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NE-603 Seat No.__________

Third Year B. A. / B. Sc. Examination
April / May – 2003

Mathematics : Paper – X
1 – Operations Research

2 - Mechanics
3 – Number Theory

4 – Pascal Programming

Time : 3 Hours] [Total Marks : 70

1 – Operations Research

ÁÒ«fiÎ — (1) ⁄‘Î … ≠ffi˘ ŒflÏ…›Î÷ »ı.

(2) …‹HÎÌ ⁄Î…\fiÎ ±_¿ Á_⁄_Ï‘÷ ≠ffifiÎ √HÎ ÿÂÎ˝‰ı »ı.

(3) F›Î_ ¿˘¥ µS·ı¬ fi◊Ì I›Î_ Á_¿ı÷˘ ≠«Ï·÷ »ı.

(4) ≠ffi’hÎ‹Î_ ÿÂÎ˝T›Î ≠‹ÎHÎıfi˘ … ≠ffiø‹ µkÎfl‰ËÌ‹Î_ ·¬˘.

1 (±) T›ÎA›Î ±Î’˘ — 6

(1) ⁄ÏË‹˝¬ √HÎ

(2) ‹Ò‚ Â@› (‰Î…⁄Ì) µ¿ı·

(3) ⁄ÏË‹˝¬ √HÎfi_ ÂÌÊ˝ (ÏÂfl˘Ï⁄_ÿ).

(⁄) Ωı SF  ±ı Áflı¬ ±Î›˘…fi Á‹V›ÎfiÎ ÷‹Î‹ Â@› µ¿ı·˘fi˘ √HÎ Ë˘› 7

±fiı SF ≠ φ, ÷˘ ÁÎÏ⁄÷ ¿fl˘ ¿ı SF  ⁄ÏË‹̋¬ √HÎ … Ë˘‰˘ Ωı¥±ı.

(¿) fiÌ«ıfiÌ Áflı¬ ±Î›˘…fi Á‹V›Îfiı ±Î·ı¬fiÌ flÌ÷ı µ¿ı·˘ — 8

‹ËkÎ‹ ¿fl˘ — Z x x= +3 21 2

F›Î_   − + ≤2 11 2x x

       x x1 2 3+ ≤

           x1 2≤

    ÷◊Î  x x1 2 0, ≥

±◊‰Î
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1 (±) T›ÎA›Î ±Î’˘ — 4

(1) Ï‰¿Ú÷ ‹Ò‚ µ¿ı·

(2) ¥WÀ÷‹ µ¿ı·.

(⁄) fiÌ«ıfiÌ Áflı¬ ±Î›˘…fi Á‹V›Îfiı ÏÁQ’·ıZÎ flÌ÷◊Ì µ¿ı·˘ — 8

L›Òfi÷‹ ¿fl˘ — Z x x x x x x= − + + + −1 2 3 4 5 6

    F›Î_    − − + + =

+ + =

+ − + =

8 3 12 3

6 9

4 2 5

1 2 3 4

1 4 6

1 2 4 5

x x x x

x x x

x x x x

÷◊Î   x ii ≥ ∀ =0 1 2 6, , ,......, .

(¿) fiÌ«ıfiÌ Áflı¬ ±Î›˘…fi Á‹V›Îfiı ‹˘ÀÎ  M fiÌ flÌ÷◊Ì µ¿ı·˘ — 9

‹ËkÎ‹ ¿fl˘ — Z x x= +6 41 2

     F›Î_  2 3 30

3 2 24

3

1 2

1 2

1 2

x x

x x

x x

+ ≤

+ ≤

+ ≥

  ÷◊Î  x x1 2 0, ≥

2 (±) Áflı¬ ±Î›˘…fi Á‹V›Îfiı ÷ıfiÎ ≠‹ÎHÎ¤Ò÷ ‹Ò‚ V‰w’‹Î_ »ı ÷ı‹ @›Îflı 10

¿Ëı‰Î›? ±Î‰Ì Á‹V›Îfi˘ ¶_¶ T›ÎA›ÎÏ›÷ ¿fl˘. ‰‚Ì ÁÎÏ⁄÷ ¿fl˘ ¿ı ¶_¶fiÌ

¶_¶ ±ı ‹Ò‚ Á‹V›Î »ı.

(⁄) ¶_¶÷ÎfiÎ ÏÁ©Î_÷fi˘ µ’›˘√ ¿flÌfiı fiÌ«ıfiÌ Áflı¬ ±Î›˘…fi Á‹V›Î µ¿ı·˘ — 11

L›Òfi÷‹ ¿fl˘ —    Z x x x= + +4 3 61 2 3

   F›Î_    x x

x x

1 3

2 3

2

5

+ ≥

+ ≥

  ÷◊Î   x x x1 2 3 0, , ≥

±◊‰Î



2 (±) ’ÒHÎÎ*¿ Áflı¬ ±Î›˘…fi Á‹V›Î µ¿ı·‰Î ‹ÎÀıfiÌ »ıÿ÷·fiÌ flÌ÷ 10

(Cutting plane method) Á‹Ω‰˘.

(⁄) »ıÿ÷·fiÌ flÌ÷◊Ì fiÌ«ıfiÌ ’ÒHÎÎ*¿ Áflı¬ ±Î›˘…fi Á‹V›Î µ¿ı·˘ — 11

  ‹ËkÎ‹ ¿fl˘ — Z x x= +4 31 2

   F›Î_  x x

x x

1 2

1 2

2 4

2 6

+ ≤

+ ≤

    ÷◊Î  x x1 2 0, ≥  ±fiı x x1 2,  ’ÒHÎÎ*¿ Á_A›Î±˘ »ı.

3 (±) √‹ı ÷ı ⁄ıfiÎ …‰Î⁄ ·¬˘ — 10

(1) ’Ïfl‰Ëfi (‰ÎËfiT›‰ËÎfl)fiÌ Á‹V›Îfi_ √ÎÏHÎÏ÷¿ V‰w’ ÿÂÎ˝‰˘.

(2) ’Ïfl‰Ëfi Á‹V›Î ±fiı Á Ó̆’HÎÌóÁ‹V›Î ‰E«ıfi˘ ÷ŒÎ‰÷ Á‹Ω‰˘.

(3) Á˘Ó’HÎÌóÁ‹V›Î µ¿ı·‰ÎfiÌ flÌ÷fi_ ‰HÎ˝fi ¿fl˘.

