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iy =\ 5 \Re 2o
So, Vo - g L -va)
o No - A (Ui - NPy

Closed Loop mode Of  Ope ation :
T this fredd back  exfst , tn between input 3 output . |
| _?L)EBQ —fe,cc[ back s a 'heyt?de _regct back .

= Due -to “the 'nejaﬁve feecl back  Trput  wesistance  Sncreases , oetput
vesistance Oeceases  andl  ndise  1s feducepl , bonal width %
cveases  andd 3:1710 % decreases -

- But , Op-tvop Wil pexforro “the —three badc operation
Closed  loop  mede of bpexation -
a) :anextrnﬂ - -hroplifier .
b) Nom ?n\fertfnc] - Neoplifier .
¢) D?ﬁgfm tial - Aroplifier .




o) Imext‘?nq Aroplifiey : 1. |

| Qhr_';, fon - ?h\lev'l'?ng Hteam?ml Ts f]‘rounofed -

i

i«-»'_]:_-n s Ofp &?ﬂhal ts pub C?f pT'JCtE:Q with ~the nput ﬂthl
| —s “the olp voltage f& j‘eol back ~to -the ?nvert?ng input

|
—tevrinals 'thmuﬁh Rf - R, metwork .
Wheve , B{' _ feec! back vesis lance

=¥ “the ‘?hvh‘t?hg omlﬂ?f?er oot shown  Tn below ~{iguse .

A

[ j’“ s ?nve..(t?rq ‘?r\Put— ?& QPPI?QC{ at the ?ﬁ\JETtﬂ’\‘j 'te\‘m?hal l

=

Pralysis 2 I
> let us qgsseroe  an ideal op-arop Vol =0 ancl wode A %5
o TDU“C{ ?ofen-t?al ( Vivtual gyoum'() ~then arcl T, cuwent
{Tows rlhoujh R yesSs-tor -

S0, i = NA
ey

— Since | Op-fmp  drvaws mo cunent | all —the curcent flocotn
with R, seust flow —lhfouf]h Pf' vesistor « The ofp voltage
Vo & iven by

\o - ~prf —
Shee on Sub e (D 3 @ , we qget

—a®

Jo - - \If |
x P |
R f :
No R
o

Alence , e closedd  foop qaln  of “the tnverting Hvop lifies

| fven blj AcL | Ay - - Pf

—

Ri

A e =~ - — — —— SEE = —_— o __'—"’“_'_"——_l




‘ ’ b) NO“*ZﬂvertFm -Arqp'li’{‘i’eq:
| = L | p_'

\ fo

Vo \ \
\ J

' o jf Q S‘?mgml 15 qpp‘i'ecl “0 “the. mMon - wver ﬁ’n] ':’nput’ teerninall
i dhery ¢t % called o mon- Tnvevf?fj anp4?}?er.
""'I-:r a ‘Sf'a'nat T QPPI?G'CI 1o dhe ™~ - ?h\fEYtlal\ﬁ '&Qm?na{ anot

feecttack % comrectedd —feorn oulpul o faput as shown i

above *‘f?jt!'(e.
= Tt emy be ~otd -that 2 75 also o -ve -feecf back Systerr

as outpul’ § ‘be‘?hg Hecl back -to -the fnverting Tnput tesmiml .

|~*$s - @ Or:{-[E‘iﬁh't?Ql voltage vl at the “nput tesminal of

| Op,arnp Ts zero ,the voltCﬂe at vode "o s V7, same as e
’mPut vc-ltaje @Pﬁed -0 -nm_"h\;erf?na ?ﬂj’tlL terroimal .

=T Civeult Rj‘r ancl R, —forrns a potential diider . Hence |
accovclf'ng -to pmcecfu\ve potential offufcler  -theovern .

! \r?: Pl\'fo
|
R+ Df
o . Ri+ Q:r
\!-o
2 ¥ M
QD = [-+ Q:r a
— %
£\ N
\Jy R,
“e Rﬂou)“ﬂ'nf I
A = Yo
\I?
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C) Differential Ayoplefios: (subtvartor)

Q]" Tad) p,]
Ve By e
R4 '3 141 \lo
\"‘l ANAN— & LB 5.2

T B divenit that  amplifies the d’fﬁerem bl w0 input” sgnals
s alled as cl?ffewrm amph’jn‘er (ov) Qfﬁewnffal -f\m_plr’:(r’ef.

