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=

bectlon-l

ﬁl(a)‘ .

Deﬁne eigensolutions and eigenvalues of an S- L—system Show that the S-
L operator associated with a regular S-L- -system is self-adjoint.

10

1(b)

Find the integral surface of the PDE

(y? = z%)z, —xyz, = xz  containing the curves x =y =2z, x> 0.

10

2(a)

Show that the generating function for Legendre polynomials B, (x) is

(1 - 2xt +£2) V2 = Zp GOt

10

2(b)

Find the oeneral solunon of the mhomogeneom linear second order PDF
(D% +3DD' + 2D'*)z = sin(x + y).

TH

3(a)

Show that eigenvalues and e1genso]ut10n§ of the problem

d / _dy
— | X = 5 X )20 — femad = X. ;
I (e dx) + ezﬂ y=0, y(0)=0, y(a)=0, 0 .< x < a,}
are A" = (n_:) +, and ¥, (x) = e™™/?sin——

10

3(b)

Solve the non-homog,enous boundary value problem

0%u  %*u o

6t2:dx4+xz' 0sx<1 t>0,
u(x,0) = f(x), u(x,0)=0 0<x<1,

u(0,t) =0 = u(1,t), t>0.

10

'4(1-_)

Obtain solution of the boundary value problem defined by the followmg
equations for a circular region with radius a

d0*u  0%u v .
Vzu—’—aw-i-a——'o 0<p<a 0<¢<2m  u(ag)=f(p)

‘where f(¢) is an arbitrary function that i is continuous inside and on the

boundary of the circle of radius a.

“4(b)

Use the method of Frobenius to obtain two linearly mdependent

solutions about the regular singular point x, = 0 of the dlfferentlal

equation

d? s dy .
xd—X+(x—6)——y——3y=0.

10

5(a)

Define transient temperature distribution. Discuss the unlqueness of the
solution of hcat flow problem =

10

P.T.O.

(]



[56)

Find the value of J5,,(x).

0|

- |9@

Laplace transform.

| _ 0__
S'e'cti'on-ll L R
-6(a) A umform cable is ﬁxed at its ends at the same level in space and 18 '10‘:: 1 )
S allowed to hang under gravity. Find the final shape of the cable. ' o
6(b) | Find the Green’s function associated with the periodic S-L system
, w +iu=0, u(0)=u(1), w(0)=v. |
7(a) Find the Fourler transform of ' 110 )
. -1 .
S :g(x) (x7-+a2)2 T
7(b) Find the exgenvalues and exgenfuncuons of the functlonal 10
3 i s
Ayl = f [(2x +3)%y’ 2 — y?|dx
) o
subject to endpomt condmons y(O) =0= y(3) and the side condmon
| f y2x) = 1.
8(a) Use Laplace. transforms method to obtaln a umque solutlon of the 1nmal 10
value problem e
aZ au : _-O < :<'1.‘. 0 < " < N
2 ot : B xS - o
u(0.t) =1, u(L,t) =1, t>0,
julx,0) = 1—s1nnx, 0<x<1 N
8(b) | 'Write and explam the propemes of Green’s function assocmted Wlth the 10
‘regular S-L system. : S
Verify that 10 .
‘L‘l{tdn‘l(a/s)} = ?sm at. : T SR
9(b) Define Dirac delta function. State and prove second shlftlng property of 10
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SECTION-I

‘Marks |

Q.1 | (a)

() If 4, Band C are three independent events in a sample space S. Show
that A U B and C are also independent.

(i) If Aand B are any two events in a sample space S with P(B) # 1.
Prove that, 4

P(A)—-P(ANnB)

A YT

(b)

(10)

In a college 4 % of bo;s:ménd 1% of girls are wearing glasses. Also, 35% of
students are girls. If a student is selected at random and is wearing glasses.
What is the probability that the student is a girl?

(10)

Q2 [(a)

Find the Mean and Variance of the Hyperéédiﬁétric distribution?

