Exercise 3.1 In terms of the Xg, ., Zs coordinates of a fixed space frame {s},
the frame {a} has its X,-axis pointing in the direction (0,0,1) and its y,-axis
pointing in the direction (—1,0,0), and the frame {b} has its X,-axis pointing
in the direction (1,0,0) and its y,,-axis pointing in the direction (0,0, —1).

(a) Draw by hand the three frames, at different locations so that they are easy
to see.

(b) Write down the rotation matrices R, and Rgy.

(c) Given Ry, how do you calculate R_' without using a matrix inverse?
Write down Rs_b1 and verify its correctness using your drawing.

(d) Given R, and Ry, how do you calculate R, (again without using ma-
trix inverses)? Compute the answer and verify its correctness using your
drawing.

(e) Let R = Rg, be considered as a transformation operator consisting of
a rotation about X by —90°. Calculate Ry = R, R, and think of R,
as a representation of an orientation, R as a rotation of Rg,, and R; as
the new orientation after the rotation has been performed. Does the new
orientation R; correspond to a rotation of R., by —90° about the world-
fixed X¢-axis or about the body-fixed Xx,-axis? Now calculate Ry = RR,,.
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Use Ry, to change the representation of the point p, = (1,2,3) (which is
in {b} coordinates) to {s} coordinates.
Choose a point p represented by ps = (1,2, 3) in {s} coordinates. Calculate

B« = Rgpps and A RSTst- For each operation, should the result be
interpreted as changing coordinates (from the {s} frame to {b}) without
moving the point p or as moving the location of the point without changing
the reference frame of the representation?

An angular velocity w is represented in {s} as ws = (3,2,1). What is its

representation w, in {a}?
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Exercise 3.2 Let p be a point whose coordinates are p = (\}—, \/— \/—) with

respect to the fixed frame x—y—Z. Suppose that p is rotated about the fixed-
frame x-axis by 30 degrees, then about the fixed-frame y-axis by 135 degrees, and
finally about the fixed-frame z-axis by —120 degrees. Denote the coordinates of
this newly rotated point by p'.

(a) What are the coordinates p’?

(b) Find the rotation matrix R such that p’ = Rp for the p’ you obtained in

(a).

Exercise 3.3 Suppose that p; € R? and p, € R® are related by p; = Rp;,
1 = 1,2, 3, for some unknown rotation matrix R. Find, if it exists, the rotation
R for the three input—output pairs p; — p;, where

p1=(v2,0,2) — pj=(0,2,v2),

=(1,1,-1) p’gz(\}_\[ \/5)
ps =(0,2v2,0) — ph=(-V2,v2,-2).
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