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Problem 6.1: Express v,,:(t) in terms of v;,(¢) for the circuit in Figure 1.
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Figure 1: Circuit for Problem 6.1.

Solution: The node potential at the node where R, R», and the voltage source are
connected is v;, (t) + 2. If we write a KCL equation at that node

Vin (t) +2 + Vin (t) +2 — Vout (t)

=0.
R2 Rl

Solving for v,y (t) gives

Vout (t) = <1 + %) (vin(t) +2)
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Problem 6.2: Find v,(t) for the circuit in Figure 2 in terms of the input voltages v,(t) and v (t).
The potentials at all of the terminals are measured with respect to a ground that is not shown.
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Figure 2: Circuit for Problem 6.2.
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Solution: Let v (¢) be the node potential at the output of the upper opamp and
v_(t) be the node potential at the output of the lower one. Then

Vo (t) = vy (t) — v_ ().

We can write KCL equations at the two nodes at opposite ends of R,. The node
potentials of these nodes are v, (t) and vy (¢), respectively.
o(t) — t o(t) — t
valt) — 02 () | va(t) —w(t) _
R, Ry
vp(t) —v—(t) | wvp(t) — va(t)

upper node:

=0.

lower node:

From the first equation

[ L1 }va(t) _v®) _wl o

B R

If we solve this equation for v, (t) we get

If we use the second of the KCL equations to solve for v_(t) in a similar fashion, we

get
B3

W) =1+ 22 — Bu.b).
o= [1+ 22| () - a0
Finally, we can subtract these two expressions.
Ry R
wnl®) = () = 0-(0) = (14 75 + 22 ) (0 - (o)
2 2

This circuit therefore is a two opamp realization of a difference amplifier. Unlike
the one opamp version, the output voltage is floating, i.e. it is not measured with



respect to the ground.

Problem 6.3: Design a circuit containing a single operational amplifier that will produce an output
voltage, voyt(t) that is the derivative of the difference of two input voltages v, (t) and wvp(¢).
Verify that your circuit works.

Solution: Consider the circuit in Figure 3. Remember that the current flowing
through each capacitor is the derivative of the voltage drop across that capacitor.
Let e(t) be the node potential at each of the inputs to the opamp (these potentials
are equal). Then the two KCL equations are:

d 1

O le® —u(®)] + 5 [e(t) — vou ()] = 0
C’%[e(t) — v ()] + %e(t) =0
From the second equation
}%e(t) + cd‘;(tt) - cd”él’t(t)
and from the first
%e(t) + Cdil—it) = Cdv;_t(t) + }%vout(t).

If we equate the two right-hand sides we get

1 dva(t)  dus(t) }

E“out“)zc[ & @

or

Vout () = RC [d”a(t) _ dvb(t)}

dt dt

We can control the gain of the integral by selecting appropriate values of R and C.
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Figure 3: Solution to Problem 6.3.



Problem 6.4: Determine the Laplace transforms of the following time waveforms.

(a) za(?) :{ (1): 2t§e§v§is€
(b) mp(t) =t2e 3t t>0
(c) w.(t) = e *sinbt, t>0
(d) z4(t)=¢t, t>0
Solution:
(a)

T
Xa(s) = /1 ceTtdt = % (1—e*T)
0

(b) To get Xp(s) we can use an indirect approach (or we could just do the integral).

1
t)y=e 3 +—
z(t)=e 513
d 1 1
t) =te™™ - =
y(t) = te T <s+3> (s +3)2
d 1 2
t) =ty(t) +— —— =
#0) =) i (o) ~ oo
(c)
1 . .
z.(t) = e *sin5t = = (e_4tej5t — e_4te_75t)
1 . 1 .
— — o—(a=g5)t _ = —(4+j5)t
2 iz
1 1
X (s) = — 22 7
O =35 sta7s
_ )
524+ 8s+41
(d)
:L’d(t) =t=1

Problem 6.5: Find the inverse Laplace transform of

252 +6s+6

X6 = 5570



Solution:

- s(s2+55+6)  s(s+2)(s+3)
A B C

s * 542 + s+3
We can evaluate A, B, and C using

X(s) = 252 +6s5+6 252 +6s+6

. 282 +65+6
A=lm ———
5—0 (S + 2)(8 + 3)
2
B— lim 2s +65+6:
s=—2  s(s+3)
2
C = lim 25 F0s+6 _
s—-3  s(s+2)

-1

Therefore,

z(t) =1—2e 2 + 273 +>0.




