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Abstract

This paper documents my growth over the course of four months as a student teacher. |
spent fifteen weeks at Worcester Technical High School teaching physics. During this time, |
learned first-hand about the unique responsibilities of teachers. Described in this work is the
Massachusetts education system and my place within it. Specifically, evidence of my growth as
an educator through a discussion of the six elements of CAP, candidate assessment of
performance. These elements include well-structured lesson plans, adjustment to practice,
meeting diverse needs, creating a safe learning environment, maintaining high expectations and,
reflective practice. Each of these elements is essential to effective teaching and while complete
mastery is seldom met, | experienced tremendous growth in each of these areas as a result of my
student teaching experience. In addition to a discussion of these elements, | have included an
analysis of how my education at Worcester Polytechnic Institute influenced me as an educator as

well as samples of student work, lesson plans and, student feedback.
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Chapter 1: Background

The purpose of this section is to provide an overview of the context in which | completed
my student teaching. Below is a summary of education within Massachusetts followed by a more
narrow view of education, specifically focusing on Worcester Technical High School. This
analysis of student performance and demographics at Worcester Technical High School is
followed by a discussion of the specific courses | took over at Worcester Technical High School

and their composition.

1.1 Massachusetts Performance in Education

In 1983 the National Commission on Excellence in Education released a report on the
United States public education system. This document, titled A Nation at Risk, brought to light
the shortcomings of public education within the U.S. (Center for the Study 2005). This report set
in motion a series of reforms aimed at improving the state of the public education system. One
decade after the initial release of A Nation at Risk, Massachusetts enacted reform aimed at doing
just that. This reform came in the form of a law titled the Massachusetts Education Reform Act,
or MERA (Chester 2014).

In order to tackle the perceived decline in the quality of public education, the
Massachusetts Education Reform Act created new expectations for student performance. These
expectations primarily called for higher performance as measured by statewide assessments
(Chester 2014). Efforts such as MERA within Massachusetts have been proven successful. In
2014, Massachusetts was ranked first within the United States in overall academic proficiency
based on data from the ACT, College Board, and US Chamber of Commerce Foundation’s

annual Leaders and Laggards state-by-state report card. Additionally, it was found that results of
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the Trends in International Mathematics and Science Study (TIMSS) would rank Massachusetts
eighth-graders second only to top-ranked Singapore in global measures of science competency
(Crotty 2014). This is significant as overall scores within the United States often place the U.S.

somewhere around 11th out of 39 countries (TIMSS 2015).

1.2 Worcester Technical High School

Worcester Technical High School is a public high school with 1,389 students as of the
2016-2017 academic year. Of these students, 57.4% are female while 42.6% are male. With
regards to race, 37.1% of these students are white, 36.8% are Hispanic, 16.6% are African
American, 6.6% are Asian and, 3% of students identify as multiple non-Hispanic races.
Worcester Tech has a higher percentage of Hispanic and African American students than the
state average for public schools. However, these percentages are on par with data for the
Worcester school district (Worcester Technical 2017).

When it comes to academics, students at Worcester Tech tend to perform higher than
state averages. In Spring 2017, a higher percentage of grade ten students at Worcester Tech
received proficient or higher on the English Language Arts, Mathematics and, Science and
Tech/Engineering MCAS than students statewide. Notably, 98% of students received a grade of
proficient or higher in English Language Arts compared to the state average of 91%.
Additionally, 82% of students at Worcester Tech received a grade of proficient or higher in
Science and Tech/Engineering compared to the 74% state average (Worcester Technical 2017).

At Worcester Tech less than 1% of students drop out. In the 2015-2016 academic year,
only 5 of the 1,358 students present at the school dropped out. In the 2013-2014 academic year

67.3% of students who graduated went on to attend a college or university (Worcester Technical
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2017). This is slightly lower than the 69.7% national average, but relatively high when you
consider that a portion of the programs at Worcester Tech are designed to prepare students to

enter the workplace upon graduation (69.7 percent 2017).

1.3 My Place at Worcester Tech

For my teaching practicum, I worked under Jackie Kalisz at Worcester Technical High
School. Ms. Kalisz teaches four physics classes. Inclusion Physics, College Physics, Honors
Physics and, AP Physics. Of these courses, | took over Ms. Kalisz's Inclusion, College and,
Honors Physics classes. Inclusion Physics is a class of 25 students. A portion of these students
have individualized education programs (IEPs) and there is an aid in the class to help facilitate
learning. The College Physics class is the smallest of Ms. Kalisz's classes at 20 students. This
class primarily contains students who have historically struggled with science. Lastly, there is
Ms. Kalisz’s Honors Physics class. At 29 students, this class is large. The purpose of this Honors
Physics course is to provide students who would excel in College Physics the opportunity learn
physics concepts more in depth.

Inclusion Physics, College Physics and, Honors Physics follow the same state standards.
These standards are set by the Massachusetts Department of Elementary and Secondary
Education. My teaching begins with Momentum. Topics that follow include Thermal Energy,
Simple Harmonic Motion, Waves and, Electricity and Magnetism. These subjects are covered

under PS 2-2, 2-3, 2-4, 2-5, 2-9, 3-1, 3-4, 3-5, 4-1, 4-3 and, 4-5.
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Chapter 2: Essential Elements of CAP - Well-Structured Lesson Plans

Well-structured lesson plans are defined under the Candidate Assessment of
Performance (CAP) as an essential element of effective teaching. The purpose of this section is
to illustrate the importance of well-structured lesson plans. First, this chapter introduces lesson
planning and its role in education, followed by an analysis of my lesson planning experiences

and growth.

2.1 Educating with Well-Structured Lesson Plans

Developing well-structured lesson plans is a crucial step toward becoming an effective
educator. As defined by the Massachusetts Department of Elementary and Secondary Education,
a teacher can be deemed proficient in developing well-structured lesson plans once they are able
to create plans with “challenging, measurable objectives and appropriate student engagement
strategies, pacing, sequence, activities, materials, resources, technologies, and grouping.”
(Guidelines for the Candidate 2016). While teaching often results in many unexpected turns, it is
crucial that educators create a plan for delivering their content effectively.

Behind every strong teacher is a strong planner. This is unknown to most but is
nonetheless true. Tasked with introducing a new subject to a diverse set of students within a
short period of time, teachers must possess the ability to identify relevant content and present it
to students in a matter that is engaging. It is said that the average attention span for a student ages
10 to 14 is between 10 and 12 minutes (Vawter 2009). This is significant as school days are often
made up of eight periods approximately 45 minutes in length. Therefore, maintaining the 10-12

minute attention span as true, teachers must switch up the classroom activities at least four times
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to keep their students focused. Aware of this fact, strong educators incorporate a variety of

activities into their lesson plans in order to maintain student focus while presenting content.

2.2 Educating at Worcester Tech with Well-Structured Lesson Plans

As a first-time teacher, creating well-structured lesson plans is a major challenge. The
lesson plans | created, a portion of which are shown in appendices A, B, C, and D, were
modified from Grant Wiggins and Jay McTighe. The guidelines provided by this template were
extremely helpful in easing some of the challenges a student teacher might face as they plan.
When creating each of my lessons, | was reminded of the Massachusetts standards specific to the
topic at hand. Then, with these standards in mind, | developed an overarching objective for the
lesson. This process aided greatly as | attempted to organize my thoughts. Following the initial
steps of identifying relevant content, my planning would transition to organizing the content into
manageable sections with the incorporation of practice and informal assessment to gauge student
learning.

My early lesson plans followed a regimented schedule, shown in appendices A and B.
Monday-Wednesday would consist of content presentation and practice. Since each of my
classes were double periods, the first period | would have a PowerPoint prepared. This
PowerPoint was used as a method for content delivery and students were expected to take notes.
The second period, students would be given a worksheet related to the new content. Thursday
would be a lab and Friday there would be review and a quiz. While my early lesson plans which
followed this format were effective in delivering content, they lacked spontaneity, thereby
minimizing student engagement. As | continued to teach and plan, | began to identify methods of

content presentation most appealing to students. As a result, | began to develop lesson plans that
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incorporated a variety of activities and opportunities for students to prove their knowledge. For
example, the lesson shown in appendix D incorporates a hands-on activity to reinforce student
learning and appendices M, N and, O contain a sample alternative assessment that involved
writing an informational memo. Overall, | found including these diverse activities and methods
of assessment helped increase lesson effectiveness and positive student response.

One challenge of lesson planning that continually plaques teachers is timing. At the start
of my student teaching, it felt impossible to predict the time needed for each task. Aware of this
challenge and faced with the fear of “dead time” in the classroom, I began to develop a plan b for
each of my classes. This “plan b” could be anything from additional practice problems to
requiring students work on test corrections. No matter the task, inclusion of such tasks in my
lessons as time permitting options helped to maximize class time and ensure every student was
continually productive. By incorporating these “time permitting” tasks as well as hands-on
activities and alternative assessments, my lesson plans greatly improved over the course of my

student teaching experience and I, along with my students greatly benefitted as a result.

Chapter 3: Essential Elements of CAP - Adjustments to Practice

Adjustments to practice is defined under CAP as an essential element of effective
teaching. The purpose of this section is to illustrate the importance of adjusting your practices an
educator. First, this chapter introduces adjustments to practice within the context of education,

followed by an analysis of personal experiences in adjusting my practice as an educator.
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3.1 Adjusting Practices as an Educator

Adjusting one’s practice is a crucial step toward becoming an effective educator. As
defined by the Massachusetts Department of Elementary and Secondary Education, a teacher can
be defined as proficient in adjusting their practices once that teacher “organizes and analyzes
results from a variety of assessments to determine progress toward intended outcomes and uses
these findings to adjust practice and identify and/or implement appropriate differentiated
interventions and enhancements for students.” (Guidelines for the Candidate 2016).

There is little consistency in the life of an educator. Each year, unit, week, period and
student is different. As a result, teachers must constantly adjust their methods in order to ensure
students learn, no matter the circumstances. Assessments are a major component of adjusting
practice. Through a variety of formal and informal assessments, educators can identify areas in
need of modification. Such insight into student perspectives allows educators to consider their

actions and modify such to better meet the ever-changing needs of their students.

3.2 Adjusting Practices at Worcester Tech

Teaching at Worcester Technical High School offers a unique opportunity when it comes
to adjusting one’s practice. At Worcester Tech, students complete a vocational program in
addition to their academic classes. To accomplish this, students alternate between academic and
shop work each week. As a result, one week | had one group of students and the next week | had
another group of students. Therefore, [ would carry out an entire week’s worth of lessons then
repeat those lessons with a new group of students. This unique schedule allowed me to revisit

lessons | already taught and modify them to better meet student needs. This paired with continual
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adjustments based on immediate student response greatly improved my ability to present content

and plan lessons.

In addition to general student response to content, assessments played a key role in my
adjustments to practice. Throughout any given week, students would be given a number of
informal assessments. The purpose of these assessments was to help me, as a teacher, gauge
student learning. Over time, | recognized the value of assessments and developed expectations
based on student exposure to content. My expectations were as follows:

1. Students may struggle with calculations or concepts when they begin the first informal
assessment, but through practice and review, students can answer questions without major
difficulty. It is when students show a great deal of confusion that clarification is required.

2. After completing a number of informal assessments throughout the week, students practice
their knowledge with a review. At this point, students are expected to demonstrate near
complete understanding of content and seek help where needed.

3. Finally, students are given a summative assessment where they are expected to show
complete understanding of content.

Developing this progression of expectations surrounding assessments helped inform me on

student progress as well as help to identify where adjustments were needed.

Beyond adjustments based on personal performance, teachers also benefit from observing
other teachers and learning from them. The value in this became most apparent to me through a
professional development seminar held by the STEM Education Center at WPI. Participants in
this seminar consisted of both experienced and student teachers. | found this to be extremely
beneficial as it generated diverse responses in discussions and activities. In one design activity,

student teachers were separated from experienced teachers and instructed to create a lesson
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framework for a specific topic. Once complete, the student teachers’ lesson was vastly different
than the experienced teachers’. The experienced teachers decided the topic was conducive to a
hands-on activity involving rotating stations. Comparatively, I, along with my peers, relied on
the more standard approach of content presentation and note-taking. This experience reminded
me of the value in varying viewpoints and the consequent importance of considering these

viewpoints when adjusting one’s practice.

Chapter 4: Essential Elements of CAP - Meeting Diverse Needs

Meeting diverse needs is defined under CAP as an essential element of effective teaching.
The purpose of this section is to illustrate the importance of meeting diverse needs. First, this
chapter introduces meeting diverse needs within the context of education, followed by an

analysis of personal experiences and growth when aiming to meet diverse student needs.

4.1 Meeting Diverse Needs as an Educator

In order to be an effective educator, one must recognize and aim to meet the diverse
needs of their students. As defined by the Massachusetts Department of Elementary and
Secondary Education, a teacher can be defined as proficient in meeting diverse needs once that
teacher “uses appropriate practices, including tiered instruction and scaffolds, to accommodate
differences in learning styles, needs, interests, and levels of readiness, including those of students
with disabilities and English language learners.” (Guidelines for the Candidate 2016).

Meeting diverse needs is a particularly challenging, but necessary element of teaching.
This challenge is so great because diversity comes in many shapes. While simply looking at a

student body can offer some insight into racial and cultural diversity, diversity is more than skin
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deep. As an educator, one must consider an individual’s personal experiences, learning
preferences, abilities and the unique needs that accompany such characteristics. Therefore, when
faced with twenty or more individuals in one room, one should expect those individuals to each

carry a unique set of needs.

