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Trini t y College 
Univexsity of Toron~o 
Toronto 5, Ontario 
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COLOR .. CODE FOR ~lSTORS 

Black 
Brown 
1 ed 
:'Jrange 
lellow 
r;reen 
J lue 
'! iolet 
ixay 

'Jhite 

0 
1 
2 
3 
4 
5 
6 
1 
8 
9 

( 5-D~ fi.j:.-C:.,t.lil~ 
$i' " [,(C_ fa ~ 
e,.r,U I 0 "'(" ~-

£ ' ,..._.,..----_, 
r . I i I 
~i 1 • J 
; '- r-·r--1· 

Dial end e~ d wiper 

end 

First 
Digit 

for instance~ 

bl!'ol'm black orange 

Resistance = 10,000 ohms 

the lO~ turn belipot 

wiper 

lo Writ~" the digit wh:tch appears in the window .. 

J~ Di v: de the resulting number by 1000 and multiply it by 
th~~ total resistance. 

end 
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Chart 2-10. Nontogrant for eonversion between voltage, current, power and resistance. 
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120 <.o 
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Chart 3-4. How to find the equivalent value of resistors in parallel. This 
chart can also he used for finding the equivalent value of capacitors in series. 
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.,., 
10 c 
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Chart 3-5. Chart to determine inductive or capacitive reactance, or resonance. 
31 



'!ry t,o i~olat npw: ~o.ey" 
relating !nforma~io o 

feeli,ng 1 .tharg c~ · 
n facta" in su.b.,j~'J.~ 

~ un~ ne y" from thB taek 
1 ~ use ~ic~o 

~op a web of a a ia~ions b@t 
:eeling • ~ lly alert a 

3o uBlocks11 ~~r due diffie ltidJ .. . problem ~olving uise from g.aps 
in t web of ~ssccfation wbich block rout~s ~1h:i.ch should ll· 

easy to travelc in""y ab u~ t ... ".t.a~~s" also c~as 
diffic ltyo 

preseElt:atioa of enti~~ly \mT.el '"'ed mater al "U" fter 
lear-aiaa of teri&-1 --"A" .ends to~ th aat~ri l n~u 

f 

inaccessible o Th , pr sentation of related materi l "R" y 
caust! positive or ~aative tt~ nsfer o Positive transfer oce-~s 
~vhclre tb.e relatione learned in "Aie apply di ectl.y to 18&"·o 
Nagative t: a.Bsfe~ oc \11:' wJ1ere similar:itias cause CQnfusi<n'lo 

- - -ccnw.VA3ion ·r;~lf which. ho·ld be fcrc 

'. 



1 ~'f. /J-wt f c tv tHJ;;5 

_E_.:::::. T-Y ~ ; 
y v 

___s_ 
I 

(j).:-..._ ba·ttex-y eharr;ia~ c; ir{}uit~ f.H.1;...t~ ~~irz.s a battc:l.~y D.11d n ~)]i,t'~~:~-~JF~~¥t~~ 
resi.stor -r. rrhe toto.l 'fJOliOJ? SU\:pl:l.od 5.3 200 V?C1 t;ts~~~ It.~ ti.O uotts 
is v..sed. to 1xrcnri«'l e the nocef.H~aJ:>y ehem:tt";al netion i;o r echaree 
the bat·~cry und if' the e:ha:rg&:ne; ~:..ur:~e11& is 4. ,1t OOa1u11~~ 
:find (a) the resis·tan .. Je of tho rosi ~:itor 
(b) ·the potontio.l di:ftel.~enoe be·tavee:;l ·the ends of the rczisto~(ll 

{3)\ de electric r:1otor is eo:nneetcd to 110 vol·\; 1no.1ns .~tnd dra\\TS 
a cu:rrcnt o:C 2 €;\ 00 amp t"Jhon it is :r.:ounning at :normal speed~ 
Under these conditions :lt d.eli'lfcrs 160 11ft'ltts of mechan:teul 
pot.rer and f:.i.::aietiono.l losses amount ·to 20 ·watts. 
What is i·~s (ohmic) resistance, 1~ e ··1 the;; resist.anco which \'Jolld 
be meanured on a lot.r~eurren·t bridge 11: the current tNas ir~uf:fieient 
to cause tho armo.turc to move? 

®Radio resistors cora.o in a \'.'.ide ranso or sizes from a f"ct~l oh.mfl 
to several megohm.s and \7ith va:t~ious por;er ratingst)! The po't'ler 
:¥?at:tng is the maxi:muJil power the resistor can sa:fely dissipo.ta 
as hea·t.., Calculate m.aximu.m values of aurren·t th:t."ough and 
po·ten·tial di.f.ferenoe across resistors of 10 oh!ns r 1 :..:00 o:P..ms 
50~ 000 ohms and 2 mega f'o:t .. power ra-tings of 1./2 ~ .2 s- and 5 wa·tt3 

(3)I'he power expended as heat iu an 01~"d:tuary toaster i.E 550 w2.:tts o:. fib Y 
'J.lhs current tbJ:ough the heating elern.e~t is 5~00 amps" Vihat ~s R::-~ 
the resis·tanoe of ·the heating elernen:t? f..=~~ -u-

. ·-. q 
({>)An eleot:t:>on (charge 1~6 x 1.0"g

1
· oou.lomb) moves from. a point 

at -5oOO volts to ana·tner point 1\lOO em avv::·y whieh ia at a 
potential of plus 5~00 voltsQ lfind the potential energy lost 
b:r tho elec~ron: (b) the average force experienced by the 
e1eotro:n0 t! iu A~ly:t9!!.§. equals Vf!/ s j.Q.i.Q.~~. and D1§.1!..~) 

r1) I:v .. t;ho triode ShOYJ't! the plate CtL'tTen·t :ts J..; ma.~ CYlillia:t:1pOras) I 
'-. ..-' w:nr::r~, is t.he poterJ.tial di:etere~ce bat;woen plate and gx~~o'Ul'ld? 



(atA sto:roa.:t~ Jat i:;er y nan a:1 e ·.~::: ... • 
\6/resis·te.~~cc o:f () «) f}l)~.J ohrnh., :'HJ.t"-~ 

cur:r~n"'G ct (y'~ 1 1.1 or) ampB 3 · «: O~ru:t:::s i dO.J 

22.o 
1/0 

· .:. · J •.• t s r 1.. -~~ 
'ti .J. .3, ~ ":J.i -:p t,;h? 
G.ldp ? 

. .7-

· ' .... 

ff1Y -~ 

I 
.~ 

I 

Lf-

I:: ·~ I fL 

0"01'-0 
I 

oJba 

lf\\. A r GHis ";~uj~ o:L ::~a1.~69 ~"': O:tlducrtn;J,~)G i;n iYI: "'1·3U.:I,"::;:d "'3 .~ ~; :, .. ·t.h·:l .. ~ i~'~ } r\te : ""'· 
\!:!)VOl tnu3te:r :m.et ht~d llS:l:ng t hH 0 il't(~uJ;~ f.~ ::.o~vn~ T!s.~~ :pc}·{:el1 •, .~_B : ·M d.i e~;; el~enoe 

across t1he rcs .:Ls t;or i s 1:50 m:tll .::~lfo~~ ·(;,s ·)vhen tlle \~ 5""'t t:nJ. i·~~. orr~ .... ~1ti::t 
is 5 ol:.j mn:p" !rlle rosl stor is lJiJ17 :::'9Ji1.Ci\t0d a~.cHl ·tho ;:··:!:-:; 1td~ !~:t; ltS 
adjusted 1.111til t he vol·t:m.o·t·e:r :re ads 300 rrrv ~ o.n d i.~b.e 11'wJ<:t.e:r 
2#00 mill io.J~lJ)o l?ind the oond.u.ots:~~ '~t.i o~ !'.;he 1:{~sin t;oJ~" :-::n.tl ·~he 
:resistanoe oi: the vo_:tlu(rter ... 

(~In the b~idge circuit shovm belaw~ the aurrent through the 
120 ohm resistor ia zeroo Other ~alu3S {r esistanoe) as shot~1 
What is the resistance ot: lir. ? 

~ 



Y i s t~ht.:• -v·ol tage i.I~ ~;.rol tis 
V:' is the rlti:i:>k do.n.s ;;.n ;j ou~es 
\ i .s t.he eharge in. coulombs 

-

J.. i;5 t.: v~,. ·~·q.:t:~·::--en:t :tn o.r~1pe;;~;;1~ 
£. i s t;h.e ~t~ ha.::t~gt;; i:l\ ... rH:tulcrmtr~ pas~~~ ~J.g r:t p·oin'~ ln :it net.O•J(i.s 

'( .1$ the resistancE; 1 .. n ohms J:;, v.! if3 ·t.he vol:tnge :J..n voli:;.s 
~p is the CU..'l""rent in amperes l, 

p -.,.:::. I~R 

P is ·the pov:?o:r produced. in V<sJO.tte in a resistor fJf -rv·hioh 
jf is the resistance ir& ol'.rms v is the ·woltnge in volts 
&:.l:t 

l calorie - 4ol8 joules 
1 ealo:rie is the heat ~~eqv.iretl to raise 1 gram of 1f;ater 1 dog:ree 0 

W is the work in watt-seconds (,iovJes) 
~ is the power in watts 
t is the time in seconds 
4$'.1~ 

~, is the :rorce in nevJtons 
W is the VIOrk 1n joules 
a is the distance :tn netres -
Res is to~-~ !~ ~eries: 

~. r· i·:··· , 1 .~i·? l·l·:: i 
R;~l·st6i~s 1n pura1ie1: 

'> 
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1 

·q Q1-'?fi rp (IT{ V ~uplf1~1;J 
J...U .~:...< • • ,· • ~ t-'-' ·;j! 

\ n~\.t;,•tt,z.. rii"'~iA•'r "f":J]•·~ '('·~~·~c~+.;-;·(';~e '"'rl. (El~F;h 'Y:I0<!!1~·;~,!"t'f'" ;-....'r. ~Q-"T"'rJ 
.; ~~·-t....t..'Jo,;,/ ~"""~~~ v ..... ,....,. ... o ........... .-t.Jt.; ............ ..-.. v l,Jq .... .e.vb,f,.,_~,._vv,,~ -r..il~s....:.. "\:-t r'Vl. '~ a.nd 

ca.1.d ~~ as indlca :;ed by ·\he fiOlGl .... c~cd.e o:c. .t;;he bo!.lY.:) 

2 ~- \Vrl. t·:~ a.oYm ths 1o.ttage hea~~ d:'~f.'~s:l.:pr.{·~:to:;.:. yo-c. \'lOllld get in 
eo.eh of' the reni • ..: i;o-;~3 on eo.rd ~ vrhe:J.. ea.;;i:t. ..... s .. onnee-!..ied ~.rO 
a 12 'tf~ ..... lt; nupp1yo \·~;hieh :shou1c1 'be t.he hty~·te~Tt; re.sienit'l;- , 
the lovtest; :resiBtg:uee valn.G<d o:n.c~; Ol" tlK~ higheBt~ .. ? 
Yer5.:fy by· o .... :r..llt.ied; .. :::.g -to tJ pcWGll; su:pp1:t end touc:h:1.n.gt.~ 

Calc;·;t:te:te 1.1 thBL measu ... :e t:.h~ ot~.rront 
cu..1.~0. 2 ~.Jhon ras.¢h is e0nnec.:~~ <Jd ao::'"'oss 

t.~or rss is .. ~o!'s 1 to 1,_ 
the 12 ·;rol t SU!J";)ly:, 

4.} I.Ieasure each :t•i;;;;s:ts ... vo:r· on ')8-! "cl 2 by tn .. : amrr1eter method<;· 
··.,7ould the rumn.eter go in £jt~:!.li:tes or pa: .. ')all(;:t"i Drctvl ·thG ci:tcuit(l 

; ) raj Measu:ce 
of i~ho resl;::d;o:t•s 
1 tUid 2 ~l 
( 1, j GalctLl.a:te tht.~ re~~is~~anee ;t,_·""o:m the 
qu.es1;:lon . . h·t.:· 

:eol:~ovtin.g eo.mbino.t:1 .. ons 
£) and 9 ~ ~ !'J 6 and7 

6} ueasu..re ·the ~:"es:L;; tnn·CtJ o:f' the eomb:tno:t:tons in qu.ets~·;;.ton 5 
of: xesistors :pi.:,t·t:i.ng then1 ·in. po.:,.-·all~ll :li::.~s~ead (1-f in scl.,:l®So 

;.. iSO m.1erormro meter i.s 1.1.sed a.s a 701 tm..c~ri;er 
·(a.,. 1.0 •!OJ:ts tulJ St!ala 
( b} 5 ·l)·ol b~ fu..ll sea:. e 
(o) Oo5 volts f~l~ scaleo 
If the xue·ter 'l?eslstanee l~ 3000 o.bnlS uha t external res2 .. stol; 
would be needat1 iii, eaeh cai>e"r' D:ce.vlf ~;;he oi!:!~ti.tt~ 

$} !It"J'IH wou1d vou eonne1'::t a ~•-:'esj.stor i;t"- a ..t2 volt SU11T)ly to 
aiJ:pr·oxiw:rte a cons·tunt ~uxrent ;3 1pply"i' rrha'~ valu~; would i·+; 
ha:ro i:e the i~U~rent 5.s to be 0 ~2 mi1:tan::pe:t')es? 
D!•e,'tJJ t ~l.C ci::. uu.~ t .,. 

9} If you use the '~onstant e·m&:i:ren:t Hupply 'tro tortle cUJ.:ran·t 
tm .. ough l. es_st~ors;).: 1f·Thich -values w'ill cause the aurren:t to 
deviate t.ro:u1 the appr~ox1IuG:~el y n e~{~n.s~·:Anr~-cn value :raoat ~ 
la:rge c"!n small :~,es) .. stors~? In ·i.;1;,e supply of q_uestio:u 8 
what val·u~~ Y<"ill Cfxu.Ese t11e cn.u:-:r:ent to dE/Q"io.t.o l.O peroen·b? 

