Lab # 1:  The Colorado Model Solar System

Introduction:


In the first lab we are walking the model solar system on CU’s campus to gain an understanding of the size of our solar system, a familiarity with the planets and our place in the solar system.

Procedure:


In this lab we used a tape measure(at least 15m long), a watch to time how long it took us to walk between the planets, and a note pad to record the number of paces between planets.  We walked the length of the model solar system, measuring distance by counting paces and timing how long it took to travel between planets.  We used these numbers to calculate actual distances between the planets in the solar system.  See below for the equations that we used in this process.  The number of paces and travel time was cumulative.

Data:


See attached spread sheet.


Calculations:


Steps → Astronomical Units (AU) 

(# of steps to a given planet)(1/16) = AU to given planet

Ex. – 12(1/16) = ¾ AU to Venus

AU → km

(1.5x10^8)(AU) = km to given planet

Ex. – (1.5x10^8)(3/4) = 1.125x10^8km to Venus

AU → meters

(14.8m)(AU) = meters to given planet

Ex. – (14.8m)(3/4AU) = 11.1m to Venus

Time → light-seconds

500/11 = 45.45 = how many times faster we were walking

(45.45)(time it took us) = light-seconds

Ex. – (45.45)(9 sec.) = 409 light-seconds to Venus

III.4 – (25ly)(9.46x10^12km/ly) = 2.365x10^14 km to Vega

(2.365x10^14 km)÷(10,000,000,000) = 23,450km < circumference of Earth 

III.5 – (2.4x10^6)(9.46x10^12) = (2.2704x10^19 km)÷(1.0x10^10)=2.27x10^9km


Distance to plaque for Andromeda galaxy


(1.0x10^5)(9.46x10^12)=(9.46x10^17)÷(1.0x10^10)=9.46x10^7km


Size of plaque for Andromeda galaxy

IV.1 - % Error = (Calculated value – Actual value) ÷ (Actual value)

Ex. – (1.5x10^8 – 1.49x10^8) ÷ (1.49x10^8)=0.0067 x 100=0.67% error

IV.3 – Mass of solar system:  (2x10^30)÷(2.002x10^30) = 99.9% = mass of Sun

(1.897x10^27) ÷ (2.002x10^29) = 0.95% = mass of Jupiter

(5.97x10^24) ÷ (2.002x10^29) = 0.003% = mass of Earth

Results/Discussion:


The model solar system is set at a one-to-ten billion scale.  When measuring from the Sun to Earth with a tape measure, we found the distance to be 14.8 meters.  It would have been more accurate if we had found the distance to be 14.9 meters, since the actual distance is 149 million km (I.2).  Since it took us 16 steps to reach the Earth from the Sun, each step represents 1/16th of an AU (I.3).  Another requirement of the lab was to time how long it took us to reach each planet from the Sun.  It took us  11 seconds to reach the Earth from the Sun, while in reality it takes light 500 seconds to travel that distance.  This means that we were traveling 45.45 times faster through the model solar system(I.6).


When we were at the model Earth, we were also able to look at the Moon.  It has been 37 years since mankind first set foot there (I.7a).  At the scale of the model, mankind has only traveled about 3cm into space(I.7b).  The next closest planet to Earth is Venus.  It is about 3.7 meters away from the Earth.  Astronauts would have to travel 123.3 times further to reach Venus than they did to reach the Moon(I.8).  While still at the model Earth, we looked at the angular size of the model Sun and found it to be 1˚, which is the same size that the actual Sun overhead appeared to be (I.9 and I.10).  From the Earth the angle between Jupiter and Saturn also appeared to be 1˚(I.11).


We then headed to Mars, which is 0.625AU from Earth in the model(I.12a).  This distance can also be measured in light-minutes.  There is a difference of 5.3 light-minutes between the two planets(I.12b).  This time delay explains why the Sojourner Rover on Mars was not steered remotely from Earth(I.13).  It would take 5 minutes for information to reach Earth and then another 5 for information to make it back to Mars.


Next on our journey through the solar system was the asteroid belt.  The largest of these asteroids, Ceres, would not be visible on the scale of the model solar system as it would be 0.076mm in diameter(II.1).  When we reached Jupiter, the apparent angular size of the Sun was approximately 1/10˚ (II.2).  Even though Jupiter and Saturn appeared to be close together from the model Earth, they are actually 4.1875 AU apart (II.3a).  The entire inner solar system is about 2/5ths of the size of the distance between Jupiter and Saturn(II.3b).  We also learned that the diameter of Saturn’s rings (250,000km) is over 100,000km larger than the diameter of Jupiter(142,984km).  From Earth, Jupiter probably appears to be very similar in size to the rings of Saturn since Jupiter is almost half the distance and close to half the size(II.4).


We then moved on to the outer planets.  Uranus, discovered in 1781, has only made two complete orbits around the Sun since its discovery(II.5).  In 2033 Uranus will complete it’s third complete orbit.  Neptune, discovered in 1846, has yet to make a complete orbit, as it’s orbital period is 165 years and it was only discovered 160 years ago.  The walk between Neptune and Pluto was surprisingly short because Pluto was placed between it’s perihelion and it’s mean distance, so it is much closer to Neptune than it normally occurs (II.7).  Based on the angular size of the Sun from Jupiter, the angular size of the Sun from Pluto is approximately 0.03˚ (II.8). 

The Voyager II is far past Pluto and still traveling outwards.  Because it is so far from the Sun and is getting further every day, the Voyager II is powered by a nuclear power cell, instead of solar panels (III.1).  The closest star to our solar system is Proxima Centauri.  At the scale of our model solar system, Proxima Centauri would be located in Talkeetna, Alaska (about halfway between Anchorage and Denali National Park), which is 2,405 miles from Boulder (III.2).  The two stars called Alpha Centauri are about the same distance apart as the Sun and Uranus.  If our Sun had a companion star at this distance, the three outer planets (Uranus, Neptune and Pluto) would probably be very similar to the three inner planets (Mercury, Venus, and Earth)  temperature wise(III.3).  At the scale of our model, we would be able to put a plaque on Earth for Vega.  It would be a little bit more than halfway around the Earth, but we’d still be able to have a plaque on Earth (see Data section for calculation) (III.4).  The plaque for the Andromeda galaxy would have to be most of the way to Uranus from Earth and would be 9.46x10^7 km large (III.5).

The average percent error between the distances we calculated from the Sun to each planet and the distances listed on the plaques was 3.36% (IV.1).  The percent error was present because our pace and step size was not always uniform.  This is a significant error because it is equivalent to about 5.4 million km.  The general trend in planetary temperatures decreases with distance from the Sun.  Neptune is a notable exception to this rule, as it is almost as warm as Saturn even though there is a huge distance and a planet between the two (IV.2).  The Sun makes up 99.9% of the mass of the solar system.  Of the remaining mass, 0.95% goes to Jupiter and 0.003% goes to the Earth (IV.3).

Conclusion:


This lab was very helpful because it allowed me to get a grasp of our solar system, both it’s size and the distance between the planets.  It was also interesting to look at the statistics of each planet in relation to the others.  