4.2 Meeting Diverse Needs at Worcester Tech

During my student teaching experience at Worcester Tech, | was tasked with educating
75 students on a variety of physics topics. Of these students, 20 were in my college physics class,
30 in my honors physics class and 25 in my inclusion physics class. Broadly, each of these
classes required unique modifications in order to meet the unique needs of the class as a whole.
Additionally, within each class, every student possessed a unique set of needs, which | was
required to accommodate as their educator. When applicable, such needs are identified and
documented in that specific student’s Individualized Education Plan (IEP).

Early in my student teaching, | reviewed the IEPs of my students. My college class had
four students involved in special education (SPED) and five English language learners (ELLSs).
My honors class had seven students involved in special education and eight ELLs. Lastly, my
inclusion class had eleven students involved in special education and ten ELLSs. In order to
accommodate such a diverse group of students a number of practices were set in place.

First, and perhaps most importantly, | offered my students access to me outside of the
classroom. From the start of my student teaching, | was available to students via Schoology, an
online learning management system where students can review their grades and send messages
to their teacher. However, many students used this platform minimally. Thus, after a few weeks

of teaching, | began to advertise days in which | would be staying after school and free periods in
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which students could stop by with questions or concerns. Over time | discovered this availability
encouraged students to seek help and feel more comfortable in doing so.

Second, considering student needs while creating lesson plans helped set the tone for
meeting student needs in the classroom. As | developed as a planner and educator, | began to
recognize where in my plans | could accommodate the specific needs of my students and ensure
they do not fall behind in the lesson. For example, each definition posted on the board was read
aloud and explained. This provided ELLSs the opportunity to better understand a word’s meaning
and its role in the topic at hand.

Finally, maintaining patience served me a great deal, particularly with SPED students and
ELLs. Many of my special education students’ and ELLs IEPs included accommodations such as
direction clarification, extra time to complete tasks and periodic assessment of progress. Each
class, | followed through with these accommodations for my students. | would calmly repeat
directions, clarify concepts, and check in with students to ensure consistent productivity. This,
paired with accommodations taken into consideration while lesson planning, helped me to serve
the needs of diverse populations within my classroom increasingly over time. For samples of

ELL and SPED student work, see appendices H and K respectively.

Chapter 5: Essential Elements of CAP - Safe Learning Environment

Fostering a safe learning environment is defined under CAP as an essential element of
effective teaching. The purpose of this section is to illustrate the importance of creating a safe
learning environment. First, this chapter introduces creating a safe learning environment within
the context of education, followed by an analysis of personal experiences and growth when

aiming to create a safe learning environment for students.
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5.1 Creating a Safe Learning Environment as an Educator

Creating a safe learning environment is a crucial step toward becoming an effective
educator. As defined by the Massachusetts Department of Elementary and Secondary Education,
a teacher can be defined as proficient in creating a safe learning environment once that teacher
“uses rituals, routines, and appropriate responses that create and maintain a safe physical and
intellectual environment where students take academic risks and most behaviors that interfere
with learning are prevented.” (Guidelines for the Candidate 2016).

Creating a safe space for students is essential for student success. By fostering an
environment in which students feel comfortable enough to share ideas, students are able to better
build their knowledge of subject matter as well as skills applicable outside of the classroom.
Accomplishing such safe space is not an easy task and success can vary year-to-year. However,
for the well-being of students, it is essential that educators consider their environment and how it

is affecting student learning.

5.2 Creating a Safe Learning Environment at Worcester Tech

There are many layers that make up the atmosphere of any given classroom. There are
interactions between teacher and students, students and content, and interactions between the
students themselves. While it is impossible to be conscious of all interactions, in order to create a
safe learning environment, teachers should aim to be cognizant of their own behavior and tone in
the classroom.

At the start of my student teaching, | was frequently surprised by where my students felt
challenged. Whether this was as a result of educational gaps or difficulty maintaining focus, I

struggled early on to hide my surprise and concern regarding my students’ prior education. For
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example, in my second week of teaching, I learned that many of the students in my inclusion
class struggle with completing simple calculations to solve for an unknown. | was taken off
guard by this and responded to my students in a way that could have made them feel insecure
applying their math knowledge in my class. However, as one might expect, | have come a long
way since my second week of teaching. By the end of my student teaching experience, | noticed
a significant increase in the number of students seeking help and greater positivity from students
regarding their individual abilities.

Also crucial to creating a safe-space is promoting positive interactions between students.
| struggled a great deal in this department with my inclusion class. There were a number of prior
and ongoing conflicts between students of this class and while | learned to distract students with
content, there was one student in particular who gave me trouble. This student has a number of
required accommodations as outlined in their IEP. These accommodations include increased
response and processing time, task break down and, periodic checking and progress assessment.
For the purpose of describing interactions with this student further, I will refer to them as B.

Early in my teaching, | found B to be very pleasant. Respectful during one-on-one
interactions and quiet, though sometimes rowdy with friends. However, after some time | noticed
signs of B bullying others when my back was turned. This became more apparent after | was
approached by a concerned student. | had placed this student next to B in an assigned seating
arrangement and after only one class the student requested a seating change. Provided this new
information | revisited my seating chart and was faced with a challenge. | needed to find students
to place next to B that B would feel comfortable around, without encouraging negative behavior.
Those same students must also have the confidence to stand up to B, without causing major

conflict. After some trial and error, | found a place for B which appeared to work. Yet, it seemed
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B’s behavior shifted. B became more withdrawn and unfocused in class. It seemed I had
improved the relationship with all of my students except B. With B, | seemed to have moved
backward.

After some time in their assigned seating arrangement, student behavior overall
improved. The class was more engaged, focused and infinitely more productive. Noticing this
behavior, | decided to reward the students by allowing them to choose their own groups for a lab
activity. During this time, | noticed B became more sociable. Noticing this, | deliberately
engaged with B and B’s groupmates, asking about their progress and any questions they might
have. B was far more willing to ask questions and engage while amongst the familiarity of
friends. This gave me hope as B seemed to learn that positive behavior would yield a positive
response. After this time, B’s personal focus improved. B became more concerned with their
own behavior and whether or not they might be awarded the opportunity to redeem their
previous behavior.

While B is only one of many students | was responsible for in my student teaching, I felt
their case clearly exemplifies the importance of considering how one might foster a safe
environment for all students. While my primary concern was to promote a positive environment
in my class overall, individual students have needs that require unique attention. B helped me to
figure this out. Therefore, just as much as B challenged and confused me, B also offered some
insight into what students crave from their classroom environment. Whether that be the comfort
of friends as in B’s case, support from me, or simply a systematic environment in which they can

explore themselves and the world around them.
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Chapter 6: Essential Elements of CAP - High Expectations

Maintaining high expectations is defined under CAP as an essential element of effective
teaching. The purpose of this section is to illustrate the importance of high expectations and their
role in the classroom. First, this chapter introduces high expectations within the context of
education, followed by an analysis of personal experiences and growth when aiming to uphold

high expectations in the classroom.

6.1 Maintaining High Expectations as an Educator

Maintaining high expectations is a crucial step toward becoming an effective educator.
As defined by the Massachusetts Department of Elementary and Secondary Education, a teacher
can be defined as proficient in maintaining high expectations once that teacher “effectively
models and reinforces ways that students can master challenging material through effective
effort, rather than having to depend on innate ability.” (Guidelines for the Candidate 2016).

It is essential that educators sustain high expectations for all students. This is so essential
as lowering expectations for students for any reason is a disservice to that student. Rather, each
student must be awarded equal opportunity to succeed. Educators can ensure this is
accomplished by offering students support and accommodations wherever needed but never
lowering expectations to meet student performance. While this remains true, maintaining high
expectations can be challenging when one's students are separated by prior academic

performance.



Guthrie 18

6.2 Maintaining High Expectations at Worcester Tech

At Worcester Tech | took over three classes, College Physics, Honors Physics and
Inclusion Physics. Each class was governed by the same state standards and therefore the same
overarching expectations. However, student response to the content differed greatly. When | was
first exposed to these classes | was surprised that there was no content difference between the
three classes. | knew | would need to challenge the students in each of my classes, but this
seemed difficult when the students picked up the content at drastically different paces. Initially, |
set on a pace that was too slow for most of the honors students, slightly too fast for most of the
college students and clearly too fast for most of the inclusion class. This was discouraging as |
was unsure how | could manipulate my expectations for one class and not the others. | struggled
with this for some time until I considered content breadth vs. depth.

So often in American public schools, content is covered broadly without deep
explanation or contextualization. While efforts have been taken to combat this, it is still apparent
in most cases. In my personal experience as a student teacher, | realized that this broad approach
to education could appropriately service my college and inclusion classes with the integration of
more in-depth concepts where appropriate. While my honors class would greatly benefit from a
greater challenge through in-depth discovery. | accomplished this balance through trial and error,
oftentimes supplementing the assigned work in every class with additional topics for the honors
students. Success in this department came with time and is clearly represented in the overall
success of my students.

In addition to the challenge of maintaining high expectations across different classes, |
also found it challenging to maintain high expectations for students after they had missed class. |

struggled with this with one student in particular. For the purposes of describing this student
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further, I will refer to them as C. Early in my student teaching experience, C was absent for an
entire week of school due to medical reasons. Concerned for their education, | frequently made
offers to meet with C after school or during free periods in order to catch them up. However,
between seeing this student every other week, additional absences and C neglecting to show up
to scheduled meetings, | was questioning the feasibility of C making up missed work before the
end of the quarter. Nevertheless, | persisted, likely pestering the student at times to ensure the
student was given ample opportunity to make up their work. Though this student was unable to
pass this quarter due to incomplete and unsatisfactory work, | was pleased with my decision to
maintain my expectations for C upon meeting with C’s aunt.

After grades were closed, C's aunt requested a meeting with C's teachers. During this
meeting, | learned my class was not the only one C neglected to make up work in. After C had
missed an entire week of class, C continually neglected their work and skipped classes at times
to avoid such work. At this meeting, each teacher shared their hopes for C as they began the new
quarter. During this time | realized that if I had lowered my expectations for C, it would have
reinforced their behavior instead of discouraging it. Further, from this meeting, | learned that
family can act as a motivator for students in their education. While students may not always
listen to the adults in their lives, approaching an individual with concern and hope rather than
discouragement can change behavior for the better. These lessons in the importance of
maintaining high expectations helped me best serve my students, thereby strengthening my

performance as an educator.
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Chapter 7: Essential Elements of CAP - Reflective Practice

Reflective practice is defined under CAP as an essential element of effective teaching.
The purpose of this section is to illustrate the importance of reflection. First, this chapter
introduces reflective practice within the context of education, followed by an analysis of personal

experiences and growth through reflection.

7.1 Reflecting as an Educator

Reflection is a crucial step toward becoming an effective educator. As defined by the
Massachusetts Department of Elementary and Secondary Education, a teacher can be defined as
proficient in reflective practice once that teacher “regularly reflects on the effectiveness of
lessons, units, and interactions with students, both individually and with colleagues, and uses
insights gained to improve practice and student learning.” (Guidelines for the Candidate 2016).

As with any profession, teaching requires constant reflection. In order to improve, one
must consider their past and how adjustments can be made to yield a more positive result.
Educators must constantly reflect on their practices in order to identify effective and ineffective
teaching methods. This practice is particularly crucial for educators as student response can
differ class-to-class and year-to-year. Therefore, each day, week, month and year, teachers

should reflect on their methods and consider where adjustments are needed.

7.2 Reflecting as an Educator at Worcester Tech
As mentioned previously, Worcester Tech has a unique approach to education. Faced
with a schedule that results in teachers seeing each class every other week, teachers are given

ample opportunity to reflect on their actions in any given week then apply any adjustments with
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a new student body. This method of education greatly promotes reflective practice for educators.
After my first week of teaching, | considered all notes | had made regarding things I wish | had
done differently and applied them to my class the following week to the best of my ability, see
appendices A and B for lesson plans. However, thrust into an environment of minimal comfort, it
is easy to forget mental notes made while reflecting on one’s actions.

While repeating a lesson to a new group of students can promote reflective practice, one
may also fall into a routine without reflection. As a student teacher, you are overwhelmed with
new information. While learning how to lesson plan, manage a classroom, and communicate
effectively you must also continually evaluate your progress, which can be exhausting.
Therefore, reflecting on my actions as a teacher fell by the wayside at times during my student
teaching experience. More often, | relied on comments from observers than personal reflection. It
is difficult to pinpoint the moment where this shifted for me, but a great shift did occur during
my student teaching experience, likely around the time | received explicit student feedback.

About halfway through my time as a student teacher, | provided my students with a
feedback survey, see appendix P for survey questions. The purpose of this survey was to gather
insight into the student view and facilitate reflection based on this perspective. From this data |
realized that each class differed in terms of their needs (complete feedback data can be seen in
appendix Q). While common themes were present in the overall data, it became apparent that |
should be continually reflecting on my performance in each individual class as well as my
overall performance as an educator. Upon this revelation, | began to repeatedly reflect while
considering the unique needs of each of my classes in areas outlined by the student survey

results, and beyond.
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By the end of my student teaching experience, | found myself modifying my plans
between classes based on student response from the period before. Further, | would recall student
responses to specific content presentation methods while I planned for upcoming lessons in order
to teach most effectively. This constant reflection benefitted each of my classes uniquely over

time, greatly contributing to my growth and development as an educator.

