Temperature

Temperature





             Crushed vs. Solid ICE: Which Is The Coolest?

Temperature





             Crushed vs. Solid ICE: Which Is The Coolest?


Crushed vs. Solid ICE:
Which Is The Coolest?
	Science Concepts

· Develop abilities necessary to do scientific inquiry

· Develop understandings about scientific inquiry

· Understanding properties and changes of properties in matter

· Understanding transfer of energy

· Develop abilities of technological design

· Understanding the structure of the earth system 

· Understanding populations, resources, and environments

· Understanding science and technology in society 

· Understand science as a human endeavor

· Understanding of the nature of science

· Systems, order, and organization

· Evidence, models, and explanation

· Constancy, change, and measurement

· Evolution and equilibrium 

· Form and function

Materials

· CBL2™ Unit with unit-to-unit cable and Two TI-Temperature Probes

· ICE Cubes, and a way to crush them

· Scale to mass the ice, max. 100 g

· Two containers, approx. 250 ml

· A collection of water at room temperature

· TI-73 Explorer with DATAMATE App

· TI Connect and Graph Link cable
	Overview

This investigation is designed to explore the cooling abilities of ice in the form of a large solid, as compared to an equal quantity of ice in a crushed state. Will one form of the ice cool a liquid faster than the other? How might the knowledge of this relationship be useful as a citizen of the world, or for someone who wanted something cold to drink? Using the TI Temperature probes, and the CBL2 we will quantify the rate of cooling for these two forms of ice.


[image: image1.png]k..
L~CER
tatlate
iMathHand
fProb Sim
#StuduCrd

o e





[image: image2.png]SPaces Free: @
~<CBR

CEL LI 1
DataMate 3
Mat.hHand 1
Prob Sim %

StuddCrd




[image: image3.png][
R
CH Z: TEHF(CH 24.86

HODE: TIHE GREAFH-1B0






[image: image4.png]Dispay |
CHECKING SENEORS




[image: image5.png][issiy ]
CH 1:2TAINLESZ TEMFCCY |
CH Z:STAINLEZ: TENF(CY
CH =:

DIG :
k HODE: TIHE GREAFH-1B0




[image: image6.png]SELECT HODE

:RETURN TO ZETUF ZCREEN




[image: image7.png]TIHE GRAFH ZETTINGS
TINE INTERYAL: 1

NUHEEFR OF *ANFLEZ: 180

EXFERIMENT LENGTH: 180

ZADVANCED
HHI'IEE TIHE SETTINGE:






[image: image8.png]LML

F HUMEE
AMPLES: &8

TIME
EEH SHMPLES
OMDS: 2

|
(]




[image: image9.png]TIHE GRAFH ZETTINGS
TINE INTERYAL: Z

NUHEER OF ZANFLES: &0

EXFERIMENT LENGTH: 120

ZADVANCED
HHI'IEE TIHE SETTINGE:




[image: image10.png]iy .
B CH 1:ETAINLESE TENFOCY |
CH Z:STAINLEZ: TENF(CY

CH =:
DIG :
HODE: TIHE GRAFH-120




[image: image11.png]zz.0s |
CH Z:TENFICY 2205

HODE: TIHE GRAFH-120




[image: image12.png]


[image: image13.png]iy .
TEHFiC) Fi

THELS)
1844y “—




[image: image14.png]EXFERINENT HENL

*ZAVE EXFERIHENT

OAD EXFERINENT

ELETE EXFERINENT
ELETEALL EXFERINENTS
*RETURN TO ZETUF ZCREEN




[image: image15.png]ICE1

Enter Hame

ARECDEFGHTIUJ
ELHENOFAEREZET




[image: image16.png][
I}
—
=
(I}




[image: image17.png]


[image: image18.png]Dispay |
OrS MRTH CHLE




[image: image19.png]


[image: image20.png]


[image: image21.png]r:n:={a,2,4,s;8,...



