Announcements

CAPA homework 3 due on Thursday Sept 20 at 10 AM
Please register your iclicker through LON-CAPA

+ if you want to receive credit

+ only a few of you have not

o firsticlicker question today: note: if | see anyone with two
iclickers, | will take both of them

Help room hours (1248 BPS)

+ lan La Valley(TA)

+ Mon 4-6 PM (except not Monday Sept 17)
o Tues 12-3 PM

o Wed 6-9 PM

¢ Fri 10 AM-noon

First exam Tuesday Oct. 2 10:20 AM this room

+ Yyou may bring 1 sheet of hand-written notes; no xeroxing

Final Exam Tuesday Dec 11 7:45-9:45 AM



Vertical and horizontal motions

® \When both vertical and horizontal motions are present,
they can be treated completely independently

® For example, below is shown a ball rolling off of a table
with a constant horizontal velocity

® The constant horizontal velocity continues (ignoring any

air resistance) while there is a vertical acceleration due
to gravity




He has the choice of rowing in

LON-CAPA problem

® Ariveris to be crossed by a
boy using a row boat

directions A,B, C, D,...; in any
direction, he rows at a

constant speed with respect to
the water

So this is a vector addition

problem
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® \Vhat direction should
he row to cross the
river in the shortest
time?



LON-CAPA problem

A river is to be crossed by a _ _
boy using a row boat ® \What direction should

He has the choice of rowing in he row to cross the

d!rect!ons AB, C,D,...;inany river in the shortest
direction, he rows at a

constant speed with respect to time?

the water y ® C, because this gives
® So this is a vector addition him the maximum
problem
RoWing Sgeed speed transverse to
aols L T ] the river
B A= ol _
N {;__,/,____,____.* ~| @ In this case, he
%’Z____ : doesn’t care where
e e e S :
Rivier \felokity N~ | he ends up (carried
TN, downstream by the
current)




LON-CAPA problem

® Ariveris to be crossed by a _
boy using a row boat ® |f he rows with

® He has the choice of rowing in velocity in the

directions A,B, C, D,...; in any : -
direction, he rows at a direction of C, where

constant speed with respect to does he end up?

the water
. . ® Add two vectors
® So this is a vector addition
problem
Rowing Speed
Direction of K
Boart ,//_,, 3
U "/ /_,...ar H B
t =T |. F
S:Hﬂ“ﬂ-} J >
Rivier elocity N, | C
< \
\ 0




Back to projectile motion

® How fast is the ball
thrown?

® How would you
approach the
problem?




® How fast is the ball
thrown?

® How would you approac
the problem?

® Separate into horizontal

and vertical motions

® How long does it take for
the ball to drop 5 m?

® During that time it has
travelled 20 m
horizontally



® How fast is the ball
thrown?

® How would you approac
the problem?

® Separate into horizontal
and vertical motions

® How long does it take
for the ball to drop 5
m?

® During that time it has

travelled 20 m
horizontally
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® How fast is the ball
thrown?

® How would you approac
the problem?

® Separate into horizontal _ /"

and vertical motions

® How long does it take for
the ball to drop 5 m? X=Xx,+Vt

® During that time it has 20m = v (1.01s)
tra\{elled 20 m V* =19.8/m /s
horizontally o




Satellites

What happens as you throw
the ball harder and harder?

It goes farther before it hits
the Earth’s surface

The Earth’s surface falls off
about 5 m every 8000 m

If you can throw a ball hard
enough so that it travels 8000
m in the 1 second it takes to
fall 5 m, then it will keep on
falling around the surface of
the Earth

¢ 8km/s

¢ o0r 29,000 km/hour

+ orbital velocity




Orbits

Earth orbits

center-to-center altitude above
speed Orbital period !

orbit
distance the Earth's surface
7.89 km/s (17,650 mph) —

Low Earth orbit 6,600 to 8,400 km 200 to 2,000 km cnr‘cu‘Iar ort?lt: 7.8t0 6.9 km/s (17,459 mph to 15,430 mph) respectively 89 to 128 min
elliptic orbit: 8.2 to 6.5 km/s respectively

Earth's surface (for comparison) 6,400 km 0 km

Molniya orbit 6,900 to 46,300 km 500 to 39,900 km 10.0 to 1.5 km/s (22,370 mph to 3,335 mph) respectively 11 h 58 min
23 h 56 min

27.3 days

GEO 42,000 km 35,786 km 3.1 km/s (6,935 mph)
Orbit of the Moon 363,000 to 406,000 km |357,000 to 399,000 km 1.08 to 0.97 km/s (2,416 to 2,170 mph) respectively

Seale: 1 Pixel =10 Km /6.2 mi Orbital Altitudes of many significant satellites of earth

- Self Propelled Jet Aircraft Fiight Ceiling (Record Set in 1977).