(⁄) fiÌ«ıfiÌ ’Ïfl‰Ëfi Á‹V›Îfi˘ ¥WÀ÷‹ µ¿ı· Â˘‘˘ — 11

D D D

O

O

O

O

1 2 3

1

2

3

4

2 7 4 5

3 3 1 8

5 4 7 7

1 6 2 14

7 9 18 34

ÕðßäÌù

Üë_ Ã

±◊‰Î

(⁄) …ıfiÎ Ï¿o‹÷ ÁË√HÎ¿˘ fiÌ«ıfiÎ ¿˘WÀ¿‹Î_ ±ÎM›Î ‹…⁄fiÎ Ë˘›, ÷ı‰Ì 11

5 × 5 Á Ó̆’HÎÌ Á‹V›Îfi˘ L›Òfi÷‹ Ï¿o‹÷ µ¿ı· ‹ı‚‰˘ —
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I II III IV V

A

B

C

D

E

16 18 20 17 19

18 20 22 19 22

17 18 17 22 19

17 17 16 17 16

20 18 19 17 20

4 (±) ÔT›ÎA›Î ±Î’˘ — 6

(1) ÂÒL› Áfl‰Î‚Î fl‹÷ (zero – sum game)

(2) Ï‹Ïl÷ T›ÒË (mixed strategy)

(3) Á_Ï‹÷ fl‹÷ (symmetric game)

(⁄) ÁÎÏ⁄÷ ¿fl˘ ¿ı Á_Ï‹÷ fl‹÷fi_ ‹ÒS› ÂÒL› Ë˘› »ı. 8

(¿) fiÌ«ı ±Î’ı· fl‹÷fiı ÁÎQ› Áflı¬ ±Î›˘…fi Á‹V›Î V‰w’‹Î_ 7

’Ïfl‰÷a÷ ¿fl˘ —

(µ¿ı· ±Î‰U›¿ fi◊Ì)

        ¬ı·ÎÕÌóB

    ¬ı·ÎÕÌóA 

B B B

A

A

A

1 2 3

1

2

3

2 0 4

4 6 2

7 3 1

−

−

Λ

Ν
ΜΜΜ

Ο

Θ
ΠΠΠ

±◊‰Î

4 (±) ‘Îfl˘ ¿ı f x y,β γ ±ı‰_ Ï‰‘ı› »ı ¿ı …ı◊Ì ⁄Lfiı x y f x y
max min

,β γ ±fiı 7
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y x f x y
min max

,β γfi_ ±„V÷I‰ Ë˘›. Ωı x y0 0,β γ ±ı f x y,β γfi_

∞fióÏ⁄Lÿ Ë˘›, ÷˘ ÁÎÏ⁄÷ ¿fl˘ ¿ı

 f x y x y f x y y y f x y0 0, , ,
max min min maxβ γ β γ β γ= =

(⁄) fiÌ«ıfiÌ 2 4×  fl‹÷ ±Î·ı¬fiÌ flÌ÷ı µ¿ı·˘ — 7

         ¬ı·ÎÕÌóB

¬ı·ÎÕÌóA  

B B B B

A

A

1 2 3 4

1

2

1 4 2 3

2 1 4 5

− −Λ
ΝΜΜ

Ο
ΘΠΠ

(¿) ≠Î‘ÎL› (Dominance) ÏÁ©Î_÷˘ ‰Õı fiÌ«ıfiÌ fl‹÷ µ¿ı·˘ — 7

         ¬ı·ÎÕÌóB

     ¬ı·ÎÕÌóA  

B B B B

A

A

A

A

1 2 3 4

1

2

3

4

5 1 4 3

5 1 5 3

1 9 1 5

3 5 4 5

Λ

Ν

ΜΜΜΜΜ

Ο

Θ

ΠΠΠΠΠ

5 √‹ı ÷ı hÎHÎfiÎ …‰Î⁄ ·¬˘ — 21
(±) Á‹Ω‰˘ —

(1) ⁄ÏË‹̋¬ Ï‰‘ı› (Convex function)

(2) ·Î√˛Î_∞› Ï‰‘ı› (Lagrangian function)

(3) ‰√Î˝I‹¿ ±Î›˘…fi ≠ffi (Quadratic Programming
Problem)

(⁄) ¿>fióÀ¿fl ≠‹ı›fi_ Ï‰‘Îfi ·¬˘ ±fiı fiÌ«ıfiÌ ‰√Î˝I‹¿ ±Î›˘…fi Á‹V›Î

‹ÎÀı ¿>fióÀ<¿fl Âfl÷˘ ‹ı‚‰˘ —

‹ËkÎ‹ ¿fl˘ —  Z x x x= + −2 1 2 1
2

    F›Î_    2 3 6

2 4

1 2

1 2

x x

x x

+ ≤

+ ≤

      ÷◊Î  x x1 2 0, ≥
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(¿) ±Î·ı¬fiÌ flÌ÷ı fiÌ«ıfiÌ ±Áflı¬ ±Î›˘…fi Á‹V›Î µ¿ı·˘ —

‹ËkÎ‹ ¿fl˘ — Z x x= +2 31 2

     F›Î_  x x

x x

1
2

2
2

1 2

20

8

+ ≤

⋅ ≤

      ÷◊Î  x x1 2 0, ≥

(Õ) Á‹Ω‰˘ —

(1) µ’ÎÕó¬«˝ (Carrying cost)

(2) fi Ó̆‘HÎÌ ¬«˝ (Ordering cost)

÷◊Î ≠«Ï·÷ Á_¿ı÷˘‹Î_

TIC D C Cp h* = 2  ÷Îfl‰˘.

(≥) ¿˘¥ ±ı¿ µI’Îÿ¿ ’ıœÌ ÷ıfiÎ ›_hÎfiÌ ‰ÎÏÊ˝¿ …wÏfl›Î÷ ‹ÎÀı 9000 ’ÒΩ˝±˘fiÌ

¬flÌÿÌ ±ı¿Ì ÁÎ◊ı ‹ÎÏÁ¿ fi˘Ó‘HÎÌ ‰Õı ¿flı »ı. ÿflı¿ ’ÒΩ˝fiÌ Ï¿o‹÷ w. 20

»ı. ÿflı¿ fi Ó̆‘HÎÌ±ı fi Ó̆‘HÎÌ ¬«˝ w. 15 ±fiı µ’ÎÕ ¬«˝ ±ı ‰ÎÏÊ˝¿ ÁflÎÁflÌ

¥L‰ıLÀflÌfiÎ 15% »ı.

¥WÀ÷‹ fi Ó̆‘HÎÌ …J◊˘ Q*

±fiı L›Òfi÷‹ ‰ÎÏÊ˝¿ ¿<· ¥L‰ıLÀflÌó‰‘ÎflÎ ¬«˝ TIC*  fiÌ √HÎ÷flÌ ¿fl˘.

ENGLISH  VERSION

1 – Operations Research

Instructions : (1) All questions are compulsory.
(2) Figures to the right indicate marks of the

corresponding question.
(3) Notations are usual, where not mentioned.
(4) Write the correct number of the question

in your answer book as shown in the
question paper.

1 (a) Define : 6
(1) Convex set
(2) Basic feasible solution
(3) Vertex of the convex set.
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(b) If SF  is the set of all feasible solutions of a 7

linear programming problem and if SF ≠ φ, then prove

that SF  must be a convex set.

(c) Use the graphical method to solve the following L.P. 8

problem :

Maximize : Z x x= +3 21 2

Subject to  − + ≤2 11 2x x

       x x1 2 3+ ≤

           x1 2≤

  and   x x1 2 0, ≥

OR

1 (a) Define : 4
(1) Degenerate basic solution
(2) Optimum solution.

(b) Use the simplex method to solve the following L. P. 8
problem :

  Minimize  :  Z x x x x x x= − + + + −1 2 3 4 5 6

    Subject to  − − + + =

+ + =

+ − + =

8 3 12 3

6 9

4 2 5

1 2 3 4

1 4 6

1 2 4 5

x x x x

x x x

x x x x

       and x ii ≥ ∀ =0 1 2 6, , ,......, .

(c) Use the Big–M method to solve the following L.P. 9

Problem :

    Maximize : Z x x= +6 41 2

     Subject to  2 3 30

3 2 24

3

1 2

1 2

1 2

x x

x x

x x

+ ≤

+ ≤

+ ≥

        and   x x1 2 0, ≥
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2 (a) When a L.P. problem is said to be in a standard 10
primal form ? Define the dual of such a problem. Also
prove that the dual of the dual is the primal.

