INEL5207 - Spring 2013 - Problem set 1 - Solutions
Each problem counts for 3 points of the first partial exam

1. Show that ipyr = Aig — UL, where A = ——and Ro = %RS, for the following
circuit.
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ANSWER: Observe that v, = v; = v_. Thus ig, = ”L flowing towards ground and

ig, = ts — 7=. The op amp output voltage is vp = UL — Roig, = v + —UL — Raig.
Since no current flows into the op amp input, i, =11 = % = RQZ + R_lR_SUL

2. Show that Rpqg = % = —%R for the following circuit.
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ANSWER: Since v, = v, the op amp’s output voltage is vp = (1 + %) v=uv—1R.
Solving for ¢ 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 vp/v; = 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 vp; and vpe denote OA; and O As’s output voltages, respectively. Ob-
serve that vo; = <1 + %) v; = AR and vpy = —A?Rvi = —AR. Thus, vp = 2Av;.

Since each op amp output can swing 13V, the vp can be up to 26Vpeqk, or 52Vpeak—peak-

. (a) Show that the floating-load V-I converter shown below yields ip = v;/(R;i/k),
k =14 Ry/R3, (b) Specify standard 5 % resistances for a sensitivity (gain) of 1mA/V
and R; = 1MS), where R; is the resistance seen by the input source.
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(b) R; = Ry; Ry = 1MQ. The sensitivity is 124 = £so R = 1kQ = fﬁ@so % =

R
999 ~ 1k0. You can select Ry — 1M and Rs — 1k ’

. (a) For the circuit shown below, given that ioc = av; — (1/Ro)vr, v = ve — vy,
find expressions for A and Rp, as well as the condition among resistances that yields

RoZOO.



ANSWER: Let vp; and vps be OA; and O As’s output voltages. Observe that vo, = vo,

- 1 1
and that v =V, =V — 2O R = v V0.
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makes Rp = oo and the gain @ = —2— = _fz_

In summary, selecting va—v1  RiRs"
5

6. The following sketch shows a variable-gain, dual-op amp instrumentation amplifier.
ShowthatA:”—Ozl—l—g—f—l—%.
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ANSWER: By superposition
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which is the desired relationship.

7. For the circuit shown below, a power supply of £15V" is used. The opamp utilizes a bias
current /o = 50mA and exhibits a short-circuit current /5, = 20mA but can otherwise
be considered ideal. If ig = 1mA, Ry = 10k2 and R, = R; = 1k€), determine the
following quantities:

a) output voltage vo,
ANSWER: vp = —igRy = —1mA x 10k = —10V
b) opamp output current and direction,

ANSWER: A current of 10V/1kQ) = 10mA flows upward through R. The opamp
output current is ig + i, = 11mA flowing into the opamp.



c¢) power dissipated by the opamp,
ANSWER: Since ig = I, the opamp won’t limit the current. Thus

Popamp = Lo X 30V +(=10V — (—=15V))ip = 50mAx 30V +11mA x5V = 1555mW

d) power dissipated by the whole circuit.

Piotat = Popamp + 13 Rp, + 1% Ry = 1555mW + 110mW = 1660mW

. Assuming the opamp of the following circuit has an open-loop gain a = 3000V/V,
rq = o0 and r, = 0, find the voltage gain A, = f}—‘s’ for the following circuit.
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ANSWER: Let v4 be the voltage ate the node common to the 3k, 12k and 36k resistors.
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. For the circuit shown in problem 8, determine the loop gain 7" using the same para-
meters for the opamp. Show that the result is consistent with the feedback formula
Ay = Aidealﬁ'



ANSWER:
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10. For the following circuit,
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let both v; and vs be connected to ground and consider only the effect of each tran-
sistor’s bias current Ig. Assume that current Iz flows into the + and - inputs of each
opamp and that the opamps are matched (i.e. identical).

a) Find the relationship between the resistance values that causes the cancelation of
the error due to the bias current. Consider only the resistors shown in the above

figure.
ANSWER:
The circuit looks as follows:
Rl R2 R3 R4

I l
o> e
OAl

lg

S0 voa1 = ipRy and ip, = %IB. If i, = Ip, then no current flows through R,
and voyr = 0. So the relationship that we are seeking is

b) Determine the worse-case error due to the offset voltage | Vog |< ImV if Ry, R,
R3 and R, are chosen so that: (i) the overall voltage gain is 25V /V; (ii) the input
is vy and (iii) no resistor is less than 1k€2; and (iv) the relationship found in part
(a) is satisfied.



ANSWER:
To have an overall gain of 25V/V, select Ry = 1k, Ry = R3 = 5kQ and Ry =
25k().

The first stage Vpg will be amplified by a factor 6 x 5 = 30. The gain for the
second stage Vpg is 6. To obtain the worse-case error, neglect signs and add the
two contributions. Thus

Eo = 36mV




