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 We also Read Kin: p0we,1' ilwmlgh the 3—£2 5'<-:5'ts1<)r. Since we .5<.1‘.:w»-'
éis; vcilugc 2;.

     
Nam: 211:1: we E‘<>L'-.mI 1: 2:3’ .-';L:r;::1*,a<ae-i1im1 am Cher: aiscczi %.}z<-r Iowa’ ‘;(fi:‘.11:c ::

\ xu;:;{;z'p<3:;i1'iur1 12:‘ x=oE:'1g<-2 K'{)!'111§(‘=!!:iBl§§ in L‘umnu.'.c I.bc ;¢<>\ve1'. i-flex} we cn1:2{2:2i::c! tin-2 ;::s\.».;._r-

" ‘L -\ ;hr<mgE°. !.h:: rcszstxzz‘ in nu: cmnpunm1: ;':r<>ra!e:11s sep;z.=‘::é::lj.- aura: meal in .\'1!p1Z‘F]1(I:-ii: i:'§:’.EE'l.
 1|'1i5 ‘A-'0L1I¢E i1 ' lifi zz nié£'i'::rc:x11 and <':I’2‘{JI‘.t:(JLl.< r:-:.~;u1‘:_ .~;1a*.-::4'- Lh-.: mm n!’c.o111p-::r.ci11 
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' -1.3..§. Fmlvc §':.xcz'cmc. —E.E.I s1s::::z .‘\‘[J§}<.‘§‘}.?1}S :2.

' .2.2. Find 1= mini :5 by _»'L:;§<=::;><.>3.. ;.-vrs. (mock 5313 ’I‘§rcvc:1_i:1---Nortnn 5':n=..\v

|__ ."ur'm.-:Li:::‘:.~;_
;: V; —-L A

 _.
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4.3 .NODA!. ANALYSIS

In this scctiun we -dcvclnp 3 gcr3":';:i rm-*E%1<a<i r.1i'r.:iI'r:1:iI aL11;1lys;.~.' in wi1iC.!‘,- \-':'1J1:1g::=.s< 22:‘-. I11.
uI1kI1ow;:s In 1~.<.~. 5122:2113. A cémw.-:;1iL‘11l C§‘d}iCf;‘. of V(!I‘.a£_£_:‘L't5S for .-$222123-' 21etw0r§<.<. is :}‘._<: ,\‘-.::‘=. mi"

r:.'>:.’r:‘ ‘.’(:5!:£g:e.\‘_ fiimu-: 2: \-niizigc c'Ic1'im:d as existing |.}c£wc.L‘.t1 i‘:~.-'c2 z'1L>cics. is c<>Ia'v'<.ém3c:nI

to sci:-.'c1 one lands in the iactwmk to be :1 ;':{_;“1*:-¢*::<.'e’ mxfr: am‘: {Elsa assnciaizc :=. w)i!';:ge as‘.
cacti of the mhcr nod:-:5. fist.» vm'm,g=e oj'e=c.?cz‘7 <,gf':h:* munr<{_r'i»:'n*m'ra .‘:<J(:'(’.<.' wr‘::".r n'.\';:<*<'.‘ It} .n"n<
x'(_'_fE1rc?r:(.'¢’ zmzfce is rk;_,:?r:c=r{ :4 EM :3 mm?» =.'r>.’.:‘(Ig(’. It is r.:csm11w1*. g.>r:=.c‘.icc it) $<':}<:ct rci:-'*.';<>:2c,::'

L1ir<:<:t'L<'ms: 9'01‘ tiicsc voitages so that. tilt: gains ends ;. » 2=_[J .-;L‘-. Szha-r nor1re1"1-3.-.\.2°-45:: r2c>:§<*,.‘ .1-mi
{ht-1 :2':§nus L‘1!{1$i :52] at 1119 rt-:f<:rca1.<;c zaodc. Fm" Li ciz'::z!.3:E ::<:1:1ai1i.iz1g1 .-V :::>dc.~s. lhcrc wiil he
9‘! W "E 11<anre!‘c:'enu:; nmlus and Li1Ls;~; N ---- -- E t1ne.iL-‘ v<;:§<r:g«.:.s'. f\?oLi::.l .'1n:1]\*~<i:< is :1 mcthuci Jr.-
vvhércia we will Ewrcak 11:: L‘i!‘CiJiI. Elm: s<:2Iw-_‘ for a %<<‘.}.r mi 6:4‘ , 1%: :!)'.r::.«. by Ii.-':(‘.'.m‘.
‘aha mule \=0E£ng{;=:» i‘m::n:~:{:'x-'1-:;i. .-‘-mjy <>t§‘u-.. '.‘LlI'l'{)':§[ or '.-'r'nE;:.:;2<-: ?'<:sEi<>sa= L'2:»§}_\,: <>i%=.‘l:

'3 c‘§1'<:L:%: is bz‘<?r§<e;1.

'i‘h<-.‘ r:?.l1:rc11~;‘.:': node is 0 ‘tan cEm.~<::r1 to he the nodes: to \I.-'h:r:i1 {hr ]:1:'gcsE numlacz rn

br;m<.:h<:s arc cm1:1<:cL-ed. f\-iamy practicmi £:%?c:i:i15 :11“:-r '..::1'!: ma :1 m<:.1::]l.":.'. ham‘ or cJ"=.a.'~--'i.\:.
 

and L1:<L1:.i11_\-' 2: ;:z.a:1"1E1:r u!" =.-:1ci'21crs:.s :32‘-‘. C01"-.TiEtL‘[l;?(J to the L‘.::a:'»':~‘I.~'. \\-'i1%c.F2 .‘.\oct'i1'i2<3fs‘ 21 |i‘é‘\.i<‘-Fiv

L'.h[.‘iCL' for the .r<::=.‘:31'c.nc-9 :';c:<fi'e. Ir: malny 021395, 311011 2.3 in e§<3ct1'jc pow<:.r $}’:x‘éL>.in.~a.

<:E2.';::-;x'i.< is 3h{)i'i11d [0 {he earih its:-:11‘. hccmning part of 3; singie. chaasais---aarih nmic. %
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%‘l<.iii§{§;~é.i5 i{e€e'+renc(*
emf m':r1rt.-i'erta:it:e !'lLJ€lE‘.‘i.

"The re1’erei1ee 1".0LlL'.‘ is ‘£21123 at greumé potential or zero potential. and ea:

as gmmrd or f;l”1{'.‘. gmsmzf norie.
eh other made may

lied by the vuitae of its

this reason, the ref-;:n-:nc,e mule is freqtzetally refeneti to

he Clillfi-i{lEl‘6K.l to be at some ptvtemiai above or below zero Spétci

node veitage.
' '31:: equatitins of nodal anzalyséx are obtained by £l.}3pl},’iI'ig KCIE- at the t1()ElL‘,:i. Recall

shat eauii term in it l<€_‘l.- {?t.§LE£.tiiml is an eietnent current. For 21 rt::<i.~iter. this current is
proportinntil in its voltage. This voltage. like any elcineut voitatge, is etgzzz-ti to Lt ntiaie
mltzige {if one end of the eiement is tied it: the rei"ere11t:e time) in‘ the éiffereixee of two
netie vzihxtges (if both ends are tied to ntnnrefereuee .'iL}Ll{’.'S}. E302" example, in Fig. 4.3 the
reference and: is node 3 with zen) or gimmtl peteniizil. The :<y1nhol shows: attached It}
made 3 is the standard .~;_vmhe! lei‘ gmuiid, ELS zttzteti in Cha;3te1' 3. Tlie ntanreference notice
2. and 2 have nude v0lttige.~; T1; ‘ind ug. Thus the elemen: VOlL£l.gL‘ i"|; with Lhe ptiltirity
i-‘~l’3{)\".’¥l is

'l"l':e other ei<-.'tnent \aoi1;ige.s‘ .~;E1mv:1 are

15-; == 1.1 —— E} 2:: 1:;

1);; —- 0 vg 

Tiiese equtatiorzs may be estabiisiieti by applying KN-"1. artitmd the lcmps {tea} or iinaigineti}.
Evitleutly. if we know all the node veltztges, we may "find {iii the L"lt3}11<'3!'1E vtziltages and
thence all the eiemeni t;tm‘ent'».

The it-lp‘[.'}li‘..)£!.l.i()I‘. of K{.'Tl.— zit u imde. expressing each tznimtwi-'11 curreni in terms" :11’ the
zmtie \=niiages‘., results in a .=:<'ide eqttaririat. Clearly. simpliiittzttitin in writixig the resultiiig
t-){{l££‘u'.'in11S is possible when 1l1e:‘et‘e1'ence node is she:-:91: to be at rmdc with E‘. large numb:-r
of eieiiieaits cenncetetl In it. 33.3 we shall see. itciwever. this is not the only criI.erio:i
for selectitig the refe1‘ent':e iietie, zsitliuugh it is frequently the m-'er1'itiiz2g time. Since we
cm: gtaing to apply KCL. siysiczmtticeilly at Circuit necles, the most straigi21i’erwai'd cause to
L‘UIi3i£lCT is that of eii'cLtit.< whose only sources are intleperttient +:u1'rent f-i{I}1.i1'<.‘i£S. We begin
with exzzrnpieaa of this type.

In the network sltewu in F-"lg. 4.9{:t). there are three I‘t{,‘:{‘.l¢.")E-3, Li£1.\'il1E'd anti ntimhered
:25: .\.‘.l‘2{)W.{‘§. ["l'i1is may be easier to see in the retirztwn versimi of Fig. —1.*)t_h)._§ Since there
are four elements (.‘.L)[II1t:‘.1'."EL3(i to ntitie 3, we select it as the referetiee nude. identifying it
£33’ the grnuiid .-aymbnt sham-=21.

 
i'vif.'}i.,-Rf 4;-.':' LIi:'t_'.Lii'a t.'Oz"It.“:§nir1g ir2<'}i9p<:::'itlenl ::u|'I‘te1‘_='=_ 2.r:LJz't'.'{'.w..
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elm.-*.I.e_\n*.,

Before wri?.i11g the node 13 ;L:zs1io11.'~a. L‘L>n.~1iLIc:' Lhc 9%:-.‘zm::1=_ shraxws in E"-‘i,=_-.'_,. 4.10. x-_fa::.r::
15; and L‘; are nmlc: \«':_>lIa1ge.'~'.. Tiie 31::-n‘Jc12t v<.>Ew.g:: 1: Es gives‘. 11;:

 

and thus by Ohms law we have

 
or 5:: (_z's’_1.1g —1I_:‘J

\vh::1~.-: (IS :5 %,-"11’ is the cm1duct2mce. Thzn is. H’!-c’ ;’:::'r(enrfrwr:: mark 1‘ :0 nodr’ 3 .'1‘.-'.".rJrr“I<‘.5?
:;_:t (:3 2:9./."r_’ I mad _r.".=:= Marie '.'r;-Jrrisrr-' rs.-' nrsr.-’:-* _'
 \- -x

.1: r:?.s':'.s’!r>:‘ it tin‘ (f:;{‘_?'?:‘1‘ranr‘(' of .'!‘:‘<; .I:n:f€ "

(m-my-.«1 by the :'.=:w'.vmr:cr R. or r:::.;a’r:','JE:':\/E" 3);‘ r.f.=r* :‘(2f1:,2‘}‘:r',';£ra.:':' v’;'_ '1'hi.<a :'etaal.'m;1 will :-|'=.u'-A-'
us 10 write the. nude cqanatimxs r:;p'::i13r by z':1.'x'pcc1i<::': Lii1‘t:rcL]y E11. terms (=‘s" :1-:2 t1n:..: \':>1n.;:_

New re1'L2rr2ing to "aim: CiI‘(;:.ii{ of Fig. 4.9. the .~eL:m of 82;: currenzs }a:av':ng ¥iUL.i{.‘ E
mus: be zero. or

3:‘: ‘““ -'J_4,=§ :7‘ O

in terms of the 110th: voitzxges. this ~:=qL1ati0z3 he»<:01nc‘:~s

Ggii] (;g{1.‘g -- F3} ---- 4.2; [:1

We could have csimiiacd ibis cquaatitwaw a§:1I”(-:£.'i5_\-’ tisizzg, the ;)_r:;::ec1urc U? the p:“==_*,cc-di:1s__:
pa1‘a_2r21pl1. Ap§1i_\_'i:1g KC]- at :1L'>cic 2 in S'i211ilar manracr. we u‘r_1tm'r:

 or

I11stca-.6 of S1! nlméng u:=.I1'n::2£s Zcaving the :10-(R: in '2.cr<"u, W;-3 <:::u1:.E Suave men‘. use: E‘m'm
of KC}. that aqxxaltcs the 511111 of t;Lz:*1':3ms lmwizag ihe mraic. to aim 53:11 of wrrcmx 2:22!-.:rir:5.;
that rode. I»-lac? we (lime the |;(:‘l”IT]:~«' :' [.1 and £33 \w}L:i{i Emw agapcaxrmi an the :‘igi2i~]‘*.:1I:<1
side:

Gj=_{t}g --- M} + (fgtig

Rca1'ranging ilk‘!-%". two <:.q11a1L‘.0I:s' ‘:'{3.‘il1]I.‘~' in

:0. ?2:n«-~. — cw = r21

....(;.2g;5 .+. {.53 .-,. (_;§_}E_=_,_ .... ..z £::

These c::;u:::1in.ns exhibit :1 :$}':'t1:11c¢Lr;-' that n1a3’ be L1s<:d 1:: write the t.‘L1l1Z‘:2i(.)!l.*~‘. in
the n-:z1:r21ngu'i f"01'm {4.8_': c1ir::<:?.E;-' by i11s;><:cLi0r1 of the ciu::1iL -;1ia1g1‘am. In If-L831) the
E.‘(JCffiCit3?1E' of 1;; is the sum of c0nduc1;'.mc::.<; of the clcnnczats L$O1‘:?.3£t{.‘1’{-.‘.d to zmdc E. wE1iEs
iize <:<>e.i’f.cicn1 cf 2'; is the negaaive of the wmiuctailcc of the aaic-“meat cozaazccling E
to notit: 2. The .~';au'ne szazcmerst holds fer (-'$.8b} if the numbc.‘.1's 5 and 2 are i11[1:I'£‘?m:‘§_=C.z.§.
'I‘im.~e node 2 pm;-'.< LZ*1r:. roirc in e’-"r.9,b2 n;":10&<: 1 in H.821). Tm‘. is, it is: me 11mic at v-. i‘u<.h
KCL is upp1'u-3:}. in c-c.L:%1 cquutitm =11»: right-’n:md am!-3. is ma: *;:1n‘::m 2340121 the <;'.=rrcr*.*.
!<L)E2E‘CCS that ezatas the c:c3z‘:'€sp(:r:(i?:r2g nods.

in s__{::11c1'a}. in :‘.r,‘.lworks; ccx11Iz1i11i:1g uniy {liéil-;§LE<.‘—Ldi1Ci')!-I anti {.‘.a1:'1'un2 m'>L:rcn.~:, V-_C5..
applicci at the Jet}: nude. w':11'L Imdx-3 '~;:>'1t.2_sj,:‘: 15;. man 33:: v.-'r1'tic:n as 1‘:.)H<.nw5. On H‘-r:-' }'<{_:'.‘-'
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Example -42.6

‘I 31}

_,.;,_:¢.- 5,)!‘ gm ,r:r,u:fc’ (.’qr.r:m‘m:, zhsa c.'o:g,{}’.5:'£m:: zgf .u"?(.= kti:-::raa‘a= 1'm'.ra_L;c is {he .-mm of me
cma<5m"!:1I?r'cts' L‘{Jm‘!£.‘£‘a‘t’.£f {(3 mm’(: !c, 523m’ rim cr.:r_;fiff<.':’c*:ar.s‘ oj‘:!:.c' :m".*er ;'.=<m'e wz.F;‘z.rgra.a‘ are 5.5%

:1¢»_c.,mrx'1.-::.s' :)f size <;'r):2(2:.«::a:1¢.-_rs_»; f)e:'w<er:n .w‘1o.x'c.= xxodwx :.:.m!' mmfe .-'3:. 2"!3e' r:'_gr!:: sz‘a’<.= of Ih.='.\-
:a:,':.:a::':'::z c'<‘J.=r.$‘r'.s‘I.\' of the N-GI c:urrm:flrm'fng fruo .'md<= 5; a'.=.ze Jo wrzrauz -$()H!T.‘t’.\'.

