Find the DTFT of 8rect(3(n—2)/13).

This function does not appear explicitly in the table of DTFT pairs.

But we know that it is a shifted version of rect(3n/13) and that rect(3n /13)

1s zero for all n except —2 <n < 3. Therefore
rect(3n/13)=u[n+2]-u[n-3].

In the table we find

— jrF(ng+n;)

u[n—no]—u[n—nl]< s T (nl—no)drcl(F,nl—nO)

In our case n, =—2 and n, = 3. Then

—jnF
rect(3n/13)=u[n+2]-u[n—3]«Z >Z_W 5drcl(F,5)

1

Using the time shifting property,
rect(3(n—2)/13)«Z—5drcl(F,5)e /**"
Using the linearity property,
8rect(3(n—2)/13)«—Z—40drcl(F,5)e/*™"
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Find the DTFT of 8rect(3(n—2)/13) in the Q form.
8rect(3(n—2)/13)«<—40drcl(F,5)e /*™"

Let F=Q/27. Then 8rect(3(n—2)/13)«Z—40drcl(Q/27,5)e />

Find the DTFT of 8rect(3(n—2)/13) numerically using the DFT. The DTFT is defined

oo N-1
by X(F)= Y x[n]e ™" and the DFT is defined by X[k]=Y x[n]e "> In our
N=—oo n=0
case the function 8rect(3(n -2)/ 13) is non-zero only in the range 0 <n <5. So
4 N-1
X(F)=) x[n]e ™™ . It then follows that X(k /N )= x[n]e > with N =5.
n=0 n=0
4
Numerically, {8,8,8,8,8}«25"—{40,0,0,0,0}. Analytically X(k/5)=8) e />

n=0

_q 1—e /0> . e /™ sin(27k)
=25~ S G Gn (k[ 5)

k O 1 2 3 4

X(k/5) 40 0 0 0 0

= 40e/*™" drcl(k /5,5) and

which agrees with the numerical result but the resolution in F' is poor.



We can improve the resolution by using a larger /. Let /=25. Then
1 . e—/’Qﬂ'kﬂ/S

24 4
X([’/ 25)2 SEX[ﬂ]e_ﬂm’/zs = 82 g /P = 8 | — g /2mhn2s
7=0 7=0

X(4/25)= R g/AmAnI2S sin(2747/5)
sin(2747/25)

Now we have resolved values of the DTFT every 1/25 in /.

= 407" drcl(4/25,5)
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Find the DTFT of 3sinc(n/24)cos(27nn/8).
From the DTFT table of Fourier pairs

sinc(n/w)@wrect(wF)*é( ) = 3sinc(n/24)«Z— T2rect(24F)* 5, (F)
cos(2nFyn)«Z—(1/2)| 8,(F-F,)+6,(F+F,) |

cos(27mn/8)«~—(1/2)[ 8, (F-1/8)+8, (F+1/8)]

Using x[n]y[n]«Z—X(F)® Y(F),

3sinc(n/24)cos(27n / 8)«—Z—| 72rect (24 F)* 6, (F) |®(1/2)[ 8,(F—1/8)+6,(F+1/8)]

Periodic convolution of two periodic functions with a common period is equivalent to

aperiodic convolution of either function with one period of the other function. Therefore
3sinc(n/24)cos(27mn / 8)«Z—[ T2rect(24F) =6, (F) |+(1/2)[ §(F-1/8)+6(F +1/8) |

3sinc(n /24 )cos(27n /8)«7—> 36| rect(24 F)* 6, (F)*8(F —1/8)+rect(24F)* 5, (F)*S(F +1/8) |
3sinc(n/24)cos(27n / 8)«—7—> 36| rect(24F)* 6, (F —1/8)+rect(24F) 6, (F+1/8) |
3sinc(n/24)cos(27n / 8)«—Z— 36rect (24 F) [ &, (F—-1/8)+8,(F+1/8) |

Convert to the 2 form.
Using the scaling property of convolution, If y(¢)=x(¢)*h(z), then y(at)=la|x(at)*h(at).

3sinc(n /24 )cos(27mn /8)«Z—(1/2m)36rect(24Q/27)+[ &, (/2w —1/8)+ 6, (/27w +1/8) ]
Using the scaling property of the periodic impulse, 8, (x/b) =58, (x)
3sinc(n/24)cos(27n / 8)«—Z—(1/27m)36rect (12Q/ 1) * 27| §,, (Q—7 /4)+6,, (Q+ 7/ 4) ]

3sinc(n/24)cos(27n / 8)«—7— 36rect (12Q/ 70)*| 8,, (Q—7 /4)+8,, (Q+ 7 /4) |



Find the DTFT of —7(-0.4)"" u[n—2]%8,[n].
1
I-oe

From the DTFT table o u[n] «Z

a|<1and 8, [n]<Z—(1/N)$§,, (F)

-jQ
. 1
140407

(-0.4)"u[n]«= and 8, [n]«Z—(1/8)8,,(F) or (1/8)8,,(Q/27)=(7/4)5,,(Q)

