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Mepiexopeva Ke@aAaiou 27
 Mayvnteg kal MayvnTika tredia

* Ta NAEKTPIKA PEUMATA TTOPAYOUV HOYVNTIKA
Tedia

* MayvnTikKéG AUVANEIC TTAVW CE QOPTICHEVA
ocwMaTIOIA.

* H po1T} £vOG BpOXOU PpEUHATOG.
 MayvnTiki 01TTOAIK POTTH).

* EQpappoyeg

* To NAeKTPOVIO

 Qaocparoypdapoc Malag



27-1 MayvATEG KAl HAYVNTIKA TTESIA
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27-1 MayvnTeg kal MayvnTika Media

Ooo kal va dlaipeécoupe Eva payviTn MANTA
0a exoupe AYO NOAOYZ, N kai S.




27-1 MayvnTeg kal MayvnTika Media

Ta MayvnTikd 1Tedia UTTOPEI VA AVATTOPIoTAVTAI
aTTO TIG MOAYVNTIKEG YPOAMMEG, TTOU Eival TTAVTA
KAEIOTOI BPOXOL.

V Y
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27-1 MayvnTeg kal MayvnTika Media

O Bopelog NoAog TnG
'ng gival oTnv oucia
OMWG 0 S TTOAOG TOU
MOYVATN Kl
AVTIOTPOPA VIO TOV
NoTio lNoAo.
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H IM'H £€x&1 payvnTikO 1TEdio avaAoyo PJE auTo
MIOG HaYVNTIKAG pafdou.
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27-1 MayvnTeg kal MayvnTika Media

‘Eva opoyeveG HayvNTIKO TTEDIO £XEI
ICATTEXOUOEG KAl TTAPAAANAES HAYVNTIKES
YPOUUES.

‘Eva Trapadsiyua
OMOYEVOUG HAYVNTIKOU N
medIoU €ival autd TTou | f f
oxnuari¢ouv duo { w( Y Y Y {r )r )
TTAaPAAANAOI KOl TTOAU

MEYAAWYV OI100TACEWYV S
TTOAOI




27-2 HAeKTpIKA PEUyaTa TTOpAyouv
MayvnTika Media

MeipagaTIKA EXOUME PBPEl  OTI  NAEKTPIKA
peUMATO TTOPAYOUV payvnTiKa Tedia. H @opa
TOU HAyVvNTIKOU Trediou TrpoodiopieTal aTTo
TOV Kavova TnG 0&g1ag mraAaung (KAI).




27-2 HAeKTpIKA PEUyaTa TTOpAyouv
MayvnTika Media

Magnetic
field

BAétTTOUNE EOW
TO MOYVNTIKO
Tedio TToUu
TTAPAYEI EVAG
KUKAIKOG
Bpoxog



27-3 Opiopoc Tou payvnTtikoU Mediou B

‘Evag payvnTnNg aokei
Ouvaun TTAVw o€ Eva
KOAWOIO TTOU (PEPEI
NAEKTPIKO peUua. H
O1evbuvon TnNG
Ouvaung kabopideTal
atro Ta KATI.
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H MayvnTiky dUvapun gival avaAoyn tou MayvnTikou
[Mediou, Tou Peuparocg Kail Tou NpocavaToAiouoU:

F = [IBsin®.

H eSiowon auth opilel kai To payvnTikO edio B.
Yo pop@n S10VUOHUATIKOU YIVOMEVOU YPAWPOULE :
F = If X B.
Movadeg payvnrikou trediou (Sl) gival to tesla, T-:
1T=1N/A-m.
AANa ouvnBEoTepn povada gival To gauss (G):
1G=10"*T.
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‘Eva kKaAwdio pe peupa 30-A kal uAKoG 12 cm BpioKeTal UTTO Ywvia
0 = 60° péoa o€ opoyevég payvnTikd edio 0.90 T (BA. oxAua). NMoéon
gival n payvnTikr OUVAMN TTOU AOKEITAI TTAVW OTO KAAWOI0;

Y

-]

4

Y

Y

APPROACH We use Eq.27-1, F = [{Bsinég.
SOLUTION The force F on the 12-cm length of wire within the uniform ficld B 1s

