
 

UNIT 6 
HOW SCIENCE PROGRESSES 

Rafa, tired after a long, busy day, went to bed early. He was fast 
asleep when a loud knocking on his door woke him up. The knocking 
wouldn’t stop, so he sat up, yawning, dragged himself out of bed and 
opened the door. He was shocked to find four elderly gentlemen at the 
door, smiling at him.   

“May we come in, Rafa?” one of them asked politely.  

“Oh, please do!” a surprised Rafa said, and arranged places for them 
to sit, concealing his immense curiosity about who they were.  

The visitors walked in and introduced themselves before sitting down.  

1st V: My name is Albert Einstein. (AE) 

Before Rafa could recover from shock, came the rest of the self-
introductions.  

2nd V: I’m Isaac Newton. (IN) 

3rd V: Galileo Galilei. (GG) 

4th V: And I am James Maxwell. (JM) 

Rafa rubbed his eyes, and stared at them in utter disbelief. It took a 
while for him to compose himself.  

Rafa: You mean THE Einstein, Newton, Galileo, and Maxwell? 

The four visitors, still smiling, nodded in unison.  

Rafa: But that doesn’t make sense. All of you died a long time ago. 
You, Galileo, died in 1642, the year (pointing to Newton) he was 
born. 

GG: True, Rafa, our material bodies disintegrated a long time ago. 
We are not manifested as atoms, molecules and cells. Our mass 
has been transformed into pure forms of energy. Surely, you 
have heard about our friend Einstein’s equation e = mc2?  

Rafa: Does that mean you are ghosts? 

JM: Oh no, not ghosts. There are no ghosts. But you are not old 
enough to understand what we are. So why don’t you assume 
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that you are in bed, sleeping, and you are dreaming that you 
are talking to us? 

Rafa thought for a moment, and then cleared his throat.  

Rafa: Okay, dream people! You obviously came into my dream for a 
reason. And you are most welcome! But why are you here? 

AE: Oh, we just had to come and tell you how pleased we all are 
with the progress you and your friends have been making in 
your efforts to construct a theory of motion. We’ve been 
watching you as you think and read and discuss stuff.  

Rafa: What?!!! 

IN: Not just us. Our friend Archimedes too.  

JM: And Socrates as well. 

Just then, there was another knock on the door. When Rafa opened 
the door, he found another elderly person standing there, looking 
somewhat annoyed. He barged into the room, scowling and waving a 
finger at the four visitors who were already there.  

5th V: You left without me! You know I am interested in this stuff. Why 
didn’t you wait for me?  

JM: You were fast asleep, Archie, so we left you a note on your door. 
(Turning to Rafa) Rafa, this is Archimedes. Archie, you know 
Rafa, don’t you? 

Arch: Of course, I do. Socrates has been talking non-stop about you 
and your friends! And Aristotle too.  

They heard a soft cough (or was it a laugh?) from the far side of the 
room, and discovered that Socrates had been lounging on Rafa’s bed 
all this time, silent but with a broad grin.  

Soc: Aristotle wanted to come with me, but he is down with a fever. 

Rafa: How did Socrates get in here! Is this really happening? This is 
incredible company! Socrates, Archimedes, Galileo, Newton, 
Maxwell, Einstein? Wow… Eh… Wait a minute! Have all of you 
come to tell me that the theory we’re constructing is correct? 

The elders looked at one another and smiled.  

IN: No, Rafa. You have certainly made excellent progress. But we 
don’t think all of it is CORRECT. You will need to make a number 
of corrections to make the theory better.  

Rafa: So you know what the correct theory looks like? 

IN: No, no, we don’t. We just know that ALL theories may need 
corrections. Including ours.  
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Rafa: You’re saying the latest theory of physics could be wrong? 

AE: Well…we are not saying that it IS wrong. All we’re saying is that 
we cannot be completely certain that it is correct. There is a 
world of difference between the two statements, you know.  

Rafa looked at them in awe. The greatest physicists who ever lived 
were not certain that the theory they helped to build was correct? He 
was silent, brooding on what he had heard. Maxwell broke in.  

JM: Look, Alfie, the child looks a bit lost. I bet he’s wishing his 
friends were here. Shall we bring in Neel and Anu? This chap 
will feel better, and those two would get a glimpse of what 
scientific inquiry is. 

Rafa: Can you do that? Have them join us here? Oh, please do!  

AE: No, problem, Rafa! GG, would you like to do the honours? 

Galileo looked pleased. He closed his eyes, muttered something in 
Latin, and clapped his hands. In the blink of an eye, Anu and Neel 
were sitting on Rafa’s bed.  

Rafa: Awesome!!!  

Anu and Neel were speechless, in a state of shock. Rafa explained 
what was going on, and introduced all the visitors to them. They 
looked on in awe.  

Arch:  Now that you are all here, let me ask. Do you think the theory of 
motion that I constructed long ago is correct? 

After a few seconds of awkward silence, Neel mustered up some 
courage and spoke, though reluctantly. 

Neel: Sorry, no, we don’t think it’s correct. Actually, our theory might 
be better. Let me try to say why. Your idea was that force 
causes change of location. But we think that idea is flawed, and 
that it would be better to assume that force causes change of 
speed. 

Arch: I’m so glad to hear you say that. You know that I was the 
foremost scientist of my time. Across the world, textbooks and 
teachers mention my name even now. Yet, you are critiquing 
what I said. That tells me that you feel free to critique the 
authorities and experts.  

Socs: Way to go! This is exactly why I’ve been watching you, and 
wanted to meet you. 

AE: Now, you said three things in your critique. One was that 
Archie’s theory was ‘incorrect’. Another was that it was ‘flawed’. 
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And then you said that your theory is ‘better’. Do the words 
incorrect, flawed and worse mean the same thing?   

