3-Rotation

In rotation. the object 1s rotated © about the origin. The convention 1s
that the direction of rotation 1s counterclockwise 1f © 1s a positive angle
and clockwise 1t O 1s a negative angle.

3-1 Rotation about the origin
The rotation matrix to rotate an object about the origmn 1n
anticlockwise direction 1s :

Cos @ | Sm O | 0
-Sin @ | Cos O] 0
0 0 ]

Or, 1 equation : , ?
Xnew= X * C'ms(f?l - Y * Sin@
Ynew=Y *Cos @ + X *Sm0

When =90, the matrix that cause a rotation through an angle ot

90 (IL/2) 1s
0 1 0
-1 10 0
0 0 |
When 0=180
-1 10 0
-1 [0
0 |
When ©0=270
0 -1 (0
1 0 0
0 0
When 0=360
1 0 0
1 0




Example 1: rotate the line P1(1.4) and P2(3.1) anticlockwise 90 degree.

Solution:
IR e
311 |1 -
0 0 |
4 |1 1
B 113 |1

3-2 Rotate about a specific pont (XP.YP)
We need three steps:

Furst:  translate the pomts (and the object) so that the point
(XP.YP) lies on the origin

XPl= X -XP
YPI=Y -YP

Second: rotate the translated point (and the translated object) by 0
degree about the origin to obtam the new point (XP2.YP2)

XP2=XP] * Cos @ - YP1 * Sin O
YP2=YPI * Cos @ + XP1 * Sm O

Third : Back translation
XP3= XP2 +XP
YP3=YP2+YP

Note:: Rotation in clockwise direction :

In order to rotate in clockwise direction we use a negative angle.
and because :

Cos (—(Z:j)z Cos ({)
Sm (-0Q)=-sm

So the matrix will be (for clockwise rotation):
Cos O Sin @ | 0
Sin O Cos @ | O

0 0 |

In equations: Xnew=X * Cos (2”1 +Y * Sin IZJ
Ynew=Y * Cos O -X *Sin O



Example 2: Rotate the square (2,1),(4,1).(2,3).(4.3) counterclockwise
with ©=45 around the point (2.1)

Solution : First: translate the square by TX=-2 and TY=-1
(2.1) ===1(0,0)
(4.1) == (2.0)
(2.3) =—=>1(0.2)
(4.3) =——>(2.2)

Second: Rotate by 0=45
(0.0) ===(0,0)
(2,0) === (1414 . 1.414)
(0,2) === (-1.414 . 1.414)
(2.2) ===>(0.2.828)

Third: Back translation by TX=2 and TY=1

(0,0) =—===(2.1)

(1414 . 1.414) =—==> (3.414 .2.414)
(-1.414 . 1.414) ===> (0.586.2.414)
(0,2.828)  ===>(2.3.828)

(2,3.8)




