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

MTMACOR01T-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: 2×5 = 10 

(a) If kxkxy cossin  , prove that 21}2sin)1(1{ kxky nn
n  .  

(b) Find the asymptotes of the curve 
1

2
,

1

2

3

2









t

t
y

t

t
x . 

 

(c) Determine a such that, 
x

xxa

x 30 tan

2sinsin
lim




 exists and = 1. 

 

(d) Determine the angle of rotation of the axes so that the equation 02  yx  

may reduce to the form 0bax . 

 

(e) Find the centre and radius of the sphere 71864222  zyxzyx .  

(f) Find the values of a for which the plane 3azyx   touches the sphere 

06222222  zyxzyx . 

 

(g) Find the equation of the cylinder whose generating line is parallel to z-axis and 

the guiding curve is 1,22  zyxzyx . 

 

(h) Show that the differential equation 0||||  y
dx

dy
 has a particular solution 

which is bounded. 

 

(i) Obtain the singular solution of the differential equation 01  ppxy ,  

where 
dx

dy
p  . 

 

   

2.  (a) If )log( xxDP nn
n   then prove that !)1(1   nPnP nn . Hence prove that 

)1...........
3
1

2
11(log! nxnPn  . 

4 

(b) If 323232 cyx   is the envelope of the lines 1
b
y

a
x  where a, b are variable 

parameters and c is a constant then prove that 222 cba  . 

4 
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3.  (a) Prove that the length of the loop of the curve 
3

,
3

2 t
tytx   is 34 . 4 

(b) Find the asymptotes of the curve 04)(2)()( 3322  yyxxyxyxx . 4 

   

4.  (a) Find the range of values of x for which the curve 1124216 234  xxxxy  

is concave or convex with respect to the x-axis and identify the points of 

inflexion if any. 

4 

(b) If )sinsin( 1 xmy  , show that 0)()12()1( 22
12

2   nnn ynmyxnyx . 4 

   

5.  (a) Find the equation of the generating lines of the hyperboloid 

0623  zxyzxy  which passes through the point (–1, 0, 3). 

4 

(b) Reduce the equation 02444 22  ayxyxyx  to the canonical form and 

determine the type of the conic for different values of a. 

4 

   

6.  (a) Find the equation of the cone whose vertex is (1, 0, –1) and which passes 

through the circle 1,4222  zyxzyx . 

4 

(b) Find the equation of the curve in which the plane hz   cuts the ellipsoid 

1
2

2

2

2

2

2


c

z

b

y

a

x
 and find the area enclosed by the curve. 

4 

   

7.  (a) The section of the cone whose guiding curve is the ellipse 0,1
2

2

2

2

 z
b

y

a

x
 

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

is the surface 1
)(

2

22

2

2





b

zy

a

x
. 

4 

(b) Show that the equation of the circle, which passes through the focus of the 

parabola cos12 r
a  and touches it at a point   , is given by 

)
2
3cos(

2
cos3   ar . 

4 

   

8.  (a) Show that the general solution of the equation QPy
dx

dy
  can be written in the 

form vvuky  )(  where k is a constant, u and v are its two particular 

solutions. 

4 

(b) Determine the curve in which the area enclosed between the tangent and the 

coordinate axes is equal to 2a . 

4 
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9.  (a) Solve 0)()2( 2222  dyyxxyxdxyxxyy . 4 

(b) Reduce the equation )sincos2(cossin 2 xyx
dx

dy
y   to a linear equation and 

hence solve it. 

4 

   

10.(a) Using the transformation 2xu   and 2yv   to solve the equation 

0)1( 222  xypyxxyp , where 
dx

dy
p  . 

4 

(b) Solve dxdyxyyx  )2( 32 . 4 

   

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

MTMACOR02T-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: 2×5 = 10 

(a) If a, b, c are all positive and 3kabc  , then prove that 
3)1()1()1()1( kcba  . 

 

(b) Solve the equation 023 5 z .  

(c) Apply Descartes’ rule of sign to determine the number of positive, negative and 

complex roots of the equation 0122 245  xxxx . 

 

(d) Prove that 123 n
 is divisible by 7 for all n ℕ.  

(e) If 1),gcd( ba , then show that pbapb ||  .  

(f) Find a map :f  ℕ ⟶ ℕ which is one to one but not onto.  

(g) Let BAf :  be an onto mapping and P, Q be subsets of B. Prove that 

)()()( 111 QfPfQPf   . 

 

(h) Find the minimum number of non-real roots of the polynomial equation 

0248  xxx . 

