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PART A
Q1 (a)
(b)
Q2 (3
(b)
(c)

State the domain and range of each of the following functions

. z=x"Jy+4

(3 marks)
.. 1
#H, gz=
xy+2
(3 marks)
i, z=el™
(3 marks)

Determine the following limit if it exists. If not, show that the limit does not exist.

: , '
1. g ——
(x.¥)—(0,0) x~ +_)_;
(5 marks)
4 4
ii. lim = —%
(x,¥)=(0,0) x~ + 3y
(6 marks)
1 2 2 : . Oz
If z=—In(x"+ »"), identify that .riz+_vo— =1
2 ox T oy
(6 marks)
oz oz i 7 . 2 . & e i
Calculate = and — for functionz” + zsin(xy”) = 0if z = f(x, y) is implicitly defined as
e
a function of x and y.

(6 marks)

Syrup is being withdrawn from its container at a rate of 104 cm*/min. Simultaneously, it
is being poured into a cone at a rate of increasing radius 2 em/min. When 30 cm? of syrup
has been withdrawn, the radius of the cone measures 6 cm. Determine the rate at which
the height of the syrup is increasing at that moment.

Q3  Let f(x,y) = x2y.

(a)

(b)

(8 marks)
Calculate V£ (3,2).
(8 marks)
[dentify the derivative of f in the direction of (1,2) at the point (3.2).
(8 marks)
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PART B

Q4

Q6

(c)

(a)

®)

(c)

(a)

(b)

(a)

(b)

(c)

Find the directional derivatives of f at the point (3,2) in the direction of (2,1).
(4 marks)

Identify the line integral [ - (x+y)dx + xydy where C consists of two line segments,
from (0,0) to (1,0) along the line y = 0 and from (1,0) to (1,1) along the line x = 1
(5 marks)

Solve the integral [ (x2 — y2)dx — 2xy dy along the parabola y = 2x2 from
(0,0) to (1, 2).
(7 marks)

Use Green’s Theorem to calculate fc (2xy — y9)dx + (x2 — y2)dy, where C is the
boundary of the region enclosed by y = x and y = x2. Assume that the curve ¢ is
traversed in a counterclockwise manner.

(8 marks)

By using a double integral, Identify the volume of solid enclosed by a cylinder
y? + x? =1, plane z =y and yz-plane in the first octant.
(8 marks)

Calculate the volume of the solid tetrahedron enclosed by 2x +y + z = 4 and
the coordinate planes by using a triple integral.

(12 marks)
Find the derivative of the given function by using the appropriate formula
D) f(x) = &% 259 -3) (7x8+20x+5).
(2 marks)
- x5 —x+2
(i1) gx) = T
(3 marks)

Oil from an uncapped well is radiating outward in the form of a circular film on the
surface of the water. If the radius of the circle is increasing at the rate of 1.5 meters per
minute, Please identify the velocity of the area of the oil film growing at the instant when
the radius is 150 meters.

(7 marks)
Solve the following by using polar coordinates
3 (Vo7 r cosd
Ut J(rcos8)2+(rsin0)? dy dx.
(8 marks)
-END OF QUESTIONS —
’ CONFIDENTIAL

TERBUKA




CONFIDENTIAL BDA 14403

APPENDIX A

FORMULA

Total Differential
For function z= f(x,y), the total differential of z, dz is given by:
dz = o dx+ = dy
ox dy

Relative Change

For function z= f(x,y), the relative change in z is given by:
de_gzdv o dy
z @xz Oyz

Implicit Differentiation
Suppose that z is given implicitly as a function z= f(x,v)by an equation of the form
F(x,y,z)=0, where F(x,y, f(x,y))=0forall (x,y)in the domain of f, hence,

