
 

 

A Guide to Geometric Optics 

Teaching Approach  

 

In this series we explain geometric optics. These lessons have been designed to be used as 

a teaching tool, either as individual lessons or as a series, or they can be used as a revision 

tool.  This series revises previous knowledge on reflection in plain mirrors.  The series then 

investigates refraction and the refractive index.  Snell’s Law is covered.  Finally total internal 

reflection and the critical angle are discussed.  We also explain the uses of total internal 

reflection.  In the series refraction and total internal reflection is practically demonstrated.  

Ideally, similar demonstrations should be done in class and the students should be allowed 

to make conclusions of their own, but if this is not possible, the demonstrations in these 

lessons can be used. 

  



 

 

Video Summaries 

Some videos have a ‘PAUSE’ moment, at which point the teacher or learner can choose to 

pause the video and try to answer the question posed or calculate the answer to the problem 

under discussion. Once the video starts again, the answer to the question or the right answer 

to the calculation is given 

 

Mindset suggests a number of ways to use the video lessons. These include: 

 Watch or show a lesson as an introduction to a lesson 

 Watch or show a lesson after a lesson, as a summary or as a way of adding in some 

interesting real-life applications or practical aspects 

 Design a worksheet or set of questions about one video lesson. Then ask learners to 

watch a video related to the lesson and to complete the worksheet or questions, either in 

groups or individually 

 Worksheets and questions based on video lessons can be used as short assessments or 

exercises 

 Ask learners to watch a particular video lesson for homework (in the school library or on 

the website, depending on how the material is available) as preparation for the next day’s 

lesson; if desired, learners can be given specific questions to answer in preparation for 

the next day’s lesson  

1. Revision of Reflection of Light 

In this lesson we revise reflection and reflection in plane mirrors. The law of reflection is 

stated. 

2. Introduction to Refraction 

In this lesson we look at how light is refracted as it moves from one medium to another. 

This is demonstrated with the use of objects in a swimming pool, and analysing ray 

diagrams. Refraction is defined.  

3. Measuring Refraction of Light 

Light refraction is investigated. Refraction is related to optical density. The normal, optical 

density, angle of incidence, and refraction are defined. A ray diagram is used to show the 

path of light rays through different media. 

4. Refractive Index  

The refractive index is defined. Speed of light is constant in a medium with a maximum 

value in a vacuum. Refractive index is related to optical density. Calculations are done to 

calculate refractive index. 

5. Snell's Law 

In this lesson Snell’s law is stated and explained. Snell’s law was used to calculate the 

angle of refraction. It is shown that the sizes of the angles of incidence and refraction are 

related to the speed of the light through the medium.  

 

 



 

 

6. Total internal reflection 

In this lesson total internal reflection is practically demonstrated. The critical angle is 

explained and the conditions required for total internal reflection are listed. Ray diagrams 

are also used to explain this. 

7. Applications of Total Internal Reflection 

In this lesson we use Snell’s Law to calculate the critical angle. Optical fibres are 

introduced and their uses in medicine and telecommunications are explained. 

  



 

 

Resource Material  
 

1. Revision of Reflection of 

Light 

 

http://www.optics4kids.org/home/con

tent/what-is-optics/reflection/the-

reflection-of-light/ 

Explains reflection and also shows 

how light is dispersed if it is reflected 

off a rough surface. 

http://www.sciencelearn.org.nz/Conte

xts/Light-and-Sight/Science-Ideas-and-

Concepts/Reflection-of-light 

Another good site explaining 

reflection, but can be used for 

extension as it explains concave and 

convex mirrors. 

http://www.physicsclassroom.com/cla

ss/refln/Lesson-1/The-Law-of-

Reflection 

Good site with a “check your 

understanding” online quiz which 

could be useful. 

2. Introduction to Refraction 
http://www.micro.magnet.fsu.edu/pri

mer/java/scienceopticsu/refraction/in

dex.html 

Nice animation of how refraction 

occurs, both with white light and 

monochromatic light, and the option 

to choose different materials. 

http://www.physicsclassroom.com/m

media/optics/bp.cfm 

Shows why a pencil looks broken in 

water if viewed from a specific angle. 

http://www.colorado.edu/physics/phy

s1230/phys1230_sp09/classnotes/6_R

efraction.pdf 

Good notes that explain refraction, 

mirages, TIR and the sparkle of 

diamonds. 

3. Measuring Refraction of 

Light 

 

http://janetteeeyo.edublogs.org/2010

/11/13/refraction-experiment/ 

The refraction of light experiment 

written up, with all details and 

pictures. 

http://phet.colorado.edu/en/simulatio

n/bending-light 

Interactive simulation that can help 

understand refraction. 

http://k12.phys.virginia.edu/Labs/Lab0

5.pdf 

A lab worksheet that could be used 

as a theoretical experiment that can 

help students come to their own 

conclusions re refraction. 

