Signal and System
Midterm Exam

Hint:
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Problem1 CTFT

_ CTFT
(1) Please prove SINC(t) <> rect(f) . (3%

_ 1, —=<f<-Z=
P.S. sinc(t) = 2

rect(f)=1"" 2
0, else

sin(zt)
t

CTFT

(2) Pleaseprove X(t)*Vy(t) <> X(f)xY(f) (3%)

PS. xO*y(M) =] x(@)yt-r)dr

(3) X(t) isarealfunction. X (t) = x(t)

Pleaseprove X (f)=X(=f) . (3%
Please prove J‘j:|x(t)|2dt = Jj:|x ( f )|2df . (3%)

(4) Please find the following convolution. (hint: use the statement of Problem 1 (3).)

2(t) = sin4rt . sin 8t

3%
po (3%)

Problem?2 CTFT

CTFT

Please prove e_atu('[) e L

————— , where the real part of a is positive.
a+ j2rf

(3%)

Problem3 CTFT

Please prove find the following DTFTs.

(1) X(t)=e'sin(zt)u(t) (hint: use the statement of Problem2.)  (3%)
(2) X(t) =sin(3zt)+cos(5zt) (3%)

3) x(t)=e'ut-3) (3%)

(4) x()=06(t)*5(t) (3%



Problem4 DTFT

DTFT

Please prove @"u[n] <> 1

W , Where the real part of ais smallerthan 1.  (3%)
—ae

Problem5 DTFT

Please find the following DTFTs.
(1) x[n]=4[n] (3%)
(2) x[n]=(-D(u[n-2]-u[n-4]) (3%)

1
(3) x[n]= gu[n —4] (hint: use the statement of Problem 4.)  (3%)

Problem6 DTFT

Please find the following DT convolutions

(1) Z[n]=uln]*uln] (3%)

~+00

hint: X[n]* y[n]= Z x[m]* y[n—m]

nN=—ow

(2) z[n]=e"*6[n-2] (3%)



Problem7 CTFS

X(t) is a periodic function with a period of 8.
X(t+8) = x(t)
X(t)=0(),0<t<8

(1) Plot X(t) . (3%)

(2) Find X[k], which is the DTFS of X(t) .  (3%)

Problem8 CTFS

X(t) is a periodic function with the period of T.
X(t+2) = x(t)

X(t) =t

(1) Plot X(t) . (3%)

(2) Find X[0] , where X[K] is the DTFS of X(t) . (3%)



Problem9 DTFS

Please prove the following DTFFs.

. DTFS
(1) x[n]=>_6ln-IN] <>  X[k]=1

+j2x™n OTFS

(2) ¢ N > X[k]:{

Problem 10 DTFS

DTFS k27, o
(1) x[n—n,] AN e” N X [K] (3%)

(2) +j2zfyn OTFS o
e X[ <> X[k-Nf] (3%)

0,else

@) A1 5 XK (p-2) (3%

Problem 11 DTFS
x[n] = 8[n]+26[n—6]
X[n+ N]=x[n]
N=8
(1) Plot X[n] (3%)
(2)  Find DFTof X[N]  (3%)

Problem 12 DTFS

Find the 8-point DFT,

where x[n]=1+ 25in(% n  (3%)

Problem 13 DTFS

Find the 8-point inverse DFT,
+j, k=2
where  X[k]=<¢ -j, k=6 (3%)
0, otherwise

Problem 14 DTFS

Find the matrix A of 4-point DFT.

~k2zn

X[k]= fo[n]e"T

X[0] x[0]
X[ | X[1] %
X[2]| A x[2] (3%)

X[3] X[3]

N,Kk=m

(3%)

(3%)



Problem 15 Down Sampling

Assume the sampling frequency is fs, and signal bandwidth is B.
Under the condition of

(1) No aliasing in frequency domain.

(2) Perfect reconstruction in time domain.

What is the relationship between fs and B? (3%)

Problem 16 Down Sampling

X(t X(f)
\/ )t _% , +; fs )f
() . X,(f)
‘[‘Tﬁ‘fffﬂ%‘m'fﬁm( L y
X0 (1) . X (1)
‘ ‘ | Pryrif] \ . y

Pleaseuse X(f) and f. torepresent X,(f) and X, ,(f). %
Please plot X(f), X, (f) and X ,(f) . 3%



Problem 17 Reconstruction

XA(t) _________ rect(_lT_—sj _Xr ('[) _]__,——
[ Tt . =_| 4]

—

T, X () X ()

MAAAN D A

The time-domain and frequency domain processes of zero-order hold are
shown in above.

T
The time-domain reconstruction signal is X (t) = X, (t) *rect (T—] )

S

please find the frequency representation of the reconstruction signal X, (f).

(3%)



