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,sintan2 xxy
dx

dy
=+ this is linear in y

xQxP sintan2 ==

I.F 
( ) ( )

xeeee
xxxdxpdx 2seclogseclog2tan2

sec
2

===∫=∫=

Therefore, the solution of the given equation is

( ) ( ) cdxFIQFIy += ∫ ..

∫ +⋅= cxdxxxy 22 secsinsec

        ∫ +⋅= cxdxx sectan

cxxy += secsec2
 

Given 0=y  when 3/π=x

Therefore, ( ) ( ) ( ) c+= 3/sec3/sec0 2 ππ

c+= 20 ⇒ 2−=c
Therefore, the solution of the given equation is

2secsec2 −= xxy            

17. Solve ( )
y

x
yx

dx

dy

cos

cos
sinsin −=➨  ( )

y

x
yx

dx

dy

cos

cos
sinsin −=

( ) xyx
dx

dy
y cossinsincos −=

xxxy
dx

dy
y cossincossincos =+

Put 
dx

dz

dx

dy
yzy =⇒= cossin

xxxz
dx

dz
cossincos =+ , this is linear in z

xxQxP cossincos ==

I.F 
xxdxpdx

eee
sincos

=∫=∫=
Therefore, the solution of the given equation is
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( ) ( ) cdxFIQFIy += ∫ ..

cdxxexze xx += ∫
sinsin cossin

Put dtxdxtx =⇒= cossin

cdtteze tx += ∫
sin

∫ +⋅−= cdteteye ttx 1sin sin cete
tt +−=

            ( ) cet t +−= 1

( ) cexye xx +−= sinsin 1sinsin

xcexy sin1sinsin −+−=             

Exercises

1)    ( ) ydxdyyx 2sintan =+ 2)    xxxy
dx

dy
eccos4cot =+

3)    xxy
dx

dy
sectan =+ 4)    ( ) 1212 =+− xy

dx

dy
x

5)    xxxy
dx

dy
sin2cot =− 6)    xx

x

y

dx

dy
3sin

2 2=−

7)    ( ) xxyyx sincoscos3 =+′ 8)    xxyy 2sincos =+′

9)    ( )dyxydxy −=− −12 sin1 10)  
xy

e
dx

dy
e =








+1

11)  xxyy tansec =+′ 12)  xxyy coscot =+′

13)  tantan +
dx

dy
y xyx 3coscos= 14)  

x
xyeyy

dx

dy
x =+ log

15)  
x

ye

dx

dy
x −

=
−2

16) 
3523 x

exyx
dx

dy
=+

17)  xy
dx

dy
x tancos2 =+ 18)  xexyy x sectan =−′

19)  xxyyx log5=−′

20) ( ) 22 121 xxxyyx −=+′−  given that 0=y when 0=x
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Answers

1)    ycyx tantan += 2)    cxxy += 22sin

3)    ( ) xcxy costan += 4)    ( ) xcxy −=− 21

5)    cxecxy += 2cos 6)    
22 33cos cxyxx =+

7)    
xcexy tantan1 −−=+ 8)    

xcexy sinsin22 −+=+

9)    
y

ceyx
1sin1 1sin

−−− +−= 10)  
xxy

ceee +=
2

1

11)  ( )( ) ( ) xxcxy cossin11 −=+−  12)  cxxy =− 2sinsin2

13)  cxxxy ++= 2sin
4

1

2

1
secsec 14)  ( ) cexyx x +−= 1log

15)  cxye x += 22
            16)  ( ) 33

1212 3 xx
cexey

−+−=

17)  
xcexy tantan1 −+=+             18)  cexy x +=cos

19)  ( ) cxxxy +−= 1log416 4
           20)  ( ) ( ) 121

2/1212 −−=−
−−

xxy

BERNOULLI’S EQUATION

An equation of the form

( ) ( )xQyyxP
dx

dy n=+                   ---(1)

is called Bernoulli’s equation and the other form is

( ) ( ) nxyQxyP
dy

dx
=+                                                          ---(2)

If ,0=n  then (1) and (2) are linear D E, for other values of n , (1) and

(2) not linear D E, but they can be transformed to linear D E by small

transformation.

Dividing 
ny on both sides of equation (1), we get

( ) ( )xQyxP
dx

dy
y

nn =+ −− 1

Put 
nyz −= 1

 i.e., ( )
dx

dy
yn

dx

dy

dy

dz

dx

dz n ⋅−== −1.
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Therefore, (1) becomes, ( ) ( ) ( ) ( )xQnzxPn
dx

dz
−=−+ 11

which is a linear D E.

Similarly, we can reduce equation (2) to linear D.E by dividing 
n

x on

both sides.

Worked Examples

1. Solve xy
x

y

dx

dy 2=+➨   xy
x

y

dx

dy 2=+

This is a Bernoulli’s equation, dividing by 
2y on both sides, we get

xy
xdx

dy
y =+ −− 12 1

                          ---(1)

Put ty =−1 ⇒
dx

dt

dx

dy
y =− −21

   
dx

dt

dx

dy
y −=−2

∴(1) becomes, xt
xdx

dt
=+−

1

i.e., xt
xdx

dt
−=−

1
, this is linear in t.

