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SECTION A (Max Marks : 40)

1. Solve the following non-linear equations with the given initial conditions.

__ x%haty*
@ Z=SEL y0)=1 (5)
dy  xy*+4x3y +x?
(b) -CEC- B y3—x2y — x* ; y(O) =4 (5)

2. A function is defined on the interval (0 < x < m) as foliows.
Vs
x; (0=x< ':2‘)

o) = {(x—E); (%<x£n)
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(a) Extend the function to the interval (—m < x < 0) as even and odd extensions
and sketch the even and odd extensions. (2)

(b) Expand the given function into Fourier sine and cosine series. (6)

(c) State which of these serié§ are uniformly cbnvergent, or not and explain why.(2)

3. The energy of a free vibrating string of length L having tension T, and the
mass density p is given by

1 o
E= 3J,(puf +Tou}) dx

where u(x,t) is the solution of the wave equation

U = CPUyy; (0<x<L); (£>0); (cz = -7;)—0) with boundary conditions

u(0,t) =wl(lt)=0: (£>0)

Express the solution u(x, t) as a Fourier series for the above BC’s and apply

Parseval’ theorem and show that the total energy of the string is constant, i.e.,

dE
e 0. (10)

4. Solve the Poisson equation in the square of side L, with the given BC's.

Viu = —x; (0 < x < L); (0 < y < L) with all four sides having zero BC, i.e.,
u(x,0) =ulx, L) =u(0,y) =u(L,y) =0 (10)
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SECTION B (Maximum marks 20)

Let X be normal with mean 4.2 and variance 0.04. Find ¢ such that
PIX2¢e)=95%P(X < gl = WA Pl=e< X ~42 < c) = 99% (3]

Find the variance of Z = aX + b where a and b are constant and X is a Binomial
random Variable with variance npg. (3]

An airline is planning its staffing needs for the next year. If a new route is approved,
it will hire 899 new employees. If a new route is not approved, it will hire only 122

loyees. If the probability that a new route will be appraved is 0.37:
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(1) Using the random variable X for the number of new employees, construct the
probability distribution of X.

(i1) What is the expected number of new employees hired (to the nearest whole
number)? ' ' [3]

A manufacturer of candy must monitor the temperature at which the candies are
baked. Too much variation will cause inconsistency in the taste of the candy. Past
records show that the standard deviation of the temperature has been 1.2°F. A
random sample of 30 batches of candy is selected, and the sample standard deviation
of the temperature is 2.1°F. At the 0.05 level of significance, is there evidence that
the population standard deviation has increased above 1.20F? [3]

The quality control division of a factory that manufactures batteries suspects defects
in the production of a model of mobile phone battery which results in a lower life
for the product. Until now, the time duration in phone conversation for the battery
followed a normal distribution with a mean of 300 minutes and a standard deviation
of 30. However, in an inspection of the last batch produced before sending it to
market, it was found that the average time spent in conversation was 290 minutes
in a sample of 60 batteries. Assuming that the time is still normal with the same
standard deviation: Can it be concluded that the quality control suspicions are true
at a significance level of 1% 7 (4]

A feed dealer buys 20% protein feed from a feed manufacturer and resells the feed
to local ranchers. The feed dealer is interested in checking to make certain that the
feed does not average less than 20% protein. Carry out a hypothesis test of the
relevant null hypothesis at the 5% significance level if a sample of 10 feeds showed
a mean of 19.87 percent protein content with a standard deviation of 0.19 percent.
Show all of your calculations and justify your conclusion. [4]



