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'Almpert Aïnst�in:

Ap� ta pio mikr� m�qri ta pio meg�la...

Panagi�ta Kant�

Tom�ac Jewrhtik�c Fusik�c, Tm�ma Fusik�c,

Panepist�mio Iwann�nwn

L�sqh Majhmatik�n, Tm�ma Majhmatik�n

Panepist�mio Iwann�nwn

24 Ma�ou 2016
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• O 'Almpert Aïnst�in (Albert Einstein) genn�jhke sthn Ulm
thc German�ac stic 14 Mart�ou tou 1879, kai �zhse ep�shc sthn
Elbet�a kai stic HPA

To 1905, ergaz�menoc se �na grafe�o euresi-
teqni�n, o Aïnst�in dhmos�euse 4 ergas�ec (!)

2 sthn Eidik� Jewr�a thc Sqetik�thtac

1 sto fwtohlektrik� fain�meno
(brabe�o Nobel to 1921)

1 sthn isodunam�a m�zac-en�rgeiac
(E = mc2)

• Stic 25 Noembr�ou tou 1915, o Äinst�in olokl�rwse to �rjro
tou sthn Genik� Jewr�a thc Sqetik�thtac, thn korufa�a tou
doulei� �pwc p�steue o �dioc
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H Eidik� Jewr�a thc Sqetik�thtac

M�qri to 1905, h Neut�nia Mhqanik�, pou anapt�qjhke ap� ton
Galila�o kai ton Ne�twna, peri�grafe thn k�nhsh �lwn twn
swm�twn m�sa ston q�ro, �pwc sthn per�ptwsh miac bol�c

Qrhsimopoie� wc ��bohjhtik��� par�metro ton qr�no gia na or�sei
pos�thtec �pwc h taq�thta kai h epit�qunsh tou s�matoc
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H Eidik� Jewr�a thc Sqetik�thtac

• 'Omwc, e�qe g�nei �dh faner� �ti h jewr�a aut� den perigr�fei
swst� thn k�nhsh swm�twn me meg�lec taq�thtec

• H basik� id�a thc E.J.S. e�nai �ti o q�roc kai o qr�noc
apotelo�n d�o di�krita, isod�nama komm�tia en�c enia�ou
upob�jrou, tou qwr�qronou

'Etsi, ant� na mil�me gia ap�stash d�o shme�wn ston q�ro,

(∆s)2 = (∆x)2 + (∆y)2 + (∆z)2

mil�me gia �ap�stash� an�mesa se d�o gegon�ta m�sa ston
qwr�qrono

(∆s)2 = −c2(∆t)2 + (∆x)2 + (∆y)2 + (∆z)2
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• H �ap�stash� sto qwr�qrono, � to stoiqe�o m�kouc, e�nai
amet�blhth k�tw ap� metasqhmatismo�c Lorentz

t ′ = γ
(
t − v

c2
x
)

x ′ = γ (x − vt)

y ′ = y

z ′ = z

γ = (1− v2/c2)−1/2

H Eidik� Jewr�a thc Sqetik�thtac susqet�zei tic metr�seic pou
pragmatopoie� �nac ak�nhtoc parathrht�c me aut�c en�c kino�me-
nou parathrht� me stajer� taq�thta v
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H Eidik� Jewr�a thc Sqetik�thtac

Mia sunhjism�nh diadikas�a sth Neut�nia Mhqanik� e�nai aut�
thc pr�sjeshc twn taqut�twn

'Enac ak�nhtoc parathrht�c sto �dafoc metr�ei thn telik�
taq�thta tou kibwt�ou na e�nai

v = v1 + v2
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H Eidik� Jewr�a thc Sqetik�thtac

H E.J.S. ant�jeta mac l�ei �ti h telik� taq�thta d�netai ap�
thn sq�sh:

v =
v1 + v2

1 + v1v2/c2

�pou c e�nai h taq�thta tou fwt�c sto ken�, kai j�tei wc
ax�wma �ti den up�rqei megal�terh taq�thta ap� aut� sth f�sh

An �na diasthm�ploio kine�tai me v1 = 0.5c kai ekp�myei mia
fwtein� akt�na me v2 = c proc thn kate�junsh en�c parathrht�,
t�te aut�c ja metr�sei telik� taq�thta gia thn fwtein� akt�na

vτ =
0.5c + c

1 + (0.5c)(c)/c2
= c (!!!)
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H Eidik� Jewr�a thc Sqetik�thtac

H E.J.S. probl�pei d�o pol� endiaf�ronta fain�mena: to pr�to
e�nai h diastol� tou qr�nou

t = γ t ′ > t ′

'Ena kino�meno rol�i phga�nei pio arg� ap� �na ak�nhto rol�i!

