Solution of ECE 315 Final Examination Su08

Find the numerical values of the constants,
(@  Asin(2007t + 7/ 3)«=— j8[ 5(f +a)-5(f —a) e
sin(2n )= J[6( 1 + 1,)-5(1 - 1]
Muitiply both sides by 16.  16sin (27 ft)e—— j8[ 8(f + f,)-&(f - f,)]
Identify f,=100. 16sin(200zt)«=— j8[ &( f +100)-&( f —100)]
Use the time-shifting property.
16sin(2007(t ~t,)) = j8[ 5( f +100) - 5( f ~100) Je”**"

A=16 , a=100
Solvefor t,.

16sin (2007t - 20071, )= js[a(f +100) - & f —100)]e—mo
200zt =7 /3

tO:—”—/S:-i:b:—jzmoz(-j) S22 o j0.01047
200m 600 600 300

(b) Arect(t / a) * rect(t / b)<L>403inc(2 f )sinc(4 f)

Arect(t / a) * rect(t / b)@ Ax asinc(af ) X bsinc(bf ) = 40sinc(2 f )sinc(4 f)

Axaxb=40 Axaxb=40
a=2 or a=4
b=4= A=40/8=5 b=2= A=40/8=5

Either set of answersis correct.
di,. F I
(© a(Stn(St))<—> Af sinc (af)
%(3tri(5t));> j2nt x(3/5)sinc?(f /5) = Af sinc? (af )

A= j2rx(3/5)= j6r /5= j3.77
a=1/5



Find the numerical values of the constants.

@ 10cos[?—4njL>A[6l(F—a)+51(F +a)]

cos(2nFn) =[5, (F- F,)+5,(F +F,)]

1Ocos[51n—4n] :10cos[2n(%] n}@S[q(F ~5/28)+6,(F +5/28) = A[5,(F -a)+6,(F +a)]

A=5
a=5/28=0.1786

(b) 4(5[n—3}—6[n+3])@Asin(aF)

4(5[n -3]-5[n+ 3])(%4(@6’” - e"G”F) = —j85in(6nF) = Asin(aF)

(© Zcos(%)cos(%nj@ A[Sl(F - a) +61(F + a) +51(F - b) +61(F + b)]

2cos(%)cos[%]@2x%[qﬁ ~1/24)+5,(F +1/24)]®%[51(F ~1/4)+6,(F +1/4)]

2cos(%)cos(@)@%[q@ —1/24)+5,(F +1/24) |«[ 6(F -1/ 4) +8(F +1/4) ]

27N o) . 18(F-1/4-1/24)+5 (F+1/4-1/24)
2C0S| —— |COS| — |[¢«———
( j ( 4 j 2| +6,(F ~1/4+1/24)+6,(F +1/ 4+1/ 24)

Zcos(aJcos(—J@%[Q(F —7/24)+51(F +5/24)+51(F —5/24)+51(F +7/24)]

Zcos(%JCOSK@J@%[Q(F —7/24)+51(F +7/24)+61(F —5/24)+61(F +5/24)]

4
A=1/2=05 A=1/2=05
a=7/24=0.2917 or a=5/24=0.2083
b=5/24=0.2083 b=7/24=0.2917

Either set of answersis correct.



3. Find the numerical signal energy of x(t) = 7sinc(3t /19) .
(Use of Parseval’ s theorem is recommended, but not required.)

x(t) = 7sinc(3t/19) = X () =7x(19/3)rect(19 / 3)

By Parseval’s theorem,

E, :Dx(t)rdt :Dx(f)rdf

2 3/38
7x19 [ df =1965.44 3 -310.333
19

-3/38

E, = T|7><(19/3)rect(19f 13)[ df :[

4, Find the numerical fundamental period of x[n]= ZCOS(%J + 5Sin(??—2n) :

(If asingle sinusoid is expressed as sin[ZnNﬂn] or cos[ZnNﬂn] where mis aninteger and N, isan
0 0
integer, and m/ N, cannot be reduced to a simpler fraction by canceling common factors, then N, isits

fundamental period.)

To recognize both individual fundamental periods of the two sinusoids put them in the standard form.

x[n]= 2cos(2n[2—14]n} + 55in[2n[%jn}

The two fundamental periods of the individual sinusoids are 24 and 64. The least common multiple of 24
and 64 is192. Therefore the fundamental period of x is 192.



