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     Fyzikální praktikum III

   Úloha þ. 22
  Název.: *HRPHWULFNi�RSWLND
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3UDFRYQt�~NRO�� =P��WH�RKQLVNRYRX�Y]GiOHQRVW�UR]SW\ON\�QDYUåHQRX�PHWRGRX�� 3URP��WH�EDUHYQRX�YDGX�VSRMQp�L�UR]SW\OQp�þRþN\
7HRUHWLFNê�~YRG3UR� YêVOHGQp� ]REUD]HQt� S�HGP�WX� RSWLFNRX� VRXVWDYRX� MH� G$OHåLWi� MHMt� RKQLVNRYi� Y]GiOHQRVW��9S�tSDG�� MHGQRGXFKêFK� þRþHN�� NWHUp� P$åHPH� SRYDåRYDW� ]D� WHQNp�� PiPH� VLWXDFL� ]QDþQ�]MHGQRGXãHQRX��2KQLVNRYRX�Y]GiOHQRVW�VSRMQp�þRþN\�P��tPH�QDS�tNODG�%HVVHORYRX�PHWRGRX��%HVVHORYD�PHWRGD�Y\XåtYi�WRKR��åH�]REUD]RYDFt�URYQLFH�þRþN\��SODWQi�Y�SDUD[LiOQtP�SURVWRUX����������������>5�@(D − I) = (D − I) = I�MH� V\PHWULFNi� Y$þL� D� L� D
�� 3URWR� H[LVWXMt� SUR� GDQRX� Y]GiOHQRVW� REUD]X� D� S�HGP�WX�'� �'!�I�H[LVWXMt�GY��V\PHWULFNp�SRORK\�þRþN\��NG\�MH�REUD]�RVWUê��3URWRåH�' D�D
�D�∆ D
�D��O]H�RKQLVNRYRXY]GiOHQRVW�Y\SRþtWDW�SRGOH�Y]WDKX�� ��������������������������>5�@I = '�−∆��'3URWR� VWDþt� ]P��LW� SRX]H�'� D� ∆� D� ]� WRKR� XUþLW� RKQLVNRYRX� Y]GiOHQRVW� SRGOH� >5�@� D� SURWRåHSRW�HEXMHPH�]QiW�SRX]H�UR]GtO�RERX�V\PHWULFNêFK�SRORK��MH�QiP�MHGQR��Y�NWHUêFK�PtVWHFK�VH�QDFKi]tVW�HG� þRþN\�� MHKRå� SRORKX� E\FKRP� MLQDN� SRW�HERYDOL� ]QiW�� SRNXG� E\FKRP� FKW�OL� RKQLVNRYRXY]GiOHQRVW�Y\SRþtWDW�S�tPR�]H�]REUD]RYDFt�URYQLFH�8� UR]SW\OHN� MH� VLWXDFH� NRPSOLNRYDQ�Mãt�� SURWRåH� URYQRE�åQê� VYD]HN� ]D� þRþNRX� MH� P�Q�Q� QDUR]EtKDYê�� QHY]QLNi� WHG\� åiGQp� UHiOQp� RKQLVNR� D� åiGQê� UHiOQê� REUD]�� 5R]EtKDYRVWL� S$YRGQ�URYQRE�åQpKR�SDSUVNX�P$åHPH�N�P��HQt�RKQLVND�UR]SW\ON\�Y\XåtW�� MDN�XND]XMH�P��tFt� VFKpPD�QDREUi]NX�>2�@�

>2�@=P��tPH�OL� WHG\� VDGX� SU$P�U$� UR]EtKDYpKR� VYD]NX�'� YH� Y]GiOHQRVWHFK�D
� RG� þRþN\��P$åHPHQDS�tNODG�OLQHiUQt�UHJUHVt�Y\SRþtWDW�RKQLVNRYRX�Y]GiOHQRVW�UR]SW\ON\��=�G$YRG$�PRåQêFK�QHV\PHWULt]P��tPH�WDNWR�RKQLVNRYRX�Y]GiOHQRVW�MHãW��Y�REUiFHQp�SROR]H�þRþN\�D�MDNR�YêVOHGQRX�RKQLVNRYRXY]GiOHQRVW�YH]PHPH�SU$P�U�RERX�KRGQRW�



