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Mepiexopeva KepaAaiou 31

* Ta METOBAAAOPEVA NAEKTPIKA TTEQIO TTAPAYOUV
MOYyVNTIKG TTEQIA.

*O Nopog Tou Ampere-PeOpa HETATOTTIONG

* Nopog Tou Gauss’s OTO HAYVNTIOUO
‘ESlocwoeig Maxwell

* Mapaywyn HAekTpopayvnTikoUu KOpatog

* Taxutnta HM KupaTwy

* Pw¢ kail To HM pdaopa

 Métpnon Tng TaxutnTag Tou PwTtog

 H Evépyeia HM kupatwy 1o Alavuoua Poynting
* H 1rieon Tng akTivooAiag



31-1 Ta HETABAAAOMEVA NAEKTPIKA
TEOIO TTAPAYOUV HAYVNTIKA TTESI
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31-1 Ta HETABAAAOUEVA NAEKTPIKA
Tedia TTapAyouVv JayvnTiIKAa TTedia

Na av 1IcxUoel 0 VONOG
TOU Ampere dgv €XEl
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31-1 Ta HETARBAAAOMEVO NAEKTPIKO
TEOIA TTAPAYOUV HayVNTIKA TTEDIA

Na Tov Abyo autd o vOJog Tou, Ampere
TPOTTOTTOIEITAI YIO VO CUMTTEPIAAREI TNV
TTaPAYWYN HAYVNTIKOU TTEdioU, OTTWG OTNV
TTEPITITWON TOU TTUKVWTA:

— — dd)E
B-dl = polena T Ho€o dt ’




31-1 Ta HETARBAAAOMEVO NAEKTPIKO
TEOIA TTAPAYOUV HayVNTIKA TTEDIA

‘Evacg TTukvwTnig 30-pF £xel aEpa METASU TWV
KUKAIKWYV OTTAICHWYV TTOoU £Xouv etrigpaveia A = 100
cm?. @oprTileTal ard prmrartapia 70-V yéocw avrioTaong
2.0-Q. Tnv OTIYMN ANECWGS META TNV OUVOECT ME TNV
MTTATOPIO EXOUME TO HEYIOTO PUBUO OpTIONS. Tn
OTIYMN €EKEiVN BpeiTe (A) TO PEUMA TWV OTTAICHWYV KAl
(b) TO pUOUO HETARBOANG TO NAEKTPIKOU TTEDIOU TOU
TTUKVWTNA Kal (¢) To HayvnTIKO TTEDIO TTOU TTAPAYETAI
METAEU TWV OTTAICHWYV. YTroB£oTE OTI TO TTEdIO
TTEPIOPICETAI HETASU TWV OTTAICHWYV Kol OTI €ival
OMOYEVEG.
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APPROACH In Section 26—5 we discussed RC circuits and saw that the charge on
a capacitor being charged, as a [unction of time, 1s
0 = CVy(1 — 5O,
where V), 1s the voltage of the battery. To find the current at r = 0, we differentiate
this and substitute the values V, = 70V, C = 30pF, R = 2.0(L
SOLUTION (&) We take the dervative of (2 and evaluate it at 1 = ()
Q| _ Vo _ Vo _ 70V
dt . RC

=i

= 35 A.

I 2.01)

t=0
This is the rate at which charge accumulates on the capacitor and equals the
current flowing in the circuit at ¢ = (.

(b) The electric field between two closely spaced conductors is given by (Eq. 21-8)

p_ o _ QA

=Ty €0

as we saw in Chapter 21 (see Example 21-13).
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Hence
dE _ dQ/dt 35 A
dt eg A (885 x 1077 C*/N-m?)(1.0 x 1077 m?)

