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MATHEMATICAL METHODS I (PAPER TWO

Question one

Given the following scalar function  f = 4x” - 9y°
@ plot f=10 , f=20 and f =30 on x-yplane for

x=-5 to 5 and y=-5 fo S5 show them in one display,

( 4 marks )

(i) findthe grad f atthepoint P:(-3,3) , . (3 marks)
(i)  find the directional derivativeof f at P:(-3,3) in the direction of

a=4i+67 . (4 marks )

- 8
Givenavector field F = I:Gy2 -7 ,12xyz* ,18x)? 22+—] ,
z

find curl (I_':' ) and show that it is a conservative vector field and thus find its

scalar potential . ( 6 marks )
For any vector fields G = [Gx x,2z) , G(x¥y2) , G, (x,y,z)] and any

scalar field  f(x,y,z) show that

div(f G)E Ge grad(f)+ f(div(é)) : ( 8 marks )



(a)

(b)

(©)

Question two

Given a vector field F = [ex ,e 7, ez] ,

find the value of the following line integral L]_‘:' odr where

from (0,0,0) to (1,1,1). | ( 8 marks )

(1,1,1)

Given the following integral J‘(O . (y zsinh(xz)dx + cosh(xz)dy + x y sinh(xz)dz)

(i) show that the form under the integral sign is exact in space , (4 marks)

(i)  evaluate the given integral . (4 marks)

Using Green's theorem , evaluate the line integral iﬁ' o dr counterclockwise around

—_—

the boundary C oftheregion R ,where F' = ; e + _7 e’ and

C : theellipse 25x> + 9y*=225 . (9 marks )



(2)

(b)

Question three

2

Given a vector field F = [4 xy , 2x° O] and a surface region

S: F=[cosh(u), sinh(u),v] ,0<u<2, -3<v<3 ,

@  plot [x= cosh(u) , y= sinh(u)] line segment for u=0 fo 2 on
x-y plane . Describe the given surface S and find its total surface area,

( 6 marks )

(i)  find the unit normal vector 7 of the given surface , (4 marks )

(i)  evaluate the surface integral ”F o nidA where dA= (du)(dv) .
s

( 7 marks )
Given a vector field G = [r3 , ¥’ sinf , r’cos¢ ] and a closed spherical
surface S : r=4

G find V-G , ( 2 marks )

(i)  evaluate the closed surface integral ﬁ G 7idA by using the divergence
s

theorem . ( note : the small volume element in spherical coordinate system is

dv=r*sind (dr)(d6)(d¢) ) (6 marks )



Question four

(@)  Given aperiodic function f(x) ofperiod &8 as

x if -4<x<l

J@) X if 0<x<d

(i)  find the Fourier seriesof f(x) ,

( 8 marks )

(ii)  plot the first ten partial sums of the Fourier series in (i) (i.e., the first five partial

sums of its cosine series plus the first five partial sums of its sine series) for

x=-4 to +4 . Alsoplotthegiven f(x) forx=-4 to +4 .

Show them in a single display.

( 6 marks)

(b)  Any non-periodical function f(x) (-9 < x< ®) can be represented by a Fourier

integral  f(x)= f [A(w)cos(wx) + B(w)sin(wx)ldw  where

A(w)=%_[: f(x)cos(wx)dx B(w)=% [ f@osin(wr)dx .

@) Show that the following given integral on the left hand side represent the given

function on the right hand side :

T
ml—cos(fra)) , — if O<x<r
L —————sm(xw)dw= 2

o 0 if x>1

(i)  evaluate the values of the given integral in (i) for x =14

(9 marks)

and x=53 .

( 2 marks)



Question five
The vibratfons of a certain elastic string of length L = 10 and fixed at both ends, i.e.,

x=0 and x =10, are governed by the following one-dimensional wave equation :

*u(x,t) 4 *u(x,t)
ot ot

(@  the general solution can be written as  #(x,?) = Z u,(x,t)  where

n=1
£) = (A cos(C=£) + B, sin(— ) sin(— x)
u,(x,t) = (A4, cos 5 ) ,,s1n(5 )) sin 1Ox ,

@) by direct substitution , show that u,(x,¢) above satisfies the given wave

equation , ( 5 marks)
(i) showthatat x=0 and x=10, u,(x,)=0 . (2 marks )
4x if 0<x<2 du(x,t)
if = = d —_— =
® ifat £=0, u(x.7) {-x+10 if 2<x<10 s -0
@) find the valuesof A4, and B, for n=1 to 10 , (13 marks )

: 10
(i) for t=1 and =2 ,plot Zun(x,t) for x=0 to 10 .Show

n=1

them in a single display . ( 5 marks )



