
B.Sc./Part-I/Hons./MTMA-I/2018 

1076 1  Turn Over 

 
WEST BENGAL STATE UNIVERSITY 

B.Sc. Honours PART-I Examinations, 2018  

MATHEMATICS-HONOURS 
PAPER-MTMA-I 

Time Allotted: 4 Hours Full Marks: 100 

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. 

 Group-A 

 Answer any five questions from the following 5×5 = 25

1.   (a) Let a and b be two positive integers such that G.C.D of 1),(, == baba . Prove 
that ),(),( bcbac = . 

2

(b) Let 1>a  and nm, are positive integers. Prove that .1)1,1( ),( −=−− nmnm aaa  3

  
2. If p is prime then prove that there exist no positive integers a and b such that 

22 pba = . 
5

  
3. Solve: )321(mod75111 ≡x . 5

  
4.   (a) Expand θ5cos  in powers of θcos . 2

(b) Find all the values of 4
3

)( i− . 3

  
5. Express ii in the form iba + , with a, b reals. Use it to find the value of 

)(logsin ii  in integer.  
2+3

  
6. If iyxz +=  then prove that .cosh|)cos||,sin(|max|sinh| yzzy ≤≤  5

  
7.   (a) Find )3( −xf  if 234)2( 24 +−+=− xxxxf . 2

(b) If the expression rqxpxx +++ 63 23  and qpxx 222 ++   have a common factor, 

show that 222 )2()4)(2(4 pqrprqqp −=−− . 

3

  

8. If a, b, c, are roots of 03 =++ rqxx , form the equation whose roots are 2

22

a
cb +

, 

2

22

b
ca +

, 2

22

c
ab +

. 

5

  
9. Use Strum’s function to show that the roots of the equation 

05135 34 =+−+ xxx  are all real and distinct. 
5
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 Group-B 

 Answer any two questions from the following 10×2 = 20

10. (a) Let A, B, C be three non-empty subsets of a set S. Then prove that, 
)(\)()\( CBCACBA ××=× . 

3

(b) A relation ρ  on the set of real numbers ℝ is defined as follows: ba ρ  if  and only 
if ba ≤|| . Show that ρ is transitive but neither reflexive nor symmetric.  

3

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

1+3

  
11. (a) Let ℕ be the set of all positive integers. Let R be the relation on ℕ defined by 

∈= ),{( baR ℕ × ℕ : }0≤− ba . 
Prove that R is a partial order relation on ℕ. 

3

(b) If TSf →: is one-one onto, then prove that STf →− :1  is one-one onto. 3

(c) Prove that a semigroup is a group if it a quasigroup. 4
  
12. (a) In a group G, prove that aa =−− 11)( , where Ga∈  and hence show that group of 

even order contains an element of order 2. 
3

(b) In an Abelian group G, prove that nnn baab =)(  for all Gba ∈, , where n is an 
integer. 

3

(c) Prove that anon-empty subset H of a group G is a subgroup of G if and only if for 
all HbaHba ∈∈ −1,, . 

4

  
13. (a) If R is ring with unity 1, then show that R has characteristic n if and only if 

01=⋅n . 
3

(b) Prove that every finite integral domain is a field. 3

(c) Show that ℚ =)2( { ∈+ baba ,:2 ℚ } is a subfield of the field ℝ of real 
numbers, where ℚ is the set of rational numbers.  

4

  

 Group-C 

 Answer any three questions from the following 5×3 = 15

14. If A be a skew-symmetric matrix and )( AI +  be a non-singular matrix, then show 

that 1))(( −+−= AIAIB  is orthogonal, where I is the identity matrix of the same 
size as A.  

5

  
15. Compute the inverse of the matrix A by using row operations, where, 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
−=
137
124

113
A . 

5

  
16. Find the non-singular matrices P and Q such that PAQ is in the normal form and 

hence find the rank of the matrix 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
−−=
113
111

111
A . 

4+1
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17. Apply Laplace’s method along second and third rows to prove that 

22222 )( dcba

abcd
badc
cdab

dcba

+++=

−−
−−

−−
. 

