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� V<U¥cdFgaiaiVTQ<XYwyxyQ
	�{1FHU�� `ORGJb<FgQ2wyFHUW�HFgUiUiVTQ<XyFHQ8aoefFHbTFHQ µ�FHb<UWFHUiFZ ¡FHUot�ORb<UWFHQ��gV<U  ¡FHUWt `V"¦
XyV<QTX<@ � V<µ³FHnLQTFHQ9Xynp{TePFga xyETefnpaiGJb<F� ¡FgUWt�ORbTUiFHQYM npF�S<npFZDAE1FHGJI/KLF ¦�©�Q2efFgUWt!FHUWxyµ�FgefUWnLF�x"S<FgU
DAE1FHGJI/KLF ¦�
�xyKLxyXRUfORE<bTnLFR@ D"nLF�XyFgaWeJO6eiefFgQ�S<npF�ainpµ¶V<KpefORQ<F�«¥VTt!QsORbTµ�FZS<FgU  ¡FgUWt!xyUWµ¶V<Q<X�S<FgU
XyFgafORµ-eiFHQ�	�{1FHU��&`ORGJb<Fu@rqrnLQ<F´XyFHQsOuV<F �hFgaWefnpµ�µ-V<Q<X�S<FHa�KpxyI6ORKLFgQ ��UfOuS<nLFgQ/eiFHQ¶STFHU�	�{1FHU ¦
� `ORGJbTF\npaWe¥OR{1FHU n§@mOT@ Q<nLGJb2e¥µ `xyXRKLnLGJb�@¡�hFHn({1FgM´FHXReiFHQ�	�{1FHU�� `ORGJb<FHQdainpQ<S�S<npFHaWFZ ¡FNt�ORb<UWFHQ
`V<{1FHUWbsORV<ETe�Q<npGJb2e¬OuQ/M´FHQTS<{sORUg@
� V<µ ORQ<S<FgUiFHQ8Xynp{Te¥FHa�µ�FHGJbsORQTnLaiGJbTF- ¡FHUot�ORb<UiFgQ���M npF¶�R@m�¬@ ��Fgb<Q/V<Q<XyaWµ�F��yaWeiUiFgnpt!FHQ��

V<µ 	�{zFgU�� `ORGJbTFHQ2wyFgUWt!xyUWµ¶V<Q<XyFgQ t!FHaWeiaWeiFHKLKpFHQ �gV I `xRQ<Q<FHQ�@���nLFgaiFd ¡FgUWt�ORbTUiFHQ aWnLQ<S ORVTt
M´FHQ<npXyFHQ c�OueiFHUinLORKLnpFHQ�VTQ<S8«¬Q2MhFgQ<S<V<QTXyaiXyFg{<nLFNefF�{zFgaiGJb<U `ORQ<I2e5@²«¬VTGJb±{1FHnrS<npFHaWFHQ  ¡FHU ¦
t�ORb<UWFHQ±nLaWeZFgnLQ<F�KLxRIuOuKLF·�hFgaWeinLµ�µ¶V<Q<X�S<FHa ��UfORS<npFHQ2efFgQ±QTnLGJb2e-x"S<FgU[Q/V<U[aiFgb<U[V<Q<XyFgQsORV
µ `xyXyKLnpGJb @

cdnpe¶S<FHU·npQ S<nLFgaiFHU·«¥Ui{1FHnCe·{zFgaiGJb<UWnLFg{zFgQ<FHQ cdF��yµ�Fgeib<x"S<F9nLaoe·S<nLF {zFgU `V<b<UWV<Q<XyaWKLxyaWF
V<Q<S-�HFHUWaWe `xyUiV<QTXyaWt!UWFHnLF cdFHaWaiV<Q<X�wRxyQ ��FHaWGJb/M npQ<S<npXyIRFgnpefaWXyUfOuS<nLFgQ/eiFHQ¶wRxyQ¶S<n���V<aWFHQ�	�{1FHU ¦
� `ORGJbTFHQ·µ `xyXyKLnpGJb @&��nLF¡S<n���V<aWF�	�{1FHU�� `ORGJb<FhM npUiS-S<OR{zFgnAµ�npe&Iuxyb `ORUWFHQ2efFgµ���nLGJb2e�{1FHKpFHV<GJb"¦
efFNe5@

©�µ ��FHXyFgQ<afO6ef�²�HV8{<npaib<FgUinLXRFHQ� ¡FHUot�ORb<UWFHQ�� M´xªS<nLF·aoefUiFgV<FHQTS<F�	�{1FHU��&`ORGJb<F�ORVAt´STFHQ
��FgeiFHI2efxRU OR{<XyFg{<nLKpS<FgehM V<UiS<F ��cdFHaWaiV<QTX�npµ"!¥ORbTt!FgKLS$#%�TFHUot!xyKLXuePS<npF�«¬VTt!Q<ORb<µ�F�S<FHaPwRxyQ
S<FgU&	�{zFgU�� `ORGJbTF·XyFHaoefUiFgVTefFgQ'�(npGJb2efFHa¬nLµ ¸sFHUiQAt!FHKLS���aix SsO(�YS<FgU�«¬{TaWeJOuQ<S wyxyµ�cdF��Ra�)2¦
aWeiFHµ �HVTUhaWeiUiFgV<FHQ<STFHQ*	�{zFgU�� `ORGJbTF¬Q<npGJb/e´wyxyUWXyFHXRFH{1FHQYnpaWe5@���nLF¥cdF��Rµ�FNefb<x"S<F¬npaWe´SsORµ�npe
QsORbTFH�HVdV<QsOR{Tb `ORQ<XynpX¶wyxyQdS<FHU���FHaWGJb/M npQ<S<npXyIRFgnpe�S<FHU+	�{1FHU�� `ORGJb<FR@

��FHU��HV µ�FHaiaWFHQ<STF �ZFgaiGJb2M nLQTS<nLXyIuFHnCefaiXRUfORS<npFHQ2eYwRFHUiVTUiafOuGJb/eªFgnLQ<F-,
OuQ<S<FHUWV<Q<X S<Fga
D"eiUiFHVTKLnLGJb2eiµ¶V<aWeiFHUWa9nLQ S<FgU9�hFgxy{sORGJb2efVTQ<XyaiFg{zFgQ<F nLµ ¸sFHUiQAt!FHKLS�@�qra9I `xRQ<Q<FHQ�FgnLQ<�gFHKLQTF
��xyµ�EzxyQTFHQ2efFgQ xAS<FgU�FHnpQ<F.��nLQTF5ORUWIRxyµ¶{TnLQsOueinLxyQTFHQdwRxyQ ��xyµ�E1xyQ<FgQ2efFHQ STFHa ��FHaiGJb2M npQA¦
S<npXyIRFgnpefaWXyUfOuS<nLFgQ/eiFHQ2efFgQ<aixRUia/��OR{Tb `ORQ<XynpX wyxRQ STFHU�D"eiUiFHVTXyFHxyµ�FgeiUinpF0#�STFHUª� x2OuefnpxyQ�� S<FgU
��FHbTQ"VTQ<X�VTQ<SdSTFHU��hnLFgXyV<Q<X*�!FHnLQTaiGJb<KpnLF��RKLnLGJb9STFHU _�xRUiainpxyQ$#hXyFgµ�FgaiaWFHQdM´FHUWS<FHQ�@
� V<U·«¬VAt!QsORb<µ�F9S<FHa�D/efUiFgV<KLnpGJb2efFHa²I6ORQ<QjFgnLQ<FYIuxyQ2wyFgQ/einLxyQTFHKLKpF*1�1P�¥¦ �ZORµ�FHUfO�wyFHU ¦

M´FHQ<S<FNe-M´FHUWS<FHQ @ � V<UZ�hFgaWefnpµ�µ-V<Q<XªFHnpQ<FHU ��FHaiGJb2M npQ<S<nLXRIRFHnCefaWXyUfORSTnLFHQ2eiFHQ<Iuxyµ�E1xyQ<FgQ2efF
M´FHUiSTFHQªQ/V<Uh�NMhFgn�nLQ FHnLQTFHµ I/V<Ui�gFHQ9«¬{TaWeJOuQ<SªORVTt!XyFgQ<xyµ�µ�FgQ<F¥�hnLKpS<FHU¡S<Fga D"efUWFHV<KpnLGJb2efFga
{1FHQ(`xReinLXRe��(S<nLF�SsORQ<Q±IRxyUWUiFgKLnLFgUWeZM´FHUiSTFHQ @ª«¬VTa\S<npFHaWFHU[aixyXyFgQsORQ<Q2eiFHQj��UiFgV<�HIuxyUiUWFHK­O6efnLxRQ
FHUWb(`ORKCe µ ORQ�SsORQTQdV<Q2eiFHU��´FHUu`VTGJI"aWnLGJb2efnpXyV<Q<X�S<FHU¬D"eiUiFHVTXyFHxyµ�FgeiUinpF�S<nLUWFHI2e¬STnLF ��UfORS<npFHQA¦
efFgQ<IRxRµ�E1xyQ<FgQ/eiF2�!xASTFHU FHnpQ<F3��nLQ<FHORUiIuxyµ¶{<npQsOuefnpxyQ wRxyQ���xyµ�E1xyQ<FHQ2eiFHQ$# @

«¬Q2M´FHQ<S<VTQ<X¬I6ORQ<QZS<npFHaWF cdF��yµ�Fgeib<x"S<Fr�R@m�¬@�nLQ�STFHU�nLQTS<V<aWeiUinpFHKLKpFHQ4,±FHUWI/aWefx5��E<U `VTt!V<Q<X
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� Q<STFHQ��<M´x·S<nLF���xRefOuefnpxyQ<aWXyFHaWGJb/M npQ<S<npXyIRFgnpe � !¥FgnLXyV<QTX¶xASTFHU ��Fgb<Q/V<Q<X·wyxyQ/�!{zFNMhFgXRefFgQ$#
c�ORaWGJb<nLQTFHQ2efFgnLKLFgQ {zFgaWeinLµ�µ-e¬M´FHUWS<FHQ8µ¶V �T@Z¸ `V<U�S<npF¶��Fgb<Q/V<Q<XyaWµ�FgaiaiVTQ<X�M VTUiS<FgQ {TnLao¦
b<FgU¬xRtve¬��FHb<Q/V<QTXyaiµ�F��yaoefUWFHnpt!FgQ�wyFgUWM´FHQ<STFge5@���nLFHaWF-µ `V<aiaWFHQ Ou{zFgU¥S<npUiFgI/e�ORVTtrSTFHQ �rUix6¦
{1FHQ<I `xyUWEzFgU ORVAt!XyFH{<UiORGJb2e ��XyFgI"KpFH{Te #�MhFgUiS<FgQ��RMhORa({zFgnywAnpFHKpFHQ-c�OuefFgUinLORKLnpFHQ��!�R@m�¬@ �ZV<µ�µ�n #
Q/V<U aiGJb2M´FHU¬x"S<FgU�XyORU Q<nLGJb2e�µ `xyXyKLnpGJbYnLaoe5@

©�Q�STFHQ�t!xyKLXyFgQ<S<FgQ��ZORETnpefFgKLQ M´FHUWS<FHQ�S<nLF ��UiV<QTS<K­ORXRFHQ��¬D"e `xRUWt�ORI2efxRUiFHQ V<Q<S �rUix6¦
{<KpFHµ�F�S<nLFgaiFgU�cdFgeib<xASTF {zFgaiGJb<UWnLFH{1FHQ�@ ��nLF�npQ S<FHU9STnLFHaWFHU9«¥Ui{1FHnpeYXyFHµ�FHaWaiFHQTFHQ ��FN¦
aiGJb2M npQ<S<nLXRIRFHnCefaWXyUfORSTnLFHQ2eiFHQ<Iuxyµ�E1xyQ<FgQ2efFHQ8M´FHUiSTFHQ nLQ8�ZORE<nCefFHK�lYµ�npe�STFHQ �ZUWV<Q<S<KLORXyFgQ
S<FgU efFgGJb<Q<nLaWGJb<FHQ�cdFgGJbsORQ<npI ��¸sFHaWeinLXyIuFHnCefaiKpFHb<UWF0#²{zFgUiFHGJbTQ<FgeH@�©�Q �ZORE<npeiFHK�| M nLUWS S<FgU
� V<aiORµ�µ�FHQTbsORQ<Xd�gM nLaWGJb<FHQjS<Fgµ ��FHaWGJb2M nLQ<S<npXyIRFgnpeiaiXyUiORS<nLFgQ2efFHQjV<QTS S<FHU3,
ORQTS<FHUWV<Q<X
S<Fga�D"eiUiFHVTKLnLGJb2eiµ¶V<aWeiFHUWa¬nLQ�«¬{Tb `ORQ<XynpXyIRFgnpe�wyxyQdS<FHU�wyFgUWM´FHQ<S<FNefFgQ D/efUiFgV<XyFgxyµ�FNefUWnLF[b<FHU ¦
XyFgaWefFgKLKCe5@

