FYS3500 - spring 2019

Derivation of 2-1)  Atexread

University of Oslo

R()tati()n Matl‘iX & Department of Physics

“Last update 18.02.2018 16:28



Find rotation operation

(%, )

6 (X, y)
9()

X



Find rotation operation

(%, )

6 (X, y)
H()

X

Rotation

e



Find rotation operation

', ¥") In r-¢b coordinates
x] _ |rcosty
G (X, y) [)’] Z [rsiné’()]
6’0 x'|  |rcos(6,+ 0)
5 [y] = [rsin(90+9)
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Find rotation operation

(', y") In r-¢b coordinates
X r cos 6
0 (%, y) [y] 2 [r sin 9(())]
0, [x’] - [r cos(6, + 6)
2 y'| | rsin(@, + 6)
Rotation Use identities

[x] [x’] cos(axb) =cosacosb Fsinasmnb
_)

y y’ sin(a = b) = cosasinb xsinacosb



Rotation

Expand with the identities

|l cos(6y + 0)
[}"] = [r sin(6, + 0)

cos 0 cos @, — sin 0 sin 6,
~ [sin@cos G, + cos G sin b,



Rotation

Expand with the identities

X’ r cos(6, + 0) cos 0 cos 6, — sin 0 sin G,
Y| |rsin(@y+0)| = [sin@cosb,+ cosfsinb,

Identify x and y

[x’] (r cos By)cos 6 — (r sin G)sin «9] 2 [x cos @ — ysin 9]

y' = (r sin @y)cos O + (r cos Gy)sin ycosf + xsiné



Rotation

Expand with the identities

x' rcos(fy+60)|  [cos@cosf—sinbsing,
Y| |rsin(@,+6)| = |sinOcosb,+ cos@siné,

Identify x and y

x'|  [(rcosbycosb — (rsinby)sin G xcosf —ysinf
vl = (r sin @y)cos O + (r cos Gy)sin = ycosf + xsiné

Matrix equation

v _ |cos@ —sinf| [x
y' sind cos@ | |y



Rotation

Expand with the identities

x' rcos(fy+60)|  [cos@cosf—sinbsing,
Y| |rsin(@,+6)| = |sinOcosb,+ cos@siné,

Identify x and y

(r cos 6y)cos @ — (rsin G,)sin 0

il xcos@ —ysind
vl = (r sin @y)cos O + (r cos Gy)sin = ycosf + xsiné

Matrix equation Rotation matrix
[X’] o [COSQ —sinH] [X] R(Q) = cosfd —sinf
ol -

sin@ cos@ | |y sin@ coso |




Rotation

xl
%
e

— R(6)

z
D

Inverse rotation



Inverse rotation

R_o_tation |
Rotat_e_back |
R~1(0) ; R CLCIMES
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Rotat_e_back

R7'(9)

xl
%
e

— R(6)

X
o

z
D

= R Y OR(H)

Inverse rotation

(x',y)
() (Xa y)
7

X



Inverse rotation
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Recall

= R Y OR(H)

cos(—6@) = cos(0)
sin(—6) = — sin(0)
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Inverse rotation

Rotation
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Recall

= R Y OR(H)

cos(—6@) = cos(0)
sin(—6) = — sin(0)

(x', ')

() (Xa y)
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Inverse rotation

R-1(0) = R(—py = | €08 smb
o =y [—sin@ cos 0




