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Specific Heat of Sand versus Water 

Objectives  

In this activity, students explore the effect energy has on the temperature of sand and water. 
Through this investigation, students: 

♦ Determine the rate of heating and cooling of sand and water 

♦ Explain how the specific heat of a substance describes the rate of cooling and heating of that 
substance 

♦ Determine the specific heat of sand and compare it to the specific heat of water 

♦ Consider the effects different specific heats of water and sand have on global weather and 
climate  

Procedural Overview 

Students gain experiences conducting the following procedures:  

♦ Use temperature sensors to record the temperature of sand and water as they are heated by a 
light source and then cooled by turning off the light  

♦ Compare rates of heating and cooling for sand and water 

♦ Calculate the specific heat of sand and compare it to the specific heat of water  

Time requirement 

♦ Preparation time  10 minutes 

♦ Pre-lab discussion and activity 15 minutes 

♦ Lab activity 90 minutes (45 minutes for each part)1 
1Refer to the Lab Preparation section for tips on ways to make this lab fit into one 45 minute lab period. 

Materials and Equipment 

For each student or group: 

♦ Data collection system  ♦ Utility clamp (2) 

♦ Stainless steel temperature sensor (2)1  ♦ Disposable insulated cup and lid (2) 

♦ Beaker, glass, 500-mL ♦ Balance (1 per class) 

♦ Test tube, glass, 18-mm × 150-mm  ♦ Water, 750 mL 

♦ Beaker (2), glass, 250-mL ♦ Tongs and hot pad 

♦ Sand, dry, clean, 200 g ♦ Ring stand 

♦ Heat lamp or 150-W incandescent lamp ♦ Hot plate  
1A fast-response temperature probe is not appropriate for Part 2 in this lab. 
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Concepts Students Should Already Know 

Students should be familiar with the following concepts: 

♦ Conservation of energy 

♦ Thermal energy transfer  

♦ Difference between heat and temperature 

♦ Determining ratios 

♦ Rates can be determined from the slope of a line 

Related Labs in This Guide  

Labs conceptually related to this one include:  

♦ Properties of Water  

♦ Radiation Energy Transfer 

♦ Sunlight Intensity  

♦ Insolation and the Seasons 

♦ Urbanization and Land Use with My World GIS 

Using Your Data Collection System 

Students use the following technical procedures in this activity. The instructions for them are in 
the appendix that corresponds to your PASCO data collection system (identified by the number 
following the symbol: "�"). Please make copies of these instructions available for your students. 

♦ Starting a new experiment on the data collection system �(1.2)  

♦ Connecting multiple sensors to the data collection system �(2.2)  

♦ Changing the sample rate �(5.1)  

♦ Monitoring live data without recording �(6.1)  

♦ Starting and stopping data recording �(6.2)  

♦ Adjusting the scale of a graph �(7.1.2)  

♦ Selecting data points in a graph �(7.1.4)  

♦ Displaying multiple variables on the y-axis �(7.1.10)  

♦ Finding the coordinates of a point in a graph �(9.1)  

♦ Applying a curve fit �(9.5)  

♦ Finding the slope and intercept of a best-fit line �(9.6)  

♦ Saving your experiment �(11.1)  

♦ Printing �(11.2)  
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Background 

Specific Heat 

The specific heat of a substance (also known as specific heat capacity) determines how quickly 
the temperature of that material will rise or fall when it gains or loses heat energy. The higher 
the specific heat, the more energy is necessary to raise the temperature of a substance and the 
more energy must be lost to decrease its temperature. Specific heat is an intrinsic property of a 
substance and is dependent on its molecular structure and phase.  

Specific heat c refers to the amount of energy needed to raise the temperature of 1 gram of a 
substance 1 degree celsius. This is expressed in units of joules per gram degree celsius (J/(g·°C)). 
The specific heat of water, 4.186 J/(g·°C), is often represented as its own separate measure, the 
calorie.  

