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The Astronomical Unit:  

By 1700 AD all observable sizes and distances in the solar system could be measured, but 
only in ratio to the semi-major axis of Earth’s orbit.  This led to odd results.  Ole Rømer, for 
example, measured the speed of light in ratio to the orbital velocity of Earth, and Newton 
calculated the mass of the Sun in ratio to Jupiter’s mass.  However, neither the speed of light, 
nor the mass of the sun, could be found in standard units until the mid nineteenth century.  In 
fact, this was such a problem that scientists traveled the world in order to observe the 1761 and 
1769 transits of Venus in hopes of measuring the distance between the Sun and the Earth. 

  Measure the length of one Astronomical Unit.  If your result depends on other physical or 
astronomical quantities, you should measure as many of these that you can. 

 
The Archimedes Death Ray: 

The great Sicilian engineer Archimedes (c. 287-212 BC) famously fought off the Roman 
invasion of Syracuse using his many high-tech inventions.  While most of his booby-traps relied 
on mechanical advantage, such a pulleys and levers, the most famous invention was a giant 
heliostat that sunk Roman warships.  As legend has it, Archimedes instructed each soldier to 
highly polish his shield and reflect the morning sun to light each Roman ship ablaze.   The 
television show Mythbusters devoted three episodes to testing the physical feasibility of the 
“Archimedes Death Ray” (29-September-2004, 25-January-2006, 8-December-2010), and 
declared the story implausible in all three episodes.  However, a group at the Massachusetts 
Institute of Technology (MIT) came to the opposite conclusion after performing a successful 
experiment in 2005. 

Investigate, experimentally, theoretically, and historically, the story’s feasibility. 
 

Spherical Magnets: 

Sets of 216 strong spherical magnets are sold in 6×6×6 cubes, which 
make wonderful toys for anyone old enough to know not to eat one.  
According to neocubes.com:  “The magnetic balls will almost mystically guide 
your hands to build complex fractal patters and other symmetric designs 
found everywhere in nature and space.”  

Investigate, both experimentally and theoretically, the stable 
configurations that these can make.  

 
The Apparent Weight of an Hourglass: 

As the sand flows from the top to the bottom of an hourglass, does it appear 
to weigh more, or less, than it does after the sand stops?  On the one hand, some 
of the sand is in free fall so it is not in contact with the scale, but, on the other 
hand, an additional upward force is needed to stop the sand when it hits the 
bottom pile.  In their 2017 paper, Achim Sack and Thorsten Pöschel answered 
this question for one particular hourglass using one particular line of reasoning.* 

Investigate the apparent weight of multiple hourglasses, using more than one 
line of physical reasoning. 
  

                                                      
* See:  A. Sack and T. Pöschel, “Weight of an hourglass—Theory and experiment in 

quantitative comparison,” American Journal of Physics, 85, 98 (2017).  Photo from 
justhourglasses.com. 



Clarifications, Hints, and References 
 
 

Clarification of the term investigate: 

When a problem asks you to investigate something experimentally, it means that you must 
control variables and test hypotheses.  This is the process of inductive reasoning. 

When a problem asks you to investigate something theoretically, it means that you must 
start with a clear and simple set of postulates, and derive from those what you expect to 
measure.  This process is called deductive reasoning. 

Good science combines inductive and deductive reasoning.  Good physics is both 
theoretically derivable and experimentally testable.  

 
A note about sources of data: 

When a problem asks you to measure a fundamental quantity, you may ask what 
assumptions you may make and what data it is appropriate to use.  This is somewhat 
subtle, and, of course, the judges especially consider your understanding of the process 
of science.  That said, there are a few rules: 

 All sources of data must be transparent.  In other words, either you took them 
yourselves, or you have clearly cited where the data came from. 

 You may use public scientific data, so long as you analyze them yourselves and clearly 
cite where they came from.  Use the databases that are provided for scientists to 
facilitate their research.  As a student doing research, you are now part of the scientific 
community, so do not be afraid to file a help ticket to ask technical questions when you 
get stuck. 

It is important, however, to understand that the more you do yourselves, the more 
impressed the jury will be.  That said, many branches of physics, especially fields such as 
astrophysics and geophysics, fund centralized data collection, and then make the data public. 

 
Hints: 

Measuring the AU:  (1) Check an astronomical calendar, or ephemeris, early for any 
astronomical events that you could use as a natural experiment,  (2) Consider using a public 
astronomical database, such as the GONG network of solar telescopes, in addition to any 
measurements you make yourselves, (3) Consider requesting observing time on a publically 
funded professional telescope, such as through the Skynet Junior Scholars program.  

The Archimedes Death Ray:  You will want to start by watching the Mythbusters episodes 
and looking at the web side made by the MIT students for their class.  You might even find 
other work investigating this question, before you start your own work in physical history. 

Spherical magnets:  Remember how spherical planets act like point masses for Newton’s 
law of gravity.  You can show that spherical magnets act like point magnets, each characterized 
by its magnetic moment vector.   

The Apparent Weight of an Hourglass:  Read the American Journal of Physics article 
referenced in the problem before starting your investigations. 