(10)

(b)

[n a college 40 % of students arc boys and remaining are girls. If we select

four students at random.

a) What is the probability that fourth student is the third boy.

b) What is the probability that there are three boys when we select five
students at random. : -

(10)

Q3 | (a)

Prove that if ¥ and Z z{fé"ihdependent Gamma varlables, with parameters m
. Y. —
and n respectively, then 7 18 a 8,(m, n) variable.

(10)

(b)

An urn contains 2 black, 3 red and 4 green balls. If 3 balls are selocted at
random with X is the number of black balls and Y is the number of red balls,
find ' '
(1) the joint probability function f(x,y)
()  P(X-+Y >1).

|
Q4@

(10)

Prove that the normal distribution is symmetrical. That is, mean, mode and

median are equal.

(10)

T ®

The completion time of writing a research paper is normally distributed with

a mean of 47.6 weeks and a standard deviation of 16.2 weeks.

a) What proportion of the research will take less than 50 weeks?

b) What is the probability that the rescarch time will be between 40 and 60
weeks? ’

¢) How many months will it take for 47% of the research to be completed?

(10)

<

“SECTION-IT

0.5 @

If the multiple regression equation of X; on X; and .X; is given by

Xy = byp 3%, + by3,x3, then show that biz, = 5%:-?32—;2 where 7;; are
3\17T23 .

the linear correlation coefficients and S « are the standard deviations.

(10)

P.T.O.
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(b)

Q.6

(a)

Write the six partial regression coefficients and show that the partial -
correlation coefficients can be expressed as a geometric mean of some two

' of the above six partial regression coefficients. Justify your answer.

(10)

ft the joint probability density of X,and X, is given by

e L for 0<x,xA
Flay=] T o 0 }

L0 elsewhere
Using Distribution Technique, find the probability density function of
7Kt

2

10 -

)

(i) Using The Moment Generating Function Technique, find the probability
distribution finction for n independent Poisson random variates.
(ii) In a Poisson distribution, P(X =2)= P(X =3), find P(X >1)

Q7

(@)

(10)

The joint probability density function of random variables X and Y is given
by :
a(x+2y) for 0<x,y<l

g(x,y) =

{0 elsewhere

Find the followings:

(1) the constant‘ o (i1) My /x (iil) px/y-

(10)

 (b)

Find the probability distributions for each of the random variable X whose

| moment generating functions are given by:

) 3 4 .. 15¢' 1(5+320)
(i) M) =(=¢c +=)"° Y M =—2 (i) M) =e"
D Ma=Co D @ Mi=g ) MO

(10)

(@)

Deﬁn& Student’s ¢ statistic. Prove that all odd order moments about the mean
of the t-distribution are zero.

(10)

(b)

Find the mean and the mode of _thc F-distribution.

(10)

(a)

Show thatﬁ;(z-distribution tends to normal distribution when the number of
degrees of freedom is large.

(b)

(10)

Discuss skewness and kurtosis for the x?-distribution.

(10)
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o Section I
QL.
a) Define differential equation. Given thatcji—)ti =t?+y% y(0)=0h=05

find y(1.5) by Taylor’s series algorithm of order 3.
b) Define forward difference operator. Prove that forward difference operator is

a linear operator.
) ' - [14+06]
- Q2. .
Define approximate value. Apply Runge Kutta method of order four to {ind
an approximation value of y when x = 0.6, given that :
d _
x4 y95, y(0.0) =10, h=02.
dx
| [20]
- Q3.

) Write an algorithm for Secant Method to find an approximate root of the non-

linear equation f(x) = 0.
b) Define dominant eigenvalue and eigenvector. Compute the eigenvalue of

matrix A corresponding to the given eigenvector x:
1 2 -2 1
i= [..2 : mz}, sz
-6 6 -3 3
. [10+10]
Q4. |
a) Find aroot of 2x?® + 4x* — 2x — 5 = 0, near to 1.0 correct to three decimal

places by an iterative method.
" b) Solve by Gauss-Scidel method, the following system of equations:

28 4 —-1]x 32
[ 1 3 10] ly] = [24
2 17 41tz 35

[10+10]

P.T.0,



Qs. :
a) Find a root of xe* — 3 = 0 by Regula-Falsi method correct to three decimal
places. _
b) Solve by triangular factorization method the following linear system:
3x+2y+z=10
XxX+4y—z=6
x+2y+5z=20
[10+10]
Scction I

Q6.