J.O) Usi ;;1g the (H;.usta:n:t oul .. ron·tt supply or q1..1.estlon. §. und 
·the Oe 5 volt srol"'~TI))~r'ce:;;,~ of' qu.es·t:lo£! 1 measu:r.~e ~th(; :r1.rst; 
five ~asistc~s en ~ard 2 by usiug Omu~s Law~ 

JJil?OR'l'JlOT IJRECAUTI01·1 ~ Be:Core eon-r1eot~ ng t he suppl;r make a L?.;.~ti 
solid . .t•aliD.ble oonneetion between the voltmet.er an.d the; res:t.s~ol~~-
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Laboratory -.. 2 :sJvkft t 
TRL\l'JSISTOR CIIf\RAC'.(lLHa\S'J:ICS a-.....,~ .... t; Ol.:IT.lOlT BlWE 
l) Plo·t a :family ot curves :t: coY:.roctorourrmnt in rllillicunpelees 
Versus OOlloc·toi~-.,.·to..u.baso "1Jol·t;s i.1it;h ernj;ttcr Gu.rr~nt GS para:metero 

Tho graph paper should be laJ.d out r;!th oollcctor ... ;ato.ubase vj;lt~lge 
in the horizontal direction vii th ze1~o volts at the lefto 
To get u cood elenr &.'1?a.ph, rne inch accented l"tith ten dj.visions 
to the incho Lcrt ea~h incL equal !!!2 volts so tho:G VJ'i th 
12 inches of paper you got H~ 24 volts tull scale on the pape:ro 
~ehe vertiou.l scale should. s·;3.rt a·t the same zeroo 'l1his time 
let one inch equal one mill~amp ao that ten inches gives 10 ma~ 

To cb."uXJ tho firsi; cu.rve, lett the emitter current be 0 mo. i.e.o 
set the holipot to the bott,.'ln.~ 

To dro.\v the seco:nd cu:eva ~ lt! ~ the Enni·t·ter current be 2 maG 
Got this current by adjt.wtin1~ ·the om:f.tter helipot {see cot dia f..;ram) 
You will find that n11 the d~tail is in the early pu~t or the 
curve so plo·t the greatest n~imber ot: points hereo Each point . 
:1 .. s plotted by picking a valut~ ot collector voltage, setting 
it up by adjusting the helir,;t, ·then rc~:.ding the value of 
collector current which the transistor gives() These two val;Jos 
ro~ an "ordered pe.irwf whLch is transferred as a. point to t.he 
graph po.pe:r as in analytica:t geo1netryo No·te that the tYIO va.llues 
are an ordered pair:~ ar!d do: .. f t make tho connnon misi;ake of 
lnt'c:c·changincr the axes, io i ~<~ plotting the value of cv.rrent 
r~~-here the volto.ae nhould ~ot You mav want to use a moJ:-e senmitive ~ ~ ~ ~ 

fYNd.~ voltage l~nn.ge on this part of ·the curve to get better read in gs o 

This prooedm-e should be eontinued. tor 4 ma 6 ma 8~1a and 10 P1a 

or exait;ter ourren~t drav1ing .a completely separate cu:rve tor each 
value of' exn:I.t·ter ourrent 0 1~ACII CURVE SHOULD BE LABEI..J.,ED "S m.an etoa 
The rcsul:t llvill be ~ _!a~k,:~. of curves which define the 
relntion l.~etvieen eiD.J. tter cu:~rent, oollecwto:r current and 
collector voltaGeo 

I<. vat... r + +-'"""""""'=~==~ 
- suPttY 



Ex::lclncrt .ion o:r 
clrouit diagram 

'i'he o1:roui t diag.!.t,'!...m e.:tvon on sheet '1 show~, t-rro -~vte1·., e vol.·t 
povter supplie~ at the oztx~e11s le~G 'tt'lhich arc ~'!lon:nuf;}ted in ser~,b~ .. l 
By a "oe1•ies OOlJj:J.eotio:ut!! is menr.tt that the posi·!;i1te o:f~ one 
sup:;ly is oomJec·ted ·to ~the negative ot~ tbJ~ othero 'ihere nr"e 
no't'J tlJO tcrrlinals left u.nconneote4i .. , o o t:l ono :positlli·"~ nnd one 
nagutive0 Tho vel to. e betl.'iee ·. ~ P. ·::;o tv1o ter··rlinals 1 s the Sl..1121 
o-:t the vol tQr~es g1 ~0n by tho individual pc;wer-- su-r·!')liea.o 

";rhis should~ o:t cou:r.se!\o be chackcid \'lith a V<j!l'f:Jo.eto:r, 
~3hou~rl you m.O.KE) n mistake and ~or neot a nE~ga.r.;i~.~e on. one powt;::c· 
supply 't'Ji th a l.1ee;;:ttive on the cd;hel, ~ i~hen the tv1o val t;nge.~ 
\i!Ould subtract itlSttJnd cr:t uddi.11g, In £;hi8 cast~ ·c.t'i.e vol tega 
rend o.n-u ... ~iffi1r woulCJ. be zer{),, ( u.. L..~£.(.~ 4~- Cv~t .. ~ ~ e.c

1
L>.dL) 

i ' 

The 24 volts obtoj~nec1 by the ser:les eon-r:teotif)n of -clle t\?O tv:elve 
volt :powe:L' au·:~ ·~ -1 liE~s is ncn~,r O.Pl'lied t;; a heJ. ipot, ;oo ollnt resrutD.noo 
nould be suitable,~ lJote that the ~: ymbol for •rgl"'Cn1ndr1 ol'i 12 earthn 
is a:Lmply a co:n:ve1uiF.lnt v.ra.y of' rex"'er:r$i:ng -Go a oonr1on1~· used 
Ibe:t'el~enee ~oint Vlhic:h :ts usually thonsider~ed ror con:~le.nien~o to 
be at'' zo:~o ~Volts~ 

1
1

he ou~put of' tho hclipct whloh is obtained froma brush T!hioh 
mo1res aloJlg 't;b.c coil of resistnnoe ·ui..re can novr oe -v-m"led 
:l.~C'om zero ·volts to t:t m{;uimu:m. of' 24 V'ol ts Ct:ega:ti ve} o 

On the extl~ene J:?:i.e;hi.; is n vol·inneter w·hi~h . j s usod 1;o men.sur~ 
·tho oolloctr.i?l .. vol tnge (1-ae:teJ:&red to g:~ound.J 1Jote i;ho.t iJc .i.s 
in P.£,:r;:~ll£J t'Ji th the eollf)Otor t;.o g:;. .. ound ei:rcuit;(J 

.i;.llothor helJ.l)Ot and ano·t;he:r. power. supply ·which this time Dupplies 
a uositive vel to.ge oi' 1.t~:labJ.c am.or.,o:rt to ·t1_e emitte)? 6:l.I,.cuit 
wb!~ains a 1 k se:r:ias resistor to ~ontrol the ,m.Tent" 
IJ.'he Cl.t~rent i~s co11trolled by varying the voltage applied as 
desoribed o.benro~ It is :measured by a milliammeter which is 
in series rJi th tho em1:ttor, agai.n aa desc:ri bed above~ w ~ ~ 
o.l though thero j,n connection with the oollector e:tx-eult6 

Ti1l~f>S .. r£biT! Cheok the o:pera:tion ot the he11pots t:it.h ·vol tnleteJ.:•s 
before the tl•ansistor is pluc;~ed in. LLqke sure that you know 
uhioh end of the hel.tpots gives zero voltne:eo 
SJ~~'I' B01'II nELII)OTS TO Zb'HO VOJ../.P.i\.GE~H~ ~. o • then pluG iYJ the transistoro 



Diet 

Slope of li~ ;:,:m ~ r2 :.-v! ~~~- ~""'- ~{~-. 
l1'.2 ,., ltl .1 ""' ~ 

If~ 1~a po!ti.i 9 tb!!a line 1. 3 ~~~ed fl'(m.l rig t. to l~.., 

?robl~~ 

lo :!.nd ~l - dist~~ •\ .~ pc;i~ (~ <..>4) a"~l!d ( a), 2 

2.o F nd. tlw. c~d1a-~t,"" S f t.~ .141poi~~ of ~&_~ liM S· -i~~t. ·"%-b~~(·~ 
o.dpo .. nt, ~· -~ (:,. ... ,_, / ) .iir.'l!d ( 2 1) y2}1 

3o lk' a li.oo .,t:;,p:, 1; P,~f.? P2 p ~5~ '.le t · @J~~ (:~~ .e2) and ha.vimg 

slope of ~5/4o 

0 

4c ShAM that eh liR· Jo" • !gg {4;, 6) md (2 0 1~ ie p ~- ll~l to t.he 1 

joiJAing (8~ 12.; _?J.d. f4» 2) 

.5o Show ~hat (;.b:e ~t~ae~ 
col ine 

6c S~t:c th6e lOCta$ f ·~ e¥'.at!011 lo "' ~~m ...,2:rf.'J. + 3 

2o ~2 + l6y2 8 144 

7 o F.1.,nd '"M int-el't:~pa;s of the c~« '1 e. ~ ID 4 on both u.eso 

3o .,.~!t" ~ val~~ ~ e do ~9 cf ~ fa1!llily ~ + by a G pus 
t\u'{JU.gh tM ~~ igin'f-

9 o D.1sc~m8 tim ~U.S ' f,fm y2 = (: .,._, 2) (s ~ 3)) { "") 4) by COWJid.s~ing 
{1) in ereepts~ (2) sy ~~ry with~ ~~·t tc h a· 1 ~ 
1:~) l;Up..it:J .. n.g val~a" 1 · 811)7 9 of ea,:h vf.m"1.,~bl -~~ (4) ~tl.te 
l~a .is &1 G~~ . "lose-d. c~ o Sktf,;.ftch t · cU'ltVeo 

lO o 



Ring I;lodulator ( wi thou.t tra.n.si'ormer} 

Llixing of: two sign.nls in fL linear circuit Yifla10ducea a simple 
addi t1on pa·ttern 011 an oscilloscope as shown 

'Ehe linear circuit pr:;cee no modul.ation produo-.at hm:.teve-r 
if a diode is introduced so ·that 'the pattern is di~"ided in two 
~ part being suppressed, modulation products appear~ 

o"e 

A ~J . Afll~~\~~oJ1lU'Ufl~~-'v-Jlfllij~WU~JwJJ 
E,~ -f 

'I'he output o~ the simple ·circuit shown wi·th one diode oontaias 
in addition to the modulat:ton produots the original signals, 
r;tor many pm~posas it is better no"t to have theseo 

The ring modulator in the accompanying diagram applies one 
signal. to all four tipaes in the same phase through four 
10 K rp~A_stors~ The tw·o diodes on the right are connected 
in a '~:freotion to the two diodes on the let'te Note: The ar:rO¥r 
show.n on diodes indicates the dil~ection of conv·entional current 
flowc. Som.eti.mes oolor bands are used instead of an a.rro'tvo 
In t:r.\..;1.s case the. actual di:t·eot!on is not importe~t us long aa 
tho tv1o d.iod.es on the right are conJlected tee opposite direotictil 
from the two diodes on the lef'to 

:zhe other Si@lo.l {signal B or the u con·trol signal n ) 
ia a.\ :·plied ~ to. all tour ~ rliodes but t"~"lo diodes nre 
ctr·ivs.n :tn the opposite phaBe to th<s other twoQ 2he ·two 
phases are obtained in the phase splittor shovm at bottom rightc 

Output :ta taken from all four d, .. odes r. but t~.·to ure connected tn 
ph~l$S op~pos1t1on in a differential umplitiero Instead of the 
dlfterential amplitier.f phase splitter si.Jitiru- to the one 
sl:_o\\TD. o.t the bot"'tom could be used along \dth a resist.or uddU.g 
circuit,) 
~ 

Balancing with respect 'tt> signul D. {tl1e control signal} and 
\Ji·th respect to s:lgno.l A ean be ~ done by adjua·tmont 
of ·the o.ntplitudes 4:lu.t. ot: the phase s _.-·litter and by adjustm.en·t 
of" the dif:torentiel uxn.plifiero f·Ja:tthe:r ot these c.djustr.1onta 
is ShO"t'lno -

The colored dots ~~~ refer to a set or oscill~grumsa 
takon o:t tho points in the oiro·- it indioutedo 
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a . , 0 E 

c,r:.d · te 
• I 1t ~ .>:! at t11~ 

. - · s:tion) and the 
t.ne base j the voltage 

t~1le Gotal ~oaaistance 1..a a r o·li· t.6l, 6 K { . 
· lector load resistor and tl.1e em c c0 i. .•1 c.·~' r, 

12 ·rolt suriPLY 9 t _he current is ·them 2 ma~.~ ~ tl~e 
_ .. ') ~ .. o•:ofls tl1e collector load resistor is 10 v-olts, 
.... :;ros£1 tho emitter resistor is 2 volts~ 

t tJ ... e opposite extreme, when the bnse is out o f --.. nd ;c) 

1.:.··" ont ~1ov1a j then the collector is ut power s u 1ly 
1 
... ha beat operating point is halt"wuy between these t.uo 
·r·J"Gt is ·5 vol t.s below povver supply vol to.ge, o~ 7 volt · . ·O e;; 
_;.rou d A d.o voltmeter .laced betweo the o -or ,JLf 

culd m.easure yo Been use of' the varinti:~n · in res.l. ... '· 
y~-~.:. ues o.nd transistor p:erameters 9 voltages betvveen 6o5 a .. d 
? o 5 wot_ld, be considered acceptable(\ 

1) F'ind ·the Vt.:J.lue of the top baae bias res~ a tor on the le:N.; 
"wvh:leh gi. ve.s the pl'Oper operating point tor 1 2N36J8 truns12i,or o 

2) i~.ttr~'r? installing the proper r esistor measu:~e the gel in 
(a j uipo.: f):f emitter pot at gzoun.d end (b) middle ( o) top end 
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riiring ?ircuits on veatorboord card~. 

