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Q1

Q2

()

(b)

(c)

(d)

(@)

(b)

(c)

Find the 2™ partial derivatives of the equation and show that fryz=Fayx-

f(x,y,z)=sin (3x+yz)
(5 marks)
Wave in Pantai Beroga is defined by the equation f(x,y) = x% — 4xy + y3 +
4y. In developing the coastal structure, the local maximum or a local minimum,
or the value of a saddle point need to be determined. Determine its critical points

and determine whether the wave has a local maximum or a local minimum, or
the value of a saddle point.

(10 marks)

If u=x*y+y?z3, where x=rset, y=rs?e and z=r?s sin t, determine the value
y

of?:- when r=2, s=1, t=0.

(5 marks)
Sketch the contour plot using three-level curves for z=8-4x-2y for z=-8, 0, 8.
(5 marks)
Sketch a diagram and evaluate of the region bounded by:
line x+y=8 and curve xy=>5
(5 marks)

Use a triple integral to determine the volume of the region below x = 3and x =
2 a0
¥ 3 ZE,

(6 marks)

In the design of a dam, the depth of hydrostatic pressure should be considered.
The depth of hydrostatic pressure can be calculated by using the formula:

Lxc

YA

e = Yo

Where

¥, = depth of hydrostatic pressure
y. = center of gravity

Ixc = moment of inertia

A =area

By using this formula, calculate the depth of hydrostatic pressure of the
hydraulic structure with surface z = —y + 5, planes z = 0, y = 0 and width 7
meters. Given that the density function is (x,y, z) = z.

(14 marks)
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Q3  Answer the following questions:

(a)

(b)

(c)

(d)

Let f(x,y,2) = x>y — y?z + xz°. Find the gradient at (1,2,1).

(4 marks)
Given the vector field F = (y* — x22%)i + (x? + y?)j — (x2yz)k
(i) Find the divergence of the vector field.
Hint: divF =V-F
(4 marks)
(i) Find the curl of the vector field at point (1, 3, -2).
Hint: curlF = Vx F
(6 marks)

Evaluate the line integral [(x +y+2z)ds where C is given by x =
3cost, y=3sint, z = 4t and with condition 0 <t < 2.

(6 marks)
Calculate the surface integral [ 6xy dS where S is the portion of the plane

X +y + z = 1 that lies in the first octant and is in the front of the yz-plane as
shown in Figure Q3.1.

Figure Q3.1
(5 marks)
Q4  Answer the following questions:
(a) Determine the Laplace transform of the equation f(t) = (t + 2)3.
(4 marks)
(b)  Apply Laplace transform to solve the initial value problem y(0) = 0 for the

equation y' +y = cost .
(10 marks)
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(c)

(d)

Analyse fot(t — u) sin 2u du to determine the Laplace transforms following the
convolution theorem.

(6 marks)

A 3 kg object is attached to the spring and will stretch the spring 392 mm by
itself. There is no damping in the system and a forcing function of the form
F(t) = 10 cos(wt) is attached to the object, and the system will experience
resonance. If the object is initially displaced 20 cm downward from its
equilibrium position and given a velocity of 10 cm/sec upward. Solve for the
general solution for the displacement, u.

Hint: mu" 4+ ku = F(t)
(5 marks)

- END OF QUESTIONS -
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APPENDIX A
Formula
Characteristic Equation and General Solution
Eisp Roots of the Cl:laracterlshc Geteral Soliition
Equation

1 m; and m, ;real and distinct y=Ae"" +Be""

9 m, =m, =m ; real and equal y=(A+ Bx)e"*

3 m=a*iff ;imaginary y=e""(Acos fx+ Bsin ffx)

Particular Integral of ay" + by' + ¢y = f(x) : Method of Undetermined Coefficients

S(x)

(%)

P(x)=A4,x" 4+ + 4 x+ A4,

x"(B,x" +-++ B,x+ B,)

CeﬂI

F(Pe™™)

Ccos fx or Csin fx

x"(pcosfx+gsin fx)

Particular Integral of ay" + by' + ¢y = f(x) : Method of Variation of Parameters

Wronskian Parameter Solution
IV: yE y'z ”1 :_J‘de, U, :'[de. er =u,y, -{-uzyz
BTN W } w
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Laplace Transforms

L{f@}=] f®e™dt="F(s)
£ F(s) 70 F(s)
a 2 H(t - a) &
h 5
=123, — f(t~a)H(t-a) e F(s)
: 5(t-a) o
S§—a
a
i NSt — it
sin at P f()o(t—a) e f(a)
cosat s [ ' Fu)g(t —u)du F(5).G(s)
s +a 0
a
inh t b
sinhat 52 -a2 y(®) (s)
cosh ar o (1) s¥(s) = (0)
e® £(1) Fis—a) ¥(1) s*Y(s) - 59(0) - 3(0)
2 d"F(5)
frms n=1,3.3,..| (prE sl
1" f(1), n =D T

