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Introduction

= Modulation & Demodulation:

— M: Embedding an information-bearing signal into a second signal

— D: Extracting the information-bearing signal
— Methods:

> Amplitude Modulation (AM) x(t) (t)

Yy
> Frequency Modulation (FM) _>-_>
et) 4

= A(t) cos (w(t) t4 9(1’;))
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= Multiplexing & Demultiplexing: 4
— Simultaneous transmission of more than one signal t
with overlapping spectra over the same channel  __ III I ,

— Methods: 4

> Time-Division Multiplexing (TDM) M
> Frequency-Division Multiplexing (FDM)
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= Complex Exponential & Sinusoidal

Amplitude Modulation & Demodulation
* Frequency-Division Multiplexing
= Single-Sideband Sinusoidal Amplitude Modulation
= Amplitude Modulation with a Pulse-Train Carrier
» Pulse-Amplitude Modulation
= Sinusoidal Frequency Modulation

= Discrete-Time Modulation
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Complex Exponential & Sinusoidal Amplitude Modulation & DemqHjliatic

Signal Frequency Characteristics:

carrier signal : ¢(t)
a

Qi

200 4K  100M 300M 40G 300G

Voice Signals

Communication Satellite Microwave Link

modulated signal : y(t) = x(t) c(t)
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= AM with a Complex Exponential Carrier:

2() —O—>y(t) we : carrier frequency
c(t) = oJ (wet+0c)
j(wet+0c) |
e’ (a) y(t) = LL(t) C(t) — x(t) e]u](_:t
X (7 X(jw)
i : 0. =20
: R @ i ¢
C(jw) cljo) i C(jw) = 27 6(w — we)
() b ’ Y(‘w) — 1 f+mX(9) C( P )d@
Y(Jw) Y{jw) j — 271_ . j J(w— )

o Y(w) = X (j(w — we))

(e
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= AM with a Complex Exponential Carrier:

x(t).__»ci)—»y(t) Moy e w(t)
Orn(t) - ej(ur(:t+90) Cd(t) — e—j('u,'(:t-l—t?c)
. Q(?l) 0c =0 o
X (jw) Y{JF Y (jw)
— iy Wy ® (e —tny) “l’c (wetany @®
. (@) ©
Cm(]w) Cljw) Clje Cd(j‘IU)
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AM with a Complex Exponential Carrier:

z(t)—O—=y(t) y(t)—r w(t)
Om,(t) j ej(wct-l-@c) 90 6 Cd(t) j e—j(w(:t-l—t?c)
y(t) = z(t) em(t) w(t) = y(t) cy(t)
= x(t) ejwct — y(t) e—ju;ct

— ZU(t) ejwct e—jwct

= w(t) = z(t)

Y (jw) = X (j(w —we)) W(w) =Y (j(w + we))

= W(w) = X(w)

Complex Exponential & Sinusoidal Amplitude Modulation & Demggfilfatiih
AM with Sinusoidal Carriers:
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c(t)

eVt = cos(wet) + jsin(wet)

x(t) cos(wet) + 7 x(t) sin(wet)

cos(wet + 6¢)

() ~Re{y(t)}
x(t)—¢
>? - Zm {y(t)}

sin(wet + 6c)

phase difference of ¢1(-),ceo(:) ?
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= AM with a Sinusoidal Carrier:

H{jw)

w(t
z(t) y(t) y(O— U -z (t)
- L:prass filter =
cos(wet +6c) 9.=0 cos(wet + 6¢)
X(jw) Y(jw)
— oy Wy ¢ l/_";c\l (oo {lﬂc\(%iwm} w
(a) (a)
C(jw) = 7l 8w —we) + 6w +we) ]
Cljw)

[ . i

—W

L
Y (jw) = ; [A (;r(u,- - u,()) + X (j('w + U)r_r))}

Y(jw)

____________
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Complex Exponential & Sinusoidal Amplitude Modulation & Demggfilfatii° °:
AM with a Sinusoidal Carrier:

H(jw)

2(t) @y (£) yO— 2 0

~Weo Weg @

Lowpass filter

cos(wet + 6.) 6. — 0O cos(wet + 6.)