0z F, & F,
—=="% and —=——=

o F o K

Extreme of Function with Two Variables
D= f.(a,b)f,(a,b)-[f,(a,b)]
a. If D>0and f, (a,b)<0(or f, (a,b)<0)
f(x,¥)has a local maximum value at (a.b)
b. If D>0and f, (a,b)>0(or S, (a,b)>0)
f(x,y)has a local minimum value at (a,b)

c. If D<0
f(x,y)has a saddle point at (a,b)
d. I D=0

The test is inconclusive

Surface Area
Surface Area = ” as
R

= [+ (£,)F +1d4
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APPENDIX B
FORMULA

Polar Coordinates:
x=rcost
y=rsinf

x2+y2 i

where 0<8<2x

[[ rGeyaa=[[ ro.0rarao

Cylindrical Coordinates:
x=rcosf

y=rsiné

Z=2Zz

where 0<0<2x

[ £eey,20av = [[[ (7.6, 2)rdzdrae

Spherical Coordinates:

X = psingcosf

v = psingsinf

zZ= pcos¢

=+ 42

where 0<¢g<zand 0<O<2x

m fx,p,2)dV = H [ f(p.8.0)0 singd pdgao

In 2-D: Lamina
Given that §(x, y) is a density of lamina

Mass, m= H O(x, y)dA, where
R

Moment of Mass
a. About x-axis, M = _”)’5(1’,_1’)51’-4
R
b. About y-axis, M, = H x6(x,y)dA
R
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APPENDIX C

FORMULA

Centre of Mass
Non-Homogeneous Lamina:

i M
(x,y):(—",%]

m m

Centroid
Homogeneous Lamina:

- 1 — 1
xzm.gxd/d and }'ng}m

Moment Inertia:

a. 1, = [[x*6(x, y)dA

b L=[[yewpas

¢ L=[7 ey a
R

In 3-D: Solid
Given that &(x, y,z) is a density of solid

Mass, m= Hj o(x,y,z)dV
G

If 8(x,y,z)=c, where ¢ is a constant, m = Hj dA is volume.
G

Moment of Mass

a. About yz-plane, M _= m xd(x, y,2)dV
G
b. About xz-plane, M. = [[[ yo(x,y,2)dV
G
G About xy-plane, M, = JH z8(x,y,z)dV
(€]
Centre of Gravity

(I:_V,Z): 3 5
m m m

= Lo (.A’I‘: ﬂ'f\,: IL{\VJ
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APPENDIX D
FORMULA

Moment Inertia
a. About x-axis, /. = m (7 +2°)3(x, y,2)dV
G

b. About y-axis, I, = _“J‘J'(x1 +2)8(x, y,z)dV
) G
G About z-axis, I_ = Hj (x* +3*)8(x, y,2)dV
G
Directional Derivative
D f(xy)=(fi+fi)u

Del Operator

Poau gty
ox oy &z

Gradient of ¢ =V ¢

Let F(x,y,z)=Mi+ Nj+ Pk, hence,

The Divergence of F=V.F = ?g + il i gi
ox dy Oz

The Curl of F=VxF

i j k
o 8 9

ox oy oz

M N P

8P ON ). (ap GMJ. ON oM
= —— | e 4| ———— |k
dy oz ox 8 & By

P

L

Let C is smooth curve defined by r(r)= x(¢)i+ y(£)j+ z(1)k , hence,

The Unit Tangent Vector, T(7) = r|(!)
'@l
- : T'(1)
The Principal Unit Normal Vector, N(7) = :
IT'@Il
7
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APPENDIX E
FORMULA

The Binormal Vector, B(r) = T(r) x N(¢)

Curvature
_IT@I
le'@) |

Radius of Curvature

1
=
K

Green’s Theorem

@de+Ndy=g(2—f—%)dA

Gauss’s Theorem

J;jF-ndS:j;[_"V-FdV

Stoke’s Theorem
fiF-ar = [[(VxF)-nds
(5 5

Arc Length
If r(#) =x(2)i+ y(¢)j+z(t)k,t €[a,b] , hence, the arc length,

s=[lIr@ | de <[l OF +[y'OF +[z'()Fdr
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