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P 5.1 [a] The five terminals of the op amp are identified as follows:

) . positive
inverting power supply
input

- output

non-inverting negative
input power supply

[b] The input resistance of an ideal op amp is infinite, which constrains the
value of the input currents to 0. Thus, 7,, = 0 A.

[c] The open-loop voltage gain of an ideal op amp is infinite, which constrains
the difference between the voltage at the two input terminals to 0. Thus,
(vp —vn) = 0.

[d] Write a node voltage equation at vy:
Un + 3 Un —Uo
5000 15,000

But v, = 0 and v, = v, = 0. Thus,
3 Vo

_ —0 so v,=9V
5000 _ 15.000 50 Y
= -3
P56 [a] ir= % = T5uA
vy = —40 x 10%, = —3V
Uy U1 Ul — U
(bl 35000 + 70.000 * Fo.000 — °

vo =4.Thv; = —14.25 V
[c] iy = T5pA, (from part [a])
[d] i,

—Vo Uy — -
25.000 © 50.000 K

1 ofb 10/03/2012 03:34 PM



ECE221 Fall'l12 PS 6 Solution

P 59 [a] Replace the combination of v,, 1.6k2, and the 6.4k resistors with its

Thévenin equivalent.

Ay ' L J M
1.6k 1.28k0
0.25v(2) B 4 k02 — 02v(C)
v v
—[12 + &50]
Th , = ———(0.20
ot Tos )
At saturation v, = -5 V; therefore
12 4+ 50
( — )( 9)=—5 or o=04

Thus for 0 < ¢ < 0.40 the operational amplifier will not saturate.

—(12+ 136
(b] When o=0272, w,= — 2136 00— 4 v
1.28
'vo ‘vo
Also 2 o =0
® T0tme !
Vg Vo 4

_ 4
Zo_—ﬁ—%—6—1—0+mm—55625#A
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P 5.13 We want the following expression for the output voltage:
v, = —(3v, + vy + v, + 2uy)

This is an inverting summing amplifier, so each input voltage is amplified by a
gain that is the ratio of the feedback resistance to the resistance in the
forward path for the input voltage. Pick a feedback resistor with divisors of 3,
5,4, and 2 — say 60k<2:

60k N 60k N 60k n 60k
Ra Va Rb Ub Rc Ve Rd vd

vo=—

Solve for each input resistance value to yield the desired gain:
R, =60,000/3 =20kQ R, =60,000/4 =15k

Ry, = 60,000/5 = 12k  Ryq = 60,000/2 = 30k

Now create the 5 resistor values needed from the realistic resistor values in
Appendix H. Note that R, = 12k and R. = 15k are already values from
Appendix H. Create Ry = 60k by combining 27k and 33k in series.
Create R, = 20k(2 by combining two 10k(2 resistors in series. Create

R4 = 30k by combining 18k(2 and 12k in series. Of course there are many
other acceptable possibilities. The final circuit is shown here:

va ._NM—W‘ .lﬂ' II'I‘Iv
10k€2 10k D2 2TK0 330
V, @
k 12k00 Ve
Vc [ 2 V- -
15K - e
Vd r— AN
12k 18KQ "
iy o
oo

P 5.16 [a] The circuit shown is a non-inverting amplifier.

[b] We assume the op amp to be ideal, so v, = v, = 3 V. Write a KCL
equation at vy,:

3 N 3—v, 0
40,000 © 80,000
Solving,

v, =9 V.
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v Ry
P527 v, — —
7 v T v
Un — Vs Un — Vo
w0 TR 0
Ry va s
o (4700 u 1) Tam0
( Ry ) Ry R
+1 Up — Vs = Up
4700 R, + Ry, 4700
R

700 10; Ry = 4TkQ (a value from Appendix H)

Ry + Ry = 220kQ

Thus,

( A7 ) Ry,
1+ =
4700/ \ 220,000

Ry, =200kQ  and R, = 220 — 200 = 20kQ

Use two 100 k(2 resistors in series for R}, and use two 10 k(2 resistors in series

for R,.
a _ (24)(26) +(25)(25)
P53 [a] A= e = 2408
_ (1)(24) —25(1) _ ,
b A = LD Z 04
[c] CMRR = '24 98| — 624.50
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P 5.41

50f5

ol

\l ;/l l 0.5K02

-15v 1
4
xR 15v

HV\Lﬁmo
10V ¢—m— ¥ .i.3

){ *V 2
U 15 | 2 0.aka

(mA i2 10v

l_g*le
10mA
v

15 —10

1= "5o00 1A

in+1;+0=10mA; iz = 9mA
gz = 10 + (400)(9) x 107° = 13.6 V

15— 13.6

i3 = 2000 = 0.7TmA

vp = 15+ 1.7(0.5) = 15.85 V
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