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Light refraction in primary 
education: the solar  
bottle bulb

By Claas Wegner, Stephanie 
Ohlberger

Back in 2002, Brazilian mechanic 
Alfredo Moser came up with a 

way of illuminating his house during 
the day without electricity. Instead, 
Moser’s solution just used a plastic 
bottle full of water. The innovation, 
which uses the phenomenon of refrac-
tion, has now spread throughout the 
world and it is expected to light over 1 
million homes this year. 

Many teachers are afraid of intro-
ducing physical topics in primary 
schools but while students might not 
be able to call it light refraction, many 
will have seen how a straw seems to 
bend as it goes from air into water. 
This article aims at providing a theo-
retical background to light refraction 
and shows how the solar bulb can be 
used in the classroom to demonstrate 
the phenomenon.

Refraction
Thinking back to the straw in a glass 

of water, the straw seems to be bent or 
broken. This happens because water 
is optically denser than air and so 
light travels slower in water than air. 
The change in speed bends the light 

More than 10 years ago, a very clever 
and inventive inhabitant from a favela 
discovered he could produce light 
without electricity. Now solar bulbs are 
spreading all over the world.
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Physics

 Physics
 Ages 8–11 

The article  focuses on 
the important topic of re-
fraction. Children may be 
aware that  a straw appears 
to bend when it enters a 
glass of water but it is dif-
ficult for them to imagine 
that it is the light that is ac-
tually bending and not the 
straw. The shoe box experi-
ment should very useful to 
help them  visualize the 
bending of light rays. 

The idea of a solar bulb 
should intrigue young chil-
dren. It may be used as the 
basis for a discussion on its 
possible every day applica-
tions. In which rooms or ar-
eas at home may such bulbs  
be used? Students may be 
engaged to discuss both the 
advantages and disadvan-
tages of using such a system 
at home. One can discuss 
the use of the  solar bulb in 
the context of developing 
green buildings,  reducing 
our dependence on elec-
tricity as well its economic 
value. 

Teachers can very eas-
ily adapt the concept to a 
school project, in which 
students investigate the 
feasibility and value of in-
troducing such a system at 
home or in the wider com-
munity.  

Although the article is 
mainly aimed for primary 
teachers, both science and 
physics teachers in second-
ary schools should find it 
useful when introducing 
the concept of refraction.
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as it passes from one substance to the 
other, a phenomenon called refraction.

In refraction, two different things 
are important: the angle that the light 
hits the interface between the two 
materials, called the angle of inci-
dence, and a specific property of each 
of the two materials involved, the 
refractive index. Generally speaking, 
denser materials have higher indices 
of refraction because denser materials 
slow light down more. 

Think of how a car travels quickly 
on a road but slows down when driv-
ing onto a muddy field.

Refraction does not occur when 
light rays strike the interface between 
two transparent media at a right an-
gle, much like driving onto a muddy 
field straight on will slow you down 
but you will still be driving in the 
same direction. However, if you come 
at the field at an angle, the wheels that 
hit the mud first will be slowed down 
and the car will turn. In a similar man-
ner, if light rays strike the surface at 
an angle the light rays will change di-
rection. The direction of that depends 
on the refractive indices of the two 
media involved (figures 1 and 2).

The phenomenon of light refraction 
can easily be shown in the classroom 
with some introductory experiments. 

The shoebox
Just as we have done, the topic of 

light refraction can be introduced by 

discussing how a straw or pencil in 
a glass appears broken when viewed 
from the side, which is a good basis 
for evolving questions regarding this 
topic. The theoretical laws of refrac-
tion can then be demonstrated by 
building a simple experiment with a 
shoebox. The experiment should be 
done in groups of two or three as it is 
a bit tricky. Depending on the stu-
dents’ age and on how much time the 
lesson offers, the teacher could also 
prepare the shoeboxes beforehand in 
order to shorten the time dedicated to 
handicraft work in class. 

