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how you learn physics ‘
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2023-2024

Which kind of physics learner are you?
17 responses

@ To learn formulas and facts based on
the authority of the instructor and text

@ To make sense of the material, to
integrate it with my opinion and intuitive
knowlegde

@ A mix between the previous two, but
preferring the first one, with methodical
adherence to the procedures

@ A mix between the first two, but
preferring the second one, building ind...

What do you think about the way you learned Physics (in university courses)

17 responses

What do you think about the way you learned Physics (in secondary school course)

18 responses
@ I'd never had problems, understanding
conceptual meaning and formulating it in
mathematical point of view
@ | had sometimes problems in conceptual
‘ meanings and never in mathematical

explanations
@ I had sometimes problems in
mathematical explanations and never...

@ | had always problems with conceptual
meanings and mathematical explanati...

@ !'d never had problems, understanding
conceptual meaning and formulating it in
mathematical point of view

@ | had sometimes problems in conceptual
meanings and never in mathematical
explanations

@ | had sometimes problems in
mathematical explanations and never...

@ | had always problems with conceptual
meanings and mathematical explanati...
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16 responses

@ To learn formulas and facts based on
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@ To make sense of the material, to
integrate it with my opinion and intuitive
knowlegde
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16 responses
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mathematical point of view
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What do you think about the way you learned Physics (in university course)
16 responses

@ !'d never had problems, understanding
conceptual meaning and formulating it in
mathematical point of view

@ | had sometimes problems in conceptual
meanings and never in mathematical
explanations

@ | had sometimes problems in
mathematical explanations and never...

@ | had always problems with conceptual
meanings and mathematical explanati...
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What did you do to improve your conceptual meaning of physics laws?
17 responses

Trying to find examples coming

0,
from real life experiece 15 (88.2%)

Making a lot of problems about
that particular law, until | was
sure to have automatized the p...

Imaging how to build an
experimental method to
demonstrate the physics pheno...
Memorizing formulas and
applying them in the problem
solving situation that | created...

6 (35.3%)

2 (11.8%)
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What did you do to improve your conceptual meaning of physics laws?
16 responses

Trying to find examples coming

0,
from real life experiece 10 (62.5%)

Making a lot of problems about
that particular law, until | was
sure to have automatized the p...

Imaging how to build an
experimental method to
demonstrate the physics pheno...
Memorizing formulas and
applying them in the problem
solving situation that | created...

6 (37.5%)

4 (25%)

2 (12.5%)



Physics learning experience (referring to your secondary school course)
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Physics learning experience (referring to your secondary school course)
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2023 -2024

Did your Physics learning experience change during your university courses?
17 responses

@ Very much
@ Not so much
© Alittle bit

@ By no means

Of the following test formats, which is best for measuring how well students understand the
material in physics?
17 responses

@A large collection of short-answer or
multiple choice questions, each of whi...

@ A small number of longer questions and
problems, each of which covers sever...

@ Compromise between first and second,
but leaning more towards first.

@ Compromise between first and second,
favoring both equally.

Did your Physics teaching observation change during your university courses?
17 responses

11.8% 294% @ Compromise between first and second,
but leaning more towards second.
@ Very much
@ Not so much
© Alittle bit

@ By no means




Did your Physics learning experience change during your university course?

16 responses
@ Very much
@ Not so much
o
S5 ® Adlittle bit
‘ @ By no means

Did your Physics teaching observation change during your university course?

16 responses
@ Very much
@ Not so much
© Adlittle bit
‘ @ By no means

2024 - 2025

Of the following test formats, which is best for measuring how well students understand the
material in physics?
16 responses

@ A large collection of short-answer or
multiple choice questions, each of whi...

@ A small number of longer questions and
problems, each of which covers sever...

@ Compromise between first and second,
but leaning more towards first.

o Compromise between first and second,
favoring both equally.

@ Compromise between first and second,
but leaning more towards second.




2023-2024

Brandon: "A good physics textbook should show how the material in one chapter relates to the

material in other chapters. It shouldn't treat each topic ... With whom do you agree?
17 responses

@ | agree almost entirely with Brandon

@ Although | agree more with Brandon, |
think Jamal makes some good points.

@ | agree (or disagree) equally with Jamal
and Brandon.

[ ) Although | agree more with Jamal, |
think Brandon makes some good points.

@ | agree almost entirely with Jamal.