= Tthe d.'ffuerftfal ornPI,’-f;‘gr Civenit T shaon ™ above -fi:rjwe,

- Qe the d;’jfewrfﬁ'ql \Ioﬂaje at -the ‘i’nPut “terma | cf
Op-trop s Zeso.

> Node 4 aond Node B ave at te same pstential 7e, \ls.

~ e modal  euertion at nede N T

Vo - V3 = \s —Vvo
R R
V2 - Vo
 mee L ee
R, T
\ - .
[5[24+P.2 —j_ﬂ;,,_\_fg_ =0 — (D
pf Ra
| “the modal mﬁ‘m at ocle P 2
i
| o - V32
R Rs
' VE)*U'[ \f-a
R — =0
| ! Pso
|
| Vy [ =L —’-1- % .
[ &1 ko 2 =0 @

Su.bfmcf?ng the above equations , we get

A, r 4
V&[ Qlﬁ]b \:;' ._‘Jo- - N2 [*J—er'—q-%]‘“;\—é—'r =0
i Peo p.d \
\J

— o WL R

R\ R1 Rg 0




Ilp‘ [\h»‘h] = \fbfpa

\Vo _ P
Np—\Iy E|
o \lb = pr_)__ (\h ..\h_>
Ry

Ournrn Fncl —ﬁnpirf?er .

&unmmg J\mPh-er @) Suroroey.

= “The Suroroing crnphf;er are  classifiecl  Fato -two types .
|-__[n\,'?1tinﬂ dmnmmg Ompfl-frer .

2. Non - __nvenfmj Summmg ornplifier .

_.._"")VQ"I’ ta'Y)C‘l \Summ,m _._an IB{' er 2 P

AA A
R, ‘
| N AANA :

[ va |- Y |
\ AAAA +—[a" lo
= N\ﬁ\ AN _l

™ above —[13

%\J%‘b"nﬂ teimninals s apsounciect..
The -Y]oorql equa‘f?f]h at 'Y)OOIQ “a’ I Tven EU "

N\ -Va + Vo-Va & Vg —\a " \a -
Kt XY Ry Rf
Nt . 2 L V2 _ - Vo
R R> R Rf

Op-amP ay be usedd -0 d%?jn the Ctreetit  whese Ourlpyt

o  he S of Seneval fﬂpuf Sljncﬂs .« Such a et Ts Gatlec{

~-h ’l‘jPTcaflcj Surorming ampliffer with 3 §lp votft:?jes i\, Vs 4
e ll'P wesistors R , B2 ,Ry £ one -{aclback ~eSstor Ef abowom

-~ “the \Boll’aﬂe at 'noo[e ‘a' o Zevo (va =0) because the mon -~ |

A
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l T o F2-3.+ vé _p_-;]
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| s Yo . «[\I{-ar‘{a-'r\lgj
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Wheve , —ve 6::4:'7\ ndicates  the pbase shT.ft between i(p £ ofp.
So, Tt T callecd as Snvey h"nc] &mm?ﬂ] Cknp1?-f ter .
2 Now — Tinver ting  Suooimg  Amplifiey 2

| = |
[ B
ARk
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- Vo 141 e \ID
i R

ANAAMS

s \fa

\Jy
LY W N Y

Va
Ra
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P T ﬁ'ng Surnraing 0mp1°|-fi°ef shown 1y above .{;3]_
v e Slp witages Vi, Va Ve Hecl 0 ~the  xm - WVerting et
) voltage at - mon - ‘a’vwevi?ng ip terroimal 75 “va’,
L =>"the vo[toje at  Ahe  vertin

|
o temial Wil also be Va,
Becauge -thej are \r?rfuaﬂj

Q10uhcfec'z.
.I.-E, “the voltaﬂe across “the 3nvertim
“that Cf the e - 7n\f€\'mﬁﬂ Lermimall .
'l - k9 <
The mc{q equation at ypde o & j;ver) E:j!
ﬂ + Va-Vo + Vs-Va

~terrormal ® same o

P, Ps QB =0
oMo . W - S T
R Pr P2 P> pa Ry

N Vi

PRI A . +-‘Vi— _ [__L
R R Py BER™ _p';_ - F;'g;]

T . Vr[El “+ V2 fpl + \3|p3

HRr + '[Re =+ "lpy
Wh k. T ja“.'-.r-, D.{‘ —ﬂcrn—?vv\fe-rt?h(] Ornp‘,l.flaef j - N
\oO p
vd R\




