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(a)

(b)

(©)

(d)

Given that L{e%'} = 5——1-_51 by using the formula L{t"f(t)} = (—1)“%; [F(s)] find the
following functions;

(i) L{te™}

(2 marks)
(i) L{t%e%)

(2 marks)
By applying the first shift theorem, calculate the following functions;
@ L={e*cos bt}

(3 marks)

(i) Based on your understanding, explain why the first shift theorem needs to be applied

to solve the function.
(2 marks)

Determine the Inverse Laplace transforms using partial fractions for the following
equations;

353452412542

: -1
DI e
(3 marks)

e - 75+13
(Il) L {5(52+45+13)}

(3 marks)

A school with two floors (ground and first floor), the first floor has mass m = 1459.39 kg
and weighs =14515 kg. The elastic frame of the building has a spring to resist the
horizontal displacements of the first floor;where 6.25 tons of a horizontal force is required
to displace 50 cm of the first floor. In one of the earthquake, the ground oscillated
horizontally with amplitude 4, and circular frequency o, leading to an external horizontal
force F(t) = mAyw? sin(wt) on the first floor.

(i) Apply the second (2™%) order equations to compute the natural frequency (in hertz)

of oscillations of the first floor
(5 marks)

(ii) ~ Calculate the amplitude of the resulting forced oscillations of the first floor, if the

ground undergoes one oscillation every 1.37s with an amplitude of 3.8 cm.
(5 marks)
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Q2 (@

(b)

(©

Q3 (3

(b)

(©

(d)

Determine the partial differentiation for each of the following functions

@ z = x*yeos(xy)
(4 marks)
(i) z = (3x* + y)?
(4 marks)
Classify the given function as continuous or not continuous
i
TS A . ) O!O
f(x‘y): x2+2y "f(xy)'—#( )
0 if (x,y)=1(0,0)
(5 marks)

Radius of a right circular cylinder is measured with an error of at most 5%, and the height
is measured with an error of at most 9%.

()  Solve the maximum possible percentage error in the volume calculated from these
measurements.

(9 marks)

(ii) Ifthe height is measured with an error at most 8%. Compare the maximum possible

percentage error with an error at most 9%. Justify your answer.
(3 marks)

By using double integrals equations, find
X
ff e*? dA, where R is the region between x — axis, lines y=3 and x = 4
R
(6 marks)
Determine the centre of mass of the triangle with boundaries y=0,x = landy = 2x,
and mass density p(x,y) = x + y.

(5 marks)

By applying polar coordinates, calculate;

ff X +y dxdy over aregion bounded by curves xy = 6and x + y
R
= 7 and Sketch a diagram of the region.

(8 marks)
Solve the triple integral of f (x,y,z) = z in the first octant and bounded byD £ ;8% <

yv,0< zandy?+ z2 < 9.
(6 marks)
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Q4 (@) Ifr(t) =3costi + 3sintj + 3tk, find the length of the arc of the circular helix
from the point (1, 0, 0) to the point (1, 0, 6).

(6 marks)

(b) Based on your opinion, explain why the curvature of a circle of radius a is 1/a.
(6 marks)

(¢)  Calculate the unit normal and binomial vectors for the circular helix; 7(¢) = 3cos ti +

3sintj + 3tk
(6 marks)

(d)  Solve [ CF.d7 where F(x,y,z) = 8x2yzi + 5z —
4xyk and C is the curve givenby #(t) = ti + t3/ + t3k,0 < t < 1.

(7 marks)

-END OF QUESTIONS-
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Formulae

Characteristic Equation and General Solution

e Roots of the C}}aractenstlc General Solution
Equation
1 m, and m, ;real and distinct y=Ade"" + Be"?
2 m, =m, =m ; real and equal y=(A+ Bx)e™
3 m=ea*iff ;imaginary y:g“"(Acgsﬁx-i-Bsmﬂx)

Particular Integral of 3" +5y' + ¢y = f(x) : Method of Undetermined Coefficients

Jx)

7,()

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

x"(B,x" +++Bx+B,))

Ce“~

xr (Pea’):)

Ccos ffix or Csin fx

X" (pcos fx+gsin Bx)

Particular Integral of &y" + 5" + ¢y = f(x) : Method of Variation of Parameters

Wronskian Parameter Solution
oy ¥, (%) »if(x) -
"=l y;’ w =GR = [RERa |y, =uwyti,
Laplace Transforms
L{f@0y=] fwe™dt=F(s)
1) Fl(s) f() F(s)
a & H(t-a) e
S s
=123, . 2. f(t—a)H(t—a) e F(s)
S
1
em §(f _ a) e—a.v
S—a
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sinat s J0)3(t-a) e f(a)
S +a
cosat = [ F )t —u)du F(5).G(s)
s +a 0
3 a
sinhat g ¥(1) ¥(s)
S —a
coshat — () sY(s) = y(0)
S —d
e £(1) F(s—a) W) s Y () —sp(0)— 7(0)
2 d"F(s
PR, p=1B5, ... | pPEY
ds