(¢) Although we will not prove it. we might expect the lines of B, because of
symmetry, to be circles, and to be perpendicular to E, as shown in Fig. 31-4;
this is the same symmetry we saw for the inverse situation of a changing
magneltic field producing an electric field (Section 29-7, see Fig. 29-27). To
determine the magnitude of B beitween the plates we apply Ampere’s law,
Eq. 31-1, with the current [, = O

L dd
%E-d[’ = ,uﬂE[,—L-
dt

We choose our path to be a circle of radius r, centered at the center of the plate,
and thus following a magnetic field line such as the one shown in Fig. 31-4. For
r = 1, (the radius of plate) the flux through a circle of radius r is E(mr®) since E
is assumed unilorm between the plates at any moment. 5o [rom Ampere’s law
we have

=40 % 10"V /m-s.

B(2mr) = M]Ei;%(ﬂrzﬁ‘)
‘

dE
- MJEHWFIT‘
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A (face of
capacitor
plate)

E (out of paper)

FIGURE 31-4 Frontal view of a
circular plate of a parallel-plate
capacitor. E between plates points
out toward viewer; lines of B are
circles. (Example 31-1.)



i LE 3 3

We assume E = 0 for r = r,. so for points beyond the edge of the plates all the

flux is contained within the plates (area = wri) and &, = Emri. Thus

Ampere's law gives

|
B(2wr) = MUE(;:IT[HFEE]
= fn'rz—dﬁ
Mo €gTF At
01
T e
Mo€ory dE
B — * o=
2 dt [r =)

B has its maximum value at r = r, which, from either relation above (using
= VA/m=236cm),is
Ho€oly dE
B . =
e 2 dt
= (47 > 1077T-m/A)(8.85 % 1072 C*N-m?){5.6 >} 1072 m (4.0 % 10" V/m-s)
=12 % 107'T.

This is a very small ficld and lasts only briefly (the time constant RC = 6.0 x 107" 5)
and so would be very difficult to measure.
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31-1 Ta HETABAAAOMEVA NAEKTPIKA
TEOIO TTAPAYOUV HAYVNTIKA TTESI

O deUTEPOC OPOG OTO VOO TOU Ampere EXEl
MOVAOEG PEUMATOG (TTEPAV TOU OPOU u), KAl
OVOMACETAI PEUMA METATOTTIONG:

%ﬁdﬁ - JU'O(I € ID)encl

o1TOoU
Add
At

Ip

I
m
=



31-2 O Nopog Tou Gauss oTo NayvNTIOHO

O vopog Tou Gauss ouvOEel TO OUVOAIKO
(POPTIO TTOU TTEPIKAEIETAI ATTO MIA KAEIOTN
ETTIPAVEIO ME TO NAEKTPIKO TTEDIO TTOU
TTEPVAEI HECO ATTO TNV ETTIQAVEIA (pON
Tediov).

To avTioToIX0 IOXUEI KAl YIO HAYVNTIKA
TedIA HEOO ATTO KAEIOTES ETTIPAVEIEG.
ETreidn 0&v UTTAPXOUV ATTOMOVWHEVO
MayvnTIKA @opTia o Nopog Tou Gauss yia 1o
MOYVNTIOMO Eival :

aﬁﬁ*dﬁ = 0.
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31-3 E¢iowoeig Maxwell

Twpa EXOUHE MIa TTARPNG CEIPA ECICWOEWYV TTOU
OUVOEOUV TO NAEKTPIKO KOI TO HOYVNTIKO TTEDIO.
Ol e€I0WOEIC AUTEC OVOHAlOoVTAl EEICWOEIC TOU
Maxwell. T'la To KEVO o1 EEI0WOEIG AUTES Eival:

%E»dﬁ _ £
€0
jﬁﬁ»dﬁ = 0

dd
< o g B

e =
aﬁ

es!!
)
|

dd
pol + poe€o 1 =

=]

L

rl
|
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31-4 Napaywyn HM kupatwyv

E@oocov HeTABAAAONEVO NAEKTPIKA TTEDIA
TTOPAYOUV HAYVNTIKA TTEQIA KAl METARBAAAOUEVA
MOYVNTIKA TTEQIO TTAPAYOUV NAEKTPIKA TTEDIA:

ATTé TNV OTIYMN TTOU TTAPOaXO0UV NUITOVOEION
HM 1redia, T0TE auTd cuve)iCouv va dladidovTal
MOVa TOUG (QUTOOUVTNPOUVTAI).



