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Dangerous cold

Abstract

Why do we need to try so hard to stay at the right temperature? In order to survive and be comfortable in hot or cold environments, humans (and all animals) need to control the amount of heat energy they gain or lose. To understand this process more fully, it is important to understand the concepts and interrelationship of heat, temperature and thermal equilibrium. 

This unit uses the idea of ‘flow’ into and out of a system, making an analogy with the movement of water, to help explain what thermal equilibrium means. In a series of maths and science lessons, pupils use applets and simple experiments to build their knowledge and understanding of these key concepts. These ideas are then applied to the prevention of hypothermia in a case study. 

	Aspect
	Description

	Mathematical content
	Graphical representation, rate of change, equilibrium, modelling

	Scientific content
	Flow, rate of flow, temperature, energy, thermal equilibrium

	Enquiry skills
	Predict, test, explain; control of variables, measurement; thought experiment

	Age of students
	11-14

	Lesson time in mathematics
	150 min

	Lesson time in science
	150 min
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1. Overview of the teaching unit

1.1 The situation
Hypothermia can be a dangerous problem for the elderly, for the poorest people in our communities or for anyone exposed to extremely low temperatures. In hot weather, many thousands of elderly people are at risk of overheating. Knowing how to prevent heat loss and keep warm, or how to keep cool when it is hot, could save lives. 

Keeping warm and maintaining temperature is an important principle both in the natural world and in the built environment. In the natural world, animals, including humans need to maintain and regulate their temperature in order to survive. In today’s world, we need to maintain the temperature of our living spaces at the lowest possible cost, and emitting the lowest amount of carbon dioxide. This is important not just for our own personal economics, but also to conserve the world’s available fuels and reduce the impact of burning fuels on our environment. 
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1.2 Guiding questions

· How does heat energy move around?

· How can we model the flow of energy and changes in temperature?

· What can be done to prevent hypothermia? 

1.3 Final product

The task for students is to give a convincing demonstration, using simple apparatus, which will help people to recognise the risk of hypothermia, and know how to reduce it. 

The demonstration should be aimed at one of the following groups of people: elderly people living alone in winter; parents of new-born babies; a group of friends going walking in the mountains; young people sleeping rough in the city

Students first demonstrate the danger, and then show how that danger can be reduced. They should design their demonstration by experimenting with apparatus (some suggestions are provided, but they may wish to bring other items to use) to show the importance of dry clothing as opposed to wet; the particular danger of being immersed in cold water, etc). 
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	Four teddy bears voyaged to the edge of space in an experiment run by Cambridge University Spaceflight, with the SPARKS science club at Parkside Community College and Coleridge Community College. The bears were lifted to 30,085 metres above sea level on a latex high altitude balloon filled with helium. The aim of the experiment was to determine which materials provided the best insulation against the -53 ° C temperatures experienced during the journey. Each of the bears wore a different space suit designed by the 11-13 year olds from SPARKS.




1.4 Suggestions for teachers

The final case study could be adapted to an issue of greater local relevance - such as the dangers of heat stroke in summer.

1.5. The task plan
	Unit
	Mathematics
	Science

	1
	Task 1: Introducing the situation: flow and heat
· How do water, traffic and heat move from place to place?

· How can we model the flow of energy and changes in temperature?

· What can be done to prevent hypothermia? 

	2
	Task 2: Modelling heat flow using the analogy with water
· How can we model the flow of heat using water?

· How can graphs represent the flow of water in and out of the container?

· What happens when flow in and flow out are equal?

· Under what conditions does the level of the water (or temperature) reach equilibrium?
	Task 3: exploring the concept of temperature and the flow of heat 

· How can we model the flow of heat energy using water?

· What happens to the temperature of water when it is heated by a candle?

· How is the flow of water an analogy for thermal equilibrium?

	3
	Task 4: heat flow in and out of a house
How does the temperature of a house change over time when it is warmer inside or out? 

· What happens when there is a large temperature difference between inside and out?

