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Introduction to Astronomy




A Few Quick Things...

E-mailing me: Must have AST2002 in the subject

Mary Hinkle, Graduate Teaching Assistant:
Office Hours: Mon 1:30-3:00pm. PSB 316

My office hours: Mon 3:00-4:00pm. PSB 308
Tue 3-4 pm. PSB 308

First Mid-term : Will be having more reqular homework
Will start goinqg over some of the exam questions...

Next Mid-Term: Wed 7t March

Next Knights Under the Stars Event — Wed 28th Feb 7:30-9:00pm



Mid-Term #1 Solutions

True of False: The star Betelgeuse is 642.5 light
years away. We see the star today how it was
642.5 light years ago.

A. True
B. False



Mid-Term #1 Solutions

True of False: The star Betelgeuse is 642.5 light
years away. We see the star today how it was
642.5 light years ago.

A. True (~50% answered correctly)
B. False (~50%)

We know that the light must have taken 642.5
years to reach us... i.e. the light left the star in
~1375 (middle ages)



Since distances of objects may
be changing, it is easier to speak
in terms of the amount of time it
has taken an object’s light to
reach us e -~ Normal

~~._ galaxies

« The travel time is called the et
look-back time, and is usually Tk

Modern

given in light-years ]
1.0 .f" 07'— 04

Age of the universe (billions of years)

 Light-years are distances but
we also know how long it took
light to travel this distance

3.00 x 102 meters per second

« We can see further than the
age of the Universe due to
inflation/expansion




Mid-Term #1 Solutions

True of False: A Circle is a special form of
Ellipse.

Ellipse

A. True
B. False

Vertex

/ ;L enter _

F

Co-vertex
FP + GP 15 consant for
all P on the ellipse.



Mid-Term #1 Solutions

True of False: A Circle is a special form of Ellipse.

Eccentricity Demonstrator

A. True (62%)
B. False (38%)

= 0.000
90

astro.unl.edu

“An ellipse is a curve in a plane surrounding two focal
points such that the sum of the distances to the two focal
points is constant for every point on the curve.”

As such, a circle is a special type of ellipse have both
focal points at the same location. Covered in Chapter 3.



What is an ellipse?

The size of the ellipse is defined by the Semi-major axis, a.
The distance to the focus points is given as c (always a proportion of a)

The eccentricity, e, is defined as e = 2 (or, equivalently, c = a X e)

« Eccentricity values must lie between 0 (perfect circle) and 1.

There is also a semi-minor axis, b. They can be related by: b* = a%(1 — e?)

semiminor axis - b

focus

- ——

semimajor axis - a

In the case of a circle, the two
foci lie on top of each other.
c =0, thereforee =0

e=0
{circle)
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Eccentricity Demonstrator

Eccentricity Demonstrator

B e B e 0.000 gt = e = 0.300
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Solar System Data
Celestial Mean Distance Period of Period of Eccentricity Equatorial Mass Density
Object from Sun Revolution Rotation at Equator of Orbit Diameter (Earth =1) (g/cm®)
(million km) (d=days) (y=years) (km)

SUN — — 27d — | 1,392,000 | 333,000.00 1.4
MERCURY 57.9 88 d 59d 0.206 4,879 0.06 5.4
VENUS 108.2 224.7d 243 d 0.007 12,104 0.82 5.2
EARTH 149.6 365.26d| 23h56min4s 0.017 12,756 1.00 5.5
MARS 227.9 687d| 24h37min23s 0.093 6,794 0.11 3.9
JUPITER 778.4 11.9y| 9h50min30s 0.048 142,984 317.83 1.3
SATURN 1,426.7 295y 10 h 14 min 0.054 120,536 95.16 0.7
URANUS 2,871.0 84.0y 17 h 14 min 0.047 51,118 14.54 1.3
NEPTUNE 4,498.3 164.8 y 16 h 0.009 49,528 17.15 1.8
il IO 27.3d 27.3d 0.055 3,476 0.01| 33




The Jovian Planets

Jupiter e — Saturn Uranus Neptune

Distance from Sun = 5.20 AU Distance from Sun = 9.54 AU Distance from Sun = 19.2 AU Distance from Sun = 30.1 AU

