
 

Math2010A Advanced Calculus I

Differential Calculus of Functions of Severalvariables

Luffy
t text Xn

n 2,3 mostofthetries

Vectors in IR x ̅ x Xn E R

R Rx XR n copies of IR

1 1 Xn XIER for it n

Remarks 11 In Textbook boldface isusedto denote a

vector

iii In highschool AB is a vector with
B

initial point A terminal point B

For x ̅ x Xn is a vecta with AB

initial point A 0 10 0

terminal point B x Xn

Iii IR is called Cartesianproductof n copiesof R

X Xn Cartesian rectangular coordinates of the

point
E

eg
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1,11 2 21
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xD



Basic Operationsof Vectors

Let a a an ER

D by bn ER

relR

Equality

a D ai bi for it in

Addition

a b a bi Antbn

Scalar Multiplication

ra rai ran

Subtraction

a b a G b

la bi an bn

a 5

51 5 Fa
f r z

parallelogram law

Ex What is a 5



length Dot Inner Product in R

Defn Let a a an EIR

I bi bn ER

Then dot product or innerproduct

d 5 a b anbn

Havetowritethedot

In particular

aid art as
at
a
2

a aft ai is called the length magnitude of
the vector a

In Textbook it's denoted by a

Remark Another notation for dot inner product
a b a b

Properties of DotProduct

Let a b C E R TER Then

11 Itb I I I 5 I

15T I 5 a I

2 ra 5 I r5 r a 5



3 G5 5 at zerovector

4 I A 30 and equality holds I 0 10,0
15 I Q2
6 I D I 5 cost 5

where anglebetween I 5
Hence if a D to

a 5 0 CM 0 215 perpendicular

Remarks11 For n 2,3 5 6 are geometric properties of R

it For n 4 I in 5 6 is defined before and

the in 6 is the definitionof

ces 5 for highdimensional vectors

Ii If I 1 then it is called a unitvector

eg 1 11,0 0

j 10,1 0 areunitvectors in1R

I 0,0 1

115llsing

Pfof 6 fans
5 I all

AssumeOQ I
11560 1151100



115 5112 11011 11511605 11511 8 111

Ontheotherhand
115 811 15 a 5 a

5.5 a5 5 I a a
1151T 2 5 156112 2

1 Q.tt Hall 1511600

eg Suppose I w̅ are vectors of the same length
Show that Ñtw̅ F w̅ 0

Sohn Ttv CI w̅ T.itw.T J.nl w̅.Ñ
110112 110112 O

since w̅ w̅ have same length

Itw̅ Geometricmeaning
Remark

w̅ J w̅
Diagonals of a rhombus aresafe w̅

length perpendicular

eg AB is diameter Can thecircle

A f B
show that LACB 90 I



Soh AI AO OF

BE Of
AB diameter AT BT

Then AI.BE AO OÉ BOTTI

CAT E CAT OT

1148112 OEAT F.EC 1101T

0

since A C are onthecirclewithcenter0

LACB

Two inequalities Au's Book 51.2

Cauchy Schwarz Inequality

Let 5 ER Then a b a 5

ie 1 alibi Eai bi

Equality holds a rb or b ra

a b a 5 for some reR



Pf Case1 If a a 5 0 then bothsides are 0

equalityholds a 05 a 5 0 a

Case Ito Ito 5 ta 511 star

Let fit Ita 511 0 AER

for AER

Then 0 fit ta 5 ta 5

Ella f zta.tt 115112

Δ 2 5 4115'14512 0

discriminant of the quadratic

1 51 1101111511

Finally Equality holds 4 0

fit has repeated root relR
Ira 5112510 0

5 ra
Remark Cauchy Schwarz inequality

a 5I
1151

4 provided Ito Ito

Theformula defining theanglebetween Ñ 5 inhighdain

0 65 d 5
1101111511

is well defined