Justin: "When I'm learning physics concepts for a test, | like to put things in my own words, so that

they make sense to me." Dave: "But putting things... learn things the way the textbook presents them."
17 responses

@ | agree almost entirely with Justin.

@ Although | agree more with Justin, |
think Dave makes some good points.

@ 1 agree (or disagree) equally with Justin
and Dave.

@ Although | agree more with Dave, | think
Justin makes some good points.

@ | agree almost entirely with Dave.

Imagine you are teaching physics at high school and you want to make your students familiar with

the concept of block and tackle. Would you do so by:
17 responses

@ just explaining in a verbal fashion, for
instance how the lenght of the pulling...

@ just showing exemplary pictures of
different situations with tackles, point...

@ just solving a great number of problems
concerning block and tackle

@ just starting with a case study,
describing it in mathematical language...

@ just reading from the textbook and inte...

@ None of these
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Justin makes some good points.

@ | agree almost entirely with Dave.

Imagine you are teaching physics at high school and you want to make your students familiar with
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16 responses

[ ] just explaining in a verbal fashion, for
instance how the lenght of the pulling...

@ just showing exemplary pictures of
different situations with tackles, point...

@ just solving a great number of problems
concerning block and tackle
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@ just reading from the textbook and inte...
@ None of these
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Interaction between Epistemology, Sociology, Learning and Teaching in Physics
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The Structure of Physics Teacher Knowledge

(Fazio, 2010)

edagogical content knowledge
Orientation towards teaching
Knowledge of physics curriculum
Knowledge of student ideas
Knowledge of effective
instructional strategies

Knowledge of assessment methods

Pedagogical knowledge
Knowledge of brain development,
Knowledge of cognitive science,
knowledge of collaborative
learning,

Knowledge of classroom
management and school laws

Content knowledge
Knowledge of physics
concepts, relationships among
them and methods of
eveloping new knowledge
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PCK definition in Science Teaching

(Magnusson et al., 1999)



PCK

includes
[
Orientation to
Teaching Science
which shaj
o which shapes
il ~a
Knowledge of Knowledge of
Science Assessment
Curricula : of Scientific
which shapes Literacy
including which shapes
/ . )
Specific Dimensions

Science including

of Science Methods of

Leamning to Assessing

Curricula
\ Assess Science
Science Goals Learning
and Objectives
Knowledge of
Instructional
Strategies
Knowledge of
Students'
Understanding ) ) Strategies for
of Science Scncncc-spccnﬁc Specific Science
Strategies Topics |
(for any topic) |
Requirements ~ Arcas of /}u’w‘ues

for Learning Student
Difficulty

Representations

orientations toward science teaching
knowledge and beliefs about science curriculum
knowledge and beliefs about students’
understanding of specific science topics
knowledge and beliefs about assessment in
science

knowledge and beliefs about instructional

strategies for teaching sciences
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Self-reflecting teaching...



Is there a PCK or not? Which PCK do you
recognize? Which pattern is prevalent?

https://www.youtube.com/playlist?list=PLAA7AA6BOE433653C PSSC - Physical Science Study
Committee

https://www.youtube.com/watch?v=CDEDBXuwYvo Fisica della professoressa Ida

https://www.youtube.com/watch?v=AsNxXS3kYho “Te lo avevo detto” - INCIDENTE SENZA
CINTURE

https://www.youtube.com/watch?v=kxHdVw-mh24 “Te lo avevo detto” - RAMPA SKATEBOARD

https://www.youtube.com/watch?v=282D-YkMxy| PoliMi - Storia del primo principio

https://voutu.be/p0zDfi 8TKo FisicaFast



https://www.youtube.com/playlist?list=PLAA7AA6B0E433653C
https://www.youtube.com/watch?v=CDEDBXuwYvo
https://www.youtube.com/watch?v=AsNxXS3kYho
https://www.youtube.com/watch?v=kxHdVw-mh24
https://www.youtube.com/watch?v=282D-YkMxyI
https://youtu.be/p0zDfi_8TKo

Self-reflecting teaching...

https://forms.gle/vUtsOFVThNMbeXG4A
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Teachers’ PCK assists them in fostering the following goals

(Magnusson et al., 1999)

a) Help students develop the ‘science process’ skills

b) Represent a particular body of knowledge

c) Transmit the facts of science

d) Facilitate the development of scientific knowledge by confronting students with contexts to
explain that challenge their naive concepts

e) Have students be active with materials; “hands-on” experiences.

f) Involve students in investigating solutions to authentic problems

g) Represent science as inquiry

h) Constitute a community of learners whose members share responsibility for understanding the

physical world, particularly with respect to using tools for science.