Derive four points Newton divided difference interpolation formula. Find a

polynomial of degree 3 or less, such that f(0) =1, f(1) = -1, f(4) =1,

 fe=-1

| (20]

Q7.

. a) Write an algorithm for Weddle’s Rule to approximate the integral of f (x)over
the interval [a, b] using n subintervals.

b) Interpolate the missing values in the following table:

|x 3 ] 2 ] A 0o o5 ] 1 | 2 |25 3 |
S | 28 1 -9 1 2 1 -1 _ 9_.__1—._7.*_5 26
[10+10]

Q8.
~ a) Apply seven points Weddle’s Rule to evaluate f: %T:—: d

'b) The population of a certain town is shown in the following table:

| Year | 1977 | 1987 | 1997 | 2007 2017 |
Population 19.96 | 36.65 58.81 77.21 94.21
 in ' '
Thousands | L

Find the rate of growth of the population in the year 2018.
[10+10]

Define difference equation. Solve the following difference equations:
Vivz T Vi+1 + Ve = k2+k2+1
Yerz — 1 + 20y, = 45(t* + 1)
[10+10]
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2.

3.

1. [5+5 marks] What are the outputs of the following programs?

a) Program First b) Program Second

Integer :: a, b=10 Real:: N(3)
Real:: ¢=2.5, d=4.9 Integer:: k
Do a = 1,3,1 Do k = 1,3
C = ¢ + mod(b,a) If(k<=2)
b=4d-c¢ . N (k) =k*k
End DO Else
Print*, b N(k)=0
End Print*,N(k)

End If

End Do

End

(a) [5 marks] What are different forms of Do loop structure? Give examples.

(b) [5 marks] What is the structure of sclect case statement? Give cxamples.

(a) [5 marks] Write a Fortran 90 program to swap values of two variables using
subroutine.

(b) [5 marks] Write a Fortran 90 program to find whether a point (r,y) lies in
the first, second, third or fourth quadrant.

4. [10 marks] Write a Fortran 90 program to find roots of a quadratic equation using

9.

case statement.

Secvt ioh 2

[10 marks] Write a Fortran 90 program to find Lagrange interpolating polynomial
for the the following data (0,2), (1, 3), (2,6), (3,11).

[10 marks] Write a Fortran 90 program to implement two step Adams Bashforth
(AB2) formula to solve the initial value problem ¥’ = ili'i y(0) == 1.

[10 inarks] Write a Fertran 90 program to find the roots of z3 — * = 0 using
bisection method.

[10 marks] Write a Fortran 90 program to implement Simpson’s % formula to

evaluate the integral
)
Tl
/ dx
1 xin(z)

Write the MATHEMATICA statements for the following.

(a) [2 marks] Solvez ~y =5, 2z +y= 10.
(b) [2 marks] Draw graph of e*sin(z/2), —3 < z < 3. Draw frame and grid
lines.

3
(¢) [2 marks] Numerically integrate / sin(cos(y))dy.
2

(d) [2 marks] Find the highest power of y in the expression y* — 3% + y.
(e) [2 marks] Evaluate 5%(()’ - tan(y)).
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SECTION 1

QL.

a)

b)

Define Sylow p-subgroups of a finite group. Using
Sylow’s theorem check the snmphc:ty of group of order
40.

If 4 and B are two cyclic groups of order n and m,
respectively then show that direct product of A and B is
cyclic group of order nm if and only if ged(n,m)=1.

10

10

Q2

a)

b)

By using Sylow Theory, prove that a group G of order pg
is not simple. Also if in particular p>qand p > g, &p E=
1(mod q)then show that G = Cp,.

Prove that a p-sub group of a finite group G is contained
in some Sylow p-sub group of G .

