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	Latent Heat and Specific Latent Heat
Student’s Handout

	Topic: Thermal Physics
	
	Estimated Duration:  50 minutes        


· Aim

In this activity, you will investigate the relationship between the specific latent heat of fusion of ice and the thermal energy gained by per unit mass of melted ice.

· Materials

· De-ionised water

· Ice

· Styrofoam cup

· Laboratory thermometer
· Measuring cylinder 
· Funnel

· Stirrer

· Paper towels

	


Introduction:

Melting, freezing, boiling, evaporation and condensation can be described in terms of heat transfer. These processes, in which one substance changes state (from a solid to a liquid or a liquid to a gas), are called phase changes. For interactions involving phase changes, the basic description in terms of heat transfer remains the same: thermal energy lost equals thermal energy gained. In this activity, you will learn how much thermal energy is required to melt ice. You will also investigate how the temperature of the water and ice mixture changes (if any) when ice melts. 

Instructions: 
1. Measure 20 cm3 of room temperature de-ionised water using a measuring cylinder. Calculate and record the mass, mwater, of this water in Table 1 below (Density of water is 1.00 g cm-3). Pour the water into a Styrofoam cup. 
2. Measure and record the initial temperature, (water(initial), of the water (Fig 1).
3. Blot the ice with a piece of paper towel to get rid of excess water and add the ice to the de-ionized water. Use ice of about one or two times the volume of the water. Stir continuously using a stirrer (Fig 2).
4. Notice that the temperature falls. When the temperature stops decreasing (at approximately 0 (C), take note of this final temperature, (water + ice (final), and immediately funnel the water into a measuring cylinder, leaving the ice behind (Fig 3). Record the final temperature of the water and ice in Table 1. 
5. Record the total volume, Vtotal, of water and melted ice in the measuring cylinder and determine the volume, Vice, and mass, mice, of ice melted in Table 1. Repeat the experiment with 40 cm3, 60 cm3 and 80 cm3 of room temperature de-ionised water. Be sure there is always plenty of ice in the cup.











Observations:
	Vwater /cm3
	mwater /g
	(water(initial) /(C
	(water + ice (final) /(C
	Vtotal /cm3
	Vice /cm3
	mice /g

	20
	
	
	
	
	
	

	40
	
	
	
	
	
	

	60
	
	
	
	
	
	

	80
	
	
	
	
	
	


Table 1
Analysis of data and Questions:

1. From Table 1, calculate and record the thermal energy lost by the room temperature water, Qwater(lost), in Table 2. Hence determine the thermal energy gained, Qice(gained), by the ice. (Specific heat capacity of water is 4.2 J g-1 (C-1) 
	Vwater / cm3
	Qwater(lost)/ J
	Qice(gained)/ J

	20
	
	

	40
	
	

	60
	
	

	80
	
	


Table 2

2. What is our assumption when we calculate the thermal energy gained by ice from the thermal energy lost by water?

     ___________________________________________________________________________
3. Using the graph paper on the following page, plot a graph of thermal energy gained by the ice, Qice (gained), against the mass of ice, mice , melted.
a. From the graph, what do you observe about the relationship between the two variables? 

___________________________________________________________________________________________________________
________________________________________________________________________

b. Suggest what the gradient of the graph represents.
___________________________________________________________________________________________________________
c. The amount of thermal energy required to melt a unit mass of ice without a change in temperature is called the specific latent heat of fusion of ice. Hence, the gradient of the graph gives the specific latent heat of fusion of ice.

Therefore, the specific latent heat of fusion of ice =


Extension Question:
4. Thermal energy is transferred to a cup of ice and a cup of water, both at 0(C. Discuss how the behaviour of ice differs from that of cold water.

___________________________________________________________________________
___________________________________________________________________________

	Latent Heat and Specific Latent Heat
Teacher’s notes

	Stream:  Express
	
	Topic: Thermal Physics  
	
	Estimated Duration:  1 hour


· Description of activity
Students perform an experiment to find the specific latent heat of fusion of ice. 

· Key Ideas
· Objects gain or lose latent heat during change of state.
· The latent heat of fusion of a body is defined as the amount of thermal energy required to change a substance from solid to liquid state without a change in temperature. 
· The specific latent heat of fusion of a substance is defined as the amount of thermal energy required to change a unit mass of the substance from solid to liquid state without a change in temperature. 
                     i.e. specific latent heat of fusion [in J/kg]

                 =         latent heat of fusion [in  J]
                                          mass of object [in kg]
· Aim
To investigate the relationship between the specific latent heat of fusion of ice and the heat gained per unit mass of melted ice.

· Objectives 
· Related Syllabus Learning Outcomes
This lesson exemplar addresses the following learning outcomes:
· Define the terms latent heat and specific latent heat 
· Recall and apply the relationship thermal energy = mass ( specific latent heat
· Skills and Processes
Students have to demonstrate their skills in handling apparatus for thermal physics experiments, for example, taking temperatures quickly and accurately. They are also required to make inferences from experimental observations and data collection.

