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brought to you by the letters GRAVITATION
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You've continning to Ao gveat!

MasteringPhysics
okay?

Stay up to date!
| sure hope you're keeping up

It's all here: http://www.chipbrock.org/lectures/
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Thursday, January 31

| don't want you to walk here in subzero temperatures

BUT: there are readings! Keep up!

We'll meet again next Tuesday

It will be okay...Lessons 10, 11, and 12 all hang together



this week:

9. gravitation

10. electric charge and magnetism
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this changed everything

R
“on | Aue to 2’ “on 2 Aue to |”
Fi2 Fo g .
F10=—F5
mi mpo

Fio| = |Foq|=F

Mo

F=G—0

G = 6.67300 x 10-11 m3 kg1 52



this changed everything

“ow | Aue +o 2 ‘o 2 Aue to |

G =6.67300 x 10-11 m3 kg-1 s-2
“Gravitational Constant”
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we define PE =0 at
R=00
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E it starts to accelerate

KE + PE = constant
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FA,SZG

S0, ET=0
when KE=0

Where is PE=0? not so obvious

. 4
KFE + PE = constant & ‘/ "
' Where is KE=0? whenv=0

we define PE =0 at
R=00

nudge it a smidgen toward the Sun...

T it starts to accelerate
KFE + PE = constant
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Energy is conserved
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answer, defend

- ks total enevgy is |0

Energy is conserved

KE + PE = constant

- tts potential enevgy is -| 0

we define PE =0 at
R =00

C s potential enevgy is +10

The kinetic energy of
the apple at o midpoint

- com’t know that

from nfinity to the sum
s 10. At Hhat point:

11



answer, defend

B A mbinity

Apple starts at rest at infinity
and let go. C

The ewnevgetics at R = 00
weve best vepresented -

AS:

12
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B A infiwity

Apple starts at rest at infinity.

Kat point A=3

The evnevgetics at A
ave best
vepresentead as:
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Given a Kand a U, what best represents the total energy, E1?
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answer, defend

If the total energy = 0 and the PE is as shown, what KE is
appropriate?

Er=0

15



answer, defend

What is K at point A?

U(R)

Er(A) = -5
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What is K at point B?
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What is K at point B?
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7 K = 1/2mfu2 so, it cannot be negative

K(R)+U(R) = Erp

10 K(A)+—5= -5
: K(A)=-5+5=0
R

—5 / ET(A) = -9
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wait.

7 K = 1/2mfu2 so, it cannot be negative

K(R)+U(R) = Erp
10 K(A)+—5= -5
K(A)=-5+5=0

5
-
— Er(A) =-5
A
—10

K(C)+ —-10= -5
U(R) K(C)=-5+4+10=5

Al



wait.

o) K = ]_/2m1)2 so, it cannot be negative

K(R)4+U(R) = Ep
10 K(A)+—5= -5
feR K(A)=-5+5=0
* Stops and turns around...
cannot "escape'" Earth

Er(A) =-5

K(C)+ —10 = —5
U(R) K(C)=-5+10=75

Al



wait.

U(E)

In order to escape Earth's pull
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In order to escape Earth's pull

walt. total energy must be >0 for all R
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In order to escape the Earth’s gravity

The kinetic energy of a rocket must be enough so that Et
IS always positive

23



Escape Velocity.

X

—U (6370 km) |---------------- E

. K = +U(6370 km)

' Rp = 6370 km)

U(Earth surface)

In order to escape Earth’s pull

balance the potential energy at the
Earth’s surface
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In order to escape Earth’s pull

balance the potential energy at the
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# our first “pencils out” experience.
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Newton had 3 issues:

1. "Action at a distance”

2. Stability of the Universe

3. Absolute Space and Time

20



1. Action at a Distance
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1. Action at a Distance

Old...Deduction...
would demand:

Step 1: what
mechanism is gravity?

Step 2: derive the rule
Step 3: test the rule

27
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1. Action at a Distance

Old...Deduction...
would demand:

s
‘.k\-.‘ k.

o€ 3: test the Tae

New(ton):

If it works, go with it
for a while

must be something right
about it!

probably “part of the
truth”

“Action at a distance...”
instantaneous
made everyone uncomfortable!

“It is inconceivable that inanimate brute matter should, without the

mediation of something else which is not material,

operate upon and affect other matter Without mutual contact...
that one body may act upon another at a distance through a vacuum,

without the mediation of anything else... is to me SO great an

absurdity that I believe no man who has in philosophical matters a
competent faculty of thinking can ever fall into it.”

27



1. Action at a Distance

Old...Deduction...
would demand:
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€D 3: test the ™

New(ton):

If it works, go with it
for a while

must be something right
about it!

probably “part of the
truth”

“Action at a distance...”
instantaneous
made everyone uncomfortable!

“It is inconceivable that inanimate brute matter should, without the

mediation of something else which is not material,

operate upon and affect other matter Without mutual contact...
that one body may act upon another at a distance through a vacuum,

without the mediation of anything else... is to me SO great an

absurdity that I believe no man who has in philosophical matters a
competent faculty of thinking can ever fall into it.”

BUT:
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IT WORKS

“I feign no hypotheses.”

hypotheses non fingo
At this moment, physics becomes possible.

"How" more important than "Why."

28



2. Stability of the Universe

He had a cosmology

of sorts

29



Major conclusion:

The universe must be infinite and static.

1
R?

30



Major conclusion:

The universe must be infinite and static.

1
R?

30



Major conclusion:

The universe must be infinite and static.

