MAE140 Win12 HWS5 Solutions
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4-20

Looking at Circuit 1, we can get

9kQ + 1kQ o
Vo =Tvm=10vm =>K1:E: 10
For Circuit 2, we can find
10kQ o
Vo = —mvn\] =—-10v;y =K, = E =-10

To amplify the output of the source by -100, we can connect the output of Circuit 1 to the input of Circuit 2. Then
K = K;K, = —100
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Define the resistance of the potentiometeris R € [0,100]. Then we can find,

100+ R Vo 100+ R
Vo= pe m 2= T e [-20,-10]
10 Vs 10
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FIGURE P4-24

a) Recalling the operating condition of OpAmps, we can get vy = vp, iy = 0. Then
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Apply KCL at node N.
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a) Thisis a summing amplifier or adder circuit problem. Since the noninverting input is grounded, we have the
condition vp = vy = 0 and iy = 0. Then we apply KCL to write the sum of currents entering node A.
V1 — Un U, = Uy Vo~ Uy
50+50 504100 300
Solving the equation for v, we can get

—lN=0

Vo = —3171 - 27]2
b) Without saturation, we know - V¢ < vy < V. So =15 < =3v; — 2v, <15 = -9V < v, < 6V
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The circuit is a differential amplifier.

First, we turn off source v,, in which case there is no excitation at the noninverting input and vp = 0. In effect, the
noninverting input is grounded and the circuit acts like an inverting amplifier.

25

Vg = ——v; =—=5v
01 5 V1 1

Next, turning v, back on and turning v, off, we see that the circuit looks like a noninverting amplifier with a voltage

divider connected at its input. In this case, we can write

25 2545

Voy = ————
0272545 5
We add outputs in the above equations to obtain the output with both sources on:

Uy, = 5172

Vo = Vo1 + Vo2 = —5171 + 57]2
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R3 + Ry R2
Vg2 off s .
& R‘ 01 R3 Rl + R2
Rz + R4 Ry
R3 R} + Ry
Using superposition
+ R3 + Ry
Vsa

Vo = Vo1 + Vo2 = )-(R2~V31 +Ry-vs2)

R3-(R1 + Ry
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Vs1 off vO2 = R v§2
02~ |''S
Ry

Using superposition

VO = V01 +VO2

a) Substituting the values of R, we can get

Ra2-Rs Rs
V] — V82

vo =
Vo = 51]51 - 101752 R1R3

b) Looking at the expression of vy, we can find that it’s an expression for differential amplifier. Design the
circuit as shown in the following figure.

v2+ R, R,
+
Vo

+

B | R

)

vo = (P) () - ()
0 R, Ry +R,/) ' \R 2

Let Ry = 1kQ,R, = 10kQ, R; = 6kQ, R, = 5kQ. Then we can get the output that we need.
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By using OP AMP property, we can find vy = 0 and vy = v
Applying KCL at node A, we can get
vu+2 vy v, v
—+—=4+—=0 (1
10 10 10 5 @
Applying KCL at node B, we can get
UB - UN UB O 1
————=0 2v==-v
. 10 5 B3t
Substituting vg = ! into Equation (1), we can get:
Vy=—-vy—2
2 31
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The common way is to use noninverting circuit. Set K=4.
1
Y +
- ‘OVO
10k
10k 10k 10k
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We can use subtractor circuit to design. Set K1=-10, K2=10

vi 5k 5k 5k 5k 200k
oMM MW ——MWN——MW W vo
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