
Lemma 1.34. Led (greenbe a frame force and igabeen its
canonical duel. Then, for each mek, we have

Em/gmg) =1-11-(gmigail
2
-

Theorem 1.35. Led Egrbsenbe a frame fact and gasesits
canonical dual. Then

1. Egreek is exact iff <gmign) =1, mek

2. Egalsenis incard ifthere exists at host one mak
5.1. (gm,giDF1.

Proof. Ignis)=1, Imek, EgalRam is incompute falt
&Ek

and hence 499) is exact.

Fix mak, mgm,s =0



=>(gm,95) =0, KR,kap Em

(gm,5-92) =25-gm,92)
- (gm,92) =0

gi =0.3

Grollary 1.36. Let Egalzenbe a frame fact. If Egebsen is
exact, then 9 993sex and its comonical dual greyare
bisthokamme, i.e.,

(gm, get:1/ r
=

mE 0, S*m
Conversely, if gebrex and Egn]sen are biorthonromes, the

Egrlzen is exact.

ihm. 1.35
Proof. Egaben is exact => <grign) =1,mek

Lem.1.34
-> (gm,92) =0, FS =m



biorthonormality =>exact
ihm. 1.35

(gmigh):1, meK => [ge) is each
37

Thm. 1.37. If Egal is an exact frame forcand x =5993
with est, then the 28 are unique and give by

C1 =<x,gx)
where sgatzeris the canonical dual of 192)sex.

Proof x
=E(x,y)ga
x = Zagr
I

(x,qm) =(crqm,gi)

=Cs<9r,gn): cm
-



= E 1, =m
0,R=M

1.2. Sampling theorem
#

[(t) =(x)erihiftdt =(xs.), einto)

x(H) =(Elf)eihittelf=S(x(.), eitf) eilft of
e

<x.), eitf.)

-(H) is B-bandhinted if Elf)=0 falf)IB

f
-

35)
=2))eiht Doisson summation

Formula
y(t)



rxx+1

#x
y(t) =y)+i) =2 xx+25 +i) =z =x+(a+1)i)

S1=2+1

-

=

2 x+315) =y(t)

c =1!+r)e-ihedt

-Iattai eike Edt =

y =+ +RT
-T +T

= =+1) eihe dt
-T

-R+T
=

) e
ihr Edt



HeikeEdt=
=(f) =Ex (RT) e-it (DT)

3 =-

-

p.s.

I I =B=f =bT
4. S.F. 5 x(r) =

2 x(r)
9=- 1: =IB

1
I f =11B

x(t.) eihtf

-



↳
oversapled case

/-↳-
- 1

-BT 1

↓var S
1-BT

1+BT

- 1 +BT

critical sampling

1-BT =iT

#



*** undersaphing

1 -BT (BT

1 - BT =BT

1 =2BT

I =2a
S
I

Ist
... sampling rate



=(f)Tp(f) =lf) / fe fT

=(f) =a(fi)+hp/fi)

[p(f) = E 1 IfIIBT
0, else

(f) =Thn (fT) x12) ehf
E-

-
-

x(t) =Sklfleihftaf
-2aT -) sinc2(- l)

sin(ax
anc(ix) =

FX



S-
Thu. 1.38. Sampling theme. Let x =(B). Then, XCH is
uniquely specified by its sample (R), RED, if II2B.
Specifically, we can reconstruct x(t) according to

x (H =2BTzx(i)sinc2BH-Ril).

-

pay theorem as a frame expansion

grt) =2Bsin(2B(+ -rit)

x 1951 =E) einmitdt=(19) =(x,ga)

gelf:E e-if, IFIED
0, else



x() =Tz(x,92)ga1t)
with galf:2B sins (2B(+-RT1)

11 x12 =(x,x) =( -z(x,y)92,x)

-

kxyR

Elk =

2(x612 =(5x,x)

(Sx,x) =7 1x2 =tight with A =I

T: x =[(x,gr)3a
+2

+* :cr)rex -> E92



92 =51gx =T92

S=1

<92,92) =(g2,7927 =Tligel2 =

T115912 =2BT

criticals.

fs=1 =2B
=2DT =1

crit.samp. 292,95):IBT = 1, F&G => exact

2DT =2 =E
galt) =F92

x() =T

z(x,y)9r =2(x,gak92)
=>A =1



c.S-

liga'll2=T1Igall2=T115al2 =2BT =1

=>ONDin the case of a.s.

(92,95) =2BT
=221 =>3923sepis incact

-Uncertanlyrelates and sparse signal rear the
-+Tf=cast. x(t) =Seifleitft df

Lime- darahm (f) =Sx(t) eihiftalt
↑

S
-(at) 00 *(f(a) x(H =3 xs1, eZit. einftdf

x(t) =(x(+1)8(+ -+)d+ 1

-(x).),8t-.))



keizei
en =(8), e =(z)--

x
=

z(x,fi)fi
er - 1

F =E(?? I1
1

ar=F-infin
+1fz--

*

FH =FH=Im



Notation. U
.- unitery

Prt(U) =u DAUH A =41,3,7. - 3

xx=(r-
Pat(U)=Zui uitt

iect

↳8 dist
=R(PA4))

x=Dott

III Alllz =

maxxiang (Ax12 Op. 2- norm


