10.

11.

12.

Mathematics
MATHCC - I/ Calculus and Geometry
15t Semester / FM — 60

Group - A

[Answer any four questions given bellow (4 X 3 = 12)]

Find the pedal equation of the parabola Zr—a =1 —cos®.

Show that the radius of curvature of the at any point of the cardioid r = a(1 — cos 0) varies as
Vr.

Find the envelope of the family of lines y = mx + m, m being a parameter.

If I, = fon/z x"sinxdx andn > 1, showthatl, + n(n— 1)I,,_, =n G)n_l.

Show that the tangents at the extremities of a focal chord of a parabola meet at right angle on

the directrix.
A plane passes through a fixed point (p, g, ) and cuts the axes in 4, B, C. Show that the locus of

the centre of the sphere OABC is 5 + % + g = 2.

Group-B

[Answer any four questions given bellow (4 X 6 = 24)]

If y = (sin"! x)?, show that (1 — x2)y,.,, — (2n + Dxy,+1 — n%y, = 0. Hence find (v,,),-
sinx)l/x2

Evaluate the limit: lim (
x—0 X

2
Show that the radius of curvature of the curve given by x?y = a (x2 + %) is least for the point

. .9
x = a and its value there is 75 a-

Show that the area common to the cardioid v = a(1 + cos 8) and the circle r = %a is
(7 9\/3) 2

-mT——)a“.

4 8

Discuss the nature of the conic represented by 3x? — 8xy — 3y2 + 10x — 13y + 8 = 0. Also
find its canonical form.

Show that the locus of the points from which three mutually perpendicular lines can be drawn
to intersect the conic z = 0,ax? + by? = 1isax? + by? + (a + b)z? = 1.



13.

14.

15.

16.

Group-C

[Answer any two questions given bellow (2 X 12 = 24)]

.1y, = :THn (x™log x), show that Vj, = nV,,_; + (n — 1)!
11 1
Hence show that I, = n! (logx +1+ Sttt ;).
(ii). Find the asymptotes of the curve x3 + 3x%y —4y3 —x +y+3 = 0. (6+6)
=1.

x(1+acosx)—bsinx

(1). Find the values of a and b such that lim >
x—0 X

(ii). Find a reduction formula for I;, , = fon/ cos™x sinnx dx, m, n being positive integers.

2 3 m
Hence deduce that I, ,, = %[2 +27+2?+ +%] (6+6)

m+1

(i). Prove that the volume of the solid obtained by revolving the lemniscate 72 = a? cos 20
c e . .1 3(1 1
about the initial line is > ra {Elog(\/f +1)— 5}.

(ii). If PSP’ and QSQ' are two perpendicular focal chords of a conic, prove that
1

1
PSSP + W = constant. (6+6)
(i). Prove that the locus of points of intersection of pair of perpendicular tangents to the circle
x2+y?=a’isx? +y? = 2a°.

. 2 2 2
(if). Show that the generators of the hyperboloid ’26—5 + 31/—6 — ZZ = 1 which are parallel to the

plane4x — 5y —10z+7=0arex+5=0,y+2z=0andy +4 = 0,2x = 5z. (6+6)



Mathematics

MATHCC-II/ALGERBRA
2nd Semester /FM-60

GROUP- A

Answer any four questions from the following (4X3=12)

. Use Euclidean algorithm to find the integers x and y such that gcd(72,120) =
T2z + 120y.

. If the function f : R — R be defined by f(z) = 2> + 1, for z € R, then find
f7H(=1) and f7H(3) .

2 -1 1
. Find the inverse of the matrix using Caylay-Hamilton theorem | —1 2 -1
1 -1 2
136 -1
. Find the rank of the matrix by reducing it to its normal form | 1 4 5 1
1 54 3

. Let f: A — B be a mapping. A relation R is defined on A by xRY if and only
if f(z)= f(y), z,y € A”. Show that R is an equivalence relation. 3+4

. If X and Y are two non-empty sets and f : X — Y is a mapping, then for any
subsets A and B of X , prove that f(AUB) = f(A)U f(B) and f(AN B) C

fF(A) N f(B).
GROUP- B

Answer any four questions from the following (4X6=24)

. Solve the equation 3z* + 2% 4+ 42% 4+ 2 + 3 = 0, which has four distinct roots of

equal moduli.



10.

11.

12.

13.

14.

15.

16.

If o, 3,7 be the roots of the equation 23 + pz? + gv +r = 0, find the value of
ST a?p.

Solve the equation 23 — 52% — 162 = —80, the sum of two of its root is zero. Also
solve the equation 2" — z = 0.

1 -1 4
Find all the eigen values and eigen vectors of the matrix | 3 2 —1

2 1 -1

Find for what values of o and 3 the following system of equations has (i) a unique
solution, (ii) no solution, (iii) infinite number of solutions over the field of rational

numbers

r+4dy+z2=12c+Ty+5z=20,4c+ay+ 10z =20+ 1

Let z be a variable complex number such that | z — 10/z |= 3. Find the greatest

and least value of | z |.
GROUP- C

Answer any two questions from the following (2X12=24)

0 -1 0
(i) Find the row space and column space of the following matrix | 3 0 -1
7 1 1

(ii) Solve the equation z* — 42% + 8z + 35 = 0, if one root is 2 + iv/3.

1 the roots of the equation z° + px* + qx +r = 0 are in A.P, then show that
i) If th f th i 3 2 0 in A.P, th h h
2p> — 9pq + 27r = 0.

(ii) Solve the equation 2723 + 42z% — 28x — 8 = 0 if roots are in G.P.

(i) Prove that injective mapping from a finite set to itself is a bijective mapping.
(i)Iff:A— B,g: B— Cand h: B— C, then prove that h(gf) = (hg)f.

A mapping f: A — B is
(i) injective if and only if f has left inverse

(ii) surjective if and only if f has right inverse.



Mathematics
MATHCC - 11/ Real Analysis
2"d Semester / FM — 60

Group - A

[Answer any four questions given bellow (4 X 3 = 12)]

Prove or disprove: the set Q of rational numbers is complete.
Let A and B be two bounded setsin Rand X = {a — b:a € A, b € B}. Prove that sup. X = sup.
A—sup.B .

N

i o (_1 1
3. Find the closure of the set ﬂn=1( oy 1+ n).
4. Find the limit points of the sequence {(1 + %) 2(_1)11}.
Use Cauchy criterion to prove that the sequence {1 + % + % + -+ %} is not convergent.
6.

Show that a necessary condition for convergence of an infinite series ), u,, is that lim u,, = 0.
n—-oo

Hence show that the series % + % + % + .-+ is not convergent.

Group-B

[Answer any four questions given bellow (4 X 6 = 24)]

7. Define a countable set. Prove that a countable union of countable sets is countable.

8. Give the definition of limit point.
Let £ be a limit point of a setS. Prove that every neighbourhood of £ contains infinitely many
points of S.

