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Q1

Q2
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(a)

(b)

(c)

(d)

(a)

(b)

(©)

Assuming that L{e%} = ﬁ using the formula L{t"f(t)} = (—1)”?—: [F(s)] find the
following functions

i) L{te®} ks
marks

i) L{t2e} —_—
marks

Calculate the Laplace transform by Applying the theorem of the first shift for the function.

L ={e *cos 3t}
(3 marks)

Using partial fractions, Determine the Inverse Laplace transforms for the equation.

(357 +5* 4+ 12542
(s—3)(s+1)3
(7 marks)

Assume an object weighing 2 Ib stretches a spring 6 in. Establish the equation of motion
if the spring is released from the equilibrium position with an upward velocity of 16 ft/sec.
Discover the period of the motion.

(8 marks)
Classify the given function as continuous or not continuous
x2—y?
—— if (x,y)+ (0,0
fa=1s+% f (xy) #(0,0)
0 if (x,y) = (0,0)
(6 marks)
Calculate the partial differentiation for each of the following functions
i) z = xycos(xy)
(3 marks)
ii) z = (3x% +y)?
(3 marks)

Using partial derivatives estimate the maximum possible error in calculating surface area
of closed rectangular box with dimension of 3 m, 4 m, and 5 m respectively and the
possible error 1/192 m.

(3]
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Q3

Q4
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(d)

(@)

(b)

(©)

(d)

(a)

(b)

(€)

(d)

(6 marks)

Based on the answer of the Q2 (c) and the finding of possible percentage error. Determine
the minimum possible percentage error up to the highest percentage.

(7 marks)

2
Solve the ffR e™ 44 where R is the region between x — axis, lines y = g andx =

4 by using double integrals equations.
(5 marks)

By applying polar coordinates, calculate and sketch a diagram of the region I, 2+
y dxdy over a region bounded by curves xy = 6 and x + y=7,

(8 marks)
Determine the centre of mass of the triangle with boundaries y = 0, x = 1 and y =
2x, and mass density p(x,y) = x + y.

(6 marks)
The first octant bounded by 0 < x,3x < y,0< zand y 2 + z2 < 9. Solve the triple

integral of f (x,y,2) = z
(6 marks)

Find the length of the arc of the circular helix from the point (1, 0, 0) to the point (1, 0,
6), If r(t) = 3cos ti + 3sintj + 3tk.

(6 marks)
Curvature of a circle of radius a is 1/a, based on your understanding, explain why.

(6 marks)
Given r(t) = 3costi + 3sintj + 3tk calculate the unit normal and binomial
vectors for the circular helix

(7 marks)

Make use of the force field F(x,y, z) = (z* — 2xy)i — x2j + 3xz2K, and show that F is
a conservative vector field.

(6 marks)

-END OF QUESTIONS-

[F8]
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Formulae

Characteristic Equation and General Solution

Roots of the Characteristic

Case ” General Solution
Equation
1 m, and m, ;:real and distinct y = Ae™* 4 Be™z*
2 m, =m, = m ;real and equal y = (A + Bx)e™

3 m=a +if ;imaginary y = e®*(Acos f x + Bsin 8 x)

Laplace Transforms

L{f()} =], fe™di=F(s)
10 F(s) I0) F(s)
a Lo H(t - a) i
hy S
", n=1,23, ... ;?;T ft-a)H(t-a) e “Hs)
e 1 bo) (f %k a) e—n.r
§—a
3 a 5 s —15
sinat 5.3 f()é(1 - a) e“fla)
cosat - [ fang-wau F(5)G(s)
s +ad? 0
sinhat — »(1) ¥(s)
3 =4
coshat s 20 s¥ (s) - »(0)
§ —a
e £(f) F(s-a) 3(0) 57Y(s)—sH0)—3(0)
nd"F
R seli i (O
ds
4
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T . T
Periodic Function for Laplace transform : L {7 (1)} = 1—1_—57,_[0 e f(tdt, s>0.
—e
Table .1 Inverse Laplace transforms
Fisi= Cifin) LV Fin] =fin
5] -]; i
k
m = K
o .
[111] e
5—a
o
) s
™ +a
iv) _'—‘- cosal
s +a
1
Vi F 1
(vail -Jl‘i s
5
n! n
v T I
a
xi1 T sinh ¢
A 4
£4 coshar
L) -
- ’:j}‘_! =
xu} ——-w— = sinwt
(Y —ay + o~
(x111) ,‘—:;d.—",- e cosax
v % &= sinh wir
[ §
(xv) —!—‘—- = cosh ey
T T
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,y) has a local minimum value at (a, b)
fax(a,b) >0
3 G(a,b) <0 f(x,y)has a saddle point at (a, b)
-~ G(a,b) =0 inconclusive
5
Tl
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Formulae

Tangent Plane: z — zo = f; (%o, o) (x — Xo) + £ (%0, ¥0) (¥ — ¥o)

