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Rotation Matrices

<latexit sha1_base64="DUJtHenP9oRHXP92D5O8koMC29E="></latexit>2
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<latexit sha1_base64="P+3n6PZ2KY8/YCysFH3wv9hJEHE="></latexit>2
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<latexit sha1_base64="nQ1vfYY9Car8Ca9F+ejFDH4TRXA=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMiLoRim50V0tf0I4lk2ba0ExmSDJCHfolblwo4tZPceffmLaz0NYD4R7OuZd7c/yYM6Ud59vKrayurW/kNwtb2zu7RXtvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Qz9VuPVCoWiboex9QL8UCwgBGsjdSzi7WHeg1doZqpptz17JJTdmZAy8TNSAkyVHv2V7cfkSSkQhOOleq4Tqy9FEvNCKeTQjdRNMZkhAe0Y6jAIVVeOjt8go6N0kdBJM0TGs3U3xMpDpUah77pDLEeqkVvKv7ndRIdXHopE3GiqSDzRUHCkY7QNAXUZ5ISzceGYCKZuRWRIZaYaJNVwYTgLn55mTRPy+552b0/K1WuszjycAhHcAIuXEAFbqEKDSCQwDO8wpv1ZL1Y79bHvDVnZTMH8AfW5w/DT5E2</latexit>

RTR = RRT = I

<latexit sha1_base64="rLvI7PQ70DcRIInxwZypunUyTsk="></latexit>
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<latexit sha1_base64="JN3lkjNA9EKZn8smcnWZp0s9BuI="></latexit>
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<latexit sha1_base64="pMREtVFMus8cU0mo+NEes3PHAUQ="></latexit>
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…similar for rows

<latexit sha1_base64="woc6vERg0DWWGJXI6McFtlq2+Xc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjDHlBsobZSW8yZHZ2mZkVQshHePGgiFe/x5t/4yTZg0YLGoqqbrq7gkRwbVz3y8mtrK6tb+Q3C1vbO7t7xf2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jWzThBP6IDyUPOqLFSq1Z7qJNr0iuW3LI7B/lLvIyUIEO1V/zs9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn83Ck5sUqfhLGyJQ2Zqz8nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrPfSZ8rZEaMLaFMcXsrYUOqKDM2oYINwVt++S9pnpW9i7J3f16q3GRx5OEIjuEUPLiECtxBFRrAYARP8AKvTuI8O2/O+6I152Qzh/ALzsc32jeOmQ==</latexit>

RRT =

…columns orthonormal

<latexit sha1_base64="H2mlztDEr2XiTJ8P7CTeIWsvsMw="></latexit>

=
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<latexit sha1_base64="k4QyxON7Y7VhVMTCRmSQY8rF/c4="></latexit>

=
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3

75

<latexit sha1_base64="iYvFVKCYhmn+XJRMm1OdHEGR58E="></latexit>

=

2
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...
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...

0 · · · 1

3

75

<latexit sha1_base64="nQ1vfYY9Car8Ca9F+ejFDH4TRXA=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMiLoRim50V0tf0I4lk2ba0ExmSDJCHfolblwo4tZPceffmLaz0NYD4R7OuZd7c/yYM6Ud59vKrayurW/kNwtb2zu7RXtvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Qz9VuPVCoWiboex9QL8UCwgBGsjdSzi7WHeg1doZqpptz17JJTdmZAy8TNSAkyVHv2V7cfkSSkQhOOleq4Tqy9FEvNCKeTQjdRNMZkhAe0Y6jAIVVeOjt8go6N0kdBJM0TGs3U3xMpDpUah77pDLEeqkVvKv7ndRIdXHopE3GiqSDzRUHCkY7QNAXUZ5ISzceGYCKZuRWRIZaYaJNVwYTgLn55mTRPy+552b0/K1WuszjycAhHcAIuXEAFbqEKDSCQwDO8wpv1ZL1Y79bHvDVnZTMH8AfW5w/DT5E2</latexit>

RTR = RRT = I
<latexit sha1_base64="ReQRyOO9rXRttyEGLANojx5+PDk=">AAAB+nicbVDLSgNBEJyNrxhfiR69DAYhXsKuiHoRgl48RjEPSJYwO+kkQ2YfzPSqYc2nePGgiFe/xJt/4yTZgyYWNBRV3XR3eZEUGm3728osLa+srmXXcxubW9s7+cJuXYex4lDjoQxV02MapAighgIlNCMFzPckNLzh1cRv3IPSIgzucBSB67N+IHqCMzRSJ19oIzxi0gUcl26P6AV1OvmiXbanoIvESUmRpKh28l/tbshjHwLkkmndcuwI3YQpFFzCONeONUSMD1kfWoYGzAftJtPTx/TQKF3aC5WpAOlU/T2RMF/rke+ZTp/hQM97E/E/rxVj79xNRBDFCAGfLerFkmJIJznQrlDAUY4MYVwJcyvlA6YYR5NWzoTgzL+8SOrHZee07NycFCuXaRxZsk8OSIk45IxUyDWpkhrh5IE8k1fyZj1ZL9a79TFrzVjpzB75A+vzB8DAkwI=</latexit>

det(R) = 1

…columns & rows orthonormal 

…no reflections

Special Orthogonal Group: Lie group
<latexit sha1_base64="MmGkUchUCi57cxAOeRvSd6blJuA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUDdlRkRdFt24s6J9QDuUTJppQzOZIbkjlmE2/oobF4q49TPc+TemD0FbD1w4Oedecu/xY8E1OM6XlVtYXFpeya8W1tY3Nrfs7Z26jhJFWY1GIlJNn2gmuGQ14CBYM1aMhL5gDX9wOfIb90xpHsk7GMbMC0lP8oBTAkbq2HttYA/gB+ntdSmTP4+jrGMXnbIzBp4n7pQU0RTVjv3Z7kY0CZkEKojWLdeJwUuJAk4FywrtRLOY0AHpsZahkoRMe+n4gAwfGqWLg0iZkoDH6u+JlIRaD0PfdIYE+nrWG4n/ea0EgnMv5TJOgEk6+ShIBIYIj9LAXa4YBTE0hFDFza6Y9okiFExmBROCO3vyPKkfl93TsntzUqxcTOPIo310gErIRWeogq5QFdUQRRl6Qi/o1Xq0nq03633SmrOmM7voD6yPbxeZlro=</latexit>

SO(n)

<latexit sha1_base64="y3C1ree6dP0wSqZVUJfQ2zDN0MA=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfR5Fg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+q7j9c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzBwNAjjk=</latexit>()
<latexit sha1_base64="vwxW0iyY8Q3snvIu/Hbdeuhjxaw=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4seyKqBeh6MVjLf2CdluyabYNzWZDkhXK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmBZIzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0nitA6iXmsWgHWlDNB64YZTltSURwFnDaD0f3Ubz5RpVksamYsqR/hgWAhI9hYqVPtpufeBN2iarfWKxTdkjsDWiZeRoqQodIrfHX6MUkiKgzhWOu250rjp1gZRjid5DuJphKTER7QtqUCR1T76ezmCTq1Sh+FsbIlDJqpvydSHGk9jgLbGWEz1IveVPzPaycmvPFTJmRiqCDzRWHCkYnRNADUZ4oSw8eWYKKYvRWRIVaYGBtT3obgLb68TBoXJe+q5D1eFst3WRw5OIYTOAMPrqEMD1CBOhCQ8Ayv8OYkzovz7nzMW1ecbOYI/sD5/AE1uJB/</latexit>

R�1 = RT

<latexit sha1_base64="8/TwWLi+HaExZf5t7Uw8dqQlApM=">AAACG3icbVA9SwNBEN3z2/gVtbRZDEJswt0haina2KnRqJCLYW8zSRb39o7dOTEc9z9s/Cs2FopYCRb+GzcfhRofDDzem2FmXphIYdB1v5yJyanpmdm5+cLC4tLySnF17dLEqeZQ47GM9XXIDEihoIYCJVwnGlgUSrgKb4/6/tUdaCNidYG9BBoR6yjRFpyhlZpFv0oDoWiAcI/Z+UnZ385pYNLQANIgYtgNw6ya32S+bRERGOrnzWLJrbgD0HHijUiJjHDaLH4ErZinESjkkhlT99wEGxnTKLiEvBCkBhLGb1kH6pYqZvc0ssFvOd2ySou2Y21LIR2oPycyFhnTi0Lb2T/X/PX64n9ePcX2fiMTKkkRFB8uaqeSYkz7QdGW0MBR9ixhXAt7K+VdphlHG2fBhuD9fXmcXPoVb7fine2UDg5HccyRDbJJysQje+SAHJNTUiOcPJAn8kJenUfn2Xlz3oetE85oZp38gvP5DV1goGY=</latexit>

R 2 SO(2) ⇢ R2⇥2

<latexit sha1_base64="SdfiROprpMxwWfwXE+VNlFJrOH8="></latexit>

= 1p
2


1 1
i �i

�
<latexit sha1_base64="euYjsY1RKFJB1mQdvFzLXAwxH/g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cWTFtoQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SDGacYxHQgecQZNVZq+L1yxa26c5BV4uWkAjnqvfJXt5+wLEZpmKBadzw3NcGEKsOZwGmpm2lMKRvRAXYslTRGHUzmh07JmVX6JEqULWnIXP09MaGx1uM4tJ0xNUO97M3E/7xOZqKbYMJlmhmUbLEoygQxCZl9TfpcITNibAllittbCRtSRZmx2ZRsCN7yy6ukeVH1rqpe47JSu83jKMIJnMI5eHANNbiHOvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHsyWM3w==</latexit>

U

right  
evecs

left  
evecs

<latexit sha1_base64="7GvSZnA60NXT08brcWjALTEpDVw=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI4qEkIupFKHrRWwXTFtpYNttNu3SzCbsboYb+Ei8eFPHqT/Hmv3Hb5qCtD5Z5vDfDzL4g4Uxpx/m2CkvLK6trxfXSxubWdtne2W2oOJWEeiTmsWwFWFHOBPU005y2EklxFHDaDIbXE7/5SKVisbjXo4T6Ee4LFjKCtZG6dtl7OPbQJfJMNeW2a1ecqjMFWiRuTiqQo961vzq9mKQRFZpwrFTbdRLtZ1hqRjgdlzqpogkmQ9ynbUMFjqjys+nhY3RolB4KY2me0Giq/p7IcKTUKApMZ4T1QM17E/E/r53q8MLPmEhSTQWZLQpTjnSMJimgHpOUaD4yBBPJzK2IDLDERJusSiYEd/7Li6RxUnXPqu7daaV2lcdRhH04gCNw4RxqcAN18IBACs/wCm/Wk/VivVsfs9aClc/swR9Ynz9UAZDu</latexit>

U⇤U = UU⇤ = I

<latexit sha1_base64="PdTK05OScPfpdm9B/HvK+F8SvtU="></latexit>

R =


cos ✓ � sin ✓
sin ✓ cos ✓

� <latexit sha1_base64="d3c9Bhq3xZbZM0bq4JuLFcA+rpU=">AAACLHicbVBNSwMxEM3Wr7p+VT16CRbFi2VXRL0IxV48VrAqdGvJptM2NJtdklmxLP1BXvwrgniwiFd/h2mt4teDwOPNvMnMCxMpDHre0MlNTc/MzuXn3YXFpeWVwurahYlTzaHGYxnrq5AZkEJBDQVKuEo0sCiUcBn2KqP65Q1oI2J1jv0EGhHrKNEWnKGVmoXKsRuE0BEqCyOGWtwOXLjOdkWAXUA2oNvUo0HgepZY/VN2A1CtL0ezUPRK3hj0L/EnpEgmqDYLj0Er5mkECrlkxtR9L8FGxjQKLsFOTw0kjPdYB+qWKhaBaWTjYwd0yyot2o61fQrpWP3uyFhkTD8Kbafdr2t+10bif7V6iu2jRiZUkiIo/vFRO5UUYzpKjraEBo6ybwnjWthdKe8yzTjafF0bgv/75L/kYq/kH5T8s/1i+WQSR55skE2yQ3xySMrklFRJjXByRx7IMxk6986T8+K8frTmnIlnnfyA8/YO/IOm4w==</latexit>

=


e�i✓ 0
0 ei✓

�<latexit sha1_base64="SdfiROprpMxwWfwXE+VNlFJrOH8="></latexit>

= 1p
2


1 1
i �i

� <latexit sha1_base64="8q8zsd9aywH6UfXKoIhyMG6SBfM=">AAACLHicbVBNS8NAEN3U7/hV9ehlsSheLEkR9SKIvXhUsCo0pWy2k7p0s4m7E7GE/CAv/hVBPFjEq7/DbS34+WDg8d4MM/PCVAqDnjdwShOTU9Mzs3Pu/MLi0nJ5ZfXCJJnm0OCJTPRVyAxIoaCBAiVcpRpYHEq4DHv1oX95C9qIRJ1jP4VWzLpKRIIztFK7XD90gxC6QuVhzFCLu8L16RbdETQIRky4AajOlxtgpBnP/SIPzI3GvFYU7XLFq3oj0L/EH5MKGeO0XX4KOgnPYlDIJTOm6XsptnKmUXAJdkdmIGW8x7rQtFSxGEwrHz1b0E2rdGiUaFsK6Uj9PpGz2Jh+HNpOe/O1+e0Nxf+8ZobRQSsXKs0QFP9cFGWSYkKHydGO0MBR9i1hXAt7K+XXzIaBNl/XhuD/fvkvuahV/b2qf7ZbOToexzFL1skG2SY+2SdH5ISckgbh5J48khcycB6cZ+fVeftsLTnjmTXyA877ByQhpnI=</latexit>

=


1 �i
1 i

�
1p
2

Diagonalization:



<latexit sha1_base64="8/TwWLi+HaExZf5t7Uw8dqQlApM=">AAACG3icbVA9SwNBEN3z2/gVtbRZDEJswt0haina2KnRqJCLYW8zSRb39o7dOTEc9z9s/Cs2FopYCRb+GzcfhRofDDzem2FmXphIYdB1v5yJyanpmdm5+cLC4tLySnF17dLEqeZQ47GM9XXIDEihoIYCJVwnGlgUSrgKb4/6/tUdaCNidYG9BBoR6yjRFpyhlZpFv0oDoWiAcI/Z+UnZ385pYNLQANIgYtgNw6ya32S+bRERGOrnzWLJrbgD0HHijUiJjHDaLH4ErZinESjkkhlT99wEGxnTKLiEvBCkBhLGb1kH6pYqZvc0ssFvOd2ySou2Y21LIR2oPycyFhnTi0Lb2T/X/PX64n9ePcX2fiMTKkkRFB8uaqeSYkz7QdGW0MBR9ixhXAt7K+VdphlHG2fBhuD9fXmcXPoVb7fine2UDg5HccyRDbJJysQje+SAHJNTUiOcPJAn8kJenUfn2Xlz3oetE85oZp38gvP5DV1goGY=</latexit>

R 2 SO(2) ⇢ R2⇥2

Rotation Matrices - 2D

<latexit sha1_base64="SdfiROprpMxwWfwXE+VNlFJrOH8="></latexit>

= 1p
2


1 1
i �i

�
<latexit sha1_base64="euYjsY1RKFJB1mQdvFzLXAwxH/g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cWTFtoQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0N/NbT6g0T+SDGacYxHQgecQZNVZq+L1yxa26c5BV4uWkAjnqvfJXt5+wLEZpmKBadzw3NcGEKsOZwGmpm2lMKRvRAXYslTRGHUzmh07JmVX6JEqULWnIXP09MaGx1uM4tJ0xNUO97M3E/7xOZqKbYMJlmhmUbLEoygQxCZl9TfpcITNibAllittbCRtSRZmx2ZRsCN7yy6ukeVH1rqpe47JSu83jKMIJnMI5eHANNbiHOvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHsyWM3w==</latexit>

U

right  
evecs

left  
evecs

<latexit sha1_base64="7GvSZnA60NXT08brcWjALTEpDVw=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI4qEkIupFKHrRWwXTFtpYNttNu3SzCbsboYb+Ei8eFPHqT/Hmv3Hb5qCtD5Z5vDfDzL4g4Uxpx/m2CkvLK6trxfXSxubWdtne2W2oOJWEeiTmsWwFWFHOBPU005y2EklxFHDaDIbXE7/5SKVisbjXo4T6Ee4LFjKCtZG6dtl7OPbQJfJMNeW2a1ecqjMFWiRuTiqQo961vzq9mKQRFZpwrFTbdRLtZ1hqRjgdlzqpogkmQ9ynbUMFjqjys+nhY3RolB4KY2me0Giq/p7IcKTUKApMZ4T1QM17E/E/r53q8MLPmEhSTQWZLQpTjnSMJimgHpOUaD4yBBPJzK2IDLDERJusSiYEd/7Li6RxUnXPqu7daaV2lcdRhH04gCNw4RxqcAN18IBACs/wCm/Wk/VivVsfs9aClc/swR9Ynz9UAZDu</latexit>

U⇤U = UU⇤ = I

<latexit sha1_base64="PdTK05OScPfpdm9B/HvK+F8SvtU="></latexit>

R =


cos ✓ � sin ✓
sin ✓ cos ✓

� <latexit sha1_base64="d3c9Bhq3xZbZM0bq4JuLFcA+rpU=">AAACLHicbVBNSwMxEM3Wr7p+VT16CRbFi2VXRL0IxV48VrAqdGvJptM2NJtdklmxLP1BXvwrgniwiFd/h2mt4teDwOPNvMnMCxMpDHre0MlNTc/MzuXn3YXFpeWVwurahYlTzaHGYxnrq5AZkEJBDQVKuEo0sCiUcBn2KqP65Q1oI2J1jv0EGhHrKNEWnKGVmoXKsRuE0BEqCyOGWtwOXLjOdkWAXUA2oNvUo0HgepZY/VN2A1CtL0ezUPRK3hj0L/EnpEgmqDYLj0Er5mkECrlkxtR9L8FGxjQKLsFOTw0kjPdYB+qWKhaBaWTjYwd0yyot2o61fQrpWP3uyFhkTD8Kbafdr2t+10bif7V6iu2jRiZUkiIo/vFRO5UUYzpKjraEBo6ybwnjWthdKe8yzTjafF0bgv/75L/kYq/kH5T8s/1i+WQSR55skE2yQ3xySMrklFRJjXByRx7IMxk6986T8+K8frTmnIlnnfyA8/YO/IOm4w==</latexit>

=


e�i✓ 0
0 ei✓

�<latexit sha1_base64="SdfiROprpMxwWfwXE+VNlFJrOH8="></latexit>

= 1p
2


1 1
i �i

� <latexit sha1_base64="8q8zsd9aywH6UfXKoIhyMG6SBfM=">AAACLHicbVBNS8NAEN3U7/hV9ehlsSheLEkR9SKIvXhUsCo0pWy2k7p0s4m7E7GE/CAv/hVBPFjEq7/DbS34+WDg8d4MM/PCVAqDnjdwShOTU9Mzs3Pu/MLi0nJ5ZfXCJJnm0OCJTPRVyAxIoaCBAiVcpRpYHEq4DHv1oX95C9qIRJ1jP4VWzLpKRIIztFK7XD90gxC6QuVhzFCLu8L16RbdETQIRky4AajOlxtgpBnP/SIPzI3GvFYU7XLFq3oj0L/EH5MKGeO0XX4KOgnPYlDIJTOm6XsptnKmUXAJdkdmIGW8x7rQtFSxGEwrHz1b0E2rdGiUaFsK6Uj9PpGz2Jh+HNpOe/O1+e0Nxf+8ZobRQSsXKs0QFP9cFGWSYkKHydGO0MBR9i1hXAt7K+XXzIaBNl/XhuD/fvkvuahV/b2qf7ZbOToexzFL1skG2SY+2SdH5ISckgbh5J48khcycB6cZ+fVeftsLTnjmTXyA877ByQhpnI=</latexit>

=


1 �i
1 i

�
1p
2

<latexit sha1_base64="nQ1vfYY9Car8Ca9F+ejFDH4TRXA=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMiLoRim50V0tf0I4lk2ba0ExmSDJCHfolblwo4tZPceffmLaz0NYD4R7OuZd7c/yYM6Ud59vKrayurW/kNwtb2zu7RXtvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Qz9VuPVCoWiboex9QL8UCwgBGsjdSzi7WHeg1doZqpptz17JJTdmZAy8TNSAkyVHv2V7cfkSSkQhOOleq4Tqy9FEvNCKeTQjdRNMZkhAe0Y6jAIVVeOjt8go6N0kdBJM0TGs3U3xMpDpUah77pDLEeqkVvKv7ndRIdXHopE3GiqSDzRUHCkY7QNAXUZ5ISzceGYCKZuRWRIZaYaJNVwYTgLn55mTRPy+552b0/K1WuszjycAhHcAIuXEAFbqEKDSCQwDO8wpv1ZL1Y79bHvDVnZTMH8AfW5w/DT5E2</latexit>

RTR = RRT = I
<latexit sha1_base64="ReQRyOO9rXRttyEGLANojx5+PDk=">AAAB+nicbVDLSgNBEJyNrxhfiR69DAYhXsKuiHoRgl48RjEPSJYwO+kkQ2YfzPSqYc2nePGgiFe/xJt/4yTZgyYWNBRV3XR3eZEUGm3728osLa+srmXXcxubW9s7+cJuXYex4lDjoQxV02MapAighgIlNCMFzPckNLzh1cRv3IPSIgzucBSB67N+IHqCMzRSJ19oIzxi0gUcl26P6AV1OvmiXbanoIvESUmRpKh28l/tbshjHwLkkmndcuwI3YQpFFzCONeONUSMD1kfWoYGzAftJtPTx/TQKF3aC5WpAOlU/T2RMF/rke+ZTp/hQM97E/E/rxVj79xNRBDFCAGfLerFkmJIJznQrlDAUY4MYVwJcyvlA6YYR5NWzoTgzL+8SOrHZee07NycFCuXaRxZsk8OSIk45IxUyDWpkhrh5IE8k1fyZj1ZL9a79TFrzVjpzB75A+vzB8DAkwI=</latexit>

det(R) = 1

…columns & rows orthonormal 

…no reflections

Special Orthogonal Group: Lie group
<latexit sha1_base64="MmGkUchUCi57cxAOeRvSd6blJuA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUDdlRkRdFt24s6J9QDuUTJppQzOZIbkjlmE2/oobF4q49TPc+TemD0FbD1w4Oedecu/xY8E1OM6XlVtYXFpeya8W1tY3Nrfs7Z26jhJFWY1GIlJNn2gmuGQ14CBYM1aMhL5gDX9wOfIb90xpHsk7GMbMC0lP8oBTAkbq2HttYA/gB+ntdSmTP4+jrGMXnbIzBp4n7pQU0RTVjv3Z7kY0CZkEKojWLdeJwUuJAk4FywrtRLOY0AHpsZahkoRMe+n4gAwfGqWLg0iZkoDH6u+JlIRaD0PfdIYE+nrWG4n/ea0EgnMv5TJOgEk6+ShIBIYIj9LAXa4YBTE0hFDFza6Y9okiFExmBROCO3vyPKkfl93TsntzUqxcTOPIo310gErIRWeogq5QFdUQRRl6Qi/o1Xq0nq03633SmrOmM7voD6yPbxeZlro=</latexit>

SO(n)

<latexit sha1_base64="Kbq4fOfTRPULuUzNA78yypZ+fhE="></latexit>

R =
h
R1 R2

i
=


cos ✓ � sin ✓
sin ✓ cos ✓

�

<latexit sha1_base64="VTEottFpLWpX2mcUXhVfT3ijgwU=">AAACKXicbVBNSwMxEM36WdevqkcvwSJ4seyKqBeh6MWjilWhKSWbTttgNrsks2JZ+ne8+Fe8KCjq1T9iWhfx60Hg5b0ZZuZFqZIWg+DVGxufmJyaLs34s3PzC4vlpeVzm2RGQF0kKjGXEbegpIY6SlRwmRrgcaTgIro6HPoX12CsTPQZ9lNoxryrZUcKjk5qlWunrS1/n/osgq7UeRRzNPJm4G8yKzXDHiCnjFEmEkuLr89At78qW+VKUA1GoH9JWJAKKXDcKj+ydiKyGDQKxa1thEGKzZwblELBwGeZhZSLK96FhqOax2Cb+ejSAV13Spt2EuOeRjpSv3fkPLa2H0eu0u3Xs7+9ofif18iws9fMpU4zBC0+B3UyRTGhw9hoWxoQqPqOcGGk25WKHjdcoAvXdyGEv0/+S863quFONTzZrtQOijhKZJWskQ0Skl1SI0fkmNSJILfknjyRZ+/Oe/BevLfP0jGv6FkhP+C9fwAK86X7</latexit>

R2 =


� sin ✓
cos ✓

�

<latexit sha1_base64="ED6lnKHrspgzMMggp6y99qWEXJY=">AAACKHicbVBNS8NAEN3U7/gV9ehlsQieSiKiXkTRi0cVq4UmlM122i7dbMLuRCzBn+PFv+JFRBGv/hK3NYhWHyy8fW+GmXlxJoVB3393KhOTU9Mzs3Pu/MLi0rK3snpl0lxzqPNUproRMwNSKKijQAmNTANLYgnXcf9k6F/fgDYiVZc4yCBKWFeJjuAMrdTyDi9agXtA3TCGrlBFnDDU4vbODXlqaIg9QEbDkIZGqPLnhqDa34Utr+rX/BHoXxKUpEpKnLW857Cd8jwBhVwyY5qBn2FUMI2CS7CDcwMZ433WhaaliiVgomJ06B3dtEqbdlJtn0I6Un92FCwxZpDEttLu1zPj3lD8z2vm2NmPCqGyHEHxr0GdXFJM6TA12hYaOMqBJYxrYXelvMc042izdW0IwfjJf8nVdi3YrQXnO9Wj4zKOWbJONsgWCcgeOSKn5IzUCSf35JG8kFfnwXly3pz3r9KKU/askV9wPj4BjSWlww==</latexit>

R1 =


cos ✓
sin ✓

�

<latexit sha1_base64="8VdNH3FavVdUZUuQFPBJgTaWz7M=">AAACDnicbVBNS8NAEN34WeNX1KOXxVLwVBIR9Vj04rGC/YCmlM1m0i7dbMLuRiyhv8CLf8WLB0W8evbmv3HbBtHWBwOP92aYmReknCntul/W0vLK6tp6acPe3Nre2XX29psqySSFBk14ItsBUcCZgIZmmkM7lUDigEMrGF5N/NYdSMUScatHKXRj0hcsYpRoI/Wcih9An4k8iImW7H5se9j3sYttH0T4o/acslt1p8CLxCtIGRWo95xPP0xoFoPQlBOlOp6b6m5OpGaUw9j2MwUpoUPSh46hgsSguvn0nTGuGCXEUSJNCY2n6u+JnMRKjeLAdJr7Bmrem4j/eZ1MRxfdnIk00yDobFGUcawTPMkGh0wC1XxkCKGSmVsxHRBJqDYJ2iYEb/7lRdI8qXpnVe/mtFy7LOIooUN0hI6Rh85RDV2jOmogih7QE3pBr9aj9Wy9We+z1iWrmDlAf2B9fAMXNZuC</latexit>
1
0

�

<latexit sha1_base64="nzkqbu9BBXXO4JZgRA7iGfv0k1U=">AAACDnicbVBNS8NAEN34WeNX1KOXxVLwVBIR9Vj04rGC/YCmlM1m0i7dbMLuRiyhv8CLf8WLB0W8evbmv3HbBtHWBwOP92aYmReknCntul/W0vLK6tp6acPe3Nre2XX29psqySSFBk14ItsBUcCZgIZmmkM7lUDigEMrGF5N/NYdSMUScatHKXRj0hcsYpRoI/Wcih9An4k8iImW7H5su9j3sYdtH0T4o/acslt1p8CLxCtIGRWo95xPP0xoFoPQlBOlOp6b6m5OpGaUw9j2MwUpoUPSh46hgsSguvn0nTGuGCXEUSJNCY2n6u+JnMRKjeLAdJr7Bmrem4j/eZ1MRxfdnIk00yDobFGUcawTPMkGh0wC1XxkCKGSmVsxHRBJqDYJ2iYEb/7lRdI8qXpnVe/mtFy7LOIooUN0hI6Rh85RDV2jOmogih7QE3pBr9aj9Wy9We+z1iWrmDlAf2B9fAMXMJuC</latexit>
0
1