Mass = 318Mg.p Mass = 95Mg Mass = 14Mg. Mass = 17Mgann

Density = 1.33 g/cm® Density = 0.71 g/cm”® Density = 1.24 g/cm® Density = 1.67 g/ocm®

Composition: mostly H, He Composition: mostly H, He Composition: H compounds, Composition: H compounds,
rock, H and He rock, H and He

Formed beyond the snow-line where water could condense
« Bigger and more massive

» Lower density, different composition

 All have rings and Numerous Moons



Differences in Jovian Planet Formation

TIMING The planet that fon;ns érllest
- captures the most hydr@genvand helium gas.
- Capture ceases after the first solar wmd blows

- the Ieh%er gas away. _———
< LOCATION: The planet that forms in a denser .
part of tﬁe nebula forms |ts core flrst S




Density Differences

2 * Uranus and Neptune
1.5 - I are denser than Saturn
I - because they have less
1 - H/He, proportionately.
0.5 - * Here, the units are such
0 that the density of
|

water is one.
* What about Jupiter?



Models of Jovian Interiors

Earth O ; ]
0

50,000

Neptune

Molecular hydrogen
Metallic hydrogen

“Ices”

Rock




Magnetosheath

Magnetotail

Mercury (x400)

L Mag’netosheath
Magnetopa

Magnetosheath

B
Magnetotail

Plasmasﬁ:@?’é' e ———

Solar-wind =
plasma Earth (x40)

Magnetosheath




Rings of Jovian Planets




Rings

All four Jovian
planets have rings

Jupiter’s rings
probably made of
silicates with sulfur
from lo

Saturn’s rings are
made from tiny
water ice particles

Uranus and
Neptune have dark
rings (organics)




Jupiter’s Big

[\

- Storm system that
has been active over
- . 300 years

e Could fit 2-3 Earth’s
Inside It



Coriolis Forces

» Caused by the fact that different latitudes of
the Earth are traveling at different speeds

e Storms on Earth are due to movement of air
from high pressure to low pressure

The Coriolis force
diverts winds.-...

No. not responsible
for toilets flushing in
different directions



Composition of Jupiter's Bands

—50

100

® cold enough for
_s0- ammonia to condense
to form clouds

—100 '“\,

o- cold enough for
ammonium hydrosulfide

.04 form clouds

= ’5°X\ to condense to

sl o gl

cold enough for
water to condense
to form clouds
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Weather on Jovian Planets

5000 km
P

a This Hubble Space Telescope b Saturn's atmosphere, photo- ¢ This infrared image d Neptune's atmosphere,
image shows Jupiter's southern graphed by Voyager 1. Its banded of Uranus from the Keck  viewed from Voyager 2, shows
hemisphere with the Great Red appearance is very similar to that  Telescope shows several bands and occasional strong
Spot, “Baby Red” (to its left), and of Jupiter, but it has even faster storms (the bright storms. The large storm (white
“Red Jr.” (below). Baby Red was winds. blotches) and Uranus’s arrow) was called the Great
torn apart by the Great Red Spot thin rings (red). Dark Spot.

a few days later.

All the jovian planets have strong winds and storms.



Compositions of Jovian
Atmospheres
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Methane on Uranus and Neptune

S
(/
%

* Methane gas on Neptune
and Uranus absorbs red
Methane gas absorbs red light ||ght but transmits blue

and transmits blue light . . .

... and methane clouds reflect I |g ht .
the blue light back into space.

Qe Light of all colors comes from the Sun.

* Blue light reflects off
methane clouds, making
those planets look blue.

Uranus




What have we covered, and what is next?

Chapter 8: Jovian Planet Systems
8.1. A Different Kind of Planet

What are Jovian Planets made of?
What is the weather like on Jovian planets?

8.2. A Wealth of Worlds: Satellites of Ice and Rock

What kinds of moon orbit the Jovian Planets?
Why are Jupiter’s Galilean moons geologically active?
What geological activity do we see on Titan and other moons?

Why are Jovian moons more geologically active than small rocky
planets?

8.3. Jovian Planet Rings

What are Saturn’s rings like?
Why do Jovian planets have rings?



What have we learned?

* What are jovian planets made of?
 Jupiter and Saturn are mostly made of H and He gas.
« Uranus and Neptune are mostly made of H compounds.

