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	Investigating how the light from a torch changes with distance

	Subject(s): Science, maths
Approx time: 40 – 60 minutes
	
	Key words / Topics: 

· Area

· Brightness

· Distance

· Graph 

· Intensity
· Light
· Torch

	
	
	

	Suggested Learning Outcomes 
	
	

	· To be able to carry out a scientific experiment

· To understand that the distribution of light from a torch changes with distance.



	Introduction
	
	

	This is one of a set of resources developed to support the teaching of the primary national curriculum. They are designed to support the delivery of key topics within science, design and technology, and maths (in this case, mainly science). This resource focusses on the investigation of how the light from a torch (flashlight) changes with distance.
Light is a type of electromagnetic radiation. Visible light is the range of the electromagnetic spectrum that can be seen with a human eye. The brightness, or intensity, of light is typically measured as the power per unit area. 
The lamp in a torch produces light when it is supplied with electricity. This light from a lamp would normally extend out in every direction, so a torch typically uses reflective materials, such as the inside of a silvered cone, to aim it where it is desired. However, this focus is rarely perfect, and the light spreads out as the distance from the lamp increases. 

	Purpose of this activity
In this activity learners will carry out an experiment to measure how the light from a torch changes with the distance from the lamp. They will record their results in a table and plot a graph. 
This could be used as a one-off activity in science or linked to maths learning about tables and graphs. It could also be used in conjunction with the IET primary activity ‘Stylish Shadows’, which involves making shadow puppets.

	
	
	

	Activity
	
	Teacher notes

	1. Introduction and preparation (15 – 20 mins)

Teacher to outline the activity, with demonstration of the set-up. Learners to prepare the set-up for the experiment:

1. Attach a sheet of graph paper to the wall so it’s centre is 0.6 meter up from the floor. (That’s the height of a desk).

2. Measure distances of 0.5 m, 1 m, 1.5 m, 2 m, 2.5 m and 3 m in a straight line from the graph paper. Mark each distance with a piece of masking tape.

3. Standing at the first piece of tape, hold the torch so it is pointed at the graph paper and held at a height of 0.6 m.

2. Measurement and recording results (20 - 30 minutes)

4. Turn on the torch.

5. Turn off the lights.

6. Measure the light on the graph paper by counting the squares that are illuminated. 
7. Record the results in a table. There is a suggested format in the presentation.
8. Learners to repeat steps 3-6 standing at the next piece of tape, 0.5 m back each time.

9. Plot a graph showing the results. Learners should explain what this shows.
3. Discussing findings of investigation (5 – 10 minutes)

Class discussion of outcomes. How did the light image change with distance? What were the possible reasons for this?
	
	This activity is designed to be carried out in small groups. It is recommended that the teacher carry out the activity in advance of the lesson, to determine whether the distances suggested give sufficient (or excessive) spread of the light image, as this will be determined by the design of the torch used. It is also recommended that new batteries are used in the torch, as the light intensity may be affected by the amount of charge remaining in the batteries.
Introduction and preparation
The height of the graph paper and holding the torch is based on the height of school desks for 7-9 year olds specified in BS EN 1729 (0.59 m) with a small allowance, as the torch could be positioned on the table top. This value will need to be adjusted if desks are used and they are of a different size are used. 
The distance values may need to be adjusted following the teacher carrying out the activity in advance.
Measurement and recording results 
The room needs to be sufficiently dark that the image from the torch is fully visible on the paper. One learner could hold the torch whilst another counts the squares of the image. As an alternative to counting the squares in real time (which can be difficult if the torch holder moves), learners could draw round the image at each distance and measure the areas after the activity.
The table is only a suggested format and could be adjusted for different lengths as necessary. A line graph would show the relationship clearly and support one of the possible extension activities (predicting the size of the image at non-incremental distances), although a bar chart could be used.
Discussing findings of investigation

Learners may observe that as the image of the light increases in size, it also becomes dimmer – i.e. the intensity decreases. In effect, there is the same ‘amount’ of light, just distributed over a wider area. It may be thought that the mirror in the torch is causing the spread of the light – however, in practice the opposite is true. The light source creates light that spreads in every direction; the mirror serves to focus the light, but its ability to do this is limited.

	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	Position the graph paper and mark out distances from the torch in advance. 
Provide a template for the table and the graph.
	
