Solution of ECE 315 Test 3 Su08

The impulse response h[ n] of an LTI system is illustrated below. Graph the unit sequence response
h_l[n] of that system over the same time range in the space provided to the right. Put a vertical scale on
the graph so that actual numbers could be read fromit. (h[n]=0, n<-5).

h[?] h.[n]

5 A

h,[n]= h[n]*u[n]:mih[m]u[n—m]:mgmh[m]

n 5 -4-3-2-1012345
hfn] 0 0 0 0 0 143124



2. An LTI system has an impul se response h(t) =2e™ u(t) .

@ Write an expression for h(t) * u(t) . (Any function convolved with a unit step is just the integral

of the function, h(t)* u(t) = j. h(T)dT )

(b)  Let the excitation of the system be x(t) = u(t)— u(t -1/ 3) . Write an expression for the response
y(t).

(© Find the numerical value of y(t) at=1/2.
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h(t) ¢ u(t) = (2/3)(1— e‘3t)u(t)
y(t)=h(t) =x(t) =h(t)=u(t)=h(t) = u(t-1/3) = (2/3)(1-e*)u(t) - (2/ 3)(1— e‘3(“”3))u(t ~1/3)
y(t) = (2 / 3)[(1— e’3‘)u(t)— (1— e’3(t’”3))u(t -1/ 3)}

y(1/2)=(2/ 3)[(1— e )u(1/2)-(1-e2)u(/ 6)]=(2/ 3)(e - e™2)=0.2556



Below isan RC lowpass filter with excitation v, (t) andresponse v, (t) Let R=10Q and C=10uF.

IO R J

v VEE V(0 “”T
' ()

(@  Writethe differential equation for thiscircuit intermsof v, (t) v Vo (t) ,Rand C.

() = C-Svan(t) and v, () +Rift)=v, (1)
Combining expressions,

(b) Find the impulse response of this system h(t) (h(t) =V, (t) when v (t) :6(t)).

() Findthe numerical value h(2x10™).

e-2x1o4/10“‘
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h(z ><10*4) = u(z ><104‘) =° =135335



4.

Find these numerical values.
€) g(S) if g(t):e"u(t)*[é(t)—w(t—l)]
g(t) =etu (t) _2e )y (t - 1) = g(S) =e?®-2e7%=-0.2209

() g[3]if g[n]=ramp[n]+u[n]

g[n]=m§;ramp[m]u[n_mJ: mzzoramp[m] , n>0

o[ 2] = 3 remp[m] = ramp[ ] « remp[ 1]+ ramp 2] ¢ ram ]
g[3]=0+1+2+3=6
©  oa3]if o[n]=(u[n]-u[n-5])+5,[n]
o[n])=(u[n]-u[n-5])+ 3. o[n-2k]= 3 u[n]+s[n-2k]- 3. u[n-5]+e[n-2]

k=—c0 =

g[n]:éu[n_zk]_ S u[n-2k-5]

k=—co

o[13]= 3 u[13-2k]- 3. u[13- 2k 5]

g[13]= i u[13-2k |- EA: u[13-2k-5]

The summations cancel upto k =4 . Thereforeal that isleftis k =5,6 for which the first summation is 2
and the second summation is 0. Therefore g[13]=2.

Alternate Solution:
(u[n]— u[n—5]) isapulse starting at n =0 and consisting of 5 unit impulses. When convolved with
6, [n] we get this pulse starting at every integer multiple of 2. So at n =13 we have the sum of the unit

impulse from the pulse that started at n =10 and the unit impulse from the pulse that started at n=12.
The ones that start before n =10 and after n =12 don't affect the value at n=13. Therefore the answer
is2.

(d  Thesignal power of g(t) = 5rect(8t) 6, (t)

g (t) = 5rect(8t) 6, (t) is a periodic sequence of rectangular pulses centered at every integer multiple of 4

intime. The signal power is the average of the square of the magnitude of the signal. The sguare of the
magnitude of the signal is

|g(t)|2 = 25rect’ (8t) %5, (t)

Its period is 4 and its area during one period is 25/8. Therefore its average value is 25/32 or 0.78125.



