Solenoid Invention Kit

Introduction:

The Solenoid Invention Kit is an interdisciplinary unit of study that introduces concepts related to electromagnetism. An invention kit is a reconstruction of a historical invention that shaped the world. It provides scaffolding that will allow middle-school students to understand and recreate working inventions. The goal is not to create an exact replica, but to reinterpret and reinvent using modern manufacturing technologies. The Invention Kit will include 3D scans of the original artifact in the Smithsonian collections, and CAD files that permit students to download and fabricate key components. The Invention Kit will also provide primary source documents such as patent descriptions, associated pedagogical materials and teacher guides. This document contains instructional resources for teachers to implement the Solenoid Invention Kit in a science or engineering class. While the instructional resources are designed to be followed in sequence and culminate in the Design Challenge, most of the laboratory activities can be modified or operate as stand-alone lessons. The Solenoid Invention Kit focuses on the discovery and utilization of a solenoid-- a coil of wire that generates a magnetic field when electrical current passes through it. 

Historical Context:

The age of electricity began in 1800 when Volta invented the battery. About twenty years later, a Danish science professor observed a nearby compass needle moving when he connected a battery to a copper wire. The movement of the compass needle demonstrated the electrical current running through the wire generated a magnetic field.  If each end of the wire is placed on the opposite battery terminal, the movement of the compass needle will deflect in the opposite direction. The magnetic field produced by the electrical current has a north pole and a south pole, just as permanent magnets do.

The force generated by the electrical current through a single straight wire is weak. It can move a compass needle near the electrical wire, but it cannot move a larger object.

Scientists soon discovered coiling a length of wire changed the magnetic field. Ampere, a French scientist, declared the coil of wire resembled a pipe. Ampere used the Greek word for “pipe” (solenoid) to describe the coil of wire. The term solenoid is still used to describe a coil of wire with an electrical current running through it.

The discovery of the connection between electricity and magnetism served as the basis for a series of pivotal inventions that changed civilization. These inventions included the first practical electric motor, the telegraph, the telephone, radio, computers, and the Internet. 


	              Unit Title
	Solenoid Invention Kit

	Recommended 
Grade Level
	7th or 8th grade

	Content Area(s)
	· Physical Science
· Engineering
· Science, Technology, Engineering, and Mathematics (STEM) Course

	Academic Standards
	National Standards for Science: 


Virginia State Science Standards: P.S. 11


ISTE Standards for Students: 2d (communication, collaboration), 4 a-d (problem solving)

	Connection to Other Content Areas
	The Smithsonian Invention Kits offer 

	Extensions
	Any use of a solenoid to control something works as an extension. (ex: to actuate a pop up card, to initiate motion, etc.)

	Acknowledgements
	

	Contact Information (email, tel. number, URL)
	  
Matt Hoffman will create an email for user input.






















	
Engineering Class Unit Plan


	Prior Knowledge
	Science Content:
The Solenoid Invention Kit is scaffolded all the way down to the fundamentals of magnetism: polarity, attraction, and repulsion. Students should understand the basic functionality of a battery and common uses of electricity. Students should also be prepared to make qualitative and quantitative observations in a laboratory activity format. 

Engineering Skills:
This unit serves as an introduction to the engineering design process and utilizing digital fabrication tools. Prior to starting this unit, it will be useful for students to understand how to use 2D design software (MakerStudio by FableVision or Silhouette Studio) and operate a Silhouette Die Cutter. The technology skills in this unit can be taught in situ as students work through the laboratory activities and Design Challenge. 

	Time Allotment
	Failure is an important part of the engineering design process. Therefore, it is important to allocate appropriate class time to allow students to brainstorm multiple solutions, design an optimal solution, and revise their strategy/design as they progress through the engineering and fabrication process. 

