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not all are the same size...

MERCURY VENUS

Mass (1024kg) 0.33 4.87

Diameter (km) 4879 12,104



https://nssdc.gsfc.nasa.gov/planetary/factsheet/mercuryfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/venusfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/earthfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html
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Space Math — Scientific Notation
What is 102%kg?

s

A.
B.
C.

7
7
7

1024 kg
1,000, OOO 000,000,000,000,000,000 kg
OOO OOO OOO OOO OOO OOO 000 kg

MERCURY

MARS

Mass (1024kg)

0.33

0.642

Diameter (km)

4879

6792



https://nssdc.gsfc.nasa.gov/planetary/factsheet/mercuryfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/venusfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/earthfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html

westmastsace SO NOW Many Kilograms are the planets?
A4 Earth =5,970,000,000,000,000,000,000,000 kg

Venus = 4,870,000,000,000,000,000,000,000 kg
Mars = 642,000,000,000,000,000,000,000 kg
Mercury = 330,000,000,000,000,000,000,000 kg
Moon =  73,000,000,000,000,000,000,000 kg
Ceres = 938,350,000,000,000,000,000 kg
Comet = ABm, 220,000,000,000,000 ke
USS Nimitz = ' 91,800,000 kg
747-8 = 442,253 kg

Person = 62 kg
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% Space Math Names of Big numbers

Name Number
Million 1 x 106

Billion 1x10°

Trillion 1 x 10%2
Quadrillion 1x10%
Quintillion 1x 108
Sextillion 1x 10%!
Septillion 1x10%4
Octillion 1 x 10%/
Nonillion 1 x 1030

Decillion 1x 1033
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So Earth is

5.97x10%* kg
olf

5.97 Septillion
olf

5,970,000,000,000,000,000,000,000 kg




Space Math —
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Lets compare Earth and Mars

MERCURY MARS
Mass (1024kg) 0.33 0.642
Diameter (km) 4879 6792



https://nssdc.gsfc.nasa.gov/planetary/factsheet/mercuryfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/venusfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/earthfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html
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To make large numbers easier, we
convert to Fractions -- Let’s use

il Farth as the reference.

WESTEAST SPACE

Fraction of
Earth MERCURY VENUS EARTH MARS
Mass. 1/16 13/16 1 1/8
Diameter 6/16 15/16 1 9/16



https://nssdc.gsfc.nasa.gov/planetary/factsheet/mercuryfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/venusfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/earthfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html

Lets add up the inner planets:
Mercury + Venus + Earth + Mars = ?

WESTEAST SPACE

Fraction of
Earth MERCURY VENUS EARTH MARS
WIESS 1/16 13/16 1 1/8
Diameter 6/16 15/16 1 9/16



https://nssdc.gsfc.nasa.gov/planetary/factsheet/mercuryfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/venusfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/earthfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html
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Space Math —to do the math,
Mars =1/8 = 2/16

Fraction of
Earth MERCURY
WERS 1/16
Diameter 6/16 15/16 1 9/16



https://nssdc.gsfc.nasa.gov/planetary/factsheet/mercuryfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/venusfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/earthfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html

_ets add up the Mass of the inner planets:
westeastseace Vlercury + Venus + Earth + Mars = 7

y 1/16+13/16+1+2/16=2

Fraction of
Earth MERCURY VENUS EARTH MARS
WIERS 1/16 13/16 1 1/8
Diameter 6/16 15/16 1 9/16



https://nssdc.gsfc.nasa.gov/planetary/factsheet/mercuryfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/venusfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/earthfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html

Or...
westeastseace Mercury + Venus + Mars = Earth
1/16 + 13/16+2/16= 1




Q Astronomical Unit “AU”

WESTEAST SPACE

AU is distance from sun
Earth =1

£ #‘;g‘,,' 1 _f.‘;{ 3"%
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Why?

¢

Because Earth is home

Planet Distance from Sun
and Relative size Earth is denominator




* Which way will a compass point on Mars?
WESTEAST SPACE > North

y 2 | > South

> East




WESTEAST SPACE North magnetic pole North geographic pole
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* A compass needle is attracted
to the earth’s north
geographic pole

| Magnetic axis

Rotational axis

The magnetic north pole is inclined
about 14° from the geographic north
pole, or by about 600 miles.




e (Can we assume that Mars has the same? No.
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* In 1965 Mariner 4, passed within 8,000
WESTEAST SPACE kilometers (4,971 miles) of Mars’ surface. At
/" | that distance, it failed to detect any magnetic
field.




* NASA sent more probes...
WesTEAsTSPACE o Mars Global Surveyor

& * MAVEN

* They helped make a magnetic map




* Which way will a compass point on Mars?

WESTEAST SPACE
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Answer:
Don’t count on a compass on Mars.

Mars has local magnetic fields,
mostly in the southern hemisphere.

Credit: NASA
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Going to Mars?
You need power to run your ship.
How much power can we get from Solar?
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-ractions in Space...
nverse Square Law




-ractions Iin Space...
westeastseace |Nverse Square Law of Light

Decreasing concentration of
electromagnetic radiation

P

Distance AU 1 pi 3 4 5 6 7 8 ) 10

Strength 1 1/4 1/9 1/i16 1/25 1/36 1/49 1/64 1/81 1/100



WESTEAST SPACE

-ractions
nverse Sc

In Space...
uare Law of Light

Decreasing concentration of

electromagnetic radiation

Strength

-
2/5 5/7 11/2 51/5 94/7 191/5 30 391/2 | 51/5
611/16 | 115/16 53/123| 1/16 1/64 1/369 | 1/900| 6/10000f 1/16




Fractions in Space...
westEastseace INVErse Square Law of Light
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Try at home with your flashlight
Same thing happens.




