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All the questions are compulsory.
Attempt any two parts from each question.
 Each part carries 7.5 marks.
Use of non-programmable scientific calculator is allowed.

Solve the initial value problem :

Solve :
(x2 — 3y2) dx + 2xy dy = 0.
Solve :
By = 2y + ()
by reduction of order.

If the population of a country double in 50 years, in how many years
will it triple under the assumption that the rate of increase is
proportional to the number. of inhabitants ? | /
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A metal bar at a temperature of 100°F is placed in a room at a
constant temperature of 0°F. If after 20 minutes the temperature of
the bar is half, find an expression for the temperature of the bar at

any time.

- Assume that the rate at which radioactive nuclei decay is proportional

to the number of nuclei in the sample. In a certain sample 10% of the
original number of radioactive nuclei have undergone disintegration
in a period of 200 years. What percentage of the original radioactive
nuclei will remain after 1000 years ? :

Show that e2* and e3* are linearly independent solutions of the

differential equation :

Find the particular solution satisfying the initial condition,
¥(0) = 0, y'(0) = 0.
Solve the differential equation using the method of variation of
parameters
2

‘ciix_g + 4y = tan2x.
Find the general solution of the differential equation using the method

of undetermined coefficients :

2
g-;c%— %+y=x2ex.

Use operator method to find the general solution of the following linear
system : ‘

%+2y+x=et

%+2x+y=3e‘.
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Solve the initial value problem, assuming x > 0

—2y=x3.

& o A
de g_xzdy+2xd_y
dx dx? dx

A mass of 3 kg is attached to the end of a spring that is stretched
20 cm by a force of 15 N. It is set in motion with initial position
xo = 0 m and initial velocity vy = —10 m/s. Find the amplitude, period
and frequency of the resulting motion.

Define carrying capacity. Derive the logistic equation :

- = rX(l - §_]
dt K

where r and K are reproduction rate and carrying capacity
respectively. -

Suppose a soft drink manufacturing company has a 1000 litre tank
containing sugar water solution. Initially s,y kg of sugar is dissolved.
Sugar solution flows into the tank at the rate of 10 litre/min with
concentration cin(¢) kg/l. Assume that thé solution in the tank is
thoroughly mixed and the sugar solution flows out at the same rate
at which it flows in i.e. the volume of sugar water mixture in the tank
remains constant. Find a differential equation for the amount of sugar
in the tank at any time ¢. Also solve it.

Suppose .a population can be modelled using the differential equation :

9 _ 0.9 - 0.00122
dt

with the initial population size of x; = 100 at a time step of 1. Find =~

the predicted population after two months.
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The given differential equation :

represents the model for spread of technology where N(¢) is the number
of ranchers who adopted an improved pasture technology in Uruguay
and Ny is the total population of ranchers. It is assumed that rate of
adoption is proportional to both the number who have adopted the
technology and the fraction of population of ranchers who have not
adopted the technology.
@ Which term corresponds to the fraction of the population who
have not yet adopted the improved pasture technology ?
(@)  According to the Banks (1994), Nt = 17015, a = 0.490 and
- Nj = 141. Determine how long it takes for the improved pasture
technology to spread to 80% of the pbpulation
Derive the epidemic model of influenza :
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where B and y are positive constants.

model
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where the positive constants €1, Cg are interaction parameter, ag is
predator per capita death rate and B, is prey per capita birth rate.
Discuss the direction of trajectories of Predator-Prey model.