* They have layered interiors with very high pressure and
cores made of rock, metals, and hydrogen compounds.

 Very high pressure in Jupiter and Saturn can produce
metallic hydrogen.

* \What is the weather like on Jovian planets?
« Multiple cloud layers determine the colors of Jovian planets.
 All have strong storms and winds.



IClicker Question

Question: Jupiter does not have a large metal
core like Earth. How can it have a magnetic field?

A. The magnetic field is left over from when
Jupiter accreted.

B. Its magnetic field comes from the Sun.

C. It has metallic hydrogen inside, which
circulates and makes a magnetic field.

D. That's why its magnetic field is weak.



IClicker Question

Question: Jupiter does not have a large metal
core like Earth. How can it have a magnetic field?

A. The magnetic field is left over from when
Jupiter accreted.

B. Its magnetic field comes from the Sun.

C. It has metallic hydrogen inside, which
circulates and makes a magnetic field.

D. That's why its magnetic field is weak.



Missions to Outer Planets

» Jupiter has been visited briefly by several spacecraft passing by, or using
a gravitational assist (e.g., New Horizons)

* The Pioneer and Voyager spacecraft visited Saturn

» Uranus and Neptune only had a single flyby from Voyager 2

The Galileo The Juno Spacecraft is The Cassini Spacecraft
Spacecraft studied studying Jupiter 2016- studied Saturn & it’s
Jupiter & it's moons moons from 1997-2017

from 1995-2003



Medium-Size and Large Moons
of the Jovian Planets

lo

Europa Ganymede Callisto

Jupiter

Saturn

Mimas Enceladus Tethys Dione  Rhea Titan  lapetus

Uranus
& C € &3

Miranda Ariel Umbriel Titania Oberon

Neptune

Triton Nereid

Other objects for comparison

P o

Mercury Pluto 3000 km

Medium and
Large Moons

Medium-sized moons (300—
1500 km)

« Geological activity in past

Large moons (> 1500 km)
« Ongoing geological activity

Enough self-gravity to be
spherical

Have substantial amounts of ice

Formed in orbit around jovian
planets

Circular orbits in same direction
as planet rotation




Small Moons

Pandora
(84 km)

Hyperion Phoebe
(180 km) (220 km)

« Small moons (< 300 km)
* No geological activity

* Far more numerous than
the medium and large
moons

* Not enough gravity to be
spherical:
"potato-shaped”

* Most likely captured
asteroids/comets/Kuiper
Belt Objects




Jupiter's Galilean moons

Ganymede Callisto

L ]
Ganymede

Jupiter

.|
Europa = o

* Callisto ﬁﬁ%’ﬂ

Ak ny
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lo.

The most volcanically
active body in the
Solar System




Why is lo so Geologically Active?

Tidal Heating

lo Is squished
and stretched
as It orbits
Jupiter.

But why is its
orbit so elliptical?

... and the changing
tides flex los interior and
cause tidal heating.

los elliptical orbit means
continual changes in the
strength and direction of

the tidal force from ‘ﬁ
Jupiter. . .
close to
Jupiter:
. large tidal
‘ bulges — g
é-' *9\ far from € »
Jupiter: Jupiter
small tidal
bulges
i
L 4

a Tidal heating arises because lo’s elliptical orbit
(exaggerated in this diagram) causes varying tides.



Orbital Resonances

d .
)\6@0\1?‘_‘? © orbit (7 %, Every seven days,
25002 oy | ;t_hese three moons
A \o Orb/f Ine Up.
| @ \\Eubps S The tugs add up over time,
i{ 0@ \ o ' . :
| | | Ganymede | Making all three orbits
Jupiter T
y elliptical.
lo, Europa, and Has strongest effect on
Ganymede share an ... andthe recurring .
orbital resonance that gravitational tugs make Europa (hlgheSt
returns them to the positions all three orbits slightly eccentricity) but SinCe IO iS
shown about every 7 days . . . elliptical (not shown). | { J ’_t td |
closer 10 Jupiter, more tida
b 10’s orbit is elliptical because of the orbital resonance P
lo shares with Europa and Ganymede. forces are felt for lo overall




Jupiter’s 2"d Moon, Europa













Europa’s interior also warmed by
tidal heating

metallic core

rocky
interior
H,O layer
Europa may have a 100-km-thick ocean under Rising plumes of warm water may sometimes create lakes . . . explaining surface terrain that looks like a jumble of icebergs
an icy crust. within the ice, causing the crust above to crack , . . suspended in a place where liquid or slushy water froze.

