors in

nuclear physics" Practically every nr¡clear apparatus has a component

whose fi:nction is to d.etect particles, lülrsic the signal eultted. by the

detector depends appreciabl.y upon the type of particlen the d.etector



3

nsy be used to id.entify the particle or to ttistingu:ish betrveen dÍfferent

particleso Detectors hrhi-ch yiercl. signal.s d,epenùing upon the energr of

the lncitlent particle, te:med. proportional counters, can be used. to

measure this energro Discrimi¡ators are used to Erea,$¡re the ouþut pr:lse

heÍghts from tlrese proportional d.etectors, and. thus d.eterni.:re the energles

of the Ínciclent particleso

PROBI,EI4S TI\IHMEI{T TN PBEffi\IT DISCRI}MIATTNG SYSTÐ{S

flre necessa:ry cheracterÍstics of a ttÍscriminator to be used. for

a particular taskr will d.epend. upon such va.riabLes as the maxi'nr¡m pulse

repeüition frequency which it wili. encounter, the enerry range to be

analyzecl. and. the eccuraey rrith which this energXr spectrum nust be analyzed."

Tlte thresholds of conventional puJ-se-anplltud.e discnlninators range from

about two vol-ts to about one hr¡¡dretl. volts" In sone applications thts

necessitates a voltage alqtr,lification exceedi',g 105¡ preced.ing the

discrininatorg however, for scinillation corxrting equipnent, a gain of

lO5 is ustra1ly more tl¡en enougþ" In ord.er to nafntain a threshold.

stabillty of Jø refe:red. to the d.etector, the voltage gain of f,þ6 gnplifíer

shorrLd be stable to uuch better than Jø" Sr¡ch stabilfties are falrly
readily atta'inable through th" */S"g" a¡nounts of negatÍve feedbacko

Since discri-ninators firßd theír widest use r,nith scintillation coun-

tÍng equipnent, consider this case in particular" the ouþut puJ.se

heisht fron tbe photonuJ.tiplier tube in a sci¡rtillatíon counter is generally

in the range from a few nÍIlivolts to about one volt.
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Conve¡rtional electronic circuùts for cliscritlinating purposes are not

strffieientJ.y sensitiveo accurate, or stabre to permit operation

tlirectly fron the ouþut of ttie photouuJ.tiplier tube. Tbe output

pulses are anplifiect by a li¡rear pulse anpl.ifier in orcter that they nay

be conveuiently Tranclled. by conventional discriminatorso since the

range of operatfon of tåe ctiscriuj¡rators extencis over only about 2O to

50 times the uiniur¡q th¡eshoLcl. value, this requires frequent changes 5-a

qnTpLifier gai¡ in order to cover the conplete enerry spectnrn" flhis ís

no longer a seråous probJ.em, honever, si¡ce maìny pressatr qmplÍfiers havE

i.Ínearities of al-most .$, These a'aplifiers are rarely conpletely stable

due to va^uiatfons i.u D.C. leveLs within the anplifier, caused by tenperar

tr¡¡e fluotuations and agping, Both longutem and. short-te:m va^niations

result.

lhe nost serioi:s probS.em encor¡rctered. by pulse a¡rpj.ifiers for
sci¡tilLation work is overLoadingo Since fairly hieb eêins are requirect

when ueasi¡ring the Lower end. of the energy spect:rum, tJre larger pulses

tentl to drive the control erids of the vacur¡n tr¡bes posltive uith respect

to their cathoclesn so that they draw grld. currento Ttris car:.ses the

coupling condensers to charge up, rnith the resr¡lt that üntf1 they discharge,

the apparent heights of the incouiag pulses r.¡ill be badly ùistorted.o

fhis results in a badJ.y ùistorted. enerry spectnrm, as &easured. by the

tliscri¡ainatoro .&lsoo these J-arger prrlsætend to drive the tubes to

saf,uÌation¡ causing ternporary paral.ysÍs r.¡hich jncreases the dead, tirne



of the circuito increasing the resoluing f,ime. lhere are a nr¡mber of

nethods for overcoraing this problen of overloading¡ however, the result

ís a buJ.þ, expenslve ¡'ntrr3.ifier,

If a sufficiently sensitfve and. stabls rtissx'iminstor could. be

d.esigned.' such that operation i^n tbe range from a few nillivolts to one

volt could. becone a reolity, it would be particularly suftec!. to operatÍon

lrith scintillation eowrti.:rg equipnent. fue could. then dispense r,rith the

conplex and. expensive pulse nmFlifíer. Such a discrininator wouLd. also

be usefirL for use nith nuch sn+l-ler pulses, since they would. reqrrire less

anFrificatfon than is c¡¡nently required. for use with conventional

ùiscriminators,

.AÐV1NCÐ4T\TTS IN DISCRIMINATOR DESIq{

From time to tine, workers in the fieLd. have attenpted to inprove

the stabiLfty and. shar¡ncess of triggering of the conventioral d.iscriui-

natorso ProbabJ-y the nost imFortant advancenent has been the use of a

diod.e load. on the cuboff tube, as suggested. by Mootiy a¡¡d deveLoped, by
/- \

Kandíall. tr/ TL¡Ís resulted irr a narked. inprovement Ín the slrar¡ness of

trigg€ringr ard resulted. in tt¡e use of thresholcls d.own to lOO nillivolts,
havÍng a stability of about JÍo. îhis circuit ¡¡as also capable of oper-

ation do¡sn to 2o nillivolts, r,clth a stability of rvþ, and. to even rower

Levels rrith larger stabÍIlty factorso

Kaneiah aLso mad,e use of a number of 1ess i¡,portant íwrovations,

i:r ord.er to obtain a circrÉt of uris stability and sensitfvity.
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PBESH{T PRO.ItrT

IN1RODUCMO{

Tlre present project can be d.iqid.ed. into tlro -ain sections,

Integral Operation srd. DifferentiaL Operation, fhe integral d.iscri¡rÍ.-

nator to be diseussed. basically involves the combination of tr,¡o previously

existing electronÍc devices, the Karrdiab tüode Load. and. the anputating

or rvind.o¡¡ amplifier. Tn realityo it is an extension of the Íuandiah

principle" The differential d.iscrj.:minator malces use of the i;ntegral

d.iscri¡ninator just developed.e artd the Gatti-Piva system for d.etermining

the ¡rind.ol¡ rrid.th"

ÏNTEGRAT, DTSC-RTMINÀTOR 
"

Conventignal Discriminator, lhe nost frequently used ùiscrjminator

for scintillation countiag equipnent, consists of a pair of pentod.es or

triodesr having plate to grid capacitÍve coupt-i:rg in the fo:n¡ard- òirection

and. ùirect eathod.e coupling for positive feed.back, Norrnally, one of the

tubes is condueting and. the other is biased. off, so that a pulse of a

certai¡o nÍ:rini¡n anplitude is required. to cause the circuit to triggern

Figure f. is a d.iagrarn of a conventional d.iscrinj-uator,

when measuring positive pulses, v, is biased. beyond. cut-offo and.

V, Passes a current detemined. by the voltage d.ivid.er in the grid. circuit
ar¡d. the cathode resistor R.n Above a certain ni:rj-mrm pulse level, if a
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FIG URE I - CONVE NTIONAL DISCRIMINATOR



Posltive pulse is applied. to Vrr the circuit HÉIl switcb over to V,

contlucting and. V2 cut-offo flhe cfrcuit trlggers at such a pulse leveL

that the uutual conductance¡ G1r of the first tnrbe exceeds a certain

cnitícaL vaLueo [he threshold. ¡riIl trary narkedly fron one tube to another

used. for Vrn since the gritt voltage of a tube for a eÉven conductancen

particularly Low conductance, bas a considerable spread. and is d.epend.ent

upon the gri.d-to-cathode contact potentiaL;'" 1¡a ìmFortant property ín

this circuit is the back-Ia.sh, thåt is, the difference between the fnput-

pulse level, on the rising etlge, at t¡hich the circuit triggers fo:*,rard.; ,

erd the LeveL at the traili.ng edge at rshich ít tniggprs bacl< to its
original state, [his second. leveI is ].ouer tlun the first by about

2 voltso Ín nost conventional ùi.scrininators" Heater voltages play a

sigrifícant roJ.e, since a Lú" change causes a variation of about lOO niLLÍ-

volts in tbe threshoLd iuhe¡r measuri:rg puJ.ses of about 10 voLts i:r emtrrlifirdeo

flre nlrrinrrn pulse ro'idth rr¡hich can operate the circuit d.epend.s upon the

stray capacitances in the circu-it"

Kanùialr Discni€HgtgÊ. Figure 2" is ¿ sirnplified. cj¡cuít &i.agran

of the l{anùiah Discri"uinatoru In lGndiahss circuit, both tnigger ü¡bes

are norulally conducting, V, r concluctíng sonewhat less tban Yr" fhe

circuit no:maJ.Iy renai¡s i¡r a stable conèition because of the low

irq¡édance of the ù!od.e, Vra whÍch is passi-ug a steady cunento If one

h¿d the ideaL case i:r wh.ich the resistance of the d.iod.e V, is practically

zero r,¡hen it is conducting, and ínfìrrite shen ít is not, and if R, ancl
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FIGURE ? . KANDIAH DISCRIMINATO R



ID

R- were quÍte J-arge resistances, the applicaùion of a positive pulse to)-
the grid of V, would. i.:rcrease the cur"rent thror:gh Vl by an a¡nount exactly

equal to tlre d.eerease in cument tÌffough Vr, and. also equal to the d.ecrease

Ín cunent thror:gh V,r prov:i¿ing that the connon eathod.e ùid. not move.

Und.er such a conditÍon, the pLate voltage of V, wor¡ld. rensin statÍonagy

r:ntil all the cr:ner¡t passÍng through the diotle had been transfe:retl to

VLu Past tJre i¡stant that the &iocle ¡ras cut-off, the plate volta€p of

V, wouId. begjn to moven Ii once the ðiode becomes cut-off, the q'Pli-

ficatlon of V, becomes great enough to pe:mit triggerj¡go triggering ï:i11

occur f-roneùiately follolri-ng the cut-off of the ùiodeo It is the sudden

irrcrsase Ín the plate load. of Vr, once the ùiode is cut offu tbat increases

¡¡s amplification of V, sufficiently to pernit trigepri¡g' Ol triggpnlngt

a-11 of the current j-n VZ is trar¡sferred to Vr" fhe erid. of V, rrill be

d.riven above zero potentiaL when the circuit triggers backr and will retu:n

to zero potential ¡+ith tire tj¡oe constant Cr\" A diode is sometimes

connected across R4 fu order to reduce this overshoot to a reasonab\f

sma'l 1 valuè.

In practise it is i.npossÍbLe to realíze a rr pezfect d.iod.err. As a

resuJ.to the plate voltage of v, does move sonewhat before the ùiod.e is

cut-off, Sj:rce trþs impe.d.ance of the diocle d.oes not change sharply with

changes i.n currer¡t, the træ'fer cbaracteristic for the circuitr prior to

triggering, that iso prior to cut-off of the diod.e, is not linearo As

a result, the triggeri"ng point is not as sbarply d.efjled. as it wor¡Id be
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tøith a [perfect ùiod.erf. T]¡-ís circult, howevero is a d.ecicied. inprovenent

over the conventional ùiscriuix^a.toro

lhe .Anputati:ae or ÏIind.ow .Amtql¡l,ifier. A rci.:ad.ol¡ arnpj.ifíer is an

eLectronic d.evice having a characteristic sinilar to tlut shown in Figure

3n ïnput pulses having less than a certein d.efinite pulse height

proèuce no output signal" .Àbove this criticaL vatue, there is a range

over r¡hich the d.evice acts liJre a linear srElifier. Above a second., but

not so critical vaI.ûe¡ the d.er¡:lce is driven to saf,,¡ration, so aLl ijrput

pulses above this value produce the sane output pulse, Jn a limited

senser tl]:is d.evice only a.mpH.fÍes over a relatively na:r?ow range of jlput

pulse heigh.tso

Such a d.evice is shornr i:r Figure 4r a4d it is èiscussed Ín a paper

by Francis and. 3e11, titIed., rrPrecision Sing1e-Chaffrel Analyzeril. V, is
a cathod.e folLower l¡hose puq)ose is to adjust the DoC. Ievel of the g:rÍd.

of v2r as well- as to pass the input signals along to vr. Norually¡ v1r

V, arrd Vn are conducti¡g substantia-lly' ard VZ is conducting soner,rhat lesso

'lfhen a positive pulse enters vl, the grid of v, riseso and. tr¡e fube beg:ins

to draw more current. This causes the plate voJ.tages of Y, and. Vn to faLl

somerøhatu ¡rhich causes part of the diod.e cunrent to be trar¡sfemed to V2r

thus elnost conpletery conpensating for the increase in gp.fd- voltag,e on

YZu The voltage of the plate d.oes not drop s:ubstantially r¡nti1 the efrid

voltage of v, has risen h:igh enough to car.¡se the ùiod.e to be cut-off"

Before the ùlode is cut-off, the snaLr drop i:r. pJ-ate voltage of v, is fed.
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to the effid of V, r wlr-ich causes V, to conðuct lesso Ihis tend.s to cause

the cathode voltage of VO to rise, causj¡rg the ùiode to be sut-off nore

rapíälyo [he actua-L ùirection of the mofion of the cathod.e voltage of

V, is verTr sensitive to the ga5-n of V=o The hígher the gaìn of V,', the+))
more rapid.ly laiJ-L the ùiod.e be cut-offo Once the diod.e is cut-off, the

d.evice acts like a conventíonaI n,rrt,Iífier xteht up to the poínt of satu-

ration, i'¡hen the characteristic agai^r. Ievels outo The result is

a¡iFlification only over a defitite rangeô

Present DÍscrjmi:rator Cireuit &g!g!1. fhe present circui.t consists

of a wi¡rd.ow arqplifier i^n nhich V2 and Y, have a co¡trmon cathod.e load.o for

pu.rposes of positive feedback to cause triggeringo or alte:roatively, ít is

a lGnd.iab ùiscrimi¡rator in $iaicb the cathode of the ùiode is connected.

between the split plate load.s of the second trigger tube, i¡stead. of being

taken to a fixed. potential. Figure 5 is the circuit ùiagran of the lntegral

ùiscrininator just developed.o

In IGndiahts arrangernent, the diod.e cathode potential ís fi:red. and

the ùiode cusent is srcitched. over to the cut-off or slightJ.y-conducti-ng

tube just prior to triggenlngo ïn this a:rrangenent, only one end. of the

èiode moves, and as a resulto the plate voltage of the cut-off t¡¡be d.oes

drop, sonewhat, prior to trÍggering. In the present arrangeüent, the

srcitching of the ùiod.e current over to the cut-off ttrbe is fastere si.nce

both end.s of the d.íod.e move and d.o so in opposite ùirectionso ltre curreat

through the plate load of the cut-off tube renains essentÍaLIy constantn but

that through the plate load of the conducting tube d.ecreasesn car.lsing the
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cathod.e of the diod.e to rise" Since this transfer of cunent is nore

rapid. in tbe present a^crangeaent, the compensation is more nearLy eonpli+-

ête, resulting i¡. a snaller ùrop Ín the plate voltage of the cut-off tube

prior to triggerùg. [h.ís results j¡a a uore nearly horizonta]. transfer

characteristic prior to triggpningu than in the lGnùleh case, so resu-Its

i:r a sharper break in the transfer characteristic cunre" Figr.rre 6 shows

the transfer characteristics of the Gonventfonal,Kanùiah and. Present

þigs¡jminator8. If the slope of th-is transfer characteristic is snall

enougþ prior to the break i¡. the cìjrr:\re, tbat isrthe cut-off of the diodeo

and. if íme&iately foJ-louing the break the slope is such as to cauc e

triggeri::go the circuit rcill trigger rÍght at the brealc Ín the curveô

fliris d.efi-nes the trígger point more sharply than in the Kanùiah arrange-

nentrwhererinstead. of a shar¡r break in the curr\re, one gets a snooth curîve

r,¡hich increases i:r slope fairly rapidJ-y"

lhe circuit in the previous section is an Íntegral discrirni.nator,

that ís, it nerely deter¡rines r¡hetb.er or not the pulse height is larger

than the thresholtl value of the d.íscriminator, whlch is pre-set" A

d.ifferential ùlscrininator d.etenrj:res whether or not the pulse heigbt is

lfüthi.:tr a certain pre-d.ete:mined range, termed. the l¡ind.ow, imneùiately above

a pre-deterqined. level,

lhe dlfferentiaL ùiscrininator Just d.eveloped. makes use of the iategra3-

ùÈscri"ninator previously d.evelopecl to d.etertine the threshold., and the Gatti-
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Piva \t/ syste¡l for d.ete:minÍng the r,¡:ind.on l,Éd.th. Figure J shows a

sinplified. block diagran of the circruit a¡rd its associated. Irave forr¡s.

For the noment, igaore all tine delays associated uith the circuitry,

other then the d,eJ.ay specífÍcally shor¿:an fhe circuit requires long flat-

topped. pulses for its operation. These stép pulses enter the pulse shaper,

energp as rectangular pulsesn and pass on to the two lntegral tliscriraina-

tors. Discriminartov #2 is biased to trigger on the sallest pulse to be

er¡countered." Its output is a rectangui-ar pulse, and when properly

attenuated. deteruÍ¡es the w-ind.ow !¡i.dth of the ùifferenti¿f fligq¡ìminator.

ÐÍscriminator lf? has two fr:nctions: to deteruÍne the wj¡rd.o¡t'; wid.th of

the òifferentÍaL èiscrj-ninator, and to help in registering a coi¡rcid.ence

output at the proper tj.me. [he pulse fron the shaper is d.elayed. before

goirrg to ðiscrini¡ator flZ, Th.e rri¡rd.ow pulse fron ùiscrinrinetor #e i"s fed

to the pulse adder, wbich adds this pulse to the pulse coming d:irectly fron

the shaper, at a tirne t, - tO after the J.eaùing ed.ge of the majn pulse"

lhe ouþut fron the add.er activates ùiscrjminator #1,

Iêt E be the threshold of d.iscrjrdrßator #1, AE, the r'¡'indow rnidths

and. E"r the signal pulse height just after the pulse shapern f'here a¡e

three possibilities" If Es ) E, discrininator #f w'iff trigger at tO .

If E > Es > E-^En discrinì:oator /lL w:Ì.LL trigger at tr" If Es ( ÞÆn

d.iscrini¡rator #!u ¡ri1I not trigger. Oaly those puJ.ses in the range

E > E_ > E-AE are to be counted" Therefore u it is arrangecl. that a cojn-s-
cid.ence ouþut oaïi only be registered for puLses r,¡hich trigger the cireuit

at tr, The ouþut of ùiscri-einator #2t occuring at t1r gates the
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coi¡rcidence circuit at tr" .A coincid-ence ean then only be registered if

ùiscrininator #t triggers at trn

I'Iost convsrtíonal circuits ¡+hicb. require shaped. rectangular pi:lsest

acconplísh this shaping by charg:ing a cond.æ.ser hauing associated. circuitry

rvhicb has a long time constant for ùischarge, and then shorting out this

condenser wlth a vaculrm tube at the appropriate tÍme, Tiris gives a

reasonably horizontal flat-topped pu1se, proviùing that a long enough tine

constant fs used. Eor,rever, there are a numler of associated. problens

r,rhen usÌ.:rg thls circui-t, zuch as a pedestal on the output rectangrlar pulse,

lhis can be overcone, but at the eapense of naki:rg the ci¡cuit rather

sensitive to fluctuations jJI D.C" leveLs"

Figure I is a cj-rcuit ùiagram of the d.ifferentiaL ùiscrininator

just d.eveIoped., ll:-is ðiscrímip¿f,e¡ acconplishes the shaping of puJ.ses

by the use of a shorted. d.elay li.neo The 5-nput pulses are transfonned. i¡tto

step waves by neans of condenser discherge qith a long tine constant, These

step waves drÍve a cathod.e follower, which jn trrEr d.rÍves t,l.e open end. of a

shorted. delay li¡e constructed fron H82000 cabIe.

flhe Gatti system for d.ifferential discri¡rination lend.s itself well

to m:lti-charrrel- operationo si:ece the classificatÍon of the pulses in the

ttifferent channeLs is accomplished by a si:tgle d.Íscrininator for each channeJ-u

instead. of tt+o ha¡/ing threshol.ds correspondi-ng to the bound.aries of tbe

charnelr as d.one in convenfionaL fast pulse analyzers" The use of a single

ùiscríminator for each clunnel is nade possible tlrrough the shaping of the

i:rcorring purses so that they are mad.e to ctry an element contajn:i.:eg the
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inforration relatíve to the cha¡¡reI wid.tho while prese::ving the original

i¡rforuation relatÍve to the height of the pulse itselJ" Then the thresh-

olcls of the *iscrjminators need. only to defjle the posítions of the

gherrns]so no rnore their trid.th.

Ilsing the GattL system, flucfoations on the threshold. value do not

influence the wind.or,¡ ldd.th, but only the position of the charu:eI. For

nulti-cha¡rnel operation, the r.rid.th is a coustant for all cha¡utelsr because

it is d.efined by a si-ugLe physical systenu the pulse-shaper circrrit"



CEAHM. III

IEEORETICAT DISSUSSI@V CF' MN CTRCU-ITNT.

:. i-:. .t r'

:: :r:.:ir"::iil 
$re pr.rpose of tbts c,hapter is to ùiscussn from a theoretica-L point

of vien, some of the factors affectitrg the stabil-ityo sensitiviff, ed

shårtrness of tniggering of the tmo discrÍni¡oatozs just cl.evelopedo ILis

d.iscussÍon l,riLl be liurited. to the Íntegral ùiscninin¿tor, since the' t: 
.: .

