
Astronomy 241 Problem Set #11 

Due 19 April 2005, in class 

Solo problems: 16.9, 16.13, and 16.14 in Carroll and Ostlie.  

Team problems: 16.15 and 16.16 in Carroll and Ostlie, and this one, from Taylor and Wheeler: 

U. The president of the Black Hole Construction Company is waiting in your office when you arrive. He 
is waxing wroth. (“Let Roth wax him for a while.” – Groucho Marx, Horsefeathers.)  
 
”You are bankrupting me!” he shouts. “We signed a contract that I would build spherical shells 
centered on Black Hole Alpha, the shells to be 1 meter apart extending down toward the horizon. 
Now my staff relativist tells me that, starting at any radius whatever outside the horizon, I have to 
build an infinite number of these shells between that radius and the horizon. We do not have 
materials for that many! 
 
”Calm down a minute,” you reply. “Black Hole Alpha has a coordinate radius of 10 km. You agreed 
to build 1000 spherical shells, starting with coordinate radius 10.001 km, then 10.002 km, then 10.003 
km, and so forth, ending with a coordinate radius of 11 km. So what is the problem? 
 
”I don’t know. Maybe we can figure it out if I describe our construction method. My worker robots 
hang 1-meter rods down vertically (radially) from each completed shell, measure them in place to be 
sure that they are exactly 1 meter long, then weld to the ends of these rods the horizontal (tangential) 
beams of the next spherical shell of smaller radius.” 
 
”Ah, then your Black Hole Construction Company is indeed facing a large unnecessary expense,” 
you conclude. “But I think I can help you.” 

1. Explain to the President of the Black Hole Construction Company how to alter his construction 
method in order to complete his obligation to build 1000 correctly spaced spherical shells. Be 
specific, but do not be a fussbudget. 

2. Using the radius of the innermost shell in the relevant equation, make a first estimate of the 
directly measured separation between the innermost shell and the second shell, the one with the 
next-larger radius.  

3. Using the radius of the second shell, the one just outside the innermost shell, make a second 
estimate of the directly-measured separation between the innermost shell and the second shell. 
See how the construction company got confused? 

4. By integration, make a correct calculation of the directly-measured separation between the 
innermost shell and the one just outside it.  

5. Was the contractor’s staff relativist correct in predicting an infinite number of shells for this 
contract, even using the construction method the President describes above? 

Homework teams:  

Team Huey is Rebecca Habas, Chris Clark, David Shepard, and Amanda LaPage.  
Team Dewey is James Dolen, Dorothy Bauch, Jarron Leisenring, and Russell Knox.   
Team Louie is and Kevin Flaherty, Grant Tremblay, and Ed Hall.  

© 2005, University of Rochester 1 All rights reserved 


