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•
EHw�Dxt�V�ILKNE[YZX�DxK4YTe1STGJIiVNMFOLMFDxQ�ILw]D�QAY�B�GJILSTGzy

•
EHw�Dxt�V�ILKNE[YZX�DxK4YTE{K4YZdaGJIiOLGJIuC1GJILKNE�VNMFI|niy

•
EHw�Dxt�V�ILKNE[YZX�DxK4YTE{K4YZdaGJIiOLGJI}fWKNe1wkGJI|niy

•
EHw�Dxt�V�ILKNE[YZX�DxK4YTE{K4YZdaGJIiOLGJIuqJIiOFpxOiI|n[E{C1KNMFIiOLG~EHQ�UaS�daGJILKNe1Q1daegMuC1K�hifWd]Dkj�OLGlp
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π+ m� p'X�D'tAYZK�fWMFDuQ1GJILXNKNE[Y]\�I�OLM�pxVNXNdaGzy]daX��xKNUaO4P�OLM�YxV�C.D�\�DFEHGJOLMiQ�ILw]D-M�YZQ1G~dceoE�e1d�\�YxfWMiGJI�DafWQ1GJIiVNGJILQ1GlYWy
E�dcX��xKNUaS�VNC.DaOLMiUcE[YrnNp)EHUaQ�DkVNG

T = 1, 8 · 10−8 s m B.YZd�\�Yxf�YrnNpxOkyR�FI�C1K�DafWe1d]DFE�YZQ�I^SoILMFDxQ�UEHUcqlYZXNexn�p�M���Dxq~G~G1MHC1K�hifWd]Dkj4OLGlp
v = 0, 99 c

MitAYxf�Yx��nNYZdkY+GJO�PoOLMFhij��Hf1DxqJIiOLG�f1Duf1ILX�ILdaX�DxK4Y'e1STGJIiVNMFO��
MFDxQ�ILw]DTE�DafWqJILwc\�Dkj�OLG

L = 54m
Dcfs��Dxq~G~G m
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� X�IiDxKNG~G�EHMiwkqJhifWQ�Dkj�OLG�M�YZSTGlYxVNXoe1�iUaE�Yx�gt3ILMiC.DkjNK�IifWQ1GJD�C1K�hifWd]Dkj�OLG

v
EHUcw]DafWQ1GJI�nNIiVNX�e1�iUcE[Yx�

dxpZX4Y�P1G~C.ILKNt.Dxq~GJOLMiQ�ILw]D
ψ
MFf1I���Q1GJD�E�YZQ�ILw]DsEHMFDxK�ILS

ψ = artanh
(v

c

)

, −1 ≤ ψ ≤ 1

w]fWMiGJI
artanh(x)

nNIiVNX[��e1Q1d]O|nNp�DafWEHK�DxXNQApTf1D���e1Q1d]O|n|G�X4YZQ1w]ILQ�V�P1G~C3ILKNt.Dxq~GJOLMiQ�U m
• � DxdxYZM�Yx�kyR�FI�X4YZdkY#f1I���Q1GJO|nNY�nNIiVNX+n IifWQ�DxMiQAYxOLMiQAYWy¡XNMiQ m fWqlY)dxYZ�Ff1I|n-��MiUaOLMiQ�I|n�C1K�hifWd]Dkj�OLG
v
GJVNXNQ1GJI|n Iuf1Dxd�\�YxfWQ1GJIHnNIif1ILQ�dkpZX�P1G~C3ILKNt.Dxq~GJOLMiQ�U

ψ m
•
B�QAYZqJIL¢F��DcfWC.DFEHGJIifWQ1G~doEHMFDxKNe�QAYuK�ILqlYZX£UcEHGJVNX£UaOLMiQ�I�f1Daf�YiE�YZQ1GJI�C1K�hifWd]Dkj�OLG3fWqlY}DafWC3D�EHGJIifa�
Q1GJO4P^dkpZX��FE{P1G~C.ILKNt3Dxq~GJOLMiQcUaO4P m

�¤VNdkYZMF�FEHdkYWv B.YxO�P�DafWMiG¥EHMF�xK

tanh(x+ y) =
tanh(x) + tanh(y)

1 + tanh(x) tanh(y)
.
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