For an engineering-only elective with 45 minute class periods, the following time allotment is suggested:

	Unit Breakdown
	Time Allotted

	Lab Activities 1-5
	7 class periods

	Proposal for Design Challenge
	1 class period

	Design Challenge
	5 class periods

	Presentations/
Gallery Walk/Assessment
	1-2 class periods



This time allotment varies based on school scheduling, pedagogical style, and technology/resource availability. 


	Key Concepts & Skills
	Concepts:
· Material Conductivity: Conductors vs. Insulators
· Magnetism:
· Polarity
· Attraction
· Repulsion
· Ferrous Materials
· Field Lines
· Iron Filings

· Compass
· Earth’s magnetic field
· Basic functionality: attraction to magnetic field
· Electricity
· Functionality of a Battery
· Continuity of Circuit
· Functionality of Light Emitting Diodes (LEDs)
· Voltage
· Current
· Direct Current
· Direction of Electron Flow
· Resistance
· Atomic Structure
· Electrons
· Protons
· Neutrons
· Electromagnetism
· A current carrying wire produces a magnetic field
· The magnetic field produced by a current carrying wire can be strengthened by coiling the wire (solenoid)
Skills:
· Soldering
· Making qualitative observations
· 2D Design (MakerStudio by FableVision or Silhouette Studio)
· Fabrication on Silhouette Die Cutter

	Essential Questions
	How can scientific knowledge be applied to create controlled motion?
How do constraints impact the design process?
Why is planning important in the engineering design process?

	Learning Target
	· I can apply my understanding of electromagnetism to design and fabricate a solenoid-activated pop up card. 
· I can design and fabricate a solenoid-activated pop up card given constraints. 

	Materials
	Activity 1 – Exploring Magnetism
· ⅜” X 1” Neodymium Magnet (2)
· Wood Dowel
· Copper Cylinder
· Iron Cylinder
Activity 2 – Conductivity: Batteries, Circuits, and Switches
· 3V Batteries Size CR2032
· CR2032 Battery Holder
· 24 gauge insulated wire (or equivalent)
· 3V LED
· ⅜” X 1” Neodymium Magnet (1)
· Wood Dowel
· Copper Cylinder
· Iron Cylinder
· 0.031 gauge 63/37 electrical leaded solder
· Wire Strippers
Activity 3 - Detecting Magnetic Fields
· AA Batteries (with battery pack and leads) or Battery Eliminator
· Magnet Wire Enameled Copper, 26 AWG (or equivalent)
· Compass
· Ruler
Activity 4 – Discovering Electromagnetism
· AA Batteries (with battery pack and leads) or Battery Eliminator
· Magnet Wire Enameled Copper, 26 AWG (or equivalent)
· Cardstock
· Compass
· Ruler
Activity 5 – Investigating Electromagnetism
· AA Batteries (with battery pack and leads) or Battery Eliminator
· Magnet Wire Enameled Copper, 26 AWG (or equivalent)
· Cardstock
· ⅜” X 1” Neodymium Magnet (1)
· Iron Cylinder

	Technology
	· Soldering Iron
· Silhouette Die Cutter
· Computer/Tablet with Internet Connection or Silhouette Studio

	Instructional Procedure
	As discussed above, the Solenoid Invention Kit contains a sequence of laboratory activities and the culminating Design Challenge that take place over several class periods. This section will outline each individual activity and provide teacher and student resources, guiding questions, and a discussion on instructional strategies to contribute to an effective classroom experience. 

Historical Context Lesson
The historical context of the Solenoid Invention Kit is crucial to developing the rationale for the laboratory activities and design challenge. Prior to starting the laboratory activities, students should be introduced to the relevant historical information. One possible activity would be creating an interactive timeline on ReadWriteThink.org

Laboratory Activity #1: Investigating Magnetism

Description: The first laboratory activity is designed to be a primary scaffold to understanding electromagnetism. Students must first understand the fundamentals of permanent magnetism: polarity, attraction, and repulsion. Students explore how various materials interact with a magnet to make conclusions on the properties of magnetism. 

