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West Haven Public Schools 

Unit Planning Organizer 

Subject – Honors Physics             Grade-9-12 

 Unit 5- Conservation of Energy / Mechanical Energy                                                          

 Pacing 4 weeks  

Essential Question(s): 

● In what ways can an object have energy? 

● How can energy be transferred from one object to another?  What happens to an object when it loses/ 

receives energy? 

● What is the law of conservation of energy and how can it be used to predict the motion and 

displacement of objects? 

Big Idea(s): 

● Mechanical energy is a property of an object that depends upon the object’s mass, velocity, and position 

above the earth. 

● Energy may exist in several different forms, such as light, sound, electrical, and thermal energy, as well 

as mechanical energy. 

● While energy may be converted from one form to another or transferred from one object to another, the 

total energy of a system must remain constant. 

Example Phenomena: 
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Next Generation Science Standards (NGSS) (includes West Haven’s “Priority” NGSS in BOLD and “Supporting” 

Standards)- Prioritize Performance Expectations 

Priority Standard 

HS-PS3-1. Create a computational model to calculate the change in the energy of one component in a system when the change in energy of the 

other component(s) and energy flows in and out of the system are known. [Clarification Statement: Emphasis is on explaining the meaning of 

mathematical expressions used in the model.] [Assessment Boundary: Assessment is limited to basic algebraic expressions or computations; to 

systems of two or three components; and to thermal energy, kinetic energy, and/or the energies in gravitational, magnetic, or electric fields.] 

HS-PS3-2. Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a combination of energy associated 

with the motions of particles (objects) and energy associated with the relative position of particles (objects). [Clarification Statement: Examples 

of phenomena at the macroscopic scale could include the conversion of kinetic energy to thermal energy, the energy stored due to position of 

an object above the earth, and the energy stored between two electrically-charged plates. Examples of models could include diagrams, 

drawings, descriptions, and computer simulations.] 

HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.* 

[Clarification Statement: Emphasis is on both qualitative and quantitative evaluations of devices. Examples of devices could include Rube 

Goldberg devices, wind turbines, solar cells, solar ovens, and generators. Examples of constraints could include use of renewable energy forms 

and efficiency.] [Assessment Boundary: Assessment for quantitative evaluations is limited to total output for a given input. Assessment is limited 

to devices constructed with materials provided to students.] 

Supporting Standards- 
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“Unwrapped” Concepts and Skills, and Bloom Levels (BL) 

Concepts(Need to 
Know) 

 

Skills(Able to Do) 
 

 

BLOOMS 
 

SEP 
LIST NOT 
NUMBER  

 

CCC 
LIST NOT NUMBER 

 

LA 
Common 

Core 
 

Math  
Common 

Core  
 
 

PS3.A: Definitions of 
Energy  
∙ Energy is a 
quantitative property of 
a system that depends 
on the motion and 
interactions of matter 
and radiation within 
that system. That there 
is a single quantity 
called energy is due to 
the fact that a system’s 
total energy is 
conserved, even as, 
within the system, 
energy is continually 
transferred from one 
object to another and 
between its various 
possible forms.  
PS3.B: Conservation of 
Energy and Energy 
Transfer  
∙ Conservation of 

Representation 
a Students identify and 
describe* the 
components to be 
computationally 
modeled, including: 
i. The boundaries of 
the system and that 
the reference level for 
potential energy = 0 
(the 
potential energy of the 
initial or final state 
does not have to be 
zero); 
ii. The initial energies 
of the system’s 
components (e.g., 
energy in fields, 
thermal energy, 
kinetic energy, energy 
stored in springs — all 
expressed as a total 
amount of Joules in 
June 2015 Page 1 of 2 
each component), 
including a 

Levels 1-6 Using 
Mathematics and 
Computational 
Thinking. 
 ∙ Create a 
computational 
model or 
simulation of a 
phenomenon, 
designed device, 
process, or system 

Systems and System 
Models 
-Models can be used to 
predict the behavior of a 
system, but these 
predictions have limited 
precision and reliability 
due 
to the assumptions and 
approximations inherent in 
models. 
 
Connections to Nature of 
Science 
Scientific Knowledge 
Assumes an Order and 
Consistency in Natural 
Systems 
-Science assumes the 
universe is a vast single 
system in which basic laws 
are consistent. 

