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Force, Mass, Acceleration, and Friction
OBJECTIVES:

1. Explain how force, mass, and acceleration are related.

2. State and understand Newton’s second law of motion.

3. Calculate force using mass and acceleration.

4. Define and explain friction.

5. Distinguish between static friction, sliding friction, and rolling friction.

6. Observe and explain the effects of air resistance and terminal velocity on falling objects.

VOCABULARY:

Friction

Microwelds 

Static Friction

Sliding Friction Rolling Friction 
Air resistance

Terminal Velocity


For any object, the greater the force (a push or pull exerted on an object) that is applied to it, the greater its acceleration (rate of change of the velocity of an object).  The more mass an object has, the more force you need to accelerate it.  The acceleration of an object depends on its mass as well as the force exerted on it.      

Newton’s Second Law of Motion – the net force acting on an object causes the object to accelerate in the direction of the net force.  The acceleration of an object is determined by the size of the net force and the mass of the object.

a = F / m, where F is measured in Newtons (N) and mass is measured in kg

Friction is the force that opposes motion between two surfaces that are touching each other.  The amount of friction between two surfaces depends on two factors – the kinds of surfaces and the force pressing the surfaces together.  So as a force is applied to an object, friction will act in an opposite direction to that force.

Friction is caused by the high ridges on the surface of an object as they touch the high ridges on the surface of another object.  The places that the two objects touch and stick are called microwelds.  As more force is applied, more contact takes place, which increases the friction between the objects.   


Friction is due to microwelds formed between two surfaces. The larger the force pushing the two surfaces together is, the stronger the microwelds will be.
Static Friction – the friction between two surfaces that are not moving past each other, caused by the microwelds between the two surfaces.  EX. Pushing something that does not move, even though you are applying a force.  
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The box doesn't move because static friction cancels the applied force.

Sliding Friction – the friction that is caused by microwelds constantly breaking and then forming again as one object slides along another.  EX. Pushing something but you must constantly apply a force to keep it moving.
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Sliding friction acts in the direction opposite the motion of the sliding box.

Rolling Friction – the friction between a rolling object and a surface – microwelds break and then reform as the wheels roll over the surface.  EX. Pushing an object with wheels.  

As an object falls toward Earth, it is pulled downward by the force of gravity.  However, air resistance will act in the upward direction and opposes the force of gravity.  Air resistance causes objects to fall with different accelerations and different speeds.  The amount of air resistance on an object depends on the speed, size, density, and shape of the object.  The larger the surface area of the object, the greater the amount of air resistance.  It has nothing to do with the object’s mass.  In a vacuum, a feather and an apple will fall at the same rate because there is no air resistance.  
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Because of its greater surface area, the spread-out bag has much more air resistance acting on it as it falls.
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The apple and feather are falling in a vacuum. Because there is no air resistance, they both fall at the same rate.

As an object falls through air, air resistance gradually increases until it balances the pull of gravity.  According to the law of inertia, when the forces acting on an object are balanced, the motion of the object will not change.  When this happens, the falling object will stop accelerating.  It will continue to fall, but at a constant, final velocity.  This terminal velocity is the highest velocity that will be reached by a falling object.
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