Name: _______________________________(         )  Class: ______________ Date: __________
	Heat Capacity and Specific Heat Capacity

Student’s Handout

	Topic: Thermal Physics
	
	Estimated Duration: 1 hour   


· Aims

In this activity, you will 
1. investigate the relationship between the heat capacity of an object and the heat transferred per unit temperature change of the object.
2. infer the specific heat capacity of a substance from the heat capacity of an object of the same substance.
· Materials

· Brass cylinder
· Electronic balance 
· Thread
· Two styrofoam cups
· Hot water of approximately 55 - 95(C
· Measuring cylinder
· Two thermometers

· Stirrer

· Two retort stands with clamps
	


ACTIVITY 1 - Heat Capacity


Instructions: 

In this experiment, you will investigate the behaviour of a brass cylinder in thermal contact with water.

1. Measure and record the mass of the brass cylinder in the table below.  Tie a thread around the cylinder, leaving about 15 cm of thread to use in handling the cylinder.

2. Fill a styrofoam cup with 125 g of tap water at room temperature. (You may estimate the mass of water from its volume by using density of water = 1 g/cm3). Record the initial temperature of the water. Leave a thermometer in the water throughout this experiment (Fig 1).

3. Place the cylinder in a second styrofoam cup that is filled with hot water at about 95 oC. Leave it in the water and keep a thermometer in the water during this time. After 3-5 minutes, record the initial temperature of the cylinder (Fig 2).
4. Immediately transfer the cylinder to the styrofoam cup of tap water at room temperature. The cylinder should be completely submerged in the water. Gently stir the water using a stirrer. When the temperature of the water stops rising, record the final temperature of the cylinder and tap water.

5. Repeat steps 2 to 4 for different initial hot water temperatures of about 55oC, 65 oC, 75 oC and 85 oC.


Observations:
4.2 J of thermal energy is required to raise (or lower) the temperature of 1 gram of water by 1 oC. Using this information, complete the table to show the heat gained by the tap water in each experiment. Use the idea of heat transfer to deduce the heat lost by the brass cylinder.
	Tap Water

(Mass = 125g)
	                        Brass cylinder

                    (Mass =        g)

	Initial temp / oC 
	Final temp/ oC
	Temp change/ oC
	Heat gained/ J
	Initial temp/ oC 
	Final temp/ oC
	Temp change/ oC
	Heat lost/ J

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



Questions:
1. What is our assumption when we calculate the heat lost by the cylinder through the idea of heat transfer above?
	_________________________________________________________________________________
_________________________________________________________________________________


2. Using the graph paper on the following page, plot a graph of heat lost by the brass cylinder against its temperature change.
a. What do you observe about the relationship between the two variables from the 
graph? 
_________________________________________________________________________________
_________________________________________________________________________________

b. Suggest what the gradient of the graph represents. 

_________________________________________________________________________________

_________________________________________________________________________________

3. The gradient of the graph of heat lost by the brass cylinder against the change in temperature of the cylinder gives the heat capacity, C, of the brass cylinder. 


Therefore, heat capacity of the brass cylinder, C =  

4. What are some ways to improve the accuracy of the experiment?
_________________________________________________________________________________
_________________________________________________________________________________

_________________________________________________________________________________


ACTIVITY 2 - Specific heat capacity
Heat capacity and specific heat capacity are different physical quantities. Whereas heat capacity is a property of a particular object, specific heat capacity is a characteristic property of the material that the object is made of i.e. different objects made of the same material will have the same specific heat capacity.
The specific heat capacity, c, of a substance is defined as the amount of heat (or thermal energy) required to raise the temperature of a unit mass of the substance by 1 oC (or 1 K).

i.e. specific heat capacity,  c    =                             heat transferred (in J)

        (in J oC-1g-1 )                                  temperature change (in oC) x mass of object (in g)

5a. Calculate the specific heat capacity, c, of brass.

5b. Derive an equation relating heat capacity to specific heat capacity.
	Heat Capacity and Specific Heat Capacity

Teacher’s notes

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


· Description of activity
Students perform an experiment to find the heat capacity of a brass cylinder. From this, students will deduce its specific heat capacity.  

· Key Ideas
· The heat capacity, C, of a body is defined as the amount of heat (or thermal energy) required to raise the temperature of a body by 1 oC (or 1 K) 
   i.e.  heat capacity, C [in J oC-1] =           heat transferred [in J]





                     temperature change [in  oC]
· The specific heat capacity, c, of a substance is defined as the amount of heat (or thermal energy) required to raise the temperature of a unit mass of the substance by 1 oC (or 1 K).
   i.e. specific heat capacity, c [in J oC-1g-1 )=  

heat transferred [in J]
                                                                             temperature change [in oC] x mass of object [in g]
· Heat capacity  = mass x specific heat capacity

· Aims
· To investigate the relationship between the heat capacity of an object and the heat transferred per unit temperature change of the object.

