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Fundamental Forces

• Types -listed in order of decreasing 
strength
–Strong nuclear force

–Electromagnetic force

–Weak nuclear force

–Gravity

mechanics  considers only 

gravity and electromagnetic forces

Newton’s Second Law
• The acceleration of an object is directly proportional to the 

net force acting on it and inversely proportional to its mass.
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Newton’s Third Law
• If object 1 and object 2 interact, the force exerted by object 

1 on object 2 is equal in magnitude but opposite in direction 
to the force exerted by object 2 on object 1.

– Equivalent to saying a single isolated force cannot exist
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Hi-Lites

• Masses of strings, ropes, and pulleys are negligible
• Object either at rest or moving with a constant velocity 

is in equilibrium (acceleration =0)
• The net force acting on the object is zero if the 

acceleration is zero

• Easier to work with the equation in terms of its 
components:

0=∑F
r

0 0
x y
F and F= =∑ ∑

Ropes Connecting Multiple Accelerating Objects
• Draw free body diagrams for each object
• Apply Newton’s Laws to each object
• Acceleration of each object the same
• Tension on each part of rope the same

34. Two objects with masses of 
3.00 kg and 5.00 kg are 
connected by a light string that 
passes over a frictionless pulley, 
as in Figure P4.34. Determine (a) 
the tension in the string, (b) the 
acceleration of each object, and 
(c) the distance each object will 
move in the first second of 
motion if both objects start from 
rest. 

Forces of Friction

Contact between bodies with a relative velocity 
produces friction

• Friction is proportional to the normal force
• The force of static friction is generally greater 

than the force of kinetic friction
• The coefficient of friction (µ=mu) depends on 

the surfaces in contact
• The direction of the frictional force is opposite

the direction of motion
• The coefficients of friction are nearly 

independent of the area of contact
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Fig. 4-19, p.101

• Static friction acts to keep the object 
from moving

• If F increases, so does ƒs

• If F decreases, so does ƒs

• ƒs ≤ µ n where n = normal force vector

Static Friction ƒs
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Kinetic Friction , ƒk

• The force of kinetic friction 
acts when the object is in 
motion

• ƒk = µ n
– Direction of ƒk opposite to 

motion: opposes motion
– Variations of coefficient 

of friction with speed will 
be ignored

Block on a Ramp

• Axes are rotated as 
usual on an incline

• The direction of 
impending motion 
would be down the 
plane

• Friction acts up the 
plane
– Opposes the motion

• Draw Free Body 
Diagram yada yada
yada