Liquid water's specific heat is one of the highest of any substance. Therefore, liquid water 
requires more heat energy to increase its temperature than almost any other substance. 
Likewise, liquid water must lose more energy to decrease its temperature than almost any other 
substance. 

Global Climate and the Specific Heat of Earth’s Surfaces 

The high specific heat of water is fundamentally involved in moderating global climate, global 
weather patterns, and local weather patterns. Without water's high specific heat, the global 
surface and air temperatures would fluctuate through a much larger range, making life on Earth 
impossible or severely reducing the types of organisms that could live on Earth. 

The high specific heat of liquid water allows the oceans to function as huge energy sinks that can 
transfer large amounts of energy from one area to another, moderating the climates of all regions 
of the globe. The high specific heat of water also allows water to remain liquid across a large 
range of air temperatures, as well as to change in temperature slowly, providing a reliable 
habitat for aquatic organisms. The temperature of air above large bodies of water also stays 
within a narrower range, greatly moderating the climate above and near these bodies of water. 

Conversely, the low specific heat of dry ground causes its temperature to increase more rapidly 
in response to heating from the sun, and to decrease more rapidly when the sun goes down. This 
heating or cooling result in the air above the ground being heated or cooled accordingly. In 
regions having land areas close to large bodies of water, this difference in the heating and cooling 
rates of land and water results in air movement (wind). As air over land is heated, it rises and 
cooler air from over the water moves in to take its place. This is called a sea breeze (also known 
as an onshore breeze) The opposite, a land breeze (also known as an offshore breeze), occurs at 
night when the water is warmer than the land.  

Pre-Lab Discussion and Activity  

Introduction 

Engage the students in a discussion about different by helping them to recall experiences when they 
were visiting an ocean beach or lake on a hot day and a cool night in the summer.  

1. Give an example of when you have experienced a perceived temperature 
difference between water and the ground. 
Answer provided here.  

2. How do these temperature differences occur, given the fact that the Sun's energy 
is equally distributed on both land and water throughout the day and equally absent 
at night?  
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Answer provided here.  

Heat Energy 

Review with the students the concepts of temperature, energy, and energy transfer. 

3. Would you agree that boiling water has more energy in it than cold water? Where 
does this increased energy come from?  
Boiling water has more energy in it than cold water. The additional energy comes from the heat source used to 
boil the water.  

4. What happens to the energy in boiling water if we pour it into ice water? 

Answer provided here.  

5. How can we measure this transfer of energy? 

Answer provided here.  

6. Would we get a different result if we did this in a closed container instead of an 
open one? Where would the energy go in each case, and what might be the difference 
in temperature? 
Answer provided here.  

Lab Preparation 
Although this activity requires no specific lab preparation, allow 10 minutes to assemble the equipment 
needed to conduct the lab. 

Teacher Tip: To save time, there are several ways you can have the students perform this lab: 

♦ Do either Part 1 or Part 2 as a demonstration (such as in the Pre-Lab Discussion and 
Activity section) and have the students perform the other part. 

♦ Have some groups do Part 1 and other groups do Part 2, and then share data. 

♦ Have the students do Part 1 on one day and then do Part 2 in the next class period. 

♦ If you plan to do both sections in one class period, advise students to set up the hot plate and 
beaker for part 2 in advance and begin heating the water while still doing part 1. This will 
ensure that the water is at a full rolling boil when they are ready to begin part 2 and save 
time.  

♦ In Part 2, provide the students with hot or boiling water. This will reduce the amount of 
wait time.  
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Weigh out 200 g 
of sand and 
200 g of water in 
separate 
beakers. 

Place a 
temperature 
sensor in each 
beaker and 
display a graph of 
Temperature 
versus Time.  

Stop collecting 
data and then 
determine the 
rate of heating 
and cooling for 
the sand and 
water. 

Turn off the lamp 
and continue to 
collect data as 
the beakers are 
allowed to cool 
for 15 minutes.  

