“Examinations are formidable even to the best
prepared, for the greatest fool may ask more than the
wisest man can answer.”

Charles Caleb Colton, English writer (1780-1832)

“The examination system, and the fact that instruction
is treated mainly as a training for a livelihood, leads
the young to regard knowledge from a purely utilitarian
point of view as the road to money, not as the gateway
to wisdom.”

Bertrand Russell, Welsh mathematician and
philosopher (1872-1970)

“| was thrown out of college for cheating on the
metaphysics exam; | looked into the soul of the boy
sitting next to me.”

Woody Allen, American actor & director (1935-)
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Current Assignments ...

For the few next weeks:
* Prepare for the final exam!

Writing Assignment #2

°* Due 11:00 AM, Thursday, April 4

* Final late-penalty deadline: 11:00 AM, April 11

* Will be marked available to pick up from your TA
after April 22

Homework #5

° Due 11:00 AM, Friday, April 5

* Final late-penalty deadline: 11:00 AM, April 12

* Will be marked and available to pick up from your TA
after April 15

My office hours:
* 3-4 Tuesdays & Thursdays, but NOT April 9
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UNIVERSITY OF

5 TORONTO

Course evaluations for Arts & Science students are now
open. Please complete your evaluations — your feedback
matters only if you provide it!

See: uoft.me/courseevaluations for more information.
Course Evaluation Window: March 24t — April 9t
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10%
20%
10%
20%
40%

PHY100 Marking Scheme

Tutorial Attendance & Quizzes (best 10 of 11)
Homework Assignments

Writing Assignment 1

Writing Assignment 2

Final Exam

Note 1. Please check your grades on Blackboard before
the exam and email me and your TA if you find any errors.

Note 2: If you missed a deadline for a valid documented
reason, make sure that you have informed me and your TA,
and that | have a paper copy of the document, along with
details of the assignment or deadline missed.
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PHY100 Final Exam

9:00 AM - 12:00 PM, Thursday, April 25

Location: BN2S

Large Gymnasium, South End,
Benson Building, 320 Huron Street

(south of Harbord Street), Second
Floor
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General Comments

* No examination aids are allowed.
No calculators, no aid sheets.

° You should have no communication device
(phone, pager, etc.) within your reach or
field of vision during the test.

* Be ready to think; get a good night's sleep
the night before.

Bring:
° Your student card.
* Pencils and/or pens and an eraser.
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Exam Format

* 10 short answer questions worth 8 marks each
—> Each question has two parts, (a) and (b).

— Similar to textbook end-of-chapter review questions and
conceptual exercises.

—> For each, provide a short answer. It need not
be more than a few words and numbers, or a few
sentences, but should explain your reasoning.

—> Marks will be given for your explanations as well as for
final answers.

* Two essay questions worth 10 marks each

—> For each, write a 2 or 3 paragraph (one-page single-
spaced maximum for each) essay.

12 questions Iin 180 minutes = 15 minutes/question
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Material Covered

* All material from Lectures 1 through 24

* This includes
L ecture notes - slides, blackboard, demos,
websites included in slides (only as aids)

All assighed sections from the textbook,
whether they were discussed in class or not

Supplementary “Notes on Chaos”

* The test does NOT include

“Additional links that may be of interest” listed
on the websites for each lecture

Textbook sections not listed in the syllabus
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Suggestions for Studying

Review the following:

* All the material from the lectures, particularly
the slides and blackboard notes

* All assigned textbook sections & Chaos Notes
* All the homework problems

* All the suggested conceptual exercises

* All problems discussed in the tutorials
* Relevant end-of-chapter review questions
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Syllabus - Assigned Readings

Lecture1 §1.1,1.6,1.8,3.1,3.2 Lecture 13 §10.1-10.4

Lecture2 §3.2-3.6 Lecture 14 § 10.4 - 10.5

Lecture 3 §4.1-4.3 Lecture 15 § 10.6 - 10.7

Lecture4 §4.4,4.5,5.1 Lecture 16 § 10.8

Lecture 5 §5.2,5.5,5.6,2.6 Lecture 17 § 11.1 -11.2

Lecture 6 Chaos Notes Lecture 18 § 11.2-11.7

Lecture 7 §6.1-6.6 Lecture 19 Chapter 12

Lecture 8 §8.1,8.2,8.3,8.5,86 Lecture 20 §12.5,12.6, 13.1
Lecture 9 §8.6,9.1,9.2 Lecture 21 § 13.2-13.6

Lecture 10 § 9.3-9.7 Lecture 22 § 13.6, 13.7, 14.1, 14.2
Lecture 11 § 9.8 Lecture 23 § 14.3,14.4,15.1-15.4

Lecture 12 § 9.9 Lecture 24 Review
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Why Study Science?

* Ma-Kellams C, Blascovich J (2013) Does
“Science” Make You Moral? The Effects of
Priming Science on Moral Judgments and
Behavior. PLoS ONE 8(3): €57989.
doi:10.1371/journal.pone.0057989

(http://www.plosone.org/article/info%3Adoi%2F
10.1371%2Fjournal.pone.0057989)

“Taken together, the present results provide
support for the idea that the study of science
itself—-independent of the specific conclusions
reached by scientific inquiries—holds normative
Implications and leads to moral outcomes.”

“These findings suggest the same scientific
ethos that serves to guide empirical inquiries

also facilitates the enforcement of moral norms
more broadly.”

