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VECTORS

Geometrical point of view: Algebraic point of view:

magnitude + direction

𝒂

𝒂 = (𝑎1, 𝑎2, 𝑎3)

= 𝑎1𝒊 + 𝑎2𝒋 + 𝑎3𝒌

{𝒊, 𝒋, 𝒌}= orthonormal vectors

ordered 
triple



VECTORS

Geometrical point of view: Algebraic point of view:

𝒂 = (𝑎1, 𝑎2, 𝑎3)Vector addition: the head-to-tail method

𝒃 = (𝑏1, 𝑏2, 𝑏3)

𝒂
𝒃

𝒂 + 𝒃
𝒂 + 𝒃 = (𝑎1 + 𝑏1, 𝑎2+𝑏2, 𝑎3+𝑏3)



VECTORS

Geometrical point of view: Algebraic point of view:

𝒂
𝒃

𝐴

𝐵

𝐴𝐵 = 𝒃 − 𝒂

𝑂

𝒂 = 𝑝. 𝑣. (𝐴)

𝒃 = 𝑝. 𝑣. (𝐵)

The coordinates of P
are 

the components
of its position vector



PARALLEL VECTORS:      vectors that have the same direction

𝐴

𝐵

𝐶

𝐷
𝐸

𝐹

𝐺

𝐻

𝒘

𝒗𝒖

𝒈

Two vectors are parallel if they are 
scalar multiples of one another:

𝒖 = 𝛼𝒗E.G.

FOR SOME SCALAR 𝛼

𝒘 = 𝛽𝒈



A straight line can be specified by

• two points it passes through, OR

• one point it passes through AND a given direction

OUR OBJECTIVE: 

Find various ways to express the equation of a line (in 3D)

EQUATION OF A LINE



ASIDE: 2D stuff

𝑦 𝑦

𝑥 𝑥

(𝑥0, 𝑦0)

𝑦 = 𝑚𝑥 𝑦 − 𝑦0 = 𝑚(𝑥 − 𝑥0)

𝑂 𝑂

𝑆𝐿𝑂𝑃𝐸



ASIDE: 2D stuff

𝑦 𝑦

𝑥 𝑥

(𝑥0, 𝑦0)

𝑦 = 𝑚𝑥 𝑦 − 𝑦0 = 𝑚(𝑥 − 𝑥0)

𝑂 𝑂

𝐴

𝐵 𝐶

𝐷

𝐸

𝐹

𝐴𝐵 = 𝐶𝐷 = 𝐸𝐹

𝑆𝐿𝑂𝑃𝐸

𝑎𝑛𝑦 𝑣𝑒𝑐𝑡𝑜𝑟 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙
𝑡𝑜 𝑡ℎ𝑒 𝑙𝑖𝑛𝑒



𝑥

𝑦

𝑧

𝐴 Line passing through 
two given points

𝑂

(𝐿)

𝐵



𝑥

𝑦

𝑧

𝒅

𝐴 Line passing through 
a given point A and having 
the direction defined 
by the vector 𝒅

𝑂

(𝐿)



𝑥

𝑦

𝑧

𝒅 = (𝑑1, 𝑑2, 𝑑3)

𝑂

(𝐿)

𝐴(𝑥0, 𝑦0, 𝑧0)

𝑃(𝑥, 𝑦, 𝑧)
GIVEN POINT

GIVEN VECTOR
(“direction” vector)



𝑥

𝑦

𝑧

𝒅 = (𝑑1, 𝑑2, 𝑑3)

𝑂

(𝐿)

𝐴(𝑥0, 𝑦0, 𝑧0)

𝑃(𝑥, 𝑦, 𝑧)
GIVEN POINT

GIVEN VECTOR
(“direction” vector)

𝐴𝑃 = p. v. P − p. v. A

= 𝒓 − 𝒓0

𝐴𝑃 ∥ 𝒅

HENCE

𝐴𝑃 = 𝜆𝒅

𝒓 − 𝒓0 = 𝜆𝒅

𝒓 = 𝒓0 + 𝜆𝒅

VECTOR FORM….