F = [Bsinf = (30 A)(0.12m)(0.90 T)(0.866) = 2.8N.
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H @opd evdg payvnTikoU 1rediou gival KABeTo . l

oTnVv dIa@AvEIa NE POPA TTPOG T £§w. TUAMA

KaAwdiou ab (MAkoug 10.0 cm) BpiokeTal KOVTa oen

OTO KEVTPO TOU Trediou, evw £va AAAO TUAHA gival ] '

eKTOG Trediou KAl KpEHETAI o€ {uyapId | 1
(SUVaPOUETPO) TTOU METPAEI SUVaMN (TTépav Tou foXc)(c)ieXo] ED"CD"@:
Bdpouc) F = 3.48 x 102 N étav To peUpa TOU :@ o165 Ble @|
KaAwdiou givai | = 0.245 A. Méon gival n évraon |® ©'o ole o %® @|
TOU JayvnTikou trediou B™ ® 0 O OF® O O @l

I______________.___._

APPROACH Three straight sections of the wire loop are in the magnetic field: a
horizontal section and two vertical sections. We apply Eq. 27-1 to each section
and use the right-hand rule.

SOLUTION The magnetic force on the left vertical section of wire points to the
left; the force on the vertical section on the right points to the right. These two
forces are equal and in opposite directions and so add up to zero. Hence, the net
magnetic force on the loop is that on the horizontal section ab, whose length is
£ = 0.100m. The angle 6 between B and the wire is # = 90°, so sin = 1. Thus
Eq.27-1 gives

F 348 X 107°N

B =— = = 1427T.
16 (0.245 A)(0.100 m)

NOTE This technique can be a precise means of determining magnetic field
strength.
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‘Eva AKap1TTo KOAWDIO PEPEI PEUMA |, EXEI L
NMIKUKAIKO oXAMa ME akTiva R kal 0o ’
EUOUYPAMMA THAHATA OTTWG OTO OXAMA, KaI i
BpiokeTal EVTOG OpoyevoUg MAyVNTIKOU TTediou |
KABETO OTO £TTITTESO HE POPA TTPOG TA NECO | X

X

B,. Opifoupe Toug G§oveg x Kal y, EVW TA
guBuypappa TUAPATa Tou KaAwdiou Bpiokovral |
evTO¢ TOU Trediou. Bpeite TNV ouvoAikni dUvaun F =45
Tavw oTo KOAWSI0 AGyw Tou TTediou . i :

| X

B X X X X

SOLUTION We divide the semicircle into short lengths df = Rde a
in Fig. 27-14, and vse Eq. 27-4, dF = 1 df x B, to find

dF = 1B R do,

where dF is the force on the length df = R d¢p, and the angle between df and B,
is 90° (so sinf = 1 in the cross product). The x component of the force dF on
the segment € shown, and the x component of dF for a symmetrically located
df on the other side of the semicircle, will cancel each other. Thus for the entire
semicircle there will be no x component of force. Hence we need be concerned
only with the y components, each equal to dFsind, and the total force will
have magnitude

B0

F = Jf!’f"sin:ﬁ = !BﬂHJ sindpdp = —IByRcosdp| = 2IB,R,
LI}

L] L}

with direction vertically upward along the y axis in Fig. 27-14,

dF 7 2 (awéy from
dt By viewer)
X X

R — |




27-4 Kivnon NAEKTPIKWYV QOPTIWV
MECO OE MAYVNTIKA TTEQIX

H payvntik OUuvaun ravw o€ NAEKTPIKO
@opPTiO OIdETAI ATTO TNV OXEON

F = gv X B.

Right-hand rule

H @opd Tng duvaung
TPOoodIopifeTal ATTO
KATT.




