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Apswer Question No. 1 an

ions from the following:

2«5=10

1. Answer any five gues!
Ll #
- : !
i)
o, Evaluntc lnrgh e ‘
Aﬁﬁ!’ (2, 5/2) is known to be a point of inflection of the curve 3x°y
then find the value of o and #.

+ax+ fy=0,"

{¢) Find the interval where the curve ¥y = (CosX 4+sinx) is concave upwards or

nwards for (< x <21,
" Write the cquation 4xy =1 in terms of a rolated rectangular £ -system if the

axes are tumed through an angle tan
{e) Show that the ebscissa of the points of inflexion on the curve 37 = f(x) satisfy
the equation L]rr[.'ﬂ}i =27 (x)/"(x).

(f) Find the equation of the
¥z 4 22x+ 3xy + 6 = 0 which pass through the point (-1,0,3),

() Find the equation of the sphere which passes through the circle e R B
#=0 and is cut by the plane x+2y+22 =0 in 2 circle of radius 3 units,
Ah} Find the wvaluze of « and b for which the differential  eguation

(a’r’ + byvcosxidr+ (2sinx - 4@ ) dy =0 is exact.

_I’:I
o

generating  lines of  the  hyperboloid

. . dv 2 :
(i} Show that the equation :‘r_z 234, 3(0)=0 has no unigue solution.

1

2. m I y™ 4y ==2x, prove that 4
“: - IJJ‘}n! + {1" + n't.-"'hl Al ["T . mI ”Ln =0
(b) Prove that the points of inflexion of the curve y* :
: e yix—a)=x" i
S - ¥ y=x"(x+a) sublend an 4
angle 3 at the onigin.
3. (a) Show that envelope of the lines d i
pe of the lines drawn ot right angles to the radii veclors of the 4

cardivid r = a{l +cosf) through their extremities is given by r = Yacos 0
= 5 .

#t) Find the asymplotes of the curve p=-— @
, 7 cosf}
4. (2) Trace the curve given by the equation

1'1 ':.'Ii': ad+x
. -“_H_ﬂ—x .
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() Show 1l the eqnation 4y¢ —dxp+ 7+ 2e=20y+9=0 represents o parabola

whose langs rectum is 2% unine

S (@ Prove th length of e are aof the
hetween the points of inle
|_‘-]
alog2 42,
(. "6
(h) A spl ‘o T . R
IL\'L"Ii il;:;r']:‘ nlju;:uulant Fwling ' through the origin and intersects the co-ordinate 4
S QR Prove iy e centroid of (he trinngle POR lies on the sphere
V(x" +yly N y=dd?,

parabola 7 = day which is intercepted 4
rsection of the paraboln and the straight line Iyp=8r is

6. (n) Find the cquation of the sphere which passes through the urig
=5 at the poim (2, -4, 6)
n of the cylinder wha
3z and which passes thro

sphere v 4
(b) Find the cquatio
line 2y =y=

in and touches the 4

Ll

¢ penermtors are parallel to the straight 4
ugh the cirele x? + 22 — ¢ . ¥y=0,
7. (a) Through a

rart i
variable  penerator F=y=4d, x+y= -i“ of the paruboloid 4
=y =22 gy

ane 1s drawn, making an anple &

ﬂ\¢ locus of the point at whick it touches the paraboloid,

(b) The curve that an 1dealised hanging chain or cable assumes
ends and acted on solely by its own weight is called a cile
this curve is

th the plane x=y, Find

when supported at jis 4
nary. The equation of
XY -3 .
V= hl = | =2 f.xu =ifa
) uc{!:h(u] I{e- +e Ty

Find the are length of the curve between the points where it is cut by y =24

8. (a) Determine the surface area of the solid obtained by rotating y = 0 —x° | lx|s2

4
about the x-axis.
(b Show that the following first order ode is exnet and hence solve il 4
1+ H,_}.:;-‘i :xi’Jy?a"l —x\? ~
[ FEENE ]dt +[ e dy=0.
9. (a) Find suitable integrating factor of the following ode and hence solve it, 4
{15+I211}-:]+[T.\'!_1'+ %J‘-i:- =0,
N— . dv )’ a sl :
(b} Find singular solution of 9 e (2=¥)" =4{3-1), 2
gerSolve: (4xy—6)de+x'dy =0. 2
A0.(a) Determine the constants a, b, ¢ such that 4
i v(a+bcosx)+esinx 1
i o 60
(b) Show that the differential equation of the circles through the intersection of the 4

circle x*+ 3% =1 and the line x—p=10 is piven by

(57 =250 = 37+ Do+ (2 + 200 = )7 ~Dedy = 0.

¥
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Answer Question No. | and any five from the rest

l. Answer any_five questons from the following
...(ﬂ{"' a. b. e, d are positive real numbers, not all equal. prove that
I
(w+bh+o4 d_{— 4 . v -l-*i » 6
o h (& o

(b) Prove that i » Y= =2|.:us-.-‘:‘:' . where n s i positive integer greater than 1 and
2f= is the principal nthrootof = .
(¢) Apply Descartes” rule of sign to find the least number af non real roots of the

equation x'¢ =x*=0n._
11 a and b are imogers st g.c.d (a A1 =1 then prove that g c.dfu+h a-b)y=1.
of nny lour consecitive integers is Jivisible by 24,

(¢) Shaw that the product
£ .8 — & which is not injective, where

(N Give an example of a surjective mapping
N is an infinite set.

ind a relation on the set of positive int
reflexive nor syaunceiric.

