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Chapter -11 

     Three Dimensional Geometry 

     Class – XII 

               Subject –Maths 

 

 

Exersise-11.1 

1.  If a line makes angles 90
0
, 135

0
, 45

0
 with x, y and z-axes respectively, find its 

direction cosines.  

Sol. 

 

L e t d ire c t io n  c o s in e s  o f  lin e  a re ,  &  

c o s 9 0 0

1
c o s 1 3 5

2

1
c o s 4 5

2

l m n

l

m

n



 

  

 







 

 

2.  Find the direction cosines of a line which makes equal angles with the 

coordinate axes.  

Sol. 
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2 2 2

2 2 2

2

2

L e t d ire c t io n  c o s in e s  o f  lin e  m a k e  a n g le  

c o s

c o s

c o s

1

c o s c o s c o s 1

3 c o s 1

1
c o s

3

1
c o s

3

l

m

n

l m n









  













  

  





 

 

 

3.  If a line has the direction ratios -18, 12, -4, then what are its direction cosines?  

Sol. 

 

                 
2 2 2 2 2 2 2 2 2

D ire c tio n  ra t io n  a re 1 8 ,1 2  & 4

D ire c t io n  c o s in e s  a re :

1 8 1 2 4
, ,

1 8 1 2 4 1 8 1 2 4 1 8 1 2 4

1 8 1 2 4
, ,

2 2 2 2 2 2

9 6 2
, ,

1 1 1 1 1 1

  

 


           

 


 


 

 

 

 

4.  Show that the points (2, 3, 4), (-1, -2, 1), (5 8, 7) are collinear.  

Sol. 
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 

 

 

     

     

P o in ts  a re :

2 , 3 , 4

1, 2 ,1

5 , 8 , 7

D ire c t io n  ra t io s  o f  A B 1 2 , 2 3 , 1 4

                                 3 , 5 , 3

D ire c t io n  ra t io s  o f  B C 5 1 , 8 2 , 7 1

                                 6 ,1 0 , 6

D ire c t io n  ra t i

A

B

C



  



     

   

   



o s  o f  B C 2 D ire c t io n  ra t io s  o f  A B

T h u s , A B  is  p a ra lle l to  B C . A , B  &  C  a re  c o llin e a r  p o in ts .

  

 

 

 

5.  Find the direction cosines of the sides of the triangle whose vertices are (3, 5, -4), 

(- 1, 1, 2) and (- 5,-5, -2)  

 

Sol. 

 

 

 

 

V e rtic e s  o f  tr ia n g le  a re :

3, 5 , 4

1,1, 2

5 , 5 , 2

A

B

C

 

 

   
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     

           
2 2 2 2 2 22 2 2

D ire c tio n  ra t io s  o f   a re :

1 3 , 1 5 , 2 4

4 , 4 , 6

D ire c t io n  c o s in e s  o f   a re :

4 4 6
, ,

4 4 6 4 4 6 4 4 6

4 4 6
, ,

6 8 6 8 6 8

2 2 3
, ,

1 7 1 7 1 7

A B

A B

    

  

 


           

 


 


 

 

 

     

D ire c t io n  ra t io s  o f   a re :

5 1 , 5 1 , 2 2

4 , 6 , 4

B C

      

   
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                 

     

       

2 2 2 2 2 2 2 2 2

2 2 2 2

D ire c t io n  c o s in e s  o f   a re :

4 6 4
, ,

4 6 4 4 6 4 4 6 4

4 6 4
, ,

6 8 6 8 6 8

2 3 2
, ,

1 7 1 7 1 7

D ire c t io n  ra t io s  o f   a re :

5 3 , 5 5 , 2 4

8 , 1 0 , 2

D ire c t io n  c o s in e s  o f   a re :

8 1 0
,

8 1 0 2 8

B C

C A

C A

  


              

  


  


      

  

 


              
2 2 2 2 2

2
,

1 0 2 8 1 0 2

8 1 0 2
, ,

2 4 2 2 4 2 2 4 2

4 5 1
, ,

4 2 4 2 4 2

      

 


 


 

 

 

Exercise-11.2 

 

1.  Show that the three lines with direction cosines  

 

1 2 -3 -4 4 1 2 3 3 -4 1 2
, , ; , , ; , ,  a r e m u tu a lly  p e r p e n d ic u la r .

1 3 1 3 1 3 1 3 1 3 1 3 1 3 1 3 1 3  

 

Sol. 
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1 2 1 2 1 2

1 2 3 4 4 1 2 3
 F o r  lin e s : -  , , & , ,  

1 3 1 3 1 3 1 3 1 3 1 3

1 2 4 3 1 2 4 3

1 3 1 3 1 3 1 3 1 3 1 3

4 8 3 6 1 2

1 6 9 1 6 9 1 6 9

0

H e n c e , th is  lin e s  a re  p e rp e n d ic u la r

l l m m n n

 

  

 
     

  



 

 

1 2 1 2 1 2

4 1 2 3 3 4 1 2
F o r  lin e s : - , , & , ,  

1 3 1 3 1 3 1 3 1 3 1 3

4 3 1 2 4 3 1 2

1 3 1 3 1 3 1 3 1 3 1 3

1 2 4 8 3 6

1 6 9 1 6 9 1 6 9

0

H e n c e , th is  lin e s  a re  p e rp e n d ic u la r

l l m m n n



  


     

  



 

 

1 2 1 2 1 2

1 2 3 4 3 4 1 2
F o r  lin e s : - , , & , ,  

1 3 1 3 1 3 1 3 1 3 1 3

1 2 3 3 4 4 1 2

1 3 1 3 1 3 1 3 1 3 1 3

3 6 1 2 4 8

1 6 9 1 6 9 1 6 9

0

H e n c e , th is  lin e s  a re  p e rp e n d ic u la r

 A ll lin e s  a re  m u tu a lly  p e rp e n d ic u la r

l l m m n n

  

  

  
     

  




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2.  Show that the line through the points (1, -1, 2) (3, 4, -2) is perpendicular to the 

line through the points (0, 3, 2) and (3, 5, 6). 

