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Cartesian Coordinates



Coordinate  Systems:
Many aspect of physics involve description of the location of an object in space.
In order to determine the location , we need coordinate systems (Cartesian  , cylindrical and 
Spherical systems).

1- Cartesian Coordinates :

The point P is identified by the Cartesian coordinates (𝑥, 𝑦, 𝑧).

Z

X

y

P(𝑥, 𝑦, 𝑧)−ꝏ < 𝑥 < +ꝏ
−ꝏ < 𝑦 < +ꝏ
−ꝏ < 𝑧 < +ꝏ
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The elementary volume is : d𝜏 = 𝑑𝑥𝑑𝑦𝑑𝑧

When an object moves from one point to another 
(𝑃 𝑡𝑜 𝑃’), its coordinates change and form a cube:

P

P’
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2- Cylindrical Coordinates :
Point P is located by cylindrical coordinate (𝜌 , 𝜃 , 𝑧).
𝜌 called radius , Ɵ called azimuthal angle .

𝑧

𝑦

𝑥

𝜃

𝑃 (𝜌 , 𝜃 , 𝑧)

O
𝜌

𝜌

𝑧

Conversion formula from Cartesian coordinates to 
cylindrical coordinates  :

𝜌 = x2 + y2

𝜃 = tan−1 (
y

x
)

𝑧 = 𝑧

Conversion formula from cylindrical coordinates to 
Cartesian coordinates:  

𝑥 = 𝜌 cos 𝜃

𝑦 = 𝜌 sin 𝜃

𝑧 = 𝑧

0 ≤ 𝜌 < ꝏ

0 ≤ Ɵ < 2𝜋

−ꝏ < 𝑧 < +ꝏ

الصفحة الالكترونية لمقررات

الفيزياء لكليات التقنية



When an object moves from one point to another 
(𝑃 𝑡𝑜 𝑃’), its coordinates change and form a cube
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The elementary volume is : 𝑑𝜏 = (𝑑𝜌)(𝜌𝑑𝜃)(𝑑𝑧)

𝜌𝑑𝜃𝑷

𝑷’
𝑑𝜌



Example 1: convert the point ( 1 , 3 , -2 3 ) from Cartesian 
coordinates  to cylindrical coordinates ?

Example 2: convert the point ( 1 , 1 , 2 ) from Cartesian 
coordinates  to cylindrical coordinates ?

The Solution 
(x   , y   ,   z)                 (ρ , θ , z)

ρ= x2 + y2 = (1)2+( 3)2 = (1) + (3)= 4 = 2       

(1 , 3 , -2 3)              (ρ , θ , z)

Ɵ= tan−1 (
y

x
) = tan−1 (

3

1
) = 60𝑜=

π

3

Z= -2 3

∴ The point (1 , 3 , -2 3) = (2 ,
π

3
, -2 3)

The Solution 

(x   , y   ,   z)                 (ρ , θ , z)

(1 ,  1 ,  2)                  (ρ , θ , z)

ρ= x2 + y2 = (1)2+(1)2 = (1) + (1)= 2

Ɵ= tan−1 (
y

x
) = tan−1 (

1

1
) = 45𝑜=

π

4

Z= 2

∴ The point (1 ,  1 ,  2) = ( 2 ,
π

4
, 2) 

Rad=Degree x
π

180°
= 60° x

π

180°

= 
6π

18
=

π

3
Rad

Rad=Degree x
π

180°
= 45° x

π

180°

=
π

4
Rad
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Example 3: convert the point ( 
−1

2
, 
4𝜋

3
, 8  ) from cylindrical 

coordinates to  Cartesian coordinates   ?

Example 4: convert the point (6 ,  
π

6
,  2) from cylindrical 

coordinates to  Cartesian coordinates   ?

The Solution 
( ρ , θ , z) (x   , y   ,   z)

( 
−1

2
,  
4π

3
, 8 )                    (x   , y   ,   z)

x=ρ cosƟ = 
−1

2
X cos (240°) =

−1

2
X 
−1

2
= 
1

4

y= ρ sinƟ = = 
−1

2
X sin (240°) =

−1

2
X  

− 3

2
= 

3

4

Z= 8

∴ The point ( 
−1

2
,  
4π

3
, 8 ) = (

1

4
,

3

4
, 8)

Degree = rad x
180°

π
=

4π

3
X
180°

π

= 4X 60 = 240°

The Solution 

( ρ , θ , z) (x   , y   ,   z)

