The setting for Modern Physics

The setting

Physics in 1900: Newtonian mechanics, Maxwell's unifiedtiyef
electromagnetism, Thermodynamics. One could be smug!

o Attributed to Albert A. Michelson, 1894: “The more importan
fundamental laws and facts of physical science have all been
discovered, and these are now so firmly established that the
possibility of their ever being supplanted in consequericew
discoveries is exceedingly remoteOur future discoveries must
be looked for in the sixth place of decimals.”

o Attributed to William Thomson, 1st Baron Kelvin, in an adsis¢o
the British Association for the Advancement of Science,@90
“There is nothing new to be discovered in physics now. Alttha
remains is more and more precise measurement.”



Quotes

An aside: getting the quotes right!

e The usual report of Michelson’s statement: “The more ingoutrt

fundamental laws and facts of physical science have all been
discovered, and these are now so firmly established that the
possibility of their ever being supplanted in consequericew
discoveries is exceedingly remoteOur future discoveries must
be looked for in the sixth place of decimals.”

The correct quote seems to be as follows: “It is never saféfirona
that the future of physical science has no marvels in stoietwh
may be even more astonishing than those of the past; butitsee
probable that most of the grand underlying principles hawe n
been firmly established and that further advances are tolxghso
chiefly in the rigorous application of these principles tatlaé
phenomena which come under our notice.”

followed by a statement several hundred words later of

“An eminent physicist has remarked that the future truths of
physical science are to be looked for in the sixth place oirdals.”



Quotes

Yogi Berra: “I really didn’t say
everything | said”

e These two versions of Michelson’s words are a bit differdrté

second [correct] one adds “It is never safe to affirm that tieré
of physical science has no marvels in storé

The first version of the quote is the one you’'ll commonly find if
you do a Google searchne exampletates that Michelson said
this in a speech at the dedication of the Ryerson Physics Liie a
University of Chicago in 1894.

According toDavid Henige “Mis/Adventures in Mis/Quoting,”
Journal of Scholarly Publishing2 (3), 123-135 (2001), the second
version of the quote is the earliest one he was able to find from
original source material: Albert A. Michelson, “Some of the
Objects and Methods of Physical Sciendéiiversity of Chicago
Quarterly Calendar0, 15 (August 1894).

e Butif it's on the internet, it must be true, right?


http://amasci.com/weird/end.html
http://128.100.205.52/product/jsp/323/quoting1.html

Back to physics at the turn of the
previous century

Maxwell and light

e The theme of this course is that the physics you have leamed i
your freshman courses, which is mainly “classical physibat
was largely worked out before 1900, is not fully correct.

e |It's not wrong; it works with remarkable accuracy in neatlly a
situations.

e It's justincomplete, in that it does not full describe theywsmall,
the very fast, and the very energetic.

e As we explore the situations where classical physics brdaks,
keep in mind that we will usually be able to apply a
correspondance principland show that the more correct modern
physics theory reproduces the classical physics theoss# |
extreme circumstances.



Maxwell’s equations

Maxwell and light

Maxwell unified some laws of electricity and magnetism in 38%y
1873 he found that all of these laws could all be representdduy
partial differential equations. A triumph of unification!

Faraday: V xE = —%—?
Ampeére: VxB =puJ+ e%)
Gauss (electric): V-E = g :
Gauss (magnetic): V-B = 0. James Clrk

. S Maxwell (1831—
Vx iscurl, andV- is divergence 1879)



Ampere’s law modified

Maxwell and light

Ampere’s law is

—



Maxwell and light

Electromagnetic wave propagation

You'll see this in PHY 301: can manipulate Maxwell’'s equasdo give

- 0E . OB
V2E = pe— and V2B = pe—
"o o

Wave solutions for electric field:
i oo efi(krfwt)
Plane:E = Re {Eoe*'(k'zf‘”t)} SphericalE = Re Eof )

Velocity of wave propagation:

1
\/ Ho€0

or 30 cm per nanosecond. Can measuérom current in wires, aney
from energy in capacitors!

c= = 2.99792458x 10° m/sec



Speed of light

Maxwell and light

¢ Inferred to be finite from astronomical measurements by Rome
(1676)

e Huygens soon estimated2x 10% m/sec.

« Refined by Bradley (1728) to.28 x 10° m/sec.

o First terrestrial measurement by Fizeau (184933« 10° m/sec.
Maxwell on the similarity of ¥, /7i0€o to the above, as quoted in
Griffiths’ Introduction to Electrodynamig$rentice-Hall, 1981):

This velocity is so nearly that of light, that it seems we have
strong reasons to conclude that light itself (including ieatt
heat, and other radiations if any) is an electromagnetic
disturbance in the form of waves propagated through the
electromagnetic field according to electromagnetic laws.



