T Oberational Amblgiey

The. _a}beTaJibnﬂl mn;:ufier (op-Ambp) b a lommon devic
m _,audio—fmywcg"m/-‘) md,ﬁ_mm,fnéc;mc} (RF)
omplificx applications. 0p- Amp Lo a dizect-Coupled ampli-
fer_ ailh very Aig/, vah’ageﬁm, very hgh ;447bw% imp-
edance amnd very doa) oudpst impedanes. 9t o ubable
in [h freguency yange Sfrom 0 L o ferd MHz ot v
Colso cﬁeoxgm@{’ o perform malkepalical o/bemﬁbm
Auch as Summakion, Aubhahbﬁ,'déjmmlia.kbﬂ ;
| Mjra}imﬂ ete v analo [Dm})ufer._j/_wii‘_fa a)ﬁy L W
colled opevational ombplificy. p large variely of op-Amp
e anvadloble almest vn 9n[iji'eol Civeulls (Te).

ICH) w Cammezrcia.llj Maila,é[@__of’—ﬁvn,b- O ir a 9-pin

| Chip . The op-Amp packages Combain pingle ox duad (o)

0¥ guad (fowt) op-Amp i a pingle IC. The pin diagr-
o of pingle op-Amp ICFL] b Ahowr o Fig-] (a) and
s cincad” aymbol 1o Ahown in Frg-1(b). -

- Offget Null —11 g ko NO Connection (Ne)

]:ImseTH.hg In]:ﬁl? — 12 7‘ B ;O—rv Supply
. = L - :
Non-muer‘c'mg Input o 13 1 6 |—o Oukput

—V gL{HJ[j o—L . N —) OHSe.l: Null
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o vy o—Hy
i ’

- Fig-1(b)-

| Ch Wten%ﬁcf; of §deal Op-Amp 5-

An ideal O]b AMP ho\/s The fol owmg charmcfww/w!
.1 OPem /{oop Vo faje ?aum_ A w\?bﬂu[ﬂ. (A= "0)

|2 9n}>wf I'L%wtmu:e IQL s mﬁ{m[i (RL oO)

| |

| }3. Owtpuf rczsusl'mca Ro-w Eem (RDE‘ o

'y Bm&wcdﬂf» i mﬁtm[i (BWN=2C). J/waejére; any
rnegLenc /JA.jTLal][‘B’DT)’l 0 & o Hz Conre be
a/m7b&ﬁea£ m/Aowf altenuadion .

‘ 15 Pexfect. bodance i€, owipwfmze'ro Lohen o
w»}:ui‘ Loltaged il ecV,Lal

‘6 c/\a/mchymhw do 1ot a&fuft wilh fem,be_mlwze

ﬁ?,' Common Mode Rejechon Ratio (CH/&R) v mﬁm&[{ |

Q Qnﬁtm&' SLw? /Qo.lﬂ-(sﬂ 00) Jf’*ﬂtﬂfwe, M’Pb\f'
Voltage Chamged 0CcUl svmultantowly  an/k
}mef voltage Changes:

ey~
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. prackice, I alove charachoniokics of opohmb Com
never b jealised . Jh prachcal op-Amp Can da made
Close & adeal vabuts an given in Tobl-I

Prw/be'rfi Tolead Prackcal Typical VaJ—M—:
openf Lob}: gm | it VCT}JWI{LZ}\. .» A?_Xlos_
Input oistamte  |infinile | High | 2M
Ouipul rdidtamee | Eevo Low . | 754
. CMRR | | inpinilz Hgh | 90 dB

| Bamdwid/h il Very High ‘EH#}

i:Ec-Lu.iwd!en’t Cowcuit of an op-Amps

- An equivalent el of an 'c;jb-ﬂ'rr\,b wi/f finil m}:u/t
‘ amd owlfwf rswtanets i shoon i Frg-2

