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Question: 1 (15 points) Given the vectors 7] = i+ af%—/g , 7 = bit+aj+ bk
, T3 = bi — bk, determine all the values of a and b for which they are linearly
dependent.

Question: 2 (20 points) Calculate the circumference of the cardioid r =
a(l + cosf). Sketch the graph of this curve.

Question: 3 (20 points) State Green’s theorem and use it to find the area
under one arch of the cycloid

7(t) = a(t — sin)i + a(1 — cosh)j , 0 <t < 2r.

Question: 4 (20 points) Derive the equation of a circle that passes
through the points P; : (1,2) , P> : (2,3) , Ps;(3,1). Use matrix methods.

Question: 5 (25 points) A rigid 3-body system is given by m; = 1 at
the point (1,1, —2), mg = 2 at the point (—1,—1,0), ms = 1 at the point
(1,1,2). The components of the moment of inertia tensor are

3
I = ij(yj2 + Zj2)7 cey
Jj=1

3
Imy = Iy;t = —ijxjyj, Cee
j=1

i. Calculate the moment of inertia matrix

12 -4 0
I=| -4 12 0
0 0 8

ii. Diagonalize the moment of inertia matrix, obtaining the eigenvalues
and the principal axes of rotation (as normalized eigenvectors).



