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Abstract: A computer program has been created to simulate a ray diagram on a thin lens using the Python
programming language. The program is a ray diagram simulation on a convex lens and a concave lens. The program
is built using the canvas, create line, button and motion functions in the object-oriented programming language
Python. The object being simulated is a convex and concave lens with a focal length of 10 cm and an object's height
of 4 cm. The simulation results are in the form of an interface with the user using computer graphic media and
interaction via a touch screen. The program can run on Android mobile phones. The results of ray diagrams on
computers and Android cellular phones show that they are in accordance with theory, so that the program can be
used as a virtual laboratory material.
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I. INTRODUCTION

Computer simulations are made to make it easier for humans to study, observe, and predict physical phenomena
that may occur. In principle, simulation can be done in various ways, for example with a series of numbers, pictures,
graphics, or visualization with a computer. With computer-based simulations, the costs incurred can be minimized
because the modeling does not have to be in the real world with the actual size. With computer-based simulation,
the risk of research accidents can be reduced to zero percent [1]. In certain circumstances, simulation can replace
laboratory experiments. Some analogies between laboratory experiments and computer simulations can be seen in
table 1.

Table 1. Analogy of experiments and simulations [2]

Laboratory experiments Computer simulation
Sample Model
Equipment Program
calibration Testing
Measurement Computing

Analysis Analysis

Computer simulations, as well as laboratory experiments, are tools that can be used to study complex physical
phenomena. Computer simulations can be used to complement laboratory experiments as a means of obtaining
knowledge in a practical and effective manner [3]. A virtual laboratory is a computer-based activity in which
students interact with experimental equipment or other activities via a computer interface [4-5]. Common examples
are simulation experiments, in which a student interacts with programmed behavior, and remotely controlled
experiments in which a student interacts with real equipment via a computer link. A virtual laboratory is a
laboratory where students interact with experiments that do not have direct physical reality. The whole concept of
interactive screen experiments is to bring as close to reality as possible, to as many students as possible. Currently,
with the large number of cell phones, it is very possible to create virtual laboratory applications that can be accessed
using cell phones.
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Users can interact with experimental objects via the mobile phone screen by "draging" using their fingers or other
tools [6]. The use of this phone can be done online or offline where the cell phone functions the same as a computer.
The purpose of this study is to create an application on an Android-based cellular phone to simulate the tracing of
light rays on thin convex and concave lenses. With this simulation, the limitations of optical laboratory equipment
can be overcome, so that experiments can run more effectively and can be carried out anywhere.

Il. THEORY

The most important simple optical instrument is a thin lens. Thin lenses are usually circular in shape and both
surfaces are curved. Both surfaces can be convex, concave or flat. The axis of the lens is a straight line that passes
through the center of the lens and is perpendicular to its surface. If parallel rays parallel to the axis fall on a thin
convex lens, they will be focused at a focal point, F. Rays of light that from a point on a distant object are essentially
parallel, so it can be said that: the focal point is the image point for object at an infinite distance from the principal
axis. This means that the focal point of the lens can be found by determining the point at which the rays of sunlight
are formed into sharp images. The distance from the focal point to the center is called the focal distance, f. [7].

To find the image point, we can use a two-point beam of light with the following rules for a thin convex lens:
1. Aray parallel to the principal axis is refracted through the focal point
2. The ray that passes through the focus is refracted parallel to the principal axis
3. A beam that passes through the center is refracted without being bent.

The rules for concave lenses are almost the same, namely:

1. A beam parallel to the principal axis is refracted as if from the focal point

2. The beam leading to the focus is refracted parallel to the principal axis

3. A beam that passes through the center is refracted without being bent
By using these rules, the formula for the relationship between object distance (so), image distance (si), focal
distance (f), object height (ho), and image height (hi) is obtained as follows:

1/ho + 1/hi=1/f (@)
and
ho/hi =so/si 2
I11. METHOD

The research stages follow the waterfall paradigm software development path which includes requirements
analysis, design, implementation, and testing. Stages of requirements analysis includes determining software
functions. As input in the analysis is a description of the system to be built. The system that will be built consists of a
convex lens system and a concave lens system with upright objects that can be shifted with the mouse away from or
near the lens. Shadow distance and size follow formulas (1) and (2). The design stage includes the design of system
architecture, interfaces and algorithms that are ready to be implemented. The program is designed with object
orientation which includes events, objects, classes and user interfaces by using Tkinter in Python.

The implementation stage is in the form of computer program based on the algorithm that has been generated by
the design stage. The computer program is implemented in the Python programming language using the canvas,
create line, button and motion functions.[7-10]. The testing stage is carried out to find out whether the program is
correct. Testing is in the form of verifying whether the software produced is in accordance with the expected
specifications and validation whether the functions formed are correct/valid. After the program can function
properly, then the program is copied into the cell phone, and the Pydroid software is also installed on the cell phone
so that the program can run on the cell phone.Here we present the program code for positive and negative lenses.
The first program is the positive lens and the second program is the negative lens.

