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MAT8073T

M.Sc. FIRST SEMESTER (NEP) EXAMINATION, 2023-24

MATHEMATICS

Differential Equations

Time Allowed : Three Hours

Maximum Marks : 80

SECTION-A/ [k.M&v [Marks :8]

Answer all eight questions (Maximum 50 words each).

All questions carry equal marks.

lHkh vkB iz'uksa ds mRrj nhft,A izR;sd iz'u dk mRrj 50 'kCnksas ls vf/kd u gksA
lHkh iz'uksa ds vad leku gSaA

SECTION-B/ [k.M&c [Marks :40]

Answer any five questions (Maximum 250 words each),

selecting one from each unit. All questions carry equal marks.

izR;sd bdkbZ ls ,d iz'u pqurs gq,] dqy ik¡p iz'uksa ds mRrj nhft,A
izR;sd iz'u dk mRrj 250 'kCnksas ls vf/kd u gksA lHkh iz'uksa ds vad leku gSaA

SECTION-C/ [k.M&l         [Marks :32]

Answer any two questions (Maximum 300 words each).

All questions carry equal marks.

fdUgha nks iz'uksa ds mRrj nhft,A izR;sd iz'u dk mRrj 300 'kCnksas ls vf/kd u gksA
lHkh iz'uksa ds vad leku gSaA
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SECTION-A/ [k.M&v

1. Very short question answer :

vfr y?kq iz'u mRrj %

(i) State existence and uniqueness theorem.

vfLrRo ,oa fof'k"Vrk izes; dks crkb;sA

(ii) Define Semi-linear Partial Differential Equation and Quasi-linear Partial

Differential Equation.

v)Z&jSf[kd vkaf'kd vody lehdj.k rFkk vjSf[kd vkaf'kd vody lehdj.k dks

ifjHkkf"kr dhft,A

(iii) Write second and third alternative form of Euler's equation.

;wyj ds lehdj.k ds f}rh; rFkk r̀rh; oSdfYid izk:i dks fyf[k,A

(iv) Find the extremal of the functional 
3

1
(3 )  x y dy dx  that satisfy the

boundary conditions :

(1) 1; (3) 9 / 2 y y

Qyud 
3

1
(3 )  x y dy dx  dk mfPPk"B Kkr dhft, tks lhek 'krksZa dks larq"V djrk

gS %

(1) 1; (3) 9 / 2 y y

(v) Write the fundamental lemma of the calculus of variations.

fopj.k dyu dh ekSfyd izesf;dk fyf[k,A

(vi) Determine whether x = 0 is an ordinary point or a regular singular point of

the differential equation :

2
2

2
2 7 ( 1) 3 0

           

d y dy
x x x y

dx dx

vody lehdj.k 
2

2
2

2 7 ( 1) 3 0
           

d y dy
x x x y

dx dx
 dk fu/kkZj.k dhft, tcfd

x = 0 bldk ,d lk/kkj.k fcUnq gS ;k ,d fu;fer ,dy fcUnq gSA
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(vii) Find the 3rd derivative of 2 1
(2, 3; 1; )F x  with respect to 'x'.

'x' ds lUnHkZ esa 2 1
(2, 3; 1; )F x  dk rhljk O;qRiUUk dks Kkr dhft,A

(viii) Express 22 3 4 x x  in terms of  Legendre polynomial.

ystsUMsª cgqin ds inksa esa 22 3 4 x x  dks O;Dr dhft,A

SECTION-B/ [k.M&c

Short question answer :

y?kq iz'u mRrj  %

Unit-I / bdkbZ&I

2. Write down the canonical form of one dimensional equation  
2 2

2 2
0

 
 

 
z z

x y
.

,d&vk;keh; lehdj.k 
2 2

2 2
0

 
 

 
z z

x y
 ds fofgr izk:i dks fyf[k,A

OR / vFkok

3. For the initial value problem 2 2cos ; 
dy

y x
dx

 (0) 0y  determine the interval of

existence of its solution given that R is the rectangle containing origin :

1
:{( , ); 0 , | | , , 0}

2
    R x y x a y b a b

izkjfEHkd eku leL;k 2 2cos ; 
dy

y x
dx

 (0) 0y  ds fy, blds lek/kku ds vfLrRo dk

vUrjky fu/kkZfjr dhft;s] ;g ns[krs gq, fd R ewy fcUnq :{( , ); 0 , | | ,  R x y x a y b

