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NEATEC Mission Statement:

“The Northeast Advanced Technol ogi cal Educati on
and Nanotechnology Education funded by the National Science Foundation (NSF DUE #10835590, and
1700606 to serve as a critical, sustainable resource to create and maintain a skilled technical workforce for tt
semiconductor and nanotechnology industries in New York State and Western New England. Through an
extensive network of community ¢ee, university, and industry partners, NEATEC will identify the essential
technician competencies and skills required by such a workforce. NEATEC will develop curricular component
and delivery methods to impart those skills to students. NEATEC willca¢sde and disseminate educational
materials to support curricula implementation at its community college and high school partners and provide
professional development activities forlR schools and community college faculty. Lastly, through partner
internships, ceops, shadowing opportunities and outreach activities, NEATEC will educate current and future
students regarding technological career pathways and expand the pipel#i@ sfudents interested in
semiconductor and nanotechnology career optidns

Address: Contact:

NEATEC Abraham Michelen

c/o SUNY Polytechnic Institute ManagingDirector

257 Fuller Road Ph.(518) 6989312 (c)

Albany, NY 12203 E-mail: amichelen@sunypoly.edu

For kit requesE-mail: neatec.kits@gmail.com

Support for this work was provi ded TdrhnoldgibatEddtation (ATE)&iogresnahroegh c e
Grant #DUE 1003574555699 and 1700606

Any opinions, findingsand conclugins or recommendations expressed in this materathose of the author(s) aneator(s) and do
not necessarily reflect those of the National Science Foundation.
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Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License

By exercising the Licensed Rights (defined below), You accept and agree to be bound by the terms and conditions af¢hZo@reains
Attribution-NonCommerciaNoDerivatives 4.0 International Public License ("Public License"). To the extent this Rigeinse may be interpreted
as a contract, You are granted the Licensed Rights in consideration of Your acceptance of these terms and conditibicerasat tirants You
such rights in consideration of benefits the Licensor receives from makingcdreséd Material available under these terms and conditions.
Section 1 — Definitions.

a. Adapted Material means material subject to Copyright and Similar Rights that is derived from or based upon the Licensed Material and in
which the Licensed Material is tralated, altered, arranged, transformed, or otherwise modified in a manner requiring permission under the
Copyright and Similar Rights held by the Licensor. For purposes of this Public License, where the Licensed Materiatas$ &ariysi
performance, osound recording, Adapted Material is always produced where the Licensed Material is synched in timed relation with a
moving image.

b. Copyright and Similar Rights means copyright and/or similar rights closely related to copyright including, without limitagéoformance,
broadcast, sound recording, and Sui Generis Database Rights, without regard to how the rights are labeled or categorjzesed-of this
Public License, the rights specified in Sect&fh)(1)(2) are not Copyright and Similar Rights.

c. Effective Technological Measures means those measures that, in the absence of proper authority, may not be circumvented under laws
fulfilling obligations under Articlel1 of the WIPO Copyright Treaty adopted on December 20, 1996, and/or similar international agreements.

d. Exceptions and Limitations means fair use, fair dealing, and/or any other exception or limitation to Copyright and Similar Rights that applies
to Your wse of the Licensed Material.

e. Licensed Material means the artistic or literary work, database, or other material to which the Licensor applied this Public License.

f. Licensed Rights means the rights granted to You subject to the terms and conditions aiflthicslcense, which are limited to all Copyright
and Similar Rights that apply to Your use of the Licensed Material and that the Licensor has authority to license.

g. Licensor means the individual(s) or entity(ies) granting rights under this Public License.

h. NonCommercial means not primarily intended for or directed towards commercial advantage or monetary compensation. For purposes of t
Public License, the exchange of the Licensed Material for other material subject to Copyright and Similar Rightd Eleeibaring or
similar means is NonCommercial provided there is no payment of monetary compensation in connection with the exchange.

i. Share means to provide material to the public by any means or process that requires permission under the Lices)saetRight
reproduction, public display, public performance, distribution, dissemination, communication, or importation, and to erédeansitable to
the public including in ways that members of the public may access the material from a placetane iada/idually chosen by them.

j- Sui Generis Database Rights means rights other than copyright resulting from Directive 96/9/EC of the European Parliament and of the
Council of 11 March 1996 on the legal protection of databases, as amended and/oedyeseedll as other essentially equivalent rights
anywhere in the world.

k. You means the individual or entity exercising the Licensed Rights under this Public Li¥enséas a corresponding meaning.

Section 2 — Scope.

a. License grant.

1. Subject to the termand conditions of this Public License, the Licensor hereby grants You a worldwide, Hffog@jtyonsublicensable,
nonexclusive, irrevocable license to exercise the Licensed Rights in the Licensed Material to:

A. reproduce and Share the Licensed Matemalytiole or in part, for NonCommercial purposes only; and

B. produce and reproduce, but not Share, Adapted Material for NonCommercial purposes only.

2. Exceptions and Limitation$-or the avoidance of doubt, where Exceptions and Limitations apply to Your sseultic License does
not apply, and You do not need to comply with its terms and conditions.

3.Term The term of this Public License is specified in Sec@a).

4. Mediaand formats; technical modifications allowddhe Licensor authorizes You to exercise the Licensed Rights in all media and
formats whether now known or hereafter created, and to make technical modifications necessary to do so. The Licensalavaives a
agees not to assert any right or authority to forbid You from making technical modifications necessary to exercise theRiglasse
including technical modifications necessary to circumvent Effective Technological Measures. For purposes of thiz@&usgicsimply
making modifications authorized by this SectR{a)(4)never produces Adapted Material.

5. Downstream recipients

A. Offer from the Licensor Licensed Matedal. Every recipient of the Licensed Material automatically receives an offer from the
Licensor to exercise the Licensed Rights under the terms and conditions of this Public License.