 

Sol. 

 

 

 

 

 

     

     

1 2 1 2 1 2

L e t 1, 1, 2

3, 4 , 2

0 , 3 , 2

3, 5 , 6

D ire c t io n  ra t io s  o f  3 1 , 4 1 , 2 2

                                2 , 5 , 4

D ire c t io n  ra t io s  o f  C D 3 0 , 5 3 , 6 2

                                 3 , 2 , 4

2 3

A

B

C

D

A B

a a b b c c

 

 





    

 

   



  

   5 2 4 4

6 1 0 1 6

0

T h u s , A B  &  C D  lin e s  a re  p e rp e n d ic u la r  to  e a c h  o th e r .

    

  


 

 

 

3.  Show that the line through the points (4, 7, 8) (2, 3, 4) is parallel to the line 

through the points (-1, -2, 1), (1, 2, 5). 

 

Sol. 
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 

 

 

 

L e t 4 , 7 , 8

2 , 3 , 4

1, 2 ,1

1, 2 , 5

A

B

C

D





  



 

 

     D irec tio n  ra tio s  o f 2 4 , 3 7 , 4 8

                                2 , 4 , 4

A B    

   

 

 

 

     

1 1 1

2 2 2

D ire c tio n  ra t io s  o f  C D 1 1 , 2 2 , 5 1

                                 2 , 4 , 4

2 4 4

2 4 4

1 1 1

T h u s , A B  is  p a ra lle l to  C D

a b c

a b c

   



  

  
  

     

 

 

 

4.  Find the equation of the line which passes through the point (1, 2 3) and is 

parallel to the vector 
3 i + 2 j - 2k
  . 

Sol. 
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 

 

 

    

P o in t  1, 2 , 3

P o s it io n  v e c to r  th ro u g h  p o in t  2 3

G iv e n  v e c to r , 3 2 2

W h e n  a  lin e  is  p a s s e s  th ro u g h  a  p o in t  &  p a ra lle l to  a  v e c to r

th e n ,

2 3 3 2 2

T h is  is  th e  re q u ire d  e q u

A

a i j k

b i j k

r a b

r i j k i j k







  

  

 

     







  


 

a tio n  o f  lin e .  

 

 

5.  Find the equation of the line in vector and in Cartesian form that passes through 

the point with position vector 
2 i - j + 4k
  and is in the direction 

i + 2 j - k
  .  

Sol. 
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 

 

    

 

       

2 4

2

W e  k n o w  th a t , e q u a tio n  o f  lin e  w ill b e :

2 4 2

N o w ,

T h e  e q u a tio n  o f  lin e  in  v e c to r  fo rm  is :

2 2 1 4

c a r te s ia n  fo rm  o f  th e  e q u a tio n  is :

2 1

1 2

a i j k

b i j k

r i j k i j k

r x i y j z k

r i j k

x y z



  

  

  

     

  

      

 
 








 







4

1

T h is  is  th e  e q u a tio n  o f  lin e  in  c a r te s ia n  fo rm .





 

 

 

6.  Find the Cartesian equation of the line which Passes through the Point (-2, 4 -5) 

and parallel to the line given by 
x + 3 y - 4 z + 8

= =
3 5 6

 

Sol. 

 

 P o in t A 2 , 4 , 5

3 4 8
D ire c tio n  ra tio s  o f  th e  lin e  is :

3 5 6

3, 5 , 6

x y z

  

  
 


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 1 1 1

1 1 1

D ire c tio n  ra t io s  o f  th e  re q u ire d  lin e  is 3 , 5 , 6

W e  k n o w  th a t , th e  e q u a tio n  o f  a  lin e  p a s s in g  th ro u g h  th e  p o in t  , ,  &  w ith  th e

d ire c tio n  ra t io s  a ,b ,c  is  

k k k

x y z

x x y y z z

a b c



  
 

 

 

T h u s , th e  e q u ta io n  o f  re q u ire d  lin e  w ill  b e :

2 4 5

3 5 6

2 4 5

3 5 6

x y z

k k k

x y z
k

  
 

  
  

 

 

7.  The Cartesian equation of a line is
x - 5 y + 4 z - 6

= =
3 7 2

. Write its vector form.  

Sol. 

 

 

 

 

C a rte s ia n  e q u a tio n  o f  lin e  is :

5 4 6

3 7 2

T h is  lin e  is  p a s s e s  th ro u g h  th e  p o in t 5 , 4 , 6

T h e  p o s i t io n  v e c to r  o f  th is  p o in t , 5 4 6

T h e  d ire c t io n  ra t io s  o f  th is  lin e 3, 7 , 2

T h u s ,

3 7 2

T h e  lin e  

x y z

a i j k

b i j k

  
 

 

  



  







    

th ro u g h   &  in  th e  d ire c t io n  o f   is :

5 4 6 3 7 2

T h is  is  th e  e q u a tio n  o f  lin e  in  v e c to r  f o rm .

a b

r a b

r i j k i j k





 

     

 

  


 
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8. Find the vector and the Cartesian equations of the lines that pass through the 

origin and (5, -2, 3). 

Sol. 

       

T h e  lin e  is  p a s s e s  th ro u g h  o r ig in .

0

T h e  d ire c t io n  ra t io s  o f  th e  lin e  th ro u g h  o r ig in  &  5 , 2 , 3  a re 5 0 , 2 0 , 3 0

                                                                                        

a 

     



 

  

  

          5 , 2 , 3

5 2 3

T h u s , e q u a tio n  o f  lin e  in  v e c to r  fo rm  is :

0 5 2 3

5 2 3

H e n c e , th e  e q u a tio n  o f  re q u ire d  lin e  in  c a r te s ia n  fo rm  is

0 0 0

5 2 3

5 2 3

b i j k

r a b

r i j k

r i j k

x y z

x y z







 

  

 

   

  

  
 



 





  







 

 

9.  Find the vector and the Cartesian equations of the line that passes through the 

points (3, -2, -5), (3, -2, 6)  

Sol. 