Teacher Resources: The Make To Learn website contains a step-by-step procedure to conduct the laboratory activity. 

Guiding Questions:
· Which materials were attracted to the magnet?
· Which materials were NOT attracted to the magnet?
· What happens when two magnets are positioned next to each other?
· Why are ferrous materials attracted to a magnet?
· What is a magnetic field? 
· How can we observe a magnetic field?

Student Think Sheet: A sample student think sheet can be found in the Instructor Package, titled “Solenoid Unit Lab#1 Student Think Sheet”.

Laboratory Activity #2: Conductivity: Batteries, Circuits, and Switches

Description: The second laboratory activity is designed to be a primary scaffold to understanding basic circuitry. Students must first understand the fundamentals of conductivity, voltage, current, and resistance before investigating the connection between electricity and magnetism. Students construct a simple continuity tester consisting of a CR2032 size battery in a battery holder, an LED, and two insulated wires. Students learn how to solder electrical components together and can use this device to investigate the conductivity of different materials. 

Teacher Resources: The Make To Learn website contains a step-by-step procedure to conduct the laboratory activity. 

Guiding Questions:
· Which materials are considered conductive?
· Why are some materials conductive while others are not?
· Which materials are considered insulators?
· Why are some materials insulators while others are not?
· What are possible reasons the LED would not turn on?
· What is the purpose of using solder rather than a different form of adhesion?
· How are voltage, current, and resistance related?
· How does a battery work?
· Why is copper useful as electrical wire?

Student Think Sheet: A sample student think sheet can be found in the Instructor Package, titled “Solenoid Unit Lab#2 Student Think Sheet”.

Laboratory Activity #3: Detecting Magnetic Fields

Description: The third laboratory activity is designed to introduce students to the connection between electricity and magnetism.  Students reenact Hans Oersted’s original discovery of this connection by placing a compass adjacent to a current carrying wire. This laboratory activity represents a crucial experience in the sequence of Smithsonian Invention Kits as this discovery was used in many later inventions. 

Teacher Resources: The Make To Learn website contains a step-by-step procedure to conduct the laboratory activity. 

Guiding Questions:
· How does a compass work?
· What is electrical current?
· How does changing the voltage impact electrical current?
· How does a compass respond to a nearby magnetic field?
· What conclusions can you draw about a current carrying wire if it is able to deflect a nearby compass?
· How does the direction of the current impact the magnetic field created?
· How does reversing the battery in a circuit impact the electrical current?

Student Think Sheet: A sample student think sheet can be found in the Instructor Package, titled “Solenoid Unit Lab#3 Student Think Sheet”.

Laboratory Activity #4: Discovering Electromagnetism 

Description: The fourth laboratory activity extends the detection of electromagnetic force to the study of solenoids. Students investigate how coiling the wire strengthens the magnetic field generated by the current carrying wire. Because solenoids are present in multiple Smithsonian Invention Kits, this laboratory activity is also a crucial experience in the science and engineering progressions. 

Teacher Resources: The Make To Learn website contains a step-by-step procedure to conduct the laboratory activity. 

Guiding Questions:
· How does a compass work?
· What is electrical current?
· How does changing the voltage impact electrical current?
· How does a compass respond to a nearby magnetic field?
· What conclusions can you draw about a current carrying wire if it is able to deflect a nearby compass?
· How does the direction of the current impact the magnetic field created?
· How does reversing the battery in a circuit impact the electrical current?
· How does reversing the battery in a circuit impact the electromagnet generated?
· What is an electromagnet?
· How are electromagnets and permanent magnets similar?
· How are electromagnets and permanent magnets different?

Student Think Sheet: A sample student think sheet can be found in the Instructor Package, titled “Solenoid Unit Lab#4 Student Think Sheet”.

