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An electric current of 2A passes through. Calculate the number of
electrons passmg through the conductor after 15s

155 Audmgd\uawumuujmumml ZAMM@hJ‘SJLu)UI

r-2A B O]
Z215s V=14 3o = XLixis'?

el = 2X,%
z 30¢<

o= (.275)1e%

An electric current passes, the intensity changes with time. Calculate the
charge during the time period from 2s to 5s
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the current per unit area flowing through the conductor at that point
( Adlad) Cliaudl) 4S ja olai) S ) Aun gal) Ciliaill dgatiall de jud) slad) (gudi L

the current density, J. The direction of 7 is i - 2.0
; PP - T - — —vokah Asls ulasaa g
defined as the direction of the velociry of the positive charges lcr I= 2

¢ ppusue 0 r_he direction of negative charges) C‘OSall‘g the plane. A/m?

-

The current ﬂuwmg Lhrough the plane is
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In the figure, the area of 2 is twice the area of 1. What happens to the current density?
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A glial)
The impedance of a conductor to R resistance
the passage of electric current
4 glial) i glia Jaa 5
inverted resistance ¢ conductance

Measurement of the material's

e gl daglaa)
resistance to the passage of

: P resistivity
electric current
DN sl Boball A3 glan (s2a B
2 s =
o o Ll gal)
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The correct form of Ohm's law is @A a3 Al Al Azl

AV - ~
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electrical conductivity unit & Jdsasill 3aay
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I 2 | 2 ['cwm N=pL/A] in solving problems to an quantity gh sther quentites. I As mentioned ln Exnmple 5.2 m
T L;-vb-'-" Sllud) doglao 5.2 e
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67431 V2658 03648 ot 5:2 _;' Resistance of a Copper Wire
53.4¢5 82515 03249 ¢ srandard wires thar elecrrcians pur 1inro recidenrial housing have fairky low recsrance
42408 73481 02893
cale PRODLEM
Whar Is rhe resisrance of the 1000 m standard 12 gauge cop r wire rhar is rypicall
gatg TP ¥
83656 32636 0.1285 I used in wiring household electrical outlews?
6.6342 27064 0.1144 9 Aeglaat s
52612 25882 01019 10 vl K W g A) R = 0.5200
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33088 2.0525 0.0808 - Lot g, O e R=r,L.
2.6240 18278 0.0720 13 39 [ A B)R = 0. 3200
20809 16277 00641 14 3.4 ::; ::': 70X C‘X
EEY - \: te
16502 14495 0.0571 15 s PR oSBT o l){:‘
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Concept Check 5.1

If the diameter of the wire in
Example 5.2 is doubled, its
resistance will

a) increase by a factor of 4.
b) increase by a factor of 2.

c) stay the same.

d) decrease by a factor of 2.

e) decrease by a factor of 4.

pl
R =—
A
p/’-"?ﬂ':ﬁ.ik—
rr
6)":) 2V
q:lxz
Ra P sy
R‘ A’_ )Vq_i
Ry , K]

A mantiowed i Bangle 5.2 pre}

5.1 pealad| 22l 0

5.2 Jub) 3 clldl o zzlas 1)

cayas G
'4 e ‘a

. e e (b

2 Jolac Ja (d
r|2k /rI:]_y
Ra . L
Ry 4
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B 4l JSa) (3 Aisal) g uladl) (e A glaal) ST (e 51
$Auli g daglia

Which of the copper wires shown in the figure
has the least resistance?
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— A S Axdlal) 38 ais (emf) Sles ol A jlas s 555 53 (23all) 2gadl 353 W5l e (Sl emf).
= 03 ) el b L3S 13

g | & B v
L i QoA g) CSall Qgay ) Ay Uy 4518 laRa S)
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. This "voltage” is the potential difference (emf) that the battery can provide to a circuit.

(Bl S IS B ot it P Loyt St a8 as o i amy Gndnd e dmgliett 5 o)

e wmleglas Lmer (oo (Ao B L o B N L R e L
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1 mAh = (107" AX3600 s) = 3.6 As = 3.6 C
32a smA.h
gl 38 Jlal) 34l

= Prad ; 2 »
1 mAh=(10" A)(36005)=3.6 As=36C gl E




6 Define the clectromotive force (emi) s the powential difference (vo'tage) supplied by 1 battery or 2 drdce (emd cevice). As mentioned in RGUAE 5.10 Smp'e drmuit

sl poll Aadlll 5 il on (emf) Siem ol dbara i 0 (deadl) o) G2 el e (Jien emf).
Jldall J&d) e
potiall o BBIAN) Ll (S o) Al gl Axdlall 358 Jlga Ay -A-
Vems %2l 0o g o) 3l (3,8 54 .2-B
Vemf a1 iR?Ji 08 4US (Sas- C-
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l 1 l 6 Define the tlectromative forze (erf) s the powential diflerence ivoltage) suppied by 3 battery or 2 device (ed cevice). A1 mertioned In FGUAE 5,10 Simple drutt | 126

Self-Test Opportunity 5.2 5.2 S133) HLas-%) ) aww
A resistor with # = 10.0 {2 s con- = 10.0 2 woslus pslaos Jooss £
necled across a source of sl wilhs Sgs 3 arasbuS da8ls 393 ;aac
potential difference V,,, = .50 V. e 394zl L)) Lo .Vomy = 1.50 V
What is the current flowing though €3 510)
the circuit?
Vcrn'
. - . D L
ARl da glial) dlega 4 Ut '
Ri -
AN N
i Vemf &
S ——— o ‘
R.q + R; A)i=0.524 B)i =0.324 |
SO - ﬂ |
i o - D—i=0.1 !
b 0)i=0.624 |
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Resistors in Series
Mert iy 8ot samve currat fiows Bhemgh @ set of resitons consectad im sees up o Be fart that ectric charge & coemried. . s
2D Clbiethe st esitanefor s comenid s he s i et Asmentionnd b e tethe
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Jildall JS&Il pa
R,=100 R.=300 Ry=6002

s W AN AN ANV
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Rey= R+ Raxy s
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Mersly Bt cam e current 6 ws Bheough @ et of resintons conmected i t40es Cut 1o 174 “2ct hal electn? change is o°served o {in the texthok ’ w1

