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Chapter 8

Centripetal Force
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Chapter 8:

> Uniform Circular Motion: Sectiox 8.2
» Circular Orbits: Sectiox 8.3
» Reasoning about Circular Motion: Secziox 8.4
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Let’s recall circular motion (accelerations)

CenTripetal acceleration a,
always points toward the
center of the circle.

: : A L :
Finally, any object that isundergoing circular motion
experiences two accelerations: centripetal and tangential.

~

/ \Simph%

Let’s simplify “our life”

In uniform circular motion the speed is constant v,=const
so the tangential acceleration a,=0
But, the centripetal acceleration is not zero 2
a

_Vi

= const

(two servants of a king)

-

The tangential acceleration
causes the particle to
change speed.

S
I'he radral or LSI’I[I‘]pE[dl
acceleration causes the

particle to change direction.
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The best coordinate system

for a Uniform Circular Motion

/V\/hen describing circular motion, it is convenient / 4 \

to define a moving rt-coordinate system.

pointing in the ccw direction.

The origin moves along with a certain particle
\moving In a circular path., K /
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If there IS an acceleration, there must be a force
4 )

/ The figure shows a particle in uniform circular motion. \

If there is an centripetal (radial) acceleration, there must be a
radial force (called centripetal) according to N. 2" law.

EF,, = ma,

The net force points in the radial direction,
toward the center of the circle.

This centripetal force is not a new force. This can be
any one of the forces we have already encountered:
tension, gravity, normal force, friction, ...

o AN y
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v —velocity of the motorbike
R- radius of the circle

Normal force provides the centripetal acceleration
https://www.youtube.com/watch?v=9H4jUptw4Vk

~N

g cxerts an inward force (tension) on a E F — mar :>

hammer to make it move in a circle.

Tension provides the centripetal acceleration )

~N

Car going in a circle:

the road exerts an inward force (friction)
on a car to make it move in a circle. E F = mar =

Friction provides the centripetal acceleration j
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ConcepTest

A Ping-Pong ball is shot into a
circular tube that is lying flat
(horizontal) on a tabletop. When
the Ping-Pong ball leaves the

track, which path will it follow?

Once the ball leaves the tube, there is no longer
a force to keep it going in a circle. Therefore, it
simply continues in a straight line, as Newton’s

First Law requires!

What physical force provides the centripetal acceleration?




Example ‘%Loop the Loop 5

a) To make the loop-the-loop at a constant
speed, what minimum speed does the car need?

b) Find an apparent weight at the bottom.
. @) Daw a free body oliaprau:
T for a ear at Ha
N 2ud Law —far a radial alVeced be b

i 4
Z’L}':War 'E—Qr:%_}-"

N+ Mg:m%z @Hﬂfﬂ/ﬁ(ﬁ-&m(g)'[/

The en'tical speed pecury when we are read “‘g
to sturt 'ﬂa%‘@ ﬂ/-::'i't.u-..jr Le. ’fvs."ng contact w-":‘-g-éfm wa // (/‘V=0).

'eriu ™ V§ (3‘5-,(-# M'gj = Vg.r
_Fs”ﬂ‘
5) Apparect welplt -7 (e V-7)ay Ue botfous
2 h=Waq, = /V—mg =m-§—z aﬂa;”/v_—.;gg,fwgz//
77"“5, N> Wj’, Yoo woeld ,/fu,,/ }{Law:gr(fy'm:“faf bo acaog

whew Q persow Is 4 au .e[ewaﬁor)

http://phys23p.sl.psu.edu/phys anim/mech/
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ConcepTest Going n

You're on a Ferris wheel moving in a

vertical circle. When the Ferris wheel isat ~ A) N remains equal to mg
rest, the normal force N exerted by your B) N is smaller than mg
seat is equal to your weight mg. How C) N is larger than mg
does N change at the top of the Ferris

: - D) none of th V
wheel when you are in motion? ) none of the above

You are in circular motion, so there has to be a

centripetal force pointing inward. At the top, the
only two forces are mg (down) and N (up), so N

must be smaller than mg.

Where is N larger than mqg~

Bottom




ConcepTest Going in

A skier goes over a small round hill with A) Fc = N+mg
radius R. Because she is in circular
motion, there has to be a centripetal C) F. = T+N-mg
force. At the top of the hill, what is F. of D) F, = N

- ?
the skier equal to* E) F, = mg

F. points toward the center of
the circle (i.e., downward in
this case). The weight vector
points down and the normal
force (exerted by the hill)
points up. The magnitude of
the net force, therefore, is

= mg — N. What happens when the skier goes
into a small dip?




Example “(Car on a circular flat road 5

What is the maximum speed with which a 1200-kg car can round a turn of
radius 80 m ona flat road if the coefficient of static friction between tires and
road is 0.657 Is the result independent of the mass of the car? 2

® Tle radia/! force re?wh!d’ te fcuf:
flew cor Tu He ELJMJ{PQJI: s Euﬂpﬁaaf

by be force of Stabe fredion. Betwati
ble B¥es auol Hee road

T, The lox stadc fretion force |s

Kinetic friction

K Je=uFy _ﬁ Wawx
< PN

F

» Su s cape M itar would Ee ou averpe 8F Skiddiup.
Ratts Piuol Ha speec! corresponolivp bo ii‘s ceu#:'p-&'fn;i@fﬁz (f
Aud that weoerlol e Hao wax 5,:&30

@N. 20 faw 'I.‘.h éf.,p, C o fechoL
ZE=ma,. = LAy ’:._*5«
V.
50%‘- = u‘ﬂw s ' - =
i ot —?ﬂf%u =W”=Va¢5-es%-wﬂ =226 K
—_—

Jt's iuJeP,ena’gwf 64 He car’s Wass
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ConcepTest round the Carve e 'z

A) car’s engine is not strong enough to kee;; the
car from being pushed out

You drive your car too fast
around a curve and the car starts
to skid. What is the correct
description of this situation?

riction between tires and road is not strofit
enough to keep car in a circle

C) car is too heavy to make the turn
D) a deer caused you to skid

E) none of the above

The friction force between tires and road

o — 2 L
provides the centripetal force that keeps T —— MV
S
the car moving in a circle. If this force is R
too small, the car continues in a straight Force on car
(sum of friction forces
line! T acting on each tire)

o G ¢ Tendency for
i-‘ L] L passenger to
What could be done to the e | B SIRER

road or car to prevent skidding?
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Evamples. Banked curve

» But sometimes, friction force is not enough to keep a car
on a circular road.

» Banking the curve can help to keep cars from skidding.
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Banked Curves (solution)

Z =» 2F,=Ncosb —mg=0

r => 2F = NsinO = ma,

a,= v%/R

Nsin©® = mv2/R
NcosO = mg
Take a ratio

Independent of object mass !!! tan0 = v*/gR

r component of normal force provides the centripetal acceleration

http://phys23p.sl.psu.edu/phys anim/mech/car banked new.avi
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Evamptle: Conical pendulum

Y F,=T,-mg=0 (1)
______ Y F =T, =ma,
———————————————— . mv?
¢TI | T =T-Sind= - (2)

mg
r component of tension provides the centripetal acceleration
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