9. Define a compact set. Prove that every closed and bounded subset of R is compact.

10. Let {a,}, {b,}, {c,} be three sequences such that a,, < b, < ¢, and lima,, = lim ¢, = L. Show

thatlim b,, = [.
11. Show that the sequence {S,}, defined by the recursion formula S,;; =+/35,,5: =1,
converges to 3.

12. Prove that the positive term series ). nip converges if p > 1 and diverges if p < 1.



Group-C
[Answer any two questions given bellow (2 X 12 = 24)]

13. (i). Prove that every bounded infinite subset of R has a limit point.
(ii). Define closure of a set. Prove that the closure a set S is the smallest closed set containing
S. (6+(1+5))

14. (i). Prove that a set S is closed iff its complement is open.
(ii). State and prove Cauchy’s first theorem on limit of a sequence. Use this theorem to prove

that lim ~[1+2Y/2 4 31/3 ... 4 n1/] = 1, (4+(6+2))

n—-oo

15. (i). Let {S,,} be a monotone increasing sequence which is bounded above. Prove that {S,,}
converges to its least upper bound.
(ii). Test the convergence of the hypergeometric series
1 +ﬁx N ale+1)BB+1) e a(a+ D(a+2)B+ 1B +2) .
1.y 1.2y(y+1) 123y + Dy +2)
For all positive values of x; a, B, y being all positive. (6+6)

16. (i). State and prove Cauchy’s root test.
(ii). Test the convergence of the following series:

1
@) Y=
n3/2

b z(1+5) (6+(3+3))



10.

11.

12.

Mathematics
MATHCC - IV/ Differential Equations and Vector Calculus
2nd Semester / FM — 60

Group - A

[Answer any four questions given bellow (4 X 3 = 12)]

Prove that the differential equation of all circles touching the y-axis at the origin is
(y? —x?)dx — 2xy dy = 0.

Show that the functions e*, sin x, cos x are linearly independent.

Solve the equation: xj—z +y =y?logx.

ar _ da*#|?

ar  a7T|" _ 2.2 2
7 < a“(a“ + b°).

A particle moves along the curve x = 2t2,y = t? — 4t,z = 3t — 5. Find the components of
velocity and acceleration at time t = 1 in the direction of i — 3] + 2k.
If F = (3x% + 6y)i — 14yz j + 20zx2k , then evaluate Jo F.d#, from (0,0,0) to (1,1,1) along

thecurvex =ty = t2,z = t3.

If# = acosti+asintj+ bt k, show that

Group-B

[Answer any four questions given bellow (4 X 6 = 24)]

In a certain culture of bacteria, the rate of increase is proportional to the number present. If it
be found that their number doubles in 4 hours, then use mathematical models to find their
number at the end of 12 hours.

Solve the equation: d—y—itan y =(1+x)e*secy.
dx 1+x

d? d

&y _
dx? dx
Solve the simultaneous linear differential equations:

tdx = (t —2x)dt
tdy = (tx +ty + 2x — t)dt
Find the directional derivative of ¢ = 2xy — z? at (2, —1,1) in the direction of 3 +j — k. In
what direction is the directional derivative maximum? What is the value of the maximum?
(2+2+2)

Solve the equation: +y =x%e3*,

Evaluate [ F.d?#, where F = (x% —3y2)i+ (y2 — 2x2)j and C is the closed curve in the
xy —plane, given byx = 3cost,y = 2sint,0 <t < 2mand C is described in the anti-clock-

wise sense.



13.

14.

15.

16.

Group-C

[Answer any two questions given bellow (2 X 12 = 24)]

(i). Transform the differential equation g—y Y logy = lz(log y)?into a linear form and
X X X

solve it.

2
(ii). Solve the equation: x? % - BxZ—z + 4y = 2x? (6+6)
(i). Show that a differential equation of the form [y + x f(x? + y?)]dx + [y f(x? + y?) —
x]dy = 0 is not exact. Show that ﬁlyz is an integrating factor of an equation of this form.

Hence solve [y + x(x2 + y2)?]dx + [y (x? + y?)? — x]dy = 0.
(ii). Find the general solution of the following equation using method of undetermined

- Cdiy  Ldy X
coefficients: Tz 3dx =x+e*sinx. ((2+2+2)+6)

(i). Apply the method of variation of parameters to solve the following equation:
d’y _dy e*
——-3—+4+2y=
dx? dx ey 1+e*
(ii). If d@ be a constant vector, then show that
(a).Vx (@ xb)=ddivh —d.Vb
(b). V(d@.b) = @ Vb +d x curl b (6+(3+3))

(i). Prove the following identities:
@.[d+b, b+2 ¢+d|=2[ab]|
(b).[ax B, bx¢ éxd]=[abe]
(ii). Prove that a necessary and sufficient condition that the vector field defined by the

vector point function F with continuous derivatives be conservative is that V x F = 0.
((3+3)+6)



MATHEMATICS

MATHCC-V (THEORY OF REAL FUNCTIONS AND INTRODUCTION OF THE METRIC SPACE)

vk wN R

3RP SEMESTER / FM-60

GROUP A
Answer any four questions from the following (4x3=12)

Prove that lim 1- 0

xX—>00 X

Let k € R .Prove that the function f defined by f(x)= k, x€ R is continuous on R.

Every differentiable function is continuous —justify this statement.

Prove that the limit of f(x)=sin1/x does not exist when x— 0.

Give an example of a function f which satisfies the intermediate value property on a closed
and bounded interval [a, b] but is not continuous on [a, b].

Let (X,d) be a metric space for any x,y € X define di(x,y)=min{1, d(x,y)}.show that d; is a
metric on X.

Group B

Answer any four questions from the following (4x6=24)

Using Cauchy principle prove that lirr(l) cos1/x does not exist
b g

Let I=(a,b) be a bounded open interval and f:l-» R be a monotone increasing function on |
then prove the following
i. If f be bounded above on | then xl_i)rgl_f(x) =sup f(x), x€ (a, b).
ii. If f be bounded below on | the xl_i)rguf(x)zinf f(x), x€ (a, b).
A function is defined on [0,1] by f(0)=1 and f(x)= 0 when x is rational and

=1/n, when x=m/n, and gcd(m,n)=1
Prove that f is continuous at every irrational point in [0,1] and discontinuous at every
rational point in [0,1].
State and prove Rolle’s theorem.
Prove that ;—x <log(1l+ x) < x forallx> 0.

In a metric space .show that finite intersection of open set is open set.

