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For each of the circuits below, using op amps (not comparators) compute the voltages
and currents indicated by letters. Show your work.

» Since Wk GSSUMe an ideal op amp -no  culrent flows from @ to e rcg. So

Op Amp Problems

(€)) . : 52
45y thevoltage at @ © & simple voltage divider: v = 5'—;%:—‘::11/.
9K o Do idea) op amp in this configuration —would cauge Ver=Vey so Ve=Va=1,
o3 Ve know that d flows fiom © 'u’“msff‘ ® to gfound - co
@ T €) PRE@ b L (Vo-0)=d Ak = A= dmg

;U{J(A * Looking @ the Aw: Ve-Vb= &Rk =y = e

AK @ Ve = 1y +4ma-Qx
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sHete we cbact flom @ xnown voltages: Vas=\ey= Vb= o  and Va=e.2,

becausz gF -b\‘{ =>=ner dEOdQ'
(@) *Now wt xrow ¥he voltuge disp sver the Lok : Va-Vb = f- 4o,
; QAy-Oy = £. = f=
- . 432y-Oy = £. 10y -F- V1AMl
» We @0 Knouw dhe ol diop over thg
lw ¢ i
it tage w C(left ong)
Sv-dav™ &l => d=2.8np
°* We wrow: G=e+L => @=3063mp
e Sinte ne cufreat Flows inte +he
&> rmingl
Lhen %z_f = 0.13mA b
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o%\; Hﬂowiﬂcj Vb, ? - We (Cun -Cir\d Ve (Vu\tagj L—l{gr over the OV
Vo-Ve = § 30 = V¢ = Vb= 330k = 0— 042ma 20w = -4,
e Tofind | . boov ok e l‘fbht 1y eSictor Ve-q= | (L

. % —a.4q = _— 1
°* We Know: %...h = <o h'=_ I_S - (‘Q-ng;—-oil“;ﬂf::; _ ;D:; QA mp
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+_5\( q LA~ nd V-j,, il Vi= By ey O- Ay
— 3 . 5. Al
va N Ciw\w\a, Va= v “—L‘%‘z 0.1y
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‘D . Beowse Of the bouffer: Va<=Va= 0.3+
Vb=Va= p.av
’ vF)-‘-’-Vﬁ')-"-‘VL';Oy

e Flom Yovtage diops over £ve resistors thmng}%
YaVe = € 4x = e =0.3mp
Vo-ve = §tv B 4= oame
* g=e+f= 02mp
. Vo\-*c,aaz AMopoVeeC 40y - Ve-vd =930k
O0-Vd = 0.3 mp 10y
VA= —i5,,




(4) Calculate voltages and currents with switch in each position.
o Flom voltag divider (Sioe no cutreat flavs to the @) «rminel ) :

+5v Va"_ 5—‘,-—,%_? ':’a.v‘

E = ¥ = v = a
8 V- —= Vb a d\f o with Switch @ 4: cufrest d {IOUI {ho»:sl\

— P o¥er +he v ,{:Houd\-\@ 'togm.wd.
© So Hlom voltuge diop over .

Th= VO _qv .,
Yy Oy 0 %ma
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Now ~flom voltage diop over +he ok :
V(""Vb = d AK
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LSV *You (can use ¢ Simple vo\eage Avider e to

€ind Va—evendspcvirent Spits there. esneesadang
Uo K Notice +hat A Flows +o wie @ terminal -so

H—OK @ A=0 mA.
= Ru' 40
® A
° Ych =\Ve = Vb=Va = 4+
JOK

€ve = Ve one d=0mn)

30K

o Somt Cufmat Flong -t\mlwa the UK £ 30k (F\O’ch;’la £ lowg
Nto the & werminal) -Go Fiom Yoy vR wnow:
Bv —=Vb = I Joy
Bv=4y =2 M« from 20K+

T= %: 0.1mp = Vo—Vc = T-301
Ve= Vp-1-30x =4,-0.4m3 30k =-Ayp

(6) An op amp actually has two separate gains, one for each of the inputs. In a perfect op
amp A;=A;. Find the Common Mode Rejection Ratio (CMRR) for a real op amp in
which A;=600,000 and A,=600,100. Express your answer in dB.
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answers: (1) a=1V, b=1V, ¢=3V, d=1mA; (2) a=1.2V, b=0V, -2.4V, d=3.8mA,
e=3.68mA, f=0.12mA, g=0.12mA, h=-2.52mA, i=-2.4mA; (3) a=0.2V, b=0.1V, c=0V,
d=-3V, e=0.2mA, f=0.1mA, g=0.3mA; (4) a=2V, b=2V, ¢=(3V or 2.5V), d=0.5mA; (5)
a=1V, b=1V, c=-2V, d=0mA; (6) 76 dB (voltage ratio=6000.5).