�

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

<latexit sha1_base64="KEhAxiGSVlmbd/zmtkpnJTeqVA4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOSUDbbSbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco1hxZXUuluxAxIkUILBUroZhpYEknoRKO7md95Am2ESh9xnEGYsEEqYsEZWskPuDI0wCEg61Vrbt2dg64SryA1UqDZq34FfcXzBFLkkhnje26G4YRpFFzCtBLkBjLGR2wAvqUpS8CEk/nJU3pmlT6NlbaVIp2rvycmLDFmnES2M2E4NMveTPzP83OMb8KJSLMcIeWLRXEuKSo6+5/2hQaOcmwJ41rYWykfMs042pQqNgRv+eVV0r6oe1d17+Gy1rgt4iiTE3JKzolHrkmD3JMmaRFOFHkmr+TNQefFeXc+Fq0lp5g5Jn/gfP4AFdmRIQ==</latexit>

cos ✓

<latexit sha1_base64="TTw/yHQoyZlylTS+70qnSMohvBE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOSUDbbSbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3I2ZACgUtFCihm2lgSSShE43uZn7nCbQRqXrEcQZhwgZKxIIztJIfGKFogENA1qvW3Lo7B10lXkFqpECzV/0K+inPE1DIJTPG99wMwwnTKLiEaSXIDWSMj9gAfEsVS8CEk/nJU3pmlT6NU21LIZ2rvycmLDFmnES2M2E4NMveTPzP83OMb8KJUFmOoPhiUZxLiimd/U/7QgNHObaEcS3srZQPmWYcbUoVG4K3/PIqaV/Uvau693BZa9wWcZTJCTkl58Qj16RB7kmTtAgnKXkmr+TNQefFeXc+Fq0lp5g5Jn/gfP4AHaqRJg==</latexit>

sin ✓

<latexit sha1_base64="Fsq6wpP67yehn4wPtZof4KNm0Vc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rWFtoQtlsN+3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0J6SGS6F4CwVK3kk1p3EoeTsc3U799hPXRiTqAccpD2I6UCISjKKV/DPfCEV8HHKkvWrNrbszkGXiFaQGBZq96pffT1gWc4VMUmO6nptikFONgkk+qfiZ4SllIzrgXUsVjbkJ8tnNE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTOMroNcqDRDrth8UZRJggmZBkD6QnOGcmwJZVrYWwkbUk0Z2pgqNgRv8eVl8nhe9y7r3v1FrXFTxFGGIziGU/DgChpwB01oAYMUnuEV3pzMeXHenY95a8kpZg7hD5zPH4jFkV0=</latexit>

� sin ✓

<latexit sha1_base64="KEhAxiGSVlmbd/zmtkpnJTeqVA4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOSUDbbSbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco1hxZXUuluxAxIkUILBUroZhpYEknoRKO7md95Am2ESh9xnEGYsEEqYsEZWskPuDI0wCEg61Vrbt2dg64SryA1UqDZq34FfcXzBFLkkhnje26G4YRpFFzCtBLkBjLGR2wAvqUpS8CEk/nJU3pmlT6NlbaVIp2rvycmLDFmnES2M2E4NMveTPzP83OMb8KJSLMcIeWLRXEuKSo6+5/2hQaOcmwJ41rYWykfMs042pQqNgRv+eVV0r6oe1d17+Gy1rgt4iiTE3JKzolHrkmD3JMmaRFOFHkmr+TNQefFeXc+Fq0lp5g5Jn/gfP4AFdmRIQ==</latexit>

cos ✓

<latexit sha1_base64="8VdNH3FavVdUZUuQFPBJgTaWz7M=">AAACDnicbVBNS8NAEN34WeNX1KOXxVLwVBIR9Vj04rGC/YCmlM1m0i7dbMLuRiyhv8CLf8WLB0W8evbmv3HbBtHWBwOP92aYmReknCntul/W0vLK6tp6acPe3Nre2XX29psqySSFBk14ItsBUcCZgIZmmkM7lUDigEMrGF5N/NYdSMUScatHKXRj0hcsYpRoI/Wcih9An4k8iImW7H5se9j3sYttH0T4o/acslt1p8CLxCtIGRWo95xPP0xoFoPQlBOlOp6b6m5OpGaUw9j2MwUpoUPSh46hgsSguvn0nTGuGCXEUSJNCY2n6u+JnMRKjeLAdJr7Bmrem4j/eZ1MRxfdnIk00yDobFGUcawTPMkGh0wC1XxkCKGSmVsxHRBJqDYJ2iYEb/7lRdI8qXpnVe/mtFy7LOIooUN0hI6Rh85RDV2jOmogih7QE3pBr9aj9Wy9We+z1iWrmDlAf2B9fAMXNZuC</latexit>
1
0

�

<latexit sha1_base64="nzkqbu9BBXXO4JZgRA7iGfv0k1U=">AAACDnicbVBNS8NAEN34WeNX1KOXxVLwVBIR9Vj04rGC/YCmlM1m0i7dbMLuRiyhv8CLf8WLB0W8evbmv3HbBtHWBwOP92aYmReknCntul/W0vLK6tp6acPe3Nre2XX29psqySSFBk14ItsBUcCZgIZmmkM7lUDigEMrGF5N/NYdSMUScatHKXRj0hcsYpRoI/Wcih9An4k8iImW7H5su9j3sYdtH0T4o/acslt1p8CLxCtIGRWo95xPP0xoFoPQlBOlOp6b6m5OpGaUw9j2MwUpoUPSh46hgsSguvn0nTGuGCXEUSJNCY2n6u+JnMRKjeLAdJr7Bmrem4j/eZ1MRxfdnIk00yDobFGUcawTPMkGh0wC1XxkCKGSmVsxHRBJqDYJ2iYEb/7lRdI8qXpnVe/mtFy7LOIooUN0hI6Rh85RDV2jOmogih7QE3pBr9aj9Wy9We+z1iWrmDlAf2B9fAMXMJuC</latexit>
0
1

�

<latexit sha1_base64="KEhAxiGSVlmbd/zmtkpnJTeqVA4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOSUDbbSbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco1hxZXUuluxAxIkUILBUroZhpYEknoRKO7md95Am2ESh9xnEGYsEEqYsEZWskPuDI0wCEg61Vrbt2dg64SryA1UqDZq34FfcXzBFLkkhnje26G4YRpFFzCtBLkBjLGR2wAvqUpS8CEk/nJU3pmlT6NlbaVIp2rvycmLDFmnES2M2E4NMveTPzP83OMb8KJSLMcIeWLRXEuKSo6+5/2hQaOcmwJ41rYWykfMs042pQqNgRv+eVV0r6oe1d17+Gy1rgt4iiTE3JKzolHrkmD3JMmaRFOFHkmr+TNQefFeXc+Fq0lp5g5Jn/gfP4AFdmRIQ==</latexit>

cos ✓

<latexit sha1_base64="Fsq6wpP67yehn4wPtZof4KNm0Vc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rWFtoQtlsN+3SzSbsToQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM95iiUx0J6SGS6F4CwVK3kk1p3EoeTsc3U799hPXRiTqAccpD2I6UCISjKKV/DPfCEV8HHKkvWrNrbszkGXiFaQGBZq96pffT1gWc4VMUmO6nptikFONgkk+qfiZ4SllIzrgXUsVjbkJ8tnNE3JilT6JEm1LIZmpvydyGhszjkPbGVMcmkVvKv7ndTOMroNcqDRDrth8UZRJggmZBkD6QnOGcmwJZVrYWwkbUk0Z2pgqNgRv8eVl8nhe9y7r3v1FrXFTxFGGIziGU/DgChpwB01oAYMUnuEV3pzMeXHenY95a8kpZg7hD5zPH4jFkV0=</latexit>

� sin ✓

<latexit sha1_base64="YySosjzpd4E53dXHfiPWHumNPjo=">AAACInicbVDLSsNAFJ34tr6iLt0MFsGNJRHxsSu6calgq9CEMpnetIOTSZi5EUvot7jxV9y4UNSV4Mc4bYP4OjBw5px7ufeeKJPCoOe9OxOTU9Mzs3PzlYXFpeUVd3WtadJcc2jwVKb6KmIGpFDQQIESrjINLIkkXEbXJ0P/8ga0Eam6wH4GYcK6SsSCM7RS2z0KIugKVUQJQy1uB5WAp4YG2ANkNAjoTmCEKv+VAFTnq7LtVr2aNwL9S/ySVEmJs7b7GnRSniegkEtmTMv3MgwLplFwCXZybiBj/Jp1oWWpYgmYsBidOKBbVunQONX2KaQj9XtHwRJj+klkK+1+PfPbG4r/ea0c48OwECrLERQfD4pzSTGlw7xoR2jgKPuWMK6F3ZXyHtOMo021YkPwf5/8lzR3a/5+zT/fq9aPyzjmyAbZJNvEJwekTk7JGWkQTu7IA3kiz8698+i8OG/j0gmn7FknP+B8fAKtXaRh</latexit>
cos ✓
� sin ✓

�

<latexit sha1_base64="auokAgBP/IlNoiNcjLs4rTsBRm8=">AAACInicbVBNS8NAEN34WeNX1KOXxSJ4KomIH7eiF48KVgtNKZvttF262YTdiVhCf4sX/4oXD4p6EvwxbmsQbX2w8Pa9GWbmRakUBn3/w5mZnZtfWCwtucsrq2vr3sbmtUkyzaHGE5noesQMSKGghgIl1FMNLI4k3ET9s5F/cwvaiERd4SCFZsy6SnQEZ2illncSRtAVKo9ihlrcDd3QCEVD7AEyGobUDXliir8bgmr/VLa8sl/xx6DTJChImRS4aHlvYTvhWQwKuWTGNAI/xWbONAouwU7ODKSM91kXGpYqFoNp5uMTh3TXKm3aSbR9CulY/d2Rs9iYQRzZSrtfz0x6I/E/r5Fh57iZC5VmCIp/D+pkkmJCR3nRttDAUQ4sYVwLuyvlPaYZR5uqa0MIJk+eJtf7leCwElwelKunRRwlsk12yB4JyBGpknNyQWqEk3vySJ7Ji/PgPDmvzvt36YxT9GyRP3A+vwB1NqQ+</latexit>
sin ✓
cos ✓

�

<latexit sha1_base64="4ytl242v0PP2j9yyTvmwJeRPGQA="></latexit>

RT =


cos ✓ sin ✓
� sin ✓ cos ✓

�
=


cos(�✓) � sin(�✓)
sin(�✓) cos(�✓)

�

<latexit sha1_base64="az0RW0vMFAh1/Flgqyo1xBdzQf0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgxZKIqMeiF48VrC20oWy2k3bpZhN2J0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEphyPO+ncLK6tr6RnGztLW9s7tX3j94NEmmOTZ4IhPdCplBKRQ2SJDEVqqRxaHEZji8nfrNJ9RGJOqBRikGMesrEQnOyErNsw4NkFi3XPGq3gzuMvFzUoEc9W75q9NLeBajIi6ZMW3fSykYM02CS5yUOpnBlPEh62PbUsViNMF4du7EPbFKz40SbUuRO1N/T4xZbMwoDm1nzGhgFr2p+J/Xzii6DsZCpRmh4vNFUSZdStzp725PaOQkR5YwroW91eUDphknm1DJhuAvvrxMHs+r/mXVv7+o1G7yOIpwBMdwCj5cQQ3uoA4N4DCEZ3iFNyd1Xpx352PeWnDymUP4A+fzBxAuj2U=</latexit>

�✓

<latexit sha1_base64="az0RW0vMFAh1/Flgqyo1xBdzQf0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgxZKIqMeiF48VrC20oWy2k3bpZhN2J0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEphyPO+ncLK6tr6RnGztLW9s7tX3j94NEmmOTZ4IhPdCplBKRQ2SJDEVqqRxaHEZji8nfrNJ9RGJOqBRikGMesrEQnOyErNsw4NkFi3XPGq3gzuMvFzUoEc9W75q9NLeBajIi6ZMW3fSykYM02CS5yUOpnBlPEh62PbUsViNMF4du7EPbFKz40SbUuRO1N/T4xZbMwoDm1nzGhgFr2p+J/Xzii6DsZCpRmh4vNFUSZdStzp725PaOQkR5YwroW91eUDphknm1DJhuAvvrxMHs+r/mXVv7+o1G7yOIpwBMdwCj5cQQ3uoA4N4DCEZ3iFNyd1Xpx352PeWnDymUP4A+fzBxAuj2U=</latexit>

