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UNIT I
LAPLACE TRANSFORMS

Objective, Short answer questions of 2 marks each.

=

Define Laplace transform of function F(¢), > 0.
2. Find L{L}.

3. Find L{t}.

4. Find L{e"}.

5. Define function of exponential order.

50<t<3
0,t>3

6. Find L{F(r)} if F(t):{

40<t<1
3,t>1

7. Find L{F() if F(t):{
8. Find Li{sin2¢—5cos 2t}.
9. Find L{(sint—Scost)z}.
10. Find L{Zest —e_st}.

11. Evaluate L{e” Ccos Zt}.

12.1f L{F(e)} = f(s)then show that L{e“ F(¢)}= f(s —a).
13.1f L{F(0) = #(s)then show that £{(an)} = f@ |

14. Evaluate L{(r+ 2)2e’}.
15. Evaluate L{rcosh3z}.
16. Find L{4e™ +6¢* —3sin 4t +2¢0s 21|,

17. Find L{fe™ |.



18. Show that F(¢) = is of exponential order 3.

1. Multiple choice questions of 1 mark each. Choose correct answer.
1. L{t”}is .....
Sn+l Sn+l nl ”l'
a) —— b) —— d —
@ Oum Op O 5
2 L{ek’}ls .....
1 k S 1
Q) — b) — c d
()s+k ()s+k ()s—k (@) s—k
3. Lisinkt}is.....
k k s s
Q) —— b) — c) —— d ——
@O O ©OFp @ T
4. Licoskt}is .....
s k 1 s
Q) —— b) —— c) —— d ——
()s2+k2 ()sz—i-k2 ()s2+k2 (@ s —k?
5. Lisinhkt}is .....
k k s 1
Q) —— b) —— C) —— d
Qe Oez ©Oez O &%
6. L{coshkt}is .....
S s k k
Q) —— b) —— C) —— d ———
()s2+k2 ()52—k2 ()sz-i-k2 @ s —k?

7. 1f L{F(6)} = f(s) then L{“F(t)} is .....
@ f+a) B f7+a?)  © fls-a) (@ f[gj

8. If L{F(s)}= f(s) then L{F(2¢)} is .....



1 (s 1 (s s 1
Oy H R S BNCEY ) I C Ry

Q. L{t4} is .....
@ % (b)? ©%F @3

Questions of 4 marks each.

1. Show that L{"}=—"

n+l !

s>0, (t>0,n>-1).

. ) k
2. Provethat (i) Lisinkti=————
® { } s+ k?

N s :
(i) L{coskt}= RS if s>0
. : k
3. Provethat (i) L{sinhksj=— 2
(ii) Licosh kt}= —> if s> |k
S

—k?
4. State and prove sufficient condition for existence of Laplace Transform.

5. Find L{F(t)} if F(t): {e 0<t<1
0,r>1

6. Show that (i) F(¢)=¢*is of exponential order 3.
(ii) F(t)=e" is not of exponential order.

2t,0<¢<5

7. Find L{F(¢)}, where F(r)= {1, t>5

8. Find LIF() if F()= {e 0<i<5
3, t>5



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

t,0<t<4
5t>4

Find L{F(¢)} if F(r)= {

State and prove linearity property for Laplace Transform.
Find Laplace Transform of following functions. Specify the value of § for
which the Laplace Transform exists.
(i) (sin2s—5cos 2¢) (ii) (3cosh5¢ —3sinh5¢)
Evaluate (i) Z{5¢* ~3)'} (i) L{4cos? 2]
Evaluate (i) Z{cosh? 4¢} (ii) L{sinh? 3¢}
Evaluate (i) Lie* (3sin4s —4cos 4¢)} (ii) Lie™ (3sinh 2t —5cosh 2¢)}
Find (i) L{e™ sin®¢} (i) L{(1+tef)2}.
If LIF(:)} = /(s) and
G(0) - {F(t —a), t>a

0 t<a
prove that L{G(r)} = e™ 1 (s)

2

Find L{F()} if F(r)= Cos(t-_j’ M
0, t<—

Fmdngo}nz«gz{g”;<Zii

sP—s+1

(2517 (1)

Given that L{S'—nt} = tan‘l(ij find L{Slr;4t}

If L{F(¢)} = find L{F(2¢)}.

t N



21.