3 1 Cakukie the equvaient resiance for resisers (omeected in seies o th: am of thew ndvded redstases,

Concept Check 5.3

What are the relative magnituces of ()

5.3 pealal) 2> 0

the twa rasistances i1 Figure 5137 ., ¢5.13
/\,.J\ Ao
al Ry <Ry V= R @ ] R<R2(a )
bl R, =R S
I R 2 ;L; /_Sll ] — RZ (b
 R>R, )
®) R,> R, (c

d) Not enough infoermation is given
in the figure to compare the
resistances.

i JS2J 3 sUaall ilastall (d
oeaglal)l o,)lal A8LS

Lib.lé.a.ﬂ_)u_,l.ﬁanJ‘MJ\JMS)MJM\M&:(;JJL;JLAJM‘Q_\;&‘)}:MJUQ_“.‘%A }

The battery voltage is distributed among the resistors directly with the value of
the resistance(the higher the resistance, the higher its voltage




1 " Mert by S came current fiows bheough a g2t of resistors consectad in saes cue to 1 fact that eleciric charge i tooseraad. [ renr ]

fis mentiomed In the taxtbok
Cakubate ths equvaert resstane "o rsemn comested in 529 & the sam of thet indowdad redstmces,
al) da>)
Concept Check 5.4 5.4 pealal g
Ihreo identical resistors, Ry, F-, and Ry .alilae laglas 3 ooy £

Ny are wired togethar as shown in the
figure. An elactnc current 1= flowing

.JSJJ';;_,,—.‘,..L.SL'-...R3,R2,

soleglae 8 s B8az b s
through the three resistors. The currant Sleglas LG s '-’"'L'-' FbrasS b
through &, Ry s aaacll L) g5l ‘
K o | R R, R R, !
SRS TE BTG SR e, G

—ANA— AN AN !
A) 1= the =amae as the current through

koo Ry Ry I3 332l) s Sl (@

B) i1= a third of the current through 2, .R3 » R, JoE Shazit Hlah o (b
and K.

e

C) 1S twice Lhe sum of the current Ry s Ry I3s a3azl) L)) e (€
thirougl A and A'a.

Jos @aacl) Glad Osland e (d

<) i Ulwee Limes the Ccurrent through &y R; s R,

and &4 3l e
<) <cannot bo dotermined. ‘ h\-’ JL““ ‘f = ‘ dsn:‘ l

S

oagas HSc Y (e

‘&S=11=12=I3




Wartly Bt s currant fiows Bheough o et of resiton connected in sades 2u t 14 f3t thal electic dharge b c2osernd.
T 1 et covvaon s for e omeed s e s e ke s famotional s G ek o

! W ,lal) dds i)l Zeglad) 5.3 Jis

! e b ladbdeo s ae V) Lt de e apd 13,8 09 Lol 3 &)U Jlasl pae e
A e Vg il 3,0 a0l 558 L)l 3350 ae 3500 e 1LL1 2 R iyl o pgles 2e
Lot oSl OS5 Ay R, sty daglin W) slad) 57 alassd) las tiasy V) e 31 4,La )
g 1504 g ol syl e Jled! e dlais deglas

Vi =R =1(R+R))

el 3 b By A Gualacd) Jizy 514 4 3 2)lad) 4abe ) Llgda Y Jof

wlgla ) & ,ua 5.14 S 20

Al alaaie R aolsts aagtas L) ' wla
polad - — L‘; Q,L‘: g yUadl 10,062 aglae Jlas! aze 35000 Was! paz soe V) = 120 V I & U 51 o200
N> Fap,Uanl) ikt dglal) 203 L 109V J) Llad! 3 e e apd! 3,3 203 jauss
ay Ds 2109 ook
i = o
ch T - Voa g
R+ Ry
e = 12

lex R,
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R _)A\ﬂ 7.:.:\...4‘\]\ 34u.1 Siday \JLA ’:.u\._a.q.n Aa) J—l 13)
1 \ /
% If one lamp is damaged, what happens to the brightness of the other lamps?
2 The other lights are not bright gAY ?:T‘.’L-“A]‘ &}L,,_, adzid

’ Q3 G 5 e a5 8 o 23505 Y
B : v'_u.....ijA memc_uw\ T

The lamp is not bright 1 | T —
The total resistance decreases [ 1 zlsadl g shu aaei
The total current increases LIS da jlaall Jaig
LEDs 2, 3, and 4 increase in brightness The GASI L A
voltage difference increases between lamps 2, 3 45352 galaall g sk sla 35
and 4 4_93_92@1..‘:.41“53)1,0_,_93 G 33 g

The total potential difference does not ch\ange S el 33 s
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Kerthy that camre cunree ficws Bhrough a set of resistors connected in saes 2up 2 B¢ fact that eectyi: charge it torserid. kin n the teatbok
Cakubtethe cqusaiert esidtance for ek comexded in s &5t sum of e idivichd redstamees Pestonst
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5,40l 231SL0) daglal) La.a

2y ,ladl JMs> sy 5,2 Le.b

22 Q@ Lized 2)) degland) Lyzadz ) L2l 3,500 jlaze Lo €
bl . - Sauslhadl se 5,.\!.:4!' 3olall glise le.O

2 Rey= Ry xRar 22415 =21n

2 BYy 7w

£z Exly=02p
sN=Rey Lpe-37+0-2 =74V
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Wertly Bt somra cuerent ficvs Whrowgh 2 et of resistors conmectad in saves cus to 12 act that etz charge b ooserved

Calute the equvaert resstinge for resisons comexted in 52 i 25 the am of thew individsal redstamces.

