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Simultaneous Linear Differential Equations 

 

SIMULTANEOUS DIFFERENTIAL EQUATIONS 

 If two or more dependent variables are functions of a single independent variable, the 

equations involving their derivatives are called simultaneous equations, e.g.,  

   ty
dt

dx
 4  

   
tex

dt

dy
 2  

 The method of solving these equations is based on the process of elimination, as we solve 

algebraic simultaneous equations. 

Q.1 The equations of motions of a particle are given by 

  0 yw
dt

dx
 

  0 xw
dt

dx
 

Find the path of the particle and show that it is a circle. 

Sol. On putting D
dt

d
  in the equations, we have 

  0wyDx       …(1) 

  0 Dywx       …(2) 

On multiplying (1) by w and (2) by D, we get 

  02  ywwDx       …(3) 

 02  yDwDx       …(4) 
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On adding (3) and (4), we obtain 

  022  yDyw    0)( 22  ywD   …(5) 

Now, we have to solve (5) to get the value of .y  

A.E. is 022  wD    22 wD     iwD   

    wtBwtAy sincos     …(6) 

     wtBtADy cossin    

On putting the value of Dy  in (2), we get 

    0cossin  wtBwwtAwwx  

     wtBwwtAwwx cossin   

     wtBwtAx cossin   

On squaring (6) and (7) and adding, we get 

  )sin(cos)sin(cos 22222222 wtwtBwtwtAyx   

   2222 BAyx   

This is the equation of circle. 

Q.2 Solve the following 

  yx
dt

dx
83   

  yx
dt

dx
3  

  With 6)0( x  and .2)0( y  

Sol. Here we have 

  yx
dt

dx
83          …(1) 

  yx
dt

dx
3         …(2) 
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On putting D
dt

d
  in (1) and (2), we get 

 08)3(083  yxDyxDx      …(3) 

and 0)3(03  xyDyxDy      …(4) 

Multiplying (3) by )3( D  and (4) by 8 adding them we get 

  0)1( 2  xD  

A.E. is   012 m      12 m    1m  

  tt eCeCFC  21..  

0.. IP  

  tt eCeCx  21        …(5) 

From (3) we get yeCeCD xx 8])[3( 21    

  tttt eCeCeCeCy   2121 338  

 
tt eCeCy  21 428  

  )2(
2

1
21

tt eCeCy         …(6) 

Initially when 0t  then .2x  

From (5); 0

2

0

12 eCeC   221 CC  

Also when 0t , 2y . 

From (6),  )2(
4

1
2 0

2

0

1 eCeC   

  21 28 CC   

Solving (7) and (8), we get 

  41 C  and 62 C  

Hence, the required solution is  
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  tt eex 64   

 and  )124(
4

1 tt eey   

Q.3 Solve : ,sin
2

2

ty
dt

xd
   ,cos

2

2

tx
dt

yd
  

Sol. Here, we have 

  tyxD sin2        …(1) 

  tyDx cos2        …(2) 









dt

d
D  

Operating equation (1) by ,2D  we get 

  tyDxD sin24        …(3) 

Subtracting (2) from (3), we get 

  ttxD cossin)1( 4   

Auxiliary equation is 

 014 m    0)1)(1( 22  xm  

     im  ,1,1  

    tctc
t

ec
t

ecFC sin
4

cos
321

.. 


  

   )cos(sin
14

1
.. tt

D
IP 


  

    )cos(sin
34

1
. tt

D
t   

    )sincos(
4

tt
t

      









D

1
 

   )cos(sin
4

1
sin

4
cos

321
tttctctectecx    …(4) 
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From (1), 
2

2
sin

dt

xd
ty   

 







 )cos(sin

4

1
)sin

4
cos

3
()

21
(

2

2
sin tttctctectec

dt

d
t  

 







 )cos(sin

4

1
)sin(cos

4

1
cos

4
sin

321
sin tttttctctectec

dt

d
t  

 









 )sin(cos

4

1
)sin(cos

4

1
)cossin(

4

1
sin

4
cos

321
sin tttttttctctectect  

)cos(sin
2

1
)cos(sin

4

1
sincos 4321 tttttctcececy tt  

 

and )cos(sin
4

1
sincos 4321 tttctcececx tt  

  [From (4)] Ans. 

 

 


