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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 + Height = m + Height = _ BLORS]0

+ Depth = m 4+ Depth = __BEEIEPS m + Depth = m
+ heiiht/deith ratio = + heiiht/deEth ratio = + heiiht/deith ratio =

Iceberg Isostasy Iceberg Isostasy Iceberg Isostasy

et = 108 m Height = 6.4 Height = 10.80 m

-10 o 1 - -10 0 10 - -10 o 1
Distance from the Center of the keberg (m) Distance from the Center of the keberg ( Distance from the Center of the iceberg (m)
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National Chung-Hsing Senior High School * Data Analysis and Interpretation in Earth Science within Python




HEB113FEFEP/NBRBHEG
5 BAHRESD : HA dh ¥R 2 A4

iBE — R ® i Isostasy

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
+ Depth = km 4+ Depth = km 4+ Depth = 28.50
+ height/depth ratio = 4+ height/depth ratio = 4+ height/depth ratio =
0. B o0 i
% : ”

-20 -10 [ ) 0
Distance from the Center of the Crustal Block (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 Page 2
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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.

4+ thickness of the oceanic crust: n km 4 thickness of the oceanic crust: m km
4+ continental Height = km + continental Height =
+ continental Depth = km 4+ continental Depth =

+ height/depth ratio = + height/depth ratio =
Continental Isostasy 2 Continental Isostasy
i

h_oc = 2000 km

Depth = 33.96 km Crust

W Woter/Ocean
W Lithospheric Mantle

Elevation (km)
'

Elevation (km}
'

~50

-20 -10 0 10 20 -20 -10 0 10 20
Distance from the Center of the Continent (km) 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?

1. 0 ic and i | crust thick (Toceasic and Teoutinental)
As the oceanic crust - Thicker oceanic crust - Continental crust subsid
. . « Thinner ic crust - Contil | crust rises
thickness increases, the
2. Density contrast between the crust and mantle (Foccuic, Pontinental, Punntic)

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.

co ntl ne nt a l 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 Page 3
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B — AR Isostasy

Earth Science with Python

* Q7: What happens when you use an oceanic crustal thickness above 22 km? Why does this
happen?

When the oceanic crustal thickness exceeds 22 km, the continental crust

becomes fully submerged below sea level. This occurs because the increased

thickness of the oceanic crust forces the entire lithosphere to adjust, causing

greater subsidence of the continental crust to maintain isostatic equilibrium.

National Chung-Hsing Senior High School Page 4
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AT MR REEEEIH-R Diagram and Color Index

Class :

Earth Science

Number :

Hertzsprung-Russell Diagram and Star Clusters Name :
brightness () luminosity (Y6F) Logarithmic (%) = dimmest (&#&H)
apparent magnitude (82%)  absolute magnitude (BHE2%) parsec (=) | numerical (B{H)
Morgan-Keenan (EE{R-£m3) categorizing (48) denotes (R7~) | subdivided (#%")
p 1: Bridl Luminosi | Maanitud

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

Brightness formula : B = L—
47d2

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.

( 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.

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,
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.

National Chung-Hsing Senior High School Page 1
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AT MEERGIE#HH-R Diagram and Color Index

Spectrol Class
0O B A F G
boooo 10000k 700K 600K S000K 400K
Earth Science o
. _ . 10000+ s
H 1000+
Pre-Lab Quiz o Absole
(Sun=1) Magnitude
Record your team’s answers as well as your 0 [

reasonings and explanations.

=4V Subgiants

1.Which star is hottest?

(A) An F8 horizontal branch giant
(B) An F3 main sequence star o
(C) A K2 supergiant

(D) A G5 main sequence star
Ans: o

V Main Seguence

0014

00001

reasoning: White Dwerts
0,000 01+

00 05 s +20

Colour (B-V)

2.There are two G2 V stars. One is 9 times as bright as the other. What's the distance to
the dimmer star with respect to the brighter star?

(A) 3 times closer

(B) 9 times closer

(C) 3 times further away

(D) 9 times further away

Ans: reasoning:

3.What does a color index of B-V = -0.11 mean for a star?
(A) The star is more blue than red, so it is a hot star
(B) The star is more blue than red, so it is a cool star
(C) The star is more red than blue, so it is a hot star
(D) The star is more red than blue, so it is a cool star

Ans: reasoning:

4.When a main sequence star becomes a red giant, it
(A) increases in temperature and luminosity.
(B) decreases in temperature and luminosity.
(C) increases in temperature and decreases in luminosity.
(D) decreases in temperature and increases in luminosity.

Ans: reasoning:

National Chung-Hsing Senior High School Page 2
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BAZ - MERMNEIEEH-R Diagram and Color Index

Earth Science

https://reurl.cc/Y4z40D

Open the HR Diagram Explorer. Begin by familiarizing yourself with the
capabilities(88/1) of the Hertzsprung-Russell Diagram Explorer through experimentation.

* An actual HR Diagram is provided in the upper right panel with an active location
indicated by a red x. This active location can be dragged around the diagram. The
options panel allows you to control the variables plotted on the x-axis: (temperature, B-
V, or spectral type) and those plotted on the y-axis (luminosity or absolute magnitude).
One can also show the main sequence, luminosity classes, isoradius lines, or the
instability strip. The Plotted Stars panel allows you to add various groups of stars to
the diagram.

* The Cursor Properties panel has sliders for the temperature and luminosity of the active
location on the HR Diagram. These can control the values of the active location or move
in response to the active location begin dragged. The temperature and luminosity (in solar
units) are used to solve for the radius of a star at the active location.

* The Size Comparison panel in the upper left illustrates the star corresponding to the
active location on the HR Diagram. Note that the size of the sun remains constant.

Exercises 1

» Drag the active location around on the HR Diagram. Note the resulting changes in the
temperature and luminosity sliders(i8#). Now manipulate(¥£#t) the temperature and
luminosity sliders and note the corresponding change in the active location.

* Mission 1: Check the appropriate region of the HR diagram corresponding to each
description below.

Mission 2: Take a screenshot of the operation result on the webpage and paste it into
the rightmost blank space.

Description Top | Right | Bottom| Left

Hot stars are found at the: |/

Curser Properes
104 —— .
oo 43000 & wxon e wowe e

Tomperatune (%)
Amceny: 120000 |, Optiens

R A o MRS Bivensnios 2 sor o e
) (%)

Dimmest stars are found at the:

National Chung-Hsing Senior High School Page 3
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BT : MEBEMEIEEH-R Diagram and Color Index

Earth Science
Description Top [ Right |Bottom| Left Screenshot

Luminous stars are found at the:

Cool stars are found at the:

Exercises 2

* Drag the active location around on the HR Diagram once again. This time focus on the
Size Comparison panel.

* Mission : Check the appropriate region of the HR diagram corresponding to each
description below.

Description Upper Left | Upper Right | Lower Right | Lower Left

Large Blue stars are found at the: ./

Small Red stars are found at the:

Small Blue stars would be found at the:

Really Large Red stars are found at the:

Exercises 3

* In addition to the isoradius lines, check show luminosity classes. This green region
(dwarfs V) is known as the main sequence and contains all stars that are fusing hydrogen
into helium as their primary energy source. Over 90% of all stars fall in this region on
the HR diagram. Move the active cursor up and down the main sequence and explore
the different values of stellar radius.

* Mission : Describe the sizes of stars along the main sequence. What are stars like near
the top of the main sequence, the middle, and the bottom?

National Chung-Hsing Senior High School Page 4
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