(b) Use the principle of duality to solve the following 11
L.P. problem

Minimize :  Z x x x= + +4 3 61 2 3

  Subject to    x x

x x

1 3

2 3

2

5

+ ≥

+ ≥

           and    x x x1 2 3 0, , ≥

OR

2 (a) Explain the cutting plane method for solving an 10
integer linear programming problem.

(b) Solve the following integer linear programming 11
problem using the cutting plane method :
  Maximize : Z x x= +4 31 2

   subject to  x x

x x

1 2

1 2

2 4

2 6

+ ≤

+ ≤
          x x1 2 0, ≥  and are integers

3 (a) Attempt any two : 10

(1) Give  a mathematical representation of a
transportation problem.

(2) Explain the difference between a transportation
problem and an assignment problem.

(3) Describe the method for solving an assignment

problem.

(b) Find the optimum solution of the following 11
transportation problem :
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D D D Supply

O

O

O

O

Demand

1 2 3

1

2

3

4

2 7 4 5

3 3 1 8

5 4 7 7

1 6 2 14

7 9 18 34

OR

(b) Find the minimum cost solution for 5 × 5 assignment
problem whose cost coefficients are given as under :

      

I II III IV V

A

B

C

D

E

16 18 20 17 19

18 20 22 19 22

17 18 17 22 19

17 17 16 17 16

20 18 19 17 20

4 (a) Define : 6

(1) Zero–sum game

(2) Mixed strategy

(3) Symmetric game.

(b) Prove that the symmetric game has value zero. 8
(c) Transform the following game into an equivalent 7

L.P. problem (solution is not required) :
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         Player–B

    Player–A 

B B B

A

A

A

1 2 3

1

2

3

2 0 4

4 6 2

7 3 1

−

−

Λ

Ν
ΜΜΜ

Ο

Θ
ΠΠΠ

OR

4 (a) Let the function f x y,β γ be such that both 7

x y f x y
max min

,β γ and  y x f x y
min max

,β γ exist. If x y0 0,β γ is

a saddle point of  f x y,β γ  then prove that

 f x y x y f x y y x f x y0 0, , ,
max min min maxβ γ β γ β γ= =

(b) Solve the following 2 × 4 game graphically : 7

          Player–B

Player–A  

B B B B

A

A

1 2 3 4

1

2

1 4 2 3

2 1 4 5

− −Λ
ΝΜΜ

Ο
ΘΠΠ

(c) Using principles of dominance solve the following 7
game :

          Player–B

     Player–A  

B B B B

A

A

A

A

1 2 3 4

1

2

3

4

5 1 4 3

5 1 5 3

1 9 1 5

3 5 4 5

Λ

Ν

ΜΜΜΜΜ

Ο

Θ

ΠΠΠΠΠ
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5 Attempt any three : 21
(a) Explain :

(1) Convex function
(2) Lagrangian function
(3) Quadratic Programming Problem.

(b) State the Kuhn–Tucker theorem and derive the
Kuhn–Tucker conditions for the following quadratic
programming problem :

Maximize : Z x x x= + −2 1 2 1
2

   Subject to 2 3 6

2 4

1 2

1 2

x x

x x

+ ≤

+ ≤

      and  x x1 2 0, ≥

(c) Solve the following nonlinear programming problem
graphically :

Maximize : Z x x= +2 31 2

  Subject to x x

x x

1
2

2
2

1 2

20

8

+ ≤

⋅ ≤

      and   x x1 2 0, ≥
(d) Explain :

(1) Carrying (Holding) cost
(2) Ordering cost.

And in usual notations derive

TIC D C Cp h* = 2

(e) A manufacturing company purchases 9000 parts of a
machine for its annual requirements, ordering one
month's requirement at a time. Each part costs Rs. 20.
The ordering cost per order is Rs. 15 and the carrying
cost is 15% of the average inventory per year
Calculate :
(1) Optimal lot size Q*
(2) Minimum yearly total incremental inventory cost

TIC*.
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2 - Mechanics

ÁÒ«fiÎ — (1) ⁄‘Î … ≠ffi˘fiÎ µkÎfl ±Î’˘.

(2) ≠I›ı¿ ≠ffifiÎ √HÎ 21 »ı.

(3) …‹HÎÌ ⁄Î…\fiÎ ±_¿ Á_⁄_Ï‘÷ ≠ffifiÎ √HÎ ÿÂÎ˝‰ı »ı.

1 (±) P ±fiı Q ‹Ëk‰fiÎ_ ⁄ı ⁄‚˘ ±ı¿ ¿HÎ µ’fl ±ı¿⁄ÌΩ ÁÎ◊ı θ  ¬ÒHÎı 7

¿Î›˝ ¿flı »ı. ÷ı‹fi_ ’ÏflHÎÎ‹Ì ⁄‚ R, P ÁÎ◊ı α ¬ÒHÎı ¿Î›˝ ¿fl÷_ Ë˘›

÷˘ ÁÎÏ⁄÷ ¿fl˘ ¿ı

R P Q PQ2 2 2 2= + + cosθ ±fiı tan
sin

cos
α θ

θ
=

+
Q

P Q

±◊‰Î

(±) ±ı¿ Á‹÷·‹Î_ ºœ ’ÿÎ◊˝fiÎ ±Ï÷ ±S’ V◊ÎfiÎ_÷fl ‹ÎÀıfi_ ’ÏflHÎÎ‹ 7

≠«Ï·÷ Á_¿ı÷‹Î_, δ δ δ δθw X a Y b N= + +  ÷ı‹ ÁÎÏ⁄÷ ¿fl˘.

(⁄) √‹ı ÷ı ⁄ıfiÎ …‰Î⁄ ±Î’˘ — 14

(1) » ⁄‚˘fiÌ ±Áfl fiÌ«ı ±ı¿ ¿HÎ Á‹÷·Î‹Î_ »ı. ±Î‹Î_fiÎ hÎHÎ ⁄‚˘fiı

µ·ÀÎ‰‰Î‹Î_ ±Î‰ı »ı ÷˘ ’HÎ ¿HÎ Á‹÷·Î‹Î_ flËı »ı. ÁÎÏ⁄÷ ¿fl˘

¿ı Ωı ±Î hÎHÎ ⁄‚˘fiı ÿÒfl ¿fl‰Î‹Î_ ±Î‰ı ÷˘ ’HÎ ÷ı Á‹÷·Î‹Î_

flËıÂı.

(2) ±ı¿ ¤Îfl flÏË÷ 2b ·_⁄Î¥fiÎ ºœ ÿoÕfiı ⁄ı »ıÕı w1 ±fiı w2 ‰…fifiÎ

¿HÎ˘ ·À¿Î‰ı·Î »ı. …ıfiÌ ‘Îfl ZÎˆÏ÷… flËı ÷ı‰Î a ÏhÎF›Î‰Î‚Î ±‘˝

√˘·¿‹Î_ ÿoÕ ‹Ò¿‰Î‹Î_ ±ÎT›˘ »ı, Ωı w1, ‰…fifi˘ ¿HÎ ‘ÎflfiÌ fiÌ«ı

„V◊fl flËı ÷˘ ÁÎÏ⁄÷ ¿fl˘ ¿ı

w a w b a1
2

2
2 22= −ε ϕ

(3) hÎHÎ ⁄‚˘fiÌ ±Áfl◊Ì ±ı¿ ¿HÎ Á_„V◊Ï÷‹Î_ »ı, ¿ÎÀ¬ÒHÎı ¿Î›˝ ¿fl÷Î_

⁄ı ⁄‚˘‹Î_fi_ ±ı¿ ⁄‚◊Ì ⁄ÌΩ ⁄‚ hÎHÎ √b »ı. hÎÌΩ ⁄‚fi_ ‹Îfi

10 ’ÎµLÕ Ë˘› ÷˘ ⁄Î¿ÌfiÎ ⁄ı ⁄‚˘fiÎ_ ‹Îfi Â˘‘˘.