 

(i) 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.  (a) If 4321 ,,, aaaa  be distinct positive real numbers and 4321 aaaas  , then 

show that 
3
15

4321











 as

s

as

s

as

s

as

s
. 

3 

(b) Show that !2)1( nn nn  . 2 

(c) If A be the area and 2s the sum of the three sides of a triangle, show  

that 
33

2s
A . 

3 

   

3.  (a) If  sinsinsin0coscoscos  , then prove that 

 )cos(33cos3cos3cos    

4 
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(b) If 21 , zz  are complex numbers such that 21 zz   and 21 zz   are both real then 

show that either 21 , zz  are both real or 21 zz  . 

4 

   

4.  (a) Solve the equation 0133  xx , by Cardan’s method. 4 

(b) Form a biquadratic equation with rational coefficients, two of whose roots  

are 23 . 

4 

   

5.  (a) Let X be any non-empty set. Prove that there does not exist any surjective map 

from X to )(XP , the power set of X. 

2 

(b) Prove that the relation   on ℝ defined by yx  if and only if  yx ℚ yx,( ℝ) 

is an equivalence relation. Find the equivalence class containing the element 0. 

2+1 

(c) A relation   on ℝ is defined as follows:  

 ba  if and only if  ba ||  

Show that   is transitive but neither reflexive nor symmetric. 

3 

   

6.  (a) If p is a prime greater than 3, then show that 12 p  and 14 p  can not be primes 

simultaneously. 

2 

(b) Use mathematical induction to prove that for any positive integer n  

 22)1(2........2.32.22.1 132  nn nn  

3 

(c) Prove that for any positive integer n, )14(mod053 1224   nn . 3 

   

7. Transform the matrix 
























2312

2211

10121

A  to its row reduced echelon form. 

Hence find Arank  and the solution set of the system of linear equations given by 

 102  zyx  

 22  zyx  

 232  zyx  

4+2+2=8 

   

8.  (a) Use Cayley-Hamilton theorem to express 
1A  as a polynomial in A and then 

compute 
1A  where 



















302

120

201

A . 

2+2 

(b) Show that the eigen values of an orthogonal matrix are of unit modulus. 4 
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9.  (a) If A be a square matrix, then show that the product of the characteristic roots of A 

is Adet . 

3 

(b) Find all the eigen values of the following real matrix: 

 

























211

121

112

A  

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

2+3 

   

10.(a) Express the matrix 

 


















326

033

102

A  

as product of elementary matrices and hence, find 1A . 

3+2 

(b) If 


















020

201

010

A , show that 2A  cannot have imaginary characteristic roots. 3 

   

 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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WEST BENGAL STATE UNIVERSITY 

B.Sc. Honours 1st Semester Examination, 2020, held in 2021 

MTMACOR01T-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: 2×5 = 10 

(a) Evaluate the limit: 







x

x
x 2

)(
)(tanlim

2

  

(b) If xmey
1sin

 , show that 0)()12()1( 22
12

2   nnn ymnyxnyx . Also 

find )0(ny . 

 

(c) Find the interval where the curve )sin(cos xxey x   is concave upwards or 

downwards for 20  x . 

 

(d) Find the vertical and horizontal asymptotes of the following curve: 

 















otherwise;0

3or1if;
34

)1(

)( 2

2

x
xx

x

xf  

 

(e) A sphere of radius k passes through the origin and meets the axes in A, B, C. If 

),,(   be the centroid of the triangle ABC, then find the value  

of  222   . 

 

(f) Examine the curve ttytx 34,6 32   for concavity and convexity.  

(g) Find the arc length of the curve 20,
2







x
ee

y
xx

. 
 

(h) Find the equation of the generating lines of the hyperboloid 0632  xyzxyz  

which pass through the point (–1, 0, 3). 

 

(i) Solve:  0)64( 32  dyxdxyx   

(j) Test whether the equation 0
22







yx

dxydyx
dyydxx  is exact or not. 
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2.  (a) Find the point of inflexion, if any of the curve 3)(log yx  . 4 

(b) Trace the curve axyyx 333  . 4 

   

3.  (a) Prove that the envelope of circle whose centres lie on the rectangular hyperbola 
2cxy   and which pass through its centre is xycyx 2222 16)(  . 

4 

(b) Find the asymptotes of the curve 04)(2)()( 3322  yyxxyxyxx . 4 

   

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

1
2

2

2

2


b

y

a

x
. 

