
���������	��
���������������������������� ���!#"%$�&(')'+*,!#"-&(.0/+.214365879���:�;�<���8�:7=���)>@?@AB>)�C79�:�<��?D7EGFAB�IH0/�/0$
J�KML�N�OQP

R4SBTVU0WYXBZ�[Y\^]�_YXBU0W�`ba0[�cBdeS0WYde`%fg _hc+[6U,[�ijTlkm[�dn[�Ubc=`)\ gpo SBdeqnU0W�`ba0[�cBdeS0WYdr`bs
t�uwvyx{zy|j}:v�~
� qnqeSB�h[��#[ o W�km[4W�SBX,TV�8_mde��[�ij[�Z��ndnTjZ��0[�iVUI�������������� [��n[�dn�hTjX,[�� o [��)_Y�{[�X9�nT�WYi)UBTl��[�dn[�X,Z�[�c)[�����[�[�X� o [4_mdeTj�mTVXIWYXBU%� o [6�8_miVij_:��TjX,���+_YTjX=�{q � �C¡{¢B£ TVXI� o [ ��¢ �BijWYXB[¤\��¥ £ ��¦ ¡{§=£ ��¥<¥ £ � §,¡ ¦ £ �8¥�¥<¥ £ � o [4�)_mTjX=����¦ ¡ ¦ £
t�uwvyx{zy|j}:v4¨
� X vy©jvªzy«<x¬|�z%Y|¯®0°;©jv TVq�ij_(Z�W¤�n[�UQWYiV_mXB� � o [%±;²�W;³wTjq���TV� o � o [IZ�[�X=�{de[ W¤��� o [I_mdeTj�mTVX2´µWYq�q o _:��X¶TVX·� o [�0�mSBde[ � gpo [�[�iV[�Zy�{dnTVZ Y|¯®0°;©jv ¸¹°;¸¹vyº0« TVq�UB[y�0XB[�U»WYq#¼¶�¾½m¿µ´)� o [�dn[�¿@�À¦Á�±¹Tjq�� o [ km[�Z��{_Yd��8dn_m�ÃÂ�½�{_�½ �

z

x

r r2

r1

q

−q

a
θ

V = ?

(f.eks.)

ÄwTjXBZ�[���[ o [�de[�_mc=k(Tj_mS,qniV`h��S,qe� o W:kY[ }yÅ¤¸�¸¹vy«�x¬Å ��Tl� o de[�qe�+[�Z��Æ�n_�W�dn_¤�ªW¤�nTj_mX¹WYdn_mS,XBU¹� o [6±;²ÇW�³,TVq�´wTV��TjqqnS,ÈhZ�TV[�X=���{_�TjX=km[�qe�nTj�=W¤�n[4Wh�,i�WYXB[6Z�_mX=�ªWYTVXBTjX,��� o [ ±;²�W;³wTjq ��É [ o W�km[ o [�de[�Z o _mqn[�X�� o [ � ±h�Bi�W¤XB[ �a�S,de� o [�d�´=��[��ÊW�`�Z o _(_mqe[�c)[�����[�[�X�Z�WYdr�{[�qnT�W¤XÊZ�_w_mdeUBTjXBW¤�{[�q�� �C¡ ± £ _mdµ�)_mi�W¤d�Z�_(_mdnU,TjX0W¤�n[�q���Ë ¡ªÌY£ TjX�_mdeUB[�d�{_ UB[�XB_¤�{[�WYXÊWYdncBTl�{dnWYde`��)_mqeTV�{TV_mX�TjX�� o Tjqµ�BijWYXB[ ��É [���TjiViBSBqe[�c)_Y� o TjX�� o Tjqµ[y³w[�dnZ�TVqn[ � gpo [��)_mijWYd�WYXB�Yij[Ì �¹W�`Êc+[�Z o _mqn[�XI��TV� o de[�qe�+[�Z��p�{_�WYX=`�_mXB[�_Y��� o [6Z�WYde�n[�qeT�WYXIW�³,[�q �^Í [�dn[¤´,�#[6iV[�� Ì UB[�XB_¤�{[�� o [6WYXB�Yij[c+[y���#[�[�XÏÎ WYXBU%� o [ ±hW;³wTjq ��qe[�[4�0�mSBde[ £¬�¦ £ aMTjdeqe��´+��dnTl�{[�UB_:��XÏ� o [�de[�ijW¤�{TV_mX c)[�����[�[�X»� o [�Z�WYde�n[�qnTjWYXÏZ�_w_mdeUBTjXBW¤�{[�q�� �C¡ ± £ WYXBUÏ� o [��)_mi�W¤d�Z�_w_mdÇ²UBTjX0W;�{[�q �8Ë ¡ªÌm£¬�^Ðª� [ � ´0UB[y�{[�de�ÊTVXB[ � ��Ë ¡ªÌY£ ´)±0�8Ë ¡{Ìm£ WYXBU%Ë,� �C¡ ± £¬�Ñ £ Ä o _���� o W;��� o [4�+_¤�{[�X=�nT�WYi)�8dn_m��qeSBZ o W�UBTV�+_Yij[Y´wTjX%Z�W¤de�{[�qnTjWYX%Z�_(_mdnUBTVX0W¤�n[�q�´0c)[�Z�_m�h[�q
Ò � �C¡ ± £ � ½ÓYÔ2Õ �

Ö× Ø
Ù ��Ú�Û �<±4ÂQ¦(Ümf £ Ú Â

Ø
Ù ��Ú�Û �<± Û ¦(Ümf £ Ú

ÝÞ

Ø



É o W¤�µTjq � o [��)_Y�{[�X9�nT�WYiw_mX�� o [ � W;³wTjq�´ Ò � �C¡{§=£ � É o W¤�µTjq � o [p�)_Y�{[�X=�{T�W¤iB_mX�� o [�± W;³wTjq�´ Ò � §,¡ ± £ �@� Ðª� [ � ´_mXI� o [ zª°;¸�®)©jvy«�v ±hW;³wTjq��0c+[4Z�W¤dn[��8S,i2��TV� o � o [4qnTj�YXBq �l�V���¯£�� dnW��¾W�q��¤[��{Z o _Y� � o [6�8SBXBZy�{Tj_YX Ò � §,¡ ± £y�
��£ Ä o _:�¾� o W;����WYd�W��ÆW�` �8de_m��� o [�UBTj�)_miV[¹�8T � [ � ´+Ë
	 ¦ £ ´+� o [��)_Y�{[�X=�{T�W¤i TVq��n_�W¹�m_(_(UÏWY�B�,dn_�³wTj�ÊW¤�{TV_mX�mTVkY[�X@��TjXI�)_mijWYdÆZ�_(_mdeUBTjX0W;�{[�q £ c=`

Ò ��Ë ¡ªÌY£ ��� Z�_Yq ÌÓYÔ2Õ �eË Ú �
¼�:ÎÓYÔ2Õ �eË��

Í TjX=��\^Ä(�ªWYdr�p��TV� o Ø
Ë�� Â

Ø
Ë Ú �

Ë Ú Â·Ë��Ë��rË ÚWYXBUbSBqn[6� o [4�B�mSBdn[6�n_��BXBU W¤X WY�,�Bdn_�³wTj�ÊW¤�{[6[¬³w�Bdn[�qnqnTV_mX%�8_mdÆ� o TVqp� o [�XbË�	 ¦ �É o [�de[�WYq�� o [b�)_Y�{[�X9�nT�WYi��8dn_m� W»qnTVXB�miV[I�+_mTVX=��Z o WYdn�Y[��m_([�q��n_���[�de_·WYq Ø Ü¤Ë(´µ� o [b�+_¤�{[�X=�nT�WYi#�8de_m� WUBTj�)_mij[��m_w[�q���� }y«Çvyx �{_���[�dn_B´0X0W¤�Ê[�iV`IW¤q Ø Ü¤Ë Ú �µÐ q�� o Tjqpde[�qeSBiV��dn[�WYqn_YX0WYcBiV[��
���������! �"$#&%('*)���+�,- *./,�.0"1�� 324����5/�657,98�,-:;��2<"/=>�!��2<"/,-?$2�@>2<ABA*5/��2�?7=3"0�4"/=*,� >8�.C@�,9D��E"/=*,�.$F<GH�I2<5/�6"/2�@9DJ,- >842<KL��+*"
MN *:*,- >8�OQPSR�T/U�VXWY"0�Z@9�!2�:*,- *8[��5\:>�$57]�,- ^"/=*��./��2�@-@_AB2<5\2����$"0�$5;`>a�RJb�%( ^��"/=>�$5;GH��5\:*.$F1"/=>��8�,9c��! d�feJA*5/�!././,-�� 
'S��54OQPSRgT/U�Vh,�.;i/j�k�l!m&'n��542�.0�J?$2�@-@9�!:porqsi7k<tuq<owv>x<t9iyGy,9"/=�WYz$�$5/�Q�fe{"0�! �"/]dPr,|b}��b9FN,� �"/=>�~@-,-��,9"I`����JFND��$�$AN,- >8�"/=>�
c<2�@-+>����'N��?f�� *./"/2� s"\V\b

t�uwvyx{zy|j}:v���� � x{°;¸�«|�0v�� |�Y«Çvyx¬¸ veu � ¸ ~B�{�	~B�{�������
¦ £ gpo [��0�YSBdn[�q o _:��q��0[�ijUÏiVTjXB[�q��8_md�W¹SBX,TV�8_mde� [�ij[�Z��ndnTjZ �0[�iVU � � X [�iV[�Zy�{dn_YX � o TjZ o Tjq��,i�WYZ�[�UÏTVX�� o Tjq�0[�iVU%��TViji
� �Ê_:kY[4��Tl� o Z�_YXBqe�{WYX=��qe�+[�[�Ub�{_�� o [4ij[y�	� �
� �Ê_:kY[4��Tl� o Z�_YXBqe�{WYX=��qe�+[�[�Ub�{_�� o [4dnTV� o � �
� c+[ WYZ�Z�[�ij[�dnW¤�{[�Ub�n_�� o [4ij[y�	� �� c+[ WYZ�Z�[�ij[�dnW¤�{[�Ub�n_�� o [4dnTV� o � �

E

Ñ £ gpo [��B�mSBdn[�q o _:��q6WhSBXBTl�8_mdn� [�ij[�Zy�{deTjZ4�0[�iVUÏ� ��qe_mijTVU�iVTjXB[�q £y� � ij_mX,�Ê� o TVZ o qe�{WY�Bij[�U iVTjXB[4UB_([�q�� o [�+_Y�n[�X=�{TjWYi2de[��ÊWYTjXISBX,Z o WYXB�m[�U1�
� Ø
� f
� �� Ó

E

1

2 3 4

��£�É o TVZ o _¤� � o [6�8_mijiV_���TVXB��qr�ªW¤�n[��h[�X=�{q�TjqpZ�_mdnde[�Z��$�� �I� S,Tj�)_Y�{[�X9�nT�WYi�qnSBdr��WYZ�[�q��8_md�W��)_mTjX=��Z o W¤dn�m[ WYde[ Z�SBc)[�q�Z�_mX,Z�[�X=�ndnTjZ4��TV� o � o [4Z o WYde�m[ �
� � ij[�Zy�{deTjZ6�)_Y�{[�X9�nT�WYi�Tjq�W�km[�Z��{_Yd �
� � ij[�Zy�{deTjZ6�)_Y�{[�X9�nT�WYi�Tjqp�h[�WYqeSBdn[�U�TVXbS,XBTV�nqp_Y���~�J� �� �I� S,Tj�)_Y�{[�X9�nT�WYi�qnSBdr��WYZ�[�q�WYde[6�+[�dn�)[�XBU,TjZ�S,i�WYdÆ�n_h[�ij[�Z��{deTjZ��0[�ijUbijTVXB[�q �

f



� £ gpo dn[�[h�)_mTjX=�4Z o WYde�m[�q ½s�6� s�� ��´�½ Ú � Ø § � � WYXBU-½ � � Ø s�� � W¤dn[��BijWYZ�[�UDTVX»� o [�Z�_mdeXB[�deq�_¤�pWYX[ � SBTjijW¤�{[�d{WYi+�{dnTjWYXB�miV[���Tl� o qnTVUB[�q��2� s § Z�� � gpo [��)_Y�{[�X=�{T�W¤i2[�XB[�dn�Y`�_Y� � o [4qe`(qe�n[�� Tjq
� Ó ��� s��
� s ��� s��
� 	 ��� s��� 
w��� s��

q1 q2

q3

l l

l
��£ gpo de[�[��)_mTjX=��Z o WYde�m[�q�½��Æ� s�� ��´�½ Ú ��Â Ø § � � WYXBU ½ � � Ø s�� � WYde[��BijWYZ�[�UÏTjXb� o [�Z�_mdeXB[�deq�_Y�^WYX[ � SBTjijW¤�{[�d{WYi+�{dnTjWYXB�miV[���Tl� o qnTVUB[�q��2� s § Z�� � gpo [��)_Y�{[�X=�{T�W¤i2[�XB[�dn�Y`�_Y� � o [4qe`(qe�n[�� Tjq
� f � fms��
� §,� fms��
� If � fYs���  Ó � fYs��

q1 q2

q3

l l

l
� £ gpo [��)_Y�{[�X=�{T�W¤i [�XB[�de�Y`Ï_Y�µ����_%[�ij[�Z��ndn_mXBq���TV� o W���S,�{S0W¤iMUBTVqe�ªW¤XBZ�[ Ø��� ��� Ø §�� ��� � £ Tjq�� Ø [�� �Ø�� 	� Ø §�� ��� ���
� Ø Ó � Ó �Ê[��
� Ø Ó � Ó [��
� Ø Ó � Ó �Y[��� Ø Ó � Ó ]�[��

�B£ � c)[�de`(iVijTjS,��X(S,Z�ij[�SBqÆ��TV� o Z o WYde�m[ Ó � WYX,UI�¹WYqeq � �"! WYX,U%WYX$#D�0W¤de�{TVZ�iV[��8T � [ � ´BW o [�ijTjS,� X9SBZ�ij[�SBq £��TV� o Z o W¤dn�m[�f � W¤XBUÊ�ÊWYqeq Ó �"! WYde[�c+_Y� o W;�µdn[�qr� � gpo [�����_��0WYdr�{TVZ�ij[�q�Z�WYXhc)[�c,dn_mSB� o �µ�n_�[ � SBWYi0qn�)[�[�Uc9`
� WYZ�Z�[�iV[�d{W;�{TjX,��� o [���� o de_mSB� o WYXb[ � S0WYi��)_Y�n[�X=�{TjWYi2UBTl��[�dn[�X,Z�[ �
� WYZ�Z�[�iV[�d{W;�{TjX,��� o [%# �0WYdr�{TjZ�ij[�� o dn_YSB� o�Ò km_mil�{q�WYXBU%� o [4c)[�dr`wiVijTVSB� X9SBZ�ij[�SBqp� o de_mSB� o Ò Ümf�kY_miV�nq �
� WYZ�Z�[�iV[�d{W;�{TjX,��� o [%# �0WYdr�{TjZ�ij[�� o dn_YSB� o�Ò km_mil�{q�WYXBU%� o [4c)[�dr`wiVijTVSB� X9SBZ�ij[�SBqp� o de_mSB� o'&=Ò Ü � km_mil�{q �� WYZ�Z�[�iV[�d{W;�{TjX,��� o [%# �0WYdr�{TjZ�ij[�� o dn_YSB� o�Ò km_mil�{q�WYXBU%� o [4c)[�dr`wiVijTVSB� X9SBZ�ij[�SBqp� o de_mSB� o � Ò Ü & km_mil�{q �

�


