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inte¡val bet''*een assûciatecj- erren-ts is genera:1-l;, of ij:e o¡:d-eï

cf -1 O*12 seccnd.s, Ê,TLô- since tl:e ..,:'1 se ij-ile of oi-reralici:L of

tìre cet,(3cic:r varj-çs between IO*e a.nd I 0*? seccr:,Cs d-e¡erii-i n¡,:

aî- the ti',. e of rietectot ,-r-secl, the mi¡=rinur:: allor,",¡able ::es:cl r¡ing

'hj-rr.le f c:: coincid-ence trea.sri::eiireriis i,vil-1 depend on tjr e pa.::bicule,r

f*e'beeto:r' sel e.cted", I.ll shcurl d. be no'ted th.at foL: int; va-'J i¡-es cÍ
,r:esoJ"vi.i:g bi¡rre lientioneil a,l:¡ie, in= rr,axiiru-¡i;qclir*e siiilengtb

re,eu.iT'ed, fu.:: c+j-nc1cl-a::ce eïrre llirr:çrLis r¡ill he clf 'bhe ordell
1¡t!-

of 1 0-'- tc l-O-''= crr-ii esir o

t,' - . 
.ln

.i: j er:i'i e : 3,7 :i i0rv iiis:'-r,te,riraiiorls 'rer secolcl- 
"¡t-
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2 "L A4AHË¿C of the Ground"ed. Base Tvansìs'bor Ci-rcu-it

for
ç

is

'i: or

::a.nsi S1;o¡_.

J: t!

þ11

!v

AU

ia

tr

I

It .tra-s been shor¡:-nR that the eqr-riiralent T-ne'bwo

a t,ransistor may be repïesented- a,s in lrig, (t) for

coinl-non base configura'biono P'eferr{-ng to Fig. Il),
seen tirat rmie is a ficì;i*íou-s voliage genesator th

t::ansf crnrs a passive T-i:e'two::¡i inio a-n a.cti ve 'u:r:ans

ec.uivaleni netr¡¡o¡k" 'Ihe internal par'ameters of the

aïe ïep1-.esented b¡r ¡s, ïb¡ a.nd- r"" The eo,i-r-a-iiçns o

ci rciij-t :la¿,r be wrj-tüen j-n the fo:::.¡r

{' 
tt* o .':}I :Lz ', I ie 

:

ll,:î'.,

, ..- ,, - |."rt ,ZZl 'ir"t,ti^jLdhFJ

and- u-pon subsLj-'Lu-'bíon of the circuit consta.rr.'i;s .bire

becone

eclua'oi ons

foy ihe in;out,

i., terriied- ihe

it J^ 1l

i;et.r ,l')_^.
L ".J

ïl^, a
4\:

ao
tt.I,Ijl/rc

J

en expressj-on

in1;u-i cu-r'r€rrt

\

)

obtain

i--1. cf tÌre

ISlJlU.

..¿4 -r i"-lr r¡^ ¡ '¡ (-r^4
! -rr,, i .-=rl:¡
it:li i \,'..tc i .l:r,if'!bL¿L

is d-esi::abl e to

rrâ as a fu-nctio

inpu-t cha::aci e.r:

IU

r¡oj tage

emi'çrer

Consid-e.r"bhe

represent e:riernal

C.t--lüúlr" O.L I1ß

J nqrì q
I'!/L!V,U ¿

" (¿) in ,.'.,5icL iljr ano. lì-c
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Lr -tt

The cí::criii
i I --, J-,-" .h.-\
| \- (:./ r iìl -r!j 

't
( 'n, Jq. J-...\:l r À+'ì!-='v¡\ - ril -'i.j/ -!l:t

4:

-. f;-r'irc ¡: e qu-ati

-E* r.

equ-a1,ic,ng al:e

f .:1.Æ* )
tJ' il

¡"
{ -.^ /- /t:s \ .

\ :'3 ir li Í,"1¡ t
(e.l "t)

\ /o ì r\
r .l \ !¿ c)- ø= j

--- _- ì-- -"-.:¿-L^-.TftZ[ De 
".¡i:'r. 

r, I'en

/:n
V^ ia' JaIL.r

U¡VV

r¡ r-,'rî llrt

,, lr-,"il

t" i -
b'" ¡

l_l-i u_L.LU

l'; -t
l;- o.!

a: -j

{- '-1
r, iT ¡ 

'i.

L

ll- |

i u': rlr-

o\

ti-t I

Lr-,¡

If t,he ex!:ressi ôc. ia-:: vç f 't:ai'l eqil-e'i,ion (2 '1 '1 b ) is

sribs'bi-'bu-beci into eqLi.aii Ðn (2 "L ,2) , the :reSLll-; is 3iveii b3r

*rcc = i-(:'o /.o-/tt-^) / j-c(r¡ / te /"1: /=") (:"i'3)
i, r-,r^ ^: t_esJ-: cjl fC.r -: F-i^,. ^-,-.-r-icr{:.1""I) .:"s sr_,-ÌÌ*,.;1t, r r ul..ï ,j^_j* r c l-:lJ.r.r. Ç_.,*á_

si-1"'[utec] ini;o e+i¿,i,!on (2oi "r e), Ll:e ïÊsu-l.t tr:a;r þe sirl'j'1 ified-

;O ;'iei-i :ìln C-:i;.,.'3: l:-i Cjl f Or' r,-C : S e fll-ljC ':i i.a C:Î i. -'i i;'Gi rrJ'

=i^ ; i ^ .-:-^J.-"-/?. -(*.-^llÌl ) (-.:
'íj-l;'_q;/-|]/-.rJ\-lJl.'ji:"

'.t
i

c

I'Í; is ai sa d-esj-iab"'l-e a.s r,:il I 'be seer'L sno::tl-r ;o cl¡'L'aín

an cjïirressicn fol' col l-eç:ioy cLiJ'rent ic i-n 'ûGi'ils of enitter

1',.t lTei':jú i o " ter:-:eJ tþe t::a.-sf e.r: cha.::'ac beïi-silc cf bj-r e cj- i:cui'i "
-çJ

rtlhi ci r¡a-ir h,= nh'taineci. b]¡ j:ewr:itínE eo,Llaticn (2 "l- "3 ) in -bne f o::rlL'-l¿ L r:rr. \

i- Ê *io ïrr / T.. I =,-n 
* ic.c (2", "5)-- -- ! 7 - 

-7 
- - --i--_ 

-- 
-a-T --i=-i') I :c I ll¡ { ac T6ttcy':L¡*Ie.

To¡: 'ure i)u:jtose.s: o-¡ sir,.¡l-iÍicaiion 'uile fcl--1 oi',i'C

assi;.uçii ci:s "lEi'l I 'oe r¡iaåe '
1r \ 'n -,-.!'11 Ì
r¿ j *b rii-¡'.r- ûe SO encsen tha.f; b€ i S rrlucil- 1a-rger -b.ì:an r¡

/c\ T-- '.^---..1-ì.-,n i. ìc:.r-.rnlr 1+--1 6.i. tìr-ri¡\, ! , -- r-. c:'J uru.v ,.-i: - t i j'Je:' r,:Larrr 1¡ ui,ü- :'C iS ''-i;Cl'

i-:-'-:r: L)c:=.tL :-n ñn.d :ici ce 4 ä ;ú*/*Æ 
= 

:r e ../i'e:re {is 'i"'.tc-
- rt Txf ' --ic

- l^, î-l,-ir I

gho::'i: circr,:..-''-i cu-rl:eiÌ'6 Ð.n.piif ica bi-c;--L fa.ctoi: '



-l /-:

f f l.l:: i, b :7€

eç¡iL-a.ti on s (2 .\ -t!\
.l/''': í: =:et-': iL

sitrçlifj- cati ons a.yG

a t^ - -\': j:rr (: "--.5 ) he CrL e

')- :J- lrt, \.i r_ i: r_ -- 
' 
1.^ ú,- ll-- !Lñs:.tt-lrl] I

- lñ- n1
--ç i,---b f-rO

tr a'r ,ie !:l inba âccÕa!..i,

'i;r
[ á o-L c Ç j

)-{1 ¿e

Ti:e erliiier ii:put û:nô tTansf er chetaet,e::isi;ics na¡r þs;

sçpauat eci inio tnree d.is.'binct reÊions Ìj,¡it icÌr are ö"esc ¡:i j:ed-

below ""

{a) Çu-ioff tìegion

rn thi-s rregicn, ìroth i;h,e €:üi'Lte::-ba.se anci ccr lec-l.o:r*base

d-ioces are open* Ti:e follcwírrg concLj-tinns are then arlrpj ical¡ie
tf€ j"s rüueh iairge:r .i,han R¡" ee_\4 - U.

c oil(ì-i ü i ons yie l-cts b'e f ol Iow' nE "
Ti:-;;osi'¿icn of tile a.bor¡e

(a.r"a)

ilcc' (2 .-t- -9 ¡

(-b ) T.-e.nsi-tion legion

The cha"r.=acieL:isti_cs cf i_be T:,a.nsi_tion

'the eni bier*ba-se C,iocie j". -s c ond_-uic bi ::g, t"t:e

å'i od-e is operi, anci the ciL:cuit is su_b j ecù

TÌre f'ol-lo'.,,¡rng a.ssurrip'hicns a,Te il.en râlid-"
t:e is ¡rr-;,cr siiia.l l-er iÌ:a,n P,¡*

.ìe¿icn e Íe ';j: a'b

col-iecto¡:*base

io c"ç-txeitu r;.n-+,l-i ficat ì on "

!l.u



Ii;posÍ,ticn of tÌre a'Dr,ve åsslr-rril'ticn Lead.s i;c i;¡e f oll

Il

Cr' ri ,1 a

tr'.l-t-. !ì 'i i nn c -

'le E ieF-b *.iICC " ?¡
lfffi* ¡o*'
-"LJ l " 3 / "r),

(ç -, 1nl
\ ! ê! 9¿./ I

I¡^-,]J (j L:
T)- /-,-_ /t1,,-ij r' ¡17!LC

Iz.t"li-)

f 'J i:: c-? ï::,e, clal ír'te:'-'est tc ifctc fron eaiua'ù-i o.r., (Z -'i ,i C)

1¡^

The lrec ed-Í-ng

Ðf intersecilion of
:¡i al d i .l ..,'

ÊAllfìi.-'l nì1 c Tn4arv! v:¿! r:_ iiuv

- i^ ^. 1- '?- ^--U.1..'_ Fi L' : d-l-: !I i; ; LJIL

-l.e sor ved- fot: tl:.e .:o'i n'is

åi.r.d. sa'[ura.bi-o¡, .jregi ons

J* '.i'.ft ñ

d t 'ib /";i¿ j *.l.iir

",lia-u 
if Rc i-s less tha.n rc(æ-t), a negati ve enj-t'i,er inpr-i'i;

resisiance r.',;al']. be encûu-ntelled in ihe .bransi-.bion regjçn" 1¡
Trvil-i b* sl:-or,''ln la-ter th¿rt titis cond.i-'bion is i:ece,ssrjtiir io .oei:,.ii
ope=a.ticn of ihe circrzit ãs e. trigger oï srvÍ'bcirinE circ-li,i,

{c ) íiaÌ,r,-L:ation RÊgicn

Ïn thiE region, both- iÌi.e e¡ni-'bte::*ba.se GírCL cclleci:o-ï-'llese

äj-oC-es a.lto ccr.i.d-uc'bing, The tra.asisioi' beha-vÕs a-op::oxir,la-iel i'
l-ike a cond.u-cto::" The Íclrollring conc-iti-oüs a::e [,re¡r a.¡piicajrt e

q å C: ïâ is y'u'.clr lesg th:ln R-^l 7'-n is r,u:ch less rrr.:-¡ .r-
, "t -1. ria - 

!J f'Lr'u;'l ru:f,rf, ulfs:j lllJc

Inposition of ti:.e above concìíticns ii. eld s ihe f cl loi',,'í"ng ,

(ç'l rr\
t È 9l- e4+,¡

(e.l-.rr)

ïì
2^rt ëuv

(z,L 
"L¿.)



La.

l-, t rr-\
lí"!"rJJ

l; ì 'ra\
L å o: s-LL) /

@q[ d-h li',s ) *F,1,

i;_'l:_e :r=sir.ì-i,s cf tÊs,ils r,.ad_€ on i;r.¡o i:rilç ZIIZ?_, i]ci:illci.il
E\ee'iric poi,rit crnt¿lci tiansisrCITs 'ça d-ete::r,iine ihe e¡i:jtte::

inpu-b anc transfe¡: cha,::acie.r:istics aïe given ìry tbre gnerlh.s

of I'ig. (S ) and (+ ) . The circuii ita::.ante't e,::s u-sed_ in i.he

d-ete:rnìna.'b:1 on o:i ti:e iheoret-i-c:i,1 cui:ves iieïe thc.se s;.eci-fiec

by ih e ::ianufac-i:i;,r:e:t ã.s 'b¡,rpi"ca,l -¡¡-1u.e s .

-l:i i-s clea,:: fr:oi¡ the r:esuits oblai-:¿ed- th.e.b ui-,e cneo::eti-cs,J-

caLci-:-l-aii ol-rs fo-r 'bire eriiit-i;e:r= i-nuu1; ancì- tra.isf e.c ci::.atûcte-rís'[ics

inil. at be st onl¡,- sçrve ì;o índ-icaie the ,iieneïal 'l¡e.harri,:riï of
!t^_ ^i__^-_i!L.ír,ç uril;u-irtr q ït sh.o;Lld- i:ìl s¡ l-.e ;:oi;*¿ nn]t 'blic ei:-a::¿i*te:r:isÌ;ics

obtained- frr:nl eacli cf ihe t-,,ro t-,:ailsrsicrs i:es'terl d-ifÍeleci

ocn3iiì-era,biw, !arbicr;-iaL:1;r a.t pe ,tìc anä r¡al.l- e¡' *;cí-nts " I j;

,#ås fei'i; tha.t th.e uain ïcË.scn Íorbire -t.,TeÐ-ur""4KYiålt.'Af-

inabil-ity aî bire rrraüufac'cl-¡-reL: 'io r;,aint¿.in a con'irollea ili:oc-u-c'b: cn

piocesse ffio,roever, i-i sÌicu.l-rL a.-l-.so be n.oted- .Lhat i:ar''L cf tJ.le

d-eviaricn rna¡r be ¿'i.tri'cn'oed -i;c t!:e fac-[ 'ih.ei tc,:,trr] d d,r, rtc';

j:etLi,j.,:r cc.--:i¡ii--'l-.:.;j-i¡ vr-Íl:ir1: ei-.i';'i,e;.cit-f-¡e¡.t ?s -:.i:?S c-.sgl ,t ed-

in rYLe *i ::c'¿i-i a.na,l3,"gis.

T11 .i-i e-, of i,l:'¡; d:',-'riiç,--'l 1;¡; in chì,a,-i-¿ri.Lt: t:,r,-í,i.É io-:s li¡:,rj":-,a

.. ^ - ^--t¡.r,-i,--r -,.J, :rï=, ,.r.,l,Ll- ll::;¿ cIer::^9-L j r1, j, i: ;;::.g f e]-t -{;lt:lì, ,',i: c e-l- 9-,'--.-,rj--î?i
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1.5

?,-p?.::Çtrc'î i:rr)I--]-d- be liios L sLl"i¡e fj f of 'Ì; jt ç cj.CSi¡.]¡r c-,f '1, !i;,:.,l,tE::: c-:t-l:'ci.l,*i-L S -

T.i.i:]...; 'iicl,'l"i :..ecs,,gc: t'i,e Ic ¡¡ie ei:,,.¡:j]il.er:L::\ ciLc j-ce .tf c::-::*.;)-L

*r¡r.i:one.lts Í'cr e acl: j-nd-ii¡icrii¡,il¡- 'Lr,:tn:i E'ic-¡: ¡ii,l j-s sj:_,cwn else*
-.-i __^^ i._ J_,--t 

.:e.arr.t"' ;i l_J:-': ! ì_1 rl.: !,:.

2 "2 litiq !ì{g*lg:Ê Þ:-s.g 'Irqrl,?:cå?.r _?å _+ _i:r.s,e_g,i Ç+.9**:_

ft ,Lre*c be e ¡ ,l¡,çrri¡¡r_¡¡l;, Sho,,,;n tli¿ij. 1t¡ p:CpeX cl:toice of

l:l:c e--ic:-::l lc:i-:r ;l-,7 :Í'c',J-!-,i-ed- rlise'lfi,l:jrrtc:::.,.- kî; ''::r"€,

*c e:il:ihj-', ¡. ,i-:e5;ir,ti-¡c ::çsig'i,z:':.ee tr\,::¡:îi1c'1:e,:i:lic. flre vaì .::-i c:l..iS

'\::-¿ge.t: c j-::cu. j-i; s i,,ii j.-c'ai rr¿ì1,r :r:çi- s e cl'[ oí i;]ie l-er:i 1., i-¡e it:í:iì i:: r: í:i.) a,¿

:i¿..¡-¡c-ieii..,i-ic ¡;:e [,hÇ ï]:,o1iogtab.r e" estai:i_e anC, bi si;:rib,1-e

c:j rcr:i'*:i, '-llie :,lo::cl¡i;¿ih-'l-e ci:cl"i-i, j-s cÕ.ns:j.cr.e:;eii i:t r-l-l'i;a j I

'J Ï; J':i o

f i.; Lr¡-l,ri-il iitoit.ii's'i:¿l-''l c, ci"::ci-r-:ii, ¿:ii-l et,ri" bt,c,;:r i--i,r,-,ii clt i =,; cíex*

isbic ai:'e í.]i.¡r- .l-,:r l.:" (;)" Ii:e bas!* (;e,1.-,''ì-'Jji J,'jT.-::i¡:l¡ia-i

-j:b.ç eirli'b Lel ir:r,,.-r-'b 'ca ti:ie ci::"ciiit -Ln bj:e ,:.ir-ieÊcen| ccld-ii;i c.:¿

:Ls given ì:;r

I:, ;--: q-:l-j- =¿i':.1; ,: J,.;u, q :S l,:l-ir- c:i":-,:: ':J :ri, il
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1?

eff er:.ii'¡:il' i-r. c;.en cl.try¿7--u " ';lr,¿::,.* a 'ch.e ci-)eitìi;'i rg ;c:-iri, fc-''

';h+ ci:-'cu.'ì -i; ir-.Lt.rili; be ::'i (i) ci fi:rç ç11''ir;1-,t'": '3-:1:r:i ßìlr:-'¿tc-ll¿:is:i;]ç "

'¡- .;-. - ;-.'-i -,,.ç..',_,-- -.^.1 ,-¿1.:'.3 \f' -',a, ,:::ilcl i;c fì t e::i,_l;:-. c.,. :::ír_*';**

a. 1;;i ,- 1e-"'--tr j ci-r-l--'1r.:t 'bc s eilci ar, j,rosiirivÊ úL1,!:T.:eri in-ba 'ti:.e

eir:íL'De.::" Iire ci:*ui'l;..¡ill 1;licr- .¡,i-,3i j::iic 'bire u¡-isiiable i:ir:3s.i;-r'¡=

. / -.t
,'es: is i;'.- c': r:li.;i (¿) " 3l' -,'i;'c-e cÍ t-r: cr--:j..-Ër:ir '- '-l-:l !^' ¡'-1;-i.c,.,

irj-thin -bl: e t:ansis'tû.j: eîrc 1r¡. ? r-rcs'Ì i',ir¡'; f e eåbe,cii agì;i-c::r afÍc::C';c-

h¡:'Lire b¿..fle resiste-r-,re, t,.lre ccll-ecic:r an'i elrji'o-bei-'e;,¡:tr¿t''¡:E

-i..-.'-",¡'c,;t,c :e--r-cì,.i.;r iti': si.rce tlie rtcli::e acf'os l-: 'll-.c: c.:ì-,a.err:iei-'

ca;i.l:a'¿ eJ:.ange ::acidì--i-;r, tÌ:.e c;eÍ;iÌ i,E, r:li ni; .¡¡i-l i sìrif ir '¡a bi:,e

sa,-['"i::a'[j.on r'e-ìc:r (f ) 3-i-, co-1.:l,i.t.'i; :'oì-t:]:e* -fire coitr: €rr3er il

it.:t:' jleiif3 C':::.1.T¿r¡r_1. i_n O;pCSi'i-,¡; ',¡l ,-,::i'i;..¡ '-r: iì1ii, f :l t:C t_il_i,;;lCtllt

srate * Â,S 'i,lie cond-enscr cO.ilt:'_nu-eS çji.r,r::,,i.:9, tie or;o:::,ì;ing

.;cir,i, sl:Lif :;s a'1 onS tlic sa-i;r"r-.ra'cicn cu.rvt :covir,g io,¡¡a::d-s i;Ìre

',-:rl_1.3,. ,-:ir,t 14.) , ',,rteri tjte u.rrstelt-r e i: e.-.¿1;:''--;e .-.esj- sLa;.ce ::c;i ç¡" '-- t

:.. s t;ai-r cut-,e::eû, thc eÍf ec'L; o-î cìit,tj-l:i s;l..in; c ,.i'i, Ie:- 3'.'-¡re]'¡'l

a.nd- storing ac'cícn of bhe cai,;aci.i:c'r is ic sii j-f b tÌte opeirs.'Lilrg

poiritr a.i cCInstanb vol-.tage t* 'i;l:e cu.'¿cff, ::e1i'-on (¡) ' T¡,e

ce.1ra.cìic:: is -Lhen cha::ged io its origi-"4.a1- pcla::i-ii' retL;-L'nit:.,

f,irç l,rc,:r.ii:l' joj.:ri; ll iis: c::i-:ì-r"-.- -cli:;ic,r (l)' if:1. cj-,:c:.-ì'i-

:r, l1c1r :-'11-e to ::e;eat i-'ts cl¡a'lû u-,lC:l 3l¡-:l ic:'bi cr-: oÍ e:-c;l-'et

r¡ -r-' ¡,.,,5r .- ..^ir'l < aU- ---5'JJ. ¡-.-!-!Þ L ¿

Tjr e ecl,-i-ï-.;e.^l-e"nt ei::*ui-1, f cr ùh.e Ltarilos'i;abIe c-l ijtri,i-b is

g-,-rrei: ì:J' ,li-- (,r)' 'I--e cr:t.li-iüioils i:.r;nfre,i. u-:-'i.'11 '¿iiis ci¡'cuii

--fr. .:'f,¡ên ll¡1l rlr'.-^
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¡\. Praci;i ca.l- iíono-eiabi e Transis'hc¡, Ci ::ci-r-it

.i 1j:i',c bica.l :nonosteblc ci::cuj-t is given irr Fi¿ " (g)

fo: bcbh. .-;o-<Í"'i;i.v-e arrd rLega'uir,e tr-iige:: 'ì:1-,u.'l,s " ,ì.eferrin3 to

Fj-g " (e.i:.), a nege1,iîe gCIi.ng t:ri-gger ilill seå airpJ-ied- e.t ille 'cerse

*f 'blr.e .b:;*.nsisti,i, iliiiie.ies ì;be'ürÌgge:: action, Tne d-jLode

Ð2 ensures ihattne tr:igge:: s,olr-rce is j-so-l-a.i;eci frorri ti.ie i¡:ari*

sis'bo:: ci- rcuit, e]:cerl"G foL: tl:"e sho::'ç du::ati on r¡¡Ìre:: ill.e lnii;iaiion
oÍ -b::i39cri' ac'uicn ta.kes ¡:l ace. Calra.ci'co:r C2 woul cì- i;i:en jrave

no ínfluence on the opetation of 'Llie ci¡:cui-t "

h Fig . (g;"1¡ , ; _,:csiiire 3crng tr:igger' r)Lr-l s e, a-opl i ed

tc: iile er.¡iite::: i-ni-'bie,ies ilre.h::i-gger,åciíoo* Tire ca¡racitoi

0g acts ae bcth the ccu.cLiürj capr:,citor f :i: tl:.: i-t;u-'; rul se

sDur'te ¿ind- ¡h e f cedl:ack el e:,rent fc:: i:.lre 'i,:ri3,.ie:' ci-¡c-iih , lrol:

tÌii"s lreä.stL t,h".? -i,rr.,-'llt iiu-1 s e, tiri-1-:-'*Ð tiiur,St îece?,$eril-l¡ i:e cf
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sïff icj-e¡-l'bl-v I o'.r i¡itceåance ';l al l-or,,r -cjre circc-it i:e or:eL:ate ,

^ --¡ ---,^+ ^-,-- ^:?. - - = .- - ^l- ñ 
^çj. -" --? J¡ n.-- Èr.^-- ...--.1 ^1,1\r,r\r.ç:, cr v L-¡r-. ., .,,,i, eå,:.itc eg*= *f ';h e o ]]aeS ûf t en t.hcusand clÌrlis ãì.liC-

I owe:: Ìra-r¡e been repori€d- e.s aceeptable fo.: 'bhi-s t¡r1;e at

ci-::cuit "

Ib is clear f:rom the theory p:reviou-sl¡r cLevelopeC", ì;ha.L

r,¡,¡hen th+ ci::cu-its of Fig. (e) liave t::igge::ed. from -r,he saì;u-rati'on

to iire eut,of f state, tïie conC-ensers Cl and- Cg xru"st dischar¿e

thror-:-gh the internal emitter resis'bence re¡ in par:alLel li¡ith

tli.e loa.d l-ine resisiance i?,çu befor"e the ci::cuiis are agaj.n

Íeacl¡r i;9 operab e. SÍnc e re is of 'ch e ord"er of a f et,v niegoir¡is

a-nd- si-nce iìç çe¡-ld- be of t.he ord.e:: of .t,en throusancl olr¡rs or

higber, -bhe Eesu"ltant high cliscJ:arge tirne li¡,ii'bs the nraxir:ru-är

¡:ulse repetition ::ate to ',,'¡!iieTi -bhe ci.¡:c"uLits l¡,rould ::espond-"

The :recovery C-ioC.es Ð1 in both circu-i.bs of Ïig. (eJ shun'b

the e¡ritte::-base ano- p::ovid.e a Jolv irnped.anee d-iscìlar,r;e path

fo:;: th.e ca.pacitors, thereby allowing tJ:e circi-iits to resirondL

to a consid.erably higher iru.lse re;Ðe't,íiion rate, Circuits

eliployÌ-ng reco'¡e¡llr d-icd.es Jrave been fou.nd- to have ïecovery

ti¡res a-s lcw as a f erJi.7 míc::osecond-s. j-n i;hj: i tr¡es j;i¡jatl cn "

ei t]a ei: c ir"cu- it

ari I'ioi:h suìtjec'c

The ou-tpult, ptilse arlpl-i'uu4-e anä ¡,',¡idth of

â.re inC.e¡Lenaeni: of 1,J:e i-npu-t pu-lse alipiitu-de

"\c i;he f oilowi-ng rest.riciions,

ii) If il-,e in,r-r..c. ¡r-r-l se uid'i,h is ,greate: ihan

r,r,ia-tn, tl:.e arirpli¡ude oÍ the ia¡:ui irul se n:.u-st

'bl:e cu.t1;t-,-'b pu"lse

noË be so La.::ge



'¿4

'bìiai it wi-ll exceeú ine ¡,¡oltage recp-i::eà -bc tli3ger ii:e c-ì-:rc,,r-it

ii,'r¿eoia'¿el.' rl''i ei: j-:, ',Ls sr:itch e,å f ¡:cn 'i;re si.;ir.:'g t,iln i;c il.,.e

cu'çaf i regicn. Tf '¡;i:r-e inpu-t ::u-ise is not res.briched in 'i;h,is

rT-t-irrie-r'-'r Ð,fl increase in -r,l:e ou-tpui pu,lse r,¡j-d.-blr i'¡ou-l d L:esu-l'b "

(2) If, -i;ire arrplii;u-d-e" of 'bhe il-gu.i 1:ul se i.r-i just, sr-ríficiei:'b

tt t::igge.r i-bc c:i-:lci-ii'b u t.he wiiÌ-i;l: of tbe i i,r',rit ;rr-l qc ri.Lr¡-s't be

slighi;ly less tha,n the reco:rcr:y tirne ct ine crircui h" ff iire

in.üLi-r pulse u¡iciih is ecr.u-al- to o:: grea'celi;i.a:.' ilre ÍccovÊl:y

ij-::le cf 'ilre ci r"cu-i b, 1¡-l iii:l e ci, [1,'u'Ì; lirrises wiil -resi,:-J-1, Íi:ar:.

¡l:; ini'c', ¿r ii.,i: of ?. singj-e -n¡r-1'¡ t::igje:: r:uls.;e 
"

2,4 3-üal:i' iza';::¡, oÍ i;.1: c ïr-;g:; *Ì_ci-:1,:

I'i iios be:,: fô.-.üc-l tj",:i; t:rensts';o:; 'ja.iË.c;t.tirs -ie 
".-,- [c v3i'J;

Ð=.,¡eï ¿i, ccnsicl-e::a.bl-e r-a.nge :for a 1í;.te:n 'Lrue uf ;-:a-¡ si:-io:: a,nd,

';lta.t ti;-e ¡a,::àt.:eter.'s for" e g:'-iren -i;ra:rsi-s Lìû.r rxa-t irajtJr viCel .v-

l:ecau_s, e of ;-,r:jrielr'c -be¡:.:'eTa'r;r,.j: cÌ:ll-r;esu :.¿i,r:', e bc " f:l *-'.-.¡t-

i cr.i-laï, cli a.nges of bÌre 1; e:rì.'; poin j; of the errti-'b ber i-..rii:i;t cj.rarac.i,eJ"-

istiG ir¡ould tä.u-se'ch-e ci-rcri-it eij;her io fail to .1."r'igge:: o:: fo

r*i:. freel-v* Tiiis effecÈ wcüi*d, be rnore l)ïûncl¿Ìr*ed :l-n a. c'i ::*r¿i.i:¿'

ci-esigrierl to opera're fL:on a s¡,r.dl"l ini:u'c t::iggel soLlîte" Cn

-:-.ñ .- ,"+ r. -... r.....-;ì -tqi.i 5;i-l n,:l -l .-. .i-.h^. :r,rì I Ê-,; r:ôi:'.1-. nì. :Ìi C C::t_. I iç=!_:ç Lrrrl-r.E_ :irr:ri t : JL r-ú r-:-uj.,.;:.

inp-L:-'L *ha::ac.heristi-c coi;,ld. c?iu-Ê€ i¡ar:j.a.tions :l-n ih" e crl'[i.-'ti-t

.-.-r - ^ -.-. i1 Lr- f^.\-.-.\--^--. .i .r- .,.i -i -r 'r- - ^f¡ ^,.-:. . â.t,=-,. -"]lat iìlis ,.'-.Li]-l-ìi-i.r_bç '.rJ-u-'uii¡ .^U'.:\t.,.;---) Lit '.'ri-! '.Jv Þl-.ur.l.-L J-

Ttüf, affecj; the ope::aiion of ihe *a.irLci cteL:lte uiii.b *
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=e11:ì i:a:sic cj-:rcuit f ar s:'*e.biiizaii*o¡i oÍ ci:e i:rj.g ger pai-nLù 'ît " 
/

e,;¡Lc:'z:¡'i . i-.-l-..sec, rli.,C-e ii-. iire b¿.se i-s .ii t-:n il ii3 " {g ) ,

Tn t"iiis cí-rcu-ii; i;}-pical r¡ali-i,es of R1 arriì p,2 zxe one at:.d 'uett

]cil-cj:*ls ;eíj')ec'¿i-¡el:¡" l,tl:er: i;h.e el:j-';ie:: cL'-ïrert'r, i-s sl ill i enc

;rosj.'b:i-ve, tlie b:,se iioie D¡ is c_l,osed zni'b,}r effec';.i-rre

ba,se resi stanse is tlie va.lue of P'] ar-rd P.; :ln ;ra;"al_l-eiu ¡S -Ghe

r¡alue af ereit,ter cu".r:i:en'b i-ncl:es.,&es, i;i:ie 'rrase cu-r"rent reverses

b3r .¡i::tue of i;Ìre current aropl i-fj,ca'üion !rtÕ.j:)ertiÊs of iìle

t-ransisto::, the ba-se .J-iocl-e o'tc:.rs and tl,.e effec'hi-r,"e l¡s.se

:r.'esis'Larrce is P.2. 'Ihis cir*u"it is ari-van-bageous iit uha'b i1r

offers a, sna]l ve.lue of base resi sta,¡.ce a'c tr.igge.r:ing,

tJre::eb¡r mini¡nizing tÌre effect on trigge::ing of va::iaiions in

the collecio:r -¡:esisi;tfice.!:sr aad- a iarge val'u-e of base ¡'esisj,a.nce

a.fteL: t::iggeri:ng, theL:ei:¡i 1-ieiüin6 Ð Jil:û¡olr-:nced. rrega.Í;ive

resis.[anee cha ::acì; e::i- si ic,
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^r-T 
.4 ì) iÌl-::r_- ?

vl_i il a 4,.- ù

^^ì_ì:,11-t.r:-^-: 
1a"r¡T^/\,--j.-^Tit.:ir- -^-¡ 

^îtÆTT.Iart¡\'-! : r,l,.l-i u.L-*¡rlll-Li-rt;l r/l'Jir (¡' .;! -.1/1.' ! J -)

S "l Basic !=iege:(: ÇiqqÞ¡!"

