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Let Ԧ𝑎 and Ԧ𝑏 be two non-zero vectors. Then, vector product (or Cross product) of Ԧ𝑎 and Ԧ𝑏

is denoted by Ԧ𝑎 × Ԧ𝑏 (read as Ԧ𝑎 cross Ԧ𝑏 ) and is defined as Ԧ𝑎 × Ԧ𝑏 = Ԧ𝑎 Ԧ𝑏 𝑠𝑖𝑛 𝜃 ො𝑛

Here 𝜃 is the angle between Ԧ𝑎 and Ԧ𝑏, 0 ≤ 𝜃 ≤ 𝜋 and ො𝑛 is a unit vector perpendicular

to the plane containing the vectors Ԧ𝑎 and Ԧ𝑏.



Some Properties and Observations 

❑ Ԧ𝑎 × Ԧ𝑏 is always a vector. That is why the cross product is called a vector product.

❑ If Ԧ𝑎 and Ԧ𝑏 are like vectors (i.e. 𝜃 = 0) then Ԧ𝑎 × Ԧ𝑏 = 0.

❑ If  Ԧ𝑎 and Ԧ𝑏 are unlike vectors (i.e. 𝜃 = 𝜋) then Ԧ𝑎 × Ԧ𝑏 = 0.

❑ Ԧ𝑎 × Ԧ𝑏 ≠ Ԧ𝑏 × Ԧ𝑎. But Ԧ𝑎 × Ԧ𝑏 = Ԧ𝑏 × Ԧ𝑎 and Ԧ𝑎 × Ԧ𝑏 = − Ԧ𝑏 × Ԧ𝑎 .

❑ If Ԧ𝑎 × Ԧ𝑏 = 0 then either Ԧ𝑎 = 0 or Ԧ𝑏 = 0 or Ԧ𝑎 & Ԧ𝑏 is collinear.

❑ Ԧ𝑎 × Ԧ𝑏 + Ԧ𝑐 = Ԧ𝑎 × Ԧ𝑏 + Ԧ𝑎 × Ԧ𝑐.



Some Properties and Observations 

❑ Ԧ𝑎 × Ԧ𝑎 = 0

Ƹ𝑖 × Ƹ𝑖 = Ƹ𝑗 × Ƹ𝑗 = ෠𝑘 × ෠𝑘 = 0

Ƹ𝑖 × Ƹ𝑗 = ෠𝑘, Ƹ𝑗 × ෠𝑘 = Ƹ𝑖, ෠𝑘 × Ƹ𝑖 = Ƹ𝑗

Ƹ𝑗 × Ƹ𝑖 = −෠𝑘, ෠𝑘 × Ƹ𝑗 = −෠𝑖 , Ƹ𝑖 × ෠𝑘 = − Ƹ𝑗

❑ Let Ԧ𝑎 = 𝑎1 Ƹ𝑖 + 𝑎2 Ƹ𝑗 + 𝑎3 ෠𝑘, Ԧ𝑏 = 𝑏1 Ƹ𝑖 + 𝑏2 Ƹ𝑗 + 𝑏3 ෠𝑘. 𝑡ℎ𝑒𝑛 Ԧ𝑎 × Ԧ𝑏 =
Ƹ𝑖 Ƹ𝑗 ෠𝑘

𝑎1 𝑎2 𝑎3
𝑏1 𝑏2 𝑏3

❑ If 𝜃 be the angle between Ԧ𝑎 and Ԧ𝑏, then Ԧ𝑎 × Ԧ𝑏 = Ԧ𝑎 Ԧ𝑏 𝑠𝑖𝑛 𝜃֞𝑠𝑖𝑛 𝜃 =
𝑎×𝑏

𝑎 𝑏

❑ The unit vector perpendicular to both vectors Ԧ𝑎 and Ԧ𝑏 is 
𝑎×𝑏

𝑎×𝑏
. 



Area of Triangle and Parallelogram

If Ԧ𝑎 and Ԧ𝑏 be the adjacent sides of a parallelogram then the area of the parallelogram is 

Ԧ𝑎 × Ԧ𝑏 . 

▪ If Ԧ𝑎 and Ԧ𝑏 be the adjacent sides of a triangle then area of the triangle is 
1

2
Ԧ𝑎 × Ԧ𝑏 .

▪ If Ԧ𝑑1and Ԧ𝑑2 be the two diagonals of a parallelogram then the area of the parallelogram is 

1

2
Ԧ𝑑1 × Ԧ𝑑2 .



EXAMPLE

If Ԧ𝑎 = 2 Ƹ𝑖 + Ƹ𝑗 + 3෠𝑘 and Ԧ𝑏 = 3 Ƹ𝑖 + 5 Ƹ𝑗 − 2෠𝑘 then find Ԧ𝑎 × Ԧ𝑏 & Ԧ𝑎 × Ԧ𝑏



EXAMPLE

Find the 𝑠𝑖𝑛𝑒 of the angle between the vectors Ԧ𝑎 = 2 Ƹ𝑖 − Ƹ𝑗 + 3෠𝑘 and Ԧ𝑏 = Ƹ𝑖 + 3 Ƹ𝑗 + 2෠𝑘.



EXAMPLE

Find a vector of magnitude 15 units, which is perpendicular to both the vectors 4 Ƹ𝑖 − Ƹ𝑗 + 8෠𝑘 and − Ƹ𝑗 +
෠𝑘.



EXAMPLE

Find the area of the parallelogram whose adjacent sides are Ԧ𝑎 = Ƹ𝑖 + 2 Ƹ𝑗 + 3෠𝑘 and Ԧ𝑏 = 3 Ƹ𝑖 − 2 Ƹ𝑗 + ෠𝑘.



EXAMPLE

Using vector method, find the area of the triangle whose vertices are 𝐴(1,1,1), 𝐵(1,2,3), 𝐶(2,3,1).



Assignments

1. Find the value of Ƹ𝑖. Ƹ𝑗 × ෠𝑘 + Ƹ𝑗. ෠𝑘 × Ƹ𝑖 + ෠𝑘. Ƹ𝑖 × Ƹ𝑗

2. Prove that Ԧ𝑎 × Ԧ𝑏
2
= Ԧ𝑎 2 Ԧ𝑏

2
− Ԧ𝑎. Ԧ𝑏

2
.

3. Find the value of 𝜆 for which the vectors Ԧ𝑎 = 3 Ƹ𝑖 − 6 Ƹ𝑗 + ෠𝑘 and Ԧ𝑏 = 2 Ƹ𝑖 − 4 Ƹ𝑗 + 𝜆෠𝑘 are parallel.

4. If Ԧ𝑎, Ԧ𝑏, Ԧ𝑐 are the position vectors of the vertices 𝐴, 𝐵, 𝐶 of 𝛥𝐴𝐵𝐶, show that the area of 𝛥𝐴𝐵𝐶 is 

1

2
Ԧ𝑎 × Ԧ𝑏 + Ԧ𝑏 × Ԧ𝑐 + Ԧ𝑐 × Ԧ𝑎 sq units. 
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