[image: image22.png]GRAFH EXFLORER SOFTHARE
160

FROD #: 0E-0-11-3C

I0: 0E0F2-7OBZA-0B7F

Hete: cducation.ti




[image: image23.png]YERNIEF ZO0F THARE

DATHNATE
CVER1.15

FOH:1.1% L0 2003




[image: image24.png]I x|
FlotZ off
TaFe: L i% u.u'uj]

i dh i
Hlisti ERUSH
Fre=:




[image: image25.png]




[image: image26.png]MEMORY

Ziuadrant 1
Zosuare
Zotandard
Bl Foomstat.

Y
q4:
=Y
=




[image: image27.png]; EE‘HQ EE

fArea..
Ziholume..
4:Time..
?TENF"... .
tMass-Weidht..
riSpeed..




[image: image28.png]16,719




[image: image29.png]EEEIND




[image: image30.png]Dispiay |
1E7e0 deaLrdea

62.17142




[image: image31.png]=]




























Introduction


If you want to cool off a liquid, or a can, you could place it in the same vicinity as a cooler material, such as ice. The question we have in this investigation is about the cooling capacity of Crushed ice vs. Solid ice. If all things were held equal (the variables), would one form of ice cool faster than the other?


Think about the variables that would need to be kept constant in an experiment to test a theory about the cooling ability of an ice form. List your thoughts in the in the Data Recording part of this document.


Share your thoughts with your partner and then the class. Refine your thoughts about the situation based on this discussion. 


If we start with some water at room temperature, we could add some ice and use the temperature probe with the CBL2 to collect the temperature of the ice-water mixture over time. The data collected could help us determine which form of ice cools faster, or that there is no difference. Predict what you would expect would happen if we simultaneously cooled two containers of room temperature water with crushed ice in one container, and the same amount of solid ice in the other. Report this in the Data Recording part of this document.


Let’s test the ability of the two forms of ice to cool a set amount of water. In this version of the experiment we will set up the CBL2 to collect the temperature of two containers over a period of time. We will start with the water in the containers at room temperature and then introduce an equal mass of ice into the two containers, collecting temperature data as we stir. In one container we will have Crushed ice, and in the other Solid cubes of ice.


Set Up


Collect two containers with an equal amount of room temperature water in them. We suggest about 200 ml of water in 250 ml beakers. Label one container as Crushed Ice and the other as Solid Ice. You will need a CBL2 with two temperature probes and your handheld with link cable. You will use some ice for each container, but you will need to get this just before the experiment starts to reduce the amount of early melting.


Make sure you have the DATAMATE App in the handheld. Press ( and move down to see if it is there (Figure 1). If it is not found load it from the CBL2, or get it from another TI-73.


Place the TI-73 Explorer in the CBL2 nest and connect them with the unit-to-unit link. Plug in the temperature probe for the Crushed Ice in Channel 1, and the probe for the Solid Ice in Channel 2. You may need to label the probes on the ends to help remember. Place these in the containers with the water, one in the Crushed Ice container, and the other in the Solid Ice container. If you move around much, you could knock over the containers, so place one team member in charge of monitoring these probes. This will allow the temperature probes to become the temperature of the two containers of water. Avoid any differences between the containers, light, wind, etc. Make sure both have the same “treatment.” Sketch the set up of the experiment in Data Recording part of this document.


Run the DATAMATE App by pressing (, highlight DATAMATE, and press ( or just press the number in front of the App (Figure 1). 


Notice the splash screen. This should be the most current version of the App and the OS for the CBL2 (Figure 2). Since the TI Temperature probes are AutoID, the software will recognize them and automatically set up the program to collect data (Figure 3). If this does not happen, just press ( and the CBL2 will check for probes (Figure 4). Note: Once you set up the experiment, don’t reset it, since we will not be using the default mode.


