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The position vector of a particle is
r(t) = cos2ti + 2sin2tj + t?k
Find the velocity, speed, direction and acceleration of the particle att = @
(8 marks)

Calculate the unit tangent vector, unit normal vector and curvature of the given vector-
valued function.
r(t) = ti+ 3costj+ 3sintk
(12 marks)

By using Stokes” theorem, evaluate §C F.dr for the vector F = xzi + xy?j + 3xzk
and the space curve C which is the intersection of the plane x + z = 3 and the cylinder

x2 + y? = 4, in the counterclockwise direction, when viewed from the positive z-axis.
(10 marks)

By using Green’s theorem, evaluate the following equation where C is the boundary of
the region in first quadrant bounded by x2 — 2x + y* = 0 and y = x.

% (2Y — x?)dx + (4x + yHdy
C
(10 marks)

Calculate the rate at which the pressure P (kpa) is changing when the temperature 7
(K) and increasing at rate of 0.1 K/s and volume ¥ (L) is 100 L and increasing rate of
0.2 L/s. Solve the problem by using following equation
PV =831T
(10 marks)

The dimensions of a bridge are change from 15 m, 13 mand 11 mto 15.03 m, 12.96 m
and 11.02 m. Calculate the approximate change in volume by using total differential.
(4 marks)

The radius of a right circular cylinder is measured with an error of at most 4% and the
height is measured with and error of at most 8%. Approximate the maximum possible
percentage error in the volume ¥ calculated from these measurements.

(6 marks)
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Q4

Q5

(a)

(b)

(a)

(b)

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

(7 marks)

A lamina has shape of the region in the first quadrant that is bounded by the graphs of

y = sinx, y = cosx, between x = 0 and x = /4. Determine the centre of mass if the

density is .
(10 marks)

Given J-He_xl'zzd V' where E is the region between the two cylinders x*+z>=4 and
E

x* +z> =9with 1< y<5and z<0. Convert the given integral into cylindrical
coordinates and analyse it.
(10 marks)

Analyse the mass of the object which is bounded above by the inverted paraboloid
z =16 — x2 — y? and below by the xy-plane. The density of the object is given by
8(x,y,z2)=8+x+y.

(10 marks)

- END OF QUESTIONS -
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Formulae

Tangent Plane: z — 7y = f,(xo, ¥0)(x — %) + f;,(x0,¥0) (v — ¥o)

Local Extreme Value: G(x,y) = f: (x, ¥) X f5,(x,¥) — [j;y(x, y)]2

Case G(a,b) Result

1 G(a,b) >0 f(x,¥) has alocal maximum value at (a, b)
fex(a,b) <0

2 G(a,b) >0 f(x,¥) has alocal minimum value at (a, b)
fex(a,b) > 0

3 G(a,b) <0 f(x,y)has a saddle point at (a, b)

4 G(a,b)=0 inconclusive

Polar coordinate: x = rcos 8,y = rsinf, 8 = tan'l(i) and

[, fx.y)dA = [f, f(r,6)rdrds

Cylindrical coordinate:; X =r1cos 6, , y=rsinf, z=z, fﬂg Flx,v2)dV =
IIf, f(r,6,2)d dz dr do

Spherical coordinate: x = psin¢gcos@, y = psingsinf, z = pcosf, x2 +y2 +z2=p? 0«
0 L2m, 0K p<mand fff fCx,y,2)dV =[] f(o,¢,0)p*sin¢p dpdpds

For lamina
Mass, m = [f, 6(x,y) dA
Moment of mass: y-axis: My = [[ x6(x,y)dA  x-axis, M, = || . y8(x,y) dA

Center of mass, (%, ) = (%‘%
i b B, T -1
Centroid for homogenous lamina: ¥ = - I fR xdA J=— ffR y dA

Moment inertia:
Y-axis: I, = ffR x268(x,y) dA x-axis: [, = ffR y28(x,y) dA
Z-axis (or origin): I, = [, = ffR (x2+yH) (e, y)dA=1,+ L
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For solid

Mass, m = [ff. 8(x,y) dv

Moment of mass:

yz-plane: My, = [ff. x 8(x,y,z) dV
xz-plane: My, = [ff, ¥ 6(x,y,z) dV
xy-plane: My, = [ff. z8(x,y,2) av
Center of gravity, (%, ¥,2) = (ﬂy—z,ﬁ, %1)

- - m m
Moment inertia:

1y=g (x2+22)8(x,y,2)dV
L= fbﬂ(yz +22) 8(x,y,2z)dV

= ffj(xz +y2) 8(x,y,z) dV
G

Directional derivative: D, f(x,¥) = (fd + £§) - u

Let F(x,y,z) = Mi+ Nj + PK is vector field, then the divergence of F = V- F = == + — + g‘:
The curl of
i j kK
da a9 a oP dN oP oM\_ (AN oM
v fl 2 2l (-2 (20 (-2
dx ay oz dy 0z dx 0Oz ox dy
M N P
Let C 1s a smooth curve given by 7(t) = x(t)i + y(t)j + z(t)k, t is parameter, then
. . . _rm
The unit tangent vector; T(t) = _"_Ilr:(t)ll
The unit normal vector: N(t) = 1|:'$1|
The binormal vector: B(t) = T(t) x N(t)
T x|
Terounvatwe k= ™ o
The radius of curvature: p = 1/K
aN aM
Green Theorem: §, M(x,y) dx + N(x,y) dy = [J, == —35-dA
Gauss Theorem: [ F-n dS= [[f. V.F dV
= 5
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Stokes Theorem: §. F.dr = [[ (VX F)-ndS

Arc length, If r(t) = x(t)i + y(t)j, te[a, b], then the arc length
b b
e f I (o)l et = f J(x'(t))z + (') dt

Ifr(t) = x(t)i+ y(t)j + z(t)k, tela, b], then the arc length
b
s= f J(x'(t))z +('®)" +(z'(®)" dt
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