Be better, with science

5
wwant to be a befter person:
spend more time thinking |
about science,” Says I:aciﬂc Stan-
dard magazine. “That’s the e
implication of newly publis

pesearch, which finds peaple

who study science — Or even are
momentarily exposed to the
idea of scientific research — ate
imore likely to condemn uneth-
ical behaviour, and morxe. inclin-
ed to help others. “I‘hmkmg
Jhout science leads mdlvldualsal
to endorse more stringent mor
norms, report psychologist :
Christine Ma-Kellams of quvarf
University and Jim B_lascqﬂch 0
the Untversity of Califorma, San-
ta Barbara. Their research is
published in the online journal

PLOS Dﬂﬂa" TR P T L L L
Globe & Maill,
March 22, 2013
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AZD -+ NEWS

THE GLOBE AND MAIL

= FRIDAY, MARCH 22, 2013

SPACE

Ancient light fuels new cosmic debate

IVAN SEMENIUK
SUTNCE 'RFPURT!'JI

J..I.ke D{Jn Dra;ler T\"s u.u.f[appa

ble ad man, the unlverse is
smeoth, really smooth - and
maddeningly inscrutable about
its past.

That's the underlying messaze
from the Planck mission, a Euro-
pean Space Agency probe that
has just delivered a stunning
new view of our cosmic roots.

"It’s the new gold standard,”
said Richard Bond, a cosmologist
at the Canadian Institute for
Theoretical Astrophysics in
Toranto and a member of the
Planck science team.

As Dr. Bond points out, the
results are impressive — a fivefold
improvement that will allow sci-
entists to speak about the basic
propertias of the universe with
more precision than before.

But when it comes to under-
standing how the universe came
to exist, the new data pose a
thomy enge: They portray 2
cosmos larpely free of surprises.

“1t does seem to be the case
that it's a very simple picture of

Not only is inflation
continuing to look like a
superh fit to the data, but it
still looks like the simplest
inflationary models are the
ones that fil best.

Alan Guth
MIT professor

the universe,” said Douglass
Scott, a cosmaologist at the Uni-
versity of British Columbia and
4lso a science team member.
“That is guite extraordinary”
Planck’s view amounts to a

map of the enfire sky, spread out |
| the remaining 68.3 per cent is

flat, showing the cosmic micro-
wave background - a form of re-
lic Light that was emitted billions
of years ago when the universe
wis still bathed in the white-hot
afterglow of its own creation.
Ta create the map, scientists

first had to car:l'ul}}y subtract the
fareground ight from stars, gal-

axies and dust in the universe.
What remains is a direct view of
a distant moment in time when
the universe was only 370,000
years old. The map shows this

region as a mottled patchwork of |

spots that represent tiny Auctua-
tlons In the temperature of the
early universe. Although no sin-
sle spot reveals very much, the
overall pattern can be read like a
bar code, revealing information
about the age, contents and
expansion of the universe,

The new data peg the age of
the universe at 3.8 billion years,
or abowt 100 million years older
than earlier estimates They alsa
show that 4.9 per cent of the
energy content of the universe is
locked up in the form of ordin-
ary matter, another 26.08 per
cent is invisible dark matter and

dark energy, a mysterions phe-
nomenon thought to be causing
the expansion of the universe to
accelerate,

The challenge is understanding | frmly in the camp of theorists ..,

the reasen behind those num-
bers. On that point, Planck has
50 far been silent.

| satisfied. “If Planck continues to

| Turck, director of the Perimeter

An all-sky picture of the
COSMEC MICroWaves
background as imaged by
the Plandk sateflite. If is
fiva timas sharper than
pravious views.

EMRGOPEA N SPACE AGENCY, RELITERS

1t 1% an exciting ad‘u.ev:ment
but we had hoped for some Indi-
cation of new physics,” said Joel
Meyers, a researcher at the Cana-
dian Institute for Theoretical
Astrophysics who is not involved
with the mission

The result nevertheless repre-
sents progress of a kind, 11 is
highly consistent with cosmic in-
flation, an idea first suggested by
MIT physicist Alan Guth. It posits
that in the first trillionth, tril-
lionth, trillionth of 4 second after
the Big Bang the universe un-
derwent a massive expansion
that smoothed out its appear-
ance.

“NMot only is inflation continu-
ing to Iook kike a superb fit ta
the data, but it still looks like the
simplest inflationary models are
the ones that fit best,” Prof. Guth
said.

But not all cosmelogists are

confirm a vanilla model of the
early nniverse, the ball will he

to constmict 4 more complete
and compelling theory," zaid Neil

Institute for Theoretical Physics
In Warerloo, Ont. Dr. Turck has
championed alternatives to infla-
tion that suggest the universe
has formed and reformed in an
endless oycle,

While the Planck data do di-
verge from expectations at some
areas, researchers caution that
this could simply be a statistical
fluke. A second data release from
the missicn, expected in 2014,
could reveal mare.

Canada contributed about 1 per
cent of the roughly $1-billion
cost of the Planck mission, a
comparatively modest sum that
nevertheless allowed Canadians
scientists to play & significant
role in the analysis of the Planck
data.

Through the Canadian Institute
for Advanced Research, Dr. Bond
leads a program that includes
several Canadian and interna-
tional cosmaologists closely con-
nected to the Planck mission.