Group C

Answer any four questions from the following (2x12=24)

1. a.letDc R andf, g, h be functions on D to R. Let ceD’.prove that if f(x)< g(x) < h(x)
forallxe D — {c} and if lim f(x) = [ then lim g(x) = L.
xX—C X—C



b. Show that lirr(l) xcosl/x =0
x—

2. a.Let Dc Rand f:D— R be a function. Let c€ D N D' . Prove that f is continuous at c iff for
every sequence {x,} in D converging to c, the sequence {f(x»)} converges to f(c).

b. Let [a,b] be a closed and bounded interval and a function f:[a,b]—= R be continuous on
[a,b]. Prove that f(a)# f(b)then f attains every value between f(a) and f(b) at least once in
the interval (a,b).

3. a. State and prove Mean value theorem for a function f: [a,b]— R.

b. Prove that between any two real roots of the equation e*cosx+1=0 there is at least one
real root of the equation e*sinx+1=0.

4. a.Show that A closed subset of a complete metric space is a complete subspace.

b. Prove that a subset A of a metric space M is closed iff it contains all its limit points.



MATHEMATICS
MATH-CC-VI (GROUP THEORY I)
3" SEMESTER / F.M -60
GROUP A

ANSWER ANY FOUR QUESTIONS FROM THE FOLLOWING (4% 3 = 12)

12345678
45132867
order of this permutation .Determine whether the permutation is even or odd.

1. Express the permutation ( ) as the product of disjoint cycles .what will be the

Prove that in a group (G,*) each element has unique inverse .
Describe Klein’s 4 group.

Find the centre of the group Qs.

Prove that (Q,+) is a non cyclic group.

Show that SL(2,R) is a subgroup of GL(2,R).

S e

GROUP B
ANSWER ANY FOUR QUESTIONS FROM THE FOLLOWING (4% 6 = 24)
1. Prove that a non empty subset H is subgroup of a group G if and only if a,b€e H

ab'e H-

2. Let(G, *) be a cyclic group generated by a .then prove that G is infinite if and only if
order of a is infinite.

3. Prove that every group of prime order is cyclic.
Show that centre of a group is a normal subgroup of G.

5. State and prove the First isomorphism theorem .

GROUP C
ANSWER ANY TWO QUESTIONS FROM THE FOLLOWING (2x 12 = 24)

1. a.LletH,K be subgroups of a group G. prove that HK is a subgroup of G iff HK=KH
b. Show that centralizer of an element of a group is a group .

2. a. Prove that every subgroup of a cyclic group G is cyclic .

b. prove that a cyclic group of finite order n has a subgroup of order d for every positive
divisor d of n.

3. a. State and prove the Lagrange’s theorem for a group G .
b. If p be prime and a be a positive integer such that p is not a divisor of a the prove that
a*!= 1(modp)
4. a.Show that intersection of two normal subgroup of a group Gisis normalin G

b. Show that there does not exist an onto homomorphism from klein’s 4 group to to (Z4,+).






Mathematics

MATHCC-VII/Riemann integration and series of functions
3rd Semester/FM-60

GROUP- A

Answer any four questions from the following (4X3=12)

. If f is a positive function on (0, c0) such that
(a) flw+1) = 2f(x)

(b) F(1) =1

(¢) Logf is convex function

then show that f(z) = I'(z).

. Show that the sequence {f,(z) = 135} is uniformly converges to a function f

and that the equation
f,<17) = limn—mOfe;(x)

is correct if x # 0 and false if x = 0.

. (i) Let 4f,,(z) = tan"'nx,z € [0,1] . Prove that the sequence f,, is not uniformly
convergent on [0, 1].

(ii) State fundamental theorem of integral calculus.

. Let I =[a,b] and let f: I — R be a bounded function. Then the lower integral
L(f) and the upper integral U(f) of f on I exist. Moreover, L(f) < U(f).

. Define radius of convergence and internal of convergence. Find the radius of

convergence of the following
Z 22711,211.

. Define beta and gamma function. Find the radius of convergence of the series

>~ a,x®™ if radius of convergence of the series > a,z" is R.
GROUP- B

Answer any four questions from the following (4X6=24)



10.

11.

13.

14.

15.

Prove the following
(i) The functional equation I'(z + 1) = 2I'(z) holds for 0 < 2 < oo.
(i) T'(n+1)=nl,n=1,23,4,...

(iii) Logl" is convex on (0, 00).

Let (f,) be a sequence of functions in R[a,b] and suppose that (f,) converges
uniformly on [a,b] to f. Then prove that f € R]a,b|.

If the function f on the interval I = [a, b] is either continuous or monotone on I,

then f is Darboux integrable on I.

Let f be real values function define on [a, b]. the prove the following
(i) if f is Riemann integrable then | f | is Reimann integrable. what about the
converse. Justify your answer.

(i) if f is Riemann integrable then f? is Reimann integrable.
State and prove necessary and sufficient condition of Riemann integrability.

12. GROUP- C

Answer any two questions from the following (2X12=24)

Obtain the Fourier series of the following function defined in (0, 27)

x, f0<z<mw
flz) = and has period 2.

T, w<x<2T .

(i) State Cauchy Hadamard theorem and weierstrass approximation theroem.
(ii) Define piecewise continuous function. Is piecewise continuous function is

Riemann integrable? Justify your answer.

(i) For each of the following series, discuss whether the series is convergent or
divergent
1 o
(a) S(nl), (b) X2 Lsing
(ii) For each of the following series, determine the values of z € R for which the

series is convergent

(a) > sin(nmz), (b) Y cos™s



16. (i) Test the convergence of [, 2™ (1 — x)'""da

(ii) Show that [,” 2% is conditionally convergent




MATHEMATICS
MATHSEC1-GRAPH THEORY
3RP SEMESTER / FM-60

GROUP-A
ANSWER ANY FOUR QUESTIONS FROM THE FOLLOWING(4x3=12)

What is a graph ? give two example of graph.

In any graph G=(V,E, ¢), Prove that Zd(V) = 2|E]|.

Examine whether a simple graph having degree sequence (2,2,4,5,5) exists.
Prove that size of every connected graph of order n is at least n-1.

Find n, for which the complete graph Knis semi—Eulerian and Eulerian .

oV A WN e

Give an example of a graph that is Eulerian and Hamiltonian .

Group B
ANSWER ANY FOUR QUESTIONS FROM THE FOLLOWING(4x6=24)

Prove that a graph G contains a circuit, if degree of each vertex of G is at least two.
Prove that a complete graph K, is Eulerian iff n is odd.

3. Let G be simple graph of order n having k components .Prove that the size of G can be at
most %(n-k)(n-k+1).

4. Prove that every simple graph with n(> 2)vertices must have at least one pair of vertices
whose degrees are same .

5. Examine whether a regular graph with 8 vertices and seven edges exists.

6. Find the number of edges in K, and Ky m.

Group C

ANSWER ANY TWO QUESTIONS FROM THE FOLLOWING(2x12=24)

1a. Prove that A connected graph G is semi eulerian if and only if it has exactly two odd degree
vertices

b. LetG be asimple connected graph of order n> 3 and sizem.Then prove that G is
Hamiltonian if m> 1/2(n — 1)(n — 2)+2.

