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1. Please read the instructions given in the question paper CAREFULLY.
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illustration.
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INSTRUCTION : Answer FIVE (5) questions only.

Please use the answer booklet provided.

Question 1

(a)

(b)

P q

The matrix A= [
r s

] is an orthogonal such that AAT =/ where [ is an

identity matrix. Show that

(2 marks)
(i) pr+qs=0
(1 mark)
(iii) r?+s? =1
(1 mark)
(iv)  Hence, using the results in (i) , (i) and (iii) show that |A|2 =1.
(4 marks)

Show that the matrix

4 -3 0
A=|1 3 2
-1 0 1

has only one real eigenvalue and determine the eigenvector corresponding to this
real eigenvalue.
(12 marks)
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Question 2

(a) The position vector r of a particle at time t is given by
r =(—asin ot, fcos wt,0)
Where a, f and o are positive constants with o <

i).  Find the particle’s velocity v.

(2 marks )
ii).  Show that the speed is given by
a)\/ﬂz +(055:,_82)cos2 wt
(3 marks )
iii).  Find the acceleration, f ,of the particle.
(3 marks )
iv).  Verify that the time ¢ = ;—” when f is perpendicular to v.
@
(4 marks )
1 A
(b) Given that the vectors 71’ |2 and Xo=|2|, 1>0 are perpendicular to
1 7

each other and the magnitude of z is /30 . Determine the values of 4 and /.

(8 marks)

Question 3

L4 33)° |, 1= 53]
G-°

(a) Evaluate

(8 marks)

(b) Solve the equation 28 -64=0, obtaining the six distinct roots in EXPONENTIAL
FORM . Also, plot the roots on an Argand diagram.

(12 marks)
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Question 4

2

Given the function f(x,y )= (x+y)* - xZ - y2 —6xy .

(@)  Show that the function f(x,y ) has stationary points at (0,0) , (%,%) and
3
2’ 2)
(10 marks)

(b) Identify the type of all the stationary points of this function whether they are maxima,
minima or saddle points.

(10 marks)
Question 5
(a) Given the function z = sin(xy)+ Xcosy.
(i) Determine the partial derivatives (24 and 2
ox oy
(2 marks)

A change of variables is specified by means of the equation x = u? +v? and

y=uv.

(ii) Use the Chain Rule to determine Z—Z interms of U and V.
u

(5 marks)

(i)  Calculate the value of this partial derivative when u=1,v =0

(3 marks)
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8 2
(b) Evaluate the double integral j I 41 - dy dx by reversing the order of
oy Y +1
integration. Sketch the region over which the integration takes place.
(10 marks)
Question 6
3 9-y* J1B8-x*-y?
(a) Convert the integral I _[ j (x2 + y2 + 22 )dz dxdy into spherical
0 0 X2 +y2
coordinates.
(11 marks)
(b) Hence, evaluate the integral.
(9 marks)
END OF QUESTION
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1

sinQ
1

secO=——
cosd

ot L _ cosf

tan® sin0

sin O

tan 6 =
cos 6

sin0 + cos?0 =1
1+ tan’0 = sec’
1+ cot’® = csc?0

__APPENDIX 1 - rl ¢ onometrlc Identities and Formulas

CONFIDENTIAL

sin (- 8) = —sin @

cos(-8)=cos®
tan (— 9) =~—tan@
cscl- 9) = —csch

sec (— (-)) =secH
cot (- 8) = —cotd

sin(A + B) = sinAcosB + cosAsinB
cos(A + B) = cosAcosB — sinAsinB
tanA + tanB

tan(A +B)= 1= B

sin (A - B) = sinAcosB — cosAsinB
cos(A — B) = cosAcosB + sinAsinB

tanA — tanB

tan(A -B) = 1+ tanAtanB

2 2
0 \/ 1+ cosO
cos—==
2 2
0 1-cosO sin@
tan— =
2 sin®  1+cosd

sin20 = 2sinfsind

c0826 = cos’0 —sin’0
.......... =1-2sin%0
.......... =2cos’0 -1

tan20 = 2tan92 .
1—-tan“0

sino.cosp = % [sin(o: +B)+sin(a.—B)]

coso.sinf = %[sin(a +B)-sin(a.— )]
coso.cosp = % [cos(a + [3)+ cos( )]

sino,sinp = % [cos(a.—B)—cos(a+B)]

sino. + sinf} = 2sin0t—+B cosm—_E
2 2

sino —sinf} = ZCosﬂ sinOL—_B
2 2

coso +cosf = 200sa—;ﬁ cosm—;B

+p . -

. 0O
coso. —cosP = —ZSmT sin 5
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APPENDIX 2 - Table of Differentiation

(sinx)) =f (x)cosf(x)
(cosf(x)) = —f'(x)sinf(x)

(tanf(x)) =f"(x)sec? f(x)

(esef(x)) = —£'(x)escf(x)cotf(x)

(secf(x)) =f"(x) cscf(x)tanf(x)

Ed; (cotf(x))=—f"(x)csc® f(x)

Ul <1

Ji-u? dx
=

— |U_l<1

U|>1

dx ‘U|1/U2—1 dx ’

4 fectt)=— L 99 yps

P RIS | iy ] B ) rac A I e
Hyperbolic Functions

e (sinhU) =coshUd—U
dx dx

i(coshU):sinhUd—U
dx dx

L] (tanh U) =sech? ydU
dx dx

i (cschU) =—cschU cothUd—U
dx dx
d (sechU)=-sechU tanhUd—U
dx dx
- (cothU) =—csch’ U =
dx dx
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APPENDIX 3 — Table of Integration

1
o=

o X)dx =

[ f(x)dx=_c;$(fg>+c

[sec? (x)ax = tjf‘j(fg) +C

Jese? f(x)dx=_°‘;‘,ég‘)+c
et )
Jese teot £)ax =— 2 ég‘) +C

. —'(E)w , |x|<a
a

dx:cosh’{EJ+C , |x|<a
a

s
o)

j|x[mdx_—sec (Z)+c ,

-1
=

1 1
dx=—tan
Jla2+x2 a

dx = lcsc

-1
Fe ™

x|>a

j 2_1 2dx=lcot“'[—)+c
a“+x a a

jd smh'(x +C , a>0
[ sinh £(x)dx = °°Shé§") +C | m dx =cosh™ 2 +C , x>a
[ sech? £(x)dx =ta;1%1(i()x)+c | " 1X2 dx =it.anh‘l %’ +C, |x|<a
[esch® £(x)dx = - "031(3") +C J= 1){2 dx = %coth" % +C, |x|>a
jsechf(x)tanhf(x)dx=%};§(")+( jxm —lcsch-*[a)w , 0<x<
[lesch £(x)coth F(x)dx =— °S;]f‘(i§") || ﬁ dx = -i S G) +C , O<x<
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