Chapter 8: My WPI Education

The purpose of this section is to discuss how my education at WPI influenced my
performance as a teacher. Specifically, this section details the tools acquired through education-
related courses intended to prepare me for teaching as well as courses outside the field of

education which similarly shaped my approach to teaching.

8.1 Courses in Education

Teaching Methods in Math and Science was my first formal introduction to teaching.
Having spent the majority of my life on the student side of education, | was unsure of what to
expect with this course. Now, | would describe this class as a crash course to teaching. Covering
topics such as lesson planning, implicit bias, grading, classroom management, and
professionalism, this course provides a snapshot into the world of teaching. It is through this
course that I became aware of the importance of educators as role models, support, and
cheerleaders for students.

Within one term at WPI, | was enrolled in both School Psychology and Sheltered English
Immersion. As one might expect, I noticed a great deal of overlap between these courses.

However, while my course in School Psychology focused on the importance of early education
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and creating effective learning environments, Sheltered English Immersion dealt with
incorporating English language learning in all courses. Activities for this course often involved
developing lesson plans or activities that would support ELLS, a skill that is extremely helpful in
a culturally diverse school such as Worcester Tech.

Most recently, | participated in a Cognitive Psychology course at WPI. This course
provided valuable insight into the way the human mind works. Chiefly, the applicability of this
course lay within studies of long-term and short-term memory. In this course, we discussed how
memory works, what humans are best at remembering, and ways individuals can transfer
information into their long-term memory. Such methods include: relating information to oneself,
generating questions based on the information and testing oneself, all of which could be

incorporated into lessons to help students retain information over time.

8.2 Explicit Interdisciplinary Applications in the Classroom

It is not always easy to translate classroom education into experiences in the "real world".
However, given first-hand experiences applying coursework to "real world” scenarios, educators
can more effectively engage their students. Having spent the majority of their lives in formal
education, students are disconnected in some ways from field applications of their coursework.
This truth often results in students asking the question, “What does anybody use this stuff for?”
As someone who followed their interest in physics and math to a major in civil engineering, |
have some answers to this question.

Oftentimes, when creating my lesson plans | would begin by reading standards and
asking myself, “Where might these concepts be useful?” Then, I could create a plan surrounding

those ideas by including relevant examples, activities, and assessments. By creating a setting in
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which course content can be applied, students are typically more engaged and interested in
completing and understanding deliverables. However, | say “typically” because there are a
number of students who struggle to maintain focused, or feel the “real world” applications are
not relevant in their world. In order to engage these students, | consider my position as a student
at WPI.

Student teachers get to experience the unique opportunity of learning along with their
students. While teaching my students, | was in the process of learning concepts associated with
my coursework at WPI as well as effective teaching strategies. It is through this unique position
that | was able to consider how my most effective professors were able to succeed as educators
then adapt their methods to engage my students. This was often most effective when dealing with
students who struggled to maintain engaged no matter the content.

Although I found the ability to apply content knowledge and effective teaching methods
from my WPI courses helpful when educating students, | found that broader concepts I learned
through my WPI education to be most beneficial when aiming to prepare my students for the

remainder of their high school career and life after.

8.3 Broad Interdisciplinary Applications in the Classroom

If I have learned anything in my time at WPI, it is that all topics are interconnected.
Oftentimes, in elementary and secondary education topics are broken into subjects, science,
history, math, etc. Yet, in the “real world” a combination of the skills is required to succeed. For
example, in math and science courses, students are often taught how to approach a problem
logically to discover a technical solution. However, when approaching a problem realistically,

one must consider the social, environmental, and economic impact in addition to technical
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feasibility. This concept became most clear to me through a combination of civil engineering and
environmental studies courses.

In my sophomore year at WPI, | participated in a series of civil engineering courses
surrounding structural analysis and design. Oftentimes in these courses, | participated in projects
where a "client" had a design request and | was expected to test the feasibility of that request and
reply to the client in a clear, professional manner. In pursuing a degree in civil engineering I had
not expected my math-based courses to require any formal writing. However, through these
assignments, | became aware of the importance of developing a diverse set of skills so they may
be applied when appropriate. This concept is supported by the popular phrase, “if all you have is
a hammer, everything looks like a nail.” What this means is when you are only aware of one way
to tackle a problem, you will use that method even when it is not appropriate.

In addition to developing diverse skills, it is crucial that an individual possesses the
ability to consider multiple perspectives. This year, | participated in a number of civil and
environmental studies courses on the topic of land use and development. Through these courses,
| was forced to consider social, environmental, and economic constraints surrounding land use.
Specifically, when decisions are made regarding how a particular piece of land should be used,
there are a plethora of stakeholders who are each affected differently. Depending on the
situation, it is possible a development could degrade the natural environment and cause
decreased property values for abutters while the community as a whole could experience
economic gain. In a situation such as this, there is no simple solution. However, by possessing
the ability to consider varying perspectives, a most educated decision can be made.

My belief in the importance of diversified skills and outlooks has made me a stronger

educator all around. In terms of preparation, this knowledge allowed me to create effective
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lesson plans that incorporated a variety of skills to strengthen the students’ abilities and promote
confidence when dealing with unfamiliar concepts. Similarly, my ability to see a situation from
varying viewpoints allowed me to be a more compassionate and thereby effective teacher. As
mentioned in section 8.4, the use of real-world examples in my courses at WPI was helpful in
answering the question of “what does anybody use this stuff for?” This was certainly useful in
my experience as a teacher. However, | believe incorporating lessons in diversifying skill-sets
and perspectives was most beneficial to my students in my class and as they move on to live

professional lives.

Chapter 10: Conclusion

Now that my student teaching experience has come to a close I can conclude this:
teaching is an extremely challenging task. There is limited consistency in the life of the teacher
period-to-period, week-to-week, and year-to-year. | consider this to be one of the greatest
challenges of teaching, but also what makes it appealing. Not knowing how students will respond
any given day always kept me on my toes, something | learned to enjoy over time. Though | did
come to appreciate this over time, the greatest growth I personally observed dealt with my
personality as a teacher.

At the start of student teaching experience, I was nervous about whether or not | would
be able to build a relationship with my students. As a fairly quiet individual, | feared | would be
a withdrawn and uninteresting educator. Early in my teaching, | might consider this to be true.
However, as | built my confidence and comfort in the classroom, | began to expose my
personality more frequently and I noticed the same from my students. Experiencing this was a

tremendous reward for all my hard work planning, revising and carrying out lessons. By the end
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of my teaching experience, | felt as though | had taught my students effectively, and without
boring them to death.

| would not have accomplished all that | did as a student teacher without the support from
my fellow student teachers as well as established teachers. From the position of a student,
teaching may appear to be a profession in which one works with complete independence. This is
far from true. Not only are there standards to guide students, but the most successful teachers are
well connected with their colleagues. These connections provide teachers with the support to
better themselves in their careers and provide the best education to their students.

Further, this experience affirmed a belief | developed on the student-side of education.
This belief was that teachers can make or break a student’s academic experiences. Teachers
possess a great power that is to not be taken lightly. This paper emphasized six essential
elements of successful teaching and while those elements contribute greatly to student success,
there is an unlimited number of teaching components that impact the level of student learning. It
is through a consistent willingness to improve that an educator might understand the elements of
teaching and how to best serve their students.

I would like to conclude this piece considering my future as an educator. If | were to
teach again tomorrow, | would aim to challenge each of my students through coursework while
providing them with the support to reach the high expectations | set for them. | would opt for this
goal because if | have learned anything from my student teaching experience it is that a student is
shaped by their in-class experiences. Therefore, if | can enlist confidence and pride in my

students, they will be vastly more successful in all future endeavors.
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Appendix A —Week 1 Day 1 Lesson Plan Page 1 of 4

Introduction to Momentum
Kimmberly Guthrie Phryzics
Motion and Stability: Forces and Interactions Grade 11

Overview of and Motivation for Lesson:
Infroduction to momentum, specifically focusing on the components necessary for basic
apphcation n evervday hife.

Stage 1-Desired Results

Standard(s):
HS-P52-2. Use mathematical representations to show that the total momentum of a system of
interacting objects 13 conserved when there 13 no net force on the system.

Clarification Statement:

Emphazis 13 on the qualitative meanmg of the conservation of momentum and the quantitative
understanding of the conservation of linear momentum in mterachions mvolving elastic and
inelastic collizions between two objects in one dimenzicn

Aim/Ezsential Question:
How can the momentum equation be applied to everyday situations?
What are the identifizble feztures of an elastic and melastic collision?

Understanding(z):
Students will understand that _ _ .
Momentum iz directly proportional to mass and velocity while mass and velocity are
mversely proportional.
Momentum 1z in the direchion of the velocity.
There are two types of collizions which can be identified based on whether or not the
objects shck together

Content Objectives:

Students will be able to . . .
Apply the momentum equation to selve for an unknown vanzble.
Identify elastic and melastic collisions.

Language Objectives:
ELL students will be able to .
Use complete and descriptive sentences explain a collision in terms of
the day’s vocabulary words.

Key Vocabulary:
Momentum (p) hdass (m) Velocity (v) Elastic and Inelastic collisions

kg=m's ks m's

=
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Page 2 of 4

Performance Task or Key Evidence
- Dhzcussion of the Do Now to gauge mitial understanding.
- In-class problems followed by discussion/explanation.

Key Criteria to measure Performance Task or Key Evidence
For dizcuszions, get mput from students of different levels to better gange overall class

understanding.

Learning Activities:

Do Now/Bell Ringer/Opener (5 mins): Bnef dizcussion and zttendance.

Would you rather get hit by a truck moving at 10 mph or a bicyclist traveling at 10 mph?
- Think about your answer then explain your decision to someone next to you

Teacher inttiates: Who would rather get hit by the truck? Who would rather get hut by the

bicyele? Why?

Learning Activity 1 (15 mins): Students take notes during momentum itroduction and
example problems.

Teacher begns lesson: I would rather get hit by the bicycle because the bicvele has less
momentum than the truck.

The equation for momentum is: p = mv P — momenium m—mass v — velociy
In the case of the truck and bicycle, we have the following:

Momentum of the truck: p= 11+
Momentum of the bicyele: p=mv

Smnce the velocities are the same, but the truck has a much larper mass, the truck must also
have a larger momentum.

Let’s do a zimilar example.

Calculate the momentum of a 2,000 kg truck moving at 3 m/s.
Calculate the momentum of a 90 kg bicyele moving at 5 m/s.
Notice the larger momentum of the truck.

Learning Activity 2 (25 mins- 20 mins before break 5 mins after): Practice Problems
Teacher passes out worksheet while stodents finish takang notes.
See pre-made worksheet here:

L g ) O ODET]
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Learning Activity 3 (25 mins): Collizions
In these problems we are talling about the momentum of one object. But what happens to the
momentum of one object when it collides with another object?

Students take notes durng collizion miroduction and participate in identifying elastic and
inelastic collizsions. Students will be shown videos (links below) of vanous collizions and are
then azked if the collision 15 elastic or inelastic.

Elaztic:

Billiards hitps:// waw voutube.comwatchv=vED TEd=zh{j AN

Kicking a football (1:25) hitps:/www. voutube.com watch™v=2fap fez3d VY
Ball to face (0:33) https: v voutube. comwatch 7= w09 TnuF Tk

Inelastic:

Treat catch (0:300 : |
Magnets hifps:/ Wi yout .:I|'_"E com/'watch?v=kLEFI} Ingll'Z]
Darts https:/'www youtube. com watchhv=gUGKOZHYK]c
Freefall wrecking ball (7:33) hitps:'www voutube com ‘watch™=D73 7L 1ul iw

04 Elastic at (1:22)

Multiple Intelligences Addressed:

B Lingumistic E Logical- O Musical OBodily-
Mathematical kmesthetic
O Spatial O Interpersonal OlIntraperscnal ONazturalistic
Student Grouping

Wheole Class, Small Groups and, Indrvidual

Instructional Delivery Methods

E Teacher Modehng Demonstration B Lecture  E Discussion

O Cooperative Learning O Centers = Problem Solving
O Independent Pm]ects

Homework/Extension Activities:
Students are mstructed to wnte one question they think might be seen on fnday’s quiz based
on what they leamed in class on an mdex card. The questmn can be a definition, calculation or,

concept question.
Materials and Equipment Needed:
: Calculators
Worksheet
Index cards

Adapted from Grant Wiggins and Jay McTighe- Undersionding by Design
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Mame: Dale:

Momentum

Which is more difficalt to stop: A tractor-irailer truck barreling down the

highway at 35 meters per second, or a small two-seater sporis car
traveling the same speed?

You probably guessed that it takes more foree 1o stop a large truck than a
small car. In physics terms, we say that the trock has greater momen .

We can find momeniom using this oquation:

momentum = mass of object = velocity of object

Velocity is a term that refiers 1o both speed and direction. For our purpeses we will assume that the wehicles are
traveling in a straight line. In that case, velocity and speed are the same.

The equation for momentumm is abbreviated like this: p = m = v

Momentm, symbolized with a p, s expressed inouniis of kg-m/'sec; m is the mass of the object. in kilograms; and
v is the veloeity of the object in misee.

PRACTICE [ »—=—

Use your knowledge abowt solving equations o work out the following problems:

1. If the truck has a mass of 2000 kilograms, what is its momenium? Express your answer in kg-m/sce.

2. Ifthe car has a mass of 1,000 kilegrams, wheat is its momentem?

3 An 8-kilogram bowling ball is rolling in a straight line tooward vou. If s momentum is 16 kg-m'sec, how fast
is it traveling?