2 a. Find the adjacency matrix of the complete bipartite graph Ks 3

b. Draw the graph having adjacency matrix

3. a. Prove that every circuit contains a cycle in a graph



b. In a group of seven people of Kolkata . is it possible for each person to shake hands
with exactly three other people ? justify
4. a. Prove that every connected graph G remains connected after deleting an edge e from
gifandonlyif eis a cycle edge in G.
b. Let G be a simple graph then prove that G and its complement G’ can not be both
disconnected .



Mathematics

MATHCC-VIII/MULTIVARIATE CALCULUS
4th Semester/FM-60

GROUP- A

Answer any four questions from the following (4X3=12)

. Investigate the continuity of the following function at the point
a? +2y, if (xy) # (1,2)

0, (x,y)=(1,2).

flz,y) =

22yt + 2, if (x, 0,0
. Let f(z,y) = Z Y (ey) 7 ( ) Show that lim, ) 0,0) f(2,y)

0, (x,y)=(0,0).

does not exist.

. Evaluate the integral [, (2*dx + zydy) taken along the line segment from (1,0)
0 (0,1).

. Show that lim, ,)—(0,0) a:yii—;zz = 0.

. Evaluate [[(x + y)dxdy on the rectangle R = [a, b; ¢, d].
R

. Find the divergence divﬁ, where F = a:yf—k yzf+ yzE.

GROUP- B

Answer any four questions from the following (4X6=24)

MU = ¢(x+at) +&(x — at))show that ‘52—U = 26 . Also prove that if y = z +at

and z = x — at then the equation becomes gygz =0.
xy/+/ % + 2, (x 0
. Show that the function f(x,y) = v/ V7 is continuous,
0, (x,y)=(0,0).

possesses partial derivative but not differential at the origin.



10.

11.

12.

13.

14.

15.

16.

. Prove that fol dx fol ~rdy = 1 and fol dy fol Ao drdy = 5.

(z4y)3 (z4y)?

Does the double integration [, gz dady exist over C = 0,1;0,1].

compute the integral [[[ p Tyzdxdydz over a domain bounded by =z = 0,y =
0,z=0,zr+y+2z=1.

Define the terms vector field, divergence and curl. Prove that the work done by
a conservative force depends only on the begining and ending positions of the

object.
GROUP- C

Answer any two questions from the following (2X12=24)

(i) Define directional derivative. Find the gradient of the function f(x,y) =
2y + y? and use it to find the directional derivative in the direction of the vector
V=34 1;

(i) A rectangular box without a lid is to be made from 27m? of cardboard. Find

the maximum volume of such a box using the method of lagrange’s multiplier.

rytan?, if (x,y) # 0
0, (x,y)=(0,0).

find the f,(0,0) and f,(0,0) for the function f(z,y) = +/| zy |.
(ii) Change the order of the following integration

[l dy [V f(z,y).

(i) Prove that [, /| y — 2? |[dady = ¥, where R = [-1,1;0,2].
(ii) Show that [[,\/zydrdy = %, where R is the region bounded by the lines
r=0,y=0z+y=1.

(i) If f(z,y) = then show that xf, +yf, = 2f. Also

(i) Compute the surface area of the sphere, 22 + y* + z=a.
(ii) Show that the repeated limit of f exist at the origin and are equal but the

. L . 1, ifxy #0
simulteneous limit does not exist, where f(z,y) = :
0, xy=0.



Mathematics

MATHCC-IX/RING THEORY AND LA-I
4TH Semester/FM-60

GROUP-A

Answer any four questions from the following (4X3=12)

. Define quotient ring. Describe the quotient ring %z

. If R is a commutative ring with characteristic p, where p is prime, then show
that (a + b)P = aP + b".

. Let / be an ideal of a ring R with unity. If one of units of R belongs to /, prove

that / = R. Give an example of an infinite ring having finite characteristic.

. Defineideal in aring. For a € R, let Ra = {xa | x € R}. Prove that Ra is a left
ideal of R.

. Let R be a ring such that a2 = a for all @ € R. Prove that R is a commutative
ring of characteristic 2.

. Let A be a left ideal in a ring R and define L(A) = {x € R | xa =0, Va € A}.
Prove that L(A) is an ideal of R.

GROUP-B

Answer any four questions from the following (4X6=24)

. Define ring homomorphism with example. Let f : R — S be a homomorphism
of rings. Then prove that f is injective if and only if kerf = {0}.

. Define linearly dependent and linearly independent set of vectors. Prove or dis-
prove: Image of linearly independent set of vectors is linearly independent under

any linear transformation.



10.

11.

12.

13.

14.

Let V be the set of all pairs (x, y) of real numbers and let F be the field of real
numbers. Define (x, y) + (z, w) = (x + z, y + w) and c(x, y) = (cx, y). Is V, with

these operations, a vector space over the field of real numbers?

Define vector space with example. Prove or disprove: solution set of homogeneous

differential equation is a vector space over the field of complex numbers.

Define basis and dimension of vector space. If V is a finite-dimensional vector

space, then any two bases of V have the same (finite) number of elements.

Show that the vectors a1 = (1,0, —1), a2 =(1, 2, 1), a3 = (0, —3, 2) form a basis
for R3. Express each of the standard basis vectors as linear combinations of a1,
a2, and as.

GROUP-C

Answer any two questions from the following (2X12=24)

Let V be the vector space consisting of all functions of the form ae**cosx +

Be*sinx Consider the following linear transformation T:V — V defined by
T(f)=f +f.

(i) Find the matrix representing of T with respect to the basis {e**cosx, e**sinx}
(ii) Use your answer from part (i) to find one solution to the following differential

equation

y +y = e?*cosx

Prove or disprove the following

(i) An integral domain is a field.

(ii) A finite integral domain is a field.
(iii) A field is an integral domain.

(iv) A division ring is an integral domain.
(v) A division ring is a field

(vi) Every subring is ideal.



15. (i) Show that the center of a division ring is a field.
(ii) state and prove first isomorphism theorem for ring.

16. Let V and W be finite-dimensional vector spaces over the field F such that
dimV = dimW . If T is a linear transformation from V into W, then prove that
the following are equivalent
(i) T is invertible.

(ii) T is non-singular.
(iii) T is onto, that is, the range of Tis W.



MATHEMATICS
MATHCC-X (METRIC SPACE AND COMPLEX ANALYSIS)
SEMESTER -4™/ F.M -60

GROUP -A

ANSWER ANY FOUR QUESTIONS FROM THE FOLLOWING (4x3=12)

lz| .
1 Letf(z)=lre@ if Re(z) #0
0if R(z) =0
2. Show that the function f(x,y)=4/|xy| (x,y € R) is not analytic at origin.
If f is analytic in a domain D, then show that f(z) must be constant if arg(f) is constant.