“It's recognized that Canadlane
have expertice in this area,” Dr.
Scoft said. “We can get in and get
involved with the most exciting
aspects of the experiment”™
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Physics in the News...

* Quantum computing

* Mike Lazaridis’s new quantum leap, The Globe and Mall
March 19, 2013

* In an interview Wednesday, Mr. Lazaridis detailed a brand-
new, $100-million venture capital fund that he will run with Mr.
Fregin. Called Quantum Valley Investments, it is an initiative
that pools some of the two wealthy men’s money behind a
vision to make Waterloo the centre of entirely new industries
focused on the immense but largely untapped power of
guantum computing.”

e “Mr. Lazaridis, ... says he and Mr. Fregin have gradually come
to the conclusion that commercially viable spin off
technologies are beginning to emerging from scientists’ quest
to create a fully functioning quantum computer — which he
estimates is still at least 10 years away from fruition.

http://www.theglobeandmail.com/technology/tech-news/mike-lazaridiss-new-quantum-leBpV4ARAso8¥1889n9) - Lecture 24 - Slide 13




Physics in the News...

°* New measurements from the Alpha
Magnetic Spectrometer (AMS) on the
International Space Station may prowde
evidence of dark matter

* See the video at
http://www.theglobeandmail. Com/technology/
technology-video/video-has-nasa-made-a-
breakthrough-with-dark-matter-
discovery/article10752633/
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The Regimes of Physics

Speed
) Forbidden
Speed of light,
300,000 km/s

re]ativity A e N R O R
R R A R T T T T T m)
Aoy (General fases
Wrelativityw
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|
10 m 102 m Size or distance
. Copyright © 2007 Pearson Prentice Hall, Jic.
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dust particle 10 x size of our galaxy
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Law of Inertia = Newton’s First Law

A body subject to no external forces will:
1) stay at rest if it was at rest to begin with

2) keep moving in a straight line at constant
speed if it was moving to begin with.

In other words, all bodies have inertia.

This tells us that an undisturbed object will
keep moving with a constant velocity.

If an object’s velocity (= speed + direction) is
changing, it is accelerating.
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Using Graphs to Describe Motion

e 100 km/hr
B =
= o
P Q.
)
Time Time 1hr
C
O -
N i
@) n
o o 50 km
al
Time 1/2hr  1hr

Time
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Newton’s Law of Motion
= Newton’s Second Law

a=net force/ m

Where

* the net force is the sum or difference of all
the forces acting on mass m.

* the acceleration is in the direction of the net
force.
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The Law of Force Pairs
= Newton’s Third Law

For every action, there is an equal and
opposite reaction.

OR The forces of two bodies on each other
are always equal in magnitude and opposite
In direction.

Force by table
. Force by table on you on you
Force by you —_— - S—

on table Y
o Force by you
& L on table

(a) Pulling on the edge of the table. (b) Pushing on the table.
Copyright © 2007 Pearson Prentice Hall, Inc.
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Objects in Orbit

direction of the moon’s acceleration
= direction of its change in velocity

Moon’s displacement Moon’s motion
due to its inertia without gravity

————————————————— J >

l c /Mot e
Gravitational The acceleration and
Gramaﬁio/n ) the gravitational force
force point towards the

center of Earth.

The moon is falling all
the time.

Copyright © 2007 Pearson Prentice Hall, Inc. 1Y100S (K. Strong) - Lecture 24 - Slide 20




Newton’s Law of Gravity

—

— 2
gravity G m; x My / d

“The gravitational force between two masses
IS proportional to the product of the masses
and inversely proportional to the square of the
distance between their centers.”

with m in kilograms, d in meters, F in newtons,
and G =6.7 x 10-"" N m? / kg?
= universal gravitational constant
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Weight vs. Distance from Earth

As you move away from the center of
Earth, the gravitational force on you

Nermal ===y - decreases, although it is never really
zero. Astronauts appear weightless
= because they are in free fall.
§) 1/4 of normal weight

1/9 of normal weight

|

!

!

!

!

!

|

!

|

|

|

| .

N 1/16 of normal weight

: 1/100 of normal weight
|

|

|
|
|
|
I
2 A 6 8 10

S ' Distance from Earth’s center
- measured in Earth radii
R, ~6400 km
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Weightlessness on Earth

Any object only acted upon by gravity is in
free fall.

— Starts slow

\ _— Speeds up - large
downward velocity

c
@
h=
%
@
al

Time

Slope is -9.8 m/s/s
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Properties of Chaotic Systems

* Deterministic in a mathematical sense (not
random)

* Sensitive to initial conditions
* Unpredictable and unrepeatable
* Nonlinear

* Transition to chaos is preceded by infinite
levels of bifurcation - the logistic map

* Fractional dimensionality

e.g., the butterfly effect, three-body problem,
water wheel, population biology
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Attractors

STARBLE ATTRACTOR : STRANGE ATTRACTOR .
sing] {free pendulum) N Fm i
D 4 speed ﬂﬂﬁlé:j speed :

Speed Speed . .- S

i ;g
AII .-"-,_:. B ..:.______h_.-_-\.r - - I,_'_

}gle e B e e b Angle

: >

* An attractor is a set of properties toward
which a system tends to evolve, regardless
of the initial conditions of the system.

