
_____________________________________________________________________________ 

Instructions: 
(i) Answer all the questions. 
(ii) Write neatly and legibly. 

______________________________________________________________________ 

Part A 
                       (10 M + 8 M + 8 M = 26 Marks)  

1. Discuss the meaning of “solving a problem in polar coordinates” through an 

example. Your answer must state the equations and boundary conditions used, the 

quantities being solved for and give example solutions for these quantities. 

2. Are the statements in (a) thru (d) true or false? Argue your claim in each case. 

(a) The boundary conditions for a problem are derived from its loads and geometry. 

(b) A particular solution satisfies only the partial differential equations of equilibrium and 

does not satisfy the boundary conditions for the problem in consideration. 

(c) The biharmonic equation varies from one problem to another. 

(d) The Airy’s stress function !  is a solution to the boundary conditions. 
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3. Determine the stresses and sketch the stress 

distributions at Sections !  and ! . 

The cross sectional areas at !  and 

!  are !  and ! , respectively for the 

“thin” flat plates in Figure 1. Assume !  to be 

the stress concentration factor.

B − B′� C − C′�
B − B′ �

C − C′� A A′�
K

!  
(a)                                 (b) 

Figure 1: “Thin” Flat Plates in 
Tension
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C
<latexit sha1_base64="1J8cfU8sKBiQgZnJ7EfYnZqKcOY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+GoPvNbT6g0T+S9GacYxHQgecQZNVZq1nvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qbrNy0rtNk+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8ELoya</latexit><latexit sha1_base64="1J8cfU8sKBiQgZnJ7EfYnZqKcOY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+GoPvNbT6g0T+S9GacYxHQgecQZNVZq1nvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qbrNy0rtNk+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8ELoya</latexit><latexit sha1_base64="1J8cfU8sKBiQgZnJ7EfYnZqKcOY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+GoPvNbT6g0T+S9GacYxHQgecQZNVZq1nvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qbrNy0rtNk+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8ELoya</latexit>
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Part B 

(12 M + 12 M = 24 Marks)  

Part C 

(15 M + 15 M = 30 Marks)    

4. The following questions pertain to Point !  in Figure 2. 

(a) Represent !  using appropriate unit vectors in 

Cartesian coordinates and in polar coordinates. 

(b) Suppose the stresses acting at !  are !  MPa, 

!  MPa and !  MPa. Sketch these 

stresses on a suitable differential element around ! .

A
A

A σx = − 90

σy = 95 τxy = 45

A

!  
Figure 2: A Point in 2-D 

Space

O
<latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit>

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

Y
<latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit><latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit><latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit>

1
<latexit sha1_base64="1etOrtQ8bv8ZBtABdaeoSXemM9I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaXq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDo6YyI</latexit><latexit sha1_base64="1etOrtQ8bv8ZBtABdaeoSXemM9I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaXq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDo6YyI</latexit><latexit sha1_base64="1etOrtQ8bv8ZBtABdaeoSXemM9I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaXq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDo6YyI</latexit>

1
<latexit sha1_base64="1etOrtQ8bv8ZBtABdaeoSXemM9I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaXq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDo6YyI</latexit><latexit sha1_base64="1etOrtQ8bv8ZBtABdaeoSXemM9I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaXq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDo6YyI</latexit><latexit sha1_base64="1etOrtQ8bv8ZBtABdaeoSXemM9I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaXq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDo6YyI</latexit>

2
<latexit sha1_base64="dplMh1RkaQKwXw38DAT3S4cqL1s=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPXKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmuggmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68Sv1a9rrrNi0r9Jk+jCCdwCufgwSXU4Q4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx/qbIyJ</latexit><latexit sha1_base64="dplMh1RkaQKwXw38DAT3S4cqL1s=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPXKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmuggmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68Sv1a9rrrNi0r9Jk+jCCdwCufgwSXU4Q4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx/qbIyJ</latexit><latexit sha1_base64="dplMh1RkaQKwXw38DAT3S4cqL1s=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPXKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmuggmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68Sv1a9rrrNi0r9Jk+jCCdwCufgwSXU4Q4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx/qbIyJ</latexit>

3
<latexit sha1_base64="ZgOBONPC9+QqObn0T7gaBB49z3Q=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lVUG9FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqnvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9rrrNi0r9Jk+jCEdwDKdQg0uowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz/r74yK</latexit><latexit sha1_base64="ZgOBONPC9+QqObn0T7gaBB49z3Q=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lVUG9FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqnvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9rrrNi0r9Jk+jCEdwDKdQg0uowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz/r74yK</latexit><latexit sha1_base64="ZgOBONPC9+QqObn0T7gaBB49z3Q=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lVUG9FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqnvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9rrrNi0r9Jk+jCEdwDKdQg0uowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz/r74yK</latexit>

2
<latexit sha1_base64="dplMh1RkaQKwXw38DAT3S4cqL1s=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPXKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmuggmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68Sv1a9rrrNi0r9Jk+jCCdwCufgwSXU4Q4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx/qbIyJ</latexit><latexit sha1_base64="dplMh1RkaQKwXw38DAT3S4cqL1s=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPXKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmuggmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68Sv1a9rrrNi0r9Jk+jCCdwCufgwSXU4Q4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx/qbIyJ</latexit><latexit sha1_base64="dplMh1RkaQKwXw38DAT3S4cqL1s=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN6KXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPXKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmuggmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68Sv1a9rrrNi0r9Jk+jCCdwCufgwSXU4Q4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx/qbIyJ</latexit>

3
<latexit sha1_base64="ZgOBONPC9+QqObn0T7gaBB49z3Q=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lVUG9FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqnvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9rrrNi0r9Jk+jCEdwDKdQg0uowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz/r74yK</latexit><latexit sha1_base64="ZgOBONPC9+QqObn0T7gaBB49z3Q=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lVUG9FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqnvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9rrrNi0r9Jk+jCEdwDKdQg0uowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz/r74yK</latexit><latexit sha1_base64="ZgOBONPC9+QqObn0T7gaBB49z3Q=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lVUG9FLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqnvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9rrrNi0r9Jk+jCEdwDKdQg0uowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz/r74yK</latexit>

A
<latexit sha1_base64="emVJmrRItC2xS4P6F38bPoTc9xY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9VLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqXvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Jk+jCEdwDKdQgwuowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8BKIyY</latexit><latexit sha1_base64="emVJmrRItC2xS4P6F38bPoTc9xY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9VLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqXvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Jk+jCEdwDKdQgwuowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8BKIyY</latexit><latexit sha1_base64="emVJmrRItC2xS4P6F38bPoTc9xY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9VLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqXvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Jk+jCEdwDKdQgwuowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8BKIyY</latexit>

O
<latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit>

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

1
<latexit sha1_base64="1etOrtQ8bv8ZBtABdaeoSXemM9I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaXq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDo6YyI</latexit><latexit sha1_base64="1etOrtQ8bv8ZBtABdaeoSXemM9I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaXq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDo6YyI</latexit><latexit sha1_base64="1etOrtQ8bv8ZBtABdaeoSXemM9I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaXq9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwDo6YyI</latexit>

1
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(d) Suppose the stresses at !  are !  MPa, !  MPa and !  MPa. 

Sketch these stresses on a suitable differential element around ! .

A σr = − 90 σθ = 95 τrθ = 45

A

5. This following questions pertain to the “thin” 

plate of unit thickness with a hole subjected 

to a tensile stress as shown in Figure 3. 

(a) Justify the use of polar coordinates in solving 

this problem. 

(b) Determine the boundary conditions at  !  

and ! .

r = a
r = b

� 

Figure 3: A “Thin” Plate with a Hole

�x = 100MPa
<latexit sha1_base64="o6wgIQkLyVIqycC1bGDSTcI4h58=">AAACBXicbVBNS8NAEN34WetX1KMIi0XwICURQT0IRS9ehArGFpoQNttNu3Tzwe5EWkJPXvwrXjyoePU/ePPfuG1z0NYHA4/3ZpiZF6SCK7Csb2NufmFxabm0Ul5dW9/YNLe271WSScocmohENgOimOAxc4CDYM1UMhIFgjWC3tXIbzwwqXgS38EgZV5EOjEPOSWgJd/ccxXvRAT7fXyBbcvC7hF2gfUhv6mToW9WrKo1Bp4ldkEqqEDdN7/cdkKziMVABVGqZVspeDmRwKlgw7KbKZYS2iMd1tI0JhFTXj5+Y4gPtNLGYSJ1xYDH6u+JnERKDaJAd0YEumraG4n/ea0MwjMv53GaAYvpZFGYCQwJHmWC21wyCmKgCaGS61sx7RJJKOjkyjoEe/rlWeIcV8+r1u1JpXZZpFFCu2gfHSIbnaIaukZ15CCKHtEzekVvxpPxYrwbH5PWOaOY2UF/YHz+ALkflvE=</latexit><latexit sha1_base64="o6wgIQkLyVIqycC1bGDSTcI4h58=">AAACBXicbVBNS8NAEN34WetX1KMIi0XwICURQT0IRS9ehArGFpoQNttNu3Tzwe5EWkJPXvwrXjyoePU/ePPfuG1z0NYHA4/3ZpiZF6SCK7Csb2NufmFxabm0Ul5dW9/YNLe271WSScocmohENgOimOAxc4CDYM1UMhIFgjWC3tXIbzwwqXgS38EgZV5EOjEPOSWgJd/ccxXvRAT7fXyBbcvC7hF2gfUhv6mToW9WrKo1Bp4ldkEqqEDdN7/cdkKziMVABVGqZVspeDmRwKlgw7KbKZYS2iMd1tI0JhFTXj5+Y4gPtNLGYSJ1xYDH6u+JnERKDaJAd0YEumraG4n/ea0MwjMv53GaAYvpZFGYCQwJHmWC21wyCmKgCaGS61sx7RJJKOjkyjoEe/rlWeIcV8+r1u1JpXZZpFFCu2gfHSIbnaIaukZ15CCKHtEzekVvxpPxYrwbH5PWOaOY2UF/YHz+ALkflvE=</latexit><latexit sha1_base64="o6wgIQkLyVIqycC1bGDSTcI4h58=">AAACBXicbVBNS8NAEN34WetX1KMIi0XwICURQT0IRS9ehArGFpoQNttNu3Tzwe5EWkJPXvwrXjyoePU/ePPfuG1z0NYHA4/3ZpiZF6SCK7Csb2NufmFxabm0Ul5dW9/YNLe271WSScocmohENgOimOAxc4CDYM1UMhIFgjWC3tXIbzwwqXgS38EgZV5EOjEPOSWgJd/ccxXvRAT7fXyBbcvC7hF2gfUhv6mToW9WrKo1Bp4ldkEqqEDdN7/cdkKziMVABVGqZVspeDmRwKlgw7KbKZYS2iMd1tI0JhFTXj5+Y4gPtNLGYSJ1xYDH6u+JnERKDaJAd0YEumraG4n/ea0MwjMv53GaAYvpZFGYCQwJHmWC21wyCmKgCaGS61sx7RJJKOjkyjoEe/rlWeIcV8+r1u1JpXZZpFFCu2gfHSIbnaIaukZ15CCKHtEzekVvxpPxYrwbH5PWOaOY2UF/YHz+ALkflvE=</latexit>

