Test Solution Summary - S02

Below are plotted aCT function, g,(t), and a DT function, g,[n]. Both functions are zero
for al time outside the range plotted below. Let some other functions be defined by

=30 . a@=208F . a0=af2

(h{J
g,[n]=-gfon] | gi[n]=2g[n-2] | 9.[n] = 30,55
Fill inthe blanks. (If avalueisundefined just write “undefined” in the blank.)
@ g@=-3 ) g(-)=-35
© gf0=6 (d  9,[2] = Undefined
3 3 Mo -3 3
=2x(-)=-> f ’ S
© [o0ell.=3x0=3 O FRi 2"
-1
(9) Ig4 (t)dt=-2 The function islinear between those limits and the area under
3

itis atriéngle. The base width is 2 and the height is-2. Therefore the areais -2.
1
M > gl =g,[-]+g,[0] +g,[] =-3+1+2 =0
n=-1
g]_(t) g][n]
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Sketch, in the space provided, the function

o(t) = rect(2t)tri§+%§ .

Put numerical vertical and horizontal scales on the graph so that actual numerica values of
the function could be read from the sketch.
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Find the signal energy of
x[n] = rect,[n] combJn .
00 0 10

E, = nz |X[n]|2 = n_z |reCt10[n] comb{r| |2 = z |comb3[n]|2

=0 =—00 n=-10
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E.= 3 (@n+g+dn+e+dn+F+ dnf+ gn-F+ n-¢+ fn-d)’

E, =7
If g 49n?@ﬂ6 t—
4sin?§ﬂ5 (- 4)= 4siné.n(t7€;4)§
= 4 né.’LH_ 4 n@— 8’@: ~3.696

If g[n| :1000%2%§D5[n+ g,

on| = 1000W§

[2r(4 +8)0

a4 = 10003%79 10cos(2m1) =10

If goft) = —5rect§—§m 3),
SR
T
e
o) -g(-4)=0- 213

If g[n] = rect,[2n] O(o[n- ] -24n-2]),
o[ n] = (rect,[2n] 0O n— 4] - rect,[2n] 2gn- 2])
onl = (rectz[z(n —1)] - 2rect2[2(n - 2)])
o[2] = (rect,[2(2 - 1)] - 2rect,[2(2 - 2)]) = (rect,[2] - 2rect,[0])
g2 =1-2=1

If afunction, g(t), with period, T, = 6, is represented exactly for all time by a CTFS,

G[K = 4sincz%§ :

and T, = T,,what isthe CTFSof -3g(t +2)?

oft) % - G[K = 4sincz%§



-3g(t) -F = 12sinc’ %@

. KO -i%2) ., j2x
-3g(t+2) - = 12sinc %3 =-12sinc % 3

dentify which of these functions has a complex CTFS, G[k], for which 1) Re(G[K]) =0
for al k, or 2) Im(G[K]) = 0 for al k, or 3) neither of these conditions applies.

(@  oft) =18cos(2007t) + 22co(240 1) Im(G[K]) = 0 (Even function)

(b) oft)=—4si n(lOnt)sm(ZOOOft Im(G[K]) = 0 (Even function)

© gft)=t é[f comb@l—g Neither (Neither even nor odd
function)

A periodic DT signal, x[n|, is exactly described for all discrete time by its DTFS,

_iTK
X[K] = (comby[k —1] + comby[k +1] + j2comby[k +2] - j2comby[k-2])e ' * .
(a) Write acorrect analytical expression for x[n] in which ~/=1, “j”, does not appear.

cosg?ghﬂg - %(combg[k 1 +comby[k +1))
ZCOSE!?@‘_EF - comby[k 1] +combyg[k +1]

s n@%’ngz siné!?@_ﬁs_} %(combg[k 2] - comb,[k - 2])

4s ngﬂgeﬁsﬁ j2(comby[k 2] - comb,[k -2])
r(n-1 2rn-1)0 [eombg[k —1] + comb,[k +1] O -jon

2cosB7g+4S'”B75* ~ B j2comby[k +2] - j2comby[k -2 8

Therefore
x[n] = 2005%2#§+ 4s né!m(ni_a

(b) What is the numerical value of x[n| a n=-10?
1 o 2n(-10-9)0 . [PA-10-1)0_ 117 1117
x[-10] =2c055— o grasng— ZCO% 4rg+ 4sm§— 27@

x[-10] = 200%1%@— 4s nél%rﬁz Zcos%r@— 4s n%’@: 2@—%@— 4(-1)

2 _4y2-2 3657
27 2 1414

For each time-domain function, find its CTFT and give the numerical value of the CTFT a
the specified frequency.

