A
<%
£
S
-




rag torce o




Déag forces/
Drop object from rest and falling under influence of gravity
Magwitude of drag force=> | d = bu"
n __
mg — bv"” = ma,
this equation for acceleration
L n
a, =g —bv"/m

Ty

bon

mg

Qt>0

object and drag force increase so acceleration decreases

agwitude of drag force to approach foree of gravity 1
terminal speed U% = mg 2> Ur = (m g/b) "
/ Larger constant b smaller terminal spccal

Parachute ﬁ(esigw to maximize b so terminal speed s small






In the last lecture we have seen thae ...

Gravity is a phenomenon where things with mass are
brought toward each other. Newton described gravity
as a force:

One could ask why the Moon doesn'’t fall on Earth as an apple from the tree
The reason is that the Moon is never still

It constantly moves around us

Without the force of gravity from the Earth, it would just float away into space
This mix of velocity and distance from the Earth allows the Moon to always be in balance between fall and escape
If it was faster, it would escape; any slower and it would fall!
Moon is constantly accelerating towards the Earth

Orbiting is like falling without ever hitting the ground




Kinematics of uniform circular motion
Object moving in a circle at constant speed

experience uniform cireular motion
Magwitude of velocity remains constant

but velocity direction continuously changes

as ijco’c moves around circle

Aw object revolving in a civele is continuously accelerating

even whew speed remains constant



Kinematics of uniform circular motion
Vo — U1

Acceleration s defined as  a =

At

To make clear drawing constder a mon-zero time interval
— — —
AU 1 v 1 A (9)

pointing to center of circle

lim <:>Al<<1/\A0<<1:>171 H 272
At—0 e



Kinematics of uniform circular motion

a wmust too point to the center of the circle




Kinematics of uniform circular motion

Magwitude of velocity is not changing we can write
Av Al

N

v
This is an exact equality when At approaches zero

Let A\t approach zero and solve for Av
Av = — Al

r
To get the centripetal acceleration we divide by At

Av v Al

aR:Kt r At

Al LS Just the Linear speed
At 2
arRr — —
r



Kinematics of uniform circular motion

Acceleration Vector polnts towards center of circle

veLooi’ca vector always poiwts Ln direction of motion

—

Circular motion often described
in terms of frequency

.

number of revolutions per secondl

Period of object revolving tn circle
time required for one complete revolution = 1" = 1 / f

27T
T

For object revolving iw circle at constant speed vV =



A SATELLITE’S MOTION

A satellite moves at constant speed Ln a circular orbit
about center of Earth near surface of Earth.
If the magwnitude of its acceleration is g = 9.81 m/s= find
(a) its speed and
(b) time for one complete revolution

R@ — 6, 370 km




A SATELLITE’S MOTION

U2

:R—@:
= v =+1/gRg = 7.91 km/s

Uc g

27 R
T — ”v@ — 5,060 s

= &84.3 minutes
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MIOON’S Chk

Moow's nearly oiroular orbit about Garth has a radius af
about 324,000km. and a period T of 27.3 days.

Determine acoeleration of Moow towards Earth
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DYNAMICS OF UNIFORM CIRCULAR MOTION

According to Newton's second Law

object that is accelerating must have wet force acting on it

Object moving tn circle such as ball on end of string

~ -

——’

must therefore have force applied to it to keep it moving on that circle

Magwitude of force cawn be calculated

using Newton's second Law for radial component 9
(V)

E Fr = map = m—
r



DYNAMICS OF UNIFORM CIRCULAR MOTION

Cownstioler person swinging ball ot end of string arownd her head

— TS —
-~ ~
7~

S
// Force on ball N
/ exerted by
/ string

| Force on hand
| exerted by
\ string

(f you ever done this yourself
You know that you feel a force pulling outward on your hand

To keep ball moving on circle
you pull iwwardLH ow string and string exerts this force on ball

Ball exerts equal and opposite force on the string (Newtow's third Law)
and this is outward force your hand feels



DYNAMICS OF UNIFORM CIRCULAR MOTION

There is a common misconception that object moving in a cirele
has an outward force acting ow it: centrifugal ("center feeling") force

How DO YDU LIKE MY CENTRIFUGE,
MISTER BOND? WHEN ! ™HROW THIS
LEVER, YOU WiLL FEEL CENTRIFUGAL
FORCE CRUSH EVERY BONE IN
YOUR BODY.

/

K

YOU MEAN CENTRIPETAL FORCE.
THERE'S NO SUCH THING AS
CENTRIFUGAL FORCE.

A LAUGHABLE CLAIM, MISTER BOND PERPETUATED
BY OVERZEALOUS TEACHERS oF SQENCE-
SIMPLY CONSTRUCT NEWTON'S LAWS IN A ROTATING
SYSTEM AND YOU WILL SEE A CENTRIFUGAL FORCE
TERM APPEAR AS PLAIN As DAY

Ry

COME NOW, DO YOU REALLY EXPECT
ME To DO (0ORDINATE SUBSTITUTIDN
IN MY HEAD WHILE STRAPFED

T0 A CENTRIFUGE?