 

 

 

 

L e t p o in t  3 , 2 , 5

3, 2 , 6

L in e  A B  is  p a s s e s  th ro u g h  A . 

T h u s ,

3 2 5

A

B

a i j k

  

 

  



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     

 

T h e  d ire c tio n  ra t io s  o f  A B 3 3 , 2 2 , 6 5

                                         0 , 0 ,1 1

T h e  e q u a tio n  o f  v e c to r  in  th e  d ire c t io n  o f  A B  is  

0 0 1 1b i j k

    



  




 

 

   

T h e  e q u a tio n  o f  A B  in  v e c to r  fo rm  is :

3 2 5 1 1

T h e  e q u a tio n  o f  A B  in  c a r te s ia n  fo rm  is :

3 2 5

0 0 1 1

r a b

r i j k k

x y z





 

   

  
 

  




 

 

10. Find the angle between the following pairs of lines: 

(i)      r = 2 i - 5 j + k + λ 3 i - 2 j + 6 k  &  r = 7 i - 6 k + μ i + 2 j + 2 k

 
        

(ii)      r = 3 i + j - 2 k + λ i - j - 2 k  &  r = 2 i - j - 5 6 k + μ 3 i - 5 j - 4 k

 
         

Sol. 

(i)   

 

 

 

1

2

1 2

1 2

3 2 6  

2 2

.
A n g le  b e tw e e n  th e  g iv e n  p a ir  o f  lin e s , c o s

a i j k

a i j k

a a

a a



  

  









 

 
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     1 2

2 2 2

1

2 2 2

2

. 3 2 6 2 2

      3 1 2 2 6 2

      3 4 1 2

      1 1

3 2 6 7

1 2 2 3

a a i j k i j k

a

a

    

     

  



   

   

 
 





 

 

1

1 9 1 1
c o s

7 3 2 1

1 1
c o s

2 1






 


 
  

 

 

 

(ii)  

 

 

 

     

   

1

2

1 2

1 2

1 2

2 2 2

1

2 2 2

2

2  

3 5 4

.
A n g le  b e tw e e n  th e  g iv e n  p a ir  o f  lin e s , c o s

. 2  3 5 4

      1 3 1 5 2 4

      3 5 8

      1 6

1 1 2 6

3 5 4 5 2

a i j k

a i j k

a a

a a

a a i j k i j k

a

a



  

  



    

       

  



   

   







 

 

 
 




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1

1 6
c o s

6 5 2

1 6
       

1 0 3

8
        =

5 3

8
c o s

5 3












 
  

 

 

 

11. Find the angle between the following pair of lines: 

1) 
x - 2 y - 1 z + 3 x + 2 y - 4 z - 5

= =  a n d  = =
2 5 -3 -1 8 4

 

2) 
x y z x - 5 y - 2 z - 3

= =  a n d  = =
2 2 1 4 1 8

 

 

Sol. 

1)  

 

 

 

     

 

1

2

1 2

1 2

1 2

2 1 3 2 4 5
 a n d  

2 5 3 1 8 4

2 5 3  

8 4

.
A n g le  b e tw e e n  th e  g iv e n  p a ir  o f  lin e s , c o s

. 2 5 3   8 4

      2 1 5 8 3 4

      2 4 0 1 2

    

x y z x y z

a i j k

a i j k

a a

a a

a a i j k i j k



     
   

 

  

   



     

      

   







 

 

 
 

  2 6
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 

 

22 2

1

2 2 2

2

1

2 5 3 3 8

1 8 4 9

2 6
c o s

3 8 9

2 6
       

9 3 8

2 6
c o s

9 3 8

a

a






    

    







 
  

 





 

 

2)  

 

 

 

     

1

2

1 2

1 2

1 2

2 2

1

5 2 3
 a n d  

2 2 1 4 1 8

2 2  

4 8

.
A n g le  b e tw e e n  th e  g iv e n  p a ir  o f  lin e s , c o s

. 2 2 4 8

      2 4 2 1 1 8

      8 2 8

      1 8

2 2 1

x y z x y z

a i j k

a i j k

a a

a a

a a i j k i j k

a



  
   

  

  



    

     

  



  







 

 

 
 


2

2 2 2

2

1

3

4 1 8 9

1 8 2
c o s

2 7 3

2
c o s

3

a








   

 

 
  

 


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12.  Find the values of p so that the line 

  
1 - x 7 y - 1 4 z - 3 7 - 7 x y - 5 6 - z

= =  a n d  = =
3 2 p 2 3 p 1 5

are at right angles. 

Sol. 

 

1 1 1

2 2 2

1 7 1 4 3 7 7 5 6
 a n d  

3 2 2 3 1 5

1 2 3 1 5 6
 a n d  

2 33 2 1 5

7 7

D ire c t io n  ra t io s  o f  th e  a b o v e  lin e s  w ill  b e :

2
3,  b ,  c 2    

7

3
,  1,  c 5

7

T w o  lin e s  a re  p e rp e n d ic u la r  to  e a c h  

x y z x y z

p p

x y z x y z

p p

p
a

p
a b

     
   

     
   

 


   


   

 

1 2 1 2 1 2

o th e r  i f  

0

3 2
3 1 2 5 0

7 7

9 2
1 0 0

7 7

1 1
1 0

7

7 0

1 1

a a b b c c

p p

p p

p

p

  

 
        

 

  





 

 

 

13. Show that the lines 
x - 5 y + 2 z x y z

= =  a n d  = =
7 -5 1 1 2 3

are perpendicular to each 

other. 
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Sol.  