Qmeftinj inpuk

‘ V| 6—

| 2 \'71- ©
‘Non-inverting input

The éutput voltage Uo Can b exfwfed ah Vo= A(Vs~1) ) vy
Jhoufove , [k output voltage Vo is divectly proportional 15
The difference between Uz and Uy oy lhe op<hmp aomplifies
The difference belween fwo input voltages.
M=l RS S S

N
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| _idemt o H,wye T'raumbw wae o+ OP-A-mP

The bmsic. o/> Am_ﬁ e%ahom Vo= AVi = AlVe- v) o
. J'uzoi-ihea! when lhe oulput offast voltage i asmm-ed &
_be Zevv. Jhe ideal volta e__imM)—ez’ cwrve of op-hmp
%) A/\'Dw‘h w Ftg3=3. 9t 1 elean fTom Feg-3 [hat  The
oui?uf Voltage Camnot exceed /fa positive Asturaton
\/o[-[—n.gq +Veut ( +Ve /5u7l=f'>£y of 0p- A'm/B) ond Mjm‘we Jafwz_

akon’|vo tJroje —Veur. (=ve Aupply of op- Amﬁ)

Y —

Ve

. DLJ“ vertial Ambuftef and. Common. Mode

4 Re|ec’uon Rodio (CMRR) ¢

| Jhe block mf;mm__of a @,bacal o,b_Amp i» Ahawn.

- w\,_FLa b.
"V'__)‘ .l;tsiage _—).] :;L—S’:A:a;a - B"*ﬂe","f-’t‘*-_ “ Oui-pul- out put -
|oiffevential | Duﬂeienhal ~ Aevel > d.fl.ue‘(‘hm ) ;'?V
Vo |Amplifiey— |- —Amplifiey-|- - -su}tgr - °
B F Lyt

e _ﬁ-r:t' oo /Sfo.g-eA it Cascaded differential am/baﬂea:r

e —

s e e e e e
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wl\icl; . woed b ,bfrovfde A.Lgkﬁam amd /uzg/\, mj>w+ e 1 fana

Ac‘,-l-u.wu-a s lhe buffex 1o an emj_ch-_follower.:glo’ uniwf i/m/bea(a.n.
t2 o vevy highs Hen, it provenls boading of Jhe high
3% /Sta:‘je- The Lovel A/u.'ﬂﬁt a_any:'_e [ha o{‘_c,,Uoli‘D—j%

| ol fhe OMP“f voltage 1 &em“f_av Ze'ro_im;:,wl& The emittey-

Follower cirewil in The Thind-atage ia aloo uaed & proviet
Ao outpwt rsitana. s
- Fig=5 Ahows [he intermnal cprewit of o Fh! op-Amp-

Current mirror

\1 Voltage level shifter
e e B A
7
=1 V5+

Non- [
|
| Qutput, stage
[
L6
Output
50 0% |
|
i
i
4
<
Vs—
: 1st stage differential amplifier Current mirror 2nd stage amplifier
| £ Internal circuit diagram of 741 OP-AMP Flﬂ-' 5

€\7Ae banie cirewil at e 'm})ui' Atnge of an op-hmp 1 @ cll«.'ﬁ/_

| enentisl amplifiey which amplifies lhe difference of o input-

|/“’1‘3"W‘JJb Thus tf v;and ¥y ore fh inpuﬁ a}:,bllﬁa{ t lhe

| Egve'rf-tng ard mon-inverking terminala rr_e,opec_h'we%,, [hor
The ouwtput Vo of wdesl op-Amp 1 glsenby

| Uy = Ag (V2- 1) = AdVd

!
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t0 hae Aal. v lhe 30.4”1' tUT /ZL aLL_gWTLa; f),n_gnal Y = Uy~ -
J/\ULP_fﬂTe of Y=V, lhen Upg=0. But in practical 0p- -Amp
thin o mot Jhe cone becanse lhe output debends ot only
on b differnce algnal Vg =, - vy Aut also upon lhe
avevage tevel ve= "LIYr ool Jha Common mode
Aignall- For examble , Outpui‘ wilk Vy=lOAV, U= —l0AV
amol At wih V=MV, U= 904V will be dbiffeunt
/Aouﬁ»’» lha clifferencs, Vy-v, = = 204V inbolk ke Cane.

