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Faple Supernova explosion I
in a veryshort time an energy E is released in
the centre
we assure strong shock conditions Wss Cs
and we neglect the ambient pressure P Pa
we also use a polytropic EOS with y

Underthese conditions the shockjump condition forthe
density is
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which implies that s and s are completely
determined byone another And since S const so is s



Now consider a similarity solutionthat can be constructed
from the dimensional variables E andg and that
evolvesin time t We are searching for a dimensionless
radius r with the following ansutz
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Dimensional analysis yields
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with length wit L time mitt andmass unitM

Equivalently
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Theonly quantity with the dimension of a length
that can be formed from E t and S is
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which makes us set
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with a dimensionless constant i

Theshockvelocity is
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We now use the shock velocity as a functionof the
piston speed u derived earlier
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fromwhich thepressure within theshock behindtheshock
I inthepostshockmedium
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Also fromtheearlier expression fortheshockvelocity
V E r f's r f
Pa n us n f
U n y r f

F

We can interpret these relations as follows
Ashock wave drivenbytherelease of energy E propagates
outwards with the t dependent radius r E andcollects
material with mass

M s r

This material is accelerated fromN O to V E
suchthat the kinetic energy

Mi n s r II n S If
is deposited into the swept up material Theenergy
ofthematerial behind theshock is thus
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Equating this to the energy E we find
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which is exactly the scaling derivedearlier and
simply expresses energy conservation within the shock

We now know thevelocity radios pressureanddensity
attheshock which are completely determinedby EandS

Spenovaphases see slides

Energy driven phase

Withtime the compressed gas behind theshock will
cool radiate and can thus increase its density further

formationof a dense shell

This shell collects more material fromthe ambient

media s Snowplow phase

Finally the expansion is drivenby momentum conservation

bytheinertiaoftheshell until it comes to a halt
whenthe momentumof the swept up materialequals
the initial momentumof theshell

momentum drivenphase