Since the ice should cool the water faster than the default time (3 minutes), we will adjust the Time Graph mode of the experiment. To do this, press ( to select the 1:SETUP option from the Main screen. Then from the Setup screen move the cursor up so that it points at the MODE line (Figure 5). Press ( to go to the SELECT MODE screen (Figure 6). Select option 2:TIME GRAPH from this screen by pressing (. This sends you to the TIME GRAPH SETTINGS screen (Figure 7). Press ( to select the 2:CHANGE TIME SETTINGS option.


In this situation, we would like to look at the temperature for two minutes. We have selected 60 readings, taken every 2 seconds. If this does not work in your environment, just change it as we have here, but take the first try with this setting. Key in the values and press ( through Figure 8. When you get to Figure 9, you are set. If you make a mistake, just press ( and repeat. If you are happy, press ( to select the 1:OK option.


Return to the Main by pressing ( to select the 1:OK option from the Setup screen (Figure 10). You are now set to do the experiment. The readings from the two temperature probes should be close to the same value (Figure 11). If they are significantly different, then adjust the water. The probe reads from the tip; so as you do the experiment, keep the tip of the probe away from the bottom or edge of the container, as well as from chunks of ice.


Procedure


We will use equal amounts (by mass) of ice in each container and use the probes to stir the water as we conduct the experiment. Collect the Crushed and Solid ice and prepare to dump them into their assigned containers as you start the experiment. The CBL2 will flash and beep as it starts, so use that as the cue to introduce the ice and start stirring. Make sure you stir with the same enthusiasm in both containers, and keep the tip of the probe away from the container walls. Press ( to select the 2:START option from the Main screen when your team is ready (Figure 11).


The temperatures will flash up the screen of the handheld every 2 seconds during the experiment. Around the 15, 30, 60, and 90 second marks record the two temperatures. The top value will be from the probe in Channel 1, which should be the Crushed Ice (Figure 12). Find the absolute difference between the two values, and note which container is cooler in the Data Recording part of this document.


When the experiment is over the window settings will be adjusted to better reflect the range of temperatures during the experiment. Trace over the data from one probe, with P1 being the data from Channel 1, the Crushed Ice (Figure 13). Press ( or ( to move over time, the X-value to get the temperature in degrees Celsius, the Y-value. Press ( or ( to switch to the data from the other probe, the Solid Ice. Collect the temperature values at the start, middle, and end of the experiment and record them in the Data Recording part of this document. Again calculate the absolute difference and indicate which probe is the coolest!


Press ( to get past the Graph screen when you are finished examining the data. This will return you to the Main screen (Figure 11). Record your impressions on the cooling ability of Crushed vs. Solid Ice in the Data Recording part of this document. Discuss how your thoughts from before have been validated, or dashed.


We would like to protect this data, and the experimental setup before we go to more analysis. With the CBL2 and DATAMATE you may store the settings and data on the hard drive of the CBL2. To do this, press ( to select the 1:SETUP option from the Main screen and then press ( to select the 4:SAVE/LOAD option from the Setup screen (Figure 10).


Select option 1:SAVE EXPERIMENT from the EXPERIMENT MENU by pressing ( (Figure 14).


Move around the screen with the cursor keys, pressing ( to select the letters for the name of the experiment. Use the keyboard on the handheld to get numbers (Figure 15). Now you may return to this particular CBL2 and reload the data and settings by selecting the appropriate option from Figure 14. Press ( with the Done word highlighted to save the experiment. Press ( to return to the Setup screen and then ( to go to the Main screen.


When all the data has been collected, and you are finished with the CBL2, press ( to select option 6:QUIT from the Main screen. Note the location of the data that you collected (Figure 16). Press ( to get past this screen.


Analysis


To get a better feel for the pattern in the data, we want to look at a Box and Whiskers Plot of the results.  To place the two lists of interest into appropriately named list we will store these lists into newly named lists. Press ( ( ( to clean up the Home Screen (Figure 17).


