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Marks

(15] 1. Let L > 1 and consider the pulse function (boxcar)

_JL <l _
b(t)—{o’ L<t|<L’ b(t + 2L) = b(t)

(a) Find the Fourier series for b(t). Be careful with the constant term.

(b) Use Parseval’s theorem and your answer to part (a) to find the value of
o0
S:1+%+%+II§+”'=Z(W—1-T)E
k=1

Hint: Choose L = 2.

Continued on page 3
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[15] 2. Consider the following boundary-value problem:

U1t (Z, 1) + Uga (2, t)=0 (PDE)
u(0,t) = u(m,t) =0 (BC)
u(x,0) = 0 and w;(z, 1) = 2sinz + 6sin(7z) (IC)

foral0<z<mand 0 <t < 1.

(a) Suppose that u(x,t) = Yoo bn(t) sin(nz) satisfies (PDE). Find, for each 1 < n < oo, an
ordinary differential equation satisfied by by (t).

(b) Find, for each 1 < n < oo, the general solution to the ODE of part (a).
() Find u(z,t) forall0 <t <land 0 <z <.

Continued on page 4
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Continued on page 5
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[15] 3. Let a[n] and b[n] be the periodic discrete-time signals with period N = 6 determined by

allj=1 a[l]=0 a2j=1 a@8]=0 a[4j=1 a[5]=0
Boj=0 blj=1 b2=0 b@3]=1 bdl=0 b[5]=1

Let ¢[n] = (a * b)[n] be their convolution. Compute

—~

akl, Bk, nr] and K]

Continued on page 6
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[15] 4. All nonzero values of a discrete-time signal h[n] are shown in the sketch below.

a) Find ?L(O)

(
(b) Prove that [A(w)| = 2|sinw + 2sin(2w) + sin(3w)|.
(¢) Find @(w)=Re (Tz(w)), assuming that w is real.

(

d) Suppose that hln] is the impulse response function of a certain system. Find and sketch
the output y[n] of the system when the input is

L ifn=0,43,+6,49, -
zn] =4 2

0 otherwise

Continued on page 7
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Continued on page 8
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[15] 5. Consider a discrete-time, linear, time-invariant (LTI) system whose impulse response function
h{n} has z—transform H(z).

(a) Define in words what it means to say that such a system is causal. What special property
must h[n] have for an LTI system to be causal?

(b) Define what it means to say that such a system is stable. What special property must
h[n] have for an LTI system to be stable?

(¢) Find H(2) if hln] = ()" (u[n + 2] — u[n - 2]).

5z —4
z

(d) Find hn] if H(z) = Jo N— and h[n] is causal.

Continued on page 9
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Continued on page 10
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6.

The input and output signals, z[n] and y[n] respectively, of a causal LTT system are related
by
yln] = ay[n — 2} + bz[n]

where a and b are constants.
(a) Find the impulse response function, hin], for this LTI system.

(b) A second causal LTI system, with impulse response function g[n], is to be the inverse
of the system of part (a). This means that if the two systems are cascaded so that the
output of the h system is fed into the input of the g system as in the figure below,

e —] 5 P25 s zin)

then the output of the g system is to be the original input of the h system. Find g[n].

Continued on page 11
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-~

[15] 7. The sketches below show a signal f(t) and its Fourier transform f (w).

Y Y
- N y=Fw)
- R I T

~

(a) Find f(0).
(b) Give a formula for flw), w # 0. (Simplify your formula until ¢ does not appear.)

(c) Let g(t) = f(t)sin(6nt). Find §(0) and sketch the graphs of g and g. Label the axes with
care.

Continued on page 12
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The End



