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Aotépeg vetpoviwy (10 povadeg)

ZulnToUWE TN OTABEPOTNTA TWV HEYAAWY TIUPHAVWY KAl EKTLUOUHE TNV PAla TWV ACTEPWY VETPOVIWY
BewpPNTLKA KaL TIELPAPATLKA.

Mépog A. Mala kat otabepotnTa TWV TIUPHVWV (2,5 HOVASECG)

H evépyela npeplag evog upriva m(Z, N)c? mou amoteAeital and Z mpwtdvia Kat N VETpOvLA Elval di-
KPOTEPN aTO TO ABPOLOPA TWV EVEPYELWV NPEPLAG TWV TIPWTOVIWVY KAl TWV VETPOVIWY, TIOU 0To €§AG
ovopdadovtal VOUKAEOVLA, KATA TV evépyela olvdeong B(Z, N), OTiou ¢ elval n tayxutnTta Tou gwTog oTo
KEVO. AyvowvTag HLKPESG SLopBWOELG, YTIOPOUKE va TIPOCEYYLOOUNE TNV EVEPYELA GUVSEDNG, TIOU ATIO-
TeAeltal amo tov 0po OYKOU ay, TOV OPO ETLPAVELAG ag, TOV 0po gvépyelag Coulomb a. kat Tov 6po
EVEPYELAG OUPPETPLAG agym, HE TOV akOAOUBO TPOTIO.

72 (N — 2)?
— Q¢ A1/3 - asym A ) (1)

m(Z,N)c? = Amyc? — B(Z,N), B(Z,N) = ayA —agA?3

omou A = Z + N elvat o padtkog aplBpdg, kat my elvat n gala Twv VOUKAEOVIWV. ZTOV UTIOAOYLOHO,
XPNOLUOTIOWNOTE ay ~ 15.8 MeV, ag ~ 17.8 MeV, an ~ 0.711 MeV kat asym ~ 23.7 MeV (1MeV = 10°
NAEKTPOVLOBOAT).

A1 XpnotyoTowwvtag tnv uttobeon 0tL Z = N, ipoodLloplote To A ou avtiotolxel  0.9pt
0TNV PEyLoToToinon TNG EVEPYELAG CUVSEEDNG AVA VOUKAEOVLO, B/ A.

A.2 Oswpwvtag To A otabep0, 0 ATOHLKOG aplBudg Tou otabepotepou Ttupnva Z*  0.9pt
kaBopiletal peylotomowwvtag to B(Z, A — Z). la A = 197, urtohoyiote o Z*
XpnoLgotowwvtag tnv eElowon (1).

A3 ‘Evag upnvag Pe pJeydAn tun A Slaomdtal o eAa@pUTEPOUC TIUPHVEG Yéow  0.7pt
0XAoNG, TIPOKELPEVOU va EAQXLOTOTIOLNBEL N CUVOALKN evépyeLa Tng padag npe-
pilag. MNa amAotnta, Bewpoupe evav amd Toug SLAPOoPOUG TPOTIOUG SLACTIACNG
€VOG TUpnva (Z, N) og U0 (ooug TTUPrVEG. AUTO CUPPBAOLVEL OTAV LOXUEL N OKO-
AouBn evepyelakn oxéon,

m(Z,N)c? >2m(Z/2,N/2)c?,.
‘Otav n ox€on auth ypAgetat wg
a
ZQ/A > Cfissionia
e

va UTIOAOYLOETE TO Cjiggior, ME TIPOOEYYLON SUO CNUAVTLIKWY Yn@iwv.