Start collecting 
data, turn on the 
lamp, and 
continue to 
collect data as  
the beakers are 
heated for 15 
minutes . 

x x x x x 

Safety 
 Add these important safety precautions to your normal laboratory procedures: 

♦ Use care when handling hot objects. 

♦ Keep electrical wires away from the hot plate. 

Sequencing Challenge 
The steps below are part of the Procedure for this lab activity. They are not in the right order. Determine 
the proper order and write numbers in the circles that put the steps in the correct sequence.  

Part 1 –Heating and cooling of sand and water 

Part 2 – Determining the specific heat of sand 

Calculate the 
specific heat of 
the sand and 
compare it to the 
specific heat of 
water. 

Start collecting 
Temperature 
versus Time data 
of the water in 
the calorimeter 
and carefully add 
the hot sand. 

As the sand is 
heating, fill a 
calorimeter with 
70 g of water. 
Once the sand is 
heated, record 
the temperature 
of the hot sand.  

Fill a test tube 
with a known 
mass of sand and 
heat the sand in 
boiling water for 
five minutes.  

When the 
temperature of 
the water-sand 
mixture in the 
calorimeter 
stabilizes, stop 
collecting data  

x x x x x
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Procedure with Inquiry 
After you complete a step (or answer a question), place a check mark in the box ( ) next to that step. 

Note: When students see the symbol "�" with a superscripted number following a step, they should refer to the 

numbered Tech Tips listed in the Tech Tips appendix that corresponds to your PASCO data collection system. 
There they will find detailed technical instructions for performing that step. Please make copies of these 
instructions available for your students. 

Part 1 – Heating and cooling of sand and water 

Set Up 

1.  Start a new experiment on the data collection system. �(1.2) 

2.  Label one temperature sensor “1” and the second temperature sensor “2”.  

3.  Connect temperature sensor 1 to the data collection system. �(2.1) 

4.  Connect temperature sensor 2 to the data collection system. �(2.2) 

Note: Temperature 2 will be displayed on the data collection system as Temperature2.  

5.  Set the data collection system so that both temperature sensors are collecting data at a 
sample rate of 5 seconds. �(5.1) 

6.  Display a graph with Temperature 1 and Temperature 2 on the y-axis and Time on the  
x-axis. �(7.1.10)  

7.  Confirm that you know how each temperature sensor is displayed on your device. 
Explain below how you confirmed this.  

Students may collect data while holding temperature sensor 1 in their hand and leaving temperature sensor 2 on 
the table. Temperature 1 on the data collection system should increase while temperature 2 should stay at room 
temperature.  

8.  Put 200 g of sand into a 250-mL beaker.  

9.  Put 200 g of water into another 250-mL beaker.  
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10.  Put temperature sensor 1 
in the beaker of sand so 
that the tip of the sensor 
is no more than 5.0 cm 
below the surface.  

11.  Put temperature sensor 2 
in the beaker of water.  

12.  Place the heat lamp 
(turned off) directly above 
the beakers so that both 
beakers will receive the 
same amount of energy 
when the light is turned 
on. 

13.  Why is it important to 
heat both beakers 
equally? 

Answer provided here.  

14.  Will the temperature of the sand and water increase at the same rate when the lamp is 
turned on? Explain your reasoning based on your personal experiences.  

Answer provided here.  

Collect Data 

15.  Start data recording. �(6.2)  

16.  Adjust the scale of the graph as needed. �(7.1.2)  

17.  Record data for 30 seconds. 

18.  Turn on the light and record data for an additional 15 minutes (900 seconds). Do not stop 
recording data!  

19.  What surfaces on Earth does the sand represent? 

Answer provided here.  

20.  What surfaces on Earth does the water represent? 

Answer provided here.  

21.  How can the graph being created, as you collect temperature and time data, be used to 
compare the rate at which water and sand are heating? Why?  

Answer provided here.  

22.  Is the temperature of sand and water increasing at the same rate? Was your prediction 
correct? Explain.  

Answer provided here.  

Water Sand 

Stainless steel 
temperature 

sensor 
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23.  When the light is turned off do you expect that the temperature of sand and water will 
decrease at the same rate? Explain your reasoning. 