��nLFP�gV<U�«¥V<aWM´FHUoefV<Q<X\S<FHUrcdFHaWaiV<Q<XRFHQ {1FHQ `xRefnpXRefF ��UWFHV<�gIRxyUWUiFHKLOuefnpxyQ<aot!V<Q<I2efnpxyQ-M nLUWS
nLQ
�[OuE<npeiFHKh]�Q `ORb<FgU¶{zFNefUiORGJb2efFge²VTQ<S t `V<U¶S<npFHaiF9cdF��yµ�Fgeib<x"S<FYxyETeinLµ�nLFgUWe5@��ZORE<npeiFHK´�
{1Fgt�O(�Re´ainpGJb aWGJb<KLnpF��yKpnLGJb�µ�nCe¡S<FHQYF
�AEzFgUinLµ�FHQ2eiFHKLKpFHQ�«¬V<aoMhFgUWeiV<Q<XyFgQ�VTQ<SYS<Fgµ  ¡FgUiXyKpFHnpGJb
wyxRQ {zFgUiFHGJbTQ<FgeiFHQjV<Q<S
XRFHµ�FHaiaWFHQ<FgQ �ZFgaiGJb2M nLQ<STnLXyIuFHnpeiaiXyUiORS<npFHQ2efFgQ<IRxyµ�E1xyQ<FHQ2eiFHQ��¡V<µ
SsORµ�npePS<nLF���VsORKpnpe `OuePS<FgU¥cdF��yµ�Fgeib<x"S<FZV<Q<S�S<FHUWFHQ�«¥Q2MhFgQ<S<{sORUWIRFgnpe¥�HV�S<nLaWI"VAefnLFgUiFgQ @
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��nLF ��UiV<QTS<K­ORXRF S<FHU��ZUiORS<nLFgQ2efFHQTµ�FgaiaiVTQ<X�wRxyQ�wRFHUi�gFHUWUWefFgQ�V<Q<S�UixReinLFHUWFHQ<STFHQ 	�{1FHU ¦
� `ORGJbTFHQ�M npUiSjS<V<UWGJb�FgnLQ<FdcdF��yµ�FgefbTxAS<FªOuV<a²S<FHU�D"eiU `xyµ¶VTQ<Xyaiµ�FHGJb<ORQ<nLI XyFH{<npKLS<FNe%$ B�&§@
��xyUoe¬{sOuainLFgUWe¥S<nLF-cdFgaiaiVTQ<X9S<FHa �ZUiORS<nLFgQ2efFHQ�ORVTtrSTFHµ � V<afORµ�µ�FHQ<bsOuQ<X��NM nLaWGJb<FHQ8S<FgU
��FHaiGJb2M npQ<S<nLXRIRFHnCe¬FgnLQ<Fga¬aoeJOueinLaWeinLaWGJb<FHQ�D"efUWFHV<KpnLGJb2efµ¶VTaWefFgUia ��S<Fga�DAE1FHGJI/KLFg{<nLKpS<FHa # �swyFgUiV<U ¦
afOuGJb/ehS<V<UWGJb �(npGJb2efaWeiUiFgV<V<Q<X·OuQ aWeiU `xyµ�FHQTS<FHQ�� `xyUoefKLnpGJb�aoeJOueinLaoefnLaWGJb�wRFHUWeiFHnpKpefFgQY��ORUWeinLIRFgKLQ��
V<Q<S�S<Fgµ �ZUiORS<npFHQ2efFgQ/eiFHQ<aWxyU�S<FHa aWeiU `xyµ�FHQTS<FHQ�¸ KLV<npS<a&�!«¬{<{<npKLS<VTQ<X�?A@CB #N@

��nLF�D"eiUiFHVAefFHnpKLGJb<FgQ±M´FHUWS<FHQ
STV<UiGJb
FgnLQ<F²Fg{zFgQ<F�,±FHKpKLF�'(*) {zFgKLFgV<GJb2efFgeH@9«¬KpKLF�D"eiUiFHV"¦
KLnpGJb2efIRxRµ�E1xyQ<FgQ/eiFHQ+'(*, M´FHUiSTFHQ9wyxyQ9FgnLQ<FgU ��nLQTaiF(�"S<FgUiFHQ9«¥{<aWefORQ<S9�gV<µ¢�´FHxy{sOuGJb/eiV<Q<Xya ¦
aiGJbTnLUiµ �¢XRKLFHnpGJb�STFHUiFgQ��hUiFgQ<Q2MhFgnpeiF�t�nLaoe �Pnpµ �rV<Q<I2eª� nLQ S<FHU �hx"FH{sORGJb2eiV<Q<XyaWFH{1FN¦
Q<F-� OR{<XRFH{<npKLS<FNe5@ ��nLF[�hFgxy{sORGJb2eiV<Q<XyaWFH{1FHQ<F·FgQ/eiaiE<UWnLGJb2e�S<Fgµ ¸=FgUiQTt!FgKLS ��¸sUfOuV<FHQ<bTxRt!FHU ¦
� FHXynpxyQ$#N@

��nLFª«¬µ�E<KpnpefVTS<FYS<FgUYD"eiUiFgV<KLnpGJb/e�M´FHKpKLFgQ�ORµ 	�Uoe ��K�`O(�Re²aWnLGJb�SsORQ<Q aiGJb<UWFHnp{zFgQ ORKLa`- {1FHUWK­ORXRFHUiVTQ<X�ORKLKpFHUPXyFgaWeiUiFHVAefFHQ-, FgKLKpFHQ/.
021 � '35476 #98 :<; 0>= � '? ; #A@CB

;EDGFCHJILKMON DPHJQRKS IUT�Q ��?A@pB0#
µ�nCe '3 8 '(*)WV '(*, ��?A@¤?(#

��FHU4,±FHKpKLFgQ/wRFHI2efxRU�S<FHU�FgnLQTt�ORKpKLFgQ<S<FHQ*, FgKLKLFX'(*) aixRKLK�t!FgaWeiXyFHbsOuKpefFgQ�MhFgUiS<FgQ @ ,±FHXRFHQYYY '(*) YYY 8 YYY '(*, YYY 8 ?[Z]\_^�µ `VTaiaiFgQ OuKLKLF�XyFHaoefUiFgVTefFgQ� ¡FgI/eixyUiFgQ`'(*, OuVTt¶FgnLQ<FgUª�ZVTXyFHK �¬S<FgU
aixRXyFHQ<Q<ORQ2efFHQ�q�MPORKpS<I/V<XyFgK&KpnLFgXyFHQ'�!ainLFgb<FZ«¬{<{TnLKLSTV<Q<X�?A@^? #

��nLF[©�Q2efFHQTainpe `Oue ab8 0c0ed STnLFHaWFHUZD/efUiFgV<KLnpGJb2e�MhFgKLKLFgQ�ORQ�S<FHQ8�rV<Q<I2eiFHQ8� S<FHa��hFHxy{"¦
ORGJb2efVTQ<XyaiaWGJb<nLUWµ�a¬{<nLKpS<Fge �gV<afORµ�µ�FHQ�S<ORa¬aWxyXyFHQ<ORQ<Q2efF¶DAEzFgGJI/KLFH{TnLKLSdV<Q<Sdµ�nCe 02= � '? ; #gf02= � '?ih #j8 02= t!xRKLXRe�.

a 1 � '3k476 #jl : ; : h @CB
;mKS DnKMoN DPHJQ B KMEp DqHJQrQ ��?A@^l #

��ORa¡nC¦§efF�D"eiUiFgVTefFgnLKLGJbTFHQ {1F � Q<S<Fge´ainpGJb Ouµ 	�Uoe '? ; V<Q<S�{zFNMhFgXRePaWnLGJb�µ�nCe¡S<FHU ��FHaiGJb2M npQA¦S<npXyIRFgnpe

]
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Einfallende Lichtwelle

Beobachtungsebene B

«¥{<{<nLKpS<V<Q<X�?A@CB*.r«¥KLKLXRFHµ�FHnLQTFHa D"eiUiFgV<F �AE1FHUinpµ�FgQ2e¬OuQd{1FgM´FHXReiFHQ�� ORUoefnLIuFHKpQ

'� ; 8 '� =��
	� '? ; ��?A@m| #
��FHU�_�FgQ<aixRU 	� nLaoe¬S<FgU.�!b<nLFgU¬ORKpa U `ORV<µ�KLnpGJbdVTQ<S��HFgnpeiKLnLGJb�IRxRQ<aWefORQ2eZORQ<XyFgQ<xyµ�µ�FgQ<F0#

��FHaiGJb2M npQ<S<nLXRIRFHnCefaWXyUfORSTnLFHQ2eiFHQ2efFgQ<aixyUg@ !¥ORGJb $ B%?<&PaWeiFHKpKpe¶S<ORa ��FHaiGJb2M npQ<S<nLXRIRFHnCefaot!FHKLSjnpQ
��KLFHnpGJb/V<Q<X ?"@m|dFHnLQ
D )"aWeiFHµ wyxyQ ��n���FgUiFgQ/ein­ORKpXyKLFgnLGJb/V<Q<XRFHQ8SsORU�� SsORa[t!xyKLXRFHQ<S<F�� `xyaiVTQ<X
bsOue�.

'? � 6 # 8 @
�� H '? ��� # ���
H
= @
��

H����
6�� '� = ��?A@¤](#

� 	� � 6 # '? ��� # � 	� � 6 # '� = ��?A@^� #
��FHU¶npµ �rbsOuaiFHQAt�ORI2efxyU·S<FgU·q �AEzxyQTFHQ2efnLORKpt!V<QTI/einLxyQ nLQ ��KLFHnpGJb/V<Q<X8?A@ml ORVTtveiUiFNefFHQTS<F

«¬{TaWeJOuQ<S¶�gM´FHnpFHU�D"efUWFHVTeiFHnLKpGJb<FHQ\K�`O(�ue�aWnLGJb\SsORQ<Q\µ�nCe 
�nLKCt!F�wyxyQ ��KLFgnLGJb/V<Q<X¬?A@m�¥aWGJb<UiFgnL{1FHQ
ORKpa�.

'? ; � 6 # V '? h � 6 # 8 	� � 6 #�� '? ; ��� # V '?ih ��� # # ��?A@¤�(#
��nLF `- {1FHUiKLORXyFgUiV<Q<X S<FHU¬� ORUoefn­OuKpM´FHKLKpFHQ�ORµ 	�Uoe����HV<µ � FHnCefE<V<QTI/e���MPOuU��HV<U � FHnpe

6 8 ��OuQ�FgnLQ<Fgµ�ORQ<STFHUiFgQ
	�UWe�� � ORQ<�HVAefUiF ��FgQ/.
'3 � 8 	��� � 6 # '3

«¬Q<STFHUia�ORVTaiXyFgS<U `V<GJI2e�MPOuQ<S<FHUoe FHnpQd�rV<QTI/e npµ¹D/efUiFgV<KLnpGJb2efµ¶V<aoefFgU nLQ9S<FgU � FHnpe��(wRxyQ
FHnpQ<FHµ 	�Uoe¥npµ '( ¦P�¥OuV<µ*�sSTFHU�S<V<UiGJb '3 � 8 '3 ��� # XyFgXyFH{1FHQdnLaoe �s�HV '3 8 '3 � 6 # @ ¸ `V<U�I/V<Ui�gF
� FHnCefFgQ���� 	� ��� 6! BZI6ORQ<Q�µ�ORQ9t `V<U 	� � 6 #PS<npF&! `ORb<FgUiV<QTX�S<VTUiGJbTt `V<bTUiFHQ .