 

 

1 1 1

2 2 2

1 2 1 2 1 2

5 2
 a n d  

7 5 1 1 2 3

D ire c t io n  ra t io s  o f  th e  a b o v e  lin e s  w ill  b e :

7 ,  b 5 ,  c 1

1,  2 ,  c 3

T w o  lin e s  a re  p e rp e n d ic u la r  to  e a c h  o th e r  i f  

0

7 1 5 2 1 3

7 1 0 3

0

T h u s , th e  lin e

x y z x y z

a

a b

a a b b c c

 
   



   

  

  

      

  



s  a re  p e rp e n d ic u la r  to  e a c h  o th e r .
 

 

 

14. Find the shortest distance between the lines 

 

   

   

r = i + 2 j + k + λ i - j + k  a n d   

r = 2 i - j - k + μ 2 i + j + 2 k  


   


   

 

Sol. 

            2 +  a n d  2 + 2 2  r i j k i j k r i j k i j k          

 
     
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 

 

 

 

1

1

2

2

2

2

2 2

a i j k

b i j k

a i j k

b i j k

  

  

  

  













 

 

   

    
 

 



 

1 2 2 1

1 2

2 1

1 2

2 2

1 2

.

S h o rte s t  d is ta n c e  b e tw e e n  th e  a b o v e  lin e s ,

2 2

         3 2

1 1 1

2 1 2

3 3

3 3 3 2

b b a a

d

b b

a a i j k i j k

i j k

i j k

b b

i k

b b

 





      

  

  

  

    

   

 

 
 




 



 

 

 

   

    

 

1 2 2 1

1 2

,

.

3 3 . 3 2

3 2

3 1 3 0 3 2

3 2

N o w

b b a a

d

b b

i k i j k

d

d

 





   



      


   

 

   



Mathematics Class 12
th

 NCERT Solutions         

                          

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study  
 Material, NCERT solutions and much more……….. 
 

 

3 6

3 2

3

2

d

d

 





 

 

3

2

3 2

2

d

d





 

 

 

15. Find the shortest distance between the lines: 

 

x + 1 y + 1 z + 1 x - 3 y - 5 z - 7
= =  a n d  = =

7 -6 1 1 -2 1  

Sol.  

 

1 1 1

2 2 2

1 1 1

2 2 2

2 1 2 1 2

1 1 1 3 5 7
 a n d  

7 6 1 1 2 1

D ire c t io n  ra t io s  o f  th e  a b o v e  lin e s  w ill  b e :

7 ,  b 6 ,  c 1

1,  2 ,  c 1

1,  y 1,  z 1

3,  y 5 ,  z 7

S h o rte s t  d is ta n c e  b e tw e e n  tw o  lin e s ,

x y z x y z

a

a b

x

x

x x y y z z

d

     
   

 

   

   

     

  

  



     

1

1 1 1

2 2 2

2 2 2

1 2 2 1 1 2 2 1 1 2 2 1

2 1 2 1 2 1

1 1 1

2 2 2

a b c

a b c

b c b c c a c a a b a b

x x y y z z

a b c

a b c

    

  
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     

4 6 8

7 6 1

1 2 1

4 6 2 6 7 1 8 1 4 6

1 6 3 6 6 4

1 1 6

 



       

   

 

 

 

     
2 2 2

1 2 2 1 1 2 2 1 1 2 2 1

1 6 3 6 6 4

2 2 9

b c b c c a c a a b a b    

  



 

 

N o w ,

1 1 6
2 2 9

2 2 9

d


  
 

 

 

16. Find the shortest distance between the lines whose vector equations are: 

 

   

   

r = i + 2 j + 3 k + λ i - 3 j + 2 k  a n d   

r = 4 i + 5 j + 6 k + μ 2 i + 3 j + k  


   


   

 

 

Sol. 
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     

     

 

 

 

 

1

1

2

2

2 3 + 3 2  a n d   

4 5 6 + 2 3  

2 3

3 2

4 5 6

2 3

r i j k i j k

r i j k i j k

a i j k

b i j k

a i j k

b i j k





    

    

  

  

  

  


 


 













 

 

   

    
 

 

 

1 2 2 1

1 2

2 1

1 2

.

S h o r te s t  d is ta n c e  b e tw e e n  th e  a b o v e  lin e s ,

4 5 6 2 3

         3 3 3

1 3 2

2 3 1

9 3 9

b b a a

d

b b

a a i j k i j k

i j k

i j k

b b

i j k

 





      

  

  

   

   

 

 
 




 



 

 

 

   

2 2 2

1 2

1 2 2 1

1 2

9 3 9 3 1 9

,

.

b b

N o w

b b a a

d

b b

     

 





 

   

 
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     9 3 9 . 3 3 3

3 1 9

9 3 3 3 9 3

3 1 9

2 7 9 2 7

3 1 9

3

1 9

i j k i j k

d

d

d

d

    



     


  




 

 

 

 

17. Find the shortest distance between the lines whose vector equations are: 

 

      

      

r = 1 - t i + t - 2 j + 3 - 2 t k  a n d  

r = s + 1 i + 2 s - 1 j - 2 s + 1 k


 


 

 

Sol. 

 

       

     

       

     

1 2 3 2

2 3 2

1 2 1 2 1

2 2  

r t i t j t k

r i j k t i j k

r s i s j s k

r i j k s i j k

     

      

     

     





 





 

 

 

 

 

 

 

1

1

2

2

2 3

2

2 2

a i j k

b i j k

a i j k

b i j k

  

   

  

  












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   

    
 

 

 

   

1 2 2 1

1 2

2 1

1 2

2 22

1 2

.

S h o rte s t  d is ta n c e  b e tw e e n  th e  a b o v e  lin e s ,

2 3

         4

1 1 2

1 2 2

2 4 3

2 4 3 2 9

b b a a

d

b b

a a i j k i j k

j k

i j k

b b

i j k

b b

 





      

 

   



  

      

   

 

 
 


 



 

 

 

   

     

1 2 2 1

1 2

.

