
 

UNIT 5 
SWINGS AND PENDULUMS  

5.1 The Behaviour of Swings   
The next day, when Anu, Neel and Rafa met in school, Rafa returned 
to the discussion they had had the previous day. 

Rafa: Listen, we’ve talked about a seesaw being like a lever. And 
looking at the picture that Anu drew earlier, we said that a slide 
is an inclined plane. How about swings? Isn’t the behavior of a 
swing just like that of a pendulum?  

Neel: Yes, we talked about this yesterday, but didn’t go into details.  

Rafa: You know, we can think 
of a swing as being made 
of a rod or a chain that is 
attached to a fixed point 
on top, with a seat at the 
other end, to sit on. 
[Draws in his notebook]  

Anu: You’ve drawn a pendulum with a bob! You did say, of course, 
that a swing with a seat is like a pendulum with a bob. 

Rafa: Exactly. A swing and a pendulum both have this abstract 
structure. It’s interesting that when we push a swing or a  
pendulum horizontally, the 
beam makes a rotating 
motion in one direction, and 
then in the other direction. 
And the seat or the bob 
moves along an arc. It can’t 
move in a straight line.  

Anu: Then our laws of motion should also explain the motion of the 
pendulum. Yes, the bob of the pendulum swings along a curved 
path. Now, when it comes down from one side to the midpoint, 
how does it go up the other side? Isn’t that against gravity? 
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Neel:   Actually there are two 
questions we need to 
answer, because the 
swing of the pendulum 
has two kinds of motion, 
one vertical, and the 
other horizontal. So one  

  question is, why does the pendulum go up and down? We can 
say that it comes down because of gravity, just as in the case of 
the slide. But once it reaches the lowest point, why does it 
swing upward in the opposite direction? Going up doesn’t 
happen with a slide. This is the question you raised, right, Anu? 

Anu: Yep.  

Neel: The other question is, why does the pendulum swing back and 
forth, say, from left to right and back?   

Rafa: You know, instead of pushing, if we pull the pendulum to a side 
and just let go, like the way we would drop a stone after lifting it 
to a height, it goes through exactly the same back-and-forth and 
up-and-down motion. In this case, where there is no pushing or 
pulling, we know that the only force acting on it is gravity, and 
gravity is a force that causes it to move downwards. So our 
question can be summarized as: How does that force cause the 
bob of the pendulum to move back and forth and up and down 
repeatedly? 

Neel: Hmmm! It’s something we’ll have to sleep on. 

Rafa: Hey, don’t leave it just for sleeping on. Walk on it, eat on it, lie 
awake in bed on it! 

Anu: Oh boy! I can already feel my brain smoking. 

5.2 A Pendulum’s Amplitude and Speed  
They continued their exploration the next day at Rafa’s home. 

Anu: I have a question. When the bob of a pendulum is set in motion, 
its speed gradually increases till it reaches the midpoint of its 
path. Then the speed starts decreasing, and the bob reaches 
zero speed at the other end. Then it reverses its direction and 
returns to the starting point. Again, on its return path, its speed 
gradually increases till it reaches the midpoint, and then it 
slows down. Is there a law on the speed of the pendulum? 

Neel: Its motion is governed by gravity, right? So I would say that the 
maximum speed depends on how long gravity acts on it, and 
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also how strong the gravitational force is. Can we say something 
like this? [Draws.] 

 

Law: The greater the vertical distance between the highest point 
and the lowest point in the swing of a pendulum, the 
greater the speed at the lowest point. 

Rafa: That sounds kind of right. I was thinking the same thing, but 
didn’t know how to formulate it. If we’re right, it means that if 
you pull the bob away from the resting position, the farther you 
pull it, the greater the speed at the lowest point. If I remember 
right, the distance between the two highest points is called 
amplitude. So we can also state the law as: 

Law 17: The greater the amplitude of a pendulum,  
 the greater the speed at the midpoint of its path of oscillation.    

Neel: Hm! Nice. That’s a much cleaner statement of the correlation 
than mine. 

Anu: Are you saying that in the motion of a pendulum, there is a 
correlation? 

