This from Richard
Nunn regarding
access to the NICL.
Denver Federal Center
One Denver Federal Center
Building 810, Entrance E-11, MS 975
Denver, CO 80225-0046

Bring warm coat,
gloves and hat.

Take 6th Avenue to the Kipling Avenue
south exit. Take Kipling Avenue south to
the second light at Gate 1 of the Denver
Federal Center. Turn right into Gate 1. Be
prepared to show picture identification at
the gate. After clearing security, drive
through the gate straight ahead (the road
curves somewhat to the left) to the second
stop sign. Turn left. As you turn you will
see the first in a series of blue and white
signs that will guide you around Building
810 to NICL. Follow these signs to Door
S-29. Parking is unrestricted.

Everyone will need to have some form of ID such as a
driver’s license.
Non-US citizens, must have their green cards or passports
for identification.

Lecture 1:
History of Earth
Music to gather by
https://www.youtube.com/watch?v=4-GC20KIRUY

Learners: Ice Ages and Climate
October 2 - November 14, 2019
Jonathan F. Ormes
JFOrmes@comcast.net
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Why last week’s lecture?
• Put homo sapiens in perspective
• Put Earth in perspective
• Give background as to where we came

from to give some context for discussion
of what might be in store in the future

Discussion last time
1. A brief history of the planet
–
–
–

•

Evolution of atmosphere
Snowball Earth events
Mass extinctions

Today start
–

Comparison with other planets
•

Mercury, Venus and Mars

Earth’s climate is delicately balanced.

Climate take-a-ways
• Externalities
– Solar insolation (energy from the sun)
– Space: meteors, comets (water) & organics
• Bolides: large meteors that explode in the atm.

• Internalities
– Volcanism and continental drift
– Location of continents and impact of oceans
– Newly exposed rock – CO2 drawdown
– Biota –oxygen buildup
– Surface reflectivity
6

Lecture 2:
Other planets
Music to gather by

Learners: Ice Ages and Climate
October 2 - November 14, 2019
Jonathan F. Ormes
JFOrmes@comcast.net

Why this lecture?
• Compare Earth to our neighboring planets
• Give background as to where we came

from to give some context for discussion
of what might be in store in the future

Magnetic fields

Bar Magnet (dipole field)

Planetary Magnetic field (dipole field)

Magnetic field of Earth

Inner Planets:
Comparative
Planetology
“Rocky” planets

Consider Mercury
• Rotation: 58 Earth days
• Mercuric year: 88 Earth days
• Surface temperature highly variable, at equator
– towards the sun: 430 C (800 F)
– Side away from sun: - 170 C (-274 F or 100 K)
Why? – Hot side faces the
nearby sun. Cold side quickly
radiates its heat to space and
the planet has no atmosphere
(boiled off) to trap the heat.

Other Mercurial facts
• Slow rotation: local observer on Mercury sees 1
day per two years (orbits around the sun)
• Heavily cratered
– Geologically inactive for billions of years

• Has dipole magnetic field
– Weak compared to Earth’s
– Implies planet has molten core (solar tidal forces)

• Water ice and organic compounds found in

permanently shadowed craters near the north
pole of Mercury.

Mars
• Atmosphere is 95% CO2 (traces of methane)
– 0.6% the pressure of Earth’s atmosphere (115,000ft)
– Column density of CO2 too small to have much
effect.
– Greenhouse equilibrium is about 4 oC (7 oF) above
expected temperature.

• Loss of atmosphere
– Erosion by solar wind
– Evaporation
Life on Mars?
– Collision?
Traces of methane
Once upon a time had water

Martian geologic history
As inferred from studies of meteoritic impact distributions

• Noachian era: 4.5-3.7 Bya
–
–
–
–

warmer climate
denser atmosphere
volcanic activity
oceans and lakes

• Hesperian era: 3.7-3.0 BYA
– magnetic dynamo weakens and dies
– climate changed to dryer and dustier
– water frozen underground

• Amazonian era: 3.0 Bya to present
– occasional sudden releases of water

Consider Venus
Radar image of the surface of
Venus from the Magellan
Spacecraft

• Rotation period (retrograde): 243 Earth days
• Venusian year: 224.7 Earth days

• Surface temperature highest in solar system at 462 oC (860 oF)
• Shield volcanoes (like Hawaii in the middle of plates) –
apparently plates are not moving
• No magnetic field now
• Almost 2 x higher heat input from the sun (1.91 x Earth)

Put Earth at orbit of Venus – how hot??
Sun is 1/(0.72)2 = 1.93 times brighter at the orbit of Venus.

• If the Sun were twice as bright the temperatures on Earth would be
much greater, but how do you calculate this?
• E goes as T4; therefore T goes as E1/4 (T in Kelvin).
– Stefan-Boltzmann Law
– To get from Kelvin to oC, subtract 273.

• So if E doubles, then temperature increases by 20.25 = 1.19 times, so
the temperature on Earth would be about (273+15oC) x 1.19
= 343 Kelvin or 70 oC.
– The boiling point of water is 100oC or 373 Kelvin at 1 bar.

• At 90 bars (the atmospheric pressure on Venus), water boils at

303 oC or 576 Kelvin. The surface temperature on Venus is 465oC.
• Venus is a LOT hotter than Earth because of the enhanced
greenhouse effect from its thick CO2 atmosphere, and its oceans have
boiled away.

Retrograde (backward) rotation
Sun rises in the west.

Fast rotation (Earth)
more surface wind
more weather
more erosion
crust moves

Slow rotation (Venus)
less surface wind
less weather
less erosion
crust stable

History of Venus
(first 1-3 billion yrs of 4.5 billion)

• Originally like primitive Earth with a molten core,
a magnetic field and water (in oceans)
• Major early impact &/or extreme tides caused
retrograde spin
• Slow spin and lack of a moon allowed the
internal dynamo currents to decay and the
magnetic field to disappear
• Maybe Venus had primitive forms of life as did
Earth

History of Venus
(3 to 4-5 billion yrs)

• On primitive Venus and Earth lots of volcanic

activity emitted CO2 into the atmosphere.
• Venus was hotter than Earth and had lots of
water vapor in the atmosphere.
• Energetic particles from the sun could reach the
planet (no magnetic field) & break up the water,
H2O, into its atomic constituents H+H+O

History of Venus
(final 1-2 billion yrs)

• H is light-weight. Gravity cannot hold it in

•

the atmosphere (Earth’s too). It
evaporates into space, leaving heavier O
behind, thereby gradually removing all the
planet’s water.
No H2O, there is no “weathering” to
remove CO2, thus CO2 builds up.

