
For: As Soon As Possible: 
Check the class web site: http://www.ucolick.org/~jfortney/3.htm  
 
Register at www.masteringastronomy.com 
•   You will need to purchase access (7th edition) if you didn’t buy 

the textbook package at the bookstore 
•   The class code is AY3FORTNEY 
 
 
Register your iClicker: 
www.iclicker.com/support/registeryourclicker/ 
 
Do the reading (check syllabus on web page) 
 
HW 1 due Thursday at 2PM! 
 
Go to section, meet your TA, get started on the homework 



Review	  from	  last	  /me:	  
•  All	  atoms	  heavier	  than	  H	  &	  He	  in	  your	  body	  
were	  made	  in	  the	  deep	  interiors	  of	  stars	  over	  
4.5	  billion	  years	  (4.5	  Gyr)	  ago	  

•  SiCng	  atop	  the	  surface	  of	  the	  Earth,	  we	  are	  
moving	  extremely	  fast	  

•  Our	  standard	  units	  of	  length	  are	  the	  light-‐year	  
and	  the	  astronomical	  unit	  (AU)	  

•  Planet	  à	  star	  system	  à	  galaxy	  à	  galaxy	  
clusters	  à	  Universe	  



Discovering	  the	  Universe	  for	  Yourself	  



2.1	  PaPerns	  in	  the	  Night	  Sky	  
•  Our	  goals	  for	  learning:	  

– What	  does	  the	  universe	  look	  like	  from	  Earth?	  
– Why	  do	  stars	  rise	  and	  set?	  



What	  does	  the	  universe	  look	  like	  from	  
Earth?	  

•  With	  the	  naked	  
eye,	  we	  can	  see	  
more	  than	  2000	  
stars	  as	  well	  as	  
the	  Milky	  Way.	  



Constella/ons	  

•  A	  constella/on	  is	  
a	  region	  of	  the	  
sky.	  

•  Eighty-‐eight	  
constella/ons	  fill	  
the	  en/re	  sky.	  

•  Some	  can	  only	  be	  
seen	  from	  a	  
par/cular	  
hemisphere	  



The	  Celes/al	  Sphere	  
•  Stars	  at	  different	  
distances	  all	  appear	  
to	  lie	  on	  the	  celes/al	  
sphere	  

•  One	  can	  make	  a	  
“globe”	  of	  the	  
appearance	  of	  the	  
night	  sky	  

•  The	  88	  official	  
constella/ons	  cover	  
the	  celes/al	  sphere	  



The	  Celes/al	  Sphere	  
•  The	  Eclip8c	  is	  the	  
Sun's	  apparent	  
path	  through	  the	  
celes/al	  sphere.	  	  

•  This	  is	  23.5	  
degrees	  inclined	  
compared	  to	  
projec/ng	  out	  the	  
Earth’s	  equator	  

•  Earth’s	  north	  
celes/al	  pole	  
points	  at	  Polaris,	  
the	  North	  Star	  



The	  Celes/al	  Sphere	  
•  North	  celes8al	  pole	  is	  

directly	  above	  Earth's	  
North	  Pole.	  

•  South	  celes8al	  pole	  is	  
directly	  above	  Earth's	  
South	  Pole.	  

•  Celes8al	  equator	  is	  a	  
projec/on	  of	  Earth's	  
equator	  onto	  sky.	  



The	  sky	  varies	  as	  Earth	  orbits	  the	  Sun	  
•  As	  the	  Earth	  orbits	  the	  Sun,	  the	  Sun	  appears	  
to	  move	  eastward	  along	  the	  eclip/c.	  

•  At	  midnight,	  the	  stars	  on	  our	  meridian	  are	  
opposite	  the	  Sun	  in	  the	  sky.	  





2.2	  The	  Reason	  for	  Seasons	  

•  Our	  goals	  for	  learning:	  
– What	  causes	  the	  seasons?	  
– How	  does	  the	  orienta8on	  of	  Earth's	  axis	  change	  
with	  8me?	  



Thought	  Ques/on	  

TRUE	  OR	  FALSE?	  Earth	  is	  closer	  to	  the	  Sun	  in	  
summer	  and	  farther	  from	  the	  Sun	  in	  winter.	  



Thought	  Ques/on	  

TRUE	  OR	  FALSE?	  Earth	  is	  closer	  to	  the	  Sun	  in	  
summer	  and	  farther	  from	  the	  Sun	  in	  winter.	  
	  