Epibebai�jhke peiramatik� to 1971 ap� touc Hafele & Keating
pou �kanan ton g�ro thc Ghc se aeropl�no me atomik� rol�gia
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H Eidik� Jewr�a thc Sqetik�thtac

Anap�feukta, odhgo�maste t�te sto �par�doxo twn did�mwn�:

'Enac astrona�thc ja e�nai pol� ne�teroc ap� ton d�dumo
aderf� tou �tan ja gur�sei ap� to diagalaxiak� tou tax�di

To fain�meno �qei epibebaiwje� peiramatik�: �na ak�nhto
swm�tio diasp�tai nwr�tera e�n akinhte� par� �tan kine�tai
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H Eidik� Jewr�a thc Sqetik�thtac

To de�tero fain�meno pou probl�pei h E.J.S. e�nai h sustol�
tou m�kouc:

L′ = γ L > L

'Enac ak�nhtoc parathrht�c metr�ei mikr�tero m�koc gia �na
kino�meno antike�meno ap� �ti �tan aut� akinhte�

'Emmesh peiramatik� epibeba�wsh: h pukn�thta en�c aer�ou
swmatid�wn e�nai megal�terh kat� thn die�junsh k�nhs�c touc
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H Neut�nia Bar�thta

H barutik� d�namh e�nai an�parkth sto ep�pedo twn
stoiqeiwd�n swmatid�wn all� kur�arqh ston makr�kosmo

E�nai h d�namh pou mac krat� d�smiouc sthn epif�neia thc Ghc
all� kai touc plan�tec se troqi�c g�rw ap� ton 'Hlio



.....
.
....

.
....

.
.....
.
....
.
....
.
....
.
.....
.
....
.
....
.
....
.
.....
.
....
.
....
.
....
.
.....

.
....

.
.....

.
....

.
....

.

.
Eisagwg�

. . . . . . . .
H E.J.S.

. . .
H Neut�nia Bar�thta

. . . . . . . . . . . . . . . . . .
H G.J.S.

. .
Sumper�smata

H Neut�nia Bar�thta

H majhmatik� jewr�a pou perigr�fei thn barutik� d�namh
anapt�qjhke ap� ton Isa�k Ne�twna (1686) � o pagk�smioc
n�moc thc bar�thtac �qei thn morf�:

F = GN
M1M2

r2
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H Neut�nia Bar�thta

H jewr�a tou Ne�twna �tan sumbat� me tic parathr�seic tou
T. Mpr�qe (1580) all� kai touc n�mouc tou G. K�pler (1609)

Ekt�c ... ap� aut� tou plan�th Erm�, o opo�oc ektele� mia
per�ergh troqi� ston ouran�:
h troqi� tou Erm� g�rw ap�
ton 'Hlio �metap�ptei�

H met�ptwsh br�jhke na e�nai �sh
me 0.164 mo�rec k�je 100 qr�nia!

H jewr�a tou Ne�twna pro�blepe
0.151 mo�rec k�je 100 qr�nia....(?)
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H Genik� Jewr�a thc Sqetik�thtac

H jewr�a tou Ne�twna den �tan epom�nwc �so akrib�c ja
j�lame eidik� se perioq�c �ntonou barutiko� ped�ou

Poioc �mwc ja mporo�se na fti�xei mia kaino�ria jewr�a?

O Aïnst�in �kane thn basik� parat�rhsh �ti �la ta s�mata
aisj�nontai thn �dia epit�qunsh m�sa sto barutik� ped�o
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H Genik� Jewr�a thc Sqetik�thtac

Up�jese �ti h epit�qunsh pou aske� to barutik� ped�o e�nai mia
�eggen�c� idi�thta tou qwr�qronou

E�nai an�logh thc m�zac tou s�matoc pou dhmiourge� to
barutik� ped�o � thc kampul�thtac tou qwr�qronou, afo�

Kampul�thta = En�rgeia � M�za
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H Genik� Jewr�a thc Sqetik�thtac

T�so o Eukle�dioc q�roc �so kai o qwr�qronoc Minkowski
e�nai ep�pedoi � oi suntelest�c twn apeirost�n stoiqe�wn e�nai
mon�dec

ds2 = −dt2 + dx2 + dy2 + dz2 ,
↑ ↑ ↑ ↑
1 1 1 1

• Kamp�loc Qwr�qronoc : Epitr�poume mh tetrimm�nec
sunart�seic mprost� ap� ta apeirost� stoiqe�a. P.q.

ds2 = −A(xµ) dt2 + B(xµ) dx2 + C (xµ) dy2 + D(xµ) dz2

Oi sunart�seic A,B,C ,D apotelo�n stoiqe�a tou metriko�
tanust� gµν , en�c tanust� 2hc t�xhc (me 16 sunist�sec)
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H Genik� Jewr�a thc Sqetik�thtac