Rafa: Yes. Between its amplitude and its highest speed. There is a 
systematic relation between them, so that if we know the value 
of one of them, we can figure out the value of the other. 

Anu: Exactly? 

Neel: Not necessarily. But certainly within a small range. 

Anu: How do we find out if the law is correct? 

Rafa: Not difficult, I suspect. Take a few pendulums, set them in 
motion, and observe their speed at the midpoint. If the speed 
decreases when the amplitude decreases, that confirms the 
prediction. If not, the law is false. 

Neel: But it is going to be next to impossible to measure the speed of 
a bob when it is exactly at the midpoint. 

Rafa: That just means we have to spend some time to figure out a 
good experiment design.   

Anu: Yup. 
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TASK 5.1  

The claim is that there is a correlation between the amplitude of a 
pendulum and its speed. Can you design an experiment to test if the 
claim is true?  

5.3 Designing the Experiment   
Anu: As Neel said, it’s impossible to measure the speed of a bob when 

it is exactly at the mid-point. Our geometry textbooks tell us 
that a point has zero length and zero breadth. If the mid-point is 
really a point in space and in time, how can there be any speed 
at that point. 

Rafa: Ha, ha, you are being a Zeno, Anu! 

Anu: Huh? What?  

Rafa: There was this Ancient Greek philosopher called Zeno. He 
argued that an arrow leaving a bow doesn’t move. His argument 
was based on precisely the point you were making just now. 
Take any point in the path of the arrow. Given that a point has 
no length, the distance travelled by the arrow is zero. So the 
arrow stands still, it has no motion. And this is true at any 
arbitrary point on that path. Ergo, the arrow does not move. 

Anu: What does ergo mean? 

Rafa: It’s a fancy Latin word for therefore. 

Neel: That’s a cute argument, but there must be something wrong 
with it, because the arrow does move, doesn’t it? It changes its 
location, so it must move. 

Rafa did a quick Internet search, and found a short 90-second video, 
“The Arrow Paradox,” at 
  https://www.youtube.com/watch?v=cw3V5BruAwI.  

And Anu found a 5-minute video by Professor Angie Hobbs, at 
 https://www.youtube.com/watch?v=IPNttsu8x24.  
Though only five minutes long, that video gave Anu a headache. But 
in the end, she figured it out.  

Anu: If we think of time as a line, and if that line is made up of points 
that have zero length, as in Euclid’s geometry, then Zeno’s 
argument is valid. But what if we think of time as being made 
up of really short stretches? Then the arrow does move a tiny 
distance in a really wee bit of time. 
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Rafa: Aha, if we think of it that way, there is indeed a very short 
stretch of time at the mid-point, where the pendulum moves 
fastest.  

Neel: We still have a problem. If that mid-point is an extremely short 
stretch, measuring the speed accurately would be impossible. 

They were silent for a while. Then Anu spoke.  

Anu: How about this? Instead of formulating the hypothesis in terms 
of the highest speed for a given amplitude, what if we formulate 
it in terms of the average speed for that amplitude? 

Neel: I don’t think I understand what the idea is.  

Rafa: Let me try. Take the swing of a given pendulum from one end to 
the other. Suppose it begins at point A, and ends at point B. We 
can measure the distance from A to B. That’s the amplitude. 
Call it D, for distance. And we measure the time taken for the 
pendulum to move from A to B. Call it T. The average speed of 
the pendulum from A to B, then, is the total distance D divided 
by the total time taken, T. So our hypothesis is (writes): 

    As D (the amplitude) increases,  
    D/T (the average speed) also increases.  

  Does that make sense? If it does, then we don’t have to worry 
about measuring the speed at the mid-point. 

Anu: That’s awesome! To test our hypothesis, then, all that we have 
to do is to measure D/T for different amplitudes, and check if 
the average speed increases as the amplitude increases. 

Neel: But it is still going to be difficult to measure the amplitude or 
the time for each swing. If T is slightly more or slightly less than 
a second, we can’t measure it even with a stopwatch. 

They fell silent again, looking for a solution to the problem.  

Rafa: Okay, here is what we can do. We measure the time taken for 
twenty complete cycles of the bob, and divide it by 20. This 
would give us the average time for each cycle. That way, we may 
be able to get a measurement where the error is very small, 
hence negligible. 