As explained in the detailed 
documentw1 you can download from 
the reference section, you will need 
a torch, a shoebox, a craft knife, and 
a glass of water. Carefully cut two 
vertical slits into the short end of the 
shoebox. The space between the slits 
should not be wider than the glass. 
When the torch is shined through the 
two slits you should see two straight 
lines of light. Now, place the glass of 
water in the box so that the two strips 
of light hit the glass. When the glass of 
water is placed behind the slits, how-
ever, they cross each other. This is the 
result of the light being slowed down 
by the water, as it has a higher optical 
density than air. According to the law 
of refraction, the light is bent inwards 
and so the two light rays eventually 
cross. 

Figure 1: The bending of a light ray when 
entering a high-index medium

Figure 2: The bending of a light ray when 
entering a lower-index medium

Images courtesy of Stephanie Ohlberger

Teaching  activities
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Cut a hole in the 
ceiling of the box

Cut a square in 
the cardboard

Draw two concentric 
circles on the card-
board

Cut out the 
inner circle

1 3

2

4

Having demonstrated refraction, you can show how the 
solar bulb exploits it to light rooms and houses with 
about as much light as a 50-60 Watt incandescent bulb. 
With just a plastic bottle full of water people can light 
up their rooms and huts. Moser’s original concept has 
been further developed by charities to bring sustainable 
and affordable lighting to communities in Africa, the 
Philippines, India, and other south-east Asian coun-
tries without the use of electricityw2. In the classroom, it 
should only take about 10 minutes to create your own 
version.

Materials

· 	 Cardboard
· 	 Scissors
· 	 Circle stencils
· 	 Large plastic bottle (1 or 2l)
· 	 Water
· 	 Big cardboard box
· 	 Torch

Procedure

1. Cut out a hole in the ceiling of the box: it should be 
big enough so that the bottle can pass through it. 
Then cut a window-like opening on the side so that 
you can look into the box. 

2. Cut a 15x15 cm square out of the cardboard.	

3. Draw two concentric circles in the middle of the 
square with a stencil.	

4. Cut out the inner circle.	

5. Cut in intervals from the inner to the outer circle 
and bend these pieces upwards.	

6. Put the cardboard hole over the bottleneck and fill the 
bottle with water.	

7. Put your Solar Bottle Bulb in the ceiling’s hole of 
the sample hut and shine a torch at the bottleneck.

8. Observe the solar bulb through the side opening.	
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The solar bulb
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Cut in intervals 
from the inner to 
the outer circle

Put the cardboard 
hole over the bot-
tleneck and fill the 
bottle with water

Put your Solar 
Bottle Bulb in the 
ceiling’s hole of the 
sample hut

Observe!

6

5
7

8

Explanation

The solar bottle bulb relies on the refraction principle. Because 
the light from the torch passes from a lower-index medium (air) 
to a higher-index medium (water) the light rays bend inside the 
water, then when the light comes out it is spread out around 
the room. For this to happen the bottleneck has to be stuck out 
of the roof, while the spreading of bent light rays is performed 
by the main part of the bottle which is hanging from the ceiling  
(figure 3), like a proper light bulb. 

The great advantage of this light supply is its sustainability and 
safety. There are no risks of fire hazards with this type of “lamp” 
and they are inexpensive to make and fit. In practice, chlorine 
is added to the water to keep the water clear and free of algae 
and microbes, and the bulbs are sealed into the roofs to make a 
weather proof sealw3. There are plenty of videos on the internet to 
show how it is done using proper house building materialsw4. 

