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H Genik� Jewr�a thc Sqetik�thtac

Perigr�fei me meg�lh akr�beia tic barutik�c allhlepidr�seic
twn swm�twn, tic idi�thtec twn barutik�n susthm�twn pou
mpore� na up�rqoun m�sa sto S�mpan mac all� kai thn ex�lixh
tou �diou tou S�mpantoc



H Genik� Jewr�a thc Sqetik�thtac Ma�rec Op�c Skoulhk�trupec Sumper�smata

H Genik� Jewr�a thc Sqetik�thtac

'Opwc e�dame, ston ep�pedo qwr�qrono, h ap�stash an�mesa
se d�o gegon�ta prok�ptei me apl�c pr�xeic metax� mhk�n
euj�grammwn tmhm�twn

(∆s)2 = −c2(∆t)2 + (∆x)2 + (∆y)2 + (∆z)2

Se kamp�lo qwr�qrono, h parap�nw sq�sh tropopoie�tai wc
ex�c:

(∆s)2 = −A2c2(∆t)2 + B2(∆x)2 + E 2(∆y)2 + Z 2(∆z)2

�pou A,B,E ,Z e�nai sunart�seic tou q�rou kai tou qr�nou �
se kamp�lo qwr�qrono den mpor� na or�sw pl�on euj�gramma
tm�mata
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H Genik� Jewr�a thc Sqetik�thtac

Oi sunart�seic A,B,E ,Z kajor�zontai m�sa ap� tic exis�seic
ped�ou tou Aïnst�in

Rµν − 1
2 gµν R = 8πGN Tµν

� isod�nama

Kampul�thta = En�rgeia � M�za

Gia dedom�nh katanom� en�rgeiac � m�zac se mia perioq� tou
S�mpantoc, oi exis�seic mac odhgo�n se diaforetik� morf�
barutiko� sust�matoc

Sthn pr�xh, l�gec m�no katanom�c m�zac �qoun fusik� shmas�a
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Ma�rec Op�c

'Estw �na sfairik� kai ak�nhto s�ma m�zac M kai akt�nac R0.
Oi exis�seic ped�ou odhgo�n t�te sthn l�sh Schwarzschild pou
perigr�fei ton qwr�qrono:

• g�rw (all� �xw) ap� opoiod�pote sfairik� s�ma, �pwc h
Gh, o 'Hlioc � �nac sfairik�c Galax�ac

• g�rw ap� s�ma pou, up� thn isq� thc barutik�c d�namhc,
�qei katarre�sei ap� thn arqik� tou akt�na R0 se �na kai
monadik� shme�o. 'Ena t�toio s�ma onom�zetai Ma�rh Op�

P�te �mwc katarr�ei barutik� �na s�ma?
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Ma�rec Op�c

K�je ast�rac, �pwc kai o 'Hlioc mac, e�nai mia ter�stia p�rinh
sfa�ra pou par�gei ter�stia pos� en�rgeiac

Phg� aut�c thc en�rgeiac e�nai oi jermopurhnik�c antidr�seic
pou qrhsimopoio�n wc ka�simo to udrog�no
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Ma�rec Op�c

'Otan oi jermopurhnik�c antidr�seic stamat�soun, o ast�rac
katarr�ei

• E�n h m�za tou e�nai mikr�terh ap� 1.4 for�c thn m�za tou
'Hliou, o ast�rac metatr�petai se leuk� n�no � aut� ja e�nai
kai h telik� f�sh thc zw�c tou 'Hliou mac
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Ma�rec Op�c

• E�n h m�za tou ast�ra e�nai megal�terh ap� 1.4 for�c all�
mikr�terh ap� 3.2 for�c thn m�za tou 'Hliou, o ast�rac
metatr�petai se ast�ra netron�wn
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Ma�rec Op�c

• E�n �mwc h m�za tou ast�ra e�nai ak�ma megal�terh, o
ast�rac katarr�ei �wc �tou �lh tou h m�za na surriknwje� se
�na kai monadik� shme�o

To shme�o aut� onom�zetai
qwroqronik� idiomorf�a kai
perib�lletai ap� mia sfairik�
epif�neia, ton or�zonta gegon�twn,
pou kal�ptei thn idiomorf�a ap�
k�je exwterik� parathrht�
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Ma�rec Op'Dec

Opoiod�pote s�ma per�sei ton or�zonta gegon�twn, l�gw thc
ter�stiac elktik�c barutik�c d�namhc pou aske� h ma�rh op�,
den ja kataf�rei pot� na gur�sei p�sw � ak�ma kai ta fwt�nia.
Sto gegon�c aut� ofe�loun kai to �nom� touc...

