Mechanics - PHY 6247
Solutions to HW 4

orthogonality cond: ATA =1 = AAT

AT = A1

Let A, B ortogonal

AAT = ATA=1=BB" =B"B

recall: (XY)" =yTX7

(AB)(AB)T = ABBTAT = ATAT = AAT =1

The above proves that

the product of two orthogonal matrices is ortogonal itself.

X' = BXB™! similarity transformation for the matrix X
Tr(X')=Tr(BAB™)

recall Tr(AB) = Tr(BA) =

Tr[B(XB Y| =Tr[(XB™)B] = Tr(X)

this proves that Tr(BXB™1) = Tr(X)

or the trace of a matrix is invariant under similarity transformation

a matrix A is antisimmetric or skew symmetric if A = —A”

Let’s assume A" = BAB~" where B is orthogonal BB” = I. Then
(AT = (BAB™Y)T = (BYWTATBT = BATB" = —BABT = —A'.
Or using components, a matrix A is antisimmetric if

Clij = _aji
prove that antysimmetry is preserved under a similarity transf
Let’s assume A" = BAB~! where B is orthogonal BBT = I or
gﬁbj)bm = bikaklblgl

1 — Vil

(bab™")ij = by (—aw)bj = —by awbj = —buawby;

(bab‘l)ij = —(bab‘l)ji
which is the antysimmetric property is invariant under
similarity orthogonal transformation.



According to Euler's rotation theorem, any rotation may be described using three angles.
If the rotations are written in terms of rotation matrices O, G, and B, then a general
rotation & can be written as

A=BCD. (1)

we seek all the projection of qu = w¢,9 = Wy, @D = wyonto X,y,z
the so called space frame.

Wy ¢}/ + ‘9 yt ??y (1)

W, = ¢z + 0 PN wz

It is possible to see the projections from the picture.

0
wyis parallel to z hencewy, = ¢ | 0
1
wy is parallel to the line of nodes and orthogonal to z
oS
hencewy = 6 | sing
0
sinfsing
wyis parallel to 2 hence Wy =) | —sinfcosd

cost
now we can fill out (1) with the found projection.
wy = 04 0 cos ¢ + 1 sin O sin ¢
wy = 0+ f'sin ¢ — 1 sin 0 cos ¢
W, = gb + ¢ cos
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