· 21CC

· CIT – Reflective Thinking:
Students have to be able to think reflectively and keep an open mind to accept alternative explanations e.g. the explanation to why water temperature remains constant when boiling although thermal energy was still being supplied.

· CIT – Sound Reasoning: 
Students have to be able to construct relationships, such as that between thermal energy gained by ice and the mass of ice melted. 
· Prior knowledge 
Students should be able to:

· Define the terms heat capacity and specific heat capacity
· Recall and apply the relationship 
            Thermal energy = mass ( specific heat capacity ( change in temperature
· Describe melting/solidification and boiling/condensation as processes of energy transfer without a change in temperature

In lower secondary, under the theme “Interactions”, students have learnt that interactions occur through the transfer of energy and/or matter.

· Materials

· Student’s handout  (Specific Latent Heat)
· De-ionised water

· Ice

· Styrofoam cup

· Laboratory thermometer
· Measuring cylinder 

· Funnel

· Stirrer

· Paper towels

· Suggested lesson guide 

	Assessment indicators 
	Lesson Activity
	Pedagogical Considerations

	Evidence of learning is shown when students are able to….
· conclude that the temperature indeed remains constant as the water is boiling although thermal energy is still being supplied continuously.

· define latent heat.

	Lesson Introduction                                                                                                                  .
· Experiment to show that temperature remains constant when pure water boils:
· In groups of 4 or in pairs, students prepare a beaker of pure water and immerse a thermometer in the beaker.
· Boil the small beaker of pure water over the Bunsen burner.
· Observe the change in temperature.
· Teacher asks students for their observation: The temperature remains constant at approximately 100(C when the water boils.
· Questions (Pumping) and pointers for discussion:

· The water is being heated all the time. Where does the energy go to in the short period when the temperature remains constant?

· Steam is observed to be produced in the duration when the temperature remains constant; can this possibly be where the thermal energy is directed to?

· The energy that goes into boiling the water (break bonds) without raising its temperature is known as latent heat. Latent heat is absorbed during boiling/evaporation and melting. Latent heat is released during solidification and condensation. 
· The following experiment allows us to further examine this latent heat through a melting process. 



	Students are always told that temperature remains constant during a change of state. However, it cannot be assumed that students will naturally accept this fact. This simple hands-on experiment provides students with an opportunity to experience the phenomenon and go through some dissonance, increasing the authenticity of the concept.  

21cc:

Through this simple experiment, students have to think reflectively to reassess their pre-conception that temperature will always rise so long as thermal energy is supplied, and to consider alternative explanations to why temperature remains constant during boiling.

	Evidence of learning is shown when students are able to….

· perform the experiment
to record measure-
ments of temperature quickly and accurately.


· define specific latent heat. 

· state the relationship thermal energy = 
mass ( specific latent heat

	
Lesson development                                                                                                                 ..                                 

·  Distribute student’s handout (Specific latent heat). Students carry out the activity to find the latent heat of fusion of ice. 
· Questions for discussion
· What is our assumption when we calculate the thermal energy gained by ice from the thermal energy lost by water? (Worksheet Question 2)
· From the graph, what do you observe about the relationship between the two variables? Suggest what the gradient of the graph represents. (Qn 3)

· Students calculate the gradient of the graph and this gradient, which is the ratio of the thermal energy required to melt ice to the mass of melted ice, is defined as the specific latent heat of fusion of ice (Qn 3c).
· Pointers for discussion
· Thermal energy is transferred to a cup of ice and a cup of water, both at 0(C. Discuss how the behaviour of ice differs from that of cold water (Qn 4).

· Teacher can extend this discussion to other scenarios e.g. cooling of water and steam at 100(C.

	21CC:

From the experimental data and plotted graph, students have to make conclusions about the relationship between thermal energy gained by the ice and the mass of ice melted. They also have to make the connection that the gradient yields the amount of thermal energy required to melt per unit mass of the ice or the specific latent heat of fusion.
 

	
	Lesson conclusion                                                                                                                      ..                                 

· Definition of latent heat and specific latent heat.
· Recall the relationship thermal energy = mass ( specific latent heat

	


· Additional notes for teacher
Some common misconceptions on Thermal Physics
Students often think that:

· Heat capacity is the heat gain that is stored inside the body.

· Temperature will change during melting or boiling. 

Refer to Handbook for Teaching Secondary Physics (Chapter 7) for more on the teaching of Thermal Physics.
· Suggested answers 

2. The assumption is that all thermal energy lost by the water has been gained by the ice i.e. no thermal energy has been lost to the surrounding.

3a. The relationship should be directly proportional. 

4.  When thermal energy is transferred to both ice and water at 0(C, ice has to first absorb  energy to melt before it can increase in temperature, whereas water will only increase in temperature. Hence, the amount of  energy absorbed by ice will be more than that by water - This is why ice packs are more effective in lowering temperatures than water, even if both are exactly at 0(C. 

· References

· L.C. McDermott and the Physics Education Group. (1996). Physics by Inquiry. New York, NY:  John Wiley & Sons.
· Ministry of Education and Academy of Singapore Teachers. (2011). The Handbook for Teaching Secondary Physics. Singapore: Ministry of Education.
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