iMuSciCA educational Scenario Metdata

	Title:
	Scenario: Introduction to the atomic orbitals of hydrogen atoms by Chladni patterns: “seeing” sound.
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	Short Description:
	Pupils will observe Chladni patterns, realize their relation to the atomic orbitals of hydrogen atoms and answer questions by utilizing the iMuSciCA suite and an application of augmented reality (AR).

	Lesson Plans included:
	Lesson Plan: 

Learning about Chladni patterns and producing them by an in-house built assembly. Connecting them with atomic orbitals. Answering of questions related to atomic orbitals by utilizing AR.
	Date:
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	Educational Objectives:
	- To know that orbitals are three dimensional standing waves, This fact, by definition, entails that electrons are in resonance states (knowledge).

- To realize the complexity of orbitals as their energy increases (comprehension).

- To apply AR in the frame of answering of questions related to orbitals (comprehension).
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	Final
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iMuSciCA educational Scenario Synopsis
	Scenario Title:  Introduction to the atomic orbitals of hydrogen atoms by Chladni patterns: “seeing” sound

	Scenario Description: Pupils will observe Chladni patterns, realize their relation to atomic orbitals of hydrogen atoms and answer questions by utilizing an application of augmented reality (AR).

	E: Engineering/Technology, S: Science/Mathematics, M: Music

	Phases
	Field
	Time
	Description
	Activity
	Remarks

	Engage
	M,S.E
	5 min
	Pupils observe Chladni patterns produced in an in-house build assembly utilizing iMuSciCA workbench tools.
	-
	-

	Imagine
	M,S,E
	10 min
	Pupils are asked to speculate on i) why these patterns emerge, ii) a connection to their syllabus, and iii)  the relation with the collapse of an infamous bridge.
	-
	-

	Create
	M,S,E
	10 min
	Pupils i) reproduce the Chladni patterns on their own by using iMuSciCA workbench tools, ii) suggest improvements of the assembly as well as iii) of  the manner by which we utilized augmented reality.
	-
	-

	Analyze
	M,S
	5 min
	Pupils analyze the patterns in term of complexity versus the frequency in order to derive a relation between these two.
	-
	-

	Communicate/Reflect
	M,S
	15 min
	The worksheet contains four images. After answering all of the questions derived from the images by the use of AR, the answering worksheet is handed over from one team to another in a circular manner for another round of answering until the answering worksheet has been returned to the original team for final correction resulting in peer-to-peer review. Finally, each team reasons out its final answers.
	-
	-


Inquiry Phase: Engage
STEAM Field: M, S, E

Wonder, Ask Questions, Explore, Observe– Identify Problems, questions and chances

- Pupils observe Chladni patterns produced in an in-house build assembly connected to an appropriate amplifier, in turn connected to a PC, cell phone or tablet with the iMuSciCA suite. Either of the iMuSciCA workbench tools i) DrawMe (musical whiteboard), ii) Tone Synthesizer (the formal frequency generator) and iii) 3D Instrument Interaction (frequencies generated as the result of interaction with virtual instruments) can serve as the frequency generator. The Tone Synthesizer tool may come more handy as it allows for manual preselection of the desired frequencies as well as their pause at will.

- What is sound?

- How do you think a speaker works?

- What happens to the plate when the sound from the speaker reaches it?

Relate to Background Knowledge

Etymology of the Greek word for wave: “κύμα” (bulging) → Application of waves in everyday life → Demonstration of a wave in a “slinky” → of its resonance → of a standing wave in the slinky → Definition of terminology: nodes, anti-nodes, peaks, valleys, fundamental frequency, harmonics, overtones → Clarification of that standing waves, by definition, always include resonance → Resonance is correlated to quantization, i.e. it is the place to start in order to get a grasp of quantum mechanics → Chladni patterns are two dimensional standing waves → Electrons are three dimensional standing waves.