5

  
18. For a square matrix A of order n, prove that nIAAAAA )(det)adj()adj( == , 

where nI  denotes the identity matrix of order n. 

5

  
19. Reduce the quadratic form 222 642 zyzxyzx +++−  into its normal form and 

obtain the rank, signature and nature of the form. 

5

  

 Group-D 

 Answer any one question from the following 10×1 = 10

20. (a) A company has a manufacturing unit producing two types of products, product A 
and B. At a time only one type of production is possible. It requires 35 minutes to 
produce one unit of product A and 25 minutes to produce one unit of product B. 
The raw material required is 1.4 kgs for one unit of product A and 2.0 kgs for one 
unit of product B. The factory can run 35 hours per week and the raw material 
available is 140 kg per week. The profit for the products are Rs. 180 and Rs. 230 
per unit of product A and product B respectively. Formulate an LPP to maximize 
the profit.      

5

(b) Solve graphically the LPP: 

Maximize: 21 32 xxz += , 

Subject to 1234 21 ≤+ xx  

 84 21 ≤+ xx  

 ,321 −≥− xx  0, 21 ≥xx . 

5

  
21. (a) Verify whether 1,2,1 321 === xxx  is a feasible solution of the system of 

equations: 

 13532 321 =++ xxx  

 433 321 =+− xxx  

Reduce it to a basic feasible solution, if possible. 

1+4

(b) Show that (2, 0, 1) is a solution of the system of equations 

 8432 321 =++ xxx  

 423 321 =++ xxx  

Justify whether this is a basic solution. Find another solution of the system which is 
a basic solution, state basic and non-basic variables. 

1+2+2
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 Group-E 

 Section-I 

 Answer any three questions from the following 5×3 = 15

22. Reduce the equation 0192014845 22 =−−−++ yxyxyx  to its canonical form 
and hence identify the conic represented by it. 

5

  
23. Show that the product of the perpendicular distances from the point (x1, y1) to the 

lines represented by 02 22 =++ byhxyax  is 
22

2
111

2
1

4)(
2

hba
byyhxax

+−

++
. 

5

  
24. Show that the triangle formed by the lines 02 22 =++ byhxyax  and 1=+ mylx  

is right angled if 0)2)(( 22 =+++ bmhlmalba . 

5

  
25. If the straight lines 3,2,1,)cos( ==− ipr iiαθ  are concurrent, prove that 

0)(sin)sin()sin( 213132321 =−+−+− αααααα ppp . 

5

  
26. Show that the equation of a circle passing through the pole can be written in the 

form θθ sincos BAr += , where A, B are constants. 
5

  

 Section-II 

 Answer any three questions from the following 5×3 = 15

27. Show that the straight lines whose direction cosines are given by 0=++ cnbmal  
and 0=++ hlmgnlfmn  are parallel if 0=±± chbgaf . 

5

  
28. Find the mirror image of the point (2, –1, 3) about the plane 0723 =+− zyx . 5
  
29. Find the equation of the plane passing through the point (2, 5, –8) and 

perpendicular to each of the planes 01432 =++− zyx  and 0624 =+−+ zyx . 
5

  
30. A variable plane with constant distance p from the origin cuts the coordinate axes at 

A, B, C. Three planes are drawn through the points A, B, C parallel to the 
coordinate planes. Show that the locus of the points of intersection is given by 

2222
1111
pzyx

=++ . 

5

  
31. Find the equation of the straight line passing through the origin and interest both 

the lines  
 143205423 ++−==−++ zyxzyx  and  

3430642 −+−==++− zyxzyx . 

5

 ——×—— 
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All symbols are of usual significance. 

