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1. Answer any four questions : 4x5=20

(a) State Completeness property of IR.
Let S be a non-empty subset of IR with sup S =M and inf S = m. Prove that the set
T= {|Jx=yl:x €8,y € §}is bounded above and supT=M-m.

(b) Define interior of a set S in IR. Prove that interior of S is the largest open set contained
in 5.

(c)} Define a closed set. Prove that derived set of a setin IR is a closed set.
(d) Define an enumerable set. Prove that infinite subset of an enumerable set is enumerable.

(e) Define a monotone sequence. Prove that a monotone increasing sequence, if bounded
above is convergent and it converges to its least upper bound.

(f) Prove that every bounded sequence of real numbers has a convergent subsequence.

(g) Let [a, b] be aclosed and bounded interval and f:[a,b] = IR be continuous on
[a, b]l. If fla) and fib) are of opposite signs then prove that there exists at least one
point cin the open interval (a, b) such that f'(c) = 0.

(h) Define Lipschitz function . Prove that a Lipschitz function f:I = IR is uniformly
continuous on 1.
If f(x) = logx, x € (0, o), show that fis uniformly continuous on [a, o) where a>0.

1



2. Answer any one question: 1x5=5

(a) Evaluate the integral ( Any one ):

X - xdx
. o (2
(0 f x4—x2-2 "' (i) 'rﬂ secx-tcosecx
k11
(b) ¥ I, = fn: tan™ 8d@, showthat I, = ﬁ — I, 5. Hence find the value of
n
J& tan® 6do6.
3. Answer any two questions: 4x2=8

[a] Define Cartesian product of two non-empty sets,
Let A, B, C be three non-empty subsets of a set §.

Show that Ax(B—C)=(4xB)\(4xC") , where C'is the complement of CinS.

[b] Prove or disprove: R = {(ﬂ, b)E Z x Z :3a+4b is divisible by T}is an equivalence
relation on Z, where Z is the set of integers.

[c)Let f:A—> B and g: B — Cbe two mappings(A4, B,C are non—empty sets).
Show that if g o fis injective then f is injective, but g may not be so.

[d] Show that the set of complex numbers a+ib (where i’=-1) for a®+b*=1 is a group under the
multiplication of complex numbers.

4. Answer any two questions: 4x2=8

[a] A variable plane through the x-axis and a variable plane through the y-axis are inclined
ata constant angle . Prove that their lines of intersection generates the surface
22(x* +y* +z) =x}" tan’ a.

[b] A variable straight line, parallel to yz-plane intersects the curves

x*+y*=a*,z=0 and x* = az, y =0. Prove that it generates the surface

'y =(a® -5 )x? - azf .



[c] If B be the angle between two lines whose direction cosines are I;, my, ny and Iy, my, n,
show that the direction cosines of their angular bisectors are

h+l, m+m, n+n and h=l, m—-m, n—n,

H’ a8’ ) a8’ e’ g "
Imui sti Imi Ismi Zsmi 2sin —

[d] Show that the equation to the plane containing the straight line %+ Z=1x=0and

i

parallel to the straight line —-~—=l,_}r-rﬂ is ——%——H 0and if 2d be the

shortest distance between the lines then show that ;1 -1 + L +-1—‘

5 . Answer any two questions: 4x2=8

[a] Show that a necessary and sufficient condition that a proper vector a always remains

parallel to a fixed line is that ux%rﬂl].

[b] Prove that di\{ Ax 3] = B-curl A- A-curl B.

[c] If Fis a vector function, prove that curl(cwriF) = grad(divF) - LaplacianF

[d] Prove, V? f{r}- f r‘#,where 1'-‘='.'.‘[:v:““+_;y,r1+z:I . Find f(r) suchthat V'f(r)=0.

6. Answer any four questions: ax 4

(a) If a and b are integers , not both zero , then prove that there exist integers u and v such that
ged{a,b) = au + bv,

(b) Find the least positive integer which leaves remainders 2 , 3 and 4 when divided by3,5and
11 respectively.

(c) w v:'#.‘““"" 3x3 + 5x2 + 5x + 3 = 0 has three distinct roots of equal moduli .

(d) Find the relation among the coefficients of the equation x* + px3 + qx% + rx + s = 0 if its
rootsa,f,y ,d be connected by the relation aff + 1 = 0.

3



\

(e) Use Strum’s functions to show that the roots of the equation x* + 4x® —x2 —10x+3 =0
are all real and distinct.
(f) if &, B,y be the roots of the equation x® + 3x + 2 = 0, find the equation whose roots are

(g) Show that the sum of the squares of all the values of (v3 + i} is zero.

(h) If a, b, ¢ be all positive real numbers, then prove that 23 B3 4 &4e% > 5 4 pot e

7. Answer any two questions: 2x 5

(a) A point moves so that the distance between the feet of the perpendiculars from it on the
straight lines given by the equation ax? + 2hxy + by? = 0 is a constant 2d. Show that its
locusis  (x2 + y2)(h? — ab) = d?{ (a — b)? + 4h?}.

(b} If A and B be two points on the ellipse Z; +2; = 1 such that three times the eccentric angle

of the one is equal to the supplement of that of the other, then find the locus of the pole of
AB with respect to the ellipse.

{c) Show that the locus of the point of intersection of the tangents to the parabola y? = 4ax at
points whose ordinates are in the ratio p?: g2 is the parabola

pﬂ 2
yi = (q_z +:—=+1]ax.

(d) If the normal be drawn at one extremity {I,El of the latus rectum LSL’ of the conic

§= 1+e cos @ where S is the pole , then show that the distance from the focus S of the other

{1+3e?+e?)
1+eZ—g* °

point in which the normal meets the conicis

8. Answer all the questions:

(a)} Prove that the medians of a triangle are concurrent . 4



(b) Prove by vector method that, in any triangle ABC

(i) CosA = £t2=2®  and (ii) c = aCosB + bCosA. 5
9. Answer any four questions: 4x4=16
a b ¢ df
b a d ¢
(a) Prove that d 5 =(a+b+c+dla+b-c—-dYa-b+c—-d)a-b-c+d).
¢ a
d ¢ b a

(b) If A is a real skew-symmetric matrix and (I + A) is non-singular, prove that the matrix
(I + A)~'(I — A) is orthogonal.
(c) Determine the conditions for which the system of equations
x+y+z=b
2x+y+3z=>b+1
S5x + 2y + az = b?
has (i) one solution; (ii) no solution; (iii) many solutions.

(d) Find the dimension of the subspace S of IR® defined by
5={(x,y,zzw) EIR*x+2y—-z=0,2x+y +w = 0}.
(e) (i) Prove that if A be an eigen value of a non-singular matrix A, then A* is an eigen value
of A,

1 -1 2
(ii) Find the eigen values and the corresponding eigen vectors of the matrix (E -2 4).
3 -3 6
(f} Reduce the quadratic form 5x% + y% + 1022 — 4yz — 10zx to the normal form and
show that it is positive definite.

(g) Use Gram-S5chmidt process to obtain an orthonormal basis of the subspace of the

Euclidean space IR* with standard inner product, generated by the linearly independent
set {(1,1,0,1),(1,1,0,0), (0,1,0,1)}.
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