
Lect -6 . Matrix Methods 

In the beginning of the 1930s, T. Smith formulated an interesting way of handling the ray-tracing equations. 

The simple linear form of the expressions and the repetitive manner in which they are applied suggested the 

use of matrices. The processes of refraction and transfer might then be performed mathematically by matrix 

operators. These initial insights were not widely appreciated for almost 30 years. However, the early 1960s 

saw a rebirth of interest in this approach. We shall only outline some of the salient features of the method, 

leaving a more detailed study to the references. 

 

Matrix Analysis of Lenses  

Let's begin by writing the formulas 

 

 

We can write, 

 

refraction matrix 

 

 

 



Transfer matrix 

 

 

 

 

 



 



 



 



 

 

 



Thin Lenses  

As a last point, it is often convenient to consider a system of thin lenses using the matrix representation. To 

that end, return to Eq. (6.31). It describes the system matrix for a single lens, and if we let dl —> 0, it 

corresponds to a thin lens. This is 

 

 

 

 

 

 



Matrix Analysis of Mirrors  

To derive the appropriate matrix for reflection, consult Fig. 6.11, which depicts a concave spherical mirror, and 

write down two equations that describe the incident and reflected rays. Again, the final form of the matrix 

depends on how we arrange these two equations and the signs we assign to the  various quantities. What's 

needed is an expression relating the ray angles and another relating their heights at the point of interaction 

with the mirror. 

 

 



 

 



 

 



 

 

 


