
Intro - Day 2 
Everything for today is posted under day 2 of:  

www.astroblend.com/ba2016

* For the 2-Body problem we compared the analytical and numerical solutions 
* Found that Δt << P for accurate solutions 
* How is this applicable to other simulations? (tdyn, tcross) 
* Methods to “test” the accuracy of our simulations? (Conservation of energy 

and momentum)
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The crossing time and virial equilibrium

! The system “quickly” reaches a “steady state”

! The steady state is in “virial equilbrium”, when the virial
equation is approximately satisfied:

2T + V = 0
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Mass, length and time scales

! Total mass

M =
N

∑

i=1

mi

! Characterise system size by “virial radius” R defined by

V = −
GM2

2R
, where M is total mass

! Characterise speeds by (mass weighted) mean square speed

v2 =
2T

M

! Define time scale

tcr =
2R

v
(“Crossing time”)
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Δt << tcr comprable to Δt << P
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Significance of the crossing time

! Time scale of cold collapse

! Time scale of approach to virial equilibrium

! Time scale of orbital motions in virial equilibrium

For hydrodynamical simulations where particles interact with gas 
properties (heating for example) and gravity the condition is 
something like: Δt << tcr with tcr ~ R/cs 
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Calculate Energy & Angular Momentum for Euler’s Method 
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