MéEpog B. O actépag VETpoviwv wg yLyavtiaiog tupnvag (1,5 povasdeg)

a peydAoug TIUPHVEG JE APKETA pEYAAO HadLKO aplBpd A > A, OTIOU A, PLa TLPA KATWQALOU, OL TIUPFVEG
autol mapapévouv otabepol kat Sev uiotavtal oxdaaon, xapn oTnV EMAPKWE PHEYAAN BapuTlk SUVALKN
EVEPYELQ.
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B.1 YTioB£ToupE OTL OL oUVBAKEG N = A Kal Z = 0 LoxUouV yLa €Mapkwg geyaho  1.5pt
A kat n e&lowon (1) ocuveyiel va LoxUeL 6Tav CUVUTIOAOYL{OUPE TNV BAPUTLKN
aMnAeTiSpaon. H Baputikr) SuvapLkn evepyeLa elvat

3GM?

Baraw =57
Omou M = myAkalt R = R,AY? pe R, = 1.1 x 107"%m = 1.1fm elvat n pada kat
n aktiva tou upnva, avtiotolya.
AV LOXVEL By, = agrayA”?, VA UTIONOYIOETE TO agyr,, OE HOVASEG MeV [ TTpO-
ogyylon evog onuavitkol Yneiou. YoAoylote to A, PE TIPOCEYYLON EVOG ON-
pavtikoU Yneiou. ZTov UTIOAOYLOHO, XPNOLHMOTIOLNOTE myc? ~ 939 MeV Kat
G = hc/M?% OTIOU M pc? ~ 1.22 x 10%2 MeV Kat hc =~ 197 MeV - fm.

Mépog I'. Actépag VETpOViWVY o€ cUCTNHA SLTTAOU actépa (6,0 povASEG)

MepLkol aoTEPEG VETPOVIWY lval TTAACApP TIOU EKTIEPTIOUVY, PE oTaBepr] TeploS0, NAEKTPOPAYVNTLKA KU-
pata, Ta omola 6w, yla Adyoug amAdTnTag, anokaAoUPE "Pwg”. OL aoTEPEG VETPOViwY CUXVA oxnuati-
Couv ouotrpata SLmAov aotépa (Suadlkd cuotrpata) he évav Acukd Navo. Ag Bewpriocoupe tn Sltapodp-
(PWON TOU aoTEPA TIOU PaiveTal 0To ZXAua 1, OTIOU £vag TIAAPOG PWTOG aTto Evav aotépa VETpoviwy N,
KateuBuvopevog ipog tn ' E, epvdel kovtd amod evav Aeukd Navo W tou suadtlkol cuotrpatog. Autol
ol TtaApot emnpedlovtal amd tn Baputnta Tou actépa. H pétpnor] Toug odnyet og akpLpr] eKTipnon tng
padag tou W, OTwg e€nyeltatl TapakAtw, HE ATOTEAECHA TNV eKTipnon tng pdadag tou N.

(@) (b)

we we
Ewkova 1: Atatd&elg pe tov d€ova x Katd PrRKog tng eubelag mou ouvdeel to N kat to E. (a) ya
xzy < 0Kat(b) yla z, > 0.
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C1 'Onwg pailvetal o0To TapakAtw OXNHaA, O OPOYEVEG Baputiko Tedlo (otabepry  1.0pt
ETILTAYUVON TNG Baputntag g) opifoupe Suo emimeda I kal II o€ uPopeTpLkn SLa-
@opA Ah(> 0). TOTIOBETOUE TA TTAVOPOLOTUTIA pOAOYLa oTa eTtirteda ], I kal oto
F, éva clotnpa ava@opdg mou Bploketatl og eEAsUBepn TITwon. ZupBoAiloupe
TA pOAOYLA WG POAOL-I, poAOL-II KaL poAdL-F, avtioTtolya.

I QF
g
f_\.hT g ¥
I

t-‘?

ATIELKOVLOT TOU TIELPAPATOC OKEYNG.

