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Midterm 1 (Fall 2007) of EE421G:

1. This midterm consists of four single-sided pages. Thepkage is an extra
worksheet. You can tear out any page but make sureegiitpes you turn in have
your name on them.

2. There are three problems in this exam. You have 50 mitwfessh this exam.

3. You are allowed to use one double-sided page of cheat sheet.

Good luck!

1. (Outcome 2, 34 points) Consider the sigh@) = co{St +7—27j +sin(5t +gj

a. Isthe signalf (t) periodic? If yes, what is its period?

The period of the cosine function is/2 and that of the sine function is/3. If their
sum is periodic with period T, T must be an intégnaltiples of the period of the
constituent components, or T=ni3 and T=n2/5. The smallest integers that satisfy
these equations are m=3 and n=5. Since such merdsm@xist, f(t) is periodic with
period T=2.
b. Write f (t) in terms of complex exponentials.
f(t) = cos(3t +n/2) + sin(5t +r/2)

= 0.5{exp[j(3t+/2)]+exp[-j(3t+n/2)]} - 0.5Kexp[j(5t+n/2)]-exp[-|(5t+n/2)]}

= 0.5[jlexp(j3t) — jexp(-j3t)] — 0.5j[jexp(j5t) +exp(-j5t)]

= 0.5jexp(j3t) — 0.5jexp(-j3t) + 0.5exp(j5t) + @Xxp(-j5t)
c. Plot the magnitude and phase of the frequency spadiased on your answer in b.
There are only four non-zero frequency componenis=a-5, -3, 3 and 5 rad/s.
The frequency spectrum at each frequency is githel coefficient to the complex
exponential at that frequency, i.e.
Frequency spectrum at= -5 rad/s is 0.5 (or magnitude=0.5 and phase=0).
Frequency spectrum at= -3 rad/s is -0.5] (or magnitude=0.5 and phas#2) -
Frequency spectrum at= 3 rad/s is 0.5j (or magnitude=0.5 and phaséx.
Frequency spectrum at= 5 rad/s is 0.5 (or magnitude=0.5 and phase= 0).
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d. Now define a discrete-time signg[n] = f (2n),n=0,£1, + 2, £3,... Is the signal
g[n] periodic? If yes, what is its period?
g[n] = f(2n)=cos(6n#/2)+sin(10n+/2).
For g[n] to be periodic with period N, we ne&&ld=2tm and 10N=2n for integer m
and n. However, asis an irrational number, no integer N can satibse
constraints and thus g[n] is not periodic.
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2. (Outcome 1, 36 points) Consider the following three systgdTCOME 1):
SYSTEM A y(t) =u(t +2)sin(at + 2), where . 20
SYSTEM B yin] :(—3 (u[n] +1)

SYSTEM C vinl =3 (ulk +11 - u[K])
whereu[n] andy[n] are the input and output of each system.

Circle YES or NO for each of the following questsofor each of these three systems.

SYSTEM A SYSTEM B SYSTEM C
Is the system memory-less?—Y¥ES NO| YES —NQ ¥ES NO
Is the system causal? | —¥ES NO| YES —NQ ¥ES NO

Is the system time invarian{?¥ES NO | —¥ES NO YES —NO
Is the system linear? YES —NO¥ES NO | —¥ES NO

System A is not memoryless because the outpudegends on input at t+2. Since it
depends on future input, it is clearly not caudalie change the input from u(t) to
u(t+T), the output will be u(t+T+2)sin(wt+2), whigk not the same as
y(t+T)=u(t+T+2)sin(wt+wT+2). So it is not time inkant. If we use the input
au(t)+buy(t), the output is [aift+2)+bu(t+2)]sin(wt+2) = au(t)sin(wt+2) +
buw(t)sin(wt+2) = ay(t)+by,(t). Thus the system is linear.

System B is memoryless because the output at mdsmaly on input at n. Since it is
memoryless, it must be causal. If we change thetifipm u[n] to u[n+N], the output is
(-1/2)’(u[n+N]+1) which is not the same as y[n+N]= (-I/2{u[n+N]+1). Thus it is not
time invariant. If we use the input gwi+buy[n], the output is (-1/2faw[n]+buy[n]+1),
which is not the same as:fyj+by.[n] = a(-1/2)\(uy[n]+1)+b(-1/2)(uz[n]+1) = (-1/2)'
(aw[n]+buy[n]+a+b). Thus, it is not linear.

System C is not memoryless because the outputigp@nds on all input from 1 to n+1.
It is not causal because it depends on the fuhymeti If we change the input from u[n] to
u[n+N], the output is sum{k=1 to n+N}(u[k+3u[k]? = y(n+N) and thus the system is
time invariant. If we use the input gnj+buy[n], the output is sum{k=1 to n+N}
[(aw[k+1]+bu[k+1])? - (au[k]+bus[k])?) which is certainly not ajn]+by,[n]. The
system is not linear.
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(Outcome 6 & 7, 30 points)
a. Calculate the convolutiog,[n * g,[n] of the two discrete-time signals shown

below.
A 8|(ﬂ\f f“ az(ﬂ.)
| “'
{1 ¢ T . ;
] ! i' . L = - f:_jﬁ:‘,'_‘...__l.._.-__i._ g e .___g_._.-...._._ -),
== m ] 2 2 n -l o / 2 3 n

A simple graphical computation will obtain
y[0] =1,y[1] =3,y[2] =2

b. Consider an LTI system with the input and outplatesl byy[n] =u[n+2] +u[n]
i) Find the system impulse resporig§e . |

h[n] = 6[n+2]+ 3[n]

i) Determine the outpuy{n for the input shown below.

uln]

u[n] = q[n+2] so y[n] = q[n+4]+q[n+2] o;
y[n] =1forn=-4,-3

2 for n>-3
0 otherwise
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