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Note: Attempt any five questions. All questions carry
equal marks. Use of calculators is not allowed.
Symbols have their usual meanings.

1. (a) Using dimensional analysis, write the
expressions for each of the following
situations :

(i) The hydrostatic pressure P of blood,
where P is a product of blood density p,
height h of the blood column between
the heart and some lower point in the
body and gravity g.

(ii)) The force F opposing the fall of
raindrops through the air, assuming
that F is the product of viscosity u,
velocity v and the diameter r of the

raindrop, neglecting density. 5
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(b)

2. (a)

(b)
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A particle is projected vertically upwards
with a velocity um/s and after t seconds
another particle is projected upward from
the same point and with the same velocity.

Prove that the particles will meet at a height

4u? —-g £2

8g
seconds from the start.

meters after a time [£+Ej
g

In a perfectly competitive market
with supply and demand functions as

2
S(p) = _1'%”3 and D) =-p+5

respectively, find the equilibrium price and
determine whether the prices are stable
using static criterion of Walras.

Suppose that the quarterly sales for houses
in a city were 2682, 2462 and 3012
respectively. Use exponential smoothing
based upon the first three observations
to forecast for the fifth period using
o=p=02, where oo and [ are smoothing
constants. From the past data prior to the
three data point, a straight line was fit. The
value on the straight line corresponding to
the last observed time is 2988 and slope is
80.



3. (a)

(b)

4. (a)
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The population of birds in a park has been
stable for some time. Prior to this situation
the population changed from initially
relatively high level. When the population
was 5000, the proportionate birth rates and
death rates were 20% and 60% respectively.
When the population was 4000, the
proportionate birth rates and death rates
were 30% and 50% respectively.

If the shooting of birds is allowed at a rate of
10% of population per year, show that the
above predicts population growth according
to the logistic model and find the stable
population size.

Find the greatest distance a stone can be
thrown inside a horizontal tunnel 10 m high
with a velocity of projectile 80 m/s.

The model for the number of infectives y
of a population affected by the spread of a
non-fatal disease results in a differential
equation

i—z =y (NB-v-By), y(0) =y,

where N is the total population, Yo the initial
infected population, y the recovery rate and
P the contact rate (with N, y,, vy and p being
constants). Solve for y and show that
epidemic converges exponentially to the

stable state.

4
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(b)

(c)

5. (a)

(b)
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Let the return of three securities be given
by : 11 = 20%, r9 = 25% and r3 = 15%,
where 6, =4, 69 =5, 03 =6, 619 = 6153 =15
and 653 = — 10. Find the standard deviation
op of the portfolio P = (0-5, 0-4, 0-3).

Find the escape velocity and acceleration

due to gravity on the moon, where
mass of moon = 7-35 x 10%2 kg
radius of moon = 1-738 x 10® m and

universal gravitational constant
G =667x 10 m/kg.

A particle executes SHM. If, when at
distances of 3 cm and 4 cm from mean
position, its velocities are 8 cm/s and
6 cm/s, find the time period and maximum

acceleration.

In a mall, customers arrive according to the
Poisson distribution at an average rate of
6 customers per hour. The mall’s waiting
room can accommodate a maximum of
5 customers. The service time per customer
is an exponential distribution with mean
rate of 12 per hour.

4



Find :
(1) Effective arrival rate of customers at

the mall.

(i1) Probability that an arriving customer
has not to wait.

(i1ii) The probability that an arriving
customer will find a vacant seat in the
waiting room. 4

(c) Find the range of values of p and q which
will render the entry (2, 2) a saddle point for

the following game : 3
Player A
2 4 5
Player B | 10 7 q
4 P 6

6. (a) Consider a disease which is lethal to all
those contracting it. All removals are in fact
deaths. The disease is also sufficiently
virulent to suppress any live births
amongst circulating infectives. New
susceptible births arise solely from the
susceptible group itself. If u is per capita
birth rate, then basic differential equations
of the model are :

‘31_’5 =x (uw—-By) and 3—17 =(Px-7y,

MTE-14 5 P.T.O.



(b)

(c)
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where f and y are rates of infection and
removal respectively. Examine stability of
the steady state and show that the epidemic

cycles consist of undamped simple harmonic
waves of periodic time (2m/ \/ﬁ ).