Concept Check 5.8

Ihroco light bulbzs are connocted In
series wilhh a ballery thal delivers o

cornsluant prolesslinl cdifforrannc e, V,
Whan a wire 15 connoactod acros== lignt

ot

bulb 2 oz zhown In tho figurc, light
bLulbs T and 3

=)

b)

=)

1)

s
v enar

burn just as brightly as they did
Lefore Lhe wire was connecled.

burn morc brightly than theoy did
Lelore Lhe wire was conneclied.

burn lez= brightly than thoy did
Leluore Lhie wire was connected.

Qo out.

As mant amed in the textbak 112
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il Sptgith Cualesm o EDE fmiss &
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3 u | Calculste currents, voltages, and rech for clrcult ining recktors in saries and in parallel
th for reshtors In naralel

for p {1/Req=2 /M0 M2 ). At renticned in Coscapt Creck 5.5 m

L gliall 8 (615l e Alia pa cilaglia o (st Al 58 5 il (o 3B lo daglia A8l 5 )3l
. AsRRsnvaan LR LR R R R R R R R L R R ) s}"m w‘

Ifa branch with a resistor is added in parallel to a parallel resistors. circuit, the equivalent
resistance .

INCreases LI

nahecom/ae 5

| remains the same AXE 3

becomes infinity Uupad 4




Calculs voltages, and resiita for circuit W resistors In secles and in parallel. m
: 2 o for in gements (1/Req=1/R141 A2\ /s menbened s ComcaprCieck 1.5

Concept Check 5.5

Ihiee wentcal resistlors, Ay K. and K, ate wired logellier as showin in Lhe ligure. An eleclnic current is
flowing from point A to point 8. The current flowing through R,

a) is the same as the current through R, and R,
h) is a third of the current through R, and R, ,

T%——dww—— R
€) is twice the sum of the current throuqh /2, and R, 4

d) is three times tha current through R, and R 7\

€) cannot be determined.

< #(
A alaad) Ge SLeS LS 33as (JSEI) 3 Geee o8 LS G R3 5 Ry 5 Ry cabilce ileglas 38 Jeoss 4
) sl Ry U3 a3zl ,la) B ada )

By @R, I 3saal) am Lt (2 T
R, -R3 5 Ry dls 3aazi) ;Lo =i (b
e ‘;:f B R3 5 Ry UM 33azl) Llall caaa (c
AN

\R3 s Ry U 33.acl) Lo gl ase (d
Ablaie Cila slaall CulsId)

Sslda g A S A Ll
Sobutia 3¢ IS Ak O 2gal) 5 48

sazas 5S¢ y (e




in series and in paraliel.

— TR e ——
e e for in paratel (1/Requ1/RL1 M2

As mertioned in (oscapt Check 5.5 m

57 pealal) aas) o0

alaglnl) pe anl) el LIS

S a3 o aa 1) aalal J) LR L adaallacl)
s~ 3,,40__-.4...:.;_”0__.:. SZaslal) Sla

Concept Check 5.7

As more identical resistors, R, are
added to the circuit shown in the
figure, the resistance between points

A and & will s
) e AAA——
R
~AAN~ y=4
e AA A
——AAA—— h—— R 8
& o EET—— L AAA——
YT e i) Sl el s ol FLexie]” §
s q;_)\_,ﬂ\ )’; Rey, - _S_
aasliall Ji5 «agy ™ gl L
a) increase. K<) _)L:ﬂ\ A3 g s LaS L (b

b) stay the same. \_ == (e

cea Se=md) S ¥ J< o, 2= (d

g AJS s Slu Y,

c) decrease.

d) change inan unpredictable
mannelr.




| Calculate currents, valtages, and resist: for circult i i m&nhndnud'hn-llt
1n e ey 24 (1/Req=1/R141 /201, As rrentioned in (oncapt Creck 5.5 m

B (BR,=36Q) ) Aasiiall DA Al <l gl (32 La
What is the potential difference across resistor (R=362) in the circuit?

‘A
=

36V 1
= Ri=18 » 36 n 18V 2
' 50V 3
® _ st ok P Ry
p . o UV, =SB 77\ 4




Ieta for clrcult aer ining resktors in sedes and in paralel

Calculste currents, voltages, and
3 1n he

for resistors in paraliel arrargements (1/Req=1/R141/R2+.).

As rertioned in Coscept Check 5.5

A long metal wire with an electrical resistance of 12 Q. When a wire is cut into two
equal parts, and they are connected in parallel, the equivalent resistance is formed

s gy I3 A Gmghuda Guiia ) 2 b e (12 ) Al alagie ish sadade 558 2

&~

Padll) e Al dajlaa) Jakale. 120 5

SN

!
Bivs S ¥ &

= (5 sgfR

120

3 0

1.0 2

2.3 L2



The brightness of the lamps is connected in parallel

S0l (ods Junagdl § Tl ¢ okt

II

cokamall Ji &0 9lil! wial) LodS

R2 =10Q

R1>R2 RIZR'Z

il gl golau o0 il Joi) ghmall golam il sl g - J3i1 Zlumsal ¢




AL ,gS) 5 1Al 4 Ul Alaiall A8ISal) A gliall La

What is the equivalent resistance connected to the battery in the circuit?