‘ | Bﬂt Heve 5 Vd = Na
No = (I—l' __if_,],\h_

\ Sierlftute  va T abowe equa Cion s

\o . [r+ _Qf_J [\h[m + Valp, "3“’3

. Yo + t[py = '[pa
L@r\ Pl‘:pl- Qa =

= T s Rrla
O [ ] [ 2l suley « el
ey lo afpj* -+ pr:r o+ @fgf
= 2y Alviavaeun)
-

-4
“+ No = \J|-+ Uz—\»“&

= Heve |, the ofp W T T ghebe. wath i aff TR djp MR

l
So, it s alled

as  yon - ?nvo,rt?nj Summ?ﬂg GmPT?-fi“m . ‘
Tm‘l‘fdmen‘ta‘lﬁon -bcmPI?fievg

- meaastvermnent of ke phjs.?cnl quantities s 3e-anllj caviied ot
with  ~the help of a device canlled “'T1an$ducpr".

- A tansclucer B a device  wokich converts one o d
another —fomy  ob eneray . €92 iy phone.

= Bul ~rpst Of -the ~tionscluce, op axe 36*1970”:1 very low  fevel
!Sj‘h(ﬂ‘a «Such low Aevel Siﬂml.s are mpt Suff?c;‘en‘t 0 chive ~the
medt Slage of -the op. Ap . Hene befive  the eyt Stage Tt

© Mecessawvy o anpl?]"j e  Aeyel of Such. ._ﬁthl y t?ecﬁrﬁ “the
"nose S Tryley flevence .

!
eherfﬂ fvto i

= However , a 9eneral Ornyﬁ‘iffe« [Pke
b Cmpf:f*j Such Srjnalcs- |

— Fou -;ejet{?m & mose , Such aroplifiexs woust tave hi emep |
But CE awoplifier has 1ow CMER . S0, Tt T apt sise-fe -

'Tkereféne, a special amplrfiev % wed o amplf'fj Such Ggnals .
—~ A Special ampli-fier which ¥ wused ~for  suth a

A CE amplifier & mot suTtable

low (eyel




Omptffi'ca’f?m eocth h‘?ﬂk cmpp . b‘ﬁh i Fnpecance | b o

"mpgchrm , Lo pevoer cans.umPﬁ’m s knowre as Istsurnentation

omplifiec . Ty & also callect as  bata —peoplifies -

- The x&uivemersts ob  an daxl Instiuroentation crrnyhfm i giwen BJ?
o) High ilp epeclance .
b) Lowo Olp Tropeciance .
¢) Hi’jh CMRR .

Ad) Low poudey CmSUH‘]D’U.m.
ey Easter g‘a?n a:l]qstwnf-

) Hfﬂh Slewy ates
C]') ad?ﬁ ‘l'{ h?’(jl'\- .

Dif fevertial AroplifTer : (53
——AAMAN—
. Ry
l . AN~ ; \‘0
!' .___Ai'\[i:.f\
|
. <Ry

}r" The nstumentation Ompfx??ev: s oa tpe ob d?fhenﬂfal ampl-fier «
| tence cl’f{bfen’[?at mus,‘h'%ffev 'S shon. In above *ﬁﬂ.

. P
& \VNo = el; (Vg_\ﬂ»

| = Tthe fnstoern entatimn amplrfffev g a —tjpe or &?ﬁ@rent?al »hnylﬁi‘er Tee,

| “lhe D.a Uﬁ?ﬁj op-fmp an be wsedd as  nstsurnentation anpf?ffer,

Bt the wan  peoblery 3, us?nj T as on tnstumentatiom ornpt tfier .
RS 1(p ?mchTcnan.

- “the ?[l’ ?"m_pedo"m d 0.0 % low while he T.a meeds Vé'rj k’?jk
o Sopeckmee . T @t very bigh T Fopedonce 5 e p.n com
w{‘—}i‘ed b esing Buffer (ov) \blmﬂe —followoer  efvenit as at —the
?IP > It s shown T B -(!,3.
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e QN Of the voltosp ~followey oiveutt W un?’cj . Rhle Tts Tp
%Fedarm F ver ")?31'\ . -ﬂenw_ , ~the efveit Pgov?cfes: ‘:(S'Qrf)e \rolhﬁe
i os me?cfe;é by e  op-omp c&"]ffefonT?a[ orplifres -
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“the ~Mm- ?rwer't?nj anmplifiers ~fowns e ip stage . Op-fop a3 s
&‘If“eﬂ'l?al Ompl?]‘fei —forns e ofp stage A -the o.-nj,{?ji‘g, ¢ '

