
.....
.
....

.
....

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

.
....

.
.....

.
....

.
....

.

. .
H Neut�nia Mhqanik�

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

. . . .
H Neut�nia Bar�thta

. . . . . . . . .
H G.T.S.

. .
Sumper�smata

.

......

Oi jewr�ec tou Aïnst�in gia ton q�ro

kai ton qr�no

Panagi�ta Kant�

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

Panepist�mio Iwann�nwn

Jerin� Sqole�o Fusik�c

Giannits�, 1 Ioul�ou 2014
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H Neut�nia Mhqanik�

H jewr�a thc Fusik�c pou anapt�qjhke ap� ton Gallila�o kai
ton Ne�twna gia na perigr�yei thn k�nhsh 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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'Etsi, mporo�me na gr�youme:

vx =
∆x

∆t
, vy =

∆y

∆t
, και ax =

∆vx
∆t

, ay =
∆vy
∆t
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• Diatup�jhke ap� ton Alb�rto Äinst�in (Albert Einstein) se
�na episthmonik� tou �rjro to 1905

• H basik� thc id�a 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, m�sa sto opo�o lamb�noun q�ra �la ta gegon�ta



.....
.
....

.
....

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

.
....

.
.....

.
....

.
....

.

. .
H Neut�nia Mhqanik�

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

. . . .
H Neut�nia Bar�thta

. . . . . . . . .
H G.T.S.

. .
Sumper�smata
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Mia ap� tic basik�terec �nnoiec tou sunhjism�nou q�rou e�nai
aut� thc ap�stashc metax� d�o shme�wn P kai Q:

Me dipl� efarmog� tou Pujagore�ou Jewr�matoc, br�skoume

(∆s)2 = (∆x)2 + (∆y)2 + (∆z)2
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H Eidik� Jewr�a thc Sqetik�thtac

Ac upoj�soume, �mwc, �ti sta shme�a P kai Q �laban q�ra d�o
gegon�ta, tic qronik�c stigm�c t1 kai t2 ant�stoiqa

T�te s�mfwna me thn E.J.S., h �ap�stash� an�mesa sta d�o
gegon�ta m�sa ston qwr�qrono or�zetai wc ex�c

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

me th diafor� pros�mou na up�rqei �ste na diakr�nei thn
qronik� ap� tic qwrik�c suntetagm�nec

'Olec oi suntetagm�nec, qronik�c kai qwrik�c, emfan�zontai
pl�on me isod�namo tr�po se �lec tic exis�seic thc E.J.S.
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Mia ep�shc 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 taq�thta tou fwt�c e�nai stajer� kai anex�rthth ap� thn
k�nhsh e�te thc phg�c e�te tou parathrht�

Den mporo�me pot� na ft�soume mia fwtein� akt�na - an
mporo�same na to k�noume aut�, h fwtein� akt�na ja stek�tane
ak�nhth d�pla mac. Mia fwtein� akt�na �mwc den stamat� pot�...
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To swst� di�gramma apeik�nishc thc k�nhshc en�c s�matoc
sthn E.J.S. e�nai to di�gramma Minkowski

K�je parathrht�c � antike�meno diagr�fei mia troqi�, mia
kosmik� gramm�, h opo�a e�nai euje�a gia k�nhsh me stajer�
taq�thta � kamp�lh gia epitaqun�menh k�nhsh



.....
.
....

.
....

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

.
....

.
.....

.
....

.
....

.

. .
H Neut�nia Mhqanik�

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

. . . .
H Neut�nia Bar�thta

. . . . . . . . .
H G.T.S.

. .
Sumper�smata

H Eidik� Jewr�a thc Sqetik�thtac

Epeid� tanϕ = v/c ≤ 1, m�no h perioq� me ϕ ≤ π/4 e�nai
epitrept�

'Ara, k�je gegon�c (h koin� koruf� twn d�o k�nwn) �qei �na
parelj�n (k�tw k�noc) kai �na m�llon (ep�nw k�noc)
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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

'Ena kino�meno rol�i phga�nei pio arg� ap� �na ak�nhto rol�i!
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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
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To fain�meno thc diastol�c tou qr�nou �qei epibebaiwje�
peiramatik� epanhleimm�nwc:

• To 1971, oi Hafele kai Keating �kanan ton g�ro thc Ghc me
aeropl�no �qontac maz� touc d�o atomik� rol�gia. Sto t�loc
tou taxidio� touc, oi ende�xeic twn rologi�n touc di�feran ap�
aut�c twn ak�nhtwn t�so akrib�c �so pro�blepe h E.J.S.

