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Newton’s Apple and Newton’s Bucket 

NEWTON’S APPLE and NEWTON’S BUCKET

· You have no doubt heard the story about how Isaac Newton (1643 to 1727) may have gotten the idea for his Universal Law of Gravitation from an apple falling on his head. But have you heard this one. It’s true. Newton proposed a very simple experiment with a bucket of water that has started an argument that went on for over 300 years is still going on. It goes like this.

· Newton’s Bucket Experiment.

· Tie one end of a rope to a bucket’s handle.

· Tie the other end to a permanent fixture overhead.

· Wind up the bucket by rotating it.

· Partially fill a bucket with water.

· Let it go.

********************************************************************
Underline.
- the first mention of the apple and the first mention of the bucket        - what is in the bucket

what the upper end of the rope is tied to

OBSERVATIONS and ANALYSIS
· What are some OBSERVATIONS in Newton’s Bucket Experiment?
1. First, the bucket turns faster than the water and the surface is flat.

2. Second, the water catches up to the bucket and the surface is curved inwards.

· What is the ANALYSIS in Newton’s Bucket Experiment so far?

1. As the bucket turns faster than the water, this means that there 
is relative motion between the bucket and the water – and the water is flat.

2. As the water catches up to the bucket, this means that there 
isn’t relative motion between the bucket and the water – and the water is curved.

3. Therefore, perhaps this means that relative motion causes flatness and no relative motion causes curves. 

· But this sounds wrong, doesn’t it? How could relative motion have flat water – just like water that has not moved at all? And how could no relative motion make curves – like things that accelerate faster and faster and go in curves?

********************************************************************
Underline:
- two shapes of the surface of the water
 - the keywords in the 3 parts of the ANALYSIS
OBSERVATIONS and ANALYSIS (continued)
· Continue making one more OBSERVATION of Newton’s Bucket Experiment?
1. As the bucket stops unwinding, the water keeps spinning with its surface still curved inwards.

· Continue with your final Analysis

1. Now the bucket is still and the water has motion relative to the bucket – but the water is curved!

2. We have now seen two cases …
1) relative motion: flat 
2) relative motion: curved
3. We note that in Newton’s Bucket Experiment, the bucket and water move in circular motion. This means they are ACCELERATED. They are NOT at  a CONSTANT VELOCITY!

4. Therefore ACCELERATED MOTION does not depend on whether or not the bucket and the water move relative to one another.
5. ACCELERATED MOTION seems to be relative only to SPACE itself!
[*This was Isaac Newton’s Analysis. Thus begins a 300 year argument!]
********************************************************************
Underline:
- the shape of the surface of the water this time
 - the disagreement in the ANALYSIS
- the type of motion caused by moving in a circle
- the type of motion caused by unchanging velocity
- what Newton thought you move relative to if you are accelerating 
CONSTANT VELOCITY MOTION
· What is CONSTANT VELOCITY MOTION?
· Do you agree that you can’t always feel whether your car or the car next to you is moving if you look out of your window and the other car seems to be moving backwards at a constant velocity of 1 mph? 
________ (Y/N)
· Do you agree with Galileo? He said that if you held your hand directly over your foot and dropped a coin – whether you are on a smoothly sailing ship or on dry land (both constant velocity) – the coin will hit your foot. 
________ (Y/N)

· What is in common to both cases above? _____________  _____________

· Can you feel constant velocity motion?  ________ (Y/N)
· Can you sense relative motion (whether your car or the other car is moving) if both are moving with constant velocities?  ________ (Y/N)

********************************************************************
Fill in the blanks above.
ACCELERATED MOTION
· What is ACCELERATED MOTION?
· Do you agree that you can always feel your car speeding up or slowing down?  ________ (Y/N)

· Do you agree that you can always feel your car turning?  ________ (Y/N)

· What is in common to both cases above? _____________  _____________

· Can you feel accelerated motion?  ________ (Y/N)

· Are you accelerating if you change your speed? ________ (Y/N)

· Are you accelerating if you change your direction? ________ (Y/N)

· __________________ is the word for both speed and direction.
· What is special here? … Close your eyes in an accelerating car …
· Does accelerated motion require a comparison to your surroundings to know you are moving?  ________ (Y/N)

· Is your accelerated motion relative to anything at all?
· Would you feel a force no matter what you saw around you?

· Would you feel acceleration if you were changing speed or going in a curve – and you were absolutely alone, out in space – you were the only thing in the universe???

