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Activity 4: Newton’s Law of Cooling

Equipment Quantity
Xplorer GLX 1
Fast-response Temperature Probes 2
Styrofoam Cups 2
Test Tube 1
Tape 10cm
Sand 100 g
Hot Water (50 to 70 °C) 500 mL
Background

Newton’s Law of Cooling states that the rate of temperature change
of a body is proportional to its relative temperature, r, or the body’s
temperature minus the temperature of the surroundings. Mathemat-
ically, Newton’s Law of Cooling can be written:

de = —kr

(eq. 1) i

where d77/dz is the rate of temperature change and k is a constant
greater than 0.

Another way to write Newton’s Law of Cooling is L

(eq. 2) r=rge

where r is the relative temperature at time ¢, and r is the relative
temperature at t = 0. A graph of Equation 2 is shown to the right.

relative temperature

In this experiment, you will record and graph the temperature of a

hot object (a test tube full of sand) as it cools. You will then com- time
pare the experimental data with the theoretical graph.

Before You Begin
Start a new experiment on the GLX.

1. Press to go to the Home Screen.
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2. Use the arrow keys to highlight the Data Files icon and press
@ to open the Data Files screen.
3. Press to open the Files menu and press to select New
File.
4. When the GLX asks if you would like to save the previous file,
press @ to save or @ not to save.
Procedure

Equipment Set-Up

Place the end of a fast-response temperature probe in the test
tube, then fill the test tube about one-third full of sand, as pic-
tured to the right. The probe should be embedded in the sand.
Use tape to secure the probe.

Partially fill a cup with hot water (50 to 70 °C) and immerse
the sand-filled portion of the test tube. Let the sand warm up
for a few minutes while you set up the GLX.

Tape a second temperature probe to the inside wall of an empty
cup. (This probe will be used to measure the temperature of the
surrounding air.)

GLX Set-Up

1.

Connect the first temperature probe to the GLX.

a) Connect the temperature probe that is in the test tube to
Temperature Port 1 on the left side of the GLX.

b) If there are other sensors connected to the GLX, remove
them.

Set the sampling rate to 30 seconds between samples.

a) Press to go to the Home Screen.

b) Press to open the Sensors screen.

¢) Use the up and down arrow keys to highlight Sample Rate
Unit. Press @ , then press @ to select “seconds.”

d) Press the down arrow key to highlight Sample Rate. Press

@ or @ to set the time between samples to 30 seconds.

<— to the GLX
tape

temperature
probe

<+— water

sand

Immerse the sand-filled portion
of the test tube in hot water

10:35:57 Ah 014144035 ¥plorerGLY {p@ B o
Temperature Sensor
Sample Rate Unit |sec0nds '|

Sample Rate

FeducesSmooth Averaging  |[Off |

Termpersture Iiisible

o Mode '| Properties |Micrnphnne '|Sensors ~l

Set the sampling rate to 30 s between samples
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3. Rename the measurement.

a)

b)

c)

d)

In the Sensors screen, use the arrow keys to highlight the
measurement named “Temperature”

10:37:55 Ahd 01714405 HplorerGLY O w]-
Termperature Sensar

Sample Rate Unit seconds N
Sample Rate 30 7
Reduce/Smooth Averaging | Off N
Temperature Wisible a
= Mode '| Froperties |Micr0phnne '|Sensors a

k2D

Press (F2) to open the Data Properties box.

Use the up and down arrow keys to highlight Measure-
ment Name and press @ to make it editable.

Type “object temp” and press O

Press CFD) to accept the changes and return to the Sensors

screen.

Mumeric Style |Fi}{ed Decirmals '|

Mumber Of Digjts 1

EE for Exponent <= -3

EE for Exponent == +5

Zero |Walue| < 3.0E-4
Ok | Cancel |

D

4. Connect the second sensor to the GLX.

Connect the temperature probe that will measure the air
temperature to Temperature Port 2 of the GLX. You will
see the new icon appear in the upper part of the Sensors
screen with a box around it.

Guide
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*To enter text, use multipress text entry (see
page 103) or an attached USB keyboard (see

page 103).
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Icon for second
temperature probe
T0:33:47 At 0114405 HploreriGLx

i1

Temperature Sensor?