✓ = 30o
<latexit sha1_base64="PZBAYSzgXgFg85pDO46vU/Xaros=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyqoB6EohePFVxbaNeSTbNtaDZZk9lCWfo7vHhQ8eqf8ea/MW33oK0PBh7vzTAzL0wEN+C6305haXllda24XtrY3NreKe/uPRiVasp8qoTSzZAYJrhkPnAQrJloRuJQsEY4uJn4jSHThit5D6OEBTHpSR5xSsBKQRv6DAi+wqfuo+qUK27VnQIvEi8nFZSj3il/tbuKpjGTQAUxpuW5CQQZ0cCpYONSOzUsIXRAeqxlqSQxM0E2PXqMj6zSxZHStiTgqfp7IiOxMaM4tJ0xgb6Z9ybif14rhegiyLhMUmCSzhZFqcCg8CQB3OWaURAjSwjV3N6KaZ9oQsHmVLIhePMvLxL/pHpZde/OKrXrPI0iOkCH6Bh56BzV0C2qIx9R9ISe0St6c4bOi/PufMxaC04+s4/+wPn8AbBLkO4=</latexit><latexit sha1_base64="PZBAYSzgXgFg85pDO46vU/Xaros=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyqoB6EohePFVxbaNeSTbNtaDZZk9lCWfo7vHhQ8eqf8ea/MW33oK0PBh7vzTAzL0wEN+C6305haXllda24XtrY3NreKe/uPRiVasp8qoTSzZAYJrhkPnAQrJloRuJQsEY4uJn4jSHThit5D6OEBTHpSR5xSsBKQRv6DAi+wqfuo+qUK27VnQIvEi8nFZSj3il/tbuKpjGTQAUxpuW5CQQZ0cCpYONSOzUsIXRAeqxlqSQxM0E2PXqMj6zSxZHStiTgqfp7IiOxMaM4tJ0xgb6Z9ybif14rhegiyLhMUmCSzhZFqcCg8CQB3OWaURAjSwjV3N6KaZ9oQsHmVLIhePMvLxL/pHpZde/OKrXrPI0iOkCH6Bh56BzV0C2qIx9R9ISe0St6c4bOi/PufMxaC04+s4/+wPn8AbBLkO4=</latexit><latexit sha1_base64="PZBAYSzgXgFg85pDO46vU/Xaros=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyqoB6EohePFVxbaNeSTbNtaDZZk9lCWfo7vHhQ8eqf8ea/MW33oK0PBh7vzTAzL0wEN+C6305haXllda24XtrY3NreKe/uPRiVasp8qoTSzZAYJrhkPnAQrJloRuJQsEY4uJn4jSHThit5D6OEBTHpSR5xSsBKQRv6DAi+wqfuo+qUK27VnQIvEi8nFZSj3il/tbuKpjGTQAUxpuW5CQQZ0cCpYONSOzUsIXRAeqxlqSQxM0E2PXqMj6zSxZHStiTgqfp7IiOxMaM4tJ0xgb6Z9ybif14rhegiyLhMUmCSzhZFqcCg8CQB3OWaURAjSwjV3N6KaZ9oQsHmVLIhePMvLxL/pHpZde/OKrXrPI0iOkCH6Bh56BzV0C2qIx9R9ISe0St6c4bOi/PufMxaC04+s4/+wPn8AbBLkO4=</latexit>

A
<latexit sha1_base64="emVJmrRItC2xS4P6F38bPoTc9xY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9VLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqXvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Jk+jCEdwDKdQgwuowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8BKIyY</latexit><latexit sha1_base64="emVJmrRItC2xS4P6F38bPoTc9xY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9VLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqXvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Jk+jCEdwDKdQgwuowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8BKIyY</latexit><latexit sha1_base64="emVJmrRItC2xS4P6F38bPoTc9xY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9VLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqXvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Jk+jCEdwDKdQgwuowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8BKIyY</latexit> B<latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit><latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit><latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit>

r = b
<latexit sha1_base64="t7svuI4Dj6iCU61gqTmz7GlJVR4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHCsYW2lA220m7dLMJuxuhhP4GLx5UvPqHvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqd+6wmV5ol8MOMUg5gOJI84o8ZKviLXJOxVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqLLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXin9Wv6u79ea1xU6RRhiM4hlPw4AIacAdN8IEBh2d4hTdHOi/Ou/Mxby05xcwh/IHz+QMy0I3Q</latexit><latexit sha1_base64="t7svuI4Dj6iCU61gqTmz7GlJVR4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHCsYW2lA220m7dLMJuxuhhP4GLx5UvPqHvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqd+6wmV5ol8MOMUg5gOJI84o8ZKviLXJOxVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqLLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXin9Wv6u79ea1xU6RRhiM4hlPw4AIacAdN8IEBh2d4hTdHOi/Ou/Mxby05xcwh/IHz+QMy0I3Q</latexit><latexit sha1_base64="t7svuI4Dj6iCU61gqTmz7GlJVR4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHCsYW2lA220m7dLMJuxuhhP4GLx5UvPqHvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqd+6wmV5ol8MOMUg5gOJI84o8ZKviLXJOxVa27dnYEsE68gNSjQ7FW/uv2EZTFKwwTVuuO5qQlyqgxnAieVbqYxpWxEB9ixVNIYdZDPjp2QE6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqLLIOcyzQxKNl8UZYKYhEw/J32ukBkxtoQyxe2thA2poszYfCo2BG/x5WXin9Wv6u79ea1xU6RRhiM4hlPw4AIacAdN8IEBh2d4hTdHOi/Ou/Mxby05xcwh/IHz+QMy0I3Q</latexit>

C
<latexit sha1_base64="1J8cfU8sKBiQgZnJ7EfYnZqKcOY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+GoPvNbT6g0T+S9GacYxHQgecQZNVZq1nvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qbrNy0rtNk+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8ELoya</latexit><latexit sha1_base64="1J8cfU8sKBiQgZnJ7EfYnZqKcOY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+GoPvNbT6g0T+S9GacYxHQgecQZNVZq1nvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qbrNy0rtNk+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8ELoya</latexit><latexit sha1_base64="1J8cfU8sKBiQgZnJ7EfYnZqKcOY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+GoPvNbT6g0T+S9GacYxHQgecQZNVZq1nvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qbrNy0rtNk+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8ELoya</latexit>

�x = 100MPa
<latexit sha1_base64="o6wgIQkLyVIqycC1bGDSTcI4h58=">AAACBXicbVBNS8NAEN34WetX1KMIi0XwICURQT0IRS9ehArGFpoQNttNu3Tzwe5EWkJPXvwrXjyoePU/ePPfuG1z0NYHA4/3ZpiZF6SCK7Csb2NufmFxabm0Ul5dW9/YNLe271WSScocmohENgOimOAxc4CDYM1UMhIFgjWC3tXIbzwwqXgS38EgZV5EOjEPOSWgJd/ccxXvRAT7fXyBbcvC7hF2gfUhv6mToW9WrKo1Bp4ldkEqqEDdN7/cdkKziMVABVGqZVspeDmRwKlgw7KbKZYS2iMd1tI0JhFTXj5+Y4gPtNLGYSJ1xYDH6u+JnERKDaJAd0YEumraG4n/ea0MwjMv53GaAYvpZFGYCQwJHmWC21wyCmKgCaGS61sx7RJJKOjkyjoEe/rlWeIcV8+r1u1JpXZZpFFCu2gfHSIbnaIaukZ15CCKHtEzekVvxpPxYrwbH5PWOaOY2UF/YHz+ALkflvE=</latexit><latexit sha1_base64="o6wgIQkLyVIqycC1bGDSTcI4h58=">AAACBXicbVBNS8NAEN34WetX1KMIi0XwICURQT0IRS9ehArGFpoQNttNu3Tzwe5EWkJPXvwrXjyoePU/ePPfuG1z0NYHA4/3ZpiZF6SCK7Csb2NufmFxabm0Ul5dW9/YNLe271WSScocmohENgOimOAxc4CDYM1UMhIFgjWC3tXIbzwwqXgS38EgZV5EOjEPOSWgJd/ccxXvRAT7fXyBbcvC7hF2gfUhv6mToW9WrKo1Bp4ldkEqqEDdN7/cdkKziMVABVGqZVspeDmRwKlgw7KbKZYS2iMd1tI0JhFTXj5+Y4gPtNLGYSJ1xYDH6u+JnERKDaJAd0YEumraG4n/ea0MwjMv53GaAYvpZFGYCQwJHmWC21wyCmKgCaGS61sx7RJJKOjkyjoEe/rlWeIcV8+r1u1JpXZZpFFCu2gfHSIbnaIaukZ15CCKHtEzekVvxpPxYrwbH5PWOaOY2UF/YHz+ALkflvE=</latexit><latexit sha1_base64="o6wgIQkLyVIqycC1bGDSTcI4h58=">AAACBXicbVBNS8NAEN34WetX1KMIi0XwICURQT0IRS9ehArGFpoQNttNu3Tzwe5EWkJPXvwrXjyoePU/ePPfuG1z0NYHA4/3ZpiZF6SCK7Csb2NufmFxabm0Ul5dW9/YNLe271WSScocmohENgOimOAxc4CDYM1UMhIFgjWC3tXIbzwwqXgS38EgZV5EOjEPOSWgJd/ccxXvRAT7fXyBbcvC7hF2gfUhv6mToW9WrKo1Bp4ldkEqqEDdN7/cdkKziMVABVGqZVspeDmRwKlgw7KbKZYS2iMd1tI0JhFTXj5+Y4gPtNLGYSJ1xYDH6u+JnERKDaJAd0YEumraG4n/ea0MwjMv53GaAYvpZFGYCQwJHmWC21wyCmKgCaGS61sx7RJJKOjkyjoEe/rlWeIcV8+r1u1JpXZZpFFCu2gfHSIbnaIaukZ15CCKHtEzekVvxpPxYrwbH5PWOaOY2UF/YHz+ALkflvE=</latexit>

r = a
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(c) Determine the radial stresses !  and ! ?σr(a,30o) σr(b,30o)

6. The question will test your knowledge of 

stresses in curved beams. Consider the curved 

beam shown in Figure 4 acted on by the 

moment M.  

(a) State the boundary conditions that help us 

obtain the particular solution for the tangential 

stress !  from the general solution. 

(b) Suppose that the tangential stress experienced 

by the fibre !  is !  where !  is

σθ

gh σθ = E
ϵcR + yλ

R + y
E

�
Figure 4: A Curved Beam in Pure 

Bending
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<latexit sha1_base64="W/iSpqylAWJ4thXpo3iQxTS+DEw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL16EFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3Uz91hMqzWN5b8YJ+hEdSB5yRo2Vmne9csWtujOQZVLLSQVyNHrlr24/ZmmE0jBBte7U3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZodOyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYlG0Jt8eVl4p1Vr6pu87xSv87TKMIRHMMp1OAC6nALDfCAAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE0yMpA==</latexit><latexit sha1_base64="W/iSpqylAWJ4thXpo3iQxTS+DEw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL16EFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3Uz91hMqzWN5b8YJ+hEdSB5yRo2Vmne9csWtujOQZVLLSQVyNHrlr24/ZmmE0jBBte7U3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZodOyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYlG0Jt8eVl4p1Vr6pu87xSv87TKMIRHMMp1OAC6nALDfCAAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE0yMpA==</latexit><latexit sha1_base64="W/iSpqylAWJ4thXpo3iQxTS+DEw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL16EFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3Uz91hMqzWN5b8YJ+hEdSB5yRo2Vmne9csWtujOQZVLLSQVyNHrlr24/ZmmE0jBBte7U3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZodOyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYlG0Jt8eVl4p1Vr6pu87xSv87TKMIRHMMp1OAC6nALDfCAAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE0yMpA==</latexit>

M
<latexit sha1_base64="W/iSpqylAWJ4thXpo3iQxTS+DEw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL16EFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3Uz91hMqzWN5b8YJ+hEdSB5yRo2Vmne9csWtujOQZVLLSQVyNHrlr24/ZmmE0jBBte7U3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZodOyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYlG0Jt8eVl4p1Vr6pu87xSv87TKMIRHMMp1OAC6nALDfCAAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE0yMpA==</latexit><latexit sha1_base64="W/iSpqylAWJ4thXpo3iQxTS+DEw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL16EFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3Uz91hMqzWN5b8YJ+hEdSB5yRo2Vmne9csWtujOQZVLLSQVyNHrlr24/ZmmE0jBBte7U3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZodOyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYlG0Jt8eVl4p1Vr6pu87xSv87TKMIRHMMp1OAC6nALDfCAAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE0yMpA==</latexit><latexit sha1_base64="W/iSpqylAWJ4thXpo3iQxTS+DEw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL16EFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3Uz91hMqzWN5b8YJ+hEdSB5yRo2Vmne9csWtujOQZVLLSQVyNHrlr24/ZmmE0jBBte7U3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZodOyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYlG0Jt8eVl4p1Vr6pu87xSv87TKMIRHMMp1OAC6nALDfCAAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE0yMpA==</latexit>

