Math 2374 Spring 2018 - Week 2
Quick Reivew from Last week

e Standard Basic vectors: in 3D,

= (1,0,0)
j=1(0,1,0)
k = (0,0,1)

(Dst )

e (Inner product) Let @ = (a1, as, as), b = (by, b, bs).
a b= a1by + asbs + asbs.

Also, @- b = ||@||||b]| cos(8), where 6 is the angle between vectors @ and b,
e (Cross product) Let @ = (a1, as, as), b = (b1, by, bs).
@ ]| = (@] 1bll| sin(6)].

e (Parametric equations of a line) In 3D, a line through point (z, yo, 20), in
direction of (a, b, ¢)

- T =xy+ at
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f&mm 5 y=1yo+0t
z=2zy+ct

e (Equations of planes) If point (g, Yo, o) in the plane and {a, b, ¢) is a normal
vector for the plane, then the equation of the plane is

o (a,b,¢) - (x — o,y — Yo, 2 — 20) = 0.
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§Distance from a point to a plane

The distance from a point P = (x1, y1, 21) to
the plane ax +by 4+ cz+ D =0 is

axy + by + ez + D

dist
Va? + 0%+ 2

,9 P(X,ﬂj,,?l)

Yy,

ax%\y)M%JrD =0

Example 9:
Find the distance from the point (1,1, —2) to the plane 12z + y + 2z = —4.
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1.5 n-dimensional Euclidean Space

In section 1.1 and 1.2, we have studied the space RY, R?, and R3. For example, we
think of R? as a set of triples (vectors)

(7, y, 2)

where .,y and 2 are real numbers. We call R? is 3-dimensional Euclidean space.
For generalization, we denote n-dimensional Euclidean space by R" whose ele-
ments are vectors written as

Xr = <$1,ZC2,"' 7:Un>

where x; is a real number.

Example,
a=(1, 6, =23, 0.11, «)

is a vector in R°.

Now we want to study some properties that are analogous to those introduced
in previous sections for RY, R?, and R?.
In R", we have

e (Addition)
<$1,3§'2,"' ,.CCn> + <y17y27"' 7yn> — <$1 —|—y1,$2+y2,"‘ 7xn+yn>
e (Scalar multiplication) For any real number «,

CK<ZU1, L2y 7$n> — <Oé.?31, X, - - ,OéQZ’n>



gStandard basis vectors of R":

Then we can write a vector

r = (r1,%Ts, "+ ,T,) = T1€1 + To€a + -+ + T €y
EXs A=< 0, 10, —w, T 7w R

§Inner(Dot) product: Two vectors in R”

’J:<U,1,"',Un>, 77:<?)1,"‘,Un>.

The inner product of v and v is

03\ Y, = W, V[ + WV, - o M"L/"].
Z:(’//')’_(J’K7\lJ[I e oy
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Fact. 1. Length of vector u s ' | '

4] = Vi -d = Ju?+ -+ +u

2.4 - v = ||u|||7]|| cos(0) where 6 is the angle of vectors u and .
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g§Introduction to general matrices
An m X n matrix is any array of mmn numbers with m rows and n columns:

! % (Gu - o]
wuw wluwn a1 Qg -+ Ay
A= 7 .
Am1 Am2 - Amn
Notation: A = |a;;].
Example 1.
-1 1 3
B =
007 ]

18 2 X 3 matrix.
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§Matrix Algebra. Two matrices A = |a;;] and B = [b;;|. Let « be a constant.
e Sum: A+ B = [aij—i—bij]

e Scalar multiple: A = [aa;;]

Example 2. 2v ] wertriX 2x 2 et X
2)‘3 Gt ¥
210 | =113 121
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1. A+ B = / 2 3
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g Vectors as matrics.
We write an n—dimensional vector x as a n X 1 column matrix:

We call x an x 1 column vector.

Example,

a4 x 1 column vector.
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e Multiplication: multiplication between a matrix A and a vector x.
We define this multiplication only for@x n matrix A and n X@column vector
X.

_ S - - A
air a2 -+ Qip T /?0.1,--,6&.0 - X
as1 Qg -+ a2 To [= [ty -0+ X
Ax = . ) n ' l b
Qm1 @m2 - Qmn In D
- = - - [Q'Ml ’— /aww) - X
J —
X = Xy, R X mn |
_ %
Kn
Example 3.

210 :
A:[uz] , I3 metvix
and x = (1,0,2). Compute Ax.

2% 3 Ir /1
I
A)( = [J © / Q‘?( /l Wq-f‘/b()
il

= lﬁ\ (2/'/0)'C’/0/2):Q+ O#O:Q\
(5]

£ (] ,/7) ((/0/)):44/0#4

= 9.











































Multiplication between a matrix A and a matrix B.
A= [aik]@x n matrix; B = [by;| n X@matrix.

We say C' = AB, the product of A and B.

Then C' = [¢j;] is an __Mx J? matrix

e 1
V=0 W

s T L“\"}>,

J"LD[U\W\'\- C"J - <0‘.H,

Example 4.


















































Example 5. 2x1 (¥ 2

Properties of Matrices:

e In general AB # BA

o If AB and BC' are defined, then (AB)C', A(BC) are defined.
In fact, (AB)C = A(BC).

















§Dot product in matrix notation.
We take the transpose of the n X 1 column vector, turning it into a 1 X n row
matrix.

For example,

S = W

97

a 4 X 1 column vector. The transpose of x denoted by

x'=[34097].

Then the inner product of two vectors

u:(ul,...’un)’ V:(U1,"',Un)
Y A
is equivalent to a matrix multiplication: M- U= UV + U, FmF Uy

el (:‘)luvuw veltoY

Mm(po:erfd _Ul_
— ]
UTV:[ul Ug ... un} U:2 =

Un
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