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Earth Science with Python

Modeling Isostasy with Python

Interactive examples of the principle of isostasy starting with an iceberg, and then moving
to more complicated examples of the crust and the mantle, and a crust with multiple
thicknesses.

Iceberg in Water Example
* Q1: For a given thickness, does the iceberg extend father down into the water, or extend
higher above the water?

The iceberg extends farther down into the water rather than rising higher above it.

This is because of the principle of isostasy and Archimedes’ principle, which state

that a floating object displaces a volume of fluid equal to its own weight.

* Q2: How does the height of the iceberg relative to its depth change between thicknesses of 10 m,
60 m, and 100 m? (Does the height/depth ratio increase, decrease, or remain the same?)
What combination of parameters in the equation determines this ratio?

The height-to-depth ratio remains the same regardless of the iceberg’s thickness.

This is because the proportion of the iceberg submerged versus above water is

determined by the ratio of ice density to water density, which remains constant.

4+ Iceberg Thickness: 10m + Iceberg Thickness: 60m + Iceberg Thickness: 100m
+ Height = 1.08 m + Height = m + Height = __BIORSOR

+ Depth = m + Depth = __BEEIEFPS m + Depth = m

+ heiiht/deith ratio = + heiiht/deEth ratio = + heiiht/deith ratio =

Iceberg Isostasy Icaberg Isostasy Iceberg Isostasy

e :
(o= eiam) Vieht = 1650 )
’ "

Depth = 5252 ™

{Denth - w930 m)

Elevation (m|

-10 ] 10 0 10 - -10 a
Distance from the Canter of the Iceber) (m) Tistance from the Center of the keberg (m) Distance from the Cester of the Iceberg (m}
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Earth Science with Python

Modeling Isostasy with Python

Interactive examples of the principle of isostasy starting with an iceberg, and then moving
to more complicated examples of the crust and the mantle, and a crust with multiple
thicknesses.

Crust in Mantle "Ocean" Example

* Q3: Run the simulation for a few different crustal thicknesses (1, 20, and 40 km): does the
height/depth ratio increase, decrease, or remain the same?

The height-to-depth ratio remains the same regardless of the crustal thickness.

This is because the principle of isostasy dictates that the floating equilibrium of

the crust is determined by the density contrast between the crust and mantle,

rather than the absolute thickness of the crust.

4+ Crustal Thickness: Tkm 4+ Crustal Thickness: 20km 4+ Crustal Thickness: 40km
+ Height = km + Height = km 4+ Height = _ BEESION  km
4+ Depth = km 4+ Depth = km + Depth = _ RZSEIN  km
+ height/depth ratio = 4+ height/depth ratio = 4+ height/depth ratio =
0.408 hﬁ. hﬁ.

Ferght = 0,28 km

[Fght = 1356 o)

15

[ 0 10
Distance from the Center of the Crustal Black (km)

[ W
A -10 0 10
Ot Sop the Qanbes of the P Beck 0w Diszance from the Centes of the Crustal Slock (km)

* Q4: Compare how the height/depth ratio depends on layer thickness for this example with the
iceberg example. Why are they the same or different?

Both the iceberg floating in water and the crust floating on the mantle follow

the principle of isostasy, which is based on Archimedes’ principle. However, while

both systems exhibit a constant height-to-depth ratio, the actual ratio differs due

to the difference in density contrasts.

National Chung-Hsing Senior High School
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Earth Science with Python

Modeling Isostasy with Python

Interactive examples of the principle of isostasy starting with an iceberg, and then moving
to more complicated examples of the crust and the mantle, and a crust with multiple
thicknesses.

Continent Isostasy Example

¢ Q5: As the oceanic thickness increases, does the elevation of the continent increase,
decrease, or remain the same? What combination of parameters controls this
relationship?

As the oceanic crust thickness increases, the elevation of the continent decreases

due to isostatic compensation.

This happens because the Earth'’s crust adjusts dynamically to maintain equilibrium

when additional mass is added to the oceanic lithosphere.