4. A beach ball is rolling in a straight line toward you at a speed of 0.5 m/sec. Iis momeniom is 0.25 kg-msec.
What is the mass of the beach ball?

5 A4 DD0-kilogram truck travels in a straight line at 1000 musec. What i its momentum?

ho AL ADD-kibogram car iz also traveling in a straight line. lis momentum is equal to that of the truck in the
previous question. What is the velocity of the car?

7. Which would take more force to stop in 10 seconds: an £ 0-kilograrn ball rolling in a sivaight line at a speed
of 0.2 misec or a 4.0-kilogram ball rolling along the zame path at a speed of 10 m/sec?

8. The momentum of a car traveling in a straight line an 20 m/sec is 24,500 kg-m'sec. What is the car’s mass?

9. A 0.14-kilogram baschall is thrown in a straight line at a velocity of 30 m/sec. What s the momentum of the
basehall?

10, Amother pitcher throws the same baschall in a straight line. 15 momentum is 2.1 kg-m'sec. What is the
velocity of the ball?

1. A Vkilogram turtle crawls v a siraight live af a specd of 0.00 m'sec. What i the mrtle's momenium?
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Appendix B — Week 2 Day 1 Lesson Plan Page 1 of 6

Introduction to Momentum
Kimberly Guthne Phsics
Motion and Stability: Forces and Interactions Grada 11

Owverview of and Motivation for Lezzon:
Introduction to momentum, specifically foruzing on the components necezsary for basic
application 1 svervday lifa.

Stage 1-Dezired Kezultz

Standard(z):
HS5-P32-2. Usze mathematical reprasentations to show that the total momentum of 2 system of
inferacting objacts 15 conserved when there 1s no net force on the system.

Clarification Statement:

Emphaziz 1= on the qualitative meaning of the conzervation of momentum and the guantitative
understanding of the conservation of linear momentum in interactions mvelving elastic and
inelaztic collizions baboreen toro objects in one dimension

Aim/Ezzential Question:
How can the momentum egquation be appliad to everyday situations”
What are the 1dentifiable faatures of an elastic and mnelastic collizion?

Underzstandingiz):
Studenes will umderstand char. . .
Momentum 1= directly proportionzal to mass and veloctty while masz and velocity are
mversaly proportional.
hlomentum 1= 1n the direction of the velocty.
Thare are two types of collizions which can be identified bazad on whather or not the
objects stick together.

Content Objectives: I
Studenes will be able to . . .

Apply the momentum equafion to solve for an unknown vanabla.

Identify elashe and melasztic collisions.

Language Objectives:
ELL students will be able to . _ .
Usa complete and descniptive sentences explain a collizton in terms of
the day’s vocabulary words.
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Key Vocabulary:
hMomentum (p) Mazs (m) Velocity (+) Elaztic and Inelastic collizions

kzem's ks m's

Performance Tazk or Key Evidence
Dizcuszsion of the Do Mow to gauze mitial undarstanding.
In-clazs problems followed by dizenssionexplanation.

Eey Criteria to measure Performance Tazk or Key Evidence
For discuzsions, get mput from students of different levels to better gauze ovarall clazs
understanding.

Learning Activities:

Do Now/Bell Ringer/Opener (5 minz): Brief discuszsion and attendance.

Wouwld vou rather ger kit by a oruck moving at 10 mph or a bicvelist raveling at 10 mph?
- Think about your answer then explain vour decizion to somecns mext to you.

Teacher nrtiatas: Who would rather gat lut by the truck? Who would rather get hit by the

bicyele? Why?

Learning Activity 1 (15 minz): Students take notes during momentum mtroduction and
example problams.

See powerpoint
https://drive soozle com/file/d 1+ n¥,F HFemCn-1D0DmepUFnavd 1182 Tmview Tusp=charin=

Learning Activity 2 (25 minz- 20 mins before break 5 mins after): Practice Problams
Teacher pazzes cut worksheet while students fimzh taking notes.

Zee pre-made workshest hera:
https://drove soozle.com/openTid=1G5TgpLta® Ceel CAHADSta3t VY2« TAWS

Learning Activity 3 (25 minz): Ceollizions
In thaze problems wa are talking about the momentum of one ochject. But what happens to the
momentum of one object whan 1t collides with another objact?

Students take notes during collision introduction and participate in 1dentifyving elaste and
imelaztic collizions. See powarpoint (zlides 14-23)

nios dove sopsle COorl I § L,
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Students will be shown videos (links below) of vanous collizions and are then azked 1f the
collizion is elastic or mmelastic.

Elastic:
Billiards bifps:/wwavoutube com watch v=vED TEdzhM AN

Kicking a foothall (1:23) ]:d'l':::. wwwyoutube comiw ;tt]:. v=2fapTez3d ¥ ¥
Ball to face {0:35) Jin fa &

Inalastic:

Treat catch {0: SD:I ]:.l'l.'|:-r- v voutube. com watch Tv=sf=d 6 Thi)94 Elagsric arf (1:22)
Mlaznets : s P

Dartz https:/'vrarw voutube. comwatch Tv=g1J CKDE'I‘L Ejc
Freefall wrecking ball {7:33) https.'wanar voutube com 'watch =075 7L 1ul iw

Homework: Students are instructed o write one guestion thewv think might be ssen on friday’s
quiz based on what they leamed 1n class on an index card. The guestion can be a defimbion,
caleulation or, concept question.

Apphcation
Understanding momentum can halp in the dezign of guardrails and bammiers along roads.

Multiple Intellizences Addrezsed:

B Lmegustic £9 Logical- O hMusieal OB odily-
MMathamatical kinesthatic
O Epatial ] Interpersonal OInfraperscnal OMaturalistic

Student Grouping
Whole Clazs, Small Groups and, Individual

Inztructional Delivery Meathod:

E Teacher Modeling Demonstration H Lecturs E Discussion
[ Cooperative Learning [ Centers Ed Problem Solving

[0 Independant Projects

Homeworl'Extenzion Activities:

Students are mstructad to write ones guestion they think misht be seen on friday’s quiz bazed
on what thay learned 1n clazs on an mdex card. The gquestion can be a defimition, caleulation or,
concept gquestion.

MMaterial: and Equipment Needed:
Caleulators
Workzheat
Index cards

Adapted from Grant Wigeins and Jay MeTighe-Understanding by Desizn



PowerPoint

MOMENTUM

Momentum is defined as how
unstoppable an object is.
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Would you rather get hit by a
truck moving at 10 mph or a
bicyclist traveling at 10 mph?

p=my
p — momentum

m — mass
v — velocity

p =my
p — momentum g x m/s)

m — mass (kg)
v — velocity (m/s)

1. Calculate the momentum of a 2,000 kg
truck moving at 5 m/s to the east.

In the case of the truck and
bicycle, we have the following:

Momentum of the truck: P = My

Momentum of the bicycle: p = mv

2. Calculate the momentum of a 90 kg
bicycle moving at 5 m/s to the east.



1. Calculate the momentum of a 2,000 kg
truck moving at 5 m/s to the east.
p=10,000 kg m/s

2_Calculate the momentum of a 90 kg
bicycle moving at 5 m/s to the east.
pP=450 kg m/s

Notice the larger momentum of the truck.

1. Calculate the momentum of a 2,000 kg
truck moving at 5 m/s to the east.
p=10,000 kg m/s

3. Calculate the momentum of a 2,000 kg
truck moving at 12 m/s to the east.
pP=24,000 kg m/s

Notice the larger momentum of the truck
with the larger velocity.
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3. Calculate the momentum of a 2,000 kg
truck moving at 12 m/s to the east.

4 _Calculate the momentum of a 90 kg
hicycle moving at 200 m/s to the east.
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Name: Dale:

Momentum

Which is more difficalt to stop: A tractor-trailer truck barreling down the
highway at 35 meters per second, or a small beo-seater sporis car
traveling the same speed?

You probably guessed that it takes more force 1o stop a large truck than a
amall car In physics terms, we say that the trock has greater seomen .

We can find momentum using this oquation:

momentwm = mass of object ® velocity of object

Vilocity is a term that refers 1o both speed and direction. For our purpeses we will assume that the vehicles are
traveling in a straight line. In that case, velocity and speed are the same.

The equation for momenturm is abbreviated like this: p = m = v .

Momentum, symbolized with a p, is expressed in units of kg-m/sec; m is the mass of the object, in kilograms; and
v is the velocity of the object in misce.

PRACTICE [ —2—

Use your knowledge about solving equations to work out the following problems:

1. If the truck has a mass of 2000 kilograms, what is its momenium? Express your answer in kg-m/sce.

2. Ifthe car has a mass of 1,000 kilograms, what is its momentem?

3 An 8-kilogram bowling ball is rolling in & straight line toward vou. If s momentum is 16 kg-m'sec, how fast
is it traveling?

4. A beach ball is rolling in a straight line toward you at a speed of 0.5 m'sec. lis momentum is 0.25 kg m'sec.
What is the mass of the beach ball?

50 A4 D00-kibogram trock travels in a straight line at 1000 m/sec. What is its momentum?

ho AL ADD-kilogram car is also traveling in a steaight line. s momeniim is equal to that of the truck in the
previous question. What is the velocity of the car?

7. Which would take more fosee to stop in 10 seconds: an §.0-kilogramn ball rolling in a straight line at a spead
of 0.2 misec or a 4.0-kilogram ball rolling along the zame path at a speed of 10 m/sec?

% The momentum of a car traveling in a straight line at 20 m/sec is 24500 kg -m'sec. What is the car’s mass?

9. A0 14-kilogram baseball is thrown in a straight line at a velocity of 30 m/sec. What s the momentum of the
baschal 7

10 Amnoither pitcher throws the same baseball in a straight line. Its momentum is 21 kg-m'sec. What is the
velocity of the ball?

1. A Vkilogram turtle crawls v a siraight lise af a specd of 000 m'sec. What i the mrtle's momenium?
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Introduction to Waves

Kimberly Guthrie Physics
Waves and Therr Applications in Technologies for Information Transfar Grade 11

Overview of and Motivation for Leszon:
Wavas, specifically as apphed fo wave mofion.

Stage 1-Desired Results

HE-P34-1. Use mathematical representations fo support 2 claim regardme relationships among
the frequency, wavalength, and speed of waves traveling within various media. Fecognize that
glectromaznefic waves can traval through empty space (without 2 medium) az compared to

mechanical waves that require a2 mediom.

Clanfication Statemuents:

* Emphasziz 15 on relabionships when waves travel within 2 mediom, and companszons when a
wave travels i different media.

* Examplas of srfuations to consider could melude electromasnetic radiztion traveling n a
vacuum and glass, sound waves traveling through air and water, and zeizmic waves traveling
through the Earth

» Relabionships inchade v= A€ T = 1/f, and the qualitative companson of the speed of 2
transverse (ncludmg electromasnetic) or lonsitudinal mechanical wave 1o a solid, liguid, sas,
0T VRCIII.

Understanding{z):
Srudenes will understand . . .
The concept of wave mohion.

Content Objectives: I
Lrudenes will be able o . . .

- Idembfy transverze vz. lonsrudinal waves.

- Labkel 2 wave

Key Vocabulary:
Wave, medium, pulss, framsverss, lonzindinal

Stage I-Azzeszment Evidence
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Performance Tazk or Key Evidence.
In-clazs worksheset collacted by teacher.

Key Criteria to meazure Performance Tazk or Key Evidence
Dheerve students of diffarent lavels to better zauge overall clas: understandings.

Learning Activities:
Clazz opening: Attendance, collect any work from previous class.

Learning Activity 1 (40 minz): Introduction to Waves
Zee powerpomt here:
bttps:/dove soogle.com/open T1d=1FEQ= 98P 3 g Qhn S gl 3ux B2 KL Tias ()13

Learning Activity 2 (40 minz): Practice problams
See worksheat here:
hitps:dove socsle comopen TId=1IN T Frgfili8iF el Ex O EPZd UMNeasOed We

Multiple Intellizences Addrezsed:

B Lmguistc E Logical- OO0 Musical OB odily-
Mathamatical kimeasthetic
[ Spatial [ Interpersonal OIntrapersonal OMaturahstic
Student Grouping
Whele Class and Small Groups
Inztructional Delivery Methods
B Teachker Modaling Demonstration B Dizcuszsion
O Cooperative Leamins O Centars E Problem Solving

O Independent Projects

Homework:

Students are imstructed to write one question they thmk misht be sean on fnday’s quiz bazad
on what they leammed 1n class on an mdex card. The guestion can be a defimition, calculaton or,
concept question.

Materialz and Equipment Needed:
Caleulators
Workshesat

Adaptad from Grant Wiezines and Jav MeTishe-Undsrstanding by Derign




INTRODUCTION TO
WAVES

1. A wave in which the particles move
perpendicular to the wave motion.

Wave:

Medwin 2. A disturbance that travels from one
location to another location.

Pulse:

3. A single disturbance moving from one

location to anather location
Transverse wave:

4_A physical environment through which
a disturbance can travel.

Wave: A disturbance that travels from one location to another
location.

Pulse: A single disturbance moving from one location to another
location.

6
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Do now:

Take a couple minutes to sketch what you think of when you
hear the word “wave.”

‘Would your sketch be different if you were thinking about
waves in terms of physics?

