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Some nonconstant polynomials with real coefficients have no real
zeros. Example: the equation

2+1=0
has no real solutions.

Thus we invent a solution, called i, with the property that i = —1.
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( Definition: complex numbers
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@ A complex number is an ordered pair (a,b), where a,b € R, but
we will write this as a + bi.

@ The set of all complex numbers is denoted by C:
C={a+bi:abecR}.
@ Addition and multiplication on C are defined by

(a+ bi) + (c+di) = (a+c)+ (b+d)i,
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If a € R, we identify a 4+ 0i with the real number a. Thus we think of R
as a subset of C. We also usually write 0 + bi as just bi, and we usually
write 0 + 1i as just i. The definition of multiplication shows that i> = —1.
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for numbers.
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(Definition: R? and R®

@ The set R?, which you can think of as a plane, is the set of all
ordered pairs of real numbers:

R?={(x,y) : x,y € R}.

@ The set R?, which you can think of as ordinary space, is the set
of all ordered triples of real numbers:

R’ = {(x,y,2) : x,y,z € R}.
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Fix a positive integer n.

( Definition: list, length

A list of length n is an ordered collection of n numbers separated by
commas and surrounded by parentheses.

Example: (7,3) is a list of length 2. Thus (7,3) € R>.
Example: (5,9, —2) is a list of length 3. Thus (5,9, -2) € R>.

A list of length n looks like this:

(xla" : 7xn)'

Two lists are equal if and only if they have the same length and the
same elements in the same order.
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( Definition: " )

F" is the set of all lists of length »n of elements of F:

Fn:{(xlv-'-;xn)3Xj€Ff0rj:1,...,]’1}.

Example: R* is the set of all lists of four real numbers:
R4 = {(xayasz) X, V, L, WE R}

Example: C* is the set of all lists of four complex numbers:

C* = {(z1,22,23,24) : 21,22,23,24 € C}.

Elements of F” are often called points or vectors.
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( Definition: addition in F" )
Addition in F" is defined by adding corresponding coordinates: J

(X1, %) + Oty dm) = (X0 + Y15 X+ ).

Example: (3,4,—1,-2) + (5,0,6,—7) = (8,4,5,-9)

( Definition: scalar multiplication in F"

|/

The product of a number A € F and a vector in F” is computed by
multiplying each coordinate of the vector by A:

A1y ey xn) = (Axg, -y Axp).

Example: i(i,2,5 +i,—3i) = (—1,2i,—1 + 5i,3)
.
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Single Letters Can Denote Elements of F”

Using a single letter to denote elements of F” is often efficient.

(Commutativity of addition in F" A
kIfx,y6F",thenx—i—y=y—i—x. P
(Definition: 0
Let 0 denote the list of length n whose coordinates are all 0:
L 0=(0,...,0). )
( Multiplication by 0 h
If x € F", then Ox = 0.

\_ J
The 0 above on the left is the number 0.

The 0 above on the riﬁht is the vector 0 in F".
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