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1 DOUBTING AND QUESTIONING    

The dialogues and tasks in Unit 1 are meant for readers who have not 
yet been exposed to Newton’s Laws of motion. If you are familiar with 
Newton’s Laws, you may be concerned about the principles that the 
young inquirer-researchers, Anu, Neel and Rafa, have constructed. 

For instance, the investigation of motion in this Unit is restricted to 
the concepts of weight (as distinct from mass), and to speed (as 
distinct from velocity). This move is necessary if we subscribe to the 
pedagogical principles of experiential learning:  

 a. What children learn must be rooted in their experience.  

 b. When they reject their experiential knowledge, and accept the 
statements that are closer to current received knowledge, they 
should understand the reasons — the evidence and arguments 
— for doing so.  

For example, our experience tells us that the earth is flat, and 
completely stationary. When rejecting that position, and accepting the 
statements that the earth is round, and that it rotates, and revolves 
around the sun, learners should understand the reasons for doing so. 
Requiring learners to accept textbook statements without giving 
reasons is a form of indoctrination, a form of education this book 
does not subscribe to. 

You might wonder why the children come up with principles and 
concepts that modern science would judge to be ‘incorrect’. For 
instance, the concept of force in Newton is that which causes 
acceleration: a change in velocity; while the children’s concept of force 
is that which causes motion: a change of location. The advanced reader 
might wonder: “Shouldn’t we correct their ‘misconception’?” 

The aim of this book is not to transmit to students a body of 
statements that the current research community judges to be ‘true’. , 
Rather, it seeks to help learners become inquirers and researchers (as 
stated in ‘About the Book’: p. 5) — to develop the ability to construct 
knowledge and to evaluate knowledge claims. So, even when they 
construct principles/laws that are considered ‘incorrect’ by standard 
textbooks, the way they arrive at these laws illustrates modes of 
constructing knowledge, and provides them with practice. And when 
they reject their own formulations on the basis of evidence, they learn 
modes of critical thinking and self-correction.  

In other words, the concepts they come up with are not 
misconceptions; they are grounded in their own experience, and they 
support them with rational arguments.   
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The theory of motion that Galileo and Newton developed falls within 
‘classical mechanics’. What the young inquirers in our dialogues 
develop is a ‘pre-classical mechanics’, in harmony with the ideas 
developed by researchers before Galileo, say, in Ancient Greece. ‘Pre-
classical mechanics’ assumes that force is that which causes motion, 
and inertia is that which resists motion. It also takes for granted 
what is called the mechanical concept of causation, which assumes 
that in order for X to cause an effect in Y, X and Y must be in physical 
contact. This principle prohibits the formulation of laws that involve 
what is called “action at a distance”.   

The Principles of Motion in this Unit are tentative. In later Units, the 
children, who in effect form a community of inquirers and novice 
researchers, might find reason to revise these principles, or to reject 
some of them as false.  

These children already exhibit a sense of uncertainty and fallibility of 
the knowledge they have constructed. Towards the end of the book, 
they discover that leaders of the world of science have had the same 
awareness of the uncertainty and fallibility of human knowledge itself. 
And that in turn prompts a predisposition to doubt and question 
what is presented to them as knowledge. These attitudes and 
predispositions are fundamental to scientific inquiry. 

In addition to the attitudes and habits of mind, we distinguish the 
following pedagogies, relevant for both a classroom and a textbook: 

A. Exposition-Based Pedagogy  
   The teacher/author presents a spoken or written exposition 

from which students learn. The primary goal for the student is 
understanding. 

B. Interaction-Based Pedagogy 

 a. Teacher-Student Interaction: This is best done in a one-to-one 
interaction, where the student learns by asking questions, 
answering the teacher’s/author’s questions, and so on. This is 
the mode used in the so-called Socratic dialogues (written by 
Plato), as well as other dialogues (e.g., Galileo’s dialogues). 

 b. Peer Interaction: Students interact in small groups of four or 
five. When such groups work together in the classroom, we 
call them buzz groups. When the group work happens outside 
the classroom, we call them affinity groups.  

