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Introduction

Nowadays, solving of qualitative tasks is often emphasized in physics education. Suitable
tasks are composed on the basis of some research (e.g. Hieggelke et al., 2006) and their
goal is primarily to develop students’ understanding of basic physics concepts.
Nevertheless, the skill how to properly solve quantitative tasks is also very important,
especially for students of science (not only for students of physics, but also for students
of chemistry, biology, or medical science) as elaborated below.

Motivation for the research

Solving of quantitative physics tasks has a long tradition in Czech education system. This can
be illustrated by a large number of tasks in physics textbooks and task collections for
secondary school students (e.g. Bednafik & Sirokd, 2010; Lepil et al., 1995; Nahodil, 2011)%,
by specially designed seminars accompanying physics courses at universities, or
by existence of several physics competitions and correspondence seminars (e.g. “Fyzikalni
olympiada”, n.d.; “FYKOS”, n.d.) where quantitative tasks are often solved. Czech experts
in the field of didactics of physics note that teachers use quantitative tasks as a relatively
easy way how to practice gained knowledge and how to help students achieve a deeper
understanding of the physics concepts (Svoboda & Kolarova, 2006).

Of course the quantitative tasks are not significant only in Czech education. Solving
of quantitative physics tasks is also part of the International Physics Olympiad that is
organized for secondary school students on the basis of “recognition of the growing
significance of physics in all fields of science and technology, and in the general education
of young people, and with the aim of enhancing the development of international contacts
inthe field of school education in physics” (“International Physics Olympiad”, 2009).
Quantitative physics tasks are also inseparable part of the teaching at universities, as can be
seen from the university textbooks (Giancoli, 2000; Hecht, 2000; Halliday et al., 2006).
In addition, appropriate solving of quantitative physics tasks develops logical thinking,
problem solving skills, as well as self-confidence (Scarl, 2003).

Another reason why to teach students how to solve quantitative physics tasks is that
problem solving is a basic skill needed in professional as well as ordinary life. The physics
tasks serve partially as simplified situations that students can meet in the future and

! The research included in this thesis was performed in Czech education environment and the
prepared activities are primarily intended for the Czech education system. For this reason, results of
Czech literature research were very significant for creation of the thesis. Nevertheless, familiarity
with the Czech literature is not essential for understanding the described issues.
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in which the students will have to be able to get their bearings (Volf, 1998). Additionally,
according to Scarl (2003), science, engineering and life itself change very rapidly and so
most of our learning will be done after we leave school and we have no more teachers,
homework and tests to help us. So we should take the opportunity and learn in school how
to learn by ourselves. As Scarl also writes, learning how to solve the physics tasks “can help
you to learn technical material, to work efficiently, to think clearly, to develop self-
confidence, and to convince others to work with you and support your work.”

On the other hand, it is also necessary to admit that students often struggle with many
difficulties when they are faced with physics tasks (Byun et al., 2008). Students’ solving
of quantitative tasks often turns into pure “mathematical manipulation” with formulas and
students lack deeper understanding of physics context and laws in given topic.
Understanding of these difficulties can be crucial for teachers to mitigate the students’
obstacles in solving physics tasks as well as to improve students’ problem solving skills.
Moreover, by using special approaches, students can be taught a more appropriate attitude
to solving physics tasks (Van Heuvelen, 1991; Bagno & Eylon, 1997; Malone, 2008;
Lederman, 2009).

Other reason why | focused on quantitative tasks and development of students’ problem
solving skills were my previous theses. In my bachelor (Snétinova, 2007) and diploma thesis
(Snétinova, 2010) | also dealt with quantitative physics tasks. In these theses, | created —
besides other things — quantitative tasks as a part of an electronic collection. The collection
(“Collection of Solved Problems”, 2013; Snetinova et al., 2014) contains fully solved tasks
with detailed annotated solutions, notes, various hints and other tools to support students’
will to solve problems independently. Currently, | am one of the administrators of the
collection.

Aims and structure of the thesis

The presented thesis consists of three main parts. The first part presents an overview of the
existing literature and findings on the topic of problem solving in general as well as
in physics education. The second part concerns determining students’ difficulties in the field
of solving quantitative physics tasks and with looking into students’ perception of the
problem solving process. The goal of the third part was to create suitable worksheets
for secondary school students and methodical materials for teachers oriented on improving
problem solving skills in physics on the basis of literature search and the results gained
in my research. More detailed of the main aims of the thesis follows.

13



Aims of the thesis:

e To carry out research investigating students’ problem solving strategies in physics
and their perception of the problem solving processes;

o To identify typical students’ difficulties in solving quantitative physics tasks on the
basis of the research;

e To suggest recommendations for students and teachers how to proceed during
solving physics tasks based on the above mentioned research and literature
research;

e To create research-based methodical materials for teachers and worksheets
for students focused on improvement of students’ problem solving skills.

These aims are dealt with in following chapters.

The first chapter summarizes theoretical grounds gained from the literature search, which
served as a basis for the following research and development of the methodical materials.
It presents an introduction to the given issue. The chapter describes definitions and brief
overview of concepts related to the problem solving in physics. Various types of research
done in the field of problem solving in physics are discussed and the approach to the
problem solving resulting from the cognitive psychology point of view is stated as well.

The second chapter describes a questionnaire research concerning solving of quantitative
tasks in secondary school physics. The design of the questionnaires is described there.
The chapter further contains four parts — individual surveys concerning:

Students’ problem solving strategies in physics;
Students’ perception of the problem solving process in physics;
Students’ comments of problem solving process;

e

Teachers’ view on the problem solving at Czech secondary schools.

Each part describes the findings and gives a short summary of these surveys. The whole
chapter is finished by a final summary of the research results. The questionnaires are
enclosed in Appendix A (original versions in Czech).

One of the main aims of the presented thesis was to create methodical materials oriented
on improvement of students’ problem solving skills. On the basis of questionnaire and
literature research, seven activities for the Czech physics classes were created. These
activities are described in detail in the last chapter. Each activity contains one document
for teachers with description of the activity and methodical comments that make the use
of the activity easier in the teaching. Worksheets for students were also created with the
activities. The activities were assessed on students at several Czech secondary schools.
All the described materials were prepared on the basis of the results of previous research.

14



The materials are enclosed in Appendix B (original versions in Czech) and C (translated into
English).

Usability of the developed activities was explored at upper secondary schools using case
studies. Appendix D contains description of the used research methods.

In the Conclusions, the results gained from the questionnaire research and the prepared
teaching materials are summarised and some further questions and problems arising from
the entire research work are discussed.

15



1 Solving of quantitative physics tasks

Mankind has been solving various problems since time immemorial. Although the problems
themselves change in the human evolution (for instance from “how to hunt a mammoth”
to “where to go on holiday”), the heart of the matter remains the same — there is a lot
of things in our life that are problems we need to solve, and for this reason “it is important
to understand the nature of problem solving and the sources that can make it difficult”
(Davidson & Sternberg, 2003).

1.1 Literature research

This thesis deals with problem solving in physics learning and teaching, or with solving of
guantitative physics tasks, to be more precise. For this reason, books and papers published
primarily in international journals that concern problem solving in physics and related issue
were used for the literature research. The books were chosen mostly on the basis of
searching on a web store “Amazon.com” (n.d.).

The papers were searched using on-line available research paper databases (“ERIC”, n.d.;
“Web of Science”, 2014). The journals were also searched from a portal of e-journals
available from the Charles University in Prague (“e-Journals Portal”, n.d.).

The literature research focused primarily on the surveys from the last 20 years (i.e. since
1994). Initially | proceeded from the following journals: The Physics Teacher, American
Journal of Physics, European Journal of Physics, Physical Review Special Topics — Physics
Education Research and Physics Education. | looked up other literature mainly according to
references stated in articles from the above mentioned journals. Much has been written
about research into problem solving in physics (see for example a resource letter concerning
problem solving research Hsu et al., 2004), especially about differences between expert and
novice problem solvers (Larkin et al.,, 1980a; Chi et al., 1981, Van Heuvelen, 1991;
Savelsbergh et al., 2011). For this reason, other papers also from earlier years are
mentioned in the text.

The key words used to find suitable papers were problem solving, strategy, physics,
secondary/high school education.

16



1.2 Definitions of used terms

Conventional usage of terms from the field of problem solving differs in various professional
texts. For this reason, | describe below very specifically what | mean by some terms that
| use later in the text of this thesis.

Problem solving. The label problem solving is used in many disciplines but it is very difficult
to define it (Hunt, 1994). Nevertheless, for purpose of this thesis, | state a definition of this
term as Mayer (1992) defined it in his work.

“Problem solving is cognitive processing directed at achieving a goal when no solution
method is obvious to the problem solver.”

This definition is expressed very precisely and by words of scientists. Simply, we can say that
problem solving is “what the solvers do when they don’t know what to do.”

Problem. The term problem can have multiple meanings. The meaning covers a wide range
from routine exercises to complex ill-structured problems (Davidson & Sternberg, 2003). For
the purpose of this thesis, | assume the problem to be any situation or matter proposed for
solving or discussion or requiring other investigation.

Task. The term task refers to a problem assigned by a teacher.

| strictly use the term task for physical exercises occurring in physics textbooks, task
collections, or other physics education texts. The only exception will be in the case when
a set phrase is commonly used (as for example “Physics jeopardy problems”).

Quantitative task. This term refers “to a piece of work assigned by the teacher that
invariably involves the calculation of some quantity through use of a formula and algebraic
manipulation of a number of given variables” (Hobden, 2003). Conversely, qualitative tasks
do not involve any calculations. As | stated in Introduction, most of the tasks in Czech
physics textbooks and task collections are quantitative.

Problem solving plan. Authors in the field of physics education use the term problem
solving strategy in various meanings (as an algorithm or particular parts of this algorithm).
To avoid misinterpretation, | use the term problem solving plan for “a step-by-step
procedure that produces a correct solution of a task.”

Problem solving strategy. This term can be perceived in various ways. Meaning of the term
is adopted from Ogilvie (2009) for the purpose of the thesis. Problem solving strategy
denotes particular steps of the problem solving plan.

17



1.3 Psychology of problem solving

In this chapter, | want neither to describe the psychology of problem solving in detail nor
to itemize the history of research in problem solving. Nevertheless, problem solving
in physics is closely connected with findings gained in cognitive psychology. For this reason,
the aim of the chapter is to shortly summarize data from the field of psychology that are
relevant to the problem solving in physics. For deeper understanding of the psychology
of problem solving or cognitive psychology itself, | recommend reading some of the expert
books (e.g. Mayer, 1992; Sternberg, 2002).

1.3.1 The problem solving cycle

As | stated above, we all solve many problems in our ordinary life — be it problems that
somebody posed to us (e.g. my superior wants from me to write a report from yesterday’s
meeting) or problems we recognize by our own (e.g. | am hungry and it is dinnertime, so
I need to take some action to have a meal). Although these two types of problems differ
from each other, the questions remain the same in both cases — How do | reach my goals?
How do | solve these problems? Actually, how anyone of us solves problems? Cognitive
psychology studies these questions, investigates how people perceive, learn, remember,
and think about information (Sternberg, 2002). One of the areas that cognitive psychology
engages is problem solving.

Before solving a problem, its existence has to be recognized. Furthermore, it is important
to define the problem as well as its scope. Pretz et al. (2003) state that “problem solving
does not usually begin with a clear statement of the problem; rather, most problems must
be identified in the environment; then they must be defined and represented mentally.”
They also present a problem solving cycle that psychologists (Hayes, 1989; Sternberg, 1986)
described. The cycle consists of the following steps (Pretz et al., 2003):

Recognize or identify the problem.

Define and represent the problem mentally.

Develop a solution strategy.

Organize his or her knowledge about the problem.

Allocate mental and physical resources for solving the problem.
Monitor his or her progress toward the goal.

No vk wDNe

Evaluate the solution for accuracy.

The problem solving cycle can be found in various publications where description of the
individual steps can differ slightly. Graphical representation of the problem solving cycle
is shown in Figure 1.

18



Identify Problem

Define and
Conceptualize
Problem

Evaluate Goal State
for Accuracy

Monitor Progress
Toward Achieving
Goal State

Develop Strategy to
Solve Problem

Direct Cognitive Organize
Resources Toward Knowledge about
Problem-Solving Problem

Figure 1: Problem solving cycle (adapted from Ruocco et al., 2014).

The steps are organized in a cycle, because usually, when the solving of a problem
is completed, it gives rise to a new problem (e.g. when | choose a restaurant for today’s
dinner, | must determine how to get there). The problem solving cycle is descriptive and
does not mean that the solver must proceed through all the steps of the cycle in the given
order. The solver has to cycle back to an earlier step sometimes or he or she skips some
steps. The successful problem solver is the one who is flexible (Pretz et al., 2003).

1.3.2 Well- and ill-structured problems

Psychologists often describe two classes of problems; so called well-structured and ill-
structured problems. Well-structured problems (also called well-defined problems) have
clear solution paths — the goals of the problems, paths to solutions, and obstacles
to solutions are clear based on the given information. The problems may be solved using
a set of algorithms® (Pretz et al., 2003). A physical example of a well-structured problem is
converting temperature from Celsius to Kelvin. A non-physical example can be following
a cooking recipe.

2 An algorithm is a well-specified procedure with very detailed description of steps that can be
followed to accomplish some task (Hsu et al., 2004)
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Most physics tasks used in educational settings are considered to be well-structured (Harper
et al., 2007). Moreover, some researchers claim that typical “plug and chug®” problems are
frequently used in physics at the secondary school level or even the introductory university
level (Yap & Wong, 2007). However, from teachers’ points of view follows that the well-
structured problems are not often plain tasks for students.

Ill-structured problems (or ill-defined problems) do not have clear solution paths. The
statement of the problems is often incomplete or insufficient for the solution. The task of
the problem is often expressed “in only the vaguest terms” (Bolton & Ross, 1997). Such
problems often appear in our ordinary life. As an example of an ill-structured problem
we can state designing a building.

The big contrast between well-structured and ill-structured problems is that ill-structured
problems can lead to more than one “correct” solution. The solution of ill-structured
problems often requires insight, which is an individual and seemingly sudden understanding
of a problem or strategy that contributes to a discussion (Sternberg, 2002).

1.3.3 Problem solving by experts and novices

To help students to become better problem solvers, many instructors try to teach their
students more expert-like approaches how to solve problems. According to researchers,
there are big differences between how expert solvers (i.e. instructors and teachers) and
novice solvers (i.e. students) approach the same problems (Kirkley, 2003; Chi et al., 1981).
During past decades, considerable progress has been made in exploring how experts and
novices solve problems. The findings are very similar in many domains (Bransford et al.,
2000).

As an example of difference between expert and novice problem solvers, | state a very well-
known research (Chase & Simon, 1973) that studies how experienced chess players differ
from beginners. In this survey, Chase and Simon investigated whether there is some
difference between expert and novice chess players in remembering position of about
25 chess pieces placed on the chess board. The examined people were shown a position
from an actual chess game for 5 to 10 seconds. Thereafter they were asked to reproduce
the position from memory. The results showed that the experts are able to perform the task
with about 90 % accuracy, whereas the novices can replace only five or six chess pieces
correctly. Nevertheless, very interesting results appeared, when the position of the pieces
on the chess board was chosen randomly instead of an ordering from a chess game. In such
a case, the expert performance falls to the level of the novice.

> As plug and chug are in science or engineering denoted problems that only have one missing piece
of information and can be solved in very few steps. In mathematics, we speak about plug and chug
when given numbers can be “plugged” into an equation and the answer can be then easily
“chugged” by a calculator.
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Findings of this experiment were summarized by Zimmerman & Campillo (2003) who claim
that experts are excellent in their own areas of speciality, but they fail when they lack
knowledge of the context. The experts have greater domain-specific knowledge about
a task than novices (Simon, 1979). As Kirkley (2003) states, “a person can be an expert
problem solver in one context, and a novice in another.”

Another difference between expert and novice problem solvers can be seen in classifying
problems. The experts classify problems based on their deep structure, while the novices do
so based on surface features (Chi et al., 1981). By “deep structure” it is meant that the
problems are categorized according to the major principles that will be used in the solution,
whereas “surface features” means that the problems are categorized on the basis of the
entities contained in the problem statement. Zimmerman and Campillo (2003) state as
an example Lundeberg’s survey, where skilled judges and lawyers discovered important
principles in legal documents that were missed by novices (Lundeberg, 1987 cited
in Zimmerman and Campillo, 2003).

One of other examples is that experts solve problems very quickly with fewer errors than
novices. It is caused by experts’ greater knowledge in a specific domain. Thanks to the
knowledge, the experts often use strategic short-cuts that enable them to solve the
problem more quickly (Chase & Simon, 1973). Moreover, the experts are able to use some
solution strategies automatically, which enable them to concentrate on the effectiveness
of the strategies. Furthermore, findings of Lesgold’s survey (Lesgold, 1988 cited in
Sternberg, 2002) show that experts spend more time by planning and analysing problems
than novices. On the other hand, experts spend much less time by implementation of the
problem solving strategies.

Many other differences between experts and novices can be found in problem solving.
| deal with this topic also in chapter 2.5.3 that is focused on differences between expert and
novice problem solvers in physics.

1.4 Problem solving competency in Czech education

Educational reform took place in many developed countries at the turn of the millennium.
It focused on changes in curriculum, equitable access to education opportunities, lifelong
learning, or for example on learning for life. The aim of the curriculum reform was
to change goals and contents in education towards the formation and development of life
skills* (“key competencies” in the Czech education), and to prepare students for practical
life. (Garouste, 2010; “Kurikularni reforma”, 2011).

* Life skills have been defined by the World Health Organization (1997) as “abilities for adaptive and
positive behaviour that enable individuals to deal effectively with the demands and challenges of
everyday life”.
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Preparation of the curricular reform took place in the second half of the '90s in the Czech
Republic. The change of the curriculum was initiated by creation of so called Framework
Education Programmes (e.g. Millerova et al., 2007). These programmes were approved and
the pilot study was executed at selected nursery and primary schools in 2004.
Consequently, formation of framework education programmes for other educational
degrees followed (“Kurikularni reforma”, 2011). In Czech education, problem solving
belongs to one of the key competencies® that are perceived as very important skills
for today’s life (Millerova, 2007).

In Czech education, the problem solving competency is considered as a competency that
can be developed in any area of human actions. It is one of the key competencies that
appear in Framework Education Programmes for all degrees of Czech education (“Reseni
problema”, 2011).

Because this thesis is focused on solving quantitative physics tasks at upper secondary
schools, Figure 2 shows what students should be able to do after finishing their secondary
education (ISCED 3, UNESCO Institute for Statistics, 2012).

By comparing Figure 1 and Figure 2 it is evident the skills concerning problem solving that
students should learn before finishing the grammar-school education proceed from the
problem solving cycle described by psychologists.

A grammar-schoolgraduate:

recognises a problem, elucidates its nature, divides itinto parts;

forms hypotheses, proposes gradual steps, considers the application of various methods when solving
problems orverifying a hypothesis;

applies appropriate methods and prior knowledge and skills when solving problems; apart form analytical
and critical thinking, the pupil uses also creative thinking while employing imagination and intuition;

interprets critically the acquired knowledge and findings and verifies them, finds arguments and
evidence for his/her claims, formulates and defends well-founded conclusions;

is open to usingvarious methods when solving problems, considers a problem from various sides;

considers the possible advantages and disadvantages of the individual solutionvariants, including the
assessment of their risks and consequences.

Figure 2: What students should be able to do by the end of their upper secondary education
(adapted from Millerova, 2007).
Grammar school means upper secondary school in this document.

> Apart from the problem solving competency, students at four-year grammar school or at the upper
grade of six- or eight-year grammar schools (i.e. students at the age of 15-19) should also acquire the
following competencies (Millerova, 2007): learning competency; communication competency; social
and personal competency; civic competency; entrepreneurial competency.
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1.5 Problem solving in physics teaching and learning

As | mentioned above, problem solving competency can be developed in any area of human
actions and therefore also in physics.

Physics tasks represent a very good possibility how to develop students’ thinking in physics.
Solving of physics tasks fulfils not only cognitive function, but also motivational, educational
and evaluating function (Svoboda & Kolarova, 2006).

1.5.1 Classification of physics tasks

In section 2.3.2, | described two classes of problems that psychologists often use — the well-
structured and ill-structured problems (Pretz et al.,, 2003; Bolton & Ross, 1997). This
classification is based on completeness of the statement of the problem and clearness
of the solution path.

Using of mathematical operations defines quantitative and qualitative tasks (Svoboda
& Kolarova, 2006). Quantitative tasks involve calculation of some quantity whereas the
gualitative tasks do not involve any calculations.

There are many other ways how to categorize the tasks. According to Svoboda & Kolarova
(2006) the tasks can be classified also according to factual content of the tasks (tasks with
a physics theme, economic or social themes, or tasks with a biologic theme), or for example
according to difficulty of the tasks (e.g. monothematic tasks intended for practising
of immediately explained schoolwork, or complex tasks suitable for final revision
of schoolwork). However, it is important to realize that many of the described categories
represent only the extremes of a continuum. There are many tasks that are not strictly
guantitative or qualitative, or well- or ill-structured (Kirkley, 2003; Svoboda & Kolarova,
2006).

It is also very common to describe physics tasks as routine and non-routine. Nevertheless,
this delineation depends highly on the solver. According to Mayer & Hegarty (1996), “a non-
routine problem exists when a problem solver has a problem but does not immediately see
how to solve it.” While the tasks commonly assigned by teachers are considered to be
routine for students (Hobden, 2003), examples of non-routine task can be context rich tasks
or Physics Jeopardy problems.

In context rich tasks, students solve the tasks in a more complex, real-word context. Context
rich tasks are short stories that (1) do not always specify the unknown variable; (2) contain
more information than is needed to solve the problem; (3) miss some of the information
needed to solve the problem or (4) need to made some reasonable assumptions to simplify
the problem (Heller & Hollabaugh, 1992). Plug-and-chug strategy of searching for
an equation giving a correct result does not work with the context rich problems (Ogilvie,
2009).
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Physics Jeopardy problems offer to students some physical process described by
an equation, diagram, or graph. Students’ task is to determine a physical situation that
corresponds to this problem representation or construct other representations of the
process (Van Heuvelen & Maloney, 1999).

Physics tasks can be further divided according to various characteristics: according to
learning objectives — e.g. Niemierko’s or Tollingerova’s taxonomy (see Fuller et al., 2007),
according to the role of the tasks in the class, or for instance according to the method of the
solution. A teacher should take into account that there exist many categories of physics
tasks. Thus, he or she can choose such a task that is convenient for his or her purposes
(Svoboda & Kolarova, 2006).

Various classifications of physics tasks were foundations of research and creation
of activities focused on improvement of students’ problem solving skills in physics
(see Chapter 3). For the purposes of the activities, | selected tasks from Czech textbooks
(e.g. Bednatik & Sirokd, 2009; Lepil & Sedivy, 2010) and task collections (e.g. Lepil et al.,
1995; Zak, 2011; “Elektronicka sbirka”, 2013). Students meet most frequently with these
tasks in their physics lessons. The tasks are quantitative and mostly well-structured.

1.5.2 Why solve quantitative tasks in physics

Problem solving belongs to basic skills that are needed in professional as well as ordinary
life (Scarl, 2003). Ability to solve problems is also highly regarded as a key skill in the
physical science, technology and applied mathematics (Bolton & Ross, 1997). In education,
solving of textbook physics tasks capture some attributes of “real word” problem solving
that is adjusted to conditions manageable in physics classes (Larkin et al., 1980b).

According to Svoboda & Koldrova (2006), physics tasks help students to connect theory with
its applications. Solving of quantitative physics tasks should help the students to achieve
deeper understanding of physics concepts and it serves also as a relatively easy way how
to practice knowledge that students gained in class. Solving of quantitative physics tasks can
develop students’ self-confidence, logical thinking and problem solving skills (Scarl, 2003).
Contrarily, Leonard et al. (1996) cite several papers (e.g. Clement, 1982; McDermott, 1984;
Hestenes et al., 1992) showing that “problem solving by itself does not develop a deep
understanding of concepts and principles, even among students who become proficient
problem solvers.” Bagno et al. (2000) write: “The student who is well trained in problem
solving is not necessarily the one who understands.”

The statements in this paragraph can appear to be in conflict. Focusing on the facts written
above, it is obvious that physicists consider quantitative tasks and the problem solving
by itself as a very important part of physics. Nevertheless, students’ progress in problem
solving is not guaranteed automatically only by mere solving of physics tasks. It is necessary
to deal with the problem solving in a right way and use appropriate approaches and physics
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tasks to develop all the above stated qualities and to help students to understand
the physics concepts. For this reason, new physics tasks encouraging students to solve
the tasks in more expert-like way (e.g. context rich problems or Physics Jeopardy problems)
or some special approaches were developed and investigated (Van Heuvelen, 1991; Bagno
& Eylon, 1997; Malone, 2008; Lederman, 2009).

1.5.3 Experts vs. novices

Equally as in other domains, differences between experienced and novice problem solvers
in physics have been researched. For instance, Ogilvie (2009) investigated students’ problem
solving strategies® in physics. He divided the strategies into two groups — limiting strategies
and expansive strategies. According to Ogilvie, the limiting strategies “may work well for
well-structured, end-of-chapter exercises, but they begin to fail as the problems become
more complex”, whereas the expansive strategies “can be readily applied to more ill-
structured challenges.” He also claims that the expansive strategies “have also been
identified as characteristic for expert problem solving approaches.”

The list of limiting and expansive strategies that were identified in Ogilvie’s research is
stated in Table 1).

Limiting strategies Short description

Rolodex equation matching Students select equations to solve a physics task
because the equations have the same variables
that are listed in the task assignment.

Listing known quantities Students make a list of all the known quantities
that are provided in the task assignment.

Listing unknowns Students make a list of unknown variables with
little to no focus on what is the goal of the task.

Prior examples in text or lecture Students search for similar examples in text or
other resources.

Expansive strategies Short description

Diagram Students represent the problem by drawing
a schematic diagram.

Concepts first Students first think about the ideas and concepts
involved in the problem.

Qualitative analysis Students first identify key moments before starting
the quantitative work.

Subproblems Students divide the problem into a series of

subproblems that they know how to solve.

Table 1: Limiting and expansive strategies identified in research (Ogilvie, 2009).

®As problem solving strategies, Ogilvie means steps that lead to the achievement of a specific goal
(drawing a diagram, listing known or unknown quantities, etc.).
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Harper (2006) states in her article three important examples of the differences between

experts and novices with respect to physics education. These examples are supported by

several research papers:

1.

“Experts view problem solving as a process, while novices think it is a recall task”
(Whimbey & Lochhead, 1980)

Harper states that students (i.e. novices) want to get a right number when solving
physics tasks and they do not care so much about the steps leading to the solution.
Van Heuvelen’s opinion is very similar. He claims that students see the problem
solving process “as an attempt to determine the value of one or more unknown
guantities” (Van Heuvelen, 1991).

Harper cites Schoenfeld (1988) who claims this approach can explain students’
belief that they should be able to solve a new task immediately after a first look
atit. It can be caused by examples students see in classes where most of the tasks
are presented clearly, with no evidence of troubles that usually accompany solving
of physics tasks.

“Experts classify problems based on deep structure, while novices classify based
on surface features”
(Chietal., 1981)

One of the well-known studies is a task-sorting experiment by Chi et al. (1981).
In their study, Chi et al. asked eight advanced PhD students from the physics
department (experts) and eight undergraduate students (novices) to sort a set of
tasks from mechanics. Whereas the experts sorted the tasks according to the
solution approaches (i.e. conservation of energy, Newton’s second law), the novices
divided the tasks based on the surface features (inclined planes, springs, etc.).

Harper believes that this difference can lead to some students’ comments like
“The exam problems are nothing like the problems we’ve seen before.” Recognizing
the physics principles hidden in the problem is seen as a key element of physics
education and students should be gradually taught how to identify the major
physics principles that are used to solve tasks (Leonard et al., 1996; Harper, 2006).

“Experts use nonmathematical representations, like graphs, charts, and diagrams
extensively, while novices tend not to”
(Larkin & Simon, 1987).

This was further extended by Harper (2006) who says that students often skip
gualitative steps in problem solving and jump directly to equations. In contrast,
experts tend to outline sketch of the situation before they start to construct
a mathematical representation of a physics task. Additionally, Van Heuvelen (1991)
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states the students’ task solution is often almost entirely formula centred missing
qualitative analysis of the problem.

As Harper (2006) and Leonard (1996) state, this problem can be amplified because
of omitting or insufficiently emphasizing this key part of the solution in our
classrooms. Teachers often state the significant physics principles or concepts
verbally, but they only write down the equations describing the equations.
The students thus can think that it is only the manipulation of equations that is
important for the solution.

Harper in her paper also adds that setting a good example and emphasizing the
importance of the qualitative analysis sporadically is often insufficient to change
students’ behaviour. She recommends showing and reminding the students
repeatedly of the connection between different types of representations (for
instance a good free-body diagram leading easily to a correct equation for Newton’s
second law).

Studies investigating differences between expert and novice problem solvers in physics
were done in different domains. For instance, the study of Chi et al. (1981) is from the
domain of mechanics and the study of Bagno and Eylon (1997) was carried out in the field
of electromagnetism. Nevertheless, studies in both fields show similar differences in
organisation of concepts and relationships in those domains between experts and novices.

1.5.4 Problem solving plans

Many problem solving techniques in various fields of human activity are used to solve
various types of problems (e.g. “GROW”, n.d.; “Eight Disciplines”, 2011; “OODA Loop”,
2015). When we focus on problem solving in physics, we can find many books concerning
problem solving plans and strategies that are aimed at helping students to proceed during
solving physics tasks (Bransford & Stein, 1993; Oman & Oman, 1997; Heller, 2000; Scarl,
2003).

It is known that students very often solve well-structured tasks in educational settings, even
though most of real-life problems are ill-structured (Shekoyan & Etkina, 2007).
Nevertheless, as | mentioned in Introduction, secondary school students content with many
obstacles even when they solve well-structured quantitative physics tasks. These two facts
(i.e. well-structured tasks are used in educational settings and students have problems
to solve them) led me to focus on problem solving plans that provide instructions how to
proceed during solving well-structured quantitative physics tasks.

Such problem solving plans arise because of teachers’ and scientists’ endeavour to teach
students (or rather beginner problem solvers in general) to think more like physicists and to
use expert-like strategies and methods while solving quantitative physics tasks. For this
reason, researchers created various problem solving plans and techniques (Van Heuvelen,

27



1991; Leonard et al., 1996; Bagno et al., 2000; Heller & Heller, 2010) and they studied how
these methods help students to develop their problem solving skills and to succeed
in understanding physics.

The plans are clearly based on the problem solving cycle formulated by cognitive psychology
(see Figure 1 — page nr. 19). Below | describe three of these problem solving plans as an
example.

1.5.4.1 Polya’s “How to solve it” list

One of the most well-known problem solving plan is George Polya’s “How to solve it” list
(Polya, 2004). Although Polyas’ techniques and examples described in his book are mostly
taken from mathematics, he believes that his four-step problem solving plan and his
techniques can be applied also to physics and any other area where quantitative tasks
occur.

The book “How to solve it” is written for students who want to improve their ability
in problem solving as well as for teachers who want to help students to develop their
problem solving skills. By the word “student” Polya means anyone who is studying
mathematics. Also the “teacher” may be not only a secondary school teacher or a college
instructor, but anyone interested in the technique of teaching mathematics.

The first edition of the Polya’s book “How to solve it” was published in 1945 and more than
60 years after the publishing, the problem solving plan is still relevant. According to Polya,
the steps that expert mathematicians follow when solving tasks are:

1. Understanding the problem

The student has to understand the problem he or she solves. Polya says “it is foolish
to answer a question that you do not understand.” First of all, the verbal statement
must be understood. For this reason, the teacher should ask the student questions
(or the student can ask him- or herself these questions) to check whether he or she
understands the problem. The questions are: What is the unknown? What are the
data? What is the condition? What are you asked to find? Is there enough information
to enable you to find the solution? The student should also be able to use other types of
representation of the problem for better understanding. For example, he or she should
draw a figure, a diagram or a graph.

2. Devising a plan’
The way from understanding the problem to devising a plan may be very difficult and
tangled. Nevertheless, the best way how to achieve the solution of a problem is to
conceive the idea of the problem solving plan. Good ideas are often based on past

’ Here it is necessary to point out that the names of the steps are adopted from Polya’s book (Polya,
2004). For this reason, the term plan has other meaning in this paragraph than it is defined in
chapter 1.2. Devising a plan means devising the whole problem solving process.
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experience and formerly gained knowledge. Thus, it is appropriate to start the plan with
guestions: Do you know a related problem? Do you know a familiar problem with the
same or similar unknowns? etc.

If the student does not know how to solve the proposed task, Polya suggests imagining
a more general, special or an analogous problem. The student can also try to solve only
a part of the task and check if he or she could derive something useful from the data.
However, trying to apply various known problems can lead the students from their
original goal. Yet there are questions that may bring students back to the right way:
Have you used all the data? Have you used the whole condition? Have you taken into
account all essential notions involved in the problem?

3. Carrying out the plan
In comparison with the devising a plan, carrying out the plan is much easier. In general,
the student mainly needs patience and care (and the necessary skills of course).
The plan gives a general outline and the student can work according to it. The biggest
danger is that the student forgets his or her plan. For this reason, it is useful to check
each step of the solution and ask following questions: Can you see clearly that the step
is correct? Can you prove that it is correct?

4. Looking back

The solution of the proposed task should not end by obtaining a result and writing an
answer. There is still an important phase of the work — to look back at the completed
solution and to check the result and the path that led to it. According to Polya, “a good
teacher should understand and impress on his students the view that no problem
whatever is completely exhausted.” This should lead the students to the realization that
their understanding of the solution can be always improved. For this reason, the
teacher can ask the students questions as: Can you derive the result differently? Can
you see it at glance? Can you use the result, or the method, for some other problem?
etc.

The Polya’s problem solving plan can appear to be simple and obvious, nevertheless it is
often a difficult concept for students to understand (Lederman, 2009). Thus, it is the role
of the teachers to help the students to understand and to apply the Polya’s “How to solve
it” list. Nevertheless, despite the students’ difficulties with understanding, the book “How
to solve it” constituted a breakthrough in problem solving. Schoenfeld (1987) even wrote:
,For mathematics education and for the world of problem solving it marked a line
of demarcation between two eras, problem solving before and after Polya.”

1.5.4.2 “UQAPAC+SE” problem solving plan

Caliskan et al. (2010) describe another problem solving plan called UQAPAC+SE.
This problem solving plan consists of 5+1 steps and each of the step contains special
problem solving strategies (see Table 2).
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1. Understanding the Problem
e Reading the problem carefully
e Restating/writing the problem in his/her own words
e Listing the given variables in the problem (with their units)
e Listing the asked variables in the problem (with their units)
e Visualizing the problem by drawing — drawing diagrams (or establishing
correlation between given diagram and the problem)
e Determining the scalar and vectorial properties of given and asked variables

2. Qualitative Analyzing of the Problem
e Determining the significant (main) concepts of the problem in physics
e Determining the general approach of the problem
e Expressing the fundamental law/rules related to the problem and why/how
to use them

3. Solution Plan for the Problem
e Planning how to achieve the asked variables from the given variables
e Writing the formulas related to the problem
e Considering whether the physics formulas written for the problem were
reasonable or not
e Formulating the final formula before making algebraic operations
e Checking whether there was an unknown variable or not in the final formula

4. Applying the Solution Plan
e Using the given variables in the problem with their units in the formulas
e Doing the mathematical operations carefully

5. Checking
e Checking whether all asked variables in the problem were found or not
e Considering whether the found result for the problem was reasonable or not
e Checking the unit of the result
e Reviewing whole solution
+ Self Evaluation: It is a general strategy containing the activities related to the
quality and progress of students’ work. The problem solver uses this strategy at the
end of the problem solving session, in order to evaluate him/herself.

Table 2: UQAPAC+SE problem solving plan (adapted from Caliskan et al., 2010).

Caliskan et al. (2010) investigated effects of using the UQAPAC+SE problem solving plan
instructions on students’ physics achievement and their physics self-efficacy beliefs.
The participants included second-year students of a physics program geared for future
teachers who were randomly divided into two groups. Students in the first group were
taught how to solve physics tasks using the UQAPAC+SE problem solving plan in their
physics course, while the second group was taught only by course book or traditional
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problem solving plan, namely: (1) Reading the problem, (2) Determining the given and
asked variables, (3) Visualising, (4) Writing down the formulas related to the problem and
(5) Mathematical Solution. (This plan is very similar to the problem solving plan commonly
used in Czech physics education — see chapter 1.5.4.3 Problem solving plan in Czech physics
education.)

The study showed that explicit problem solving plan instruction (UQAPAC+SE) was far more
effective than traditional instruction in improving both the physics achievements and the
self-efficacy of the participating students (Caliskan et al., 2010).

1.5.4.3 Problem solving plan in Czech physics education
The most commonly used problem solving plan in the Czech Republic can be found
in Svoboda & Kolarova (2006) or Volf (1998) and it is also shown in Figure 3.

As Svoboda & Kolarova (2006) state, it is not possible to proceed thoughtlessly during
solving quantitative physics tasks. Nevertheless, it is highly effective to keep some particular
procedure. Such a procedure can represent the problem solving plan depicted in Figure 3.

The problem solving plan in Figure 3 consists of ten steps. Below | describe in detail
individual steps of the plan as they are described in Svoboda & Kolarova (2006).

1. Reading the problem carefully leads students to better understanding of all terms and
concepts stated in the assignment of the physics task. The students should also realize
what the task asks about.

2. Listing given and asked variables is closely connected to the reading of the problem
carefully. The list of the assigned variables helps students also to better understand
the problem in the physics tasks.

3. Visualising the problem by drawing can be part of the task assignment. Even though
it might not be in the text of the task, it is often useful to draw the problem by oneself.
Visualising the problem by drawing makes easier for students to be versed in the
problem. It also facilitates the crossover to the physical analysis of the situation.

4. Physical analysis of the situation belongs to one of the most difficult and
simultaneously most significant steps during solving of physics tasks. Students have to
realize the main physics concepts that are necessary to solve the task. They also have to
express physics laws from which the solution comes out and determine how and why
to use them.

5. Finding algebraic solution can be very difficult for students. Nevertheless, it can have
significant benefits. For example, the algebraic solution is advantageous for a follow-up
calculation with assigned values, because the calculation is easier and faster with one
equation than with several consecutive partial results. Another asset is that some
guantities can cancel each other during finding of the algebraic solution and the
equation for the final result can become simpler.
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1. Reading the assignment
carefully

2. Listing given and
asked variables

3. Visualising the
problem bv‘drawing

4. Physical analysis of
the situation

5. Finding algebraic
solution

6. Determining the
unit of the result

7. Computing the result
using the given data

l

8. Constructing a graph,
executing an experiment

9. Discussion of the
result

10. Answer

Figure 3: Block diagram of problem solving plan describing how to proceed in solving

guantitative physics tasks (adapted and translated from Svoboda & Kolarova, 2006).

6.

Determining the unit of the result is one of the methods how to check correctness
of the algebraic solution.

Computing the result using the given data follows the finding of the algebraic solution.
Constructing a graph, executing an experiment is a step that is inserted into the
process of task solution for the completeness of the problem solving plan. Physics tasks
sometimes demand from students for example to draw a graph, circuit diagram,
or executing an experiment. Thus, this step is not a case of a graphical solution of the
task, but it belongs to one goal of the task solution.
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9. Discussion of the result consists of comparing the found result with reality. During the
comparison, students often use their personal experience or numerical values they can
find in physics textbooks and professional literature. In this step of problem solving,
some special cases of the algebraic solution can be also discussed.

10. Answer is the last step in the problem solving plan. The answer has mostly two parts —
the algebraic formula and the numerical result. When the task contains numerical
values, the answer is often an accurate reply with a numerical result and a physical unit.
However, sometimes the numerical value is only a partial result of the task. For this
reason, it is useful to reread the task assignment when formulating the answer.

The above mentioned problem solving plan and its slightly modified versions appear often
in Czech secondary school collections of physics tasks (Kruzik, 1969; Bartuska, 1997; Lepil
et al.,2007). Several similar recommendations how to solve quantitative physics tasks can be
also found on the web site of the Czech Physics Olympiad (“Jak fesit fyzikalni tlohy”, n.d.).

All above mentioned plans are only a few examples of existing problem solving plans
in physics, which just shows the importance of problem solving in physics. Closer
examination of the problem solving plans shows that although the number of problem
solving steps may vary, they are very similar to each other.

1.5.5 Particular recommendations for improving physics problem solving
skills

Except for the general problem solving plans, other strategies and methods how to improve
problem solving skills exist (Bolton & Ross, 1997; Scarl, 2003; Harper et al., 2007; Molitoris
et al.,, 2007). These books and papers provide recommendations and suggestions for
students and their teachers how to improve the problem solving skills.

From these recommendations two selected examples that can help to develop students’
problem solving skills in physics are presented below. | found these recommendations
during literature search focused on problem solving in physics. They attract my attention
especially because their use is not common in Czech physics education.

1.5.5.1 Motion diagram for one-dimensional constant-acceleration problems

The three previous problem solving plans suggest how to solve well-structured quantitative
tasks in general. Nevertheless, problem solving in each physics domain can slightly differ
from each other. For this reason, researchers also deal with problem solving in individual
physics domains (mechanics — Van Ausdal, 1988; electromagnetism — Bagno & Eylon, 1997;
optics — Yap & Wong, 2007).

As an example of a problem solving plan in a particular physics domain, | give one problem
solving approach from kinematics (Van Ausdal, 1988).
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Draw a Large Detailed Sketch of the Problem

Is Any Portion of the Motion Constant Acceleration?

Choose a Coordinate System

Choose the Initial and Final Frames

Determine the Direction of the Acceleration by Vector Subtraction
Identify the Given Variables

Count Unknowns and Solve

©® N A WwN e

Check If Your Answers Make Sense

Table 3: A structured approach to one-dimensional constant acceleration problems (Van
Ausdal, 1988).

Van Ausdal states in his paper a method how to solve one-dimensional constant
acceleration tasks. The method consists of eight steps that are written in Table 3.

Van Ausdal emphasizes to students in his problem solving method realizing what the
constant acceleration motion looks like. He encourages the solvers: “Think of the motion in
super-slow motion. Draw a series of frames of a movie film or draw a ‘strobe-light’ photo of
the object’s motion. Your drawing should indicate the speeding or slowing of the object.”

In his paper, Van Ausdal (1988) also states an example task and its solution. Below you can
see the assignment of the task, the motion diagram (Figure 4) illustrating the physical
situation described in the task, and the list of knowns and unknowns describing each part of
the sample task (Figure 5).

Assignment of the task:
A player throws a basketball vertically downward at a speed of 20 m s™. It bounces very
high, remaining in the air for two seconds before it bounces again. How high did the ball go?
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Figure 5: Knowns and unknowns are listed for each part of the sample task (adapted from

Van Ausdal, 1988).

From the Figure 4 can be seen that the motion diagram is drawn thoroughly. The positions
of the ball at equal time intervals as well as forces, coordinates, or initial and final frames
are very carefully represented in the diagram. As we compare Table 3 and Figure 4, we can
see that steps 1-5 lead to this detailed motion diagram. The motion diagram is accompanied
by a detailed list of knowns and unknowns (Figure 5). This list corresponds to the step 6

in Table 3.
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Van Ausdal admits that students will not always draw such a detailed diagram but according
to his experience, the students will replace the diagram with similar mental images. In his
article (Van Ausdal, 1988), the author states many advantages of the described problem
solving method. | want to quote here three of them, which are closely connected with
the motion diagram:

e “The method breaks up even the most complicated problems into a series
of solvable steps. The need for each step, how to do each step, and the limitations
easily can be discussed.”

e “Students learn the need for organized thinking.”

o “Sketches, mental sketching, and the time sequence of events is emphasized.”

Although the Van Ausdal’s method is very narrowly focused on one-dimensional constant
acceleration problems in kinematics, it can be seen that it is very similar to the above
mentioned plans in general.

1.5.5.2 Work-energy bar charts
Another example shows how it is possible to depict work and energy in physics tasks
focused on work-energy theorem.

According to “AP Physics” (2009) “work is defined as the amount of force® required
to change the energy of a system. Therefore, work is defined as ‘transferred energy’ and
doing work is defined as the act of transferring the energy.” This relationship is called work-
energy theorem. It states that the change in energy of a system is equal to the work done
by the surroundings.

One tool which can be used to express understanding of the work-energy theorem is a bar
chart. “A work-energy bar chart represents the amount of energy possessed by an object by
means of a vertical bar. The length of the bar is representative of the amount of energy
present, with a longer bar representing a greater amount of energy” (“Bar Chart
[llustration”, n.d.). A bar is constructed for each form of energy (Table 4). Conservation of
energy is very closely connected with the work-energy theorem. Consequently, the sum
of the bar heights for the initial conditions in a work-energy bar chart must be equal to the
sum of the bar heights for the final conditions.

& The term work is used very loosely in this case. Of course it would be appropriate to make the term
more precise in physics learning and teaching.
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Description of physical situation Work-energy bar chart

a. A Hot Wheels car starts from rest on top of
an inclined plane and rolls down the incline
through a loop and along a horizontal surface.
Ignore the effect of friction and air resistance
on the car.

Initial Energy + Work = Final Energy
4 KE PEq PE; Wy, 4 KE PEq PE

Initial Enerqy + Work = Final Enerqgy

. Is car starts fromr
b. A Hot Wheels car starts from rest on top of LKE PEq PE. Woo  KE Plq PE.

an inclined plane and rolls down the incline
through a loop and along a horizontal
surface. Friction and air resistance have a
significant effect on the car.

Table 4: Example of application of work-energy bar charts (adapted from “Work and Energy

Review”, n.d.).
Explanation of abbreviations used in the work-energy bar charts: KE = kinetic energy; PE, = gravitational
potential energy; PE = elastic potential energy; W,. = work done by non-conservative forces.

Zou (2001) studied the role of work-energy bar charts as a physical representation in
problem solving. The study was based on the analysis of responses to written questions
from a large number of students and the analysis of think-aloud individual interviews with
a small number of students. The study involved students from introductory calculus-based
mechanics classes at The Ohio State University. The pre-interview investigated how students
solved work-energy problems from a perspective of problem representations, and how they
were able to use work-energy bar charts as a physical representation without formally
learning how to use it in problem solving. The follow-up interview came after two weeks of
instruction on the concepts of work and energy using a multiple representation strategy.
It studied how students applied work-energy bar charts in their problem solving, and what
functions the work-energy bar charts played as a physical representation.

The findings of the study are very interesting. In the pre-interview, Zou found out that it was
not difficult for students to understand the format of the work-energy bar chart.
Nevertheless, it was not natural for them to use the bar charts in their problem solving.
After the two-week course, the students used work-energy bar charts “to help them
understand the problems conceptually first, to set up the generalized work-energy
equations, and to reason about some questions qualitatively”.
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Zou (2001) summarizes the role of work-energy bar charts as a physical representation
in three points:

e “They help students use the concepts of work and energy first to qualitatively
reason about the problem, rather than identifying the problem based on surface
features.”

e “They help students set up the generalized work-energy equations correctly and
easily. A completed work-energy bar chart provides visual aid for students to
construct the mathematical equation — there is one term in the equation for each
bar in the bar chart.”

e “They direct students to make inferences and allow them to evaluate their problem
solutions. Being independent of surface features of real objects and in a bar graph
format, work-energy bar charts aid students in ‘seeing’ the conservation of energy
easily and in assessing their solutions effectively.”
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2 Questionnaire research on secondary school
students’ and teachers’ views on problem
solving

2.1 Introduction

From the research (Byun et al., 2008) as well as from personal experiences follows that
students often struggle with many difficulties in solving physics tasks. Unfortunately,
students don’t have problems only with algebra but primarily with the whole process
of problem solving. For example, when solving physics tasks, students seldom consider
physics principles they would apply to the tasks and solving physics tasks often turns into
bare mathematical manipulation of formulas (Chi et al., 1981).

Moreover, students do not have a lot of experience with solving physics tasks.
The difference between expert and novice problem solvers is very well known (Chi et al.,
1981; Van Heuvelen, 1991). The differences with implications for teaching are aptly
summarized in (Harper, 2006). The lack of experiences in this field belongs for sure to one of
the reasons for their difficulties.

2.1.1 Shortoverview of the present chapter

The present chapter describes research inquiring into problem solving in physics at Czech
upper secondary schools. The first parts of the chapter (subchapters 2.2-2.4) are focused on
the aims and the structure of the research. Research questions (subchapter 2.2) and used
research methods (subchapter 2.3) are discussed in this part of the chapter. Design of the
guestionnaires, which were used as a research instrument, and their distribution are
described in the subchapter 2.4.

The next part of the chapter is dedicated to the results of individual surveys that were done
during the research (subchapter 2.5). The surveys investigated problem solving strategies in
physics that students claim they use (subchapter 2.5.1), students’ perception of problem
solving process (subchapter 2.5.2) and their obstacles during solving physics tasks
(subchapter 2.5.3). As a supplement to the students’ view on the problem solving in physics,
a survey studying teachers’ opinion about the strategies students use when they solve
physics tasks was carried out (subchapter 2.5.4). Description of each survey and the findings
can be found in the particular subchapters.

The chapter is finished by final summary (subchapter 2.6), where findings of the whole
research are summed up.
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2.2 Research design

To investigate students’ difficulties and their view on problem solving process in physics in
depth, questionnaires focused on solving quantitative physics tasks in Czech secondary
schools were prepared. The main goal of the research was to look into students’ perception
of problem solving in physics. The questionnaires also investigated what techniques and
strategies students claim to use in solving physics tasks, and if there are any established
steps that help them with the problem solving. The students’ questionnaires were
accompanied by a teachers’ questionnaire investigating teachers’ opinion on students’
strategies in problem solving.

The research was conducted by using a mixed methods design. A mixed methods research
design is a procedure for collecting, analysing, and interpreting research data by using both
qualitative and quantitative research and methods in a single study (Creswell & Clark, 2011).

Nevertheless, qualitative design predominated in the described research. Qualitative
research is characterised by its aims, which relate to peoples’ life, stories, behaviour,
or interrelationships (Strauss & Corbin, 1999). It is used to gain an “understanding the
meaning people have constructed” (Merriam, 1998). Qualitative research is also
characterised by its methods which provide deeper insight into the problem without use of
any statistical procedures or other ways of quantification (Strauss & Corbin, 1999).

Qualitative research can be used in situations where little is known or to gain new opinions
of phenomena we already know (Strauss & Corbin, 1999). Formulation of new hypothesis or
new theory is an output of qualitative research (Svati¢ek & Sedova, 2007). For this reason,
no research hypotheses were formulated in advance for the described research. The
research questions that the research project sets out to answer follow:

e What strategies students use in solving quantitative physics tasks?

e Whatis the students’ view of solving quantitative physics tasks?

e Are there some patterns that can be identified in students’ problem solving
process?

e What difficulties students face in solving physics tasks?

2.3 Research method

As | mentioned above, questionnaires were used as a research instrument to collect data.
The reason for using the questionnaires was to address bigger number of students in
relatively short time. The prepared questionnaires were structured. Because they were part
of a qualitative research, they contain primarily open-ended questions. The reason for using
open-ended questions is to invite personal comments from the respondents and a demand
for authenticity, richness and depth of responses (Cohen et al., 2000).
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One of the three prepared questionnaires contains nine rating scales in addition. The part of
research with the rating scales can be considered quantitative research. The rating scales
served for investigating the use of particular problem solving strategies in physics.
The strategies were identified based on previous research (Ogilvie, 2009).

Grounded theory was used as a research method for investigation the above mentioned
research questions. Grounded theory belongs to qualitative research methods. It gathers
data about the investigated phenomenon systematically and allows significant matters from
the data to surface (Strauss & Corbin, 1999).

Grounded theory involves analysing data to determine similarities and differences. The aim
of this analysis is to find patterns in the data and to create a theory on the basis of grouping
the data together (Merriam, 1998). Grounded theory tries to identify relevant variables on
the basis of investigated data and determine relations between them consequently
(Svaricek & Sedova, 2007).

By using grounded theory, it is necessary to free oneself from preconditions postulated by
other authors and approach to the investigated area without prior expectations about the
subject of the research. The literature summary is carried out additionally, when
researchers want to gain explanation of their findings or when they want to compare their
findings with findings of other researchers (Svafi¢ek & Sedovd, 2007).

2.4 Design of the questionnaires

Two students’ questionnaires and a questionnaire for teachers were developed.
The questions in all three questionnaires were consulted at the Department of Physics
Education (Faculty of Mathematics and Physics, Charles University in Prague) and with
an experienced secondary school teacher (his experience with teaching physics is 15 years).
They are enclosed in Appendix A°.

Students’ questionnaires are described in the following subchapter. The teachers’
guestionnaire is described in chapter 2.5.4 to maintain clear arrangement of the research.

2.4.1 Students’ questionnaires

The research contained two different questionnaires for students (marked S1 and S2).
Nevertheless, the questionnaires were researching the same problems. The first two
guestions in both questionnaires investigate students’ problem solving strategies.
The questionnaire S1 contained nine additional rating scales concerning also the students’
use of problem solving strategies. The questions 3-5 are identical in both questionnaires,

° The data was collected at Czech secondary schools and therefore the questionnaires were prepared
in Czech. Nevertheless, all items of the questionnaires are translated into English in the following
text.
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and they deal with students’ attitudes to problem solving in physics (see Table 5). The main
difference between the questionnaires lies in the form of the questions (open-ended
guestions or rating scales) that investigated students’ problem solving strategies.