10

10 -

Q3

Q4

L

a) Define characteristic subgroup. Show that derived

subgroup of a group is fully invariant. Give an example of
normal subgroup which is not fully invariant.

b) Let G be ncrmal product of 4 and B. Then show that

d)

A" = {(a,e'): a € A} is normal subgroup of G a'nd — =B

10

Show that for n > 5, if a normal subgroup N of An

contains a 3- cycle, then show that N=4,,

Define group action, G-set, orbit and stabilizer with
examples. Also show that if x and y are in same orbits
then stabilizer subgroups G, and G, are conjugate.

‘IO I ' T

10

" SECTION II

Q5

a)
b)

State and prove Zassenhaus Butterfly Lemma..

Define chief series. What is the difference between chief
series and composition series. Also give examples of normal
series

i.  Which is composition but not chief series
ii.  Which is a chief series but not composition
iii. ~ Which cannot be refined to chief series

10

10

PT.O.



Q6

a) Prove that a finite group G is solvable if and only if the
factor groups in a composition series are cyclic of prime
order. -

b) Discuss the solvability of S, for all n by using derived
series. '

c) Determine whether the group

G=<ab:a®=1a*=b%bab=0a"t>
is solvable or not?

Q7

a) Prove that every subgroup and factor group of nilpotent
group is nilpotent. Does converse hold? Justify your
answer.

b) Prove that a finite group G is nilpotent if and only if all
Sylow p- subgrops of G are normal

¢) Let G=G,>G,>..>G, =E be a central series for G.
Then Show that G; 2 ¥;(G),0 < i <k, wherey, () are
terms of lower central series G, respectively.

Q8

a) Define partial complement of a subgroup and prove that a
normal subgroup H of G is contained in Frattini subgroup of
G if and only if /I has no partial complement in G.

b) If K is a normal subgroup and H is any subgroup of G such
that K € ¢(H) then show that K € ¢(G).

Q9

a) Define special linear group and projective linear groups.
Also prove that general linear group is not simple.

b) Let GG be an extension of a group N by H. Then define
section of G through H {s(h):h € H} and sectional factor set

{f(h,h), h,heH}. Alsoshow that
iit) Forallhin H, f(1,h)=1= f(h,])
iv) Forall h ,h, h,eH

f(h1>h2)f(h1h2ah3) = f(hz’ha)S(h') f(hnhzhs)

10

10
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Section |

Q. 1. a)Let R be an integral domain such that R[x] is a principal ideal domain, then show that R is a field.

b)Let R be an integral domain, R is Unique Factorization Domain if and only if R is a fac_:torization
domain and every irreducible element is prime. 10+10

Q. 2. a) Let R be an integral domain, p € R\{0}. Then p is prime if and only if R/pR is an integral domain.

b) The polynomial x — ¢ is a factor of a polynomialp(x) € K([x]if and only if x = ¢ is a root of
p(x) = 0. ~ 10+10

Q. 3a)lfRis an ihtegral domain, show that

(i) s|tif and only if tR € sk

(i) w is a unit of R if and only if uR =R

(iii) the séf of all units of R is an abelian group.

b) Let F be a field. Then sﬁow that the polynomial ring F[x] is a principal ideal domain. ~ 10+10
Q. 4. a) Let K be a field, an element a € K is algebraic over F if and only if [F(a): F] is finite. 10+10

b) Define extension of a field. Find the smallest extension of @ having a root of x3 — 2 € Q[x].
Q. 5. a) Polynomial x* + 1 over R and R is not splitting field for x? + lover Q. 10+10

b) Show that if L is a finite extension of F and K is a subfield of L which contains F, then [K: Flis a
divisor of [L: F].

Section |l

Q. 6. a) Prove that an R- module which is finitely generated has a submodule which is not finitely

generated. 10+10

b) Let A and B be submiodules of an R- module M. Then prove that (4+8 )/ = A/ ANB

Q. 7 a) Every F(J - R-module is homomorphlc ;mage of a free module 10+10

b) Let M be a module over an integral domain R and let 7' denote the set of torsion elements of M.
Show that Tis a submoduleof M, the quotient module M /7 is torsion free.