B. No downstream restriction¥ou may not offer or impose any additionaldifferent terms or conditions on, or apply any
Effective Technological Measures to, the Licensed Material if doing so restricts exercise of the Licensed Rights by any
recipient of the Licensed Material.

6. No endorsementNothing in this Public License coitsttes or may be construed as permission to assert or imply that You are, or that
Your use of the Licensed Material is, connected with, or sponsored, endorsed, or granted official status by, the Loteesor or
designated to receive attribution as pd®d in SectiorB(a)(1)(A)().

b. Other rights.

1. Moral rights, such as the right of integrity, are not licensed under this Public License, nor are publicity, privacytlaedsimilar
personality rights; however, to the extent possible, the Licensor waives and/or agrees not to assert any such rights lhiekhbgr to
the limited extent necessary to allow You to exercise the Licensed Rights, but not otherwise.

2.Paent and trademark rights are not licensed under this Public License.

3. To the extent possible, the Licensor waives any right to collect royalties from You for the exercise of the LicenseadRitets,
directly or through a collecting society under anywiary or waivable statutory or compulsory licensing scheme. In all other cases the
Licensor expressly reserves any right to collect such royalties, including when the Licensed Material is used other than for
NonCommercial purposes.

Section 3 — License Conditions.
Your exercise of the Licensed Rights is expressly made subject to the following conditions.

a. Attribution.

1. If You Share the Licensed Material, You must:
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A. retain the following if it is supplied by the Licensor with the Licensed Material:
i. identification of the creator(s) of the Licensed Material and any others designated to receive attribution, in any
reasonable manner requested by the Licensor (including by pseudonym if designated);
ii. a copyright notice;
iii. a notice that refers to this Public License;
iv. a notce that refers to the disclaimer of warranties;
v. a URI or hyperlink to the Licensed Material to the extent reasonably practicable;
B. indicate if You modified the Licensed Material and retain an indication of any previous modifications; and
C. indicate the Licesed Material is licensed under this Public License, and include the text of, or the URI or hyperlink to, this
Public License.
For the avoidance of doubt, You do not have permission under this Public License to Share Adapted Material.
2.You may satisfy the aalitions in Sectior8(a)(1)in any reasonable manner based on the medium, means, and context in which You Shar
the Licensed Material. For example, it may be reasenab$atisfy the conditions by providing a URI or hyperlink to a resource that
includes the required information.
3. If requested by the Licensor, You must remove any of the information required by S£a)d)(A)to the extent reasonably practicable.
Section 4 — Sui Generis Database Rights.
Where the Licensed Rights include Sui Generis Database Rights that apply to Your use of the Licensed Material:

a. for the avoidancef doubt, Sectio2(a)(1)grants You the right to extract, reuse, reproduce, and Share all or a substantial portion of the
contents of the database for NonCommeraimppses only and provided You do not Share Adapted Material;

b.if You include all or a substantial portion of the database contents in a database in which You have Sui Generis DatabtsnRige
database in which You have Sui Generis Database Righttsi¢t its individual contents) is Adapted Material; and

c. You must comply with the conditions in Sectia)if You Share all or a substantial portion of the contefhtse database.

For the avoidance of doubt, this Sectibsupplements and does not replace Your obligations under this Public License where the Licensed Rights
includeother Copyright and Similar Rights.
Section 5 — Disclaimer of Warranties and Limitation of Liability.

a. Unless otherwise separately undertaken by the Licensor, to the extent possible, the Licensor offers the Licensed Material as-is and as-
available, and makes no representations or warranties of any kind concerning the Licensed Material, whether express, implied,
statutory, or other. This includes, without limitation, warranties of title, merchantability, fitness for a particular purpose, non-
infringement, absence of latent or other defects, accuracy, or the presence or absence of errors, whether or not known or discoverable.
Where disclaimers of warranties are not allowed in full or in part, this disclaimer may not apply to You.

b. To the extent possible, in no event will the Licensor be liable to You on any legal theory (including, without limitation, negligence) or
otherwise for any direct, special, indirect, incidental, consequential, punitive, exemplary, or other losses, costs, expenses, or damages
arising out of this Public License or use of the Licensed Material, even if the Licensor has been advised of the possibility of such losses,
costs, expenses, or damages. Where a limitation of liability is not allowed in full or in part, this limitation may not apply to You.

c. The disclaimer of warranties and limitation of liability provided above shall be interpreted in a manner that, to tip@ssitdat most closely
approximates an absolute disclaimer and waiver of all liability.

Section 6 — Term and Termination.

a. This Public License applies for the term of the Copyright and Similar Rights licensed here. However, if You fail to ctntpig Rublic
License, then Your rights under this Public License terminate automatically.

b. Where Your right to use the Licensed fei@al has terminated under Sectgf@a), it reinstates:

1. automatically as of the date the violation is cured, provided it is cured within 30 days of Your discokieryiofation; or

2.upon express reinstatement by the Licensor.
For the avoidance of doubt, this Sect&{b) does not affect any right the Licensor may have to seek resied Your violations of this
Public License.

c. For the avoidance of doubt, the Licensor may also offer the Licensed Material under separate terms or conditionsringing thst
Licensed Material at any time; however, doing so will not terminagePthblic License.

d. Sectionsl, 5, 6, 7, and8 survive termination of this Plib License.

Section 7 — Other Terms and Conditions.

a. The Licensor shall not be bound by any additional or different terms or conditions communicated by You unless expressly agree

b. Any arrangements, understandings, or agreements regarding the Licenseal Mettstated herein are separate from and independent of the
terms and conditions of this Public License.