· What happens when the temperature difference is small?

· What is happening to the flow of heat when the temperature inside and out is the same?
	Task 5: 

· What happens when two blocks at different temperatures are touching each other?

· Does it matter what the blocks are made of?

· What happens when you mix hot and cold water? Can you predict the temperature of the mixture? Does it matter if you have a lot more cold water than hot?

· How can you heat a whole swimming pool of water?



	4
	Task 6: the effect of heaters and insulation on energy flow and house temperature
· What are the effects of varying the outside temperature, the number of heat sources and the thermal conductivity and thickness of the wall.

· How can these relationships be investigated systematically? 

· How can apparently strange results be explained? For example doubling heaters does not double internal temperature… 

· What are the limitations of this model?
	Task 7: controlling the flow of thermal energy

· Why does hot water in a flask cool down more slowly than water in a beaker?

· Why does cold water in a flask heat up more slowly than water in a beaker?

· What does this tell us about the effect of insulation on the flow of thermal energy and the way temperature changes?

	5
	Task 8: Pupil demonstration of factors reducing the risk of hypothermia

· How is hypothermia linked to the key ideas of thermal equilibrium, flow of thermal energy, insulation and conduction, and temperature?

· How can we help people to recognise the risk of hypothermia, and know how to reduce it?

· How can we demonstrate this problem in a way that convinces people to take it seriously, and shows them how to take precautions?


2. Description of the tasks

2.1 Task 1 – Introduction into the overarching question
Flow is a concept of great importance in science. Flow of charge, energy, fluids and information is a central characteristic of contexts ranging from electric circuits to ecosystems, from the human heart to tidal estuaries, from solar emissions to traffic management. And when linked with flow, the concept of equilibrium is a key to understanding stability in systems as varied as electricity supply, transport, geothermal activity and ecosystems.  

Mathematical content

· speed
· rate of change
· volume
· capacity
· modelling. 
Scientific content

· nature of flow
· similarities and differences between flow of liquids
· traffic
· current
· energy. 
Outcomes
Students are introduced to the concept of ‘flow’, together with factors that affect flow. The way that the volume of a substance is conserved in any flowing system is also an idea to be considered. This will be used alongside other key ideas, like the consequence of unequal flow rates (in and out), to better understanding overflow and flooding. 
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	Activity 1 for students
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Look at the four pictures above. They show situations where something is 
moving from one place to another, or flowing. 
What is flowing in each case? 
(see worksheet 1.1)


What is flowing? Traffic, or cars; blood (see arrows for direction); electric charge (between the ground and the cloud) or energy; energy (from the sun, and then through the ecosystem). 

	
[image: image9]
	Activity 2 for students

In which of these situations do you think the flow is fastest? And which is the slowest? Be ready to give reasons for your answer. 
(see worksheet 1.1)


Which flows the fastest? The flow of charge is very fast in lightning – moving so fast that the movement cannot be seen. In the human heart, blood moves through the valves at approximately 50cm/s. Traffic can move much more slowly than this. Energy flows from the sun at the speed of light (300,000 km per second). Energy flows on through the ecosystem much more slowly, as plants grow and are consumed, and pass their energy on to animals.  
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2.2 Mathematics – Task 2
Mathematical content

· Graphical representation

· rate of change

· equilibrium

· modelling. 

Mathematical enquiry process skills: Fundamental to the way of working with these materials is that students have opportunities to enquire / investigate / explore. In doing so students will have opportunities to use the different research environments where they can control variables to see what happens in the models that simulate aspects of the flow of heat.

We would like to encourage students to: predict – test – explain - that is, to pose a question and predict the outcome before they use the research environment to test this. Finally, they should explain why their prediction was correct or not. Of course if their predictions are incorrect, we would encourage students to try again…

The materials provided are:

· Notes for the teacher to plan their lessons

· Web-based research environments: these will run on any modern web-browser
Outcomes
Students begin to develop a strong understanding of ‘flow’ as a concept, together with key factors which affect flow, and the consequences of unequal flow, i.e. overflow and flooding. Flow in, flow out and equilibrium and key concepts to be considered in the final task.
	