	� � 6 # f B V 	� � 6
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Beobachtungsschirm B

Ewaldkugel

k-Raum

ka

e

«¬{<{TnLKLSTV<Q<X�?A@^?k.¡��nLF�q�MhORKLSTI"VTXyFHK(nLµ '( ¦ ��ORV<µ
aix�SsO(�²µ�ORQªaiGJb<UWFHnp{zFgQdI6ORQ<Q .

'3 � 6 #98 '3 ��� # V 6 	� � '3 ��� # ��?A@^k #
V<Q<S�S<nLF �gFHnpeiKLnpGJb<F «¬{<KpFHnCefV<Q<X

�
'3 � 6 #�
6 8 V 	� � '3 ��� # ��?A@^£ #

�'3 � 6 #¡npaWe´SsOR{1FHn=S<npF , ORQ<S<FgUiV<QTXyaiXyFgaiGJb2M nLQTS<nLXyIuFHnCe S<FHaPDAE1FHGJI/KLFgµ¶V<aWeiFHUWa��<S<npF��WFgef�NePnpQ«¬{Tb `ORQ<XynpXyIRFgnpe wRxyµ �ZFgaiGJb2M nLQTS<nLXyIuFHnCefaiXRUfORS<npFHQ2efFgQ2efFHQTaixyU�OuV<aiXyFgS<U `VTGJI/e¬nLaoe5@ �ZKpFHnLGJb/V<QTX
?A@m£·K `O(�RePainLGJbdORV<GJb�ORKLah�HFHnCefKpnLGJb<F�«¥{<KLFgnpefVTQ<X²S<FHa XyFgaWefUWFHVTeiFHQ� ¡FHI2efxyUWa '(*, aiGJb<UWFHnL{1FHQ .

�'(k, 8 V 	� � � '(*) V '(*, #
!¥V<U STnLF��HVTµ¢XyFgaWefUWFHVTeiFHQª ¡FHI2efxRU '( , aiFgQ<I/UiFHGJb2e¬aWefFgb<FHQTS<F-��xyµ�E1xyQ<FHQ2eiF �'(k,�� eiU `ORXRe

�HVTU¬D"EzFgGJI"KpFN¦ ,
ORQTS<FHUWV<Q<X npQ9S<FHU��hFgxy{sORGJb2eiV<Q<XyaWFH{1FHQ<F·� {1FHn�¦ S<npF��HV '(*, EsORUiORKLKpFHK�aoefF ¦
b<FgQ<S<FY��xyµ�E1xyQ<FHQ2eiF �'(5,�� FHUi�gFHV<Xue-Q/V<U[FHnpQ ��x"GJb<FHQ±S<FHa-cdV<aoefFHUWa���S�@mb @�SsORa\DAE1FHGJI/KLF ¦
cdV<aoefFgU�{TKLFHnp{TehM\`Oub<UiFgQ<SdaWFHnpQ<FHU �hFNMhFgXyV<Q<X�Q<npGJb/e aoeJORUWU��<aWxyQ<S<FgUiQ `ORQ<S<FgUWe aWFHnLQTF[D"efUWV<Iy¦
efVTU-��«¬VAtveJORV<GJbTFHQ�VTQ<S  ¡FgUiaWGJb/M npQ<S<FgQ�wyxRQ ��FHVTGJb/e��sFHGJIuFHQ npµ DAE1FHGJI/KLFgµ¶V<aoefFHU #N@ ��nLF
EsORUiORKLKpFHKpF���xyµ�E1xyQ<FgQ2efF�t `V<b<Uoe¥aWxyµ�npe �HVdFHnpQ<FHU¥D"e `xyUiV<QTX�S<FgU¬�´FHxy{sOuGJb/eiV<Q<X�S<FHU¬DAE1FHGJIy¦
KLFNMPOuQ<S<FHUWV<Q<X�V<Q<S�aixyKpKpefF�STV<UiGJbdFHnLQTFHQ�XRFHaiGJbTnLGJI2efFgQ�XyFHxRµ�FNefUinpaiGJb<FgQd«¥VTt!{sORVdUiFgS<V<�HnpFHUoe
M´FHUiSTFHQ��vMhFgnpeiFHUiFga¥S<OR�HV�nLQªS<FgQ�t!xyKpXyFHQTS<FHQ��ZORE<nCefFHKpQ$#N@

¸ `V<UZS<npF D"EzFgGJI"KpFgMhORQ<S<FgUiV<QTXyaiXyFgaiGJb2M nLQTS<nLXyIuFHnCe²nLQ S<FHU\�hFHxR{sORGJb2efV<QTXyaiFg{zFgQ<F9��{1FHn
 ¡FHUoMhFgQ<S<V<QTX FHnpQ<FHU ��nLQTaiFZµ�nCePS<FgU��hUiFgQ<Q2MhFgnpefFZt�XRnLKpehSsORQ<Q�S<FgU�«¥V<aiSTUiV<GJI .

'��� 8 	
�'(k,��YYY '(*, YYY

�§?A@CB�� #

8 V 	�
 	� � � '@ )WV '@ , #
� � �§?A@CByB #
µ�nCe '@ ) 8

K
���� � � � V<Q<S '@ , 8

K
���� � � � @
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Streufläche

f

Linse L1

«¬{T{<nLKpS<V<Q<X�?A@ml .¡��xyb(`ORUWFHQ2efF3��nLGJb2eiaWefUWFHV<VTQ<XYORQ�FHnpQ<FHU UiORV<b<FgQ 	�{1FHU��&`ORGJb<Fu@h��npFZ�hFHxy{"¦
ORGJb2efVTQ<X9S<FHa¥XyFHaoefUWFHVTeiFHQ���nLGJb2efFga � Q<STFge�npµ�¸sFHUiQAt!FHKLSdS<V<UWGJb S<nLF[FHnpQ<XyFgt `VTXRefF �(npQ<aiF �rB
aWefOueieH@ ��nLF��hFgxy{sORGJb2eiV<Q<XyaWFH{1FHQ<F·� FgQ/eiaiE<UWnLGJb2e¥SsOR{1FHn�S<FgU¥�´UiFHQTQ<FH{1FHQ<F\S<FHU ��nLQTaiFR@

��V<UiGJb9cdFHaWaiV<Q<X·STFHUhcdV<aWeiFHUWXyFHaWGJb/M npQ<S<npXyIRFgnpe '� � I `xRQ<Q<FHQ �WFgef�Ne ��xyµ�EzxRQ<FHQ2efFgQ S<Fga
��FHaiGJb2M npQ<S<nLXRIRFHnCefaWXyUfORSTnLFHQ2eiFHQ2efFgQ<aixyUWa�x"S<FHU FHnpQ<FHU ��nLQTF5ORUWIRxyµ¶{TnLQsOueinLxyQ9STnLFHaWFHU¥��xyµ�E1xu¦
Q<FgQ/eiFHQ � �WFZQsORGJb�D"efUWFHV<XRFHxyµ�FgeiUinLF�VTQ<S�D/efUiFgVTwyFgI2efxyU '3 #h{zFgaWeinLµ�µ-ePM´FHUiSTFHQ @��nLF8qrUiXRFH{<Q<npaiaWF t `V<UªaoeJOueinLaWeinLaWGJb�wRFHUoefFHnpKpeiF D/efUiFgVTefFgnLKpGJb<FHQ K­ORaWaiFgQ�aWnLGJb S<nLUWFHI2edORVTt
UfOuV<b<F 	�{1FHU�� `ORGJb<FHQ `V<{1FHUoefUiORXyFHQ��rQ"VTU¶µ�nCe-STFHµ - Q2efFgUiaiGJbTnLFHS�� S<O(� S<nLFYD"efUWFHV<�gFHQ2efUWFHQ
ORVTt�FHnpQ<FHU�¸ K `ORGJb<F �!Q `ORb<FgUiV<Q<XRaWM´FHnLaWF-Fg{zFgQ$# ORQ<XyFgxyUiS<QTFge�ainpQ<S/��«¬{T{<nLKpS<V<Q<X�?A@ml #¬@

��FHU���FHaiGJb2M npQ<S<nLXRIRFHnCefaWXyUfORSTnLFHQ2eiFHQ2efFgQ<aixyU&aiFNef�Ne aWnLGJb[SsORQ<Q\ORV<a&� xReJOueinLxyQ��%��FHb<Q/V<Q<X �
�hnpFHXyV<QTX9V<Q<S DAGJb<FHUWV<Q<X ��_&xyUiaWnLxyQ #¬�HV<aiORµ�µ�FHQ�@ ,�nLF·µ�ORQ8ORVTa ��KLFgnLGJb/V<Q<X�?"@¤�YainpFHb2e �
b `ORQTXRePS<FgUP�rbsORaWFHQTt�OuI/eixyU ORVTa ��KLFHnpGJb/V<Q<X·?"@^l�¦�V<QTS9aixyµ�npe SsORaPDAE1FHGJI/KLFg{<nLKpS�¦�Q/V<U wyxyµ
��FHaiGJb2M npQ<S<nLXRIRFHnCefaWXyUfORSTnLFHQ2eiFHQ��1Q<nLGJb2e¬OR{1FHU wyxyQ�S<FHU��ZFgaiGJb2M nLQTS<nLXyIuFHnCe '� = S<FgU¥_&FHnpKLGJb<FgQOR{ @r«¥QsORKpxyX·I6ORQ<Qªµ OuQ �ZFgaiGJb2M nLQ<STnLXyIuFHnpeiFHQªwyxyQª{1FgM´FHXReiFHQ 	�{1FHU��&`ORGJb<FgQdQTnLGJb2e nLQªS<FgU
DAE1FHGJI/KLFNMPOuQ<S<FHUWV<Q<X�{zFgxy{sORGJb2eiFHQ @ ��ORaPDAEzFgGJI/KLFHµ-V<aWeiFHU nLaoePE<UiORI2efnpaiGJb9V<QsOu{<b(`ORQ<XRnLX\wRxyQ
S<FgU¬D/efUiVTI/eiV<U ����ORV<b<Fgnpe #hS<FHU+	�{zFgU�� `OuGJb<FR@

��� � �����!��W�������������
	 !���� � � � ���������j�
�hnpaib<FgU¬M V<UiSTF·Q"VTU�S<nLF¶�gV<µ�XRFHaWeiUiFgVTefFgQ8 ¡FgI2efxyU�aWFHQ<I/UiFgGJb2efF��ZxRµ�E1xyQ<FgQ/eiF¶S<FgU��HFHnCefKpnC¦
GJb<FgQ�«¬{<KpFHnCefV<Q<X²S<Fga¬XyFgaWeiUiFHVAefFHQd ¡FHI2efxyUWa�t `VTU�STnLF\DAE1FHGJI/KLFNMPORQTS<FHUWV<Q<X9V<Q<SdS<FHUWFHQ ��FN¦
aiGJb2M npQ<S<nLXRIRFHnCe�wyFgUfORQ2e�M´xyUWeiKLnpGJb·XyFHµ�ORGJb2e5@r��npF´E<ORUfORKpKLFgKLF ��xyµ�E1xyQ<FgQ2efF´wRFHUWV<UiaiORGJb2efF Q/V<U
SsORa&��x"GJb<FHQ[S<FHa�cdVTaWefFgUiag@rqra&�gFHnpXRe(ainpGJb\Ou{zFgU��6SsO(� µ OuQ�S<nLF¡¸sxyUWµ S<FgU(�ZxRb `ORUiFgQ<��� `ORGJb<F
{<�NMZ@´S<Fga��ZxRb `ORUiFgQ<�gwRxyKLVTµ�FgQ<a¥npµ � V<aiORµ�µ�FgQ<bsORQ<X·µ�npePS<FHµ�XyFgxyµ�FgefUWnLaWGJb<FHQ�«¬VTt!{<ORV
{1FHU `VTGJI"aWnLGJb2efnpXyFHQ�µ¶V � � µ�npe¶STFHU�¸sxyKLXyF5�¡SsO(� ORV<GJb S<nLF9E<ORUfORKpKLFgKLFY��xyµ�E1xyQ<FHQ2eiF�FgnLQ<FgQ
Q<npGJb/ed�HV�wyFHUWQsORGJb<K `ORaiaWnLXyFgQ<S<FgQ�q¡npQ �sV ��ORVTt·STnLF±DAE1FHGJI/KLFNMPORQTS<FHUWV<Q<X ORV<au`V<{Te �!S<nLFgaiFgU
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Beobachtungsebene B

