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A particle moves under a central repulsive
force mp. + (distance)? and is projected from
an apse at a distance ‘a” with a velocity .
Show that the equation to the path is
r cosp 6 =a and the angle described in time
tis

ltan-1 (E—Zit) where p2 = iiiu—
p

a a2 Z,72

A drugis induced ina patient’s bloodstream
ata constant rate r gms/sec. Simultaneously
the drug is removed at a rate proportional
to the amount x(t) of the drug present at
any time t. Determine the differential
equation governing the amount x(t). If the
initial concentration of the drug in the
bloodstream is x;, find the concentration of
the drug at any time t.
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Consider the diffusion of oxygen through a
membrane 0 < x < h of thickness h, the two
ends of which are maintained at
concentration C and C, respectively. If the
initial concentration is zero, model this
problem using one-dimensional diffusion
equation and find the rate at which the
diffusing oxygen emerges at the interface
x =0, for unit area per unit time.

A TV repairman finds that the time spent
on his jobs has an exponential distribution
with mean 30 minutes. If he repairs sets in
the order in which they come in, and if the
arrival of sets is approximately Poisson with
an average rate of 10 per 8-hour day, what
is the repairman’s expected idle time each
day ? How many jobs are ahead of the
average set just brought in ?

If a simple pendulum of length I oscillates
through an angle a on either side of the
mean position then find the angular velocity

Z—(: of the pendulum where 8 is the angle
which the string makes with the vertical.

Find the value and the optimum strategies
for two players A and B of the rectangular
game whose pay off matrix is given below :

B

1 1 -11~1
Al-1|~1| 3

-1} 2 | -1
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Let the returns on the securities of two

companies X and Y be as given below :

Chance| Return
Pij=Pa| Rij | Ry
1 1/4 6 | 7
1/2 13| 8
3 1/4 18 {11

Event (j)

Find the expected return of the portfolios
P=(0.7, 0.3) and Q=(0.4, 0.6). What
inference can you draw by comparing the
returns of the portfolios P and Q ?

Consider a rabbit population x(t) at any time
t(>0). If ax is the rate at which birth occurs
and bx? is the rate at which death occurs
(a, b are constants), then formulate the
model of the rabbit population. If the initial
population is 120 rabbits and there are 8
births per month and 6 deaths per month
occuring at t=0, how many months does it
take for x(t) to reach 95% of the limiting

b
population (;J ?

Suppose that the population x(t) and y(t)
satisfy the model given by the following

system of equations :
ax =14x - 2x% - Xy
dt

dl 2
L =16y — 2 —
dt yoa Ty

5
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Determine all the critical points of the syciem
and discuss the tvpe and stabiiii_\' o1 these
critical points. Which critical point
represents the pm'«lb} ity of co-existence of
the two popiﬁ.latzons ?
Find out the escape velocity and the
acceleration due to gravity on the moon
where, mass of moon is 7.35 x 1022 kg,
radius of moon is 1.738 x 10 m, ard
universal gravitational constant
=067 210 md ket
Suiphur dioxide is emitted al a rate of
260 o/ s froma stack with an effective height
of 80 m. The wind velocity at a stack 1s
o m/s and the atmospheric sta bility class is
3 for the overcast day. Determine the
round level concentration along the centre
';nt at a distance 900 m from a atack, in
nicrograms per cihic metre
Hint : (0,=69 m and v =295 m are ¢
standard deviations in the vertical direction

and cross wind direction respectively),
e

5

sing dimensional analysis, find the
1
i

tons for the fo rowing non-

dimensional numbers :
W Revnolds number
(depends onp, U, 1, p)

i) Peclet number (depends on U, 1

1) Schimidt number (depends on u, p,

Where p s Jensity, U is velo city, wois

ciscosity, D is diffusion mefﬁ\.uﬂ and L is

(o



7. (a) Give one example each from the real-world 3
of the following, with justification for your

example :
(i) A stochastic model
(i) A non-linear model

(iii) A queuing model

N

(b)  Assuming that the wind velocity u is in only
one direction, the equation describing the
dispersion of pollutants of concentration
C (x, 1) is given by the equation :

2
aC aC oC
— 4+ u = e
ot dx 8x2

Where D is the diffusion coefficient of the

O0<x<h t>0

pollutants and 0 < x < h is the region of
interest. The initial and boundary
conditions are given by :

C(x, 0)=0, C(0, )=C4

C(h, t)=C,

Where C; and C, are constants. Find the
concentration distribution C(x, t).

[Hint :You may use the transformation
X =x—ut]

MTE-14 5 P.T.O.
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A2 h 9relt U foeet! 0 < v < h & 8t 91d
B0 AR & uE faEeor 7 fomEm s,
e 2l ot =) wow |igd ) 3R C, W
sfer T s ¥ 1 Aty wigd v g,
41 weh-fatg faaeor GHiEHTor &1 T4 Hhid
20, T8 99 o1 129 it aun wee awa
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<1 wafrE X SR Y gyl w19 0
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gifrar | 9fawa
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g & Tl Fifasw fog @ HIEC AR %
TR 37 wefaes TR = wifee | i shifas
foig <Ml Sdensd % de-otfe i Hurer
1 Frefad #xa €2

HgHT W IATA 9T AR [Hed @07 1A IS
WTET, ST I §AHH = 7.35 x 1022 kg, FEHT &1
f5a1=1.738 x 106 m, iR wEfFF qEcr™
feerish G=6.67x10"11 m3 kg~ ¥

80 m F TF T $9E TR TH DF @
260 g/s 1 T T Fohl TR~ ATHES I@fAd
W R R WY 97 6 m/s ¥ SR SEet
oTu g et § aEesy e @ D ¥
g Wi ¥ WX § ©F ¥ 900 m F
TR F Y@ ¥ TIfew qfH qa |G [0 HITS |
HERT : (0,=69 m 31T 0,=29.5 m HAM:
SHaiEy fow SR sryed o fewn # Arew
faaem 8) |
fafua favewo w@m e fafafaa sifada
EAIEl o SE Jd I
(1) ﬁ_@%’m(?ﬁp,U,L,pWﬁ‘ﬁm
?)
(i) Y §Em (S U, L, D R AR E ?)
(iii) fewe §em (3, p, D R fsft &3t 2)
Tl p ¥ §, U A7 B, p ¥IMar 8, D fomm
O ¥ K L e 7
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(b)
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frafafes & fau arafas steq @ weiyg
UF-TF IS, ae dfeq Sife .

(i) wawre faget

(i) oRfEs fra

(iii) fd free

78 WA fF 7o &1 A7 o e U fom A F
TIEU C(x, t) & YUkl & qfiergor = fauifa
H e R fefafea §

2
a_C+u§g=D£,O<x<h,t>O
ot dx 9x?

TRl D Wgueh! T fo@or e § a0 < x <h
g & ¢ fored & wf9 ?1 emfe ofk gfdin
gfqay fefafea fou e # .

Cx, 0)=0, C(0, t)=C,

C(h, 1)=C,

STl C, 3R C, e’ &1 |igw s Ca, ) Al
ifey |

[ Wohd : FEl 7Y T X = x — ut H T
FTFHd T 1]
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