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The Python Code S004.py applies a set of ABCD matrices in
the paraxial approximation to calculate the ray path from a
point in the input (object) plane, through a converging thin
lens to a point in the output (observation plane). The

transformation sequence of matrices applies are:


https://d-arora.github.io/Doing-Physics-With-Matlab/
https://drive.google.com/drive/u/3/folders/1j09aAhfrVYpiMavajrgSvUMc89ksF9Jb
https://github.com/D-Arora/Doing-Physics-With-Matlab/tree/master/python

Translation0 > 1
Initial height y, = y[0]
Elevation (slope angle in radians) a, = a[0]
Distance: object point to lens L01=s,
Refractive index of air no=1.00
Height y[1]
Elevation a[l]
Refraction 1 2 2
Position of lens x,,,, =0

Refractive index of lens n; =1.00

Radius convex spherical surface of lens Ry >0
Height y[2]= (1]

Elevation a[2]

Refraction 2 2 3
Radius concave spherical surface of lens R; <0
Height [3]= y[2]= (1]
Elevation a[3]

Translation3 2 4
Distance lens to observation point L34 =5,
Height y4 = y[4]

Elevation a[4] = a[3]



POSITIVE CONVERGING THIN LENS

A positive converging lens with convex spherical surfaces (lens
is thicker at the centre than at the edges) is shaped so that all
light rays that enter it parallel to its optical axis intersect at a
single point called the focus. The focus is located on the optical
axis and on the opposite side of the lens. A converging lens can
form real or virtual, inverted or upright, and magnified or

diminished images.

The thin lens equation relates the focal length fof a lens to the

object distance s, and image distance s, .
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The magnification m of a thin lens describes the ratio of the

image size i, to the object size 4,. A magnification greater than

1 indicates the image is larger than the object, while a
magnification less than 1 means the image is smaller. The sign
of the magnification indicates whether the image is inverted
(negative) or upright (positive).

@) m=to %
hy So



focal principle focal

| plane plane plane
| |
Input image output
plane Mg Mg plane plane
| L [n
e
V4]
4
< » T
h N 34

translation 0 2 1 refraction 1 = 2 refraction 2 2 3 translation 3 > 4

Ll}l ny, —>n nl — no L34
v[0] vl 2] =y[1] vI31=y12] v[4]

01)  lafi1=af01) L af2] MVE 7 a[41= a[3]
“ M, M, M, M,

i) 00 gy - e e o )

a elevation

Fig. 1. Geometry of thin lens optical system and the

transformation matrices.

The Python Code S004.py can be used to plot the ray path
through a thin lens optical system as indicated in figure 1. The

model parameters are displayed in the Console Window.



Figure 2 shows plots of the image distance s, and magnification
mag as a function of the object distance s,. Understanding this

diagram completely explains the significance of equations 1 and
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Fig. 2. Image distance s, and magnification mag as functions of

the object distance s,. SO004A.py



Visit the link for details of the ABCD matrix method

MATRIX METHODS FOR RAY PROPAGATION

The system matrix M for the ray path 0 2 4 gives
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Yy = Ay, +Ba
a,=Cy,+Da,

Only when B =0 do all the rays from an input (object) point

converge to a single image point since the output point y, is

independent of the angle of the ray from 0 = 1. In running the
Code S004.py, only when the image plane is at the same

distance from the lens as the object plane (s, = L34) does B=0

and the rays from the input point converge to the single image
point. When B =0, then the magnification of the image is given

by the matrix element A4.

The results of running the Code for different input parameters

are shown in the following figures.

To obtain multiple input rays, the Code is first run and then
segments of the Code are run separately to superimpose

additions plots.


https://d-arora.github.io/Doing-Physics-With-Matlab/pyDocs/S003.pdf
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Fig. 3. The input ray 0 = 1, input point, and input plane are
shown in blue (x, =8). The focal points, the plane of the lens
and the image plane are shown in black

(xlens =0 s =x,= 13.33). The output rays, the output points
and output plane are shown in red (x, =18). The magenta line

is the ray from the input point through the centre of the lens.
The matrix element B is not zero (B # 0), therefore, the rays
from the input point do not intersect the output plane at a
single point. If the output plane is placed at the image plane

where L34 = Xp = 13.33 then all the rays from the input point

converge to a single point. For an object located in the region
between fand 2f, then the image is real, inverted and with a

magnification greater than 1, m >1 (see figure 2).



A sample of the Console Window summary is shown below for
one of the inputs of figure 3.
S004.py
INPUTS
refractive index of air, n0 = 1.00
refractive index of lens n1 =1.50
focal length, f =5.00
radius convex front spherical surface of lens, RO = 4.00
Object plane, LO1 =8.00
Object height, yO = 1.00
Incident ray elevation, a01 = 0.00 deg
Translation distance 3 -->4, L34 = 18.00

OUTPUTS
radius concave rear spherical surface of lens, R1 =-6.67
refracted ray elevation, a34 =-11.46
image plane, x4 =13.33
image height, y4 =-1.67
image plane, x4 =13.33
lateral magnification, m =-2.60

M-->A=-2.60 B=-2.80 C=-0.20 B=-0.60
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Fig. 4. The image plane and the object plane coincide and B =0,
therefore all rays from the input point converge to a single

point in the image plane. The matrix element 4 =-1.67, which is

the magnification. S004.py

When the input point is at a distance LO1 > 2f'and the output
point is located in the image plane, then the image is real,
inverted and diminished in height (figure 5).

INPUTS
Object plane, L01 =13.00; Object height, y0 =1.00
Incident ray elevation, a01 = 10.00 deg
Translation distance 3 --> 4, L34 =8.12

OUTPUTS
refracted ray elevation, a34 =-27.46
image plane, x4 =8.12
image height, y4 =-0.62
lateral magnification, m =-0.63

M-->A=-0.62 B=0.00 C=-0.20 B=-1.60
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Fig. 5. When the input point is located at a distance greater
than 2ffrom the lens, and the output point is in the image
plane, then the image is real, inverted and diminished in height

(mag =-0.63). S004.py
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Fig. 6. When the input point is located at the distance 2ffrom
the lens, and the output point is in the image plane, then the
image is real, inverted and has the same height (mag = -1.00).

S004.py
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When the object point is within the focal distance

(59 = Lo < f) then the image will be virtual, upright and
enlarged (figure 7).
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Fig. 7. The object point is within the focal distance

(89 =Ly, < f). The image will be virtual, upright and enlarged.

The lateral magnification of the image increases rapidly as the
object point moves closer to the focal point at x = -5.

Top figure m = +1.67, bottom figure m = +3.57. S004.py
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