α

β

Kohärenzvolumen

«¬{T{<nLKpS<V<Q<X�?A@}|U.�DAx�MhxRb<KZS<FHUdD"eiUiFHVAwyFHI2eixyU '(*,�� ORKLaªOuV<GJb '(*,�� ainpQ<S�nLQ S<FHU�qr{1FHQ<F±�
{1FHxy{sOuGJb/ei{sORU��1xR{/M´xyb<K '(*,�� STnLF[q�MPORKpS<I/V<XyFgK�Q<nLGJb2e�S<nLUWFHI2e�aiGJb<QTFHnLSTFge5@
I6ORQ<Q�aixyXyORU S<xyµ�nLQsOuQ/ehMhFgUiS<FgQ$#N@

��ORa&��xyb `ORUWFHQ<�NwyxyKpV<µ�FgQZ{<�gMZ@�S<nLF ��xyb `ORUWFHQ<� � `ORGJb<F {1FHaiGJbTUiFHnp{Te&S<nLF ��xyUWUiFHKLOuefnpxyQ�S<Fga
D"eiUiFHVTKLnLGJb2eiFHa ORQ·�gM´FHn 	�UWeiFHQ�ORVTtzS<Fgµ �hx"FH{sORGJb2eiV<Q<XyaWaiGJb<npUiµ
� � V<QTS � � �2S<nLFhS<V<UiGJb�S<npF
D"eiUiFHVAwyFHI2eixyUiFgQ '3 � V<Q<S '3 � XRFHXyFg{zFgQ ainLQTS @ ��nLGJb2e�OuVTt¡S<FHµ �hFgxy{sORGJb2efVTQ<XyaiaWGJb<nLUWµ�M nLUWS
ORKpahQ<x"GJb9IRxyb `ORUiFgQ/e�OuQ<XyFHaWFHb<FgQ��<M´FHQ<QªS<npF¬Q<xyUWµ�npFHUoefF�©�Q/eiFHQ<aWnpe `OuefaWIRxyUWUiFHKLOuefnpxyQ<aot!V<Q<I2efnpxyQ
XyU `x �yFHUZOuKLa �)�� npaWe5@�
 `ORKpe�µ ORQ '3 � t!FgaWe �(V<QTS wuORUWnLnLFgUWe '3 � µ�npe�S<FHU[�hFgS<nLQ<XRV<Q<X ��SsO5�dSsOuanLQ � ��npGJb2efV<Q<X '3 ��� XyFHaoefUiFgVTefF �(npGJb2ePXyFgUfORS<F¥Q<x"GJbYµ�nCe¡S<FHµ � '3 � ¦���nLGJb2e � IRxyb `ORUiFgQ/ePnLaWe��AaWx{1FHaiGJbTUiFHnp{zFgQ¶S<npF´qrQ<STE<V<Q<I2efF wyxyQ '3 � FHnLQTF 	�{1FHU�� `ORGJb<F´nLµ '( ¦ ��ORV<µ-�6STnLF¡SsORa&aixyXRFHQsORQTQ/eiF
��xyb `ORUWFHQ<�NwyxyKpV<µ�FHQ�{TnLKLSTFHQ @ ��npF\DAGJb<Q<nCeie � `ORGJb<F¶S<npFHaWF[ ¡xyKpV<µ�FHQ<a�µ�nCe S<FHU¬q�MPORKpS<I/V<XyFgK
M nLUWS�ORKLa ��xyb(`OuUiFHQT���&`ORGJbTF\{1FH�gFHnLGJbTQ<FgeH@
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���´FHKLFgV<GJb2efV<QTX µ�npe�FgnLQ<Fgµ �(ORaiFgUiaoefUfOub<K #�FgUib `ORKCe µ�ORQ�FHnLQ�aoeJOR{Tt `xRUiµ�nLXyFga ��xyb `ORUWFHQ<� ¦
wyxRKLV<µ�FHQYaWFHQ<I/UWFHGJb2e��HV<UPD"efUWFHV � `OuGJb<FR@ ©�QYS<FgU �hFHxR{sORGJb2efV<QTXyaiFg{zFgQ<F[��ainpFHb2ePµ�ORQYSsOuQ<Q
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S<FgQ'	�UoefaWUfORV<µ aWefOueie�� S @}b FHnpQ<F `«¥Q<S<FHUWV<Q<XªS<FgaZD"efUWFHVTwRFHI2efxRUiaZnLµ '( ¦ ��ORV<µ�npaWe�STnLUiFgI2e
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��xyµ�EzxyQTFHQ2efF�wRxyQ �'(k,
wyxRQ '(*, wyxyUWKLnpFHXRe.� �'(k,��8 �'(k,�� # �zwyFHU `ORQ<S<FgUWe[S<FgUZDAGJb<Q<nCeieiE<V<Q<I2eZS<FgaZ�ZxRb `ORUiFgQ<�gwRxyKLVTµ�FgQ<a
µ�npe\S<FHU·q�MhORKLSTI"VTXyFHK´S<nLFYDAEzFgGJI/KLFgMhORQ<STFHUiVTQ<X �!«¬{<{TnLKLSTV<Q<X8?A@m� #²@�_ O6efa `OuGJb<KLnpGJb ainLFgb2e
µ�ORQ nLQ�S<FHU��hFHxy{<ORGJb2efV<Q<XRaiFH{1FHQTF���FgnLQ<F±XyU `x(�yFHUWF ��x"S<FHU�ORV<GJb�I/KLFgnLQ<FgUiF #�DAE1FHGJI/KLF ¦
MhORQ<S<FgUiV<Q<XRaiXyFgaiGJb2M nLQ<STnLXyIuFHnpe���ORKLa²S<npFHa�S<V<UiGJb�S<nLF ��KLFHnpGJb/V<Q<X ?A@pBRBd�gV�FHUoMPOuUWefFgQ XyF ¦
M´FHaiFgQ M `ORUiF �§D"efOueie-S<FHa¶DAGJb<Q<nCeieiE<V<Q<I2efFga¶wyxyQ '( ,�� aWnLFHb2e-µ ORQ S<FgQjDAGJb<Q<nCeieiE<V<Q<I2e·S<Fga
��xyb `ORUWFHQ<�NwyxyKpV<µ�FHQ<a µ�npe S<FgU�qrMhORKpS<I/V<XyFHK #N@
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M´FHUiSTFHQ��<STFHUhnpµ�t!xyKpXyFHQ<STFHQ {1FHUWFHGJb<QTFge M nLUWS @�«¥V<ah«¥{<{<nLKpS<V<Q<X-?A@^�[I6ORQ<Q µ ORQ�SsOR�gVYS<npF
FHQ2eiaiE<UWFHGJb<FgQ<S<FHQ XRFHxyµ�FgeiUinLaWGJb<FHQ `- {1FHUWKLFgXyV<Q<XyFgQdFgQ2efQ<Fgb<µ�FgQ @
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µ�npe9S<FgU�qrMhORKpS<I/V<XyFHK�VTQ<XyKLFgnLGJb�S<Fgµ S<V<UiGJb '(*, {1FHaiGJbTUinLFg{zFgQ<FHQ wyFgUiXyU `x �yFHUoe�ainLGJb S<npF
, ORQ<S<FgUiV<Q<X�wyxyQX'(*, nLQ[FHnpQ<FHU � FHnCefFgnLQ<b<Fgnpe�{1FH� `V<XyKpnLGJb[S<FHU&�hFgxy{sORGJb2efVTQ<XyaiFg{zFgQ<F �8V<µ S<npF
D"eiUiFHGJIuF�� ��� � @¡��npFHaiF�b `ORQ<XRe µ�npe STFHU EsORUiORKLKpFHKpFHQ9��xyµ�EzxRQ<FHQ2efF�VTQ<SdSTFHµ�D"eiUiFgV/M npQ<IRFgK
�HVTafORµ�µ�FgQ/.
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¸¥`V<U STnLFZ��FHbTQ"VTQ<X �
� ; ORµ 	�Uoe � ; {1FHIuxyµ�µ-e µ OuQ�S<ORQ<QªS<FHQd«¬V<aWS<UiVTGJI .
�
�
; 8 ( � 
 � 6 �

;
(��

8 � 
 � 6 �
;
�

��V<UWGJb�S<FgQ �ZUWFHQ<� `V<{1FHUiXyORQ<X KpnLµ	� H 
 = ���� H 8 ��� V<Q<S � � � FgUib `OuKpe�µ OuQ�S<npF���FN¦
aiGJb2M npQ<S<nLXRIRFHnCe ��� ORµ 	�Uoe �

��� 8 � 
 ��
t `V<U �%8 ������� � @
cdnCeiefFgKLa U `ORV<µ�KLnLGJbTFHUP«¥{<KLFgnpefVTQ<X·FHUWXynL{Te aWnLGJb�aiGJb<KpnLF��yKLnpGJb

� ���
� � 8 � 


�
��lT@¤](#

«¬Kpa¥Q `OuGJb<aWeiFHa�aWxyKLK(S<npF[{1FHn&S<FgU¬��Fgb<Q/V<Q<XYS<Fga�� `xyUWEzFgUia¥ORVTtvefUWFgeiFHQ<S<F
��V<FHUWIRxyQ2efUiORIy¦
efnpxyQ
{1FHU `V<GJI/ainLGJb2einLXRe¶M´FHUWS<FHQ�@ ��npF FHQ2eiaiE<UWFHGJb<FgQ<S<FHQ�XyFHxRµ�FNefUinpaiGJb<FgQ
 ¡FHUWFHnLQ/{sOuUiV<Q<XRFHQ
K­OuaiaiFgQ9ainpGJbªORV<a «¬{T{<nLKpS<V<Q<X ��lT@^] # FgQ/eiQ<FHbTµ�FgQ @ q¡aPeiUinCeie ��Fgb<Q/V<Q<X·npQ �/¦ � nLGJb2efV<QTX·V<Q<S
��xyQ2efUiORI2efnLxRQ�npQ )/¦���npGJb2efV<Q<X�ORVAt .

@ � 8 ? �
�
�

@ � 8 �
�
�

� V<aiORµ�µ�FHQTbsORQ<X·wyxRQ @ � µ�nCe @ � t `VTU�npaixReiUixyE1FHa�cdOuefFgUin­OuKo.
@ � 8 V�� @ �

M´xy{zFgn � STnLF ��V<FHUWIRxyQ2efUiORI2efnpxyQ<ai�HORb<K �r� �^? �����W� �¤�\¦ µ OueiFHUWn­ORKpaiE1FH�Hn � aiGJb-#PnpaWe5@
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¸ `V<U STnLFZ�hUWFHnpeiFHQ `OuQ<S<FHUWV<Q<X ���¥FHUib `ORKpe µ�ORQ9SsORQTQ/.
�
� 8 V�� ���? � �

«¬Q<ORKLxyX8�gV�xy{TnLXyFgQ�� FHGJb<Q/V<QTXyFHQ STFHU���FHb<Q/V<QTX I6ORQ<Q µ OuQ�S<npF �ZFgaiGJb2M nLQTS<nLXyIuFHnCe npQ
)2¦ � nLGJb/V<Q2efX � � ORµ 	�UWe & {zFgUiFHGJbTQ<FHQ/.

� � 8 � 
 ? &�
��nLF �ZFgaiGJb2M nLQ<STnLXyIuFHnpe � 
 8�KLnpµ � H 
 = � 
� H b `OuQ<XRe(S<npUiFHI2e(µ�npe � 
 S<FHU&��FHbTQ"VTQ<X¥�gV<afOuµ�µ�FHQ/.

� 
 8 V�� � 
 �? �
qrnLQ<XRFHaiFNef�Ne¥npQ � � .

� � 8 V � � 
 &� ��lT@^� #
� � �
� & 8 V � � 


� ��lT@¤�(#

��FHU�XyFgafORµ-eiF ��FHaWGJb/M npQ<S<npXyIRFgnpefaWXyUfOuS<nLFgQ/eiFHQ2efFgQ<aixRU�{zFgaWeiFHb2e�SsORQTQ�ORV<a¥�gM´FHn�Q<nLGJb2e�wyFHU ¦
aiGJb2M npQ<S<FHQTS<FHQ ��xyµ�E1xyQ<FHQ2eiFHQ/.