The rating scales from the questionnaire S1 are listed in Table 6. They describe nine problem
solving strategies. Selection of the mentioned strategies was inspired by research described

in Ogilvie (2009).

Questionnaire S1 Questionnaire S2

1. What is your biggest problem 1. Are there any established steps
g . during problem solving in you use during problem solving in
§ ‘Qs), physics? physics? What methods do you
§ % use if you don’t know how to
:g g solve the task at first sight?
‘§ § 2. Is there anything that helps you 2. To what do you pay attention
& 3 with solving physics tasks? during solving physics tasks?

3. What is —according to you — the 3. Whatis —according to you — the

8 purpose of solving physics tasks? purpose of solving physics tasks?

IS % 4. Do you think that you can use 4. Do you think that you can use
§ S the approaches used in problem the approaches used in problem
2 _g’ solving in physics also in other solving in physics also in other
E % situations? In which ones? situations? In which ones?
:‘g é 5. Which steps were recommended 5. Which steps were recommended
‘Qc; % or shown to you to help you solve or shown to you to help you solve
&5 s physics tasks? physics tasks?

Table 5: List of open-ended questions included in the questionnaires S1 and S2.
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Short name of strategy used in Description of strategy used in the questionnaire S1
diagrams

L1: Listing known and unknown | “After reading the assignment | make a list of known
guantities and unknown quantities.”

L2: Rolodex equation matching “I try to select an equation mainly because it contains
as much variables that are also listed in the
assignment as possible.”

L3: Prior tasks in text or lecture “I'try to find a similar task (in textbook, notes or
elsewhere).”

L4: Prior experiments in lecture | “l try to remember if we did some experiment similar
to the task during lecture.”

E1: Real situation “I try to imagine the problem in a real situation.”

E2: Sub-problems “I try to solve the task step by step and divide it into
smaller sub-problems.”

E3: Concept first “First | think about physics concepts involved in the
problem (e.g. what physics law is important for the
task).”

E4: Rational thought “First | solve the task by reasoning and then | do the
arithmetic.”

E5: Diagram “I try to draw some diagram (sketch, chart ...) in every
task.”

Table 6: Description of problem solving strategies in rating scales of the questionnaire S1.

The strategies described in the rating scales (questionnaire S1, printed in Table 6) were
divided into two categories called “limiting” (marked L1 — L4) and “expansive” strategies
(marked E1 — E5). According to Ogilvie (2009), as limiting strategies are marked those
techniques that “may work well for well-structured, end-of-chapter exercises, but they
begin to fail as the problem become more complex”. The expansive strategies “can be
readily applied to more ill-structured challenges, and these strategies have also been
identified as characteristic for expert problem solving approaches”.

In the rating scales, students chose on a scale, how often they use each strategy (often —
sometimes — seldom — never). The overview of the strategies can be found in Table 6
according to the given categories, however, the order of the strategies in questionnaire S1
was chosen randomly. Ogilvie (2009) found out that at the start of a semester (before
an introductory physics course where students worked on context-rich, multifaceted
problems) many students can be classified as using limited strategies.

The open-ended questions focused on problem solving strategies (questions nr. 1 and 2 in
both questionnaires — see Table 5) offered students an opportunity to describe problem
solving strategies in their own words. The open-ended questions enabled me to investigate
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more easily what the attitude of secondary school students to the solving of physics tasks
was and what obstacles, according to their opinion, the students contended with.
On the other hand, based on my previous experiences with questionnaire surveys, | know
that in a written questionnaire teenage respondents can have problems with formulation of
their own answers. They tend to answer very shortly and write the first idea only. Moreover,
students don’t perceive some steps done during problem solving as “a strategy” and that’s
why they would not mention them in the first open-ended question in questionnaire S2.
Because of these assumptions | put the list of the particular strategies in the rating scales in
questionnaire S1. Students rated there how often they used these strategies regardless if
they saw them as problem solving strategies. Also, thanks to the results of the rating scales,
my findings could be compared with findings from Ogilvie’s research.

2.4.2 Distribution of the questionnaires

The questionnaires were assigned during the second term of the school year 2011/2012.
Several secondary school teachers were approached to take part in the described
guestionnaire research. Eight of them agreed and they commissioned the questionnaires in
their physics classes or in classes of their colleagues. The schools and the teachers were
chosen with regard to the opportunity of assigning the questionnaires in more classes.
The aim was to gain abundant responses to both students’ questionnaires from students of
all four classes.

The participants of the students’ questionnaire survey were 773 secondary school students
(students at the age of 15 to 19), who are attending physics lessons during their studies.
The questionnaire S1 was completed by 408 respondents and the questionnaire S2 was
filled in by 365 respondents. The number of respondents in particular classes is stated
in Table 7.

Number of respondents

Class (students’ age) In total
S1 S2

1% class (15-16) 142 114 256

2" class (16-17) 88 97 185

3" class (17-18) 9% 87 183

4™ class (18-19) 82 67 149

In total 408 365 773

Table 7: Number of respondents in particular classes and particular questionnaires.
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The participated schools were from Prague and other big as well as smaller cities in
the Czech Republic. Besides five standard state secondary schools, two private secondary
schools and one state technical secondary school were included in the selection. The pilot
study was done in two classes at the secondary school Gymnazium™® Ceskolipska in Prague
(20 students tested the questionnaire S1 containing also the rating scales and 24 students
tested the questionnaire S2 that includes open-ended questions only). The pilot study
proved successful and it was not necessary to change the questions in the questionnaires.
For this reason, results of the pilot study were included in the final evaluation of
the questionnaire research.

The list of schools participated in the research and the location of the cities (including their
population) is presented in Figure 6.

Students filled in the questionnaires in their physics lessons. Time necessary to complete
the questionnaires was approximately 15 minutes. The students’ as well as the teachers’
guestionnaires were filled in anonymously.

10 Gymnazium (general secondary school) is one of three main types of upper secondary schools
(ISCED 3: UNESCO Institute for Statistics, 2012) that exist in the Czech Republic. Gymnazium provides
students with comprehensive education. It lasts four years after compulsory education and it is
finished by a graduation exam, receiving a diploma and graduate from secondary school. The main
role of this school is to prepare students to enter a university for advanced academic study.

Stfedni odborna skola (secondary technical school) is another type of upper secondary school in the
Czech Republic. The duration of the study is usually four years. The school provides primarily
technical secondary school education (in a chosen branch) and it is finished by a graduation exam as
well. Graduates are intended to be employees in technical companies but they also can continue
studying at universities. In our research, Stredni priimyslové skola sdélovaci techniky (The Secondary
School of Telecommunication and Broadcasting Technologies) is the sole representative of this type
of secondary schools.

The last type of upper secondary school in the Czech Republic is so called stfedni odborné ucilisté
(secondary vocational school). It provides vocational education finished by an apprentice exam
(graduates receive apprentice certificates). This type of school trains qualified industrial workers and
servicemen (the specialization also includes cooks or waiters). Typical length of studying is two or
three years. The graduates with the apprentice certificate cannot enter a university. In case they
want to continue with university study, they have to keep on in a follow-up study finished by
a graduation exam. This type of secondary school was not included to our research, because number

of physics lessons is very low or there are none of them at this type of school.
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Praha (population 1, 246, 780)
& Soukromé gymnazium ARCUS Praha 9
- private general secondary school
o Gymnazium Ceskolipska
- state general secondary school
s Stfedni primyslova skola sdélovaci techniky, Panska
- state secondary school of telecomunication and
broadcasting technologies
Ceské Budéjovice (population 93, 467)
o Gymnazium Ceska a olympijskych nadéji
- state general secondary school
Pardubice (population 89, 467)
* Gymnazium, Pardubice, Dasicka 1083
- state general secondary school
Policka (population 8, 903)
* Gymnazium Policka
- state general secondary school
Trebor (population 8, 588)
® Gymnazium Trebon
- state general secondary school
Letohrad (population 6, 322)
® |etohradske soukromé gymnazium
= private general secondary school

F'oodébrady

o
Praha o
Pardubice °Letohrad

o
Policka

Ceské
Budéjovice Trebon

Figure 6: List of cities and secondary schools engaged in the questionnaire research.
The population of municipalities of the Czech Republic is established to January 1%, 2013 (except Letohrad —the
number of inhabitants there is confirmed to January 1%, 2012).

2.5 Surveys done during the research

The presented research can be divided into three surveys. The first two surveys are focused
on students’ perception of the problem solving in physics and their results come from
the students’ questionnaire research:

e Strategies students asserted to use in problem solving in physics (subchapter 2.5.1)
e Students’ perception of the problem solving process in physics (subchapter 2.5.2)

In subchapter 2.5.3 various students’ comments of problem solving process are stated
which cannot be added to the previous two surveys, but | consider them as interesting and
important for following research.

The third survey represents outcomes of teachers’ questionnaire research:

e Teachers’ view on students’ strategies during problem solving in physics
(subchapter 2.5.4)

In the following subchapters, findings of these parts of the research are described in more
detail.
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2.5.1 Strategies students asserted to use in problem solving in physics

First part of the questionnaire research was focused on the problem solving strategies that
students stated they use in solving physics tasks. The rating scales in the questionnaire S1
represent the main part of this survey.

The results of the rating scales are complemented by students’ answers to the first open-
ended question in the questionnaire S2 (see Table 5, page nr. 42) that concerns problem
solving strategies in physics. Thanks to the open-ended format of the question, students
could describe problem solving strategies in their own words.

Although the whole research has mainly a qualitative character, the study described below
contains attributes of mixed methods research. My intention was to find out whether
students prefer using of expansive or limiting problem solving strategies in physics.

Results of this survey were published in Snétinova & Koupilova (2013).

2.5.1.1 Findings and discussion of results

Results gained from the rating scales (questionnaire S1) are stated in Figure 7. The labels
L1 — L4 indicate the strategies that are limiting and labels E1 — E5 represent the strategies
that are considered to be expansive (according to Ogilvie, 2009). The list of the limiting and
expansive strategies used in questionnaire is shown in Table 6 (page nr. 43).

The strategies in Figure 7 are arranged in descending order according to the number of
answers “often”. A closer examination of Figure 7 shows that students very often stated that
they used the limiting strategies. It can be also seen that the most often mentioned strategy
is L1: Listing known and unknown quantities. This is a relatively unsurprising result, because
Czech students are taught since primary school to write this list just below the assignment.
The second most often stated strategy is L2: Rolodex equation matching. According to
Buffler & Allie (1993), using of this strategy can be caused by “the instructor may mention
what principles or concepts are being applied, but generally only writes down
the associated equations” approach when illustrating physics concepts by solving particular
problems.

One of the least used strategies, in students’ view, is E5: Diagrams. For example, according
to Leonard et al. (1996) or Van Heuvelen (1991), using of this strategy differs between
beginners (students) and experts (teachers or physicists). Van Heuvelen states that “only
about 10% of students in conventionally taught precalculus introductory physics courses
and 20% in engineering physics courses use diagrams to help solve problems on final
exams.”

Focusing on using problem solving strategies in particular classes, no significant difference is
evident (see Figure 8). The survey shows that students’ problem solving strategies remain
constant during secondary school attendance.
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Figure 8: Using problem solving strategies in particular classes (questionnaire S1).



Students’ answers to the question 1 in questionnaire S2 concerning problem solving

strategies (Table 5) were classified into several categories. These categories were created on

the basis of respondents’ answers. First | went through the students’ questionnaires,

connected similar answers, and selected and labelled the broad categories. Afterwards,

| assigned each answer to the already created category. 21 categories corresponding with

problem solving strategies were established. The strategies and the number of respondents

are stated in Table 8, where the strategies are arranged according to the frequency of

responses.

Mentioned strategies

Number of responses

Rolodex equation matching (L2) 93
Listing known and unknown quantities (L1) 36
Diagram (E5) 32
Thinking about the problem 29
Cooperation 28
Rereading the assignment several times 25
Trying to combine “everything with everything” 23
Postponing of the task for later 21
Real situation (E1) 19
Prior tasks in text or lecture (L3) 19
Thinking back to a theory learned before 7
Simplification of the task 5
Concept first (E3) 5
| do at least what | can 5
Sub-problems (E2) 4
Classifying important facts 4
Finding a solution in text or lecture 4
Rational thought (E4) 2
Prior experiments in lecture (L4) 1
Commenting the task 1
Rule of three 1

Table 8: Methods and strategies mentioned in answers to the questionnaire S2.
Abbreviations in brackets stand for limiting (L) and expansive (E) strategies described in Table 6.
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It is necessary to remark that our assumption that students will state mostly only one
strategy as an answer was confirmed. The students probably wrote the first thing that
crossed their mind and they did not think about the question more deeply.

It can be seen that the most often stated strategy in the questionnaire S2 is Rolodex
equation matching (93 of respondents). It can be caused by the fact — as | mentioned in
chapter 2.4.1.1 — that students stated only their first idea. Moreover, rolodex equation
matching is a strategy that works for well-structured, closed, and “plug and chug” physics
tasks that are frequently used at secondary schools (see chapter 1.3.2).

The most frequently mentioned strategy — except the strategies not covered by rating scales
in questionnaire S1 — is Thinking about the problem (29 of respondents). However, this
method can partly overlap with other strategies, for example Concept first, Rational thought
or Real situation. This category of students’ response was established for such answers in
which students did not state in more detail how they think about the problem.

As a very interesting result can be considered answers exploring how students use diagrams
in problem solving process. This strategy ended as the last one in rating scales, but with
32 answers it took third place in open-ended questions. These results can seem very
discrepant. Nevertheless, during interpretation of the results it is important to realize the
above mentioned fact that students stated in the questionnaires mostly one and only
strategy they use during solving physics tasks and that they do not have to perceive some
methods | stated in the questionnaire S1 in rating scales (see Table 6, page nr. 43) as
“a strategy” for solving a physics task. For this reason, more important results from the
open-ended questions are the stated strategies themselves rather than the number of
responses to each strategy.

From Table 9 can be seen that students also stated other strategies that were not included
in rating scales in the questionnaire S1 (Table 6). Such a strategy is for example Cooperation
that seems to be very helpful for students in problem solving. Nevertheless, it is necessary
to explain that from the students’ answers follow that students regard as cooperation even
copying task solutions from a schoolmate’s test.

Rereading the assignment several times is another strategy that was not included in the
rating scales in questionnaire S1. This strategy does not contribute directly to solving
a physics task; nevertheless it indicates students’ effort to better understand the assigned
problem.

Classifying important facts and Commenting the tasks are two strategies that can be
considered expansive. The first one is very closely connected to the qualitative analysis of
a physics task. By using this strategy, students have to think about the importance of
individual facts stated in the task assignment and running results gained during the solution.
Commenting the tasks is a strategy, in which students comment their solution in words.
It can help students better understand physics concepts in the tasks. It can also serve
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students as a suitable aid during studying prior tasks from physics lectures — it makes the
task solutions clear; consequently, the students can orientate better in their notes.

The last strategy | would like to mention here is Trying to combine “everything with
everything”. It means that a student combines numbers from task assignment randomly.
This is obviously a limiting strategy. Unfortunately, it seems that this strategy (at least
sometimes) works in solving routine physics tasks at secondary schools.

2.5.1.2 Summary

The survey showed that secondary school students most often use so-called limiting
strategies that can be efficient for getting answers in well-structured tasks, but they are not
appropriate for the development of problem solving skills. From the results of rating scales
also follows that there is no significant difference in using problem solving strategies in
particular classes (Figure 8).

Findings gained from the questionnaire S2 (Table 9) confirm that students often use limiting
strategies described in the questionnaire S1 when they solve physics tasks. The strategy
Listing of known and unknown quantities are students taught to use since primary school.
This is probably the main reason why this strategy is mentioned so often in students’
answers.

Other very often stated strategy is Rolodex equation matching. Students’ frequent
application of this strategy supports a claim that students use formula-centred problem
solving strategies (Van Heuvelen, 1991; Leonard et al., 1996).

Results of the open-ended questions from the questionnaire S2 correspond to findings
gained in the questionnaire S1 — students use limited strategies rather than expansive ones
in solving physics tasks. Moreover, other expansive strategies (Classifying important facts
and Commenting the tasks) appear in the students’ answers. These strategies can help
students to develop their problem solving skills. Because these strategies were mentioned
by only a small number of respondents, it would be useful to present these and other
similar strategies also to other students. It can show students that there exist strategies that
some of their schoolmates use, they work, and they are not planted by an authority
(a teacher). This idea — that students share their experiences between each other —is one of
the basis that leads to formation of an activity focused on creating own problem solving
plan (see chapter 4).

2.5.2 Students’ perception of the problem solving process in physics

The following part of research was centred on students’ perception of the problem solving
process. One of the main goals of this survey was to determine how the process runs in
students’ minds and find out their biggest obstacles in solving physics tasks.
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The main research question of the survey was:
Are there some patterns that can be identified in students’ problem solving process?

The conclusions of the survey resulted predominately from the open-ended questions of
questionnaires S1, S2 that deal with problem solving strategies. Specifically, answers to
these questions were included in the survey:

o What is your biggest problem during problem solving in physics?
(questionnaire S1, question Q1)

e |s there anything that helps you with solving physics tasks? (S1, Q2)

e To what do you pay attention during solving physics tasks? (52,Q2)

Students often answered to these questions even in the remaining questions of the
guestionnaires. These answers were recategorized and included in this part of the research
as well.

In the survey, the data gained from the questionnaire research served as input for
the grounded theory. During evaluation of the questionnaires, | approached the
guestionnaires with open mind to investigate whether some pattern in students’ solving of
physics tasks can be found. Based on the analysis of students’ answers and on comparison
between them, lindicated data fragments from the students’ answers related to the
research question and | wrote relevant notes to the indicators. These indicators were
grouped together according to their similarities. The categories come of the grouping, and
relations between them can be seen in Figure 9. They are described in the following
subchapter in more detail.

Results of the survey were also presented at the international conference ICPE-EPEC 2013
(Snetinova et al., 2014a).
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Figure 9: Students’ most important issues in problem solving process and relations between

them.

2.5.2.1 Most important issues in physics problem solving process for students

The main aim of the research was to investigate whether there is some pattern in students’
perception of the problem solving process in physics. According to the collected data,
it seems that in solving quantitative physics tasks the most important thing for students are
equations. The word “equation” or some synonym appears in answers to almost every
guestion in the questionnaires.

At this point it is necessary to note why there is difference between results of this and the
previous survey. Whilst the previous survey dealt with data in which students thought about
problem solving strategies as separated steps (Table 8, page nr. 49), Figure 9 represents how
students view the problem solving process as a whole. The students’ answers in the
guestionnaires indicate that when students think about the problem solving process, they
think mainly about equations and formulas. The other strategies that the students are able
to write separately are sidelined in the problem solving process — as if the students forgot
about them at that moment.

On the basis of students’ most frequently mentioned answers, categories corresponding to
the students’ issues in problem solving process were created. These categories and the
relations between them are shown in the diagram in Figure 9. The figure does not represent
a problem solving plan as is described in subchapter 1.5.4 but it shows key concepts that
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are most important for students. The structure of these concepts (they are blue circled) and
relations between them was put together in the same order in which students proceed with
solving of the physics task to make it clearer (see the orange arrows in Figure 9). The letters
in Figure 9 serve for a good arrangement of the following text.

The results of the previous survey (subchapter 2.5.1) concerning problem solving strategies
showed that no significant difference is evident in using the strategies in particular classes
(Figure 8, page nr. 48). The results of this survey did not indicate significant differences
between younger and older students either. For this reason, | analysed the research data
from all age groups together.

The categories and relations from Figure 9 are itemized and described below.
The description of the categories is illustrated by students’ answers to open-ended
qguestions from the students’ questionnaires. In each illustration, the type of questionnaire
(51 or S2) and number of the answered question are stated. The list of the questions can be
seen in Table 5 (page nr. 42).

A) Recalling of memorized equations

The students’ answers in the survey indicate that students try to memorize as much
equations as possible when learning physics or studying for an exam. Afterwards during
solving physics tasks, students try to fit all known and unknown quantities in the
assignment of the task into the memorized equations.

Questionnaire S2, Question 1 (52; Q1):

Are there any established steps you use during problem solving in
physics? What methods do you use if you don’t know how to solve
the problem at first sight?

Answer: “I write down a list of physics equations that | remember and then
| check which one can be used for solving the task.”

Answer: “I do not have any proven strategy. Nevertheless, | try to remember
all equations that relate to the given physics topic and | try to find out
from which equation the solution can be obtained. | also take into
account the given quantities in the assignment of the task.”

S1;Q3: What is — according to you — the purpose of solving physics tasks?
Answer: “To memorize physics equations.”

B) Finding equations according to known and searched quantities

Finding equations according to known and seek quantities (B) is closely connected with the
recalling of memorized equations (A). Finding equations according to known and seek
quantities belongs to the most often used limiting problem solving strategies (Snétinova
& Koupilova, 2013) — it is so called Rolodex equation matching strategy. This strategy can be
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very effective for well-structured or end-of-chapter tasks (Ogilvie, 2009), which are
commonly used in physics lessons at Czech secondary schools — one student described it in
the questionnaire as follows: “In majority of tasks it is enough to put given quantities into
an equation or appropriately simplify the equation to obtain the result.”

S2;Q1: Are there any established steps you use during problem solving in
physics? What methods do you use if you don’t know how to solve
the problem at first sight?

Answer: “I write down a list of all quantities from the assignment of the task
and if | do not know an appropriate equation, | try to put it
together from the given quantities. The searched quantity also
helps me in putting the equation together.”

Answer: “I write down a list of all quantities from the assignment and then
| try to fit them into various physics equations.”

Answer: When | do not know at the first look, | write down a list of all
known and unknown quantities from the assignment and | try to
find an equation.

From the illustrations of previous categories A and B it can be seen that the relation
between them is reversible. Students either memorize physics equations and try to choose
the most suitable one according to the given quantities in the task, or they write down a list
of all quantities from the assignment and then try to find the right equation. These two
approaches can be understood as two poles of a certain continuum. For this reason it can
be sometimes difficult to distinguish them in students’ problem solving process.

Approaches A and B used at the beginning of the solving of the tasks lead to other
categories connected with physics equations that seem to be very significant for students.
Students try to manipulate the equations by various ways to gain numerical results of
physics tasks. During this work, they often meet with several difficulties. The following
three categories are connected to the manipulation with equations. Although the
subcategories C, D, E are very closely interconnected, there were not recognized
any obvious relations between them from the research data. For this reason, arrows
represented the relations are not depicted between these categories in Figure 9.

C) Thoughtless combining quantities

The results of the survey show that students, who do not know how to solve a task,
sometimes approach the problem without deeper thinking. When they do not know or
cannot remember the proper equations, they try to combine physics equations or given
guantities thoughtlessly to gain some number as a result of the task. This approach
confirms Harper’s statement that students often view the problem solving aim as “getting
the right number” (Harper, 2006).
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S2;Q1: Are there any established steps you use during problem solving in
physics? What methods do you use if you don’t know how to solve
the problem at first sight?

Answer: “l1 write down a list of equation for the given topic and | try to
combine them somehow.”

Answer: “1 try to recall some equations that | can use with respect to given
quantities. When | really don’t know, | try to combine the numbers in
different ways.”

D) Mathematical manipulation of equations

The mathematical manipulation of equations seems to be a very important issue in
problem solving for students. They often wrote that they pay attention to the mathematics
in solving physics tasks. Under the term “mathematics” students mean algebraic derivation
of physics equations as well as work with numbers. Some students also admitted that
mathematics belongs to their weaknesses in problem solving process.

S2;Q2: To what do you pay attention during solving physics tasks?
Answer: “To deriving the equation correctly.”
Answer: “To errors during numerical calculations; to errors in expressing the

unknown quantity from a more complex equation.”

From the results it also follows that students consider practicing of mathematics as one of
the purposes of solving physics tasks.

S1;Q3: What is — according to you — the purpose of solving physics tasks?
Answer: “By solving tasks we learn arithmetic...”

E) Algebraic solution

Finding algebraic solution'! is very closely connected with mathematical manipulation with
equations.

This is regarded to be another very significant part of problem solving process for students,
because teachers require it. In addition, many students are not experienced enough in
modification of physics equations and they consider obtaining the algebraic solution to be
very difficult.

S1; Q5: Which steps were recommended or shown to you to help you to
solve physics problems?

Answer: “Our teacher recommends us to solve the task first with symbols
and then replace the symbols by numbers to calculate the answer.”

" The term algebraic solution means to get each unknown by itself on the left hand side of an
equation with the right hand side of the equation containing only quantities whose values are
known. Simply speaking, algebraic solution means write the result in symbols.
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S1;Q1: What is your biggest problem during problem solving in physics?

Answer: “l am often not able to think of algebraic solution, unless | already
solved asimilar task in school or unless someone clarified the
solution for me.”

F) Solving of similar type of tasks during lecture

The results of the survey indicate that solving of similar type of tasks during lecture is very
important for students. It does not relate only to physics equations but to the whole
process of solving physics tasks. For this reason, it is depicted in Figure 9 as encircling the
other terms.

The answers in the questionnaire survey show that students are used to solve tasks
independently that are very similar to those solved during physics lecture by their teacher.
When students do not see or find any similarity between the tasks, they often incline to
skip the problem.

S1;Q2: Is there anything that helps you with solving physics tasks?

Answer: “In the test, there are such tasks that our teacher already solved on
the black board in front of us so we already know these types of
tasks.”

S2;Q1: Are there any established steps you use during problem solving in

physics? What methods do you use if you don’t know how to solve
the problem at first sight?

Answer: “I'look into my notes and | look for similar tasks.”

Answer: “I skip the task. If it is a type of task that | see for the first time, | am
not coming back to it.”

2.5.2.2 Summary

Physics equations are the most important thing in solving quantitative tasks for students.
Our finding correspond with results of Hegde & Meera (2012) who write: “For them
[students], perhaps, an equation is a stand-alone entity — not the translation of a physical
principle.” Students are coming to believe that they need to memorize as much physics
equations as possible. One student expresses this statement in the questionnaire as follows:
“Physics is a very interesting science that | enjoy, because thanks to physics most of things
can be explained. However, | don’t like physics equations that we have to memorize even
they are available everywhere.”

The memorized equations serve then as a list of possibilities that can be used in solving
a physics task. Students often compare symbols in the equations with the known quantities
in the assignment of the task and they try to choose an equation containing the same
symbols that are listed in the assignment.
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When the proper equations are chosen, students try to combine them to gain numerical
result of the task. Students sometimes meet with some obstacles during the derivation of
the equations. They often have to pay attention to possible mistakes in mathematics.

Many students stated that their teacher requires finding the algebraic solution. Because
students are often not so experienced in equation derivation, they consider getting the
algebraic solution to be very difficult.

When students do not know how to solve a task, they often skip it or they start to combine
guantities or equations thoughtlessly. It can be caused by the fact that students do not see
the problem solving as a process but they think it is a recall task and their main aim in
solving quantitative task is getting some number.

2.5.3 Students’ comments on problem solving process

2.5.3.1 Findings

Except the discovered pattern in students’ perception of the problem solving in physics —
i.e. importance of physics equations — other interesting observations appeared in students’
answers to the open-ended questions. These students’ comments on problem solving
process were not added to the previous two surveys. However, they were important for my
following work (i.e. creating problem solving activities described in chapter 3).

Conclusions followed from the students’ answers are stated below. Each generalized result
mentioned below is accompanied by original students’ answers from the questionnaire.

1. Students should know why some strategies or methods are required or
recommended from them. Many students understand the solving of physics tasks
only as one of several ways of assessment. Therefore, it is important even for
teachers themselves to think about the purpose of solving tasks in physics and what
skills it develops.

Student: “When I’'m solving a task, it helps me to know what the point of doing it is.”

2. Students should have a feeling that they can gain correct solution on their own
when solving physics task. Our result corresponds with Harper (2006):
“Many students believe that when you read a problem, either you know how to
solve it, or you don’t. The instructor may appear to know exactly how to solve
a problem the moment she lays eyes on it. One way to address this mistaken belief
might be to make the process more transparent to the class.”

Student: “In my opinion, the most common approach that is used in explaining
some task is: to take a look at the task and immediately know what’s going on.
But | can’t use this approach.”
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Student: “Our teacher solves the task by herself and she thinks that we understand
the steps. But it is not true.”

3. ltisimportant to keep a cool head during solving physics tasks and not get stressed
out. In accordance with the students’ responses, Scarl (2003) claims that it is very
good to think optimistically. Several student’s answers to the question “Do you
have any proven steps you use during problem solving in physics?” follows:

Student: “Don’t panic!”
Student: “I calm myself down and I think hard about the problem.”
Student: “l try to calm myself down and | reread the assignment.”

4. Another interesting observation is that students do not realize that solving physics
tasks is not only about finding out or guessing the correct answer. According to my
experiences, it is important for students to be able to formulate their thoughts —
either on paper or verbally. Teachers have then an opportunity to consider if the
students’ thoughts are correct and they can draw students' attention to their
shortcomings.

Student: “I try to solve the task by my guess, but teachers mostly want some
formulas.”

2.5.3.2 Summary

Some students see the physics task as “finding out a number” and they do not know other
reason (except the assessment) why to solve it. On that account, students should know,
why teachers demand them to solve the tasks, so that they use some methods or strategies.

From the research additionally follows that students’ difficulties in solving physics tasks can
arise from the difference in experience between them and their teachers. Students
probably do not realize this and believe they should be able to solve the task immediately
after the first look at the assignment.

2.5.4 Teachers’ view on students’ strategies during problem solving in
physics

2.5.4.1 Structure of the questionnaire

The teachers’ questionnaire served as a supplement of the main part of the questionnaire
surveys, which were represented by the students’ questionnaires. The main goal of the
teachers’ questionnaire was to find out teachers’ views on the strategies that students use
in solving physics tasks and what methods and strategies the teachers use to teach the
students to solve physics tasks.
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The questionnaire contained four open-ended questions. The questions concerned
techniques how students solve physics tasks and how much time teachers dedicated to the
solving of physics tasks and problem solving strategies during lectures. List of teachers’
open-ended questions is stated in Table 9.

Questions

1. How much time do you dedicate to solving physics
tasks during lecture?

2. Inyour lectures, do you pay attention to methods
how to solve physics tasks? How much time do you
spend on this?

3. Do you think that students really use some
strategies in problem solving? Which ones?

4. What — according to you —helps students during
solving of physics tasks?

Table 9: List of open-ended questions in the teachers’ questionnaire.

Teachers answered four questions only. Nevertheless, the teachers did not restrict
themselves to brief answers. Contrarily, their answers were very extensive and thorough.

Participants of the teachers’ questionnaire were 17 teachers from secondary schools, where
the students’ questionnaires were assigned. The experience with teaching was up to 5 years
for 8 teachers, from 5 to 10 years for 2 teachers, from 10 to 20 years for 5 teachers and
more than 20 years for 2 teachers.

Original version of the teachers’ questionnaire is attached in Appendix A.3. Results of the
survey were presented at the world conference WCPE 2012 and they were published in the
conference Proceedings (Snetinova et al., 2014a).

2.5.4.2 Findings and conclusions

Most teachers stated in the survey that they dedicate more than 25 % of the time to the
solving of physics tasks in their lectures. According to teachers’ statements, solving of
physics tasks is used at the end of discussed physics topics, to show application in practice,
to practise learned matter, as well as in examination.

In classes, teachers try to teach students how to solve physics tasks. From the survey follows
that all teachers use a very similar way to teach students to solve quantitative physics tasks
regardless of teachers’ experience with teaching.
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The results of the survey show that they use following methods:

e Solving several typical tasks on the blackboard at the end of every physics topic
e Discussing single steps of physics task solutions with students

e Pointing out the typical mistakes

e Highlighting what is important to be aware of during problem solving

In teachers’ view, students often use limiting strategies to solve physics tasks. The
mentioned strategies were:

Looking for similar tasks
Rolodex equation matching
Combining of numbers from the assignment

A w N

Trying to drill as much tasks as possible

The teachers did not state the strategy Listing known and unknown quantities. Teachers
probably do not consider this as a problem solving strategy.

Teachers’ answers to question “What helps students during solving of physics tasks?” were
also very similar. The teachers stated following answers:

e Knowledge of mathematical skills

e Logical thinking

e Explanation of schoolwork from schoolmates

e Drawing diagrams

e Knowledge of physical quantities and their marking
e Solving of physics tasks at school

According to teachers’ opinion, students mostly do not solve tasks at home; they look
through the tasks solved at school at best.

2.6 Summary of the surveys’ results

Findings from both types of questionnaires (students’ and teachers’ questionnaires) match
in one important thing — students often use limiting strategies to solve quantitative physics
tasks. The result is not so surprising when we realize that for students, “getting a number”
isthe aim of solving quantitative tasks. Moreover, these strategies are probably often
sufficient to solve the tasks in lectures.

Students also face obstacles when they solve physics tasks. For example, many students
solve the tasks without deeper understanding of physics concepts, and thus solving of
guantitative physics tasks often turns into nearly mindless manipulation with equations.
This fact is also supported by another result arisen from the questionnaire research —
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physics equations are very important for students during solving tasks and they try to
memorize as much physics equations as possible.

Other difficulties can result from a difference of problem solving skills of students (so called
novice problem solvers) and their teachers (expert problem solvers). It seems that students
often do not realize that teachers have greater experience in solving physics tasks. This can
lead to the students’ belief that they should be able to solve any task immediately after
reading the assignment — as the teacher does. This result is in accordance with the
statement of Harper (2006).

If we want to teach students more expert-like approach to solving of quantitative physics
tasks, we should aim our effort at teaching them to use not only the limiting strategies but
also the expansive ones — the approaches often used by experts (Ogilvie, 2009). Besides
teaching of the strategies we should show the students that solving of quantitative tasks is
not only about getting the right number, but also about understanding of physics concepts
and development of logical thinking and other problem solving skills.

The literature search and results of the research described in this chapter helped me
comprehend students’ perception of problem solving in physics and their obstacles in the
problem solving process. The comprehension enabled me to design activities focused on
the improvement of students’ problem solving skills. The activities are described in the next
chapter in detail.
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3 Development of problem solving skills in class
activities

In connection with the previous questionnaire research and results gained from the
literature search of international papers and books, seven activities oriented on
the improvement of selected students’ problem solving skills were designed.

The activities focus on problem solving strategies in physics that expert solvers often use
(see subchapters 1.5.3 and 1.5.4). They are meant to point out difficulties students face
during solving of physics tasks and to help with mitigation of these difficulties. The created
activities should serve as models and can be used in various physics topics. Because (as
I mentioned in the first chapter) there exists a big amount of quantitative physics tasks in
Czech textbooks and task collections, | decided to use these tasks for students’ worksheets
activities instead of creating new tasks.

The list of the activities together with a short description follows. The detailed description
of the activities is stated in subchapter 3.3.

e Careful reading — Students are asked to highlight parts of task assignment (numeric
as well as nonnumeric) crucial for solving the tasks. It shows students that
nonnumeric data in the task assignments are also important in solving physics
tasks.

e Conditions of law’s applicability — Students should realize that it is not possible to
use each physical principle in every situation. For this reason, they select from a list
physics principles that are applicable in the given situations.

e Principles needed for solution — In this activity, students select from a broader list
only those physics principles that are necessary for solving the given tasks.

e Classifying the equations — Students determine how important assigned equations
are and whether they should be memorised. Students also find connections
between the equations (whether some equations result from other).

e Reasonableness of the answers — Students comment on whether the given
numerical answers to physics tasks are reasonable or nonsensical.

e Solving aloud - Students solve given tasks aloud to realize each step in the
reasoning. They do not skip the steps and are more careful in analysis of their
thought processes.

e Creating own problem solving plan — Group of students creates their own plan
(or hint list) how to proceed with solving of physics tasks.

Two activities were created on the basis of already used techniques (Principles needed for
solution — Leonard et al., 1996; Solving aloud — Whimbey & Lochhead, 1999). Although the
techniques applied in these activities were already published in professional journals, they
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are not familiar in Czech education. For this reason, they were adjusted to the needs of the
Czech school system.

Development of the activity called Reasonableness of the answers was supported by
a teacher who uses the same method of work in her physics lessons. The teacher described
me this method and she agreed with adaptation of this method and creation of the activity.

Remaining activities were inspired by the literature search and arose thanks to ideas that
occurred to me or my consultant Zderka Koupilova.

3.1 Structure of the prepared activities

All of the above mentioned activities were developed primarily for secondary school
teachers to use them in their physics classes. Because it is not suitable to use the activities
without thinking or previous planning, detailed methodical materials were prepared for
each activity. These materials serve teachers to better understand the goals of the activities
and their usability. The materials can also make teacher’s preparation for the teaching
easier.

Each methodical material contains short introduction into the issues on which the activity is
focused, the main aim of the activity (what should students learn thanks to the activity),
difficulty and time demand of the activity, and physics topics suitable for the activity.
Another important part of each methodical material represents the section called How to
work with the activity during lessons, where it is described in detail how to proceed with the
activity in class and how to work with prepared worksheets. Each methodical material is
finished by a passage suggesting how to develop the skills to which the activity was focused
on during solving of physics tasks in future lessons.

Besides the methodical materials, also applicable worksheets for secondary school students
or university students were prepared. Some activities contain several worksheets
of different difficulty or from different physics topics. Each worksheet contains an
assignment and a working section — mostly with quantitative physics tasks adopted from
Czech secondary school textbooks and tasks collections (e.g. Lepil et al., 1995; Nahodil,
2011; 74k, 2011). To explain the assighment of the worksheets clearly to students, typically
an example of a solution of one task is present in some worksheets.

Solutions of all worksheets were prepared as well. These solutions can serve as a support
for the teachers during checking the correct answers in the students’ worksheets.
The solutions of the worksheets include besides the correct answers also numeric results of
the physics tasks, methodical comments relating to specific tasks (for example, when the
task includes some special, unexpected, or interesting outcomes that is appropriate to
mention to the students), and a list of used literature — the secondary school physics
textbooks and the collections.
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All materials mentioned above — the methodical materials, the worksheets and their
solutions — are enclosed in Appendix B. Because the activities were prepared for and tested
in Czech secondary schools, all the enclosed materials are in Czech. The methodical
materials and some worksheets with their solutions were also translated into English
(see Appendix C).

All the developed activities — methodical materials, worksheets and their solutions — are
also available on the website http://kdf.mff.cuni.cz/materialy/reseni_uloh.php (Czech
version) and http://kdf.mff.cuni.cz/materialy/problem_solving.php (English version).

3.2 Study of the usability of the activities

The usability and usefulness of the developed activities were investigated.

Seven teachers from six Czech secondary schools were addressed to be involved in the
study. Five teachers were very experienced, they had taught physics for more than ten
years, and two teachers had three year experience with teaching physics. All the teachers
are willing to try new methods in the teaching, they are able to motivate their students and
they do not use only traditional teaching in their physics classes. All of them also participate
regularly in the Czech conference focused on physics education called Physics Teacher’s
Inventions Fair (“PTIF”, 2013). | realize that the choice is not a case of representative
sample; nevertheless | wanted to verify the usability of the activities on teachers that
| consider to be good at teaching.

In Figure 10, the list of secondary schools engaged in the research accompanied by a map
presenting location of the participating cities in the Czech Republic and population of each
city can be seen.

The teachers who agreed with testing of the activities chose which activity they want to
test. For this reason, different activities were tested at different secondary schools.
The activities were tested in 12 lessons in 10 different classes in total.

Some of the activities were also tested by me and two other colleagues at the Department
of Physics Education, Faculty of Mathematics and Physics, Charles University in Prague
in lectures for university students (future physics teachers).
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Praha (population 1,246,780)
s Soukromé gymndzium ARCUS Praha 9
- private general secondary school
« Stiedni primyslova Skola sdélovaci techniky, Panska
- state secondary school of telecomunication and
broadcasting technologies
Pardubice (population 89,467)
¢ Gymnazium, Pardubice, Dadicka 1083
- general secondary school
Podébrady (population 13,986)
e Gymnazium Jifiho z Podébrad, Podébrady
- state general secondary school
Politka (population 8,903)
¢ Gymnazium Policka
- state general secondary school
Trhové Sviny (population 4,982)
o Gymnazium Trhové Sviny
- state general secondary school

Pgdebradv

o
Praha )
Pardubice

o
Policka

Trhowvé Sviny
o

Figure 10: List of cities and secondary schools engaged in the study of the activities.
The population of municipalities of the Czech Republic is established to the date January 1%, 2013.

3.2.1 The executed research description

To analyse the usability and usefulness of the developed activities, a case study was used.
Main characteristics of the case study are summarized in Appendix D. Further, interview and
observational method as chosen data collecting methods are also described in Appendix D.

The exploratory case studies were used to analyse students’ and teachers’ reactions to the
developed activities focused on problem solving skills. The cases were the assigning of the
activities in secondary school classes. On the basis of the observation and the students’ and
teachers’ reactions and opinions, the usefulness of the activities was extrapolated. Study of
the usefulness of the activities as such demands long-term research and is not part of this
thesis.

The design of each activity and its usability in upper secondary school classes was discussed
by educational experts from the Department of physics education and by experienced
teachers. Thus the expert opinion was gained. Further, the activities were tested at
secondary schools. During the assigning of the activities, | observed how the students work
and whether they have some problems with understanding the activities. The observation
was unstructured, and it was realized in the usual environment — as a part of physics classes
that | attended.

An interview with two students and their teacher was used as another data collecting
method to inquire their opinions of usability and usefulness of the activity. It took place
after the physics class, where the particular activity was assigned. The standardized open-
ended interviews were prepared to collect required data. The framework of the teacher’s
and the students’ interview can be seen in Table 10. The questions for the teacher are
divided into four parts — general view of the activity, usefulness of the activity, usability of
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the activity and a question for sake of completeness. The students’ interview contains fewer
questions and was shorter. It was a simplified version of the teachers’ interview. All the
interviews were audio recorded and analysed afterwards.

Questions for the teachers

General view of the activity:

What is your overall impression of the recent lesson, where the activity was assigned?
How much are you satisfied with the students’ work during filling out the worksheets?
How did the students — according to you — react to the activity? Were their reactions
typical? Did they work as usual? For negative answers, please explain in what did their
reactions differ and how do you understand it.

Did any difficulty appear during filling out the worksheet? Which one?

Usefulness of the activity:

Do you think that the prepared worksheet (or rather the activity) can be useful to your
students? Why? How?

What would you as negative about the prepared activity?

What would you rate as positive, if any, about the activity?

Is there anything you recommend to be modified on the activity design?

Usability of the activity:

Do you use any similar activities in your lessons?

Can you imagine that you would use this or a very similar activity in your lessons more
often?

For the sake of completeness:
Would you like to add any information, your opinion or observation to the recent
activity, to the worksheet or to the students’ work?

Questions for the students

e How have you been working during filling out the worksheets?

e Was the assignment of the worksheet clear for you? Did you know how to work
with the worksheet without any additional information from your teacher?

e |s there anything you would want to change in the worksheet?

e What could be using of the worksheet good for? What did it bring you?

e What do you think is this activity supposed to help practise?

e Did you practise it?

e Would you want to add any information, your opinion, or observation to the
worksheet or your work?

Table 10: Framework of the questions used to interview the teachers and the students.

The interviewed students were chosen by their teacher. My requirement was to choose
such students who are not poor in physics but they do not excel in physics either. | wanted
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to interview two average students who have some problems in physics but they make
efforts to learn physics, and the studying does not bother them.

The students and the teachers were interviewed in their schools. For this reason, it was
necessary to take their timetable into consideration. The students’ interviews took from
5 to 10 minutes; the teachers’ interviews took approximately 15 minutes. Records from all
interviews are available at the Department of physics education for inspection. In two
cases, neither the students nor one of the teachers were interviewed due to lack of their
time. Nevertheless, the students and the teacher answered all the prepared questions in
writing afterwards.

Results of the interviews are summarized below the description of each activity in the
following part of this chapter.

3.3 The activities and their usability

In the following part of this chapter, each activity is described. The description of each
activity starts with stating main aims and reasons why such an activity was prepared.
The first section of the description is called Inclusion of the activity in teaching. It is
primarily focused on physics topics in which the presented activity can be used. The second
part How to work with the activity describes application of the activity in class. Testing of
the activity, the third section of the activity description, engages in the findings gained from
the observation and interviews executing at secondary schools and investigating the
usability and usefulness of the activities. Findings of the interviews with students and their
teachers are presented after the description of each activity.

The following subchapters contain brief description of the activities. For the detailed
description see methodical materials of each activity enclosed in Appendix B (in Czech)
and C (in English).

3.3.1 Careful reading

Reading of the task assignment attentively belongs to the very important parts of problem
solving. Careful reading helps to understand the problem more easily and can prevent doing
careless mistakes. It is the first prerequisite for solving physics tasks successfully.

Almost all the students write a list of numeric values from the assignment before starting to
solve the task (which is the result of the research described in subchapter 2.5.1). However,
students should also give attention to the nonnumeric information in the task because
sometimes it could be crucial for the solution. The aim of the activity described below is to
emphasize the necessity of attentive reading of the assignment. For this reason, the activity
works with analysis of the text purposely and shows that not only numeric data are
significant for solving the task.
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The methodical material and prepared worksheets with solutions are enclosed in Appendix
B.1 (and in Appendix C.1). The two created worksheets are focused on tasks from
mechanics (mechanical pressure and revision of mechanics). Both worksheets are usable for
secondary school students.

3.3.1.1 Inclusion of the activity in teaching

Careful reading is an activity that can be used almost at any time. Tasks with long text or
with excess information are very suitable for this activity. In such tasks, students have to
think about importance of particular information.

The activity can be easily integrated into common physics lessons concentrated on solving
tasks. Although worksheets for students were prepared to test this activity, it is possible to
connect it to the physics tasks he teacher wants to solve in the class.

3.3.1.2 How to work with the activity

Every student receives a worksheet with several assignments of physics tasks from the
actual schoolwork. The work with the activity can be divided into four parts — (1) students
work with the text of the first task in the worksheet independently; (2) they check the
results with the teacher in detail and the teacher solves the first task on a blackboard;
(3) the students solve the rest of the worksheet independently; in the end, (4) the students
check the fulfilled worksheet with their teacher.

The students’ job is to read the task assignment through and highlight not only the numeric
but also the nonnumeric data significant for solving the problem. Afterwards, they write
down a list of all the significant information included in the assignment. Students should
work independently on this part of the activity and when their work is done, they discuss
their results (the highlighted data and the list of the data) with their neighbouring
classmate. Afterwards, the teacher marks the significant information (or reads them aloud),
and writes a list of the significant numeric and nonnumeric values on the board.
The teacher discusses with the students, why the information are significant for the
solution. He or she can also point out the information that seems significant but they are
not used for the solution.

Of course, it is possible to solve all the tasks from the worksheet after the activity (or as
homework). In such a case, students can mark the parts of the solution where the chosen
nonnumeric data was used. The importance of the data is shown this way.

3.3.1.3 Testing of the activity

Although the activities were primarily meant for upper secondary schools, this activity was
tested at two junior secondary schools by first and second year students (students at the
age of 11-13). The teachers who agreed with testing of the activities decided to use this one
in junior secondary school classes because Careful reading is one of the few activities that
can be used there (the other activities could be considerably difficult for younger students).
The teachers also claimed that the younger students are skillful and willing to test some
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new methods. Moreover, both teachers agreed that the activity is suitable more likely for
the younger students than for the older ones.

For one class, a worksheet on dynamics was prepared. The teacher proceeded according to
the methodical instructions and told students to solve all the tasks in addition. Two students
and the teacher were interviewed after completing the worksheet to find out whether the
activity seems useful to them and whether some obstacles appear in comprehension of the
activity assignment.

From the observation in the class followed that several students did not highlight the
significant information in the first task and they “only” solved the task as usually. Moreover,
some students highlighted only the numeric values in the assignment. However, both of
these phenomena were disappearing with every passing task. These facts were also noted
by the teacher who stated them in the interview:

“Some students needed a little help (with the activity) but within the lesson, they
were getting better. In the beginning, it was a slower course but after that, the tasks
ran faster already.”

Many students highlighted more expressions than it was necessary for the solution.
One student also mentioned this conclusion in the following interview.

During the interview, the students appreciated the possibility of working in pairs or in small
groups when working on the worksheet. According to them, such a work is less stressful
because they have the opportunity to consult their opinions or results with their
classmates:

“I liked that | could consult with other people during the work; not only with my
classmate sitting straight next me, but also with Matéj who was sitting in front of

”

me.

They saw the usefulness of the activity in practising the schoolwork and logical thinking.
One student said it is a very good idea to highlight the important information by bold
colours. In his opinion, it can make the assignment clearer and it helps during solving of the
physics task:

“It is an excellent idea because when someone has a coloured highlighter, it catches
his eye when he looks at the assignment, and he says to himself: ‘Yeah, this and
that...” And he calculates; He needn’t to search it again.”

The teacher saw the activity as useful for students to realize what is important in the task.
However, according to him, the activity is applicable only for younger students or for
students who have just started to learn how to solve physics tasks. The teacher thinks that
the older students could consider the activity childish.
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Another very interesting conclusion appeared during the interview with the teacher.
The teacher mentioned that the younger students are sometimes extremely observant to
“inaccuracies” occurring in physics tasks. Therefore it is hard to write for them a text that is
natural as well as sufficiently physically accurate.

“The younger students are so observant that it is pretty difficult to create such a text
for them that is natural and adequately accurate at the same time. They are able to
see in the task ‘But what if...” What if a wind were blowing in the task in addition?”

The teacher in the second class decided to test the activity in another subject —
in mathematics. For this activity, she chose several word problems she wanted to solve with
students in any case. The students highlighted the significant information in the first
assignment independently and the checking of right solution followed — one student read
the assignment aloud and the others put up their hands the moment some significant
information was pronounced. According to the teacher’s report, improvement in students’
thinking was seen already after solving the second task. The teacher decided to test the
activity on the basis of our previous discussion (she had the methodical materials at her
disposal), therefore no observation in the classroom or interviews were carried out.
The teacher reported her experiences and impressions by written record.

3.3.2 Conditions of law’s applicability

The qualitative analysing of the problem is for students both one of the most difficult and
one of the most important parts in solving physics tasks at the same time. Students’
solutions of physics tasks are almost entirely formula centred which differs significantly
from problem solving techniques used by experienced physicists (Van Heuvelen, 1991).
According to Harper (2006), the fact that students often skip the qualitative steps in solving
physics tasks and jump to equations can be caused by students’ unawareness of the useful
information that are contained in the qualitative representation. For this reason, the activity
described below works purposefully with the qualitative analysis of the physics tasks and
with determining the conditions allowing or preventing applicability of some physics
principles. In this activity, students should realize it is not possible to use each formula in
every situation.

Methodical list, two worksheets for secondary school students, and solutions of the
worksheets were prepared within the activity — in mechanics and in electromagnetism.
All the materials are enclosed in Appendix B.2 and C.2.

3.3.2.1 Inclusion of the activity in teaching

The activity can be used mostly in topics containing physics laws or principles, validity of
which does not have to be necessarily fulfilled in each situation. Such a topic is for example
motion in gravitational field in which applicability of conservation of mechanical energy or
conservation of momentum have to be determined (see worksheet in Appendix C.2).
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Other examples are equations of state for an ideal gas or principles from magnetostatics
and magnetodynamics concerning relations between electric current and magnetic field.

3.3.2.2 How to work with the activity

Students receive worksheets with several physics tasks or described physics situations and
a list of physics principles. Their aim is to determine whether each of these principles is or is
not applicable in each assigned situation/task and why. The students make the decision
about applicability of the principles regardless of necessity for using the principles in the
task solutions. The students do not have to solve the tasks.

The students are supposed to work individually or in pairs. They are allowed to discuss their
decisions in small groups. After completion of the worksheet, the groups of students
present their solution to the whole class and together with the teacher they discuss the
correct solutions.

The activity Conditions of applicability is very similar to an activity called Principles needed
for solution (see below). In this activity, students select physics principles that are
appropriate for solving physics tasks assigned in the prepared worksheet. Principles needed
for solution is a more difficult activity, because students do not need only to think about the
applicability of the principles but they also have to determine which principles lead to the
solution of the tasks in the worksheet.

3.3.2.3 Testing of the activity

The activity was tested in three lessons at two upper secondary schools. | visited the lessons
to see how students work with the prepared worksheets and to interview them and their
teachers for usability of the activity. Two different worksheets were tested in the lessons —
a worksheet on mechanics that was tested by first year students (students at the age of 15-
16) and a worksheet on electromagnetism tested by third year students (students at the
age of 17-18).

The second mentioned worksheet was partially modified after the interview with students
and their teacher. The problem was with understanding the activity assignment that was
described in the prepared worksheet. Nevertheless, the teacher had the methodical
material for the activity at disposal and therefore he explained the assighment to the
students correctly. The assignment was rewritten more clearly afterwards and it was tested
again at another school by the third year students. Students appreciated illustrative
example added to the worksheet that made probably the assignment clearer.

Both teachers who tested the above described activity agreed on usefulness of the activity.
According to them, it is very beneficial for students to look at the quantitative tasks from
another perspective and not only to search for numerical solution, which is the work
students are most often accustomed to do. This manner of work can be exampled by
several students in the tested classes, who started to solve the tasks in the assigned
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worksheet immediately after receiving the worksheets without previous reading of
the assignment.

