
 RvZxq wek¦we`¨vj‡qi cÖkœcÎ - 2013 1 2  

   

NUMSc-2013 
 

1| (K) cÖ_g µ‡gi Avw`gvb mgm¨v mgvav‡bi we`¨gvbZv m¤úwK©Z Kwm-wcqv‡bv 
Dccv`¨wU eY©bv I cÖgvY Ki| [State and prove Cauchy-Peano existence 
theorem for the solution of a first order IVP]  

 (L) 2 2 3 , (1) 1= − =
dy yx y y
dx x

 Avw`gvb mgm¨vwUi mgvav‡bi we`¨gvbZv I 

Abb¨Zv hvPvB Ki| mgm¨vwU mgvavb Ki| mgvav‡bi ˆea GjvKv †ei Ki| 
[Examine the existence and uniqueness of the solution of the IVP 

2 2 3 , (1) 1= − =
dy yx y y
dx x

. Find also the solution and its region of 

validity]  
2| (K) wcKv‡W©i ch©vqµwgK Avmbœgvb c×wZ e¨vL¨v Ki Ges Bnv e¨envi K‡i 

4 2 , (0) 2′ = + =x t tx x  Avw`gvb mgm¨vi cÖ_g wZbwU Avmbœ gvb wbY©q Ki| 
AZtci mwVK mgvavb wbY©q Ki| [Explain Picard’s method of 
successive approximation and use it to find the first three 
approximation of the IVP 4 2 , (0) 2′ = + =x t tx x  and hence find 
exact solution]  

 (L) wjcwmR kZ© I wjcwmR aª“e‡Ki msÁv `vI| wjcwmR kZ© wKfv‡e cÖ_g 
µ‡gi Avw`gvb mgm¨v mgvav‡bi Abb¨Zvi mv‡_ m¤úwK©Z Zv e¨vL¨v Ki| 

2 4( , ) , 1, 2 3= + < − ≤f x y xy y x y  Gi †¶‡Î wjcwmR aª“eK wbY©q Ki| 

( , )=
dy f x y
dx

 Gi mgvavb wK Abb¨? [Define Lipschitz condition and 

Lipschitz constant. Explain how Lipschitz condition is related to the 
uniqueness of the solution of the first order IPV. Find the Lipschtiz 
constant for 2 4( , ) , 1, 2 3= + < − ≤f x y xy y x y . Is the solution of 

( , )=
dy f x y
dx

 unique?]  

3| (K) mggvwÎK †Rv‡Ui †gŠj mgvavb †m‡Ui msÁv `vI| cÖgvY Ki †h, 
mggvwÎK †RvU ( ) ( )′ =x t A t x  (†hLv‡b ( )A t  GKwU Awew”Qbœ g¨vwUª· 
dvskb) Gi †gŠj mgvavb †mU we`¨gvb| [Define a fundamental set of 
solutions of a homogeneous system. Prove that there exists 
fundamental set of solutions of the homogeneous system 

( ) ( )′ =x t A t x , where ( )A t  is a continuous matrix function] 
 

 (L) mggvwÎK †RvU 1 1 2 3 2 2 3 3 2 3, 2 9 , 2′ ′ ′= − + − = − − = −x x x x x x x x x x  

Gi GKwU †gŠj g¨vwUª· wbY©q Ki| AZtci †RvUwUi mgvavb Ki| [Compute 

a fundamental matrix of the homogeneous system 
1 1 2 3 2 2 3 3 2 3, 2 9 , 2′ ′ ′= − + − = − − = −x x x x x x x x x x . Hence solve the 

system]  
4| (K) cÖgvY Ki †h, 0 0( ) ( ) (t) ( ), ( )′ = + =x t A t x b t x t x  AmggvwÎK mgxKiY 

†Rv‡Ui mgvavb 
0

1 1
0 0( ) (t) ( ) ( ) ( ) ( )− −= + ∫

t

t
x t t x t s b s dsφ φ φ φ  †hLv‡b 

( )A t  GKwU Awew”Qbœ ×n n  g¨vwUª· dvskb Ges ( )tφ  mswk­ó mggvwÎK 
†Rv‡Ui †gŠj g¨vwUª· †hLv‡b: 0( ) ≠t Iφ  [Prove that the solution of the 
inhomogeneous system 0 0( ) ( ) (t) ( ), ( )′ = + =x t A t x b t x t x  is 

