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PART A: Answer only THREE (3) from FOUR (4) questions

Q1 (a) Show that the following equation is homogeneous and then find the general solution:

ﬁ _ 3y?+x?
dx 2xy
(6 marks)
() Solve the following lnitial value probletns
) (2vy—9vd) + (v4 + z)ﬁfi =0: ) =73
() tZ+2y=2+3sint;  y1) =2
(14 marks)

Q2 (a) Using the method of undetermined coefficient, find the general solution to the differential

equation:
v +9y—2cos3x =0
(9 marks)
(b) Solve the following second order equation: v
i ; 2x
(11 marks)

Q3 (a) Detetnne the Laplace Translotn of the step [unction represented by the graph shown in
Figure Q3(a)

(10 marks)

(b) Obtain the inverse Laplace transform for the following function:

s+1 I 1
(2= 1) s¥s2-1D)

(10 marks) ¥

oy
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Q4 (a) Determine the inverse Laplace transform of:

20
(s + (s> +25+2)

(5 marks)

(b) [Dixpress the following step function in terms of unit step function and then find the Taplace

translorm.
L 108 e, 0 <t < n
r(t)—{ G, wa g
(6 marks)
(c) Solve the initial value problem for a damped mass spring system below:
Yy +2y—r(©);  y(0) = Ly () ==5
v (10sin2¢t, 0 <2t <t m
r(t) = { 0, m<t
(9 marks)

PART B: Answer all questions

Q5 A periodic function is defined as:
-1, — T <x<0

fx)=1{0, i=i
i 0w

fx) = flx+2n)

(a) Sketch the graph of /(x) in the interval of - <x <11, and using the appropriate test at
suitable points, determine whether the given function is even, odd, or neither.

(5 maiks)
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Q6 (v

(b)

(b)  Prove that the corresponding Fourier series to this periodic function is given by:

4~ sin [(2n— 1)x]

— , —<x<

EZ (2n—1) rsxsT
n=

Apply suitable equations as given in the appended (oraula

(10 marks)
(¢) By choosing an appropriate value [or x, show that
R SR SN y
4 3 & 7
(5 marks)

The heat flux through the faces at the ends of bar is found to be proportional to i, — Gu/n

at the ends If the bar is perfectly insulated and the ends ¥ = 0 and ¥ = [ are at adiabatic
conditions,
U 0,6) ~0 (L)~ D

Prove that the solution of the heat transfer problem above (adiabatic conditions at both
ends) is given as:

nmx _ (anmy?
u(x,t) = 4y +2AncosTe 1)°
n=1 J

where A4, and A, are arbitrary constants.
The heat equation is given as,

2
ou r2§.ff.

at e ox®
(15 marks)

If L — mand a — 1 for the solution of heat transfer problem in Q1(a), find the temperature
in the bar with the initial temperature:

f(x) = k = constant

(5 marks)

Vs

-END OF QUESTIONS - oo 7
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Figure Q3(a)
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First Order Differential Equations

FORMULAS

Type of ODIs
[.inear ODEs:

y +P(x)y - Q(x)
Exact ODEs:

Inexact ODLs:

General solution
y— e _j'P(x)dx{I-- pf 1‘(“‘)‘“(}(\’)(17( 4 (1[

PG = [ s

Flxy) = [ {%5 ~g(x}dy=C

M(x,y)dx+ N(x,y)dy = 0
JdM 0N
s i s
dy  dx
Integrating factor;

i(x) = eJ- SOdx where f(x)= %(OJ\;I_ O_NJ

B O
» 11 oN oM
= B e g(y)=ﬁ[‘:’a—ﬂ J

J.!'M(Y)J’)dr Ja n’WUMI(x,y)ch)

IN(x, y)ydy =
oy

Characteristic Equation and General Solution for Second Order Differential Kquations

Types of Roots General Solution
Real and Distinct Roots: m, and m, y=ce" +e,e™
Real and Repeated Roots: m, —m, —m

y=¢e" +exe™

Complex Conjugate Roots: m—a i

y —e™ (¢, cos [Fx +c, sin fx)

Method of Undetermined Coefficients

g(x)

Yp

- .
Polynomial: P (x)=a,x"+..+ax+a,

x (A x" ok dxd A)

Fxponential: ¢

" (Ae™) a ]

Sine or Cosine: cos Jx or sin Ux

x"(Acos fx+ Bsin fix)

Note: ris 0, 1, 2 ... in such a way that there is no terms in yp('