Knowledge: Model of Content Knowledge for
Teaching (CKT) a specific subject

——

Subject Matter Knowledge

Common

Content -
Knowledge Specialized
(CCK) Content
Knowledge
Horizon Content (SCK)
Knowledge

(HCK)

Pedagogical Content Knowledge

Knowledge of
Content and

Students (KCS) Knowledge of

Content and

Curriculum
(KCC)

Knowledge of
Content and
Teaching (KCT)

Ball, Thames, and Phelps (2008)



Development of CKT model for physics

f Physics Teacher Content Knowledge \
Horizon [ Student Energy ]
Knowledge Targets

CKT-Energy, CKT-Forces, etc.

Tasks of

\ Teaching /

Etkina, Gitomer, Iconangelo, Phelps, Seeley, & Vokos (2018) Teachers’ Content Knowledge for Teaching: An example from
energy in HS physics, Physical Review, Physics Education Research, 14, 010127.




Explaining and using examples, models,
representations, and arguments to
support students’ scientific
understanding

Using experiments to
construct, test, and apply
concepts

Anticipating student
thinking about science

ideas Designing, selecting and

sequencing learning
experiences and activities

Content

knowledge

for teaching and acting on student
thinking

Monitoring, interpreting

Scaffolding meaningful
engagement in a science
learning community

Etkina, 2018



Teachers’ content
knowledge for teaching

E.Etkina et al. (2018)
PHYSICAL REVIEW PHYSICS EDUCATION
RESEARCH 14,010127



Motivation

Research into teacher learning and practice over the last three decades shows that the teachers of a
specific subject need to possess knowledge that is different from the knowledge of other content
experts. Yet this specialized version of content knowledge that teachers need to plan instruction,
respond to student ideas, and assess student understanding in real time is a theoretically elusive
construct. It is crucial for the fields of precollege teacher preparation, teacher professional education,
and postsecondary faculty professional development to

(a) clarify the construct that underlies this specialized content knowledge,
(b) operationalize it in some domain,
(c) measure it in both static contexts and as it is enacted in the classroom,

(d) correlate its presence with “richness” of classroom instruction and its effect on student learning.



Tasks of Teaching

APPENDIX A: TASKS OF TEACHING

This section provides a list of the tasks of teaching.

Task of teaching

Description

Specific tasks

I. Anticipating
student
thinking around
science ideas

While planning and implementing
instruction teachers are able to
anticipate particular patterns in
student thinking. They understand and
recognize challenges students are
likely to confront in developing an
understanding of key science concepts
and mathematical models. Teachers
are also familiar with student interests
and background knowledge and enact
instruction accordingly.

Teachers:

I. a) anticipate specific student challenges related to constructing
scientific concepts, conceptual and quantitative reasoning,
experimentation, and the application of science processes

I. b) anticipate likely partial conceptions and alternate conceptions,
including partial quantitative understanding about particular
science content and processes

I. ¢) recognize student interest and motivation around particular
science content and practices

I. d) understand how students’ background knowledge both in
physics and mathematics can interact with new science content



Tasks of Teaching

II. Designing,
selecting, and
sequencing
learning
experiences
and activities

Classroom learning experiences and
activities are designed around
learning goals and involve key science
ideas, key experiments, and
mathematical models relevant to the
development of ideas and practices.
Learning experiences reflect an
awareness of student learning
trajectories and support both
individual and collective knowledge
generation on the part of students.

Teachers:

II. a) design or select and sequence learning experiences that focus
on sense-making around important science concepts and
practices, including productive representations, mathematical
models, and experiments in science that are connected to
students’ initial and developing ideas

II. b) include key practices of science including experimentation,
reasoning based on collected evidence, experimental testing of
hypotheses, mathematical modeling, representational
consistency, and argumentation

II. ¢) address projected learning trajectories that include both long-
term and short-term goals and are based on evidence of actual
student learning trajectories

II. d) address learners’ actual learning trajectories by building on
productive elements and addressing problematic ones

II. e) provide students with evidence to support their understanding
of short- and long-term learning goals

II. f) integrate, synthesize, and use multiple strategies and involve
students in making decisions

II. g) prompt students to collectively generate and validate
knowledge with others

IL. h) help students draw on multiple types of knowledge, including
declarative, procedural, schematic, and strategic

IL. 1) elicit student understanding and help them express their
thinking via multiple modes of representation

IL. j) help students consider multiple alternative approaches or
solutions, including those that could be considered to be
incorrect



