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Elective Course : Mathematics
MTE-14 : MATHEMATICAL MODELLING

Time : 2 Hours Maximum Marks : 50
Weightage : 70%

Note : (i) Attempt any five questions.

(it) All questions carry equal marks.
(iti) Use of calculators is not allowed.

(iv) Symbols have their usual meanings.

1. (a) Traffic flow in a city depends critically on
the traffic control scheme. If the scheme is
poor, can result long lines, increase in the
time to travel across the city. The problem
1s to evolve a scheme which minimizes the
expected time to travel across the city. List
four essentials and two non-essentials for
the scheme. 3
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(b) Consider the system of equations 7
dx
— =X
dt
dy
—=-X+2
dt y

Find the critical point of the system. Discuss
the type and stability of the critical point. Also
write down the general solution of the system
and sketch the graph of its trajectories.

(a) The maximum velocity of a particle moving
in SHM is 10 m/sec and its period is 5 sec.
Find its amplitude. 4

(b) Consider the cubic total cost function
C=0.4¢%-0.9¢% +10q +5.

Assume that the price of q is ¥ 40 per unit.
Find the output which yields maximum
profit. 6

(a) The free fall of a body in a vacuum 1is
related to the gravitational acceleration g
and the height A from which the body is
released. Use the dimensional analysis to
find the velocity V of the falling body. 5

(b) For a raindrop of diameter D = 0.24 cm,
find the terminal velocity. Also find how
long it takes to reach the ground if it starts
its descent in a cloud 4000 m high. 5



4.

(a)

(b)

(a)
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A string of length [ is connected to a fixed
point at one end and to a stick of mass m at
the other. The stick is whirling in a circle
at constant velocity U. Use dimensional
analysis to find the equation of the force in
the string. 5
Let the returns on the securities of A
(security 1) and B (security 2) be as given
in table below :

Return
Event (j) | Chance Py, = Py le sz
1 l 18 11
4
2 1 13 8
2
1
3 — 6 7
4

Find the expected return on the portfolio
P=(0.7,0.3). 5

A particle falls from rest in a medium in

which the resistance is kv? per unit mass.
Prove that the distance fallen in time t1s: 6

(%) log cosh {tﬁ }

P.T.O.
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(b)

(a)

(b)

(a)
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If a simple pendulum of length [ oscillates
through on angle a on either side of the
mean position, then find the angle 6 at any
time t, where 0 i1s the angle which the
string makes with the vertical. 4

The Moon completes a circular orbit of
radius 3.8 x 105> km about the earth in 27
days and the Earth completes a circular
orbit of radius 1.5 x 108 km around the Sun
in 365 days. Compare the mass of the Sun
in terms of the mass of the Earth. 5

Consider arterial blood viscosity p=0.027
poise. If the length of the artery is 2 cm
and radius 8x107° cm and

P=P—P,=4x 10° dynes/cm?, then

(1) find u(y) and the maximum peak
velocity of blood.

(1) find the shear stress at the wall. 5

A forestry biomass is growing logistically

with estimated growth rate coefficient

0.71/year and carrying capacity 80.5 x 106
kg. If the initial biomass is Xy =0.25K, find

the biomass two years later. Also find the
time ¢ for which X(t)= 0.75 K. 6
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(b) Characterise the following as deterministic
or stochastic, giving reasons for your
answers : 4

(1) Functioning of a joint.
(11) Output product in a chemical reaction.
(i11) The movement of sand dunes.

(1v) The effectiveness of  different
advertising policies.

P.T.O.



