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Why do we need to study Einstein and Infeld? 
K P Mohanan, revised by Rashmi Jejurikar (20th October 2021) 

In the course of exploring the strands of learning that current forms of main stream 
education ignore (e.g., learning how to inquire, how to think critically, how to make 
connections across domains, how to understand the deep homologies between ideas 
and thinking across domains, how to construct and evaluate theories, how to think 
with greater conceptual rigour, how to reason with greater rigour, ...), some of the 
IISER Pune students decided to form a reading group to study Evolution of Physics: 
from Early Days to Quanta and Relativity, and some of us from ThinQ agreed to be 
their slightly more experienced mentors.  
The idea was that the ‘student’ members of the group would read a set of pages they 
assign themselves, think about what they have read, share their thoughts and 
questions with other student members, and communicate the results (and remaining 
questions) to the E&I (Einstein and Infeld) group as a whole, such that we can 
discuss them in our fortnightly meetings. Many interesting questions have come up 
in their first meeting, but one of them was this:  

“...what I gather, is that this book isn't supposed to be rigorous in Math, even 
for the Modern aspects  
However, several profs in the past have suggested that the ideal approach to 
learn Physics (especially the advanced fields) would be to refer to textbooks.  
Here, one needs to develop intuition is through working out rigorous 
mathematical derivations and make them deeper by working out numerous 
problems. 
They have advised against this method of learning that delves into the 
philosophical aspects as being superficial and hand-wavy.” 

Followed by  
“How does the knowledge that we acquire through the book fit into our 
knowledge of Physics?" 

While there have been some responses to these questions from the students and 
mentors, yesterday, I decided to add my own comments to those responses, especially 
to the final question, and shed light on:  

(a) some of the presuppositions underlying the question,  
(b) what one can (and cannot) learn from the book, and  
(c) what is valuable in that learning.  

Going through (a)-(c) might make studying the book more effective and efficient.  
[I have used the term ‘studying’ deliberately. The book call for as much attention and 
effort as needed in, say, the calculus textbook by Morris Kline (which, by the way, I 
would recommend to all of you, even if you have taken several courses in calculus.) 
And unlike what we do in the case of textbooks, it calls for several rounds of re-
reading. I read the book for the first time in 1983, and every time I re-read it, I learn 
something new from it, granted that some of my learning comes from my adding to 
what the book says or occasionally correcting it.] 
For a typical undergrad student hoping to major in physics, ‘knowledge of physics’ is 
equated with an understanding of such things as mass and weight, velocity and 
speed, vector, equations for the laws of gravity and motion, and so on. Similar 
statements about heat, electricity, magnetism, optics, quantum mechanics, 
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relativity, and so on. (I don’t know much about what is taught as physics in various 
universities, but I have a feeling that it does not include questions like “Is time 
real?”, or concepts like “the unreasonable effectiveness of mathematics in physics”, 
“backwards causation”, and so on. It definitely does not involve questioning why 
physicists tend to think in terms of causation (e.g., gravity causes the falling of an 
apple in a straight line”,) even though the concept of cause does not find a place in 
any of the equations in physics.)  
This book does make references to what is taught as physics in textbooks and 
classrooms, occasionally saying something to help make those familiar concepts more 
understandable, but that is not the point of the book. What it does is to outline the 
evolution of the concepts/ideas which have in turn shaped the evolution of 
theories in physics; and the thinking, the insight, and the conceptual clarification 
that went into the evolution of the theories; which in turn led to the equations and 
derivations we see in the standard Physics textbooks. Einstein knew that there are 
dozens and dozens of excellent textbooks to teach students how to calculate results 
and give derivations. He was trying to do what only an Einstein could do, to show 
learners what lies behind those equations and derivations. If you miss that part, 
then the book is no more than pulp popularisation, like James Gliek’s Chaos. 
What can you learn from this book? You can learn some of the fundamental 
questions that physicists (and scientists in general) ask, some of the  strategies 
they employ when looking for answers and constructing theories, how they 
evaluate theories and choose among competing theories, how they reason and 
arrive at conclusions, and so on.  
Let me try to approach this by telling a story. Consider the following stages in the 
growth of a dedicated physics student called Hypatia: 

Stage 1: In class 8, Hypatia learns physics from a very good mainstream science 
teacher, and vows to become a physicist when she grows up.  
Stage 2: In classes 9 and 10, she learns physics from a science teacher who uses 
The Sciences: An Integrated Approach by James Trefil and Robert Hazen.  
Stage 3: In classes 11 and 12, she learns physics from Fundamentals of Physics by 
Halliday and Reznick, investing time and effort to work through the exercises, and 
of course, attending the classes conducted by a competent physics teacher.  

During the summer break, Hypatia’s aunt Aphrodite sends her a copy of Evolution of 
Physics: from Early Days to Relativity and Quanta by Einstein and Infeld. Seeing 
the names Einstein, Quanta and Relativity, she is very excited, but looking through 
the book, she finds 

No equations, no formulas, and no derivations 
And no exercises.  