( egers which is transitive hut ncither

(h) Solve the equation I =y =184+ =0 if twoe of is routs are cqual in
magnitude but oppusite in sigen.

{.i)/Giw an example ol 3x3 matrix whose cigenvalues are 1,2 and 3.

2. (a) If 3x=a+b+c=d, where ah.cd and y—a, s=b. s—¢, s=d wv all
positive, prove that
abcd > 81y —u)(s =Py - clNs—d).

unless u=h=c=d.
(b) If a. b, c are positive real numbers s.1. a+6b+ ¢ =1, then prove thin

(¢1+:]‘—J-+(£H :;] +(¢‘+%J 233:-;-

3. (a) Ifexben special root of the equation P -1=0, prove that

(a+ax' et ~a’)==3

ﬁ‘) Solve the equition At =6x7 —16x=15=0 by Ferrari's method,

1073 1
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5 [ - ~}ll| is
4. (a} Show that the principal value of the ratio of (140" and (17
sintlog 2)+1costlog 2), -
M If cosx+ cos 4 cosp = 0 = sinax + sin fl 4 sin y then s!u:w 1I|:nt. :
s’ @ +eos” f+cos’ ?’% =sin’ g+’ f4sin"y.

S. () Prove thot forall ne N, (24 J3)" 4 (2= /3)" isan even integer.
(b) Prove that 13" 414" = 2(mod 11). .
6. (a) Examine whether the relation p iy un equivalence relation on the set
integers, where
* P=lmme LT \m—n|<3}. ‘ e
(b) Suppose that f:A— B is u function. Show that / is 1-1 if and only i
cxists an onto function x: 8 — 4 satisfying g(f(a)} =0, Vue d.
7. (2) Prove thal the cigenvalues of a real symmetric matrix are a-ll rcal:
(b) Compute the inverse of the following matrix by row translormations:

110
A=|4 2 -y
731

‘8. [#) Determine the conditions for which the sysem of equution has
(i) only one solution (i) no solution (iii) many solwtions
Xt y+==]|
X+2y—z=4h
Sx+ 7y +uz=b
{ﬁ) Reduce the matrix

12 =2
A= 2 |
-2.2 1

to a row-reduced Fchelon form and find its runk,

9. (a) Show that (he Cigen vectors corres
matrix A are lincarly independent.
(b) Find the cigenvalues and

ponding 1o distinet cigenvaluces of an nxp

the corresponding eigen vectors of the i

Mowing matrix
7 9 |

|
2
10fa) Show that zero is a characteristic roon of

amatrix A ifand mi’ly if 4 i singular,
(h) Verify Cayle

y-Hamilton thearem fug the

nutrix
1 2
A=1 -1
2 3 -}

Express 4™ asy polynomial in 4 and then compute 4

———_I-—-—-
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WEST BENGAL STATE UNIVERSITY
B.Sc. Honours 1st Semester Examination, 2021-22

MTMACORO01T-MATHEMATICS (CC1)

Time Allotted: 2 Hours Full Marks: 50

The figures in the margin indicate full marks.
Candidates should answer in their own words and adhere to the word limit as practicable.
All symbols are of usual significance.

Answer Question No. 1 and any five from the rest
1. Answer any five questions from the following: 2x5=10

(a) If y=sinkx+coskx, prove that y, =k"{1+(—1)" sin 2kx}"2.

t? y_t2+2
1+t% t+1

(b) Find the asymptotes of the curve x =

asin x —sin 2x

(c) Determine a such that, lim———-——— existsand = 1.
x>0 tan”®Xx

(d) Determine the angle of rotation of the axes so that the equation x+y+2=0
may reduce to the form ax+b=0.

(€) Find the centre and radius of the sphere x2 +y? + 22 —4x+6y—8z=71.

(f) Find the values of a for which the plane x+y+z=a+/3 touches the sphere
X +y2+2?-2x—2y—-2z-6=0.
(9) Find the equation of the cylinder whose generating line is parallel to z-axis and
the guiding curve is x> +y* =z, x+y+z=1.
(h) Show that the differential equation |%|+|y|=0 has a particular solution
X

which is bounded.

(i) Obtain the singular solution of the differential equation y—px—%zo,

where p :d_y.
dx
2. (@) If P,=D"(x"logx) then prove that P,=nP,,+(n—-1)!. Hence prove that 4
_ 1.1 1
Pn_n!(logx+1+§+§+ ........... +17) -
(b) If x¥3+y?%=c?? is the envelope of the lines %+% =1 where a, b are variable 4

parameters and c is a constant then prove that a* +b? =c?.

1023 1 Turn Over
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3
3. (a) Prove that the length of the loop of the curve x=t?, y:t—% is 4+/3 .

(b) Find the asymptotes of the curve x*(x+Yy) (x—y)* +2x*(x—y)—4y® =0.

4. (a) Find the range of values of x for which the curve y=x*-16x>+42x? +12x+1

is concave or convex with respect to the x-axis and identify the points of
inflexion if any.

(b) If y=sin(msin™*x), show that (1—x?)y,,, —(2n+1)xy,,, +(m? —n?)y =0.