Jhio Mpﬁew) duwe 6 Aack of /bea:feaf: uitcu,cl‘z,ymn\-&h}
Thw, mgewcai

Vo = AUy 1+ AV,
Ac UC]
= Aqua 1+ AL Uy

T
= AWy [I —+ " U
Ac
UV,
— | + C]
Afwi[ cMRR Ty

hoe Ae v The voltage gain fov lemmon mode
gu,gmai The CLommon Mode R%Ecﬁon Ratio CCMRR)
v definded )

C MRR = I Ac [
0t avves an @ figwe of mexit of a diffetential
lam\_k_,ét:fte'a’ H‘Lg'/\!)t 1w lha volua of CMRR Leler

v The perxfoymamee of lhe amblifier. Be_un.a— a
/ﬁarr_ge value CMRR s Aommelimes Q‘X?bR_QJ'JEOL m B

': CMRR(dB)= 20£og | Ad /
;IC T4l o,b Am,b has a cMRR of aLowb 90dB.
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jFl‘fg-'E Ahows /L bonie eiewikt Oﬁ_m_mHe:)’ Cou7b[£d 0!).}2(.&7[‘

ol ompliftev. Jhe fwo tranmsiotors (6 omd Qg) and . lh
Colleetoy reatotors Re ane foken b be idenkical - ﬁa&aﬂgt/
Lolk I Fromutors Should have He bame o e‘)’a_/—tbw)boint

Thws pexfect pymmetry exioly Letween fuo halves of

!”l.ﬂ. eotewiks Wih vy=v, , Te = Tea = 2 (neglecting bave
ceuils ) - Keeping Uy fexed 44 v io incvensed a larnge fra-
ckion of lhe fired cwvent i diverted inb Q. Heneo Vo

’wi,u. fau omd Voo will Hise. 50 voltage gaum_A = AV 4l

. : . A a0 ,
be,_m,egai-we ( mvg%mg) wh&/&gm %’_X{é—wi—u b'e /;o:ch‘ve

Cnorn.—.inve.?ﬁ:ﬁ)- | — . | -~
6L'm,L[aIL@, AVoi >0 ound. Z?o:a<-o . Fo‘r/bevfec[‘év Aﬁ?ﬂme{luc

AU

civewit Vosslows Gaind muot ke equal oy egpal and oppostl:
-!LDMn Lok VU amd Vg Charger 7
| AV

AVer = 4 Vo) LAY, 4 QU
°l 4av HY,= 0 AUy Ay =0
= A(Av-4Vy)

| Similarhy  AVos = A(8V2=8V1). Jhuy e cincuit amplifces
lhe differonc of wo input lgrals and oacly an ifferenfiol
M})uﬁﬁ”ﬁ : , , e o

Fig= &  Anemitter coupled differential amplifier

Scanned with CamScanner



§

| Ou,tpufc

: .E@B.lm

- e e e

“has_lhe |
The +w
huz*]
_When .
_,_of 507

m 1. } UA.e_ ahferen_ce a,m,bhftea’ ab /Mown_ (n. F cg ?

ollowing parameters: Re= 10k, Rp= 100K, Re= 10Ka
wor Paﬂmﬁ/:e‘t/_s ane. b Jollows:

(0KA, hip= 100, hpe= 0, hye=0

lhe amJ.LfveT n o,bem.iéal wilh Common - modﬂ /.)Lgm_aﬁ

MV and. wﬁea’eme m,gna,!’. of 25MV, aﬂeéezrmm.e
uolta_.je A _CMRR. )