#python code of positive lens
from tkinter import *
root = Tk()
canv = Canvas(root, width=800, height=500)
root.title ("positive lens’)
xlensa=400
canv.create_oval(xlensa-5,250, xlensa+5,350,width=0, fill="yellow")
canv.create_line(0,300,800,300,width=0, fill="blue")
fokus=100
s0=200
Xso = xlensa-so
ho =40
a=xso
b=300-ho
si=0
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hi =0

xsi=0

xhi=0

ai=0

hi=0

canv.create_line(a, 300, a,300-ho,width=4, fill="brown")

def klik(event):

global a,b,xlensa,so,xs0,ho,xho,si xsi,ai,hi,xai,xhi,bi,fokus
canv.delete(ALL)

a=event.x

b=eventy

canv.create_line(a, 300, a ,300-ho,width=4, fill="brown")
canv.create_oval(xlensa-5,250, xlensa+5,350, width=0 fill="yellow")
canv.create_line(0,300,800,300,width=0, fill="blue")
canv.create_line(400-fokus,300, 400-fokus,305,width=5, fill="green")
canv.create_line(400+fokus,300, 400+fokus,305,width=5, fill="green")
canv.create_line(a,300-ho, 400,300-ho, fill="dark red")
canv.create_line(400,300-ho, 400+si,300+hi, fill="dark red")
canv.create_line(a,300-ho, 400+si,300+hi, fill="dark red")
canv.create_line(a,300-ho, 400,300, fill="dark red")
canv.create_line(400,300-ho, 400+fokus,300, fill="dark red")

if so < fokus : canv.create_line(400,300, 400-si,300-hi, fill="dark red")
if so < fokus : canv.create_line(400+fokus,300, 400+fokus+0.5*(fokus-si),300-0.5*hi, fill="dark red")
Xso=a

so=xlensa-xso

si=1.00 /( 1.00/fokus - 1.00/s0)

ai=xlensa + si

hi=si*ho / so

bi=300

canv.create_line(ai,300, ai ,300+hi,width=4, fill="orange")

print ('so =",s0, ' si =",si," ho =",ho, " hi =", hi)
canv.bind('<B1-Motion>", klik)

canv.pack()

root.mainloop()

#python code of negative lens

from Tkinter import *

root = Tk()

canv = Canvas(root, width=800, height=500)

root.title ("'negative lens’)

xlensa=400

canv.create_line(xlensa-5,250,xlensa,300,xlensa-5,350,width=5, fill="yellow',smooth=1)

canv.create_line(xlensa,250, xlensa,350,width=5, fill="yellow',smooth=1)

canv.create_line(xlensa+5,250, xlensa,300,xlensa+5,350,width=5, fill="yellow',smooth=1)

canv.create_line(0,300,800,300,width=0, fill="blue")

fokus=100

s0=200

Xs0 = xlensa-so

ho =40

a=xso

b=300-ho

si=0

hi =0

xsi=0

xhi=0

ai=0

hi=0

canv.create_line(a, 300, a ,300-ho,width=4, fill="brown")

def klik(event):

global a,b,xlensa,so,xs0,ho,xho,si xsi,ai,hi,xai,xhi,bi,fokus
canv.delete(ALL)
a=event.x
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b=eventy

canv.create_line(a,300, a ,300-ho,width=4, fill="brown")
canv.create_line(xlensa-5,250, xlensa,300,xlensa-5,350,width=5, fill="yellow',smooth=1)
canv.create_line(xlensa,250, xlensa,350,width=5, fill="yellow',smooth=1)
canv.create_line(xlensa+5,250, xlensa,300,xlensa+5,350,width=5, fill="yellow',smooth=1)
canv.create_line(0,300,800,300,width=0, fill="blue")
canv.create_line(400-fokus,300, 400-fokus,305,width=5, fill="green")
canv.create_line(400+fokus,300, 400+fokus,305,width=5, fill="green")
canv.create_line(a,300-ho, 400,300-ho, fill="red")
canv.create_line(400,300-ho, 400+si,300+hi, fill="red")
canv.create_line(a,300-ho, 400+si,300+hi, fill="red")
canv.create_line(a,300-ho, 400,300, fill="red")
canv.create_line(0.5*s0+400,300+0.5*ho, 400,300, fill="red")
canv.create_line(400,300-ho, 400-fokus,300, fill="orange")
canv.create_line(400,300-ho, 400+fokus,300-2*ho, fill="red")

Xso=a

so=xlensa-xso

si=1.00 /( -1.00/fokus - 1.00/s0)

ai=xlensa + si

hi=si*ho / so

bi=300

canv.create_line(ai,300, ai ,300+hi,width=4, fill="orange’)

print (‘'so="so," si= "si)

print "ho="ho," hi="hi)

canv.bind('<B1-Motion>', klik)

canv.pack()

root.mainloop()

IV. RESULTS AND DISCUSSION

After going through the stages of requirements to testing, the results of ray diagram simulations for convex and
concave lenses are obtained as shown in Figure 1 and Figure 2. Meanwhile, the use of the simulation in a cellular
phone can be seen in Figure 3

I
—=—

Figure 1. Ray diagram of a convex lens

Figure 2. Ray diagram of a concave lens
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Figure 3. Display on an Android mobile phone

From the simulation results of the ray diagram simulation for the lens as shown in Figure 1. (convex lens) and
Figure 2. (concave lens) it can be seen that the display of the program results consists of a lens, object and image as
well as ray diagrams to obtain images of objects. By using the mouse, the cursor can be directed to move objects left
or right. The shadow distance and height will automatically change according to the given formula. The display
using a cellular phone is shown in Figure 3. To move an object, you do not need to use the mouse, but simply by
touching and sliding with your fingers.

V.CONCLUSION

From the simulation results of ray diagrams on thin convex or concave lenses, it can be concluded that the ray
diagram simulation program for lenses can be carried out well and can support the visual laboratory. To create
visual simulations using the Python programming language, the canvas, create line, button, and motion functions
can be used. The simulation can run correctly according to theory, and can be done easily using a cell phone. For
further suggestions, we can perform simulations using more than one lens.
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