,,,:::,' ,, factorst affectÍ-ug it !¡:i11 also affect the differentiaL dliscrini:rator.

CO}IDITIOXTS FOR f,RTGGERTNG

It is assr¡med. that the vauious parameters of the d.iscrininator

circuit have been acl.justed. so that trÍggening occurs íuneùiateJ-y after the

d:iod.er which is connected. betruee,¡r the plate circr¡-its of the two tuigger

tubes, eeases to conduct

Tn the pr.esent circuit, the ùiod.e, ¡rhiLe conducting, reduces the

effective plate load. of the first trigger tube to a reLatively sma'ìI valueo

As a result, untiL the ùiocLe ceasres to conductu the qrnFlificatj.oa at the

plate of the first trigger tube is insr¡fficient to perult triggering.

O¡rce the rl.iocle ceases to conduct, the circuit triggers provltlÍ-ug tbat the

necesssx¡r nutual conductance, gme for the first trigger tubeo as calcuLar

tetl for a conveaf,ional d.iscrj^Einator, is present"

lhe purpose of this section is to cal-culate tåe gn required. for

triseprfuig for a eonventional discri¡rj¡ator, Figur€ 9 (a) is an equival.ent

circuit for tbe cathocLe-coupIed. pairo Subscripts, 1, refer to the cut-off

tubeu and.2, to the conducti¡g tube"
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FIGURE 9( O) - EQUIVALENT
TRIGGER

CIRCUIT FOR

C IRCUIT

FIGURE 9( b) - EQUIVALENT
CATHODE

CIRCUIT FOR

FOLI-OWE R

FIGURE

FIGURE 9( d) - TOUIVALENT CIRCUIT FOR

CATI"IODE FOLLOWER

e(c) - EQulvAl-ENT
TRIGGER

CIRCUIT FOR

CIRCUIT
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In the d.iagran:

The circuit equatíons å.Tê3-

I,
2;

where:

Rearrang:i.ng:

1..

âe

þiyiriing, !¡e obtain:

V ís the signal voltag€,

T is the load resistance
e

r is the plate resistancep

p Ís the amFlification factor

T is the conmon-cathocLe resistance,
m

h Eer = rr(r, * rr) + rr( "., * "nr)
tÞ Eee = -"r( rr - 12) + rz(r"z* 

"n,

g8I=V-"*(fr-fr)

982=tr"*,+r*(rr-rr)

Ir(""r* 
"nr*(ur*t)a) = ho + r, r*(q+r)

rl(lg%tnr. (ur+ r): ) = rr(rurn tr**I r5+r) )

X= ht +Irrr(¡1+j.)
ÍzY

where :

Itrerefore: rr(rr-r*(q+r) )=hv

For instabilif, r're reguire that I, becone very large for v = constsnts

say zeroo Thereforee the conðition for instability is:

E-r*(q+1)=o



2.6

Consider that:

r = tr04 ohms
m h=tþ =50

= 3W p nhos

*nr= ú\
"n, = q/\ = 5o/s^

-1

Then: X= 5.14xL05+r I= 5.279 x obns

1
= 12.&. x l-O- ohns

E
10-

t", = 4xro3 oims

1r- = 5.L xlO- ohms
-2

7,1 x 10

Soluing for ry r %. 
= 29L.5 lmhos.

fhis is tþs m'inÍmum value of g- for r,rhich the cireuit llilt trigger onee-tr.
the di-òd.e ceaseg to conduct.

STASILITT REQIIIREÐ r'OR rEE B+ Suppfrr yOtrAGE

3+ supplies can be nad,e as stabLe as requireil by the use of suffi-

cient negative feedback, and stable enougþ reference voltages,and. coryonents.

Howeveru high stability is obtained. at the expense of greater conplexfty

of circultry and. higher costo It is, therefore, necessa4r to tr¡rol¡ rshat

m{nis¡¡¡ stability can be torerated. in the B+ supply output voJ.tage"

Cathod.e fo1Lower Circuito Figr:re g (t) is a¡r equivalent circuit

for the cathod.e foLlowero

Hereu v" ís the fluctr¡ation i¡ the B+ voltage, I is tlre A.Cu compo-

nent of the prate cunent, F ís the fraction of v that appears at the
s

control grid.e alrd vo is the output vortagp. The circuit equation is:-
p(tv*-Tç)+v" = 1(rn ru + r")
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r = t"(P.k*l)
ãfrffi"n."

Therefore: Avo = I,T.- rOv"(Ul,+f)

rk(p+l) * tp* ""

= the cha:rry fu ro

Consid.er that;-

r. = tO4 on¡ns
K

r = 10¿ ohrnsã

r- = L2o5 x to8 onns

Þ=50
k = Q"326

lhen: Ato = 0o351vs

= 1"0J-5 kv"

The change in the cathod.e voltage, avoris not inportant in itselfo but

rather in the effect that it has on the threshold. of the triggpr circuÍt.

Catflo¿e-CgfÀpied [ríeser Pairn A change i¡ the B+ voltagea v"r câus€s

a fraction of this change to be applied to the. control grids of the two
/*a

trigger f,ubesu v" i.s also applied. directly'tËe pi-ate ci,rcuits of tbe

two trigger tubes, causÍng a second-order effecto Since this circuit nay

be considered as a pair of cathode-coupled. cathod.e followers, the first
orðer effects due to v" will ca¡rcel, [¡]re resultant c]range in the triggpnÍng

point due to v" rri-Ll be a second.-or tlrird-order effect" Àg far as v" is

concetned., both trisger tubes rnay be consid.ered. to be triod.e-con¡rectedo

Iet k1 be the fraction of v" appearing at the controL grid of the

first trigger tube, vr. Let ltlo be the fractíon of v" appeariag at the

plate of vru tut þ be the fraction of v" appearÍng at the control grid.

of the second trigger tube, vro bt \'be the fraction of v" appearing at
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the screen oî vr"

Figure g (") is an equj-valent circu-it for the cathode coupled'

l:pair; r^ is the output inpedence of v, and. r^ is the output inpedance
-lLo2

of v2t looking in at their cathodesu

The effective grid voS.tages are:

v =k-v +8r 
"ff, 

J' s
1

val
JS

h
9 V^ =kv +- 8z"rf ¿s

1k^- v¿s
-þ

If Á, and A. be the anrplifieations of the two cathod.e follot¡ers, the tno
l/

generators driving into their output imped.ances are,

v., = { "v-J t 8r"ff. e

The circrrit ec-uations are:

I, v, = rr(ro.n%) * T2",
--1

2. v, = I'-t + I^(r + 
"*).Lü '-02

Solving:

T +ro1 m

II=tL-f2** and

fhe change in the cathode potential is;

Ar,o = rr(fr+fr) = rrtt*"o- (rr"o-*%("r1))
-1 -'1

r-T + r--G- +r )oI o2 *- ol_ o2

V^=A^oV¿ ¿ 82 eff,

IZ= o2=o_* r*(v, - rf)
- -'l

ffi)o1 o2 t'o1 02-

r +ro1 m

a=-l¿-
p+1 s f =f +f'ope

p+1

For a cathod.e folIov¡er:



?,9

Prorriding th¿t the slope of the dyn¿rute transfer characteristic

for the cut-off ttrbe d.oes not change due to a change in the 3+o and this

seens¡ reasonable i"n a first ord.er approxination at least, the change in

the triggerJng poi:rtr ¿il.Pnr lr:iLl be given ty (Avr - vr- 
^^ )'Ér eff"

Ttrerefore¡

] ø ' *o.,( rz to., + r, (v, - "r))
"*o'+ -@

ar.P,= 
* "o' -o'

r +ro1 m

-v8L 
"ffo

Cornpari¡g the two te:ms in the nunerator of the first tern in the expression

for aT.P., it is fow¡d. that the second. tern is smaLLer tha¡r the first by

nore thar for¡r ord'ers of ¡mggítuclen

Tberefore: ÁT"P=f"rt -1ì v
( tr * "o., ) 8t 

"rr.( ')
To rni-uinize AT.P' it is required that \ -Þ L ar¡d 

"or. - o" Ïn practicen

these Lidts cannot be obtained. but they can be approached by using vacuu¡ll

tubes haviag relati-vely large p a¡ld fu *d reJ.atively snall rno

r = lC o¡ns
m

r =4xL05oh¡ns
"1

If it is assuned. that the circuit f,riggers at the value for q_ I-'i.

as calculated. for the conventlonal discriuin¿for, and that p = 50p then:

q. = O,75t

\.t = o.9BB

\ = 0"9€0 *U "o,
fhen: AT.P"+ -0.094 v*

7
= 3.43 x 10- ohns.

Eor+evern j.n actr¡¿I practice near the triggering point, the vaLue of
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€:rr Ís approxÍ-nately 750 p nhos. If pr = 50, then A = 0o9B

L139 x to' otr¡ns,

Ttren¡ AB"P. = -0o049 vs

In order to naintain AA.P. = I nÍlÌívolt,

milLívolts.

STÁ3TT,ITT REQUIRED IN CIjRTAIN RESTSTORS.

andr =o1

requires tha,t v-S

Va^rlations in the trie€pring point can arise fron variatíons i.a

the conponent values of certain resistors. lhe cathod.e resistors,

the pla.te resistors æross the ùiod"eo and. the bia,s choltt resistors are

most sensitive when variatÍons i¡. the tniggerÍng poÍnt are to be consicl-

ered., VariatÍoris j:o the va-lues of resistances includ.e both noise ar¡d.

tenperature coefficient effects, Certnìn resistances wiLl require to

be of the low-noÍse variety and also be mad.e fron materials håving a ver¡r

smaìl tenperature coeffícient of resistance,

Cathode. follower ci¡cuito Figure g(¿) is an equivelent circuit for

the cathode folLo¡¡er, i is tbe totaL instantaneous eutrent, v bias is the

DoCo voltagp on the control grÍtlo and vb is the output cathod.e voLtagpn

The cÍrcuit equation is:- p(v bias - i "n) = å (rn+r" + rn

lhen: AÍ=ù

i$ow: vo=irO

r
þ

rp
(
(
(

Cathod.e toad.. If r* changes to a value r. * Ar*e thre current

changes to a value i + Ai, and. the cÍrcuit equation becomes;

p(v bias - (i r¿i)(ro+aru)) = (¿ +ni)(r¡ r" +Åro+ro)

+re+ru(u+r)
+:lk*+r: Cu+r)

\
- r.)