Section 8 — Interpretation.

a. For the avoidance of doubt, this Public License does not, and shall not be interpreted to, reduce, limit, resproste @onditions on any use
of the Licensed Material that could lawfully be made without permission under this Public License.

b. To the extent possible, if any provision of this Public License is deemed unenforceable, it shall be automatically cefoemadimum
extent necessary to make it enforceable. If the provision cannot be reformed, it shall be severed from this Publictbicenafegting the
enforceability of the remaining terms and conditions.

c. No term or condition of this Public LicenselMie waived and no failure to comply consented to unless expressly agreed to by the Licensor.

d. Nothing in this Public License constitutes or may be interpreted as a limitation upon, or waiver of, any privileges aiteéthai@pply to
the Licensor olYou, including from the legal processes of any jurisdiction or authority.

Creative Commons is not a party to its public licenses. Notwithstanding, Creative Commons may elect to apply one ofitensdsito material it

publishes and in those instasce wi | | be considered the “Licensor.” Except for the
Commons public license or as otherwise permitted by the Creative Commons policies publisbativecommons.org/policie€reative Commons
does not authorize the use of the trademark “Creati vepricCwrittemons"”™ o

consent including, without limitation, in connectiwith any unauthorized modifications to any of its public licenses or any other arrangements,
understandings, or agreements concerning use of licensed material. For the avoidance of doubt, this paragraph doest méttfermyblic
licenses.
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What is STEM?

With all the acronyms that determine hundreds of different areas of education, it is easy to confuse them all.
Since 2001, the letters STEM have been a normal part of educational vocabulary.

The acronym STEM stands for Science, Technology, Engnggeand Mathematics. This program was started
by Judith A. Ramal ey, the former direct or-resofirces he
division. This approach to education is designed to revolutionize the teaching of subject araas such
mathematics and science by incorporating technology and engineering into regular curriculum by creating a
“mediasci pline.”

There is more; STEM Education attempts to transform the typical teeehtared classroom by encouraging a
curriculum that iglriven by problensolving, discovery, exploratory learning, and requires students to actively
engage a situation in order to find its solution.

Science, technology, engineering and mathematics (STEM) education often has been calletiameta p | i ne
creation of a discipline based on the integration
interdisciplinary bridging among discrete disciopl:@

STEM education offers studentseof the best opportunities to make sense of the world holistically, rather than in
bits and pieces. STEM education removes the traditional barriers erected between the four disciplines, by integrat
them into one cohesive teaching and learning paradiyprison and others have referred to STEM as being an
interdisciplinary approach. “STEM education is an
concepts are coupled with reabrld lessons as students apply science, technologinesrgg, and mathematics in
contexts that make connections between school, community, work, and the global enterprise enabling the
devel opment of STEM |Iiteracy and with it the abil i

What is a NEATEC Learning Module (NLM)?

A NEATEC Learning Module (NLM) is selfontained unit that can be incorporated into existing science, math, and
technology classes to supplement and enhance the content and the laboratory activities of the class. Each module incl
all or some of the following sections:

e Background information about the topic of the unit

oA teacher’'s guide

oA student’'s guide

e List of lab materials for laboratory activities

oA | ist of teacher’s and student
e Power Point slides

S resour ces

The set of modulesffered by NEATEC are divided into five categories based on the level of understanding of the
participants:

NLM K-2: These are units suitable for students in grades Kindergart&hgades.

NLM 3-5. These are units suitable for students in grades 3" grades.

NLM 6-8. These are units suitable for students in grafiés 8"grades.

NLM 9-12. These are units suitable for students in gradés 92"grades.

NLM for Community Colleges.

arwnNpE

NEATEC Learning Modules include topics on Nanotechnologmi&anductors, Photovoltaic, Alternate Energy,
Mathematics, General Scienead Technology.
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Grade Level: Middle School Level - Grades 6-8

Essential Questions:
e How can we measure thickness without the use of a ruler?
e How do light waves and color providties for measuring?
e Does the structure and orientation of a thin film affect its thickness?

Objectives:
e Students will be able to understand wavelengths of light determined by color and thickness of thin film.
e Students will be able to recognize the rielaghip between diameter and radius, sphere and hemisphere, ar
calculate surface area and volume of hemisphere.

New York State Curriculum Standards
New York State Standards are subject to change and will be modified accordingly.

New York State ELA Common Core Learning Standards
Reading Standards for Informational Text

RI.1 Cite textual evidence to support analysis of what the text says explicitly as well as inferences drau
from the text.

RI.2 Determine a central idea of a text and how it is egad through particular details; provide a
summary of the text distinct from personal opinions or judgments.

RI.3 Analyze in detail how a key individual, event, or idea is introduced, illustrated, and elaborated in a
text (e.g. through examples or aneted).

RI. 6 Determine an author’s point of view or p

RI.7 Integrate information presented in different media or formats (e.g., visually, quantitatively) as well
as in words to develop a coheremderstanding of a topic or issue.

Writing Standards

W.1 Write arguments to support claims with clear reasons and relevant evidence.
W.1.a. Introduce claim(s) and organize the reasons and evidence clearly.
W.1.c. Use words, phrases, and clauseclarify the relationships among claim(s) and reasons.

Speaking and Listening Standards

SL.1 Engage effectively in a range of collaborative discussionsqieoae, in groups, and teacHed)
with diverse partners on grade level topics, textd,an ssues, buil ding on
expressing their own clearly.

SL.1.b. Follow rules for collegial discussions, set specific goals and deadlines, and define individual ro
as needed.

SL.1.c Pose and respond to specific questions with eladroeatd detail by making comments that
contribute to the topic, text, or issue under discussion.

SL.1.d Review the key ideas expressed and demonstrate understanding of multiple perspectives throt
reflection and paraphrasing.