This predictable pattern matkes it etasy 1.0 WI’iI.{: élown. the node L'.qua:i.iom, More 1h:—::
;«sig_n:s. p0.'~'.i£t\-'0 0:: thc §ci'i'-h:1nd sialc ?'(>z‘ an, tr:-rms; mac! m.-gmivc |'r.ar u§i}e.1’I3ut.1e. \’<2§1i1gL:

zi--ézaarzt‘. min: 11:2" ='_‘un-uni .-s:::1:'cc.~' Iin'su=érg, "man 1".<.;<ia=, II. are '-,c1‘1‘.'.-.~.. um! ;};‘.~sirt‘.'-'.-= cm £120

.1 £.'§‘:l'l.'-'-i.‘i.lii§i.‘,;’}'C'-Lt of {'22--': fsmma 2:3‘ K("I. u11osc:'.. \«‘\-"l1il:.- {?L]'t';::‘ s"ce:‘rr:.=: ;:<>1‘=.%r§ bu szscrl qLn'tc-
c-.>1'r;:a‘a%}'. we uciwczaiu Hiickiaagi an the form r-:cm11n1cn:fia:<E. with the gm:-.yu_‘-‘1' £11111 LE1»: [L‘I'EI1.H
wiii :;1§wuy;s' fali Era this pa1u::rn. Ii ‘.1-.:]p.~; 1:) 1'1:z1kv: the ;>z:£1cr11 of Nig.1'1H fi}i:.t(§ anti pme'EicL:1bEc:.
343 we -3:111 J‘nuL1.~< <>u1‘ a[1e11tioa': 91': Llm lazzgczz‘ issues when z:n;1Iy'z.i1'1~_- :5 -cir-'.;u:?€.

.~\"rm'm’ iU'r.£4'1’._3'.!.‘2i.s' <:w:.s‘:'.s':.x' 3.-'2 m":'u':1g K'{'."£- nmfc 4-q.=r.ru:'m:.s' dL:'.¥t"?'!J'J(!Ef rgfirzw a: cafe’ mm-
rrj,-‘kerwu.-.:.» norm 2}; rice :‘irr.‘m';’. T1125 yields N —- 1 linear cqL1aiior1s in u .~;§1'r3i12u‘ number of
1m_%<2:c}wn.~; {the nod: voltngcsa. : dis::u.~;sed in Appezeciix C, thaw‘. €OgL.t1t1.i011.~; arc. Eincarlg-'
i_:'K§t*,§}‘.".E}E§t3i1'. and thus are g11a:'2mL<.“:.d to pmssess a unique sc>1LI1.'i<m, 'l'1::! :2<::iL- vnnlmges
:my be found by :1 variety of mczzans, including (.‘r:>.'.3s:-3 :.~1imEn:::i<.m. (.'.'rz~.:z2:::“.~‘ ru§<:._ am}
?'i'l11!I'i.'i in»-'crsio11.

('_‘on:~sid:-:1‘ {E1-.-.~ uiruuéi 01" Fig. 4.1 3. "1'l':L- lnuéugam 2104.1»: !:=='s bn::'.n ..~c1:'.L‘tL:al
lu EL. 'I‘hc 

11.»; the 1':-I‘u':'ct1cc nude .~tim::: so 31:11:)-' <:i¢tmL:n1s suns‘.-z "

:'c:si.s1m's '41‘: lalicka-ai ::cL~cn1'ding,' £0 {heir L'.'()!}t1l1L'L11l‘1L}C‘5.

 
‘Ln'=. §'.r'.~r E'.)\.'§J‘-!jJ!:_' ..i.£-.. ~_<§ '- ._§

Six:-cc 1211331-2 azrc zhrte 11011.1":-:I1'::‘t:nc:: !1L3Li'.‘.\. £11-an: wili 11¢ T.i1l'CI.‘

cqua!ion._~; ire 11111:-;‘ 1:n}<I.1r.m-‘:1 smtis v<}§::1g;c.~;. A: nods WL‘ nut-.2
that the .~‘-.1111 of c:.:nrlu:;E2'.I1ccs is ' 1 4. elm m:gz~.2.§vc uf :.l::;-

(.‘0fldLICi2E£}L?<-:(I(}l1!1{3§i€§Y}g nude :2; in na)d:: pi —-- 1, :m<i 82:2 ‘JCI .'»'oLtrc<:

cm'n::1t L=.a12e1‘in;_: no<§:3 I is 7 — S '3. Thus the firs: mafia aquarium is

  

Si111i1:u'1y. 3.1 zaoftcs 11; and 113‘ KR-":3 heave
 —l'1 + K/)'i."_= 213';

3 -—«-A .

We 2113.}; suivc (4.9) and €4.29) fl.-J1" Eh:-.' nod-.2 w'311;:;_f<:.~'~ uxirlg.-_t
any one of .11 variety 4:13" :21e1'hmi.<: for :«;n]ving= .~5%.:r1L:IEa>.m-.=u='_:.~' L-:a;;z:;2-
tizxzs. 'l"1'srec sazch rrxctéwcis mztuix im-1-:r.<:i.m'1, C‘r'.nner‘s mic. and
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'~"_'-*6’ (.}iiL1SS§a!'i ufliruiiluiiun. For E112; z'c—21Llr.:r x=:i“:<¥ is. [101 i’a1ni1iaI Wiih ihu':x::
I-'6’ lmttllcads. :1 discuscsion is ;_:i.v<-2:1 in 5-\;3p::n{1'ix .»-X. Sciectinp, (..‘r:.1ntr:.r‘.=s

'«-'-‘r»' rule. first find the <§ct‘I'111ir2a=.11I of the c0;:i"fir;éer1t: mm'ri.\:., given by  
  

 

 

  

 

   
 

 

 

I —i - E 0?I

5:‘ 1 :3 ---—:;-;a45
0 —-3. " !

"I'M dcIL:1.‘m:11L-: U}. W: :':}§3[£:{‘<: (ha: i':r‘.«.: ;ui=.U.1'I‘.n i F flu: Lgtni.-.JTIL'1t:n‘
;"._;g [_~1_"~J'}- i_-’.i.: _
i_t= - -.h: £'§f.t1L‘!‘I':liI3ii:}€ of lhe <;:~<-:;--

_:;_
--..r‘

;
2. 2: 't \-"

ii} . . .. . , , _ ,r.=; 1.x" m1.u::l by 11.-‘pE;.'ac!11g,_ 132:: $CCC=[‘1(1 and ::_: the 111m] mizanm -'~i El‘-C
ni m2:tri.x £1118 caicuI2zLi,:ag; as zzhm-"rs. jyiséding 1:2 .-_—. f: \-' =m-1!

W; .... .. ,. _ _ ‘ I _
M ENm*-.- Lima W1) nave l'~.mk:::: fizz‘. L qamz. Izsadzng inc 510i '~.-'0!-.-
' \' 21g.c:~.. was mzig-' e:usai.1}- émczi an): otiirsr \'~.w§:zLgx'.- H1‘ iLl1ETt3!}E. For C :::‘1'pi'.-.

if we. wzmi. 2.110 cu1'r<;:m I in the 3-33 '."1{.‘.]'!".=.'.‘.1‘_§. it _s;!\,-am. 3}-'

4: 2(1): J_'-';',! .':.. "" :":: ----/E, ‘ax

Note {hut tin: um:ffi:.":e.nL matrix s:hm'«.-‘:1 in 34.1 E"; is :~'.;-':n1n»:l1'ic {tho (5. j} :1r.-.£ tj. .- "J

_\ cZ<:1:cr11s are equal]. This folltwvs Esmn 1122 {act 1h:.:L the a::':mi11ci;mr.:r: 5.1L:hx‘e.c:*: nod:-:3
:' and j is {hat 1_1<:Lx\«'-mu": 2*.-<}dc'< j and E. Sy12m-.:.-ujv {'1-.rLI:c:1' .<;éz ‘;31i£'iu=.s v~.»'z:%:i:1;_; {Ext z*.n<Ic*.
cqu:1f.':(m:<. WE2i':c ..~'_\;rnm«;:ir}.-' wit} 2101:} as :2 g-k-a:1L:r:1I R12" iii} =.:i:'::11it.<4 :20: cc3r::'a§='fi-‘
<i::1>enL1enr. .<;<>m'ces. .~'a_\.'mm{-stry -:1!" L111: urn.-1"{icicm zmm-ix c,:::mm cn11m<-2C: on in Lima
as we .~';h'.LH 543:": 111 the ncxz -:.xzampIn:.

'."m:4i I: %h-'- “ ' it .1‘ Fig. -‘J2. w1'ci'1cz.'}'s1'1is1.‘ ‘ie '-xnderza "
_ Exampie 4“-7 (4. ur It. Ltlruu cl. L r‘ l: J; ¢ w »_ I3‘ ‘

39 - P .wuI'c<:s. We mil hegm by wrs. um 2“z<>-ac e.::3j.z2‘=.1:r.~11s ::x:1c?.'i_x_' .-1% 2%‘
K: ' {he murces w'c1‘L‘ }t}ii:':.pL‘.I'1dC£‘J_. 5&1 exude 3.
It {3}{''z,': .1 -6- ‘{?]f2.-'1 " 1 i.'."_'I<'1'-- E“)? 4: 5 55

' and :1: ncxia-.‘ CZ.
— <f?.;{-4-«_~. -- T';} — 5: —:— ,'-‘:a-

 We 52:: K1 cxpraxsx EIEL‘ cnmzrcalling; \'2::'éuh]t:x 3'22" aha deperwdrsraei =~‘.::r:!.'-‘(:0--._
EEK,-(‘=[;' '.'(}§i}.zg/,‘.H. ‘By *3. =2" 515 :‘-.:2<'% 2; in ilime c~.q11;L:im1.<._ in 1:;-931:»; :13" ‘—..!*-,e

[::u-'.

 aim? Eta}; :'u.~a;;cciz'<>11  
$33
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“i 32

Substilutirzz 2&1:-1 last two - :z;:K's<>:2's into the l"('.CCL1li'E‘I: two.. R.

{§j{?.'{)-I-[n{1']}'+{2){?'1—1_l:): 5 — 5'2};

«E-"(U3-.3 + {Elli-"..=. W‘ U) 53’: “E” 3‘l1-‘1 "— 1-*1}

Tl}<:se ma) |.3qL13.Iit‘:i"tH- in two unl<.n<2w11s can be saolvcnl lay (.‘r;u1~.c.r‘>'
rule, Lnzurix i::w:r.~;ic>:1, or Gauss eiimirmlion. as Llcsired. Selecting
matrix i11ve:r:-;i<>z:, we firs: ra:.w1‘iic as

 

The Li‘.‘.1.CI'El’liI'l‘a.l‘1E of the coflficiczat nlzxtrix is (9) {Q} -— E---9):: ~-2}
45;‘- and the i11ve:z'.~:«: is

222-:
;i§<39J‘g;:

Then

Jul1JQ‘ U-infi:,!4_ ..?._..1 a...,_........I

 
I-"mm lflxazrnpie 4.? we see: {baa the presence of rlepc11dcn: sm.1r<;cs dczatmys the

sy:Immt:'_v in she «:;a:el'iicieni I11d.1}‘LX {sec (4.12): and that in HL|.L‘1'E €.‘,i1'<:ui!.S the c3<::I1en2s
of ‘-‘Jnis !'11£I?.'}'§3( may no 1u!:g_<:1‘ simply be inlcrprelccl as sums U1" <:am:iuc:::r:n:c::, simsc the
akpcndtznt su111'<.‘L’s also contribute. 011 the mhcr hand, {he pres:-;en<:a: of clcpcncicnt sources
‘nus not signifimnily con1pl':caL<::! nodzl! am1iysi.~‘., requirirag only an anlditizmzal substitution
step. 1'cp1;n:ing cu1m'0lEi:':g \=:::‘i;1hle.<; by node voitzzges.

 

a.~s<°ses<.ss2s2ss;aessa§$\~32 s.~?:<:.'.co -a.‘=25&az>:.32s':ess°;é.me;:=s.':s;:_ re;-\:!.':‘.9w$.-'JsL*»:vez$aal.a:__-n.5,-4-:: .»r .'.-.3. . .._‘ «.~.;.....:

-1.3.1. T;+.i<e all .rcsi.'\'i'<.>rs in Fig. 4.‘? in he l S) L'.:1<‘l bL'>'."l1 <'::::'::11: s-..>u*:;‘.c
i'un::'.i:':r..e H‘: be 1 A. Utxing lmdall aaalztl}-sis. timi 230. male «z:>§*.2;g_:r:s and :31:
three Eaiwclcal r:u1'1‘r:.:'-.55.
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V“. ccrzsw vs

 

 

 
E>;§.?Z{I¥§§ 4.25.2

 

.-\.;' =2A;.«=_;-.~:~«z A

4.3.2. U.'<ing Imdztl 2m:t}yr~ti.'~:. find lit. :3, Emd r'.
-'.‘<'.*‘ 3:» V: 36 V; /-3 A

35.3.3. Write 131:: nmial cqt1ai€:)m dirc::tE;_»' in ‘.-'cctuz'—maLri.V. f‘o:'m. D0 um

.-‘t::.s"zw.'3' 2|; == 1 V: 1:3 :: ‘V’ ' 

 

 
 

-$4.4 ClRCUiTS CONTAINING VOLTAGE SOURCES

Example 4.8

At rirsl glance it may St‘J.:I‘[} that the presence of voftage Rottrccs in 21. circuit ‘tolnpiicaics
nodal analysis. We can no longer write the KCL. node zsquattons. ..<.-incc t['::‘.1'e is no w;=._v
to express the currents tiurwgh these csircttit elements in ‘.ct'ms of their mode mttztgus. As
discussed in Chapter 2. aha‘. tl]C§1'1c51£ i-aw for it vtuitagc sourasc (Ems 110$ rtéiatc its {.".1r:'<??1i
to its voiéage. so we cztzmet use it to mpiace. 2: £‘ii£‘§'f;‘I'1‘L ttltkzwwza 333! :1 vaéiagz-: unéqmwn
in the mac equation.

Hmvtzvcr, as we siutli sec, nodal Lznzziysis kn the p:'<::=.t:ncu of voltage snlvsces f7i'(}'v't‘.+~‘

no more ccaznpiicatssd, 1'<:q11ir'mg rmiy :1 s-:;'::a.l! iI1{><'.'ItfiC2!Lif1:! to tilt: Imisic zncthnd for writing
"tin: r:qL1a1tions of nodal £t}‘t2‘.l'_\.»’$§..\‘ pmscrtt:-r.d in Section -4.3. 111 fa: 2.. we wiil t:<>x:'z:: to w':':,k.:(.:mc
voltage S{!l1i'{:£‘S. since 2%}:-:3 i‘{'.‘dLICf;‘. the ammber of ;~'tl'I1U]L£t1}I2{‘.t}$$ nocle ctguzzrions that tzmst
he soiva-:(‘i, yielding (mi: Seas‘. equzltiozt per voliag_c s<>urce..

To illustrate the pt'0L‘,¢{it.££':3, Iet us czemsidur me circuit of Fig. 4.13.
For cur1\=enicm':e we }i:J‘»’{: lzzbeieti the rcxismrs by their condt.1ctzmc:cr~:.

Note that we: have enclosed voh-age sources in separate regions i-.~.<ii~

catcd E3}; {flashed liaaas. Rccaliing that: the gtmcralized form of R531...
states: :hat :1}! CLEI'1'Cl'lI.S enttttiltg El closati region must sum to mm

1 33
 

 



    
 

 
 
 
 

EXHIBIT 11 
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>§"'§%-“§“-§~§ 2<_.;ri':'§m;

 

fiéel S. Sedra

Uni}.-‘:2z';s‘;éz'_x-' of ’}"Ir)2z>z2£<.>

Kenneth C. Smith

1'...-’::.z've.=:s'z.'.!'js= of 7})mrzf{> zzzzzf I./’r2zz,f.: Kzziag

Uni:-'e;:s‘fI_\.= <;§f.S'c'.r1*-.'!?(,'e* (mzf }’E3c?I':I’:()Z{}g'}:"

'.\?:-2w Y=.";1'}< {.):a1"{2rd

('}X§'*‘€}RD {}NiVE'RSI'.l"i" ¥’RI.*-JSS
i‘}‘~}S
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   ms. ....$

Eiosugg }<<::‘-.5;
:\'Ic}i-mar:

'I'u3x';'u Tum

 

  

 

 

 
 

 

 ‘€382 by U.‘:l’4_:r;| l.5:1iv=.-‘z*si£;." 1"z‘c:-ax, Inu.