SL 11-12.5 MP.2 
MP.4 
 
HSN.Q.A.1 
HSN.Q.A.2 
HSN.Q.A.3 
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energy means that the 
total change of energy 
in any system is always 
equal to the total 
energy transferred into 
or out of the system.  
∙ Energy cannot be 
created or destroyed, 
but it can be 
transported from one 
place to another and 
transferred between 
systems.  
∙ Mathematical 
expressions, which 
quantify how the 
stored energy in a 
system depends on its 
configuration (e.g., 
relative positions of 
charged particles, 
compression of a 
spring) and how kinetic 
energy depends on 
mass and speed, allow 
the concept of 
conservation of energy 
to be used to predict 
and describe system 
behavior.  
∙ The availability of 
energy limits what can 

quantification in an 
algebraic description 
to calculate the 
total initial energy of 
the system; 
iii. The energy flows in 
or out of the system, 
including a 
quantification in an 
algebraic 
description with flow 
into the system 
defined as positive; 
and 
iv. The final energies of 
the system 
components, including 
a quantification in an 
algebraic 
description to 
calculate the total final 
energy of the system. 
2 Computational 
Modeling 
a Students use the 
algebraic descriptions 
of the initial and final 
energy state of the 
system, along 
with the energy flows 
to create a 
computational model 
(e.g., simple computer 
program, 
spreadsheet, 
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occur in any system. simulation software 
package application) 
that is based on the 
principle of the 
conservation of 
energy. 
b Students use the 
computational model 
to calculate changes in 
the energy of one 
component of 
the system when 
changes in the energy 
of the other 
components and the 
energy flows are 
known. 
3 Analysis 
a Students use the 
computational model 
to predict the 
maximum possible 
change in the energy 
of 
one component of the 
system for a given set 
of energy flows. 
b Students identify 
and describe* the 
limitations of the 
computational model, 
based on the 
assumptions that were 
made in creating the 
algebraic descriptions 
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of energy changes and 
flows 
in the system. 

PS3.A: Definitions of 
Energy 
 ∙ Energy is a 
quantitative property of 
a system that depends 
on the motion and 
interactions of matter 
and radiation within 
that system. That there 
is a single quantity 
called energy is due to 
the fact that a system’s 
total energy is 
conserved, even as, 
within the system, 
energy is continually 
transferred from one 
object to another and 
between its various 
possible forms. 
 ∙ At the macroscopic 
scale, energy manifests 
itself in multiple ways, 
such as in motion, 
sound, light, and 
thermal energy. 
 ∙ These relationships 
are better understood 
at the microscopic 

Components of the 
model  
a Students develop 
models in which 
they identify and 
describe* the 
relevant 
components, 
including: i. All the 
components of the 
system and the 
surroundings, as 
well as energy flows 
between the system 
and the 
surroundings; ii. 
Clearly depicting 
both a macroscopic 
and a 
molecular/atomic-
level representation 
of the system; and 
iii. Depicting the 
forms in which 
energy is manifested 
at two different 
scales: a) 
Macroscopic , such 
as motion, sound, 

Levels 1-6 Developing and 
Using Models  
∙ Develop and use 
a model based on 
evidence to 
illustrate the 
relationships 
between systems 
or between 
components of a 
system. 

Energy and Matter 
 ∙ Energy cannot be 
created or destroyed; it 
only moves between 
one place and another 
place, between objects 
and/or fields, or 
between systems. 

SL 11-12.5 MP2 
MP 4 
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scale, at which all of the 
different 
manifestations of 
energy can be modeled 
as a combination of 
energy associated with 
the motion of particles 
and energy associated 
with the configuration 
(relative position of the 
particles). In some 
cases the relative 
position energy can be 
thought of as stored in 
fields (which mediate 
interactions between 
particles). This last 
concept includes 
radiation, a 
phenomenon in which 
energy stored in fields 
moves across space. 

light, thermal 
energy, potential 
energy or energy in 
fields; and b) 
Molecular/atomic, 
such as motions 
(kinetic energy) of 
particles (e.g., nuclei 
and electrons), the 
relative positions of 
particles in fields 
(potential energy), 
and energy in fields. 
2 Relationships  
a Students describe* 
the relationships 
between 
components in their 
models, including: i. 
Changes in the 
relative position of 
objects in 
gravitational, 
magnetic or 
electrostatic fields 
can affect the 
energy of the fields 
(e.g., charged 
objects moving away 
from each other 
change the field 
energy). ii. Thermal 
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energy includes both 
the kinetic and 
potential energy of 
particle vibrations in 
solids or molecules 
and the kinetic 
energy of freely 
moving particles 
(e.g., inert gas 
atoms, molecules) in 
liquids and gases. iii. 
The total energy of 
the system and 
surroundings is 
conserved at a 
macroscopic and 
molecular/atomic 
level. iv. Chemical 
energy can be 
considered in terms 
of systems of nuclei 
and electrons in 
electrostatic fields 
(bonds). v. As one 
form of energy 
increases, others 
must decrease by 
the same amount as 
energy is transferred 
among and between 
objects and fields.  
3 Connections  
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a Students use their 
models to show that 
in closed systems 
the energy is 
conserved on both 
the macroscopic and 
molecular/atomic 
scales so that as one 
form of energy 
changes, the total 
system energy 
remains constant, as 
evidenced by the 
other forms of 
energy changing by 
the same amount or 
changes only by the 
amount of energy 
that is transferred 
into or out of the 
system.  
b Students use their 
models to illustrate 
that energy at the 
macroscopic scale 
can be accounted 
for as a combination 
of energy associated 
with the motions of 
particles/objects and 
energy associated 
with the relative 
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positions of 
particles/objects on 
both the 
macroscopic and 
microscopic scales. 

