
 

 

 

 

Equation of a line in space 

 

➢ Equation of a line passing through a point A with position vector 𝑎⃗ = 𝑥1 𝑖̂ + 𝑦1𝑗̂ + 𝑧1𝑘̂ and 

parallel to a given vector 𝑏⃗⃗ = 𝑎𝑖̂ + 𝑏𝑗̂ + 𝑐𝑘̂ where P be any point on the line with position vector 

𝑟 = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂ is given by: 

❖ Vector form:  𝒓⃗⃗ = 𝒂⃗⃗⃗ + 𝛌𝒃⃗⃗⃗   

❖ Cartesian form: 
𝒙−𝒙𝟏

𝒂
=

𝒚−𝒚𝟏

𝒃
=

𝒛−𝒛𝟏

𝒄
 𝑤ℎ𝑒𝑟𝑒 𝑎, 𝑏, 𝑐 𝑎𝑟𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜𝑠 

     OR  
𝒙−𝒙𝟏

𝒍
=

𝒚−𝒚𝟏

𝒎
=

𝒛−𝒛𝟏

𝒏
 𝑤ℎ𝑒𝑟𝑒 𝑙, 𝑚, 𝑛 𝑎𝑟𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑖𝑛𝑒𝑠 

 

➢ Equation of a line passing through the points 𝐴 (𝑥1, 𝑦1, 𝑧1) and 𝐵 (𝑥2, 𝑦2, 𝑧2) with position vectors  

𝑎⃗ = 𝑥1𝑖̂ + 𝑦1𝑗̂ + 𝑧1𝑘̂ and  𝑏⃗⃗ = 𝑥2𝑖̂ + 𝑦2𝑗̂ + 𝑧2𝑘̂ where P be any point on the line with position 

vector 𝑟 = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂ is given by: 

❖ Vector form: 𝒓⃗⃗ = 𝒂⃗⃗⃗ + 𝛌(𝒃⃗⃗⃗ − 𝒂⃗⃗⃗) 

❖ Cartesian form: 
𝒙−𝒙𝟏

𝒙𝟐−𝒙𝟏
=

𝒚−𝒚𝟏

𝒚𝟐−𝒚𝟏
=

𝒛−𝒛𝟏

𝒛𝟐−𝒛𝟏
 

Angle between two lines 

 

➢ If 𝑟 = 𝑎1⃗⃗⃗⃗⃗ + 𝜆𝑏1
⃗⃗ ⃗⃗  and 𝑟 = 𝑎2⃗⃗⃗⃗⃗ + 𝜇𝑏2

⃗⃗⃗⃗⃗ be the vector form of any two lines, then angle between them 

is given by: 𝐜𝐨𝐬 𝜽 = |
𝒃𝟏
⃗⃗ ⃗⃗ ⃗.𝒃𝟐

⃗⃗ ⃗⃗ ⃗

|𝒃𝟏
⃗⃗ ⃗⃗ ⃗||𝒃𝟐

⃗⃗ ⃗⃗ ⃗|
|  

➢ If 
𝒙−𝒙𝟏

𝒂𝟏
=

𝒚−𝒚𝟏

𝒃𝟏
=

𝒛−𝒛𝟏

𝒄𝟏
  and 

𝒙−𝒙𝟏

𝒂𝟐
=

𝒚−𝒚𝟏

𝒃𝟐
=

𝒛−𝒛𝟏

𝒄𝟐
 be the cartesian forms of two lines, then the angle 

between them is given by: 𝐜𝐨𝐬 𝜽 = |
𝒂𝟏𝒂𝟐+𝒃𝟏𝒃𝟐+𝒄𝟏𝒄𝟐

√𝒂𝟏
𝟐+𝒃𝟏

𝟐+𝒄𝟏
𝟐√𝒂𝟐

𝟐+𝒃𝟐
𝟐+𝒄𝟐

𝟐
| 
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Shortest distance between two skew lines 

 

➢ If 𝑟 = 𝑎1⃗⃗⃗⃗⃗ + 𝜆𝑏1
⃗⃗ ⃗⃗  and 𝑟 = 𝑎2⃗⃗⃗⃗⃗ + 𝜇𝑏2

⃗⃗⃗⃗⃗ be the vector forms of any 2 skew-lines, then the shortest 

distance between them is given by:  

𝒅 = |
(𝒃𝟏 × 𝒃𝟐). (𝒂𝟐 − 𝒂𝟏)

|𝒃𝟏 × 𝒃𝟐|
| 

 