22,

23.

24,

25.

26.

27,

Find L{F(¢)}if
() F(t)=2e" e (i) F(r)=(?+1f
Evaluate (i) L{e‘f coS Zt} (ii) L{Zeg’ sin 4t}

Evaluate (i) L{(¢+2)¢'} (i) L{e™ cosh2s}.

Find L{F(¢)} if () F(¢) = Sin(t_%]’ e

0, t<z
3
( 27[] 21
SIN t-?, l‘>?
(ii) F(1)=
0, t<ﬁ
3

By change of scale property find

(i) L{cos 5t} (i) L{sinh3¢}

Given that L{%m} = tan‘l(lj find L{Slf;at}
S

If L{F(¢)} = f(s), then prove that L{F'(¢)} = sf(s)— F(0), by assuming

required conditions. Hence show that L{r} = iz .
S

f L{F(¢)} = f(s), then prove that L{F"(¢)} = s> f(s)—sF(0)- F'(0), by

assuming required conditions. Hence show that Z{sin ¢} =

s?+ k%

2t 0<t<1
1 r>1

. Given F(t)z{

(i) Find L{F(¢)} (ii) Find L{F'(z)} (iii) Does the result



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

— F(0) hold? Explain.

If L{F(¢)}= f(s), then prove that L{j F(u)du} =

L{J' sin Zudu}.
0

t

1f(s). Hence evaluate
S

Verify directly that L{Iu —u+e }zlL{t —t+e’ ).
0

If L{F(z)} = f(s), then prove that

LY FO}= (1 2 1(5)= (17 £7(6).

dsn

Find (i) L{t sinke} (ii) L{f? cos k|

Find (i) L{t(3sin 2 — 2cos 2¢)} (ii) L{?e* |

Find (i) L{tcosh3t} (ii) L{tsinh2s}

Show that Jte_3’ sintdt = —
0

If L{F(¢)} = f(s), then prove that L{@} = If(u)du , provided

>0 ¢

Show that J'Lmdt = %

—at —bt
Show that L{%} = Iog(

lim—< F(t) exists hence show that L{

t

s+b

S+a

sint

)

0

S

o

1

N

J



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

_ 2, 72
Show that L{cos at — COS bt}zllog(‘g +b J

t 2 s +4a?
o —3f —6¢
Show that I%dr =log 2
0
Evaluate _[ COS 6¢ ; CoS 4¢ it
0

If L{F(¢)} = f(s), then prove that
L{F"(t)} = s* f(s)— s*F(0)— sF'(0)— F"(0) by assuming required

conditions.

t?, 0<t<1
IfF(t):{o (>1

(i) Find L{F"(¢)} (ii) Does the result
L{F"(¢)} = s*L{F(¢)} — sF(0)— F'(0) hold in this case? Explain.

Find (i) L{tcosh3t} (ii) L{tsinh 2z}

Show that L{J' 1-¢ du} = 1 log (1 + 1)
u S S

0

Given that L{J,(¢)} = L show that [ e (at)dt = 3
0

V1+s? 125

4t o
Find L{e Sln3t}

Find L{—l_ C;’S at }

t
Find L{I te™ sin 4tdt}
0



UNITII
INVERSE LAPLACE TRANSFORMS

Objective, Short answer questions of 2 marks each.

1.

2.

10. Find L™

State Lerch’s theorem for uniqueness of inverse Laplace Transform.

If ¢,and ¢, are any two constants, f,(s) and f,(s)are Laplace transforms

of F,(t)and F,(¢) respectively then prove that

lfi{clj1(5)+-czj;(s)}::cllfl{ 1(5)}+'Czl;1{ z(s)}

s+1}
i

11 1FL7{f(s)} = F(¢), then prove that L™ {f (s — k)} = " F(¢).