 Interaction-based pedagogy can be practiced in the online mode 
as well, for example, through zoom sessions, and does not exclude 
exposition. 
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The pedagogy used in this book is that of peer interaction in a virtual 
mode. The students who engage in the interaction are not the readers, 
but the characters in a fictional set up. There is also occasional 
exposition by a character with more experience in inquiry. Readers of 
the book interact vicariously in their mind, identifying themselves 
with these chatacters, and get a sense of what it is like to collectively 
engage in interaction to acquire, construct, and evaluate knowledge.  

 

2 PHYSICS OF MOTION BEFORE GALILEO 

If you have taken an advanced course in physics, you would recall 
that in addition to the laws of linear motion, Newton also formulated 
laws of rotation. How do we integrate these two sets of laws into a 
single theory?  

As stated in Appendix 1 (‘Doubting and Questioning’), this Unit and 
the one before it are located in pre-Galilean classical mechanics. It is 
only by understanding what phenomena this theory seeks to explain, 
and how it explains them, that we really understand Galilean-
Newtonian classical mechanics, and only then should we proceed to 
areas such as relativity and subatomic physics.    

You might want to compare the theory emerging in these Units to the 
theory that you have learned in physics before. 
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3 ARCHIMEDES ON LEVERS: MATH OR SCIENCE? 

After their discussion of seesaws and levers, when Rafa got home, he 
did a YouTube search for levers, and discovered a video lecture by 
mathematics professor Norman Wildberger. It was called: “Archimedes 
and the Law of the Lever Module 1: Levers and Centre of Mass.” 
(https://www.youtube.com/watch?v=SncS82GBOQc) It was just 13 
minutes long. He was delighted to find that the law of levers in 
equilibrium that he, Neel and Anu had come up with was what 
Archimedes had formulated more than two thousand years ago. Also, 
there were other laws for other types of levers. He immediately shared 
the URL with Anu and Neel, asking them to watch the video.  

When they met the next day, they had all watched the video more 
than once. 

Rafa: I have a question. Professor Wildberger is not a physicist. He 
works in the Department of Mathematics and Statistics. And 
Archimedes was a mathematician, scientist, engineer and 
inventor. What I’m wondering is, how did he arrived at the laws? 
He was thinking like a mathematician, wasn’t he? Not like a 
scientist or an engineer.   

Neel: I had a similar feeling. Archimedes did some thought 
experiments, arrived at some premises, and deduced the laws 
from those premises. That is what mathematicians do. He came 
up with the laws, but he didn’t bother to do any experiments to 
check if the laws were correct. To that extent, it’s not science. 

Anu: Isn’t that a bit extreme, Neel? Einstein did exactly what 
Archimedes did. He did thought experiments, thought about 
their results carefully, and arrived at conclusions based on 
those results. Those conclusions are his theory of relativity. He 
didn’t do any experiments either. Would you say that like 
Archimedes, Einstein was a mathematician-philosopher, and 
not a scientist? 

Rafa: But Anu, there were others who did experiments to test 
Einstein’s theory. He was a theoretical scientist, not an 
experimental scientist. But he definitely was a scientist. 

Anu: We’re talking about theoretical science vs. experimental science. 
You seem to be saying that there was philosophy, mathematics, 
and theoretical science during the Ancient Greek times, but 
experimental science only came later? 

Rafa: As far as I know, experimental science began with Galileo.  

The children were mulling over that when the bell rang.   
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4 IS FRICTION A FORCE? 

Rafa: When we strike a carrom piece, it slows down and then it stops. 
What is the force that changes its speed? 

Neel: Aha! I got it. It has to be friction, a force that happens when two 
things rub against each other. 

Rafa: Friction? Is friction a force? 

Neel: Well, friction must be a force. We have assumed that only a 
force can cause a change of speed, and that anything that 
causes change of speed is a force. And since friction causes 
change of speed, it must be force. 

Anu: Nice! 

Neel: Okay, try this thought experiment. Imagine placing a carrom 
striker on a rough concrete floor, and striking it with a given 
force. It will go some distance, and then stop, right? We assume 
that this is because of friction, which is a force that opposes 
motion.  

Rafa: Okay. 

Anu: So? 

Neel: Now imagine placing that striker on a huge carrom board as big 
as a stadium, and striking it with the same force. Will it travel 
the same distance on the carrom board as the one on the 
concrete floor? Or will it travel a greater distance? Or a lesser 
distance? 

Rafa: It will travel much farther on the carrom board than on the floor. 