Follow-up questions
Depending on the students’ age, the 

solar bulb experiment could be part 
of a larger interdisciplinary project 
on problems for developing countries 
compared to the student’s own experi-
ences. After seeing the bulb in action, 
the students should realise how big 
an advancement the solar bottle bulb 
is for people without a secure source 
of electricity. In order to compare our 
electric equipment with this means 
of light production, the students can 
measure the different light levels. 
The social situation of affected people 
could also become the focus of atten-
tion and could be used as a starting 
point for a school project to raise 
money to help spread solar bottle 
bulbs to underprivileged regions. 
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If you found this article interesting, 
please browse the other teaching 
activities published on the Science 
in School website: www.sciencein-
school.org/teaching

Dr. Claas Wegner is a senior teacher 
for the subjects Biology and Physical 
Education at a secondary school and 
lecturer at Bielefeld University in the 
Department for Didactics of Biology. 

Stephanie Ohlberger is a Master 
of Education student for the subjects 
Biology and English at secondary 
schools. She is an academic assistant 
in the Department for Didactics of 
Biology at Bielefeld University.

w4 – To watch a short video on how to 
make a solar bulb, see:  
http://bit.ly/1oWt6wQ

Resources

For more information on solar bulbs, 
see: Wood, A. (2012). The Solar Bot-
tle Bulb Revolution. Retrieved from 

	 http://bit.ly/1jolaz3
For some background information on 

optics and the physics of light, see:
	 Hecht, E. (2002). Optics (4th ed.). San 

Francisco: Addison-Wesley.
	 Waldman, G. (2002). Introduction to 

Light: The Physics of Light, Vision 
and Color. New York: Dover Publi-
cations.

For good general background infor-
mation on science, see:

	 Taylor, C. (2000). The Kingfisher 
Science Encyclopedia. London: 
Kingfisher.

Conclusion
The solar bulb is an innovative solu-

tion to the problem of lighting houses 
and provides a simple demonstration 
of physics which will help motivate 
students to engage with the topic. It 
also provides an excellent opportunity 
for interdisciplinary work. Through-
out the experiments, the children 
practice teamwork and the allocation 
of responsibilities, thus enhancing 
their social skills. Apart from the 
content focus, the lesson’s emphasis 
could also be placed on the scientific 
method by introducing test protocols, 
which will be beneficial for future 
work in other natural science-subjects. 
The approach of including the solar 
bottle bulb into teaching has already 
been implemented in many schools 
as part of projects on light or alterna-
tive energy, so your pupils should be 
given the chance to experience light 
refraction from a practical point of 
view as well. 

Web references

w1 – Download the detailed proce-
dure to perform the shoebox experi-
ment from the Science in School  
website, see: www.scienceinschool.
org/2014/issue29/solar_bulb#w1

w2 – The website from the Myshelter 
Foundation gives a good overview 
of the use of solar bulbs around the 
world: www.aliteroflight.org

w3 – For a step-by-step guide on how 
to make a solar bulb, see:  
http://bit.ly/1xT4xoM

To learn how to 
use this code, see 

page 57.
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Snell’s law of refraction
In physics, Snell’s law is used to describe refraction and its properties. 
Snell’s law states that the velocity of the incident light divided by the 
sine of the angle of incidence is equal to the velocity of the refracted 
light divided by the sine of the angle of the refracted light,                       . 
This means that when light passes from a substance of lower optical 
density to a substance of higher optical density, slowing it down, the 
light ray is bent towards the normal of the boundary between the two 
media. This is what happens when a light beam in the air enters water. 
In the opposite case, when a light ray enters a medium of a lower 
index, for example going from water to air, it will bend away from the 
normal.

Snell’s law can also be written in terms of the refractive index, or how 
optically dense the medium is. A medium’s refractive index, n, is de-
fined as the ratio of the speed of light in a vacuum, c, to the speed of 
light v in the medium, n=   . That also means that Snell’s law can be 
written as sinv1n1 = sinv2n2. 

As the speed of light in a vacuum is always 3 x 108 m/s, it is easy to 
calculate the index of refraction for a medium as long as you know the 
speed of light in that particular medium. Practically speaking, denser 
materials have higher indices of refraction as denser materials slow 
light down more
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Figure 3: Refraction of the light rays in 
the bottle inside the sample hut.


