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UNIVERSITY OF NORTH BENGAL 

B.Sc. Programme 4th Semester Examination, 2023 

DSC1/2/3-P4-MATHEMATICS 

DIFFERENTIAL EQUATION AND VECTOR CALCULUS 

(REVISED SYLLABUS 2023) 
Time Allotted: 2 Hours Full Marks: 60 

The figures in the margin indicate full marks. 
Symbols have their usual meaning. 

 GROUP-A /  / समूह-क  

1. Answer any four questions from the following: 

कुनै चार ह को उ र लेखः 

3×4 = 12 

(a) What do you mean by degree and order of an ordinary differential equation? Find 
the degree and order of the D. E. 
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2
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dx
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dx
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 (order) (degree)
314

2
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dx

dy

dx

yd
 

 

 साधारण िवभेदक सिमकरणका िड ी र म भ नाले के बिुझ छ ? 
314

2

2

1



















dx

dy

dx

yd
 को िड ी र म िनणय गर । 

 

(b) Show that the function 2),( xyyxf   does not satisfy the Lipschitz condition on 
the strip 1|| x , || y . 

3 

 2),( xyyxf  1|| x || y Lipschitz

 

 

 पट् टी 1|| x , || y  मा function 2),( xyyxf   ले Lipschitz शत स तु  गदन भनी 
माण गर ।

 

(c) Show that the point at infinity is a regular singular point of the equation 

 03)13(2  yyxyx  

3 
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 03)13(2  yyxyx regular singular

 

 

 अन तमा भएको िब द ुसिमकरण 03)13(2  yyxyx  को िनयिमत िसंगलुर िब द ुहो भनी 
माण गर ।

 

(d) If ktjtitr ˆ2ˆ3ˆ3 325 


 then find 







3

3

2

2

dt

rd

dt

rd

dt

rd


. 3 

 
ktjtitr ˆ2ˆ3ˆ3 325 










3

3

2

2

dt

rd

dt

rd

dt

rd


 
 

 
यिद ktjtitr ˆ2ˆ3ˆ3 325 

  भए 







3

3

2

2

dt

rd

dt

rd

dt

rd


 िनणय गर ।
 

(e) If the vectors a


 and b


 are irrotational, then show that ba


  is solenoidal. 3 

 a


 b


irrotational ba


 solenoidal   

 यिद या टर a
  र b


 irrotational भए ba


  solenoidal ह छ भनी माण गर ।  

(f) In what direction from the point )1,1,1(   the directional derivative of 
234 423),,( zyxzyx   is maximum? 

3 

 )1,1,1(   234 423),,( zyxzyx  directional 

derivative  

 

 िब द ु )1,1,1(   बाट कुन दीशामा 234 423),,( zyxzyx   को िदशा मक derivative 
अिधकतम ह छ ?

 

   

 GROUP-B /  / समूह-ख  

 Answer any four questions from the following 

कुनै चार ह को उ र लेख 

6×4 = 24 

2.  (a) If 1y  and 2y  are two linearly independent solutions of the linear differential 

equation 0
2

2

 qy
dx

dy
p

dx

yd
, then show that the Wronskian is 

dxpAeyyW ),( 21 , where A  is a constant. 

3 

 
0

2

2

 qy
dx

dy
p

dx

yd
1y 2y

(linearly independent) Wronskian dxpAeyyW ),( 21

A  

 

 
यिद 1y  र 2y  िवभेदक सिमकरण 0

2

2

 qy
dx

dy
p

dx

yd  का रखेीय वत  समाधानह  भए । 

Wronskian dxpAeyyW ),( 21  ह छ भनी माण गर । A  एउटा ि थर मान हो ।
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(b) Find the particular integral of the equation xey
dx

yd x sin
2

1
2

2

 . 3 

 
xey

dx

yd x sin
2

1
2

2

  particular integral  
 

 
सिमकरण xey

dx

yd x sin
2

1
2

2

  का particular integral िनणय गर ।
 

  

3. Solve the equation 2
2

2

4 x
dx

dy

dx

yd
  by using the method of undetermined co-

efficients. 

6 

 
Undetermined co-efficients 2

2

2

4 x
dx

dy

dx

yd
  

 

 
Undetermined co-efficient को प ित योग गररे सिमकरण 2

2

2

4 x
dx

dy

dx

yd
  लाई समाधान 

गर ।

 

  

4. Solve by the method of variation of parameters 

 xex
y

dx

dy

dx

yd
22

2 1
2  .  

