
A lNtro! star is d rcnpact, dense objeci made of degeireraie nenrrolls havjns adeNily sirDilar i,o rhai jn thc certrat parr of a he[vy nLlcleus.

(a) If the densit! ol mcl¤ar mal,ter is 0.rz lncteons/fm3 or 2.8 x 10i? ttH/mi,
whai is tlie radius ol a neutron star having a niass one atr.t a hatf {imcs rlar
ol ihe sun? (Ono solar nss : 2 0 x 1030 kg.)

(b) A reuiror fiar is oDe of ihe fossiblc rcmanerrs of a supernova cxplosio!
snc! as SN 1987.r, tlic oDe rvhjcl iook ptace iD the Larse NlagetlaDic Cloud
100,000 light years a$'a1..rd vas nrst obserlcd oD earttr oD !-ebruary 24,
1987. WhcD thc core ol a large std cxhansis irs nuclear fnct, rtrere is no
Iorger thc thcrDal pressLrc io conDicrbalalce ihe grariiatjonat force. ald
the core of re slar collalses. For sinipliciiy. we can consider t[at a]t ihe
maiedal jl the core ol ihc collapsing sirar is in thc form of 56Ni nade ot 28
nertrons and 28 proions. Because otihe irelrendons graviiatjonat force, ihe
proions ir 56Ni change iriro relrirons bX capiurirg aionjc elec(rors rltough

t+e-+r+".
Calculaie {he rubef of neutriDos released in convertins 1.5 solar nass ol
56Nj atoms iliio leuhons dnring lhc graviial.iolr.l collapse.

(c) If the ioi:rl cross section for a reutriro io iDtcract wjil cacli nucleon is
t0-ri m', low nany reactioDs due to ihe retririnos fiom srrh a gravjtariolaL
collapse can or., cxpcct in a d¤iector or earih made of 3000 rons of \ratcr?
Conpare ihis wiili thc rlnber ol e\¤ris (12) olserv¤d with such a dctccior
at Kamiolla drc to superrola SN 1987a.

(d) AsstrniDg thai the average cncrgy of each nentdno is 10 trlev in sncli ar
evelt, caictllaie the ioial anount of energy car ed &ivay by the ncurdros
lioni ilie gnrilaiioral collapse. CoDpare this value {iih the resr nass etr,
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