5. (@) Find the equation of the generating lines of the hyperboloid
3Xy + yz +2zx+6 =0 which passes through the point (-1, 0, 3).

(b) Reduce the equation 4x? +4xy +y? —4x—2y+a=0 to the canonical form and
determine the type of the conic for different values of a.

6. (a) Find the equation of the cone whose vertex is (1, 0, —1) and which passes
through the circle x®+y®+2° =4, x+y+z=1.

(b) Find the equation of the curve in which the plane z=h cuts the ellipsoid
2 2 2

X Y +— =1 and find the area enclosed by the curve.

_+_
a’ b?> ¢

X2

2
7. (a) The section of the cone whose guiding curve is the ellipse —2+Z—2 =1, z=0
a

by the plane x =0 is a rectangular hyperbola. Show that the locus of the vertex

2 2 2
is the surface X—2+M =1.
a b

(b) Show that the equation of the circle, which passes through the focus of the
parabola 2—ra:1+cos¢9 and touches it at a point &=«, is given by

rcoss% = acos(@—%a).

8. (a) Show that the general solution of the equation g—y+ Py =Q can be written in the
X

form y=k(u-v)+v where k is a constant, u and v are its two particular
solutions.

(b) Determine the curve in which the area enclosed between the tangent and the
coordinate axes is equal to a®.

1023 2
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9. (a) Solve y(xy+2x%y?)dx+x(xy —x?y?)dy=0.

dy

d—=cosx(2cos y—sin?x) to a linear equation and
X

(b) Reduce the equation siny

hence solve it.

10.(a) Using the transformation u=x®> and v=y? to solve the equation

xyp? —(x? +y? —1) p+xy =0, where p=g—y.
X

(b) Solve (x?y>+2xy)dy =dx.

N.B. : Students have to complete submission of their Answer Scripts through E-mail / Whatsapp
to their own respective colleges on the same day / date of examination within 1 hour after
end of exam. University / College authorities will not be held responsible for wrong
submission (at in proper address). Students are strongly advised not to submit multiple
copies of the same answer script.

1023 3
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WEST BENGAL STATE UNIVERSITY
B.Sc. Honours 1st Semester Examination, 2021-22

MTMACORO02T-MATHEMATICS (CC2)

Time Allotted: 2 Hours Full Marks: 50

The figures in the margin indicate full marks.
Candidates are required to give their answers in their own words as far as practicable.
All symbols are of usual significance.

Answer Question No. 1 and any five from the rest

1. Answer any five questions from the following: 2x5=10

(@ If a b, c are all positive and abc=k®, then prove that
(1+a)(@+b)(1+c) = (1+k)>.

(b) Solve the equation 3z°+2=0.

(c) Apply Descartes’ rule of sign to determine the number of positive, negative and
complex roots of the equation x> —x* —2x®+2x+1=0.

(d) Prove that 2°" —1 is divisible by 7 for all neN.

(e) If ged(a, b) =1, then show that b|ap = b| p.

(f) Findamap f: N — N which is one to one but not onto.

() Let f:A— B be an onto mapping and P, Q be subsets of B. Prove that
fHPNQ) = (P)N Q).

(h) Find the minimum number of non-real roots of the polynomial equation
x®+x*—x%=0.

() Give an example of a reflexive and symmetric relation on the set {1, 2, 3} which
fails to be an equivalence relation on {1, 2, 3}.

2. (@) If a;, a,, a5, a, be distinct positive real numbers and s=a, +a, +a;+a,, then 3
show that ——+—> 4> 4 3 >5%.
s—a S—a, S—a; S—a,
(b) Show that (n+1)" >2"n!. 2
(c) If A be the area and 2s the sum of the three sides of a triangle, show 3
2
S
that A< —.
33
3. (&) If cosa+cos f+cosy =0=sina-+sin S+siny, then prove that 4

cos3a +cos3/5+cos3y =3cos(a+ f+7)

1073 1 Turn Over
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(b)

(b)

(b)

(©)

(b)

(©)

8. (@)

(b)

1073

If z,,z, are complex numbers such that z, +z, and z,-z, are both real then
show that either z,, z, are both realor z,=7,.

Solve the equation x*—3x—1=0, by Cardan’s method.

Form a biquadratic equation with rational coefficients, two of whose roots
are /3+2.

Let X be any non-empty set. Prove that there does not exist any surjective map
from X to P(X), the power set of X.

Prove that the relation p on R defined by xpy ifand only if x—yeQ (X, y €R)
is an equivalence relation. Find the equivalence class containing the element 0.

A relation p on R is defined as follows:
apb ifand only if |a|<Db

Show that p is transitive but neither reflexive nor symmetric.

If p is a prime greater than 3, then show that 2p+1 and 4p+1 can not be primes
simultaneously.

Use mathematical induction to prove that for any positive integer n

1.2+2224+32% +.....+n2" =(n-)2"* + 2

Prove that for any positive integer n, 3*"2 +5%™! = 0 (mod 14).

1 2 -1 10
Transform the matrix A=|-1 1 2 2 | to its row reduced echelon form.
2 1 -3 2
Hence find rank A and the solution set of the system of linear equations given by
X+2y—-z2=10
—X+y+2z=2
2X+y—-32=2

Use Cayley-Hamilton theorem to express A™ as a polynomial in A and then
1 0 2

compute A where A=| 0 2 1.
2 0 3

Show that the eigen values of an orthogonal matrix are of unit modulus.

