ESC 120 Earth Science Labs


56 points total 
Lab Exercise Twelve
Patterns in the Solar System
Introduction

Scientists have determined that the solar system originated approximately 4.6 billion years ago from an enormous cloud of dust and gas. As the nebula contracted, it began to rotate and flatten with the majority of the substance concentrated at the center of the nebula. Eventually, the temperature and pressure in the center was great enough to initiate nuclear fusion and form the Sun.  With the Sun at the center, the solar system is composed of many diverse objects.  Near the center of the nebula, the planets Mercury, Venus, Earth, and Mars evolved under nearly the same conditions and consequently exhibit similar physical properties and dominated by solid rocky materials. They are collectively called the terrestrial (Earth-like) planets. Further away from the Sun, the outer planets, Jupiter, Saturn, Uranus, and Neptune formed under much colder conditions and are gaseous objects with central cores of ices and rocks. These four plants are grouped together and called the Jovian (Jupiter-like) planets.  In addition to the Sun and eight planets, the solar system is full of debris of various sizes. The major concentration of these debris, called the Asteroid Belt, exist between Mars and Jupiter (Fig. 12-1).  This lab exercise examines the physical properties and motions of the planets in order to recognize a few general patterns of the solar system. 
After you have completed this exercise, you should be able to:
1. Identify lines of evidence that support the nebula theory, which explains the origin of the solar system. 
2. Summarize and compare the physical characteristics of the Terrestrial and Jovian planets. 

3. Use Kepler’s laws to explain the motion of the planets in the solar system.

Lab Activity One:  Formation of the Solar System: Nebula Theory 
Questions
Study the planetary data about Terrestrial and Jovian planets in Table 12-1 with reference to Figure 12-1 to answer the following questions.

1. With the exception of which planet (excluding Pluto), do the orbits of all the planets in the solar system lie within 4 degrees of the plane of the ecliptic (the plane along which all the planets revolve around the Sun)? (2 points)
Yes, all the planet orbit lie within the 4 degrees of this plane. The invariable plane is usually 0.50 of the orbit of the planet. 
2. How does the fact that the orbits of the planets are nearly all in the same plane support the nebular origin of the solar system? (2 points)
This fact is in line with the Nebula origin holds that all the planets except Pluto have orbital planes all of which are inclined by less than 6 degrees with one another but on the same plane. 
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Figure 12-1.  The solar system showing the orbits of the planets to scale. A different scale has been used for sizes of the Sun and planets. Therefore, the diagram is not a true scale model representation of the solar system. 
Table 12-1.  Planetary data of the solar system.
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Mean Distance from Sun Velocity
Millions Millions of Period of Inclination
Planet Symbol AU of Miles Kilometers Revolution of Orbit mifs km/s
Mercury 8 0.387 36 58 88d 7°00 29.5 47.5
Venus Q 0.723 67 108 22474 3024’ 21.8 35.0
Earth (<] 1.000 93 150 365.254 0°00 18.5 29.8
Mars <3 1.524 142 228 6874 1951* 149 241
Jupiter 2 5.203 483 778 11.86%" 1°18’ 8.1 13.1
Saturn h 9.539 886 1427 29.46%" 2029! 6.0 9.6
Uranus 3 19.180 1783 2870 84" 0°46' 42 6.8
Neptune W 30.060 2794 4497 165Y" 1°46' 3.3 5i3
Diameter Relative Average Polar Mean Number of
Period of Mass Density Flattening  Temperature Known
Planet Rotation Miles Kilometers (Earth = 1) (g/em?) (%) (°c) Satellites
Mercury 594 3015 4854 0.056 54 0.0 167 0
Venus 2444 7526 12,112 0.82 5i2 0.0 464 0
Earth 23h56m048 7920 12,751 1.00 55 0.3 15 L
Mars 24h37mp3s 4216 6788 0.108 3.9 0.5 —65 2
Jupiter ghsm 88,700 143,000 317.87 13 6.7 —-110 63
Saturn 10h14™ 75,000 121,000 95.14 0.7 10.4 —140 56
Uranus 17h14m 29,000 47,000 14.56 12 2.3 -195 27
Neptune 16hpam 28900 46,529 17.21 1% 18 —200 12