Show that f is not continuous at z=0.

4. Afunctionf:X = Yiscontinuous at a € X if and only if for every neighborhood V C Y of f(a)
the inverse image f * (V) c X is a neighborhood of a.
5. A metric space X is compact if and only if every collection F of closed sets in X with the finite
intersection property has a nonempty intersection.
6. Show that The direct image of a compact metric space by a continuous function is compact.
GROUP B

ANSWER ANY FOUR QUESTIONS FROM THE FOLLOWING (4x6=24)

1. Show that the function f(z) =|z|? is differentiable only at z=0.

If f is analytic function on a region D such that Im(f)=0, then show that f is constant .
_Zzif z#0
0ifz=0
equations at 0.

3. Let f(z)={e is not differentiable at 0 although f satisfies the cauchy reiman

4. . Afunction f: (X,dx) = (Y,d,) is continuous at a if and only if it is sequentially
continuous at a.

5. Let (f,) be a sequence of functions f,: X = Y . If each fn is continuous ata € Xand fn - f
uniformly, then show that f: X = Y is continuous ata .

GROUPC

ANSWER ANY TWO QUESTIONS FROM THE FOLLOWING(2x12=24)

1. a. let P:C— C be a non constant polynomial then prove that there exist a r€ C such that
P(r)=0.

b. Consider the power series ap+ai(z-c)+a2(z-C)*+..eovvevrevrrereennne where lim lan| =R exists

n-oo lan+1|
.then prove that R is the radius of convergence of the power series .

2. a. State and prove the Cauchy integral formula .



b. State and prove Cauchy Goursat formula.

3. Prove that A metric space (M, d) is connected if and only if the only subsets of M that are
both open and closed are M and @. Equivalently, (M, d) is disconnected if and only if it has a non-
empty, proper subset that is both open and closed.

4.a.Llet (A, d.)and (B, dy ) be metric spaces, and suppose that f : A > B be a continuous
function from A to B. If Ais connected, then show that its image f(A) is also connected.

b. Let (M, d) be a metric space and suppose that {Xa | o € A }is a collection of subsets of M.
If each X is connected and N Xa# @, then show that the union U X« is also connected.



Mathematics
MATHSEC - 11/ C Programming Language
4t Semester / FM — 60

Group - A

[Answer any four questions given bellow (4 X 3 = 12)]

Why are the following unacceptable as C real constants:
(i) 32342 (ii) 2,345.43  (iii)7.3E7.

Write the following values in standard exponential form:
(i) 34215 (ii) 0.74 X 1012 (iii) 43 X 10",

3. Write a C program to find the area of a triangle using the formula A= %ab sinC.

9.

10.

11.
12.

Write the C statements for the following:

If a is less than or equal to b then store 10 in c; otherwise store 5 in c.

Write a do-while loop to evaluate and print the values of the cubic polynomial y = x3 —
3x + 1 for the values of x =1.0to 2.0, steps 0.2.

Two natural numbers a, b (> a) are given. Write the C statements which returns the
remainder when b is divided by a without using % operator.

Group-B

[Answer any four questions given bellow (4 X 6 = 24)]

Three positive numbers are given. Write a C program to determine whether these
numbers form a triangle and if a triangle is formed, evaluate its area.

The py value of a solution is given by the formula py = —log,o[H*], where [H*] is the
hydrogen ion concentration of the solution. Write a C program to read [H*] and evaluate
Ph-

Write a C program to evaluate whether a given natural number is prime.

N natural numbers are given. Write a C program which sorts these numbers in ascending
orders.

Write a C program to solve a quadratic equation.

Write a C program to determine the product of two matrices.



Group-C

[Answer any two questions given bellow (2 X 12 = 24)]

2
13. (i). Write a C program to evaluate the partial sum of the exponential series 1 + = + >+

3
=+ atx = 1.3 up to 10,000 terms.
(if). Write a C program to determine all prime numbers between two given positive

integers. (6+6)
14. (i). N is a given natural number. Write a C program to evaluate its factorial value.
(i1). Write a C program to print all the Fibonacci numbers less than 1000. (6+6)

15. (i). Write a C program to approximate mr correct up to 15 decimal places using Gregory’s
series.

(ii). A square matrix is given. Write a C program to evaluate its trace. (6+6)

4 x6

2
16. (i). Write a C program to evaluate the partial sum of the series 1 — =42 —Z + ... at
2! 4! 6!

x = 0.57 correct up to 8 decimal places.
(it). Write a C program to find the GCD and LCM of two given natural numbers.  (6+6)



MATHEMATICS
MATH CC-XI ( GROUP THEORY 1)
5™ SEMESTER /F.M -60
GROUP A
ANSWER ANY FOUR QUESTION FROM THE FOLLOWING(4x3=12)

Define automorphism with example .

What is inner automorphism? Show that Inn G is a normal subgroup of Aut G.
Prove that every characteristic subgroup are normal subgroup.

Prove that ZnXZn= Zm nief (M,n)=1

What is the class equation of the group Ss.

o Uk wWwN e

Find all finite groups which have exactly two conjugacy classes.

GROUP B.

ANSWER ANY FOUR QUESTION FROM THE FOLLOWING(4x6=24)

Find AutG when G is an infinite cyclic group.

Prove that every group of order p? is abelian (p is prime).

Show that no group of order 105 is a simple group.

Let g be a finite group and a€ G then prove that [G:C(a)]=|cl(a)]
Show that AutG (set of all automorphism of G) is a group.

S T o o

State and prove first sylow’s theorem.

GROUP C

ANSWER ANY TWO QUESTION FROM THE FOLLOWING(2x1=4)

1.a. Let G be a finite group and p be a prime integer .if p divides |G| then prove that G has an
element of order p and hence a subgroup of order p.

b. Find all groups of order 22.

2. a.What is commutator subgroup? “Commutator subgroup is normal subgroup”- justify this
statement

b. Prove that every group is isomorphic to a subgroup of some semmetric group.

3.a. Let G be a group of order p", whwere p is prime ,n> 0.Prove that any subgroup of order
p™!is a normal subgroup of G.

b. Show that A4 is not a simple group
4.a. State and prove Fundamental theorem of finite abelian group.

b. Express The group of units modulo n as external direct products.



&

© No o

10.

11.

Mathematics
MATHCC - XI11/ Numerical Methods
5th Semester / FM — 40

Group - A

[Answer any five questions given bellow (5 X 1 = 5)]

Determine the number of significant figures of a number whose approximate value is

0.0562 and absolute erroris 0.2 x 1073,

Prove that Alog f (x) = log {1 + %}

V and E are backward and shift operator respectively. Show that £ = Tlv .
A function f, defined on [0,1], is such that f(0) = 0, f G) = —1, f(1) = 0. Calculate

the interpolating polynomial for f(x).

