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1. The signal x(t) with period 6 is described by

x(t) =

½
3 0 < t ≤ 3
−3 3 < t ≤ 6

(a) Find the Fourier series of x(t) in complex form. (2 p)

(b) x(t) passes a filter with system transfer function H(ω) described by :

H(ω) =

½
0 |w| ≤W
1 |w| >W

Find the output signal in general form and the mean power of both signals for the case
W = 3. (3 p)

2. The difference equation specifies a time discrete LTI system:

y[n+ 1] + 0.5y[n] = x[n] +
1

4
x[n− 1]

(a) Find the system transfer function H(Ω) and sketch |H(Ω)| and arg(H(Ω)). (2 p)

(b) The system can be considered causal. Then find the unit impulse response h[n]. (2 p)

(c) What is the output when the input is x [n] = sin(nπ/3) (1 p)

3. (a) Formulate and motivate the convolution theorem for time continous convolution . (2 p)

(b) Use this theorem to determine y(t) if y(t) = x(t) ∗ cos 2t and x(t) = e−|t|. (2 p)

(c) Can you do the same with x(t) = cos 2t? (I.e. find cos2t ∗ cos2t if possible.) (1 p)

4. An analog signal x(t) is given by an analytic expression (a formula). A numeric approximation
of its Fourier transform X(ω) is wanted and to accomplish this a computer is available with an
optimized function that takes N (possibly complex) data zk, k = 0, . . . ,N − 1 and calculates
the sum

N−1X
k=0

zke
−j 2πknN , n = integer.

N can be chosen as a power of 2. As an example you can sketch figures for x(t) = exp(− |t|).

(a) How can this function be used if you know that x(t) is approximately zero outside the
interval [−5, 5]?

(b) For which frequencies can you get the estimates?

(c) Suppose you also know that X(ω) is practically zero for |ω| > 10 and that you want a
resolution of 0.1 rad/s. How would you choose N?
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5. The signal x(t) is bandlimited with bandlimit ωc. Multiply with the function p(t) to get bx(t) = (5 p)
p(t)x(t) The function p(t) has period T where one period is described by p(t) = N för 0 < t <
1/N and zero for 1/N < t < T . Since p(t) is zero for many values of t the signal x(t) cannot be
reconstructed by dividing bx(t) with p(t). Looking at a a sketch of x(t) and bx(t) one can see that
a kind of sampling is in action.

(a) Find for which values of T it is possible to recreate x(t) from bx(t) and describe how this
could be accomplished. Sketch relevant functions that illustrate your arguments.

(b) What is the influence of the parameter N?

(c) Is it possible to choose a ”better” pulse form than p(t) and in that case, how?

Answers

1. (a)
P∞
k=−∞
kodd

−6j
kπ e

jkπt
3

(b)
P

|k|>2,odd

−6j
kπ e

jkπt
3 . Mean input power 9, mean output power 9-2 36π2 ≈ 1.7

2. (a) |H(Ω)| =
q

17/16+1/2 cos(Ω)
5/4+cos(Ω) ,

0.9
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arg(H(Ω) = − arctan( sin(Ω)
4+cos(Ω))− arctan( 2 sin(Ω)

1+2 cos(Ω))
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(b) h[n] = −(−12)nu [n− 2] + δ [n− 1]
(c) y [n] = Im

³
H(π/3)e

jπn
3

´
= A cos(nπ3 ) + B sin(

nπ
3 ) =

42−35√3
52 cos(nπ3 ) +

21
√
3+18
52 sin(nπ3 )

(hopefully)

3. (a) Show by the defining integrals that the F-trensform of x*y is the product of the transforms
X and Y.

(b) 2
5 cos 2t

(c) Does not exist.

4. (a) Sample in time (step T ) and frequency to get approximations of X(n 2π
NT ) for 0 ≤ n ≤ N/2,

and X((k −N) 2πN ), N/2 < k < N − 1.
(b) Frequencies from − π

T to
π
T in steps of

2π
NT where NT = 10., i.e. steps 0.1 Hz

(c) Nearest power of two to the necessary N=200 is N=28 = 256.

5. (a) T < π/ωc

(b) N only affects ck for k 6= 0. Reconstruction still possible if 1/N<T.
(c) A smoother p is better. Also if the first harmonic in the F series of p is zero.
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