MAT140 — 18 N> R 77 K
[CE

Last lecture we studied radicals, rational exponents, conjugates, and equations involving square
roots. In particular, we saw that radicals are the inverse operation to powers, and that conjugates
are useful for simplifying certain expressions. This lecture begins from those ideas and asks what
happens when they are pushed slightly further than the real numbers allow.

A first problem appears immediately. Over the real numbers, expressions such as /—4 do not exist.
However, certain algebraic problems naturally lead us towards such quantities anyway. Historically,
this happened in the sixteenth century in the work of Gerolamo Cardano, whose attempts to solve
cubic equations forced mathematicians to confront square roots of negative numbers. What first
looked impossible eventually led to one of the most useful extensions of the number system.

In this lecture we will introduce imaginary numbers and complex numbers, explain how to perform
arithmetic with them, and then interpret them geometrically in the plane. In this sense, the lecture
sits somewhere between algebra and geometry. On the one hand, complex numbers are new algebraic
objects with their own arithmetic. On the other hand, they can also be pictured as points or vectors
in a plane, so many familiar geometric ideas reappear in a new form.
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