Tasks of Teaching

III. Monitoring,
interpreting, and
acting on
student thinking

Teachers understand and recognize

challenges and difficulties students
experience in developing an
understanding of key science concepts;
understanding and applying
mathematical models and
manipulating equations; designing
and conducting experiments, etc. This
is evident in classroom work, talk,
actions, and interactions throughout
the course of instruction so that
specific learning needs or patterns are
revealed. Teachers also recognize
productive developing ideas and
problem solutions and know how to
leverage these to advance learning.

Teachers engage in an ongoing and

multifaceted process of assessment,
using a variety of tools and methods.
Teachers draw on their understanding
of learners and learning trajectories to
accurately interpret and productively
respond to their students’ developing
understanding.

Teachers:

III. a) employ multiple strategies and tools to make student thinking
visible

III. b) interpret productive and problematic aspects of student
thinking and mathematical reasoning

I1I. ¢) identify specific cognitive and experiential needs or patterns
of needs and build upon them through instruction

III. d) use interpretations of student thinking to support
instructional choices both in lesson design and during the course
of classroom instruction

I1I. e) provide students with descriptive feedback

III. f) engage students in metacognition and epistemic cognition

III. g) devise assessment activities that match their goals of
instruction



Tasks of Teaching

IV. Scaffolding
meaningful
engagement in a
science learning
community

Productive classroom learning
environments are community-centered.
Teachers engage all students as full
and active classroom participants.
Knowledge is constructed both
individually and collectively, with an
emphasis on coming to know through
the practices of science. The values of
the classroom community include
evidence-based reasoning, the pursuit
of multiple or alternative approaches
or solutions, and the respectful
challenging of ideas.

Teachers:

IV. a) engage all students to express their thinking about key
science ideas and encourage students to take responsibility for
building their understanding, including knowing how they know

IV. b) develop a climate of respect for scientific inquiry and
encourage students’ productive deep questions and rich student
discourse

IV. c) establish and maintain a “culture of physics learning” that
scaffolds productive and supportive interactions between and
among learners

IV. d) encourage broad participation to ensure that no individual
students or groups are marginalized in the classroom

IV. e) promote negotiation of shared understanding of forms,
concepts, mathematical models, experiments, etc., within the
class

IV. f) model and scaffold goal behaviors, values, and practices
aligned with those of scientific communities

IV. g) make explicit distinctions between science practices and
those of everyday informal reasoning as well as between
scientific expression and everyday language and terms

IV. h) help students make connections between their collective
thinking and that of scientists and science communities

IV. i) scaffold learner flexibility and the development of
independence

IV. j) create opportunities for students to use science ideas and
practices to engage real-world problems in their own contexts



Tasks of Teachina

V. Explaining and
using examples,
models,
representations,
and arguments
to support
students’
scientific
understanding

Teachers explain and use

representations, examples, and models
to help students develop their own
scientific understanding. Teachers also
support and scaffold students’ ability
to use models, examples, and
representations to develop
explanations and arguments.
Mathematical models are included as a
key aspect of physics understanding
and are assumed whenever the term
model is used.

Teachers:

V. a) explain concepts clearly, using accurate and appropriate
technical language, consistent multiple representations, and
mathematical representations when necessary

V. b) use representations, examples, and models that are
consistent with each other and with the theoretical
approach to the concept that they want students to learn

V. ¢) help students understand the purpose of a particular
representation, example, or model and how to integrate
new representations, examples, or models with those
they already know

V. d) encourage students to invent and develop examples,
models, and representations that support relevant
learning goals

V. e) encourage students to explain features of representations
and models (their own and others’) and to identify/evaluate
both strengths and limitations

V. f) encourage students to create, critique, and shift between
representations and models with the goal of seeking
consistency between and among different representations
and models

V. g) model scientific approaches to explanation, argument,
and mathematical derivation and explain how they know
what they know. They choose models and analogs that
accurately depict and do not distort the true meaning
of the physical law and use language that does not confound
technical and everyday terms (e.g., heat and energy).

