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                    Dynamics
Branch of mechanics that deals with
how the forces acting on an object
affect its motion
Newton’s First Law
• Inertia is the resistance of an object to a change
in its motion. If at rest, stay at rest; If cruisin’,
keep on cruisin’.
• Need an unbalanced force (nonzero net force)
acting on an object to produce a change in its
velocity.
• Mass (kg) are reflective of inertia. More mass
means more inertia.
• Examples: moose versus you zigzag; big truck
versus small car; person not wearing a seat belt.
Newton’s Second Law
• Unbalanced force (nonzero net force) acts on
an object causing that object to accelerate.
• A = F(net)/m
• Object is accelerated in the same direction as
the F(net)
Newton’s Third Law
• When one object exerts a force on a second
object, the second object exerts a force on the
first object that is equal in magnitude and
opposite in direction. (Action/Reaction pair)
• No lonely force. Forces come in pairs.
• Examples: I kick a desk and the desk kicks me
back; Birds fly; You walk forward; Earth exerts
F(grav) on moon and moon exerts –F(grav) on
earth.
Free Body Diagram
• Focus on an object with mass.
• Identify all the forces acting on that object.
• Draw and label arrows for the forces acting on
that object.
Balanced versus Unbalanced
• F1 + F2 + F3 + F4 = F(net)
• If F(net) = 0, then the forces are balanced.
The object is in equilibrium.
• If F(net) is NOT zero, then the forces are
unbalanced. The object is NOT in equilibrium.
The object is accelerating according to the
Second Law.
• Example: “at rest” or “constant velocity”
means the forces are balanced.
Weight
• Fg = m g (N, downward to center of earth)
• Depends on where the object is located.
• g(earth) = 9.8 m/s/s; g(moon) = 1.6 m/s/s
• Please note that mass stays the same
everywhere in the Universe.
Friction
• Friction is a force that opposes the motion of
two objects in contact.
• Friction is a vector opposite in direction to the
applied force and always parallel to the two
surfaces in contact. Independent of surface
area.
• Ff = mu x Fn
• mu is the coefficient of friction. Unitless. mu
is between zero and one.
Static Friction
• Static friction is the force that opposes the
start of motion.
• Ff(static) = mu(static) x Fnormal
• mu(static) greater than mu(kinetic)
• Example: It is harder to start a bicyle moving
than it is to maintain its constant velocity once
moving.
Kinetic Friction
• Kinetic friction is the friction between objects
in contact when they are in motion.
• mu(kinetic) is less than mu(static).
• Example: for wood on wood mu(static) = 0.42
and mu(kinetic) = 0.30.
Example
• Given a wooden block with mass = 10 kg.
• You are pushing this wooden block on the
wooden floor at constant velocity to the right
with F(push) = 29.4 N to the right.
• Identify and characterize all the forces acting
on this wooden block.
Solution
•
•
•
•
F(grav) = 10 x 9.8 = 98 N down (negative)
F(normal) = 98 N up (positive)
F(push) = 29.4 N to the right (positive)
F(friction) = mu(kinetic) x F(normal)
0.30 x 98 = 29.4 N to the left
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