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Newton’s Law of Cooling

A container of hot water at temperatufeplaced in a room of lower temperatdig,nm, Will

result in an exchange of heat from the hot waténéaoom. The water will eventually cool to
the same temperature as the room. You observedhlsg process every time you wait for a hot
drink to cool. In this experiment you will examittee cooling of hot water, with the goal of
creating a model that describes the process. Yowlsa predict the time it takes for the hot
water to cool to room temperature.

Isaac Newton modeled the cooling process by asguthat the rate at which thermal energy
moved from one body to another is proportionalgdlmonstank) to the difference in temperature
between the two bodieEgi. In the case of a sample of water cooling in raemperature air

cooling rate= — KTgif

From this simple assumption he showed that the ¢eatpre change is exponential in time and
can be predicted by

Tair = Toe ™™
whereTy is the initial temperature differendéxponential changes are common in science.
Systems in which a rate of change is proportiomaihé changing quantity show exponential
behavior.

To complete this experiment in a short time, yoll wge a small quantity of hot water, at a
temperature about 30°C above room temperaturempygeature probe connected to a CBL and
calculator will record the water’s temperaturetaobls.

Temperature
Probe

Film canister

Figure 1

Objectives

« Use a Temperature Probe to record the cooling psogEhot water.
» Test Newton'’s law of cooling using your collectedter temperature data.
« Use Newton'’s law of cooling to predict the temperatof cooling water at any time.
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Materials
TI-82, 83, 86, 89, 92, or 92 Plus Vernier or TI Temperature Probe
CBL System 35-mm film canister with top
PHYSICSprogram loaded in calculator hot water

Procedure

1. Connect a Temperature Probe to ke input on the CBL. Use the black link cable to

connect the CBL unit to the calculator. Firmly m&s the cable ends.

2. Turn on the CBL unit and the calculator. StartRR&'SICSprogram and proceed to thiaiN
MENU.

3. Set up the calculator and CBL for the TempeeaRmobe.

+ SelectsET UP PROBESrom theMAIN MENU.

 SelectoNE as the number of probes.

« SelectTEMPERATURE(TI Temperature Probe or Vernier Direct-Conneanperature
Probe),VERN STD TEMP(Vernier Standard Temperature ProbeyBRrRN QIK TEMP (Vernier
Quick-Response Temperature Probe) fromsthieECT PROBEMENU.

- Confirm that the probe is attacheddie1, and pressenter ] to continue.

« (Skip if using Tl probe.) SelectsSE STOREDfrom theCALIBRATION menu.

4. Determine room temperature. To do this, hold tlederin the air with nothing touching the
probe tip.

+ SelectCOLLECT DATA from theMAIN MENU.

+ SelectMONITOR INPUTfrom theDATA COLLECTION menu.

- Observe the temperature reading on the calcuMtben it is stable, record the value in
your Data Table as the room temperature.

+ Press+) to leave the monitor mode.

5. Push the Temperature Probe through the hole inapeso that the end of the probe will be
submerged in the water when the cap is on theteani3o not let the end of the probe rest
against the bottom of the canister.

6. Obtain some water at about 55°C. You should betabjet water this hot from a hot water
faucet. If necessary, heat water to this tempegatur

7. Carefully fill the canister about three-fourthslfwith the hot water. Place the cap containing
the probe onto the canister and press until ik@édexl with a click.

8. Set up the calculator and CBL for data collection.

- SelectTIME GRAPH from theDATA COLLECTION menu.

- Enter “15” as the time between samples in seconds.

- Enter “80” as the number of samples.

+ Pressenter), and selectSE TIME SETUPto continue. If you want to change the sample
time or sample number, seleadDIFY SETUPInstead.

+ SelectNON-LIVE DISPL from theTIME GRAPHmMenNu.
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Wait about 10 seconds for the temperature probesach the temperature of the water.
Collect your cooling data:

» Pressenter | to begin data collection. Data will be collected 20 minutes.

« After the CBL show®ONE on its screen, the calculator will have turnedlfitsé. Turn it
back on and pressnter ).

+ SelectRETRIEVE DATAfrom theMAIN MENU, and preSSenter ).

+ Pressenter ] to see your graph. Sketch or print your graph.

« Pressenter ] and selecloO to return to themAIN MENU.

Data Table

Room Temperature (C)

Analysis

1.

Since the model for Newton’s law of cooling use difeerence between the sample
temperature and room temperature, you must sultiracbom temperature from the
measured temperature before comparing data to dlaelmro do this:

« SelectQuIT from theMAIN MENU.

+ TI-89/92/92 Plus only: Presss) to return to the home screen.

« Press L2 (=) (room temperature_sto») L2 ” where (room temperature) is the numerical
value you determined in Step 4 of the Procedures Jtep replaces the measured water
temperatures with the temperature above room teatyrer

+ Restart theeHYSICSprogram and proceed to tRIN MENU.

Fit the exponential function y = A% to your temperature differengs.time data.

+ SelectANALYZE from theMAIN MENU.

+ SelectCURVE FITfrom theANALYZE MENU.
SeleCctEXPONENTL1, L2 from theCURVE FITmenu.

Record the fit parameters A and B in your Data &abl

Press enter | to see a graph of your data with the fitted fumrcti

Newton’s law of cooling was given above as
- —kt
Taitr = To€

Since you subtracted room temperature from the nnedsvater temperatures your graph
shows the differencéy; directly. The calculator fits the function y = A& to your data.
The parametek then corresponds to the value oftBhter your value fok in the Data Table.
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Whent = 0, what is the value &**?

Whernt is very large, what is the value of temperaturéedsihce? What is the temperature of
the water at this time?

What could you do to your experimental appar#&budecrease the valueloh another run?
What quantity doek measure?

Use your equation to calculate the temperatfiez 800 seconds. Compare your calculated
value with the actual data value.

Use your equation to predict the time it tatkeswater to reach a temperature 1°C above
room temperature.

If the starting temperature difference is cubalf, does it take half as long to get to 1°C
above room temperature?

Extensions

1.

Take data for a longer period of time so that tlagewcools to nearly room temperature. This
may take more than 30 minutes. Does the exponaentdkl still fit the data?

A coffee drinker is faced with the following dilenamShe is not going to drink her hot coffee
with cream for ten minutes, but wants it to stél &s hot as possible. Is it better to
immediately add the room-temperature cream, stictiffee, and let it sit for ten minutes, or
is it better to let the coffee sit for ten minugeslthenadd and stir in the cream? Which
results in a higher temperature after ten minutés®your Temperature Probe to examine
this dilemma. Explain your results in terms of #ssumptions Newton made about cooling.

Use the Temperature Probe to experiment with caffigs made of different material. Does a
drink cool faster in a ceramic cup than in a Styaoh cup? What variables must you hold
constant in order to guarantee that the differemt¢lke data is due to the cup? What part of
the exponential equation is related to the cup?

The mathematical model for the cooling of a ligoah also be used to explain other
phenomena in nature. For example, radioactivityR@dcircuits behave in a similar fashion.
Find other phenomena that are modeled by expohé&mietions. If possible make a
measurement of the phenomenon in your physics lab.
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