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25-1 HAekTpIK MTTOTOpiO
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NAEKTPIKO OTOIXEIO.
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25-1 HAekTpIKEC MTTOTOPIEG

TO NAEKTPIKO OTOIXEIO HMETATPETTEI XNMIKN
EVEPYEIO OE NAEKTPIKN EVEPYEIOQ.

H XnuIKEG avTIOpACEIC HECO OE €va OTOIXEIO,
onuioupyouv MIa Ola@popd OUVAUIKOU OTOUG
TTOAOUG HEOW TNG O100IKATIAG «OIAAUOG TOUGY.

To oTOIXEIO PTAVEI OTO TEAOG TNG OTAV £VOG ATTO
TOU OUO TTOAOU d10AUBEl TTARPWG.



25-1 HAekTpIkEG MTTATOPIEG

Mia cuoTOIXiO NAEKTPIKWY OTOIXEIWV
ONMIOUPYOUV HIA UTTATOPIN, AV Kol TTAEOV
OKOMO KOl £VO OTOIXEIO ATTOKOAEITAI

MTTOTOPIO.
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25-2 HAekTpIKO PeUpa

O puUBNOG HETAPOPAC NAEKTPIKOU (POPTIOU OE
EVAV AYWYO OVOUACETAI NAEKTPIKO PEUMA:

" AQ
T = o=
Al

To oTIyMIaio pEUMA Eival:

aQ
[ = Z=.
dat

Movada peupaTog gival To ampere, A:

1A=1CI/s.



25-2 HAeKTPIKO peUHA

‘Eva TANpeg «KAEIOTO» KUKAWMA ETTITPETTEI TNV
OlEAEuon PEUNATOG.
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25-2 HAekTpIKO Peupa

‘Eva oT100ep6 pevpa 2.5 A 1reEpvAcEl HEOO
at1ro £va KaAwodio yia 4.0 min. (a) NMNooco
(POPTIO TTEPOCE PECO ATTO TO KOAWOIO
ot1a 4.0 min; (b) NMNéoca nAekTpovia Oa
MTTOpOUCAV VA Eival;

SOLUTION (a) Since the current was 2.5 A, or 2.5 C/s, then in 4.0 min (= 2405s)
the total charge that flowed past a given point in the wire was, from Eq. 25-1a,

AQ = TAr = (25C/s)(240s) = 600C.
(£) The charge on one electron is 1.60 > 107" C, so 600 C would consist of

600 C

~0 = 3.8 x 10* electrons.
1.60 = 107 C/electron
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25-2 HAekTpIKO PeUpa

Me Eva KOAWOIO TTWG TTPETTEI VO CUVOEOCOUHE TO
PWTAKI VIO VO avABEl;

NAI
OXI
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25-2 HAekTpIKO PeUpa
H cOuBaon gival OTI TO pEUMA «PEEI» ATTO TO +
OTO -. Ta NAEKTPOVIA Eival TTPOPAVES OTI
aKoAouBouv avTifeTn @opd atrd Tnv ocuuaon
OAAG Oegv gival TTAVTA TA NAEKTPOVIA Ol POPEIC
TOU PEUMATOG.

Conventional Electron
current flow
— e
[ Device ]

Conventional current
——

—_— +
Electron current
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25-3 O Nopog Tou Ohm : AvtioTtaon
Kol AVTIOTAOEIG

Meipapatika BpEONKeE OTI TO pEUUA
EVOG aywyou gival avaAoyo TnG
TACEWG OTA AKPA TOU.

I x V.



25-3 O Nopog Ttou Ohm’s : AvricTaon
Kol AVTIOTACEIG

AvTtioTtaon opioUpE TO AOYO TNG TAONGS WG
TTPOG TO PEUNA:

.
§ = o



25-3 O Nopog Tou Ohm: AvTtioTaon

Kol AVTIOTAOCEIG

Movada avriotaong givar To ohm, Q: 1 Q=1 V/A.