( 6 ,   
𝜋

6
,   2)                    (x   , y   ,   z)

x=ρ cosƟ = 6 X cos (30°) = 6 X
3

2
= 3 3

y= ρ sinƟ = 6 X sin (30°) = 6 X
1

2
= 3

Z = 2

∴ The point ( 6 ,  
π

6
,  2 ) = ( 3 3 , 3 , 2 )

Degree = rad x
180°

π
=

π

6
X
180°

π

= 
180°

6
= 30°
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Example 6: convert the point ( 2 , 
π

4
, 4 ) from cylindrical 

coordinates to  Cartesian coordinates   ?Example 5: convert the point ( 2 , 6 , 1 ) from Cartesian 
coordinates  to cylindrical coordinates ?

The Solution 
(x   , y   ,   z)                 (ρ , θ , z)

( 2 , 6 , 1)                ( ρ , θ , z)

ρ= x2 + y2 = ( 2)2+( 6)2 = (2) + (6)= 8 = 2X4

=2 2

Ɵ= tan−1 (
y

x
) = tan−1 (

6

2
) = 60𝑜=

π

3

Z= 1

∴ The point ( 2 , 6 , 1 ) = ( 2 2 ,
π

3
, 1 )

Rad=Degree x
π

180°
= 60° x

π

180°

= 
6π

18
=

π

3
Rad

The Solution 

( ρ , θ , z) (x   , y   ,   z)

( 2  ,  
π

4
, 4 )                   (x   , y   ,   z)

x=ρ cosƟ = 2 X cos (45°) 2 X 
2

2
= 2

y= ρ sinƟ = = 2 X sin (45°) = 2 X 
2

2
= 2

Z= 4

∴ The point ( 2 , 
π

4
, 4 ) = ( 2 , 2 ,  4 )

Degree = rad x
180°

π
=

π

4
X
180°

π

= 
180°

4
= 45°
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Example 7: Calculate the volume (in cm3) when the point 

move from (5,
𝜋

4
, 2) 𝑡𝑜 (7,

𝜋

3
, 6)?
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The Solution 

𝜌1 , 𝜃1 , 𝑧1 = (5 ,
𝜋

4
, 2)

(𝜌2 , 𝜃2 , 𝑧2) = ( 7 ,
𝜋

3
, 6)

𝑑𝜏 = 𝑑𝜌 𝜌𝑑𝜃 𝑑𝑧 = 𝜌 𝑑𝜌 𝑑𝜃 𝑑𝑧 =

= 5 × 7 − 5 ×
𝜋

3
−
𝜋

4
× 6 − 2 =

= 5 × 2 ×
4𝜋

12
−
3𝜋

12
× 4 =

= 5 × (2) × (
𝜋

12
) × (4) =

10𝜋

3
𝑐𝑚3

∴ The volume = 
10𝜋

3
𝑐𝑚3 = 10.47𝑐𝑚3

Example 6: Calculate the volume (in cm3) when the point 
move from (−2, 0,3) 𝑡𝑜 (4, 5,6)?

The Solution 

𝑥1 , 𝑦1 , 𝑧1 = (−2 , 0 , 3)

(𝑥2 , 𝑦2 , 𝑧2) = ( 4 , 5 , 6)

𝑑𝜏 = 𝑑𝑥 𝑑𝑦 𝑑𝑧 =

= (4 − (−2)) × 5 − 0 × 6 − 3 =

= 6 × 5 × 3 = 90 𝑐𝑚3

∴ The volume =90 𝑐𝑚3
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3- Spherical Coordinates :

Point P is located by Spherical coordinate (r , Ɵ , ф).
ρ called radius , Ɵ called polar angle ф called azimuth angle .

Conversion formula from Cartesian coordinates to spherical  
coordinates  :

r= x2 + y2 + z2

Ɵ= tan−1(
y

x
)

ф=cos−1(
z

r
)

Conversion formula from spherical coordinates to Cartesian 
coordinates:  

x=r sinф cosƟ

y= r sinф sinƟ

z= r cosф

ρ

P(r , Ɵ , ф)

r

ф

Ɵ

Z

X

y

ρ

O

0 ≤ r < ꝏ
0 ≤ Ɵ < 2π
0 ≤ ф ≤ π
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Example 1: convert the point ( 6 , 6 , 2) from Cartesian 
coordinates to spherical coordinates .    

Example 2: convert  Cartesian coordinates of the point ( 1, 1 , 6) 
to spherical coordinates.    

