
 

 

 

 

 

 

➢ If 𝑃(𝑥, 𝑦, 𝑧) is any point in 3D, then the line joining the point to the origin gives its position vector 

and is denoted by 𝑂𝑃⃗⃗⃗⃗  ⃗ = 𝑟 = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂ 

 

➢ If 𝑎 = 𝑎𝑖̂ + 𝑏𝑗̂ + 𝑐𝑘̂, then magnitude of the vector is given by |𝑎 | = √𝑎2 + 𝑏2 + 𝑐2 

Direction Cosines & Direction Ratios 

 

➢ If 𝑃(𝑥, 𝑦, 𝑧) having position vector 𝑟  makes angle 𝛼, 𝛽, 𝛾 with 𝑋, 𝑌 & 𝑍 − 𝑎𝑥𝑖𝑠 respectively, then 

the direction cosines are given by: 𝑙 = cos 𝛼 ,𝑚 = cos 𝛽 and  𝑛 = cos 𝛾 

✓ cos 𝛼 =
𝑥

|𝑟 |
, cos 𝛽 =

𝑦

|𝑟 |
 𝑎𝑛𝑑 cos 𝛾 =

𝑧

|𝑟 |
 

 

➢ If 𝛼, 𝛽, 𝛾 are the direction angles of vector 𝑟 = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂ then its direction cosines are also 

given by cos 𝛼 =
𝑥

|𝑟 |
, cos 𝛽 =

𝑦

|𝑟 |
 and cos 𝛾 =

𝑧

|𝑟 |
 

✓ 𝑥 = |𝑟 | cos 𝛼 = |𝑟 |𝑙,       𝑦 = |𝑟 | cos 𝛽 = |𝑟 |𝑚,       𝑧 = |𝑟 | cos 𝛾 = |𝑟 |𝑛 

 

➢ (|𝑟 |𝑙, |𝑟 |𝑚, |𝑟 |𝑛) are the direction ratios denoted by 𝑎, 𝑏 & 𝑐  respectively of the given vector. 

✓ 𝑎 = |𝑟 |𝑙,    𝑏 = |𝑟 |𝑚,    𝑐 = |𝑟 |𝑛 

 

➢ If 𝑙,𝑚 & 𝑛 are the direction cosines of a vector then 𝑙2 + 𝑚2 + 𝑛2 = 1  

 

➢ The direction ratios of the line joining 𝑃(𝑥1, 𝑦1, 𝑧1) and 𝑄(𝑥2, 𝑦2, 𝑧2) are given by: 

   𝑎 = 𝑥2 − 𝑥1,   𝑏 = 𝑦2 − 𝑦1,   𝑐 = 𝑧2 − 𝑧1 

 

➢ The direction cosines of the line joining 𝑃(𝑥1, 𝑦1, 𝑧1) and 𝑄(𝑥2, 𝑦2, 𝑧2) are given by:  

                𝑙 =
𝑥2−𝑥1

|𝑃𝑄|
,       𝑚 =

𝑦2−𝑦1

|𝑃𝑄|
,       𝑚 =

𝑧2−𝑧1

|𝑃𝑄|
 

 

 

 

Position Vector and Magnitude 

Formulae On Vector Algebra 



✓ If 𝑎 = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂, then 𝑥, 𝑦, 𝑧 are direction ratios of 𝑎 . 

✓ If 𝑎 = 𝑥𝑖̂ + 𝑦𝑗̂ + 𝑧𝑘̂, then 𝑙𝑖̂ + 𝑚𝑗̂ + 𝑛𝑘̂ or cos 𝛼 𝑖̂ + cos 𝛽 𝑗̂ + cos 𝛾 𝑘̂ gives 𝑎̂ 

 

 

 

 

 

Vector Algebra 

 

➢ If 𝑎 = 𝑎1𝑖̂ + 𝑏1𝑗̂ + 𝑐1𝑘̂  and 𝑏⃗ = 𝑎2 𝑖̂ + 𝑏2𝑗̂ + 𝑐2𝑘̂ then:   