Find the first term of the series whose second and subsequent terms are 15, 10, 7, 6, 7, 10.
Why polynomials are used for approximation in interpolation?

Give the geometrical interpretation of Newton-Raphson method.

Find the number of subintervals so that the maximum error in calculating flzl'ss e *dx by
Simpson’s 1/3 rd rule is 0.5 X 107°.

Group-B

[Answer any three questions given bellow (3 X 5 = 15)]

Find the missing terms in the following table:
X 2.0 2.1 2.2 2.3 2.4 2.5 2.6
y 0.135 ? 0.111 0.100 ? 0.080 0.074
Construct Lagrange’s interpolation polynomial by using the following data:
X 40 45 50 55
y=f(x) |15.22 |13.99 |12.62 | 11.13

Hence find f(53).

Evaluate [ 01 i—xx by Simpson’s § rd rule with step length = 0.25. Also calculate the
absolute error.




12. Use Gauss elimination method to solve the following system of equations

—10x+ 6y +3z+100=0
6x —5y+5z+100=0
3x +6y—10z+100=0

13. Find the value of y(0.4)using Runge-Kutta method of order 4 with h = 0.2, given that

& _ 2 _
dx—w/x +y,y(0) = 0.8.

Group-C
[Answer any two questions given bellow (2 X 10 = 20)]

. (i). Find the relative error for evaluation of u = x;x, with x; = 4.51, x, = 8.32 having
absolute error 0.01 in x; and 0.01 in x,.

. m (1) _ CLTmin™
(ii). Show that A (x) = Xt a2 rmh)

(ii). Find the cube root of 10 upto 5 significant figures by Newton-Raphson method.

(3+4+3)
. (i). Define the k™ order difference of a function £ (x) and show that
k
-k
A4FG) = D D () e+ (k= Dy
i=0

where h is the step length.
(it). Find a positive real root of the equation cos x = 2x — 3 correct upto three decimal
places using fixed point iteration method. (5+5)

. (i). Use power method to find the dominant eigenvalue and corresponding eigenvector of
the matrix

2 -1 0
-1 2 —1>.
0 -1 2

(i1). Explain Gauss-Seidel iterative method for solving a system of linear equations. State
sufficient conditions for the convergence of the process. (5+(4+1))

. (1). Deduce the iterative procedure x, ., = %(xn + xi) for evaluating va using Newton-
Raphson method.

(if). Establish general quadrature formula from Newton’s forward difference interpolating
polynomial. Hence deduce Trapezoidal rule.. (4+(4+2))



Mathematics

MATHDSE-I/PROBABILITY AND STATISTICS
5th Semester/FM-60

GROUP- A

Answer any four questions from the following (4X3=12)

. Let a random variable of continuous type have a pdf f(x) whose graph is sym-

metric about the line x = ¢. If the mean value od X exist, then show that

EX)=c

. Let X and Y be discrete random variables. Then prove the following
(i) E[E(y | X] = E(Y)
(ii) var(Y) = Evar(Y | X)] +var(E(Y | X)).

. Given the joint density function
2, if0 <y<az<l _ . .

flz,y) = Find the regression equation of Y on X.
0, otherwise.

. Find P(0 < X < 3,0 < Y3), if the random variables X and Y have joint
probability density function

dr(l—y), if0 <y<l,0<z<l
fxy) =

0, otherwise.

. If X be a continuous random variable with uniform distribution having mean 1
and var(X) =1, find P(X <0) .

. State and prove Tchebycheft’s inequality.
GROUP- B

Answer any four questions from the following (4X6=24)

. (i) Show that the sample mean based on a simple random sample with replace-
ment is an unbiased estimator of the population mean.

(ii) A coin is tossed 100 times. Find the probability of getting exactly 6 heads.



10.

11.

12.

13.

14.

If X and Y be independent binomial variables with parameters (m, p) and (n, p)
respectively, show that their sum X 4 Y has a binomial distribution with param-

eters (m +n,p) .

A fair coin is tossed 4 times. Determine and sketch the cumulative distribution
function for the following random variables

(i) X(u), the number of “Heads” observed. (ii) Y (u), the number of “Tails”
observed. (ii) D(u) = X(u) — Y (u), the difference between the number of heads

and number of tails.

Let X be a poison random variable with parameter A. Find the probability mass
function of Y = X? — 5.

(i) If the two regression lines are x+6y = 6 and 3x+5y = 10 , find the correlation
coefficient. (ii) Let the random variables X and Y have the following joint p. m.
f.s(a) PIX =x,Y =y)=1/3,if (z,y) € {(0,0),(1,1),(2,2)} and 0 otherwise.

Find the moment generating function of normal distribution. Also find its mean

and variance using moment generating function.
GROUP- C

Answer any two questions from the following (2X12=24)

The joint p. m. f. of X and Y is given by
x41r82y7 if (x,y) € {(1,1),(1,2),(2,1),(2,2)}

0, otherwise.

P(X,Y) =

a) Find the marginal distributions.

¢) Find P(X <Y), P(X +Y > 2).

(
(b) Verify whether X and Y are independent random variables.
(
(d) Find the conditional p. m. f. of Y given X =z, =1,2.

Let X and Y be two random variable with joint pdf

oy, if0<zy<1
fla,y) =
0, otherwise.



15.

16.

(i) Find the moment generating function (mgf) of X and YV
(ii) Using mgf, compute E(XY) and F(X)
(iii) compute E(2X —4XY).

Let P(X) be the pmf of a random variable X. Find and sketch the cdf of X,
where
Lo ifx=1,2,3,4,5

0, otherwise. .
Also find
(i) P(X = lor 2)
(i) P(3 < X < )
(iii) P(1 < X <4).

\)

(i) Prove that mean and variance of the Poisson distribution are same. Also find
the mean and variance of standard exponential distribution.

(ii) Show that the Geometric random variable has memoryless property.



Mathematics

MATHDSE-II/NUMBER THEORY
5th Semester/FM-60

GROUP- A

Answer any four questions from the following (4X3=12)

. Let a and b be integers, not both zero. Then a and b are relatively prime if and
only if there exist integers x and y such that 1 = ax + by.

. For positive integers a and b ged(a, b)lem(a,b) = ab

. Prove that the Diophantine Equation z* + y* = 22 has no solution in integers.

. Find all the positive integral solutions of the following Diophantine equation:
1422 + 20y = 1000.

. Determine all solutions in the integers of the following Diophantine equations
(a) 562 + 72y = 40
(b) 24z 4 138y = 18.

. (i) State Fundamental Theorem of Arithmetic.