(𝜆 = real number)



𝒓 = 𝒓0 + 𝜆𝒅

𝒓 = (𝑥, 𝑦, 𝑧)

𝒓0 = (𝑥0, 𝑦0, 𝑧0)

𝒅 = (𝑑1, 𝑑2, 𝑑3)

𝑥, 𝑦, 𝑧 = 𝑥0, 𝑦0, 𝑧0 + 𝜆(𝑑1, 𝑑2, 𝑑3)

𝑥, 𝑦, 𝑧 = (𝑥0 + 𝜆𝑑1, 𝑦0 + 𝜆𝑑2, 𝑧0 + 𝜆𝑑3)

𝑥 = 𝑥0 + 𝜆𝑑1

𝑦 = 𝑦0 + 𝜆𝑑2

𝑧 = 𝑧0 + 𝜆𝑑3

PARAMETRIC FORM….

VECTOR 
FORM….



𝑥

𝑦

𝑧

𝒅 = (𝑑1, 𝑑2, 𝑑3)

𝑂

(𝐿)

𝐴(𝑥0, 𝑦0, 𝑧0)
𝑃(𝑥, 𝑦, 𝑧)

𝑥 = 𝑥0 + 𝜆𝑑1

𝑦 = 𝑦0 + 𝜆𝑑2

𝑧 = 𝑧0 + 𝜆𝑑3

OBS. Different values of 
the parameter 𝜆 generate 
different points on the line



𝒓 = (𝑥, 𝑦, 𝑧)

𝒓0 = (𝑥0, 𝑦0, 𝑧0)

𝒅 = (𝑑1, 𝑑2, 𝑑3)

𝑥 = 𝑥0 + 𝜆𝑑1

𝑦 = 𝑦0 + 𝜆𝑑2

𝑧 = 𝑧0 + 𝜆𝑑3

PARAMETRIC FORM….

𝑥 − 𝑥0 = 𝜆𝑑1

𝑦 − 𝑦0 = 𝜆𝑑2

𝑧 − 𝑧0 = 𝜆𝑑3

𝑥 − 𝑥0
𝑑1

= 𝜆

𝑦 − 𝑦0
𝑑2

= 𝜆

𝑧 − 𝑧0
𝑑3

= 𝜆

𝑥 − 𝑥0
𝑑1

=
𝑦 − 𝑦0
𝑑2

=
𝑧 − 𝑧0
𝑑3

SYMMETRIC FORM….



𝑥

𝑦

𝑧

𝐴

Line passing through 
two given points

𝑂

(𝐿)

𝐵

DIRECTION VECTOR:

𝒂
𝒃

𝒂 = 𝑝. 𝑣. (𝐴)

𝒃 = 𝑝. 𝑣. (𝐵)

𝐴𝐵 = 𝒃 − 𝒂

(this is our 𝒅)

𝒓 = 𝒓0 + 𝜆(𝒃 − 𝒂)



𝑥

𝑦

𝑧

Line passing through 
two given points

𝑂

(𝐿) DIRECTION VECTOR:

𝒂
𝒃

𝒂 = 𝑝. 𝑣. 𝐴 = 𝑥𝐴 𝒊 + 𝑦𝐴𝒋 + 𝑧𝐴𝒌

𝒃 = 𝑝. 𝑣. (𝐵) = 𝑥𝐵 𝒊 + 𝑦𝐵𝒋 + 𝑧𝐵𝒌

𝐴𝐵 = 𝒃 − 𝒂

(this is our 𝒅)

𝒓 = 𝒓0 + 𝜆(𝒃 − 𝒂)

𝐵(𝑥𝐵, 𝑦𝐵 , 𝑧𝐵)

𝐴(𝑥𝐴, 𝑦𝐴, 𝑧𝐴)