:.:unufacturer 9 S data on11VeCOW" produCtS and :tor ()()!fr SCtO:rD 
(Eloo) were given .on n set ot xeJ.~o:x:ed sheetse 
VectorboD.IUt cun be eaail:r Gut to any size with shecu.~ ' t and 
practically any size ot card can be usede 

There are many advantages to usin~~ a small number o'£' standard 
sizes of card in any studio or pro~eoto ?in spao1n);'.! nnd 
function should also be sto.ndardiz,)d so that units f~an be 
interchanged and so thut the m'l:x:irr.urn use can be f.Ct out of 
one unito The pin locations and ru~etions listed :.:.elov.r a:cae 
entirely arbit:raryo The ttsmall stal'dard" (one of th~ee 
sizes, small, mediun1 and large) will toke seven 1'o:rlr connec·twa 
o.s shovm below0 In the case of' <the t.wo larger ~ize"E, tho first 
seven pins are treated in a similar wuyo othe:r: pins ure.:1 uJ3~d 
as the oeeusion demandso 

Left side: red~ 
purple ;eower s..,ill~.Pll 

·green ) '"'~ ~-J-
blue ~- ' 

. yellow in32.~ 
orange control 
black &found ' 

~ I 

Testing ot circuits will be done 'ty pluggtng them into a test 
strip which mukes as many connections as possible through the 
torlc conneotorso The ntopn side o:t"~ the eo~d will still be 
accessible for measuring voltages and mak1ung oth~r~~ connect1onso 
i:'or the simpler circuits all eompoz.\ents shoUld be on top to 
make it easier to check the wiring and locate re:terence pointse 

To begin with, 1"G is udviaable to lc.y out the COJ1lponents so that 
they look as much as possible like 1;he circuit dia~~ame 
Needless to say, the circuit diagror~ should be dravn in such 
a way thQt the wiring is u s stmpl~ as possibleo 
I'ower supply bus should be nt the toJ. grollnd bus ~~hould be 
at the bottolU.o ("busn is an abbreviation ot "omn11,us" and 
mee.ns o. ooncluctor which noarries all C\lrrfJnts") 
If you :find the lay-out confusing, place :.1 piece of v1riting 
:paper on the vector card be:f'ore inserting the pins and murk 
the more ini,po~to.nt onese It the unit doe)S not \*IOrk~ most of 
the checks will be measurements ot AO ar DC voltn~e at various 
points 1n the oirouito These will be speeded up 1t the lcey 
points are ensy to locuteo 

Fhen v1iring very aomplicc.:.ted circuits it ~rlill b~~ neccsnnry to 
wire and plaoe components n both sides of the ·boardo The 
layout will neceasu ily be hard to follow~ Sometimes it is 
attvieable ·to nota on the c J..rcu1t dlagram how i.;o looa~iie the 
key pointse 
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-ct r :ro:..1 O' er 

t !.., b ·.~e is .rG.i · .. ..rt (moved in the :fo'YKwo.rd di.rec .... io~ : 
J. c;..~c-- sod -...1.116 t 1y; otu ... rent• in tha em.i t te.t .. ~'-'>aolls"}tox 

• t~e .s~d much more c~p1dlyn The voltuge uoroas the 
0 a. ::.es StOJ?) is i.~hereby rf\18Cd eo o ln 

the use voltugeo Si.railo..rly9 a 
~ o1 +-~... ,u red ces the current thli:ough 

"o~.l'·d CP..USCS the emitter rolt.1age to drop() o o 

1 wsn the buse voltagee 

are used, the emitter 

'.l'l e emittsr olla·r ,.,..,... is useful as an output device in Ertudio 
equipmcn". f)ec~;.use. ' ne lovi imped&.noe enables it to drive many 
11 pu~s nt th · s8rr1a time und prevents eleetrostutic piekup or 
hu.n o.nd tl··er ur.twnntecl signals,. 
It i~ 1" ef'u~ as an in})Ut device beoausa it .Onltera a very light 
load ( ilig 1

L· resistance load) to the device which drives it-.1 

1} In th e circuit showns lNhat is the impedance presented ·to 
tho base by ·the two bias resistors shovrn.? (imagine the base 
tcmpo~nxily disconnected) 

2) In t;he so.me situation as cuestion 1, Y·i hD:l.i would be the 
open circui· roltage before the base is eonneoted? 

3) On. the eomple·te wired eircui t connected to the potnie:r• supply 
but Vfithout input or output eonneotions 51 whut is the measured. 
DC 'VOl.lf·age on the base•r on the emitter'? 

4) Measure the voltage gain of the e:i.rouito · .,. hu·t determines 
the oltage gain in this cirouit? 

5 ) Put a very SEJ.a..t.l signal on the input (a bout 0 o 1 volts rm.s ) 
at q frequency o:r 1000 cps~ o.nd measure the output impedance 
by connecting various resistors aoross the output until you 
find one ·which reduces the output voltage to half its open 
circuit valuee 

A f') t 

Ot.YTPL)"T 

? 



SETS definitions - 1 -
x is a member (or element) of the Sfrt A - -
;: is no1; a member {or element) ot i;ho set A ..,., .... 

Venn diaatam : a . · representation on u drawing or the 
-"' relations between two or more setso 

Universal set the set containing all the mem~ers ot a classo -
Fnrtioul~!!i a set containing not all the members of a c~ass~ 

BC/1 

BbA 

B is u subset o~ A when all members ot set B also 
oelong to set A - --
If every element of B is a member o£ A and there 
is at least one element of A which is-not a member 
ot ~ £);. is a proper ~bse~ ~w.r of ]. 

Roster g£ Bracket notation: All the members of a set are listed 
-· bet\vtlell brackets o o as A = (1, 5, 7) 

Alternative form: 
E z (x~ x is an even positive integer) 

This means "E is the set of all x' s such that 
~ is an even-positive integern -

the empty set 

A :B every member ot set A is a member o~ set B - -
P is equivalent to '1 wh"'"en their e1en1ents can be paired 

1n a unique tashiOnoc• thrat is, when they are 
in one~to-eDe correspondencev 

Disjoin:~. :If' two non-empty sets bawe no e.lements in common 
they are ~id to be ~1sjointo 

11'~ ! Ana C is the intersection of sets A and D when t~he set 
V_, ·tM . rf contains afi tho-elements C.oramon .... to A and B - - -C:: A UB .2.. is the _uni_o_u of sets A o.nd ll when set ~ contains 

all the e!imiits of A pYus the elements of B - -
C ....,...A X8 (read C equals A cross B) 0 is the set of all 

... - ordere~ pairs wnose first members are elements 
ot A and whose second members are elements of B - ....... 
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SETS dei,initions = 2 
~ 

11apn1vl'.P into "" '"D _,..... 

Mapping onto 

._.J ~an ~ alemen·"" or a set .A co.n 'bo < C-ir"~ e :)'fiet~ 
Q~~ w:tth some el em.en-'v of Jr'.tl:r e asaor.:iJt"'; tm1 
is called a. mappi ng of the-set!~~ 
the set-~ 

when the element a ~ assoe:ialiea. wi·tL the 
element Jl then .12 !'s the image o:r a" ()l3ff.: ,, 
Lritten ~tA.':! p. A d1ff~rent mappTng might'~-.c--
be represented by {3o., - !..e~ .·· : 

If at 1s a. L"l.Upping of th e set A iniiO a 
se·t p then a is called a mo.pping 0~ the 
set A onto P it tor each element z in P 
there fs ti-t least one element x in A - / 
suoh ·that. «X. ~ y - ~ 

Qp_,eu.t .. oao:o~ra;p:pir!~: A mapping of a finite sat onto another 
finite set is ona-to-ona 1r and only if 
(1) each aleman·t o:f B is the image of' some 
element o~ A, and 
(2) no two distinct elements of A have the 
same image in Be -
This is possible only if' the two sets have 
the same number of elementsG 

! ma~hemat1cai operutio~~ a mathematical operation on a 
nonempty set ~ is defined as a mapping 
of' SXS into .e_ 

! mathematical !YStem: any nonempty set -~ together with one 
or more specified operations on s~ .. -

!i.e;tation a relation is a set of ordered pairso 

xRy means "£ has the relation !l to r 
Reflexive: o:t the torm xRx 
syrrrrnetrio JRy implies yRx 
transitive it xRy is true and 3'Rz "then xRz is trueo 
Asyrrrm.etrio if JrRy iB true then yRx is false o 

De:f'inition ot a !unction 1n terms o-£ set theory: 
(Calloway Pc 74) Given two nonampty sets .A and B a function 
is a subset ! of A~B with the property that no tv1o -
distino~ ordered pairs belonging to F have the same t1rst 
element~ -



1) Explain why the two subsets in the diagram below are 
represented by 2verlappins circles: 

\ 

2) \'lhat is the total number of ways ot :forming sets by taking 
all 9 some, or none of a set of n objects? 
Havr many non-empty subsets can be rormed of a set or n elements? 
How many proper subsets can be formed from a set of A-elements? 

3) Show that th ere is a one-to-one correspondence between 
the letters of the alphabet and the set of symbols in the 
Morse eode (telegraph oode)o 

4) Sh ow that the m.embe:rs or a string quartet and their 
instruments are equivalent setso 

5} Sho\~ that there ls a one-to-one correspondence between 
the set of unit fractions ( 1/1 1/2 1/3 l/4 etc) 
and the set or positive integerso · 

6) Draw Venn diagrams to shovl that: (a) all elements of the 
set P are e1ements of the set Q and some elements ot the set Q 
are not elements of the set P 
(b) A ::>B -
~o) A C B ~ BC. C 

(d) All elements ot R are elements o~ T , All elements of S 
are elements ot T 1 1r and s have no elements in oomm.on -
and some elements of ¥ are -not elementn or either R or So - - -
7) By means of a Venn Diagram show that it AC B and £3C A 
then! and Ja are identical, that 1a A = D 
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~TS problems = 2 

l} Give an example of u rumil1ar set which is the union 
ot two tam1lio.r sotso 

2) Give an axan1:ple o:r a tamilial4 sot which is the intersootdon 
o.r two tam.111ar setso 

J) If P is a set containing 4 elements and Q is a set containing 
9 elements (nine} what can be sald about the number of elements 
(a>,n-. PUQ 
(bl in Pn Q 

~) Explain why ! is a subset oZ PU Q 

5) ]~xplain why p n Q is a. subset of g 

6) Suppose thatli is the set or ull points inside a eeotangle 
and s is the set of all points on a cirole lying inside the 
rectungleo Find: (a) R n s -

('b) R. us 
7) J.::rove that A L) ('BUC) = (A UB) U C Draw a Venn Diagl'am.. 

The parentheses indicate which operations are to be per:tbrmed rirsto 

s> rrove that An (en c):: a·ft nB) n C 
9) Given P :c lQ.,b,c.J and Q ::{:>C.'(f) 
elements in the set P )( Qo , 

write the list of 

10) It R is a set containing m distinct clements nnd S 
is a set-containing n distino.-elements how many elements 
is there in the set R )(. S ? 

Ji1xplo.1no 

11) If !~ 1, and !i ure three sets prove that 

p X (G\UR) = (PxQ)U (PXR) 
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SETS problems ~ 3 -
ll In eaeh -of the f'ollov-ling you Elre given t·wo sets: the first 
is mnpped into the socond. Druw a chart~ using arrOf.rst shmv-i.ng 
enoh mapping<~~ 

(O.) P= [pa,fz., Pe,? fq~ Q= '1-~'q t.' 9.3 
o(p. ,.. ~2- 0( p2. -::" ,_ ~ o( P'~ ':' q ~ <:( P4:::: 't I 

( b) R ., { r, , r,_ J S = [ s, , s 1. , s ~ 3 
~ r.-= s~ (3 r;_ -= Sz.. 

l~J M:{3)(,):> .. ~ N:t2._.~5l8~ 
~~ _ 2 . <f& ::=5""> cr~-= B 

2) For each mapping fil question 1 , state the number of vmys 
in which the first set can be mapped into the second set~ 

)) It R:: {a,b,c,) and S ~ (u~v~) how many mappings of 
~ into ~ are there? How many mappings of ~ onto ~ are th ere? 

4) It R is a set having m elements and s is a set having m 
elements wh at can you say about the numoer or mappings of -
ot R onto s ir m<·n ? ---
5) Given a mathematical system consisting or a set S 
s ~ (x:,y,z~'v) and an operation defined as :rollows: -

*"j ~ ~b ~,~-
~-

't_ :t.. 2.-
X. W""" 

1f 1; ~ L1r' 
X. 

~ r ~ ~ ;)(,. 

tcr r W'p :>t-.. 1:--
~ 

·(a) Roa.d the complete mapping represented by this GJ&rationo 
v.,.Hte it oui; in image notationo 
(b) How many possible operations are there on set S ?. 
(do not multiply out your answer)o -

6) Given a set consisting or the integers S == (l,2,3,4,.o.o) 
Draw up a table similar to the one above de.t!ning the 
operation ot multipl1cat1one 



Pf\l P 

'rhe 3638 is a I'HJ? silicon T'LAl'!AH eri ta.xlal truns:ts ·tor c.es~~ gr...ed 
for digi t c.l o.pplloa tiona at; currant levels to 500 mill:l.m1rpe1 as {• 
1l 1he high gain"'"'ba:idvrt dth produc~ t~1,, at h.igh Ctt'l'r(:;nts 
r·Jakes i·t nn excollont un.it. fer line drivtng nnd memory appJ. j csut:ionsc 

Storoge temperatures -55 de~o C 
Oporn ting junction tem:perG t ·u.:r.·e 
r.eud temperature 

to plus 125 dege C~ 
plus 125 deg C max~ 

260 de rt4 c !nf..t}r.~. 

Total di.ssipation at 25 degree case tem~peratUl·e (with sink) 
0~7 watt 

'.Potal dissipation at 25 degree fre.e air tGm})o 00j \VU.tto 

V OBO 
VCES 
V CEO 
V EBO 
I C 

Collector to base voltage 
Collector to emit·t;er vol ·w~e 
Collector to emitter high curr 
Emitter to base voltage 
Collector current steady state 

Elcotrioo.l Charncteristios 
4l"ttl4,_ ... ,.....,..._,. •• ......,.. .. - ......... ...., ..... ~ 

25 volts 
= 2; volts 
<til) 25 l''tilts 
QQ 41{j0 volts 

500 mao 

High frec;ueney olu-re:o.t go.in 1~0 1;o la.5 a. 100 m.egc.oy-oles 
h ·irw. DC pulse em:J:'en t gain 30 to l70 
B CBJ 0@ ·rt.s.c'tor i;o bt .. SQ breakdown vol·i;age 
Blcr.E~" Collect ~ to emittel~ breo.kdonn volirugo 

Ern,tter­
~ Ba,.se 
3 Col \ec...Tor 

a.27 VOltS 
=2.5 vol·t;s 

ao\·· 
) 

• I 

1 -:=:..~::-~ i _s 
I' 

· •. )• '"'>L L.. 