. 1
12. Find L* .
{«/ 25 + 3}

13. Find L‘l{ 3+ 7 }

s2—-2s-3

1416 L7{f(s)} = F(r), and F(0)=0 prove that L™{sf(s)} = F'(¢).

15. Find Ll{ = }
s°+1

16.1f L{f(s)f =sint then L{f(s —2)} = oovrvvcrrrrrrrne

1708 LH{f(s)} = e then L {f(s =5)} = ocvrvvrrrrrrrne.

18.1F L{f(s)f =sin¢ then LHsf(s)} = ovvvovrrrrerrrennn.

19.1F ZH{f(s)} =tan s then L™Hs? ()= oo

Multiple choice questions of 1 mark each. Choose correct answer.

1. L‘l{l} 0S oo,
S

1 1 1

(@ ¢ (b) ; (c) (d) ;
2. L‘l{%} IS vevininnnn

S
(a) ¢* (b) ;—2; (c) t (d)1
3. L‘l{ ! }is ..........

s—k
@ k  (b)e" () sin kt (d) ¢

4. L‘l{ 1 }is .................
s—5



(a)% (b)5 (c)e’

_ 1 ]
5 L 1{S2 +k2} 1Sueieireereenn,

(a)cos ke (b) S'rl‘{’“
6. L‘l{sz ikz} 1Serevirereeenns
() cos ks (b) 25 M
k
L1 .
7. Ll{sz —kz} 1Seieeeeeeeieenn,
(a)cosh it (b) sinh iz
8. LI{SZ ikz} 1Sueeeeeeeeerenns
(a)cosh ki @w?”
9. L‘l{ nlﬂ} [
S
tn tn+1
a b) —
@) O

(d)eSI

sin k¢

©)=73

sin kt

(©)

sinh k¢

(©)

(c)sinh kt

@%%

(d)

(d)cos kit
(d)ekt
sin kt
(d) p
sinh it
(d) f
tn
(@ [n+1
i
5




I11. Questions of 3 marks each.

T

8s+20 }
§2—-125+32

oo
I
>
o
~
N
—
—~
)
| Q
w
D A
~—
N
|

©

sP+s+1

Find L‘l{M}

10. IFL*{f(s)} = F (), and F(0)=0 prove that L™{f (ks)}

11. Find Ll{;}
\s? —4s+20

12. Find L
q/is+1i

(g
k k



-2s
13. Find L !
s +3s+2

14, IfL‘l{ 5 Z}ZEtsim,ﬁnd I LZ
(s+1)°) 2 (165> +1)

15. IFL{f(s)} = F(r), then prove that Z*{f"(s)}

16. Find L™
S +a
1 at
}glventhat L { }:e
S—a

18. Find L‘l{ }glventhat L‘l{ 1 2}=S'nhat
S —a S —da

19. Find Ll s+1
s +25+2

17. Find L

a

20.Find Z*{log ”2 }

_ 1
21.Find L™ Iog t 7 }

e

&
e

&

23.Find 10 ”3 }
s+ 2

24. 1fL*{f(s)}= F(t), then prove that L‘l{T f(u)du} _F@)

(~1)'t"F(t) n=123,....



25. Find L-l{j(i— 1 Jdu}
u u+

26. 1fL7{f(s)} = F(z), then prove that L‘l{f(s)} = j.F(u)du .

2
N

27. prove that L‘l{f (s) }

oc—'N

T17thdv
0

29.Find L™

28.Find L {m}
o

8

30.Find L—l{ll s+3 }
)

31.Find L~ { }
sis +1i

321 L {f(s)} = F(z), then prove that L™{sf"(s)} = —tF'(c)— F(z)

33UF L7 {f(s)} = F(¢), then prove that L™{sf"(s)} = t2F"(¢) + 2tF (¢)

IVV. Examples of 2 marks each

4s +12 }

2.Find L™ .
is +8S+16i

3.Find L‘l{ 12 }

4—3s



4.Find L* 8s
is +16i
5.Find L*

3s+7
is — 25— 3i
e

i)

j

7.Find L*

o

8.Find L Iog(s+3 }

©”
o
j]m

s+ 2

9.Find L*

G
G
=
{
=

}by using the theorem . If L™*{f(s)} = F(¢), F(0)=0

then L™ {sf (s )} = F'(¢)



10.

11.

12.

UNIT 111
CONVOLUTION THEOREM

Objective type short questions of 2 marks each.
State convolution theorem.
Provethat F*G =G * F P.
Prove that F *(G* H)=(F *G)* H

Provethat F*(G+ H)=F*G+F *H .