6 

 
Variation of parameters xex

y
dx

dy

dx

yd
22

2 1
2 

 

 

 
Variation of parameter को प ित योग गररे सिमकरण xex

y
dx

dy

dx

yd
22

2 1
2   लाई 

समाधान गर ।

 

  

5. Solve the following simultaneous linear equations: 

तल िदएको सिमकरण णालीलाई समाधान गरः 

 teyx
dt

dx
 5  

 teyx
dt

dy 23  . 

6 

  

6.  (a) Examine whether the vector valued function k
t

jeitr t ˆ
3

1ˆˆ3





 is continuous 

at 3t  or not. 

3 

 
k

t
jeitr t ˆ

3

1ˆˆ3





 3t   

 

 
भे टर मान function k

t
jeitr t ˆ

3

1ˆˆ3





 3t  मा िनर तर ह छ या हदैँन जाचँ गनहुोस् ।
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(b) Find the work done in traversing around a unit circle in the xy-plane 
counterclockwise against a force field 

 j
yx

x
i

yx

y
F ˆˆ

2222 























. 

3 

 xy -

j
yx

x
i

yx

y
F ˆˆ

2222 























 

 

 xy -सतहमा भएका इकाई बृ को व रप र घड़ीको िवपरीत िदशामा अिन बल े  

j
yx

x
i

yx

y
F ˆˆ

2222 























 को िवपरीत पार गदा ग रने काम िनणय गर ।

 

  

7.  (a) Show that Obacacbcba


 )()()( . 2 

 Obacacbcba


 )()()( .  

 माण गरः Obacacbcba


 )()()( ।  

(b) Prove that for any four vectors dcba


,,, , 

 )()( dcba


  dcbacdba


][][   

  adcbbdca


][][   

2+2 

 dcba


,,,

)()( dcba


  dcbacdba


][][   

 adcbbdca


][][   

 

 माण गरः कुनै चार या टर dcba


,,,  को लागी 

 )()( dcba


  dcbacdba


][][   

 adcbbdca


][][ 

 

   

 GROUP-C /  / समूह-ग  

 Answer any two questions from the following 

कुनै दईु ह को उ र लेख 

12×2 = 24 

8.  (a) If 


F , then show that 0)(  FF


. 4 

 


F 0)(  FF


  

 यिद 


F  भए माण गर 0)(  FF


।  
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(b) Prove that 0)(  A


, for any vector function A


. 4 

 0)(  A


, A


  

 माण गरः 0)(  A


, कुनै vector function A


 को लागी ।  

(c) Evaluate the line integral  
C

rdF


 along the curve 1: 22  yxC , 2z  in the 

positive direction from )2,0,1(A  to )2,1,0(B  where 

kzxyjyzixzyF ˆ)(ˆ)2(ˆ)( 22 


. 

4 

 1: 22  yxC , 2z  )2,0,1(A )2,1,0(B
(positive direction)

 
C

rdF


line integral kzxyjyzixzyF ˆ)(ˆ)2(ˆ)( 22 


 

 

 रखेा integral  
C

rdF


 व  1: 22  yxC , 2z , को positive िदशा )2,0,1(A  दखेी 

)2,1,0(B  मा मू यांकन गर । kzxyjyzixzyF ˆ)(ˆ)2(ˆ)( 22 


 

  

9.  (a) If ktjtittr ˆ)1(ˆˆ7)( 32 


 then find  









2

1
2

2

dt
dt

rd
r




. 4 

 
ktjtittr ˆ)1(ˆˆ7)( 32 


 










2

1
2

2

dt
dt

rd
r




 
 

 
यिद ktjtittr ˆ)1(ˆˆ7)( 32 


 भए  










2

1
2

2

dt
dt

rd
r


  िनणय गर ।

 

(b) Find the volume of the tetrahedron where position vectors of its vertices are 

kj ˆ2ˆ  , kji ˆˆˆ3  , kji ˆˆˆ   and kji ˆ2ˆ3ˆ4  . 

3 

 kj ˆ2ˆ  , kji ˆˆˆ3  , kji ˆˆˆ  kji ˆ2ˆ3ˆ4 
tetrahedron  

 

 चतुपा ीयका शीषह का ि थित या टरह  kj ˆ2ˆ  , kji ˆˆˆ3  , kji ˆˆˆ   र kji ˆ2ˆ3ˆ4   
भए यसका आयतन िनणय गर ।

 

(c) Show that xe5  and xe3  are linearly independent solutions of 0158  yyy . 
Find the solution )(xy  with the condition 0)0( y  and 1)0( y . 