I
2TOUG TTEPICOOTEPOUG AYWYOoUG ﬁ—‘l/ —
n avtiotaon €ival avecapTnTn
TNG TAONG (WHIKEG AVTIOCTACEIG) 5 V

I
YTITapXouv OHWGE Kal UAIKA OTTOU
Ogv 1I0XUEI 0 VONOG Tou Ohm

V




25-3 O Nopog Tou Ohm: AvTtioTaon
Kol AVTIOTAOEIG

Pevpa | eicépxeTal o€ yia avrioraon R
OTTWG oTO oXNMa. (a) H Taon givai
upnAoTepn oTo onueio A p oTo onueio B;
(b) To pevpa gival HEYOAUTEPO OTO ONMEIO A
N oTO oONnuEio B?

_>I
— e MMW——
A R B

Ta peUPATA TTAVTA KUAGVE OTTO UWPNAOTEPQ OE
XOUNAOTEPOA OoNyEia



25-3 O Nopog Tou Ohm : AvtioTtaon

Kol AVTIOTAOEIG

Ta Aautrdki evég @akou «Tpafdasr» 300 mA atréd
Mia ptratapia 1.5-V. (a) Méon gival n avTiotaon
ToUu; (b) NMNéoo Ba petafAnBei Tou pevua €av n
TAON TNG MTTATOPIOG «TTéoEI» OTA 1,2 V;

SOLUTION (a) We change 300 mA to .30 A and use Eq. 25-2a or bt

V 1.5V _
R=T = 0sa ~ &
(b} If the resistance stays the same, the current would be
Vv 1.2V
I = 2 son o 0.24 A = 240 mA,

or a decrease of 60 mA.

NOTE With the smaller current in part (b). the bulb filament’s temperature
would be lower and the bulb less bright. Also, resistance does depend on temper-
ature (Section 25-4), so our calculation is only a rough approximation,
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TUTTOTTOINMEVEG
AVTICTAOCEIG €ival

S1a0£01ugg. To Xppa First digit
OnAwvel To HEyedog

Kal TV «TTo10TNTa» Second digit
(akpiBeia TIMAG). - Multiplier
““Tolerance




KwoIKag XpWHATWY YIA AVTIOTACEIC

Resistor Color Code

Color Number Multiplier Tolerance
Black 0 1
Brown i 10! 1%
Red 2 107 2%
Orange 3 10° . o« o
Yellow 4 104 - FlI’St dlglt
Green > 10° .« e
Blue . 10 Second digit
Violet 7 101

g .\ ° °
Gray 8 i Multiplier
White 9 10 “\
Gold 107! 5% Tolerance
Silver 1072 10%
No color 20%

KOKKIVO, UTTAE, UTTAE \‘/
2 6 x10%=26MQ
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OpiouEveg AIEUKPIVAOEIG:

 H ptratapia diarnpei ota@epn Taon, TO PEUMA
ECOPTATAI ATTO TO KUKAWMA.

 H avtioTaon gival 1010TNTA TOU UAIKOU.

* To pevpa Ogv gival dIAVUOHATIKA TTOOOTNTO
EXElI OMWCS KATEUOUVON PpONG.

* To peUpa KOl TO POPTIO OEV KATAVAAWVOVTAI:
OTI MTTAIVEI OTN MIO AKPN TOU KUKAWHATOG Ba
Byel a1rd TNV GAAN.
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25-4 AvtioTaon

H avtiotaon evog KaAwdiou gival avaAoyn
TOU MAKOUG TOU KaI AVTIOTPOPWGS avaAoyn
TNG OIATOUNG TOV:

H ota@epa p, €10IKA avTioTaon, gival
XOPAKTNPIOTIKO TOU UAIKOU KOTOOKEUNG.



25-4 AvtioTaon

[Mivakag €10IKWV AVTIOTACEWYV KOl CUVTEAECTWV
BepuoTNTAG YIa S1A@OPA UAIKA.