� 8 ��
�

���
� � �
� V � ���

� �
� � �

	 

� ��lT@^k #

qrnLQ<Fd_ nLFNt!FHQ<IuxyQ2efUfOuI/einLxyQ�M `V<UiS<FdQ<x"GJb FHnLQTFd�gV<a `Ouei�HKpnLGJb<F��ZxRµ�E1xyQ<FgQ/eiF � ���� � 8 V�� ���
�KLnpFgt!FgUiQ @

�
��� � � � # !���#
qrnLQdFHK­OuaWefnpaiGJb<FgU�� `xyUWEzFgU.��«¥{<{<npKLS<V<QTX lT@m� #%�zS<FgU¬FgnLQ<FgU��hnpFHXyFgI"UiOutve¥nLQ � ¦���npGJb2efV<Q<X ORV<a ¦
XyFgaiFgei�ge¬nLaWe��zaWxyKLK�STV<UiGJb � FHSTV<I2efnLxRQ ORVTtrFgnLQ<F ��nLQ<npF���S<npF[QTFHVTeiUfORKpF-¸=ORaWFHU¬STFHa�� `xyUWEzFgUia #
XyFgQ `ORb<FgUWe�M´FHUiSTFHQ ¦ ��FHbTQ"VTQ<XªV<Q<S ��xyQ2efUfOuI/einLxyQ�M´FHUWS<FHQ aixRµ�nCe¥wRFHUiQ<ORGJb<K `OuaiainpXRe5@ - µ
S<npF FHnLQT�HFHKpQ<FHQ���xyµ�EzxyQTFHQ2efFgQ�S<Fga �ZFgaiGJb2M nLQ<STnLXyIuFHnpeiaiXyUiORS<npFHQ2efFgQ/eiFHQ<aWxyUiad{zFgaWeinLµ�µ�FgQ
�HV�I `xyQ<Q<FgQ��Tµ¶V �\S<npF¬�´nLFHXRFHKLnpQ<nLFhnLQ�«¬{<b `OuQ<XynLXRIRFHnCe¡wyxyQ�S<FHU «¬V<aWKLFgQ<I/V<Q<X	� �h{1FHaoefnpµ�µ-e
M´FHUiSTFHQ @ ��OR�gV µ¶V �
STFHU � V<aiORµ�µ�FgQ<bsORQ<X±�gM npaiGJb<FgQ STFHµ �ZU `V<µ�µ¶V<Q<XyaWI/UiFHnpaiUiORS<nLVTa? ��� #hV<Q<SdS<FHU��hnpFHXyFgKLnpQ<nLF¥FHUiµ�npeWefFgKpehM´FHUWS<FHQ�@qrnLQ���UiFgnLa µ�npe S<Fgµ��¥OuS<nLV<a ? bsOue S<npFZORKLKpXyFHµ�FHnpQ<F�¸sxyUWµX.

? � 8�� � V � # � � � 	 V � # �
qrnLQTt�OuGJb<FZV<Q<S��gM´FHnpt�OuGJb<F\«¥{<KLFgnpeiV<Q<X·QsORGJb �ªKLnpFgt!FgUWe .
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X

Z

D z

w(x)

r(x)
F

«¬{<{TnLKLSTV<Q<X²lT@m� . �hnLFgXyFHKpnLQ<npF�� ��� #hnLQª«¥{<b `ORQ<XRnLXyIuFHnpehwyxyQdS<FHU «¬VTaiKLFgQ<I/V<Q<X � ��@

� 8 � � V � # �
�
	� � � 	 V � # ��lT@^£ #

� 8 B � �
�
	� � # � � � 	 V � #

�
� 	�
� � ��lT@CB�� #

«¬VTa ��lT@m£ #hV<Q<S ��lT@CB�� #hVTQ<S�OuVTt!XyFHK `xyaWe Q<ORGJb �9V<Q<S��[FgUiXynp{Te ainpGJb/.

� V � 8 B � � 
 �
 � # �

 � �

 � �

�
	� �

	 V � 8 V B � � 
 �
 � # �
 � �

 � �

qrnLQ<XRFHaiFNef�Ne¶nLQ±S<nLF���UiFgnLaiXRKLFHnpGJb/V<Q<X�µ�npe�� ��� # 8 	 ��� #[KpnLFNt!FHUWe[S<FgQj��U `V<µ�µ¶V<Q<XRaiI/UiFgnLao¦UfOuS<nLV<a STFHU��hnLFgXyFHKpnLQ<npF�ORµ 	�Uoe � .
? ��� # 8 � B � � 
��
 � # � #�� �
 � �


 � �

�hFgn�I"KpFHnpQ<FHQ9 ¡FHUWaiGJb<npFH{<VTQ<XyFHQ�nLaWe 
��

 �  B\VTQ<SdxR{<nLXyF ��KLFgnLGJb/V<Q<X·wRFHUiFgnLQTt�OuGJb/e�aWnLGJb��HV

? � � #j8 � � � ��
� �	� B

�
��lT@CByB #

!¬OuGJb $ |_& aWefFgb2e¶S<FgU-��U `VTµ�µ¶VTQ<XyaiI/UWFHnLaWUfORSTnLV<aZµ�npeZS<Fgµ �hnLFgXyFHµ�xyµ�FHQ2e�
 � ��� #�nLQ8t!xyKC¦XyFgQ<S<FHU��hFg�HnpFHb/V<Q<XU.
? ��� # 8 0 a � ��� #
 � ��� # ��lT@CB%? #

��OR{1FHn�npaWe 0 SsOuadqrKLORaWeinL�HnCe%`Oueiaiµ�xASTV<K V<Q<S a � S<ORa�O �An­ORKpF�¸ K `ORGJb<FHQTµ�xyµ�FHQ2eH@ qra
aixRKLKhbTnLFHU 0 a 8 � B �= 8 ����� ��6 aiFHnpQL$ |_&§@ ©�aWe²S<ORa¶FHnpQ<FªqrQ<S<F9S<Fga·FHKLORaWeinLaiGJbTFHQ ��`xyUiE1FHUWaFHnpQ<XyFgaiEsORQTQ/e¬V<Q<S�M nLUiI2e¬ORVTtrS<ORa¬OuQ<S<FHUWF¶qrQ<S<F[FHnpQ<F\�ZUiOutve � ��npQ � ¦���npGJb2efV<Q<X �1aWx XynpKpe
t `V<U SsOua¥�´nLFHXRFHµ�xyµ�FgQ2e .
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�� � #"8 V � � � V � #
µ�npe � OuKLa � `ORQ<XyF�STFHa¥� `xRUiE1FHUia npQ �¥¦ � nLGJb2eiV<Q<X<@
DAFNef�ge�µ�ORQ/��lT@CByB #hµ�npe ��lT@CB%? #hXRKLFHnpGJbªV<Q<SªnLQ2efFgXyUinpFHUoe �gM´FHnLµ�ORK aWx�FgUib `OuKpe µ�ORQªS<nLFZ�´nLFN¦
XyFgKLnLQTF �.� � # . �

� ��
� � 8 V 
���� #0 a8 V � = 
�� � #

8 � = � � ��V � #� ��
� 8 � = � � � � V � �

? # � � ��.� � # 8 � = � � � ? � � V � �

� # � � � � � �
«¬VTa\S<FgQ
��ORQ<S<{1FHSTnLQ<XyVTQ<XyFHQ � � ��� 8¢� #�8 �ªV<Q<S �.� � 8¢� #�8 �9t!xyKLXRe � � 8 �ªV<Q<S
� � 8 �A@
,±FHnpeiFHUWb<nLQdnLaWe¥{1FHn&I"KpFHnpQ<FHQ��hnLFgXyV<Q<XyFgQ�S<npF-«¥V<aiKpFHQ<I/V<Q<X � ��8 �.� � # V<Q<S�S<nLF\ORV<aWKLFHQ"¦
IRFgQ<S<Fª��UfO6tve � nLaoe-ETUixyE1xyUWeinLxyQ<ORKr�HV<U\«¬V<aWKLFgQ<I/V<Q<X � �0��aix�SsO(��µ�ORQ±aiGJb<KpnLF��RKLnLGJb S<npF
¸sV<Q<I2efnpxyQªS<FHU��hnpFHXyFgKLnpQ<nLF¥nLQª«¬{<b `ORQ<XynpXyIRFgnpe wyxRQdS<FgU «¬V<aWKLFHQTI"VTQ<X�FgUib `OuKpe .

�.� � # 8 l � �
� �

� � � �
? V � �

� � ��lT@CB�l #
©�µ¢Q(`OuGJb<aWeiFHQdDAGJb<UWnpeiePµ `V<aWaiFgQ�STnLF ��FHaWGJb/M npQ<S<npXyIRFgnpefaWXyUfOuS<nLFgQ/eiFHQ<Iuxyµ�EzxyQTFHQ2efFgQ � ���� �V<Q<S � � �� � {1FHaoefnpµ�µ-e�M´FHUiSTFHQ @[��OR�gV aixyKpK�S<npF¶�hnpFHXyVTQ<XYS<V<UWGJb8FHnLQTF-xyUoefafOu{<b(`ORQ<XRnLXyF-��xu¦eJO6efnLxRQ9{zFgaiGJb<UWnLFH{1FHQ�MhFgUiS<FgQ @
qra�M nLUiS FgnLQ���nLQTnLFHQTFHKLFgµ�FgQ2e

�
�´Ouµ 	�UWe �±STFHUZORV<aWXyFHKpFHQ<I2eiFHQ �hnLFgXyFHKpnLQ<npF\{1FgeiUfORGJb"¦

efFNe5@·��npFHaWFHa3��nLQ<npFHQ<FgKLFHµ�FHQ2e�aWxyKLK�S<V<UWGJb±S<npF·_ OuQ<XyFHQ2eiF�STFHU[�hnLFgXyFHKpnLQ<npF-OuQ STnLFHaWFHµ 	�Uoe
FHUWaiFNef�ge¥MhFgUiS<FgQ @���npFZ«¬{<{<npKLS<VTQ<X ��lT@^� # wRFHUWS<FHVTeiKLnpGJb/e¬S<nLFgaiF `- {1FHUWKLFHXRV<Q<X<@ ��FgU ,�npQ<IRFgK
S<Fga ��npQ<nLFgQ<FHKpFHµ�FHQ2efa�µ�npe¬S<FHU ��¦�«¥GJb<aiF²nLaoe �&@ `«¬Q<STFHUWeZaWnLGJb Q/V<Q8S<nLF¶«¥V<aiKpFHQ<I/V<QTX � �
aix�t `V<b<UWe¬S<nLFga��HV�FHnLQTFHU `«¥Q<S<FgUiV<Q<X9STFHa4,�npQ<IRFgKLa �(@¬��O FgnLQ<F\_�UiORQ<aWK­OueinLxyQdIRFHnpQ<FHQ ��FN¦
aiGJb2M npQ<S<nLXRIRFHnCefaWXyUfORSTnLFHQ2eiFHQ8wyFHUWV<UiaiORGJb2e ��µ¶V �ªQ/V<U�FHnpQ<F²��xueJOueinLxyQ S<Fga3�(npQ<nLFgQ<FHKpFHµ�FHQ2efa
µ�npe�S<FHµ ,�nLQ<IuFHK�� � V � � 8 � ��{1FHU `VTGJI"aWnLGJb2efnpXRerM´FHUiSTFHQ��/wyxyUiORV<aWXyFHaWFgef�Ne �/FHa�eiUinCeie�IuFHnpQ<F
��U `V<µ�µ¶V<QTXYS<FHa&��npQ<nLFgQ<FHKpFHµ�FHQ2efa¬ORVTt���MhORa�b<npFHU �iO9OuQ<XyFHQTxyµ�µ�FHQdM nLUiS�@\��FgU+,�npQ<IRFgK
��nLaoe S<V<UWGJb�S<npFZ�ZU `V<µ�µ¶V<Q<X²S<FgU¥�´nLFHXRFHKLnpQ<nLF¥XyFHXRFH{1FHQ/.