- £pin “rt’f@nc{s on “the external  ~Aels tance 5 henw.  Con ke a:fjusr»
Ocr.mQ{Btj . )

= e CMRR Of e Op-frOp as Ty very Hﬁh . Tthus , “the cm:c:nr .
Jaﬁ‘s.of'i’q Ahe oll -the w?u?wmon‘ts oJf’ 0 JDOCLn nstsurmenta tim Q’ﬁ_ﬂ;{;‘t’j
% hence COmmmfj uﬁecL in  paactical on;.Ucat?ms &

—Arﬂ\xjsTs:

T -w-r:j be
¥ = op o opig
con  wiide ofJ; ob qP_amP % "

s o = P (Vo No) — @

R

cbeosvedd  tat -lhe  Ofp swqe % o basic Dea - Herc |
Al Vo golp & tpomp A T Voz. So, we

= det us find put tre eepsession fov Voo g\o By dermg of
Vi aVa o, Py, Pylg s R
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= The mode Vottage, of op-Bmp s & Vi, So, that will ke

appeasecl  at the  mocde N by Virtual groundl conmection . So ~the
vottage  at vode Mo 55 \\.

at the mode Na b-_[ virtual  connectim » So the -v’oltaja at” wocle Mg
< 9.

- “the ?[P cowment of op-fArop 0 A § Ao both are Zpjo. —Henee , curient
T verains swe —tmogh 8py >R Ry

._.m-—hpptjfrj ohms 1aw Hw  ~the modes N 5 Ng 5 we gt

E = -UU" UQ)'
p"r. “l'P-l.-ﬁ]“&
tel \ pp, - ey - oy
So, 0 _  Noi-\ox )
- @
W' 4R
Now at he vodes N6 ond NI,
T NV
e ‘ B @
Mate @ 5@ ,we gt
\b | - Voo V-V
&Rf' + & } Q
mlltfplﬂ “_’ o both sides 5 wejﬁt
\loy Vo _ Ve -\
@R-f' + R R
\Vbg _ Vo = N2V
z (e’lﬁf—m)
= \fa -V (Sﬂf |
\ _6 +-i—

& \ro:_ -\fOt o~ \@—\fl (l-*- @f B @
e ) T

Supsttute @ n O | e get
No = & (4 _=ef \ 3
s P c T (V2 Vl»

o

e % the owsall voltage quindy “the T.a.
where R s e Variable  egistors
| «The ¥n % depencls on The R.

= e ~ode Ng Nottage  of Op-frop A2 1S Vp . O thal il be quea-reds
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B Pp1f(01?0ﬂ5 &

l. “Teropealure  Qarteotler -

2. Lfﬁht Tntereity  meter -

3> Analog  weight  scale.

4- measure Ahe pRessuy e ,uo’ﬁﬂht 5 f’)urﬁ"lcﬁ'éj

J’}C-Amp'[f-‘ffev-;'

- The op-amp on omplifies  both the types oy s?fjndk i~ 4 D ~to
Ac o Tthe op-Arep "‘?&jtmo‘li'rﬂ —t0 ac s?cpat dher t % called as

Ac aroplicfier -

" j’{’ the ac ip dignal T super %pos?cf wrth ~the O srjml,
0 vestsict  -the Om_p'il'-{rmf?m do such de S?jr)als, —the Cauplfng
copactHors wust  be wecl at the ?'P of -the ac Ct-r}aﬁ‘-fﬁ"r.

T there are 3 types of A< omplifier

t rjn\k-g‘lfna Ac am P(?—-f Ter -
2. Non - _-_f/_-nvgr't?r\j Ac Q"f‘)ﬂ;fﬁ'n

. ! yver t?\qq Ac ﬁrﬁp13fi°€Y . Ry

R
\lIf o l !

—~7The above civeuit Shouws -—liqe ?nugs‘ﬁnj Qc O"P!:]t?e" because  -the
“c Tp Sgml ® fecl 0 e verting terminals.

