Lecture plan Linear Algebra (401-0131-00L, HS24), ETH Ziirich
Numbering of Sections, Definitions, Figures, etc. as in the Lecture Notes

Week 0

Vectors and linear combinations (Section 1.1)

A vector is (for now) an element of R, m € N = {0, 1,2...} (natural numbers).

R™ (column vectors)

°
— T
“parallelogram”
Definition 1.1: Let
(1 w1 U1 + wy
Vo Wo Vg + Wa .
v=|.|,w=| . | € R". The vector v+w := . € R™ is the sum of v and w.
U Wi U, + Wiy

More vectors: u+v+w:= (u+v)+w=u+ (v+w).
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Scalar multiplication: move ) times as far!

Definition 1.3: Let

U1 )\Ul
Vo )\’02 i

v=| .| €R™ Xe&R. Thevector \v := . € R™ is a scalar multiple of v.
U, AUy,

Linear combination: all in one!
Definition 1.4: Let v,w € R™, A\, u € R. Then

Av + uw € R™

is a linear combination of v and w.
IfV17V27...,Vn € R™ and )\1;)\27”-7>\n € ]R,then

AV + XAvy + -+ A vy,

is a linear combination of v, va, ..., Vv,.
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Proof. Let

u= {ull e R%
Ug

i e =)

Two equations in two variables A and

Goal: find A, 1 € R such that

3IN—1p = wus.

Add 3 - (equation 2) to equation 1.

oA — 3u = 3u
11\ = u; + 3ug

Solve for \:
_ug + 3ug

A 11

Solve for i (equation 1):

2U1 + 6U2 11U1 — (2U1 + 6U2) . 9’&1 — 6UQ

3= uy — 2\ = uy — _
p=1t t 11 11

Divide by 3:
~Bug — 2up
T

Row picture (Figure 1.8): u = {_ﬂ and general u
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Column picture (Figure 1.9): construct the parallelogram!
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Affine, conic, convex combinations: special linear combinations (Definition 1.7)

ApeR A+ p=1 A >0 Adpu=1Au>0

V—W

v v
\ w W
W
linear (i) affine (ii) conic (iii) convex
AV + uw
=Av+ (1 -Nw
=w+Av—-—w)
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