If 0, sketch a “physics wave” too.

Wave 2 1. Awave in which the particles move
perpendicular to the wave motion.
& 2. Adisturbance that travels from ane
location to another location.
3. Asingle disturbance moving from one
location to another location.
Transverse wave: 1
. A physical environment through which

a disturbance can travel.

£

Medium: A physical environment through which a disturbance can
travel.

Transverse wave: A wave in which the particles move
perpendicular to the wave mation.




Craat, Trough, Ampiituds, and Wevalengh

Two types of waves:
Transverse wave: A wave in which the particles move
perpendicular to the wave mation.

Longitudinal wave: A wave in which the particles move paraliel
to the wave mation.

| A THGRE) § WDy  METRH JHINIE DRI AlID  WD {s T—

S AT PRI P I AT TP

Amedium canbemodeled by a series of particles
comnected by springs. As one particle is displaced, ...

... the spring attaching it to the next is stretched
and begms to exert a force on 1tsneighbor, thus
displacng theneighbor from its rest position.

Medium impacts a wave's wavelength.
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Two types of waves:
Transverse wave: A wave in which the particles move
perpendicular to the wave motion.

inal wave: A wave in which the particles move parallel
to the wave mation. -

- =
o
Waves only transfer energy,
not particles.
)
5
4
\ \
wet | Rt Pesetre
¢
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Medium impacts a wave’s wavelength.
Wavelength impacts a wave's speed.



Medium impacts & wave's wavelength.
Wavelength impacts a wave's spesd.

V=Fx%h
v = speed of a wave

[ frequency
& = wavelength

17

Medium impacts & wave's wavelength.
Wavelength impacts a wave's spesd.

V=% 0
v > speed of a wave (ms)
f > frequency (Hz)
& = wavelength (m)

ﬁ@. [ is the number of cycles, or wavelengths, completed
WIthin one unit of time.

1. A tuning fork produces a sound with a frequency of 256 Hz and a wavelength

in air of 1.35 m. What value does this give for the speed of sound in &ir?
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Medium impacts a wave's wavelength.
‘Wavelength impacts a wave's speed.

v=[x0
v > speed of a wave (m/s)

[ frequency (Hz)
. = wavelength (m)

., is the number of cycles, ar wavelengths,
completed within one unit of time.

L 1
Sy N,
- [} -
‘. ... ‘.
| L &
2 @ ¥
| [ n = e
-\I. .J
L] &
J. -l

2_A piano can emit & frequency as low as about 28 Hz. What is the wavelength of
this wave when the speed of sound in &ir is 340 m/s?

3. The same pizno can emit a frequency as high a< about 4200 Hz. What is the
wavelength of this wave when the speed of sound in air is 340 m/s?
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Mams: Crabe:
Waves

A wave 15 a traveling oscillator that carmies energy from one place 1o ansther. A high point of a wave 15 called a

erist A low pomi 1s called a trough. The amplinude of a wave 13 half the distance from a crest o a rough. The
distance from one crest to the next s called the wavelength. Wavelength can also be measured from rough to

trough or from any poiat on the wave to the ext place whene that point oceurs.

Amplitude

Qine wavelength
is crest to En'r:?st

The speed of a wave — Frequency (hertz)

Ep-aed{m-"ﬂ!ﬂ)—-—-.v = f ), +~—— Wavelength (meters)

ExampLE [
The frequency of a wave is 40 Hz and s speed 15 10 meters per second. What s the wavelength of this wave?
Given Salution
Frequency = 40 Hz: 5 = |0 psa -
nequEncy peed 100 misee | 100 msee g o
Looking for 40 H= Al eyelesiame
The wavelength 2 5 meters = Wavelength
Relationships

Speed = Frequency = Wavelength, therefore
Speed + Frequency = Wavelength

The wavelength of this wave is 2.5 meters.

PRAGTICE [ - —=—

L. O the graphic at nght label the following
parts of a wave: one wavelength., half of a
wavelength, the amplitude, a crest, and a
trough.

a.  How many wavelmgths are reprsented
1 the wave abowe?

b, What is the amplinude of the wave shown
above?

centimeters
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Use the grids below to draw the following wavies. Be sure to label the y-asis o mdicate the
easrement scale.

a. A wave with an amplitude of
1 ¢mand a wavelength of 2 cm

b. A wawe with an amplitude of
1.5 cim and a wavelength of
Iem

A water wave has a frequency of 2 hertz and a wavelength of § meters. Caleulate its speed.
A wave has a speed of 50 misec and a frequency of 10 Hz. Caleulate is wavelength.
A wave has a spoed of 30 misec and a wavelength of 3 meters. Caleulate its freguency.

A owave has a penod of 2 seconds and a wavelength of 4 meters. Calculate ats frequency and speed.
Nowe: Recall thar vhe freguency of @ wave egquals Liperiod and the period of @ wave egquals 1reguency:
A gound wave travels at 330 misee and has o wavelength of 2 meters. Caleulate its frequency and period.

The frequency of wave A is 250 heriz and the wavelemgth is 30 centimeters. The frequency of wave B =
2 bertz and the wavelength is 28 centimeters. Whach s the faster wave?

The period of a wave 13 equal tothe tme it takes for ose wavelength to pass by a fixed point. You stand on a
prer watching water waves and see [0 wavelengths pass by in a time of 40 secomds.

a.  What is the period of the water waves?

b.  What is the frequency of the water waves?

o If the wavelength s 3 meters, what 14 the wave speed?
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Charge
Kimberly Guthrie Physics Grade 11

Overview of and Motivaton for Lezzon:
Electrostatics, spacifically an infroduction to charge and electron motion.

Stage 1-Desired Results

HE-P33-5. Devalop and use a model of magnetic or electric fields to illustrate the forces and
changes n energy betwean two magnetically or elactrically charged olyects chanzins relative
position in a magnatic or electric field, respactively.

Clarification Statements:

* Emphasis 15 on the change in force and enersv as ohyects move relative to each other.

» Examples of medels could inchide drawings, diagrams, and texts, such as drawings of what
happens when two charses of opposite polarity are near each other.

Understanding{z):
Sudenes wall understand . . .
The bazic concapts of charse.

Content Objectives:
Sudens will be able o . . .
- Describe how an obgect acquires a charge and the eleciron motion
that cauzes such charse.

EKey Vocabulary:
FPositrve, Megative, Mentral, Proton, Electron, Weutron, Conductor, Insulator, Frietion,
Conduction, Induction, Polanzation

Stage I-Azzezzment Evidence

Performance Tazk or Key Evidence.
Im-claszs responzes collected by teacher.

Key Criteria to measure Performance Tazk or Key Evidence
Observe students of diffarent levels to better sauge overall class understanding.
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Learning Activities:
Clazz opening: Attendance, collect any work from previous clazs.

Learning Activity 1 {40 mins): Infroduction to Charge
Zee powsarpomnt here:
hitps./dnve soosle comlopen T 1d=1v AT 1B duE QaugR=5 2 2in -08g DP4aD

Learning Actvity 2 (40 minz): Tape Actrvity
Zee actvity mstruction and workshest hara:
https://dove soosle.com/openTid=1=¥ COEGETdub 4440 b TANIxWETT4Cu A 0SET

Learning Activity 3 (time permitting): Clazz reflection and discussion
Descnibe a scenano m which vou expenienced something similar fo the tape actvity. What
method of charsms occurred o that scenario?

Or

What factors do vou thmk mmpact the attractrve or repulsive forces betweean two charges?
Based on vour prediction, create a2 formula that could be used to caleulate elactnic force.

Alultiple Intellizences Addrezzed:
= Linsmstic x Logical- [ hiusical = Bodily-
Mlathematical kanesthetic
= Spahal [ Inferpersonzl OInfraperzonal OMaturalistic

Student Grouping
Whole Clazs and Small Groups

Inztructional Delmvery Methodz

H Teacher hodaling/ Demonstration E Dhzcuszion

O Cocperative Leaming O Centars & Problam Solving
O Independent Projects

Alaterialz and Equipment Needed:

Powerpoimt
Actrerty Worksheet and materials

Adapted from Grant Wigsmns and Jay hlcTighe-Understanding by Dezien



| ELECTRIC CHARGE |

What do you know about electric charges?

There are two typss of charges: Positive {+) and_negative (-}

What do you know about electric charges?

There are two types of charges: Positive (+) and_negative (1)
Unlike charges attract each other.

Like charges repel each other.

L O—

What does an atom look like?
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What do you know about electric charges?

What do you know about electric charges?

There are two types of charges: Positive (+) and_negative (-)

Unlike charges atiract each other.

What does an atom look like?
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Particle Symbol Charge Mass Charge Particle Symbol Charge Mass Charge
Proton B +1 1673 x 10727 kg Proton pt +1 1673x 102" kg +180x10~°C

Neutron n® 0 1.675 % 10727 kg Neutron n° 0 1675 % 10727 kg 0

Electron e~ -1 9109 x 103! kg Electron e~ -1 9109 x 1073* kg -160x107%°C

14

nucleus /aleelrnn nucleu aleelrnn
Electrons are easily
proton pratan transferred from one
atom to another.
naufron ” nautron

Conductors. Friction
Materials that allow

electrons to flow

freely from one atom

to another.

But what causes
electrons to move
from one atom to

another? Insulators:
Materials that do not
allow electrons to
flow freely from one
atom to another.

22

Friction Charging by friction: When two objects are rubbed together
resulting in a transfer of electrons.




29

33

Charging by conduction:
*
0.
0+++
*
- *

Charging by conduction: When a neutral object comes

in contact with a charged objects and there is a
transfer of electrons.

NG

Charging by induction: When a charged object polarizes
a neutral object then that neutral object is grounded
resulting in a transfer of electrons.

T,
& y

)]

1

Charging by induction: \WWhen a charged object polarizes
a neutral object then that neutral object is grounded
resulting in a transfer of electrons.

Polarization: The process of separating opposite
charges within an object.

T
[e .

30

34
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Charging by conduction: When a neutral object comes

in contact with a charged objects and there is a
transfer of electrons.

+
0.
=5
O«
Al

Induction

Charging by induction: When a charged object polarizes
a neutral object then that neutral object is grounded
resulting in a transfer of electrons.

{;‘% Charging by induction.
Ao

Uncharged Matal A svely charged rod charges one Wihen the spheres are
spheres sphre with -ve charge. The other separated, the charges
sphere automatically gets +vely charge.  get equally distributed

Polarization: The process of separating opposite
charges within an object.

el e

Avntmlpep  Witha negutive shyect hedd neadby,

Chasgyveithin the
g el s el ied s e e

PO —
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Charging Sticky Tape

Irstructions:

1.

[N

Take vour long piece of ransparant tape and break it into thres even pieces.
Stick one piece flat to the table. Thisz is your base tape.

Take another piece of wansparent tape and make & handle on the end by folding under the first % -inch of tape,
sticky side to sticky =ide. Place thiz tape on top of the baze tape and lzbel the handls “B" for bottom.

Atftach z second similarly prepared strip of taps to the bottom tzpe. Labeal this tapa “T™ for top.

Top “T"

QA Qloton

Bace

Peal both T and B tapes from the bazs tape, keeping the T and B tapes stock together, [f the T and B tapes
separate gently stick them back together.

Once removed from table, hold the T and B tapes by their handles and guickly rip them apart.
If the pieces of tape are atiracted to vour hand, shake them loose while still holding on to the tape handles.

Slowly bring the zaparated T and B tapes clozsr together withouit latting them touch.

Obzervation 1: What happened when you brought T and B tapes clozer together? What doss this tell us about the
charzes of the tapa?

9.

Team up with another gronp.

Distribute the T and B tapes so each person has at least one piece.

10, If vou hava a T tape zlowly bring it closer to the other T tape in the group.

Obzervation 2: What happenad whan vou brought the two T tapes clozer together? What does this tell us about the
charzes of the tapa?
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11. If you have a B tape slowly bring it clozer to the other B tzpe in the group.

Observation 3: What happensed whean vou hrought twa B tzpes closer together? What does this tell us sbout tha
charges of the tapa?

12. Bemove the base tapes fom the table and throw each piece of tape in the zarbage.

Analysis:
1. By pulling tha pieces of tape apart, vou canse sach stom 1o mb together. What happens when certain materials
are rubbed together?

2. What is tha nams for the msthod of charging vou described in mumber 17

3. Today wa talked about three methods of charging. Describe the other two methods of charging not discuzsed in
mambar 1.

4. What is polarization and which method of charging requires palarization?

5. When an objects ara chargad  is there & change in the change in the total charge within 3 system T Why or wity
naot?
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; Periods:%

)

ﬂ' Light Review
e -

1. Alightray moves from water (n = 1.33) to an unknown material. If the incident angle is 50 degrees and the angle of
refraction is 30 degrees, what is the mde refr@ctlon of the refractive medium?

¥35in(50) = py s in(X

2. Alight ray moves from water (n = 1.33) to a transparent plastic (polystyrene n = 1.59). If the incident angle is 25
degrees what i IS the angle of 7fract|on?

,33 5 (2 Asingh)

I . i

A light ray moves from sapphire (n = 1.77) to air (n = 1.0001 y (ci
i ) ( ). The light ray bend @ way (circle one) from the

4. %W/ are waves that consist of oscillating electric and magnetic fields.