3. So far, the radiometric dates on various substances in the solar system result in approximately the same age:  4.6 billion years. How does this evidence support the nebular theory? (2 points)
Sun and the planets are thought to be formed from this rotating cloud of interstellar and dust called solar nebula. As this nebula contracted due to gravity, most of the material is trapped in the center to form protosun. The remaining material formed as a flattened rotating disk. The matter inside the rotating disk slowly cooled and condensed into grains, and solid material in the form of ice and rock. The rotating disk became larger as other particles collide with it. Eventually, the object in the disk became large enough to attract more ice and dust with its gravitational force. 
4. All the planets revolve around the Sun counterclockwise. Explain why this fact would support the nebula theory. (2 points)
According to the Nebula theory, all the orbits of the planets are prograde. This means that the planets are seen above the North pole and they all revolve in a counter-clockwise direction. 
5. If all the planets and the Sun in the solar system were initiated from the same cloud of dust and gas, as stated in the nebula theory, shouldn’t the material and elements that make up each of the planets be comparable?  (Research online to find out if the elements that make up all the planets are indeed similar). (2 points)
All the planets are rocky, dense and contains iceballs which is an indication that they are indeed similar. Other elements which are common in all the planets include iron, oxides, silicon and other oxides. 
Lab Activity Two:  Comparing the Terrestrial and Jovian Planets 
Terrestrial planets are similar in various physical characteristics, such as diameter, density and mass. Likewise, the Jovian planets are all similar in certain physical features. 

Questions
1. Draw a circle to represent each of the eight planets listed in Table 12-1 using a compass by following steps:
1) Determine the radius of each planet in kilometers by dividing its diameter by 2. (2 points)
2) Use a scale of 1mm = 1,000 km to determine the scale model radius of each planet. As an example, Mercury’s scale model should be calculated as follows. (2 points)
4,854 km / 2 = 2,427 km (radius) 

2,427 km / 1,000 km / mm = 2.43mm (scale model)

List your answers in Table 12-2.
3) Draw a circle using each of the scale models to represent the size of each planet. (2 points)
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Table 12-2.  Planetary radii with scale model equivalents. 


Planet


Radius 


Scale Model Radius 

Mercury 
_2,427____km

____2.43 ____ mm 


Venus


__6056_km

_6.056_ mm


Earth


__6375_km

__6.375__ mm


Mars


_3,394___km

_____3.394_____ mm


Jupiter


__71,500__km

___71.5___ mm


Saturn


_60,500____km

___60.5____ mm


Uranus 

__14,500___km

_14.5______ mm


Neptune 

__14,450___km

___14.45____ mm

2. Based on the results of Question 1, answer the following questions:

1) The smallest Jovian planet, ___Uranus_______, is ____4______ times larger than the largest Terrestrial planet, __Earth_______.(2 points)
2) Write a general statement that compares the sizes of the Jovian planets to those of the Terrestrial planets. (2 points)
The Jovian planets are enormous when compared to the Terrestrial planets. 
3. The diameter of the Sun is approximately 1,350,000 kilometers. Use the same scale model you used for other planets in Question 1 to calculate the scale model radius of the Sun. (2 points)
The scale model radius of the Sun =  1,350,000/2= 675,000/1000= 675mm

Find a paper that is big enough to draw a circle to represent the size of the Sun (using its scale model radius).

4. The Sun is ___109_____ times larger than Earth and ___10___ times larger than Jupiter. (2 points)
5. By comparing the size of the Sun and other planets in the solar system, what is your conclusion?  Does this support the nebula theory?  Explain your answer. (2 points)
My conclusion is that the sun is the largest in the solar system. All the planets revolve round the sun which is at the center of the solar system. This conclusion is supported by the Nebular theory which states that the solar system is gravitationally bound by the sun at the center.
Mass and Density 