Up�rqoun ma�rec op�c ? S�mera, �qoume isqur�c ende�xeic pwc
nai!'Eqoume �dei� ma�rec op�c sta k�ntra galaxi�n kai astrik�n
smhn�n kai se sust�mata ast�rwn



H Genik� Jewr�a thc Sqetik�thtac Ma�rec Op�c Skoulhk�trupec Sumper�smata

Skoulhk�trupec � Qwroqronik� to�nel

H qwroqronik� idiomorf�a e�nai �na shme�o �peirhc pukn�thtac
�lhc �pou termat�zoun anagkastik� �lec oi kosmik�c gramm�c.
Kr�betai p�ntote �mwc �na t�toio shme�o sto eswterik� miac
ma�rhc op�c?

'Oqi p�nta... To eswterik� miac Ma�rhc Op�c den e�nai
statik�: sth j�sh thc idiomorf�ac �nac �laim�c� emfan�zetai,
zei gia l�go kai exafan�zetai

A B C D E

r = 2GM

v
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Skoulhk�trupec � Qwroqronik� to�nel

O laim�c sund�ei mia perioq� tou s�mpant�c mac me mia �llh
apomakrusm�nh perioq� pou den ja mporo�same pot� na
ft�soume.... � me mia perioq� en�c �llou s�mpantoc!

To p�rasma aut� onom�sthke g�fura Ainst�in-R�ouzen (1935)
� qwroqronik� to�nel � skoulhk�trupa
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Skoulhk�trupec � Qwroqronik� to�nel

Mporo�me na qrhsimopoi�soume �na qwroqronik� to�nel sto
eswterik� miac ma�rhc op�c gia gr�gora diasthmik� tax�dia?
Dustuq�c �qi, giat�....

O laim�c ano�gei kai kle�nei t�so gr�gora pou o�te �na
fwt�nio den prolaba�nei na per�sei

To shme�o ex�dou ap� to to�nel e�nai astaj�c

Oi barutik�c dun�meic e�nai ter�stiec

'Ara, to qwroqronik� to�nel miac ma�rhc op�c den e�nai
�diasq�simo� ...
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Skoulhk�trupec � Qwroqronik� to�nel

Sta 1980, prot�jhke h id�a �ti �na asfal�c qwroqronik� to�nel
pr�pei na mhn sund�etai kaj�lou me mia Ma�rh Op�

Sta pla�sia thc G.J.S., t�toiec
l�seic up�rqoun kai m�lista o
laim�c param�nei anoiqt�c gia
�so qronik� di�sthma j�loume

E�nai �mwc apara�thth h �parxh
miac exwtik�c morf�c �lhc katanemhm�nhc g�rw ap� ton laim�
tou to�nel, pou den �qei parathrhje� pot� sto s�mpan
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Skoulhk�trupec � Qwroqronik� to�nel

Ti up�rqei p�ra ap� thn Genik� Jewr�a thc Sqetik�thtac?
Up�rqoun oi genikeum�nec jewr�ec bar�thtac, �pwc h Jewr�a
twn Uperqord�n pou peri�qei th G.J.S. all� apaite� 6 epipl�on,
apeirost� mikr�c, qwrik�c diast�seic sthn f�sh

Pr�sfata (2011), sta pla�sia thc
jewr�ac twn uperqord�n br�kame
l�seic qwroqronik�n to�nel pou:

den apaito�n exwtik� �lh

e�nai diasq�simec ap� swmat�dia

e�nai �so meg�lec j�loume
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Skoulhk�trupec � Qwroqronik� to�nel

Mporo�me epom�nwc na k�noume tax�dia sto qwr�qrono?

Jewrhtik� nai, praktik� �qi ak�mh... ja pr�pei e�te na bro�me
�na qwroqronik� to�nel pou dhmiourg�jhke auj�rmhta m�sa
sto s�mpan e�te na prohqjo�me teqnologik� �ste na to
kataskeu�soume
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Sumper�smata

• H Genik� Jewr�a thc Sqetik�thtac e�nai h plhr�sterh jewr�a
Bar�thtac pou diaj�toume s�mera

• Probl�pei thn �parxh musthriwd�n l�sewn �pwc oi Ma�rec
Op�c kai ta Qwroqronik� To�nel

• Gia thn pr�th oikog�neia l�sewn up�rqoun b�simec ende�xeic
�ti up�rqoun sto S�mpan se meg�lo posost�, en� h de�terh
param�nei ak�ma jewrhtik� kataske�asma

• S�gqronec mel�tec epikentr�nontai pia se enallaktik�c
jewr�ec bar�thtac, �pwc h jewr�a uperqord�n, kai stic l�seic
pou aut�c probl�poun
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