�✓

<latexit sha1_base64="KEhAxiGSVlmbd/zmtkpnJTeqVA4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOSUDbbSbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco1hxZXUuluxAxIkUILBUroZhpYEknoRKO7md95Am2ESh9xnEGYsEEqYsEZWskPuDI0wCEg61Vrbt2dg64SryA1UqDZq34FfcXzBFLkkhnje26G4YRpFFzCtBLkBjLGR2wAvqUpS8CEk/nJU3pmlT6NlbaVIp2rvycmLDFmnES2M2E4NMveTPzP83OMb8KJSLMcIeWLRXEuKSo6+5/2hQaOcmwJ41rYWykfMs042pQqNgRv+eVV0r6oe1d17+Gy1rgt4iiTE3JKzolHrkmD3JMmaRFOFHkmr+TNQefFeXc+Fq0lp5g5Jn/gfP4AFdmRIQ==</latexit>

cos ✓
<latexit sha1_base64="TTw/yHQoyZlylTS+70qnSMohvBE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOSUDbbSbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3I2ZACgUtFCihm2lgSSShE43uZn7nCbQRqXrEcQZhwgZKxIIztJIfGKFogENA1qvW3Lo7B10lXkFqpECzV/0K+inPE1DIJTPG99wMwwnTKLiEaSXIDWSMj9gAfEsVS8CEk/nJU3pmlT6NU21LIZ2rvycmLDFmnES2M2E4NMveTPzP83OMb8KJUFmOoPhiUZxLiimd/U/7QgNHObaEcS3srZQPmWYcbUoVG4K3/PIqaV/Uvau693BZa9wWcZTJCTkl58Qj16RB7kmTtAgnKXkmr+TNQefFeXc+Fq0lp5g5Jn/gfP4AHaqRJg==</latexit>

sin ✓

<latexit sha1_base64="lamRO4ADM9mmiUbM9LPpz6Z2KYQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXinoRil48VrEf0q4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5peWV1bX8emFjc2t7p7i719BRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGF5P/OYTVZpF8t6MYuoL3JcsZAQbKz3cPaYn3hhdom6x5JbdKdAi8TJSggy1bvGr04tIIqg0hGOt254bGz/FyjDC6bjQSTSNMRniPm1bKrGg2k+nB4/RkVV6KIyULWnQVP09kWKh9UgEtlNgM9Dz3kT8z2snJrzwUybjxFBJZovChCMTocn3qMcUJYaPLMFEMXsrIgOsMDE2o4INwZt/eZE0TsveWdm7rZSqV1kceTiAQzgGD86hCjdQgzoQEPAMr/DmKOfFeXc+Zq05J5vZhz9wPn8ANB2PXQ==</latexit>

R�1 =

Diagonalization:



Rotation Matrices - 3D

<latexit sha1_base64="nQ1vfYY9Car8Ca9F+ejFDH4TRXA=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMiLoRim50V0tf0I4lk2ba0ExmSDJCHfolblwo4tZPceffmLaz0NYD4R7OuZd7c/yYM6Ud59vKrayurW/kNwtb2zu7RXtvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Qz9VuPVCoWiboex9QL8UCwgBGsjdSzi7WHeg1doZqpptz17JJTdmZAy8TNSAkyVHv2V7cfkSSkQhOOleq4Tqy9FEvNCKeTQjdRNMZkhAe0Y6jAIVVeOjt8go6N0kdBJM0TGs3U3xMpDpUah77pDLEeqkVvKv7ndRIdXHopE3GiqSDzRUHCkY7QNAXUZ5ISzceGYCKZuRWRIZaYaJNVwYTgLn55mTRPy+552b0/K1WuszjycAhHcAIuXEAFbqEKDSCQwDO8wpv1ZL1Y79bHvDVnZTMH8AfW5w/DT5E2</latexit>

RTR = RRT = I
<latexit sha1_base64="ReQRyOO9rXRttyEGLANojx5+PDk=">AAAB+nicbVDLSgNBEJyNrxhfiR69DAYhXsKuiHoRgl48RjEPSJYwO+kkQ2YfzPSqYc2nePGgiFe/xJt/4yTZgyYWNBRV3XR3eZEUGm3728osLa+srmXXcxubW9s7+cJuXYex4lDjoQxV02MapAighgIlNCMFzPckNLzh1cRv3IPSIgzucBSB67N+IHqCMzRSJ19oIzxi0gUcl26P6AV1OvmiXbanoIvESUmRpKh28l/tbshjHwLkkmndcuwI3YQpFFzCONeONUSMD1kfWoYGzAftJtPTx/TQKF3aC5WpAOlU/T2RMF/rke+ZTp/hQM97E/E/rxVj79xNRBDFCAGfLerFkmJIJznQrlDAUY4MYVwJcyvlA6YYR5NWzoTgzL+8SOrHZee07NycFCuXaRxZsk8OSIk45IxUyDWpkhrh5IE8k1fyZj1ZL9a79TFrzVjpzB75A+vzB8DAkwI=</latexit>

det(R) = 1

…columns & rows orthonormal 

…no reflections

Diagonalization:

<latexit sha1_base64="EIKDuKrWlM1itGnmizjuAh2xrJo="></latexit>

=

2

4
| | |
v1 v2 v3
| | |

3

5

<latexit sha1_base64="TPQi8npW0fGotq/l/INJLXylaZ8="></latexit>

=

2

4
� vT1 �
� vT2 �
� vT3 �

3

5

<latexit sha1_base64="02Q74PeaJGaN+20JkWAbGp+1opU="></latexit>

=

2

4
cos ✓ � sin ✓ 0
sin ✓ cos ✓ 0
0 0 1

3

5

<latexit sha1_base64="Uq6WJdRqNWMsc3IwPFOkbOK7+FA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjfOQByRJmJ7PJkNnZZaZXCEs+wYsHRbz6Rd78GyfJHjRa0FBUddPdFSRSGHTdL6ewtLyyulZcL21sbm3vlHf3miZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6f6OXPbKFbfqzkD+Ei8nFchR75U/u/2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342O3VCjqzSJ2GsbSkkM/XnREYjY8ZRYDsjikOz6E3F/7xOiuGFnwmVpMgVmy8KU0kwJtO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2+/Jc0T6reWdW7Pa3UrvI4inAAh3AMHpxDDW6gDg1gMIAneIFXRzrPzpvzPm8tOPnMPvyC8/ENhiqNTQ==</latexit>

R =
<latexit sha1_base64="O4pFDq4Op1D7s5BnzP9ZuACUv7g="></latexit>

=

2

4
e�i✓ 0 0
0 ei✓ 0
0 0 1

3

5

<latexit sha1_base64="uL/FlOEL2i4s9fQSjFVf2fdeKps="></latexit>

=

2

4
| | |

1p
2

�
v1 + iv2

�
1p
2

�
v1 � iv2

�
v3

| | |

3

5

<latexit sha1_base64="Aa/egj0zFyBCPT+AQhwnu9NskKA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEVDwVvXisaNpCG8pmO22XbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSwfzTjBIKIDyfucUWOlB/+adMsVt+rOQJaJl5MK5Kh3y1+dXszSCKVhgmrd9tzEBBlVhjOBk1In1ZhQNqIDbFsqaYQ6yGanTsiJVXqkHytb0pCZ+nsio5HW4yi0nRE1Q73oTcX/vHZq+ldBxmWSGpRsvqifCmJiMv2b9LhCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0njrOpdVL3780rtJo+jCEdwDKfgwSXU4A7q4AODATzDK7w5wnlx3p2PeWvByWcO4Q+czx+GSo1N</latexit>

U :
<latexit sha1_base64="aHZPts1TZ7FDAvk+kc/IhBWt3gA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIqHgqevFYwbSFtpbNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb26yZONeM+i2WsmwE1XArFfRQoeTPRnEaB5I1geDvxG09cGxGrBxwlvBPRvhKhYBSt5PuPp9ekWyq7FXcKski8nJQhR61b+mr3YpZGXCGT1JiW5ybYyahGwSQfF9up4QllQ9rnLUsVjbjpZNNjx+TYKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6UYXnUyoZIUuWKzRWEqCcZk8jnpCc0ZypEllGlhbyVsQDVlaPMp2hC8+ZcXSf2s4l1UvPvzcvUmj6MAh3AEJ+DBJVThDmrgAwMBz/AKb45yXpx352PWuuTkMwfwB87nD6Bjjek=</latexit>

U⇤ :right eigenvectors left eigenvectors 
<latexit sha1_base64="7GvSZnA60NXT08brcWjALTEpDVw=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI4qEkIupFKHrRWwXTFtpYNttNu3SzCbsboYb+Ei8eFPHqT/Hmv3Hb5qCtD5Z5vDfDzL4g4Uxpx/m2CkvLK6trxfXSxubWdtne2W2oOJWEeiTmsWwFWFHOBPU005y2EklxFHDaDIbXE7/5SKVisbjXo4T6Ee4LFjKCtZG6dtl7OPbQJfJMNeW2a1ecqjMFWiRuTiqQo961vzq9mKQRFZpwrFTbdRLtZ1hqRjgdlzqpogkmQ9ynbUMFjqjys+nhY3RolB4KY2me0Giq/p7IcKTUKApMZ4T1QM17E/E/r53q8MLPmEhSTQWZLQpTjnSMJimgHpOUaD4yBBPJzK2IDLDERJusSiYEd/7Li6RxUnXPqu7daaV2lcdRhH04gCNw4RxqcAN18IBACs/wCm/Wk/VivVsfs9aClc/swR9Ynz9UAZDu</latexit>

U⇤U = UU⇤ = I

<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="lbQs6PafE01NsCxn+XyoFaWLPjg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VixX9DGstlO2qWbTdjdCCX0J3jxoIhXf5E3/43bNgdtfTDweG+GmXlBIrg2rvvtrKyurW9sFraK2zu7e/ulg8OmjlPFsMFiEat2QDUKLrFhuBHYThTSKBDYCka3U7/1hErzWNbNOEE/ogPJQ86osdJD87HeK5XdijsDWSZeTsqQo9YrfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpHle8S4r3v1FuXqTx1GAYziBM/DgCqpwBzVoAIMBPMMrvDnCeXHenY9564qTzxzBHzifPw1jjaY=</latexit>

V T
<latexit sha1_base64="/8pCtoxfSwn2b1fDO58lymLm3/M=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiol6Eohe9VWjTQhvLZrtpl242YXcj1NBf4sWDIl79Kd78N27bHLT1wTKP92aY2RcknCntON9WYWV1bX2juFna2t7ZLdt7+56KU0lok8Q8lu0AK8qZoE3NNKftRFIcBZy2gtHN1G89UqlYLBp6nFA/wgPBQkawNlLPLnsPDQ9dIc9UU+56dsWpOjOgZeLmpAI56j37q9uPSRpRoQnHSnVcJ9F+hqVmhNNJqZsqmmAywgPaMVTgiCo/mx0+QcdG6aMwluYJjWbq74kMR0qNo8B0RlgP1aI3Ff/zOqkOL/2MiSTVVJD5ojDlSMdomgLqM0mJ5mNDMJHM3IrIEEtMtMmqZEJwF7+8TLzTqntede/PKrXrPI4iHMIRnIALF1CDW6hDEwik8Ayv8GY9WS/Wu/Uxby1Y+cwB/IH1+QPcJ5FG</latexit>

V TV = V V T = Iorthonormal:

unitary: 

Rotation axis Rotation plane

<latexit sha1_base64="Uq6WJdRqNWMsc3IwPFOkbOK7+FA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjfOQByRJmJ7PJkNnZZaZXCEs+wYsHRbz6Rd78GyfJHjRa0FBUddPdFSRSGHTdL6ewtLyyulZcL21sbm3vlHf3miZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6f6OXPbKFbfqzkD+Ei8nFchR75U/u/2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342O3VCjqzSJ2GsbSkkM/XnREYjY8ZRYDsjikOz6E3F/7xOiuGFnwmVpMgVmy8KU0kwJtO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2+/Jc0T6reWdW7Pa3UrvI4inAAh3AMHpxDDW6gDg1gMIAneIFXRzrPzpvzPm8tOPnMPvyC8/ENhiqNTQ==</latexit>

R =

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit>

(

<latexit sha1_base64="2732TFMcKGcdsHe5agsCB3mzlLQ=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4R9Sh68WaMxgjZGGYnnWTI7Owy0yuGZf/Di7/ixYMingQP/o2Tx8FXQUNR1U13VxBLYdB1P52Jyanpmdm5+dzC4tLySn517cpEieZQ5ZGM9HXADEihoIoCJVzHGlgYSKgFvZOBX7sFbUSkLrEfQyNkHSXagjO0UjO/W6G+UNRHuMP04my7tJNR3ySBAaR+yLAbBGklu0lLtkWEYGgpa+YLbtEdgv4l3pgUyBjlZv7db0U8CUEhl8yYuufG2EiZRsElZDk/MRAz3mMdqFuqmN3TSIe/ZXTLKi3ajrQthXSofp9IWWhMPwxs5+Bc89sbiP959QTbh41UqDhBUHy0qJ1IihEdBEVbQgNH2beEcS3srZR3mWYcbZw5G4L3++W/5Gq36O0XvfO9wtHxOI45skE2yTbxyAE5IqekTKqEk3vySJ7Ji/PgPDmvztuodcIZz6yTH3A+vgBiGaBp</latexit>

R 2 SO(3) ⇢ R3⇥3

Special Orthogonal Group: Lie group
<latexit sha1_base64="MmGkUchUCi57cxAOeRvSd6blJuA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUDdlRkRdFt24s6J9QDuUTJppQzOZIbkjlmE2/oobF4q49TPc+TemD0FbD1w4Oedecu/xY8E1OM6XlVtYXFpeya8W1tY3Nrfs7Z26jhJFWY1GIlJNn2gmuGQ14CBYM1aMhL5gDX9wOfIb90xpHsk7GMbMC0lP8oBTAkbq2HttYA/gB+ntdSmTP4+jrGMXnbIzBp4n7pQU0RTVjv3Z7kY0CZkEKojWLdeJwUuJAk4FywrtRLOY0AHpsZahkoRMe+n4gAwfGqWLg0iZkoDH6u+JlIRaD0PfdIYE+nrWG4n/ea0EgnMv5TJOgEk6+ShIBIYIj9LAXa4YBTE0hFDFza6Y9okiFExmBROCO3vyPKkfl93TsntzUqxcTOPIo310gErIRWeogq5QFdUQRRl6Qi/o1Xq0nq03633SmrOmM7voD6yPbxeZlro=</latexit>

SO(n)

<latexit sha1_base64="XTb0GCJ0IttDHXtQAz7YQ3mwiyM="></latexit>

=

2

4
� 1p

2

�
vT1 � ivT2

�
�

� 1p
2

�
vT1 + ivT2

�
�

� vT3 �

3

5

<latexit sha1_base64="9Vo5QaieCWZMppEUtrLOVnp90KU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF4/xkQckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4b7n9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfTtY2A</latexit>

R1

<latexit sha1_base64="iVav0SD6ukt3cxLAPZSfMj3b8So=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/tetVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK95Fxbs7L9eu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wfVOY2B</latexit>