One teacher noticed that some students who have more difficulties in solving physics tasks
and whose marks in physics are poorer engaged in the activity and the subsequent
discussion very well. These “poorer” students obviously enjoyed the activity because they
did not need to solve the tasks. According to the teachers and the asked students, the
activity can be useful for the “poorer” students to help them with better understanding
given physics principles.

One teacher was surprised that the worksheet was not trivial even for apt students who
usually do not have problems to think about the physics tasks. One student added that for
her stating an applicable physics principle was sometimes paradoxically more difficult than
solving the assigned task and finding the numerical result:

“Some tasks were relatively difficult for me. It was necessary to focus a lot, and
paradoxically, it was more difficult for me to state the principle than if | only
calculated with the stated values... | realized how | am usually used to fit some
formulas to the tasks without even thinking about the principle the task is based

7”7

on.

From this student’s answer it seems that difficulties in stating the applicable physical
principles (or the qualitative analysis of the problem itself) are caused by the student’s
attitude toward the solving of physics tasks that is often formula-centred. My hypothesis is
that the formula-centred attitude is sufficient for the solution to the common school physics
tasks. For this reason, students do not feel the need to think about the physical concepts
hidden in the physics tasks.

The students as well as the teachers from both schools where testing took place saw
usefulness of this activity in forcing students to think about the tasks. One student
expressed it in her answers:

“I was thinking about the particular tasks much more for sure. It was a change
compared to the mathematical manipulation with formulas and | realized what the
particular relations reflect. | created connections for myself.

We should learn to think in the tasks about what holds true during their solutions
and why, what the formulas reflect, and that it is possible to apply these principles
[conservation of mechanical energy and conservation of momentum] to an entire
range of tasks. Sometimes, we solve the tasks by trying formulas, on which ‘letters
and values’ from the task assignment fit. | think, the worksheet should teach us to
think about why we just now used the given formula.”
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The students found out by themselves they often look for physics formulas and equations
that contain exactly the same quantities as the task assignment and they often do not
understand what the given equation means. Nevertheless, one student said that thinking
about the task is very difficult for her in written exams. In such situations she feels under big
pressure (partly because of time pressure and partly because she wants to receive a good
mark) and for this reason, it is easier and more pleasant for her to memorize some
equations and work with the equations mechanically.

Both questioned teachers saw the negative aspect of the activity in the time demand.
One teacher expressed this problem as following:

“It would be optimal to carry out such an activity as often as possible. But it is
necessary to compromise between this activity and the given curriculum.”

However, both teachers stated that they will use such an activity more often during their
classes.

3.3.3 Principles needed for solution

As | stated above, this activity is very similar to the activity called Conditions of applicability.
It focuses on qualitative analysis in problem solving and on work with physics principles that
are significant for solving the assigned tasks.

According to researchers Chi et al. (1981), expert and novice problem solvers differ in their
view on the problems. Expert problem solvers often look for the principles when solving
physics tasks, whereas novices (majority of students also belongs to this category) tend to
focus on surface characteristics of the tasks when solving them. In this activity, students
should realize that seemingly equal physics tasks can require different physics principles to
solve them.

The activity stated below was inspired by a research described in (Leonard et al., 1996).
Inthe mentioned research, categorization of several physics tasks according to major
concepts needed to be applied to solve each task which was used as a part of a final exam
in a calculus-based introductory mechanics course for scientists and engineers. The idea of
the activity was adopted from the research.

Methodical material and several separate worksheets with solutions were prepared for
Czech students. These materials are enclosed in Appendix B.3 and C.3. The prepared
worksheets are from the following topics:
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e 3 worksheets on dynamics (1 for secondary school students, 2 for university
students in introductory course of mechanics or for secondary school students of
graduation classes);

e 2 worksheets focused on equations of state for ideal gas (1 for secondary school
students, 1 for university students);

e 1 worksheet with principles from electromagnetism for secondary school students.

3.3.3.1 Inclusion of the activity in teaching

The described activity is better to use after learning a wider part of physics. It is optimal to
integrate the activity into topics where similar tasks are solved by using different physics
principles. Due to the similarity with the activity called Conditions of applicability, the topics
suitable for this activity are the same — for example dynamics, thermodynamics or
electromagnetism.

3.3.3.2 How to work with the activity

The worksheets that students receive contain several task assignments and a list of
individual physics concepts or their combinations. The students’ goal is to decide which
concepts need to be applied to solve each task in the most efficient manner. Students do
not need to solve the tasks.

At first, students work individually and they choose the answers on their own. Afterwards,
they check their answers in pairs or in small groups. At the end of their work, students
discuss their results together with their teacher.

It is possible to let the students solve the tasks included in the worksheet after the final
discussion about the results (in the class or as homework).

3.3.3.3 Testing of the activity

Students of three upper secondary school classes (first, second and fourth year students at
the age of 15-17 and 18-19) and first and third year university students (students of
a physics program adjusted specifically for future teachers, at the age of 19-20 and 21-22)
tested the presented activity. Worksheets on mechanics and thermodynamics were
assigned at both levels of the education.

From the interview and the observation carried out in the classrooms followed that many
students, even the university students, started to solve the given physics tasks to find out
the correct concept needed to solve the tasks in the most efficient manner, although it was
not necessary to solve them. Nevertheless, this approach was not forbidden in the
assignment and because of students’ low or rather no experiences with such an activity it
seems to be natural for them to start with solving of the tasks.

The observation also showed that students — when they were not sure which assigned
physical principle would be the most suitable for solving of a physics task — chose such
an answer from the offered possibilities that contained multiple physical principles.
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Example:

A solid body slides down from a perfectly smooth inclined plane. The length of the
plane is 20 meters. During the motion, the centre of mass of the solid is lowered
about 5 meters. Find the magnitude of the velocity of the body at the end of the
inclined plane if it is released freely from the highest point of the plane. Ignore the
friction forces.

In this task, students often chose an answer that contained using two principles:
‘conservation of mechanical energy’ and ‘equations of motion’ instead of choosing only the
‘conservation of mechanical energy’ principle.

One secondary school student mentioned during the interview that it was very strange and
suspicious for her to have two physics tasks looking much alike in one worksheet.
She mentioned two tasks describing the same situation (a bandit sitting in a tree who wants
to get to the ground by using a pulley system) in which different quantities were looked for,
and the tasks were solved by applying different physics concepts. According to her, it was
obvious that these two tasks will need different approach to solve them. On the other hand,
she added that the similarity of the tasks forced her to think deeper about the concepts
suitable for the solutions.

One student said:

“We, with our teacher, try to sketch somehow the situation and seek how it could be
solved, but it is rather that our teacher speaks and we calculate after; we already
know what to calculate. So, we calculate rather than think if it is possible or not —
such an analysis, | mean.”

This statement says again that students are focused on calculating rather than searching
physical concepts in the tasks. The qualitative analysis is made by the teacher or at least
with the teacher’s help and perhaps for this reason it is not considered so crucial.

The students appreciated the activity. They saw as an asset that working with the given
tasks according to the assignment of the activity provided them with another perspective
on the issue. The students also saw the activity as a good opportunity to practise the
acquired knowledge.

The teachers also concurred in the view of the activity. According to them the activity is
useful for students, because it is “halfway between the theory and the common solving of
physics tasks” and it is something else than what the students are used to do in physics
lessons.

The teacher who used the activity in the graduation class (the fourth year students) was
very enthusiastic about the activity. In his opinion, students can more easily see the whole
picture of the physics thanks to this activity.
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“I like the activity very much and it seems to me like a great idea! Because it exactly
fits into the period when the schoolwork is already reviewed, the students are in
graduation class, and we are already going through something else. But the
students should be able to see the whole picture of this topic. If they should
calculate the tasks, they wouldn’t calculate them even during two hours. It is
laborious. Maybe | would calculate it in two hours, and | know exactly what should
be done with each of the value. But they should be able to see the whole picture to
realize Aha! There is the friction, so the conservation of energy can’t be valid.” But it
was seen that many of them don’t see it. That’s why the activity was useful.”

The teacher also decided to add such an activity to physics lessons in the graduation class
more often.

Nevertheless, as well as in other activities, the secondary school teachers saw one
disadvantage of the activity. According to the teachers, the activity is time-consuming and it
is not possible to use it very often.

3.3.4 Classifying the equations

The results from the research concerning students’ perception of the problem solving
process in physics (see chapter 2 Questionnaire research on secondary school students’ and
teachers’ views on problem solving) show that equations and formulas are very important
for students when solving quantitative physics tasks. This result is also supported by other
international researches (e.g. Chi et al., 1981; Van Heuvelen, 1991; Hegde & Meera, 2012).
Students believe they need to memorize as much physics equations as possible.
Nevertheless, this approach to the problem solving is not desired and students should be
taught to distinguish important and less important equations. For this reason, it is
appropriate to show students that some equations can be used only in particular special
solutions or can be easily derived from the important physics formulas.

Scarl (2003) states one possible option how students can work with classification of physics
equations. This illustration served as an inspiration for the presented activity. Thanks to this
activity, students should start to think about importance of physics equations and which
equations are useful to know by heart.

Two worksheets for secondary school students were prepared. The first one is focused on
mechanical energy and mechanical work, the second one applies to rotational kinetic
energy. The worksheets include a set of cards; each card contains one physics equation. The
second worksheet can be understood as an extension of the first one; during work on the
second worksheet, students have the cards from the first set at their disposal and they can
use them to create astructure between all the equations. Both sets of equations were
created in cooperation with the teacher who assigned this activity in his lesson afterwards.
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The teacher chose the equations that were used in both sets and he also marked the
important and less important equations.

The worksheets together with their solutions and the methodical list are enclosed
in Appendix B.4 and C.4.

3.3.4.1 Inclusion of the activity in teaching

Classifying equations is an activity that can be used in all physics topics where manipulation
with equations appears to a higher extent. The activity can be used by completing cards
prepared in worksheets or it can be integrated into a common lesson by stressing equations
that are important and worth to remember when solving physics tasks.

3.3.4.2 How to work with the activity

The presented activity differs from the others considerably. The prepared worksheets do
not contain physics tasks or physics situations but physics equations without any description
of physics content. Each equation is written on a separate card.

Each student receives a set of prepared cards with equations. Students’ job is to determine
which of the presented equations can be considered as important (i.e. it is necessary to
memorize them) and which is less important (it is not necessary to memorize them, they
can be easily derived from the more important equations, they are not used too often ...).
Students also decide from which equations the less important equations are derived.
Students name all quantities appeared in each equation and they can draw a sketch or
describe the situation that matches the given equation.

The students work individually or in pairs and they write their solutions down on the cards.
The cards offer the opportunity to rearrange them and thus create a structure between the
equations (e.g. students can put the less important equations under the important
equations from which they are derived).

After the individual work, the teacher discusses the right solutions with students.
The teacher also should explain to the students that there is not the sole right solution of
this activity. The division of the equations according to the importance depends on many
circumstances — for example how many physics lessons are there per week, in what level of
education the activity is used, what is the teaching style of the teacher, etc.

3.3.4.3 Testing of the activity

The activity was tested at a secondary technical school in a first year (students at the age
of 15-16). The students received a set of cut cards with physics equations (energy of
translational motion) and they worked with it. Several weeks later the teacher assigned
a second set (energy of rotational motion) that was a follow-up to the earlier one.

The observation carried out in the classroom showed that students either divided the cards
in two groups according to the importance of the physics equations (important and less
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important equations) or they arranged the cards on the desk according to the relations
between the equations. Nevertheless, the first approach predominated.

It is also very interesting that the students had more problems to deal with the second set
of equations, although they already worked with this activity. They acted more uncertain
and they often asked the teacher whether their answer is correct. The teacher ascribed this
behaviour to the fact that they can better imagine the translational motion than the
rotational.

The students saw the usefulness of the activity in the opportunity to practise the learned
subject in a new way:

“We practised the schoolwork and came to realize that the equations are
interrelated.”

According to the students, the big benefit of the activity also is in drawing or describing
physics situations matched with the prepared equations. The students consider the activity
to be a good variegation of the physics lesson.

The teacher agreed with the students on the opinion that the presented activity can help
students with better understanding of physics concepts and connections between them.
The teacher also added that such an activity places considerable demands on the teacher to
answer or explain the issues concerning the situations that students draw to each equation.
According to the teacher, it is important to realize that this activity is not suitable for every
teacher as well as for every class — for example, it is necessary to consider whether the
students or the teacher are willing to work the way it is described in the activity. At the end
of the interview, the teacher said that it is important to treat that kind of activities wisely
and the activities should not be used in every physics lesson.

3.3.5 Reasonableness of the answers

A very important part of solving physics tasks is a discussion of task results. It is important
for each solver to think about feasibility of the answers when solving physics tasks.
The activity works with verification of numeric values in tasks’ answers on the basis of
students’ experiences. It should also help students to create an idea about real values of the
task answers.

The aim of this activity is to realize that it is necessary to think about the results during
solving quantitative physics tasks. Students should try to think about reality of the task
results and thus verify whether their solution can be right.

The assignment of the activity was inspired by a teacher who used the same method of
teaching in her physics lessons. The teacher collects the wrong answers from the students’
written examinations and once in a while she assigns several wrong and right answers to
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the students and she asks her students to decide whether and why these answers are
wrong or correct.

For this activity, two worksheets were prepared — on kinematics and dynamics.
Both worksheets are applicable to secondary school students (Appendix B.5 and C.5).

3.3.5.1 Inclusion of the activity in teaching
Physics chapters containing tasks with numerical values with which students have
experience from the real life are suitable for this activity.

It is also necessary for a teacher to assign to students only tasks with real values in common
lessons. Failing that, students can be confused by the unreal results and the meaning of the
activity might fade away.

3.3.5.2 How to work with the activity

During this activity, students receive worksheet with several answers to physics tasks.
The aim for students is to determine, which of these answers are real and which are
nonsensical. The students also should support their statements by some arguments.

The students work individually or in pairs, and they check and comment their results with
the teacher afterwards.

It is also very expedient if the teacher states some typical as well as extreme values
of physics quantities in each taught physics part (e.g. typical values of electric resistances,
refractive indices, specific heats). The students have an opportunity to compare values of
guantities with which they do not have direct experience this way.

3.3.5.3 Testing of the activity

The activity was tested at an upper secondary school by first year students (at the age of
15-16). The students worked better during completing the prepared worksheet than usual
according to their teacher. The teacher thought that it could be caused by the fact that such
a method of work was new for the students and they liked it for this reason.

The interviewed students appreciated the activity very much. According to them, the
activity was very interesting and useful at the same time. They saw the usefulness of the
activity in the opportunity to practise already explained schoolwork in a different way. The
students also rated very high that the tasks prepared in the worksheet were closely
connected with problems they know from real life.

“Everything was clear, we knew what to do, and we could practise something thanks
to the worksheet. And it was also practical and more gripping. Just tasks from an
ordinary life.”

The teacher’s opinion about usefulness and usability of the activity concurred with the
opinion of the students very well. The teacher considered the activity suitable for practising
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the schoolwork in another way than the common solving of physics tasks is. He also
mentioned he hopes that such an activity helps at least several students with thinking about
correctness of their answers in future solving of physics tasks.

“Maybe some students, not everybody but some of them, take from this activity also
the superstructure — that there can be trouble with the result. When they will have
results of a common task and when they will make some numerical mistake, they
will say to themselves Aha, the value is somehow huge. This doesn’t seem right.” So,
they will check it after that.”

3.3.6 Solving aloud

Problem solving belongs to activities that run in solvers’ minds for the most part; thereby it
is very difficult for teachers to know exactly what is going on in students’ minds during
solving physics tasks. It is also very difficult to improve problem solving skills unless the
teacher explains all steps in solving a physics task aloud (Whimbey & Lochhead, 1999).

For this reason, the described activity works with easy physics tasks that students solve by
“thinking aloud”. This approach leads the students to more careful qualitative analysis of
the physics tasks.

The activity was inspired by a book (Whimbey & Lochhead, 1999) where thinking aloud is
used to help readers to increase their analysis skills for analytical problems and reading
comprehension.

3.3.6.1 Inclusion of the activity in teaching
Solving aloud is an activity that can be used anytime in the class. Easy physics tasks with
a short assignment are suited for the activity.

The activity is intended rather for students in selected physics seminars or for classes with
smaller number of students. It is also suitable for classes where a teaching assistant works
besides the teacher.

3.3.6.2 How to work with the activity

The activity can be divided in two parts. In the first part, the teacher solves the physics tasks
aloud — he or she is a solver — and the students supervise him or her (the students are
observers).

The second part is students working in pairs, one student (the solver) solves the physics task
aloud and the other supervises him or her (the observer). After solving the first task,
the students switch their roles.

The first part of the activity can be easily used in common classes and can be considered as
an independent activity. In the second part, the teacher should take into account whether
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using such an activity is practical in the given class and whether the students play along with
the activity. The activity should always start with the first part in any case.

The roles of the solver and the observer are very important.
Role of the solver:

The solver says all steps of the solution as well as all his or her ideas aloud during solving
of a physics task. He or she writes each step of the solution and solves the whole task
on his/her own.

In the first part of the activity where the teacher is the solver, the teacher can skip some
steps of the solution on purpose; he or she quits thinking aloud or makes a mistake in the
solution. In such a case, the students should stop the teacher and point out the deficiency.
The teacher returns to this part of the solution afterwards, corrects the mistake, and
continues with solving of the task. If the students do not point the teacher out he or she
reminds them to do so next time.

The activity is focused on thoroughness. It is not right to rush the solution for that reason.
The solver should solve carefully even the easiest tasks.

Role of the observer:

The observers watch and check the solution. In case the solver forgets to say some step of
the solution aloud or makes a mistake, the observer stops him or her and asks him or her to
rectify the mistake. The observer’s goal is to pay attention to the work of the solver.
The observer never solves the task instead of the solver.

After the solver solves the task correctly, the observer copies the solution into his exercise
book.

3.3.6.3 Testing of the activity

The activity was tested by first year university students and at one secondary school in
the first year (students at the age of 15-16). During the university seminar, only five
students were participating. Yet, several interesting problems appeared during the work
with the activity.

Although easy secondary school physics tasks were prepared for the activity, the university
students had trouble with starting to solve the tasks aloud. After | (as the lecturer) showed
them what the solution should look like (I solved the first task as the solver and the students
were the observers), this obstacle was eliminated. However, the students faced also
another obstacle — in the group with two students working in pair, not a single one was able
to keep the role of the observer and not to interfere in the solution. During the ensuing
discussion they confessed this was very big problem for them.
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The university students appreciated the activity. According to them it was rather difficult to
solve the tasks aloud and do not skip any step in the solution, on the other hand the
students added that such an approach helped them to better understand the individual
steps of the solution and the problem in general. They compared the activity to the
technique how they tutor the children in maths or physics.

The secondary school students also rated the activity positively. From the interview with the
students followed they see the role of the solver as more difficult than the role of the
observer. Nevertheless, they consider the role of the observer to be very important in this
activity. According to the students, the observer has to focus on the solved task and he
or she has to watch carefully the solution of the task to stop the solver immediately after
he or she makes a mistake. Thanks to the observer, the solver has the opportunity to correct
the mistake immediately.

One student also stated what — according to her — another advantage of dividing students
into solvers and observers is:

“It is also good that the observer only watches the solution and he doesn’t solve the
task, because he could get further in the solution — be ahead — than the solver; and
he could give hints. This way, he has to focus and pay attention whether the solver
makes mistakes.”

The students also appreciated that thanks to the activity they are forced to think about the
solution of the task. One student added that usually the students hurry to solve the given
physics task as fast as possible and they do not think about the problem and only try to
choose some equation quickly, matching it with the quantities in the task assignment.

“Usually, all students hurry to solve the tasks as fast as possible and they do not
think about the solution. They just ‘throw’ the numbers into the formulas somehow.
Like this, it forces us to think about it. If we used the activity more often, it would
surely help us to learn to think better about the task.”

According to the teacher, the students have a problem with rigorous observance of the
activity assignment. For example, the observers had a tendency to give the solvers clues and
the solvers did not say all their ideas aloud. The teacher thinks that this is caused by
students’ deep-rooted customs and it would be possible to eliminate these problems by
repetitive training of the activity.

The teacher stated that the biggest problem appeared when the solver did not know how to
start to solve the given physics task. The solver wrote down a list of given and searched
guantities, drew a diagram, but he or she was not able to force him- or herself to continue
with the solution. Nevertheless, this approach is, according to the teacher, common and it is
very difficult to convince the students of for example searching a similar task instead of
their attitude “I don’t know how to continue and therefore | won’t do anything”.
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In spite of problems that occurred during the activity, the teacher considered the activity
very beneficial for the students. He believed that the activity forces the students to really
understand the task solution. The fact that all students are engaged in the activity is
evaluated also as a big benefit by the teacher.

The biggest disadvantage of the activity is seen by the teacher in the feasibility of effective
management of the class. With large numbers of students in the class, the teacher manages
to watch the work of the individual pairs only with difficulty. Nevertheless, according to the
teacher, the work in pairs during this activity is very beneficial for the students and
therefore he decided to include the activity into the physics class more often. The teacher
intends to try to use this activity in specially designed physics lessons where only one half of
the students is present and he wants to divide the students into groups of fours for
the work.

3.3.7 Creating own problem solving plan

As | described in the first chapter Solving of quantitative physics tasks, many problem
solving plans can be found in professional literature (e.g. Svoboda & Koldfova 2006 or
Caliskan et al., 2010 describe a general plan for solving quantitative physics tasks; Van
Ausdal, 1988 states detailed “Structured Approach to One-Dimensional Constant
Acceleration Problems” in mechanics; or very well-known Polya, 2004 shows the four-step
solving technique in mathematics that can be, and often is, easily adopted into physics).
All these plans are very similar in grounds and are very closely connected to the problem
solving cycle stating in cognitive psychology (see Figure 1).

Although problem solving is partly a creative activity and there is no problem solving plan
suitable for all physics tasks (or even for all solvers), the above mentioned plans describe
how expert problem solvers proceed when they solve quantitative tasks. If we want to
teach students to “think like physicists” (Van Heuvelen, 1991), it is convenient to present
some of the plans to the students and to teach them how to use the plans.

The activity described in this chapter focuses on creation of own problem solving plan.
The main aim for students working on this activity is to realize, the problem solving process
consists of several very important steps that are good to follow when solving physics tasks
and useful recommendations to what is necessary to pay attention. Students also realize
which steps they use and compare their own problem solving plan with an expert-like one.

3.3.7.1 Inclusion of the activity in teaching

The activity is suitable for students of all secondary school classes. Nevertheless, it is not
suitable for complete beginners. Before using the activity, teacher should consider whether
his or her students have sufficient experiences in solving physics tasks to be able to create
their own problem solving plan.
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The time demand is rather high. The activity can be carried out during one lesson if
necessary; nevertheless, the suggested time limits must be very strictly kept during the
work. The time pressure can badly influence the activity course and the results. Also, there
is a strong possibility of leaving the work unfinished and missing the aim of the activity.
For this reason, | recommend to reserve two consecutive lessons for this activity.

3.3.7.2 How to work with the activity

Creating of own problem solving plan is divided into four phases. Students work on the plan
in the first three phases and present their plan in the last phase. The work runs in groups.
The number of members in the groups is increased during the work. The students start
work in pairs and the groups are joined twice, so they finish their work in groups of eight.
In case of different number of students in class, the teacher should adjust the division of the
students, so that the final groups contain about six to ten students .

The development of the activity together with time demand of the individual phases is
described in the methodical material in detail (see Appendix B.7 and C.7). Below you can
find brief characterization that helps you to create coherent picture of the activity.

In the first phase, students work in pairs. They write down as many ideas as they can to
answer the question “How do | proceed and what do | pay attention while solving
guantitative physics task?” Every single idea should be written on a separate piece of paper.
(The self-stick notes turned out to be very handy during testing of the activity.)

The second phase is very similar to the first one, the difference is that students work in
fours now (two pairs together). They discuss their ideas, group similar ideas together, and
they add other ideas that occur to them.

In the third part, the foursomes team up and they create groups of eight (in a common case
with 32 students in class, they create four groups). In this phase, students can still add other
ideas, but their main goal is to classify their thoughts, make some structure of them, and
most importantly, to create their own problem solving plan on the base of the ideas written
on the pieces of paper. Students should represent their plan graphically. For this reason,
sheets of big format paper, felt-tip pens, coloured pencils or crayons and adhesive tapes
must be prepared for them.

Presentation of students’ plans takes place in the fourth phase of the activity. The form of
the presentation of the results of individual groups can be chosen from several possibilities
— short oral presentation, commented tour through plans’ exhibition, etc. During the
presentation, students should present their own ideas, acquaint with work of other groups,
and compare their own results.

2 |n a case when the number of students in the class is not divisible by eight, the teacher should lead
the division of the students to create the final groups of 6 to 10 students.
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Afterwards, teacher shows students one of the “professional” problem solving plans and
offer the opportunity to compare their plan with the plan recommended by expert problem
solvers. It is also useful to discuss with students what parts of their plans are the most
important for them, whether there are some big differences between their plans and the
professional ones, whether there appeared some notes that surprised them or helped them
to realize some important steps in the problem solving process, or for example whether the
students made a “promise” they would pay (greater) attention to some steps when solving
physics tasks. During this activity, the students can be also inspired by hints and
recommendations of their classmates, which can be sometimes more useful for them than
the recommendations provided by the expert problem solvers.

The teacher can use results of this activity during standard physics class when solving
quantitative tasks. He or she can refer to the created students’ problem solving plans and
show, which part of the plan (which step) he or she follows at a given moment.

Teacher can also return to the created plans after a longer period (for example after half
ayear) and ask students to review the problem solving plans and their individual steps.
They can discuss whether students really use some steps or whether some steps can be
added after gaining more experience.

3.3.7.3 Testing of the activity
This activity was tested in a first year of bachelor’s degree for the future physics teachers
and in a first grade at a secondary technical school (students at the age of 15-16).
Mechanics was gone over in both groups which could partly affect the particular ideas in
the created problem solving plans.

University students

The university students worked on the problem solving plan for only one lesson
(45 minutes). Four students were present on the lesson (there are only eight students in the
class). For this reason, the activity was adjusted to them — they worked individually in the
first phase, in the second phase they were paired, and they created their own problem
solving plan in the team of four. After creating and presenting the plan, the students and |
discussed beneficial effects of the activity.

Students agreed on the usefulness of the activity during the concluding discussion.
They saw the benefit especially in the opportunity to try to form their own problem solving
plan and to realize what steps they actually use during solving physics tasks. They also
mentioned that it was very useful to work in groups because they would not cover all steps
needed for solving physics tasks individually and this way, they had an opportunity to be
inspired by hints and recommendations of their peers.

Secondary school students
At the secondary school, the activity ran for two consecutive classes (90 minutes). The school
has a STEM aimed curriculum, for this reason boys predominated among the students (only
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one girl attends the class). 19 students attended the activity which proceeded according to
the above mentioned instructions. The students started their work in pairs or trios, and
atthe end they created two individual problem solving plans. The activity was led by
students’ regular teacher; | only observed the students’ work and interviewed two students
and the teacher after finishing the activity.

Students approached the activity very lively and creatively. Level of their enthusiasm was
surprising also for the teacher, who did not expect such a positive students’ approach.
The students enjoyed especially the phase where they made the final problem solving
plans.

The students did not obtain any instructions what the problem solving plan should look like.
They chose their own form of graphical representation. They created very interesting and
useful plans (see Figure 11, 12, and 13) and were also very pleased when they found out
their own plans are comparable to the expert-like plans.
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Figure 11: Photo of the first students’ problem solving plan.
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Figure 12: English version of the first students’ problem solving plan.
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Figure 13: Photo of the second students’ problem solving plan and its English version.
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From Figure 11-13 can be seen that one group of students depicted the problem solving
plan in a form of atree structure, whereas the second group chose the form of twelve
important items.

During the interview, both students stated independently that they saw the activity as a
useful way of realizing importance of particular steps required during solving physics tasks.
They concurred that it can help students to start to use the steps of the problem solving
plan they did not use before. The students also viewed the activity to be suitable to realize
what they automatically do during solving of physics tasks.

“It was great. ... The division [into pairs, tetrads, and octads] was good, because we
devised something at first, then something else was added to this. One half of it was
maybe the same, but several new ideas were added, and our work was gradually
completed in more detail. Thus, the ideas stacked up and because of this, we found
out many details we didn’t have in the beginning.”

“We could realize what we usually do. Thus, it helped me. And most importantly,
a person who is usually skipping some steps realizes it and maybe won’t skip them
next time.”

“We can realize what we should do during solving tasks, to avoid panic, to realize
what to do as the first step. When one solves a task, he doesn’t realize it very much.
He does many things automatically and mainly, he skips some things. But like this,
when we can think about it, we realize many things we didn’t do before and we
could start to do now.”

The teacher’s opinion was very similar to the students’ answers. According to him, one of
the biggest benefits of the activity is that students themselves realize what they should do
during solving physics problems and that the plan is not forced upon them by any authority.
According to the students as well as the teacher, the problem solving plan can be used in
other subjects (e.g. mathematics) with only small modifications.

In teacher’s point of view, the weakest point of the activity is the required time.
He regretted he had to stop some phases of the activity and force students to proceed to
following phases.

Expert performance

The activity was also presented on GIREP-MPTL 2014 International Conference (GIREP-
MPTL, 2014) as a workshop (see Figure 14) where the participants had the opportunity to
create their own problem solving plan. Five participants took part in the workshop. In the
first phase they worked individually, in the second phase they created one pair and one trio,
and they were grouped together afterwards to work collectively on the final problem
solving plan. Most of the participants were secondary school teachers.
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The outputs of the workshop will be published in proceeding of the GIREP-MPTL
International Conference.

Figure 14: Workshop participants creating their own problem solving plan.

All participants were much more experienced in solving physics tasks than the university
and secondary school students, which affected the created plan. Whereas the students
were influenced by the physics topic they went over during creation of the problem solving
plan, the participants of the workshop tried to create a plan that would be more general
and that would involve all thinkable cases occurring in solving quantitative physics tasks in
all topics.

The created plan consisted of two parts — general and particular problem solving steps.
The general problem solving steps that are suitable for all physics tasks and all solvers
formed the midstream of the plan. The particular specifics were placed on the sides of the
plan. Iwould like to state a note from one workshop participant from Malta as
an illustration of the particular step:

“In Maltese case, translate to Maltese.”

This statement means a call to students for translation of the task assignment from
English to Maltese, because the native tongue of the students is Maltese but the
primary language of instruction in secondary education in Malta is English.

The problem solving plan also contained arrows connecting the notes and problem solving
steps. At the beginning of the creation of the problem solving plan, the arrows represented
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course of the task solution and they had similar meaning like arrows in flowcharts, where
an arrow coming from one symbol and ending at another symbol represents that control
passes to the symbol the arrow points to. Nevertheless, the arrows received another
meaning during formation of the problem solving plan — they represented also relations and
bonds between the problem solving steps at the end of the work.

After creating the plan, a discussion about participants’ experiences with students’
difficulties in solving physics tasks was approached. During the discussion, the participants
acquainted each other with their methods how to help students in developing their
problem solving skills. For example, one participant mentioned, that she demands to read
task assignment with correct intonation and punctuation from their students. This way the
teacher tries to help students with better understanding of the assignment. Another
example how to improve students’ understanding of the problem was to translate or explain
“unknown” words from the task assignment.

3.4 Summary

Seven activities oriented on improvement of students’ problem solving skills in physics were
developed. The activities are focused on quantitative tasks, especially on creation of general
problem solving plan, careful reading, conditions of applicability and principles needed for
solutions of some physics tasks, importance of physics formulas, contemplation on
reasonableness of answers of physics tasks, and solving physics tasks by thinking aloud.

Together with the worksheets and their solutions, detailed methodical materials were also
created to all prepared activities (Appendix B and C). The methodical materials contain
description of the activity, main aim of the activity and information for teachers how to use
it in physics class. Each worksheet contains assignment of the activity, so that students
know how to work without teachers’ other instructions, and the work part mostly
compounded of quantitative physics tasks adopted from Czech secondary school textbooks
and collections. The solutions of the worksheets can serve as a support for the teachers
during checking the correct answers; nevertheless, they also contain methodical comments
highlighting important or interesting facts concerning the given physics task or the activity
as such.

Although the worksheets were prepared within this research, teachers who intend to use
the above described activities can of course only find inspiration in the created materials
and they can prepare their own worksheets. Moreover, it is not necessary to use these
activities only by means of the worksheets. On the contrary, it is useful to integrate the
activities into common solving of quantitative physics tasks. For example, when the teacher
solves some task on the board, he or she can highlight the data significant for the solution,
emphasize which physics law or principle from the discussed topic meets the conditions
of applicability, or check whether the final result is or is not reasonable. Of course it would
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be much more suitable if the students applied these processes in their solutions
independently.

The activities were tested mostly at secondary schools, as they are aimed primarily towards
upper secondary school students. After each activity had been done, | interviewed two
students in the tested class and their teacher to gather their opinion about the usefulness
and usability of the activity. Some of the activities were also tested by university students in
the study branch “Training Teachers of Physics and Mathematics at Higher Secondary
Schools.” All activities were rated very positively by the students and the teachers.

The students evaluated the activities as very useful and they often mentioned during the
interview that they would like to use similar activities (worksheets) more often in the
classes. Nevertheless, such a claim can be for the most part influenced by the fact that the
students — as they themselves told me — had almost never met with a similar activity in
physics lessons before that. Even some teachers stated that the prepared worksheets are
new for their students. On the other hand, the teachers added that they sometimes
integrate similar methods or procedures into their lessons on which the activities are
focused. But they use them only as a part of common teaching rather than an activity
oriented on practising of a concrete part of solving physics tasks.

All the teachers were coincident with the opinion that the prepared activities are beneficial
for development of students’ problem solving skills in physics. According to them, it is useful
to integrate such an activity into their teaching from time to time. Nevertheless, all the
teachers also concurred that the activities take some time and for this reason they cannot
be used in teaching too often.

The study showed that the concept of the developed activities is perceived very well by
students and by teachers. However, it is important to keep in mind that teachers who were
willing to try new approaches to the teaching were chosen for the research. The students’
positive reactions are for sure partly caused by the fact that the activities were new for the
students. The students knew that completing the worksheets or working with the activities
is not a common part of their lessons and their behaviour was most likely influenced by
their awareness of being observed. On the other hand, the students stated in the interviews
what the purpose of the activities is according to them and their answers often agreed with
the original intents of the activities.

Findings gained from the study can serve as a good ground for more extensive research
focused on investigation of students’ skills that those activities develop. This research
should be a logical follow-up to the above described work.
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Conclusion

Solving of quantitative physics tasks is an important part of physics education. Nevertheless,
students often face many difficulties when solving these tasks. Several studies were devoted
to this area and there are still many open problems in it. It is also useful to study these
problems in local context of a particular school system. Therefore, solving of quantitative
physics tasks at upper secondary schools in the Czech Republic and development of
students’ problem solving skills is the topic of this doctoral thesis.

The thesis consists of three main parts.

The first part (chapter 1) summarizes findings of the existing literature from the field of
problem solving in general and in physics education. Problem solving in physics is a very
extensive topic. For this reason, the chapter focuses predominately on topics that created
a basis for the subsequent research and development of new methodical materials.
Two significant aspects appeared during the literature research — how expert and novice
solvers approach the process of problem solving and recommendations (problem solving
plans) how to proceed during solving of quantitative physics tasks. These two aspects of
problem solving in physics were basis of my subsequent work.

Many studies show that there are big differences between experts’ and novices’ approach
to problem solving in physics (for more details, please see subchapter 1.5.3). While experts
use various qualitative representations like graphs, charts or diagrams during solving physics
tasks, novices do not tend to use these representations. In addition, when they solve
guantitative physics tasks, novices (i.e. students) are often centred on formulas.

If we want teach the students to become better problem solvers, it is necessary to develop
their problem solving skills and let them familiarize with using strategies that experts use.
Nevertheless, students often struggle even while solving well-structured physics tasks. For
this reason, in the literature research part | focused on problem solving plans that provide
instructions how to proceed during solving well-structured quantitative physics tasks
(subchapter 1.5.4).

The second part of the thesis (chapter 2) describes research concerning these research
questions:

e What strategies students use in solving quantitative physics tasks?

e Whatis the students’ view of solving quantitative physics tasks?

e Are there some patterns that can be identified in students’ problem solving
process?

e What difficulties students face in solving physics tasks?

A mixed methods research (where qualitative research predominated) was devised for the
purpose of answering these research questions. Questionnaires were chosen as a research
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instrument to collect data. Two questionnaires for upper secondary school students and
one questionnaire for their physics teachers were prepared. Eight secondary schools took
part in the questionnaire research; 773 upper secondary students and 17 teachers
participated in it.

The students’ questionnaires investigated the same problems: (1) problem solving strategies
that students use when they solve physics tasks; (2) students’ attitudes to solving
guantitative physics tasks and (3) difficulties students meet in problem solving in physics.

Both questionnaires differed in investigation of the students’ problem solving strategies.
In one of the questionnaires nine rating scales and two additional open-ended questions
were used, whereas the second questionnaire included open-ended questions only. The
open-ended questions offered students an opportunity to describe problem solving
strategies in their own words. On the other hand, teenage respondents can have problems
formulating their own answers in a written questionnaire. They tend to answer very briefly
and write the first idea only. Because of these assumptions | put the list of particular
strategies into the rating scales of the second questionnaire.

The other two inquires (2 and 3) were investigated by using open-ended questions.
These questions are equal in both questionnaires.

The teachers’ questionnaire was researching teachers’ views on the strategies that students
use in solving physics tasks and what methods and strategies the teachers use to teach the
students to solve physics tasks. The questionnaire contained open-ended questions only.

Results of the questionnaire researches are discussed in subchapter 2.5. The main findings
are briefly summarised below.

The third part of the thesis (chapter 3) describes developed activities and research of their
usage. This part is a follow-up of the literature research and findings gained in the
guestionnaire research.

The activities aim at particular steps that are parts of problem solving plans. The plans
describe how experienced problem solvers proceed when they solve quantitative physics
tasks.

Seven activities were prepared:

e Careful reading — Students are asked to highlight parts of task assignment (numeric
as well as nonnumeric) crucial for solving the tasks. It shows students that
nonnumeric data in the task assignments are also important in solving physics
tasks.

e Conditions of law’s applicability — Students should realize that it is not possible to
use each physical principle in every situation. For this reason, they select from a list
physics principles that are applicable in the given situations.
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e Principles needed for solution — In this activity, students select from a broader list
only those physics principles that are necessary for solving the given tasks.

e Classifying the equations — Students determine how important assigned equations
are and whether they should be memorised. Students also find connections
between the equations (whether some equations result from other).

e Reasonableness of the answers — Students comment on whether the given
numerical answers to physics tasks are reasonable or nonsensical.

e Solving aloud — Students solve given tasks aloud to realize each step in the
reasoning. They do not skip the steps and are more careful in analysis of their
thought processes.

e Creating own problem solving plan — Group of students creates their own plan
(or hint list) how to proceed with solving of physics tasks.

Two activities (Principles needed for solution and Solving aloud) were created on the basis
of already used techniques. Development of the activity called Reasonableness of the
answers was inspired by ateacher who uses the same method of work in her physics
lessons. Remaining activities were inspired by the literature search and previous research.

For each activity, | prepared methodical materials with a detailed description of their use,
and examples of worksheets with solutions ready for secondary school teachers.

Detailed description of the activities is given in subchapter 3.3. All created activities
(including worksheets and their solutions) are enclosed in Appendices B and C and they are
freely available on the website http://kdf.mff.cuni.cz/materialy/reseni_uloh.php (Czech
version). The English translation of the methodical materials and examples of worksheets
(with solutions) are available on http.//kdf.mff.cuni.cz/materialy/problem_solving.php.

The designed materials are not immutable. The activities are intended primarily as
an inspiration for teachers how it is possible to work with quantitative physics tasks.
The teachers should adapt the activities according to their teaching style; however,
the main aims of the activities should be kept in mind.

The usability of the prepared activities and materials was investigated by using a case study.
Seven teachers from six Czech secondary schools took part in the study. The teachers tested
the activities in their physics lessons (in 12 lessons in 10 different classes in total) Structured
observation and interview with the students and the teachers were chosen as data
collecting methods. The research is described in subchapter 3.2 and 3.3. The main findings
are briefly summarized below.
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Findings of the researches

For the thesis, four main aims were stated:

e To carry out research investigating students’ problem solving strategies in physics
and their perception of the problem solving processes;

e To identify typical students’ difficulties in solving quantitative physics tasks on the
basis of the research;

e To suggest recommendations for students and teachers how to proceed during
solving physics tasks based on the carried out research and literature research;

e To create methodical materials for teachers and suitable worksheets for students
focused on improvement of students’ problem solving skills.

The first two aims are closely connected with the questionnaire research described in
chapter 2 and the last two aims with the development of the activities stated in chapter 3.
From my point of view, the stated aims were fulfilled which is proved by the main findings
of the researches stated below.

The questionnaire research showed that students often use limiting strategies when they
solve quantitative physics tasks (see subchapter 2.5.1). This corresponds with results of
previous studies.

Other finding received during the questionnaire research says that students’ main aim is
“getting a number” when they solve quantitative physics tasks. Their attitude to problem
solving is formula-centred and students try to memorize as much physics equations as
possible (subchapter 2.5.2). Literature research shows that this problem does not appear in
Czech education only, this tendency is global.

The students’ difficulties in solving of quantitative physics tasks partially result from
the students’ behaviour mentioned in the two previous paragraphs. Many students solve
physics tasks without deeper understanding of physics concepts and the process of solving
guantitative tasks often turns into nearly mindless manipulation with formulas.

Other students’ difficulties result from the difference of problem solving skills between
students and their physics teacher. The students often do not realize that the teacher is
more experienced in solving physics tasks. In a lesson they see that their teacher does not
have any troubles while solving tasks. This point of view can lead students to a conviction
that they either should know how to solve the task immediately when they read it, or they
are not able to solve it at all. For more students’ comments see subchapter 2.5.3.

These findings lead me to creation of the activities that could help students to mitigate
their obstacles in solving of quantitative physics tasks.

98



All the activities were tested at Czech secondary schools and some of them were also used
in university lectures arranged for future physics teachers. The reason was to find out how
the students and the teachers evaluate usefulness and usability of the activities.

The study showed that the concept of the developed activities was perceived very well by
the students as well as by the teachers. They regarded the activities being useful. As the
biggest proof of validity | see that in the interviews both students and teachers often
spontaneously stated the same main purposes of the activities as were my original intents.

Follow-up research

During the development of the activities, other ideas focused on problem solving in physics
appeared. These ideas could be used for development of further materials. Two examples
are shortly described in Appendix E.

The presented research opens opportunities for follow-up investigation in the field of
problem solving in physics. One possible direction of further development is:

e To focus on a long-term research aimed at investigation of problem solving skills
that the designed activities help to develop.

Further possibilities within the broader topic of problem solving in physics are:

e To pursue the role of drawing diagrams in physics tasks;
e Toinvestigate why teachers use quantitative physics tasks in their lectures.

These domains have been already researched, but there are many open questions
remaining to be investigated. Problem solving is definitely an important and very interesting
topic that is worth pursuing further in the future.
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Appendix A

Questionnaires investigating problem solving in physics at
Czech secondary schools

On the following pages, questionnaires investigating students and teachers attitudes to
solving of quantitative physics tasks at secondary schools can be found. The questionnaires
are attached in the original form and for this reason they are in Czech. The English
description of the questionnaires and translation of the questions are stated in chapter 2
(subchapters 2.4 and 2.5).
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A.1 Students’ questionnaire S1

VdZeni studenti,

v ramci své disertacni prdce se zabyvdm strategiemi a postupy pfi feseni fyzikdlnich uloh.
Tento dotaznik by mél napomoci ziskat predstavu, jak to s FesSenim fyzikdlnich uloh vypadd
na stfednich skoldch. Prosim, vypliite dotaznik co nejpravdivéji.

Mnohokrat dékuji za spoluprdci.

Marie Snétinova

Nazev a adresa Skoly: Trida:

Vék: Pohlavi: il:l il:l

Moje znambka z fyziky na poslednim vysvédceni:

M(j vztah k fyzice:

U kazdého z nasledujicich postupt zakrouzkujte jednu odpovéd, kterd udava, jak casto jej
pfi feSeni uloh pouzivate:

Snazim se najit rovnici, ktera by obsahovala co nejvétsi pocet veli¢in ze zadani ulohy.

Casto | obcas | zfidka | nikdy

Ulohu nejprve vyfesim Gvahou a pak teprve spocitdm hodnoty.

Casto | obcas | zfidka | nikdy

Po precteni Ulohy si vypiSu seznam danych (zndmych i neznamych) velicin.

Casto | obcas | zfidka | nikdy

Snazim se najit podobnou ulohu (v u¢ebnici, pozndmkach, ¢i v jinych zdrojich).

Casto | obcas | zfidka | nikdy
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Popremyslim, zda jsme pfi hodindch fyziky nedélali experiment podobny pocitané uloze.

casto | obcas

zridka

nikdy

Ulohu se snazim fesit postupné, rozdé&lim si ji na mensi dil&i problémy.

agram (obrazek, graf, ...).

Casto | obcas | zfidka | nikdy
Ke kazdé uloze se snazim nakreslit di
Casto | obcas | zfidka | nikdy

Pfremyslim, jaka je fyzikalni podstata

ulohy (napf. jaky fyzikalni zakon je pro ulohu dilezity).

né situaci.

Casto | obcas | zfidka | nikdy
Pokusim se predstavit si Ulohu v real
Casto | obcas | zfidka | nikdy

Jiné:

S jakym nejvétsim problémem se pfi feSeni fyzikdlnich uloh potykate?

Co vam pfi feSeni loh pomaha?
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K ¢emu si myslite, Ze je feSeni Uloh dobré?

Myslite si, ze vdmi zminéné postupy vyuzijete i pfi jiné prileZitosti? Jak?

Byly VAam néjaké kroky pti feseni uloh doporuceny nebo ukazany? Jaké?
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A.2 Students’ questionnaire S2

Vdazeni studenti,

v rdmci své disertacni prdce se zabyvdam strategiemi a postupy pri feseni fyzikdlnich uloh.
Tento dotaznik by mél napomoci ziskat predstavu, jak to s fesSenim fyzikdInich uloh vypadd
na strednich skoldch. Prosim, vyplrite dotaznik co nejpravdivéji.

Mnohokrat dékuji za spoluprdci.

Marie Snétinova

Nazev a adresa Skoly: Trida:

Vék: Pohlavi: il:l il:l

Moje znamka z fyziky na poslednim vysvédceni:

Mj vztah k fyzice:

Mate néjaky osvédceny postup, ktery ve fyzice pouzivate pfi feSeni Uloh? Co zkousite délat,
kdyz hned na prvni pohled nevite, jak ulohu tesit?

(misto pro Vasi odpovéd)
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Na co si pfi feSeni uloh davate pozor?

(misto pro Vasi odpovéd)

K ¢emu si myslite, Ze je feSeni Uloh dobré?

(misto pro Vasi odpovéd)

Myslite si, Ze vdmi zminéné postupy vyuZijete i pfi jiné ptilezitosti? Jak?

(misto pro Vasi odpovéd)

Byly VAam néjaké kroky pti feseni uloh doporuceny nebo ukazany? Jaké?

(misto pro Vasi odpovéd)
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A.3 Teachers’ questionnaire

Nazev a adresa Skoly:

Kolik let ucite: Jakou mate aprobaci:

VdZeni kolegové,

v ramci své disertacni prdce se zabyvdm strategiemi a postupy pfri reseni fyzikdlnich uloh.
Tento dotaznik by mél napomoci ziskat predstavu, jak to s FeSenim fyzikdlnich uloh vypadd
na stfednich skoldch. Prosim, vyplrite dotaznik co nejpravdivéji.

Mnohokrat dékuji za spoluprdci.

Marie Snétinovad

Kolik ¢asu vénujete ve vyuce feseni fyzikalnich tloh? Odhadnéte napf. v procentech.

Vénujete pfi hodinach prostor pro vyuku jak fesit fyzikalni alohy? Kolik ¢asu této ¢innosti
vénujete?

Myslite si, Ze studenti skutecné pouzivaji pfi feSeni uloh néjaké strategie? Jaké?

Co podle Vas studentlim pfi reseni tloh pomaha?
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Appendix B
Activities in Czech language /Aktivity v Ceském jazyce

In this appendix, developed activities focused on problem solving in physics are enclosed.
The activities contain methodical materials, worksheets and their solutions and other
materials that were created as a support to the activities. All the activities are in the original
Czech form, because the activities were developed for Czech secondary schools.

The activities in English are enclosed in Appendix C.

V této priloze naleznete aktivity zamérené na teSeni uloh z fyziky. Aktivity obsahuji
metodické listy, pracovni listy s feSenim a dals$i materialy, které k aktivitdm vznikly.

Tato pfiloha obsahuje nasledujici aktivity:
o Nediselné udaje v zadani ulohy (str. 121)
o Kazdy fyzikalni zdkon ma néjaké podminky platnosti (str. 130)
e  Ptifazovani fyzikalnich principQ (str. 144)
e Klasifikace vztah( (str. 180)
e Smysluplnost odpovédi (str. 196)
e Redeni tloh nahlas (str. 203)

e Vytvareni planu feSeni kvantitativnich uloh (str. 214)
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B.1 Neciselné udaje v zadani ulohy
Tato sekce obsahuje:
e Metodicky list (str. 122)
e Pracovni list —tlak (str. 124)
e Reseni pracovniho listu — tlak (str. 125)
e Pracovni list — opakovani z mechaniky (str. 127)

e Reseni pracovniho listu — opakovani z mechaniky (str. 128)
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Neciselné udaje v zadani ulohy Metodicky list

Neciselné udaje v zadani ulohy

Pozorné cteni zaddni ulohy je prvnim predpokladem jejiho Uspésného vyreseni. Pfi tomto
Cteni je tfeba, aby zak umél rozlisit dalezité informace od nedUlezZitych, resp. ty dllezité
vibec v textu rozpoznal. Hodné Zaku si ze zaddani vypiSe vSechny Ciselné Gdaje a zbylému
textu nevénuje mnoho pozornosti. Tato aktivita proto cilené pracuje s analyzou textu zadani.
Podobné by mélo byt postupovano pri feseni jakékoli tlohy. Explicitni zaméreni a zdliraznéni
tohoto kroku v ramci popsané aktivity by mélo vést zaky k tomu, aby se podobné zamysleli
nad kazdou ulohou.

Cil: Aktivita zdUraziiuje nutnost pozorného ¢teni zadani ulohy. Jejim cilem je ukazat zakam,
Ze dUlezité v textu zadani nejsou pouze Ciselné Udaje.

Vhodné kapitoly: Lze pouZit kdykoli, idedlné v tématech, kde se Fesi vétsi mnoistvi uloh —
napt. Ulohy o pohybu v kinematice a dynamice. Vhodné jsou k této aktivité Ulohy s delSim
zadanim, tj. které napr. popisuji i konkrétni prosttfedi, do néjz je Uloha umisténa.

Poznamka: Tato aktivita je vhodna spise pro mladsi studenty (napf. studenty nizsich roc¢nikd
gymnazii).

Casovd ndrocénost: kratka aktivita (10-15 minut, podle poctu tloh); do €asové naroénosti
neni zapocitdno samotné feseni Uloh

Priibéh v hodiné:

Studenti dostanou nakopirovand zadani nékolika (3-5) uloh z probiraného celku.
Jejich ukolem je v prvni Uloze vyznadit (podtrhnout) jednotlivé dileZité casti zadani (tj. jde
i 0 ,nakouskovani“ zadani na jednotlivé informace) a vytvofit zapis.

Poté zkonzultuji svoje feSeni se spoluzdkem (sousedem v lavici).

Ucitel poté za pomoci zakd dlohu vyresi na tabuli — postupné projde cely text zadani, vyznaci
dllezZité adaje, vypise zapis.
Doporuceni: tfi ¢teni
e 1. cteni— prectu si zadani, abych ziskal celkovy obrazek o situaci
e 2. (teni — peclivé ¢tu vétu po vété (nebo kratsi Useky), oznacuji dilezZité
Casti (pokud to Ize) a vypisuiji si je = piSu zapis ulohy
e zkontroluji si zapis, Ze je srozumitelny
e 3. teni — prehlédnu jesté jednou zadani ulohy, zda mi néco neuniklo —
zaméfim se zejména na ty Casti, které nejsou oznacené jako dulezité

Potom Zzaci projdou a vypiSi Udaje z dalSich uloh v pracovnim listé. Pracuji samostatné
a po vyreseni si porovnaji svlij zapis se spoluzdakem. Pfipadné poté muize ucitel promitnout
svoje feseni.
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Neciselné udaje v zadani ulohy Metodicky list

Pozndmka: Reseni 73kd se mohou navzijem liit zpGsobem, jak jsou nékteré
informace zapsany. DlleZité vsak je, aby byly zapsany vsechny.

Zaci mohou potom ulohy vyiesit (Ize i jako domaéci Ukol) a vyznacit, ve které &asti fedeni byly
pouzity vybrané neciselné informace, a tim ukazat jejich nezbytnost/dulezitost pro reseni.

Doporuceni, co délat v ndsledujicich vyucovacich hodindch:

Tuto aktivitu je vhodné zafazovat opakované jako kratické bloky (zaberou cca minutu) pfi
reseni Uloh. Tim se studentim bude pfipominat, Ze je pfi feSeni potfeba myslet i na pozorné
Cteni zadani.
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Neciselné udaje v zadani ulohy Pracovni list - tlak

Tlak
Zaddni:
Nize je
(Ciselné
Ulohy.

