MES565, HW 2

Problem 1

Part a)

Let' s pick a function for the spectrum such that g(omega)=0 for |w|>w0
In this case w0=1 (cut-off frequency).

For sake of simplicity, let's select an even function so that the inverse FT will give a
real function (if the spectrum is odd then the inverse FT will give a pure imaginary
function)

in[36l:= gomega = Piecewise[{{l - w, 0 <= w < 1}, {1 +w, -1 < w < 0}}]

1-0w O=zw<l1

ouzer [1+w -1<w<0

in37.= Plot[gomega, {w, -2, 2}]

1.0

Out[37]=
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Let' s apply the Inverse Fourier Transform to the spectrum g (omega) to find f(t)
Note: we could also apply a cosine FT for 0<w<w0)

foft[t_] = Integrate[gomega*EXp[l *t*w], {w, -w0, w0}]

eit (—1+e’1t)2

-t2

Expand [%]

This is equivalent to :

2-2xCos[t]
ft¢. 1= ——— -~
_ ©
2-2Cos[t]
tZ

plotl = Plot[ft[t], {t, -13, 13}, PlotStyle » {Red, AbsoluteThickness[3]}]

Part c)

To apply Shannon' s theorem select a sampling frequency fs = wO0/Pi

fs = w0 /Pi

1

JT
dt=1/fs (» this is T, the period =)

s



samples = Table[foft[n*dt], {n, -5, 5}]
. . . . 1
Power::infy : Infinite expression -~ encountered. >
0

oo::indet: Indeterminate expression 0 ComplexInfinity encountered. >

4 4 4 ) 4 4 4
{ ,0, —, 0, —, Indeterminate, —, 0, —, O, }
25 2 9 2 2 2 9 2 25 2
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Since the result for the function at zero is Indeterminate, let' s calculate it by hand and

substitute it back in the samples :

2 -2Cos[t] Sin[t]

m Note: —— — atzero = ——— atzero =Cos[0] =1
2 t
4 4 4 4 4
samples:{ ,0, —,0, —,1, —, 0, —, O, }
25 72 9 n? 2 72 9 2 25 n?
4 4 4 4 4 4
{ ,0, —,0, —, 1, —, 0, —, 0, }
25 n2 9 n2 72 2 9 12 25 2
ListPlot[samples]
10t .
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04+ . .
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L] & N 4 L by N by L]
2 6 8 10
Part d)

Shannon' s sampling theorem says that f(t) can be uniquely reconstructed from the

samples f(nT) where T=1/fs, and fs=wO0/Pi, i.e. from the samples f(n*Pi/w0):

fSum[t_] := Sum[foft[n+dt] »Sinc[n*Pi +w0xt], {n, -5, -1}] +
Sum[foft[nxdt] *Sinc[n*Pi +wOxt], {n, 1, 5}1 +1*Sinc[0O*Pi + w0 % t]
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plot2 = Plot[fSum[t], {t, -13, 13}, PlotStyle - AbsoluteThickness[2]]

-10 -5 5 10

As it is shown here, the signal f (t) is recontructed completely by sampling at f (nT)

Show[plotl, plot2, Axes -» True, AxesLabel -» {"t", "F(t)"}]

f(t)
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Effect of Delta funchon on vibrod-ins SHS‘}W"S
-Showing the details, find, graph, and discuss the solution.

644y 4y = §Ct-2M, Y@ = 10, y'o) =0

%)

ol? The subsidiar& sgn. s
s2Y - sy ©) —%; +Y = Sf{a (t—:m)}

-2WS
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i
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o<t <1

J

-t -
-3cost + sint +6€ - 2€2t
ljct) = ‘ -t 2. -2t
_3cost +sint + (6+10e)et-(2+10e°)e”, b
See plot ot the end. Without the S-tem, the solution approach
a harmonic oscill ahon P“"HS g00n. However, about t~ g, the effect of]

S-term seemsto be damped out and the graphsof ycb) with and without o
look. coincidend -

+he
Herm
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Prob.6.4.1

10

y{t)
o
I
|

----- y(t) without term with unit step function ) | h
-8H — — —term with unit step function, sin(t)u(t-2m) Ao A |
complete y(t) y W

T 7T LA L

10 ~7

5 10 15 20 25

Prob.6.4.4

y(t)

T |
----- y(t) without terms with unit step function

— — —terms with unit step function, 10u(t—1)[e‘(t’”—e_z(t_”]
complete y(t)

_— . -— o —— — —

5 10 15
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Problem 6.4.8

. The subsidiary equation is

5
(s2+5s +6)Y=¢ ™2 - 5 7S
5+ 1
Its solution is
| | 0.4 0.3 0.1(s + 1)
}/ — _ t,—‘ITS.IQ _ _ + + 3 t:l_T'r's.
s+ 2 s+ 3 s+ 2 s+ 3 5= 4+ 1

The inverse transform of Y is
y = u[f _ %ﬂ‘l [{,—2t+1'.r _ {?—3t+3'm‘2]
— 0.1u(t — m) [—4e™ 2™ 4 37337 — cos 1 — sint].

This solution is zero from 0 to 37 and then increases rapidly. Its first negative
half-wave has a smaller maximum amplitude (about 0.1) than the continuation as a
harmonic oscillation with maximum amplitude of about 0.15.

Prob.6.4.8

0.15
oA+ F
005 --4-}---t-fp---F--4---o--br b
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—~~
)
N |
> |
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'01 I R :7 EE e
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0.2 | | | |
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