Linear Algebra
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Course notes adapted from N. Hammoud’s NYU lecture notes.






What is a Linear Transformation?

Def.: Let V and W be two vector spaces over a field F (R in our case). We
call a function T': V — W a linear transformation if for all v, € V and c € F
(c € R), we have:

(i) T(c?) = cT() T (N «d3) e cT(N) + AT
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Is T a linear transformation?

Let ¥ = [’01], W= [wll € R?, and let ¢ € R.
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Define T: R?> — R? by T'(z) = 1.5z. Is T linear? Check:

Tu+v)=15(u+v)=15u+ 150 =T(u) + T (v)
F(ew) = 1.5(ew) = e(1:50) = e(Ty):

So T satisfies the two equations, hence T is linear.

This is called dilation or scaling (by a factor of 1.5). Picture:
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The Matrix of a Linear Transformation

Every linear transformation 7' : R™ — R™ can be written as
T (v) = Av for a unique m x n matrix A and any v € R"™.
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What is the matrix for the linear transformation 7': R® — R* that reflects
through the xy-plane and then projects onto the yz-plane?
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What is the matrix for the linear transformation 7': R® — R* that reflects
through the xy-plane and then projects onto the yz-plane?
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What is the matrix for the linear transformation 7': R® — R* that reflects
through the xy-plane and then projects onto the yz-plane?
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What is the matrix for the linear transformation 7: R® — R that reflects
through the xy-plane and then projects onto the yz-plane?
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How to Compute the Matrix A?

In general, if T is a linear transformation 7" : R™ — R™,
then the m X n matrix A corresponding to 7' is given by

This is true if both the input and output bases are standard
bases, i.e., Bin = {€1,€5,...,€n} and Bour = {€1,€2,...,Em}-
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