(a) (b)

y(t) = z(t) cos(wet) w(t) = y(t)cos(wet)

= w(t) = z(t)cos?(wet)

x(t)|= —|— COS(cht)

— —x(t) + x(t) cos(2wet)
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cos(wet) + jsin(wet)
x(t) cos(wet) 4+ j x(t) sin(wet)

A\
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Complex Exponential & Sinusoidal Amplitude Modulation
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= Qverlapping of AM with a Sinusoidal Carrier:

o If we < wyy,

X(jw)




© 2013

Complex Exponential & Sinusoidal Amplitude Modulation & Demﬁ@’@éﬁ '_

mm-15
= Not Synchronized in Phase:
x{l)——'—“‘®_—-" y) y(t) (%) > w(t)
]Orn(t) —_ ej(’wct-l-ﬂc) T/cd(t) — e—j(wct+¢g)
(a) I j([:;“ b
Oc 7 dc
y(t) = 2(t) em(t) w(t) = y(t) cq(t)
— :E(t) ej(wct+8(;) p— y(t) e—j(wct+¢(;)
— ZB(t) ej(Qc—@c)
= ONLY |z(t)| = |w(t)]
Complex Exponential & Sinusoidal Amplitude Modulation & Demggfilfatii° %2
= Not Synchronized in Phase:
Hjw)
x(1) —-—h@——-)- yit) y(t) -@ o | 2 > cos(l—de )x(t)
cos(wet + 6¢) cos(wet + obe)
(a) (b)
y(t) = x(t) cos(wet + 6c) w(t) = y(t)cos(wet + ¢e)

= w(t) = z(t) cos(wet + 0.) cos(wet + ¢c)
1 1
== CC(t) 5(:05(9(: — Qﬁ(:) ‘l_ 5COS(2’U)ct —‘l— 9(: —|_ d)(:)

1 1
- 5 COS(QC - Q‘)c) 33(1‘) + 5 $(t) COS(Qth-I_QC + d)(.?)
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= Asynchronous Demodulation:

mm-17

® We >> W)y
e x(t) >0, Vit
— In audio transmission
over a RF channel

> Wy 15-20Hz

> w/2r: 500kHz — 2 MHz

y(t) = x(t) cos(wet + 0c)

2

x(t)

A

\/\,

y(t)

Envelope

-

Envelope
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= Envelope Detector:

mm-18

_+A

y(t)

N
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> w(t)
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Complex Exponential & Sinusoidal Amplitude Modulation & Demggfilfati
= Asynchronous Demodulation:

\\//\/\/ ~/ LN\
x(t) -—-@——»— y(t)

\} \] w W w w ” “ U w w ” w u K/ ” cos (wet +6;) H H “ u W H K‘ H H H “ } w } “ }
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Complex Exponential & Sinusoidal Amplitude Modulation & Demggfilfati
= Asynchronous Demodulation:

x(t)

y{t)=(A+x(t)) coswgt

® We >> W)

e x(t) >0, Vit

If not, z(t) - z(t) + A > O

AZ K, |z()] <K ~ A— N

modulation index m, in %

| =
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Complex Exponential & Sinusoidal Amplitude Modulation & Demggfilfati

= Synchronous & Asynchronous Demodulation:
X(jw)

(1) cos(wet) /l\ A
A A
[z(t) + A] cos(wct) /N ET /I\

: Feng-Li Lian © 2013
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= Complex Exponential & Sinusoidal

Amplitude Modulation & Demodulation
= Frequency-Division Multiplexing
= Single-Sideband Sinusoidal Amplitude Modulation
= Amplitude Modulation with a Pulse-Train Carrier
= Pulse-Amplitude Modulation
= Sinusoidal Frequency Modulation

= Discrete-Time Modulation




Frequency-Division Multiplexing (FDM)
= FDM Using Sinusoidal AM:

cos(wqt)

t
%0 . ® Yalt)

cos(wpt)

Ny Wt

-9

Y
+)

Xp(t) > w(t)

cos(wet)

<(t)
xe(V) > @ y

Feng-Li Lian © 2013
NTUEE-SS8-Comm-23

Kaliw) Kpjew) Keljw)
Wy gy (o3 — iy : .‘-:.JM"_“TJ Wiy Wy o
Yaliw)
o) ()
=0y We
Yipliw)
) ]
—wg w b ®
¥eljuw)
_[f\ /¢\
T Wy w c [
W(jew)
NI CRLIERTEZAN
T, — Wy Wy, gy Gy, ), r

