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Introduction to Digital Signal Processing:
HW?2, Quiz2, Topic3
TA Review

TA: B WEET, Shreya
Department of Electrical Engineering
National Tsing Hua University



Remind

 HW 3:

* due time: 2022/04/27 at 13:20
* A4 papers and hand in the homework in class
* Please provide detailed answers or explanations in English

* Quiz 3:
* time: 2022/04/27 13:20-15:10

* scope: everything we cover in topic 3
* in eeclas 206 and 208

* 1 A4 cheat sheet is allowed, and printed from everywhere is not accepted.
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HW2-1

1. Prove the orthogonality property and use it to prove Parseval’s relation. (15%)

- Orthogonality property:

| scosn©ae = |
TO TO
- Parseval’s relation:
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where ¢, are Fourier series coefficients
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(a) The Fourier transform of y*[—n] is Y *(e/*), and X (e7*)Y (¢/*) forms a transform pair with z[n] =
y[n]. So
G(e™) = X (/)Y (e)

and

H W 2 2 form a transform pair.
(b)

1 [m . N
JU VY [ Fur) pfun
5 f_” X(e)Y* (e )e!  dw

gln] = z[n] + y*[-n]

3 (aln) s y*[-n)) e7n
S % alkyk - nleien

2. Let x[n] and y[n| denote complex sequences and X(ei“’) and Y(ei‘*)) are their respective n=—o0 km—co0

Fourier transforms. (15%) for n = 0: . .
(a) By using the appropriate operational properties of the DTFT, determine the sequence whose i’;j:m XY (o = ,::;mz[k]"" g

Fourier transform is X(ef“))Y*(ej“’), in terms of x[n] and y[n].

(b) In question 1, we prove Parseval’s relation by orthogonal property. Here, try to proof (c) Using the result from part (b):
Parseval’s theorem using the result in part (a), on] = ﬂ;ﬂ“_’
© S . v = =0
Z X[n]y*[n] = % X(ejw)y* (ejw)d(U We recognize each sequence to be a pulse in the frequency domain:
n=—ow -
L . . X(e™)
which is a more general form of Parseval’s relation. (Proof by orthogonal property is not !
accepted.)
(c) Using Parseval’s theorem, determine the numerical value of the sum - o : —w
oo ] x
Z sin(mn/4) sin(ntn/6) Yo
2mn 5mn
Nn=—co 1
5
- -F 0 % .
Substituting into Eq. (P2.77-1):
Y alolylnl = o [ XY
1 1.1, 2x
- =[]
_ 1
]




HW?2-3

3. Given a sequence x[n] with Fourier transform X(ef‘“), determine the Fourier transform of the

following sequences in terms of X(ef‘”): (20%)

(@) x1[n] = 2x[n + 2] + 3x[3 — n] Yi(6) = 26 X(e) 30 X(cH)
(b) x5[n] = (1 + x[n]) cos(0.2nmn + m/6) 1 .

Xy(el) = 2era(w—:)+§e I8 5 (wt— )+ eJGX(eJ{“’__))—k;e IS X (eIt3))

(c) x3 :7'1: = (x[n] — x[—n])/Z X5 (eJ) _é (er)_E‘{(er)
(d) x4[n] =j"xIn + 1] + j"x[n — 1] X, (e/®) = X(el@3))elw=3) 4 X(el@t5))emi@t])
(e) Xs Tl — Zejo.Sn(n—Z)x[n + 2] Xs(e/?) = —9ei2 w—o.uﬂ)x(e‘]( w—0. m})




xp(t)
x(t) ¥ H(e/®) — y(0)

. This question would
Sa m pl I n g not appear in quiz3,

but in final exam

p(t)
The figure is a system in which the sampling signal is an impulse train with alternating sign.

The sampling signal p(t), the Fourier Transform of the input signal x(t) and the frequency response of the
filter are shown:

. H(el®
p(t) X(e) (<)
+l |
T A T /\
w
l | l 248 ¢ i | 3 T T 3m
—Wpy Wpy @ A A A A
a) For A< T sketch the Fourier transform of x,,(t) and y(t).
M
b) For A< ——, determine a system that will recover x(t) from x,,(t) and another that will recover

x(t) from y(t)



Sampling and Reconstruction

Consider a continuous-time signal
x.(t) = 3cos(2nF;t + 45") + 3sin(2mF,t).

It is sampled at t = 0.001n to obtain x[n], which is then applied to an ideal DAC to obtain another
continuous-time signal y,-(t). For F; = 150 Hzand F, = 400 Hz,

a) Determine x[n] and graph its samples along with the signal x.(t) in one plot (choose few
cycles of the x.(t) signal).

b) Determine y,(t) for the above x[n] as a sinusoidal signal. Graph and compare it with x.(t).

x[n] = x.(nT) = 3cos(0.3nn + 7w /4) + 3sin(0.87n). Yr(t) = 3cos(3007t + m/4) + 3sin(8007t).
Fl =150, F2 =400 F =150, F =400
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Other half part of HW

4. let x(t) = 2 + 4sin(3mt) + 6 cos(8mwt + m/3) and this is a periodic signal: (20%)

(a) Determine the average power P, in x[t].

(b) Determine the fundamental frequency 0 of x[t].

(c) Compute the CTFS coefficients C;, and express them in the magnitude-phase format.

(d) Determine the average power of x[t] from the frequency domain and verify that it equals

P, in part (a) above. 4. (a) Solution:
The fundamental period of =(¢) is T = 2.
.2 2 2
/ sin(37t)dt = / cos(8nt+x/3)dt — / sin(37t) cos(8wt+7/3)dt = O
JO - 0 JO
1 . o
Paw = — | () |2 dt
I" Jo
1 = 1 = . 1 2 = )
= 5 4dt + = 16 cos~ (37wt — 7w /2)dt + = 36 cos~ (87t + 7w /3)dt
= Jo < Jo < Jo
- - /z 1 — cos(6@t — 7.')(” - /2 1 — ('()s(lﬁ.ﬂ'f - 27‘.‘/3)(“
Jo 2 Jo 2
=30
(b) Solution:
1
Qo = 27« T —
(¢) Solution:
x(t) = 2397t 2eI1Z 37t § 2eiT I3 | 3eiT 787t | eI eI
co = 2.c3 = ‘.Zo'"%.('_;; — 2e3% _cg = 3elF c_g = 3e -iF
(d) Solution:
- -
) A E lex]” = 30
k=—oc

which verifies our computation in part (a).



5. Determine the sequence x[n] corresponding to each of the following Fourier transforms: (20%)
(a) X(e/%) = 6(w) — 6(w — w/2) — (w + 1/2)
(b) X(ej“’) =1,0< |w| = 0.2n andX(ej“‘) =0,02r < |w| = m
(c) Xl:ej“’) = 2|w|/m, 0 = |w| = /2 and X(ef‘"') =0,n/f2<|lwl=n

(d) with Alw| = 0 and w, = ﬁ?m,}a’(ef“) is given by

Aw Acw
X(ejw) 0, @, —? = |lw]| = w. + 7
1. otherwise

(a) Solution:

(b) Solution:

1 . n
ra[n] = —sinc (7)
5 5!
(c¢) Solution:
— s 2] T
r3in| = = cos{—n) + == sin{—n
(] nmw (‘2 ) n2m? (2 )

(d) Solution:

] Aw Aw
x4[n| = = 1 — cos(mn) + cos|(we + —=)n| — cos[(we — ——)n]

—_ -



6. Determine|the DTFT magnitude and phase spectra of the following signals: (10%)

jw _ l_ﬂz
X(e™) = (1—ae~]W)(1—ael®)’ lal<1

a) Find the sequence x[n]

b) Calculate f_HHX(ef“) cos(w) dw/2m .

(a) We first perform a partial-fraction expansion v e s

. 1-a’
X)) = (1-ae=7*)(1— ael)
1 ae’”
= (e | 1-ce”
:[“] = ﬂnﬂ[ﬂl + ﬂ--“u[—ﬂ = 1]
| = ﬂ-ln!
* I + e
x 1 * iaf _._..-—u
L [ X)) = 3 X
L

11 [ x(o)evdot o [ X(e)ed
'2'(2‘. -'xtﬁ"} 2r Jox )

%{:{n -1 +zln+1)

|

%(ﬂlﬂ'“ +aint1l)



Quiz answers:

5. (10 pts.) Determine sequences corresponding to each of the following Fourier transforms:
(a) X;(e/®) =[1+ 5cos(2w) + 8cos(4w)]e /3« [S pt]
(b) X,(ei®) = wel®/2=5®) [5 pt]

5. (a)
_\'g(t'j‘”') = |14+ f—:('('j.')“' + (‘71‘2‘“-') + 4(1.'“*' + e jl”‘) e 1%
.r-_){n] — d[n - Iﬂ L ;):(din - l} — d[n - ')‘) + .l(d[” ) ]] L d[n - T])
5. (b)
Xi(e) = wel®/2 e = jpe-ite

1 o : ;

i) = — | we™dw=-3

' 271' JO n

( 1
J'r,i.lt] = —



6. (10 pts.) Determine whether or not each of the following signals is periodic. If periodic, find its

fundamental frequency.

(a) x,(t) = sin(v2t) + cos(2V2t). [5 pt]

(b) x3(t) = %{sin (1_t1) + cos (?—tg) + sin[%]}. [5 pt]

T = %‘ = V2r, T = 22\;3 = \gzn' T = V2=
x2(t) is periodic with fundamental period 7" = /2.
(b)
Ty =22n, T =158w, T3=68nw, T =22n, T =2xX11x79%x31=w

x3(t) 1s periodic with fundamental period 7" = 2 x 11 x 79 x 31w =
53, 878,
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1 2.44. 1. The Fourier transform of x[n] is given by X(e-""’): > x[n]e . Then
4] = 0 L o
-5 —3

==

l —1 1 1 > e . rn X(L’"”}LD:ZXIHJ:]Z,

N 2. x(e”) = 3 x[n]e ””=”_i;(—1]”x[n]=—_,f12.

- Figure q7 P

. . . .. . : 3. The inverse Fourier transform is given by %r X (e-”"’ e dew = x[n]. Then
Perform the following calculations without explicitly evaluating X(e}“’)- = ’

- _r,X {e-”"’ }e-”"’“d(u = 2:#rx[n]
Evaluate X (e’ - [1 pt :
(a) Evaluate X(e/*)| _ .I[1pt] [ % (e)e e = 22x[0]

(b) Evaluate X(e’®)| _. .I[2 pt] [ x(e)do=27(2- ).

(© Evaluate 7 X(e/*)dw. [2 pt] 410 X (). then x|nfet (7).

. . i . . . i . ‘B{x[—n]} 3{x[—n]}
(d) Determine and sketch the signal (in the time domain) whose Fourier transform is X(e_J"‘)
[5 pt] 2:’ -)2 . 2
(e) Determine and sketch the signal (in the time domain) whose Fourier transform is 11. ‘WI'} [ I "r
- Jw o L a - 2 4
FjIm{x (e’*)} [5 pt] REEPY n ']i]lsr n
-1
2

5. If x[n]«Lt— X (e"). then x{f[n](’—)_,r'ﬁ{);’ (e‘” j} . where x,[n] _':(x[n]—x‘[—n]).

34z, []

Rix, [n]} 502 512
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