+ _\lc_c |

. S,ana&_ign,e

, s -~ 2 2Xloxm°-'

ke diffounce Goin i

hse Re — Jooxioxin>—
m) -~~2(/ox/0 +/0)<m3)

100 XI0*I0

. Ag=

=25

The lommon-mode gain 1
hj—e Re _-loox/ox/0
Re+hiet(l+ h,te) 225 [0 X0+ 10X0°+ 2% 10] Koo x/10°

==0-0495

3

Ae=-
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& JAP.. Obdf_ht uo[fa.je v, = Ad Uél + A(LUC
= (-25)X25mV + (~0-0495) X SO mV
B = 6aF-4FE MV

B J[ﬁx.;:;\c;mnwn-mnde mjectim.‘rako.h« AB 1w

cmRR= 20k (42)=20ky (Roc)= sv0saB

1' _
' ]_PﬂOblﬁmi} hen /7; ’Uol'}oge v2:+4o/av 0w @f?/),&,ed

& Mo ron- inverting (nput fevminal amd a- voltege

Uy ==bopV w applied & /e zlnvaﬁr/-ir\? termiral of- ar
| oé_ﬂmij), ar awﬁowf‘ Vo = (00 MV Lo‘ob%Med.Bmf—
‘w, NV "f_’)}:,_: +Lf0/l4\/, onL g_bm V, = 0 gmV .

! Colewlalz  lhe voltage 3044«/3 for lhe diffexance omd M

Common- mode rwje’ckon Yatio-

Solubion : 9n e ferst cane, e differenc nignal is
V= V-, = 40— (-40) = fohV and /he Lommon - Moy
Vitbe o ~ho740 = uv

-—

2 <

iJAﬂ OwtPul Voltage 1w Vo= AqVat+Ale =
Fo lhe fevst Comae ¢
' 1ooxio” > = AdX 80XI0 T A KO

} /_')_):83\01 LC) U('..:

[0° _
A= g5 7 /250

On fhe autond Come Vd=Up-Up =40-40 =04V

_ YU tva . hotho
UC.'- 2 a?. 40/(\/
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Jhe ch‘Ffd' votage ]tor./l/wwa CMLQ
....3 —_
0-4 X10 "= Ay x0 + A X LoX/0 6
AL - o-lfx/o3

c - Lo
The CMRR =/ A—"L} = 250 g5

Acl = T1o T~

{0
In AR 20[03/2/5 = L] 94 AB.
‘ . (0}

= /0

\ Problem 3] The CMRR of & ciffezential Lifcer woin
of-;w; o 100dB. ke oﬂ;w vollage far ZMiﬂan}
lm.}awi' %OO/W w 2V. Deltermine /la Common-muoce olinge

g

Soliibion: CMRR = R0 log /Qﬁ/
' : 10 ¢

_ RV 2x106 4

Aq = Zopv T - = 10 e
| N
by [Ad | = 120 -
| 3,0 A 220 .
| A 10 ey
| . .A_.- = /05 .Ac z 24 ITD_'E:TE".D'}
A, (05

%C = o-l’

|
i . it o
|

Scanned with CamScanner



]|

1. Inverting Amplifier using 0p-Amp &

The basic invertin lifter ubng 0p-Amb 12 Ahowr
i Fig=). Since Jkp_gm miétmjoj/—;mn;i_—_ﬁmﬁ 10
nfindle, pracheally no ewwnent enterc into [he op-Amp:
Thvufore, coment { Jhvough R s also fhe cowveent
[hvough R, . -

-

— 1

Fig-1.

