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Show that the vector field F(x,y,z)=2x(y’+2°)i+2yx’j+3x’z’k is
conservative. Find its scalar potential function ¢(x,y,z) in moving a particle from
(-1, 2, 1)and (2, 3, 4).

(10 marks)

Verify the Green’s theorem for f(x,y)=e *siny, g(x,y)=e “cosyand Cis the
square with vertices at (0,0),(7/2,0),(x/2,7/2),(0,7/2).
(10 marks)

Evaluate
j VxF-n dS

with F(x,y,z) =(2x—y)i—(yz>)j+(¥’2)k, and o is the surface of a paraboloid
z=4-x" -y’ located above the xy-plane. Check your result by using Stokes’s
theorem.

(10 marks)

Let F(x,y,z)=xi+y’j+z’k and o is the boundary of the solid inside a cylinder
x> +y*> =4 and the planes z =0 and z = 2. Use Gauss’s theorem to
[[F-nds

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



PART B

Q3

Q4

Q5

(a)

(b)

(¢)

(a)

(b)

(a)

(®)

(©

BSM 2913

y , find xva—z-+y—ai.

Jxi+y? ax "oy

If z=
(6 marks)

A box with height 4 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)

Obtain the local extremums and saddle point (if exists) for the function

f(x,y)=2x* +y* -12xp.
(8 marks)

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)

Given a lamina with density p(x,y,z)=4 enclosed by z=x’+y” and z=4. Find
(i) its mass.
(i1) moment of mass about xy -axis.

(ii1))  the coordinate z of the center of gravity.
(13 marks)

Sketch a vector valued function r(7) that represents the curve of intersection of the
cylinder x* + 2z’ =4 and the plane y = 3. Thus, findr(?).
(4 marks)

An object moves with an acceleration a(f)=(t+1)’j—e “k. Find its velocity
v(¢) and its speed at t = 0.5 if givenv(0)=3i—j.
(10 marks)

Find the arc length of a position of the circular helix
r(t)=acosti+asintj+1-a’tk from t=0to t=2x.
(6 marks)
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Find the directional derivative of f(x,y)=xy’ +xy at (2,1),in the direction of a
unit vector b = cos@i+siné j which makes angle of % with x -axis.

(6 marks)

Evaluate
[+ yydx —x>dy + (y+ 2)dz,
44

where Cis x> =4y, z=x,0<x<2.
(4 marks)

Evaluate the surface integral
ﬂydA,
A
where S is the portion of the cylinder x =6 — y” in the first octant bounded by the
planes x=0, y=0, z=0 and z=38.
(10 marks)
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Formulae
Polar coordinates: x=rcos @, y=rsin @ and x>+ y2 =

[[fx.y)da = [[£(r.0) rdrdo

Cylindrical coordinates: x=rcos 6, y=rsin @,z=zand x> +)* =1
[[[f.y.2)av = [[[£(r.0.2) rdzdr a6
G G

Spherical coordinates: x = pcos@sing, y = psin@sing, z= pcosd, pf =x*+)y*+ 2,
0<g¢<mand 0O <27

[[[£e..2) av = [[[£(p.9.0) p* sing dpdpdo
G G

The directional derivatives, D, f(x, y) = (fx /5 j)- u; The gradient of ¢= V¢

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

ThedivergenceofF=V-F_%+aN 6P
ox oy oz
i j Kk
The curl of F = VxF = 9 0 0| (0P _oN) i— [6_}3_%) ON _oM k
ox 0Oy 0z oy oz ox Oz x oy
M N P

Let C is smooth curve given by r(t) = x(1)i+ y(0)j+ z(H)k .

The unit tangent vector, T(7) = _r;(t_)_
LL0]
. . T'(r)
The principal unit normal vector, N(t) = ———
" ol
Curvature, x = H 10 ”
rOf
Green’s Theorem:
Ef M dc+ N dy= H {E_E] dA
Gauss’s Theorem: Stokes’s Theorem:
ij-ndszmv-FdV J‘J‘(vxm-ndsi[f-dr
S G s '
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Arc Length of Plane Curve and Space Curve

For a plane curve, r(f) = x(¢)i+ y(f)j on an interval [a,b], the arc length
s = f"r'(r)" dt = f\/[x'(z)}2 +[y' (O dt.
For a space curve, Nf)=x()i+)j+z()k on an interval [a,b], the arc length

s= [l @ = [ P« P + [z oF a.