. Q.8a)Show that in Z[v—5] the elements 6 and 2(1 + iv5) do not have a gcd. 10+10

b) Prove if R —module M = M,®M, and M can be generated by “s” elements. Then M, can be
generated by “s” elements.

Q.9letMbea module over PIDR and suppose that M is freely generated by a finite set of ni elements
Prove that every basis of M contains exactly n elements. . 20
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SECTION-I ' “Marks
- Q.1 - (a) Lletaand b be anytwo integers at least one of which is non-zero, ~(10)
then there exist integers x,y such that gcd(a,b)=ax+by.
(b) - State and prove the Division Algorithm for integers. (10)

Q2 (a) Let m be a positive integer, a and b any integers. Prove that the (7+7)

linear congruence ClXEb(mOdm)is solvable if and only if

dfb, d =(a,m). in the solvable case, prove that the given

congruence has d mutually incongruent solutions.
(b) By means of Hensel’s lemma, solve the polynomial congruences (6)

x*+x+7=0(mod 27).

Q.3 (a) Define Complete Residue system. If k integers a,,0a,,...,a, forma (7)

CRS (mod m) then show that k =m.
(b) (i) There are an infinite number of primes, prove or disprove. (5+8)
(i) Show that z(n)is odd if and only if nis a perfect square.

Q.4 (a) State Chines Remainder Theorem and hence apply to solve the (3+7)

following system of linear congruences

x =3 (mod5)
x=1(mod7)
x=5(mod11)
(b) (i) For each integer m >0, show that ¥, =l FF, F +2, (5+5)
where Fis a Fermat number. Deduce that (F F:) =, m#n
(ii) Let (a,57) =1. Prove that a'® =1 (mod 57). |

m?

P.T.O.



Q.5

Q.6

Q.7

Q.8

Q.9

(a)

(b)

(a)»

(b)

(a)

(b)

(a)

(b)

(a)

(b)

Discuss all integers which can (or cannot) serve as-a primitive root (10)
of 2".n>1.

Let p be an odd prime and a be a primitive root modulo p’,then (10)

prove that a is a a primitive root modulo p*,k>2.

SECTION I

Let p be an odd prime and « an integer co-prime to p. let m (10)
denote the number of integers that leave negative least residues in

the set {a,2a,,..,-z_—la} then prove that (ﬁ} =(-1)".

p
Show that x> =a (mod 2") has a solution if and only if (10)
n=1(mod3). '
Let @ be a real algebraic number of degree n > 1, over R. Then {10)

there is a positive number M such that | .9—£] > M; for all
: q

rational numbers £—,q > (. Prove or Disprove.

Show that an irreducible polynomial of degree n over F has n (10)
distinct roots.

Differentiate between transcendental and algebraic numbers. (4+6)

Determine whether the number \/7 —3s algebraic? If so, find

_its defining polynomial.

Prove that every algebraic number has a unique minimal (5+5)
polynomial. Further, if @ is algebraic of degree n, then any ‘

=1
a ¢ F[9] can be expressed uniquely as a = Za,&', a, eF.
i=0

Show that an element a € R(@) is a unit if and only if its ' (10)
normis & 1. ' ‘