31-4 Napaywyn HM kKupdtwyv

TAAQAVTWOEIG QPOPTIWYV
mmapayouv HM kupuara:
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31-4 Napaywyn HM kKupatwyv

KovTtd o€ pia Kepaia T
Ta TTEQIA Eival :
TTOAUTTAOKO KOl

ovopadovTal near AR
field: 8




31-4 Napaywyn HM kKupdtwyv

2 & MEYAAEG ATTOOTACEIS ATTO TIG
KEPAIES TA KUMATA €ival KATA
TTPOOEYYION ETITTEDA:

e
o N
Direction 1 |
X — of ®
wave travel
Il
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31-4 Napaywyn HM kKupdtwyv

Ta NAEKTPIKA KOl HAYVNTIKA KUMOTO EiVAl
KaBeta oTnv d01eUOBuvon di1adoong Tou
HM kUpaToG.




31-5 Tayurnta HM kupatwyv

ATTOUCia PEUNATWY Kal QOPTIWV Ol,
eclowoeic Maxwell TrpoBAETTOUV:

%

ML
!
I

(e

"_e“
Udl
>
[
€

E-dt = ——Z
aﬁ .

= wy add
%B‘dﬂ — ]J;()EO df E'
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15-4 MaOnuaTikin ESicwon KupaTtikng

MeTa atrd Xpovo t, To KUpa £XEl O1AVUOEI
ATTO0TAON Vt, KOl CUVETTWG:

D(x,t) = Asin[zf (x — 'vt)].

n: D(x,t) = Asin(kx — of),

otTou w = 27f, kzzf. v = Af



31-5 Tayxurnta HM Kupatwyv

To oxnua atreikovicel Eva HM KUpa pe pRKog
KUMOTOG A Kal ouxvoTnTtad f. Ta NAEKTPIKA Kal
MOYVNTIKA TTEQIO TTEPIYPAPOVTAI ATTO TIC OXECEIG:

—

E
E = E, = Egsin(kx — ot) B A
B = B, = B,sin(kx — of). /} Y 1 T ¥

V7

Y
E

kK = 7 0w = 27f, and fA = = .

had
k



31-5 Taxutnta HM Kupatwy

Epapupolovrag To Nopo Tou Faraday yia 1o
TTOPAAANAOYPOAUMO ME UWPOG AY Kal TTAATOG dX
BPiOKOUWE:

ox ot IL%//Z/‘

] ad N 1




31-5 Tayxurnta HM Kupatwyv

NMNapopoiwg atrd Tnv 4"
gCiowon Maxwell yia 1o
TTAPAAANAOYPAMMO AZ X
dXx, BpioKOUME

ak

— _MoﬁoaT




Copyr

=S o5 oF
dx % = —  Tges
dx ot
&’ B &' E
f— — Ey— "
at dx Ho€o o
We next take the derivative of Eq. 31-9 with respect to x:
yYE B
ax’ at ax

Since d°B/at dx appears in both relations, we obtain

’E 1 &°E
= — (31-13a)
ol Mo€gp dx”

By taking other derivatives of Egs. 31-9 and 31-10 we obtain the same relation for B:
o2 "2
d°B 1 a°B
N N (31—13'])
dr- Hp€p dXx~

Both of Eqgs. 31-13 have the form of the wave equation for a plane wave traveling
in the x direction, as discussed in Section 15-5 (Eq. 15-16):

D 9D

ar’ Vo
where D stands for any type of displacement. We see that the velocity v for
Eqs. 31-13 is given by
1
Mo €p

2

v =




31-5 Taxutnta HM Kupatwyv

ATTO TIG OUO QUTEG OXEOEIC BPIOKOUUE OTI

OTrou, v gival N TaXUTNTA TOU KUMATOG.
Me avTIKaTAoTOON BPIOCKOUUE,

1

V €0 Mo

Me avrikatdoTaon n Taxurnrta €ivair 3.0 x 108
m/s — akpIBWG ion ME TN TAXUTNTO TOU
OwTog! To pwc gival HM kuua.
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31-5 Taxutnta HM Kupatwy