§’§%'é.¥3

_/-s.

  ..aza"i;;;__I, Q1.-1:-..'u].!c:': m;e’z2.>.r 3': .v'::"avv: L’§'("!21

I‘); uz"(‘fm1g12‘t‘sa.' (‘.:;1LIi:)g_1r4;,=_—En-l’I:i>Eic::1imz Daam

 "n:-.',-J nu:-.-1¢:'un1c1e.r. Fuzz’ the 51 1-i1~..;-. 3-it.

uu:'Iia:.».t ::p;>Iic:tLim1_ i1 w'.=..»- a: k;-.}-' ruL"u=|'
‘ ‘ssacitin. ':"hu:n rcpriv.3Iw.I with p1::':e1i.~:';§a=—:a an"
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_--Q'\';\*-_1-1..-:s.vg~o\_«-

 

§Exe:’£:z's£°.

 

’?§1<: basic lmilding i’>i<ack.\' 'n‘{:11giL;1] sayslc-I225 are éaéggic <:iI'<.‘z:i:.s and 11*-.cm.n:‘_v L:ir':;;11'1s.'. \\-"c

sh:-1!? szz}<}}' both in 522:3 'C<><Jk. ’7<:g_:_im:i:1;_2 in Sechzurz 1.’? '~2»-"iii": that I'§3t').'\'t 1‘u:1dz1meni;1] di§_j,tl:1I
<:i.'=‘L'L::ii. {he iiigitaa izzvefiez‘.

Om: finail remetriir Aiiiimzgfé the digiizai p:'{)cc.~:siI1g of 5; _ 5 is 3% pr<:s::m 21iI—puz'\'a;~‘i‘\-'3.

there r:r1'1z1iI1 ma.r:§,-' sigma} §”}§‘<>($<3.i$i!}_!‘_l flimztiom; £313‘. ;"re:'f<'2m";c{} 'z‘.~_\-' ariaziog c':1'Cuizf.~‘
indeed. ramzly <:l=3ctz'()r':§=.: systcim inu:}11dc boil“: zzzzzziag and aiigimi pau'£.~<.. it foiiov.-'R cm: a gzsmai
c§eci':<:>:22cs engineer musn be p.*:'>!"1cicm in the <‘.C..\:§g:2 of hath eatming 2:.-“Ed. digit‘-‘kl L‘.ircuiL<.
b!..<:%*.= is‘. 1%:-.3 aim ol‘:.i1is b<><)k_

 

1.4 Cm“-~;§:.E<'r at 4~-‘nit digiéai W{)I'd D = E:_;r',:gr':;_r‘:.~, {sent 5.0. 2.3} £2536 2:‘. rc;11'c.\-cm :11’. ut1;'..‘Qg ;-:{_;1:2:E ::_.-, Em: v;.~.r"2:'.'x
V.1:;-av-.= cc ‘F’ '.J‘I

[=.1} L‘:€\'r: 1) <:m‘:'c.~ip0!1('lE1:g :0 :5; 2'} ‘V’, I V. 2 V. and 15 V.

-'!='. ‘=V":3;:‘: <:}’22z:1;:;c in :21 L‘E‘.§J.‘éL‘.~1 ea Ch:3.’%‘.-EL‘ a"r'..:m {r Lu I in.’ fii; .4‘)r., {ii} 52., {'

 

3.r_1_:;. .';1'j: '.}I.}0{}. ('}f1!J‘:_ I.'}L}1{}. E111; {bf} —i-_i "V, .'-3 \’_ -.- .3 -'_ +3 ‘V'-

 . J'»~_. and :';=':- fag.

5.2 V, what do yoat Cxgacct .0 in be" What is Tim. ;'os:2§1'é::g arrm in :'L‘;‘.~:'c-:cntu{inr1'.’

K»; J‘-_<"=.=I§§>§w§§;'-'§§'£§?'s*.§.=.

 
From 2: conc::ptua[ point of view the sirr1ples1 .sig21a1l--;art!c;C#sm_s_1_ %fi‘~'K. 58 ‘hilt “Tl 5i_L’,z121i mrv
piification. The need for 21r:'zpEif:::.21z§0z‘. mists I1:x:::::5c ir;1:1.=;d::.'.'{:r. -r,rr';u=i='.*'z=.-= .<{:g1‘1;;l.§ I:!1::i 2:21:

as} be "weak." that in {he mi::rovoi1 E_;x.V} 0: rziiilix,-01$ {m‘~ ,- *22ng.=:: z1z*--..- puss:;‘.~:sing

lizfie czzcrg}-‘. Such Sif._'_P.£L§S are too sma1IE for reliuhla: procttxsing. a;.r1:.i pr0cr:.<s'i11g is muck‘.
ctasii-:.1' if ihc sigma} mzzgziétude is made Ez1rgL‘r. Thn‘ ‘mI1::€§z;::2a:E ?7§<}{;§< that ;1ccrmef.‘i'Ii~'J1t:.'~; this
task is ‘die signal amplifier.

it zVp_m'opn":11-.: 21: this pain: 2‘<.5 :.‘i':s<:u.<.'s the need z"«.,z' léxzearizy in ampiimrs. Wizcr‘-.

z1r:1;2ii';.'i1z;j_} a .~'-ign:1l. care mus‘: be ::.‘~:¢~.z‘::i=‘*.-mi .~;u L1121: 121:: i[:i‘<:1‘m::Li>:: <:<;:1§:22§mt<§ in 3.11:: .\§§.__’_!‘.-ii}
is rm: chiinga and no new in f:'_:t'1'm1Ii0n in i'nt1'0dL!ce<§. 'ThL15 w ' §'c<:<3' 531:: si5_;:2:1i shows.

in Fig. 1.2 3.0 an axnpiifiel“. we wam the output siigxial of 351:‘: aanpii.

 
 

 
  

 
.1: 13:? an ::xz':::.t rc;~.I'1c::.I

0; ‘gizzzt at the input. except of <:<.>u_r_~;c for lxzmrtg }:1-.'§_z,ez‘ zrzagxaéilzaic. In other \x-'u11'.5~:_ ih-.-
"xx-'iggics;“ £12 Lhe uutpuz waivatfofxn mus: ha‘ i{'.ut1Licu} L0 téwsc 1:: the 1:29:21 wzwt-.3"::1-:21. xx:-.;~
change is wens:-:I‘<>:-rrz is cc:s*.:~':’:%c:‘c:.i {'0 be dismrtziun :L1'::l is {1'l'W'iL311:s'5f»,- =.:nd:3s§1‘22bi=.:.

AI} &EE?Z{>§ififif timt pr::.~;::rx-"L-as the aiaazzéis :32" {he reignul u.-'::\c.i"iI1rI‘-.': :_~ u}::«;1'2:cL:‘.z‘i?.¢<§ ‘:35-'
r{:i21Iz(m.~:11.ip
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W?lu.‘.I‘L" ::,- 323:5 are the input anti azzigatzt Signalis, rcspcclivu.l_»-'. anal A is as mztsiizzzrét ;'<:;:1ra-.*.-

st-ruting, the z':2t;gnitude of tttttptificatiozl. kzztéwn as éimgfiifier g2:i'n. Eiquzttitm (1.4% 2: §%'r:c".22‘
rciatémtsftip; hezzce the atnplifcr it desa‘:'i'-ms 2; §i:1ea:' zampiifit-r- It stxattétl he 2:2

that if the reizaiimzx ip i?tSlWCr.‘:I1 15,, and 19,- ;‘0I1t':t%r2s hi ‘ er §>o\vc.:'.~s of 1:,-. titan the \V2:‘.'::{7\‘>I'I:2
tr" :',_. -will no Enuttgcr 13:: §{'3§.‘.!'3t1iC1.'J In tlutt of :r_.. "Thu: aarnpitzzer ":5 {E2912 szzéu to <.->;:ti'nit Itmtlinrar
dismrtitm.

The
23:.

 

 

.Jil‘1c.1's :.Iis;cuss£::§ so t':tr21rL- pt'5.;11;-.1'i1_v ittttéttdcé {U i\._:?t‘2“1.i€a3 on 31:22:?! ing>4_1‘;

_ ' _...t.=r'pust: is ta‘: tm:1».'<: the sigzaizi 1't1ug,§:1Lt:d;: la.rg,t::' tttld ‘=_i::':r;*.f‘ 225:: £'1r3z2;;§:: of
21:» valtawe am: zlifiers. T316: Jremza Zifier fizz aha: 1}t)i‘flE' st:-*s'u.t: swat».-nt is an -.‘x;tm:)1c rs!B »

2 Hm»-e\'e:'. it ‘tE$UE1?§‘3" «'.%a:=cs 2,-'2<::*e iézxut a‘-..'1':pit:'_\-' Lite hig;';:ti: ::p=.':-’.:':‘;t
sitzt ins: of the l’rc<.tL:::r2cv S *-€f.€.‘{2".. 91' the 253.9112 Si_s1su:l_ This. topic. ‘t1(swc:':':'_._ _ . §~ _ - .

2 {>12-r 2393:} at tins tnortacrti.

At this tizziéz we wish to ntcntion ‘.tt::>th::1"Ev'>::<>{:mmEif1u:r, :3EilT1L‘1\-', the 1n(>wc1' 2tr:t'-‘.l%f':{:r.. I - a 3

Such 1:11 :‘::?2pE:2'1::r may p1'u'm‘1*.:. 0:21)’ a rt‘;-:Jcte:'.~:: :13'I1mt:tt 0.‘ ‘.r::>lt21‘>'<:- gait: but .~;tzi).<tatr:t;-9.1 ‘;‘%.lE'I't'F‘.L

gaL§i‘;. 'i7t!.i5 willie: ubsc)rl>irtg iitzie pow-z'i'1'mn t 9 ittput sigttal >;ui:a'<:e tr} wéticit it is <.:um‘-.c::é_'=_-‘ah
ofzcxt 21 3-*3,‘-t::1I1‘.=p§it_"tc.t'. it c!e%iv<:=."s {urge ’imt>::ttt.~; of power to its ltmd. Az: 9 'ziz21;>Ec mund

 

 
 

 

   
 

   
3... 'F\-\ "m."

..c.}*i,.

£§";{.’ ;z<‘=wt.-2* atztt]1[i!iu=1‘ in" me }'2<>m:'=, .*I~IE<.‘.:'5;v'.'3 .~_v.\;t.-:51. \N§!0:\'i'.’ purguuasc is to ;.1mvi<§c §z:?.§2a':it;s%;t ;*.o~.\-er
' -"‘ '3 - "§‘t:*- ht-ut*£s'pt:21i<::z'_ §§¢z'e we siwuéai atolc that '=.hC EuL1L'ES}'>C'.:f'cr is £323 =¢<:z;§=.:t :ruzm.itI.c-.::'

: s}.'stt:1It: it '.;L}22'»’c:is {Etc eicctrtc s‘J‘n.1iIp':_£I xigzzzai of ah-.: .w'y'st*:r: 532:0 32: 2';<:<2:2s=i<'

-.-.:':i‘zt1' 2tpprs::;i;ttiun of 'E§}<£ "ii :-‘;'.:‘it_\-' can hr :tcgt:§1'tt:t hv izlg tat:
5.2m-.-t.-.r A 1*. *.-cut’ pow-t.'r '.lI'E‘i[}s

rcpmaizz-u-:.:i V»-"§.‘:%‘=.0z:£ Cfi3i{}i"T.it){'3.

 
 
    .9: §.1<.>:%: mi": 2422:: iuud ntttm. pats.-_~;2t;_=,c.< [u be

§§s'2'§;2§%':‘i::s' ;_,_§:'CL:.:'i S»ymizf§z§§

W25: ségatatt zt111}.1iii"1t-tr is obx-éazzsiy 3. two-gmti zlezwork. 115 £11nL‘t'sa1:a is r'_‘nr:‘»'et1't:':i‘-.t13* rc;¢rt:—

3-czzéasfi 23}: the <:‘.rt;L1it .~:}'z71'E>L31 Sf E*‘§g.z;. '£.if}t_a2}. Titas sjmttml t;lc21t'i}-' di.'~ai.it1gt:iSh¢*s {Etc irtpzzi 211:1

t'::t€;}zi§ gwris £EE‘.t‘i indiczttcs the <i‘.z‘:‘.ci%o~:: <>i‘si_t_~;r1::J 't"Em\-'. Tlttss. in Stihsctlutttlt ~'.Ei-¢§_wr_:'.:‘a:z'=.:~; 1; am‘-E}
aw: Ex“: tt£:<.‘.~=5_~';21aj-' in iabei the two 1)<>ns “%zzg3L:’." amt "c_rLstput." I"-‘ea’ gent-: ;::'iLy 21.-":3 .~'5:2<>'~.w:

Eh: zzzttpiifia-.%2' ii? have t:'~'tJ '1n:;.-1:1 t.et'2rtir:ztis 'si'=.:iz azsrc ziistézzct i’rurn the two output t::rt11'tst:tE.~. A
_‘i.tzzatitm is :i§tt_~;tamc,<i in 1-23;. i.§{}=:'z~.j_ witerc 2; c<;=mmu:1 tertxtittgtl cxist.~ "Inn

staid outptit p<.l['IH of '.}1-.: z':m;'eiEt7.cr. Titiis‘ c:>:;=.zna>t: tent"-.i:t;;§ L't.\.L"dE am" 2;
. E azufical titc circuit gmttnd.

 

  

111 ~'.!I'='.‘ i’()]'E1 2&2";

rm‘-.-‘.11 E3‘: .

  
{D}x...1. 2.

§'-fgx ,_', ta) Circuit‘ .'i}’22‘;bi}] for ampiifi-.‘1'. {h} A11 :;t13p]ifit-.‘r with u n:um1nm1. ;t:rtT-1111:] L;_.':'.-_':unaJt
Ltt ztmi (>:;:§>;‘=.?. 99313.

 
i3t.:a\x~.:=.*._r*. 11:: . . .1.)
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1:<.

‘ -'1 .‘; -

gr: ‘K.-"1'}§tE§gé} flaw
"cu? . . .. . . _

.=\ llrlrsar am hiwr ewes-: .15 2:1: mm: swna} :.= gs‘) and mrx-'::i::s at the {.1u:.m:z. tscrms :1»-. km!} _‘‘-'-_v A $37 J F .