5 

 xe5 xe3 0158  yyy

0)0( y 1)0( y )(xy  

 

 xe5  र xe3  0158  yyy  का रखेीय वत  समाधान हो भनी माण गर । यिद 0)0( y  
र 1)0( y  भए समाधान )(xy  िनणय गर ।
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10.(a) Define phase portrait. 1 

 Phase portrait   

 Phase portrait का प रभाषा लेख ।  

(b) Solve the linear autonomous system 
 yxx  , yxy 24   

subject to the initial condition )3,2(),( 00 yx . Determine the nature of the 

critical point of the system and draw the phase portrait for the system. 

6+3+2 

 )3,2(),( 00 yx  yxx  , yxy 24  linear autonomous 

system

system critical system phase portrait
 

 

 रखेीय वाय  णाली समाधान गरः 
 yxx  , yxy 24   

ारि भक शत )3,2(),( 00 yx  को अधीनमा णालीको critical िब दहु को कृती खोज गर 
अिन णालीको phase portrait अिंकत गर ।

 

  

11.(a) Examine whether the differential equation 0)2( 22  dyxdxxyey x  is exact. 2 

 0)2( 22  dyxdxxyey x  exact   

 िवभेदक सिमकरण 0)2( 22  dyxdxxyey x  exact हो अथवा होइन जाचँ गर ।  

(b) Show that the vector field kxyzjzxyiyzxF ˆ)(ˆ)(ˆ)( 222 


 is irrotational. 3 

 kxyzjzxyiyzxF ˆ)(ˆ)(ˆ)( 222 


 irrotational.  

 भे टर े  kxyzjzxyiyzxF ˆ)(ˆ)(ˆ)( 222 


 irrotational हो भनी माण गर ।  

(c) Show that the vector field kyxzjzxyizyA ˆ)53(ˆ)52(ˆ)( 232 


 is 
conservative and find the scalar function for the field. 

3+4 

 kyxzjzxyizyA ˆ)53(ˆ)52(ˆ)( 232 


(conservative) scalar  

 

 भे टर े  kyxzjzxyizyA ˆ)53(ˆ)52(ˆ)( 232 


 conservative हो भिन माण गर 
अिन यस े को लागी scalar function िनणय गर ।

 

 
——×—— 
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UNIVERSITY OF NORTH BENGAL 

B.Sc. Programme 4th Semester Examination, 2023 

DSC1/2/3-P4-MATHEMATICS 

DIFFERENTIAL EQUATION AND VECTOR CALCULUS 

(OLD SYLLABUS 2018) 

Time Allotted: 2 Hours Full Marks: 60 

The figures in the margin indicate full marks. 

 GROUP-A /  / समूह-क  

1. Answer any four questions from the following: 

कुनै चार ह को उ र लेखः 

3×4 = 12 

(a) Find }72{
107

1 105
2

xee
DD

x 


. 
 

 
}72{

107

1 105
2

xee
DD

x 


 
 

 
}72{

107

1 105
2

xee
DD

x 


 िनणय गर । 
 

(b) Show that the function 2),( xyyxf   does not satisfy the Lipschitz condition on 
the strip 1|| x , || y . 

 

 2),( xyyxf  1|| x || y Lipschitz

 

 

 पट् टी 1|| x , || y  मा function 2),( xyyxf   ले Lipschitz शत स तु  गदन भनी 
माण गर ।

 

(c) Show that the point at infinity is a regular singular point of the equation 

03)13(2  yyxyx  

 

 03)13(2  yyxyx regular singular

 

 

 अन तमा भएको िब द ुसिमकरण 03)13(2  yyxyx  को िनयिमत िसंगलुर िब द ुहो भनी 
माण गर ।
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(d) If ktjtitr ˆ2ˆ3ˆ3 325 


 then find 







3

3

2

2

dt

rd

dt

rd

dt

rd


. 
 

 
ktjtitr ˆ2ˆ3ˆ3 325 










3

3

2

2

dt

rd

dt

rd

dt

rd


 
 

 
यिद ktjtitr ˆ2ˆ3ˆ3 325 

  भए 







3

3

2

2

dt

rd

dt

rd

dt

rd


 िनणय गर ।
 

(e) If the vectors a


 and b


 are irrotational, then show that ba


  is solenoidal.  

 a


 b


irrotational ba


 solenoidal   

 यिद भे टर a
  र b


 irrotational भए ba


  solenoidal ह छ भनी माण गर ।  

(f) In what direction from the point )1,1,1(   the directional derivative of 
234 423),,( zyxzyx   is maximum? 