TABLE 25-1 Resistivity and Temperature Coefficients (at 20°C)

Resistivity, Temperature

Material p(Q-m) Coefficient, a (C°)~!
Conductors

Silver 1.59 x 1078 0.0061

Copper 1.68 X 1078 0.0068

Gold 2.44 x 1078 0.0034

Aluminum 2.65 X 1078 0.00429

Tungsten 5.60 x 1078 0.0045

Iron 9.71 x 1078 0.00651

Platinum 10.60 x 1078 0.003927

Mercury 98.00 x 1078 0.0009

Nichrome (Ni, Fe, Cr alloy) 100.00 X 1078 0.0004
Semiconductors’

Carbon (graphite) (3-60) X 1072 —0.0005

Germanium (1-500) x 1072 —-0.05

Silicon 0.1-60 —-0.07
Insulators

Glass 102 = 105

Hard rubber 102 -10"

" Values depend strongly on the presence of even slight amounts of impurities.
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25-4 AvtioTaon

YTro0£0oTE OTI BEAETE VO
OUVOEOTE TO OTEPEOPWVIKO |
oac o€ EWTEPIKA NXeia. (a) 1
Edv To NAKOC TOU KAOE o
KaAwodiou gival 20 m TToon
TTPETTEI VA Eival N OI0TOUN TOU
KaAwdiou woTe n avtioTaon —
avd KaAwd10 va TTEPIOPIOTEI i .
o1 0.10 Q ; (b) EQv TO pelipa |k
KAOe nxeiov gival 4.0 A, Toon | [====
gival N TTTWON TACEWG O KABe | —
KOAWSIO; |
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APPROACH We solve Eq. 25-3 to get the area A, from which we can calculate
the wire's radius using A = 7. The diameter is 2r. In (b) we can use Ohm’s
law, V' = IR.

SOLUTION (a) We solve Eq. 25-3 for the area A and find p for copper in Table 25-1:

{ (1.68 > 1070 -m)(20 m)

_ _ _ —f 2
A _PE — (0.10 Q) = 3.4 x 107" m",
The cross-sectional area A of a circular wire is A = wr°. The radius must then
be at least
[A

r=./— = 1.04 % 107m = 1.04 mm.
V7

The diameter 15 twice the radius and so must be at least 2r = 2.1 mm.
(b) From V = IR we find that the voltage drop across each wire is
Vo= IR = (40A)(0.104) = 040V,

NOTE The voltage drop across the wires reduces the voltage that reaches the
speakers from the stereco amplifier, thus reducing the sound level a bit.
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25-4 AvTioTOON

Ti1 0a cupuBei edv uTTOPOUCANE VO
KTEVTWOOUHE» EVO KOAWOIO ME
avtioTaon R woTe va OITTAACIOCTEI TO
MAKOG TOU,;

Atravtnon: YITo0ETovTag 0Tl 0 OYKOG
TTOPOUEVEI OTAOEPOC, OITTAACIO NKOG
onuaivel pion diatoun, apa
TETPATTAACIAOCHMO TNG AVTIOTACN
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25-4 AvtioTaon

Na éva UAIKO n avTioTaor) Tou HETARBAAAETOI UE
TNV Bgppokpaaoia:

Pr — Po[1 T (T To)]'

2TNV TTEPITITWON TWV NUIAYWYWV givai
OuvaToOVv N AVTICTAOT VO MEIWVETAI ME TNV
Bepuokpacia.
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25-5 HAekTpIKNA lOoXUG

OTTWG KAl oTN MNXOVIKR, N 10X0G gival o
PUONOC METABOANG TNG EVEPYEING:

adU dq
P —_ e e
At dt ¥

o
|

V.



25-5 HAekTpIKN loXUC

Movada 1oxUog gival To watt, W.

Na WHIKEG AVTIOTACEIG:

~
I

IV = I(IR) = I°R

vV &
T



25-5 HAekTpIKNA lOoXUG

NMNoéon €ival n avriotaon mrpofoAsa 40-W 1Tou
AgiITOUpYyEi ME 12 V.

12V 40-W Headlight
SOLUTION From Eq. 25-7h,
R = v:_ (2V)° 3.6 0)
P (d0W) T

NOTE This is the resistance when the bulb is burning brightly at 40 W, When the
bulb 1s cold, the resistance 18 much lower, as we saw in Eq. 25-5. Since the
current 1s high when the resistance is low, lightbulbs burn out most often when
first turned on.
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25-5 HAekTpIKNA lOoXUG

210 Aoyaplacpuo tng AEH dgv
TTANPWVOUUE I0XU aAAd «BaTtwpes» (Watt
X WPA) ETTONEVWGS TTANPWVOUHE EVEPYEIQ.

H AEH peTpdel Tnv evépyela og kilowatt-
hours, kKWh:

1 kWh = (1000 W)(3600 s) = 3.60 x 106 J.



