
1. 3 Coordinate Systems 

Actually different kinds of coordinates systems usually used in physics. 

The most often used ones are Cartesian, Cylindrical, and Spherical. A 

point P may described by these three coordinates as shown in the figure 

below; 

 

 

 

The order of specifying the coordinates is important an should carefully be 

followed. The angle φ is the same in both cylindrical an spherical systems. 

But in the order of the coordinates, φ appears in the second position in 

cylindrical (r, φ, z) and third position in spherical (r, θ, φ). The same 

symbol r is used in both cylindrical and spherical coordinates but for two 

quit different things. In cylindrical coordinate r measure the distance from 

z-axis to a plane normal to the xy-plane. While in the spherical system r 

measure the distance from the origin to the point p(r, θ, φ). 

 

Remarks:  

1) The domain of the coordinates are as follows; 

 

 

 

 

Cartesian 

−∞ ≤ 𝑥 ≤ +∞ 

−∞ ≤ 𝑦 ≤ +∞ 

−∞ ≤ 𝑧 ≤ +∞ 

 

Cylindrical 

0 ≤ 𝑟 ≤ ∞ 

0 ≤ 𝜑 ≤ 2𝜋 

−∞ ≤ 𝑧 ≤ +∞ 

 

Spherical 

0 ≤ 𝑟 ≤ ∞ 

0 ≤ 𝜃 ≤ 𝜋 

0 ≤ 𝜑 ≤ 2𝜋 

 



2) The transformation equations from cylindrical to Cartesian coordinates 

are;  

𝑥 = 𝑟 𝑐𝑜𝑠𝜃 

𝑦 = 𝑟 𝑠𝑖𝑛𝜃 

𝑧 = 𝑧 

3) The transformation equations from spherical to Cartesian coordinates 

are;  

𝑥 = 𝑟 𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜑 

𝑦 = 𝑟 𝑠𝑖𝑛𝜃 𝑠𝑖𝑛𝜑 

𝑧 = 𝑟 𝑐𝑜𝑠𝜃 

4) The components forms of a vector in three systems are; 

𝐴 = 𝐴𝑥 𝑖̂ + 𝐴𝑦𝑗̂ + 𝐴𝑧𝑘̂        (𝐶𝑎𝑟𝑡𝑒𝑖𝑠𝑎𝑛)

𝐴 = 𝐴𝑟𝑟̂ + 𝐴𝜑𝜑̂ + 𝐴𝑧𝑘̂     (𝐶𝑦𝑙𝑖𝑛𝑑𝑟𝑖𝑐𝑎𝑙)

𝐴 = 𝐴𝑟𝑟̂ + 𝐴𝜃𝜃 + 𝐴𝜑𝜑̂      (𝑆𝑝ℎ𝑒𝑟𝑖𝑐𝑎𝑙)

 

 

Question: What will happened when a point p (x, y, z) is expanded to 

(x+dx, y+dy, z+dz) or (r+dr, φ+dφ, z+dz) or (r+dr, θ+dθ, φ+dφ)? 

 Answer: 

As show in the figures; 

 

 

 

 

 

 

1) A differential volume dV is formed; 

𝑑𝑉 = 𝑑𝑥𝑑𝑦𝑑𝑧        (Cartesian) 

𝑑𝑉 = 𝑟𝑑𝑟𝑑𝜑𝑑𝑧       (Cylindrical) 

 
  



𝑑𝑉 = 𝑟2𝑠𝑖𝑛𝜃𝑑𝑟𝑑𝜃𝑑𝜑      (Spherical) 

2) A differential area dS is formed; 

𝑑𝑠 = 𝑑𝑥𝑑𝑦, = 𝑑𝑥𝑑𝑧, = 𝑑𝑦𝑑𝑧      (Cartesian) 

𝑑𝑠 = 𝑑𝑟𝑑𝑧, = 𝑟𝑑𝑟𝑑𝜑, = 𝑟𝑑𝜑𝑑𝑧      (Cylindrical) 

𝑑𝑠 = 𝑟𝑑𝑟𝑑𝜃, = 𝑟2𝑠𝑖𝑛𝜃𝑑𝜃𝑑𝜑, = 𝑟𝑠𝑖𝑛𝜃𝑑𝑟𝑑𝜑      (Spherical) 

3) A differential line dℓ is formed; 

𝑑𝑙 = 𝑑𝑥𝑖̂ + 𝑑𝑦𝑗̂ + 𝑑𝑧𝑘⃑⃑       (Cartesian) 

𝑑𝑙 = 𝑑𝑟𝑟̂ + 𝑟𝑑𝜑𝜑̂ + 𝑑𝑧𝑧̂       (Cylindrical) 

𝑑𝑙 = 𝑑𝑟𝑟̂ + 𝑟𝑑𝜃𝜃 + 𝑟𝑠𝑖𝑛𝜃𝑑𝜑𝜑̂       (Spherical) 

However; 

𝑑𝑙2 = 𝑑𝑥2 + 𝑑𝑦2 + 𝑑𝑧2       (Cartesian) 

𝑑𝑙2 = 𝑑𝑟2 + 𝑟2𝑑𝜑2 + 𝑑𝑧2       (Cylindrical) 

𝑑𝑙2 = 𝑑𝑟2 + 𝑟2𝑑𝜃2 + 𝑟2𝑠𝑖𝑛2𝜃𝑑𝜑2       (Spherical) 

 

H.W.: What are the forms of ∇⃑⃑⃑ and ∇⃑⃑⃑2in these three coordinates systems? 

 