4 

(b) Find the value of a, such that 
x

xxa

x 30 tan

2sinsin
lim




 is finite. Find the limit. 4 

   

5.  (a) If  dxnxxI m
nm coscos,  then prove that, 

 1,1,

sincos






 nm

m

nm I
nm

m

nm

nxx
I  

4 

(b) Find the surface area formed by the revolution of 164 22  yx  about the x-axis. 4 

   

6.  (a) Derive the reduction formula for  dxxnsec  and hence evaluate  dxx7sec . 4 

(b) Show that the length of the parabola axy 42   cut-off by its latus-rectum is 

)]([ 21log22 a . 

4 

   

7.  (a) Discuss the nature of the conic 0224 22  ayxyxyx  for different 

values of ‘a’. 

4 

(b) Determine the nature of the conic 
cos54

1


r . Find the eccentricity, the length 

of the latus rectum and directrices. 

4 

   

8.  (a) Show that if a right circular cone has three mutually perpendicular generators, the 

semivertical angle is 2tan 1 . 

4 

(b) Prove that the central sections of the conicoid 1)()( 222  zbaayxba  are 

at right angles and that the umbilics are given by 
)(2 baa

ba
x




  , 0y , 

)(2 baa

ba
z




 . 

4 
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9.  (a) Prove that the centres of spheres which touch the straight lines czmxy  ,  and 

czmxy  ,  lie on the surface 0)1( 2  mczmxy . 

4 

(b) Find the equation of the cylinder whose generating line is parallel to the z-axis 

and the guiding curve is 1,22  zyxzyx . 

4 

   

10.(a) Solve: 0)()2( 2222  dyyxxyxdxyxxyy  4 

(b) Solve:  2

2
)(loglog y

x

y
y

x

y

dx

dy
  4 

   

11.(a) Show that the equation of the curve, whose slope at any point (x, y) is equal to 

)1( 22 yxxy  and which passes through the point (0, 1) is 222 1 yyx  . 

4 

(b) Solve:  32 tan2sec xyx
dx

dy
y   4 

   

12.(a) Prove that 4)1(  yx  is an integrating factor of the equation 

0)2()2( 22  dyxxxydxyyxy  and hence solve it. 

4 

(b) Show that the differential equation of the circles through the intersection of the 

circle 122  yx  and the line 0 yx  is given by 

 0)12()12( 2222  dyyxyxdxyxyx  

4 

   

13.(a) Find the surface area of the reel formed by the revolution of cycloid 

)cos1(),sin(   ayax  about the tangent at the vertex. 

3 

(b) If  dxxxI n
n cos , then prove that  

 2
1 )1(cossin 
  n

nn
n InnxnxxxI  

use this to determine  dxxx cos5
. 

3 

(c) Find the singular solution of )3(4)2(9 2

2

yy
dx

dy









. 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. 

 

 
––––×––— 
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WEST BENGAL STATE UNIVERSITY 

B.Sc. Honours 1st Semester Examination, 2020, held in 2021 

MTMACOR02T-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: 2×5 = 10 

(a) Show that one of the values of 4
3

4
3

)31()31( ii    is  4
3

3 . 
 

(b) Find the equation whose roots are roots of the equation 0183 23  xxx  each 

increased by 1. 

 

(c) If a, b, c, d are positive real numbers, not all equal, prove that 

)(5555 dcbaabcddcba  . 

 

(d) Prove that 1832  nn  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 )}7,5(),3,5(),5,3(),3,1{(  on the set }7,5,3,1{A  

does not satisfy symmetry and transitivity. 

 

(g) Determine the rank of the matrix 






















414

112

211

. 

 

(h) Find a row-reduced matrix which is row equivalent to 
















26262

14231

02200

. 

 

(i) Use Cayley-Hamilton theorem to find 
1A , where 












11

11
A . 

 

(j) Find A
50

, where 









11

01
A . 

 

   

2.  (a) If  a, b, c, d  be all positive real numbers and dcbas  , prove that 

 4

256

81
))()()((81 sdscsbsasabcd   

4 

(b) If  ,,  be real numbers and   ,   ,   , show that 

   ))()((  

4 
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3.  (a) Express 
i
i

z




1

31
 in polar form and then find the modulus and argument of z. 2+2 

(b) Prove that  cos5cos20cos165cos 35  . 4 

   

4.  (a) Solve the equation 08101552 234  xxxx , whose roots are in geometric 

progression. 

4 

(b) If   be a root of the cubic 0133  xx  then show that the other roots are 

)2( 2   and )2( 2  . 

4 

   

5.  (a) If  ,,  be the roots of the equation 023  rqxpxx , find the value of 

  3)(  . 