 

 )1,1,1(   234 423),,( zyxzyx  directional 

derivative  

 

 िब द ु )1,1,1(   बाट कुन दीशामा 234 423),,( zyxzyx   को िदशा मक derivative 
अिधकतम ह छ ?

 

   

 GROUP-B /  / समूह-ख  

 Answer any four questions from the following 

कुनै चार ह को उ र लेख 

6×4 = 24 

2.  (a) If 1y  and 2y  are two linearly independent solutions of the linear differential equation 

0
2

2

 qy
dx

dy
p

dx

yd
, then show that the Wronskian is dxpAeyyW ),( 21 , 

where A  is a constant. 

3 

 
0

2

2

 qy
dx

dy
p

dx

yd
1y 2y

(linearly independent) Wronskian 

dxpAeyyW ),( 21 A   

 

 
यिद 1y  र 2y  िवभेदक सिमकरण 0

2

2

 qy
dx

dy
p

dx

yd  का रेखीय वत  समाधानह  भए । 

Wronskian dxpAeyyW ),( 21  ह छ भिन माण गर । A  एउटा ि थर मान हो ।

 

(b) Find the particular integral of the equation xey
dx

yd x sin
2

1
2

2

 . 3 

 
xey

dx

yd x sin
2

1
2

2

  particular integral  
 

 
सिमकरण xey

dx

yd x sin
2

1
2

2

  का particular integral िनणय गर ।
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3. Solve the equation 2
2

2

4 x
dx

dy

dx

yd
  by using the method of undetermined co-

efficients. 

6 

 
Undetermined co-efficient 2

2

2

4 x
dx

dy

dx

yd
  

 

 
Undetermined co-efficient को प ित योग गररे सिमकरण 2

2

2

4 x
dx

dy

dx

yd
  लाई समाधान 

गर ।

 

  

4. Solve by the method of variation of parameters 

 xex
y

dx

dy

dx

yd
22

2 1
2  . 

6 

 
Variation of parameter xex

y
dx

dy

dx

yd
22

2 1
2   

 

 
Variation of parameter को प ितलाई योग गररे सिमकरण xex

y
dx

dy

dx

yd
22

2 1
2   लाई 

समाधान गर ।

 

  

5. Solve the following simultaneous linear equations: 

तल िदइएको सिमकरण णालीलाई समाधान गरः 

 teyx
dt

dx
 5  

 teyx
dt

dy 23  . 

6 

  

6.  (a) Examine whether the vector valued function k
t

jeitr t ˆ
3

1ˆˆ3





 is continuous 

at 3t  or not. 

3 

 
k

t
jeitr t ˆ

3

1ˆˆ3





 3t   

 

 
भे टर मान function k

t
jeitr t ˆ

3

1ˆˆ3





 3t  मा िनर तर (continuous) ह छ या हदँनै 

जाचँ गनहुोस् ।

 

(b) Find the work done in traversing around a unit circle in the xy-plane 
counterclockwise against a force field 

 j
yx

x
i

yx

y
F ˆˆ

2222 























. 

3 
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 xy -

j
yx

x
i

yx

y
F ˆˆ

2222 























 

 

 xy -सतहमा भएका इकाई वृ को व रप र घड़ीको िवपरीत िदशामा अिन बल े  

j
yx

x
i

yx

y
F ˆˆ

2222 























 को िवपरीत पार गदा ग रने काम िनणय गर ।

 

  

7.  (a) Show that Obacacbcba


 )()()( . 2 

 Obacacbcba


 )()()( .  

 माण गरः Obacacbcba


 )()()(  

(b) Prove that for any four vectors dcba


,,, , 

 )()( dcba


  dcbacdba


][][   

  adcbbdca


][][   

2+2 

 dcba


,,,

)()( dcba


  dcbacdba


][][   

 adcbbdca


][][   

 

 माण गरः कुनै चार या टर dcba


,,,  को लागी 

 )()( dcba


  dcbacdba


][][   

 adcbbdca


][][ 

 

   

 GROUP-C /  / समूह-ग  

 Answer any two questions from the following 

कुनै दईु ह को उ र लेख 

12×2 = 24 

8.  (a) If 


F , then show that 0)(  FF


. 4 

 


F 0)(  FF


  

 यिद 


F  भए माण गर 0)(  FF


 

(b) Prove that 0)(  A


, for any vector function A


. 4 

 0)(  A


, A


-   

 माण गरः 0)(  A


, कुन ैvector function A


 को लागी ।  
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(c) Evaluate the line integral  
C

rdF


 along the curve 1: 22  yxC , 2z  in the 

positive direction from )2,0,1(A  to )2,1,0(B  where 

kzxyjyzixzyF ˆ)(ˆ)2(ˆ)( 22 


. 

