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Meteorology 101 Laboratory - Cloud Physics,  Super-cooling Water 

 

Objectives: Students will: 1) create a simple refrigerator for below freezing 

studies; 2) be able to explain the meaning of supercooled water; 3)  acquire data 

with Logger Pro Software and Lab pro interface 4) describe the release of latent 

heat during the freezing process and the absorption of latent heat during the 

melting process. 

 

Equipment:  Lab Pro/logger pro software with one temperature probe, lab stand for 

test-tube clamps (see figure1), 2-test-tube clamps, a 400 to 600 ml beaker, a 20 to 

25 ml test-tube, tap water, crushed ice, rock salt.  See figure on page 2 for set-up 

(beaker, ice, and rock salt are not show in this figure). 

 

Theory: 

Most clouds you see are made of tiny droplets of liquid water bathed in air with a 

relative humidity of 100%.  As water condenses, it releases heat which warms the 

air next to the droplet.  As water freezes it again releases heat.  Once ice forms in 

a cloud, water vapor will condense on the ice before it does on liquid drops 

releasing still more heat which can make the cloud grow vertically quite rapidly. 

Summer Thundershowers are a prime example of this rapid growth.  In this 

laboratory we will be investigating the super-cooling of a fairly large sample of 

water as it freezes and then trying to extend the results to smaller scale samples, 

droplets of water.  Check out this video on super-cooled water. 

 

Procedure: 

In overview, the procedure of the first part is to make a refrigerator to cool a 

sample of water, put the sample in the refrigerator, and then graph the temperature  

using the temperature probe and computer interface every second as the water 

cools and freezes.   To begin, you will need a refrigerator to cool a test tube of 

water. When you want to melt the ice on your sidewalk, you put salt on it. The salt 

gets wet and the ions mix with the surface of ice. This lowers the freezing 

temperature of the mixture. A cup full of shaved ice with a liberal mix of normal 

table salt makes a very good refrigerator for this experiment as the temperature of 

the mixture can be brought below 18 degrees Fahrenheit (-8 deg C).  

You can use this "refrigerator" to reduce the temperature of a sample of 

"pure" tap water and find the temperature at which the water freezes. Fill an 

insulated cup about three quarters full of finely broken ice. Then add about five 

teaspoons of salt. Then add a little water until you get a slushy mixture, then stir.   

 

http://www.youtube.com/watch?v=DpiUZI_3o8s
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The thermometer that we will use is connected to the Verneir Lab Pro interface and 

uses Logger Pro software.  If everything is plugged in correctly then starting the 

Logger software should automatically get your graph set-up correctly.  Under the 

Experiments Menu select Data Collection and the Length of 1800 sec (30 min) 

and the sample rate to 60 samples per minute (1 second between samples).  Double 

check this setting before your start your run. 

Use the thermometer to find the temperature of the ice-salt-water mixture. 

Stir (with the stirrer) to obtain a temperature of the mix about 18 degrees F (-8 deg 

C).  Once your refrigerator is cold enough clean the temperature probe off very 

well for later use. 

 
Put about 2 centimeters of tap water in a test tube. Rinse the thermometer and put the 

thermometer in the water inside the test tube. Adjust the position of the thermometer so that its 

tip does not touch the glass of the test tube.  There are some clamps provided that will allow you 

to adjust the thermometer’s position.  You want the tip to be close (1/2 inch) to the bottom of the 

test tube but not touching (see image below).  Double check the Data Collection setting before 

your start your run.  Click on the Green collect button at the top right of the Logger Pro window 

to start graphing. Wait about 60 seconds and then put the test tube with thermometer well into 

the ice salt mixture so you can read the temperature without moving anything.  The best way to 

do this is to pick up the whole lab stand to set the test tube into the ice-salt-water bath.  The 

height of everything should be adjusted ahead of time so that the test tube is nicely submerged in 

the ice-salt-water bath.  Keep stirring the salt ice-water refrigerator slush. 

 

 

Clamps to position thermometer 

and test tube.  Keep the tip of the 

thermometer close to the bottom 

of the test tube but not touching. 

 

The whole standing can be lifted 

to lower the test tube into the cold 

salty ice-water bath. 
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If after 12 minute the water has not frozen check with your instructor.  

 

Sketch your graph of Temperature vs time on the axes below  and use it to answer 

the questions below.  