' V-V _ v-1Y,
, i= % =g W
Now Ainee /he open- Loop 70{% %:bc,fwaﬁni&f Vp , U
ruint be 2evo i€ Jh point G o vivhued ground point - The
:})ofE’m/'L'a,@ of & w 7ew but G v not diveetly Groectid
& actuad ground point. From (1) we get

Vi-0 . 00—V
| Ry Ry o
: 4o Iha wgé_,{ioof{, vol{ajegm of invewkrﬁm/blfﬁey
|

;=

)

1A
_ VYo . R

Ay = 1_9—5'_'_7?% ——_——e .- ®

The negakive g indicakor Rat e output v 180° out of

; P/\MLP. vAlh [he EILPWE' Jhe goum depends e /h votus of Ro_

ard Ry ond 1) imdipendent of Op-pmp porometers.
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1.1 S}cale Changer s

9m F:ig-l_ Lh Ry omd Ry v o accu'm,febj Krown
Herintovs Then He output

- _ R . — : . .
Vo = EZ.UL =—KVY; - (101)

O hate K = RQ/R: e comatoot. Thw e citewit multi-
plies ike input by =K, Called 7k Acale factor. Jhus [he
o cwtewll of Fig=1 Cam act ap @ Acole Changer

12 Phose Shifters
S N
In Fig-1 £h Riand Ry ane neplaced by impedances Z,
ard Zy - Then os Lefore |

} 9}2; MA#ZQ_;__J; -—P@Kemisbmveew magnitude but

Aifforent _phave [ken we Com wonil —
T /'?Z'/?J“@L‘__ i(mee,-61)
- € R ;':;’([%3)’ :

Vi ]z)elb

| Where 8, amd B3 m_m}a_e_cﬁmebj_l_h—z , &Am eqﬁéfé@of 7

| ond Zy - Thuns The op-Amp cam Shft Jhe phave of input
Voltoge 1i 65‘ lhe amgle (TT+ 82-81) which cam howve

amy value from. 0° fy 360° S0 fhe edneuilt wavng 0p-Anp
% ?mTe_ae W];  fhane- Ahiflon. cinewik: 7

FANLIY S

Canjys
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, 1 &.__Ndn_— 'Lm:ieﬂ:i,ng AmbLL{Lerwsmcj op/:)mp

|
|

The banic cirewdk of non- inverting oomplifiey using op-in
0 _AShown tn Fig-2. The input pignal Vi s applied at

| The _mon-inverting texminal. Mow ip U 0 /A potential

ot [k faoinf A Then 1h diffenential input (Vi-v). bo
the owput U, = A(V;=V). Sinee A (open-Loop gain} = o€

fox_a finile U, we must have U = U;. Sines Jhe input
imbedamee of the Op-Amp 1o impinili prachieally no

) cuwvtent enters into /he O/b-_/}m/b- 50 odmost Lame curt~

nent posses lhaough Ry and Ky. Ry o fhe feeclback
revistay. Thns :

<« {

Raq _ R,
-~ Yot UL _ p_;}_ o Yo o |+ R
> Ei — R, —’> Vi R

| !UAW) close- ﬁ_oo/b UOZiag-ejauLn L)

= Ve g Re | L0 L
Av= o = 1+ 2 - (2-1)
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2.1 LlJmt_x;Gcax.n Buffers .

- The c-;ﬂose—lnb/b volfa.\.je"jai/rv o]C a_'nov’\—iﬂve'rh'ng , I ]
amplifier wring op-Amp 1

Vo RZ. ‘ |
Ay = — = R e ¢ T |
VS oy T, - (1)

It » found [hat %ii Ahecomes t,uu'./y’ Lf We Cehoose
R = a.noﬂ/of Re=0.The a/mpﬁf'fer (Fia-ﬂ-/)
ach ab o woltage follower ov unity gain follower

621 M\i@ 3azlm buﬁer-

Fig-2.1

3. Adder or Summing Am‘bliﬁer ubin3 o!b.gAm}, o

U|0—-’\/5\'MAP——?.L—I—- —L—AN}\Q/:\)/LV_
Uy © "\'\z?’" L:Ll
'l.‘)z'e———/\l\(\!\/\f\'h > & —
_— = = —=- ——o ),
= - - —+
—r = = s - rrrr
!'\-911_ R, '-'n.‘ Fia"?’