=,m,fl1 rs. .'.*s'[£ll1Cr3 R,»_ Pig. E.i }{a:‘;~. an ozzzpaaz ségzzaz ‘.'r5;t'fT! {Ema is :3 ;rz;2g;'12if‘icd 21-.*.p.%%<:a 02' zagsgta.
{war The voltage gain of {he a:np]§f’ie.r is dcfizzezi ‘:23,-

\’<aEa;1;;c gézén (,4 .3 F
ii; 5'5‘:

 
1

Fig. !.§.'i{‘ ,» iéhaws the transfer Chair-arsteristitz uf‘ 21 1_i::c:>.r u:'vpIi1'ic1‘. If wt‘ appfy to the iI‘!pl?f
of this z1:r2:3.%if:'er :2 sinazmidai voltage c>fa1mp!t::.1cic 1". we <)bL:?.iI'=. 2:1 {lac osllpul :1 siluzzsnid vi
arnpiitmizt /;:,?:{

    
J_ 't| ‘.I " :31 '1

52$. ’2.”§’2 {a} A vo1t-.1_g-.- aruplificr fed with a .»'ig::::1 m
{b} Tm:1sf.’u:r characteristic of 3 h'r.r:.a._' m1i:1g_c 111111“

.‘-.nd c.'J:mr.:.:t«;*u5 Ln 2: luaui rm-'ié41::nL*c

"Icr \\-Elh -.=o.'tagc gain A,   
P‘m:*.zer Gain am‘ Carma": 63%;:

Ar: arnpiithr incrcalscs the Sigrmi povx-‘er, an impuriztizt fcztizzrnz aha: Clisiingzztislws am .'-:11};-*-iifim
; from za trz1r1sfunncz'. In case of :: tr;:r1s'r’or'Jne:1', uEiI':<2Ls >1: 536 v:::’f.ag:;‘ d::!E\'c:'-at to the .*(.~a=.L5

cnuhi be. greater thin‘-. Ehe VO§£E1f._E%';3 fettdézig 21:0 izapnt ~aiui;*. t.:.*2e prémzi " . LE3’.-‘ pow.-1'1‘dxelixwesai
tn: the Jn.>21{.i {from Ihi‘ ':r2m.~'f01' .13 s::m:2<§z:r;.='j is ‘(:55 ihiltl nr :1: rzu‘-tat c.:';11:a} to thc pun-'L"='
.'.\'dppFitld by the s«:ig,u:1E s:<:>=.::'<;t:. C372 1239 othcz‘ Eianzi, am ;1_mg'=I'zE“.=Le1';:rc)V§<'ic.s aha.‘ [cud wizh pm=,~:-
gsmrcr than that :n'r::.;n'r:e:_| from aha signal .<<;t.::'cL‘. ‘F11-as is. ;1n';pE]f'i:',-t‘.- 1m-'«.- ]1£?\1.-'!.?T' gziizz 'l"%:a'-
gmwer g__',:1in 0:” the a::r;.:!»%E’€:: 3:1 E"§g,, 3.? 2532} is c§e.fin::-;i as

  

E<:2:<.1 pow-c1‘ L 
P(5W{;‘T' g_1zL1';2 {K5,} +=- _ Jmput pm=.'-.32‘ sfg;
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z1   

5}; is 2&1: Curran: that the u1upEi§1cr :i::§%'»-'c:‘s 11> the Sum: ER;_,_;, 5}; '—' °.;:-3;’!-€;_. eL:‘.r.i 5- '

* L’urrcm z:m;)Ei;'"i«::‘ tirazu.-'9 fmin [E13 _~;igm:.'= .‘>L'3[EFl.‘I:. "l"!1-:- (:uI‘:'t:nE gain €.>f the mzlplifi-.':i‘
32.5 dL':':"1r1cu us

 
 
 

 

(.2z2rr-“:22: gain (;"; I= (L8: A5.’

i""r<m1 Rigs. I: {U £1.51 mm": 253:

,1“-:_. :é.'~}_>

5:-:L{._1’}§‘t':&§:4;§I}§3_ <;a§z': $22 fietziheis

Tim am1piifi.€::' gaizas tiefincd above 2121:. 1'2z§i<>.~: of sirzlilarly <lin'1L:n.~;ioncd quzmritics. 'I"E“a:2:'~‘. £1133;

will be expressed citlier us dizriczzsiozziexzr :2;:;2‘{i)cr5 or. for cnipha- .. as \-’.«’\r" f<>.z‘ Lidia ‘»-'<;:§z:;3¢-3,1‘:

g.z1irs, A.=’;A I“:>r the cuxrcm 3_:¢.ai21, am} ‘;Vz“W' for the power gain. .=\.iL<-:1T:a1ivc1y, for ;: :':z2:'z2‘r>cr
0i"1I:usozz$, s<2;’z'::: <2-1' ihcm histmic, $2:-.‘,c£.2‘£>nic.<s ezzgineers t'lXpl':'.‘SS amplifier gain 9.-'E1'f1 :2 i<)§_:v-

ariihtrlic 1I2:::‘=..~;::2'<;’. 'tSp<:n;ific2‘:il}-' the vohagc gain :1}, cm be exp:‘c.~ssm<i six

   

‘»’¢':it:~_gc gain in c§cc':i¢<.-is = 30 i0p.§A.,.! dB

and lht? -'.'.L'.=r1x:z“.=f gain ‘:12: be expzcssed :15
' 1

€;‘.'.:m-.'-I11 gain 3:; clecébeis '-= 2€}iog§:1=.-| UB

$i:2<:-1* nm:L'.‘;' '.‘<:iaE.;:L1 to \-U‘.-?.2z W: for cu1':'e::tr :~'u.t1z:;'cf-.. {he ‘}<'JW<?I' ",2 n cam be >:'<:.=s.»‘<:d. i~. \ . . I 2.-
m,<:€i><:: ~' Lin I-'\.|]1{.>\‘. rs: 

Pma-‘qr gain fr: ¢i:*-::i‘:3cE,;~; i{}'1ug.»-1., .18

'i“Z'ac u'.”)soiaze =.-':':}i1<es of the vnaltagc emu‘ c"-.J1‘ru=.:‘.z gczirzs 2:3‘? iscceaist in .~;u:nu c-.:xu5
szrizgkéy ;1‘ac£iz2.<.; aha: :1-ma ;u_ }é\'[.i"/15 nr 1 2):: 1*.-<3,;:é1t.‘Eve numbers. A n-cgzttivc _5__=z1i11 Aa,

pilusc E,IIh:.:‘n:r1L‘=; b‘c‘.{‘»’v':3£-lil iiagmi amt} ('J1.II§‘Jli[ signzilsaz it d:>c:% amt izzzpiy (£212: 1'23: ;='::2a;>]i1'icr
zllti-zluating E113 sigzzai. O21 LE1-c {alhcr h.21nd._ 111': zzmpiifh.-:1‘ V.-'§1<'>s‘e v<>§%.a;$;«'.-*. guész i~.;. 521}-'.

25) dB la‘ in ma; :1ii::::a22i%2':v the inpui signui by d. {aistcar 0:" H} Ff:

 

:1: is, .r.“.\._, ~ {la} ‘a-'‘.’\-'','-_  

"§"§'§€: §m'z§_.:;§.éi'%£;-2‘ PI;-5.:-..-'92’ §i.§§>§§§§§ZS

."§§r}L‘e. z':‘;é<‘- mm-<;r dc.‘-.i\.-‘::re.:'1 to 1!‘.-: load grr.-3161' than the powe1' dmwn i"!‘(.!I!1 the sigszai

s::;m:c, 2329 5;‘-.z::s2i<>!2 arises as to the :+0§.iE‘Cé‘- of this additiaanail paw.-ct". The a:1sw<:r is ihumi
by (\.’m':<::*\r'i11§_= 32312:; 21mpli1'1crs need dc power supplies fur their opt:r-.=Lt.ioI1. The:-‘e. ii-“.2 sources‘
:<upp1_\-' the at_x£'ra': gowcr delivered to the ioaacl as wall 21:: any pow:-:2’ than mi§_z11: be di,»‘s+1p;11<:d
in 111-; i:1Eo1':‘;.<:§ ::§r2;:a.;" <32’ the amplifier i.St!Ci‘a power is (:0m-'c1'i&:a'i 30 heat}. 2:: Fig. 1.} int; we
‘nave. 3.‘-;§.\]}ci*.E_\-' sisuwrz 2&2:-:32 dc s<)urc=3s.

1.12!at 33-'1::>w5 3'.-'2 a.:2‘z;.'>%‘. ‘.1-:.r that requires two dc 3<)L!:'c£?S: om: ;>a}3%2iva= <'>'="v21}uc
£3<:§_1a11ivt: u'J' vztlue V3. T%2e‘. é:m;.Ei'{i::2' has two i1.:l'II1i13a]1~. laahcle-zi 13"“ and 5"“, ‘Eat’

L:<}zm':':<:!é<2:2 |.<.3 ‘ales dc suppiies. For Lhc e::z2;>§§fi:?.“ {<1 tsperzuc, the te1‘1nit1s.l Iaihclcd 1"’ "nus I0
"0:-‘. <;<>z‘z::x><:‘a'e£: an the pUS‘1[i‘»’E‘ sidzt 01' 2: {iii wE2{:\<;‘c. v0E:;':.g_2e is V; and wimse. r1egu£i'vL‘
_-side: c.a:z's§1c:<::c:<! to the circuit grczmd. Also. Eh; zermirzeii iaéx-zlcd V" i1a.~: In he cmaI:c,cLc:u

zive side 01' :2 11:: source wltxase.‘ \.-'::1=.::_L_e in; ‘V3 anti “w}1us;e §’.}()h'§{i\.‘L‘ sialu: is c<.‘.;1:1-cm.-;-:<.'.
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:1.c,-cie<i
:1c.::1a,«;*i
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§;~

 

gE;

 

 

 " 'r'.'_‘~. I?

   
 

 
€

'3 ' ‘F . ;
":'.:- 7: an ':

L........ ..

fa} ms

5-53 An zm1p§i£‘i:::' that re:qL:ir:*s Em} dc 51z;:;>Eies {Sim-.v:: as: 'r.>a%::~.r1'cs': 52'}: <>p::r:u'i<:-:1.

to {he circuit ground. Now, if the Curran: drawn §’rc:m zizc pmiiivc suppiy is denoted 4'] and
that fram the zacgativc suppiy is 2'; (sec Fig. E.I3(a}3, E%1a‘-:2": ‘aha dc pmwir deiivered Eu the
eaznplifi-:r is

’nx':'<: 7": VII! -7’

If the power dissipzmzi 2:2 the zzmpiifietr circuit is denoted
<:qua1i-or: fur the ztr:zg}2§é":;=..r czazz he wrizzzen as

 - m._¢,=._ {"328 ;>a:r\«'x-'e3.r—b2zEé:z3c<-:

gin.‘ + ‘ll! 5 P}. “L }_v.3".1.n:.-::pn!L-L.

w}2<::1«. ’, is the pmver drawn fresm the sigmai S(‘»{£{Ci‘:, z~;m.£ P,” is the pow-.:r LIL-Ei\«"c:1'::d Lu Ific
§<):::'§. Since I_h{.‘. power drawn from the signzj .<m1z'cc usualéy snmil. the 2:n'1_n1if'isrel'fi::ien<:_s':;ief‘§2“ze'a§ as

I90 z 1. U3"; 
‘F219. powcr cffitiiczécy is §:‘23§)<}’I?I21:ii ;3c:'ft:}rrna11<:a parzunetcr for ampiif1' crs that hzm<;l}<-: large,
;:1m<3un?.s (}f:.'}L)‘.?-"I'.'31'. Such z1mp§i§’iz-:rs, <:£aii<r<§ p{J~«'«2<3r a:“:2plif'icrs, are aasaaf. far czxampie. as cuzgaizt
aamplifiers of _\'Et:z‘:-‘Q ~'li:‘.T‘I1S.

In orciur to simpiify circuit. cfiagrzmrs. we shztll adopi Eht‘ i:uI:\’t:I1!i0I1 Elfzzstrated in
1.]3{b‘:. Here the ‘W’ lcr::':%z1e:t is shown ::0r2m:c£c.d 10 an :u':'Lm=t1e.::d pointing Ltpw:1rC‘Lz3:'._d
{he 1/’ tcrminai to an mmwheexd pointing d0w:1i.=.-'arti. The c01'.rc,s;pom1ir1 \-'0!-‘mgr is inciicxmuti
flL‘.‘\{ :0 mach 21rro‘»vhr:2id. Nut: il“:.'1I in mzmy cz=_s:'-.s we wiié mi expiiciiiy ..<hm.'.-' 1.}: ‘ L"0I1I‘iCCIiL‘.=’15
of am: =.:zz1;3E§f'i::2‘ to the dc power .~en'.1n_'::.<. Férmil}-, we: mm: ii":2‘=.i 305:1? Laszwguiifiatrs nzquirc only
am‘: ;%<:>‘wz-3:‘ szzppi}-‘.

 

E" 3-: :7‘. .4’....z .37‘ 3,31 3 .3

{innsidcr am zzmpiifier ogrwzxzing from 4; E0-V power supplies. I: is fed with 2: sinusnidaai
‘»’<>§£§':f_.!_t: having 1 V peak and dcfivers 3 sE:msc.=§<i::E v<>2t.':g_e Output <2?" 9' ‘tr’ peak Lu :: H<£,‘,
Zezzxi. The amgylificr drzaws :1 <:urr::m of 9.5 ma fr~r_;m caciz of its two pawcr supp!i::.<:. The
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ittpm. agzzzrum 0?" 122: a:npIiE‘ic:' is Found 10 .'~.‘iz2u:e<3i:'§:3E wizh 1).} 1'12.=-‘x pz:-uk. E"-'%mE the x-':':tI';1_s.§_e
1c ;\0\\'1"1!‘;._:'.'-£11. {has -;L:r:‘<-.123 fgzaiai. the pmvcr gain, the pnzmasz‘ :1‘a‘e2wr} {mm {he dc :~41i]3p]iu.:'-.'. :

and the 2L1‘:1_pEii"iu‘z' ;‘|'l':::5.u,m‘;«'.
 

a§:.s._~;ij_:uLu:j E2: 213:. ;2:::;%

 

  
 

 

ur

or

u, “ 20 lug ‘)0 =- 3‘? I (if?

9 ‘-3

‘P31 L/:1=.|: 4’ In.-. :2 _\ 2 ‘v 3

fun‘, 1|‘1':m..;|.1\. A 1 In?‘

— -— “("5 -« ‘mvmx.-'
- W h .

U!‘

.-S_,; = 1OI0_s_: SUI? 29.} dB

Rh 18 X 9.5 -1- E0 X 0.5 190 mw

r'’--. -.-.= 2 dc P: P1.
1'1‘ 299 '9' {$.05 "" ‘-'r'L'}.5 1 14-9.1’) n':\‘»='

11.3‘, -

}-J; ‘:1: ‘Z-)' ,\um.‘
 

 vsxamapiu «:;‘m;e1'\:<: 2.32121: she ::m§:ii1"i«.'r' ::m1vc1'£:-; s;m'm: r.=i' LE1c zi-; pox 

  
‘ §1{.l\\:L‘." .. . "

&§-::;:i§f.‘~_~_.~- S¢a:2::2'z2'Ezz°z2:%

i’1'ac1i=_:;1J!y .<g:;.Ri11;_‘. {E29 é1z2‘:;»1%'§'wz' t:‘a11.~;fcs‘ gh;u':1cLL:r§.'»'Lic rcmztiras ]iE!L':£iT <.w:::‘ 0:21}-' 3 iimiwd
:".;?.:_~._:'-L: uf’ i.::rm1 am-.‘ <.JiEE.j>l.l€ a-‘a}E:&g€$. ¥":.'>r 25:2 :1:I1piii‘3ua' o;‘3'.:i".-1'u.'d frmn awn power =~'z:;.>p!';s:.- lhc
mazput '.‘=..iz;=.g;:-. czmmaz -:x;:r-‘=--r‘ 22 s;);:<;'§'r‘ied ;'1us'1'.i\*:: limit and calmmt L.ia:a:.I'L<:‘.Hc 3?3c:§s';\~' ea ;\'§3L‘CEf.-.u 13"?
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J‘-..‘\\'i“:‘

 

--*“'9Na{«;;.-vn;:‘s:«v:3ese$ewr.:»¢-'fi'~n—_—-

_....«e~4».¢.,,...§._...g\;..«...,_-..:....:..

 
.2
z1

 

 

 

  

 

11c.ga-.ti:=t-: iimii. 'i‘h<: r2s;u‘.Li:1g tr-.-m.<;i’e1‘ L'h:t:':1c.1c:'is:ic. ix .'\;h(‘~\).'!1 in l~":'=_ 1.13., v.-ilh I311: [Jun-|[i'»'C

amd 11<:g_z:1Liw: ;~'Tdi!.11‘23tiD*-_ levels Liezamec! {.4 1:11. ms *4.-1:1 i"ts.L;h -.11" the 1m: .~ea.1u.'.-‘etizm
laevcis is usually wi{§air=_ E or '2 volts of {hr va: of 2?}:-3 <;<.3r esgawndizag _;am\-L‘1'suppE}.

(I}hv'é<>=.:s!y. in orclca‘ to zmwid u'é.'~'€u1":i|*.j,' ‘.'l1=.: ma-:pu£ v».'zw=.-1i’<}r122. Ihat irzput .~':;gm2l
1:31:31 236 k::;:L within the 1'm<::11" E‘i';i1j..?.:.' ui‘ 05,1»: L211-.';r*..

 

 S\\.’
 