✓̂
<latexit sha1_base64="5kBkJZZEnMyXel3wm7QYcTudi7U=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN83SzSbsToQS+je8eFDx6q/x5r9x2+ag1QcDj/dmmJkXZlIYdN0vp7Kyura+Ud2sbW3v7O7V9w8eTJprxj2WylT3QjBcCsU9FCh5L9McklDybji+mfndR66NSNU9TjIeJDBSIhIM0Eq+HwMWPsYcYTqoN9ymOwf9S1olaZASnUH90x+mLE+4QibBmH7LzTAoQKNgkk9rfm54BmwMI963VEHCTVDMb57SE6sMaZRqWwrpXP05UUBizCQJbWcCGJtlbyb+5/VzjC6DQqgsR67YYlGUS4opnQVAh0JzhnJiCTAt7K2UxaCBoY2pZkNoLb/8l3hnzaume3feaF+XaVTJETkmp6RFLkib3JIO8QgjGXkiL+TVyZ1n5815X7RWnHLmkPyC8/EN5AORyA==</latexit><latexit sha1_base64="5kBkJZZEnMyXel3wm7QYcTudi7U=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN83SzSbsToQS+je8eFDx6q/x5r9x2+ag1QcDj/dmmJkXZlIYdN0vp7Kyura+Ud2sbW3v7O7V9w8eTJprxj2WylT3QjBcCsU9FCh5L9McklDybji+mfndR66NSNU9TjIeJDBSIhIM0Eq+HwMWPsYcYTqoN9ymOwf9S1olaZASnUH90x+mLE+4QibBmH7LzTAoQKNgkk9rfm54BmwMI963VEHCTVDMb57SE6sMaZRqWwrpXP05UUBizCQJbWcCGJtlbyb+5/VzjC6DQqgsR67YYlGUS4opnQVAh0JzhnJiCTAt7K2UxaCBoY2pZkNoLb/8l3hnzaume3feaF+XaVTJETkmp6RFLkib3JIO8QgjGXkiL+TVyZ1n5815X7RWnHLmkPyC8/EN5AORyA==</latexit><latexit sha1_base64="5kBkJZZEnMyXel3wm7QYcTudi7U=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN83SzSbsToQS+je8eFDx6q/x5r9x2+ag1QcDj/dmmJkXZlIYdN0vp7Kyura+Ud2sbW3v7O7V9w8eTJprxj2WylT3QjBcCsU9FCh5L9McklDybji+mfndR66NSNU9TjIeJDBSIhIM0Eq+HwMWPsYcYTqoN9ymOwf9S1olaZASnUH90x+mLE+4QibBmH7LzTAoQKNgkk9rfm54BmwMI963VEHCTVDMb57SE6sMaZRqWwrpXP05UUBizCQJbWcCGJtlbyb+5/VzjC6DQqgsR67YYlGUS4opnQVAh0JzhnJiCTAt7K2UxaCBoY2pZkNoLb/8l3hnzaume3feaF+XaVTJETkmp6RFLkib3JIO8QgjGXkiL+TVyZ1n5815X7RWnHLmkPyC8/EN5AORyA==</latexit>

r̂
<latexit sha1_base64="Q3ABHBc7vehArCLjw5jxmi6gqUQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuzeimOtpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+vu/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPEqGPlg==</latexit><latexit sha1_base64="Q3ABHBc7vehArCLjw5jxmi6gqUQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuzeimOtpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+vu/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPEqGPlg==</latexit><latexit sha1_base64="Q3ABHBc7vehArCLjw5jxmi6gqUQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuzeimOtpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+vu/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPEqGPlg==</latexit>

O
<latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit>

the Young’s modulus of the material of the beam, !  is the strain experienced by the 

centroidal axis due to the action of the moment ! , !  is the angular strain 

ϵc

M λ
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Table 1 is a list of some relations and formulas that may be of use to you. 

experienced by the element !  and !  and !  are as shown in the figure. Use your 

boundary conditions from (a), ! , ! , ! , and 

! !  to show that ! .

gh R y

−m A = ∫
y

R + y
d A ∫ d A = A ∫ yd A = 0

∫
y2

R + y
d A = ∫ (y −

Ry
R + y

)d A σθ =
M
AR

(1 +
y

m(R + y)
)

!
Figure 5: A Linear Elastic Wedge

O
<latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit>

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

Y
<latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit><latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit><latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit>

�
<latexit sha1_base64="wZQ2Z6rZD9l9R+f4XieEaljUVR4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqaQiqLeiF48VjC20oWy2k3bpZhN2J0IJ/Q1ePKh49Q9589+4bXPQ6oOBx3szzMwLUykMed6XU1pZXVvfKG9WtrZ3dveq+wcPJsk0R58nMtGdkBmUQqFPgiR2Uo0sDiW2w/HNzG8/ojYiUfc0STGI2VCJSHBGVvJ7IRLrV2te3ZvD/UsaBalBgVa/+tkbJDyLURGXzJhuw0spyJkmwSVOK73MYMr4mA2xa6liMZognx87dU+sMnCjRNtS5M7VnxM5i42ZxKHtjBmNzLI3E//zuhlFl0EuVJoRKr5YFGXSpcSdfe4OhEZOcmIJ41rYW10+YppxsvlUbAiN5Zf/Ev+sflX37s5rzesijTIcwTGcQgMuoAm30AIfOAh4ghd4dZTz7Lw574vWklPMHMIvOB/fMGaOdw==</latexit><latexit sha1_base64="wZQ2Z6rZD9l9R+f4XieEaljUVR4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqaQiqLeiF48VjC20oWy2k3bpZhN2J0IJ/Q1ePKh49Q9589+4bXPQ6oOBx3szzMwLUykMed6XU1pZXVvfKG9WtrZ3dveq+wcPJsk0R58nMtGdkBmUQqFPgiR2Uo0sDiW2w/HNzG8/ojYiUfc0STGI2VCJSHBGVvJ7IRLrV2te3ZvD/UsaBalBgVa/+tkbJDyLURGXzJhuw0spyJkmwSVOK73MYMr4mA2xa6liMZognx87dU+sMnCjRNtS5M7VnxM5i42ZxKHtjBmNzLI3E//zuhlFl0EuVJoRKr5YFGXSpcSdfe4OhEZOcmIJ41rYW10+YppxsvlUbAiN5Zf/Ev+sflX37s5rzesijTIcwTGcQgMuoAm30AIfOAh4ghd4dZTz7Lw574vWklPMHMIvOB/fMGaOdw==</latexit><latexit sha1_base64="wZQ2Z6rZD9l9R+f4XieEaljUVR4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqaQiqLeiF48VjC20oWy2k3bpZhN2J0IJ/Q1ePKh49Q9589+4bXPQ6oOBx3szzMwLUykMed6XU1pZXVvfKG9WtrZ3dveq+wcPJsk0R58nMtGdkBmUQqFPgiR2Uo0sDiW2w/HNzG8/ojYiUfc0STGI2VCJSHBGVvJ7IRLrV2te3ZvD/UsaBalBgVa/+tkbJDyLURGXzJhuw0spyJkmwSVOK73MYMr4mA2xa6liMZognx87dU+sMnCjRNtS5M7VnxM5i42ZxKHtjBmNzLI3E//zuhlFl0EuVJoRKr5YFGXSpcSdfe4OhEZOcmIJ41rYW10+YppxsvlUbAiN5Zf/Ev+sflX37s5rzesijTIcwTGcQgMuoAm30AIfOAh4ghd4dZTz7Lw574vWklPMHMIvOB/fMGaOdw==</latexit>

↵
<latexit sha1_base64="GK3zHEr8sjfzP8R4AYe+UCdZTR8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUCbbTbt2swm7G6GE/gcvHlS8+oO8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw2dZIpynyaiES1Q9RMcMl8w41g7VQxjEPBWuHoduq3npjSPJEPZpyyIMaB5BGnaKzU7KJIh9irVN2aOwNZJl5BqlCg0at8dfsJzWImDRWodcdzUxPkqAyngk3K3UyzFOkIB6xjqcSY6SCfXTshp1bpkyhRtqQhM/X3RI6x1uM4tJ0xmqFe9Kbif14nM9FVkHOZZoZJOl8UZYKYhExfJ32uGDVibAlSxe2thA5RITU2oLINwVt8eZn457Xrmnt/Ua3fFGmU4BhO4Aw8uIQ63EEDfKDwCM/wCm9O4rw4787HvHXFKWaO4A+czx/3l47r</latexit><latexit sha1_base64="GK3zHEr8sjfzP8R4AYe+UCdZTR8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUCbbTbt2swm7G6GE/gcvHlS8+oO8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw2dZIpynyaiES1Q9RMcMl8w41g7VQxjEPBWuHoduq3npjSPJEPZpyyIMaB5BGnaKzU7KJIh9irVN2aOwNZJl5BqlCg0at8dfsJzWImDRWodcdzUxPkqAyngk3K3UyzFOkIB6xjqcSY6SCfXTshp1bpkyhRtqQhM/X3RI6x1uM4tJ0xmqFe9Kbif14nM9FVkHOZZoZJOl8UZYKYhExfJ32uGDVibAlSxe2thA5RITU2oLINwVt8eZn457Xrmnt/Ua3fFGmU4BhO4Aw8uIQ63EEDfKDwCM/wCm9O4rw4787HvHXFKWaO4A+czx/3l47r</latexit><latexit sha1_base64="GK3zHEr8sjfzP8R4AYe+UCdZTR8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUCbbTbt2swm7G6GE/gcvHlS8+oO8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw2dZIpynyaiES1Q9RMcMl8w41g7VQxjEPBWuHoduq3npjSPJEPZpyyIMaB5BGnaKzU7KJIh9irVN2aOwNZJl5BqlCg0at8dfsJzWImDRWodcdzUxPkqAyngk3K3UyzFOkIB6xjqcSY6SCfXTshp1bpkyhRtqQhM/X3RI6x1uM4tJ0xmqFe9Kbif14nM9FVkHOZZoZJOl8UZYKYhExfJ32uGDVibAlSxe2thA5RITU2oLINwVt8eZn457Xrmnt/Ua3fFGmU4BhO4Aw8uIQ63EEDfKDwCM/wCm9O4rw4787HvHXFKWaO4A+czx/3l47r</latexit>

r̂
<latexit sha1_base64="Q3ABHBc7vehArCLjw5jxmi6gqUQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuzeimOtpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+vu/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPEqGPlg==</latexit><latexit sha1_base64="Q3ABHBc7vehArCLjw5jxmi6gqUQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuzeimOtpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+vu/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPEqGPlg==</latexit><latexit sha1_base64="Q3ABHBc7vehArCLjw5jxmi6gqUQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbtqlm03YnQgl9Ed48aDi1f/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTx6NEmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fj25nffuLaiEQ94CTlQUyHSkSCUbRSuzeimOtpv1pz6+4cZJV4BalBgVa/+tUbJCyLuUImqTFdz00xyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vm5U3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroJcqDRDrthiUZRJggmZ/U4GQnOGcmIJZVrYWwkbUU0Z2oQqNgRv+eVV4l/Ur+vu/WWteVOkUYYTOIVz8KABTbiDFvjAYAzP8ApvTuq8OO/Ox6K15BQzx/AHzucPEqGPlg==</latexit>

✓̂
<latexit sha1_base64="5kBkJZZEnMyXel3wm7QYcTudi7U=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN83SzSbsToQS+je8eFDx6q/x5r9x2+ag1QcDj/dmmJkXZlIYdN0vp7Kyura+Ud2sbW3v7O7V9w8eTJprxj2WylT3QjBcCsU9FCh5L9McklDybji+mfndR66NSNU9TjIeJDBSIhIM0Eq+HwMWPsYcYTqoN9ymOwf9S1olaZASnUH90x+mLE+4QibBmH7LzTAoQKNgkk9rfm54BmwMI963VEHCTVDMb57SE6sMaZRqWwrpXP05UUBizCQJbWcCGJtlbyb+5/VzjC6DQqgsR67YYlGUS4opnQVAh0JzhnJiCTAt7K2UxaCBoY2pZkNoLb/8l3hnzaume3feaF+XaVTJETkmp6RFLkib3JIO8QgjGXkiL+TVyZ1n5815X7RWnHLmkPyC8/EN5AORyA==</latexit><latexit sha1_base64="5kBkJZZEnMyXel3wm7QYcTudi7U=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN83SzSbsToQS+je8eFDx6q/x5r9x2+ag1QcDj/dmmJkXZlIYdN0vp7Kyura+Ud2sbW3v7O7V9w8eTJprxj2WylT3QjBcCsU9FCh5L9McklDybji+mfndR66NSNU9TjIeJDBSIhIM0Eq+HwMWPsYcYTqoN9ymOwf9S1olaZASnUH90x+mLE+4QibBmH7LzTAoQKNgkk9rfm54BmwMI963VEHCTVDMb57SE6sMaZRqWwrpXP05UUBizCQJbWcCGJtlbyb+5/VzjC6DQqgsR67YYlGUS4opnQVAh0JzhnJiCTAt7K2UxaCBoY2pZkNoLb/8l3hnzaume3feaF+XaVTJETkmp6RFLkib3JIO8QgjGXkiL+TVyZ1n5815X7RWnHLmkPyC8/EN5AORyA==</latexit><latexit sha1_base64="5kBkJZZEnMyXel3wm7QYcTudi7U=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN83SzSbsToQS+je8eFDx6q/x5r9x2+ag1QcDj/dmmJkXZlIYdN0vp7Kyura+Ud2sbW3v7O7V9w8eTJprxj2WylT3QjBcCsU9FCh5L9McklDybji+mfndR66NSNU9TjIeJDBSIhIM0Eq+HwMWPsYcYTqoN9ymOwf9S1olaZASnUH90x+mLE+4QibBmH7LzTAoQKNgkk9rfm54BmwMI963VEHCTVDMb57SE6sMaZRqWwrpXP05UUBizCQJbWcCGJtlbyb+5/VzjC6DQqgsR67YYlGUS4opnQVAh0JzhnJiCTAt7K2UxaCBoY2pZkNoLb/8l3hnzaume3feaF+XaVTJETkmp6RFLkib3JIO8QgjGXkiL+TVyZ1n5815X7RWnHLmkPyC8/EN5AORyA==</latexit>

