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				 Dieser Text wurde anhand der angegebenen Quelle einmal korrekturgelesen. Die Schreibweise sollte dem Originaltext folgen. Es ist noch ein weiterer Korrekturdurchgang nötig.
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	Emil Cohn: Ueber die Gleichungen des elektromagnetischen Feldes für bewegte Körper

	







wo


	T=[EM]+[E[uE]]+[M[uM]]f1=−[E⋅P[uM]]+[M⋅P[uE]]w=12(E⋅E+M⋅M)+ε0μ0u⋅[EM].{\displaystyle {\begin{aligned}T&={\mathsf {[EM]}}+{\bigl [}{\mathsf {E}}[u{\mathfrak {E}}]{\bigr ]}+{\bigl [}{\mathsf {M}}[u{\mathfrak {M}}]{\bigr ]}\\f_{1}&=-{\bigl [}{\mathfrak {E}}\cdot {\mathsf {P}}[u{\mathfrak {M}}]{\bigr ]}+{\bigl [}{\mathfrak {M}}\cdot {\mathsf {P}}[u{\mathfrak {E}}]{\bigr ]}\\w&={\tfrac {1}{2}}({\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}})+\varepsilon _{0}\mu _{0}u\cdot {\mathsf {[EM]}}.\end{aligned}}}[image: {\displaystyle {\begin{aligned}T&={\mathsf {[EM]}}+{\bigl [}{\mathsf {E}}[u{\mathfrak {E}}]{\bigr ]}+{\bigl [}{\mathsf {M}}[u{\mathfrak {M}}]{\bigr ]}\\f_{1}&=-{\bigl [}{\mathfrak {E}}\cdot {\mathsf {P}}[u{\mathfrak {M}}]{\bigr ]}+{\bigl [}{\mathfrak {M}}\cdot {\mathsf {P}}[u{\mathfrak {E}}]{\bigr ]}\\w&={\tfrac {1}{2}}({\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}})+\varepsilon _{0}\mu _{0}u\cdot {\mathsf {[EM]}}.\end{aligned}}}]
	(33)


Den Ausdruck für T{\displaystyle T}[image: {\displaystyle T}] müssen wir umformen. Es ist nach (e):


	[E[uE]]+[M[uM]]=(E⋅E+M⋅M)u−(u⋅E)E−(u⋅M)M=(E⋅E+M⋅M)u−(u⋅E)εE−(u⋅M)μM−ε0μ0{−(u⋅E)[uM]+(u⋅M)[uE]}.{\displaystyle {\begin{aligned}{\bigl [}{\mathsf {E}}[u{\mathfrak {E}}]{\bigr ]}+{\bigl [}{\mathsf {M}}[u{\mathfrak {M}}]{\bigr ]}&=({\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}})u-(u\cdot {\mathsf {E}}){\mathfrak {E}}-(u\cdot {\mathsf {M}}){\mathfrak {M}}\\&=({\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}})u-(u\cdot {\mathsf {E}})\varepsilon {\mathsf {E}}-(u\cdot {\mathsf {M}})\mu {\mathsf {M}}\\&\qquad -\varepsilon _{0}\mu _{0}\{-(u\cdot {\mathsf {E}})[u{\mathsf {M}}]+(u\cdot {\mathsf {M}})[u{\mathsf {E}}]\}.\end{aligned}}}[image: {\displaystyle {\begin{aligned}{\bigl [}{\mathsf {E}}[u{\mathfrak {E}}]{\bigr ]}+{\bigl [}{\mathsf {M}}[u{\mathfrak {M}}]{\bigr ]}&=({\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}})u-(u\cdot {\mathsf {E}}){\mathfrak {E}}-(u\cdot {\mathsf {M}}){\mathfrak {M}}\\&=({\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}})u-(u\cdot {\mathsf {E}})\varepsilon {\mathsf {E}}-(u\cdot {\mathsf {M}})\mu {\mathsf {M}}\\&\qquad -\varepsilon _{0}\mu _{0}\{-(u\cdot {\mathsf {E}})[u{\mathsf {M}}]+(u\cdot {\mathsf {M}})[u{\mathsf {E}}]\}.\end{aligned}}}]
	