2+1

4+2+2=8

2+2
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9. (a) If A be a square matrix, then show that the product of the characteristic roots of A

is det A.
(b) Find all the eigen values of the following real matrix:
2 -1 1
A= -1 2 -1
1 -1 2

Find one eigen vector corresponding to the largest eigen value found above.

10.(a) Express the matrix

A=

D W N
N W O
w O =

as product of elementary matrices and hence, find A™.

0 1 0
(b) If A=| =1 0 -2, show that A? cannot have imaginary characteristic roots.
0 2 0

N.B. : Students have to complete submission of their Answer Scripts through E-mail / Whatsapp to
their own respective colleges on the same day / date of examination within 1 hour after end
of exam. University / College authorities will not be held responsible for wrong submission
(at in proper address). Students are strongly advised not to submit multiple copies of the
same answer script.
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CBCS/B.Sc./Hons./1st Sem./MTMACORO01T/2020, held in 2021

WEST BENGAL STATE UNIVERSITY
B.Sc. Honours 1st Semester Examination, 2020, held in 2021

MTMACORO01T-MATHEMATICS (CC1)

Time Allotted: 2 Hours Full Marks: 50

The figures in the margin indicate full marks.
Candidates should answer in their own words and adhere to the word limit as practicable.
All symbols are of usual significance.

Answer Question No. 1 and any five from the rest

1. Answer any five questions from the following: 2x5=10

2X—7

(a) Evaluate the limit:  lim (tanx)
x—»(g)+
(b) If y=e™" "% show that (L—x%)y,., —(2n+Dxy . —(n>+m2)y, =0. Also
find y,(0).
(c) Find the interval where the curve y=e*(cosx+sinx) is concave upwards or
downwards for 0 < x< 2.
(d) Find the vertical and horizontal asymptotes of the following curve:

(x+1)* .
— = if x#-1or -3
f(X)=9x%+4x+3
0 ;. otherwise

(e) A sphere of radius k passes through the origin and meets the axes in A, B, C. If
(a, B, 7) be the centroid of the triangle ABC, then find the value

of a®+p%+y%.
(f) Examine the curve x =6t?, y=4t>—3t for concavity and convexity.

¥ +e7*

, 0<x<2.

(9) Find the arc length of the curve y =

(h) Find the equation of the generating lines of the hyperboloid yz +2zx+3xy+6=0
which pass through the point (-1, 0, 3).

(i) Solve: (4x*y—6)dx+x3dy=0

xdy —ydx

X2 +y?

(J) Test whether the equation xdx + y dy + =0 Is exact or not.

1023 1 Turn Over
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2. (a) Find the point of inflexion, if any of the curve x = (log y)®.

(b) Trace the curve x3+y®=3axy .

3. (a) Prove that the envelope of circle whose centres lie on the rectangular hyperbola
xy = ¢ and which pass through its centre is (x* + y?)% =16c?xy .

(b) Find the asymptotes of the curve x?(x+ y)(x—y)? +2x3(x—y) —4y* =0.

4. (a) Assuming evolute as the envelope of normals find the evolute of the ellipse

2 2
X
Y _q

a’® b

asin x—sin 2x

(b) Find the value of a, such that lim —————— s finite. Find the limit.
x—0 tan” x

5. () If I, =_|'cosm X cos nxdx then prove that,

I _cosmxsinnx+ m
e m+n m+n M0

(b) Find the surface area formed by the revolution of x? +4y? =16 about the x-axis.

6. (a) Derive the reduction formula for J. sec” x dx and hence evaluate J. sec’ x dx.

(b) Show that the length of the parabola y® =4ax cut-off by its latus-rectum is

2a[+/2 +1log(1++/2)].

7. (a) Discuss the nature of the conic x?+4xy+y®>—2x+2y+a=0 for different
values of ‘a’.

1

(b) Determine the nature of the conic r = 150050

. Find the eccentricity, the length

of the latus rectum and directrices.

8. (a) Show that if a right circular cone has three mutually perpendicular generators, the
semivertical angle is tan™+/2.

(b) Prove that the central sections of the conicoid (a—b)x* +ay? +(a+b)z? =1 are

a+b

at right angles and that the umbilics are given by x=+ | ———— |
2a(a—hb)

7-+ |8=b
'\ 2a(a+b)

1023 2
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9. (a) Prove that the centres of spheres which touch the straight lines y =mx, z=c and
y=—mx, z=—c lie on the surface mxy+cz(1+m?)=0.

(b) Find the equation of the cylinder whose generating line is parallel to the z-axis
and the guiding curve is x*+y? =z, x+y+z=1.

10.(a) Solve: y(xy +2x2y?)dx + x(xy — x*y?)dy =0

(o) soive: Y4 Yiogy =Y (logy)?
dx X X

11.(a) Show that the equation of the curve, whose slope at any point (x, y) is equal to
xy (x?y? —1) and which passes through the point (0, 1) is x°y? =1—y?.

dy 3
(b) Solve: sec’y o 2xtany = x
X

12.(a) Prove that (x+y+1)™ is an integrating factor of the equation
(2xy —y? —y) dx+ (2xy —x*> —x)dy =0 and hence solve it.
(b) Show that the differential equation of the circles through the intersection of the
circle x*+y? =1 and the line x—y =0 is given by

(x> —2xy — y? +1) dx+ (x> +2xy —y* =1)dy =0

13.(a) Find the surface area of the reel formed by the revolution of cycloid
x=a(@+sind), y=a(l—cos#) about the tangent at the vertex.