T!:.e ba.sic trigge:: ci::cr-ri'b gi-ven bJ. !'iE, (f O) i s .bhe

fl;nd-¿¡ieniai- unit of tl.Le coincio-ence ci:rnuits anå tla¡r i:e

i:r:igge::ed- b"o eL\|ret posii;irre o"rr negati-,re inpuÊ soli:rces" Ij:

bas be en tlîe\riously sho¡,,vn tha"t a ls-"r vali-:.e of ba,se r.esj-st'âlllee

is d.esirabl-e fci: lurpcses of s'L¿r.bilízirrg tÌre trigge:: poini;

of the cir:cu:.i.iu tu:lü 'ühet å. Ìri-gher -.¡aJu.e cf base resj-$'L,alce 'i s

d"esirab,le in- orcj.e:: l;o at-äe,in a jr:f on6¿,tceå rrega,tjve ::esì stance

clia.racieristie " ïn tÌre circi-:-i'b of Fig " (10) i¡e base r:esi s'ba.r:ce

has J:eerr chosen to fa."'o.r: .brigger sta.bilii;' sí-nce ti:ris facLo::

ì s of majo:: in;co.r:i:ance for good- opera.ti-on of coincii'ence

cir"cu-i-us " Tne i¡al'u¡-e of cciLLector ::esis'baiice P'" haLs been so

chr:sen as io favo:: e. lr"cnou-riced. nega'ûive resista.tce ci.r.a::acbei*

isiic theL:eb¡r c¡txlensaì:ing Íor'¡¡ç ir-Sc of a law i:ase.r:es-'¡sta"nc.; "

Since tr:a.nsistot: characteris L'ì ss ïra-j, va-ty- cc¡-si-de;ab]-¡r

.â-^^.... -*^ --...-,.,:- Ln ì-ha -¡¿-,-È .!-r. ^ --,1 .r^ ,-.. ll zlllctt- 'lra q.:ì^-, j-ì l-'
r'IOI:- Ojli.e .llll-U uU t,jLr:l I.Ltj..L¡r lJIi I V"iLLLl-U .j¡ :r.C 1:1iJ-¡rU l.'c ìr'-r1:ri-Lc.---'-.)/

scl.eci,etl'r.-. eLl,eïirire:i'i; fc:: an¡r gi--ren .[,::a¿sisio:r" f'[ Ì'i.a-s Jleeri

fcr¡-nd- thai r¡:,os.t çransisi,o::s ('c¡'1:e 2T.22) o-,rellabo S:-:tisfac'b o'rlLir
-¿l

r¡-i-in a cclj ectc¡ J cad. of fou-r t.lir:u-sanil omrsjt noon*u-*", in sone

cÊ.ses il; nas been foi:-nd. iiraü ccil-ectcr I cao-s of ei:i:t 'thou-sa;:'cl

J¿ îrr. ¡ .r'l--r:^ i - Õ ;i -¡.^^{- :+^¡r:1J- ^r 
.j-la-i - i."--^^.1--Î -'^+i -.-fÍ- I-:t: r::rru\ ft I: .:. Ll-r -¡-ütitr -:;t.l-lu U-, L'.Li-.1-> i.i.i.'l:ìú_ :'-. lt-L¡¿:.! a
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ûirlË r:ïe ite iìtcessår,:J-, '¡c ope ra'i,e 'btre ci::'cu.iLt sa'l j.sfac1;ci':r-i¡r -

.l^^--- -=.^1.- -- l-,--L:i JG.:|:.QTCJ., trj.,-.; :.ttÇJt-, .¿|":US .Í':.1- llÉ: COrS-U.8..'L-L: L,j ',.-'¡ ì... -€,11

anå ioi're; -t iäri'bs of co"l lectar :resi s'La,nce f ot: sa'üisfactor;r-

+: -,-U ri ç-!í l.Jl-\.i: e

I¡ 1ya.s f cu-nci nêc erj sa:r¡r 'üo ri ei i;ire tïi-gge:r ircirlts Ê)l-rÊ::i-r,e.rt*

Ð.11-*rr çlr each i::a.nsis'r,or and- for conr¡enience .ihis r,ra.$ch-ieveil

br. vaL¡'i.n.-' -:Ìre e:r-i¡t.e.: I oaC-s i.'¡hi1 e ileini¿ininç: z f ixec eii iiie:"

bias CIf eigþt. YCLt,s* The \o'?.lu-e cf 3e:;equii::ed fc-i a'¡r¡c vollf

i-npu'c llu-lse tû'l,rigger.[h-e ci::c¿it is of i,Ìre c]:cje:: of '¡rvo

i;-hcusandl ohms "

.ås an il-ju-si::ati-on cf rii:-e deg¡:ee tc r,r'h-i-cl: a pi:o-peTJ-j''

sel âc'l:ed- eo-'l-Lec.i;or loa.d. ,Jor.Llle;rsaies fo:: e, l-ow r¡alu-e cf j:ase

::esi sia:rûe, tti'-'ical- val-r:-es e:f ccäLponenis fci: the ci¡'ciri-i; of
î;,. /: ¡.\ ì-,.,_^ .r^^^.- - õ_.__ ^;-j-2 CAlCLJ..1 ú..bj_OL:S jt:,,IÇ bee;i f;f de fOI_!l¡, e l!!j,' -lc;: Þ l-r UÇ1- jrf rìlU..rr:ìJ!

1,he reo,u-i-reaj- etni'tiçï ioacls aird au-t,pìl-t "t"=**t cûïÌst6¡.i< Ts:j +c)

and t"be lesu"l-.[s ã"re tal¡ulated- below"

m ì ï)T ai -r rr.r -')-f ', mT ñ'r.r ^:] 
-r ' -Ti.I :l.l,.ri-j .f _-ijÏÍl-l_ cx-L-a:-,1::J -l- j-'!-!!;i i j-\j:.. \-jll :, 1 .l-r

,,oU

Ðã lr

-C j - t; !v r-!rjr' rJ @ -:ìç-;¿ cJ t

,/¡ a.f ¡1, ., .: a
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j,Le *o.åLîl Lr_sions .,;nisl:" -r:.a¡r he lya-r,in, f rc;:¿ ljie ¡:bor¡e i:e s;i-l_ i,s
jl

¿.-,i, i.::ll , i'': i I --.. 1)'^..i- ;:e-,i-::r::ì-..- 'l--Ì;l-;=c:li,-_:;'r:1

if i Fr:.r' i;hs c j-.rci-l.i'; 'ir¡i'bi: -i;l:re l-¿: t:ae 1:;:r::e ::e s j- z1)tii,ci:, i:-t. :jiü.-
r¡,¡;leÊi-- íi3:i;;ive -iclistance cihiì."i:û ci,erl-s-Lj-c is olrl,¿ljne:,-. .:,...ti

:'; i-s liecûsFi:ï..r 'l:,r ',,:,s; € :iíi eri-L'i,ier bi;¡s cf iile c::-rle¡ of i..:€;ltbr.'*

f i".¡¡,: vcl,is i:r: c::i.e ;: j:c c;:Lis Ê r,îc ci-::cui-b tc be i:i.onosi;abl-r: 
"

(? ) .i'l-re ci- r:u j-'i; J:ravi n,:j ?j. 7-a.ii b¿se res j-s-ba;:ce ll¡:is ¿; ie sg

irl:ortcu-.nc ça rt e¡.laL LJ-".re resi-s'it:.rice cJla:rncte::j.:¡j-c ¡:nd- l:eitct; liû','..trl

e:-:ii-L e:: 'iij t:ç: ,irra.\r lto s¡:ìi;j-sÍ';i c ui-.rij-.,. ,-¡-,.-*çC,

(:j) f f .-,1-: :ll--i.ociÕï -l-c:rd. ?ç i:- ..;ri:::.r:.i¡,r c;h.i;;.i;i, ':'::¿ ;.:!tecl

Qf ¿ -l-cr'¡ lt¿',r:c :res-i.sia:rce tÌ.:" i,j- e ¡i e¡lat:ir¡e ::e:iís;',;i;ì j';ce ûi.":r ri.:ici;;l'*

:is'i;lc:r.ai¡r be:.,::i-1,:i.l,rj-ze::-, :Lt i.,¡: cl-e:i::. fi'o.i,: Tal-:lc I ;r::.i 1.f: ;:.r¿

ci::c'":"i l; lr:.ii:li.l.i- i.:t-îE !:ic;a..:'l-,.. Cì:lli:ë.::., ;i.-ie eff'ec't of r., L-,-i..; t:,-.-.-

:Íeî:,i:i,:i;;.C:t; Oíl r;--: -.--:.i,-ll c.;i,.i:tlil.; íg ¡rch ül-ril,'âc j-¡.j:ii;,

{.. ) '11. . ---f -f 
,-c.l; lf I o-i,,'i:ïi.ng 1:l:e bå,qe; ¡:e ¡ii-l;'i:a:'rcri ì i., r:,e lL:i-¿:¡,';r'

¡_:.'-çi-11.i i9 'i-.- _.,-¡._,.iûiì -:ì j,,t. -L,"-{: _ -l:i ^.:i ,_ i_l_;.1-_ l__:: .r_'

::..]-ì-:;.:-,-1.r, L:.-..-i-r-. --_.- ..- :.,.-_.-^..-: -.-.-1-...::¡_. -_,-;' l-l .... . ,.

