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Postulatele Teoriei Relativităţii Speciale

1. Principiul relativităţii: Legile fizicii sunt aceleaşi ı̂n orice
sistem de referinţă inerţial (SRI).

2. Invarianţa vitezei luminii: In orice sistem de referinţă inerţial,
ı̂n vid, lumina se propagă cu aceeşi viteză c independent de
starea de mişcare a emiţătorului.



Călătorie cosmică (paradoxul gemenilor)



Semnal luminos din navă cosmică
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Diagrama Minkowski
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viteză mai mare
faţă de S cu atât
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(unghiul DOB) se
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Transformarea relativistă a spaţiu-timpului

Schimbarea vitezei S’ duce la rotirea α a planului O’-x’ de timp constant
(simultaneitate) şi O’-ct’ de poziţie constantă a S’ faţă de S ı̂n repaus.
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Simultaneitatea
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In B se dă un puls de lumină,
care ı̂n S ı̂n repaus ajunge si-
multan ı̂n A şi C.

Lumina pornită din B’ simultan cu
B, din S’ aflat ı̂n mişcare cu viteza
v , văzut din S ajunge mai repede ı̂n
A, care ı̂i vine ı̂n intâmpinare şi mai
târziu ı̂n C’. Dar văzut din S’ vor fi
tot simultane, axa de simultaneitate
t ′ = const.



Călătorie cosmică (paradoxul gemenilor)
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Dilatarea timpului
I Un ceas, aflat ı̂ntr-un tren ce se mişcă cu viteza v , măsoară timpul ∆t0 de

propagare a luminii ı̂ntre două oglinzi A şi B plasate vertical la distanţa L0

In SR propriu
(tren):

∆t0 =
2L0

c A

B

Lo
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∆t =2D/c

B
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A C

DD

In SR peron:
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c
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D =

√(
v∆t

2

)2
+L2

0

I ∆t din SR al peronului, se poate scrie prin ∆t0 dacă ı̂nlocuim D de
mai sus şi exprimăm ∆t2 = 4D2/c2 =

(
v 2∆t2 + 4L2

0

)
/c2 sau

∆t2
(
c2 − v 2

)
= 4L2

0 sau ∆t2
(
1− v 2/c2

)
= 4L2

0/c2 adică,

∆t =
2L0/c√

1− v 2/c2
=

∆t0√
1− v 2/c2

(1)

care exprimă dilatarea timpului (∆t > ∆t0)
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care exprimă dilatarea timpului (∆t > ∆t0)



Dilatarea timpului
I Un ceas, aflat ı̂ntr-un tren ce se mişcă cu viteza v , măsoară timpul ∆t0 de

propagare a luminii ı̂ntre două oglinzi A şi B plasate vertical la distanţa L0
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Contracţia lungimii
I Să considerăm acelaşi ceas măsurând de data asta timpul parcurs

de lumină ı̂ntre două oglinzi orientate de-a lungul mişcării trenului,
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Egalând cele două relaţii pentru ∆t: 2L0/c√
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1−v2/c2 de unde,

L = L0

√
1− v 2/c2 (2)

care exprimă contracţia lungimii (L < L0).
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La ı̂ntoarcere, distanţa d2 =L− v∆t2 =c∆t2, de unde ∆t2 =L/(c + v)

Timpul total va fi ∆t = ∆t1 + ∆t2 =
L

c − v
+

L

c + v
=

2L/c

1− v 2/c2
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In SR propriu
(tren):

∆t0 =
2L0

c

∆tt= 1

t=∆t
1
+∆t

2

Lo

BA

v∆t2 d2

d1

∆tv 1

t=0

L

v

L

L

In SR peron:

∆t =
∆t0√

1− v 2/c2

=
2L0/c√

1− v 2/c2

Pentru peron, distanţa d1 =L + v∆t1 =c∆t1, de unde ∆t1 =L/(c − v)
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La ı̂ntoarcere, distanţa d2 =L− v∆t2 =c∆t2, de unde ∆t2 =L/(c + v)

Timpul total va fi ∆t = ∆t1 + ∆t2 =
L

c − v
+

L

c + v
=

2L/c

1− v 2/c2
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I Să considerăm acelaşi ceas măsurând de data asta timpul parcurs
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La ı̂ntoarcere, distanţa d2 =L− v∆t2 =c∆t2, de unde ∆t2 =L/(c + v)

Timpul total va fi ∆t = ∆t1 + ∆t2 =
L

c − v
+

L

c + v
=

2L/c

1− v 2/c2
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Transformarea Lorentz de coordonate şi timp

S s - x

6

y

�
�/

z

S ′ s - x ′
x ′

L0

6

y ′

�
�/

z ′

s -
v

Contracţia relativistă (2)
exprimă lungimea L0 ≡ x ′
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x =
x ′ + vt ′√
1− v 2/c2