R2

<latexit sha1_base64="7H8QXjXP3oXAxgMQ4ECcuAj4u9c=">AAACEnicbVDLSsNAFJ34rPEVdelmsAi6KYmIuiy6cVnBPqAJZTK5aYdOJmFmIpbQb3Djr7hxoYhbV+78G6cPRFsPzHA4517uvSfMOFPadb+shcWl5ZXV0pq9vrG5te3s7DZUmksKdZryVLZCooAzAXXNNIdWJoEkIYdm2L8a+c07kIql4lYPMggS0hUsZpRoI3WcYz+ELhNFmBAt2f3Q9rDvY3f82T6I6MfpOGW34o6B54k3JWU0Ra3jfPpRSvMEhKacKNX23EwHBZGaUQ5D288VZIT2SRfahgqSgAqK8UlDfGiUCMepNE9oPFZ/dxQkUWqQhKbS7NdTs95I/M9r5zq+CAomslyDoJNBcc6xTvEoHxwxCVTzgSGESmZ2xbRHJKHapGibELzZk+dJ46TinVW8m9Ny9XIaRwntowN0hDx0jqroGtVQHVH0gJ7QC3q1Hq1n6816n5QuWNOePfQH1sc3bFOcsg==</latexit>2

4
1
0
0

3

5

<latexit sha1_base64="tauOfP8ezsBsf28tMkQ+k9Rp98w=">AAACEnicbVDLSsNAFJ34rPEVdelmsAi6KYmIuiy6cVnBPqAJZTK5aYdOJmFmIpbQb3Djr7hxoYhbV+78G6cPRFsPzHA4517uvSfMOFPadb+shcWl5ZXV0pq9vrG5te3s7DZUmksKdZryVLZCooAzAXXNNIdWJoEkIYdm2L8a+c07kIql4lYPMggS0hUsZpRoI3WcYz+ELhNFmBAt2f3QdrHvY2/0ubYPIvpxOk7Zrbhj4HniTUkZTVHrOJ9+lNI8AaEpJ0q1PTfTQUGkZpTD0PZzBRmhfdKFtqGCJKCCYnzSEB8aJcJxKs0TGo/V3x0FSZQaJKGpNPv11Kw3Ev/z2rmOL4KCiSzXIOhkUJxzrFM8ygdHTALVfGAIoZKZXTHtEUmoNinaJgRv9uR50jipeGcV7+a0XL2cxlFC++gAHSEPnaMqukY1VEcUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDWxOnLI=</latexit>2

4
0
1
0

3

5

<latexit sha1_base64="1IFDmYyz2UIRggWZeIepowpg0Io=">AAACEnicbVDLSsNAFJ34rPEVdelmsAi6KYmIuiy6cVnBPqAJZTK5aYdOJmFmIpbQb3Djr7hxoYhbV+78G6cPRFsPzHA4517uvSfMOFPadb+shcWl5ZXV0pq9vrG5te3s7DZUmksKdZryVLZCooAzAXXNNIdWJoEkIYdm2L8a+c07kIql4lYPMggS0hUsZpRoI3WcYz+ELhNFmBAt2f3QdrHv4/Hn2T6I6MfpOGW34o6B54k3JWU0Ra3jfPpRSvMEhKacKNX23EwHBZGaUQ5D288VZIT2SRfahgqSgAqK8UlDfGiUCMepNE9oPFZ/dxQkUWqQhKbS7NdTs95I/M9r5zq+CAomslyDoJNBcc6xTvEoHxwxCVTzgSGESmZ2xbRHJKHapGibELzZk+dJ46TinVW8m9Ny9XIaRwntowN0hDx0jqroGtVQHVH0gJ7QC3q1Hq1n6816n5QuWNOePfQH1sc3bEmcsg==</latexit>2

4
0
0
1

3

5
<latexit sha1_base64="xXf/ms1+axDbs38Fj3His8b4Yq4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF4/xkQckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHssHM07Qj+hA8pAzaqx0f9c77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV73bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H9/WvY2C</latexit>

R3

<latexit sha1_base64="RV54cq7GKPrqrWs6w1Hays7sxEg="></latexit>

R =

2

4
| | |
R1 R2 R3

| | |

3

5

1

2

3

<latexit sha1_base64="s9Nr88TAL3Cj6CHdeWFnYETDvrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7k0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj25nfGnNtRKwecZJwP6IDJULBKFrpYdw775UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3Lqnd/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsNpI2m</latexit>v3

<latexit sha1_base64="9Vo5QaieCWZMppEUtrLOVnp90KU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF4/xkQckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4b7n9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfTtY2A</latexit>

R1

<latexit sha1_base64="iVav0SD6ukt3cxLAPZSfMj3b8So=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/tetVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK95Fxbs7L9eu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wfVOY2B</latexit>

R2

<latexit sha1_base64="xXf/ms1+axDbs38Fj3His8b4Yq4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF4/xkQckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHssHM07Qj+hA8pAzaqx0f9c77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV73bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H9/WvY2C</latexit>

R3

<latexit sha1_base64="S2gUnD3n5H7zQ610Z5P4adhD600=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7m0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WTmSToR3QgecgZNVZ6HPe8XrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzUKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7G/S5wqZERNLKFPc3krYkCrKjE2nZEPwll9eJc2LqndV9R4uK7XbPI4inMApnIMH11CDe6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAKnI2k</latexit>v1

<latexit sha1_base64="QpDMvqMuPU75GXzQ0xQDGkNsYnI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120i7dbMLuplBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0N/NbY1Sax/LJTBL0IzqQPOSMGis9jnvVXqnsVtw5yCrxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwWuymGhPKRnSAHUsljVD72fzUKTm3Sp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7G/S5wqZERNLKFPc3krYkCrKjE2naEPwll9eJc1qxbuqeA+X5dptHkcBTuEMLsCDa6jBPdShAQwG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAMII2l</latexit>v2
<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

1

2

3

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓



Rotation Matrices - 3D

<latexit sha1_base64="nQ1vfYY9Car8Ca9F+ejFDH4TRXA=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMiLoRim50V0tf0I4lk2ba0ExmSDJCHfolblwo4tZPceffmLaz0NYD4R7OuZd7c/yYM6Ud59vKrayurW/kNwtb2zu7RXtvv6miRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Qz9VuPVCoWiboex9QL8UCwgBGsjdSzi7WHeg1doZqpptz17JJTdmZAy8TNSAkyVHv2V7cfkSSkQhOOleq4Tqy9FEvNCKeTQjdRNMZkhAe0Y6jAIVVeOjt8go6N0kdBJM0TGs3U3xMpDpUah77pDLEeqkVvKv7ndRIdXHopE3GiqSDzRUHCkY7QNAXUZ5ISzceGYCKZuRWRIZaYaJNVwYTgLn55mTRPy+552b0/K1WuszjycAhHcAIuXEAFbqEKDSCQwDO8wpv1ZL1Y79bHvDVnZTMH8AfW5w/DT5E2</latexit>

RTR = RRT = I
<latexit sha1_base64="ReQRyOO9rXRttyEGLANojx5+PDk=">AAAB+nicbVDLSgNBEJyNrxhfiR69DAYhXsKuiHoRgl48RjEPSJYwO+kkQ2YfzPSqYc2nePGgiFe/xJt/4yTZgyYWNBRV3XR3eZEUGm3728osLa+srmXXcxubW9s7+cJuXYex4lDjoQxV02MapAighgIlNCMFzPckNLzh1cRv3IPSIgzucBSB67N+IHqCMzRSJ19oIzxi0gUcl26P6AV1OvmiXbanoIvESUmRpKh28l/tbshjHwLkkmndcuwI3YQpFFzCONeONUSMD1kfWoYGzAftJtPTx/TQKF3aC5WpAOlU/T2RMF/rke+ZTp/hQM97E/E/rxVj79xNRBDFCAGfLerFkmJIJznQrlDAUY4MYVwJcyvlA6YYR5NWzoTgzL+8SOrHZee07NycFCuXaRxZsk8OSIk45IxUyDWpkhrh5IE8k1fyZj1ZL9a79TFrzVjpzB75A+vzB8DAkwI=</latexit>

det(R) = 1

…columns & rows orthonormal 

…no reflections

Diagonalization:

<latexit sha1_base64="EIKDuKrWlM1itGnmizjuAh2xrJo="></latexit>

=

2

4
| | |
v1 v2 v3
| | |

3

5

<latexit sha1_base64="TPQi8npW0fGotq/l/INJLXylaZ8="></latexit>

=

2

4
� vT1 �
� vT2 �
� vT3 �

3

5

<latexit sha1_base64="02Q74PeaJGaN+20JkWAbGp+1opU="></latexit>

=

2

4
cos ✓ � sin ✓ 0
sin ✓ cos ✓ 0
0 0 1

3

5

<latexit sha1_base64="Uq6WJdRqNWMsc3IwPFOkbOK7+FA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjfOQByRJmJ7PJkNnZZaZXCEs+wYsHRbz6Rd78GyfJHjRa0FBUddPdFSRSGHTdL6ewtLyyulZcL21sbm3vlHf3miZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6f6OXPbKFbfqzkD+Ei8nFchR75U/u/2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342O3VCjqzSJ2GsbSkkM/XnREYjY8ZRYDsjikOz6E3F/7xOiuGFnwmVpMgVmy8KU0kwJtO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2+/Jc0T6reWdW7Pa3UrvI4inAAh3AMHpxDDW6gDg1gMIAneIFXRzrPzpvzPm8tOPnMPvyC8/ENhiqNTQ==</latexit>

R =
<latexit sha1_base64="O4pFDq4Op1D7s5BnzP9ZuACUv7g="></latexit>

=

2

4
e�i✓ 0 0
0 ei✓ 0
0 0 1

3

5

<latexit sha1_base64="uL/FlOEL2i4s9fQSjFVf2fdeKps="></latexit>

=

2

4
| | |

1p
2

�
v1 + iv2

�
1p
2

�
v1 � iv2

�
v3

| | |

3

5

<latexit sha1_base64="Aa/egj0zFyBCPT+AQhwnu9NskKA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEVDwVvXisaNpCG8pmO22XbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSwfzTjBIKIDyfucUWOlB/+adMsVt+rOQJaJl5MK5Kh3y1+dXszSCKVhgmrd9tzEBBlVhjOBk1In1ZhQNqIDbFsqaYQ6yGanTsiJVXqkHytb0pCZ+nsio5HW4yi0nRE1Q73oTcX/vHZq+ldBxmWSGpRsvqifCmJiMv2b9LhCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0njrOpdVL3780rtJo+jCEdwDKfgwSXU4A7q4AODATzDK7w5wnlx3p2PeWvByWcO4Q+czx+GSo1N</latexit>

U :
<latexit sha1_base64="aHZPts1TZ7FDAvk+kc/IhBWt3gA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIqHgqevFYwbSFtpbNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxIpDLrut7O0vLK6tl7YKG5ube/slvb26yZONeM+i2WsmwE1XArFfRQoeTPRnEaB5I1geDvxG09cGxGrBxwlvBPRvhKhYBSt5PuPp9ekWyq7FXcKski8nJQhR61b+mr3YpZGXCGT1JiW5ybYyahGwSQfF9up4QllQ9rnLUsVjbjpZNNjx+TYKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6UYXnUyoZIUuWKzRWEqCcZk8jnpCc0ZypEllGlhbyVsQDVlaPMp2hC8+ZcXSf2s4l1UvPvzcvUmj6MAh3AEJ+DBJVThDmrgAwMBz/AKb45yXpx352PWuuTkMwfwB87nD6Bjjek=</latexit>

U⇤ :right eigenvectors left eigenvectors 
<latexit sha1_base64="7GvSZnA60NXT08brcWjALTEpDVw=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI4qEkIupFKHrRWwXTFtpYNttNu3SzCbsboYb+Ei8eFPHqT/Hmv3Hb5qCtD5Z5vDfDzL4g4Uxpx/m2CkvLK6trxfXSxubWdtne2W2oOJWEeiTmsWwFWFHOBPU005y2EklxFHDaDIbXE7/5SKVisbjXo4T6Ee4LFjKCtZG6dtl7OPbQJfJMNeW2a1ecqjMFWiRuTiqQo961vzq9mKQRFZpwrFTbdRLtZ1hqRjgdlzqpogkmQ9ynbUMFjqjys+nhY3RolB4KY2me0Giq/p7IcKTUKApMZ4T1QM17E/E/r53q8MLPmEhSTQWZLQpTjnSMJimgHpOUaD4yBBPJzK2IDLDERJusSiYEd/7Li6RxUnXPqu7daaV2lcdRhH04gCNw4RxqcAN18IBACs/wCm/Wk/VivVsfs9aClc/swR9Ynz9UAZDu</latexit>

U⇤U = UU⇤ = I

<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="lbQs6PafE01NsCxn+XyoFaWLPjg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VixX9DGstlO2qWbTdjdCCX0J3jxoIhXf5E3/43bNgdtfTDweG+GmXlBIrg2rvvtrKyurW9sFraK2zu7e/ulg8OmjlPFsMFiEat2QDUKLrFhuBHYThTSKBDYCka3U7/1hErzWNbNOEE/ogPJQ86osdJD87HeK5XdijsDWSZeTsqQo9YrfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpHle8S4r3v1FuXqTx1GAYziBM/DgCqpwBzVoAIMBPMMrvDnCeXHenY9564qTzxzBHzifPw1jjaY=</latexit>

V T
<latexit sha1_base64="/8pCtoxfSwn2b1fDO58lymLm3/M=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiol6Eohe9VWjTQhvLZrtpl242YXcj1NBf4sWDIl79Kd78N27bHLT1wTKP92aY2RcknCntON9WYWV1bX2juFna2t7ZLdt7+56KU0lok8Q8lu0AK8qZoE3NNKftRFIcBZy2gtHN1G89UqlYLBp6nFA/wgPBQkawNlLPLnsPDQ9dIc9UU+56dsWpOjOgZeLmpAI56j37q9uPSRpRoQnHSnVcJ9F+hqVmhNNJqZsqmmAywgPaMVTgiCo/mx0+QcdG6aMwluYJjWbq74kMR0qNo8B0RlgP1aI3Ff/zOqkOL/2MiSTVVJD5ojDlSMdomgLqM0mJ5mNDMJHM3IrIEEtMtMmqZEJwF7+8TLzTqntede/PKrXrPI4iHMIRnIALF1CDW6hDEwik8Ayv8GY9WS/Wu/Uxby1Y+cwB/IH1+QPcJ5FG</latexit>