5. Can electromagnetic waves can travel through a vacuum(Y-eslm)_ (circle one)

6. Wcted off of green grass?
7. What colors nake up white and black light?
= M/
Pact < Jope
A=
.

8. D } W is the change in direction of a wave passing from one medium to another caused by its

change in speed.
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Periods: £/,
Light Review

1. Alight ray moves from water (n = 1.33) to an unknown material. If the incident angle is 50 degrees and the angle of
refraction is 30 degrees, what is the index of refraction of the refractive medium?

Niz 133 02 %0° D 230° Nez?

\
)

NiSino = ne bnp,
) | 4
1.32 Sin (50) = N¢ Svi

w
©
-
.

.D1%% = nel0.5
LEIERZ A TR Nez1.0374

b.5

2. Alight ray moves from water (n = 1.33) to a transparent plastic (polystyrene n = 1.59). If the incident angle is 25
degrees, what is the angle of refraction?

MNis 133 s ). 54 D,z 25* 0(.‘.?
Ny Sino| < N Sinog
133 Sen(23) = 1.%4 Sin pe

D.6L20 = ) s’njvnﬂ
). 64
S,na( -0.353Y4
>
Ocz 201
R Lt
3. Alight ray moves from sapphire (n = 1.77) to air (n = 1.0001). The light ray bends toward@v}éi ircle one) from the
normal. jc
4. Lechmomanpet are waves that consist of oscillating electric and magnetic fields.
wmte s

5. Can electromagnetic waves can travel through a vacuum(leg’m (circle one)

6. What color is reflected off of green grass?

Oeeen

7. What colors make up white and black light?

White Al colocs Cehiccted nothing absorbedd
~
Black  all tolors pbsi i | ; ,

' ! Olofs Absocke Thiay reflected

8 _Retraction is the change in direction of a wave passing from one medium to another caused by its
change in speed.
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Materials:
Slinky, meter suck, pencil

Purpese:
The purpose of the lab i 10 study the types of waves and thew propertics using & shinky.

Procedure:

1. Select a lab group and gather the lab materuals.

2. Assign two people 10 the task of holding the ends of the slinky and & least one pensan 10 skeiching.

3. On a smooth floce, stretch the shinky out betwoen two people, 10 & length of about throe meters.
(Caution - Do mot over siretch the slinky )

4. Complete the following experments. During cach experament. the sketcher(s) should skewch they
observatioen. Post- Lab Questions should be anawered after all experiments are completad and materials
are returned.

Experiment 1. Trasavers Wave- Use the shinky to croste & wansverse wave
Use the dotted line below 25 an equilibrium or “center lne™ of the wave and be sure 10 include the dwection
of wave travel,

\J'

—

Post-Lab Quexnion | Describe how thiz —O-Mdﬂbﬂ-‘u‘w
MOlbm

Y IS L CSYT e \b W he \ .

" NN\ ) el \
—

= Use the shaky 10 creste » trassvense wave by moving your

Fast Sketch:
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Post-Lab Question 2: Compare the two waves and describe the umlarma and dlﬂ"m of '*" o \
fmpumm. amplitudes, and wavelengths, o o

Experiment 3; Longitudinal Wave- Use the slinky to create a longitudinal wave.

Y 5

W

Sketch: o u el NSRRI iy

Past-Lab Question 3: Describe how this wave was created and the direction the coils traveled relative to the

direction of the wave.
- Vani i - Use the slinky to create a longitudinal wave by movi ur
hand slowly then quickly. e
A N &
Slow Sketch: RN N AN XY XY,
HIFH FErFFIL

n »
Yy v .
Fast Sketch: (o W ot TRV BTN PP I

Past-Lab Question 4; Compare the two waves and describe the similarities and differences of the waves '
Sfrequencies, amplitudes, and wavelengths. .
Vi

ind- Hold one end of the slinky loosely with a string and the other end with your hand,
the slinky to the - A
4 m‘"‘}-—-‘ B

sed Qi)

Sketch before reaching the nd: oo vuivunirnrrorrraimsssrrssrrnrrersissimeirees
“ »

Sketch after reaching the end:




3

/

s

4
/ /  Post-Lab Question §: Describe whar happened 1o the pulse afier it reached the end.
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-
Experiment 6: Fixed End- Homm.eaaorm.my s«ummjmmmmy
‘\

..........................

Sketch before reaching the end:

...................................

Post-Lab Question 6 MﬂhWWnWMW“M*ﬂ
or o Sawe md Pk |
w ! l

Experiment 7: Two Pulses 1- Hold both ends of the slinky. Sendunpuhcdownﬂnslﬂyhmudsaﬂ.
mmn.tlnpuh-onhmuide

Sketch before pulses reach each other:

Sketch nfier pulses reach each other;  ......oooiininn. (ORI | TR SRRNRRRRRAREL o

Post-Lab Question 7. MWUWMMMMMMWMOM What type of
tutafm-madm? h ke tate | §

-\

IR I

Experiment 8: Two Pulses 2- Hold both ends of the slinky. Send one pulse down the slinky from each end,
starting the pulses on opposite sides, =

Sketch before pulses reach each OREr: 7" .......ooooie.-limaagiicssioeesssadoincescsco \
Sketch after pulses reach each other:  #70i ,..:’.‘...t ...... B,
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Post-Lab Question 7- Dexcribe what happened 1o the pulses when they reached each other. What type of
interference is this?

-

Additional Post-Lub Questiony

B P«mhmnpmducddwaayoflhnm hmdlynvdﬁmmodomnouakylow
qu becane 0w theceee o ghe e of M .fl.u'y

le\ 0 WIS Cgrev ) CALN lj') ,.

2. I the wave colls did not travel than what did?
th putse

3. Describe how you might create o standing wave using the slinky.
o“ Pf‘:'On ") rhe S ".j v sis R
ol e ctmer e I ,74/

4 Sluwhwhumunndln;mwwwldk;okk like and label gll nodes and antinodes
L~
"

‘ -

I
S, Assume your slinky i 3m in length in order to caloulate the wavelength needed 1o create the harmonics
below.
a. First harmonic standing wave

i) : "
-~

b, Second harmonic lmmu\w%w
v,
e Thldhumnmm.mw
(Y X
d rmmmmmmn,

g i 4 J
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a2l Periods: O
B Slinky Wave Lab 2 ™ / 4
Materials: / : \ )
Slinky, meter stick, pencil X,
Purpose:

The purpose of the lab is to study the types of waves and their properties using a slinky.

Procedure:

1. Select a lab group and gather the lab materials.

2. Assign two people to the task of holding the ends of the slinky and at least one person to sketching.

3. Ona smooth floor, stretch the slinky out between two people, to a length of about three meters.
(Caution — Do not over stretch the slinky!)

4. Complete the following experiments. During each experiment, the sketcher(s) should sketch their
observations. Post-Lab Questions should be answered after all experiments are completed and materials
are returned.

Experiment 1: Transverse Wave- Use the slinky to create a transverse wave.
Use the dotted line below as an equilibrium or “center line” of the wave and be sure to include the direction
of wave travel.

Sketch: ......... T N e L

Post-Lab Question 1: Describe how this wave was created and the direction the coils traveled relative to the
direction of the wave.

e wave Iin whith I i-/"H‘(""'-, MOVl WAS

pd Lelewe 40 Yie puavt nnotion
Experiment 2: Varying Transverse Waves - Use the slinky to create a transverse wave by moving your
hand slowly then quickly.

Slow Sketch:

Fast Sketch:
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Post-Lab Question 2: Compare the two waves and describe the similarities and differences of the waves

re litudes, and wavelengths. ; the w ""f"’”"‘—/ Hhs
= ?"e"ﬂe{?:"m”,, e lowly dhe ampliudle as Ruares th { o
e ( lre ’ il sl e (A
e wrdec ) N AT et I T 110 SCERd, L pyelengthe o
= ) 41l UAUES N / g “4v SN ,(.:,‘,/,, e Y7 -
WIhED Tt ) e ths. /i/?yl s¢) ord '}” Frequarcics gie mor e /p/ ctord
Expenment 3: Longitudinal Wave- Use the slmky to create a longitudinal wave.
Sketch:  JLALL . OL SRR BIE M D a0 3 8
it
Post-Lab Question 3: Describe how this wave was created and the direction the coils traveled relative to the
direction of the wave. /t LYave (0 »u{m(h | o ‘;/‘,’J,(l(s WO Ul WS

omfall /i Fo ,,u Wit rotronN -
[

Experiment 4: Varying Longitudinal Waves - Use the slinky to create a longitudinal wave by moving your

hand slowly then quickly.
Stow Sketch: L./ L0000 0..0.0..0.0.D
AN NG AR AT XA =
Fast Sketch: ’Q'/’ ..... \/\\\/4
\ P h i KA\ \
J N
ey <

Post-Lab Question 4: Compare the two waves and describe the similarities and differences of the waves’ A

frequencies, amphtudes, andwavelengths T OGS Move corstanily AoINa
o roa o Slow! L v o )

,:}",.,';[, )\ (’Jf!(/)f< (m{;/%\'(r Frecuentics tnd ctrpplitudes, wewdenqibs dectedse

i i ,-uz:-rwouc guicklu the weaves colhide foqether ard ”‘('4

'r«.\Iv'/.,'J {, osiHC </,,( rons 1 ower frequanties erd arrpPliie f/(5 uJ/u,(l/r7 he” 1y e

ﬁxnenment 5: Free End- Hold one end of the slmky loosely with a string and the other end with your hand.

Send one pulse down the slinky to the string-end. O

7, . e
Sketch before reaching the end: 0 AR (W . — |
\

\/\;\ j\ = D>
Sketch after reaching the end: .:: L; e L \Z.:.:;;::‘:L Xﬁ
S |
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Post-Lab Question 5: Descrzbe what happened to the pulse after it reached 1he end.

/7’ 7t
l 2 Y €O NCOA ndg ((

(1 ¥ ) | i sV I e o bl O D Ve d re i oN.

Experiment 6: Fixed End- Hold both ends of the slinky. Send one pulse down the slinky.

Sketch before reaching the end:

Sketch after reaching the end:

Post-Lab Question 6: Describe what happened to the pulse after it reached the end. A

|

|

Experiment 7: Two Pulses 1- Hold both ends of the slinky. Send one pulse down the slinky from each end,
starting the pulses on the same side. ’ <

Sketch before pulses reach each other:

Sketch after pulses reach each other:

Post-Lab Question 7: Describe what happened to the pulses when they reached each other. What type of

interference is this? » 4 [
mﬁf/ 1 e ot o constiuctive inYeeperenee g d e

(O ¢ PN ,/‘I -rJ/ n \'/’; 14 l"/“ ”:\., v,/l/ 1' {
| ,‘.»’,._,,f P ";/5

Experiment 8: Two Pulses 2- Hold both ends of the slmky Send one pulse down the slinky from each end,
starting the pulses on opposite sides. - =

Sketch before pulses reach each other: \..tm_[ ....... W"-/M.“

Sketch after pulses reach €ach OthET:  woceeevrmupernrenssnssssypunssssemiesse e omines s
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\
N

Post-Lab Question 7: Describe what happened to the pulses when they reached each other. What type of
interference is this? ; [ i
re by W \NA7IFCT ¢ TS VEIaVE tINg | /

\ . -] | / 7 e
1 t f{ )
{

Additional Post-Lab Questions

1. For each wave produced did any of the spring coils actually travel from one end of the slinky to another?
i
NO

2. Ifthe wave coils did not travel than what did?
el K,‘,’]"I( ¢s O FAMsCer eneraqw, NOY [ € 3

3. Describe how you might create a standing waye using the slinky. '
One N } nos riode s A1 e §a JO 0§ & e © !
| ' (

| { { 1 V4 Yy | rl | 7

4. Sketch what your standing wave would look like and label all nodes and antinodes
) oAninod es

+[_"_ \e® ,{ ¢ Nodles

5. Assume your slinky is 3m in length in order to calculate the wavelength needed to create the harmonics
below. S
a. First harmonic standing wave

b. Second harmonic standing wave — Z _J

iy

c. Third harmonic standing wave

d. Fourth harmonic standing wave
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Appendix I: Exemplary Lab Page 1 of 4
Materials: -l /
Slinky, meter stick, pencil AL “u || ()
Purpese: \/ =

The purpose of the lab is to study the types of waves and their properties using a slinky.

Procedure:

1. Select a lab group and gather the lab materials.

2, Aui;ntwopuupletodnmtofboldiuﬂueendsoﬂboditymdukutmpmwm.

3. On a smooth floar, stretch the slinky out between two people, to a length of about three meters.
(Caution ~ Do not aver stretch the slinky)

4. Complete the following experiments. During each experiment, the sketcher(s) should sketch thew
mm.rw-umm-muwmmmmmmm
are returned.