YtroBEToupue o1l éva HM KUpa pe cuxvoTnta
60-Hz, gival nuiTovoeldEG pe dielBuvon
01ad00n¢ ToV Agova z Kol TO MAayVNTIKO TTEdIO0
EXEI KATEUOUVON KATA NKOG TOU AgOoVa X KAl
E, = 2.0 V/Im. I'payTe €§I0WOEIG YIA TO
NAEKTPIKO KAl HAYVNTIKO TTEDIO oAV
ouUVvAPTNON TOU XPOVOU KOI NHETATOTTIONG.
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| APPROACH We find A from Af = v = c. Then we use Fig. 31-9 and Eqgs. 31-7

and 31-8 for the mathematical form ol traveling electric and magnetic flields of
an EM wave.

SOLUTION The wavelength 1s
¢ 300 % 10°m/s

A== — = 5.00 > 10°m.
f 6.0 5™
From Eq. 31-8 we have
2 21
k=% = = = 126 X 10 m™!

A 5.00 % 10°m
w = 2wf = 2wx(60.0Hz) = 377rad/s.

From Eq. 31-11 with » = ¢, we [ind that

F 200V /m ;
B, = — = _ “': = 6.67 % 107°T.
¢ 3.00 % 10°m/s
The direction of propagation is that of E % B, as in Fig. 31-9. With E pointing
in the x direction, and the wave propagating in the z direction, B must point in
the y direction. Using Egs. 31-7 we find:

= i(2.00V/m)sin[(1.26 x 107°m™")z — (377rad/s)1]

B = j(6.67 % 107" T)sin[(1.26 % 10 m™" )z — (377 rad/s )t

=l
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31-6 To ®wcg givar HM kopa-To HM pdaoua

H oxéon peTagu TG ouxXvoTnTaG Kal
TOU NAKOUG KUMOTOG TOU WTOC Eival. ¢

AF.

Wavelength (m)

3X 104m 3m 3X 10%m 3X108m 3X 10712m
| | ; | : = | : | |
Infrared Ultraviolet Gamma 1 ra?s_ s
Radio waves Microwaves % X-rays
(e.g., radar) g
60 Hz M Cellular  Satellite i
(ac current) r/'}(li\i/lo (j;v( Cl‘l;\é ﬂ[&oncs TV
d 2-6 ¢ Ch7&up ;—'
e S S a—
102 104 106 108 1010 1012 1014 1016 1018 1020
Frequency (Hz)
1 Y A=7.5X10"m 4.0X10""m
f=4X1014Hz 7.5 X1014Hz

Visible light
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31-6 To ®wcg givar HM kopa-To HM pdaoua

BpeiTe TO NAKOG KUMATOG Yid
(a) HM kupa pe 60-Hz,
(b) Padio-kupa 93.3-MHz FM

(c) AkTiIvoBoAia laser ota 4.74 x 104 Hz.



APPROACH All of these waves are electromagnetic waves, so their speed is
c = 3.00 % 10°m/s. We solve for A in Eq. 31-14: A = ¢/f.

3.00 X 10°m/s
SOLUTION (a) A = - = M/ _ 50 % 10°m.

f 6 s~
or 5000 km. 60 Hz is the [requency ol ac current in the United States, and, as we

see here, one wavelength stretches all the way across the continental USA.,
3.00 % 10°m/s

A= = 3.22m.
(©) 933 X 10°s" "
The length of an FM antenna is about half this (3A), or 14m.
| 3.00 % 10%m/s .
(c) A = = 033 % 107" m (=633 nm).

4.74 x 10" 7!
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31-6 To Pwcg gival HM kupa-To HM @daopa

H Kepaia VOGS KIVNTOU £XEI OUXVA MAKOG TO ¥4
TOU MAKOUG KUHMATOG TNS OKTIVORBOAiag. Katroio
Smartphone €xel 8.5-cm Kepaia. EKTIMEIOTE TNV
OUXVOTNTA AEITOUPYIOG TG CUCKEUNG.