(4) Ωı V xz x y= −2 4 2  Ë˘› ÷˘ (2, –2, –1) Ï⁄_ÿ±ı Grad V

±fiı GradV  Â˘‘˘.
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2 (±) ’˘÷ÎfiÎ ‰…fi ËıÃ‚ ‹@÷ flÌ÷ı ·À¿÷Î Á‹Î_√ ¿ı⁄· ‰Õı fl«Î÷Î ‰øfi_ 7

¿ÎÀı˝{Ì›fi Á‹Ì¿flHÎ ‹ı‚‰˘.

±◊‰Î

(±) ≠«Ï·÷ Á_¿ı÷˘‹Î_ ÿÂÎ˝‰˘ ¿ı ¬fl⁄«ÕÎ ‰ø ÁÎ◊ı V’Â˝‹Î_ flËı· Ë‚‰Î 7

¿ı⁄·fi˘ ÷HÎÎ‰ T T e= 0
µθ  »ı.

(⁄) ¿˘¥ ’HÎ ⁄ıfiÎ µkÎfl ±Î’˘ — 14

(1) ÁÎÏ⁄÷ ¿fl˘ ¿ı a ÏhÎF›ÎfiÎ ±‘˝‰÷˝‚Î¿Îfl M·ıÀfiÎ ¿ıLƒ ±fiı ƒT›‹Îfi

¿ıLƒ ‰E«ıfi_ ±_÷fl 
4

3

a

π  »ı.

(2) ·ÌÁÌ ÿÌ‰Î· ±fiı ¬fl⁄«ÕÌ …‹ÌfifiÌ ‰E«ı ±ı¿ ÁÌÕÌfiı Àı¿‰‰Î‹Î_

±Î‰ı »ı. ÷ı ÁÌÕÌ ’fl ±ı¿ ‹ÎHÎÁ «Õı »ı. ÷˘ ÁÌÕÌ ·’Âı ÷ı ’Ëı·Î_

÷ı ‹ÎHÎÁ ¿ıÀ·Ì ÁÌÕÌ «œÌ Â¿Âı ?

(3) Áfl¬Ì ¨«Î¥fiÎ ⁄ı Ï⁄_ÿ±˘ ‰E«ı ±ı¿ 30 ‹ÌÀfl ‰Î›fl ·À¿ı »ı.

÷ıfiÌ ‹ËkÎ‹ ¨ÕÎ¥ 3 ‹ÌÀfl »ı. ‰Î›flfi_ ‰…fi 10 Ï¿·˘√˛Î‹ ÷ı

÷ıfiÌ ·_⁄Î¥ µ’fl ±ı¿ Áfl¬ ‰ËıÓ«Î›ı· »ı. ÷˘ ‰Î›fl‹Î_ ‹ËkÎ‹ ÷HÎÎ‰

Â˘‘˘.

3 (±) ±ı¿ Á‹÷·‹Î_ √Ï÷ ¿fl÷Î ¿HÎfiÎ ZÎıhÎ ±fiı ≠‰ı√fiÎ V’Âa› ±fiı 7

±Ï¤·_⁄Ì› CÎÀ¿˘ ‹ı‚‰˘.

±◊‰Î

(±) ¿HÎ Á_ËÏ÷ ‹ÎÀı, √Ï÷Â„@÷‹Î_ ‰‘Îfl˘, ⁄‚ı ¿flı·Î ¿Î›˝ ⁄flÎ⁄fl Ë˘› »ı 7

÷ı‹ ÁÎÏ⁄÷ ¿fl˘. ±Î ’fl◊Ì Â„@÷ Á_flZÎHÎfi˘ Ïfi›‹ ÷Îfl‰˘.

(⁄) √‹ı ÷ı ⁄ıfiÎ …‰Î⁄ ±Î’˘ — 14

(1) ⁄flŒ ’fl Áfl¿fiÎfl, „V◊fl „V◊Ï÷‹Î_◊Ì Âw ¿flÌfiı, 280 ‹ÌÀfl ·Î_⁄Î,

Á‹ÏZÎÏ÷… ÁÎ◊ı sin−1 5

14
 ¬ÒHÎı fi‹ı·Ì œÎ‚ ’fl, fiÌ«ı ÷flŒ Áfl¿Ì

±Î‰ı »ı. Ωı Áfl¿fiÎfl ±fiı ⁄flŒ ‰E«ı CÎÊ˝HÎÎ_¿ 
1

19
 Ë˘› ÷˘ œÎ‚fiÎ

÷Ï‚›ı Áfl¿fiÎflfiÌ {Õ’ Â˘‘˘.
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(2) ±ı¿ ÏfiÏç÷ µÿ˚√‹Ï⁄_ÿ‹Î_◊Ì ÿ˘flı·Î ÁÏÿÂ ÏhÎF›ÎfiÌ ÏÿÂÎ‹Î_ ±fiı

÷ıfiı ·_⁄ ÏÿÂÎ‹Î_ ‰ı√fiÎ CÎÀ¿˘ λr 2 ±fiı µθ2 »ı. ¿HÎfiÎ ≠‰ı√fiÎ

±flÌ› ±fiı ±fi≠V◊ CÎÀ¿˘fiı r ±fiı θ‹Î_ ±Ï¤T›@÷ ¿fl˘.

(3) ±ı¿ ‰ø‹Î_ √Ï÷ ¿fl÷Î ¿HÎfiÎ V’Âa› ±fiı ±Ï¤·_⁄Ì› ≠‰ı√fiÎ CÎÀ¿˘

Áfl¬Î ‹Î’fiÎ »ı. Ωı ‰øfiÎ V’Â˝¿fi˘ ¿˘HÎÌ› ‰ı√ ±«‚ Ë˘› ÷˘

÷ı ‰øfi_ Á‹Ì¿flHÎ Â˘‘˘.

4 (±) ≠«Ï·÷ Á_¿ı÷˘‹Î_ 
d u

d
u

P

h u

2

2 2 2θ
+ =  ÁÎÏ⁄÷ ¿fl˘. 7

±◊‰Î

(±) ZÎˆÏ÷… ÁÎ◊ı α ¬ÒHÎ˘ ⁄fiÎ‰÷Î ‹Î√˝ ’fl ±ı¿ ¿HÎfiı V  ‰ı√◊Ì 7

Œı¿‰Î‹Î_ ±Î‰ı »ı. ¿HÎfiÎ —

(1) ZÎˆÏ÷… Ï‰V÷Îfl

(2) µz›fifi˘ Á‹› ÷◊Î

(3) ‹ËkÎ‹ ¨«Î¥fiÎ_ ÁÒhÎ˘ ‹ı‚‰˘.