+ thickness of the oceanic crust: n km + thickness of the oceanic crust: m km

4+ continental Height =
4+ continental Depth =
+ height/depth ratio =

Continental Isostasy

km
km

4+ continental Height =
4+ continental Depth =
+ height/depth ratio

Continental Isostasy

20

Haght = 0.33 km A

'
R
13
&
13

[h_oc = 20.00 km]
Depth = 33.96 k) #: =

1 Crust
W \vater/Ocean
Em Uthesphenc Mantle

Elevation {km)

!
3
Elevation {km)

:
3

-30

-50

-20 -10 o 10 20
Distance from the Center of the Continent (km)

* Q6: Run the simulation at a few different oceanic crustal thicknesses (1, 5, and 20 km), does the
height/depth ratio of the continental crust increase, decrease, or remain the same? In other
words, how does the thickness of the oceanic crust affect the height/depth ratio of the
continental crust?

-20 -10 o 10 20
Distance from the Center of the Continent (km)

1. 0 ic and | crust thi (Tovan and Tanesuianal)
As the oceanic crust - Thicker oceanic crust - C I crust subsid
. . « Thinner ic crust = C | crust rises
thickness increases, the
b the crust and mantle (Pocui, Peoatineminl, Muan)

hei g ht-to-de pt h ratio of the . The higher density of oceanic crust (~3000 kg/m?) creates greater subsidence, pulling down the continent.

con ti nen t al cru St d ecreases « The mantle density (~3300-4000 kg/m?) influences how the system maintains isostatic balance.

3. Depth of Compensation (Isostatic Equilibrium Depth)

+ The boundary between the crust and mantle adjusts based on the applied load to maintain equilibrium.

National Chung-Hsing Senior High School
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Earth Science

g R/

Diagram anc

B2
H}ﬁiiﬁ&}i?ﬂ

2 L
A n

Class :

Number :

Hertzsprung-Russell Diagram and Star Clusters Name :
brightness () luminosity (Y6FE) Logarithmic (%) = dimmest (&#&H)
apparent magnitude (82%)  absolute magnitude (BHZ2%) parsec (=) | numerical (B{H)

Morgan-Keenan (EER-£m3)

categorizing (9'48)

denotes (&)

subdivided (#84)

Part 1: Brial Luminosi | Maqnitud

When you observe a star with a telescope, you are actually measuring its brightness, not its
luminosity. The luminosity (L) and brightness (B) are related by the Inverse Square Law

L
47d?

Ancient astronomers measured the brightness of stars by ranking them by visual appearance.
In the magnitude scale, which is logarithmic, the brightest stars have the smallest numbers,
while the dimmest stars have the largest numbers. For example, a star with a magnitude of
-1 is brighter than a star with a magnitude of 2.

Brightness formula B = ( where d is the distance to the star )

We use two magnitude scales to describe the brightness of stars. The apparent magnitude,
which is what is generally measured with a telescope. The second is absolute magnitude,
which is how bright the star would be if it were at a distance of 10 parsec.

The two scales are related by

M =m - 5 logio (d/10)

where M is the absolute magnitude, m is the apparent magnitude, and d is the distance in
parsecs.

Part 2 : Color Index

The color index is a simple numerical expression that determines the color of an object,
which in the case of a star gives its temperature. To measure the index, one observes the
magnitude of an object successively through two different filters, such as U and B, or B and
V, where U (360nm) is sensitive to ultraviolet rays, B (420nm) is sensitive to blue light, and V
(540nm) is sensitive to visible (green-yellow) light (see also: UBV system). The difference in
magnitudes found with these filters is called the U-B or B-V color index, respectively. The
smaller the color index, the more blue (or hotter) the object is. Conversely, the larger the
color index, the more red (or cooler) the object is.

Part 3: S LT | Stellar Classificati

Stars are classified by their temperatures and luminosities. We use the Morgan-Keenan scale
for spectral types, categorizing stars into either class “O”, “B", “A", “F", “G", “K", or “M". The
spectral class of a star denotes its temperature, with O stars being the hottest and most
massive, and M stars being the coolest with the lowest mass. The spectral types of stars

are further subdivided using a scale from 0-9,
. ' . ® e,

where O is hotter than 9. For example, a O8 star|
is hotter than a 09 star, and both are much
hotter than a GO star.

F GK M
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Earth Science
Description Top Right

Hot stars are
found at the:

Temperature:
40000K

Dimmest stars
are found at the:

Luminosity:

0.00010 Lo

2 B Bl 45 81 H-R Diagram and

Hﬂiﬁiﬁ&}vﬂ

,‘“/c

Bottom Left

g BN BNE

HEL K>

Screenshot

f‘i“

Size Comparison

v

106
1054
104+
1034

® 102

5
£

TEEFA

1071+

10-2+

Cursor Properties

temperature: 40000 K

luminosity: 110000 L,

Size Comparison

103+

10-4

| HR Diagram

anc

Options

toé

HR Diagram

, T
10000 5000

Temperature (K)

T
00 20000

2200

1054

n
\ﬂ!