YTtoBE£ToupE OTL £vag TtapatnpnTng, ou Bploketat tavtote SAa oto poAdL-F.
ApxLKa n apeptnpla Tou cUCTAPATOG avaopag F tomobeteltal oto UYPog Tou
emurédou I kat n taxutntd tou elvat pndév. Apou ta poAdyLa elvat TtavopoLd-
TUTIQ, KATaypAa@ouv Tov Xpovo e Tov (8Lo pubpo, SnAadn A7, = Ar. ZTn ou-
VEXELA APVOULE TO F va TIEoEL eEAeUBEpa KAl EpyadOPaoTe O AUTO TO cUoTNHA
avapopdag, ou Bewpeitat adpavelakd. To poAdL-II epvAeL amo Tto PoAOL-F e
TaxUTNTaA v, £T0L WOTE N XPOVLKN SLa0TOAN va propel va ektiunOel pe Bacn tov
peTaoyxnpatiopd Lorentz. ‘Otav oto poAOL-F peTpdtal Xpovog Ay, 0TO pOAOL-II
MeTpdTal Xpovog AT, ;;-

Mpoodlopiote T0 Ar; WG TIPOG TO A7y JE TIPOCEYYLON TPWTNG TAENG TOU OPOU
A¢/c?, 0TIoU Ag = gAh €lval n SLapopd Tou Baputikol Suvaplkou, §niadn n
Baputikn Suvapikr evépyela avd povada palac.
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c.2 Y16 TNV enidpacn tou PBaputikol SUVAPLKOU ¢ OL XPOVLKEG KaBuoteprioelg aA-  1.8pt
Adlouv tnv pawopevn (effective) TaxUTNTA TOU PWTOG, g, TIOU TIAPATNPELTAL
OTO ATIELPO, AV KAL N TOTILKH TaXUTNTA Tou YWTog lval c. Otav ¢(r = 0o) = 0, N
Ceff LOOUTAL (PE TIPOCEYYLON TIPWTNG TAENG TOU Opou ¢/c?) TIPOG:

29
Ceff I~ <]. —+ 672) C

oupTtiepAapBavopEvng Tng emépacng tng TapapopYWong Tou XWpeou, n ottola
ayvonnke oto epwtnua C.1. ZNPELWVOUPE OTL N SLadpoprn Tou PWTOG PTtopel
va BewpnBel eubela ypappn.

‘Onwg paivetat oto Zxnpa 1(a), Bewpolpe tov dfova x Katd PrKog tng dtadpo-
HNG Tou YWTHG amo To actépL vetpoviwv N Tipog tn ' E kat tomtobeTovpe To
x = 0 oto onpelo 0mou o Aeukog Ndvog W Bploketal Tio kovtd otn stadpoun
TOU PWTOG. Eotw z (< 0) N z-ouvtetaypévn tou N, z, (> 0) N ouvteTaypevn
Tou E kat d n amootaon petagu tou W kal TnG QWTELVNG SLASPOUNG.

EKTLMNOTE TLG HETAPBOAEG TOU XpOVoUu At AQLENG TOU pwTog amod to N oto E tou
TipoKaAel 0 Aeukog Navog pe pada Myp Kal UTTOAOY({OTE TNV amtavtnon o€ am\n
Hop®r, ayvowvtag Toug 0pouUG avWTEPNE TAENG TWV AKOAOUBWY PLKPWVY TIOCO-
mrwv: d/|zy| < 1, d/zp < 1, KAl GMyp/(c*d) < 1. Eav elvat anapaitnto,
Xpnotpototr)ote Tov akdAoubo tuto (pe log cupBoAiletat o Yuaolkdg AoyapLe-
Hog):

/ dx —llo Va2 +d2+x Lo
vere 2 0\ Vere-a) Y

c3 ‘Onwg paivetatl Tapakdtw, o€ €va Suadlko cuotnua ot N kat W uttotiBetat 6tt  1.8pt
KLVOUVTAL OE KUKALKEG TPOXLEG PE PNSEVLKI EKKEVTPOTNTA YUPW ATIO TO KEVTPO
padag G oto emnimedo NG TpoxLdG. EoTw e N ywvia KALoNG TNG TPOXLAG TIOU pe-
TpATaL amo To EMIMESO TNG TPOXLAG TIPOG TNV €uBela TTIOU KateuBUVETAL TIPOG
1o E and 1o G, €0tw L n andéotaon petagu twv N kat W kat My, N pala tou
AeuKoU NAVOU. ZTn CUVEXELQ, UTTOBETOUPE OTL ¢ < 1.

