Problem Solving: chapter 1 of Arny “Explorations” manuscript.

by Patricia C. Vener

Of Kepler’s three laws of planetary motion, only the third is stated as an equation. This equation, 







P2 = a3,

relates a planet’s Period (length of time for said planet to complete one full orbital cycle) to the mean radial distance of the planet from the sun. Conveniently, the mean distance from a focus to the ellipse around it, is equal to the length of the semi-major axis of that ellipse. The semi-major axis is one half the longest diameter of the ellipse. 

It is important to remember that this equality is true only for our own Solar system where the units we use are years and AU (Astronomical Units).

Example 1.
If an object orbits the sun in 1.5 years, what is its mean distance from the sun?




P = 1.5 yr




a = ?




P2 = a3 implies that we can find a by taking the cube root of P2. Thus,




a = (2.25 yr2)-3 AU



   = 1.3 AU

Example 2. 
The mean distance of the planet Pluto from the sun is 39.7 AU. How long does it take to complete one full orbit about the sun?




a = 39.7 AU




P = ?




P = (a3 AU3)-2



   = (62570 AU3)-2



   = 250.1 yr



In other words, about two and a half centuries!

Now you try one of these.



1. A rocket is shot into space where it ends up orbiting the sun with a period of 18 months. Where is the rocket’s orbit with respect to the other planets?



A. The rocket orbits somewhere between Earth and Venus.



B. The rocket orbits somewhere between Earth and Mars.



C. The rocket orbits somewhere between Mars and Jupiter.



D. Depends on the eccentricity of the orbit (how elliptical it is).



Answer:
B

The moon and the sun both appear to be the same size (more or less) in the sky. We know the sun is larger, however, because we also know that it is farther away from us. Relating apparent size in the sky and known distance makes it possible for us to determine actual size of a body. This idea, in figurative form, is known to artists as perspective.
Example 1. 
An artificial solar eclipse is created by a performance artist who plans to build a circular structure in space that will be one kilometer in diameter. About how far from the earth’s surface would this object have to be placed in order to create the desired solar eclipse effect?



The sun is known to subtend an angle of about half a degree against the sky.



Therefore so must the structure subtend the same angle.



The equation,





L = 2(DA/360,


can be rewritten so that we are solving for distance, D. Thus,





D = (360xL)/(2(A) .



A = 0.5(



2( is circumference relation for diameter.



Now let’s substitute in the numbers...





D = (360( x 1 km)/(2( x 0.5()





   = 114.6 km above sea level.



For comparison’s sake, Mt Everest is about 8 km high.

Example 2.
A student decides to test the statement of her astronomy instructor who claims that even though the moon seems to be larger near the horizon than when it is high in the sky, this is merely a psychological illusion. How can she test this statement?



The student merely uses her thumb (which approximately subtends a half a degree when held out at arm’s length) to measure the full moon at moonrise and again when it is high in the sky. If the thumb covers the same amount of moon then she has proven the instructor’s statement is true.

Ok, now it’s your turn. See how you do!

1. A object that is farther away is as large as an object nearby if both of these have the same angular measurement.

Answer:
F (Two objects with the same angular measurement are only the same size if they are at the same distance from the observer.)



2. The farther away from an object one is...



A. the smaller the object.



B. the greater the angle it makes against the sky.



C. the smaller the object appears to be.



Answer:
C