  
%~"égL=.rc H3 mmvs two input wzm=.i‘{1rr11:4 zmd the cr:J.v':'c:<pumEing_ ::111pu[ \=ven-r.:i‘o:‘1\_.1s:. We nntv

€.!:-2:2. $19 ;}e.a}«:s of the l:1:g::1' wa‘»-'c.fL)rm have httcra ciippcc‘-. oft" laccziiisc of’ -.=Ln‘.;.11s  ,-Lzr .~;:1IL:r:':ti0n.

 
 

9""

3
€

._..._ J -1_.~_.~.. W....,.......W...MM

-.:w:z»,»~§m,m
»\M“

 
$53 .=‘x:1 n::1j.?:Hi'i::s‘ trzlnsfitr :1l!t21ra1;:ta:*rE.~:i::: tfmi is IiI:r.1;z1' Cxccpl Eur :.>=.J‘.j.1~..;‘-. .=:.ur.!.11":«;r;<.\:'1.

“V :3
.:'f_\._

F-ix ::-.‘p=. 1112' the aauigam $i:1t11i".‘;iiu!'r L=!'il:i;: L§i3a:i£fiS:3C§ 2:%2:'>\.=-'c.. ?.'i'zu: a1£1".p.5i?'ittI' zrazlsll-3:‘ chzsrucicriwlii.-'I
. Ewen zs.'<..\'u!11L‘L1 2:: he pc1'i‘<—:L'zly iinuax ;;r22;!1%'€‘ic:'s1£1_c ::'.m.~e1'-'.*1 ci1:,u':'sttcri:~;a  
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  L.

::z'z{s2:. {\- 
 

.~e=.2-,:};}£\‘. '1'?‘-.1: 'I.r:‘-.213
1322 z'2::3'<:-i‘-.. is

"r.'.ii?.

U1: ‘.5. L'.T1L| or: imw   

"er c}2::;‘z:cé
.-2\/

 

 

 
"‘;l.i{'.’§1 <:Z’§’0:“L has been ::.\p'c11L1u:.Li in the (£cs1';_2_11 La} 4::%:«:i.11'<'.' iinea;|' oper-

= 1 ".111 €;‘.‘<;m2;>is':. {he %.r2>.ns'i'r:1' :Lr1LL1‘:;cLc;‘isLic depi-st-ad in Fig.3.. '':.1«~é. .‘.§L:<:i‘. :1 ::i1:1:'-

L} }..\1;.=_:! an: .~:i:::;!&:: ;:2“za;}iiiE<:.rs that are nperatcd from :1 singie :'p<>si:ix-"cf: gxavcr
saic <:}‘:wioa::»E_v nonlinear and. b-c:;:s'.1s;e: of €112 S%z1g1:‘.—.sL1pp!}-'

'8 $2212‘: x'?:<nvx :t¢>::.~=:;i¢31'a‘.i5|L* n<;v.1li::curEI';. {T3} '12.;

. mt} the 5.1312221 m22=,':i§Iv.a.E-: is .'\'."§3E .-:1”.-22:13.cr:.'w.0t: lint ‘:1mj1liI'1«::' is ?.1:a.~.<:;.- <i=‘i 5‘:':<>wz2
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._v,.§,._-_¢,x-,,,,=,=W:¢_»,.,¢»_.,_ae.\..

--W:-5§==93se«

.._¢..»,.~
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-_..«.»w:*.--.—~-\-

;;---_m.,.,..:.-._v\.-«<;»¢.:a_-fifim.--.._.m.¢-M_..99<.¢,....v.--\|.q$._._....-...-_w_-.-‘g,»§:.~_,.§:-_..

 

not Ct‘.I‘aE<';‘:z‘i‘(§ around the: oz‘igil:. l*”o1'Lm1:aIc]y. 21 :-;img:Ec‘. zcchni-' :2’.-* cxjsis fer n17Iair1in_;; Jim:-.1r
aiinplific-zalim fnazza an :'1n1.;12iz": ‘ with such 21 nor.-linear €¥'£‘=.£3S. ‘ .:hz11'2.c1-cristic.

The Icchnécgzse <:nr:.~;i.-".15: oz" €1r'.<£ i)i21.-*-sitgg that circuit to ::ap«:2*2;:a: 23*. ;: pzaml 11323:’ the miééaiéc
at‘ the traLn.s't'e.r ChElFE1CiCi‘iS!iL'. “[1115 E54 22<:h.':c~.=::.oI ;1g’3§3I}-'5 152 :1 dc xrv!’ '39 1/}. an i11dic;:tcd in
Fig. 3.14, whcrrz the oguentting pain: is !z~;i'x:':i<-:«;:§ Q 219:‘! the £_'t?]‘!"L‘.,‘-‘[7 dc \.-'011a__Lrc :2: []‘IL‘
vlsignzi is §’(-;. The pain: Q is knowrl as aha {}‘i!§éE.’~5~<.‘é‘.%:‘§? gwini. ‘He dc bias point, or .~1:z1;3[)-'
H19. f)}}f3Z"«'5ii§}g point. The 1i1:2c~v2:.ryirLg si_;11a] an E");-‘ :.:::2:>i, zr,-{r'J. is Ii--.cr.= s1:;1eri:rzpa:.sc.a§

on 111: ck: Ems: *w.2itz:g_L‘ if; as iz';<§§<;:2£a*.a3 in Fig, 3.14. M:-*.-=.r. 26,- ..-am! i1:.'~:I;;.=1.t2m=:.<>:&:a §Z":§3i%§

  

 

 
 

 

 

 ‘rj ‘- :I_.<'_,-‘J

'r'2i:ic..~; '.::‘L2;z2'z<§ 1.2m: i:1.~;:;u1:21I1::0z1:~ opcrzttélag _','mim I:'1<>\-'a;:;\: 2.1;; g:m.i aiaz‘.-‘»-'.': iizac :r:m.~‘|'cr cLn'v<;‘
amuriai the <>pc;'z:tir2g poézzi Q. In this «ma: can "
i1'|S[21i‘z[E1l’iC{)1‘-.5 output x-<>}::2;;_2a:
_~;u1'5"1c:ic11t1}' .-«‘m2i1E, the irlsmr‘

ssgmeni of the tratnsfm cum, r..<::”2£{-:f€C uhmll Q. '{'E"::':; in mm re:~:u'.1.< in IE‘.:'*, [';z‘s{'}‘"\-’1}T:\_-"-
;*.or1i<':5 of the amtpui }_u:iI1g pr0por£':n:1a:! Lu m{,':; the}: is,

 ifs:-E ~,a':_!‘.-1-.f'm'11‘-. of mi: i'<::. 

 

 
  Ltaspillg; L_"1L'- z1r:3pi'i:1.1{i=: of   
    

rig,-1'.‘; '— L17-; -- .*.:.{£}
with

wézzcrc :1 _. E

 
In L."1is Irsztnrrca‘, .'Iim:e1r ztIn§3‘.a%fEc£::i<>n is £1Ci‘1iL‘.\’Ci.§. C)? cGu:‘sc. iilerc is EL iinlitazior.-7 ”.Z'3:“-.=:: §z':;222‘z'
:.»:1gna1 1‘i!1!.'iE be kept s;11fi'i::E€*:':tEy 3:71:-;E§. Incrc:1.~1i11g :1‘-.0 :2m{»i3:L:=.E-c (_'r§'I.i1:' mg-ma sigz1;11 Caul $232251:
ihc operuiimz to he no imagcr rtiriiriclcri to an ;=.1:‘-ma 12233222‘ cm of the u'an.~;:"c:' :.‘ur~.-u.
This in £i12'§3 rcsuits it: :4. disiiasried output .-ziggzml v»-';1v<3‘f'<JI‘:}‘;. Such 1*-.w‘:Ji:‘=c::r iiiswrtitm is

usadesirafiglc: Tin‘: Output Sigiiéai ccznzatins zuidirion-3} .;~<p1Ir§(>L[.\' §nfm‘2~.1z1ri(::1 811:1 is :10; gzari. <33"
ihc input. We shaii usc LE".-' ' Erézzsirg, ‘Lax: miquaz and the a:::~:ncI'.:zcc% s;11:z+_i}--.x'i_s'_:I1a.Z £t§}1‘,‘I‘<?Xi§‘£1;1 $01:
i’r<:qucnt1}-' in the uh-:r»'i_s;n oi" :rz1r:s,.. or a1mp!i!‘icr.~a_

 
 r 

2*‘; "§§§§"%§»‘~’§_.5"_-.' 92?.

A z1':iz‘s.<ist(>2' ;::'r1plii'i::r 222:3 £321‘. %::':1:2s!E:r <:E1,:2re1::t13J'is::'¢:

 =i.Ji';-

  
w'.?aéc%1 xzppfims Far :2; (3 V aim! hr} 1:: €13 ‘vi F1.-.:§ iihc 1-i1'1".i:.s I. new 1'. . and {be m: ‘§§'!('>i'i(.!-
E:2_-fg vaézzcs 0!’ 3;. A1:~'o._ find the ‘value of the dc bias ‘;<}§iI->_j{-: 1'} time !'u‘._‘~‘.=.l]L.\': in 1'}. — 5 V" and
the miiage g_:::1.i1z at [he <::'>m*.*.:;)<;:n§':r1_4 :_.vpc:'::1ing _rmi.r2:.

 

T3.’}c iimii I... is oi.wio!Js}}' 0.3 V. Thu: «.‘0rrc.~:}.m:2<i§z2g vaiue <11" :..=,~ as-‘_*,i:1im::I by su!:2s:?z:;ti.:':g_2_
ta,» <'.}..."-, V’ in Eq. 51.10}; 1112::

7-,.. 0.9.90 V
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. 22;;-:22: 11..., ii t!cb.:1'r1‘.iIz-.:d by in; =3 0 and is Lhux gi\v'é'.’:I1 hy 

L... H.) 10' =" 10 V

"E2; ‘£29,225 zéze aievicc so aha! 1/} 4 5 V w':: ruL}u'u'e :.: .-_1:: input 1-} w11us;c 'v'u§uL‘ is. ::!):;Linc.d hy
'-‘4= 5 V liq. I.1.]['.'ai Ln 1'im.i: 

L-'_, u,m:a v

a'J§2a.-=.:':1L.§11;_; {mini is ub1;:i11cLi by L“.-';1Er.nz11i11<__-‘ the aitzriw-.L'1\-'tt cf?-'r:fH'f-‘; 14‘. M-
..,-.:::ii is
 

 

A. —- -300 \-‘xv

. 119 a-.mplii‘:<:.r in an Sen-'::11*.n§;; one. {Jun in", tilt‘, wept}: £80" (>22: of
;>if:a:.\a: .-uiih -. L '::'= mi. .31. skcicfi of she .:amp1E'I'it~.r !.r::zasE'e.:‘ -;:h;'.r;1;:tL.*:‘iszi¢; {net to .*=.-szaktj is s%'mw:1

:1‘: V»-'h';;;E'1 \‘>’€ <>?>scrva.: {:1-.-3 ';s1vcr1':12g m1:.ur+: of mu: a:npli§’i::r.

 

 

 A .~:3\'L:t<:l‘. nf -'
' rho 
 
 :m1pE‘.i'icr In

hat valai; 1'.-i is:-.rs:r::'z:g:
5425111 aim: is ncg._1e:Li\-La.

 :'i._’*   
 i.'; 3.573 0.{~»'s)fJ .-.-_, -\.

s2;:':;>%z'fier is ;:ri'ep:::rEy béeascd and {he irapasz :-:i_:_gr.a1E Empa: sL1%'fici<-:n1iy :.<n\_¢111. the
.5 zzssazzned :0 ‘.2 1%us:zu'. We cam than -;rnpEI.'1y aim i::*,::?2r:iqi;<::s cf" 1'12: ‘ar circuit

j».':=.".<'- $219 signal ()pct‘ai%un of the zunplifcr <:%:‘c::é:. The fa':§3o‘~.v%:1g Eu-‘L: :;uc=.iLm.:

one rm 3 on

 

- viivx arid ;:pp!i:::1i:0n uf'1]1;'e<c '.:11::ly.~sis £tr:;:E1:1iq1:L:.~.;. 

-i <—.”..a:;z'§sz8§“§ié€.2§2 
 

;. sx-'9, ;‘==“;aw {he :‘eudca"I.~' .;I=‘.c:uim2 in 311:: {er:12in<1§:':;_7j; aim‘.-"c a‘=.u:i '.a'|1i.'l1 ‘M.’
:4 a._rc- gimme-:1 by 1: lom.:rL':~.xc

      
or-.22 if e ?‘.0<:k. ‘i'<.‘. 24.1 i:; :u:t:m.-:0LL'~ L:5ua1nui'<3

.:.\2.mp}c. :'__.l_{.".=-. :=;~{.!J. Dif'E’.C.I---{,‘l2.’I'i.'::3? {dc} qu.;11'v.§

i§§E'(,‘-1.!_.._.,

=_!1 =.:pr9r::21.w 5-.:b.-aL':1‘i;.1{,

.}:er.'1 by an agape: . so Lsymhni with 22:: L:p}J:-.‘;‘c:>.xL- sul):<=.::‘§;>:, fez‘ <.=.xamp%::. 5-, ‘=2-
i*i11ui§)-’. 3:17cz'c:'L2c;';I:{' sigzxiai quaziiitics V5.31 bu aicnmcd by E‘; lmwrctzzse :wz'§1%2\"21 wéih 2: am‘.-

L52‘:
  

  

c'rc:1;<c ~e=..=3:>'~'L‘,v‘%§3:.._ :"'::.s:‘ <3x2=.r2'ag:.sic i::iI3, :.g_.i.r,:. '1‘1'2é.~; 11('«i;1.1iun is iEiL;s£.z‘:;z=.:d :1; Mg. 1.15.

[E35
U21.
if“

the
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.'VM“1*"‘‘:*‘?°<‘!‘W?»9?‘’?«<2_2*>»«-a-v:e~o”‘‘’*’!°.<''*A‘’-2sf9t
 

 

".-r_“f"*.-
_i

:Ii'H2.‘3.

.2..z_--«g_._c...._..—:;Iev~.a-3.<;.:r:b-:»-_-_—_--.--ug..~_._,__.,<W_
 

 ....\ 5.}?

  

 
nl" 1{_'Is]*.'fJ .-\.".r\. F"

  
93:23. 4.2‘; c3.Z.%; an (113: Si") :53

"'.ES .=‘-.:‘ "<;:

i~_u:L!, zmd d:nw_4 negTigii1]-.2 in .15: current fram {he safigtiai sc';2:2*::t:. Ties dc current ('.-1'22“-1! 1'ro:z1 ‘ilk,

:3 rem. \‘r"i1a=_-'. 1.3 the pmvcr L'!i.~s.\ip21Icd in the a1np}i1‘§<:I' azzéné vs-'%2::z 521:: :m:p1‘.'."i:-'.' :.T‘f'1L:1:'a1x:j.";‘

z;_n!§i'iurc:pc:‘z1:i!1;: t"1'cm1u sfnylat it":-\' .-aL1pp.‘_\-' p:'r3vi{ic>.'s a: %.‘;.-‘v'' pacazic-=.:.--lnmk .~aiv.<:--u:-.n'c s:1g,:1at1 zr» ‘r--§<£.?.
.:“)»V .>§i‘£pg}i}-' ":5

  

  ihc r.:r.nrs‘c-.:~'p{)n<iing .ui_s:,r:a[ 1:: the output Fm‘ Ewe) .'-:i?_‘-Jziiit‘.-E"-..~;i
' .. ;:}¢2éz2'é; {hat is. test: 1213 -mine: of gain s-:va1:::11x3&i in F,x-nmpiu 1.2.

;::z2;>§§i'§<t;. R¢a;:c::t for input xégnais 0:‘ S m'v‘ zancé 10 m\-'.

{3} ;‘a5s;:n1c tin: L1Ih[}EirlC'L' is
(11; 1.75:: 51:6.‘ 2: 

$3,338. ---{}.2 V. ----{EEEE4 V: -i V,
.-_,_--: _; : _ .. _. __ ;?._ _.

£3;i¥‘C5J23' §\.-EODE-LLS FOR i7:£‘s*”é§~"i._{§55%§§{:§

A gtiod gm‘: of this back is (.‘E):1C€;‘I’i“.={5d with. [he dcsigrz ui“ a1'1':pii!'ic.:' »';i=x:1:irs 1|.<;I'r._s: arm“.