ZUotnpa SumAov aotepa.

Mapatnpoupe pwtelvoug TtaApoug amod to N oto E og peydheg amootdoelg ano
to N. H Stadpopr| tou pwtog mpog tnv E petaBdietal pe To xpovo avaoya pe
™ Stapdpwaon tou N kat tou W. H kaBuotépnaon 0To XpOoVLKo SLaotnua apLéng
TWV TIAAPWVY OTO E £XEL TN PEYLOTN TLUN At oy YO 7y = —L KAL TNV EAGXLOTN TLUA
Atmin YL@ z 5 > L (8elte TNV €lkOva 1(b) yla tnv Stdtagn). YIIoAoyLloTe T0 Aty —
Atmin OE ATIAN HOPPN ayvowvTag OpoUG avwTEPNG TAENG HLKPWY TIOCOTHTWY
OTIWG €yLve 0TOo epwtnpa C.2. OcwpoUpe OTL OL KABUOTEPNOELG TIOU opeiAovTat
otn Baputnta amod AcTPLKA AVTIKELPEVA EKTOG Tou W aAAnAoavatpouvtal oTo
XPOVLKO SLA0TNHA At oy — Atrin:
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c4 To TapakATw oxNHa SelXVEL TLG TTAPATNPOUHEVEG XPOVIKEG KaBuoteproelg wg  0.8pt
ouVAPTNON TNG TPOXLAKNG YACNG ¢ Yla TO SUASIKO AoTPLKO clotnua PE L ~
6 x 10° km Kat cos e ~ 0.99989. EKTLPUAOTE TO My, WG TIPOG TNV NALaKH pada M,
KaL ypATe TO AMOTEAEGHA LA TO Myp /M, PHE TIPOCEYYLON EVOG ONUAVTLKOU Yn-
plou. ESw pmopel va xpnotpomotnBet n mpooeyyLotikr oxéon GM, /¢ ~ 5 ps.

At [ps]

%)

MapatnpoUPEVEG XPOVLKEG KABUOTEPNOELG At WG OUVAPTNON TNG TPO-
XLOKNG @daong ¢ (BA. Elkdva oto epwtnpa €.3) yia tov evtomiopd twv N
Kat W OTLG TPOXLEG.

C.5 210 SuadLkd cUCTNHA ACTEPWY VETPOVIWY, SUO aotepeg EKAUOLV evépyela kat  0.4pt
N OTPOYOPUN TOUG PELWVETAL, AOYW TNG EKTIOUTING PBAPUTLKWY KUPATWY, Te-
ALKA oUYKpoUovTal Kat cuyxwvevovtat. MNaAdyoug anmAdtntag, ag Bewpriocoupe
MOVO pla KUKALKR kivnon pe aktiva R Kal ywvlak taxutnta w. Tote LoyUeL
w = yRP pe tn otabepd y Tou Sev e€aptdtal oUte amod TO w OUTE amo To R,
OTav ayvoouVvTal OXETIKLOTIKA Qatvopeva. NMpoodloplote TV TLun yLa to p, Be-
WPWVTAG APEANTEEG TLG OXETLKLOTLKEG SLOPOWOELG,.
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C.6 To TAATOG TOU EKTIEPTIOPEVOU BapUTIKOU KUPATOG aTto to Suadikd cuotnuaoto  0.2pt
C.5 elvat avdAoyo tou R%w?. To TapakAtw oxrpa SeLXVEL TIOLOTIKA TEooEpa SLa-
(POPETLIKA XPOVLKA TIPOPIA TWV TIAPATNPOUPEVWY BAPUTIKWY KUPATWVY TIPLV ATIO
TN oUykpouon Twv §U0 AcTEPWV. ETIAEETE TO KATAAMNAGTEPO TIPOYIA ard to (a)
£w¢ To (d).