(b) If 1, :J'x” cos xdx , then prove that
I, =x"sinx+nx"*cosx—n(n-1) 1, _,

use this to determine Ix5 cos X dx.

2
() Find the singular solution of 9[%) (2-y)?=4(3-vy).
X

N.B. : Students have to complete submission of their Answer Scripts through E-mail / Whatsapp to
their own respective colleges on the same day / date of examination within 1 hour after end
of exam. University / College authorities will not be held responsible for wrong submission
(at in proper address). Students are strongly advised not to submit multiple copies of the
same answer script.

1023 3
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WEST BENGAL STATE UNIVERSITY
B.Sc. Honours 1st Semester Examination, 2020, held in 2021

MTMACORO02T-MATHEMATICS (CC2)

Time Allotted: 2 Hours Full Marks: 50

The figures in the margin indicate full marks.
Candidates are required to give their answers in their own words as far as practicable.
All symbols are of usual significance.

Answer Question No. 1 and any five from the rest

1. Answer any five questions from the following: 2x5=10

(2) Show that one of the values of (1+ i\/§)% +(1- i\/§)% is 3%.

(b) Find the equation whose roots are roots of the equation x°+3x*—8x+1=0 each
increased by 1.

(c) If a, b, ¢, d are positive real numbers, not all equal, prove that
a’+b°>+c®+d°®>abcd (@a+b+c+d).

(d) Prove that 3*" —8n—1 is divisible by 64 for all natural numbers n.

(e) Give an example of a relation on the set of positive integers, which is reflexive
and transitive but not symmetric.

(f) Show that the relation o ={(1, 3), (3, 5), (5, 3), (5, 7)} onthe set A={L, 3,5, 7}
does not satisfy symmetry and transitivity.

1 -1 2
(9) Determine the rank of the matrix |2 1 —1].
4 -1 4
00220
(h) Find a row-reduced matrix which is row equivalentto |1 3 2 4 1
2 6 2 6 2
. . o 11
(i) Use Cayley-Hamilton theoremto find A™, where A= 1 1)
. 10
(i) Find A*° where A= .
11
2. (a) If a,b,c,d beall positive real numbersand s=a+b-+c+d, prove that 4
81abcd < (s—a)(s—b)(s—c)(s—d) < 2%&
(b) If «, B,y berealnumbersand f+y>a, y+a>p, a+ B>y, show that 4

Bry-a)y+a-pa+p-y)<aBy

1073 1 Turn Over
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3. (a)

(b)

4. (a)

(b)

(b)

(b)

(b)

(b)

9. (@

(b)

10.(a)

(b)

1073

Express z = BT in polar form and then find the modulus and argument of z.

Prove that cos50 =16cos® @ —20cos® 0 +5cos 4.

~1+i/3
+i

Solve the equation 2x* +5x> —15x* —10x +8 =0, whose roots are in geometric
progression.

If o be a root of the cubic x*—3x+1=0 then show that the other roots are
(@’ -2) and 2—a—a?).

If «, B,y be the roots of the equation x®+ px®+qgx+r =0, find the value of
D (B+r-a)’.
Solve the equation x® —15x* —33x+847=0.

Find the equation whose roots are the roots of the equation x* —8x*+8x+6=0,
each diminished by 2.

Solve the equation x* —4x*+5x+2=0.

By the principle of mathematical induction, prove that
32" 4 (-1)"2 = 0 (mod 5) forall neN.

Prove that the product of any three consecutive integers is divisible by 6.

Examine whether the relation p is an equivalence relation on the set S of all
integers where
p={(a,b)eSxS: |a-b|<3}

Show that the equivalence relation on a set S determines a partition of S.

If f:A—>B and g:B—C be two mappings such that gof:A—>C is
injective, then prove that f is injective.

If f:S —T isoneoneonto, then prove that f™:T — S is one one onto.

Let R be the set of all real numbers and (-1, 1) be the interval defined by
(L) ={xeR: -1<x<1}

Prove that the mapping f: R — (-1, 1) defined by
X

M=

, VXxelR

is one to one and onto.

Suppose f:A— B, g:B —C be two mappings.
() If f and g are both injective, show that g o f is also injective.

(ii) If go f isinjective, then show that f is injective.

2+2

2+2
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11.(a) Find the values of k for which the system of equations
X+y-z=1

2Xx+3y+kz=3
X+Kky+3z=2
has (i) no solution, (ii) more than one solutions, (iii) unique solution.
(b) Reduce the matrix

01 -3 -1
10 1 1
131 0 2
11 2 0

to a row-reduced Echelon form and hence find its rank.

12.(a) Use Cayley-Hamilton theorem to express A as a polynomial in A and then
compute A where

0 01
A= 3 1 0
-2 1 4

(b) Show that the eigen values of a real symmetric matrix are all real.

13.(a) If k be a non-zero scalar, then prove that the eigen values of kA are k times the
eigen values of A.