Frequency-Division Multiplexing (FDM)

= Demultiplexing and Demodulation:

Wil je)
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F——I—Demultiplexing I I

I Demodu[ation—l—-{

Bandpass Lowpass
filter COS wyt filter
Hy (jo) l Ha(jo)
w(t) Yalt) 2 t
—| 1 ‘:@—D- - X,(t)
I R
g Wy w Y] Wy w




Allocation of Frequencies in the RF Spectrum

Frequency
range
30-300 Hz

0.3-3 kHz

3-30 kHz

30-300 kHz

0.3-3 MHz

3-30 MHz

30-300 MHz

0.3-3 GHz

3-30 GHz

30-300 GHz

10°-107 GHz

Feng-Li Lian © 2013
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Propagation Channel
Designation Typical uses method features
ELF Macrowave, submarine com- Megametric waves Penetration of conducting
(extremely munication earth and seawater
low frequency)
VF Data terminals, telephony Copper wire

(voice frequency)
VLF
(very low fre-
quency)
LF

(low frequency)

MF

(medium frequency)
HF

(high frequency)

VHF
(very high
frequency)

UHF
(ultra high
frequency)

SHF
(super high
frequency)

EHF
(extremely high
frequency)

Infrared, visible light,
ultraviolet

Navigation, telephone, tele-
graph, frequency and timing
standards

Industrial (power line) com-
munication, aeronautical
and maritime long-range
navigation, radio beacons

Mobile, AM broadcasting,
amateur, public safety

Military communication, aero-
nautical mobile, interna-
tional fixed, amateur and
citizen’s band, industrial

FM and TV broadeast, land
transportation (taxis, buses,
railroad)

UHF TV, space telemetry,
radar, military

Satellite and space commu-
nication, common carrier
(CC), microwave

Experimental, government,
radio astronomy

Optical communications

Surface ducting
I g_,l'(\lllld wave)

Mostly surface ducting

Ducting and ionospheric
reflection (sky wave)
lonospheric reflecting sky
wave, 50-400 km layer

altitudes

Sky wave (ionospheric and
tropospheric scatter)

Transhorizon tropospheric
scatter and line-of-sight
relaying

Line-of-sight ionosphere
penetration

Line of sight

Line of sight

Low attenuation, little fading,
extremely stable phase and
frequency, large antennas

Slight fading, high atmo-

spheric pulse

Increased fading, but reliable

[ntermittent and frequency-
selective fading, multipath

Fading, scattering, and multi-
path

lonospheric penetration,
extraterrestrial noise,
high directly

Water vapor and oxygen
absorption

Outline

Complex Exponential & Sinusoidal
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Amplitude Modulation & Demodulation

Frequency-Division Multiplexing

Pulse-Amplitude Modulation
Sinusoidal Frequency Modulation

Discrete-Time Modulation

Single-Sideband Sinusoidal Amplitude Modulation

Amplitude Modulation with a Pulse-Train Carrier
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= SSB Modulation: X(jo)
1
7
Wy - Wy w
Y(jo)
IUppsr | _Lower (b) _Lower | IUpper -
sideband sideband sideband sideband
Yy(jo)
upper sidebands ///I k &,
Vo)
lower sidebands N T ﬂ
N (@) c X
Single-Sideband Sinusoidal Amplitude Modulation ropLLEn© 208
= Retain Upper Sidebands Using Ideal Highpass Filter
Yiw)
7\ * A
H(jo)
S 1
YO | HO0) o v
Yu(iw}

AN
7




Single-Sideband Sinusoidal Amplitude Modulation
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= Retain Lower Sidebands Using Phase-Shift Network
4\ yi(t)
S

y(t)

—j t
5 H(;w)Z{ i w=0] %t

R RN
s Ya(t) Hijw) £ H(jw)
|' T
2

sinmt

. . p _j= w > 0
Retain Lower Sidebands H(jw) = { .
+J, w<O0

_ _ o +j, w>0
Retain Upper Sidebands H(jw) = .
-3, w<O0

Single-Sideband Sinusoidal Amplitude Modulation

X(jow)

VA N

Feng-Li Lian © 2013
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= Complex Exponential & Sinusoidal

Amplitude Modulation & Demodulation
= Frequency-Division Multiplexing
= Single-Sideband Sinusoidal Amplitude Modulation
= Amplitude Modulation with a Pulse-Train Carrier
= Pulse-Amplitude Modulation
= Sinusoidal Frequency Modulation