0

1 1
0 0( ) (t) ( ) ( ) ( ) ( )− −= + ∫

t

t
x t t x t s b s dsφ φ φ φ , where ( )A t  is an ×n n  

continuous matrix function and ( )tφ  is a fundamental matrix of the 
corresponding homogeneous system and 0( ) ≠t Iφ ] 

 

 (L) mgvavb Ki [Solve]: 1 1 2

2 1 2

3 1
4

x x x
x x x t
′ = − +
= − +

; 
1

(0)
0

x  
=  
 

 

 
5| (K) cÖgvY Ki †h, ( ) ( )′ =x t A t x , †hLv‡b ( ) [0, )∞A t  e¨ewa‡Z GKwU 

×n n  µ‡gi Awew”Qbœ g¨vwUª· Ges x  GKwU n  †f±i Gi mKj mgvavb myw ’̄Z 
n‡e hw` Ges †Kej hw` Dnviv mxgvwqZ nq| [Prove that all solutions of 

( ) ( )′ =x t A t x , where ( )A t  is an ×n n  continuous matrix on [0, )∞  
and x  is an n  vector are stable iff they are bounded]  

 (L) cÖgvY Ki †h, 0′′ + =x x  Gi k~b¨ mgvavb mylg myw ’̄Z wKš‘ AmxgZUxq 
myw ’̄Z bq| [Show that the zero solution of 0′′ + =x x  is uniformly 
but not asymptotically stable]  

6| (K) (i)  †hvwRZ wP‡ýi Aax‡b GKwU dvsk‡bi Aš—ixKi‡Yi e¨vL¨v `vI| 
[Explain the differentiation of a function under integral 
sign]  

 (ii) †`LvI †h, 
1( ) =x

x
φ

π
 dvskbwU 

0

( ) 1=
−∫

x s ds
x s
φ

 †hvMR 

mgxKi‡Yi GKwU mgvavb| [Show that the function 
1( ) =x

x
φ

π
 is a solution of the integral equation 

0

( ) 1=
−∫

x s ds
x s
φ ] 
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 (L) †hvMR mgxKiY 
2 2 2

0
( ) ( ) ( )−= + ∫

xx xx e e dξφ φ ξ ξ  Gi wiRj‡f›U 

Kv‡b©j wbY©q Ki| AZtci mgxKiYwU mgvavb Ki| [Find the resolvent 
kernet and hence solve the integral equation 

2 2 2

0
( ) ( ) ( )−= + ∫

xx xx e e dξφ φ ξ ξ ]  

7| (K) †`LvI †h, cÖwZmg Kv‡b©‡ji mKj cybi“³ Kv‡b©jI cÖwZmg Ges cÖwZmg 
Kv‡b©‡ji AvB‡Mbgvb¸wj ev —̄e n‡e| [Show that all iterated kernels of 
symmetric kernels are also symmetric and the eigenvalues of a 
symmetric kernel are real]  

 (L) wW‡Rbv‡iU Kv‡b©‡ji msÁv `vI| †hvMR mgxKiYwU mgvavb Ki [Define 
degenerate kernel. Solve the IE]:  

  
0

( ) (1 sin sin ) ( )x x x t t dt
π

φ λ φ= + +∫  

 

8| (K) MÖxb dvsk‡bi mvnv‡h¨ mxgvbv mgm¨v , (0) 0
2

 ′′ + = = = 
 

y y x y y πλ  

mgvavb Ki| [Using Green’s function solve the boundary value 

problem , (0) 0
2

 ′′ + = = = 
 

y y x y y πλ ]  

 (L) †hvMR mgxKi‡Yi AvB‡Mbgvb I AvB‡Mb dvsk‡bi msÁv `vI| 
1 3 2

1
( ) (5 4 3 ) ( )

−
= + +∫x t ts t s ts x s dsλ  mgxKi‡Yi AvB‡Mbgvb I AvB‡Mb 

dvskb wbY©q Ki| [Define Eigenvalue and Eigenfunction of integral 
equation. Find the eigenvalues and eigen functions of 

1 3 2

1
( ) (5 4 3 ) ( )

−
= + +∫x t ts t s ts x s dsλ ]  
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