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a) The above circuit operates in linear mode. Derive a symbolic expression for v,.
The expression must contain not more than the parameters is1, is2, R1, R2, R3, R4,
Rs5, and Rg.
b) Assuming R| = R4, R» = R5, and R3 = Rg derive a symbolic expression for v, in

terms of common mode and differential input voltages:

= (is2 + isl)

cm 5 and

ldm =152 ~ 151
The expression must contain not more than the parameters icm, idm, K1, R2, and

R3. Write the expression as i¢y, times a term plus igy times a term.

solhs q) First, we 4ind +the veltage, Vp, at the

+input of the op-amp. The circuit For
~:Fi,noli.n3 Vo may be drawn a5 shown belew.
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Using the L-divider formula;, ye
find the carrent -Howlng —!:hrou.gh
Ry and R¢. We maltiply this
enrrent by R¢ to get Vp:

Vp = tsz _Ra . Re
RI*'PRs'fR‘,

Sedond, we set +he voltage, v,, at the
--‘u\Pu-\; of the op~amp evual. to Vp-

V’}, > VP = 1:32 Psq- Re -
R‘,-f-Rg'f‘R(,,

Thira\, wWe £ipd an expression for the
durrent i'le-H: flowing tomard the

~ wnput of the op-amp from the (eft.
Thes current s the carrent (n Ry
measared with the arrow Poin—(:in

‘o the rzjnt.) We alse make sare +that

we Wnse Vh th the w.xrreasion Sor C(Qﬁ.

*L5| 't'_V_L + Vv, ~Vh =O0A

R, Ra
or
Vt(—‘—— L y=iatVn
R, Ry Rz
or
v, =<u5‘ + Vn ) R\ Rz
Rz
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Note: We conld sbtawn the same
result by converting iy, and R,
into @4 Thevenin cguivaleat with
le‘hﬂﬁe l‘os‘ R, qnal rescstanée R‘.
The current (s +then obtained
directly as the above formula.

Note: We could also obtain the same
resalt by treating v, as a source
voltage and usinj superposition

of Sources (g and Vo- We would
ok tarn Ll%l.—. LSI_‘E_', (c-divider)
RitR. _
¥ lpegrz= ~va_ (iin Re)
R\TRQ

Fourth, we Find an expression for -the
current, Lrigh{:: flowing to the right in Ra.

We make sure we wuse v, and v, in
this expression.

tright = VYn — Vo
R3



b)

F‘I—f-'bh, we efuqfe "*leﬂ- and irigh'b

and solve For v,.

i(g& = Lot Ry~ Vn = Va-vo = Lr,:y,.{:

R+ R Rz
or
Vo 2‘(:‘51 R\‘Vn)__@_':"__ + Vn
R,+ R=2
or
Vo = Vp Rj+R2 + V¥, Ry —i5 RRs
R,+Ra RtRz R, +R,
or ,
Vo = Vp Ry *Rp+R3 —ig, R,Rj
Rl*Rz Rl""RZ

(wkere. Vn formula s given Rar(ier)

R,+ Rz +R3
apA Vo = tsza R Rz -5, R,R3

or
Vo = (I:Sz"LSl) R, Rz
R, t Ra
Note +that we obtain the above
before we even begin sulos*l:«‘tqtiny
‘;Ol' de and l:dmv

Siﬁce Cdu = (:32. -~ l:s, ) wWe have

R, + R