APPROACH The basic equation relating wave speed, wavelength, and frequency
is ¢ = Af: the wavelength A equals four times the antenna’s length.

SOLUTION The antenna is 1A long, so A = 4(8.5cm) = 34cm = 0.34 m. Then
f=ce/A=(30x10"m/s)/(0.34m) = 8.8 x 10"Hz = 880 MHz.

NOTE Radio antennas are not always straight conductors. The conductor may be
a round loop to save space. See Fig. 31-21b.
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31-6 To Pwcg givar HM kupa-To HM @aopua

YTro0£0TE OTI OUVOMIAEITE NE KATTOIOV PIAO
ot1o Aovdivo. EkTIyeEioTE TTOCO XPOVO
XpPEIAleTal To «onua» atrd TNV Néa YOpKn
va @Odaocel oto Aovdivo Pe (a) oTaBepn
vypauun (b) yEow dopuodpOU TTOU
BpiokeTal o€ upog 36,000 km.



APPROACH The signal 1s carnied on a telephone wire or in the air via satellite. In
either case it 1s an electromagnetic wave. Electronics as well as the wire or cable slow
things down, but as a rough estimate we take the speed to be ¢ = 3.0 % 10°m/s.
SOLUTION The distance from New York to London is about 5000 km.

(a) The time delay via the cable is 1 = d/c = (5 x 10°m)/(3.0 % 10 m/s) = 0.017s.
(b) Via satellite the time would be longer because communications satellites,
which are usually geosynchronous (Example 6-6), move at a height of
36,000 km. The signal would have to go up to the satellite and back down,
or about 72,000 km. The actual distance the signal would travel would be a

little more than this as the signal would go up and down on a diagonal. Thus
t=d/c=72x100m/(3 % 10°m/s) = 0.24s.
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31-7 MéTpnon TaxuTnTag Tou PwTtdg

H TaxutnTa Tou
PWTOGC NTAV
YVWOTO OTI €ival
TTOAU PEYAAN
aAAQ
TTETTEPOATHEVN.

Mia onUavTIKN
METPNON OTTO TOV
Michelson, ékave
Xpnon
TTEPIOTPEPOUEVOU
KOTOTTTPOU:

Copyright © 2009 Pearson Education, Inc.

Eight-sided “#* Observer

rotating Stationary
mirror Mmirror I
(Mt. Baldy)

Light
source
(Mt. Wilson)

|< 35 km >}




31-7 MéTpnon TaxuTnTag Tou PwTtdg

H «a1rodekTn» TAXUTNTA TOU PWTOG CHHEPA
givai

c =2.99792458 x 108 m/s.

KOl XPNOIMOTTOIEITAI VIO TOV TTPOCOIOPICHO
(op1oHMO) TOU METPOU.



31-8 Evépyela HM kKupdatwv- 1O
Alavuopua Poynting
H evépyela TTou gival atroOnNKEVUUEVN OTO

NAEKTPIKO KOl HAYVNTIKO TTEdIO TTPOOCOIoPIfEl TNV
OUVOAIKN evépyela Tou HM kUpaTog :
1 1 B?

U = L£E+L£B=§EOE2+2MO

KdaOe 1redio ouvelo@EPEl TO NUICU:

1 Liesps s
u = EEOEZ o 5 Ty = €5F%
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31-8 Evépyeia HM KupaTwyv- 10
Alavuopua Poynting

H Evépysia
METOWPEPETAI ATTO
TO KU




31-8 Evépyela HM kKupdatwv- 1O
Alavuopua Poynting

‘Evraon opiCOUME TNV EVEPYEIA TTOU
METAWPEPETAI ATTO MIO HOVADA ETTIPAVEING
ava povada Xpovou:

14U ;
S = S = cotE”

Tnv évraon ekppadlsl To diavuopua Poynting
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31-8 Evépyeia HM KupaTwyv- 10
Alavuopua Poynting

2UVROWG pag evolagépel n Evraon S

= 1 5 1 2 5 E()BO
5 = 2&0CE0 — 2“080 — 2MO

Erms —Brms
Mo

-S.:




31-8 Evépyeia HM KupaTwyv- 10
Alavuopua Poynting

H akTivofoAia atrd Tov 'HAlo @Tavel otn 'n pe pubuo
1350 J/s-m? (= 1350 W/m?). Edv utro0éooupe OTi
Exoupe Eva HM kupa BpeiTte TIG HEYIOTEG TIMEG TWV
mTediwv E kai B.