[image: image11]
	Activity 1: Whole class activity

 (www.compass-project.eu/applets/#5)

In the research environment on the web, water is flowing in and out of a container. The size of the container is 300 units. What will happen if the flow in is set at 10 and the flow out at 4? 

When the water reaches a height of 4, your teacher will pause the model. Discuss in pairs how to alter the flow in and out to keep the height at 4 when the model starts running again. If you get this right, the water will be at equilibrium. Make a prediction of how to get to this equilibrium flow.  

Your teacher may agree to test your prediction. Were you right? Did other groups have other ideas? 

Ask the class to explain what is happening.
(see worksheet 2.1)
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Fig. 1: Research environment: Flow
Teacher notes: The water should stay at 4 if the input and output are changed so that they are the same. Any similar values will work, so there are many possible equilibrium flows. 

It is important to introduce the predict-test-explain procedure, so that pupils get used to doing it, and don’t skip any of the steps. For example, you should have clear expectations that pupils write down their predictions – and give them time to do so. 

Make connections between this simulation of water flow with the water flow experiment they will have carried out in science and the analogy with heat flow that they will have met there.
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	Activity 2 – understanding the graphs
· Look at the graphs with the computer model. What does the slope of the red line mean? What could you do to make that red line steeper? 

· What is happening in the container when the red line is steeper than the green line?

· If the blue line is horizontal, what is happening in the container? 
(see worksheet 2.1)


Teacher notes: If the red (flow in) line is steeper than the green (flow out) line, then the container will be filling up. If the blue line is horizontal, the flow is at equilibrium. 
Ask about the flow of heat in and out of the room you are in. Is the room getting warmer? If so, how does the flow in compare to the flow out? What could you change to reach an equilibrium temperature?
	
[image: image14]
	Activity 3 – challenge
· What flow rates will completely fill a 200 unit volume container in 40 seconds?

· Are there any other flow rates which will do the same? 

· What is true about all of your different solutions? 

· If the water was heat flowing in and out of a room, what do your different solutions represent. 
(see worksheet 2.1)


Teacher notes: As long as the difference between flow in and out is 5, the container will fill in 40 seconds. But a lot more water is needed if the flow out is high (equivalent to a leaky room – a room without much insulation).  
A more demanding challenge would be to ask students to explore how they might achieve equilibrium in the case of a trapezoidal container
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2.3 Science – Task 3
Scientific content
· Collect data and measure accurately using appropriate scientific apparatus

· Present data in ways which aids its understanding and significance and facilitates its communication

· Analyse data and understand its significance to the physical world

· Relate physical and mathematical modelling to the natural world

· Use ‘flow theory’ to aid explanation of a physical system
Outcomes
Students learn that heat flow is very similar, in some ways, to water flow in and out of a container – and the height of the water in the container is similar to the temperature. They can see what equilibrium means, when the flows of water in and out are equal. 
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	Activity 1 for students: Like water, like heat… 

[image: image17] 
How can the water level in this container be raised, lowered, or kept at a constant level, by adjusting the rates of water inflow and outflow?


Teacher notes: Make the links with the applet in maths – and emphasise the idea of equilibrium, when the water level is neither going up, nor coming down.
Resources 

(Worksheets and links to applets and links to background documents on internet)

	
[image: image18]
	Activity 2 for students: Water heating experiment: Heating a can of water with a candle

· Let you students work on worksheet 3 
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The most common prediction is that the temperature will rise at a constant rate, until the water boils. But in fact the water never boils. When the water gets to a temperature of around 50C, the flow of heat from the candle is matched by the flow from the hot water, and it remains at that temperature while the candle is alight. 

