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NYQUIST THEOREM

GIVEN AN IDEAL LOW-PASS CHANNEL OF BANDWIDTH B, IT IS
POSSIBLE TO SEND INDEPENDENT SYMBOLS AT A RATE R<ZB WITHOUT
INTERSYMBOL INTERFERENCE. THIS IS NOT POSSIBLE IF R>ZB

CONSIDER THE SEQUENCE 101010 TRANSMITTED AT RATE 2(B+e):
101 0 10

ETC.
=
I’{;%:%:;j; T;?,ff OUTSIDE, BAND !
|

B Bte

SAMPLING THEOREM

I F(T) 1s BANDLIMITED IN W Hz, THEN F(T) 13 UNIQUELY DETERMINED BY A SERIES OF

1
SAMPLES SPACED ?ﬁ APART .,

(say 8000/sec)

L/ o
s W

F 1 2 3

— W €&

(sAy UkHz) SAMPLES —

= I+E.: WE HAVE TO SAMPLE AT LEAST AT A RATE
OF TWICE THE BANDWIDTH,



M C907., 2 IANTINOI

119 ¢ SL1€ 7
S108WAS 3 ST0EWAS 1
000
(i ATTVD1L3403HL) mmc 00
0 g 1
aNve OZs~O TT0
| 10 STOEWAS 7
@ g ~ s 00T
101 0l 0
NI oomm = M OHﬂ
SLINDYID TVIIdAL NO I I I
ISTON .~ 3ISION —7 ISION —
RELERI: $73IATT g 1$T1IATT 7
(*LSNOD HLOIMANVE) STIATT TYNDIS
HIQIMANVE = M
: HIMOd 3ISION = N
"0 «T 907 M3 IN>>S SY (d ¥3IMOd TYNOIS = S
m 907 MuND NS SV (Y (035/S11€) ALIDVdYD TINNYHD = O
SLIWIT 310N N Coor m=0

N+sS

WRIOFHL AT11VH-NONNVHS

|4



e et Vg Vel VI

I 00 TTOTOT
NO1 1V INAOW

—VAAAMAAAAL MY ISVHd
, I | _\__ \
»/zmm~4¢= ISYHd =
—V—N
I 00 TT OT OT

o 5 e 7 — A

L ‘s

a7
0,
L

NOI LY INdOW
X449 3 — . AININOIY 4

l.u_aT.\ 43IV T0 0 TT 0T OT
ow _ NOT LY 1NAaQow
dne 3 éﬂ | ell%%i 3ANLI1dWY

et
! uompm SO0 ¥
04 _ AINO
4 ~ 1 \ \\1/ﬂt\\\1/ 4314942
NIVWOd ADNINOIYS NIVWOd 3WIL

SWILSAS NOILYINAOW



(LT°0 + = JOMUI SMIMIL ‘T°0 + = YOWNI ilLINEN)

LI
WNIWIL GV YO¥YI -3ANLI TV HLIN WH9VIQ 303

.' 2
i~

NN\ /A7 N7
AN/
WO/ Yl
CROIN | XD

. ﬂh,.«na..,..ﬂb.&uwbﬂ...‘.....il

A

!ﬁ\’//’/ﬂ“\‘\\'f/’

A A SN
Vh/ﬂ"\‘\“ Mﬂ//‘
\

/ W /7,,,.4
\\. ,/ ‘Yﬁ.. ) \

XA K

"‘.’I{“..éq.es.ﬁ\luv‘&.a?ﬁsu"

\\sﬁ R
\\‘ )

VX

“\

(") RCOLIVY-ISION-WNIIS
ZZ'oz 8T 9T Wl ZI'0T 8 9 W 2 .0 Z-'h-

i9-

%,u&u Ut

%S4, INIYIHOI-NON

&) ear
: NS4 LNIYIHOD

(x-) 3 U1
NS4 LNIHIHOD
WAL L ELEEE] D]

| R/ 2443 YT

NSd LNIHIHOD

-0

- _._-2

b}

{z-01




313

dNOy9
OdWNI

*HO

d4N0YY

009

ZHM
i

NEEN
*HO
09

D13 T13INNVHD A] [ QNV SdNOdS og9Wnr 7 -

.a-m
dNoY9
HD
Al
ZHM
801
09

¢l

374dYD TIVIXVOD

U0 ZHW f NO S4NOYD OdWNr ¢ -

“01avy 3AVMOADIW

(ZHA (QOhZ) STINNVYHI (09

————— e TN

77

P

7.

