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Naked-Eye Astronomy Lab
Summarizing the Quantitative Measurements of the Solar System

Part I:  Recalculating the Values in all Labs without using the book:

     If you look back at the analyses in all the labs done this term, you’ll see that knowledge of some particular quantity, which you would look up in the textbook, was required in most cases.  However, the ancient astronomers that made similar measurements did not have such previous knowledge of which to make use.  In fact, the calculations in these labs can be made without looking up any numbers in the book...provided that the measurements are made in the right order (or after all the measurements have been made).  That is what you are to do in this last lab.  Using all the results re-calculate all these quantities without making use of any prior knowledge.  You should start with the Size of the Earth lab, since that involved no prior knowledge, and then use that information in the size of the Moon calculation.  It is up to you, then, to figure out the order of the remaining labs.

The quantities for which you should obtain numbers are:


The size of the Earth


The size and distance of the Moon


The distance of the Earth from the Sun and size of the Sun


Venus’ distance from the Sun


The distance of the outer planet from the Earth 

and hence the distance of the outer planet from the Sun

Part II,  Inferring other physical parameters by use of accepted theories:

     Considering your results from Part I, use the equation for circular orbits (from Newton’s laws and Newton’s Universal Law of Gravity) to calculate the mass of the Sun and the mass of the Earth.

Part III,  Discussion:

     Write a brief report explaining this re-analysis and gravitational calculation.  Discuss also the nature of these experiments.  Include the following:

1.  Which result(s) is(are) the furthest from the actual value(s) (as given in the book).  Look carefully at your work and note that there is really just one very erroneous result and that a couple of other results appear bad because they depend on this one poor measurement. Consider, then, what distances and quantitites in the Solar System were known fairly accurately before the invention of technological instruments (such as radar).  Why do you think that this measurement is so far off?  Consider what one is trying to do, in principle, in making this measurement.  

     Note, however, that eventhough the quantitative value of this one poor measurement is way off, the qualitative aspect of this measurement was sufficient for a significant realization, when this measurement was made.  Comment, then, on how the accuracy needed for a particular measurement depends on the goal of the experiment--that poor accuracy can still be significant.  Can you think of an analogy?

     Comment, also, on how the results of most experiments are dependent on previous measurements being made accurately and how since each experiment contains a little error, that these errors accumulate.  In cases like this, infinite accuracy is desired. This shows why the apparently uninteresting experiments, sometimes, are given more care and money to get great results than the more exciting experiments (which often fit into the category of the previous paragraph).

    Note: The problem of following results depending sensitively on other relatively poor measurements is still a significant problem in astronomy today.  The methods used for inferring the distances to the most distant galaxies depend very much on the accuracy of the method of measuring the distances to the not quite so distant galaxies, which depend on the measurements to the marginally distant galaxies, which depend on the measurements of the relatively nearby galaxies, which depend on....  This is known as the cosmic distance ladder problem.

2.  Comment on the power/use of correct theories (for example: Newton’s Laws) for inferring additional information that otherwise can’t be known.  What quantities could you determine by using these theories that you wouldn’t have any knowledge of otherwise?  How important are these quantities to our studies of the Solar System?  What are some important implications that result from knowledge of these quantities?

3.  Comment on the difference between qualitative observations and carefully thought-out quantitative observations (the difference being that “quantitative” means that actual numerical values are determined).  Consider the importance of being able to infer additional information about the object being studied.  Which type of observation/experiment provides better tests of theory?  Explain your answer.