The volume of water and the distance of the tin from candle can be chosen to ensure that the water temperature rises initially from around 20°C to around 50°C to 60°C and then remained constant. Ask pupils to explain their temperature observations, mentioning the flow of heat from the candle, and anything else they think is important. 
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	Activity 3 for students: understanding equilibrium… of water level, of temperature
Water analogy propositions
Heating experiment propositions
1

2

3

4

5

Water is being supplied to a container by a tap.

The water is supplied at a constant rate by the tap.

The water level in the container remains constant.

Therefore water must be flowing out of the container.

The rate of water loss must be exactly equal to the rate of water supply.

1

2

3

4

5

Heat energy is being supplied to water by a ……….

The heat energy is supplied at a ……….. rate by the candle.

The …………. of the water remains constant.

Therefore ……  must be flowing out of the water.

The rate of heat loss must be ……… ………. to the rate of heat supply.




solution: 1. candle; 2. constant; 3. temperature; 4. heat; 5. exactly equal

You can develop a careful scientific account of the heating investigation, together with the pupils, through a discussion of the links between specific features of the water analogy (water input, water output, and water level) and the thermal situation (heat input, heat output and temperature, described initially as a measure of the ‘level of heat’ in the system). By understanding the equilibrium model as applied to the water analogy before being introduced to the more complex case of thermal equilibrium, pupils should already have available a coherent model within which to interpret the movement of ‘heat’

2.4 Mathematics – Task 4
Mathematical content

· Graphical representation

· rate of change

· equilibrium

· modelling
The mathematical enquiry process skills remain fundamental to the way of working with these materials. A central theme continues which encourages the students to: predict – test – explain 

Outcomes
Understanding how rate of flow of energy depends on the temperature difference between the two places is one of the first steps in understanding factors affecting heating and cooling. This understanding can be used in forming a strategy to maintain temperature and keep warm.
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	Activity 1 for students: A warm house cooling down

The research environment www.compass-project.eu/applets/#7
shows the temperature inside and outside a house. Set the inside temperature to 20°C and the outside temperature set at 0°C – and run the model for 20 minutes (according to the graph, not in real time). Then pause the simulation, and:

Predict what will happen in the next 20 minutes, and later on……
Test your prediction by letting the simulation run for longer.
Explain the outcome.
(see worksheet 4)
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Fig. 2: Research environment: Cooling
Teacher notes: The main point for pupils to notice is that the temperature drops more quickly at the start, and then more slowly later on. Pupils will be investigating this with water in science lessons. 
You could ask groups of pupils to produce a poster together to show what they did and what they found out. Ask them for their explanations, don’t tell them too much.

You might want to discuss modelling issues: the research environment simulates a house cooling down (or heating up) in an idealised way. It is assumed that the temperature inside the house is the same throughout and the temperature outside the house is everywhere the same and constant at all times
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	Activity 2 for students: Changing the starting temperatures

In this activity, the inside temperature should always be set higher than the outside temperature. 
Investigate what happens to the temperature in the house, when you set different initial inside and outside temperatures? 

Make sure you keep making a record of your investigations: 

Predict what will happen (e.g. how will it be different this time, if at all?) Sketching a graph would clearly show what you think will happen). 

Test your prediction

Explaining what actually happens.
Explain similarities and differences between the different outcomes. You could make a poster to summarise what you find out. In your explanations try to mention:

· the equilibrium temperature 

· how the rate of change of temperature varies with time

· the temperature difference between the inside and outside of the house.
(see worksheet 4)


When the temperature difference is large, heat flows from the house to the surroundings at a high rate, and the house cools down quickly. As the house cools down, the temperature difference is less, and so the house cools more slowly. The difference in temperature is all that matters, not the inside temperature or the outside temperature itself. In a house at 40°C, with surroundings at 20°C, the heat flow and temperature change are exactly the same as a house at 30°C and the surroundings at 10°C. 