2 4 3 . 4

2 9

b b a a

d

b b

i j k j k

d

 





  



   

 


 

 

 

 2 0 4 1 3 4

2 9

4 1 2

2 9

8

2 9

d

d

d

     


 



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Exersise-11.3 

1. In each of the following cases; determine the direction cosines of the normal to 

the plane and the distance from the origin.  

 (a) z = 2   

 (b) x + y + z = 1  

 (c) 2x+3y – z = 5  

 (d) 5y + 8 = O  

 

Sol.  

 (a) Given, z = 2  

 The direction ratios of normal are = 0, 0, and 1 

 The equation of the plane is: 

  0x + 0y + z = 2 

 We know that, 

 In the form lx + my + nz = d, where l, m, n are the direction cosines of normal to the 

 plane and d is the distance of the perpendicular drawn from the origin. 

 Therefore, the direction cosines are = 0, 0, 1 & d = 2 units 

 (b) x + y + z = 1  

 The direction ratios of normal are = 1, 1, and 1 

 
2 2 2

1 1 1 3     

 By dividing the equation with 3 , equation becomes as: 

 

1

3 3 3 3

x y z
    



Mathematics Class 12
th

 NCERT Solutions         

                          

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study  
 Material, NCERT solutions and much more……….. 
 

 In the form lx + my + nz = d, where l, m, n are the direction cosines of normal to the 

 plane and d is the distance of the perpendicular drawn from the origin. 

 Thus, the direction cosines of the normal are = 
1 1 1

, ,

3 3 3

 

 The distance of normal from the origin is = 
1

3

 

 (c) 2x + 3y − z = 5  

 The direction ratios of normal are = 2, 3, and −1 

 
 

22 2
2 3 1 1 4      

 By dividing the equation with 1 4 , equation becomes as: 

 

2 3 5

1 4 1 4 1 4 1 4

x y z
    

 In the form lx + my + nz = d, where l, m, n are the direction cosines of normal to the 

 plane and d is the distance of the perpendicular drawn from the origin. 

 Thus, the direction cosines of the normal are = 
2 3 1

, ,

1 4 1 4 1 4

  

 The distance of normal from the origin is = 
5

1 4

 

 (d) 5y + 8 = 0 

 Thus equation is: 

 ⇒ 0x − 5y + 0z = 8  

 The direction ratios of normal are = 0, −5, and 0 

 
 

22 2
0 5 0 5      

 By dividing the equation with 5, equation becomes as: 
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8

5

8

5

y

y

 

 

 

 In the form lx + my + nz = d, where l, m, n are the direction cosines of normal to the 

 plane and d is the distance of the perpendicular drawn from the origin. 

 Thus, the direction cosines of the normal are = 0 , 1, 0  

 The distance of normal from the origin is = 
8

5  

 

 

2.  Find the vector equation of a plane which is at a distance of 7 units from the 

origin and normal to the vector 
3 i + 5 j - 6k
  .  

Sol. 

 

 

 


 

22 2

3 5 6

3 5 6 7 0

T h u s ,

3 5 6

7 0

n i j k

n

n i j k
n

n

  

    

 
 











 

 We know that, the equation of the plane with position vector is: 

 



 

.

3 5 6
. 7

7 0

r n d

i j k
r



  
 

 
 



  

 This is the vector equation of the plane. 

 

3. Find the Cartesian equation of the following planes: 
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 (a)  r . i + j - k = 2


    

 (b)  r . 2 i + 3 j - 4 k = 1


   

 (c)        
 

r . s - 2 t i + 3 - t j + 2 s + t k = 1 5


    

Sol.  

(a) Equation of the plane is: 

 

  . 2r i j k  


  

 For any arbitrary point P (x, y, z) on the plane, position vector is: 

 
 

r x i y j z k  


   

 Thus, equation of plane becomes as: 

 

     . 2

2

x i y j z k i j k

x y z

    

  

 

 

 This is the Cartesian equation of the plane.  

 (b) Equation of plane is: 

 

  . 2 3 4 1r i j k  


  

 For any arbitrary point P (x, y, z) on the plane, position vector is: 

 
 

x i y j z k 
   

 Thus, equation becomes as: 

 

     . 2 3 4 2

2 3 4 1

x i y j z k i j k

x y z

    

  

 

 

 This is the Cartesian equation of the plane. 
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(c) Equation of plane is: 

 
       . 2 3 2 1 5r s t i t j s t k      
 


  

 For any arbitrary point P (x, y, z) on the plane, position vector is: 

 
 

r x i y j z k  


  

 Thus, the equation becomes as: 

 

          

     

. 2 3 2 1 5

2 3 2 1 5

x i y j z k s t i t j s t k

s t x t y s t z

        
 

     

 

 

 This is the Cartesian equation of the given plane. 

 

 

4. In the following cases, find the coordinates of the foot of the perpendicular 

drawn from the origin. 

(a) 2x + 3y + 4z – 12 = 0  

(b) 3y + 4z – 6 = 0 

(c) x + y + z = 1  

(d) 5y + 8 = 0 

Sol. 

(a) Let the coordinates of the foot of perpendicular P from the origin to the plane is: 

P = (x1, y1, z1) 

 2x + 3y + 4z − 12 = 0  

 2x + 3y + 4z = 12  

 The direction ratios of normal are = 2, 3, 4 

 
2 2 2

2 3 4 2 9    

 By dividing the equation by 2 9 , we have 
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2 3 4 1 2

2 9 2 9 2 9 2 9

x y z    

 In the form lx + my + nz = d, l, m, n are the direction cosines of normal to the plane 

 and d is the distance of normal from the origin. 

 The coordinates of the foot of the perpendicular are: 

  = (ld, md, nd) 

 = 
2 1 2 3 1 2 4 1 2

. . .

