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Relatividade restrita
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Relatividade restrita

Transformação de Lorentz

γ ≡
1

1−
v2

c2

β ≡
v
c

[ct′￼

x′￼] = γ [ 1 −β
−β 1 ] [ct

x ]
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Transformação de Lorentz

[ct′￼

x′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ct

x ]
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Composição de velocidades

[ct′￼

x′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ct

x ]

u = ?
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Composição de velocidades

[ct′￼

x′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ct

x ]

[ct′￼′￼

x′￼′￼] = [ cosh(b) −sinh(v)
−sinh(b) cosh(b) ] [ct′￼

x′￼]

tanh(a) =
v
c

tanh(b) =
u′￼

c
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Composição de velocidades

[ct′￼

x′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ct

x ] tanh(a) =
v
c

[ct′￼′￼

x′￼′￼] = [ cosh(b) −sinh(b)
−sinh(b) cosh(b) ] [ cosh(a) −sinh(a)

−sinh(a) cosh(a) ] [ct
x ]

[ct′￼′￼

x′￼′￼] = [ cosh(b) −sinh(v)
−sinh(b) cosh(b) ] [ct′￼

x′￼] tanh(b) =
u′￼

c
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Composição de velocidades

[ct′￼

x′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ct

x ] tanh(a) =
v
c

[ct′￼′￼

x′￼′￼] = [ cosh(b) −sinh(b)
−sinh(b) cosh(b) ] [ cosh(a) −sinh(a)

−sinh(a) cosh(a) ] [ct
x ]

[ct′￼′￼

x′￼′￼] = [ cosh(b) −sinh(v)
−sinh(b) cosh(b) ] [ct′￼

x′￼] tanh(b) =
u′￼

c

[ct′￼′￼

x′￼′￼] = [ cosh(b)cosh(a) + sinh(b)sinh(a) −cosh(b)sinh(a) − sinh(b)cosh(a)
−sinh(b)cosh(a) − cosh(b)sinh(a) sinh(b)sinh(a) + cosh(b)cosh(a) ] [ct

x ]
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Composição de velocidades

[ct′￼

x′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ct

x ] tanh(a) =
v
c

[ct′￼′￼

x′￼′￼] = [ cosh(b) −sinh(v)
−sinh(b) cosh(b) ] [ct′￼

x′￼] tanh(b) =
u′￼

c

[ct′￼′￼

x′￼′￼] = [ cosh(b)cosh(a) + sinh(b)sinh(a) −cosh(b)sinh(a) − sinh(b)cosh(a)
−sinh(b)cosh(a) − cosh(b)sinh(a) sinh(b)sinh(a) + cosh(b)cosh(a) ] [ct

x ]
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Composição de velocidades

[ct′￼

x′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ct

x ] tanh(a) =
v
c

[ct′￼′￼

x′￼′￼] = [ cosh(b) −sinh(v)
−sinh(b) cosh(b) ] [ct′￼

x′￼] tanh(b) =
u′￼

c

[ct′￼′￼

x′￼′￼] = [ cosh(b)cosh(a) + sinh(b)sinh(a) −cosh(b)sinh(a) − sinh(b)cosh(a)
−sinh(b)cosh(a) − cosh(b)sinh(a) sinh(b)sinh(a) + cosh(b)cosh(a) ] [ct

x ]

[ct′￼′￼

x′￼′￼] = [ cosh(a + b) −sinh(a + b)
−sinh(a + b) cosh(a + b) ] [ct

x ]
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Composição de velocidades

[ct′￼

x′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ct

x ] tanh(a) =
v
c

[ct′￼′￼

x′￼′￼] = [ cosh(b) −sinh(v)
−sinh(b) cosh(b) ] [ct′￼

x′￼] tanh(b) =
u′￼

c

[ct′￼′￼

x′￼′￼] = [ cosh(b)cosh(a) + sinh(b)sinh(a) −cosh(b)sinh(a) − sinh(b)cosh(a)
−sinh(b)cosh(a) − cosh(b)sinh(a) sinh(b)sinh(a) + cosh(b)cosh(a) ] [ct

x ]

[ct′￼′￼

x′￼′￼] = [ cosh(a + b) −sinh(a + b)
−sinh(a + b) cosh(a + b) ] [ct

x ]
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Composição de velocidades