	  
	  
Hint:	  When	  it	  is	  summer	  in	  America,	  it	  is	  winter	  
in	  Australia.	  



Thought	  Ques/on	  
TRUE	  OR	  FALSE!	  Earth	  is	  closer	  to	  the	  Sun	  in	  	  
summer	  and	  farther	  from	  the	  Sun	  in	  winter.	  
	  
	  
	  
•  Seasons	  are	  opposite	  in	  the	  N	  and	  S	  
hemispheres,	  so	  distance	  cannot	  be	  the	  reason.	  

•  The	  real	  reason	  for	  seasons	  involves	  Earth's	  axis	  
/lt.	  



•  Seasons	  depend	  on	  how	  Earth's	  axis	  affects	  the	  directness	  of	  
sunlight.	  

	  

What	  causes	  the	  seasons?	  



Axis	  /lt	  changes	  directness	  of	  sunlight	  
during	  the	  year.	  	  



©	  2014	  Pearson	  Educa/on,	  Inc.	  

Sun's	  al/tude	  also	  changes	  with	  seasons.	  
•  Sun's	  posi/on	  at	  

noon	  in	  summer:	  	  
Higher	  al/tude	  
means	  more	  direct	  
sunlight.	  

•  Sun's	  posi/on	  at	  
noon	  in	  winter:	  	  
Lower	  al/tude	  
means	  less	  direct	  
sunlight.	  



©	  2014	  Pearson	  Educa/on,	  Inc.	  

Summary:	  The	  Real	  Reason	  for	  
Seasons	  

•  Earth's	  axis	  points	  in	  the	  same	  direc/on	  (to	  
Polaris)	  all	  year	  round,	  so	  its	  orienta/on	  
rela)ve	  to	  the	  Sun	  changes	  as	  Earth	  orbits	  the	  
Sun.	  

•  Summer	  occurs	  in	  your	  hemisphere	  when	  
sunlight	  hits	  it	  more	  directly;	  winter	  occurs	  
when	  the	  sunlight	  is	  less	  direct.	  

•  AXIS	  TILT	  is	  the	  key	  to	  the	  seasons;	  without	  it,	  
we	  would	  not	  have	  seasons	  on	  Earth.	  	  



Why	  doesn't	  distance	  maPer?	  
•  Varia/on	  of	  Earth–
Sun	  distance	  is	  
small—about	  3%;	  
this	  small	  varia/on	  
is	  overwhelmed	  by	  
the	  effects	  of	  axis	  
/lt.	  



Clicker	  Ques/on	  

•  Imagine	  planets	  with	  /lts	  that	  differed	  
compared	  to	  the	  23.5o	  of	  Earth.	  	  Seasons	  
would	  be	  the	  most	  extreme	  for	  /lts	  of:	  

•  A)	  0	  degrees	  
•  B)	  45	  degrees	  
•  C)	  90	  degrees	  



Clicker	  Ques/on	  

•  Imagine	  planets	  with	  /lts	  that	  differed	  
compared	  to	  the	  23.5o	  of	  Earth.	  	  Seasons	  would	  
be	  the	  most	  extreme	  for	  /lts	  of:	  

•  A)	  0	  degrees	  
•  B)	  45	  degrees	  
•  C)	  90	  degrees	  (Uranus	  is	  close	  to	  this	  
orienta/on)	  



How	  do	  we	  mark	  the	  progression	  of	  
the	  seasons?	  	  

•  We	  define	  four	  special	  points:	  
	   	  	  	  summer	  (June)	  sols/ce	  [longest	  day]	  
	   	  	  	  winter	  (December)	  sols/ce	  [shortest	  day]	  
	   	  	  	  spring	  (March)	  equinox	  [day=night]	  
	   	  	  	  fall	  (September)	  equinox	  [day=night]	  



We	  can	  recognize	  sols/ces	  and	  equinoxes	  
by	  Sun's	  path	  across	  sky:	  

•  Summer	  (June)	  sols/ce:	  highest	  path;	  rise	  and	  set	  at	  most	  
extreme	  north	  of	  due	  east	  

•  Winter	  (December)	  sols/ce:	  lowest	  path;	  rise	  and	  set	  at	  most	  
extreme	  south	  of	  due	  east	  

•  Equinoxes:	  Sun	  rises	  precisely	  due	  east	  and	  sets	  precisely	  due	  
west.	  