(4)

I Exprimarea t ′ funcţie de t şi x se obţine din (4) şi (3), prin eliminarea x ′.

x ′=x
√

1− v 2/c2 − vt ′=
x − vt√

1− v 2/c2
=⇒ t ′ =

t − vx/c2√
1− v 2/c2

(5)



Transformarea Lorentz de coordonate şi timp

S s - x

6

y

�
�/

z

S ′ s - x ′
x ′

L0

6

y ′

�
�/

z ′

s -
v
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x ′ şi t ′, folosim un raţionament similar,
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=⇒

adică:
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exprimă lungimea L0 ≡ x ′

(0 - x ′) din S ′ ı̂n mişcare,
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La fel şi poziţia x ′ se mişcă cu viteza v .

Deci, x = L + vt = x ′
√

1− v 2/c2 + vt
=⇒

de unde:

x ′ =
x − vt√

1− v 2/c2
(3)

I Pt. exprimarea inversă a lui x funcţie de
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I Dar faţă de SR fix S , S’ se mişcă cu v .
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x =
x ′ + vt ′√
1− v 2/c2

(4)
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Deci, x = L + vt = x ′
√

1− v 2/c2 + vt
=⇒

de unde:

x ′ =
x − vt√

1− v 2/c2
(3)

I Pt. exprimarea inversă a lui x funcţie de
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Transformarea Lorentz 4-dimensională

S s - x

6

y

�
�/

z

S ′ s - x ′

6

y ′

�
�/

z ′

(t, x , y , z)ss -
v



t ′ =
t − vx/c2√

1− v 2/c2

x ′ =
x − vt√

1− v 2/c2

y ′ = y

z ′ = z

notăm: β =
v

c

γ =
1√

1− β2


t ′ = γ (t − βx/c)
x ′ = γ (x − βct)
y ′ = y
z ′ = z

(6) xµ=


x0

x1

x2

x3

=


ct
x
y
z

 ; Λµν =


γ −βγ 0 0
−βγ γ 0 0

0 0 1 0
0 0 0 1




x ′0

x ′1

x ′2

x ′3


︸ ︷︷ ︸

x ′µ

=


γ −βγ 0 0
−βγ γ 0 0

0 0 1 0
0 0 0 1


︸ ︷︷ ︸

Λµν


x0

x1

x2

x3


︸ ︷︷ ︸

xν

x ′µ = Λµν xν (7)

dx ′µ = Λµν dxν (8)

(sumare după indicii care se repetă)
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notăm: β =
v

c

γ =
1√

1− β2


t ′ = γ (t − βx/c)
x ′ = γ (x − βct)
y ′ = y
z ′ = z

(6) xµ=


x0

x1

x2

x3

=


ct
x
y
z

 ; Λµν =


γ −βγ 0 0
−βγ γ 0 0

0 0 1 0
0 0 0 1




x ′0

x ′1

x ′2

x ′3


︸ ︷︷ ︸

x ′µ

=


γ −βγ 0 0
−βγ γ 0 0

0 0 1 0
0 0 0 1


︸ ︷︷ ︸

Λµν


x0

x1

x2

x3


︸ ︷︷ ︸

xν

x ′µ = Λµν xν (7)

dx ′µ = Λµν dxν (8)
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notăm: β =
v

c

γ =
1√

1− β2


t ′ = γ (t − βx/c)
x ′ = γ (x − βct)
y ′ = y
z ′ = z

(6) xµ=


x0

x1

x2

x3

=


ct
x
y
z

 ; Λµν =


γ −βγ 0 0
−βγ γ 0 0

0 0 1 0
0 0 0 1




x ′0

x ′1

x ′2

x ′3


︸ ︷︷ ︸

x ′µ

=


γ −βγ 0 0
−βγ γ 0 0

0 0 1 0
0 0 0 1


︸ ︷︷ ︸

Λµν


x0

x1

x2

x3


︸ ︷︷ ︸

xν

x ′µ = Λµν xν (7)

dx ′µ = Λµν dxν (8)
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S s - x

6

y

�
�/

z

S ′ s - x ′

6

y ′

�
�/

z ′

(t, x , y , z)ss -
v



t ′ =
t − vx/c2√

1− v 2/c2

x ′ =
x − vt√

1− v 2/c2

y ′ = y

z ′ = z
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Spaţiul Minkowski - Intervalul spaţio-temporal
I Intervalul infinitezimal ds dintre două evenimente (t, x , y , z) şi

(t + dt, x + dx , y + dy , z + dz) este definit ca

ds2 = c2dt2 − dx2 − dy 2 − dz2 Atenţie la semne ! (9)

I Variaţia elementelor de
coordonate ı̂n urma unei
transformări Lorentz (6)


dt ′ = γ (dt − β dx/c)
dx ′ = γ (dx − βc dt)
dy ′ = dy
dz ′ = dz

(10)

