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Constella@on	  of	  the	  day:	  Aquarius	  

•  A	  zodiac	  constella@on	  
visible	  in	  the	  night	  sky	  
about	  now;	  one	  of	  48	  
constella@ons	  tabulated	  
by	  Ptolemy.	  

•  La@n	  name	  means	  
“water-‐carrier.”	  	  

•  In	  Egypt,	  associated	  with	  
the	  annual	  flood	  of	  the	  
Nile;	  in	  Babylon,	  
represented	  the	  god	  Ea,	  
also	  associated	  with	  
flooding.	  	  

Image	  credit:	  IAU/Sky	  &	  Telescope	  



Why	  astronomers	  like	  Aquarius	  

•  It	  is	  the	  home	  of	  the	  Helix	  Nebula,	  a	  planetary	  nebula	  formed	  when	  an	  
aging	  star	  ejected	  its	  outer	  layers	  into	  space,	  leaving	  behind	  a	  white	  
dwarf.	  

Image	  credit:	  NASA	  
(GALEX	  ultraviolet	  =	  blue;	  Spitzer+WISE	  3.4-‐4.5	  µm	  	  
near-‐infrared	  =	  green;	  Spitzer+WISE	  8-‐24	  µm	  mid-‐infrared	  =	  red)	  



Organiza@onal	  reminders	  

•  Office	  hours	  are	  Friday	  3:00-‐4:30pm	  in	  Scod	  Hall	  102,	  
Tuesday	  3:00-‐4:30pm	  in	  Serin	  Physics	  and	  Astronomy	  
Building	  401,	  and	  some	  evenings	  in	  Sakai	  chat	  room.	  

	  
•  Reading	  for	  next	  Wednesday:	  Sec@on	  2.3,	  3.1.	  

•  Homework	  for	  next	  Friday:	  10	  ques@ons,	  available	  in	  
Sakai	  “Tests	  &	  Quizzes,”	  due	  before	  class.	  Don’t	  wait	  
un@l	  the	  last	  minute	  to	  submit!	  

•  Please	  register	  your	  clicker	  in	  Sakai!	  Currently:	  114/126.	  



All	  weekly	  study	  groups	  scheduled!	  
LA	   DAY	   TIME	   CAMPUS	   ROOM	  

Elsie	  Lee	   Monday	   1:10-‐2:30pm	   College	  Ave	   Kreeger	  117	  

Isabel	  Kennedy	   Monday	   6:40-‐8:00pm	   Livingston	   Tilled	  111	  

Ryan	  DeGregorio	   Tuesday	   8:10-‐9:30pm	   Busch	   ARC	  326	  

Adrian	  Casper	   Wednesday	   1:10-‐2:30pm	   College	  Ave	   Kreeger	  117	  

Zac	  Csorny	   Wednesday	   2:50-‐4:10pm	   College	  Ave	   Kreeger	  117	  

Ragen	  Patel	   Thursday	   2:50-‐4:10pm	   College	  Ave	   Kreeger	  117	  

Anthony	  Xing	   Thursday	   5:00-‐6:20pm	   Livingston	   TilleG	  111	  

•  If	  none	  of	  these	  @mes	  work	  for	  you,	  ac@ve	  par@cipa@on	  in	  my	  office	  
hours	  can	  earn	  you	  the	  extra	  credit	  you	  would	  get	  from	  a	  study	  group.	  



Sign	  up	  for	  study	  groups	  in	  Sakai	  
•  All	  study	  groups	  next	  week	  are	  now	  available	  for	  signup	  (note:	  

you	  do	  need	  to	  sign	  up	  again	  for	  each	  separate	  week).	  

•  Tips:	  
–  When	  you	  sign	  up,	  you	  should	  get	  a	  confirma@on	  email.	  
–  Please	  cancel	  your	  slot	  if	  you’re	  not	  going	  to	  use	  it!	  
–  Bring	  textbook	  and	  copy	  of	  last	  year’s	  midterm.	  

	  
•  Ques@ons	  to	  prepare	  to	  discuss	  with	  LAs	  next	  week:	  

–  How	  do	  we	  explain	  the	  mo@ons	  of	  the	  Sun	  and	  the	  stars	  in	  the	  sky?	  
–  What	  are	  a	  solar	  day,	  a	  sidereal	  day,	  and	  a	  year?	  
–  How	  do	  we	  explain	  the	  phases	  of	  the	  Moon?	  

•  Ques@ons	  from	  last	  year’s	  midterm	  you	  should	  be	  able	  to	  
answer	  arer	  today’s	  lecture:	  #13	  (52%),	  #20	  (67%),	  #27	  (51%).	  

	  



Homework	  #	  1	  –	  Ques@on	  7	  
Powers	  of	  ten	  can	  some@mes	  be	  represented	  using	  the	  “^”	  
symbol,	  e.g.,	  6.5	  x	  10^3	  =	  6.5	  x	  1000	  =	  6500.	  Using	  this	  
nota@on,	  what	  is	  the	  value	  of	  (4	  x	  10^15)	  –	  (1	  x	  10^3)?	  

