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As the speed and the range increase to a

larger scale, the curvature of the earth
' becomes relevant and the ground begins
to “fall away” below the path of the ball.

I the initial speed is fast enough (~ 7,900 m/s)
the ball will never hit the ground, the projectile
motion completely circles the earth and the ball

ends up where it started. At this velocity the

\_/ ball is in orbital motion around the earth.

Once the ball is in orbit its speed is constant
and the only force acting on it is the
gravitational force (assuming no air resistance).
The gravitational force is perpendicular to the
velocity and changes its direction, but no force
is required for the ball to keep moving.




e Since an object in orbital motion is in projectile motion or free fall, and the only force acting on it is gravity, the

object has no apparent weight and it experiences “weightlessness”.

e Gravity is still acting on an object in orbital motion. For example, the International Space Station (ISS) is in orbit
around the earth at an altitude of about 400 km. At that distance from the earth, the acceleration due to gravity g
is still about 8.7 m/s2 or 89% of the acceleration due to gravity at the surface of the earth.

e An astronaut in the ISS orbiting the earth will feel like they're falling, because they are. It's the same thing as
being in an elevator that is in free fall where you appear to be weightless. The difference is that an object in
orbital motion is also moving sideways very fast, and the direction of the gravitational force keeps rotating.

Your apparent weight is the normal force supporting you from below, which is equal to the actual weight if
the net force and acceleration are zero
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F, — F, = m(0 m/s2) Fy = /84 N <+— weight

scale measures apparent
weight of the person
(normal force on person)

person: 5
m = 80 kg F, = Fy F, = 784 N <— apparent weight
F,= mg =784 N F,= 784 N

When you're in free fall and the only force acting on you is the gravitational force, you have no apparent
weight and you experience “weightlessness”, even if you have some velocity. This is the case for an
object in orbital motion.
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A small mass m in a circular

orbit around a large mass M




A small mass m is in an elliptical orbit around a large mass M

~ the large mass

respresents the sun et . the small mass
which is located at one "-. represents a planet

focus of the ellipse like the earth
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orbitis an ellipse .

.the other focus is
in empty space




A line connecting the two masses sweeps out equal areas in equal intervals of time

the speed increases
Y, as it gets closer to

+— the large mass

the speed is the fastest the speed is the slowest

at the closest point to at the farthest point
the large.mass g from the large mass

k;vmax JAN & WAY 5 Tvmin/

A=A=A

.--~ theline sweeps out an
" aline connecting/. area of space during

the two masses ) . an interval of time




The square of the orbital period is proportional
to the cube of the semi-major axis
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a
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Both masses are in elliptical orbits with the system'’s center of mass at one focus

M is much larger than m

system’s
center of mass

M is larger than m

system’s COMis at
one focus in each
elliptical orbit

m

M is the same as m




