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1. (20 points) The motion of a mass on a spring moving in a medium, in

which damping is negligible, can be described as following:

d?y
I +y (t—2m)

At t = 2m, the mass is given a sharp blow. (solve by using Laplace
Transform — invert using partial fraction).

1.1. (10 points), If the mass is at rest in the equilibrium position, y(0) =

0 and %}f = 0, find the function of y(t) at 0<t<2mand t =2 21
t=0
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1.2. (10 points), If the mass is released from rest 1 unit below the

equilibrium position, y(0) = 1 and %’;’ 0= 0, find the function of

t=

y(t)at 0<t<2mandt>2m
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2. (15 points) The rate equation for component B involved in the following

ki _k
first — order reactions, A 5 B C, can be written as,
dCB
s + k,cg = K;Cp0€

Determine the concentration of B as a function of time, if the condition

Kyt

cg = 0 att =0 (by Laplace transform — invert using convolution).
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3. (20 points) A feed solution containing z, mass fraction of a particular

— volatile component is fed to a single effect

V.Y  evaporator at a rate of F kg/hr. It may assume

F, z that vapor rate (V) and liquid rate (L) are

k)

W constant and the liquid holdup in the evaporator

L,x is H kg The dynamic mass balance can be

written as,
dx(t)
dt

and y(t) = mx(t) where, y =the equilibrium mass fraction in vapor, x =

H

= Fzy(t) — Vy(t) — Lx(t)

the mass fraction of the volatile component in liquid. It is noted that:

mV+L F
a==—.B=3
3.1. (10 points), find dynamic equation in deviation form, % ,

where 8 = x — X and X = liquid volatile mass fraction at steady-

state condition
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3.2. (10 points), find response x(t), when inlet mass fraction takes

impulse disturbance, c,6(t), (solve by using Laplace Transform)
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4. (25 points) Heat diffusion equation, T(x,t) in a semi-infinite slab can be

described in new variable 6(x, t) as,

9’0 06

szh

where, 8(x,t) = T(x,t) — T, and T(x, 0) = T,, T(0,t) = T, T(oo, t) =T,

4.1. (2 points), find the initial conditions in term of 6(x,t)

4.2. (3 points), find the boundary conditions in term of 8(x, 1)
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4. (25 points) Heat diffusion equation, T(x,t) in 2 semi-infinite slab can be
described in new variable 6(x, t) as,

70 _o0

ox? 0Ot

where, 8(x,t) = T(x,t) — T, and T(x,0) = T,, T(0,t) = Tg, T(co, t) =T,

a

4.1. (2 points), find the initial conditions in term of 0(x,t)

4.2. (3 points), find the boundary conditions in term of 6(x,t)
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43. (20 points), determine the particular _solution T(x,t) by using

Laplace Transform
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5. (20 points) The one — dimension linear wave equation for u(x,t) can be
written as,
9*’u 9%u
e ot
where, x € [0,1], subject to the initial conditions,
u(x,t = 0) = sin (M%)
and

du
Otli=o

and the boundary conditions,
ux=0,t)=0 , ux=1t)=0

Find the solution of the problem by using a separation of variables
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6. (20 points) Find solution of the following PDE by using combination

variables method,

1

U =1u

k t XX
xz

If the combination variable is dimensionless, N = 1=

11
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Table of Laplace Transforms

1 e—at
s+a
1
- te—at
(s +a)?
1 1
Tra 2 5in(@0)
s
T2 cos(at)
1 1
e ;smh(at)
| s
| 7 cosh(at)
| 1 a
; Za-avs erfc (—)
| S e ’ (a 2 0) 2-\/E
e~ F(s) f(t — a)u(t—a)
F(s — a) e (1)

Fourier cosine series:

[oo]

nT
f(x) = Z ancos( L Z ancos —x
n=0

ap = %foL f(x)dx and a,= %foL f(x)cos (BLT—IX) dx , n=12..

Fourier sine series:

f(x) = ibnsin (EL11 x)

b, = %fOL f(x)sin (n—:-x) dx , n=12..

13



