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Tore



Tore Butlin
(a) Velocities. Nearly all solutions involved a velocity diagram. There was the usual occurrence of poorly annotated diagrams and absent signs/directions in the answers. (b) Accelerations. There were very few correct answers. Most solutions involved an acceleration diagram, but the Euler acceleration component of the connecting rod was often missing. (c) Virtual power. Very few correct answers, even accounting for errors carried over from (a) and (b). Errors included missing or incorrect terms, wrong signs, inclusion of gravity.
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Tore Butlin
(a) Accelerations. Nearly all solutions incorrectly assumed that the beam rotates about B, with diagrams drawn showing centripetal, Euler and angular components of acceleration at the centre of mass. This assumption reduced the sytem from 3dof to 1dof and made the question much easier. (b) Shear force. Most solutions were successful in cutting the beam to introduce a shear force variable. The location of zero shear force was often found correctly.
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Tore Butlin
(a) Potential energy. Most solutions were correct. (b) Kinetic energy. Many solutions were incorrect due to errors in calculating the angular or translation velocities of the centre of the ring, or errors in the inertia of the ring. (c) Natural frequency. Most solutions used a correct method.



Very common across the solutions to all three questions were tiny or illegible diagrams and illegible writing.







Tore Butlin
A popular question. Most candidates correctly found the Lagrangian in Part (a). The equations of motion were accurately derived by most candidates in (b), and mistakes tended to be slips or inaccurate differentiation. Similarly the constant was clearly identified by most candidates in (c). Part (d) presented the most significant challenge, where many candidates struggled to derive the effective potential. In Part (e), few candidates identified that the lack of a singularity in the effective potential allowed the bead to travel to both halves of the hoop, contrasting with the example of the massless hoop in the lecture notes.









Tore Butlin
Not a popular question, but those who attempted it generally did well. Part (a) presented few challenges, except that many candidates did not correctly identify the range of angles for which the equations were valid in (a)(iii). The potential energy in Part (b)(i) was generally sketched accurately, the most common mistake being to smooth out the discontinuities. Equilibria and stability were generally identified accurately in Part (b)(ii), but the phase portrait in (b)(iii) caused more difficulty, with most candidates missing the discontinuities. Hardly any candidates successfully integrated the given equation in (c) to find the period of oscillation: the most common errors were to integrate the differential equation with respect to phi directly rather than rearrange first; and to forget to multiply by four to account for a whole period.









Tore Butlin
A popular question. Nearly all candidates correctly found the Lagrangian in (a), but the equilibria in (b) presented a much bigger challenge. Most candidates identified the simultaneous equations to solve, earning some of the available marks, but many then got lost in algebra rather than astute rearrangement. Attempts for Part (c) were rather mixed: many candidates correctly found the nonlinear equations of motion but could not linearise them, and many also did not spot that the constant terms would be zero for linearisation about an equilibrium. Although many candidates correctly answered Part (d), a significant number did not successfully find the eigenvalue/eigenvector decomposition.




