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Problem 1.

For the given matrix A sho~ below, find an orthogonal matrix Q and a diagonal matrix D such
that A=QDQT where det(Q)1.

1 —2 2
A= —2 1 —2

2 —2 1



Problem 2.

Find the first three coefficients of the Taylor expansion of eS~ about x=O.

(Taylor series: f(a) + 9~1 (x — a) + [“(a) (x — a)2 +•••)



Problem 3.

(1) The position of a particle is given by rt2i+2j+5(t-l)k meters, measured in a reference frame
that has no translational velocity but that has an angular velocity of 20 rad!s about the z axis.
Determine the absolute velocity at t=2s.

(2) Find a unit vector n normal to the surface represented by the equation x2-8y2+z~0 at the
point (4, 2, 4).

(3) A vector field is given by u=y21+2xyj-z2k. Determine the divergence of u and curl of u at the
point (1, 2, 1).



Problem 4.

The number of Facebook users F(t) who are exposed to a particular advertisement as a
function of time is governed by the Zuckerberg equation:

= F (a - bF)

where a and b are constants. For a particular account holder, F(0) = 500 and after one
day, Facebook’s data show that F(1) = 1000. If it is predicted that F(oo) = 50,000, what

values do a and b take in the Zuckerberg equation?



Problem 5.

The conductive heat transfer in a rod of length L is described by the equation

Ott
—1w = — , 0 <x < L t> 0

Ox Ot

where u(x, t) is the local temperature of the rod, t is time, and It and it are positive constants
describing the thermal conductivity and surface heat transfer coefficients in the rod. The
ends of the rod are insulated so that On/Ox = 0 at x = 0 and at x = L.

(1) Find the general solution of this PDE.

(ii) Find the eigenvalues for which the boundary conditions are satisfied and give the solution

that satisfies these boundary conditions.

(iii) If the temperature distribution in the rod at t = 0 is f(x), find an expression for each

undetermined coefficient in your answer to (ii).



Problem 6.

The ordinary differential equation:

&y dy
+ x— y = 0the2 dx

has initial conditions: y = 1 at x = 0 and dy/the = 2 at x = 0.
(i) Use Euler’s method (forward Euler, not finite difference) to find the approximate value

of y and dy/dx at x = 0.2 using a step size of Ax = 0.1
(ii) Find an analytical solution to this ODE.