Can be a point, a curve, or a fractal structure.
* A strange attractor exhibits a chaotic
approach to its final set of properties.
Example: the Lorenz attractor
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Fractals

* Fractal = “fractional dimension”
* A fractal is self-similar - it resembles itself

AZ/QKQ):?A&

i?éii“ﬁiiﬁ

Koch Snowflakes Mandelbrgt Set
Sierpinski Triangles
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Energy and Work

* A system has energy if it has the ability to
do work.

* Work is done whenever an object is pushed
or pulled through a distance. There must be
both force and motion in the same direction.

< d >
> |

Initial fina

work = force x distance = F d
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Two Forms of Energy

Gravitational energy
°* = energy an object has at its highest point
* = work done = force (weight) x height
* =weight x height=(mg)xh=mgh

m
Kinetic energy ;l 1 \;v?:]%ht

°* = energy associated with motion

* =% times the mass times the square of the
speed (derived from Newton'’s laws)

e =1,mv2 or =%ms?
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The Law of Conservation of Energy

Energy cannot be fﬁ{
created or destroyed. N
Energy can be
transformed (changed
from one form to |
another), and it can be < Qb
transferred (moved = i " hermE (ain
from one place to — —
another), but the total GravE <

amount always stays ThermE (impact)

the same. T~

Copyright @ 2007 Pearson Prentice Hall, , Inc.

wt X ht at
this point

equals
(1/2) ms?
at this
point
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Waves

* A wave is a disturbance that travels through
a medium in such a way that energy travels
through the medium but matter does not.

° Inatransverse wave, each point moves up
and down. o —

OOOOOOOOO

ackandom @@DOOODOOOOOOOOOOOOOOO“*

Compres tw rd the right
Copyright © 2007 Pea e Hall, Inc
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Wave Interferenceinl1and 2D

Before

After

V

-

Copyright © 2007 Pearson Prentice Hall, Inc.

Observer stands on
this side and looks
down at pool,
observing large
waves rolling into
points marked X at
side of pool, and no
waves rolling into
points marked O.
Small x’s and 0’s
are places on
surface of pool
where interference
is constructive (x’s)
and destructive

(0%s).

Copyright © 2007 Pearson Prentice Hall, Inc.
PHY100S (K. Strong) - Lecture 24 - Slide 31



Young’s Double Slit Experiment

* First performed by Thomas Young in 1801.

* Goal was to answer the question of whether
light was made of particles or of waves.

* The resulting interference pattern
supported the wave theory of light.

Partition with two very
small thin slits (shown
here greatly enlarged)
to let light through

Screen
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The Electric Force

Electrically charged objects exert forces on
each other.

Objects may have positive or negative
charge.

Like charges repel each other.
Unlike charges attract each other.

The electric force between two charged
objects decreases with distance.
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The Magnetic Force

* Magnetic forces are similar to electric forces:
Like poles repel <« [N N s>
Unlike poles attract 1+ <G 1§

* Charged objects that are moving exert and

feel an additional force beyond the electric
force that exists when they are at rest.

The magnetic force

* All magnetic forces are caused by the
motion of charged objects.
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Forces at a Distance: Fields

* A field transmits a force:
—> Itis a property of space.
—> It requires a source, e.g., Earth, charge, magnet
—> An object placed in a field experiences a force.

* Examples

—>» Gravitational field - exists in a region of space where an
object would feel a gravitational force if it were placed
there.

—>» Electromagnetic field - exists in a region of space where
a charged object would feel an electromagnetic force if it
were placed there.

—> An electric field will exert a force on a charge.
—> A magnetic field will exert a force on a moving charge.
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Visualizing Fields

* Field lines show direction the force would be.

* They point in the direction the force would be
on a positive charge or a north pole.

\ /
N /" Field lines for a
:\. o ": positive charge k& /‘\ )
" \,L¥ N—/:/
/ A" ; e e Sy

Field linesfora . 71~ .
negative charge / \

Field lines for a bar magnet
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Faraday’'s Law

* \When a wire loop is placed in the vicinity of a
magnet and when either the loop or the magnet is
moved, an electric current is created within the
loop for as long as the motion continues. Stated in
terms of fields:

A changing magnetic field creates an electric field.

* This principle is used in modern electric
power generators.

—> Electricity is generated by the rotating of a

shaft wrapped in wires located in a magnetic
field.
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Atmospheric Ozone

e Ozone absorbs solar il :
UV-B radiation N
(280-315 nm) g 20 J

* This warms the :Z Ouone Czﬂopp

from pollution el B
stratosphere :-\/. p@ﬁﬂ

(~10-50 km)

Ozone is also a
greenhouse gas,
absorbing IR
radiation and heating

the troposphere
(0-10 km)

Ozone Concentration —>
UV Protection by the Ozone Layer
WMO Ozone

I_? Assessment 2006
\ \,ﬁﬂe‘
A o
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Stratospheric Ozone - Chemistry

How is ozone created and destroyed?
(1) Chapman Cycle (1930) - oxygen-only reactions

* Odd oxygen production:

02+hv — O+0

M

* Odd oxygen destruction:

03+hv — 02+O
O+O3 —)202

o+0 M50, slow]

(2) Catalytic Cycles (1970s) - destroy ozone

X+03—>XO+O2
XO+O—>X+O2
O+O3—>2 02

7
2N

) e

“?i °
“3 ™

* where reactive species X (= H, OH, NO, CI, Br) is

regenerated
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Polar Total Ozone Depletion