Kepauvog

KaTtd Tnv OIAPKEIO TOU KEPAUVOU, EXOUME
METAQPOPA EVEPYEIOG TNG TAZEWCS TwV 10° J
o€ MIa O10@OoPA OUVAMIKOU (METAEU TWV
oUvveEQWYV Kal ThGgyng) 5x 10’ V. H
XPOVIKIN OIAPKEIO TOU KEPOAUVOU gival
mrepitTrou 0.2 s. Bpeite (a) To OuVOAIKO
(POPTIO TTOU METAWPEPEI EVOC KEPpAUVOG (b) TO
peUMA (C) TNV MEON IOYU.



APPROACH We estimate the charge (J, recalling that potential energy change
equals the potential difference AV times the charge (0, Eq. 23-3. We equate AU
with the energy transferred, AL = 107 J. Next, the current [ is O/t (Eg. 25-1a)
and the power P 1s energy/time.

SOLUTION (a) From Eq. 23-3, the energy transformed is AL = O AV. We solve
for ()
Al 1077

Q0 = AV &= 5% 107V = 20 coulombs.

(&) The current during the 0.2 s 15 about

() 200C
[ = = = — = 100 A.
i 0.2s

(¢) The average power delivered is
_energy 1077

P = - = = 5% 10"W = 5GW.
fime (0.2 s

We can also use Eq. 25-6:
P = IV = (100A)5 = 10°'V) = 5GW.

NOTE Since most lightning bolts consist of several stages, it is possible that
individual parts could carry currents much higher than the 100 A calculated above.




25-6 loxug OIKIoKwV KUKAWHATWYV

Ta KAAWOIA OTIGC EYKATACTACEIC EVOS OTTITIOU
EXOUV XOMNAEG avTIOTACEIG. EAV OpWG £XOUME
MEYAAN OIEAEUCN PEUMATOG, TOTE Eival OUVATOV
AOYW TNG MEYAANG IOXUOG VO £XOUME ONMAVTIKN
au¢non Tng BeppoKpaTiag Kal KivOuvo
TTUPKAYIAG (VO TTAPOUV @WTIA TO TTAACTIKA
KOMMATIO).

AUTOG gival Kal 0 AOyOoG TTOU OTIG EYKATOAOTACEIG
TTOAPEUPRAAAOVTAI «KACPAAEIEG» TTOU KTTEQPTOUV»
OTOV TO PEUMA CETTEPACEI TNV TIMA ACPAAEIAG VI
TNV KOAwOdiwon.



25-6 loyug OIKIoKwV KUKAWPATWY

YTITAPXOUV AVTIOTACEIG MIOG XPNOEWG

ribbon

Types of fuses



25-6 loyug OIKIoKwV KUKAWPATWY

Kal ao@aAgieg TTou ytropeEi va
ETTAVEKKIVNOOUYV (reset)

C d Contact
ompresse points Contac\ts open
spring ) s =
s “
Outside P Metal =
switch strip
Bimetallic - T ® To electric i
strip e circuit -
Ix
L ) \ y
Circuit breaker Circuit breaker

(closed) (open)
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AT1ro TO dl1aypappa BPEITE TO OUVOAIKO peUpa. Oa TTECE! HIa
aoc@aAsia 15A;
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APPROACH Each device has the same 120-V voltage across it. The current each
draws from the source 1s found from [ = P/V., Eq.25-6.

SOLUTION The circuit in Fig. 25-20 draws the following currents: the lightbulb draws
I'=P/V =100W/120V = 0.8 A; the heater draws 1800 W/120V = 15.0 A;
the stereo draws a maximum of 350 W/120V = 2.9 A; and the hair drver draws
1200 W/120V = 10.0 A. The total current drawn, if all devices are used at the
same fime, 18

08A + 150A + 29A + 100A = 287 A.