‘Eva apvnTtiko @opTtio -Q TotTo0eTEITAI, OKIVNTO,
mTAnoiov payvAtn. Néon givail n payvntiknn Suvaun
Kol T1 0a cupBei eav 1o QopTio yivel +Q; Oa KivnoOei N
OXI TO (POPTIO;

E@ooov n TaxuTnTa TWV QOPTIWV Eival NNOEV
(akivnta) n gayvntikn duvaun givart MHAEN
ETTOMEVWG TA POPTIA TTOPANEVOUV OTN BEon
TOUG, KaMIA Kivhon)



‘Eva payvnTiko edio aokei duvaun 8.0 x 1014 N duTikd, TTdvw o€ éva
TTPWTOVIO TTOU KIVEITAI KATAKOPUE@A TTPOG TA TTAVW ME Taxo (otroudn) 5.0 X
105 m/s. Otav 1O TPWTOVIO KIVEITal 0PI{OVTIWG TTPOG TO Bopd n dUvaun
TTAVW OTO TTPWTOVIO gival undév. Bpeite To pEyedog kai Tnv dieubuvon Tou

HayvnTikoU TTediou oTnVv trEPIoXn. (To @OPTIO TOU TTPWTOVIOU Eival g = +e =
1.6 x 101° C))

@ Moving into
page (north)

(west)

APPROACH S5ince the force on the proton is zero when moving north, the field must
be in a north—south direction. In order to produce a force to the west when the proton
moves upward, the right-hand rule tells us that B must point toward the north. (Your
thumb points west and the outstreiched fingers of your right hand point upward only
when your bent fingers point north.) The magnitude of B is found using Eq. 27-5b.
SOLUTION Equation 27-5b with # = 90° gives

F 8.0 x 107N

B = — = — : = 0.10T.
quv (1.6 x 1077 C)(5.0 % 10°m/s)
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Bpeite TNV payvntiki duvapun €€ aitiag Tou rediou
TNG NG TTAVW OTA IOVTA MIOG KUTTAPIKNGS MEMBPAVNG
TTOU KIvouvTal JE TaxUTnTal02 m/s.

APPROACH Using F = guHB,set the magnetic field of the Earth to be roughly
B = 107" T, and the charge g = ¢ = 107" C.

SOLUTION F = (107" C)(107 m/s){10™*T) = 1075 N.

NOTE This is an extremely small force. Yet it is thought migrating animals do
somehow detect the Earth’s magnetic hield, and this 1s an area of active research.
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X X X = = X X
P 0

, , } x X X X X X
H Tpox1a evog popTiou i F o /\\V
TTOU KIVEITOI KAOETO X ,/ X X X X X \\ X
OTIG YPOMMEG x1 X X X x x!x

MOyVNTIKOU TTEDIO €ival \\ /’
KYKAIKH. X 'R ¥ B X j/ X

\

¥ M. ¥ X X R X
-~

N it s
X X X X X X X

Path of electron B is into the page
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‘Eva nAekTpovio Kiveital pe taxo (otmroudn) 2.0 x 107
M/s o€ €TITTEOO KAOETO OE OMOYEVEC NAYVNTIKO TTEdIO
ME Evraon 0.010-T. MNMepiypaywTe TNV TPOXIA TOU.

APPROACH The electron moves at speed ¢ in a curved path and so must have a
centripetal acceleration a = v*/r (Eq. 5-1). We find the radius of curvature using
Newton's second law. The force is given by Eq. 27-5b with sinf = 1: F = gvB.
SOLUTION We insert F and a into Newton’s second law:

2F = ma

e

qulBl = -
We solve for r and find
mu
q_B.
Since F is perpeﬂdicu]q_r to ¥, the magnitude of ¥ doesnt change. From this
equation we see that if B = constant, then r = constant, and the curve must be
a circle as we claimed above. To get » we put in the numbers:

(9.1 » 107" kg)(2.0 % 10" m/s)

o= — = 1.1 % 107m = 1.1em.
(1.6 x 107 C)(0.010 T)

r:

NOTE Sce Fig. 27-18.
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Mtropei éva payvnTikd mredio va ®PPENAPEI
EVA NAEKTPIKO (POPTIO;

‘OXl, 01671 n Popda TNG HAYVNTIKR OUVAMNG
gival ravra KAOGETH otnv TaxutnTa apa
MOVO O€ TTEPIOTPOPIKN Kivnon MTTOPEI va TO
Biocl.
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TABLE 27-1 Summary of Right-hand Rules (= RHR)