The Solution 
(x   , y   ,   z)                 (r , θ ,ф)

( 6 , 6 , 2)                 (ρ , θ ,ф)

r= x2 + y2 + z2 = ( 6)2+( 6)2+(2)2

= 6 + 6 + 4 = 16= 4 

Ɵ= tan−1(
y

x
) = tan−1(

6

6
) = tan−1(1) = 45𝑜= 

π

4

ф=cos−1
z

r
= cos−1

2

4
=60𝑜 = 

π

3

∴ The point ( 6 , 6 , 2 ) = ( 4  ,
π

4
, 
π

3
)

The Solution 

(x   , y   ,   z)                 (r , θ ,ф)

( 1  , 1 , 6 )                 (ρ , θ ,ф)

r= x2 + y2 + z2 = (1)2+(1)2+( 6)2

= 1 + 1 + 6 = 8= 2 𝑋4 = 2 2

Ɵ= tan−1(
y

x
) = tan−1(

1

1
) = tan−1(1) = 45𝑜= 

π

4

ф=cos−1
z

r
= cos−1

6

2 2
=30𝑜 = 

π

6

∴ The point ( 1 , 1 , 6 ) = (2 2 ,
π

4
, 
π

6
)
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Example 3: convert the point (4 , 
π

6
, 
π

4
) from spherical 

coordinates to Cartesian coordinates .      

Example 4: convert the point (2 ,  
π

6
,  
π

3
) from spherical 

coordinates to Cartesian coordinates .      

The Solution 
( r , θ , ф) (x   , y   ,   z)

( 4 ,  
π

6
, 
π

4
)              (x   , y   ,   z)

x=r sinф cosƟ = 4 X sin(45𝑜) X cos (30𝑜)

= 4 X 
2

2
X 

3

2
= 4 X 

6

4
= 6

y= r sinф sinƟ = 4 X sin(45𝑜) X sin (30𝑜)

= 4 X 
2

2
X 
1

2
= 4 X 

2

4
= 2

z= r cosф = 4 X cos (45𝑜) = 4 X 
2

2
=2 2

∴ The point (4 , 
π

6
, 
π

4
) = ( 6 , 2 , 2 2)

The Solution 

( r , θ , ф) (x   , y   ,   z)

(2 ,  
π

6
,  
π

3
)               (x   , y   ,   z)

x=r sinф cosƟ = 2 X sin(60𝑜) X cos (30𝑜)

= 2 X 
3

2
X 

3

2
= 2 X 

3 𝑋3

2𝑋2
= 2 X 

9

4
=
3

2

y= r sinф sinƟ = 2 X sin(60𝑜) X sin (30𝑜)

= 2 X 
3

2
X 
1

2
= 2 X 

3

4
=

3

2

z= r cosф = 2 X cos (60𝑜) = 2 X 
1

2
=1

∴ The point (2 ,  
π

6
,  
π

3
) = (

3

2
,

3

2
, 1)
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Example 5: convert the point (2 3 , 6 , 4) from Cartesian 
coordinates to spherical coordinates .    

Example 6: convert the point (8 , 
π

4
, 
π

6
) from spherical 

coordinates to Cartesian coordinates .      

The Solution 
(x   , y   ,   z)                 (r , θ ,ф)

( 2 3 , 6 , 4)               (ρ , θ ,ф)

r= x2 + y2 + z2 = (2 3 )2+(6)2+(−4)2

= 4X3 + 36 + 16

= 12 + 36 + 16= 64 = 8

Ɵ= tan−1(
y

x
) = tan−1(

6

2 3
) = 60𝑜= 

π

3

ф=cos−1
z

r
= cos−1

−4

8
=120𝑜 = 

2π

3

∴ The point ( 2 3 , 6 ,-4) = (8 ,
π

3
, 
2π

3
)

( r , θ , ф) (x   , y   ,   z)
The Solution 

(8 , 
π

4
,  
π

6
)              (x   , y   ,   z)

x=r sinф cosƟ = 8 X sin(30𝑜) X cos (45𝑜)

= 8 X 
1

2
X 

2

2
= 8 X 

2

4
= 4 X 

2

2
= 2 2

y= r sinф sinƟ = 8 X sin(30𝑜) X sin (45𝑜)

= 8 X 
1

2
X

2

2
= 8 X 

2

4
=4 X 

2

2
= 2 2

z= r cosф = 8 X cos (30𝑜) = 8 X 
3

2
=4 3

∴ The point (8 , 
π

4
,  
π

6
) = (2 2 , 2 2 ,4 3)
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