(⁄) √‹ı ÷ı ⁄ı ≠ffi˘fiÎ …‰Î⁄ ±Î’˘ — 14

(1) ±ı¿ ¿HÎfiÌ ¿ı„Lƒ› ¿ZÎÎ r a2 2 2= cos θ »ı. ÷ıfi_ ⁄‚ ¿ıLƒ ‘˛‰

»ı. ÁÎÏ⁄÷ ¿fl˘ ¿ı ⁄‚fi˘ Ïfi›‹ r 7fiÎ T›V÷ ≠‹ÎHÎ‹Î_ «·ı »ı.

(2) Á‹÷· Á’ÎÀÌ◊Ì h ¨«Î¥±ı ±Î‰ı·Ì ±ı¿ Àı¿flÌ µ’fl ±ı¿ ⁄_ÿÒ¿

√˘Ã‰ı·Ì »ı, ⁄_ÿÒ¿fiı Ωı θ  ¬ÒHÎı Œ˘Õ‰Î‹Î_ ±Î‰ı ±fiı ÷ıfi˘ ≠ZÎı’

‰ı√ V  Ë˘› ÷˘ ÷ı ‹ËkÎ‹ ZÎˆÏ÷… ±_÷fl ¿Î’ı »ı. ÁÎÏ⁄÷ ¿fl˘ ¿ı

cosec
gh

V
2

22 1θ = +ΦΗ ΙΚ (Ë‰Îfi˘ ±‰fl˘‘ ±‰√HÎÎfi˘)
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(3) ±ı¿ ¿HÎ ÁÎÿÌ V÷Ïfl÷ √Ï÷ ¿flı »ı. ±Î √Ï÷ ±ı‰Ì Ë˘› »ı ¿ı ¿HÎfiÌ

⁄ı …\ÿÌ …\ÿÌ „V◊Ï÷±˘ ‹ÎÀı ‰ı√ u ±fiı v ÷ı‹… ≠‰ı√ α ±fiı

β  Ë˘› »ı. ÁÎÏ⁄÷ ¿fl˘ ¿ı ±Î ⁄_fiı „V◊Ï÷±˘ ‰E«ıfi_ ±_÷fl 
v u2 2−

+α β

»ı. ±ı‹ ’HÎ ÁÎÏ⁄÷ ¿fl˘ ¿ ı √Ï÷fi˘ ¿ o’Ï‰V÷Îfl

v u v u2 2 2 2 2 2

2 2

1
2− −

−

ε ϕε ϕα β

β α
 »ı.

5 (±) m ƒT›‹Îfi ±fiı r ÏhÎF›Î‰Î‚˘ CÎfi fi‚Î¿Îfl, α ¬ÒHÎı fi‹ı·Î œÎ‚ 7

µ’fl √⁄Õı »ı. ÁÎÏ⁄÷ ¿fl˘ ¿ı ÷ıfi˘ ≠‰ı√ 
2

3
 gsinα  »ı.

±◊‰Î

(±) m1 ±fiı m2 ƒT›‹ÎfifiÎ ±ı¿ … Áflı¬Î‹Î_ u1 ±fiı u2 ‰ı√◊Ì 7

√Ï÷ ¿fl÷Î ⁄ı √˘·¿˘ ±◊ÕÎ› »ı. Ωı ÷ı‹fi˘ ≠I›‰V◊ÎfiÎ_¿ Ë˘› ÷˘ ±◊ÕÎ‹HÎ

’»ÌfiÎ ÷ı‹fiÎ ‰ı√ ‹ı‚‰˘.

(⁄) √‹ı ÷ı ⁄ı ≠ffi˘fiÎ …‰Î⁄ ·¬˘ — 14

(1) a ÏhÎF›Î‰Î‚Î ±fiı m ƒT›‹ÎfifiÎ CÎfi √˘·¿fi_ ¿˘¥ ±ı¿ T›ÎÁfiı

ÁÎ’ıZÎ …ÕI‰¤˛Î‹¿ Â˘‘˘.

(2) ±ı¿ √˘·¿, ⁄ÌΩ „V◊fl Á‹Îfi √˘·¿ ÁÎ◊ı ÁÌ‘˘ ±◊ÕÎ› »ı. ±ÎCÎÎ÷

’»ÌfiÎ ÷ı‹fiÎ ‰ı√ 
1

1

−
+

e

e
fiÎ √HÎ˘kÎfl‹Î_ Ë˘› ÷ı‹ ÁÎÏ⁄÷ ¿fl˘.

F›Î_ e, ≠I›‰V◊ÎfiÎ_¿ »ı.

(3) M ƒT›‹Îfifi˘ ±ı¿ ºœ’ÿÎ◊˝ Ë‚‰Î ÿ˘flÎfiÎ ±ı¿ »ıÕı ⁄Î_‘ı·˘ »ı.

ZÎˆÏ÷… ±ZÎfiı ÁÎ’ıZÎ ’Ïfl¤˛‹HÎ ¿flÌ Â¿ı ÷ı‰Î a ÏhÎF›ÎfiÌ ÏÁÏ·LÕfl

±Î¿ÎflfiÌ Œfl¿ÕÌ ±ÎÁ’ÎÁ ±Î ÿ˘fl˘ ‰ŸÀÎ‚ı·˘ »ı. ÁÎÏ⁄÷ ¿fl˘ ¿ı

±Î ºœ ’ÿÎ◊˝ 
g

I
Ma

1 2+
 ≠‰ı√◊Ì fiÌ«ı µ÷flı »ı. I ÷ıfiÎ ±ZÎ

Ï‰Êı ÏÁÏ·LÕfl ±Î¿ÎflfiÌ Œfl¿ÕÌfi_ …ÕI‰ ¤˛Î‹¿ »ı.
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ENGLISH  VERSION

2 - Mechanics

Instructions : (1) Attempt any five questions.

(2) Each question carries 21 marks.

(3) Figures to the right indicate full marks of the
corresponding question.

1 (a) If two forces P and Q act on a particle, at an 7
inclination θ  to each other and inclination between
their resultant R and force P is α then prove that

R P Q PQ2 2 2 2= + + cosθ  and tan
sin

cos
α θ

θ
=

+
Q

P Q

OR

(a) Prove in the usual notations that for an infinitesimal 7
displacement of a rigid body in a plane

δ δ δ δθw X a Y b N= + + .

(b) Attempt any two : 14

(1) A particle is equilibrium under the action of six
forces. Three of these forces are reversed, the
particle remains in equilibrium. Prove that it will
remain in equilibrium if these three forces are
removed altogether.

(2) A light rods of length 2b, terminated by heavy
particles of weight w1 and w2 is placed inside a
smooth hemisphere bowl of radius a which is fixed
with its rim horizontal. If the particle of w1 rests
just below the rim of bowl then prove that

w a w b a1
2

2
2 22= −ε ϕ.
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(3) A particle is in equilibrium under three forces.
Two of the forces act at right angles to one
another, one being three times than the other. The
third force has a 10 pound weight. Find the
magnitude of the other two.

(4) Find grad V and gradV  at a point

(2, – 2, –1) if V xz x y= −2 4 2 .

2 (a) Obtain the Cartesian equation of a curve formed by a 7
uniform cable hanging freely under its own weight.

OR

(a) In usual notations show that the tension is T T e= 0
µθ 7

if a light cable rests in contact with rough curve.

(b) Attempt any two : 14

(1) Prove that the distance between centre and the
mass centre of a semicircular plat of radius a is

4

3

a

π
.

