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SECTION A: ANSWER ONE (1) QUESTION ONLY

Q1

Q2

(a)

(b)

(©

(a)

(b)

(c)

Evaluate the divergence and curl of F for the following vector fields.

(1) F(x,y,z) =xyzi+yj+xKk (1,2,3)
(ii) F(x,y,z) =e *sinyi+e *cosyj+k, (2,2, -2)
(12 marks)

Given f(x,y,z) = x%y —y%z + xz3. Calculate the gradient at (1, 2, 1) and the
directional derivative at (1, 2, 1) in the direction of (3, 1, 3).
(5 marks)

Use Green Theorem to evaluate §c y3dx + (x®+3xy?)dy where C is the

boundary of circle x? + y? = 9 oriented counterclockwise.
(8 marks)

Calculate the surface area of the portion of x + 3y + z = 6 in the first octant.
(5 marks)

Use the divergence theorem to evaluate [f F - n dS, where S is the entire surface of
the paraboloid z =3+ x%+ y? bounded by the planes z=3 and z=7, if

F =2xi+ yj+ z Kk and n is the outwards unit.
(10 marks)

By using Stokes’ theorem, evaluate gﬁc F - dr for the vector F = xz i+ xy?j + 3xzk
and the space curve C which is the intersection of the plane x +z =3 and the
cylinder x? + y2 = 4, in the counterclockwise direction, when viewed from the
positive z-axis.

(10 marks)
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SECTION B: ANSWER ALL QUESTIONS

Q3

Q4

Q5

(a)

(b)

(©

(a)

(b)

(©)

(a)

(b)

Calculate the following limit:
x% = 2xy

li —
(x,y)l—rQZ,l) x? — 4y?
(5 marks)

Formulate the equation of the tangent plane to z = x? cos(my) — % at (2, -1).

(10 marks)
Given z = x? + y?, where x = t%and y = 2t3. Calculate % :
. . 1 .
(i) Byusingx = Zandy = 2t3 into z = x?% + y2.
(i1) By using chain rule.
(10 marks)

Calculate the area of the regions enclosed by ¥ = x? and y = x + 2 using double

integral.
(5 marks)

The region ‘R’ is a triangle and it is located on xy-plane. If the given planes is 4x +
2y+z=4,x=0,y =0 and z = 0, visualize and calculate the volume of the

tetrahedron region bounded.
(12 marks)

Calculate the volume of the sphere and below by cone if given data are p = 1 by the

cone ¢= g
(8 marks)

Determine the velocity, acceleration, and speed of a particle given by the position
functionr(f)=2costi+3sintjatt=0

(10 marks)

Sketch the path of particle and draw the velocity and acceleration vectors for the
specified value of 7.

(15 marks)

- END OF QUESTIONS -
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Formulae

Implicit Partial Differentiation:
oz __fxy.n) 9z__fxy2)

ox fxyz) "y fxy.2)
Small Increment, Estimating Value:

Total differential/approximate change, 0z = g—i dx + % dy

Exact change, dz = f(x1, 1) — f(x0,¥0)
Approximate value, z = f(x,,v,) + dz
Exact value, z = f(xq,y;)

dz

z

oz dx
ox z

oz dy
Ay z

Error: |dz| = del - lg:—, dyl and Relative error:

Polar coordinate: x =rcos@, y=rsin@,x*+ y* =r? and [[ f(x,y)dA=[[ f(r,0) rdrd6
R R

Cylindrical coordinate: x =rcosé@, y=rsiné, z=z, [[[ f(x,y,2)dV = [[[ f(r,0,2)rdz drd@
G G

Spherical coordinate: x = pcosf@sin®, y=psin@sin@,z=pcos®, x?+y?+z%=p2
0<0<27, 0<g<z and [[[ f(x,y.2)dV = [[| f(p.$,6)p* sin g dpdgd6
G G

Directional derivative: D, f(x,y) = (fxi +/ j)- u

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

the divergence of F=V-F = g\/l_ 6N aor
Ox 6y oz
i j k
thecurlofF:VxF:i g B g’__g]_\’_ (G_P_@_/I_ i+ oN _aM k
ox oy oz| oy oz ox 0Oz ox Oy
M N P
Let C is a smooth curve given by r(r) = x(1)i+ y(¢)j+ z(t)k, t is parameter, then
the unit tangent vector: T() = r’(t)
@l
the unit normal vector: N(@) = T,(t)
[Tl
the binormal vector: B(t) = T(t) xN(@)
T(¢ r'(f)xr’(t
the curvature: ” ( )” ” Oxr( )”
IOl jeof
the radius of curvature: p=1/x
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Green Theorem: §M dx+ Ndy = jj(—aﬂ = E"y—]dA
c R\Ox Oy

Gauss Theorem: [[FendS=[[| VeFdV
N G

Stokes’ Theorem: §F o dr = jj(VxF)endsS
c §

Arec length
If r(r) = x(1)i+ y(1) j, t € [a.b], then the arc length s = If" r'(0)|de = Ij)\/[x’(t)]’z +[y'OF a

If r(t) = x(t)i+ y(t) j+ z()k , t € [a,b], then the arc length s = IN OF +[yOF +[z©F ar

Tangent Plane

z-2zy =fx(xo,yo)(x—xo)+fy(x0>J’0X)’~J’o)

Extreme of two variable functions

G 3) = Fea (6. 9) Fy (. 3) ~ (fry (5 )

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 asaddle point at (a,b)

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

In 2-D: Lamina
Mass: m = [[5(x, y)dA, where &(x, ) is a density of lamina.
R

Moment of mass: (i) about y -axis, M, = j'jxé'(x, y)cM , (i1) about x-axis, M, =f yd(x, y)dA
R R

M
Centre of mass, (¥,7)= (_y M, ]

m m

Moment inertia: (i) 7, = [[x*5(x,y)dA4, (i) I, = [[y*6(x, y)dA, Gii) I, = yj(x2 + y2)5(x, y)dA
R R R

In 3-D: Solid
Mass, m = [[[5(x, y,z)dV . If 5(x,y,z)=c, c is a constant, then m = [IfdA 1s volume.
G G

Moment of mass
) about yz-plane, M, = Ic{j x8(x,y, z)dV
(i)  about xz-plane, M = [[[yd(x,y,z)dV
G

(iii)  about xy-pane, M, = [[[z5(x, y, z)dV
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M, M_ M,
Centre of gravity, (f, v, E) :[ e ]
m m  m

Moment inertia
@)  about x-axis: I, = [[{(? +z2)8(x.y.z)av
G

i) about y-axis: 1, = [[f(c? +22)(x,y.2)a¥
G

(i)  about z-axis: I, = jj'j(x2 +y? )5(x, y,z)dv
G
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