
 

1 If Ann is a double seq in R such that
time Ann 0 lineAnm I

Is it true that linmann exists and is in Eau

Aus No For any given Anm with the above condition we

Anm n mcan define
bum

n MCri

where Cu is any sequence say constant sequence C l

then brim satisfies the same condition as Anne but

linebnn lininCn can be anything

2 If f X IR is Lipschitz continuous then it is uniform
continuous

Rf By Lipschitz continuity of f we know there exists K o

sit Ifix fly I E K dcx.gl Hence He o we may
choose 8 ETS so that forany x y CX with day 8

we have Ifad Fpl e k day KS E

3 Let fn X R be a sequence of Lipschitz continuous functions
with the sameLiptschizconstant Assume that fn f pointwise
Is it true that fu f uniformly



S S Smly

AI No Two counter examples
Lipschitz

let 61 7 be a bump function supported on oil

e.g

V

let fnlx Cx n Then fix 0 as n o andfnix

are Lipschitz with the same constant But fucx does not

converge to 0 uniformly

Exe fnlX i IR R Then Vxc R fuk o as in 20

and fix are all Lipschitz with constant K I

However fuk do not converge to 0 uniformly over IR

credit Anton Thai

4 Prove that fund YIk converges uniformly on IR

too
Ca 1 142

Pf We will prove that fix converges uniformly on cbs 1131
sin I

a For XE E2,23 consider Gncx Ifnix I 2

then N VXC I 2.2 Jnk 0 as n 20

2 V X CE2,23 Jnk 7 gnaw
3 E2,2 is a compact set and each guard is continuous

Thus by Rudin Thm 7.13 we see Gn 0 uniformly over E2.23

b For txt I we have Ifn I x In hence

70 Uniformly over xERI 1 171



S why

5 Let fn In X R be sequences of continuous functions

Suppose fn f and ga g uniformly is it true that

f Gn f g uniformly

H No We may write fuk fix 1 Luca guk flat fix
then ten o pn o uniformly But

fingu ftdn Stfu f g t f Put an gt duPn

The problem is that fPn or G an may not converge to

0 uniformly

1 Fulk X Jnk_th Thentheir uniformlimits

are fix X and Gao O However fufu do not converge

to fg _0 uniformly

Extrathoughts in problem 3 and 5 if we restrict the domain X
to be compact set then the answer would be true in both case

Pnbbm3_ assuming X compact Wefirstprovethat fan is Lipschitz

continuous with the same Liptschiz constant K Indeed for anyxyell
we have

Ifix fuel tinny Ifan fugal E K doxy



Let gn fund fax then gum are Liptschitt continuous

with constant 2K since VxyEX
Ignix go.ly Elfnix fncysl lfcxs fcysle2K dcx.y

and fuk O VxEX We only need to show that gu o
uniformly For any E o let r Ek Then by compactness of
X the cover X U Bru exists a finite subcover

xeX

X Bruh U U Brum

for some finite subset Xuxa Xm CX For each if b im

since gnlXi 0 there exists Ni such that on Ni

Ignixill L E Let N max Ni Nm Then An N

VyE X there exists a ball Brtxi FY hence

IGncx gnlyst E 2K dexy 2K Ik FE
and Ignlyl s Ign I Ign g IDI e 5 Is E

This shows the uniform convergence of gin to 0

Problem5 i X compact f and G are bounded say

1ft EM 181 EM

then If put E M 1pm I gdnt E Milan
and we have uniform convergence fBu20 g du 20