)

flherefore, the changÞ fu oo, Aoo = Í ÂrO + rOAi
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Therefore: Av" = A"k + ro + r" + ro(p +L) - I
ç % æ(r,+1)

/l
Now: rk = 10- ohns

r = 10¿ oh¡ns
e

r^ = Ln25 x 104 ohrns
E

P=50

Consid.er that vo = & voLts ar¡d. that we require Av, 5 l- nilLivott"

ûris reqrdres that: A"k 5 5"L8. ohn or ( 0,0518". %

Plqfq load.o ïf r" changes to a vaLue rr*Ar"e the cr:rrent ehanges

to a value Í + Âi, and the circuit eqrration becomes:

¡r( v bÍas - "o(i + ai)) = (i +ai)(re+ 
"u* 

e" + =o)

f'hen¡ Àí = if rn(prf) + rD + reirc
Av =rÂiok

Therefore¡ AvO=
;"-

o 'J[FÐîT
Consid.er that: v = BO volts and

o

that Ar" : 6,4 ohns or 6"4y'oo

Cathod.e-4oupLed. Tries€r Palr" FÍgure 9(c) is en equivalent circuit

for the trigger circuitn fhe circuit equatÍons are:

v, = ir(ror+ rn) + Írr*

vz= iz ("o^ * rr) + iI "*¿
Eere, i* and L, are the total instantaneous cu:rrentso and. v, and o, o"
the D,C" potentials of the control grid.s,

t:.=\vbias., VZ= AZ v bias ,

-'l

ro(u+.[) + rÞ + re _IDC
+r +Åree

that Av^ < 1 nillivolt, This requireso-

=t\.%b = a2 kz Ebb



The voltage of the cathod.êu vr, is gÍven by: v, = r*(ir+Ír)

The expression for v* u:i11- be the sane as that obtained for Av_ in thenn
section d.ealizrg uith changes il the triggering poínt du-e to fluctua-

.L,
tl_ons l-n tne ö a

Therefore: v- = rorvl- o 
"o-(o2"o-* 

r*(v, - "r))In !r!¿ 11 .uI

32-

The second. term in the nujnerator is smaller than the first by more than

four orders of magnitud.eu

Thereforer r, = =il'
il+ror- m

fhe change Ín the value of the conaon cathod.e voltageu Avrr due to changes

in the values of the resistors, is given by;

ffi)
ol_ o2 *' o1 02'

Y|ol +r
m

Now: rr = \\.8¡r

and: r =or-

Therefore;

ï¡ +?rê11 '1-ttr
.I

atr = E¡¡\St

l'trhere: \

+ ar*)

Ar=
o1

Arô-1

ltîl

=h--
h*1
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Consid.er that: rn = 104 ohms, Ebb = 2J6 volts

h=50e1

{. = o'98

vI = 76"55 volts
z

= I.386 x 10/ ohns

Then; Åo, = B,rB x ro4 ar* 
oL

Since AT'P, - AI_u jn order to keep AT.po
m-

Àr-

Plate load. of Cut-of€. Tube. If only r"- varies, then:
J-

4",., = 1.960 x lo-2 ¿r^
'l tl-

Aol- - 0

Then; Av = -1.15? x 104 Ar^m 
"r-

Inord.ertokeepAr"P'<1m:i11ivo1t,requ:iresthatAr^<
er-

va¿Lo7oo

upper Portion of Plate load. oå conducti¡e tubeo The erpression

used j¡ tb.e inmed.iatery preceed.ing section for Av, wÍII not hand.le the

sif,uation where the plate load of the conducti:ng tube varies, since r
/in ' e2

does not appear'tläs expressionu

r =4x103ohrs

r = 6,6'l x 104 ohns kl= 0.531p1

Conmon-Cathod.e load.u If only r varies then;

Ar =0o1

a5 =0
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Eowever, both the eo.uivalent circuit and. the circuit equations are s¡ronet-

rical j¡. the subscripts 1 arrd. 2, Therefore, one can jnterchange the suÞ

scripts in the erpressionsfor Avrr Aro and Âv l¡-ithout loss of theír

nathematical validity,

lherefore: Av-- = (r^ +r*)(r*Àvo+ vrAr*) - r;r(aro2+ Ar*)m "z ^l-t t, :
(ro^+ rr)2

/
Â%= %r% ke

Aâ-Âv
ÞI-4¡ o^ gô¿¿

u^+l'¿

^Consider that: r = 10T ohms
m

EOr= 2J6 elu¡g

k2 = Q'1+'l

Avr=0

ro = 4x 102 ohns
"2

r^ = I.25 rç 164 e¡nls Þ = 5O
P2

If only r^ varies then:
"z

Är^ = 1,960 x tO-2 ¿r- y- = 252"9 olws
'z tz oz

À2 = 0'98

v, = 80"25 volts

Then: Âo* = -7,496 x lo4 Ar"^
'ä

The change j¡ the voltage across rê is 8.4 x tO-5 Aro u This voltage v¡i1l-2 "2
appeaÍ across the diod.e, ancl since the gain of the first trigger tube i.s very

nearly r:nÍty, asoP = (g.4 - 0.15) x ro-5 År^ " To keep .ar,po ( 1 nrillivolt
"2

requires Ar^ < 0"145 ohns or 0.016/o,
¿
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Bias @þ" variations i-n the vaLues of resistors in the bias

chej:r nay be accounted. for by naking use of the expression for v, derived.

in the section d.ealing witb variations Ín the values of resistors in the

trigepr circuit.

v = fv- = I-V^-I!1 m I -t ¿' to a very goocl approxination,r +r r +ror. In oz m

where: v, = \\Ebb antl v, = %kZ Ebb

Sj¡ce 
"o, 

*U ,o, o" intiepentlent of \ and þr onlr v, and v, va:ry in the

expression above.

= r A^EbbÂk^m¿ ¿;--T;-o^m
¿

Av Âk^-m¿An(I =Yk^m¿

r +ro1 m

Therefore: Av, = rr\Ebb Alt

Ah 5 7"78xtc-6

ry S 3.97 xLoq

art

^l-

Therefore: Av
m

î-=
m

Consider th¿t: o, = 87o5 volts

h' = 0"37L

\ = 0"717

Suppose that h *d b trere to l¡aJryr jnd'epend'ent1y. In order

that Ag.P, < L uillivolt wotúd. require that:

or 1o14 x toú y'"

or 1,L4 x toðy'"

It is more Ljkely that h. *d þ would change togetTrer, anô in the same

direction" In such a situation there would be a large measure of cop.

pensation'
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IiEAKAGE RESTSTA¡\TCE OT' CMTATN CONDMTffi,S.

Csnd,ensers have fìnite leakage resístances which fluctr:¿te in

nagn:ifude befureen lridely separated. linitso Fluctuations in the leakage

cunent cause fluctuations in cerbain of the operating potentials r+ithin

the circuit" Ttre miniüum leakage resistance that can bê toJ-eratetl, in

order that the fluctuatíons Í.n the tniggering point u:ill be ( L mÍIlivo1t,

lrill be calcr¡Iated. for each of the cond.ensers showir, in tr"igure !"

Cross-Coupline Cond.ensero ttre leakage current nust pass throu€h

about 145rO0O ohns o¡¡ its way to ground.o If the erid. voltage of the

conducting trigger tu.be is to be stable to ( I nillivolt, the leakage

cr¡nent nust be ( ? x 1O-9 a,nperes. SÍnce the Ð.C" potential drop

across t,l-e cond.enser is about 151 voltsu the leakage resistance nust be

greater thån 2.16 x 1010 obrns,

Input Cond.enser" ître leakage cumeat nust pass througb about

14Oe000 ohnso If the grid. voltage of the cathod.e folloiser is to be stable

to ( l niILívol-t¡ the leakage cr¡ment nrist be <î"14 x ro-9 arqperesô rf
the DoC" Ieve1 of the iiput pulses ís at growrd potentialu the Ð,C" potential

drop across tbe co¡rd.easer is about 77 vorts; lberefore, the Leakage

resistance must be greater than 1"08 x lO10 obns"

ûrtput Çond.enser" Since p is approxiuately 50 for a trlode-

connected. I{81@e a change of 50 nillivolts at the screea of the eonductiag

trigger tr¡be is equivaleat to a change of L mi3-livolt at its control gr5.ct.

If the screen is to be stable to < 50 nillivolts, the leakage cu:rent thror4b
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the 4OO obm resistor m.æt be {.,2 x t04 arnperêso If tbe output is

taken to grountl potential, the D.C. potential drop across the cond.enser

is approrj.nately 204 voltso Thereforeo the leakagB resistance nust be

be greater than ln? x L06 ohnso

Noise_ Filter Condensers" [he two 0"01 nicro-farad conèensers,

¡rhÍch are connectetl befu¡een the t¡tro bias controL center taps and. ground,

iu conbinatÍon with the two 10Or0æ oh¡o e31id resistors, for"m noíse

filters. [he leakage resistances of these condensers are Ín paralle1

w'ith the lower portioa of the bias ehai-no lltis reduces the effective

resistance of the bias chainu so reduces the bias voltâgês. If the

bias volta€ies are to be stable to < L nillivolt i¡¡ about BO voltsr that

iso stable to a factor shich is ( 1,25 x 1d5o the leakagp resistances

nnst be greater thÐn 47rw/L"25 x 1f5 = 7.44 x Lo9 ohns.
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E]CPF,R[ME[.TTAÍ, }MA$IRB.ÍH{TS 
"

fbe grrpose of this chapter is to ùlscuss the er¡rer5mental

techr{iqìres i:rvolved in tl.eveloping and testing the circuitry and to record

the results of the measucenents conèucted. upon the ci.rcuÉtryu A n¡mber

of nethod.s were used in the neasu:ring of the paraneter" u¡36s¡ing the

trso ùiscrini¡rators, but in every case, the neasurem@ts were repeated.

severaL tines Ín order to be certain that they were reproduceabl-e.

Orly reproduceable resuLts ¡rilI be incorporated. j¡to this tÌresis"

fR.aI{s'ER CgAAACgqRTSîrlå iE' rEE TRIGGER CrRCUrr,

fhe stabilitJr, sensitivity and shar¡r:ress of triggeni-ng of a

tnigger circuit are rnainly d.ependent upon the shape of the dy:ranic fonrartl

transfer characteristic of the cut-off t¿be iu the trigger circuito Ihe

transfer charactenistlc ís a p3.ot of the plate voltgge versus the control

grid voltage" Tlre slope of this culrre at arr¡r poiato is the anplification

of the stage at thÍs poí.ot.

Ilre cÍrcrrit requires a mirri.rur¡n loop q'TrFlificetíon which is sligbtly

greater than urxity, to eerable it to trigger. fhis j-n turn requires a

certaÍn ni¡i¡m¡n anplification fro¡o the grid to the plate of the crrt-off trig-

ger tube, j¡ order to enabLe the cirqrit to trigger" This uiniuun anplÍ-

ficatÍon will occr¡r at sone point on the transfer characteristic cu:rye.

Eoweveru tube and. component para.neters var1r s1:iglrtly with tineo resultirrg

in a na:ron range of anpLifications at which the circuít triggers" If the

rate of changs of the slope of the transfer characteristic is smaLl at tÏ¡-is
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pojJxtr the point at which t:riggering ¡rilL occr¡r wi13. varry between relatíveI¡r

widely separated. fi¡nif,s. If, on tbe other hånd., the necessarXr anplifica-

tion shouLd. be realized. in a region where the slope is chang:ing rapidlyo

tniggprirag wiLl- occi¡r bet¡reen reJ.atively close lfmitsn lhe circuit tlevelopecl

incorporates a ùiode l¡hicb causres a fairly sha¡" bend. to appes:e i¡ the

tra::¡sfer charactenistic" PrecediaE; the bend.o the slope ís too snall to

pe:mit tnisgpring. friggêring then occurs oa the bend.