7
%

(ZHI (hZ) STANNYHD (g

dNgyd9 ogwnr

dNOY9Y3IdNS
\
X _
(ZH 8h) STANNVHD Z[  (2vd13l)
}’lll\/.rlllll\lr
dN0y9

\

%

.

—

_ .

ZH) g

|
|

(AININOFYS) ONIXATdI LN

>
4 INvd3svd
vA |



TANNVHO /80 (G =
L19 JOY1INOD +

TANNVHO /SLIE /

TINNVAD 43d
23S/SIWIL (OOY

HOLIMS

SEIRIE 9071VRY
anv ] ol ey "W | 4<%MO:HK
HOLIMS W1191d AUYNT € 20IVNY
\ W ¢'T ~

SY31V3IdIY 3AT1VIINIOIH

“d1vd d3LSIML

431114

d31714

431714

c:é*;P

gNZ=3 Iv¥ F 1dWVs

© 9 0

TANNVYHO

N et

T e

Cohe

WILSASTL 113d

©
{

| A
| \\ o

\\\Jﬁ
!

A

L
O
J

TANNYHD /97 \\\\nx

1V 31dWVS

(ALY ONIXITd LT

"NNYHO

(STINNYHD
N)

d
H1a1MaNVE



| i b 20y (ZHW §'H)
<€ _ < €« Al
Jav dNo¥y ogwnr
HY | € o €
< 2
(i) W T8¢
W €& 3INCHd 340131
| HO e
W zh L R
: &—
o " ID10A ¥IANN
m e J— v1va
. i oW
9 - &
L lell wong
N L auer .

7

SHOXIATdTLINKW

AHJUVHATH NOISTIAIQ JWIL



SYIANYIWOD

INOHd

/e

(TIT49AH

5, T - X >
‘ INAEL
193130 |¢fe—rp3T8vs1a \ﬁ
\ﬂrqhqa.\\VMqum_o | 101110
- AVI3Y r— | Hn
SY0SSIYdNS OHI3
¥IAANYIX3
(MVINIT) LNdNI Y0SSIYWOD
(JTWHIIHY90T) LNdNI
v g
(YYINTT)
(*NOdX3) 1NdINo
\\\\\
wmndmo
m 8
dwvar{\&, (4)¥ INOHd
im- L
SREIVERED 1r:rf::/; AN
5 R
SNTavo 1
e 1 1Y 4 AH THGAH R0 1Y AH

JHIM-7 Y IM-7

=-SANIT V207~

-S3NIT

MOTSSTWSNYY L S10

INOT -

-S3ANIT TV2071-

d



malssHdwey Y Lpinpuog
10345 ‘g/v ISVYL

37 1de-taqiyg

caopvaday)

o a(digrnw

mw»rf{&v mgﬁri-wzs

S— STINNVHI #H7

e *e' STINNVHD
sTINNVHD g — [SVL |LAAHHM An““u ISyl b—o o

| ¥31v3IdIy ¥31vIdIy

314V YISYIANN



JO1233INNOD HAANTS 3INIT

o ° \oviw
o ° HOLIMS ¥I9MOY LS

o O
D% o
o ©
S11NDY1D 0
(SST OL ¥YTIWIS 0STY) (OTXOT) ) ©
_ N 00T { .
-]
1IHOLVY L4171 ° 0
(SLINJATI 3LYWIHIS
FARIUD)
31 LYW3HIS ALY S
LIHDLYY 31V10Y W.,..W
HOLIMS HYESSOYN) HOL1Y \\\\;
P \ Y
/.Yvrv /.l: -~

aIxid —
1IVINOD
INTHOW

AIVLS
1DVINOD

T




‘sbuidnoub [BUOIIDUNY pue saoepaiul (|lspow NGSI 2g-¢ 2.n514

(‘ol@ "oylj|oeS
BIN[e0 jayoed
LSS} omiaN

Juawdinbs jeuiws |
1s1depe jeuiwe)
UCHEBUILLLIBY Miom]on
UOIIBUILLISY U
LoneLuLe) sbueyoxy




