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Tutorial — Integral Transforms
EEM1026 ENGINEERING MATHEMATICS I

Laplace Transforms

1. Using definition only, find the Laplace transforms of

(l) e—at
(ii) cosat
(iii) sinawt

(iv) at®+bt+c
(v) sinh3t+sin3t.
1 S @ 22 b ¢ 3 3
answers: : — +

1 1 +_+_l
s+a’ s?+w? sP+w? s s? s's?2-9 5249

(b)Find the inverse transforms of [Hint: Partial fractions may be
useful here]

: 1

D) ————
(s+3)(s+7)

.. s-1

i :

W s —2)s-315-a)

answers: l(e‘3t —e ™), Loz _peu, 3eu
4 2 2

2. Find the Laplace transforms of the following functions by using the s-
Shifting Property.
(a) 04te®™
(b) e'cost

() e‘3t(0032t—gsin2t).

04 s-1 S

anNSwers: , ,
(s—25)2" s°-25+2" s?+6s+13

3. By using the Derivative of Transforms, find the Laplace transforms
of:
(a) te'
(b) 2tsinht
(c) t2coswt
(d) te‘cosh2t.
45 2s5(s?-30%) s?+2s+s

S o 51 (2 re?) | (s?e2s-3f
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4. Using the Integration of Transforms, find f(t) if L [ f(t)] is
(@) Ini
s—-1

(b) tan‘l(%j.

answers: %(et -1), %sinoat

5. By using the Transform of Derivatives,
(@) find (i) te
(i) sin‘ot.
2m°

answers: ,
(s—1)%" s(s® +40?)

2mS

(b) show thatL (tsin ot) = ———.
(32 +0)2)

6. By using the Transform of Integrals, find the inverse transforms of
1
a -
@ s?(s+1)
54
by 7
(®) s3(s-3)

answers: t+e ' —1, 2e® —9t? —6t—2

7. Using Laplace transform methods, solve the following differential
equations, subject to the specified initial conditions:

(a) 3y'—4y=sin 2t y(0)=%
4t
answer: y(t) = §e5 —i(cos 2t +gsin 2tj
78 26 3
(b) y"+2y'+y=4cos 2t y(0)=0and y'(0)=2
answer: y(t) = 12 oot + B ginor 1 126t 4 Spe
25 25 25 5
d’y . dy :

answer: y(t) = —% +t+ %e‘t {cos(\/?t)+ \/gsin(\/?t)}
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(d) y"+8y'+16y=16sin4t  y(0)= —% and y'(0)=1

At Ecos4t
2

answer: y(t)=te
(e) y"+y"+y'+y=cos3t y(0)=0,y'(0)=1and y"(0)=1

answer: y(t)= ie‘t —isinSt —icos?,t + Esint —lcost
20 80 80 16 16

8. Sketch the given functions and find their Laplace transforms using the
t-Shifting Property.
(@ 4u(t—m)cost

sin ot, Ost<E
()

(b) f(t)=

47 o —
answers: —r———, 5| 1l+e ©
(s +1) $T+o

t
9. (a) Compute the following convolutions {f *( :j f(r)g(tr)dr},
0

(i) 11
(i) 1xg'
(iii) u(t—m)=cost

answers: t, —1+¢'

0,ift<m
" |=sint,ift>mw

(b) Using the Convolution Theorem, find the inverse transforms of the
following s-domain functions:

. 1

L s(s—2)

.. S

W o}
57—’
W ey

answers: 1(e2t -1), L tsinat, teos ot
2 20
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10. Solve the following integral equations:

(a) y(t)=cost + Zj y(z)cos(t - 7)dz

0

(6) ylt)=2t — 4 y(c )t - )z

answers: y(t)=e' +te', y(t):%(e4t —1)

Fourier Transforms

11.Without the help of tables, find the Fourier transforms of the following
functions:

@ f(t)={e’ "

0, otherwise
t, O<t<l1
b) f(t)=
®) f() {0, otherwise
1, -1<t<1
c) f(t)=
© ) {0, otherwise
1+£, —-2<t<0
@ fH)=1 |
1—5, O<t<?2

AnSWers: 1 1 e 1+|a) \/73|na) \/7(sma)j
V2z(l-iw) V2r

12.Let f(t)=te™, t>0. Find the Fourier transform of f(t)

(@) using the Transform of Derivative property
(b) using the Convolution Theorem [Hint: Begin by showing that

te =e"*e™]

anSwer:

1
V2r(l-iw)

13.Using Fourier transform methods, solve the following differential
equations:
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(a) - y'+3y=30u(x)e™, (—o<x<w)
y(0)=0, y(c0)bounded , and u(x) is the unit-step function.

answer: y(x)=5e "

(b) y+9y=06(x), (—0o<x<n)
1

0)=0, bounded . [Hint: Fio(X){=—
1(0)=0, e bounced. (Wit Fls(x) =L 1
answer: y(x)= e, x>0
' 0, otherwise

Z Transforms

14.Find the Z transform of the following sequences, k=0,1, 2, ---.
(a) 2"
(b) k2"
(c) k?
22 z(z+1)
-2 (z-2)%" (z-1°

anNSWers:

15.Find the inverse z transform of the following functions.

4
(a) )

z
O 2

Z2

P -or

answers: (—4)* , —%(—2)" +%, (k +1)3

16.Solve the following difference equations.
@ Y., -3y, =0, y,=4.
(0) Yi.o =5Yia + 6y, =0, ¥y, =0, y, =2.

answers: {y, )= 43" |, ()= -22)"}
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