CASIO EA-100 Lab Activities

Newton’s Law of Cooling

Chemistry
High
Exponential Regressions

Introduction:  Assoon as acup of hot coffee is poured, it beginsto cool. The cooling processis rapid at
first, then levels off. After along period of time, the temperature of the coffee eventually stabilizes at the
same temperature of the room. Temperature variations and the rate at which objects cool were summarized
by Isaac Newton. He stated that the rate at which awarm body cools is approximately proportional to the
difference between the temperature of the warm object and the temperature of its environment. State
mathematically....

DT=-k(T-C)
Dt

Where D T represents the objects temperature change for a very small interval of time, D t. T is the
temperature of the body at some instant, C is the temperature of the environment, and k is proportionality
constant. This equation can be solved using advanced techniquesto....

— —kt
T-C=(T-T)e
T, isthe body’s temperature when timeiis zero.

In this experiment, you will investigate temperature variations for a cooling object and attempt to verify
Newton’s Law of Cooling.

Objectives: Students will be ableto...

1. Collect data by following an experimental procedure.

2. Input datain a graphing calculator.

3. Compare results.

4. Draw conclusions.

5. Make predictions.

6. Discuss the relationships in thermodynamic systems.
Related Key Words: heat flow conduction radiation convection

cooling temperature kineticenergy  thermodynamics
Materials: CASIO CFX-9850G Color Graphing Calculator

EA-100 with temperature probe and data link cable
Large beaker (400, 600, or 800 mL)

Distilled water
Bunsen burner and ring stand or hotplate
Ice
Laboratory thermometer
Purpose: This experiment alows student to investigate the temperature variations of a cooling
object.
STEP1— Connect the EA-100 and the graphing calculator together with the data link

cable. Make sureto pressthe cable ends firmly.



STEP 2-- Connect the temperature probe to channel 1 (CH1) on the top edge of the EA-
100 data collector.
STEP3— Turn on the EA-100 unit and the calculator. The EA-100 is now ready to
receive commands from the calculator, or have parameters inputted manually.
If using calculator to set up the EA-100, go into the program and access the
TEMPROBE program. If setting the EA-100 manually, data is collected at a
rate of one data point every second for 100 data points, and absolute time
measurements.
Filename: TEMPROBE
Cls
{1,0} >List 6
Send(List 6)
{1,1,1} >List 6
Send(List 6).
{3,1,100,1} >Ligt 6-
Send(List 6) »
Receive(List 1)-
Receive(List 2)-
S-Gphl DrawOn,Scatter,List 1,List 2,1,Square,Green -
S-Gph2 DrawOff-
S-Gph3 DrawOff-
DrawStat-
Text 2,10,"TEMP"-
Text 55,100,"TIME"
(ENTER isthe [EXE] key represented by the dot at the end of each line below)
STEP4— Using the laboratory thermometer, record the room temperature.
STEP5— Fill a beaker with water. Bring the water to a boil and place the temperature
probe of the EA-100 in the water for severa seconds.
STEP6— Be sure the EA-100 is on, remove the probe and, if using the TEMPROBE
program, hit [EXE], the calculator will display “DONE” followed by “ — Disp —
“. Thisisto tell you to hit the [TRIGGER} key to begin the sampling process.
When the EA-100 indicator reads “DONE”, hit the [EXE] key on the calculator
to complete the program. When the program is complete, you will have a graph
of the data displayed on your screen.
Program List CLorne EMF
REALUOLT = 21at - Di=Fr -
FEIME :19B
LIGHTWOT i 479
LIGHT LIt
[EERFDITIHELLIDEL JOEL Al I - —_ TIME

If you are using the EA-100 without the program, hit the [TRIGGER] button.
After the data has been collected, run the “RECEIVE2” program. This program
will send the data from the EA-100 to your calculator.
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Feceiweilist 13

Feceiwvedlist Z2as
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STEP 7—

the STAT menu of the calculator.

In either method, with or without the program, you will now have data stored in
Newton's Law of Cooling states that the

guantity Y = T — C varies exponentially with time. To create this model
accurately, we must subtract the room temperature from the collected
temperature values. Accessthe STAT menu from the MAIN MENU.

STEP 8—

You will have data similar to that below. (Note: The data pictured below is

insignificant to the experiment you are performing.) Use the arrow keys to

highlight

List 3.

Now subtract the room temperature from the collected

temperature. List 1isthetimevalues, List 2 isthe collected temperatures. Press
the [OPTN] key to bring up a new soft menu. Press [F1] for LIST, then [F1]
again for List. The word List will appear at the bottom of the screen. Type 2,
then minus (-), then the room temperature (in this case 20.8). Finaly, press

[EXE] to
| Lizst u

complete the calculation.

|Lizt 1jList 2| WEEE|List u|

|Lizt 1|List 2[List 3] List u

1| 3= 2E-3 100
2| 1. 00217| 99. 4y
3| 2. 0021|97.718

1/3.26-3] oo/ ETRE
2| 1.0021| 99. yuy| 8. EUY
3| 2. 0021 81.118| 6. 818

Ul 3.0016| 96« 111 U| 3.001E6| 96« 111| 15.311
5| uy.opi|8u.04] 5| y.o01]9u.o31 13,291
List, 2-2A, 9,7
GRPHACHLC, (L=t [ DimFill [5=9 [eylLict LamlDim | Fill §5e9 [
STEP9— StatGraphl will set up to graph the collected temperatures versus time. From
the SET option under the GRPH [F1] soft menu option, set up Statgraph? as
indicated below.
|List I|List B[List 3| Lisk u| |Lizt 1|List 2[List 3] List u
i[3.2e-3] oo 3 i[3.26-3]  1oo/EERE ErapE i:-Pe =gca!!er
2| 1.0027| 99. Yuy| 8. GYY 2| 1.0027| 99. uyy| 8. 5uY “List tListd
3| 2.0021| 91.1118| 116. 9118 3| 2. 0021 97. 18| 16« 9718 VList List3
Ul 3.0016| 96« 11| 15.311 U| 3.0016| 96a 11 1{ 15311 Frequenc: il
§| U.oO1|5Y.091] 13.281 5| U.O001]3uU.091| 13.291 Mark Tzre io
9,2 _ 9. 20| Grarh Color (Blue
[GFAL [GFHZ [GFH3 GRPHACALC) [ | [GFHL [GFRE [GFH3
Step 10 -- Perform an exponential regression on the adjusted data by graphing StatGraph2.

Press [F6] for more options followed by [F2] for Exp. Y our calculator will display the equation with the
calculated variables. Select [F5] if you wish to copy the equation to the GRAPH menu of the calculator, or
select [F6] to draw the regression curve.

Questions and Problems:
Level 1: Answer the following questionsin complete, well-structured sentences.

Explain how the results might be different if the room was hotter or colder than the value you have.

What is the value of your correlation coefficient? What does this tell you about your data and the

Lo3 |Ex|=~ |F'l.-.lr |EI.IF|F; | [

ExFRea
a=T71.2436379
=-A.81355672
r=-H.9914719
»=g=="bhx
COFY [DRAL

Predict how your curve might be different if you started the data collection at some other temperature

What did you do with the probe as you let it cool? How might the results be effected if the probe is set

down on the counter top? Held in you hand? Left near the hotplate?

1
2.

regression model you chose?
3.

other than 100 degrees Celsius.
4.
5.

Explain the results.

Do the experiment again, but this time start with the probe in an ice bath and alow it warm up.