(b) Find the eigen values and the corresponding eigen vectors of the matrix

2 -1 1
-1 2 -1
1 -1 2

N.B. : Students have to complete submission of their Answer Scripts through E-mail / Whatsapp to
their own respective colleges on the same day / date of examination within 1 hour after end
of exam. University / College authorities will not be held responsible for wrong submission
(at in proper address). Students are strongly advised not to submit multiple copies of the
same answer script.

1073 3
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MTMACORO1T-MATHEMATICS (CC1)

Time Allotted: 2 Hours Full Marks: 50
The figures in the margin indicate full marks.

Candidates should answer in their own words and adhere to the word limit as practicable.
All symbols are of usual significance.

Answer Question No. 1 and any five from the rest
1. Answer any five questions from the following: 2x5=10
4
(d) Evaluate lim X—X using L Hospital’s rule.
X—© @

(b) Write the equation xy=1 in terms of a rotated rectangular Xy’ -system if the
angle of rotation from the x-axis to the x'-axis is 45°.

(c) Find the differential equation satisfied by the family of curves given by
c?+2cy —x*+1=0, ¢ being the parameter of the family.

(d) Find the length of a quadrant of the circle r=2asiné.

(e) Find the curves passing through (0, 1) and satisfying sin(%) =C.

(f) Find the values of b and g such that the equation 4x?+8xy +by?+2gx+4y+1=0
represents a conic without any centre.

(9) Test whether the equation xdx + ydy +M =0 is exact or not.
X“+y
(h) Find the singular solutions of
d 2
9(d—y} (2-y)*=4(3-Y).
X

2. (a) Find the evolute of the parabola y?=8x. 3

(b) If x=tan(logy), prove that (L+ x?)y,,; + (2nx—-1)y, +n(n—1)y, ,=0. 5

3. (a) Find the asymptotes of the curve x*—2y*+xy(2x—y)+ y(x—Yy)+1=0. Prove that 3+1+1
these asymptotes cut the curve in three points which lie on a line.

(b) Find the envelope of the family of straight lines, which together with the line 3
segments intercepted by the coordinate axes form triangles of equal area.

1023 1 Turn Over
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1
4. (a) Show that jxm(log x)"dx = (—1)"(m+in+l, where m>0 and n is a positive 4
0
integer.
(b) Find the surface area of the reel formed by the revolution of the cycloid 4

x=a(@+sind), y=a(l-cos®) about the tangent at the vertex.

5. (@) Find the values of c for which the plane x+y+z=c touches the sphere 3
X2+ y2+72-2x—2y—-272-6=0.

(b) Show that the section of the surface yz+zx+xy=a? by the plane 3
Ix+my+nz=p will be a parabola if V1 ++/m++/n=0.

(c) Prove that if a straight line meets a conicoid in three points, then it will be a 2
generator of the conicoid.

6. (a) Reduce 11x*+4xy +14y? —26x—32y+23=0 to its normal form using orthogonal 4
transformations.

(b) A variable plane passes through a fixed point. Show that the locus of the foot of 4
the perpendicular from the origin to the plane is a sphere.

7. (a) Determine the arc length of the parametric curve given by the following set of 5
parametric equations. You may assume that the curve traces out exactly once for

the given range of t’s : x=3t+1, y=4—t*>, —2<t<0.
12

(b) For the conic described by the polar equation M= 1 5cosd with focus at the 1+1+1
origin, find the directrix, eccentricity and nature.
8. (a) Solve the differential equation: 4
X (ydx+ xdy) cos (%): y (xdy — ydx) sin (%)
(b) Show that the equation of the curve whose slope at any point (x, y) is equal to 4
y+2x and which passes through the origin is y=2(e*—x-1).
9. (a) Solve: (xy® +2x%y®)dx+(x*y —x?y?)dy =0. 4
(b) Solve: 1+ y?)dx=(tan™*y—x)dy. 4

1023 2
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B.Sc. Honours 1st Semester Examination, 2019

MTMACORO02T-MATHEMATICS (CC2)
Time Allotted: 2 Hours Full Marks: 50

The figuresin the margin indicate full marks.
Candidates are required to give their answersin their own words as far as practicable.
All symbols are of usual significance.

Answer Question No. 1 and any five from therest
1. Answer any five questions from the following: 2x5=10
() Solvetheequation x°+x*+x®+x*+1=0.
(b) Express (,/3 +i) in polar form and hencefind (v/3+i)'%.

(c) If each of the four positive real numbers a, b, ¢, d is greater than 1, show that
8(abcd+1) > (a+1)(b+1)(c+1)(d+1).

(d) If aisaroot of the cubic equation x*>—3x+1=0, then find the other two roots are
a’-2 and 2—a—a’.

(e) Using Descarte’s rule of sign, find the nature of the roots of the equation
x* +16x* +7x—11=0.

(f) Let a, b be two nonzero integers and ¢ be an integer. If ajlc, b|jc and
gcd(a, b)=1, show that ab|c (the symbol m|n means‘ m divides n’).

(g) If 2 and 3 are the eigenvalues of a real square matrix A of order 2, find by
applying Cayley-Hamilton theorem the inverse of A in terms of itself.

(h) Forafiniteset S, if f :S— S beinjective, then show that f ishijective.

