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Strand:  Physical Sciences (Physics)
	Broad Topic
	Content of Each Learning Standard

	PK-8
	HS
	PK-8
	High School
	PK-8
	High School

	Position and Motion of Objects
	Motion and Forces
	3. Objects can move in various ways.

4. Change the motion of an object by applying a force. The greater the force, the greater the change in motion.

5. Objects can be balanced under some conditions.
	
	1. Weight is the amount of gravitational pull on an object and is distinct from mass.

11. An object’s motion can be described by its position, direction of motion, and speed.

12. Distance vs. time graphs for constant speed.
	1.1 Vector and scalar quantities.

1.2 Displacement, distance, velocity, speed, and acceleration.

1.3 Graphs of 1-dimensional motion.

1.4 Newton’s three laws of motion.

1.5 Free-body force diagrams show forces acting on a system consisting of a pair of interacting objects.

1.6 Qualitative differences between static and kinetic friction, and their effects on the motion of objects.

1.7 Newton’s law of universal gravitation.

1.8 Forces involved in circular motion.

	Forms of Energy
	Conservation of Energy and Momentum
	
	4. Basic forms of energy, which cause motion or create change.

5. Energy can be transferred from one form to another.
	13. Kinetic energy can be transformed into potential energy and vice versa.
	2.1 The law of conservation of energy.

2.2 Energy can be converted from gravitational potential energy to kinetic energy and vice versa.

2.3 Work can be expressed as a change in mechanical energy.

2.4 Power can be expressed as work done per unit time.

2.5 Linear momentum is the product of mass and velocity and is always conserved. 

	Electrical and Magnetic Energy
	Electromagnetism
	
	6. Electricity in circuits requires a complete loop for an electrical current. Electricity can produce light, heat, and sound.

7. Objects and materials can be conductors or insulators of electricity.

8. Making and using electromagnets.
9. Magnets have poles that repel and attract each other.

10. A magnet will attract some objects and materials but not others.
	
	5.1 An electric charge tends to be static on insulators and can move on and in conductors. Energy can produce a separation of charges.

5.2 Current, voltage, resistance, and the connections among them (Ohm’s law).

5.3 Arrangements of components in series and parallel circuits. Symbols are used to represent the functions of common circuit elements in a schematic diagram.

5.4 Attractive or repulsive forces between objects relative to their charges and the distance between them (Coulomb’s law).

5.5 Electric current is a flow of charge caused by a potential difference, and power is equal to current multiplied by voltage.

5.6 Moving electric charges produce magnetic forces and moving magnets produce electric forces. The interplay of electric and magnetic forces is the basis for many technologies.

	Sound and Light Energy
	Waves and Radiation
	
	11. Sound is produced by vibrating objects and travels through a medium. The rate of vibration is related to the pitch of the sound.

12. Light travels in a straight line until it strikes an object or travels from one medium to another. Light can be reflected, refracted, and absorbed.
	
	4.1 The measurable properties of waves and the relationships among them; simple harmonic motion.

4.2 Mechanical and electromagnetic waves.

4.3 Transverse and longitudinal mechanical waves.

4.4 Reflection and refraction of waves.

4.5 Mechanical waves generally move faster through a solid than a liquid and faster through a liquid than a gas.

4.6 The apparent change in frequency of waves due to the motion of a source or a receiver (the Doppler effect).

6.1 Electromagnetic waves are transverse waves and travel at the speed of light through a vacuum.

6.2 Electromagnetic spectrum in terms of frequency and wavelength, and the locations of different waves on the spectrum.


Strand:  Technology/Engineering

	Broad Topic
	Content of Each Learning Standard

	
	PreK–2
	Grades 

    3-5
	Grades 6–8
	High School


	          Materials, Tools, and Machines

	1.1

Characteristics of natural and human-made materials.

1.2 Possible uses for natural and human-made materials.

1.3 Safe and proper use of tools and materials to construct simple structures.
	1.1 Materials used to accomplish a design task based on specific properties.

1.2 Appropriate materials and tools to construct a prototype safely.

1.3 Differences between simple and complex machines.
	1.1 Appropriate materials for design tasks based on specific properties and characteristics.

1.2 Appropriate tools used to hold, lift, carry, fasten, and separate, and their safe and proper uses.

1.3 Safe and proper use of tools and machines needed to construct a prototype.
	2.5 Safe and proper use of common hand tools, power tools, and measurement devices used in construction. 

	Engineering Design
	2.1 Tools and simple machines used for a specific purpose.

2.2 Human beings and animals use parts of the body as tools. 
	2.1 Problems that reflect the need for shelter, storage, or convenience.

2.2 Different ways a problem can be represented.

2.3 Relevant design features for building a prototype of a solution to a problem.

2.4 Natural and mechanical systems are designed to serve similar purposes.
	2.1 Steps of the engineering design process.

2.2 Methods of representing solutions to a design problem.

2.3 The purpose of a prototype.

2.4 Appropriate materials, tools, and machines to construct a prototype.

2.5 Design features and cost limitations affect the construction of a prototype.

2.6 The five elements of a universal systems model.
	1.1 Steps of the engineering design process.

1.2 The engineering design process is used to solve problems, advance society, and modify technologies, objects, and processes.

