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Santa Monica Amateur 

Astronomy Club 

The Observer 
UPCOMING CLUB MEETING:       

FRIDAY, OCTOBER 9, 7:30 PM 

INSIDE THIS ISSUE 

October Calendar:  

A Busy Month! 

************** 

Earth’s Climate: 

Milankovitch and 

his Cycles 
 

OUR MEETING SITE: 

Wildwood School               

11811 Olympic Blvd.              

Los Angeles, CA 90064 

Free parking in garage, SE 

corner of Mississippi 

&Westgate. 

 

“The Observer” would be 

delighted to accept submis-

sions from club members.  

Co-editors would also be 

welcome.  See one of our club 

officers at the next meeting! 

 

Santa Moncia 

 

Amateur Astronomy 

Club 

    Our knowledge of the earth's ecosystems has been dramatically ad-
vanced by observations from space.  NASA now has a suite of satellites 
observing our atmosphere, oceans and weather systems.  Many of these 
satellites are built and operated nearby, at NASA's Jet Propulsion Labora-
tory. 
 Deborah Vane, our featured speaker, has worked on the Mars 
Viking Lander Mission Imaging Team, and has served as Scientific Assis-
tant for the JPL Chief Scientist.  As mission manager for Cloudsat, she 
has been involved with climate observations from space.  At this Friday's 
meeting, she will tell us how these observations are helping us to better 
understand our planet's climate--and its potential for change in the com-
ing years." 

Featured Speaker:          

DEBORAH VANE, JPL 

Topic:                                                 

“Observing Earth From Space            

To Understand and Better Predict    

Climate Change” 
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Observing Earth from Space: 

NASA has a whole fleet of spacecraft, including a line-up of advanced satellites 

collectively known as “The A Team”, orbiting the earth and collecting infor-

mation about land use, atmospheric composition, ocean winds and currents, 

sea surface temperatures, and cloud formation.  Gone are the days when ocean 

observations were limited to measurements taken path by path, as one ship or 

another plied the waters.  Today, even with Curiosity on Mars, Dawn orbiting 

Ceres and New Horizons whizzing past Pluto, Earth remains our most studied 

celestial body. 

Just look at this fleet, and you begin to get the idea! 

We will hear more about the incredible capabilities of these satellites at the 

upcoming club meeting, this Friday, October 9.  Hope you’re looking forward 

to it! 
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Wow!  What a month! 

October is going to be a busy month for astronomy.  Here is a listing of 

some highly-recommended events: 

THURSDAY, OCT. 8 (7pm) 

 Von Karmen Lecture, JPL:        

 “Unveiling an Alien World: The Dawn Mission at Ceres”  

 Carol Raymond        

 Free, no reservations needed. 

FRIDAY, OCT. 9 (7:30 pm) 

 Santa Monica Club meeting , Wildwood School:     

 “Observing Earth From Space”      

 Deborah Vane, JPL        

 Ours, of course! 

SATURDAY & SUNDAY, OCT. 10 and 11 (9am to 4 pm) 

 Jet Propulsion Laboratory:  Open House     

 Free, no tickets or reservations needed.      

 4800 Oak Grove Drive, Pasadena CA, 91109    

 See: jpl.nasa.gov  Or call: 818 354-4321 

Disneyland meets rocket science at the JPL (usually) annual open house.  This 

event draws huge crowds, and there is a lot to see.  Best advice: Arrive well before 

9am, and plan to stay all day.  Certain sites, like the Mars Exhibits, Space Flight 

Operations Facility (mission control) and the Spacecraft Assembly Facility (clean 

rooms for spacecraft assembly) develop long lines—these might be easier to see if 

you are there right as they open.  Others, like the Microdevices Lab, are accessible 

throughout the day (and yet just as much worth the visit).  There is food available.  

Your car might be subject to a cursory inspection on entry—so, hide those astrology 

books.  There are activities for all ages, and all levels.  Find an expert, and ask your 

questions! 

WEDNESDAY, OCT. 14 (8pm) 

 Watson Lecture, Beckman Auditorium, Caltech:     

 “Back to the Beginning: The Rosetta Comet Rendezvous Mission” 

 Paul Weissman        

 Free, no tickets or reservations needed.       

 Information at “Caltech Events”’ website; see “public events” calendar 

 

   WAIT! THERE’S MORE!  SEE NEXT PAGE! 



Wow!  What a month! (Continued) 

More awesome events: 

SUNDAY, OCT. 18 (2 to 5 pm) 

 Carnegie Observatories:  Open House    

 813 Santa Barbara Street       

 Free, no tickets needed       

 Reservations preferred (but it’s pretty casual)     

So, where did Hubble really make his discoveries?  At the telescope, or in 

his office?  Hubble, Einstein and others have occupied these storied offic-

es, but there’s more than office space here.  Sun to view (weather permit-

ting), exhibits, the latest on the Giant Magellan Telescope, astronomers to 

answer questions, free food and more! 