Solution of ECE 315 Test 3 Su08

The impulse response h[n] of an LTI system isillustrated below. Graph the unit sequence response
h_l[n] of that system over the same time range in the space provided to the right. Put a vertical scale on
the graph so that actual numbers could be read fromit. (h[n]=0, n<-5).
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h,[n]= h[n]*u[n]:mih[m]u[n—m]:mimh[m]

n 5 -4-3-2-1012345
hfn] 0 0 0 0 0 143124



2. An LTI system has an impul se response h(t) =5¢2 u(t).

@ Write an expression for h(t) * u(t) . (Any function convolved with a unit step is just the integral

of the function, h(t)* u(t) = j. h(T)dT )

(b)  Let the excitation of the system be x(t) = u(t)— u(t -1/ 3) . Write an expression for the response
y(t).

(© Find the numerical value of y(t) at=1/2.

t
) uf) =0 15

h(t)u(t)=(5/2)(1-e)u(t)
y(t) = h(t) =x(t) =h(t) = u(t) ~h(t) = u(t-1/3) = (5/2) (1~ e )u(t) - (5/ 2)(1—e‘2(“”3))u(t ~1/3)
y(t) = (5/ 2)[(1— e’z‘)u(t) - (1— e’z("m))u(t -1/ 3)]

y(1/2)=(5 2)[(1— e*Ju(1/2)-(1-e)u(us 6)]=(5/ 2)(e*-e?)=08717



Below isan RC lowpass filter with excitation v, (t) andresponse v, (t) . Let R=20Q and C=10uF.

LR bk

v VEE V(0 “”T
' ()

(@  Writethe differential equation for thiscircuit intermsof v, (t) v Vo (t) ,Rand C.

() = C-Svan(t) and v, () +Rift)=v, (1)
Combining expressions,

(b) Find the impulse response of this system h(t) (h(t) =V, (t) when v (t) :6(t)).

() Findthe numerical value h(2x10™).

2x1074/2x10™ -1
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h(2><10"‘) = =1839.4
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4.

Find these numerical values.
€) g(4) if g(t):e’tu(t)*[é(t)—w(t—l)]
g(t) =etu (t) _2e )y (t - 1) = g(4) =e*—-2e°=-00813

(b) 9[4] if g[n]zramp[n]*u[nl

g[n]=m§;ramp[m]u[n_mJ: mzzoramp[m] , n>0

o[4]= 3 ramp[ m] = remp ]+ ramp[ 1] ¢ ramp{ 2]+ remp[ 3] + remp 4
g[3]=0+1+2+3+4=10
©  of14] it ofn]=(u[n]-u[n-5])<5,[n]
o[n])=(u[n]-u[n-5])+ 3. o[n-2k]= 3 u[n]+s[n-2k]- 3. u[n-5]+e[n-2]

k=—c0 =

g[n]:éu[n_zk]_ S u[n-2k-5]

0[14]= i u[14-2k]- i u[14-2k-5]

0[13]= i u[14-2k |- i u[14-2k-5]

The summations cancel upto k = 4. Thereforeal thatisleftis k =5,6,7 for which the first summation is
3 and the second summation is 0. Therefore g[14 ]=3.

Alternate Solution:
(u[n]— u[n—5]) isapulse starting at n =0 and consisting of 5 unit impulses. When convolved with
6, [n] we get this pulse starting at every integer multiple of 2. So at n =14 we have the sum of the unit

impulse from the pulse that started at n =10 and the unit impulse from the pulse that started at n =12 and
the unit impulse from the pulse that started at n =14. The ones that start before n =10 and after n =14
don't affect thevalueat n=14. Therefore the answer is 3.

