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 Class 12 Linear Differential Equation 
Class 12th 

Q.1) Find the D.E. of all the parabolas with latus rectum  4𝑎 and whose axes are parallel to 𝑥 −

𝑎𝑥𝑖𝑠. 

Sol.1) Equation of parabola is given by  

(𝑦 − 𝑘)2 = 4𝑎(𝑥 − ℎ)  …… (i) 

Where ℎ, 𝑘 are parameters 

Diff. w.r.t 𝑥 

⇒
2(𝑦−𝑘)𝑑𝑦

𝑑𝑥
= 4𝑎(1 − 0)  

⇒
(𝑦−𝑘)𝑑𝑦

𝑑𝑥
= 2𝑎  …… (ii) 

Diff. w.r.t. 𝑥 

⇒ (𝑦 − 𝑘)
𝑑2𝑦

𝑑𝑥2 + (
𝑑𝑦

𝑑𝑥
)

2
= 0 …… (iii) 

From eq. (ii) (𝑦 − 𝑘) =
2𝑎
𝑑𝑦

𝑑𝑥

 put in eq. (iii) 

⇒ (
2𝑎
𝑑𝑦

𝑑𝑥

) (
𝑑2𝑦

𝑑𝑥2) + (
𝑑𝑦

𝑑𝑥
)

2
= 0  

⇒ 2𝑎
𝑑2𝑦

𝑑𝑥2 + (
𝑑𝑦

𝑑𝑥
)

3
= 0 ans. 

Q.2) Show that the D.E. representing one parameter family of curves 

(𝑥2 − 𝑦2) = 𝑐 (𝑥2 + 𝑦2)2 is (𝑥3 − 3𝑥𝑦2)𝑑𝑥 = (𝑦3 − 3𝑥2𝑦)𝑑𝑦. 

Sol.2) We have, (𝑥2 − 𝑦2) = 𝑐(𝑥2 + 𝑦2)2 …… (i) 

Diff. w.r.t. 𝑥, 

⇒ 2𝑥 − 2𝑦
𝑑𝑦

𝑑𝑥
= 2𝑐(𝑥2 + 𝑦2). (2𝑥 + 2𝑦

𝑑𝑦

𝑑𝑥
)  

⇒ 𝑥 − 𝑦
𝑑𝑦

𝑑𝑥
= 2𝑐(𝑥2 + 𝑦2). (2𝑥 + 2𝑦

𝑑𝑦

𝑑𝑥
)  

Put value of 𝑐 =
𝑥2−𝑦2

(𝑥2+𝑦2)2 from (i) in equation (ii) 

⇒ 𝑥 − 𝑦
𝑑𝑦

𝑑𝑥
= 2

(𝑥2−𝑦2)

(𝑥2+𝑦2)
. (𝑥2 + 𝑦2) (𝑥 + 𝑦

𝑑𝑦

𝑑𝑥
)  

⇒ (𝑥2 + 𝑦2) (𝑥 − 𝑦
𝑑𝑦

𝑑𝑥
) = 2(𝑥2 − 𝑦2) (𝑥 + 𝑦

𝑑𝑦

𝑑𝑥
)  

⇒ 𝑥3 − 𝑥2𝑦
𝑑𝑦

𝑑𝑥
+ 𝑦2𝑥 − 𝑦3 𝑑𝑦

𝑑𝑥
= 2𝑥3 + 2𝑥2𝑦

𝑑𝑦

𝑑𝑥
− 2𝑦2𝑥 − 2𝑦3 𝑑𝑦

𝑑𝑥
  

⇒
𝑑𝑦

𝑑𝑥
(−𝑥2𝑦 − 𝑦3 − 2𝑥2𝑦 + 2𝑦3) = 2𝑥3 − 2𝑦2𝑥 − 𝑥3 − 𝑦2𝑥)   

⇒
𝑑𝑦

𝑑𝑥
(𝑦3 − 3𝑥2𝑦) = 𝑥3 − 3𝑦2𝑥  

⇒ (𝑦3 − 3𝑥2𝑦)𝑑𝑦 = (𝑥3 − 3𝑦2𝑥)𝑑𝑥  (proved) 

Q.3) Find the D.E. of all non-vertical lines in a plane. 

Sol.3) Let equation of line is given by  
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⇒
𝑥

𝑎
+

𝑦

𝑏
= 1 …. (i) where 𝑎 & 𝑏 are parameters  

Diff. w.r.t. 𝑥 

⇒
1

𝑎
+

1

𝑏

𝑑𝑦

𝑑𝑥
= 0 …… (ii) 

Diff. again w.r.t. 𝑥 

⇒ 0 +
1

𝑏

𝑑2𝑦

𝑑𝑥2 = 0  

⇒
𝑑2𝑦

𝑑𝑥2 = 0  ans. 

Q.4) Show that 𝑥𝑦 = 𝑎𝑒𝑥 + 𝑏𝑒−𝑥 + 𝑥2 is a solution of the D.E. 