Again discuss and explain similarities and differences between the different outcomes. If students have been making a poster of their findings, they may wish to add to this.
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2.5 Science – Task 5
Scientific content

· Make predictions based on flow theory and mathematical modelling 

· Know that heat flows from hot objects to cold objects

· Know that the rate of flow of heat between objects depends on the temperature difference
Outcomes
There will be a consideration of heat flow, temperature differences and temperature change. A key idea is that if there is a temperature difference between an object and its surroundings then heat will flow in a direction to bring the temperature of the object and surroundings closer together. A larger temperature difference gives a larger flow of heat.

	
[image: image25]
	Activity 1 for students: Hot block

Look at the two equal sized blocks of aluminium. One is hot (about 150oC) and one colder (20oC). They are touching each other.


[image: image26]
Predict: how will their temperatures change? 

The temperature of the hot block will…. 

The temperature of the cold block will…. 

What happens? 

Explain: think about the hot block first. Where does the heat in that block flow to?

Now think about the cold block? What heat flows into that block?

Does any heat flow out of the cold block? 

Can you tell a short story about heat, which explains all about how the temperature of the blocks changes? 

(extension) what would happen if the cooler block was made of wood?


A brief story about heat: Heat starts to flow quite fast from the hot block, into the cooler block, and into the surroundings. As it does so, its temperature falls. 

The cold block receives heat from the hot block, so its temperature rises. Once this happens, heat starts to flow (slowly) to the surroundings from that block too. But more heat is flowing in that out. This continues until the blocks are at the same temperature (at thermal equilibrium with each other) and then they cool down together, more and more slowly, as heat continues to flow away to the surroundings. This carries on until both blocks and the surroundings are all at the same temperature, at thermal equilibrium. 
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A brief story about heat: Heat starts to flow quite fast from the hot water and into the warm water, as it does so its temperature falls. At the same time, heat from the warm water flows into the cold water and into the surroundings and its temperature falls. 

The cold water receives heat from the warm water, so its temperature rises. The warm water receives heat from the hot water but also loses some heat to the surroundings. It is likely that it will lose more than it gains, i.e. more heat will flow out than flow in so it’s temperature will slowly fall. This continues until the three waters are at the same temperature (at thermal equilibrium with each other) and then they cool down together, more and more slowly, as heat continues to flow away to the surroundings. This carries on until all the water and the surroundings are all at the same temperature, at thermal equilibrium. 
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	Activity 3 for students: mixing hot and cold water

Can you predict the temperature of a mixture of hot and cold water? How precise can you be? 


[image: image30]
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a) start by predicting the temperature when you mix equal volumes of water

b) extension: Predict what will happen when you mix 2 parts cold water to 1 part hot. How close was your prediction? Could you be more precise next time? 

c) extension: predict what will happen when you mix 2 parts hot to one part cold. 
(see worksheet 5.2)


What will happen: with equal amounts of water the temperature of the mixture will be halfway between the temperature of the hot and that of the cold. If the first is at 35°C and the second 20°C, the mixture will be at 27.5°C (at least briefly, before it has a chance to cool further). When there is twice as much hot water as cold, the mixture will reach a temperature twice as much above the cold water temperature as it is below the hot water temperature. With the initial temperatures the same, this would be 30°C. 
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	Activity 4 for students: which is hotter?

· How do you make a cup of hot chocolate hot? 

· How easy would it be to make a swimming pool as hot as the hot chocolate?

· Which has the higher temperature? Which has more heat?
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(see worksheet 5.2)



Notes: Hot chocolate is made by heating milk and water to a high temperature. Only a small amount of liquid has to be heated, which only needs a small amount of energy, from a kettle or a microwave oven. To heat a swimming pool to that temperature needs many millions of times that much energy because there is millions of times as much water to heat. That is done by taking out cooler water, heating it and putting it back in, continuously.
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2.6 Mathematics – Task 6
Mathematical content

· Graphical representation, including interpreting gradients as rate of change
· equilibrium

· modelling

· problem solving
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	Activity 1 for students

· Let your students work on worksheet 6
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Teacher notes: results and some discussion points, comparing two heat sources:
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Fig. 3: Results and discussion points
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	Activity 2 for students: investigating heating in houses

In small groups, investigate the situation of the house. 