SOUTH POLE OZIONE HOLE

Total ozone (Dobson units)

Average Total Ozone in Polar Regions i
500_I | L | L | L | L | | | L | L | L | I_ _uz Dﬂf.zﬂm [116[::”}
T e, - i«rctic region in March . 30 | 07 Oct., 1984 (148 DU)
450 ; E H":HH
| | {“:\. "
3 ] 25 e
400 ] e
c : SN
3505.\/ U . E JE.:E'D l— ‘\H
B ] = HH,‘
N Antarctic region in October ] E ::
3001 — =
— Chemical destruction - - T
B and natural variation m T —
250  ofozone - e October/September
[~ ===1970 — 1982 Average - 10 - T Average 1967-1%71
N N /"'-f (284 DU)
200 (63°-90° Average) _]
AT T T T T T O T R I I B ;
1970 1980 1990 2000 2010 5 \j
Year :
WMO Ozone Assessment 2010 0 - . .
1] 5 10 15

Ozone Partial Pressure (mPa)

NOAA CMDL http://www.cmdl.noaa.gov/ozwv/ozsondes/spo/index.html
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Polar Ozone Depletion - Processes

(1) Formation of the winter polar vortex (band of westerly winds)
—> Isolates cold dark air over the polar regions
(2) Low temperatures in the vortex, T<195 K
—> polar stratospheric clouds (PSCs) form (HNO,, H,0O, H,SO,)
(3) Dehydration and denitrification

—> remove water vapour and nitrogen oxides which would
otherwise react with and neutralize chlorine

(4) Release of CFCs, mixing, and transport to the polar regions
—> enhanced levels of chlorine and other halogen species
(5) Heterogeneous reactions on the PSCs
—» convert inactive chlorine (HCI, CIONO,) to reactive Cl,
(6) Sunlight returns in the spring
—> UV radiation breaks ClI, apart to form CI
(7) Catalytic chlorine cycles
—> destroy ozone, while recycling Cl

This continues until the Sun causes a dynamical breakdown of
the winter vortex and PSCs evaporate. rrvioos . strong) - Lecture 24 - Siide 41



Chlorine concentration, ppb

14

12

—_
e}

oz]

The Impact of the “Ozone
Treaty”: A Simplified View

Predicted future
concentrations if free
market had remained
in effect until 2010

Predicted future
concentrations with
Ozone Treaty in effect

returns to

level of 2 ppb

Historical

1950 2000 2050 2100

Year
Copyright © 2007 Pearson Prentice Hall, Inc.

possibly “safe”

The actual chlorine
concentration in the
stratosphere, compared
with a prediction of
what it would have
been if there had been
no treaty until 2010.
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The Greenhouse Effect

Solar radiation Greenhouse Gases
Long-wave « Water vapour (H,0O)
FaginHen « Carbon dioxide (CO,)
* Methane (CH,)
* Nitrous oxide (N,0)
* Ozone (O,)
* Halocarbons

* Earth’'s temperature as seen from space (really the
temperature of the upper atmosphere) is about -19°C.

* The average surface temperature is about 14°C.

* The 33°C difference is due to Earth’s blanket of greenhouse
gases; without them, the surface would also be about -19°C.
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The “Keeling Curve’

Mauna Loa Observatory, Hawaii

Monthly Average Carbon Dioxide Concentration
[Crata from Seripps C{)l2 Program  Last updated May 2009

390F =
aaé January 31, 2011: _ H&J Charles David Keeling began
§ o ?I?;npiﬂmnn’diigzgglgher . ﬁ{ﬁﬁﬁfﬂ = collecting data at Mauna Loa, at
§ o Mﬁq‘ﬁ"ﬂ* 3400 m elevation, in March, 1958.
g ?ﬂ;;;,{?g’t;?* The Maung Loa atmospheric CO,
S YL C02 i concentration measurements
A ,iﬁf;gafw*"* -, 1 constitute the longest, continuous
32";:%:1;%;“;15??“‘ ‘ &7 2 record of atmospheric CO,

Y ool gvailable in the world.
ear

http://scrippsco2.ucsd.edu/
http://www.mlo.noaa.gov/programs/coop/scripps/co2/co2.html

Observed Fact: The CO, (and CH,, N,O,...) content of the Earth’s
atmosphere is steadily increasing due to the burning of fossil fuels

which releases the trapped carbon into the atmosphere.
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Surface Temperature Trends

IPCC 2007: 100-year linear trend is 0.74°C (1906—-2005).

Global Average Temperature
T W I S T N S —

Observations

] (Natural) volc+solar
(Anthropogenic + Natural) volc+solar+ghg+so4

Anomalies from 1890-1919 (°C)

©
w
I

1900 1920 1940 1960 1980 2000

From presentation by Rick Anthes, UCAR Meeting, Boulder, CO, 7 October 2003
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Some Key Climate Concepts

* A change in the net radiative energy due to changes
in forcing agents is called a radiative forcing (W m-2).
—> Positive radiative forcings warm the Earth’s surface
—» Negative radiative forcings cool the Earth’s surface

* The climate sensitivity parameter A (not wavelength
here!) is defined as the global mean surface
temperature response AT, to the radiative forcing AF:
AT, = A AF.

—> In 1-D models, A is about 0.3 K/ (Wm-2).

