











































































































worksheet
Ho

l d la b 0 if Atb
Atb dla b bydefinition of d

dLaib 0

If a b then dla b O
This is true by definition of d
2 dlaibl dlb.ae
If a b then dla b I Dlb a
If a b then dla b O dlb a

3 dla b Edta C talk b
If at b then dla b so we need
dlantdlbic to equal 1 or 2 ie
dla dtdlb O

Proof by contradiction Assume thisis not true ie assume
dla at dlb c 0 and work to
contradict a previous assumption














































































































dla c tdlbic O

dears 0 and dlbicko since
dlaic dlb c 20

a C and be

a b so we assumed Atb

Therefore d la c tdlbic 0

dla dtd lb c It

dlaidtdlb.dz dla b

If a b then dla b O

dad dk b 20 by definition of d

dlaidtdk b ZO

dlaidtdk.BIZ dla b














































































































Therefore d is a metric on IR
d is the discrete metric on R BABB














































































































2 fails condition I
Atb d la b 70

Counterexample a I b I
t l but dll 17 1412 L 114

I l I I
0

Therefore d is not a metric
on IR














































































































3

I d la b 70 if Atb
atb as b3 since fkI x3 is injective

as b3 to

Ia3 b31 to

Ias b31 0

dla b O

dlaid 0 if a b
A b a3 b3

a3 b3 0

Ia3 b31 0

dla b O














































































































2 dlaid dlbia
d la b I as b'I

I a3 b3 I

b3 as I

dlb a

3 dla b E dla c talk b
dla b la b31

I A3 to b3

A3 C3 t b3

as ol t te b't triangle inequality in IR

Dlaid tdk b

Therefore d is a metric on IR A














































































































4 fails condition 1
dlaid 0 if atb

counterexample a 2 b S
ZF 5 but dt2 5 Max I 2 5

2
0

Therefore d is not a metric
on IR

5 fails condition I
did b 0 if a b

counterexample a b 7
do 7 MAXI 171,171

Max 17,7
to

Therefore d is not a metric onIR














































































































6
1 dla b so if atb
Atb hi yd Kaya

x Xz or y Yz

x Kato or y yet O

try xd 0 or ly Yz O

hi Kal 0 or ly 42170

Max IH Kal ly yal O

d la b O

A b Hi y Kaya
K Xz and yFYz
X KE O and y y 2 0

It xzI O and ly 421 0














































































































Max Vy Kal ly yal O

d la b O

2 d la b D ka
dla b Max ki Xel ly yal

Max I Lx Xz I I Ly Yz l

Max l x z Kil ly z y l

dlb a

3 d la b Ed la c tdk b C Kays
dla b MAXI IX XD ly yal

MAXI Ki to Xal ly to yal

IMAX
lk Xsttz Kal ly 43 43 421

Max ki Xslt Ks Kal ly yzltlyz y.at
Triangle Inequality in R














































































































MAX ti k l ly y 1 t Max Ks XD ly5yd
MAX18 2 It8 10
MAXI 8 1 t Max 12,8

8 t 8 16

dla c talk b

Therefore d is a metric on R2
d is the maximum metric on R2 Dvd














































































































I dLa lb 0 when Atb V
dla lb 0 when a bV

2 dla b dlb a V

fails conditions triangleinequality
counterexample
A 11,10 b 11,3 CHIO 2

dKhb LH 1 740 312
IO 2t 7

2

100 49

149














































































































d la c t d k b
H lo t 10 2

Z
t f l O 172 t 2 3 2

l
2
t 8 2 t f 9 2

t L 1 2

I t 64 t 8 I t l
65 t 82

147

dla b 149 147 dla d t d k b

Therefore d is not a metric on
IR




















8

fails condition 1

Counterexample a to o
b LOD

dla b 3J O O t O 1 3

3J y 3

I LO



Of
Bozardis a metric on IR



10 fails condition l

counterexample a 1h27

d la a I 0

Therefore d is not a metric on IR M



One last thing
Let x ye R

Triangle Inequality IxtyletxtHyl

Reverse Triangle Inequality
1 IH lyl I E k y1

note this implies IH lyle K y1
Proof of Reverse Triangle Inequality
1 1 1 x to 1

Ix y yl
le yl't lyl by triangle Ineq
KI lyle K yl



ly1 1 y to 1

ly Xt Xl

Ely x IHH byTriangleIneq
e yl tht

lyl IH E Ix yl
IH lyI z Ix yl

Thus K yl E IH lyle K yl

I KI lytle K yl Ahl


