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1.2: The coordinate systems
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1.2.1 Cartesian Coordinate  System:

a) Unit Vectors:

x
y

x
y

z

O
az z

az

ay

ayax

ax

P(x,y,z)

   P(x,*  y, z) 

{ }x y z   a ,  a a* ,  

* Right-handed system :

xa ya

za
xaya

za

x y zA A a A a A ax y z= + +
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b) Position vector:

P(x, y, z)

x

y

z

O

r

x y zr .a .a .ax y z= + +
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c) Vector from P1(x1,y1,z1) to P2(x2,y2,z2):

12 2 1 x 2 1 y 2 1 zr ( )a ( )a ( )ax x y y z z= − + − + −

P2(x2, y2, z2)

x

y

z

O

12r

P1(x1, y1, z1)
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Examples: P1.8

x y z(0 0)a (0 15)a ( 20 0)a 25= − + − + − − =

Given : A(12, 0, 0),  B(0, 15, 0),  C(0, 0, –20).

a) Distance from B to C  ?

b) Component of vector from A to C along vector from B to C ?

Vector from A to C: AC x zr 12a 20a= − −

Unit vector from B to C: y z y z
BC

15a 20a 3a 4a
a

25 5
− − − −

= =

AC BC BC y z(r .a )a 9.6a 12.8a= − −
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1.2.2 Cylindrical Coordinate Systems:

   P(r,*  , z) φ

{ }r z   a ,  a ,  a* φ

* Right-handed system :

ra aφ

za
raaφ

za

r zA A a A a A ar zφ φ= + + ra
aφ

a z
r

P(r,φ,z)z

φ

z

y

x
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1.2.3 Spherical Coordinate Systems:

   P(r,*  , ) θ φ

{ }r   a ,  a , a*  θ φ

* Right-handed system :

ra aθ

aφ raaθ

aφ

rA A a A a A ar θ θ φ φ= + + θa

aφ
ra

r
P(r,θ, φ)

φ

z

y

x

θ

Note: 
Cylindrical:{ }rca
Spherical: { }rsa
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1.2.4 Conversion of points between co. systems:

Cartesian Cylindrical

( , , )x y z

2 2= +r x y

1φ −=
ytg
x

=z z

( , , )φr z
cosφ=x r

=z z
sinφ=y r
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1.2.4 Conversion of points between co. systems:

Cartesian Spherical

( , , )θ φr
sin cosθ φ=x r

cosθ=z r
sin sinθ φ=y r

( , , )x y z

2 2 2= + +r x y z
2 2

1θ − +
=

x y
tg

z
1φ −=
ytg
x
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Example: Determine x, y, z ?

x = 2 cos 5π 6 = – 3
y = 2 sin 5π 6= 1

 
 
 

3 + 1 = 2

z = 3 x

z

3

2 y
5π/6

Note: x = r cos φ x = r sin θ cos φ
y = r sin φ y = r sin θ sin φ
z = z z = r cos θ

D1.7 (a) (2, 5π/6, 3) in cylindrical coordinates
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Example: Determine x, y, z ?

Note: x = r cos φ x = r sin θ cos φ
y = r sin φ y = r sin θ sin φ
z = z z = r cos θ

x = 4 cos 4π 3 = – 2

y = 4 sin 4π 3 = – 2 3
 
 
 

4 + 12 = 4

z = – 1

D1.7 (b) (4, 4 3, –1) in cylindrical coordinates   ?π

1 4

x

y
4π/3

z
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Example: Determine x, y, z ?

Note: x = r cos φ x = r sin θ cos φ
y = r sin φ y = r sin θ sin φ
z = z z = r cos θ

24 sin cos 3
3 6
24 sin sin 3 9 3 4 4
3 6

4 cos – 2
3

x

y

z

π π

π π

2π

= = 

= = + + =



= = 

D1.7 (c) (4, 2 3, 6) in spherical coordinates   ?π π

2π/3

x

y

z

π/6

4
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Example: Determine x, y, z ?

Note: x = r cos φ x = r sin θ cos φ
y = r sin φ y = r sin θ sin φ
z = z z = r cos θ

x = 8 sin π
4

cos π
3

= 1

y = 8 sin π
4

sin π
3

= 3

z = 8 cos π
4

= 2

 

 

 
 
 

 

 
 
 

1 + 3 + 4 = 8

π/4

π/3

z

y

x

8

D1.7 (d) ( )8, 4, 3  in spherical coordinates  ?π π
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