N
=
1=

R K

] -\
ﬁ'\R/‘—* a/‘ﬁ Rq_z = \' L) ( L) 670 1
13n o R,_ R iR 3a‘
q .- 5
= 180 36 n% Razz iz it g
R.'%: R‘*Q“s ‘ag - ‘
~2
’ 483 ¥ & 25 1}
300 3
-1
1 ;|
- RA +|—4+— - 250 4

Rg  Re




5 baa gl ol sy Lgd) AN (Sas 5 41

w p T RN | R ey £l 5 Lo B 500 3
C
A R ¢ R pyliall Lo L ¢ (0.50 A) 4525 L3
——|—L
5.0V 4.00 200 0O 120 0O
PP A —
e S Rti»: ;;—ut 4.0Q D \\8_0‘1 D \
M
R"’ = __Z— - leoefx

» -5
ki fjﬁg_ *'},‘5’\\: 2a

Reg ;s Rp\» Rz,
[v = R +2




Depending on the circuit shown in the figure and the data shown on it

s DOy JsS0 3 A gs) 5,0al e talais )
T Srallacc .l Al s Aadiaad La

Rl K oA B \\ta:is the
25 O equivalent resistance
15 0O 900 I
e R 4
20 ©
e AAAV AL 5511 e
"y \ _\_ 5 ‘ L ’—“ 'oyL
59 Reg » ?—:*Rz):él’z*? B 200
-
Ry
R,
Ay = $Q :

R‘? R\‘Tkzz-\'Rq

25+lof 2o 255
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lhmhmbmdba!m devie i exual to the curvent perting through the dee mukipied by the prential Sffeence
2 11 |scres ts terming's (PaY). As memtoned in the lextbook ™

Scbve prodles insohing thectic power.
Ll ohl ye sgall 558 AUy e Jeall je oy 63 U (5 4ld LS Slen (N tela s o3 A A8 O BT (P =1AV).
Al g SI AUl Ailesd) Bl Ja

Model SG620 whatasign 2000 W : 4Nl

2 0-240V ~ 50H . - _
Patented Reg DeiignAppalgoow The device consumes 2000 J per second

Madein @ aal gl A8l A 2000 ] ) Mgt
DO NOT IMMERSE INANY LIQUID

Baa) gl) LAY 3 ASlgniall A8l 1 power 2_aal)
Energy consumed per second Bl OIS 4 ALyl p
energy feeding rate Aahal) Dl Jona

seNde  dt
, . AV?
P=1AV.=JF" R =——
R
LW = "’I—k 2 g3 : - 3)a8) (b8 3aa
2000 W My, = =kg.m-.s power unit: « AN Lgn ada




cxamMPLE 5.5 | Temperature Dependence of a Light Bulb’s Resistance

A T00-W light bulh is connecied in series 1oa sonrce of emblwith Vo= 100 V. When
the light bulb is lir, the remperarure of Irs riimgsren filamenr Is 2520 °C

‘_,.l._,.‘.i.n :L.-‘L' A-.’LAJ. L‘_,’_,J-I ‘g.ol.-ll & 5.5

-Vemf = 100 N\ AAL 4S5 Zaeals 348 A ",II,JI Ae Jazs 100 W a5 ‘_,_-Ln,‘_') o
Hml;—m:—wjﬁ%wsm

2520 Satasaic rluadl JO 4 jlials

gy Ll

- 0>
aul §

- 2 -3 ST
C—kg.m®.s ( D-‘_ee—-L- S

P T e e . : e SR = e
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I I8 55 Shagddly dgad 3y 3y L Slou Pl S 45:49.50 gic)! -4 Bi-y)

020 Adz 5.3 tasj 18 g5l o 1.2..5 .49
€a,50al) 2318 aaylalll Ls .2
2, ladl M ayad) o2 Wb
2 Lo A aesladd) Lpnke ) o) 5,080 laae Lo oG

18 U Saslad) 5o 5 5lall 3,43)) laze L.d
= - g Do PR e e e
"o 5_deall 5 aRl laka e Al A AN Al skl e
e ; e T B SR s T e
§ 4y kgl | adl el
U A S R e A
2 F A

P=1I%R V=IR R=R1+R2

=(0.20A)(220) V=(0.20A)370) =150+220
=0.88W V=74V =370

P=IV=(0.20A)7.4V)
P=15W
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Residential energy costs: 1 Jjball A A8Ual) elblgial LS
The unit of measure for energy consumed in electricity bills: KWh
KWh :slS)) il g8 3 ASigioal) 4A8Ul) (uld B2 g
1kWh=3.6 x10%]
W = E (KWh) X KWh

Wl =p (KW) x t (h) x KWhoae
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A junction is a place in a circuit where three or more wires are
connected to each other

OMORIDEIR. ( SPW 301 L B5 ISRCIR . T P T O L e (R X

Kirchhoff’s Junction Rule is a direct consequence of the conservation of electric charge.

il oS Lin i) Jads lasal 3 p8le Aas sa Ll B ey S 55

The sum of the currents entering a junction must equal the
i3 sum of the currents leaving the junction.

- £ 9ana (s gbead Akl die AR Auily <)) I LS £ sada

i =10y +1i3 i{—ip,—iz3g=0 ,.Z;"":o‘u"" PlgAL = ol e = -




menvoned In HGUKL 5.3 A ungie uncson from 3

astall Lo CUSEDN 8 Gowinpdi ALl In the consistent figure, what is the
prlaiinmuing Crfr Joty S: reading of ammeters 1 and 2
e} )

241 JisaYl 5e) jile Jilaal) JS2I
Lo The puanclion shiowvwn i hes ligures,

which equation correctly expresses the
sum of the currents?