5. The impulse response of a discrete-time systemis

h[n]= (2613[n}—613[n—4])u[n] :
Isit stable?  Circle correct answer. Yes

Explain your answer analytically or graphically or in a combination of these methods by examining
whether or not the impulse response is absolutely summable. (A correct answer without a correct
explanation gets no credit.)

Explanation:

The summation of the absolute value of h [ n] is

3 |25, [n]-6.[n—4])u[n] = g‘(zam[n]—éw[n—ﬂ)‘

Since the impul se response never goes negative, the magnitude of the differenceisjust the difference and
the summation of the magnitude of the difference is the difference of the summations.

z (26, [n]-8,[n-4])u[n] :2(2613[n]—613[n—4])

3 [fsufr)-auln-)n] =28 uln)- T[]
ni‘(z%[n]—513[n—4J)u[n] = Z(u[n} +u[n-13]+u[n- 26]+...)_(u[n ~4]+u[n-17]+u[n-30] +)
This function increases by two every 13 discrete-time units followed by a decrease by one, four discrete-

time units later. Itisalwaysonelarger at n+13 thanitwasat nforany n>0. Therefore the summation
is unbounded (does not converge) and the system is unstable.



A continuous-time system is described by the differential equation
0.4y’ (t)+0.8y(t) = 2x(t) - 7x(t)
where x isthe excitation and y is the response. The impulse response can be written in the form
h(t) =K.e"" u(t) + Kéa(t).
Find the numerical values of the constantsK, , K, and 7. (If you havetimeit would be good to

substitute the solution back into the differential equation and check to see that the two sides are equal. But
thisis not required.)

Given the form of h, t=-1/4 where A is the eigenvalue. The eigenvalue is the solution of
041+0.8=0=>A=-2. Therefore t=1/2.

oar()rosn(y =25 ()-73()
o)) o=l ) 1ol

K, =0 N =0 =0 =1 =0

=Ky
0.4K, +0.8K, = -7

o.4jh(t)dt+0-8:fih(/l)d’wt ZZIM_M]J[M_M}

=1 =0 =0 =0

" A
04K, =2= K, =5=04K, +4=-7=K, =-11/04=-275
h(t)=-27.5¢ u(t) +56(t)
Substitute the solution into the differential equation as check whether both sides are the same.
h(t) = -27.5] e #5(t) - 2e™ u(t) ] +55'(t)
0.4{-27 5 e 5(t) - 2¢ % u(t) ] +55'(1)} + 0.8 27.5¢ * u(t) +55(t) ] = 25'(t) - 75 (1)
~115(t) + 22e7 u(t) + 25" (t) - 22e* u(t) + 45 (t) = 26°(t) - 75(t)

25’(t) - 75(t) = 25’(t) - 75(t) Check. Correct solution.



Solution of ECE 315 Final Examination Su08

Find the numerical values of the constants,
(@  Asin(3007t + 7 /3)e"— js[a(f +a)-8(f - a)]ebf
sin(2z £0) = J6( 1+ 1,)-5(1 - 1]
Multiply both sidesby 12.  12sin (27 ft)e—— j6[ 5(f + f,)-8(f - 1,) ]
Identify f,=150. 12sin(3007t)e—=— j6[ &( f +150)-&( f —150)]
Use the time-shifting property.
12sin(2007z(t ~t,)) -5 j6[ 6( t +150) - 5( f ~150) [~

A=12 , a=150
Solve for t,.

12sin(3007t - 300t )~ j6[ 8 f +150) - ( f —150) [e 1"

-300zt, =7 /3

=-23 ot L p=jont = () ~2Z |= j-= or jo.00698
3007 900 900 )~ 150

(b) Arect(t / a) * rect(t / b)<L>3Osinc(3f )sinc(S f)

Arect(t / a) s rect(t / b)<L> Ax asinc(af ) X bsinc(bf) = 305inc(3f )sinc(Sf)

Axaxb=30 Axaxb=30
a=3 or a=5
b=5= A=30/15=2 b=3= A=30/15=2

Either set of answersis correct.

(© %(7tri(3t))@> Af sinc? (af )

%(Ytri(a))@jzm x(7/3)sincz(f /3) = Af sincz(af)
A= j2rx(713)= j147 /3= j14.66
a=1/3



2.

