NEWTON’S LAWS
Supplementary Exercise

Question 1


The equations of motions that can be derived from the three free bodies are:

(FA = T1 – T2 – mg ;  (FB = T2 – T3 – mg ; (FC = T3 – mg 

Mr Lim’s note: Here are some tips for drawing free-body diagrams. Questions you should ask yourself: (1) Does this free body have any mass? If it does, then there must be a force exerted on it by the Earth. (2) What are the other bodies in direct contact with it? In each case, does the other body exert a force on it? If the answer is yes, there must be a force acting from the surface of contact.

If the acceleration of the system is zero, then (F = 0 for each of the free bodies. Then we have

(FC = T3 – mg = 0 ( T3 = mg

(FA = T1 – T2 – mg = 0 ( T2 = 2mg

(FB = T2 – T3 – mg = 0 ( T1 = 3mg

But if the system is in acceleration, the tensions in the string will be different.

For the 3rd section to be slack, T3 = 0. So applying this to the equation of motion for A, we have

T3 – mg = ma ( a = -g

( The system must be accelerating upwards with an acceleration equivalent to g.

For the 2nd section to be slack, T2 = 0. So

T2 – T3 – mg = ma ( T2 – (ma + mg) – mg = ma ( a = -g

( The system must be accelerating upwards with an acceleration equivalent to g.

Similarly, for the 1st section to be slack , the required acceleration is also –g.

This means that all three sections of the string will become slack together when acceleration of the system reaches –g.

If air drag is considered, you will find that all 3 sections will become slack together, too, but it would happen at a smaller value of acceleration.

Question 2
When the elevator begins to rise, you will feel heavy.

When the elevator is cruising, you will not feel anything special – as normal.

When the elevator is approaching your destination and slowing down, you will feel light.


Mg is the force that the Earth exerts on you aka your weight.

F is the force that the elevator floor exerts on you. This is the force that gives you your perception of your weight.

When the elevator begins to rise, the man and the lift are both accelerating. This means that

(F = F – Mg = Ma > 0   (   F > Mg

Since your perceived weight (F) to be greater than your actual weight (mg), you feel heavier than usual.

When the elevator is cruising, acceleration of the system is zero. Therefore F = Mg.

So you feel as per normal.

When the elevator is slowing down in the final stage of its journey, F – Mg = Ma < 0. This means that F < Mg.

Since your perceived weight is smaller than your actual weight, you feel like floating a little.

Get into an elevator today and feel for yourself.

Question 3


F1 – Earth pulls man
F2 – Stool pushes man
F3 – Earth pulls stool
F4 – Table pushes stool
F5 – Man pushes stool
F6 – Earth pulls table
F7 – Stool pushes table
F8 – Floor pushes table
Mr Lim’s Note: Realise that the highlighted body in each case is the one that the force is acted upon? So that gives you an indication in which free body diagram the force belongs.

F1 and F2 are equal and opposite based on Newton’s 2nd law. 

Because 2nd law states that (F = ma. Since the acceleration of the man is zero, and there are only two forces acting on the free body, the two forces must be equal and opposite in direction.

[ F1 – F2 = 0 ]

F2 and F5 are equal and opposite based on Newton’s 3rd law.

If you look closely at the descriptions of F2 and F5, they are 

F2 – Stool pushes man
F5 – Man pushes stool
This is basically your A-on-B / B-on-A action-reaction pair, so the two forces are equal and opposite.

Similarly, F4 and F7 are also equal and opposite.

Mr Lim’s Note: Realise that the bodies acted upon by the forces in an action-reaction pair are different (see green-highlighted)? This means that if you are looking for the other force in an action-reaction pair, you won’t find it on the same free body as the first force. (or you shouldn’t be able to find it!)

The equations of motion for all the free bodies are:
F2 – F1 = 0

F4 – F3 – F5 = 0

F8 – F6 – F7 = 0

If we regard the legs as weightless, then the load that the legs on the table take is F8 = F6 + F7, and that of the legs on the stool is F4 = F3 + F5. And since the load is equally distributed among the legs, the force in each leg of the stool = F4 / 3 and that in each leg of the table = F8 / 4.

If all seven legs have the same breaking force, then the leg that carries the larger of F4 / 3 and F8 / 4 is more likely to break.

We are told that it was the leg on the stool that broke, so we know that F4 / 3 > F8 / 4.

To find the range of ms , the mass of the stool, we need to find F4 and F8 in terms of ms.

F1 
= 64g  (taking g to be 10 ms-2)


= 640 N

F2
= 640 N (2nd law)

F3
= ms g


= 10 ms
F5
= F2 = 640 N (3rd law)

F4 
= F3 + F5  (2nd law)


= 

F6
= 20g


= 200 N

F7
= F4  (3rd law)


= 10 ms + 640

F8
= F7 + F6  (2nd law)


= 10 ms + 840

So if F4 / 3 > F8 / 4

(10 ms + 640) / 3 > (10 ms + 840) / 4

then ms > 4 kg
Question 4
The raindrop start from rest 2 km above the ground.

Applying v2 = u2 + 2 a s = (0)2 + 2 (10) (2000) 


(taking ( to be positive)

v = 200 m s-1
The assumption made is that the only force that acts on the raindrop is its weight  ( no air resistance. We made that assumption when we substituted a = g =10 ms-2.

When the raindrop hits the balance, its momentum decreases from mv to zero, where m is the mass of 1 raindrop and v is its velocity just before it hits the balance.

Volume of 1 raindrop = (4/3) ( (0.002/2)3 = 4.19 x 10-9 m3
So mass of 1 raindrop = Volume x Density of water = 4.19 x 10-6​ kg

If 500 raindrops fall on 1 m2 in one second, then 

Mass of raindrops falling on the balance per second = 4.19 x 10-6 x 500 x 0.10

















= 2.09 x 10-3 kg

This means that in 1 second, 2.09 x 10-3 kg of water would have changed its velocity from 200 ms-1 to 0 ms-1. So

Change in velocity of the raindrops = m x (v = 2.09 x 10-3 x (0 – 200) = – 0.419 Ns

Since force is defined as rate of change of momentum, then

Force exerted on rain by the balance = – 0.419 N   (-ive sign indicates ()

Mr Lim’s note: This force is exerted on the rain, not by the rain. The momentum of the raindrops have changed. Some external force has to be present to bring about the change. The external force in this case is the one that the balance exerts. Therefore this force must be equal to the rate of change in momentum of the body that it exerts the force on. To find the force that is exerted by the rain, we just have to apply Newton’s 3rd law.

Thus the force exerted on the balance = 0.419 N = reading on the balance
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