NOTE The heater draws as much current as 18 100-W lightbulbs. For safety, the

heater should probably be on a circuit by itsell.
Copyrig =




Mia Beppaotpa 1800-W €xel NIKPO KAAWOIO KAl OeV
PTAVEI OTO YPAPEIO OAC YIA VA (ECTAOEITE.
XPNOIYMOTTOIEITE MIA TTPOEKTACT (MTTAAAVTECQ) TTOU
ExEl opi1o 11 A. AlatpEXeTal KivOuvo Kal YIOTI;

RESPONSE 1800W at 120V draws a 15-A current. The wires in the extension
cord rated at 11 A could become hot enough to melt the insulation and cause

a fire.

NAI YITAPXEI KINAYNOZ!!
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25-7 EvoaAAaooopuevn Taon

To peUua HIOG UTTATAPIOG
EXEI oTOOEPN POpa

Current

(ouvexéEg, direct current, Time
DC). DC

To pevpa ammod tnv AEH
EVOAAAOOEI TV @OopA Iot
TOU (EVOAAQOCOCOMNEVO

Current

alternating current, AC).

Time

_]O -+

AC



25-7 EvoaAAaooopuevn Taon

H Taon £xe1 nuITovoEldn EapTnon Ao 1o
XPOVoO.

V. = Vysin2#ft = V,sinot,

KaBwc¢ kail To pevpa:

14 Vo . ,
[ = — = —sinwt = I;sinwt.

R R



H 1o0xUg ivai:

Time
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H péon 1oxug dideTal atrod Tnv oxéEon

P = IR
_ V2
P =12
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25-7 EvaAAaocoopuevo PeUpa

H péon Tipn Tou eVOAAACOCOMEVOU PEUNATOC KAl
TNG Taong €ival undév. 'ETol opi{oupe root-
mean-square (rms) wg €¢NG:



(a) BpeiTe TNV AVTIiOTOON KOI TO HEYIOTO PEUMA VIO EVO
auEPIKAVIKO TTIoTOAAGKI 1000-W tTou Asitoupyei ota 120-V. (b)
T1 8a cupuBei eav To ouvdEooupe ota 240-V tng AEH;

APPROACH We are given Pand V. .so I_.= P/V.__ (Eg. 25-10a or 25-6),
and [, = V2 I.,,,. Then we find R from V = IR.

SOLUTION (a) We solve Eq. 25-10a for the rms current: . e
an
P 1000 W
lims = = = 833 A.
o Vims 120V |
Then ii()ei?;lng
Ih = V21, = 11.8A.
The resistance 1s
Vims 120V
R =— = — 1440,
lme  833A 3

The resistance could equally well be calculated using peak values:

V, 170V
R =" = = 1440,
I, 11.8A




(h) When connected to a 240-V line, more current would flow and the resistance
would change with the increased temperature (Section 25-4). But let us make an
estimate of the power transformed based on the same 14.4-f} resistance. The
average power would be

5 _ Vin, _ (240V)

—— = 4000W.
R (14.40})

This is four times the dryer’s power rating and would undoubtedly melt the
heating element or the wire coils of the motor.
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25-9 YmrepaywyigotTnra

YTTapXouv opIoHuEVA
UAIKQA, UTTEPAYWYINA,
TTOU KATW ATTO MIA
Kpiolun Oeppokpaacia,
T, N AvTioOTOON TOU
MEIWVETAI OPAMATIKA.

Resistivity, p
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25-9 Yrepaywyipornta

2TO UTTEPAYWYIMA UAIKA, N MNOEVIKN TOUG
AVTIOTOON ETTITPETTEI TNV TTAPOUCIA PEUMATOG VIO
XPOVIO OKOMO KOl XWPEIS TNV TTapoucia d1a@opdag
OUVOMIKOU.

Mo TTOAAG XPOVIa 01 KPIOINEG BEpUOKPOATIEC NTAV
YUpw oTta 23 K (-250 °C).

A1ro 10 1987, £X0oUV BPEDei VEQ UAIKA, TTOU
OVOMACOVTOI UTTEPAYWYOI «UPnAnGg»
BepuoOKpaTiag TTOU AEITOUPYOUV KOVTA oTOUG 90K
(-183 °C) Kal N €PEUVA YIA UTTEPAYWYOUG O€
OKOMO UWNAOTEPEG BEpHOKPOTiEC oUVEXICETAI.



