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* Grade: 8

* Outcome: Learners will create a model that demonstrates the
principles of kinetic molecular theory.

* Indicator: Investigate heat as it translates to the kinetic molecular
theory

» Concept: Kinetic Molecular Theory

* Guiding Questions: How does the kinetic molecular theory allow for an
understanding of heat and temperature?

* Skill: Investigate

Brief Description

Learners will Investigate heat as it relates to the kinetic molecular theory by observing a 3-
part video showing thermal expansion in homemade thermometers. It begins by showing
the phenomenon and allowing learners to notice and wonder, before offering learners
more opportunities to find information about the underlying mechanisms.

Background Info

We recommend that prior to engaging with the video learners be introduced to kinetic
molecular theory, including differences in particles in different states of matter. Please see
page 4 for educational resources to accompany the video.

Video Outline

Part 1: Ask and revise questions; locate several relevant and dependable details
to support an answer

Learners will ask and revise questions about how changes can occur

within the shown system as they observe hot rocks and water being added to two
homemade thermometers. Learners are not yet told these are thermometers or that
the rocks and water are hot, with the intent of having learners make less biased
observations and ask broader questions about the system.

Learners will begin to locate several details about the system and phenomenon through
their observations of the procedure and the resulting change in the liquid level in
the tubes of the thermometers.

During a pause, learners will be prompted with the following questions:

+  What did you notice?
+  What do you wonder?
+  What might be causing this change?
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Part 2: Locate several relevant and dependable details to support an answer;
organize and compare details; identify relationships

Learners will locate several relevant and dependable details about the system and
phenomenon by observing the same procedure repeated with the presence of two
additional devices. The first additional device is a liquid-in-glass thermometer, which is
described but not initially named. The second is an infrared camera, whose principles are
briefly explained. The third device is the PASCO wireless temperature sensor, which is
described and presented with information about how to set up the device and capture
results. More information about the PASCO temperature sensor can be found in
Educational Resources on page 5. Learners will observe the same procedure with more
information available from additional sources and will determine the relevance and
dependability of details.

During a pause, learners are first prompted with the following questions:
*  What change in the system were the devices measuring?
+ How was the temperature being changed?

Learners will identify that the devices, both homemade and commercial, were acting as
thermometers that were measuring changes in temperature.

While paused, learners are further prompted with the following questions:
» How are these 3 thermometers similar, and how are they different?
+  Why do you think temperature changes result in changes to the level of the
liquid in the tube?

Learning Experience:

Pause the video and have learners organize and compare details about the 3
thermometers. They may do so individually using t-charts ,diagrams, or another method
of their choice.

Learners may begin to identify relationships between substances with different
temperatures while considering the prompt listed above: “Why do you think temperature
changes result in changes to the level of the liquid in the tube?". They may discuss the
response of the liquid in the tubes when hot or cold rocks and water were added to
identify that heating the thermometers results in the liquid rising while cooling them
results in the liquid falling. Learners can also identify that the thermometer partially
containing gas resulted in a greater change to the level of liquid in the tube. The
mechanism driving this phenomenon can also begin to be considered. More information
on the mechanistic relationship will be found in Part 3.
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Part 3: Identify relationships; recognize represented perspectives

Learner's will identify the relationship between state of matter and relative thermal
expansion as they observe the host compare the structure of the two homemade
thermometers. Learners will determine that the level of liquid in the tube rose and fell
more dramatically in the gas-containing thermometer than in the all-liquid thermometer.
They will identify that both liquid and gas can expand and contract, and that air expands
relatively more than water when heated. This background information will

set learners up to make connections to the kinetic molecular theory of gases as well as
to sea level rise due to thermal expansion resulting from climate change.

Learners will observe a model of states of matter using particle theory before identifying
that the model has limitations for understanding the system shown previously in the
video. Learners will observe a screen recording of PhET's Gas Properties simulation in
order to understand the system through kinetic molecular theory.

During a pause, learners will then be prompted with the following questions:

* How is the simulation similar to our thermometers? How is it different?
» How else could you model or explain kinetic molecular theory?
+ What can these models tell us about climate change?

Learning Experience:

Learners may explore the PhET simulation themselves either before or after this part of
the video. Information and links to the simulation can be found on pg. 4.

