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     Fyzikální praktikum IV

   Úloha þ. A17
  Název.: =HHPDQ$Y�MHY
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3UDFRYQt�~NRO�� 3URP��WH�]iYLVORVW�PDJQHWLFNp�LQGXNFH�QD�SURXGX�PDJQHWX����� =H�]QiPp�KRGQRW\�LQGH[X�ORPX�XUþHWH�YHOLNRVW�GLVSHU]Qt�REODVWL�/XPPHURY\�*HKUFNRY\�GHVN\���� =P��WH�UR]ãW�SHQt�þHUYHQp�VSHNWUiOQt�þiU\�NDGPLD�SUR�Q�NROLN�KRGQRW�PDJQHWLFNp�LQGXNFH�5R]ãW�SHQt�SR]RUXMWH�YH�VP�UX�NROPpP�N�PDJQHWLFNpPX�SROL��=SUDFXMWH�JUDILFN\���� 8UþHWH�SRODUL]DFL�VORåHN�UR]ãW�SHQp�þiU\��7RWpå�SURYH�WH�S�L�SR]RURYiQt�YH�VP�UX�PDJQHWLFNpKRSROH���� .YDOLWDWLYQ� SRSLãWH�YêVOHGN\�SR]RURYiQt�=HHPDQRYD�MHYX�QD�]HOHQp�þi�H�NDGPLD��ODPEGD� ������QP��� 7HRUHWLFNê�~YRG9�URFH������REMHYLO�=HHPDQ��åH�QD�Y\]D�XMtFt�DWRP�P$åH�S$VRELW�PDJQHWLFNp�SROH�D�]S$VREt�UR]ãW�SHQtVSHNWUiOQtFK� þiU�� %\O\� SR]RURYiQ\� UR]ãW�SHQp� WULSOHW\� �QRUPiOQt� =HHPDQ$Y� MHY�� DOH� L� VORåLWp� PXOWLSOHW\�DQRPiOQt�=HHPDQ$Y�HIHNW��=HHPDQRYêP�HIHNWHP�VH�QD]êYi�ãW�SHQt�VSHNWUiOQtFK�þDU�QD�GY��QHER�YtFH�NRPSRQHQW�V�PiOR�RGOLãQêPLIUHNYHQFHPL�� NG\å� MH� VY�WHOQê� ]GURM� XPtVW�Q� Y� PDJQHWLFNpP� SROL�� %\O� SRSUYp� SR]RURYiQ� Y� URFH� ����KRODQGVNêP� I\]LNHP� 3LHWUHP� =HHPDQHP� QD� åOXWêFK� '�þDUiFK� VRGtNX�� SRNXG� E\O� SODPHQ� XPtVW�Q� PH]LVLOQêPL�PDJQHWLFNêPL� SROL�� 3R]G�ML� E\OR� QDOH]HQR� GLVNUpWQt� ãW�SHQt� VSHNWUiOQtFK� þDU� GR� YtFH� QHå� SDWQiFWLNRPSRQHQW�

=HHPDQ� ]D� REMHY� ]tVNDO� Y� URFH� ����� 1REHORYX� FHQX� ]D� I\]LNX�� SRG�OLO� VH� R� QL� VH� VYêP� ãNROLWHOHP+HQGULNHP� $QWRQHP� /RUHQW]HP�� GDOãtP� KRODQGVNêP� I\]LNHP�� /RUHQW]�� NWHUê� P�O� Xå� G�tYH� S�HGVWDYX� RHIHNWHFK�PDJQHWLVPX�QD�VY�WOR��Y\YLQXO�WHRULL��SRGOH�Qtå�HOHNWURQ\�REtKDMtFt�NROHP�MiGUD�RVFLOXMt�D�SURGXNXMtVY�WHOQp�]i�HQt��0DJQHWLFNi�SROH�PRKRX�PtW�YOLY�QD�RVFLODFH�D�WtP�L�QD�IUHNYHQFL�Y\]D�RYDQpKR�VY�WOD��7DWRWHRULH�E\OD�SRWYU]HQD�=HHPDQRYêPL�SRNXV\�D�SR]G�ML�PRGLILNRYiQD�NYDQWRYRX�PHFKDQLNRX�GR�S�HVQ�Mãt�DREHFQ�Mãt�SRGRE\��.YDQWRYi�WHRULH��tNi��åH�S�L�S�HVNRNX�HOHNWURQX�]�MHGQp�GLVNUpWQt�HQHUJHWLFNp�KODGLQ\�GRMLQp� VH�P�Qt� MHKR�SRWHQFLiOQt� HQHUJLH� D� MHMt� S�HE\WHN�QHER�QHGRVWDWHN� VH�NRPSHQ]XMH� HPLVt� QHER� DEVRUEFtNYDQWD� VY�WOD� R� VWHMQp� HQHUJLL�� HQHUJLH� NYDQWD� ]i�HQt� ]i�HQt� MH� URYQD� UR]GtOX� SRWHQFLiOQtFK� HQHUJLtS�HVNRNRYêFK�KODGLQ�D�WHG\�SUR�GDQê�S�HVNRN�MH�S�HVQ��GiQD��SURWR�HPLVL�QHER�DEVRUEFL�SRGOpKi�MHQ�NYDQWXPVY�WOD�V�S�HVQ��XUþHQRX�YOQRYRX�GpONRX�7YDU�D�PtUD�ãW�SHQt�XUþXMt�S�tWRPQRVW�PDJQHWLFNpKR�SROH�D�MHKR�YHOLNRVW��3RVXQ�L�LQWHQ]LWD�UR]ãW�SHQêFKVORåHN�MVRX�V\PHWULFNp�Y$þL�QHUR]ãW�SHQp�þi�H��1HMMHGQRGXããt�UR]ãW�SHQRX�SRGREX�Pi�QRUPiOQt��/RUHQW]$Y�WULSOHW��-H�OL�λ��YOQRYi�GpOND�QHUR]ãW�SHQp�þiU\�Y�FHQWLPHWUHFK�� WDN�YOQRYp�GpON\�W�t�VORåHN�UR]ãW�SHQp�þiU\MVRX��λ���∆λ+��λ��D�λ��∆λ+



��� �
NGH�+�MH�LQWHQVLWD�PDJQHWLFNpKR�SROH�Y�*DXVVHFKH�MH�HOHPHQWiUQt�QiERM�Y�VRXVWDY��&*6(PH�MH�KPRWQRVW�HOHNWURQX�Y�JUDPHFK��PH �î������J�F�U\FKORVW�VY�WOD�Y�FP�V�J�MH�IDNWRU�/DQGpKR�SUR�S�HFKRG\��S�L�NWHUêFK�Y]QLNi�GDQi�þiUD��VRXYLVt�V�NYDQWRYêPL�þtVO\�S�HFKi]HMtFtKRHOHNWURQX��9H� VP�UX� PDJQHWLFNpKR� SROH� �ORQJLWXGLQiOQt�� SRGpOQê� =HHPDQ$Y� MHY�� YLGtPH� SRX]H� RE�� SRGpOQpNRPSRQHQW\�V�SRODUL]RYDQp�NUXKRY���NDåGRX�Y�RSDþQpP�VP�UX��'tYiPH�OL�VH�YH�VP�UX�NROPpP�N�YHNWRUXSROH� �WUDQVYHU]iOQt�� S�tþQê� =HHPDQ$Y� MHY��� YLGtPH� YãHFKQ\� W�L� VORåN\� UR]ãW�SHQp� þiU\�� QHSRVXQXWi� VORåNDRGSRYtGi� NRPSRQHQW�� S� SRODUL]RYDQp� YH� VP�UX� SROH� D� SRVXQXWp� VORåN\� V� SRODUL]RYDQp� NUXKRY��� 3�LWRPSRP�UQp�LQWHQ]LW\�MHGQRWOLYêFK�VORåHN�MVRX�GiQ\�6HDUVRYRX�IRUPXOt��ILDORYi���VW�HGQt���þHUYHQi��

��� �
NGH�γ�MH�VP�U�PH]L�]RUQêP�SDSUVNHP�D�YHNWRUHP�SROH��7HQWR�Y]RUHF�SODWt�SUR�DEVRUEþQt�þiUX�Y]QLNDMtFt�YRSWLFN\�WHQNp�YUVWY��D�KRPRJHQQtP�PDJQHWLFNpP�SROL��9�MLQpP�S�tSDG��MH�W�HED�Y]WDK�WURFKX�NRULJRYDW�9�SUD[L�VH�Y\XåtYDMt�SRODUL]DþQt�HIHNW\�SRX]H�W]Q��NODVLFNpKR�=HHPDQRYD�MHYX��NG\�GRFKi]t�N�ãW�SHQt�QDW�L� NRPSRQHQW\�� NWHUp� MVRX� SRODUL]RYiQ\�� 3RGOH� VP�UX� SRKOHGX� SDN� P$åHPH� YLG�W� U$]Qp� SURMHY\=HHPDQRYVNpKR�ãW�SHQt��'tYiPH�OL�VH�Y�SRGpOQpP�VP�UX��YLGtPH�MHQ�GY� NUXKRY� SRODUL]RYDQp�NRPSRQHQW\

σ �YL]�REUi]HN��þiVW�F��þiVW�D�XND]XMH�SRKOHG�QD�SRODUL]DþQt�HIHNW\�GDQp�VSHNWUiOQt�þiU\�Y�S�tSDG���åH�Y�RNROtQHMVRX�åiGQi�PDJQHWLFNi�SROH���6P�U�NUXKRYp�SRODUL]DFH�]iOHåt�QD�WRP��R�MDNê�S�HVNRN�KODGLQ\�VH�MHGQi��9S�tSDG���åH�VH�GtYiPH�YH�VP�UX�S�tþQpP��YLGtPH�W�L�OLQHiUQ� SRODUL]RYDQp�NRPSRQHQW\��GY� NRPSRQHQW\ σ DMHGQX� NRPSRQHQWX�π� �YL]� REUi]HN�� þiVW� E��� .RPSRQHQWD�π MH� S�LWRP� URYQRE�åQi� V� YHNWRUHP�PDJQHWLFNpLQGXNFH�%��RE� NRPSRQHQW\�σ MVRX�N�%�NROPp��3�L�SRKOHGX�Y�REHFQpP�VP�UX�VH�VDPR�QDEt]t��HãHQt��MDN�EXGHY\SDGDW�SRODUL]DFH�UR]ãW�SHQêFK�þDU���SRODUL]DFH�NRPSRQHQW\�π�EXGH�MLVW� OLQHiUQt��]DWtPFR�Y�NRPSRQHQWiFK
σ� GRMGH� NH� VORåHQt� SRODUL]DFH� OLQHiUQt� D� NUXKRYp�� MHMtPå� YêVOHGNHP� MH� SRODUL]DFH� HOLSWLFNi�� =� WDNWR]P��HQêFK�SRODUL]DFt�SDN�GRYHGHPH�WDNp�]S�WQ��UHNRQVWUXRYDW�VP�U�YHNWRUX�PDJQHWLFNp�LQGXNFH�%�

3UR�~þHO\�QDãHKR�P��HQt�EXGHPH�SRþtWDW�Y�VRXVWDY��6,��NGH�SUR�NUXKRYp�IUHNYHQFH�RERX�σ�NRPSRQHQWEXGH�SODWLW�Y]WDK���� ��NGH� �ω��� = ω� ± δω δω = H%�PHSUR�YOQRYp�GpON\�NRPSRQHQW�SDN�Y]WDK�
��� ��δλ = H%λ���πPHFNGH�λ��MH�YOQRYi�GpOND�VSHNWUiOQt�þiU\��Y�Qtå�UR]ãW�SHQt�SR]RUXMX��%�S$VREtFt�PDJQHWLFNp�SROH��H��PH�D�FI\]LNiOQt�NRQVWDQW\�V�KRGQRWDPL�H �����î������&��PH �î������NJ�D�F �î����P�V�=QiPH�OL� PDJQHWLFNp� SROH� %�� NWHUp� QHFKiPH� QD� VSHNWUiOQt� þiUX� S$VRELW� D� ]P��tPH�OL� UR]ãW�SHQt� δλ�P$åHPH�]�S�HGFKR]tKR�Y]RUHþNX�XUþLW�VSHFLILFNê�QiERM�HOHNWURQX�H�PH�



3UR�]YêãHQt�VSHNWUiOQtKR�UR]OLãHQt�SRXåtYiPH�S�L�SR]RURYiQt�/XPPHURYX�*HKUFNHRYX�GHVNX�/��*��GHVND�IXQJXMH�SRGREQ��MDNR�)DEU\�3HURW$Y�LQWHUIHURPHWU�QD�SULQFLSX�PQRKDVYD]NRYp�LQWHUIHUHQFH�9êKRGRX�S�L�P��HQt�MH�IDNW��åH�SUR�]tVNiQt�VSHNWUiOQt�Y]GiOHQRVWL�GYRX�VSHNWUiOQtFK�þDU�QHSRW�HEXMHPH�]QiWDEVROXWQ��~KHO��SRG�NWHUêP�Y\VWXSXMH�VYD]HN�]�GHVN\��DOH�VWDþt�QiP�SRURYQiYDW�~KO\�UHODWLYQ��-HVWOLåH�MH�~KORYi�Y]GiOHQRVW�LQWHUIHUHQþQtFK�PD[LP�YHGOHMãtFK��iG$ ∆β�D�Y]GiOHQRVW�PH]L�NRPSRQHQWDPL
σ D�π �∆β�
��SDN�SUR�VSHNWUiOQt�Y]GiOHQRVW�NRPSRQHQW�σ D�π SODWt�IRUPXOH���� �∆λ = (∆β)

∆β
λ��G 1�−�NGH�λ�MH�YOQRYi�GpOND�VSHNWUiOQt�þiU\��MHå�SRGOpKi�=HHPDQRYVNpPX�UR]ãW�SX�-HVWOLåH�EXGH�∆β�URYQR��∆β�
��SRSLVXMH�KRGQRWD�∆λ�VSHNWUiOQt�LQWHUYDO�/��*��GHVN\��9êVOHGN\�P��HQt�� 3URP��LO� MVHP� ]iYLVORVW� PDJQHWLFNpKR� SROH� PH]L� SyORYêPL� QiYVWDYFL� FtYHN� QD� SURXGX� FtYNDPLSURWpNDQpP��=P��HQRX�]iYLVORVW� VKUQXMH� WDEXOND� >7�@�D�JUDI� >*�@��&K\ERYp� LQWHUYDO\� MVRX�VWDQRYHQ\� MDNRPD[LPiOQt�D�MVRX�NODVLILNRYiQ\�MDNR�VXEMHNWLYQt�S�L�RGHþWX�KRGQRW�SURXGX�L�QDS�Wt�]�DQDORJRYêFK�S�tVWURM$�0DJQHWLFNp� SROH� E\OR� P��HQR� SRPRFt� +DOORY\� VRQG\�� NGH� PH]L� S�tþQêP� QDS�WtP� 8� �P��tPH�� DPDJQHWLFNêP�SROHP�SODWt�Y]WDK����P9� �����7)LWDFt�SRO\QRPX�GUXKpKR�VWXSQ��MVHP�]tVNDO�SUR�S�HSRþHW�SURXGX�D�PDJQHWLFNpKR�SROH�Y]WDK���� �%[7] = D,�[$�] + E,[$]NGH� D ����������������� 7$���� E �������������� 7$���� =� JUDIX� MH� SDWUQp�� åH� ]YROHQi� ILWDFH� QHY\VWLKXMH~SOQ��S�HVQ��ERG\�H[SHULPHQWiOQt�N�LYN\��DOH� WHQWR�]S$VRE� MVHP�]YROLO�]�G$YRGX�QiVOHGQpKR�SRþtWDþRYpKR]SUDFRYiQt��� ,QGH[�ORPX�Y�QDãHP�S�tSDG��VSO�XMH�Y]WDK���� �1 = �� ����� + �����
λ−���NGH�λ�MH�YOQRYi�GpOND�þiU\��SUR�Qtå�LQGH[�ORPX�SRþtWiPH��Y�QDQRPHWUHFK��1D�FtYNiFK�MVHP�QDVWDYLO�WDNRYê�SURXG��, ���$���DE\�E\O\�YãHFKQ\�W�L�NRPSRQHQW\�YãHFK��iG$�UR]ORåHQ\]FHOD�V\PHWULFN\��Y� WRP�S�tSDG�� MH�VSHNWUiOQt�Y]GiOHQRVW�NRPSRQHQW�σ�D�π� W�HWLQRX�VSHNWUiOQtKR� LQWHUYDOX�=tVNDQê�VSHNWUiOQt�LQWHUYDO�Pi�SDN�KRGQRWX�

��� ∆λ∆λ' ��������������QP&K\ERYê�LQWHUYDO�MH�VWDQRYHQ�]�S�HVQRVWL�QDVWDYRYiQt�VSHNWUiOQt�þiU\�QD�]iP�UQê�N�tå��NWHURX�MVHP�RGKDGOMDNR�PD[LPiOQt�QD����GYD�GtON\�VWXSQLFH�7HRUHWLFN\�Y\SRþWHQê�VSHNWUiOQt�LQWHUYDO�]H�Y]RUFH�����Pi�KRGQRWX�∆λ∆λ' ������QP��1DP��HQi�KRGQRWD�MHWHG\�Y�UiPFL�FK\ERYpKR�LQWHUYDOX�Y�VRXODGX�V�WHRUHWLFN\�Y\SRþtWDQRX�KRGQRWRX��� 3UR� W�L� KRGQRW\�PDJQHWLFNp� LQGXNFH� �]� G$YRGX� VODEpKR� ãW�SHQt� QHP�OR� VP\VO� ]MLã"RYDW� UR]ãW�SHQtKXVWãt� SRNU\Wt� PDJQHWLFNpKR� SROH�� MVHP� ]P��LO� UR]ãW�SHQt� þHUYHQp� þiU\� NDGPLD�� 1D� MHY� MVHP� VH� GtYDO� YHVP�UX�NROPpP�QD�PDJQHWLFNp�SROH�0��HQt� VKUQXMH� WDEXOND� >7�@� D� JUDILFN\� JUDI� >*�@�� 2EURYVNp� FK\E\� MVRX� ]S$VREHQ\� QHS�HVQRVWPLQDVWDYRYiQt�]iP�UQpKR�N�tåH�QD�VSHNWUiOQt�þiUX��1D�]iNODG��]QiPpKR�Y]WDKX�PH]L�UR]ãW�SHQtP�VSHNWUiOQt�þiU\�D�S$VREtFtP�PDJQHWLFNêP�SROHP�����MVHPY\SRþtWDO�VSHFLILFNê�QiERM�HOHNWURQX�



�HPH = (�� �� ± �� ��) × ���� &�NJ−�FRå�MH�Y��iGRYpP�VRXODGX�V�WHRUHWLFNRX�KRGQRWRX��NWHUi�þLQt�����î�����&�NJ���EH]�XYHGHQt�FK\E\��� 6� SRXåLWtP�λ��� GHVWLþN\� D� SRODUL]DþQtKR� ILOWUX� MVHP� ]MLVWLO�� åH�π� NRPSRQHQWD� MH� S�L� SR]RURYiQt� YHVP�UX�NROPpP�QD�PDJQHWLFNp�SROH�SRODUL]RYiQD�OLQHiUQ���S�L�RWiþHQt�SRODUL]DþQt�ILOWUHP�Y�MLVWêFK�SRORKiFK]PL]HOD�� ]DWtPFR�σ� NRPSRQHQW\� QD� RWiþHQt� SRODUL]DþQtKR� ILOWUX� ]P�QRX� MDVX� QHUHDJRYDO\���2WiþHQtP�λ��GHVWLþN\� D� SRODUL]DþQtKR� ILOWUX� SURWL� VRE�� Y� MLVWêFK� SRORKiFK� ]PL]HO\� NRPSRQHQW\�σ�� ]� þHKRå� XVX]XML� QDSRODUL]DFL� NUXKRYRX� �þWYUWYOQQi� GHVWLþND� ]P�Qt� SRODUL]DFL� QD� OLQHiUQt�� NWHURX� O]H� DQDO\]RYDW� SRODUL]DþQtPILOWUHP��]DWtPFR�π�NRPSRQHQWD�QD�W\WR�SRNXV\�]P�QRX�MDVX�QHUHDJRYDOD��9H� VP�UX� URYQRE�åQpP� V�PDJQHWLFNêP� SROHP� QHE\OD� NRPSRQHQWD�π� SR]RURYDWHOQi� Y$EHF�� ]DWtPFR�σNRPSRQHQW\�MHYLO\�SRODUL]DFL�OLQHiUQt��SRXåLWtP�λ���GHVWLþN\���� 3�L�SR]RURYiQt�Y�]HOHQp�þi�H�NDGPLD��λ ������QP��MVHP�VL�YãLPO�PQRKHP�VORåLW�MãtKR�ãW�SHQt��QHåRGSRYtGi�QRUPiOQtPX�=HHPDQRYX� MHYX��9�QLåãtFK��iGHFK�QHE\O\�SR]RURYDWHOQp�åiGQp�NRPSRQHQW\��SRX]HGRãOR�N��UR]PD]iQt��þiU\��YH�Y\ããtFK��iGHFK�MVHP�E\O�VFKRSHQ�NYDOLWDWLYQ��SR]RURYDW�þW\�L�NRPSRQHQW\�'LVNXVH0��HQt� MH� YHOPL� QiURþQp� QD� GREUp� ]DWHPQ�Qt� D� QHS�tWRPQRVW� GDOãt� ]GURM$� VY�WOD�� 0��HQt� MH� ]WtåHQRREWtåQRX� SR]RURYDWHOQRVWt� VSHNWUiOQtFK� þDU� D� QHGRVWDWHþQRX� LQWHQ]LWRX� RVY�WOHQt�� S�HGHYãtP� YH� Y\ããtFK�iGHFK� D� QH� NDåGê� Pi� RNR� V� FLWOLYRVWt� VURYQDWHOQRX� V� &&'� SUYNHP�� 6HSDUDFt� H[SHULPHQWX� GR� ]YOiãWQt]DWHPQ�Qp�PtVWQRVWL� E\� S�LVS�OR� MHGQDN� NYDOLWDWLYQtPX�� DOH� WDNp� NYDQWLWDWLYQtPX� ]S�HVQ�Qt�P��HQt� �PHQãtFK\E\� S�L� QDVWDYRYiQt� ]iP�UQpKR� N�tåH� QD� VSHNWUiOQt� þiUX��� 'DOãt� NRPSOLNDFt� ]QHVQDG�XMtFt� P��HQt� MHQHQXORYê�PUWYê�FKRG�QDVWDYRYDFtKR�ãURXEX�GDOHNRKOHGX�=iY�U3R]RURYDO� MVHP�=HHPDQ$Y� MHY� MDN� QRUPiOQt�� WDN� DQRPiOQt�� D� NYDOLWDWLYQ�� SURP��LO� ]iYLVORVW� UR]ãW�SHQtVSHNWUiOQtFK�þDU�QD�YHOLNRVWL�S$VREtFtKR�PDJQHWLFNpKR�SROH�/LWHUDWXUD>/�@ 3HODQW��)LDOD��3RVStãLO��)lKQULFK���)\]LNiOQt�SUDNWLNXP�,,,����2SWLND>/�@ :HERYi� VWUiQND� 6OXQHþQtKR� PDJQHWRJUDIX� $VÒ� $9� ý5� 2QG�HMRY�KWWS���ZZZ�DVX�FDV�F]�aVROPDJ�


