Solution of ECE 315 Test 12 FO8

1. A continuous-time signal is zero for all time before ¢ = -2 , rises linearly from O to 3 between # = -2 and
t =4 and is zero for all time after that. This signal can be expressed in the form

r—1, | =t
x(t) = Arect| — |tri| —2 |.
w W,

(a) Find the numerical values of the constants.

x(1)= 3rect(%jm(%)

(b) Find the numerical value of the signal energy of this signal.
= 4
= [|x()] dr = j( j =(1/4) [(¢* +41+4)dt
—oo -2

3

4
=(1/4)|:§+2t +4t} =(1/4)[%+32+16+%—8+8}=18
-2

2. A discrete-time signal has the following values for times n=—-8 to n =38 and is zero for all other times.

n -8 -7 6 -5 -4 -3 2 -120
9

1 2345678
x[n] 9 4 9 9 4 9 9 4 99 499 499 4

This signal can be expressed in the form x[n]= (A - Bo,, [n - no])recth [n].

(a) Find the numerical values of the constants.

x[n]=(9-58,[n+1])rect, [n]
or
x[n]=(9-58[n-2])rect,[n]
(b) Let y[n] be a periodic signal with fundamental period 17 and let
y[n]zx[n] , —8<n<8

Find the numerical value of the signal power of y[n].

P,=(1/N, 2|y [n]" = (1/17)[9* x 11+ 4 x 6 ] = 58.06



3. A discrete-time system is described by the difference equation y[n]—0.95y[n—2]=x[n] where x[n] is

the excitation and y[n] is the response.

(a) Fill in the table below with numbers.

n 0 1 2 3 4
hfn] | 1 | [ o || 095 | [ o | [ 09025 |

(b)  What is the numerical value of h[64]?
The eigenvalues are £+/0.95 .

hln] =] K, (VO95) + K, (~0.95) Ju[n]

h[0]=1=K, +K,

h[1]=0=K,+/0.95 - K,~/0.95

=K =K,=05

h[n]=0.5| (J0.95) +(~v095) Juln]

h[64]= 0.5[(\/@)“ +(—M)“]u[n] =095 =0.194

4. When a continuous-time system with impulse response h(z) = Srect(r) is excited by x(t)=4rect(2¢) the
response is y(¢)=15tri(4¢/3)—5tri(47).

(a)  Change the excitation to x,(¢)=x(¢—1) and keep the same impulse response. What is the

numerical value of the new response y, () attime t=1/2?
Shifting the excitation shifts the response by the same time. Therefore
y,(1)=15ti(4(t—1)/3)-5ti(4(r-1))

y.(-1/2)=15ti(-2/3)-5wi(-2)=5

=1/3 =0

o d . .
(b)  Change the excitation to x,(¢)= d—x(t) and keep the same impulse response. What is the
t

numerical value of the new response y, (¢) at time t=1/2?
Differentiating the excitation differentiates the response. Therefore
y, (¢)=20rect(2(r+1/2))—20rect(2(t —1/2))
y,(1/2)=20rect(2)-20rect(0) = —20
A signal x(¢) has a CTFT X(f)=3sinc(2f).

(@  Ify(r)=x(1/2) write Y(f).



Y(f)=6sinc(4f)

® I y(t):%x(t) write Y(f).

Y(f)=j2rf x 3sinc(2f) = jérm fsinc(2f)
(c) If y(t)=x(t+2) write Y(jo).

Y(f)=3sinc(2f)e’** = Y(jw)=3sinc(2w/27)e”*” = 3sinc(w / )e’**

A signal x[n] has a DTFT X(F). Some of the values of x[n] are given in the table below.

n -2 -1 0 1

2 4
x[n] -8 2 1 =5 7 8

3 5 6
9 2 3
Let Y(F)=X(2F) with y[n]«~2—Y(F). Fill in numerical values of y[n] in the table below.