Answer provided here.  

24.  Turn the light off. 

25.  Continue recording data for 15 minutes.  

26.  If sand and water represent different surfaces on Earth what does the light bulb 
represent? What causes the light to be turned on and off? 

Answer provided here.  

27.  Is the temperature of sand and water decreasing at the same rate? Was your prediction 
correct? Explain.  

Answer provided here.  

28.  Stop data recording. � (6.2) 

29.  Remove the temperature sensors from the sand and water, but leave them attached to 
the data collection system so they can be used in Part 2.  

30.  Name the data runs "Sand" and "Water". Temperature sensor 1 was placed in the sand 
and temperature sensor 2 was placed in the water. �(8.2) 

31.  Save your experiment. � (11.1) 

Analyze Data  

32.  Determine the rate of heating and the rate of cooling for both the water and the sand. 
Hint: The heating rate is the slope of the line during heating and the cooling rate is the 
slope of the line while cooling.  

a. Select the data points on the graph for the region of interest (heating or 
 cooling). �(7.1.4)  

b. Apply a linear fit to the selected region. �(9.5)  

c. Determine the slope of the linear fit line. �(9.6) 

d. Record the slope in Table 1.  
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Table 1: Rates of heating and cooling for water and sand 

 Rate of Heating 
(°C/s) 

Rate of Cooling 
(°C/s) 

Water xxx xxx 

Sand xxx xxx 

33.  Calculate the ratio of the sand’s rate of heating to the water’s rate of heating. Describe 
what this ratio means. 

Answer provided here.  

34.  Calculate the ratio of the sand’s rate of cooling to the water’s rate of cooling. Describe 
what this ratio means. 

Answer provided here.  

35.  Sketch or print a copy of the graph of Temperature versus Time. Include the data for 
both sand and water on the same set of axes. Label each set of data as well as the overall 
graph, the x-axis, the y-axis, and include numbers on the axes.  

Heating and Cooling of Water and Sand 

 

36.  Indicate on the graph above where the light was turned on and turned off.  

Part 2 – Determining the Specific Heat of Sand 

Set Up  

37.  Fill the 500-mL beaker about 3/4 full with water.  

38.  Place the beaker on the hot plate, and turn it on to the highest setting. Continue with the 
rest of the Set Up procedure as you wait for the water to come to a boil.  

Sand 

Water 
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39.  How do you think the specific heat of sand will compare with the specific heat of water? 
Explain your reasoning. 

Answer provided here.  

40.  Measure the mass of the test tube. 

Mass of the test tube (g):                                         xxx.g 

41.  Fill the test tube half full with sand. 

42.   Measure the mass of the sand and the test tube. 

Mass of the test tube and sand (g):                                          xxx g

43.  Use a utility clamp to secure the test tube half full with 
sand in the 500-mL beaker of hot water. Make sure the sand 
in the test tube is below the water level. 

44.   Ensure that you still have both temperature sensors 
plugged in and that you know which one is sensor 1 and 
which one is sensor 2. Refer to the Set Up section in Part 1 
if necessary. 

45.  Use a utility clamp to secure temperature sensor 1 in the 
test tube of sand. Be sure that the tip of the sensor is in the 
middle of the sand and does not touch the bottom or sides of 
the test tube.  

46.  Why is it important to ensure that the tip of the 
temperature sensor is completely in the sand and not 
touching the side of the test tube? 

Answer provided here.  

47.  Place the two disposable insulated cups together to make a calorimeter.  

48.  Place the calorimeter on the balance and tare the balance. 

49.  Add 70.0 g of room-temperature water to the calorimeter and record the exact mass 
added below. 

Mass of water added to the calorimeter (g):                                         XXX 

Collect Data 

50.  Display temperature 1 in a digits display and monitor live data. �(6.1)  

51.  After heating the sand in the boiling water for 5 minutes, observe the temperature of the 
sand (temperature 1) and record it below. 