V TV = V V T = Iorthonormal:

unitary: 

Rotation axis Rotation plane

<latexit sha1_base64="Uq6WJdRqNWMsc3IwPFOkbOK7+FA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjfOQByRJmJ7PJkNnZZaZXCEs+wYsHRbz6Rd78GyfJHjRa0FBUddPdFSRSGHTdL6ewtLyyulZcL21sbm3vlHf3miZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6f6OXPbKFbfqzkD+Ei8nFchR75U/u/2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342O3VCjqzSJ2GsbSkkM/XnREYjY8ZRYDsjikOz6E3F/7xOiuGFnwmVpMgVmy8KU0kwJtO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2+/Jc0T6reWdW7Pa3UrvI4inAAh3AMHpxDDW6gDg1gMIAneIFXRzrPzpvzPm8tOPnMPvyC8/ENhiqNTQ==</latexit>

R =

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit>

(

<latexit sha1_base64="2732TFMcKGcdsHe5agsCB3mzlLQ=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq4R9Sh68WaMxgjZGGYnnWTI7Owy0yuGZf/Di7/ixYMingQP/o2Tx8FXQUNR1U13VxBLYdB1P52Jyanpmdm5+dzC4tLySn517cpEieZQ5ZGM9HXADEihoIoCJVzHGlgYSKgFvZOBX7sFbUSkLrEfQyNkHSXagjO0UjO/W6G+UNRHuMP04my7tJNR3ySBAaR+yLAbBGklu0lLtkWEYGgpa+YLbtEdgv4l3pgUyBjlZv7db0U8CUEhl8yYuufG2EiZRsElZDk/MRAz3mMdqFuqmN3TSIe/ZXTLKi3ajrQthXSofp9IWWhMPwxs5+Bc89sbiP959QTbh41UqDhBUHy0qJ1IihEdBEVbQgNH2beEcS3srZR3mWYcbZw5G4L3++W/5Gq36O0XvfO9wtHxOI45skE2yTbxyAE5IqekTKqEk3vySJ7Ji/PgPDmvztuodcIZz6yTH3A+vgBiGaBp</latexit>

R 2 SO(3) ⇢ R3⇥3

Special Orthogonal Group: Lie group
<latexit sha1_base64="MmGkUchUCi57cxAOeRvSd6blJuA=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUDdlRkRdFt24s6J9QDuUTJppQzOZIbkjlmE2/oobF4q49TPc+TemD0FbD1w4Oedecu/xY8E1OM6XlVtYXFpeya8W1tY3Nrfs7Z26jhJFWY1GIlJNn2gmuGQ14CBYM1aMhL5gDX9wOfIb90xpHsk7GMbMC0lP8oBTAkbq2HttYA/gB+ntdSmTP4+jrGMXnbIzBp4n7pQU0RTVjv3Z7kY0CZkEKojWLdeJwUuJAk4FywrtRLOY0AHpsZahkoRMe+n4gAwfGqWLg0iZkoDH6u+JlIRaD0PfdIYE+nrWG4n/ea0EgnMv5TJOgEk6+ShIBIYIj9LAXa4YBTE0hFDFza6Y9okiFExmBROCO3vyPKkfl93TsntzUqxcTOPIo310gErIRWeogq5QFdUQRRl6Qi/o1Xq0nq03633SmrOmM7voD6yPbxeZlro=</latexit>

SO(n)

<latexit sha1_base64="XTb0GCJ0IttDHXtQAz7YQ3mwiyM="></latexit>

=

2

4
� 1p

2

�
vT1 � ivT2

�
�

� 1p
2

�
vT1 + ivT2

�
�

� vT3 �

3

5

<latexit sha1_base64="9Vo5QaieCWZMppEUtrLOVnp90KU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF4/xkQckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4b7n9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfTtY2A</latexit>

R1

<latexit sha1_base64="iVav0SD6ukt3cxLAPZSfMj3b8So=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/tetVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK95Fxbs7L9eu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wfVOY2B</latexit>

R2

<latexit sha1_base64="7H8QXjXP3oXAxgMQ4ECcuAj4u9c=">AAACEnicbVDLSsNAFJ34rPEVdelmsAi6KYmIuiy6cVnBPqAJZTK5aYdOJmFmIpbQb3Djr7hxoYhbV+78G6cPRFsPzHA4517uvSfMOFPadb+shcWl5ZXV0pq9vrG5te3s7DZUmksKdZryVLZCooAzAXXNNIdWJoEkIYdm2L8a+c07kIql4lYPMggS0hUsZpRoI3WcYz+ELhNFmBAt2f3Q9rDvY3f82T6I6MfpOGW34o6B54k3JWU0Ra3jfPpRSvMEhKacKNX23EwHBZGaUQ5D288VZIT2SRfahgqSgAqK8UlDfGiUCMepNE9oPFZ/dxQkUWqQhKbS7NdTs95I/M9r5zq+CAomslyDoJNBcc6xTvEoHxwxCVTzgSGESmZ2xbRHJKHapGibELzZk+dJ46TinVW8m9Ny9XIaRwntowN0hDx0jqroGtVQHVH0gJ7QC3q1Hq1n6816n5QuWNOePfQH1sc3bFOcsg==</latexit>2

4
1
0
0

3

5

<latexit sha1_base64="tauOfP8ezsBsf28tMkQ+k9Rp98w=">AAACEnicbVDLSsNAFJ34rPEVdelmsAi6KYmIuiy6cVnBPqAJZTK5aYdOJmFmIpbQb3Djr7hxoYhbV+78G6cPRFsPzHA4517uvSfMOFPadb+shcWl5ZXV0pq9vrG5te3s7DZUmksKdZryVLZCooAzAXXNNIdWJoEkIYdm2L8a+c07kIql4lYPMggS0hUsZpRoI3WcYz+ELhNFmBAt2f3QdrHvY2/0ubYPIvpxOk7Zrbhj4HniTUkZTVHrOJ9+lNI8AaEpJ0q1PTfTQUGkZpTD0PZzBRmhfdKFtqGCJKCCYnzSEB8aJcJxKs0TGo/V3x0FSZQaJKGpNPv11Kw3Ev/z2rmOL4KCiSzXIOhkUJxzrFM8ygdHTALVfGAIoZKZXTHtEUmoNinaJgRv9uR50jipeGcV7+a0XL2cxlFC++gAHSEPnaMqukY1VEcUPaAn9IJerUfr2Xqz3ielC9a0Zw/9gfXxDWxOnLI=</latexit>2

4
0
1
0

3

5

<latexit sha1_base64="1IFDmYyz2UIRggWZeIepowpg0Io=">AAACEnicbVDLSsNAFJ34rPEVdelmsAi6KYmIuiy6cVnBPqAJZTK5aYdOJmFmIpbQb3Djr7hxoYhbV+78G6cPRFsPzHA4517uvSfMOFPadb+shcWl5ZXV0pq9vrG5te3s7DZUmksKdZryVLZCooAzAXXNNIdWJoEkIYdm2L8a+c07kIql4lYPMggS0hUsZpRoI3WcYz+ELhNFmBAt2f3QdrHv4/Hn2T6I6MfpOGW34o6B54k3JWU0Ra3jfPpRSvMEhKacKNX23EwHBZGaUQ5D288VZIT2SRfahgqSgAqK8UlDfGiUCMepNE9oPFZ/dxQkUWqQhKbS7NdTs95I/M9r5zq+CAomslyDoJNBcc6xTvEoHxwxCVTzgSGESmZ2xbRHJKHapGibELzZk+dJ46TinVW8m9Ny9XIaRwntowN0hDx0jqroGtVQHVH0gJ7QC3q1Hq1n6816n5QuWNOePfQH1sc3bEmcsg==</latexit>2

4
0
0
1

3

5
<latexit sha1_base64="xXf/ms1+axDbs38Fj3His8b4Yq4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF4/xkQckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHssHM07Qj+hA8pAzaqx0f9c77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV73bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H9/WvY2C</latexit>

R3

<latexit sha1_base64="RV54cq7GKPrqrWs6w1Hays7sxEg="></latexit>

R =

2

4
| | |
R1 R2 R3

| | |

3

5

1

2

3

<latexit sha1_base64="s9Nr88TAL3Cj6CHdeWFnYETDvrA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7k0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj25nfGnNtRKwecZJwP6IDJULBKFrpYdw775UrbtWdg/wlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+6pScWKVPwljbUkjm6s+JjEbGTKLAdkYUh2bZm4n/eZ0Uw2s/EypJkSu2WBSmkmBMZn+TvtCcoZxYQpkW9lbChlRThjadkg3BW375L2meVb3Lqnd/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsNpI2m</latexit>v3

<latexit sha1_base64="9Vo5QaieCWZMppEUtrLOVnp90KU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF4/xkQckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4b7n9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfTtY2A</latexit>

R1

<latexit sha1_base64="iVav0SD6ukt3cxLAPZSfMj3b8So=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/tetVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK95Fxbs7L9eu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wfVOY2B</latexit>

R2

<latexit sha1_base64="xXf/ms1+axDbs38Fj3His8b4Yq4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF4/xkQckS5id9CZDZmeXmVkhLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHssHM07Qj+hA8pAzaqx0f9c77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV73bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H9/WvY2C</latexit>

R3

<latexit sha1_base64="S2gUnD3n5H7zQ610Z5P4adhD600=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7m0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WTmSToR3QgecgZNVZ6HPe8XrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzUKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7G/S5wqZERNLKFPc3krYkCrKjE2nZEPwll9eJc2LqndV9R4uK7XbPI4inMApnIMH11CDe6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAKnI2k</latexit>v1

<latexit sha1_base64="QpDMvqMuPU75GXzQ0xQDGkNsYnI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120i7dbMLuplBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0N/NbY1Sax/LJTBL0IzqQPOSMGis9jnvVXqnsVtw5yCrxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwWuymGhPKRnSAHUsljVD72fzUKTm3Sp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7G/S5wqZERNLKFPc3krYkCrKjE2naEPwll9eJc1qxbuqeA+X5dptHkcBTuEMLsCDa6jBPdShAQwG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAMII2l</latexit>v2

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

1

2

3

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

Note: can change              
by a phase shift

<latexit sha1_base64="YqA9FNYSfZlYSw0hF/2M2LjQdrA=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUUY9FLx4r2A9oQ9hsp+3SzSbsbgol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777aytb2xubRd2irt7+weHpaPjpo5TxbDBYhGrdkg1Ci6xYbgR2E4U0igU2ApH9zO/NUaleSyfzCRBP6IDyfucUWOl1jjwLsdBNSiV3Yo7B1klXk7KkKMelL66vZilEUrDBNW647mJ8TOqDGcCp8VuqjGhbEQH2LFU0gi1n83PnZJzq/RIP1a2pCFz9fdERiOtJ1FoOyNqhnrZm4n/eZ3U9G/9jMskNSjZYlE/FcTEZPY76XGFzIiJJZQpbm8lbEgVZcYmVLQheMsvr5JmteJdV7zHq3LtLo+jAKdwBhfgwQ3U4AHq0AAGI3iGV3hzEufFeXc+Fq1rTj5zAn/gfP4AdZmO/w==</latexit>v1, v2

<latexit sha1_base64="Nu+6EHMm+QCgYiq64gnYrqsVZjI=">AAACNHicbVBNSwMxEM36WdevVY9egkXxYtkVUY+iF8FLBauFbinZdNoGs9klmRXL4o/y4g/xIoIHRbz6G0y/UKsPAo/3ZiYzL0qlMOj7z87E5NT0zGxhzp1fWFxa9lZWL02SaQ4VnshEVyNmQAoFFRQooZpqYHEk4Sq6Pun5VzegjUjUBXZTqMesrURLcIZWanhnYQRtofIoZqjF7Z3LaYgdQEa36I4Z8TB0zbc+KnFDUM3vzrDhFf2S3wf9S4IhKZIhyg3vMWwmPItBIZfMmFrgp1jPmUbBJdiJmYGU8WvWhpqlisVg6nn/6Du6aZUmbSXaPoW0r/7syFlsTDeObKXdsGPGvZ74n1fLsHVYz4VKMwTFBx+1Mkkxob0EaVNo4Ci7ljCuhd2V8g7TjKPN2bUhBOMn/yWXu6VgvxSc7xWPjodxFMg62SDbJCAH5IickjKpEE7uyRN5JW/Og/PivDsfg9IJZ9izRn7B+fwC0f6pug==</latexit>
c✓ �s✓
s✓ c✓

�<latexit sha1_base64="Nu+6EHMm+QCgYiq64gnYrqsVZjI=">AAACNHicbVBNSwMxEM36WdevVY9egkXxYtkVUY+iF8FLBauFbinZdNoGs9klmRXL4o/y4g/xIoIHRbz6G0y/UKsPAo/3ZiYzL0qlMOj7z87E5NT0zGxhzp1fWFxa9lZWL02SaQ4VnshEVyNmQAoFFRQooZpqYHEk4Sq6Pun5VzegjUjUBXZTqMesrURLcIZWanhnYQRtofIoZqjF7Z3LaYgdQEa36I4Z8TB0zbc+KnFDUM3vzrDhFf2S3wf9S4IhKZIhyg3vMWwmPItBIZfMmFrgp1jPmUbBJdiJmYGU8WvWhpqlisVg6nn/6Du6aZUmbSXaPoW0r/7syFlsTDeObKXdsGPGvZ74n1fLsHVYz4VKMwTFBx+1Mkkxob0EaVNo4Ci7ljCuhd2V8g7TjKPN2bUhBOMn/yWXu6VgvxSc7xWPjodxFMg62SDbJCAH5IickjKpEE7uyRN5JW/Og/PivDsfg9IJZ9izRn7B+fwC0f6pug==</latexit>
c✓ �s✓
s✓ c✓