	Use the graph created to predict the size of the image at non-incremental distances, such a 1.2 m and 2.8 m. Repeat the activity to check if the predictions are accurate.
Repeat the experiment using a laser pointer rather than a torch: how does this change the observed findings? 
With the torch at a fixed distance from the graph paper, use a simple shape to cast a shadow. Measure how the size of the shadow changes with the distance from the torch.

	
	
	

	Resources
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	Parts and components:

· Graph paper
· Masking tape

· Tape measures
· Torches/flashlights (with new batteries)
· Pencils
· (for extension) laser pointer
· (for extension) cut-out templates of simple shapes (e.g. square, triangle, circle), mounted on craft sticks
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 Teacher presentation – lighter by far

	
	
	

	Additional websites
	
	

	· BBC Bitesize – light and dark and light and shadow: lesson plans for activities investigating light  http://www.bbc.co.uk/schools/teachers/ks2_lessonplans/science/light_dark.shtml and http://www.bbc.co.uk/schools/teachers/ks2_lessonplans/science/light_shadows.shtml. 
· Simple learning activities with light and shadow: a list with brief descriptions of different activities that could be carried out with primary age children https://wehavekids.com/education/shadowexperimentsandactivitiesforkids and https://www.stem.org.uk/blog/six-great-activities-teaching-primary-students-about-light.
· TheSchoolRun – what is light?: links to various film clips, activities and lesson plans on light https://www.theschoolrun.com/what-is-light. 

	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options) 

· Class discussion to list different sources of light and rank them in order of brightness
· IET Faraday activity – investigating electricity.
· Use IET Faraday Primary Poster – Circuits and Symbols to discuss basic components and their uses.
	Extension (Options)

· Repeat the experiment using a laser pointer rather than a torch: how does this change the observed findings? 
· With the torch at a fixed distance from the graph paper, use a simple shape to cast a shadow. Measure how the size of the shadow changes with the distance from the torch.

· IET Faraday activity – stylish shadows
Plenary

· Present findings to the class.

	
	
	


	The Engineering Context    [image: image5.png]




	Engineers need to understand how light behaves when designing products for many practical applications. For example, when designing buildings, they may consider the provision of windows and artificial lighting; and when designing cars, they may consider the power and position of both internal and external lights and the placement of mirrors.


	
	
	


	Curriculum links 

	England: National Curriculum

Science

KS2 Working scientifically

· recording findings using simple scientific language, drawings, labelled diagrams, keys, bar charts, and tables

KS2 Year 3 Light:

· recognise that they need light in order to see things and that dark is the absence of light

· recognise that shadows are formed when the light from a light source is blocked by an opaque object

· find patterns in the way that the size of shadows changes
KS2 Year 6 light

· recognise that light appears to travel in straight lines

· use the idea that light travels in straight lines to explain why shadows have the same shape as the objects that cast them.

Mathematics
KS2 year 3 statistics

· interpret and present data using bar charts, pictograms and tables
KS2 year 4 statistics

· interpret and present discrete and continuous data using appropriate graphical methods, including bar charts and time graphs


	Northern Ireland Curriculum

Science and Technology

· Developing pupils’ Knowledge, Understanding and Skills / forces and energy / sound and light
· Developing pupils as individuals / explore issues related to mutual understanding: respect and co-operate with others in the process of scientific enquiry, for example, work effectively as part of a team in investigative work

Maths

· Developing pupils’ Knowledge, Understanding and Skills / knowledge and understanding / handling data



	Scotland: Curriculum for Excellence

Sciences

· SCN 2-11b
Maths / Numeracy

· Measurement MNU 1-11b

· Information handling / data and analysis MNU 1-20b, MTH 1-21a, MNU 2-20a


	Wales: National Curriculum 

Science:

· KS2 How things work: 5
· KS2 Skills / communication: 2

Maths

· KS2 Developing numerical reasoning / represent and communicate / select and construct appropriate charts, diagrams and graphs with suitable scales
· KS2 Using measuring skills / area and volume / year 3 / find areas by counting squares

· KS2 Using data skills / Collect and record data - present and analyse data - interpret results / year 3 & 4 / represent data

	
	


	Assessment opportunities

	· Formal teacher assessment of completed tables and graphs.

· Discussion plenary to assess technical understanding.

	
	
	