Ulohy:

uvedeno zadani péti uloh na vypocet tlaku. Podtrhnéte v zadani vSechny casti
hodnoty i slovni popis), které jsou dllezité pro vyreSeni ulohy, a vytvorte zapis

Pokud budete ulohy fesit, poditejte s gravitacnim zrychlenim g = 10 N/kg.

1.

Na stavenisti stoji bagr na pasovém podvozku. Hmotnost bagru je 30 tun. Jeho pasy
se dotykaji zemé plochou 4,5 m”. Jakym tlakem pCisobi bagr na zemi?

Na stole leZi cihla, kterd ma rozméry 0,30 m, 0,15 m a 0,07 m. Hmotnost cihly je
4,7 kg. Vypocitejte tlak, jakym cihla plsobi na stll, pokud leZi na své nejmensi
sténé.

Plachetnice je lod, ktera je pohdnéna silou vétru. Pfedstavte si plachetnici, jejiz
plachta ma plochu 6 m?. Vitr na ni ptisobi tlakem 200 Pa. Jakou silou tla&i vitr lod?

Dospély samec slona afrického ma hmotnost 7 tun. Kazda z jeho nohou ma pfiblizné
kruhovy prafez, jehoz obsah je 13 dm? Jaky tlak na zem wvyvola tento slon
za predpokladu, Ze se tlakova sila, kterou plsobi slon na zem, rozdéli na jeho ctyfi
nohy rovhomérné?

Na plani pod sjezdovkou stoji lyZaf. Kazda jeho lyZe je Sirokd 10 cm a dlouha
170 cm. Lyzar plsobi na snih tlakem 2,5 kPa. Jakou hmotnost ma lyZaf i s vystroji?
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Neciselné udaje v zadani ulohy Reseni pracovniho listu - tlak

Tlak
Zadadni:
Nize je
(Ciselné
Ulohy.

Ulohy:

uvedeno zadani péti uloh na vypocet tlaku. Podtrhnéte v zadani vSechny casti
hodnoty i slovni popis), které jsou dllezité pro vyreSeni ulohy, a vytvorte zapis

Pokud budete Ulohy fesit, poditejte s gravitacnim zrychlenim g = 10 N/kg.

6. Na stavenisti stoji bagr na pasovém podvozku. Hmotnost bagru je 30 tun. Jeho pasy
se dotykaji zemé plochou 4,5 m’. Jakym tlakem pCisobi bagr na zemi?
Vysledek: 67 kPa

7. Na stole leZi cihla, ktera ma rozméry 0,30 m, 0,15 m a_0,07 m. Hmotnost cihly je
4,7 kg. Vypocitejte tlak, jakym cihla plsobi na stll, pokud leZi na své nejmensi
sténé.
Pozndmka 1: Slovo ,cihla” je vzadani Ulohy podtrZené, protoZe nese dlleZitou
informaci o tom, jaky tvar ma pfedmét leZici na stole. Tato informace se muizZe
v zapisu ulohy projevit pojmenovanim nasledujicich délkovych udajd — délka, Sifka,
vyska.
Pozndmka 2: K vypoctu tlaku, kterym pUsobi cihla na stll, nejsou potiebné viechny
rozméry cihly. AvSak pro méné zdatného resitele se tato skutecnost ukadze az pfi
feSeni Ulohy. Proto nepovaZujeme za chybu, pokud Zaci délku cihly podtrhnou jako
dlleZitou. (Ve vzorovém feseni je Ciselnd hodnota v zadani, kterd se neprojevi
v feSeni Ulohy, podtrhnuta ¢arkované.)
Vysledek: 4,5 kPa

8. Plachetnice je lod, kterd je pohanéna silou vétru. Pfedstavte si plachetnici, jejiz

plachta ma plochu 6 m>. Vitr na ni ptisobi tlakem 200 Pa. Jakou silou tla&i vitr lod?

Vysledek: 1,2 kN
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Neciselné udaje v zadani ulohy Reseni pracovniho listu - tlak

Dospély samec slona afrického md hmotnost 7 tun. Kazdd z jeho nohou ma pfiblizné

kruhovy prafez, jehoZ obsah je 13 dm?2 Jaky tlak na zem vyvold tento slon
za predpokladu, Ze se tlakova sila, kterou plsobi slon na zem, rozdéli na jeho Ctyfi
nohy rovhomérné?

Pozndmka 1: Pfi feSeni Ulohy je dlleZité nezapomenout, Ze je potieba spoditat
plochu vsech ¢tyf nohou dohromady, nebot slon v této Uloze stoji na vSech ¢tyfech
(slon umi stat i na tfech ¢i dokonce na dvou nohou). Z toho divodu jsou v zadani
Ulohy podtrZzena slova ,,Ctyfi nohy”._ Dalsi dlleZita informace je, Ze ma slon vsechny
Ctyri nohy stejné velké (na rozdil napf. od zajice). Z tohoto dlvodu je v zadani ulohy
podtrzené slovni spojeni , kazda z jeho nohou”.

Pozndmka 2: P¥i feSeni této ulohy lze s Zaky diskutovat, zda je horsi, pokud vdm na
nohu stoupne slon nebo Zirafa (pfi hmotnosti Zirafy 700 kg a plose jednoho kopytka
1,3 dm’ bude tlak vyvolany zvifaty stejny). P¥ipadné Ize porovnat tlak, kterym
pusobi na zem slon a bagr z prvni Ulohy. A co teprve Zena na jehlovych podpatcich!

Vysledek: 134,6 kPa

10.

Na plani pod sjezdovkou stoji lyZzaf. Kazda jeho lyZe je Sirokda 10 cm a dlouha

170 cm. Lyzar plisobi na snih tlakem 2,5 kPa. Jakou hmotnost ma lyzar i s vystroji?

Pozndmka: Sjezdové lyze, které v dnesni dobé mlzeme vidét na sjezdovkach, sice
nemaji presny obdélnikovy tvar, ale pfi vypoctu této ulohy jejich vykrojeni
zanedbdavame.

Vysledek: 85 kg

Pouzita literatura s oznacenim uloh ve zdrojich:

Ulohy na vypocet tlaku [online]. [cit. 2. 1. 2014] Dostupné z:
http://www.ruzenka.cz/wiki/index.php/Ulohy_na_vypocet_tlaku
e Ulohy:1,2

Tlak a priklady [online]. [cit. 2. 1. 2014] Dostupné z:
http://www.zsondrejov.cz/Vyuka/F-7H/Treni-tlak_03.pdf
e Ulohy:3,5

Roiko, M. & KoL. Fyzika kolem nds, Fyzika 3 pro zdkladni a obcanskou skolu. 1. vyd.
Praha: Scientia, 1997. ISBN: 80-7183-101-8.
e Ulohy:4
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Neciselné udaje v zadani ulohy Pracovni list - mechanika

Opakovani z mechaniky

Zadani:
NiZe je uvedeno zadani Sesti Uloh z mechaniky. Podtrhnéte v zadani vSechny ¢asti (Ciselné
hodnoty i slovni popis), které jsou dullezZité pro vyreseni Ulohy, a vytvorte zapis ulohy.

Ulohy:
1. Rychlost auta v prudkém stoupdani je 30 km h™. V nasledujicim stejné dlouhém
sjezdu jede rychlosti 90 km h™'. Urcete, jak velkd je primérna velikost rychlosti auta.

2. Spéchajici motorista se snazi prekonat kopec. Stoupdni i klesani jsou dlouhé 3,5 km.
M3 ale staré auto, takZe do kopce miZe jet nejvyse rychlosti 45 km h™. Jak rychle
musi jet dol(l, aby udrzel primérnou rychlost 60 km h™?

3. Anicka si vyjela na kole na vylet. Nejprve stoupala do kopce pfiblizné konstantni
rychlosti o velikosti 10 km h™ — tak ujela $estinu celkové trasy. Na dal$im Useku
rovném jedné tfetiné celkové trasy uz méla pred sebou rovnou silnici, ale protoze
projizdéla nadhernou krajinou, kterou si chtéla prohlédnout, zrychlila jen mirné
a pohybovala se nyni konstantni rychlosti o velikosti 20 km h™. Zbyvajici ¢ast své
trasy uZ pospichala do cile, proto ujizdéla zhruba konstantni rychlosti o velikosti
30 km h™. Jak velka byla jeji priimérna rychlost na celé trase?

4. Marek zvedal balik se Sesti jedenapdllitrovymi PET lahvemi s vodou na stll o vysce
75 cm, a to se zrychlenim 2 m s™°. Jakou praci Marek vykonal?

5. Vyskovy rozdil mezi hladinou v nadrzi hydroelektrarny v Kamyku nad Vltavou
a turbinami je 14 m. Kaplanovymi turbinami protece za sekundu voda o objemu
360 m>. Vykon generdtoru je 40 MW. Jakd je vtom piipadé uG&innost
hydroelektrarny?

6. Vitava ve Velké u Kamyku nad Vitavou ma v jednom misté Sitku 120 metrd. Pod
jakym dhlem k proudu tfeky se musi nastavit ¢lun, ma-li se pohybovat kolmo
k proudu? Velikost rychlosti proudu je 2 km h™ a velikost rychlosti ¢lunu vzhledem
ke klidné vodé je 1,5 m st
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Neciselné udaje v zadani ulohy Reseni pracovniho listu - mechanika

Opakovani z mechaniky

Zadani:

NiZe je uvedeno zadani Sesti Uloh z mechaniky. Podtrhnéte v zadani vSechny ¢asti (Ciselné

hodnoty i slovni popis), které jsou dlileZité pro vyreseni tlohy, a vytvorte zapis ulohy.

Ulohy:

1.

Rychlost auta v prudkém stoupani je 30 km h™. V nasledujicim stejné dlouhém
sjezdu jede rychlosti 90 km h™’. Urcete, jak velkd je primérna rychlost auta.

Pozndmka: Pfi feSeni Ulohy neni dilezité, zda jede auto do kopce nebo z kopce,
dllezita informace je, Ze jsou oba Useky stejné dlouhé. Tuto skutecnost je mozné
s zaky diskutovat.

Vysledek: 45 km h™

2. Spéchajici motorista se snazi prekonat kopec. Stoupdni i klesani jsou dlouhé 3,5 km.
M3 ale staré auto, takie do kopce muze jet nejvyse rychlosti 45 km h™. Jak rychle
musi jet dol(i, aby udrzel primérnou rychlost 60 km h™?

Pozndmka: Zde se jedna o stejny ptipad jako v ptedchozi uloze. Ani zde neni
dllezZité, zda jede auto do kopce nebo z kopce, ale to, Ze jsou oba Useky stejné
dlouhé.

Vysledek: 90 km h™

3. Anicka si vyjela na kole na vylet. Nejprve stoupala do kopce pfiblizné konstantni
rychlosti o velikosti 10 km h™ — tak ujela $estinu celkové trasy. Na dal$im dseku
rovném jedné tretiné celkové trasy uz méla pred sebou rovnou silnici, ale protoze
projizdéla nadhernou krajinou, kterou si chtéla prohlédnout, zrychlila jen mirné
a pohybovala se nyni_konstantni rychlosti o velikosti 20 km h™*. Zbyvaijici &3st své
trasy uz pospichala do cile, proto ujizdéla zhruba konstantni rychlosti o velikosti
30 km h™". Jak velka byla jeji primérna rychlost na celé trase?

Vysledek: 20 km h™
4. Marek zvedal balik se Sesti jedenapullitrovymi PET lahvemi s vodou na stll o vysce

75 cm, a to se zrychlenim 2 m s. Jakou praci Marek vykonal?

Pozndmka: Pro feSeni Ulohy je dulezité, jaka kapalina byla v lahvich obsaZena
(v nasem pripadé se jednd o vodu). Diky tomu lze dopoditat hmotnost kapaliny.

Vysledek: 80 J
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Neciselné udaje v zadani ulohy Reseni pracovniho listu - mechanika

5. Vyskovy rozdil mezi hladinou v nadrzi hydroelektrarny v Kamyku nad Vitavou
a turbinami je_14 m. Kaplanovymi turbinami protede za sekundu voda o objemu
360m°. Vykon generdtoru je 40 MW. Jakd je vtom p¥ipadé ulinnost
hydroelektrarny?

Vysledek: 81 %

6. Vltava ve Velké u Kamyku nad Vitavou ma v jednom misté Sirku 120 metrd. Pod
jakym uhlem k proudu rfeky se musi nastavit ¢lun, ma-li se pohybovat kolmo
k proudu? Velikost rychlosti proudu je 2 km h™ a velikost rychlosti ¢lunu vzhledem

ke klidné vodé je 1,5 ms™.

Pozndmka 1: Sitka feky neni k vyfeSeni Glohy podstatnd, aviak pro méné zdatného
feSitele se tato skute¢nost ukaze az pfi feSeni ulohy. Proto nepovazujeme za chybu,
pokud Zaci Sitku feky podtrhnou jako dilezitou. (Ve vzorovém feseni je Ciselna
hodnota v zadani, ktera se neprojevi v feseni Ulohy, podtrhnuta ¢arkované.)

Pozndmka 2: Velmi dilezitd informace pro vyreseni Ulohy je, vzhledem k ¢emu se
¢lun pohybuje pod danym uhlem. Proto je ve vzorovém zaddani ulohy podtrZeno
i slovni spojeni , k proudu feky”.

Vysledek: 110 ° k proudu feky

PouZita literatura s oznacenim uloh ve zdrojich:
KoupILoVA, Z. Sbirka resSenych uloh z fyziky [online]. [cit. 21. 11. 2013] Dostupné z:
http://fyzikalniulohy.cz
e Ulohy:1(¢. 137),2(¢. 227),3(¢. 17)

ZAK, V. Fyzikdini ulohy pro stfedni Skoly. Praha: Prometheus, 2011. ISBN: 978-80-
7196-411-7.

e Ulohy: 4 (mechanika, A 4.1), 5 (mechanika, A 4.9), 6 (mechanika, A 2.9)
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B.2 Kazdy fyzikalni zakon ma néjaké podminky platnosti
Tato sekce obsahuje:
e  Metodicky list (str. 131)
e Pracovni list — pohyb v tihovém poli Zemé (str. 132)
e Redeni pracovniho listu — pohyb v tihovém poli Zemé (str. 134)
e Pracovni list — magnetické pole (str. 138)

e Redeni pracovniho listu — magnetické pole (str. 140)
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Kazdy fyzikalni zdkon ma néjaké podminky platnosti Metodicky list

Kazdy fyzikalni zakon ma néjaké podminky platnosti

feSeni fyzikdlnich dloh. Pro zdky muiZe byt znacné obtizné urcit, jaky vztah &i pfimo
konkrétni fyzikalni zakon je tfeba pouzit, aby vyfesili zadanou Ulohu. Na druhou stranu, Zaci
by méli byt schopni stanovit, zda jsou vdané situaci splnény podminky platnosti
konkrétniho fyzikdlniho zakona. Tato aktivita proto cilené pracuje s rozborem fyzikalnich
situaci a s urCovanim podminek platnosti fyzikalnich zakonu ¢i vzorcl v danych situacich.

S vhodnosti pouziti konkrétniho tvaru ¢i pfimo fyzikalniho zakona v dané situaci pracuje
aktivita Prifazovdni fyzikdlnich principa.

Cil: Zéci by si méli uvédomit, 7e ne kaidy ,vzore¢ek” se da pouzit vidy, tj. jsou situace, kdy
jeho pouziti je chybné, protoZe nejsou splnény podminky, za kterych plati.

Vhodné kapitoly: Aktivitu lze zaddvat v tématech, ve kterych se pfi feseni tloh pracuje s vice
fyzikdlnimi zakony, jejichz podminky platnosti nemusi byt vidy nutné spinény. Napf.:
e pohyby vtihovém poli — zda plati zdkon zachovdni mechanické energie, zdkon
zachovani hybnosti
e stavova rovnice idedlniho plynu
e vypocet prace v elektrickém poli

Casovd ndrocnost: stredné dlouha aktivita (15 — 30 minut, podle po¢tu Uloh v pracovnim
listu)

Priibéh v hodiné:

Zaci dostanou nékolik fyzikalnich situaci nebo pfimo konkrétnich uloh (s nepfili§ dlouhym
textem) a seznam nékolika fyzikalnich zakond. Ukolem 74kl je rozhodnout, ktery z téchto
zdkonll lIze v dané situaci/uloze pouzit = zda zde plati, ¢i nikoli. O pouZitelnosti zakona
rozhoduji bez ohledu na to, zda je ho tfeba pouzit k vyfeSeni ulohy.

Pfiklad: Na pevné kladce visi dvé télesa o hmotnostech 3 kg a 5 kg. Téleso o mensi
hmotnosti je ve vzdalenosti 2 m pod télesem o vétsi hmotnosti. Pocatecni rychlost
obou téles je nulova. Urcete zrychleni soustavy. Hmotnost kladky i provazku
zanedbeijte, tfeni neuvaZujte.

Vtéto uUloze je moiné pouiZit zakon zachovani energie, ale neplati zde zakon
zachovani hybnosti, protoZe na télesa plsobi vnéjsi sila, kterou je sila tihova.

Nejprve si zaci rozmysli odpovédi sami, pak to proberou ve dvojici ¢i mensi skupiné, potom
své odpovédi prezentuji tfidé a spolu s ucitelem hledaji spravné reseni.

Po skonceni aktivity |ze dat za ukol nékteré ulohy opravdu vyresit. Ale neni to nutné.

Doporuceni, co délat v ndsledujicich vyucovacich hodindch:
Vyucujici pfi feSeni uloh na tabuli zdlraznuje, ktery z probiranych fyzikalnich principQ
spliuje v dané uloze podminky platnosti a ktery nikoli.
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Pohyb v tihovém poli Zemé

Zadani:

U kaZdé nasledujici ulohy rozhodnéte, zda v popsané situaci plati zakon zachovani
mechanické energie a své tvrzeni zdivodnéte. Stejné rozhodnéte i o zakonu zachovani
hybnosti.

Pro vase rozhodovani neni dileZité, zda je dany zdkon potreba k vyreseni tlohy ¢i nikoli.

Ukazka:

Na pevné kladce visi dvé télesa o hmotnostech 3 kg a 5 kg. Téleso o mensi hmotnosti je ve
vzdalenosti 2 m pod télesem o vétsi hmotnosti. Pocatecni rychlost obou téles je nulova.

Urcete zrychleni soustavy. Hmotnost kladky i provazku zanedbejte, tfeni neuvaZzujte.

Reseni: Zakon zachovéni mechanické energie plati, zékon zachovani hybnosti nikoli. Protoze
v Uloze neuvaZujeme trfeni, zanedbdvdme tim ztratu mechanické energie, ke které by vlivem
tfeni dochazelo. V takovém ptipadé se bude pouze preménovat potencidlni energie
v kinetickou a naopak, a tedy plati zakon zachovani mechanické energie.

Hybnost soustavy je na zacatku pohybu jind nez na konci pohybu, protoZe vlivem tihové sily
Zemé (vnéjsi sila) se cela soustava rozjizdi a zvySuje tim svou hybnost. Zakon zachovani
hybnosti zde tedy neplati.

Ulohy:
1. Vozik o hmotnosti 250 kg jede po vodorovnych kolejich rychlosti 2,4 m s™ a srazi se
s vozikem o hmotnosti 500 kg, ktery jede rychlosti 1,8 m s™. P¥i sraZce se oba voziky
spolu spoji a dale se pohybuji spolecné. Vypoctéte ubytek mechanické energie
vozikd pfi srazce, jestlize voziky pred srazkou jedou za sebou.

2. Na stromé ve vysce 1,8 m visi jablko. Jablko se utrhne a pada k zemi. S jakou
rychlosti dopadne?
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3. Chlapci Tomas a Petr sankovali na kopci. Sanky i s nimi mély hmotnost 87 kg. Aby
jeli co nejrychleji, vidy se nahore rozbéhli, naskodili na sanky a jeli doll. Pocatecni
rychlost sanék s obéma chlapci je 7 km h™. Kopec je vysoky 15 m. Jak velkou
rychlost maji sanky s chlapci na upati kopce? Predpokladejte, ze chlapci nebrzdi
nohama a Ze tfeni sanék pfi pohybu po svahu lze zanedbat. Odpor vzduchu rovnéz
neuvazujte.

4. Na vzduchové draze se srazi vozik dokonale pruzné s druhym vozikem, ktery byl do
srazky v klidu. Po sraZce se oba voziky pohybuji stejné velkymi rychlostmi opacnym
smérem. Urcete pomér hmotnosti obou vozika.

5. Téleso o hmotnosti 0,5 kg se pohybuje po dokonale hladké vodorovné roviné
rychlosti 6 m s™. Do télesa vnikla stfela o hmotnosti 0,01 kg, ktera se pohybovala
kolmo ke sméru pohybu télesa rychlosti 600 m s™. Uréete vyslednou rychlost télesa
po vniknuti stfely a Uhel, ktery svird smér této rychlosti se smérem plvodni
rychlosti.

6. Po naklonéné roviné, kterd svird s vodorovnou rovinou Uhel 30°, sjizdi drevény
kvadr. Urcete velikost jeho zrychleni, je-li soucinitel smykového tfeni mezi kvddrem
a naklonénou rovinou 0,4.
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Pohyb v tihovém poli Zemé

Zadani:

U kaZdé nasledujici ulohy rozhodnéte, zda v popsané situaci plati zakon zachovani
mechanické energie a své tvrzeni zdivodnéte. Stejné rozhodnéte i o zakonu zachovani
hybnosti.

Pro vase rozhodovani neni dileZité, zda je dany zakon potreba k vyreseni tlohy ¢i nikoli.

Ulohy nemusite fesit.

Ukazka:

Na pevné kladce visi dvé télesa o hmotnostech 3 kg a 5 kg. Téleso o mensi hmotnosti je
ve vzdalenosti 2 m pod télesem o vétsi hmotnosti. Po¢atecni rychlost obou téles je
nulova. Urcete zrychleni soustavy. Hmotnost kladky i provazku zanedbejte, treni
neuvazujte.

Reseni: Zakon zachovani mechanické energie plati, zdkon zachovani hybnosti nikoli.
ProtoZe v uloze neuvaZujeme trfeni, zanedbavame tim ztratu mechanické energie,
ke které by vlivem tfeni dochazelo. V takovém pfipadé se bude pouze preménovat
potencidlni energie v kinetickou a naopak, a tedy plati zdkon zachovani mechanické
energie.

Hybnost soustavy je na zacatku pohybu jind nez na konci pohybu, protoze vlivem
tihové sily Zemé (vnéjsi sila) se celd soustava rozjizdi a zvySuje tim svou hybnost.
Zakon zachovani hybnosti zde tedy neplati.

Shrnuti, kdy plati zakon zachovdni mechanické energie a zakon zachovdni hybnosti:

Zakon zachovani mechanické energie splfiuje podminky platnosti v pfipadech, kdy mizeme
zanedbat pUsobeni odporovych sil (tfeni, odpor vzduchu, ...), deformacni tcinky sil, ¢i zménu
vnitfni energie télesa, resp. soustavy téles.

Zakon zachovani hybnosti plati v pfipadé, Ze se uvaZované téleso, resp. soustava téles
nachazi vizolované soustavé, tedy, pokud je vyslednice vSech vnéjsich sil pUsobicich na
soustavu nulova.
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Ulohy:

7.

Vozik o hmotnosti 250 kg jede po vodorovnych kolejich rychlosti 2,4 m s™ a srazi se
s vozikem o hmotnosti 500 kg, ktery jede rychlosti 1,8 m s™. Pfi sraZce se oba voziky
spolu spoji a dale se pohybuji spolecné. Vypocététe ubytek mechanické energie
vozik( pfi srazce, jestlize voziky pred srazkou jedou za sebou.

Reseni: V této Uloze se jedna o nepruinou srazku dvou téles. Cast plvodni kinetické
energie se preménila na vnitini energii soustavy (ta se projevi napf. zvysenim
teploty v oblasti ndrazu ¢i deformaci). Ztoho divodu neni splnéna podminka
platnosti zakona zachovani mechanické energie.

Zakon zachovani hybnosti zde v3ak plati, nebot vyslednice vSech vnéjsich sil
pusobicich na télesa jsou nulové a Ize tak popsanou situaci brat jako izolovanou
soustavu. V okamziku srazky na sebe voziky sice vzajemné pUsobi, ale jednd se
o vnitfni sily, které zakon zachovani hybnosti nijak neovliviuiji.

Vysledek: 30 J

8. Na stromé ve vysce 1,8 m visi jablko. Jablko se utrhne a padd k zemi. S jakou
rychlosti dopadne?
Reseni: Pokud zanedbame odporové sily, bude se potencidlni energie jablka
postupné pfeménovat na kinetickou. ProtoZe se tato energie neméni v Zadnou jinou
formu energie, ani neni jablku Zadna dalsi energie dodavana, plati zakon zachovani
mechanické energie.
Na jablko plsobi nenulova vnéjsi sila — tihova sila Zemé. Zakon zachovani hybnosti
tedy neplati.
Vysledek: 6 m s

9. Chlapci Tomas a Petr sankovali na kopci. Sanky i s nimi mély hmotnost 87 kg. Aby

jeli co nejrychleji, vidy se nahofe rozbéhli, naskodili na sariky a jeli dold. Pocatecéni
rychlost sanék s obéma chlapci je 7 km h™. Kopec je vysoky 15m. Jak velkou
rychlost maji sanky s chlapci na upati kopce? Predpoklddejte, Ze chlapci nebrzdi
nohama a Ze tfeni sanék pfi pohybu po svahu lze zanedbat. Odpor vzduchu rovnéz
neuvaZzujte.

Reseni: Zakon zachovani mechanické energie vtéto Uloze plati. Na kopci maji
sanky tihovou energii a diky pocatecni rychlosti i kinetickou energii. BEéhem pohybu
sanék doll z kopce se potencidlni energie pfemériuje na kinetickou. Protoze
zanedbavame treni a odpor vzduchu, k jiné preméné energie jiz nedochazi.

Pokud by chlapci béhem sjizdéni kopce brzdili nebo pokud by tfeni bylo tak velké,
Ze by neslo zanedbat, zakon zachovani mechanické energie by neplatil.

Zakon zachovani hybnosti v této situaci nelze pouZit, nebot na sarky pUsobi vnéjsi
sila, kterou je sila tihova.

Vysledek: 61 km h™ (17 m s™)
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10.

Na vzduchové draze se srazi vozik dokonale pruzné s druhym vozikem, ktery byl do
srazky v klidu. Po sraZce se oba voziky pohybuji stejné velkymi rychlostmi opacnym
smérem. Uréete pomér hmotnosti obou vozikd.

Reseni: P¥i dokonale pruiném razu plati zdkon zachovani mechanické energie
i zakon zachovani hybnosti. Vtomto pripadé tedy oba zakony plati, pokud
neuvazujeme treci a odporové sily plsobici proti sméru pohybu.

Vysledek: Vozik, ktery je pted srazkou v pohybu, je 3 krat lehéi nez vozik, ktery je
v klidu.

11.

Téleso o hmotnosti 0,5 kg se pohybuje po dokonale hladké vodorovné roviné
rychlosti 6 ms™. Do télesa vnikla stfela o hmotnosti 0,01 kg, ktera se pohybovala
kolmo ke sméru pohybu télesa rychlosti 600 m s™. Uréete vyslednou rychlost télesa
po vniknuti stfely a dhel, ktery svird smér této rychlosti se smérem pUvodni
rychlosti.

Reseni: Zakon zachovani mechanické energie v této Uloze neplati, nebot se jedna
o nepruznou srazku dvou téles. Stfela vnikne do télesa a ¢ast plvodni kinetické
energie obou téles se tak spotfebuje na jeji ,,zavrtani®.

Podminky platnosti spliiuje zakon zachovani hybnosti, protoZe téleso se stfelou
muZeme pokladat za izolovanou soustavu. (Téleso i stfela se pohybuji rovhomérnym
primocarym pohybem. Vysledna sila, ktera na né plisobi, je tedy nulova).

Pozndmka: Pti feseni Ulohy Ize také vypocitat zménu vnitfni energie soustavy.

Vysledek: 13 m s, 63°, (vnitni energie soustavy se zvysi o 1,8 k)

12.

Po naklonéné roviné, ktera svird s vodorovnou rovinou uhel 30°, sjizdi dievény
kvadr. Urcete velikost jeho zrychleni, je-li soucinitel smykového tfeni mezi kvadrem
a naklonénou rovinou 0,4.

Reseni: V této Uloze neplati ani zdkon zachovani mechanické energie ani zakon
zachovani hybnosti. Zakon zachovani mechanické energie zde neplati, protoze c¢ast
energie se spotfebovdva na prekonani tfeci sily (mechanicka energie se pfeménuje
na vnitini energii kvddru a roviny), a zakon zachovani hybnosti zde neplati, protoze
na kvadr plsobi vnéjsi sila, kterou je tihova sila Zemé.

Vysledek: 1,5 m s?
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Magnetické pole

Zadani:

U kazdé nasledujici ulohy rozhodnéte, které z nize popsanych jevl se v dané situaci projevi
(nejde jen o jevy, které se pouZiji pfi freseni tloh).

Své zdlivodnéni vysvétlete.

Ulohy nemusite fesit.

Jevy:
A) Na vodi¢, kterym protéka proud, plsobi v magnetickém poli sila.
B) Vodic s proudem kolem sebe vytvari magnetické pole.
C) Vodic se pohybuje v magnetickém poli a indukuje se na ném napéti.
D) V uzavieném vodici se indukuje napéti a diky tomu vodi¢em protéka proud.

Ukazka:

Dva rovnobézné vodice délky 50 m, ve vzajemné vzdalenosti 5 cm, se navzajem pritahuji
silou 18 N. Urcete velikost proudu ve vodicich a jeho smér.

Reseni: B, A

Vysvétleni: Obéma vodici protéka proud, a tudiz kolem sebe oba vodice vytvareji
magnetické pole (B). Magnetické pole kolem kaZzdého z vodic¢li se projevuje tim, Ze
na druhy vodic, ktery je umistén v tomto poli, plisobi magneticka sila (A).

Ulohy:

1. Vodi¢ délky 8,0 cm je umistén kolmo kindukénim c¢ardm magnetického pole
o magnetické indukci 0,12 T. Urcete velikost sily pulsobici na vodic, jestlize jim
prochazi proud 0,5 A.

2. Kpfimému vodici, kterym prochdzi proud, se pfiblizuje druhy pfimy, rovnobéziny
vodic. Urcete smér indukovaného proudu v druhém vodici.

3. Jakou rychlosti se musi pohybovat v homogennim magnetickém poli ptimy vodic
délky 20 cm, aby pfi magnetické indukci pole 0,2 T bylo na koncich vodi¢e napéti
2 mV?
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4. Vodic¢ délky I klouze bez tfeni po dvou rovnobéznych vodivych tycich, umisténych
v homogennim magnetickém poli tak, Ze vektor magnetické indukce je kolmy
k roviné, v niz tyce lezi. Konce tyéi jsou navzajem spojeny rezistorem o odporu R.
Urcete velikost sily, kterou musime na vodi¢ pUsobit, aby se pohyboval rovhomérné
rychlosti ¥.

.
« B x % .
I
R P % % %
v
P % % \

5. Vodi¢ délky | je poloien na dvou rovnobéinych vodivych tycich, umisténych
v homogennim magnetickém poli tak, Ze vektor magnetické indukce je kolmy
k roviné, v niz tyce lezi. Konce ty¢i jsou navzdjem spojeny zdrojem napéti U. Urcete
velikost sily, ktera plGsobi na vodic.

—
x B X X bad
= l'_," . e .IIr * B
* s X B

6. V homogennim magnetickém poli o magnetické indukci 10 mT, jehoZz magnetické
indukéni ¢ary jsou vodorovné, je zavésen na dvou lehkych vldknech vodorovny vodic
délky 10 cm, ktery je kolmy k indukénim ¢aram. Urcete zménu tahové sily plsobici na
kazdé z vlaken, jestlize vodicem zacne prochazet proud 10 A.

7. Dvéma rovnobéznymi vodici prochazeji stejné proudy o velikosti 320 A. Urcete, v jaké
vzdalenosti se od sebe vodice nachazeji, jestlize na 1 m délky vodi¢l pUsobi sila 0,2 N.

8. V homogennim magnetickém poli se kolmo k indukénim ¢aram pohybuje pfimy vodic
délky 1,8 m rychlosti 6,0 m s, Na koncich vodi¢e naméfime napéti 1,44 V. Urcete
magnetickou indukci pole.
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Magnetické pole

Zadani:

U kazdé nasledujici ulohy rozhodnéte, které z nize popsanych jevl se v dané situaci projevi
(nejde jen o jevy, které se pouZiji pfi freseni tloh).

Své zdlivodnéni vysvétlete.

Ulohy nemusite fesit.

Jevy:
E) Navodic, kterym protéka proud, plsobi v magnetickém poli sila.
F) Vodi¢s proudem kolem sebe vytvari magnetické pole.
G) Vodic se pohybuje v magnetickém poli a indukuje se na ném napéti.
H) V uzavieném vodici se indukuje napéti a diky tomu vodi¢em protéka proud.

Ukazka:

Dva rovnobézné vodice délky 50 m, ve vzajemné vzdalenosti 5 cm, se navzajem pritahuji
silou 18 N. Urcete velikost proudu ve vodicich a jeho smér.

Reseni: B, A

Vysvétleni: Obéma vodici protéka proud, a tudiz kolem sebe oba vodice vytvareji
magnetické pole (B). Magnetické pole kolem kaZzdého z vodic¢li se projevuje tim, Ze
na druhy vodic, ktery je umistén v tomto poli, plisobi magneticka sila (A).

Vysledek: 300 A, souhlasnym smérem

Ulohy:

1. Vodi¢ délky 8,0 cm je umistén kolmo kindukénim c¢aram magnetického pole
o magnetické indukci 0,12 T. Urcete velikost sily plsobici na vodic, jestlize jim

prochazi proud 0,5 A.

Reseni: A, B
Vysvétleni: Vodic je umistén v magnetickém poli a prochazi jim proud (A). ProtoZe
vodi¢em prochazi proud, bude se kolem néj vytvaret magnetické pole (B).

Pozndmka: V této Uloze si lze vS§imnout, Ze je rozdil mezi vybirdnim jevd, které jsou
vhodné k vyfeseni ulohy, a jevl, které se v dané uloze projevi. K feSeni Ulohy by
stacilo pouzit pouze jev A.

Vysledek: 50 mN
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2. Kpfimému vodici, kterym prochazi proud, se pfiblizuje druhy pfimy, rovnobézny

vodi¢. Uréete smér indukovaného proudu v druhém vodici.

Reseni: B, C, D, A

Vysvétleni: Pfimy vodic, kterym prochazi proud, kolem sebe vytvari magnetické
pole (B). V tomto poli se pohybuje druhy pfimy vodi¢, na kterém se indukuje napéti
(C).

Protoze se v pohybujicim se vodici indukuje elektricky proud, Ize predpokladat, ze je
vodi¢ Casti uzaviené smycky a Ze se tedy projevi i jev D. Na pohybujici se vodic,
kterym protéka proud, pusobi i magneticka sila (A), nebot se druhy vodi¢ pohybuje
v magnetickém poli prvniho vodice. Zarover se bude kolem pohybujiciho se vodice
vytvaret magnetické pole (B).

3. Jakou rychlosti se musi pohybovat v homogennim magnetickém poli pfimy vodic
délky 20 cm, aby pfi magnetické indukci pole 0,2 T bylo na koncich vodice napéti
2 mV?

Reseni: C
Vlysvétleni: Vodi¢ se pohybuje v magnetickém poli a indukuje se na ném napéti (C).

Pozndmka: ProtoZe ze zadani uUlohy nevime, zda vodi¢ v magnetickém poli tvori
uzavienou smycku, nemuUzZeme fici, zda se na ném indukuje proud. Z toho ddvodu
nelze v tomto pfipadé rozhodnout o tom, jestli se zde projevi jevy A, B a D.

Vysledek: 5 cm st

4. Vodic¢ délky I klouZe bez tfeni po dvou rovnobéznych vodivych tycich, umisténych
v homogennim magnetickém poli tak, Ze vektor magnetické indukce je kolmy
k roviné, v niz tyce lezi. Konce ty¢i jsou navzdjem spojeny rezistorem o odporu R.
Urcete velikost sily, kterou musime na vodi¢ pUsobit, aby se pohyboval rovhomérné

rychlosti v.

—
X B ¥ X bl
l
R x x * b
W
x x x x

Reseni: C,D, A, B

Vysvétleni: Vodic¢ se pohybuje v homogennim magnetickém poli, a tudiZz se na ném
indukuje napéti (C), a protozZe je soucasti uzaviené smycky, prochazi jim proud (D).
Dusledkem indukovaného elektrického proudu ve vodidi je, Ze na tento vodic¢ bude
pusobit magnetickd sila (A). ProtoZe vodi¢em prochazi proud, bude kolem sebe
navic vytvaret i magnetické pole (B).

Pozndmbka: Aby se vodic¢ pohyboval rovhomérné, musime na néj pUsobit silou, ktera
ma stejnou velikost jako magneticka sila, ale opacny smér.
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5. Vodi¢ délky | je poloZzen na dvou rovnobéiznych vodivych tycich, umisténych
v homogennim magnetickém poli tak, Ze vektor magnetické indukce je kolmy
k roviné, v niz tyce lezi. Konce ty¢i jsou navzajem spojeny zdrojem napéti U. Urcete

velikost sily, ktera plQsobi na vodic.

—
* B * X *
= L.lr e » ,|'r >, -
ke * = b

Reseni: A, B

Vysvétleni: Vodic je soucasti obvodu a protéka jim proud (velikost proudu zavisi na
odporu vodice). Vodi¢ je umistén v homogennim magnetickém poli, a proto na néj
pusobi magneticka sila (A). Protékajici proud ve vodici navic zpUsobuje, Ze se kolem
vodice bude vytvaret magnetické pole (B).

Pozndmka: Na rozdil od predchozi ulohy se zde neindukuje napéti. Je to z toho
dlvodu, Ze vodi¢ v této uUloze zlstava v konstantnim magnetickém poli v klidu
(nepohybuje se).

6. V homogennim magnetickém poli o magnetické indukci 10 mT, jehoZ magnetické
indukéni ¢ary jsou vodorovné, je zavéSen na dvou lehkych vldknech vodorovny
vodi¢ délky 10 cm, ktery je kolmy k indukénim ¢aram. Urcete zménu tahové sily
puUsobici na kazdé z vldken, jestliZze vodi¢em zacne prochazet proud 10 A.

Reseni: A, B

Vysvétleni: Vodic, kterym prochdzi proud, je umistén v magnetickém poli, a proto
na néj plsobi magneticka sila (A) a zaroven se kolem néj vytvari magnetické pole
(B).

Vysledek: 5 mN

7. Dvéma rovnobéinymi prochazeji stejné proudy o velikosti 320 A. Urcete, v jaké
vzdalenosti se od sebe vodi¢e nachazeji, jestlize na 1 m délky vodi¢l plsobi sila
0,2 N.

Reseni: B, A

Vysvétleni: Obéma vodici protéka proud, a tudiz kolem sebe oba vodice vytvareji
magnetické pole (B). To se projevuje tak, Ze na druhy vodi¢, ktery je umistén
v tomto poli, plsobi magneticka sila (A).

Vysledek: 10 cm
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8. V homogennim magnetickém poli se kolmo kindukénim ¢ardm pohybuje pfimy
vodi¢ délky 1,8 m rychlosti 6,0 m s™. Na koncich vodi¢e naméfime napéti 1,44 V.
Urcete magnetickou indukci pole.

Reseni: C
Vysvétleni: V homogennim magnetickém poli se pohybuje vodi¢, na kterém se
indukuje napéti (C).

Pozndmka: Protoze ze zaddani ulohy nevyplyva, Zze by byl vodi¢ soucdsti uzaviené
smycky, nelze predpoklddat, Ze jim bude protékat proud. Proto zde jevy A, Ba D
nenajdou uplatnéni.

Vysledek: 0,13 T

Pouzita literatura s oznacenim uloh ve zdrojich:
LEPIL, O., SEDIVY, P. Fyzika pro gymndzia — Elektfina a magnetismus. 4. upravené vyd.
Praha: Prometheus, 1992. ISBN: 80-7196-088-8.
e Ulohy: ukazka (¢. 7.4/4), 1 (¢. 7.3/1), 2 (€. 8.4/5), 3 (€. 8.4/6)

LEPIL, O. & KOL. Sbirka tloh pro stfedni Skoly Fyzika. 1. vyd. Praha: Prometheus, 1995.
ISBN: 80-7196-048-9.

e Ulohy: 4 (¢.5.308), 6 (¢. 5.263), 7 (¢. 5.271), 8 (¢. 5.301)
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B.3 Prirazovani fyzikalnich principi
Tato sekce obsahuje:
e  Metodicky list (str. 145)
e Pracovni list — mechanika | — zakladni Uroven (str. 146)
e Reseni pracovniho listu — mechanika | (str. 147)
e Pracovni list — mechanika Il a — vyssi Uroven (str. 149)
e Redeni pracovniho listu — mechanika Il a — vy$3i Urover (str. 152)
e Pracovni list — mechanika Il b — vyssi Uroven (str. 156)
e Reseni pracovniho listu — mechanika Il b — vy33i Groven (str. 159)
e Pracovni list — stavova rovnice idealniho plynu SS (str. 164)
e Reseni pracovniho listu — stavova rovnice idealniho plynu SS (str. 166)
e Pracovni list — stavova rovnice idealniho plynu VS (str. 169)
e Reseni pracovniho listu — stavova rovnice idealniho plynu SS (str. 171)
e Pracovni list — magnetické pole (str. 175)

e Reeni pracovniho listu — magnetické pole (str. 177)
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Ptifazovani fyzikalnich princip Metodicky list

Prirazovani fyzikalnich principt

Fyzikalni rozbor situace patfi nejen k nejobtiznéjsim, ale také k nejdulezitéjSim krokam pfi
Feseni fyzikalnich dloh. Z&ci viak pfi Fe$eni Gloh povaZuji za dilezity hlavné popis prostredi,
do kterého je uloha umisténa, nikoli fyzikdIni situace. Tato aktivita proto cilené pracuje
s rozborem fyzikalnich situaci a urcovanim fyzikalnich principl, jeZ je potfeba pouZit pfi
feSeni danych uloh.

Cil: Zaci by si méli uvédomit, ze pri feSeni Uloh je tfeba ,jit pod povrch” a zdanlivé stejné
ulohy mohou vyZadovat pro svoje reseni rlizné fyzikalni principy.

Vhodné kapitoly: Lze pouZit aZ po probrani vétsiho tematického celku, idedlné v tématech,
kde se resi podobné ulohy rliznymi principy. Lze pouzit opakované, idedlné po jednom
vétsim uvedeni zarazovat pravidelné do vyuky, napt. i jako domaci uUlohu (v dalsi hodiné je
nutné vysledky se Zaky prodiskutovat). Vhodné jsou jednoduché ulohy s kratkym zadanim.

Casovd ndroénost: dlouhd aktivita (20-40 minut, dle zp(isobu prace s aktivitou)

Priibéh v hodiné:

Zaci dostanou na pracovnim listé zadani nékolika uloh a seznam nékolika fyzikalnich
principd. Ukolem 73kU je rozhodnout, ktery z danych fyzikélnich princip@ je nutny k vyfeseni
kazdé ulohy.

Ukolem 74k{ neni Glohu dofesit az do konce.

U viech uloh Z4ci vybiraji ze stejného seznamu fyzikalnich principl. Ke kazdé Gloze musi byt
vybran praveé jeden princip.

Nejprve si Zaci rozmysli odpovédi sami, pak sva fesSeni prodiskutuji ve dvojici ¢i mensi
skupiné, potom je prezentuji tfidé a spolu s ucitelem diskutuji spravné odpovédi.

Pozndmka: Je nutné vidy na konci této aktivity provést se studenty diskuzi
o vysledcich.

Po vypracovani a zkontrolovani pracovniho listu je mozné dat Zzakiim za ukol nékteré dlohy
dofresit az do konce.

Doporuceni, co délat v ndsledujicich vyucovacich hodindch:

Pfed fesenim kazdé ulohy si Zaci ,zkusi tipnout”, jaky fyzikalni princip bude potreba pro
vyreseni poufzit.

Vyucujici pfi feSeni Uloh na tabuli zdUraznuje, ktery fyzikalni princip je vhodné pro vyfeseni
ulohy poutzit.
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Mechanika

Mozna jste si vSimli, ze ulohy v mechanice, se kterymi jste se doposud setkali, se daji resit
rznymi postupy, resp. podle pouZitého postupu se daji Ulohy rozdélit na nékolik skupin.
Obecné jsou zde dva odlisné pfistupy k feSeni uloh. Prvnim je feSeni pomoci pohybové
rovnice, kdy pracujeme s ¢asovymi zavislostmi jednotlivych velic¢in, jako je poloha, rychlost
a zrychleni. Druhd mozZnost spocivd v zaméreni se na veliiny, které se pfi pohybu
zachovavaji — tj. pouziti zakon( zachovani hybnosti a mechanické energie. V tomto pfistupu
se nezabyvame vyvojem v Case. Nékdy lze dokonce ulohu fesit pomoci obou pfistup( nebo
je potreba tyto pristupy zkombinovat. Ktery pfistup lze pouzit k vyfeSeni ulohy nebo
je pomoci ného feseni jednodussi zaleZi na tom, co je v Uloze zadané a co je tfeba nalézt.

Zadani:

NiZe jsou uvedeny 4 moZnosti oznacené pismeny A-D, které obsahuji jeden nebo vice
zékladnich fyzikalnich principl. Pod nimi naleznete 5 uloh, jez Ize pomoci nékterych téchto
fyzikalnich principl vyresit. Vasim ukolem je vybrat ke kazdé uloze pravé jednu
zmoznosti A-D tak, aby byla pomoci daného fyzikdlniho principu vyfeSena co moznd
nejefektivnéjsim zplsobem.

Zadané ulohy nemusite fesit aZ do ziskani vysledku.

Fyzikdlni principy:
A) 2. NewtonQv zakon
B) Zakon zachovani mechanické energie (resp. pfemény raznych forem energie)
C) Z&akon zachovani hybnosti
D) Pouziti dvou fyzikalnich principli v poradi: zakon zachovani hybnosti — zakon
zachovani mechanické energie

Ulohy:
1. Dva vagony riznych hmotnosti se pohybuji stalou rychlosti. Ktery vagon se dfive
zastavi, pUsobi-li na oba vagony stejné velka brzdna sila?

2. Zelezniéni vagon o hmotnosti 20 t se pohybuje po vodorovné trati rychlosti 1 m s™
anarazi na jiny vagon o hmotnosti 30 t, ktery jede stejnym smérem rychlosti
0,5ms™. Po néarazu ziistanou vagony spojeny. Jak velkou rychlosti se spojené
vagony po narazu pohybuji?

3. Zdéla o hmotnosti 1 t byla vystfelena stfela o hmotnosti 1 kg. Jaka je
kineticka energie zpétného pohybu déla ve chvili, kdy stfela opousti hlaven rychlosti
400ms™?

4. Stiela pohybujici se rychlosti 20 m s™ se roztrhla na dvé ¢asti o hmotnostech 10 kg
a5 kg. Leh&i &ast strely méla rychlost 90 m s™ a pohybovala se ve stejném sméru

v vy

jako pred roztrzenim. Urcete rychlost tézsi ¢asti strely.

5. Jak velkou rychlosti tryska voda z trubice vodotrysku, jestlize vystupuje do vysky
5m?
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Mechanika

Mozna jste si vSimli, ze ulohy v mechanice, se kterymi jste se doposud setkali, se daji resit
rznymi postupy, resp. podle pouzitého postupu se daji ulohy rozdélit na nékolik skupin.
Obecné jsou zde dva odlisné pfistupy k feSeni uloh. Prvnim je feSeni pomoci pohybové
rovnice, kdy pracujeme s ¢asovymi zavislostmi jednotlivych velicin, jako je poloha, rychlost
a zrychleni. Druhd moznost spocivd v zaméreni se na veliCiny, které se pfi pohybu
zachovavaji — tj. pouziti zakon( zachovani hybnosti a mechanické energie. V tomto pfistupu
se nezabyvame vyvojem v Case. Nékde Ize dokonce ulohu fesit pomoci obou pfistupl nebo
je potfeba tyto pristupy zkombinovat. Ktery pfistup lze pouzit k vyfeseni ulohy nebo je
pomoci ného feSeni jednodussi zaleZi na tom, co je v Uloze zadané a co je tfeba nalézt.

Zadani:

NiZe jsou uvedeny 4 moZnosti oznaCené pismeny A-D, které obsahuji jeden nebo vice
zékladnich fyzikalnich principl. Pod nimi naleznete 5 uloh, jez Ize pomoci nékterych téchto
fyzikalnich principl vyfesit. Vasim Ukolem je vybrat ke kazidé uloze pravé jednu
zmoznosti A-D tak, aby byla pomoci daného fyzikdlniho principu vyfeSena co moina
nejefektivnéjsim zplsobem.

Zadané ulohy nemusite fesit az do ziskani vysledku.

Fyzikdlni principy:

A) 2. NewtonQv zakon

B) Zakon zachovani mechanické energie (resp. pfemény raznych forem energie)

C) Z&akon zachovani hybnosti

D) Pouziti dvou fyzikdlnich principd v poradi: zdkon zachovani hybnosti — zdkon
zachovani mechanické energie

Ulohy:

1. Dva vagony rdznych hmotnosti se pohybuji stadlou rychlosti. Ktery vagon se dfive
zastavi, pUsobi-li na oba vagony stejné velka brzdna sila?

PouZity princip: A

. . . o ‘. A
Pozndmka: 2. Newtonlv zakon je v této Uloze pouzit ve tvaru F = A—f.
Vysledek: Vagon s mensi hmotnosti se zastavi dfive.

2. Zelezniéni vagon o hmotnosti 20 t se pohybuje po vodorovné trati rychlosti 1 m s™
anarazi na jiny vagon o hmotnosti 30 t, ktery jede stejnym smérem
rychlosti 0,5ms™. Po narazu zlstanou vagony spojeny. Jak velkou rychlosti se
spojené vagony po narazu pohybuji?

PouZity princip: C
Vysledek: 1,6 m st
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3. Zdéla o hmotnosti 1 t byla vystfelena stfela o hmotnosti 1 kg. Jakd je
kineticka energie zpétného pohybu déla ve chvili, kdy stfela opousti hlaven rychlosti
400 ms™?

PouZity princip: D

Pozndmka: Pti feSeni této ulohy je jasné oddélené poradi pouziti jednotlivych
fyzikalnich principl. Nejprve je potfeba ze zakona zachovani hybnosti urcit rychlost
déla pri zpétném pohybu. Teprve potom muizZeme z této rychlosti urcit kinetickou
energii déla.

Vysledek: 80 )

4. Stiela pohybujici se rychlosti 20 m s™ se roztrhla na dvé ¢asti o hmotnostech 10 kg
a5 kg. Leh¢i &ast strely méla rychlost 90 m s a pohybovala se ve stejném sméru

v vy

jako pred roztrzenim. Urcete rychlost téZsi ¢asti strely.

PouZity princip: C
Vysledek: 15 m st

5. Jak velkou rychlosti tryska voda z trubice vodotrysku, jestlize vystupuje do vysky
5m?

PouZity princip: B

Vysledek: 10 m st

Pouzita literatura s oznacenim uloh ve zdrojich:
LEPIL, O. & KOL. Sbirka tloh pro stfedni Skoly Fyzika. 1. vyd. Praha: Prometheus, 1995.
ISBN: 80-7196-048-9.
e Ulohy:1(¢. 2.91), 2 (¢. 2.137),5(¢. 2.232)

PLAzAK, T. & KOL. 500 testovych uloh z fyziky pro studenty stfednich skol. 1. vyd.
Praha: Prometheus, 2003. ISBN: 80-7196-248-1.
e Ulohy: 3 (<. 60)

BARTUSKA, K. Sbirka resenych uloh zfyziky pro stfedni Skoly I. 2.vyd. Praha:
Prometheus, 1997. ISBN: 80-7196-236-8.
e Ulohy: 4 (¢. 82)
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Mechanika

Asi jste si vSimli, Ze ulohy v mechanice, se kterymi jste se doposud setkali, se daji resit
rznymi postupy, resp. podle pouzitého postupu se daji ulohy rozdélit na nékolik skupin.
Obecné muizZeme odlisit dva rozdilné pristupy k reseni uloh. Prvnim je feSeni pomoci
pohybové rovnice, kdy pracujeme s ¢asovymi zavislostmi jednotlivych velicin, jako je poloha,
rychlost a zrychleni. Druhd moZnost spociva v zaméreni se na veliCiny, které se pfi pohybu
zachovavaji — tj. pouziti zakon( zachovani hybnosti a mechanické energie. V tomto pfistupu
se nezabyvame vyvojem v ¢ase. Nékde Ize dokonce ulohu fesit pomoci obou ptistupl nebo
je potreba tyto ptistupy zkombinovat. Ktery pfistup lze pouzit k vyfeSeni ulohy nebo
je pomoci ného feSeni jednodussi zaleZi na tom, co je v Uloze zadané a co je tfeba nalézt.

Zadani:

NiZze je uvedeno 6 moZnosti oznacenych pismeny A-F, které obsahuji jeden nebo vice
zékladnich fyzikalnich principl. Pod nimi naleznete 10 uloh, jeZ Ize pomoci nékterych téchto
fyzikalnich principl vyresit. Vasim uUkolem je vybrat ke kazdé Uuloze pravé jednu
zmoznosti A-F tak, aby byla pomoci daného fyzikdlniho principu vyfeSena co mozind
nejefektivnéjsim zplisobem.