215 km / 133.6 mi - Sputnik-1 The first artificial sateliite of earth.

340 km / 211.3 mi - International Space Station.

390 km / 242.3 mi - Former Russian Space Station MIR.

595 km / 369.7 mi - Hubble Space Telescope. 35,786 km

ynchronous (GEO) and Geostationary (GSO) Satellites

[700 - 1700 k) - Polar Orbiting Satelites. Geosynchronous satellites orbit the Earth at the same rate that the

{435 - 1056 mi] 20,350 km Earth rotates. Thus they remain stationary over a single line of longitude.
GPS (Global Positioning System) Satelltes A geostationary satellite ain in a fixed location as observed
These Satellites are on a Semi-synchronous Orbit (SSO) fromthe sarts suece, slowing  satelile dbhfo.be.atigned o them,

meaning that they orbit the earth in exactly 12 hours (twice per day). :‘P‘E’f“’;;:?;‘a' e e MEOSnd

HEO Zone

LEO Zone
(High Earth Orbit)

(Low Earth
Orbit)

MEO Zone
(Medium Earth Orbit)

2000 Km / 1243.7 mi

600 - 800 km / 372.8 - 497.1 mi - Sun-synchronous Satellites
These satellites orbit the Earth in near exact polar orbits north to south

They cross the equator multiple times per day and each time they are at the same angle
with respect to the sun. Satelltes on these types of orbits are particularly useful

for capturing images of the Earth's surface or images of the sun.

- . JE——
Scale: 1 Pixel = 100 Km / 62.1 mi 20000 Km / 12437 4 mi 384,000 km
The Moon

®

MEO Zone HEO Zone
(Medium Earth Orbit) (High Earth Orbit)

rth Orbit)




Orbits

Earth orbits
orbit center-to-center altitude above spoed Orbital period|:
distance the Earth's surface
Earth's surface (for comparison) 6,400 km 0 km 7.89 km/s (17,650 mph) —

Low Earth orbit

Molniya orbit
GEO
Orbit of the Moon

circular orbit: 7.8 to 6.9 km/s (17,450 mph to 15,430 mph) respectively 89 to 128 min

6,600 to 8,400 km 200 to 2,000 km - ) )
elliptic orbit: 8.2 to 6.5 km/s respectively

6,900 to 46,300 km 500 to 39,900 km 10.0 to 1.5 km/s (22,370 mph to 3,335 mph) respectively 11 h 58 min
42,000 km 35,786 km 3.1 km/s (6,935 mph) 23 h 56 min
363,000 to 406,000 km|357,000 to 399,000 km 1.08 to 0.97 km/s (2,416 to 2,170 mph) respectively 27.3 days
Kepler’s 3 l[aw period radius
The square of the period of the orbit of a l ) &3
planet (or moon) is proportional to the / P \ da

cube of the radius (semi-major axis), and Al =
is inversely proportional to the mass of the \2‘75/ GMM
object around which it is orbiting. Earth



Clicker question

® Aplanetis discoveredin  3) 1 year
another solar system

which has the same b) 2 years
diameter for its orbit c) Y2 year
around its star as the d) Vi year

Earth does around the
Sun. Their star, however, €) not enough

has a mass of four times information to
that of our Sun. How long determine
does it take this new

planet to travel around its

star?



Clicker question

® Aplanetis discoveredin  3) 1 year
another solar system

which has the same b) 2 years
diameter for its orbit c) 'z year
around its star as the d) Vi year

Earth does around the

Sun. Their star, however, €) nhot enough
has a mass of four times information to
that of our Sun. How long determine
does it take this new

planet to travel around its

star?



Extrasolar planets

® To date, over 660 of
them have been

discovered
® Most are Jupiter-size e
are Iar er A,,.fl' ,";', “'", ' ' ','-"- : ‘, 09r:'l1ari\het
J : 3 ,,,0?'4( Neighbﬂorhtoog

o they're the easiest {0 =g Sun- “Most ofhe plan
s R T ol e
o within about 300

discover N
% v light.years from

® Some appear to be
Earth-size

® And some are the
right distance from
their star to support
life




'Shoot the monkey’

We said that the vertical and
horizontal motions for projectiles
were independent

Neglecting air resistance, there is

an acceleration only in the vertical

direction (due to gravity) and it is
the same regardless of whether
there is horizontal motion or not

Suppose a hunter is aiming at a
monkey hanging in a tree

The monkey lets go at the same
instant that the hunter pulls the
trigger

Does the monkey get hit?