Neel: And how do we measure amplitude? 

Anu: We don’t have to measure it exactly. Place a ruler horizontally, 
with its middle point aligned with the bob at rest. We let go of 
the pendulum at different points on the ruler. The more you 
move the bob away from the center, the greater its amplitude. 
So all that you need to do is measure how far you have pulled 
the pendulum to a side when you let it go. If we pull it away 
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from its resting point by 4 cms in one case, and by 2 cms in 
another, the amplitude of the first one should be higher than 
that of the second one. So, suppose we swing it from different 
distances, 5 times from each distance. That way, we have five 
groups of ‘swings’ of the pendulum, each group with its own 
amplitude: 

Swing Group Amplitude 
SG1 15 cms 
SG2 12 cms 
SG3 9 cms 
SG4 6 cms 
SG5 3 cms 

  If it is true that the speed increases as the amplitude increases, 
then we will find that SG1 has the highest speed, and SG5 has 
the lowest speed, with the other speeds in between:   

SG1 > SG2 > SG3 > SG4 > SG5. 

Rafa: Terrific, Anu. That looks like a great experiment design. How 
about if you guys come over to my house after school? Let’s do 
the experiment there. 

That evening, after school, at Rafa’s house, they conducted the 
experiment several times, with different pendulums. And they 
discovered something that surprised them. Anu was the one who 
noticed it.  

Anu: I don’t know how to say this, but it seems to me that regardless 
of the amplitude or speed, the time taken for one complete 
oscillation remains the same for any given pendulum. 

Rafa: You mean the period of the pendulum? 

Anu: Is that what it’s called? 

Rafa: Yes. That’s called the period. For example, the time taken from 
one heartbeat to the next is its period. The time from one 
sunrise to the next is the period of sunrises.  

Anu: Ah, I think I know how to say it now. For any given pendulum, 
the period remains the same; it doesn’t change. But for a 
sample of pendulums, the period varies. Is it possible to predict 
the period of a pendulum on the basis of some other factor, I 
wonder.  

They left this for the next day.  
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5.4 Predicting the Period of a Pendulum   
Anu: I was wondering if the period of the pendulum has anything to 

do with the weight of the bob. Sounds commonsensical — the 
greater its weight, the longer the period. 

Rafa: How about the opposite, a negative correlation? The greater the 
weight of the bob, the shorter the period. 

Neel: We need to make a list of the variables that might influence the 
period, and test each of them. The weight of the bob is certainly 
a possible candidate. What about the length of the pendulum? 

Rafa: That seems a very likely candidate, we must test it. How about 
the density of the bob?  

Anu: Doesn’t weight depend on density? Do we need both? 

Neel: Actually, they can vary independently. So we could keep the 
density constant and vary the weight, or keep the weight 
constant and vary the density. 

Anu: Oh, okay. How about the colour of the bob? Material of the bob? 
How about the material of the supporting rod or string? (laughs) 

Rafa: We can’t rule out every conceivable variable completely, but, 
Anu, these don’t sound likely. So why don’t we stick to just 
these two? Length of the pendulum, and weight of the bob. 

Neel: So how do we design this experiment? Take a random sample of 
pendulums, measure their period, length, and weight of the bob, 
and check if there are correlations?  

Anu: If we are doing experiments, there is a better way. We can take 
one sample for testing each of these correlations. In one, we 
vary length, and keep the weight of the bob constant. In the 
other, we vary the weight, and keep length constant.   

Neel: Nice. That takes care of something important when doing a set 
of experiments — to vary only one variable in each of them, 
keeping everything else constant. 

Anu: Yep.  

Rafa: Tomorrow is a holiday. Why don’t you guys come over to my 
place for breakfast? And we can do the experiments in my room.  

Anu: If your mother is making that spicy tomato chutney, I am game! 

Rafa: My Mom? MY tomato chutney is better than hers. Spicier. 

Neel: (laughing) A bit conceited, aren’t we?  

Rafa: No, not conceited. Just confident and realistic. 
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Anu: Okay, let’s test that claim. How about this? Tomorrow, both you 
and your Mom make your chutneys. Neel and I will taste both 
and find out for ourselves which is better. And just so that you 
don’t bias our judgment, you shouldn’t tell us who made which 
one.  