Zadané ulohy nemusite fesit az do ziskani vysledku.

Fyzikdlni principy:

A) 2. Newton(v zakon, tj. pohybova rovnice

B) Zakon zachovani mechanické energie (resp. premény raznych forem energie)

C) Zdakon zachovani hybnosti

D) Pouziti dvou fyzikalnich principl: zdkon zachovéani hybnosti — zdkon zachovani
mechanické energie

E) PouZiti dvou fyzikalnich principl: zdkon zachovani mechanické energie — pohybova
rovnice

F) Pouziti dvou fyzikalnich principu: zdkon zachovani hybnosti — pohybova rovnice

Ulohy:

1. Do stojiciho Zelezni¢niho vagonu, ktery ma hmotnost 32 tun, narazi zepredu stejné
tézky vagon jedouci rychlosti o velikosti 2 m s a ve stejny okamZik do stojiciho
vagonu narazi zezadu vagon o hmotnosti 48 tun rychlosti o velikosti 6 m s™. Pfi
srazce se vSechny tfi vagony spoji a zacnou se pohybovat spolecné jednim smérem.
Jakym smérem a jak velkou rychlosti se vagony budou pohybovat?

2. Po dokonale hladké naklonéné roviné o délce 20 m klouZe téleso. BEéhem pohybu
snizi jeho tézisté svoji polohu o 5 m. Urcete, jak velkou rychlost bude mit téleso na
konci roviny, je-li nahofe volné vypusténo. Odporové sily neuvazujte.
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3. Nakladni auto jede stalou rychlosti 30 km-h™ z kopce. Hmotnost auta je 5t. Auto
brzdi pomoci motoru, celkova brzdna sila plsobici na auto ma velikost 4400 N.
Urcete sklon kopce.

4. Vypoctéte, jak vysoko vyskoCi po uvolnéni kulicka o hmotnosti 10 g, ktera je
poloZena na pruziné stlacené ve svislém sméru o 5 cm. PruZina se stlaci silou 1 N
olcm. Tihové zrychleni je 10 m s?, ztraty tfenim nebo odporem vzduchu
neuvazujeme.

5. Na hladké vodorovné roviné leZi dvé télesa o hmotnostech 2 kg a 4 kg spojena
stlatenou pruzinou. Energie stlaené pruziny je 6 J. Po uvolnéni pruziny se pruZina
roztahne do plvodni délky a obé télesa se zacnou pohybovat v opaénych smérech.
Urcete velikost jejich rychlosti. Hmotnost pruziny a tfeni neuvazujeme.

6. Mi¢ o hmotnosti 0,20 kg dopad! kolmo na pevnou sténu rychlosti 20 m s™ a odrazil
se rychlosti 15 m s™*. Néraz trval po dobu 0,005 s. Jak velkou silou piisobila po dobu
narazu sténa na mic?

7. Po vodorovné desce se stdlou rychlosti v pohybuje téleso o hmotnosti m. Toto
téleso se nepruzné srazi s télesem o hmotnosti M, které bylo na pocatku v klidu.
Obé télesa nasledné vyjedou na naklonénou rovinu s thlem sklonu a. Do jaké
maximalni vzddlenosti na naklonéné roviné tato télesa vyjedou? Treni a odporové
sily neuvazuijte.

8. Ctyfi stejné drevéné kostky o hmotnostech m jsou navzéjem spojeny za sebou tfemi
stejnymi pruzinami o tuhosti k. Kolmo na sténu krajni kostky tla¢ime silou F, a tak
vyvolavdme rovnomérné zrychleny pohyb kostek se zrychlenim o velikosti a. Urcete
velikost této sily Fa zkraceni kazdé pruziny, jestlize f je koeficient smykového treni
mezi kostkami a vodorovnou podlozkou. Hmotnost pruZin neuvazujte.

L%H%Mm&mm‘t

9. Téleso, které ma tvar kvadru a pohybuje se po vodorovné roviné, se zacne
pohybovat vzhiiru po naklonéné roviné pocateéni rychlosti 10 m s™. Uhel sklonu
naklonéné roviny je 30°. Urcete vzddlenost, kterou téleso na naklonéné roviné urazi
a? do okamziku zastaveni. Tihové zrychleni je 9,81 m s™2. T¥eni a odporové sily
neuvaZzujte.
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10. Ocelova koule o hmotnosti 1 kg pohybujici se rychlosti 3 m s™ ve sméru osy x
soufadnicové soustavy se srazi dokonale pruinym centralnim razem s jinou
ocelovou kouli o hmotnosti 0,5 kg, kterd byla na zacatku v klidu. Uréete rychlosti
obou kouli po razu.
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Mechanika

Asi jste si vSimli, Ze ulohy v mechanice, se kterymi jste se doposud setkali, se daji resit
rznymi postupy, resp. podle pouZitého postupu se daji Ulohy rozdélit na nékolik skupin.
Obecné mlzZeme odlisit dva rozdilné pristupy k rfeseni uloh. Prvnim je feSeni pomoci
pohybové rovnice, kdy pracujeme s ¢asovymi zavislostmi jednotlivych velic¢in, jako je poloha,
rychlost a zrychleni. Druhd moZnost spociva v zaméreni se na veliCiny, které se pfi pohybu
zachovavaji — tj. pouziti zakon( zachovani hybnosti a mechanické energie. V tomto pfistupu
se nezabyvame vyvojem v ¢ase. Nékde Ize dokonce ulohu fesit pomoci obou pristupl nebo
je potreba tyto pristupy zkombinovat. Ktery pfistup lze pouzit k vyfeSeni ulohy nebo
je pomoci ného feseni jednodussi, zaleZi na tom, co je v Uloze zadané a co je tfeba nalézt.

Zadani:

NiZze je uvedeno 6 moZnosti oznafenych pismeny A-F, které obsahuji jeden nebo vice
zakladnich fyzikalnich principd. Pod nimi naleznete 10 uloh, jeZ Ize pomoci nékterych téchto
fyzikdlnich principl vyresit. Vasim uUkolem je vybrat ke kazdé Uloze pravé jednu
zmoznosti A-F tak, aby byla pomoci daného fyzikdlniho principu vyfeSena co moznd
nejefektivnéjsim zplsobem.

Zadané ulohy nemusite fesit aZ do ziskani vysledku.

Fyzikdlni principy:

A) Newtonovy zakony, pohybova rovnice

B) Zakon zachovani mechanické energie (resp. premény raznych forem energie)

C) Z&akon zachovani hybnosti

D) Pouziti dvou fyzikalnich principl: zdkon zachovéani hybnosti — zdkon zachovani
mechanické energie

E) Pouziti dvou fyzikalnich principl: zdkon zachovani mechanické energie — pohybova
rovnice

F) PouZiti dvou fyzikalnich principud: zdkon zachovani hybnosti — pohybova rovnice

Ulohy:

1. Do stojiciho Zelezni¢niho vagonu, ktery ma hmotnost 32 tun, narazi zepredu stejné
tézky vagon jedouci rychlosti o velikosti 2 m s a ve stejny okamzik do stojiciho
vagonu narazi zezadu vagon o hmotnosti 48 tun rychlosti o velikosti 6 m s™. P¥i
srazce se vSechny tfi vagony spoji a zacnou se pohybovat spolecné jednim smérem.
Jakym smérem a jak velkou rychlosti se vagony budou pohybovat?

PouZity princip: C

Pozndmka: Pro teSeni Ulohy neni dulleZité, Ze se vSechny vagony srazi ve stejny
okamzik. Pro feseni ulohy jsme vyuZili zdkon zachovani hybnosti a v tomto pfistupu
se nezabyvame Casovym vyvojem dané situace. Zajima nas pouze celkova hybnost
na zacatku a celkova hybnost na konci.

Vysledek: 2 m s™, pohyb dopfedu
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2. Po dokonale hladké naklonéné roviné o délce 20 m klouze téleso. Béhem pohybu

vvev

konci roviny, je-li nahofe volné vypusténo. Odporové sily neuvazujte.

PouZity princip: B
Pozndmka: Vysledek ulohy nezavisi na sklonu roviny, a tedy ani na délce drahy,

kterou téleso urazi. DlleZita je vyska, kterou téleso béhem pohybu prekona.
Vysledek: 10 m s™

3. Nakladni auto jede stalou rychlosti 30 km h™ z kopce. Hmotnost auta je 5t. Auto
brzdi pomoci motoru, celkova brzdna sila pUsobici na auto ma velikost 4400 N.

Urcete sklon kopce.

PoulZity princip: A
Pozndmbka: Sklon kopce nezavisi na rychlosti, kterou auto jede, ale pouze na brzdné

sile.
Vysledek: 5° 8° (resp. 9 %)

4. Vypoctéte, jak vysoko vyskoli po uvolnéni kulicka o hmotnosti 10 g, ktera je
poloZena na pruziné stlaéené ve svislém sméru o 5 cm. PruZina se stlaci silou 1 N
olcm. Tihové zrychleni je 10 m s?, ztraty tfenim nebo odporem vzduchu

neuvazujeme.

PoulZity princip: B
Vysledek: 1,25 m

5. Na hladké vodorovné roviné lezi dvé télesa o hmotnostech 2 kg a 4 kg spojena
stlacenou pruZinou. Energie stlacené pruziny je 6 J. Po uvolnéni pruZiny se pruzina
roztahne do plvodni délky a obé télesa se zacnou pohybovat v opaénych smérech.

Urcete velikost jejich rychlosti. Hmotnost pruZiny a tfeni neuvazujeme.

PouZity princip: D

Pozndmka: PYi feSeni této uUlohy nezdleZi na poradi pouZiti zakonu zachovani
hybnosti a zakonu zachovani energie. Oba principy je potfeba pouzit spolecné
a sestavit pomoci nich soustavu dvou rovnic.

Vysledek: Télesa se budou pohybovat v opacnych smérech rychlostmi o velikostech
2mstalms™.

6. Mi¢ o hmotnosti 0,20 kg dopadl kolmo na pevnou sténu rychlosti 20 m s™ a odrazil
se rychlosti 15 ms™. Naraz trval po dobu 0,005 s. Jak velkou primérnou silou

puUsobila po dobu narazu sténa na mic?

PoulZity princip: A

. Gy v, .y . . A
Pozndmbka 1: Pti fesSeni této ulohy se pouzivd pohybova rovnice ve tvaru F = A—i.

Vysledek: 1400 N
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7. Po vodorovné desce se stdlou rychlosti v pohybuje téleso o hmotnosti m. Toto
téleso se nepruzné srazi s télesem o hmotnosti M, které bylo na pocatku v klidu.
Obé télesa nasledné vyjedou na naklonénou rovinu s dhlem sklonu a. Do jaké
maximalni vzdalenosti na naklonéné roviné tato télesa vyjedou? Treni a odporové
sily neuvazujte.

PouZity princip: D

Pozndmka: Pfi feSeni této ulohy je jasné oddélené poradi pouZiti obou zakonl
zachovani. V prvni ¢asti ulohy, kde se nepruzné srazeji dvé télesa, je potreba
pomoci zakona zachovani hybnosti urcit vyslednou rychlost téles po srazce. Ve
druhé &asti ulohy pak ze zakona zachovani mechanické energie lze urcit vysku, do
které jsou télesa schopna vyjet.

Rozdil mezi Ulohami, kde se oba zakony pouZivaji spole¢né (lloha 5) a v jasné
daném poradi (tato Uloha), je vhodné se studenty prodiskutovat.

8. Cty¥i stejné dievéné kostky o hmotnostech m jsou navzajem spojeny za sebou tfemi
stejnymi pruzinami o tuhosti k. Kolmo na sténu krajni kostky tla¢ime silou F, a tak
vyvolavame rovnomérné zrychleny pohyb kostek se zrychlenim o velikosti a. Urcete
velikost této sily Fa zkraceni kazdé pruZziny, jestlize f je koeficient smykového treni
mezi kostkami a vodorovnou podlozkou. Hmotnost pruZin neuvazujte.

P
—_— H m, M LR
PoulZity princip: A

9. Téleso, které ma tvar kvadru a pohybuje se po vodorovné roviné, se zacne
pohybovat vzhliru po naklonéné roviné pocateéni rychlosti 10 m s™. Uhel sklonu
naklonéné roviny je 30°. Urcete vzddlenost, kterou téleso na naklonéné roviné urazi
a? do okamziku zastaveni. Tihové zrychleni je 9,81 m s™. T¥eni a odporové sily
neuvaZzujte.

PoulZity princip: B
Vysledek: 5 m
10. Ocelova koule o hmotnosti 1 kg pohybujici se rychlosti 3 m s ve sméru osy x se

srazi dokonale pruznym centralnim rdzem s jinou ocelovou kouli o hmotnosti 0,5 kg,
ktera byla na zacatku v klidu. Urcete rychlosti obou kouli po razu.

PouZity princip: D

Pozndmka: PYi feSeni této uUlohy nezdleZi na poradi pouZiti zdkonu zachovani
hybnosti a zakonu zachovani energie. Oba zdkony je potfeba pouzit spolecné
a sestavit soustavu dvou rovnic.

Vysledek: 1ms*adms™
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Pouzita literatura s oznacenim tloh ve zdrojich:
BARTUSKA, K. Shirka fesenych uloh zfyziky pro stfedni Skoly 1. 2.vyd. Praha:
Prometheus, 1997. ISBN: 80-7196-236-8.
e Jdlohy: 2 (¢ 108), 4 (¢ 112), 5 (¢. 115), 9 (& 108), 10 (&. 116)

BEDNARIK, M., SIROKA, M. Fyzika pro gymndzia — Mechanika. 4. vyd. Praha:
Prometheus, 2010. ISBN: 978-80-7196-382-0.
e Ulohy: 6 (mechanika, 3.6/2)

LEONARD, W. J., DUFRESNE, R. J. & MESTRE, J. P. Using qualitative problem-solving
strategies to highlight the role of conceptual knowledge in solving problems.
American Journal of Physics. 1996, 64(12), pp. 1495-1503.

e Ulohy:7

KoupILOVA, Z. Sbirka rFesenych uloh z fyziky [online]. [cit. 21. 11. 2013] Dostupné z:
http://fyzikalniulohy.cz
e Ulohy: 3 (c. 215), 8 (¢. 140)

ZAK, V. Fyzikdini ulohy pro stfedni $koly. Praha: Prometheus, 2011. ISBN: 978-80-
7196-411-7.
e ulohy: 1 (mechanika, A 3.9)

155



Ptifazovani fyzikalnich principl Pracovni list — mechanika Il b

Mechanika

Asi jste si vSimli, Ze ulohy v mechanice, se kterymi jste se doposud setkali, se daji resit
rlznymi postupy, resp. podle pouZitého postupu se daji Ulohy rozdélit na nékolik skupin.
Obecné mlzZeme odlisit dva rozdilné pristupy k rfeseni uloh. Prvnim je feSeni pomoci
pohybové rovnice, kdy pracujeme s ¢asovymi zavislostmi jednotlivych velic¢in, jako je poloha,
rychlost a zrychleni. Druhd moZnost spociva v zaméreni se na veliCiny, které se pfi pohybu
zachovavaji — tj. pouziti zakon( zachovani hybnosti a mechanické energie. V tomto pfistupu
se nezabyvame vyvojem v ¢ase. Nékde Ize dokonce ulohu fesit pomoci obou pristupl nebo
je potreba tyto pristupy zkombinovat. Ktery pftistup lze pouzit k vyfeSeni ulohy nebo
je pomoci ného feseni jednodussi, zaleZi na tom, co je v Uloze zadané a co je tfeba nalézt.

Zadani:

NiZze je uvedeno 6 moZnosti oznafenych pismeny A-F, které obsahuji jeden nebo vice
zakladnich fyzikalnich principd. Pod nimi naleznete 10 uloh, jeZ Ize pomoci nékterych téchto
fyzikalnich principl vyresit. Vasim uUkolem je vybrat ke kazdé uloze pravé jednu
zmoznosti A-F tak, aby byla pomoci daného fyzikdlniho principu vyfeSena co moznd
nejefektivnéjsim zplsobem.

Zadané ulohy nemusite fesit aZ do ziskani vysledku.

Fyzikdlni principy:

A) Newtonovy zakony, pohybova rovnice

B) Zakon zachovani mechanické energie (resp. pfemény energie)

C) Z&akon zachovani hybnosti

D) Pouziti dvou fyzikalnich principl: zdkon zachovéani hybnosti — zdkon zachovani
mechanické energie

E) Pouziti dvou fyzikdlnich principl: zdkon zachovani mechanické energie -
Newtonovy zdkony

F) Pouziti dvou fyzikalnich principl: zakon zachovani hybnosti — Newtonovy zakony

Ulohy:
1. Kulicka o hmotnosti 20 g byla vrZzena svisle dol( z vysky 70 cm nad deskou stolu
pocateéni rychlosti 2 m s™. Do jaké vyiky by vyskocila po odrazu od stolu, kdyby
kuli¢ka i deska stolu byly dokonale pruzné? Tihové zrychleni je 10 m s™.

2. Vytahova kabina ma hmotnost 250 kg, nosnost vytahu je 5 lidi (400 kg). Hmotnost
protizavazi je volena tak, aby vyrovnavala polovi¢ni nosnost vytahu. Jakou silou
udrzuje motor kabinu vytahu v rovhomérném pohybu, jestlize vytah jede prazdny
nahoru?
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3. Téleso o hmotnosti 0,5 kg se pohybuje po dokonale hladké vodorovné roviné
rychlosti 6 ms™. Do télesa vnikla stfela o hmotnosti 0,01 kg, kterd se pohybovala
kolmo ke sméru pohybu télesa rychlosti 600 m s™. Uréete vyslednou rychlost télesa
po vniknuti stfely a dhel, ktery svird smér této rychlosti se smérem pUvodni
rychlosti.

4. Vozik o hmotnosti 250 kg jede po vodorovnych kolejich rychlosti 2,4 m s™ a srazi se
s vozikem o hmotnosti 500 kg, ktery jede rychlosti 1,8 m s™. Pfi sraZce se oba voziky
spolu spoji a dale se pohybuji spolecné. Vypoctéte ubytek mechanické energie
vozik( pfi srazce, jestlize voziky pred srazkou jedou za sebou.

5. Chlapci Tomas a Petr sankovali na kopci. Sanky i s nimi mély hmotnost 87 kg. Aby
jeli co nejrychleji, vidy se nahore rozbéhli, naskocili na sarky a jeli dold. Pocatecni
rychlost sanék u# s obéma chlapci je 7 km h™. Kopec je vysoky 15 m. Jak velkou
rychlost maji sarnky s chlapci na Upati kopce? Predpokladejte, Ze chlapci nebrzdi
nohama a Ze tfeni sanék pfi pohybu po svahu lze zanedbat. Odpor vzduchu rovnéz
neuvaZzujte.

6. Chlapec tahne sanky vzhliru po zasnéZzeném svahu se stoupanim 8 za provazek,
ktery svira s rovinou svahu Uhel a. Najdéte takovou velikost Uhlu a, pfi kterém bude
sila vynaloZena na taZeni sani nejmensi. Koeficient smykového tfeni mezi sanémi
a snéhem je f=0,1 a rychlost sani z(istava stala.

7. Vyobrazena soustava klouze doll po naklonéné roviné. Uréete velikost zrychleni
soustavy a velikosti tahovych sil provazkl Ty, T,. Koeficient smykového tieni mezi
bloky a naklonénou rovinou je f. Moment setrvacnosti kladky a hmotnost provazku
zanedbejte.

8. Loupeinik Zlomeny Zub opousti svoje sidlo v koruné stromu pomoci lana na pevné
kladce. Jeho télo vyvaZzuje zavéSeny kdmen. Jakou rychlosti dopadne Zlomeny Zub
na zem? Loupeznik ma hmotnost 75 kg. Spousti se zvysky 8,0 m. Kdmen ma
hmotnost 65 kg, na pocatku je na natazeném lané pravé na zemi.

9. Loupeinik Zlomeny Zub opousti svoje sidlo v koruné stromu pomoci lana na pevné
kladce. Télo mu pfitom vyvazuje zavéseny kamen. Loupeznik ma hmotnost 75 kg.
Spousti se z vysky 8,0 m. Kdmen mda hmotnost 65 kg, na pocatku je na natazeném
lané pravé na zemi. Hmotnost lana muiZete zanedbat. S jakym zrychlenim klesa
Zlomeny Zub k zemi?
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10. Maly vozik o hmotnosti m sjizdi bez prokluzovani po naklonéné draze zakoncené
valcovou plochou o poloméru r. Z jaké vysky h musi vozik sjizdét, aby projel celou
kruhovou smycku této valcové plochy? Moment setrvacnosti a valivy odpor koleéek
zanedbejte.
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Mechanika

Asi jste si vSimli, Ze ulohy v mechanice, se kterymi jste se doposud setkali, se daji resit
rznymi postupy, resp. podle pouzitého postupu se daji ulohy rozdélit na nékolik skupin.
Obecné muizZeme odlisit dva rozdilné pristupy k reseni uloh. Prvnim je feSeni pomoci
pohybové rovnice, kdy pracujeme s ¢asovymi zavislostmi jednotlivych velicin, jako je poloha,
rychlost a zrychleni. Druhd moZnost spociva v zaméreni se na veliCiny, které se pfi pohybu
zachovavaji — tj. pouziti zakon( zachovani hybnosti a mechanické energie. V tomto pfistupu
se nezabyvame vyvojem v ¢ase. Nékde Ize dokonce ulohu fesit pomoci obou ptistupl nebo
je potreba tyto ptistupy zkombinovat. Ktery pfistup lze pouzit k vyfeSeni ulohy nebo
je pomoci ného feSeni jednodussi, zaleZi na tom, co je v Uloze zadané a co je tfeba nalézt.

Zadani:

NiZze je uvedeno 6 moZnosti oznacenych pismeny A-F, které obsahuji jeden nebo vice
zékladnich fyzikalnich principl. Pod nimi naleznete 10 uloh, jez Ize pomoci nékterych téchto
fyzikalnich principl vyfesit. Vasim Ukolem je vybrat ke kazidé uloze pravé jednu
zmoznosti A-F tak, aby byla pomoci daného fyzikdlniho principu vyfeSena co mozind
nejefektivnéjsim zplisobem.

Zadané ulohy nemusite fesit az do ziskani vysledku.

Fyzikdlni principy:

A) Newtonovy zakony, pohybova rovnice

B) Zakon zachovani mechanické energie

C) Zdakon zachovani hybnosti

D) Pouziti dvou fyzikalnich principl: zdkon zachovéani hybnosti — zdkon zachovani
mechanické energie

E) Pouziti dvou fyzikdlnich principl: zdkon zachovani mechanické energie -
Newtonovy zdkony

F) Poutziti dvou fyzikalnich principd: zakon zachovani hybnosti — Newtonovy zakony

Ulohy:

1. Kulicka o hmotnosti 20 g byla vrZena svisle dol( z vysky 70 cm nad deskou stolu
pocateéni rychlosti 2 m s™. Do jaké vysky by vyskocila po odrazu od stolu, kdyby
kuli¢ka i deska stolu byly dokonale pruzné? Tihové zrychleni je 10 m s™.

PouZity princip: B

Pozndmka: Po kompletnim vyfesSeni Ulohy bychom zjistili, Ze kulicka by vyskocila do
vySky vétsi neZz pocatecni vyska 70 cm. Tento vysledek je moiné se Zzaky
prodiskutovat.

Vysledek: 0,9 m
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2. Vytahova kabina ma hmotnost 250 kg, nosnost vytahu je 5 lidi (400 kg). Hmotnost
protizavazi je volena tak, aby vyrovnavala polovi¢ni nosnost vytahu. Jakou silou
udrzuje motor kabinu vytahu v rovhomérném pohybu, jestlize vytah jede prazdny

nahoru?

PouZity princip: A

Pozndmka 1: Pokud se kabina vytahu pohybuje rovhomérnym pohybem, musi byt
vysledna sila, kterd na ni plsobi, nulova (jedna se o 1. Newtonlv zakon). Aby byla
tato podminka splnéna, zaleZi nejen na velikosti sily motoru vytahu, ale i na jejim
sméru.

Pozndmka 2: Véta, ve které se fikd, Ze hmotnost protizdvaZzi vyrovnava polovi¢ni
nosnost vytahu, je myslena tak, Ze protizdvazi vyrovnavd zarovern i hmotnost
kabiny, tj. jeho hmotnost je 450 kg. To znamena, Ze prazdny vytah jedouci smérem
nahoru musi ,brzdit“. Tato véta ale miZe byt pochopena i tak, Ze hmotnost
protizdvazi je rovna jedné poloviné nosnosti vytahu. Protizdvaii by pak mélo
hmotnost 200 kg. Na principu, kterym se Uloha fesi, vSak tato interpretace nic
neméni.

Vysledek: 2000 N

3. Téleso o hmotnosti 0,5 kg se pohybuje po dokonale hladké vodorovné roviné
rychlosti 6 ms™. Do télesa vnikla stiela o hmotnosti 0,01 kg, kterd se pohybovala
kolmo ke sméru pohybu télesa rychlosti 600 m s. Uréete vyslednou rychlost télesa
po vniknuti stfely a Uhel, ktery svird smér této rychlosti se smérem plvodni

rychlosti.

PouZity princip: C

Pozndmka: Pti feSeni Ulohy nelze pouzit zakon zachovani mechanické energie,
protoZe se jedna o nepruznou srazku. Po sraice se obé télesa spoji dohromady
a ¢ast plvodni energie obou téles se pouZije k tomu, aby se stfela ,zavrtala” do
télesa (jednd se o nevratnou deformaci). Tento fakt doporucujeme se studenty
prodiskutovat. Lze také vypocitat zménu vnitfni energie soustavy obou téles.
Vysledek: 13 m s, 63°, (vnitni energie soustavy se zvysi o0 1,8 kl)

4. Vozik o hmotnosti 250 kg jede po vodorovnych kolejich rychlosti 2,4 m s™ a srazi se
s vozikem o hmotnosti 500 kg, ktery jede rychlosti 1,8 m s™. P¥i sraZce se oba voziky
spolu spoji a dale se pohybuji spolecné. Vypoctéte Ubytek mechanické energie
vozik{ pfi srazce, jestlize voziky pred srazkou jedou za sebou.

PoulZity princip: C
Vysledek: 30 J
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5. Chlapci Tomas a Petr sankovali na kopci. Sanky i s nimi mély hmotnost 87 kg. Aby
jeli co nejrychleji, vidy se nahote rozbéhli, naskodili na sanky a jeli dol(l. Pocatecni
rychlost sanék s obéma chlapci je 7 km h™. Kopec je vysoky 15 m. Jak velkou
rychlost maji sanky s chlapci na upati kopce? Predpokladejte, ze chlapci nebrzdi
nohama a Ze tfeni sanék pfi pohybu po svahu lze zanedbat. Odpor vzduchu rovnéz
neuvazujte.

PoulZity princip: B
Vysledek: 61 km h™ (17 ms™)

6. Chlapec tahne sanky vzhliru po zasnéZzeném svahu se stoupdnim 8 za provazek,
ktery svira s rovinou svahu uhel a. Najdéte takovou velikost Uhlu a, pfi kterém bude
sila vynaloZzend na taZeni sani nejmensi. Koeficient smykového tfeni mezi sanémi

a snéhem je f=0,1 a rychlost sani z(stava stala.

PoulZity princip: A

Pozndmka 1: Sanky se pohybuji rovnomérnym pfimocarym pohybem, a proto je
vysledna sila plsobici na sané nulova.

Pozndmka 2: Pro urceni Uhlu a, pfi kterém bude sila vynaloZena na tazeni sani
nejmensi, je nutnd znalost diferencidlniho poctu.

Vysledek: 5° 43°

7. Vyobrazena soustava klouze doll po naklonéné roviné. Urcete velikost zrychleni
soustavy a velikosti tahovych sil provazka Ty, T,. Koeficient smykového tfeni mezi
bloky a naklonénou rovinou je f. Moment setrvacnosti kladky a hmotnost provazku

zanedbejte.

PoulZity princip: A

8. Loupeinik Zlomeny Zub opousti svoje sidlo v koruné stromu pomoci lana na pevné
kladce. Jeho télo vyvaZzuje zavéSeny kdmen. Jakou rychlosti dopadne Zlomeny Zub
na zem? Loupeznik ma hmotnost 75 kg. Spousti se zvysky 8,0 m. Kdmen ma

hmotnost 65 kg, na pocatku je na natazeném lané pravé na zemi.

PouZity princip: B

Pozndmka: Ulohu lze pocitat i pomoci 2. Newtonova zakona (viz daldi uloha),
pomoci kterého urcime zrychleni a z ného vypocitame rychlost. Jedna se ale
o vyrazné komplikované;si postup.

Vysledek: 3,4 m st
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9.

LoupezZnik Zlomeny Zub opousti svoje sidlo v koruné stromu pomoci lana na pevné
kladce. Télo mu pfitom vyvazuje zavéseny kamen. Loupeznik ma hmotnost 75 kg.
Spousti se z vysky 8,0 m. Kdmen ma hmotnost 65 kg, na pocatku je na natazeném
lané pravé na zemi. Hmotnost lana mizZete zanedbat. S jakym zrychlenim klesa
Zlomeny Zub k zemi?

PouZity princip: A

Pozndmka: Ulohu lze pocitat i pomoci zdkona zachovani energie (viz predchozi
uloha) — urcime rychlost pfi dopadu na zem a z této rychlosti zrychleni. Vypocet je
ale vyrazné komplikovanéjsi.

Vysledek: 0,70 m s™

10.

Maly vozik o hmotnosti m sjizdi bez prokluzovani po naklonéné draze zakoncené
valcovou plochou o poloméru r. Z jaké vysky h musi vozik sjizdét, aby projel celou
kruhovou smycku této valcové plochy? Moment setrvacnosti a valivy odpor kolecek
zanedbejte.

PouZity princip: E (pfipadné B)

Pozndmka 1: Aby vozik projel celou drahu, musi mit v nejvyssim bodé smycky
nenulovou rychlost. K tomu, abychom zjistili minimalni hodnotu této rychlosti (resp.
zrychleni), pouZijeme 2. Newton(v zakon. Podminka pro udrZeni se v nejvyssim
bodé smycky ma tvar Fs = Fy. Tedy, velikost tihové sily se musi rovnat velikosti
dostredivé sily, kterd plsobi na vozik. Toto je limitni pfipad, pfi kterém vozik jesté
nevypadne z drahy.

Pozndmka 2: PouZziti Newtonovych zakon( v této Uloze je nezvyklé. (Vozik se
pohybuje po zakfivené draze a v nejvy$sim bodé smycky pocitdme s normadlovym
zrychlenim voziku a ne s teénym, které je pro Zaky béinéjsi.) Z tohoto divodu
nemusi Zaci tuto Cast feSeni povaZovat za aplikaci Newtonovych zdkon(, a proto
i odpovéd B mUze byt pfijata za spravnou.
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Pouzita literatura s oznacenim tloh ve zdrojich:
BARTUSKA, K. Shirka fesenych uloh zfyziky pro stfedni Skoly 1. 2.vyd. Praha:
Prometheus, 1997. ISBN: 80-7196-236-8.
e Ulohy:1(¢. 111), 3 (¢. 109)

BEDNARIK, M., SIROKA, M. Fyzika pro gymndzia — Mechanika. 4. vyd. Praha:
Prometheus, 2010. ISBN: 978-80-7196-382-0.
e Ulohy: 4 (teoreticka cviceni 7, Uloha 5)

KoupILOVA, Z. Shirka FeSenych uloh z fyziky [online]. [cit. 21. 11. 2013] Dostupné z:
http://fyzikalniulohy.cz
e Ulohy:5(c¢. 217), 6 (¢. 139), 7 (€. 96), 10 (¢. 148)

NAHODIL, J. Sbirka uloh z fyziky kolem nds pro stfedni Skoly. Praha: Prometheus,
2011.
ISBN: 978-80-7196-409-4.

e Ulohy: 2 (¢. 2.41), 8 (¢. 3.27), 9 (¢. 2.45)
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Stavova rovnice idealniho plynu
Stavovou rovnici idedlniho plynu lze psat ve dvou zdkladnich tvarech:

1.1. pV =nRT

% % %
2.0. 2 =konst, Bit = P22
T T T,

Prvni rovnici mliZeme pouZit k feSeni uloh, u nichZ se zajimame o aktudlni stav idedlniho
plynu.

Druhou rovnici je naopak vhodné pouzit pfi hledani zmén mezi dvéma rlznymi stavy téhoz
idealniho plynu. Zabyvame se pribéhem déje, ktery v daném plynu probiha. Tuto rovnici Ize
pouzit, pokud se v Uloze zachovdva mnoistvi plynu.

Pravou stranu rovnice 1.1 miZeme napsat jesté dalSimi zplisoby, podle toho, zndme-li
|atkové mnoistvi n, pocet molekul N, nebo hmotnost plynu m. Prvni ptipad stavové rovnice
pak mlZeme psat ve tvarech:

1.1. pV =nRT ... pokud zndme latkové mnozstvi n,
1.2. pV = NkT ... pokud zndme pocet molekul N,
1.3. pV = MﬂRT ... pokud zndme hmotnost plynu m (M,, je molarni

hmotnost plynu).

Rovnice 2.0 se ¢asto modifikuje pro rGizné specialni pfipady, specialni déje. Rovnice pro tyto
déje pak maji nasledujici tvary:

2.1. izotermicky déj: pV = konst., p;V; = p,V,

2.2. izochoricky d&j: 2 = konst,, 22 =2
T I 2
2.3. izobaricky déj: Y= konst,, Lol
T T, T,
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Ulohy:
U kazdé z niZze uvedenych uloh 1-7 rozhodnéte, ktera rovnice (1.1 — 1.3, 2.0 — 2.3) je
nejvhodnéjsi k jejimu vyreseni.

1. Nadadoba tvaru vélce je naplnéna plynem o teploté 20 °C a shora uzaviena pistem.
Na pistu se nachazi takové zdvaii, ze tlak plynu uvnitf nddoby je 140 kPa. Nadobu
budeme zahfivat.

a) Pist zajistime proti pohybu. Urcete tlak plynu pfi zvySeni jeho teploty na 180 °C.

b) Pist nechame volny. Urcete teplotu plynu ve valci, zvétsi-li se objem plynu o 30 %.

2. Vnadobé o objemu 11 je uzavien plyn, ktery je slouceninou kysliku a dusiku.
Hmotnost plynu je 1g, teplota 17 °C a tlak 31,7 kPa. Urcete chemicky vzorec
a nazev slouceniny.

3. Jak se zméni tlak plynu pfi poklesu jeho teploty z 80 °C na 20 °C pfi sou¢asném
zmenseni jeho objemu a) na jednu tfetinu, b) o jednu tfetinu.

4. Vzduch o teploté 20 °C a tlaku 100 kPa zaujima ve valci s pistem objem 1 1. Urcete
konec¢ny tlak vzduchu pfi velmi pomalém (tj. pfiblizné izotermickém) stlaceni
na objem 0,6 I.

5. Urcete konecnou teplotu plynu pfi poklesu jeho tlaku o 30 % a zvétSeni jeho objemu
0 50 %. Pocatecni teplota plynu je 0 °C.

6. V ocelové nadobé je 300 g plynného amoniaku pfi tlaku 1,35 MPa a teploté 77 °C.
a) Jaky je objem nadoby?

b) Po urcité dobé teplota nddoby poklesla na teplotu okoli 22 °C a uvnitt byl naméren
tlak 0,87 MPa. Kolik plynu uniklo sténami nadoby?

7. Vzduchova bublina o poloméru 5,0 mm stoupa ode dna jezera hlubokého 20,7 m.
Teplota u dna jezera je 7 °C a u hladiny 27 °C. Atmosféricky tlak je 100 kPa. Jak velk
bude bublina, az dospéje ke hladiné?
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Stavova rovnice idealniho plynu

Stavovou rovnici idedlniho plynu lze psat ve dvou zdkladnich tvarech:
1.1 pV =nRT

% % %
20 2 =konst, Bt = P22
T T T,

Prvni rovnici miizeme pouzit k feSeni Uloh, u nichZ se zajimame o aktuadlni stav idealniho
plynu.

Druhou rovnici je naopak vhodné pouzit pfi hledani zmén mezi dvéma rlznymi stavy téhoz
idealniho plynu. Zabyvame se pribéhem déje, ktery v daném plynu probiha. Tuto rovnici Ize
pouzit, pokud se v Uloze zachovdva mnoizstvi plynu.

Pravou stranu rovnice 1.1 miZeme napsat jesté dalSimi zplisoby, podle toho, zname-li
|latkové mnoistvi n, pocet molekul N, nebo hmotnost plynu m. Prvni ptipad stavové rovnice
pak mlZeme psat ve tvarech:

1.2 pV =nRT ... pokud zndme latkové mnozstvi n,
1.3 pV = NkT ... pokud zndme pocet molekul N,
1.4 pV = MﬂRT ... pokud zndme hmotnost plynu m (M,, je molarni

hmotnost plynu).

Rovnice 2.0 se ¢asto modifikuje pro rGzné specialni pfipady, specidlni déje. Rovnice pro tyto
déje pak maji nasledujici tvary:

2.4. izotermicky déj: pV = konst., p;V; = p,V,

2.5.  izochoricky d&j: 2 = konst,, 22 =2

T T, Ty

2.6. izobaricky déj: Y= konst,, Lol
T T, T,
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Ulohy:
U kazdé z niZze uvedenych uloh 1-7 rozhodnéte, ktera rovnice (1.1 — 1.3, 2.0 — 2.3) je
nejvhodnéjsi k jejimu vyreseni.

1. Nadoba tvaru valce je naplnéna plynem o teploté 20 °C a shora uzaviena pistem. Na
pistu se nachazi takové zavazi, Ze tlak plynu uvnitf nddoby je 140 kPa. Nadobu budeme
zahfivat.

a) Pist zajistime proti pohybu. Urcete tlak plynu pfi zvySeni jeho teploty na 180 °C.
b) Pist nechame volny. Urcete teplotu plynu ve valci, zvétsi-li se objem plynu o 30 %.

Reseni: V této Uloze se zabyvdme zménou stavu idedlniho plynu, jeho? hmotnost z(istava
konstantni. K feSeni je vhodnda tedy nékterd z rovnic druhého typu. V Casti a) se jedna

o izochoricky dé&j, proto k feSeni vyuzijeme vztah 2.2, tedy % = ’;—2. PFi déji probihajicim
1 2
vt . Cx , Y - v, V.
v Casti b) zlistane tlak v nddobé konstantni a pro feseni pouzijeme vztah 2.3 T—1 = T—z
1 2

Vysledek: a) 220 kPa b) 108 °C

2.  Vnadobé o objemu 1 | je uzavien plyn, ktery je slouc¢eninou kysliku a dusiku. Hmotnost
plynu je 1 g, teplota 17 °C a tlak 31,7 kPa. Urcete chemicky vzorec a nazev sloudeniny.

Reseni: Chemicky vzorec slouceniny odvodime zjeji molarni hmotnosti, kterou ur¢ime

pomoci vztahu 1.3 pV = MﬂRT.

Pozndmka: Ze stavové rovnice vypocitame neznamou molarni hmotnost slouceniny, resp.
jeji relativni molekulovou hmotnost. Poté hleddme dvé mald pfirozena cisla takova, Ze
pokud kazdé z téchto Cisel vynasobime relativni molekulovou hmotnosti jednoho prvku
a nasledné tato ,prenasobend” Cisla seCteme, ziskdme vypocitanou relativni molekulovou
hmotnost slouceniny.

Vysledek: oxid dusity N,Os

3. Jak se zméni tlak plynu pfi poklesu jeho teploty z 80 °C na 20 °C pfi soucasném
zmenseni jeho objemu a) na jednu tfetinu, b) o jednu tfetinu.

PiVi _ p2Vz
1 2

Reseni: V obou ¢&astech Ulohy pouZijeme k fedeni vztah 2.0 , nebot ze zadani

ulohy vime, Ze nas zajima zména stavu idealniho plynu, mnoZstvi plynu se neméni, ale
nejedna se o Zadny ze specialnich pfipadd.

Vysledek: a) tlak vzroste 2,5 krat; b) tlak vzroste 1,25 krat

4. Vzduch o teploté 20 °C a tlaku 100 kPa zaujima ve valci s pistem objem 1 1. Urcete
konecny tlak vzduchu pti velmi pomalém (tj. pfiblizné izotermickém) stlaceni na objem
0,61.

Reseni: Pro vyfedeni této ulohy s izotermickym déjem vyuZijeme vztahu 2.1 p,V; = p,Vs.

Vysledek: 170 kPa
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5. Urcéete konecnou teplotu plynu pfi poklesu jeho tlaku o 30 % a zvétSeni jeho objemu
0 50 %. Pocatecni teplota plynu je 0 °C.

S e . % V.
Reseni: K feSeni Ulohy vyuZijeme vztah 2.0 % = %.
1 2

Vysledek: 14 °C

6. V ocelové nadobé je 300 g plynného amoniaku pfi tlaku 1,35 MPa a teploté 77 °C.

a) Jaky je objem nadoby?
b) Po urcité dobé teplota nadoby poklesla na teplotu okoli 22 °C a uvnitf byl naméren tlak
0,87 MPa. Kolik plynu uniklo sténami nadoby?

Reseni: V této Uloze se zajimame o aktudlni stav idedlniho plynu. Obé &asti Glohy mizeme

vyresit pomoci vztahu 1.3 pV = MiRT, protoZe zname hmotnost plynu v nadobé. Ackoli
m

objem nadoby zUstava v Casti b) stejny jako v Casti a), zméni se mnozstvi plynu v nadobé.

Z toho dlivodu nelze pouzit rovnici 2.

Pozndmka: K fesSeni Casti b) vyuZijeme hodnoty objemu nadoby, kterou jsme ziskali v feseni

Casti a).

Vysledek: a) 38 1; b) 71 g, coz predstavuje asi 24 % pUvodni hmotnosti

7. Vzduchovd bublina o poloméru 50 mm stoupa ode dna jezera hlubokého 20,7 m.
Teplota u dna jezera je 7 °C a u hladiny 27 °C. Atmosféricky tlak je 100 kPa. Jak velkd
bude bublina, az dospéje ke hladiné?

< oy _ veor V. %
Reseni: Ulohu miizeme vyfesit s pouzitim vztahu 2.0 % = %.
1 2

Pozndmka: K feSeni Ulohy je tfeba vyjadfit si tlak vody u dna jezera pomoci hydrostatického
a atmosférického tlaku.

Vysledek: 7,4 mm

Pouzita literatura s oznacenim uloh ve zdrojich:
KoupILOVA, Z. Sbirka rFesenych uloh z fyziky [online]. [cit. 21. 11. 2013] Dostupné z:
http://fyzikalniulohy.cz
e Ulohy: 2 (¢. 330), 7 (€. 331)

cdstudent skola v pohodé... [CD]. Praha: AMOS - Jifi Kadlec, 2000.
e Ulohy: 1 (Priklad 7), 3 (Pfiklad 4), 4 (Priklad 8), 5 (Ptiklad 5)
Vsechny pftiklady jsou z kapitoly Molekulovd fyzika a termika — Struktura
a vlastnosti plynného skupenstvi ldatek.
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Stavova rovnice idealniho plynu

Stavovou rovnici idedlniho plynu lze psat ve dvou zakladnich tvarech:

1. pV =nRT
2. P — konst, P2t =P2%2
T T T,

A) Popiste, v cem spociva jejich rozdil. Zkuste naformulovat, na jaky typ uloh se hodi typ 1.
a na jaky typ 2.

B) Prava strana rovnice 1. se da napsat jesté dalSimi rznymi zpUsoby, uvedte je.

C) Rovnice 2. se ¢asto modifikuje pro rlizné specialni pfipady, specidlni déje. Napiste alespon
nékteré.

D) NiZze uvedené ulohy 1-8 rozdélte podle toho, zda k jejich feseni je vhodnéjsi rovnice
1 nebo 2. Pfipadné specifikujte, ktera varianta téchto typu (viz kol B a C).

E) Po vyfeseni tkolu D se vratte znovu k Ukolu A a upravte/zpresnéte sviij popis.

Ulohy:
1. Nadoba tvaru valce je naplnéna plynem o teploté 20 °C a shora uzaviena pistem.
Na pistu se nachazi takové zavazi, Ze tlak plynu uvnitf nadoby je 140 kPa. Nadobu
budeme zahfivat.
a) Pist zajistime proti pohybu. Urcete tlak plynu pfi zvyseni jeho teploty na 180 °C.
b) Pist nechdame volny. Urcete teplotu plynu ve valci, zvétsi-li se objem plynu o 30 %.

2. Vzduch o teploté 20 °C a tlaku 100 kPa zaujima ve valci s pistem objem 11. Urcete
konecny tlak vzduchu pfi velmi pomalém (tj. pfiblizné izotermickém) stlaceni na
objem 0,6 I.

3. Jak se zméni tlak plynu pfi poklesu jeho teploty z 80 °C na 20 °C pfi souasném
zmenseni jeho objemu a) na jednu tfetinu, b) o jednu tfetinu.

4. Urcete konec¢nou teplotu plynu pfi poklesu jeho tlaku o 30 % a zvétSeni jeho objemu
0 50 %. Pocatecni teplota plynu je 0 °C.

5. 'V ocelové nddobé je 300 g plynného amoniaku pfi tlaku 1,35 MPa a teploté 77 °C.
a) Jaky je objem nadoby?
b) Po urcité dobé teplota nadoby poklesla na teplotu okoli 22 °C a uvnitf byl
nameéren tlak 0,87 MPa. Kolik plynu uniklo sténami nddoby?

6. Vnadobé o objemu 11 je uzavien plyn, ktery je slouceninou kysliku a dusiku.
Hmotnost plynu je 1 g, teplota 17 °C a tlak 31,7 kPa. Uréete chemicky vzorec a nazev
slouceniny.

7. Vzduchova bublina o poloméru 5,0 mm stoupd ode dna jezera hlubokého 20,7 m.
Teplota u dna jezera je 7 °C a u hladiny 27 °C. Atmosféricky tlak je 100 kPa. Jak velkd
bude bublina, az dospéje ke hladiné?
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8. Nadoba A obsahuje idedlni plyn o teploté 300 K a tlaku 5,0-10° Pa a je tzkou trubici
propojena s nadobou B. Nadoba B ma cCtyrikrat vétsi objem, obsahuje stejny plyn
ohfaty na teplotu 400 K a o tlaku 1,0-10° Pa. Jaky bude vysledny tlak celého
systému, jestlize otevieme kohoutek na spojovaci trubici a zarovent budeme obé
nadoby udrZovat na plvodnich teplotach?
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Stavova rovnice idealniho plynu

Stavovou rovnici idedlniho plynu lze psat ve dvou zakladnich tvarech:

1. pV = nRT

v v V.
2. p? = konst,, 22 = P22

1 T;

A) Popiste, v cem spociva jejich rozdil. Zkuste naformulovat, na jaky typ uloh se hodi typ 1.
a na jaky typ 2.

B) Prava strana rovnice 1. se da napsat jesté dalSimi rznymi zpUsoby, uvedte je.

C) Rovnice 2. se ¢asto modifikuje pro rlizné specialni pfipady, specidlni déje. Napiste alespon
nékteré.

D) NiZze uvedené ulohy 1-8 rozdélte podle toho, zda k jejich feseni je vhodnéjsi rovnice
1 nebo 2. Pfipadné specifikujte, ktera varianta téchto typu (viz kol B a C).

E) Po vyfeseni tkolu D se vratte znovu k Ukolu A a upravte/zpresnéte sviij popis.

Reseni:
A) Prvni rovnici mizeme pouZit k feseni Uloh, u nichz se zajimame o aktualni stav ideaIniho
plynu.

Druhou rovnici je naopak vhodné poufZit pfi hledani zmén mezi dvéma rldznymi stavy
tého? idedlniho plynu. Zabyvame se prlibéhem déje, ktery v daném plynu probiha. Tuto
rovnici lze pouZit, pokud se v Uloze zachovava mnozstvi plynu.

Pozndmka: Na skutecnost, Ze Ize druhou rovnici pouzit, pokud se v Uloze zachovava
mnozstvi plynu, studenti ¢asto zapominaji. MlzZe se jednat o jednu z véci, kterou si
studenti uvédomi az pfi feSeni Ukolu D ¢i E.

B) Pravou stranu rovnice 1. mlZeme napsat jesté dalSimi zplsoby, podle toho, zndme-li
latkové mnoiZstvi n, pocet molekul N, nebo hmotnost plynu m. Prvni pfipad stavové
rovnice pak mizZeme psat ve tvarech:

1.4. pV =nRT ... pokud zname latkové mnozstvi n,
1.5. pV = NkT ... pokud zndme pocet molekul N,
1.6. pV = MiRT ... pokud zndme hmotnost plynu m (M,, je molarni

hmotnost plynu).

C) Rovnice 2. se ¢asto modifikuje pro rlizné specialni ptipady, specidlni déje. Rovnice pro
tyto déje pak maji nasledujici tvary:
2.7. izotermicky déj: pV = konst., p;V; = p,V,

2.8. izochoricky d&j: 2 = konst,, 22 =22
T T, T,
2.9. izobaricky déj: Y= konst.,, Lol
T T, T,
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D)

1. Nddoba tvaru vdlce je naplnéna plynem o teploté 20 °C a shora uzaviena pistem. Na
pistu se nachdzi takové zavazi, Zze tlak plynu uvnitf nadoby je 140 kPa. Nadobu
budeme zahfivat.

a) Pist zajistime proti pohybu. Urcete tlak plynu pfi zvySeni jeho teploty na 180 °C

b) Pist nechame volny. Urcete teplotu plynu ve valci, zvétsi-li se objem plynu o 30 %.

Reseni: V této Uloze se zabyvame zménou stavu idedlniho plynu, jehoz hmotnost z(stava
konstantni. K feseni je vhodna tedy néktera z rovnic druhého typu. V ¢asti a) se jedna
o izochoricky déj, proto k FeSeni vyuZijeme vztah 2.2, tedy % = 3—2. PFi déji probihajicim
1 2
o . . . , Y . vV
v Casti b) zlistane tlak v nddobé konstantni a pro rfeseni pouzijeme vztah 2.3 T—1 = T—z
1 2

Vysledek: a) 220 kPa b) 108 °C

2. Vzduch o teploté 20 °C a tlaku 100 kPa zaujima ve valci s pistem objem 1 1. Uréete
konecny tlak vzduchu pfi velmi pomalém (tj. priblizné izotermickém) stlaceni na
objem 0,6 I.

Reseni: Pro vyieseni této Ulohy s izotermickym déjem vyuZzijeme vztahu 2.1
p1V1 = p2Ve.
Vysledek: 170 kPa

3. Jak se zméni tlak plynu pfi poklesu jeho teploty z 80 °C na 20 °C pti soucasném
zmenseni jeho objemu a) na jednu tfetinu, b) o jednu tfetinu.

< . y . v .y V. % . .

Reseni: V obou &astech ulohy pouZijeme k Feseni vztah 2. % = p;—z, nebot ze zadani
1 2

Ulohy vime, Ze nas zajima zména stavu idealniho plynu, mnoiZstvi plynu se neméni, ale

nejedna se o Zadny ze specidlnich pfipada.

Vysledek: a) tlak vzroste 2,5 krat; b) tlak vzroste 1,25 krat

4. Urcete konec¢nou teplotu plynu pfi poklesu jeho tlaku o 30 % a zvétSeni jeho objemu
0 50 %. Pocatecni teplota plynu je 0 °C.

PiVi _ p2V2

Reseni: K feSeni ulohy vyuzijeme vztah 2. 7 .
1 2

Vysledek: 14 °C
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5. V ocelové nadobé je 300 g plynného amoniaku pfi tlaku 1,35 MPa a teploté 77 °C.
a) Jaky je objem nadoby?
b) Po urcité dobé teplota nddoby poklesla na teplotu okoli 22 °C a uvnitf byl

naméren tlak 0,87 MPa. Kolik plynu uniklo sténami nadoby?

Reseni: Vtéto Uloze se zajimdme o aktudlni stav idedlniho plynu. Obé &asti Ulohy

mulZeme vyresit pomoci vztahu 1.3 pV=M£RT, protoZe zname hmotnost plynu
m

v nadobé. Ackoli objem nadoby z(stava v Casti b) stejny jako v Casti a), zméni se
mnozstvi plynu v nadobé. Z toho dlivodu nelze pouzit rovnici 2.

Pozndmka: K teseni Casti b) vyuZijeme hodnoty objemu ndadoby, kterou jsme ziskali
v feSeni Casti a).

Vysledek: a) 38 |; b) 71 g, coz predstavuje asi 24 % plvodni hmotnosti

6. Vnadobé o objemu 11 je uzavien plyn, ktery je slouceninou kysliku a dusiku.
Hmotnost plynu je 1 g, teplota 17 °C a tlak 31,7 kPa. Uréete chemicky vzorec a nazev
slouceniny.

Reseni: Chemicky vzorec slou¢eniny odvodime z jeji moldrni hmotnosti, kterou uré¢ime

pomoci vztahu 1.3 pV = MﬂRT.