Neel: And why is that? 

Rafa: Aha! I see now. Because the surface of the carrom board is 
smooth, and the concrete floor is rough. 

Neel. Right! What you’re saying is, there is less friction on the carrom 
board surface than on the concrete floor. Now imagine that you 
are placing the striker on an ice-skating rink. 

Rafa: Oh, there it will travel much farther, because the ice-skating 
rink has very little friction. 

Neel: Exactly! Now imagine an ice-skating rink that is infinite in all 
directions. And imagine that it has no friction. Absolutely no 
friction whatsoever. How far will the striker travel? 

Rafa: Oh! Oh, my goodness! It will just keep going on and on at 
constant speed in a straight line. It will go on forever.  

Neel: Right! That is exactly what our revised Law 1 predicts. It says 
that inanimate entities that are not manmade change their 
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speed only when an external force causes them to do so. So 
when an inanimate entity is in motion, it will go on forever at a 
constant speed, unless some force causes it to change its speed.  

Rafa: Amazing. So if there is exactly one tennis ball in the world, no 
planets, no stars, no asteroids, not even air molecules anywhere, 
and the tennis ball is moving, it will keep moving at constant 
speed forever! 

All three of them fell silent, and sat contemplating the consequences 
of the beautiful theory they had created.  

 

5 GALILEO AND THE PENDULUM 
The correlation between the length and the period of a 
pendulum (Law 18: The greater the length of the pendulum, the 
greater its period) is essentially what Galileo came up with at the 
beginning of the 17th century. Readers who are familiar with 
Galileo’s law of the pendulum might find it useful to watch the 
video, “The Pendulum and Galileo,” at: 
  https://www.youtube.com/watch?v=MpzaCCbX-z4 

The video places Galileo’s experimental methodology and findings in a 
the broader historical context, providing a contrast to the intellectual 
climate of the Middle Ages, especially that coming from Aristotle’s 
teachings.  

It is important to pay attention to this transition in the evolution of 
scientific thinking and scientific knowledge. It also provides an 
introduction to the statement of the law of the pendulum first in 
purely qualitative terms, as Anu, Neel, and Rafa did. It then slowly 
builds up to a translation of that statement into an algebraic notation, 
as the first step towards a quantitative formulation of the law.  

While viewing this video, do pay attention to how “is directly 
proportional to” is expressed as the symbol α in T α l, and how the 
quantitative formulation in terms of the equality symbol ‘=’ allows us 
to make precise quantitative predictions.  

As this video makes clear, Galileo’s contribution to physics was far 
more than the law of the pendulum, drawing attention to:  

 (i) the careful designing of experiments to separate the different 
causal variables;   

 (ii) the invention of a system of measurement; and  

 (iii) the painstaking implementation of the system.  
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Pre-Galilean physics was largely based on non-experimental 
observations, and explanations that used mathematics. Counting the 
number of pendulum oscillations for 24 hours a day, Galileo laid the 
foundations for experimental inquiry as an integral part of science.   

Another video on the subject is Professor Julius Summer Miller’s 
“Lesson 7–The Simple Pendulum, Oscillating Things–Demonstrations 
in Physics,” at,  
 https://www.youtube.com/watch?v=h_eR7FJ_vkM&t=6s 

It is part of a set of physics videos that can be found at: 
 https://www.youtube.com/user/dramaticphysics/videos 

In the video by Professor Miller, do pay attention to the reference to 
‘ideal rigid support’ and the ‘ideal pendulum’, where ‘ideal’ means a 
state in which all the non-essentials have been left out. (This point came 
up in a discussion between Rafa and Samira in Unit 2.) Such 
idealisation is an integral part of mathematics and theoretical science. 
Professor Miller also points attention to some important aspects of 
experiment design.  

One final remark: You may have come across the terms velocity, 
momentum, acceleration, and mass in the discussion of motion in your 
textbooks. The theory of motion developed by Anu, Neel and Rafa does 
not use these terms. This is because the theory they are developing is 
within a conceptual framework of physics before Galileo. They do 
move from the concept of force as causing a change of location, which 
is an Aristotelian concept, to the concept of force as causing a change 
of speed, which is halfway to Galileo. The Galilean concept of force as 
causing a change of velocity would be the next step, but we reserve 
that for a slightly more advanced discussion. 
 