· To infer the specific heat capacity of a substance from the heat capacity of an object of the same material.
· Objectives 
·  Related Syllabus Learning Outcomes
           This lesson exemplar addresses the following learning outcomes:
· Define the terms heat capacity and specific heat capacity
· Recall and apply the relationship 
            Thermal energy = mass ( specific heat capacity ( change in temperature
· Skills and Processes

Students have to demonstrate their skills in handling apparatus for thermal physics experiments; for example, they have to be able to measure the temperature of hot water safely and accurately (e.g. with minimal heat loss).  Also, they are required to make inferences from experimental observations and data collection. 
· 21CC
CIT – Sound Reasoning
· From the observations made and experimental data collected, students are required to conclude on the relationship between heat lost by the brass cylinder and its temperature change. From their inference of the relationship, they will then extend their understanding to the formula for heat capacity.

· Students also have to construct the relationship between heat capacity and specific heat capacity, and apply this relationship for calculation of specific heat capacity.
·  Prior knowledge 
 Students should be able to:

Describe a rise in temperature of a body in terms of an increase in its internal energy (random thermal energy)

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 (Heat capacity and Specific heat capacity)
· Metallic objects of different masses including a brass cylinder (For demonstration)
· Brass cylinder

· Electronic balance 
· Thread
· Two styrofoam cups
· Hot water of approximately 55 - 95(C
· Measuring cylinder
· Two thermometers

· Stirrer

· Two retort stands with clamps
· Suggested lesson guide 

	Assessment indicators 
	Lesson Activity
	Pedagogical Considerations

	Evidence of learning is shown when students are able to….
	Lesson Introduction                                                                                                                  .
· Show students objects made of different materials. 
· Question for discussion: If these objects are all heated by a given amount of thermal energy, which one would gain the greatest increase in temperature?

· Explain to students that objects have a property that decides which one would experience a greatest gain in temperature.  The experiment that follows will help to investigate this property.
	
This provides the context /rationale for conducting the next activity.



	· perform the experiment safely and accurately to read and record the temperature measurements.
· conclude at the end of Activity 1 that the gradient of the graph is a constant, and that this constant is termed heat capacity.
· define heat capacity. 
Evidence of learning is shown when students are able to….
· verbalise that heat capacity is a property of the object while specific heat capacity is a property of the substance or material of the object.


· define specific heat capacity.

· apply the relationship thermal energy = mass x specific heat capacity x change in temperature 


	Lesson development                                                                                                                 ..                                 

Activity 1 (Heat capacity)
Distribute student’s handout (Heat capacity and Specific heat capacity). Students carry out activity 1 to find the heat capacity of a brass cylinder. 

· Questions for discussion in activity 1:

· What is our assumption when we calculate the heat lost by the cylinder? (Worksheet Question 1)
· What can you observe about the relationship between the two variables from the graph? Suggest what the gradient of the graph represents. (Question 2)
· What are some ways to improve the accuracy of the experiment? (Question 4)
· From the conclusions to activity 1 where students calculate the heat capacity, the question posed at Lesson Introduction can be discussed and answered: 

· If the heat capacities of all the objects shown at the start of the lesson are known, then when heated with a given amount of energy, the object with the lowest heat capacity will experience the largest gain in temperature.
· If there is a competition to build a container for keeping ice frozen for the longest time, how can we use this fact to help us select the material for the container?
Activity 2 (Specific heat capacity)
· Questions for discussion (Constructive challenge): 
· What if the objects are all of different masses?
· What can be done to find the material that will experience the greatest temperature change when heated with the same amount of energy?

· Students are to complete Activity 2 of worksheet. 
· From activity 2, the above questions can be discussed and answered: 

If the specific heat capacity and mass of an object are known, then it will be possible to calculate and decide which object will experience the greatest temperature change when heated with a given amount of energy. 

	The hands-on activity provides students with an experience in measuring and calculating heat loss, heat gain and heat capacity. This is important as it gives physical meaning to the term 
heat capacity. 


21CC: 
From the data collected and observations made, students are expected to draw conclusions about the relationship between heat lost by the brass cylinder and its temperature change.
This activity builds upon the previous experience to make meaningful connections between heat capacity and specific heat capacity. 

21CC:

Students have to apply the equation to calculate the specific heat capacity of brass. From this, they will derive the equation that relates specific heat capacity to heat capacity. This requires students to construct relationships between the different elements of the problem. 

	
	Lesson conclusion                                                                                                                      ..                                 

· Definition of heat capacity and specific heat capacity
· Thermal energy = mass ( specific heat capacity ( change in temperature 
Thermal energy =  heat capacity ( change in temperature
	


· Additional notes for teacher
Note on heat capacity of objects
The heat capacity of an object varies slightly at different temperatures. However, for most cases, the differences are small and we can treat the heat capacities as constant for the object.
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 

Activity 1
1. Our assumption is that there is no heat lost to the surrounding.  All the heat lost by the brass cylinder has been transferred to the tap water.

2a. The relationship observed should be directly proportional. 

4. Better insulation.

Activity 2

       5b. C = mc
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The heat capacity, C, of a body is defined as the amount of heat (or thermal energy) required to raise the temperature of a body by 1 oC (or 1 K).


i.e. heat capacity, C (units: J oC-1) =       heat transferred (in J)      


                                                                temperature change (in  oC)    





(There must be sufficient sets for students to work in groups, pairs or individually)
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