Pozndmka: Ze stavové rovnice vypocitame neznamou molarni hmotnost slouceniny,
resp. jeji relativni molekulovou hmotnost. Poté hledame dvé mald pfirozend cisla
takova, Ze pokud kazdé ztéchto cisel vyndsobime relativni molekulovou hmotnosti
jednoho prvku a ndsledné tato ,ptrendsobena” Cisla seéteme, ziskdme vypocitanou
relativni molekulovou hmotnost slouceniny.

Vysledek: oxid dusity N,Os

7. Vzduchova bublina o poloméru 5,0 mm stoupd ode dna jezera hlubokého 20,7 m.
Teplota u dna jezera je 7 °C a u hladiny 27 °C. Atmosféricky tlak je 100 kPa. Jak velka

bude bublina, az dospéje ke hladiné?

< L oy _ eor V. V.
Reseni: Ulohu miizeme vytesit s pouzitim vztahu 2. p;—l = p;—z.
1 2

Pozndmka: KfteSeni ulohy je treba vyjadfit si tlak vody u dna jezera pomoci
hydrostatického a atmosférického tlaku.

Vysledek: 7,4 mm
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8. Nadoba A obsahuje idedlni plyn o teploté 300 K a tlaku 5,0-10° Pa a je Uzkou trubici
propojena s nadobou B. Nadoba B ma cCtyfikrat vétsi objem, obsahuje stejny plyn
ohfaty na teplotu 400 Ka o tlaku 1,0-10° Pa. Jaky bude vysledny tlak celého
systému, jestlize otevieme kohoutek na spojovaci trubici a zarovenn budeme obé
nadoby udrZovat na plvodnich teplotach?

Reseni: Po otevieni kohoutku mezi nddobami se zméni pocet &astic v obou nadobach.
Proto je pro vypocet potieba pouZit rovnici 1.1 pV = nRT.

Pozndmka: PYi feSeni Ulohy je potfeba si z rovnice 1.1 vyjadfit pocet Castic zvlast pro
kazdou nadobu pred otevienim a po otevieni kohoutku. Celkovy pocet C¢&3stic
v nadobach se v3ak po otevfeni kohoutku nezméni. Tohoto faktu lze vyuzit a dat do
rovnosti soucet ¢astic v nddobé A a B pred otevienim kohoutku a soucet ¢astic v nddobé
A a B po otevieni kohoutku.

Vysledek: 2,0 - 10° Pa

Pouzita literatura s oznacenim aloh ve zdrojich:
cdstudent skola v pohodé... [CD]. Praha: AMOS — Jifi Kadlec, 2000.
e Ulohy: 1 (Ptiklad 7), 2(Priklad 8), 3 (Pfiklad 4), 4 (Priklad 5),
Vsechny pfiklady jsou z kapitoly Molekulovd fyzika a termika — Struktura
a vlastnosti plynného skupenstvi Idtek.

KoupILoVA, Z. Sbirka Fesenych uloh z fyziky [online]. [cit. 21. 11. 2013] Dostupné z:

http://fyzikalniulohy.cz
e ulohy:5(¢. 321), 6 (¢. 330), 7 (¢. 331), 8 (¢. 332)
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Magnetické pole

Zaddni:

U kazdé nasledujici ulohy rozhodnéte, které z nize popsanych jevi jsou potfeba pro vyreseni
dané ulohy (muZze jich byt i vice neZ jeden).

Své zdlivodnéni vysvétlete.

Ulohy nemusite fesit.

Jevy:
A)
B)
Q)
D)

Na vodic, kterym protéka proud, plisobi v magnetickém poli sila.

Vodic¢ s proudem kolem sebe vytvaFi magnetické pole.

Vodic se pohybuje v magnetickém poli a indukuje se na ném napéti.

V uzavieném vodici se indukuje napéti a diky tomu vodi¢em protéka proud.

Ukazka:

Dva

rovnobézné vodice délky 50 m, ve vzajemné vzdalenosti 5 cm, se navzajem pfitahuji

silou 18 N. Urcete velikost proudu ve vodicich a jeho smér.

Ulohy:

Potrebny jev: B, A

Vysvétleni: Obéma vodici protéka proud, a tudiz kolem sebe oba vodice vytvareji
magnetické pole (jev B). Diky tomu jsou vodi¢e umistény v magnetickém poli
a plUsobi na né magneticka sila (jev A). K vyfeseni ulohy jsou tedy potfeba oba dva
jevy AiB.

Vodi¢ délky 8,0 cm je umistén kolmo kindukénim c¢ardm magnetického pole
o magnetické indukci 0,12 T. Urcete velikost sily plsobici na vodic, jestlize jim
prochazi proud 0,5 A.

K pfimému vodici, kterym prochazi proud, se pfiblizuje druhy pfimy, rovnobéziny
vodic. Urcete smér indukovaného proudu v druhém vodici.

Jakou rychlosti se musi pohybovat v homogennim magnetickém poli ptimy vodic
délky 20 cm, aby pfi magnetické indukci pole 0,2 T bylo na koncich vodi¢e napéti
2 mV?
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4. Vodic¢ délky | klouze bez tfeni po dvou rovnobéznych vodivych tycich, umisténych
v homogennim magnetickém poli tak, Ze vektor magnetické indukce je kolmy
k roviné, v niz tyCe lezi. Konce tyci jsou navzajem spojeny rezistorem o odporu R.
Urcete velikost sily, kterou musime na vodi¢ plsobit, aby se pohyboval rovnhomérné
rychlosti ¥.

-
x B x % %
{
R % P % x
v
P P X B

5. Vodi¢ délky | je poloien na dvou rovnobéinych vodivych tycich, umisténych
v homogennim magnetickém poli tak, Ze vektor magnetické indukce je kolmy
k roviné, v niz tyce lezi. Konce ty¢i jsou navzajem spojeny zdrojem napéti U. Urcete
velikost sily, ktera plsobi na vodic.

-
x B x x x
—=U P x pl = *
X X hs s

6. V homogennim magnetickém poli o magnetické indukci 10 mT, jehoZz magnetické
indukéni ¢ary jsou vodorovné, je zavésen na dvou lehkych vldknech vodorovny vodic
délky 10 cm, ktery je kolmy k indukénim ¢aram. Urcete zménu tahové sily pusobici na
kazdé z vlaken, jestlize vodicem zacne prochazet proud 10 A.

7. Dvéma rovnobéznymi vodici prochazeji stejné proudy o velikosti 320 A. Urcete, v jaké
vzdalenosti se od sebe vodic¢e nachazeji, jestlize na 1 m délky vodi¢l pusobi sila 0,2 N.

8. V homogennim magnetickém poli se kolmo k indukénim ¢ardm pohybuje pfimy vodic
délky 1,8 m rychlosti 6,0 m s, Na koncich vodi¢e naméfime napéti 1,44 V. Urcete
magnetickou indukci pole.
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Magnetické pole

Zaddni:

U kazdé nasledujici ulohy rozhodnéte, které z nize popsanych jevi jsou potfeba pro vyreseni
dané ulohy (muZze jich byt i vice neZ jeden).

Své zdlivodnéni vysvétlete.

Ulohy n

Jevy:
A)
B)
Q)
D)

emusite resit.

Na vodic, kterym protéka proud, plsobi v magnetickém poli sila.

Vodic¢ s proudem kolem sebe vytvaFi magnetické pole.

Vodic se pohybuje v magnetickém poli a indukuje se na ném napéti.

V uzavieném vodici se indukuje napéti a diky tomu vodi¢em protéka proud.

Ukazka:

Dva

rovnobézné vodice délky 50 m, ve vzajemné vzdalenosti 5 cm, se navzajem pfitahuji

silou 18 N. Urcete velikost proudu ve vodicich a jeho smér.

Ulohy:

Potrebny jev: B, A

Vysvétleni: Obéma vodici protéka proud, a tudiz kolem sebe oba vodice vytvareji
magnetické pole (jev B). Diky tomu jsou vodi¢e umistény v magnetickém poli
a plUsobi na né magneticka sila (jev A). K vyfeseni ulohy jsou tedy potifeba oba dva
jevy AiB.

Vysledek: 300 A, souhlasnym smérem

Vodi¢ délky 8,0 cm je umistén kolmo kindukénim c¢ardm magnetického pole
o magnetické indukci 0,12 T. Uréete velikost sily pUsobici na vodic¢, jestlize jim
prochazi proud 0,5 A.

Potrebny jev: A

Vysvétleni: Vodi¢ je umistén v magnetickém poli a prochazi jim proud, a tedy na
vodi¢ plsobi magnetickd sila (jev A). Protoie je vodi¢ umistén ve
vnéjsSim magnetickém poli a jeho vlastni magnetické pole se nijak neuplatni, neni

pro feseni Ulohy potfeba uvaZovat jev B.

Vysledek: 50 mN

K pfimému vodici, kterym prochazi proud, se pfiblizuje druhy pfimy, rovnobézny
vodic. Urcete smér indukovaného proudu v druhém vodici.

Potrebny jev: B, C, D

Vysvétleni: Pfimy vodic, kterym prochazi proud, kolem sebe vytvari magnetické
pole (jev B). Vtomto poli se pohybuje druhy pfimy vodi¢, na kterém se indukuje
napéti (jev C). ProtoZe se podle zadani ulohy v pohybujicim se vodic¢i indukuje
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elektricky proud, lze predpokladat, Ze je vodi¢ ¢asti uzaviené smycky. Jev D tedy
vyuzijeme k uréeni sméru indukovaného proudu.

3. Jakou rychlosti se musi pohybovat v homogennim magnetickém poli pfimy vodic
délky 20 cm, aby pfi magnetické indukci pole 0,2 T bylo na koncich vodi¢e napéti
2mV?

Potrebny jev: C

Vysvétleni: Vodi¢ se pohybuje v magnetickém poli a indukuje se na ném napéti
(jev C).

Vysledek: 5 cm s™

4. Vodi¢ délky / klouze bez tfeni po dvou rovnobéZinych vodivych tycich, umisténych
v homogennim magnetickém poli tak, Ze vektor magnetické indukce je kolmy
k roving, v niz tyce lezi. Konce ty¢i jsou navzdjem spojeny rezistorem o odporu R.
Urcete velikost sily, kterou musime na vodi¢ plsobit, aby se pohyboval rovhomérné

rychlosti ¥.

=
x B x x ¥
/
R ® ® ® X
¥
® % X %

Potrebny jev: C, D, A

Vysvétleni: Vodic se pohybuje v homogennim magnetickém poli kolmo na indukéni
¢ary, a tudiz se na ném indukuje napéti (jev C). ProtoZe je vodi¢ soucasti uzaviené
smycky, prochazi jim proud (jev D). Dlsledkem indukovaného elektrického proudu
ve vodici je, Ze na tento vodi¢ bude pUsobit magneticka sila (jev A).

Pozndmka: Aby se vodi¢ pohyboval rovnomérné, musime na néj plsobit silou, ktera
ma stejnou velikost jako tato magneticka sila, ale opacny smér.

5. Vodi¢ délky | je poloZen na dvou rovnobéznych vodivych tycich, umisténych
v homogennim magnetickém poli tak, Ze vektor magnetické indukce je kolmy
k roviné, v niz tyce lezi. Konce tyci jsou navzajem spojeny zdrojem napéti U. Urcete
velikost sily, ktera plQsobi na vodic.

—
B B b ks s
= L.' ki x .IIr ks x
'Y b ks x

Potrebny jev: A

Vysvétleni: VodiC je soucasti obvodu a protéka jim proud (velikost proudu zavisi na
odporu vodice). Vodi¢ je umistén v homogennim magnetickém poli, a proto na néj
pusobi magneticka sila (jev A).
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Pozndmka: Na rozdil od predchozi ulohy se zde neindukuje napéti. Je to ztoho
dlvodu, Ze vodi¢ v této uUloze zlstava v konstantnim magnetickém poli v klidu
(nepohybuje se).

6. V homogennim magnetickém poli o magnetické indukci 10 mT, jehoZz magnetické
indukéni ¢ary jsou vodorovné, je zavésen na dvou lehkych vidknech vodorovny
vodi¢ délky 10 cm, ktery je kolmy k indukénim ¢aram. Urcete zménu tahové sily
pusobici na kazdé z vldken, jestlize vodi¢em zacne prochazet proud 10 A.

Potrebny jev: A

Vysvétleni: Vodic, kterym prochazi proud, je umistén v magnetickém poli, a proto
na néj plsobi magneticka sila (jev A), kterd zpUsobi zménu tahové sily na vlakna.

Vysledek: 5 mN

7. Dvéma rovnobéinymi vodici prochazeji stejné proudy o velikosti 320 A. Urcete,
v jaké vzdalenosti se od sebe vodice nachazeji, jestlize na 1 m délky vodicl pUsobi
sila0,2 N.

Potrebny jev: B, A

Vysvétleni: Obéma vodici protéka proud, a tudiz kolem sebe oba vodice vytvareji
magnetické pole (jev B). To se projevuje tak, Ze na druhy vodic, ktery je umistén
v tomto poli, plsobi magneticka sila (jev A).

Vysledek: 10 cm

8. V homogennim magnetickém poli se kolmo kindukénim ¢ardm pohybuje pfimy
vodic¢ délky 1,8 m rychlosti 6,0 m s™. Na koncich vodi¢e namé¥ime napéti 1,44 V.

Urcete magnetickou indukci pole.

Potrebny jev: C

Vysvétleni: V homogennim magnetickém poli se pohybuje vodi¢, na kterém se
indukuje napéti (jev C).

Vysledek: 0,13 T

PouZita literatura s oznacenim uloh ve zdrojich:
LEPIL, O., SEDIVY, P. Fyzika pro gymndzia — Elektfina a magnetismus. 4. upravené vyd.
Praha: Prometheus, 1992. ISBN: 80-7196-088-8.
e Ulohy: ukazka (¢. 7.4/4),1 (¢. 7.3/1), 2 (¢. 8.4/5), 3 (€. 8.4/6)

LEPIL, O. & KOL. Shirka tloh pro stfedni Skoly Fyzika. 1. vyd. Praha: Prometheus, 1995.
ISBN: 80-7196-048-9.
e Ulohy: 4 (¢. 5.308), 6 (¢. 5.263), 7 (¢. 5.271), 8 (¢. 5.301)
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B.4 Klasifikace vztaha

Tato sekce obsahuje:

e  Metodicky list (str. 181)

e Zadani pracovniho listu (str. 183)

e  Pracovni list — mechanicka prace a energie (str. 184)

e Reseni pracovniho listu — mechanickd prace a energie (str. 186)
e Pracovni list — energie rotujiciho télesa (str. 190)

e Reseni pracovniho listu — energie rotujiciho télesa (str. 193)
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Klasifikace vztahu

Vysledky V\’/zkumu* zabyvajiciho se tim, jak Zaci nahlizi na feSeni pocetnich fyzikalnich dloh,
ukazuiji, Ze pro Zaky jsou pfi fedeni tloh velmi dlleZité vzorce a rovnice. Zaci maji predstavu,
Ze je potreba si pro reseni uloh zapamatovat tolik vzorct, kolik je jen mozné. Neni vsak
Zadouci, aby se zZaci ucili vSechny vzorce &i rovnice, které se pfi vyuce objevi, zpaméti. Méli
by se naucit rozliSovat mezi dlleZitéjSimi a méné podstatnymi vztahy, vnimat souvislosti
mezi nimi. Je proto vhodné Zakim ukdazat, Ze nékteré vztahy je moiné pouZit pouze
v urcitych specidlnich pripadech, i Ze je lze snadno odvodit z jinych vztahl, a zd(raznit,
které vztahy je dobré si zapamatovat a u kterych to neni nutné.

Cil: Zaci za¢nou rozliovat mezi dileZitymi vztahy, které je vhodné kteseni Uloh znét
zpaméti, a vztahy, které jsou méné dilezité.

Vhodné kapitoly: Vsechna témata, ve kterych se pracuje ve vétsi mite se vzorci a rovnicemi.

Casovd ndroénost: stiedné dlouhd aktivita (15 — 20 minut, zileZi na poctu vztah(
v pracovnim listé)

Priibéh v hodiné:
Zaci dostanou pracovni list s nékolika vztahy, kazdy vztah je na zvlastni karti¢ce. Karticky je
vhodné pred za¢atkem aktivity rozstrihat.

Jind mozZnost zaddni aktivity: Ucitel napiSe vztahy na tabuli a Zaci si je opiSi na
karticky (kazdy vztah na zvlastni karticku). Tato moznost je organiza¢né jednodussi.
Neni potfeba, aby ucitel mél pripravenych 30 sad karti¢ek — pro kazdého Zaka jednu.

Ukolem 74k je rozhodnout, které vztahy jsou dlleZité (tj. je vhodné si je pamatovat) a které
jsou méné dlleZité (neni potfeba si je pamatovat, daji se snadno odvodit z dlleZitych
vzorcl, nepouZivaji se pfilis Casto, ...).

Nejprve by zaci méli u kazdého vztahu urcit, ceho se vztah tyka, tj. vlastnimi slovy vyjadfit,
co vztah fika. Neni potfeba bazirovat na presném ndazvu, spiSe zaky podpofit ve vlastni
formulaci. Ddle by méli Zaci pojmenovat vsechny veliiny ve vztahu. Poté rozhodnout
o duleZitosti vztahu a u vztahu, které oznadi jako méné dllezité, uvést, proc je povazuji za
méné dileZité.

Pozndmka: VVelmi vhodnym doplnénim k této aktivité je po Zacich pozadovat, aby ke
kazdému vztahu nakreslili nebo popsali situaci, ve které se dany vztah uplatni.

Z4ci pracuji jednotlivé nebo ve dvojicich a sva Fedeni zapisuji k danym vztahdim na karticky.
Kartic¢ky si mohou na lavici libovolné preskupovat a vytvaret tak mezi vztahy strukturu, ktera
jim nejvice vyhovuje (napf. pod dlleZité vztahy umistovat méné podstatné, které z téch
dlleZitych vychazeji). Nakonec Zaci spolu s ucitelem kontroluji a komentuji spravna reseni.

! Vyzkum byl proveden v ramci disertacni prace, jejiz soucasti bylo i vytvoreni této aktivity.
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Ucitel pfitom muZe na tabuli (jako priklad) navrhnout vlastni strukturu mezi vztahy, kterou
povazuje za uzite¢nou.

Poznamka: DulezZitost vztahl, resp. to, zda si vztah zapamatovat ¢i ne, budou Zaci
pravdépodobné posuzovat hlavné podle toho, zda se dany vztah objevi v pisemce &i pfi
zkouseni — Zaci se uci zejména proto, aby uspéli v hodnoceni. Cil této aktivity je vSak ukazat
Zzaklm jiny pohled. Oznaceni vztahu jako , dllezity” chapeme v této aktivité tak, Ze je tento
vztah potfebny a uZitecny a vede klepSimu a efektivnéjsSimu feSeni uloh. U takovychto
vztah( je tedy vhodné, aby si je Zaci zapamatovali, i kdyZ jejich pragmaticky pristup bude
i nadale prevaZovat.

Déle je vhodné si uvédomit, Ze u této aktivity neexistuje jediné spravné feSeni a vybér
dullezitych vztah( vzdy zéleZzi na mnoha okolnostech (napt. na pfistupu ucitele, hodinové
dotaci, stupni vzdélavani). Zalezi tedy vidy na uciteli, které vztahy bude oznacovat jako
dllezité a které jako méné dulezité. Je vhodné, aby pred zacatkem aktivity ucitel s touto
skutecnosti seznamil své zaky.

Priklad:
1. vztah pro celkovou kinetickou energii soustavy n hmotnych bodu:

n
Ekcelk = Ekl + EkZ + + Ekn = z Eki

i=1
2. vztah pro celkovou kinetickou energii soustavy 2 hmotnych bodu:
Excene = Ex, T Ex,

U nékterych tfid bude prvni vztah (pro n hmotnych bodl) povaZzovan za dulezity
a druhy vztah (pro 2 hmotné body) za méné duleZity, jelikoZ je specidlnim pfipadem
prvniho.

Avsak u jinych tfid, napf. s mensi hodinovou dotaci, |ze jako dlleZity oznadit druhy
vztah (pro kinetickou energii dvou téles), nebot obecny vztah by byl pro zZaky pfilis
komplikovany, nevyuZiji ho, a bude pro né mnohem praktictéjsi si pamatovat jen
ten specidlni tvar.

Doporuceni, co délat v ndsledujicich hodindch:
Pti vykladu i pocitani Uloh ucitel zdUraznuje, které vzorce ¢i rovnice jsou dlleZité, a je proto
uzite¢né si je pamatovat.

Ucitel by mél vidy pfi pocitani uloh vychazet jen z dlleZitych vztahd, aby zakiim ukazoval, Ze
opravdu neni potfeba si vSechny vztahy pamatovat. Pokud vyucujici pocita dlohu, k jejimuz
feSeni potrebuje specialni vztah, je vhodné takovy vztah bud odvodit, pokud je sloZitost
odvozeni umérna schopnostem zak{, nebo spole¢né se zaky vyhledat v tabulkach ¢i jiném
zdroji.
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Klasifikace vztahl Zadani pracovniho listu

Klasifikace vztahu

Zadani:
U kaZdé z niZe uvedenych karticek rozhodnéte, ceho se dany vztah tyka (co fika), a urcete, co
znamenaji vSechny veli¢iny ve vztahu.

Dale rozhodnéte, zda jde o vztah duleZity (tj. je dobré si ho zapamatovat) nebo zda se jedna
o vztah méné dulezity, napt. vztah, ktery neni potfeba si pamatovat, nebot se da odvodit
z néjakého hlavniho vztahu, pouzivd se velmi maélo, ¢i vztah, ktery je jen obecnym resenim
konkrétni ulohy.

U vztahd, které neoznacite jako dulezZité, napiste, proc je povazujete za méné dulezité.
DuleZité vztahy vyrazné oznacte (napf. podbarvéte).

Ke kazdému vztahu zkuste navic nakreslit nebo popsat situaci, ve které by se dany vztah

uplatnil.
Ukdzka resSeni:
1 ., 2h
S =So+tvet+-at t= |—
2 9
Co vztah rikd: Co vztah rikad:
Jak vypoditat, jakou drahu urazilo Jak vypocitat Cas, za ktery dopadne
téleso, které se pohybuje rovhomérné téleso na zem pfi volném padu
zrychlenym pfimocarym pohybem
Wznam velicin:
Vyznam velicin: t — Cas, po ktery téleso padd
s — celkova draha, kterou téleso urazilo h —vyska, ze které téleso pada
So— pocatecni draha télesa g —tihové zrychleni
Vo — pocatecni rychlost télesa
t — Cas, po ktery se téleso pohybovalo
rovnomérné zrychlenym pfimocarym Jedna se o vztah méné dulezity.
pohybem ) ) . Vztah vychdzi ze vztahu pro drahu pfi
a - zrychleni, se kterym se téleso rovhomérné zrychleném pifimocarém
1 v v vy
pohybovalo pohybu s = Egtz, pfi némz ma téleso
nulovou pocatecni drahu i pocatecni
Jednd se o vztah duleZity. rychlost a pohybuje se s tihovym
zrychlenim g.
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Klasifikace vztahl Pracovni list — mechanickd prace a energie

W=AE,=4m(vi- )7(3 E=E+E,
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Klasifikace vztahl Pracovni list — mechanickd prace a energie

E=E+E, = konst. % E = mgh

S —

W=AE,=mg (h,—h,) W = Fscosa
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Klasifikace vztahl Reseni pracovniho listu — mechanicka prace a energie

Mechanicka prace a energie

Zadani:
U kaZdé z nize uvedenych karticek rozhodnéte, ceho se dany vztah tyka (co fika), a urcete, co
znamenaji vSechny veli¢iny ve vztahu.

Dale rozhodnéte, zda jde o vztah duleZity (tj. je dobré si ho zapamatovat) nebo zda se jedna
o vztah méné dulezity, napt. vztah, ktery neni potfeba si pamatovat, nebot se da odvodit
z néjakého hlavniho vztahu, pouzivd se velmi mdlo, ¢i vztah, ktery je jen obecnym resenim
konkrétni ulohy.

U vztahd, které neoznacite jako dllezité, napiste, pro€ je povaZujete za méné dulezZité.
DulezZité vztahy vyrazné oznacte (napf. podbarvéte).

Ke kazdému vztahu zkuste navic nakreslit nebo popsat situaci, ve které by se dany vztah
uplatnil.

DileZita poznamka:

Cilem tohoto pracovniho listu je, aby Zaci zacali rozliSovat mezi dllezitymi a méné dllezZitymi
vztahy. Oznaceni ,dllezity” chapeme ve smyslu prakticky, potfebny uZitecny. Je tedy mozné,
Ze vybér dllezitych vztahG muaZe byt v nékterych tfidach nebo Skolach (napf. s mensi
hodinovou dotaci) jiny, nez je uvadéno ve vzorovém feseni. Vybér dllezitych vztahl vidy
zalezi na pfistupu uditele.

Ukdzka resSeni:
1 ., 2h
S =So+tvet+-at t= |—
2 9
Co vztah rikd: Co vztah rikad:
Jak vypoditat, jakou drahu urazilo Jak vypocitat Cas, za ktery dopadne
téleso, které se pohybuje rovhomérné téleso na zem pfi volném padu
zrychlenym pfimocarym pohybem
Wznam velicin:
Vyznam velicin: t — Cas, po ktery téleso pada
s — celkova draha, kterou téleso urazilo h —vyska, ze které téleso pada
So— pocatecni draha télesa g —tihové zrychleni
Vo — pocatecni rychlost télesa
t — Cas, po ktery se téleso pohybovalo
rovnomérné zrychlenym p¥imocarym Jedna se o vztah méné duleZity.
pohybem Vztah vychdzi ze vztahu pro drdhu pfi
a —zrychleni, se kterym se téleso rovhomérné zrychleném pfimocarém
1 v v vy
pohybovalo pohybu s = Egtz, pfi némz ma téleso
nulovou pocatecni drahu i pocatecni
Jednad se o vztah duleZity. rychlost a pohybuje se s tihovym
zrychlenim g.
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Klasifikace vztahl Reseni pracovniho listu — mechanicka prace a energie

Reseni pracovniho listu:

1
o E, = Emv2

Reseni: Co vzorec Fikd: Kineticka energie
Vyznam velicin: E, — kineticka energie télesa (resp. hmotného bodu)

m —hmotnost télesa
v —rychlost, kterou se téleso pohybuje

Jedna se o vzorec dulezZity.

e E,=mgh

Reseni: Co vzorec Fikd: Tihova potencidlni energie
Vyznam velicin: E, — tihovd potencidlni energie télesa (resp. hmotného

bodu)
m — hmotnost télesa
g — tihové zrychleni
h — vyska hmotného bodu nad nulovou hladinou tihové
potencialni energie (nad vodorovnou rovinou, kterou jsme
si urdili a priradili ji nulovou tihovou potencialni energii)

Jedna se o vzorec dulezity.

e W =Fscosa

Reseni: Co vzorec Fikd: Mechanicka prace
Vyznam veli¢in: W — mechanicka prace vykonana silou F
F — sila pUsobici na téleso (resp. hmotny bod)
s—draha, kterou téleso urazi
o — Uhel mezi plsobici silou a smérem pohybu télesa

Jednad se o vzorec duleZity.

o W =Fs

Reseni: Co vzorec Fikd: Mechanickd prace

Vyznam velicin: W — mechanicka prace vykonana silou F
F — sila pUsobici na téleso (resp. hmotny bod)
s—draha, kterou téleso urazi

Tento vzorec plati ve specidlnim pfipadé, kdy na téleso (resp. hmotny bod)
puUsobi konstantni sila, jejiz smér je stejny jako smér pohybu télesa.

Jednd se o vzorec méné duilezity.
Vzorec je odvozen z obecnéjsiho tvaru W = Fs cos a (ve vektorovém tvaru:

w=F- s), kde a je konstantni uhel, ktery svird plsobici sila se smérem
pohybu télesa.
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Klasifikace vztahl Reseni pracovniho listu — mechanicka prace a energie

e W=AE,= %m(v% —v?)

Reseni: Co vzorec fikd: Mechanickd prace se méni v kinetickou energii
Vyznam velicin: W — mechanicka prace
AE, — zména kinetické energie télesa (resp. hmotného bodu)
m —hmotnost télesa
vy — pocatecni rychlost télesa
v, — koncova rychlost télesa
Vzorec lze odvodit ze vztahu pro mechanickou praci W = Fs.

Jedna se o vzorec méné dulezity.

Pozndmka: Vzorec lze odvodit ze vztahu pro mechanickou praci W = Fs, kde
velikost sily F vyjadfime zdruhého Newtonova zdkona F = ma. ProtoZe

predpokladame, Ze ma téleso nenulovou pocatecni rychlost v;, zrychleni si
Vyo—Vq
t

vyjadfime jako a = adrahas rovnomérné zrychleného pohybu je

1 ,
s = Eat2 + v,t. Dosazenim dostaneme:

1 v, —v(lv,—v
W=Fs=ma(—at2+v1t)=m 2 1(—#t2+v1t)
2 t 2 t
v, — vy (1 1
=m t (Evzt—5v1t+v1t)=

V-1 [1 1 1
= m= 2 [y +v)t] = Jmlv; —v) (@, — v1) = jm(vF —vd)

Dany vzorec miZeme interpretovat takto: Jestlize téleso Ucinkem stélé sily F zméni
na draze s svoji rychlost z hodnoty v; na hodnotu v,, zméni se jeho kinetickd energie
o AEy a sila vykonala praci W.

o W =AE,=mg(h, —hy)

Reseni: Co vzorec Fikd: Mechanickd prace se méni v tihovou potencidlni energii
Vyznam velicin: W — mechanicka prace
AE, —zména tihové potencialni energie télesa
m — hmotnost télesa
g —tihové zrychleni
h; — pocatecni vyska télesa
h, — koncova vyska télesa
Vzorec lze odvodit ze vztahu pro mechanickou praci W = Fs.

Jednd se o vzorec méné dulezity.

Pozndmka 1: Stejné jako v minulém pfipadé, i nyni Ize dany vzorec odvodit ze vztahu
pro mechanickou praci W = Fs. Nyni je vSak silou F, kterd vykonava tuto praci,
tihova sila Fg = mg a drahou s je rozdil vysek télesa na konci a na pocatku pohybu
(s=hy—hy).

Pozndmka 2: Prace vykonana tihovou silou (resp. zména tihové potencialni energie
hmotného bodu) zdvisi na hmotnosti hm. bodu, na tihovém zrychleni a na
pocatecni a konecné vysce hm. bodu. Prace vSak nezavisi na tvaru trajektorie, po
niz se hm. bod pohybuje, ani na délce jeho drahy.
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Klasifikace vztahl Reseni pracovniho listu — mechanicka prace a energie

o E=E.+E,

Reseni: Co vzorec fikd: Mechanicka energie

Soucet kinetické a potencidlni energie télesa (resp.
hmotného bodu) nazyvdme mechanickou energii télesa
(resp. hmotného bodu).

Vyznam velicin: E— mechanicka energie télesa (resp. hmotného bodu)
Ei — kineticka energie télesa
E, —tihova potencialni energie télesa

Jedna se o vzorec dulezity.

e E=E+E,=Kkonst

Reseni: Co vzorec fikd: Zakon zachovani mechanické energie

Vyznam velic¢in: E — mechanicka energie télesa (resp. hmotného bodu)
Ey — kineticka energie télesa
E, —tihova potencialni energie télesa

Jedna se o vzorec dulezity.

Pozndmka 1: AC je zadkon zachovani mechanické energie ,pouze” specidlnim
pripadem celkového zakona zachovani energie, je v mechanice velmi dlleZity a je
vhodné si jej pamatovat. Proto jej oznacujeme jako duleZity.

Pozndmka 2: Zakon zachovani mechanické energie plati pouze v izolované soustavé.
V takové soustavé dochdazi pouze k pfeménam potencidlni energie v kinetickou
a naopak.

Tento zdkon vychazi ze zdkona zachovani energie, ktery fika, Ze pfi vSech déjich
v soustavé téles se méni jedna forma energie vjinou, nebo prechazi energie
z jednoho télesa na druhé. Celkova energie soustavy téles vsak zlstava konstantni.
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Klasifikace vztaht

W=%m,v2+
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4

2 2
m,r
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Pracovni list — energie rotujiciho télesa

E = % mv'+ %Jco2




Klasifikace vztahl Pracovni list — energie rotujiciho télesa

2

E=E, +E, +E, % E = % v+ e’
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Klasifikace vztahl Reseni pracovniho listu — energie rotujiciho télesa

Energie rotujiciho télesa

Zadani:
U kaZdé z nize uvedenych karticek rozhodnéte, ceho se dany vztah tyka (co fika), a urcete, co
znamenaji vSechny veli¢iny ve vztahu.

Dale rozhodnéte, zda jde o vztah duleZity (tj. je dobré si ho zapamatovat) nebo zda se jedna
o vztah méné dulezity, napf. vztah, ktery neni potfeba si pamatovat, nebot se da odvodit
z néjakého hlavniho vztahu, pouzivd se velmi mdlo, ¢i vztah, ktery je jen obecnym resenim
konkrétni ulohy.

U vztahd, které neoznacite jako dllezité, napiste, pro€ je povaZujete za méné dulezZité.
DuleZité vztahy vyrazné oznacte (napf. podbarvéte).

Ke kazdému vztahu zkuste navic nakreslit nebo popsat situaci, ve které by se dany vztah
uplatnil.

DileZita poznamka:

Cilem tohoto pracovniho listu je, aby Zaci zacali rozliSovat mezi dllezitymi a méné dllezZitymi
vztahy. Oznaceni ,dllezity” chapeme ve smyslu prakticky, potfebny uZitecny. Je tedy mozné,
Ze vybér dllezitych vztahG muaZe byt v nékterych tfidach nebo Skolach (napf. s mensi
hodinovou dotaci) jiny, nez je uvadéno ve vzorovém feseni. Vybér dllezitych vztahl vidy
zalezi na pfistupu uditele.

Ukdzka resSeni:
1 ., 2h
S =So+tvet+-at t= |—
2 9
Co vztah rikd: Co vztah rikad:
Jak vypoditat, jakou drahu urazilo Jak vypocitat Cas, za ktery dopadne
téleso, které se pohybuje rovhomérné téleso na zem pfi volném padu
zrychlenym pfimocarym pohybem
Wznam velicin:
Vyznam velicin: t — Cas, po ktery téleso pada
s — celkova draha, kterou téleso urazilo h —vyska, ze které téleso pada
So— pocatecni draha télesa g —tihové zrychleni
Vo — pocatecni rychlost télesa
t — Cas, po ktery se téleso pohybovalo
rovnomérné zrychlenym p¥imocarym Jedna se o vztah méné duleZity.
pohybem Vztah vychdzi ze vztahu pro drdhu pfi
a —zrychleni, se kterym se téleso rovhomérné zrychleném pfimocarém
1 v v vy
pohybovalo pohybu s = Egtz, pfi némz ma téleso
nulovou pocatecni drahu i pocatecni
Jednad se o vztah duleZity. rychlost a pohybuje se s tihovym
zrychlenim g.
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Klasifikace vztahl Reseni pracovniho listu — energie rotujiciho télesa

Reseni pracovniho listu:

o Ek:%](l)z

Reseni: Co vztah fikd: Kineticka energie tuhého télesa pfi rotaénim pohybu kolem
nehybné osy
Vyznam velicin:E, — kinetickd energie tuhého télesa pfi rotaénim pohybu
J—moment setrvacnosti télesa
w — Uhlova rychlost, kterou se téleso otaci

lednd se o vztah daleZity.

1 1
o Ep=-mv’+- Jw?

Reseni: Co vztah fikd: Celkovd kineticka energie tuhého télesa, které kona soucasné

v vy

(tzv. Konigova véta)

Vyznam velicin: E, — celkova kinetickd energie télesa
m — hmotnost télesa

posuvnym pohybem

J — moment setrvacnosti télesa vzhledem k ose jdouci
tézistém télesa

w — Uhlova rychlost, kterou se téleso otaci

Celkova kineticka energie télesa je ddna souctem energie posuvného
a otacivéhop ohybu.

Jedna se o vztah méné dilezity.

Pozndmka: Tuto energii ma napf. kolo automobilu, které se otaci kolem své osy
a zaroven se pohybuje ve sméru rychlosti automobilu.

1 1
e E= Emv2 +Emr2w2

Reseni: Co vztah fikd: Celkova kinetickd energie obruce (nebo plasté vélce bez
podstav), ktera kona soucasné posuvny pohyb a otacivy pohyb vzhledem
k ose prochazejici kolmo jejim stfedem

Vyznam velicin: E, — celkova kineticka energie télesa
m — hmotnost télesa
v — rychlost, kterou se téleso pohybuje posuvnym pohybem

r—vzdalenost bod( télesa od osy otaceni

w — Uhlova rychlost, kterou se téleso otaci
Tento vztah je specidlnim pfipadem vztahu pro celkovou kinetickou energii
télesa Ey = %mv2 +%]a)2, jehoi moment setrvacnosti J se rovna mr’

(jedna se napf. o moment setrvacnosti obruce o poloméru r, kterd se otaci
kolem osy prochazejici jejim stfedem)

Jednd se o vztah méné dulezZity.
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Klasifikace vztahl Reseni pracovniho listu — energie rotujiciho télesa

o W= %m(vz +%r2w2)

Reseni: Co vztah fikd: Mechanickd prace se rovnd kinetické energii télesa, které
kond posuvny i otacivy pohyb
Vyznam veli¢in: W — mechanicka prace
m —hmotnost télesa
v —rychlost, kterou se téleso pohybuje posuvnym pohybem
r—vzdalenost bodu télesa od osy otaceni

w — Uhlova rychlost, kterou se téleso otaci

Vztah lze odvodit ze vztahu pro kinetickou energii télesa
1 1 v . v . vs v
E, =5mv2 +E]a)2. Moment setrvacnosti télesa J je vtomto pFipadé

1 . . . IS IRTI
roven Emrz — jedna se tedy o kruhovou desku nebo valec otacejici se

kolem své stfedové osy a zaroven konajici posuvny pohyb (napf. kolo
automobilu)

Jedna se o vztah méné dulezity.

1 1
o« W= Emlvz +Zm2r2a)2

Reseni: Co vztah Fikd: Mechanicka prace se rovnd kinetické energii soustavy dvou

téles, z nichZ jedno kona posuvny a jedno otacivy pohyb

Vyznam velicin: W — mechanicka prace
m; —hmotnost télesa, které kona posuvny pohyb
v — rychlost, kterou se téleso pohybuje posuvnym pohybem
m, —hmotnost télesa, které kond otacivy pohyb
r — vzdalenost bod( télesa od osy otaceni (resp. polomér
kruhové desky Ci valce)

w — Uhlova rychlost, kterou se téleso otaci

Vztah jde stejné jako v pfedchozim pfipadé odvodit ze vztahu pro kinetickou
energii Ej = %mvz + % Jw?. Je vdak dalezité si uv&domit, Ze vtomto
pfipadé se jedna o celkovou kinetickou energii soustavy dvou téles, z nichz
jedno kona posuvny a jedno otdcivy pohyb. Kinetickd energie télesa, které
kona posuvny pohyb, je Ej = %mlvz. Kineticka energie télesa konajiciho
ota¢ivy pohyb je E, = % Jw? = %mzrzwz. Moment setrvaénosti
otacejiciho se télesa je tedy roven %mzrz, z ¢ehoz mlzZeme usuzovat, 7e se
jednd o kruhovou desku nebo valec.
Jednd se o vztah méné duleZity.

Pozndmka: Soustavou, kterou tvori dvé vyse popsana télesa,

mUlze vnasem pfipadé byt napi. kolo o hmotnosti m,
a poloméru r, které se otaci kolem osy jdouci jeho stredem.

Na obvodu kola je navinuto vldkno, na jehoz konci je

zavéseno zavazi o hmotnosti m, (viz obrazek).
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Klasifikace vztahl Reseni pracovniho listu — energie rotujiciho télesa

° E:EkT+Ekp+Ep

Reseni: Co vztah fikd: Mechanickd energie télesa je tvofena souctem kinetické
energie otacivého a posuvného pohybu télesa a potencidlni energie.
Vyznam velic¢in: E— mechanickd energie télesa
E\. — kineticka energie otacivého pohybu télesa
E«, — kineticka energie posuvného pohybu télesa
E, —tihova potencialni energie télesa
Tento vztah vyplyva ze vztahu pro mechanickou energii E = Ej + E,, kde E
je kineticka energie télesa a E, je jeho tihova potenciadlni energie. V naSem
pfipadé je kinetickd energie télesa rozepsana jako soucet kinetické energie
otacivého a posuvného pohybu télesa.

Jedna se o vztah méné dulezity.
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B.5 Smysluplnost odpovédi

Tato sekce obsahuje:

e  Metodicky list (str. 197)

e Pracovni list — kinematika (str. 198)

e Reseni pracovniho listu — kinematika (str. 199)
e Pracovni list — dynamika (str. 200)

e Reseni pracovniho listu — dynamika (str. 201)
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Smysluplnost odpovédi Metodicky list

Smysluplnost odpovédi

DuleZitou soucasti feseni Ulohy je diskuze vysledk(. Po vypocitani ulohy je vhodné se
zamyslet, zda jsou hodnoty vysledku realné. Tato aktivita pracuje s ovéfovanim ciselnych
udaji na zakladé vlastni zkuSenosti a pomaha zakim utvaret si predstavu o redlnych
hodnotach vysledk( ulohy.

Cil: Zaci si uvédomi, 7e je tfeba premyslet o tom, zda vysledky, které ziskaji pfi feseni uloh,
mohou byt redlné, a tim si ovérit, zda je jejich reSeni spravné.

Pozndmka: Pokud ma uvedena skute¢nost fungovat, je nutné, aby se v Ulohach,
které ucitel zaklm bézné zadava a Zaci je resi, nevyskytovaly nerealné hodnoty.

Pokud ucitel tuto aktivitu pfi hodinach pouzije a i nadale bude Zaky systematicky
vést k tomu, aby nad redlnosti spoctenych vysledk( premysleli, je vhodné, aby pak
Zaci, ktefi v pisemce nebo pfi zkouseni ,,odhali“, Ze maji vysledek Spatné, protoze
Ciselny vysledek je nerealisticky, byli néjakym zptisobem kladné ohodnoceni.

Vhodné kapitoly: Pro tuto aktivitu jsou vhodné kapitoly, ve kterych se vyskytuji Ciselné
udaje, s nimiz maji Zaci zkuSenost z realného Zivota.

Casovd ndroénost: kratka aktivita (10 — 15 minut, zaleZi na po¢tu zadanych otazek)

Priibéh v hodiné:

Zaci dostanou pracovni list s uvedenymi ,,odpovédmi na fyzikalni Glohy” a jejich ukolem je
rozhodnout, které z danych odpovédi jsou redlné a které jsou nesmyslné. Sva tvrzeni by méli
podepfit i néjakymi argumenty.

Zaci pracuji jednotlivé nebo ve dvoijicich, pak spolu s u¢itelem kontroluji a komentuji spravna
feseni.

Doporuceni, co délat v ndsledujicich vyucovacich hodindch:
V kazdé fyzikalni partii je vhodné uvést typické, ale i néjaké extrémni hodnoty, aby zaci méli
mozZnost porovnat veli¢iny, se kterymi nemaji pfimou ¢i kazdodenni zkusenost.
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Smysluplnost odpovédi Pracovni list - kinematika

Kinematika

Zadani:

U nasledujicich péti odpovédi uréete, zda se muiZe jednat o redlnou hodnotu (oznacte tyto
odpovédi R), ¢i zda je odpovéd nesmysinad (oznacte N), tj. neni ve skutecnosti redlna.
Sva tvrzeni zdGvodnéte.

Ukdzka:
Odpovéd: Pokud pustime kdmen ze stfechy vysoké 12 m, dopadne na zem za 150 s.

Redlnost/neredlnost odpovédi: odpovéd je neredlnd — N
Zdivodnéni: 150 s = 2,5 min; to je moc dlouha doba na pad télesa z vysky 12 m,
co? je vyska asi 4. podlazi domu

Odpovédi:
1. ,Pirétsilnic” jel po dalnici rychlosti 190 km h™.

2. Policejni vrtulnik letél rychlosti 0,5 km s™.

3. Turista uSel za 45 min vzdalenost 3 km.

4. Velikost rychlosti spoluzacky, ktera bézi ,,stovku®, je 20 km ht.

5. Rychlik jedouci rychlosti 90 km h™ zacal brzdit 12 m pred zastavkou, na které pak
zastavil.
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Smysluplnost odpovédi Reseni pracovniho listu - kinematika

Kinematika

Zaddni:

U nasledujicich péti odpovédi uréete, zda se miZe jednat o redlnou hodnotu (oznacte tyto

odpovédi R), ¢i zda je odpovéd nesmysina (oznacte N), tj. neni ve skutecnosti redlna.
Sva tvrzeni zdlivodnéte.

Ukazka:
Odpovéd: Pokud pustime kamen ze stfechy vysoké 12 m, dopadne na zem za 150 s.

Rozhodnuti o redinosti: odpovéd je neredlnd — N
Zdivodnéni: 150 s = 2,5 min; to je moc dlouha doba na pad télesa z vysky 12 m,
coZ je vyska asi 4. podlazi domu

Odpovédi s fesenim:

‘ 1. ,Pirétsilnic“ jel po dalnici rychlosti 190 km h™. ‘

Rozhodnuti: Odpovéd je redlnd — R. Rychlostni omezeni na dalnici je sice 130 km h™,
ale néktefi Fidi¢i predpisy nedodrzuji a jezdi i rychlostmi vy$$imi nez 200 km h™.

| 2.

Policejni vrtulnik letél rychlosti 0,5 km s™. ‘

Rozhodnuti: Odpovéd je neredlna — N. Hodnota 0,5 km s™ je 500 m s, co? je vyssi
hodnota neZ pro rychlost zvuku ve vzduchu, kterd je pro bézné teploty pfiblizné 340
m s™. Nadzvukové vrtulniky neexistuiji.

Nékolik zajimavosti:

e Maximalni rychlost letu vrtulniku se v praxi pohybuje kolem 300 km h™,
tj. asi 83 m s™ (zdroj: fyzmatik.pise.cz).

e Rekordni rychlost vrtulniku byla vice nez 450 km h™* (technet.cz ,Rekordni
vrtulnik letél rychlosti vice nez 450 km/h“).

e Vzdu¥na vzdélenost mezi nejzapadnéjdim a nejvychodné&j$im mistem CR je
témér 500 km (www.czso.cz uvadi vzdalenost 493 km). Policejni vrtulnik
v nasi odpovédi by tuto vzdalenost prekonal za necelych 1000 sekund, tedy
asi za 16,5 minuty.

Turista usel za 45 min vzdalenost 3 km. |

Rozhodnuti: Odpovéd je redlna — R. Priimérna rychlost chodce se uvadi asi 4 km h™.

Velikost rychlosti spoluzacky, ktera bézi ,,stovku®, je 20 km h. ‘

Rozhodnuti: Odpovéd je redlna — R. 100 m by ubéhla asi za 18 s, coZ je mozné.

Zajimavost: Soucasny svétovy rekord muzll ma hodnotu 9,58 s, jeho autorem je
jamajsky sprinter Usain Bolt, ktery ho zabéhl 16. srpna 2009 na Mistrovstvi svéta
v atletice 2009 v Berliné (zdroj: wikipedie, fijen 2013).

Rychlik jedouci rychlosti 90 km h™ zadal brzdit 12 m pred zastavkou, na které pak
zastavil.

Rozhodnuti: Odpovéd' je nerealnd — N. Vlak brzdi mnohem dfive nez 12 m pred
zastavkou. Na této vzdalenosti by zabrzdit nestihl.

Pozndmka: Na tratich s maximalni rychlosti do 100 km h™ je zabrzdna vzdalenost
700 m, to odpovida zrychleni 0,55 m s
(zdroj: http://fyzweb.cz/clanky/index.php?id=150).
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Smysluplnost odpovédi Pracovni list - dynamika

Dynamika

Zadani:

U nasledujicich péti odpovédi uréete, zda se muiZe jednat o redlnou hodnotu (oznacte tyto
odpovédi R), ¢i zda je odpovéd nesmysinad (oznaéte N), tj. neni ve skutecnosti redlna.
Sva tvrzeni zdGvodnéte.

Ukazka:
Odpovéd: Pokud pustime kdmen ze stfechy vysoké 12 m, dopadne na zem za 150 s.

Rozhodnuti o redinosti: odpovéd je neredlnd—N

Zdivodnéni: 150 s = 2,5 min; to je moc dlouha doba na pad télesa z vysky 12 m,
co? je vyska asi 4. podlazi domu

Odpovédi:
1. Zemé plsobi na chodidlo stojiciho dospélého ¢lovéka silou 350 N.

2. Vysledna sila plisobici na automobil jedouci z kopce konstantni rychlosti 30 km h™
je 2000 N.

3. Maly osobni automobil a pIné naloZeny nakladni automobil, které jedou po silnici
stejnou rychlosti a pfi brzdéni na né pUsobi stejna brzdici sila, se zastavi za stejny
¢as.

4. Osobni automobil se rozjizdél se zrychlenim 0,1 m s™.

5. Zelezniéni vagon, ktery jel po pfimé vodorovné trati rychlosti 2 m s* a narazil do

stejné téZkého stojiciho vagonu, se po srazce pohyboval rychlosti 4 m s™.
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Smysluplnost odpovédi Reseni pracovniho listu - dynamika

Dynamika

Zaddni:

U nasledujicich péti odpovédi uréete, zda se miZe jednat o redlnou hodnotu (oznacte tyto

odpovédi R), ¢i zda je odpovéd nesmysina (oznacte N), tj. neni ve skutecnosti redlna.

Sva tvrzeni zdGvodnéte.

Ukazka:
Odpovéd: Pokud pustime kamen ze stfechy vysoké 12 m, dopadne na zem za 150 s.

Rozhodnuti o redinosti: odpovéd je neredlnd — N

Zdivodnéni: 150 s = 2,5 min; to je moc dlouha doba na pad télesa z vysky 12 m,
coZ je vyska asi 4. podlazi domu

Odpovédi s fesenim:

1.

Zemé pusobi na chodidlo stojiciho dospélého ¢lovéka silou 350 N.

Rozhodnuti: Odpovéd' je redlnd — R. Ze zakona akce a reakce vyplyva, Ze Zemé
pusobi na clovéka stejné velkou (ale opacné orientovanou) silou, nez clovék
na Zemi. Pokud stoji ¢lovék v klidu na obou nohou, plsobi Zemé na obé chodidla
stejné velkou silou. V nasem pfipadé by tedy Zemé pUsobila na ¢lovéka silou 700 N,
a Clovék na Zemi také silou 700 N. To by znamenalo, Ze dospély ¢lovék vazi asi 70 kg
(tiha ¢lovéka G = mg).

Vysledna sila ptisobici na automobil jedouci z kopce konstantni rychlosti 30 km h™
je 2000 N.

Rozhodnuti: Odpovéd je neredlnd — N. Pokud se automobil pohybuje konstantni
rychlosti (tj. rychlost se s asem neméni), je zrychleni automobilu rovno nule.
Vysledna sila, ktera plsobi na automobil, musi byt tedy také nulova.

Maly osobni automobil a plné naloZeny ndkladni automobil, které jedou po silnici
stejnou rychlosti a pfi brzdéni na né pUsobi stejna brzdici sila, se zastavi za stejny
¢as.

Rozhodnuti: Odpovéd je neredlnd — N. Z druhého Newtonova zdkona vime, Ze sila
pUsobici na téleso je pfimo Umérna jeho hmotnosti a zrychleni, které tato sila
télesu udava (F = ma). Vnasem pfipadé je sila plsobici na osobni i nakladni
automobil konstantni, lisi se ale hmotnosti automobilli — osobni automobil bude
leh¢i neZ nakladni. Z toho divodu se musi lisit i zrychleni, se kterym budou oba

automobily zpomalovat. Tézsi nakladni automobil bude zpomalovat s mensim
zrychlenim.

Zrychleni je pfimo Umérné pocatecni rychlosti a nepfimo Umérné casu, po ktery
automobil zastavuje (a = %). ProtoZe se oba automobily plivodné pohybuiji stejnou

rychlosti, plati, Ze ¢im mensi zrychleni automobil ma, tim delsi dobu mu bude trvat,
nez zastavi. Nakladni automobil tudiz zastavi pozdéji nez osobni automobil.

Zajimavost: Za osobni automobil je povazovano motorové vozidlo (kategorie M1)
s nejméné ctyfmi koly konstruované a vyrobené pro dopravu osob, s nejvySe osmi
sedadly kromé sedadla fidi¢e (smérnice 2007/46/ES, pfiloha Il). Hmotnost osobniho
automobilu nepresahuje 3,5 t.

201




Smysluplnost odpovédi Reseni pracovniho listu - dynamika

4. Osobni automobil se rozjizdél se zrychlenim 0,1 m s™.

Rozhodnuti: Odpovéd je redlna — R. Tato hodnota je redlna, nicméné v takovémto
pfipadé se automobil rozjizdi velmi opatrné. Za 10 s svého pohybu by zvysil svou
rychlost (v=at)zOms nalms? tina3,6kmh™.

Pokud by napriklad osobni automobil mél hmotnost 1200 kg, byla by velikost tazné
sily motoru tohoto automobilu rovna (F = ma) 120 N.

Zajimavost: U automobilu Bugatti Veyron, ktery je povazovan za jeden
z nejvykonnéjsich sériové vyrabénych osobnich automobil( na svété, vyrobce uvadi,
7e dosahne zrychleni z nuly na sto (tedy z klidu na 100 km h™) za 2,5 s. Pokud
budeme predpokladat, ze automobil zrychluje rovhomérné, pak by jeho zrychleni
¢inilo vice neZ 11 m s,

5. Zelezniéni vagon, ktery jel po pfimé vodorovné trati rychlosti 2 m s a narazil do
stejné tézkého stojiciho vagonu, se po srazce pohyboval rychlosti 4 m s™.