1, SY,,::,i. 1 '3 ;:' ;l e :: i- I ii. .

r: .- 1-..,. -."1 ., ff.- ....,. '1 aa-" ,.... :.L
'- c,1 J--.'..r -l-: 'J --:-..--:-.'- J-.'.':-.--'-'

--rli¡...!!t.i.l.#

i: l:i.cc.fi ¡rn,i. s: chc,i:'r ii- c ii.., tr':r::r. f c:i-' cit : *l:¿ln:: el,- r:f -il 
e:

cc-i-::ci-d.elce**åíi'Li-cci rici,-i.e.n.ce rr-n:..'il i-¡.: 3rvc¡ :-,, *Ilt- " (::- 1 " 1t:

.;,,,'--,i ¿ -,¡'i,.,,,,a:.. ci-.r'cui-'1, ::as l¡cen 'il::er¡i-o-il-Sl-i¡ tì,r::ìc:.,",i'.-'. :.,-,:cì- 'z,i'i I j

ll " ...-r-': 'ii-',:.,:i cr:ir,. 'b:: j efl.i¡ j"l.i ii,¡.is se c b"1-c-':r ,

l! Scc Scni,i,:-S 2.1- a.:iil- ?,2!! v\Jv vvL,!.!Jr
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lljlfe :rc-t'-"i:¿e:: a'.j't $1-r-i:;tii,.ÎC- í'.i'û,t,, i.,, ::,)e{j'Li: -..¡ c*t:,:.;r:;.ilii,

-,.,:..iì1.-1,ç.,', .:1r.,,.1 -,, ,lí-s,a-,.','^,i,,,' ia¡e,r i_.n ¿i't..t = rrj ,_rci.'t " ?i:c, ci,.:::.t:.e1,' :-

-:: ,:l-clj-,i-E.' i.¡--1:lì :-tj "Ì l:r;i;-i, s-.:-i i¿l:"i fc¡' ,:clj,'ii ve a:trì t.i*¡::,';:i-:i:

:1 r:i.::i:.Jc:r ¡::d- ii:rs il-e:ii:r*'cle Li:¿:rb';l:* i::r¡i-i"'i; sr-r-,lrt'or:Ë'ile of

i l¡., )tt:,Iteú:inûes' (cf ì:..-: :i:e et of c:''r e -bÌr,cu.:ti:rr.;i ti.l,í,,:,-¡ oll l-r,:ctj )

fC';: l;íjl:'i, Or..;I.iib'ì CtL At bl-le ¡.--:,-l Íi---ie diSr,:,:j-i,'ì t¡i,',å-¡. Iri,-,C1.:e::lúen-l

çt'!L''t-úeir ioe,is å-r,'É r-i:'o-'¡i:--gf fo::' j:Lie l:osii;i-r¡e .?rllcì r-iegz.ii-,,ir. i1,'. ,i.

.- ,- ir -- "ì ì , r.-- 'r:::\ ¿ i Ç '.,-., ,,..'. i-,e,1 :lo bi:a'it for e i[ile:' inprii;, -bì 
= circu'i -,. ..'l-]-

!-J ' -' F-') ,.]]-is,u__r-*r5l;--_ t_ijj e,..,(.

'-L'h 3 ¡,r. --l i-j;r,rc e C-i.sc.i:i-rr-li ¡iaicr's eoi:rs-ì. sl; of sil:il--'ie .a-lod-e

c-l i,--,:in _ ci ..c-¡_i-LS etl.r::j_Ovi ¡.rç,: Sil icr_l :¡,rrstal cliceiee " 
'üaI,'l abl e- -_¿- j---u J --U -

'¡-.S ¿j-fe oì:i,¡:inç,:i f:li.rlr ine f:i-fie en j.tilc.,lrt:: t:ì,ei:b.-c,'r r:'tcj.3.U-r--l:._j"-'.1-,ll i.(;r/C-t.:: ci -.'U Ur.'I'.:: -,-i:î:-. .i--"!l.l t,.ltt -L-l-

T.ri arite:î i,r: ejislr,îç 3tcu.råie cri::vct ïer¿cj,iilJil of i;ile discrit i.re.t-:is,

i;he lroi; erri j- olie'i; e:,:s ii: bl:e cii.1'1:i-n3 c: :icr; iis ¿ire t erL-j, *¡'i:.

----...! ^-. .--1 A -tr¡", ',' ,'íì'Lg . i'i-,h 'r r:-.,..,-¿- r::,-LJ o Tr:,J oÍ i;]ic t,]l:'ee C]i:ìr.r:lels;

- ¡!- - il- \(Ci::lnnel s ;jl :.::c- ;i5 Ì :-'rie lror¡j'-o ed r;it:: toilt'ì-i:ir-ou-sl,' r¡:,.f i l,úle
1!. i i,. - - -. ¡T.\ /ì 17^ r.i n-,..ic,=a,r¡,:l q rìhâî¡ntg-.:i:-biC i::: t-r efi..rilC:C:bLLlj/Il]']9ìjrU_Uø!Ð!i!J-I.j:.",J=Ü\j.'.L-LLl-Ð9U:-'l'.']-:it;-

580 olrlrs o J-l. ti:e 'L.irj-l:c1 channe] (CI:c.:rnel ','i21 iL e d-ela¡i I ine i-s

ïelii cecì ì:¡' ¡- 1000 olst rÊsistcl:" the pcill;s Pi e:,rr ?¿ trÊ

tÇ[!T) s'-t'i:eeì i]c: o::ie ol-rÊrL qf, t.li e lresj-s-Uor anCi 'i-|re ciir"r:l e:.:.rì, of
'ùl:.î i-.?Eisllcr' is ccn.aec-i;ed to Êrrrr-ri.ai.

ü tO--' i..SI-,CC'¿i_¡.:, lf ilie: ìtl-ccl, il i-¡.:1.:.i , l. ú :: j'_ '':; . i, í-.i'l'l

:,J1lçcl_ .r.Lj.:-U L¡.,..'; a/-:C ç.r'Çl

clil'.ner. is lr-al .îces5åil;-" 1::".: ùí'i--si lic,' 'fl :: :i"',,s'.-';r* 'i;;
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*:'i-gge:: c:-r: srLìr:t e s cf -tr¡o -"'cl--5: oi hi-i:. Êr å.r,Ld it i s jt.ec e3:r_ ,.

';Lr.ai i;,'ire. e L e ::ro ai;clcrLicn cf rLe i:-.l!i:-L ¡,";,1_se f er:d:-ng -L¡re

fi-si; 'i.:.ig:el c:'.;'ci:;- -l i:r o::dello t, .ìi: t,:i -,., I I i-,'li l:''':er: rf

Ëì-tcuj::r.cJi cn il:e 'i-ileci; ::ead,ing arrli:1-ii:ctcie discri!i:îti?,,rÇt', Tire

-,-sl-: ,r -l-ii:.3 =-ir;-.i tìc:-'efol-e ì;e .i-r.se''ieå ,:.í";eybi. e îir.si Ir.:.¿e-

ci.i:cuit 'l-- o 't'-re sl.¿Lll ois Io.,:üi on i::cCu:cetj i¡, i]le dc,l .'J' lr-i.:e
'i s ï'eiüor"¡ed- by l,lie seccnd. päise sirapel 'rc befc:"e 'r:eir; ¡;asseci

j-nic the .räixi:ag cj-rcui i; " f i: shou-ld- al sc be noted üj:i.t it iire

inpt-;-i i:-irlse is of si-r"ff:l-cier-r'i;1r¡ hi3h rrri.irl- j-tu-d"e a¡ d I'i,1-d-¡.'i:r¡

s¡-ia] I 'J-isior:ii+ns of i:ile ou'Ç¡iu,t .ou.Lse f.::oli 1;h.e ì:ri¿ge.:: ci::cl;_-i b

'I-- T.¡jrolif ai- L:e s¿li . f '[ is nÈc essar:r¡ 'l,o r_.einÖ-.u.e ì;.llese d.:istc::ti ons^t_

L-Jt r,ieai'.s of a se con,f irigger oi i:ci-iit, 'I Z, in orcl ei: t.¡ enslille

ihe I owesI possibl e ::eso-]-vdng iilite in 'bhe nrixer, I.b is cJ-eat:

.i,hab the iv¡o-i:ransistc.r cira¡nel d-esigi: ¡.,ri] l- i-,eet iiie s3ec*
Eifi.caticnS' forche co'i.ilei-d-en*e uni i; .ìs outi-i.nec. eaL:L¡r j-.ri -i:!ri-q

l:eíiort ¡;,¡Ìre¡:eas there is sone d-or.rbt a.boLrt : si.ngl e i.ransi s-i,o.r

channel meeting ihe fi-rs-t, of inese spe*ifìcaiic¡.s"

7; "7: Coinc i.oeirc e i,:r]-il-lA9l Ci:'cui1;

dsøq?a"i.$"
1-he bl ock4-ar:c sci.rerria.tic cire¿i'c for: f,Ì1e coincide::ce rixe::

are g)-ven- b;' Iiig, (ti1 " l};-l ses Í::crrr iire cliannels in çe.i,nejdence

aÍe fed -r,t a.:: e,C.C"j-ng circuirt fcriried. b¡' pa.raile3-ing tiic one

'i;housa,;rd. oJr¡i. ::egj"siois ie::,:i-na.ting eacl: c.Ì:ie.¡:nel ^ â.iLi-1, thcnce

io a. '[.r:igge:: circuii; " TÌie pu-] se sirapei] ì s ad-ju"sled Ëic '*ha1:

:"¡ (lâ^ Qan*-ì nn 1 '4\",'VV i) VV Ua ual : eU
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i; ',¡il I iii35r;' oii.;r :;il.en Jjtu ci;"t-;:.'1. vcl -;.:. e ci i,::.: :.c l-ir,¡

*i:rcuii i-s o-l-os e '¿o ì;ire ^,,Exi r,:r-rl ïí-ilu-e obta,inec \,",/i:ter:l 'iir,e

,rli-"Ls€s Í'::r¡ii: tire r:¿,::'r,itui a,l-.' clia::L¡:els conce.r::ed. a,.r:e j-n terfect

coinci.d-rir-ire " ::rJi:irou-gi-i ;he vcl-çagç r€qu-i.i:ecl b.o t.rigge-r' tne

',u-l s€ sìra¡ei: rnay be ad-justed. tc a r¡aLue lre:rry- cl ose to '¿iie

rlarir''url cu-tr:u.i cf' b.he adciing ç'ì rcui t, a slial-l alloLtnt of toj *

erance Ìra,s been a.l-louedL ir: setiiLr.g .bhis i::igge:: i er¡el to

rorr.toensa.bc fo:: possible shifting of i,he tri3ge:'-' ,.,oini air-e ;!
p...i.rr..r. v3, lriations il i:ãl'':le-:"a;u-i€- Él,e * It ,.sìrou-1.c, ì:e nct'ed-''.Ç---o - -4 -

inat th'e resol t'ing .t,i:iie of ih e ci¡:cui'i; o-epend.s on tlie rrol--bage

:'equrired- io i:ri3ge:: the ¡u-l -"e siral-.er ài'C ìreüco r.,:¿it etstly

be ¡¡a::ied .