ar̂
<latexit sha1_base64="XMXnM5qjknmGAZHKjj628UpphOo=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh2C4FIr7KFDydqo5xKHkrXB0M/VbT1wbkah7HKc8iGGgRCQYoJXa0B0C5nrSq9bcujsDXSZeQWqkQLNX/er2E5bFXCGTYEzHc1MMctAomOSTSjczPAU2ggHvWKog5ibIZ/dO6IlV+jRKtC2FdKb+nsghNmYch7YzBhyaRW8q/ud1Mowug1yoNEOu2HxRlEmKCZ0+T/tCc4ZybAkwLeytlA1BA0MbUcWG4C2+vEz8s/pV3b07rzWuizTK5Igck1PikQvSILekSXzCiCTP5JW8OY/Oi/PufMxbS04xc0j+wPn8AczakAE=</latexit><latexit sha1_base64="XMXnM5qjknmGAZHKjj628UpphOo=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh2C4FIr7KFDydqo5xKHkrXB0M/VbT1wbkah7HKc8iGGgRCQYoJXa0B0C5nrSq9bcujsDXSZeQWqkQLNX/er2E5bFXCGTYEzHc1MMctAomOSTSjczPAU2ggHvWKog5ibIZ/dO6IlV+jRKtC2FdKb+nsghNmYch7YzBhyaRW8q/ud1Mowug1yoNEOu2HxRlEmKCZ0+T/tCc4ZybAkwLeytlA1BA0MbUcWG4C2+vEz8s/pV3b07rzWuizTK5Igck1PikQvSILekSXzCiCTP5JW8OY/Oi/PufMxbS04xc0j+wPn8AczakAE=</latexit><latexit sha1_base64="XMXnM5qjknmGAZHKjj628UpphOo=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh2C4FIr7KFDydqo5xKHkrXB0M/VbT1wbkah7HKc8iGGgRCQYoJXa0B0C5nrSq9bcujsDXSZeQWqkQLNX/er2E5bFXCGTYEzHc1MMctAomOSTSjczPAU2ggHvWKog5ibIZ/dO6IlV+jRKtC2FdKb+nsghNmYch7YzBhyaRW8q/ud1Mowug1yoNEOu2HxRlEmKCZ0+T/tCc4ZybAkwLeytlA1BA0MbUcWG4C2+vEz8s/pV3b07rzWuizTK5Igck1PikQvSILekSXzCiCTP5JW8OY/Oi/PufMxbS04xc0j+wPn8AczakAE=</latexit>

F1
<latexit sha1_base64="lJO3DUZyW6f7lIlg987265AacRo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1Bqw8GHu/NMDMvTAXXxnW/nNLS8srqWnm9srG5tb1T3d170EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mvqtR1SaJ/LejFMMYjqQPOKMGivdXfe8XrXm1t0ZyF/iFaQGBZq96me3n7AsRmmYoFp3PDc1QU6V4UzgpNLNNKaUjegAO5ZKGqMO8tmpE3JklT6JEmVLGjJTf07kNNZ6HIe2M6ZmqBe9qfif18lMdB7kXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtOxYbgLb78l/gn9Yu6e3taa1wWaZThAA7hGDw4gwbcQBN8YDCAJ3iBV0c4z86b8z5vLTnFzD78gvPxDS0pjUE=</latexit><latexit sha1_base64="lJO3DUZyW6f7lIlg987265AacRo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1Bqw8GHu/NMDMvTAXXxnW/nNLS8srqWnm9srG5tb1T3d170EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mvqtR1SaJ/LejFMMYjqQPOKMGivdXfe8XrXm1t0ZyF/iFaQGBZq96me3n7AsRmmYoFp3PDc1QU6V4UzgpNLNNKaUjegAO5ZKGqMO8tmpE3JklT6JEmVLGjJTf07kNNZ6HIe2M6ZmqBe9qfif18lMdB7kXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtOxYbgLb78l/gn9Yu6e3taa1wWaZThAA7hGDw4gwbcQBN8YDCAJ3iBV0c4z86b8z5vLTnFzD78gvPxDS0pjUE=</latexit><latexit sha1_base64="lJO3DUZyW6f7lIlg987265AacRo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1Bqw8GHu/NMDMvTAXXxnW/nNLS8srqWnm9srG5tb1T3d170EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mvqtR1SaJ/LejFMMYjqQPOKMGivdXfe8XrXm1t0ZyF/iFaQGBZq96me3n7AsRmmYoFp3PDc1QU6V4UzgpNLNNKaUjegAO5ZKGqMO8tmpE3JklT6JEmVLGjJTf07kNNZ6HIe2M6ZmqBe9qfif18lMdB7kXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtOxYbgLb78l/gn9Yu6e3taa1wWaZThAA7hGDw4gwbcQBN8YDCAJ3iBV0c4z86b8z5vLTnFzD78gvPxDS0pjUE=</latexit>

F2
<latexit sha1_base64="TPRDcOdhujZ3mgp5EUS7b/b+EAo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mLoN6KgnisaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef/gUcepYuixWMSqHVCNgkv0DDcC24lCGgUCW8Hoeuq3nlBpHssHM07Qj+hA8pAzaqx0f9Or98oVt+rOQJZJLScVyNHslb+6/ZilEUrDBNW6U3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhBd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwItcWXl4lXr15W3buzSuMqT6MIR3AMp1CDc2jALTTBAwYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPy6sjUI=</latexit><latexit sha1_base64="TPRDcOdhujZ3mgp5EUS7b/b+EAo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mLoN6KgnisaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef/gUcepYuixWMSqHVCNgkv0DDcC24lCGgUCW8Hoeuq3nlBpHssHM07Qj+hA8pAzaqx0f9Or98oVt+rOQJZJLScVyNHslb+6/ZilEUrDBNW6U3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhBd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwItcWXl4lXr15W3buzSuMqT6MIR3AMp1CDc2jALTTBAwYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPy6sjUI=</latexit><latexit sha1_base64="TPRDcOdhujZ3mgp5EUS7b/b+EAo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mLoN6KgnisaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef/gUcepYuixWMSqHVCNgkv0DDcC24lCGgUCW8Hoeuq3nlBpHssHM07Qj+hA8pAzaqx0f9Or98oVt+rOQJZJLScVyNHslb+6/ZilEUrDBNW6U3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhBd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwItcWXl4lXr15W3buzSuMqT6MIR3AMp1CDc2jALTTBAwYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPy6sjUI=</latexit>
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(c) Sketch the “half plane" by modifying the wedge by taking !  and ! . 

(d) Suppose we make two "legal" modifications. The first modifies the general solution 

!  to !  ! . The second modifies the equilibrium 

condition along the ! -axis for the “half plane” to ! . 

Use these two relations to generate one equation in terms of !  and ! .!

α = − π β = 0

σr(r, θ ) σr(a, θ ) = c1
2 cos θ

a
+c3

2 sin θ
a

X F1 + ∫
0

−π
σr(a, θ )cos θadθ = 0

c1 c3 □

7. This question tests your knowledge of the 

Flamant problem. Figure 5 shows a “linear 

elastic wedge” of “unit thickness” acted on by 

the concentrated loads !  and ! . 

(a) Use Items 7 and 9 from Table 1 to derive 

expressions for the shear stress !  at any 

point in the wedge. 

(b) Write down the force balance equation 

!  for the part of the wedge “broken” 

at a radius !  from the origin ! .

F1 F2

τrθ

ΣFY = 0

a O

Item 

No.
Description of the Item Relations or Formulas

1
The partial differential equations (PDE) of 

equilibrium in Cartesian coordinates

2
The compatibility equation in Cartesian 

coordinates

3 !σx =
∂2ϕ
∂y2

, σy =
∂2ϕ
∂x2

, τxy = −
∂2ϕ
∂x∂y

�(
∂

∂x2
+

∂
∂y2

)(σx + σy) = 0

! , !
∂σx

∂x
+

∂τxy

∂y
= 0

∂τxy

∂x
+

∂σy

∂y
= 0

Relations between stresses and the Airy’s 

stress function !ϕ(x, y)
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Table 1: Some Relations and Formulas That May Be Useful 

The End 

4
The biharmonic equation in Cartesian 

coordinates

5 The PDEs of equilibrium in polar coordinates

6 The compatibility equation in polar coordinates —

7

8 The biharmonic equation in polar coordinates

9
The Airy’s stress function suited to solving the 

Flamant problem

10 Trigonometric identities that may be useful

11 Some definite integrals that may be useful

Item 

No.
Description of the Item Relations or Formulas

�

�

σr =
1
r

∂ϕ
∂r

+
1
r2

∂2ϕ
∂θ2

, σθ =
∂2ϕ
∂r2

,

τrθ =
1
r2

∂ϕ
∂θ

−
1
r

∂2ϕ
∂r∂θ

� 


�

(
∂2

∂r2
+

1
r

∂
∂r

+
1
r2

∂2

∂θ2
)

⋅ (
∂2ϕ
∂r2

+
1
r

∂ϕ
∂r

+
1
r2

∂2ϕ
∂θ2

) = 0

!

!

ϕ = C1 r θ sin θ + C2 r ln r cos θ

+C3 r θ cos θ + C4 r ln r sin θ

�

�

�

cos2 θ =
1 + cos 2θ

2
,

sin2 θ =
1 − cos 2θ

2
,

sin θ cos θ =
sin 2θ

2

!  

!

∫
β

α
cos2 θdθ =

β − α
2

+
1
4

(sin 2β − sin 2α),

∫
β

α
sin θ cos θdθ =

1
2

(cos 2α − cos 2β )

Relations between stresses and the Airy’s 

stress function !  in polar coordinatesϕ(r, θ )

� 


�

∂σr

∂r
+

1
r

∂τrθ

∂θ
+

σr − σθ

r
= 0,

1
r

∂σθ

∂θ
+

∂τrθ

∂r
+

2τrθ

r
= 0

!
∂4ϕ
∂x4

+ 2
∂4ϕ

∂x2∂y2
+

∂4ϕ
∂y4

= 0
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Part A 
                       (10 M + 8 M + 8 M = 26 Marks) 

I D NO.

  PRESIDENCY UNIVERSITY, BENGALURU 
SCHOOL OF ENGINEERING

Weightage: 40% Max Marks: 80 Max Time: 2 hrs. 09 May, Wednesday, 2018

SOLUTIONS TO END TERM FINAL 
EXAMINATION  MAY 2018 SET B

Even Semester 2017-18 Course: MEC 218 Advanced 
Mechanics of Solids VI Sem Mechanical

!

Solution  
to Q. 1

Scheme  
of 

Marking

NOTE: Students could write correct examples other than the one suggested. 
Selecting a suitable example - 3 M 
The PDEs of equilibrium - 2 M 
Boundary conditions matching the example chosen - 2 M 
Identifying the unknown quantities - 2 M 
Example solutions - 1 M

L. O. No. (v)
Max Time 15 minutes

!
Figure 1: A “Plane Stress Pipe” 

Subjected to Internal Pressure !

pi
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pi

Figure 1 shows a “plane stress pipe” 
with inner radius !  and outer radius !  
subjected to internal pressure ! . This 
is an example of a problem that can 
be solved by using polar coordinates. 
To solve the problem we use the 
partial differential equations 

!