It doesn’t look like a textbook. Or is it? She calls her aunt, and says,  “Aphrodaunty, 
I have worked through the whole of Halliday and Reznick. I know all that stuff. Do 
you think I will learn anything useful from this book?”  
Her aunt laughs. “That depends on what you are looking for, Hypie. If you are 
looking for advanced information and the latest in physics, you won’t find them here. 
But you can learn how to think like a physicist, and in general, how to think like a 
scientist. You can learn what is not taught in physics textbooks and mainstream 
physics classrooms!”  
“I don’t understand. The book doesn’t give you any rigorous physics: no formulae, no 
derivations, ...” 
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“That the book does not go through derivations does not mean it is not rigorous. It is 
actually an outstanding example of conceptual rigour and rigour of reasoning. 
Calculations and other kinds of derivations are what your laptop – even your 
smartphone – can do. It is a very useful and even essential skill to get under your 
belt, but that is not going to make you a good scientist. You don’t need human 
intelligence to do what your mobile can do, much more efficiently, actually.” 
“I still don’t understand.” 
“Let me give you a few problems and questions. It doesn’t matter if you are 
successful in finding good solutions and answers. What is important for you is going 
through the experience of struggling with them. And once you have come to some 
sort of solutions and answers that you think are on the right track, look back at the 
mental processes you went through to find those solutions and answers. In 
particular, ask yourselves if you used rigorous derivations with equations and 
formula, or if you made any calculations. Ready?” 
“Okay, shoot.”  
QUESTION 1  
Your textbooks tell you that lightning is caused by the flow of electricity from 
electrically charged clouds to the earth, or between charged clouds. But to form 
charged clouds, you must have water molecules with a missing electron (to create a 
positively charged cloud), or water molecules with an additional electron (to create a 
negatively charged cloud.) But your textbooks also tell you that similar charges repel 
each other, and opposite charges attract each other. If so, when there are charged 
molecules, negatively charged molecules will never come together to form a 
negatively charged cloud. Similarly, positively charged molecules will never come 
together to form a positively charged cloud. So charged clouds cannot exist.  
How would you solve this problem?  

QUESTION 2 
Newtonian classical mechanics tells us that every body with mass in the universe 
attracts every other body, and hence all bodies with masses in the universe will start 
moving towards each other, and will ultimately come together to form a single 
clunck.  
But Newton knew that this is not the case. So his theory seemed to be making a false 
prediction. You are one of his grad students. Newton calls you to his office, and gives 
you this problem to solve. 
How would you solve Newton’s problem? (No fancy stuff with dark matter and dark 
energy, please. There was no darkness during Newton’s time. If you spout dark stuff, 
Newton will send you to an asylum to get cured.)  

QUESTION 3 
Consider two balls A and B. Ball A is in a state of rest, while B is moving towards A 
with uniform velocity. Given that there is no change of velocity either for A or for B, 
there is no acceleration for either of them. Now, you have learnt the equation  

f = m.a  
from textbooks. Given that a = 0, it follows that m.a = 0. Hence, f = 0. And given that 
there is no force, when ball B collides with ball A, ball A is not going to move. It will 
continue to be in its state of rest.  
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If you think that the above conclusion is false, tell us where the flaw lies in the 
reasoning.  

QUESTION 4 
Euclid assumes that that there are infinitely many points in every line, however 
short  (Axiom A). An alternative axiom would be that every finite line has a finite 
number of points. (Axiom B.)  
a) In Euclidean geometry, every line can be bisected. Prove that in a theory that 
subscribes to axiom B, there exist finite lines that cannot be bisected.  
b) In Euclidean geometry, as the number of sides of a regular polygon increases, the 
polygon approaches a circle. But it can be proved that no regular polygon, however 
large the number of sides, can be a circle. Prove it. Then prove that in a geometry 
that subscribes to axiom B, there exist regular polygons that are circles.  
c) Is length a primitive concept or a defined concept in Euclidean geometry? Can 
length, area and volume be defined in a geometry that subscribes to axiom B?  

QUESTION 5 
For Aristotle,  

Force is that which causes motion in an inanimate body (i.e., that which causes 
a change in the location of an inanimate body).  

For Galileo,  
Force is that which causes acceleration of an inanimate body (i.e., that which 
causes a change in the velocity of an inanimate body). 

Give an argument to show that Aristotle’s concept of force must be replaced by 
Galileo’s concept of force.  

QUESTION 6 
Drawing upon the concept of field in electricity and magnetism, Einstein introduces 
the concept of field in gravity as well (gravitational force, gravitational field).  
a)  Why do we need the concept of field in (i) electricity, (ii) magnetism, and (iii) 

gravity?  
b)  Given the concept of field in the theory of gravity, do we need the concept of 

force?  
 

 
 