Rozhodnuti: Odpovéd je neredlna — N. Vagon se po sraZce se stejné tézkym stojicim
vagonem nemuze pohybovat vétsi rychlosti nez pred srazkou.

Pokud by se jednalo o pruznou srazku (vagony se svymi narazniky od sebe odrazi),
musi byt zachovdna hybnost i mechanickd energie soustavy. V takovém pfipadé
by se prvni vagon pfi srazce zastavil a druhy vagon by se rozjel rychlosti 2 m s™.

Pokud by se jednalo o nepruinou srazku (vagony se do sebe zaklesnou a dale
se pohybuji spolecné), zachovava se pouze hybnost soustavy. Vagony by se pak
pohybovaly spole¢né rychlosti 1 m s™.
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B.6 Res$eniuloh nahlas

Tato sekce obsahuje:

e Metodicky list (str. 204)

e Ukazka, jak Ize ulohu se Zaky resit (str. 206)
e Pracovni list — dynamika (str. 208)

e Reseni pracovniho listu — dynamika (str. 209)
e Pracovni list — Archiméd(v zakon (str. 211)

e Reseni pracovniho listu — Archiméd(iv zakon (str. 212)
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Redeni uloh nahlas Metodicky list

Reseni uloh nahlas

Reeni uloh, resp. rozbor néjakého komplexniho problému, je aktivita, kterd z velké ¢asti
probiha v nasi hlavé a neni tak pro okoli patrna. To znesnadnuje praci jak uciteldm, ktefi
chtéji své Zaky této dovednosti naudit, tak zaklm, ktefi se snaZi dovednost si osvojit. Tato
aktivita pracuje s jednoduchymi fyzikalnimi ulohami, pfi jejichz feSeni Zaci , premysleji
nahlas® a vede je tak k peclivéjSimu analyzovani vlastnich myslenek.

Cil: Zaci si uvédomi jednotlivé kroky Ffeseni a nebudou je preskakovat, budou peclivéjsi
v analyzovani myslenek.

Vhodné kapitoly: Lze pouizit kdykoli. Pro tuto aktivitu jsou vhodné jednoduché ulohy
s kratkym zadanim.

Pozndmka: Tato aktivita je vhodnd spiSe pro studenty vybérového seminare, pouZiti
v normalni hodiné je tfeba zvazit.

Casovd ndroénost: stiedné dlouhd aktivita (15-30 minut, podle poctu fesenych tloh)

Priibéh v hodiné:

Prvni ¢ast:

Ucitel bude na tabuli fesit jednoduchou fyzikdlni Ulohu. Zadani této ulohy je napsano
na tabuli nebo promitnuto dataprojektorem, aby jej méli na ocich i vSichni Zaci.

Ucitel si se zaky domluvi signal, ktery mohou Zaci béhem feseni ulohy pouzit k preruseni
ucitelovy prace. Signdlem muzZe byt napf. zvednuti ruky ¢i vyréeni slova STOP. Vhodnéjsi
je zvukovy signal, ktery pomuzZe zabranit tomu, Ze uditel pfi feSeni ulohy smluveny signal
neuvidi.

Role ucitele (resitel):

Pti feSeni ulohy fika ucitel vSechny kroky feSeni i vSe ostatni, nad ¢im premysli, nahlas
a postupné na tabuli zapisuje jednotlivé kroky feseni tak, aby po skonceni aktivity byl
na tabuli zapis feseni uUlohy v takové podobé, jak by podle uditele mél ideadlné vypadat
(tj. napsat skutecné cely zapis, véetné odpovédi).

Béhem reseni Ulohy ucitel obcas nékteré kroky feseni vynecha, potichu premysli, ¢ast feseni
neokomentuje nahlas, nebo udéld chybu. V tuto chvili by se méli ozvat Zaci smluvenym
signalem a méli by upozornit ucitele na jeho pochybeni.

Pokud se Zaci ozvou, ucitel nahlas okomentuje danou cast feSeni a pokracuje dal. Pokud by
se zaci neozvali, ucitel je upozorni, ze jej méli zastavit, okomentuje opét danou ¢ast feseni
nahlas a opét pokracuje v feseni Ulohy.

Ucitel fesi ulohu tak, aby Zaci chapali vSechny kroky jeho feSeni. Tato aktivita je zamérena
na peclivost, ne na rychlost, neni proto vhodné s feSenim ulohy spéchat, a to i v pfipadé,
Ze se Uloha zdd jednoducha.
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Redeni uloh nahlas Metodicky list

Role Zaku (pozorovatel):

Zaci ucitele sleduji a kontroluji, zda nezapomnél néjaky myslenkovy krok dostate¢né
podrobné nahlas popsat. Do samotného reSeni nezasahuji, ale pokud se ucitel na delsi dobu
odmléi ¢i vykona vice krok( reSeni najednou bez vhodného komentéare, zastavi jej
smluvenym signdlem a poprosi jej, aby nahlas fekl, co pravé udélal.

Zaci si po vyreseni Ulohy opisou z tabule do svych sesitd zapis feseni.

7 v

Druha ¢ast:
Poznamka: U této Casti aktivity je treba dlikladné promyslet, zda druhou ¢ast Zaci
zvladnou. Pokud ne, Ize fesit vice Uloh v hodiné zplsobem popsanym v prvni ¢asti.

Zaci pracuji ve dvojicich a fe$i jednoduchou fyzikaIni Glohu. Jeden 74k ma dlohu fesitele,
druhy ulohu pozorovatele. Ucitel prochazi mezi dvojicemi a sleduje Zakovska feSeni uloh.

Resitel fesi ulohu a vie, co ho k fedeni napadne (viechny myslenky) Fikd nahlas. PFfitom
si zapisuje feSeni ulohy do sesitu.

Pozorovatel poslouchd, do samotného feseni Ulohy nezasahuje, ale snazi se donutit svého
spoluzaka, aby vyslovil opravdu viechny své myslenky nahlas. Pokud se tesitel odmli¢i, napf.
protoze nevi, jak dal, pozorovatel ho vybidne, aby fikal vSe, co ho napada, nahlas, i kdyzZ to
tfeba nebude spravné. Také pokud reSitel preskoci, tj. udéld, ale slovné neokomentuje pfi
feSeni néjaky myslenkovy krok, pak ho pozorovatel zastavi a poprosi ho, aby i tyto
myslenkové kroky vyslovil nahlas. Pokud fesitel udéla pfi feSeni tlohy chybu, pozorovatel ho
na chybu upozorni. UkdZe mu, kde a jakou chybu uginil, ale chybu za né&j neopravuje. Resitel
pak své myslenkové operace projde jesté jednou a pokusi se svou chybu opravit.

Po vyfeSeni Ulohy si pozorovatel opiSe od fesitele zapis feSeni — oba Zaci maji v sesité
zapsany stejny postup Feseni tlohy. Zaci si vyméni role a pokracuji s fe$enim dalsi Glohy.

Pozndmka: Ve druhé casti aktivity mohou Zaci pracovat misto ve dvojicich
ve trojicich. V tomto piipadé maiji roli pozorovatele dva 7aci. Redeni Glohy pak
probiha stejné jako v pfipadé prace ve dvoijicich.

Velmi dileZita poznamka:

Role pozorovatele je velice podstatnd. Kazdy krok, ktery reSitel pfi feSeni provede, by mél
byt pozorovatelem kontrolovdn. Pokud fesitel napt. udéla chybu, mél by na ni byt okamzité
upozornén. To ovsem vyZzaduje nékolik ¢innosti.

Za prvé, pozorovatel musi také aktivné pracovat na feseni Ulohy. Mél by sledovat kazdy krok,
ktery fesitel provede, a mél by si byt jisty, Ze rozumi kazdému kroku.

Za druhé, pozorovatel by nemél resiteli prozradit, jak nad tlohou premysli on. To ¢asto mize
znamenat, Ze pozorovatel pozada resitele, aby chvili s dalSim feSenim pockal, a pozorovatel
tak mél moznost ovéfrit si své zavéry.

Za treti, pozorovatel by mél poslouchat. To znamen4d, Zze by mél aktivné pracovat spolu
s fesSitelem, nemél by ulohu resit zcela vlastnim zplsobem.

Konecné, pokud resitel udéla chybu, mél by jej pozorovatel pouze upozornit na chybu, ale
nikdy by mu nemél fikat spravnou odpovéd. Resitel by mél celou tlohu vyFesit sam.
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Regeni Uloh nahlas Ukdzka, jak Ize ulohu se zaky resit

Reseni uloh nahlas

Ucitel resi Ulohu pred Zdky a vSechny kroky reSeni i vSe ostatni, nad ¢im premysli, rika
nahlas. Zaci jej kontroluji, tj. davaji pozor na Fe$eni ulohy a upozorfiuji ucitele, pokud

vynechal néjaky myslenkovy proces.

Po vyreSeni ulohy by mél na tabuli vzniknout zapis o feseni Ulohy tak, jak by ucitel chtél, aby

vypadal v idedlnim pripadé.

Poznamka:
Je potfeba mit se Zaky stanoveny signal, ktery znamena, Ze byl pfeskocen néjaky krok (napf.

zvednuti ruky, zvukovy signal - slovo STOP, ...).

Uloha:

Jakou praci vykona elektromotor za pét hodin p¥i vykonu 2,5 kW?

(uloha je napsana na tabuli nebo promitana dataprojektorem)

Ukazka, jak Ize ulohu se Zaky resit:

Utitel (U), Zaci (2)

U:

TakZe se podivejme, co tu mame. (Precte ulohu nahlas.) Mam urdit praci
elektromotoru (ukazuje na slovo ,prdci“v zaddni tlohy), ktery ma vykon 2,5 kW
(ukazuje na vykon a hodnotu 2,5 kW v textu ulohy) a pracuje 5 hodin (ukazuje na
,Peét“ v textu ulohy). Praci zna¢ime W, vykon P a Cas t. Budu tedy pouzivat toto
oznaceni i pfi feseni této uUlohy a napisi si nejprve zapis.

Ucitel napise zdpis ulohy na tabuli.

uU:

Jesté jednou si projdu zadani, zda mam v zapise opravdu vSe a na nic jsem
nezapomnél. (Ucitel jesté jednou pomalu precte zaddni.) Nic dalSiho mi tam
nepfijde jako dalezity udaj, asi to bude vSechno.

: Pustim se tedy do feseni. Jak asi souvisi prace s vykonem? Na to mame vzorecek

W=P-t. Nebo to bylo P/t? Nejsem si jist, jak jen bych to mohl rychle
rozhodnout? (Na malou chvili se odmlci ...)

: Jasné, takZe to je P-t. TakZze mUZeme pokradovat v feseni.

Metodickd poznamka: Toto je prvni misto v feSeni ulohy, kde by studenti méli

smluvenym signdlem zareagovat na to, Ze ucitel premysli nad resenim, ale
pfitom nic nefikd. Z toho duvodu miZe byt ucitelovo miceni trochu strojené, aby
se Zdci osmélili upozornit na néco, co nebylo feceno.

Z: Jak jste to tedy odvodil? Rekl jste, Ze si to odvodite, ale micel jste. Nefekl jste nic

nahlas.

U (pokud Zdci nereaguji): Ted jsem premyslel a nefikal jsem nic nahlas. Méli jste mé

upozornit, Ze jsem nic nefikal. Omlouvdm se, zkusim své myslenky zformulovat
nahlas. PFisté mé upozornéte, kdyz se odmléim nebo kdyZz vynecham néjaky
logicky krok, ktery vede k feseni.
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Metodicka poznamka: Dalsi krok v feseni tlohy zdvisi na zpusobu, jakym ucitel

uci studenty pracovat se vzorci. NiZe jsou nabidnuty tfi varianty, kaZzdd z nich
pracuje se vzorci jinym zplsobem. Ucitel si tak muZe vybrat variantu, kterd mu
nejvice vyhovuje.

Ul: Hmmm, jak ten vzorecek rychle sestavit. Pamatuju si, Ze ty vzorecky kolem

prace a vykonu znamenaly bud néjaké nasobeni, nebo déleni. Ale co s ¢im?
Zkusim se zamyslet. Cim je stroj vykonnégjsi, tim udéla vic prace, takie kdyz
hleddm vztah pro praci, musi byt vykon nahofe ve zlomku, protoze ji je pfimo
umeérny. A ted kam s tim ¢asem. KdyZz nechdm stroj pracovat delsi cas, tak by
toho mél udélat taky vice, takZe ¢as je prdci taky pfimo umérny, tj. taky bude
nahore ve zlomku. (Zdroven ucitel piSe postupné vzorec na tabuli.) Takze prace
se rovna vykon krat cas.

U2: Nejsem si tim vzorcem jisty, zkusim si jej ovéfit v sesité/tabulkach. (Najde

prislusny vzorec.) TakZe prace se rovna vykon krat Cas.

U3: (Ucitel trva na nauceni zdkladnich vzorcl a po Zdcich je vyZaduje. V takovém

pfinadé mozZnost neznalosti vzorce vibec nepfipousti.) Je to zakladni vzorec,
ktery si musite pamatovat. Prace se rovna vykon krat ¢as.

: Mam vzorec, takZe zbyva dosadit. Vysledek je tedy 12,5. (Ucitel si viditelné

oddychne, cislo dvakrdt na tabuli podtrhne a tvdri se, Ze je hotovo. — D@ Zakim
néjaky cas na reakci.)

Z: Jak jste pFi%el na téch 12,5? A jaka je vlastné jednotka toho vysledku?

U:

Vim, Ze praci vypocitdm jako soucin ¢asu, po ktery stroj pracuje, a vykonu stroje.
(Ucitel ukazuje na tabuli na dand Cisla v zdpisu ulohy: Potom vypocet zapise
na tabuli.) KdyZ vynasobim 2,5, to je vykon, a 5, coZ je Cas, dostanu vysledek
12,5. (Dd Zakiim opét néjaky cas na reakci.)

Z: A jakd je tedy jednotka vysledku?

U:

Vynasobil jsem kW s hodinami. Jednotka je tedy kWh. Tahle jednotka se bézné
pouZiva, takZe ten vysledek v téchto jednotkdch mizu nechat. Jinak bych musel
jednotky pfevést na zakladni. Takhle je to v poradku. Vysledek je tedy 12,5 kWh.

Metodickd poznamka: Samoziejmé, Ze na zacdtku reseni ulohy, po zapsdni

zdpisu, Ize veliciny prevést na zdkladni jednotky a celou ulohu pak vyresit
v zakladnich jednotkdch. Zde opét zdleZi na pfistupu, ktery ucitel uprednostriuje.

: Jesté zkontroluji, jestli odpoviddm na spravnou otdzku (podivd se na zaddni

ulohy). Je to tak, ptali se mne na praci. Odpovéd tedy bude znit: Elektromotor
vykona praci 12,5 kWh. To je konecny vysledek. (A odpovéd napise na tabuli.)
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Dynamika

Zadani:

Pfi feSeni nasledujicich Uloh pracujte ve dvojicich. Jeden ze dvojice ma ulohu fesitele
adruhy Ulohu pozorovatele. Resitel Fesi Glohu a vie, co ho k fe$eni napadne (viechny
myslenky) fikd nahlas. Pfitom si normalné zapisuje feSeni ulohy do seSitu. Pozorovatel
poslouchd, pti feseni Ulohy nenapovidd, ale snazi se donutit svého kolegu, aby vyslovil
opravdu vSechny své myslenkové pochody nahlas. Pokud se reSitel odmléi nebo napt.
preskoCi pti fesSeni néjaky myslenkovy krok, pak ho pozorovatel zastavi a poprosi ho, aby
tyto myslenkové kroky vyslovil nahlas. Pokud freSitel udéla pfi fesSeni ulohy chybu,
pozorovatel ho na tuto chybu upozorni. Resitel pak své myslenkové operace projde jesté
jednou a pokusi se svou chybu opravit. V pfipadé, Ze pozorovatel nestiha sledovat feseni
feSitele, zastavi ho a pfipadné ho poprosi o zopakovani ¢asti feSeni, které neporozumél.
Po vyreSeni Ulohy si pozorovatel opiSe od fesitele zapis reseni.

Po vyfeSeni kazdé ulohy si vymérite role a pokracujte s feSenim dalSich uloh.

Ulohy:
1. Sila 60 N udéluje télesu zrychleni 0,8 m s™. Jak velkd sila udéli tému? télesu
zrychleni 2 m s?

2. Dva vagony riaznych hmotnosti se pohybuji stadlou rychlosti. Ktery vagon se dfive
zastavi, pUsobi-li na oba vagony stejné velka brzdici sila?

3. Téleso, které bylo na zacatku v klidu, se zacalo pUsobenim stalé sily pohybovat
rovnomeérné zrychlené a urazilo pfi tom za 10 s drahu 25 m. Jakad je jeho hmotnost?

4. Po vodorovné podlaze posunujeme bednu o hmotnosti 80 kg. Jak velkou silou
vodorovného sméru na ni musime puUsobit, aby konala rovnomérny pohyb?
Soucinitel smykového tfeni mezi bednou a podlahou je 0,7.

5. Kvadr o hmotnosti 5 kg tdhneme po vodorovné podloZice vodorovnou silou
o velikosti 30 N. Soucinitel smykového tfeni mezi kvddrem a vodorovnou podlozkou
je 0,4. Urcete velikost zrychleni kvadru.
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Dynamika

Zadani:

Pfi feSeni nasledujicich uloh pracujte ve dvojicich. Jeden ze dvojice ma ulohu fesitele
adruhy Ulohu pozorovatele. Resitel Fedi Glohu a vie, co ho k feSeni napadne (viechny
myslenky) fikd nahlas. Pfitom si normalné zapisuje feseni Ulohy do sesitu. Pozorovatel
poslouchd, pfi feSeni Ulohy nenapovida, ale snazi se donutit svého kolegu, aby vyslovil
opravdu vSechny své myslenkové pochody nahlas. Pokud se tesSitel odmléi nebo napfr.
preskoCi pfi feseni néjaky myslenkovy krok, pak ho pozorovatel zastavi a poprosi ho, aby
tyto myslenkové kroky vyslovil nahlas. Pokud feSitel udéla pfi tfeSeni ulohy chybu,
pozorovatel ho na tuto chybu upozorni. Resitel pak své myslenkové operace projde jesté
jednou a pokusi se svou chybu opravit. V pfipadé, Ze pozorovatel nestiha sledovat feseni
feSitele, zastavi ho a pripadné ho poprosi o zopakovani ¢asti reSeni, které neporozumél.
Po vyreSeni ulohy si pozorovatel opiSe od fesitele zapis feseni.

Po vyreSeni kazdé ulohy si vymérnite role a pokracujte s feSenim dalsich uloh.

Ulohy:
1. Sila 60 N udéluje télesu zrychleni 0,8 m s™. Jak velkd sila udéli tému? télesu
zrychleni 2 m s?

Vysledek: 150 N

2. Dva vagony rlaznych hmotnosti se pohybuji stalou rychlosti. Ktery vagon se dfive
zastavi, pUsobi-li na oba vagony stejné velka brzdici sila?

Vysledek: Vagon s mensi hmotnosti se zastavi dfive

3. Téleso, které bylo na zacatku v klidu, se zacalo plsobenim stalé sily pohybovat
rovnomeérné zrychlené a urazilo pti tom za 10 s drahu 25 m. Jaka je jeho hmotnost?

Vysledek: 40 kg

4. Po vodorovné podlaze posunujeme bednu o hmotnosti 80 kg. Jak velkou silou
vodorovného sméru na ni musime pusobit, aby konala rovnomérny pohyb?
Soucinitel smykového tfeni mezi bednou a podlahou je 0,7.

Vysledek: 560 N

5. Kvadr o hmotnosti 5 kg tdhneme po vodorovné podloZice vodorovnou silou
o velikosti 30 N. Soucinitel smykového tfeni mezi kvddrem a vodorovnou podlozkou
je 0,4. Urcete velikost zrychleni kvadru.

Vysledek: 2 m s?
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Pouzita literatura s oznacenim tloh ve zdrojich:
BARTUSKA, K. Shirka fesenych uloh zfyziky pro stfedni Skoly 1. 2.vyd. Praha:
Prometheus, 1997. ISBN: 80-7196-236-8.
e Ulohy:1(c. 47), 3 (¢. 50)

LEPIL, O. & KOL. Shirka uloh pro stredni Skoly Fyzika. 1. vyd. Praha: Prometheus, 1995.
ISBN: 80-7196-048-9.
e Ulohy:2(¢. 2.91),4 (¢. 2.111),5(¢. 2.121)
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Archiméduv zakon

Zadani:

Pfi feSeni nasledujicich uloh pracujte ve dvojicich. Jeden ze dvojice ma ulohu fesitele
adruhy Ulohu pozorovatele. Resitel Fesi Glohu a vie, co ho k feSeni napadne (viechny
myslenky) fikd nahlas. Pfitom si normalné zapisuje feseni Ulohy do seSitu. Pozorovatel
poslouchd, pfi feSeni Ulohy nenapovida, ale snazi se donutit svého kolegu, aby vyslovil
opravdu vSechny své myslenkové pochody nahlas. Pokud se feSitel odmléi nebo napft.
preskoCi pfi feseni néjaky myslenkovy krok, pak ho pozorovatel zastavi a poprosi ho, aby
tyto myslenkové kroky vyslovil nahlas. Pokud feSitel udéla pfi tfeSeni ulohy chybu,
pozorovatel ho na tuto chybu upozorni. Resitel pak své myslenkové operace projde jesté
jednou a pokusi se svou chybu opravit. V pfipadé, Ze pozorovatel nestiha sledovat reseni
feSitele, zastavi ho a pripadné ho poprosi o zopakovani ¢asti reSeni, které neporozumél.
Po vyreSeni ulohy si pozorovatel opiSe od fesitele zapis reseni.

Po vyreSeni kazdé ulohy si vymérnite role a pokracujte s feSenim dalsich uloh.

Ulohy:
1. Jak velkou silou zvedneme ve vodé kdmen o hmotnosti 10 kg a objemu 4 dm>?

2. Chlapec zveda Zulovy kdamen ve vodé silou 32 N, na vzduchu silou 52 N. Jakou
hustotu ma Zula?

3. Drevéna klada plovouci na vodé md ponorené dvé tretiny svého objemu. Jaka
je hustota dreva?

4. Ledovec hustoty 920 kg m™ plave na moiské hladiné. Jaka ¢ast objemu ledovce
je nad hladinou, jestlize hustota moiské vody je 1025 kg m™?

5. Silomér, na kterém je ve vzduchu zavéseno téleso, ukazuje 2,3 N. Pokud celé téleso
ponofime do vody, ukazuje silomér 0,3 N. Jak se bude chovat toto téleso, kdyz
ho sundame ze siloméru a dame na hladinu glycerolu? Hustota glycerolu je
1261 kg m>.

6. Trajekt, ktery prevazi auta pres zatoku sladkovodniho jezera, ma v pldorysu tvar
priblizné obdélniku o stranadch 22 m a 12 m. Vypocitejte, o kolik centimetr(
se ponofi, kdyZ na néj najede patnactitunové nakladni auto.
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Archiméduv zakon

Zadani:

Pfi feSeni nasledujicich Uloh pracujte ve dvojicich. Jeden ze dvojice ma ulohu fesitele
adruhy Ulohu pozorovatele. Resitel Fesi Glohu a vie, co ho k fe$eni napadne (viechny
myslenky) fikd nahlas. Pfitom si normalné zapisuje feSeni ulohy do seSitu. Pozorovatel
poslouchd, pti feseni Ulohy nenapovidd, ale snazi se donutit svého kolegu, aby vyslovil
opravdu vSechny své myslenkové pochody nahlas. Pokud se reSitel odmléi nebo napt.
preskoCi pti fesSeni néjaky myslenkovy krok, pak ho pozorovatel zastavi a poprosi ho, aby
tyto myslenkové kroky vyslovil nahlas. Pokud freSitel udéla pfi fesSeni ulohy chybu,
pozorovatel ho na tuto chybu upozorni. Resitel pak své myslenkové operace projde jesté
jednou a pokusi se svou chybu opravit. V pfipadé, Ze pozorovatel nestiha sledovat feseni
feSitele, zastavi ho a pfipadné ho poprosi o zopakovani ¢asti feSeni, které neporozumél.
Po vyreSeni Ulohy si pozorovatel opiSe od fesitele zapis reseni.

Po vyfeSeni kazdé ulohy si vymérite role a pokracujte s feSenim dalSich uloh.

Ulohy:
1. Jak velkou silou zvedneme ve vodé kdmen o hmotnosti 10 kg a objemu 4 dm>?

Vysledek: 60 N

2. Chlapec zveda Zulovy kamen ve vodé silou 32 N, na vzduchu silou 52 N. Jakou
hustotu ma Zula?

Vysledek: 2600 kg m™

3. Drevéna klada plovouci na vodé ma ponorené dvé tretiny svého objemu. Jaka
je hustota dreva?

Vysledek: 666,7 kg m>

4. Ledovec hustoty 920 kg m™ plave na moiské hladiné. Jaka ¢ast objemu ledovce
je nad hladinou, jestlize hustota moiské vody je 1025 kg m™?

Vysledek: 10 %

5. Silomér, na kterém je ve vzduchu zavéseno téleso, ukazuje 2,3 N. Pokud celé téleso
ponofime do vody, ukazuje silomér 0,3 N. Jak se bude chovat toto téleso, kdyz
ho sundame ze siloméru a dame na hladinu glycerolu? Hustota glycerolu je
1261 kg m>.

Vysledek: téleso plove na hladiné — hustota télesa je cca 1200 kg m™

6. Trajekt, ktery prevazi auta pres zatoku sladkovodniho jezera, ma v padorysu tvar
priblizné obdélniku o stranidch 22 m a 12 m. Vypocitejte, o kolik centimetrt
se ponofi, kdyZ na néj najede patnactitunové nakladni auto.

Vysledek: 5,7 cm
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Pouzita literatura s oznacenim tloh ve zdrojich:
KUBINEK, R., KOLAROVA, H. Fyzika v pfikladech a testovych otdzkdch. Olomouc:
Rubico, 1996.
ISBN: 80-85839-07-5.
e ulohy: 3 (mechanika kapalin a plyn, €. 5), 4 (mechanika kapalin a plyn(,
¢. 6)

LEPIL, O. Fyzika — Sbirka uloh pro stfedni Skoly. 3. vydani. Praha: Prometheus, 1995.
ISBN: 978-80-7196-266-3.
e ulohy:1(¢. 2.336), 2 (¢. 2.337)

ZAK, V. Fyzikdini ulohy pro stfedni skoly. Praha: Prometheus, 2011.
ISBN: 978-80-7196-411-7.
e Ulohy: 5 (mechanika, ¢. A 7.6), 6 (mechanika, ¢. A 7.7)
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B.7 Vytvareni planu reSeni kvantitativnich aloh

Tato sekce obsahuje:

o  Metodicky list (str. 215)

e Strategie feseni tloh (str. 218)
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Vytvareni planu feseni kvantitativnich uloh Metodicky list

Vytvareni planu reseni kvantitativnich fyzikalnich aloh

Pfi reSeni pocetnich fyzikdlnich uloh je tfeba zaky naucit vhodny postup, pomoci kterého si
mohou usnadnit praci a snadnéji prekonat pfipadné obtize, s nimiz se pfi reseni Uloh setkaji.
Prestoze neexistuje jedina idealni strategie, kterd by se vztahovala ke kazdému fyzikalnimu
problému, je i tak ucelné dodrZovat urcity postup.

Cil: Zaci si uvédomi, jaké kroky ¢&i strategie pouzivaji pfi reseni fyzikalnich Gloh a které kroky
jsou pro feseni Uloh dilezité. Zaci se sezndmi s postupy a strategiemi doporucovanymi
v odborné literature.

Pouziti: Aktivitu lze zadat pfi probirani libovolného tématu, v rdmci kterého se rFesi
vypoctové ulohy. Tuto aktivitu Ize do vyuky zaradit riznymi zpUsoby, napf.:
e po projiti vétsiho celku z fyziky, kdy uz maji Zaci s feSenim uloh zkuSenosti
e vpoloviné prvniho rocniku, kdy uZ maji Zaci zkuSenosti nejen s feSenim
stfedoskolskych uloh, ale i s poZadavky, které na feseni, pfipadné zdpis feseni, ma
jejich vyucuijici
e ve 2.—4. rocniku na za¢atku skolniho roku pred tim, nez Zaci zacnou tesit tlohy
Pozndmka: Tato aktivita neni vhodna pro Uplné zac¢atecniky. Pfi jejim zadavani je nutné,
aby jiz zaci méli néjakou zkusenost s feSenim uloh a zvladli tak popsat, jak toto feseni
probiha.

Casovd ndrocnost: velmi €asové narocéna aktivita (aktivita na celou vyucovaci hodinu,
resp. na 2 vyucovaci hodiny)

Potifebny materidl: nalepovaci listecky v dostateéném mnoistvi (cca 5 kusd na kazdého
zaka), vétsi archy papiru (pro kazdou osmiclennou skupinu jeden), fixy, pastelky, tuzky (pro
kazdou skupinu, Zaci mohou poufZit vlastni), pfilozeny material ,Strategie reseni“ nebo
sbirka uloh, ve které je popsany postup feseni kvantitativnich fyzikalnich uloh (pro kazdou
osmiclennou skupinu), lepidlo, izolepa.

Priibéh v hodiné:

Vytvareni planu feseni Uloh je ¢asové velmi narocna aktivita a je vhodné ji zadavat v rdmci
dvou vyucovacich hodin. Nejlépe, pokud na sebe tyto vyucovaci hodiny navazuji. Aktivitu lze
zadat i béhem jedné vyucovaci hodiny, ale v takovém pripadé je potreba velmi striktné
dodrZovat Casy jednotlivych fazi aktivity.

Tato aktivita ma Ctyfi faze:

1. Prace ve dvojicich

Zaci jsou rozdéleni do dvojic. Jejich Ukolem je sepsat svoje napady k otazce ,Jak postupuji
ana co si ddvdm pozor, kdyZ rfesim pocetni fyzikdlni ulohu”. Kazda myslenka ¢i ndpad se
zapisi na samostatny listecek. Kazda dvojice ma k dispozici asi 10 listec¢kd (v pfipadé potieby
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dostanou dalsi). Je vhodné Zaky povzbudit, Ze mohou psat i drobnéjsi tipy, co délat nebo
na co si dat pfi feSeni ulohy pozor.

Z&ci maji na praci 5 minut.

2. Prace ve ctveficich

Po vyprseni zadaného ¢asového limitu se spoji vidy dvé dvojice dohromady a tyto dvojice
dale pracuji se viemi liste¢ky spole¢né (vhodné je liste¢ky promichat). Zaci nad napady
napsanymi na listeccich diskutuji. Kazdd ¢tverice projde vSechny své listecky a seskupi stejné
a podobné. Na zakladé vzajemné inspirace muzZe Ctverice dopsat listecky s dalSimi napady.

Tato ¢ast aktivity opét trvd 5 minut.

3. Prace v osmiclennych skupinach

Poté se spoji vidy dvé ctvefice Zakl a pracuji opét se vsemi svymi listecky dohromady.
| v této fazi mohou Zaci jesté pfipsat novy ndpad na dalsi listecek, ale pozornost by méla byt
uz od vymysleni dal$ich napad(i zaméFena na t¥izeni jiz napsanych napad(l. Zaci nad napady
na listeccich diskutuji, hodnoti jejich uZite¢nost, smysluplnost.

Ukolem osmiclennych skupinek je usporadat liste¢ky do vhodné struktury tak, aby vytvorily
navod, jak fesit pocetni fyzikalni Glohy. Pro razeni napadd dostane skupina k dispozici balici
papir. Jednotlivé skupiny listec¢kl je mozné pojmenovavat, spojovat Sipkami, i jinak graficky
zaClefiovat do vytvarené struktury.

Tato ¢ast aktivity probiha cca 10 minut.

Nékolik poznamek:
e Je vhodné studentlim doporucit, aby pfi vytvareni ndvodu zacali tim,
Ze stejné Ci podobné véci ptifadi k sobé.
e Skupindm, které si nevi rady svytvafenim ndvodu, je mozné poradit,
Ze mohou rovnat listecky s ndpady napf. podle poradi, jak se da dany napad
uplatnit v prabéhu feseni ulohy (tj. chronologicky).

e Na listeccich se mohou vyskytnout i ndpady, které souvisi sifeSenim
fyzikalnich uloh, ale nepodafi se je zaclenit do struktury. | tyto listecky
by mély byt néjak zapracovany do vysledného vystupu.

4. Prezentace vysledka

Po ukonceni prace v osmiclennych skupinach probéhne kratka vystava praci. Navody, které
jednotlivé skupiny vytvofily, se umisti na dobfe dostupné misto a Zaci si béhem kratké doby
(cca 2 minuty) prohlédnou dila vSech ostatnich skupin a porovnaji je se svym ndvodem. Poté
kazda skupina prezentuje svou praci (max. 3 minuty na kazdou prezentaci). Béhem
prezentace Zaci zdlrazni duleZité body svého navodu. Po prezentaci viech skupin vede ucitel
fizenou diskusi se vsemi Zaky. Zjistuje, jak vypadal jejich ndvod na feseni fyzikalnich uloh,
co prijde zakim pfi reseni Uloh nejdllezitéjsi, kde se jednotlivé skupiny shoduiji, ...

Na konci diskuze poskytne ucitel zakéim ptipraveny material Strategie feseni. Zaci tak mohou
porovnat svlj ndvod s ndzorem v literatufe, vyhledat, v¢éem se od navodu uvedeném
v literature lisi, kde se naopak shoduji, kde maji zapsano néco navic, ¢i zda jim pfipada,
Ze na néco dllezitého zapomnéli.
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Vytvareni planu fesSeni kvantitativnich uloh Metodicky list

Pokud maji studenti doporucéenu néjakou sbirku, kterd obsahuje popis strategie feseni uloh,
mohou Zaci porovnavat svlij ndvod se strategiemi uvedenymi v této sbirce.

Pozorovani, kterd Zzaci ucini béhem porovnani svého navodu s odbornou literaturou,
je vhodné opét prodiskutovat.

Poznamka: Ucitel mizZe pozadat jednoho Zaka z kazdé skupiny, aby do pfisti hodiny
prepsal vytvoreny navod napt. na pocitaci. Studenti si pak mohou sviij ndvod vlepit
¢i vlozit do sesitu.

Doporuceni, co délat v ndsledujicich vyucovacich hodindch:

Pti bézném feSeni uloh lze podle vytvorenych navodl priibézné komentovat, kterych krok
zndvodu se pravé dand cast feSeni tykd, ¢i na konci feSeni zkontrolovat, zda se podle
uvedenych krok(l postupovalo. Pokud byly nékteré kroky vynechany, je vhodné
okomentovat, pro¢ tomu tak bylo (napf. Gdaje v uUloze nebyly zadany ciselné, proto
neprovedeme ciselny vypocet).

K této aktivité se mudze ucitel se zaky po urcité dobé (napf. po mésici &i pal roce) vratit. Zaci
si tim znovu pripomenou jednotlivé kroky, které jsou dulezité pro reSeni kvantitativnich
uloh. Zaci reflektuji, zda nékteré body uvedené ve vlastnim navodu skute¢né pii fedeni tloh
pouZivaji. Na zakladé novych zkuSenosti doplni ¢i upravi své ,ndvody” a oznaci v nich
dllezité body.
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Vytvareni planu feseni kvantitativnich uloh Strategie fesSeni Uloh

Strategie reSeni uloh

Pfi feSeni problém je vhodné si vybudovat urcity postup a toho se pak snazit do jisté miry
drzet. Ve fyzice, pfi feSeni pocetnich uloh, tomu je nejinak. V odborné literature ¢i ¢lancich
muiZeme nalézt mnoho strategii, které jejich autofi doporucuji pouZivat. VSechny tyto
strategie jsou si vSak velmi podobné. Nize je popsdna jedna takova strategie, kterd byla
prevzata z tureckého vyzkumu’.

1. Porozuméni tloze
e Pozorné ¢teni problému
e Preformulovani/zapsani Glohy vlastnimi slovy
e Zapis vsech zadanych velicin (i s jednotkami)
e Vypis vSech hledanych velicin (i s jednotkami)
e Znazornéni problému pomoci obrazku/diagramu
e Urceni, které veli¢iny jsou skalarni a které vektorové

2. Kvalitativni analyza ulohy
e Stanoveni hlavnich fyzikalnich principl v Uloze
e Rozhodnuti, jak k Uloze pfistupovat
e Vyjadreni zakladniho zakona/zékladnich pravidel souvisejicich s Glohou a
proc/jak je pouzit

3. Vypracovani planu reSeni ulohy

e Napldnovani, jak ziskat hledanou veli¢inu ze zadanych

e Sepsani vzorcl souvisejicich s Ulohou

e Rozhodnuti, zda jsou fyzikalni vzorce pro danou ulohu pouzitelné nebo ne
(napf. zda spliuji podminky platnosti)

o Zformulovani konecného vzorce pred tim, neZ se zaCnou provadét
algebraické upravy

e Kontrola, zda v kone¢ném vzorci je zahrnuta hledana velicina

4. Poutziti planu reSeni
e Doplnéni zadanych velicin z Ulohy i s jejich jednotkami do kone¢ného vzorce
e Peclivé provedeni matematickych operaci

5. Kontrola
e Kontrola, zda byly nalezeny vSechny veliciny, na které se Uloha ptala
e Zvazeni, zda je ziskany vysledek rozumny ci nikoli
e Kontrola jednotky vysledku
e Prekontrolovani celého feseni

*
Caliskan, S., Selguk, G. S., Erol, M.(2010). Instruction of Problem Solving Strategies: Effects on Physics Achievement and Self-
efficacy Beliefs. Journal of Baltic Science Education, 9(1).
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Appendix C
Activities in English language

In this appendix, developed activities are enclosed. The activities contain methodical
materials, worksheets and their solutions and other materials that were created as
a supporting material to the activities. The activities were originally designed in Czech,
nevertheless all the methodical materials and examples of worksheets and their solutions
were translated to English.

This appendix contains the following activities:

e Careful reading (p. 220)

e Conditions of law’s applicability (p. 226)
e Principles needed for solution (p. 234)
e Classifying the equations (p. 239)

e Reasonableness of the answers (p. 250)
e Solving aloud (p. 255)

e Creating own problem solving plan (p. 262)
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C.1 Careful reading

The section contains:

e Methodical material (p. 221)
e Worksheet — Mechanics (p. 223)

e Answer sheet — Mechanics (p. 224)
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Careful reading Methodical material

Careful reading

Reading the task assignment attentively is one of the very important steps in problem
solving. It is desirable for students to be able to distinguish important information from
unimportant. Many students write down all numeric values from the assignment but they
do not pay much attention to the remaining text. However, students should also give
attention to the nonnumeric information in the assignment that is crucial for the solution.
This activity works purposefully with an analysis of the assignment for that reason. Explicit
focus and emphasizing of the careful reading of the assignment within the described activity
should lead students to treat each physics task in a similar manner.

Main aim: The activity emphasizes the necessity of attentive reading of the assignment.
It shows students that nonnumeric data in the task assignment are also important in solving
of physics tasks.

Use of the activity: The activity can be used almost at any time. It is ideal for topics where
many tasks are solved (e.g. kinematics or dynamics of a mass point in mechanics). Tasks
with long text or with excess information are very suitable for this activity. In such tasks,
students have to think about the importance of particular information.

Note: The activity is suitable especially for younger students (at the age of 12-15).

Time demand: Low; the activity takes from 10 to 15 minutes, depending on the number of
tasks (the solving of the physics tasks itself is not included in the time demand).

How to proceed in class:

Every student receives a worksheet with several assignments of tasks (3-5) from the current
schoolwork. Their task is to read through the first assignment and to highlight the numeric
as well as nonnumeric data significant for the solution. The students write a list of
important information then.

Afterwards, the students check their highlighted data with their neighbouring classmate.

The teacher with the assistance of the students solves the first task on the board. He or she
reads through the assignment of the first task, marks the significant data (or read them
aloud), and writes the list of the significant numeric and nonnumeric values on the board.

Recommendation: Three readings

e 1% reading — | read the assignment to get a short overview of the situation

e 2" reading — | read carefully one sentence after another, mark the data
significant for the solution and write them

e | check the list of the significant data whether it is understandable

e 3"reading — I look over the task assignment once more whether | have not
missed something; | focus especially on the parts that | have not marked
as significant
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Careful reading Methodical material

After that, the students go through and write down the significant data from the remaining
tasks in the worksheet. They work individually again and after finishing, they check their
results with their neighbouring classmate again. At the end of the activity, students check
their results with the teacher.

Note: The students’ solutions can differ in the form how the significant data are
written. It is important however to write them all.

The students can solve the tasks at the end of the activity (or as homework). In such a case,
students can mark the parts of solution where the chosen nonnumeric data were used.
The importance of the data is shown in this way.

Recommendation what to do in following classes:
It is appropriate to put this activity into the class more often. It is a short activity reminding
students of the importance of attentive reading.
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Careful reading Worksheet - Mechanics

Mechanics

Assignment:

Six task assignments from mechanics are printed below. Underline numeric as well as

nonnumeric data significant for the solution in each assignment. Write a list of all important
information gained from the assignment.

Tasks:
1.

A car is going at a speed of 30 km h™ in a steep rise. In the subsequent equally long
descent, the car is going at a speed of 90 km h™'. Determine the average speed.

A rushing motorist tries to cover a hill. The ascent as well as descend have the
length of 3.5 km. The motorist has an old car, so he is able to drive at a maximal
speed of 45 km h™ uphill. Determine how fast the motorist has to drive downhill to
keep the average speed of 60 km h™.

Anne went on a bike trip. She went uphill at an approximately constant speed of
10 km h™"at the start and she travelled one sixth of her whole route this way.
The next stretch was a straight road equalled to one third of the whole route.
However, Anne went through a beautiful landscape and she wanted to look around.
For this reason she sped up only slightly on the straight road and went at a constant
speed of 20 km h™’. During the remaining part of her route, Anne hurried to get to
the finish. Therefore she went roughly at a constant speed of 30 km h™. Determine
Anne’s average speed on the whole route.

Mark picked up a pack of six 1.5 litre plastic bottles filled with water from the floor
and put iton a table which height was 75 cm. He lifted the pack with
an acceleration of 2 m s™. Determine how much work Mark did.

In the Kamyk Hydroelectric Power Station, the altitude difference between water
level in a reservoir and turbines is 14 m. Volume of water that flows through the
Kaplan turbine per one second is 360 m>. Output power of a generator is 40 MW.
Determine the efficiency of the hydroelectric power station.

The Vltava River is 120 metres wide in Velka near Kamyk nad Vltavou. A boat is able
to move with a speed of 1.5 m s relative to a still water. The river current flows at
a speed of 2 km h™’. Determine the direction, relative to the river bank, the boat
needs to be pointed to to move straight across the river.
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Careful reading Answer sheet - Mechanics

Mechanics

Assignment:

Six task assignments from mechanics are printed below. Underline the numeric as well as

nonnumeric data significant for the solution in each assignment. Write a list of all important

information gained from the assignment.

Tasks:

A car is going at a speed of 30 km h™ up a steep rise. In the subsequent equally long
descent, the car is going at a speed of 90 km h™. Determine the average speed of
the car.

Note: In solving this task, it is not important whether the car is going down- or
uphill. The significant information is that both these stretches of the road have
equal length. It is possible to discuss this fact with students.

Numerical result: 45 km h™*

2. A rushing motorist tries to cover a hill. The ascent as well as descend have the
length of 3.5 km. The motorist has an old car, so he is able to drive at a maximal
speed of 45 km h™ uphill. Determine how fast the motorist has to drive downhill to
keep the average speed of 60 km h™.
Note: The situation in this task is equal to the situation in the previous task. In this
task, the equal length of the two stretches of road is important again, not the fact
that the car is going down- and uphill.
Numerical result: 90 km h™*

3. Anne went on a bike trip. She went uphill at an approximately constant speed of

10 km h' at the start and she travelled one sixth of her whole route this way.
The next stretch was a straight road equalled in length to one third of the whole
route. However, Anne went through a beautiful landscape and she wanted to look
around. For this reason she sped up only slightly on the straight road and went at
a constant speed of 20 km h™. During the remaining part of her route, Anne hurried
to get to the finish. Therefore she went roughly at a constant speed of 30 km h™.
Determine Anne’s average speed on the whole route.

Numerical result: 20 km h™*
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Careful reading Answer sheet - Mechanics

4. Mark picked up a pack of six 1.5 litre plastic bottles filled with water from the floor

and put it on a table which height was 75 cm. He lifted the pack with

an acceleration of 2 m s Determine how much work Mark did.

Note: Very important information for solving this task is what kind of liquid the
plastic bottles contain (in our situation it is water). Weight of the liquid can be
calculated thanks to this information.

Numerical result: 80 J

5. In the Kamyk Hydroelectric Power Station, the altitude difference between water

level in a reservoir and turbines is 14 m. Volume of water that flows through the
Kaplan turbine per one second is 360 m>. Output power of a generator is 40 MW.

Determine the efficiency of the hydroelectric power station.

Note: Kamyk Hydroelectric Power Station is one of hydroelectric power stations in
the Czech Republic. It is located on the Vitava River and forms a part of Vltava

Cascade.
(http://www.cez.cz/en/power-plants-and-environment/hydraulic-power-plants/kamyk.html)

Numerical result: 81 %

to move with a speed of 1.5 m s relative to a still water. The river current flows at

a speed of 2 km h™. Determine the direction, relative to the river bank, the boat

needs to be pointed to to move straight across the river.

Note 1: The width of the river is not essential for solution to this task. Nevertheless,
this fact may come out for less competent students only when they try to solve the
task. For this reason, underlining the width of the river as important information is
not considered to be a mistake. (Numeric value in the task assignment that turns
out to be unimportant during the task solution is underlined with a dashed line in
the sample solution.)

Note 2: It is very important to realize that when we speak about direction or angle
it is necessary to specify with respect to what we determine the direction or the
angle. Therefore, the words “relative to ...” are underlined in the sample solution.

Numerical result: 110 ° relative to the river bank
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C.2 Conditions of law’s applicability

The section contains:

o Methodical material (p. 227)
e Worksheet — Earth’s gravitational field (p. 229)

e Answer sheet — Earth’s gravitational field (p. 231)
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Conditions of law’s applicability Methodical material

Conditions of law’s applicability

The qualitative analysis is for students both one of the most difficult and one of the most
important parts of solving. It can be very hard for students to determine what physics
formula should be used to solve the assigned task. Simultaneously, the students should be
able to decide whether conditions of applicability for a particular physics formula are
fulfilled in the given situation. Therefore, this activity exercises purposefully the qualitative
analysis of the physics tasks and determining the conditions allowing or preventing
applicability of some physics principles.

Main aim: Students should realize that it is not possible to use each physical principle in
every situation and that there can be situations in which using the formula might be
incorrect, because some conditions prevent applicability of this formula.

Use of the activity: The activity can be used mostly in topics containing physics laws
or principles where validity of the principles does not have to be always necessarily fulfilled.
For example:
e movement in gravitational field — the applicability of conservation of mechanical
energy or conservation of momentum have to be determined
e equations of state for an ideal gas
e principles from electromagnetism concerning relations between electric current
and magnetic field

Time demand: Medium-long activity (15-30 minutes); the duration of the activity depends
on number of the tasks in prepared worksheet.

How to proceed in class:

The students receive worksheets with several described physics situations or physics tasks
(with not very long text of the assignment) and a list of physics principles. The aim is
to determine whether each of these principles is or is not applicable in each assigned
situation and why. The students make the decision about applicability of the principles
regardless of necessity for using the principles in the task solutions.

Example: Two blocks with masses of 3 kg and 5 kg, respectively, hang from ends
of arope that passes over a frictionless pulley attached to the ceiling. The lighter
block is 2 meters under the heavier block. The initial speed of both blocks is zero.
Determine the acceleration of the system. Consider both the pulley and the rope
to be massless.

While it is possible to use the conservation of mechanical energy in this task,
the conservation of momentum is not valid here, because an external force —
the gravitational force — acts on the blocks.
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Conditions of law’s applicability Methodical material

At first the students think over the answers individually, afterwards they discuss the
answers in pairs or small groups. In the end they present the answer to the whole class and
together with the teacher they find the correct solutions.

It is possible to assign solving of the physics tasks in worksheet to the students after
finishing the activity. But it is not necessary.

Recommendation what to do in following classes:
The teacher emphasizes which physics law or principle from the discussed topic meets
the conditions of applicability when he or she solves some task on a board.
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Conditions of law’s applicability Worksheet — Earth’s gravitational field

Earth’s gravitational field

Assignment:
Six physics tasks that you do not need to solve are below.

Your job is to decide whether conservation of mechanical energy and conservation of
momentum is or is not applicable in each of the assigned situation. Give reasons for your
decision.

Do the decision about applicability of the laws regardless of necessity for using the laws
in the task solution.

Example:

Two blocks with masses of 3 kg and 5 kg, respectively, hang from ends of a rope that
passes over a frictionless pulley attached to the ceiling. The lighter block is 2 meters
under the heavier block. The initial speed of both blocks is zero. Determine the

acceleration of the system. Consider both the pulley and the rope to be massless.

Solution: While it is possible to use conservation of mechanical energy in this task,
conservation of momentum is not valid here. Since we consider the pulley to be
frictionless, the loss of mechanical energy that would be caused by the effect of
friction is neglected. In such a case gravitational potential energy will be converted
only to kinetic energy and vice versa — conservation of mechanical energy is valid in
this situation.

Momentum of the system is not the same at the beginning and at the end of the
movement because an external force (the gravitational force) acts on the blocks.
It causes that the whole system picks up speed, and it increases its momentum —
therefore, conservation of momentum is not applicable in this situation.

Tasks:

1. A cart of a mass of 250 g is going on a straight track at a speed of 2.4 m s™ and it
crashes into a cart of a mass of 500 g that is going at a speed of 1.8 m s™. The carts
join during the collision, and they are moving together afterwards. Determine the
loss of mechanical energy during the collision, if the carts are going in the same
direction before the collision.
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Conditions of law’s applicability Worksheet — Earth’s gravitational field

2. Anappleis hanging on a tree in a height of 1.8 metres. The apple breaks off and it is
falling to the ground. Determine the speed of the apple just before it crashes to the
ground.

3. Two boys, Tom and Peter sledged on a hill. The sledge together with the boys has
a weight of 87 kg. To go as fast as possible, the boys started running on top of the
hill, they jumped into the sledge and were going downhill. The initial speed of the
sledge with both boys is 7 km h™. The height of the hill is 15 metres. Determine the
speed of the sledge with both boys at the foot of the hill. Assume that the boys do
not break the sledge with their feet and that the movement of the sledge downhill
is frictionless. Assume also that the air resistance is negligible.

4. A cart moving on a frictionless linear air track strikes a second cart at rest.
The collision between the carts is elastic. After the collision, the carts are moving
with the same speed in opposite directions. Find the ratio between masses of the
two carts.

5. A block with a mass of 0.5 kg is moving with a speed of 6 m s on a smooth
horizontal plane. A bullet with a mass of 0.01 kg and initial speed of 600 m s*
moving perpendicularly to the motion of the block collides with the block and gets
stuck in it. Determine the final speed of the block and the bullet together. What is
the angle the final speed forms with the initial speed of the block?

6. A wooden block is sliding down an inclined plane set at an angle of 30° to the
horizontal. Find the acceleration of the wooden block, if the friction coefficient
between the wooden block and the inclined plane is equal to 0.4.
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Conditions of law’s applicability Answer sheet — Earth’s gravitational field

Earth’s gravitational field

Assignment:
Six physics tasks that you do not need to solve are below.

Your job is to decide whether conservation of mechanical energy and conservation of
momentum is or is not applicable in each of the assigned situation. Give reasons for your
decision.

Do the decision about applicability of the laws regardless of necessity for using the laws
in the task solution.

Example:

Two blocks with masses of 3 kg and 5 kg, respectively, hang from ends of a rope that
passes over a frictionless pulley attached to the ceiling. The lighter block is 2 meters
under the heavier block. The initial speed of both blocks is zero. Determine the

acceleration of the system. Consider both the pulley and the rope to be massless.

Solution: While it is possible to use conservation of mechanical energy in this task,
conservation of momentum is not valid here. Since we consider the pulley to be
frictionless, the loss of mechanical energy that would be caused by the effect of
friction is neglected. In such a case gravitational potential energy will be converted
only to kinetic energy and vice versa — conservation of mechanical energy is valid in
this situation.

Momentum of the system is not the same at the beginning and at the end of the
movement because an external force (the gravitational force) acts on the blocks.
It causes that the whole system picks up speed, and it increases its momentum —
therefore, conservation of momentum is not applicable in this situation.

Summary of when conservation of mechanical energy and conservation of momentum are
valid:

Conservation of mechanical energy is valid in such situations when effect of resistance
forces (friction, air resistance ...), effect of forces that cause deformation, and internal
energy change of a body or system of bodies are negligible.

Conservation of momentum is valid in a case that the given body (or system of bodies) is
located in an isolated system, i.e. the resultant external force acting on the system is zero.
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Conditions of law’s applicability Answer sheet — Earth’s gravitational field

Tasks:

1.