Anu: There seems to be a difference. But I can’t quite put it into 
words. 

Rafa: How about this? If a theory is incorrect, we throw it away. If it is 
flawed, we repair it. But if there are two theories that are both 
correct, and neither has a flaw, we choose the better one.  

Arch: Excellent. Now, you said my theory is incorrect. But what about 
the theories of these gentlemen — Galileo, Newton, or Einstein? 
Are their theories correct? Galileo, what do you think? Is your 
theory correct? 

GG: I don’t think so. My theory has fewer flaws than yours, and is 
better than yours, but I wouldn’t say that it is the ‘correct’ one. 

IN: Do you want to explain why you think that your theory has 
fewer flaws and is better than Archie’s?  

GG: Hmm! Let me see.  

He sat silently for a while, staring at the ceiling and gathering his 
thoughts. 

AE: Galileo, don’t answer that question, let the youngsters figure it 
out. Perhaps just give them a hint in that direction.   

GG: Right! You talked about force as that which causes change of 
location, and force as that which causes change of speed, didn’t 
you? Which of these concepts lead to better explanations? 

Anu: The second one, force as that which causes change of speed.  

IN: Alright. Which of them did Archie here use?  

Neel: It was change of location, right, Archie? 

Arch: That’s right! 

IN: Okay, good. That gives us a handle on the issue: a theory that 
yields better explanations is the better one. Let us take this a 
step further. What is speed?  

Rafa: The rate of change of location. 

JM: And how do you measure speed?  

Anu: By measuring the distance that something has moved, and 
measuring the time it has taken to cover that distance. We then 
divide the distance by the time taken.  
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IN: So if Anu runs on a circular path of one kilometer, and returns 
to the starting position in four minutes, her speed is 250 meters 
per minute? 

Neel: Yes. 

AE: Has she had a change of location? 

Neel: (After a short silence) Oh, oh! No, because she has come back to 
the initial location. So the change of location is zero. 

GG: So if you define speed as the rate of change of location in a 
stretch of time, and there is no change of location, then the 
speed is zero. Yes? 

Neel: Yes. That is right. 

Anu: Oh no!! That means we’re back where we started. 

Neel: What do you mean?  

Rafa: I see what Anu means. Speed should be defined in terms of 
distance covered, not in terms of change of location. 

Anu: Thanks, Rafa! We solved Zeno’s arrow problem by assuming 
that speed is change of location in a stretch of time. And we also 
assumed that time is a line made up of very short stretches. But 
we now have a new problem: if there is no change of location, 
speed is also zero. But does that mean there is no motion? 

GG: Good question, Anu. Let me give you a hint. The concept of 
speed is not enough for the study of motion. We need another 
concept. 

Anu: Like what? 

GG: Okay. A pendulum moves from point A in one direction, passes 
through the midpoint in its path, gets to point B, reverses its 
direction, and passing through the midpoint again, returns to A. 
In your discussion, you wanted to check the speed at that 
midpoint. So, take that midpoint as point P. Now, the speed of 
the bob at P would be zero, right? So if you define speed as rate 
of change of location, as Zeno said long ago, the speed of any 
pendulum at any point is zero! 

Rafa: Oh, the pendulum problem looks exactly like the arrow problem! 

Arch: (laughing) He’s got it!!! Actually, you can avoid that problem if 
you have a concept of force that combines speed with the 
direction of motion.  

Rafa: Oh, yes, that must be velocity! I’ve read about it. Speed in a 
given direction. 
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Neel: Ah, I see now! If Anu keeps running at constant speed on a 
circular path of one kilometer, and returns to the same point in 
four minutes, there is no change of location between her 
starting point and end point. But during every small interval of 
her running, there is velocity in a particular direction. 

Rafa: Fantastic! This is the concept we were after when we tried to 
define force as that which causes a change in speed. We should 
be defining force as that which causes change of velocity. 

GG: That WAS my definition of force. Archie’s concept of force was as 
change of location. So, you now see that my concept of force, 
which is the same as what you implicitly had, is better than 
Archie’s concept of force?  

Rafa: That’s beautiful, Galileo. So our understanding of the world, 
including scientific understanding, gets better when we explore 
the consequences of the concepts we have in our theory. 
Definitions of the concepts, actually.  

GG: Exactly.  

To his surprise, Rafa noticed that Galileo was fading. He turned to 
look at the others, and they too were fading. Then he remembered that 
it was all a dream.  

But Rafa didn’t want the dream to end. “Wait, wait,” he said, “Don’t go 
yet. I have more questions.” But they faded away completely. And Rafa 
woke up.  

It was still early in the night, so he phoned Anu and Neel. 

Rafa: Anu, Rafa here. Put your phone on speaker mode so Neel too 
can hear.  

Anu: Done.  

Rafa: You know what, I just had a dream in which I talked to 
Archimedes, Galileo, …  

Anu: (interrupting excitedly) You too? This is amazing. I also had a 
dream just now in which I talked to Archimedes, Galileo, 
Newton, Maxwell and Einstein. And when I woke up, Neel told 
me that he had the same dream. Actually, I was about to call 
you. 

Neel:  Rafa, did your dream end with you saying, “Wait wait, don’t go 
yet, I have more questions”? 

Rafa: I can’t believe this. They appeared to us in our dreams at the 
same time, and we had exactly the same discussion?  

Anu: I want to talk about this concept of velocity.  
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Rafa: Let’s do that tomorrow. I am still in shock. And I’m tired and 
need to go back to sleep. 

Neel: Tomorrow, then. Good night, Rafa.  Rest well. 

Rafa: Good night, Neel. Good night, Anu. 

 

 
 


