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PART A

BSM2913

Ql (a) Show that the vector field F(x,y,z)=2x(y2+Z3)i+2yx2j+3x2Z2k IS

conservative. Find its scalar potential function ¢(x, y, z) in moving a particle from

(-1,2, 1)and (2,3,4).
(10 marks)

(b) Verify the Green's theorem forf(x,y)=e-xsiny, g(x,y)=e-xcosyand Cis the

square with vertices at (0, 0), (7l"12, 0), (7l"/2,7l" /2),(0,7l" /2).

(10 marks)

Q2 (a) Evaluate

IfVxF' n dS

with F(x,y,z) = (2x- y)i-(yz2)j+(y2Z)k, and (j is the surface of a paraboloid

z = 4 - x2 - y2 located above the xy -plane. Check your result by using Stokes's
theorem.

(10 marks)

(b) Let F(x,y,z) = xi+ y2j+z2k and (j is the boundary of the solid inside a cylinder

x2 + y2 = 4 and the planes z = 0 andz = 2. Use Gauss's theorem to

IfF' n dS

with n as the unit normal vector oriented pointing outwards.
(10 marks)
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BSM 2913

PARTB

Q3 (a) If z = x + Y , fmd x 8z + Y 8z .
x2 + y2 ax By

(6 marks)

(b) A box with height h has a square base with length x . The error in measuring the side
of the base is 1%, whereas for the height is 2%. Approximate the maximum
percentage error in calculating the volume.

(6 marks)

(c) 0 btain the local extremums and saddle point (if exists) for the function

f(x,y) = 2x4 + y2 -12xy.

(8 marks)

Q4 (a) Use polar coordinates to find volume of the part of the sphere of radius 3 that is left
after drilling the cylindrical hole of radius 2 through the center.

(7 marks)

(b) Given a lamina with density p(x,y,z) = 4 enclosed by z = x2 + y2 and z = 4. Find

(i) its mass.
(ii) moment of mass about xy -axis.

(iii) the coordinate Z of the center of gravity.
(13 marks)

Q5 (a) Sketch a vector valued function r(t) that represents the curve of intersection of the

cylinder x2 + Z2 = 4 and the plane y = 3. Thus, findr(t).

(4 marks)

(b) An object moves with an acceleration aCt) = (t + 1)-2 j - e-2tk. Find its velocity

vet) and its speed at t = 0.5 if given v(O) = 3i - j .
(10 marks)

(c) Find the arc length of a position of the circular helix

r(t) = acosti + a sintj + .J1- a2tk from t = 0 to t = 27'-

(6 marks)
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Q6 (a)

BSM2913

Find the directional derivative of f(x,y)=x2l +xy at (2,1), in the direction ofa

unit vector b = cos ()i+ sin () j which makes angle of 7r with x -axis.
3

(6 marks)

(b) Evaluate

f(x+ y)dx-x2dy+(y+z)dz,
c

where Cis x2 =4y, z=x, 0:<:;;x:<:;;2.

(4 marks)

(c) Evaluate the surface integral

HydA,
s

where S is the portion of the cylinder x = 6 - y2 in the first octant bounded by the

planes x = 0, y = 0, z = 0 and z = 8.

(10 marks)
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i
8

The curl of F = V x F = l­
ax
M

Formulae

Polar coordinates: x = r cos e, y = r sin e and x2 +l = r2

fff(x,y)dA = fff(r,e) rdrde
R R

Cylindrical coordinates: x = r cos e, y = r sin e, z = z and x2 +l = r2

ffJf(x,y,z) dV = ffJf(r,e,z) rdzdrde
G G

Spherical coordinates: x = pcosesin¢, y = psinesin¢, z = pcos¢, pz =x2 +l+ i,
o ::;¢ ::;7Z' and 0::; e ::;27Z'

ffJf(x,y,z) dV = ffJf(p,¢,e) p2 sin¢ dpd¢de
G G

The directional derivatives, Duf(x,y) = VI i + fy j).u; The gradient of ¢ = V¢

Let F(x,y,z) = M i + N j + Pk is vector field, then
. 8M 8N 8P

The divergence ofF =V·F = -+-+-
8x By 8z

j k

~ ~ =(8P _ 8N)i_(8P _ 8M)j+(8N _ 8M)kBy 8z By 8z ax 8z ax By
N P

Let C is smooth curve given by r(t) = x(t)i + y(t)j + z(t)k.

The unit tangent vector, T(t) = II r'(t) ..
r'(t) ..

The principal unit normal vector, N (t) = II T' (t) ..
T'(t)

IIT'(t)" IIr'(t)xr"(t)IICurvature, K = -- = -"----~
IIr' (t) II IIr' (t) 113

Green's Theorem:

f c M dx + N dy = II (~~- a;:) dAR

Gauss's Theorem:

ffF. n dS = ffJV.FdV
S G

Stokes's Theorem:

ff(V x F) . n dS = 1F . dr
S
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For a plane curve, r(t) = x(t)i + y(t)j on an interval [a, b], the arc length

s = {llrt (t)11 dt = r~[x' (t)f + [y' (t)]2 dt.

For a space curve, r(t) = x(t)i + y(t)j + z(t)k on an interval [a, b], the arc length

s = {llr'(t)11 dt = r~[x'(t)]2 + [y,(t)]2 + [z,(t)]2 dt.
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