(1 \ r:;._ 



1) I11. i;!~u c:Lrcuit shovm belO\'J plo o. family of ctt"'(Vv·os o .... 
colleeto:tu c .U""rent {in milliamperes) ·trorsus oolleo tor= to,. em·. t ,..,..:; 
·ol tllgr~ ( ol ts) o G • the pQ).:8J.11oter bo :t_g b·1~ a o~.\x~:r ent o 

~Vhe :x·ange ot: collector current oo ered should be a out 25 nmo 
7ho range of collector oltage sbould be nbout 20 ~oltso 
s·t;art -r.rltb ubout 6 volts on the oolloctor o.nd the bctse ou:;.:rent 
ut zeroo Increa.se thG 1K~.se current caut:!ously by increQsing 
the net1;:tng o:e the lteli:pot from zer,)_, I:r tho meter rec.fla too 
hir-,h or o:f:f-aeale on the high side, u.se o. mc:!ter r1i th o. leu~ gar 
ful.l·-.,scale rating or 1:e ·the meter is udjtLStL1ble set 1t t:or a 
higbor I.,ull scale 1·at:tngo \·.-hen you find the aurre.rrt; in the 
base ci:rcu.i t r.rhich gives about 25 milliamperes or collector 
ou;crent )I ( 1 t vi1ll ·be in the microamperes) choose tour lues 
of base current which give a nice f'DJ.ui.ly ot collector 
V()1 t=umr)ere curveso Uollector vol·to.ge Should be plott.ed 
horizontally und collecrtor cur1·ent on the '1·er·tical axisQ 

2) Using o. constant collector voltage of 12 volts { nego:ti vo) 
plot collector current versus base voltsu 

.3) using a oon.stant collector voltage of 12 -volts (negative) 
plot baae current versus base volts mo. :ing sure the collector 
current is ncvor ra.ore than 25 mao 

4) In tho lower ci rouit marked "ar:J.l'lifieru set t j~e base ~rent lA..L. 
SO that the COlleOtOl"' VOltaee (dO) Vd.ll be i;lbOUt 6 VOltSo -\·L.J;'.~ff ( 
t:easure the gain of' the r..unplifi""r using tlle method described 
in lUb~z:;_dJ,?;:•i[. Jo 2~0 oh ('\'\ ~~ C>~ft! t.i""\ ~ E" le\r:';.•S,-iu(l_ -

r . - o-2,0 IY·,~ 
r.. C oL~-El. TO I'? .. CUI2 R~NT 

\1. CQLLE"t lb 2 
VoL:rAf-'C 
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~L-=-2 Peedlraok Amplifier 

The :feedback amplifier s!1.0Wn on the accompanying sheet consists 
of two stcges in caseadeo Inverse feedback is o.:pplied through 
tho tno :,:esistors in the red box !'rom the output {collector) 
of the :R.')cond stage to the er.oi t·ter o:r the .firs·t stug-ao 
'l1he ampJ.i:Ciera are direct ooupledo DC stability is obtatned 
by conr ·)ctine; the first ba.se t;Lrougl~ a 150 K J:•esistor to the 
bypnssej enittor of the second stugee 

1) :u~;~SlJre the mo.ximurn. and minimum gain o;t tho ar1plifieJ~ ~ 

2) l ---~~)asure ·the frequency response vrith the network shown 
at ·t.! .e bcrttom. lett or the diagram connected in plae:a of ~~ :~1e 
two ~c.ln control resistors in the red bozo De sm>e that 'the 
omp} ifier is not being overloaded anywhere in the frec'ueney 
ran_se measu.rsd~ 

· U;:, ·; J deck semi log paper and plot ·the trecuency response 
i :r declbelsc 

. ~ }Hea.suJ. .. e the :rronuenoy response with the network on the right 
substi tut~9d t:or the box~ 

') 
() 

() 

0 
1:) 0 - ('\ 

G 



1£bor£tto:rz_~ 8 . equalizers 

{1) Design o.n RC e(1ualize:r:.~~ which :t.s fJ Jt from 20 cpa to 
200 cps then :r.alls -.,-rt at 6 db :per oct~ :re foi~ ·ths re:mo.indaa:~ 
o:r the audio band {tho higher :t:rer:uenc:t~s)~ 

{b) Dulld the equalizer an.d measure -'. \is perfor:r.illinoe by 
connectinc the :Y .. nput direoi;ly to the ~igno.l generutor 
und the output di.l.,eetly to the ·volt.mr:'~ero 
Dra'iN the :r.requeney eharac1;eriatie 011 3-deck semi-log 
graph rapero Sb.o:vr the out~put on.a d(J;::i'bel scalee 

(2) (a) Design an RC equalizer \vi-t·~t. a oh e.rae·teristl e v~"hich 
rises at 6 db pel,. octave up to ;oo (;:ps and is flat from thaJ.~e 
on UPo 

{b) Build an~. measure as in (l)o 

Design, build and nwaaure an RC 6QUJll1ze:c~ whieh ia :tJ.a·t; from 
0 t ·o 200 cps 9 

has a 6 db par octave drop to 2000 cps then 
flattens out again(# Plot the treqt\ancy r'eSponse a a in. ( 2) ()\ 

(4) Design~ build and measure an a·:lju.stable aeries resonant 
cL-reuit equalizer to correct a 10 db resonant peak in an 
audio system lounted at 1 kilooyclec 

{ 5} Give an example ot a parallel-resonant circuit aquo.li!'&or 
or t:Utero 

{ 5) {b) Build. the o~trcu.it and measure ·t~he t~.9equency responaec 
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All DIMEN SIONS IN IN CHES 
, +o.oos 

1 r o.o5o (NOTE A) c l Fa. 160 -o.oJ5 
___ o.wo~g~~--:-1 o.too+o.oos 
'r E . 1·1' D - 0.020 

0 200 =:J :.p.f-Gl-

!g':.r_~-= _j-: a.: J-.~~~-
I I ±o.c.:.sJ f -
f...-~o'g?o+- o.soo MI. •. 

·0.030 0.050 ,; 0 .005 

cad diamete r is not controlled in this area 

* ;:., ..... .....,. ·;,?) me:.~ ·:;:;urn ra{'' s if 2.5 °C vrt 
Drai~-.3.:. e Vo tage 
Drain-.=o :ce Voltage 

eve.-,-. Gore-Source Voltage 
G ie ~v .~r 

~ ' 

Con ti uo s Device Dissipafon a t 'or be •w 1 2 .. "' C Fr e-Air Temper ture (See ote 1) 

Storage ·em perature Range 

( 

I 

I. 
i j, 
I !I 
I 

:?.S v 
:....: If 

- ·--' v 

.- , r V-
e d ~ empera ure ).{6 Inch from Co c ·~; c: : ...- con :i • _.._.v 1..... 

Small -Signal ommon-Sou: ·t: 
I } v>, Output dmittance 

--------------------~--·--------
1os = 15 v, 

GS-

lns 

' !Yts l DS = l5 V, VGs = 

v a:e lineor!y to 125 ( trcc-ai cmpero ure a: the ro le of 2 mw/C 0 
• 

.. 11e pa rcmetw mus J meas ured using pulse techniques. PW ~ 100 msec, Duty Cy.: .v ::;; D% , 
: , diE C regis te red act . 

. c. ~ of Texas I nstrum cnts Incorporated 
. ?endi ng 

?REL MINAR DATA SHE;:·: . 
Supplementary data will Je 
publi sned at a I t r d e. 

\' 

I 

. ,1'\. 
I '" v 

TEX.\S INSTRUMENTS RESERV ' S Trl IGHI TO MAKE CHANGES AI A Y TIME 
I. ORDER 'fO 1.\-\,'R OV~ DES G, AND TO S PP Y THE BEST PRODUCT POSS!3 

c 0 .... -:, 

.:;:::,.Jl! CO 'DU CTOR-C O . . . -­
..-osr Of'i'IC.:: E3 0X 50 : 

t:l 
c .. ( 
r· 
r·· ,,, 
rn _, 

') 

:z ;:: 
(.I 

:=~ 
(0 

p .,:;; 

~ .. ~ 
C' 
U1 
Ol 
0 
~-
~ 
)> 
c 
0 
c 
V'• ..... 
,o 
(~ ... 
V< 

' 1 
I 

I .-liED IN U.S .A. 
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Tht~ General Electric 2N2646 and 2N2G47 Silicon Unijunction 
Tran~.istors have an entirely new structure resulting in lower 
satu ration voltage, peak-point current and valley current as 
well as a mt ch higher base-one peak pulse voltage. In addition, 
the~;e devices arc much faster switches. 

~ ·" 

Unijunction 

~ ~ 

tions where circuit economy is of primary importance, and is 
ideal for use in firing circuits for Silicon Controlled Ilectifiers 
and other applications where a g-uaranteed minimum pulse am­
plitude is required. The 2N2G47 is intended for applications 
where a low emitter leakage current and a low peak point 
emitter current (trigger current) are required (i.e. long timing 
applications), and also for triggering high power SCR's. Th(! 2N2G46 is intended for general p\.f; 'l.Q.i: .. ~-~dfstrial applica-

\ ...-,~ · _. 
1
,, I { . f 

f< '1'"" 1''' 11.1 ill4 hz I t Jlllt•4 1o olla....I .... J ~- .. .._~.................. ~ I;._ ' ,..._ 

l>n-~tl'f4. I 
lG]/J:. 

.... ,_ •.; l. 

3 1] BANK 

a Jbolute rrJaxim um ratings: (25°C) 
Power Dissipation (Note 1) 

RMS Emitter Current 

Peak Emitter Current (Note 2) 

300mw 

50 rna 

2 amperes 

Emitter Reverse Voltage 30 volts 

lnterbase Voltage 35 volts 

Operating Temperature Range -65°C to +125°C 

Storage Temperature Range -65°C to +150°C 

sr. 
..... _ 

l • -. Hn • lioht d••meler lulh It 1 1'1'"1 

'~J.~:F..:~~ ~~~~~~Jd;~~~~ 
130 d••mtr menured wrlh 1 surlablt 
ill! Whtn II~! IS no\ ust4. rntUVIf· 
men! "Ill bt m1dt 11 bast sui 

MnJJ Lead d•Jmtler tS tonlrolltd '" 
lherone~lwttn 05o0and 25o01rl)l1ltl\t 

.23z 3 ~: .. se:: ~~~~~so tnd end ol ltld 

- SJ;;!Q, "'"'''"' by """"""' "'"i' ~~r. ~ncluthnctabJndtltludrnctab, 
1nd sublrtchnct~e sm1lltf d••mettt h0t1t 
thtllrttrdllmtltr 

APPROX W[IGHT 0 15 OZ 
Al.l OIW[HSIONS fN INCHES 

lE@OI OZ• l[AO ~ 
[ 

I I 
UAO 2 (. 

···~--· e lectrical characteristics. 25°C) 

• 

PARAMETER 

Intrinsic Standoff Ratio (Vnn = lOV) 
lnterbase Resistance (Vnn = 3V, h = 0) 
Emitter Saturation Voltage (Vnn = lOV, IN= 50 rna) 
Modulated lnterbase Current (Vnn = lOV, h =50 rna) 
Emitter Reverse Current (Vn~J~ = 30V, lnt = 0) 
Peak Point Emitter Current (Vnn = 25V) 
Valley Point Current (V nn = 20V, Rn2 = lOOn) 
Base-One Peak Pulse Voltage (Note 3) 
SCR Firing Conditions (See Figure 26, back page) 

U t o·r~:::~.~ 1. Derate 3.0 MW /"C increase in ambient tempera ture. 
The total power dissipation (available power to Emit­
ter and Base-Two) must be limited by the external 
circuitry. 

2. Capacitor discharge--lOtLfd or Jess, 30 voJ,ta or less. 
3. The Base-One Peak Pulse Voltage is measured in the 

circuit below. This specification on the 2N2646 and 
2N2647 is used to ensure a minimum pulse amplitude 
for applications in SCR firing circuits and other 
types of pulse circuits. 

v, 
·----o---<"> +20V±.5V 

v 

• 'lJ 2 

'Y/ 
Rnno 
v~wuT> 
In2<ll01ll 
ho 
Jr. 
Iv 
Vont 

Min . 
0.56 

4.7 

4 
3.0 

2N2648 
Typ. 
0.65 

7 
2 

:i2 
0.05 

0.4 
6 

6.5 

Max. Min. 
0.75 0.68 

9.1 4.7 

12 
5 

8 
6.0 

4. The intrinsic standoff ratio, 71, is e~:~sentially constant 
with temperature and interbase voltage. 71 is defined 
by the equation: 

V1• = 71 Vnn + Vo 
Where Vp = Peak Point Emitter Voltage 

Vnn = Interbase Voltage 

Vn =Junction Diode Drop (Approx .. 6V) 

~ 82 

VBB 

I 
I 
I 
I 

0 

FIGURE 

2N2647 
Typ. Max. 
0.75 0.82 

7 9.1 Kn 
2 volts 

12 rna 
0.01 0.2 p.a 
0.4 2 p.a 
11 18 rna 

7.5 volts 

tv 

FIGURE 
v,,'lur,ctio n "frdnsistor Symbol whh Nomc nclil­
ture used for voltag e and curr ents. 

Static Emitter Characteristics curves showing 
importilnt para meters and medsurement poinh 
(exaggerated io show details). 
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Admiral Rd .... . . . . .. S-X 
Albany Av .. . .... . . . L-V 
Alcorn Av ........ . .. J-K 
Ardwold Gate .. . .. . .. G 
Austin Cr . . . . . ... .. . F 
Austin Ter .. .. . . . ... F-G 
Avenue Rd . To 478/ 465 D-Y 
Balmoral Av.. . . . . . . . C-E 
Barton Av. To 15/ 18 . V 
Bathurst St. 

785 to 1273 . . . . . . . . A- V 
Bay St. 

1188/ 1203 to End . . . Z 
Bedford Rd . . .. .. . . . . N-X 
Bellair St. . . . . . . . . . Z 
Belmont St. . . . . . . . . . U 
Benvenuto Pl. . . . . . . . J 
Bernard Av ...... .. . R-T 
Berryman St . .. . .. ... T-U 
Birch Av ... ... . . . . .. K 
Bishop St .. . . . . . . . . . u 
Blackmore St. . . . . . . . U 
Bloor St. W. To 532 . V-Z 
Boswell Av. . . . . . . . . . S-T 
Boulton Dr . . ........ H-N 
Bridgman Av . . . . . . . . . L-M 
Brunswi ck Av 

291 / 306 to End . . . . . L-V 
Castleview Av ..... . . G 
Chicora Av. . . . . . . . . . N-0 
Clarendon Av. . . . . . . . C-D 
Clarendon Cr . . . . . . . . C-H 
Connable Dr . . . . . . . . . A 
Cottingham Rd ..... . . N 
Cottingham St ....... H-K 
Cumberland St . . . . ... Y-Z 

Ace La ...... .. ...... V 
Albert La . ..... . . . . . Z 
Albert St . . .. . . . . . . . Z 
Armoury St . . . . . . . . . . Y 
Augusta Av . . . . . . . . . . L-V 
Baldwin St. .. . . . . . . . Q-S 
Balmuto St. . . . . . . . . . E 
Bancroft Av. . . . . . . . . G 
Barnaby Pl . . . . . . . . . . U 
Bathurst' St 179 to 793 A- V 
Bay St. 