The heat-emission rate associated with a
stack gas is 3500 kdJ/s, the wind and stack
gas speeds are 4 and 12 m/s respectively and
the stack (inside) diameter at the top is
2:5 m. Estimate the plume rise by means of

the Moses and Carson formula.

An investor has two possible strategies : buy
conservative blue chip or buy highly
speculative stocks. There are two states of
nature : the market goes up or the market
goes down. The following pay-off matrix
show the net amounts we will have under

the various circumstances :

Market
Market Market
up down
Buy < 30,000 < 25,000
Blue-chip
Investor
Buy < 40,000 < 15,000
speculative

What is the best strategy, if the probability

of a market rise is 0-2 ?

6



7. (a) Find the critical point of the system
dx  dy _
dt 7 dt

and discuss its nature and stability. Also

find the general solution of the system. 4

(b) A satellite is orbiting the Earth in a circular
orbit at an altitude of approximately 900 km.
Estimate its velocity and time period, when
the radius of Earth may be taken as

64000 km. 6
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TATAH ST HTHA
(. &r.q1.)
LEICREER |

fearar, 2022

Ufedeh UTgHhH : TTUTa
TH.A.3.-14 : T fevia

qqy - 2 g2 S7feBTH 37 : 50
(PT BT : 70%)
Jic: [H3 gia g9 & I 9 | g FeT & 3E GHA
& | dopoicd] & T T & gElT TFT 8 | IAH

& 3797 G IS & |

1. (%) Torflw foweiwo =1 s &ad gu, Fefaiad

e feufd & fore st fafaw -

(i) T & gawdfde g« P, & P &6 ocd
p, BT 3R TR ¥ fepelt A foig o o=
Th WY hl Ha h IR Tecd g
TR & |

(i) a1 % "reAw | TR g8 9wl 61 g1 A
fotly = @1 s F 8 | 99 <fifSe fo
F &g ! ST p, o7 v 3R 95 o =8
r &1 UGS B | Ocd i U HIfT | 5
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(@) Th H H um/s & AT T FAEA: IH

1 3T Tkt T 3R ¢ TR o Ag 3 fog

G qT 3E AT H TH g FH B W FHW H

AR Hw mn | fag e B A oww

@-@ﬁﬁﬁ;a@?(%+§j@m@:w
mm%;ggt:ﬁamﬁﬁm 5

2. (%) TH YU ¥hEEh IR % faw gfd ek
W1 we @O S(py= P13
Dp)=-p+5 & | Hger Hmd Fd HIT
3TN aTerE < TAfeh ey o AR Hwai &

TTRIcd w1 fAeitor HifSg | 4

(@) WM e ueh et | Hehml <hl fomrel forfsrat
HAST: 2682, 2462 3 3012 off | FW feu 7w
g fF YO W STIYTRd =TT
HufteRter & diee srafey i fasht w1 qatgam
T & o= B =02 (o, p AYUHTT ST
3 1) foa sAfeel (9 sfferel fagati @
UEd) ¥ UH WA @ SAEd BT R
ifem Ufera wma 1 Tq W@ W 9E 2988

adqT

3 YT 80 7 | 6
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3. (%) TH U 4 uferdi i gAfe & a9F & 1w
Trft oft | 30 foufa @ vge, gufse arfiehd:
TuEd: 3= I § Rafad g3 8 | 99 qufee

5000 off, A1 STIUT(h FH G 20% 3T T
W 60% oft | W& wmfe 4000 off, qw

AT 1 & 30% AR Jog T 50% °ff |
19 fe Tmfse 4 10% 6 afd ad ¢ 4 ufewn
F ReR & & oA &, @ owisy R
gfgama fiedt & ogor gufe o gfy & 2
S syl gufse &1 3™ F1d HifST |

(@) a' IAfuehan g ¥@ IV & T TH

10 m SIS <t Sfest T o I Th Ueor
80 m/s Y& I o T Hehl IT Tehdl & |

4. (%) Iade W & B ¥ gWifad B9 arelt
qafse § y HshiHeh ARhAl hl a3t 3Tdehd
el 3—{=y(NB—y—By),y(0)=y0%,
W&l N Fof Gafee, y, JREWH Hshivd HAfc,
y 31 B 1 2T 3R B Uk g |eft =R B |
y & fau ga wm fifse s foeme %
TMea 3TaEdT & Ufd HEmrl SEaEh 9