T)‘hﬂ'ﬁ"‘th’é'similar term as in the y_(x).
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Method of Variation of Parameters
The particular solution for y"+by'+cv = g(x)(b and ¢ constants) is given by v(x)=u, v, +u, v, , where

u, _[ y’),g(x,) I "
W
u, = [},[(;;;,(vx} . ;
whete
W }";' y21
Yo ¥

Laplace Transform

LFOY - [ F(Oedt - F(s)
0
S F(s)
a a
S
t",n—1,2,3,... n!
i+l
eai’ 1
S—a
sin at a
s +a’
cosat 5
s*+a’
sinh at a
S2 = a2
cosh at 5
L L r?"..'?,._—_ﬁ'g
e (1) Fis a)
=123, 1)’ d"F(s)
ds"
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Laplace Transform (continued)
H(t—a) ¢
— s
S OH{ ) e “F(s)
F0S(—a) ¢ “f(a)
y() ¥ (£)
(1) s¥(s)—y(0)
»(0) 2 Y (5) = sy(0)— y'(0)

Fourier Series
Fourier series expansion of periodic function with period 2 7

7

1
a, - [ 1 (x)dx

S 1

T

g 1 I [ (x)cos nxdx
jr -

w) u
f(x)— 5 a, | Zan COS 77X | an sinymx
n=l n=1

Half Range Series
? [

dy == f (a)els
L 0

nrx
L

dx

2 L
u, —— | f(x)cos
=7 !f( )
<1 . ATX
b = —J'j(x)sm—dx
Ly L
f(x)= . | za,, cos ”'zl ! Zbu sin Hix
n=l n=1

T A B v - Lt o
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Trigonometric Ldentities

TANGENT IDENTITIES RECIPROCAL IDENTITIES PYTHAGORLAN IDENTITIES PLRIODIC IDENTITICS
cin . . ! sint @1 costé — 1 sin(# | 2an) = siné
lanéd = m csc oind snd ;‘“‘scs
. . cord — —— tan“ 8 1 1 =sec@ cos(@ | 2an) - cosd
cot @ — cos @ ' cop peg &
" sind 1 t,mﬂ=L cotié + 1 =cscd tan{¢ + wn) = tan &

el =———
tan & cot &

esc(8 + 2an) = csc @
EVEN/ODD IDENTITIES

sin{—@) = —sin @

DOUBLE ANGLE IDENTITIES
sin{26) = 2sin G cosé

HALF ANGILE IDENTITIES

sec{d + 2rn) = secd

Iy
,in(;’)_i ll,____goss

cos(—8) — cosé cos(26) = cos*@ - sin* @ o NS cot(8 1 im) = cot8

tan{—&) = —tan& =2cos? —1 (5 ) ;; £ a4 8 LAW OF COSINES
cos{— =+ |-

2 2 Lo - "
csc{—8) = —cscd =1-2sin’# N @t = b+t — lbccosa
sec(~¢) — sect) 2tanf 6 L cost e B a4

an(26) = 5= a5}t i B gf i B Bubones
col{—80) = —cotd - R ST SR
PRODUCT TO SUM IDENTITIES SUM TO PRODUCT IDENTITIES LAW OF TANGENTS
1 @ + B o — L. o
sinasinf = 5lcos{a — 5 — cos(a + £)] sina + sinf = 2sin (“ zg)cos(“f-—-z'—ﬁ) a—b _ta’ﬁ[j(ﬂ—ﬁﬂ
A+ anflie 2l
a+By . [fa-By 12 !

1
cos & cos -z[ces{a' B3 1 cos(e t B)] sing  sinf = Ez;us( 5 )snn( g% ) - tan{l{ﬁﬁy}}

b+c

1

By . ; @ a - B . o
sinacos f =3 [sin{la + 8} + sin{a — 8)] «:B}ms{ . 5) B+

b

cosa+eos B = 2cos ( ta"‘{

}. —_—
cosa —cos f = —2sin (« ; ﬁ)sin.(&l ; ﬁ) __a_:_:.; _tan[z e ”]

- T a7

cosasing = i[sin(cr i 8 sinle B

SUM/DIFEERENCES IDENTITIES MOLLWEIDE'S FORMULA COFUNCTION IDENTITIES

sin{fe+ ) =sinacosB +cosasinf

cos{a 4 ) = cosecosfi Fsinasinf

Gd b =cos[%(a—;?)]

1
c (1
; tano ttanf mn(zy}
tanflag + ) = ——
LT tane tanf
LAW OF SINES
sing _sinf  siny
a b c
r--“-..‘_-“ e
9

sin{;—ﬁ): cosd

csc(%—a)-secg

t:m( il 8)=cotd

o
P i
o5 {: f?) - sind

- B) =csch

' "‘6‘}:?;&1&6
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