NO MISTER BOND.
| EXPECT YOU TO DIE-

\

n ; n  Noninertial observer

Fﬁclilious

(a) Inertial observer

Block of mass m connected to a string tied to
center of rotating turntable

(@) nertial observer claims that force causing
cireular motion Ls provided by force T exerted by
string on block

(b) Nowninertial observer claims that block is not
accelerating and therefore she tntroduces a
Tietitious toree of magwnitude mw/r that acts
outward and balances force T

There ts no outward force
ow revolving object




For convineing evidence that "centrifugal force" does not act on ball
> consider what happens when you Let go of the string
If a centrifugal force were acting the ball would fly outward
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7 N

/ \
/ DOESN'T \
/ HAPPEN

\
\ /
\ /
AN 7
NS —

\—_"//

Ball flies off tangentially in the direction of velocity it had
at moment it was released because inward force wo longer acts

— —
- <

Try it and see!




Spdrks fly in straight Lines tangentia from the edge of a rotating
grinding w




NONUNIFORM CIRCULAR MOTION

If an object is moving in a circular path but at varying speeds

Lt must have a tangential component to its acceleration as well as radial one
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REVOLVING BALL (VERTICAL CIRCLE)

A 0.15 Rg ball on the end of a 1 m long cord (of negligible mass)
ls swung Ln a vertical circle.

(a) Determine mintmum speed ball must have at top of its are so
that ball continues moving in a circle

(b) calculate tenston in cord at bottom of arc
assuwming ball Ls moving at twice speed of part (a)
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2t the top

2

(ZF) = mar = I, +mg:mv—
R r

The larger the velocity the larger the tension
For minimum speed = fr, =0

Ve = +/9r = 3.13 m/s

A&t the botfom
.2

(ZF) = ma, = Pr, —mg = 4m—
R r

2
Fr,=m (4—* —|—g> =734 N
/’/D



Highway Curves, sankod and ushanig

whew car goes around curve on flat road

mus L
t be net force towards center of circle of which curve is arc

that force Ls supplied by friction

\/

Force on car
(sum of friction forces

acting on each tire)

Tendency for
passenger to

[LLLHY w
g0 straight
L e = e

Force on
passenger



If frictional force is stw(:ﬁoiew’c
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HIGHWAY CURVES BANKED AND UNBANKED

As long as the tires do not slip » friction is static
If the tires do start to slip > friction is kinetic
which is bad in two ways:

1. The Rinetic frictional force is smaller thaw the static

2. Static frictional force points towards center of circle
but kinetic frictional force opposes direction of motion
making it very difficult to regain control of the car
and continue around the curve



Banking the curve cawn help keep cars from skidding

For every banked curve there is one speed
where the entire centripetal force
is supplied by horizontal component of the wormal force

and wo friction is required

This occurs whew .

U2

Fnsin 0 = m—
"




CENTRIFUGATION

These devices are used to sediment materials quickly or to separate materials

Test tubes are held itn centrifugal rotor
which s accelerated to very high rotational speeds

Force exerted

by liquid sSwall greew oot represents a small particle

(macromolecule) tn a fluid filled test tube

whewn tube is at position A and rotor is turning
particle has a tendency to move in a straight Line
tn dirvection of dashed arrow

But fluid that resists motion of these particles exerts a
centripetal force that keeps particles moving nearly

ln a cirele 5
Usually resistance of tube does not quite equal MU /r

and particles eventually reach bottom of tube

Purpose of a centrifuge is to provide anod effective gravity
much larger than normal gravity because of high rotational speeds
thus causing more rapia sedimentation



In 1992 a descendent probe containing tnstruments
went deep into the Jovian atmosphere of Jupiter
Fully assemble probed was tested at accelerations wp to 200 g
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ULTRACENTRIFUGE
The rotor of an ultracentrifuge rotates at 50,000 rpw.

The top of the 4cm long test tube is cem from the rotation axis
awnd is perpendicular to it.

The bottom of the tube Ls 10 em from the axis of rotation.
Calculate the centripetal acceleration in g at

(a) e tOp Forc;e e{xerted
(b) the bottom of the tube by liquid




At the top

2mr = 27 0.06 m = 0.377 m per revolution

It makes 5 x 10* such revolutions per minute
on dividing by 60 min/s = 833 rev/s

. : 1
Time to make 1 revolution = 7 =

- 833 rev/s

v="— =3.14 x 10° m/s
T
112
ap = — = 1.64 x 10° m/s* = 1.67 x 10° ¢
T
At the bottom
) r=0.1m
v = %T — 5.23 x 10% m/s

?}2

ap=—- =274 x 10° m/s® = 2.8 x 10° g



How long would a day be Lf the Barth were rotating so fast
that objects at the equator were apparently weightless?
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0 kmh —_ N\ North —__ \
> Pole Z
800 km/h
(500 mi/h) — \
~ T _/ \
5\
\
. New Orleans
N
1400 km/h W

(870 mi/mh) :
~L ..'/' \

1600 kmvh / \ GAIAPAGOS

(1000 mifh)~____ ISLANDS
TN \
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For an object to be apparently weightless
would mean that the object would have a centripetal acceleration equal to g

This is the same as asking what orbital period wouladl be for object orbiting Earth
with orbital radius equal to Earth radius

.N
'Go back to first question of todays class
Google Search | I'm Feeling Lucky

,U2

:R—@:
= v = +y/gRg = 7.91 km/s

Qe 9

2R
T ="7% _ 5 060 s
v

= &84.3 minutes