1
R?

30



Major conclusion:

The universe must be infinite and static.

1
R?

30



///'

Major conclu

sion:




The universe must be infinite and static.
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Major conclusion:

Theé universe must be infinite and static.

1
R2




he worried about this:

31



he worried about this:

it all seems very unstable

31



he worried about this:

it all seems very unstable

the basis of a famous correspondence that
he had with a Rev Richard Bentley, 1692
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he worried about this:

it all seems very unstable

the basis of a famous correspondence that
he had with a Rev Richard Bentley, 1692

Newton basically concludes:

31



3. Absolute Space

what is Space?

Old question.

space is an accounting scheme—what separates things

without objects...no space: Greeks, Leibniz

32



conundrums 1687
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conundrums 1687

velocity seems ..."relative”
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conundrums 1687

velocity seems ..."relative”

you detect steady velocity only by comparison with
other objects

and no particular velocity is special

acceleration?
notsomuch.
you detect changes in velocity...sort of innately

as if there's a special reference for comparison

33
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The only things in the Universe: You, a rope, a weight, and a knife

How can you tell if you are moving at a constant velocity or at rest?

e
How can you tell if you are rotati_nhmd the center, ie accelerating?

cut th%pe!

If you fly away from the m'ass, you were rotating.
If not, you weren't.

Why? Because of your inertia - what gives you that?

Absolute Space, said Newton



for Newton
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for Newton

Space is a Thing.

An infinitely big thing.

accelerating with respect to Absolute Space
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for Newton

Space is a Thing.

An infinitely big thing.

accelerating with respect to Absolute Space

All motion?

35



3. Absolute Space and Time

are absolute

a universal coordinate system

““““ WD
22'2(3'2/4'25' 2

o]

a universal clock



follow-on to Newton

Impact changed western civilization
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Newton’s telescope design

many solar-system discoveries

original 6 objects: Mercury, Venus, Earth, Moon, Mars, Jupiter, Saturn
17th century: 4 Jupiter moons, 5 Saturn moons

18th century: Uranus, 2 Uranus moons, 2 more Saturn moons

19th century: Neptune, 1 Neptune moon, 2 more Saturn moons, 2 Mars
moons, 1 Jupiter moon

20th century: 12 more Jupiter moons, 7 Neptune moons, Pluto, 12 more
Saturn moons, 16 Uranus moons

21st century: 35 more Saturn moons, 35 more Jupiter moons, 7 more
Neptune moons, 4 Pluto moons, 7 more Uranus moons, plus a brand new
planet (last week)?

+>2000 exoplanets

38
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predictions and confirmations galore

Resistive media

tides (moon and earth)
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predictions and confirmations galore

Resistive media
tides (moon and earth)

oblateness of the earth (if it rotates)
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Resistive media
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oblateness of the earth (if it rotates)
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Resistive media

tides (moon and earth) WISWBOWHO#WQO_E

oblateness of the earth (if it rotates)
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Resistive media
tides (moon and earth)
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method to determine the path of a comet with 3
measurements
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Calculating Uranus’
orbit due to the
biggest masses
around...? nope
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Mercury's orbitis weird
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Mercury's orbitis weird

Vulcan?
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There's only been one other person in the history of
physics as revolutionary as Isaac Newton
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one manipulation using Gravitation...and our project

T-shivt equation: F 1 72 — m]_ a
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any gravitationally-bound object

say a satellite (S) orbiting the earth (E)

Fsgp=G
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Force on satellite due to earth:

Me M
Fsg=G 225
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R

as the speed goes up,
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mceveases
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now go back to yesteryear of NASA

BASED ON THE UNTOLD TRUE STORY

MEET THE WOMEN YOU DO
BEHIND THE MISSION Y/

DOCKING!

GeminiV
June 1965
James McDivitt and Ed White
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https://en.wikipedia.org/wiki/James_McDivitt
https://en.wikipedia.org/wiki/Ed_White_(astronaut)

quiz
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docking...strange: "Hohmann Transfer'": 2 days

@ QuickTime Player File Edit View Window Help YEN @D T 3w c. MO O 7 20 (@R # = o) [® WedFeb1 4:45:07 PM chipbrock Q
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nhow one of the 2 biggest problems in all of physics
and astronomy

50



Andromeda Galaxy, aka M31



something is terribly wrong
with stellar and galactic motions

Comar cluster of galaxies
Fvitz Zwicky, 1933
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something’s there : . : o m  wew
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It's darker than you think
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something is out there

it doesn’t shine
visible light, X-rays, Infrared, UV...nothing.
SO it's not regular atoms

But. It gravitates.
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silver bullet(s)

Bullet Cluster

Simulation...

hitps://www.youtuve.com/watchiv=vLx__ TXWKTXbs
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composite
image from
Hubble Space
Telescope and
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X-ray
Observatory

simulation-inspired artistic view
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of dark matter required



https://www.youtube.com/watch?v=mRtGUCLjQ3w
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https://www.youtube.com/watch?v=mRtGUCLjQ3w

if it's not a particle

then, we're completely lost

58
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a mantra



a mantra

which you'll learn to repeat:



a mantra

"If there's a field, there's a particle”



a mantra

"If there's a particle, then there's a field”



a mantra



a mantra

or we don’t know anything about quantum mechanics!



a mantra

or we don’t know anything about quantum mechanics!

So there must be little Dark Matter particles:
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hypothetical

Dark Matter

=:-0

? - but perhaps 30% of the universe
?

something entirely new
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