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=
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z → −z

v → −v
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x′ = axx(v)(x − vt) → −x′ = axx(−v)(−x + vt)
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ä



y = ayy(−v)y′ = ayy(v)y′

f�H5DL>?'�'�132R'!:�K
y′ = ayy(v)yDJ+!:0DJK

y = a2

yyyH52 4Ê8B13/.1�2P451�<;/.-=1�:=ST751�2PÔ�<J:=132UKE:=13<JH525/
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x′ = axx(x − vt)
y′ = y
z′ = z

t′ = atxx + attt
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x = ct → x′ = ct′
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v2

c2

axx =
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1 −
v2

c2

=: γ(v)
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γvt′ = x − γ2x + γ2vt

t′ =
1 − γ2

γv
x + γt = γ(t −

v

c2
x)
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x′ = γ(−vt + γx′ + γvt′)

γvt = −x′ + γ2x′ + γ2vt′

t = −
1 − γ2

γv
x′ + γt′ = γ(t′ +

v
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E1 = (x1, t1) E2 = (x1, t2)
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t′
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E1 = (x1, t) E2 = (x2, t)

∆x = x2 − x1
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1
, t′) E ′
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= (x′
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, t′)

x2 = γ(x′

2
+ vt′) x1 = γ(x′

1
+ vt′)

∆x = γ∆x′
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x′ =
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√
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v
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√
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√
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c
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−

v2

c2

1 −
v2

c2

= 1
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tanh(ω) = −
a12

a11

=

v

c
√

1−
v
2

c
2

1
√

1−
v
2

c
2

=
v

c

×��5<�4 :=1�7U��M�13<Je�+?-=:=DJST75132�×CH525gUKL:0+.251�2Ê/?:=-0K

tanh2 =
sinh2

cosh2
=

cosh2
−1

cosh2
= 1 −

1

cosh2

cosh2 =
1

1 − tanh2
=

1

1 − v2/c2

sinh = cosh tanh =
v/c

√

1 − v2/c2
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(

ct′

x′

)

=

(

cosh ω − sinh ω
− sinh ω cosh ω

)(

ct
x

)

×�� <
v ≤ c
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(

ct′

x′

)

=

(

cosh ω1 − sinh ω1

− sinh ω1 cosh ω1

)(

cosh ω2 − sinh ω2

− sinh ω2 cosh ω2

)(

ct
x

)
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(

cosh ω1 cosh ω2 + sinh ω1 sinh ω2 − cosh ω1 sinh ω2 − sinh ω1 cosh ω2

− sinh ω1 cosh ω2 − cosh ω1 sinh ω2 sinh ω1 sinh ω2 + cosh ω1 cosh ω2

)

=

(

cosh(ω1 + ω2) − sinh(ω1 + ω2)
− sinh(ω1 + ω2) cosh(ω1 + ω2)

)

�w:01�FG>IM5:=45:�KT�IK�:=DWK[>?-=DJ+!>I4545:0KE:0�&%{×�� <�45:=1���13DEST7U8;:02545:=/?g?13:�K;/.:=-�K

tanh(ω1 + ω2) =
sinh(ω1) cosh(ω2) + cosh(ω1) sinh(ω2)

cosh(ω1) cosh(ω2) + sinh(ω1) sinh(ω2)

=
tanh(ω1) + tanh(ω2)

1 + tanh(ω1) tanh(ω2)
=

v1

c
+ v2

c

1 + v1

c

v2

c
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(ct′)2
− x′ = (cosh ct − sinh x)2

− (− sinh ct + cosh x)2

= (ct)2(cosh2
− sinh2) + x2(sinh2

− cosh2) = (ct)2
− x2
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∆x = x2 − x1

@
∆t = t2 − t1

∆x′ = γ(∆x − v∆t)

∆t′ = γ(∆t −
v

c2
∆x)
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c2∆t2 − ∆x2 > 0
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c2∆t2 − ∆x2 < 0
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