397/ 422 to ll86/ 1201 E-Z 
Bellevue Av. . . . . . . . . L-Q 
Beverley St. . . . . . . . . N-X 
Bloor St . W. To 565. A-E 
Borden St .. . . . . . . . . . A-L 
Breadalbane St . . . . . . K 
Brunswick Av . 

To 289/ 304. . . . . . . . . A-L 
Bulwer St........... W 
Cameron Pl . . . . . . . . . . 'II 
Cameron St . . . . . . . . . . W 
Carlyle St . . . . . . . . . . Q 
Carr St ...... ....... V 
Casimir St . . . . . . . . . . Q 
Cecil St . .. .. . . ..... M-N 
Centre Av. . . . . . . . . . . T-Y 
Charles St . W.. . . . . . D-E 
Chestnut St. . . . ..... T-Y 
Classic Av. . . . . . . . . . G-H 
College St To 431 / 438 L-P 
Croft St . . . . . . . . . . . . A-L 
Cuttle Pl. . . . ... . ... Z 
D'Arcy St .... .. ... .. R-S 
Denison Av . . . . . . . . . . Q- V 
Denison Sq .... .. . . . . Q 
Devonshire Pl.. . . . . . C 
Division St . . . . . . . . . M 
Downey's La .. .. ..... Z 
Dudley Pl. .. . .. . . . . . U 
Dundas St. W. 

To 738/ 741. . . .. ... . Q-U 
Eden Pl. .. ... . . . . . .. V 
Edward St .. .... .... . T-U 
Elizabeth St. . . . . . . . P-Z 
Elm St . . . . . . . . . . . . . . S-U 
Elmsley Pl . . . . . . . . . . E-K 
Fitzroy Ter . . . . . . . . . R 

D. 2 
Dalton Rd... ..... V 
Dar tnell Av . . . . . . . . . L 
Davenport Rd . 

To 670 / 671 . . . . . .. .. F-Z 
Dupont St To 449 / 474 L-0 
Edmund Av... ... . ... . J 
Edmund Gate .... . . ... J 
Elgin Av .... . . . . . . .. X- Y 
Farnham Av ......... . D-E 
Foxbar Rd . . . .... . ... D 
Frichot Av ..... . . . . . U 
Gange Av . . . . .... . . . . K 
Genoa St... . .... .... Z 
Gibson Av . . ..... . . . . U 
Glen Edyth Dr. . . . . . . H 
Glen Edyth Pl. . . . . . . H 
Hazelton Av .. . ..... . T-Y 
Hi lls bor o Av. . . . . . . . U 
Hilton Av ........... A-F 
Howland Av . .. . . .. .. . L-V 
Huron St 

411 / 430 to End .. ... M-W 
Kendal Av ...... . . ... M-R 
Lowther Av .... ...... V-Y 
Lyndhurst Av . . . . . . . . A- F 
Lyndhurst Ct .. . . . . . . F 
Lynwood Av.. . . . . . . . . C-D 
MacPherson Av . .. . . . . M-P 
Madi son Av . . . . . . . . . . M-W 
Mar l borough Av .. . . . . 0 -P 
Marlborough Pl . . . . . . 0 
Mayfai r Mews. . . . . . . . Z 
McAlpi ne St . . . . . . . . . U 
McMas ter Av . . . . . . . . . 0 

c. 2 
Foster Pl ..... .. ... . Z 
Gerrard St . W. . . . . . . T-U 
Glasgow St. . . . . . . . . . M 
Glenbaillie Pl .... . . R 
Glen Morr i s St .. .... B 
Grange Av . . . . . .. ... . V-X 
Grange Pl. . . . . . . . . . . S-X 
Grange Rd. ... . ...... X 
Grenville St........ P 
Grosvenor St . . . . . . . . P 
Hagerman St . . . . . . . . . Z 
Harbord St. To 69 / 70 A-C 
Hayter St ..... . .... . P 
Henry St .. . . . . . . . . . . N-S 
Hickory St .... .. . ... Q 
Hoskin Av. . . . . . . . . . . C-D 
Hu r on St. To 409/ 428 B-W 
Inker man St . . . . . . . . . E 
Irwin Av. . . . . . . . . . . . E 
James St . .... ... .. . . Z 
John St . 

153/ 164 to End . . . . . X 
Kensington Av . . . . . . . R 
Kensington Pl . . . . . . . R 
Kings College Rd.... N 
Laplante Av. . . . . . . . . P-U 
Larch St . . . . . . . . . . . . R-'11 
Leonard Av . . . . . . . . . . Q 
Lippincott St ... .... A-L 
Lou i sa St. . . . . . . . . . . Z 
Major St . .... ...... . A-L 
McCaul St . . . . . . . . . . . N-X 
Mu r ray St. . . . . . . . . . . T-0 
Napanee St .. . .. .. ... R-W 
Nassau Pl . . . . . . . . . . . Q-R 
Nassau St. . . . . . . . . . . L-M 
Orde St . .. . . . . . . . . . . N-0 
Osgoode St . . . . . . . . . . Y 
Oxford St . . . . . . . . . . . L-M 
Phipps St. ... . ... ... K 
Phoebe St ......... .. W-X 
Pullan Pl. .. . . . .. . . . Y 
Queen St . W. To 586. V-Z 
Queen's Pk Av . . . . . . . D 
Queen's Pk. Cr . E. . . D-0 
Queen's Pk. Cr. W . .. D-0 

McMurrich St .... . ... U-Z 
Melgund Rd. . . . . . . . . . A 
Molson St .. . . . . ..... P 
New St ... . .. . ... . ... U 
Ni na St............. A 
Northview Ter.. . . . . . U 
Oak lands Av .... . . . . . J 
Pears Av .. ... . . . . ... S-U 
Popla r Plai ns Cres .. H-J 
Poplar Pla ins Rd .. . . C-N 
Pr i nc e Ar thur Av .... X-Y 
Ramsden Park Rd . . . . . U 
Rathnally Av . . . . . . . . H-N 
Roden Pl. . . . .. ... . .. U 
Roxborough St . W. . . . 0-P 
Royc roft Dr . . . . . . . . . H 
Russ ell Hi 11 Dr . . . . . B 
Russ ell Hill Rd . 

To 266/ 267 . . . . . . . . . C-H 
St. Clai rAvW . To499 A-E 
St. George St. 

125 / 164 to End . . . . . N-X 
Sarah St. .. .. ..... .. U 
Scollard St . .... .... Y-Z 
Sidney St ........... 0 
Spadina Rd To 340 / 343 B-W 
Tr anby Av . . . . . . . . . . . S-T 
Wal ker Av ......... .. K 
Walmer Rd To 394 / 415 B-W 
War r en Rd. To 73/ 82. C 
Webster Av . . . . . . . . . . T 
Well s St .. . . . . . . . . . . Q 
Wells Hill Av. . . . . . . A-F 
Woodlawn Av . W. . . . . . K 
Yonge St 792 to 1468 E-Z 
Yorkville Av . . ...... Y-Z 

Renfr ew Pl. . . . . . . . . . X 
Robert St . . . . . . .. .. . B-M 
Roseberry Av . . . . . . . . Q 
Ross St . .. . . . . . . .. .. N 
Russell St . . . . . . . . . . G-H 
Rye r son Av . . . . . . . . . . V 
St. Andrews St. . . . . . R 
St . George St. 

To 123 / 162. . . . . . . . . C-N 
St . Joseph St . . .... . J-K 
St . Mary St . . . . . . . . . E 
St . Ni cholas St . . . . . E-K 
St . Patrick Sq. . . . . . X 
St . Patrick St .... .. T-Y 
St. Patrick's Market X 
St. Thomas St .... ... E 
Scaddi ng Ct . . . . . . . . . Q 
Simcoe St 

162 / 173 to End .. . . . T-Y 
Soho Pl. ..... . ... ... X 
Soho St ........... . . X 
Spadina Av. 

160/ 165 to End. . . . . B-W 
Spadina Cr . .. ..... .. G-M 
Stephanie St. . . . . . . . X 
Sullivan St.. .. .. .. . W-X 
Sultan St........... E 
Surrey Pl ... . .... ... K-P 
Sussex Av . . . ..... . . . A-C 
Sussex Mews . . . . . . . . . B 
Taddle Creek Rd. .... N 
Teraulay St. . . . . . . . . Z 
Trinity Sq.......... Z 
Ulster St To 95 / 114 . F 
Univers ity Av. 

331 / 332 to End . .... 0-Y 
Vanauley St . . . . . . . . . W 
VanKoughnet St . . . . . . F 
Wales Av . . . . . . .. . . . . Q 
Walton St . .... . ..... U 
Washington Av.. . . . . . B 
Wellesley St. W.. .. . J -K 
Whi t e's La . . . . . . . . . . Q 
Willcock's St .. . ... . G-H 
Willison Sq. . . ... . .. 'II 
Wolesley St. 

To 100/ 107 . . . . . . V 
Yonge St. 180 to 790 E-Z 

Ancroft Pl ... . . . .. . . 
Asquith Av . .... . ... . 
Astley Av ........ . . . 
Avoca Av ..... . .. ... . 
Avondale Rd ........ . 
Aylme r Av .. . ....... . 
Baxter St .... . ..... . 

X 
v 

E-K 
A 
Q 
Q 
Q 

Bayview Av ......... . 
Beaumont Rd . . . .... . . 
Binscarth Rd ....... . 
Bloor St. E . To 678 . 

U- Z 
T 

0-P 
V-Z 

Car stowe Rd . . . . . . . . . G-H 
Castle Frank Dr . . . . . Y 
Castle Frank Rd . . . . . Y 
Chestnut Pk . Rd . . . . . L-M 
Church St . 

657/ 685 to End . . . . . V 
Clifton Rd. To 62 / 67 B 
Cluny Av............ Q 
Cluny Dr. . . . . . . . . . . . L-Q 
Collier St . . . . . . . . . . V 
Crescent Rd . . . ...... Q-S 
Dale Av .. . . .... ... . X-Y 
Douglas Cr. . . . . . . . . . E 
Douglas Dr. . . . . . . . . . G-K 
Drumsnab Rd . . . . . . . . . Y 
Dunbar Rd . . .... . .... S-X 
Edgar Av . . . . . . . . . . . . N-0 
Edgewood Cr. . . . . . . . . J 
Elm Av. . . . . . . . . . . . . . W-X 
Er rington Av. . . . . . . . C 
Garfield Av . . .... . .. B- C 
Glen Rd. ll / 26 to End J-X 
Glenrose Av .... . .... B-C 
Governor's Rd. . . . . . . E 
Gr egory Av .. . . . . . . . . H 

Aberdeen Av . . N-0 
Alexander Pl . . . . . . . . F 
Alexande r St. . . . . . . . F 
Alpha Av.. . . .... . ... J 
Amelia St ........... J-K 
Ar nold Av. . . . Y 
Bayvi ew Av . . . . . . . . . . Z 
Belshaw Pl... .. .. .. . Y 
Berkeley St . 

122 / 149 to End .. . .. N-X 
Blair Av ............ T-Y 
Bleecker St . ...... .. C-N 
Blevins Pl. . . . . . . . . . Z 
Bloor St. E. To 687 . A-E 
Bond St ... . ...... .. . Q-V 
Bowma n St . . ....... .. P 
Carlton St ... .. ..... L-P 
Castle Frank Cr . . . . . D-E 
Cawthr a Sq . . . . . . . . . . G 
Char les St. E . . . .... A-B 
Church St. 

129/ 138 To 655 / 684 . A-V 
Clyde St...... . . . . . . C 
Cornwall St.. .. .. .. . U 
Creemore Av. . . . . . . . . Y 
Dalhousie St ... . .... Q-V 
Danvers Av . . . . . . . . . . Y 
Darling Av ..... . . ... C-H 
Defries St . . . . . . . . . . Z 
Dermott Pl.. . . ... . . . 0 
Dundas Sq..... ..... . V 
Dundas St . E . 

To 779 / 780 .... ..... Q-U 
Dundonald St. . . . . . . . F 
Earl St. .. .. ... . . . . . B 
Edgedale Rd . . . . .. . . . C 
Flagler St . . . . . . . . . . 0 
Geneva Av .. . . . . . . . . . P 
George St . 

156/ 161 to End ..... R-W 
Gerrar d St . E 

To 500 / 501... . . . . . . Q-U 
Gifford St . . . . . . . . . . 0-T 
Glen Rd . To 9 / 24.. .. C 
Gloucester St . . . . . . . A-B 
Gould St. ... . ... . .. . Q 
Granby St . . . .. . . ... . L 
Hayden St..... . . . .. . A 

D. 1 
Harper Av. ....... .. . D 
Harper Gdns. . . . . . . . . D 
Hawthor n Av. . . . . . . . . Y. 
Hawthorn Gdns . . . . . . . Y 
Hi ghland Av . . . . . . . . . M-N 
Highland Cr . . . . . . . . . G 
Highland Gdns . . . . . . . M 
Hudson Dr . . ... . .... . D 
Inglewood Dr. 
77/ 80 to End . . . . . . . B-D 

Jackes Av. ..... . . . .. A 
Jean St.... . ... ..... J 
Lamport Av . . . . . . . . . . S 
MacLennan Av. . . . . . . . C-N 
Mapl e Av . . .......... X-Y 
May Sq .. . . ... .. . .. . . S 
May St ... ... . ..... .. S 
McKenzie Av .. . . ..... Y 
Meredi th Cr. . . . . . . . . R 
Mount Pleasant Rd . 

To 323 / 324 . . . . . . . . . B-W 
Nan t on Av . . . . . . . . . . . Y 
Ne s bitt Dr . .. . ... .. . E 
Old Br i dl e Pat h ..... H 
Old George Pl . . . . . . . N 
Ott awa St . . . . .. . ... . F 
Park Dr (Reserva tion) M- T 
Par k Rd ... . . .. . . . ... R-V 
Pine Hi ll Rd .. V 
Pleasan t Blvd .. . . . . . A 
Powell Av ... .. .. .... X 
Pri ce St ..... . ...... L 
Pr i cefield Rd ... F-L 
Rachael St. W-X 

c. 1 
Hillc rest Av. ..... . . K 
Hillcrest Par k. ..... K 
Homewood Av... . . . . . . G-M 
Homewood Pl. . . . . . . G 
Hor ticultura l Av. . . . M 
Howard St . .... . ..... C-D 
Huntley St. . . . . . . . . . B 
I sabella St . . . . . . . . . A-8 
Jarvis St. 