********************************************************************
Fill in the blanks above.

CONSTANT VELOCITY MOTION vs. ACCELERATED MOTION 

· What is the difference?
· Which requires a comparison to your surroundings to know you are moving? ________ (C/A)

· Which one is not felt? ________ (C/A)

· Which one is always felt? ________ (C/A)

· Which can fool you because you can’t tell who is moving? ________ (C/A)

· Which could never fool you about your motion? ________ (C/A)

· Which can fool you about relative motion? ________ (C/A)

· Which does not depend on relative motion? ________ (C/A)
· Which one is not felt? ________ (C/A)

· Which is a ball at rest? ________ (C/A)

· Which is a plane taking off? ________ (C/A)

· Which is a plane going in a straight line at 600 mph? ________ (C/A)

· Which is a plane circling at 600 mph? ________ (C/A)
· REVIEW:

· CONSTANT VELOCITY MOTION is relative. You can’t tell who is moving. 

· ACCELERATED MOTION is not relative. You can feel it without depending on anything or anyone else.

· NEWTON’S BUCKET shows this difference – that baffled scientists.

********************************************************************
Fill in the blanks above.
Space & Time: an Historical Timeline
1600’s & 1700’s: Galileo and DesCartes
· Galileo performs many experiments instead of just using the human mind - considered the father of Physics …
· Dropping balls from Tower of Pisa: different weights / same speed

· Rolling balls down inclined plane: ACCELERATED MOTION
· Swing pendulum: time of swing depends on length of pendulum

· Awesome Telescope: Sun as center, Sunspots, Jupiter’s Moons

· DesCartes writes …
· “Cogito ergo sum.” (I think; therefore I am.)
In book, Principia Philosophiae declares: order, quantitative predictability

********************************************************************
Underline:
- Galileo’s findings by rolling balls

- DesCartes’ famous quote

1700’s: Newton
· Newton steals the show (with equations everywhere) 
· Newton is clearly one of the greatest scientists / thinkers ever …
· Universal Law of Gravitation: both the Apple and the Moon obey this law
· Newton’s 3 Laws of Motion: 1) Inertia, 2) f=ma, 3) action/reaction
· Principia Mathematica: Calculus
· Optiks – laws of color and light
· Many more accomplishments … 
· His belief of Space and Time: they are both ABSOLUTE! They just are. And all things in the universe move relative to them. Therefore the spinning bucket and water are moving relative to Space itself!
********************************************************************
Underline:

- Newton’s 3 laws of motion

- what Newton thought were absolute

1700’s & 1800’s: Leibniz and Mach
· Leibniz
· Also like Classical Reality (like Newton) – but disagreed about Space. He thought Space was relative – not an absolute place – it could change.

· He also disagreed with Newton that he had come up with Calculus first.

· Mach

· Like Leibniz, he thought Space is a relative thing. Specifically he thought it depends on the total objects in the universe.
· He said that if Space was completely empty – the spinning bucket would never cause the water to curve inwards. The water would always be flat! But as soon as you put even one other object of mass into that Space (even at a distance) the water would curve according to the amount of mass. This is not from gravity – just that the bucket was spinning relative to these objects.

· Einstein later picks up this idea – uses it somewhat - then puts it back down.

********************************************************************
Underline:
- what Leibniz thought was changing and relative
- what Mach thought could make the spinning water’s surface curve inwards
1800’s: Faraday, Maxwell, Gauss and Riemann
· Faraday … the master experimenter
· He is one of Einstein’s greatest heroes.

· By around 1850’s Faraday has done tens of thousands of electrical and magnetic experiments.

· His Christmas lectures were so good parents could brought children. They were so good he published them as The Chemical History of a Candle. It sold as many copies as the Indian religious text, The Bhagavad Gita.
· Faraday is the inventor of 3 of the most influential electrical items of all time: the generator, the motor, and the transformer.

· Faraday is the father of the FIELD – he gave the idea to Maxwell that the ELECTRIC FIELD and the MAGNETIC FIELD are inseparably related. Each one causes the other.

· Maxwell … his four equations describe the ELECTROMAGNETIC FIELD

· By 1860, Maxwell’s equations are as successful at predicting the motion of electromagnetic fields as Newton’s at predicting the motion of material objects. 

· His equations describe three extremely interesting facts about the EM FIELD:
1. Changes in the E causes changes in the M and vice versa.