2 9 2 9 2 9 2 9 2 9 2 9

 
  

 

 

 = 
2 4 3 6 4 8

, ,
2 9 2 9 2 9

 
 
 

 

 

 (b) Let the coordinates of the foot of perpendicular P from the origin to the plane 

  is: 

P = (x1, y1, z1) 

 3y + 4z − 6 = 0  

 0x + 3y + 4z = 6  

 The direction ratios of normal are = 0, 3, 4 

 
2 2 2

0 3 4 5    

 By dividing the equation by 5, we have 

 

3 4 6
0

5 5 5
x y z    

 In the form lx + my + nz = d, l, m, n are the direction cosines of normal to the plane 

 and d is the distance of normal from the origin. 

 The coordinates of the foot of the perpendicular are: 

  = (ld, md, nd) 
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 = 
3 6 4 6

0 , . , .
5 5 5 5

 
 
 

 

 = 
1 8 2 4

0 , ,
2 5 2 5

 
 
 

 

 

(C)  Let the coordinates of the foot of perpendicular P from the origin to the plane is: 

P = (x1, y1, z1) 

 x + y + z = 1  

 The direction ratios of normal are = 1, 1, 1 

 
2 2 2

1 1 1 3    

 By dividing the equation by 3 , we have 

 

1 1 1 1

3 3 3 3

x y z    

 In the form lx + my + nz = d, l, m, n are the direction cosines of normal to the plane 

 and d is the distance of normal from the origin. 

 The coordinates of the foot of the perpendicular are: 

  = (ld, md, nd) 

 = 
1 1 1 1 1 1

. , . , .

3 3 3 3 3 3

 

 
 

 

 = 
1 1 1

, ,
3 3 3

 
 
 

 

 

 (d)  Let the coordinates of the foot of perpendicular P from the origin to the plane is: 

P = (x1, y1, z1) 
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 5y + 8 = 0  

 0x + 5y + 0z = 8  

 The direction ratios of normal are = 0, 5, 0 

 
2 2 2

0 5 0 5    

 By dividing the equation by 5, we have 

 

8
0 0

5
x y z    

 In the form lx + my + nz = d, l, m, n are the direction cosines of normal to the plane 

 and d is the distance of normal from the origin. 

 The coordinates of the foot of the perpendicular are: 

  = (ld, md, nd) 

 =  
8

0 , 1 . , 0
5

 
 

 

 

 = 
8

0 , , 0
5

 
 
   

 

5. Find the vector and Cartesian equation of the planes  

 (a) That passes through the point (1, 0, −2) and the normal to the plane is 

  
i + j - k
  . 

 (b) That passes through the point (1, 4, 6) and the normal vector to the plane 

  is 
i - 2 j + k
  . 

Sol. 

(a) The position vector of point (1, 0, −2) is: 

  


2a i k 


  



Mathematics Class 12
th

 NCERT Solutions         

                          

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study  
 Material, NCERT solutions and much more……….. 
 

 The normal vector perpendicular to the plane,  
n i j k  


   

 The vector equation of the plane is: 

 

 

    

. 0

2 . 0

r a n

r i k i j k

 

     
 

  


 

 

 Here,  
r x i y j z k  


  

 Thus, vector equation of plane becomes as: 

 

       

        

   

2 . 0

1 2 . 0

1 2 0

3

x i y j z k i k i j k

x i y j z k i j k

x y z

x y z

       
 

       
 

    

  

  

 
 

 This is the Cartesian equation of the required plane. 

 

(b) The position vector of point (1, 4, 6) is: 

 
 

4 6a i j k  


  

 The normal vector perpendicular to the plane,  
2n i j k  


   

 The vector equation of the plane is: 

 

 

     

. 0

4 6 . 2 0

r a n

r i j k i j k

 

      
 

  


 

 

 Here,  
r x i y j z k  


  

 Thus, vector equation of plane becomes as: 
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        

          

     

4 6 . 2 0

1 4 6 . 2 0

1 4 6 0

2 1

x i y j z k i j k i j k

x i y j z k i j k

x y z

x y z

        
 

        
 

     

   

  

 
 

 This is the Cartesian equation of the required plane. 

 

 

6. Find the equations of the planes that pass through three points. 

 (a) (1, 1, −1), (6, 4, −5), (−4, −2, 3) 

 (b) (1, 1, 0), (1, 2, 1), (−2, 2, −1) 

Sol. 

(a) A = (1, 1, −1) 

 B (6, 4, −5) 

C (−4, −2, 3) 

Now, 

 

     

1 1 1

6 4 5

4 2 3

1 1 2 1 0 1 1 8 2 0 1 1 2 1 6

2 2 4

0





 

      

  



 

 A, B, C are collinear points. Thus, there will be infinite number of planes passing 

 through the given points. 

 

(b) A = (1, 1, 0) 



Mathematics Class 12
th

 NCERT Solutions         

                          

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study  
 Material, NCERT solutions and much more……….. 
 

B (1, 2, 1) 

C (−2, 2, −1) 

Now, 

   

1 1 0

1 2 1

2 2 1

1 2 2 1 1 2 0

4 1

5 0

 

      

  

  

 

Thus, a plane passes through the points A, B, and C. 

The equation of the plane through the points is: 

         

1 1

0 1 1 0

3 1 1

1 1 1 1 0 3 0 3 0

2 2 3 3 3 0

2 3 3 5 0

2 3 3 5

x y z

x y z

x y z

x y z

x y z

 



 

        

     

    

  

 

This is the Cartesian equation of the required plane. 

 

 

7. Find the intercepts cut off by the plane 2x + y – z = 5 

Sol. 

 2x + y – z = 5 

 Divide the equation by 5 
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2 1 1
1

5 5 5

1 1 1
1

5 5 5

2

x y z

x y z

  

  
 

 Thus, the intercepts cut off by the plane are = 
5

, 5 , 5
2

 
 

   

 

8. Find the equation of the plane with intercept 3 on the y-axis and parallel to ZOX 

plane. 

