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Q1. Index notation, integration by parts and Lagrange multipliers 

Most candidates managed most of parts (a) and (b). Some attempted to incorrectly use Stokes The
orem (confusing this with Stokes equations). Few candidates completed part (c) successfully, with 
many failing to use a Lagrange multiplier to impose the constraint and/or overcomplicating the prob
lem by taking variations with respect to t, which is fixed. Few identified the pressure as playing the 
role of a Lagrange multiplier. 

Q2. Constrained minimisation 

Almost all candidates answered part (a) correctly and formulated the potential energy expression in 
part (b). Numerous candidates formulated a trivial constraint for part (b), but failed to express it in 
terms of y. A number of candidates incorrectly took variations with respect to p in part (c). 

Q3. Separation of variables 

Almost all candidates could apply separation of variables, but many did so to the wrong system, failing 
to convert the Laplace operator into polar coordinates. It was often treated in Cartesian coordinates, 
and in some cases spherical coordinates. 

Q4. Cbaracteristics for systems of first-order PDEs 

Most candidates successfully formulated the hyperbolic condition. However, a number introduced the 
determinant of the matrix A, rather than considering eigenvalues ofA. Most could find the eigenValues 
and eigenvectors for part (b). Most candidates struggled with part (c). 

G.N. Wells (Principal Assessor) 
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