V. h) provide examples that allow students to analyze situations
from different frameworks such as energy, forces, momentum,
and fields



Tasks of Teaching

VI. Using
experiments to
construct, test,
and apply
concepts

Teachers provide timely and meaningful
opportunities throughout instruction
for students to design and analyze
experiments to help students develop,
test, and apply particular concepts.
Experiments are an integral part of
student construction of physics
concepts and are used as part of
scientific inquiry in contrast with
simple verification.

Teachers:

VL. a) provide opportunities for students to analyze quantitative
and qualitative experimental data to identify patterns
and construct concepts

VL. b) provide opportunities for students to design and analyze
experiments using particular frameworks such as energy, forces,
momentum, field, etc.

VI. ¢) provide opportunities for students to test experimentally or
apply particular ideas in multiple contexts

VI. d) provide opportunities for students to pose their own
questions and investigate them experimentally

VI. e) use questioning, discussion, and other methods to
draw student attention during experiments to key aspects
needed for subsequent learning, including the limitations
of the models used to explain a particular experiment

VL. f) help students draw connections between classroom
experiments, their own ideas, and key science ideas

VI. g) encourage students to draw on experiments as evidence to
support explanations and claims and to test explanations and
claims by designing experiments to rule them out



Topic - Specific Student Targets

APPENDIX B: ENERGY-SPECIFIC STUDENT
TARGETS (ENERGY-RELATED CONTENT
AND PRACTICE IDEAS)

This section provides a list of energy targets for the
students.

1. Connections of energy and everyday experiences

The student

1) uses energy ideas to interpret or explain everyday
phenomena

2) recognizes the important role of internal energy in
interpreting or explaining everyday phenomena

2. Choice of system

The student

1) recognizes that the energy accounting in a phenome-
non depends on the choice of system

2) explains the relative advantage of a given system
choice (i.e., relative ease of analysis)

3) recognizes that the choice of system determines
whether springs or Earth do work (i.e., if the spring or
Earth are in the system they do not do any work on the
system, but the system can possess elastic or gravitational
potential energy)

4) identifies and differentiates between forms of energy
and other physics concepts

3. Identification of and differentiation between forms
of energy and other physics concepts

The student

1) recognizes that energy cannot be observed directly
and knows how different forms of energy correspond to
different measurable physical quantities

2) recognizes and maintains a consistency of scale
(microscopic or macroscopic) during energy analysis

3) differentiates between energy and related ideas (e.g.,
force, power, stimulus, trigger, activation, speed, distance,
temperature)

4) distinguishes between forms of energy and energy
transfers



Topic - Specific Student Targets

4. Transfer of energy (environment — system;
system — environment)

The student

1) recognizes that the energy of a system is always
conserved but might not be constant

2) recognizes that work 1s the way in which energy 1s
transferred mechanically and may result in a change in
temperature in some cases

3) avoids double counting when analyzing processes
involving work and energy

4) recognizes when to use compensatory models for
tracking energy into and out of a system and when
quantitative models are of limited use



Topic - Specific Student Targets

5. Use of mathematics

The student

1) understands that when considering potential energy, it is
important to think about the change. The zero level of
potential energy is arbitrary, but the change is not. The energy
of attraction is negative if the zero level is set at infinity.

2) can account for vector and scalar quantities in energy
analysis

3) understands that work is a scalar quantity and the
positive or negative sign of work does not indicate direction
but addition or subtraction

4) connects forms of energy and the factors on which
they depend through appropriate linear and non-linear
mathematical relationships

5) applies conservation as a mathematical constraint on
the outcomes of possible processes

6) recognizes that the mathematical analysis of energy-
related processes depends on the choice of initial and final
state and the choice of system



Topic - Specific Student Targets

6. Use of representations

The student

1) selects/creates and uses appropriate verbal, math-
ematical, and graphical/pictorial representations (specific
for energy, such as bar charts, energy diagrams, etc.) to
describe, analyze, and/or communicate a physical situation
Or process

2) interprets different representations used to describe,
analyze, and/or communicate a physical situation or process

3) understands the relationships between different rep-
resentations of the same phenomenon and seeks consis-
tency among different representations

4) understands standard technical representations and
language used to communicate energy-related ideas



Topic - Specific Student Targets

7. Use of science practices

The student

1) uses a range of representations to communicate ideas
and illustrate or defend explanations

2) connects energy ideas to other learning and real-life
processes and projects through experimental investigations,
energy problem solutions, and engineering designs

3) designs experiments to test competing hypotheses

4) makes choices in data collection and analysis that
allow for inferring the amounts and transfers of energy even
when they cannot be measured directly

