EGR 260
Circuit Analysis
File: N260H5BS

Solution to HW#6 1 Operational Amplifiers

Problem Assignment
1) Chapter 5 problems: 2, 5,8, 12, 15, 18, 2236,41
2) Problems 2 and Brovided on the assignment sheet

P52 2_{1% + '”"IED”“ —0,  therefore w,= 9u, — 8u,
[a] v, =1.5V, v, =0V, v, =—12 V
[b] vy =3.0 V, =0V, v, = —18 V (sat)
[e] va=1.0V, =2 V, v, =10 V
d v,=40V, =2V, vy = —14 V
[d]
le] v, =6.0 V, m =8V, v, =18 V (sat)
[f] o, =45V, v, =405 — 8v, = +18
2.8125 < v, < 7.3125 V
P55 [a] i,= % x 1075 = 20 uA
v, = —20 % 10%, = —400mV
u K v, — U
b e @ a [ ] —
[b] 60,000 20,000 + 240,000 0
Vo= 1Tv, = —68 V
[c] ia = 20 pA
=1 T, — 1
d] i, = o °___° —111.
] % = 55506 * 220,000 671 A
3000
P 5.6 = _(3)=1V=u,
56 = 355060000 ~ L V=1

'U-n__ﬁ Un_vﬂ

10,000 + 5000 0

(1=5)+2(1—v,)=0

v, =—10V
L vy 1 . 6

i, = —250 pA
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P 5.8 [a] The circuit shown is a non-inverting amplifier.

[b] We assume the op amp to be ideal, so v, = v, = 750 mV. Write a KCL
equation at wv,:

0.75 N 0.75 — v,
20,000 100,000

Solving,
vo=4.5 V.

=0

P 5.12 [a] This circuit is an example of an inverting summing amplifier.

b] v, = 29, _ 180 =~ 180
°= 70" " 30™ " 60

[e] vo = —13.5 — 3u, = £9

v =-45-9475=—-6V

Ve=—7.0V when v,=9V;
r.=15YV when v,=-9V

75 V< <15V

P 5.15 We want the following expression for the output voltage:
Vo = —(3v, + bup + dve + 204)

This is an inverting summing amplifier, so each input voltage is amplified hy a
gain that is the ratio of the feedback resistance to the resistance in the
forward path for the input voltage:

— U + Ve + ——14

R." Ry, R R
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 = 12kQ Ry = 60,000/2 = 30k

The final circuit is shown here:

N [ﬁﬂk 60k 60k 60k

V_
a

—  AA——
. 20k} 60Kk 0)
o w—
. 12K0) Vee
v e AR >
15kM2 ® +
NI S y—
30k0) v
_Vcc °
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P522 [a] vﬂ;ﬂ”‘-" + 2 };:“’ + ”P};”C ~0

_ RyR. | R.R. | R.R,
="p Bt p®tp

where D = R,R.+ R.,R.+ R.R;
Uy UV, — Vg

20,000 + R

By _
(m‘!‘l) Uy = Up

Vg

Ue

=0

R
1=k
Let 30,000 -

Vo = ktn = kvp

_ kRyR,  kR.R. _ kR.Ry

Vg D U, + D vy + D e
kRyR: . By _
D 4 o RH“4

Ff-'RuRczl

D
kR Ry . Re

D =2 S R&—Q
C. Ry=4R, = 4kQ

R, =2R, = 2kQ
D= (4)(2)+ (1)(2) + (1)(4) = 14 x 10°

Ch— 4D (4)(14) x 10°
7 RyRe (9)(2)x 106
Ry

30,000 +1=1, R 0

[b] v, = 4(0.75) + 1.0+ 2(1.5) =7 V

U =1,/T=1 V=1,
vy —wvp 0751

W="o00 — 1000 _ 2o0nA
) _Ub—vp_l—l_

= "y000 = 2000 _ OMA
3,cz'vc—win,_1.5—122{,)':””31

2000 2000
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45

P 518 [a] vp=v, = Vs = 0.6v,
0.6v, 0.6y —v, 0:
15 8

Vo = 2.52v, = 2.52(3), v, =756 V
[b] v, = 2.52u4 = £10

vy, = £3.97 V|, —397<v, <397V
0.6v, 0.6v, — v,
=0
R T
0.6
(1_5Rf + D.ﬁ) vy = v, = 10

3R + 45 = £150; 3Rs = 1560 — 45; R; = 35k

P 536 [a] Let vy, = output voltage of the amplifier on the left. Let v,y = output
voltage of the amplifier on the right., Then

—00 —120
Vol = -“'i--";—j-“(—{}.ﬁ) = 3 V.' Voz = '"'3'{}—([]4} - _].ﬁ V

Tan — Hal

i = 1000 = —‘46 l'ﬂgdl.
[b] i, =0 when v,) =vpz so from (a) w=3 V
Thus
—120
30 o) =3
vy, = _90 —750 mV

120
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P 5.41 It follows directly from the circuit that v, = -5,
From the plot of v, we have v, =0, ¢ <0

vy = 4 0<t<05
v, = 4—4t 05<t<15
vy, = -8 15<t<25
v, = 12—4t 25<t<3.5
v, = 4ft—=16 3.5<t<45, et
Therefore
v, = —20t 0<t<05
v, = 200—20 05<t<1.5
v, = 40—-20 15<¢+<25
Ve = 200—60 25<t<35

1, = 80— 20t

3.0 <t <45, etc

These expressions for v, are valid as long as the op amp is not saturated.
Since the peak values of v, are 16, the output is clipped at £6. The plot is

shown below.

VolV)
10 5 n, -
PN /N
VN /oy
5 -
tis)
o
{ 1 2 3 4 A
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2) Find Vp1, Vo2, lo1, @and b in the circuit shown below.

M\

AN
—K<5v

AN\ \ —< BV
3k lol

/

—K 5V

e
= — —K 5V
AL 4.5k
3k 2
= 27k 1
KL, foveking npit e\
= 1
~0-1.1 4 ©-VNoi 4 O N2 =m0
3k ok £ 8
264 ¥ YNo, ¥ 36, =D AN, 4+ 3N, = ~2L Y]
o\~
_KC-\-,?:f\Qld"‘ﬁﬁ, SopeT L _ i}
~Nsy 4Ny, -Nez 4 0 =0 S e
Lal s 3k
Noy 4+ ANo, =W, =D )_W\,\o\_;i_\l_s\. z = OJ@.___.___ S
—SaMMes @ e @_7_;..\&.5: ity ANs = =346V | o

2 A¥hened O ggmetians con [ Nea o -4
be vl v Q. Io » Tou”

KReb,ooTpar V! -To 2 N0y =0 -0, [Teo,= -0O,2mA
e ' 8K 4 ‘ 3

CEeL, o Fpat w2l STo, ¥Noz mO 4 Voo -Nor L Nov op [To,=-Li8A

2% K4 8 4. Sk
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3) Find |, and 4 in the circuit shown below.

VW
24k