4 

(b) Solve the equation 08473315 23  xxx . 4 

   

6.  (a) Find the equation whose roots are the roots of the equation 0688 24  xxx , 

each diminished by 2. 

4 

(b) Solve the equation 0254 34  xxx . 4 

   

7.  (a) By the principle of mathematical induction, prove that 

 )5(mod02)1(3 12  nn  for all n ℕ. 

4 

(b) Prove that the product of any three consecutive integers is divisible by 6. 4 

   

8.  (a) Examine whether the relation   is an equivalence relation on the set S of all 

integers where 

 }3||:),{(  baSSba  

4 

(b) Show that the equivalence relation on a set S determines a partition of S. 4 

   

9.  (a) If BAf :  and CBg :  be two mappings such that CAfg :  is 

injective, then prove that  f  is injective. 

4 

(b) If TSf :  is one one onto, then prove that STf  :1  is one one onto. 4 

   

10.(a) Let ℝ be the set of all real numbers and )1,1(  be the interval defined by 

  x{)1,1( ℝ }11:  x  

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

 


 x
x

x
xf ,

||1
)( ℝ 

is one to one and onto. 

4 

(b) Suppose BAf : , CBg :  be two mappings. 

(i) If  f  and g are both injective, show that fg  is also injective. 

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

2+2 
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11.(a) Find the values of k for which the system of equations 

 1 zyx  

 332  kzyx  

 23  zkyx  

has (i) no solution, (ii) more than one solutions, (iii) unique solution. 

4 

(b) Reduce the matrix 

 



















 



0211

2013

1101

1310

A  

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

4 

   

12.(a) Use Cayley-Hamilton theorem to express A
–1

 as a polynomial in A and then 

compute A
–1

 where 

 




















412

013

100

A  

2+2 

(b) Show that the eigen values of a real symmetric matrix are all real. 4 

   

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. 

3 

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

 






















211

121

112

 

5 

   

 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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WEST BENGAL STATE UNIVERSITY 

B.Sc. Honours 1st Semester Examination, 2019  

MTMACOR01T-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: 2×5 = 10 

(a) Evaluate 
xx e

x4

  lim


 using L’Hospital’s rule. 
 

(b) Write the equation 1xy  in terms of a rotated rectangular yx  -system if the 

angle of rotation from the x-axis to the xʹ-axis is 45°. 

 

(c) Find the differential equation satisfied by the family of curves given by 

012 22  xcyc , c being the parameter of the family. 

 

(d) Find the length of a quadrant of the circle sin 2ar  .  

(e) Find the curves passing through (0, 1) and satisfying c
dx
dy








sin . 
 

(f) Find the values of b and g such that the equation 014284 22  ygxbyxyx  

represents a conic without any centre. 

 

(g) Test whether the equation 0
22







yx

dxydyx
dyydxx  is exact or not. 

 

(h) Find the singular solutions of  

 )3(4)2(9 2

2

yy
dx

dy









. 

 

   

2.  (a) Find the evolute of the parabola xy 82  . 3 

(b) If )tan(log yx  , prove that 0)1()12()1( 11
2   nnn ynnynxyx . 5 

   

3.  (a) Find the asymptotes of the curve 01)()2(2 33  yxyyxxyyx . Prove that 

these asymptotes cut the curve in three points which lie on a line. 

3+1+1 

(b) Find the envelope of the family of straight lines, which together with the line 

segments intercepted by the coordinate axes form triangles of equal area. 

3 
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4.  (a) Show that dxxx nm )(log

1

0

  = 
1)1(

!
)1(




n
n

m

n
, where 0m  and n is a positive 

integer. 

4 

(b) Find the surface area of the reel formed by the revolution of the cycloid 

)sin(   ax , )cos1(  ay  about the tangent at the vertex. 

4 

   

5.  (a) Find the values of c for which the plane czyx   touches the sphere 

06222222  zyxzyx . 

3 

(b) Show that the section of the surface 2axyzxyz   by the plane 

pnzmylx   will be a parabola if 0 nml . 

3 

(c) Prove that if a straight line meets a conicoid in three points, then it will be a 

generator of the conicoid. 

2 

   

6.  (a) Reduce 023322614411 22  yxyxyx  to its normal form using orthogonal 

transformations. 

4 

(b) A variable plane passes through a fixed point. Show that the locus of the foot of 

the perpendicular from the origin to the plane is a sphere. 

4 

   

7.  (a) Determine the arc length of the parametric curve given by the following set of 

parametric equations. You may assume that the curve traces out exactly once for 

the given range of t’s : 02 ,4  ,13 2  ttytx . 