Access the list for the Time (L1), Crushed Ice (L2), and Solid Ice (L3) from the List of List by pressing ( ( (Figure 18). Doing one list at a time, press ( and using the Text Editor (( () create the names for the new list. Press ( to copy the old lists into these new lists (Figure 19).


Press ( to access the List Editor. Move the cursor to the top of the first column, in the header. Press ( until you get tired. You should now have a blank place to enter your list names and data (Figure 20). Place the three lists in the header of the three columns. Press ( ( to access the list names from the List of Lists and don’t forget to press ( to load the list and ( to move to the next column (Figure 21).


We now need to set up the Box and Whiskers plots for each of the temperature lists. Press ( ( ( to set up the Crushed Ice data (Figure 22). Repeat the keystrokes but select ( to set up the third plot for the Solid Ice. 


Check the ( area to see that only the two plots that you want are ON and that there are no equations listed (Figure 23). Highlight Plot1 and press ( to turn it off.


Set up the Window so that the range of temperatures will appear on the graph by pressing ( and then ( to select the 7:ZoomStat option from the ZOOM Menu (Figure 24).


Press ( and use ( with your cursor keys to move over the plot. Use the ( ( keys to switch to the other plot. Collect the Minimum, Median, and Maximum values from these plots. Take your handheld to the computer with TI Connect and print this graph. Make a sketch of it the plot and record the values in the Data Recording part of this document. Reflect on what the plots shows about the cooling prowess of the Crushed Ice vs. the Solid Ice. How has your thinking changed during this experiment? Explain.�___________________________________________�___________________________________________�___________________________________________�___________________________________________�___________________________________________�___________________________________________


Since the temperatures are in degrees Celsius, we might want to convert them into Fahrenheit so that some antiquated people can better understand our results. We want to convert the Max, Min, and Median temperatures to degrees Fahrenheit by using the Convert Menu on our handheld. From the home screen, key in the temperature of interest (Figure 25). Press ( ( and select option 5:Temp… from the CONVERSIONS menu by pressing ( (Figure 26). Select option 1:degC from the TEMP menu by pressing ( and then select option 2:degF by pressing ( (Figure 27). Press ( to make the conversion (Figure 28). Adjust the Mode to show fewer decimals by pressing ( and highlighting the number of decimals as desired (Figure 29). Record the converted values data in the Data Recording part of this document.


Data Recording


List all the variables that you can think of in an experiment that would test the cooling ability of Crushed ice vs. Solid ice. Explain how you might control these in the experiment.�____________________________________________�____________________________________________�____________________________________________�____________________________________________�____________________________________________�____________________________________________


Predict what you think would happen to the water in each container as they are cooled as described? Which form of ice, if any, would cool faster and how would you know?�____________________________________________�____________________________________________�____________________________________________


Sketch the set up of the experiment in the space below. Show and label all parts, including the position of your team members. Label the Crushed and Solid ice items.


























�
�
Report four readings during the experiment in the table below. Note which container is cooler in each instance.


Time�(approx.)�
Crushed�ICE�
Solid�ICE�
Difference�
�
15 sec�
�
�
�
�
30 sec�
�
�
�
�
60 sec�
�
�
�
�
90 sec�
�
�
�
�
Report the indicated readings during the experiment in the table below. Note which container is cooler in each instance.


Time�(approx.)�
Crushed�ICE�
Solid�ICE�
Difference�
�
START�
�
�
�
�
MIDDLE�
�
�
�
�
END�
�
�
�
�
What are your thoughts now on the cooling difference between the Crushed and Solid ice now?�____________________________________________�____________________________________________�____________________________________________�____________________________________________


Record the values collected from the Box and Whiskers plots in the table below.


(C�
Crushed�
Solid�
�
Minimum�
�
�
�
Median�
�
�
�
Maximum�
�
�
�
Make a sketch of the Box and Whiskers plots in the space below. Make sure you label it.




















