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 Title : Solar oven 

Topics: Parabola, renewable energy source Time:3x45 Minutes Age: 14-16 

 

Differentiation: 

 

 

 
 

Guidelines, ICT support etc.: 

 

Use the applet. 

It is better to have PC with Geogebra 
 

 

Equipment needed for this 

activity: 

Gauge, scissors, cardboard, paper, 

glossy film, glue pot, water  

 

 

Required knowledge: 

 

 

Health and Safety: 

For safety, during the experiment it 

is also necessary to use sunglasses 

and protective gloves against 

burning! 

 

 Learning outcomes for this activity: 

 Students learn mathematics behind the 

parabola. 

 Students can design their own solar furnace 

and bring it into the operation. Perform basic 

measurements using the solar furnace.  

 Students search for additional information 

about other variants of solar radiation 

utilization. Discuss the issue with regard to the 

use in emerging countries. 
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Lesson description 

Motivation 

 

Brainstorming - Renewable energy sources – solar energy and the importance for everyday 

life.  

Students revise basic concepts of mathematics - parabola, parabola design.  

 
Main activity  

Students are able to solve problems on the design image using a parabolic mirror.  

Students carry out practical project - construction of solar oven.  

Students realize practical measurements with the solar oven. 

 
Discussion 

Students discuss advantages and disadvantages of the equipment. 

Students  search for information about events, movements, where parabola is the trajectory of 

motion or where arc of parabola or parabolic are used in technical solutions.  

                                                  

Students discuss further possibilities of using parabolic mirrors and various structures of them 

in engineering practice.  
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Motivation  

 

Using fire as a source of fuel has been common for many centuries all over the world. The 

main source for fire was wood. In the past century wood was used for other products, the 

population increased and now all over the world a new problem came into sight – 

deforestation. Between 1990 – 1995 Africa lost 3,7 Million hectares of forest every year 

because 70 to 90 percent of energy comes from wood. Worldwide more than 3 billion people 

cook with wood. It is unhealthy and the massive deforestation causes the shortage of these 

energy source. Gathering wood is a daily difficult task for women and children. And the daily 

walks are getting longer and longer. The introduction of solar cookers can eliminate one or 

more of these problems. Experts calculated that cooking with solar energy may reduce by up 

to 50 % the wood consumed as well as the associated emission of CO2. 
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The cone-shaped concave mirror uses the properties of a parabola: for a given point and a 

given line not through the point a parabola is the set of all points in that plane that are 

equidistant from the line and the point. The given point is called the focus of the parabola and 

is denoted F, the given line is called the directrix of the parabola and is denoted d. The 

distance between the focus and the directrix is the parameter p.  

. 
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Task 1: Parabola design   

Construct a parabola when given focus F and the directrix d. (Point design dish).  

!!!Place for Geogebra applet (parabola.ggb!!! 

a) Study the dependence of shape of a parabola on the given parameter p. To change the 

parameter value, move the scroll bar and write it in the appropriate box.  

b) Find an “optimal” shape of the parabola to construct solar furnace (see below). 

c) For gifted students (work with Geogebra): Let’s have a line d and a point F. Find 

points (5 points) which are the same length from the given line d and the given point 

F. These five points determine a conic section. What conic section are we talking 

about? 

 

Laboratory work - construction of solar furnace (parabolic cookers)  

To be successful all work has to be done carefully with high precision !! 

.  
The parabolic cooker is the most effective utilization of a direct solar energy. All incoming 

solar rays are concentrated on a single point - the focus point. At this point, the temperature 

may reach several hundred degrees (typically 200 °C).  

Advantages: it can be used under variable weather conditions, simple design, and minimal 

losses. It is noted that the cooker with a parabolic mirror diameter 140 cm can boil 20 liters of 

water in 30 minutes. The only drawback is that during the cooking it is necessary to rotate a 

parabolic cooker to track the sun.  

The proposal – build a solar cookers with a reflective area as a cross-shaped paraboloid with a 

diameter of 180 cm.  

 

Progress of work: 

Calculate the position of the of the pot stand – it must be at  the focus. 

𝑥2 = 4py 
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x = 90 cm, y = 50 cm 

p = x2 /4y = 40.5 cm 

Focus F = 0,;40.5 cm 

1. Draw a parabola on a graph paper using threads and needles (without counting). Just 

use the definition of the parabola (the set of points with a constant sum of distances to 

a single fixed point (the focus) and a given line).  

2. Enlarge the drawn parabola to the appropriate scale and redraw it on the cardboard.  

3. Prepare a model of a solar cooker from the cardboard.  

4. Parabola made of cardboard cover with aluminium foil stickers (or other shiny foil). 

Use bonding glue on wallpaper and glue Hercules.  
http://amper.ped.muni.cz/miler/indi/docs/2008HeurekaNachod/HeurekaNachod_Miler.doc 

A small model for a solar cooker you can see in the figure below. 