Experiment 1: Transverse Wave- Use the slinky to create a transverse wave,
Use the dotted line below as an equilibrium or “center line" of the wave and be sure 10 include the direction
of wave travel,

Post-Lab Question |- Describe how this wave was created and the direction the colls traveled relative to the

direction of the wave. Thig, wiove 100G orended mavt e ot
o€ T LSO, Ty o bt ends o5

Yo diretion of e wane W mAC N o up and down mwyon
Buord s We ond

3 - Use the slinky 1o create a transverse wave by moving your
hand slowly then quickly.
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\

Past-Lab Question 2 Compare the two waves and describe the similarities and differences of the waves
livades, and wavelengths. The Slow WOYE haS a larger amplitude ang

wawe lengin but hot a cmoticr Frequenty than iy Fast wave,

Experiment 3 Longitudinal Wave- Use the slinky to create a longitudinal wave

w@uﬁ-!:b.a?:hi&m-auddk”kdbnﬁdmﬂwn*
direction of the wave. ™} % A L8L Cefoilo Ly PUthina g S1de of v qu3

wER dur hoand Ldgiyrparnce), The wond move '
WALIC e l’llflh’d- . " & “Y = P"Ond

W‘Uﬂhmbmlwmhmm

SowSkeck: 'S4 0800I S0BLLHTH0T

WM‘.‘M*MMQ‘M&%‘M waves '
the

ﬁm’_ e -M-l-nl-‘u prhe. The wae 4hai wos maqde by Flsz Clawk
M dae P00 &alin g CNE 7€ 4 fml(’w' The Slay wove a J

fmalter Frequency *han 1he Tozt woee bud 1 has a larger Wmtmgﬁ

7:1. :ﬁ' wave l‘cﬁs Cpace nbepcen e OIS and hag +he Samae
W%-J%&Mm.muumuﬂmu

Send one pulse down the shnky 10 the stry
Sketch before resching thecnd: (.. TR SR

Sketch after reaching the end _.__:/’\ .....




Guthrie 67

Page 3 of 4

A hoppmdaollwpubuﬁanwmd
wmr " god 1o the eng e WO g ied back
Whe o 4 Sinrted Dtj DCunrmﬂ off +he end

Wnowmmamum.wmmmmm.
Sketch before reaching the end: SRR, SRS

..........

e—:“\~v’-—“ ..............

MMMG:MMW“MM:M*“W*.QI
Alder e pulse reatingd we end o Mippad upsC -
down and ‘radicd Back 10 whwre W Slacked,

Expeciment 7. Two Pulses 1- Hold both ends of the slinky. Send one down the slinky from each end.
starting the pulses on the same side. o

v A%
Sketch after pulses reach each other: s

---------

Post-Lab Question 7: Describe what happened to the pulses when they reached each other What type of
interference is this? The pul3esS combined whie dhay “O0UE MiNe o

mage o larger pylie. Thig 15 Anawn A5 @ASFruch e Ference.
(L RO s superPatition )

“Lamphiude ncreases)
Experiment 8. Two Pulscs 2- Hold both ends of the slinky. Send one pulse down the slinky from cach end,
starting the pulses on opposite sides.

..........

— \




Guthrie 68

Page 4 of 4

Post-Lab Question 7 Describe what happened 10 the pulses when they reached gach other. What type of
oo kst WREN Ihed TRBCH Oiher ane putses collide mexingy
1 pand of superpezihon “where the ampidude 16 1€5§ han thew

mdwvidual pulses dhig 15 deehructive 1M feence,

Additional Post-Lab Quextiony

1. For each wave produced did any of the {pﬁuedhmlllynvdﬁuumudoﬂhnﬂnkyww
No Ihe sprng corts did no:r vares frangler ¢irgy 04 pard cicg,

2. Ifthe wave coils did not travel than what did?
lvur:m fravag through the oels,

3. Describe how you might create a standing wave using the slinky.
Vou could freade o clondurd wowt wikh Ak
Clnky 12y Moving At & fags gpeed co W appes
6 IF He Chakag 18 ‘:Im\m\nr\s.

4, Sh\cl’m?"nm W_mmmmlg'look like and label gll nodes and antinodes

\

e

e "

5 mm&;&yhﬁnﬂe\'muzﬂuwmthMwmhm

n Ptﬂhmmhmndh.w% ?w-@
r § b

b. Second harmonic standing wave
| 1AW gliam!
) 8

¢, Third harmonic standing wave

SRR HD

d. Fourth harmonie Ing wave

LUM 0_%)_ 1sm
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Appendix J: Incomplete Summative Assessment g

Periods: //

E——) Light Quiz B
[ c=fxA c=3.0x10%m/s

Matching (1-5): Match the vocabulary words to the correct definition (2 points each)

4
/1

ing i sorbed.
/" 1. White / What is seen when all colors are reflected and nothing is abso

. 2. Electromagnetic waves

/3. Black

,/3 4. Refraction

b. The change in direction of a wave passing from one medium to
another caused by its change in speed.

€. Waves that consist of oscillating electric and magnetic fields.
Pé

/.’ What is seen when all colors are absorbed and nothing is reflected.
*_&. Photon .
- ( ) e/ Agroup of electromagnetic radiation that acts like a wave.
Multiple choice (6-9): Use the diagram below to answer questions 6-9 (1 point each)

A B C

NNV

— 6. At point A, the wave shown has (circle one):
a) higher frequency and longer wavelength
b) higher frequency and shorter wavelength
'c/T,>lower frequency and longer wavelength
~d) lower frequency and shorter wavelength

— 7. Which point would be most likel
a) A
b) B
Ay C

Y to eject an electron from a metal?

/
d) The points are equally likely to eject and electron,

— 8. At which point does the wave have the most energy? /
a) A 1

b) 8

). /C

d) Energyis the same for all points
— 9. If this wave is representin

a) Green

b)/Red

) Purple/Violet

d) Yellow

—_—
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Concept Questions (10-11): Use your knowledge of light to answer the following questions. Be sure to use
complete sentences. (4 points each)

10. Use an example to explain the role of absorption and reflection in how we see color.

—

> sif >
oo istion Tos i xy T Comes sug fbeers

e _Se

i )

/\/ J'j-{//‘( 7o {éJ///,V'/'”S J/’( &/ /// J//t/ﬂ (/{

11. Which experiment proved light acts like a particle? Briefly explain how this experiment proved this. If
needed, include a sketch along with your explanation. '

y%/&//// sric CTFecH

Calculation (12): Answer the following question. Be sure to include givens, necessary formulas, calculations
and the correct answer with units. (5 points)

12. Red light travels through a vacuum with a wavelength of 680 x 10~ m. What is the frequency of this

wave? )\
L=

Sketch (13): Use your knowledge of light complete the following sketch. (3 points)

13. Draw a sketch showing what happens when light travels from a material with a low index of refraction to a
material with a high index of refraction. Be sure to include the incident ray, refracted ray and normal line.

|
I

l

o _) 2
/
, 2
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Periods: —g~ q
m—— Light Quiz B
c=fx) c=3.0x10% m/s |
Matching (1-5): Match the vocabulary words to the correct definition (2 points each)
N 1. white

a. What is seen when all colors are reflected and nothing is absorbed.

C/2. Electromagnetic waves . The change in direction of a wave passing from one medium to

another caused by its change in speed.
3. Black

\t\ Waves that consist of oscillating electric and magnetic fields.
b 4. Refraction

| d. What is seen when all colors are absorbed and nothing is reflected.
‘ § 5. Photon

J \ A group of electromagnetic radiation that acts like a wave.

Multiple choice (6-9): Use the diagram below to answer questions 6-9 (1 point each)

A B C

NNV

_j; 6. At point A, the wave shown has (circle one):
a) higher frequency and longer wavelength

b) higher frequency and shorter wavelength
c)) lower frequency and longer wavelength

lower frequency and shorter wavelength

A__ 7. Which point would be most likely to eject an electron from a metal?
a) A
b) B
e
d) The points are equally likely to eject and electron.

{ 8. At which point does the wave have the most energy?
a) A

Qe -
C
d d) Energy is the same for all points

. If this wave is representing the visible electromagnetic spectrum, what color would be at point A?
a) Green

b) Red

c) Purple/Violet
Q Yellow
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Concept Questions (10-11): Use your knowledge of light to answer the following questions. Be sure to use
complete sentences. (4 points each)

10. Use an example to explain the role of absorption and reflection in how we see color.
———

D \ 7 d°h.+ S5te d\i\\/(o)of *L\v\-i ‘So\bgaf‘(ol A an
Ob)f(*,h,\i we See the Colol |haX ‘7&{‘6’(*'!’(7’ { [0/
A dbde (-

— -

11. Which experiment proved light acts like a particle? Briefly explair) how this experiment proved this. If
needed, include a sketch along with your explanation.

C-
Pl\o*oﬁ‘(’,(‘(& Q/‘:(CL e
0o
S —
e
( — .

Calculation (12): Answer the following question. Be sure to include givens, necessary formulas, calculations
and the correct answer with units. (5 points)

12. Red light travels through a vacuum with a wavelength of 680 x 10~° m. What is the frequefncy of this
wave? _ 7~ <
6o I f L C=¥3xlo” M)

C - (: X K
- FxX
Y ,000,0000% = iy
-3 10001000[ aab —' px/-——"_" .

= zpo'o 00000690

Sketch (13): Use your knowledge of light complete the following sketch. (3 points)

13. Draw a sketch showing what happens when light travels from a material with a low index of refraction to a
material with a high index of refraction. Be sure to include the incident ray, refracted ray and normal line.
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|

Periods: 3/‘-{ /k
e Light Quiz A

c=fxA c=3.0x108 m/s |

Matching (1-5): Match the vocabulary words to the correct definition (2 points each)

é 1. White 2. The change in direction of a wave passing from one medium to

/

/ another caused by its change in speed.

(}g 2. Electromagnetic waves 4

D 3. Black

A 4. Refraction

_(;_ S. Photon

. Waves that consist of oscillating electric and magnetic fields.
/ A group of electromagnetic radiation that acts like a wave.
/ What is seen when all colors are absorbed and nothing is reflected.

/. What is seen when all colors are reflected and nothing is absorbed.

Multiple choice (6-9): Use the diagram below to answer questions 6-9 (1 point each)

A B C

I NZENSZWAVAVATITI 1

_& 6. At point A, the wave shown has (circle one):

a) lower frequency and shorter wavelength
b) lower frequency and longer wavelength
c) higher frequency and shorter wavelength
d) higher frequency and longer wavelength

C 7. At which point does the wave have the most energy?

a) A
b) B
c) C
d) Energy is the same for all points

(DS. If this wave is representing the visible electromagnetic spectrum, what color would be at point A?

a) Purple/Violet \3
b) Yellow B
c) Green QDSC“%

d) Red

C/ 9. Which point would be most likely to eject an electron from a metal?

a) A
b) B
c) C /
d) The points are equally likely to eject and electron. /

v
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Calculation (10): Answer the following question. Be sure to include givens, necessary formulas, calculations
and the correct answer with units. (5 points)
10. Green light travels through a vacuum with a wavelength Of/SMi m. What is the frequency of this

" C:3.0XI0%e RESYO X107 L. 7

C:'P}\ 3,05(\0((: SHO y\o’q_P
/ 5S40 x10” 1

Sketch (11): Use your knowledge of light complete the following sketch. (3 points)
11. Draw a sketch showing what happens when light travels from a material with a low index of refraction to a
material with a high index of refraction. Be sure to include the incident ray, refracted ray and normal line.

cb‘{\k 7 ‘(\O(mcp\
e oo | O\
:

e

: Refruered \/
1 f 0\

Concept Questions (12-13): Use your knowlledge of light to answer the following questions. Be sure to use
complete sentences. (4 points each)

12. Use an example to explain the role of absorption and reflection in how we see color.

LN Crameie wosd be on ogg\e- Alosorpron oA
o all ‘e edors 3@(}3 M\)é\,\ Pre oo\t bod

(/4{«( Og@es reflecian (A ke veq .

13. Which experiment proved light acts like a particle? Briefly explain how this experiment proved this. If
\/ needed, include a sketch along with your explanation.

Photserecvic « effect 23 when hignes g"ﬁ"“{)s
Brows move elecons . Tor eximple 1F Yoo revn P £
m&-cnsa-kj on o \‘\E\v\ & have o rca of fed Yoo Aent See

elechong, Bat \f (you Cw,ype Hhe ro(.u) 45 Violed SJou
Can Sxe Hre elechons ot .
q -\
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Fe [y &uau CiHzerys OF +he Crf Too/ag} N

Ths Mf;m) .I bl Le invroglucts
Lo uc_ G0k lemre ? Lvith
Dave PDiovial Sowrions to. JVercon® 1A G

ﬁ Qyiitig IS Q4 "Vé! WIéLm‘z_mS cd .aomf.
M rc (- m
_A,*Comnbuuu (manr to  Globaf 9.,0 'lHJ
from 14 Sw\ 1S Jraws ferrecl =
LT A by Currens_as._(h. e.rcs }k
| of COY\WLﬂOY\ L{»\ P&:cnhal Por Mc. O Courth,
LMy e reage L (reenbouse Jeses M:gu
L0k D jog g00ol, Somt mz 0 Jcn‘i t
q L Con pvve Fyane  Globed ety 7417 Utfudt-
e ug‘. Iy w cu«angﬂ (obiiaisty ) ek
(Lo leud ite y arTLg fo Rrif ozu muh‘
N Ploodieg. OF  tafey, hﬁxmm"
oLy Mimdsphye 151D w. )ua!
WY Lunﬂﬂ H‘d e Specice M
wpm*g 5. reguived o, lse #4 imgo

't)f' C ﬁ ﬁl Sebrsve Cf/’k:e.
%uﬂ 'IMMI 151 From _auy
\bc}s \abal rmmﬁ kas_ fo J#-cr 155

e ke CACHAN. el to Cuskmze
. fown 40 recfuce H-c eMss/ons . 0F Caybon
ldoute Ongl Dther reen\ qis es 05
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textbook Use the ; ; )
R information fro ;
ng activity. m this reading and the

Pages 332 and 333 of
class

’C.Gﬁplete the reading op

-Vldeos we Watched jp =

to complete the follow;