20A 10A

Ty Ti_z
-
uT f1

d) i~.+i-_;+i-.+i4=0

'7,"71 __1741—:4_ 14=O
) —4y -+ i dqg —isg =0

7A= A|?-]:_/v' r(/,
ad) 4y — iy — I3 — 13— 0

) Ay — iy — iy =0 \-A: ‘G}\’ ::""9'51‘/’




sources of poof given the A rsumed oF ection of curtent and the Sirection of anaisis.

| | [Exmtatn the comventions Used 10 determine the 30 Of DCtenTal SHTEIENCEs Sround @ Vinge 00D CITU CONIING Several e snd | a I NOURE 8.5 for e
L s

Potenal CRaNges 0 aCANIA L I00DS

Kirchhoff’s Loop Rule
| | | (ARLs) gall i g S (o oilE
= | e | c—lt. S applied to a closed circuit

| { | Ailia 5 il e b
R : R : ‘l’my‘ ; l vcm‘ !

| P gl i Kirchhoff’s Loop Rule is simply a consequence
1 : | | of the law of conservation of energy.

I I | XA o T - -,

| ! ! . 43kl Bis 92 o Auiia
AV= iR AV=HR  AV=+Vy  AV= Vg The potential difference around

a complete circuit loop must sum to zero.
Ha (g (Bl s 51 e 2gadl AL 5 sl £ sanal)




O.5 RKarchhoffs Juncuon Rule scaces thac
A) Thue alprebraice s of rhe CLnrenrs ar any fonmetions fn a4 clronsdr onaasr I 77y

b) the algebraic sum of the potenual changes around any closed loop
By A CIreieit st e Zerao

<) the current 1n a circult with a resisctor and a capacitor varies
expronenrially wirly riooe

d) the current at a juncuon 1s given by the product of the rezistance
Al Thce capacitanaoo

=) the rime for the currenr developmenr ar a juncrnion s given by rhe
IProdciuer of The resiarance anndd rhe capracitancoe.

O e slall (355 .S 5933 o 6.5

O as (golw O Gazs 3505 3 alog (ol e cdslall (g d) g5ud (a

Vo golaw Ol came 3505 3 aalis azls éi Jo> asd!) ol is) o4 g5.2) (b
e ae Bl iz caiSey pglac 33950 350 3 L (c

caa iy asglal) s -él:n @b O 23350 aniss alay e HL2J) (d

doglall i E6 Gurds e 5853 diise dlag aue LN dabj yold) o3l (@
.&_a_...J'g




6.12 Kirchhofl's Loop Rule states that

a) the algebraic sum of the currents around a complete circuit loop
must be zero.

b) the resistances around a complete circuit loop must sum to zero.
) the sonvces of emCaronnd a complere curmmr lnop st s 1o Zero
d) the sum ol the powential ditfercenees around a complere circuit
loop must be greater than zero.

¢) the powential diflerencees around a complete circuit loop must sum
Lo zcro.

o) ._,-L“ agel) LBy S 503 e 6.12

5,505 anle Joo l,lall g3 gaest) (A

.':,.'n..a ‘_;9'_.....3 Q.' ——— alols

diae soliws o) cusu alelS 5,505 anl> Jeo ulaglzl) gaerse (b

o alolS 5 305 anls> Joo> Aol ,eSJ) axslad) 352)) joleas gae>ma (C
A”"A.--a kl;,l—-.&_n _','

s e ST 5% Gl o AlelS 5505 Anls Jao awd ) 35,8 faeswn (d
N ‘ésl_...g .__,".__.:.-‘_a&_LeLS 3,5)s anls> Jo=> asd) 35,3 faoo e




As mentnned i FUNE 8.8 A $DE-1000 GrT
143

12 | Apply KirchholT's loop rule 1 simgle loop drcuits. Sorabning
e tesistary snd two source of e i sevies

il s2c 3 skl Kirchhoff 33 jiall AGlaJl gl g0 G

Calculate the current in the circuit and determine its direction.

R, Ol B it Al 131 3 30 3 Ll olad) il

s of Caale 13) | Ao gall 5 510 A
a

'#*M"_—b
A |74 =12V, V =6V sRy =812 3 R, =4/l
Rl:k : _-;%V‘m[z ade _)LAM-“ emf,1 emf.2 1 2
d ku‘eJﬁFeoﬁ.dJob.sﬂ*ubﬁ _ML_L’\\.}J;JSJJL:H‘;AJL{.\ Al 3ad el
= v

Vemi1
We force the rotation, and it is clockwise

Vems1 — iR\—iR; = Vems2= 0
12—-8i—4i —6=0
6

j=—=0.5A4
i 12 0




AS mentioned n HGURE 6.8 A ngie-000 GITat Sas
cortalning

-:.&-:d---u-d-‘-—-

anmm-mmm

z 12

Two batteries and two resistors are connected as shown on the left. What is

the current flowing through the wires?
SLIiE SR i5gI LEE Lo Ll e gy 5 o 5T oy eaglis Jsos

14V 1
:
) I =i [ ~
[,
1.50% ™ 5.1 A 7.6 A
AN paies
I 450 ! ‘2+]q-l.$f— ¥.S) =o
(= §.33 A




Selve problems on multibop crcuty..

151
As mentioned in Concept Oheck 6.2 154

Is 3 device used to measure potential differance. I

| a i Recall that an ammeter ks 3 cevice used
LE3E) ~

S sa sl il y L Gl pasSey Sles a (S seSH Ll (e o S5 lilalisaate

Concept Check 6.2
In the clircult in the figure, there are
throo ldantical resistorz. Tho switch,
S, Iz Inltlally open. Whaoan the switch I=
e leavsel wwbissl bamgogaesnis fey Fhies
current flowing I A%

'
e — -
v.n'nl
BN NS
£L g
- ~
PRS- .-.\
T
ey
AN N —
o

a) Tho current in /&, decroasocs.
) Thie: currereal in /2y InNcretasens.

