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3-D GEOMETRY 
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(A) IMPORTANT BOARD QUESTIONS  

On Vectors 

*1.   Find the projection of 



a =(4𝑖 − 3𝑗 + �⃗⃗�) on 



b 2 î –3 ĵ +4 k̂ . (CBSE 2010) 

 

Solution :



a =(4𝑖 − 3𝑗 + �⃗⃗�) , 



b 2 î –3 ĵ +4 k̂  

       Projection of �⃗� 𝑜𝑛 �⃗⃗�  =  𝑎.⃗⃗⃗⃗ �⃗⃗�|�⃗⃗�|  =
29

21

 

2.Write a vector of magnitude 15 units in the direction of  vector î – 2 ĵ + 2 k̂  .  (CBSE 2010) 

 

Solution: Let 



a kji
ˆ

2ˆ2ˆ   

 

3441a 



 







a

a
â = 

3

1
 ( kji

ˆ
2ˆ2ˆ  )                                                                                         

12 

         Vector of magnitude 15 units in the direction of vector �⃗� =15�̂� = k̂10ĵ10î5 
12 

 

3. What is the cosine of the angle which the vector î2 + ĵ + k̂ makes with y – axis ?  

(CBSE 2010) 

Solution: D.rs of the vector 2 k̂ĵî   are < 2 , 1, 1 > 

 D.rs of the y –axis are <0, 1, 0 >
12 

 Let   be the angle between the given vector and y – axis 

 cos   =

010114

)0(1)1(1)0(2




= ½          

12 

 

 

4. If  


a = x î + 2 ĵ –z k̂  and 


b = 3 î – y ĵ  + k̂  are two equal vectors, then write the value of x + y   

      + z.                    (CBSE 2013) 

Solution:    x + y + z = 0  

 

5.Find the position vector of a point R which divides the line joining two points P and Q  
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whose position vectors     are  (2


a +


b ) and (


a –3


b ) respectively, externally in the ratio 

 1 : 2. Also, show that P is the mid-point of the line segment RQ (CBSE 2010) 

Solution: Let 


 ba2OP  and 


 b3aOQ

12 

 Ratio 1:2 externally  

 
21

)ba2(2)b3a(1
OR








 = 


 b5a3     1 12 

 Consider the mid point of RQ as P = 
2

OQOR



 =  







ba2

2

b2a4

= 


OP    2 

 

 

 

6. Find |


x |, if for a unit vector 


a ,(


x –


a ).(


x +


a ) = 15   (CBSE 2010 ) 

 

Solution: Here 1av ecto ru n itaisa 



 

      (





 15)ax). (ax
12 

      15ax

22





     

 

                  4x 



 

 

7.The scalar product of the vector î  + ĵ  + k̂  with the unit vector along the sum of vectors  

     2 î  + 4 ĵ  - 5 k̂  and λ î  + 2 ĵ  + 3 k̂ is equal to one. Find the value of λ.  [ CBSE  2014] 

Solution: Let a


= î  + ĵ  + k̂ :  b



=2 î  + 4 ĵ  - 5 k̂  : c

 = λ î  + 2 ĵ  + 3 k̂  

 b



+ c

 = (2+ λ) î +6 ĵ  -2 k̂ = d



(say) 

  
d

d
d 



ˆ  

According to question 

a


. d̂ =1 

→ λ=1    
  

8. Show that the   points with position vectors 4 î  + 8 ĵ  + 12 k̂ , 2 î  + 4 ĵ  + 6 k̂ , 3 î  + 5 ĵ  + 4 k̂  and   5 î + 

8 ĵ  + 5 k̂ are coplanar.        [ CBSE  2015] 
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Solution : The given vectors are coplanar 




















ADACAB = 0                                 



701

831

642







= 0   

Which gives 0=0  

Hence proved 

  On     3 – D Geometry  

copl anar .ar ek̂3ĵλcandk̂ĵî2b,k̂ĵ3îai fλofval uet heFi nd1. 