€Xplanation of

specifi

ent about the d i i
Md warm .
problem, explaﬁ;mﬁe\ﬂ it

m is occurring,

at transfer (conduction, convection, ele;

hould be i the form of 5
why it is a problem, anqg

Ctromagnetic radiation) in the

c i ; ;
¢ Atleast one way to reduce ?lf: ;ﬁiﬁ?:gy it b Bl e
Ass \\-\
Ribvie | pnea? g e
peoimplete Needs - Acceptable " Outstanding | ~ - - Score -
\\ Improvement
) Student’s work Student’s work Student'swork | ]
Introza::t;)n = No introduction shows min‘imal shows acceptable shows complate
understanding of understanding of understanding of
pro?lem and the problem and the problem and the problem an é
why it matters, why it matters, why it matters, why it matter
; m S}udem' work Student'swork |
Task 2 No explanation shows minimal shows acceptable | shows complete
Explanation of understanding of “understanding f understanding of
the physics specific heat and specific heat an, specific heat and
behind the energy transfer energy transfer energy transfer
problem. through heat and rough heat an through heat and
its application, WQ . its application.
Student’s work Student’s work Student’s work
Task 3 No potential shows minimal | shows acceptable | shows complete
Potential solution understanding of understanding of | un erstanding of
solution. the topic and the topic an the topic and g
potential potential otential
solutions. solutions. solutions.
Student’s work Student’s work | Student’s work is
inimal | shows acceptable written well,
Tasks Ze::;:,f: : :?fg‘:’tsard poor effortj:?v\é all | shows effort and
AL structure. structure. outstanding Z»f
structure, use of overall structure.
language, and
effort.
) Overall score:
. 3 {\
Comments: et %\w " v OC\\B ‘-3
e Tranii s A ol ‘Q 0
§B ST a0d U v con e 3
b& o Q}Q\m G
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. - ...a/

e \) S A X Phsig

THS 150 u“)h& TOULE ANNOYNGINER \"’ any o w‘\o Conts
| @w\ A Q§Q§\\ Rt aev\:\v\\id\\s ok lw Rls, Globy
! A VYAV N AR N N N T, \Nm\,w Wi owost saltus Toe coung
K. TX e dood é‘“? W e Do M Qo
Cagyins AN T S TR\ Q\M\‘\Q),w\ other
! Ni\uw‘\\ S\m\“; AR e (Wes S
| To g \\'\3 wm\\m\ R Rt wot keoet A

| CAUNG. STty (.) N e of CD‘\:)\)@\__ )
| \\‘\u\v\\\\\ R %\j\\\ Mooyt AV, TR oupd
\3\’ \“&\RQ\SQ‘\ Y m\‘s\\“\?@ T ot Q%N\Gs\\\m‘_,,__,
_N DA RSN RN 8 Srwen &0\\\"‘*) AW‘\ N m\\w\s,_, o
Wi\ T NNAEN \Q‘W\S SN }m@ s Jown Tha
R T T I N L 50“3 Ve Pwhisiy
\ptraw M(\ S |y \\\&XW\S\\\% Yy \Qn\mQNﬂ W
8&&5‘4& QQ‘ \(\Q\\( 0& %m(\\\‘ t—v\ C R \\\n&\ ot you \Z{\\n
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Com ;

Plete the i

%e - :.:::;]"egdoin Plages 332 and 333 of the textbook. Use the information from this reading and
Teate a publ; N class to complete the following activity:

ic service a ; 5 i
Memo to the publio Intr:::::fcmem about the dangers of global warming. This should be in the form of a

Potential solutions,

Be sure to include the following:
* Anexample of at least 1 fo
context of global warming,

An explanation of specific heat ca
Definitions of tem

At least one way t

he problem, explain why the problem is occurring,

pacity and how it relates to global warming.
perature, thermal cnergy (or heat cnergy),
o reduce the problem.

why it is a problem, and

rm of heat transfer (conduction, convection, electromagnetic radiation) in the

thermal equilibrium, and heat.

2. Exbianation of ]

No explanation

shows minimal

shqws acceptable

Assessment 0 2 : 4 6 : 3
Rubric Incomplete Needs - Acceptable - Outstanding ‘Score
Improvement Sioe TRk, s
Student does not | Student mostly [Student cle ly /

1. Introduction No introduction introduce the introduces the 'introduces th f

to problem and problem or problem and problem and ‘

why it matters. adequately explains why it explains why it %

3 explains why it matters. \ matters.
matters. \

Student’s work tudent’s work Student’s work

shows complete

\\NS"Q\ f\B 1 - M;W\\'

the physics understanding of | understanding of | understanding of
behind the specific heat an spetific heat and | specific heat and
problem. energy transfe enfergy transfer energy transfer
A through heat an /tb ough heat and | through heat and
its application. its application. its application.
3/Definitions of /
y/tem erature, No definitions Student includes }'Student correctly | Student correctly
thermal energy, included few or wrong defines most defines all terms
; “thermaly definitions in terms in their in their own
/e/q:lili!irium nd their own words. W_rds% words.
"~ heat
88 Student included | Student included
4. Potential No potential a potential a potential
solution. solution solution but with solution with i
A% minimal adequate
explanation. explanation. thermal energy|
s w:::‘:s an
s ok ; VO fy.
- 5.0verall Student’s work Student’s worl ( tudent’s work is
’structb:l:e, use of | Zero effort shown | shows minimal | shows acceptaiZe written well,
' language, and effort and poor | effort and overall | shows effort and
. effortii =y structure. structure. \ outstanding R
A T g D verall structure.
Comments: Overall score:

A\

W&

230



Appendix O: Exemplary Alternative Assessment

|

C

Guthrie 80

Page 1 of 3

2/9/18

"——m‘-@ bod WArmiyy
G 10O WArMINg farouwg ot e vast 100
YOS hone bean 9cuh\hcd POPWONItY G0 - big
\SSW duwe 10 a O.0°C e N TCEmpeyotuc.
ThS WHE IhOrease S QOMGAY o N
prob\em go WS \ong x€vim eFress
lead YO an even Nigner 4€mperatiuic
INCICOSE.-
The éaxth neAts Wp 00 the Sunlignt
heOts W e grownd aund 0 os p hert
TrGlugh eJeCrromagnetic faddation.
The SWn 1§ a congtont et souwrce, e
eNCrgy of e hott€r ClJRCt, the UK,
+anS FO5 10 Y1e €or TN WhICh 1f COOEF.
The ‘\'ij\ae,kgju)(e & MEoSUe OF e Kine f1C
NCYYY N the €ortht pourtges, MOV FOS1EX
duw 1o the §uhS NeaT, Chang\ng It$ Tcmpermwe
The, egrins speU¥FIC heot copdaut
how Y"\wOn heot e fourth caon w Ifound
LeFOC T paUrtCALS Owe faater and
UnONGR +MPErOt e It Taes ah Chormound
AMOWNT OF gt 10 Ohah) ZCLWhS
feperatyre beCosse OF 11§ large S pecibic
Copachiyownion s wny g 0.6°C Tempeiroture
0o \§ aCtuadly  huge
% p\anth, we coh yelu eourths

hcmm cnergy e RINETIC eheryy OF
e POUtT cus, by prohibIting e Fores teuich.
Cuﬂ\\n?\ down frews odlow For More

greerNOuUse godesd v Form neaurng wp
6Cu+t\ C(f\ucmr WE Must redw greenhouge
9o @M\TIONS and IOWer the TEMPEYGuuC




Guthrie 81

Page 2 of 3

AWwWolS qoihg 10 iy and find

heating OF ouxr anet.

IlCo Ul e gorth Wil CUwosys contine
o nas e T swn opd Eorthowe
~ Hhermod equillbbyum s wheke thete tvo

ObyeCts fry tO hove Identiced tem peratuics,
5O WC MUY {ake ahionf 10 help slow thif




videos we watched in class to complete the following activity:
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Cdmplete the reading on pages 332 and 333 of the textbook. Use the information from this reading and the

Create a public service announcement about the dangers of global warming. This should be in the form of a
memo to the public. Introduce the problem, explain why the problem is occurring, why it is a problem, and

potential solutions.

Be sure to include the following:
e Anexample of at least 1 form of heat transfer (conduction, convection, electromagnetic radiation) in the
context of global warming.

* An explanation of specific heat capacity and how it relates to global warming.

¢ At least one way to reduce the problem.

why it matters.

why it matters.

why it matters.

Assessment 0 2 - 4 ; 6 :
Rubric Incomplete Needs" Acceptable " Outstanding Score
Improvement
Student’s work Student’s work ;tludent's wark
Task 1 No introduction shows minimal | shows acceptable | shows complete
Introduction to understanding of | understanding of Inderstanding f
problem and the problem and | the problemand | the problem apd

why it matters.

Task 2

Student’s work

Student’s work

/' Student’s work

A O(\ X
W\CPOY\ e%"p(( ch‘

No explanation shows minimal | shows acceptable | shows complete
Explanation of understanding of | understanding of /| understanding of
the physics specific heat and | specific heat and| | specific heat and
behind the energy transfer energy transfer energy transfer
problem. through heat and | through heat and\| through heat and
its application. its application. its/application.
Student’s work Student’s work Student’s'work
Task 3 No potential shows minimal | shows acceptable | shows complete
Potential solution understanding of | understanding of
solution. the topic and the topic and
potential potential
solutions. solutions. ,
Student’s work Student’s worl Student’s work is
Task 4 Zero effort shows minimal | shows acceptable written well,
Overall shown effort and poor | effort and overgll | Shows effort and
structure, use of structure. structure. [ outstanding ;
language, and verall structure.
effort.
Comments: A Overall score:
W™ e oo
\C\ \\\\\Q) 0 \\

1Ry

MReonr wmarye VR
W heak delinition®

2
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Appendix P: Student Feedback Survey

CAP Student Feedback Survey
Grades &-12: Short Form

Guthrie 83

Page 1 of 2

FPCCRIE AFTER HMiH JCHOGL

#® ¢ 7

Hame of leacher:

Date:

Diraectiors: Reod eoch stafement and then choosa pne answar choice that youw think fits bast. There are no
right or wrong answears. Your feacher will usa your closs's responsas fo batier undarstand what it's like to be a
student in this closs. Your teacher will not see your individeal answars.

My teacher demonstrates that mistakes are a
part of lecrmirg.

Strongly
Agree

o

Agree

o

Disagree

(o)

Strongly
Dizagres

o

My teacher asks us fo summarnze what we have
leamed in a lesson.

Students push each other fo do better work in
this closs.

| am able to connect what we leam in this closs
to what we leam in other subjects.

My teacher uses open-ended questions that
enable me fo think of multiple possible answers.

In discussing my work, my teacher uses a
positive tore even if my work needs
improvement,

| @ 0| O] O

| O 0| O] ©

L0 O 0| O

| O 0| O] ©

In this class, students review each other's work
and provide each ofieer with helpiul odvice on
how to improve.

(o]

o

o

o

When asked, | can explain what | am learning
carvd wihiy.

In this class, other students take the fime to
listen to my ideaqs.

The: level of my work in this class goes beyond
what | thought | was able to do.

The material in this class is clearly tought.

If 1 finisks my wark early in class, my feacher hos
me do more challenging work.

My teacher asks me fo rate my understanding
of what we have leamed in closs.

ol o|Q ©| O O

To help me understand, my teackher uses my
interests to explain difficult ideos to me.

| 0| C|O0O ©O| O| O

) 0 0|0 Ol O ©

ol ol o|0 O] O| O

o
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T‘mlii AFTHR bl §CHGGL
CAP Student Feedback Survey ® ¢
Grades 6-12: Short Form

Strongly Agree Disagree Strongly
Agree Dizagres

15. Inthis closs, students work together to help (] [a] [a] (o]
each other leam difficult content.

16, Inthis closs, students are asked to teach [or () (] (] (o]
model] to other classmates a part or whole
lessan.

17. Owr class sfays on task and does not waste 0 0 0 (]
fime.

1g. During a lesson, my teacher is quick to change 0 0 0 O
how e or she teaches if the chass does not
understand [e.g., switch from using written
explanations fo using diagrams).

1%. My teacher encourages us to accept 0 [ ] 0
different points of view when they are
expressed in class.

90, | oonshow my leaming in many ways (e.g. 0 (n] (n] (o}
writingg, graphs, pictures] in this class.

OFTIOMAL: i you have any additional feedback for your teacher, please share it here.




Appendix Q: Student Feedback Survey Data

Meeded Improvements

Key:

Strongly Agree 4
Agree 3
Disagree 2
Strongly Disagree 1

SECTION 1 (COLLEGE)

1.4 Cirriculum & Planning
2.B Learning Environment
2.C Cultural Proficiency

2.D Expectations
1.C Analysis

2.4 Instruction
1.B Assessment

SECTION 2 (HONORS)

2.B Learning Environment
3.065 1.A Cirriculum & Planning
2.9538 1.C Analysis

2.875 2.D Expectations

2.C Cultural Proficiency

2.8 Instruction
MA 1.B Assessment

SECTION 3 (INCLUSION]

2.B Learning Environment
LA Cirriculum & Planning
2.D Expectations

2.C Cultural Proficiency
2.A Instruction

1.C Analysis

1.B Assessment

OVERALL
2.B Learning Environment
LA Cirriculum & Planning
2.D Expectations
2.C Cultural Proficiency
1.C Analysis
2.4 Instruction
1.B Assessment

'é“SI

2.600

MNA

MNA
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