¥ AR Bt 2 |
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(@) " <fiftm f& = vfufed & ufoea
frefafaa & -
T, = 20%, Ty = 25% 3 T3 = 15%, ST&l
Gl=4,(52=5,(53=6,012=(513=153:ﬁ-{
Gpg = — 10 B | TEHIT P = (0-5, 0-4, 0-3)
1 A fa=e op 1A HINT | 4
() <gAT % THcaThyUl % HRU GATEH AT 3N
T 37 hifoT et
HgHT 1 ge9HH = 7-35 x 1022 kg
<gHT <l BT = 1738 x 10% m 3fR

G 1 A TTecd 1 feomieh
=667x10 T mikegd 1 2

5. (%) Uk &V WA AMGd Td ISR Har g | 7
WW@WW@@?)cmﬁTélcm%,Fﬁ
3GhT I HA: 8 cm/s IR 6 cm/s § |
JMadhTd IR SAferehad cawor T1d HIRT | 3

(@) UH O H, IUURHI WE §ed & FIER
6 SUMIRRT Ufd o <l MEd X ¥ 31d & |
i o AT a1 U IAfyhad 5 IUWRHT 93
Thd & | TS NIRRT & HIY AT ol
Iy 12 JUMRET fd wer i SfEd @ @
ST & 2 |
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Fr=fefga sma Hifve .

(i) W T IUMREIST & AW hl gl
T T |

(i) 3@ 9@ I TRear f& I I
JUNIRRT ! TfeTT 7 et U |

(i) 39 w9 I TRehar T AW T
SUMIRRT bl TlaT a7 § @il Hie fire
T |
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fefafed @@ # 93 (2, 2) T T fog

g

Raemst A
2 4 5
f@@€iB| 10 7 q
4 ) 6

Teh SR 37 9t & fore wTaes ® S oft 35
ek H ad @ | |t iU gy % ugead
2 | I8 dr) uie=r gl & i e
ot Sfifad S0 1 g9H % [T T ®9 8
fodeft it 8 | U Gl S shad GUTE
el | & q ghd 7 | I p fd afe 5=
® B, @ et & ua oowa TR
frafafea § -
dx

< _ dy _n.
o =XW By) 3R 5 = (Bx-1y
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&l B ST y SHH: ThuUT TR s=d @ 8 |
foor srawe & Tnlcd w1 qiiemr hifve 3R
Z9ITEU foh WEMM % =% SMerE Wd oTad
qon # g e smedt W (2n/\fyp)
2 5

(@) T 19 ¥ gafad ST 3@ g 3500 kd/s
2, 999 T 3R Tk T A1 ShAN: 4 3T
12 m/s § 3N ST R WM R T+ 7a:
E 25 m 7 | HES R wEA ¥ H
TERal § fusgs Icu™ SAehford i | 3
(M) us Fawes & UE Q@ "wa IHeAr oA @l
el s v e @le o HAfd wgr i
e | whfa I < erawmd F ;A df 9N

TG JdT 8 I oo IR Sirar g | Feafafaa

IAE TR | o J¢ guimi foas 78 & S
for forfirr aftfeurfaa o g o9 & 2 -
EIEIs
TSI Rl TSR T
el
&= Z 30,000 ¥ 25,000
CAEGII]
TSI Vi | T 40,000 T 15,000
Tiliear 8
Ffe SR Fe <hl TTR¥ehar 0-2 &, a1 gaH
Ifh = Bt 2 2
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7. (%) T=fafad fem @ wilaes fog wma T
dx dy

a Y

Hifdeh foig o TR (Tepfd) 3R Temca o ==

HIRT | o 1 sk g oft wa AT | 4

(@) TH ITE T 900 km hT HATE T gt &
TR FFeht T T&1 8 | Ag gealt &t B
64000 km &, T SHHT FATRIG o7 R AR
U (TmEEter) et | 6
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