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(i) Determine whether or not ( l)irr(l0 o f(x,y) exist, by letting (x,y)—(0,0)
x,y)—=>(,

along any straight line y = mx and the curve x = y*.
(i) Isthe function f(x,y)continuous at (0, 0)?
(13 marks)

The length /, width w, and height / of a box change with time. At a certain instant,
the dimensions are /=1 m and w = =2 m, and / and w are increasing at a rate of
2 m/s while £ is decreasing at a rate of 3 m/s. At that instant, find the rates at
which the following quantities are changing.

@) The volume.

(ii)  The surface area.
(12 marks)

By using polar coordinate, evaluate _U (x+ y)dA where Ris the region in the first
R

quadrant lying inside the disc x* + »* <9 and under the line y=x.

(5 marks)
Evaluate the following integral by changing to spherical coordinates.
2 pfi? pfaxoy?
Jlo IOJ_yIO g NX +y +2 dzdx dy
(7 marks)

A lamina has a shape of triangle with vertices (0,0), (0,2) and (2,0). If the
density is 5(x,y) = xy, find the centre of mass.
(13 marks)

The position vector of a particle is
(1) =i+ (2t + 4)j .

(1) Sketch the graph of r(¢) by indicating the direction of the vector.

(i)  Find the velocity, speed and acceleration of the particle at 7 = 2.
(13 marks)
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Given the vector-valued function
r(f) =cos5ti+sin5tj+ 2tk .
Find its unit tangent vector, T(¢), principal unit normal vector, N(¢#) and

™
curvature, x at r = —2—

(12 marks)

Use Green's theorem to rewrite and evaluate (}(,»(xz +3°)dx+3xy’dy, where C
&

consists of the portion of y=x* from (2,4) to (0,0), followed by the line
segments from (0,0) to (2,0) and from (2,0) to (2,4).
(4 marks)

Find the work done by the force field F(x,y)=(e*—)’)i+(siny+x’)j on a
particle that travels once around the unit circle x*+y* =1 in counterclockwise
direction.

(10 marks)
Given that F(x, y) = 2x"i + (2 +3x%)%)j.
(i) Show that F is a conservative vector field on the entire xy - plane.
(i)  Find its potential function.

(11 marks)

- END OF QUESTION -
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Formulae
Polar coordinate: x =rcos@, y=rsiné, 0 = tan ™! (y/x), and [[ f(x,y)dA={[ f(r,0)rdrd6
R R
Cylindrical coordinate: x =rcosf, y=rsin8, z=z, [[[ f(x,y,z)dV = [l f(r,0,2)r dz drdO
G G

Spherical coordinate: x = psingcos@, y=psingsinf, z = pcosg, x? +y2 +22 =p2,
0<0<2r,0<¢<m,and

ﬁGJf(x, y,2)dV = Igf(p, $,0)p” sing dpdpdo

Directional derivative: D, f(x,y) = ( Jd+ 1y j)- u

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

the divergence of F=V-F = a—A/‘I—Jr%WLQE
ox oy Oz
the curl of
i j k
ox oy Oz oy Oz ox Oz ox Oy
M N P
Let C is a smooth curve given by r(¢) = x(1)i+ y()j+ z()k, ¢ is parameter, then
the unit tangent vector: T(t) = _r_’(_t)_
')
the unit normal vector: N(t) = T’(t)
[T®]
the binormal vector: B(1) =T()xN()
T'(¢ r'()xr"(t
the curvature: K:” '()HZI @ 3()”
[rol |ro)

the radius of curvature: p=1/x

Green Theorem: $§M dx+ Ndy = || [_(’;LV_ - ~6M)dA
R X

C oy
Gauss Theorem: [[ Fe ndS=|[[[ VeFdV
5 G
Stokes’ Theorem: §F o dr = [[(Vx F)endsS
c S
Arc length

If v(t) = x()i+ y(0) j, t € [a,b], then the arc length s = lf] r'(t)| dr = ?\/[;'(t)]z +[yF dr

4




BSM 2913/BWM 20403

FINAL EXAMINATION

SEMESTER / SESSION: SEM 1/2013/2014 COURSE : BDD/BEE/BFF
SUBJECT : ENGINEERING MATHEMATICS CODE : BSM2913/BWM 20403
11

If r(t) = x(£)i+ y(t) j+ z()k , ¢ € |a, b], then the arc length
b
s=VFOP Y OF +[Z@F

Tangent Plane
z—2q = f, (50, yo Nx — x0)+ fy(an)’o)(y—J’o)

Extreme of two variable functions

G0, 3) = x5 1y (5o ) ~ (fry ) P

Casel: If G(a,b) >0and f,,(x,y) <0 then f has local maximum at (a,b)
Case2: If G(a,b) > 0and f,,(x,y) >0 then f has local minimum at (a,b)
Case3: If G(a,b) <0 then f has a saddle point at (a,b)

Case4: If G(a,b) =0 then no conclusion can be made.

In 2-D: Lamina

Mass: m = [[S(x, y)dA, where 8(x,y) is a density of lamina.
R
Moment of mass: (i) about y -axis, M, = [ x5(x, y)dA , (ii) about x -axis,
R

M, =[[yS(x,y)dA
R

My Mx
m m

Centre of mass, (%,7)= (——,
Moment inertia: (i) /,, = [[x*8(x, y)d4, (ii) I, = j}{ y268(x, y)dA, (iii)
R

1, = [ + 7?)5(x. )4
In 3-]];: Solid
Mass, m = [[[5(x,y,z)dV . If 8(x,y,z)=c, c is a constant, then m = [[[dA is volume.
Moment of (I;nass ’

@) about yz-plane, M,, = [[f x6(x, y,z)dV

(i)  about xz-plane, M, = j(j;Gf yé'(x, ¥, z)dV

(iii)  about xy-pane, M,, = [[[z5(x, y,z)dV

Mszszxy
m’m’m

Centre of gravity, (%,7,%)= (

5
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Moment inertia
(i) about x-axis: /, = ﬂj(yz + 22)5(x, y,z)dV
G

(i)  about y-axis: 7, = [ff (x2 + 27 )5(x, y,z)dv
G

(iii)  about z-axis: I, = [ (xz + y2)5(x, y,z)dv
G