(ii) Solve the linear congruence 17z = 9(mod276).
GROUP- B

Answer any four questions from the following (4X6=24)

. Let a, b be integers, not both zero. For a positive integer d, d = ged(a,b) if and
only if (i) d | a and d | b.
(ii) Whenever ¢ | a and ¢ | b, then ¢ | d.

. The linear Diophantine equation az + by = ¢ has a solution if and only if d | ¢,
where d = gcd(a,b). If Xy, Yy is are particular solution of this equation, then all
other solutions are given by

r=Xo+ %t, y =Yy — gt, where t is an arbitrary integer.



10.

11.

12.

13.

14.

15.

16.

(i) If ca = ¢b (mod n), thena= b(modn/d), where d = ged(c,n).
(ii) If ab(modn), prove that ged(a,n) = ged(b, n).

State and prove Chinese remainder theorem.

Let p be a prime and suppose that p ra. Then prove that a?~! = 1(modp).

(i) Use Fermat’s theorem to verify that 17 divides 11104 + 1.

(ii) For n > 2, prove that ¢(n) is an even integer.
GROUP- C

Answer any two questions from the following (2X12=24)

(i) Prove that an odd prime p is expressible as a sum of two square if and only if

p = 1(mod4).
(ii) Evaluate the Legendre symbol (3658/12703).

Find the solutions of each of the following systems of congruences
(i) 5z + 3y = 1(mod7)

3z + 2y = 4(modT).

(ii) 7z + 3y = 6(mod11)

4z + 2y = 9(mod11).

(iii) 11z + by = 7(mod20)

62 + 3y = 8(mod20).

(i) Use Euler’s theorem to establish the following
(a) For any integer a, a®*7 = a(mod1729).

(b) For any integer a, a'3 = a(mod2730).

(ii) Prove that no prime p of the form 4k 4 3 is a sum of two squares.

(i) The quadratic congruence z? + 1 = 0(modp), where p is an odd prime, has a

solution if and only if p = 1(mod4).
(ii) Show that 538 = 4(modl1) .
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MATHEMATICS
MATHCC —XIII (RING THEORY AND LINEAR ALGEBRA II)
SEMESTER 6™/F.M -60
GROUP A
ANSWER ANY FOUR QUESTIONS FROM THE FOLLOWIG (4x3=12)

Find the unit elements of Z[\/—_S].

Prove thatin a PID R, a nonzero non unit element p is irreducible if and only if p is prime .
Show that Z[x] is not a PID.

Let F=R OR Cand V be an inner product over F. For v, w € R c€ F. Show that|lv — w|| <
lvll+llwli

Show that an orthogonal set of non zero vectors is linearly independent .

State and prove the Bessel’s inequality .

GROUP -B
ANSWER ANY FOUR QUESTIONS FROM THE FOLLOWIG (4x6=24)

Let p be a non zero non unit element in an integral domain R the show that p is prime iff (p) is a

non zero prime ideal of R.

Find a prime element in Z1o which is not irreducible.

Show that every Euclidean domain is PID.

If Kis a field the show that K[x] is a Euclidean domain.

Let T be a linear operator on a finite dimensional vector space V. if f is the characteristic

polynomial for T then show that f(T)=0.

Let T be a linear operator on V. if every subspace of V is invariant under T ,then T is a scalar

multiple of the identity operator.

GROUP-C
ANSWER ANY TWO QUESTIONS FROM THE FOLLOWIG (2x12=24)
1. a. Let F be a field and f(x)€ F[x] with deg f(x)=2 or 3 .Then prove that f(x) is irreducible if
and only if f(x) has no root in F.
b. Test the irreducibility of polynomials x®+x3+1 and 10x3-7x+14 over Q.

2. a. Let R be a commutative ring with identity such that R[x] is PID then prove that R is a
field.

b. Determine all the units of Z]i].
3. a. Prove that on a finite dimensional inner product space of positive dimension , every
self -adjoint operator has a nonzero characteristic vector .

b. Give an example of a two by two matrix A such that A%is normal but A is not normal.
4. Show that every finite dimensional vector space has an orthonormal basis and give an
example .



MATHEMATICS
MATHCC-XIV (PARTIAL DIFFERENTIAL EQUATIONS AND APPLICATIONS)
6™ SEMESTER/FM-60

GROUP A
Answer any four questions from the following (4x3=12)
For each of the following, state whether the partial differential equation is linear, quasi-

linear or nonlinear. If it is linear, state whether it is homogeneous or nonhomogeneous, and
gives its order. (a) ux« + xuy =y, (b) uux - 2xyu, =0,

Find the general solution of ux + ux = 0, by setting ux = v.

Find the general solution of the linear equation x* ux + y> u, = (x + y) u.

Reduce each of the following equations ux—u, = u, yux + uy = x, to canonical form, and
obtain the general solution.

Find the solution of the following Cauchy problems: (a) 3ux + 2uy = 0, with u (x, 0) = sin x.
Determine the region in which the given equation is hyperbolic, parabolic, or elliptic, and
transform the equation in the respective region to canonical form. (a) Xuxx + Uy = X?,

Group B
Answer any four questions from the following (4x6=24)

1. Show that u (x, y; k) = e sin (kx), x € R, y> 0, is a solution of the equation V?u = uxx + Uyy
=0.

2. Show that The general solution of a first-order, quasi-linear partial differential equation
a(x,y,u)ux+b(x,y,u)uy,=c(x, vy, u)isf(d, P)=0, where f is an arbitrary function of ¢ (x,
y,u)and Y (x, y, u), and ¢ = constant = c1 and = constant = c2 are solution curves of
the characteristic equations dx /a=dy /b =du/c.

3. State and prove The Cauchy Problem for a First-Order Partial Differential Equation.

4. . Solve the initial-value problem uy + 2u, =0, u (0, y)=4 e®. Using the method of
separation of variable .

5. Find the characteristics and characteristic coordinates, and reduce the following
equation to canonical form: ) ux + 2uyy + 3Uyy + 4ux + 5uy + U = €%,

6. Given the parabolic equation ux = aut + buy + cu + f, where the coefficients are
constants, by the substitution u = ve'/?®*, for the case c = -b?/4, show that the given

equation is reduced to the heat equation vy= avi+ g, g = fe™/?

GROUP C
Answer any two questions from the following (2x12=24)
1. Derive a. Heat Equation and
b. Wave equation

2. a. Solve ug =Cuy,
u(x, t) =f(x) ont=1(x),

u(x,t)=g(x)onx+ct=0, wheref (0) =g (0).



b. Obtain the solution of the initial-value problem of the homogeneous wave equation
Utt —C2Uxx = sin (kx — wt), —eo <x< oo, t> 0,
u (x, 0) = 0 =u(x, 0), for all x € R, where c, k and w are constants.
3. a.Derive kepler’s second law of motion.
b. Obtain the solution of the Cauchy problem uy+uy,=0,
u(x,0)=f(x)and
uy(x, 0) = g (x).

