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1. Calorimetry

1.1 Beginning-of-Lab Tasks

=) Survey your lab station.

Your lab station should resemble the setup shown in Figure 1. 1. 1f not, please inform your
ab instructor so they can report it to the instructor of the previous lab session. Then, take

a moment to rearrange the equipment until your station Is oroperly set up for this lab.

=] Open LoggerPro.

From the computer's desktop, open the Course Resources folder. Navigate to the
following directory:

Course Resources > PHYS 2216 > Lab 1 - Heat and Internal Energy

Open the Lab 1a.cmbl experiment file.

(==} Periodically save your data.

You should periodically save your LoggerbPro data to avoid losing it if the program crashes.
o save your data, select File in the top menu bar and then select Save As. Save your
experiment (i.e., LoggerPro file) to the Downloads folder.

FIGURE 1 1 Anannotated list of equipment you will use in this lab.

mmssn O i Seenln G TEEE - TNEM 1. Aluminum cylinder with
e SN ey Ty rubber stopper
Brass cylinder
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10. Stirrer
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1. Calorimetry

1.1 Beginning-of-Lab Tasks

Survey your lab station
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1.2. Activity: Measuring the Specific Heat of Brass

In this activity, you will determine the specific heat of brass by placing hot brass into room-
temperature water and Mmeasuring the temperature changes in both the brass and water.

.-\.

Procedure 1.2.1.

=] Assemble equipment.

1. Retrieve D]l water.

- Py

1. Take both measuring cups to either the back counter (by the windows) or the center
table.

2. Fillone measuring cup with approximately 80 ml of DI water from the dispensing
container or the sink’s white spigot labeled “PW” at the back counter.

-1l the other measuring cup with approximately 450 ml of DI water.
4. Return to your station.
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ACGQA DI water to the styrofoam container.

am container on the scale and tare it.

nerandadd ~80 ml of water.

ainer backon the scale. Measure the mass of the water and record it in
ed below. ., ber to include units.
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1.2. Activity: Measuring the Specific Heat of Brass

In this activity, you will determine the specific heat of brass by placing hot brass into room
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Procedure 1.2.1.
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1. Take both measuring cups to either the back counter (by the windows) or the center

table,

2. Fillone measuring cup with approximatety 80 mi of DI water from the dispensing
container or the sink's white spigot labeled "PW" at the back counter

3. Fiilthe other measuring cup with approximately 450 ml of DI water.
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4. Fill the steam generator and heat the water.

1. Fill the steam generator with some of the ~450 ml of water until it is halfway full.
Depending on how much water was initially in the generator, you may need to

retrieve more DI water,
2. Turn on the steam generator and set the dial to the "7" setting.
3. Wait for the water in the steam generator to simmer. (While you wait, review the

remaining instructions for this lab and start Prediction 1.1.)

(=) Collect data.

Navigate to the window for the Lab 1a.cmbl LoggerPro experiment file. The workspace
displays a temperature vs. time graph.

o Clickthe Data Collection Button ©, and set the Duration field to 600 seconds.
Ensure the "Continuous Data Collection" box is checkea.

1. Place the brass cylinder in the steam generator.

Vhen the steam generator 's water simmers, use the tongs to gently place the brass
e simmering water.

fas acavity along the central axis. This cavity should face upwards.

rthe brass and the simmering water to reach thermal equilibrium.

2 Transfer the brass to the styrofoam container and measure temperatures.

N, do the following:
rPro, begin collecting data from the temperature probes by clicking
: | E ’ e

ansfer the brass cylinder from the steam generator to the
Dam container.

the brass is facing upwards, and do not let the tongs
lyrofoam container.

(TP1) in the water of the styrofoam container.
P2) in the cavity of the brass cylinder.

@m container continuously until the brass and

uilibrium, stop the data collection




4. Fill the steam generator and heat the water
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(=) Reset the equipment.