I ds este invariant Lorentz. Să arătăm deci că: ds2 = ds ′2

ds ′2 = c2dt ′2 − dx ′2 − dy ′2 − dz ′2

= c2γ2

(
dt2 +

β2

c2
dx2

�
�
�− 2

β

c
dt dx

)

−γ2

(
dx2 + β2c2dt2

�
�
�− 2βc dx dt

)
− dy 2 − dz2

= c2 γ2
(
1− β2

)︸ ︷︷ ︸
=1

dt2 − γ2
(
1− β2

)︸ ︷︷ ︸
=1

dx2 − dy 2 − dz2

= c2dt2 − dx2 − dy 2 − dz2 = ds2 (11)
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(t + dt, x + dx , y + dy , z + dz) este definit ca

ds2 = c2dt2 − dx2 − dy 2 − dz2 Atenţie la semne ! (9)
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transformări Lorentz (6)


dt ′ = γ (dt − β dx/c)
dx ′ = γ (dx − βc dt)
dy ′ = dy
dz ′ = dz

(10)

I ds este invariant Lorentz. Să arătăm deci că: ds2 = ds ′2
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Energia şi impulsul relativiste
II Impulsul:

~p =m
d~x

dt0
=m

d~x

dt︸︷︷︸
~v

dt

dt0︸︷︷︸
γ

=γm~v (12)

I Forţa relativistă: ~F =
d~p

dt
=

d

dt
(γm~v)

I Energia cinetică:

T=

∫
~F ·d~s =

∫
d

dt
(γm~v)·

d~s︷︸︸︷
~v dt =m

γV∫
0

dt
d

dt
(γ~v)·~v

integrând prin părţi

T=m v(γv)
γV

0

−m

∫ V

0

γv dv =γmV 2−m

∫ V

0

v dv√
1−v 2/c2

=γmV 2+mc2

√
1− v 2

c2

V

0

=γmV 2+mc2

√
1−V 2

c2
−mc2

=γ
[
mV 2 +mc2(1− V 2/c2)

]
−mc2

=
�
�
�

γmV 2 + γmc2−
�
�
�

γmV 2 −mc2

T =(γ−1)mc2

I Energia totală relativistă:

E =T +mc2 =γmc2 (13)

I Relaţia energie-impuls:
Din avem (12) p2 =γ2m2v 2

p2c2=γ2m2v 2c2=γ2m2c4 v 2

c2

=γ2m2c4

(
1− 1

γ2

)
=γ2m2c4−m2c4 =E 2−m2c4

E 2 =p2c2 +m2c4 (14)
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T=

∫
~F ·d~s =

∫
d

dt
(γm~v)·

d~s︷︸︸︷
~v dt =m

γV∫
0

dt
d

dt
(γ~v)·~v

integrând prin părţi
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Probleme
Formule de bază

m =
m0√

1− v2

c2

; β =
v

c
; γ =

1√
1− v2

c2

(15)

E = mc2 =
m0c2√
1− v2

c2

= γm0c2 =⇒ γ =
E

m0c2
(16)

p = mv =
m0v√
1− v2

c2

= γm0v =⇒ β =
v

c
=

pc

E
(17)

E 2 − p2c2 = m2c4 −m2v 2c2 = m2c4

(
1− v 2

c2

)
= γ2m2

0c4 1

γ2
=
(
m0c2

)2
(18)

sau
E 2 = p2c2 + m2

0c4 (19)



1. Care este viteza unui pion (masă de repaus mπ = 140MeV )
cu un impuls de 480 MeV.

R: β = p
E = 480√

4802+1402
= 0.96

2. Cât trăieşte ı̂n medie un muon (masa de repaus
mµ = 100MeV timp mediu de viaţă τ = 2.2µsec ı̂n sistemul
propriu) având energia de 500 MeV.

R: t = γ · τ = E
m · τ = 500

100 · 2.2 = 11µsec



1. Ce distanţă parcurge un muon de impuls 500 MeV pe durata
unui timp mediu de viaţă τ = 2.2µsec (vezi ı̂ntrebarea
anterioară) şi un foton de acelaşi impuls, ı̂n acelaşi timp,
măsurat ı̂nsă ı̂n sistemul laboratorului

R: sµ = v · t = βc · γτ = p
mµ
· cτ =

= 500
100 · 3 · 108 · 2.2 · 10−6 = 3300m

sγ = c · t = 3 · 108 · 2.2 · 10−6 = 660m

2. Care este, approximativ, energia cinetică a unui proton
(mp ≈ 1GeV ) de impuls 1GeV .

R: T = E −mp =
√

p2 + m2
p −mp

T =
√

106 + 106 − 103 = 414MeV
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