"apoo aui| D1G2

G- 2nbig

m.|
—\1‘

L+

ot

Aleulaienn

00
LO
ML
0

Aeurg



dwel) adyi eul /- 24nbig

lsinuspluodpus Buits | IS

1ayluep! 1uod SS8008 80IMeS  14YS

20UBNDES YOosYD el S04

SH{ SsvIppe pspugixy v

110 esuodsay/pPueluLLon HO
J249YM

BiED 1asn 10

SlauuryUs G JUBWYSHARISAsID
_ {0 g 4O JuBWYSI|qRISasI (|onu0o Moy

SMYN SHOV
'SIBquInu souanhas)

\\\ll RIS} [OUCD Hulh

pUB JUBWIYSIaRISS
o} 404 sebessow |C68D

be|4

AT T e )

v

Sod (1) uonewoju) i jonued” | ssasppy

TS

be|4

P DR RDT AT
A L e i

<C

=L

sbejy ayy
uaemlaqg spial; e uo

:plait Moay0 10443

Q

L

st z LU SRR 2

wF

A4

MOLL DB JO LONIBI



‘UOIIBUILLIDY puE

C@Er_wzﬂmwmm uol1}o8/uuUod NQSs| ue JO @_Q =3 - N
u. H H

- 3.37dIN0D
3ISv3Tay

-

e e

.._ 1
m
i
F3Tdwoot
T Mm
v ol
HLOINNODSI(g ﬁA%AquMMJI

LN Y i e

i |
N,..lﬂ” 1
T}
L dNl3s =
{ j
m, i
i |
i
=
M ernar | P

i
i
-
i
H
i

e

DN g

MOy m
I R \./,.2_[ al.|IL|I|I|I|\I|I..I|-I||.¢
LUINNO S

Jov anizs | -
TﬂﬁiillfrfiwﬁWIIIMWJll;
L S =
| | 1l
| ﬁw V[ jeueiey | | ucsied
|



WALNTD 10VE LV HEN0¥ 30 4D 100D 40 HAWHO FIVOTONT ( ) NI SHATWAN

. NOLLVLS | : NOTIVLS |
waworsny| ! @ : . @ Y fuanoLsio

 dootl 400’1
NOLLVLS NO1LVLS

T 0% . g SSVID
z o1, ﬁu fuurio

ANOUL! ANNYL: v UN3
.uz:.umzzoo__ i ONTLIINNOD
. 110l

A SSY'10

HALNAD
T10L

£ SSVID
YALNAD
AYVHIUd

¢ SSVDD
HALNID
TYNOLLDAS

i T SSV1D
T SSY1D |2 DA T 04 HALNAD

(1) vNo19HY

CVIVD dIHNSSY NO SALNOY 40 AD10HD



w* o900 . suogangsu Aupdwo) & uemwnd %))
Amyspadasg - 130V

(©)«()«(1) ¢osusnbeg Bupnoy
Bujuaaz @.Q@A.@A.@ z eauenbes Bupnoy
uoouIBYY | @A.@A.@ } e2uenbes Bupnoyy

Bujwion

TdHM

HNILNOY TVIIHOHVHIIHNON JINVNAQ



o 000N

suogongity Auedwo?) of juenwnd es)
Ampojrdosg - LRLY

Anoeded o|qejieAy |1V sasM — Asonp snieis alp|
| Buojalas JIRS. — - -
1S0D) UIWPY HI0OMIaN SINPAY o
HIJVS SMO|IY —
- Aowapy —

- §S3p saydwis o
SPEOJaAQ puy sainjied
0] spuodsay Ajjeayjewoiny —

SNJeIS YIOMIDN JuUd LN
uQ paseg uasoy) anoy -

Isi1 Bunnoy 1asaid oN —
aandepy

HHNQ soaejday

ONILNOY XHOMLIN AWIL V3