Find the numerical values of the constants.

@ BCOS(%]@ A[BI(F—a)ﬂSl(F +a)]

cos(2nFn) =[5, (F- F,)+5,(F +F,)]
scos[gl%”] = 8cos[2n(%}n];>4[6l(l= ~9/28)+5,(F+9/28)|= A[5,(F -a)+6,(F +a)]

A=4
a=9/28=0.3214

(b) 12(5[n—4]—6[n+4])L>Asin(aF)

12(5[n ~4]-8[n+ 4])L>12(e-i""F ~ ") =~ j24sin(8zF ) = Asin(aF )

A=—j24
a =87 =25.133

2rnn 2rnn

© 5cos(ﬁjcos[7}; A[6,(F-a)+6,(F+a)+5,(F-b)+5,(F+b)]

5cos[%}cos(%}@5x%[@@ -1/18)+5,(F +1/18)]®%[51(F ~1/6)+6,(F +1/6)]

SCOS[Z%;]COS(%]@;[Q(F —1/18)+61(F +1/18)J*[5(F —1/6)+5(F +l/6)]

onn) . 5|8, (F-1/6-1/18)+5 (F+1/6-1/18)
5cos| — |cos| — <—>Z

6 +8,(F ~1/6+1/18)+5,(F +1/6+1/18)

27n 27n )

5cos(E cos[— «2[8,(F-2/9)+6,(F +1/9)+5,(F -1/9)+5 (F +2/9)]

5003(% cos[% @g[&l(F —2/9)+51(F +2/9)+61(F —1/9)+51(F +1/9):|
A=5/4=1.25 A=5/4=1.25
a=2/9=0.2222 or a=1/9=0.1111
b=1/9=0.1111 b=2/9=0.2222

Either set of answersis correct.



3. Find the numerical signal energy of x(t) = llsinc(5t /13) .
(Use of Parseval’ s theorem is recommended, but not required.)

x(t):nsinc(st/ls)@x(f):11><(13/5)rect(13f /5)

By Parseval’s theorem,

E, :Dx(t)rdt :Dx(f)rdf

[ 2 11x13 25/26
E, = [ |11 (13/5)rect(13f /5)) df :[ ]

j df =817.96x > =314.6
13

-5/26

4. Findthe numerical fundamental period of x[n]= Gcos(zgionJ + Ssin[??—;] :

(If asingle sinusoid is expressed as sin[ZnNﬂn] or cos[ZnNﬂn] where mis aninteger and N, isan
0 0
integer, and m/ N, cannot be reduced to a simpler fraction by canceling common factors, then N, isits

fundamental period.)

To recognize both individual fundamental periods of the two sinusoids put them in the standard form.

x[n]= GCOS[Zn[S—lojnJ +55in(277:[7—32]nj

The two fundamental periods of the individual sinusoids are 30 and 72. The least common multiple of 30
and 72is360. Therefore the fundamental period of x is 360.



5. The impulse response of a discrete-time systemis

h[n]= (2613[n}—613[n—4])u[n] :
Isit stable?  Circle correct answer. Yes

Explain your answer analytically or graphically or in a combination of these methods by examining
whether or not the impulse response is absolutely summable. (A correct answer without a correct
explanation gets no credit.)

Explanation:

The summation of the absolute value of h [ n] is

3 |25, [n]-6.[n—4])u[n] = g‘(zam[n]—éw[n—ﬂ)‘

Since the impul se response never goes negative, the magnitude of the differenceisjust the difference and
the summation of the magnitude of the difference is the difference of the summations.

z (26, [n]-8,[n-4])u[n] :2(2613[n]—613[n—4])

3 [fsufr)-auln-)n] =28 uln)- T[]
ni‘(z%[n]—513[n—4J)u[n] = Z(u[n} +u[n-13]+u[n- 26]+...)_(u[n ~4]+u[n-17]+u[n-30] +)
This function increases by two every 13 discrete-time units followed by a decrease by one, four discrete-

time units later. Itisalwaysonelarger at n+13 thanitwasat nforany n>0. Therefore the summation
is unbounded (does not converge) and the system is unstable.