Clean up your station Dy

® removing the brass cylinder from the styrofoam container and placing it on a dry

paper towel at your station, and

* emptying the water from the styrofoam container into the sink at the back counter,
* (Leavethewaterinthe steam generator.)

=) Document your work.

Modify, annotate, and save the plot by doing the following:

1. Scale your plot to showcase relevant data.

When you finish recording data, scale your graph by clicking the Auto Scale Button Eﬁ N
the graph menu, or follow these steps to scale it manually:

1. Double-click on any part of the graph. The Graph Options Window will appear.
2. Navigate to the Axes Options tab.

a. Under the Y-Axis sectjon,

3. Entervalues in the Top and Bottom fields to s
vertical axis,

a.  Under the X-Axis section,
4. Enter values in the Left and Right fields to specify the data range for the

pecify the data range for the graph's
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To add an annotation to your graph, follow these steps:

e

3,

Click on the plot you want to annotate.
Then. click Insert in the top menu bar and choose Text Annotation. An annotation

box will appear on the graph.
If vou need to move the annotation

hox or its line, hover the mouse over it until

the ¥ cursor appears. Then, click and drag the box to the desired location.

4. Screenshot and save your plot.

1. Take ascreenshot of your plot using the Snipping Tool In Windows

D

<,

(Win+Shift+S).
Save your screenshot as a JPG or
number and a brief description of

DDF. and name the file with its procedure
its contents. (Alternatively, you can paste your

screenshot into a Word document and save it as a PDF.)
Include the screenshot in your submission for this assignment.

1=7




o add an annotation L0 your g aph, follow these steps

1. Click on the plot you want to annotate

2. Then. click Insert in the top menu bar and choose Text Annotation. An annotat
box will appear on the grapn.

3. If you need to move the annotation boxor its line, hover the mouse over it unt

the ) cursor appears. Then, click and drag the box to the desired location
4. Screenshot and save your plot.

1. Take ascreenshot of your {}igt USiﬂg the Snipi ing Tool in Windows
(Win+Shift+S)

2 Save vour screenshot as a JPG or PDF, and name the file with its procedure
number and a brief description of its contents. (Alternatively, you can paste your
screenshot into a Word document and save it as a PDF.)

3. Include the screenshot in your submission for this assignment.
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Question 1.1: Use either the Statistics ¥2 or Examine Tool A to measure the following

qguantities from your temperature vs. time plot.

(To apply the Statistics Tool to a specific region of a plot, first click and drag the cursor across that

region, which will highlight it in grey. Then click the Statistics Tool.)

Initial temperature of the
water in the styrofoam
container:

bl i @

Final temperature of the
water in the styrofoam
container:

Initial temperature of the
brass:

Final temperature of the
brass:

%
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Question 1.1: Use either the Statistics Y& or Examine Tool X 1o measure the foliow

guantities from your temperature vs. time plot
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Question 1.2: Calculate the specific heat of brass using your temperature and mass

measurements. Show your Work:
(The specific heat of water is Cyater = 4186 1/kg°C)
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Question 1.3: Compare the value you calculated in Question 1.2 with the known specific

..-—-*""'"_

heat of brass: Chrass = 385 J/kg®°C._. If there are dlscrepanc:les discuss them and their
sources. (For instance, were the discrepancies caused by experimental factors? If so, which factors
were responsible for the discrepancies, why did they cause them, and how do you know they caused

them? Alternatively, were the discrepancies caused by flaws in your assumption or reasoning? If so,
how were they flawed, and what helped you realize this?)
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Question 1.4: When you transferred the brass from the steam generator to the styrofoam

container, we instructed you not to let the tongs contact the water in the styrofoam
container. Explain the rationale behind these instructions, particularly in the context of vour
calculations in Question 1.2.For instance, if the ton%s contacted the water, how would that

affect your calculatio_ps?’” 1
(Hint: Consiner!yi’ng assumptions of the mathematical model you used in your

calculations.)
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Question 1.4: When you transferred the brass from the steam generator to the styrofoam
container, we instructed you not to let the tongs contact the water in the styrofoam
container. txplain the rationale behind these instructions, particularly in the context of your
caiculations in Question 1.2.For instance, if the tongs contacted the water, how would that
affect your calculations?