Yes, if the initial aim is correct,
because the monkey and the
bullet have the same acceleration

Figure 4.5: Shoot the “"'monkey": an illustration o
motion in two dimensions.
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...no actual monkeys will be harmed in
this demonstration



Newtonian worldview

During the 16" and 17t centuries, the
new sun-centered astronomy and
inertial physics ushered in a new
philosophical view

+ Newtonian worldview

Pre-Newtonian worldview combined
medieval Christianity, the Earth-
centered astronomy of the Greeks
and Aristotle’s physics

Newtonian worldview swept away the
notion that the Earth is special

+ not by chance that the stirrings of
religious and political freedom
began at this time

The universe is a finely-tuned clock,
whose operating principles are the
laws of nature and whose parts are
atoms

+ this means that the universe is
predictable; with Newton’s laws

and enough information you can
predict future behaviors

® Published in 1687, detailing his laws
of motion, the universal law of
gravitation and much more

® Made possible a quantitative
understanding of the universe
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Momentum and energy

This tanker has a large momentum,
mostly because of m.

® Momentum = inertia in
motion or, more
specifically, the product
of the mass of an object
and its velocity

¢ momentum = mass X
velocity

—> —>
¢ Pp=mv .
_ This car had a large momentum, mostly
+ most of the time, because of v.

we’re not concerned
with the direction of
the motion, so we can
write p=mv




Impulse

® [f the momentum of an ® The length of time that a
object changes, then force is applied is
either the mass changes, important
the velocity changes or + aforce applied for a
both change longer time creates a
® [f it's the velocity that larger change of
changes, then the object momentum
experiences an ® \We call the product of

acceleration

® That acceleration must
be caused by an external
force

the force and the

length of time of the

Interaction, the

Impulse

¢ impulse= force X
time=Ft



Impulse

® Impulse = Ft
® but

F =ma= m£
At
® Rearrange ® The impulse, or product
F_Av of force and time equals
o A'd ol rite as the change in momentum
FAt = mAv

Ft=A(mv)=Ap

® Since the force may
change with time in the
iInteractions we're
considering, we'll let F
stand for the average
force




Impulse

You have to bring your car to
a stop

You have a choice of running
iInto a haystack or running into
a wall

You choose the haystack
even though the change in
momentum, the impulse, is
the same in both cases

By increasing the interaction
time, you can decrease the
average force, even though
Ap is the same for both
circumstances




Interaction time

® Boxers and bungee
jumpers know the
same physics lesson

® [ncrease the

Interaction time to
lessen the force

® \Whereas karate
experts know to try to
decrease the
Interaction time to
have the greatest
effect




Conservation of momentum

Let’'s consider the rifle firing a
bullet

Only an impulse external to
the system can change the
total momentum of a system

So the total momentum of the
rifle + bullet system is

conserved Y ——
So the momentum of the W)y = 0mls
bullet equals the recaoill @/Syswm
momentum of the rifle mg
¢ Mv=mV (v, ) = 0m/s
T X
Since M>>m,V>>v After. 0

But P ige=Ppuiet W v ) = 500 o
) fx’B



Conservation of momentum

® \What is the final velocity

of the rifle?

_ *
® Miine Viie=Mpullet Vbullet

® Vrlfle (Mbuiet” Voutiet) Mrifle
Vine=(0.01kg*500m/s)/
3 Okg

=1.67 m/s
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Conservation laws

® A conservation law specifies that certain quantities in a
system remain precisely constant, regardless of what

changes may occur within the system
® Momentum is unchanged, i.e. is conserved
® Energy is also conserved as is

+ mass (although we’ll see the connection between
mass and energy when we discuss relativity)

¢ angular momentum
¢ electric charge

+ some subatomic properties that we’ll study later in
the course



Einstein’s Big Idea

The story behind the world's most famous equation, E=mc?

< 'ElN@TElN}S BIG IDEA

i ®

® Nova program about the story of E=02

® But they go back to the origins of our
modern understanding about energy
including discussions of scientists like
Michael Faraday, Antoine Lavoisier and
Emilie du Chatelet



Conservation of mass

® Energy is conserved

® |avoisier, along with his
wife, proved that mass
was conserved in
chemical reactions

® “Einstein’s Big ldea”
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