 

  (CBSE 2011) 

 

 Solution: The given vectors are coplanar 




















cba = 0                                 



30

112

131



 = 0     



1(-3+  )    – 2(9 -  ) =0  



7  

     2. Show that the four points (0, –1, –1), (4, 5, 1), (3, 9, 4) and (– 4, 4, 4) are coplanar  

Solution: The given vectors are coplanar 




















ADACAB = 0                       ( CBSE 2015 )                             



554

5103

264



= 0   

Which gives 0=0  

Hence proved 

     3. Find the shortest distance between the lines whose vector equations are        

        


r = )ĵî(  + )k̂ĵî2(     and


r =  )k̂ĵî2(  ( k̂2ĵ5î3  )    ( CBSE 2010 ) Solution:
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 4. Find the angle between the lines 


r = k̂ĵ5î2  + )k̂6ĵ2î3(  and 



r =  k̂6î7  ( k̂2ĵ2î  )          ( CBSE 2011)  

Solution:  


r =  k̂6î7  ( k̂2ĵ2î  )    ,


r = k̂ĵ5î2  + )k̂6ĵ2î3(  and   1

)

21

19
(cos

21

19

cbacba

ccbbaa

cos

1

2

2

2

2

2

2

1

2

1

2

1

2

212121











 

 

5.  Find a unit vector perpendicular to both of the vectors


a + 


b  

and


a –


b where


a = k̂ĵî  ,


b = k̂3ĵ2î                                           ( CBSE 2011) 

Solution: 

 

        

 kji

c

c
c

kjic

kjba

kjiba

ˆ
2ˆ2ˆ2

22

1
ˆ

ˆ
2ˆ2ˆ2

ˆ
2ˆ

ˆ
4ˆ3ˆ2









 

 6. Find the distance of a point (2, 5, –  3)from the plane  r ⋅  ( 6 î −  3 ĵ  +  2 k̂  ) =  4 

59

10

59

)
ˆ

7ˆˆ3) (
ˆˆ(

`

.)(

59`

)
ˆ

7ˆˆ3(

)
ˆˆ()(

21

2112

21

21

12

















kjiki

bb

bbaa
s d

bb

kjibb

kiaa
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       Solution: Eq of plane in Cartesian form is  6x-3y+2z-4=0  

          Its  distance from point (2, 5, –  3) 

             D= 
4936

4)3(25326



 XXX

=13/7  units 

 

      7.  Find the distance of the point P(–1, –5, –10) from the point of  intersection of the line joining the 

points A(2, –1, 2) and B(5, 3, 4) with the plane x – y + z = 5. (CBSE 2014 ) 

 

 

 

 

 

 

 

     

 

 

 

 

      8. Find the coordinates of the foot of the perpendicular and the perpendicular distance of the point   

(1,3,4) from the plane 2x – y + z + 3 = 0. Find also, the image of the point in the plane.  

       Solution: Foot of perpendicular (-1,4,3),    Image (-3,5,2), Distance  = √6 units 

 

      9.  Find the equation of the plane which contains the line of   intersection of the planes 


r . ( î  + 

2 ĵ +3 k̂ )–4 = 0 ,


r . (2 î + ĵ – k̂ )+ 5 = 0 and which is perpendicular to the  

plane


r . (5 î + 3 ĵ – 6 k̂ ) + 8 = 0.                                                                    ( CBSE 2011 ) 

 Solution: 
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19

41)k̂)1950(ĵ)
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(î)

19

33
( (.

7/ 195-4)k̂7/ 19)-3(ĵ7/ 19)2(î7/ 19)2( 1 (.
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   10.  If lines 
4

1

3

1

2

1 





 zyx
 and 

121

3 zkyx






intersect , then find the value of k and hence 

find the equation of the plane containing these lines.( CBSE 2015 ) 

 

Sol.  Let  given lines are L1 :  
4

1

3

1

2

1 





 zyx
 

And  L2 :
121

3 zkyx






 

Any point on line L1 is ( 2  + 1 , 3   - 1, 4  +1 )  

Any point on line L2is(  + 3, 2  +k ,  )                                                                                             1 

The lines will intersect if these points coincides 

If 2  + 1 =  +3                                                                                                                                               

3  - 1 = 2  +k 

4  + 1 =   

Taking first two  2  -  = 2    ---------(1) 

Taking middle two 3  -  = k + 1   ---------(2) 

Taking last two 4  -  = -1    ---------(3)          

Solving 1 and 3 we get   = - 3/2,   = -5          

Putting in eqn 6 we get k = 9/2                                                                                                    1             

The equation of plane containing given lines is 

121

432

111  zyx

= 0                                                                                                         1 

0625

0)34) (1()42) (1()83) (1(





zyx

zyx
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   1            

 

(B) IMPORTANT QUESTIONS 

Q1. Show that the straight lines whose direction cosines are given by  2 l + 2 m – n = 0 and m n + n l + 

l m = 0 are at right angle . 

