Homework#1, Ve216 Summer 2022 Due 11:40 am May 24

Homework 1
HW Notes:
. your final answer.
o If you need to make any additional assumptions, state them clearly.
e Simplify your result when possible.

o For the problems with [credit!], no partial credit will be given if the final answer is wrong.

Problems:

1. [6!] Consider the periodic sinusoidal signal illustrated below.

) a(t)

(a) Find the mathematical representation for this signal.
(b) Find the energy of this signal. Is it an energy signal, power signal, or neither?

(c) Carefully sketch and find a mathematical expression for the output signal of an inte-

grator system, i.e., y(t) = ffoo z(7)d7 where z(t) is under the interval [—m, 7].

2. [12!] Determine the values of average power and energy for each of the following signals:
(a) z1(t) = e 2u(t)
(b) w5(t) = &/ (*+5)
(¢) x3(t) = cos(t)

et t>0

3. [6!] Find the average value, power, and energy of signal z(t) = )
0 otherwise

4. [6!] Consider the signal illustrated below

x(t)

(a) Find a mathematical representation for z(t).
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(b) Sketch s(t) = §x(—2t + 1) by performing graphical time transformations. Sketch

the intermediate signal each time you make a transformation, like time-shifting, or
time-scaling.

(¢) Decompose z(t) into its even and odd components. Carefully sketch the even and
odd components of x(t).

5. 19! Suppose x1(t) and za(t) are periodic signals with fundamental periods 77 > 0 and
T5 > 0 respectively.

(a) Show that if 77 /T5 is rational, then z(t) = x1(¢) + x2(t) is periodic.

(b) Similarly, show that if T} /T5 is rational, then x(t) = z1(¢)z2(t) is periodic and the
least common multiple of T} and T3 is a period of z(t).

(c) Determine whether the following signals are periodic. If so, find a period. Otherwise,
specify the reason.

i (o () ()3
ii. z(t) = sin (?mﬁ) + sin <7;t>

6. [4!] Considering the signals

2(t) = cos <§m> + 2sin (136m>
y(t) = sin ()

Show that z(t) = x(t)y(¢) is periodic, and write z(¢) as a linear combination of harmonically
related complex exponentials. That is, find a number T" and complex numbers Cj such

that o
z(t) = Z ckejk(T)t
k

7. [6!] Use MATLAB to plot the following three signals.
(a) y(t) =€’
(b) y(t) = e~ 10 sin(mnt)
(c) y(t) =sin <7Tt + Z)
8. [4!] Consider the signal illustrated below.

1 1 x(t)

—2 1

(a) Express the signal x(t) using a sum of step functions.

(b) Find the derivative of the signal and carefully sketch it.
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9. [15!] Indicate whether the following systems are Memoryless, Time Invariant, Linear,
Causal, Stable. Justify your answers. (3! for each)

(a) y(t) =z(t —2)+z(2—1t)

(c) y(t) = cos(x(t))

(d) y(t) = [ a(r)dr

(0) ir) = 420

10. [8!] A linear system H has following input-output pairs. Answer the following question,
and justify your answers.

1(t) yi(t)
1 1
t ; t
1 H 1
(1) ya2(t)
1 1
t - t
1 2 3 H 1 N:&
-1 -1
3(t) ys(t)
1 1
t N / ‘ t
T H 1 2 3
4(t)
2 1
1
t
1 2 3
(a) Could this system be causal?
(b) Could this system be time invariant?

)
)
(c) Could this system be memoryless?
(d) What is the output for the input z4(¢)? Sketch it.
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11.

12.

13.

14.

15.

[4!] Prove that the product of two odd signals is an even signal.

Let s(t) = <t_21>2rect <t_21>

(a) Make a sketch of s(t).
(b) Evaluate [ s(t)a(t)dt, where z(t) =6 (t — ;) +0(t—2) — (3t —4)

[5!] Show that causality for a continuous-time linear system is equivalent to the follow-
ing statement: For any time to and any input z(¢) such that z(t) = 0 for ¢ < to, the
corresponding output y(¢) must also be zero for ¢t < tg.

[5!] A system has the input and output relation given by
y(t) = ta(t).
Is the system
(a) linear?
(b) time invariant?

d

)
(c) bounded input bounded output (BIBO) stable?
(d) memoryless?

(e) causal?

[4!] Given a signal z(t),

(a) suppose it is an energy signal with energy E|[z(t)] = E,. Then what is the energy of
the signal x(—at + b), i.e., Elz(—at + b)]?

(b) suppose it is a power signal with power P[x(t)] = P,. Then what is the power of the
signal z(—at 4+ b), i.e., Plz(—at + )]?