Define discriminant for Cyclotomic polynomial, and verify it forthe (10)
Cyclotomic field generated by fifth roots of unity.
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Section |
\) () | What is a fluid? Why is fluid cons .Ltcrm‘ as a wnlnm. m? Explain, _ | (10) |
i _( { L\“ flat plate hav wg dimensions of 2m X 2m slides down an inclined plane at an angle o I_} |
one radian to the honmnlal at a speed of 6 m/s. The inclined plane IS dubricated by a thin | {
film of oil having a viscosity of 30 x 107 Pa.s. The plate has a uniform thickness of 20 ‘ (10) |
|_mm and a density of l{] U(“_l*_z_xf Determine the thickness of Im_y_m_;y_nm o1l film
(').2(:1} What are the crum 0 methods for describing 1hl_ Auid motion and mp]nn the | |
___ | method which is commonly used n flaid mechanic: - _‘ (10)
] (b) | If every particle of fluid moves on the >n[h1m of a spnu pmu: ‘that the
| equation of continuity is 3—’)0059 + dkpwﬂ;?sg !y akpa;fq?w =0, p bemg the |
' | density, 6',¢ the latitude and longitude of any element, and «’', © the angular |
' velocities of the element in latitude and longitude respectively. } (10)
‘ Q.3(a) | State and prove Kelvin’s theorem on the constancy of circulation ‘ (10y
| (b) | The velocuy  componenls  for - certain low  fields 18
i u=—y, (r + 9 ) \Z\f/(\’ +y ) Is the flow urotational? Caleulate the | .
| volumetric flow rate through the square with corners at (3.0.2). (3.0.1). (3.1.2). (3.1. 19 il _'“)_.3
Q.4(a) | Derive the Bemoulli’s equation for unsteady. nrnutilm_i;;i and anuJTuv
![_ under conservative forces. . : - (10)
' (b) | Find the velocity potential. stream function. mmpl»x velocity. flownet for a J
__{uniform flow N B - I ¢ 1°)
|—I or the w,hmf\ mn-m_,mmnls ofa certain fluid a .

r-!-: . :- %\ |
B = — (] — ,!_-3_) cost, Vg = (] -+ _) sing, ‘ {20} :
\ , 4 | I

Find !
| |
(1) The complex velocity —V | ‘

(n) The speed V and the Lomch\ velocity potential y(z) |

(i) The velocity potential ¢ and stream function 1] :
(iv)  The equipotential lines and streamlines. ‘ ‘




Section 11

"Q.6(a) [Ifacylinder of an aexoio]l shape is placed in a uniform stream of speed U, with i ﬁl
circulation [ around the cylinder, then the lift per unit length of the cylinder is |
) ! of magnitude pUT in the direction perpendicular to the direction of the stream. | (10)
(b)y | Show that the superposition of a uniform stream over a doublet represents the
streaming flow past a circular cylinder of radius a. (10)
O. 7 Derive the Navior Stokes Equations and write it in Cylindrical coordinales system. (20)
 Q.8(a) | What 1s simple Couette flow? Modelling the same flow, evaluate the velocity
: field, Maximum velocity, volumetric flow rate and shearing stress. (10)
' (b) | Discuss the pulsating flow of viscous fluid between two parallel plates when both the
plates are rest and (7‘/1 = P coswi . Find the expression for the velocity ficld. (1)
i ax .
i 4(“)..9(;1) | State and prove Blausius Theorem
S R S (10}
| (b) ! Determine whether the following velocity field arc steady, 2-dim , 3dim, and find the
associated shear stress with p = 185, 11 =0.273 and (=3 . (10)
|
fl a) V =axi —-[)y}‘+(t‘—cz)/c by I :—;—— i +/(—v~l) / |
I —— S 3
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SECTION I

(&) Usiug the resuls that the velocity four-vector transfovms like a four-vecior, Ind the eqnations of Lorentz
. i . . . : 4 arlee
translormatiou for the veioc ty components u = (s Uy, 02 ). (10 marks)

.(b) What should the wavelength of light be so that the scaitered light has double the wavelength Qf the

original light when scattered through angles of

(i) #/6 (i) /3  (iii) 57 /8. (10 marks) .
(a) Write a comprehensive note on the null cone structure. ' {10 marks)

(b) An observer sces a clock as showing 1 hour to be half an hour. If he scos an ohject lying at an angle of

7/4 as having a length of 2 m, what is the rest length of tlic object. {10 marks) .