APPROACH We solve Eq. 31-19a (S = le,cE}) for E, in terms of § using
S =1350J/s-m".

(2% ] 2(1350 J /s - m>
SOLUTION E, = ,-“E = ./ — [1 Ij )
Vege — V(885 x 1072C/N-m?)(3.00 X 10°m/s)

= 1.01 % 10° V/m.
From Eq.31-11, B = E/e, so

5 E, _ 10 % 10°V/m 337 % 10T
! ¢ 3.00 % 10m/s " |

NOTE Although B has a small numerical value compared to E (because of the
way the different units for E and B are defined), B contributes the same energy
to the wave as F does, as we saw earlier (Egs. 31-15 and 16).




31-9 NMieon Tng AKTIVOBOAiag

EKTOC a1ro evépyela ta HM €xouv opun. Auto
ONMAiIVEI OTI HTTOPOUV VA AOCKNOOUV OUVAUN.

H tricon Tng akTivofoAiag gival avaAoyn tng
gvraong. Eival eAayiotn otav 1o KUMO
atroppo@PnOei TTARPWG

d )
p-d_ib_ i85 ¥

fully
A Adl Ac df absorbed

Kal HEYIOTO OTNV TTEPITTTWON TNG TTANPOUG
avAaKAaong :

P = ay fully
I, reflected



31-9 NMieon Tng AKTIVOBOAiag

H aktivoBoAia atrd tov 'HAlo @Tavel oTn 'n HETAPEPOVTAC
gevépyela ue pubuo 1000 W/m2. Bpeite TnVv TTieon Kai 1n
OUVOUN TTOU OOKEITAI ATTO TOV NAIO OTO TTPOEKTETOAMEVO XEPI
oag.

APPROACH The radiation is partially reflected and partially absorbed, so let us
estimate simply P = §/c.

5 1000 W /m? ,
LUTION P = — = = 3% 107"N/m’.
SOLUTIO - 3 % 10°m)/s /m

An estimate of the area of vour outstretched hand might be about 10cm by
20cm.so0 A = 0.02m°. Then the force is

F = PA = (3x107°°N/m*)(0.02m?) = 6 % 107N,

NOTE These numbers are tiny. The force of gravity on your hand, for comparison,
is maybe a half pound, or with m = 02kg, mg = (0.2kg)(9.8 m/s*) = 2 N. The
radiation pressure on your hand 1s imperceptible compared to gravity.
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31-9 NMieon Tng AKTIVOBOAiag

‘Exe1 rpotaBei n xpnon tng HAIOKAG
TTiEONG YIA TV TTPpOWONON
OI1aOTNMOTTAOCIWY OTO NAIOKO CUCTNMA .
(a) TTOON OUVOMN OACKEITAI OE EVA «TTAVI-
KATOTTTPO» OlaoTaoewyv 1 km x 1 km, kai
(b) Tré00 B augnBei N TaxUTNTA EVOC
dlaoTnuotrAoiou padag 5000-kg, o€ Eva
XpOvo; (c) Eav To diaoTnuoTTAOIO ATAV
OPXIKA akKivnTo TI atTOOoTOON OO EiXE
olavuoel otov 1 XpOvo;



