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. f(t) is a periodic signal with period Ty = 2 s, where one period of the signal is defined as eIl
for -1 <t < 1s, as shown below.

(a) Find its Fourier series coefficients cj.

j2m
(b) If we plot, using MATLAB, the truncated Fourier series fy(t) = fov:_ N cpe’ To kt, will Gibbs
phenomenon occur for this signal? Explain your answer.

Solutions:

(a) The Fourier series coefficients of f(t) are given by:
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(b) The function f(t) is continuous, there are no discontinuity points, therefore there will be no
ripples when plotting fx(t). The Gibbs phenomenon happened when we had discontinues
function.



2. Suppose we have a periodic signal z(t), with period of Ty = 4, and let a; denote the Fourier
series coefficients of x(t). Suppose from z(t), we construct a new signal, y(¢), that has the same
period of z(t). The Fourier series coefficients of y(t) are given by: b, = (—1)*a. Express y(t) in
terms of x(¢) and sketch y(t).

z(t)
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Solutions:
o [o.¢] [o¢]
= Z bkejwokt = Z bkej%kt = Z( akej 2 Z e]ﬂ'ka el okt — Z ay o) 5 R(t+2)
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Therefore,

y(t) = x(t +2)




3. Find the value of A in x(t) = Ad(t) — sinc(¢) such that z(t) * z(t) = x(t)
Solutions:

x(t) x x(t) = (Ad(t) — sinc(t)) * (Ad(t) — sinc(t))
= A%5(t) — 2Asinc(t) + sinc(t) * sinc(t)

Now,
sinc(t) * sinc(t) — rect(w/2m)rect(w/2m) = rect(w/2m)
Therefore,
sinc(t) * sinc(t) = sinc(t)
Now,

x(t) * x(t) = A%6(t) — 2Asinc(t) + sinc(t)

For x(t) * z(t) = x(t), A should be 1.



4. Consider an LTI system with impulse response h(t) = e 'd(t) +u(t — 1). We give this system the
following input:

x(t)

Let y(t) denote its corresponding output. Find y(t) at times ¢ = 3, t = +oo0.
Solutions:
We can first simplify h(¢) to the following: h(t) = §(¢) + u(t — 1). Therefore,

y(t) = z(t) « h(t) = 2(t) » (5(t) + u(t - 1))
" /Z b1
0+ [ ::
Therefore,
y(3/2) = 2(3/2) +/05 T=—1+1-2x05=—1

y(t)tﬁoo—0+/ z(r)dr=1-2-2%1/2=—



5. Show if each of the following systems is LTI. In the case where the system is LTI, determine its
impulse response.
@ y(t) = [*__A"Ta(r)dr, where A > 1
Solutions:

Suppose that for inputs z1(¢) and z2(t), we have respectively the corresponding outputs
y1(t) and y2(t) outputs. Now, let z(t) = ax;(t) + bxa(t), we then have the following:
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Therefore, the system is linear.

Time-invariance:
If we delay the input for ¢¢:

¢
Yo (1) = / )\_(t_T)x(T —to)dr, lett' =71 —tg

—00

t—to
= / )\_(t_T/_tO)l‘(T,)dT,

Zy(_t—to)

Therefore, the system is time-invariant. Now determining the impulse response:

h(t) = y(t)|swy=s(t) = /_ AT §(r)dr = /_ ATt (T)dr = A1 /_ §(7)dr = Atu(t)

() y(t) =41, x(t

Solutions:

The system is not linear, we can check the homogeneity property: Let x(t) = 0.5, then y(t) =
0.5. Now if we give the system the following input 3z(¢t) = 1.5, the output is then 1 # 3y(t).
Therefore, the system is not linear.

The system is time-invariant. This is because if we delay the input by to: 4, (t) = x(t — o), the
corresponding output:

Yo (1) = 4 L, ot



Therefore,
x(t —to), |x(t—1to) <1
Yo (1) = 1, z(t —to) > 1
-1, :L‘(t—to) < -1

Since yy,(t) = y(t — to), the system is time-invariant.

6. Evaluate the following integral:
S5 sinc(27 + 1)dr

Solutions:

Let z(t) = sinc(2¢ + 1). Then using the definition of Fourier transform, we have:

/_OO 2(F)dr = X ()|

Now,
1 :
X(jw) = §1rect((,u/47r)e]‘“/2

Therefore, X (0) = 1.

7. Consider the following real signal = (t):

Let X (jw) denote its Fourier transform. Evaluate the following:

(@ fj_;o X(jw)e @dw
Solutions:

f+oo (jw)e *dw = 27z (t)j=—1 = 0

® [TZX(j(w—1))e¥¥dw
Solutlons.

f_Jr;o X(j(w—1))e¥dw = f+ )eX W) gy = 72 fj;o X (ju)eH ¥ dw' = 2mel2a(t) =g =

6re?



(@ fj_ocf Re{X (jw)}e ¥dw

Solutions:
Since x(t) is real, Re{ X (jw)} = X.(jw).Therefore,

+oo . +oo .
Re{X (jw)} e 7¥dw = Xe(jw)e™¥dw = 2mxe(t)|j=—1 = 2w (z(1)4+x(—1))/2 = 27

—00 —00

8. Use Parseval’s theorem to prove the following:

oo oo 1
Power of (,;) Ay, cos(kwot + 9)) = |Ag cos(0)* + ; §]Ak]2

Solutions:
Z Ay cos(kwot + 0) = Ag cos(0) + Z Ak§ (e](kwotw) + e_](k”"tw))
k=0 k=1

= Agcos(f) + Z 7kej9ejkwot i Z %efjeefjkwot
k=1 k=1

Therefore, the power is as follow:

2 _ 2 > |Ak|2 > ‘Ak\Q _ 2 . |Ak‘2
lek|* = | Ag cos(6)] +kzl 1 +kzl 1 = |Ap cos(0)] +kzl2