 Group-A 
 Answer any five questions from the following 5×5 = 25

1. State and prove Cantor’s theorem on nested intervals. 1+4
   

2.  (a) Let A and B be two non-empty bounded sets of real numbers and 
},:{ ByAxyxC ∈∈+= . Show that BAC supsupsup += . 

2+3

(b) Show that every bounded sequence has a convergent subsequence. 
  

3. (a) For any subset RA⊂ , prove that AA ′⊂′′)( where A′  denotes the set of all 
limit points of A. 

3+2

(b) For any two subsets RBA ⊂, , show that the equality BABA ′∩′=′∩ )(  
does not hold in general. 

  
4.  (a) State Cauchy’s second limit theorem. Using it find the limit  

n
nnn n

n

1

)}2()2)(1{(lim K++
∞→

 . 

3+2

(b) Evaluate : 
x
x

x

][lim
∞→

, if exists. 

  
5.  (a) Show that the sequence }{ nx  converges to 1 where 

nnnn
xn

+
++

+
+

+
=

222

1

2

1

1

1
L . 

2+3

(b) Let A be a nonempty subset of R and inf),( =Axd }:|{| Ayyx ∈− . Prove 
that 0),( =Axd  if and only if Ax∈ . 

  
6.  (a) Prove that a convergent sequence of real numbers is a Cauchy sequence. 2+3
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(b) Show that the sequence }{ nx  is not convergent where 

n
xn

1
3
1

2
11 ++++= L ,  1≥n . 

  
7.  (a) Prove that union of two denumerable sets is denumerable. 2+3

(b) Prove that no nonempty proper subset of R is both open and closed in R. 
  

8.  (a) Let RD ⊂  and f,  g,  h,  be three function defined on D to R. Let Dc ′∈ . If 
)()()( xhxgxf ≤≤  for all }{cDx −∈  and if lxhxf

cxcx
==

→→
)(lim)(lim  then 

prove that lxg
cx

=
→

)(lim . 

3+2

(b) Show that 01sinlim
0

=
→ x

x
x

. 

  
9.   Let RRt →:  be a continuous function and )()()( yfxfyxf +=+  for all 

Ryx ∈, . If kf =)1(  prove that kxxf =)(  for all Rx∈ . 
5

  

 Group-B 
10. Answer any two questions from the following: 4×2 = 8

(a) Evaluate ∫
−+

a

xax

dx

0
22

. 4

(b) If ∫=
4

0

tan
π

dxxI n
n , prove that 21

1
−−

−
= nn I

n
I  

Hence find the value of 5I . 

2+2

(c) (i) Prove that 
nm
nmB

n
nmB

+
=

+ ),()1,(  

(ii) Evaluate ∫
2

0

64 cossin
π

dxxx . 

2+2

  

11.  Answer any three questions from the following: 4×3 = 12

(a) Find the envelope of the family of ellipses 12

2

2

2
=+

b
y

a
x  where the 

parameters a, b are connected by the relation cba =+ , c being a nonzero 
constant. 

(b) Find all the asymptotes of the curve 03222 =++++ xyxyxyyx . 

(c) Show that the curve 0)2(2)( 3 =+−−+ xyyx  has a double point at 
(–1, 1). Find the equation of the tangents at that point and identify the nature 
of the double point. 
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(d) If 1ρ  and 2ρ  are the radii of curvature at the ends of conjugate diameter of 

the ellipse 12

2

2

2
=+

b
y

a
x , then prove that 32

22
32

2
32

1 )(ab
ba +

=+ ρρ . 

(e) Determine the pedal equation of  12

2

2

2
=+

b
y

a
x  with respect to a focus. Where 

ba > . 
  

 Group-C 
 Answer any three questions from the following 10×3 = 30

12.(a) Examine whether the equation 0)sin(sin)cos(cos =−++ dyyxxdxxyy  is 
exact or not and then solve it. 

5

(b) Find the orthogonal trajectories of the cardiodes  )cos1( θ−= ar . 5
  

13.(a) Reduce the equation yppxyx 22 )( =−  to Clairaut’s form by putting 
ux =2 and vy =2 . Hence obtain the general and singular solution. 