Q2. If  
1 1 1 2 2 2 3 3 3

, , ; , , , ,l m n l m n and l m n  are the direction cosines of three mutually perpendicular lines 

, prove that the line whose direction cosines are proportional to 

1 2 3 1 2 3 1 2 3
;l l l m m m and n n n       makes equal angles with them. 

Q3. A line passing through the point A with position vector ˆˆ4 2 2a i j k    is parallel to the vector  

ˆˆ2 3 6b i j k   . Find the length of the perpendicular drawn on this line from a point P with 

position vector ˆˆ2 3r i j k   . 

Q4. Find the equation of the plane through the intersection of the planes 

 ˆˆ ˆ.( 3 ) 6 0 . 3 4 0r i j and r i j k        , whose perpendicular distance from the origin is 

unity . 

Q5. A vector n  of magnitude 8 units is inclined to x-axis at 450 , y-axis at 600 and an acute angle with 

z-axis . If a plane passes through a point  ( 2 , 1 ,1 )  and  is normal to n . Find its equation in 

vector form . 

Q6. Find the equations of the two lines through the origin which intersect the line 
3 3

2 1 1

x y z 
   at 

angles of 
3


 each. 

Q7. Find the volume of the parallelopiped whose coterminus edges are represented by vectors 
ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ2 , 2 3 3 2 .a i j k b i j k and c i j k          

Q8. Two systems of rectangular axis have the same origin . If a plane cuts them at distances a , b ,c and 

a’ , b’ , c’ respectively from the origin , prove that :      
2 2 2

2 2 2 ' ' '

a b c a b c

  
  

     . 

Q9. Find the distance of the point ( 1 , - 2 , 3 ) from the plane x – y + z = 5 , measured parallel to the 

line 
1 3 2

2 3 6

x y z  
 



. 

Q10. A plane meets t e coordinates axes in A , B ,C such that the centroid of the triangle ABC is the 

point ( , ,   ). Show that the equation of the plane is 3
x y z

  
   . 

 

SOLUTIONS 

Q3. The equation of the line passing through the point A and parallel to b , in cartesian form is : 

 
4 2 2

2 3 6

x y z  
   

 Let  Q ( , ,   ) be the foot of the perpendicular drawn from point P to the above line. 
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 Coordinate of the point P are P( 1, 2 ,3 ). 

 Since Q lies on the above line,therefore 

 
4 2 2

2 3 6

  


  
    

 2 4 , 3 2 , 6 2             

 Since PQ is perpendicular to given line therefore 

 
2 3 6 2 6 0

2 ( 2 4 ) 3 ( 3 2 ) 6 ( 6 2 ) 2 6 0

  

  

   

       
 

 0   

 Thus the coordinates of  Q are Q ( 4 , 3 , 2 ) 

 Therefore the length of the perpendicular is : 

 

2 2 2

( 4 1 ) ( 2 2 ) ( 2 3 )

9 0 1 1 0

P Q

u n i ts

     

   

 

Q4. Required equation of the plane are: 

 2 x + y – 2 z – 3 = 0  and  x – 2y – 2z + 3 = 0. 

Q5. Required equation of the plane is  ˆˆ ˆ. ( 2 ) 2r i j k   . 

Q6. Given equation of the line is 
3 3

2 1 1

x y z


 
    

 Any point on the above line is ( 2 3 , 3 , )P      

 Now direction ratio of OP is 
2 3 0 , 3 0 , 0

2 3 , 3 ,

  

  

      

   
 

 As Op makes an angle of 
3


 with the given line 

 
2 2 2

2 ( 2 3 ) 1 ( 3 ) 1

c o s

3 ( 2 3 ) ( 3 )

  

  

    


   

 

         
2

1 4 6 3

2
6 1 8 1 8 6

  

 

   


 

 

 1 2o r      

 Coordinates of the point P are: 

 P ( 1 , 2, - 1 )   and P ( - 1 , 1 , - 2 ) 
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 Hence the required equation of the lines are :  
1 2 1 1 1 2

x y z x y z
a n d   

  
. 

Q7. Here 

2 1 1

[ ] 1 2 3

3 1 2

a b c







 

   = 2 ( 4 + 30)  - 1 ( 2 – 9 ) + (-1) ( - 1 – 6 ) 

   =  14  +  7  + 7 = 28 

 Hence the required volume of the parallelopiped is [ ]a b c  =  28 cubic units.  

