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MATHEMATICS - GENERAL
Second Paper
Full Marks : 100

Candidates are required to give their answers in their own words
as far as applicable.
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The figures in the margin indicate full marks.

Module-III
Full Marks-50
Group-A
Marks-25
Answer Question No. 1 and any two from the rest.

(a) Answer any one question: 2x1
(i) For the three sets A = {p,q,r}, B = {s, t,u} and C = {s, u}, verify that
AX(B-C)=(AxXB)-(AxC().

(ii) Prove that in a real vector space R?, the vector @ = (0,1) can be expressed as a linear
combination of # = (2,1) and y = (3,2).

(iii) Show that in any group, there cannot be more than one identity element.

(b) Answer any one question: 3x1

(i) Show that the mapping f: N —= N (Nbeing the set of all natural numbers) deﬁned by
f(n) = 2n — 1, n € N is one-one but not onto.

(ii) Let R" denote the group of all non-zero real numbers with respect to usual multiplication and H
denote the set of all positive real numbers. Determine whether H is a subgroup of R".

(iii) Find whether the set S = {(1,1,2), (1,2,5), (5, 3,4)} is a basis of the vector space R>.

(a) Let G be a group and a be an element of G. Define a mapping f;: G — G by f,(x) = xca,x €G.
Prove that f, is a bijective mapping.

(b) Define a subspace of a vector space V. Let § be a subset of R® defined by
S ={(x,y,2) € R®:x? + y? = z2}. Then examine if S is a subspace of R®.

(c) Let Gbe agroupand H = {y € G: xy = yx,Vx € G}. Show that His a subgroup of G.  3+(1+3)+3

(a) Prove that under matrix multiplication the set M = {(‘: 3):a, b,c,d € Rand ad — bc = 1} is a
group. |
2 2 1
(b) Show that 5 is an eigen value of the matrix A=|1 3 1 |and also find an eigen vector of the
1 2 2

matrix corresponding to the eigen value 5.

(c) Define a basis of a vector space. Prove that the set § = {(2,1,1), (1,2,1), (1,1,2)} forms a basis of the
real vector space R>. 34+(142)+(143)
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4. (a) Define dimension of a vector space V. Fnd a basis and the dimension of e slbmpace W of IR3,
whereW={(x,y.z)ERs:x+Zy+z=0. Zr+y+32=0}-

(b) Extend the set {(1,2,1), (2,1,1)} w a basis of R>.
(c) Let G be a group and a € G. Prove st aG = G; where aG = facg:g€G). (14314343

5. (a) Prove that the set {1, w, w?} where & = 1, forms a group with respect to multiphcation
(b) Prove that the ring of matrices {(:i :) :a,be IR} under matrix addition and mmitiplication form a
field. (R is the set of all real numbers)
(c) Show that the quadratic form 5x* + y? + 1022 — 4yz — 10zx is positive definite. 3+3+4

Group-B
Marks-25
Answer Quessisn No. 6 and any two from the rest.

_ 6. (a) Answerany one question: 2x1 _
) (i) Find the angle between the straight lines whose direction ratios are 1,1,2 and V3 -1,
—V3-1,4,
(i) Find the equation of the plane passing through the points (~2, 3,4) and parallel to yz — plane.
(iii) Show that the triangle formed by the points (0, 7, 10), (—1, 6, 6) and (~4, 9, 6) is right angled.

(b) Answer any one question: ' 3x1

(1) Find the equation of the right circular cone whose vertex is the origin and base is the circle
x=a;y%+2% = b2

(ii) Find the equation of the sphere which has (3,4, —1) and (—4,2,3) as the end points of a
diameter.

(iii) Show that the straight line 2x +2y —z—6=0 = 2x+3y—z—8 is parallel to the
coordinate plane,

7. (a) Perpendiculars PL, PM, PN are drawn from the point P(a, b, ¢) to the co-ordinate planes. Show that
equation of the plane LMN is i + % + §_= !

(b) Find the equation of the sphere having its centre on the line 5y + 2z = 0 = 2x — 3y and passing
through the points (0, —2, —4) and (2, -1, —1).

