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	Fruit lights


	
	
	

	Using lemons and limes to power an LED

	Subject(s): D&T, Science
Approx time: 40 – 65 minutes
	
	Key words / Topics: 

· Anode

· Battery

· Cathode

· Current

· Electricity

· Electrolyte
· Light emitting diode (LED)
· Series circuit

· Voltage

	Suggested Learning Outcomes 
	
	

	· To understand how fruit can be used to make batteries that can power electrical output devices.
· To know the main parts that make up a battery.
· To be able to construct a series fruit battery circuit that lights an LED.



	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 and design and technology. This resource focusses on the use of fruit to power a light emitting diode (LED).
Did you know that fruit can be used to produce electricity? Connecting four lemons in series can provide enough voltage to light an LED! This also helps us to understand how batteries work.

	Purpose of this activity
In this activity learners will construct a series circuit consisting of four fruit batteries and an LED. They will learn about the main parts of a battery and how fruit can be used to provide enough voltage to light an LED. They will also investigate how the brightness of the LED changes depending on the number of fruit batteries used in the circuit.
This could be used as a one-off activity or as part of a wider unit of work focussing on electricity and electrical circuits. It could be used in conjunction with the IET Faraday Primary Poster – Circuits and Symbols.

	
	
	

	Activity
	
	Teacher notes

	1. Introduction to the activity (5 - 10 minutes)
Teacher to explain that learners are going to construct a fruit battery circuit using lemons and/or limes. This will then be used to power a light emitting diode (LED). Teacher to introduce the parts and components that learners will be using.

2. Making the lemon batteries (10 – 15 minutes)
Learners to cut one 50 mm length of 2 mm diameter copper wire. They should then insert the copper wire into one side of the lemon. Learners to insert one nail into the other side of the lemon. Whilst doing this, learners should make sure both the copper wire and nail have gone right through the skin and into the juicy part of the lemon.
This activity could be carried out as a team of four, with each team member preparing one fruit. If carried out individually, learners should then repeat the process above four times to create four individual ‘lemon batteries’.
3. Joining lemon batteries in series (10 - 15 minutes)
Learners to connect a red crocodile clip from the copper wire in lemon 4 to the nail in lemon 3, connect a red crocodile clip from the copper wire in lemon 3 to the nail in lemon 2, and connect a red crocodile clip from the copper wire in lemon 2 to the nail in lemon 1.
4. Attaching the LED (5 - 10 minutes)
Learners to connect a black crocodile clip to the nail in lemon 4 and attach this to the short leg of the LED.

They should then connect a red crocodile clip to the copper wire in lemon 1 and attach this to the long leg of the LED.
5. Testing and modifying the circuit (10 - 15 minutes)
Learners to test the circuit. They should observe that the LED lights up when the fruit batteries are connected to it. Teacher to discuss with learners why the LED lights up and how the circuit works.
Learners to discuss and write down what they think would happen to the LED if they were to increase or decrease the number of fruit batteries in the circuit. If time allows they could carry out these modifications.
	
	This activity could be completed as individuals or in small groups, dependent on the components and tools available.

Teacher should demonstrate all steps prior to learners undertaking them.
Making the lemon batteries

Lemons or limes can be used, or a mixture of both. Nails used must be zinc coated. Use 1 mm or 2 mm diameter copper wire. Padded gloves could be worn to push this into the fruit if the skin is thick, or alternatively the teacher could use a skewer or sharp knife to make a pilot hole. Copper coins can also be used instead if available. The copper is the anode (positive) end of the battery and the nail is the cathode (negative) end. The fruit is the electrolyte. 
Each lemon or lime should provide between approximately 0.7 and 0.9 V. This can be tested by using a multimeter if required. 
Learners could cut the appropriate lengths of wire or these could be cut in advance by the teacher.
Joining lemon batteries in series
The total voltage of the series circuit can be calculated by adding up the voltage of each individual battery. This arrangement would produce approximately 2.8 – 3.6 V depending on the voltage of each individual piece of fruit.
Attaching the LED
The long leg of the LED is the anode (positive +) and the short leg is the cathode (negative -). If the LED is connected the wrong way round it will not light. It is recommended that a hi-bright LED is used as it will be easier to observe this lighting up. 
The LED used should be of the low voltage type (approximately 3 - 4 V). Putting a voltage across an LED that is greater than its rating could cause it to fail prematurely. 
A lamp can be used instead of an LED if available.
Testing the circuit

Turn the lights down if possible to best observe the effect of the LEDs lighting up. Increasing the number of lemon batteries would increase the brightness, but too much voltage could destroy it. Reducing the number of lemon batteries would reduce the brightness or the LED may fail to light at all.