eJOuQ��%8 � � ��� #j8
�
	�
�

��nLF��ZU `V<µ�µ¶V<Q<X²S<FgU¥�´nLFHXRFHKLnpQ<nLF¥nLaoe SsORQ<Q/.�
	� � 8 l � �

� �

� � � V � �
? #
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φ

φ

dl

1

φ
2

dl
Übertriebene
Darstellung

Rotation

Dz

x

«¬{T{<nLKpS<V<Q<X lA@¤�k.�� `V<GJI2t `V<b<UWV<Q<X S<FHU·�´nLFHXRV<Q<X ORVAt¥FgnLQ<F�xyUWeiafOR{Tb `ORQ<XynpXyFY� xRefOuefnpxyQ
V<µ
S<FgQ/,�nLQTIRFHK � � 8 � �"V � � S<V<UiGJb ! `ORb<FgUiV<QTX�S<FgU-�hnpFHXyFgKLnpQ<nLF-ORµ 	�UWe � µ�nCeZFHnpQ<FHµ
��nLQ<npFHQ<FgKLFgµ�FgQ/e S<K �uS<FHaWaiFgQYD"eiFHnpXyV<Q<X�XRKLFHnpGJb¶S<FgU D"efFgnLXyV<QTX�S<FHU _ ORQTXyFHQ2efF STFHUr�hnpFHXyFgKLnpQ<nLF
ORQªS<npFHaiFgµ 	�UWe nLaoe5@

��V<UWGJb �HFgnpeiKLnLGJbTF «¬{<KpFHnpeiV<Q<XZFHUWb `ORKCe´µ�ORQ²S<npUiFHI2e´S<nLF���FHaWGJb/M npQ<S<npXyIRFgnpefaWXyUfOuS<nLFgQ/eiFHQ<Iuxyµ·¦
E1xyQ<FHQ2eiF

� � �
� � 8 
 � 8 l � 


� �

� � � V � �
? # ��lT@CB5| #

� 
 npaWe�S<nLF��ZFgaiGJb2M nLQTS<nLXyIuFHnCeYS<Fga9qrQ<S<E<V<QTI/eiFHaªS<FgUY�hnpFHXyFgKLnLQTnLF �.� � #·nLQ � ¦ � nLGJb2efV<QTX� ! `ORb<FgUiV<Q<X²t `V<U I/KLFgnLQ<FZ«¥V<aiKpFHQ<I/V<Q<XRFHQ$# @
��O�bTnLFHU�S<npF-�hnpFHXyVTQ<XYORKpa¬� xRefOuefnpxyQªXyFHQ(`Oub<FHUoe¬M V<UWS<F(�znLaWe¥S<npF\efUiORQ<aWEzxyQTnLFHUoefF\��xyµ�E1xu¦
Q<FgQ/eiF\�gV � ���� � XyFHUiORS<F���aWnLFHbTFZ�[OuE<npeiFHK�lT@CB # .

� ���
� 	

8 V � � �� � 8 � � 8 V l � 
� �

� � � V � �
? # ��lT@CB%] #

, `V<UiSTF�µ ORQ Q<xAGJbª��Fgb<Q/V<Q<X²{<�NMZ@hD/eJORV<GJb/V<QTX �!S @}b @¡��UR`V<µ�µ¶V<Q<X\wyxyµ��(npQ<nLFgQ<FHKpFN¦
µ�FHQ2e S<K�# {1FHU `VTGJI"aWnLGJb2efnpXyFHQ��sb `OueieiF�µ�ORQYFHnpQ<F��gV<a `Ouei�HKpnLGJb<F���xyµ�E1xyQ<FHQ2eiF � � �� � 8 � � ��S<npFnLµ�ORKpKLXyFgµ�FgnLQ<FgQ[wRFHUiQ<ORGJb<K `OuaiainpXy{sORUrI/KpFHnLQ-nLaWe # �yVTQ<S²S<FHUrXyFgafORµ\efF ��FHaWGJb/M npQ<S<npXyIRFgnpefaWXyUfO%¦
S<npFHQ2efFgQ<aixyU KLORVTefFNe SsORQ<Q .

� 8 ��
�
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©�Q9S<npFHaiFgµ¹�ZORE<nCefFgKzaWxyKLKzSsORa cdVTaWefFgUWMhORQ<S<FgUiQd{zFgn�«¬Q2M´FHaWFHQ<b<Fgnpe wyFgUiaWGJb<nLFgS<FHQ<FgU���UfOuS<nC¦
FHQ2eiFHQ<Iuxyµ�E1xyQ<FgQ2efFHQdS<FHU�� xReJO6efnLxRQ��ASTFHU ��FHbTQ"VTQ<X�VTQ<SªS<FHU��hnpFHXyV<QTX·{zFgn FHnpQ<FHU XyFg�HnpFHKpe
XyFNM `ORb<KpeiFdD"efUWFHV<XyFgxyµ�FgefUWnLF9{1FHaWGJb<UinpFH{1FHQ V<QTS�{1FHUWFHGJb<Q<FNe M´FHUWS<FHQ @ ��nLF9nLQ �ZORE<nCefFgK l
{1FHUiFgGJb<Q<FNefFHQ ��UfOuS<nLFgQ/eiFHQ<Iuxyµ�EzxyQTFHQ2efFgQ MhFgUiS<FgQ t `V<U S<nLF M´FHnpeiFHUWFHQY�´FHUiFgGJb<Q/V<Q<XyFgQªb<FHU ¦
ORQ<XRFH�HxRXyFHQ @

���
	 � � �W� ���-� �
qraraixyKpKTS<FgU � V<afORµ�µ�FHQ<bsOuQ<X��gM npaiGJb<FgQ S<FgU �ZFgaiGJb2M nLQTS<nLXyIuFHnCe¡S<FHa DAE1FHGJI/KpFHµ¶V<aoefFgUia��"S<npF
nLQdS<FHU¬�hFHxR{sORGJb2efV<QTXyaiFg{zFgQ<F²� XyFgµ�FgaiaiFgQ�M nLUWS��1V<Q<S�S<Fgµ �ZFgaiGJb2M nLQ<STnLXyIuFHnpeiaiXyUiORS<npFHQ2e
XyFg�HFHnpXRe M´FHUiSTFHQ @

¸ `V<U\S<nLF�MhFgnpefFgUiFgQj��FgGJb<Q/V<Q<XyFgQjM npUiS±nLµ�µ�FgU[npµ¨D )"aWefFgµ S<Fga ��UfORS<npFHQ2efFgQ ¦�ORKLaWx
S<FgU {zFNMhFgXyFHQ<STFHQ 	�{1FHUot `ORGJb<F�¦rXRF5ORUW{zFgnpefFNe3��«¥{<{<npKLS<V<QTX¶|<@CB #N@¡��npF ��FHaiGJb2M npQ<S<nLXRIRFHnCe '���{1FH�HnpFHb2e¶aWnLGJb
Q<Oue `V<UWKLnpGJb ORVAt SsORa-D )"aWefFgµ S<Fga ��nLGJb2eiFHa �!XyFHaoefUinpGJb<FHQTFHa·��x"xyUiS<npQsOueiFHQ<a�)/¦
aWeiFHµ #N@

��nLF��HFgnpefKpnLGJb<F¥«¬{<KpFHnCefV<Q<X\S<FHahXyFHaoefUiFgVTefFgQ9 ¡FHI2efxyUWaPFHUWXynL{AehaWnLGJbªORV<a´S<FHµ ��FHaiGJb2M npQA¦
S<npXyIRFgnpefaWXyUfOuS<nLFgQ/eiFHQ2efFgQ<aixRU�VTQ<SdSTFHµ D"eiUiFHVAwyFHI2eixyU '3 .

�'(k, 8 V � � '3 �!|<@pB0#
'3 8 � '(*) V '( , # �!|<@¤?(#

��FHQ ��FHaiGJb2M npQ<S<nLXRIRFHnCefaWXyUfORSTnLFHQ2eiFHQ2efFgQ<aixyU�S<FgU¥� xRefOuefnpxyQ9FHnpQ<XyFHaWFgei�ge�FHUWXynL{Te�.
�'(k, 8 V ��

�
� V 	 �
	 � �
� � �

	 

�
��
�
3$�3 �3 �
	 

�

8 ��
�
	 3 �V 	 3���

	�

�
?u|
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Y

Z

X

q

β

α

k

k

ω

a

e

Rotationsscheibe

Linse , Brennweite f

B

Z
X
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«¬{T{<nLKpS<V<Q<X¶|T@pB*. D/efUiFgV<XyFgxyµ�xuefUinpF¥t `V<UhS<nLF�� xRefOuefnpxyQ<aiµ�FHaWaiV<QTX¶S<FHU���UfOuS<nLFgQ/eiFHQ<Iuxyµ�Ezxu¦
Q<FgQ/eiF � � *� � @¬��ORa¬XRFHaWeiUinpGJb<FHQ<F²��x"xyUiSTnLQsOueiFHQ<a�)"aWefFgµ � � ��� � � � # M nLUWS�S<V<UWGJb8SsORa�D )AaoefFgµ
S<Fga ��nLGJb2eiFHa��6SsORa(V<QTXyFHaoefUinpGJb<FHQTF � ��� � # S<VTUiGJb[SsORa�D )"aWeiFHµ�S<Fga���UfORSTnLFHQ2eiFHQZ{zFgaWeinLµ�µ-e5@

«¬Kpa�Q `ORGJb<aWeiFHa�µ¶V �8S<nLFª��xyµ�E1xyQ<FHQ2eiFªwRxyQ �'(5, {zFgaWeinLµ�µ-e¶M´FHUiSTFHQ�� S<npF9aiFgQ<I/UiFHGJb2e
ORVTt�S<Fgµ�XyFHaoefUiFgVTefFgQd ¡FgI/eixyU '(*, aWeiFHb2e5@´��O·S<FHU¥D"eiUiFHVAwyFHI2eixyU '3 npQ9S<FHU �A�N¦�q¡{1FHQTF\KpnLFHXue �
nLaoe-STnLF���xyµ�E1xyQ<FgQ2efF 3 � XyKLFgnLGJb/!¥V<KpK¡V<Q<S aWxyµ�npe[S<nLF �/¦ ��xyµ�EzxRQ<FHQ2efF²wyxRQ �'( ,�� ORV<GJb�@
��nLF&)2¦ ��xyµ�EzxRQ<FHQ2efF\wyxyQ �'(k, aWeiFHb2e�XyFgUfORSTF¶aiFgQ<I/UiFHGJb2e\ORVTt S<Fgµ XRFHaWeiUiFgVTefFgQ8 ¡FgI2efxyUb'(*,
��S<O & � 8 & #YV<QTS�npaWe9aWxyµ�nCe9XyKpFHnLGJb�S<FgU )/¦���xyµ�E1xyQ<FgQ2efF�wyxRQ �'(k,���� FHnLQTF EsORUfOuKLKLFgKLF
��xyµ�EzxyQTFHQ2efF�F
�TnpaWeinLFHUoe�aixyµ�npe QTnLGJb2e5@
c�ORQ�FHUWb(`ORKCe�ORKLaWxU.

�'( ,�� 8 ��
�

�V 	 3���
	 

�

©�µ Q `OuGJb<aWeiFHQ�D"GJb<UinCeieªµ¶V � 3�� {1FHaoefnpµ�µ-e MhFgUiS<FgQ @ «¬{<{<npKLS<VTQ<Xj|<@pB I6ORQTQ�µ�ORQ S<npF
FHUot!xyUiSTFHUiKpnLGJb<FgQªXyFHxyµ�FgeiUinpaiGJb<FgQ���U `x �RFHQªFHQ2efQTFHb<µ�FHQ @
��O � (*, � 8 � (*) � 8 ( FHUWb `ORKpePµ ORQ9t `V<U 3 .

3 8 V � ? (
	 B � Ggxya � � � � #
¸ `V<U 3�� FgUiXynp{Te ainpGJbdS<ORQ<Q/.

3�� 8 3 GHxya��
8 � ? (
	 B � Ggxya � � � � #hainpQ � � V �? #
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Dehnung

β

α

k

k
q

a

e

Z
X

Y

L

vd

«¬{T{<nLKpS<V<Q<X\|<@¤?5.rD"eiUiFHVTXyFHxyµ�FgeiUinpF¥�gV<UP��Fgb<Q/V<Q<XyaWµ�FgaiaiVTQ<X·S<FHU �ZUiORS<npFHQ2efFgQ<IRxyµ�E1xyQ<FHQ"¦
efF � � �� � @

��O9Q/V<UZS<nLF )2¦ ��xyµ�E1xyQ<FHQ2eiF¶wyxyQ �'(k,�� �8³�9nLaoe ��Xynp{TeZFHa[ORVTGJb±Q/V<UZFHnpQ<F ��FHaiGJb2M npQ<S<nLX6¦
IRFgnpeiaiIRxRµ�E1xyQ<FgQ/eiF � � � �8��¥STFHa[DAE1FHGJI/KLFNMPOuQ<S<FHUWQ<a[nLQ�S<FgUZ�hFHxR{sORGJb2efV<QTXyaiFg{zFgQ<F�� V<Q<S
µ�npe���KLFgnLGJb/V<Q<X�?A@CByB�t!xyKLXue .