5 

(b) For the conic described by the polar equation 
cos54

12


r  with focus at the 

origin, find the directrix, eccentricity and nature. 

1+1+1 

   

8.  (a) Solve the differential equation: 

    x
y

dxydyxyx
y

dyxdxyx sin)(cos)(   

4 

(b) Show that the equation of the curve whose slope at any point (x, y) is equal to 

xy 2  and which passes through the origin is )1(2  xey x . 

4 

   

9.  (a) Solve: 0)()2( 222322  dyyxyxdxyxxy . 4 

(b) Solve: dyxydxy )(tan)1( 12   . 4 

 
––––×––— 
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WEST BENGAL STATE UNIVERSITY 

B.Sc. Honours 1st Semester Examination, 2019 

MTMACOR02T-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: 2×5 = 10

(a) Solve the equation .012345 =++++ xxxx  

(b) Express )3( i+  in polar form and hence find  120)3( i+ . 
(c) If each of the four positive real numbers a, b, c, d is greater than 1, show that 

).1()1()1()1()1(8 ++++>+ dcbaabcd  

(d) If α is a root of the cubic equation ,013–3 =+xx  then find the other two roots are 
2–2α  and .––2 2αα  

(e) Using Descarte’s rule of sign, find the nature of the roots of the equation 
.011–716 24 =++ xxx  

(f) Let a, b be two nonzero integers and c be an integer. If cbca |,|  and 
1),(gcd =ba , show that cab |  (the symbol nm |  means ‘ nm divides ’). 

(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) For a finite set SSfS →:if,  be injective, then show that f  is bijective. 
  

2.  (a) Use De Moivre’s theorem to show that ).34cos4–8(cos
2
1cossin 7

44 += θθθθ  3

(b) Solve the equation ,081015–5–2 234 =++ xxxx  when it is given that the roots of 
the equation are in geometric progression. 

3

(c) Prove that the roots of the equation x
xxx

=++
3–

3
2–

2
1–

1  are all real. 2

  
3.  (a) Solve by Ferrari’s method: .08–2–9129 234 =++ xxxx  5

(b) If nn bbbaaa ....,,,and.....,,, 2121 are 2n real numbers, then show that 

).....()....()....( 22
2

2
1

22
2

2
1

2
2211 nnnn bbbaaabababa ++++++≤+++  

3

  
4.  (a) Let ∈y,x ℤ (the set of all integers) with 0.≠y  Then show that there exist unique 

integers q and r such that .||0, yrryqx <≤+=  
5

(b) Define inverse of a relation on a nonempty set. Prove that a relation ρ on a 
nonempty set S is symmetric if and only if 1–ρρ =  where 1–ρ  stands for the 
inverse of  ρ. 

3
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5.  (a) Show that there is a mapping :φ  ℤ ⟶ ℤ which is injective but not surjective, ℤ being the set of all integers.  
2

(b) Let CBhCBgBAf →→→ :,:,:  be three mappings such that  f  is 
surjective and .fhfg oo =  Prove that .hg =  

3

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

3

  
6.  (a) Let a and )1(≥b  be integers. Prove that there exist unique integers q and r such 

that rbqa +=  with  .0 br <≤  
3

(b) Using mathematical induction, find the least positive integer 0n  such that !2 nn <  
for all positive integers .0nn ≥  

3

(c) Prove that an integer 1>p  is a prime number if and only if p divides ab implies, 
either p divides a or p divides b, where a and b are any two integers.     

2

  
7.  (a) Use the notion of congruence relation between the integers, to prove that 41 

divides .1–220  
3

(b) Let a, b, c be integers and m be a positive integer. Prove that )(mod macab ≡  if 

and only if ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
≡

),(gcd
mod

ma
mcb .  

3

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

2

  
8.  (a) Prove that 1)1,(gcd =+nn  for any .Nn∈  Find integers x and y such that 

1)1( =++ ynnx . 
5

(b) For a positive integer a, find the integral value of b for which the following 
system of equations will have infinitely many solutions: 
 1=++ zyx   
 bzyx =+ –2  
 22 575 bzayx =++  

3

  
9.  (a) Applying elementary row operations, find the inverse of the matrix  

 
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
=

12–1
401
211

A  

3

(b) Find the rank of the matrix 

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

=

111
1–1–

1–1–
1–1–

a
a

a

A  for different real values of a. 3

(c) If λ is an eigenvalue of a real orthogonal matrix A, prove that λ
1  is also an 

eigenvalue of A. 

2
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