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Ball

Cart

A rectangular cart of mass M is placed on an air track 
inclined at an angle ⍺ to the horizontal. A ball of mass 
m can slide without friction on this cart. 

Part 1- Keep the cart stationary and release the ball. 
Calculate the acceleration of the ball in the laboratory 
frame
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Exercise: Ball on a cart, Part 1



Ball

Cart

A rectangular cart of mass M is placed on an air track inclined at 
an angle ⍺ to the horizontal. A ball of mass m can slide without 
friction on this cart.

Quiz: Ball on a cart



Exercise: Ball on a cart, Part 2

Ball

Cart

A rectangular cart of mass M is placed on an air track inclined at 
an angle ⍺ to the horizontal. A ball of mass m can slide without 
friction on this cart. 
Part 2 — We release the ball and the cart at the same time.

• Calculate the acceleration of the cart 
in the laboratory frame. 

• Calculate the acceleration of the ball 
in the cart frame. 

• What will be the motion of the ball 
relative to the cart?



Quiz: Thierry la Fronde



⃗g

Quiz: marble in a loop



for Normal force ⃗N and velocity ⃗v

⃗F F such that∑ ⃗F = 0, FF ≤ μsN

Static friction:

Static & Dynamic dry friction

Dynamic/kinetic friction:

⃗F F such that FF = μcN and ⃗F F /FF = − ⃗v/v
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Quiz: friction



Quiz: block & plane