1034

@
s
.

Luminesity (L )
5 =
Ay

Cursor Properties

2300 K

temperatine.

Options

T T
00 20000 10000 5000

Temperature [K)

Luminous stars
are found at the: “

Luminosity:

1000000 Lo

Cool stars are
found at the:

Temperature:
2300K
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lumingsity; 0.00010 Lg

Size Comparison

x-exis scae: | temperature [ 7]
+R Diagram
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2300

y-exiz scale: [luminosity [ 7]
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tamperatire: | 40000 | K 40000 20000 10000 5000 2200
Temperature (K)
luminosity: 1000000 | Ly, Options
Size Compartson HR Diagram
; 106
105477 ~ >
104
103 |
:’0101
z
10ty
R [ 1
£ S
5 1094
107145
st ] Rty
—— 103 i«
Cursor Proparties L‘J ~
108 T T .
tempesaturs: | 2300 (K 400c0 20000 10000 5000 2300
Temperature (K)
lurwinosity 33 iy Options

Page 12




E )

National Chung-Hsing Senior High School + Data Analysis and Interpretation in Earth Science within Python

BERB113FER/NER 2
B KR & K48

BAZ : MBENEIEHH-R Diagram and Color Index

BriHFFRR :

Earth Science

4+ Result 1:
Target globular cluster: M92
Set radius range: 0.12 degrees

Total number of stars: 22732

23
A

HR Diagram Globular Cluster Star Map
0 125 :
12
4320
1 e
03 -
-y
g " é 4315
g i
43 10
13
2 4305
22
0.5 00 Qas 10 15 20 25 25645 259 40 25935 259.30 25%.15 259.20 25915
DP - RF (Color Index) Right Ascension {RA)
+ Result 2:
* Target globular cluster: M71
* Setradius range: 0.06 degrees
*  Total number of stars: 10303
HR Diagram Globular Cluster Star Map
18.81
1z
1882 4
15 - 18.80
% g
Z i § 170
2 ¥ £
- & ‘
18.70 1
13
.78 1
0
.72
0.5 00 05 1.0 15 20 2'5 3.0 298.50 298.48 298.46 298.44 298.42 298.40 298.38
BP . RP (Colar Index) Right Ascension (RA)
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B MEBENEIEHH-R Diagram and Color Index

Earth Science
4 Result: Demo

Target globular cluster: NGC6752 and Mé68

*  Which globular cluster is older? Ans: M68
HR Diagram (NGC6752 & M5E)
Demo: NGCT6752 vs M&68 nocs752
Demo NGCLETS2 v MES »

G-hand Magratuds

BE- DR ICH (X!

+ Result:
Target globular cluster: M71 and M92
*  Which globular cluster is older? Ans: M92

R Diagram (m71 & maz)

mii
"oy

o 0.5 10 15 20 2%
02 - NP (Color index)
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Earth Science S

Exercises 4

* For the two selected globular clusters being compared, please search for information
online and briefly describe their basic characteristics.
Ans:M92 (Messier 92) and M71 (Messier 71) are two globular clusters with distinctly
different characteristics. M92, located in the constellation Hercules. 1s about 26.700
light-vears awav from Earth and 1s one of the oldest and most metal-poor clusters,
with an estimated age of 14.2 billion years. It has a densely concentrated core and
contains many variable stars. such as RR Lyrae types, making it a typical example of
an Qosterhoff type Il cluster. In contrast, M71 1s located 1n the constellation Sagitta
and lies approximately 13,000 light-vears from Earth. It has a much looser structure
and was once thought to be an open cluster. M71 is relatively metal-rich and
younger. with an estimated age of 9 to 10 billion vears. and it contains few. if any. RR
Lvrae stars. These differences 1n structure, metallicity. and stellar population highlight
the diversity among globular clusters and provide insights into the evolutionary
history of our galaxy.

Exercises 5

« Paste the screenshot of the “compare globular clusters” coding.

limport
2 import

= ]‘ld. <
= pd. re:

114 & [P o
Zbp_rp mT df m71[’bp xp’ ]
T df mT1[’ phot 2z _mean masz’ ]

a=1,
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