! , and the 

boundary conditions !  
and ! . The quantities 
being solved for are ! , !

a b
pi

∂σr

∂r
+

1
r

∂τrθ

∂θ
+

σr − σθ

r
= 0,

1
r

∂σθ

∂θ
+

∂τrθ

∂r
+

2τrθ

r
= 0

σr(a, θ ) = pi
σr(b, θ ) = 0

σr(r, θ ) σθ(r, θ )
and ! . Any differentiable functions of !  and !  for these quantities that 
satisfy the PDEs and the boundary conditions are a solution to the problem 
selected as an example.

τrθ(r, θ ) r θ
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Part B 
(12 M + 12 M = 24 Marks)  

Solution  
to Q. 2

Scheme  
of 

Marking

The right claim - 1 M 
Arguing the claim correctly - 1 M

L. O. No. (v)
Max Time 10 minutes

Solution  
to Q. 3

Scheme  
of 

Marking

Each stress distribution drawn right - 2 M 
Each stress expressed correctly - 2 M

L. O. No. (viii)
Max Time 5 minutes

(a) True! One acceptable argument is to present a boundary condition, like 
the ones in the solution to Q. 1. 

(b) False! A general solution satisfies only the PDEs of equilibrium. The 
particular solution satisfies both, the PDEs and the boundary conditions. 

(c) True! The biharmonic equation changes from one coordinate system to 
another. Since coordinate systems may be different for different problems 
the biharmonic equation does change from problem to problem. However, 
since all problems can be solved with one coordinate system it is okay to 
say that the statement is false too. 

(d) False! The Airy’s stress function !  is a solution to the biharmonic 
equation.

ϕ

�
Figure 2: Stress Distributions and Stresses in “Thin” Flat Plates With and 

Without Discontinuities in Their Cross-Sectional Areas
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<latexit sha1_base64="XNI2MqX6JVTK5uJDWwwe12aCVXs=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FQTy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef/gQcepYuixWMSqHVCNgkv0DDcC24lCGgUCW8HoZuq3nlBpHst7M07Qj+hA8pAzaqzUvO2VK27VnYEsk1pOKpCj0St/dfsxSyOUhgmqdafmJsbPqDKcCZyUuqnGhLIRHWDHUkkj1H42O3RCTqzSJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQkv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynZEGqLLy8T76x6VXWb55X6dZ5GEY7gGE6hBhdQhztogAcMEJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8ACLeMnQ==</latexit><latexit sha1_base64="XNI2MqX6JVTK5uJDWwwe12aCVXs=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FQTy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef/gQcepYuixWMSqHVCNgkv0DDcC24lCGgUCW8HoZuq3nlBpHst7M07Qj+hA8pAzaqzUvO2VK27VnYEsk1pOKpCj0St/dfsxSyOUhgmqdafmJsbPqDKcCZyUuqnGhLIRHWDHUkkj1H42O3RCTqzSJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQkv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynZEGqLLy8T76x6VXWb55X6dZ5GEY7gGE6hBhdQhztogAcMEJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8ACLeMnQ==</latexit><latexit sha1_base64="XNI2MqX6JVTK5uJDWwwe12aCVXs=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FQTy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef/gQcepYuixWMSqHVCNgkv0DDcC24lCGgUCW8HoZuq3nlBpHst7M07Qj+hA8pAzaqzUvO2VK27VnYEsk1pOKpCj0St/dfsxSyOUhgmqdafmJsbPqDKcCZyUuqnGhLIRHWDHUkkj1H42O3RCTqzSJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQkv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynZEGqLLy8T76x6VXWb55X6dZ5GEY7gGE6hBhdQhztogAcMEJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8ACLeMnQ==</latexit>

C 0
<latexit sha1_base64="euTISJL/rMATJXqbkclWyDv8N6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG/FXjxWMbbQhrLZTtqlm03Y3Qgl9B948aDi1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/wqONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWDUmPqtJ1Sax/LBjBP0IzqQPOSMGivdN0575YpbdWcgy6SWkwrkaPbKX91+zNIIpWGCat2puYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNoTa4svLxDuvXlfdu4tK/SZPowhHcAxnUINLqMMtNMEDBiE8wyu8OSPnxXl3PuatBSefOYQ/cD5/AGRJjMs=</latexit><latexit sha1_base64="euTISJL/rMATJXqbkclWyDv8N6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG/FXjxWMbbQhrLZTtqlm03Y3Qgl9B948aDi1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/wqONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWDUmPqtJ1Sax/LBjBP0IzqQPOSMGivdN0575YpbdWcgy6SWkwrkaPbKX91+zNIIpWGCat2puYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNoTa4svLxDuvXlfdu4tK/SZPowhHcAxnUINLqMMtNMEDBiE8wyu8OSPnxXl3PuatBSefOYQ/cD5/AGRJjMs=</latexit><latexit sha1_base64="euTISJL/rMATJXqbkclWyDv8N6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG/FXjxWMbbQhrLZTtqlm03Y3Qgl9B948aDi1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/wqONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWDUmPqtJ1Sax/LBjBP0IzqQPOSMGivdN0575YpbdWcgy6SWkwrkaPbKX91+zNIIpWGCat2puYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCKz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNoTa4svLxDuvXlfdu4tK/SZPowhHcAxnUINLqMMtNMEDBiE8wyu8OSPnxXl3PuatBSefOYQ/cD5/AGRJjMs=</latexit>

C
<latexit sha1_base64="1J8cfU8sKBiQgZnJ7EfYnZqKcOY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+GoPvNbT6g0T+S9GacYxHQgecQZNVZq1nvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qbrNy0rtNk+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8ELoya</latexit><latexit sha1_base64="1J8cfU8sKBiQgZnJ7EfYnZqKcOY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+GoPvNbT6g0T+S9GacYxHQgecQZNVZq1nvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qbrNy0rtNk+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8ELoya</latexit><latexit sha1_base64="1J8cfU8sKBiQgZnJ7EfYnZqKcOY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+GoPvNbT6g0T+S9GacYxHQgecQZNVZq1nvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qbrNy0rtNk+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8ELoya</latexit>

� =
F

A<latexit sha1_base64="wTwZZEmhc2moEeqUXT0/lWXjO/8=">AAAB/XicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBPUgVAXxWMHYQhPKZrNpl+5uwu5GKCHgX/HiQcWr/8Ob/8Ztm4O2Phh4vDfDzLwwZVRpx/m2KguLS8sr1dXa2vrG5pa9vfOgkkxi4uGEJbITIkUYFcTTVDPSSSVBPGSkHQ6vx377kUhFE3GvRykJOOoLGlOMtJF69p6vaJ8jeAH9KJYI5zdFfln07LrTcCaA88QtSR2UaPXsLz9KcMaJ0Jghpbquk+ogR1JTzEhR8zNFUoSHqE+6hgrEiQryyfkFPDRKBONEmhIaTtTfEzniSo14aDo50gM1643F/7xupuOzIKcizTQReLoozhjUCRxnASMqCdZsZAjCkppbIR4gk4I2idVMCO7sy/PEO26cN5y7k3rzqkyjCvbBATgCLjgFTXALWsADGOTgGbyCN+vJerHerY9pa8UqZ3bBH1ifP/jolQ0=</latexit><latexit sha1_base64="wTwZZEmhc2moEeqUXT0/lWXjO/8=">AAAB/XicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBPUgVAXxWMHYQhPKZrNpl+5uwu5GKCHgX/HiQcWr/8Ob/8Ztm4O2Phh4vDfDzLwwZVRpx/m2KguLS8sr1dXa2vrG5pa9vfOgkkxi4uGEJbITIkUYFcTTVDPSSSVBPGSkHQ6vx377kUhFE3GvRykJOOoLGlOMtJF69p6vaJ8jeAH9KJYI5zdFfln07LrTcCaA88QtSR2UaPXsLz9KcMaJ0Jghpbquk+ogR1JTzEhR8zNFUoSHqE+6hgrEiQryyfkFPDRKBONEmhIaTtTfEzniSo14aDo50gM1643F/7xupuOzIKcizTQReLoozhjUCRxnASMqCdZsZAjCkppbIR4gk4I2idVMCO7sy/PEO26cN5y7k3rzqkyjCvbBATgCLjgFTXALWsADGOTgGbyCN+vJerHerY9pa8UqZ3bBH1ifP/jolQ0=</latexit><latexit sha1_base64="wTwZZEmhc2moEeqUXT0/lWXjO/8=">AAAB/XicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBPUgVAXxWMHYQhPKZrNpl+5uwu5GKCHgX/HiQcWr/8Ob/8Ztm4O2Phh4vDfDzLwwZVRpx/m2KguLS8sr1dXa2vrG5pa9vfOgkkxi4uGEJbITIkUYFcTTVDPSSSVBPGSkHQ6vx377kUhFE3GvRykJOOoLGlOMtJF69p6vaJ8jeAH9KJYI5zdFfln07LrTcCaA88QtSR2UaPXsLz9KcMaJ0Jghpbquk+ogR1JTzEhR8zNFUoSHqE+6hgrEiQryyfkFPDRKBONEmhIaTtTfEzniSo14aDo50gM1643F/7xupuOzIKcizTQReLoozhjUCRxnASMqCdZsZAjCkppbIR4gk4I2idVMCO7sy/PEO26cN5y7k3rzqkyjCvbBATgCLjgFTXALWsADGOTgGbyCN+vJerHerY9pa8UqZ3bBH1ifP/jolQ0=</latexit>

F
<latexit sha1_base64="XNI2MqX6JVTK5uJDWwwe12aCVXs=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FQTy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef/gQcepYuixWMSqHVCNgkv0DDcC24lCGgUCW8HoZuq3nlBpHst7M07Qj+hA8pAzaqzUvO2VK27VnYEsk1pOKpCj0St/dfsxSyOUhgmqdafmJsbPqDKcCZyUuqnGhLIRHWDHUkkj1H42O3RCTqzSJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQkv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynZEGqLLy8T76x6VXWb55X6dZ5GEY7gGE6hBhdQhztogAcMEJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8ACLeMnQ==</latexit><latexit sha1_base64="XNI2MqX6JVTK5uJDWwwe12aCVXs=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FQTy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef/gQcepYuixWMSqHVCNgkv0DDcC24lCGgUCW8HoZuq3nlBpHst7M07Qj+hA8pAzaqzUvO2VK27VnYEsk1pOKpCj0St/dfsxSyOUhgmqdafmJsbPqDKcCZyUuqnGhLIRHWDHUkkj1H42O3RCTqzSJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQkv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynZEGqLLy8T76x6VXWb55X6dZ5GEY7gGE6hBhdQhztogAcMEJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8ACLeMnQ==</latexit><latexit sha1_base64="XNI2MqX6JVTK5uJDWwwe12aCVXs=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FQTy2YGyhDWWznbRrN5uwuxFK6C/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef/gQcepYuixWMSqHVCNgkv0DDcC24lCGgUCW8HoZuq3nlBpHst7M07Qj+hA8pAzaqzUvO2VK27VnYEsk1pOKpCj0St/dfsxSyOUhgmqdafmJsbPqDKcCZyUuqnGhLIRHWDHUkkj1H42O3RCTqzSJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQkv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynZEGqLLy8T76x6VXWb55X6dZ5GEY7gGE6hBhdQhztogAcMEJ7hFd6cR+fFeXc+5q0FJ585hD9wPn8ACLeMnQ==</latexit>

B
<latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit><latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit><latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit>

B0
<latexit sha1_base64="pEKQgryAC2abLTQSqeLDKaDedK4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG+lXjxWMbbQhrLZTtqlm03Y3Qgl9B948aDi1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/wqONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6b5z2yhW36s5AlkktJxXI0eyVv7r9mKURSsME1bpTcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAi1xZeXiXdeva66dxeVeiNPowhHcAxnUINLqMMtNMEDBiE8wyu8OSPnxXl3PuatBSefOYQ/cD5/AGLFjMo=</latexit><latexit sha1_base64="pEKQgryAC2abLTQSqeLDKaDedK4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG+lXjxWMbbQhrLZTtqlm03Y3Qgl9B948aDi1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/wqONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6b5z2yhW36s5AlkktJxXI0eyVv7r9mKURSsME1bpTcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAi1xZeXiXdeva66dxeVeiNPowhHcAxnUINLqMMtNMEDBiE8wyu8OSPnxXl3PuatBSefOYQ/cD5/AGLFjMo=</latexit><latexit sha1_base64="pEKQgryAC2abLTQSqeLDKaDedK4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG+lXjxWMbbQhrLZTtqlm03Y3Qgl9B948aDi1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/wqONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6b5z2yhW36s5AlkktJxXI0eyVv7r9mKURSsME1bpTcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m106ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk36XCEzYmwJZYrbWwkbUkWZseGUbAi1xZeXiXdeva66dxeVeiNPowhHcAxnUINLqMMtNMEDBiE8wyu8OSPnxXl3PuatBSefOYQ/cD5/AGLFjMo=</latexit>

� =
F
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Solution  
to Q. 4

(a) In Cartesian coordinates we write the point !  as ! . 

The radial distance of the point from the origin is ! ! . 

The vector starting at !  and finishing at !  makes the angle !

!  with the ! axis. This vector is represented as ! .

A 2 ̂i + 3 ̂j
(2)2 + (3)2 = 13

O A tan−1 =
3
2

= 56.3o X− 13 ̂r
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Solution  
to Q. 4 

Continues

Scheme  
of 

Marking

Representation of the point in Cartesian coordinates - 2 M 
Representation of the point in polar coordinates - 2 M 
Shape of each stress element - 1 M 
Each stress shown right - 1 M

L. O. No. (v)
Max Time 10 minutes

Solution  
to Q. 5

(a) The use of polar coordinates to solve this problem is justified as follows. 
We know from the concept of stress concentration around discontinuities 
in cross sectional areas that the stress !  will be maximum at !  and 
will gradually settle to a state of near uniformity as !  increases. This 
means that there exists a radius !  beyond which we can assume that the 
stress !  is constant and equals the applied stress. Our objective is now 
reduced to finding the stresses in the annulus with inner radius !  and 
outer radius ! . It is now natural to use polar coordinates to solve this 
reduced problem of stress determination in this annulus. 

(b) The boundary condition at !  is ! . 
Let !  and ! .

σx r = a
r

b
σx

a
b

r = a σr(a, θ ) = 0
AC = ℓ BC = h

(c)

!
Figure 4: Stresses at !  in Polar 

Coordinates
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<latexit sha1_base64="6jaBYUPBpBZUNn0UOR6s9/l2BFg=">AAACBXicbVBNS8NAEN34WetX1KMIi0XwICWRinoQil68CBWsLTShbLabdunmg92JtIScvPhXvHhQ8ep/8Oa/cdvmoK0PBh7vzTAzz4sFV2BZ38bc/MLi0nJhpbi6tr6xaW5t36sokZTVaSQi2fSIYoKHrA4cBGvGkpHAE6zh9a9GfuOBScWj8A6GMXMD0g25zykBLbXNPQdIgtvpYJjhC1w5wc4RdoANIL2pkaxtlqyyNQaeJXZOSihHrW1+OZ2IJgELgQqiVMu2YnBTIoFTwbKikygWE9onXdbSNCQBU246fiPDB1rpYD+SukLAY/X3REoCpYaBpzsDAj017Y3E/7xWAv6Zm/IwToCFdLLITwSGCI8ywR0uGQUx1IRQyfWtmPaIJBR0ckUdgj398iypH5fPy9ZtpVS9zNMooF20jw6RjU5RFV2jGqojih7RM3pFb8aT8WK8Gx+T1jkjn9lBf2B8/gCHJpdz</latexit><latexit sha1_base64="6jaBYUPBpBZUNn0UOR6s9/l2BFg=">AAACBXicbVBNS8NAEN34WetX1KMIi0XwICWRinoQil68CBWsLTShbLabdunmg92JtIScvPhXvHhQ8ep/8Oa/cdvmoK0PBh7vzTAzz4sFV2BZ38bc/MLi0nJhpbi6tr6xaW5t36sokZTVaSQi2fSIYoKHrA4cBGvGkpHAE6zh9a9GfuOBScWj8A6GMXMD0g25zykBLbXNPQdIgtvpYJjhC1w5wc4RdoANIL2pkaxtlqyyNQaeJXZOSihHrW1+OZ2IJgELgQqiVMu2YnBTIoFTwbKikygWE9onXdbSNCQBU246fiPDB1rpYD+SukLAY/X3REoCpYaBpzsDAj017Y3E/7xWAv6Zm/IwToCFdLLITwSGCI8ywR0uGQUx1IRQyfWtmPaIJBR0ckUdgj398iypH5fPy9ZtpVS9zNMooF20jw6RjU5RFV2jGqojih7RM3pFb8aT8WK8Gx+T1jkjn9lBf2B8/gCHJpdz</latexit><latexit sha1_base64="6jaBYUPBpBZUNn0UOR6s9/l2BFg=">AAACBXicbVBNS8NAEN34WetX1KMIi0XwICWRinoQil68CBWsLTShbLabdunmg92JtIScvPhXvHhQ8ep/8Oa/cdvmoK0PBh7vzTAzz4sFV2BZ38bc/MLi0nJhpbi6tr6xaW5t36sokZTVaSQi2fSIYoKHrA4cBGvGkpHAE6zh9a9GfuOBScWj8A6GMXMD0g25zykBLbXNPQdIgtvpYJjhC1w5wc4RdoANIL2pkaxtlqyyNQaeJXZOSihHrW1+OZ2IJgELgQqiVMu2YnBTIoFTwbKikygWE9onXdbSNCQBU246fiPDB1rpYD+SukLAY/X3REoCpYaBpzsDAj017Y3E/7xWAv6Zm/IwToCFdLLITwSGCI8ywR0uGQUx1IRQyfWtmPaIJBR0ckUdgj398iypH5fPy9ZtpVS9zNMooF20jw6RjU5RFV2jGqojih7RM3pFb8aT8WK8Gx+T1jkjn9lBf2B8/gCHJpdz</latexit>
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<latexit sha1_base64="jDotd4bXGty6wNpDlN2ob3fXUHo=">AAACBHicbVA9SwNBEN2LXzF+nVpqsRgECwkXUTSFELSxESIYE8gdYW+zSZbs7R27c+JxpLHxr9hYqNj6I+z8N26SKzTxwcDjvRlm5vmR4Boc59vKzc0vLC7llwsrq2vrG/bm1p0OY0VZnYYiVE2faCa4ZHXgIFgzUowEvmANf3A58hv3TGkeyltIIuYFpCd5l1MCRmrbu67mvYDgdoLPceUEu4fYBfYA6XWNDNt20Sk5Y+BZUs5IEWWote0vtxPSOGASqCBat8pOBF5KFHAq2LDgxppFhA5Ij7UMlSRg2kvHXwzxvlE6uBsqUxLwWP09kZJA6yTwTWdAoK+nvZH4n9eKoXvmpVxGMTBJJ4u6scAQ4lEkuMMVoyASQwhV3NyKaZ8oQsEEVzAhlKdfniX1o1Kl5NwcF6sXWRp5tIP20AEqo1NURVeohuqIokf0jF7Rm/VkvVjv1sekNWdlM9voD6zPH1pwlsU=</latexit><latexit sha1_base64="jDotd4bXGty6wNpDlN2ob3fXUHo=">AAACBHicbVA9SwNBEN2LXzF+nVpqsRgECwkXUTSFELSxESIYE8gdYW+zSZbs7R27c+JxpLHxr9hYqNj6I+z8N26SKzTxwcDjvRlm5vmR4Boc59vKzc0vLC7llwsrq2vrG/bm1p0OY0VZnYYiVE2faCa4ZHXgIFgzUowEvmANf3A58hv3TGkeyltIIuYFpCd5l1MCRmrbu67mvYDgdoLPceUEu4fYBfYA6XWNDNt20Sk5Y+BZUs5IEWWote0vtxPSOGASqCBat8pOBF5KFHAq2LDgxppFhA5Ij7UMlSRg2kvHXwzxvlE6uBsqUxLwWP09kZJA6yTwTWdAoK+nvZH4n9eKoXvmpVxGMTBJJ4u6scAQ4lEkuMMVoyASQwhV3NyKaZ8oQsEEVzAhlKdfniX1o1Kl5NwcF6sXWRp5tIP20AEqo1NURVeohuqIokf0jF7Rm/VkvVjv1sekNWdlM9voD6zPH1pwlsU=</latexit><latexit sha1_base64="jDotd4bXGty6wNpDlN2ob3fXUHo=">AAACBHicbVA9SwNBEN2LXzF+nVpqsRgECwkXUTSFELSxESIYE8gdYW+zSZbs7R27c+JxpLHxr9hYqNj6I+z8N26SKzTxwcDjvRlm5vmR4Boc59vKzc0vLC7llwsrq2vrG/bm1p0OY0VZnYYiVE2faCa4ZHXgIFgzUowEvmANf3A58hv3TGkeyltIIuYFpCd5l1MCRmrbu67mvYDgdoLPceUEu4fYBfYA6XWNDNt20Sk5Y+BZUs5IEWWote0vtxPSOGASqCBat8pOBF5KFHAq2LDgxppFhA5Ij7UMlSRg2kvHXwzxvlE6uBsqUxLwWP09kZJA6yTwTWdAoK+nvZH4n9eKoXvmpVxGMTBJJ4u6scAQ4lEkuMMVoyASQwhV3NyKaZ8oQsEEVzAhlKdfniX1o1Kl5NwcF6sXWRp5tIP20AEqo1NURVeohuqIokf0jF7Rm/VkvVjv1sekNWdlM9voD6zPH1pwlsU=</latexit>
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Figure 6: Resolution of the Applied 

Force on �  Along the Radial and 
Tangential Directions

⌧r✓ · `
<latexit sha1_base64="Xw5haSUFupy3TFmNLu5YCGyngXk=">AAACAnicbVA9SwNBEN2LXzF+Re20WQyCVbiIoHZBG8sIngnkQtjbm0uW7O0du3NCOAI2/hUbCxVbf4Wd/8bNR6GJDwYe780wMy9IpTDout9OYWl5ZXWtuF7a2Nza3inv7t2bJNMcPJ7IRLcCZkAKBR4KlNBKNbA4kNAMBtdjv/kA2ohE3eEwhU7MekpEgjO0Urd84CPLaDfXPvYB2Yj6PEyQ+iBlt1xxq+4EdJHUZqRCZmh0y19+mPAsBoVcMmPaNTfFTs40Ci5hVPIzAynjA9aDtqWKxWA6+eSHET22SkijRNtSSCfq74mcxcYM48B2xgz7Zt4bi/957Qyji04uVJohKD5dFGWSYkLHgdBQaOAoh5YwroW9lfI+04yjja1kQ6jNv7xIvNPqZdW9PavUr2ZpFMkhOSInpEbOSZ3ckAbxCCeP5Jm8kjfnyXlx3p2PaWvBmc3skz9wPn8AH6OXYg==</latexit><latexit sha1_base64="Xw5haSUFupy3TFmNLu5YCGyngXk=">AAACAnicbVA9SwNBEN2LXzF+Re20WQyCVbiIoHZBG8sIngnkQtjbm0uW7O0du3NCOAI2/hUbCxVbf4Wd/8bNR6GJDwYe780wMy9IpTDout9OYWl5ZXWtuF7a2Nza3inv7t2bJNMcPJ7IRLcCZkAKBR4KlNBKNbA4kNAMBtdjv/kA2ohE3eEwhU7MekpEgjO0Urd84CPLaDfXPvYB2Yj6PEyQ+iBlt1xxq+4EdJHUZqRCZmh0y19+mPAsBoVcMmPaNTfFTs40Ci5hVPIzAynjA9aDtqWKxWA6+eSHET22SkijRNtSSCfq74mcxcYM48B2xgz7Zt4bi/957Qyji04uVJohKD5dFGWSYkLHgdBQaOAoh5YwroW9lfI+04yjja1kQ6jNv7xIvNPqZdW9PavUr2ZpFMkhOSInpEbOSZ3ckAbxCCeP5Jm8kjfnyXlx3p2PaWvBmc3skz9wPn8AH6OXYg==</latexit><latexit sha1_base64="Xw5haSUFupy3TFmNLu5YCGyngXk=">AAACAnicbVA9SwNBEN2LXzF+Re20WQyCVbiIoHZBG8sIngnkQtjbm0uW7O0du3NCOAI2/hUbCxVbf4Wd/8bNR6GJDwYe780wMy9IpTDout9OYWl5ZXWtuF7a2Nza3inv7t2bJNMcPJ7IRLcCZkAKBR4KlNBKNbA4kNAMBtdjv/kA2ohE3eEwhU7MekpEgjO0Urd84CPLaDfXPvYB2Yj6PEyQ+iBlt1xxq+4EdJHUZqRCZmh0y19+mPAsBoVcMmPaNTfFTs40Ci5hVPIzAynjA9aDtqWKxWA6+eSHET22SkijRNtSSCfq74mcxcYM48B2xgz7Zt4bi/957Qyji04uVJohKD5dFGWSYkLHgdBQaOAoh5YwroW9lfI+04yjja1kQ6jNv7xIvNPqZdW9PavUr2ZpFMkhOSInpEbOSZ3ckAbxCCeP5Jm8kjfnyXlx3p2PaWvBmc3skz9wPn8AH6OXYg==</latexit>
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A
<latexit sha1_base64="emVJmrRItC2xS4P6F38bPoTc9xY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9VLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqXvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Jk+jCEdwDKdQgwuowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8BKIyY</latexit><latexit sha1_base64="emVJmrRItC2xS4P6F38bPoTc9xY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9VLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqXvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Jk+jCEdwDKdQgwuowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8BKIyY</latexit><latexit sha1_base64="emVJmrRItC2xS4P6F38bPoTc9xY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9VLx5bMLbQhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/woONUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0O/VbT6g0j+W9GSfoR3QgecgZNVZqXvfKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Jk+jCEdwDKdQgwuowx00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8BKIyY</latexit>