* The global warming potential is a measure of the
relative radiative effect of 1 kg of a given greenhouse
gas compared to CO, over a chosen time period.
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IPCC Projected Temperatures

MUItI mOdeI g|0bal ] A2 ©IPCC 2007: WG1-AR4 [~
averages of surface %0 —— am —
. . 1 — B1 B
Warmlng’ relatlve tO 50 — ~— Year2000 Constant [
1980-1999 Shading -~ ] Concentrations -
T ' O -1 = 20th century —
indicates the range of 95; 4.0 —— ol
individual model annual = n o -
averages % 3.0 _: 40 C (A1 F1 ) :_
(1 standard deviation). GBJ - -
g 20 14 —
. > N o B
Four steps in model 2 ., - 1.8°C =
projections: S ] E
. O : -
— GHG emissions 0.0 7 —
— atmospheric 104 o
concentrations +— -
— radiative forcing 1900 2000 2100
— temperatures. IPCC 2007 Year
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The Special Theory of Relativity

The laws of physics are the same in all
non-accelerating reference frames.

* |ncludes all laws of physics including
mechanics and electromagnetism.

* Combines the principle of relativity and the
constancy of the speed of light.

— "Special” because it is valid only for the special
case of non-accelerating reference frames.

—> The General Theory of Relativity deals with
accelerating reference frames.
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Velma Flies Past Mort

(a) (b)

-
He sees her light beam () mewsngm.mk
traveling farther than jv& She sees his light
his between “ticks”. e

Mort sees Velma’s ¢ ock ' fart er than hers

Copyright © 2007 Pearson Prentice Hall, Inc.

run slow. between “ticks”.
Velma sees Mort’s
Time Is relative. clock run slow.

Rule: Moving clocks run slow.
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Time Dilation

Time T measured by a clock moving at speed
v is slow, or “dilated” compared to the time T
measured by a stationary clock:

T
To o T
\/(1—v2/02) e

so T>T,

Time dilation allows time travel, but only into
the future, e.g., the twin “paradox”.
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Length Contraction

No matter how we measure length, we find
the same result: lengths in the direction of
motion are contracted.

L =LO\/(1—v2/02) =L_/y<L, [soL<L,

_ 77 Less than 1 m Where
/ i’ L, = object’s
AN \% rest length,
: - al L = object’s
777777 - Yz length when

(a) (b) _
Copyright © 2007 Pearson Prentice Hall, Inc. m OVI n g at V
measured by Velma measured by Mort
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The Relativity of Mass

* |f the same force yields a smaller
acceleration, the mass must be larger.

* Therefore, mass is also relative.
Moving masses appear heavier than those at
rest.

* We call the mass of an object in its own
reference frame (not moving) its rest mass.
This is a constant for any particular object.
o m, - m, = ol_vject’s rest mass,
\/(1 ~ V2/CZ) 0 m = .object’s mass when
moving at v
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This diagram shows
time dilation, mass 26
increase, and length :3:| Time dilation
contraction as the and mass
speed approaches Increase
the speed of light:

- duration of 1 secon &
a moving clock

Time in seconds, length in meters, or mass in kilograms

- length of a moving ;.

meter stick 03 Length

_mass of amoving 1} contraction
standard kilogram
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Space-Time Diagrams

° Provide a visual illustration of the path of an
object through space and time - its worldline

* Plot distance on x-axis and time on y-axis

Worldline of Velma, travelling away
from Earth and back again: slope
t (= 1/v) must be > 1/c (so that v < c)

. Space-time
Worldline Worldline .
of Mort, of light ?r_l'aq[ra.m for
staying Slope = 1/c ! Wwin
on Earth paradox

> X
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The Principle of Mass-Energy
Equivalence: E = mc?
Energy has mass; that is, energy has inertia.
And mass has energy - the ability to do work.

All objects have rest energy: E_=m_c?
where m, is the rest mass.

This is true even if the object is stationary.

If the object is moving at speed v, then the
total energy = rest energy + kinetic energy:.

E =mc?=ym,c?=m,c?+ K.
“E=mc?” either means E=m_c? for an object at
rest, or E=ym_c? when the object iS moving.
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In which of the following processes does
the system's total mass change?

(A) An automobile speeds up

(B) A rubber ball is squeezed

The total mass changes in both of the
above processes

(D) The total mass changed in neither of the
above processes.

An Increase in energy causes an increase in
total mass (m = E/c?). Both A and B increase
the total energy (kinetic and elastic) of the
system, and so increase the mass.
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In which of the following processes does
the system's rest mass change?

(A) An automobile speeds up

A rubber ball is squeezed

(C) The total mass changes in both of the
above processes

(D) The total mass changed in neither of the
above processes.

The rest mass of the automobile is
unchanged. The rubber ball is at rest, but its
energy increases (work is done), so its rest
mass increases: E = pic2 = ym_c2 = |2 + K
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The Equivalence Principle

°* The General Theory of Relativity applies to
accelerating systems.

* Einstein’s Equivalence Principle is the
foundation of General Relativity.

No experiment performed inside a closed
room can tell you whether you are at rest
In the presence of gravity or accelerating
In the absence of gravity.

PHY100S (K. Strong) - Lecture 24 - Slide 58



Gravity Bends Light

"y

* Light beams are the definitions ~ %0
of straight lines; how can they "™\ s
Starlight
bent by

position as seen
bend? i
Einstein’'s answer: aravity

* Gravity warps space, so the ;' Z ——
@ ll appgalt';it;) lie

I
I
I
I
I
I
I

light is still taking the shortest
distance between two points.