©	  2014	  Pearson	  Educa/on,	  Inc.	  

Seasonal	  changes	  are	  more	  extreme	  at	  
high	  la/tudes.	  	  

•  Path	  of	  the	  Sun	  on	  the	  summer	  sols/ce	  at	  the	  
Arc/c	  Circle	  



Related	  ques/on:	  How	  does	  the	  orienta/on	  
of	  Earth's	  axis	  change	  with	  /me?	  

•  Although	  the	  axis	  seems	  fixed	  on	  human	  /me	  scales,	  it	  
actually	  precesses	  over	  about	  26,000	  years.	  
⇒ 	  Polaris	  won't	  always	  be	  the	  North	  Star.	  
⇒ 	  Posi/ons	  of	  equinoxes	  shiv	  around	  orbit;	  e.g.,	  
spring	  equinox,	  once	  in	  Aries,	  is	  now	  in	  Pisces! 

Earth's axis 
precesses like the 
axis of a spinning 
top 



How	  does	  the	  orienta/on	  of	  Earth's	  axis	  
change	  with	  /me?	  
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a b s t r a c t

We numerically explore the obliquity (axial tilt) variations of a hypothetical moonless Earth. Previous
work has shown that the Earth’s Moon stabilizes Earth’s obliquity such that it remains within a narrow
range, between 22.1! and 24.5!. Without lunar influence, a frequency map analysis by Laskar et al. (Las-
kar, J., Joutel, F., Robutel, P. [1993]. Nature 361, 615–617) showed that the obliquity could vary between
0! and 85!. This has left an impression in the astrobiology community that a big moon is necessary to
maintain a habitable climate on an Earth-like planet. Using a modified version of the orbital integrator
mercury, we calculate the obliquity evolution for moonless Earths with various initial conditions for
up to 4 Gyr. We find that while obliquity varies significantly more than that of the actual Earth over
100,000 year timescales, the obliquity remains within a constrained range, typically 20–25! in extent,
for timescales of hundreds of millions of years. None of our Solar System integrations in which planetary
orbits behave in a typical manner show obliquity accessing more than 65% of the full range allowed by
frequency-map analysis. The obliquities of moonless Earths that rotate in the retrograde direction are
more stable than those of prograde rotators. The total obliquity range explored for moonless Earths with
rotation periods less than 12 h is much less than that for slower-rotating moonless Earths. A large moon
thus does not seem to be needed to stabilize the obliquity of an Earth-like planet on timescales relevant
to the development of advanced life.

" 2011 Elsevier Inc. All rights reserved.

1. Introduction

Inhabitants of Earth enjoy a relatively benign and stable climate
in part because our planet’s obliquity, W, which is the angle be-
tween its orbital angular momentum and its rotational angular
momentum, does not vary by a large amount. In contrast, the
obliquity of Mars ranges from !0! to 60! (Laskar et al., 1993b,
2004). The value of W is an important factor in determining climate
and habitability. For W < 54! or W > 126!, a planet on a low-eccen-
tricity orbit receives more radiant energy from its star (averaged
over time) at equatorial latitudes than near its poles, while the
poles are heated most for obliquities 54! < W < 126!. In contrast,
the poles receive very little light for W near 0! or near 180!
(Fig. 1). (See Dobrovolskis (2009) for a discussion of the illumina-
tion of high-obliquity planets.)

Theoretical analyses have not yet determined whether terres-
trial planets are formed with a preference for low W, as Earth
and Mars have at the present epoch (Schlichting and Sari, 2007),
or whether the rotation axes of rocky bodies are essentially ran-

domly distributed (Lissauer et al., 1997, 2000). Recent numerical
studies suggest that distribution of orientations of initial rotation
axes may well be isotropic (Miguel and Brunini, 2010). Stellar tides
affect the obliquity evolution of close-in planets like Mercury and
Venus – these effects are beyond the scope of our present work.