Static Transfer Charg$¡ristics. Figu¡e 6 ís a noùifietl fo:n of the

static tra¡rsfer characterlsfics for tJrree êifferent arrangements. fbese

curres were obtai¡red by applying a honrn ÐnC. potentiaj. to the control gfid

of the crrt-off trigger tube, and. neasuring the resultant Ð"C. cluerent

passing througb the pJ.ate load. resistor by ¡neans of a Sinpson D.C, MiLli-

nmrneter. fhe plate - to - grid. cross-couplå.ng cond.enser r,¡as d.isconnecteal.

for tbese measr,¡rements. Sj¡.ce these cha::aeteristics are only tnre for

static conùitions, they d.o not fo:m an accu-rate basis for conparison of the

tbree a"rangeroents tested., but nerely grve an i¡rdicaüÍon of what one na¡r

expect"

lbe cr¡:rre Labelled. ilno ùiodert llas obta'ined by renoving the ùiode

fro¡o the inteera:. ùiscniminator shown in Figure l. This cr¡rve is the

charactônistic for a conventionaL d.iscrj^ni¡ator hari:Íng the same conponent

vafues as the discrininator just deveLopecl" lhe curve labelLed. nB-E diodert

was obtained. using tJre d.iserimi¡ator as shor'¡r in Figr-lre 5" flhe cr¡rve

i.abelIed IK üioderr was obtained by connecting the cathode of the diode to

what was a very nearly constant potætia-l, sonewlat sna-ller tJran the 3+,
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fhe cathod.e was con¡rected. to a 3+ voltage ùivider conposed. of a 2r20O ohn

resistor and. a l00rm ob¡n resístor, the 2r2æ ohm resistor beìrg connected

to the B+" The resul-tant potential of the cathode of tlre diode was then

the sane as in the R-H cl-iod.e caseo flris is very nearly the case of a

iGndiab discri-Einator havÍng the same conponents as the d.iscri¡uin¿tor just

tterrelopecl. Here the cathocie of the iLiode moves up slightly as the ðiod.e

cunent decreases, lrhereas in the iGnùiab di.scrj^uinator the &iod.e cathocle

renai¡s at a fixed potential. As a resulto this cu¡rre raill be slightly

she:per thân tJtat for the Kandiah cliscrieinator"

D¡rnanic Tranlïfer 939{@g!,ics" Figtlre 10 Ís conrFosed. of

sketches of the {ynanic transfer characteristicso up to the triggeriag

poi-ntr and then the tríggering over of the circuits, for the conventional.,

IGnùiah antl R-H ùiscniuì.nators, reproduced. fron oscilloscope traceso flre

output fron the puJ.ser unit l¡a.s fed. to the extemaL *reep terui¡als of

the osciLloscope and a.lso to the input of the discrinj¡ator, the output

of the cliscrininator being taken fron tbe plate of the first trigger tube

and. fed. to the vertical d.èflection input of the oscilLoscopeo

Figuro Ll 1s composed of sketches of oscilloscope traces of the

notion of the co¡mþn cathod.e of the tnigger pairo obtainecl. in the same

narurer as the curt¡es i.n Figure 10"

TEE IEE'ECT CE' VSRT.ATIO{S IN TT{E SUPPÍ,T VOLTAGES UPG{ THE 1MESEOËD.

Variations on both the 3+ and. heater voltages cause variations

on the tbreshold. for triggering" The foLlowi¡g measurements r'rere conducted.

læon the integral d.iscri^uinator as' shown in figu¡e 5,
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Variations on tbe {. Íhe B+ voltage was varied by changing the

fraction of the B+ voltage appliecl to the control grict of the a'rplifier
j¡r the voltagp stabiLizeru by means of a voltage dividern The change in

the B' voltage could. be set and. neasr:red. to better than tçro nillivoltso

by a nethod. which rc[IL be èiscussed. in a section in Chapter 5 titled 'rB+

Stabilizen nu The triggering point, for a particr:lar setti¡g of the

bias cont¡olo uas d.ete:mined. by obsenrÍng the m{nirm'rn settirg of the

helipot: of a calibratect pulser urit, for which the clissri-njr^ator worrld

just triggerr as dete¡minecl by corurecting the output of the discríuinator

to a gi.ou-tube scaLer. flhe change in the tniggÞring point caused. by a
.L

change j¡ the B' vortage, rras d.etermined. by obserrni.:rg. th.e dífferæce

betl¡een the . helipot settings of the pulsero for the tr'¡o triggering poÍ:etsn

It was forrnd. th¿t a change of 53O nillivolts on the 3+ voltage caused. a

shift of 1 ui.Llivo1t on the trie€pring,pointn

Va¡:i¿tions on the Heater VoltaÉre. For¡r d.ifferent tests r+ere mad.e

in ord,er to fi¡d. out ho¡s variations on the heater voltage affected. the

tnisgpriJîg poiat" Ihe heater volta€e vras veriecl by neans of a vrariac

and. measured by neans of a weston voltneter, Mode].- 455n fhe heater

voltage could be set and. read to better t?¿an five ¡uiLLivotts. fÏre

variation in t'h.e triggering point was dete:mined by the uethod. used. i-n

tlre preceetling secbion, and could. be d.ete:mjned. to better f,]nen s.l niIli-
vo1ts.

Ffgure 12 contaíns plots of tåe variation in Ure triggprbg point

¡citb the variatíon j:c t'lre heater voltage, for three of the for¡r tests
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conducted. the cuwe labelLed. rrPentodesrt ¡¡as obta'ined. by varyi-ag the

heater voltage of the three pentodes, whiLe keeping the heater voltage of

the vacu;m èiod.e constant at 6"5 volts A,C" ltre cu:re labeIIed trDÍodetr

r¡as obtqirled. by vaq¡:¡g the heater volta¿e of tbe vacuün d.iod.e, r'¡hile

keeping tb.e heater voltage of tire pentod.es constant at 6"5 volts A.C.

ftre cu¡eve IabeIIed. rrDÍscri-minatorfl lvas obtainetl. by va¡¡rÍ¡S the heater

voltage on all four vacu¡m=tubes i¡a the Íntegral. d.isrimÍnator" Tlrese

th¡ee curqes were brought i.¡rto coi¡cidence at 6"3 volts by strifting then

vertica3.1y.

The fourth test was conducteô using the crystaL tliod,e, 1N478, irr

pLace of the vacurux d,ioileu 6 AL,5" Varfñing the heater voltage on the

pentod.es produced. the same curre a^s the one LabelLed. nPentod.esrr i:r Fígure J.2o

rË4 Ð'I'ECT O¡' V¡RI¿TïCNS IW nUB V¿L,UES O¡'nESISTonS üpOtq rm TUn¡¡$orO.

Shlfts in the triggerj¡e poÍ-nt due to sharrges i¡ the vaLues of

certain resistors, rrere measured. by paraU.eUng these resj.stois uith a

uuch larger resistance and. neasrri.ag the resul-tant shift in the tniggering

pointn Table I is a List of the resultant shifts j¡. the triggpri¡g point

tlue to 1fi reú,rction i:a the va.Lues of certai¡ resistances.

Conponent Change in Conponent Value Shift in Tnie€ering Point
in nill:ivo1ts.

rr,
^L

r
er.

T
m

rtz

*r/" 7"5

not neasurable

-5.5

not neastn:able

4fi

-\fi

-Jø
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Conponent Claânges in Conponent Value Shift Ín Sriggeriag Polnt
i¡ nillivolts

r- -r% -J"otz

rr^ -Jfi oo5
"5

TABLE I; Variations in the Triggering Poi¡rt With Variations
In the Values of Certai'l Resistanceso

Sh-ifts narked. rrnot mea.surableft, a.re < 0"05 nuill.ivoLts in nagnÍtuden

In fable I. :

xr- = plate load of cathotle foLlower"
t_

r_ = cathod.e Ioad. of cathod.e followero
"1r_ = comon-cathod.e Load. of trigger pair,
¡n

r_ = plate load. of cut-off trigger tubeÂ-2
r- = upper portion of plate load. of conducting tnigger tubeoÂ

)
rL = lower portion of plate Ioad. of conducting trigger ttrbe,

D4

BIA,S IJNEARIET_oF THE INTEGRÀL AIID ÐIF¡,EAENT.LAI ÐISCRIW.

Ttre D.C" potential of the control grid of the cut-off trrbe in

the trigger circuit is j^nùirectly adjusted. by neans of a . heÌ.ipot l¡ the

bias chtuin, Si.:rce tbis . he-Iipot is used. to acijust the th¡-esho1d. for the

cl-iscri¡in¿tor, it is necessa:ry to lrrow whether or not it controls the

threshold. in a U¡rear ¡n,aruìer

I:r obtaj¡c'ing the bias cunre, flat-topped. pulses haçirg a tlecay tine

constant of about !O p seconds rrere used.o fhe heJ.l-Ípot settilg was

varied.r antl for each setti:rg the einim¡n pulse height which would. cause
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triggpring lras dete:mi:netl.. the hellpot controDing the bia.s ís of ttæ

10 tum va^nietyo and its controL d.ial has 1000 ùivisions. Figure 15 is

a pJ.ot of the nini-uun pulse heigirt necessarjr for triggering versus the

bias dial setting,

ïIINÐolf ÏIIqIH LÍNEARITT CF rm D]I'FER&\TTIÀL DISCRIMINAI0R.

The èiffeænt[al ðiscri.uj¡ator requires flat-topped pulses

for its operation" Si^nce these f1-at-topped. pulses are obtai¡recl. by usÍng

a shorted. delay i.ine to slip the incicl.e¡¡t ste¡r-waves, 'wbich have a fin:ite

tine-eonstant for clecay, these pulses are not perfectly fLat but i.¡rstead

show a¡r ertrronential droopo If alL the íncid.ent step-r+aves have the same

ti"ne-co¡stanto and this is the case, the d,roop at any defi-nite point on

tbe output rectangular pulses fron the pulse sheper is a constant fraction

of the pulse beighto

Si¡ce the wi¡rd.ow ¡riO.th is controll-ed. by adding a flat-topped. pulse

on to the uai¡r one at about Z/Z V second.s after the leading edge of the

rnaJn pu].seu the aeh,la-l windol¡ !¡:id.th rqhicb the cliscrimi¡ator sees is the heigbt

of the wi¡.ctov¡ prrlse ninus the droopo wirich is approrlmetely \y', of the height of

the nai¡¡ pulse at th-is poi¡to

ït is obvious tbat tlre r.¡j-nd.ow r'¡id.th wilL d.ecrease a,s tJre puJ.se height

increa.ges" This argument has assrmed. that no other factors affect tlre

rrj¡rd.ow ri¿d.th"

Sj:ace ít is necessaJ¡r to how precisely how tJre rriodor¡ lridth va¡cies

with tbreshoLtl setti:rg, the mi.nd.ot+ uidth linsaritJr cur"re, shown in Figure

140 was d.etemined.o For each setti:rg of the bias coùrtrol, the r"airyimtm ancl
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rns.riüum pr:lse heigþts for ¡¡hich tntggpni:rg occu::ned. at the ad.tletl. stepr were

obtained. The ctifference between these two pr:lse beigbts was consid.ered.

to be the effective rrintlow vridth" In Figure 14e tbis effeetive wind.o¡v

ï¡:i.d.th is plottecl against the bías setting for several values of the mi¡d.ow

lnidth step, rqhich is ad.tled. onto Ure neiro pulseu

SE{SITI]ruTY. SIASII,TTT .ATID ffiAHH{ESS OF TRTGGERINC OF

fEE INTEGzuT, DISCRTMINATOR.