(@  x(t)=3rect(t-1)

=2.586

x[-10] = 4 -




ot Si“%
X(f)=3sinc(f)e”* O x%@: Bsinc%Ee o i3 Q:—j 6f - j270

()  x(t)=4snc*(3t)

X(f) :%tri%gm X(jw) :%tri@%gm X(jan) =%tri%§:g:o.444...

(©  x(t)=rect(t) Orect(2t)

For each frequency-domain function, find itsinverse CTFT and give the numerical value of
theinverse CTFT at the specified time.

@ X(f):loﬁgf —%§+ 5@ +%%

x(t) = 20cos(7t) O x(1) = 20cos(7) = —20

®  X(jow)=-2s nc@gﬂn@mg nc@%’@

X(f)=-2sinc(f)O3sinc(2f) O x(t) = —6rect(t)%rect%§ﬂ x(0) = —3rect(0) rect%@z -3

Find an expression for the DTFT, X(F) or X(jQ), of these functions and evaluateit & the
DT frequency, F or Q, indicated.

, 4
@  xn| :4%Qn un X(JQ):l_Ze-jQ
3
. 4 4 12
X(jm)= 2,275
3 3
in(71F) _ .
(b)  x[n] = 2rect,[n-2] X(F) = 2% j
[
sin _
XEgr=2 o =)

Find an expression for the inverse DTFT, x[n|, of this function and evaluate it a the
discrete time, n, indicated.

X (F) = [rect(10F ) Ccomb(F )| O % E:omb@‘— %§+ combg: + %%



0 ettt

x[2] = % s nc%%@cos(n) -1 ° n%Qcos(n) = -0.09355
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For each circuit below the transfer function is the ratio, H(f)= V(1) Write in each

blank the letter designations of al circuits that fit the description to the left. (If no circuits
fit just write“none”’.) (2 ptseach)

1. Zero transfer functionat f =0 b,c,eh
2. Zero transfer functionat f — +oo b,d,f,h
3. Transfer function magnitude of oneat f =0 a,d,f,g
4. Transfer function magnitude of oneat f — +oo a,c,eg
5. Transfer function magnitude non-zero and phase
of zero at some frequency, 0< f < oo, (at afinite,
non-zero frequency). b,h
(3) (b) (© (d)
i;(0) i® R . C
+o + + + i
v, L vy V() c vy o | + 05 +
i R o [ L% vi(®) R Vo(®) v,(t) M/vc\:—g \_’D(t)
(€) () " (9) (h)
) . M R
N O R N Lo L +W+ ML c
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v LB v v RS V0 vi(®) L% v,(0) v (0 R% V(0
Find the Nyquist rates for these signals. (If the Nyqist rate isinfinite just write “infinity”.)
(@  x(t) = —200cos(507t) 50 Hz
X(f)=-100[5(f —25)+ & f +25)|
(b) ( ) 40cos(207t) — 30sin(1007t) 100 Hz

)=20[3( f —10) + & f +10)| - j25[ § f +50)~ § f +50)

(©) x(t) 5cos(20nt)sm(1oo 7t) 120 Hz
X(f) [5f—10 & f +10)| [ & f+ 50) - § f - 50)|
(f) [6f+40) &t +60)- & f —60)- § - 40)|

d)  x(t) =sinc(t) Dcomb%@ 0.8 Hz

X(f) = rect(f)5comb(5f) = kirect%%@f - §§= k226§f —gg

Xf



e  x(t)=tri(t) Dcomb%@ Infinity

X(f) =5sinc®(f)comb(5f)

A periodic continuous-time signal, x(t), issampled at f, =20 Hz, which is exactly 4 times
its fundamental frequency, ( f,=4f,), to form a discretetime signal, x[n]. Let the first
four values of x[n| starting at discretetime, n =0, be

x0=2 x[]=-1 2= xJ=a
A discrete Fourier transform (DFT), X[K], of these samplesis found.
(@ If X[0] =6, what isthe numerical value of a?