‘Chaos Regions’ look as if regions below have melted and some of the
floating ice has moved around



PLUME MATERIALE
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Triple Bands

liaal stresses cause parts of Europas icy
crust ta slowly slide past each other.

o

OYERTURNKED
OCKT= " b

g Pl

-~ Frictional

e

| heating
)

expands ice
here, forming
theridge . . .

. and may
melt ice here,
collapsing the
ridge center.

Furopa’s surface appears heavily cracked — Close-up photos show double-ridged
even from a distance. cracks, best explained by an icy crust
moving upon a soft or liquid layer below,



Hubble Space Telescope
Images Plumes from Europa

Plume

2014 2016




Jupiter’s 3'9 Moon - Ganymede

» Largest moon in the
solar system

» Clear evidence of
geological activity

* Tidal heating plus heat
from radio-active decay?

* Has a reasonably strong
Magnetosphere

. Planetary Dichotomy

: « Half of the surface is
young

« Half of the surface is old




Magnetosphere: Salty Ocean
or Liquid Metallic Core?

|
Bodar frost Hexagonal ce (1|

Light terrain

_‘__r-' Gark Tefralm

Groaves




IClicker Question

Question: What is the correct order of

Jupiter’'s moons from their increasing distance
to the Planet?

A. lo, Europa, Callisto, Ganymede
B. Europa, lo, Ganymede, Callisto
C. Ganymede, Callisto, lo, Europa
D. lo, Europa, Ganymede, Callisto



IClicker Question

Question: What is the correct order of

Jupiter’'s moons from their increasing distance
to the Planet?

A. lo, Europa, Callisto, Ganymede
B. Europa, lo, Ganymede, Callisto
C. Ganymede, Callisto, lo, Europa
D. lo, Europa, Ganymede, Callisto



Saturn’s Satellites and Ring Structure

Telesto

Calypso =
Prometheus Janus f

Pan Atlas . .
T ¢ce @
L [ A

Pandora Epimetheus

Helene «

Mimas Enceladus Tethys Dione

All bodies are to scale except for Pan, Atlas, Telesto, Calypso, and Helene, whose Sa tu rn
sizes have been exaggerated by a factor of 5 to show rough topography.

Not shown: Pan 222 Rs
Atlas 228 Rs
Prometheus 231 Rs
Pandora 235 Rs

Encke
Division — Pioneer 11 (2.78 Rs) Voyager 2
Cassini Epimetheus Voyager 2 (258 Rs) (6.3 Rs)
Division Pioneer 11 (2.92 Rs) 3

D Ring Dione
l C Ring . Mimas Enceladus ‘

J "‘BRmi )

Distance from Saturn Center (Rs)

This graphic is available in color if required.

lapetus

c;

Phoebe

E Ring
thickness
(FWHM)
30,000 km
20,000 km
10,000 km

0 km




Saturn’s Largest Moon - Titan




Titan is the only moon with a thick smoggy atmosphere
(1.5x Earth)

~95 % N, (similar to Earth)

Haze is caused by interaction of UV, solar wind ai
charged particles interacting with methane (CH,) clouc
to generate larger hydrocarbons such as ethane (C;Hg);
and larger species that contribute to the smog

Clouds indicate rain and lakes may exist on Titan




Thought Question

Where is the best place in the Solar System to fly
a drone?

A. Earth
B. Venus
C. Mars
D. Titan



Thought Question

Where is the best place in the Solar System to fly
a drone?

A. Earth (not bad, obviously)

B. Venus (90 atmospheres, 500 °C sulfuric acid)
C. Mars (possible, planned for Mars2020)

D. Titan (1.5 atmospheres, 1/6t" the gravity)









Huygens Probe into Titan




The Surface of Titan




organic-rich atmosphere
and surface

~ de-coupled outer shell
(water-ice/ clathrate)

global subsurface ocean

high-press-.ure ice VI shell

hydrous silicate core
~2000 km radius




Medium Moons of Saturn

Mimas Enceladus Tethys Dione Rhea lapetus
(398 km) (498 km) (1060 km) (1118 km) (1528 km) (1436 km)

Almost all show evidence of past volcanism
and/or tectonics.



