EE3610 Signals and Systems Spring 2009

Midterm Exam Il Reference Solutions
May 27, 2009

Instructor: Chin-Liang Wang

1. Fundamental period of x(t)=T =4=aw,=27/4=7/2

X [0]= % [ xtydt = % flx(t)dt 05

1 - 1
X[K]== Kt =
[K] 4Lx(t)e dt ke,

- Kt ‘1 _

-1 jK27Z'( Kz 2 2

. (Kﬂj
SIn| ——
pikart _ g~ iKo ) - —2 = Esinc(ﬁ)

0.55inciD.5K])
05 T T T T T T T T

04t .

03F -

0.2 =

X[K]

01k —

A L

02 1 I 1 1 1 1 I 1 1
=10 -G -5 -4 -2 0 2 4 = b= 1a

~y(t) :b%(eat —e™u(-t)

a
(2) Fora>0,b>0,anda=>b

o) x(p(o)- e




EE3610 Signals and Systems Spring 2009

3. By utilizing the concept of eigenfunction:

y(t)= ZZI(O.S)k e"H (2k) e "H (-2K) :%sin (2t —2)+%sin (4t-4).

k=0 2]
4.
@) [ x(t)dt=x(0)=1
o 2 1 0 2
@ [ |x(t) dt=§LO‘X(a))‘ do
2 [t 2 2 _, 4 2
=ZU°(1+CO) da)Jrj1 2 da)JrJ.2 (4-w) da)}=;.
@ [ x(t)e™dt=x(-2)=2
1 ® —jo-0 _E
4) X(O)—E _wX(a))e %dw = o
(5) X (o) isrealand even => tan1{:;2§E:;;}:tan1{Re(?((t))}:0.
S.
1) a)s=2_]_—ﬂ=a)M
A
UT
X .
4o, 3w, 20, -0 0 [N 20, 3wy, 4o,

x(t) can’t be reconstructed from x_(t) due to the aliasing in X (o).

(2) o, =2T_7[ =4w,
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x(t) can be reconstructed from x_(t) since there is no aliasing in X (o).
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(1)
0 ng+N-1

X(Q) = x[nle ™= > x[nle ',

n=—% n=n,

Therefore

ne+N-1

XE¥)= > xnle ",

n=n,

Now, we may write the expression for the Fourier coefficients of X[n] as

no+N-1

E e ~j2n
N <NZ‘:x[n]e N gn; x[nle V",

X[n]=X[n] inarange n, <n<n,+N -1,

a =

1 2k
a, :WX(GN )

(2)
From the given information,
X(Q)=1+e % +e7%? 1%
_e 0 {eng)a +e—j(g)n} Lo i®e {eu%m +e—j(§)n},
=2¢ 9% {c0s(32) + cos(2)},

i 27k 27k

a, = % X (') = %Ze_"(g)N {cos(%2) + cos(21)].

1)

X[K]=2+e /5  + o715,

(2)
_j2z _ijo2x _i32z _i42z _iRg2x
Y[K]= X?[k]=4+4e 5 47175 1 47 ¥5k 0 K g7 I0%K
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(3) N=4+4-1=7.
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8.
x[n] = nf(3)" 25— X (@)
@ Y(©Q) = Im{X ()},
Since x[n] is real and even, X () is also real and even, y[n] =0.
2) Y(Q) = X(Q)® X (Q+2),
y[n]= ZﬂX[n](ejznx[n]J = 27n? (3)"e"?".
) Y(Q) =e [ X(Q+2)+ X(Q-2)],
y[n]= efj%(n74)x[n —4]+ ej%(n74)x[n 4]
= ZCOS(% (n - 4))x[n - 4] = 2005(%0’] _ 4))|n _ 4| (%)\n—é‘v\
——2cos(zn)|n—4|(3)".
€ =n-4 Q+z=e’" Q-2 el
0.
x[n] =(3)" uln]+(4)" uln], yIn]=6(3)"ulnl+6(3)"uln,
@
1 1
X () zl—%e”“ +1—%e"'9 ,
6 6
Y(Q):l—%e"'QJrl—%e’jQ'
6 . 6 1-3¢ 0
HQ =@ _1-ze® 1-ge  1-fe® . (-fe™)(d-ie™)
X@ 1ot -3 (-je M-je )
1—%e‘j9 1—%e“'9 1—%6719
1_%efio+3752eszn 1_%e—j0+375zeszg
=0 ] =6 : (1
A-2e P)(1-3e %)  1-2e 04 2e @ D,
)
H(Q) =6- 1—%9*.19_,_3—528712-0 _ _6 . _I%e—jQ . %87120 |
(L-3e9)(L-3e7%) (-3e)U-fe ™) (-je")1-3e) (1-3e)L-3e™)
_6 2 3 1 _age 2 3 1 15 o i20 2 B 1
-3¢ (-3 | 7 [@-3e®) (@-3e)| T [@-3e’) @-3e)
hin] =12(3)" uln]-6(3)" uln]-%(3)" uln -1+ 2(3)" " uln-1+5(3)" " uln-21-£(3)" "un-2]. @,
or
H(Q)ZG.MZG 54 5 . jelt
-3 age ™ T a-ge -3 ) @-feMu-je )
1.8 _ ® 1 3 ol 2 1
3 3l(-3e) @-ge™] 27 [@-je) @3
10 16 n 8 .n e 3,
hii] == oln]+=(3)"uln] - (8)" ulnl-3(3)" uln -1+ >(3) " un-11. )
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1-Ze 45 Y(Q)
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y[n]-§ yIn-1]+ 5 yIn—-2]=6x[n]- & x[n-1]+ & x[n-2]. (3),

= 6(1-1e 1 +5e X(Q)=(1- 27 + Ze )Y (Q),
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10.

X[n] = sin(%”) - Zcos(%n),

X(@Q)=250-5-Zs@+5) - 2z5(0-5y-225(Q-2), as -x<Q < x
J 8" ] 8 4 4

(X (Q) is periodec, we only show one here.)

sin(zn/6)sin(zn/2
[ < Sn(En/©)sin(n/2)
7n
1 1-Z<a<Z
H(Q):Z—(Hl(Q)@) H,(Q)), wh re H,(Q) = 6 6,as-7<Q<r,
7 0, otherwise
T T
1,-=<Q<—
H,(Q) = 2 2,as-7<Q<r,
0, otherwise
Thus,
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