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1 Solution 1

From the frequency convolution property, we obtain

f2(t)⇐⇒ 1

2π
F (ω) ∗ F (ω) (1)

Because of the width property of the convolution, the width of F (ω) ∗ F (ω) is twice the width of F (ω).
Repeated application of this argument shows that the bandwidth of fn(t) is nB Hz (n times the bandwidth
of f(t)).

2 Solution 2

Figure 1: x1 ∗ x2

3 Solution 3
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Apply Laplace transform, we have,
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This transform converges if

|1
2
e−s| < 1

which gives,

|e−Re(s)| < 2

Re(s) > − ln 2

4 Solution 4

Figure 2: Pro. 4

At first,we have  f(t) = i1(t) + v1(t)
v1(t) = v0(t) + v′0(t)
v0(t) = i1(t)− v′1(t)

Apply the Laplace transform, we have F (s) = I1(s) + V1(s)
V1(s) = V0(s) + s.V0(s)
V0(s) = I1(s)− sV1(s)

which gives,

[1 + (1 + s)2]V0(s) = F (s)

V0(s)

F (s)
=

1

(s+ 1)2 + 1

2



then we have the transfer function of system,

H(s) =
1

(s+ 1)2 + 1

h(t) = sin(t)e−tu(t)

and if f(t) = te−tu(t),then

F (s) =
1

(s+ 1)2

V0(s) = F (s)H(s) =
1

(s+ 1)2(s2 + 2s+ 2)

then the output is

v0(t) = (te−t − e−t sin(t))u(t)

5 Solution 5

Take the Fourier transform of h(t) to obtain the frequency response,

H(jω) = e−jωT1 + εe−jωT2

= e−jωT1(1 + εe−jω(T2−T1))

The magnitude function

|H(jω)| = |e−jωT1 ||1 + εe−jω(T2−T2)|

= 1

√
(1 + ε cosω(T2 − T1))2 + ε2 sin2 ω(T2 − T1)

=
√

1 + 2ε cosω(T2 − T1) + ε2

oscillates between 1 + ε and 1− ε with a period (in ω) of 2π/(T2 − T2).From the magnitude plot, we can
see that ε ≈ 0.2 and 2π/(T2 − T1) ≈ 1500/2,so that T2 − T1 ≈ 4π

1500 .
The angle function is

6 H(jω) = −ωT1 + 6 (1 + εe−jω(T2−T1))

Since ε is small compared to 1, the first term dominates the second, which oscillates about an average
value near 0. Thus we can estimate T1 from the average slope of the angle plot,

T1 =
π

1500

Then T2 ≈ 4π
1500 + π

1500 = π
300 .

3

=0.0021

=0.0105




