
Astronomy 241 Problem Set #12 

Due 26 April 2005, in class 

Solo problems: 17.5  and 17.6 in Carroll and Ostlie, and this one.  

V. Black holes in the lab? The Relativistic Heavy-Ion Collider (RHIC) at Brookhaven National Laboratory 
accelerates heavy nuclei – usually Au, for which 79, 197Z A= =  -- to speeds (in the lab frame) of 
0.99995c, and smashes beams of these high-energy particles together, head on, in an effort to produce 
small amounts of quark-gluon plasma, a state of matter that has not existed since the Universe was 
about a microsecond old.  

 Some people – with little scientific knowledge but much access to TV cameras – have alleged that 
RHIC is dangerous. They claim that small black holes will form in these Au-Au collisions, which 
would grow rapidly by accreting particles in their surroundings, and eventually run away and 
accrete the entire Earth. Let’s check out these claims. (Answer each of the following questions.) 

1. At rest the radius of a gold nucleus is about Suppose, in the scenario most 
favorable for black-hole formation, that two gold nuclei collide exactly head-on, and the product 
winds up initially at rest in the lab but occupying a short cylinder with radius r, but height d 
given by the Lorentz-contracted diameter of one pre-collision gold nucleus. What is the ratio of d 
to the Schwarzschild radius for an object with the same mass as two Au nuclei? What is the ratio 
of density of the maximally-compacted nuclei to the density (in the view of a distant observer) of 
a black hole of the same mass? Are we safe in assuming that black holes will not form in these 
collisions? 

137.3 10  cm.r −= ×

2. But never mind that – let’s suppose that a black hole somehow forms. How long will it last before 
it evaporates via Hawking radiation? (Here you must repeat the exercise you did once in AST 
142, of deriving the formula for the evaporation time from that for the effective temperature of 
the horizon.) How far can another gold nucleus in the beam move during that time? What is the 
probability that another nucleus from the beam will be within this range, and be accreted by the 
new black hole before it evaporates? Are we safe in assuming that even if a black hole were 
somehow to form, it would be harmless? 

 Are we safe or not? Run right away to ABC News and Fox News – both of which have “science 
journalists” who are convinced that the Earth is in danger of being consumed by a RHIC-produced 
black hole – to tell them your report, and let them decide.  

Team problems: 17.10 in Carroll and Ostlie, and this one: 

W. Consider a body of mass m that falls radially toward a black hole, starting from rest a very great 
distance away.  

1. Argue that 2E m c=  (constant, that is) always, during its plunge.  

2.  Show that when it reaches coordinate radius r, its coordinate speed will be  
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 Plot the speed as a function of coordinate radius, in Schwarzschild-radius units, and use the 
result to describe what appears to a distant observer to happen to the particle – speed, 
acceleration, light emission if it’s an ion – as it falls toward a black hole.  

Homework teams:  

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