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1) [30 pts.] Answer the following signal questions

a) (10 pts.) Graphically compute and plot the even and odd parts of x4 (t)
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b) (10 pts.) Let the signals be

s
x(t) = cos(3t),  ¥(©) =8sin(20) +5cos(30), (1) = 3x(Dy(®)
What are the fundamental periods of signals if they are periodic?
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(10 pts.) Is x(t) a power or energy signal? Compute both energy and power.
x(t) = e Sl + sin(t) u(t)
T T
E, = Tlim f [e=51El + sin(t)u(t)]zdt = Tlim f [2e710t + 2¢~ >t sin(t) + sin? t]dt
—00 T —00 0

Using the integral equations at the end
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E, = lim [(—ie‘lot) + : e >(=5sint — cost) + (lt — 1sin 2t>] =
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[e~Sltl + sin(t)u(t)]zdt = lim — | [2e71% + 2e~5sin(t) + sin® t]dt
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2) [40 pts.]
a) (20 pts.) Analyze the linearity, time-invariance, BIBO stability and causality of the system with input x(t)
output y(t). Find the impulse response h(t)

t-1
y(t) = Zf sin(37) x(7)dt

b) (20 pts.) For another LTI system with the impulse response of

s |

find its step response (to the input x(t) = u(t)) using the convolution integral
a) Linear?

t-1
y(t) = 2f sin(37) [x4 (1) + ax,(7)]dt = 2f

— 00

t-1 t-1
sin(37) x,(t)dt + a - 2[ sin(37) x,(1)dt = y; + ay,(t)

So, it is linear.
Time-invariant?
Is the delayed output

y(t—T)=2 ft_T_lsin(Br) x(D)dt ()
Equals to the delayed input response -
2 ft_lsin(3r) x(t —T)dt
For clarity, define a change of variablet — T = A_v(:/ohen T=t—1thenA=t—1—T anddt = dA, thus
2 ft_l_Tsin(3(/1 + T)) x(Ndt

sin(3t) is not equal to sin(3(t + T)) VT # 2nk/3 fork=0+1+2..

So, time varying. Or, pick x(t) = u(t) and T = 1 and show this counter example to prove it is time varying.
BIBO Stable?

Let [x(t)| < By Vt, then

=1 2B, L, 4By
y(t) < |2f sin(37) B dt| = |Tcos(3r)|fx,_ | < = < oo

So, BIBO stable.
Causal?
Forx = 0 — y =0 and the output at time t depends only on the past inputs, so, causal.

b) h(t) =r(t) —r(t—2)—2u(t—3)
y(t) = [h*u](t) = f u(lt —1)[r() —r(t—2)—2u(r —3)]dr

t t t
= dt — -2 —2)dt—2u(t—3) | d
y(t) u(t)j;)r T—u(t )L(T )dt — 2u(t )L T

u(t)s must be added to make sure the integral upper and lower bounds in order.
) = Sun - L2
Y=o 2

t
y(®) = 57(0) =

u(t—2)—2(t—-3)u(t—3)

t—2
S r(t—2) —2r(t—3)




3)

[30 pts.] a) For a system with impulse response

552 +4s+4
H(s) =s(s2+25+2) ROC:—1<0<0

i Find the poles and zeros
Determine if it is causal, anti-causal or non-causal system?
iii.  Draw its inverse Laplace transformation h(t)

Poles 0,—1 £ j, Zeros,—0.4 + j0.8
ii. Non-causal
iii.

PFE
Co As +B
H(s) =2+ ————
(s) s2+2s+2
4
co=sH(s)|S=0=§=2
As + B _y 2 55%+4s+4  2(s*+25+2) 3s
s24+25s4+2 s s(s2+2s+2) s(s2+25s+2) s2+2s+2
So, A = 3,B = 0. Thus, the PFE

H(s) 2+3(s+1)—3
S)=—+—"---77T—
s (s+1)?2+1
R; = {o > —1}is the ROC of the causal part and can’t include any (causal) poles. So, poles —1 + j are causal pole pairs

R, = {o < 0} is the ROC of the anti-causal part and can’t include any (a.c.) poles. So, the pole 0 are a.c. pole.
H,(s) = 3(s+1)-3

T (s+1)2+1

- Inverse Laplace transform thru the Table h.(t) = 3e~*[cos t — sin t]u(t)

Only G(s) = Hye(—s) = —% Inverse transform may be obtained thru the Table as g(t) = —2u(t). Thus,
hge(t) = g(—=t) = —2u(—t). Therefore,

h(t) = hc(t) + hac(t)

3e~t[cost — sint]u(t) — 2u(—t)




Useful Equations

Basic Signals
dr

Pyl u(t).
2 =50

u®) = [*_s(a)da = fff S(a—1da=u(t,—1) —u(t; — 1).

Laplace transform table |

r(t) = tu(t) = f_toou(a)da > ftizu(a —Dda=7r(t, — 1) —r(t; — 1).

Laplace Transform

X(s) = [ x(t)e st dt, s € ROC.

Fourier series
x(t) = X oo Xie €790k with X, =

T .
ift°+ °x(t)e kWt dt or X, =
T, Jt,

1
To X1(5)|s=j!20k

Fourier Transform
X(@Q) =7 x(®e % dt or X(Q)=
X(s)|s=jo if s=j0 existsin ROC

f@ F(s)
5(1) 1
u(t) 1
s
e “ult) 1
sS+a
sin wrtu(r) w
5 4 @?
cos wru(t) S
52 4+ w?

Basic Properties of One-sided Laplace Transforms

Causal functions and constants
Linearity

Time shifting

Frequency shifting

Multiplication by t

Derivative

Second derivative

Fourier Transform Pairs

af(t), Bg(t)
af (t) + Ag(t)
f(t —a)u(t — )
er\tf(t)

aF(s), 3G(s)

aF(s)+ 3G(s)

e "F(s)

F(s—a)
dF(s)

T ds

sF(s) — f(0-)

s2F(s) — sf(0-) — F)(0)
Fs)

Iable 5.1 Basic properties of the Fourier transform

Integral
d(t), o(t —7) 1i eI Expansion /contraction
u(t), u(—t) i + (<), sl + () Initial value
sgn(t) = 2[u(t) — 0.5] J%
—at : A
A Ae ™ u(t), a>0 2rAS(R), e
A . . .
Ate—u(t). Ixpansion/contraction
e *u(t), a>0 FOEwE
_ 2a Reflection
>0 i ,
cos(Qt). —oo <t <o 7[5(Q — Qo) + 6(Q + Q)] Parseval’s
Duality
Sin(Qot), — 00 < t< 00 —JTF[&(Q - Qg) — 5{9 + Qg)]
Differentiation
_A 24 sin(Q27)
p(t) = Alu(t +7) — u(t = 7)), T Or Integration
Shifting
Modulation
Periodic
Symmetry
Some Integrals: Convolution

J in? wt dt 1t ! (2wt)
sin®“w = —t——S1ln w
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x(t —a), e/ x(r)
x(1)cos(Q.1)

x(t) = Z X;\-é’jkﬂ"r
k

x(1) real

z(t) = [x x y](¥)
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2ax(—Q)

()" X(2)

X(RQ)
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e 1 X(Q), X(R2 — Q)

0.5[X(Q — Q) + X(Q+ Q)]

X(Q)zzznxka(g — k)
k

[X(2)] =|X(—8)].

LX(Q)=—/X(—9)

Z(Q) = X(QY(Q)

+ 7 X()8(Q)
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t +-—sin (2wt
" (2wt)
e*[asinwt — w cos wt]

e*[wsinwt + a cos wt]