Neel: Isn’t that what they call a double blind experiment used in 
clinical trials? 

Rafa: No, not double blind, just single blind. Those who taste the 
chutneys don’t know who made which chutney. But the tasters 
and the judges are the same. So there’s no need to withhold 
information for two sets of people. So it’s single blind. 

Anu: I don’t understand. What’s a double blind experiment?  

Neel: Look it up on the Internet later. 

Rafa: Give me a minute.  

He looked up ‘double blind experiments’ and found links to three 
YouTube videos: 

 Placebo Effect, Control Groups, and the Double Blind Experiment 
   https://www.youtube.com/watch?v=GMqrOdCx4Yg  

 Single Blind Studies and Double Blind Studies 
   https://www.youtube.com/watch?v=KW_saBXQ0ew  

 Why does the placebo effect work? 
   https://www.youtube.com/watch?v=gm02Oid8sbs 

Anu: I’ll go through them later. 

When they actually did the two pendulum experiments the next 
morning, they discovered that there was no correlation between the 
period of the pendulum and the weight of the bob. But there was 
indeed a correlation between the period and its length:  

Law 18: The greater the length of the pendulum, the greater 
its period.   

Anu: When we say ‘length of the pendulum’, do we mean the length of 
the string, or the length of the pendulum as a whole, including 
the bob? 

Rafa: Good question. We’ll have to do another experiment to find out. 

Neel: That shouldn’t be difficult. Take two pendulums in which the 
length of the support is constant, but the bob has different 
lengths. One can be a key that’s about three inches long, and 
the other a ten-inch metal rod. If the relevant variable is the 
length of the support, their periods would be the same, because 
their length would be the same. But if the relevant variable is 
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the overall length, then the period of the second one would be 
greater. 

Rafa: We should do the converse as well, just to be on the safe side. 
For this, we keep the overall length constant. We have to use 
the same two bobs. To get the same overall length, we adjust 
the length of the support. So the length of the support would be 
different for the two pendulums.   

Neel: Okay, let us do that tomorrow. I need to get to my tennis 
practice on time.  

Anu: Just a minute. I want to write down all the generalisations we 
have arrived at about the behaviour of the pendulum, and also 
the new law. (Writes.)  

a. For any given pendulum, the period is constant, regardless of 
differences in the amplitude. 

b. For any given pendulum, the greater the amplitude of a swing, 
the greater the speed. 

c. In the population of pendulums, the greater the length of the 
pendulum, the longer the period.  (Law 18) 

They stared at the three statements for a minute.  

Neel: The statement in (b) follows from (a). Do we have to list it 
separately? 

Anu: How does it follow? 

Neel: Imagine a pendulum whose period is two seconds. That will be 
so whether the amplitude is 10cms or 15cms, right? 

Anu: Yes. 

Neel: What do we mean by the period of a pendulum? 

Anu: The time taken for it to complete a cycle, to go from point A to 
point B and return to point A. 

Neel: Okay. If the amplitude is 10cms, the distance covered by one 
cycle is 20cms. And the period is 2 second. So the speed is 20/2, 
that’s 10cms per second. Now, if you increase the amplitude to 
15cms, the distance covered is 30cms. And the period is still 2 
seconds. What’s the speed? 

Anu: Ah, okay. The speed is 15cms per second. So it’s more. I get it 
now. 

Rafa: Cute result!  

Neel: Indeed! So when we put these generalisations together, we 
predict a new generalisation! That is quite exciting. 
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Rafa: Is it possible to derive statement (a) from statement (c), I wonder. 

Neel: I don’t think so. What if both the amplitude and the length have 
an effect on the period? So the period may vary depending on 
the amplitude. 

Anu: No, Neel! We’ve shown that the amplitude has no effect on the 
period. 

Neel: That’s true. But (c) is not formulated in such a way that we can 
derive (a) from (c). 

Rafa: Oh, okay, I see it now. 

