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Q1

Q2

Q3

(a)

(b)

(c)

(a)

(b)

(c)

(a)

(b)

Find the Laplace Transform of this function f (t) =e*cos 5¢ using the First
Shift theorem.

(5 marks)

Determine the inverse Laplace Transform of F(s)= m ;

(10 marks)
Determine the partial derivatives (f,,f. and f,,) for the function
Flxy.2) =9 =ln(x).

(10 marks)

Solve the following double integration:
3 X
j f xsiny dy dx
0 Yo

By using double integrals, sketch and determine the area of the regions enclosed
byy=8—x?andy = 2x.

(7 marks)

(8 marks)

Sketch the solid that enclosed above by hemisphere z = /25 — x2 — y?2 |
below by plane z = 2 and side by cylinder x2? + y? = 9. Sketch its projection
on xy-plane. Find the moment of inertia about z-axis for the solid. Given the
density functionis p (x,y,2) = z.

(10 marks)

Convert the following triple integral from Cartesian coordinates to cylindrical
coordinates to solve:

1 V122 2-x2—y?

f f f dezdydx

=1 0 x2 +}.2

(10 marks)
Sketch the graph of the vector functions below:
(1) r(t)=({—2)i+ (3—t)j+ (3t + 1)k where —0 < t < oo,
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| TERBUKA | :
P CONFIDENTIAL

(3 marks)




CONFIDENTIAL BFC 25103

Q4

(c)

(a)

(b)

@0 ) =ti+17
(2 marks)

In a civil engineering project, a cylindrical support column needs to be installed
on a construction site. The column is represented by the equation x2 + z2 = 4
where x and z are the horizontal coordinates in meters, and the origin is at the
center of the column's base. Simultaneously, a horizontal ground plane is
situated at y = 3. This ground plane represents the level surface upon which the
column will be erected.

(1) Determine the vector-valued function r(t) that represents the path of
intersection between the support column and the ground plane.

(6 marks)

(i1) Using the vector-valued function, r(t), sketch the graph of the
intersection curve in the xz-plane, indicating the position of the column's
base relative to the ground surface.

(4 marks)

A pipeline with a diameter of 600 mm will be constructed in the upcoming
development zone. The equation curve of the pipeline is given by r(t) =
costi+ 3tj+ Z2sint k. At the beginning of pipeline when t = 0, determine:

(1) unit tangent vector T.
‘ (3 marks)

(1)  unit normal vector N.

(4 marks)
(i)  unit binomial vector B.

(4 marks)
(iv)  curvature K.

(2 marks)

The vector field of wind direction in Batu Pahat area is F(x,y) = —xi + yj.
Sketch the 2D-graph manually for at least four points.

(4 marks)
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(c) The force field of pump power is F(x, y) = 2xi + 3yj. By referring to Figure
Q4.1, water particle moves from station 1 at point (-1, -1) to station 2 at point
(3: -9).

- ——
T T KN

Station 2

Figure Q4.1: Water particle movement from station 1 to station 2

(i) Determine the work done.
(6 marks)
(if)  Specify whether the force field is conservative or not. Justify your
answer.
(2 marks)
- END OF QUESTIONS -
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APPENDIX A
Formula
Laplace Transforms
Lif@}=] f@)e™dt=F(s)
f@) F(s) @) F(s)
a L Bt =) £
S A
", n=12,3, ZL flt—a)H(t-a) e “F(s)
1
g™ o(t—a) g
S—a
sin az £ f()8(t—a) €™ f(a)
s +a
cosat = [ et —wydu F(s).G(s)
s“+a 0
a
sinhat = y(1) Y(s)
5 —a
cosh ar — () s¥(s) = y(0)
8§ —a
e f(1) F(s—a) ¥(@) 7Y (5) = sy(0) - (0)
s =12 3 (_1)"@
ds”

Partial Fraction

The denominator Partial Fraction
ax+b A
ax+ b
(ax + b)2 A A

ax+b " ax + b?

ax*+bx+c Ax+ B

ax >+ bx+c
(ax?+bx+c) | Awx+B; Axx + B>
ax*+bx+c*(ax >+ bx +c)?
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Tangent Plane: z — z; = f,.(x,,¥0) (x — x) + J3 (X0, ¥0) ¥ — ¥0)