Solar Power...\What Fraction of
WESTEAST SPACE Earth’s solar Irradiance does Mars

y a - Receive?

MERCURY

MARS

Solar irradiance
(W/m?2) 611/16

7/16

Distance from
Sun (AU) 6/16 12/16 1 1 8/16



https://nssdc.gsfc.nasa.gov/planetary/factsheet/mercuryfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/venusfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/earthfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html
https://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html
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International Space Station (ISS) around Mars?
Mars gets 7/16%" Solar irradiance (W/m?2)

ISS has 262,400 solar cells cover

Solar cells cover 27,000 square feet (2,509
ISS generates 248 kW total power III

/{{;,3,%////////// W

& \'L///'/l/l[l /

z
7




* Mars gets 7/16%™ Solar irradiance (W/m2)
//' "

WESTEASTSPACE o |SS generates 248 kW total power

() - l

Answer: @ !
2 500 m? = Earth 248 kW S~
2,500 m? = Mars 108 kW

(This is less than half so we

need more 2X)
2,500 M2 X 16/7 = 248 kW o




Fractions in Space... )
westeastseace  SUN Spots & Solar Flares

.

. Sunspots are Big... -
» millionths of the solar hemisphere area
» ‘1630° means 0.163% of the Sun’s face. -
» Earth’s area = 169 millionths by comparison! o
» 169/1,000,000 G
* Flares are ranked by their brightness

> C
» ‘M’ -- M-class flares being 10x more luminous that C-class flares
» ‘X' -- X-class flares being 10x brighter than M- class flares.



Fractions In Space...
Sun Spots
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That’s a lot of numbers...
what happened to
fractions?

* /5 day time period covered by this table

« (720-696=) 24 catalogued sunspots.

* The table shows only sunspots producing
flares during this time.

Date
6-Nov
7-Nov
8-Nov
10-Nov
11-Nov
2-Dec
3-Dec
9-Dec
29-Dec
30-Dec
31-Dec
1-Jan
2-Jan
4-Jan
10-Jan
14-Jan
15-Jan
16-Jan
17-Jan
18-Jan
19-Jan

Earth

Spot #
#696
#696
#696
#696
#696
#708
#708
#709
#713
#715
#715
#715
#715
#715
#719
#718
#720
#720
#720
#720
#720

N/A

Area
820
910
650
730
470
130
150
20
150
260
350
220
180
130
100
160
1540
1620
1630
1460
1400

169

Flare

SXIXZIN0Z 00X 0n0< <X XKL
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Other Fractions in g
Sun Spots .

Question 1: Construct a pie chart for the X, M and C-class flare data. During this 75-
day period, what fraction of flares are X-class?

Question 2: What fraction of sunspots produce X-class flares?

Question 3: What fraction of sunspots did not produce any flares during this time?
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Q 1: Construct a pie chart for the X, M and C-class flare
data. During this 75-day period, what fraction of flares are
X-class? 5/21

Sun Spots

Q 2: What fraction of sunspots produce X-class flares?

Other Fractions in Space... .

Flare Type

3/24
There were 24 sunspots (698 -720) #696, #715, #720
were X class.

Q 3: What percentage of sunspots did not produce any
flares during this time?

8/24 ->. 16/24. did not...

Spot #0696 #708 #709 #713 #715 #718 #719 #720




Other Fractions in Spa |
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A try these on your own

Question 4: What seems to be the minimum size for a sunspot that produces an X-
class flare? An M- class flare? A C-class flare?

Question 5: If the area of Earth is “169’ in the sunspot units used in the above tables,

what are the maximum and minimum size of the sunspots compared to the area of
Earth?



Other Fractions in Space...
Jupiter
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Other Fractions in Space...
Jupiter
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Vs resonance
3:1 resonance
5:2 resonance
7:3 resonance
2:1 resonance

Kirkwood Gaps
in the Asteroid Belt




Other Fractions in Space...
Jupiter

//‘ average distance (semimajor axis) in AU
O

1 2 = 4 5
! I ! I ' I ! I ! I

Gaps occur where

asterords would

have orbirtal periods For example, asterords here
that are simple -------... would have orbiral periods that
fractions of Jupiters are /3 of Jupiters orbirtal
1Z2-year period. _.----period, or about 4 years.

WESTEASTSPACE

l I

I I I 1 F | ! | | I | |
2 3 <1 5 c 7Y 8 © 1011 121314

T : orbital period (years)
Earth Mars Jupiter

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.

O
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Wait... can we add all of the
asteroids to make a new planet?

WESTEAST SPACE

P

The four largest asteroids

4
K

Ceres Vesta Pallas Hygiea
939 km 525 km 512 km 434 km




Wait... can we add all of the

asteroids to make a new planet?

/‘, About half the mass of the belt is contained in the four
largest asteroids.

WESTEAST SPACE

Kg Ratio to Mars
Mars 6.42E+23 1
Ceres 9.3835E+20 15/10000
Vesta 2.59076E+20 4/10000
EIER 2.01E+20 3/10000
Hygiea 8.32E+19 1/10000




Thank you to NASA for making so much great

material availa
was possible.

ole so that this presentation
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“I could have go,n'e. ~on’ flying th.roug'h'_ Space‘ forever.”

Yuri G.agarin



https://www.azquotes.com/author/5270-Yuri_Gagarin
http://www.westeastspace.com/