Periodic Function for Laplace transform : L {r}= ;Tre“” f(Ode, s>0.
i 1—e™" 70 '

Table .1 Inverse Laplace trassforms

Fisy= L15ity) £ Fisy) = finy
. i
i = i
z
I
{8} = &
5
i .
(i o
5§
. i
(i) g sinar
gt
&
fvl = CO%
FEs
L4
Vit —=
el
2 3
vy — Fa
P
Lo
i —— #*
LI i
43 = sind al
52 g?
: z
ix3 = cosh
2 gg?
al
i) — i
[§ = g
1%t} o s ol
{xiii) & cos o
{xiv) o sinh ot
(5% —————— | ¥ pnshoar
e
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Formulae

Tangent Plane: z — zq = f (%0, o) (x = x0) + fy (%6, ¥0) (¥ = ¥o)

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

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,v) has a local minimum value at (a, b)
FeslonB) 250

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(f) and

[l floy)dA = [f, f(r,0)rdrdd

Cylidiicsl Ccoedinales w=weosH, , yeeosbulh, oomy Y Fmeil=
JII-G f(rl 9; Z)d dz dr dé

Spherical coordinate: x = psin¢g cos@, y = psingsiné, z=pcosf, x> + y? + z? =
P00 K2m,0K< ¢ <mand [[[ flx,y,2)dV =[[[ f(p, p,08)p?sin¢ dpdppds

For lamina
Mass, m = ffR 5(x,y) dA

Moment of mass: y-axis: My, = [[. x6(x,y) dA  x-axis, My = [[ y&(x,y) dA
P My

Center of mass, (x, y) = (m oo
Centroid for homogenous lamina: ¥ =

1
area

1
area

[ xdd  §=—]f, ydA

Moment inertia:
Y-axis: [, = [, x*&(x,y) dA x-axis: Iy = [[, ¥*8(x,y) dA
Z-axis (ororigin): I, = Iy = [[, (x* +y*)6(x,y) dA =L, + I,
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For solid

Mass, m = fffG d(x,y) dV

Moment of mass:

yz-plane: M,,, = [[f. x §(x,y,2) dV
xz-plane: M, = [[[. ¥ 8(x,y,2) dV
xy-plane: My, = [ff. z8(x,y,2) dV
Center of gravity, (JE, 37,2') = (M—?if,yﬂ,@
Moment inertia:

m m

I, = fﬂﬂ(xz +2%) 8(x,y,2)dV
s = f! (y2+ 2% 6(x,v,2)dV

L= ﬂ- (x2+y2) 8(x,y,2)dV
G

Directional derivative: D, f (x,y) = (fl + fyj) il

Let F(x,y,2) = Mi + Nj + PK is vector field, then the divergence of F=V-F = 2= +
dN oP

ay " az
The curl of
i j Kk
, , a a a ap oN dP oMy (0N oM
Pvxps|0 0 2| (I, 0P My 0N oMy
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
. ! _ e
The unit tangent vector; T(t) = ol
. . _ T
The unit normal vector: N(t) = ol

The binormal vector: B(t) = T(t) X N(t)
/(1) _ [[r'=xr" @)

e ()l lx" )11

The radius of curvature: p = 1/K

The curvature: K =

Green Theorem: §. M(x,y) dx + N(x,y) dy = [[, g_z - ?a_r:dA
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Gauss Theorem: [f F-n dS= [ff. V.F dV
Stokes Theorem: §. F.dr = [[ (VX F)-nds

Arc length, If v(t) = x(t)i + y(t)], te[a, b], then the arc length
b b
g f I (Ol de = f J(x'(t))z + () d
a a

Ifr(t) = x(t)i + y(t)j + z(t)k, tela, b], then the arc length
b
s= f \/(x’(t))z + (') + (2(®)” dt

Trigonometric and Hyperbolic Identities

Trigonometric Hiperbolic
X =X
: : g —g
cos® x+sin® x =1 sinh x =
X X
e +e
1+tan® x = sec’ x cosh x =

cot? x +1=cosec’x

cosh? x—sinh® x =1

sin2x = 2sin xcos x

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

cosh2x =cosh? x +sinh’x

2tanx
tan2x = e
1—tan® x

cosh 2x =2cosh? x -1

sin(x % y) = sin xcos y =+ cos xsin y

cosh 2x =1+ 2sinh*x
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. . 2 tanh x
cos(x = y)= cosxcos y+ sinxsin tanh2x = ————
( y) ¥ ¥ 1+ tanh? x
tanxttany ) )
tan(xiy = sinh(xiy)=smhxcoshyicoshxsmhy
1+ tanx tan y
2sin xcos y = sin(x + y)+sin(x — y) cosh(x £ y) = cosh x cosh y * sinh xsinh y
tanh x + tanh
2sin xsin y = —cos(x + y)+ cos(x — y) tanh(x 5 y) = Y
1+ tanh xtanh y
2cos xcos y = cos(x + v)+ cos(x — y)
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