(2) A ladder is supported on a smooth floor and leans
against a rough wall. How far, a man can climb
up the ladder, without slipping taking place ?

(3) A suspension cable with supports the same level
has a span of 30 meter and a maximum dip of
3 meter. The cable is loaded with a uniformly
distributed load of 10 kilogram throughout its
length. Find the maximum tension in the cable.

3 (a) Find the tangential and normal components of velocity 7
and acceleration of the particle moving in a plane.

OR
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(a) For a system of particles, prove that the increase in 7
kinetic energy is equal to the work done by force. From
this deduce the principle of conservation of energy.

(b) Attempt any two : 14

(1) A skier, starting from rest, descends a slope  280

meter long and inclined at an angle of sin−1 5

14

to the horizontal. If the coefficient of friction

between the skier and the snow is 
1

19
, find the

speed of the skier at the bottom of the slope.

(2) The components of velocity of a particle along the
direction of a radius vector drawn from a fixed

origin and perpendicular to it are respectively λr 2

and µθ2. Express radial and transverse components

of its acceleration in terms of r and θ .

(3) The tangential and normal components of
acceleration of a particle moving along a curve are
equal in magnitude. If the angular velocity of the
tangent to the curve is constant then find the
equation of the curve.

4 (a) In usual notations, prove : d u

d
u

P

h u

2

2 2 2θ
+ = . 7

OR

(a) A particle is projected with velocity V, making an 7
angle α with the horizontal. Find the expressions for

(1) the horizontal range

(2) the time of flight and

(3) the maximum height attained by the particle.
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(b) Attempt any two : 14

(1) A particle describes the central orbit r a2 2 2= cos θ,

the centre of force being the pole. Show that the

law of force varies inversely as r 7.

(2) A gun is mounted on a will of height h above a
level plain. Show that the greatest horizontal
range for a given muzzle velocity V is obtained
by firing at an angle of elevation θ  such that

cosec
gh

V
2

22 1θ = +ΦΗ ΙΚ (Neglecting resistance of air)

(3) A particle executes simple harmonic motion such
that in two of its positions the velocities are u and
v and corresponding accelerations are α and β .

Show that the distance between the positions is

v u2 2−
+α β

 . Also show that the amplitude of the

motion is 
v u v u2 2 2 2 2 2

2 2

1
2− −

−

ε ϕε ϕα β

β α
 .

5 (a) A solid cylinder of radius r and mass m is rolling 7
down a plane inclined at an angle α, prove that its

acceleration is 
2

3
 gsinα .

OR

(a) Two spheres of masses m1 and m2, moving in a 7
straight line with velocities u1 and u2 collide with each
other. If e is the coefficient of restitution, obtain their
velocities after collision.
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(b) Attempt any two : 14

(1) Find the moment of inertia of a solid sphere of
mass m and radius a about its diameter.

(2) A sphere impinges directly on an equal sphere at
rest. If the coefficient of restitution is e, show that

their velocities after impact are in the ratio 
1

1

−
+

e

e
.

(3) A rigid body of mass M is fastened to one end
of a light thread, the thread is coiled round a
windless in the form of circular cylinder of radius
a which is left free to rotate about its axis. Prove
that the rigid body descends with acceleration

g
I

Ma
1 2+  where I is the moment of inertia of the

cylinder about its axis.

3 - Number Theory

Ëq[™t : (1) «[r÷‚ Ëkfu‚tu™u y™wËhtu.

(2) s{ýe ƒtsw™t ykf y™wY… …uxt-«&™™t „wý Œþtoðu Au.

1 (y)

p p, + 2
 y™u 

p + 4
 ºtýuÞ yrð¼tßÞ ËkÏÞtytu ntuÞ ‚uðt ‚{t{ 5

p
 þtuÄtu.

(ƒ) ƒk™u þqLÞ ™ ntuÞ ‚uðt …qýtOftu 

a b,
 yt…u÷t Au. Ëtrƒ‚ fhtu fu 8

yuðt …qýtOftu 

x
 y™u 

y
 yÂM‚íð Ähtðu Au fu suÚte 

gcd( , )a b ax by= +
.

(f) ykf„rý‚™wk {q¤¼q‚ «{uÞ ÷¾tu y™u Ëtrƒ‚ fhtu. 8

yÚtðt
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1 (y) òu 

n > 4
 rð¼tßÞ ËkÏÞt ntuÞ ‚tu Ëtrƒ‚ fhtu fu ( ) !n − 1  ™u 

n
 ðzu 5

r™þu»t ¼t„e þftÞ Au.

(ƒ)

4 3n +
 MðY…™e yrð¼tßÞ ËkÏÞtytu y™k‚ Au ‚u{ ƒ‚tðtu. 8

(f) ztÞtuVuLxtE™ Ë{efhý 24 138 18X Y+ = ™t ‚{t{ …qýtOf Wfu÷tu {u¤ðtu. 8

2 (y)
1 2 3 99 100! ! ! ....... ! !+ + + + +

™u 
12

 ðzu ¼t„‚tk {¤‚e þu»t þtuÄtu. 6

(ƒ) Ëtrƒ‚ fhtu fu Ëwhu¾ Ë{þu»t‚t Ë{efhý 

ax b n≡ (mod )
™u Wfu÷ 9

ntuÞ ‚tu y™u ‚tu s d b/ , ßÞtk d a n= gcd( , ).

òu 
d b/

 ‚tu ‚u 

d
 sux÷t …hM…h yË{þu»t {tuzâw÷tu 

n
 Wfu÷tu Au.

(f) òu 7× a  ntuÞ ‚tu Ëtrƒ‚ fhtu fu 

a3 1+
 yÚtðt 

a3 1−
™u 7 ðzu 6

r™:þu»t ¼t„e þftÞ.

yÚtðt

2 (y) òu 
p

 y™u 
q

 r¼L™ yrð¼tßÞ ËkÏÞtytu yuðe Au fu suÚte 6

a a qp ≡ (mod )
 y™u 

a a pq ≡ (mod )
 ÚttÞ. Ëtrƒ‚ fhtu fu

a a pqpq ≡ (mod ).

(ƒ) òu 
p

 yrð¼tßÞ ËkÏÞt ntuÞ ‚tu ƒ‚tðtu fu : 

( ) ! (mod )p p− ≡ −1 1
. 9

(f) Ëwhu¾ Ë{þu»t Ë{efhý 

9 21 30x ≡ (mod )
™u Wfu÷tu. 6

3 (y) ℑ( )n  y™u 
σ( )n

 ÔÞtÏÞtrÞ‚ fhtu. 9

òu n p p pk k
r
kr= 1

1
1

2........  yu 

n > 1
™wk yrð¼tßÞ ½t‚ yðÞðefhý ntuÞ

‚tu Ëtrƒ‚ fhtu fu :

ℑ(n k k kr) ......= + + +1 21 1 1β γβ γ β γ y™u

σ n
p

p
i
k

ii

r iβγ=
−

−

+

=
∏

1

1

1

1
. ‚thðtu fu ℑ y™u 

σ
 {rÕxrÃ÷furxð rðÄuÞtu Au.
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(ƒ)

n > 2
 {txu ƒ‚tðtu fu 

φ( )n
 yu ƒufe ËkÏÞt Au. 7

(f) Œhuf Ä™ …qýtOf 

n
 {txu ƒ‚tðtu fu : 5

µ µ µ µ( ) ( ) ( ) ( )n n n n⋅ + ⋅ + ⋅ + =1 2 3 0.

yÚtðt

3 (y) òu 
n

 y™u 

r
 Ä™ …qýtOftu ntuÞ, ßÞtk 1≤ <r n ‚tu Ëtrƒ‚ fhtu fu 7

rî…Œe Ën„wýf 

r
n n

n r r
εϕ=

−
!