SL.1.e Seek to understéh and communicate with individuals from different perspectives and cultural
backgrounds

SL.2 Interpret information presented in diverse media and formats (e.qg., visually, quantitatively, orally)
and explain how it contributes to a topic, text, or iasuger study.
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New York State Mathematics Common Core Learning Standards
Expressions and Equations

6.EE.6 Use variables to represent numbers and write expressions when solvingaaldeat
mathematical problem; understand that a variable cansemran unknown number, or, depending
on the purpose at hand, any number in a specified set.

7.EE.4 Use variables to represent quantities in awedd or mathematical problem, and construct
simple equations and inequalities to solve problems by rgagsahout the quantities.

8.EE.3 Use numbers expressed in the form of a single digit times a-mimalger power of 10 to
estimate very large or very small quantities, and to express how many times as much one is than
other.
For example, estimateglpopulation of the United States as 3 times 108 and the population of the
world as 7 times 109, and determine that the world population is more than 20 times larger.

Geometry

6.G.4 Represent thretmensional figures using nets made up of rectanglesriangles, and use the
nets to find the surface area of these figures. Apply these techniques in the context of solving rea
world and mathematical problems.

7.G.1 Solve problems involving scale drawings of geometric figures, including computingl@ctiias
and areas from a scale drawing and reproducing a scale drawing at a different scale.

8.G.9 Solve realvorld and mathematical problems involving volume of cylinders, cones, and spheres.
Know the formulas for the volumes of cones, cylinders, ahdrgs and use them to solve feal
world and mathematical problems.

New York State Science Standards
Standard 4: Physical Setting

4.2 Many of the phenomena that we observe on Earth involve interactions among components of air,
water, and land.

4.3 Matteris made up of particles whose properties determine the observable characteristics of mattel
and its reactivity.

4.4 Energy exists in many forms, and when these forms change, energy is conserved.

4.5 Energy and matter interact through forces that réswalhanges in motion.

Next Generation Science Standards

MS-PS13 Matter and its Interactions
Gather and make sense of information to describe that synthetic materials come from natural
resources and impact society.

MS-PS35 Energy
Construct, use, angresent arguments to support the claim that when the kinetic energy of an
object changes, energy is transferred to or from the object.

MS-PS42 Waves and Their Applications in Technologies for Information Transfer

Develop and use a model to describe Weates are reflected, absorbed, or transmitted through
various materials.

New York State Technology Standards
Standard 5: Technology Education

5.2Tools, Resources and Technological Process
Key Idea: Technological tools, materials, and other resourcefdgb®sgelected on the basis of
safety, cost, availability, appropriateness, and environmental impact; technological processes chan
energy, information, and material resources into more useful forms.

5.5 History and Evolution of Technology
Key idea: Tehnology has been the driving force in the evolution of society from an agricultural to ar
industrial to an information base.
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5.6 Impacts of Technology
Key Idea: Technology can have positive and negative impacts on individuals, society, and the
environnent and humans have the capability and responsibility to constrain or promote technologic
development.

Special Education Accommodations & Modifications:
e Use provided flash drive with audio files of studdwrtivity Handouts for use with struggling reade
prior to beginning lab.
e Teacher may use a camera to photograph bubbles on a dark background for students to inspect.
e Dark backgrounds help students to identify colors on film.
e Floor may be covered to avoid slips or falls.
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Module Guide
Thin Films

Materials supplied in Kit: (Kit designed for a class of 33 students/6 groups)
33 Goggles
1 Gallon of distilled water (3.8 L)
2 Cups of Dawn® dish soagg0mL)
1 Cups of glycerin240mL)
7 Cotton gloves
7 Pipettes
105 Straws
7 Plastic tubs for bubble solah
7 Clear trays for hemisphere Investigation
14 Cups
35Precut pieces of string (20" in | ength)
14 Metric rulers (clear work best)
42 Disposable absorbent pads
7 Sheets laminated paper (one side black/ one side white)
7 Sets Activity Handouts A, B, C
NEATEC Module Book
NEATEC Flash Drive

Materials NOT supplied in Kkit: (Required for a class of 33 students)
7 Sets Colored Pencils
7 Calculators (w/ 1 key)
7 Sheets of copier paper
Paper towels (for cleanp)

Pre-Module set-up - 24 hours in advance

n Prepare the Super Bubble Solution at least one day prior to use. Leave solution in an
open container . |t bgesmées more resilie
Super Bubble Solution may be used for Lab 1 (Flim Flam) with multiple sections
throughout one school day. Bubble solution will degrade and used solution should be
DISPOSED of at the end of the day.

15

Pl ease refer to the tdhKit |[Lending
for materials which must be returned (neconsumables)

Please complete pre moduseirvey at
https://www.surveymonkey.com/r/Q92FQVS
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Day 1
Materials:

e 7 sets Activity Handouts A, B, C
e Flash Drive with the electronic NEATEC Learning Module, audiofdea d “ Thi n Fi |

presentation

Pre-Lesson Set-up:

e At least one day prior to lesson. Prepare Super Bubble Solution éfanulays 2, 3, 4)

Small batch (up to 4 students) Large batch (class — 33 students)

1 Cup of distilled water (240 mL) 1 Gallon distilled water (3.8 L)

*Reserve small quantity (2 drops per group)] *Reserve small quantity (2 drops per group)

2 Tablepoons Dawn® dish soap (30 mL) 2 Cups Dawn® dish soag§0mL)

1 Tablespoon of glycerin (15 mL) 1 cups of glycerin (24@L)

n Prepare the above solution at least one day prior to use. Leave solution in an open container. It
becomes more eesolient i f it Aag

Super Bubble Solution may be used for Lab 1 (Flim Flam) with multiple sections throughout one
school day. Bubble solution will degrade and used solution should be DISPOSED of at the end of

the day.

e Photocopy“Thin Films Preview” (1 per student)

Procedure:
1. Show PowerPoint presentation with embedded videos and discuss

2. PrelLab Discussion:
e How can we measure the thickness of a bubble?
o Will a ruler help?
e \What if it has tiny size differences?