Torques from the pull of other planets on the equatorial bulge of
a planet can alter its axial tilt. Therefore, W does not necessarily re-
main fixed subsequent to the epoch of planetary accretion. Laskar
and Robutel (1993) analyzed possible obliquity variations of the
planets in our Solar System. Their study also considered the same
planets with different rotation periods, and the Earth without the
Moon. Using frequency map analysis, they found that the obliquity
of Mars can range from 0! to 60!, and a hypothetical moonless
Earth’s axial tilt could be close to 0! or as large as 85! (Laskar
and Robutel, 1993; Laskar et al., 1993b). In contrast, W of the actual
Earth varies far less, from 22! to 24.6!, because of the Moon’s sta-
bilizing influence (e.g., Laskar et al., 1993a,b). Numerical integra-
tions (Laskar et al., 2004) have shown that Mars’s obliquity
varies over most of its permitted range on timescales of tens of mil-
lions of years. Neron de Surgy and Laskar (1997) show that tidal
evolution of the Earth–Moon system is expected to drive the
Earth’s rotation into the chaotic zone within 1.5–4.5 Gyr, leading
to the likelihood of excursions of Earth’s obliquity to values above
80! at some point within the next !6 Gyr.

0019-1035/$ - see front matter " 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.icarus.2011.10.013
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What	  have	  we	  learned?	  
•  What	  causes	  the	  seasons?	  

–  The	  /lt	  of	  the	  Earth's	  axis	  causes	  sunlight	  to	  hit	  different	  
parts	  of	  the	  Earth	  more	  directly	  during	  the	  summer	  and	  
less	  directly	  during	  the	  winter.	  

– We	  can	  specify	  the	  posi/on	  of	  an	  object	  in	  the	  local	  sky	  by	  
its	  al8tude	  above	  the	  horizon	  and	  its	  direc8on	  along	  the	  
horizon.	  

–  The	  summer	  and	  winter	  sols8ces	  are	  when	  the	  Northern	  
Hemisphere	  gets	  its	  most	  and	  least	  direct	  sunlight,	  
respec/vely.	  The	  spring	  and	  fall	  equinoxes	  are	  when	  both	  
hemispheres	  get	  equally	  direct	  sunlight.	  



•  Without	  axial	  /lt,	  on	  a	  circular	  orbit,	  there	  are	  no	  seasons	  

•  On	  a	  highly	  eccentric	  orbit,	  planet-‐wide	  seasons	  would	  occur	  
as	  the	  en/re	  planet	  heated	  up	  and	  cooled	  off	  in	  its	  orbit	  







What	  have	  we	  learned?	  

•  How	  does	  the	  orienta8on	  of	  Earth's	  axis	  
change	  with	  8me?	  
– The	  /lt	  remains	  about	  23.5°	  (so	  the	  season	  
paPern	  is	  not	  affected),	  but	  Earth	  has	  a	  26,000	  
year	  precession	  cycle	  that	  slowly	  and	  subtly	  
changes	  the	  orienta/on	  of	  Earth's	  axis.	  



Short	  Break	  



2.3	  The	  Moon,	  Our	  Constant	  Companion	  

•  Our	  goals	  for	  learning:	  
–  	  Why	  do	  we	  see	  phases	  of	  the	  Moon?	  
–  	  What	  causes	  eclipses?	  



Why	  do	  we	  see	  phases	  of	  the	  Moon?	  

•  Lunar	  phases	  
are	  a	  
consequence	  
of	  the	  Moon's	  
27.3-‐day	  orbit	  
around	  Earth.	  



Phases	  of	  	  the	  Moon	  

•  Half	  of	  Moon	  is	  
always	  illuminated	  
by	  Sun	  and	  half	  is	  
always	  dark.	  

•  We	  see	  a	  changing	  
combina/on	  of	  
the	  bright	  and	  
dark	  faces	  as	  
Moon	  orbits	  
around	  the	  Earth	  





Phases	  of	  the	  Moon	  



Phases	  of	  the	  Moon:	  	  29.5-‐day	  cycle	  
	  
Waxing	  
•  	  Moon	  visible	  in	  

avernoon/evening	  
•  	  Gets	  "fuller"	  and	  rises	  

later	  each	  day	  
	  
	  
Waning	  
•  	  Moon	  visible	  in	  late	  

night/morning	  
•  	  Gets	  "less	  full"	  and	  

sets	  later	  each	  day	  



Thought	  Ques/on	  
	  It's	  9	  a.m.	  You	  look	  up	  in	  

the	  sky	  and	  see	  a	  moon	  
with	  half	  its	  face	  bright	  
and	  half	  dark.	  What	  
phase	  is	  it?	  
	  
A. 	  first	  quarter	  
B. 	  waxing	  gibbous	  
C. 	  last	  (last)	  quarter	  
D. 	  crescent	  



Clicker	  Ques/on	  

It's	  9	  a.m.	  You	  look	  up	  in	  the	  sky	  and	  see	  a	  moon	  
with	  half	  its	  face	  bright	  and	  half	  dark.	  What	  
phase	  is	  it?	  
	  
