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Sections 6.1 & 6.2

Equilibrium

 An object on which the net force is zero is in 
equilibrium

 If the object is at rest, it is in static equilibrium

 If the object is moving along a straight line with a 
constant velocity it is in dynamic equilibrium

 The requirement for either 
type of equilibrium is:

The concept of equilibrium is essential 

for the engineering analysis of 

stationary objects such as bridges.

Using Newton’s Second Law

The essence of Newtonian mechanics can 
be expressed in two steps:

 The forces on an object determine its 
acceleration a = Fnet/m, and

 The object’s trajectory can be 
determined by using a in the equations of 
kinematics.

Problem-Solving Strategy: Dynamics 

problems
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Problem-Solving Strategy: Dynamics 

problems

Section 6.3

Mass: An Intrinsic Property

 A pan balance, shown in 

the figure, is a device for 

measuring mass

 The measurement does not 

depend on the strength of 

gravity

 Mass is a scalar quantity 

that describes an object’s 

inertia

 Mass describes the amount 

of matter in an object

 Mass is an intrinsic 

property of an object

Gravity: A Force

 Gravity is an attractive, 

long-range force between 

any two objects

 The figure shows two 

objects with masses m1 and 

m2 whose centers are 

separated by distance r

 Each object pulls on the 

other with a force:

 where G = 6.67 × 10−11 N m2/kg2 is the gravitational 

constant

Gravity: A Force

 The gravitational force 

between two human-sized 

objects is very small

 Only when one of the 

objects is planet-sized or 

larger does gravity become 

an important force

 For objects near the 

surface of the planet earth:

 where M and R are the mass and radius of the earth, and 

g = 9.80 m/s2

Gravity: A Force

 The magnitude of the gravitational force is FG = mg, where

All objects on the same planet, regardless of mass, have the 

same free-fall acceleration!

 The figure shows the free-body 

diagram of an object in free fall 

near the surface of a planet

 With Fnet = FG, Newton’s 

second law predicts the 

acceleration to be:
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Weight: A Measurement

 You weigh apples in the grocery 

store by placing them in a spring 

scale and stretching a spring

 The reading of the spring scale is 

the magnitude of Fsp

 We define the weight of an object 

as the reading Fsp of a calibrated 

spring scale on which the object is 

stationary

 Because Fsp is a force, weight is 

measured in newtons

Weight: A Measurement

 A bathroom scale uses 

compressed springs which push up

 When any spring scale measures 

an object at rest, Fnet = 0

 The upward spring force exactly 

balances the downward 

gravitational force of magnitude 

mg:

 Weight is defined as the magnitude of Fsp when the object is 

at rest relative to the stationary scale:

Weight: A Measurement

 The figure shows a man weighing 

himself in an accelerating elevator

 Looking at the free-body diagram, 

the y-component of Newton’s 

second law is:

 The man’s weight as he 

accelerates vertically is:

 You weigh more as an elevator 

accelerates upward!

Weightlessness

 The weight of an object which accelerates vertically is

 If an object is accelerating downwards with ay = −g, 
then w = 0

 An object in free fall has 
no weight!

 Astronauts in orbiting the 
earth are also weightless

 Does this mean that they 
are in free fall?

Astronauts are weightless as they 

orbit the earth.