Aber


	{}=[u{E(u⋅M)−M(u⋅E)}]=[u[u[EM]]]=(u⋅[EM])u−u2[EM].{\displaystyle {\begin{aligned}\{\quad \}&=[u\{{\mathsf {E}}(u\cdot {\mathsf {M}})-{\mathsf {M}}(u\cdot {\mathsf {E}})\}]={\Bigl [}u{\bigl [}u{\mathsf {[EM]}}{\bigr ]}{\Bigr ]}\\&=(u\cdot {\mathsf {[EM]}})u-u^{2}{\mathsf {[EM]}}.\end{aligned}}}[image: {\displaystyle {\begin{aligned}\{\quad \}&=[u\{{\mathsf {E}}(u\cdot {\mathsf {M}})-{\mathsf {M}}(u\cdot {\mathsf {E}})\}]={\Bigl [}u{\bigl [}u{\mathsf {[EM]}}{\bigr ]}{\Bigr ]}\\&=(u\cdot {\mathsf {[EM]}})u-u^{2}{\mathsf {[EM]}}.\end{aligned}}}]
	


und


	E⋅E+M⋅M=εE2+μM2+2ε0μ0u⋅[EM]{\displaystyle {\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}}=\varepsilon {\mathsf {E}}^{2}+\mu {\mathsf {M}}^{2}+2\varepsilon _{0}\mu _{0}u\cdot {\mathsf {[EM]}}}[image: {\displaystyle {\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}}=\varepsilon {\mathsf {E}}^{2}+\mu {\mathsf {M}}^{2}+2\varepsilon _{0}\mu _{0}u\cdot {\mathsf {[EM]}}}].
	


Also


	T=(1+ε0μ0u2)[EM]+12(E⋅E+M⋅M)u+12(εE2+μM2)u−(u⋅E)εE−(u⋅M)μM.{\displaystyle T=(1+\varepsilon _{0}\mu _{0}u^{2}){\mathsf {[EM]}}+{\tfrac {1}{2}}({\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}})u+{\tfrac {1}{2}}(\varepsilon {\mathsf {E}}^{2}+\mu {\mathsf {M}}^{2})u-(u\cdot {\mathsf {E}})\varepsilon {\mathsf {E}}-(u\cdot {\mathsf {M}})\mu {\mathsf {M}}.}[image: {\displaystyle T=(1+\varepsilon _{0}\mu _{0}u^{2}){\mathsf {[EM]}}+{\tfrac {1}{2}}({\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}})u+{\tfrac {1}{2}}(\varepsilon {\mathsf {E}}^{2}+\mu {\mathsf {M}}^{2})u-(u\cdot {\mathsf {E}})\varepsilon {\mathsf {E}}-(u\cdot {\mathsf {M}})\mu {\mathsf {M}}.}]
	


Wir können daher (32) in folgender Form schreiben:


	−Γ(Σ+w1u)−Γ(Y)=∂w∂t+E⋅Λ+u⋅(f0+f1)oder∫(Σn+w1un)dS+∫YndS=∂∂t∫w dτ+∫E⋅Λdτ+∫u⋅(f0+f1)dτ,}{\displaystyle \left.{\begin{aligned}-{\mathsf {\Gamma }}({\mathsf {\Sigma }}+w_{1}u)-{\mathsf {\Gamma }}(Y)={\frac {\partial w}{\partial t}}+{\mathsf {E\cdot \Lambda }}+u\cdot (f_{0}+f_{1})\\{\text{oder}}\\\int ({\mathsf {\Sigma }}_{n}+w_{1}u_{n})dS+\int Y_{n}dS={\frac {\partial }{\partial t}}\int w\ d\tau +\int {\mathsf {E\cdot \Lambda }}\,d\tau +\int u\cdot (f_{0}+f_{1})d\tau ,\end{aligned}}\right\}}[image: {\displaystyle \left.{\begin{aligned}-{\mathsf {\Gamma }}({\mathsf {\Sigma }}+w_{1}u)-{\mathsf {\Gamma }}(Y)={\frac {\partial w}{\partial t}}+{\mathsf {E\cdot \Lambda }}+u\cdot (f_{0}+f_{1})\\{\text{oder}}\\\int ({\mathsf {\Sigma }}_{n}+w_{1}u_{n})dS+\int Y_{n}dS={\frac {\partial }{\partial t}}\int w\ d\tau +\int {\mathsf {E\cdot \Lambda }}\,d\tau +\int u\cdot (f_{0}+f_{1})d\tau ,\end{aligned}}\right\}}]
	(34)


wo S{\displaystyle S}[image: {\displaystyle S}] die Oberfläche von τ{\displaystyle \tau }[image: {\displaystyle \tau }], n{\displaystyle n}[image: {\displaystyle n}] die innere Normale von dS{\displaystyle dS}[image: {\displaystyle dS}],


