INEL 5207 - Solutions to Practice Problem Set 2 - Exam 1

1. Show that ipyr = Aig — %UL, where A = —g—fand Ro = —g—;RS, for the following circuit.
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ANSWER: Observe that v, = vy =v_. Thus ig, = }%—LS flowing towards ground, and ig, = ig — E—LS.
The op amp output voltage is vo = vy, — Raigr, = v + %UL — Ryig. Since no current flows into the

. . . — Ro - Ry 1
op amp input, ig, =i = % = —Rls + UL

2. Show that Rpq = 7 = —%R for the following circuit.

ANSWER: Since vy = v, the op amp’s output voltage is vo = (1 + g—f) v = v —iR. Solving for 7
yield the desired expression.

3. The circuit in the figure below, a bridge amplifier, allows one to double the linear output range as
compared with a single op amp. (a) Show that if the resistances are in the ratios shown, then vo /vy =
2A. (b) If the individual op amps saturate at 13V, what is the maximum peak-to-peak output voltage
that the circuit can provide without distortion?
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ANSWER: Let vo1 and vos denote OA; and OAs’s output voltages, respectively. Observe that
Vo1 = (1 + %) v; = Av; and vos = —%vi = —Av;. Thus, vo = 2Av;. Since each op amp
output can swing +13V, the vo can be up to 26V,cak, or 52Vpcak—peak-

4. (a) Show that the floating-load V-I converter shown below yields io = vr/(R1/k), k = 1+ Ra/R3, (b)

Specify standard 5% resistances for a sensitivity (gain) of 1mA/V and R; = 1MQ, where R; is the
resistance seen by the input source.
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(a) 2o = 1Ry —11R3 = 1Ry — 1Ry — 131 + (R_fvi) RLS - %’ R= 1+%.
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(b) R; = Ry; Ry = 1MQ. The sensitivity is 1m7A = £so
can select Ry = 1M and R3 = 1k€).

kQ = M2, % =999 ~ 1k€2. You
1+ 72 3

5. (a) For the circuit shown below, given that io = av; — (1/Ro)vr, vr = va — v1, find expressions for A
and Rp, as well as the condition among resistances that yields Rp = oo.
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ANSWER: Let vp1 and vpo be OA1 and OA2 s output voltages. Observe that vps = vo, and that
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U+o0a; = Upl = V2~ R TR, Ry = U2 + RQ vO-
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For OA1, vo1 = (1 + %) Up1 — g—‘;vl Up1 + (vpl — 7). Since no current flows into OAs,
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Using (1 + R—3)vp1 = @vg + " ﬁf vo, we get
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Thus if 712+ =1, Ro_ 1:_ .11—0—00,and
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In summary, selecting g—;‘ = g—f makes Rp = oo and the gain a = U;fvl = R?f%s'

. The following sketch shows a variable-gain, dual-op amp instrumentation amplifier. Show that A =
=1+ 24 20
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ANSWER: By superposition
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vo = _%U - %Ul + (1 + Rjr31> (2
This can be re-written as
vo = _%vl — ﬁvl + %1}2 — %vl + vy + WTRAW
= (1+§—?+%}22) (v2 — 1)

which is the desired relationship.
7. A single op amp transducer bridge amplifier is shown below. Show that
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ANSWER: KCL at the input nodes yield
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Using v, = v,, and rearranging
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which is the desired relationship.