A. 	  first	  quarter	  
B. 	  waxing	  gibbous	  
C.  	  third	  (last)	  quarter	  
D. 	  crescent	  



We	  see	  only	  one	  side	  of	  Moon	  
•  Synchronous	  rota/on:	  

the	  Moon	  rotates	  
exactly	  once	  with	  each	  
orbit.	  

•  That	  is	  why	  only	  one	  
side	  is	  visible	  from	  
Earth.	  

•  The	  moon	  did	  not	  start	  
out	  in	  this	  state	  when	  it	  
formed,	  but	  /des	  
changed	  its	  rota/on	  
rate	  over	  /me.	  	  This	  is	  
called	  “/dal	  locking.”	  



What	  causes	  eclipses?	  
•  The	  Earth	  and	  Moon	  cast	  shadows.	  
•  When	  either	  passes	  through	  the	  other's	  
shadow,	  we	  have	  an	  eclipse.	  



Lunar	  Eclipse	  



•  Lunar	  
eclipses	  can	  
occur	  only	  at	  
full	  moon.	  

•  Lunar	  eclipses	  
can	  be	  
penumbral,	  
par8al,	  or	  
total.	  	  

When	  can	  eclipses	  occur?	  



Solar	  Eclipse	  



When	  can	  eclipses	  occur?	  
•  Solar	  eclipses	  can	  occur	  only	  at	  new	  moon.	  
•  Solar	  eclipses	  can	  be	  par8al,	  total,	  or	  annular.	  





Redding,	  May	  20,	  2012	  





Why	  don't	  we	  have	  an	  eclipse	  at	  every	  new	  
and	  full	  moon?	  

•  The	  Moon's	  orbit	  is	  /lted	  5°	  to	  eclip/c	  plane.	  
•  So	  we	  have	  about	  two	  eclipse	  seasons	  each	  year,	  with	  a	  
lunar	  eclipse	  at	  full	  moon	  and	  solar	  eclipse	  at	  new	  moon.	  



Summary:	  Two	  condi/ons	  must	  be	  
met	  to	  have	  an	  eclipse:	  

1.  It	  must	  be	  full	  moon	  (for	  a	  lunar	  eclipse)	  or	  
new	  moon	  (for	  a	  solar	  eclipse).	  

AND	  
2.  The	  Moon	  must	  be	  at	  or	  near	  one	  of	  the	  two	  

points	  in	  its	  orbit	  where	  it	  crosses	  the	  eclip/c	  
plane	  (its	  nodes).	  
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Predic/ng	  Eclipses	  
•  Eclipses	  recur	  with	  the	  18-‐year,	  11	  1/3-‐day	  
saros	  cycle,	  but	  type	  (e.g.,	  par/al,	  total)	  and	  
loca/on	  may	  vary.	  
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What	  have	  we	  learned?	  

•  Why	  do	  we	  see	  phases	  of	  the	  Moon?	  
– Half	  the	  Moon	  is	  lit	  by	  the	  Sun;	  half	  is	  in	  shadow,	  
and	  its	  appearance	  to	  us	  is	  determined	  by	  the	  
rela/ve	  posi/ons	  of	  Sun,	  Moon,	  and	  Earth.	  

•  What	  causes	  eclipses?	  
– Lunar	  eclipse:	  Earth's	  shadow	  on	  the	  Moon	  
– Solar	  eclipse:	  Moon's	  shadow	  on	  Earth	  
– Tilt	  of	  Moon's	  orbit	  means	  eclipses	  occur	  during	  
two	  periods	  each	  year.	  
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2.4	  The	  Ancient	  Mystery	  of	  the	  Planets	  

•  Our	  goals	  for	  learning:	  
– What	  was	  once	  so	  mysterious	  about	  planetary	  
mo8on	  in	  our	  sky?	  

– Why	  did	  the	  ancient	  Greeks	  reject	  the	  real	  
explana8on	  for	  planetary	  mo8on?	  



Planets	  Known	  in	  Ancient	  Times	  

•  Mercury	  	  
–  difficult	  to	  see;	  always	  close	  
to	  Sun	  in	  sky	  

•  Venus	  	  
–  very	  bright	  when	  visible;	  
morning	  or	  evening	  "star"	  

•  Mars	  	  
–  no/ceably	  red	  

•  Jupiter	  	  
–  very	  bright	  

•  Saturn	  	  
–  moderately	  bright	  



What	  was	  once	  so	  mysterious	  	  
about	  planetary	  mo/on	  in	  our	  sky?	  

