TAP 212-2: Questions on Newton’s third law

1.
This question is adapted from the book ‘Thinking Physics is Gedanken Physics’ by Lewis Carroll Epstein and is one of the most well known physics puzzles.
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If the force on the carriage due to the horse is equal and opposite to the force on the horse due to the carriage, how can the horse pull the carriage? Is the answer:

(a)
The horse cannot pull the carriage because the carriage pulls as hard on the horse as the horse pulls on the carriage.

(b)
The carriage moves because the horse pulls slightly harder on the carriage.
(c)
The horse pulls the carriage before it has time to react.

(d)
The horse can pull the carriage only if the horse is heavier than the carriage.

(e)
Another explanation. What might it be?

2.
A builder’s crane is a simple device that allows a person to haul himself/herself up using a pulley.
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The builder has a mass of 75 kg and the cradle a mass of 35 kg. The builder pulls on the rope with a force of 650 N.

The rope exerts a force of 650 N upwards on the man and 650 N upwards on the cradle.

(a) Show that the net upward force on the man is:

650 N + force exerted by the floor of the lift (F) – weight of man 
(b) 
Show that the net upward force on the cradle is:

 
650N – weight of the lift – force man exerts on the cradle (F)

The net force in (a) is equal to mass of man x acceleration of man. The net force in (b) is equal to the mass of the cradle x acceleration of the cradle. Both man and cradle have the same acceleration.
(c) 
Calculate the acceleration of the cradle and the force exerted by the man on the floor of the cradle. To do this, you will have to treat the two equations given in (a) and (b) as simultaneous equations.

Answers and worked solutions
1 
e) Think about the horizontal forces on the horse. It pushes backwards on the ground with its hooves and there is an equal and opposite force of the ground on the horse, forwards. This must be greater than the backward force of the carriage on the horse, and so the horse accelerates forward.


Now think about the horizontal forces on the carriage. The force due to the horse acts on it forwards. Provided this is bigger than any backward frictional force, the carriage will also accelerate forwards.

2
A pair of forces acts at the point of contact between the man and the floor. Label this R, upwards on man, downwards on floor.
(a)  There are three forces acting on the man: rope force 650 N upwards, force of floor R upwards, weight 75g downwards

Resultant upward force on man = 650 + R – 75g
(b)
There are three forces acting on the cradle: rope force 650 N upwards, force of  man on floor R downwards, weight 35g downwards

Resultant upward force on cradle = 650 – R – 35g
(c)
Both man and cradle have acceleration a, so we can write 

Resultant upward force on cradle = 35a
Resultant upward force on man = 75a
Now the equations from (a) and (b) become:

75a = 650 + R – 75g

35a = 650 – R – 35g
Adding these simultaneous equations eliminates R. This gives:

110a = 1300 – 110g
Substituting g = 9.8 m s-2 gives a = 2.0 m s-2 and R = 235 N.