PS3.A: Definitions of 
Energy  
∙ At the macroscopic 
scale, energy manifests 
itself in multiple ways, 
such as in motion, 
sound, light, and 
thermal energy. PS3.D: 
Energy in Chemical 
Processes  
∙ Although energy 
cannot be destroyed, it 
can be converted to 
less useful forms — for 
example, to thermal 
energy in the 
surrounding 
environment.  
ETS1.A: Defining and 
Delimiting an 
Engineering Problem 
 ∙ Criteria and 
constraints also include 
satisfying any 
requirements set by 
society, such as taking 
issues of risk mitigation 

1 Using scientific 
knowledge to 
generate the design 
solution  
 Students design a 
device that converts 
one form of energy 
into another form of 
energy. 
 b Students develop 
a plan for the device 
in which they: i. 
Identify what 
scientific principles 
provide the basis for 
the energy 
conversion design; ii. 
Identify the forms of 
energy that will be 
converted from one 
form to another in 
the designed 
system; iii. Identify 
losses of energy by 
the design system to 
the surrounding 
environment; iv. 

Level 1-6 Constructing 
Explanations and 
Designing 
Solutions  
∙ Design, evaluate, 
and/or refine a 
solution to a 
complex real-
world problem 
based on scientific 
knowledge, 
student-generated 
sources of 
evidence, 
prioritized criteria, 
and tradeoff 
considerations. 

Energy and Matter 
 ∙ Changes of energy and 
matter in a system can 
be described in terms of 
energy and matter flows 
into, out of, and within 
that system.  
 
Connections to 
Engineering, 
Technology, and 
Applications of Science 
Influence of Science, 
Engineering and 
Technology on Society 
and the Natural World 
 ∙ Modern civilization 
depends on major 
technological systems. 
Engineers continuously 
modify these 
technological systems by 
applying scientific 
knowledge and 
engineering design 
practices to increase 
benefits while 

WHST.9-12.7 MP.2 
MP.4 
 
HSN.Q.A.1 
HSN.Q.A.2 
HSN.Q.A.3 

http://www.corestandards.org/ELA-Literacy/WHST/9-10


Unit ___________________________________ 

 

into account, and they 
should be quantified to 
the extent possible and 
stated in such a way 
that one can tell if a 
given design meets 
them. (secondary) 

Describe* the 
scientific rationale 
for choices of 
materials and 
structure of the 
device, including 
how student-
generated evidence 
influenced the 
design; and v. 
Describe* that this 
device is an example 
of how the 
application of 
scientific knowledge 
and engineering 
design can increase 
benefits for modern 
civilization while 
decreasing costs and 
risk.  
2 Describing criteria 
and constraints, 
including 
quantification when 
appropriate  
 
a Students describe* 
and quantify (when 
appropriate) 
prioritized criteria 
and constraints for 

decreasing costs and 
risks. 
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the design of the 
device, along with 
the tradeoffs implicit 
in these design 
solutions. Examples 
of constraints to be 
considered are cost 
and efficiency of 
energy conversion.  
3 Evaluating 
potential solutions  
a Students build and 
test the device 
according to the 
plan.  
b Students 
systematically and 
quantitatively 
evaluate the 
performance of the 
device against the 
criteria and 
constraints. 
 4 Refining and/or 
optimizing the 
design solution  
a Students use the 
results of the tests 
to improve the 
device performance 
by increasing the 
efficiency of energy 
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conversion, keeping 
in mind the criteria 
and constraints, and 
noting any 
modifications in 
tradeoffs. 

 

Instructional Planning (REFER TO PERFORMANCE EXEPCTATIONS AND use clarification statements with 

examples) 

Suggested Resources/Materials: 

Teacher’s Guide and Student Textbook 

 

Additional Resources: 

 

 

Suggested Research-based Effective Instructional Strategies: 

1. Whole group instruction 

2. Small group instruction 

3. Expanding prior knowledge through literature and observation 

4. Science Journals 
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5. Compare and contrast 

6. Student driven instruction 

7. Questioning-open ended 

8. Think, Pair Share 

 

Assessments 

 

“Dipsticks” (Informal Progress Monitoring Checks): 

 

 

 

Common Formative Post- Assessment (Followed by Data Team Analysis): 
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CROSS-CUTTING CONCEPTS - 

1. Patterns. Observed patterns of forms and events guide organization and classification, and they prompt 

questions about relationships and the factors that influence them.  