Using convolution theorem find L‘l{;}.

(s +3)s-1)
Show that J.J.F )dudv = J. t —u)F (u)du.
00 0

n-1
show that 1*1*1*.--*1:t—, n=123,...

(n 1)
If F(t)=¢>, 0<t<2and F(t+2)=F(¢), find L{F(z)}.

t,0<t<l

Od<i<? and F(t+2)=F(z),

Find L{F(¢)} where F(t):{

Find Ll{

s+1)(s— }

Find L™
S+2

} using convolution theorem.

Multiple choice questions of 1 mark each.

If F(¢+2)=F(r) then F(t)is periodic with period --------

t>0.



14

I1.  Questions of 4 marks each.

1. Let F(t) have period T>0 so that F(t+7)=F(). Prove that

T
[ Fe)dr
0

L{F(1); =

1-e"

2. Graph the function F(¢)= {sm WO<E<T d find L{F(¢)}

O, m<t<2rx

3,0<t<?2

where F(¢)is periodic with period 4.
6,2<t<4

3. Let F(t)z{

(i)  Graph F(z)



(i)  Find L{F ()}
4. Find L{F(¢)} where F(t) is periodic function shown graphically as below.

14

v

5. Find L{F()} i F(t)={2°_j T amd F)=Fle+20)

6. Find L{F(z)} if F(¢)is periodic function shown graphically as below.

A

1

A

7. State and prove convolution theorem.

8. Using convolution theorem evaluate Ll{ﬁ}
s +a

9. Using convolution theorem evaluate L‘l{

t
10. Using convolution theorem verify that _[sin ucos(t —u)du = %tsin t
0



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Using convolution theorem evaluate L ﬁ—)}
S +1 S +1

Using convolution theorem evaluate L }
S + 4

|
=

Using convolution theorem evaluate L

Using convolution theorem evaluate L

Using convolution theorem evaluate L~ 1{

2}
s =S8

. 252 -4
Find L* .
" {(Hl)(s_z)(s_s)}
Find L‘l{ s+1 }
65> +7s+2

s LT —11}

(s+1)s -1

2
cing 4] 55" ~18s - 11}

S+l s—

@
i
g o 1ot )
i
{

s+4is +9i

Find L™

3s+1
s 1“3 +1i

Find L*

S+3)(s +2s+2)}



23. Find L*

24. Find L*

Gy

(= 1)<§S—+zl><s : 3>}
ol ie)

n

i

e

26. Find L*

7

27. Find L™ ‘Z’
S+2)(S— s +2s+5)

28. Find L~

s —2s+2Xs +2s+2)}

UNIT IV
APPLICATIONS TO DIFFERENTIAL EQUATIONS

I. Objective type short questions of 2 marks each.

1. Define Heavisides unit step functionU(t —a).

—as

2. Prove that L{U(t — a)} = <— where U(t —a) is Heavisides unit step.

N

3. Define Dirac-delta function (¢t —a).
4. Provethat L{5(t—a)}=e™.
5. Find L{sin2t5(t—2)}.

6. Find L{t5(¢-3)}.



7. Find Li{cos 2:5(t - 3)}.
8. Find L{?U(:-2)}.
9. Find L{?s(r—4)}.

10. Find L{*5(t - 2)}.

11. Find L<sin 2t5 t—— }

12. Find L{cos 2t5 t—— }

Il. Multiple choice questions of 1 mark each.

5. If U(t—a) is Heavisides unit step function then L{U(¢ —a)} is --------




1. Questions of 6 marks each.

1. (a) Explain the method of solving the linear differential equation

2
d §+Ad—Y+BY:F(t)
dt dt

subjectto ¥(0)=«, Y'(0)= g by using Laplace transform.
(b) Solve the differential equation Y" +4Y' +4Y =4e™ subject to condition
7(0)=-1, Y'(0)=-4 by using Laplace transform.

2. (a) Explain the method of solving the linear differential equation

2
le z/ + A(il—Y + BY = F(t) where 4, B are constants
t t

subject to initial or boundary conditions Y(0)=ca, Y'(0)= /8, a, Bare given
constants.

