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0.1 Problem 1

n
Obtain impulse and step response for LIT described by (a) h[n] = (%) uln] (b) h(t) =
1
e 2'u(t)

solution

Part a Let x[n] = 6[n], hence

y[n]=o[n]@h(n]

(o]

= Y, Slklh[n-k]

k=—00

But 6 [k] = 0 for all k except when k = 0. Hence the above reduces to

y[n] =hn]

yfom

ylnl =uln]®hn]
= Y, hlklx[n-k]

k=—00

Let x [n] = u[n], hence

Folding x[-n], we see that for n < 0 then there no overlap with /[n]. Hence y[n] = 0 for
n < 0. As x[-n] is shifted to the right, then the convolution sum becomes
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This is the partial sum, given by

Therefore

] 2-27" n>0
nl =
Y 0 n<0

Partb Let x(t) = 6 (f), hence

yt)=ut)®h(t)
=jmanha—ﬂdf

:eréwhu—fﬂh

=h(t)
— 005t



Let x(t) = u(¢), hence

y()=u(t) ®h(t)
- fm x(t= 1)k (2) dr

Folding u (-t), we see that for t < 0 then there no overlap with % (7) = ¢°%u (7). Hence
y(t) =0 for t < 0. As u[-n] is shifted to the right, then the convolution becomes

t
ylnl = f h(D)dt >0

0

= ft e 027 dr
0

B (e—O.ST)t
05,

=2 (6—0.5t _ 1)

=2_ 26—0.5t
=2 (1 _ 3—0.51‘)

Hence

CJ2(@-e) >0
y(t)_{ 0 t<0

0.2 Problem 2

Given the frequency response of LTI system H (Q) for the following input signal, find
the steady state expression of the output signal. (a) x[n] = 2cos (gn+ g) (b) x[n] =
5sin (gn + g)

solution

Part a

[n] =2 (” +”)
X || = 4£ZCOS 61’1 5

To find the fundamental period, cos (%n + g) = cos (% (n+N) + g) = coS ((gn + %) + EN).

Hence need gN = m27m or % = 11—2 Hence. N = 12. Therefore
27
Qy=—
07 12

And the input is x [n] = 2 cos (Qon + g) Hence the output is

y[n]=2 |H (QO)| coS (Qon + g + argH(QO))

Part b
[n] = 5sin (En + E)
* 3'78
To find the fundamental period, sin (gn + g) = sin (g (n+N) + g) = sin (gn + g + gN)

Hence need gN = m27m or % = %. Hence. N = 6. Therefore

And the input is x[n] = 5sin (Qon + g) Hence the output is

y[n] =5 |H(QO)| sin (Qon + g + argH(Qo))



0.3 Problem 3

T

Compute Fourier series coeff. for the following signals. (a) x [n] = 2sin (gn + §)+3 cos ( 3

(b) x(t) = /2t 4 37t

n+2)
5)-

solution

Part a For discrete periodic signal, the Fourier series coeff. a; is given by

x[n] = i akejk(%ﬂ)n (1)
k=—c0
S @)
n=0

In this problem

(T i i e
x [n] :281n(—n+ —)+3cos(—n+—)
3 2 6 5

To find the common fundalmental period. sin (gn + g) =sin (g (n+N)+ g) =sin ((gn + g) + gN)
Hence gN = m2m or % = . hence N = 6 for first signal. For second signal cos (gn + g) we

obtain %N = m27 or 1% = % or N =12. hence the least common multiplier between 6 and
12 is N =12. Therefore

Q. = 21
T 12
Hence (2) becomes
1 & k{2
ap=— Y, x[n]e \1?
12 r§)
1 i .
= — Y, x[n]e7kwn
124

But instead of using the above formula, an easier way is to rewrite x [1] using Euler relation
and use (1) to read off a; directly from the result. Writing x [n] in terms of the fundamental
frequency Q) gives

x[n] = 2sin (ZQOn + g) + 3 cos (Qon + z)

5
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Now we can read the Fourier coefficients by comparing the above to Eq(1).
This gives for k = 2,a, = }e’g and for k = -2,a_, = —%e_jg and for k=1,a; = gelg and for
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But ¢2 = jsing =jande’2 =—j Sing = —j. Hence the above becomes
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And a; = 0 for all other k.

Part b For continuos time periodic signal x (t), the Fourier series coeff. a; is given by
x(t) =) apelkoot
k:—OO
1 —jkaot
a, = —fx(t)e JKwot ¢

TJr

In this problem
x(t) = ef2mt 4 37t

The period of 2™ is 1 and the period of ¢*™ is g Hence least common multiplier is Ty = 2

2n .
seconds. wy = S =7 rad/sec. Both of the above terms can now be written

.4n .67

2y o
x(t) = T +¢To

= ol2wot 4 pf3wot

Comparing the above to

x(t) = E apefkeot

k=—0c0

Shows that for k = 2,4, =1 and for k = 3,4, =1 and a; = 0 for all other k.

0.4 Problem 4

Given the magnitude and phase profile of this filter, find impulse response.
solution

We are given H (Q2) and need to find /i [n]. i.e. the inverse Fourier transform
1 0
hn] = — f H(Q) e2dQ
2nJd_,

= zi ) " |H (Q)] e = H@ Q)
T -7



But |[H (Q)| =1 and arg H (Q2) = —(Q) as given. The above reduces to

1 7 .
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