1
, 0}

2
 a b   okyk vk;r gSA

Unit-II / bdkbZ&II

4. Find the curve passing through the points 1 1
( , )x y  and 2 2

( , )x y  which when rotated

about the x-axis gives a minimum surface area.
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fcUnq 1 1
( , )x y  rFkk 2 2

( , )x y  ls xqtjus okyk oØ Kkr dhft, tks x&v{k ds pkjkas vksj ?kweus

ij U;wure lrg {ks= nsrk gSA

OR / vFkok

5. Show that the shortest distance between two fixed points in the euclidean xy-plane

is a straight line.

iznf'kZr dhft, fd ;wfDyfM;u xy-ry esa nks fuf'pr fcUnqvksa ds e/; dh U;wure nwjh ,d

lh/kh js[kk gSA

Unit-III / bdkbZ&III

6. Prove that :

1 1
1

0
( , ; ; ) (1 ) (1 )F x t t xt dt     

  
       

 

fl) dhft, fd %

1 1
1

0
( , ; ; ) (1 ) (1 )F x t t xt dt     

  
       

 

OR / vFkok

7. To show ( )
n

P x  is coefficient of nz  in the expension of 2 1/2(1 2 ) xz z  in ascending

powers of z.

n'kkZb;s fd ( )
n

P x ] z dh vkjksgh ?kkr esa 2 1/2(1 2 ) xz z  ds foLrkj esa nz  dk xq.kkad gSA

Unit-IV / bdkbZ&IV

8. To show that :

21
( ) ( 1)

2
 

n
n

n n n

d
P x x

n dx

iznf'kZr dhft, fd %

21
( ) ( 1)

2
 

n
n

n n n

d
P x x

n dx

OR / vFkok
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9. To show that :

( ; ; ) ( ; ; )  xF x e F x    

iznf'kZr dhft, fd %

( ; ; ) ( ; ; )  xF x e F x    

Unit-V / bdkbZ&V

10. From among the curve connecting the points 1
(1, 3)P  and 2

(2, 5)P  find the curves

on which an extremum of the functional 
2

2

1
(1 )  y x y dx   can be attained.

fcUnqvksa 1
(1, 3)P  rFkk 2

(2, 5)P  dks tksM+us okys oØksa esa ls mu oØksa dks Kkr dhft, ftu ij

Qyud 
2

2

1
(1 )  y x y dx  dk pje izkIr fd;k tk ldrk gSA

OR / vFkok

11. Solve Boundary value problem :

4
 


 
u u

x y  if 3(0, ) 8  yu y e .

lhek eku leL;k dks gy dhft, %

4
 


 
u u

x y  ;fn 3(0, ) 8  yu y e -

SECTION-C/ [k.M&l

12. Use the method of separation of variables to solve the equation :

2

2

v v

x t

 


 

given that 0v   when t   as well as 0v   at 0x   and 1x  .

fuEu lehdj.k dks gy djus ds fy, pjksa dks iF̀kd djus dh fof/k dk mi;ksx dhft, %

2

2

v v

x t

 


 

fn;k x;k gS fd 0v   tc t   lkFk gh 0x   RkFkk 1x   ij 0v  .
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13. (The problem of the Brachistochrone) Find the curve connecting given points  A

and  B which is traversed by a particle sliding from A to B in the shortest time

(friction and resistance of the medium are ignored).

fn;s x;s fcUnq A vkSj B dks tksM+us okyk oØ Kkr dhft,] tks lcls de le; esa A  ls B rd

fQlyus okys d.k }kjk ikj fd;k tkrk gS ¼ek/;e ds ?k"kZ.k vkSj izfrjks/k dks utjvankt dj fn;k

tkrk gS½ A ¼czsfpLVksØksu dh leL;k½

14. Find the series solution of :

4 2 0xy y y   
fuEu Js.kh dk gy Kkr dhft, %

4 2 0xy y y   

15. (a) 1 2
(2 1) ( 1)

n n n
nP n xP n P

 
    ; 2n 

(b) Find the extrmals and the stationary function of the functions :

2

0
( ) ;

e
xy yy dx  , (1) 0y  , ( ) 1y e 

Qyud ds mfPPk"B rFkk LFkSfrd Qyu Kkr dhft, %

2

0
( ) ;

e
xy yy dx  , (1) 0y  , ( ) 1y e 

----- × -----


