Chapter 8

Accelerated Circular
Motion

continued



8.3 Angular Variables and Tangential Variables

@ = angular velocity 1s the same at all radi
o = angular acceleration 1s the same at all radui

= tangential velocity 1s different at each radius
» = tangential acceleration 1s different at each radius

Direction 1s tangent to circle at that 6
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8.3 Angular Variables and Tangential Variables

Example: A Helicopter Blade

A helicopter blade has an angular speed of 6.50 rev/s and an
angular acceleration of 1.30 rev/s?.

For point 1 on the blade, find
the magnitude of (a) the

® /At
tangential speed and (b) the /K ./\ 1
tangential acceleration. L A |

2 3.00 m

6.70 m
Convert revolutions to radians

W= (6.50 rev/s)(27r rad/rev) =40.8 rad/s
o= (1.30 rev/sz)(2ﬂ: rad/rev) =8.17 rad/s2 T

Vr

or =(40.8rad/s)(3.00 m)=122m/s

or =(8.17rad/s”)(3.00m)=24.5m/s’ 1

dr



8.3 Rolling Motion

The tangential speed of a
point on the outer edge of
the tire is equal to the speed
of the car over the ground.

Linear velocity, v

V=V, =Q@r




Chapter 4.5

Force Generating
Uniform Circular
Motion



4.5 Centripetal Force

Newton’ s Second Law

When a net external force acts on an object
of mass m, the acceleration that results is
directly proportional to the net force and has
a magnitude that is inversely proportional to
the mass. The direction of the acceleration is
the same as the direction of the net force.

Vector Equations



4.5 Centripetal Force

Thus, in uniform circular motion there must be a net
force to produce the centripetal acceleration.

The centripetal force is the name given to the net force
required to keep an object moving on a circular path.

The direction of the centripetal force always points toward

the center of the circle and continually changes direction
as the object moves.

F = MNMa. = nNl— Magnitudes



4.5 Centripetal Force
Example: The Effect of Speed on Centripetal Force

The model airplane has a mass of 0.90 kg and moves at
constant speed on a circle that is parallel to the ground.

The path of the airplane and the guideline lie in the same
horizontal plane because the weight of the plane is balanced
by the lift generated by its wings. Find the tension in the 17 m

guideline for a speed of 19 m/s.
______ Tension vector
i “points inward!
2 K
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T:(O.9Okg)(19m/s)2 =19 N
17m

Scale records
tension



4.5 Centripetal Force
Example: The Effect of Speed on Centripetal Force

The model airplane has a mass of 0.90 kg and moves at
constant speed on a circle that is parallel to the ground.

The path of the airplane and the guideline lie in the same
horizontal plane because the weight of the plane is balanced
by the lift generated by its wings. Find the tension in the 17 m
guideline for a speed of 19 m/s.

Tension is the centripetal force necessary to maintain ﬁ,_“\v\'l\'epsiop vecto'r
airplane in the circle o pom\tf inward!
2 \
\ % engine keeps speeél up 7 )
T — F = m— wings keep it from L1‘al|ing “\q\_,
¢ VY b !I'A

T:(O.9Okg)(19m/s)2 =19 N
17m

Scale records
tension



4.5 Centripetal Force

Conceptual Example: A Trapeze Act

In a circus, a man hangs upside down from a trapeze, legs
bent over and arms downward, holding his partner. Is it harder
for the man to hold his partner when the partner hangs

straight down and is stationary or when the partner is swinging

through the straight-down position? o
Tension in arms

maintains circular motion
but also must counter the
gravitational force (weight)




4.5 Centripetal Force

Conceptual Example: A Trapeze Act

In a circus, a man hangs upside down from a trapeze, legs
bent over and arms downward, holding his partner. Is it harder
for the man to hold his partner when the partner hangs

straight down and is stationary or when the partner is swinging

through the straight-down position? o
Tension in arms

maintains circular motion
but also must counter the
gravitational force (weight)

F=+T-W=F T
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4.5 Banked Curves

On an unbanked curve, the static frictional force
provides the centripetal force.