3. Embedded Video Links
el nt r o Whatds&lin Filria?”
http://mwww.youtube.com/watch?v=UcYSOp_g&It50 minutes)

® “Measuring Thin Films”
http://www.youtube.com/watch?v=kLqcWfft5p(R:35 minutes)

4. Create lab groups. Provide studeatsivity Handouts A, B and C to read and discuss.

5. Complete“Thin Films Preview”.
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Day 2
Materials:

Per student:
e Goggles
e Straws (2)
e String or crochet thread

Per group (6-7 students):
e Super Bubbles Solution
e Colored pencils
e Plastic tub for bubble solution
e Paper towels
e 1-2 Disposable absorbent pads
e 7 Sheets laminated paper (one side black/ one side white)
e Activity Handouts B and C

Pre-Lesson Set-up:
e Ph ot o Lab p:Build your own “Thin Film Flim Flam* (1 per student)
e Cover work space with absorbent pad
e Distribute group materials

Procedure:
1. Complete lab activity “Lab 1: Build your own “Thin Film Flim Flam”
Teacher NoteFluorescent lighting fixtures tend to illuminate rectangular sections of theebub
Shade the bubble with a sheet of copy paper to reveal more dramatic colors!

2. Respond to investigative questions

Post-Activity Question:
Why did the bubble seem to change colors and surface patterns?
Answer: The bubble was not in equilibrium. Thed was draining from the top to the bottom of the
Flim Flam.
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Day 3

Materials:
Per student:
e Goggles
e Straws
e Glove (1 per group)

Per group (6-7 students):
e Container for bubble solution (cup)
e Super Bubbles Solution
e Copier paper
e Paper towels
e 1-2 Disposable absorbent pads
e Colored pencils

Pre-Lesson Set-up:

e Ph ot o Labp:MeaSuring the Thickness of Bubbles” (1 per student)
e Cover work space with absorbent pad
e Distribute group materials

Procedure:
1. Complete lab activity “Lab 2: Measuring the Thickness of Bubbles”

Post-Activity Question:
By watching color patterns on the bubble, can you predict when it is about to burst?

Answer: As the water in the bubble drifts towards the bottom, and the bubble gets thinner, the colo
begin to vanish, and ¢hbubble may look speckled moments before it breaks.
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Day 4

Materials:
Per student:
e Goggles
e Straws

Per group (6-7 students):
e Super Bubbles Solution
e Container for bubble solution (cup)
e 1 Clear tray
e 1 Pipette
e 1-2 Disposable absorbent pads
e Metric ruler
eCal cul ator (w/ 1 key)

Pre-Lesson Set-up:

eP h ot o Labp: Memispheres!” (1 per student)
e Cover work space with absorbent pad
e Distribute group materials

Procedure:
1. Complete lab activity “Lab 3: Hemispheres!”

Post-Activity Questions:
What happens wdn one distilled water droplet hits a bubble?
Answer: The bubble hemisphere walls collapse once surface tension is broken and the hemisphere
walls hit the surface of the solution before the droplet hits the solution.

Teacher Note: The age of bubble s@ will result in variations in time needed for the surface
tension to be broken.

How can thin films help us determine where the hole is in an inflated tire tube?
Answer: If you coat the tube with a bubble solution, air will escape creating visitibelsu

Pl ease refer to the fAKit Lending
for materials which must be returned (neconsumables)

Please complete post modidarvey at
https://www.surveymonkey.com/r/Q9X7WD2
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Teacher Resources

Resources:
e http://www.stevespanglerscience.com/lab/experiments/bouitcibgle
e http://www.stevespanglerscience.com/lab/experiments/amagingrebubble
e http://www.physics.mun.ca/~yakov/paperADA _soap bubbles AJP_2011.pdf
e http://www.exploratorium.edu/ronh/bubbles/bubble_colors.html
e https://eee.uci.edu/programs/gchem/RDGVISSpec.pdf
e http://www.nisenet.org/sites/default/files/catalog/uploads/5398/materialsfilm_guide_15nov10_O0.pdf

Assessment:
e Studens wi | | be formatively assessed during group
record wil/l be used as a summati ve assessment

lesson objectives.

Extensions:
Have students exess the thickness of the film in scientific notation.
Answers will vary.

How do different shapes affect color patterns?
Answers wil |l vary by shape. There i s no wrong

Can you stop the color movement on the film?
Answer: No, you caslow the movement and/or inhibit the banding

Why does the bubble solution form into a sphere?
Answer: The surface tension of the water provides the necessary wall tension for the formation of
bubbles with water. The tendency to minimize that waksien pulls the bubbles into spherical shapes
(LaPl ace’”s Law).

Images Courtesy of:
e http://i.telegraph.co.uk/telegraph/multimedia/archive/01442/bubbld42066i.jpg
e http://physics.guc.edu.eg/pdfs/bubbles.pdf
e http://upload.wikimedia.org/wikipedia/commons/a/a0/Reflection_from_a_bulpigl
e http://physics.guc.edu.eg/pdfs/bubbles.pdf
e http://www.gamonline.com/catalog/colortheory/visible.php
e https://eee.uci.edu/programs/gchem/RDGVISSpec.pdf
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http://www.stevespanglerscience.com/lab/experiments/amazing-square-bubble
http://www.physics.mun.ca/~yakov/paperADA_soap_bubbles_AJP_2011.pdf
http://www.exploratorium.edu/ronh/bubbles/bubble_colors.html
https://eee.uci.edu/programs/gchem/RDGVISSpec.pdf
http://www.nisenet.org/sites/default/files/catalog/uploads/5398/materialsfilm_guide_15nov10_0.pdf
http://www.nisenet.org/sites/default/files/catalog/uploads/5398/materialsfilm_guide_15nov10_0.pdf
http://i.telegraph.co.uk/telegraph/multimedia/archive/01442/bubble-2_1442066i.jpg
http://physics.guc.edu.eg/pdfs/bubbles.pdf
http://physics.guc.edu.eg/pdfs/bubbles.pdf
http://physics.guc.edu.eg/pdfs/bubbles.pdf
http://physics.guc.edu.eg/pdfs/bubbles.pdf
http://www.gamonline.com/catalog/colortheory/visible.php
http://www.gamonline.com/catalog/colortheory/visible.php