(Hint: Consider thednderlying assumptions of the mathematical mode! you used in your

calculations.)
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1.3. Activity: Measuring the Latent Heat of Ice

In this activity, you will find the latent heat of fusion for ice by placing a container of ice in
thermal contact with a container of hot water. After all the ice melts, you will measure the
temperatures of both substances and deduce the latent heat of fusion.

Prediction 1.1: Review Procedure 1.3.1. Suppose you conduct this experiment and place 130
g of ice in the glass container and 150 g of water in the aluminum cylinder. After you place the
aluminum cylinder in the stand and it contacts the ice, the ice and water reach thermal
equilibrium after 10 minutes.

On Graph 1.1, sketch what you think the temperature-versus-time plot will look like for both
the ice and the water. In the space provided below, justify your sketch.

To make this prediction, you must make a few simplifying assumptions about the objects,
interactions, system, or processes involved in this experiment. As part of your justification,
list those assumptions below.

(For instance, one simplifying assumption you could make is that energy is thermally transferred
between the water and the ice at a constant rate.)
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g) Procedure 1.3.1.
(&

(Before starting this experiment, refer to Figure 1. 2 and Figure 1. 3 and briefly review the
experimental setup and equipment you will use for this activity.)

(=) Assemble equipment.

Gently place the pill-shaped stirring barin the glass container.

W—‘w-ﬁ— e

Dropping the stirring bér into the container can break the glass. Always handle the glass
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containers with care.

Mind the Glass

Lab 1: Heat and Internal Energy
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1. Retrieve DI water and Ice.
1 Take both measuring cups to either the back counter or the center table.

2 Fill one measuring cup with approximately 150 mi of DI water.
3. Fill the other measuring cup with crushed ice from the ice-crushing machine.

The ice machine dispenses Ice Very quickly, so be prepared to turn it
off. If the machine gets stuck, toggle the switch to “Reverse.”

4. Returnto your lab station.

2. Add DI water to the aluminum cylinder.
1. Attach the rubber stopper to the empty aluminum cylinder, place them on the

scale, and tare it.
2. Pick up the aluminum cylinder, remove the stopper, and pour in enough water

to fill the cylinder but leave enough space for the rubber stopper. Reattach

the rubber stopper.
3 Place the aluminum cylinder with the ruboer stopper back on the scale.

Measure the mass of the water and record it in the space provided below.

\

3. Add ice tothe glass container.
1. Place the glass container with the stirring bar on the scale and tare it.

2 Pick up the glass container and add a small amount of the ice to the glass
container to barely cover the stirring bar and ensure the bar is centered in the

container.

of the glass container with ice.
ce the glass container with the ice back on the scale. Measure the mass of

he ice and record it in the space provided below.
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5. Place the glass container on the stirrer so the stirring bar is centered on the

stirrer.
6. Turnon the stirrer, set the stirring speed, and activate Reversion m
1. When turned on, the stirrer will reload its last setting. Therefore, you must

first reset it. Turn on the stirrer and adjust it to its lowest stirring setting by
holding the down arrow button until the green LED stops blinking.
2. Gradually increase the stirring speed by pressing the up arrow. For this

experiment, we recommend pressing the up arrow 7-10 times.
3. The stirring bar will initially not rotate because the ice impedes its motion.

However, it should start rotating when enough ice melts and water surrounds
the bar.

4. Turnon Reversion Mode by pressing the @ button. Reversion mode
reverses the direction of the stirring bar every 30 seconds, which helps the
bar stir in ice/water solution.

