
 

UNIT 4 
SLIDES AND INCLINED PLANES 

Rafa’s mind was constantly active. New thoughts, ideas and questions 
occurred to him all the time — when out for a walk, brushing his 
teeth, taking a shower, lying awake in bed, or just as he was about to 
fall asleep. When he was on his bicycle, his mind would be bubbling 
with ideas. 

Engaging with those ideas and questions had helped him learn a great 
deal, both when he was by himself, as well as when he was with 
friends. For him, learning was not something that happened only at 
school, or from a teacher. He learnt a lot when engaging with what 
interested him, and when he was doing what he found joyful. 

4.1 Slides and Swings 
One morning, he had woken up early, so he walked over to the    
playground next to his home, and sat 
down on a swing. He was looking around 
when his eyes fell on a circular disk with 
bars — handles to hold on to as one rides 
on it. Someone who is not standing on the 
disk can make it spin by pushing or 
pulling on the handles. 

He had heard some people call it a merry-  
 

go-round, and others called it a roundabout. Rafa thought to himself, 
“Whatever it is called, it behaves just like a bicycle wheel placed 
horizontally. A theory of the motion of roundabouts or merry-go-
rounds would be the same as a theory of the motion of wheels! 

   

This thought really grabbed his attention. 
He looked around the playground again. It 
had a couple of seesaws. He, along with 
Anu and Neel, had just been developing a 
theory of seesaws as levers. He also saw 
slides. And swings, like the one he was 
sitting on. How about developing a theory 
of slides and of swings? 
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Smiling to himself, Rafa watched the children playing there, and   
thought: A playground has so many 
things for the body to play and learn on, 
but it also has lots of things for the mind 
to play with! He saw a child climb the 
steps to the top of a slide, sit down, 
and let go her hands on the railing. 
And she went sliding down, laughing. 

 

Rafa said to himself: If the slide was horizontal, there would be no 
motion. And if the slide was vertical, the child would simply fall straight 
down. So the sliding motion cannot happen vertically. It can happen only 
if the sliding surface is at an angle, so that an object can come down by 
moving forward and downward on it. This must be because the force of 
gravity makes it move. And gravity is a downward vertical force. That 
would explain why something on a horizontal slide doesn’t move. 

What about how fast the child slides down? I’m sure the speed depends 
on the angle of the slide, Rafa found himself saying aloud. This would 
be like riding on a bicycle down a hill. The bicycle moves without 
pedaling. And the steeper the slope, the faster the motion.  

Is that the only law needed to explain that downward motion? he 
wondered. 

Just then, the swings for little children caught his attention. Children    
sat on the swings, and their parents 
pushed them from behind, setting each 
swing in motion. When a swing slowed 
down, the parent gave it another push. 

Rafa muttered to himself: The speed of the 
swing depends on how hard it is pushed.… 
But wait a minute! When you push a swing, 
isn’t it like a rod that goes back and forth  

 

(rotates) when one end is fixed to something and the other end is free?  

This was something that he had worked out with Neel and Anu while 
exploring the motion of a bicycle wheel. His thoughts came crowding 
now: There’s an important difference between a bicycle wheel and a 
swing. If you apply force at the edge of a bicycle wheel in a direction 
that is perpendicular to its radius, the wheel rotates. In the case of a 
swing, instead of pushing it, you could pull it back and let go, and it 
would still move forward. As it moves, it goes faster, then slows down, 
and stops. And then it swings back.  

What makes it move in this particular way? 
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He couldn’t think of an answer right away, and that got him really 
excited. He rushed home to discuss it with his mother. But when he 
got there, she was nowhere to be found. Then he noticed a note on the 
fridge. It said, “Rafa, I have gone out to visit a friend. Have left some 
snacks for you on the table.”  

He was disappointed; he wanted to talk to her about slides and swings. 
So he did the next best thing; he called Neel.  

Rafa: Can you and Anu come over? There’s something I want to talk 
to you guys about. Some of it is really puzzling. 

Neel: Sure, we will be there in half an hour. 