(a) Prove one dimensional Loreatz transformation. What are the corresponding expressions for time dila-
tion and length contraction. (10 marks)
(b) Show that ds? = g,zda“da* is invariant under Lorentz transformation. (10 marks)
(a) What do you understaud Ly Doppler effect in light? Work out the expression for the transverse and
tongitnding! Doppler effect i1 light. Also, find the expression in case of no Doppler shift. {10 marks)
(b) Find the components of Maxwell ficld tensor and use it to show that
o .. BB
e g (epls s - =2 )
Hu

{10 marks)

(a) Show that I ""ja = juyJY, Liaps) = U represents Maxwell’s cquations in four-vector formal-
ism (10 marks)

(b) Prove that the relativistic resnltant of three co-lincar speeds . ¢, w is given hy

U U -

(:_".
1ok (v 4 vus A wu) /2

What will be the formula for n co-linear speeds when n is even and when n is odd. (10 marks)
SECTION II

(2) State and explain I’ Alembert’s principle. - (10 marks)

() A mass M3 Langs at one end of o string which passes over a fixed frictionless non-rotating pulley. At
the other end of this stricg there is a non-rotating pulley of mass M 1, over which there is a string
carrying masses my and . Set up the Lagrangian of the systan. Alse, work out its equations of
motion. : (10 marks)

(a) State and explain the Eule:-Lagrauge differential equation in the calculus of variation. {10 marks)
(b) A solid sphere of wass m and radius b rests on top of another foxed sphere of radius . The upper
spherc is siightly displaced and it begins to roll down without slipping. By Lagrange’s method of
undetermined multipliers, find the normal reaction on the upper sphere and the frictional force at the
point of contact,. : (10 marks)

(a) BExplaiu the lamiiton’s priuciple of least action, bringing out clewrly the type of variation in-
volved. (10 marks)

2 . 3 . .
(b) Show that the transformation P=mwgcot @ and P = 2-’5’;“—"}-—@ is canouical, and obtain the generator of

the transformation. (10 marks)

(a) Work ont the Hamiltonian for the one dimensional haronic oscillator of mass 1. Also, write down

the corvespouding Hamilton-Jacobi equation. (10 marks)
{(b) Find the: cquations of wotion of a system with the following Lagrangian (10 marks)

X
g ;. Rl P LA -
Lz, i, t) = e e 2.1;/0 ™" dal.
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(b)

- current.

SECTION I

Prove that the divergence of vector poiential A is zevo for clecirostatic feld. . {10 marks;
b \ /
A solenoid has length 1.23 m and inner diameter 3.55 am. It has & layers of windiuzs and having 850
turns each carrying current I, = 5.57 Amp. Find the magnetic induction al the center. {10 marks)
Work out the the electric field due to a uniform spherical charge distribution at an internal and external
point. (10 marks}
A infinite line charge produces a field of 4.52 x 10°N/C" at a distance of 1.96 m. Caleulate the iinear
charge density. (10 mazics)
Caleulate the potential in the prosence of conducting sphere i a urifoim electric field. {10 may
Work out the Poissor equation for the vector potential A. ' (10 maris}
i I { /
Define sel-inductance and mutual inductance. Work out the self-inductance of a toroid. - (10 marks)
Wark out the relationship between capacitance and resistance, i.c., ¢ = 6. - {10 marks)

Work out the clectromotancs induced in a loop by a paiv of long pavallel wires ca vving a variable
' ' : (10 maris)

What must be the magnitude of aniform electric ficid i it is ro have the same energy density as thag
possessed by a 0.5 1" magnetic ficia, , (10 warks)

SECTION IT

Deéfine magnetic susceptibility, permeability and velative perineasility. Show that the eleciric end

magnetic field vectors satisly the wave equation in free space. {10 marks)
Discuss the propagation of plane electromagnetic waves in non-conductors. (10 marks)

Show that the flux of poyiitiug vector thiough any closed surface gives the energy fow due to 2 plane

wave through an imaginary cylinder. (10 marks)
Discuss the Lienard-Wiechert potentials for a moving charge. Co (10 marks)
Discuss tae propagation of electromagnetic wave in a hollow conducting waveguide. . (10 narks)

Work out the ratio’s of the amnplitudes of the incident, reflected and . transmitted waves for the case

-when the incident wave is polarized with its E vector parallel to the planc of incident. (10 marks)

Shew that shere ranst he consarvation of erergy hy formulating the coefficient of refloction and trans.
mis‘sion at an inferface when the inciden( wave is polarized with its £ vector norral to the plane of
incident. i (10 mavks)
"The earth receives about 1300watts /m? radiant energy from the sun. Assuming the energy in the [orm
of plane monochromatic wave, and also assuming normal incidence, compute magnitudes of electrie
and magnetic felds vectors in the sun light. -+ (10 marks)

E Roll No. S0000v0000c000 PRGOS

00000000000 00000000000 0



UNIVERSITY OF THE PUNJAB

.‘.00..0.........0..‘.0

Part-II : Supplementary Examination 2018
Examination:- M.A./M.Sc.