118/ 147 to End ... . . 8-W 
Labatt Av .. .... .... . Z 
Lan caster Av . . . . . . . . H 
Laur i er Av . . . . . . . . . . J 
Linden St .... . ..... . B 
Lovatt Pl. .. .. .. .... Z 
Maitland Pl ......... G 
Mai tland St. ........ F-G 
Ma itland Ter. . . . . . . . F 
Maribe t h Av.. . . . . . . . M 
Mark St. .. ..... . ... . Z 
McClear Pl. . . . . . . . . . M 
McGill St ........... L 
Metcalfe St. . . . . . . . . J-0 
Milan St . . . . . . . . . . . . S-X 
Millington St. . . . . . . 0 
Montague St.. . . . . . . . M 
Monteith St. . . . . . . . . F 
Moss Pk. Pl..... ... . 'II 
Mutual St . . ... . . . .. . G-W 
Nasmi th St ...... . . . . P-U 
Nicholas Av . . . . . . . . . Z 
Oak St . . . .. . . . ... . .. S-U 
O'Keefe La .. .. ...... Q-V 
Ontario St. 

106/ ll3 to End .. . . . C-X 
Parkview Av . . . . . . . . . K 
Parliament St. 

165 / 179 to End .... . D-Y 
Paterson Pl. . . . . . . . . Y 
Pembroke St. . . . . . . . . R-W 
Pine Ter . . . . . . . . . . . . D 
Poulette St . . . . ..... S-X 
Prospect St . . . . . . . . . H 
Queen St . E. To 590 . V-Z 
Ramsay La .. ..... . .. . X 
Rawlings Av. . . . . . . . . P 
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Reynolds Pl. . . . . . . . . V 
Ridge Dr. . . . . . . . . . . . G-H 
Ridge Dr. Pk........ G 
Rosedale Rd. . . . . . . . . Q 
Rosedale Hts Dr . . . . . B-D 
Rosedale Valley Rd. . Q-Y 
Rosehill Av . . . . . . . . . A 
Rowan wood Av. . . . . . . . L-M 
Roxborough Dr . ...... M-P 
Roxborough St. E. . . . L-M 
St . Andrews Gdns. . . . H- J 
St . Clair Av . E . 

To 1000 / 1001 ..... . . A-D 
St. Paul 's Sq . . . . . . . V 
Scarth Rd... ... ... . . R 
Scholfield Av... .. .. N 
Severn St........ . . . V 
Shaftesbury Av. . . . . . F-G 
Sha ftesbury Pl . . . . . . F 
Sh erbour ne St . N. . . . S-X 
Sighthill Av . . .. .... C-H 
South Dr .. .. .. .. .. .. R-T 
Standish Av . . . . . . . . . D-J 
Summerhill Av . .. .. .. F-J 
Summerhill Gdns . . . . . F-G 
Tacoma Av.. .... .. ... F 
Tamblyn La . . . . . . . . . . A 
Thornwood Rd. . . . . . . . M 
Va lley View .... .. ... D 
Walland Av.. .. .. .. .. C 
Whitehall Rd. . . . . . . . G-H 
Whi t ney Av.. . . . . . . . . 0-P 
Woodlawn Av. E. . . . . . F 
Wr e ntham Pl. . . ... ... M-R 
Yonge St . 735 to 1441 A- V 
Yorkville Pk . Dr .... Q 

Regent St .. ......... T-Y 
River St . . . . . . . . . . . . P-Z 
Ri verdale Park Rd. . . P 
Rolston Av . .. .. .... . 0 
Rose Av .. . . . . . . . . . . . C-H 
Rosedale Valley Rd . . D-K 
Roy's Sq.......... .. A 
Sackville Green..... Y 
Sackville Pl...... .. 0 
Sackv i lle St. 

101/ 102 to End .... . J-Y 
St . Bartholomews St. Y 
St . David St .... .... Y 
St . David Walk.... .. Y 
St . Enoch Sq........ V 
St . James Av .. .. ... . C-D 
St. James Sq........ Q 
Salisbury Av . . . . ... . J-K 
Seaton St ...... .. .. . N-X 
Selby St .. .. ........ B 
Sherbourne St . 

129 / 138 to End . .... C-X 
Shuter St ........... V-Z 
Spruce Ct . . . . . . . . . . . 0 
Spruce St. ....... .. . P 
Suffolk St . . . . . . . . . . G 
Sumach St. 

72 / 75 to End . . . K-Z 
Sutton Av.... .. ..... Y 
Sword St .. .. .... ... . P-U 
Tracy St... . . . . . . . .. Y 
Trefann St . . . . . . . . . . Y 
Victoria St. 

120/1 21 to End. . . . . Q- V 
Victoria St. La .. ... Q-V 
Wascana Av .. .. . .. .. . Z 
Wellesley Av. . . . . . . . K 
Wellesley Cottages. . J 
Wellesley Cr. . . . . . . . G 
Wellesley La..... . .. G 
Wellesley Pl... . . . . . G 
Wellesley St. E ..... F-K 
Whiteside Pl. . . . . . . . z 
Winchester St. . . . . . . N-K 
Wood St . .. . .. . .. .... L 
Woodstock Pl . . . . . . . . 0 
Wyatt Walk . . . . . . . . . Z 
Yonge St. 173 to 733 A-V 



• 
The General Electric 2N2646 and 2N2647 Silicon Unijunction 
Transistors have an entirely new structure resulting in lower 
saturation voltage, peak-point current and valley current as 
well as a much higher base-one peak pulse voltage. In addition, 
these devices are much faster switches. 

I 
O.IfAWA. ONT~ 

Power Dissipation (Note 1) 300 mw 

RMS Emitter Current 50 rna 

Peak Emitter Current (Note 2) 2 amperes 

Emitter Reverse Voltage 

lnterbase Voltage 

Operating Temperature Range 

Storage Temperature Range 

30 volts 

35 volts 

-65°C to +125 °C 

-65°C to +150°C 

tions where circuit economy is of primary importance, and is 
ideal for use in firing circuits for Silicon Controlled Rectifiers 
and other applications where a guaranteed minimum pulse am­
plitude is required. The 2N2647 is intended for applications 
whe1·e a low emitter leakage current and a low peak point 
ewtteJ~r:ptll~{tfigger current) are required (i.e. long timing 

•;&p.liHtJ~s,t, ·~d"~lso for triggering high power SCR's. 

'JEL. 2.32~3563. 
NOTt 1: Max drameter leads at a gagmg 
plane 054+ .001- .000 below base seat 
tobewrthrn .007olthentruelocalton 
relatrve to max. wrdlh tabandtothe max 
230 drameter measured wrth a surtable 

gage When gage rs not used, measure­
mentwrll be made at base seat 
liOTil: lead drameter rs controlled rn 
the zone between 050 and 250 from the 
base seat Between .250 and end of lead 
a max of .0211sheld 
IIIOTil: Calculated by measuung flange 
diameter. mcludmgtabandexcludmgtab, 
and sub!lactmgthesmallerdlameterlrom 
the larger d1amete1 

APPROX WEIGHT OIS OZ 
ALL DI MENSIONS IN INCHES 

LE@DI 82 LEA04 
E 

8 1 
LEA02 

EMITTER E 

::~~ ~~~ =~ 

• elec rical characteristics: (Q5°(;)_, 
~r~~ 

• 

PARAMETER 

Intrinsic Standoff Ratio (Vnn = lOV) 
lnterbase Resistance ( V nn = 3V, h = 0) 
Emitter Saturation Voltage (V BB = lOV, h = 50 rna) 
Modulated lnterbase Current (Vnn = lOV, h =50 rna) 
Emitter Reverse Current (V B2E = 30V, IBl = 0) 
Peak Point Emitter Current ( V nn = 25 V) 
Valley Point Current (V nn = 20V, Rn2 = lOOn) 
Base-One Peak Pulse Voltage (Note 3) 
SCR Firing Conditions (See Figure 26, back page) 

NO 1. Derate 3.0 MW ;oc increase in ambient temperature. 
The total power dissipation (available power to Emit­
ter and Base-Two) must be limited by the external 
circuitry. 

2. Capacitor discharge-lOJ.Lfd or less, 30 volts or less. 
3. The Base-One Peak Pulse Voltage is measured in the 

circuit below. This specification on the 2N2646 and 
2N2647 is used to ensure a minimum pulse amplitude 
f or applications in SCR firing circuits and other 
types of pulse circuits. 

!n~-A ) v:LJL 
Re1 
20.Q±I% 

- /r' FIGURE 2 

'T) 

Rnno 
VIW\ AT) 

In2< MOD> 
ho 
h 
lv 
Vont 

Min. 
0.56 

4.7 

4 
3.0 

2N2&4& 
Typ. 
0.65 

7 
2 

12 
0.05 
0.4 

6 
6.5 

..... 
Max. Min. 
0.75 0.68 

9.1 4.7 

12 
5 

8 
6.0 

4. The intrinsic standoff ratio, 7), is essentially constant 
with temperature and interba.se voltage. 77 is defined 
by the equation: 

VP = 77 Vnn + Vo 

Where Vr = Peak Point Emitter Voltage 
Vnn = lnterbase Voltage 

Vo =Junction Diode Drop (Approx .. 5V) 

r 
FIGURE 3 

2N2&47 
Typ. Max. 
0.75 0.82 

7 9.1 Kn 
2 volts 

12 rna 
0.01 0.2 ,ua 
0.4 2 f..~. a 
11 18 rna 

7.5 volts 

Iy 

~ 
Unijundion Transistor Symbol with Nomencla­
ture used for voltage and currents. 

Static Emitter Characteristics curves showing 
important parameters and measurement points 
(exaggerated to show details). 
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FIGURE 5 
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CAPACITANCE- Ct- MICROFARADS 

FIGURE 22 
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CAPACITANCE- C1-MICROFARAOS 

FIGURE 24 

~ 1\ . CURVE SCR TYPE! Rat IVt (MAX) 

1\ ~ ® A C35 C36 27.fl.:tl0% 35V 

\© \® 1\ B C35 C36 47 .n.:t.to•.t. 20V 
8 CIO Cll 27.fl.±IO% 32V 

\ ~ c 
~'"~ \ c C35 C36 35V 

1\ D ~;O,CII 35V 

\ 1\ I 

"' f\. NOTE r--~+v, 

C3S-2N611·92 

"" 
¢~·2Nlfl4tA5(l 

Kt :-.- -~~· 
(;10 - 2 .. •7'TOA·71A 
cu-t .. rno-n 

"' ~ "' I ~--- ~ 
~ ~ t--...... I 

,, .. , 
['._ ~ "'""'-~-... !-- I 

I-- 1'- r- - r--
r---..-. t--

2NZ646 - 2N2647 

TA • -55"C TO 125"C 

I 
I 

0.1 10 

CAPACITANCE- c1- MICROFARADS 

FIGURE 26A-Both types- Lo &Med. SCR's 
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FIGURE 21 
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PLANAR l!fiiTAXIAL PASSIVATED 

The General Electric 2N2713 and 2N2714 are epoxy encapsulated planar epitaxial passivated NPN silicon 
transistors specifically manufactured for general purpose commercial applications. They are particularly 
useful in output stages where low saturation voltage is desirable. They may also be used to advantage in 
switching applications due to their low storage time, good beta holdup to beyond 150 rna and low V cE<sAT>· 

absolute maximum ratings: (25oC) <unless otherwise specified) 

Vohages 
Collector to Emitter VcEo 18 volts 
Emitter to Base VEBO 5 volts 
Collector to Base Vcso 18 volts 

Current 
Collector• (Steady State) Ic 200 rnA 

Dissipation 
Total Power (Free air @ 25 o C) • * PT 200 mW 
Total Power (Free air @ 55°C) •• PT 120 mW 

Temperature 
Storage TsTG - 55°C to +125 oc 

Operating TJ +100 oc 

*Determined from power limitations due to saturation voltage at this current. 
**Derate 2.67 mwrc increase in ambient temperature above 25°C. 

electrical characteristics: (25°C) 
DC CHARACTERISTICS 

Collector Cutoff Current (V cs = 18V) 
(Vcs = 18V, TA = 100°C) 

Emitter Cutoff Current ( V EB = 5V) 
Forward Current Transfer Ratio (V CE = 4.5V, Ic = 2 rnA) 

2N2713 
2N2714 

Collector Saturation Voltage (Is= 3 rnA, Ic = 50 rnA) 
Base Saturation Voltage (Is= 3 rnA, Ic = 50 rnA) 

LARGE SIGNAL CHARACTERISTICS 

1 d (VBE2- VsEt h d't' " 1,. nput lmpe ance Is
2 

_ lst ; w ere con 1 IOn IS 

Is = .05 JnA and condition "2" is Is = .5 rnA, V cE = 1 V) 

SWITCHING SPEEDS 

Delay Time 
Rise Time 
Storage Time 
Fall Time 

(See Figure 1) 

Icso 
Icso 
hso 

hFE 
hFE 
VcE<BAT> 
VBE(SAT) 

t.t 
tr 
t. 
tr 

NOTE 1: Lead diameter IS controlled in the 
zone between .070 and .250 from the seat· 
ing plane. Between .250 and end of lead a 
max. of .021 IS held. 

ALL DIMEN. IN INCHES AND ARE 
REFERENCE UNLESS TOLERANCED 

Min. 

30 
75 

3 LEADS 

.017 ~:gg~ 
(NOTE I) 

Typ. 

200 

60 
85 
85 
40 

Max. 

0.5 
15 

0.5 

90 
225 
0.30 

1.3 

$-}.}-- Il~f TEKTRONIX 
545 SCOPE 

FIGURE I SWITCHING CIRCUIT 

USE HP212A 56.Q 
GENERATOR OR 
EQUIVALENT . 

- 2.5V 

: GENERAL (jJ} ELECTRIC 
I 

45.60 

p.A 
p.A 
p.A 

volts 
volts 

ohms 

ns 
ns 
ns 
ns 
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TYPES TIS03, TIS04 
P-N-P PLANAR SILICON TRANSISTORS 

SILECTt TRANSISTORS N370~ 

Encapsulated in Silicone Plastic For Such Applications As 

• Medium-Power Amplifiers • Class B Audio Output • Hi-Fi Drivers 

Recommended 

For Complementary Use With 

Tl411 thru Tl414 

mechanical data 

These transistors are encapsulated in a high-temperature, thermosetting silicone-plastic compound spe­

cifically designed for this purpose, using a highly mechanized process+ developed by Texas Instruments. 

The case will withstand soldering temperatures without deformation. These devices exhibit stable charac­

teristics under high-humidity conditions and are capable of meeting MIL-STD-202B method 106A. 

The transistors are insensitive to light. 

All DIMENSIONS IN INCHES 

~ 1 r 0.015 (NOTE A) 

T 0 .100 ±0.005 

±'•t__-EF_ ==kh:l ========~: 
~2o2g~O+- 0.500 MIN. ~ 

-0.020 0.050 :t: 0 .005 

NOTE A: lead diameter is not controlled in this area 

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 

Collector-Base Voltage . 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage . 