Tìr:, ,ri"ir, ¡i-r'l o r-.-- rì:rr:.-i.âl',i ni-r ,¡f i-,hr= ¡i'n-in.,,' ei:"ni;i i-. ,'it¡r+n
J l---'---

b¡r Fig " (tS ) , is as foll oi,¡s " If J1 is c1-osecÌ, 'bhe vol-i;age

a.crloss P" wiil- be,

If ,ir anä 52 âfG closeci, t,he vol i;aße ercïoss P' beco:les,
-l- tJ

il.-- 
= 

T' 
':-ì te z n\

ø --i \Ðoüqá/
'.) lq / .)
,Lç:,/ L f

If Si , SÊ, a'rd. ij3 arrc ci ose:i, i¡e -.¡clt¿;e ao jc-qs Il beco:, eî ¡

':-Ì*- 
= ,;l s [= 'z ':\É -L \douou,/

nl-l-:'q/ 2 f '\

Ti' ilr.e r¡aluie of f- is so cl:c,sen 'i:i: -.-L J-. .s r..rtch li-r;,;-r ¡ii:'lr

51.ìe il:e _r.i:ecerìi::'j ec;t-ia-i,iccs r:-:;¡ b; ir::ii-iâ,'t 3s)

(¡"r"t)
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d i-l
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-il

(s -n -¿t)

l"z ¡z r:\
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T h is c"' ea.: f loirL ih-e above tha1: if :ìs is r¡uclr. ì-irrge-r:

ilran. 5;1, ille c!rcu-it of l'iJ . (i3 ) 'rill, c=-'e:reie 3.s arì ¿C-C.i:..U

*ircu-ít " Tne aC-d-ing ci::ci-¿it of Fi¿;, (LZ) is essenbiall¡r 'bh:

Srì1,:e aFj'Ci_..e cj-rCu_j--b conSiO-e"¡ed- abor¡e ç,-icel-{:'llrai: iile loacl-

.::csist,oLr f- is eff ectiveJ-;r 500 oh,ns îar ti¡c clr"a.r:nel cr¡i.ncidence

a::i"d. 535 oÌri:rs fo:: 'i,.Lrre e channel ccinci iLencÊ e lhe 1:;r"i-r:cir.ll-r;

of coincid-er.ce :,ii::'ì n;r cei.l i:o e;i'le:-Liiec l:r' cLìi;ro*lri;:-.e uùjLrst-

rrreir.t of -L,h-e tsigge-: ;;oin'c of i;ile 1-r¡.i sç sh.a¡.re:' tc :'e;i.s'be::

:ilru-'.--baneoir-s in_ru-ts f !or., aii;'r nu.:r,l:er of c¡ian¡iel-s, in ';.,reo;¡' 
"

.3,+ Iin1;icoinc-Ld-enc e .. r -i--i íÁ' (;'1 l',C,-L: -l tr

'Ine bloclc and schenaiic d-i:-içtiù.lis for the aniic*inciciei:ce

ni:cíng: ci-rcuit a::e lir.ter: by I¡iS. (i+)" The in,:u"i and. an"i;i-*

-lci i-ci c-e nc e .,i;-lses f ::o:l çl: * c-h.anne-l,s å:r'e ìrotit. .rosi-ði-ve " Tf

bntil pul-ses â.:í'e r,!!lieå to'bi:.e tr:-i-rer: s:¡i'u-1-ierrÊousl.i,: l'ì13

rosi-li-r¡e ¡,iniiû,ri¡lsicence i;u-l-¡e ,-pt,li.ec'L 'bo the c¿se cf b.f¡.e

irígger ci lcr:.it vil-I preverit t:::igge::ine , Tlie l-ta,ci- I irre Re

1:-¿r' 11s ¿ d- ju.s*r-, ec1 ¡o cb¡a--n t,Ìie dcsi::e cl úegL:ee of .resc1-v"i^lg

-L:... - :.. rì^ - --.ì-F^-.a r-!^- r ^..,ê:. .ihê iif ,tiLt r¡.r'litle .j4êr,tti:'gö -1 
C,,u-¡-j.re .-11.. u:iU j,-r å.U f '; Ulte J-U\i e . J:,J 3-.) ç r çl |¿Á: I
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ÚJ

'bii--3err ';Ìie c j-:'cu,i'¡, 'i;ire l.or'¡e¡: ri¡i I I be i;b e r.es:ol-viri3 -Lilie 
"

It sli';ill-cìL be r:otec.'Lha-b i--b i-s oece*qsa.i:J'üo::ei,i<,ive []le r.ca\t-er:í

d.ioCe shuntin.g th.e e;:riti;er*base in o::ci-et 1:Ìrat jrosiii'¡e ,.).;_l sÊs

a.pllieC tci tiie beise of' tire nixer d-o not trigge::. i;he ci.i:ciiit "
-t- -!- -.,^. " 1 

^)-\¿ ,ir¡ou--l-e- iÌ1lii6ãï 'bha.c ¿ìn incr'eese in th.e t*"oo""r,.#oirr" oÍ*

the tnixing ci::cu-it rr¿ould. rcsult fro¡r 'bLre r'e¡rov¡i of .ihe e¡,itie¡'-
base d-iocleu $'åoweve.::, by suitable choice of iire em.itter bi as,

[B voti;s for t]re 2ti22 traüsis-i,ors used, in this Í:nvesti,3aüion)
-i;.he required emi-r,'he:: load- rira.y be nLa.d-e sufficiei:'r,i¿.. g¡,al-1. to

lrrc'vid.e a low dis.cirarge pa'[Ìr for i;he feec].ba,ck ca.lracito::,
'LÌr.e.reby allov,d-irg 'lÌ:e ci::cui-[, to ¡:ainiain a sh.o:r.b ]:eco\reu]r

-bi:iie * 'Ihe ani iccincio-ea.ce r:ri-xlng cj-rcuit is r¡e ltJr ¡¡e¡:saì;il-e

in ';ha.'¿ it can be ¡;-ad-e io resporrd- -bo cliÍf e::ect col¡lbi næ.i"i ons

of coincíd-ence-anticoincicLerLce ,rul ses ',,.i-bÌr ¿L iolr -resoli¡j--n8

ii.i,.,e ì:y a't;_:,ropiia;e erd j'-.i-Ê'i:r:e.tt of 'che e.r,.j-¡ier. 1oa.o- 
"

!þ-ree C]:-a.nneI Coincidenc e-r{nticoinciC enc e u'ni'i

f:e r'=s'r-.1-is of ihis i-lr¡esti--:.tic:r- Iii've 1ec.L uo ïÌle rii;si1l

cf a tiri:ee cir.arrr¡el coi-nciil-ence-a"n-bicoincio.É,ice t:.niü " T.i is

of in''r, e::es h 'b o no i; e, hoiríer.reï, til a r. a ti-ni 'c elr r:loy'irrg tictli:r

cïrannel-s riiay be easil¡'r ciesigned- on i.l-re basl'-s af restr-l'r,s

obiainecl- in th.is Ínves'i:ip:abion in -r,",,¡nich orl¡r :,in.or rlc¡ifica'oians

of i;Ìle ba.sic ci¡:crii'i.ry woul d, be .r:eqüir:ee "

t T'rtis, val u-e ras sel." e*-r,eiì- b;r ex,¡el:i;,-ren-[ 
"
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rt. regul:-l'err - l-ci¡ i-: , sà¿:rncc- f c;"¡:-seciric.i ';i:J-f a.¡1e ; i- ì- r

.l"r¿r g l:ç:er¡ ciesigt:ec-ì f.r;:: iüe l;,nii;" l:"o:í: lcÍ'tr,it1:e -.r-i3. ll'Lê ::equ-ii::eii

=;ol'i:a.Acs cs',":l:.-a- be í:rr-l-tr-rl ie(. l:-r- i:';- Ì:i.t;:cL:í ee. i¡ r:i.i:ci:ii

d,ia.5::aii of -fne 5JL. ;l;' i s :i-iren -lil Fi-, iiE) " Ï-t i-* i,l:Le '¡el t
1-.^^_ _ -._-^.: ^ .._.a..L-_. +-.__ , j^^;..^ ^" _.,,::3ll 1,.:_- b: ol;û:,"-i ¿rr_1.-rr{i¡r,t- "f ci,J.:ì) .lç_L¿j-(_1 uu.r. -_. ,,j" Ç-c::f .!.q__ Jl-

C)frt¡' anJ"r cf tire staniLarcl- ::ef e rence sollrcÊs", f"i; r"¡j-l-l l¡e

,'¡r;f ii Ci-e i-,'5 lie:'; 'ir, :1C,'..: ilt.' t i. l: : l--:.r-:l r'1;r jr -.3 'c' een rleSi;:tc,-
J-- ^--.^-^+^ ^--.1 -- .^^: r1 .i¡i .^:- r-r.¡ 

^^¡.-,n.\:..IJO û.-'eï?;e O^ì_l .J Orl. '.;'-rtl -OiC.S S.i-_Ë.i l_3C, ¡rt v:iG ,.j{.*i:-ir -.uilC3*

e,n'cleci-nti"ii-e¡,ce u.ni'b ,ríz-, 5 kil ol-:.:irs Íoi: 'bhe ll-ris a.nci r¿ir-Li.r.s

l0C '¿clf iie c'bions, â*.- Ì;iloli"lis Ícr IrE r]-i.r-iu-,-r ô7 "5 vl-'i'û Ítrìcìif i;,

5lC-iir00 oli-i:::.: Í'c-r ¡.n-c n.i.i:.u-s I vc}t seci;,r'-cn " 'TLre ref Êt:c:ì.-rce

fr.::: a.^i1 voiieUes aii'1 lc¿,ts i.iien'ii oned eibür¡e i s gil.i-;C ¡o"L'enui¿rl "

Ii; :; ì-3ìri r-l.so 'oe ,ioIeC c]..1 b'.e i;rfl .titì:e af tirâ ei;ic j..'i-'l-

'l C::--S u_- i;ç :;',r 3 C,-)J__ll-ì :,- ': C,-i,,'e ¿: S CC: jr_OtrG CÍ t jl Ê t.Ll_t,r-l '' j,tU-S L

be :'¡en Cue ccl.'f.i()er'î"au'tc:-'i-., i--e C-e,.::-'¡' . Tne. ïer:'i;l¿ii:: :f
'Llf ; SlJ-- ;l-;r '¡,:;,c; Îc'.-,-,li ;C be :.--'::c;'-i.,'.¿i;cl.Jt C,1 7,,.-'-i.C * : 3:- -:t-e