B
<latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit><latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit><latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit>

C
<latexit sha1_base64="1J8cfU8sKBiQgZnJ7EfYnZqKcOY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+GoPvNbT6g0T+S9GacYxHQgecQZNVZq1nvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qbrNy0rtNk+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8ELoya</latexit><latexit sha1_base64="1J8cfU8sKBiQgZnJ7EfYnZqKcOY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+GoPvNbT6g0T+S9GacYxHQgecQZNVZq1nvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qbrNy0rtNk+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8ELoya</latexit><latexit sha1_base64="1J8cfU8sKBiQgZnJ7EfYnZqKcOY=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG/FXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+GoPvNbT6g0T+S9GacYxHQgecQZNVZq1nvlilt15yCrxMtJBXI0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qbrNy0rtNk+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8ELoya</latexit>

✓
<latexit sha1_base64="gYx5KhbsdwehWm3ovt0YsesD+Ow=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbTbt2swm7E6GE/gcvHlS8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0O/VbT1wbkagHHKc8iOlAiUgwilZqdnHIkfYqVbfmzkCWiVeQKhRo9Cpf3X7CspgrZJIa0/HcFIOcahRM8km5mxmeUjaiA96xVNGYmyCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+gqyIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee265t5fVOs3RRolOIYTOAMPLqEOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wcQDI77</latexit><latexit sha1_base64="gYx5KhbsdwehWm3ovt0YsesD+Ow=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbTbt2swm7E6GE/gcvHlS8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0O/VbT1wbkagHHKc8iOlAiUgwilZqdnHIkfYqVbfmzkCWiVeQKhRo9Cpf3X7CspgrZJIa0/HcFIOcahRM8km5mxmeUjaiA96xVNGYmyCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+gqyIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee265t5fVOs3RRolOIYTOAMPLqEOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wcQDI77</latexit><latexit sha1_base64="gYx5KhbsdwehWm3ovt0YsesD+Ow=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMF0xbaUDbbTbt2swm7E6GE/gcvHlS8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0O/VbT1wbkagHHKc8iOlAiUgwilZqdnHIkfYqVbfmzkCWiVeQKhRo9Cpf3X7CspgrZJIa0/HcFIOcahRM8km5mxmeUjaiA96xVNGYmyCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+gqyIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee265t5fVOs3RRolOIYTOAMPLqEOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wcQDI77</latexit>

X<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

Y
<latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit><latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit><latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit>

O
<latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit>

ABCA r = b
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Part C 
(15 M + 15 M = 30 Marks)  

Solution  
to Q. 5 

Continues

Scheme  
of 

Marking

L. O. No. (viii)
Max Time 20 minutes

Justifying the use of polar coordinates to solve this problem - 4 M 
The boundary condition at !  - 2 M 
The boundary conditions at !  - 4 M 
Determination of !  and !  - 2 M

r = a
r = b

σr(a,30o) σr(b,30o)

Then we see from Figure 5 that ! . We observe the following 

from Figure 6: ! ! , and !  
! ! . Therefore, the boundary 
conditions at !  are !  and  !
! . 

(c) From the boundary condition !   we see that  ! . 
From the boundary condition !  we can see that 

! .

cos θ =
h
l

(σx ⋅ h)cos θ = σr ⋅ ℓ ⟹ σr = σx cos2 θ (σx ⋅ h)
sin θ = − τrθ ⋅ ℓ ⟹ τrθ = − σx sin θ cos θ

r = b σr(b, θ ) = σx cos2 θ τrθ(b, θ ) = − σx sin θ
⋅ cos θ

σr(a, θ ) = 0 σr(a,30o) = 0
σr(b, θ ) = σx cos2 θ

σr(b,30o) = 100 cos 30o = 100 ⋅
3

2
= 50 3

Solution  
to Q. 6

Scheme  
of 

Marking

(a) Two boundary conditions that will help us determine !  are !  

and ! . 

(b) The tangential stress experienced by the fibre !  is ! . 

This can be rewritten as  

! ! . 

Substituting this into the two boundary conditions in (a) and using the 

integral relations mentioned in the question gives us !  and 

! ! . By substituting for !  and !  in the  expression 

for !  we get ! .

σθ ∫ σθd A = 0

∫ σθyd A = M

gh σθ = E
ϵcR + yλ

R + y

σθ = E
ϵcR + yλ + ϵcy − ϵcy

R + y
= E[ϵc + (λ − ϵc)

y
R + y

]

ϵc =
M

EAR

λ − ϵc =
M

mEAR
ϵc (λ − ϵc)

σθ σθ =
M
AR

(1 +
y

m(R + y)
)

The two boundary conditions - 6 M 
Rewriting !  and substituting it into the two boundary conditions - 5 M 
Expressions for !  and !  - 2 M 
Final expression for !  - 2 M

σθ
ϵc (λ − ϵc)

σθ
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The End

L. O. No. (viii)
Max Time 25 minutes

Solution  
to Q. 7

Scheme  
of 

Marking

L. O. No. (ix)
Max Time 25 minutes

(c)

!  
Figure 7: The "Half Plane"

O
<latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit><latexit sha1_base64="vm5/Dcm8eRFnq54IWynf1K8HUow=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL95swdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedcrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDrfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4AFlKMpg==</latexit>

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

Y
<latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit><latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit><latexit sha1_base64="82IsHSv6nXAOk+/AhqxBVg6IPpE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbShrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8lcIyw</latexit>

F1
<latexit sha1_base64="lJO3DUZyW6f7lIlg987265AacRo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1Bqw8GHu/NMDMvTAXXxnW/nNLS8srqWnm9srG5tb1T3d170EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mvqtR1SaJ/LejFMMYjqQPOKMGivdXfe8XrXm1t0ZyF/iFaQGBZq96me3n7AsRmmYoFp3PDc1QU6V4UzgpNLNNKaUjegAO5ZKGqMO8tmpE3JklT6JEmVLGjJTf07kNNZ6HIe2M6ZmqBe9qfif18lMdB7kXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtOxYbgLb78l/gn9Yu6e3taa1wWaZThAA7hGDw4gwbcQBN8YDCAJ3iBV0c4z86b8z5vLTnFzD78gvPxDS0pjUE=</latexit><latexit sha1_base64="lJO3DUZyW6f7lIlg987265AacRo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1Bqw8GHu/NMDMvTAXXxnW/nNLS8srqWnm9srG5tb1T3d170EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mvqtR1SaJ/LejFMMYjqQPOKMGivdXfe8XrXm1t0ZyF/iFaQGBZq96me3n7AsRmmYoFp3PDc1QU6V4UzgpNLNNKaUjegAO5ZKGqMO8tmpE3JklT6JEmVLGjJTf07kNNZ6HIe2M6ZmqBe9qfif18lMdB7kXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtOxYbgLb78l/gn9Yu6e3taa1wWaZThAA7hGDw4gwbcQBN8YDCAJ3iBV0c4z86b8z5vLTnFzD78gvPxDS0pjUE=</latexit><latexit sha1_base64="lJO3DUZyW6f7lIlg987265AacRo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1Bqw8GHu/NMDMvTAXXxnW/nNLS8srqWnm9srG5tb1T3d170EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mvqtR1SaJ/LejFMMYjqQPOKMGivdXfe8XrXm1t0ZyF/iFaQGBZq96me3n7AsRmmYoFp3PDc1QU6V4UzgpNLNNKaUjegAO5ZKGqMO8tmpE3JklT6JEmVLGjJTf07kNNZ6HIe2M6ZmqBe9qfif18lMdB7kXKaZQcnmi6JMEJOQ6d+kzxUyI8aWUKa4vZWwIVWUGZtOxYbgLb78l/gn9Yu6e3taa1wWaZThAA7hGDw4gwbcQBN8YDCAJ3iBV0c4z86b8z5vLTnFzD78gvPxDS0pjUE=</latexit>

F2
<latexit sha1_base64="TPRDcOdhujZ3mgp5EUS7b/b+EAo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mLoN6KgnisaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef/gUcepYuixWMSqHVCNgkv0DDcC24lCGgUCW8Hoeuq3nlBpHssHM07Qj+hA8pAzaqx0f9Or98oVt+rOQJZJLScVyNHslb+6/ZilEUrDBNW6U3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhBd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwItcWXl4lXr15W3buzSuMqT6MIR3AMp1CDc2jALTTBAwYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPy6sjUI=</latexit><latexit sha1_base64="TPRDcOdhujZ3mgp5EUS7b/b+EAo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mLoN6KgnisaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef/gUcepYuixWMSqHVCNgkv0DDcC24lCGgUCW8Hoeuq3nlBpHssHM07Qj+hA8pAzaqx0f9Or98oVt+rOQJZJLScVyNHslb+6/ZilEUrDBNW6U3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhBd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwItcWXl4lXr15W3buzSuMqT6MIR3AMp1CDc2jALTTBAwYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPy6sjUI=</latexit><latexit sha1_base64="TPRDcOdhujZ3mgp5EUS7b/b+EAo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mLoN6KgnisaGyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef/gUcepYuixWMSqHVCNgkv0DDcC24lCGgUCW8Hoeuq3nlBpHssHM07Qj+hA8pAzaqx0f9Or98oVt+rOQJZJLScVyNHslb+6/ZilEUrDBNW6U3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhBd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwItcWXl4lXr15W3buzSuMqT6MIR3AMp1CDc2jALTTBAwYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPy6sjUI=</latexit>

The↵ = �⇡ face
<latexit sha1_base64="XxFLrdCKEZZK0iprEtyDckog4Uc=">AAACEnicbVDLSgNBEJyNrxhfUY9eBoMgomEjgnoQgl48RjAqZEPonfSaIbMPZnrFsOQfvPgrXjyoePXkzb9xsubgq6ChqOqmu8tPlDTkuh9OYWJyanqmOFuam19YXCovr1yYONUCmyJWsb7ywaCSETZJksKrRCOEvsJLv38y8i9vUBsZR+c0SLAdwnUkAymArNQpb3mEt5Sd93DIvW3ugUp6wI/4jpfIXMjtAAQOO+WKW3Vz8L+kNiYVNkajU373urFIQ4xIKDCmVXMTamegSQqFw5KXGkxA9OEaW5ZGEKJpZ/lPQ75hlS4PYm0rIp6r3ycyCI0ZhL7tDIF65rc3Ev/zWikFB+1MRklKGImvRUGqOMV8FBDvSo2C1MASEFraW7nogQZBNsaSDaH2++W/pLlbPay6Z3uV+vE4jSJbY+tsk9XYPquzU9ZgTSbYHXtgT+zZuXcenRfn9au14IxnVtkPOG+fb3mc1Q==</latexit><latexit sha1_base64="XxFLrdCKEZZK0iprEtyDckog4Uc=">AAACEnicbVDLSgNBEJyNrxhfUY9eBoMgomEjgnoQgl48RjAqZEPonfSaIbMPZnrFsOQfvPgrXjyoePXkzb9xsubgq6ChqOqmu8tPlDTkuh9OYWJyanqmOFuam19YXCovr1yYONUCmyJWsb7ywaCSETZJksKrRCOEvsJLv38y8i9vUBsZR+c0SLAdwnUkAymArNQpb3mEt5Sd93DIvW3ugUp6wI/4jpfIXMjtAAQOO+WKW3Vz8L+kNiYVNkajU373urFIQ4xIKDCmVXMTamegSQqFw5KXGkxA9OEaW5ZGEKJpZ/lPQ75hlS4PYm0rIp6r3ycyCI0ZhL7tDIF65rc3Ev/zWikFB+1MRklKGImvRUGqOMV8FBDvSo2C1MASEFraW7nogQZBNsaSDaH2++W/pLlbPay6Z3uV+vE4jSJbY+tsk9XYPquzU9ZgTSbYHXtgT+zZuXcenRfn9au14IxnVtkPOG+fb3mc1Q==</latexit><latexit sha1_base64="XxFLrdCKEZZK0iprEtyDckog4Uc=">AAACEnicbVDLSgNBEJyNrxhfUY9eBoMgomEjgnoQgl48RjAqZEPonfSaIbMPZnrFsOQfvPgrXjyoePXkzb9xsubgq6ChqOqmu8tPlDTkuh9OYWJyanqmOFuam19YXCovr1yYONUCmyJWsb7ywaCSETZJksKrRCOEvsJLv38y8i9vUBsZR+c0SLAdwnUkAymArNQpb3mEt5Sd93DIvW3ugUp6wI/4jpfIXMjtAAQOO+WKW3Vz8L+kNiYVNkajU373urFIQ4xIKDCmVXMTamegSQqFw5KXGkxA9OEaW5ZGEKJpZ/lPQ75hlS4PYm0rIp6r3ycyCI0ZhL7tDIF65rc3Ev/zWikFB+1MRklKGImvRUGqOMV8FBDvSo2C1MASEFraW7nogQZBNsaSDaH2++W/pLlbPay6Z3uV+vE4jSJbY+tsk9XYPquzU9ZgTSbYHXtgT+zZuXcenRfn9au14IxnVtkPOG+fb3mc1Q==</latexit>