Sol. 

 The equation of the plane ZOX is:  y = 0 

 A plane parallel to the given plane is:  y = a 

 We have, y = 3 

 We get, a = 3 

 Hence, the equation of the required plane is y = 3 

 

 

9. Find the equation of the plane through the intersection of the planes 3x – y + 2z – 

4 = 0 and x + y + z − 2 = 0 and the point (2, 2, 1) 

 

Sol. 

 Equations of planes are: 

 3x − y + 2z - 4 = 0 and x + y + z − 2 = 0 

 The equation of plane through the intersection of the above planes is:  

 
   3 2 4 2 0x y z x y z         
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 Point = (2, 2, 1) 

 

   3 2 2 2 1 4 2 2 1 2 0

2 3 0

2

3







         

 

 

 

 The equation of required plane becomes as: 

 

   

   

2
3 2 4 2 0

3

3 3 2 4 2 2 0

9 3 6 1 2 2 2 2 4 0

7 5 4 8 0

x y z x y z

x y z x y z

x y z x y z

x y z

       

       

       

   

 

 

 

10. Find the vector equation of the plane passing through the intersection of the 

planes    r . 2 i + 2 j - 3 k = 7 , r . 2 i + 5 j + 3 k = 9

 
    and through the point (2, 1, 3) 

Sol. 

 Equations of planes are: 

 

     

     

. 2 2 3 7   &   . 2 5 3 9

. 2 2 3 7 0   &   . 2 5 3 9 0

r i j k r i j k

r i j k r i j k

     

       

 
 

 
 

 

 The equation of a plane passing through the intersection of the given planes is:  

 

     

     

       

. 2 2 3 7 . 2 5 3 9 0

. 2 2 3 7 2 5 3 9 0

2 2 2 5 3 3 9 7

r i j k r i j k

r i j k i j k

r i j k





   

          
   

        
 

       
 

 
 


 




 

 Point = (2, 1, 3) 
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 Position vector of plane passing through the give point is: 

 
 

2 3r i j k  


  

 Now, the equation of desired plane becomes as: 

 

          

     

2 3 2 2 2 5 3 3 9 7

2 2 2 2 5 3 3 3 9 7

4 4 2 5 9 9 9 7

9 1 0

1 0

9

i j k i j k   

   

   





         
 

      

      





 

 

 Now, 

 

       

 

 

  

2 2 2 5 3 3 9 7

1 0 1 0 1 0
2 2 2 5 3 3 9 7

9 9 9

3 8 6 8 3
1 0 7

9 9 9

3 8 6 8 3 1 5 3

r i j k

r i j k

r i j k

r i j k

   



       
 

      
               

      

 
   

 
 

  













 

 This is the vector equation of the required plane. 

 

 

11. Find the equation of the plane through the line of intersection of the planes x + y 

+ z = 1 and 2x + 3y + 4z = 5 which is perpendicular to the plane x – y + z = 0 

Sol. 

 Equations of planes are: 

 x + y + z = 1 and 2x + 3y + 4z = 5 

 The equation of the plane passing through the intersection of the given planes is: 
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   

       

1 2 3 4 5 0

2 1 3 1 4 1 5 1 0

x y z x y z

x y z



   

       

       
 

 The direction ratios of this plane are: 

 a1 = (2λ + 1) 

 b1 = (3λ + 1) 

  c1 = (4λ + 1) 

 The given plane x – y + z = 0 is perpendicular to the equation of desired plane   

 Direction ratios of plane, x – y + z = 0 are: 

 a2 = 1 

 b2 = −1 

 c2 = 1 

 Both planes are perpendicular. Thus, 

 

     

1 2 1 2 1 2
0

2 1 3 1 4 1 0

3 1 0

1

3

a a b b c c

  





  

     

 

 

 

 Equation of desired plane becomes as: 

 

1 1 1 1
2 1 3 1 4 1 5 1 0

3 3 3 3

1 1 2
0

3 3 3

2 0

x y z

x z

x z

                 
                         
              

  

  

 

 This is the required equation of the plane. 
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12. Find the angle between the planes whose vector equations are 

   r . 2 i + 2 j - 3 k = 5 a n d  r . 3 i - 3 j + 5 k = 3

 
     

Sol. 

 The equations of the given planes are: 

 

  

  

. 2 2 3 5

. 3 3 5 3

r i j k

r i j k

  

  







 

 Now, 

 

 

 

     

 

 

 

1

2

1 2

1 2

1 2

22 2

1

22 2

2

2 2 3

3 3 5

.
A n g le  b e tw e e n  th e  g iv e n  p a ir  o f  lin e s , c o s

. 2 2 3 3 3 5

      2 3 2 3 3 5

      6 6 1 5

      1 5

2 2 3 1 7

3 3 5

n i j k

n i j k

n n

n n

n n i j k i j k

n

n



  

  



    

      

  

 

    

    







 

 

 
 





1 2

1 2

4 3

.
c o s

1 5
c o s

1 7 . 4 3

1 5
c o s

7 3 1

n n

n n














 

 
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13. In the following cases, determine whether the given planes are parallel or 

perpendicular, and in case they are neither, find the angles between them: 

a) 7 x + 5 y + 6 z + 3 0 = 0 a n d  3 x - y - 1 0 z + 4 = 0  

b) 2 x + y + 3 z - 2 = 0 a n d  x - 2 y + 5 = 0  

c) 2 x - 2 y + 4 z + 5 = 0 a n d  3 x - 3 y + 6 z - 1 = 0  

d) 2 x - y + 3 z - 1 = 0 a n d  2 x - y + 3 z + 3 = 0  

e) 4 x + 8 y + z - 8 = 0 a n d  y + z - 4 = 0  

 

 

Sol. 

a) The equations of planes are: 
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   

1 1 1

2 2 2

1 1 1

2 2 2

1 1 1

2 2 2

1 2 1 2 1 2

7 5 6 3 0 0  a n d  3 1 0 4 0

7 , 5 , 6

3, 1, 1 0

,

7 5 3
,   ,   

3 1 5

T h u s , th e s e  lin e s  a re  n o t  p a ra lle l

7 3 5 1 6 1 0

2 1 5 6 0

4 4 0

h e n c e , th e s e  li

x y z x y z

a b c

a b c

N o w

a b c

a b c

a b c

a b c

a a b b c c

       

  

    

 
  

 

 

       

  

  

   

1 2 1 2 1 2

2 2 2 2 2 2

1 1 1 2 2 2

2 22 2 2 2

1

1

n e s  a re  n o t  

,

c o s

.