Local Extreme Value: G(x,y) = fir (x,3) X f,,, (x,3) — []}y (%, y)]2

Case G(a,b) Result

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

2 G(a,b) >0 f (x,¥) has a local minimum value at (a, b)
fxx(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 = rsin 6, 0 = tan"l(ﬁ) and

ffR f(x,y)dA = ffR f(r,@)rdrdo

Cylindrical  coordinate: x =rcosf, y=rsinf, z=z, fffG flx,y,2)dV =
Jll, f(r,8,2)r dz dr do

Spherical coordinate: x = psin¢ cos6,y = psing sinf,z = pcos, x? + y2 + z2 = p?,
002, 0K p<mand [[[ f(x,y,2)dV = [[[ f(p, ¢, 0)p?sin¢p dpdpdo

For lamina

Mass, m = [[, 6(x,y) dA

Moment of mass: y-axis: My, = [[, x6(x,y) dA  x-axis, M, = [ [, ¥8(x,y) dA

= ) = (2 Mz
Center of mass, (%, y) = e
v * S 1 7 — 1
Centroid for homogenous lamina: ¥ = — ) fR xdA ¥ = il fR y dA

Moment inertia:
Y-axis: I, = [[, x*6(x,y) dA x-axis: Iy = [[, ¥*6(x,y) dA

Z-axis (ororigin): I; = Io = [, (x* +y®) 8(x,y)dA =1, + 1,
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For solid

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

Moment of mass:

yz-plane: My, = [[[. x6(x,y,2) dV
xz-plane: M, = [[[. y6(x,y,2) dV
xy-plane: My, = [[[. z8(x,y,2) dV

Mvz Mz Mxy)

Center of gravity, (%, ¥,2) = o

m

Moment inertia:

I, = fjf(xz +z2) 8(x,y,2z)dV
G

b =ﬂf(y2+zz) 8(x,y,z)dV

= ﬂf(xz +y%) 8(x,y,2)dV
G

Directional derivative: D, f (x,y) = (fii + f,j) - u
Let F(x,y,z) = Mi + Nj + Pk is vector field, then the divergence of F=V-F = — + —y +
or
dz
The curl of

i i k

dP OdN oP oM dN dM
o= [2 5 S (-2 (-2
dx dy dz dy 0z dx 0z dx dy
M N P

Let Cis a smooth curve given by r(t) = x(t)i + y(t)j + z(t)k, t is parameter, then

r'(t)
lIe’ &)l

The unit tangent vector; T(t) =

T'(t)
Tl

The unit normal vector: N(t) =

The binormal vector: B(t) = T(t) x N(t)

‘_ Pl ‘--""T > A
) _ x| . TERBUKA
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The curvature: K =
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The radius of curvature: p = 1/K

Green Theorem: QSC M(x,y)dx+ N(x,y) dy = ﬂR 3_1: - %dA

Gauss Theorem: f[[ F-n dS = [f[. V.F dV
Stokes Theorem: §. F.dr = [[ (V xF)-ndS
Arc length, If () = x(t)i + y(t)j, te[a, b], then the arc length
b b
5= f e’ @)l dt = f J & ®) +('®)" dt

Ifr(t) = x(0)i + y(t)j + z(t)k, te[a, b], then the arc length

b
= f J(::c’(t))2 + (y’(t))2 + (z’(t))2 dt

Trigonometric and Hyperbolic Identities

Trigonometric

cos’ x+sin* x=1

2sinxcosy = sin(x+y)+ sin(x - y)

l1+tan® x =sec’ x

2sinxsiny = —COS(X+_‘V)+ COS(x_J’)

cot” x+1=cosec’x

2cosxcosy = cos(x + y) # cos(x i y)

sin2x = 2sin xcos x

2 = 2
COos2x =cos” x—sin~ x

cos2x=2cos’ x—1

cos2x=1-2sin’x

2tan
tan 2x = =

1—tan® x

sin(x + y) = sin x cos y + cos xsin p

cos(xiy)= cosxcos y Fsinxsiny

)_ tan x £+ tan y

tan(xi =—
1+ tanxtan y
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