EECE 340 — Signals and Systems

Homework # 1

Consider the following voltage signal across a 50 Q resistance.

1.1
t—T/2:|V
T

flH= 21"66‘![

Determine the energy dissipated by f{?) across the resistance.

“Lered

Hint: rect(t)=1" 2 2
0, elsewhere

1.2 Consider the signal (1) =¢™ forallz.

Apply the time-domain integration formulas for energy and average power to determine the
nature of the signal f1).
Consider the following system:

g =TLfW]=4 [ f(x)dr +u(s).

Determine the impulse response (1) of the system and the system output g(z) when the input

1.3

St is given by f(8) = e u(t).

1.4  Consider the system shown in the figure below.

t
> [()dr ———> g

X

0

In this system, f{2) is the input signal and gz} is the output signal. Determine the impulse
response, (1), of the system and the system response, g(?), for an input f{2)=0(t-t5), where (1)

is the unit impulse function. Conclude whether the system is time-invariant or time-varying.
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1.5 Consider an LTI system with impulse response (2} given by

h(t) = eu(~t).

Determine the output g() of this system when the input f{#} = u(2} and use g(t) to determine

whether the system is or is not physically realizable. Explain.

1.6  Consider the following system:

gW)=T{f(N=2f/O)+u(t).

Determine whether this system is linear or non-linear and time-invariant or time-varying.

1.7 Consider the system represented by the following input-output transformation:

g =TIfO]=e""f(0)

Examine the linearity, time-invariance and causality of this system.

1.8

U

h(ty=e"u(t)

g
———»

For the above LTI system, determine the energy or average power, whichever applies, of the

system output g(z), when f{#} = u(t). Use time-domain analysis.
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EECE 340 — Signals and Systems

Homework # 1 — Solution

1.1 The voltage signal
f{)= 2rect( / A%

is across a 502 resistance. Using

Lol

1, <
rect(t) = 2 2
0, elsewhere

then

f@)= 2rect( / 'V

_ 2,0<¢<T
- 0, elsewhere

f:—}-j £=—2—’£ Joules
00

1.2 Consider the signal

f)=¢", allt
E —ZIdt —2!
Jora=-ge

(e =e)
P, =lim— f/ e ¥'dt = lim

T—bm T—o

T -7 T

e e
=lim——-lim—=lim—=cw
T 2T To= 2T Tow 2T

= f(¢) is neither an energy nor a power signal



i.3 The following system is considered:
g0)=T[f(t)]=4 | f(D)dr +u(t)

he)=T[5(t)]=4 ];(r)dr+u(z)

Fort<0,h()=0
For120, M) =4u(t)+u(t) =5 &)
For f'(¢) = e™*'u(t), the system output is:

g(t)=4 [ f(D)dr +u()
=4 i[e_zrdr +u(t)=-2&%

2(1-e™ Ju@) +u()
(3—26'2’)11(3)

; +u()

1.4 The system shown in the figure below is considered.

{
f) X M [)dr ———» 20

The system impulse response is the system output, denoted by A(2}, when the input f{t) = &1).



Thus, A(t) = ]e“fa(f)dr: [ 5(r)dr

-

0, t<0

{1, t>0
=u(t)

Forf(1)=6(1-1,),

g()= i[e"&(r—to)df =g ]§(r~to)dr

-0

= e""u(t —to)

Obviously, the system, which is formed by the cascaded connection of a multiplier and integrator is a
time-varying system although the integrator is time-invariant.

1.5 The LTI system with impulse response k(f) given by
(1) =e"u(—1) is considered.

The output gz} of this system when the input f{#) = u(¥) can be obtained using convolution.

A

u(t-7
'S ;T\ e u (—r)
__——/

t 0

g(0)= s ()*h{e)=u(r)*&u(~)

] 1

Forz<0,g(f)= jezrdr =%e2r

—@

-0

:%( 21_0)_ ez;
0 1] 1
Fort20,g(t)= Iez’a’r- e =
%eﬂ, <0
=g(1)= ,
-, t=20
2

The system input is f{1) = u(2). So, it applied for ¢ > 0. But, the system produces an output for t < 0;
i.e., before the input is applied. Hence, the system is not physically realizable.



1.6 The following system is considered:
gO)=T[f(O]=21(0)+u(t).

Linearity:

T[a,f](t)+a2f2(t)]= 2a, f,(£}+ 2a, (1) +u(?)
zaT[£O))+a,T[f,(1)]
=2a,fi(O)+u(®)+2a, f,(t)+u(s)
=2a,f,(t)+2a, f,(1)+2u(r)

So, the system is non-linear.

Time-invariance:

T[f(t-t) =2/ (t=1)+u(t) = g(t—t,) =2 (t-t,) +u(r~1,)

Hence, the system is time-varying.

1.7 The system represented by the following input-output transformation is considered:

gD =TIf]=e" 1 ()

Linearity:

Tla fi)+a,,O]=aT[f0]+ &, T[L®]7?

Tla, fi®+a,f,(O)]=¢"[a, fi()+a, £,(1)]
=ae”" f()+ae’ f,(1)
=aT[®]+aT[L0)]

So, the system is linear.

Causality:

gln)=e"s (1)
Hence, the system output at time ¢, depends on the input at time #,.

= the system is causal

Time-invariance;

glt-1,)=e ™ f(t—1)=T[f(t-1,)]=€"f (1-1,)

Hence, the system is time-varying.



1.8

ﬂb o)y =e"u(r) __gﬂ’

When the input to the system is f{t)=u(1), then the output is g(¢)=(1-e"}u(t}. This can be verified using
convolution,

It is obvious from the plot of g(?) that g(7) has an o energy. Hence g(t) is not an energy signal.
g(t) is a power signal if it has a finite non-zero average power. As shown in the computations done
below, g(t) is therefore a power signal.

P =1 lr 1-¢* 2dt—1'm-1- ]j'l+ 2 e\ dy
“V—TI_T.?DT(B) —ITO(Eie)






