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Section 4.1  Gravitational Force Near Earth
Learning Goal: By the end of today, I will be able to
identify the part the force of gravity plays in sky diving
and with objects on a ramp.

Winged Base Jumping  Yikes!

8:00 min

All of the fun stuff to do in the world is built on the knowledge of physics.

Which object is accelerating?
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Force of Air Resistance Factors
When an object has a larger crosssectional area, it experiences more air resistance.
Another factor that affects the force of air resistance is the speed of the object. Faster
moving objects experience more air resistance. Air resistance acts opposite to the
direction of motion of the object if there is no wind.

Big Area = Big Resistance
Faster Moving = Bigger Resistance

The Flight of the Skydiver
The skydiver jumps out of the plane and starts falling. The instant the
skydiver leaves the plane, her initial velocity in the vertical direction
is zero and she experiences very little air resistance.
As the skydiver continues to fall, her speed increases and she is now
accelerating. As the speed of the skydiver increases, the magnitude of
air resistance acting on her also increases .
During the time that the air resistance is increasing, the net force on
the skydiver is decreasing. This means that the acceleration of the
skydiver is decreasing. Eventually the magnitude of air resistance
becomes great enough that it equals the magnitude of the force of
gravity. At this moment, the skydiver is moving at constant speed.
The maximum constant speed reached by a falling object is called the
terminal speed.
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Net Force

t = 0 sec

Would the parachute open the instant she jumped out of the plane? Why or why not?

Why does the parachute open?

What happens after the parachute opens? (in physics terms please)

To slow down, the skydiver must increase the force of air resistance acting on her
body. To do this, the skydiver must increase her crosssectional area moving through the
air. As soon as the parachute opens, the upward force of air resistance is much greater in
magnitude than the downward force of gravity. So the skydiver begins to slow down
because the net force is directed upward while she is still falling downward. Since the
speed of the skydiver is decreasing, the force of air resistance acting on the skydiver also
decreases. Eventually the air resistance decreases to the point where its magnitude again
equals the force of gravity. Now the skydiver is moving at a much slower terminal speed
than before and she can land safely on the ground.
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The Difference between Mass and Weight
The terms “mass” and “weight” are used interchangeably in everyday language,
but these two words have different meanings. Mass is the quantity of matter in an
object. The only way to change the mass of an object is to either add or remove
matter. The mass of an object does not change due to location or changes in gravitational
field strength. The units of mass are kilograms, and mass is measured using
a balance.

Weight is a measure of the force of gravity, Fg, acting on an object. Since weight
and the force of gravity are the same quantity, the weight of an object depends on
location and the magnitude of Earth’s gravitational field strength at that location.
Weight is a vector, and its magnitude is measured in newtons with a spring scale or a
force sensor. When measuring weight with a force sensor or a spring scale, the object
must either be at rest or moving at a constant velocity while being supported by the
scale or sensor
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Gravitational Field Strength
A FORCE FIELD is a region of space surrounding an
object that can exert a force on other objects; the field
exerts a force only on objects placed within that region
that are able to interact with that force.
The GRAVITATIONAL FIELD STRENGTH is the force,
per kilogram of mass, acting on an object within a
gravitational field. The gravitational field strength is a
vector quantity because it has a direction. The gravitational
field strength due to Earth always points toward Earth’s
centre. Gravitational field strength has units of newtons
per kilogram. At Earth’s surface, the gravitational field
strength is 9.8 N/kg [down].

At the top of Mount Everest at an altitude of
8848 m above sea level, the magnitude of the
gravitational field strength is 9.7647 N/kg.

Force of Gravity Around the World
Since Earth is not a perfect sphere, the magnitude of the gravitational field strength at Earth’s
surface varies according to the geographic location of the object.

Earth bulges out slightly at the equator due to the rotation of the planet. At the poles, an object at
sea level is 21 km closer to Earth’s centre than if it were at sea level at the equator. This means that
the magnitude of the gravitational field strength is slightly greater at the poles than at the equator.
The magnitude of the gravitational field strength gradually increases with latitude as you travel
from the equator toward either pole.
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A Cart on an Incline  Free Body Diagram
A 5kg cart is on an incline plane at an angle of 25o.
We can ignore friction for this example.
What is the normal force acting on the cart?

What is the acceleration of the cart?

25o

Bathroom Scale Problem
A 60.0 kg person is standing on a bathroom scale calibrated in
newtons. A friend pushes down on the person with a force of
72.0 N. What is the reading on the scale?
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