[ X X X )
...0.

e ROIINO. covverrerarecenccones

............O.......0....

ubject Mathematics ' MAX. TIME: 3 Hrs.
PAPER: IV-VI (opt. xn) [Theory of Approxnmatnon & Splines] MAX. MARKS: 100

NOTE Attempt FIVE questwns in all selecting at least TWO questtons ﬁ'om each section.

- Note: At;tenipt any five questions. Selecting at least two questions
from each section.
Section 1
Q1| (a) Show that the sel of Buclidean transformations of I3? forms a group (10)
under the operation of composition of functions.
(b) Determine the image of circle 22 + y? = 9 after shearing along (10)
o Trais by factor 2. . :
Q2. | (a)  Find an affine transformation which maps the points (1,2), (2,1) and (3,5) | {10)
onto the points (2,1), (1,5) and (0, 6), respectively.
(b) Determine the ‘mage of ’{4 - %3 = 1, after scaling by factor 4. (10)
Q3. (a)  Consider the data points { (), yp)}p., lor the distinet values {zx}h, "
that are approximated by the least-squares power curve y = f(z) = Az (10)
where M is constant. Then show that A can be obtained as -
i A= (}:;\;J -’Eﬂ'jyk’) (LA =1 TzM)
S S S—
(b) Find the curve fit y = 1/(A2 + B) using the change of variables (10)
X =g, Y =1,y linearize the data points.
o 1 0 12 3]
ye 662 394 217 135 089
1/ye 01511 0.2338 0.4608  0.7407 1.1236
Q4. (a) Find the Chebyshev polynowial Py(z) that approximates the function
J{z) = ¢ over [--1, 1. o (10)
(b) . Find the Pade approximation Ry 1(x) for f(z) = In(1 -+ z)/z and (10)

using this result esmbhsh tho (Lppl()\mmtwn
In(l Fo) = Ry (a) = %




Seeton Tt T

Q5. |

6. 1 1

Discuss the subdivision algorithm to compute the following B. B. curve

LB(0) = 2y BP0, 0<6<1

For @, B € [0, 1], write the relation that defines the new control points

of scgment of B. B. curve corresponding to o < 6 < 8.
Derive the relation for new control poinis for

(i) =0,

(i) f=1

as well.

Determine the function f : [0, 2] —» IR?

s.t. £(0) = (5,2), f(1) = (6,7), f(2) = (8,15).

Moreover, f is lincar over [0, 1] and is quadratic over 11, 2].
Also [ zmd“:[' Are continuous.

! (10)

Show that .
Bl(6) = (1-0)BI™'(6) +6B7'(0), i =0,1,2,...,].

Discuss the Variation diminishing property of B.13 form of degree 3.

(10)

(10)

Q7.

Show that rational quadratic (vector form) represents conic scctions.

Find the natural cubic spline that passes through (0, 0), (1, 0.5)
and (2, 2.0) with the boundary conditions :
§"(0) =0 and $"(2) = 0.

(10)

(10)

Determine the quadratic B-Spline function.

Determine N (t) using N3 (t) defined as
t2/2, telo, 1,
~t2+3t - 3/2, te 1, 2,
t2/2 - 3t+9/2, te 12, 3

0, Otherwise.

(=)

(b)

Discuss the degree reduction algorithm for B.13 general form of degree n.
Caleulate the new control points of B.B. cubic form in terms of control points

of B.B. quartic form.

Express the following quadratic spline as truncated power function
represcntation

3z i 2, T ¢ [~2, =1

-6z — 1, ve -1, 1]

Sla) == 6z2 — 18z +5, zC[1, 2[

Ju? Gy -7, wel2 3]

L(10)

(10)
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