Temperature of heated sand (Tinitial) (°C):                                        xxxx °C

Temperature 
sensor 1 

Sand 
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52.  Turn the hot plate off and remove the temperature sensor from the test tube. 

53.  Display Temperature 2 on the y-axis of a graph with Time on the x-axis.  

54.  Put the lid on the calorimeter and insert temperature sensor 2 through the hole in the lid 
and into the water. 

55.  Start data recording. �(6.2) 

56.  Adjust the scale of the graph as needed. �(7.1.2)  

57.  Work with a partner to carefully transfer the hot sand from the test tube into the 
calorimeter by following the steps below: 

a. Hold temperature sensor 2 in the calorimeter with the lid of the calorimeter partially 
open and temperature sensor 2 still in the water but pulled off to one side. 

b. Use tongs and a hot pad to remove the test tube of sand from the hot water and 
carefully pour the sand into the calorimeter without having the sand touch the 
temperature sensor and ensuring that the water in the calorimeter does not splash 
out. 

c. Immediately cover the calorimeter and make sure that temperature sensor 2 remains 
in the water, but does not touch the sand. 

58.  Gently swirl the calorimeter to mix the water and the sand. Make sure that the 
temperature sensor does not touch the sand. 

59.  Continue to swirl and record data until the temperature levels off, and then stop 
recording data. �(6.2) 

60.  Why is it so important to make sure that the temperature sensor does not touch the sand 
in the calorimeter? 

The calorimeter is designed to measure the change in temperature of the water due to the sand. Initially the sand 
is much hotter than the water and if the temperature sensor touches the sand, the temperature reading will spike 
due to the temperature of the sand, not the temperature of the water. 

61.  Name the data run “Calorimeter”. �(8.2) 

62.  Save your experiment. �(11.1) 

Analyze Data  

63.  Copy the mass of water and the initial temperature of sand recorded in the Procedure 
section into Table 2.  

Table 2: Determining the specific heat of sand 

 Mass m 
(g) 

Tinitial 
(°C) 

Tfinal 
(°C) 

∆T  
(°C) 

Heat Energy Q 
lost or gained  

(J) 

 Specific Heat c 
(J/(g·°C)) 

Water xxx xxx xxx xxx xxx xxx 
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Sand xxx xxx xxx xxx xxx xxx 

64.  Calculate the mass of the sand alone and record it in Table 2.  

65.  Use the graph of Temperature versus Time to determine the initial temperature and 
final temperature of the water in the colorimeter. Record the values in Table 2. �(9.1) 

66.  The final temperature of water is also the final temperature of the sand. Record the final 
temperature of sand in Table 2.  

67.  Calculate the change in temperature (∆T) for the water and the sand. Record these in 
Table 2.  

68.  Using equation 1, find the value of Q, the energy gained by the water as it was warmed 
by the added hot sand. Use the mass of the water in the cup, and the specific heat of 
water c (4.184 J/(g °C)). Record this in Table 2. 

water water water waterΔQ m c T=  (1) 

Answer provided here.  

69.  Using equation 2, determine the amount of heat lost by the sand. Record this value in 
Table 2. 

 sand waterQ Q=  (2) 

Answer provided here.  

70.   Using equation 3, find the specific heat (c) of sand. Record this in Table 2. 

sand sand sand sandΔQ m c T=   (3) 

  
Answer provided here.  
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Sample Data 

Part 2 – Determine the Specific Heat of Sand 

 

Analysis Questions 

1. In part 1, how did the rate of heating and cooling of sand compare to water? Were 
your predictions correct? Give a quantitative comparison. 
Answer provided here.  

2. In part 2, how did the specific heat of sand compare to that of water? How do the 
results compare with your prediction?  
Answer provided here.  

3. Explain how the specific heats of sand and water relate to their rate of heating and 
cooling. How can you generalize the relationship between a substance’s specific heat 
and its ability to heat up and cool off?  
Answer provided here.  