2. The EM FIELD seems never to stop.

3. Changes in the EM FIELD seem to go at 670 million mph.
********************************************************************
Underline:
- who saw Faraday as a hero

- Faraday’s book

- Faraday’s 3 great inventions
-  what Faraday is the father of

- what Maxwell found is changed by the E FIELD


- the speed of the EM FIELD

1800’s & 1900’s: Michelson, Morely and Kelvin 

· EM FIELDS and Light

· Maxwell’s Equations predicted speed of the EM FIELD to be 670 million mph.

· It was then found by experiment the EM FIELD actually is 670 million mph.

· It was then found by experiment that Light also travels at 670 million mph!

· Therefore, Light was now considered to be a type of EM FIELD!

· Michelson and Morely Experiment: Is There an Ether?
· Aristotle posed an Ether around 350 BC
· Newton posed absolute Space – is this the Ether?

· M & M’s experiment shoots light at all angles and finds same time

· Therefore they conclude – probably there is no Ether

· They find speed of light = 670 million mph by excellent experimental technique

· By end of 1800’s, beginning of 1900’s, many scientists actually thought we had found the theories of nearly everything. (They were way off – we have a lot to learn!) 

· Kelvin (who made great discoveries about absolute zero degrees as possibly the coldest temperature), said that the only things left to discover was a little more about light and heat.

********************************************************************
Underline:
- speed of EM FIELD

- speed of Light

- who posed Ether early on
- who posed absolute Space

- what M & M found


- what Kelvin thought was pretty much the only things left to find
1905 & 1915: Einstein 

· When Einstein was a teenager, he saw that Maxwell’s equations always showed EM waves moving – never at rest. Their speed was 670 million mph. But what is this speed relative to? It is like saying you live 22 miles north – 22 miles north of what?

· 1905 Einstein – in his spare time – gets Nobel prize for Photoelectric Effect, discovers Brownian Motion, and changes all of Physics with Special Relativity
· Special Relativity

· Space and Time are not absolute – but Spacetime is.

· You can change space and you can change time.

· But if you change space, that changes time and vice versa. (like E and M)

· Einstein’s Field Equations for Space and Time are like Maxwell’s EM Equations.
· Conclusions from Special Relativity

· Light travels through space – so space is not Ether (but perhaps spacetime is).

· Speed is 670 million mph – RELATIVE TO ANYTHING & EVERYTHING (Einstein wanted to call it the “Invariance Theory” - not relativity)

· Since, v = d / t, if light speed is constant, d and t must proportionally change.

· Simultaneity - Slice a loaf of bread with olives in it, some parallel, some on an angle (different spacetime paths). Olives on a slice are simultaneous events.

· 1915 General Theory of Relativity

· Special Theory ignores Gravity: starting from 1907 he tries to put Gravity back

· Equivalence Principle: ACCELRATED MOTION = GRAVITY
********************************************************************
Underline:
- 3 things Einstein did in 1905
- space and time are relative, but ___________ is invariant
- Einstein’s Equations are for ______, like Maxwell’s Equations for E & M 
1930 Quantum Theory 
· Greene says of the experiments in Quantum Mechanics:

·  “… they forcefully challenge the classical intuitive world view many of us hold.” 
· “… its weirdness is evident without comparison. It is harder to train your mind to have Quantum Mechanical intuition because Quantum Mechanics shatters our own personal, individual conception of reality.”

· (But what is YOUR intuitive view?)
· ENTANGLEMENT
One physical object in two or more places.
· COLOCATION
Two or more physical objects in one place.
· The Role of the OBSERVER
Observing a physical event can change that event.
********************************************************************
Underline:
- the Quantum term for overlapping objects 
– the Quantum term for objects being in several places at the same time
- what act can change a physical event

SUMMARY 
· Who says What is Relative / Absolute
· Newton: Space is an absolute entity – so is Time and so is Gravity
· Leibniz: Space is not an entity – all motion is relative.

· Mach: Space is not an entity – accelerated motion is relative to Universe’s Matter.

· Einstein: Space and Time are relative – but Spacetime is absolute (invariant).

· Timeline
· Pre-Ancients (before 5,000 BC): Space, Time, and Matter are changeable.

· Ancients (5,000 BC – 1500) to Galileo (1600) to Newton (1700): Space, Time, and Matter are unchangeable.

· Einstein (1900): Space and Time are changeable, but Spacetime is unchangeable.
Matter can also change.

· Quantum Theory (Present): Matter can entangle, collocate, and respond to observers. 

********************************************************************
Underline:
- 3 things Newton said are absolute

- 2 things Einstein said are relative

- 1 thing Einstein said is absolute
- 2 times matter was thought to be changeable
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