A.  3	  x	  10^12.	  
B.  4	  x	  10^12.	  
C.  A	  large	  number	  that	  is	  slightly	  smaller	  than	  4	  x	  10^15.	  
D.  4	  x	  10^5.	  

The	  original	  expression	  equals	  
4,000,000,000,000,000	  –	  1000	  =	  3,999,999,999,999,000	  
making	  answer	  C	  correct.	  



The	  Sun	  and	  the	  Moon	  (and	  the	  Earth!)	  



Rota@on	  vs.	  revolu@on	  
•  Rota@on	  =	  an	  object	  (star,	  planet,	  moon,	  etc.)	  spinning	  

on	  its	  own	  axis.	  
•  Revolu@on	  =	  one	  object	  orbi@ng	  around	  another.	  

	  
	  
	  
	  
	  
	  
Example:	  Earth	  requires	  23	  hours	  and	  56	  minutes	  to	  rotate	  
on	  its	  axis,	  and	  365	  days	  to	  revolve	  around	  the	  Sun.	  

Image	  credit:	  
www.history.com	  



Hang	  on	  –	  “23	  hours	  and	  56	  minutes”!?	  
•  Sidereal	  day	  =	  how	  long	  it	  takes	  a	  planet	  to	  make	  one	  full	  

rota@on	  rela@ve	  to	  the	  stars.	  (For	  Earth,	  this	  is	  23:56.)	  
•  Solar	  day	  =	  how	  long	  it	  takes	  a	  planet	  to	  make	  one	  full	  

rota@on	  rela@ve	  to	  the	  Sun.	  (For	  Earth,	  this	  is	  24:00.)	  
•  Difference	  is	  because	  the	  Earth	  moves	  in	  its	  orbit	  around	  

the	  Sun	  –	  so	  has	  to	  rotate	  just	  a	  bit	  extra.	  
	  
	  
	  
	  

Image	  credit:	  Cornell	  University	  



Which	  way	  do	  planets	  rotate/revolve?	  
•  The	  Earth	  may	  have	  a	  sidereal	  day	  of	  23:56…	  but	  which	  

direc@on	  is	  it	  spinning	  on	  its	  axis	  and	  orbi@ng	  the	  Sun?	  
•  A	  very	  convenient	  fact	  about	  the	  solar	  system:	  nearly	  

every	  major	  body	  rotates/revolves	  in	  the	  same	  prograde	  
direc@on	  –	  counter-‐clockwise	  when	  viewed	  from	  
“above,”	  following	  the	  “right-‐hand	  rule.”	  

	  
	  

Image	  credit:	  	  
forum.na@onstates.net	  

weird	  excep@ons	  
North	  pole	  



Prograde	  mo@on	  is	  why	  Sun,	  stars	  move	  E	  to	  W	  in	  sky	  	  

•  Sun	  moves	  from	  east	  to	  west	  across	  the	  sky	  every	  day.	  
•  Stars	  move	  from	  east	  to	  west	  across	  the	  sky	  every	  year.	  
	  
	  

Image	  credit:	  US	  DOE/ARM	  



Two	  volunteers,	  please!	  



What	  is	  the	  best	  defini@on	  of	  a	  sidereal	  day?	  

A.  The	  @me	  it	  takes	  a	  planet	  to	  orbit	  the	  Sun.	  
B.  The	  @me	  it	  takes	  a	  planet	  to	  spin	  on	  its	  axis	  rela@ve	  to	  the	  

Sun.	  
C.  The	  @me	  it	  takes	  a	  planet	  to	  spin	  on	  its	  axis	  rela@ve	  to	  the	  

stars.	  
D.  The	  @me	  it	  takes	  the	  Sun	  to	  change	  its	  posi@on	  rela@ve	  to	  

the	  stars.	  
E.  A	  day	  that	  only	  seems	  real	  when	  you	  are	  on	  the	  other	  

side	  of	  it.	  

Clicker	  ques@on	  #	  1	  



What	  would	  happen	  if	  the	  Earth	  spun	  on	  its	  axis	  faster	  
than	  it	  does	  now,	  but	  the	  @me	  it	  takes	  to	  orbit	  the	  Sun	  
stayed	  the	  same?	  

A.  The	  Earth’s	  solar	  day	  would	  get	  shorter,	  and	  the	  Earth’s	  
sidereal	  day	  would	  stay	  the	  same.	  

B.  The	  Earth’s	  sidereal	  day	  would	  get	  shorter,	  and	  the	  
Earth’s	  solar	  day	  would	  stay	  the	  same.	  

C.  The	  Earth’s	  solar	  and	  sidereal	  days	  would	  both	  get	  
shorter,	  but	  the	  difference	  between	  them	  would	  stay	  the	  
same.	  

