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The op-amp operates in the linear mode. Using an appropriate model of the op-amp,
derive an expression for v, in terms of not more than vg, vy, R, R2, and R3.

soln:

usLmj Kirehhoff's and Ohm's Lmus, we start
by \.qloel.i.hﬂ the direc¢tions of voltage and
current measurements. One Foss:’.bi(i
for +the (qlocL"m3 ts shown below. We also

replace the op-amp with a voltage source U,.




Now we write e¢b'ns For 'Ir-[oop and i—suus,
qulr\3 sure we have a v-loop that passes
‘l:hﬁoujh the OV drop that we assume exists
across the inpwl:s of the op-amp.

V- loop on left: +( R, +0V -(,R,-vg, = OV
‘U‘—LooP Lower middle- +VUg, + Lsz“ ‘:3R3 = OV
vU-loop outside: * LR, — Vg — v, = oV

The en L)« node not connected +o another
nede by onl)« a uvU-seurce s at -+he
+ infu'(: of the op-amp.

Lz=—1L3

Now we solve +the egns to find an expres-
sion for vy

Subgtitute for L3 W 2nd 1= loop.
Vg, + L, Ry + (L, Ry =0V

We can solve for (.

tz (Ry+ R3) = ~ Uy,
or
R.t Ra

Now we <an use ¢, to find (, from the
Ist U (oop.

(',‘ R' + oV -— — Vg2 R‘L—VS‘L = 0V
R24 Rq
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R‘ R’Z* R'a \ R2+R3
or
L, = Vsz Ra

usi.n3 this value for (,, <*he outer v'—(ooP
yields an e—xPressi.on for Ug,.

T, = Ry =T = Ug, Ra - vy
R2+R3

An alternative approach is 1o use the

Node-Vv method. We assume a OV Arop

across the op-amp tnputs, and we start

by -Fc.'ndiny node voltage .
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We have v-divider consisting of vy, R,, and
Ra.
'U'P = 17$7_ R3
R2% Ry

The vy nede has the same voltaqe as vp.



We would norma(.(y Now uUuse an L-sum at

the node, but we see that v, differs
‘g:rom v-h b)/ 'U‘S|.

Vo = Un— V31
or

Up = U_P — Tg)
or