(c) Show that the equation of the come which passes through the co-ordinate axes and the straight lines
J'f=_iz=§a\nd§=%=-_z—1is;3yz+1[]zsnr+6:ry'=0. 44343
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8. (a) Find the shortest distance between the lines x_—s = 12—7 = -z—;é and e

(b) Show that the angle between the two diagonals of a cube is cos™! G)
(c) Find the equation of the sphere described on the line segment PQ, joining the points P(2, -3, 4) and
Q(—1,0,5) as diameter. 4+3+3

9. (a) Find the distance of the point of intersection of the line i S L S G the planex —y+z =5
3 4 12 P
from the point (-1, —5,—10).

(b) Find the equations of the planes through the points (1,—2,4), (3,~4,5) and parallel to the
co-ordinate axes.

(c) Find the equation of the sphere passing through the points (0, —2,—4), (2, —1,—1) and having its
centre on the straight line 2x — 3y = 0 = 5y + 2z. 4+3+43

10. (a) The axis of a right circular cone with vertex O makes equal angle with the co-ordinate axes and the
cone passes through the line drawn from O, with direction cosines proportional to 1, -2, 2. Find the
equation of the cone.

(b) Find the equation of the tangent plames to the sphere x2 + y2 + z2 — 2y — 6z + 5 = 0 which are
parallel to the plane 2x + 2y —z = 0.

(c) Find the direction cosines of the line that makes equal angles with the coordinate axes. 44442

Answer Questior Ne. 11 and any two from the rest.

11. (a) Answer any one question: 2x1

(i) Show that the existence of a maximum or a minimum value of a function f at certain point need
not imply f {x) = 0 at that point.

2
(i) Examine whether Rolle’s theorem is applicable to the function f(x) = x3 in [—1, 1].

& *u
(iii) U = xlog.y(y > 0), show that — a.m:y Fyax
(b) Answer any one question: 3x1
g s i dd —
(i) Evaluate : Jlrl_rg ooy &
(i) If u(x, )- menﬁndd:evahjeofx—+ygu.

(iii) Examine the continuity of the function f(x,y) = |x| + |y| at the point (0,0).



K(21)-Mathematics-G-2 )

12,

13.

14.

15.
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18.
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20,
21.

x2-y? 5
iyt ! x +y'z¥0

@) If f(x,y) =
0 , x*+y?=90

then show that f»(0,0) = £,.(0.0).
(b) Expand sinx in an infinite series im power of x. 545

(a) Find the values of a, b such that lien 22 0sx+e™ _
- xsinx
3

(x+y+2z)?" 5+5

() Ifu = log(x* + y* + 2° — 3xyz). then prove that u,, tuyy +y, =

(a) Find the extreme value(s) of f(x,y) = 2x2 — xy + 2y% — 20x.

(b) Use the Implicit function théorem to solve x2 + xy+y%~7=0in the form y = @(x) near the
point (2, 1). 5+5

(a) State and prove Lagrange’s Meam Value theorem.

() If z is a function of x and Yy and x=e¥+ eV and y=e “—e¥  then prove that
dz 9z az az

a-£=x5;-ya-;. 545

Group-B
Marks-15
Answer Question No. 16 and any three from the rest.
Answer any one question: 3x1
. dx
(2) Examine the convergence of [ o
T3 |
(b) Evaluate : [Zsinz xcos3xdx.
(c) Evaluate : foz ff(l + x + y)dxdy.
n s m\"—1 ‘

Ifl, = f.,?x" sinx dx,n > 1, then prove that I,, + n(n — DL, = n(—z—) . 4
Evaluate : [[. (x2 + y2)dxdy over the region R bounded by xy = 1,y = 0,y = x and x = 2. 4
Prove that f: e %" x2dx x j:“ e dx = %. 4
Find the area of the region bounded by the curve y = x2 and the line y = 2x. 4

Find the perimeter of the curve represented by x = -;_;:-:-,y =

2t
142’
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Group-C
Marks-10
22. Answer any ore question 2x1

. - ey &,
(a) Find the complementary fumcsion of oty =x°
. . Fy . —_—"
(b) fﬁndtheparﬂml:myﬂc‘——,+&z+4y-xsm2x.

23. Answer any fwo questions: 42

d’y dy
(a) Solve:a—’,:-—;-—yzmh

() Solve: 52— 62 4 7y = e* 4 =

Z
(c) Solve: xz—g-x-%- 3x%+4y= 273

@

(d) Solve: e

+4%+4x=3mz:,ginwhmt=o,x=0and§=o.
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