✓ 𝑎 + 𝑏⃗ = (𝑎1 + 𝑎2)𝑖̂ + (𝑏1 + 𝑏2)𝑗̂ + (𝑐1 + 𝑐2)𝑘̂ 

✓ 𝑎 − 𝑏⃗ = (𝑎1 − 𝑎2)𝑖̂ + (𝑏1 − 𝑏2)𝑗̂ + (𝑐1 − 𝑐2)𝑘̂ 

✓ 𝑎 . 𝑏⃗ = 𝑎1𝑎2 + 𝑏1𝑏2 + 𝑐1𝑐2 = |𝑎 ||𝑏⃗ | cos 𝜃 

✓ 𝑎 × 𝑏⃗ = |
𝑖̂ 𝑗̂ 𝑘̂
𝑎1 𝑏1 𝑐1

𝑎2 𝑏2 𝑐2

| = |𝑎 ||𝑏⃗ | sin 𝜃 𝑛̂ 

➢ Angle between the vectors, 𝜃 = 𝑐𝑜𝑠−1 (
𝑎⃗ .𝑏⃗ 

|𝑎⃗ ||𝑏⃗ |
) or 𝜃 = 𝑠𝑖𝑛−1 (

𝑎⃗ ×𝑏⃗ 

|𝑎⃗ ||𝑏⃗ |
) 

➢ Projection of a vector 𝑎  on the vector 𝑏⃗  is given by 
1

|𝑏⃗ |
(𝑎 . 𝑏⃗ ) 

 

Vector Components 

 

➢ If 𝑎 = 𝑎1𝑖̂ + 𝑏1𝑗̂ + 𝑐1𝑘̂ then unit vector in the direction of 𝑎  is given by 𝑎̂ =
1

|𝑎⃗ |
. 𝑎  

➢ If 𝑃(𝑥1, 𝑦1, 𝑧1) and 𝑄(𝑥2, 𝑦2, 𝑧2) are two given points then the vector equation of the line 𝑃𝑄⃗⃗⃗⃗  ⃗ =

(𝑥2 − 𝑥1)𝑖̂ + (𝑦2 − 𝑦1)𝑗̂ + (𝑧2 − 𝑧1)𝑘̂ 

 

Section Formula 

 

➢ If the point R divides the line joining the position vector of P and Q in the ratio 𝑚: 𝑛, then the 

position vector of R is given by:  

✓ Internally, 𝑟 =
𝑚𝑏⃗ +𝑛𝑎⃗ 

𝑚+𝑛
 

✓ Externally, 𝑟 =
𝑚𝑏⃗ −𝑛𝑎⃗ 

𝑚−𝑛
 

 

 

 

 

 



Area 

 

➢ If 𝑎  and 𝑏⃗  are the adjacent sides of a triangle then its area is given by 
1

2
|𝑎 × 𝑏⃗ | 

➢ If 𝑎  and 𝑏⃗  are the adjacent sides of a parallelogram then its area is given by |𝑎 × 𝑏⃗ | 

 

Vector Properties 

➢ If 𝑎 = 𝑎1𝑖̂ + 𝑏1𝑗̂ + 𝑐1𝑘̂  and 𝑏⃗ = 𝑎2 𝑖̂ + 𝑏2𝑗̂ + 𝑐2𝑘̂ , they are collinear if  
𝑎1

𝑎2
=

𝑏1

𝑏2
=

𝑐1

𝑐2
 

➢ Dot Product: 

▪ If 𝑎 ⊥ 𝑏⃗  then 𝜃 =
𝜋

2
 hence 𝑎 . 𝑏⃗ = 0 

▪ If 𝑎 ∥ 𝑏⃗  then 𝜃 = 0 hence 𝑎 . 𝑏⃗ = |𝑎 ||𝑏⃗ | 

▪ If 𝜃 = 𝜋 then 𝑎 . 𝑏⃗ = −|𝑎 ||𝑏⃗ | 

▪ Cauchy-Schwartz inequality: |𝑎 . 𝑏⃗ | ≤ |𝑎 ||𝑏⃗ | 

▪ Triangle inequality: |𝑎 + 𝑏⃗ | ≤ |𝑎 | + |𝑏⃗ | 

▪ 𝑖̂. 𝑖̂ = 𝑗̂. 𝑗̂ = 𝑘̂. 𝑘̂ = 1 and 𝑖̂. 𝑗̂ = 𝑗̂. 𝑘̂ = 𝑘̂. 𝑖̂ = 0 

 

➢ Cross Product:  

▪ 𝑎 ∥ 𝑏⃗  then 𝜃 = 0 hence 𝑎 × 𝑏⃗ = 0 

▪ If 𝑎 ⊥ 𝑏⃗  then 𝜃 =
𝜋

2
 hence 𝑎 × 𝑏⃗ = |𝑎 ||𝑏⃗ | 

▪ 𝑖̂ × 𝑖̂ = 𝑗̂ × 𝑗̂ = 𝑘̂ × 𝑘̂ = 0 and 𝑖̂ × 𝑗̂ = 𝑘̂, 𝑗̂ × 𝑘̂ = 𝑖̂ & 𝑘̂ × 𝑖̂ = 𝑗̂ 

 

 

 

 

 

 