(a)
(C)MNVWNWW A

Mpo@A Baputikwy KUPATWY BACEL TTapaATNPOUHEVWY SESOUEVWV.
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Aotépeg vetpoviwy (10 povadeg)

Mépog A. Mala kat otabepotnTa TWV TIUPHVWV (2,5 HOVASECG)

A.1(0.9pt)

A=

A.2 (0.9pt)

AR

A.3(0.7pt)

Cfission =

MéEpog B. O actépag veTpoviwv wg ylyavtiaiog mupivag (1,5 povasda)

B.1 (1.5pt)

Mépog I'. Actépag VETpOViWY o€ SUadSLKO cuoTnpa (6,0 HOVASEG)

C.1(1.0pt)

ATH =

C.2 (1.8pt)

At =

C.3(1.8pt)

Atmax - Atmin =
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C.4 (0.8pt)

MWD/M =

C.5 (0.4pt)

p:

C.6 (0.2pt)

To kataA\nAdtepo TpowiA elvat
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Solution / marking scheme — Neutron Stars (10 points)

General rules
e In the following, “coefficients” refer to the numerical factors and do not include parameters.

General rules for carryover points
e No points inside a single question.

e Only wrong answers on the answer sheet are considered.

e Answers with wrong dimensions are not considered.

Part A. Mass and stability of nuclei (2.5 points)

A.1 (total 0.9 pt)

(0.9 pt)

A =50
e No reduction if A = 5.0 x 10%.

e 0.8 ptif the value is in the range 49.5—50.4.

s partial points ~

(0.2 pt)

|

=ay —agA~1/3 — %A% (A.1.1)

e No reduction if the difference from (A.1.1) is only the overall coefficient. This rule is applied

throughout.
(0.1 pt) dfle) —0 (A.1.2)
(0.2 pt) %SA“W‘ - %C“A—l/3 =0 (A.1.3)

e Points for (A.1.2) are given if (A.1.3) is stated although (A.1.2) is not explicitly written.

(0.2pt) A= 2% (A.1.4)
ac

e 0.7pt is given if the correct expression for A appears even if the intermediate steps are not
fully written.

N J
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A.2 (total 0.9 pt)

(0.9 pt)
Z*="79
e No reduction if Z* = 78.
e 0.8 ptifthe value is in the range 77.5—79.4.

e partial points ~
z* 2z — A
1 A
dpt) = —epe——— - — A2.2
(0.4 pt) T (A.2.2)
asym
e No reduction if a. /4ag, is replaced by the numerical value in the range 0.007—0.008.

N j

A.3 (total 0.7 pt)

(0.7 pt)

Chigsion = 0.70
e No reduction if Cfg,, = 0.7

e partial points ~
2/3 2 2
A Z Z /2
(0.3 pt) ag [A2/3 —2<2> } +aC[A1/3 —2((/1//2)3/3 >0 (A.3.1)

e No point if ay, is not canceled.