𝑥
𝑑2𝑦

𝑑𝑥2 + 2
𝑑𝑦

𝑑𝑥
− 𝑥𝑦 + 𝑥2 − 2 = 0  

Sol.4) We have, 𝑥𝑦 = 𝑎𝑒𝑥 + 𝑏𝑒−𝑥 + 𝑥2  …… (i) 

Diff. w.r.t. 𝑥 

⇒ 𝑥
𝑑𝑦

𝑑𝑥
+ 𝑦 = 𝑎𝑒𝑥 − 𝑏𝑒−𝑥 + 2𝑥  

Diff. again w.r.t 𝑥 

⇒ 𝑥
𝑑2𝑦

𝑑𝑥2 + 2 (
𝑑𝑦

𝑑𝑥
) = 𝑎𝑒𝑥 + 𝑏𝑒−𝑥 + 2  

⇒ 𝑥
𝑑2𝑦

𝑑𝑥2 + 2
𝑑𝑦

𝑑𝑥
= 𝑥𝑦 − 𝑥2 + 2 {𝑓𝑟𝑜𝑚 𝑒𝑞. (𝑖)𝑎𝑒𝑥 + 2𝑒−𝑥 = 𝑥𝑦 − 𝑥2} 

⇒ 𝑥
𝑑2𝑦

𝑑𝑥2 + 2
𝑑𝑦

𝑑𝑥
− 𝑥𝑦 + 𝑥2 − 2 = 0  

∴ the given function is a solution of the given D.E.  ans. 

Q.5) Verify that the function 𝑦 = 𝑐1𝑒𝑎𝑥 cos(𝑏𝑥) + 𝑐2𝑒𝑎𝑥 sin(𝑏𝑥) ; 𝑐1 & 𝑐2 are arbitrary 

constants is 𝑎, solution of the D.E. 
𝑑2𝑦

𝑑𝑥2 − 2𝑎
𝑑𝑦

𝑑𝑥
+ (𝑎2 + 𝑏2)𝑦 = 0. 

Sol.5) We have, 𝑦 = 𝑐1𝑒𝑎𝑥 cos(𝑏𝑥) + 𝑐2𝑒𝑎𝑥 sin(𝑏𝑥) 

⇒ 𝑦 = 𝑒𝑎𝑥 . (𝑐1 cos(𝑏𝑥)) + 𝑐2 sin(𝑏𝑥)) ……. (i) 

Diff. w.r.t. 𝑥 

⇒
𝑑𝑦

𝑑𝑥
= 𝑒𝑎𝑥(−𝑏𝑐1 sin(𝑏𝑥) + 𝑏𝑐2 cos(𝑏𝑥)) + (𝑐1 cos(𝑏𝑥) + 𝑐2 sin(𝑏𝑥)). 𝑒𝑎𝑥 . 𝑎  

⇒
𝑑𝑦

𝑑𝑥
= 𝑒𝑎𝑥 . (−𝑏𝑐1 sin(𝑏𝑥) + 𝑏𝑐2 cos(𝑏𝑥)) + 𝑎𝑦 ……. {𝑓𝑟𝑜𝑚 𝑒𝑞. (𝑖)} …. (ii) 

Diff. again w.r.t. 𝑥 

⇒
𝑑2𝑦

𝑑𝑥2 = 𝑒𝑎𝑥 (−𝑏2𝑐1 cos(𝑏𝑥) − 𝑏2 𝑐2 sin(𝑏𝑥)) + (−𝑏𝑐1 sin(𝑏𝑥) + 𝑏𝑐2 cos(𝑏𝑥)) . 𝑒𝑎𝑥. 𝑎 + 𝑎
𝑑𝑦

𝑑𝑥
)  

⇒
𝑑2𝑦

𝑑𝑥2 = −𝑏2𝑒𝑎𝑥(𝑐1 cos(𝑏𝑥) + 𝑐2 sin(𝑏𝑥)) + (
𝑑𝑦

𝑑𝑥
− 𝑎𝑦) 𝑎 + 𝑎

𝑑𝑦

𝑑𝑥
     ….. {𝑓𝑟𝑜𝑚 𝑒𝑞. (𝑖𝑖)} 

⇒
𝑑2𝑦

𝑑𝑥2 = −𝑏2𝑦 + 𝑎
𝑑𝑦

𝑑𝑥
− 𝑎2𝑦 + 𝑎

𝑑𝑦

𝑑𝑥
  

⇒
𝑑2𝑦

𝑑𝑥2 − 2𝑎
𝑑𝑦

𝑑𝑥
+ (𝑎2 + 𝑏2)𝑦 = 0  

Hence the given function is the solution of the given differential equation. ans. 

Q.6) Show that 𝑦 = 𝑐𝑥 +
𝑎

𝑐
 is a solution of the D.E. 𝑦 = 𝑥

𝑑𝑦

𝑑𝑥
+

𝑎
𝑑𝑦

𝑑𝑥

 

Sol.6) We have, 𝑦 = 𝑐𝑥 +
𝑎

𝑐
 …… (i) 
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Diff. 
𝑑𝑦

𝑑𝑥
= 𝑐 

Taking RHS 

𝑥
𝑑𝑦

𝑑𝑥
+

𝑎
𝑑𝑦

𝑑𝑥

  

= 𝑥𝑐 +
𝑎

𝑐
  

= 𝑦 … (from eq. (i)) = LHS 

∴ given function is a solution of the given D.E. 

Q.7) Show that the function defined by 𝑦 = sin 𝑥 − cos 𝑥, 𝑥 ∈ 𝑅 is a solution of the initial 

value problem 
𝑑𝑦

𝑑𝑥
= sin 𝑥 + cos 𝑥 ; 𝑦(0) = −1. 

Sol.7) We have, 𝑦 = sin 𝑥 − cos 𝑥 

Diff.w.r.t. 𝑥 
𝑑𝑦

𝑑𝑥
= cos 𝑥 + sin 𝑥, which is the given D.E.  

Thus, 𝑦 = sin 𝑥 − cos 𝑥 satisfies the D.E., hence it is a solution. 

Also, when 𝑥 = 0; 𝑦 = sin 0 − cos 0 = −1 i.e.,𝑦(0) = −1 

Hence, 𝑦 = sin 𝑥 − cos 𝑥 is a solution of the given initial value problem. 
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