5

(b) Solve the following differential equation 2)1( apxpy ++= . 5

  
14.(a) Solve by the method of undetermined coefficient: xxyD 2sin)4( 22 =+ . 5

(b) Solve : )sin(log)53( 222 xxyxDDx =+− . 5
  

15.(a) Solve by the method of variant of parameters: 

x

x

e
ey

dx
dy

dx
yd

+
=+−

1
232

2
. 

5

(b) Solve by reducing to a linear equation: 02sincos4)1( 222 =+−+ yxyx
dx
dyx .  5

  

16.(a) Solve: xxy
dx
dyx

dx
ydx

dx
ydx log223 2

2

2
3

3

3
4 =+−+ . 

5

(b) Solve: xxy
dx
dyxy

dx
yd sectan2cot2

2
=⎟

⎠
⎞

⎜
⎝
⎛ ++⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+  by reducing it to normal 

form. 

5

  
17.(a) Solve by the method of operational factors: 

2
2

2
)1( xy

dx
dyx

dx
ydx =−−+ . 

5

(b) Solve: )1(logcos4)1()1( 2

2
2 xy

dx
dyx

dx
ydx +=++++  by changing the 

independent variable. 

5
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 Group-D 
 Answer any five questions from the following 5×5 = 25

18. 
If cba rrr ,,  be three unit vectors such that bcba

rrrr

2
1

=×× , find the angles 

which ar  makes with b
r

 and  cr ;  b
r

, cr  being non parallel. 
  

19. Show by vector method, that the straight line joining the mid points of two 
non-parallel sides of a trapezium are parallel to the parallel sides and half of 
their sum in length. 

  
20. For any three vectors cba rrr ,, , prove that accbba rrrrrr

+++[ ]= ][2 cba rrr . 
  

21.(a) Forces P
r

, Q
r

 act at O and have a resultant R
r

. If any transversal cuts lines of 
action of P

r
, Q

r
 and R

r
 at A, B, C respectively, then show that 

OC
R

OB
Q

OA
P ||||||

rrr

=+ . 

3

(b) A particle acted on by constant forces kji ˆ3ˆ5ˆ4 −+  and kji ˆ4ˆ2ˆ3 ++ is 
displaced from the point kji ˆˆ3ˆ ++  to the point kji ˆ3ˆˆ2 −− . Find the total 
work done by the forces. 

2

  
22.(a) Find the moment of the force kji ˆˆ2ˆ4 ++  acting at a point kji ˆ4ˆ2ˆ5 ++  

about the point kji ˆ3ˆˆ3 +− . 

3

(b) Find the vector equation of the plane passing through the origin and parallel 
to the vectors kji ˆ4ˆ3ˆ2 ++  and kji ˆ4ˆ5ˆ4 +− . 

2

  
23.(a) Find the constants cba ,,  so that 

kzcyxjzybxiazyxV ˆ)24(ˆ)3(ˆ)2( +++−−+++=
r

 is irrotational. 
3

(b) Find a so that kaxjyxixV ˆˆ)(ˆ3 −++=
r

 is solenoidal. 2
  

24. Show that the necessary and sufficient condition that a non-zero vector ur  

always remains parallel to a fixed line is that 0
rr

r
=×

dt
udu . 

  

25.(a) If )(rf is differentiable, then prove that )(2)()(2 rf
r

rfrf ′+′′=∇ . 
3

(b) Show that 533
)(3

r
rra

r
a

r
ra rrrrrr

⋅
+−=⎟

⎠
⎞

⎜
⎝
⎛ ×

×∇ , where ar  is a constant vector. 
2

  
26. kxzjyzixzV ˆ3ˆˆ2 32 +−=

r
 and yzx2=φ , then find 

(a) curl )( V
r

φ  3

(b) curl curlV
r

. 2
 ——×—— 
 