2. (8) Use De Moivre'stheorem to show that sin* 6 cos® 0:2—17(c058¢9—4cos40+3). 3
(b) Solve the equation 2x* —5x°—15x*+10x+8=0, when it is given that the roots of 3
the equation are in geometric progression.
(c) Prove that the roots of the equation 1 + 2 + 3 =X areadll redl. 2
x-1 x-2 x-3
3. (8) Solve by Ferrari’s method: 9x* +12x°+9x*> —2x—8=0. 5
(b) If &, a, ..., a, and by, b, ...., b, are 2n rea numbers, then show that 3

(ab +a,b, +...+a b )2<(a2+as +...+a2) (b2 +bZ +...+b?).

4. (a) Let x, y €Z (the set of al integers) with y=0. Then show that there exist unique 5
integersgandr suchthat x=qy+r, 0<r <|y|.
(b) Define inverse of a relation on a nonempty set. Prove that a relation p on a 3
nonempty set S is symmetric if and only if p=p* where p™ stands for the
inverse of p.
1073 1
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6. (a)

(b)

(©

7. (8

(b)

(©)

(b)

(b)

(©)
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Show that there is a mapping ¢: Z — Z which is injective but not surjective,
Z being the set of all integers.

Lee f:A—>B, g:B—>C, h:B—>C be three mappings such that f is
surjectiveand go f =ho f. Provethat g=h.

Prove that the set of all integers Z and the set of all natural numbers N are of
same cardinality.

Let aand b(>1) beintegers. Prove that there exist unique integers g and r such
that a=bg+r with 0<r <b.

Using mathematical induction, find the least positive integer n, such that n? < n!
for al positive integers n > ny,.

Prove that an integer p>1 isaprime number if and only if p divides ab implies,
either p dividesa or p divides b, where a and b are any two integers.

Use the notion of congruence relation between the integers, to prove that 41
divides 2° —1.
Let a, b, c be integers and m be a positive integer. Prove that ab = ac (mod m) if
andonlyif b=c mod— |,

gcd(a, m)

Show that ¢(5n)=5¢(n) if 5 divides n, where n is a positive integer and ¢
denotes the Euler phi function.

Prove that gcd(n, n+1)=1 for any neN. Find integers x and y such that
nx+(n+1)y=1.

For a positive integer a, find the integral value of b for which the following
system of equations will have infinitely many solutions:

X+y+z=1
X+2y—z=b
5x+ 7y +a’z=5b?

Applying elementary row operations, find the inverse of the matrix

1 1 2
A=|1 0 4
1 -2 1
a -1 -1
Find the rank of the matrix A= 1 al _al for different real values of a.
1 1 1

If A is an eigenvalue of a real orthogonal matrix A, prove that % is aso an

eigenvalue of A.




e fuaran,

WEST BENGAL STATE UNIVERSITY
B.Sc. Honours Ist Semester Examination, 2018

MTMACOROIT-MATHEMATICS (CC1)

CALCULUS, GEOMETRY AND ORDINARY DIFFERENTIAL EQUATION

Time Allotted: 2 Hours .. Full Marks: 50
The figures in the margin indicate full marks.
Candidates should answer in their own words and adhere to the word limit as practicable.
All symbaols are of usual significance.
Answer Question No. 1 and any five from the rest
1. Answer any five questions from the following: 2x5=10
 (a) Prove that the function f(x)= Acosmx+Bsinmx satisfies the differential

equation f7(x)+m’ f(x)=0.

(b) Find the value of Iim|: i —i}

=0 g* -1 x

{c) From the following parametric equations form an equation in x and y :

x :4sin(—r-), y=1 -2msl[1]
3 4

(d) Write the equation xy =1 in terms of a rotated rectangular xy"-system if the-
angle of rotation from the x-axis to the x* - axis is 45°,

(é) Find the nature of the curve x* — y> +4x+10y =35

(f) Find the general solution of 3¢* tan ydx + (1 -e"}sec’ y dy =0

2
(8) Find the singular solutions of [%] +yt =1

(h) Test whether the equation {1+ ¢ )dx + e ?’[1 —-{]afv =0 is exact or not.
¥y

2. (a) Prove that the asymptotes of the curve . 5
(x* —4_1.:2)(.%2 -—9_}:2} +5x%y =507 —30)" +xy + 7_].:2 ~1=0 cui the curve in
eight points which lie on a circle of unit radius.
(b) Show that the envelope of the family of straight lines given by the normal - -3
equation : xcosC +y sinC — p=0 (where C is the parameter) is the circle with
radius p and centered at the origin.

3. (a) If y=x"cosx then prove that

—_— = (nl +n—x3}sin[x+%J+ 2x(n -1—1)505[};.{.-%},

where n is a non-negative integer.
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_ (®) If tim sin2x +asinx

3 be finite, find the value of & and the limit. 4

x—0 X

2

4. @If 1,,= Icos”‘xsinnxdx, then prove that [, ,= l +— Lo iy ats 2+2
’ o _ ’ m+n m+n .
m, »n being positive integers. Hence deduce that
i 2 7 2"
I == 24—ttt —
e g [ 23 m ]
£ :

(b) Find the length of the loop of the curve x =¢7, y=i-=% 4
5. (a) Show that the area of the surface of the solid generated by revolution the asteroid 4

. . .12
xta_cos;t, y=asm3t about the axis of x is —5~m1

(b) Deé.cribc the graph of the ellipsc {x + 3P +4(y—-5)° =16
(c) What does the reflexion property of parabola mean? 1

6. (a) Discuss the nature of the conic x* +4xy+ 3y’ —2x+2y+a=0

for different values of “a’.
(b) The latus rectum of a conic is 6 and its ecccnﬁiéity is % Find the length of the 4
- _—focal-cherd mraking an anpleof 45°with the major axis.