Thin Films - Measuring the Thickness of Bubbles! - Activity Handout - A

Background Information:

A thin film is a layer of a material that can be as thin as a fraction of a nanometer thick. Soap bubbles are a ¢
example of thin films! They are a volume of air surrounded by a thin layer of soap and water. By recording ¢
visual observations of the colors seen on the surface of the film, we are able to infer the thickness.

Soap bubbles
\Qsj : é%é éﬂ/ Repulsion between the soap
particles breaks the film
63&'53‘???? by SD? A bubble e
%&“ ’—3% o bebs

°/o’ o

2t ?
bbbcag z&ﬁq ® e
2% e
ravity pulls down the = 53 @% &\ &) ?

water molecules 6)8 @ (9 Q/ water molecule Soap particle

@@@CB %8 o2 %@
m&@ @8’ séaééaéec
@w@cp 9 g&&éééc‘géééééé

%@9%@& 8 er& @.&9 g&g&ﬁ@ &9@@@!:

So what happens to the light waves to create these patterns? A few possibilities occur. Some waves bounce
the outside wall of the bubble, etfs bounce off the inner wall of the bubble, and others bounce around inside
the bubble (from 1 to N times). The interference from these different paths changes our answer.

One ray of light, the incident ray, enters the bubble. When it leaves asaeflags of light, there is more than
one. That affects our results because the wavelengths of light combine to give off different colors. This is all
because of the different distances traveled. Something as thin as the wall of a bubble is deterncivliong thie
see!

[hcidert rmy of light Reflected ravs of light
X
Chter surface
ﬁ

[nner surface of zoap hubhble
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Thin Films - Measuring the Thickness of Bubbles! - Activity Handout - B

When looking at bubbles, similar to oil on water, we see swirls of color. These swirls are visible because the
are thick enough to reflect visible light.

Each color of the light spectrum has a different wavelength. When light hits the bubble, it is reflected. The
colors witnessed give us clues as to how thick the film is.

THE VISIBLE SPECTRUM - Wavelength in Nanometers

400 450 500 550 600 650 700 750
{ulira) Violet Blue  Cyan Green Yellow Orange Red (infra)
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Thin Films - Measuring the Thickness of Bubbles! - Activity Handout - C

Watch the top of the bubble! You’ Il notice that
so thin it does not reflect visible light. At this point, the surface is only about 25 nanometers (or a millionth of
inch) thick. Guessy hat ' s about to happen.

Observe the colors of the light spectrum due to interference, and reference to the chart below. Compare the
perceived color (the light you actually see) with the color that was absorbed and its wavelength.

We will use thischart on the worksheet.

Absorbed Absorbed Perceived
Wavelength Color (Transmitted)
(nm) Color
400 violet green - yellow
450 indigo yellow
480 blue orange
490 blue-green red
530 green purple
570 yellow-green dark blue
600 orange blue
650 red green
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Name

Period

Vocabulary:

Equilibrium:

Thin Films Preview

Date

Thin Films - Measuring the Thickness of Bubbles!

Hemispheres:

Light Spectrum:;

Sphee:

Thin Film:

Questions:

Why are equilibrium and balance important to thin films?

Where can thin films be found in nature?

Thin Films-

Measuring the Thickness of Bubbles
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Name Date

Period Thin Films - Measuring the Thickness of Bubbles!

Lab 1: Build your own “Thin Film Flim Flam”

&
Investigation Question: 00 . X
What colors will you see in your Thin Film Flim Flam?

Hypothesis:

d.

Materials: O 0, ‘P

e Goggles "e' ‘P :

e Super Bubbles Solution 9 ‘a

e Straws @) y Py

e Colored Pencils . 0 d ,,Q'

e Plastic tub for bubble solution 00 Q

e String or crochet thread

e Paper towels
e 7 Sheets laminated paper (one side black/one side white)

Procedure:
1. Feed the string through both straws. Tie a knot in the string so it forms a loop. Inglyupgdl on the
straws, a square/rectangle should result.

2. Pull knot inside straw.

3. Dip the entire assembly in your bubble solution. Make sure the strings, straws, and your finger tips ar
covered in the liquid.
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Investigative Questions:

1) When you lbld theFlim Flam vertically, what do you see?

2) Draw your results on the diagram to the right. Label all colors.
3) Dip your Flim Flam in the solution.

4) This time hold it horizontally, like a table top.
How do the color patterns behave?

5) What differences do you notice when holding the instrument vertically vs. horizontally?

6) How does rotating the FIlim Flam affect the bu

7) Blow VERY gently into the Flim Flam. How does that change the color patterns?

Just for fun!

This instrument can be used to make giant bubbles. Apply solution to the straws and string. Using a sweepin
motion, forceair into the rectangle, and then trap the bubble by bringing the straws together.
What is the biggest bubble you can make?
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Name Date

Period Thin Films - Measuring the Thickness of Bubbles!

Lab 2: Measuring the Thickness of Bubbles
Investigative Question: “1 r:

How can we measure the thickness of bubbles without using a ruler?

Hypothesis:

Materials:
e Goggles
e Super Bubbles Solution
e Straws (1 per student)
e Container for bubble solutio(cup)
e Glove (1 per group)
e Copier paper
e Paper towels
e Colored pencils

Procedure:

In this lab we will be experimenting with bubbles! Follow phrecedures below and complete your worksheet.
Hint: The colors are easiest to see on a black background.

1. Onestudent in the group put on the glove.
2. Use the straw to blow a bubble. ‘P
3. Catch the bubble in the gloved hand.

4. List all of the colors that you see in the bubbles.
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Record your observations for three separate bubbles:

Hint: Hold a sheet of tented copier paper over the bubble to shade it from the light and reveal more
dramatic colors!

Bubble 1 Bubble 2 Bubble 3

What is the most common color?

What is the approximaidiameter
of the bubble in cm?

In the bubble diagram below, use colored pencils to draw the pattern from one of your bubbles. Label the
di agram’ s col or s.

Visible Thickness:
Colors:

greenyellow 400nm
yellow 450nm
orange 480nm
red 490nm
purple 530nm
dark blue 570nm
blue 600nm
green 650nm

Does the size of the bubble determine what colors you see?

Where do the thicker layers occur?

How can you control the rate of “swirling” in t

Bonus:

Why does the bubble solution form into a sphere?
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Name Date

Period Thin Films - Measuring the Thickness of Bubbles!

Lab 3: Hemispheres

Investigative Question:
How do the sizes of a sphere and a hemisphere compare?

Hypothesis:

Materials:
e Goggles RSN

Super Bubbles Solution / \
Straws 1

Pipette

Container for bubl solution (cup)  // -~ -~

Clear tray / /

Metric ruler

Calculator (w/ m |

Procedure:

Now let us mathematically investigate our bubbles.

1. Put aruler underneath the clear tray, so you can read it.

2. Dip the end of the straw into the solution, and blow one bubbletbativay. Be sure the bubble stays on
the tray. Slowly move the tray or bubble so the bubble lines up with the zero mark of the ruler.

Measure and record the diameter of the bubble. cm

3. Quickly, dip the ruler in solution (soitwbnt pop the bubbl e). l nsert
measure the height of the hemisphere.

Record the height you measured. cm

How does the diameter of the bubble relate to the height of the bubble? Why?

How does the bubble relate to a sphere?
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The volume of a sphere is V= I Tr

So, thevolume of a hemisphere is:

Now using your measurements, calculate the volume of your bubbile.

The surface area of a sphere is SA =4 7 r?

So, thesurface area of a hemisphere is:

Now calculate the surface area of your bubble.

Using a pipette, carefully release onemlof distilled water onto the surface of the bubble.

Document your observations:
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Name Date

Period Thin Films - Measuring the Thickness of Bubbles!

ANSWER KEY

Thin Films Preview

Vocabulary:

Equilibrium:
The state when a substance is balanced out between two areas evenly and there is not a greater density
substance in one area and a lower density in another.

Hemispheres:
The half of a sphere.

Light Spectrum:
The portion of the electromagnetic spectrum that is visible to humans.

Sphere:
A round solid figure, or its surface, with every pointitsrsurface equal distance from its center

Thin Film:
A layer of material ranging from fractions of a nanometer (monolayer) to several micrometers in thickness
Electronic semiconductor devices and optical coatings are the main applications beneditirtyih film
construction.

Questions:

Why are equilibrium and balance important to thin films?
If there is no equilibrium/balance you cannot control the size and thickness of the film

Where can thin films be found in nature?
Any iridescent colofound in nature, like bird feathers, sea shells, butterfly wings, and
beetle shells are examples of thin films.
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Name Date

Period Thin Films - Measuring the Thickness of Bubbles!

ANSWER KEY
Lab 1: Build your own “Thin Film Flim Flam”

Investigation Question:
What colors will you see in your Thin Film Flim Flam?

Hypothesis:
Answers will vary, but a good hypothesis might say we will see a wide range of colors bezdilree th

thickness is going to vary from place to place

Materials:
e Goggles O' Q'
e Super Bubbles Solution P O P
L J
?

e Straws (2)

e Colored Pencils . .

e Plastic pan for bubble solution ‘
e c

e String or crochet thread Q-

e L
e Paper towels Q e

e 7 Sheets laminated paper (one side black/one diite

Procedure:
1. Feed the string through both straws. Tie a knot in the string so it forms a loop. If you gently pull on the
straws, a square/rectangle should result.

2. Pull knot inside straw.

3. Dip the entire assembly in your bubble solution. Make swettings, straws, and your finger tips are
covered in the liquid.
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Investigative Questions:

1. When you hold the Flim Flam vertically, what do you see?
The color patterns line up when it is vertical. The lines of color become wider at the tthpreoea

toward the bottom.

2. Draw your results on the diagram to the right. Label all co

3. Dip your Flim Flam in the solution.

4. This time hold it horizontally, like a table top.
How do the color patterns behave?

The color patterns swirl when & held horizontally.
The color patterns line up when held vertically. The lines of
color become wider at the top and thinner toward the bottom.
5. What differences do you notice when holding the instrument vertically vs. horizontally?
The colors swirl when the straws are horizontal (PARALLEL to the floor) andpinéhen the
straws are vertical (PERPENDICULAR to the floor).

6. How does rotating the FIlim Flam affect the bul
It keeps them swirling. Yes (because it distributes the solution evenly without allowing any one pat
of it to become thinner than the rest which would result in it bregki@gurface tension).

7. Blow VERY gently into the Flim Flam. How does that change the color patterns?

It pushes the swirls around the surface of the film.

Just for fun!

This instrument can be used to make giant bubbles. Apply solution to the strastsrandJsing a sweeping
motion, force air into the rectangle, and then trap the bubble by bringing the straws together.
What is the biggest bubble you can make?
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Name Date

Period Thin Films - Measuring the Thickness of Bubbles!