Collector Current . 

TIS03 

-40v 

-25 v 

-5v 

TIS04 

-50v 

-30v 

-5v 

+-- 200 rna--+-

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) ~ 300 mw ~ 

Operating Free-Air Temperature Range . 

Storage Temperature Range . 

lead Temperature 1/16 Inch from Case for 10 Seconds . 

NOTES: 1. This value applies when the base-emlller diode is open-circuited. 

2. Derate linearly Jo 125°( free-air temperature at the rate of :; mw /C 0
• 

tTrodemark of Texas Instruments Incorporated. 

:f:Patent Pen4ing. 

PRELIMINARY DATA SHEET: 
Supplementary data will be 
published at a later date. 

TEXAS INSTRUMENTS 
INCORPORATED 

SEMICONDUCTOR-COMPONENTS DIVISION 

POST OFFICE BOX !1012 • OALLAS 22, TEXAS 

- 55°C to + 125°C 
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,gYPES IS03, TIS04 
1 P A A SILICO T ANSISTORS 

• 

electrical characteristics at 25°C free-air temperature 

PARAMETER TEST CONDITIONS 
TIS03 TIS04 

UNIT 
MIN MAX MIN MAX 

-
BVcso Collector-Base Breakdown Voltage lc =:= -100 flO, IE= 0 -40 -50 v 

-· 
BVcEo Collector-Emitter Breakdown Voltage lc = -10 rna, Is= 0, See Note 3 -25 -30 v 

BVEBO Emitter-Bose Breakdown Voltage IE=-100 Jl.O, lc = 0 -5 -5 v 

lcso Collector Cutoff Current Vca=-20 v, IE = 0 ( -0.5 -0.5 p.a 

lEBO Emitter Cutoff Current Vea=-3 v, lc = 0 -0.5 -0.5 p.a 

hFE Static Forward Current T ronsfer Ratio VcE=-5 v, lc=-50 rna, See Note 3 60 300 30 150 

YsE Bose-Emitter Voltage VcE=-5 v, lc=-50 rna, See Note 3 -1 -1 v 

YcE(satl Collector-Emitter Saturation Voltage la=-5 rna, lc=-50 rna, See Note 3 -2.5 -2.5 v 

fr Transition Frequency VcE=-5 v, lc=-50ma, See Note 4 100 100 Me 

Cobo 
Common-Base Open-Circuit Yca=-10 v, IE= 0, f = 1 Me 12 .12 pf 
Output Capacitance 

NOTES: 3. These parameters must be measured using pulse techniques . PW ~ 300 p.sec. Duty Cycle < 2% . 

4. To obtain fr, the Jhfel response with frequency is extropolated at the rate of -6 db per octave from f = 20 Me to the frequency at which I h1.1 = 1. 

THERMAL CHARACTERISTICS 

Dl SSI PAT ION DERATING CURVE 

500 

3: 
E 

I 
c 400 
0 

0 
0... 
-~ 

0 300 
<1> 
u 
> 
<1> 

0 

0 

0 200 
f-. 

E 
:::> 

.§ 
X 
0 

:! 100 

.... 
a.. 

0 

~ 
~ 

"' ~ ' ~ 
. I 

0 25 50 75 100 125 

TA - - Free-Ai r Temperature- 0
( 

~ t : .. ~. \: • 

TEXAS INSTRUMENTS 
PRINTED IN U.S.A. 

INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 

POST OFFICE BOX 5012 • DALLAS 22, TEXAS 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 

IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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1 PUNCHED INSULATING BOARD Page-2 
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MATERIAl SPECIFICATIONS -
NATURAL PHENOLIC- tan color, Grade XXXP (Mil-P-3115B) 1/16" and 3/32" thick. (B, F, & G patterns, 1/16" 

only.) Economical, cold punching type, temperature 250° F max. Furnished as standard unless otherwise specified. 

G_L;\SS -SILICONE - white color, Grade G-7 (Mil-P-997B) punched in 1/16" thickness only. Temperature 450° 

F m ax . Add "W" to catalog number to obtain. 

EPOXY- G LASS- greenish-white color, Grade G-10 (Mil-P-18177) punched in 1/16" thickness only. Temperature 

300° F m ax . A dd "WE" to catalog number to obtain. 

E PO XY - PAP E R - attractive ivory color, per MIL-P-22324, type PEE. Available in 1/16" and 3/32" thickness. 

(B , F ~ G patterns 1/16" only.) Quality and price between phenolic and epoxy-glass. Cold punching, temperature 

250° F max. Add "EP" to catalog number to obtain. 

COPPER CLAD- has 2 oz. (.003") copper on one or both sides of epoxy-glass laminate 1/16" thick. Per 

Mil-P-139498, type FL-GE. Other board materials can be supplied with moderate set-up charge. 

M XTMTJ M ROA R D WIDTH - for phenolic or epoxy paper is 20" for patterns A, F & G. The glass laminates 

can be punc he d to 20" on A & F patterns. The maximum board width for patterns B, C, & D is 6 ", with any listed 

m a te nal. Maxi mum width for H & G patterns, epoxy glass, 10". Maximum length 34 1/2" for glass-silicon~ and 

e poxy-gla ss, a n-:1 38" for all other .listed materials. 

TOLE RANCE O N LENGTH & WIDTH IS± 0.007" PER INCH OF OVERALL DIMENSION 

THIC KNESS +/1 6 + .008 "- 3/32 ± .01 0. 

J. 
ORDERING INFORMATION 

' 
MATERIAL CATALOG NO. PATTERN LENGTH WIDTH THICKNESS NO. OF HOLES 

f, 
32A3 A 8.51" .82 1 16 .. 32 X 3 

ti 64A18 A 16.99 4.80 1 16 64 X 18 
~ 72A3 3 A 1 9.11 8. 77 1 1 6 72 '{ 33 -- -

32AA5 8.51 32 X 5 A 1.35 3 32 0 32AA7 A 8.51 1.88 3 32 32 X 7 
32AA9 A 8.51 2.41 3/32 32 X 9 

~ --
I 

32AA18 A 8.51 4.80 3/32 32 X 18 
h 64AA 18 A 16.99 4.80 3/32 64 X 18 --

XXXP 64AA32 A 16.99 8.51 3/32 64 X 32 ·"' 
qtr!' 

64AA132 A 35.01 16.99 3/.32 64 x !32_ 
PHENOLIC 45B30 B 8.51 5.69 1/16 45 X 30 ---

90B30 B 16.97 5 69 1/16 90 X 30 --
4 85C24 c 16.99 4.80 1/16 85 X 23 

• 85G24 G 16.99 4 80 1 16 (85 X 23) X 2 

95G43 G 19.00 8,60 1/16 (95 X 43) X 2 ' 

95G87 G ] 9.00 17 40 1/16 (95 _x 86) x 2 

95Gl75 G 19.00 35.00 1 I 16 (94 X ] 75) X 2 

7AA 5EP A 1.88 1.35 3 32 '/ X 5 

11AA 7E P A 2.94 1.88 3 32 11 X 7 .,. 
32AA7EP A 8.51 1.88 3 32 32 X 7 
32AA18EP A 8.51 4.80 3 32 32 X 18 

i , ' O XY-PAPER 64AA18EP A 16.99 .4.80 3 32 64 X 18 --
64AA32 E P A ] 6.99 8.51 3 32 64 X 32 

--~ * 85F24EP F 16.99 4.80 1 16 85 X 23 

I 
<i 85F42 E P F 16.99 8.5 1 1 ] 6 85 X 42 

* 85G24EP G 16.99 4.80 1 ] 6 (85 X 23) X 2 
i-;1( 85G4 2EP G 16.99 8.51 i /16 (85 X 2) X (42&41) 

64Al8WE A 16.99 4.80 1716 64 X 18 _jj 
EPOXY -GLASS ~ 85G 24W E G 16.99 4.80 I 16 (85 X 23) X 2 

170H48WE H 17.00 4.80 1/16 170 X 4 7 

849-1 F 4 1/ 2 3 1 16 -- 2_0_~14 

EPOXY-GLASS 850-1 F 6 1/2 4 1/2 1 ] 6 30 X 22 

COPPER CLAD 85F42WEC1 F 16.99 8.51 1 16 85 X 42 

(2 OZ.) 1 SIDE 42F22WEC1 F 8 1/2 4 1/2 ] 16 42 X 22 
42G22WEC1 G 8 1/2 4 1/2 1/16 (42 X 22) X 2 ._, 
849-2 F 4 1/2 3 1 16 20 X 14 

:!. POXY -GLASS 850-2 F 6 1/2 4 1/2 1 16 ~0 X 22 

COPP E R CLAD 85F42WEC2 F 16.99 8.51 1 16 85 X 42 ([) 
(2 OZ.) 2 SIDES 42F22WEC2 F 8 l/2 4 1/2 1 16 42 X 22 

42G22WEC2 G 8 1/2 4 1/2 1, 16 (42 X 22) X 2 

For Hole Diameter & Spacing See Table Other Side * Special Bot:'ders . 

J/ee11Yl &feetionieCompanq ~ . I 
llOO Flower St., Glendale 1, Calif., CHapman 5·1076 

------- - -- ---
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~·;,. r .c. l'i•J '').o~ d h3s all the advantages of Vector Plugbord as described in New 

,,.;- . , ·, , -c in the Vector P .C. Plugbord is the 2 oz. copper contact strip 
·· t r,. o . ,;,_, 1 .:tding e dge vf the board. This permits using the P .C. Plugbord in 
r.,·~.~ · ., -~ .1 h printe d circuit receptacles . 

• o1 - ; u ,owtdnal etched contacts are 0.062" wide and spaced on 0.156" cen-
,, . ,(Le: ' he individual contact strips can be made 0,090" wide and spaced on 
;),'5e " '· · . .:.t~ r s to special o rde r.) Vector P.C. Plugbords 838,A&B-WE willfitthe 
most fr quently used standard printed circuit receptacles such as the Elco, Amph-

nol and Cinch types. For customer convenience, Vector stocks printed circuit re­
ceptacles as their R622 and R644 for P .C. Plugbords 838, A & B-WE respectively 
In 1110 83hn Plu(;hord addition~! etched copper pads and lines are provided around 
,,,rt ·1 '" h<•lr: 1-. fP' ii i!;110 !;o)dP ring in component leads as shown in the figure. The 
s(• '' ~··p V 1•:1f·,., i i' J ,..,,. ~' c . pr.cially useful for transistor leads since hole spacing 
n , ,l lcl. lCS .T I·: Tr:;C standards (all holes are 1/16" dia. on alt~ernate intersections of a 
0. '' grid. ) ' 
The i rcuit lrJ.yout and P .C . Plugbord use is performed in t e same manner as de­
s r ibcd 1n f\ cw r roduct Bulletin 67: 

For b'::'-'i. onnec tions to the individual etched contacts, it is suggested that a termi-
n:ll bP untc d in th hnl a r ound which is a 1/8" dia. "pad" at the end of the con-
ta t s . It is also sucg( >led that when soldering a component lead to this term-
in~ L1 · J} der be allowed to flow onto the copper pad to make good contact with the 
cont, ,'• . n ·ip, Terminals available for this use are T28, Tl-8 and T15.23 eyelets. 

The n( ,; Printed Circuit Test Jacks No. 119437, manufactured by Unicite Division 
of t':<ileC!- Carr Fastener Corporation, are well adapted for Plugbord use because of 
the o. 4 " spacing on the contact legs. Jacks may be readily inserted in the Plugbord 
without drilling holes. 

ORDERING INFORMATION 

LOG UMoE R 
u3c! . C. Plugbord* 

ti 3 S r, P • C • P : u g b or d t 

838 8\-I E P.C. Plugbord* 

·· ~3 ,·· P .C. Plugbord 

838 D P.C. Plugbord 

DESCRIPTION 
4.5 11 X 6.5" • 43 etched contacts, total 

two sides. 

4.5" X 6.5" 22-2 oz. etched contacts 
one side. 

4.5 11 X6.5 11 22·2 oz. contacts and 
etched pad layout one side. 

4.5 11 X 6.5 11 2oz. overall copper one 
side with holes as 838A but no plug 
pattern. 

4.5 11 X 6.5 11 2 oz. overall copper both 
sides with holes as 838 but no plug 
pattern. 

* Fits R622 Receptacle ( 22 contacts) t Fi.ts R644 Receptacle ( 44 contacts) 

VARIATIONS 
Fo r E poxy·Gic.ss Board add WE after catalog number. 
For l/16" .,o!es on 0.2 "X 0.2" Grid odd F to cat. no. 
Special , : zes to order, 

CATALOG NUMBER 
T-28 

~ 
R 173-G 

ACCESSORIES 
DESCRIPTION 

Push-in Terminal (See Bulletin 68) 
Forked turned Terminal (See Bulletin 65) 
Eyelets· 1/16" barrel X 3/32 11 length under 
head. 
0.1" Grid Layout Paper· 50 sheets per pad. 

BULLETIN 69 

38B·WE 

\ 
I y 

. \ 
.062"Dia. holes 

/on alt. 0.1" ctrs. 

I R622 I 
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SPECIFICATIONS 

Board ---
838, 838A 1/16" Epoxy•Paper 

8 3 8 B • W E 1 I 1 6 " E p o x y ·G I a ss 
838C,838D 1/16" Epoxy-Paper W/2oz. 
copper clad. 

Contacts 

Material is 2 oz. copper. The standard 
P .C. Plugbords shown below are coated 
with a water dip lacquer to prevtnt the 
copper contacts from tarnishing. Lac­
quer may be easily removed with lac­
quer thinner. Special plating of the cop­
per contacts can be provided to order. 

Receptacle 

Insulator Material: General purpose 
phenolic. Contacts: Phosphor Bronze -
0.0002 silver and 0.00002 (approx.) gold 
flashed. 
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DESIGNED FOR COMPACT ASSEMBLIES 

The T 28 Push-in Terminal is a very small contact designed for mini­
a.ture c irc uitry whe re the well known T9.4 Push-in might be too large. 
It is easily inserted into 1/16" round holes and needs no staking opera­
tion. Ideal for the experimenter, it is also well suited for use in print­
ed circuits and other production applications. 

ECONOMICAL & EASILY INSTALLED 

;,ow Cost: The T28 Push-in is stamped from beryllium copper 
.;. .c tt, heat treated and fused tin plated. This provides strength and 

r ringy action . It is priced below turned type terminals and may be 
r e - used, if desired, by pulling it out of the board. 