Table 1: Clarification of the correspondence between related terms used 

to denote the frequencies of standing waves
	Frequency
	Order
	Name 1
	Name 2
	Name 3

	1 · f =   440 Hz
	n = 1
	fundamental tone
	1st harmonic
	1st partial

	2 · f =   880 Hz
	n = 2
	1st overtone
	2nd harmonic
	2nd partial

	3 · f = 1320 Hz
	n = 3
	2nd overtone
	3rd harmonic
	3rd partial

	4 · f = 1760 Hz
	n = 4
	3rd overtone
	4th harmonic
	4th partial


Inquiry Phase: Imagine

STEAM Field: M, S, E

Identify relevant variables to investigate – Identify Relevant Solutions to use

- Do the patterns produced depend on the parameters of the oscillation? Which ones?

Use your imagination and make hypothesis – Choose potential solution

- Why does the sound coming out of the speaker make the sand acquire regular geometrical shapes?

- Why do we use this demonstration in a chemistry class?

  - Browse over your chemistry school book. Do you find images that just might resemble to such patterns? Observing the following patterns might help some more.
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Image 1: Selected Chladni patterns where the connection to the shape of atomic orbitals 

of hydrogen atoms is brought out more clearly.

- Why is it that Chladni patterns somehow resemble to atomic orbitals?

- What are some main differences between the atomic orbitals and Chladni patterns?

Let’s watch the following video:

[image: image5.png]



Image 2: An image from the video which pertains to the collapse 

of the Tacoma Narrow (“Gallopin’ Gertie”) bridge, Washington, 1940.
· How is such a collapse related to Chladni patterns?
Inquiry Phase: CREATE (Investigate / Design)

STEAM Field: M, S, E
Plan the Investigation / Design the Prototype

-What is needed to do in order to check on any relation between the complexity of the shapes and the frequency of the sound coming out from the speaker?

Carry out Investigation / Build the Prototype

· Reproduce some of the Chladni patterns on your own utilizing the iMuSciCA tool Tone Synthesizer. 

· Apply AR in order to reveal the questions related to the images indicated in the worksheet.

Inquiry Phase: Analyze

STEAM Field: M, S

Analyze Data from Investigations and Draw Conclusions/ Evaluate the Prototype.

-  What are the critical points in order to achieve discrete shapes?

- Suggestions for improvements of the assembly?

- Suggestions for improvements of  the manner by which we utilized augmented reality?

- What is the relation between the complexity of the shapes and the frequency of the sound from the speaker?

Explain by Relating to Background Knowledge/ Optimize the prototype

- Sound is a wave, a mechanical one. When it reaches the plate, it causes it to oscillate, specifically in a vertical manner. Most of the sound reaching the border of the plate is reflected back into the plate resulting in a standing wave.

Describe and explain the results in the different STEAM-fields and the connections between them.

- The standing wave in a “slinky” is a one dimensional standing wave.

- The standing wave in a Chladni plate is a two dimensional standing wave.

- The standing wave resulting from electron around a nucleus is a three dimensional standing wave.

- Since the one- and two-dimensional phenomena are subsets of the three dimensional one, i.e. since the general equation is the same, the resemblance between Chladni patterns and atomic orbitals of hydrogen atoms can be explained.

Inquiry Phase: Communicate/Reflect

STEAM Field: M, S

Reflect on Feedback and incorporate in further process

- The worksheet contains four images. After answering all of the questions derived from the images by the use of AR, the answering worksheet is handed over from one team to another in a circular manner for another round of answering until the answering worksheet has been returned to the original team for final correction resulting in peer-to-peer review. In further processes, the suggestions for improvement of the assembly and of how  to utilize AR more efficiently in the class setting are to be taken in mind.

Communicate Results and Conclusions/ Communicate the Product, perform

- Each team reasons out its final answers. 

- “Take-away” reminder: atomic orbitals are standing waves.

*********