A continuous-time system is described by the differential equation
0.6y’(t) +0.9 y(t) = 2x’(t) - 3x(t)
where x isthe excitation and y is the response. The impulse response can be written in the form
h(t) =K.e"" u(t) + Kéa(t).
Find the numerical values of the constantsK, , K, and 7. (If you havetimeit would be good to

substitute the solution back into the differential equation and check to see that the two sides are equal. But
thisis not required.)

Given the form of h, t=-1/4 where A is the eigenvalue. The eigenvalue is the solution of
0.6A4+0.9=0=>A1=-3/2. Therefore t=2/3.

asiv()+osn(y =25 ()- ()
o)) o8 tja~={ofr)- o) -4t )

Ky =0 : ) =0 =0 =1 =0

:KD_

0.6K, +0.9K, =3

\ J N ) =1 =0 =0 =0

" ;
06K, =2= K, =10/3=506K, +3=-3=K, =—6/0.6=-10
h(t) = -10e"2u(t) +(10/3)5(t)
Substitute the solution into the differential equation as check whether both sides are the same.
h(t) =-10[ e"25(t) - (3/ 2) ™2 u(t) |+ (10/3)5'(t)
0.6{-10[e*25(t) - (3/ 2)e 2 u(t) ]+ 10/ 3) (1)} +0.9[-10e 2 u(t) + (10/3)5(t) ] = 26 (t) - 35(t)
65 (t) +9e2u(t) +25(t) - 9e "2 u(t) + 35(t) = 25 (t) - 35(t)

25’(t) - 35(t) = 26’(t) - 35(t) Check. Correct solution.



Solution of ECE 315 Final Examination Su08

Find the numerical values of the constants,
(@  Asin(100zt + 7/ 3} ja[ 5( f +a)-5(f —a) |e"
sin(2z £0) = J6( 1+ 1,)-5(1 - 1]
Muiltiply both sidesby 8. 8sin(27 f,t)e—=— ja[ 8(f + f,)-8(f - f, )]
Identify f,=50. 8sin(1007t)e—=— ja[ 5(f +50)-5(f —50)]
Use the time-shifting property.
8sin(1007(t ))<= ja[ 5( f +50)— 5( f ~50) e "

A=8, a=50
Solve for t,.

8sin (1007t — 1007t, )= j4[ §( f +50) - 5( f —50) Je *""

-100xt, =7 /3

tO:-”—”’:—i:b:—jzntO:(-j) “2 i o j0.02004
1007 300 300 150

(b) Arect(t / a) * rect(t / b)<L>6005inc(8 f )sinc(lO f)

Arect(t / a) * rect(t / b)<L> Ax asinc(af ) X bsinc(bf) = 6005inc(8 f )sinc(lO f)

Axaxb=600 Axaxb=600
a=8 or a=10
b=10= A=600/80=7.5 b=8= A=600/80=7.5

Either set of answersis correct.
(© %(24tri (9t))<L> Af sincz(af)
%(24tri(9t))<L> j2nt x(24/9)sinc?( f /9)= Af sinc? (af )

A= jomx(2419)= j48r /9= [16.755
a=1/9



2.

Find the numerical values of the constants.

@ SCOS[T—an@ A[Sl(F—a)ﬂSl(F +a)]

cos(zﬂpon)gg[(sl(p ~F)+8,(F+F)]
5cos(5f—8”] = 5cos[2n(%}n};g[5l(l= ~5/36)+6,(F +5/36) |

A=5/2=25
a=5/36=0.1389

A[6,(F-a)+6,(F+a)]

(b) 22(5[n—7]—6[n+7])@>Asin(aF)

22(6[n ~7]-68[n+ 7])L>22(e-11“"F — &™) = jadsin (147 F) = Asin(aF )

A=—j44
a =147 =43.98
©) 900{%}0{%}; A[6,(F-a)+5,(F+a)+5,(F-b)+5,(F+b)]

9cos(%}cos[?}@9x%[5l(F -1/36)+5,(F +1/36)]®%[51(F ~1/9)+6,(F +1/9)]

9cos(%)cos(?}@%[5l(l= ~1/36)+6,(F +1/36) | *[ §(F -1/9) + 5(F +1/9)]

o) (27n) . 9|8, (F-1/9-1/36)+5,(F +1/9-1/36)
9cos cos| — [«—>

9 4{+6,(F-1/9+1/36)+5,(F +1/9+1/36)
9cos[%]cos[?]@%[51(|:—5/36)+51(F+1/12)+61(|=—1/12)+51(F+5/36)]
9cos(%)cas(%)@%[q@—5/36)+51(F+5/36)+61(F—1/12)+51(F+1/12)]

A=9/4=225 A=9/4=225
a=5/36=01389 or  a=1/12=00833
b=1/12=0.0833 b=5/36=0.1389

Either set of answersis correct.



3. Find the numerical signal energy of x(t) = 85inc(4t /11).
(Use of Parseval’ s theorem is recommended, but not required.)

x(t) :85inc(4t/11)<L>x(f):8><(11/4)rect(11f /4)

By Parseval’s theorem,

E, :Dx(t)rdt :Dx(f)rdf

- 5 8x11 2 2m1
E, = [[8x(11/4)rect(11f / 4)] df :[ x J

j df = 484x -+ =176
11

-2/11

4, Find the numerical fundamental period of x[n]= ZCOS(%J —125in(367r—4nj .

(If asingle sinusoid is expressed as sin[ZnNﬂn] or cos[ZnNﬂn] where mis aninteger and N, isan
0 0
integer, and m/ N, cannot be reduced to a simpler fraction by canceling common factors, then N, isits

fundamental period.)

To recognize both individual fundamental periods of the two sinusoids put them in the standard form.

x[n]= 2cos[2n(%} n] +53in[2n(%]n}

The two fundamental periods of the individua sinusoids are 48 and 128. The least common multiple of
48 and 128 is 384. Therefore the fundamental period of x is 384.



5. The impulse response of a discrete-time systemis

h[n]= (2613[n}—613[n—4])u[n] :
Isit stable?  Circle correct answer. Yes

Explain your answer analytically or graphically or in a combination of these methods by examining
whether or not the impulse response is absolutely summable. (A correct answer without a correct
explanation gets no credit.)

Explanation:

The summation of the absolute value of h [ n] is

3 |25, [n]-6.[n—4])u[n] = g‘(zam[n]—éw[n—ﬂ)‘

Since the impul se response never goes negative, the magnitude of the differenceisjust the difference and
the summation of the magnitude of the difference is the difference of the summations.

z (26, [n]-8,[n-4])u[n] :2(2613[n]—613[n—4])

3 [fsufr)-auln-)n] =28 uln)- T[]
ni‘(z%[n]—513[n—4J)u[n] = Z(u[n} +u[n-13]+u[n- 26]+...)_(u[n ~4]+u[n-17]+u[n-30] +)
This function increases by two every 13 discrete-time units followed by a decrease by one, four discrete-

time units later. Itisalwaysonelarger at n+13 thanitwasat nforany n>0. Therefore the summation
is unbounded (does not converge) and the system is unstable.



A continuous-time system is described by the differential equation
0.1y’ (t) +0.4y(t) =5x’(t) - 4x(t)
where x isthe excitation and y is the response. The impulse response can be written in the form
h(t) =K.e"" u(t) + Kéa(t).

Find the numerical values of the constantsK, , K, and 7. (If you havetimeit would be good to

substitute the solution back into the differential equation and check to see that the two sides are equal. But
thisis not required.)

Given the form of h, t=-1/4 where A is the eigenvalue. The eigenvalue is the solution of
0.11+04=0=A=-4. Therefore t=1/4.

0.1h'(t) +0.4h(t) =55(t) - 45(t)

o{@ @]w.{jh(t)dt:s{@—ﬁﬁl-“[@‘ﬂ‘ﬁl

| —; =0 =0
=K

0.1K, +0.4K, = —4

o

0.10{ h(t)dt + 0.4:j_t[h(l)dldt = 5{1(51)‘- M]- 4{% - M]

% %
0.1K, =5= K, =50 = 0.1K, +20=—4 = K, =-24/0.1=-240
h(t) = -240e* u(t) +508(t)
Substitute the solution into the differential equation as check whether both sides are the same.
h(t) = —240[ e'5(t) - 4e™ u(t) ] + 508 (1)
0.1{ —240[ e'5(t) - 4e™ u(t) ]+ 506’(t)} +0.4] —240e™* u(t) +505(t) | = 56"(t) - 45 t)

-46 (t) +56’ (t) = 55’(t) -46 (t) Check. Correct solution.