= Discrete-Time Modulation

. . . . . Feng-Li Lian © 2013
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Modulation of a Pulse-Train Carrier:

clt)

|

%) ~ @ - ¥it)

x(t) Xljo)
M/ i/&

0 i Tt ou e

21 Cljw) .
=t} |"i"'I We = — | —2earr Sln(ku’('A/2)
zreIi N —] T oS |
] 1 *_ Y l I(_

with ¥ (e}
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= Impulse-Train Sampling: ot

x(t) —-é——» *plt)
/\/\ E i
/#\

— iy Wy w

t (@)
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e
e
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Amplitude Modulation with a Pulse-Train Carrier fonglitien ©29°8
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= Time-Division Multiplexing (TDM):

© N q
_..i T1 |-— T3 4T/3
|a] yit)
I ] ®
O] 9, 7 @
@ 7 ®
@ ) o O]
g Nlleal 8 o
/3 o T3 =] T 4T/3
—'i T I"_ @ ®
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Amplitude Modulation with a Pulse-Train Carrier NTUEE.SS6.Comm.a6
= Time-Division Multiplexing (TDM):
0.0 .- o
x4(t) —"—\3 y(t) =5 ‘%I—Q
l’ t 7 %__ _m@m
X5(t) __ — 1,k 0 T
gy p—7—
® g ?
,_| l_l I_I H y(t) — h_ & § :r:"x N
t LTy ) ®
%3(t) f;\
%, Il
N0 0 0 Y
a¢ ] @ O 7 ®
4 \ T o L]
g4t A ~ n N ® '-
—\>_</ @
(k) 20 i .
e S iy Be— g el S -
Xl R “
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= Complex Exponential & Sinusoidal

Amplitude Modulation & Demodulation
= Frequency-Division Multiplexing
= Single-Sideband Sinusoidal Amplitude Modulation
= Amplitude Modulation with a Pulse-Train Carrier
* Pulse-Amplitude Modulation
= Sinusoidal Frequency Modulation

= Discrete-Time Modulation
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= Pulse-Amplitude Modulated Signals:

—f Al //\/\/

f— T— yit)

HH ( i)

= TDM-PAM:

A&fl(t), t=01i3T1:” )
y(t)_ Aw?(t): t="11,T1 £37T1,- -,

Axz(t), t=2Ty,2T1 +3Ty, -,

|a] :
: T % @ @ y(t)
2 ®
= % © % 9 o &
H % / = 1 7 w1 § 72 N :
— T, l‘—§ % -3 T3 5 aT/3 U
© ®
Pulse-Amplitude Modulation Feng-Li Lian © 2013
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Intersymbol Interference in PAM Systems:

(N

FPulse used to transmit

sample of channel 1 ‘\

Pulse used to tranamit
sample of channel 2

Fulse used to transmit

‘/_ sample of channel 3

T 2 3 3 ] A \
Sampling lime ] o
forfh:?nel 5 Sampling Sampling Sampling
tirme for time for time for
channel 1 channel 2 chan =

Sampling time Sampling time
for channel 1 for channel 3
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= Avoiding Intersymbol Interference in PAM Systems:

T, sin(wt T1)
Tt

p(t) =

p(£T1) =0, p(£27T7) =0, p(£377) =0, --- Zero-Crossing at kT,

. . Feng-Li Lian © 2013
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= General Form of Band-Limited Pulses Problem 8.42
with Time-Domain Zero-Crossing at le, k e Z:

( : s
1 + Pl (Jw) |w| S Tl P{juw)
P(jw) =4 Pi(jw) A <|uw| <
0 otherwise

\

= p(t) has zero crossing at +£74,+27y,--- i.e.,p(£kTy) =0
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(De)Modulation and (De)Multiplexing

R ——————

Feng-Li Lian © 2013
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= Complex Exponential & Sinusoidal

Amplitude Modulation & Demodulation
= Frequency-Division Multiplexing
= Single-Sideband Sinusoidal Amplitude Modulation
= Amplitude Modulation with a Pulse-Train Carrier
= Pulse-Amplitude Modulation
= Sinusoidal Frequency Modulation

= Discrete-Time Modulation




Sinusoidal Frequency Modulation

Frequency Modulation (FM):

Feng-Li Lian © 2013
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The modulating signals is used to
control the frequency of a sinusoidal carrier

With sinusoidal AM, the peak amplitude of the envelope of the carrier
is directly dependent on the amplitude of the modulating signal x(t),
which can have a large dynamic range.