Local Extreme Value: G(x,¥) = fix(x,¥) X fy,(x,¥) — [f;y (%, y)]2

Polar coordinate: x = rcos 6,y = rsin6, 0 = tan“l(f) and

Il fG.y)dA= [[, f(r,6)rdrdo

Cylindrical coordinate: x =rcos@, , y=rsinf, z=z, fffG flx,y,z)dV =
[lf, f(r.8,2)d dz dr do

Spherical coordinate: x = psin¢ cosf, y = psingsin8, z=pcosf, x* +y?+z% =
PP 0K 0 K2, 0K p<mand [[[ f(x,y,z)dV = [[[ f(p,¢,0)p*sin¢ dpdpdd

For lamina
Mass, m = [[. 8(x,y) dA
Moment of mass: y-axis: My, = [[, x8(x,y) dA  x-axis, My = [[, y6(x,y) dA

Center of mass, (%, y) = %.%)
Centroid for homogenous lamina: ¥ = ?Im JI, xdA y= a:ea Iz vdA

Moment inertia:
Y-axis: Iy = [[, x*8(x,y) dA x-axis: Iy = [[ ¥*6(x,y) dA
Z-axis (ororigin): [ = Iy = [f, (x* +y*)8(x,y) dA= Iy + 1,

For solid

Mass, m = fffG §(x,y) dV
Moment of mass:

yz-plane: My, = [[[. x8(x,y,2) dV
xz-plane: My, = [f[. ¥ 6(x,y,2) dV
xy-plane: M, = [[f G & 8(x,y,z)dV

= T My My
Center of gravity, (%, ¥,2) = (ﬁ.%,f)
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Moment inertia;

L= faf (x%2 +2%) 6(x,y,z)dV
L= ﬂ; 2 +22)8(x,y,2z)dv

L = fﬂ-(xz +y2) 8(x,y,2z)dV
G

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

Let F(x,y,z) = Mi + Nj + Pk s vector field, then the divergenceof F=V-F = Z—T + Z—: +
ap
oz
The curl of

i j Kk

d a a dP ON\ . oP oMy_ (N oM

ox dy az dy 0z dx 0z ox 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

. : _rm
The unit tangent vector; T(t) = "r,’ ol
The unit normal vector: N(t) = "_I,Eg T
The binormal vector: B(t) = T(t) X N(t)
T'®) _ =@
[Ix" o)l lIr' (O3
The radius of curvature: p = 1/K

The curvature: K =

dN oM

Green Theorem: §. M(x,y) dx + N(x,y) dy = I = E;d‘q

Gauss Theorem: [ F-n dS = [[[. V.F dV
Stokes Theorem: ¢, F.dr = | J, (VxF)-ndS
Arc length, If r(t) = x(t)i + y(t)j, te[a, b], then the arc length

b b
§= f e’ ()| dt = f \[(x'(t))2+(y’(t))z dt
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Ifr(t) = x(Oi+ y(8)j + z(t)K, te[a, b], then the arc length

b
H= L J(x’(t))z - (y’(t))2 - (z’(ir))2 dt

Trigonometric and Hyperbolic Identities

Trigonometric Hyperbolic
5 . T g%
COs* T +sin“r =1 ks =
2
1+ tan?r = sec? r T +e
coshr = 3

2 I

cot*r + 1 = cosec? r .
cosh®?z — sinh®z = 1
sin2r = 2sinxcosr 2 2

1 — tanh® x = sech”™ x
cos2r = cos®z — sin® 2
coth® r — 1 = cosech®

= 2cos’z —
cos“r — 1 sinh 2z = 2sinhxcoshr
wee ] = i 2 :
=1-2sin“zr cosh 2r = cosh® r | sinh®
2tanr

tan 2r =

1 —tan®r

sin(r + y) = sinrcosy + cosrsiny

cos(r + y) = cosxcosy T sinxsiny

tanr + tan y

tan{fr+ i) = —8
( v) 1Ftanrtany

2sinzcosy = sin(x + y) + sin(r — y)
2sinzsiny = — cos(z + y) + cos(z — y)

2eoszcosy = cos(x + y) + cos(z — y)

=2cosh®r —1

=1+ 2sinh®r
2tanh x

tanh2r = ———
1 + tanh” r

sinh(z = y) = sinh r cosh y + cosh z sinh y

cosh(z = y) = cosh r cosh y £ sinh r sinh y

tanhzr + tanh y

tanh(zr + ¢y) = ——— —
nh v) 1=+ tanhrtanhy

Logarithm

Inverse Hyperbolic

a= =E:;:ln::l

log;, r

lo, =
S log, a

sinh ™'z = In(x + vr?+1), any =

cosh™ ' r = In(z + vZZ = 1), g

1+=x
l-=zx

mnh_l:r:%ln( ).*I(.‘L‘(l
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