Laboratory Activity #5: Investigating Electromagnetism

Description: The fifth laboratory activity is designed to facilitate the investigation of electromagnetism using solenoids. Students investigate how ferrous material (iron) and magnets interact with an electromagnet. Students draw conclusions based on what occurs when the orientation of the components and/or the battery is changed. Teachers should help students develop the fundamental understandings of electromagnetism so that they can apply this scientific knowledge in the Design Challenge. As the five laboratory activities have built upon each other conceptually, this is an important final experience to promote student understanding. 

Teacher Resources: The Make To Learn website contains a step-by-step procedure to conduct the laboratory activity. 

Guiding Questions:
· How does changing the voltage impact the interaction between the electromagnet and the iron?
· How does changing the voltage impact the interaction between the electromagnet and the permanent magnet?
· How does changing the orientation of the permanent magnet impact the interaction between the electromagnet and the permanent magnet?
· How does changing the orientation of the electromagnet impact the interaction between the electromagnet and the permanent magnet?
· How does the direction of the current impact the magnetic field created?
· How does reversing the battery in a circuit impact the electrical current?
· How does reversing the battery in a circuit impact the electromagnet generated?

Student Think Sheet: A sample student think sheet can be found in the Instructor Package, titled “Solenoid Unit Lab#5 Student Think Sheet”.

Recommended Instructional Strategies:
As students investigate in the laboratory activities, it is helpful to use a protocol to help them make observations, draw conclusions, and inquire further. Project Zero at Harvard University developed a series of practices to make thinking visible. One of those practices is called, “See, Think, Wonder” where students answer the following questions:
· What do you see?
· What do you think about that?
· What does it make you wonder?

The student think sheets provided utilize this instructional practice to help drive student thinking and promote deeper learning. While this strategy is useful, any research-based strategy would be sufficient.


Design Challenge:

The Solenoid Invention Kit culminates in a Design Challenge that challenges students to apply their new understanding gained from the laboratory activities. Students have been exposed to concepts related to electricity, magnetism, and the connection between them. The Design Challenge is to create a solenoid-activated pop-up card. Pop-up cards are familiar to school-aged children due to their prevalence in young children’s literature. Students will design their own pop up card using 2D Design software (e.g. Maker Studio by FableVision, Silhouette Studio, etc.). Then, the students must apply their knowledge of electromagnetism to “pop up” the card when connected to a battery. 

The Design Challenge can be implemented in many ways and should be modified based on context and time. The description below represents one possible implementation:

Proposal
[bookmark: _GoBack]The first task students must complete for the Design Challenge is to submit a proposal that includes a design description, preliminary design sketches, and a plan for how the group will work towards a final product (roles, deadlines, etc.).This serves as a preliminary assessment for the instructor to see which groups need more support from the beginning. Proposals should not represent a perfect plan that will automatically work. Rather, teachers should allow students to authentically run with their ideas, even if they fail. If students are way off the mark on their proposal, the teacher should facilitate their conversation towards more feasible designs. 

Engineering Design Process
Once students have an approved proposal, student groups are given a single sheet of cardstock to serve as their prototype. Before they can begin designing their pop up card on 2D design software, student groups must demonstrate that they have applied the science correctly to produce a working prototype. This guarantees that students are spending appropriate time on the engineering aspect of this project before moving on to the artistic software design. 

Students will likely make multiple revisions of their design as they work towards a working prototype. The teacher should take the role of facilitator by asking probing questions and requiring students to revisit the laboratory activities as justification for their design. 

2D Design and Final Product
Once students have a working prototype, they can proceed with designing their artistic pop up card on 2D design software. Once their pop up card has been fabricated, they can replicate their mechanism from the working prototype to a finish with a solenoid-activated pop up card. 

Assessment
At the conclusion of the Design Challenge, students are assessed according to a teacher-created rubric. Presentation formats such as a gallery walk, “Shark Tank” presentation, or generic class presentation could also be implemented. 

	Safety
	Safety should be the first priority of any science-based instruction. The teacher should ensure that safety protocols are in place for the following equipment:

· General laboratory safety
· Soldering Iron