	Σ=(1+ε0μ0u2)[EM]{\displaystyle {\mathsf {\Sigma }}=(1+\varepsilon _{0}\mu _{0}u^{2}){\mathsf {[EM]}}}[image: {\displaystyle {\mathsf {\Sigma }}=(1+\varepsilon _{0}\mu _{0}u^{2}){\mathsf {[EM]}}}]
	(35)


	w1=12(E⋅E+M⋅M)w=12(E⋅E+M⋅M)+ε0μ0u⋅[EM]}{\displaystyle \left.{\begin{aligned}w_{1}&={\tfrac {1}{2}}({\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}})\\w&={\tfrac {1}{2}}({\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}})+\varepsilon _{0}\mu _{0}u\cdot {\mathsf {[EM]}}\end{aligned}}\right\}}[image: {\displaystyle \left.{\begin{aligned}w_{1}&={\tfrac {1}{2}}({\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}})\\w&={\tfrac {1}{2}}({\mathsf {E}}\cdot {\mathfrak {E}}+{\mathsf {M}}\cdot {\mathfrak {M}})+\varepsilon _{0}\mu _{0}u\cdot {\mathsf {[EM]}}\end{aligned}}\right\}}]
	(36)


	Yn=12(εE2+μM2)un−(u⋅E)εEn−(u⋅M)μMn{\displaystyle Y_{n}={\tfrac {1}{2}}(\varepsilon {\mathsf {E}}^{2}+\mu {\mathsf {M}}^{2})u_{n}-(u\cdot {\mathsf {E}})\varepsilon {\mathsf {E}}_{n}-(u\cdot {\mathsf {M}})\mu {\mathsf {M}}_{n}}[image: {\displaystyle Y_{n}={\tfrac {1}{2}}(\varepsilon {\mathsf {E}}^{2}+\mu {\mathsf {M}}^{2})u_{n}-(u\cdot {\mathsf {E}})\varepsilon {\mathsf {E}}_{n}-(u\cdot {\mathsf {M}})\mu {\mathsf {M}}_{n}}]
	(37)


oder


	Yn=−u⋅πn,wo πn ein Vector mit den Componenten πxn,πyn,πzn;πxn=πxxcos(nx)+πxycos(ny)+πxzcos(nz);πxx=−12(εE2+μM2)+εExEx+μMxMxπxy=πyx=εExEyμM+xMy etc.}{\displaystyle \left.{\begin{aligned}Y^{n}&=-u\cdot \pi ^{n},{\text{wo }}\pi ^{n}{\text{ ein Vector mit den Componenten }}\pi _{x}^{n},\pi _{y}^{n},\pi _{z}^{n};\\\pi _{x}^{n}&=\pi _{x}^{x}\cos(nx)+\pi _{x}^{y}\cos(ny)+\pi _{x}^{z}\cos(nz);\\\pi _{x}^{x}&=-{\tfrac {1}{2}}(\varepsilon {\mathsf {E}}^{2}+\mu {\mathsf {M}}^{2})+\varepsilon {\mathsf {E}}_{x}{\mathsf {E}}_{x}+\mu {\mathsf {M}}_{x}{\mathsf {M}}_{x}\\\pi _{x}^{y}&=\pi _{y}^{x}=\varepsilon {\mathsf {E}}_{x}{\mathsf {E}}_{y}\mu {\mathsf {M}}+{}_{x}{\mathsf {M}}_{y}\ {\text{etc.}}\end{aligned}}\right\}}[image: {\displaystyle \left.{\begin{aligned}Y^{n}&=-u\cdot \pi ^{n},{\text{wo }}\pi ^{n}{\text{ ein Vector mit den Componenten }}\pi _{x}^{n},\pi _{y}^{n},\pi _{z}^{n};\\\pi _{x}^{n}&=\pi _{x}^{x}\cos(nx)+\pi _{x}^{y}\cos(ny)+\pi _{x}^{z}\cos(nz);\\\pi _{x}^{x}&=-{\tfrac {1}{2}}(\varepsilon {\mathsf {E}}^{2}+\mu {\mathsf {M}}^{2})+\varepsilon {\mathsf {E}}_{x}{\mathsf {E}}_{x}+\mu {\mathsf {M}}_{x}{\mathsf {M}}_{x}\\\pi _{x}^{y}&=\pi _{y}^{x}=\varepsilon {\mathsf {E}}_{x}{\mathsf {E}}_{y}\mu {\mathsf {M}}+{}_{x}{\mathsf {M}}_{y}\ {\text{etc.}}\end{aligned}}\right\}}]
	(37′)


f0{\displaystyle f_{0}}[image: {\displaystyle f_{0}}] und f1{\displaystyle f_{1}}[image: {\displaystyle f_{1}}] aus (30) und (33).




Empfohlene Zitierweise:
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