(d  Thesignal power of g(t) = 5rect(6t) 0, (t)

g (t) = 5rect(6t) 6, (t) is a periodic sequence of rectangular pulses centered at every integer multiple of 4

intime. The signal power is the average of the square of the magnitude of the signal. The sguare of the
magnitude of the signal is

|g(t)|2 = 25rect? (Gt) %5, (t)

Its period is 4 and its area during one period is 25/6. Therefore its average valueis 25/24 or 1.04167



Solution of ECE 315 Test 3 Su08

The impulse response h[n] of an LTI system is illustrated below. Graph the unit sequence response
h_l[n] of that system over the same time range in the space provided to the right. Put a vertical scale on
the graph so that actual numbers could be read fromit. (h[n]=0, n<-5).
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h,[n]= h[n]*u[n]:mih[m]u[n—m]:mimh[m]

n 5 -4-3-2-1012345
hfn] 0 0 0 0 0 143124



2. An LTI system has an impul se response h(t) =4e™ u(t).

@ Write an expression for h(t) * u(t) . (Any function convolved with a unit step is just the integral

of the function, h(t)* u(t) = j. h(T)dT )

(b)  Let the excitation of the system be x(t) = u(t)— u(t -1/ 3) . Write an expression for the response
y(t).

(© Find the numerical value of y(t) at=1/2.

t
h(t)=u(t)= 4£e‘fdr , 120

h(t)*u(t) = 4(1—e")u(t)
y(t)=n(t)=x(t) = n(t) <u(t) - h(t) su(t-1/3) = 4(1—e")u(t)—4(1—e‘(“”3))u(t—1/3)
y(t) = 4[(1—e’t)u(t)—(1— e’(”m))u(t—ll 3)]

y(1/2)= 4[(1— e¥?)u(L/2)-(1-e**)u(us 6)]= 4(e™ ™) = 0.9508



Below isan RC lowpass filter with excitation v, (t) andresponse v, (t) Let R=50Q and C=10uF.

IO R J

v VEE V(0 “”T
' ()

(@  Writethe differential equation for thiscircuit intermsof v, (t) v Vo (t) ,Rand C.

() = C-Svan(t) and v, () +Rift)=v, (1)
Combining expressions,

(b) Find the impulse response of this system h(t) (h(t) =V, (t) when v (t) :6(t)).

() Findthe numerical value h(2x10™).

-2x107 /5x107 e»2/5
u(2x10¢)=
5x

e
5x10™

h(2><10"‘) = =1340.64
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4.

Find these numerical values.
€) g(2) if g(t):e’tu(t)*[é(t)—w(t—l)]
g(t) =e'u (t) _2e iy (t - 1) =g (2) =e?-2e"=-0.6004

() g[3]if g[n]=ramp[n]+u[n]

g[n]=m§;ramp[m]u[n_mJ: mzzoramp[m] , n>0

o[ 2] = 3 remp[m] = ramp[ ] « remp[ 1]+ ramp 2] ¢ ram ]
g[3]=0+1+2+3=6
©  oas]if o[n]=(un]-u[n-4])s,[n]
o n]=(s[n]-u[n-4]) 3 o[n-2k]= 3 u[n]o[n-2k] - 3 u[n-4]+s[n-2k]

o[n]=3 u[n—2k]—kiu[n—2k—4]

g[13]= i u[13-2k]- i u[13- 2k - 4]

o[13]= 3, u[13-2k]~ 3. u[13-2k 4]

The summations cancel upto k =4 . Thereforeal that isleftis k =5,6 for which the first summation is 2
and the second summation is 0. Therefore g[13]=2.

Alternate Solution:
(u[n]— u[n—5]) isapulse starting at n =0 and consisting of 5 unit impulses. When convolved with

6, [n] we get this pulse starting at every integer multiple of 2. So at n =13 we have the sum of the unit

impulse from the pulse that started at n =10 and the unit impulse from the pulse that started at n=12.
The ones that start before n =10 and after n =12 don't affect the value at n=13. Therefore the answer
is2.

(d  Thesignal power of g(t) =5rect(2t)*64 (t)

g (t) = 5rect(2t) 6, (t) is a periodic sequence of rectangular pulses centered at every integer multiple of 4

intime. The signal power is the average of the square of the magnitude of the signal. The sguare of the
magnitude of the signal is

|g(t)|2 = 25rect? (Zt) #8, (t)

Its period is 4 and its area during one period is 25/2. Therefore its average value is 25/8 or 3.125.