4. Refractive Index 
http://hyperphysics.phy-

astr.gsu.edu/hbase/tables/indrf.html 

A useful table of the refractive index 

of various materials. 

http://www.wikihow.com/Calculate-

the-Refractive-Index-in-Physics 

How to calculate the refractive index 
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http://www.brooklyn.cuny.edu/bc/ah

p/CellBio/RefIndex/RI.Main.html 

Shows how to measure the 

refractive index. 

5. Snell's Law 
http://phet.colorado.edu/en/simulatio

n/bending-light 

Interactive simulation which allows 

you to observe how Snell’s Law 

works. 

http://scienceworld.wolfram.com/phy

sics/SnellsLaw.html 

Gives definition and explanation of 

Snell’s Law 

http://www.endmemo.com/physics/s

nells.php 

Online Snell’s Law calculator 

6. Total internal reflection 
http://phet.colorado.edu/en/simulatio

n/bending-light 

Interactive simulation which allows 

you to demonstrate total internal 

reflection. 

http://www.youtube.com/watch?v=N

AaHPRsveJk 

An experiment demonstrating the 

total internal reflection of light inside 

a glass block. An angular scale is 

provided allowing the critical angle of 

the glass to be measured and the 

refractive index of the glass to be 

determined. 

http://www.exploreyouruniverse.org/

wp-content/uploads/2013/07/TIR-

waterfall.pdf 

A nice demonstration that can either 

be done as a class room activity or 

as a demonstration with cheap 

materials to show total internal 

reflection 

8. Applications of Total 

Internal Reflection 

 

http://www.geo.utexas.edu/courses/3

47k/redesign/PDF_Handouts/snells.pd

f 

A useful handout that explains the 

use of Snell’s Law. 

 

http://www.livephysics.com/tools/opti

cs-tools/find-critical-angle/ 

Shows how to use Snell’s Law to 

calculate the critical angle. 

http://www.regentsprep.org/Regents/

physics/phys04/captotint/default.htm 

Shows uses of total internal 

reflection with the aid of animations 

to show how the light rays travel. 
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Task 

Question 1 

State the law of reflection. 

Question 2 

Explain the meaning of the following terms: 

1.1. Angle of incidence 

1.2. Angle of refraction 

1.3. Normal 

Question 3 

Make a labelled sketch of a refracted ray passing through a rectangular glass block. 

Question 4 

What is the speed of light in a vacuum? 

Question 5 

The speed of light in ice is 2,29 x 108 m·s-1.  Calculate its refractive index. 

Question 6 

Write the equation that is Snell’s Law. 

Question 7 

Calculate the angle of refraction when light passes from glass ( nglass = 1,52) to a vacuum 

with an angle in incidence of 35 °. 

Question 8 

What is a critical angle? 

Question 9 

A beam of light passes from ice into air.  Calculate the critical angle for light passing from the 

ice (nice = 1,31) to the air. 

Question 10 

List the conditions for total internal reflection. 

Question 11 

Explain the concept of total internal reflection. 

Question 12 

Use your knowledge of total internal reflection to explain how a periscope using glass prisms 

works.  Draw a ray diagram. 

  



 

 

Task Answers 

Question 1 

The angle of incidence equals the angle of reflection.  

Question 2 

2.1 The angle of incidence is the angle between the direction of the incident ray and the 

normal. 

2.2 The angle of refraction is the angle between the direction of the refracted ray and the 

normal. 

2.3 The normal is a line draw at right angles to the boundary surface. 

Question 3 

 

Question 4 

3 x 10
8
 m·s

-1
 

Question 5 

vice = 2,29 x 10
8
 m·s

-1
 

c = 3 x 10
8
 m·s

-1
 

n = 
 

 
 

n = 
      

          
 

n = 1,31 

Question 6 

n1 sin θ1 = n2 sinθ2 

Question 7 

n1 sin θ1 = n2 sinθ2 

n1 = 1,52 

θ1 = 35 

n2 = 1 

θ2 = ? 

 

1.52 sin 35 = 1 sin θ2 

Therefore, the angle of refraction θ2 = 60,67 ° 

 



 

 

Question 8 

A critical angle for two media is the angle of incidence that results in an angle of refraction of 90 ° 

when light travels towards the medium of lower optical density. 

Question 9 

n1 sin θ1 = n2 sinθ2 

n1= 1,31 

n2 = 1 

θ1 = ? 

θ2 = 90° 

so 

1,31 sin θ1 = 1 sin 90 

Therefore, the critical angle θ1 = 49,76° 

Question 10 

Light must travel towards a transparent medium with a lower refractive index (or optical density) and 

the angle of incidence of the light must be larger than the critical angle of the media. 

Question 11 

This is when all  the incident light on a boundary is reflected back into the medium from which it came. 

Question 12 

The incident light from the object travels straight through the first boundary of the right angled prism, 

then undergoes total internal reflection and is reflected down the periscope.  Here the exact  same 

process occurs but in the opposite direction, and the image is seen by the observer. 
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