Using

x[n / mJ , n/man integer F
= , —X(mF
Z[n] {0 , otherwise Z[n] (m )




7.

1 1
+ .
jo—j6 jo+ j6

An LTI system has a frequency response H(jw)=

(a) Find an expression for its impulse response h(#) which does not contain the square root of
minus one ().

h(t)=e"u(t)+e’* u(t)=2cos(6¢)u(t)
(b) Is this system stable?
No
Explain how you know.
The impulse response is not absolutely integrable.

A discrete-time signal x[n] with fundamental period N, =4 has a DTFS harmonic function X[k].
Some of the values of x[n] are given in the table below.

n 2 345
x[n] -1 5 2 -3

(@  Using X[k]= L Y x[n]e”>™" fill in the numerical values of X[k] in the table

below M
X[O]:inzz>x[n]: 2737145 _ 54
X[1]= Salule ™ = 2+ () () +5() =5 =075+ 12
X[2]= xlale ™ =2+ (HD+ D0+ 5(-1)=-1/4
X[1]= Salule ™" =2+ () + ()1 +5(-) =L =075 2

k 0

1 2 3
X[k] [3/4=075] | 0.75+j2 | [-1/4=-025] | 0.75— 2

(b) If y[n]=x[n - 8], what is the numerical value of the harmonic function Y[k] of y[n] at
k=17

Y[1]=X[1]=0.75+ j2 because a shift of x by exactly two fundamental periods does not change
it.



Solution of ECE 315 Test 12 FO8

1. A continuous-time signal is zero for all time before ¢ = -2 , rises linearly from O to 4 between ¢ =—2 and
t =6 and is zero for all time after that. This signal can be expressed in the form

r—t |-t
x ()= Arect O grj| —22 1.
w Wy

(a) Find the numerical values of the constants.

X(1)= 4rect(%)tri(%)

(b) Find the numerical value of the signal energy of this signal.

oo

J 1) dr —J(Izzj di = (1/4)j(t2+4t+4)dt

2

3

=(1/4){3

170.667

6
+2¢ +4t:| =(1/4)[¥+72+24+%—8+8}= =42.67
2

2. A discrete-time signal has the following values for times n=—-8 to n =28 and is zero for all other times.

n 8 -7 6 -5 4 -3 2 -1012345¢6 78
x[n] * 7 7 1 7 7 1 7 717717717

This signal can be expressed in the form x[n]= (A - BS,, [n— no])recth [n].
(a) Find the numerical values of the constants.
x[n]=(7-68,[n+2])rect,[n]
or
x[n]=(7-68,[n—1])rect,[n]
(b) Let y[n] be a periodic signal with fundamental period 17 and let
y[n]zx[n] , —8<n<8

Find the numerical value of the signal power of y[n].

=(1/N,) Y Jy[n]] = (1/17)[ 7 x 11+ 12 x 6 ] = 32.06

n=(No)



3. A discrete-time system is described by the difference equation y[n]-0.93y[n—2]=x[n] where x[n] is

the excitation and y[n] is the response.

(a) Fill in the table below with numbers.

n 0 1 2 3 4
h[n] | 1 | [ o | [ 093 | [ 0 | [ 08649 |

(b)  What is the numerical value of h[64]?
The eigenvalues are £+/0.93 .

hln]=| K, (V095" + K (~0.93) Julx]

h[0]=1=K, +K,

h[1]=0=K,+/0.93 - K,~/0.93

=K =K,=05

h[n] = 05| (v0.95)' + (093 Jul]

h[64]= 0.5[(\/@)“ +(—M)64}u[n] = 0.93" =0.0981

4. When a continuous-time system with impulse response h(z) = 4rect(t) is excited by x(t)= 4rect(2¢) the
response is y(¢)=12tri(4¢/3)— 4 tri(4z).

