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Q1

Q2

Q3
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Obtain a numerical solution of the equation

e -3
G- o

at constant intervals of x = 0.2 for

(a) the range from x =0 to x =1, by the second-order Taylor series method.

(12 marks)

(®  y(0.2) and y(0.4), by the fourth-order Runge-Kutta Method.

sint, 0<t<nxw
0, t=n.

Given f(t) = {
1 e™
+

s2+1 0§24+

(@) Showthat L{f(r)}=

(13 marks)

(5 marks)

(b)  Show, by using convolution theorem, that £~ {(?—i?} = %(sint —tcost)

[Hint: 2sin 4 sin B = cos(4 — B) — cos(4 + B) ]

(c) Solve the initial value problem
Yy +y=1®,
where y(0)=1and y'(0)=-1.

(7 marks)

(13 marks)

(a) A particle drops vertically downward with a velocity v,. If the velocity of the particle

at time ¢ is v and its acceleration is given by

dv

=g —ky,
dt &

where g is acceleration due to gravity and £ is a constant, show that

v=—g——(§—vo)e”“.
k \k

Find the limiting velocity (¢ — ) of the particle.

(12 marks)



Q4

(b)

(a)

(b)
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Given (y cosx + 2xey)dx + (sinx +x’e’ + 2) dy =0.
Show that the equation is exact and then solve the differential equation.

(13 marks)

Find by using the method of undetermined coefficients, the solution of the

differential equation

2

dy
dx2

+4y =e > +cos2x

which satisfies the conditions y =1 and % =2, when x =0.

(13 marks)

Use the method of variation of parameters to find the general solution of the

differential equation

2 x
Py g g, ¢
dx dx 1+e"
(12 marks)
-  END OF QUESTION -
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Second-order Differential Equation
The roots of characteristic equation and the general solution for differential equation

ay"+by +cy=0.
Characteristic equation: am’ +bm+c =0.

Case | The roots of characteristic equation General solution
1. | Real and different roots:  m, and m, y=Ae™ + Be™
2. | Real and equal roots: m=m, =m, y=(4+ Bx)e™
3. | Complexroots:m, =a+ i, my=a—- i | y=e™(Acosfx+ Bsin fix)

The method of undetermined coefficients
For non-homogeneous second order differential equation ay”+by +cy= f(x), the particular

solution is given by y (x):

f(x) V(%)

P(x)=Ax"+A4_x""++A4x+4, | x(Bx"+B,_x""++Bx+B)
Ce™ x"(Pe™™)
Ccos Bx or Csin fx x"(Pcos Bx+Qsin Bx)
P (x)e™ x"(Bx" +B, x"" +---+ Bx+ B))e™
P {cos Bx x"(B,x"+B, x"" +---+ Bx+ B )cos fx+

" |sin Bx ¥ (C,x" +C,_x"" +---+Cx+C,)sin fx
Co® {cos Bx x"e™ (P cos fBx + Qsin fx)

sin fx

P (x)e™ {cos Bx x"(Bx"+B, x"" +++-+ Bx+ B)e”™ cos fx +

" sin fx x(Cx"+C, x"" +---+Cx+C,)e™ sin fx

Note : 7 is the least non-negative integer ( = 0, 1, or 2) which determine such that there is no
terms in particular integral y,(x) corresponds to the complementary function y_(x).

The method of variation of parameters
The general solution for ay” + by’ +cy = f(x) is
Y=Yn+Yp
where y, = Ay, + By, (homogeneous solution), y, = uy, + vy, (particular solution), and

aW NA=NY2 =V

gl 2

u:—j_yz—'f(fldx’ v.___‘[ylfé,x)dx andW=|y1' Y2
a
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Laplace Transform
L{f @O} =[ e f(@0) dt=F(s)
f@ F(s) f@) F(s)
4 i H(t-a) £
s S
Ja 1 ft-a)H(t -a) e F(s)
s—a
sin at a 6(t—a) e
; _
S2 + 612
cosat - f)o(t-a) e“f(a)
s +a
sinhat s [ fang@-uydu F(s)-G(s)
S —a
coshat 3 u 5 1) Y(s)
S —a
! '
" =123 e %0 s¥(s)—~ (0)
N
0] F(s -a) y'(®) s’Y(s) - sy(0) - ¥'(0)
" f@), n=123,.. | (1) ZS" F(s)
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Numerical solution for ordinary differential equations

Initial value problems:
Euler’s method: y(x,,,) = y(x,)+hy'(x,)

Second order Taylor series method:
2

Pt) = )+ By'(%,) + %y'(x,)

Improved Euler’s method (Mid-point method):

Y =Ytk
where k =hf(x;,y;)
h ok
k,=hf(x, + =y, +—
2 f(xl ) Yi 2)

Heun’s method:
3

1
=Y, +—k+=k
Yin =i 4kl 4 2
where k, =hf(x;,y,)

k, = hf (x; +—§—h,y,. +—§-kl)

Modified Euler’s method:
1 1
=y, +—k +—k
Y i+l Y i 2 kl 2 2
where k =hf(x,,y,)
k,=hf(x, +h,y +k)
Classic 4" order Runge-Kutta method:
Yin =i +%(k1 +2k, +2k; + k,)
where k, =hf(x,y,)

h k,

k,=hf(x, +=,y, +—
2 f(xl Zy 2
h k

k, = hf (x, +—=,y, + =

3 f(xl 2yr 2)

k, = hf (x, +hy, +k;)

Boundary value problems:

Finite difference method:

! yi+1 - yi—l
Yi 2h
Y L= 2); + Yia

h2