2. Compactly Designed - Yet Hold Up to Six Leads: The T28looks 
neat; yet, using upper and lower portions, as many as six leads may 
be connected to it in the three possible directions. See Fig. 1. Notice 
the s e rrations in the main slot which grip small component leads, in­
cluding transistor leads . 

3. Optional Hand Staking Possible : Although no staking is required 
it may be staked if desired. Fig. 2 illustrates one staking method. 
Here the small end of the terminal has been flared using "flats" or 
needle nose pliers. This prevents it from pulling out. After flaring, 
the small end of the terminal may be cut ii it is not needed with a pair 
of ..:: utting pliers . 

;•· ig . 3 illustrates another staking method wherein the small end ofthe 
·,~ rmina l is cut off : Note how the edges of the terminal flare. 

4. Easily Inserted: Terminals can be inserted by use of a 1/2 or 1 w . 
resistor with the wires cut about 9/1 6" long on one side and entirely 
off on the other side. The short wire i s inserted in the terminal and 
on through the hole . A special tool, Vector P-91, i s available which is 
better and may be used eUher by hand or it may be inserted in a 
dr!.ll p ress or arbor press for more convenient operation. Vectorbord 
'T'ype B, F or G is recommended for use with this terminal. 

MINIATURE 
PUSH-IN- TERMINAL 
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Cat. No. 

SPECIFICATIONS 

Description Material Plating 

Push-in Terminal Beryllium 
copper heat 
treated 

Insertion Tool for Steel 
T28 

Fused Tin 

Cadmium 
Plated 

Std. Package 

Bags of 100. 
Bulk, 1000 & 
over. 
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DUCTS BULLE I 

SE IES 5000 
0 D TO BOARD 

ED C CUlT CON ECTORS 

5201 

The well-established "Varicon Principle" with a 
forklike contact construction, having 4 mating 
coined surfaces, is used in the new 5000 series 
printed circuit connector family pictured in 
Figure 1 to the left. 

The contacts are supplied in disposable p cst ic 
strips as shown in Figure 2. ~t a ndard SiJiacing 
of contacts in strips is .200". Other spacir,'js can 
be supplied on req uest; seve : ca: non-stc.ndard 
spacings are already tooled . Maximum number 
of contacts which can be su p~lied on a si ng le 
strip at .200" spacing is 61. 'Fer 1easons r.J f econ­
omy it is recommended tha• ... Hips be " '·dered 
with exact numbe r of contacvs. ;··3 q uired . 

----------------~-- ------------- Staking of the contacts to the printe.~ circuit 
board is made in accordance wi~h mode r. ·. mass­
production techniques, with special stak ir.- ·.:1o ls 
described in detail in our Staking Bulleti '' These 
tools are availabl(: from t: co Cor ,, ratio n 
either unmounted, for llpplica1ion to , •. s·tomer 
die set, or comph~tely moun l"ed in an Eko die 
set, as desired. 

5301 

S201.0(13 
~2010223 
~ZOI 02.33 
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5203 

FIGURE 

FIGURE 2 

Staking of contacts to the pri nted circu:. J:: .;,a rd, 
and thereby to the printed circuit line assl.'res a 
solid, low resistance contact, rigidly helci in 
place. Dip soldering the bo.::rd automati.::all y. 
makes an additional connecti on betw t-~r. .:on· 
tact and board, thus creating an unsurpassed 
reliability for the joint. Over 65 pound!. are re­
quired to tea r a contact from the board i itaked 
and soldered, 50 pounds if staked only, and- 25 
pounds if only soldered. 

For small-size mod ules, brackets can be sO;>pl ied 
separately, as shown in Figure 8. It is recom­
mended that iarger modules be guided by in­
tegral parts f'f the equipm2nt. 

This new "Printed Circuit Connector ram ily" 
gives the printed circuit equ 1pment designer 
complete flexibility in creating his equipment 
limited only by his imagination. He may select: 

A. Any number of contacts . 

B. Any spacing between contacts. 

C. Any contact location pattern. 

D. Any board thickness. 

E. Any board material. 

F. Any angle of connecting two boards. 
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5101 - For Connecting Two Boards in Tandem, On A C~mmon Plane 

f o; b u.i 1 m oth er board (MB) and module board (M), this 
con. --c tor uses the same contact which is bent 45° with 
rc r;~ec t to the board surface. The contacts are thereby 
ma .ed at . 90° to each other. Two board thicknesses, 

1 I 16" or 3i32", may be selected for either board. Con· 
tacts for other board thicknesses on request. See Figure 3 
for typical punchout pattern. 

BOARD THICKNESS 

I /16 

3/32 

CONTACT NO. 

5101.0613 

5101.0623 

q>- - -Q 

DIMENSION "A": .125 MINIMUM 

FIGURE 3 

5301 -For Connecting Two Boards Parallel to Each Other 

This connector uses .the same standoff contact for · 
both the mother board (MB) and the module 
board (M). They are staked to each board with 
the plane of the contact at 45° with respect to the 
center line of the connector. Four board thick­
nesses, 1 /16", 3/32", 1 /8" or 3/16" may be se­
lected for either board. 

Due to its nature, this connector is not restricted 
to edge mounting. Connection can be established 
at any point between both printed circuit boards 

5301 

--+-+-+-+ MB 

I I 

+.00 2 

thereby eliminating the necessity of carrying the 
printed circuit lines to the edge of the board. 
Standard contact strips have contacts in line at 
.200" spacing. Special paHerns can be made on 
request. Double leg contacts 5003.0213, 23, or 
33 can be used for spacing exceeding .250". 
Variation of distance between boards is possible 
with special contacts. For further information, 
please call or write. 

See Figure 4 for typical punchout pattern. 

BOARD THICKNESS CONTACT NO. 

1116 5201.0213 

3/32 5201.02.'23 

I /8 52.01.0233 

3/16 5201.0273 

DIMENSION "A"• .125 MINIMUM 
.052-!?t~4 HOL{S FOF"( 
CONTACTS AND GUIDES 

FIGURE 4 
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52 - For Connecting Two Boards Perpendicular to Each Other, Using One Row of Contacts 

On the mother board , (MB), the stand-off contact is used, 
staked with the p lan e of the contact at 45° with respect 
to the cente r lin e of the connector. Contacts for three 
mother board thi ck nesses are available; 1 I 16", 3132" 
and 11 8". The mod ule board requires the 45° bent con· 
tact, w hich is available for 1 /16" and 31 32" thick 
boa rds. 

Whe n the closest recommended contact spacing of .125" 

520 
+ .002 
- 00 ~ 

052 DIA. HOLES 
FOR CONTACTS 

+ .00 2 
-004 

is used, the minimum airgap between adjacent contacts 
when mated is .031 ". 

The closest recommended spacing of module boards is 
.250" plus desired airgap between contact at one board 
and contact tail at adjacent board. To increase airgap, 
contacts of adjacent boards can be offset 1 I 2 contact · 
spacing. 

See Figure 5 for typical punchouts. 

BOARD 
THICKNESS 

1116 

3/32 

BOARD 
THICKNESS 

1/16 

3/32 

1/8 

CONTACT 
NUMBER 

5101.0613 

5101.0623 

CONTACT 
NUMBER 

5201.0213 

5201.0223 

5ZOI.Oe:n 
-.052 OIA. HOLES FOR 

B 
CONTACTS AND GUIDES 

DIMENSION "fi.' . . 125 MINIMUM 

FIGURE 5 

5203 - For Connecting Two Boards Perpendicular to Each Other, Using Two Rows of Conta .. cts 

On the mother board (MB ), two rows of stand-off con· 
tacts are used. Conta ct spacing for each row is .200". 
The two rows are spacing .125" apart. On the module 
board (M ), lower and upper tier straight contacts are 
used. Each t ier has contacts spaced .200" apart, with the 

203 

upper tier contacts mounted between adjacent lowe r tier 
contacts, resulting in a final .1 00" contact spacing for 
this connector ... lower tier and upper tier contacts on 
separate strips, stand-off contacts on one common strip 
in two rows. · · 
See Figure 6 for typical punchouts. 

BOARD 
THICKNESS 

1/16 

3/32 

BOARD 
THICKNESS 

1/16 

3/32 
1/8 

DIMENSION 

DIMENSION 

CONTACT 
NUMBER ---

) 

7001.0413ot 7001.1513 
.... 7001.0513 

7001.04Z'3 .... 7001.15231 
or7001.0523 

CONTACT 
NUMBER 

5201.0213 

5201.0223 

5ZOI.OZ'33 

''A" : .100 MINIMUM 

"B": .125 
FIGURE 6 
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shown in Figure 7 all the connectors described in this bulletin can be made . 

'D GUIDES 

·/16 

3/32 

1/8 

5101.0&13 
5101.0623 

7001.0413 or 7001.1513 
7001.0423 01" 7001.1523 

. 078X .078 
WIRE HOLE 

7001.0513 
7001.052'3 

11 
.1. 
16 

5201 .0213 
5201.0223 
5ZOI.OZ33 

FIGURE 7 

·;:tc brad ct for he 5101 series can be mounted either to the mother or module board with eyel e ts, which are fur­
;,;shcc! v1i.h t'1c bra ckets. The brackets for the 5201 and 5203 series are for mounting to the mother board. They are 
f w ;!c nc -; by be n ing th e bracket legs underneath the board. legs are of one length suitable for board sizes of 1/16", 
3 / 32" ; 1/ " hi ckness. These brackets are made to accommodate either 1/16" or 3/32" module boards. Guide pins 
cnc. rc C.-J,acics ror the 5301 series consist of a male and a female part. They have a tail for staking to the board, 
an · arc available in three tail sizes for 1 /16", 3/32" and 1/8" boards. Two or more guides may be used at any 

ca~ion epondi g on the board design, as shown on front page. 

For max imum rete ntion and stability copper pads, to permit soldering of the bracket legs, should be provided at the 
prinic ci rc ui ~ side of the boards for all brackets of the 5201, 5203 and 5301 series. 

Co ntacts: :>hosphor Br..:> m:c 

Fini~h: God lash ove r .... ilvc r Plate 

Contacf Rcs·s.an cc : .G02 ohm max. 

Cvrr";; t Ra tmg: 5 Amps 

Insertion an d Withdrcv:u f orce: 

Averag e 8 o zs. per o ntact 

Con?a ct l ife : Un chan g"cl after 5000 

ln~c r ti o ns a nd withd rawals 

ul~t: o1i R0,ir.to nco 'Ml 
Vo !~ ;1 _ ";.ru a.<dow n 

D ... r (. 1 ~:. on board ma~.:l r l a ond 

con~ c; _ , ~ poc i ng 

II A.' 
BOARD 
--.!!:l!L_ 

1/ 16- 5101.4012 
(0~0 #51010)) 

5101.411Z 
(OLD "510104) 

CS · 15 · H · .200 
cs . 14 . 14 .. 200 

LEFT_ 

5201.4012 5201.4022 
(OlO It S~OIOl · AI (OLD **Sl0103· L) 

5WI.4112 5ZOI.4.12Z 
(OLD#SZOI04· R) (OLOt$'520I04·l) 

5301.4112 5301.4012 
(OLD .. 530103·1) (OLD tt53010 Z·II 

5301.4122 5~01.402, 
(OLD«' 530103 ·l) (OlO 11"5~10l · l) 

5301. 413Z 5301.4032 
(OlOIJSlOi03·}) (DLO lt530IOZ ·l) 

FIGURE 8 

cs . 29 . 0 . . 1 00 . 5203 . 

c oNTA CT sr~·-----------------' T 
M ER O tc C TACTS ON STR~~----------! 

1 to 60 

TYPE OF CONTAO 
A. 45 ° con tact ICJr 1/ 16" board 5101.0613 
,;. 45 ° contact to. 3/ 32" board 5101 .0623 
•. Stan d· ff con~Q C t , 1/ 16" board 5201 .0213 
) . " ··r.d-off contact. 3/32" boa rd 52 01.0223 

s:~.- i-oii contac: , ! /8" board 520 1.0233 
Stand-off contact. 3/ 16" 3oard 5201 .0273 

" LOwe r bo.Jrd con tact. l/lo" board 7001 041 j 
(wi tho ut wire hole1 or 7001.15 13 

Lower boa rd cor •. ;J ct. 3/32" board 7001 .04 23 
J. (without . ru hol e) or 7001.1523 
K. Upper board cc 1lac t , 1/16" board 7001 .0513 
L. Upper board ccntact , 3/32" board 7001 .051'3 
M. Stand-off con tact l /16" board (wire wrap) 5201.0513 
N. Stand-off contact 3/32" boa rd (wi re wrap) 5201 .0523 
P. Stand-off con tact l / 8" boa rd (wire wrap) 5201.0533 
Q. Lower board con act . 1/ 16" bo ard 5001 .1913 
R. Lowor bo ard contac. 3/32" board 5001.1 923 
S. S,J nd -off con tact '/lo" board (short wire wrap) 5Z01 0573 

:rand-off con tact 3/32" i:Joa rd (short wire wrap) 5201.0533 
L Stand -off contact 1/8" board (short wire wrap) 520 1.05~ 

:>?A CING 
.200 Standard 
.100 for 5203 se r.c> only 

T PATTERN: This additional spec i fication ·s required only if 
stand -off contacts 5201.0213 , 23 , 33, or 73 or 5201.0513, 
23, 33, 73 , 83 and 93 are ordered . 

5201 Series: 1 row ot contacts mounted at a 45 ° angle 
45 ° \ \ \ \ \ \ \ \ 

5203 Series : 2 straight rows of contacts .1 25 apart 

5208 Series: 1 straight row of contacts 
1 row - - - - - - --

5211 Series: 2 straight rows of contact s 240 apart 
2 rows - - - - - -· - . 

EXAMPLE : For 29 Contact Module ano Mother IJ o,. , 52 03 
Series Connector, specify as follows : 

I 
1. CS-15-H-.200 

Contact strip with 15 iower board contacts wl tr.our 11 · ;e 

hole , .624" long , #7001 .151 3, fo r 1!16" mod • a :..Od •d. 
contacts at .. 200" spacing, ro r 5203 Series. 

2. CS-14-K-.200 
Contact strip with 14 upper board contacts, .(;24 · . :;ng 
#7001.0513 for 1/16" module boaro , contact s E ( 2•~0 " 
spacing for 5203 Series . · 

3. CS-29-D-.100-5203 
Contact strtp with a total of 29 contacts. stand -oif ty.;,.;, 
#5201.0223 for 3/32" mother board, mounted '"' , · 1" 
in two rows .. 125" apart, one row 15 contacts , th e ntr. 
14 contacts as .100 spacing for 5203 Series patterr 
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