Physical Situation

Example

How to Orient Right Hand

Result

1. Magnetic field produced by
current
(RHR-1)

2. Force on electric current /
due to magnetic field
(RHR-2)

3. Force on electric charge +¢
due to magnetic field
(RHR-3)

ClD

il

—
—
ey

B
F
I
B
F
v
B

Fig. 27-8¢

Fig. 27-11¢

Fig. 27-15

Wrap fingers around wire
with thumb pointing in
direction of current /

Fingers point straight along
current /, then bend along
magnetic field B

Fingers point along particle’s
velocity v, then along B

Fingers point in direction of B

Thumb points in direction
of the force F

Thumb points in direction
of the force F
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BpeiTe TNV TPOXIG EVOG (POPTIOU TTOU OEV KIVEITAI
KAOETA OTIC YPAMMES EVOC OMOYEVOUG HAYVNTIKOU

Tediou.
Sl

AvaAUOUME TNV TAXUTNTO € OUO CUVIOTWOEG, MI
KAOeTN oTO TTEDIO KAl pIa TTOPAAANAN.

\ =12 |

i s o gl

*H KaBeTn B£1€1 TO pOPTIO OE KUKAIKA TPpOXIA
*H MapAdAAnAn 1o peTatoTrifel TTPOG TA OESIA.
*H ZuvoAikn kivnon Ba givail eAikogIdAG.



To @aivopevo aurora borealis (northern lights)
TTPOKOAEITAI ATTO TIC KPOUOGEIG POPTIOHEVWV
CWMATIOIWYV PE HOpIa TOU aEpa. Ta
QOPTIOCHEVA CWHATIOIO KIVOUVTOI KUKAIKA
AGyou Tou payvnTikou 1rediou TnG I'ng.

Charged particle
approaching Earth

=7~
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(into page)

EmiAoyéag/AvaAuTigc TaOXUTATWY s,

[

—

TNe1pauATIKOC EAEYXOC TAXUTNTASC POPTICUEVWV

owUATIdiwV.

I6vTa pe gpopTio g TTEPVOUV aTTd OTTH S, Kal
EICEPYXOVTAI OE XWPO ME HAYVNTIKO Kol NAEKTPIKO Fy=qvxB
mmedio TTOU @aiveTal oTo oXNHA. EAEyxovTag TIg
EVTACEIS TWV TTEQIWV PTTOPOUHE VA ETTIAESOUME
OUYKEKPIMEVEG TaXUTNTES WoTE MONO auTtég va
ggEpxovral Ao Tnv oTrr £§6d0u S,.

l‘EZQE

RESPONSE After passing through slit S, , each particle is subject to two forces as
shown in Fig, 27-21b. I ¢ 15 positive. the magnetic force 1s upwards and the
electric force downwards. (Vice versa if g is negative.) The exit shit, §,, is assumed
to be directly in line with 5, and the particles’ velocity ¥, Depending on the
magnitude of ¥, some particles will be bent upwards and some downwards.
The only ones to make 1t through the shit 5, will be those for which the net
force 1s zero: ZF = gvB — gE = (. Hence this device selects particles whose
velocity s

p o= —=. (27-8)

This result does not depend on the sign of the charge g.
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27-5 Potr) Bpoyxou PeUpOTOG-
MayvnTiki AiIttoAIkR PoTmn

AXxis of rotation

2€ EVO OUMMETPIKO BpOXO TTOU

PEPEI NAEKTPIKO pEUMA KOl sapum )
BPioKETAI EVTOC OPOYEVOUC 8 hee @
MOYyVNTIKOU TTEOI0, OOKEITE

MOYVNTIKR POTTA. N
To péyeBog TG potrng BideTal  _ "f
aTtrd TNV oxéon: L
T = NIAB sin#. -
” FIA @k tg coil face)
n 1& .0 =7

7>

T = NIA < B




H TroootnTa NIA gival n HayvnTiKn
OITTOAIKN) POTTH), W
n = NIA

ETropévwg

H duvapuikn evépyeia Tou Bpoxou
gCOPTATAI ATTO TOV
TTPOCAVATOAICHO TOU O€ OXEON
ME TO OayvNTIKO TTEDIO.