A el 2

Sample Rate Linit

Sample Rate

FeducesSmooth Averaging |Off '|
Temperature2 |\f’isible '|
& Mode '| Froperties |Micr0phnne '|Sensors b

5. Set the sample rate of the second sensor and rename the
measurement.

a) Repeat step 2 to set the sampling rate of the second sensor
to 30 seconds between samples.

bl

b) Repeat step 3 to set the Measurement Name to “air temp.’
6. Set up the Graph display to plot Object Temperature and

Air Temperature versus Time.

a) Press to return to the Home Screen.

b) Press CFD to open the Graph display. The display will be
automatically set up to graph object temp versus Time.

c) Press to open the Graphs menu, and press @ to
select Two Measurements mode. Air temp will be added to

the Graph.

Data Collection

1. Remove the test tube from the hot water and dry it thoroughly
with a paper towel.

2. Place the test tube in the empty cup so that the sand is several
centimeters away from the air temperature probe.

3. Press () to start data collection.
4. Press CFD to automatically scale the Graph.

5. After the sand has cooled to about 30 °C, press (®) to stop
data collection.

Cooling

103947 Abd 01414705 ¥plorerGlX MDD
Mo Data (0.00oa, 0,01 Mo Data
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Tirne (51

Auto Scale |Scalex’r\t1mre |Tunls '|I£I Graphs  ~©

Graph prepared to display object temp and air
temp vs. Time

<« to the
GLX

temperature
probe 2

Place the test tube in the empty cup so that the
sand is several centimeters away from the air
temperature probe
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Analysis

Observe the graph of Object Temperature versus time and Air Tem-
perature versus Time. If the experiment were allowed to run indefi-
nitely, what would the relationship between object and air
temperature eventually be?

1. Create a calculation for relative temperature. 50 0 i
r = [object temp (°CY]-[air temp (*C)]

a) Press to return to the Home Screen; press CrD to
open the Calculator.

b) If you see the Num Lock symbol & in the lower right cor-
ner of the screen, press to open the Edit menu, then
press to turn Num Lock off.

bject ternp

. B airt
c) Enter: [ Enter| @.-T—Ii:nzmp ian RAD
Functions Graph |Ec|it N
r = [object temp (°C)] - [air temp (°CQ)] V) @

. 2 Open the [Data] menu and select the desired
Use multipress text entry to type “r”. data to insert into the calculation

To insert [object temp (°C)] and [air temp (°C)] press
@ to open the [Data] menu, select the desired data
from the menu, and select units of °C.

d) Remember to press @ to complete the calculation.

2. Make a new graph of r versus ¢. 11:19:20 AW 01/14/05  XplorerGLY {33 O o
= (0,00, 36,00 Run #1
a) Press to return to the Home Screen; press @ to
=
open the Graph. o
=l
b) Press to open the Graphs menu; press to select o [? —
= abject termp
New Graph Page. @
¢) Press (V) twice to open the data source menu. Select r @  Data Properties..
from the menu. 0 200 400 600 800 1000 1200 1400600
Time m
Auto Scale | Scaledhdove |Touls '|Gra|3hs a

3. Does the graph of Relative Temperature versus Time
appear to agree with Equation 2?
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4. What is the initial relative temperature at Time = 0? Press the up arrow to
move the Data Cursor

To find the initial relative temperature, press the up arrow to the first data point.

key to move the Data Cursor to the first data point. 11:20:24 AM 01/14/05  XplarerGlX @t O
=1 4 (0.00, 36.0) Run 71

Initial temperature, ry =

= Coordinates of
Data Cursor

L
=
In order to find the value of the constant k for this cooling curve, s
you can use another expression of Newton’s Law of Cooling, =
derived from Equation 2:
=
- 0 200 400 €00 800 1000 1200 1400
(eq. 3) In— = —kt Tirne (5]
"o AutoScale | Scale/Mave [Tools leraphs -
On a graph of In(r/ry) versus ¢, the slope will equal —k.
5. Create a calculation for In(r/r() 11:21:27 AM 01/14/05  ¥plorerGLd (Ve Ee
r = [object tamp (*C)]-[air termp (*C)]
a) Press to return to the Home Screen; press (F2) to In({r/rl) <—— Enter this calculation
open the Calculator. M=  <——Calculator will prompt you for value
b) On a blank line, enter:
In(r/r0) (D
¢) To insert the In() function, press @ to open the Func- ~ Calculation is O (as a model & RAD
tions menu, use the arrow keys to highlight In(), and press Functions | [Data) | Graph [edit i
| sing || cosg) || tang || A |
arcsing arccos arctani i
~2 wzo |HNTONN  o©
| oo || or | e [ 0]
Functions [Datal | Graph  [Edit -
d) The Calculator will prompt you on the next line to enter
the value of r,. Type the initial relative temperature and
press (V).
6. Make a graph of In(r/r() versus ¢. 11:22:39 AM 0114705 XplorerGlx MBI
= (0,0000, 61,37) Run #1
a) Press to return to the Home Screen; press @ to
open the Graph display. £l o
=2 E object termp v
b) Press to open the Graphs menu; press to select E @ Ik air temp
New Graph Page. ey