�
�
Record the converted values collected in the table below.


(F�
Crushed�
Solid�
�
Minimum�
�
�
�
Median�
�
�
�
Maximum�
�
�
�
Conclusion


Write a paragraph to explain the cooling effect of placing Crushed Ice in a liquid as compared to Solid Ice. Explain why you think that one cools faster than the other? Use the data from the experiment to support your claims. 


______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


How do you think this experiment is connected to Global Warming? What data from this experiment could you use to support an anti-global warming argument? 


_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


How could you improve this experiment and increase the cooling effect of the best ice?


_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________�


Going Further


Try the experiment with different liquids, like milk, or sweet tea. Treat the liquid with salt, or honey.


Do the experiment again but don’t stir the water as it cooled.


Research what happens to an iceberg as it floats in water, and how this is different from being part of the polar ice cap.


Explore how ice cream is made and what people do to melt ice on their sidewalks during the winter.


Do the experiment with a greater ratio of ice to water.


INSTRUCTOR NOTES


Experimental Set Up and Procedures


Look for the students to mention the initial temperature of the water, as well as equal amounts of ice to introduce as varibles. Also the containers should be the same, shape and make up. A metal container and a plastic one would/could produce different results.


Get the two forms of ice from the same source. It is suggested that you use about three solid ice cubes from a regular ice tray. Using a cloth and hammer you can crush about 5 solid cubes to form an equal amount of ice. Three solid cubes should have a mass around 77 grams. If you place 200 ml in a 250 ml beaker, that will just work. If you use more water or ice, you will need a larger container. Test for over flow, in any set up you chose.


If your room is warm, you may want to adjust the Time settings to last longer than 120 seconds. If you do increase, or decrease the total time, consider taking data at a different rate, 60 data points will be plenty.


If you want to set up the experiment before the students access the CBL2, just save it as an experiment and have the students start by loading it from the CBL2. The settings are stored on the hard drive of the individual CBL2, so you will need to do this for each unit. Also, if the student presses ( the settings convert to the default.


The Stainless Steel Temperature Sensor is an auto-ID general-purpose laboratory temperature sensor that comes with your CBL 2. The sensor is rugged and durable, and is designed to be used as you would use a thermometer for experiments in chemistry, physics, biology, earth science, and environmental science. This probe uses the NTC Thermistor. The thermistor is a variable resistor whose resistance decreases nonlinearly with increasing temperature.


Student Learning Goals and Objectives


Students will learn how to use the CBL2, TI Connect™, and TI-73 Explorer functions such as:


Using the Text Editor


Using the DATAMATE App


Using the List Editor


Setting up Plots


Tracing on plots


Setting the Window


Using the Convert Menu


Adjusting the Mode


Background Information and Content Preparation


Important math and science concepts covered in the activity.


Collecting data


Making Box and Whisker graphs


Recording data in a table


Interpreting data, drawing conclusions


Measurement of Temperature


Experimental Design


Technology Pitfalls


Some of the potential problems you should anticipate relating to CBL2, and/or TI-73 Explorer functionality and features that are:


Connecting the link correctly, both with the CBL2 and TI Connect.


The amount of free memory might be an issue when you try to load the DATAMATE App. This App takes 3 slots so check the handheld by pressing ( ( ( (Figure 30). Delete enough Apps to free up the required three spaces, or use TI Connect to save the Apps and then delete them from the handheld.


Keep the tip of the temperature probes off of surfaces. Stirring will help this, but if a reading is made while the probe tip is on a piece of ice the value will be lower than it should be.


Older versions of the TI-73 operating system are not compatible with the most current DATAMATE App. Make sure that the CBL2 has been Flashed with the newest versions of code, and use the “Check for Updates” part of TI Connect to Flash your handheld (Figure 31). See the TI website and look for the Latest Software link.
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