 

 
 

Question 1 Did your water ever become super cool?  (that is cooler than 0oC but 

not frozen)                    For what time interval was the water supercool? 

 

 

 

Question 2 – When did the test-tube water begin to freeze?  Circle the start of 

freezing event on your graph. 

 

 

 

 

Question 3 – How did the test-tube water temperature change when it strated to 

freeze?  Increase rapidly;  Increase slowly;  no change; decrease slowly; or 

decrease rapidly. 
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Question 4-  When did all the test-tube water finish freezing? 

 

Question 5 -  After all water in the test tube froze what happened to the 

temperature of the now solid ice in the test tube? 

 
Question 6 - What caused the temperature change when the water froze? 

a)  Absorption of latent heat energy by the water molecules associated with liquid to solid 

phase change of water by the water molecules. 

b) Absorption of  latent heat energy by the water molecules associated with liquid to vapor 

phase change of the water molecules. 

c) Release of latent heat energy by the water molecules associated with liquid to solid phase 

change of water by the water molecules. 

d) Release of  latent heat energy by the water molecules associated with liquid to vapor 

phase change of the water molecules.  

 

Question 7 - Describe the temperature graph after the freezing event.  That is did it 

a) continue to go up 

b)  go back down right away 

c) go flat for a while then up 

d) go flat for a while and then down 

 

Question 8 – The test tube was submerged in a -8.0 oC ice/salt/water bath.  Why 

didn’t the temperature of the test tube water drop while the water froze? 

a)  Absorption of latent heat energy by the water molecules associated with 

liquid to solid phase change of water by the water molecules. 

b) Absorption of  latent heat energy by the water molecules associated with 

liquid to vapor phase change of the water molecules. 

c) Release of latent heat energy by the water molecules associated with liquid 

to solid phase change of water by the water molecules. 

d) Release of  latent heat energy by the water molecules associated with liquid 

to vapor phase change of the water molecules.  

 

 

Q9- When water freezes heat is (select best answer): 

a.  Given to the water molecules 

b.  Removed from the water molecules 

 

Q10- When water freezes heat is (select best answer): 

c.  Given off to the surrounding environment (thermometer). 
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d.  Removed from the surrounding environment (thermometer). 
 

 

 

Q11- When water melts heat is (select best answer): 

a.  Given to the water molecules 

b.  Removed from the water molecules 

 

Q12- When water melts heat is (select best answer): 

c.  Given off to the surrounding environment 

d.  Removed from the surrounding environment. 

 

Cloud Physics - Part 2 

 

Put some room temperature water in a small cup. Get the water from a container 

that has been sitting in the room for at least 1 hour.  It may not be exactly at room 

temperature but should be fairly close. 

 

Measure the room air temperature _________________oC 

 

Measure the water temperature      _________________oC 

 

 

Prediction:  When you lift the thermometer out of the water what do you expect to 

happen to the temperature reading of the thermometer? 

 

 

 

 

 

 

 

 

 

Test you Prediction – Using the logger pro software set the software for a 10 

minute data collection. Under the Experiments Menu select Data Collection and 

the Length of 600 sec (10 min) and the sample rate to 60 samples per minute (1 

second between samples).  With the thermometer still in the water click the green 

collection button, wait 20 seconds, and then lift the thermometer out of the water.  
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Gently tap the thermometer on the side of your water cup to remove any big drops 

and then set the thermometer on top of the cup as show below.  Use a tissue to 

gently absorb any large drop still remaining on the thermometer’s bottom edge; do 

this once more after about 200 seconds. Sketch your observations on the graph 

below. 

 

 
 

 

Explain your obesrvations. 
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What caused the temperature of the wet thermometer to drop when it was removed 

from the water? 

 

How cool did the thermometer get? ______________________ 

Why did the thermometer warm back up? 

 

Evaporation is a  

a) Cooling process 

b) Warming process. 

 

Part 3. 

After viewing the demonstration at the beginning of lab, what are the three key things 

needed for a cloud to form?  (this demonstration is that of a cloud forming in a 2-liter pop 

bottle). 

 

1.  

 

 

2.  

 

 

3. 

 

 

 

Part 1 of this lab is Based on Lab Idea by  Henry W. Robinson,  Montgomery College, Germantown, MD and parts 

2 and 3 are from R. MacKay Clark College Meteorology. 