[6] MTE-14

MTE-14
TIdeh SUTR sk (o, €. o)
Td udrer
faaw=rT, 2023

Ul UIgHshe : TIUTA
@.ﬁ.’sﬁ.—lél : furda fHevia
g ;2 ¥ AfeFHaT 3% : 50
9IRAT @ 70%

T ¢ (i) fp=l gier g9 & IW U
Gi) Gt g9 ® 3H GEA B
(iii) HARAS BT FIT H HI A TET
gl
(iv) Tl & 3797 G e 2l

1. (31) T v H IaEd Yae TR ®9 9
e Aer W e wear @1 e A
e €, d el oiEd o Eehdl §, foed
R IR T AN FE F g H g @
S B 9HE TR U A foeRtad
HW H € S IE WA I wH B g




[7] MTE-14

ST 99 k1 *H HL B THH fau
AEIE GR IAFEE R | TR-sifEd

H B GG DIfoTl 3
(3) fafafed g e W foEr
dx
— =X
dt
ﬂz—x+2y

dt
ST gHieu & 9t wifae fog wm
Hfewl 31 wifaek fagsti & weR @R
e 9 Shifse | R &1 9H gd
ff fafay iR sH® we" wdl &1 ST
Eifeu) 7
2. (31)S.HM. ¥ TIfqHM Th &I &1 Aferhaq o
10 m/sec 3 THH SAEAH 5 sec @l
TEHT STEM T FHISC) 4
(9) =1 =1 ra wed W fo=rR ST
C=0.49°-0.9q2 +10q +5.
e efifele fof g &1 ST T 40 9fd SHE

21 o8 IUEA A HITSC S AfuhaH ord
< 2l 6
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[N

3. (91) fraf@ # feelt fies &1 g &9 & few

e S0l R0l g 3R 9% h 9 Hefud

¢ 5@ fie g @i 7)1 fid gu fug &=
a1 (V) W FH & faw forde faemm
1 JAM SIS 5
(9) =M@ D =0.24 cm It Th a1 HI g H
sifqq o qen 3Us 9fF 9% wEed H M

e HHA G RIS, A€ 98 4000 m S
TH 9°d § 9 O Uk S 2 5

4. (SA)FeE [ el TH SH h TH BR Hl Th
Foud Fie 4 i gur ol @l geni
aTell Toh o<l ¥ Sigl T ¢ el = A
v ¥ TEHR U W U w W 21 fo
faveioor &1 TN i BE W HEE a9

T THHIOT AT hISC| 5
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(=) wfaufaal A (wfagfa 1) &R B (wfagfa 2)

FT GfaFel &< =9 YFR © :

. yfeehet
S () | WA op, = p,
Rl R2~
J J
1 l 18 11
4
2 l 13 8
2
3 l 6 7
4

qewmiferal P=(0.7,0.3) 1 W@ aTae
RIS 5

5. (31U U Tk Hiegq | fommeeen 9 fiwar @
o 9y k2 SR TEEE el fag
FfU fF amam cdq@ s T Qe : 6

GJ log cosh {t\/g_k }

(F) 9 @€ [ &1 Th WHURO oAlclh HIEA
feafd & <1 3 o HI0 ¥ T HT T,
A TET ¢ W HU O HT A F@ HI,
Sefeh 0 98 IV § S SRl el & WY
EFﬂ?ﬁ%I 4
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6. (3N)=sar 27 feAl o Yoot & 9 3R 3.8 x 10°
ferelt = 1 T R wen gl el ©
AR gedlt 365 fadi o Td & WX @R
15x108 f&dt = =1 gaeR wanm qoi
F T gt & g & wed ° g &

S w1 Tl HIfST 5

(9) ¥ T Al u=0.025 poise Tl AR
YAl Bl T8 2 cm, A1 8x103cm den
P=P —P,=4x10° dynes/cm? @I, dl
() u(y) 3R W @1 Afewaa Rew o9,

qen

(i) AR W IOEIU Ffaael @ hite@l 5

7. (1) TH ARt ARG TG Jfg <X 0.71/a8
3N =& &\l 805x108kg H WY SUEHT
dfs (difafes) = @ 81 3k rfas
IEEE %, =025K ®, @ ® o9 %
IEEE AG DT M & 98 999 t Fa
HIT &k x () =0.75 K &I 6
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() 3T IW & HRU Id gL AfArEd i

fruftonees Iger WEYS % ®9 W

i wifsg - 4
() IR ¥ Aig w1 wE

Gi) TErEfte gfafsean o SR

(iii) @ & el I AR

(v) fafy= famaa ifaat &t womesier
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