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MATHEMATICS

M-405 B : Mathematical Modelling and Simulation

Time : 3 Hours Max. Marks : 80

Instructions : 1) Answer any five questions.

2) All questions carry equal marks.

1. a) Explain the various steps involved in the mathematical modelling of real

world problem. Explain mathematical model and importance of mathematical

modelling in the modern world. (8+8)

b) Discuss one mathematical model each involving non-linear ordinary

differential equation and non-linear partial differential  equation.

2. a) Stating the assumptions made, explain the mathematical model for the

diagnosis of diabetes through Glucose Tolerance Test (GTT). What is the

criteria used in the detection of the disease ? (10+6)

b) State and prove the conservation law and deduce the kinematic wave

equation.

3. Arrive at the mathematical model for any two simple war (combat) situations. 16

4. a) Using a suitable example, derive the following equation ut + uux = v uxx. (8+8)

b) Derive the continuity equation for the traffic flow on a highway. Obtain the

traffic density (x, t)ρ  satisfying the equation t xc ( ) 0ρ + ρ ρ = . With the given

traffic flow ( )3
9( ) 200

10
ρ = − ρ ρ  and with the initial state of the traffic flow

(x, 0) 1 xρ = − .
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5. Define Darcy law and discuss its generalisations, namely, Brinkman and Darcy-

Brinkman-Forchheimer laws. Comment on the limitations and advantages in

each. 16

6. a) What are the constituents of atmosphere and what is meant by atmospheric

pollution ? Explain. (8+8)

b) Derive the expression for permeability of a densely packed porous medium

from the Hele-Shaw, Hagen-Poiseuille flow model.

7. a) Obtain the expression for the time-dependent dispersion co-efficient in any

simple turbulent, unidirectional flow of atmospheric air with horizontal velocity

component u(z), where z acts vertically upwards. (10+6)

b) What is Dupuit’s approximation ? Explain.

8. Gill-Sankar Subrahmanian model is a more general one than the Taylor’s

dispersion model. Substantiate. 16
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