Mass is a measure of the quantity of matter an object contains. Density is the mass per unit volume of a substance. In Table 12-1, masses of planets are given in relation to the mass of the Earth. For example, the mass of Jupiter is 317.87, which means that the quantity of Jupiter is over 317 times of the Earth. In Table 12-1, the average densities of the planets are expressed in grams per cubic centimeter (g/cm3). As a reference, water’s density is 1 g/ cm3.
6. The largest planet is __318_____ time more massive than the Erath and the least massive planet contains only __38%______ as much mass as the Earth. (2 points)
7. Based on Newton’s law of universal gravitation, which planet exerts the greatest, and which one the least, pull of gravity? (2 points)
Jupiter exerts the greatest gravitational pull while exerts the least pull of gravity.
8. The surface gravities of Mars and Jupiter are about 0.4 and 2.5 that of the Earth respectively. What would be your approximate weight on each of these planets?  (2 points)
Given that I have 70Kg, I would weigh 25.6Kg on Mars and 175Kg on Jupiter 
9. Comparing Jovian with Terrestrial planets, which group of planets tends to have the greatest ability to hold large quantities of gas as part of the composition?  Explain your answer. (2 points)
The Jovian planets such as Neptune and Uranus are gas giants while terrestrial planets in the solar system e.g. Venus and Mercury have molten heavy metal cores.
10. What is the escape velocity of a planet?  On the Moon, the escape velocity is about 2.4 km /sec. whereas the escape velocity of the Earth is more than 11 km /sec.  Would the escape velocity of Jupiter be higher or lower than that of the Earth?  Explain your answer. (2 points)
The escape velocity of Jupiter would be many times that of the Earth because, it all depends with the mass of the planet and the mass of Jupiter is higher than that of the Earth. 
11. Explain why Mercury and our Moon do not have an atmosphere whereas most Jovian planets have a much thicker atmosphere than that of the Earth. (2 points)
Most of the Jovian planets are located in the orbits around the gas giants and that is the reason why they have thicker atmosphere. 
12. What is the general relation between the number of moons a planet has compared to its mass?  Suggest a reason for the relation. (2 points)
Generally, there is no direct relation between number of moons and a planet compared to its mass. For example, Jupiter has 69 moons while Saturn has 62 moons but Jupiter is 3.5 times the mass of Saturn.
13. In order to compare the sizes and densities of the planets using the data listed in Table 12-1, plot a point on Figure 12-2 for each planet where its diameter intersects its density.  Based on your plot, how is a planet’s size related to its density?  (2 points)
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  Figure 12-2.  Diameter verses density graph. 
14. Explain why the densities of Jovian planets are so different from those of Terrestrial planets and why Jupiter can be such a massive object and yet have such a low density. (2 points)
The density of the planets varies from the surface of the planet towards the core. Therefore, the Jovian planets are primarily composed of gases which are less dense while the Terrestrial plans have molten solid rocks thus high density. 
Rotation and Revolution of the Planets 

Rotation is the turning of a planet about its axis whereas revolution is the motion of a planet around the Sun.  When the solar system is viewed from above the Northern Hemisphere of the Earth, all the planets, with the exception of Venus, rotate counterclockwise and all the planets in the solar system revolve around the Sun in a counterclockwise direction.  The time that it takes for a planet to complete 360° rotation on its axis is called the period of rotation and the time it takes a planet to complete one revolution around the Sun is termed it’s period of revolution. 
15. What would be the average daylight time hours on Venus and Jupiter respectively? (2 points)
Venus rotates once every 243 Earth days so the day lasts 141.5 Earth Days, 

Jupiter rotates every 10 hours so the day lasts 5 hours.
16. Compare the periods of rotation of Terrestrial planets to those of Jovian planets. (2 points)
The Jovian planets rotate faster than the Terrestrial planets. The Jupiter and Saturn take 10hours in their Jovian days while Neptune and Uranus take around 16-17 hours in their Terrestrial days. This is because they rotate on different latitudes and the speed is dependent on the nearness of the poles to the equators. 
17. The equatorial circumferences for Earth and Jupiter are about 24,000 miles and 280,000 miles respectively. How many times faster is Jupiter’s equatorial rotational velocity than the Earth’s?  (Velocity = Distance / Time). (2 points)
=256,000/365= 701.369mi/hr
18. How many revolutions will planets Mercury and Neptune complete in one Earth year?  (2 points)
Earth is 365.26 days in one revolution
Mercury is 87.96 earth days

Neptune is 164.81 earth days

Therefore for Neptune, the 164.81 * 365.26 = 60,198.5006 earth days/365.26= 164 revolutions

For mercury 87.96* 365.26 = 32128.2696 earth days/365.36=87.96 revolutions. 
19. On Venus, how many times does the Sun rise in one Venus year? (2 points)
Twice. i.e. it rises in every 117 Earth days.
20. Explain why only one side of Venus faces the Sun throughout its year and why only one side of the Earth’s moon can be observed by an Earth-bound observer. (2 points)
This is because the revolution of the Venus around the Earth is overlaps once in every 225 and 365 day of the solar orbits. This means that Venus faces the Earth in every inferior conjunction when the planet passes between the Earth and the sun. on the other hand, the moon spins once on its axis in every orbit around the sun.
Lab Activity Three:  Kepler’s Three Laws of Planetary Motion
Use Kepler’s laws of planetary motion to answer the following questions:
1. Why does the distance between a planet and the Sun change as the planet revolves around the Sun? (2 points)
The planet’s orbit around the sun in not circular but elliptical. This means that it keeps on changing and at one time the planet is near the same and on the other end it is far from the sun.
2. Use Kepler’s second law to explain why a planet moves faster when it is closer to the Sun? (2 points)
The planet moves faster when it is closer to the sun because near the sun there is a strong gravitational pull of the planet which makes it to move faster. Further from the sun means the gravitational pull is weaker and the planet move slower.
3. Applying Kepler’s third law, what would be the distance (in kilometers) between a hypothetical planet and the Sun if the period of revolution between this planet and the Sun is eight Earth years? (2 points)
(2n:)2 x 1.50 x 108 km/(8 years)2 = 47.2 x 10-6 km/s
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