•  Planets	  usually	  move	  slightly	  eastward	  from	  night	  to	  
night	  rela/ve	  to	  the	  stars.	  	  

•  But	  some/mes	  they	  go	  westward	  rela/ve	  to	  the	  stars	  
for	  a	  few	  weeks:	  apparent	  retrograde	  mo8on.	  



We	  see	  apparent	  
retrograde	  

mo/on	  when	  we	  
pass	  by	  a	  planet	  

in	  its	  orbit.	  



Explaining	  Apparent	  Retrograde	  
Mo/on	  

•  Easy	  for	  us	  to	  explain:	  occurs	  when	  we	  "lap"	  
another	  planet	  (or	  when	  Mercury	  or	  Venus	  
laps	  us).	  

•  But	  very	  difficult	  to	  explain	  if	  you	  think	  that	  
Earth	  is	  the	  center	  of	  the	  universe!	  

•  In	  fact,	  ancients	  considered	  but	  rejected	  the	  
correct	  explana)on.	  



Why	  did	  the	  ancient	  Greeks	  reject	  the	  
real	  explana/on	  for	  planetary	  mo/on?	  

•  Their	  inability	  
to	  observe	  
stellar	  
parallax	  was	  
a	  major	  
factor.	  



1.  Stars are so far away that stellar parallax is too 
small to notice with the naked eye. 

2.  Earth does not orbit the Sun; it is the center of 
the universe. 

The	  Greeks	  knew	  that	  the	  lack	  of	  observable	  
parallax	  could	  mean	  one	  of	  two	  things:	  

With	  rare	  excep/ons	  such	  as	  Aristarchus,	  the	  
Greeks	  rejected	  the	  correct	  explana/on	  (1)	  
because	  they	  did	  not	  think	  the	  stars	  could	  be	  that	  
far	  away.	  
	  
Thus,	  the	  stage	  was	  set	  for	  the	  long,	  historical	  showdown	  between	  
Earth-‐centered	  and	  Sun-‐	  centered	  systems.	  
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What	  have	  we	  learned?	  
•  What	  was	  so	  mysterious	  about	  planetary	  mo8on	  in	  our	  sky?	  

–  Like	  the	  Sun	  and	  Moon,	  planets	  usually	  driv	  eastward	  
rela/ve	  to	  the	  stars	  from	  night	  to	  night,	  but	  some/mes,	  
for	  a	  few	  weeks	  or	  few	  months,	  a	  planet	  turns	  westward	  in	  
its	  apparent	  retrograde	  mo8on.	  

•  Why	  did	  the	  ancient	  Greeks	  reject	  the	  real	  explana8on	  for	  
planetary	  mo8on?	  
– Most	  Greeks	  concluded	  that	  Earth	  must	  be	  sta/onary,	  
because	  they	  thought	  the	  stars	  could	  not	  be	  so	  far	  away	  as	  
to	  make	  parallax	  undetectable.	  



For: As Soon As Possible: 
Check the class web site: http://www.ucolick.org/~jfortney/3.htm  
 
Register at www.masteringastronomy.com 
•   You will need to purchase access (7th edition) if you didn’t buy the 

textbook package at the bookstore 
•   The class code is AY3FORTNEY 
•     You CANNOT complete Homeworks without 

MasteringAstronomy 
 
Register your iClicker: 
www.iclicker.com/support/registeryourclicker/ 
 
HW 1 due Thursday at 2PM! 
Go to section, meet your TA, get started on the homework 
 
Tuesday,	  6:00-‐7:10	  p.m.,	  Phys	  Sciences	  114	  (Emily)	  
Wednesday,	  8:00-‐9:10	  a.m.,	  Phys	  Sciences	  114	  (Emily)	  
Wednesday,	  11:10	  a.m.-‐12:10	  p.m.,	  Nat	  Sci	  Annex	  101	  (Chris)	  
Friday,	  3:30-‐4:40	  p.m.,	  Nat	  Sci	  Annex	  101	  (Chris)	  
	  
This	  Wednesday,	  my	  office	  hours:	  	  9:00-‐10:30	  a.m.	  instead	  of	  1:30-‐3	  p.m.	  
	  
 