You can make a reservation (just so they have an idea of attendance) at 

the OCIW website.  Look for  the Observatories of the Carnegie Institute of 

Washington when you search (not for the oil company with the same ac-

ronym!).  Santa Barbara Street is a short, mostly residential street.  Head 

east on the 210 through Pasadena, exit at Lake, head a few blocks north of 

the freeway, make a left at the church onto Santa Barbara Street.  It’s the 

only venerable-looking office building on the block (north side).  Park in 

the lot or on the street, on the east side of the facade.  Lots of astronomy 

people attend, and it’s all the more interesting if you ask someone who to 

look for! 

SUNDAY, NOV. 8 

 UCLA:  “Exploring Your Universe” —science day   

 Noon to 5 pm; some nighttime activities until 8 pm   

 Free, no tickets or reservations needed.     

 (Parking on campus is $12.00)      

 http://eyu.astro.ucla.edu     

OK, so this one isn't’ in October—but it’s really cool!  Exhibits, science peo-

ple, activities for kids and other special events.  See the meteorite museum!  

Visit the rooftop planetarium!  It’s a science fair taken to the next level! 

Also coming in November: Our annual club banquet.  Date and 

location TBA. 

 

 Told you it was a busy month! 

 



 

Milankovitch and His Cycles: 

What Does Astronomy Say About Our Climate? 

Nature or nurture? 

There are clear signs that the earth is warming—the troposphere is heating; the stratosphere is 

cooling (as if heat is being trapped below).  The oceans are rising 3 mm per year, and the rate is 

increasing.  The upper 700 meters of the ocean have warmed considerably.  Greenland has 

been losing 36 cubic miles of ice per year, and most of the earth’s glaciers are retreating at a 

rapid clip—but how much of this might be natural?   

PIERRE SIMON 

LAPLACE 

URBAIN  

LE VERRIER 

Two famous French mathematical physicists of the 19th Century, Pierre Simon de Laplace, 

and Urbain Le Verrier, showed that earth goes through some important long-term natural cy-

cles as it rotates on its axis and revolves about the sun.  Laplace was one of the most gifted sci-

entists of all time; some called him, “The French Newton.”  Le Verrier, similarly honored, 

achieved fame for his epochal prediction of the position of a planet beyond Uranus, allowing 

for the lightning-fast discovery of Neptune.  Both scientists translated Newton’s Laws into the  

heavy-duty mathematical language of their day.   

(Note all the medals between the two of them!) 

 

Continued... 



 

As Laplace and Le Verrier showed, there are three main cycles: 

1) PRECESSION 

The moon tugs at the equatorial bulge of the earth, making our planet wobble around like a 

top.  This axial precession has a period of 25,772 years.   However, Jupiter, Saturn and the 

other planets tug at earth’s orbit, which wobbles the other way.  This means that there is less 

distance for the axis to cover.  The combined axial and orbital precession cycles have a net 

period of ~22,000 years. 

2)  OBLIQUITY (TILT) 

Laplace calculated that the earth’s tilt, currently about 23.5o, varies between about 21.5 0and 

24.5o with a combination of cycles, which together have a net period of about 41,000 years. 

1) ECCENTRICITY 

Le Verrier showed that earth’s orbital eccentricity, currently about 1%, varies between about 

0% (nearly circular) and 6% with a 100,000 year fundamental period.  Our orbital eccentrici-

ty has been somewhat low for the last 80,000 years. 



Enter James Croll 

James Croll came from a small 

village and a farming back-

ground.  Destitute, with little 

schooling, he went from job to 

job, trying to eke out a living.  

His “big break” came when he 

got a job as a janitor in 1859 

(the same year Darwin pub-

lished “On the Origin of Spe-

cies”.) 

How Do Orbital Cycles Affect Climate? 

Le Verrier had shown that the total amount of heat received by the 

earth doesn’t change with orbital eccentricity variations—only the dis-

tribution of heat changes.  During periods of low eccentricity, we 

might have less extreme seasons. 

Teaching himself the necessary science, and still employed solely as a 

custodian, James Croll used the astronomical cycles to predict earth’s 

past climate.  In 1875, he finally achieved some measure of recogni-

tion, with his publication of “Climate and Time”.  It had been a tough 

journey! 

Croll supposed that harsh winters were needed to make an Ice Age.  

With low eccentricity for the past 80,000 years, the seasons and cli-

mate should have been relatively mild during that time, with an Ice 

Age during the 10,000 to 20,000 years prior to that.  But climate rec-

ords soon showed that just the opposite had occurred... 

Continued... 



Enter Milankovitch! 

Milutan Milankovitch, of Ser-

bia, was born in 1879 in Dalj, 

on the banks of the Danube.  

(He and Einstein were born the 

same year.)  Trained as a civil 

engineer, he resolved to make 

some kind of extraordinary 

contribution to the knowledge 

of humanity—but what could 

he do?  Milankovitch decided 

that he would make the first de-

tailed model of the climate of 

the earth, Mars and Venus: It 

would predict the climate at 

any time, and any location, for 

each of these planets—just a 

modest little project! 