(a)  Change the excitation to x,(#)=x(¢—1) and keep the same impulse response. What is the

numerical value of the new response y, () attime t=1/2?
Shifting the excitation shifts the response by the same time. Therefore
y,(r)=12ti(4(t—1)/3) - 4wi(4(r - 1))

y,(-1/2)=12ti(-2/3) - 4 tri(-2) = 4

=1/3 =0

o d . .
(b)  Change the excitation to x,(¢)= d—x(t) and keep the same impulse response. What is the
t

numerical value of the new response y, (¢) at time t=1/2?
Differentiating the excitation differentiates the response. Therefore
y,(t)=16rect(2(r+1/2))—16rect(2(t —1/2))
y,(1/2)=16rect(2)—16rect(0)=-16
A signal x(¢) has a CTFT X(f)=8sinc(3f).

(@  Ify(r)=x(1/2) write Y(f).



Y(f)=16sinc(6f)

® I y(t):%x(t) write Y(f).

Y(f)=j2rf x8sinc(3f)= jl6mfsinc(3f)
(c) If y(t)=x(t+2) write Y(jo).

Y(f)=8sinc(3f)e"* = Y(jw)=8sinc(3w/21)e’*®

A signal x[n] has a DTFT X(F). Some of the values of x[n] are given in the table below.

n -2 -1 0 1 23 4 56
x[n] 2 8 5927 -8 2 3

Let Y(F)=X(2F) with y[n]«~2—Y(F). Fill in numerical values of y[n] in the table below.

Using

x[n / mJ , n/man integer F
= , —X(mF
Z[n] {0 , otherwise Z[n] (m )




1
+

An LTI system has a frequency response H(jw)=— - - —.
jo-j3 jo+j3

(a) Find an expression for its impulse response h(#) which does not contain the square root of
minus one ().
h(t)=e"u(t)+e 7 u(t)=2cos(3t)u(r)

(b) Is this system stable?
No
Explain how you know.
The impulse response is not absolutely integrable.

A discrete-time signal x[n] with fundamental period N, =4 has a DTFS harmonic function X[k].

Some of the values of x[n] are given in the table below.

n 2 3 45
x[n] 3 7 1 4

(@)  Using X[k]=— x[n]e "™ fill in the numerical values of X[k] in the table

x[o]:1 Zx[n]=ﬂ=9/4

4.4 4
X[1]= igx[n]ej””/z = L1+ @ED+ )+ 70) =L 14 jos
X[2]= %ix[n]e’j’m/z _ i(1+(4)(—1)+(—3)(1)+ 7(=1))=—13/4 or 325
X[1]= %iox[n]eﬂ””/z = %(1 +(4)(J)+(=3)(-1)+7(=j)) = # =1-j0.75

k 0

1 2 3
X[k] [9/4=225| | 1+0.75 | [-13/4=-325] | 1-j0.75

(b)  If y[n]=x[n—28], what is the numerical value of the harmonic function Y[k] of y[n] at
k=17

Y[l] = X[l] =14 j0.75 because a shift of x by exactly two fundamental periods does not change
it.



Solution of ECE 315 Test 12 FO8

1. A continuous-time signal is zero for all time before ¢ = -2 , rises linearly from O to 2 between ¢ =—2 and
t =2 and is zero for all time after that. This signal can be expressed in the form

r—t |-t
x ()= Arect O grj| —22 1.
w Wy

(a) Find the numerical values of the constants.

x(1) = Zrect(i)tﬁ(%)

(b) Find the numerical value of the signal energy of this signal.

oo

J 1) dr —J(Izzj di = (1/4)_2[(z2+4t+4)dt

2

3

£ =( /4{3

2
8 8 64
+217 + 4t =(1/4)[—+8+8+——8+8}=—=5.333
., 3 3 12
2. A discrete-time signal has the following values for times n=—-8 to n =28 and is zero for all other times.

n 8 -7 6 -5 4 -3 2 10123456 738
x[n] 3.5 5 5 3 5 5 5 355535553

This signal can be expressed in the form x[n]= (A - BS,, [n— no])recth [n].
(a) Find the numerical values of the constants.
x[n]=(5-28,[n])rect;[n]
(b)  Let y[n] be a periodic signal with fundamental period 17 and let
y[n]=x[n] , -8<n<8
Find the numerical value of the signal power of y[n].