Evidence:
e Stars behind the sun can be é

seen during a solar eclipse.

Copyright © 2007 Pearson Prentice Hall, Inc.
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Spacetime

* Special Relativity showed O
us that space and time
are closely connected.

* Thus warping of space also warps time.
Time goes slower in strong gravitational fields.

* Space and time are bent by masses.

There is a bending in the three space
dimensions plus in the time dimension.

* Spacetime = these four dimensions.

* “Spacetime tells matter how to move; matter
tells spacetime how to curve.” John Wheeler
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The Big Bang

Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Dark Energy
Accelerated Expansion
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Qu 1 1
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

Credit: NASA/WMAP Science Team
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The Expanding Universe
\

* The big bang was not really
an explosion.

* |t created space and time.

°* The expanding universe
continues to create
spacetime.

* |t is not expanding into
anything.

The expanding surface of a balloon
Is a 2D analog of 3D space.

Copyright © 2007 Pearson Prentice Hall, Inc.
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Which Shape Is the Universe?

A single typical disturbance—a region of hotter or cooler
temperature—in the nearly uniform early universe Qp>1

after the big bang

Hot, dense, charged material
//7 prior to 400,000 years

Distance that any single disturbance

could spread during 400,000 years ana I Og S

following the big bang

14 billion
light-years

Angle of less than 1° (open geometry)

The measured
angle is close to

1 (©)

\v\_/ Angle of more than 1° (closed geometry) —> CON S'Ste nt Wlth

Observer
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Angle of 1° (flat geometry)




What i1s the Universe Made Of?

protons, neutrons, electrons (form atoms)
neutrinos

black holes - regions of spacetime from which
nothing can escape, even light

dark matter
does not interact with EM radiation

can be detected due to its gravitational effects

* galaxies can be “weighed” by measuring (1) the
motions of stars and gas, (2) how they distort light
coming from other galaxies (gravitational lensing)

* the mass of the galaxies is ~10 times larger than
that associated with stars, gas and dust

comprises most of the mass of the universe
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Dark Energy

° The expansion of the universe is apparently
accelerating.

Observations of exploding supernovas show
that the most distant galaxies are too far away
to be explained without acceleration.

* This energy that is slowly pushing the
universe apart is called dark energy.

* When the mass of the dark energy and dark
matter is added to the luminous and non-
luminous matter, the result is just enough
for the universe to be flat.
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The Quantum ldea

* Quantization is the idea that certain
properties can only take on certain values.

* Quantum physics describes the nature and
behavior of matter and radiation, particularly
at smallest scales.

Double slit experiment with d|m light showsthat
* Light is a quantized wave. |
* |t consists of little packets of energy - photons

* |t is the quantized EM field that comes through
the slits and interferes at the screen.
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The Quantum Theory of Radiation

* All electromagnetic fields are quantized.

* When carrying radiation of frequency f, the
energy of the EM field must be a multiple of
the energy increment E = hf.

* h=6.6 x 1034 J/Hz is Planck’s constant.
°* The energy of a single photon is E = hf.

* Photons travel at lightspeed (have no mass)
and carry energy.

* An EM wave is still a wave - but it can only
lose energy in units of photons.
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Matter Waves and Fields

* Everything is made of radiation and matter.
Radiation has particle-like qualities.

Matter has wave-like properties — matter
waves — new type of field called a matter field .

* The wavelength of any mass m is:
A=h/myv
* Like EM fields, matter fields are quantized.

e.g., the matter field for electrons is allowed to
have enough energy for O, 1, 2, ... electrons

Electrons (and other particles) exist because
matter fields are quantized in just these energy
InCre mentS . PHY100S (K. Strong) - Lecture 24 - Slide 68




Electron Double Slit Experiment

* The result is an wave interference pattern,
like that produced by photons.

* The interference pattern also builds up spot

by spot, showing that matter is
made of particles.

O

Very narrow
slits, shown here
greatly enlarged

Copyright © 2007 Pearson Prentice Hall, Inc. Copyright © 2007 Pearson Prentice Hall, Inc.
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Key Ideas of Quantum Physics

* Quantization of the EM field
* Existence of the matter field
* Quantization of the matter field

* Quantum nonlocality - collapse of the
quantized EM or matter field to an uncertain
small point of interaction

* Quantum uncertainty - impossible to predict
the location of any individual electron
impact, but the overall pattern is well defined

* Probabilities defined by Schroedinger Eg'n
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The Uncertainty Principle

The position and velocity of every material
particle are uncertain. Although either
uncertainty can take on any value, the two are
related by: (Ax)-(Av)=h/m

£ I ¥ ,—\vf\ [\ [\ /\ur\ —
“ ¥ \/ \/

of wav pk—>

Av Av :i\
|
|
|

X X
- %
Ax Ax
(c) If for any reason Ax is (d) And if Av is reduced, Ax
reduced, then Av must expand to must expand.
fill up a range of possibilities

having the same area.
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The Effect of

Observation %@D |

Copyright © 2007 Pearson Prentice Hall, Inc

* We cannot determine which slit the electron goes
through without interacting with the electron,

* |If we insist that the electron must go through one slit
or the other by looking for it, all we get is a single-
slit pattern.