Mimas — “That i1Is no moon”
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Activity on Enceladus




Enceladus & Saturn’s E-ring

Cauninl Safurmn Orbit Inoertion
Ring Plane Crosalng

Bring
" Aring

S butie edge: Atlas)

5 ring
F rimg
(Promothous,
Pandara)




Enceladus

About the size of England

Seems to have geological
activity ...

“Tiger Stripes” Region




How is there Activity on Enceladus?

Tidal Heating & Potentially
Cryovolcanism...

Enceladus “Cold geyser” Model

H,O vapor plus ice particles

H,Olce T=~77K
Vent to surface

Pressurized Liquid H,O Pocket T =273 K

a4 4 A

Hydrothermal Circulation
& Convecting Ice

Tidal Heating Hot Rock Tidal Heating




Icy Water Worlds

Many have more water than Earth!

HOW THE SOLAR SYSTEM'S LARGEST OCEAN WORLDS COMPARE IN SIZE

- €.

ENCELADUS DICGHE EARTH
Water radies: Weater radius: Water radius:
66 mi./ 143 mil.f 225 mi./
107 km. 230 km. 362 km.
World radius World racius: Waorld radius:
157 ./ 449 mil./ 3,959 mi./
252 lkem. 561 km. 62377 km.

SOURCE: Steve Vanos, NASA JPL-Caltech

EUROPA

Water radius:

264 mi./
425 km.

Waorld radios:

972 mi./
1,565 km.

T~ Earth has a surprisingly small amont of water compared to

other worlds in the Solar System. Each measurement is the
spherical radius of the world and its water (including ice):

PLUTO

Water radius:

303 mi./
487 km.

World radius:

738 mi./
1,187 km.

TRITON

Viater radius;

350 mi.f
564 km.

Warkd radius:

B40 mi./
1,352 km.

CALLISTD

Water radius:
539 mi.f
B&68 km.
Warld radivis:

1,498 mi./
2 410 km.

TITAN

Water radies;
566 ml./
910 km.

Waorld radivs:

1,601 mi./
2,576 km.

Qe @ .(o.

GANYMEDE

Wader radius:
703 mi./
1,131 km,

World radius:

1,635 mi./
2631 km.

BUSIMESY INSIDER



Uranus

Close-up of Miranda

Moons of Uranus

All seem to show evidence of
tectonic activity and few craters

No mission to Uranus currently
planed (only have images from
Voyager 2 flyby!)




SRR . * Neptune only has 1 large moon

-
-




Neptune’s Moon Triton

_ * Probably a captured
e Kuiper belt object:

SN

orbiting Neptune
opposite Neptune’s
direction of rotation.

« Smaller than Earth’s
s Moon, yet has recent
BN geological activity.

« Cryovolcanism?




Geological activity on small moons

* Hot interiors are necessary for geological activity.

* Tidal heating is not a major energy source for
rocky planets.

* In the case of lo, tidal heating is large enough to
melt rocky materials.

* Ice deforms more easily than solid rock, so less
internal heat is required, and smaller objects can
be geologically active




A Bit more on Jovian Rings

* Huge variations
between the rings

Many gaps are
maintained by
embedded moons

 Thickness? Upper
limits for Saturn’s
rings are about 150
meters




Rings aren’t1éftoever from planet formation-- the particles
are too small to have survived this long... maybe...

There must be a contintows replacement of tiny
particles

The most likely source is impacts with the Jovian
moons.....maybe....

Jovian planets have rinéS’ have lots of Moons!

i Roche
i limit

Iy miantle

Rﬂtjqr e = 4 N

Titan-size
satellita

Residual disk
of icy fragments

Core falls.
into Saturn




jovian planet

Tidal forces near the planet prevent small \ " Moonlets are occasionally Ongoing small impacts blast off dust
moonlets from accreting into larger moons. disrupted by impacts. and debris to form the rings.

We think they formed from dust created in-
impacts on moons orbiting those planets