2. Cause and effect: Mechanism and explanation. Events have causes, sometimes simple, sometimes 

multifaceted. A major activity of science is investigating and explaining causal relationships and the 

mechanisms by which they are mediated. Such mechanisms can then be tested across given contexts and 

used to predict and explain events in new contexts.  

3. Scale, proportion, and quantity. In considering phenomena, it is critical to recognize what is relevant at 

different measures of size, time, and energy and to recognize how changes in scale, proportion, or quantity 

affect a system’s structure or performance.  

4. Systems and system models. Defining the system under study—specifying its boundaries and making 

explicit a model of that system—provides tools for understanding and testing ideas that are applicable 

throughout science and engineering. 

5. Energy and matter: Flows, cycles, and conservation. Tracking fluxes of energy and matter into, out of, 

and within systems helps one understand the systems’ possibilities and limitations.  
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6. Structure and function. The way in which an object or living thing is shaped and its substructure determine 

many of its properties and functions.  

7. Stability and change. For natural and built systems alike, conditions of stability and determinants of rates of 

change or evolution of a system are critical elements of study. 
 

 

Science and Engineering Practices (Practices in BOLD should be focused on in this unit) 

1. Asking questions (for science) and defining problems (for engineering) 

2. Developing and using models 

3. Planning and carrying out investigations 

4. Analyzing and interpreting data 

5. Using mathematics and computational thinking 

6. Constructing explanations(for science) and designing solutions(for engineering) 

7. Engaging in argument from evidence 

8. Obtaining, evaluating, and communicating information 
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Vocabulary/Word Wall Enrichment/Extension Interdisciplinary Connections 

Math/LA 

  HS-ESS1-1 
Common Core State Standards Connections: 
ELA/Literacy - 
RST.11-12.1 Cite specific textual evidence to 
support analysis of science and technical texts, 
attending to important distinctions the author makes 
and to any gaps or inconsistencies in the account. (HS-
ESS1-1) 
Mathematics - 
MP.2 Reason abstractly and quantitatively. (HS-ESS1-
1) 
MP.4 Model with mathematics. (HS-ESS1-1) 
HSN-Q.A.1 Use units as a way to understand 
problems and to guide the solution of multi-step 
problems; choose and interpret units consistently in 
formulas; choose and interpret the scale and the origin 
in graphs and data displays. (HS-ESS1-1) 
HSN-Q.A.2 Define appropriate quantities for the 
purpose of descriptive modeling. (HS-ESS1-1) 
HSN-Q.A.3 Choose a level of accuracy appropriate 
to limitations on measurement when reporting 
quantities. (HS-ESS1-1) 
HSA-SSE.A.1 Interpret expressions that represent a 
quantity in terms of its context. (HS-ESS1-1) 
HSA-CED.A.2 Create equations in two or more 
variables to represent relationships between quantities; 
graph equations on coordinate axes with labels and 
scales. (HS-ESS1-1) 
HSA-CED.A.4 Rearrange formulas to highlight a 
quantity of interest, using the same reasoning as in 
solving equations. (HS-ESS1-1) 

HS-ESS1-2 
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Common Core State Standards Connections: 

ELA/Literacy - 

RST.11-

12.1 

Cite specific textual evidence to support 

analysis of science and technical texts, 

attending to important distinctions the author 

makes and to any gaps or inconsistencies in 

the account. (HS-ESS1-2) 

WHST.9-

12.2 

Write informative/explanatory texts, including 

the narration of historical events, scientific 

procedures/ experiments, or technical 

processes. (HS-ESS1-2) 

Mathematics - 

MP.2 Reason abstractly and quantitatively. (HS-

ESS1-2) 

HSN-

Q.A.1 

Use units as a way to understand problems 

and to guide the solution of multi-step 

problems; choose and interpret units 

consistently in formulas; choose and 

interpret the scale and the origin in graphs 

and data displays. (HS-ESS1-2) 

HSN-

Q.A.2 

Define appropriate quantities for the purpose 

of descriptive modeling. (HS-ESS1-2) 

HSN-

Q.A.3 

Choose a level of accuracy appropriate to 

limitations on measurement when reporting 

quantities. (HS-ESS1-2) 

HSA-

SSE.A.1 

Interpret expressions that represent a 

quantity in terms of its context. (HS-ESS1-2) 

HSA-

CED.A.2 

Create equations in two or more variables to 

represent relationships between quantities; 

graph equations on coordinate axes with 

labels and scales. (HS-ESS1-2) 

HSA-

CED.A.4 

Rearrange formulas to highlight a quantity of 

interest, using the same reasoning as in 

solving equations. (HS-ESS1-2) 

http://www.corestandards.org/ELA-Literacy/RST/11-12
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