5) connects experiments and data to the mathematical
representations of energy

6) evaluates and negotiates choices/options by consid- 7) provides evidence-based arguments concerning
ering the merits, limitations, and relative advantages of  energy processes and engineering designs
different engineering designs in terms of, for example, 8) demonstrates consistency and coherence in model-
different choices of energy models for the same physical  based and evidence-based reasoning in making predictions

process and interpreting results



Declining PCK for Math-Phys interplay

(Lehavi et al., 2014; 2017)




Table 1 Phys-Math patterns, teaching goals and teaching practices (note close relations to goals
a-f in the Magnusson PCK model)

Pattern

The teaching goal

The teaching practices

A. Exploration

B. Construction

To demonstrate how phys-math is
used to explore the behavior of
physical systems

To demonstrate how phys-math is
used in constructing a model for
physical systems

Exploring within math ramifications
for the physical system: borders (of
validity, of approximation), extreme
cases, etc. ,
Constructing and developing (from
experiments or from first principles)
mathematical tools to describe and
analyse physical phenomena

C. Broadening

To demonstrate how phys-math
can be used in broadening the
scope of a physical context

Adopting a bird’s-eye view and
employing general laws of physics,
symmetries, similarities and
analogies

D. Application

'To demonstrate how phys-math
provides aid in problem solving

 Employing already known laws and
E mathematical representations in
 problem solving




The practice of employing
different patterns of the
Phys-Math interplay can
distinguish master teachers
from other expert teachers.



Collecting information BEFORE the In order to perform d deep

observations of the lesson activity about investigation of physics

teacher’s beliefs, methodologies, physics ) .

insights and then about class and students’ teachers Pedagoglcal

skills, attitudes and everything is concerning Content Knowledge our

learning strategies, emerging and recurrent observations consisted in

difficulties, assessments. . .
actions and methodologies

Collecting information DURING the according to the reported

observations of lesson activities, from sequence

explanations to evaluation time.

Collecting information AFTER the observations
of lesson activities from the teachers’ point of

view to the students’ self reflection about their
performance and learning.




All information has been collected
from interviews, meetings and
taking notes during class
activities.



Sequence of monitoring

BEFORE

DURING

Teachers’ monitoring in their
lessons planning.

Teachers' interviewing for collecting
information about students and
class educational trend.

Observations during class activities
in presence and on line (in the first
COVID lockdown period) for the
extension of a learning module.

In some cases, preparing evaluation
tests together with teachers at the
end of the learning module, with
particular attention to the
integration of math and physics
languages.

Feedback discussions with teachers
on monitoring activities.

Test revisions and corrections trying
to identify the most frequent mistakes
and to classify them in terms of
mastery and knowledge of physics
languages.

Collecting students’ interviews about
their difficulties in that learning
module and final evaluation test.



We monitored classes at the first year of the
curricular physics studies: this is an important point
of our investigation, because we would like to find
whether difficulties in learning and studying physics
arise from a particular teacher PCK adopted at this
stage, i.e. at the beginning of high secondary school,
when the students’ background is characterized by a
basic knowledge of Math.



The main feature of this sample is the age
difference among students. It happens that
someone starts studying curricular physics at 14
years old and some of them later (16 years). Of
course, this is relevant for the stage of cognitive
development, in terms of abstraction functions and
metacognitive processes. And it also would be
relevant in terms of content building processes for
successful learning.



We analysed our observations according to
the PCK model suggested by Magnusson et
al., adapted by Etkina and used in the
framework of the content of the Math-Phys
interplay by Lehavi et al. and Pospiech
obtaining some interesting results.
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Which pattern is prevalent?

hitps://www.youtube.com/watch?v=wEQ69gW8Q6! Fisica Fast moto parabolico

https://www.youtube.com/watch?v=gK3tlupN_Xw Step by step

hittps://www.youtube.com/watch?v=xZ0WN8z3cDO0O Moto di un proiettile

https://www.youtube.com/watch?v=xxFWe1JI16b8

La Fisica Che Ci Piace - Lezioni di Fisica Live! Caduta Libera



https://www.youtube.com/watch?v=wEQ69qW8Q6I
https://www.youtube.com/watch?v=qK3tIupN_Xw
https://www.youtube.com/watch?v=xZ0WN8z3cD0
https://www.youtube.com/watch?v=xxFWe1JI6b8