Q9. Let P(1 , - 2 , 3 )be the given point and Q ( , ,    ) be te point on the given plane 

 Since PQ is parallel to the given line 
1 3 2

2 3 6

x y z  
 


 

 Vector PQ is parallel to the parallel vector  of the line 

 

1 3 2

2 3 6

2 1 , 3 2 6 3a n d

  


     

  
   



       

 

 Now Q ( , ,   ) lie on the given plane 

 

5

2 1 3 2 6 3 5

1

7

  

  



   

      

 

 

 

9 1 1 1 5
,

7 7 7

a n d      
 

 Therefore required distance PQ =  

2 2 2

9 1 1 1 5
1 2 3 1

7 7 7

u n i t
     

          
     

. 

 

Q10. Let the equation of the required plane be 1
x y z

a b c

   . 

 Then the coordinates of  A , B , C  are A(a , 0, 0 ), B( 0 , b, 0) and C( 0 , 0, c) respectively . 

 So , the centoid of the triangle ABC is ( , , )
x y z

a b c

. But the coordinates of the centroid are ( 

, ,  
) 

 as given in the question. 
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 , 3 , 3 , 3

3 3 3

a b c
a n d a b c             . 

 Substituting the values of a,b, c in the above equation , we obtain the required equqtion of the 

plane as follows: 

 1 3

3 3 3

x y z x y z

     
       . 

HOTS 

Q1. Find the angle between the vectors ˆ ˆi j and  ˆ
ĵ k  

Q2. The two vectors ˆ
ĵ k and ˆˆ ˆ3 4i j k  represent the two side vectors  A B  and A C  respectively 

of the triangle ABC . Find the length of the median through A. 

Q3. Show that the points ( 1 , 2 , 8 )A   , ( 5 , 0 , 2 )B   and  ( 1 1 , 3 , 7 )C  are collinear , and find the ration 

in which B divides AC. 

Q4. Show that thefour points with position vectors : 

 ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ4 8 12 , 2 4 6 , 3 5 4 5 8 5i j k i j k i j k and i j k          are coplanar. 

Q5. If the vertices A , B and C of a triangle ABC are ( 1 , 2, 3, ) , ( -1 , 0 , 0 ) and ( 0 , 1 , 2 ) 

respectively , then find angle ABC. 

Q6. The two adajacent sides of a parallelogram are ˆ ˆˆ ˆ ˆ ˆ2 4 5 2 3i j k and i j k    . Find the unit 

vector parallel to its diagonal . Also , find its area . 

Q7. If  , ,a b c determine the vertices of a triangle , show that  
1

[ ]

2

b c c a a b      gives the 

area of the triangle . Hence , deduce the condition that the three points , ,a b c are collinear . 

Also, find the unit vector normal to the plane of the triangle . 

Q8. If  0a b c   ,  3 , 5 7a b and c   , find the angle between a a n d b . 

Q9. Show that area of the parallelogram whose diagonals are given by  a a n d b  is  
2

a b
. Also, find 

the area of the parallelogram whose diagonals are 2 3i j k and i j k     . 

Q10. If the vector i j k    bisects the angle between the vector c  and the vectors  ˆ ˆ3 4i j  , then 

find the unit vector in the direction of  c . 
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ANSWERS AND HINTS TO DIFFICULT QUESTIONS 

Q1. 
2

3


   

Q2. ˆˆ ˆ3 2 3B C B A A C i j k      

 

2 2

1 3 3 ˆˆ ˆ

2 2 2

3 5
ˆ ˆ,

2 2

3 5 3 4

2 2 2

B D B C i j k

N o w A D A B B D i j

L e n g t h o f A D A D u n i t s

   

   

   
       

     

Q.3 Point B divides AC in the Ratio 2  :  3 . 

Q4. Let four points with position vectors 

ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ4 8 12 , 2 4 6 , 3 5 4 5 8 5i j k i j k i j k and i j k         

 Be A , B , C and D respectively. 

 Now , 
ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ2 4 6 , 3 8 0 7AB i j k AC i j k and AD i j k            

 

2 4 6

[ ] 1 3 8

1 0 7

A B A C A D

  

   



 = -2 (21 – 0) + 4 ( 7 + 8 )  - 6 ( 0 + 3 ) = -42 + 60 – 18 = 0 

 ,A B A C and A D  vectors are coplanar 

 Hence , points A , B , C and D are coplanar. 