Periodic Function for Laplace transform : L {£(r)} = = I_ﬂ _[ *fdt, 550

The denominator Partial Fraction
ax+b A
b
(ax+b)? A Ay
+b*ax + b?
ax’+bx+c Ax B
ax’+bx+c
(ax?*+bx+c) | Aix+B Axx + B
ax?+bx+c*(ax*+ bx +c)?
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Case G(a,b) Result

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

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

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

+ G(a,b) =0 inconclusive

Tangent Plane: z — z = £, (x5, Y0) (x — Xo) + £, (X0, Y0) (v — ¥0)

Local Extreme Value: G(x,y) = for (%, ¥) X f5y (%, ¥) — [fuy (. y)]2

Polar coordinate: x = rcos 8, y = rsin 8, 6 = tan™*(Z) and

Il fGay)dA= [[ f(r,6)rdrdd

Cylindrical ~ coordinate: x=71cos8, y=rsinf, z=az, I, fey.z)dv =
/I, f(r,6,2)d dz dr df

Spherical coordinate: x = psingcos6, y = psingsinf, z = pcosf. x> + y? + z2 = p2,
0 KK, 0K p Kmand [ff flx,y,2)dV=[[[ f(p.¢.08)p?sin¢ dpdpds

For lamina
Mass, m = [[, &(x,y) dA
Moment of mass: y-axis: M, = [f, x§(x,y)dA  x-axis, M, = Il ¥6(x,y)dA

Center of mass, (X, y) = (%.%

. T w .. 3
Centroid for homogenous lamina: ¥ = e ffR xdA P s I, ydA

Moment inertia:
Y-axis: I, = [[, x*8(x,y) dA x-axis: [, = [, ¥*68(x,y) dA
Z-axis (ororigin): I, = Iy = [, (x* +y*)8(x,y)dA =1, + 1,

For solid

Mass, m = ﬂfs §(x,y) dv

Moment of mass:

yz-plane: My, = [[[. x&(x,y,2) dV

xz-plane: My, = [[f. ¥ 6(x,y,2) dV
xy-plane: My, = [[[. z6(x,y,2) dV

ity (% 73 = oz Me My
Center of gravity, (&, y,z_)-—(m b m)

Moment inertia:
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Iy= Lff(xz +2z2) 8(x,y,2)dV
.= -g (2 +22)8(x,y,2)dV

L =f[ (x%+y2) 8(x,y,2)dV
G

Directional derivative: D, f(x,y) = (fxi 4 fyj) gl

Let F(x,y,z) = Mi + Nj + Pk is vector field, then the divergence of F=V-F = %ﬂf + z—j +
i
dz
The curl of
i j k
o 9 0 oP @N\_ (9P dM\_ (3N OM
F=¥xF=|l_— = “l= (———)1—(———)1+(————)
dx dy 0z dy 0z dx 0z dx dy
M N P
Let C is a smooth curve given by r(t) = x(t)i + y(t)j + z(t)k, t is parameter, then
5 ; _ r'(t)
The unit tangent vector; T(t) = 7ol
; . _ T
The unit normal vector: N(t) = ol
The binormal vector: B(t) = T(t) X N(t)
=T _ [
The curvature: K = ol = M OF
The radius of curvature: p = 1/K
Gauss Theorem: ff F-n dS = [f[. V.F aV
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
2 2
g f I’ (0)|| dt = f \/(x’(t)) + (') de
a a
Ifr(t) = x(6)i + y(t)j + z(t)k. te[a, b], then the arc length
b
2 2 2
s = f J(x’(t)) +'®) + (z(®) at
a
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Trigonometric and Hyperbolic Identities

Trigonometric Hiperbolic
5 G : e"—e™”
cos” x+sin“ x=1 sinh x =
5 ; i
l+tan” x =sec” x coshx =

cot® x+1=cosec’x

cosh? x—sinh? x =1

sin2x = 2sinxcosx

1 —tanh? x = sech’x

cos2x =cos’> x—sin’ x

coth? x—1=cosech’x

cos2x=2cos? x—1

sinh 2x = 2sinh xcosh x

cos2x=1-2sin’ x

2tan x

cosh2x =cosh? x +sinh’x

tan 2x = ——
l—tan~ x

cosh2x =2cosh® x-1

sin(xi y) =sinxcos y+cosxsin y

cosh2x =1+2sinh’x

cos(x + y) = cosxcos y F sin xsin y

2tanh x

tanh 2x = ———
1+ tanh~ x

(i + y) = 1T E Y.

1F tan xtan y

sinh(x + y) = sinh xcosh y + cosh xsinh y

2sinxcosy = sin(x+y)+sin(x—y)

cosh(x:!:y) = cosh xcosh y +sinh xsinh y

2sin xsin y = —cos(x + y)+ cos(x - y)

t tt
sasihled ) anh x + tanh y
1 = tanh xtanh y

2C0SXCOSy = cos(x + y)+ cos(x—y)
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