4.2 A Dropped Stone Moves Downwards. Why? 

Rafa opened the door when he heard the noise of the creaky gate 
opening. Anu and Neel walked in and got comfortably seated on Rafa’s 
bed with the snacks that his mom had left for him. Rafa gave them a 
quick summary of what was bothering him — the storm of thoughts 
that slides and swings had triggered in his mind. 

They were all silent for a while, inside their own thoughts, till Anu 
spoke. 

Anu: Remember the very first law in our theory of motion? We 
assumed that it is correct. It says… Here, let me write it down: 

 Law 1: Inanimate entities that are not manmade move only 
when an external force causes them to move. 

  Aren’t both slides and swings manmade? 

Neel: So? 

Anu: When I sit on top of a slide and let go of the rails, I slide down, 
right? But when I sit at the bottom of the slide, I don’t slide up. 
The same is true of inanimate objects, whether a stone, or a 
tennis ball. So what makes an inanimate object slide down? 

Rafa: Gravity, obviously! 

Anu: Do you mean gravity is a force? 

Rafa: M-hmm. The external force that causes downward motion. 

Anu: Where does it come from? 

Rafa: From within the Earth, of course. 

They all fell silent again. Rafa got up and began walking back and 
forth, his hands clasped behind his back. 
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Neel: Rafa is right. We know that if we hold a stone up in front of us, 
and let go of it, it moves down in a straight line and lands on 
the ground. The same way, a stone on a slide only moves 
downward, not upward or sideways. Suppose we generalize it as 
a law: 

 Law 16: The earth has the property of gravity, a force that causes 
any object with weight to move towards it in a straight line. 

Anu: Hmm. Stones that are dropped and stones on a slide have 
something in common: they both move downwards. Neither of 
them moves upwards, or sideways.   

Rafa: Hang on! A stone when dropped moves vertically downwards. 
But a stone on a slide moves at an angle. That’s a contrast we 
have to explain. Let me put it this way: How does gravity, which 
causes downward vertical motion, get translated into motion at 
an angle, neither vertical nor horizontal? 

Rafa was smiling to himself, because he had already figured it out. For 
something on the slide to come down vertically, the only way would be 
for it to pierce through the slide, making a hole.  

Anu: If there was only gravity, the motion would be vertically 
downward. But the slide prevents that. So the only way for an 
object to move is downward along the surface. Since the surface 
of the slide is an incline, the motion is also inclined. There is no 
other way for it to go down. (laughs) 

Rafa: Nice. 

Neel: That’s right! Nice! Explains the forward-downward movement on 
the slide. 

4.3 Action at a Distance  
Neel: Okay, that is taken care of.  

Before the discussion could continue, Anu dropped a bomb. 

Anu: But there’s another problem. 

Rafa: Uh-oh! What is it?  

Anu: Our Law 10 says: 

Law 10: For a moving object A to cause a stationary object B to move, 
the two bodies must be in contact.  

  Now, gravitational force doesn’t demand that the bodies be in 
contact. A stone could be kilometers away from the earth but 
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still moves towards the earth in a straight line. So the earth 
attracts the stone without being in contact with it.  

Rafa: (after quickly checking the Internet) That is true. The Sun’s 
gravitational force on the earth holds across more than 14 
million kilometers.  

Neel: Right. That’s not action through physical contact. It’s action at a 
distance, unlike what happens in collision.  

Anu: Okay, so that means we have to revise law 10. 

But Rafa pointed out something important.  

Rafa: Look, our law says: “For a moving object to cause a stationary 
object to move, the two objects must be in contact.” We have not 
said: “For an object to cause another object to move, the two 
must be in contact.” This means that according to the law, 
contact is required only when something starts moving because 
of a collision. The stone’s movement towards the earth is not 
caused by a collision. So we don’t need to revise Law 10. We 
just have to bear in mind that gravity is “action at a distance.” 

Rafa could see that Anu and Neel were relieved. Now that they had 
formulated a law for slides, they decided to get to the behavior of 
swings. 

4.4 Two Competing Theories of Motion  
Anu: There’s something bothering me. 

Neel: What? 

Anu: Remember we formulated our Law 3 like this? 

 Law 3: All objects have inertia; inertia is the resistance to 
change. 