Thaee aanrenonl any A2, mlmys Hhies S

<)

250 b JSLaal a

- (& -

6.2 pealal) Gas) e
e kS 2 B okl S 0000 3
S flal) A=a Alil—a lealas ADG

B e =4 = S —— et 3
SR aalall 2 a>aczl) LU

=yl

Visesr

1

&
R ;: Q\
.
NN

Ry malal) 3 =l _L=d) A3 bz (=
Ry AaslEl) B BBl LI al D alaS (L

~F
//.-oh-l’ A asacsly L AnD .Lha"\(c—q
e Lm Y

e e -




i 19 mmn”,*.::?“m As mentioned in the textbook 8
{7 (Y '
r e 6.29 Three resistors are connected across a
>—3 bauwery as shown in the figure. What valucs ol
NS 14 LR and Ve will produce the indicated currents?
7 =T |
Ro7 =
h‘zAi—Jz'o_A‘AR‘[’fl. LS a )l é).h e aloge —slosglaas s 6.29
e ‘t\ 'l;' \'lzovv'sz‘ b Q"u,“- C’L‘-L'- ' Vemf’ rR [ ] -- Lo 'g’i-“’. ) L_; T 0 >
,'3’ = Thort) UL =a 0200
\/;,
R3 j 2 "«l i~ \'.LJ‘ b= {
d AAA & 4 b\/:
=i Y A 2
(ST satd| "K}I} +‘§f;’ R =

“2X2e =YKz 4 Veufo
_—'{b- 80.’. \f!_\“:v
Ve F=t2eN

v

- 3R %2R + 20X2

~R 4 4ys:o
AR = Ys o




" Solve problems on multiloop circults.
Apply KicchholT's loop rule 1o single locp circuits.

e [

Lﬁl—)i;.u-*‘

iAV:O

\,2 +\I| o Rll\:.-
‘2 +‘ —‘07' ko)

[ UPSUTY g
loL; -\ 9
Ty=-1-t&
g |

R (T ~V{ ~Ralz=u
lo X1-8 = £ =12 Za=e

I,

—~

S

6.3 pealall dasi e Concept Check 6.3

domiagd! lalb) Saaaza 350400
.Vz =120 V. -V| —= 6,00V .J.L:J'
a R=120V,.R =100

Sy sl oz,

R,. ‘
i 2’“‘"‘!&

5 | — i
G € R g

— R
1 -I ! /
‘J 44 @T—/J\ ’IJ
a! 5 1 o, V3 9

e *‘I/:—: 12 \Jg
a) 0500 A d) 125 A
b) 0.750 A e) 150 A

In the multiloop circuit shown in the
figure, V, =600V, V, =120V,

R, =10.00),and R, = 12.0V. What is
the magnitude of current ;7

T
v,

d 1L.Z5A
el 1.50A

a) 0.500 A
b) 0.750 A
c) .OOA
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=L; = 25¢c R,y ==Ly = 75¢

Ri R

R; R,

100 R

plosa wl Ganwiag 3 tas3 i) 6.36-
1o i) 100 M dols asSo U

LS Join s ddazs s (S 200 3 (Sls=L)
-P,L—‘-‘ e_..a'g et ) el "LL C,y".by'
edacad) Lols sl e Ry = 100. £2
e Koslml) Jsgose R .51 asluss
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s merlioned in Concept Check 6.4 154

Concept Check 6.4

Which of the circuits shown in th
tigure will not function properly?
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in the electrical circuit. What does (X) and (Y) Y )I(X)Oadsduita o | Al g 500 A
indicate ?
- 57@ Y X |
5 =y -t 2 |
, L 0 il g Sl g2 |
L o sl Sl
= A : =5 manaan
T ¢ o] ___sad | s
e == | Sl l Sadld N
What is the potential difference — 84y el &b o 3 3 La ‘
across the battery mn the figure ? 0.5 A i+ L oniaiaintila
T gaadl JSA
. 2o
= =P ,
-I-_ Yo = B2 1
=g2 Xe-T=W ¥ |
11 S !
O 1V | o5V —.]4
o]l v ) O] 44V




The reading of the ammeter and voltmeter is shown in the corresponding figure
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S JSall 8 il il 5 uaY) 3¢l il

The ammeter reading is shown in the corresponding figure
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l b | 1® |M:b-¢“nmﬁpmlkﬁtpaahmtaullm:hndhumhilhamiwhnlurhl(dﬂqi | As mer tionad ir the taxibock I 15
800 A S (2 ) il g) 280 A0S Rzl aad ) A83a)) ks 8 RC a2l g (1),
;\-:; When the switch is closed, the brightness of the lamp
6 B l' chmaJl&,k..uul}chdidlé.ﬁs
increases
| i
disappears p

It increases and then disappears a3 & 23

1=0
CEE Ay v, % decreases then increases 2133 a5 Ji
s 5 ah pldal) 318 M
’ O 9adia LiiKal)
M+ =90
Vet qd=qmax=C Vemf




Ko o] @331 (e 6.3

oebags 100.0 PF cza 22555 50.0 Q agling 12.0 V laaygs ayslias o o985 5,505 3 50
Laslal A LS Hasiis e sl . |9..Ji u.LL

Consider a circuit consisting of a 12.0 V battery, a 50.0 Q resistor, and
a 100.0 uF capacitor wired in series. The capacitor is initially completely discharged. Al !

.o;'ﬂ“g;ugdwuaoﬁ'wqo%k)!@ywﬂ ‘_,.:u...aa,.:...“._.....:d.o,“_.ag_n
How long after the circuit is closed will it take to charge the capacitor to 90% of its
maximum charge?

q(t) = qma;'c(1 —e€ T)

Qi) = ~t
——(1—8“ =0.90 eRC=1—0.90=0.10 ﬁ:lno.lo

qmax

t = —RCIn0.10 = —50.0 X 100.0 x 10°%[n0.10 = 0.0115 s




Self-Test Opportunity 6.3

A 1.00-mF capacitor is fully charged, and
a 100.0-£2 resislor is connecled acoss
the Capadilor. How lung will il lake Lo
remove 99.0% of the charge stored in
the capacitor?