	Differentiation
	
	

	Basic
	
	Extension

	Pre-cut lengths of copper wire for use as the positive (anode) connections on the battery. For some learners the individual batteries using the fruit, copper wire and nails could be pre-prepared before learners join them in series. 
	
	Investigate the effects of increasing and decreasing the number of fruit batteries in the circuit. How does this affect the brightness of the LED?

Experiment using potatoes instead of fruit to make the batteries.

	
	
	

	Resources
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	Parts and components:

· Red and black crocodile clips

· Lemons and/or limes
· Zinc coated nails
· 50 mm lengths of 1 mm or 2 mm diameter copper wire

· Low voltage hi-bright LEDs
Tools and equipment

· Wire cutters
	
	[image: image4.png]


 Teacher presentation – Fruit Lights

	
	
	

	Additional websites
	
	

	· Wikipedia – Lemon battery: Further background information about the lemon battery theory and how it works. https://en.wikipedia.org/wiki/Lemon_battery 

· YouTube - Create a lemon battery: Video showing how lemons can be connected in series to power an LED. https://www.youtube.com/watch?v=AY9qcDCFeVI 

· YouTube – How to make your own potato battery: Demonstration of how a battery can be made using potatoes. https://www.youtube.com/watch?v=noI7TmspMrM 
· IET Faraday Posters – Circuits and Symbols: Downloadable poster showing basic components and how and why they are drawn using circuit symbols. https://faraday-primary.theiet.org/posters

	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options) 

· Investigate the function and uses of LEDs and batteries.
· Use IET Faraday Primary Poster – Circuits and Symbols to discuss basic components and their uses.
	Extension (Options)

· Investigate the effects of increasing and decreasing the number of fruit batteries in the circuit.
· Experiment using potatoes instead of fruit to make the batteries.
Plenary

· Present and explain testing findings to the class.

· Evaluate the circuit produced and explain how it functions.

	
	
	


	The Engineering Context    [image: image5.png]




	Engineers need to be able to understand how basic electrical circuits work. This includes the main parts of a battery and how they work to power electrical output devices. This knowledge could be used when investigating, designing or making electrical and electronic circuits in the future.


	
	
	


	Curriculum links 

	England: National Curriculum

Design and Technology

· KS2: 1b, 2a, 2b, 4c

Science

KS2 Electricity:

· construct a simple series electrical circuit, identifying and naming its basic parts, including cells, wires, bulbs, switches and buzzers

· identify whether or not a lamp will light in a simple series circuit, based on whether or not the lamp is part of a complete loop with a battery
· recognise some common conductors and insulators, and associate metals with being good conductors

· associate the brightness of a lamp or the volume of a buzzer with the number and voltage of cells used in the circuit

· compare and give reasons for variations in how components function, including the brightness of bulbs
	Northern Ireland Curriculum

Science and Technology

· Movement and energy: The causes and effect of energy, forces and movement

	Scotland: Curriculum for Excellence

Technologies

· TCH 2-09a, TCH 2-12a, 

Sciences

· SCN 1-09a, SCN 2-10a
	Wales: National Curriculum 

Design and Technology

· KS2 Designing: 5
· KS2 Making: 2, 3, 4, 6

· KS2 Systems and control: 14

Science:

· KS2 How things work: 1

	
	


	Assessment opportunities

	· Formal teacher assessment of constructed fruit battery circuit and explanation of its function.

· Peer and/or self-assessment of constructed fruit battery circuit and explanation of its function.

· Regular teacher questioning through the activity.
· Assessment of test findings and modifications to the circuit.




