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1. Consider the following Runge-Kutta method with Butcher tableau
1/315/12 —1/12
o g 1/4
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(i) Find the values «, 3 and ~y such that this numerical scheme has highest possible accuracy. [4]
(i1) Discuss the stability of numerical scheme for these obtained values of «, 5 and 7. [6]

2. Given that the characteristic polynomial p(¢) = &2 — 1, find the corresponding explicit LMM. Also
discuss the 0—stability of this numerical scheme. [3+3]

3. Recall the system of ODE for Timoshenko’s beam from the mid-semester exam, which had the form

of
dPu(r)  dy(z) 0 Py(x)  du(x)
dx? de — da? ir

where « is a constant.
(1) Check whether or not

=0forz € [0,1].
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is the fundamental solution matrix for the given system of ODEs (don’t try to derive it, rather use the
definition of the fundamental solution matrix). [5]

(11) For o = 1, discuss the uniqueness and existence for BVP with the following boundary conditions:
(@) u(0) =1, 4 (0) =0,v(1) =0, and v'(1) = 0. [3]

(b) v (0) =1,v(0) + «/(0) =0, v(1) = 0, and 7/(1) = 0. (2]



4. Find the index of the following system of DAEs (motion of a pendulum of a fixed length /)

2'(t) = u(t),

y'(t) = v(t),
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Va2 +yt2 =1.

The unknowns are the coordinates x(t), y(t), their velocities u(t) and v(t), and the force exerted by
the rod is A(t), while m (mass) and g (gravity) are known constants. (4]

5. Consider the two-point boundary value problem

(1+z)u)y =0, 0<z<l; wu(0)=0 u'(1)=1
(i) Write the weak form of the given BVP. [2]

(ii) Divide the interval 0 < z < 1 into 3 sub-intervals of equal length A = 1/3 and construct the
stiffness matrix M and the load vector b. [6]

(111) Find Ug, U1, U9 and us. [2]