=(1/N,) 2 ly[n] =(1/17)[5*x12+3* x5]=20.29

=(No)



3. A discrete-time system is described by the difference equation y[n]—0.98y[n—2]=x[n] where x[n] is

the excitation and y[n] is the response.

(a) Fill in the table below with numbers.

n 0 1 2 3 4
h[n] | 1 | [ o | [ 098 | [ 0o | [ 09604 |

(b)  What is the numerical value of h[64]?
The eigenvalues are £+/0.98 .

h{n] =] K, (VO98) + K, (~0.98) |u[n]

h[0]=1=K, +K,

h[1]=0=K,+/0.98 - K,+/0.98

=K =K,=05

h[n]=0.5| (V098 ) +(~v098) Juln]

h[64]= 0.5[(\/@)“ +(—M)“]u[n] = 098" =0.524

4. When a continuous-time system with impulse response h(#) = 3rect(¢) is excited by x(t)=4rect(2¢) the
response is y(¢)=9tri(47/3)—3tri(41).

(a)  Change the excitation to x,(¢)=x(¢—1) and keep the same impulse response. What is the

numerical value of the new response y, () attime t=1/2?
Shifting the excitation shifts the response by the same time. Therefore
y, (1) =9ti(4(r—1)/3)-3tri(4(r 1))

Yo (-1/2)=9tri(-2/3)-3ti(-2)=3

=1/3 =0

o d . .
(b)  Change the excitation to x,(¢)= d—x(t) and keep the same impulse response. What is the
t

numerical value of the new response y, (¢) at time t=1/2?
Differentiating the excitation differentiates the response. Therefore
y, (1) =12rect(2(r +1/2))—12rect(2(t - 1/2))
y,(1/2)=12rect(2)—12rect(0)=-12
A signal x(¢) has a CTFT X(f)=7sinc(5f).

(@  Ify(r)=x(1/2) write Y(f).



Y(f)=14sinc(10f)

® I y(t):%x(t) write Y(f).

Y(f)=j2rfx7Tsinc(5f)= jlamfsinc(5f)
(c) If y(t)=x(t+2) write Y(jo).

Y(f)="Tsinc(5f)e’*™ = Y(jo)=Tsinc(50/27)e”*®

A signal x[n] has a DTFT X(F). Some of the values of x[n] are given in the table below.

n -2 -1 0 12
x[n] 3 7 =211

Let Y(F)=X(2F) with y[n]«~2—Y(F). Fill in numerical values of y[n] in the table below.

Using

x[n / mJ , n/man integer F
= , —X(mF
Z[n] {0 , otherwise Z[n] (m )




7.

1 1
+ .
jo—j10  jw+ j10

An LTI system has a frequency response H(jw)=

(a) Find an expression for its impulse response h(#) which does not contain the square root of
minus one ().

h(t)=e""u(t)+e " u(t)=2cos(10t)u(r)
(b) Is this system stable?
No
Explain how you know.
The impulse response is not absolutely integrable.

A discrete-time signal x[n] with fundamental period N, =4 has a DTFS harmonic function X[k].
Some of the values of x[n] are given in the table below.

n 2345
x[n] 1 4 7 =2

(@  Using X[k]= L Y x[n]e”>™" fill in the numerical values of X[k] in the table

X[o]:izx[n]:#:yz

k

0 1 2 3
X[k] [5/2=25] | 1.5+ 15 3/2=15 15-j15

(b) If y[n]=x[n - 8], what is the numerical value of the harmonic function Y[k] of y[n] at
k=17

Y[1]=X[1]=1.5+ j1.5 because a shift of x by exactly two fundamental periods does not change
it.