 

Experiment: Verify the parabolic solar cooker operation in practice. Caution - high 

temperature!  

Discussion: 

Discuss  outcomes of the experiment ! 

Discuss the advantages and disadvantages of your solar cooker.  
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http://amper.ped.muni.cz/miler/indi/docs/2008HeurekaNachod/HeurekaNachod_Miler.doc 

  

 
Note: 

To build a solar cooker we can also use discarded plastic umbrella and silver foil (packaging 

material for bouquets or injury pad). We proceed as follows: From the umbrella release a strip 

of cloth, transfer its shape to paper, under this template cut individual components of shiny 

foil.  

 

In the location of the focus cut the handle of the umbrella off and replace it with the carrier 

for the container in which we will cook. To fix the individual foil parts we use a tape, which 

we fix to the frame of the umbrella.  

http://amper.ped.muni.cz/miler/indi/docs/2008HeurekaNachod/HeurekaNachod_Miler.doc
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Find more information about the use of solar energy. 

Solar (Stirling) plate  

Within this technology parabolic plates that follow the sun and concentrate sunlight onto a 

collector which heats the absorber (the medium is helium or hydrogen) that drives the Stirling 

engine are used. The generator then converts the rotational energy of the engine into 

electricity. Prototypes of this version of solar thermal equipment with a disc diameter 8-10 m 

have the power up to 50 kW.  

 Provide additional design possibilities of solar ovens.  

 Parabolic solar Stirling plates.   

Read more https://en.wikipedia.org/wiki/Stirling_engine 

 

 

Trough Collector - it has a shape of a trough with a parabolic section and painted black tube - 

absorber.  

Tube with heat transfer fluid is mounted so that it passes through the focal individual sections  

of a parabolic trough. The tube contains liquid (e.g. Oil) and is heated to several hundred °C. 

To improve their performance trough collectors are coupled into larger systems. During the 

daytime collectors are rotated automatically to track the sun.  

The disc collector – it is an equivalent of a parabolic automobile reflector.  
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The sun's rays are again concentrated into the focus where an absorber is located. The fluid 

heated in the absorber is transferred along pipes to another place of use.  

If a parabolic mirror is supposed to have bigger diameter it should be assembled from a 

plurality of suitably arranged smaller mirrors. Parabola automatically tracks the sun.  

 

Heliostat - a group of well-spaced movable flat mirrors. During the daytime each mirror 

automatically rotates in such a way that the rays reflected from it always fell on the absorber.  

Heliostats are most often used to concentrate light into focus of the so called solar furnaces 

and tower solar power plants.  

 

 

Further reading - parabola in physics:  

The use of parabolic mirrors is associated with the name of Archimedes, who, according to a 

legend, constructed parabolic mirrors to defend of Syracuse against the Roman fleet (by 

concentrating the sun’s rays into one point and set fire to the decks of the roman ships. 
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Principle of hollow spherical mirror imaging 

Discuss more examples: 

Study the trajectory of the various motions in the Earth gravity field. These motions are the so 

called throws. Trajectory of a horizontal and an inclined throw is a part of the parabola. For 

the motion of a body in a central gravitational field is introduced a concept called a parabolic 

rate - the body moves along the parabola, moving away from the Earth (vp = 11.2 km·s-1). 

Another example is the liquid in a rotating vessel. The equation of the rotating liquid surface 

area is parabola.  Other uses can be found in the case of telescopes, parabolic microphones.  

Resources:  

Cast, J.: Collection Problems in Physics for secondary schools around us. Prometheus, 2011.  

http://en.wikipedia.org/wiki/Photovoltaic_power_station 

http://www.cez.cz/edee/content/microsites/solarni/k23.htm http://www.solarcookers.org/ 

Solar Cookers International - How to make, use and enjoy. Available from WWW: 

http://solarcooking.org/plans/plans.pdf Build it Solar: Solar Cooking and Food Drying and 

Solar Stillsand Root Cellars, Available from WWW: 

<http://www.builditsolar.com/Projects/Cooking/cooking.htm>. 

http://solarcooking.wikia.com/wiki/Solar_Cookers_International_Network_%28Home%29 

http://fyzika.jreichl.com/main.article/view/475-zobrazeni-kulovym-zrcadlem 

http://fyzika.jreichl.com/main.article/view/475-preview-spherical-mirror  

http://www.appropedia.org/Understanding_Solar_Concentrators 

 

http://solarcooking.wikia.com/wiki/Solar_Cookers_International_Network_%28Home%29
http://fyzika.jreichl.com/main.article/view/475-zobrazeni-kulovym-zrcadlem
http://www.appropedia.org/Understanding_Solar_Concentrators
http://schools-wikipedia.org/images/1729/172993.png.htm
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