72 231 ay
. —_ > = A.3.2

e Points for (A.3.1) are given if (A.3.2) is stated although (A.3.1) is not explicitly written.
e The coefficient may have different expressions, e.g., with z = 2%/3,
2

r—1 T T

_ _ — = 0.702414...
1—22 142 1421 070
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Part B. Neutron star as a gigantic nucleus (1.5 points)

B.1 (total 1.5 pt)
(0.8 pt)
Qgray = 6 X 10737 MeV
e No reduction if the unit is not written.
e 0.7ptif only the order of magnitude is correct.
s partial points ~
3 Gm?
0.4 pt = = — B.1.1
(04 pt)  agay = ¢ S ( )
3 hem?
2 ray = = ——v B.1.2
(0 pt) agIdV 5 ’YM]% ( )
e Points for (B.1.1) are given if (B.1.2) is stated although (B.1.1) is not explicitly written.
e No reduction if # is mistyped.
N J
(0.7 pt)
A, =4x10%
e No reduction for A, =5 x 10°°.
e 0.6 ptif only the order of magnitude is correct.
r partial points ~N
(02pt) ayA—ag, A+ ay,, A3 >0 (B.1.3)
0. —ay 3/2
(0.3pt) A.= (M) (B.1.4)
a’grav
e Points for (B.1.3) are given if (B.1.4) is stated although (B.1.3) is not explicitly written.
N J
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Part C. Neutron star in a binary system (6.0 points)

C.1 (total 1.0 pt)

(1.0 pt)
A¢
ATH = (1 — 62>ATI
e No points if the coefficient is wrong.
partial points
4 )
(0.3pt) v? =2gAh=2A¢ or v=/2A¢ (C.1.1)
373 A¢
(05 pt) ATH = 1— ’1)2/62ATI or ATH = 1— 272 ATI (ClZ)
C
e Points for (C.1.1) are given if (C.1.2) is stated although (C.1.1) is not explicitly written.
N J
C.2 (total 1.8 pt)
(1.8 pt)
2GM d|lzy|zg
At = = log< £
e No reduction if 4 is missing in log.
e 0.1 ptis subtracted if the modulus in |z | is missing.
e No points if other coefficients are wrong.
partial points
4 I
B dg Ax
0.5 pt) tp :/ ——— or Atgy= (C.2.1)
0P T = @) BN (@)
1 [*" 2GM
0.4 pt) tp zf/ dx(1+> C.2.2
( p ) E-N c - sz ( )
e 0.1 ptis subtracted if the coefficient is wrong.
2GM [*F dx
. At = 2.
(0.3 pt) At = /IN Ew (C.2.3)
2 2
. (0.3 pt) Inside the logarithm, y/a2, + d? + 2 =~ % and \/2% + d? —zp =~ 2%,5 (C.2.4)
_J
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C.3 (total 1.8 pt)

(1.8 pt)
At oy — Atpin = ZGi‘fWD log(4/¢?)
s partial points ~
(0.6 pt) Aty = QGC@ In(4z/Le?) (C.3.1)

e No subtraction points if the factor in In is different but consistent with that in C.2.

e 0.1 ptis subtracted if the coefficient is wrong.

(0.2pt) zyn+/2k +d? =2z, ~2L (C.3.2)

(04pt) At = QGi‘fWD In(zy/L) (C.3.3)

e Points for (C.3.2) are given if (C.3.3) is stated although (C.3.2) is not explicitly written.
e (0.1 ptis subtracted if the coefficient is wrong.
0.3ptif L and x5 dependence is canceled in log.

C.4 (total 0.8 pt)

(0.8 pt)

MWD/M(D = 05
e No reduction if the value is in the range 0.4—0.5.

s partial points ~
(0.2 pt) €2 ~2x (1—0.99989) = 0.00022 (C.4.1)

(0.2 pt) From the given graph, At At iy ~ 50 us (C.4.2)

max

e No reduction if the value from the graph is in the range 40—50 ps.

(0.2pt) Myp/M, ~ 5/1n(4/c2) (C.4.3)

e No reduction if the numerator is in the range 4—5.

N J
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C.5 (total 0.4 pt)
(0.4 pt)

3
=—= — 1.
P 5 or 5

e No points if the sign is wrong.

partial points

(0.3 pt) R3w? = (const.)

(C.5.1)

C.6 (total 0.2 pt)

(0.2 pt)
The most appropriate profile is (b).