L)

. L & Properties..
c) Press @ twice to highlight the data source menu. From = ok

the menu select In(r/r0). 0 500 1000 1500
Time m

Auto Scale |Scalefrv1mre |Tunls '|Gra|3hs N
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7. Apply a linear fit and find the value of k.

a)

b)

k=

Press @ to open the Tools menu; press @ to select
Linear Fit.

Press the down arrow key to make the dashed box sur-
round the entire data set.

The slope of the best-fit line equals k.

(include units)

Now that you have experimental values for the constants ry and &,

you can substitute them into Equation 2 and compare that model to
the collected data.

8. Enter Equation 2 into the Calculator using your experi-

mental values of r( and k.

a)

b)

c)

d)

€)

Press to return to the Home Screen; press CF to
open the Calculator.

On a blank line, enter:
r model = r0 * e~ (-k*t) (V)

To insert the function e, press CF to open the Functions
menu, use the arrow keys to highlight e, and press ().

o parentheses

| sind || cosd || tapio || |

| arcsing || arccosy || arct@no || |

| ~2 [ w0 || g || o |
[Data] Graph  |dit ~

Also open the Functions menu to select and insert the pair
of parentheses.

The Calculator will prompt you to enter the values of k
and ¢. (It does not prompt you for r, because you entered
that constant in step 5.)

Enter the value of k that you found in step 7 and press

@.

Time is the variable that will be plotted on the horizontal
axis, so do not enter a value for .

Press &2 to make the dashed
. box surround the entire data set

»

< "
'
'

T1:2356 AM 01/14/05  ¥plorerGlx B0

(1470, -2.84) Run #1

Inge/ro) O

0 200 400 es00 800 1000 1200 1400
Time (s

Slope=-1.90E-3+0.00 /5 ¥ Int.=-0.0837+0.00
r=1.00 MSE=0.00 + hSE=0.00

Auto Scale | Scalestdove [ Tools '|Gra|3hs N
11:24:54 Al 0114705 XplorerGLX b=
r = [object tamp (*C)]-[air termp (*C)]

[Faldfai ol

M =36

r model = ri*e™-k*t) <—— Enter this calculation

k= <— Enter experimental value for k

t= <— Do not enter a value for t

~ Calculation is Ok, (as a model) s L
Functions | [Dats] | oGraph  [Edit h
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9. Compare collected relative temperature data with the mod-
eled data.

a) Press to return to the Home Screen; press @ to
open the Graph display.

b) Press to open the Graphs menu; press to select
New Graph Page.

¢) Press (V) twice to highlight the data source menu. From
the menu, select r (the collected data).

d) Press to open the Graphs menu; press to select
Two Measurements mode.

e) Press (¥) to turn on the highlight, then press the left
arrow key repeatedly until the second data source (on the
right side of the Graph) is highlighted.

11:27:32 Akd 01514405 ¥ploreriGLx ﬁ}@ﬁcﬁn
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o i
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=t (=
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— o
=
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]

Auto Scale |Scalefh.-1mre |Tunls

“|=l Graphs -

f) Press ) to open the data source menu and select r

model.
11,2754 AM 0171405 ¥plorercly, @& B
F [run# (0,00, 36.0) Run #1
-
L o

= LlE
= 11 [k abject termp =
= 2 [ air temp 2
ErfEr ol

= & Gl /v =

2} DataProperties..,
Toa0 1500

Auto Scale |3EalE.-"MDUE |T00ls

0 S00
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-]l Graphs

10. Does the modeled equation agree with the collected data? If
it deviates, can you explain why?

112619 AM 01/14/05  XplarerGlX MBI db
(0.0000, 61.37) Run #1
=
oo
= object termp
| air temp
[ Incrsr
& EEr model T ——
(€} Data Properties...
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