[ct′￼

x′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ct

x ] tanh(a) =
v
c

tanh(b) =
u′￼

c

[ct′￼′￼

x′￼′￼] = [ cosh(a + b) −sinh(a + b)
−sinh(a + b) cosh(a + b) ] [ct

x ]

⇒ tanh(a + b) =
u
c
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Composição de velocidades

[ct′￼

x′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ct

x ] tanh(a) =
v
c

tanh(b) =
u′￼

c

[ct′￼′￼

x′￼′￼] = [ cosh(a + b) −sinh(a + b)
−sinh(a + b) cosh(a + b) ] [ct

x ]

u
c

=
tanh(a) + tanh(b)
1 + tanh(a)tanh(b)
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Composição de velocidades

[ct′￼

x′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ct

x ] tanh(a) =
v
c

tanh(b) =
u′￼

c

[ct′￼′￼

x′￼′￼] = [ cosh(a + b) −sinh(a + b)
−sinh(a + b) cosh(a + b) ] [ct

x ]

u =
v + u′￼

1+
v
c

u′￼

c

u
c

=
tanh(a) + tanh(b)
1 + tanh(a)tanh(b)



Pratique o que aprendeu      
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Pratique o que aprendeu      
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Pratique o que aprendeu      
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Separação entre eventos

[cΔt′￼

Δx′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [cΔt

Δx ]

[−cΔt′￼ Δx′￼] = [−cΔt Δx] [cosh(a) sinh(a)
sinh(a) cosh(a)]

[−cΔt′￼

Δx′￼ ] = [cosh(a) sinh(a)
sinh(a) cosh(a)] [−cΔt

Δx ]

[−cΔt′￼ Δx′￼] [cΔt′￼

Δx′￼] = [−cΔt Δx] [cΔt
Δx ]

s2
AB ≡ (Δx′￼)2 − (cΔt′￼)2 = (Δx)2 − (cΔt)2
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Relatividade restrita

Dinâmica
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Relatividade restrita

Dinâmica

O ⇒ ⃗p , E

O′￼⇒ ⃗p ′￼, E′￼

[ E′￼

p′￼c′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

pc]? (tanh(a) =
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Relatividade restrita

Dinâmica

[ E′￼

p′￼c′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

pc]

(tanh(a) =
v
c )
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Relatividade restrita

Dinâmica

[ E′￼

p′￼c′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

pc]

(tanh(a) =
v
c )

u′￼= 0 ⇒ {p = mv
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Relatividade restrita

Dinâmica

[ E′￼

p′￼c′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

pc]

(tanh(a) =
v
c )

u′￼= 0 ⇒ {p = mv
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Relatividade restrita

Dinâmica

[ E′￼

p′￼c′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

pc]

(tanh(a) =
v
c )

u′￼= 0 ⇒ {p = mv
p′￼= 0

[E′￼

0 ] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

mvc]
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Relatividade restrita

Dinâmica

[ E′￼

p′￼c′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

pc]

(tanh(a) =
v
c )

[E′￼

0 ] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

mvc]

0 = − sinh(a) E + mvc cosh(a)
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Relatividade restrita

Dinâmica

[ E′￼

p′￼c′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

pc]

(tanh(a) =
v
c )

[E′￼

0 ] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

mvc]

0 = − sinh(a) E + mvc cosh(a) ⇒ tanh(a) E = mvc
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Relatividade restrita

Dinâmica

[ E′￼

p′￼c′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

pc]

(tanh(a) =
v
c )

[E′￼

0 ] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

mvc]

0 = − sinh(a) E + mvc cosh(a) ⇒ tanh(a) E = mvc ⇒ E = mc2
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Relatividade restrita

Dinâmica

[ E′￼

p′￼c′￼] = [ cosh(a) −sinh(a)
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c )
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0 ] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E
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0 = − sinh(a) E + mvc cosh(a) ⇒ tanh(a) E = mvc
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<latexit sha1_base64="uLvRoacztaOqboHoRRIwmatASys="></latexit>

E = mc2
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p′￼c′￼] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

pc]

(tanh(a) =
v
c )

[E′￼

0 ] = [ cosh(a) −sinh(a)
−sinh(a) cosh(a) ] [ E

mvc]

E′￼= cosh(a) E − sinh(a) mvc
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⇒ E′￼= cosh(a) (E − tanh(a) mvc)



E′￼= cosh(a) (E − tanh(a) mvc)
tanh(a) =

v
c
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massa em repouso 