A cart of a mass of 250 g is going on a straight track at a speed of 2.4 m s™ and it
crashes into a cart of a mass of 500 g that is going at a speed of 1.8 m s™. The carts
join during the collision, and they are moving together afterwards. Determine the
loss of mechanical energy during the collision, if the carts are going in the same
direction before the collision.

Solution: An inelastic collision of two bodies happens in this task. A part of the
original kinetic energy converted into internal energy of the system (the internal
energy shows for example by a temperature increase or by a deformation in the
area of the collision). For this reason conservation of mechanical energy is not
valid in this situation.

Conservation of momentum is valid in this task because the resultant external
force acting on the system is zero, and the described situation can be considered as
an isolated system. Although the carts act on each other at the instant of the
collision, the concerned forces are internal forces that do not influence the
conservation of momentum at all.

Numeric result: 30 )

An apple is hanging on a tree in a height of 1.8 metres. The apple breaks off and it is
falling to the ground. Determine the speed of the apple just before it crashes to
the ground.

Solution: If we neglect the resistant forces, then the gravitational potential energy
of the apple is converted gradually into the kinetic energy of the apple. Because this
energy is not converted into another one, nor any other energy is added to the
apple, the conservation of mechanical energy is valid in this task.

A nonzero external force — the Earth’s gravitational force — is acting on the apple.
For this reason, the conservation of momentum is not valid in this situation.

Numeric result: 6 m s™

Two boys, Tom and Peter, sledged on a hill. The sledge together with the boys has
a weight of 87 kg. To go as fast as possible, the boys started running on the top of
the hill, then jumped into the sledge and were going downhill. The initial speed of
the sledge with both boys is 7 km h™. The height of the hill is 15 metres. Determine
the speed of the sledge with both boys at the foot of the hill. Assume that the boys
do not break the sledge with their feet and that the movement of the sledge
downhill is frictionless. Assume also that the air resistance is negligible.

Solution: The conservation of mechanical energy is valid in this task. On the top of
the hill, the sledge has gravitational potential energy (because of the height of the
hill) as well as kinetic energy (thanks to the initial speed of the sledge). During the
ride downhill, the gravitational potential energy of the sledge converts into the
kinetic energy. Because we neglect air resistance and friction, there is not any other
energy conversion.
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Conditions of law’s applicability Answer sheet — Earth’s gravitational field

If the boys broke the sledge with their feet or if the friction was too large to be
neglected, the conservation of mechanical energy would not be valid.

The conservation of momentum is not valid in this situation, because an external
force (the Earth’s gravitational force) is acting on the sledge.

Numeric result: 61 km h™ (17 m s™)

4. A cart moving on a frictionless linear air track strikes a second cart at rest.
The collision between the carts is elastic. After the collision, the carts are moving
with the same speed in opposite directions. Find the ratio between masses of the
two carts.

Solution: An elastic collisionis defined as one in which both conservation of
momentum and conservation of mechanical energy are observed. Both laws are
also valid in this situation, unless we consider friction and resistance forces acting
against the movement.

Numeric result: The weight of the cart that is moving before the collision is three
times higher than the weight of the cart at rest.

5. A block with a mass of 0.5 kg is moving with a speed of 6 m s™ on a smooth
horizontal plane. A bullet with a mass of 0.01 kg and initial speed of 600 m s™
moving perpendicularly to the motion of the block collides with the block and gets
stuck in it. Determine the final speed of the block and the bullet together. What is

the angle the final speed forms with the initial speed of the block?

Solution: The conservation of mechanical energy is not valid in this task, because
the collision is inelastic. The bullet gets stuck in the block and part of the initial
kinetic energy of both bodies is consumed to embed the bullet in the block.

The conservation of momentum is valid in this situation, because the block and the
bullet can be considered as an isolated system. (Both the block and the bullet were
moving with a constant speed. Therefore, the final force acting on the system is
zero.)

Note: Another goal of this task can be to find the internal energy change.

Numeric result: 13 m s, 63°, (the internal energy of the system increases by 1.8 kJ)

6. A wooden block is sliding down an inclined plane set at an angle of 30° to the
horizontal. Find the acceleration of the wooden block, if the friction coefficient
between the wooden block and the inclined plane is equal to 0.4.

Solution: Neither the conservation of mechanical energy nor the conservation of
momentum are valid in this situation. The conservation of mechanical energy is not
valid, because part of the mechanical energy is consumed in overcoming the
frictional force (the mechanical energy of the wooden block is converted to the
internal energy of the block and of the plane). The conservation of momentum is
not valid, because an external force — the Earth’s gravitational force — acts on the
wooden block.

Numeric result: 1.5 m s
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C.3 Principles needed for solution

The section contains:

e Methodical material (p. 235)
e Worksheet — Mechanics — elementary level (p. 236)

e Answer sheet — Mechanics — elementary level (p. 237)
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Principles needed for solution

Analysis of physics tasks belongs to one of the most difficult and simultaneously the most
important steps during solving physics tasks. However, description of the situation of the
physics task is often more important than the physics principles for students. For this
reason, this activity works purposefully with qualitative analysis of the physics situations
and with determination of physics principles that are needed for solving the assigned tasks.

Main aim: Students should realize that it is important to take a look under the surface when
they solve physics tasks and that seemingly equal tasks can demand considering different
physics principles to be solved.

Use of the activity: It is possible to use this activity after going over a larger physics topic.
Itis optimal to assign the activity after topics in which similar tasks are solved by using
different physics principles. Physics tasks with short assignment are suitable for this activity.

Time demand: Long activity (20-40 minutes), the duration of the activity depends on
number of the physics tasks in worksheets and whether students solve the tasks or not.

How to proceed in class:

The students are given a worksheet with several assignments of physics tasks and a list of
physics principles. Their job is to decide which of the assigned principles is necessary to
solve each of the tasks in the most efficient manner.

The students do not need to solve the tasks completely.

The same list of physics principles is used for all assigned tasks. Only one principle can be
chosen to each task.

The students work individually at first and then they check their solutions in pairs or in small
groups with their classmates. Afterwards, the students discuss the correct answers with
their teacher.

Note: The discussion about the correct answers is a necessary part of the activity.

It is possible to let the students solve the tasks included in the worksheet after the final
discussion about results (in the class or as homework).

Recommendation what to do in following classes:

Before solving of each task in class, students try to determine the physics principle needed
to be applied to solve the task.

The teacher points out the needed physics principle when he or she solves a task on
a blackboard.
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Mechanics

You have probably noticed that tasks in mechanics you have met up to now can be solved
by using different techniques. Respectively, the tasks can be divided into several groups
according to methods used to solve them. In general, there are two different approaches to
solving of physics tasks in mechanics. The first approach is solving of the tasks by using
motion equations. In this case we work with time dependence of particular quantities as
position, velocity, and acceleration. The second possibility consists in focusing on quantities
that are preserved during motion — i.e. application of momentum and mechanical energy
conservation. In this approach, we do not consider time development. Sometimes it is even
possible to solve a task by using both these approaches, or it is necessary to combine them.
Which of these approaches can be used to solve a task or which one makes the solution
easier depends on available information and searched quantities in the task assignment.

Assignment:

Four choices marked A-D are stated below. They contain one or more basic physical
principles. Beneath the choices you can find five tasks that can be solved by using some of
the physical principles. Your goal is to choose just one from the choices A-D that is needed
to be applied to solve each task in the most efficient manner.

You don’t need to solve the assigned tasks.

Physical principles:
A) Newton’s Second Law
B) Conservation of Mechanical Energy (or conversion of different forms of energy)
C) Conservation of Linear Momentum
D) Use of Two Physical Principles in the given order: Conservation of Linear
Momentum — Conservation of Mechanical Energy

Tasks:
1. Two carriages of different masses are moving with equal constant speed. Which of
the carriages stops earlier, if the break forces acting on the carriages are equal?

2. A railway carriage of a mass of 20 t moves in a horizontal track at a speed of 1 ms™.
It crashes into another carriage of a mass of 30 t that is going in the same direction
at a speed of 0.5 m s™. The carriages join during the collision, and they are moving
together afterwards. Determine the speed the carriages have after the collision.

3. A bullet of a mass of 1 kg was shot from a cannon of a mass of 1 t. Determine kinetic
energy of the cannon recoil at the moment when the bullet is leaving the cannon’s
barrel at a speed of 400 m s™.

4. A shot moving at a speed of 20 m s explodes into two parts of masses 10 kg and
5 kg. The lighter part of the shot has a speed of 90 m s™ and it moves in the same
direction as it had before the explosion. Determine the speed of the heavier part of
the shot.

5. Determine the speed of the water spurting from a fountain tube, if the water rises
to5m.
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Mechanics

You have probably noticed that tasks in mechanics you have met up to now can be solved
by using different techniques. Respectively, the tasks can be divided into several groups
according to methods used to solve them. In general, there are two different approaches to
solving of physics tasks in mechanics. The first approach is solving of the tasks by using
motion equations. In this case we work with time dependence of particular quantities as
position, velocity, and acceleration. The second possibility consists in focusing on quantities
that are preserved during motion — i.e. application of momentum and mechanical energy
conservation. In this approach, we do not consider time development. Sometimes it is even
possible to solve a task by using both these approaches, or it is necessary to combine them.
Which of these approaches can be used to solve a task or which one makes the solution
easier depends on available information and searched quantities in the task assignment.

Assignment:

Four choices marked A-D are stated below. They contain one or more basic physical
principles. Beneath the choices you can find five tasks that can be solved by using some of
the physical principles. Your goal is to choose just one from the choices A-D that is needed
to be applied to solve each task in the most efficient manner.

You don’t need to solve the assigned tasks.

Physical principles:
A) Newton’s Second Law
B) Conservation of Mechanical Energy (or conversion of different forms of energy)
C) Conservation of Linear Momentum
D) Use of Two Physical Principles in the given order: Conservation of Linear
Momentum — Conservation of Mechanical Energy

Tasks:

1. Two carriages of different masses are moving with equal constant speed. Which of

the carriages stops earlier, if the break forces acting on the carriages are equal?

Used principle: A

. . Ap . .
Note: Newton’s second law is used in a form of F = A—f in this task.

Result: The carriage with the smaller mass stops sooner.

2. A railway carriage of a mass of 20 t moves in a horizontal track at a speed of 1 m s™.
It crashes into another carriage of a mass of 30 t that is going in the same direction
at a speed of 0.5 m s™. The carriages join during the collision, and they are moving

together afterwards. Determine the speed the carriages have after the collision.

Used principle: C

Result: 1,6 ms™
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3. A bullet of a mass of 1 kg was shot from a cannon of a mass of 1 t. Determine
kinetic energy of the cannon recoil at the moment when the bullet is leaving the
cannon’s barrel at a speed of 400 ms™.

Used principle: D

Note: The order of the use of the physical principles is clearly divided in this task.
At first it is necessary to determine speed of the cannon during recoil from the
conservation of momentum. Only then the kinetic energy of the cannon recoil can
be calculated from the speed.

Result: 80 )

4. A shot moving at a speed of 20 m s™ explodes into two parts of masses of 10 kg and
5 kg. The lighter part of the shot has a speed of 90 m s™ and it moves in the same
direction as it had before the explosion. Determine the speed of the heavier part of
the shot.

Used principle: C

Result: 15m s™

5. Determine the speed of the water spurting from a fountain tube, if the water rises
to5m.

Used principle: B

Result: 10 m s™
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C.4 Classifying the equations

The section contains:

e Methodical material (p. 240)
e Worksheet assignment (p. 243)
e Worksheet — Mechanical work and energy (p. 244)

e Answer sheet — Mechanical work and energy (p. 246)
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Classifying the equations

Results of the research” of students’ view on problem solving in physics show that equations
and formulas are very important for students when they solve quantitative tasks.
The students believe it is necessary to memorize as much physics equations as possible to
be better to solve physics tasks. Nevertheless, it is not desirable for students to memorize
all equations that appear in physics classes. The students should learn to distinguish
between important and less important equations and perceive connection between them.
Therefore, it is important to show students that some equations can be used only in some
special cases or that some equations can be easily derived from other equations.

Main aim: Students start to distinguish between important physics equations useful to
learn by heart and less important physics equations.

Use of activity: The activity can be used in all topics where the work with equations appears
to a higher extent.

Time demand: long activity (30-45 minutes); the duration of the activity depends on
number of assigned physics equations

How to proceed in class:
Students receive a set of physics equations. Each equation is written on a separate card.

Another way how to use the activity: The teacher writes the equation on a black
board and the students copy them down on the prepared cards (one card = one
equation). This possibility is organizationally easier. It is not necessary to prepare
(and pay attention to do not mix up) 30 sets of cards — one set per student.

The students’ job is to determine which of the assigned equations can be considered as
important (i.e. it is appropriate to memorize them) and which are “less” important (it is not
necessary to memorize them, they can be easily derived from the more important
equations, they are not used too often ...).

Firstly, the students determine what each equation is concerned with, i.e. the students
should describe by their own words what each equation says. It is not necessary to insist on
an exact title of the equation, more likely the teacher should support the students in their
own choice of words. Further, the students name all physics quantities in the equations.
Afterwards the students determine the importance of each equation and they state why
they consider that particular equations as less important.

Note: Very good addition to this activity is to demand from students to draw or
describe some suitable situation in which the given equation can be applied.

" The research is described in subchapter 2.5.2.
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The students work individually or in pairs. They note their solution down on the prepared
cards. The cards offer the opportunity to rearrange them and thus to create a structure
between the equations (e.g. the less important equations can be put under the important
ones from which they are derived). At the end of the activity, the students check and
comment the correct solutions together with their teacher. The teacher can suggest
(as an example) his or her own structure between the equations that he or she consider to
be of use.

Note: The importance of the equations, or rather the necessity of memorizing some
equations, will be probably judged by the students according to the fact whether the given
equation appears in a written or oral exam — the students learn especially to be successful
in evaluation. Nevertheless, the aim of this activity is to let the students look at the
importance of the equations from a different angle. In this activity, marking the equation as
“important” is understood “how the equation is necessary and useful and leads to better
and more efficient solution of physics tasks.” It is convenient for students to remember
such equations, although their pragmatic approach is likely to predominate.

In addition it is necessary to realize that there is not the only right solution during choosing
the important and less important equations. The choice of the important equations always
depends on many factors (e.g. the teacher‘s approach, the number of physics classes per
week, the level of education). Thus, it depends always on the teacher which equations he or
she marks as important and which as less important. It is suitable to present this fact to the
students before beginning of the activity.

Example:
1. Equation for total kinetic energy of the system of n mass points:

n
Evora = Eiey + Eip + -+ Eje, = z Ey,
i=1
2. Equation for total kinetic energy of the system of 2 mass points:

Ey\pper = Ek; + Eg,

In some classes, the first equation (the system of n mass points) will be considered
as important and the second equation will be less important because it is a special
case of the first one.

Nevertheless, in other classes, for example in a class that has less physics classes
during a week, the second equation (the system of 2 mass points) is possible to be
marked as important, because the first general form of the equation can be too
complicated for students, they do not use it, and it is more practical for them to
remember only the particular form of the equation.
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Recommendation what to do in following classes:
In the class, the teacher points out the important equations that are worth remembering
during solving of physics tasks.

The teacher should always proceeds from the important equations when he or she solves
a physics task. Thus, he or she should show the students that it is really not necessary to
remember all physics equations. If the teacher solves a physics task in which some special
equation is needed to gain the solution, it is suitable to derive the equation or to find the
equation in the Physics Reference Tables or in some other source of information.
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Classifying the equations

Assignment:
Look at the cards listed below and determine what each of the given equations represents
(what it says). Determine also what all the quantities in the equation stand for.

Decide whether each of the equations can be considered as important (it is convenient to
memorize it) or whether it is less important (e.g. it is not necessary to memorize it, because
it is easily derived from some more important equation; it is very seldom used; or the
equation is only an algebraic solution of some particular task).

If you classify some equations as less important, give reasons for your decision.
Highlight the important equations (e.g. mark them with some colour).

Draw or describe some situation in each card in which the stated equation would be
applied.

Example of solution:

1 ., 2h
S =So+tvet+-at t= |—
2 9
What the equation represent: What the equation represent:
How to calculate the distance some How to calculate the time during which
object covers when it moves in some object falls down to the ground
a straight line with a constant in free fall

acceleration

Meaning of the quantities:

Meaning of the quantities: t — time during which the object falls
s —total distance the object covered h — height from which the object falls
so—initial distance of the object g — gravitational acceleration

Vo —initial speed of the object
t — time during which the object moves

in a straight line with a constant The equation is less important.
acceleration . _ The equation follows from the equation
a —acceleration of the object describing distance the object moves

in a straight line with constant
acceleration. The initial distance and
initial speed of the object are zero, and
the object moves with gravitational
acceleration g.

The equation is important.
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W=AE,=4m(vi- )7(3 E=E+E,
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E=E+E, = konst. % E = mgh

S —

W=AE,=mg (h,—h,) W = Fscosa
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Mechanical work and energy

Assignment:
Look at the cards listed below and determine what each of the given equations represents
(what it says). Determine also what all the quantities in the equation stand for.

Decide whether each of the equations can be considered as important (it is convenient to
memorize it) or whether it is less important (e.g. it is not necessary to memorize it, because
it is easily derived from some more important equation; it is very seldom used; or the
equation is only an algebraic solution of some particular task).

If you classify some equations as less important, give reasons for your decision.
Highlight the important equations (e.g. mark them with some colour).

Draw or describe some situation in each card in which the stated equation would be
applied.

Example of solution:

1 ., 2h
S =So +tvoet+-at t= |—
2 g
What the equation represent: What the equation represent:
How to calculate the distance some How to calculate the time during which
object covers when it moves in some object falls down to the ground
a straight line with a constant in free fall

acceleration

Meaning of the quantities:

Meaning of the quantities: t — time during which the object falls
s —total distance the object covered h — height from which the object falls
so—initial distance of the object g — gravitational acceleration

Vo —initial speed of the object
t — time during which the object moves

in a straight line with a constant The equation is less important.
acceleration _ _ The equation follows from the equation
a —acceleration of the object describing distance the object moves

in a straight line with constant
acceleration. The initial distance and
initial speed of the object are zero, and
the object moves with gravitational
acceleration g.

The equation is important.
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Solution of the worksheet:

1
o E, = Emv2

Solution: What the equation represents: Kinetic energy

Meaning of the quantities:
E, — kinetic energy of some object (or rather a mass point)
m — mass of the object
v — speed of the object

The equation is important.

e E,=mgh

Solution: What the equation represents: Gravitational potential energy
Meaning of the quantities:
E, — gravitational potential energy of some object (or rather
a mass point)
m — mass of the object
g — gravitational acceleration
h —height of the mass point above zero level of the potential energy

The equation is important.

e W =Fscosa

Solution: What the equation represents: Mechanical work
Meaning of the quantities:
W — mechanical work that is performed by a force F
F —force acting on an object (or rather a mass point)

s —distance that the object covers
o — angle between the acting force and the direction of motion

The equation is important.

o W =Fs

Solution: What the equation represents: Mechanical work

Meaning of the quantities:

W — mechanical work that is performed by a force F

F —force acting on an object (or rather a mass point)

s —distance that the object covers
This equation is valid only in a special case when the constant force acting
on the object (mass point) has the same direction as the direction of the
object’s motion is.

The equation is less important.
The equation is derived from the more general form W = F s cos a (vector

form: W = F - s), where a means constant angle that forms the direction
of the acting force with the direction of motion of the object.
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e W=AE,= %m(v% —v?)

Solution: What the equation represents: Mechanical work changes into kinetic
energy

Meaning of the quantities:
W — mechanical work
AE, — change of the kinetic energy of an object (or rather
a mass point)
m — mass of the object
v, — initial speed of the object
v, —terminal speed of the object
The equation can be derived from the equation describing
mechanical work W = Fs.

The equation is less important.

Note: The equation can be derived from the equation describing
mechanical work, where the magnitude of the force F can be expressed
from the Newton’s second law. Because we assume that the object has a

non-zero initial speed, the acceleration can be expressed as a = % and
the distance s of the straightforward movement with the constant

accelerationis s = %at2 + v. By substitution of the quantities we gain:

1 v, — vy (lv, —v
W=Fs=ma(5at2+v1t)=m 2 1(—#t2+v1t)

t 2 t
v,—v/1 1
=m : (Evzt—zv1t+v1t)=
172 - 171 1 1 1 2 2
= m 2 S vt = 5w, — )@, - v) = 5 m(E - v)

The stated equation can be interpreted as follows: If the body changes its

speed from the value v, to v, on trajectory s by action of constant force ﬁ,
then the change of kinetic energy is AEy and the force performs work W.

o W =AE,=mg(h, —hy)

Solution: What the equation represents: Mechanical work changes into
gravitational potential energy

Meaning of the quantities:
W — mechanical energy
AE, — change of the gravitational potential energy of an object
m — mass of the object
g — gravitational acceleration
h; —initial height of the object
h, — terminal height of the object

The equation can be derived from the formula for mechanical work
W = Fs.

The equation is less important.

248



Classifying the equations Answer sheet — mechanical work and energy

Note 1: Equally as in the previous case, the stated equation can be derived
from the formula for mechanical work W = Fs. However, the force F that
performs the mechanical work is the gravitational force F; = mg and the
object covers distance that is equal to difference of the initial and terminal
height of the (s = h, — hy).

Note 2: The work that is performed by the gravitational force (or rather
the change of the gravitational potential energy of a mass point) depends
on the mass of the mass point, on the gravitational acceleration, and on
the initial and terminal height of the mass point. Nevertheless, the work
does not depend on the shape of the trajectory the mass point moves
along. The work does not depend even on the length of the trajectory.

o E=E. +E,

Solution: What the equation represents: Mechanical energy

Sum of the kinetic and the potential energy of an object
(or rather a mass point) is called the mechanical energy of
the object.
Meaning of the quantities:
E — mechanical energy of an object (or rather a mass point)

Ex — kinetic energy of the object
E, — gravitational potential energy of the object

The equation is important.

e E=E+E,=Kkonst

Solution: What the equation represents: Conservation of mechanical energy

Meaning of the quantities:
E — mechanical energy of an object (or rather a mass point)
Ey — kinetic energy of the object
E, — gravitational potential energy of the object

The equation is important.

Note 1: Although the law of conservation of mechanical energy is “only”
a special case of the total conservation of energy, it is very important in
mechanics and it is worth to be remembered. For this reason, we consider
it as important.

Note 2: The law of conservation of mechanical energy is valid only in
an isolated system. In such a system, only transformation of potential
energy into kinetic energy (and vice versa) arises.

This law proceeds from the law of conservation of energy that says that
one form of energy is transformed to another in all actions in the system,
or the energy pass from one object to another. Nevertheless, the total
energy of the system of objects remains constant.
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C.5 Reasonableness of the answers

The section contains:

o Methodical material (p. 251)
e  Worksheet — Kinematics (p. 252)

e Answer sheet — Kinematics (p. 253)
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Reasonableness of answers

Discussion of task results is a very important part of the task solution in physics.
After gaining the solution, it is expedient that the solver thinks about reasonableness of the
answer. This activity exercises the verification of the numeric results based on solver’s own
experience. The activity helps students to form an idea about real values of physics tasks.

Main aim: To help students to realize that it is necessary to think about the task results and
their plausibility. This will help students to verify the correctness of the solution.

Note: It is necessary to present to students only physics tasks with real values in
order to reach the stated aim.

If the teacher uses this activity during physics classes and he or she will continue to
lead students methodically to thinking about the reasonableness of the answers,

I/I

itis suitable to evaluate positively the students who “reveal” in test or during oral

examination that their result is incorrect because of its unreality.

Use of the activity: Chapters containing tasks with physics quantities and numeric values
with which students have experience from the real life are suitable for this activity.

Time demand: short activity (10-15 minutes); the duration depends on the number of
assigned physics answers

How to proceed in class:
Students receive worksheet with severa

|II

answers to physics tasks”. Their aim is to decide
which answers are real and which are nonsensical. The students should support their
statements by some arguments.

The students work individually or in pairs. At the end of their work, the students check and
comment the correct solution together with their teacher.

Recommendation what to do in following classes:

The teacher should state some typical as well as extreme values of physics quantities in
each discussed physics topic. This way the students have an opportunity to compare values
with which they do not have direct experience.
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Kinematics

Assignment:

Decide which of the next five answers to physics tasks are reasonable (mark the answers
with the letter R) and which are nonsensical (mark the answers with the letter N). Support
your decision with some argument.

Example:
Answer: If we drop a stone from a roof that is 12 m high, it falls down on the ground
in 150 s.

Decision whether the answer is reasonable: The answer is nonsensical — N.
Explanation: 150 s = 2.5 min; the time is too long for a fall of a dense solid body
from the 12 m height (which is roughly the height of the fourth floor of a house).

Answers:
1. A “speed demon” is driving his car on a motorway at a speed of 190 km h™.

2. A police helicopter flew at a speed of 0.5 km s™.

3. It took the tourist 45 minutes to walk 3 kilometres.

4. A classmate is running the 100-metre dash at a speed of 20 km h™*.

5. An express train traveling at a speed of 90 km h™* started to slow down 12 metres
short of the station and it managed to stop at the station.
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Kinematics

Assignment:

Decide which of the next five answers to physics tasks are reasonable (mark the answers
with the letter R) and which are nonsensical (mark the answers with the letter N). Support
your decision with some argument.

Example:
Answer: If we drop a stone from a roof that is 12 m high, it falls down on the ground
in 150 s.

Decision whether the answer is reasonable: The answer is nonsensical — N.
Explanation: 150 s = 2.5 min; the time is too long for a fall of a dense solid body
from the 12 m height (which is roughly the height of the fourth floor of a house).

Answers with solution:

1. A “speed demon” is driving his car on a motorway at a speed of 190 km h™.

Decision: The answer is reasonable —R.

The speed limit on a motorway is 130 km h™ in the Czech Republic, nevertheless
some drivers do not only disregard the traffic rules but they are also driving faster
than at a speed of 200 km h™.

2. A police helicopter flew at a speed of 0.5 km s™.

Decision: The answer is nonsensical — N.

The value of 0.5 km s is equal to 500 m s™*, which is a speed greater than the speed
of sound (the speed of sound is approximately 340 m s™ in dry air at 20 °C).
Supersonic helicopters do not exist.

Several interesting facts:

e Today’s working helicopters tend to top out at around 270 km h™* which is

equalto 75 ms™.
(http://spectrum.ieee.org/aerospace/aviation/the-fastest-helicopter-on-earth)

e The fastest helicopter is the Sikorsky X2 that broke the world’s helicopter

speed record and it flew at a speed higher than 450 km h™ (i.e. 125 ms™).
(http://gizmodo.com/5659576/watch-the-sikorsky-x2-breaking-the-worlds-helicopter-
speed-record)

e Flight distance between the westernmost and the easternmost point of the
Czech Republic is almost 500 km (www.czso.cz states that the distance is
493 km). The police helicopter from our answer would cover this distance
in less than 1000 seconds, which means around 16.5 minutes.
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‘ 3. It took the tourist 45 minutes to walk 3 kilometres.
Decision: The answer is reasonable —R.
The average speed of a pedestrian is stated as approximately 4 km h™.

‘ 4. A classmate is running the 100-metre dash at a speed of 20 km h™.
Decision: The answer is reasonable —R.
At the average speed of 20 km h™, the classmate would run the 100 metres long
distance in 18 second, which is possible.
Interesting thing: The current men’s world record in the 100-metre dash is
9.85 seconds, set by Jamaica’s Usain Bolt. This record was set at the 2009 Berlin
World Championships in August 16.
(http://en.wikipedia.org/wiki/100_metres & https://www.youtube.com/watch?v=ICEfRBRrzRO0)

5. An express train traveling at a speed of 90 km h™ started to slow down 12 metres

short of the station and it managed to stop at the station.

Decision: The answer is nonsensical — N.

The express train has to start to slow down in a larger distance than 12 metres short
of the station. It would not manage to stop in that distance. (Of course it also
depends on the length of the station.)

Note: In the Czech Republic, the braking distance is 700 metres on the railways with

the speed limit of 100 km h™*. That corresponds to the deceleration of 0.55 m s.
(http://fyzweb.cz/clanky/index.php?id=150)
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C.6 Solving aloud

The section contains:

e Methodical material (p. 256)

e llustration how it is possible to solve physics tasks (p. 259)
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Solving aloud

Solving physics tasks, or more generally, analysis of some complex problem is an activity
that runs in our head for the most part and thus it is not visible to our surroundings. This is
a problem that hampers teachers’ attempts to teach their students how to solve physics
tasks properly and it also hampers students in acquirement of the problem solving skill. This
activity works with easy physics tasks, during solving of which students “think aloud”.
The activity guides the students to careful analysis of their own thoughts.

Main aim: Students come to realize individual steps in the solution of physics tasks. They do
not skip the steps and are more careful in analysis of their thought processes.

Use of the activity: The activity can be used in any physics topic. Easy tasks with a short
assignment are suitable for this activity.

Note: This activity is more likely suitable for students of a selective seminar. In general
classes, it is necessary for teachers to carefully consider use of the activity.

Time demand: Medium-long activity (15-30 minutes); the duration of the activity depends
on number of the prepared tasks.

How to proceed in class:

First part:

The teacher solves an easy physics task on a blackboard. Assignment of the task is written
on the blackboard or it is shown on a wall by a projector.

The teacher and the students arrange a signal that the students can use to stop teacher’s
work during solving of the problem. The signal can be for instance to put hand up or to
shout a word STOP. An acoustic signal is more suitable, preventing the teacher not noticing
the arranged signal.

The teacher’s role (solver):

During solution of the task, the teacher says aloud all steps of the solution and everything
what he or she is thinking about. The teacher writes down the task solution on the
blackboard step by step, in order to create a perfect notation of the solution (i.e. to write
whole notation of the task solution, including the answer).

During the task solution, the teacher sometimes intentionally skips some steps of the
solution, thinks silently, does not comment a part of the solution, or he or she makes
a mistake. This is the time when the students should use the arranged signal and notify the
teacher of his or her oversight or mistake.

If the students let the teacher know with the signal, the teacher comments aloud the given
part of the solution and he or she continues with the solution. If the students do not let the
teacher know, the teacher points out their omission. Then he or she comments the given
part of the solution and again he or she continues with the solution.
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Solving aloud Methodical material

The teacher solves the task in such a way that all students understand all steps of the task
solution. This activity is focused on carefulness and not on quickness. Therefore it is not
suitable to rush the task solution, even in the case that the task seems very easy.

The students’ role (observer):

The students observe the teacher and they check whether he or she does not forget to
describe some problem solving step aloud. The students do not intervene in the problem
solving, but if the teacher falls silent for a longer time or if the teacher does several steps
without a proper comment, the students stop him or her by using the arranged signal.
After that, the teacher explains aloud his or her last steps.

After solving the task, the students copy down into their exercise books the notation of the
task solution.

Second Part:
Note: It is necessary to consider thoroughly, whether the students can handle the
second part of the activity. If they do not, it is possible to solve more physics tasks in
the way that is described in the first part of the activity.

The students work in pairs and they solve an easy physics task. One student has the role of
the solver, the second is the observer. The teacher walks around the class and observes the
students’ work.

The solver solves the tasks and he or she says aloud everything what cross his or her mind
(concerning the solution). At the same time, the solver writes down into the exercise book
notation of the solution.

The observer listens to the solver, does not meddle in the solution, but he or she tries to
compel the solver to say all thoughts aloud. If the solver falls silent (e.g. because he or she
does not know how to continue), the observer invites the solver to say what crosses his
or her mind, even if it is not correct. Also, if the solver skips some step of thought (i.e. he or
she does the step but does not comment it verbally) during the solution, then the observer
stops the solver and asks him or her to say his or her thoughts aloud. If the solver makes
a mistake during solving of the task, the observer points out the mistake. The observer can
show the solver where the mistake is, but he or she does not correct it in place of the solver.
Afterwards, the solver goes once more through his or her thoughts and tries to correct the
mistake.

After solving the task, the observer copies the solution into his or her exercise book — both
students have the same problem solving procedure written in their exercise books.
The students change their roles and they continue with solving of other physics task.

Note: The students can also work in trios in the second part of the activity. In this
case, two students have the role of observer. The solution of the task runs
identically as with the work in pairs.
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Solving aloud Methodical material

Very important note:

The role of the observer is very substantive. Each step the solver makes should be checked
by the observer. For example, if the solver makes a mistake, the observer should point out
the mistake immediately. Naturally, that demands several activities.

Firstly, the observer has to work actively on the task solution. He or she should watch each
step that the solver makes. The observer should also be sure that he or she understands
each step.

Secondly, the observer should not reveal to the solver, how he or she thinks about the task.
That can often mean that the observer asks the solver to wait with the solution for a while,
in order that the observer has an opportunity to verify his or her conclusions.

Thirdly, the observer should listen closely. That means the observer should work actively
together with the solver, and he or she should not solve the task in his or her own way.

Finally, if the solver makes a mistake, the observer should point out the mistake, but he
or she should never say the correct answer. The solver should solve the whole task by his or

her own effort.
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Solving aloud Illustration how it is possible to solve physics tasks

Solving aloud

A teacher solves a physics task in front of students. She says aloud all steps of the solution

and everything what she thinks about. The students supervise her, i.e. they pay attention to

the task solution and notify the teacher if she silently passed some train of thought.

After solving of the task, a protocol about the solution should be written on a blackboard.

The protocol should look as the teacher want it to be in the ideal case.

Note:

It is necessary to establish some signal with the students (put hands up, sound signal —
the word STOP, ...) that means that some step was skipped.

Task:

What work does an electric motor carry out during five hours if its output power
is 2.5 kW?
(the task is written on a blackboard or it is projected by a data projector)

Illustration how it is possible to solve the task with students:

Teacher (T), students (S)

So, let’s see what we have here. (She reads the task aloud.) | need to determine
the work of the electric motor (she points to the word “work” in the task
assignment), output power of which is 2.5 kW (she points to the output power
and the value 2.5 kW in the text of the task), and it works during 5 hours
(she points to the “five” in the text). The work is marked W, the power P, and
the time t. Thus, | will use this marks in solution of this task. At first | will write
the list of the knowns and unknowns.

The teacher writes the list on the blackboard.

T: Once again, | check the task assignment whether | wrote everything to the list

T:

and | didn’t forget about anything. (The teacher reads slowly the task
assignment once more.) | think there aren’t any other important data. The list
is complete.

| will set about the solution now. | wonder how the work is related to the
output power. We have the formula W = P-t. Or it was P/t? I’'m not sure. How
could | decide it? (She falls silent for a while...)

I've got it! Itis P-t. So, we can continue with the solution.

Methodical note: This is the first place in the solution where the students should

react by the prearranged signal to the fact that the teacher thinks about
something but she does not say anything aloud. For this reason, the teacher’s
silence can be a little bit affected so that the students venture to point out
something what has not been said.
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Solving aloud Illustration how it is possible to solve physics tasks

S:

How did you derive the formula? You said you will derive it but you kept silent.
You didn’t say anything aloud.

T (if the students do not react): Now | was thinking but | didn’t say anything aloud.

You should have pointed me out that | didn’t say anything. I'm sorry, | should
try to formulate my ideas aloud. Next time, point me out if | fall silent or miss
some logical step that leads to the solution.

Methodical note: The following step in the task solution depends on the way how

T1:

T2:

T3:

the teacher instructs students in the work with formulas. Below you can find
three options; each of them works with the formulas in a different way.
The teacher can choose the option that suits her the most.

| wonder how to put the formula together as fast as possible. | remember that
the formulas dealing with work and output power include some multiplication
or division. But how? | try to think about it. The more powerful some machine
is, the more work it does. So, if | am looking for a relation between work and
output power, the output power has to be up in a fraction because the output
power is directly related to the work. Now, what about the time? If | let the
machine work for a long time, it should also do more work. It means that the
time is also directly related to the work and the time will be also up in the
fraction. (Simultaneously, the teacher writes the formula on the blackboard.)
So, the work equals the output power multiplied by the time.

I’'m not sure with the formula; | try to check it in my exercise book/in some
physical science formula sheet. (She looks up the relevant formula.) So, the
work equals the output power multiplied by the time.

(The teacher insists on learning of basic formulas and she demands them from
the students. In such a case, she does not allow the possibility of
unknowingness at all.) It is the basic formula that you have to know. The work
equals the output power multiplied by the time.

| have the formula. Now, it remains to do the substitution. The result is 12.5
then. (The teacher takes a breather visibly. She writes the result on the
blackboard and underlines it twice. The teacher looks like the solution is
completed. — She gives the students some time to react.)

How did you get the number 12.5? And what is actually unit of the result?

| know that the work can be calculated as product of the power of a machine
and the time during which the machine works. (The teacher points to the
stated numbers in the task assignment. Afterwards she writes the calculation
on the black board.) If | multiplies 2.5, this is the power, by 5, which is the time,
| get the result 12.5. (Again, she gives the students some time to react.)

And what is the unit of the result?
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Solving aloud Illustration how it is possible to solve physics tasks

T: | multiplied the unit kW by hours. The final unit is kWh, then. This unit is used
commonly, so the result can be left with this unit. Otherwise, | had to convert
the units into the basic ones. This way, it is OK. The result is 12.5 kWh.

Methodical note: Of course, at the beginning of the solution after writing the list of

knowns and unknowns, it is possible to convert the units of the quantities to
the basic ones. The whole task can be solved then in basic units. It depends
again on the approach that the teacher prefers.

T: I check if | am answering the right question (she looks at the task assignment).
It’s all right, the task asks me about the work. So, the answer sounds:
The electric machine carries out the work of 12.5 kWh. This is the final result.
(She writes the answer on the blackboard.)
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C.7 Creating own problem solving plan

The section contains:

o Methodical material (p. 263)

e Problem solving plan (p. 266)
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Creating own problem solving plan for quantitative physics tasks

It is useful to teach students some suitable plan for solution of quantitative physics tasks.
The plan can help students to make their work easier and to get over difficulties that they
can meet during problem solving. Although there is not a sole problem solving plan suitable
for all physics tasks, it is purposeful to keep a particular plan.

Main aim: Students realize what steps and strategies they use when solving physics tasks.
They also become conscious of steps that are significant for solving tasks. The students
acquaint themselves with problem solving methods and strategies that are recommended
in professional literature.

Use of the activity: The activity can be assigned during going through an arbitrary physics
topic in which quantitative physics tasks are solved. It is possible to use the presented
activity in several different cases, for example:
e after going through a bigger part of physics, when the students have some
experience with solving physics tasks

e in the middle of first grade, when the students have some experience not only with
the solving physics tasks but also with demands concerning problem solving that
a teacher place on his or her students

e in higher grades (from 2" to 4™), at the beginning of the school year, before the
students start to solve some physics tasks

Note: This activity is not suitable for complete beginners in problem solving. Before
using the activity, the teacher should consider whether his or her students have
sufficient experience in solving physics tasks to be able to create their own problem
solving plan.

Time demand: Very high; the activity takes one whole lesson or rather two lessons.

Material needed for the activity: self-stick notes in sufficient amount (ca. 5 pieces per
student), sheets of paper of big format (one piece for each octad), felt-tip pens, coloured
pencils (for each octad; students can use their own pencils and pens), the enclosed
document called “Problem solving plan” or some collection of physics tasks in which the
problem solving procedure is described (one piece for each octad), adhesive paste and
adhesive tape.

How to proceed in class:

Creation of own problem solving plan is a time-consuming activity and for this reason it is
suitable to assign it in two consecutive lessons. The activity can be carried out also during
one class. However, the suggested time limits must be very strictly adhered to in such
a case.
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The activity is divided into four phases:

Work in pairs

The students are divided into pairs. Their task is to write down all their ideas to the question
“How do | proceed and what do | pay attention to while solving quantitative physics task?”
Every single idea should be written on a separate piece of paper. Each pair has about 10
self-stick notes at their disposal and they can receive more in case of need. It is appropriate
to encourage the students to write down also smaller tips or hints what to do or what to
watch out for during solving physics tasks.

The students have 5 minutes for their work.

Work in tetrads

The pairs of students join together and create tetrads after the first phase of the activity.
These tetrads work with all their ideas together (it is useful to shuffle their self-stick notes).
The students discuss their ideas, group similar ideas together, and they can add other
notions based on their mutual inspiration.

This phase of the activity lasts again 5 minutes.

Work in octads

The students group into octads and the created octads work together with all their self-stick
notes. Even in this phase of the activity the students can add new ideas, but the attention
should be paid especially to the sorting of the written ideas. The octads of students discuss
their ideas, evaluate their usefulness and meaningfulness.

The task of the octads is to arrange the self-stick notes with the ideas in a proper structure
and to create a plan how to solve quantitative physics tasks. Each octad draws their plan on
a sheet of paper of big format. The particular groups of ideas can be named, linked together
by arrows or depicted graphically in another way.

This phase of the activity lasts approximately 10 minutes.

Several notes:
e |t is useful to recommend to the students to start the creation of the
problem solving plan by grouping similar ideas together.

e The octads which do not know how to deal with the creation of the
problem solving plan can be advised to arrange the ideas written on the
self-stick notes for example in order in which they are used during solving
physics tasks (i.e. in chronological order).

e There can be ideas on the self-stick notes that are related to the solving
physics tasks but cannot be integrated into the created structure.
Nevertheless, even these ideas should be integrated into the problem
solving plan somehow.

264



Creating own problem solving plan Methodical material

Presentation of the problem solving plans

After finishing the students’ work in octads, a short display of the created problem solving
plans is held. The plans are put on a visible place and the students take a look at all the
plans in short time (ca. 2 minutes). They should compare their plan with the plans of other
groups.

Afterwards, each group presents its problem solving plan briefly (no more than 3 minutes
per group). The students point out the main items of their plan during the presentation.
A controlled discussion with the students is headed by the teacher after all presentations.
During the discussion, the teacher tries to find out how the students’ problem solving plans
look like, what is the most important for students during solving physics tasks, whether
there are some points in which all groups of students (the octads) are in agreement, etc.

The teacher gives a prepared material called “Problem solving plan” or some collection of
physics tasks in which the problem solving procedure is described to the students at the end
of the discussion. The students can compare their problem solving plan with a view of
experts this way. It is apt to discuss observations that the students make during the
comparison.

Note: The teacher can ask one student from each octad to copy their created plan
for the next class (for example on a computer). The students can then stick their
plans into their notebooks.

Recommendation what to do in following classes:

Teacher can use results of this activity during standard physics class when solving
guantitative tasks. He or she can refer to the created students’ problem solving plans and
show which part of the plan (which step) he or she follows this very moment. When the
teacher skips some step, it is useful to comment why (for example, the data in the task were
not assigned in numbers and therefore the numeric calculation cannot be executed).

The teacher and the students can also return to the created plans after a longer period
(for example, after half a year). The students can remind themselves of the problem solving
plan and its individual steps this way, and they can discuss whether they really use these
steps or whether some steps are necessary to be added with hindsight.
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Problem solving plan

It is useful to teach students some suitable plan for solution of quantitative physics tasks.
The plan can help students to make their work easier and get over difficulties that the
students can meet during problem solving. Although there is not any sole problem solving
plan suitable for all physics tasks, it is purposeful to keep a particular plan.

Many problem solving plans can be found in professional physics literature or papers. As an
example, “UQAPAC+SE” problem solving plan adapted from Turkish research is stated
below.”

1. Understanding the Problem
e Reading the problem carefully
e Restating / writing the problem in his/her own words
e Listing the given variables in the problem (with their units)
e Listing the asked variables in the problem (with their units)
¢ Visualizing the problem by drawing — drawing diagrams (or establishing correlation
between given diagram and the problem)
e Determining the scalar and vectorial properties of the given and asked variables

2. Qualitative Analysing of the Problem
e Determining the significant (main) concepts of the problem in physics
e Determining the general approach of the problem
e Expressing the fundamental law/rules related to the problem and why/how to use
them

3. Solution Plan for the Problem
e Planning how to achieve the asked variables from the given variables
e Writing the formulas related to the problem
e Considering whether the physics formulas written for the problem were reasonable
or not
e Formulating the final formula before making algebraic operations
e Checking whether there was an unknown variable or not in the final formula

4. Applying the Solution Plan
e Using the given variables in the problem with their units in the formulas
* Making the mathematical operations carefully

5. Checking
e Checking whether all asked variables in the problem were found or not
e Considering whether the found result for the problem was reasonable or not
e Checking the unit of the result
e Reviewing whole solution

+ Self Evaluation: It is a general strategy containing the activities related to the quality and
progress of students’ work. The problem solver uses this strategy at the end of the problem
solving session, in order to evaluate him/ herself.

*
Caliskan, S., Selguk, G. S., Erol, M.(2010). Instruction of Problem Solving Strategies: Effects on Physics Achievement and Self-
efficacy Beliefs. Journal of Baltic Science Education, 9(1).
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Appendix D

Used research method

To analyse the usability and usefulness of the developed problem solving activities (stated in
chapter 3), a case study was used. Main characteristics of the case study are summarized in
the following text. Further, interview and observational method as a chosen data collecting
methods are described.

Main characteristics of case study

Case study is one of qualitative research methods. It is frequently characterized as an in
depth study of a single (or small number of) instance — a case. The case is designed to
illustrate a more general principle (e.g. Merriam, 1998; Cohen et al., 2000).

It is very important that the case study aims for understanding of the case in its natural
environment, and it often combines more data collecting methods. The aim of the case
study is to explain the case as an integrated system rather than to point out its partial
components.

Yin (2003) has identified three specific types of case studies. Descriptive case study is often
used to illustrate events and their specific context. It provides narrative information.
Exploratory case study analyses an unknown case and its structure. It is often carried out to
define research questions and hypotheses. The reports of the exploratory studies create
groundwork for further research, or they can serve as pilot studies. Explanatory case study
submits a complex explanation of the case. It is suitable for investigating causality.

Observational methods

Observational methods involve the observation and description of subject’s behavioural
patterns. The subject of observation may be people, behaviours, or for example events
(Merriam, 1998).

There are many different ways to design observational research. Following are several
features that we should consider when designing the observational research (Svaficek
& Sedova, 2007).

Natural or contrived: The natural observation involves observing behaviour in its natural
environment, whereas in the contrived observation, the subject’s behaviour is observed in
situations that the observer creates.

Participant or non-participant: The participant observation means that the observer
examines studied phenomena directly in the environment where they are taking place.
During the participant observation, interaction between the observer and the participants
of the research often arise, even when the observer does not interfere in the situation.
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Cohen et al. (2000) state a classification of a researcher role in the observation: complete
participant — participant-as-observer — observer-as-participant — complete observer.
The role of the researcher lies on a continuum that moves from a complete participation to
a complete detachment.

Disguised or non-disguised: During the disguised observation, the subjects do not know
they are being observed. Contrarily, when the subjects are aware they are being observed,
it is called a non-disguised observation.

Direct or indirect: The direct observation involves looking at the actual behaviour rather
than results of that behaviour, which would be the indirect observation. In the indirect
observation, a record of the recent activity is examined. It involves using and subsequent
analysis records made by video camera or voice recorder.

Structured or unstructured: In the structured observation, the researcher specifies in detail
the aim of the observation, the intention, the observed categories, he or she prepares the
observational tools, etc. It is appropriate when the problem is clearly defined and the
information needed is specified before the initiation of the observation. The non-structured
observation is much more flexible and spontaneous. The unstructured observation begins
rather with vaguely formulated questions that allow openness to unexpected situations.

Interviews

Type of interviews

Interview as a method of collecting data is suited to use especially in those cases, when the
aim of the researcher is to gain information about the views, experiences, beliefs and
motivations of individual participants (Gill et al., 2008). As Cohen et al. (2000) state, the
number of types of interviews varies. In this text, | mention four types of interviews that
Patton (1980) outlines in his book: (a) Informal conversational interviews; (b) interview
guide approaches; (c)standardized open-ended interviews; (d) closed quantitative
interviews. These approaches are described in more detail for example in Patton (1980),
Merriam (1998), or Cohen et al. (2000).

In informal conversational interviews, questions are performed with little or no
organisation. The questions flow, primarily, from the immediate context. The strength of
such an interview can be seen in increasing the salience and relevance of the questions.
The interview can be matched to individuals and circumstances. On the other hand, these
interviews are often very time-consuming and their data organisation and analysis can be
quite difficult.

When employing the interview guide approach, topics and issues to be covered are
specified in outline form. The interviewer decides sequence and wording of questions in the
course of the interview. The outline can increase the comprehensiveness of the data and
can make the data collection systematic for each interviewee. In this approach, the
interview remains rather conversational and situational. However, the interviewer’s option
to ask questions in different order and different formulation can lead to considerably
different responses, thus decreasing their comparability.
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The standardized open-ended interview includes a set of exact wording and sequence of
guestions that are arranged for the purpose of minimising variation in the questions posed
to the interviewees. The respondents answer the same question, thus the comparability of
responses increases. This method is often preferred for collecting interviewing data
when several interviewers are used. As a weakness of this approach can be seen that it
offers little flexibility for questions than the other two mentioned previously.

Closed quantitative interviews can be considered as a verbal form of a questionnaire. It
consists of predetermined questions, and the participants choose from fixed responses.
Although data analysis is quite simple and the responses can be directly compared, the
respondents must fit their experiences and beliefs into the researcher’s categories. Such an
approach has little use for qualitative research. It is mostly used to gain basic socio-
demographics characteristics of the respondents (age, sex, marital status, education,
income, etc.).

The first three approaches can be used to conducting qualitative research; the last approach
is a type of quantitative approach interview.
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Recording of the interview

Answers of the respondent are results of an interview. It is possible to make an audio
(or video) or written recording of the answers. Both of these methods have their strengths
and weaknesses.

The audio and video recording can be made only with a permission of the interviewee.
According to Mishler (1986) (stated in Cohen et al., 2000), the audiotape is selective. It does
not record the visual and nonverbal aspects of the interview that often give more
information than the verbal communication. Moreover, the record processing is very time-
consuming to analyse. Sometimes, it is possible to replace audio with video recording that
enables an analysis of the nonverbal communication. But video recording becomes even
more time-consuming to analyse than the audio recording. A big advantage of the audio
recording is that the researcher can fully concentrate on the interview. Another benefit of
the audio recording is that the interview can be analysed by several independent
researchers afterwards.

The written recording of the answers can be done by two ways — directly during the
interview, or after its finish (Chraska, 2007). The transcript during the interview decreases
the risk of forgetting or misrepresenting some relevant information, thus it decreases the
risk of giving a distorted picture of the results. On the other hand, the researcher can
establish contact with the respondent with more difficulties and it can create an
unfavourable atmosphere during the interview. Making the transcript after the interview
places greater demands on exact remembering of the interview, nevertheless, it is more
comfortable for the respondents from the psychological point of view.
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Appendix E

Other ideas for problem solving activities in physics

During development of the activities focused on problem solving in physics, other ideas
appeared. These ideas have not been converted into other activities yet; nevertheless, they
can serve as other source of ideas that would broaden the already existing set of activities
developed within this thesis (chapter 3).

Two examples — Drawing diagrams and Find-the-flaw — are stated below.
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E.1 Drawing diagrams

| presented an example of how to draw diagrams as a strobe-light photo of the object’s
motion in one-dimensional constant acceleration tasks in subchapter 1.5.5. Nevertheless,
particular physics domains in secondary school education differ from each other. Ditto
drawing diagrams — the diagrams representing physics situations look differently when
students solve physics tasks from different domains. As an example, | compile Table 11 that
shows these differences.

Type of diagram
(physics domain)

Short description of
a physics situation

Diagram

Motion diagram
(kinematics)

A car with a constant
acceleration opposite to
the direction of the
motion.

U L il md
— o> ~—> &
v, v, v, Vv,

(the dots represent the positions
of the object at equal time

intervals)

An object slides down

a frictionless inclined plane
under only the influence of
gravity.

Free body/Force
diagram
(dynamics)

Electric circuit with a light

Circuit diagram bulb, a battery and a —_

(electricity)

switch.
object
Ray diagram Image formation by F oF
(optics) a converging lens 2F F
image

Table 11: Examples of different diagrams in different physics domains.

For this reason, it would be very interesting to make a “cook book” for teachers on how to
draw diagrams in particular physics topics, and to show them various methods and small
tips that is possible to use in drawing diagrams. A book Active Learning Guide for College
Physics (Etkina et al., 2014) can serve as a rich source of these recommendations.
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E.2 Find-the-flaw

This activity was described in a paper (Styer, 2011). It is focused on evaluation of answers
gained during solving of physics tasks. Discussion of the results is often part of problem
solving plans (see subchapter 1.5.4), nevertheless, discussing a result can be perceived by
the students as a vague demand that hardly helps them (Styer, 2011). This activity shows
away how to teach the students to check that the gained equation has the correct
dimensions, or the proper qualitative behaviour.

In the activity, students receive a physics task that they are not supposed to solve and four
or five possible candidates for final equations. The aim of the students is to determine,
which one of the equations is the correct result and why (or why the others are not). An
example of the Find-the-Flaw task borrowed from Styer (2011) follows:

A thin non-conducting rod of length L has a charge +(q spread uniformly along it. The electric
field magnitude at distance y above the rod’s midpoint is given by which expression?
(Provide simple reasons showing why the incorrect candidates must be flawed.)

1 a
)
b) 1 49

w0

1 q
4TTE

a)

c)

d) 1 __a

4TTE

[Candidate (a) gives imaginary values when y < % Candidate (b) is dimensionally incorrect.

Candidate (d) has the wrong limit when L = 0.]

Find-the-Flaw tasks can be used for all sorts of physics topics. It is not difficult to generate
them and to set their level of difficulty.
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