➢ If 
𝒙−𝒙𝟏

𝒂𝟏
=

𝒚−𝒚𝟏

𝒃𝟏
=

𝒛−𝒛𝟏

𝒄𝟏
  and 

𝒙−𝒙𝟏

𝒂𝟐
=

𝒚−𝒚𝟏

𝒃𝟐
=

𝒛−𝒛𝟏

𝒄𝟐
 be the cartesian forms of any 2 skew-lines, then 

the shortest distance between them is given by:  

𝑑 =

|

𝒙𝟐 − 𝒙𝟏 𝒚𝟐 − 𝒚𝟏 𝒛𝟐 − 𝒛𝟏

𝒂𝟏 𝒃𝟏 𝒄𝟏

𝒂𝟐 𝒃𝟐 𝒄𝟐

|

√(𝒃𝟏𝒄𝟐 − 𝒃𝟐𝒄𝟏)𝟐 + (𝒄𝟏𝒂𝟐 − 𝒄𝟐𝒂𝟏)𝟐 + (𝒂𝟏𝒃𝟐 − 𝒂𝟐𝒃𝟏)𝟐
 

 

Shortest distance between two parallel lines 

 

➢ If 𝑟 = 𝑎1⃗⃗⃗⃗⃗ + 𝜆𝑏⃗⃗ and 𝑟 = 𝑎2⃗⃗⃗⃗⃗ + 𝜇𝑏⃗⃗ be the vector forms of any 2 parallel lines, then the shortest 

distance between them is given by:  

𝒅 = |
𝒃⃗⃗⃗ × (𝒂𝟐⃗⃗ ⃗⃗⃗ − 𝒂𝟏⃗⃗ ⃗⃗⃗)

|𝒃⃗⃗⃗|
| 

 

Equation of a plane 

 

Equation of a plane in normal form: 

➢ If 𝑛̂ is the unit normal vector to a plane whose distance from the origin is 𝑑 and 𝑃(𝑥, 𝑦, 𝑧) is any point 

on the plane with position vector 𝑟 = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂, then the equation of the plane is given by: 

❖ Vector form:  𝒓⃗⃗. 𝒏̂ = 𝒅 

❖ Cartesian form: 𝒍𝒙 + 𝒎𝒚 + 𝒏𝒛 = 𝒅, 𝑤ℎ𝑒𝑟𝑒 𝑙, 𝑚, 𝑛 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑖𝑛𝑒𝑠 𝑜𝑓 𝑛̂  

 

 

 

 

 



 

Equation of a plane perpendicular to a given vector and passing through a given point: 

➢ If a plane passes through a point 𝐴(𝑥1, 𝑦1, 𝑧1) with position vector 𝑎⃗ and is perpendicular to 

the vector 𝑁⃗⃗⃗ where 𝑃(𝑥, 𝑦, 𝑧) is any point on the plane with position vector 𝑟 = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂, then 

the equation of the plane is given by: 

❖ Vector form: (𝒓⃗⃗ − 𝒂⃗⃗⃗). 𝑵⃗⃗⃗ = 𝟎  

❖ Cartesian form: 𝑨(𝒙 − 𝒙𝟏) + 𝑩(𝒚 − 𝒚𝟏) + 𝑪(𝒛 − 𝒛𝟏) = 𝟎 

 

Equation of a plane passing through three non-collinear points: 

➢ If 𝐴(𝑥1, 𝑦1, 𝑧1), 𝐵(𝑥2, 𝑦2, 𝑧2) and 𝐶(𝑥3, 𝑦3, 𝑧3) be any three points with position vectors 𝑎⃗, 𝑏⃗⃗ and 

𝑐 and 𝑃(𝑥, 𝑦, 𝑧) is any point on the plane with position vector 𝑟 = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂, then the equation 

of the plane is given by: 

❖ Vector form: (𝒓⃗⃗⃗ − 𝒂⃗⃗⃗) × [(𝒃⃗⃗⃗ − 𝒂⃗⃗⃗) × (𝒄⃗⃗⃗ − 𝒂⃗⃗⃗)] = 0 

❖ Cartesian form: |

𝒙 − 𝒙𝟏 𝒚 − 𝒚𝟏 𝒛 − 𝒛𝟏

𝒙𝟐 − 𝒙𝟏 𝒚𝟐 − 𝒚𝟏 𝒛𝟐 − 𝒛𝟏

𝒙𝟑 − 𝒙𝟏 𝒚𝟑 − 𝒚𝟏 𝒛𝟑 − 𝒛𝟏

| = 0 

 