:f :1-0C -¡rl-1:s -',-t 'út-c _ll-eì;e s.:r;'l-J. cil'-s:e-: :. c'l .,rî:,. -i -" i-,'-.'c cì--t_;J-'l

.rll re:e 3f C ,l-.5 vol'[s * Tj-Le rain.i;ilu-¡l fila:üei:r'L -;*lia,le ",,',,,h-i.cii

-',,,?t)u.:l-C, i:e::i:,it ::.=.i-;1ä',;i oL = ¡s f ou-::id, ic bÊ 5.4 vûits "

The :*.rii;çtr:e'.3- j-:riÈ-e,ã¡,rtt*¡; c'j thc sc::ies leç*'L:-l ¡-r'[o:: i,y,;e

r¡c,].', t -'e :-,-_,;i ir -./rìries si_i,gh i,J-¡r i¡j-';l: -ll:c ..,1 .,-i -ì g¡-- -l-;,- r,i, tile_i:€b',r

ctiesinE a sir=,.7.)- l.li:,:riaïion cf 'û¡e ûu.tj:u--l1 -,',:'.tc.';. ,],-ï

rjjtij: ccÌncj,ir-¡:.:lc: ":,cï:it:lì- j 'l;:r e: cicile si.huir_tir:.-- ll_: '-.. j ii*::*
.l:¡ ç* i-,, i,b e ::'j.;ij,n¡; 'r,i.nir is-r ::'i.lr:r.,:,)'¡*a- -ili*::eì-'-- t .i:.;'l-.-'
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NOTE. I. ALL
2. ALL

TRIODES ARE 6S4
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NOTE- I. ALL
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VOLTAGE SUPPLYFIG..I5 RE.GUTATED



r.Z

tbç i:ri¡-rls 3 vol ¡ iijre 'L;,:: -,r¡or]{ i:.ri:c ir. 1-aL:'3;r' c;Ii'j--"le; lcaCi

i"eis-ì s¿:ìnc.¿ " Tj:is i¡ou-'rO o"r:ij rL: a-i-1¡ rû:;ì.i-::'e Llri:'; ¿ì. srr:;al-l- ¿r¡ì ji:-s-;-b*

r,ei--l (;,^-,1,¡ç¡j.r:.e-:e1-;' g "2 v¡l ts) 'ce ir¿rd.e on ''cjie llj-nus I r¡cl 'ç

"'l-iiie l',rhen '[]ie rini i, .is s.¡¡i.ì:c¡.ed- f ron cc jr--ac j-d-er'rce 'Lo ¿inti *

coi.ncid.ence ûr,-.e ïa.'i cn ':.uci vice \rei:'sa " I¿e necessj-i¡i for

ad-ji;-str:en1-, Ì-¡.as beeü eli.i',j"i:abed. b¡r s,;iitching i:: i:.:r aiir¡ro¡,'-i:'i'a'ce

ïesìstanoe in para,llel -;'¡itb- ine ".:-rius I vol¡ curlru-t ¡.vherl tl:.e

u-nitr is pla.ced. i,n ai:iticcincid.ence o¡ie::a-tio::i "

T.le e cm.p1-e 
-be tliL:ee cliannel coirLcj-rie.iice*Ê,rrri*o-ì-nsiaence c::: "

*ttir is. eiven ì:y Figu {l'7) * Ghanirel s (1) and (5) are irïû.r¡idec.r-o-'-"_d-*Q

il,l-j:l: conti.:licu--q-l--'rraL:i.:b-l-e o-eIa¡r l-i-i:es (O-0.75 i::icrloseccnds)

anc.l i,ii.e u-ni.'l; nta]- be oirerated- i:r art.y ole of ti:e foLlowi::l9

arrange.(1elif s .

{1 ) C]r.anneL.s (l ) a.:rd. (.5 i i:n coi:acic.enc e .

(2)Cl.e.n.ne-].s(i),(z),a:i.o-{g)iticoirl.cioence.
(3) Clran;rel s (L) anc- (f ) i.n coincidence arrd clrannel (2) in

an-ticoíi'rcid.ence ¡i,¡ith'Lhis ou-ipu.û .

(4) Cnan.nel (3 ) i n anticoi¡rc j-C e,:c e '.,,-'i-t,i: eir¿?.nr.ei- (i ) "

{5) Cire.ni:el (a) or (g) ir-L ä.Lriicoincid-ei'r.ce:;i'i:h channel- (i).

The n-urntbe::i,ng of tire abcve cor';:espotios tc t.he switcþ

pos"Li;ions on th: ':i¡-i,ng ,-,--ni-i, Silitc;h l-'



CHANNEL 3. SAME

AS CHANNEL t

CHANNEL 2. SAME AS

CHANNEL I EXCEPT

AS NOTED IN

SECT I ON 3.2

-8 V

- 67.5 V

PL. 4

PL.6

sw. M-2

CHANNEL I. AS GIVEN

BY FIG, II IOO MMF

TO SCALER

HARVEY L. POLLOCK

s-áe-ss

FIG. I6 COINCIDENCE-ANTICOINCIDENCE COUI'!TER



'a:,i.

llht ai:.',';l itli-d.e aii-Ð{:í...,..'":: ;... 1_,-: ,.: .,: ;esi:;,..1 L,:,::ir¡ :... '1 ei'J:a!':..,tt

1t''' :'t'r '^ ' ^ ' - 'f;:'¡t; i;LL :j..\, ì,ü iì-.r eesu-;'e r;.Ì.1,t .i!:..:tii, ;r.: rii r-':t j,"i ..._--,'-r'-j¿--\.& -4.- t"_.t .'**- .:'--ri LU -_..Cr.íJ1._; .....:.

j:-:tii sc ¿ìjrr;r.-i i üú"¿€s ¿ìni å .ì:igJ: iilpecia:rce i¡r-r:ll-rr*'úet ,;c í::etí::rLij.Ê

'hÌtc Ìtiaseel a¡:;;L i':, rc t1,,, :ij"*il-ll " llle lil;c1.{jit,i.ij.iÕ-!r ,.:rr:1.,:;rr¿ii i;lt.e

,-:,r.:*le')- i:iLLi:r-;-1; ¡'lilSe; t,.r:¡f iii,.:. -- - ,'-- i, -:îe,Lictûr-.. Cn 'lj::i; i:i.'ls.ì_,-:

{if: '[Ì:.e rli] i,:'j- bj-i.s i,'rrj fi-,ii,,+- 'ic be .l.ess ill.tlr 5,f:; o 'i]ic i.-L:-

*:lj-¡i::L¡,:.i-*¡- c i:.'i:'-t.i i; ct¡li-rl-c¡¡s .:isì i:,e el ir-..,iii¿ el-:"r,.: ::-ri-ri-, t ilir:::t:

!-:-:,:il:-"tl-Ti:r::'ît':ùs.Il;i¡e ai0"t s:i-"1-i-*oir_.li:Lc:l¿.--, Ìia-r¡-:ir,., i:r ì:.¡.ci: ie':si::iiin*ç
,:: _-.J: {,í -{' 'ii-riir l-û :ii:e3cJ]tr:s ¡?:., cl- i,.ì f'C:-,¡,ta:1-:,) :rc:si 5::.,ice t,.f i.,.;,::-.i_::i-

ii'iiicei;r l5* c!l:r,sl . Îi:a j"{:;arir),¿1 r,,:c ttl:oss 'i;|re C.icc-e ci-ire 'f cr sìrunb

1=;:.:'-li-,. -,:í: -"'t:Ê :icir-::il tc be 0.?Li -tcln'õs fot: å.1_'t iì.iìt_1.iect _:'r;--i:_le

ai !0 vcll[:i !Ê:ìrL: ¿¡;11-:]'i'1,i,.;",j"e ."i,iri]- ûlâ it:ì Ct.Ç-t;¡:Ðci:.a1_ i¡j iiij.. Cil*

irLil .::ii-rlis cÍ this 'r ö¿:-'. ]:iiiÈl e; lias,,;rl- a::r tit,e Ìii.r,Ìi:ì ü.fa-c'ir-:-¡ç¡rg sj)Éìíl'i,îic*-

abici: ûf ? sj:ir-n.i ca¡ac:L ha::* e af 2 "5 Tt.'" ç::c,;:lli c {'of 3.rraåE aÍe j-¡.

cl."cs€ a.gl:eÊir:t.e¡L'b r',rj-'Lil i;l:e ,::iiov+ . 'l'ìiÊ -li:ìnü:f í:ic i;i,:-¡¡ç1, ãl,ijû

Sireúifies i-,';^,.ê ï€ßC¡¡e-fj,"' 'f "'.T::re cf lÌ:e ,*'r-î cC-e ¿rs 2 ri r:T)?çjti:itLj.S

,,,,,.b.i-ci-, s;ii;:i"sfa (,ïaT ij-l¡ .- .'e-' â 'l:.e cir:cui'r ::e cti-ii:f-=it{ìni3 -

/ai-i ;'! 'i_1r-n-¡ 1 IV i r.: i ,: -: -1r-. :. ':i'

T¿* hiall a* pi-i-er-' ;: 3_,e d-isc::il.j:.r¿:ic_:' j_s cc"i:.-i:.,,:_i.l ei'1.

J.;t ¿, ie¡.-¡u:-n lit-:i"r-c1,, -ri;r-fã:r-i,eaii "l-ii:eir:r ir ,¡:i i.'::,-i-:.r C -5,,

'-';" i'.ie lr:: rl---Íl:Cl;-r.Teli C-. --:f irr;i-yy: i:r ri¡:-;.,-,;.t-. ¡i 'l - t:l a*jûjC tG.-l

i-r,. ::: j'-'-i-ci,-,i::: .,:-tj: ':'ie :,,=:.r.1-,'-',,:.1 .-t.,t l,:,_c ::..:.1_; , '_-..1.i::,



/lq

*.,r;:,'i:J-i:ng -bji.e cpe:-.'at,or-bc l:easuie accúi:íiteL.¡'ci^i.e ik,Loiifiî (-\f

â::i;r-L1 ¡o ,j- e iii s c :ri:,,í::ieii- cn .