The d.iscríninator was found to frigger on puJses of less tbån 0,5

nillivolts in nagpitudeo Eowevero at this bias setting the circuít is

very cJ.ose to the oscillatíon point, .so is sone¡shat wrstable" Operation

shouLd probably be coafined to prrlse" :2 nrillivoltsr fu ord.er to avoÍd.

the possibility of spuríous oscillation occurring,

Tlre stability of the cLiscrjminator was clete:mjneil by recorùing over

both long and. sbort tine j-ote:rals the nini-m¡n pulse heigbt l¡hich ¡sould

cause triggering, for a fjxed. bias setti-ng" fhe short tem stabiliW was

found. to be better than 0.5 ¡dllivoLts, and the J.or¡g te:m stability better

than 1.2 nillivoltso The sbort teru stability was aLso deter¡rineô by

nealls of a¡r oscilloscope photograpb of the dyr¡^aetc transfer characteristics,

as sho$ir in Figu¡e 15" The pulses from the pu-Ìser rnit sere used. to s¡reep

both the discri¡rinator and. the oscilÌoscope, ÍIrese Brrlses we:¡e fed.

ûiredtly to the extenoal sweep te:m¡:inals of the fd{brcuix oscilLoscope,

and. throwh a L0@ ti"nes attept¡ator before gojng to the integraL ùiscni-ní-

nator. One d;irision on the horizontaL scale is equivalent to three

nillivolts at the discnininator 5aput. One cl.ivision on the verbical scaLe

co:responds to five volts at the plate of the cut-off trigger tubo ilhich
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ïras connected. to the verticâl: ireput of the oscilloscope. Fron the

lxid.th of the trace at the triggerj.ng point, the stability over the

five ninute period. of the eaposur'e ¡qould seen to be 5! 0o3 nillivoIts.

the ehe¡çness of triggerjrg of tbe integgal ùiscrimi¡ator l+as

d,etenrinect by the followir:g procedl¡r.e?. Ihe ilput pulses were suppl-ieô

by the pulser r¡nit whi;eh supplied. 6O pulses per secondr and the output

of the ùiscrimj¡ator was feð to a glow-tu-be scaLern For a fixed' bias

setting, the Ínput pulse heights rYere varled. and. the nrmber of ti¡es

that the cÍrcuit triggered. in a fjxed. ti-ne j-ntervat was dete¡mined' by

the scaler. Figr¡re 16u which shows the results of these mea,surementst

is a plot of the lnprt pulse heÍght versus the nr¡mber of tines the discri-

uinator triggered i.:r one ni¡rute.

SM{STTIIrISY ¡TID STASITJTE OII THE ÐITÏ¡ERM{TIA], DISCRIMTN TORO

The clifferentia-l discrjmi¡ator uil1 trigger on pulses of about

1 niLlivolt fu nagÉtud,e, Hosever, when operatiag at leveLs below 1O

nil,livolts, the ðiscrjmj¡ator freque.ntly begias to oscilLateo 0scí1-

Lation sometines occurs uhen operating at threshoLcl levels as great as

25 uillivolts, fihen either one, of the two integral discrinjnators

involvedu is èiscor¡neeted, the re¡si¡ing integral ùiscrj-rninator operates

with a stability and, sensitivity sirnifar to th¿t of the i:ategral ùiscrinin-

ator ùlscussed earlÍer in this chapter. tbe instabilit¡r seens to be

largely clue to an j-nteraction betmeen the two i¡tegral ùiscrinin¿torsu

Iùhen operating well away fron the oscillation pointo at thresh-
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hold.s which are larger than say 50 mi]-lÍvoltsn the fo3-loriag stabilities

¡rere measureci by the sane procedrree:, as üs€cl rshen ciete]rtining the stability

of the integral ùiscrini¡aatorn fhe short te:n stabilityu over a period

of 10 nÍ.nutes, was foußd to be better t.herl 2 nillÍvolts. Íhe long tern

stability was for:nd to be of the order of 6 or 7 uillivol-ts" Invesf,í-

gation of this instability suggested. that Ít was dtre to radiatÍon and.

capacitive pick-up, antl a^}so to the nethod used. for adding the wlndow pulse

on to the nain pr:Ise, As the circr¿it now sta¡rdso the stabiJ.íty is not

good enou$ to pennÍt los-LeveL operation"



CEÄHIER V

A DISfi]SSIü{ 0f' Tm DII'FICIILTIES HtTCgIli\-TmED iIltID

lHE NAflITTS OT' THE ÐEERIJTIH}IIA], iIIEASUBTNIffi{IS

Íhis chapter has three ains: to d.iscuss the tlifficulties

encountered. i¡r d.evelopíag two ðiscrini¡ators which lrould. neet the

sensitivity and stqbiL¿ty requirenents; to d.iscuss the results of the

experi.nental measurements; and to compare ex¡rerinentai. resuLts wÍtb

theoretical calculations. fhis cbapter will be ùivlöed i¡to three

main sections, lhe first section will deal wi-th results and diffi-
q¿lties conmon to both the iategra-I and. differential èiscrirni:ratorso

lhe second section wil1 d.ea-L ¡rith results pertaining only to the integrat

discrininator. fre third. section will d.eal with results antl ùiffícuL-

ties pertafuiry only to the d.:iffere¡rtial ùiscrj.ni:rator,

RESULTS ÁI\ÏD qIT.FICüT,EIES COIJSICN [O BOIH lHE TNTEGRST AT{D THE-

DIFFERET{ITÀTJ DISCRT!-MIATORS 
"

Trqgsfer Characteclgb:icg" On the basis of the static transfer

characte¡istics shom ira !'igure 6 it wouLd seen that for the ùiscrinÍ*

nator just developed., the stability and sensitivity should. be somewhat

better than the stability and. sensitivi@ for the Kandiah d.iscri"ni.nator"

Since the characteristic for the R-E d.iscrÍninator has a snaller sl-ope

prior to the bend., than the slope for the T{anùiah discri¡rinator, there

is less cha¡rce for triggeriag to occr¡¡ pri.or to the bentl. i¡ the chåracter-
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ístico ÀltJrougir ít is d.iffict¡l-t to teLl fron the cunre, the bend.

for the R-E tliscrj-ni¡ator should be some¡chat shar¡rer thsn that for

the Kaniliah ùiscniui¡atoru i-uprovine the sharpress of trÍggering.

Íbe proper basis for conparing these t*ro d.iscrimi¡ators is a

conparison of tbeir {imamic transfer cberaeteristj.cs" Ilo-wever, these

are difficr¡Lt to obtainr because eacb cireuit 1rÉ11 triggpr at sone

point, obscuri"ng the ü¡"ue shape of the characteristic above this poÍnto

ttre cly:aanic transfer characterlstics in Figure 10 seem to lnd.icate

that tbe reLaùive sharpness of trisg€ring of the R-E discriminator as

conpared. ¡¡Éth the I{srrùiah cliscri^ninator, is about the same as i.nd:icated

by the static transfer cluracteristics for these two circuÍtsu

Fieu:re 11 suggests that the triggering point is nore sharply

d,efinecl for the R*E cliscrd-ninator than ít is for the Kanùish tliscrini-

natoro ï¡r the Kandiah d.iscrini¡ator the cathode of the d.iocle renai-ns

at a constart potentialo In tbe R*$ d.iscriejr¡ator, tÌre connon-eathod.e

voltage of ths triggBr pair d.rops prior to tnlggering, resulting in a

net decrease fur tire cunent pa.ssins tbrough the upper portion of the

pLate Loacl of tbe condr¡cting tnigger t¡¡ben This car¡ses the cethod.e of

the ùiocle to riseu wiuich causes the d.ioôe to be cut-off nore rapldly

tharr i^n the IGnùiah caser. resultfug in an Ímfrovenent in the compen-

satiap for the drop in the plate voltage of the cut-off tube"

Tfie trransfer cbaracteristics i¡dicate th¿t the stabiliüy and

seusitivity of the ctiscrj-rninator just d.evelopetl, are better than the

stabiliW ancl. sensiüiviW of the Kantl.iah d.iscrin:inator"
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ChoÍce of Vacur¡m Tlubeso ConventionaL ùiscrini¡ators te¡rd to

perform best when r:sing slurp cuboff pentocles in the trigger circuit"

In the circuit just tleveS.oped.¡ however, a nore ìnFortant factor to be

consid.ererl was the uir¡-inizlng of d.ifferences in tube characteristics among

tubes of the sane t¡r¡leo fhe I4B1@ was chosen because all tubes of this

t¡rpe are supposed. to have characteristics witfÉn L% of the nean cha¡acte-

rÍstics for this tube type. When using U810O tsu ttrbes can be replacetl

mithout a senlous resr¡Lta¡rt cha$gÊ in operatj-ng characteristicso

B* stabilizer" The B+ power supply used in this project was

patter:red. after a Ilnited States Navy Preferred. Circuito &e P¡eferred.

Circuit was reputetl to bave a J.ong ter"n stability of about 5@ nillivolts

in r00 volts and. an output inpedance of about I0 oh¡ns" Ìlhen fírst

constnrcted.u the stabilizer was for¡nd. to have a stability of about 7 volts

:n 255 voltsn Th-is instability nas found, to be naJnly due to temperatures

effects. fthe use of fairly large wattage rrire wound. resistorso cooled

by a fann Írnproved. the sihration considerably' Eoweverr the sanp3.ing

cbain was not stable enougbr so it was replacetl by precision laboratory

resistance boxes. It is intentled that eventually the sa'nfling ch¿rin wil-L

be constructed fron oil-bathed. nanganin wire-lround, resistors. fhe refe-

rence voltage was suppU.ed. by am QC"7s which sas-for¡nd. to be very sensitive

to temperatrrre changes, lhis condition was reneùiecl. by lrrappÍ.ug the bulb

of the 0q5 with a.lunÍnr¡n foiJ., i¡c ord.er to èissipate j.ts heat more

effectivelyu At th.Ís poi.ntu tire t ong te:m stability was fairly Boodr

but the shor.t tem stabilfty was very poor o It was found. that tbe fluctt¡.ar
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tions were due to pick-up by an r¡rconnected. pi-n in the base of the 0G5"

fbis r*as re¡reùied by counectÍng this pin to an ad.jacent pin" lhe schenatic

èiagran for the stabilÍzer is shor+¡l in Figure 17"

The ouþut voJ.ta6e of the stabiH.zer, about 275 volts¡ was nonitored

by an ..Esterline-Angus recorder" Approxime.tely 90 volts, of the 275 volts¡

was obtained. fro¡o a precision laboratory voltage ù1vid.er, backed-off by a

9O volt d.ry batteryr and the difference voltage fed to a DoCo a.urplifier

before goj$g to lhe record.er, Iu thÍs way, fluctuations on the B+ voltage

as snall as 2 nillivolts cor¡ld. be d.etected and. measured.,

By using a Sorenson regu-lator to suppJ-y the 117 volt .f\"C. power to

operate the stabilized. B+ power supplÍs a short tern stability of about

2 nillivoltsu and. a long te¡m stability of about 25 millivolts r¡as reaLized.

for the B+ suppS.y voltage.