* Double-slit interference pattern only appears if the
electron’s matter wave can pass through both slits.
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Quantum Entanglement

N
-
~

Y 7 A
i,

AM N

Particles 1 and 2
entangled

AFTER they
interact, they
are entangled.

-
r o

:
n AN
W

U ’ i
U Interaction

u u zone

Particle 1

BEFORE: particles
1 and 2 are separate |-

until they interact.
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£
~,  Particle 2

|
Particles 1 and 2
entangled

Entangled particles are
part of a single quantum

object: a two-particle

wave packet.
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The Nonlocality Principle

Quantum theory predicts that entangled
particles exhibit behavior that can be
explained only by the existence of real
nonlocal (that is, instantaneous and distant)
correlations between the particles.

That is, a physical change in one particle,
such as might be caused by a measurement
made on that particle, causes instantaneous
physical changes in all other particles that are
entangled with that particle, no matter how far
away those other particles may be.
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Can two microscopic [or quantum] particles
be entangled even when they are exerting no
forces on each other?

(A) Yes, because they can still communicate with
each other by means of EM radiation.

Yes, they could be entangled but so far apart
as to exert no significant forces on each other.

(C) No, because entanglement occurs only by
means of the electromagnetic force and the
other fundamental forces.

(D) No, because in order for a particle to be
trapped in the field of another particle, it must
feel the second particle's force field.
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Atomic Spectra

A spectrum = the set of frequencies/
wavelengths emitted by (or absorbed from)

the source of the radiation. Or the intensity as
a fu/nction of frequency/wavelength.

m/
(o]
o,

—

_____ Narrow beam of Yellc
radiation containing cllow
various frequencies

-

Radiation source
such as a heated
glowing gas

Violet

Partition
with a thin
slit in it oy
Viewing screen

or photographic

film

8%
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Energy Level Diagrams

* Each quantum state is a standing wave with
a specific frequency and a specific energy.

°* The lowest energy level is called the ground
state, and the rest are called excited states.

E, |
E, _
Es States (e) through (j)
; W
E’ E, States (b), (¢), (d)
88

o|lo

|

Ly State (a) ‘
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Quantum Jumps = Transitions

Between Energy Levels

Y

Y

YY

\

y

; Emitted/absorbed

YYVYY
E;

Energy levels

photon has energy

hf = Ehigh—energy state
- E

Iow—energy state

Into Into Into the
E4 E3 E2 level

— —

E m |tted p h Oto N Four quantum jumps into the

E energy level

frequencies ' AI n
| | | | S

I
0 500

1000 1500 2000 2500 3000

Frequency in trillions (10'?) of Hz
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Four Fundamental Forces

* The strong nuclear force, holds the nucleus
together.
It acts over distances of about 10-1° m,
attracting protons and neutrons.
* There is one other force, called the weak
nuclear force, which is responsible for some
forms of radioactive decay.

* Four fundamental forces — gravity, electro-
magnetism, strong and weak nuclear forces.
Responsible for the structure of our universe.

Every other force can be reduced to one of
these four.
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Atomic and Mass Numbers

Mass number
Atomic number

Chemical symbol

* Atomic number = the number of protons
(also = number of orbital electrons)

—> This determines the element of the atom.

* The number of neutrons determines the
Isotope of the element.

* Mass number = the total number of protons
plus neutrons.

—> An isotope is labeled by its atomic number
and its mass number.
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Radioactive Decay

* Alpha decay: nucleus emits an
alpha particle = 4,He nucleus
= 2 protons + 2 neutrons.

Alpha particle about
to break away
Copyright © 2007 Pearson Prentice Hall, Inc.

°* Beta decay: nucleus emits a

beta particle = an electron reated n the
(although no electrons in m%dtéfi/
nucleus!)

* Gamma decay: nucleus emits
a photon as it returns to its
ground state; often follows mughtes el e
alpha and beta decay. e
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Half-Life: The Universal Decay Curve

* As with other quantum processes, the time
when any particular nucleus will decay
cannot be predicted. |,

° Nuclear decay rates |

are described by ;2:
the half-life = the

£ 0.50 +

time it takes for half :
the remaining nuclei

40 +

=l

0.30 +

0.20

to decay.
- 0 6000 12,000 18,000 24,000 30,000
¢ Applles to a |arge Ycars(fof”(?)
n u m b e r Of n u Cl e i Nlumber of halfz-lives (for an; radioactive iiotope) i
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Nuclear Fission and Fusion

* Nuclear fission is the splitting of a
single nucleus to make two smaller nuclei.

Example: 2,H (deuterium) + energy — n + p

This requires lots of energy because they are
held together by the strong nuclear force.

* Nuclear fusion is the uniting of two small
nuclei to make a single larger nucleus.

Example: n + p — 2,H (deuterium) + energy
Nuclear energy is released.

The energy transformation is
Nuclear E — Thermal E + Radiation E
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The Nuclear Energy Curve

Nuclear energy of
N U CI e a r an isoll)zztﬁ?cau%:)l]ear
energy per
nuclear I Iron is the most /
particle for stable element
all nuclel -
|!/ | | | |
1 5(: 100 150 200 250
) 1 Mass number X
- |
Lighter elements can Heavier elements can

generate energy by fusion generate energy by fission
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“What we become depends on what we read
after all of the professors have finished with

us.

he greatest university of all is a collection

of books.”

Thomas Carlyle,
Scottish author & historian (1795 - 1881)

Good Luck!
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