ANSWER KEY

Lab 2: Measuring the Thickness of Bubbles
Investigative Question: ﬂ} r:

How can we measure the thickness of bubbles without using a ruler?

Hypothesis
Answers will vary, but a good hyposie might say we can observe the colors of the film that make up
bubbles and infer the thickness because when light hits the bubble film, different colors are transmittec

depending on the film thickness.

Materials:

e Goggles

e Super Bubbles Solution

e Straws (Iper student)

e Container for bubble solution (cup)
e Glove (1 per group)

e Copier paper

e Paper towels

e Colored pencils

Procedure:

In this lab we will be experimenting with bubbles! Follow phrecedures below and complete your worksheet.
Hint: The colors aresasiest to see on a black background.

1. One student in the group put on the glove.
2. Use the straw to blow a bubble. ‘P
3. Catch the bubble in the gloved hand.

4. List all of the colors that you see in the bubbles.

Students will notice an array of the visibldarospectrum

Record your observations for three separate bubbles:
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Hint: Hold a sheet of tented copier paper over the bubble to shade it from the light and reveal more
dramatic colors!

Bubble 1 Bubble 2 Bubble 3
What is the most common color?
What is the approximatdiameter Answerswill vary
of the bubble in cm? |

In the bubble diagram below, use colored pencils to draw the pattern from one of your bubbles. Label the
di agram’ s col or s.

Visible Colors: Thickness:
greenyellow 400nm
yellow 450nm
orange 480nm
red 490nm
purple 530nm
dark blue 570nm
blue 600nm
green 650nm

Does the size of the bubble determine what colors you see?
No

Where do the thicker layers occur?
At the bottom of the bubble

How can you control theratef “ swirl ing” i n the bubble?
If you blow gently on the bubble, it will move more quickly. You cannot stop the swirling without it
popping.

Bonus: Why does the bubble solution form into a sphere?

Answer: It has the smallest surface area to containairgest volume
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Name Date

Period Thin Films - Measuring the Thickness of Bubbles!

ANSWER KEY

Lab 3: Hemispheres

Investigative Question:

How do the sizes of a sphere and a lspimere compare?
Hypothesis:
Answers will vary, but a good hypothesis might be the volume and surface area of hemisphere will be

half that of a sphere?

Materials:
e Goggles RN
e Super Bubbles Solution / \
e Straws
P MMM
e Container for bubble solution (cup)
e Clear tay - =~
e Metric ruler
e Calcul ator (w/ 1 |}

Procedure:

Now let us mathematically investigate our bubbles!

1. Put aruler underneath the clear tray, so you can read it.

2. Dip the end of the straw into the solution, and blow one bubble onto the tray. Be dawrblileestays on
the tray. Slowly move the tray or bubble so the bubble lines up with the zero mark of the ruler.

Measure and record the diameter of the bublfleswers will varnem

3. Quickly, dip the rul er i n sedthartleriotothebsbble,and wo n
measure the height of the hemisphere.
Record the height you measurednswers will varycm

How does the diameter of the bubble relate to the height of the bubble? Why?

The height of the bubble will be half of therdeter of the bubble.(because there is only a half bubble on
the tray

How does the bubble relate to a sphere?
Both obtain the greatest amount of surface area with the least amount of volume.
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The volume of a sphere is V=-n r°

So, thevolume of a hemisphere isHalf of the volume of a sphere @e-"r3

Now using your measurements, calculate the volume of your bubbile.

Answers will vary based on the measurements ofuhblés above.

The surface area of a sphere is SA =4 & r?

So, thesurface area of a hemisphere is:alf of the surface area of a sphereSar= 2  r?

Now calculate the surface area of your bubble.

Answers will vary based on the measuremehtie bubbles above.

Using a pipette, carefully release one drop of distilled water onto the surface of the bubble.

Document your observations:

The bubble hemisphere walls collapse once surface tension is broken (the moment the distilled wate
droplet hits it) and the hemisphere walls hit the surface of the solution before the distilled water droplet
hits the solution
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Summary

In this activity your students will have learned the correlation between color wavelengths and measureme
They will have learned the formula for the volume of a sphere, and used it to solweneand
mathematical problems.

Disclaimer

The information contained herein is considered to be true and accurate; however the Northeast Advancec
Technological Edwation Center (NEATEC) makes no guarantees concerning the authenticity of any
statement. NEATEC accepts no liability for the content of this unit, or for the consequences of any actions
taken on the basis of the information provided.

Activity Evaluation

The Northeast Advanced Technological Education Center (NEATEC) would like your feedback on this
activity. Your feedback allows NEATEC to maintain the quality and relevance of this activity.

To provide feedback, please take the survey using the link
https://www.surveymonkey.com/r/Q9X7WD2

Your feedback is greatly appreciated.

Activity Contributors
Co-Developers
Brook Bourgeois Melissa Hirt
~New York State Technology Education Teacher ~New York State &chnology Education Teacher
Brenda Brooks MaryAnn Nickloy
~New York State Pre¥6 Science Teacher ~New York State Mathematics Teacher
Natasha DeLucc@€ampione Gwen Peterson
~NEATEC ~New York State Mathematics Teacher
Nathan Ellis Juliana Potts
~New YorkState Mathematics Teacher ~New York State @ Teacher
Kelly Fahrenkopf Delia Wagner
~New York State Special Education Teacher ~New York State Science Teacher

All activities have been created through developments based on learning and research provided by a variety of
NEATEC Partners and National Science Foundation funded ATE Centers.

Support for this work was provided by the National S«
Program.

This project is sponsored in part by the Matl Science Foundation under ATE Grant #1003355%5699 and 1700606
Any opinions, findings and conclusions or recommendations expressed in this material are those of the author(s) and c
not necessarily reflect those of the National Science Foundation.
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