It ¡qas then for¡nd tJrat the stabilit¡r necessar¡r for the B+ voltage,

to reduce changes jn the triggering point to bel.ow 1 nillivort, was 53o

millivolts in 275 volts, this is .not i-n a€reement r,r'ith the value of about

20 nillivolts as ca-lcul¿tecl. theoreticallyu This worrld seem to inclicate

that the assr:mption to the effect that the shape of the transfer charac-

teristic d.oes not change with a change ilt' the B+ voltagee t{as falseo

Heater Voltase Stabilitv. The trigge:ring point r,ra"s founê to be

quite se.nsitive to changes in the heater volta¿eu Fron Figure 12 ít can

be seen that an i.:ocrease of J4 in the heater voltage applied. to the ùiode,

at 6"9 voIts, caunes the triggening point to rise by about 4"4 nillivoLts,
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An increase of Ly'o in the heater voltage of the pentodeso at 6"7 voltsu

causes the triggeni.ng'point to faII by about 7.8 nilrivortsn llhen tbe

heater voltage on aLl tr¡bes is increased. by Mo at 6,3 volts, the trigger-

ine'poirût falls þ about 4o2 nillivoLts. lhe use of a vacurm diode, in-

stead. of a crystal. d.iodeo as a plate loatl for the cut-off trigger tubeo

introduces a compeûsation of approrimately 46% foy changes in the tniggering

point due to changes jn the heater voltage of the pentod.es. To red.uce

fLuctuatious in triggêring poÍnt due to fluctuations i¡r the heater voltage

to belol¡ 1 rnilìivolt at 6oi volts, requires a stabiLity in the heater

supply voltage of about 15 nil}Ívo1ts or 0"24%, [he t].7 volts A"C. for

the power suppl.y ís supplied. by a sorensen reguS.ator, which should. be

capable of na:Íntaining the heater voltage to r,l'ith-in the required tolerance"

Certai:r czystal d.i-otles have a snaller 0,0. resistance to forward.

currents than is the case for most rracuum ùiodes, such as the 6AI'5 used

in this eircuit" Ílre use of a crystal ùiod.e Ïrauing a snaller fo:¡¿arct

resistance tha¡r the 6A.L,lo wor¡Id resr¡Lt in nore conplete conpeusation for

the drop in the plate vol.tage of the cut-off tube prior to triggerjrng,

This would sharpen the triggering poÍnt, and. also inprove the stability

of triggeríngr i-n so far as the transfer characteristic is concerned.

.A' crystal diode is not used. i¡r this circuit because it d.oes not compensate

for fluctuations in the triggpnÍ¡g point due to fLuctuaüions jn the

heater voltage applied. to the pentod.es"

Variations in the Partition Curr4" Pentodes are nolmally usetl

in low leve1 trigger circuits, although they introcluce one probl-ery"not connnon
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to triod.es, the screæ of the pentod.e is nomally taken to a fi-xeti

potentialr and the screen current is fAirly ryell d.efi¡ed.. Eol..rever, when

working at very Iot'¡ leveLsu a slight fluctuation in the partition of tbe

cathod.e cu:rent bet*reen the plate and screen circuits eauses a substantial

change in the plate voltage. This is not penoissible i:a a trigger circuit

whÍch is to r,¡ork d.ol¡n to about I or 2 uilLivol-ts, rclth a stability of 1

nill-ivolt, It was found. necessarl¡ to triotle-corurect the cut-off trigger

tube, a¡d. to connect the screen of the conducting trigger tube to the

intersection of the two resistors i¡i the split plate load of the conducti:rg

tnigger tube. In this aryaJrgement, the conducting tirbe is not really trÍod.e-

connected, b¡t fluctr¡ations in the partition curzent hrill not affect the

potentials applieô to the tr'¡o entl¡s of the diode" Figr.rre 5 shol¡s the

schenatic ùiagram of the integral ùiscrininatoru wh-ich nakes use of the

preeedÍng arrarrgemênt6

f¡inearjtv of 3Íss Con.trol. Figure 13 shows that the bias controL

is certainl.y not Ii¡earo especially when working at rorE leveIs. Ïthen

d.iscrÍnrtnatiqg pulses having magfitr¡d.es greater than about Z|¡O ui1livo1ts,

the bias control controls the tbreshold in a linear narnero Eowever, below

about 4o nillivolts, the bÍas contror Ís quite non-linear. at about 250

nillivoltsu 1 division on the bias control is equivarent to o"To eill:lvolts
of pulse heigbt" At levels which approach zero nillivoLts in pulse heightu

I d.iuision on the bias controL is only equivalent to about o.zg nillivolts
of pulse height. As a resultu when using these two d.iscrininators at

threshold levels which are below 250 ni1livolts, the bias linea:ciþ curve

!'rÍ11 b€ requtred i¡ settj¡g the bias controL to give the proper threshold..
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Variations j¡ Conponer¡t Values of Certain Resistanceg" It nay be

seen from Table 1 that the trigseri.ng point is reasonably sensÍtive to

changes in the component values of certai¡ resistances" All resistances,

in the Í.n'tegra.L discrininator rrnits of the tr+o d.iscrimiaators d.eveloped.t

are irigh quality components in ord.er to reduce noÍse effects" Where hlgh

stability in conponent value is not of utnost imFortance, stabiS.ized carbon

resistors are u.sed.. i,lhere high stability is necessarlyn sucb as in the

cathod.e load. a¡d. þÍas chai¡ resistorsr¡¡-ire wound. resistors are used." For

best resuLts, the bias chajn should. be constrr¡cted. fron resistors nade from

the sane naterialsrlrav5ag relatively la:rge wattage ratings, and. havÍng the

sane rated wattage per ohm of resistarrceo By using a fan to naj¡tain a

fairly consta¡rt ambient tenperature, the fluctr¡ations j.:r the trlggeri¡g

point due to variations j¡ tþe component values of the resistances in the

circuitu should. be within tlre 1 uillivolt rangeê

If it be necessarry to work at threshold leveLs of I nillivo1t or lessn

the stability of the discrininator m¡st be improved. Und.er such a circurn-

stanceo the rn¡xirrun fluctuation j:e the threshold, d.ue to any one resistance,

should be lìmited to 0,L nillivolts or lesso This nay introduce more severe

restrictions on the ty¡re of resistors used.. Table 2 conteins the following

resuLts for certai.¡r resistors: the theoretically caLculateè si;abÍIity

necessaJsr in order to reduce the fluctuations in the fris€eri¡g point to

less tl¡an 0"1 nillivolts; the ex;oeri.nentally clete:mlned. stability required.

to reduce fluctuations to less than 0"1 ¡rillivolts; and. the ty¡re of

resistor required in order to obtai-n this stabil-ity. It irill be assuned., that

in portions of the cÍrcrritry not drarring an appreciable current, the tenperar-



ture fluetuati-ons to be considered. inlll be about I centigrad.e d.egtees.

tlhere an appreciable cu¡rient is drawn it Ìril1 be assumed. that teropera-

ürre flucùmtions of 20 centigrad.e degrees ¡nust be considered"

L3

Conponent"

\

"",.

r
m

r
"7

"b-)
Resistance
between the
taps of the
bias chaitl

lheore tically Required.
Stability, in Percent

j.2 x tO-ï

6"4 x 1o-1

L,2 x ]i0-6

2,2 x ]lO-2

7.6 x të

r
uz

&-¡reri-nenta1ly Required
Stability, i.a Percent

I.J x Ld2

not neqsurable

lo8 x tol2

not measurable

7"7 x lo-2

7"5 x ]¡ül

Conponent Ílrpe
Necessar¡r

¡fenganin rrire-
wor¡nd

Deposited. carbon

Manganln wire-
wound

Deposited carbon

Evanohm wire-
r*owtd."

Evanobn ¡rire*
r,¡ound.

ltanganin r,rire-
wound."

2"0 x rd5

îABLE 2 - Stabilities and Component Ty¡res NecessarSr for
a 0o1 ltil}ivolt Stability In The Threshold.,

S_HiIgifMry"Sfi$Ii,IfY AIüD SHARFIVESS 0F tRIGGF,Rllig

0FTW"

Figure 16 shows that the circuit moves fron a state of not triggering

to one of trlggering on every pulse, w'ith a change i:c. pulse height of very

nearly l- nillivolt" ltris is a decideci improvement over existing ùiscri.ni-

nators, and. is adequately good. for lov¡-Ievel operationu
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The integraL d.iscniroinator niII operate d.own to 2 nillivolts with

a long teru stabíIity of 1 LrZ nillivolts and. a short te:m stability of

< 0,5 nillivolts" Tlxis limit of 2 nillivolts is i.nposed. by the long and

short telm instabil-ities in the circrrit. Since the circuit ï:ill trigger

on pu3-ses haviag a nagniùrd.e of ( 0.5 nillivoltso it nay be possible to

reduce ttre 2 nillivolt fimif to about 0,5 qillivoIts, by inproving the

stabilityo The two most inFortant factors to be consid.ered in inprov:ing

the stabilit¡r, are the heater voltage variations and. the resistor stabi-

IÍties"

The So:¡ensen A,C*Line regulator, used with thís ùlscrinina.tor, is

no'c regulating as welL as the specifications given in its rnanua-L" If the

Sorensen were regulating properly, the heater voltage variations shor¿-Ld. not

be an inportant problem" If the resistances, r.rhÍ.ch have an appreciable

effect upon the triggering point, were of the ty¡res as listed Ín Table 2o

varÍations in the component values of resistances shouLd. not be ari

inportant factor j¡ dete:mining the stability of the ùiscrirulnator. lhen,

the onJ-y apprecÍable variations j¡r the triggering point shor¡l-d. be due to

variations in the va.cuun-tube characteristicso The resultant stability

sho¡rld. be very good., possibl-y ( 0u1 millivoIts, so that operation d.or¡¡n to

0.5 nilllvolts would. be possible.

w A,ssocIéTF,D Ii.ItH Tm ÐII'FERÐÍTIAI gESCRIMINATOR.

