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PART A

Ql (a) By using method of variation parameter, obtain the general solution for:

Y"+ Y = 2sinx

(Note: sin2.r = 2cosxsinx cos2x=1-2sin2 x)

O) A model for forced spring mass system is given by:

(8 marks)

Y"+8Y'+8 ! = 4cost

(D State the value of the mass, spring constant and damping constant for this

system.

(iD If another I kg mass is added to this system, what will happen to this

differential equation?

(iii) Find the steady state solution for case with 2kg mass.

(iv) Find the particular solution for the answer in Q2OXiii) that satisfies

y(0) = land y'(0) =2 .

(12 marks)
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Q2 (a) Find the Laplace tansform of f (t) = cos2t .

(2 marks)

?
O) Express -;#in partial fraction.- s(s'+4)

(8 marks)

(c) By using the obtained result in Q3(b), show that

,'{#O,."} = 1r r, - o, -1r r/ -4)cos(2(' - 4) .

(3 marks)

(d) BV using the obtained results in Q3(a)-(c), solve the following initial value

problem.

y"+4y = f (t), .lz(0) = I, y(0) = 0, with

fft\={o' for o<t <4 
.

13, -fo, t>4

(7 marks)
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PART B

Q3 A periodic function is defined as:

[-t , -7r<x<0
/(t)=10 , .r=0

f l , O<x<tr

.f(x)= f(x+2n)

(a) Determine whether the given finction is even, odd or neither.

(2 marks)

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

(c) By choosing an appropriate value forx, show that

a $ sin[(2n-r)xl - -ii<x<v
tr H 2n-l

(12 marks)

ltlll
-=l--T---T...4 357

(6 marks)
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Q4 A bar of silver of length 3 cm and constant across section of area lcm2 (density

l0g/cm3, thermal conductivity 1.5 caV(cm secoC), specific heat 0.075 ca7(g oC), is

perfectly insulated laterally, with ends kept at temperature OoC and initial unifomr

temperature .f(x) = 25"C .

Given the heat equation:

Ozu I Au

af =7 
at

(a) Show that c2 =2.

(2 marks)

(b) By using the method of separation of variable, and applying the boundary

condition, prove that

u(x,t)= ir, ,n'!'"-u*fr" 3

where D" is an arbitrary constant.

(12 marks)

(c) By applying the initial condition, find the value of b,.

(6 marks)
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Q5 (a) Obtain the general solution for the differential equation:

(t' + y' + x)dx+ rydy =g

(8 marks)

(b) Newton's Law of Cooling states that the rate of changes of the temperature, Z,

of a body is proportional to the difference between T andthe temperature of the

sunounding medium, [, multiplies to thermal conductivity t

(i) Interpret this cooling law in the form of first order ordinary differential

equation, and subsequently find its general solution.

(iD If a thermometer with a reading of l0oC, is brought into a room whose

temperature is 23oC, and the reading of the thermometer is l8"C after

two minutes later, how long will it take until the reading is 23oC?

(12 marks)
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Q6 (a) Solve the differential equation:

dvxx.-:-- v - 
-&-x+l

(6 marks)

(b) By using the method of Laplace transform, solve the initial value problem of:

y"+5y'+6y =e''

with the initial condition y(0) =.y(0) = 0.

(14 marks)
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MATHEMATICS U

FORMULAS

Characteristic Equation and General Solution for Second Order Dilferential Equation

Method of Undetemined Coefiicient

s@) yp

Polynomial:

1@)=anx'+-..+atx+ao x'('4rx' +...+ Arx+ \)
Exponential:
e^ x'(Ae^)
Sine or Cosine:
cospx or sinBx x'(Acos px+ Bsn px)

Notez r is 0n l, 2 .. . n such a way that there is no terms in y, (r) has the similar term as in the y" (x) .

Method of Variation of Parameten
The particular solution for y"+ by'+ cy = S@) (b and c constants) is given by y(x) = utlt t tr2!2 ,

where

u,=-[ffi,
ur=!ffi,
where

, =l;:, 
;:,1

Tvoes of Roots General Solution
Real and Distinct Roots:
r1and m,

! =cte\' +creW

Real and Repeated Roots:

n\=m2=m
!=cte* +crxe*

Complex Conjugate Roots:
m = axif

y = eo' (ctcos px + crsn px)
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Laplace Transform

[{f(t)l =i.f {r)"-.dt = F(s)
0

"f 
(t) F(s)
a a

s

tn ,n =1,2,3,... n'!,

F
eo' I

s-a
sinat a

---'=s'+a-
cosdlt .s

-

s'+a'
sinha/ a

-

s- -a-
cosha/

e^.f (t) F(s - a)

t'f (t),n =1,2,3,... grs"4W
H(t -a) e-as

,s

f (t - a)H(t - a) e-^ F(s)

f (t)6(t - a) e-"'f (a)

v(t) r(s)
iQ) sr(s)-y(0)
v(t) s'r1s; - q/(0) - y(0)
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Fourier Series
Fourier series expansion of periodic function with period 2a

It"
eo=:1 f@)eElo

t"
dn=11f(x)cosra&n-

-ft

1\
u,=;lf@)sinmax

, r-, =- i^ *i o,cos nr + * n r*

Half Range Series
aL

ao =11f <r>*
Lto

", =|i r<icosffax

^Lb-=lf f(*lr 'o' d," Lro- -. L

f (x) = )^ .2', *'ry * tt, sinlf

- END OF QITESTTON

l0