Static
frictional
force



4.5 Banked Curves

On a frictionless banked curve, the centripetal force is the
horizontal component of the normal force. The vertical
component of the normal force balances the car’ s weight.
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Compression of the banked road provides the normal force. The
normal force pushes against the car to 1) support the weight and 2)
provides the centripetal force required for the car to move in a circle.



4.5 Banked Curves

- .
- . ‘\\

. V
FC = FN Sin @ = m7

Combining the two relationships can determine the speed necessary

(b)

F, cos@ =mg

to keep the car on the track with the given angle



4.5 Artificial Gravity
Example: Artificial Gravity
At what speed must the surface of a space station move

so that an astronaut experiences a normal force on the feet
equal to the weight on earth? The radius is 1700 m.

2
V p
FC=m7=mg -

V=4\Ig

= /(1700 m)(9.80m/s?)
=130 m/s




4.5 Vertical Circular Motion

Normal forces are created by stretching of the hoop.

2
y
V2 — mustbe > g
Fy;+mg = m—- 3] r
Ve to stay on the track
Fn3 llmg
m*l Fg ; Fxa \'m ,



8.3 Centripetal Acceleration with Tangential Acceleration
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Chapter 9

Gravitation

and
Circular Orbits



9.1 The Gravitational Force

Newton’s Law of Universal Gravitation

Every particle in the universe exerts an attractive force on every
other particle.

A particle is a piece of matter, small enough in size to be
regarded as a mathematical point.

The force that each exerts on the other is directed along the line
joining the particles.



9.1 The Gravitational Force

For two particles that have masses m, and m, and are
separated by a distance r, the force has a magnitude
given by

m1m2

F=G
r

G =6.673x10" N-m?*/kg’

m 1 F, F, m 2
+ —
ﬁ _

L r :

the same magnitude of force acts on each mass, no matter
what the values of the masses.



9.1 The Gravitational Force

n’ll F, F, m 2
+ ——
— D
L r :
F=G mlmz

I/'

= (6.67><10_11 N- mz/kg2 )(12 ngZS kg)

(1.2mY

=1.4x10° N



9.1 The Gravitational Force




9.1 The Gravitational Force

Reminder: Definition of Weight

The weight of an object on or above the earth is the
gravitational force that the earth exerts on the object.
The weight always acts downwards, toward the center
of the earth.

On or above another astronomical body, the weight is the
gravitational force exerted on the object by that body.

SI Unit of Weight: newton (N)



9.1 The Gravitational Force
Relation Between Mass and Weight

WEIGHT of mass m, is a force vector

Object of mass m

— mM
W =G——+, downward — T
r W I’
WEIGHT (magnitude) of mass m } distance to
M : center of the earth
_ — E |
W _ mgﬂ g _ G o) :
r |
|

Your WEIGHT T —

Your “weight” is the force that gravity
applies to your body.
But, what you feel is the normal force

of the floor pushing up on your feet 2> © €t =Me



9.1 The Gravitational Force

Near the earth’s surface

r=R.=638x 10® m| Radius of the earth

GME
g=0U—"~
RE

(5.97x10* ke

= (6.67x10™"' N -m?/ke?
(6:67x m'/ke )(6.37><106 m)2

~ 98] m/sz This is why acceleration due to gravity is
' this value on the earth.

Your WEIGHT on the earth

for example: m =80.0 kg,
W =mg W = mg =784 N



9.1 The Gravitational Force

Near the earth’s surface

In orbit at altitude = 200 km L 200 km

{r=R,
g=9..81 m/52 At radius of the earth
At 200 km above the earth
e r’=R_+200 km=6.37x10°+0.20x10° m
¢’ =920 m/s’| =6.57x10°m

GM
g =—>21=921m/s’
r

In low-earth orbit,
your weight is almost the same as on earth. NOT ZERO!



