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Variation of 2D stress components with 
rotation of axis
• Expression for stress transformation

• Lets plot for a specified state of stress
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Plot of stress components as a function of 
rotation of axis



Maximum and Minimum normal stress

• Find the theta (direction) for max/min normal stress

• Find shear stress when normal stress is max/min



Maximum Shear Stress

• Find the theta (direction) for max/min shear stress

• Is the theta related to the theta for max/min normal stress?

• Is the max/min shear stress value related to the max/min normal 
stress? 



Equivalence of stress states



Eigenvalue Analysis for Principal stresses
• Max/min normal stress or principal stresses are associated with zero 

shear stress
• Equation for traction on a surface perpendicular to unit vector {n}

• Equation for zero shear stress (traction is in normal direction)

• Combining the above equations lead to an eigenvalue problem

• Eigenvalues gives the principal stresses, eigenvectors the 
corresponding directions

{T (n)} = [�]{n}
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Principal stresses from 3D state of stress
• Eigenvalue Analysis:

• We will obtain three eigenvalues
• These are the normal stresses on surfaces where there is no shear stress
• They are locally maximum, minimum, or saddle point normal stresses
• These stresses are called the principal stress 

• The three principal stresses are denoted by: 𝜎1, 𝜎2, 𝜎3
• Typically 𝜎1 > 𝜎2 > 𝜎3

• Maximum shear stress for 3D state of stress:
⌧max =
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• Solving the 2D eigenvalue problem gives us two eigenvalues or two 
principal stresses: 𝜎1, 𝜎2
• 𝜎1 > 𝜎2

• Maximum (in-plane) shear stress:

• Maximum shear stress (in any plane) for 2D state of stress
• The third principal stress is zero so…
• If 𝜎1 > 0 and 𝜎2 < 0, the three principal stresses are (𝜎1, 0, 𝜎2):

• If 𝜎1 > 0 and 𝜎2 > 0 , the three principal stresses are (𝜎1, 𝜎2, 0):

• If 𝜎1 < 0 and 𝜎2 < 0 , the three principal stresses are (0, 𝜎1, 𝜎2):

⌧max =
�1 � �2
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Principal stresses from 2D state of stress

