ECEN220 Tutorial 1 Questions (SOLUTIONS)

Block 1: Signals
Q1. Solutions:

A continuous-time signal x(7) is a function of continuous time 7, where f 1s a real number which
usually represents time, but may represent space. A discrete-time signal x[n] is a function of
discrete time n, where n 1s an integer, which 1s an index that represents discrete time. The values
of both x(¢) and x[n] are continuous, i.e., they are real or complex and may assume any value. A
digital signal may be defined in either discrete time or continuous time, but its values are
discrete, 1.e., they are integers or integer multiples of some real number.

Q2. Solutions:

A continuous-time causal signal x(f) 1s zero for r < 0. A discrete-time causal signal x[n] 1s zero
for n < 0. At time zero, x(0) may or may not be 0, but it may also be undefined; the step function
u(t) is undefined at ¢ = 0, while x[0] is (usually) nonzero.

A signal x(f) (or x[n]) is noncausal if x(f) # 0 (or x[n] £ 0) for t <0 (or n < 0).

A continuous-time anticausal signal x(¢) is zero for ¢ = 0. A discrete-time anticausal signal x[n] is
zero for n = 0, and x[0] = 0.

Q3. Solutions:

Time-shift transformation does not alter the shape of a waveform-it moves it back or forth along
the r axis. Time-scaling transformation does alter the shape—it compresses or expands it along
the r axis. Time-reversal transformation, which is a special case of time-scaling transformation,
does alter the shape—it flips the waveform about the vertical axis.
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Q4.
y(t) =x(at —b) = x(a(t — 2)) = x(a(t —T)) where T = 2.

Here, v(1) = x(—& —8) = x(—4(r+2)),s0| a=—-4and T = -2,

Q5.

Yes, |sincex(2) = (2007 =8 = y(r).

Q6.

Solution: Let y(r) = x(a(t — T)) for a time-scaling transformation with factor & and a time-shift transformation

with a time delay of T
Since x(1) = 41, we have y(1) = 4[a(r — T)] = 4at —4aT. We want y(1) = 2(r +4) = 21 + 8.

Soda =2 and —4aT = 8. This yields| a= % and T = —4.

Then
) =xtalo—1) =x(30+9) =x(5+2).

Q7.

An even-symmetrical waveform has the property that it is invariant to flipping around the
vertical axis. If x(r) is the waveform, then x(—f) = x(f), as shown in Fig. 1-11(b).
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An odd-symmetrical waveform has the property that flipping it around the vertical axis has the
same effect as flipping 1t around the horizontal axis. If x(7) 1s the waveform, then x(—f) = —x(#), as
shown 1n Fig. 1-11(c).
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Q8.

A continuous-time signal x(f) 1s pertodic with peniod T'1f x(f) = x(t + &7 for all times ¢ and
integers k. A sinusoid with nonzero frequency f1s pertodic with period T'= 1/f.

A discrete-time signal x[n] 1s periodic with period N if x[n] = x[n + £N) for all times n and
integers k. Unlike in continuous time, most discrete-time sinusoids are not periodic.

Q9.

Solution: A function x(1) has an even-symmetrical waveform if x(—r) = x(t). It is symmetric about the vertical
axis.

A function x(r) has an odd-symmetrical waveform if x(—t) = —x(t). Reflecting an odd-symmetric function
about the vertical axis. then about the horizontal axis (or vice-versa), leaves it unaltered.

{a) x1{—t) = 3(—1)? = 3r* = x;(t), so xy (1) has an| even-symmetrical waveform.

(b) xa(—1) = sin{ —=21) = —sin(2r) = —xa(1),

50 x5(r) has an | odd-symmetrical waveform.

() x3(—1) = sin’(=2r) = (—sin(2r))? = sin*(2r) = x3(1),

so ¥y (1) has an | even-symmetrical waveform.