Ta stoiqe�a tou metriko� tanust� exart�ntai ap� thn katanom�
m�zac kai en�rgeiac (Tµν) ston qwr�qrono, kai prosdior�zontai
m�sw twn exis�sewn ped�ou tou Aïnst�in

Rµν − 1
2 gµν R = 8πGN Tµν

�pou Rµν e�nai o tanust�c tou Ricci, pou d�netai sunart�sei
parag�gwn tou gµν , en� R = gµν Rµν

An�getai sthn jewr�a tou Ne�twna all� probl�pei akrib�c kai:

• Thn met�ptwsh tou perihl�ou tou Erm�

• Thn ektrop� twn akt�nwn fwt�c ap� ton 'Hlio

• Thn barutik� exasj�nhsh tou fwt�c

• Thn barutik� diastol� tou qr�nou
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H Genik� Jewr�a thc Sqetik�thtac

'Oso pio kont� sto k�ntro tou barutiko� ped�ou br�sketai �na
rol�i t�so pio arg� �tr�qei�

'Opwc kai sthn E.J.S. h �nnoia tou �taut�qronou� den up�rqei
pl�on - p�so shmantik�c e�nai �mwc aut�c oi diafor�c qr�nou?
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H Genik� Jewr�a thc Sqetik�thtac

'Estw �na aeropl�no pou pet� se uy�metro H = 10000 m me
taq�thta v = 700Km/�ra. T�te to rol�i tou ja de�qnei:

• L�gw thc k�nhs�c tou, ap� thn E.J.S.:

∆t ′ ≃ ∆t

(
1− v2

2c2

)
= ∆t

(
1− 2× 10−11

)
• L�gw tou uyom�trou tou, ap� thn G.J.S:

∆t ′ ≃ ∆t

(
1 +

gH

c2

)
= ∆t

(
1 + 1× 10−12

)
Apokat�stash tou �taut�qronou� metax� en�c ak�nhtou kai en�c
ipt�menou rologio� e�n v2 = 2gH, dhlad� v = 1600Km/�ra
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H Genik� Jewr�a thc Sqetik�thtac

Mia akrib�c jewr�a twn barutik�n allhlepidr�sewn pou:

perigr�fei to barutik� ped�o g�rw ap� thn Gh, ton 'Hlio �
�nan Galax�a

probl�pei thn �parxh kaino�rgiwn barutik�n l�sewn �pwc
oi ma�rec tr�pec � oi skoulhk�trupec (qwroqronik� to�nel)

perigr�fei thn ex�lixh tou �diou tou S�mpantoc
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Ma�rec Tr�pec

K�je ast�rac par�gei ter�stia pos� en�rgeiac m�sw jermopurh-
nik�n antidr�sewn pou qrhsimopoio�n wc ka�simo to udrog�no

'Otan oi jermopurhnik�c antidr�seic stamat�soun, o ast�rac
katarr�ei. E�n h m�za tou M ≤ 1.4 for�c thn m�za tou 'Hliou,
o ast�rac metatr�petai se leuk� n�no � e�n 1.4 < M ≤ 3.2
for�c thn m�za tou 'Hliou, metatr�petai se ast�ra netron�wn
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Ma�rec Tr�pec

• 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 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

'Opoio s�ma per�sei ton or�zonta
gegon�twn den ja gur�sei pot�
pia p�sw � ak�ma kai ta fwt�nia
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Ma�rec Tr�pec

• Up�rqoun ma�rec op�c ? 'Eqoume isqur�c ende�xeic pwc nai!
'Eqoume �dei� ma�rec op�c sta k�ntra galaxi�n kai astrik�n
smhn�n (ter�stiec sugkentr�seic m�zac!) kaj�c kai se
sust�mata ast�rwn
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Skoulhk�trupec � Qwroqronik� to�nel

H qwroqronik� idiomorf�a � �na shme�o �peirhc pukn�thtac �
kr�betai sto eswterik� thc ma�rhc tr�pac. P�ntote?

'Oqi p�nta... To eswterik� miac Ma�rhc Tr�pac 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 mia g�fura Einstein-Rosen gia
diasthmik� tax�dia? Dustuq�c �qi...