� � � 8 � ? 	 	 	 B � GHxya0� � � � #PaWnLQ � � V �? # �!|<@^l #
V<Q<S ��� � 8 �T@

��FHQ<Q2e�µ ORQ[b<npQ<XyFHXRFHQ[S<nLF´DAE1FHGJI/KLFNMPOuQ<S<FHUWV<Q<XyaWXyFHaWGJb2M nLQ<S<npXyIRFgnpe¡V<QTS[M npKLKyS<FgQ ��UfO6¦
S<npFHQ2efFgQd{1FHUWFHGJb<Q<FgQ��1aix�K�`O(�RePainLGJb�xy{<npXyF ��KLFgnLGJb/V<Q<X²V<µ�aWeiFHKLKpFHQª�HV .

� � �
� � 8 � � �

� ? 	 	 B � GHxya � � � � #AaWnLQ�� B��� �!|<@m| #

¸ `V<U¡S<npF�npQ�STnLFHaWFHU «¬UW{zFgnpe b `ORV � X[wRFHUWM´FHQTS<FgeiF �ZFgxyµ�FNefUWnLF � � � 8 £y���´FgQ2eit `ORKpKpe¡S<FgU
,±V<Ui�gFHK­OuV<aiS<UWV<GJI 	 B � GHxya � � � � #¬@
��� � �9�����
!���#
��nLFPDAE1FHGJI/KLFNMPORQTS<FHUWV<Q<XyaWXyFHaWGJb/M npQ<S<npXyIRFgnpe t `V<U�S<npFP��FHbTQ"VTQ<Xyµ�FHaiaWV<Q<X�M nLUWS¶nLQ¶ORQsORKpxyXyFHU
,±FHnLaWF¬M nLF¥{zFgnzSTFHU � xReJO6efnLxRQ {1FHaWeinLµ�µ-e5@ qrahM nLUWSYFHnpQYXyFHxRµ�FNefUinpaiGJb8`Oub<Q<KLnpGJb<FHU´«¬VTt!{<ORV
{1FHQ/VTef�Ne¥¦hainpFHb<F-�hnLKpS �!|<@^? #N@ qra¬µ-V ��M npFHS<FgU¥S<npF\�gFHnCefKLnpGJb<FZ«¬{<KpFHnCefV<Q<X�S<Fga¬XyFgaWefUWFHVTeiFHQ
 ¡FHI2eixyUia �'(*, {1FHaWeinLµ�µ-ePM´FHUWS<FHQ/.

�'(*, 8 V � � '3
8 V ��

�
� �
� � �
� V�� ���

� �
� � �

	�

�
��
�
3��3 �3 �
	�

�
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«¬{T{<nLKpS<V<Q<X�|T@^l . ��xAxRUiS<npQsOuefFgQ2efUfOuQ<aWt!xyUWµ O6efnLxRQ/. D )"aWeiFHµ S<Fga ��nLGJb2efFga � � ��� � � � #
� D )"aWeiFHµ�S<Fga��ZUiORS<nLFgQ2efFHQ � � � � #

8 ��
�
V � �
� 3$�

� ���
� 3 ��

	�

�

8 ��
�
V � �
� 3$��
�

	�

�

�
�e3 � 8 �

cdnpehS<nLFgaiFgUhXyFgxyµ�FNefUWnLaiGJbTFHQ9«¬QTxyUiS<Q/V<QTX·IuOuQ<QYµ�ORQ aWxyµ�nCehQ/V<UhS<nLF+� `ORQ<XyaWS<FHb<Q/V<QTX �
OR{1FHU Q<npGJb2e¥STnLF ��V<FHUWIRxyQ2efUiORI2efnpxyQdµ�FHaWaiFgQ @

¸ `V<U�STnLF�DAE1FHGJI/KLF ¦ , ORQ<S<FgUiV<QTXyaiXyFgaiGJb2M nLQTS<nLXyIuFHnCe\npQ S<FHUZ�´FHxy{sOuGJb/eiV<Q<XyaWFH{1FHQ<F²M nLUWS
M nLFgS<FHU�S<npF9�HV '(*, aWFHQ<I/UiFgGJb2efF ��xyµ�EzxRQ<FHQ2efFª{1FHQ `xuefnLXue5@ ��FHU²FHnpQTt�ORGJb<F�XyFgxyµ�FNefUWnLaiGJbTF
� V<aiORµ�µ�FHQTbsORQ<XªM nLF�{zFgn¡S<FHU\��xueJOueinLxyQ8nLaoe[b<nLFgU\Q<npGJb2e\wRxyUibsOuQ<S<FHQ�@ - µ S<nLFgaiFgQ Q/V<Q
{1FHaWeinLµ�µ�FgQ9�HVdI�`xRQ<Q<FHQ��saixyKpKLFHQªb<npFHU S<npF� ¡FHI2efxRUiFHQ '(*) V<Q<S '(*, nLµ¹D )"aWefFgµ�S<FHa+��nLGJb2efFga
� � � � � � � #PORVTt&SsOua��ZUiORS<nLFgQ2efFHQTa�)"aWeiFHµ � � � � #´eiUfORQ<aot!xyUiµ�nLFgUWe´MhFgUiS<FgQª¦´ORQ<ORKLxyX\t `V<UPS<npF
SsOR�gV9aiFgQ<I/UiFHGJb2eiFHQd ¡FgI2efxyUWFHQ/��aWnLFHbTF�«¬{<{TnLKLSTV<Q<X¶|<@ml # @ '(*) nLµ D )"aoefFHµ S<FHa���UfOuS<nLFgQ/eiFHQ/.

'( ) 8 (*) ���
V Ggxya �
�

ainLQ �

	�

� �!|<@¤](#

'(*, nLµ¹D )"aWeiFHµ�S<Fga���UfORSTnLFHQ2eiFHQ/.
'(*, 8 ( , ���

V Ggxya �
�V ainpQ �

	 

� �!|<@^� #

qrnLQªaiFgQ<I/UiFgGJb/eiFHU¬ ¡FgI2efxyU �HV '(*, nLaoe SsORQ<Q .

'( ,�� 8 (*, ���
V Ggxya��
�V aWnLQ �

	�

� �!|<@¤�(#
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8 (*, ���
ainLQ �
�V Ggxya �

	�

� �!|<@^k #


 '@ ,�� 8 ��
�

aWnLQ �
�V GHxRa �

	 

� �!|<@^£ #

��FHU�D/efUiFgVTwyFgI2efxyU '3 nLaoe SsORQ<Q�FHnpQTt�ORGJb/.
'3 8 '(*) V '(*, ��|<@CB�� #

8 ( ���
GHxRa � V GHxRa �

�
ainLQ � � ainpQ �

	�

� ��|<@CByB #

��nLF¬�HV '(*, aiFHQTI"UWFHGJb2efF¶�ZxRµ�E1xyQ<FgQ/eiF�wyxyQ �'(k, FgUib `ORKCe µ OuQdOuV<a S<FHU���KLFHnpGJb/V<Q<X
�(*, � 8 �'(k, '@ , � ��|<@CB%? #

8 V ( � 

� ��Ggxya � V GHxya � #TainLQ � ��|<@CB�l #

- Q2eiFHU¥ ¡FgUWM´FHQ<STV<Q<XYwyxRQ ���T@CB%� # nLaoe�aiGJb<KpnLF��RKLnLGJb�S<npF¶DAE1FHGJI/KpFgMhORQ<S<FgUiV<Q<XRaiXyFgaiGJb2M nLQ<STnLXu¦
IRFgnpe�nLQ � � ¦ � nLGJb2eiV<Q<XU.

��� � 8 V 	 � 

� ��Ggxya � V GHxya � #TainLQ � ��|<@CB5| #

©�µ �ZFgXyFHQ<aiOuef�¥�HV<Uh��xueJOueinLxyQ<aiORQ<xyUWS<Q/V<Q<X\KLnLFgXRe b<nLFgU´aWGJb<nLFNt!FHa ,
ORQTS<FHUWQYwyxyQ+'(*, wyxRU
� �'(5,�� �8�� #N@Z��FgaibsOuKL{�µ¶V �YS<FHU��ZxRUiUiFgI2efV<Uot�ORI2efxyU � � � ��KLFHnpGJb/V<Q<Xª?A@CB�l # {zFgUiFgGJb<Q<Fge�M´FHU ¦
S<FgQ @r��OR�gV¶M nLUiS-�HV<a `Ouef�gKLnLGJb·�gV<U¡��xyµ�EzxyQTFHQ2efF �'( , � � �ZKpFHnLGJb/V<QTXy|<@CB�l #&STnLFP��xyµ�E1xyQ<FHQ2eiF�'(k, � {1FHQ `xuefnLXue .

�( , � 8 �'(k, '@ ,�� ��|<@CB%] #

8 ��
�
V � �
� 3���
�

	 

�
��
�
V GHxRa �
�V ainpQ �

	 

� ��|<@CB�� #

8 � 

�
�!GHxya � V GHxya � #TGHxya � ��|<@CB%� #

qrnLQ<XRFHaiFNef�Ne¥npQ �ZKpFHnLGJb/V<QTX ��?A@CB�l #´t!xyKpXRe S<npUiFHI2e�.

� � 8 Ggxya � efORQ B � � � ainpQ �
ainLQ � ��|<@CB�k #

8 B � eJORQ B � � ��|<@CB�£ #
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B5� ?R� ly� |2� ]R� �R� �R� ky� £y�

���
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�
	
� � �
��
�

«¥V<aWt�OuKLKLaoM nLQ<IuFHK � � ��UfORS$#
«¬{T{<nLKpS<V<Q<X²|<@}|U. qrnLQ �sV ��S<Fga¥aWGJb<nLFNt!FHQ-,
ORQTS<FHUWQ<a�wRxyQ �'(5, ORVTt S<nLF\DAE1FHGJI/KLFNMPOuQ<S<FHUWV<Q<X
��{1FHn � � 8�BZQ/V<U aiFgQ<I/UiFgGJb/eiFHa4, ORQ<STFHUiQ #N@

��ORa¡aiGJb<npFgt!F ,
OuQ<S<FHUWQ�wRxyQ �'(k, ��V<Q<S�aixyµ�npe�S<FHU´��xyUiUWFHI2efV<Uot�ORI2efxyU #�IuOuQ<Q�STnLF¥DAE1FHGJIy¦
KLFNMPOuQ<S<FHUWV<Q<XyaWXyFHaWGJb2M nLQ<S<npXyIRFgnpehFHUibTFH{<KpnLGJb�{zFgFHnLQ �sV<aiaWFHQ�� �WF QsORGJb ��U `x(�yF S<FHahD"efUWFHV2M nLQ"¦
IRFgKLa � �=M nLF-��n­ORXRUfORµ�µ¢|<@}| �gFHnpXRe5@¥��nLFZIRxRUiUinpXynLFgUWeiF¶DAE1FHGJI/KpFgMhORQ<S<FgUiV<Q<XRaiXyFgaiGJb2M nLQ<STnLXu¦
IRFgnpe�nLaoe aixyµ�npe�.

� �� � 8 ��� � � � 8 V 	 � 

� �!GHxya � V GHxRa � #�� B � eJOuQ B � � #TaWnLQ � ��|<@^?R� #

- µ�XyFgt!xRUiµ-e[QsORGJb S<FHU\�HV
µ�FHaWaiFHQTS<FHQ ��UfORSTnLFHQ2eiFHQ<Iuxyµ�E1xyQ<FgQ2efF npQ «¥{<b `ORQ<XRnLXyIuFHnpe
wyxRQdS<FgU¥DAEzFgGJI/KLFgMhORQ<STFHUiVTQ<XyaiXRFHaiGJb2M npQ<S<nLXRIRFHnCe�FHUWb(`ORKCe µ ORQ .