| .
Jhe addey ov gumming amplifier eincuil upin
Op-Amp i Ahowr in Fig-3. Sinee e pointG

WSﬁcann'edkwith CamScanner
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0w a Vt‘ﬁtm 97ou/ML pomiamala(.ukl? m[ruu[a Vn7bbvf‘
t/m-}?'edamm of lk Of-Amp 7o cwirent passes inks fha
| Op-Amp. Than we cam a/a,bty KeL ak Gc we 32(*

L = 1.. + L:)_'f‘ [.3 + - -+ 1-7\.
—'> __O. - I vﬁ_ U3 vn
’ Rf R R9_+ R, + ¢ R;
o RE Ry &y s
= Vo -——(ﬁ"vr 7, V2t —é;”; '*?‘nv”‘)
3F R, =Ry=Ryz=-- =Rn Jhen
U.o - 22-7( (U;+U9_+ 1)3 - ’”:‘ - +UTL)
l

Rf/R, o The jm of Hs Aumm{_ng Mh&ﬁe’r 9F
Rf =
" Uo:—CU/+UL+U3+""+U9*)"E'"""'" -1

4. Differentiol Amplifiey urlng op-Amp :

The cineuwlk dingyam of a differanbial M]DLLﬁW Wing Op-Ar
10 Ahown mn th -4.

—o U,
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| .Ul WM{ Up_ e /Ae LTLPHZ'}' ai' /Az aneﬁmg and TL0N- tnvez’hn}
JgemwnaJA ft,w/beChve% binee ke op em-.{ooﬁgazww omd
- W}JML Lmlb.f_a(amce e O/b—}]'m}) oJte LnﬁmMé ; N0
- Cwuent enters mﬁa o 0/5 A?n,b kafwe

ond. Ug - Yy Uy -0

e,

Vit Va | VaU.

- T = S — 2 )
| Er Ry %

| é/w(_h__x_.!__ | -Va ‘_;‘V}_;qr__ R _([1,,.4)
e h | Elg,,b, ,,,,5,2__ | .
= 5w{;1"’mch7\3 &4-3) from (4- ‘-r) weget N
B o — . o
. _=___U -9 __J__ — . B —
R — _

IRz R2 Ten from Q,W,cm (4:5) e gat
Sy (U‘LM ) - - - -=(4-¢)
Thws /A,.cm;z? ac.lo M quéhac%ar

e ———————
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5. 3ﬁtégratovCUicu¢ Ubing Op-Amp ¢

":f}u. civewll diagmm o f inlggroator woing o/a-/}fmp.w Ahovn
i Fig- 6. Jhe point G s [he virtual ground point and

I
VU,

6o

+

T

°y__

Ri

‘ '
e
‘- O '.

|

| | 77 |
I — | Fig-5 -

| The cwuent ﬂowl‘.ng fhxough Ry v given by
Vi-0 _ v

—— D e e et =2 (5
3 z )

TJhe dnpul impedance of o op-hmp is infinils, /o ewvient
| fbms, lhvough lhe feedback Ca:f:a,a%*rc L /5700(1,{& lha out-
| ow: Ua[fa_ge v, ‘

The woltage abe,velo/)eo[ ALYDSS ¢ W

1 =

U = & [ = g Juidt Lwing o]

O YO T
Vo = cR',le_df"L‘ | %)

1 — =
‘ﬂz eguadion (§:2) Shows hat Iha outpul Loltoge o [
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5.1

C@MM'[' % ( I/C.Q])

__77*‘

- amd /4(9. /b'm;ﬁorhona&[y

IM-2 omd Cc= IMF /A.en——::l andl
—fv,;oLt_--

PfcacﬁCaJ. ﬂnfeiwﬁ/b% CLreu.iI 2

l

= = e

{53 ).