Q5. Angle ABC is the angle between the vectors BA and BC  

 ˆ ˆˆ ˆ ˆ ˆ2 2 3 2BA i j k and BC i j k       

 . . cosBA BC BA BC ABC   

 
1

1 0
c o s

1 0 2

A B C
  

    
 

. 

Q6. Area of the parallelogram is 1 1 5  sq. units. 

Q7. ˆ
[ ]

a b b c c a
n

a b b c c a

    


    
. 
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Q8. We have  0a b c    

 a b c     

Squaring both sides , we obtain 

   

2
2 2

( ) ( ) .

2 .

9 2 5 2 3 5 c o s 4 9

3 0 c o s 4 9 3 4

1
c o s

2

3

a b a b c c

a b a b c










    

  

    

 





 

Q9. Area of the parallelogram = 
1

6 2

2

. 

Q10. Let ˆˆ ˆ .x i y j z k be the unit vector a long c   

 Since ˆˆ ˆi j k    bisects the angle between  c  and ˆ ˆ3 4i j . 

 
ˆ ˆ3 4ˆ ˆˆ ˆ ˆ ˆ( ) ( )

5

i j
i j k x i y j z k


       

 
2 2 2 2

3 4
, 1 1

5 5

N o w x y z   
   

            
   

 

 
2

0

1 5

o r     But 0   because 0   implies that the given vectors are parallel  

 

 

2 1 1 1 0 2
, ,

1 5 1 5 1 5 1 5

1ˆ ˆˆ ˆ ˆ ˆ1 1 1 0 2

1 5

x y z

x i y j z k i j k

        

     

  

ADDITIONAL IMPORTANT BOARD QUESTIONS 

1. If , ,a b c  are the unit vectors such that . . 0a b a c  and the angle between 
6

b a n d c is


, 

then prove that (i)   2a b c    (ii) [ ] 1a b b c c a     . 

2. Show that the vectors ,a b a n d c  are coplanar , if , ,a b b c c a   are coplanar. 

3. The two adjacent sides of a parallelogram are ˆ ˆˆ ˆ ˆ ˆ2 4 5 2 2 3i j k and i j k    . Find the two unit 

vectors parallel to its diagonals . Using the diagonal vectors , find the area of parallelogram. 
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4. Find the angle between the vectors  a b a n d a b  , if  ˆ ˆˆ ˆ ˆ ˆ2 3 3 2a i j k and b i j k       

and hence ,find a vector perpendicular to both a b and a b  . 

5. Show that the four points A (4 , 5 , 1) , B (0 , -1 , -1), C (3 , 9 , 4) and D ( -4 , 4 , 4) are coplanar. 

6. Given that vectors ,a b a n d c form a triangle such that  a b c  . Find p, q , r , s such that area 

of triangle is 5 6 , where ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ, 3 4 3 2 .a p i q j r k b s i j k and c i j k          

7. If a b c d and a c b d      , show that a d is parallel to b c , where 

a d and b c  . 

8. Prove that , for any three vectors , ,a b c   : [ ] 2 [ ]a b b c c a a b c    . 

9. Find a unit vector perpendicular to each of the vectors  a b a n d a b  , where 

ˆ ˆˆ ˆ ˆ ˆ3 2 2 2 2a i j k and b i j k      . 

10. If ˆ ˆˆ ˆ ˆ ˆ3 4 5 2 4i j k and i j k       , then express   in the form 
1 2

     , where 

1
 is parallel to   and 

2
  is perpendicular to  . 

 

                                            SOLUTIONS 

3.  Unit vector parallel to 
1

1 ˆˆ ˆ4 2 2 ,

2 6

d i j k   
 

Unit vector parallel to 

2

1 ˆˆ6 8

1 0

d j k  
 

. 

 Area of parallelogram = 2 101 sq. units. 

4. ˆˆ ˆ, 2 2 6 1 0

2

i j k


     

6. p = - 8 , 8 ; q = 4 ; r= 2 and s = - 11 , 5. 

9. 
2 2 1 ˆˆ ˆ

3 3 3

i j k
 

   
 

. 

10. 
1

3 4 ˆˆ ˆ

5 5

i j k


   ,
2

1 3 9 ˆˆ ˆ 3

5 5

i j k      , ˆˆ ˆ2 4i j k    . 
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