3

X[0) =Y xn=2-1-2+a=60& 7
(b) 1f X[ =b+j2what are the numerical values o a, b, X[0] and X[3?
X[1 = ix[n]e_j"2 =2+j+2+ja=b+j2 0k 4anda 1
=
Then

3
X[0] =% xn[=2-1-2+1=0
n=0
and X[3 =X"[]=4-j2.
(c  What isthe numerical valueof x(t) a time, t = 0.65?

The period of x(t) is0.2 seconds and the time between samples is T, = fi =0.05.

Since x(t) is periodic )
x(0.65) = x(0.65-3x0.2) = x(0.05) = x(T,) = x[] = -1

In tossing one fair (not loaded) die there are 6 distinct outcomes, the numbers 1, 2, 3, 4, 5

and 6. The probability of each outcomeis %

1. Four fair dice are tossed ssimultaneously. What is the probability that al four will
show a“2"?

4
Pr(all four show a"2") = %@ = ﬁ =0.0007716

2. Four fair dice are tossed simultaneously. What is the probability that die #1 will
show a“1”, die#2 will show a “5”, die #3 will show a“3” and die #4 will show a “6"?

4
Pr({L5.3.4)= %Q . Fl% =0.0007716

3. In an experiment three fair dice are tossed simultaneously. The outcome is defined
asthe set,

{die#1outcome,die#2outcome,die# 3outcomg .
How many distinct outcomes are there? 6° =216

4. Two fair dice are tossed simultaneously. What is the probability that both dice
show a number less than three?



Pr(number < 3for onedie) =

oIN
Wik

Pr(number < 3 for two dice smultaneoudly) = %g = é

5. Two fair dice are tossed simultaneously. What is the probability that both dice
show the same number?

[Pr(both showinga"1") O

U . -
Pr(both dice showing the same number) = §Pr(both showing a"2")

mOod

B Pr(both showing a"6")

Pr(both dice showing the same number) = % +% +oee +% :% :%

Answer the following questions about the pdf’ s bel ow:

Which one is for the random variable which has an expected value with the smallest
magnitude ? (d)

Which oneisfor the random variable which has the smallest standard deviation?(c)

Which one(s) are for a mixed random variable (as opposed to a discrete-value or
continuous-vaue random variable)? (e)

Usually, for a random variable, E(X2)#[E(X)]". Is it true for any of the random

variables whose pdf’s are shown below that E(Xz) = [E(X)] ® 2 1f so which one(s)?

(©
What is the expected value, E(X), of the random variable whose pdf isin (€) ?

E(X) = i%rect%§+§5(x - 3)%& = %jxrect%%jx + j;ga(x ~3)dx=0 +%(3) - :_23

If the random variables whose pdf’ sare in (c) and (f) are added, what is the expected vaue

of the sum? The sum of the expected values, % .

2
Given that the variance of a uniform distribution of width, w, is \1\/—2 if the random

variableswhose pdf’ sarein (c) and (a) are added what is the variance of their sum?
The pdf’ s are convolved to form the pdf of the sum. Being convolved with a unit

impul se does not change the width so the variance is g = %



@ (b) (©)
P« (%) Px(X) Py (%)

(d) (e )
Py (X) Py (X) P (X)

“Bandlimited white noise” is the name for the response of an ideal lowpass filter excited by
white noise. Let the white noise excitation have an autocorrelation function,

R, (1) =1056(7)

and let the ideal lowpassfilter’ s transfer function be

=4rect§;7@.
0

(&  Findthe average signal power of the response of theideal lowpassfilter.
(f)=10

G,(f)=G,(F)H(f) _1o{4rectgd—a =10 x 16rect %Tog 160rect§;§

P = f G, (f)df = Il60rect%§df = 16OJ' df =160 x 40 =6400
(b)  Findthe autocorrelation function of the bandi mlted white noise response of
the filter.
R,(r) - G,(f)

6400sinc(40r) L - 160rect§:—0§
R, (7) = 6400sinc(40r)