The bcwtc LTLZEjTai’OT mcM(th -5) how N clrawback

That /Smc,e [h2 Cafmu%ox 1 am albem (;uccu,d‘fozr

A-C,

lhe v ’c voltage gawn of He op-Amp cirewit v infiulz.

S0

O)b A'm outp

d- e voltage at Iha: Ln7b
wht To Latwtokion (F Veat). 760 remove

wk would dnive Jhs

Thin P'robl_am a ruiotanee Ry in Comneetiol Eaumud 7y
¢ which dimily /he o- e voltag

Fov /b’ropefr ffaerahml of A mﬁjra}?
tw v fhe amgulot frw_q)wnag of A tnput signaly;.
Thws [k frequency of operokon fo /57 v (nlgrakon

ts horte

= w/mT‘ muot be langer fham lhe Cuk-0
In Ihis /.:,L%uo—:Lmh we Choose f ) (0f, fov

JCC -QH'CRQ'

ain. Of lhe ampaﬁer
CUT,CM 22 Vol v CUCZ_

f/m?;wncgf

mﬁjm}m ojf Vi .Jhe /bmc/—mau( Lnflgm%w cL'rcu_d,‘w Ahown

Im th

s
|
|
|

T

{
203

5 - — LAW—

LR

R

res === I R

-1 R 1: L——it;
Vi e—"Wv B
Z +

id__ R,RQ_

Fia- 5-]

_O'TUO
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' Coreut Analysis:

From fhe Fg-5-1Y) Z,I:R, ond

LI | +jweR
= — 4+ |we = 2
Z,” Ry Ry
Ro
— ZQ‘ 1+JCOCR9_

The céose—,too,b vo o ge 3am of /A;L cocud of Frg-51
% ?Ll}en b‘j

A\/f"-z—z = RZ/R'
2" C1+JWCR2)
NOw R?-/;z,
[Av] =
\l I+ W CLRQ_
Jhe  Varttetton of /Av] wilk w ,_m Ahown in Frg— 5-2
AV /k;./ ?:&\ '
Ry |- >
NZ : —
— i > w
> “e  Fig-52
At w=w |Av] = Rz/ﬁ‘ e
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12 . Solution of simultaneous linear algebraic equations *

Let us consider the solution of the following two simultaneous equations

G]$+b1y = Cl 0 a et e (’2-')
GT+by =ep «. . .00 (12.2)

where ay, by, ¢, ag, by and €2 are constants. Solving for the variables z and y we get

a b
r= — — = m moa s e ses |2'3
=y (12:3)
:9_2 me = e w wuw |2"'!
Y e TRt (124)
These equations can be implemented by using the circuit of Fig. 12.
: R
MWW
-2 o AMA—
a, : R _ b
- 4.5
y —VWWA— o
Rz
X b— AAAA—
02 F|'4 _ Rﬁ
-5 O—AMA— —o K.2
Ry + y Ay b
I1
777

Fig. 12 .  Solution of algebraic equations

where OP AMPs have been used as adder. Suppose, at first, that —cy/ay and y are
available as voltages. Then Eq, (/2.3 ) indicates that x can be obtained as the
output of a summing amplifier I where R;/R; = bj/a;. Now Eq. (124 ) indicates
that y can be obtained as the ocutput of another summing amplifier IT where we assume
that —cy /by is available as a voltage and R3 /Ry = az/b2. Once the system is assembled
the solutions are immediately obtained in terms of voltages at the output of the two
adders. In practical circuits, high resolution potentiometers are used to obtain accurate
resistance ratios and input voltages.