D.  The	  Earth’s	  solar	  and	  sidereal	  days	  would	  both	  get	  
shorter,	  and	  the	  difference	  between	  them	  would	  get	  
smaller.	  

E.  We	  would	  adract	  unwanted	  aden@on	  from	  the	  Klingons.	  

Group	  clicker	  ques@on	  #	  2	  



Solar	  day	  vs.	  sidereal	  day	  vs.	  year	  
•  Earth	  rotates	  (spins)	  lots	  of	  @mes	  on	  its	  axis	  in	  the	  @me	  
it	  takes	  to	  orbit	  the	  Sun,	  and	  in	  the	  same	  direc@on	  –	  so	  
year	  >	  solar	  day	  >	  sidereal	  day.	  

•  The	  rela@onships	  among	  these	  quan@@es	  can	  be	  
different	  for	  different	  planets!	  

•  Consider	  Mercury	  (specific	  numbers	  not	  important):	  
–  year	  (orbital	  period)	  =	  87.969	  Earth	  days	  
–  sidereal	  day	  =	  58.646	  Earth	  days	  
–  solar	  day	  =	  175.938	  Earth	  days	  
–  If	  you	  lived	  on	  Mercury,	  you	  could	  celebrate	  your	  birthday	  
twice	  every	  day!	  

	  
	  



Phases	  of	  the	  Moon	  



Phases	  of	  
the	  Moon	  

Sept.	  13	  
hdp://ganymede.nmsu.edu/tharriso/ast110/class05.html	  

•  Waxing	  =	  going	  from	  
new	  moon	  to	  full	  
moon.	  

•  Waning	  =	  going	  from	  
full	  moon	  to	  new	  
moon.	  

•  We’re	  always	  seeing	  
reflected	  sunlight.	  

	  
	  



Phases	  of	  
the	  Moon	  

Sept.	  13	  
hdp://ganymede.nmsu.edu/tharriso/ast110/class05.html	  

•  Crescent	  =	  closer	  to	  
new	  moon	  than	  full	  
moon.	  

•  Gibbous	  
(“humpbacked”)	  =	  
closer	  to	  full	  moon	  than	  
new	  moon.	  

	  
	  



Sept.	  13	  

Understanding	  
lunar	  phases	  

Moon	  moves	  
prograde!	  



On	  August	  20,	  the	  Moon	  was	  a	  waning	  
crescent.	  If	  you	  had	  gone	  outside	  
before	  sunrise,	  where	  should	  you	  have	  
looked	  to	  see	  the	  Moon?	  

A.  toward	  the	  south	  
B.  toward	  the	  north	  
C.  toward	  the	  east	  
D.  toward	  the	  west	  
E.  straight	  overhead	  

Clicker	  ques@on	  #	  3	  

Top	  view	  –	  
not	  to	  scale!	  

W	  E	  



If	  you	  see	  the	  Moon	  rising	  at	  midnight,	  what	  phase	  is	  it?	  

A.  full	  
B.  third	  quarter	  
C.  new	  
D.  first	  quarter	  
E.  triple	  witching	  hour	  

Clicker	  ques@on	  #	  4	  

Top	  view	  –	  
not	  to	  scale!	  

E	  

W	  



At	  approximately	  what	  @me	  would	  you	  see	  a	  full	  Moon	  on	  
your	  meridian?	  

A.  Arer	  a	  party	  that	  got	  a	  lidle	  out	  of	  control.	  
B.  midnight	  
C.  6	  am	  
D.  noon	  
E.  6	  pm	  

Clicker	  ques@on	  #	  5	  

Top	  view	  –	  
not	  to	  scale!	  

E	  

W	  



In	  this	  photograph,	  taken	  by	  the	  crew	  of	  Apollo	  8,	  Earth	  is	  
seen	  with	  the	  north	  pole	  approximately	  at	  the	  top.	  	  In	  
what	  phase	  did	  the	  Moon	  appear	  to	  observers	  on	  Earth?	  

A.  waxing	  crescent	  
B.  first	  quarter	  
C.  full	  
D.  third	  quarter	  
E.  waning	  crescent	  

Group	  clicker	  ques@on	  #	  6	  



Always	  
see	  the	  
same	  face	  
of	  the	  
Moon…	  



Two	  volunteers,	  please!	  



Does	  the	  Moon	  rotate?	  



Suppose	  you	  lived	  on	  the	  Moon	  near	  the	  center	  of	  the	  
side	  that	  always	  faces	  Earth.	  Which	  of	  the	  following	  
would	  you	  NOT	  see?	  

A.  the	  Earth	  rising	  and	  sezng	  
B.  the	  Earth	  passing	  though	  a	  full	  cycle	  of	  phases	  
C.  the	  Sun	  rising	  and	  sezng	  
D.  stars	  rising	  and	  sezng	  
E.  the	  Sun	  crossing	  your	  meridian	  every	  four	  weeks	  

Clicker	  ques@on	  #	  7	  