5.5 Collision and Gravity    
Neel: You know, we’ve been talking about two things that cause 

motion. One is collision, and the other is gravity. In a collision, 
where one object causes the other to change its speed, the force 
that causes the motion is present only during the event of 
collision. Gravitational force is different; it acts continuously. Its 
action on a stone, whether it is dropped or thrown up, is 
continuous. Just like that, it acts continuously on the bob of 
the pendulum. So the swinging bob and the stone in the air 
both keep changing their speed. 

Rafa: Yes, that makes sense. Both the bob and the stone go up 
because of the force of the push. As they go up, their speed 
decreases, because gravity pulls in the opposite direction. 

Anu: Yes, that would be the explanation in a theory that assumes 
that force causes change of speed. But in a theory that assumes 
that force causes change of location, the speed decreases 
because the force of the push gets used up.  

Neel: The speed reduces and at some point becomes zero. So the 
motion of the bob/stone has a peak, where it comes to a stop. It 
then starts coming down, because of the continuous 
gravitational force. As it comes down, the speed increases.  

Rafa: For all this to follow from the laws, we would have to state the 
nature of the different pushes and the pulls.  

Anu: Let’s see. The stone, it stops when it hits the ground. But there 
is nothing to stop the motion of the pendulum when it reaches 
the midpoint, so it continues in the same direction. It goes up, 
reaches the peak, and comes down. It keeps oscillating back 
and forth up and down. That is so neat!  

Rafa: Do the laws also take care of the behavior of the other things we 
have been talking about, the carrom board, and the wheels?  
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Neel: I think so.   

When they came back to school and started talking about motion the 
next day, Anu brought up something interesting.  

Anu: You know, I was reading the theory of motion that the famous 
Greek philosopher Aristotle proposed. He lived nearly a century 
before Archimedes. What’s interesting about his theory is the 
idea of natural motion.  

Rafa: What is natural motion?  

Anu: For him, the natural motion of heavenly bodies is in a circle. 
That is how he explained planetary motion. But the natural 
motion of a stone on earth is in a straight line. That explains 
why when we drop a stone from a height, or a billiard ball hits 
another billiard ball, it travels in a straight line.  

Rafa: Interesting.  

Anu: Oh, there’s more. Aristotle asked himself, “Why is it that a stone, 
or a body of water dropped from a height come down, but smoke 
and steam go up? If a pot of milk topples over, the milk comes 
down. But if we boil the milk in a pot, the steam goes up. When 
we light a candle, the melting wax flows down, but the flame 
and the smoke go up. Why is that so?” 

Neel: I had never thought of that.  

Anu: His explanation was in terms of the natural place for things. In 
Aristotle’s theory, the natural place of stone is earth, so a stone 
thrown up comes down to earth. The natural place of water, a 
liquid, is down, but above the earth; so milk when it drops 
comes down, because it is mostly water. A stone dropped in 
water sinks to the bottom, but an air bubble in water goes up, 
because the natural place of air, and also of steam and smoke, 
is above water. 

Rafa: So Aristotle’s explanation for a stone thrown up in the air 
coming down is quite different from the way we explain it.  

Anu: Yes. In his theory, the stone goes up because the force from the 
hand transfers to the stone, which makes it go up, and then it 
stops when the force is spent. And it comes down because its 
natural place is the earth.  

Rafa: That’s quite an amazing theory. But how do we choose between 
the two theories? I have no idea.  

Neel: I don’t have any idea either.  

Anu: Me neither. Let’s leave it for now.  
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TASK 5.2 
Consider an archer shooting to hit a target five feet above the ground. 
The arrow leaves the bow at a height of five feet above the ground. 
Should the archer aim the arrow directly at the target, expecting the 
arrow to travel horizontally, or aim slightly higher, and expect the 
arrow to go up and come down? What would be the recommendations 
from the theories of motion of (a) Aristotle, and of (b) Galileo?    

Task 5.3 
Suppose we throw a stone up at angle of 45 degrees.  

Would the stone go up along a straight path or a curved path? 

When it comes down, would it be along a straight path or a curved 
path? 

If it is a straight path, would it be vertical, or at an angle? 

When it comes down, would its speed be constant, increasing, or 
decreasing?  

Which theory, Aristotle’s and Galileo’s, would allow you to derive your 
answers to these questions? 

 
 