1.3 Multi-view drawings and pictorial drawings are produced using various techniques.

1.4 Scale and proportion are applied to orthographic projections and pictorial drawings.

1.5 Plans, diagrams, and working drawings are used in the construction of prototypes and models. 

	                            Communication 
	
	
	3.1 Components of a communication system.

3.2 Appropriate tools, machines, and electronic devices used to produce and/or reproduce design solutions.

3.3 Communication technologies and systems.

3.4 How symbols and icons are used to communicate a message.
	6.1 Information travels through various media.

6.2 Differences between digital and analog signals; how communication devices employ digital and analog technologies.

6.3 How the various components and processes of a communication system function. 

6.4 Applications of laser and fiber optic technologies.

6.5 Application of electromagnetic signals in fiber optic technologies, including critical angle and total internal reflection.

	Manufacturing
	
	
	4.1 Manufacturing systems of custom and mass production.

4.2 Impacts of interchangeable parts, components of mass-produced products, and the use of automation.

4.3 Manufacturing organization.

4.4 Basic processes in manufacturing systems. 
	7.1 Manufacturing processes 

7.2 Criteria necessary to select safe tools and procedures for the manufacturing process.

7.3 Advantages of using robotics in the automation of manufacturing processes.

	               Construction
	
	
	5.1 Parts of a structure.

5.2 Three major types of bridges and their appropriate uses.

5.3 The forces of tension, compression, torsion, bending, and shear affect the performance of bridges.

5.4 Effects of load and structural shape on bridges.
	2.1 Engineering properties of materials used in structures.

2.2 Differences between tension, compression, shear, and torsion, and how they relate to the selection of materials in structures.

2.3 Bernoulli’s principle and its effect on structures.

2.4 Resultant force(s) for a combination of live and dead loads.

2.6 The purposes of zoning laws and building codes in the design and use of structures.

	Fluid Systems
	
	
	
	3.1 Differences between open and closed fluid systems.

3.2 Hydraulic and pneumatic systems and how each relates to manufacturing and transportation systems.

3.3 The ability of a hydraulic system to multiply distance, multiply force, and effect directional change.

3.4 The velocity of a liquid moving in a pipe varies inversely with changes in the pipe’s cross-sectional area.

3.5 Sources of resistance for water moving through a pipe. 

	Broad Topic
	Content of Each Learning Standard

	
	PreK–2
	Grades 3–5
	Grades 6–8
	High School

	Electrical Systems
	
	
	
	5.1 Measure and calculate voltage, current, resistance, and power consumption in series and parallel circuits.

5.2 Components of a circuit.

5.3 Relationships among voltage, current, and resistance in a simple circuit, using Ohm’s law.

5.4 Resistance is affected by external factors.

5.5 Alternating current and direct current.


Massachusetts State Math Standards as they relate to this project.
Physics Standards:

1.1 Vector and scalar quantities.

1.2 Displacement, distance, velocity, speed, and acceleration.

1.3 Graphs of 1-dimensional motion.

1.4 Newton’s Laws of motion

1.5 Forces involved in circular motion.

4.4 Reflection and refraction of waves.

1.4 Scale and proportion are applied to orthographic projections and pictorial drawings.

Math Standards

1.1 N.VM.5.a - Represent scalar multiplication graphically by scaling vectors and possibly reversing their direction; perform scalar multiplication component-wise, e.g., as c(vx, vy) = (cvx, cvy).

1.2 N.VM.3 - (+) Solve problems involving velocity and other quantities that can be represented by vectors.
1.3 F.IF.4 - For a function that models a relationship between two quantities, interpret key features of graphs and tables in terms of the quantities, and sketch graphs showing key features given a verbal description of the relationship. Key features include: intercepts; intervals where the function is increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior; and periodicity.
1.4 G.CO.6 - Use geometric descriptions of rigid motions to transform figures and to predict the effect of a given rigid motion on a given figure; given two figures, use the definition of congruence in terms of rigid motions to decide if they are congruent.

4.4  G.CO.4 - Develop definitions of rotations, reflections, and translations in terms of angles, circles, perpendicular lines, parallel lines, and line segments.
· 
1.4 
A.CED.2 - Create equations in two or more variables to represent relationships between quantities; graph equations on coordinate axes with labels and scales.★
1.4 ACMMG219 - Investigate very small and very large time scales and intervals

1.4 ACMMG221 - Solve problems using ratio and scale factors in similar figures
1.4 8.M.1g - estimate and solve problems that include rational numbers, ratios, and proportions; 

1.4
ACMNA208 - Solve problems involving direct proportion. Explore the relationship between graphs and equations corresponding to simple rate problems