-t
dit) = 9max€ "

=¥

KI0) -

T 4
Qmax

t

6.3 S HLos-%) J) o

.100.0 Q &_L.._p P’L-‘_‘ 4._‘3,.19 2 J—a,..,
o 929.0% s 053 rininn o) o @S

t
i 1no0.01
RC

0.01

—RCIn0.01 =-100.0 X 1.0 x 1073[n0.01 = 0.461 s




Concept Check 6.5

To discharge a capacitor in an RC
circuit very quickly, what should the
values of the resistance and the
capacitance he?

a)

b)

<

d)

Hoth should be as large as passihle.

Resistance should he as large as
possible, and capacilance as simall
as possible.

Resistance should be as small as
possible, and capacitance as large
as possible.

Both should be as small as possible.

0.5 pudlad) das/

&l pa W dawlly doglall g L

5,48 ac e RC 3305 5 dSe o i

056 Lo a8 LealelS S5 ol s (@

055 Lo 81 daglall 35S of o (b
55¢ Lo J31 asly

S L 1ol aaglall 5% ol oy €

85 Lo ,S) aaly
082 Lo U3 LalilS 036 o e @



Concept Check 6.6

I the cireuit shown in the figure, the capacitor, ¢, is initially uncbarqged. limmesclintely Aller

the switch is closed. T
a) the current flowing through KA, 1s 7ero
b
L) the cunrent flowing throuyh R, is larger than that r”, R =ik
through R.,. i r
«) lhe carnrent Howing Ihrough R; s larger Than Thal It
through R,. ~{/—

d) the current flowing through & is the same as that through ~;.

6.6 pgotslal) dao) yo
rhal) ole Al LSlad) 3 et == A N o e et A
P Daeo Ry pslal) ic a3azl) LLall ol (A

38a2l) e S Ry aslal) e aBacl) Lod ;.,:..@
R — s Ry psall e

@iazl) e oS} Ry eslal) e @dazl) L)) nes, (€
Ry astal) =

v SBacl) Lol Lelauas R, p.m' e ABacll L)) eSS0 (d
R pstal)




Concept Check 6.7

In the circuit shown in the figure, the switch is closed. After a long time,

a) the current through R, is zero.

b) the current flowing through R, is larger than that through R, & R o B

Q the current flowing through R, is larger than that through R,

B |
d) the current flowing through R, is the same as that through R,. jvl—

6.7 pedlal! iax pe

vilighs deio) 53 aa lie glaal) JS 3 amsll 320000 3

Jao R] palall e Fsad) L) é,L-g (a
Ry polall e @3ail) Go ST Ry pglal) e 33acl) L 95 (b

Ry polal) e @dasll o ,uSi Ry pslal) e g3acl) JLad os% (c

i .Rz P’L".l' e Gaacl) Lol Byl R1 P’L-Al' = a3acl) L u,_ﬁe@




6.1 A resistor and a capacitor are connected I series. If a second
identical capacitor is conmiecredd in Series in rhe <ome circenin, the Time
constant for the circuit will

a) dderrease ) mcrease ) srayv rhe same

3 e Sle Blo gl caise Jsg 130 Jed) Jle (Moss caiS0y aglas 6.1
' 5 40al a3l calel) GlB Ly 3,300
oo LS Bagd (c . b o) i @

7= RC Nall by 4 dand) JE5 g e (S Jua s de
| il uldl) Jad




H.2 A resiNtowr areld a CAPACITOr Are Conneet ol 1in series I a socond
identtical resiswor s connecred in scerics i the same circuir, the thme
constant for the circuit will
a) doecrcasc. ) Incrcasc. <) stay tho samc.
3 50al) (e L) Sl leuas 5,13]
- 3D Loj \J.E;._h.u (C ..x._.}._._.;* ._j.u._._..a (a

AB3all Lai g A1) Ao glaal) 31235 sl o aglia Jaea 5 sic
e ) Sl dlajér = R C

6.3 A circuit corsists of a source of emt, a resistor, and a capaciter, I lpess iy phyg ik 80 il sl prans 0 35 33 63
connected in serfes. The capaciter is fully charged How much current o, e a3l ol iz by Jalh e 0 D! s Jowe
is flewirg through i’ -

) i=VR b) zero ¢) neither (z) nor (b) Ibls, (aly (¢ b 1=VRa




6.4 Which of the following will reduce the time constant in an RC circuir?
a) increasing rhe dielecrric consranr of the capaciror
L) addmg an addmional 20 m of wiare between the capacizor and the resistor
<) increasing the voltage ol the battery
o) adding an additional resistor in parallel wirh rhe firsr re<istor
¢) nonc of the above
SRC 3,515 (3 ol ol Jlaew A Lo <) 6.9
—atS o) ol aest) Jsad) ol asL (a
Solally 2SSl o 20 m Jols al=) . asls) (b

aolUa )l ag 5505

AB%all Lag g A0S A glial) S5 (55153 Ao aglia Jra sl 2
gi‘ﬂ‘@m‘di.-!é‘l':RC




6.6 How long will ir rake, as a mulriple of rhe rime consrant, 7, for rhe
capacitor in an RC circuit to be 98% charged?

a) 9t c) 90T e) 0.98T

h) 09T d) 4T

o) collll Caclals .RC 5505 3 atSL) LB, sn ) Aoyl 5 aa)) L 6.6

a) 9T c) 90T e) 0.981
max
tr
& §= 1~ 7 %)
t=—7in(1-0.98) EWE QL VAT
Y = S £/
t= 4‘[ T; B ‘ > & ‘C f: o s
8.93 Fhsgienlnd  wica
b S
e ~ (=028 l;:-—'--B)l




.7 A capacimor s rnally uncharped Ar nime r = (), rhe capacior s
attached tnougl a resiswor R to a battery. Thee enengy stored in e capacioor
e reases, eventially reaching 2 value (7 as 5@ —sox After a timne ecpial 1o the
e constant T — RO the cnergy stored i the capacitor is given by

a) /e ) IR — 1 /¢)

b) Lise=. d) (1 — 1/¢e).