The� = 0 face
<latexit sha1_base64="wyJj0l1iq3v+Std1xoHg677TRw4=">AAACDnicbVA9SwNBEN2LXzF+nVraLAbFQsJFBLUQgjaWERITyIWwt5lLlux9sDsnhiP/wMa/YmOhYmtt579xc0mhiQ8G3r43w848L5ZCo+N8W7mFxaXllfxqYW19Y3PL3t6501GiONR5JCPV9JgGKUKoo0AJzVgBCzwJDW9wPfYb96C0iMIaDmNoB6wXCl9whkbq2IcuwgOmtT6MqHtMXQ+Q0UvqZI/M8hmHUccuOiUnA50n5SkpkimqHfvL7UY8CSBELpnWrbITYztlCgWXMCq4iYaY8QHrQcvQkAWg22l2z4geGKVL/UiZCpFm6u+JlAVaDwPPdAYM+3rWG4v/ea0E/fN2KsI4QQj55CM/kRQjOg6HdoUCjnJoCONKmF0p7zPFOJoICyaE8uzJ86R+UrooObenxcrVNI082SP75IiUyRmpkBtSJXXCySN5Jq/kzXqyXqx362PSmrOmM7vkD6zPHzEUmxE=</latexit><latexit sha1_base64="wyJj0l1iq3v+Std1xoHg677TRw4=">AAACDnicbVA9SwNBEN2LXzF+nVraLAbFQsJFBLUQgjaWERITyIWwt5lLlux9sDsnhiP/wMa/YmOhYmtt579xc0mhiQ8G3r43w848L5ZCo+N8W7mFxaXllfxqYW19Y3PL3t6501GiONR5JCPV9JgGKUKoo0AJzVgBCzwJDW9wPfYb96C0iMIaDmNoB6wXCl9whkbq2IcuwgOmtT6MqHtMXQ+Q0UvqZI/M8hmHUccuOiUnA50n5SkpkimqHfvL7UY8CSBELpnWrbITYztlCgWXMCq4iYaY8QHrQcvQkAWg22l2z4geGKVL/UiZCpFm6u+JlAVaDwPPdAYM+3rWG4v/ea0E/fN2KsI4QQj55CM/kRQjOg6HdoUCjnJoCONKmF0p7zPFOJoICyaE8uzJ86R+UrooObenxcrVNI082SP75IiUyRmpkBtSJXXCySN5Jq/kzXqyXqx362PSmrOmM7vkD6zPHzEUmxE=</latexit><latexit sha1_base64="wyJj0l1iq3v+Std1xoHg677TRw4=">AAACDnicbVA9SwNBEN2LXzF+nVraLAbFQsJFBLUQgjaWERITyIWwt5lLlux9sDsnhiP/wMa/YmOhYmtt579xc0mhiQ8G3r43w848L5ZCo+N8W7mFxaXllfxqYW19Y3PL3t6501GiONR5JCPV9JgGKUKoo0AJzVgBCzwJDW9wPfYb96C0iMIaDmNoB6wXCl9whkbq2IcuwgOmtT6MqHtMXQ+Q0UvqZI/M8hmHUccuOiUnA50n5SkpkimqHfvL7UY8CSBELpnWrbITYztlCgWXMCq4iYaY8QHrQcvQkAWg22l2z4geGKVL/UiZCpFm6u+JlAVaDwPPdAYM+3rWG4v/ea0E/fN2KsI4QQj55CM/kRQjOg6HdoUCjnJoCONKmF0p7zPFOJoICyaE8uzJ86R+UrooObenxcrVNI082SP75IiUyRmpkBtSJXXCySN5Jq/kzXqyXqx362PSmrOmM7vkD6zPHzEUmxE=</latexit>

(a) From Items 7 and 9 in Table 1 we can use the Airy's stress function 
! !  and 

the relations !  to find the shear stress ! . We get 

! . 

(b) !

ϕ = C1 rθ sin θ + C2 r ln r cos θ+C3 rθ cos θ + C4 r ln r sin θ

τrθ =
1
r2

∂ϕ
∂θ

−
1
r

∂2ϕ
∂r∂θ

τrθ

τrθ = c2(
sin θ

r
) − c4(

cos θ
r

)

ΣFY = 0 : F2 + ∫
β

α
[σr(a, θ )sin θ + τrθ(a, θ )cos θ ]adθ = 0.

(d) From the two given relations we get 

!

! . 

From Item 11 we get ! .

F1 + 2∫
0

−π
c1 cos2 θdθ

+2∫
0

−π
c3 sin θ cos θdθ = 0

F1 + c1π = 0

The expression for shear stress - 3 M 
Each term in the left hand side of the equation - 2 M 
Sketch of the “half plane” - 3 M 
Substituting for !  in the given equilibrium condition - 1 M 
Using Item 11 - 1 M 
Obtaining !  - 1 M

σr(a, θ )

F1 + c1π = 0
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Instructions 
(i) Answer all the questions! 
(ii) It is your duty to make your work understood to the evaluator of your test. Write neatly! 
(iii) Freehand drawings are encouraged to save you time. 

Part A 
(6 M + 2 M + 2 M = 10 Marks)  

1. Sketch only the shapes of the 2-D differential stress elements in Cartesian and polar 

coordinates. Next, show the stresses acting only on the element in polar coordinates. 

2. Identify suitable stress elements for the analysis of the following engineering structures. 

(a) Beams (b) Cylinders  (c) Rotating disks  (d) A Plate with a Hole 

3. Choose two suitable unit vectors to help locate a point in 2-D space in the polar 

coordinate system. Can these unit vectors move or they fixed? Explain your answer. 

Part B 
      (6 M + 5 M + 5 M = 16 Marks)  

4. Check if the stresses as defined by the Airy’s stress function !  satisfy 

!  and ! . 

5. Write down the partial differential equations of equilibrium and the compatibility equation 

for a 2-D differential stress element in Cartesian coordinates. Explain briefly the concept 

of solution to these equations. 

6. Write down the biharmonic equation in Cartesian coordinates. Explain how the 

biharmonic equation in polar coordinates can be derived from the biharmonic equation 

in Cartesian coordinates. Do not perform the actual derivation, just explain the steps 

involved in the process. 

                  ID NO: 

    PRESIDENCY UNIVERSITY, BENGALURU 
SCHOOL OF ENGINEERING

Weightage: 20% Max Marks: 40 Max Time: 1 Hour  Tuesday, March 27, 2018

TEST – 2 SET A

Even Semester 2017-18 Course: MEC 218 Advanced Mechanics 
of Solids VI Sem Mechanical

!  

ϕ(x, y)
∂σx

∂x
+

∂τxy

∂y
= 0

∂τxy

∂x
+

∂σy

∂y
= 0
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Part C 

(8 M + 6 M = 14 Marks)    
7. Write down the boundary conditions for the beam and thick cylinder with loads as 

described in (a) and (b). Choose numbers or suitable letters of the English and Greek 

alphabet to denote any geometric parameters, loads and stresses.  

(a) A beam in pure bending, 

(b) A “plane stress pipe” subjected only to internal pressure and no external pressure. 

8. Check to see if the Airy’s stress function ! , where !  and !  are 

constants, satisfies the biharmonic equation in Cartesian coordinates and the boundary 

condition ! . 

The End

ϕ(x, y) = a1x + b1y a1 b1

∫
h

−h
4τxydy = 2000
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Instructions 
(i) Answer all the questions! 
(ii) You have sixty minutes to answer the test. Plan your test! 
(iii) It is your duty to make your work understood to the evaluator of your test. Write neatly! 
(iv) Freehand drawings are encouraged to save you time. 
(v) You will need to use non-programmable calculators to answer this test. 

Part A 
(2 Q x 5 M = 10 Marks)  

1. Draw a neat sketch of a 2-D differential stress element subjected to the state of plane 

stress. Is the element on which the stresses act a 3-D element or a 2-D element? 

2. Explain (in a sentence or two!) principal stresses for the plane stress situation for a 2-D 

differential stress element with a sketch. What is the magnitude and direction of the 

shear stress on each of the principal planes? 

Part B 
           (2 Q x 8 M = 16 Marks)  
3. The following questions pertain to the uniaxial and the generalised Hooke’s law. 

                  ID NO: 

    PRESIDENCY UNIVERSITY, BENGALURU 
SCHOOL OF ENGINEERING

Weightage: 20% Max Marks: 40 Max Time: 1 Hour  Thursday, Feb 22, 2018

TEST – 1

Even Semester 2017-18 Course: MEC 218 Advanced Mechanics 
of Solids VI Sem Mechanical

!  

(i) State the mathematical relations for 

the uniaxial and the generalised 

Hooke’s law. Define all terms in 

both the mathematical relations. Do 

not write any explanations! 

(ii) Determine the change in height of 

the element of a machine member 

subjected to the forces shown in 

Figure 1. Assume the Young’s 

modulus E!  GPa and the 

Poisson’s ratio ! .

= 200
ν = 0.3

!  
Figure 1: An Element in a Machine Member

h = 30mm

w = 10mm
` = 20mm

45 kN

45 kN

15 kN15 kN
O

X

Y

Z
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4. The following questions test your knowledge on concepts related to the hydrostatic state 

of stress and strain energy. 

(i) Sketch the hydrostatic state of stress using a 3-D differential stress element. 

(ii) We have seen in class that the strain energy stored in an elastic body per unit 

volume !  is given by !  where 

! !  and !  are the principal stresses. Starting from this relation derive an 

expression for the hydrostatic strain energy in an elastic body per unit volume in 

terms of the principal stresses ! !  and ! . 

Part C 

(2 Q x 7 M = 14 Marks)    
5. We now test your knowledge on the theories of failure in the following questions. 

(i) Suppose a machine element is made of cast iron. Name a failure theory that is 

suitable to check if the machine element fails or is safe to the subjected stresses. 

6. The partial differential equations 

!  and 

!  

are the equations of equilibrium for a 2-D differential stress element. Starting with the 

right differential stress element show the appropriate stresses and body forces acting on 

it and derive any one of the two partial differential equations.  

The End

𝒰 𝒰 =
1

2E
[σ2

1 + σ2
2 + σ2

3 − 2ν(σ1σ2 + σ2σ3 + σ3σ1)]

σ1, σ2 σ3

σ1, σ2 σ3

(ii) Figure 2 shows an element of a 

machine member made of steel 

subjected to stresses. Using the 

distortion energy theory of failure 

for ductile materials check if the 

element fails or is safe when 

subjected to the stresses shown in 

the figure. Assume the yield 

strength !  of the material of the 

machine member is !  MPa.

Sy

245

!  
Figure 2: An Element in a Machine Member

200MPa

75MPa

75MPa

200MPa

60MPa

60MPa

60MPa

60MPa

O
X

Y

∂σx

∂x
+

∂τxy

∂y
+ Fx = 0

∂τxy

∂x
+

∂σy

∂y
+ Fy = 0
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