(𝑥𝐵 − 𝑥𝐴, 𝑦𝐵−𝑦𝐴, 𝑧𝐵−𝑧𝐴)



EXAMPLES:

1. Given the equation of a line 
𝑥 + 1

2
=
3 − 𝑦

6
= −

𝑧

5

a). Find the coordinates of a particular point on the line
b). Is the vector 6i+18j+15k parallel to the line? 
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2. Consider the line  
𝑥 − 1

3
=
𝑦 − 4

1
= −

𝑧 − 2

4

Find the coordinates of three particular points on the line.
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3. Find the symmetric form equation of the line passing through 
the points 𝐴 −1, 3, 2 and 𝐵(5, 4, −3)
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4.  Find the parametric equation of the line passing through 𝐴 2,−3, 7
and parallel to the line 

𝑥 − 2

2
=
𝑦 − 5

5
=
6 − 𝑧

7
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5. Find the equation of the line joining the points 𝐴 2, 3, 4 and 𝐵 1, 4, −3
and then determine the coordinates of its intersection point with 
the xy-coordinate plane.
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A class test type question:
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EQUATION OF A PLANE

A plane can be defined either by

• Specifying three points it contains 

(provided these points do not lie on a straight line)

• Specifying a point on the plane AND two directions in the plane

• Specifying a point on the plane AND the normal vector to the plane



A point + normal:

𝑥

𝑦

𝑧

𝑂

𝑃(𝑥, 𝑦, 𝑧)

𝐴(𝑥0, 𝑦0, 𝑧0)

𝒏



A point + normal:

𝑥

𝑦

𝑧

𝑂

𝑃(𝑥, 𝑦, 𝑧)

𝐴(𝑥0, 𝑦0, 𝑧0)

𝒏

𝐴𝑃 = p. v. P − p. v. A = 𝒓 − 𝒂

𝒏 ⊥ 𝐴𝑃 ⟹ 𝒏 ∙ 𝐴𝑃 = 0

𝒏 ∙ 𝒓 − 𝒂 = 0

VECTOR EQUATION….



A point + normal:

𝑥

𝑦

𝑧

𝑂

𝑃(𝑥, 𝑦, 𝑧)

𝐴(𝑥0, 𝑦0, 𝑧0)

𝒏

𝒏 ∙ 𝒓 − 𝒂 = 0

VECTOR EQUATION….

𝒏 = (𝐴, 𝐵, 𝐶)

𝒓 = (𝑥, 𝑦, 𝑧)

𝒂 = (𝑥0, 𝑦0, 𝑧0)

𝐴, 𝐵, 𝐶 ∙ 𝑥 − 𝑥0, 𝑦 − 𝑦0, 𝑧 − 𝑧0 = 0

𝐴 𝑥 − 𝑥0 + 𝐵 𝑦 − 𝑦0 + 𝐶 𝑧 − 𝑧0 = 0

𝐴𝑥 + 𝐵𝑦 + 𝐶𝑧 = 𝐷OR

CARTESIAN EQUATION….



Three points:

𝑥

𝑦

𝑧

𝑂

𝒏 = (𝒄 − 𝒃) × (𝒄 − 𝒂)

𝒄 − 𝒂

𝐴

𝐵
𝐶

p.v. of the three points:     𝒂, 𝒃, 𝒄

the three points:    A, B, C

𝐵𝐶 = 𝒄 − 𝒃

𝐴𝐶 = 𝒄 − 𝒂

𝐵𝐶 × 𝐴𝐶 ⊥ 𝑃𝐿𝐴𝑁𝐸

(𝒄 − 𝒃) × (𝒄 − 𝒂)

𝒓 − 𝒂 ∙ 𝒄 − 𝒃 × 𝒄 − 𝒂 = 0



EXAMPLES:

1. Let (d) be the line 
𝑥 − 2

3
=
𝑦 + 1

4
=
𝑧

1

Find the equation of the plane which is perpendicular to (d) and 
intersects it at (2, -1, 0).
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