( ) ! !
 …ý yuf …qýtOf Au.

(ƒ) {tuƒeÞË 

µ
–rðÄuÞ ÔÞtÏÞtrÞ‚ fhtu. 7

Ëtrƒ‚ fhtu fu ‚u {ÂÕxrÃ÷furxð rðÄuÞ Au.

(f) Ä™ …qýtOf n {txu ƒ‚tðtu fu 

n
n n

2
≤ ≤φ( )

. 7

4 (y) òu …qýtOf 

a
™e fûtt 

k
 {tuzâw÷tu 

n
 ntuÞ y™u r > 0 ntuÞ ‚tu Ëtrƒ‚ 8

fhtu fu 

ar
™e fûtt 

k

r kgcd( , )
 {tuzâw÷tu 

n
 Au.

(ƒ) Ëtrƒ‚ fhtu fu 
2

 yu 19™wk {q¤¼q‚ ƒes Au …ý 13™wk ™Úte. 7

(f) V{to ËkÏÞt F5™u 641 ðzu r™:þu»t ¼t„e þftÞ Au ‚u{ ƒ‚tðtu. 6

yÚtðt

4 (y) {Ëeo™ ËkÏÞt M13 yrð¼tßÞ ËkÏÞt Au ‚u{ ƒ‚tðtu. 6

(ƒ) òu 
2 1 1k k− >( )

 yu yrð¼tßÞ ËkÏÞt ntuÞ ‚tu Ëtrƒ‚ fhtu fu 8

n k k= −−2 2 11( )
 yu …qýoËkÏÞt Au.

(f)
k ≥ 3

 {txu Ëtrƒ‚ fhtu fu 

2k
™u ftuE {q¤¼q‚ ƒes ™Úte. 7

5 (y) Äthtu fu 
p

 yu yufe yrð¼tßÞ ËkÏÞt Au y™u 

gcd( , )a p = 1
. 7

Ëtrƒ‚ fhtu fu 

a
 yu 

p
™tu ð„toí{f yðþu»t ntuÞ ‚tu y™u ‚tu s

a p
p( )

(mod )
−

≡
1

2 1 .
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(ƒ) òu 
p

 yu yufe yrð¼tßÞ ËkÏÞt ntuÞ ‚tu Ëtrƒ‚ fhtu fu ÷usuLzh Ëkfu‚ 7

−Φ
ΗΓ

Ι
Κϑ=

≡

− ≡

ΡΣ|Τ|
1 1 1 4

1 3 4p

p

p

; (mod )

; (mod )

òu

òu

(f) òu 
x y z, ,

 yu …tÞÚttu„tuheÞ™ ºtu÷wk yuðwk Au fu suÚte 

z y− = 2
 ÚttÞ ‚tu 7

Ëtrƒ‚ fhtu fu ftuEf t > 1 {txu 

x t= 2
, 

y t= −2 1
, 

z t= +2 1
.

yÚtðt

5 (y) òu 

x y z, ,
 yu {q¤¼q‚ …tÞÚtt„tuheÞ™ ºtu÷wk ntuÞ ‚tu ƒ‚tðtu fu 

x y+
7

y™u 
x y−

 ftk‚tu 1 yÚtðt 7 Ë{þu»t {tuzâw÷tu 8 Au.

(ƒ) òu 

p
 yu yufe yrð¼tßÞ ËkÏÞt ntuÞ y™u …qýtOftu 

a
 y™u 

b
 yu 

p
™u 7

Ët…uût yrð¼tßÞ ntuÞ ‚tu Ëtrƒ‚ fhtu fu òu 

a b p≡ (mod )
 ‚tu

a

p

b

p

Φ
ΗΓ

Ι
Κϑ=

Φ
ΗΓ

Ι
Κϑ.

(f) Ëtrƒ‚ fhtu fu 3 yu 23™tu ð„toí{f yðþu»t Au, …ý 31™tu ™Úte. 7

ENGLISH  VERSION

3 - Number Theory

Instructions : (1) Follow the usual notations.

(2) Figures to the right indicate the marks of the

corresponding sub-question.

1 (a) Find all p for which p, p + 2 and p + 4 all are primes. 5

(b) Given integers a and b not both of which are zero. 8

Prove that there exist integers x and y such that

gcd( , )a b ax by= + .
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(c) State and prove the fundamental theorem of arithmetic. 8

OR

1 (a) Prove that if n > 4 is composite then n divides ( ) !n − 1 5

(b) Prove that there are infinite number of primes of the 8
form 4 3n + .

(c) Determine all solution in the integers of the Diophantine 8
equation 24 138 18X Y+ = .

2 (a) Find the remainder when 1 2 3 99 100! ! ! ....... ! !+ + + + +  is 6

divided by 12.

(b) Show that the linear congruence ax b n≡ (mod ) has a 9

solution iff d b/ , where d a n= gcd( , ).

If d b/ ‚ then show that it has d mutually incongruent
solution modulo n.

(c) If 7× a , prove that a3 1+  or a3 1−  is divisible by 7. 6

OR
2 (a) If p and q are distinct primes such that 6

a a qp ≡ (mod ) and a a pq ≡ (mod ) . Prove that

a a pqpq ≡ (mod ) .

(b) If p is a prime then prove that ( ) ! (mod )p p− ≡ −1 1 . 9

(c) Solve the linear congruence 9 21 30x ≡ (mod ) . 6

3 (a) Define ℑ( )n , σ( )n . 9

If n p p pk k
r
kr= 1

1
1

2........  is the prime power factorization

of n > 1. Then prove that :

ℑ(n k k kr) ......= + + +1 21 1 1β γβ γ β γ and

σ n
p

p
i
k

ii

r iβγ=
−

−

+

=
∏

1

1

1

1

Deduce that ℑ and σ  are multiplicative functions.
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(b) For n > 2 prove that φ( )n  is an even number. 7

(c) For each positive integer n, show that 5

µ µ µ µ( ) ( ) ( ) ( )n n n n+ + + =1 2 3 0.

OR

3 (a) If n and r  are positive integers with 1≤ <r n, then 7

prove that the binomial coefficient

r
n n

n r r
εϕ=

−
!

( ) ! !
 is also an integer.

(b) Define the Mobius µ–function. Show that it is 7

multiplicative function.

(c) For a positive integer n, show that 
n

n n
2

≤ ≤φ( ) . 7

4 (a) If the integer a has order k modulo n and r > 0. 8

Prove that ar  has order 
k

r kgcd( , )
 modulo n.

(b) Show that 2 is a primitive root of 19, but not of 17. 7

(c) Show that the Fermat number F5 is divisible by 641. 6

OR

4 (a) Prove that the Mersenne number M13 is a prime. 6

(b) If 2 1k −  is a prime ( )k > 1 , Then prove that 8

n k k= −−2 2 11( )  is a perfect number.

(c) For k ≥ 3 prove that the integer 2k  has no primitive 7

roots.