With FM, the envelope of the carrier is constant

An FM transmitter can always operate at peak power and
amplitude variations introduced over a transmission channel
due to additive disturbances or fading can be eliminated

at the receiver

FM generally requires greater bandwidth than does sinusoidal AM

Amplitude Modulation and Frequency Modulation

-

o

-

Feng-Li Lian © 2013
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Angle Modulation:
c(t) = A cos (wct + 90) = A cosf(t)

 Phase Modulation:

— Use the modulating signal x(t) to vary the phase 6,

y(t) = A cos (9(1&)) = A cos (wct + Gc(t))

0c(t) = 6o + kpa(t)

do(t) dx(t)
SN — k
dt We T Kp dt

* Frequency Modulation:

— Use the modulating signal x(t) to vary the derivative of the angle

de(t
y(t) = A cos (e(t)) % = we + kpa(t)
Sinusoidal Frequency Modulation roLLEn© 2018
. df dx(t
= Phase & Frequency Modulation: D — e+ 1,0

do(t)
dt

= we + ky z(t)

phase modulation frequency modulation frequency modulation

x(t) x(t)

vl yit)

\ A |
IRVRVATRI)

(a) (b)

)
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= |nstantaneous Frequency:.

y(t) = A cos (9(1&)) = Wy = %
o If y(t) is truly sinusoidal:
O(t) = wet + 0g w; = We
do(t) dx(t)
« Phase Modulation: wp = —— = we + hp—,
 Frequency Modulation: w; = % = we + kypx(t)

Feng-Li Lian © 2013

Sinusoidal Frequency Modulation NTUEE. SS8.Comm.43

« Narrowband FM:  ¢(#) = A cos(wct+6c) = A coso(t)

* Frequency Modulation with  x(t) = A cos (wmt)

_do(t) _
- Instantaneous Frequency: Wy == T Wp v kra(t)
do(t
w;(t) = % = w. + k:fA COS (wmt)

= We — ka < w.i_(lf) < we + k‘fA

= Aw é k:fA

v

= wi(t) = we + Awcos (w-n-;_.t)




Sinusoidal Frequency Modulation

= Narrowband FM:

x(t)

Feng-Li Lian © 2013
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= A cos (u.-'mt)
= CO0S (e(t)) = COoS (wct + 9(_-(:&))

y(t)
do(t) . o
di = we + ’I”f,.t-({') A é ka
= y(t) = cos (wet+ ks [a()dt)
Du
= COS (wct + isin(wmt) + 90)
Wm
let 6 = O
Aw 0
= COS (wct + . sin(wmt))
Wm
) A Aw
 Modulation Index for FM: m = —
Wm

* Which m is small = narrowband FM

Sinusoidal Frequency Modulation

= Narrowband FM:

= y(t)

cos (A + B)

Feng-Li Lian © 2013
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cos (A) cos (B) — sin (A) sin (B)

CcoS (wct + m Sin(wmt))

or y(t) = cos(wct) cos(-m.sin(wmt)) — sin(wct) sin(-m.sin(wmt))

* When m is sufficiently small (<< n/2)

CoS (-m, Sin(wmt))
=
sin (m Si n(wmt))

—~
~

= y(t)

—~d
—~

Q

ifOo<o<<«1
. " COS (9) |
sin(@) ~ 0
m sin(wmt)

COS (wct) — msin(wmt) sin (wct)
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= Narrowband FM.:.
= y(t) ~ COS (th) — ’T??Sln(&’n}t) Sin (wct)

E[ 1 F X T -
i N ?(—f)(f) ) —
f - T 37 >
j A
T
TrLi T
‘ ﬂ' 5 (—m)(—=) .
T, w
| L+, LB @
. 2 3] 2
mm =
2 2
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Y(jw)
= Narrowband FM: |

x(t) = A cos (wmt)

——b-—l\:|:3]
£ - o
[+]

3

—-h-m|3

=1

L W,

_mm _mmw
2

Approximate spectrum for narrowband FM

y(t) =~ cos (’wct) — msin(wmt) sin ('wct)

yo(t) = cos (wct) + mcos(wmt) cos (wct)