�

<latexit sha1_base64="+87ra8A23U3/ogtlvJNcGYhvlb4="></latexit>2

4
| |
v1 v2
| |

3

5 (

<latexit sha1_base64="+87ra8A23U3/ogtlvJNcGYhvlb4="></latexit>2

4
| |
v1 v2
| |

3

5 (<latexit sha1_base64="K776dgLl+Ed2zAAzWvqrHBda0lc=">AAAB8XicbVA9SwNBEJ3zM8avqKXNYRCswp2IWgZtLCwimA9MjrC32UuW7O0eu3NKOPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMCxPBDXret7O0vLK6tl7YKG5ube/slvb2G0almrI6VULpVkgME1yyOnIUrJVoRuJQsGY4vJ74zUemDVfyHkcJC2LSlzzilKCVHjq3LEKitXrqlspexZvCXSR+TsqQo9YtfXV6iqYxk0gFMabtewkGGdHIqWDjYic1LCF0SPqsbakkMTNBNr147B5bpedGStuS6E7V3xMZiY0ZxaHtjAkOzLw3Ef/z2ilGl0HGZZIik3S2KEqFi8qdvO/2uGYUxcgSQjW3t7p0QDShaEMq2hD8+ZcXSeO04p9X/LuzcvUqj6MAh3AEJ+DDBVThBmpQBwoSnuEV3hzjvDjvzsesdcnJZw7gD5zPH7uCkPY=</latexit>(

<latexit sha1_base64="+87ra8A23U3/ogtlvJNcGYhvlb4="></latexit>2

4
| |
v1 v2
| |

3

5 (

<latexit sha1_base64="+87ra8A23U3/ogtlvJNcGYhvlb4="></latexit>2

4
| |
v1 v2
| |

3

5 (

<latexit sha1_base64="OsKAojlW1I7J6wcZOpmsunhX6II=">AAACLHicbVDLSgMxFM3UVx1fVZdugkVxY5kRUZfFblxWsA/oDCWT3rahmcyQZMQy9IPc+CuCuLCIW7/DtFNRWw8EDufce3PvCWLOlHacsZVbWl5ZXcuv2xubW9s7hd29uooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGlYnfuAepWCTu9DAGPyQ9wbqMEm2kdqHiBdBjIg1CoiV7GNkUe3Gf4WN8qjLmebb61jLT9kB0fjq8dqHolJwp8CJxZ6SIZqi2Cy9eJ6JJCEJTTpRquU6s/ZRIzSgHMzFREBM6ID1oGSpICMpPp8eO8JFROrgbSfOExlP1d0dKQqWGYWAqzYZ9Ne9NxP+8VqK7V37KRJxoEDT7qJtwrCM8SQ53mASq+dAQQiUzu2LaJ5JQbfK1TQju/MmLpH5Wci9K7u15sXw9iyOPDtAhOkEuukRldIOqqIYoekTP6A2NrSfr1Xq3PrLSnDXr2Ud/YH1+AcOGphY=</latexit>
c� �s�
s� c�

�<latexit sha1_base64="OsKAojlW1I7J6wcZOpmsunhX6II=">AAACLHicbVDLSgMxFM3UVx1fVZdugkVxY5kRUZfFblxWsA/oDCWT3rahmcyQZMQy9IPc+CuCuLCIW7/DtFNRWw8EDufce3PvCWLOlHacsZVbWl5ZXcuv2xubW9s7hd29uooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGlYnfuAepWCTu9DAGPyQ9wbqMEm2kdqHiBdBjIg1CoiV7GNkUe3Gf4WN8qjLmebb61jLT9kB0fjq8dqHolJwp8CJxZ6SIZqi2Cy9eJ6JJCEJTTpRquU6s/ZRIzSgHMzFREBM6ID1oGSpICMpPp8eO8JFROrgbSfOExlP1d0dKQqWGYWAqzYZ9Ne9NxP+8VqK7V37KRJxoEDT7qJtwrCM8SQ53mASq+dAQQiUzu2LaJ5JQbfK1TQju/MmLpH5Wci9K7u15sXw9iyOPDtAhOkEuukRldIOqqIYoekTP6A2NrSfr1Xq3PrLSnDXr2Ud/YH1+AcOGphY=</latexit>
c� �s�
s� c�

�

<latexit sha1_base64="Nu+6EHMm+QCgYiq64gnYrqsVZjI=">AAACNHicbVBNSwMxEM36WdevVY9egkXxYtkVUY+iF8FLBauFbinZdNoGs9klmRXL4o/y4g/xIoIHRbz6G0y/UKsPAo/3ZiYzL0qlMOj7z87E5NT0zGxhzp1fWFxa9lZWL02SaQ4VnshEVyNmQAoFFRQooZpqYHEk4Sq6Pun5VzegjUjUBXZTqMesrURLcIZWanhnYQRtofIoZqjF7Z3LaYgdQEa36I4Z8TB0zbc+KnFDUM3vzrDhFf2S3wf9S4IhKZIhyg3vMWwmPItBIZfMmFrgp1jPmUbBJdiJmYGU8WvWhpqlisVg6nn/6Du6aZUmbSXaPoW0r/7syFlsTDeObKXdsGPGvZ74n1fLsHVYz4VKMwTFBx+1Mkkxob0EaVNo4Ci7ljCuhd2V8g7TjKPN2bUhBOMn/yWXu6VgvxSc7xWPjodxFMg62SDbJCAH5IickjKpEE7uyRN5JW/Og/PivDsfg9IJZ9izRn7B+fwC0f6pug==</latexit>
c✓ �s✓
s✓ c✓

�<latexit sha1_base64="Nu+6EHMm+QCgYiq64gnYrqsVZjI=">AAACNHicbVBNSwMxEM36WdevVY9egkXxYtkVUY+iF8FLBauFbinZdNoGs9klmRXL4o/y4g/xIoIHRbz6G0y/UKsPAo/3ZiYzL0qlMOj7z87E5NT0zGxhzp1fWFxa9lZWL02SaQ4VnshEVyNmQAoFFRQooZpqYHEk4Sq6Pun5VzegjUjUBXZTqMesrURLcIZWanhnYQRtofIoZqjF7Z3LaYgdQEa36I4Z8TB0zbc+KnFDUM3vzrDhFf2S3wf9S4IhKZIhyg3vMWwmPItBIZfMmFrgp1jPmUbBJdiJmYGU8WvWhpqlisVg6nn/6Du6aZUmbSXaPoW0r/7syFlsTDeObKXdsGPGvZ74n1fLsHVYz4VKMwTFBx+1Mkkxob0EaVNo4Ci7ljCuhd2V8g7TjKPN2bUhBOMn/yWXu6VgvxSc7xWPjodxFMg62SDbJCAH5IickjKpEE7uyRN5JW/Og/PivDsfg9IJZ9izRn7B+fwC0f6pug==</latexit>
c✓ �s✓
s✓ c✓

�<latexit sha1_base64="OsKAojlW1I7J6wcZOpmsunhX6II=">AAACLHicbVDLSgMxFM3UVx1fVZdugkVxY5kRUZfFblxWsA/oDCWT3rahmcyQZMQy9IPc+CuCuLCIW7/DtFNRWw8EDufce3PvCWLOlHacsZVbWl5ZXcuv2xubW9s7hd29uooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGlYnfuAepWCTu9DAGPyQ9wbqMEm2kdqHiBdBjIg1CoiV7GNkUe3Gf4WN8qjLmebb61jLT9kB0fjq8dqHolJwp8CJxZ6SIZqi2Cy9eJ6JJCEJTTpRquU6s/ZRIzSgHMzFREBM6ID1oGSpICMpPp8eO8JFROrgbSfOExlP1d0dKQqWGYWAqzYZ9Ne9NxP+8VqK7V37KRJxoEDT7qJtwrCM8SQ53mASq+dAQQiUzu2LaJ5JQbfK1TQju/MmLpH5Wci9K7u15sXw9iyOPDtAhOkEuukRldIOqqIYoekTP6A2NrSfr1Xq3PrLSnDXr2Ud/YH1+AcOGphY=</latexit>
c� �s�
s� c�

�<latexit sha1_base64="OsKAojlW1I7J6wcZOpmsunhX6II=">AAACLHicbVDLSgMxFM3UVx1fVZdugkVxY5kRUZfFblxWsA/oDCWT3rahmcyQZMQy9IPc+CuCuLCIW7/DtFNRWw8EDufce3PvCWLOlHacsZVbWl5ZXcuv2xubW9s7hd29uooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGlYnfuAepWCTu9DAGPyQ9wbqMEm2kdqHiBdBjIg1CoiV7GNkUe3Gf4WN8qjLmebb61jLT9kB0fjq8dqHolJwp8CJxZ6SIZqi2Cy9eJ6JJCEJTTpRquU6s/ZRIzSgHMzFREBM6ID1oGSpICMpPp8eO8JFROrgbSfOExlP1d0dKQqWGYWAqzYZ9Ne9NxP+8VqK7V37KRJxoEDT7qJtwrCM8SQ53mASq+dAQQiUzu2LaJ5JQbfK1TQju/MmLpH5Wci9K7u15sXw9iyOPDtAhOkEuukRldIOqqIYoekTP6A2NrSfr1Xq3PrLSnDXr2Ud/YH1+AcOGphY=</latexit>
c� �s�
s� c�

� <latexit sha1_base64="ecMKy1EZZy2VTvQT8Q5afEM0yHM=">AAACLHicbVDLSgMxFM3UVx1fVZdugkVxY5kRUZfFblxWsA/oDCWT3rahmcyQZMQy9IPc+CuCuLCIW7/DtFNRWw8EDufce3PvCWLOlHacsZVbWl5ZXcuv2xubW9s7hd29uooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGlYnfuAepWCTu9DAGPyQ9wbqMEm2kdqHiBdBjIg1CoiV7GNkUe3Gf4WOsMuJ59qn61jLT9kB0fjq8dqHolJwp8CJxZ6SIZqi2Cy9eJ6JJCEJTTpRquU6s/ZRIzSgHMzFREBM6ID1oGSpICMpPp8eO8JFROrgbSfOExlP1d0dKQqWGYWAqzYZ9Ne9NxP+8VqK7V37KRJxoEDT7qJtwrCM8SQ53mASq+dAQQiUzu2LaJ5JQbfK1TQju/MmLpH5Wci9K7u15sXw9iyOPDtAhOkEuukRldIOqqIYoekTP6A2NrSfr1Xq3PrLSnDXr2Ud/YH1+AcTWphY=</latexit>
c� s�
�s� c�

�<latexit sha1_base64="ecMKy1EZZy2VTvQT8Q5afEM0yHM=">AAACLHicbVDLSgMxFM3UVx1fVZdugkVxY5kRUZfFblxWsA/oDCWT3rahmcyQZMQy9IPc+CuCuLCIW7/DtFNRWw8EDufce3PvCWLOlHacsZVbWl5ZXcuv2xubW9s7hd29uooSSaFGIx7JZkAUcCagppnm0IwlkDDg0AgGlYnfuAepWCTu9DAGPyQ9wbqMEm2kdqHiBdBjIg1CoiV7GNkUe3Gf4WOsMuJ59qn61jLT9kB0fjq8dqHolJwp8CJxZ6SIZqi2Cy9eJ6JJCEJTTpRquU6s/ZRIzSgHMzFREBM6ID1oGSpICMpPp8eO8JFROrgbSfOExlP1d0dKQqWGYWAqzYZ9Ne9NxP+8VqK7V37KRJxoEDT7qJtwrCM8SQ53mASq+dAQQiUzu2LaJ5JQbfK1TQju/MmLpH5Wci9K7u15sXw9iyOPDtAhOkEuukRldIOqqIYoekTP6A2NrSfr1Xq3PrLSnDXr2Ud/YH1+AcTWphY=</latexit>
c� s�
�s� c�

�…since
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

�



Skew symmetric matrices

…skew symmetric matrix

Special orthogonal Lie algebra Lie algebra
<latexit sha1_base64="DvrlNhx5qYsTqPsKGjuJMbaFbFg=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqJuSiKjLohuXFewD2lAm00k7dDITZm7EErLxV9y4UMStn+HOv3HaRtDWAxfOnHMvc+8JYs40uO6XVVhaXlldK66XNja3tnfs3b2mlokitEEkl6odYE05E7QBDDhtx4riKOC0FYyuJ37rnirNpLiDcUz9CA8ECxnBYKSefdAF+gBBmGpZycTP4yTr2WW36k7hLBIvJ2WUo96zP7t9SZKICiAca93x3Bj8FCtghNOs1E00jTEZ4QHtGCpwRLWfTg/InGOj9J1QKlMCnKn6eyLFkdbjKDCdEYahnvcm4n9eJ4Hw0k+ZiBOggsw+ChPugHQmaTh9pigBPjYEE8XMrg4ZYoUJmMxKJgRv/uRF0jyteudV7/asXLvK4yiiQ3SEKshDF6iGblAdNRBBGXpCL+jVerSerTfrfdZasPKZffQH1sc3e/mW+g==</latexit>

so(n)
<latexit sha1_base64="7LE0pcSt1AwIVZqlvlAAk9T3zFE=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4seyKqBeh6EXopUK/oF1LNs22oUl2TbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XaWlldW19ZzG/nNre2d3cLefkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg78ZtPVGkWyZoZxdQXuC9ZyAg2VmpV0DU6rTzUuoWiW3KnQIvEy0gRMlS7ha9OLyKJoNIQjrVue25s/BQrwwin43wn0TTGZIj7tG2pxIJqP53eO0bHVumhMFK2pEFT9fdEioXWIxHYToHNQM97E/E/r52Y8MpPmYwTQyWZLQoTjkyEJs+jHlOUGD6yBBPF7K2IDLDCxNiI8jYEb/7lRdI4K3kXJe/+vFi+yeLIwSEcwQl4cAlluIMq1IEAh2d4hTfn0Xlx3p2PWeuSk80cwB84nz8ttI7C</latexit>

K = �KT

…axis of rotation<latexit sha1_base64="cbapqjKcrS/O/YyueImbMX5CBrc=">AAAB+3icbVC7TsMwFL0pr1JeoYwsFhUSU5UAAsYKFsaC6ENqQuW4TmvVcSLbQVRRfoWFAYRY+RE2/gan7QCFI1k6Oude3eMTJJwp7ThfVmlpeWV1rbxe2djc2t6xd6ttFaeS0BaJeSy7AVaUM0FbmmlOu4mkOAo47QTjq8LvPFCpWCzu9CShfoSHgoWMYG2kvl0dI48J5EVYj4Igu83vT/p2zak7U6C/xJ2TGszR7Nuf3iAmaUSFJhwr1XOdRPsZlpoRTvOKlyqaYDLGQ9ozVOCIKj+bZs/RoVEGKIyleUKjqfpzI8ORUpMoMJNFRrXoFeJ/Xi/V4YWfMZGkmgoyOxSmHOkYFUWgAZOUaD4xBBPJTFZERlhiok1dFVOCu/jlv6R9XHfP6u7Naa1xOa+jDPtwAEfgwjk04Bqa0AICj/AEL/Bq5daz9Wa9z0ZL1nxnD37B+vgGM8CT6A==</latexit>

k 2 R3
<latexit sha1_base64="blqFHCoclqzT1D6y4ePfnAs4/vk=">AAACBHicbZDNSgMxFIXv1L9a/0ZddhMsgqsyU0TdCEU3LivYVmiHIZOmbWgmMyQZoYxduPFV3LhQxK0P4c63MZ0OqK0XEj7OuZfkniDmTGnH+bIKS8srq2vF9dLG5tb2jr2711JRIgltkohH8jbAinImaFMzzeltLCkOA07bwehy6rfvqFQsEjd6HFMvxAPB+oxgbSTfLncDNrjPrtEP+jV0jlzfrjhVJyu0CG4OFcir4duf3V5EkpAKTThWquM6sfZSLDUjnE5K3UTRGJMRHtCOQYFDqrw0W2KCDo3SQ/1ImiM0ytTfEykOlRqHgekMsR6qeW8q/ud1Et0/81Im4kRTQWYP9ROOdISmiaAek5RoPjaAiWTmr4gMscREm9xKJgR3fuVFaNWq7knVvT6u1C/yOIpQhgM4AhdOoQ5X0IAmEHiAJ3iBV+vRerberPdZa8HKZ/bhT1kf39xKl5E=</latexit>����k

����
2
= 1

<latexit sha1_base64="dmbwrIlzcT33gs97d4cg0L+dcOo="></latexit>

K = k̂ =

2

4
0 �k3 k2
k3 0 �k1
�k2 k1 0

3

5 …hat operator

<latexit sha1_base64="rqmveS403MVcb7oqH7OXH8U+3p0=">AAACHHicbVA9SwNBEN3z2/gVtbRZDII24U5FLUUbwSaKUSEXw95mkizZ2zt258Rw3A+x8a/YWChiYyH4b9xLUmjig4HHezPMzAtiKQy67rczMTk1PTM7N19YWFxaXimurl2bKNEcqjySkb4NmAEpFFRRoITbWAMLAwk3Qfc092/uQRsRqSvsxVAPWVuJluAMrdQo7p1TXyjqIzxgaqJsW+1Q3ySBAaTUDxl2giC9zO7SvEeEYKjKGsWSW3b7oOPEG5ISGaLSKH76zYgnISjkkhlT89wY6ynTKLiErOAnBmLGu6wNNUsVs3vqaf+5jG5ZpUlbkbalkPbV3xMpC43phYHtzM81o14u/ufVEmwd1VOh4gRB8cGiViIpRjRPijaFBo6yZwnjWthbKe8wzTjaPAs2BG/05XFyvVv2DsrexX7p+GQYxxzZIJtkm3jkkByTM1IhVcLJI3kmr+TNeXJenHfnY9A64Qxn1skfOF8/Oi6hfQ==</latexit>

K 2 so(n) ⇢ Rn⇥n

<latexit sha1_base64="D71oCWozSM+hF449Ya1iGbrfBj8=">AAAB+HicbVDJSgNBEO2JW4xLRj16aQyCpzAjol6EoBfBSxSzQDKGnk5N0qRnobtGiEO+xIsHRbz6Kd78GzvLQRMfFDzeq6Kqnp9IodFxvq3c0vLK6lp+vbCxubVdtHd26zpOFYcaj2Wsmj7TIEUENRQooZkoYKEvoeEPrsZ+4xGUFnF0j8MEvJD1IhEIztBIHbt4Ry8oPGQ3bewDslHHLjllZwK6SNwZKZEZqh37q92NeRpChFwyrVuuk6CXMYWCSxgV2qmGhPEB60HL0IiFoL1scviIHhqlS4NYmYqQTtTfExkLtR6GvukMGfb1vDcW//NaKQbnXiaiJEWI+HRRkEqKMR2nQLtCAUc5NIRxJcytlPeZYhxNVgUTgjv/8iKpH5fd07J7e1KqXM7iyJN9ckCOiEvOSIVckyqpEU5S8kxeyZv1ZL1Y79bHtDVnzWb2yB9Ynz/PZ5KO</latexit>

R = eK✓

Diagonalization:

left eigenvectors 

<latexit sha1_base64="Y6Uu+n2w7eyKWJaJbATRNuqsaAc="></latexit>

=

2

4
| |

1p
2

�
v1 + iv2

�
1p
2

�
v1 � iv2

�
k

| |

3

5

<latexit sha1_base64="RTWK6FLQZWfoM+/GIp2VaPBdEJs="></latexit>

=

2

4
� 1p

2

�
vT1 � ivT2

�
�

� 1p
2

�
vT1 + ivT2

�
�

� kT �

3

5

<latexit sha1_base64="tBCs6Es9qgIBLSXyzVruh8YWNxE=">AAACPHicbVA9SwNBEN3z2/MrammzGBQbw52I2ghBG0tFE4VcCHubSbK4t3fszonhyA+z8UfYWdlYKGJr7V5yiF8PHjzezDAzL0ykMOh5j87Y+MTk1PTMrDs3v7C4VFpeqZs41RxqPJaxvgqZASkU1FCghKtEA4tCCZfh9XFev7wBbUSsLrCfQDNiXSU6gjO0Vqt0fugGIXSFysKIoRa3A3dbBNgDZHSTekMGgZuL73Zh5fSpG4Bqf81Tt1UqexVvCPpX+IUokwKnrdJD0I55GoFCLpkxDd9LsJkxjYJLGLhBaiBh/Jp1oWGlYhGYZjZ8fkA3rNOmnVhbKqRD9/tExiJj+lFoO+2FPfO7lpv/1Ropdg6amVBJiqD4aFEnlRRjmidJ20IDR9m3gnEt7K2U95hmHG3eeQj+75f/ivpOxd+r+Ge75epREccMWSPrZIv4ZJ9UyQk5JTXCyR15Ii/k1bl3np03533UOuYUM6vkB5yPT7Usp8I=</latexit>

=

2

4
�i✓ 0 0
0 i✓ 0
0 0 1

3

5

<latexit sha1_base64="uUgOhGa1+QkEDBkZRdshq+mUaQM="></latexit>

=

2

4
0 �✓ 0
✓ 0 0
0 0 1

3

5

…matrix exponential

<latexit sha1_base64="tqOl27NAkDxki4vVahbxL2kibW4=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1ItQ9CJ4qWA/sA1ls520SzebsDsRSui/8OJBEa/+G2/+G7dtDlp9MPB4b4aZeUEihUHX/XIKS8srq2vF9dLG5tb2Tnl3r2niVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdD31W4+gjYjVPY4T8CM2UCIUnKGVHm67OARk9JL2yhW36s5A/xIvJxWSo94rf3b7MU8jUMglM6bjuQn6GdMouIRJqZsaSBgfsQF0LFUsAuNns4sn9MgqfRrG2pZCOlN/TmQsMmYcBbYzYjg0i95U/M/rpBhe+JlQSYqg+HxRmEqKMZ2+T/tCA0c5toRxLeytlA+ZZhxtSCUbgrf48l/SPKl6Z1Xv7rRSu8rjKJIDckiOiUfOSY3ckDppEE4UeSIv5NUxzrPz5rzPWwtOPrNPfsH5+AZzZ5Ae</latexit>

K✓ =

right eigenvectors

<latexit sha1_base64="tqOl27NAkDxki4vVahbxL2kibW4=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1ItQ9CJ4qWA/sA1ls520SzebsDsRSui/8OJBEa/+G2/+G7dtDlp9MPB4b4aZeUEihUHX/XIKS8srq2vF9dLG5tb2Tnl3r2niVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdD31W4+gjYjVPY4T8CM2UCIUnKGVHm67OARk9JL2yhW36s5A/xIvJxWSo94rf3b7MU8jUMglM6bjuQn6GdMouIRJqZsaSBgfsQF0LFUsAuNns4sn9MgqfRrG2pZCOlN/TmQsMmYcBbYzYjg0i95U/M/rpBhe+JlQSYqg+HxRmEqKMZ2+T/tCA0c5toRxLeytlA+ZZhxtSCUbgrf48l/SPKl6Z1Xv7rRSu8rjKJIDckiOiUfOSY3ckDppEE4UeSIv5NUxzrPz5rzPWwtOPrNPfsH5+AZzZ5Ae</latexit>

K✓ =

<latexit sha1_base64="7QJOzFifDC4ijxKQ5WevoiSspqk="></latexit>

=

2

4
| | |
v1 v2 k
| | |

3

5

<latexit sha1_base64="tj5XPnV/9D6xfJTaQ02EdtPhpRw="></latexit>

=

2

4
� vT1 �
� vT2 �
� kT �

3

5

<latexit sha1_base64="/UPluFGRsvRyTFUN+sF0QXICgdE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtKmM4A==</latexit>

V
<latexit sha1_base64="lbQs6PafE01NsCxn+XyoFaWLPjg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VixX9DGstlO2qWbTdjdCCX0J3jxoIhXf5E3/43bNgdtfTDweG+GmXlBIrg2rvvtrKyurW9sFraK2zu7e/ulg8OmjlPFsMFiEat2QDUKLrFhuBHYThTSKBDYCka3U7/1hErzWNbNOEE/ogPJQ86osdJD87HeK5XdijsDWSZeTsqQo9YrfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m506IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZ/k36XCEzYmwJZYrbWwkbUkWZsekUbQje4svLpHle8S4r3v1FuXqTx1GAYziBM/DgCqpwBzVoAIMBPMMrvDnCeXHenY9564qTzxzBHzifPw1jjaY=</latexit>

V T
<latexit sha1_base64="/8pCtoxfSwn2b1fDO58lymLm3/M=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiol6Eohe9VWjTQhvLZrtpl242YXcj1NBf4sWDIl79Kd78N27bHLT1wTKP92aY2RcknCntON9WYWV1bX2juFna2t7ZLdt7+56KU0lok8Q8lu0AK8qZoE3NNKftRFIcBZy2gtHN1G89UqlYLBp6nFA/wgPBQkawNlLPLnsPDQ9dIc9UU+56dsWpOjOgZeLmpAI56j37q9uPSRpRoQnHSnVcJ9F+hqVmhNNJqZsqmmAywgPaMVTgiCo/mx0+QcdG6aMwluYJjWbq74kMR0qNo8B0RlgP1aI3Ff/zOqkOL/2MiSTVVJD5ojDlSMdomgLqM0mJ5mNDMJHM3IrIEEtMtMmqZEJwF7+8TLzTqntede/PKrXrPI4iHMIRnIALF1CDW6hDEwik8Ayv8GY9WS/Wu/Uxby1Y+cwB/IH1+QPcJ5FG</latexit>

V TV = V V T = Iorthonormal:

Rotation axis Rotation plane

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit>

(

<latexit sha1_base64="RV54cq7GKPrqrWs6w1Hays7sxEg="></latexit>

R =

2

4
| | |
R1 R2 R3

| | |

3

5

2R1
<latexit sha1_base64="/41XDvNwPTL9vUr9NixPDbi/H/o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF8FLBWsL7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMCxPBjfX9b6+0srq2vlHerGxt7+zuVfcPHk2caspaNBax7oTEMMEVa1luBeskmhEZCtYOxze5335i2vBYPdhJwgJJhopHnBKbS3d9jPrVml/3Z0DLBBekBgWa/epXbxDTVDJlqSDGdLGf2CAj2nIq2LTSSw1LCB2TIes6qohkJshmt07RiVMGKIq1K2XRTP09kRFpzESGrlMSOzKLXi7+53VTG10FGVdJapmi80VRKpCNUf44GnDNqBUTRwjV3N2K6IhoQq2Lp+JCwIsvL5PHszq+qOP781rjuoijDEdwDKeA4RIacAtNaAGFETzDK7x50nvx3r2PeWvJK2YO4Q+8zx8fXY2j</latexit>

K1

3

R2

R3

1

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓

<latexit sha1_base64="R0has/ySvMhKHtycO7or/AClxWM=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0InipaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8NOME/YgOJA85o8ZKD3e9aq9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26oScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7QheIsvL5NmteJdVLz783LtOo+jAMdwAmfgwSXU4Bbq0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8Ayo+Neg==</latexit>

K2

<latexit sha1_base64="9wpgkaV10Z4b+K37D/6PrUSaKR0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi+Clov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aPXBwOO9GWbmBYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK97e901654lbdGchf4uWkAjnqvfJntx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyZJU+CWNlSxoyU39OZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+/Jc0T6reedW7O6vUrvI4inAAh3AMHlxADW6gDg1gMIAneIFXRzjPzpvzPm8tOPnMPvyC8/ENzBONew==</latexit>

K3
<latexit sha1_base64="8HotZ7L9jIC+JMZElREUEsd2+jQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD1H2M9Q==</latexit>

k

<latexit sha1_base64="WtuB1eO8PlbD6mJdxc/UcHH/xjU="></latexit>

K =

2

4
| | |

K1 K2 K3

| | |

3

5 =

2

4
0 �k3 k2
k3 0 �k1
�k2 k1 0

3

5


