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Scaling Relative to a Fixed Point using matrix 
Using the transformation matrices for translation and scaling  we can obtain the composite matrix for scaling with respect to a fixed point (xf, yf) by considering a sequence of three transformations. This transformation sequence , First, all coordinates are translated so that the fixed point is moved to the coordinate origin. Second, coordinates are scaled with respect to the origin. Third, the coordinates are translated so that the fixed point is returned to its original position, as in fig(1). The matrix multiplications for this sequence yield:
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Fig(1):Sequence of transformations necessary to scale an object with respect to a fixed point using transformation matrices.
Rotation 
2D Rotation from the origin

Transformation of object points along circular paths is called rotation. We specify this type of transformation with a rotation angle, which determines the amount of rotation for each vertex of a polygon. Figure (2) illustrates displacement of a point from position (x, y) to position (x', y'), as determined by a specified rotation angle Ɵ relative to the coordinate origin. In this figure, angle Ф is the original angular position of the point from the horizontal. We can determine the transformation equations for rotation of the point from the relationships between the sides of the right triangles shown and the associated angles. Using these triangles and standard trigonometric identities, we can write:
x'=r cos(Ф+Ɵ)=r cosФ cosƟ – r sinФ sinƟ
y'=r sin(Ф+Ɵ)= r sinФ cosƟ + r cosФ sinƟ
which can written as:
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FIGURE (2) :Rotation of a point from position (x, y) to position (x',y') through a rotation angle Ɵ, specified relative to the coordinate origin. The original angular position of the point from the x axis is Ф.
Note that: 
1-r is the distance of the point from the origin.

2- Positive values for Ɵ in these equations indicate a counterclockwise rotation

3-negative values for Ɵ rotate objects in a clockwise direction.
rotation about an arbitrary point

Objects can be rotated about an arbitrary point by modifying Eq of rotate  to include the coordinates (xr, yr) for the selected rotation point (or pivot point). Rotation with respect to an arbitrary rotation point is shown in Fig(3). The transformation equations for the rotated coordinates can be obtained from the trigonometric relationships in this figure as: 
x'=xr+(x-xr)cosƟ- (y-yr)sinƟ
y'=yr+(y-yr)cosƟ+(x-xr)sinƟ
The pivot point for the rotation transformation can be set anywhere inside or beyond the outer boundary of an object. When the pivot point is specified within the object boundary, the effect of the rotation is to spin the object about this internal point. With an external pivot point, all points of the object are displaced along circular paths about the pivot point.
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FIGURE (3) Rotation of a point from (x, y) to (x', y') through an angle Ɵ, specified relative to a pivot point at (xr, yr).
As the 3 by 3 transformation matrix for translation and scaling with parameters (tx,ty )and(Sx,Sy),respectively . Equations for rotation, are written in matrix form as:
p' = p . R(Ɵ)
where:
So:


Rotation About a Pivot Point using matrix

Figure (4) illustrates a transformation sequence for obtaining the composite matrix for rotation about a specified pivot point (xr, yr). First, the object is translated so that the pivot point coincides with the coordinated origin. Second, the object is rotated about the origin. Third, the object is translated so that the pivot point returns to its original position. This sequence is represented by the matrix product:
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FIGURE (4) Sequence of transformations necessary to rotate an object about a pivot point .
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x'=x cosƟ- y sinƟ


y'=y cosƟ+x sinƟ








Lec. (9)
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