APPROACH Pressure P is force per unit area, so F = PA. We use the estimate
of Example 31-7, doubling it for a reflecting surface P = 25/c. We find the
acceleration from Newton's second law, and assume 1t 18 constant, and then find
the speed from v = v, + at. The distance traveled is given by x = far’.
SOLUTION (a) Doubling the result of Example 31-7, the solar pressure is 25/c =
6 % 107°N/m’ Then the force is F = PA = (6 % Iﬂ‘“NﬁmE]{lﬂﬁmZ] = 6N,
(h) The acceleration is a = F/m = ﬁN}f{E[}{]ﬂ ko) = 1.2 % 107 m/s". The speed
increase is v — v, = af = (1.2 % 107 m/s*)(365 days)(24 hr/day)(3600s/hr) =
4 % 10°m/s (= 150 {H]ﬂ km;’h‘] [4: Starting from rest, this acceleration would
result in a distance of about zat” = 6 % 10" m in a year. about four times the
Sun-Earth distance. The starting point should be far from the Earth so the
Earth’s gravitational force is small compared to 6 N,

NOTE A large sail providing a small force over a long time can result in a lot of
motion.
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31-10 PadioTnAeopaocn-AcuUpuaTh
Emikoivwvia

To d1aypapa OEIXVEI TNV EKTTOMTTH
PadIO@WVIKOU ONMATOS. To ofua TTPpooTifETAI
o€ KUJO HETAPOPAG.

Audio
signal

Audio
signal
Sound (electrical)
waves Q" =
Microphone
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AF
amplifier

(amplified)

_——

Transmitting
antenna
Modulated
signal RE
—_—

Mixer > amplifier

A

RF signal = carrier

RF
oscillator




31-10 PadioTnAeopaon-AcupuaTn
Emikoivwvia

H pi¢én onuartog Kal @opEa yivetal ge OUO
TPOTTOUG: METARBOAR TOU TTAATOUC TOU (POPENG
a1ro 10 oNpa (AM):

N N

Program (audio)

Carrier

~

- == o

~ - \\ P ~, /,

¥y~ ~ vV.” ~UL -~

Total signal (AM)



31-10 PadioTnAeopaon-AcupuaTn
Emikoivwvia

MeTaBoAR TNS oCUXVOTNTAG TOU POPEAG ATTO TO
onua (FM):

/\/\/\

Program (audio)

Carrier

Total signal (FM)
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Receiving
antenna
RF
RF tuner signal
== —_—

and amplifier
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Audio

Demodulator

signal

2TNV TTAEUPA TOU OEKTN, TO KUMA ATTOCUVTIOETAI
EVIOXUETAI KOI OIOXETEUETAI OTO NXEiO.

AF
amplifier

Loudspeaker

/
— _
\
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Antenna
H kepaia, Transistor
AapBdvel KOpaTa Tuning amplifier
ME TToAAES circuit

ouxvornrteg. H
ouUXVOTNTO TTOU C
MOC EVOIQPEPEI

ETTIAEYETAI ATTO
KATTOIO
OUVTOVIOTIH.
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Mia euBUypapun Kepaia, EXEl METABOAR TOU
PEUMATOG TNG AOYW TOU HETARBAAAONEVOU
NAEKTPIKOU TTediOU. 2€ M1 KUKAIKN KEPAi
EXOUME METARBOARN TOU PEUMATOC TNG AOYW TNG
METABOANG Tr]?tpayvnnkr’]g PONG.

00
J Current produced antenna B B
B T by electric field
3 nduce
curren
> Toreceiver
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BpeiTe TO MAKOG KUMATOG YIA £V OTAOUO TTOU
ekTTEMTTEI oTa 100 MHzZ.

APPROACH Radio is transmitted as an EM wave, so the speed is ¢ = 3.0 % 10°m/s.
The wavelength is found from Eq. 31-14, A = ¢/f.

SOLUTION The carrier frequency is f = 100 MHz = 1.0 % 10%s™!, so0

b
A= i — {3'{} <10 -mfs;l = 3.0m.
f (1.0 % 10%s7)
MNOTE The wavelengths of other FM signals (88 MHz to 108 MHz) are close to the
3.0-m wavelength of this station. FM antennas are typically 1.5 m long, or about a
half wavelength. This length is chosen so that the antenna reacts in a resonant
fashion and thus 18 more sensitive to FM frequencies. AM radio antennas would
have to be very long to be either A or A
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