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» Uniform Circular Motion: Seczox 5.2
» Circular Orbits: Section §.5
» Reasoning about Circular Motion: Seczox §.4
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r ConcepTest

A) The magnitude of the mosquito’s acceleration is

A mosquito runs head-on aLger than that of the truck.

into a truck. Which is B) The magnitude of the truck’s acceleration is
true during the collision? larger than that of the mosquito.

C) The magnitude of the mosquito’s acceleration is
the same as that of the truck.

D) The truck accelerates but the mosquito does not.

E) The mosquito accelerates but the truck does not.

Newton’s 2nd law:
Newton’s 3rd law: Same for both
_F—
e Huge

—
difference

Don’t confuse cause and effect! The same force can have very different effects.

The same idea can be applied to an interaction of an apple and the Earth in the slide
at the end of the presentation. But you don’t have to read it. Only if you want.




Tension In a rope

(Read this proof if you want)
/ If a flexible cord pulls an object, the cord is said to be under

TENSION
Let’s assume that the cord is a described object and apply N 2" Jaw

zﬁ=mc—i =) TZ_Tl :-'7@:0‘

Often in problems the mass of the string or rope is much
less than the masses of the objects that it connects. m=0

massless string approximationi

If we apply a force to one end of the cord, the same force will be on the other end
For problems in this book, you can assume that any strings or ropes are
massless unless it explicitly states otherwise.
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wo Buckeld
- Exvample )"V’; ls%

-
Exvample. Two Buckets To
One 1.0-kg paint bucket is hanging by a massless cord from another 2.0-kg paint -{f——-_"\'
bucket, also hanging by a massless cord, as shown in the figure. & ____:j W=
If the two buckets are pulled upward with an acceleration of 2.0 m/s” by the / " ﬂg’
upper cord, calculate the tension in each cord. __,, __il
Q ng T, —
Vel ;= 2. Osp, m,,r-f.pg;; a=2.0 “Js~ 4
Letrs appé:{ V-2 bow for each Gucket: ‘.:;:__“__% Wy = ,%
{ ) *'
m _.-"’-h- b e
e JF, =m0 =T, WG =0 = 7, = #,(a<5)

W= 2 F =ma= @'—@_ﬁw,j:m,& "

3
»

Iz = 4+ 9 .fy;"’:m,[ag)fm,_mfg)
7;_ o [ﬂf;-f#f;_)[ﬂfg) =(Zﬂ%}o-mago)-(2ﬂ“7§1+¢?.£ ‘759: Si:v
7, = Walaeg) = L Csp (207K < 0.8 *%2)= (BN
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The best coordinate system

for a Uniform Circular Motion
/Whe“ describing circular motion, it is convm /
to define a moving rt-coordinate system.

l) p 0|ntsfromthe partlcle -

itial) is tangent to the circle,
pointing in the ccw direction. —

The origin “moves” along with a certain
Qrticle moving in a circular path. / \ /
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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"¢ Jaw.

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, ...

= AN y
PHYS.1410 Lecture 10 4. Dauylos %




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.

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

2
» o )

emo daccesd A/-fmg_mg @qu___l/mg,(/v_,.mg)[/

Deme fadl The en'tienl s};,q;/ pecury when we are read "“g

to sturt fué‘fﬁ; afow:-..f ie. fvs;'ng econtact wa't-ir the wall (V=0).
qrm:'u - V§ (sl(-t M’g) = ‘fgr
.-s”"'“‘
5) Apparect weipld -7 (e V-7)ay Ue botfous
2 h=Waq, = /V—mg =m-§—z aﬂa;”/v_—.;gg,fwgz//
Thus, A > Mg, You would feo] heavier(Huitar to acas

whew Q persow Is 4 au .e[ewaﬁor)

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

You're on a Ferris wheel moving in a
vertical circle. When the Ferris wheel is at
rest, the normal force N exerted by your
seat is equal to your weight mg. How does
N change at the top of the Ferris wheel

when you are in motion?

C) N is larger than mg

D) 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




Example ‘VCar 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!a’ te fcufa
flew cor Tu He mm::’{pa«‘é s s—'uﬂpﬁaaf

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
* PNyl

F

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

®N.2ud law 14 He vl rechoL
SR =ma, > fH*_4 ’:._*5«
’]j-l
s.m_ - ey - | F E
i "7"’%@; =W”=Vﬁb£—%%-£@ =226 %
—_—

Jt's iuJeP,eL:a’gwf 64 He car’s Wass
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ConcepTest

A skier goes over a small round hill
with radius R. Because she is in
circular motion, there has to be a
centripetal force. At the top of the
hill, what is F, of the skier equal to?

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
F. = mg-N.

(s

What happens when the skier goes
into a small dip?
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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?