  What did we have in mind when we said ‘resistance to change’? 
Were we talking of just change from rest to motion? That would 
be a change of location. Or could it be other kinds of change? 
For example, change of speed. Taking rest as being zero speed, 
change from ‘rest to motion’ could mean change of speed, right? 

Neel: I only had change of location in mind. But you’re right. When a 
moving ball hits a stationary ball, the second one changes from 
rest to motion, which also involves change in speed. 

Anu: But what about the opposite case, decrease in speed? Change 
from motion to rest, change from non-zero speed to zero speed? 
If we throw a stone up, it first changes from rest to motion, but 
then it slows down, and stops for just a moment — a fragment 
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of time we may not even be able to measure. Then it starts 
coming down. There is also change of speed — it comes down 
faster. Do these different kinds of change of speed need some 
kind of force?  

Rafa: Yes, that decrease in speed as the stone goes up, ending in a 
state of rest, and the increase in speed as it comes down, are 
both caused by gravity.  

Anu: Why do we need gravity to cause that? Can’t it be like this? 
When we throw a stone up, we transfer force from our hand to 
the stone. And when that force in the stone gets used up, the 
stone comes to rest. 

Neel: That’s interesting! We now have two different ideas of force and 
inertia related to motion. Let me write them down to make them 
absolutely clear. 

 Idea A: Change of location requires force.  

  FORCE causes motion (change of location). An object in motion 
has force in it. When it collides with an object at rest, 
that force gets transferred to the stationary object, and it 
changes from the state of rest to motion. As it moves, the 
force gets used up, and when all the force is gone, the 
object comes to a state of rest.  

  INERTIA is the state of rest.   

 Idea B: Change of speed requires force.  

  FORCE causes change of speed. The change could be an increase, 
including change from rest to motion (form zero speed to 
non-zero speed), or a decrease, including change from 
motion to rest (from non-zero speed to zero speed). When 
an object is moving at constant speed, there is no force 
acting on it. When an object in motion collides with 
another object, it causes a change of speed in that object. 

  INERTIA is the state of constant speed, including zero speed (rest).  

Rafa: These are two distinct theories of motion, Neel! 

Neel: Actually, I would say that they are two distinct ideas for theories 
of motion. Just starting points. They will become theories only if 
we develop them with clear definitions and laws, and perhaps 
more ideas. You could call them seeds of theories. But they’re 
not theories yet.  

          The question is: How do we choose between these two 
competing theory seeds? To do that we will have to develop both 
of them into full-fledged theories. 
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4.5 Force Causing Change of Speed  
Rafa: Let’s first take Idea B, that what force does is cause change of 

speed. So, unless there is an external force, an object would be 
either at rest, or it would move at constant speed. Right?  

Neel: Yes, exactly. Let’s use that to revise some of our earlier laws. 

 Law 1 (rev): Inanimate entities that are not manmade undergo 
change of speed only when an external push or 
pull makes them move. 

 Law 2 (rev): When a moving object M collides with another 
object N, the collision causes N to change its speed.   

 Law 3 (rev): All objects have inertia. In a theory of motion, 
inertia is the resistance to change of speed.    

Anu: Cool. But we need to revise Law 4 as well. I don’t know how to 
do that, but let me try. Earlier, we formulated it in terms of 
overcoming inertia to move. Would something like this work? 

Law 4 (rev): For an object to change its speed, the degree of force 
applied on it has to be greater than its inertia. 

Neel: I think it will work.   

Anu: Yippie!! 

Rafa: Hold on, Anu, don’t get so excited. We haven’t said anything 
about how to choose between the two ideas. 

Anu: U-oh! We’ll have to come back to it later. 

TASK 4.1 
Go through this Unit and all the previous ones, and make a list of the 
final formulations of all the laws that we need in order to explain all 
the phenomena having to do with motion discussed in these units. 
Write them down to make sure that you have included everything that 
is necessary, and nothing that is unnecessary. 

As Rafa points out, the young scientists have not found a way to 
choose between Idea A and Idea B. Would you like to try to do it? It 
won’t be easy, but it will be worth the effort. 

 

TASK 4.2 
Watching this YouTube video, "Acceleration down an inclined plane," 
might help you get a better idea of how inclined planes work:  

 https://www.youtube.com/watch?v=2q_qzKT74Ow 