4 

 1: 22  yxC , 2z  )2,0,1(A )2,1,0(B
(positive direction)

 
C

rdF


line integral kzxyjyzixzyF ˆ)(ˆ)2(ˆ)( 22 


. 

 

 रखेा integral  
C

rdF


 व  1: 22  yxC , 2z , को positive िदशा )2,0,1(A  दखेी 

)2,1,0(B  मा मू यांकन गर । kzxyjyzixzyF ˆ)(ˆ)2(ˆ)( 22 


.

 

  

9.  (a) If ktjtittr ˆ)1(ˆˆ7)( 32 


 then find  









2

1
2

2

dt
dt

rd
r




. 4 

 
ktjtittr ˆ)1(ˆˆ7)( 32 


 










2

1
2

2

dt
dt

rd
r




 
 

 
यिद ktjtittr ˆ)1(ˆˆ7)( 32 


 भए  










2

1
2

2

dt
dt

rd
r


  िनणय गर ।

 

(b) Find the volume of the tetrahedron where position vectors of its vertices are 

kj ˆ2ˆ  , kji ˆˆˆ3  , kji ˆˆˆ   and kji ˆ2ˆ3ˆ4  . 

2 

 kj ˆ2ˆ  , kji ˆˆˆ3  , kji ˆˆˆ  kji ˆ2ˆ3ˆ4 
tetrahedron  

 

 चतुपा ीयका शीषह का ि थित या टरह  kj ˆ2ˆ  , kji ˆˆˆ3  , kji ˆˆˆ   र kji ˆ2ˆ3ˆ4   
भए यसका आयतन िनणय गर ।

 

(c) Show that xe5  and xe3  are linearly independent solutions of 0158  yyy . 
Find the solution )(xy  with the condition 0)0( y  and 1)0( y . 

2+4 

 xe5 xe3 , 0158  yyy

0)0( y 1)0( y )(xy  

 

 xe5  र xe3  0158  yyy  का रखेीय वत  समाधान हो भनी माण गर । यिद 0)0( y  
र 1)0( y  भए समाधान )(xy  िनणय गर ।

 

  

10.(a) Solve: xy
dx

dy
x

dx

yd
x log22

2
2  . 6 

 
xy

dx

dy
x

dx

yd
x log22

2
2  . 

 

 
समाधान गरः xy

dx

dy
x

dx

yd
x log22

2
2   
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(b) Solve )1()1( 2
2

2
2 xxy

dx

dy
x

dx

yd
x   given that xy   is a solution of its 

reduced equation. 

6 

 
)1()1( 2

2

2
2 xxy

dx

dy
x

dx

yd
x 

(reduced) xy   

 

 
समाधान गरः )1()1( 2

2

2
2 xxy

dx

dy
x

dx

yd
x   िदएको छः xy   reduced सिमकरणको 

समाधान हो । 

 

  

11.(a) A particle moves along the curve, whose equation is 22tx  , tty 42  , 
53  tz  where t  is time. Find the component of its acceleration at time 1t  in 

kjia ˆ2ˆ3ˆ4 


 direction. 

3 

 22tx  , tty 42  , 53  tz t

1t kjia ˆ2ˆ3ˆ4 


 

 

 एउटा कण व  22tx  , tty 42  , 53  tz  को साथमा च छ । जहा ँ t  समय हो । समय 

1t  र kjia ˆ2ˆ3ˆ4 
  को िदशामा वेगको भाग िनणय गर । 

 

(b) Show that the vector field kxyzjzxyiyzxF ˆ)(ˆ)(ˆ)( 222 


 is irrotational. 3 

 kxyzjzxyiyzxF ˆ)(ˆ)(ˆ)( 222 


 irrotational.  

 भे टर े  kxyzjzxyiyzxF ˆ)(ˆ)(ˆ)( 222 


 irrotational हो भनी माण गर ।  

(c) Show that the vector field kyxzjzxyizyA ˆ)53(ˆ)52(ˆ)( 232 


 is 
conservative and find the scalar function for the field. 

3+3 

 kyxzjzxyizyA ˆ)53(ˆ)52(ˆ)( 232 


(conservative) scalar  

 

 भे टर े  kyxzjzxyizyA ˆ)53(ˆ)52(ˆ)( 232 


 conservative हो भनी माण गर 
अिन यस े को लागी scalar function िनणय गर ।

 

 

——×—— 

 

 