Yoaze Sl 9%y 3= 0 5p& Losie Lfad) § poondie o2 C o280 6.7
) algdl § Jeaz) .atSU 3 G321 8L sl R aslis S e @sladb
340 Bdla)) 338 T = RC aa})) cobll glus =3y an F =0 o U and
- B e wisSll 3

2 = i
R = qd) _ (qmax(l — €9 ))2 S-ile. @ U1 = 172
© " 2¢ 2C b we D U1 - 1re)
e
0 qear(1—€71)
)= T




6.8 Which of the following has the same unit as the clecuomotive
torce (emin»

Sleday Al bsh Astadilsgal) & Ae soims b e 51 6.8

a) current e o° pll Adp < S L' .

b)) eleciric porenrial " ; il g

<) ¢clecuic ficld - ' @
il S JLd

1) elecrric power o v i (d

e ’-Q—SJ
<) nonc of the above :

G Ie 55 % (e
6.9 Tre capacitor i exch cicuie in the figure s first charged by 4 10V 00 0V Lasgs oyl 1 JS2I 3ah JS 3 agl) Sl 025 0.9
horteny with no temal resistance. Then, the switc® s bpped fum pestion ook b e Bassdl JIA i il Ld| e 2 alshy dudday ¢
A pesicion B, and the capacitor i discherged throuzh varions resigiors :’,'ﬂ "‘ME’L:’ ' &T’J L:IJI P"J' JJI_:HL, HWL. L):’ ‘f’)
Foe which creuit i the ttal energy cispated by theesitor e lagesy ) (S [l o] wglall sy 830G epts bl 0
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!_ ©-10 1T'wo resistors, R, — 500 €2 and R — .00 €2, are connecred 1n
} SCVIES Ty A Bartery andd A amimieTer, as ” .,
shaovon m the Fintire The batrery sa i Tress: — N -
Vi = 0.00 V. and the armmimieter has
Thae aesistanae R, — 1.00 $2 VWHhar is 1hwe
current measured by the amunecer? R,
a) Q500 A
)y O7s50 A 1
SO N A ' I=
A 1wy A Ve
) 1.50 /A
axsllac ezl le Mo go R = S5.00 €2, R, = 3.00 €2 . loslzao 6.19
) R, aola ) o355 L S 2J) 8 e s sa LS sl
—AAA— Ra = 50 sesglune alsy . Vamy =— 8.00 V
SAme¥) Az, (g3 L)) 2.3 Le (T.OO €2

L a) 0.500 A
R, = @ 0.750 A
0.889 A
1t 1.00 A
A ) 1.50 A
Ven‘lf -

™ Vemf
"Ry +R;+Ry

=

.00
o = 0.8894

3.00+5.00+1.00




6.11 An uncharged capaciter (C = 149 pF), a rasistor (R = 243 k9), ard
a battery (V = 25.7 V) are connected in (C=149 pF) wias pyote o —u2s 6.11
series. as shown in the figure. Whatis the  _lc Lo dazs (V= 257 V) Loy a,0a (R = 243 k) ol a5baey

charge on the capacitor at t = 03621 s [=036215 5% Lose 280 ot Jliae L JS)1 8 mose 50 LS JI5))
after the switch is closed? ~ Trlall 3le as
a) 548x107°C a) 548x10 °C

b)» 794x1073 C
x -5
b) 794 x 107 C R =C ¢) 115x10°°C

-5
€) L15*107° C d) 166X10 *C
d) 166%x107"'C It 242x107%C

e) 242x107* C oL

T=RC=24.3x10%x14.9x10°¢ = 0.3621s

Gmax = CVems = 14.9 X 1076 x 25.7 = 3.83 x 107 C

2 ~0.3621
Aty = Gmax1 —7) = 3.83 x 10~4(1 - ev3621) = 2.42 x 104 ¢




G113 Winech of rhe followvwngr starcmonra are rrae?

Ay Icdeal anmmmicerery should have infinire resisTanad.

-l

3

An lde-al anmcerer 2hould have z2ero rosisrance
4 An ideal volrmerer shonld have infinre resisranaee
4 An ade-al volrmorer shonld have 2oera resiarancaes
a) 1 and 1
) 2 and 4

e) 2 and 3 aslgsy Jil) ,L_m%' doglne oS5 S
) 1 and a - " -

Nrae JLL) oY) deslzo D5 O ez

aole¥ JBL) jieilanl) deslie 555 o) e -

Niews JLd) siuoiloal) doglne S5 O e -

3, 1 (

4, 2 (b

3, 2{e)

4,1 (d
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Which of the following statements is correct about the magnet shown in the figure?
U i Ul (ublinal) ady La ssae 401 S Ll e )

\ X represents ﬁérth’polé and Y representsSmtl_lyo!e
sl Gl BO Y e i s X
X represents South pole and Y represents North pole

Al Ll BSY 5 eyl L BSX 2

X represents North pole and Y represents North pole

el bl Y g Jalh lal BS X 3

X represents South pole and Y represents South pole

Sl Ll BSY gl i a4
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