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Introdcution

Applications of matrices are faced in most scientific fields.
Particularly, in physics, including classical mechanics, optics,
electromagnetism, quantum mechanics, and quantum electrodynamics,
they are used to study physical phenomena, such as the motion of rigid
bodies.

Coordinate Transformation

In many problems we will need to use different coordinate systems in order to
describe different vector physical quantities. The above operations, written in
component form, only make sense once all the vectors involved are described with
respect to the same frame.

In several situations we need to know how these physical quantities are given in
other frames.

We need hence to see how the components of a vector are transformed when we
change the reference frame.

We focus here on the cases dealing with rotation
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Application: Coordinate Transformation- Rotation

A vector OP given in two different frames

* Coordinate Transformation

P\'_rz = pxlx T p\'\ + p: l{z
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P,.=RP
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How to relate the coordinate in these two frames?
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Application: Coordinate Transformation- Rotation

* Basic Rotation

- P, P, and P-represent the projections of ” onto
OX, OY, OZ axes, respectively

—Since P =pi +p.]. +pk,
pl=1_sP=1_:1_p +1_+1 p_+1_:k_p:
P, E 1 P = 1050, 4100 1P+ )oKy B,
p.Ek -P=k, 1. p.+K .0 +K, K. p.

\ Coordinates in the Frame (X,y,2)
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Application: Coordinate Transformation- Rotation

The previous 3 relations (in 3 dimensions) can be written in matrix-form

as function of the scalar product between the unit vectors of the two

systems of coordinates

e Basic Rotation Matrix
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Application: Rotation about X-axis

§ / of
Aj ty-8) ty-12 1y-13 43
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Called: transformation matrix
JWELN 43 ghuas
(oda‘gl\ Glgadia G @ ) \ el ‘_,ﬁ ildlaay)

Y aa sl B cldlaay)

Simply, becomes

A,l cos (f11)
Because unit vectors A'=| 4 | =] cos(t)
Have magnitude 1 3
Ab cos (f31)
Property: = [T)TA". the transpose of the
Transformation

NMatriv wwiill tromcecfarrm A? hacrcl, +A

Z o

vector A

" Yy
cos (f12) cos(f13) Ay
cos (9 )) Ccos (023) ."12
cos (#32) cos(f33) As
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Application: Rotation about X-axis

oy -
‘] 0 0 - vector A
R(a)= |0 cosa —sina
0 sina cosa _
A ]
| &
- - ] .

transformation matrix _,_.f-""'-' J e

Sy 43 ghuaa y

(X vsae ds> Olugd) X

EX:

A point P is represented in the (x;,x,,x;)coordinate system as P(3,1,2). In another
coordinate system, the same point is represented as P(x,x3,x;), where x2 has been rotated

toward xz around the x;-axis by an angle of /4.
a- find the rotation matrix.

b- determine the new coordinates P(x{,x3,x3)
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Application: Rotation about X-axis

Sol:
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Note: If you compute the magnitude of the OP vector in the two systems
Of coordinates you will find them equal.
Any scalar quantity is invariant under coordinates transformation
(sLondl) (@ dag Al (A )
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