5 (a) Let p be an odd prime and gcd( , )a p = 1. 7

Prove that a is a quadratic residue of p iff

a p
p( )

(mod )
−

≡
1

2 1 .
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(b) If p is an odd prime then prove that the Legendre 7

symbol

−Φ
ΗΓ

Ι
Κϑ=

≡

− ≡

ΡΣ|Τ|
1 1 1 4

1 3 4p

p

p

if

if

(mod )

(mod )

(c) Prove that if x y z, ,  is a primitive Pythagorean triples 7

in which the difference z y− = 2, then x t= 2 , y t= −2 1,

z t= +2 1, for some t > 1.

OR

5 (a) If x y z, ,  is a primitive Pythagorean triple, prove that 7

x y+  and x y−  are congrrent modulo 8 to either

1 or 7.

(b) Let p be an odd prime and a and b be integers which 7

are relatively prime to p. Prove that if a b p≡ (mod )  then

a

p

b

p

Φ
ΗΓ

Ι
Κϑ=

Φ
ΗΓ

Ι
Κϑ.

(c) Show that 3 is a quadratic residue of 23, but a non– 7

residue of 31.

4 - Pascal Programming

Instructions : (1) All questions are compulsory.

(2) Figures on the right indicate the marks of the

question.

(3) Write correct number of the question in your

answer book as shown in the question paper.



NE-603] 27 [Contd...

1 (a) Attempt any three : 18

(1) If a:=–17 div 4; b:=–17 mod 4 c:=17 mod(–4) then

what are the values of abs(trunc(a)),

round(abs(c–b)) and round(abs(trunc(a+2b+c)))?

(2) Determine which of the following are valid numbers

with proper reason. If a number is valid, specify

whether it is integer or real :

0.521, +93e12, –5.83e–67, 1., 42–55, 12e2,

131073, 1.31572e5.

(b) For a given positive integer n, write a program to print

the following digit pyramid of order n as follows. Print

the output in the following manner : (assume that

n< = 9).

       1

    1  2  1

      1  2  3  2  1

   1  2  3  4  3  2  1

1  2  3  4  5  4  3  2  1

(c) A given positive integer n is said to be perfect if the

sum of all the positive divisors of n is equal to 2n.

e.g. 6 is a perfect number 2(6)=1+2+3+6. Write a

program that given positive integer is (i) prime (ii)

perfect or not.

(d) Write a program (i) to exchange the values of the two

variables using only two variables. Write a program

(ii) to accept three numbers a, b and c (iii) to change

the values of a, b and c (iv) to print the new values

of a, b and c.
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(e) Write a program to evaluate the following series correct

to four decimal digits :

(1) − + − + +x x x x

1 2 3 4

2 3 4

! ! ! !
......

(2) 1
1 1 1

2 3
− + − +

x x x
........., where x > 1.

2 Attempt any three : 18

(a) Write an algorithm and program to find an integer in

the range 50 to 100 having the maximum number of

divisors.

(b) Write a function subprogram to evaluate the factorial

of a given non-negative integer n. Using this function

subprogram write a program to evaluate the binomial

coefficient 
n

r

Φ
ΗΓ

Ι
Κϑ for given non-negative integers n and

r with 0≤ ≤r n.

(c) What will be the output of the following program

segment ? (Select from the option with proper

explanation.)

Procedure swap(name x, y : integer);

var z: integer;

being

z : = x;   x : = y;   y : = z;

end;
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with respect to the above procedure of some main

program what is the effect of the following ? a[1]=2,

a[2]=5 and i=1 :

(1) What would be the effect of swap(a[i], i) ?

(i) a[1] = 1, a[2] = 5 and i = 2.

(ii) a[1] = 2, a[2] = 5 and i = 1.

(iii) a[1] = 1, a[2] = 5 and i = 1.

(iv) a[1] = 2, a[2] = 1 and i = 2.

(2) What would be the effect of swap(a[i], i) ?

(i) a[1] = 2, a[2] = 5 and i = 1.

(ii) a[1] = 1, a[2] = 1 and i = 2.

(iii) a[1] = 1, a[2] = 5 and i = 2.

(iv) a[1] = 2, a[2] = 1 and i = 2.

(3) What would be the effect of swap(a[i], i), if x, y in

swap are variable parameters ?

(i) a[1] = 2, a[2] = 5 and i = 1.

(ii) a[1] = 1, a[2] = 5 and i = 2.

(iii) a[1] = 2, a[2] = 1 and i = 2.

(iv) a[1] = 1, a[2] = 2 and i = 1.

(4) What would be the effect of swap(a[i], i), if x, y in

swap are value parameters ?

(i) a[1] = 2, a[2] = 2 and i = 5.

(ii) a[1] = 1, a[2] = 5 and i = 1.

(iii) a[1] = 2, a[2] = 5 and i = 1.

(iv) a[1] = 1, a[2] = 2 and i = 1.
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(5) What would be the effect of swap(a[i], i), if x, y in

swap are value-result parameters ?

(i) a[1] = 1, a[2] = 5 and i = 1.

(ii) a[1] = 1, a[2] = 5 and i = 2.

(iii) a[1] = 2, a[2] = 1 and i = 2.

(iv) a[1] = 2, a[2] = 1 and i = 1.

(d) Explain the control structures WHILE-DO, REPEAT-

UNTIL, FOR-TO, FOR-DOWNTO. Use the four

structures to find the summation of the first n positive

integers, where n is a given positive integer.

(e) Answer as true or false :

(i) Pascal does not allow the use of lower case letters.

(ii) The ordinal numbers of the Boolean constants true

and false are identical.

(iii) Extremely small numbers cannot be written in the

exponent form.

(iv) Blanks are allowed in an identifier.

(v) Pascal does not allow the use of any other data

type except scalar.

(vi) Constant declaration may follow the variable

declaration.

3 Attempt any three : 18

(a) In the context of :

var b:array[1..n,1..n] of integer; i, j: integer;
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The following code segment;

for i: = 1 to n do

for j: = 1 to n do

b[i, j]: = (i div j) * (j div i);

Is equivalent to :

(x) for i: = 1 to n do

for j: = 1 to n do

b[i, j]: = 1;

(y) for i: = 1 to n do

for j: = 1 to n do

b[i, j]: = 0;

for i: = 1 to n do

for j: = 1 to i do

b[i, j]: = 1;

(z) for i: = 1 to n do

for j: = 1 to n do

b[i, j]: = 0;

for i: = 1 to n do

b [i, i]: = 1;

(w) for i: = 1 to n do

for j: = 1 to n do

b[i, j]: = 0;
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(b) Write an algorithm and a program to read array A and

B of integers and create a new array C such that

element of A and B are alternatively found in C.

(c) Given a randomly ordered set of n numbers sort them

into descending order using an insertion method.

(d) Write an algorithm or program to remove all duplicates

from an ordered array and contract the array

accordingly.

(e) Design an algorithm to find the number of times the

maximum occurs in an array of n elements. Only one

pass through the array should be made.

4 Attempt any two : 16

(a) Explain : Static variables, dynamic variables, advantages

and disadvantages of the pointer data type variables

with proper examples.

(b) Design and implement a recursive algorithm to solve

the Towers of Hanoi problem for one or more disks.

(c) Write an algorithm and program using recursive

approach to find the GCD for two positive integers and

to find the factorial of a positive integer.

(d) Design and implement a recursive quicksort algorithm

to sort an array of integers.

(e) Design and implement procedures that maintain a

queue that can be subjected to insertion and deletions.

———————