7. (a) The plane z +%+E =1 meets the coordinate axes at A, B, C. Find the equation 4
a c

of the cone generated by the straight lines drawn from O to meet the circle ABC.

(b) If a plane passing through a fixed point (z, 8, ¥} meets the axes at A, B, C 4
respectively, show that the locus of the centre of the sphere passing through the
a B ¥
=2

origin and the points A, B, Cis —+—+~—
x y z

8. (a) Solve: xdy—ydx= (x? +y2)"'r2r,ix
(b) Solve: (x*y—2xpH)dx = (x>~ 3x"y)dy =0

9. (a) Find the solution of 4
dy N 2x '
dx 1+x

1 -
5= under the condition y =0 whenx= 1.

Y0 )

(b) Solve: 2::2[%) =X+ 3y
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Answer Question No. 1 and any five from the rest

1. Answer any five questions from the following: 2x5=10

(a) Express z=~1 +iv3 in polar form.
(b) Prove that 2" > 14my2""
(c) Solve x =1
(d) Find the condition that the roots of the equation

x* — px* +gx—r=0 will be in G.P.
(¢) Show that the following equation has at least four imaginary roots.

4x" -8x* +4x° -7=0

(f) A relation pis defined on the set Z by “apb iff ab > 0 for a,b e Z . "Examine if

pis reflexive and transitive (where Z denotes the set of integers).

01
(2) Find the eigen values of the matrix Az[ﬂ [I} and verify Cayley-Hamilton

theorem for A.
(h) Let p be an equivalence relation on a set Sand a,be 8. If apb, then cl(a) and
cl(b) are disjoint.
2. (2) Find the roots of the equation 2" =(z+1)", where n (> 1) is a positive integer. 3
Show that the points which represent them in the z-plane are collinear.
(b} Solve the equation x* —x* +2x% - x +1=0 which has four distinct roots of equal 3
moduli.
(c) If @, f, yare the roots of the equation x° +gx+r =0, then find the value of 2
1
ZHL‘ _ﬂ?’
3. (a) For a suitable value of A, apply the transformation x = y+h to remove the term s

of x* from the equation x* —15x% —33x+847 =0, and then solve the transformed
equation by Cardan’s method. Hence, find the roots of the given equation.

(b) If a, b, ¢, d are positive real numbers such that a+b+c+d =1, prove that 3

a B o N da }i

+ + F ———
l+b+ec+d l+c+d+a l+d+a+d l+asb+e 7T




. (a}) Prove that R={(a,b)eEZ=E: Ba+5b is divisible by 18} is an equivalence
relation on the set of integers Z. :

(b) Prove that a reflexive relation £ on a nonempty set § is an equivalence relation on
S if and only if (a,b) € o and (b.c) € p imply that {c,a)e p forany a.b,ced§.

(¢) Let R be an equivalence relation on a set § and for ae S, let [a] denote the
R-equivalence class of a in S. For any two elements x,y e § if [x]=[y], show

that [x][y]=¢.
. (a) Let f,g:R — R be two functions given by f(x)=|x|+x for all xeR and
g(x)=|x|-x forall xe R.Find fog

(b} For two nonempty sets X and Y, let f: X — Y be a mapping such that
. fANB)= f(A)n f(B) for all nonempty subsets 4 and B of X. Prove that fis
injective. '
(¢) Show that the open intervals (0, 1) and (0, o) are of same cardinality.

. (a) State Well-ordering property of positive integers. Also state Fundamental
Theorem of Arithmetic.

(b) Use mathematical induction to prove that for any positive integer n, 7 divides
32H+'| +2n+2 )

{c) Show that there are infinitely many primes of the form 4r+3, n being
non-negative integers.

. () Use Chinese remainder theorem to solve:
x=2({mod 7)
x=3(mod 9)
x=2(mod 11}.
(b) Solve the congruence 12x =9 (mod 15).
(c} Find ¢(260), where ¢ r:tands for Euler’s phi-function.

(d) Determine that integers n =3 such that 5=# (mod #’).




-'.-‘::: -

\
8. (3) Determine the third degree polynomial function f(x)=ax’ +bx’ +ex+d whuse,. ) . |
graph passes through the points (- 1, 1J, (1, 1), (2, ~2) and (3, 1). W& LIBRAR

,f’

(b) Determine if the following system is consistent: ' t3 %
—4x; =8 s
2x —3x +2x, =1 .
5x;—8x; +Tx; =1
(c) Find the wvalue of & for which the system of equations kx+y+z=1, 2
x+hy+z=1, x+y+kz =1 will have a unique solution.
9. (a) Find the rank of the following matrix when A lies in the open interval (-1, 2)., 2
A 1 0
3 A-2 1

A+ 0 A+l

3 10 5
(b) Show that the matrix A=|-2 -3 —4| hasa2-fold eigenvalue. Determine the 3
3 05 7
set of all eigenvectors corresponting to that eigenvalue of A.
0 0 —90
(€) State Cayley-Hamilton Theorem and verify it for the matrix 4=|1 0 39 3

01 0