· Your task is to explain the effects on the temperature inside a house, of varying the outside temperature, the number of heat sources and the thermal conductivity and thickness of the wall. 

· You must be structured and systematic about this investigation, using the procedure predict – test – explain


Sketch a brief solution, what is expected to happen


2.7 Science – Task 7
Scientific content

· Know that the temperature of an object doesn’t change when there is not net flow of heat

· Know that insulation can reduce the rate of flow of heat

· Be able to analyse ‘thermal stories’ in terms of temperature, heart and thermal equilibrium 
Outcomes
Pupils develop their understanding of the model of thermal equilibrium in terms of the flow of heat, and are able to differentiate between of the concepts of heat and temperature. They learn that the flow of heat can be reduced by insulation. 
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	Activity 1 for students: how to reduce the flow of heat
· Let your students work on worksheet 7.1
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The hot water in the flask cools down more slowly, because the insulation prevents the heat from escaping so quickly. When cold water is in the flask, the insulation prevents heat from flowing in so quickly – so the flask heats up more slowly. 
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	Activity 2  for students: electrical heating – from a filament bulb 
· Let you students work on worksheet 7.2
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Conceptually, the situation is the same as the scenario earlier with the candle. When the bulb is in thermal equilibrium, its temperature will not change any more. This will happen when the heat flowing into the water from the bulb is equal to the heat flowing out to the surroundings. 

With 12volt power supplies this experiment looks dangerous, and is memorable for students, but it is safe. Water could short the power supply and operate the cut-out, and to avoid this it is important to set up the bulb carefully. 


2.8 Task 8
Outcomes
The main outcome, achieved through a demonstration that pupils design for themselves, is an application of their understanding of heat and temperature to understanding the danger of hypothermia and ways to prevent it. 
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	Activity 1 for students

What goes for beakers of water and houses goes for human beings too. 

Watch the YouTube video of an explorer, Chris Ryan, suffering from hypothermia. Notice especially the symptoms, and listen out for some of the causes of the condition. 

http://www.youtube.com/watch?v=eJEXdWHKDmg
Look at the following pictures. What do they show about how human beings keep warm? 
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http://upload.wikimedia.org/wikipedia/commons/8/84/Homeless_New_York_2008.jpeg

http://commons.wikimedia.org/wiki/File:Blanket.jpg
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	Activity 2 for students: understanding hypothermia

· Let your students work on worksheet 8.2
Link from maths materials…. 

Could you use the model of heat flowing into and out of a house to simulate a human being trying to keep their core body temperature steady? What is similar? What is different? www.compass-project.eu/applets/#7
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Links to earlier science lessons: Concepts of heat flow in, heat flow out, thermal equilibrium, temperature change, relationship to mass
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	Activity 3 for students (Main activity) Preventing hypothermia

· Let your students work on worksheet 8.3
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Extension: understanding more about treatment of hypothermia

Top tips for helping someone who is suffering from hypothermia:

· Get the person into shelter if they're outdoors. If they're indoors, get some blankets and towels and extra clothing to prevent further heat loss. Change them out of any wet clothing. 

· Give the person a hot drink to help them warm gradually from the inside. You could also use high energy food such as chocolate to get the metabolic system working and create inner heat.

· Don't give the person alcohol as this will dilate their blood vessels and make their condition worse.

· Never try to heat the casualty quickly with a hot water bottle or bath as this can potentially cause a heart attack.

· Don't rub them all over vigorously to warm them up.

· Don't use a hot water bottle as you need to avoid drawing blood from the inner core out and instead heat them gently.

Why not learn more by finding a First Aid course that you can do? And don’t forget - prevention is the best defence, make sure you and elderly neighbours stay warm and safe this winter.
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Activity 2: Hot, warm and cold water


Let your students work on worksheet 5.1





Does it take longer to reach a steady temperature? Why?





Does the temperature increase more quickly?





Why is the inside temperature not doubled?
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