O laim�c ano�gei kai kle�nei t�so gr�gora pou o�te �na
fwt�nio den prolaba�nei na per�sei
O or�zontac thc leuk�c op�c � to shme�o ex�dou � e�nai
astaj�c (Eardley, 1974)

Oi barutik�c dun�meic ston or�zonta e�nai ter�stiec

'Ara, h skoulhk�trupa ma�rhc-leuk�c op�c (Schwarzschild),
�pwc kai �llec pou br�jhkan sta pla�sia thc Genik�c Jewr�ac
thc Sqetik�thtac, den e�nai �diasq�simec�
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Skoulhk�trupec � Qwroqronik� to�nel

• Mia Endiaf�rousa Istor�a: Sth dekaet�a tou �80, o Carl
Sagan �graye to bibl�o episthmonik�c fantas�ac Contact

Se aut�, h hrw�da, m�sw miac skoulhk�trupac, metaf�retai se
apomakrusm�no shme�o tou s�mpantoc ki epistr�fei s�a

Met� ap� par�klhsh tou Carl Sagan, o Kip Thorne an�labe na
diereun�sei ek n�ou thn pijan�thta na sumbe� k�ti t�toio

To Contact kuklof�rhse to 1985, kai h episthmonik� ergas�a
twn Morris-Thorne to 1987 me pol� endiaf�ronta
apotel�smata...
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Skoulhk�trupec � Qwroqronik� to�nel

• To Basik� Sump�rasma: ��Mia diasq�simh skoulhk�trupa den
pr�pei na �qei o�te or�zonta o�te idiomorf�a � dhlad�, na mhn
sqet�zetai kaj�lou me mia ma�rh op���

Oi Morris & Thorne apa�thsan:

� thn �parxh d�o apomakrusm�nwn perioq�n kai tou laimo�

� thn apous�a or�zonta � idiomorf�ac

'Omwc o laim�c param�nei anoiqt�c
m�no an upoj�soume �ti g�rw tou
up�rqei mia exwtik� katanom� �lhc
(parab�ash thc sunj�khc p ≤ ρ)

Adi�xodo kai p�li...?
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Skoulhk�trupec � Qwroqronik� to�nel

L�seic skoulhk�trupwn anazhto�ntai ap� t�te sta pla�sia
genikeum�nwn jewri�n bar�thtac

• Jewr�a Uperqord�n: Mia gewmetrik� jewr�a se an�tero
arijm� diast�sewn, pou an�getai se mia plo�sia barutik�
jewr�a stic qamhl�c en�rgeiec

Sta pla�sia miac apl�c morf�c thc parap�nw jewr�ac pou
peri�qei stic exis�seic ped�ou, ekt�c ap� ta Rµν kai R, kai ton
an�tero gewmetrik� �ro Gauss-Bonnet

R2
GB = RµνρσR

µνρσ − 4RµνR
µν + R2 ,

br�kame n�ec l�seic skoulhk�trupwn...
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Skoulhk�trupec � Qwroqronik� to�nel

Oi l�seic skoulhk�trupwn pou br�kame (Kanti, Kleihaus & Kunz,

2011):

den apaito�n exwtik� �lh: poλ ≥ ρoλ all�

poλ = pυλ + pextra , ρoλ = ρυλ + ρextra

e�nai �so meg�lec j�loume

e�nai diasq�simec ap� swmat�dia

e�nai eustaje�c se diataraq�c

Perait�rw di�basma: New Scientist,
te�qoc 10hc Mart�ou 2012
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H Ex�lixh tou S�mpantoc

To s�mpan mac exel�ssetai me ton qr�no: genn�jhke ap� �na kai
monadik� shme�o (to shme�o thc Meg�lhc 'Ekrhxhc) prin ap� 14
disekatomm�ria qr�nia kai ap� t�te diast�letai suneq�c kai ja
diast�letai gia p�nta
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Sumper�smata

• Ap� tic arq�c tou 20ou ai�na, �lec oi probl�yeic thc E.J.S.
kai oi periss�terec thc G.J.S. �qoun epibebaiwje�

• H Eidik� Jewr�a thc Sqetik�thtac br�skei ter�stia efarmog�
ston mikr�kosmo en� h Genik� Jewr�a thc Sqetik�thtac ston
makr�kosmo

• Gia thn diat�pws� touc, o Äinst�in bas�sthke stic
up�rqousec jewr�ec kai id�ec thc epoq�c tou kai tic sund�ase
armonik� se �na kaino�rio pla�sio

• Jewre�tai wc o epist�monac pou ephr�ase ton tr�po sk�yhc
mac periss�tero ap� k�je �llon
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Sumper�smata

'Enac t�leioc majht�c, foitht�c � epist�monac? K�je �llo...

E�qe duskol�ec sthn omil�a tou wc paid�, kai duskole�thke
na telei�sei to l�keio

Den kat�fere na brei akadhmaik� j�sh gia poll� qr�nia

Den sump�jhse pot� thn Kbantik� Fusik� kai thn �dia thn
ex�lixh tou s�mpantoc. Do�leye gia qr�nia sthn Jewr�a
twn P�ntwn all� qwr�c apot�lesma...

��Aut�c pou den �kane pot� kan�na l�joc den dok�mase pot� k�ti
kaino�rio��

��Eufu�a e�nai 1% tal�nto kai 99% sklhr� doulei���

'Almpert Aïnst�in
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