U = —pBcos® = —pu-B.
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Axis of rotation

(b)

i = NIA
(L to coil face)

0

Axis B

lb]

(c)

VFZ



‘Eva mrnvio (kouAoUpa KaAwdiou) £xel diapeTpo 20.0 cm Kal
mepIEXEl 10 mrepieAigelg. To peupa kabe Bpoxou eivar 3.00 A,
KOI TO TTNVio BPIOKETAI EVTOG EEWTEPIKOU HAYVNTIKOU TTEDIOU
2.00-T. Bpeite TNV pNEYIOTN KAl EAGXIOCTN TIMA TNG POTTAG TTOU
OOKEITAI TTAVW OTO TTNVIO.

APPROACH Equation 27-9 15 valid for any shape of coil. including circular loops.
Maximum and minimum torque are determined by the angle # the coill makes
with the magnetic ficld.
SOLUTION The area of one loop of the coil is
A= ar’ = #(0100m)* = 3.14 x 107 m".

The maximum torque occurs when the coil’s face 1s parallel to the magnetic hield,
so # = 90° 1 kg 27-22c,and sméd =1 n Eq. 27-9:

= NIABsinf = (10)(3.00 A)(3.14 x 107> m?}(2.00 T)(1) = 1.88 N-m.
The minimum torque occurs if sinf = 0, for which # = 0%, and then =10
[rom Eq.27-9.
NOTE If the coil is free to turn, it will rotate toward the orientation with # = (07
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Bpeite TNV HAYVNTIKER POTTH TOU ATOMOU TOU Udpoyovou utroBéTovTag OTI TO
NAEKTPOVIO KIVEITAI 0€ KUKAIKA TpOXIA JE akTiva r = 0.529 x 1019 m.

APPROACH We start by setting the electrostatic force on the electron due to the
proton equal to ma = mv’/r since the electron’s acceleration is centripetal.

SOLUTION The electron is held in its orbit by the coulomb force, so Newton’s
second law, F = ma, gives

]

el mu’

dre, re r
50
—
f et

&
\ dze mr

[(8.99 % 10°N-m?/C?)(1.60 x 107 C)’
= 4/ — - — = 219 % 10°m/s.
V' (9.11 x 1077 kg)(0.529 x 107" m)
Since current is the electric charge that passes a given point per unit time, the
revolving electron is equivalent to a current
e e

!' = =— = —

T 2rr
where T = 2wr/v is the time required for one orbit. Since the area of the orbit
is A = 7r’, the magnetic dipole moment is
er .
w=IA = oy {?Tr“} =
= $(1.60 % 1077 C)(2.19 x 10°m/s)(0.529 % 107" m) = 9.27 x 107 A -m?,

or 927 x 107 J/T.

eur

T | bt

Copyright



27-6 EQQapUOYEG

‘Eva NAEKTPIKO HOTEP XPNOIMOTTOIEI TNV POTTH
TTOU OOKEI TO JOYVNTIKO TTEdIO TTAVW OTA TTNVIA
TOU YIO VO aPXiOElI VO TTEPIOTPEPETOAI.

Lead wires to armature coil

Armature

O

Evw gQv TTEPIOTPEPOUNE EVa TTNVIO NECA OE
MOYVNTIKO TTEQIO TTAPAYOUNE PEUMA

Voltage source
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27-6 Eq@OapUOYEQ

Ta nxeia Bacilovrtal
oTnVv apxn Ot 10
MOYyVNTIKO TTEQIO AOKEI
ouvapun TTavw o€
TNVia, TTOU OTN
OUVEXEIA KIVOUV TNV
MEMBPAVN TO NXEiou,
METATPETTOVTOG
NAEKTPIKA CAMOTA O€
KPOUOTIKA KUMOTO
(aKouoTIKA) KA
ETTOMEVWGS NXO.

Copyright © 2009 Pearson Education, Inc.

Rigid
metal
Coil of wire frame
(attached to
speaker cone)

Lead-in Cone
wires




27-6 EQQapUOYEG

H AsiToupyia Tou
YOABOVOUETPOU
BaoileTal OTIC
MOYVNTIKEG OUVAMEIG
TTOU OOKOUVTOI
TTAVW O€ BPOXOUG
PEUMATOG.