(b) Solve the differential equation Y"+Y =¢ subject to condition
¥(0)=1, Y'(0)=-2 by using Laplace transform.

3. (a) Explain the method of solving the linear differential equation



2
‘2; n Ac;—); + BY = F(t) where 4,B are constants

subject to initial or boundary conditions Y(0)=a, Y'(0)=f, a, Bare given
constants.
(b) Solve the differential equation Y"—2Y'+2Y =0 subject to condition

7(0)=Y'(0)=1 by using Laplace transform
4. Solve the differential equation Y” +9Y = cos 2¢ if ¥(0) =1, Y(%] =-1.

5. Solve the differential equation Y"” —¥' = 2cos¢ if ¥(0)=3, ¥'(0)=2,7"(0)=1.
6. Solve the differential equation (D®+1)y =1, ¢>0 if ¥ = DY = D?Y =0 when
t=0.
7. (a) Solve Y" + k%Y = F(¢), subject to ¥(0) =1, Y'(0)=-2.
(b) Find the general solution of Y" — a®Y = F(¢).
8. (a) Explain the method of solving the linear differential equation

Y | 0¥ +a, [ Y0t = F(e)t > 0
Z+al +a2_£ tat =r\t)t >

(b) Solve the differential equation Y"+4Y =97, Y(0)=0, ¥Y'(0)=7 subject to
condition ¥(0)=Y"(0)=1 by using Laplace transform
9. Solve the differential equations
(@) Y"(t)-3Y'(t)+ 2Y(¢) = 4 +12¢™", subject to Y(0)=6, ¥Y'(0)=-1.
(b) Y"(¢)—4Y"(¢)+5Y(¢t) = 125¢%, subject to ¥(0)=Y"(0)=0 ..
10. Solve the differential equations

() Y"(t)+ Y(t)=8cos¢, subject to ¥(0)=1, ¥'(0)=-1.



(b) Y"(t)-Y(t)= ', subject to ¥(0)=Y"(0)=¥"(0)=0 .

11. Solve the differential equations
(a) Y"(¢)+9Y(¢) =18¢, subject to ¥(0)=0, Y’(%) =0 .

(b) Y"(z)—4Y'(¢)+3Y(t) = F(t), subject to ¥(0)=1, ¥'(0)=0 .
12. Solve the differential equations

@ (D2 =D -2y =20sin2s, ¥(0)=-1, Y'(0)=2.

) (D? +2D+1)y =1, ¥(0)=-3, Y(1)=-1.

13. Solve (D* - D* = D +1)y =8te™" if ¥(0)=Y"(0)=0, ¥'(0)=1

14. Solve % +3Y +2 j Y(¢)dt = t, subject to ¥(0)=0.
0

15. Solve ¥'(¢)+5[ cos 2(¢ —u)¥ (u)du =10, if ¥(0)=2.
16. Solve the following equation for Y(¢) with the condition Y(0)=0

Y'(¢)=sint+ [ ¥( —u)cos udu.
0

17. Solve X"(¢) + [ X(u)cos(t —u)du = 0, if X(0)=1.
0

18. Find (8) L{*U(t - 2)f (b) LU (i - 4)}.

t?, 0<t<l1
19, Fle)= {41‘ t>1

Find L{F(¢)}by expressing it in terms of Heavisides unit step function.

2

o

. (a) Prove that L{F(¢£)5(t — a)} = F(a)e™



(b) Find LU (¢ — 4)-25(t - 2)}
21. Find (a) LU (¢ — 4) - £25(t - 4)]
(b) LU (e —4)+1%5(t - 4)}

IV. Examples of 2 marks each.

2

1. Solve the differential equation >~ +Y =0, subject to conditions

7(0)=1, (i{—f] =0 by using Laplace transform.
t=0

2. Solve Y"—2Y' +2Y = Osubject to ¥(0)=Y'(0)=1.
3. Evaluate Ie““é(t —2)dt .

4. Find L{{L+2 -3 + 428 )U(t - 2)}
5. Find L{(1+2t > +1 )Ut— }
6. Find L{tU(¢—4)}.

7. Find L{?U( - 4)}.