7. Insert the thermal probes into the aluminum cylinder and glass container.

1. Thread TP1 through the stand's probe holder and into the ice. (The probe

holder is the 90° bracket attached to the stand with a hole in it, as shown in

Figure 1. 2.)
2 Thread TP2 through the hole in the rubber stopper of the aluminum cylinder.

ode.

e to the window for the Lab 1b.cmbl LoggerPro ex periment
smperature vs. tir e graph.

ontinuous Data Collection" box is checked.

lection Button &2and set the Duration field to 600 seconds.

ne of TP2 exceeds °C and when the temperature reading of
urn cvlinder + cradle from the steam generator to the stand

vlinder to the stand and measure temperatures.

oerPro, begin collecting data from the tempe rature probes by

»

ur [ab station.
ds ift the aluminum cylinder by the
minum cylinder should rest on top

in the glass container melts.
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5. Place the glass container on the stirrer 50 the stirring bar Is centered on the

stirrer
6. Turnon the stirrer, set the stirring speed, and activate Reversion mode
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During this process, you may need to jostle the glass container to

~edistribute the ice or re-center the stirring bar.

Throughout the process, ensure TP1 remains In contact with the ice

and does not touch the aluminum cylinder.

3 (n Observations 1.1, record any relevant observations, particularty any
snomalous or interesting behavior in the data (e.g., when the ice fully melts).
include a timestamp. If you take any actions that affect the data, such as
jostling the glass container, record these actions as well. (After collecting the
data, you will annotate your plot indicating when these observations and

actions occurred.)
4. When all the ice melts, stop the data collection process by clicking the Stop

1}

'_-;f e

If the stirring bar fails to rotate, try the following:

1 Turn off Reversion Mode and reduce the stirring speed to its lowest setting.

5 Ensure the bar is centered on the stirrer (i.e., over the crosshair printed on
the stirrer.) If not, reposition the glass container until the bar is centered.

S Slowlviramp Lp the speed of the stirrer.

ar starts Fotating, you may want to reactivate the Reversion Mode to
it the bar from getting stuck.

rotate, you can manually stir the ice water by jostling
ineror Temperature Probe 1.




Button u

Troubleshooting the Magnetic Stirrer




Observations 1.1:
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—-) Reset the equipment.

Clean up your station by

e emptying the water from the aluminum cylinder and glass container Into the sink at

the back counter, and
e placing the aluminum cylinder, rubber stopper, glass container, stirring bar, and

thermal probes on a dry paper towel at your station.

=] Document your work.

Modify and save the plot by doing the following:

1. Scale your plot automatically by clicking on the Auto Scale Button FA or manually by

using the Graph Options window.
2. Label your plot using either the Graph Options window or Insert>Text.

3. Annotate your plot using Insert>Text An notation. Indicate
2 \Which curve represents the temperature response of the ice,
b. Which curve represents the temperature response of the water, and
¢ \When observations or actions listed in Observations 1.1 occurred.

4. Take a screenshot of your plot using t

he Snipping Tool. In the filename, include the

procedure number and a brief description of the screenshot's content. Include this
screenshot in your assignment submission.

Lab 1: Heat and Internal Energy
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Question 1.5: Is the outcome of Procedure 1.3.1 consistent with your response to Prediction
1.1? Explain. If there are discrepancies, discuss them and their sources. (For instance, were the

discrepancies caused by experimental factors? If so, which factors were responsible for the
discrepancies, why did they cause them, and how do you know they caused them? Al ternatively,

were the discrepancies caused by flaws in your assumption or reasoning? If so, how were they
flawed, and what helped you realize this?)
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e Question 1.

1.6: Use either the Statistics 1% or Examine Tool A to measure the following
erature vs. time plot.