ýRþN\� MVRX� ]KRWRYHQ\� ]�PDWHULiO$�� NWHUp� Y\ND]XMt� GLVSHU]L� VY�WOD��7R� VH� SURMHYt� W]Q��EDUHYQRXYDGRX�� WHG\� YODVWQ�� IDNWHP�� åH� N� ORPX� þHUYHQêFK� SDSUVN$� GRFKi]t� PpQ�� QHå� N� ORPX� PRGUêFKSDSUVN$��7R�VH�SURMHYt�UR]PD]iQtP�RKQLVND�SUR�SU$FKRG�SRO\FKURPDWLFNpKR�VY�WOD��9\PH]RYiQtPVSHNWUiOQtFK�þDU� �QDS���SRPRFt� LQWHUIHUHQþQtFK� ILOWU$�� O]H�SURP��LW�EDUHYQRX�YDGX� WDNRYpWR�þRþN\�WHG\�]iYLVORVW�RKQLVNRYp�Y]GiOHQRVWL�QD�YOQRYp�GpOFH��9êVOHGN\�P��HQt3RPRFt� QDYUåHQp� PHWRG\� MVHP� ]P��LO� RKQLVNRYRX� Y]GiOHQRVW� UR]SW\OQp� þRþN\�� 5RYQRE�åQêVYD]HN� MVHP�Y\WYR�LO� SRXåLWtP�SRO\FKURPDWLFNp�YOiNQRYp� ODPS\��NWHURX� O]H�SRYDåRYDW� ]D�ERGRYê]GURM� VY�WOD� D� UR]EtKDYê� VYD]HN� MVHP� NROLPRYDO� VSRMQRX� þRþNRX� ]QiPp� RKQLVNRYp� Y]GiOHQRVWL5RYQRE�åQRVW� VYD]NX� MVHP�RY��LO�P��HQtP� MHKR� SU$P�UX� Y� Q�NROLND� Y]GiOHQRVWHFK� RG� NROLPDþQtþRþN\��0��HQt�VKUQXMH�WDEXOND�>7�@��]tVNDQi�RKQLVNRYi�Y]GiOHQRVW�Pi�KRGQRWX��I ���������PP&K\E\�RGHþtWiQt�SU$P�U$�D�SRORK\�VWtQtWND�MVHP�VWDQRYRYDO�RGKDGHP�MDNR�FK\E\�PD[LPiOQt����PP�SUR� RGHþtWiQt� SRORK\� VWtQtWND� Y$þL� þRþFH� SiVRYêP�P��tWNHP�� ����� SUR� RGHþtWiQt� SU$P�U$� QDVWtQtWNX� Y\KRWRYHQpP� ]� PLOLPHWURYpKR� SDStUX��� &K\ED� FHONRYpKR� P��HQt� MH� Y\SRþWHQD� ]� FK\EUHJUHVQtFK� NRHILFLHQW$� OLQHiUQt� UHJUHVH� GDW� SURYHGHQp� SURJUDPHP� 0LFURVRIW� ([FHO� ��� �YHþWYHUFtFK�MVHP�VHþHWO�UHODWLYQt�FK\E\�MHGQRWOLYêFK�NRHILFLHQW$���
3UR�S�W�YOQRYêFK�GpOHN�MVHP�SURP��RYDO�EDUHYQRX�YDGX�VSRMQp�þRþN\�D�UR]SW\ON\��1HMSUYH�MVHPVWDQRYLO�RKQLVNRYRX�Y]GiOHQRVW�VSRMQp�þRþN\�Y�EtOpP�VY�WOH�%HVVHORYRX�PHWRGRX�ISRO\FKURPDWLFNi �����������FP&K\EX�P��HQt�MVHP�VWDQRYRYDO�YêSRþWHP�]H�Y]WDKX�>5�@��3DN� MVHP� SURP��RYDO� RKQLVNRYRX� Y]GiOHQRVW� %HVVHORYRX� PHWRGRX� SUR� S�W� YOQRYêFK� GpOHNY\PH]RYDQêFK�~]NRSiVPRYêPL�LQWHUIHUHQþQtPL�ILOWU\��0��HQt�MH�VKUQXWR�Y�WDEXOFH�>7�@��]tVNDO�MVHPQiVOHGXMtFt�YêVOHGN\�

λ�>QP@ ��� ��� ��� ��� ���I�>FP@ ���� ���� �� �� ����
σI�>FP@ ��� ��� ��� ��� ���+RGQRW\�MVHP�Y\QHVO�GR�JUDIX�>*�@�D�GDW\�SURORåLO�OLQHiUQt�UHJUHVQt�N�LYNX��&K\E\� P��HQt� MVRX� VWDQRYRYiQ\� RGKDGHP� SUR� RGHþHW� MDNR� FK\E\� PH]Qt� ���� PP� SUR� NDåGRXSRORKX�þRþN\���(PSLULFN\�MVHP�SUR�GDQRX�þRþNX�]tVNDO�UHJUHVQt�]iYLVORVW�I>FP@� �����������������λλ>QP@�������������.RHILFLHQW�NRUHODFH�GDW�MH��������WHG\�MGH�VNXWHþQ��R�]iYLVORVW�OLQHiUQt�



6WHMQp�P��HQt� MVHP�SURYHGO� V� UR]SW\ONRX�R�RKQLVNRYp�Y]GiOHQRVWL� ]MLãW�Qp�P��HQtP�Y�~NROX���&K\E\�MVHP�VWDQRYRYDO�VWHMQêP�]S$VREHP�0��HQt�MH�VKUQXWR�Y�WDEXOFH�>7�@��9êVOHGNHP�MVRX�QiVOHGXMtFt�GDWD�
λ�>QP@ ��� ��� ��� ��� ���I�>FP@ ���� ���� ���� ���� ����
σI�>FP@ � �� � � ��+RGQRW\�MVHP�Y\QHVO�GR�JUDIX�>*�@��=�JUDIX�L�WDEXON\�MH�SDWUQp��åH�DEVROXWQt�KRGQRWD�RKQLVNRYp�Y]GiOHQRVWL�V�URVWRXFt�YOQRYRX�GpONRXURVWH�� FRå�RGSRYtGi� WHRUHWLFNêP�S�HGSRNODG$P��3URORåHQi� UHJUHVQt�S�tPND�Pi� URYQLFL� �SURORåHQRYiåHQRX�UHJUHVt�SRPRFt�SURJUDPX�2ULJLQ������I�>PP@� ��������������λλ>QP@��������.RHILFLHQW�NRUHODFH�GDW�MH�������]iYLVORVW�O]H�SRYDåRYDW�]D�OLQHiUQt�'LVNXVH1DYUåHQi�PHWRGD�XUþRYiQt�RKQLVNRYp�Y]GiOHQRVW�UR]SW\ON\�QiP�XPRå�XMH�WXWR�Y]GiOHQRVW�P��LWV� S�HVQRVWt� �iGRY�� ���� FRå� MH� S�LEOLåQ�� GYRMQiVREQ�� YHONi� QHS�HVQRVW� QHå� S�L� P��HQt� RKQLVNRYpY]GiOHQRVWL�VSRMN\�%HVVHORYRX�PHWRGRX��3UR�P��HQt�EDUHYQp�YDG\�MH�%HVVHORYD�PHWRGD�PHWRGRX�GRVWDWHþQ��S�HVQRX��0HWRGD�QDYUKRYDQiSUR�P��HQt�RKQLVNRYRX�Y]GiOHQRVW�UR]SW\ON\�MH�PHWRGRX�SUR�P��HQt�VSHNWUiOQt�GLVSHU]H�QHYKRGQRX�SURWRåH� GiYi� YêVOHGN\� ]QDþQ�� ]DãXP�Qp� H[SHULPHQWiOQtPL� FK\EDPL� ]S$VREHQêPL� RGHþtWiQtPSU$P�U$� VYD]NX� D� Y]GiOHQRVWL� VWtQtWND� RG� þRþN\��2E��PHWRG\� MVRX� QH]iYLVOp� QD� ]QDORVWL� SRþiWNXVRX�DGQLF��KODYQtKR�ERGX�þRþN\���Y�S�tSDG��%HVVHORY\�PHWRG\�MH�FK\ED�]S$VREHQi�]DQHGEiQtP�WpWRKRGQRW\��iGX�SURFHQW��Y�S�tSDG��QDYUKRYDQp�PHWRG\�P��HQt�RKQLVNRYêFK�Y]GiOHQRVWt� UR]SW\ON\� MHWRWR� ]DQHGEiQt� Y\ORXþHQR� P��HQtP� S�HGP�WRYpKR� L� REUD]RYpKR� RKQLVND� Y]WDåHQpKR� N� MHGQRPXERGX�þRþN\�D�SU$P�URYiQtP�RERX�KRGQRW��]H�V\PHWULH�MH�WHQWR�SRVWXS�MLVW��VSUiYQê���=iY�U=P��LO� MVHP� RKQLVNRYRX� Y]GiOHQRVW� UR]SW\ON\� D� QDYUKO� PHWRGX� QD� MHMt� P��HQt�� SURP��LO� MVHPEDUHYQRX�YDGX�þRþN\�VSRMQp�L�UR]SW\OQp�
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