⌧max =
�1 � �2
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<latexit sha1_base64="Xdj6dRHohAC4TDk2ppW43eCTyEQ=">AAACGXicbZBNS8NAEIY3ftb6VfXoZbEIXixJEfSiFLx4VLBaaEqYbDd1cTcJuxNpCfkbXvwrXjwo4lFP/hu3NQe1vrDw8M4Ms/OGqRQGXffTmZmdm19YrCxVl1dW19ZrG5tXJsk0422WyER3QjBcipi3UaDknVRzUKHk1+Ht6bh+fce1EUl8iaOU9xQMYhEJBmitoOb6CFmQ+8iHSBUMC3pM/UgDy30jBgoCj+7TEptF3iyCWt1tuBPRafBKqJNS50Ht3e8nLFM8RibBmK7nptjLQaNgkhdVPzM8BXYLA961GIPippdPLivornX6NEq0fTHSiftzIgdlzEiFtlMB3pi/tbH5X62bYXTUy0WcZshj9r0oyiTFhI5jon2hOUM5sgBMC/tXym7A5oI2zKoNwft78jRcNRue2/AuDuqtkzKOCtkmO2SPeOSQtMgZOSdtwsg9eSTP5MV5cJ6cV+ftu3XGKWe2yC85H1+rV6AK</latexit><latexit sha1_base64="Xdj6dRHohAC4TDk2ppW43eCTyEQ=">AAACGXicbZBNS8NAEIY3ftb6VfXoZbEIXixJEfSiFLx4VLBaaEqYbDd1cTcJuxNpCfkbXvwrXjwo4lFP/hu3NQe1vrDw8M4Ms/OGqRQGXffTmZmdm19YrCxVl1dW19ZrG5tXJsk0422WyER3QjBcipi3UaDknVRzUKHk1+Ht6bh+fce1EUl8iaOU9xQMYhEJBmitoOb6CFmQ+8iHSBUMC3pM/UgDy30jBgoCj+7TEptF3iyCWt1tuBPRafBKqJNS50Ht3e8nLFM8RibBmK7nptjLQaNgkhdVPzM8BXYLA961GIPippdPLivornX6NEq0fTHSiftzIgdlzEiFtlMB3pi/tbH5X62bYXTUy0WcZshj9r0oyiTFhI5jon2hOUM5sgBMC/tXym7A5oI2zKoNwft78jRcNRue2/AuDuqtkzKOCtkmO2SPeOSQtMgZOSdtwsg9eSTP5MV5cJ6cV+ftu3XGKWe2yC85H1+rV6AK</latexit><latexit sha1_base64="Xdj6dRHohAC4TDk2ppW43eCTyEQ=">AAACGXicbZBNS8NAEIY3ftb6VfXoZbEIXixJEfSiFLx4VLBaaEqYbDd1cTcJuxNpCfkbXvwrXjwo4lFP/hu3NQe1vrDw8M4Ms/OGqRQGXffTmZmdm19YrCxVl1dW19ZrG5tXJsk0422WyER3QjBcipi3UaDknVRzUKHk1+Ht6bh+fce1EUl8iaOU9xQMYhEJBmitoOb6CFmQ+8iHSBUMC3pM/UgDy30jBgoCj+7TEptF3iyCWt1tuBPRafBKqJNS50Ht3e8nLFM8RibBmK7nptjLQaNgkhdVPzM8BXYLA961GIPippdPLivornX6NEq0fTHSiftzIgdlzEiFtlMB3pi/tbH5X62bYXTUy0WcZshj9r0oyiTFhI5jon2hOUM5sgBMC/tXym7A5oI2zKoNwft78jRcNRue2/AuDuqtkzKOCtkmO2SPeOSQtMgZOSdtwsg9eSTP5MV5cJ6cV+ftu3XGKWe2yC85H1+rV6AK</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="e1P3bMlP+SRMGTozW8U0Hv6GNjU=">AAACDnicbZBLSwMxFIXv1Hd9VbdugiK4scx0oxtBcOOyglWhU4Y7aaaGJjNDckdahvkbbvwrblwo4tKd/8a0duHrQODjnISbe+JcSUu+/+HV5uYXFpeWV+qra+sbm42ttSubFYaLDs9UZm5itELJVHRIkhI3uRGoYyWu4+HZJL++E8bKLL2kcS56GgepTCRHclbU8EPCIipDEiNiGkcVO2FhYpCXoZUDjVHADtkMW1XZqqLGnt/0p2J/IZjBHszUjhrvYT/jhRYpcYXWdgM/p16JhiRXoqqHhRU58iEORNdhilrYXjndrGL7zumzJDPupMSm7vcXJWprxzp2NzXSrf2dTcz/sm5ByXGvlGlekEj516CkUIwyNqmJ9aURnNTYAXIj3V8Zv0XXC7ky666E4PfKf+Gq1Qz8ZnDhwzLswC4cQABHcArn0IYOcLiHR3iGF+/Be/Jev+qqebPetuGHvLdPzt6eig==</latexit><latexit sha1_base64="e1P3bMlP+SRMGTozW8U0Hv6GNjU=">AAACDnicbZBLSwMxFIXv1Hd9VbdugiK4scx0oxtBcOOyglWhU4Y7aaaGJjNDckdahvkbbvwrblwo4tKd/8a0duHrQODjnISbe+JcSUu+/+HV5uYXFpeWV+qra+sbm42ttSubFYaLDs9UZm5itELJVHRIkhI3uRGoYyWu4+HZJL++E8bKLL2kcS56GgepTCRHclbU8EPCIipDEiNiGkcVO2FhYpCXoZUDjVHADtkMW1XZqqLGnt/0p2J/IZjBHszUjhrvYT/jhRYpcYXWdgM/p16JhiRXoqqHhRU58iEORNdhilrYXjndrGL7zumzJDPupMSm7vcXJWprxzp2NzXSrf2dTcz/sm5ByXGvlGlekEj516CkUIwyNqmJ9aURnNTYAXIj3V8Zv0XXC7ky666E4PfKf+Gq1Qz8ZnDhwzLswC4cQABHcArn0IYOcLiHR3iGF+/Be/Jev+qqebPetuGHvLdPzt6eig==</latexit><latexit sha1_base64="IJ3TN6bxNnTZVgFM9RrDwHQDhi0=">AAACGXicbZDLSsNAFIYn3q23qks3g0VwY0m60Y0iuHGpYC/QlHAynbRDZ5IwcyKWkNdw46u4caGIS135Nk7bLLz9MPDxn3M4c/4wlcKg6346c/MLi0vLK6uVtfWNza3q9k7LJJlmvMkSmehOCIZLEfMmCpS8k2oOKpS8HY4uJvX2LddGJPENjlPeUzCIRSQYoLWCqusjZEHuI79DquCuoKfUjzSw3DdioCDw6BEtsVHkjSKo1ty6OxX9C14JNVLqKqi++/2EZYrHyCQY0/XcFHs5aBRM8qLiZ4anwEYw4F2LMShuevn0soIeWKdPo0TbFyOdut8nclDGjFVoOxXg0PyuTcz/at0Mo5NeLuI0Qx6z2aIokxQTOomJ9oXmDOXYAjAt7F8pG4LNBW2YFRuC9/vkv9Bq1D237l27tfOzMo4Vskf2ySHxyDE5J5fkijQJI/fkkTyTF+fBeXJenbdZ65xTzuySH3I+vgCqF6AG</latexit><latexit sha1_base64="Xdj6dRHohAC4TDk2ppW43eCTyEQ=">AAACGXicbZBNS8NAEIY3ftb6VfXoZbEIXixJEfSiFLx4VLBaaEqYbDd1cTcJuxNpCfkbXvwrXjwo4lFP/hu3NQe1vrDw8M4Ms/OGqRQGXffTmZmdm19YrCxVl1dW19ZrG5tXJsk0422WyER3QjBcipi3UaDknVRzUKHk1+Ht6bh+fce1EUl8iaOU9xQMYhEJBmitoOb6CFmQ+8iHSBUMC3pM/UgDy30jBgoCj+7TEptF3iyCWt1tuBPRafBKqJNS50Ht3e8nLFM8RibBmK7nptjLQaNgkhdVPzM8BXYLA961GIPippdPLivornX6NEq0fTHSiftzIgdlzEiFtlMB3pi/tbH5X62bYXTUy0WcZshj9r0oyiTFhI5jon2hOUM5sgBMC/tXym7A5oI2zKoNwft78jRcNRue2/AuDuqtkzKOCtkmO2SPeOSQtMgZOSdtwsg9eSTP5MV5cJ6cV+ftu3XGKWe2yC85H1+rV6AK</latexit><latexit sha1_base64="Xdj6dRHohAC4TDk2ppW43eCTyEQ=">AAACGXicbZBNS8NAEIY3ftb6VfXoZbEIXixJEfSiFLx4VLBaaEqYbDd1cTcJuxNpCfkbXvwrXjwo4lFP/hu3NQe1vrDw8M4Ms/OGqRQGXffTmZmdm19YrCxVl1dW19ZrG5tXJsk0422WyER3QjBcipi3UaDknVRzUKHk1+Ht6bh+fce1EUl8iaOU9xQMYhEJBmitoOb6CFmQ+8iHSBUMC3pM/UgDy30jBgoCj+7TEptF3iyCWt1tuBPRafBKqJNS50Ht3e8nLFM8RibBmK7nptjLQaNgkhdVPzM8BXYLA961GIPippdPLivornX6NEq0fTHSiftzIgdlzEiFtlMB3pi/tbH5X62bYXTUy0WcZshj9r0oyiTFhI5jon2hOUM5sgBMC/tXym7A5oI2zKoNwft78jRcNRue2/AuDuqtkzKOCtkmO2SPeOSQtMgZOSdtwsg9eSTP5MV5cJ6cV+ftu3XGKWe2yC85H1+rV6AK</latexit><latexit sha1_base64="Xdj6dRHohAC4TDk2ppW43eCTyEQ=">AAACGXicbZBNS8NAEIY3ftb6VfXoZbEIXixJEfSiFLx4VLBaaEqYbDd1cTcJuxNpCfkbXvwrXjwo4lFP/hu3NQe1vrDw8M4Ms/OGqRQGXffTmZmdm19YrCxVl1dW19ZrG5tXJsk0422WyER3QjBcipi3UaDknVRzUKHk1+Ht6bh+fce1EUl8iaOU9xQMYhEJBmitoOb6CFmQ+8iHSBUMC3pM/UgDy30jBgoCj+7TEptF3iyCWt1tuBPRafBKqJNS50Ht3e8nLFM8RibBmK7nptjLQaNgkhdVPzM8BXYLA961GIPippdPLivornX6NEq0fTHSiftzIgdlzEiFtlMB3pi/tbH5X62bYXTUy0WcZshj9r0oyiTFhI5jon2hOUM5sgBMC/tXym7A5oI2zKoNwft78jRcNRue2/AuDuqtkzKOCtkmO2SPeOSQtMgZOSdtwsg9eSTP5MV5cJ6cV+ftu3XGKWe2yC85H1+rV6AK</latexit><latexit sha1_base64="Xdj6dRHohAC4TDk2ppW43eCTyEQ=">AAACGXicbZBNS8NAEIY3ftb6VfXoZbEIXixJEfSiFLx4VLBaaEqYbDd1cTcJuxNpCfkbXvwrXjwo4lFP/hu3NQe1vrDw8M4Ms/OGqRQGXffTmZmdm19YrCxVl1dW19ZrG5tXJsk0422WyER3QjBcipi3UaDknVRzUKHk1+Ht6bh+fce1EUl8iaOU9xQMYhEJBmitoOb6CFmQ+8iHSBUMC3pM/UgDy30jBgoCj+7TEptF3iyCWt1tuBPRafBKqJNS50Ht3e8nLFM8RibBmK7nptjLQaNgkhdVPzM8BXYLA961GIPippdPLivornX6NEq0fTHSiftzIgdlzEiFtlMB3pi/tbH5X62bYXTUy0WcZshj9r0oyiTFhI5jon2hOUM5sgBMC/tXym7A5oI2zKoNwft78jRcNRue2/AuDuqtkzKOCtkmO2SPeOSQtMgZOSdtwsg9eSTP5MV5cJ6cV+ftu3XGKWe2yC85H1+rV6AK</latexit><latexit sha1_base64="Xdj6dRHohAC4TDk2ppW43eCTyEQ=">AAACGXicbZBNS8NAEIY3ftb6VfXoZbEIXixJEfSiFLx4VLBaaEqYbDd1cTcJuxNpCfkbXvwrXjwo4lFP/hu3NQe1vrDw8M4Ms/OGqRQGXffTmZmdm19YrCxVl1dW19ZrG5tXJsk0422WyER3QjBcipi3UaDknVRzUKHk1+Ht6bh+fce1EUl8iaOU9xQMYhEJBmitoOb6CFmQ+8iHSBUMC3pM/UgDy30jBgoCj+7TEptF3iyCWt1tuBPRafBKqJNS50Ht3e8nLFM8RibBmK7nptjLQaNgkhdVPzM8BXYLA961GIPippdPLivornX6NEq0fTHSiftzIgdlzEiFtlMB3pi/tbH5X62bYXTUy0WcZshj9r0oyiTFhI5jon2hOUM5sgBMC/tXym7A5oI2zKoNwft78jRcNRue2/AuDuqtkzKOCtkmO2SPeOSQtMgZOSdtwsg9eSTP5MV5cJ6cV+ftu3XGKWe2yC85H1+rV6AK</latexit><latexit sha1_base64="Xdj6dRHohAC4TDk2ppW43eCTyEQ=">AAACGXicbZBNS8NAEIY3ftb6VfXoZbEIXixJEfSiFLx4VLBaaEqYbDd1cTcJuxNpCfkbXvwrXjwo4lFP/hu3NQe1vrDw8M4Ms/OGqRQGXffTmZmdm19YrCxVl1dW19ZrG5tXJsk0422WyER3QjBcipi3UaDknVRzUKHk1+Ht6bh+fce1EUl8iaOU9xQMYhEJBmitoOb6CFmQ+8iHSBUMC3pM/UgDy30jBgoCj+7TEptF3iyCWt1tuBPRafBKqJNS50Ht3e8nLFM8RibBmK7nptjLQaNgkhdVPzM8BXYLA961GIPippdPLivornX6NEq0fTHSiftzIgdlzEiFtlMB3pi/tbH5X62bYXTUy0WcZshj9r0oyiTFhI5jon2hOUM5sgBMC/tXym7A5oI2zKoNwft78jRcNRue2/AuDuqtkzKOCtkmO2SPeOSQtMgZOSdtwsg9eSTP5MV5cJ6cV+ftu3XGKWe2yC85H1+rV6AK</latexit>

⌧max =
�1 � 0

2
=

�1

2
<latexit sha1_base64="5D2W9xuVIeJ+f6BUDk9nPTZLGC0=">AAACKHicbVBNS8NAEN3U7/pV9ehlsQheLEkR9KIWvHhUsCo0JUy2m7q4m4TdibSE/hwv/hUvIor06i9x0/agrQ8GHu/NMDMvTKUw6LpDpzQ3v7C4tLxSXl1b39isbG3fmiTTjDdZIhN9H4LhUsS8iQIlv081BxVKfhc+XhT+3RPXRiTxDfZT3lbQjUUkGKCVgsq5j5AFuY+8h1RBb0BPqR9pYLlvRFdB4NFD6g7y+j9GoQaVqltzR6CzxJuQKpngKqi8+52EZYrHyCQY0/LcFNs5aBRM8kHZzwxPgT1Cl7csjUFx085Hjw7ovlU6NEq0rRjpSP09kYMypq9C26kAH8y0V4j/ea0Mo5N2LuI0Qx6z8aIokxQTWqRGO0JzhrJvCTAt7K2UPYBNA222ZRuCN/3yLLmt1zy35l0fVRtnkziWyS7ZIwfEI8ekQS7JFWkSRp7JK/kgn86L8+Z8OcNxa8mZzOyQP3C+fwBp46WG</latexit><latexit sha1_base64="5D2W9xuVIeJ+f6BUDk9nPTZLGC0=">AAACKHicbVBNS8NAEN3U7/pV9ehlsQheLEkR9KIWvHhUsCo0JUy2m7q4m4TdibSE/hwv/hUvIor06i9x0/agrQ8GHu/NMDMvTKUw6LpDpzQ3v7C4tLxSXl1b39isbG3fmiTTjDdZIhN9H4LhUsS8iQIlv081BxVKfhc+XhT+3RPXRiTxDfZT3lbQjUUkGKCVgsq5j5AFuY+8h1RBb0BPqR9pYLlvRFdB4NFD6g7y+j9GoQaVqltzR6CzxJuQKpngKqi8+52EZYrHyCQY0/LcFNs5aBRM8kHZzwxPgT1Cl7csjUFx085Hjw7ovlU6NEq0rRjpSP09kYMypq9C26kAH8y0V4j/ea0Mo5N2LuI0Qx6z8aIokxQTWqRGO0JzhrJvCTAt7K2UPYBNA222ZRuCN/3yLLmt1zy35l0fVRtnkziWyS7ZIwfEI8ekQS7JFWkSRp7JK/kgn86L8+Z8OcNxa8mZzOyQP3C+fwBp46WG</latexit><latexit sha1_base64="5D2W9xuVIeJ+f6BUDk9nPTZLGC0=">AAACKHicbVBNS8NAEN3U7/pV9ehlsQheLEkR9KIWvHhUsCo0JUy2m7q4m4TdibSE/hwv/hUvIor06i9x0/agrQ8GHu/NMDMvTKUw6LpDpzQ3v7C4tLxSXl1b39isbG3fmiTTjDdZIhN9H4LhUsS8iQIlv081BxVKfhc+XhT+3RPXRiTxDfZT3lbQjUUkGKCVgsq5j5AFuY+8h1RBb0BPqR9pYLlvRFdB4NFD6g7y+j9GoQaVqltzR6CzxJuQKpngKqi8+52EZYrHyCQY0/LcFNs5aBRM8kHZzwxPgT1Cl7csjUFx085Hjw7ovlU6NEq0rRjpSP09kYMypq9C26kAH8y0V4j/ea0Mo5N2LuI0Qx6z8aIokxQTWqRGO0JzhrJvCTAt7K2UPYBNA222ZRuCN/3yLLmt1zy35l0fVRtnkziWyS7ZIwfEI8ekQS7JFWkSRp7JK/kgn86L8+Z8OcNxa8mZzOyQP3C+fwBp46WG</latexit><latexit sha1_base64="5D2W9xuVIeJ+f6BUDk9nPTZLGC0=">AAACKHicbVBNS8NAEN3U7/pV9ehlsQheLEkR9KIWvHhUsCo0JUy2m7q4m4TdibSE/hwv/hUvIor06i9x0/agrQ8GHu/NMDMvTKUw6LpDpzQ3v7C4tLxSXl1b39isbG3fmiTTjDdZIhN9H4LhUsS8iQIlv081BxVKfhc+XhT+3RPXRiTxDfZT3lbQjUUkGKCVgsq5j5AFuY+8h1RBb0BPqR9pYLlvRFdB4NFD6g7y+j9GoQaVqltzR6CzxJuQKpngKqi8+52EZYrHyCQY0/LcFNs5aBRM8kHZzwxPgT1Cl7csjUFx085Hjw7ovlU6NEq0rRjpSP09kYMypq9C26kAH8y0V4j/ea0Mo5N2LuI0Qx6z8aIokxQTWqRGO0JzhrJvCTAt7K2UPYBNA222ZRuCN/3yLLmt1zy35l0fVRtnkziWyS7ZIwfEI8ekQS7JFWkSRp7JK/kgn86L8+Z8OcNxa8mZzOyQP3C+fwBp46WG</latexit>

⌧max =
0� �2

2
= ��2

2
<latexit sha1_base64="u4aI7easVGCCyMSQkHQ9JH6WhmQ=">AAACKXicbZBNS8NAEIY39bt+VT16WSyCF0tSBL0oBS8eFawtNCVMtpu6dDcJuxOxhP4dL/4VLwqKevWPuGkr+DWw8PK8M8zOG6ZSGHTdN6c0Mzs3v7C4VF5eWV1br2xsXpkk04w3WSIT3Q7BcCli3kSBkrdTzUGFkrfCwWnht264NiKJL3GY8q6CfiwiwQAtCioNHyELch/5LVIFtyN6TP1IA8tduk99I/oKgvoorxfG/sT5orTAQaXq1txx0b/Cm4oqmdZ5UHnyewnLFI+RSTCm47kpdnPQKJjko7KfGZ4CG0Cfd6yMQXHTzceXjuiuJT0aJdq+GOmYfp/IQRkzVKHtVIDX5rdXwP+8TobRUTcXcZohj9lkUZRJigktYqM9oTlDObQCmBb2r5Rdg00DbbhlG4L3++S/4qpe89yad3FQbZxM41gk22SH7BGPHJIGOSPnpEkYuSMP5Jm8OPfOo/PqvE9aS850Zov8KOfjE+Jepb8=</latexit><latexit sha1_base64="u4aI7easVGCCyMSQkHQ9JH6WhmQ=">AAACKXicbZBNS8NAEIY39bt+VT16WSyCF0tSBL0oBS8eFawtNCVMtpu6dDcJuxOxhP4dL/4VLwqKevWPuGkr+DWw8PK8M8zOG6ZSGHTdN6c0Mzs3v7C4VF5eWV1br2xsXpkk04w3WSIT3Q7BcCli3kSBkrdTzUGFkrfCwWnht264NiKJL3GY8q6CfiwiwQAtCioNHyELch/5LVIFtyN6TP1IA8tduk99I/oKgvoorxfG/sT5orTAQaXq1txx0b/Cm4oqmdZ5UHnyewnLFI+RSTCm47kpdnPQKJjko7KfGZ4CG0Cfd6yMQXHTzceXjuiuJT0aJdq+GOmYfp/IQRkzVKHtVIDX5rdXwP+8TobRUTcXcZohj9lkUZRJigktYqM9oTlDObQCmBb2r5Rdg00DbbhlG4L3++S/4qpe89yad3FQbZxM41gk22SH7BGPHJIGOSPnpEkYuSMP5Jm8OPfOo/PqvE9aS850Zov8KOfjE+Jepb8=</latexit><latexit sha1_base64="u4aI7easVGCCyMSQkHQ9JH6WhmQ=">AAACKXicbZBNS8NAEIY39bt+VT16WSyCF0tSBL0oBS8eFawtNCVMtpu6dDcJuxOxhP4dL/4VLwqKevWPuGkr+DWw8PK8M8zOG6ZSGHTdN6c0Mzs3v7C4VF5eWV1br2xsXpkk04w3WSIT3Q7BcCli3kSBkrdTzUGFkrfCwWnht264NiKJL3GY8q6CfiwiwQAtCioNHyELch/5LVIFtyN6TP1IA8tduk99I/oKgvoorxfG/sT5orTAQaXq1txx0b/Cm4oqmdZ5UHnyewnLFI+RSTCm47kpdnPQKJjko7KfGZ4CG0Cfd6yMQXHTzceXjuiuJT0aJdq+GOmYfp/IQRkzVKHtVIDX5rdXwP+8TobRUTcXcZohj9lkUZRJigktYqM9oTlDObQCmBb2r5Rdg00DbbhlG4L3++S/4qpe89yad3FQbZxM41gk22SH7BGPHJIGOSPnpEkYuSMP5Jm8OPfOo/PqvE9aS850Zov8KOfjE+Jepb8=</latexit><latexit sha1_base64="u4aI7easVGCCyMSQkHQ9JH6WhmQ=">AAACKXicbZBNS8NAEIY39bt+VT16WSyCF0tSBL0oBS8eFawtNCVMtpu6dDcJuxOxhP4dL/4VLwqKevWPuGkr+DWw8PK8M8zOG6ZSGHTdN6c0Mzs3v7C4VF5eWV1br2xsXpkk04w3WSIT3Q7BcCli3kSBkrdTzUGFkrfCwWnht264NiKJL3GY8q6CfiwiwQAtCioNHyELch/5LVIFtyN6TP1IA8tduk99I/oKgvoorxfG/sT5orTAQaXq1txx0b/Cm4oqmdZ5UHnyewnLFI+RSTCm47kpdnPQKJjko7KfGZ4CG0Cfd6yMQXHTzceXjuiuJT0aJdq+GOmYfp/IQRkzVKHtVIDX5rdXwP+8TobRUTcXcZohj9lkUZRJigktYqM9oTlDObQCmBb2r5Rdg00DbbhlG4L3++S/4qpe89yad3FQbZxM41gk22SH7BGPHJIGOSPnpEkYuSMP5Jm8OPfOo/PqvE9aS850Zov8KOfjE+Jepb8=</latexit>