Caj cu,-l-a-L: cns be se O ol il Ê ,-,.r:'er.ri ou-ir'l'i¡ cievel o ieC '[-iieo¡-'-t¡

of' ì;t:íp:s:¿t- circrriis ii:idic,:-be i;h.ri'u a -,¡*riai-Ì on i":ii cr:liec;c¡::¡'-'-JiJ_-

-,-o.r'ì a'hzaÍ,.: -i..- r_;! I 00;i i'.'il_l- C¿1Lr.S e A TiAï'ia-i:i Cif in t-,lf e r¡,fl i;a;..: C.' \,. !.iuL -Ii/t ,-e / v ' la --JL'Lif,ll¿ !trr'

T*qrlireil iro i;r'i:iger tìi.e cì::cu"i,'L af l- voli;, 'l'*iE ',,rou,l cì

i;:ld"ica'be tha'b th"e unii si:oi;-l-C be ci"¡h.L¡r sr;ebl e if d-r-re:

ccgniziìtTice of ì:lre ril¡ove j-s ia-!ien in set,t-ì-nl i,ìrLe ,-,rj-¿:': c;T l-Ê-¡,;.]-s,

lf aj,1 t::¿.nsi.sio::s i:i bLru si-¡si:-i'ìr "

l.]:e cire¡:{a.ci;erris'ii-*s of ilie pulses i--, a slir¡,ie c.Ì aïtitel

.,)-e i'l ii;-st::aie:l by i,ll e ;,1-Lti;o¡:l ;hr-' ir, :'¡. :s - (lf ¡, (i,:1 , ;{.f f ) ,

?jlti (eil)" '!'::e *ç¡.31-ii-sic::s i,'lll.ch i,¡;r be d-r:a-çi-^L f::c¡ir ii:ese

l,hctogra1:;Ìis ?,::e as f c] IcL¡s .

{i ) ':lhe i ìrâ j e ¿:nd size cf ire ou.'c¡u-t i:u"I-se a,:e jind¡:;;e.l,i-e:,.,t

cf the sh-¿ijl* ¿-r.i:ci- si-zr: of ';Ìie iri",-l'l iri-rls *" /Í

(,1) Tli; -'€cor ci:, '.-i:.. c c:i i;i.c cl ll:relL i: r:c t'i:c'. be¡" 'b:.', ¡ Ír.t-:

r.'.ic ro s ec o::-cis "

(f, ) Ty'¡ico.i ::i se t-i i,,es: f :.,: [he cu,tpui; of 'cire ';,i:i.¡¡¿;;:r: 
"-ii¡3i.:-.ii5

ã.lr:3 :,.pp::ox:.i::l¡,t el. '¡ 0 . C3 :,-l-c::cs ec OilciS "

lzi \ ;llr ¡ ¡.1,,,,'l it¿C_e Èì.jiai ¡icìt.ì:_ of ';Ìre 3rrii),r--l; ,:LL'i se Ír'i:,-, al .' l L i .jii-

si"nl.:l e ch¡,,:,¡.al ^-'*-,-ãiel-; 7:,5 vcl-ts ¡¡.id" I.5 r.:::icï't:iec:"lii t¡..*... J- J. :- r- l: rr .l çi:-¿

lr) I e "'l'ì .,¡'.;r;;.i ^: . j:-,:-.'.-.-,-,, j.t, :r7,^.,:'1'a^' 1 '''.r --1.

]..-:LEj þc: . e--;1, -1,i.:i. :t '- i.. : rt{ì @f f cc i: *,i ;:i:, e; t:":.-i ,:L:,'ü ;rii"l Ë .e 
"

j'i 'Tì- is cct:,c1 usi *n i-s b¿s;e c- {}t -uÌ: e resul is cf e::*-;i.'i-:: a:l L*..1

e'vi-:ic::ce 
"



lisals: -t
.L

1

/-.l¡^!'¡'/._i ìTrr U"L ul UI v s

. - -1 - "
1,,-r C.r:O3lûCOlìCi.,i Crl\i u

*qIG " l? Ð:if:i0i..* iT.IFifT T* Sî"$ÌiNiL

Ï,.Is.h e :
't
l-

1

llo ,_.i Z i.ítl, ri ^r .. .i ,r j S i :-, 11

1:Êj_.ij]_C:_.i ç't',. lS, C, :

*_L

cilL{ì "



::¡ r-1 a " 2 llnl 1- t '" ---
'--rÞ1(ij.'/c

l- :iíi- c ro s e* *nd-f 'Íilr

i¡IG - 18 0ïTFIII Fp.*Ii rÏiTiìT il-uI-:r.: $TîiÏ:ii?. tT tll:ìÏtÏ{:!l



Ii*el*: 0,l :i i c::oi;econd¡'c-,i v

pIG. Lü .RI..îË TI¡;i *r TlflFItAi Flrl.çr llii{FrÌr tüTFïr:



,jcale : 5 *5 Volts¡'tì-irr.

Ï sri-aros eecnd.r/dirr -

FIG - ¿t tüiFi-if ÏRSTri lTiüûi'fl iTll':Ë $Hiì}äi â'-Jl ñ-rT.','i,fliii-li.l u1 ti-i-'_':1...t:Li



s*
::i-j-Slrrr: ii i:t¡t *s
,.-,,1..",-! -^l*r..s: -,...., .-.-.--,j)!it. . ._ ,

!;¡ 
,¡, j 

"::

j.:..+ r1--!i.1-1 ï l-:'

ii:-

Èi

L, f:

.ir(.-"ì:t ì) .¡

4 l- ,-, ;n ,.-

-*\ s,4 -

il. î.i..ì.t-l- :,

: -- È'r- r.. .

f -i-,1,1..: * E

* h:isjs
ñ trì:.:-.

ll l:ì;;lr.."i i:

;:*l- :äixe

*.rr.i"!" C,,l "¡.i:

"r: -5- -t /
ui!+ . J:'-

l¡ e ilif Í

:: i¡ !:ü

I ".,- -
i *... L_

iì !tT:ìl ¡-¡¡i ç{
l' .ì-.1i 

_- 
: ,- :-

l- 1.".Çii t¡.a l

T-.- -a-l ¡, l

L:_

Lìiìj"is rïLri.:i:*

TìlE* i;rçti:.*$ l-s,F*. i:i C_el;:J.t':-'- j_:-* l;j:'; .fås,:-j r;"ilrg -bj_:i:. ;.^' :l:;
rii;5r:: i-s *,,r f'ü.1-lsìrvs * -td-*¡.'bi*al- in¡l,irb ilij-l:les år* f *ri i_..r.i;+

i..:i f,'-'-'.,.i'.ìl-s :' j'. :, í'i-:::r- . : rri.,.i lf :io:.i -' :.s :i.t:-i-c.- ii;;-{ :-:.-

a:1* ûf -;ì:+ ch:r-'e.:i-$ 1l¡- i,åi,,,1*:: .lf i.l¡* :lil:i-*'*iÈ ii.*l-*¡i ii.i.'

|fiìe 'ì,*1 a:;" *rr i¡:{3 *lhe.r '*i:.*nr:.el is il:,+::- yi::1-jj-i:,: i:.:c" 'hì;.* '.¡Li:i:,-ij-*.,

- r i_¡l_t,;- ';l:.rCL.. ;'ie I iS3 {t:: :-.rss ito-:. ,-r .l ,-l; :-:: :,iu- _: *tr ::l -:,:

f;'ni:i -i,1":.e -ili-=i*g i.* r--1.,]'[Ës-5 Ce*]e-:c:i -r; a:- ',..r*etlielr ji*ûûl r¡{.::.¡,ì l.:.......-*.'
f*:' **ir':ir,ç.elcÊ *l +*t":-**i*n*i*.*trr"r¡3 irïË r-+:;i:-:t-:ì.". o l"-" î,;rs';:iï"iIìs

,-.,-t ¡Í t,':,: :- i.;;e-:-' is ':-,J:.. lJ': l-. l-Í i-,i.., ll)s,l_,==.,,: , -;ìr..-,:.Ji_ ::-

i. "1.:: ' *

'Ïi:$ ïes*-1 ;i.Lr3 -i.', ,es cì-r;s i:: ei i,Ë i a3 i".:* r*l:*r¡e :::*'h_ir**

lî$ïû tl "*å3) ni-*l:*s*{:*n*-s f r:: tl:* cc¡ -:,*,j.åcit* e ï:t.i }i*r eilri- û "ii:5
r'ìi..*ï:cse*.*.*ì.i-Ê f*:: iÌlt ;7n1:i**ii,c i..:e ::l- . ;,-.i.::e:: * ?iie çï.îcr in

t iÌ*se ilçitsr*;enents '*as esiìi .ìr:'r e:- e s t' C " C05 ì:ìi-*î'3sG**Li.,i.s ,



Tì,1* ;:*¡et'i"ies
hil *i: * ¡lh*'i'*g,li-r.r:r-b s

5i-

iä* **å-tcid.r:t;c * i;:i,:rei: iÌrt* i-iI^ur¡ri:,rì r,j
Ï'ig*, {gî} *:,.ri {f¡} r¡l:å,;ir sl:.c.,. ;r¿

-r,:ii: ¡:-1..--.= rr,-Lï*î" rt i* cr-,*¿rr il:rrt-ll:-c *t*.å*g *i:r.*ui,-i; iii
*;s-r*.iil:ë fair)-;. I j"'.-e;-,.-,1-.', iì:i+::*h¡,l *i1*., i:..3 .i.i: i;*"j-,-:g*; 1 *rr*j
i* l:e cliii*al".l;,. ¡.eìjil*hed is *;leîiriç il::.e ;1i -,-çr-,,i_ ;r-1._ -..Ì-.:Íl

'hr\.er=* :ì,s s.l-:l¿c:l ì.:-ilt,ì'; oci i:.c:l¿i.enr'e ì:*i,.,teeiL il:l* t-i¡* í*;ui|
girl-s*s * ' Il:.is f,*.e.t l*r5;s.}-;r ¡,ççor-l::lis i',*¡r ï.i1,; s::Lr-ei:,*lj¡ i*r..¡

j.es,,.ìì'i_t_ t_,_..: of i;l e _,i::li"

'I'ra p-'or::::li,=s ;i ï, l,: :.¡-"-¡itli¡lej-f-:.:,3Ê .-i:,.e: ,rï.Ê .,-l l.-is- i,:-.: rei
ì:¡r lite ¡rh*.i;*grr,¡-.1.s :':r 3i¿s. (¿5) i,;,;1. (:+) *f -ii:* i:as* sf th*
-,' -î . -c* flì'r .-r ,1 - .- j L -: ..- - .- r- -. -:r+*.çå * ¿ar.; ¡'{}ûiii rre ar.i-'j-tìLr:ilf.*id"ç¡:*-* pii}-e* j-s I'lu*h g:::g,*t *,r '[Ìrat:.

iÌ:e ¡asiii¡¡e ¡rr-ri-se ;:::**-nr:er1 ni Nþ* bas* 'i:p tÌr* e:¡ri,*i;ç:. ii:;:ri1
jls'l rreÍ'lre tl:e t-i:-*u-ii, t,'i-¿gci..s * fl:.: ;.rtl;Ê _;i:ì::i.'ii,i., r,j

..:
-Li-..* an{,iccinc-irient ü ¡ri¡l-s* iS :.i*-,*'. ån$"j:*e.i:s*_: *n ,i.*e piro.à*glr,ti:j: ,

l:ee:,.i-se oi' b,'rücrriiil j,:: t'*+ ¡sci-,-'l rscci_ e a_,.,,;l i_f i e,.s " fil ,,
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