Here xQ
x

P −=−=
1

I.F.
1loglog

1
−

==
∫

== −
−

∫ xx
dx

xPdx
eeee  

x
x

11 == −

Therefore, the solution of the given equation is

( ) ( )∫ += cdxFIQFIt ....

( )∫ +−=






−
cdx

x
x

x
y

111
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cx
xy

+−=
1

cx
xy

=+
1

           

2. Solve 
63

yxy
dx

dy
x =+➨  

63
yxy

dx

dy
x =+ , dividing by 

6xy  on both sides, we get

256 1
xy

xdx

dy
y =+ −−

                    ---(1)

Put ty =−5 ⇒
dx

dt

dx

dy
y =− −65

                       
dx

dt

dx

dy
y

5

16 −=−

∴(1) becomes,    
21

5

1
xt

xdx

dt
=+−

            i.e., 
25

5
xt

xdx

dt
−=− , this is linear in t,

   Here 
x

P
5

−= , 
25xQ −=

∴ I.F.
x

dx
xPdx

eee
log5

5

−
−∫

∫ ===
5

5log 15

x
xe

x === −−

Therefore, the solution of the given equation is

( ) ( ) cdxFIQFIt +∫= ....

cdx
x

x
x

y +







−∫=







−

5

2

5

5 1
5

1

cdxx
yx

+∫−= −3

55
5

1
c

x
+

−
−=

−

2
5

2

c
xyx

+=
255 2

51
           
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3. Solve xyyx
dx

dy
x cos423 −=−➨   xyyx

dx

dy
x cos423 −=− , dividing by 

34xy on both sides, we get

3

34 cos1

x

x
y

xdx

dy
y −=− −−

                        ---(1)

Put ty =−3 ⇒
dx

dt

dx

dy
y =− −43

                       
dx

dt

dx

dy
y

3

14 −=−

∴(1) becomes,  
3

cos1

3

1

x

x
t

xdx

dt
−=−−

       i.e., 
3

cos33

x

x
t

xdx

dt
=+ , this is linear in t,

Here
x

P
3

=  ,
3

cos3

x

x
Q =

   
3loglog3

3
3

.. xeeeFI
xx

dx
x ====
∫

Therefore, the solution of the given equation is

( ) ( )∫ += cdxFIQFIt ....

( ) ∫ +







=−

cdxx
x

x
xy

3

3

33 cos3

cx
y

x
+= sin3

3

3

           

4. Solve ( ) 132 =+
dx

dy
xyyx➨ ( ) 132 =+

dx

dy
xyyx

This equation can be written as

dy

dx
xyyx =+32
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32 yxxy
dy

dx
=− , dividing by 

2
x on both sides, we get

12 −− − yx
dy

dx
x 3y=                                  ---(1)

Put tx =−1 ⇒
dy

dt

dy

dx
x =− −21

                      −=−

dy

dx
x 2

dy

dt

∴(1) becomes , 
3

yyt
dx

dt
=−−

i.e., 
3

yyt
dx

dt
−=+ , this is linear in t.

Here yP = ,
3yQ −=

   2

2

..

y

ydyPdy
eeeFI === ∫∫

Therefore, the solution of the given equation is

( ) ( )∫ += cdyFIQFIt ....

∫ +−=− cdyeyex

yy

2321

22

∫ +−= cdyey
x

e
y

y

23
2

2

2

Put t
y

=
2

2

⇒ dtydy =

∫ +−=∴ cydyey
x

e
y

y

.22
2

2

2

           ∫ +−= cdttet2 [ ] cete tt +−−= ∫ .12

           cete
tt ++−= 22
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ceey
x

e
yy

y

++−= 222
2

22

2

2

or 22

2

21

y

cxexxy
−

++−=            

5. Solve ( ) dyedxeyxy xx =+2➨  ( ) dyedxeyxy xx =+2

                       ( )
dx

dy
eeyxy

xx =+2

                       
( )

x

x

e

eyxy

dx

dy +
=

2

                       yeyx
dx

dy x += −22

x
eyxy

dx

dy −=− 22
, dividing by 

2y on both sides, we get

x
exy

dx

dy
y

−−− =− 212
                            ---(1)

Put ty =−1 ⇒
dx

dt

dx

dy
y =− −2

         
dx

dt

dx

dy
y

−
=−2

∴The equation (1) gives, 
x

ext
dx

dt −=−
− 2

               
x

ext
dx

dt −−=+ 2
, this is linear in t.

Here  1=P  ,
xexQ −−= 2

eeeFI
dxPdx === ∫∫ .1. x

∴The solution of the given equation is,

( ) ( )∫ += cdxFIQFIt ....

( ) ∫ +−= −− cdxeexey xxx .21
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