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PHYSICS — HONOURS
Paper : DSCC-4
(Mathematical Physics - I)
Full Marks : 75

The figures in the margin indicate full marks.

Candidates are required to give their answers in their own words
as far as practicable.

Answer guestion no. 1 and any five questions from the rest.

1. Answer any five questions : 3x5

(a)

Dretermine the condition under which the differential equation

5}

& 2 (:1 ,__ +v(x, t) ¥ (x,r) =0, can be solved using method of separation of variables.
¢ ar’

(b) A dice is thrown 8 times. What is the probability that 4 will appear at least 6 times?

()

(d)

(e}

(f

(g)
(h)

Define the step function, Hence show that, the derivative of the step function can be written as
a Dirac delta function,

Show that sin nx and cos mx are always orthogonal in the range [0, 27 for m # n as well as
m = n.

Define odd function. Show that expansion of any odd function in the range — m < x = n in Fourier
series consists of only sine terms.

Write down one for each elliptic type, hyperbolic type and parabolic type partial differential equation.

Show that average value x is zero for Gaussian distribution 4e ®°
Explain with example :

(i) Truncation error,

(i) Rounding error, and

(iii) Propagation error.
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2. (a) Show that the series Zi is divergent, but Z ;Ji' is convergent.

(1755)

(b)

(c)

(a)
(b)

(c)

(a)

(b)

(c)

(d)

{a)

n=1 n=l

Test the convergence of the series

12+ 22 + 322 + 432 + ... forx<1,x>1andx=1.
Let a Geometric series is given by §, = 1 +r+ 2 + .. +r®L
Show that the series oscillates only when r = —1. (3+23+4

What are odd and even functions? Explain.

Find the Fourier series expansion for the function

2
fix) = |x|in —n = x = 7. Hence show that 1+ -11—+1—? =n—_

P2 g 8
Is this function differentiable everywhere?
§ o
If a real function f{x) be expanded info a Complex Fourier Series as f(x)= ZCH o

- 00

®

then show that C.=C,- 2H44+2+1)1+3

Explain whether tan x can be expressed in Fourier Series or not in - < x = m

) I o il -

A = - F # .'f‘ :
Let Fik) o _‘Le fix)de be the Fourier transform of f(x)
Show that I | f(x)| edx = I |F{k}]2 dlk.

Consider a function f(x) = | in the range —a < x < @ and zero elsewhere. Find Fourier transformed
function of f{x).

If F(k) is the Fourier transform of a function f(x), then prove that the Fourier transform of df(x)

dx
is —ikF{k). Assume that for x — x=, f(x) = 0. 243+4+3
. P'U 18U W . o
Solve the equation — = S by method of separation of variables with boundary conditions
(5o !

LI{{},.r]={I',LF{3,:}=1]andU{x.I1}=5sin41rr.x.whercl’.‘r-¢x*:3,r>l].



b.

(d) A random variable x has the probability density function f{x)= {

(3) [ijrdSnJ—Pk_}rsicr-HwSCC-#{‘CF]

(b) Solve the partial differential equation in two dimension

2 ¥y
% -+ % = ﬂ
dx= 8y
using method of separation of variables. Using the boundary conditions
@D d O, =0, @) ¢a, ) =0, (i) p(x, =) =0, (iv) ¢(x, 0) =¥

show that solution leads to the general form

o
b(x, ¥) = Z A, sin(nmx/a)e -nmy/a and hence find A,. 66

n=1

{a) The normal distribution is defined as

NS
fix)= U ¢ 2o ,where w0 <x<a,
' oy 2T

Show that the mean = p and standard deviation = o.

(b) Plot f(x) vs x for u = -1, +1 with same o and also plot f{x) vs x keeping u = 0

with o =1, 1.

{c) Show that under certain conditions Binomial distribution can be converted into Poisson’s distribution.

Cx: Dsx=s2
0: otherwise
Find (i) the constant C
(ii} the probability when x = 1. (2+2H1+1)+3H 1+2)

05 ¢ 5 _
7. (a) Evaluate the integral -I-—U S(x -5x+ ﬁ)ﬁ{r— 1)dx

(¢) Show that v* [l]z-ma}(,:].

1

(b) Prove B(ax)=-— 8(x) when a = 0

jal

{c) Show that 5[13 —azlz-l [ﬁ{.\'—a}+5{x+a]]

2a

(d) Find Lftcnsx E[_rl - nz]d.'r

14343+ 1+4

r
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8. (a)
(b)
(c)
9, (a)
(b)

(1755)

| 3
de in the form of a Beta function and hence evaluate it.

Write the integral I
] I —x

Show that C{n+ D=nT (n).
Taking step size i = 1.5 evaluate the integral
3 3
[ (3 - 30+ 4)ax
0
using (i) Trapezoidal rule and (ii) Simpson -13- rule. IH2H3+4)

Use Gauss-Seidel method to solve the equations x +y +z=9; Zx - 3y - 42=13; 3x + 4y + 5z = 40,
Start from the approximate solution (3, 3, 3) and use three iterations.

. dv i
Given o A
dc y+x

with initial condition y = | at x = 0; find y for x = 0.1 using Euler’s method for the step size 0.02.
o6