Fizeau and Foucault

Maxwell and light

e Fizeau’s 1849 measurement: use a “toothed”
disc to see when light could still get through.
Verydistant mirror: about 5 miles away!

e Improved in 1850 by Léon Foucault: use a
spinning mirror.

e More history is availabl&ere

Armand
Hippolyte
Louis Fizeau,
1819-1896


http://www.njsas.org/projects/speed_of_light/cache/2/lightspeedformal.htm
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Maxwell and light
Waves in media
Classical relativity

Einstein

Fizeau’s experiment

light scurce

rotating strobe disc

As drawn onWikipediaby Theresa Knott


http://en.wikipedia.org/
http://en.wikipedia.org/wiki/User:Theresa_knott

Speed of medium?

Sound waves travel at speed of sownd /(cp/cy)(P/p) relative
Waves in media to speed of medium (wind speed).

What's the medium for light? The aether. Speed of earth inrlii:o
3 x 10* m/sec (see homework).

Differences in light speed?
How does that fit inte = 1/, /fioe0?

.Es.lrth.'. - - Luriinifercus Aether:
#all) - R A T

.Ea;rth.
: _(sprlngj
111’1‘1’1’1’1’11’111"1’



Waves in media

Michelson and Morley
Albert Michelson (Case-Western, 1881):

interferometer. Fringe shift of 0.02; expected
0.04.

Joined by Edward Morley in attempts to
measure ather wind with 11 m long
interferometer.

Improved result (1887): fringe shit 0.01 Albert A.
when 0.4 expected, S@pther< 8 x 10¢ Michelson
m/sec. Later measurements on light from (1852—
stars. 1931)

Nobel Prize 1907 (Michelson)
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Classical relativity

Positions in inertial frame 2 versus frame 1:

Classical relativity Xo = Xg—vt
Y2 = )1
L = 7
b = 11

Velocity in inertial frame 2 versus frame 1:

Voy = Vix—V
Vor = Vi

So if you're in a spaceship traveling at half the speed oft)ighd you
turn on your headlights, what'’s the velocity of the light damout of
your headlights?



Classical relativity

Measuring a speedy meter stick

Meter stick traveling at velocity-v relative to observer. Mark the
positions of the two end& andB:

Ay = A+ vt
B, = Bp+wt
B,— A = B]_—i-Vt—(A]_—FVt):B]_—A]_

So from this simple addition of object and light velocity (@&, the
length you observe for the meter stick does not change veitindtel
velocity.



Enter Einstein

Before we look at how Einstein thought about this problert’s Eart
with learning who he was.

Einstein It is widely reported that Einstein was a learning disabledent. Here's
aquotewhich claimed that Einstein was a learning disabled student

Albert Einstein did not speak until the age of three. Evenras a
adult Einstein found that searching for words was laborious
He found school work, especially math, difficult and was
unable to express himself in written language. He was thbugh
to be simple minded (retarded), until it was realized that he
was able to achieve by visualizing rather than by the use of
language. His work on relativity, which revolutionized reoal
physics, was created in his spare time.

Again, don't trust everything you read on the internet! Aghiesponse
to this is given oranother web pageased on two complete biographies
with citations to their source material and all that.


http://www.nald.ca/ldanl/famous.htm
http://www.audiblox2000.com/dyslexia_dyslexic/dyslexia005.htm

Einstein

Einstein’s early career

Finished PhD 1901.

Working in Swiss Patent Office in Bern while completing
privat-dozen{called the Habilitation today in Germany; it's almost
a sort of second PhD to prove that you're enough of a scholae to
a professor) so that he could seek a university professatiquos

1905: what a year! Read Abraham Pais’ book “Subtle is the'Lord
to learn more.

1908: Received hiBrivatdozentt Bern
1911: Professor at the University of Prague
1914: Professor at the University of Berlin
1921: Nobel Prize for photoelectric effect.



Einstein’sannus mirablis 1905
Four papers té\nnalen der Physik

¢ “On the Motion - Required by the
Molecular Kinetic Theory of Heat - of
Small Particles Suspended in a Stationary
Liquid.” Direct evidence of the existence
of atoms.

e “On a Heuristic Viewpoint Concerning
the Production and Transformation of
Light,” interpreting observations of the
photoelectric effect as indicating the
existence of photons. Nobel Prize, 1921.

Einstein

Albert Einstein

¢ “On the Electrodynamics of Moving (1879-1955) in
Bodies,” concerning what is now called 1905.
special relativity. Photo source

e “Does the Inertia of a Body Depend Upon
Its Energy Content?,” containing
E=mc.

Quite a year!


http://antwrp.gsfc.nasa.gov/apod/image/einstein_clerk_big.gif
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