4 4
c o s

7 5 6 . 3 1 1 0

4 4
c o s

1 1 0. 1 1 0

2
c o s

5

N o w

a a b b c c
Q

a b c a b c

Q

Q

Q







 


   




     




 
  

 
 

b) The equations of planes are: 
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   

1 1 1

2 2 2

1 2 1 2 1 2

2 3 2 0  a n d  2 5 0

2 , 1, 3

1, 2 , 0

,

2 1 1 2 3 0

2 2 0

0

H e n c e , th e s e  lin e s  a re  p e rp e n d ic u la r  to  e a c h  o th e r .

x y z x y

a b c

a b c

N o w

a a b b c c

      

  

   

 

      

  



 

c) The equations of planes are: 

 

1 1 1

2 2 2

1 1 1

2 2 2

1 1 1

2 2 2

2 2 4 5 0  a n d  3 3 6 1 0

2 , 2 , 4

3, 3 , 6

,

2 2 4 2
,   ,   

3 3 6 3

T h u s , th e s e  lin e s  a re  p a ra lle l to  e a c h  o th e r .

x y z x y z

a b c

a b c

N o w

a b c

a b c

a b c

a b c

       

   

   

   

 

 

d) The equations of planes are: 
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1 1 1

2 2 2

1 1 1

2 2 2

1 1 1

2 2 2

2 3 1 0  a n d  2 3 3 0

2 , 1, 3

2 , 1, 3

,

2 1 3
,   ,   

2 1 3

T h u s , th e s e  lin e s  a re  p a ra lle l to  e a c h  o th e r .

x y z x y z

a b c

a b c

N o w

a b c

a b c

a b c

a b c

       

   

   


  



 

 

 

e) The equations of planes are: 

 

1 1 1

2 2 2

1 1 1

2 2 2

1 1 1

2 2 2

1 2 1 2 1 2

4 8 8 0  a n d  4 0

4 , 8 , 1

0 , 1, 1

,

4 8 1
,   ,   

0 1 1

T h u s , th e s e  lin e s  a re  n o t  p a ra lle l

4 0 8 1 1 1

8 1

9

x y z y z

a b c

a b c

N o w

a b c

a b c

a b c

a b c

a a b b c c

      

  

  

  

 

 

     

 



 

 H en ce , th ese  lin es  a re  n o t p e rp en d icu la r  a s  w e ll  
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1 2 1 2 1 2

2 2 2 2 2 2

1 1 1 2 2 2

2 2 2 2 2 2

1

1

,

c o s

.

9
c o s

4 8 1 . 0 1 1

9
c o s

9 2

1
c o s

2

4 5

N o w

a a b b c c
Q

a b c a b c

Q

Q

Q

Q





 


   



   



 
  

 




 

 

 

14. In the following cases, find the distance of each of the given points from the 

corresponding given plane. 

 Point  Plane  

 (a) (0, 0, 0) 3x - 4y + 12z = 3  

 (b) (3, −2, 1) 2x - y + 2z +3 = 0  

 (c) (2, 3, −5) x + 2y - 2z = 9  

 (d) (−6, 0, 0) 2x - 3y + 6z -2 = 0  

 Sol. 

1.  

 

 0 , 0 , 0  

E q u a tio n  o f  p la n e  is :

3 4 1 2 3

P

x y z



  
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 

   

1 1 1

1 1 1

2 2 2

2 22

D is ta n c e  b e tw e e n  a  p o in t  , ,  &  th e  p la n e   is :

3 0 4 0 1 2 0 3

3 4 1 2

3

1 3

P x y z a x b y c z d

a x b y c z D
d

a b c

d

d

  

  


 

     


  



 

2.  

 

 

 

   

   

1 1 1

1 1 1

2 2 2

2 22

3, 2 ,1  

E q u a tio n  o f  p la n e  is :

2 2 3 0

D is ta n c e  b e tw e e n  a  p o in t  , ,  &  th e  p la n e   is :

2 3 2 1 2 1 3

2 1 2

6 2 2 3

9

1 3

3

P

x y z

P x y z a x b y c z d

a x b y c z D
d

a b c

d

d

d

 

   

  

  


 

       


  

  




 

 

3.  

 

 2 , 3 , 5  

E q u a tio n  o f  p la n e  is :

2 2 9

P

x y z

 

  
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 

   

 

1 1 1

1 1 1

2 2 2

22 2

D is ta n c e  b e tw e e n  a  p o in t  , ,  &  th e  p la n e   is :

2 1 3 2 5 2 9

1 2 2

2 6 1 0 9

9

9
3

3

P x y z a x b y c z d

a x b y c z D
d

a b c

d

d

d

  

  


 

       


  

  


 

 

4.  

 

 

 

 

 

1 1 1

1 1 1

2 2 2

22 2

6 , 0 , 0  

E q u a tio n  o f  p la n e  is :

2 3 6 2 0

D is ta n c e  b e tw e e n  a  p o in t  , ,  &  th e  p la n e   is :

2 6 3 0 6 0 2

2 3 6

1 2 2

4 9

1 4
2

7

P

x y z

P x y z a x b y c z d

a x b y c z D
d

a b c

d

d

d

 

   

  

  


 

      


  

 


 
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