� ���
� � 8 V � �� �	 ��Ggxya � V GHxya � #��oB � eJORQ B � � #TainpQ � ��|<@^?AB #

,�nLKpK1µ�ORQ�SsORaPaWGJb<nLFNt!F4,
OuQ<S<FHUWQYwyxyQ '(*, V<Q2efFgUi{<npQ<S<FHQ��Tµ¶V �-µ ORQ FHnLQTFHQYXyFgxyµ�FgefUWnC¦
aiGJbTFHQ²«¬VTt!{<ORV ��«¥{<{<npKLS<V<QTX�|<@^] #�M `Oub<KLFgQ��y{1FHnTSTFHµ S<nLF EsORUiORKLKpFHKLF ��xyµ�EzxRQ<FHQ2efF �'( , � wyFHU ¦
aiGJb2M npQ<S<FgeH@ ��nLFga�npaWe�S<FgU¥¸=ORKpK �TM´FHQTQ�S<FHU «¥V<aWt�ORKpKLaoM nLQ<IuFHK � XyFgUfORS<F\£y� ��UfORS�{zFNefU `ORXRe5@
��ORQ<Q UWFHS<VT�HnLFgUWe�ainpGJbjS<nLFªD"EzFgGJI"KpFgMhORQ<S<FgUiV<QTXyaiXyFgaiGJb2M nLQTS<nLXyIuFHnCeªORVTt�FHnpQ<FHQjFgnLQTt�ORGJbTFHQ
«¬VTaiS<UWV<GJI .

��� � 8 	 � 

� Ggxya � ��|<@^?y? #

- µ S<FgQ ��FHaWGJb2M nLQ<S<npXyIRFgnpeiaiXyUiORS<nLFgQ2efFHQ�ORV<a�S<FHU ��FHaWGJb/M npQ<S<npXyIRFgnpe�{zFgUiFgGJb<Q<FHQ��HV
I `xyQ<Q<FgQ��st!xyUiµ\e µ OuQ�xR{<nLXyF ��KLFgnLGJb/V<Q<X²V<µ¢�HV/.

� ���
� � 8 ��� �

	¬GHxya �
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«¬{T{<nLKpS<V<Q<X¥|<@¤]5.�D"eiUiFgV<XyFHxRµ�FNefUinpF tJ`VTU�S<nLF´��FHbTQ"VTQ<Xyaiµ�FHaWaiV<QTX �/{zFgnTS<FgU Q/V<U�aWFHQ<I/UiFgGJb2efFHa
, ORQ<S<FgUiQªwyxyQ '( , ORVTtveiUinpeWe � � 8�£y� � #N@
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Elastischer
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Biegung

«¬{T{<nLKpS<V<Q<X |<@m� .&D"eiUiFgV<XyFHxRµ�FNefUinpFr�HV<U&�hnpFHXyFgµ�FgaiaWV<Q<X�S<FHU���UfORS<npFHQ2efFgQ<IRxRµ�E1xyQ<FgQ/eiF � ���� � @
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Ewaldkugel
(Ausschnitt)

Streufläche
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Kohärenzvolumen
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V<Q<SªwyFgUiV<UWafORGJb2e¬S<FHaWbsORKL{ �= "���( DAE1FHGJI/KpFgMhORQ<S<FgUiV<Q<XT@
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«¬V<GJb�b<nLFgU KLnLFgXRe M nLFgS<FHU aWGJb<nLFNt!FHa+, ORQ<STFHUiQ�wyxyQ �'(k, wyxRUH@´q¡a��HFgnLXRe�aWnLGJb�STV<UiGJbdFHnLQTF
FHnpQTt�ORGJb<F `- {zFgUiKLFgXyV<Q<X �<SsO(�²S<npF��N¦ ��xyµ�E1xyQ<FHQ2eiF�wyxyQ �'(k, `V<{1FHUWbsORV<ETe�Q<npGJb2e¥µ�F��R{sORUPnpaWe5@
��FHQTQ S<npFHaiF��N¦���xyµ�E1xyQ<FgQ2efF²nLaoe\npµ�µ�FHU¬EsORUfOuKLKLFgK��HVTU-��xyb `OuUiFHQT��� `ORGJbTF(� STnLF²aiFgQ<I/UiFHGJb2e
ORVTt&S<FgU D"eiUiFHV � `ORGJb<F�aoefFHb2e��=ORKLaWx¶EsORUiORKLKpFHK=�HV<Uh�N¦�«¥GJb<aiF5�sµ�nCehSTFHU ¸sxyKpXyF(�"SsO(�·FgnLQ<F ,
ORQ"¦
S<FgUiV<Q<X±wyxyQ '(*, npQ��N¦���npGJb2efV<Q<X `V<{1FHUib<ORV<ETe IRFHnpQ<F*, ORQ<STFHUiVTQ<X
S<FgUYDAE1FHGJI/KpFHaYnpQ�S<FgU
�hFgxy{sORGJb2efVTQ<XyaiFg{zFgQ<F��jFHUW�HFHVTXRe4��«¬{T{<nLKpS<V<Q<XZ|<@^� #N@ ��nLF �gV '(*, aWFHQ<I/UiFgGJb2efF���xyµ�EzxRQ<FHQA¦
efFZK `O(�Re aWnLGJb�SsORQ<Q�µ�nCe���KLFHnpGJb/V<Q<X·|<@^?y]¶V<Q<S�|<@m£�aWGJb<UiFgnL{1FHQdORKLa .
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��FHU²��xyUWUiFHI2eiV<UWt�ORI2eixyU·S<FHU·aWGJb<nLFNt!FHQ ,
OuQ<S<FHUWV<Q<X8t `V<U·S<npFªDAE1FHGJI/KLFNMPORQTS<FHUWV<Q<XyaWXyFN¦

aiGJb2M npQ<S<nLXRIRFHnCe·nLaoe¶S<VTUiGJb �ZKpFHnpGJb"VTQ<X ��|T@pB�£ #[XyFgXyFH{1FHQ��raWx SsO(��µ�ORQ t `VTU-S<npF9DAE1FHGJI/KLF ¦
MhORQ<S<FgUiV<Q<XRaiXyFgaiGJb2M nLQ<STnLXyIuFHnpe¬S<FHQ�«¬VTaiS<UWV<GJI

� �� � 8 l 	 � 

� �

� � � V � �
? #���aWnLQ � � aWnLQ � #�� B � efORQ B � � #TainLQ � ��|<@^?R� #

FHUWb `ORKCe5@
��nLF�FgQ2efaiETUiFHGJbTFHQ<S<F �ZUiORS<npFHQ2efFgQ<IRxyµ�E1xyQ<FHQ2eiF K `O(�Re ainpGJb�OuV<aYS<FgU�DAEzFgGJI/KLFgMhORQ<STFN¦
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- µ�S<npF-EsORUiORKLKpFHKpFZ�ZxRµ�E1xyQ<FgQ/eiF\wRxyQ �'(k, �HV�wRFHUWµ�FgnLS<FgQ��zµ-V � M nLFgS<FHU¥S<FHU¥«¬VTt!{<ORV
wyxRQ «¥{<{<npKLS<V<QTX9|<@¤] {1FHQ/VTei�ge�M´FHUWS<FHQ��(aWx�S<O(� � 8 £y���H@\��nLF¶DAE1FHGJI/KLFNMPORQTS<FHUWV<Q<XyaWXyFN¦
aiGJb2M npQ<S<nLXRIRFHnCe�UiFHSTV<�HnpFHUWe�aWnLGJb�SsORQ<Q��HV/.
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«¬VTaiKLFgQ<I/V<Q<X � � #N@ 
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� `xyUiE1FHUWa-µ�npe\S<FHU\«¬V<aWKLFgQ<I/V<Q<X � � ��S<nLF�Q<nLGJb2e·µ�FHbTU\wyFgUiQsOuGJb<K `ORaWainpXy{sORU\nLaWe�� M nLUWS
S<FgUqrnLQTt�OuKLKLaoM nLQ<IuFHK ��V<Q<S±S<FHU[«¬VTaWt�ORKpKLaWM npQ<IRFgK � OR{<b `ORQ<XynpXªwRxyQ
S<FgUZaWeJO6efnLaWGJb<FHQ «¬V<aWKLFHQ"¦
I/V<Q<X�V<Q<Sªwyxyµ 	�Uoe �ªFHQ2efKLORQ<X²S<FgU¥�´nLFHXRFHKLnpQ<nLFC.
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,±FHaiFgQ2efKLnpGJb<FHUª�´FHaWefORQ<STeiFHnpK¬S<npFHaiFgUY«¬UW{zFgnpe nLaWeYS<nLF��hFHaoefnLµ�µ¶V<QTX
S<FHU9DAEzFgGJI/KLFgMhORQ<STFN¦
UiVTQ<XyaiXRFHaiGJb2M npQ<S<nLXRIRFHnCe ��� @ � V<U �hFgaWefnpµ�µ-V<Q<X·S<FgU¬c�V<aWeiFHUWMhORQ<STFHUiVTQ<X aoefFHbTFHQ��NMhFgn(nLµ�HFgnpeiKLnLGJbTFHQ²«¬{<aoeJORQTS ��ORVAt!XyFHQ<xRµ�µ�FHQ�DAE1FHGJI/KLFg{<nLKpS<FHUr�gV<Ur ¡FHUot `V<XyV<Q<XT@���nLF�D"EzFgGJI"KpFHµ¶V"¦
aWeiFHU&nLQZ{1FHnLSTFHQ\�hnLKpS<FHUWQ�ainLQTS\UWFHK­O6efnpw¬�HV<FgnLQsOuQ<S<FHU�wRFHUiaWGJb<xy{1FHQ @ � npFHKynpaWe&S<npF¡�hFHaoefnLµ�µ¶V<QTX
S<npFHaiFgU\ ¡FgUiaiGJbTnLFH{TV<Q<X<@8qra-npaWe\MhFgQ<nLX�aWnLQ<Q2wRxyKLK � S<npF� ¡FgUiaiGJbTnLFH{TV<Q<X8{zFgaiE<npFHKpaWM´FHnLaWF9ORVTt­¦
XyUWV<Q<S STFHah«¥{<aWefORQ<S<FgaPFHnpQ<FHU {1FHaixRQ<S<FHUWahµ�ORUiI6ORQ2eiFHQ9D/efFHKpKLF nLµ cdV<aWeiFHUP�gV {1FHaoefnLµ�µ�FHQ��
SsOYSsOua[DAEzFgGJI/KLFHµ-V<aWeiFHU�M `ORb<UWFHQ<S8S<FgUZ�hFgM´FHXRV<Q<XªQ<nLGJb2eZaoeJORUWU�{<KLFgnL{Te.�§cdVTaWefFgUiIuxAGJb<FgQ��
ainpFHb<F-�ZORE<npeiFHK�?A@}| #N@¥��FHVAefKLnpGJbdXRFHQsORVTFHUiF¶q¡UWXyFH{TQ<nLaWaiF¶FgUi�HnpFHKCe¬µ�ORQ�STV<UiGJb�STnLF¶��xyUWUiFgK­O6¦
efnpxyQªS<FHU ©�Q2efFgQ<ainCe `OueiaWwRFHUiK `ORVTt!FZS<FgU¬D"EzFgGJI"KpFH{<npKLS<FgUH@

«¬V<arSTFHQ�qrnLXyFgQ<aiGJbsO6tvefFHQ�S<FgUraixyXyFgQsORQ<Q2eiFHQ���UiFHVT�HIRxRUiUiFgK­OueinLxyQTaWt!V<Q<I2einLxyQ·I6ORQ<Q²SsOuQ<Q
S<npF  ¡FHUWaiGJb<npFH{<V<QTX �NMhFgnLFgU�DAEzFgGJI/KLFH{TnLKLSTFHU·UiFgK­Oueinpw8�gV<FHnpQsORQ<S<FgU·FHUWµ�nCeiefFgKpe[MhFgUiS<FgQ @
©�µ
t!xyKpXyFHQ<STFHQªaixyKpK S<npFZ�ZUWFHV<�gIRxyUWUiFgK­OueinLxyQ<aot!V<Q<I2efnpxyQªQ `ORb<FgU {zFNefUfOuGJb/eiFge�MhFgUiS<FgQ @
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