(d) xg(—1) = de' # L£x4(1), so the waveform of x4(¢) has | no symmetry.

(e) xs(—t) = |cos(—21})| = |cos(21)| = x5(1),

50 x5(f) has an | even-symmetrical waveform.

Note that cos(2r) also has an even-symmetrical waveform.

Q1lo0.

Solution: u(—1) is simply u(1) reflected about the vertical axis. So

u(r) and u(—r) are mirror images of one another.

This is true for any function x(1), not just u(r).

Ql1.

() = du/dt.

Ql2.

x(t) = 2ult —3) —2u(r —4).

So

A== 2u(t —3) —2u(r —4)] =| 28(r—3)—-28(r—4).




Q13.

Slower. The time constant of a decaying exponential function x(f) represents how long it takes
the function to decay from x(0) to x(0)/e = 0.37x(0).

1

Q14.

E = lim fl-t(r}lzdr= f x(1)|* dt Eq. (1.33b)
T—oo
-T —00
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Py = 'fJme T f pt)dt = -:Jme T f |_m;|2 dt Eq. (1.34)
T2 T2

An energy signal has finite energy E, so its average power P (which is averaged over an infinite
duration 7) must be zero.

A power signal has finite average power P, so its energy £ must be infinite. Periodic signals are
power signals. For example, a sinusoid with amplitude 4 and nonzero frequency has infinite
energy and average power A°/2.

A signal with infinite power, and therefore infinite energy, is neither an energy signal nor a
power signal.

Q15.

5 forl<r<3,
0 otherwise.

Solution: x(t) = {

S0 . 5
E:f |,r[:j||3m=f' 152 dr = 100.
a3 1

Since E is finite, | P, =0,

Note that £ is invariant to time shifts, so we could have used

£=f' 152 dt = 100.
2

Q16. (not provided) @



Ql7.
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Q1o.
Let x(1) = x,(Nx,(7). If x,(r) and x,(7) are both even, then
X(—1) = x,(=Dxy(—1) = x,(Dx,(D) = x(F)
and x(r) is even. If x (1) and x,(r) are both odd, then
I(_t) o ‘t](_t)xz(_r) i _Il(f) [_xz(r)] m II(I)IZ(I) i I(f)
and x(f) is even. If x () is even and x,(7) is odd, then
x(=1) = x,(=1) x(—1) = 5,0 [-x,0] = —x,Ox,0 = —x(0)
and x(7) is odd. Note that in the above proof, variable f represents either a continuous or a discrete variable.
Q20.
x(t)= cos(r + E) = cos(mor + f) —wp =1
4 4
x(t) is periodic with fundamental period T\, = 272/ w, = 2.

Q21.

x[n] = cos%n + sin %n = x,[n] + x,[n]

where
T
X [n]= cosgn =cosQn —»Q, =

sy w8

x,[n]= sin%n =cos Q,n—>Q, =

X1[n] is periodic with fundamental period N1= 6. X2[n] is periodic with fundamental period N2= 8.
So,x[n] is periodic with the LCM of 6 and 8 = 24.

Q22. The sinusoidal signal x(t) is periodic with To = 21t/w,. The average power of x(t) is

l To 2 wo Zﬂ/wo 2 2
P=— x()]° dt = —= A”cos”(w,t + @) dt
Tofou)] 51 of +6)

2 2
= w wwol [1+ cos(Rayt + 26))dt = A— <o
2x YO 2 2

Thus, x(t) is a power signal. Note that periodic signals are, in general, power signals.



Q23.

Solution: In discrete time, the duration of a signal that is zero outside the intervala <n < bisbh—a+1.

Here,a=—1,b =2, sothe durationisb—a+1=| 4.

Q24.

Solution: The mean of the sum of two signals is the sum of the means.

Q25.

y[n] = x[n] - 3.

Hence, select k =7 and

Also,

Q26.

Hence, select k =51 and

3—;{ rad/sample.
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