• To fain�meno epibebai�netai kajhmerin� se peir�mata
stoiqeiwd�n swmatid�wn: �na gr�gora kino�meno swmat�dio zei
periss�tero ap� �na �dio ak�nhto mia pou to �eswterik�� tou
rol�i phga�nei pio arg� (p.q. to swmat�dio tou muon�ou, �tan
kine�tai, zei periss�tero ap� to anamen�meno 0.0000015 sec)



.....
.
....

.
....

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

.
....

.
.....

.
....

.
....

.

. .
H Neut�nia Mhqanik�

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

. . . .
H Neut�nia Bar�thta

. . . . . . . . .
H G.T.S.

. .
Sumper�smata

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:

'Enac ak�nhtoc parathrht�c metr�ei mikr�tero m�koc gia �na
kino�meno antike�meno ap� �ti �tan aut� akinhte�
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H Eidik� Jewr�a thc Sqetik�thtac

H peiramatik� epibeba�wsh tou fainom�nou auto� e�nai pio
d�skolh

'Emmesh epibeba�wsh: kat� thn di�rkeia sugkro�sewn bari�n
i�ntwn, h pukn�tht� touc fa�netai na e�nai megal�terh kat� thn
kate�junsh thc k�nhs� touc par� kat� thn egk�rsia
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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
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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

�pou GN h barutik� stajer�,
M1 kai M2 oi m�zec twn d�o
swm�twn, r h metax� touc
ap�stash, kai F h metax� touc
elktik� d�namh
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H Neut�nia Bar�thta

H jewr�a tou Ne�twna �tan sumbat� me tic parathr�seic tou
T�qo Mpraq� (1580) all� kai touc empeiriko�c n�mouc tou
Gi�qan K�pler (1609) gia thn k�nhsh twn planht�n.



.....
.
....

.
....

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

.
....

.
.....

.
....

.
....

.

. .
H Neut�nia Mhqanik�

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

. . . .
H Neut�nia Bar�thta

. . . . . . . . .
H G.T.S.

. .
Sumper�smata

H Neut�nia Bar�thta

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 gia
th bar�thta h opo�a den ja ak�rwne aut� tou Ne�twna all�
ja thn belt�wne?

To 1915 o Alb�rtoc Äinst�in diat�pwse
thn Genik� Jewr�a thc Sqetik�thtac pou
sundu�zei to qwr�qrono � �nnoia pou e�qe
�dh diatup�sei sta pla�sia thc E.J.S.
10 qr�nia prin � me to fain�meno thc
bar�thtac
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H Genik� Jewr�a thc Sqetik�thtac

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

To m�tro thc epit�qunshc e�nai an�logo thc m�zac tou s�matoc
pou dhmiourge� to barutik� ped�o kai an�logo thc kampul�thtac
tou qwr�qronou
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H Genik� Jewr�a thc Sqetik�thtac

Apo majhmatik�c pleur�c, h G.J.S. e�nai arket� pio per�plokh
ap� thn E.J.S. � h G.J.S. qrhsimopoie� tanust�c se ant�jesh
me thn E.J.S. pou qrhsimopoie� tetra-dian�smata

Probl�pei �mwc me fober� meg�lh majhmatik� akr�beia:

• Thn met�ptwsh tou perihl�ou tou Erm�
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H Genik� Jewr�a thc Sqetik�thtac

Apo majhmatik�c pleur�c, h G.J.S. e�nai arket� pio per�plokh
ap� thn E.J.S. � h G.J.S. qrhsimopoie� tanust�c se ant�jesh
me thn E.J.S. pou qrhsimopoie� tetra-dian�smata

Probl�pei �mwc me fober� meg�lh majhmatik� akr�beia:

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

• Thn ektrop� twn akt�nwn fwt�c ap� ton 'Hlio
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Apo majhmatik�c pleur�c, h G.J.S. e�nai arket� pio per�plokh
ap� thn E.J.S. � h G.J.S. qrhsimopoie� tanust�c se ant�jesh
me thn E.J.S. pou qrhsimopoie� tetra-dian�smata

Probl�pei �mwc me fober� meg�lh majhmatik� akr�beia:

• 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
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H Genik� Jewr�a thc Sqetik�thtac

Apo majhmatik�c pleur�c, h G.J.S. e�nai arket� pio per�plokh
ap� thn E.J.S. � h G.J.S. qrhsimopoie� tanust�c se ant�jesh
me thn E.J.S. pou qrhsimopoie� tetra-dian�smata

Probl�pei �mwc me fober� meg�lh majhmatik� akr�beia:

• 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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Sumper�smata

• Ap� tic arq�c tou 20ou ai�na, �lec oi probl�yeic thc E.J.S.
kai thc G.J.S. �qoun epibebaiwje� (e�te �mesa e�te �mmesa)
epanhleimm�na

• 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
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��Pr�pei na m�jeic touc kan�nec tou paiqnidio�. Kai met� pr�pei
na pa�xeic kal�tera ap� k�je �llon��

��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���
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