CONTENTS

Part | - Learning to think: words, images and functions

Chapter 1- Essential tools for comprehension

1.1
1.2
1.3

Words we have to understand
The image; it is really doing its job?
Graphs and functions

Chapter 2 - Some surprising invariances

2.1
2.2
23
24
2.5
2.6
2.7

Introduction

The speed of light in vacuo

Propagation of mechanical signals
Coefficients of friction

When mass doesn’t count

The mirror

The power and equivocalness of invariance

Chapter 3 - Analysis of functional dependence: a powerful tool

3.1
3.2
33
34

3.5
3.6

Numerical or functional?

Before physical values: the relationship

Keeping an eye on a causal reading of relations

Some factors not apparent (but by no means always trivial)

in a relation between quantities

Functional dependencies and graphs: an example in geometrical optics
Some neglected treasures and hazards highlighted

Chapter 4 - Putting things into practice

4.1
4.2
43
4.4
4.5
4.6

Introduction

The field of a mirror

Deflection of a charged particle by a magnetic field
Sliding on an inclined plane

The slide projector

Flotation between two immiscible liquids

—

O b~ W W

1

11
11
12
13
15
16
18

19

19
20
21

23
24
29

31

31
33
36
38
41
45



XVl

Thinking in Physics

Part Il - Physics: linking factors

Chapter 5 - Links between phenomena in terms of type of functional dependence

5.1
52
53
54
5.5

Chapter 6 - The relationship between different approaches to the same phenomenon

6.1
6.2
6.3
6.4
6.5
6.6

Introduction

Delayed signals: from stars to bats
Graphical version of the DoPPLER effect
Even more links? DOPPLER and ROMER
Investment?

An instructional hot-air balloon

Ritual: a pact with inconsistency?

Two approaches for a single phenomenon
Testimonies of intellectual satisfaction

Yet more links? Weight and pressure of the gas
The advantages of changing the scale of analysis

Part lll - Simplicity: Ruin or triumph of coherence?

Chapter 7 - Optimising simple experiments

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9

Can we rely on simplicity?

ARCHIMEDES’ scales

The inverted glass of water

The inverted test-tube

Beyond rituals

Echo-explanations and causal linear reasoning

When a simple experiment challenges simplistic reasoning
The “lovemeter”

Final remarks

Chapter 8 - Popularising physics: what place for reasoning?

8.1
8.2
8.3
8.4
8.5

“Mission: impossible”?

Reasoning and rigour: some critical points

Stories — the layman’s penchant

Authors (as well as teachers): the attraction of “echo-explanation”
A real margin for manceuvre

Chapter 9 - Conclusion

53

55

55
56
59
64
67

69

69
70
71
72
74
75

79

81

81
82
84
87
&9
90
95
96
98

101

101
103
106
107
109

113



(Contents XIX

Part IV - Appendices 117
Appendix A - What this book owes to physics education research 119
Appendix B - The weight of air and molecular impacts: how do they relate? 121
B1 Classical analysis of an isothermal column of air 121
B2  Another way of looking at things 123
B3 Molecules, impacts and weight: a proposal for their analysis 123
B4  Final remarks 125
B5 The weight of molecules: a survey among trainee teachers 127
Appendix C - Causal linear reasoning 131
Appendix D - When physics should conform to beliefs: pierced bottles 135

Appendix E - Reactions of trainee journalists and scientific writers
confronted with inconsistency 141

Appendix F - “Facilitating elements” of communication: Year 11 students ranking
the risks of misunderstanding 149

Bibliography 157



2 Springer
http://www.springer.com/978-94-017-8665-2

Thinking in Physics

The pleasure of reasoning and understanding
Viennot, L

2014, XX, 161 p. 58 illus., 5 illus. in color., Hardcover
ISBEN: 278-94-017-B665-2



	CONTENTS