4 . a. Find the solution of the equation u (x +y) ux + u (x — y) uy = x> + y> with the Cauchy data u =0
ony =2x

b. Find the partial differential equation arising from each of the following surfaces: (i) z=x+y +
f(xy), (ii) z=f (x - y), (iii) z = xy + f(x>+y?) .



Mathematics

MATHDSE-III/Point set topology
6th Semester/FM-60

GROUP- A

Answer any four questions from the following (4X3=12)

. Let f : A — B be an injective function. Prove that A is countable if B is

countable.

. Let f be a map from a set A to its power set P(A). Then prove that f is not
surjective and Card(A) < Card(P(A)).

.let X = {a,bc,d} be a topological space with the topology
T = {¢,{a},{b},{a,b},{a,b,c,d}} and A = {b,c} be a subset of X. Find

limit points and interior points of A.

. Define homeomorphism. Give example of two topological spaces which are not

homeomorphic with justification.

. Prove that a topological space X is connected iff f : X — {0,1} is constant,
where {0, 1} has the discrete topology.

. Show that sequences are continuous functions.
GROUP- B

Answer any four questions from the following (4X6=24)

(a) State and prove Hausdorff’s maximal principle.

(b) Prove or give a counter example

(i) The union of infinitely many compact set is compact.

(1) A non-empty subset S of real numbers which has both a smallest and a largest

element is compact.



10.

11.

12.

13.

14.

(a) State and prove Baire category theorem.
(b) Define the terms: basis and subbasis.
(¢c) Let X ={a,b,c,d} and S = {{a,b,c},{b,d}}. Construct a topology on X

using S.

Let {X,} be an indexed family of spaces and A, C X, for each a. If [T X, is
given either the product or box topology, then show that [] Ay = [] Aa.

Define co-finite topology with example. Let X be a co-finite topological space
and A be a subset of X. Find the closure of A.

Define Housedorff topological space. Prove that every metric space is a topolog-

ical space. what about the converse? Justify your answer.

Show that continuous image of compact set is compact.
GROUP- C

Answer any two questions from the following (2X12=24)

(a) Define open and closed mapping.

(b) Give an example of open mapping which is not a closed mapping and closed
mapping which is not open mapping.

(¢) Let X = {a,b,c} and T = {¢, X, {a},{b},{c},{a,b},{b,c},{c,a}} be a
topology on X. Is (X, 7T) a Hausdorff topological space? Justify your answer.

(a) Define open covering and compactness of topological space. Show that infi-
nite discrete topological space is not connected.

(b) Let X and Y be two topological space and A is a connected subset of X.
Let f: X — Y be a continuous function. Show that f(A) is connected.



15.

16.

Let X and Y be two topological space and f : X — Y. Show that the following
are equivalent

(i) f is continuous.

(ii) For every subset A of X, one has f(A) C f(A).

(iii) For any closed set B of Y, the set f~!(B) is closed in X.

(a) Prove that if a function f is a continuous on [a,b] and f(a) # f(b), then it
assume every value between f(a) and f(b). 4
(b) Show that the function defined on [0,1] as f(x) = 2z + 1,Vz € (0,1] and
f(x) =0, if x = 0 does not satisfy the conclusion of intermediate Value theorem.

(c) Show that @ is not a connected topological space.



Mathematics
MATHDSE - 1V/ Theory of Equations
6th Semester / FM — 60

Group - A
[Answer any four questions given bellow (4 X 3 = 12)]

Show that (x? + x + 1) is a factor of (x* + x7 + 1).
Apply Descartes’ rule of signs to show that the equation x* + 2x? — 7x — 5 = 0 has two
real roots and two imaginary roots.

4 3 2
3. Show that the equation % + % + % + % + 1 = 0 cannot have a multiple root.

10.

If one of the roots of the equation x3 + px? + gx + r = 0 equals the sum of the other
two, then prove that p + 8r = 4pq.

Show that the special roots of the equation x® — 1 = 0 are also roots of the equation
x> —x*+x3—x2+x—-1=0.

Group-B
[Answer any four questions given bellow (4 X 6 = 24)]

(a). Show that the equation x3 — 2x — 5 = 0 has no negative real root.

(b). Show that the equation x™ — ngx + (n — 1)r = 0 will have a pair of equal roots, if
qt =r"1, (3+3=6)
(a). Find the area of the triangle of which the lengths of the sides are the roots of the
equation x3 — ax? + bx — ¢ = 0.

(b). If a, B, y be the roots of the equation x3 + 2x2 + 1 = 0, then find the equation
whose roots are a + % B+ % Y + i (3+3=6)

(). If a be a root of the cubic x3 — 3x + 1 = 0, then show that the other two roots are
(@?=2)and (2 — a — a?).

(b). Show that (x + 1)* + a(x* + 1) = 0 is a reciprocal equation, if a # —1. Solve it
when a = 2. (3+3=6)
(a). Find the condition that the equation x* + px3 + qx? + rx + s = 0 should have its
roots a, 8, v, 6 connected by the relation « + = 0.

(b). Solve the equation x3 — 9x + 28 = 0 by Cardan’s method. (3+3=6)
Find the equation whose roots are the six ratios of the roots of the cubic x3 + gx +r = 0,
r # 0. 6



11.

12.

13.

14.

15.

Use Sturm’s theorem to prove that the equation x* — 7x + 7 = 0 has two roots between
1 and 2 and one root between (-4) and (-3). 6

Group-C
[Answer any two questions given bellow (2 X 12 = 24)]

(a). Find the equation of the squared differences of the roots of the cubic x3 + x? — x =
1. Hence show that two roots of this equation are equal.

(b). Remove the second term of the equation x* + 4x3 — 7x% — 22x + 24 = 0 and hence
solve it. (6+6=12)
(a). Solve the equation x* + 3x3 + x2 — 2 = 0 by Ferrari’s method.

(b). If a, B, y be the roots of the equations 4x3 — 8x? — 19x + 38 = 0, then find the
equation whose roots are @ — 2, 8 — 2,y — 2. Solve the obtained equation and from it
find the roots of the original equation. (6+6=12)
(a). If a, B, v, & be the roots of the equation x* + px3 + qx? + rx + s = 0, then find, in

terms of p, q,r, s, the value of j—f :
(b). Show that the equation x* + x3 — 4x? — 3x + 3 = 0 can be transformed into a
reciprocal equation by increasing the roots by 2. Solve the reciprocal equations and hence

obtain the solution of the given equation.
(a). Prove that the special roots of the equation x° — 1 = 0 are the roots of the equation

. 2 . 2
x6 + x3 4+ 1 = 0 and their values are cos% + sm% r=1,2,4.

(b). If a, B, y be the roots of the cubic x3 — 21x + 35 = 0, then show that (a? + 2a —
14) is equal to either g ory.
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