—>"1he mfac?'im ¢ Bocks —the de Cornpanents and wesistor R'sets
~the lower 3dR -quuencj of omplifiers

— Siwe , mocdle ‘o’ % at groenel potential. by-the Vivtual eonnection

“the Olf voﬂ’age No s Gven E’j,

o Vo = bffl?:r
%m—ﬁ'j, 9 . _V_?__L
R +

jc
Decocding 10 Japne  tsonsfore

tet 5|0 =S
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Substiede et @ in@® ,
\Ip = -—[ i *E{ ____,@
R+ &
W k7T CIG&C{ IOQP SQ?VL
P - o s (@)

\\

Substflute eq @ ™n E‘i @
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_ e
s _fi.[ 1+J-Rc] = --:g“{ s (64'[2()]
& Be = - R
S 3 Bl

The C‘apac?‘tm e % short c?fcuf'tec{ —fof nicl —ﬂsec,uenc?c-s .
So, -the ,3“0[ ey i -the above equation becomnes ur;?-lj.
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AN
,\R‘ &
-:‘_—__A V‘ X
|C P| | I \[D
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of 1he [P Ac &jml ?s-fecl -to -the won - muertmq ~texminarl a
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R




\bttage. — Curvent  Convertons :
w

~ dn V-T coovestor -the Op lad conent & proportimal o the
?lp vol'tafjg,

f"'-ﬁccofdf’nﬂ o Commeclion of toacl ~theve @ 2 Ypes
fe Floarf’nrj tYpe v-T curvertor .
2. Groundedd Ype \-T canverfor:

— T flating -fgpe V-T Convertor ,-the leact <esistor . 6 5 mot
cormectedd -0 the c]nound-

i 1 c],oundpd “type V-5 converfoy ,-the load yesister @ T
cheectl Oonrectecdl -to -lhe gloc.rnof .

—~ s chett %8 ako  called as vbll’age Gorstoollec]  Cligrenl Souvce o

1. Floating “Tpe N-T conUertor:

NN AN ———
= — |\ <
To v i
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\ @
g

V-T convestor , dere , ~be load vesitslor

s1he above _p.*’j. shows ~the
PL & mot onnectecdd o the afourﬂ-

Stnee , “the \rottaﬂe at wocle ‘a’ fs Vi= G.p
.‘I TL - _!E-

R
>thus, the load cuwent 8 c#fﬂctﬁj proportional  ~to the 1[}5
VDHCLjQ ond 1t fs Jiven bj’

T RN

-
- 8

Thewe fore , this

cvett % clled “Wansconcluctance  amplifier-

2. Guounclec TType \-T Convertor:
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— A V=T ocnvestor  with qounded  loacl s shown  Sn above —P’lj.
~% Lat Ui be -lhe Vo!taje at 'ncde “a’ 0y£tj?nq ke at 'node ‘Ct'.

e ﬂet :_i‘l -+ s,?,__ - E-?i_ -—n@

Horo 4’3 4 = W @
Ry -
‘l? = Yo-\i . @
Sisstitut? ¢
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Wek. T | A - No _ - P:r
vi .
But Heve , we haye Pj" _p
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% Tite M
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- koo voltage 4 dc voltage ConvestoY
2. pode ester

q., Zerpy dide -legter:

Cusient - \bttage ConVvestor :
9
— Tdn T _v CaonveytoY “1he Dhs VOltﬂje s oi.‘rectf—tj ﬂlﬁpm{?mﬂl <o the

Tip OUHGHT L]
Vo ®lg

wheve,  \o - ofp voltage
i I ?[p otrecent
- Tthis civenit S also atledd as cusient contsotled vo[taje Source
because -the ofp voftaje contsotlecl by e ifp Cument @) i
cuyrenl conteols  —the  ofp vg‘lfaje.

—Tthe above _piq . shows -the current -o voltage  Comwerto¥  because
of  Wrteal jlounc{ ~the Voll‘?-‘lje Ve=0.

-—Mﬂj?nﬁ ket at wocle ‘o .

3 = N2-NOo
R

VQ =0

T . -w
R

B.f \IO = ——T%-E
= Tt lhe ofp witage T popovtiroal  ~to ~tbe lp current [ so ~the
cenvient works as cuwent ~to voltage amvertor Tt % also

calledd  as “T<ans of vesfstance om‘plf{i’e;-




—Applications :
b Photo diode detectors
2. proto  fet  detectoss:

jﬂ{eqm{m 2

'j_n{ethrﬁ)f
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J v tt) olt + Vo [0)
RiCp 0

Wheve , RICE =@ _ine corstont o ?wleSmtcn‘
Volo) g5 e nitial ofp voltajg.
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