<'>'5 V£‘:1’i{J!.1:: zypes. Such cirL'ui€..s will vary in ¢.‘02*r2;>E{-3, éiy 2“2*cm those us‘.

to 931939, with 20 or IE1L'.11'{3 <i=.:vit;v.:.~:. I11 ('!ft'11'?T 10 be.-, 2‘-.1”3§a*. 2:") 2'.p;31'y the :'t"_‘R1_11[1n_.<__L um; .
as 22 btziidiilg block in 21 systcrn. um‘. must ht: ::E‘>iL* an C21:-‘=,m::tt'P§7<:. or mmiel, €35 iE.‘.-'.'.n" av"
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amp has Ch£11‘£1ClE'3I‘i.<[iCS theta ciavscéy approach the ::.~:;.~::urzze:<§ iaésmi. Tania imgrlia-:3 that :1 i.~. -.;=. =.:-.-
£‘iiS}r' I0 dcsigri circuits using the it"? up asap. Aim, up {mag} C§?Ci5§{5 waézk :11 2<:v£'.is L%'.=.;: .a:\-.
qLz'1t-3 ems-3 5:) their prctciicu-tci !.hc<.m:iicL11 pc1"{0rmr;I1cc. it is for -';E":2'.»' 53213:‘.--.'3 aim we are --.=::« 2-
ing: op amps ai Zhis czzriy stage. IE1 is <:xpcctc.d that by the and m”1:1i.x c11:1p:utr the ...;-..1.'-:
rslmtllzé he .'.‘.hI-:: !:<:> ciesigzz §<)r3t2‘%\’§&} <:irtu§%.s .‘£11CC{2.\'.'\'f1.E}1}’ L:siz'a§.; op zzrrsps.

atE:'c::‘:-J}-' Eaitpiieti, EC "mg: is made up a.:i”:.'. 1:1:;_:c 1121117-her of :.r.-a1~..<.isz<::rs. ':;*..~"1xz<\1'x.
and {L1sa11a]1y‘. arc: <:a1p3.c':%.£sz' .

.~=.1uc3i(-.‘L! iralnsistor CircL'i::~‘, Eéxe <;Ez'c;‘:é=. Ensétie ='?'a<.*. 0;} 323;: will nan be . .

R;1:i1c:‘. we wéll treat‘ the my amp as :2 ;i:<;z: _ ..>:z'z‘:<i§z:g §1]nv]«; um] .«;:t'.c3}- iii: :a=.:';'r:'§nz2? :;E:;:z“:::.::--

rctics ?.m'i its ap_-31ic:£ior:~‘_ "["r:és< 2:;}pz‘<>::‘§2 is agaziit‘. 5:;;iis:"'au1t.>:'§ is mz:n.}. (_>p-zm1p 3;. iic;«.-
‘iium. ?\7r.w'c:t§2c!css. far 9.110 more zlifficzjit and citzzzzzzméitig :=:p;.:!icmim:.-'. it qztéiut usu‘.:L1E it:

know what is inside the 0p—ump p3.ck:igc. 'i‘Eii.<5 z<:~;:>é.c w?}i he stuciied in Ciw.p:c1' 10. F‘?-z1£i1f}',
it should be m<:I1tiom:.d than mo it :1d\«'a'::2:::-:{E :z;:;::EiL=:i:%0r:.¢; of op :.~1n1p;»' wifl z:ppc:1I' in Eater
chapters.

 
   ct:-3} E21 :2 $233,113? c<m'1p[cx c‘:!'L‘.=.:'il {*35.r3:::=: we Elam-2 Eli")? "y'{’:%

ar::a:.a<-r«::i is: i?:%.~: <;‘?1;:g>§;::. 
 

   
\.

2.? 135% GP-AMP T%§RMl?*=&&£$

I-'1't‘.>m :2 ;~:ign2:E point of view {he op amp hm: llmzc tc1'n1in::is; {\'\."O input {er1nim1l.-4 and um:
Oiiiplli terminal. Figure 2.] shuws the symbol we '~;i1a1f use to n'.pr:—:.\L:11L the up 22221;). 'I"c=_*-
anizaais 1 and 2 are inpzz! t-:.:'min:a!.=;, and Les‘.rn1'n2.I 3 is Lise m:m:.I% icrnwizwé. As cxpiafizztzd 222

Section L4. zznepiiféa-:r.»'; rs-:q:.:*;1~e tic {}UWL'3}‘ 2.0 operate. M0941 If.‘ op amps eccgzzirc {we :24: ;><}-.v:“:r

suppfiics. shown in Fig. 2.2. Twti zenninzkis, 4 and 5. are bmiJgi*.z 0*-.1: <::f "ab? (up-21122;}
gszlcixzags and c0:mc:;1.'e{E $0 3. p0.<':%§\":: ‘»-'oiLzzge 3'” :;'nd a n::‘.g21'.i'«.-'t: vL)EE:ag£- V”. ré‘.;w‘pe:c:.:'v::§}'.
in Fig. ’-_‘.2{hj cxpliciify siiow the {wt} {EC pmwcf suppléuu as bL:I;c}‘%:c.<; ‘wiifa :2 -'.‘(>mm(=n
§_::'o:1n<:E. ii is i:1:.<:ru:-iI.in§,= 10 note that the ratibrcnccé §§‘;'(}1.1i1(‘iifig p{}'§i'li. in 03*--sung: Cir-.:.2i'¥..< is _}L:'~;*..1

{E123 <:tm“a2"!‘.«;m f.<:rrni11£I..I 0!’ {he Ix‘.-'0 gt-:'>\vé‘.:' .<;zippEicS; ‘-53:2,: is. no ierznénz-=.§ :':I‘ ‘-.E‘n: up Lamp }:>;n:k:-1;;L

  

   

  
 

  
  

 
 Fi". 2.": (.I.5r-.‘L1iI 53:11:-bzai {hr

thc 0;: zarnp.

  
 

 

12“.-cr of 
 

rc [mo-r
\?‘\*r E11   

74‘-E" ’§'i‘-,<* <:»;>1?.::2;=
S}'lG“-"I! £‘1.};‘§.-'1£‘.<'.‘.§'.i.”:<§'_5. EC QC

  
  
 

!*.J

  {)(1WL5:' szLp;.>‘;i<:.>'.uw
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§\..'

 

 
$§'¢"§§;, 5:

 

 

E1: ;1u':ii=.iL‘.-r. :0 13:3: £1‘-*1: sigraul ‘.'::r:Im':z:Ess 2‘-.2':cE zhc Lv.-'<> ;J<':w'c:'--sugagyly 161';

;‘1‘:u§* h:.n-at a:»*.:%$-<32‘ :<':2'zr-ir2:3. ' for sgaccific ptzrpmnis. 'E‘%1c.<;c eihc-E £c“.:z':1§i2;2§5 ca-m i11cJL1d;=. 'u:.1'mi1.1;:1s

fur E'ra::;=.:;:z2<:5-' C?'.}.*!3§)(-}fES{Zii{1n and aerziiizmls Fur 0ITsc.1 nuilirzgz btffl I1 ‘i"L‘-.nctiuns wé]! be i.‘.xp§'.£iI1L‘.(§
in 15::-or scrx.-is‘). : ,

 
ialaln. an up amp 

 

 

'.1im1u:‘. zlumhcr of 1::1'1z:i5:;1i.< TL3{§1lif’Jd ‘.1_\-' u .~:i11g1c 05.: mnp‘! '\‘\-“hut is the rzaizxizzzuzra 1m1'::¥:)c='
5 cm an [J1TL'3g§'I‘§§'€.’7{£'i.A|'{.‘1.}Ei. pzwkzzge mnLu'{um:: four up 2m.2;1.~»' tcalictl a: (.}1z:1;'§ {>9 .'2z-.1;}}'?

 

 ' Eh * c‘ " ' ' Ltiiran of ll:-.-= 0;} amp. Th-.: up as‘.-'33:} <i<:.~:§§;:2a=.<.é in .--:1; the

sizr'iL*r-3.1"-.«..‘-s 1'au‘=.=:»'ee.r: £:Iz<-2 vamzzge sig;:a:Is uppiiuti 21: its two input f..::m:§n:;E.s‘ [€E3E':1 is, Lila: -:;LI.;m1':L_\-'
r;_,.- Ii; ::1t.='.1ipE},-' {his by 2‘-. 1=.mI1hm‘ A. ;>:r.d cause the rum" "mg; \-'< ‘age .-%{:--;3 .r=1} to ;:].'1]':-.::.:1'
at nu:-_réuI ‘-.::t'1u§.-'33:": 3. Here i{ .-:h<::u1d be t‘.!?!{)§11:Si?.Cii ihui wt:-(:11 12:8; a§u':L:f. Liar: \.nJL:L_;c at

1:: wimai :2" :11‘: £219 v<::iIzagt* bi‘:-M-écra 12:15 Lcrlnénzai zmd g_roI_1z1:..i: '
i;~.rs2m2:=.E 3 3.2%} grezzzzci.

-.'>g.> zazrp m‘.-2 s:;;::;;:<:>scci Li) <.3.r:m-' :m_v 1:11:12: current‘. 81:11 is, I11-\: $i‘1’?.iiI L'LiITL.’I1l

the .>;%g;z2;zI c:urrc:::: min {L‘!'i1iifI11I 2 21.’: hmti ;w.:‘<:>. In min-3:" 'av<3z‘<§s. t.'1£'

Ezzpu-. in;pcu';-.nu=: u!‘ an idcui Op Jmp is; .-:uppu.x'c.u' in he i1'1£"ii1iL-.'-..

 7ii‘>‘.'." '.':m>::a  

   

  
_ 11352‘-.:':>e ah»: \'[1Jl;l!_.!L‘
 

 
 ii‘;-‘.0

I-low =.'.lw.w.n :11-.3 tmlpm Icrmizual 32’ This {i:1‘1'flii}:I'.[ is Si.'£[‘Ipf)5t‘.L: an ;.-a-Ci as ihi.’ nr_2t;n111 I'.:£‘r}!i]1Li1

of an i{iu;1| -.-u.:'t1a1g,c‘ s0t2:'::c:. 'Z'he>.t is, 111.:-. a-‘<3‘::z1_gt‘ if»:-:{wL*.c:z tc.:'mi11::i 3 and groumi will 11!’-,*.";:_\,=_s'

he L‘<2;u:'.5. in z-5) zarzai wili be §E}C;i‘.{J$?1<§L‘)I‘11 of the C=,1rr‘::::t 1.11211 ‘.'i'l£1}" be airawn {mm
  :3:-.1 ca Ema‘; iszgyciizzizce. Er: <)t§2e:' wards. I'n<*- ('}LIi|‘.‘i.E1 iI11;.ncd£:r:<.‘u: :2? 1:3": %(ic::»zi of

'1‘: 2.-cz'o.

§".J':1l'.‘._'-__' Lu;-.*Lh,%z' :11? mi‘ 111:‘ above. we arrix-‘c at Lhu \‘.qLIi\-'£i§L‘-?1‘f. z2'::.2a%c§ ~:.1tmw in
[~':V4.. 2.3. Nulv [had Em: E..‘:.'E[.JL1l' is in ph::_=ac wifn tjlms aha S£lE‘i1(.‘ sig,i11 12;; am} can <1)!" pl'1:,:,~;x:
xx-':'.Ea :3:-m; 1!:-2 -:1]1}1*.J~'.i‘.c .~;i_gn of} -:r,. For !l‘ti_':: z':':11.~;«::r1. i£E]I1l1I [:':;'t!‘.-inn? is <:2:%'feci Lhc inverting

25:T‘:'aI.‘.
 

is .~.%_:I3pusLn
A

\_x«-3

Emma It:r1nin:|£ .2-mi is rJisLrs:;_rL1:'.si'u-.:i lay :2 sig_=11. w'r:§}c énpui =.:':rm':z2;:‘: L? mlécq: he

1m1:it1'vi-:‘ti§'|_:_I_ iilglul ICI'l11ii1é1l amd {illf-¥1i!i;‘EL1}.“ih-.'d by :1 "+"
,~\.a' -;;:1''._ Ir: xcuza l'i‘n,'*-.1 the above Lia-::<L-1'i:m:.-zt. Lhv I351 u::1j'1 11-srau

 

 ...x' «;:>zz2j~,- £0 81: 5'.-'.4'rm»,-.-.--g»
. . ‘£2.22: :fE' :--_

‘ {T¢.?§N?Il£3I]-Il'H)(iE:‘

  arid 119:‘.-cu -3.:=;n:_s:'a::~' ;u':\- .r1.;:} u-.=.-rm-:r.u.' [(3 I1-nix 9.22 _ .

V .3»: mm. ‘Ne 0.2!] [hm pI'{}g,'2€.
. .1 an ideal up '.=.mp 5:2:.s infinil-.1 ::c.>1¥2m0.:1-zz':a2Li{: 1'-’.'j«:a.‘I':

in 3:1} a1i3:.u*. zhisa poirzl Eutcs‘. For tiau timc gm-.i1 - mic: E31121: {J19 up A1111: is u

iiii‘£'eremi::l~inpL1i, si11g!e-tailcied-<>uipizi ;m1;>1'2‘i"'éer, with {he E....c:r Lent! :‘L‘I’:-:rz'ing to £321: fmzi
2 ma '.=:;t_m'.1 32§J§‘:L32i{.\‘ 13:"-mzcesz ::e:“rI1i:‘%ai and gztaaaznl. l‘L1rLl1c:‘m0:'::. _:_ga:i11 .4 ix ':li::=J {he

d§%‘i’e'i‘£~I21i2;i gzaizl. for :}b=;'§uzz.~; 2";-::1.~.4a)r1s. ‘r’c:'§‘.1. .5: {ml 50 nhx-'iuu.~; is :4-;1<:2§‘2cz‘ f?£}2”§‘:£ that was wiii

!‘;u:1': {ht <Ju[:JL:L wi':--
' ~.\-'3. :m1c1Lu1L:
   V

‘V‘‘- '_ L‘ r'i:_je;'l in :1.   
‘-.«.'EiE T112»; ‘..-

  

 

%Exe>r'c.;:

JI‘«,m
::'.rL‘;Ji'. an
C1l.'.\".':a. i..’.'~j-'\
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~ 5' §'<‘

9.2 \,'»:i':‘iC‘.1 ihc J. 3 7 " =5 <'_'m1shicr :1 inns--;'::1s.~c store?‘ with c.-:.~_. 3 :‘ml.''.\. Q " 1:], a.,. 1.2 r::<i.".H. .2225 3. dc 0%‘ :.2x2‘?.;'}»_ E"-,.-as
. :3 :h.N,_'._l _ _ ‘ijl1l!flC_V and m;:}_jniau:iL: 01 the ::ut1s'I1=..~..~;ir::1 pcak. .-\l:<-.> £?:*.d the h2gE1—£‘rt:q1.:::r2a':y 1.r;::1s:12isséa>:z.

1~'«‘a?‘=S. 3.9256. md.-’.'~:: 3.1.’; cm‘)
\ I 1.29"?

‘§"%i§€ S£CO.§&i3-ORQQQ §.{§§ §%§£;§{§§‘é&~§“{}§§

,1 m._ In {his :»'-cctiorz we shail .x':ud}-' the .sc.c0r1d-(>:'<{c‘rLCR ;'I:.-‘t>3]e1E.:ir .<.‘:1u:».':: in Fig. §E.‘.e’”
‘.i<--‘-4 . . . . . . . . , . '.,,

use 01 this resonator I{'J ucrlw Lt1i'(;LI1i I'(;‘i1Il1’.2lEl0f‘m for inc ‘.-':E:'t<.1‘£:.<: .s'<-r.<:<'§:%é3w<)z'<§i-3.1’211123;‘ ft1‘.'.-.‘.£m:'..\ 

JLc7'1‘.;:C.m'}1.£‘S mere wi%1 he ds-.-nmnsIr:1te:d. Also. fa wiil has shown in the man .5-ecaiam aim: rzagnzzzcizzg Eht‘ i::du;-.m1-
L by {'2 sixnulniccl ind=J:'.‘La:1cc obtained axing; an op ;2mp—RC ci.rc::z'£ r'ue.mi:s in an op amn-
RC rcson;m>|'. The latter I"::r:n.a the basis of an érnporirmt ciass 31" zéuiive.-RC fifu-rs: Er‘: Iw
studied in the hex: .ucc:'m:1.