Copyright © 2009 Pearson Education, Inc




27-7 TO NAEKTPOVIO:
AvakaAuwn Kal 1010TNTEG

To NAEKTPOVIO TTOPATNPNONKE VIO TTPWTN POPA OE
K000OIkoUg ocwAnveg. O1 CWARVEG AUTH EXOUV OEPIO OE
XOMNARN TTiEon Kal epappolovTag uPynAn Taon METALU OUO
NAEKTPOOIWYV, Eh@avieTal pia OEOHUN va TTRYAlEl AtTo TNV
Ka@Bodo 1Tpog TV dvodo.

Screens

Cathode Glow

Anode

—. High _T
voltage
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O AOGyog padag oPTIioU VIO TO NAEKTPOVIO
METPRONKE TO 1897 MYE TNV TTEIPAMATIKR O1ATAEN
TOU oXAMaTOG. HTOV TOTE TTOU O OPOG
NAEKTPOVIO OXNMATIOTNKE ONA. 01 KOOODIKEC
OKTIVEG NTAV OECHEG NAEKTPOVIWV.

-

voltage Electric field

plates Coils to produce
magnetic field
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O Millikan pg TnVv TTEIpapaTikn d1ATa¢N TOU
oxnuaTtog (oTayoveg Aadiou) emiefaiwon OTI TO
NAEKTPOVIO gival NEPOG/CWHATIOIO TOU ATOMOU
Kol OX1 aveCAPTNTO «ATOMOY.

Atomizer i i
O1 TIMéG yia TV pAda Kal
SR § TO (POPTIO TOU
NAEKTPOVIOU gival

— -31
Droplets : ©:):) 3:3 m=3.1x10 kg

=’ Telescope e=16x101PC
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27-9 Pacuartoypagol Madlag

O pacpuparoypa@og paldog peTpacl (duvnTiKaG)
TNV MAJO ATOMWYV KOl Jopiwyv. YITapXouv
TTOAAEG HOPPES PATHATOYPAPWYV HAlWYV OAOI
OMWG¢ BacifovTal o€ (a) IOVTICHO ATOMWYV KAl
Mopiwyv, (B) KATTOI0 CUVOUAOHO NAEKTPIKWY Kl
MOYVNTIKWYV TTEQIWYV (Y) avixveuon Tou
PEUMOATOC IOVTWV.



MN.x. MNa payvntiké @aoHATOYPAPO EXOUUE
TNV oXEon

. qB'r _ qBB’r' S,
(2] E S —_—
1I e lo lo Jo
S-—rTTTtT
Ta 16vTd TTOU / ¥
@PTAVOUV OTO ﬁd
” A dan
OeUTEPO MAYVNTIKO = oy

TedIOo EXOUV TNV
i01a otToUudn (TAXO)
KOl N OKTivd
TEPICTPOPNG TOUG T«

: ) Detector
gival avaAoyn TnG or film

MA{aG TOUG.
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Atopa avOpaka pe pala 12.0 u €ival AVOMEIYMEVO ME
AYVWOTOU MACOG ATOMO. 2& MAYVNTIKO QPOAOCHATOYPAPO MALOG
pe TrEdio B', Ta atopa TOU AVvOpaka OlaypAa@ouv KUKAIKN
TPOXIA ME AKTIVO 22.4 cm €vW N OKTIiVO TOU AYyVWOTOU Eival
26.2-cm. Moia gival n pala Tou ayvwoTou Kal Trolo €ival To
atopo;  YmroBétoupe OTI KOl TO OUO dATOMO E€ival OtTAd
QOPTICHEVA.

APPROACH The carbon and unknown atoms pass through the same electric
and magnetic fields. Hence their masses are proportional to the radius of their
respective paths (see equation on previous page).
SOLUTION We write a ratio for the masses, using the equation at the bottom of
the previous page:

my gBB'r./E _262cem 117

me  gBB'ro/E  224em 7
Thus m, = 1.17 ®X 12.0u = 14.0u. The other element is probably nitrogen
(sce the Periodic Table, imside the back cover).

NOTE The unknown could also be an isolope such as carbon-14 (';C). See
Appendix F Further physical or chemical analysis would be needed.
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