Linear Algebra-Linear Transformations

In linear algebra, a linear transformation is a way to transform one vector space into
another by applying a linear function. This means that the transformation preserves the
operations of vector addition and scalar multiplication.

Key Properties:
1. Linearity: The transformation satisfies the linearity properties:
o T(u+v)=T(u) + T(v) (additivity)
o T(cu) = cT(u) (homogeneity)

2. Preservation of Operations: The transformation preserves vector addition and
scalar multiplication.

Example:

Suppose we have a linear transformation T: R*2 — R”2, defined by:

T(x,y) = (3x - 4y, 5% + 6Y)
To show that this is indeed a linear transformation, we need to verify the linearity

properties.

e Additivity: Let u = (x1, y1) and v = (x2, y2). Then: T(u + v) = T((x1+x2, y1+y2)) =
(3(x1+x2) - 4(y1+y2), 5(x1+x2) + 6(y1+y2)) = (3X1 - 4y1, 5X1 + 6y1) + (3X2 - 4y2, 5X2 +
6y2) = T(u) + T(v)

e Homogeneity: Let c be a scalar. Then: T(cu) = T(c(x, y)) = T((cx, cy)) = (3¢cx - 4¢y, 5¢x
+ 6¢y) = ¢(3x - 4y, 5% + 6y) = cT(u)

Since both properties are satisfied, we can conclude that the transformation T is indeed a
linear transformation.

Important Applications:

Linear transformations have numerous applications in various fields, including;:
1. Computer Graphics: Linear transformations are used to perform rotations, scaling,
and translations of objects.

2. Signal Processing: Linear transformations are used to analyze and manipulate
signals in various domains (e.g., time, frequency).

3. Physics: Linear transformations are used to describe the motion of objects under
various forces.



I hope this summary helps!
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