:):2_iL:g:i'.c. E<><:12ii£)'£§S

,5. '1";1us: notcii in _ _ _
§’rg_\q:1em"},-'. Three

Lziined xx-'E's_::rz 03,,

.{§‘.t‘.»'. an-L‘. Elias, 212:2??? _ ‘ \ ‘I ' _
_ \, mo: r€_sp0m¢ The l'l2L1’.l.l:‘.;1] modes 01' Lhc palrzttlcl 1L*s0m1nr::-3 L‘i1'i.‘li1[ ef {Mg I l.I?’i__:11 can he dnztcrlnme 1 L‘)-'

_ in 12 otch Casi: applying an as*.n.‘i.=‘rz.rirm rfza: dam ma! <:}m;-age’ fizz‘ r::.zmr::.-’ srruwzzre“ cgf‘ cs‘:-c.'m‘,*. Two prrssiblu‘
W in missing = ways of excizirzg !'_|'ae circuil arc shown in Figs. EE.E’.-’{'z>} ma} {c}. in Fig. 2517(1)} UTC re.x--

{}I‘1.’:1iE2r," is caxcitcd with a cu.-rem s;<>L11‘L‘«.: »’ caszarzccted

Tm Ezesamfoz‘ I‘~iamz'al Mmies

 

 

 
 
  

:-any m'(.".:.‘r.}
1 {its Hat

 

'-3:; zz3::g::§1uxI9
 

-.‘.>a;;:§.§<,‘-:1 {(3 hi‘

  
_»_¢<'.:g.-.=-?c._'~:.-

‘-5 rjc}

sa .—1--.- v- . .iv '~ .. .r‘.
5 _ : -..a (:1) 112:: sec<»mi—urd<;r pzsrauiazz 1..{..R ream-.:1:o:_ ab; ‘:21: :_<-._; . .-um -.1 .:_\.«.x -.1): u>. .. .

E 1"{'-.H'£.\!!1'.!()f :2!’ [;.1'} wrt1‘.::1:: nzltzmgiug its mr.rs.*:-m‘ .'-.'_n'm.":w‘9_ The r-eszsz‘-.z1m_r ;m!c.~: -.'::'-: {bu p<>%:.*.< at.‘ 1.-_.’,r"r_f.



28

   

 
 
 

 

 
 

 
 

 
 

 
 

 

 
 
 

 
 

 
 
 
 
 

 
 

 

 

 
 

!'t‘.~ij'.‘L)E"!.‘§C - a: <;§rczzi‘1: is ctmcemed. an éncic-pcml::r:I idea} L‘i|!“I'L'[‘It .~:<.~!.:rcL‘ is cgtaivaicalt ..

«:p-.-n cl‘ ;,-is. aha: azxciizziiasza of Fig. 11_!?{1:r?.- docs 110-: 2:15:31‘ Elsa‘: ::;!.tu:*:t€ smzciur-'.‘ of 1:1: n:sé' 
Lm:1L'uI.'. "I"l3us i'1'!:: c.ircui1 iz: Fig. 1 1.!';’L'h} can he '.:.~."ud to dc.I.crmine =.:2z=.:1z'2*-.1 1‘I’1OJ::.\' viii’.-:3

:“\‘..'\’a)I1I".EiJI' h}-' sixngaiy iiniiilig the poles 01‘ 21:53." I't.‘S}');>I1Sfi.‘ 'Fz:r2;:ii;>r:. We L‘21:“1 3'91‘ i!1SIi1fiL‘;‘Ifl1§€
it‘-J-.‘. vr.a!L:1:,;': 35,- ~IlCz‘ : the z'c:s<:naLor as lht‘ I’I.‘:spn:‘:H:.‘ and thus: -3‘r‘:""‘.s1 the :1'sp:)I1sc ‘.111

‘.'_,',:"1' -“= wk-re 23 33 mt: iavpa-::;i:z:1ce of {he pzmaiiei :‘c.sor1:::a-:::.‘ c%:‘::::iL E1 is ;.niJ\-'i(:L1_<I}-J21‘-
<‘:)r:\«'trnic:.r2I.. ‘:'2<>wevu:r, 1:1: =m):'k in icrlras 01' 1.13:: :1dmiEI;mCe E’; £11113

  

ii: '1 _ I
 

3')’C

"7'.§'£TF£"1e§ 9 mac‘)-a

}..'.i1L-.'.'.[1[}_‘._1 :2‘-.2 cf-.-110-1r_1:2'1a1£n:r {<2 1111: sta:3L§;:1‘L1 mm: .~:- r x 19:,-;.-gg,» -~:~ mi; Ecms in

wr? 1:52‘1.... ..'a_..

':';i‘:L:

Thm.

U -—- (u[.{'R :'|i..1.‘.t.

;m:.»:;, -.:)\f_'}-,*:;5\~c_i=\)z‘_-jg; 5.:-gm-.;;;z 332;: !‘:.1:11.i1i2'ar {L} flu: :'u;1dH' I"1'L:m curlécz‘ oi" pazmiiel |".‘.~.aIi1'.:.'3'.':L‘..

{z':'>;i::a,’£a>r‘;,= ::t')t‘-.i”:I\'t'i.‘é am L‘ii':.:1.1E[ :11:':r.\:'}-'.

7 -‘:3 wa}; :'>'%"<:.‘<a'.i1';11g the f?i!i';i1i‘.‘] LCR I'L.‘{-iUr‘|.ilIt.‘a' 11'}? {but {3112'p9:»;<31:3T'i.‘1cc-crrrénin "  
éih .'1a:i1u".;:' m<:J.:‘x in‘ .=;1':<m-'n in !"i;;!_. 1 J ,. ace. ii-.‘1'c. made 3.’ 0551“: i‘J£:'{{‘::‘ 5'. £233 bi-){;‘f1LiI.SL‘-.‘.]]n‘.‘L".L"

:?}‘u=.-:1 _.~;1'<'.1:11;i zami cu1'1r1u‘a;::c;1 In an 1u'ca'.1 ‘xnlialgz: .~;nLu‘cc 1'}. Nam", 321109 as far U1: n:=.LL.r3E '
r'r:.~;p.<m;~-.’. 0:" :1 cirutuii is conuiw;-:rI1c-d. an ideal inticgmlcicrnz x-':'!li::§_3-3. s<:u1‘<;€-2 is c~.1ui\'uI«:m1=.

Silva". ci:‘c-uii. {he cxcizaztisnz‘-. of Fig. 1I.1‘r'£c) dose; no: 21113:" the zrzaizmzzi szruesum: <25‘ ihcr
nr.:11L\.=‘. '|']n.'.«' v.-'9 ‘am ussc the circuit in l'*‘ig_z_. 11.]7{::} to Lirzic-r:n%'{:c’ {he z:;%.t-'.::'::! mndax ;:=1'1.: __
:'-.;sm1e!.:..:2;'_ "ET:-.::;c 2131' -‘.50 poles of any :‘L=5;3oP.~;e 1".:1'1.'.’£':m‘=. .E~'or irxsizzzrm-2, aw L':J:l s».-lucl. if.

‘Jae. 1':=.~:g:<u:.<;e x-';>:r§2:‘z3Ee zmd fiaad thc-3 t:‘:1r2.~1i’::r I'11nL';tiun 1;’,.’1=j-. ’l‘hc n:adc:' cam czasii}-' x-erii} -- -
E31242‘ {as 1313 EE21ii2E'£11 itzmies £§::1crmimtL! :1l‘.rw-.1.

it: 2': ={i<*.;~;'gzs2 g:=‘.':3?.3}:-:n";_. we will he giver; um and Q zmcfi ME} 59 iisiiiéé i<: aictc.:':1:ir.~.: L. (T.

 21:25 ~.-. =

‘ r—.» I
;.1i..‘n 13.’. E--icguzxiimxs §:i..‘>~£-,3 ;:n:,‘- :'l1.3:'>} arr: :'.\'r.: CL}l1E!Ui.)£}S in 32:’. 31:" 11:1i\.m‘=u-'11.‘.

 ;-.v;11'§;-'1f}JL' L‘:c’g1' c’ pi‘  '3-.laar1'; can he =.|I_éJi':mE In _»-.--.2 {E19 E:':1_:*.- -‘-..=-.::2<.‘€ E:-we."-.1 mi" iiec ci:1..:. Ea‘
'~'a|1:-.- :1. .-. :'-_t.~;‘=.|EL.«; E11 .r.>.an.‘1i-ml ;.‘{‘:[E’1!’FD1‘.:.'l‘.! -.=;1l1:v~s. 

.".:.:»\E;'§.'..'».;‘<.§.'\.é§-e 3.}? : f‘»-'?’iI'. :'-.1‘-.-';:.-gm

  .»:e‘:e::i;'.'.tE the Ci3I‘I‘1pim[‘I11 values (‘E 111:. LCR 1"c:~..'<)s2:;i<>2' :13 m !'x::1i.i‘r".: ;. ;._:i 

.-:2" cmtzpima--u:'>::_ia:g,;11e 3"]i1[L1]"¢:‘: i‘J]i}L1i‘S, wu yzmv c.(>nsidc*,z‘ {fie on {£29 r'::.~;:_n1aal<:r 16

Hit: I,-.:.g_, 1.1’. HP. ;:?.c.). -Spa ‘”i<:21§%y. M-: *3 La‘; fisad nu: \=:'m‘!': iv %. '
'[t:g1L:L \'\)|[:1gL* Sigilili V__.- so [halt L13:-3 l1"di'}.‘~Zfz;‘.!‘ 212:2: ' 5". §{,._r’?{. ix aim LIC.'~'iI'cL'i car:-‘.2 Ti

and. 12:21-_: 1! 1:2 818 ra:snna{<)1‘ céruuia in i"°:§,*_. ii ”.i

:.:'.;u hi,‘ '«4"2.x;:{‘.-.-*2.r2’.‘«.‘ic{‘-. §":*-on: gruimd am-.3 -.‘nz'2:'sc; 5’! at: H without éxitazzifig fik: -.:i:"»."»,:.‘=I‘

   \lL‘:-;i1‘v:Li 1'i11L:' 

  

  321,] 111W GI" :53: armies J;1"D
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_~ LTQUE-.\"§l;‘.'3f-35 so 21::
r-=.1c;r.:r-‘G «;3':" the 1'::..~;-

m.«:>cie._<; 0'1‘ the
1 i_ur I:n..='+;::‘.:=-.<::3 iaakc

. ‘-(}$1!'~I£: 2"v:3ctiut1

1»: :ah\-‘$015313’ more

 ".‘n.'aI‘

 

$123!:

 

 
z‘-

: 'wc.c.:‘-. dig-;L'<>s‘;::;:cza*.-'
5 (:1: :_'..< the i‘;a1Iz.1r:t‘.

: ::~‘ cq::j»’e:I:~:1r :0 2:
:z.meL:,:rc at" the r<:.=s-

 

 
 

 

 

. e
9‘;. '1 ow2>.r::§ ii:

 

 
 

  

zmadcs. Wiucn this is dorms" mu u':1‘cu.i! §.£15q'.‘).‘s tin: i”0:‘m hi" 2-. ‘.=u§I:'..‘-.3" '
1 }_l?§r;1.;:, 'E‘i:u.\ ll‘.-c Ir:.:::.~‘fa:r I'1m<;iim1 rc‘.a';§i?.t.‘.”.i FF.

 

 , ‘i_\‘ .‘.=H.i.-'25::-.‘. 'I'E':;m' si:e::=..‘s1:
he :/.c.*<: ::i1’21=3I' wh!:r.= Zgf_.</1 hci‘ ‘. ;L .~;i.mr: '

(sis-suit. if".hc1'c is ;: \-'u§1=:c. of .s- at which hull‘! Z; znml Z3
asad nu [a‘ur1:~:1n':.<s€r\.z‘-. zcm Es -:1iL=12'.in-;a.i. SE11'1i£zsr1}'. if‘ Lhczil‘
and Z’;

 

  
 

  

2 vi‘ .3‘ at w':22<r§*; %‘.-<\-‘-.':2 /3-

5‘: in‘('iniL'.r_ 1h;:r-. 1-'.",;’1._'. wiil In: I"imLL' zand no ¥:2'a1z1.=:r11L~:s§<>:2 23:3‘-;> is !‘C'J.]§Zx‘.{‘§:

 
  

  on of the E-o1..~~.i3a;::.- ‘

..,-:'.in_.«: !’m: ssizfzmw nmiimtd uimx-'3. we Hiffit [3:1:v.i 1:: E? w '?2::.~.\ §'Lz2<;tix.:11. await: .= ia‘

(iis<:<>:=.1:'*<:::ctI !':‘<ma g.z'0unL1 azrzd. Ct')J].'3L’ClL1L! Ln 1}, :t.~; '<ho\x=z3 i-53,. E - ?€{_it_‘a. '}I‘i'2«.-=. 2r:;‘-.z.s;:‘s1i;~'.=ei:::‘.

zems 0§ii1i;~.; circuit W113 at the ‘.~'a1iuL> :.v."".- Eb: wluch it‘-ac: .xe‘.ric.*% an‘-.pe:J.z1z1c:'e ‘
i’..s';’. h{3<::.‘.1‘-,:::.<«: fnfiniie ::».£ .s- -=== mm and the v:1iu:‘ of .s' '.-2: w.*2:;i:: iitct siéaazzz izr

zero (2.-’<.C' v+- {%,-"1'€',=?_ ht-<_‘<*.—1“1‘1e.¢: ?_;::‘11 at as =='_u_ 'I‘Em.~ this

 

 
 ‘‘''::m{ ‘:2‘

at 3' >9. as :12 LP 9. ‘ s;:;:1po:ac{i L6, The 1_‘:111.x'['cr l.”m2c.Iio:2 us.  
 

 

‘_')]" 11:51:15; the \.'n!L;a_:;::~\ii‘.-'id::r112];-:_ T’-\1‘.}<m'i11_r__'_ lht: F'.1E£2:-:1‘ 1: '3i?!2a%sz 

  
Reaiizatior. of the Hi§;'}2-{>:c2§s §~'z.1z‘;€%%€m

To 1‘r;:uii2tc the second--unit.-.:‘ E1ig‘n—p;:ss 'i'im<;1'im1_. azufie 3! is a§':.-;<;<>:m<-.:u:_n:Ll fmzu _s;r<>;‘m:% as-.':=.§
cm1;1cr;ie(} to V,-. 212: .\'!'1mw1 in Fig-_2. 11.3. £{e:::‘L: tho .‘§C1"ifi;‘S c:a13'J;1cirm‘ i11t:'mh'.s.'c.-‘. 2: ‘-.;.*1z;1:~;:':::.\---
_-:i0r1 'z..'cn"= 2:! 5- = {'1 icic}. aria? {E12 sium: §1z<iu<:1m“ §I‘:Ii'4'}<.iL$-L'(.‘.'>I :*.:n'.‘-Llxcr tr;::':.=;:'z2i.xs:3<'>:': 219.2%)

.‘.‘ E.) -.j\.5.<:.|. 'T‘E2tI:<. by 1n.=~'pcc:1':<:r1_ me :r:.:r.si‘er i":1:1=_-.:£i>n 211223;" Ex": 2<;rE::.=.:z: as

 frJ._;

w'h-are am and Q an-2 r::1LL::‘;1J moain ;3;12‘2m2::ic:‘.\‘ given by fitgs. -:' Ir 2.3-’:‘— 322: % «:_ E?

-_. is L??? ’z2ig§2-fr<:£;‘= -‘:“.=c}" ?.i“i}.‘m:‘.??2§.‘>‘.'\!§i)Z’3. ’?h<: value :21‘ car: be a§r;:z<;2‘:2*zi}éé:<.€ fmz/E’: ii?
bv c}h.<;9,;'»'i21g £112‘-.E: 5: r:;);)2<>:1:%2¢.~: =»“>, {he c:.1;1e1ci1:_\:' ;1}fi}I1'<>aa<;E2:3.' :~_=.’z“.=<:m' C§i‘:Z‘a:i'L mgri 1;, ;:;‘=--
p1‘a3;tci'1<1:i V,-, resxiftistg in (J: L I.