Question
quantities from your temp

pecific region of a plot, first click and drag the cursor across that

(To apply the Statistics Tooltoas
v, Then click the Statistics Tool.)

region, which will highlight it in gre

Initial temperature of the OI 6 iA OG

water in the aluminum

cylinder:
Final temperature of the Ol 2
water in the aluminum % RS
cylinder:
S L 0/
Initial temperature of the | C

ice in the glass container:

Final temperature of the l % '7
ice in the glass container: ‘

7- Calculate the latent heat of fusion for ice using your data. Show your Work.

f water IS Cyater = 4186 J/ kg°C.)
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Question 1.8: Explain how your mathematical procedure is consistent (or inconsistent) with
the temperature-versus-time plot from Procedure 1.3.1 for the ice and water.

(For instance, are there any differences between the temperature responses of the ice and the
water? If so, how are these differences reflected in your calculations and the equations you used?)

m 10T UG&;L % l (ou,’ ?ﬂhfq‘p(—d} 0(: h@w\} ”)‘)/(; A {:?fj;f )
o) Leterr et O Rueroe
zn Tlowy, I, woter cools o/oem Ge 14+ lones




Ques”“" 1.8 ¢ Plain how your mathematical procedure s consistent (or incor sistent) with

the temperature-verc ic. tirma rmind & )
k LiFe-wi US-LIe DIOL Trom F'Fi_’f f_'x_hﬂ"!‘ 'I ._{ ] {Or ”H' ce JI"I"I wWatler

EF-I:L" "-':}.'\AJ."-" r ;Ir' sy - o . -
&, are there any differences between the temperature responses of the ice ond the

A d N s kb o
WRILEr: il SO, NOw are the«

€€ differences reflected in your calculations and the equations you used?)

..-"":" Nant I () I-"J . II-‘" ,_.,: " ” ' -’_. { - I3
ViA Vee a’J LT 4 T”"{"PL‘?-:&- ol hosd b7 1 5 [

oy etet het  Of fAsroe

r il nﬁcﬂﬂq 'L witer cools poaee Gf 14 (0008

L‘Lrl . 1 O 'I\r-’ If V . lAj L HA- (:J Ve "/.L#{ [ < {)( r{,""l{l _i:”;"_"-".-"-" F .

e W’




alculated in Question 1.7 with the known latent heat

Question 1.9: Compare the value you ¢
here are discrepancies, discuss them and their

of fusion for ice: Lf,water = 3:32 X 10°J/kg. If t
Sources.
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2. Synthesis and Reflection

2.1 Applying lab concepts to real-world contexts.

Question 2.1: Phase change materials (PCMs) are substances that absorb or release
significant amounts of thermal energy when they transition between solid and liquid states.
During melting, they store heat: during solidification, they release it. This ability to store and
release thermal energy helps regulate temperatures in their surroundings, making PCMSs
valuable for regulating temperatures in environments where fluctuations could pose risks or

Impact performance.

In healthcare, PCMs help maintain safe temperatures when transporting temperature-
sensitive materials like blood, vaccines, and organs. They are also used in low-resource
medical treatments, such as cooling blankets for neonatal asphyxia, where lowering an
infant’s body temperature can prevent brain damage. In food safety, PCMs ensure that
perishable goods stay within safe temperature ranges during storage and transport.
Add|t|onally sustamable archltecture incorporates PCMs into building materials like drywall

 reduce reliance on active heating a d cooling systems by absorbing heat during the day

| greenhouses use PCMs to moderate temperatures,

linder plant growth.

ride hexahydrate, commonly used for thermal energy
aSiaspecific heat of 1900 J/kg°C, and a latent heat of

the temperature of 1.0 kg of this PCM from 20 °C

Sorbed the same amount of energy, what would its

regulation, discuss the advantages of calcium
age material compared to water.
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Water temperature (*C)

lce temperature (°C)
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Time: 66 5
lce temperature: 12.3 °C

Water termnperature; 82.8 °C

Ice vs. water (temp vs. graph plot)

200

400
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Temp vs. time of brass cylinder in water
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