-j2Q
e J

’ 1+04¢

Te I
1+04e
Using the property X[n] *ky :n]éx(ejg)Y(ejg)
Te 22

n-2 7 g N
~7(-0.4)" " u[n-2]#6,[n]«Z— 1+O.4€_jg(7:/4)5”,4(9)

Time shifting — (-0 .4)n—2 u[n B 2] P

Linearity — —7(-0.4)""u[n-2]«Z—

(77 /4)e

>~ 57:/4 (Q)

1+0.4e

S

N

~7(-0.4)""u[n—2]%8,[n]

Convert to the F form.
(77 /4)e’*"

~7(=0.4)" " u[n—-2]%8,[n]¢L—- 040 T 5., (2nF)
2 o s (Tmi4)e T
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. 1+e /% + e/
A digital filter has a frequency response H (e’g) = 3 . Find its response to

x[n]=15sin(27n/12).
The DTFT of the response is Y(ejg) = H(ejQ)X(ejQ)

—jQ ., -j20
y(e)= 18 3” x 1578, (Q+7/6)-5,,(Q-7/6)]

{l_i_ejg_'_e]zg -jQ -j2Q

l1+e ™ +e
)_

5, (Q+m/6 .

Y(e?)=ji5m 627[({2—%/6)}

Using the equivalence property of the impulse and the periodicity of the complex sinusoid e’

Y(ejQ) = j5m :(1 +e™° + ej”/3)52ﬂ (Q+7m/6)- (1 +e 0+ e_j’”3)52,r (Q-m/ 6)}

Using Euler's identity

[(1+cos(m/6)+cos(r/3))8,, (Q+m/6)—(1+cos(-m /6)+cos(-m /3))8,, (-7 /6)
| +(jsin(7/6)+ jsin(7/3))8,,(Q+m/6)—(jsin(-z/6)+ jsin(-m/3))8,, (Q—7/6)
Y(e')=j5m{2.366[8,, (Q+7/6)=5,, (Q-m/6) |+ j1.366[5,, (Q+7/6)+8,, (Q-m/6)]}
y[n]=11.83sin(7n/6)—6.83cos(nn/6)=13.66cos(wn/6+2.618)

Y(e)= j5m




The signal x|n]=sinc(n/21)% 8,y [n] excites a system with transfer
5

function H(z)= —. Find and graph the response y|n] of the system.

1-0.8z"
Y(e)=|H(z2)_,» |X(e")
Using sinc(n/w)«~— wrect(wF)*§,(F) and §, [n]<Z—(1/N)$,,, (F)
and X[n] * y[n]#X(F)Y(F)
sinc(n/21) %8y, [n]«Z—| 21rect(21F)* 8, (F) |(1/100)8, 10, (F)
Using the scaling properties of convolution and the periodic impulse,
sinc(n/21)% 8,y [n]«Z—| (1/27)21rect(21€Q/ 27) % §, (2 / 27) |(1/100)8, 4, (2 / 27)
sinc(n/21)% 8, [n]«Z—[ (1/27)21rect(21Q/ 27) % 275, , () |(270 /100) 8,100 (2)
sinc(n/21)# 8,4, [n]«—L— (217 / 50)| rect(21Q/ 27) %8, () | 8,5 (2)

This result is periodic with period 27, one period of which consists of set of impulses of

strength 2177 /50 at radian frequencies 7wk /50 in the range —1/2 <21xk /1007 <1/2 or
—50/21< k <50/21 or, since k must be an integer, —2 < k <2. This can be written

2
in the form sinc(n/21)% 8, [n]@{(zm/so) D §(Q-mk/ 50)}% (Q)

k==2



sinc(n/21)%8,,, [n]@{(zm/so) i B(Q—nk/so)}ém (Q)

k=-2

5
1-0.8¢7
Using the equivalence property of the impulse,

. 2, 6(Q—7mk/50)
Y(eJQ):[(Zln/lo)];z 0. }*%(Q)
5(Q+2m/50) 8(Q+m/50) 5(Q) ]

, + , +
1-0.8¢2"  1-0.8¢™" 1-08
5(Q-m/50) 6(Q-27/50)

120867 T 1_08e P

39217 8(Q+27/50)+8(Q~27/50)]
+j1.9067| §(Q+27/50)—6(Q2-27/50) ]
+4.671n| 6(Q-7/50)+6(Q—7/50) ]
+j1.1647[ §(Q—-7/50)-6(Q-7/50) |+ 576(Q)
3.921cos(27n/50)—1.906sin(27n / 50)
+4.671cos(mn/50)—1.164sin(7n/50)+2.5

Then Y(e')= {(21%/50) ié(g—nk/so)}sm(g)

k==2

Y(e™)=2.1n #5,,(Q)

Y(ejg) =2.14

y[n]=2.1

>>kéiwr(£2)



3.921cos(27n/50)—1.906sin(27n / 50)
yln]=21 +4.671cos(mn /50)—1.164sin(7n/50)+2.5
Using Acos(x)+ Bsin(x)= \/mcos(x —tan” (B/ A))
y[n]=2.1[4.36c0s(27n /50— 0.452)+4.814 cos(n /50— 0.244) +2.5 |
y|n]=9.156cos(27n /50— 0.452)+10.11cos(zn /50 —0.244)+5.25