Intercept form of the equation of a plane: 

➢ If the equation of a plane is 𝐴𝑥 + 𝐵𝑦 + 𝐶𝑧 + 𝐷 = 0 making intercepts 𝑎, 𝑏 & 𝑐 on 𝑋, 𝑌 & 𝑍- axes, 

then intercept form of the equation of the plane is:  

𝒙

𝒂
+

𝒚

𝒃
+

𝒛

𝒄
= 𝟏 

Plane passing through the intersection of two given planes: 

❖ Vector form: If 𝑟. 𝑛1̂ = 𝑑1 and 𝑟. 𝑛2̂ = 𝑑2 are two planes intersecting each other, then 

equation of the plane passing through the line of intersection is given by: 

𝒓⃗⃗. (𝒏⃗⃗⃗𝟏 + 𝝀𝒏𝟐⃗⃗ ⃗⃗ ⃗) = 𝒅𝟏 + 𝝀𝒅𝟐 

❖ Cartesian Form: If 𝑛1⃗⃗⃗⃗⃗ = 𝐴1𝑖̂ + 𝐵1𝑗̂ + 𝐶1𝑘̂ and 𝑛2⃗⃗⃗⃗⃗ = 𝐴2𝑖̂ + 𝐵2𝑗̂ + 𝐶2𝑘̂ and 𝑟 = 𝑥𝑖̂ + 𝑦𝑗̂ +

𝑧𝑘̂, then the required equation of the plane is  

(𝑨𝟏𝒙 + 𝑩𝟏𝒚 + 𝑪𝟏𝒛 − 𝒅𝟏) + 𝝀(𝑨𝟐𝒙 + 𝑩𝟐𝒚 + 𝑪𝟐𝒛 − 𝒅𝟐) = 𝟎 

 



 

 

❖ Vector Form: If 𝑟 = 𝑎1⃗⃗⃗⃗⃗ + 𝝀𝑏⃗⃗1 and 𝑟 = 𝑎2⃗⃗⃗⃗⃗ + 𝝀𝑏⃗⃗2 are two lines then they are coplanar 

if and only if  

▪ 𝑨𝑩⃗⃗⃗⃗⃗⃗⃗. (𝒃𝟏
⃗⃗⃗⃗⃗ × 𝒃𝟐

⃗⃗⃗⃗⃗) = 𝟎 [Where 𝐴𝐵⃗⃗⃗⃗ ⃗⃗ = 𝑎2⃗⃗⃗⃗⃗ − 𝑎1⃗⃗⃗⃗⃗] OR 

▪ (𝒂𝟐⃗⃗ ⃗⃗⃗ − 𝒂𝟏⃗⃗ ⃗⃗⃗). (𝒃𝟏
⃗⃗⃗⃗⃗ × 𝒃𝟐

⃗⃗⃗⃗⃗) = 𝟎 

 

❖ Cartesian Form: |

𝒙𝟐 − 𝒙𝟏 𝒚𝟐 − 𝒚𝟏 𝒛𝟐 − 𝒛𝟏

𝒂𝟏 𝒃𝟏 𝒄𝟏

𝒂𝟐 𝒃𝟐 𝒄𝟐

| = 𝟎 

 

 

Distance of a point from a plane 

 

❖ Vector Form: If P is a point with position vector 𝑎⃗ and a plane with a equation 𝑟. 𝑁⃗⃗⃗ = 𝑑, 

where 𝑁 is the normal to the plane then the distance between them is: 

|𝒂⃗⃗⃗.𝑵⃗⃗⃗−𝒅|

|𝑵⃗⃗⃗|
   

❖ Cartesian Form: If 𝑃(𝑥1, 𝑦1, 𝑧1) be a point with a position vector 𝑎⃗ and 𝐴𝑥 + 𝐵𝑦 + 𝐶𝑧 = 𝐷 is 

the equation of a plane and 𝑁⃗⃗⃗ = 𝐴𝑖̂ + 𝐵𝑗̂ + 𝐶𝑘̂ is the normal to the plane, then distance 

between them is given by:  

 

|
𝑨𝒙𝟏 + 𝑩𝒚𝟏 + 𝑪𝒛𝟏 − 𝑫

√𝑨𝟐 + 𝑩𝟐 + 𝑪𝟐
| 

Coplanarity of Two Lines 