4. In part 2, what does Q represent? Why is Q  the same for the water and the sand? 

Answer provided here.  
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5. List some important sources of experimental error that might occur in each part of 
this activity. 
Answer provided here.  

Synthesis Questions 
Use available resources to help you answer the following questions. 

1. The specific heat of dry soil is 0.80 J/(g·°C) and wet soil is 1.48 J/(g·°C). Using these 
values, predict which type of soil when exposed to sunlight would increase its 
temperature faster. Explain your prediction. 
Answer provided here.  

2. Would you expect a city on the coast or a city in the desert to have higher 
afternoon temperatures? Explain your reasoning using the concept of specific heat.  
Answer provided here.  

3. Explain how the proximity to a large body of water influences climate. Provide an 
example. 
Answer provided here.  

Multiple Choice Questions 
Select the best answer or completion to each of the questions or incomplete statements below. 

1. When exposed to the same amount of heat energy, how does the time it takes for 
water to increase 5 °C compare to that of an equal amount of sand? 

A. Water will heat up a little faster than sand. 
B. Sand will heat up much faster than water. 
C. Water will heat up much faster than sand.  
D. Sand and water will heat up at approximately equal rates. 
E. All of the above are correct. 
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2. If 5.0 grams of each of the following room temperature substances are placed in a 
freezer, which would you expect to drop its temperature by 10 °C the fastest? 

A. Asphalt (c = 0.92 J/(g·°C)) 
B. Gold (c = 0.13 J/(g·°C)) 
C. Stone (c =0.75 J/(g·°C)) 
D. Plastic (c = 1.67 J/(g·°C)) 
E.  Impossible to tell from this information. 

3. How quickly the temperature of a material will rise or fall when it gains or loses 
heat energy is called 

A. Temperature 
B. Endothermic 
C. Specific heat 
D. First law of thermodynamics 
E. Nonpolar molecules 

4. The specific heat of sand is 

A. Less than the specific heat of water 
B. Greater than the specific heat of water 
C. Approximately the same as the specific heat of water 
D. Specific heat is only used to measure liquids 
E. Impossible to tell from this information 

5. The high specific heat of water compared to that of land results in 

A. The small range of temperatures in the oceans compared to that on land 
B. Coastal climates that have smaller ranges of temperature compared to those of inland 

areas 
C. The ability of large fresh water bodies to stay in liquid phase when air temperatures 

drop below 0 °C 
D. All of these are true 
E. None of the above are true 

Key Term Challenge  
Fill in the blanks from the list of randomly ordered words in the Key Term Challenge Answers section. 

1. How quickly the temperature of a substance heats up or cools down when a quantity of heat 

is added or lost is determined by its Answer provided here Specific heat is defined as the 

amount of Answer provided here needed to raise the temperature of 1 gram of a substance 1 

degree celsius. Specific heat is expressed in units of Answer provided here per gram degree 

celsius (J/(g·°C)). Specific heat of a substance depends on the molecular structure and Answer 
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provided here of the substance. Compared to other substances, liquid water has an unusually 

Answer provided here specific heat of 4.184 J/(g·°C).  

2. Earth’s different surfaces absorb different amounts of solar radiation. The longer a surface 

on Answer provided here stays warm, the more effective it is at heating the air above it. During 

the day, the Answer provided here heats more quickly to higher temperatures than Answer 

provided here. During the night, the land Answer provided here more quickly to Answer 

provided here temperatures than water. These differences affect global weather and climate. 

Large bodies of water hold heat and Answer provided here the climate above and near these 

bodies of water. Conversely, large land areas heat up quickly and cool off quickly causing 

Answer provided here temperature difference between the high and low temperatures in the 

region.  

Extended Inquiry Suggestions 

Have students conduct an Internet search to find the specific heat of various substances. Find 
the specific heat of common building materials. Challenge the students to relate these specific 
heats with the phenomenon of "heat islands" found in cities.  

Determine the effect of humidity on air temperature. Compare the heat index in different cities 
such as Atlanta, Georgia and Phoenix, Arizona.  

 


