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GRAVITY WELLS

SCALED To EARTH SURFACE GRAVITY

THIS CHART SHows THE “DEPTH' OF
VARIOUS SOLAR SYSTEM GRAVITY WELLS.

EACH WELL 1S SCALED SUCH THAT RISING
OUT OF A PHYSICAL WELL OF THAT DEPTH —
IN CONSTANT EARTH SURFACE. GRAVITY ~

WOULD TAKE THE SAME ENERGY AS ESCAPING

FROM THAT PLANETS GRAVITY IN REALITY.

EACH PLANET 15 SHOWN CUT IN HALF
ArmEemTonorlrswsu WITH THE
DEPTH OF THE WELL MEASURED DOWN
]bTHEPLRNErSMTSlN‘\CE

THE PLANET SIZES ARE TO THE
SAME SCALE AS THE WELLS.
INTERPLANETARY DISTANCES ARE
NOT T SCALE -

G *Rawertass
9 *RaverRanus

G=NESTONS. CONSTANT
9=9.81 /g2

DePmH=

JUPITER

JUPITER 15 NOT MUCH LARGER

THAN SATURN, BUT MUG) MORE MPESIVE.

AT rTsSrLF_,ADDiNGHRErMI)ST
MPKES |T DENSER DUE To THE EXTRA
SQUEEZING OF GRAVITY.

IF YU DROPPED A FEW DOZEN MORE
Woup

JUPITERS INTO [T, THE PRESSURE
IGNITE RISION AND MPKE IT A STAR .

THIS ISWHY ITROK A
wesﬁwam@-
T THE MeON BUTONLY A
SMALL ONE TOGET BACK.

Lo
ORBIT

1T TRKES THE SAME AMOUNT OF ENERGY TO LAUNCH
SOMETHING ON AN ESCAPE TRATECTORY AWAY FROM EARTH
AS IT WOULD TO LAUNCH 1T 6000 kn UPWARD UNDER
CONISTANT 9.81 ys* EARTH GRAVITY.

HENCE, EARTH’S WELL IS 6,000 K DEER
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JUPTER 15 NOT MUCH LARGER

THAN SATURN, BUT MUY MoRE. MAESIVE.
AT s S1ZE., ADDING MERE MASs JUST
MAKES |T DENSER DUE To THE EXTRA
SQUEEZING OF GRAVITY.

IF YoU DROPPED A FEM DUZEN MORE
JUPITERS INTO [T, THE PRESSURE WoULD
IGNITE RUSION AND MPKE IT A STAR.
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Hertzsprung-Russell Diagram
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Protostar Fusion ignition - Main Squence red Glant/'Supergiant White DwarfiBlack Hole
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Low Mass Evolution

double shell-
burmng core
inert carbon
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Summary of Post MaiBequence Evolution of

Stars
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Stellar evolution made simple

Bless Youl!
Loxﬁ ;?SA\t:rragP ‘ » ' » ® White Dwarf
0.077 »=8M
Large Mass .
i Neutron Star
~8+-20M |

HECKUVA
BANG!

V L
ery Large ‘ » » ? Black Hole
~20 ->-100 M

The fate of a star depends on its mass (size not to scale)

Stars like the Sun go gentle into that good night

More massive stars rage, rage against the dying of the light



High Mass Evolution
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Supernova
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Imggine the Universe:
The Life Cycles of Stars
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"Tt's somewhere between a nova and a
supernova -- probably a pretty good nova."
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~ AWhat wi
sun“when all th
burned?



Sun-Like
Star

This iz the
longest,

stable period
of a star's life.

heliurn in it=s
GOFe,
genetrating
heat and light.

—f=

Death of a Sun-Like Star

&= the nuclear fuel
ez depleted,

the core contracts
and th ter
layers expand.

—-

v the outer
layers of the star

start to drift off

ace. The star
nost of its

fo the nebula.

White
IETg

—f=

The =tar cools and
shrinks; it will
eventually be only
a few thouszand
milez in diarmeter!
Mo nuclear
reactions take
place and the faint
star radiates its
heat into =p

Eventually
the =tar has
lost all its
heat to

space and is
now cold
and dark.




H burning core H burning shell

inert He core

Main Sequence Star Red Giant Star

H burning shell H burning shell

I

He burning shell

He burning core

Horizontal Branch Star Asymptotic Giant Branch Star
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Introduction

Nonburning hydrogen

Hydrogen fusion
Helium fusion

Carbon fusion
Oxygen fusion

Neon fusion

Magnesium ___—
fusion

Silicon fusion

Iron ash




Center of
the Star
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Properties of Neutron Stars

Typical size: R ~ 10 km
Mass: M ~ 1.4 3 M,
Density:r ~ 104 g/cm?

- Piece of
neutron star
matter of the
size of a sugar
cube has a
mass of ~ 100
million tons!!!