I AT
WVAV VAVAV VAVN VWVA AV VAV ‘ (VWVVVWVVW (UG

(@
Narrowband FM

(b)
AM-Double Sideband/with carrier
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= \Wideband FM: A Aw

Wm

« When mis large

y(t) = cos (wct) COS (m sin (u;mt)) — sin (wct) sin (m sin(w.m_t))

/

Periodic signals with fundamental frequency o,

cos ('m.Sin(-wmt)) = Jo(m) + Z 2Jn(m) cos(nwmt)

n even
sin (m.Sin(u-‘m_l‘-)) = 2 2Jn(m) sin(nwmt)
n odd
Sinusoidal Frequency Modulation roiLan © 2013
= Magnitude of Spectrum of Wideband FM: AwE kA
A Aw
m =

Wm

cos (wet) cos (m sin(wmt) H ‘ || ],

(vet) os(meintum®) . 1L AL,

A~

in (wet) sin (msinCum)) *t‘ +“t+@+1'|+ lh

A

y(t) = cos (wet + msin(wmt)) mﬂ ‘+| J'T’tﬂlmtm hm

+we + nwm

= B =~ Qm'lb'?'n == Qka = 2 Aw
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Sinusoidal Frequency Modulation
» Periodic Square-Wave Modulating Signal. AwE kA
A Aw
m = —-
Wm

wi(t) = we + kyax(t) kr=1= Aw=A

e When z(t) >0, w;(t) = we+ Aw

T e

When z(t) < 0, w;(t) = we — Aw

y(t)

-
—+

Nl 4=
.

-

sl

[SEE o
—
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Sinusoidal Frequency Modulation
T
r(t) cos ((wc + Aw)t) + r (t — 5) COS ((wc — Aw)t)

= yt) =
1
= Y(jw) = 3 [R(jw+ jwe+jAw) + R (jw — juwe — jAw)]
1
+ 5 [RT (jw + Jwe — jA’w) + Rp (j'w — Jwe + jAw)}
R (g’w) = k;ij:oo Qki- 1(—1)k5 (w — %—Fl)) +7mé(w)
r(t)
I 1 Ry () w) =R (? ’w)e_j wT/2
Y (jw)

1 |
) III1III[1|Il|‘““llIIIII!ll!Iilllllllllllll!l].]l”” ’l“llllllllll
; (we—Aw) we (0o +Aw) ®
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= Complex Exponential & Sinusoidal

Amplitude Modulation & Demodulation
= Frequency-Division Multiplexing
= Single-Sideband Sinusoidal Amplitude Modulation
= Amplitude Modulation with a Pulse-Train Carrier
= Pulse-Amplitude Modulation
= Sinusoidal Frequency Modulation

= Discrete-Time Modulation

Feng-Li Lian © 2013
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= DT Sinusoidal AM:

c[n] COoSs wgn Lowpass filter
l c[n] = cos (w(; n) l H(el)
ylnl win | 2
A0 e () 1] = @ > > x[1]
“Wep Wy ®
X(el)
e
/\ /\ il
| A /\ AN /\
2n =ty 0wy 2 w T —w, 0 wg ™ w
@ —2‘rr+u:~ 2'17-(,9
Cle) Wie/ )
w m o - .
e T, -| |_ -l- RS | T
e s DAl AN VT W AL Ape
27— 2mtw, e 0 . e 2m-w, 21'7: 274w, _m L I . : ! ! : L
(b} =27 =240~ Wep Wy 2 27 w
Vi) Xiel*)
r (27— w oy ]\
21 -2mte -, 0 w M-, 2 2mbw, o —2m 27 w

Oy Wty
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= Transmodulation or Transmultiplexing:

e TDM to FDM
| g | > |
nsi:'lpiling é
cos (§)n
| .mi':r:; ng _*!O_\
ToM ol /P FDM s gnal
ilmlfr'flin sos G (D
- 1 /
5 2ﬂfn-:"li-‘ls! @
cos ﬁ‘l'.
|

2M:1
ursanpiog [ (-
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Sampling of Discrete-Time Signals in Chap 7
= Higher Equivalent Sampling Rate: Up-sampling

il -~~~ A~
oy AL

X(el®)

L N s

—2w o™ 27