Spare-Time Physics 

Milankovitch worked steadily, but tirelessly, in his spare time.  Making his calcu-

lations between engineering projects, between lectures—even during his several 

months in prison (he was captured by the Austro-Hungarian army during WWI), 

Milankovitch honed his climate models. 

Ludwig Pilgrim had calculated the total solar insolation from all the orbital cy-

cles acting in tandem; these became a basis for Milankovitch.  Vladimir Koppen 

put a final piece of the puzzle together: It wasn’t brutally cold winters that made 

an Ice Age: Any winter would be cold enough for it to snow.  The key was mild 

summers!  Mild summers wouldn’t melt the ice—and so, the astronomical pre-

diction was promptly reversed:  Earth should have been plunged into 90,000 

years of cold, with the Ice Ages giving way to relative warmth for the last 10,000 

years.  It’s low eccentricity that gives us mild seasons—and, ironically, Ice Ages.   

...And that’s just what we see.  The last 10,000 years have been unusually mild 

and stable compared to what came before.  We have gotten used to these benign 

conditions, and perhaps we have been taking them for granted. 

The real question is: If we are in a 10,000 year warm period, what comes next? 



YEA OR NAY?

The three Milan-

kovitch Cycles 

have a combined 

effect, seen in 

yellow, called 

“solar forcing”. 

So, do Milan-

kovitch cycles 

match reality? 

Yes—sort of.  The 

last million years 

do show a 

100,000 year 

“eccentricity” cy-

cle of Ice Ages, 

and the previous 

million years 

seem to have Ice 

Ages in synch 

with the 41,000 

year cycle! 

However, the se-

verity of the cli-

mate swings 

shows that 

earth’s climate 

response magni-

fies the natural 

cycles.  Could 

that happen with 

us, today? 

So, Do Milankovitch Cycles Account For Our Current Climate Change? 

No.  These cycles would suggest a roughly stable climate for the next 50,000 years.  

Nor does solar activity account for the changes we see: the solar cycles have been 

weakening considerably of late.  Likewise, volcanoes only put about 1% as much CO2 

annually as our own emissions from fossil fuel burning and deforestation.   

We had to look to nature to see if it accounts for the rapid changes we’re measuring 

on earth today.  Milankovitch dedicated himself to a worthy cause.  We looked to as-

tronomy...and now, we must look to ourselves. 



Water, Water Everywhere! 
The universe does not have a high density of matter, to say the least.  

Distances between the stars and galaxies are immense.  Yet, where there 

is matter, the most common elements are hydrogen, helium and oxy-

gen—two of which combine to make water.  Water is ubiquitous, as 

shown in some of the latest exciting discoveries. 

 This latest image of Charon, 

Pluto’s chief satellite, shows an 

enormous canyon, and a surface 

coated with ices, from nitrogen 

and ammonia to carbon monox-

ide and water. 

There seems to be a hemispheric 

dichotomy, which will need lots 

of explaining! 

A “cold trap” near the pole (even 

cold for Charon, that is), may be 

collecting ice coming from Pluto 

itself. 

Water and other molecules spews 

from comet P/67 Churyumov-

Gerasimenko.  The Rosetta Mis-

sion continues to monitor the ac-

tivity of this remarkable comet.  

The actively-emitting regions may 

be just a few centimeters below the 

surface, and seem to be driven by 

the day-night cycle of expansion 

and contraction from sunlight. 

Did comets bring earth its water?  

The ratios of hydrogen isotopes 

don’t match ours—earth has pro-

portionately less ‘heavy hydrogen’, 

or deuterium.  One would expect 

more, if earth got its water from 

comets and then let some of the 

lighter stuff go.  New research, 

however, shows that comets may 

evolve, in isotopic composition, 

more than we thought...stay tuned. 



This stunning image of Pluto shows the Norgay Mountains in the foreground, as well as the Hil-

lary Mountains in back:  Water ice mountains over 11,000 feet tall, set in a matrix of nitrogen 

ice, methane ice and carbon monoxide ice. 

Mysterious Occa-

tor Crater, 57 

miles across and 

over 12,000 feet 

deep.  What are 

the “eyes”?  Salt?  

Ice?  Earlier re-

ports of haze over 

the bright depos-

its  had some 

Dawn team mem-

bers leaning to-

ward ice.  As 

Dawn maneuvers 

into its lowest or-

bit, we’ll  get com-

positional infor-

mation on this 

enigmatic feature.  
Ceres: Occator Crater 



And finally... 

Horowitz Crater, Mars.  Orbital measurements show that the 

“recurring slope linea”—those dark streaks that look wet—really are!  

The magnesium chlorates and perchlorates might be able to remain 

liquid down to –94oF.  Water may be absorbed from the atmosphere, 

seep underground and run down the gullies.  This would mean that 

Mars has briny water, flowing today, right near the surface….that 

would make an interesting sample spot! 

The linea appear in late spring, and last through much of the sum-

mer. 



Parting shot! 

 

Our view of the eclipse was also a bit cloudy (though not like 

this!).  The moon fully popped out of the clouds, in many valley 

locations, about 10 minutes before the end of totality.  It was a 

spectacle seen by many...did you catch it? 


