


















6.2000 Circuits and Electronics

The inverting amplifier shown in the figure has a parallel combination of
a resistor, a capacitor, and an inductor in its negative feedback path. You
may assume that the op amp is ideal.
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Part A. In the box provided below write a differential equation relating the
inductor current il(t) to the input voltage vi(t).

The op amp used in negative feedback, so inputs e− = e+ = 0. Thus we
can label vc = vo. KCL at the e− input node is:

C
dvc(t)

dt
+ il(t) +

vc(t)

Rf

+
vi(t)

Ri

= 0

and KVL gives:

L
dil(t)

dt
= vc(t)

eliminating vc we get:

LC
d2il(t)

dt2
+

L
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dil(t)

dt
+ il(t) +
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= 0

or, dividing by LC and moving the source to the right-hand side:
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6.2000 Circuits and Electronics

Part B. Assume that Rf = 1/10 Ω, Ri = 1/8 Ω, C = 1 F, and L = 1/9 H.
Is this system

1. overdamped?

2. critically damped?

3. underdamped?

Circle your answer and provide an explanation of your choice in the space
provided below.

From the differential equation, the characteristic polynomial is:

s2 +
1

RfC
s+

1

LC
= 0

This is in the standard form s2 + 2αs+ ω2
0 = 0. So the roots are:

s = −α±
√
α2 − ω2

0

where α = 1
2RfC

and ω2
0 = 1

LC
.

Plugging in the numbers given we get α = 5 s−1 and ω2
0 = 9 s−2.

Since α2 > ω2
0 the system is overdamped, with s = −5 ± 4.

So s1 = −1 s−1 and s2 = −9 s−1
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6.2000 Circuits and Electronics

Part C.
Use the device parameters specified in part B. Assume that both the

inductor current and the capacitor voltage are zero at time t = 0. At time
t = 0 a step of height VI appears at the input: vI(t) = u(t)VI . In the box
provided below write an expression for the value of the output voltage for all
t > 0.
Hint: Compute the inductor current first and then derive the output voltage
from your inductor current expression.

For t > 0 vi(t) = Vi, so a particular solution for the inductor current is
ilp(t) = −Vi/Ri, as can be seen from the differential equations.

We need the homogeneous solution to match the initial conditions. This
system is overdamped, so we know the homogeneous solution:

ilh(t) = A1e
s1t + A2e

s2t

for unknown constants A1 and A2, which we will use to match the initial
conditions. So the total solution is:

il(t) = −Vi/Ri + A1e
s1t + A2e

s2t (1)

Also (Ri = 1/8 and L = 1/9, but leaving these symbolic here),

vc(t) = L
dil(t)

dt
= L(A1s1e

s1t + A2s2e
s2t) (2)

Since vc(0+) = 0 we have 0 = A1s1 + A2s2
Since il(0+) = 0 we have 0 = −Vi/Ri + A1 + A2.
Thus, A1 = − Vi

Ri

s2
s1−s2

and A2 = − Vi

Ri

s1
s2−s1

.
In part A we defined vc so that vc = vo, so we have the answer as

equation (2):

vo(t) = −LVi
Ri

s1s2
s1 − s2

es1t − LVi
Ri

s1s2
s2 − s1

es2t

= −LVi
Ri

(−1)(−9)

(−1) − (−9)
e(−1)t − LVi

Ri

(−1)(−9)

(−9) − (−1)
e(−9)t

= Vi(e
−9t − e−t)
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