iMuSciCA educational Scenario Metdata

	Title:
	Scenario: introduction to the atomic orbitals of hydrogen atoms by Chladni patterns: seeing sound


	Keywords:
	Atomic orbitals, standing waves, resonance, duality of matter, nodal/antinodal surfaces, Chladni patterns, augmented reality

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

	Lesson Plans included:
	Lesson Plan: 

Part A: Learning about Chladni patterns and producing them by an in-house built assembly. Connecting them with atomic orbitals.

Part B: Answering to questions related to atomic orbitals by utilizing AR.
	Date:
	6/7/2018

	Educational Objectives:
	- To know that orbitals are three dimensional standing waves, which fact, by definition, means, they are in resonance states (knowledge).

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

- To apply AR in the frame of answering questions related to orbitals (comprehension).
	Estimated Duration:
	 1 teaching hr

	Author(s):
	I. Katsakoulas (University of Athens)
	Age Group:
	 16<

	Contributor(s):
	-
	Language:  
	 English

	Status:
	Final
	Difficulty Level:
	Medium

	Dissemination level:
	Public
	Special Needs Addressed:
	No


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 anwer to 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 and learn the fundamental physics related to them
	
	-

	Imagine
	M,S
	10 min
	Pupils are asked to speculate on any connection to their syllabus. Pupils speculate on the relation with a famous collapsing bridge.
	
	-

	Create
	E,S
	5 min
	Pupils create their own Chladni patterns and investigate some of its parameters
	
	-

	Analyze
	M,E,S
	5 min 
	Pupils analyze the patterns and result to a qualtitative relation between the complexity of geometrical shapes and the frequency of oscillation. 
	
	-

	Communicate/Reflect
	M, S
	15 min
	Reflection and communication by peer-to-peer interaction as the answering worksheet is handed over from one team to another in a circular manner until returned. AR is utilitized. 
	
	-


Inquiry Phase: Engage

STEAM Field: M,S, E
Wonder, Ask Questions, Explore, Observe– Identify Problems, questions and chances


- Why does the oscillation of the plate produce regular geometrical shapes?
- Does the patterns produced depend on parameters of the oscillation? Discuss.

- How do you think a speaker works?

- 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 the differences between the atomic orbitals and Chladni plates –not in terms of shapes.

Today it is known that electrons are three dimensional standing waves.
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”, then of resonance, then of a standing wave in slinky. Clarification of that standing waves always include resonance. Definition of terminology: nodes, anti-nodes, peaks, valleys, fundamental frequency, harmonics, overtones. 

	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


Reproduction of standing waves by students achieving overtones. Resonance is correlated to quantization. Chladni patterns are two dimensional standing waves.

Today it is known that electrons are three dimensional standing waves.

Let’s watch the following video:
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Image 2: Collapse of the Tacoma Narrow (“Gallopin’ Gertie”) bridge, Washington, 1940.
How is this related to Chladni patterns?