Learners may have wondered and asked why rocks were used to transfer heat instead
of simply pouring water. This is an opportunity to recognize represented perspectives as
it was done to reference traditional technology used by the Mi'kmaq and peoples across
the world. The Mi'kmaq used birchbark to make lightweight and waterproof pots and
kettles, however, they could not be heated with intense heat directly over a fire. Instead,
rocks could be heated directly in the fire and then moved into the pot, thereby
transferring heat to the water in the pot. This required knowledge of material properties
like strength, water resistance, thermal capacity, and stability. Due to the massive
importance of cooking and heating to culture and health, learners may consider different
sources of traditional knowledge of thermal properties of materials along with

their investigation of heat in terms of kinetic molecular theory.

Learners may also begin to recognize represented perspectives by considering the
following questions as an opportunity to bring deeper understanding to the mechanism
of one of the factors behind sea level rise due to climate change:

+ What can these models tell us about climate change?

 Ifliquids, like water, expand when heated, what does this mean for the ocean
as ocean temperatures increase with climate change?

» How are the liquid thermometers similar to the ocean?

+ If ocean water expands, where does the expansion go?”
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As global average temperatures increase, oceans are warming. Just as was observed in
the all-liquid thermometer, water expands when it is heated. In the thermometer, the
only way for it to go was up the tube. Similarly in the oceans, the only way for the water
to expand is up - which results in rising sea levels and impacted

coastlines. What may begin as a rather ‘pure science’ discussion can be discussed more
broadly in terms of the effects of climate change on landscapes, habitats, and peoples.

An important thing to consider is that water expands when heated over most of its liquid
temperature range. Water has a rare property of having its maximum density not

at its freezing point but rather at approximately 4°C. It expands slightly when cooled
between 4°C and 0°C and expands substantially when it freezes

into ice. This behaviour has important implications on aquatic habitats in

cold climates. However, since the global average sea surface temperature is around

15°C warming results in expansion.

Extension Ideas

Learners will develop an idea and communicate findings by making their own model of
kinetic molecular theory. They may use this investigation of heat as it relates to kinetic
molecular theory as inspiration.

Materials for In-Class Experience

To complete the learning experience, learners will need materials such as paper, pencils,
and computers with internet access for PhET simulations. If learners complete the
extension experience and design their own model of kinetic molecular theory, we
recommend having a variety of materials available to encourage creative and diverse
designs. Suggestions for materials include but are not limited to water, plastic tubing,
clay, PASCO wireless temperature sensor and a device to record data.

Educational Resources

Learners may review some information and access prior learning on particle
theory through the Discovery Centre’s Driving Discovery Hydraulic Arcade:
https://thediscoverycentre.ca/driving-discovery-teachers/
https://youtu.be/FEKOOWzKZiY

Part 3 of this video uses the Gas Properties simulation from PhET Interactive Simulations,
University of Colorado Boulder, https://phet.colorado.edu
https://phet.colorado.edu/sims/html/gas-properties/latest/gas-properties_en.html

Learners could go on to explore the simulations themselves, including a deeper dive
into kinetic molecular theory through the graphs added to the simulation under the
“Energy” tab.
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PASCO Wireless Temperature Sensor

The PASCO Wireless Temperature Sensor is an excellent classroom resource which can be used
to measure temperature along with the SPARKvue Application. More information about the
SPARKvue application can be found below.

SPARKvue Application

SPARKvue is an application for data collection, analysis and sharing that is compatible with all
PASCO wireless and PASPORT sensors. Learners can easily connect their sensor(s) to a device
via the application to digitally capture data in table view, graph view, or both. SPARKvue is
available as a free download for Chromebook*, Android, and iOS devices. There is also a 30-day
free trial for Windows and Mac computers with licensing options to continue use after the trial.

SPARKvue can be downloaded for all devices from the PASCO website at the following url:

https://www.pasco.com/downloads/sparkvue

*Important note for Chromebook Users

Google is phasing out Chrome Apps by June 2022. PASCO is working to transition the SPARKvue
Chrome App into a Progressive Web App which will continue to run on Chromebooks.
Development is planned to finish in advance of the Chrome Apps phase out so you should not
experience disruption in your ability to use PASCO sensors in the classroom.

Sparkvue can be toggled into many different languages to accommodate learners' language
preferences. While PASCO's webpage to download the app is available in English, you can select
your preferred language in your internet browser to display the website in other languages. To
learn how to switch the language in the SPARKvue app, consider watching the following video:

https://www.pasco.com/resources/video/SonQUkVidHY

In collaboration with:

v discove
NOVA S(%)TIA Presented by: centre ry
NOUVELLE-ECOSSE



https://www.pasco.com/downloads/sparkvue
https://www.pasco.com/resources/video/SonQUkVjdHY

	Slide Number 1
	Molecules in Motion
	Molecules in Motion
	Molecules in Motion
	Molecules In Motion 