Eraa I B
MLy Lapesy
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E 3. Solution of differential equation -

Let us consider the solution of the following second order differential equation ;
d%y dv '
— 4 p¥ - e T
a2 g tv=u (13+1)
whgrc P and @ are real positive constants an v1 is a given function of time ¢.
For convenience, let us rewrite Eq. (#4341) ) as

- d?v. dv :
e e e L
To start with let us assume that %25-} is available in the form of a voltage.
i 5 | 2 s |
. , "] e R
d . — +
d_lz‘{ R };_ dv - _“’-_i‘ AN

ntegrator-1i

Integrator-1

. ' > - R B i - —
. T | ‘Y‘!r‘_r‘- 1=\ —"/—‘\zsh— ~ -p g;—’— Qv+ v
. +
- ! P N
R -_—

—AAA— -
= vy o—)o-—W\A_
A
S R Adder—1 ==P

Fig." (3. . Analog computer to solve, the differential Eq. ('13.] )

Then at the output of the integrator I in Fig. 3. , & voltage proportional to —%}’
is obtained. A second integrator II gives.a voltage proportional to v. _
If the time constants RC of the integrators are chosen as 1s then the output of the
integrator I is exactly —%—'g and that of the integrator II is v. g
Now an adder can be constructed whose output will give an output voltage
__P% — Qu+ .
= The output of the integrator I'is applied to the input of an adder I. The given =
function vy, in the form of a voltage, is also applied to the adder I via a switch S3. The
output of the adder I is thus P% — v; where P = R—’E The output of the adder T and
the integrator Il are applied to the input of the adder II. The output of adder II thus

becomes - '

—P%— +vp = Qu

where Q = R/R,.

e e e e e e e e . e e et e e e e e e e | — — SN
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According to Eq. ( 13.2. ), this output equals %—}’ which is the voltage that was
assumed to be available at the input terminals. So to complete the analog computer
the output of the adder II is connected to the input of the integrator I.

- , The specified initial conditions i.e., the values of % and v at t = 0 can be inserted
into the computer by applying proper d.c. voltages V; and V; across the capacitors of
the integrators I and II

The solution of the differential Eq. (' |3+]" ) can now be obtained at the output
of the integrator II with the switches S} and S; opened and S; closed simultaneously
by means of a relay at time ¢ = 0. The solution may be observed with the help of a
cathode-ray oscilloscope (CRO) or may be recorded by means of a recorder.

Here it is important to point but that the above analog computer can be constructed

S : by using differentiators instead of integrators. But integrators are always preferred over
differentiators due to the following reasons :

(i) The gain of a differentiator increases with frequency whereas the gain of an
integrator decreases with frequency.  So it is easier to stabilize an integrator
than a differentiator against high frequency spurious signals.

(ii) Because of limited bandwidth, an integrator is less sensitive to noise voltages
! than a differentiator.

(iif) For a rapidly changing input waveform a differentiator is more likely to be
overloaded.

|

1

, (iv) It is more convenient to insert initial conditions in an integrator.
| :

|

Preoblem ¢ Compuli The voltage gain for /he a/m,bU.ﬁET Ahown

n Fig=6. Find lhe output voltage U, if Mo input voltage

| Vi = 0-5 Sintoort = 0-5Sin(2m50t).
50 KL

K | ) +12V

UiO JWW\r 2

Fig-6.

| 50LLL52(Q[1:
: T UOlfa-Jf 3a,m Of i,nveﬂ;inj amPLLficr(Fia-é) %)
_ vk _— 5o
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/.?mw. ke /Su.)b}nbau
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-3
Z 159X 10 e,
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|

1o
|

Vo = —&S SiniooMt Volt when olt < t,

= — )2 Volt then

tot < (0-01-t.)

= —25%in 1001t when 0.0/-to &t L 0-01+ to

ZHI2V When 0.01+14, < 0-02- o e

= +25 5::_}:,{007;‘ Volt whan 0-02-t5< £< of-osze;. ‘

-1V

F‘La-él

The vwalwn Vo wL/Lf ovey & fu.u. Catflﬂ L ARown in ch -6

|

|
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