.‘I,..| S;     

9 -;‘:TrL‘-- .. '\  

‘P<z3s§é§:2:&'§'§{>?*§ £2? '§;%_w é§g2:*“:;;%§3e:2§§ §3£m{T’.f§f1.*"I
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 ? gvég i{<:aiiza1I§::-::- 01' ==a::‘Em:.'~‘. s;cs;-{.mt'§-:.::'<§cz' fiitcr

Lzxirzg fiat: LCK rc.~'<.I1*.;=.:a>r of Fig. 22%“.-'“<fb:-:
::1} gcr:L*:':s1.~:.’n‘.<:t1zr'c. {DJ 1.2". (C) EH’. {ii} I-32’.
at} :1ou;§1z;L..o;1. (‘I’) general mstch. {gj L.P;\E

am}. [hi 1.1-’."{ LL:-. \' —~.- U) i"H"?\I {eon <1? mm}.

  

[ii 11i"I\' -:w,, ~: u...,;
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...—u» 3

"5-ii: ‘<I"iIENE.)--{'.)?Ef.'}E§i i...{.'f~{ R1~.S(')N»'3.T , R 9% '€

int:'0du;*.¢': any £r2::1sméssi<>1'z gems. ’I‘§3cs<-: are ohizzfr--cal 2:5: feoi. E0w.a:: £_).rh-3 1>_’.v.";‘.!'£') at .v ='-' 0 ix»

rcaiizcii by the .'.w'}'2L€i":€ irzcizacmz‘. azzxi une zcm at 5' = '1‘ is 2':-xzziiz/.¢.’<:’ in-‘ ézfzz-> 3212322: <:a;2z:<:z'1m'. A:
the ':::1:er~:’:cqu:mc_v E115}. {he paraiia-:l LC‘ mncd circuit :;:>;E“;ii3%§'&; an iz2§"%n§I.<: izz1_;}£*,dzi}':Ctf. ;=:a‘-r‘-
lhus no current flows in the c:i:‘£uit. It :2‘aiF{>\«'»=s' that at rs ':= ram, V
ceazer-‘frequency gain of tin: 1f=:Indp2:5s.\ f1'§:r:: is unity. [ts mm.as f'{;lImw-;:

 
. E»;-. {:2 <>:i:cz‘ w<w5_.<;, if:-:2

...;.zz'<>;2 $2222 be <>E>:2:iz1<;'d 

..~x ‘.5’? 
.«.- u.rcTm + 1' 1 31,03

 
_+..

Realimiion of the Notch Functions

To obtain :1 pair of transxnissioau zeros on the jcwaxis we L136 :2 p::rai!cI resoracrz circuit in
‘List: series arm. as shown in Fig. 11.l8(c}. ()h.~:e1'vc afz-2:: {his circuit is obtained by niiscon
Ixacting both nedrs .r and‘ _v from gmund and C0[‘I1'li3C£iF“" zimrz icgezéacr £0 14-. ’}"%1a impcd:2I1<;!'
uf {he LC uizruiz becomes infiaaiw :11 cu -==

 

m“ '--=‘- i.«"‘»":.',{'.'". E:l'.=u.s <;-2':azsi2'zg zrrm {3'§i23‘..\’!‘I1iSS"'C-E‘: as:
this frcqtu-may. The shuxu 1'mpc;i:mr.;e is rusis.-rive and thus docs mt i§i€'é'Od%.1L‘.i: zmzzsmissioxt
zeros. It fnilmses aim: the c-Jrcui: in Fig. II.I8(e1 will rcznlim the marl: Zr:-1:'2sfi,*.1'§’2mc:i<>:2

 T8‘) ‘-* r.': - .—---—-“ -—_- ::2,r:r‘.=-
-'r _'»' |'rm_;,"'{_}_; 

Thu‘ Viliilat of ihc higl:-i'ru111e3a:<:}-' gain r.--_; Lfiiiil but !‘«.>::2:<2 5‘:-om. fix: cimzéi 5:: be 12:25:35.
To :';E2:.'1in a rmtch finer‘ r¢:1I1'x.21:inn in which the i‘JOE'.".i’1 f:::z'.;ucm:§.-' (9,: :::'bi:.r:1r%]_\«' ;*.!;'.CL=L'i

rciativs: as me, we ::d:3pz :1 vzarizzzéor. on {he zttymc sc§1cmc.. ‘sfi-“ea . iii ;2:1z‘:1H-.:.J I.(_f‘ circuit
in the scrim; Zmmch, as simwr: E22 1“-“i_s_1. "E .5_.18{}} where {.1 zzzaci J; are sci:-rctccl so thzs:

 

z.,C, 1.r'm;] aim:-.:,:

Thus the LIL“; Lank circr-J! wili introduce a pair of" [1‘;3I}S1“’£)iS.‘-‘»iC:.-'1 56:93 :22 :‘i;,r'«:.::,:, p:‘ovi;l::d
that the L;;C.‘g tank is; not zrwonamt. at m,,. Apam fi'mn this ;:'sn.'ic2:i<322._ Eh:-: waizzas of I.-_; And
C2 must he Hclcnttcd so as to (:m:m'c that the namrai Inocizzs have. 2232 iacwsa aizuzred; thus

{,3 (".31 =--:-' {T <_§1.-/:2:

z'.;;’ff,; A =f§!.«i.">‘2

in other words, when 't«’_.- is rcpizaceaf by a .~e%2<>.:‘: circuit, {fiat circur! slmultl rc.:.-‘awe re‘: E???
mégina} LCR rrzsoammr. Another way of :.?2iz2E;iz1g ‘ibouz the ::1'rcu.fr es" Fijg. I}.18{i} is: aim
ii is ebtuincd from the 0r.i;,-:ir1z1E E.,C.‘R :exon:2::>z' by fifzizag par: of Z. and part of‘ (_‘ off _j._:I‘ou::r.i
and c<>=.m<-::.‘.ting them in L}.

£5 sfmuid be noted that in the cizmlit af fig. lZ.§8z'_f'"_3, {.3 :1<.1:.~:< rm; immducu :1 zero in
s -“—“ *3 because at s = , the £._=(.’; circuit zzirco has El 22cm. In .F'ac1. at .s- U the ci:‘cm'L
v.'<:<.iLs<:¢':.<.; to an i:3<1I.:ctiw.* veizagc r!:vidL*1' \xi:.]': [he dc tr21r1sn1':;s;-2313:: being .'T,g«’{{.; -+ 1'.-_-._;, Sim-
iiar wraanzcnis can he rzzmic almazi f."_; and the fact they :1 does rm: '22‘;fm:iLtc<r a 2.3211 at5' ‘A-.

The LPN and HP;\’ filter‘ r:rn_1.é'z_:11£0ns; 21::-, 3,-.‘:»<;><:é2z% ml" the ;__rcncr:Ll 11r:t-ch :ircL:i1 of‘
§§.i5£%"}. S_r:<-:<:§f'iL'2z%i},*. fur the !...-E3 ' 

 



32

 

   
  

  

 

K .
=.-;-«'» 5-1:: “1"§.‘.}E.“.' ..\.‘.'_-

?;§2:;.: § «

can be .~;:.ui.~;[‘!cd wi‘=.'?s _r’,._; . 00 and 2.; ”%i'Er2g; i‘i‘i_

Eiiéi‘. in I-"lg, 1 }.‘_.8(g_‘_s_ '}'7.'1c :1‘; “sf:-tr €’z22':cti<J1: cm 2):: wrfiteiu by ir=.'::p¢:; ion
V

'1‘{_¢-3 : --'-;’- ~. .1
V,

x-.]1crc {.',.',:E. :_,:;{,(',j, 1.l)I{J({.-IE + sum-"Q ==== ‘:i'€‘R, am? (:5; is aha high-|’a'eqL1c[1c}-'gm.
I-‘mm =;h-.- cirzxzii use i.\‘£‘.<3 aim —-so <3:-, the circuir. rednauzsa LU Jm: in Fig. 1 1.ib’{i':_r. fur x-,-hi-.-‘E1 ‘.1’

1:: ('-l

3'? C‘: — C‘:

"F?1!.:._x

.3:-'.:"-_1 .

.. I I
'31:: <:5:'r£;';it2 an HP?‘-‘E :'c:11i2t2:ti(>r1 w-.3 .‘-‘E1111. wilt: the cin;Lii1 of Fig. 1i.l?.a’{{‘_] zuui 1:59 ti".-1* f:I.c!_ 1' _ fi-

‘.h:'-.1 :;.>,€ (2);; iii: :}i31;=,ii1 = §3§§’3?"§'C3-‘i

f..1("; I '5 :. I} L5

. . __ - . _ ., _ ‘ ..Z. , win: as * .
=-2% «.:'.::: :\".m_s!1L=-J wlnlc m:E-.:<:t121;,= (. _> '- (J P.‘ .1 21:15. 92:: aziaauaz Lhc ‘Cu

Circuii >;%*.-<2'~:».. .21 i"‘i.g. J i,1.'{'i‘.-. {'Jb.~;u"-.-.: iimt :1. .,, '2:2<:1':<-ts if: ;‘:;:d L§‘.~‘\35-I the

§_:z;iz1 ix sszzéé}-'. 'I‘hu.~:. lhc 1:':L11sI'L‘:‘ I'u11.c:‘.ina1 cam he exg.11'<::~'.9c-{'1
 

 
_. »;. ~ + z.=c":- __ . -
‘g'{:_‘_.} —_ " _— ' . :_.I+;“ 2,: 

 <3“? fiww &§§~?a:~ss ?m§<:ti{;g'r'2

'I‘§*:c a1ii—pa:.i< Ir;t:'2sI‘e1' i"aaz1ci%é'2:i
 

3‘ 'w;;a’Q} -12- (of;      

 

 

 

 

'I'[.\'} ' _ W 2 ' N .
.\ _<z?g3fQ,. -. rah‘-. _ _ '1 '11‘) 5

u y £"$:
1:21.; Le xx-'r;§{—3;=‘. 2155

“F13; =-- - “l---~»---”'“W92 —.. e:'::.‘:$‘~'r=
S "i" 423;‘)

Tile .~;<fuonr,1 [L‘f'i‘fl an the right-h:a.IIL'i .<;i<!:*, is: :1 b21:'zz.2;}z1.$$ §’*:;CZ2'<.>:a with a :.‘ei1ICr—E‘z'cqL:c1zc};' g-.u_

ct" \’\.»“c-1 :ain.‘.:1t.1y ‘naive u h2L11dp21s;s circuit (Fig. ZE.§ 8(2) 2312: wiii: £5 tar-.Ie.r-frcqLicncj»-' g
Lm.it§=_ \A;»_- ,~;'r;u!l i'h<-:n:F'nrL=. :':'Lt:.*-r1‘.-pt am ;=-,iE—p:1s:»' rca1IE?.:tE%0!‘: Eariéii :3 fiat giain of U Em" '

mt: -—

This 'fun;: 3:1: can be :‘c‘:J.Ii;a,{:d using :1 vaullugc divider wi11'1 ;1tr:‘.:‘..~?m‘-<; on rzititr uf U5 ingcmer Vs.-
wiiiz ‘J:-.: hazndpzlss <:§1'<:Lzi1 of Fig. 1 1.ifiI((i). To '.‘.|'lk=.L‘L that ;~'uim':1L':iiur.-. {he 0ui;:LIL 01' 1h: :21] ‘av
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. r'a.a=,_:1::%rzg_ in fig. ‘E 'é.§¥«2 }{{':Hlt:’,E.té{}T1 oi‘
{iii-3 scce:‘=.iI-order I1H—p:‘..‘§S
2:~.:r::~:fez' furzciion 1:51:12 :1
wifiizigia ;iivé<3e.rz1nrI an [_(IR
;':é9={i:1;zL(2I'.

.-‘E022 as

\;!_w:'.::_'.-' “T53.
1"?-1' '.x.='r-.ich

  

9:135 circuii is tuI<.::r1 bciwcc‘.11 the cmtpln. tcrmizzzai of die vcziizzgc (ii:-‘€11:-2r zuid flmt viz" the
iaamlpz-.s:~; liitcr. as shown in Fig. 11.19. l.F::-furtzzmaiciy this circuit hm the disaclx-‘image {if
lackiiig 21 cnnimon ground ‘..{iFI‘:3§{2iii b:.t'wee12 the 111911: and Lin: cJ111pt:.r.. As“; up 2:m,r.a—-R{.".
rcaiizatinn 02’ the 2111-pasx f2£z}Ci‘§()i} wiéi he grmasentcdz in thc :2’.-3:: mac-:i<;:2.

 

U ,.. --hrn with :1 3—dif1 i'rcqm:nc_v of [00 kHz.
: ‘.0 .‘L'lz_;\: '.u

311-‘ 13*‘? high‘ Ans. Sclcctérzg R = 1 id}, we oh1'a:i11 C 2 £125 pf’ mi 5. mi-1.

E’

i 11.? F’ me Cir-'.:uE1 of Fig. 1I.I8(h) so rczxiiare 21 -.~:e.ccnm'Z~<zz*;1crZuw-pass Ilanrziuu r:1‘LE'1<: z'r:2::<im.2;§‘:;- fizz: zypz;

3 ELE8 Llxc Iii: circuit of Fig. ii.l8fe} 2.0 cieségzz 22 r:<2?<:E1 i’§1£L-3.? 1:} c1in‘zi|1utc ea 'r\u:her.wmt~ §><>we" suppij,-' hill]?
at a t‘sl'J—Hz frequency". ‘The lifter is to Imve :s 3483 bzanciwicftéa -of ii} Hr. Ei.c.._ :i1-: ik15.u‘!"§EtriE.i<‘.-{E eater" than

{£1.46}

- ‘- 3'-‘E «W - .1 E{'3—Hz hand zrotszzd the 6{?---E-iz. C:i’l?'%f.(3%“fi‘f2‘i.11lCI'J.£I}r‘: sec fiaeruisc 11.” Mini Pig. §f.Joi’) {.150 R
   ..r 4. .2 .

925$. ii" --= §.:'~. vi’ and 1. «-L.»i‘3 1-] (Note the iztrgc %r2:%;2cu>z' :'cc§=.:i:z:£i. T§'ri_‘< the ]'L’.2i.\'£'}n ;>::.ssiv=: §'§%'u<trs zzz‘-E
p:::ciica1i in 5-;)\.v—!"1'::q1::‘1:c_v :1;1p]1criLi:.ms.}

5Z_£'.«'_-"1

I}-3.5 i§§{I{_§ "i'.¥~{..-‘-§Z¥_'z{{§% §3z§:'?§§Z§? §3§Zf}7=§i'§E;’-‘xi '8é’~§.§ED I._?!"~»" .i:‘xf§_'}$._§%”f"§"e"*Q §'%i{§i..}’&.%'I7.“r?E%““«§”§°

in this scciion. we smeiy 22 ?";iz:1i§y af {up amp—RC‘ circuits meat: :'e°a{1';';'I.e. aha \-‘azrious se;c<mci-

order finer fiiiiczéiéns. ’I“h«;: circuits are b:1se:d on ar. op ;-:mp~«-EKC.‘ n-:.~:or:;'.I:.>1' (!§31£3§i‘i&3(§ by
piacing the 5.nc1::«:.z:;:' Z. in the MIR resonator wiLh an op ;:1np—-Ré'.'.‘ cimuir ‘rim: 11;-is an ind|_1miv<-
input inipcciaiicc.

 

Tim £s.n'§'<>€°§%a;:§.§ ma?z§z:%.;§z“s<:awS§n21!!;_1i'ion (_I§:':':.;?%

Over the years, rzmrsj,-' op arnp-—I{C.‘ circuits have been. propuscai for si:11::i::1in;.; the CF[}t3i‘£t1.i{1I1
of an in<ius:2<>:'. Of these. om:-. circuit invcmed by A. .~’-\ntor1.ii:»u face Am()23i()u. ‘=;96E)) has
proved to be the "lien." 83' “bias? xx-<2 mean {him the opcralgima cf the ciz‘cui*. is var}-' inicrzm:
:0 Lhc n0nidc:1I properties ei’ the op in pziriiculztr their iézaéze. gain and b:J]‘n.d\k’idU}.
I-‘igvrc 1 1.’.E{}{a) ssiiows the Azaloniou inductzmcc Si1'1'EL1]2lli(}E} circaia. if the circuit is fed :11 £33

 
L1‘-. oi’ the :11}-