The desigaing of a low-leveL ùifferential d:iscrinj:ratoro naking use

of the Gatti system for tletemi¡iúb the windorù width, would. seem to involve

a fairly straight for¡qard. procedrrre, once the los-level integrat discrini-
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na'tor lraft operating properly, Howevero a number of ùifficulties arose"

fhe shapi.ng of pulses was acconrplished. by means of a cathod.e follower

thetving a shorted. d.elay line" ftt-is produced. reasonabþ clea* rectangrrlar

pulses, llrese pulses show the droop due to the f¡'aite decay ti-ne-consta¡rt

of the j.:tput step waveo ït rtras for:nd. rather ùifficult to te:minate the

d.eIey 3.ine properly" As a resulto small pÍps appeared. beyond. the rectan-

gular pulses, d.ue to reflectÍons at the end.s of the d.elay li¡ne, flre heÍghts

of these pips were proportional to the heights of the rectanguJ.ar pulsesu

and. since they r,rere much snaller in nagnitud.eu ùid not i¡terfere w:ith the

operatlon of the d.Íscrj-n:inatoro

The t¡,¡o rnajor ùifficulties encountered. were instability and wind.o¡¡

width variationso It seens probable that the instability carr be reduced

to a reasonabLe level, but the variation of the ¡¡-i-nd.ow ç:idtb nith the

threshoLtl setti.:rg nay be very ùifficult to overconeu

V@0ü_0i Tm W]I'ID0'r.{ t¡IDSfi I'IIffi fru TffiESE

It nay be seen fronr Figr.rre L4 that the wÍndow w"id.th varies linearJ.y

with the threshold. setting, that is, the bias control setting" It was

expected that the r¡ind.ol'r rrid.th rEor¡ld. be constant in magnitud.e w:ith variations

in the bias control setting, except for variations in the wind.ow iqid.th due

to the droop of the frat-topped- pulse" since tbis is not the case, it ís

necessarTr to change both the setting of the threshold. control and. the

height of the wind.ow prelseu when a &ifferent threshold. is reqruired.. Tl¡-is is

not d.esirableu si¡rce it conplicates the operation of the ùiscrinj¡ator,

The change in the wjnd.o¡¡ rtridth ¡^rith a change jn the input pulse height,



seensr to be due to the notion of the co¡mon-cathod.e of the trigger tubes.

trolhen the height of the mnin p1¿=e arriving at the grid is insufficient to

cause triggering, the voltage of the comnon cathod.e drops rapidly and.

then rises relatively slowly. fhe nagnit'rd.e of the drop in the cathod.e

voltageo the subsequent rate of rise, antl the leve1 to which it rises,

tl.epend. upon the threshold. setting and. the heisht of the n¡in p¿1ss, It
was expected tbat by delaying the ariva-l of the r,rind.ow pulse by L.5

micro-second.s after the arnival of the leatJng edge of the nadn pulse, the

cathod.e voltage lrould have enoueb tine to retune to a leveI such that the

wÍnd.ow wid.th t¡ould. be a constant for al.l ti:reshold. settings, Obv:iously,

this is not the ca,seo

It Ís possible that the wind.ow r,ridth nây be nade very nearly constant

by makirtg use of very long rectangular pulses and. delaying the a:rival of

the window pulse to a uuch later time. Eowever, the shaping antl d.ela¡Íng

of these pulses wouLtl require the use of very long d.e1ay lineso ûlis r,¡ould,

i:rcrease the instability due to radiation pick-up. Ttre tlroop on the

rectangular pulse would. become an inrFortant problenn possibly requiring

the use of a d.ifferent nethod. for shaping the puLses"

4nother possible nethod. for cosecting uariations in the wj¡d.ow r^ridth

due to the tlroop on the rectangular pulse anti the variations in the thresh-

o1d setting, involves the adùing of two pulses onto the rnain pulse6

Previousl-yu it was necessar¡r that the nain pulse droop somewhat, in order

that if triggpring wexe to occur due to it aJ.oneu thls triggering wouJ.d

occur near the Leaùi:rg lead. of the rnain pr1se. 0the¡¡rise, a slight ripple

on the naiin pulse migbt calrse tnlggering at any point along tÏ:-is pulse. The

al-te¡roatíve procedure' requires that the flat-topped. pulse have no droopo
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This nay be acconplisbed. by connecti.rcg a parallel combinaùion of a snall

resÍstor and. a capacitore haviag the same ti-ne constant as the input step-

I{ave, i¡ series nÍt}r the cathod.e l-oad. of the pulse shaper, Now, if the

thresholcl is set so that the rnain pulse is too s'nallr by a reasonably

large marg'in, to cause trisgering, the naÍn pulse should. not aJfect the

wind.ow r{:idth appreciabJ.y, lwo rectangulax pulses, of short durationrare

then add.ed. onto the nain pulse" The snaller puJ.se j.s added. near the

lead.ing edge of the nain pulse, and the larger pulse is add.ed. at sone

later tíne, possibly of the order of one nicro-second. after the ad.d.ition

of the snaller pulseu This smaller ad.d.ed. pulse should. not affect the

ihresholcl &s seen by the larger added pulse, fhe sun of the uain pulse

and. the snaL1er ad.d.ed. pulse woul-d tlete:rrine the height of the input pulse

and the d.ifference in heights of the two ad.ded pulses would. d.eterruine the

r'¡ind.ow I'ddth. llhis nethod. seems more feasible than the one suggested.

previously"

Sensitivitv anÈ StabÍI!.tv of the Differential ÐiscrinÍnator. The

sensitivÍty of the d.iscrini:rator is ad.equate, since the two Íntegral- clis-

cni-uinators j¡rvolved. will trigger on pulses of ( I ¡rilLivolt" However,

the discr:i¡oi¡atoru at the presento is so w¡stable at l-ow levels that oscÍl-

lation occurs r¡nLess the threshold. is set above approxirnately 20 millivolts.

fhis ni.¡ainun threshoLd. of 20 nillivolts is not adequate for lo¡u-level

operationo

At thresholds greater then 50 ruillivolts, the long tern stability

¡vas found. to be better than 7 nillivolts and. tbe short terr stability
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better +Jran 2 nillivo1ts" Thj.s is not acceptable. This instability seeürs

to be due to rad.iation and capacitive pick-upr and to the nethod. enployed.

for add.j¡rg the r¡indow pulse on to the rnain pulse,

Radiation a:rd capacitive pick-up can be reduced to an acceptable

level by proper sh-ielùing of certain conponents" lbe two trigger circuits

should. be completely shield.ecl fron each other to reduce capacitive feed,

I{ost of the rad,Íation pick-up is probably due to the use of long delay li¡es"

This pick-up can be ni¡rinuized. by encasing the d.elay lines Í.n growrd.ed copper

tubing, or by putting the coiled. delay U:res Ín a gror:nd.ed metal box"

Itre more serÍous problen is the ad.d.ing of the r'¡jnd.ow pulse" Th¡ee

nethods v¡ere tried.o and. none of them was. particularly successful. The

first nethod. tried. was the introducing of the w-ind.ow pulse onto the main

pulse at the shorted. end. of the d.elay }ine in the pulse shaper, by neans of

a Ïlhite eathode follo¡+er" The delay line was shorted through Ure low ouþut

imFed.ance of the Mrite cathode follower, and. the wind.o¡v pulse was added by

applying it to the grid. of this cathod.e fol.lower" Ttris rnethod. would. have

been aeceptable except that the r+i:td.ow discriruj-aator triggered. several

tÍnes for each input puJ.seo This is not satisfactory.

fhe second. nethod. tried. was the i¡rtroducing of a negative wÍndow pulse

onto the grid. of the conductíng tnig€pr tube, by rneans of a 'lrl]uite cathode

follower and the delay line then used for d.ete:mir¡-i-ng the pulse length of

the ouþut fron the tnigger circult" This nethod. was not successful, and.

the d.elay línes had. to be removed. subsequentlyp si¡¡ce d.iffieulty in properly

te:minating them caused. reflections nhich induced. oscillation"

The finaL nethod. tried. used a pulse transfo:mer to apply the wj¡dow
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pulse to the grtd. of the first trigger ü¡be. Ti::is arangenent ís showa

in Figure B' lbe t¡ansfomer ad.cls the wi¡rdo¡¡ pulse to the na;in pulse r.¡itb

very little ùistortionr but results jn'1arge extraneous signals bei-ng applied.

to the grid.. Ihese extraneous signals freErently cause the circuit to

trigger, resulting in instabiliW. Howevero it should. be possíble to find.

a nethod of i¡troducing the r,ri¡rd.ow pulse such that instabilit¡r d.oes not

resuft"
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The operating characteristics of the inteera-L and ùifferentÍaJ.

dj.scriminators just d.eveloped, on the basis of the material subrnittect

in this thesis, n,ay be sumarized. as follor.¡s:

Integal Discgj-ni:rator, The integral ùiscrinri.nator d.eveloped. meets

the requirements of a precision, Iol¡-level discrinìnator for use with or

without prelini.:rary a:nplification. It nay be used d.irectly fron the

output of a scintillatíon counter.

The discrj-ninator has a sensitirity of better titan I nÍllivoItu

although operation should. be restricted. to thresbolds rtrhich are ) 2 nilli-
voltsu because of the instability present for smaller threshold. settings,

fhe tl-iscri.ninator has a sharpness of triggering w]rich is slightJ-y greater

than 1 nillivoltr th,at is, the discrimj¡ator will move from a state of not

triggering to one of triggering on evexJr input pulse with a change j¡ the

threshold. of slightly greater than I uillivolt, The discrininator has

short-and. long-te:m stabilities whlch are better than 0"5 niLlivolts ancl

1,2 nilLivolts respectively"

trùithout moùification, th:is circuit seens to be sonewhat superior to

that tieveloped. by Kandj-ah" It is possib3.e, however, that by replacing

certaj¡ resj.stors l*'ith nore stable ones, anô by replacilg the Sorensen Lj-ne

regulator ¡rith one which is operating properlyu d.iscrjmination d.orm to

about 0,5 milLivolts r,¡:ith a stability of about 0,1 nillivoLts nay be achiqued.
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Differqr¡tÍa1 Di$crÍ¡¡inator, fhe d.ifferentÍaI d.iscrÍrninator just

d.eveloped., i:r its present state of d.evelopment, d.oes not neet the require-

nents of a preci-siono lot*-level d.iscrininator" Ibe i¡stabilíty present

limits operatíon to thresholds greater than 20 nillivolts" fhe d.iscrini-

nator has short - and. long- tetm stabilities of approx'inately 2 nillivolts
arrd 7 :ruilLivolts respectively, Hor.rever, a more serious fault is the

va"riation of the I'rind.ow w:id.th lrith a varj-ation of the threshold. setting"

It is probable that by nethods discussed. ín the previous chapter,

the stability nay be inproved to sueh a d.egree that operation at thresh-

olds as low as I or 2 ¡oiIlivolts, with a threshold. stability of better than

0"5 ¡uiIlivol-ts, may be achieved." rt is also possible that constancy of

wind.or* wid.th nay be achieved., so that operation with wind.ow wid.ths hauing

a stability of better tinan t/o, and as narrow as 1 nilrivolt, rnay be

possibl-eo
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