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Fundamentals of
Circuits

32.1 Circuit Elements and Diagrams

32.2 Kirchhoff’s Laws and the Basic Circuit

1. The tip of a flashlight bulb is touching the top of a 3 V battery. Does the bulb light? Why or
why not?

No This 1$NSE alcomplete CATur L. Baln

Pne side ond e 10osR. of the oulp

wouldhave to loe, convnecied +o Hhe

botrery. A connrReion Fromtine ouker

metol 0ogeof e bulyg fone,

Neaodive terminal of the bottery IS \Ir:e_ede.d'

2. Current;, flows into three resistors connecteu R R
together one after the other. The graph shows the > — SN
value of the potential as a function of distance.

a. Is I, greater than, less than, or equal to [;,? ¥

Explain.

Equal. Thisisdue Tofne
conservoion of curvend-

; Distance
b. Rank in order, from largest to smallest, the three
resistances Ry, R,, and R;.

Order:’K 2, > . >VR;
Explanation:

R= AV ondhe curvend 1S e S&meﬁ‘hmu%\(\
T eocinesistov: AV, > AV, AV, '

c. Is there an electric field at the point inside R, that is marked with a dot? If so, in which direction does
it point? If not, why not?

Yes. The vesistov isiust owcondudtor

Wit o lovae v vesistonce Tnon e

WAes W e civeudt The electric
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3. Aflashlight bulb is connected to a battery and is glowing. Is current I, greater
than, less than, or equal to current /,? Explain.

121, dueto

ConeyN orion of
QRN

4. a. In which direction does current flow through resistor R?

R‘\%\(\A\' to left

b. Which end of R is more positive? Explain.

The fiant end. e, C,\Jcr\(‘e,wjr
o\\wa\é endexs e Cesistor
onthe! \ni V\p@h\(&i@\ side OF
e ceaistor.

Why?

A\/R._; —3\/

5. The wire is broken on the right side of this circuit. What is the potential
difference AV, between points 1 and 2?7 Explain.

NN = 2V

Theve is NaCuent ‘\%\mu.a\f\
he Cesistor Sothere 1SN0
Porexriol diffevevice. GBS
e Cesistor

d. What value would AV} have if the circuit were analyzed in a counterclockwise direction?

c. If this circuit were analyzed in a clockwise direction, what numerical value would you assign to AVy?
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6. Draw a circuit for which the Kirchhoff loop law equation is
6V—-1-20+3V—-1-40=0
Assume that the analysis is done in a clockwise direction.

APy

\
“i" -
(LN = — 3\
- g ——F'q:’

H e

7. The current in a circuit is 2.0 A. The graph shows how the 442
potential changes when going around the circuit in a clockwise 6
direction, starting from the lower left corner. Draw the circuit
diagram. bv 4
+ 2
ﬂ‘ ’ll \ "
Distance
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32.3 Energy and Power

8. This circuit has two resistors, with R, > R,. Which of the two resistors dissi-
pates the larger amount of power? Explain.

R, dissipodes move Powey.

= T2 R Thesoma curvent
R — Flows Hnvouahn eadn cesistor,

9. Two conductors of equal lengths are connected to a battery by ideal wires.
The conductors are made of the same material but have different radii. Which
of the two conductors dissipates the larger amount of power? Explain. L

Concucton |. Since €<, Hnen

R= % Bethhove the sawne p ondthe
Sk LB = TR

10. Two conductors of equal lengths are connected to a battery by ideal wires. The
conductors have the same radii but are made of different materials and have dif-
ferent conductivities 0. Which of the two conductors dissipates the larger
amount of power? Explain.

0 orducror \-?Q,S(S-’n'\}'\‘\‘\{ 1sthe |
eciprocal oF Conductiv '\\‘\1 RS
So it & <ty then g\>PQ_ N ’R1>R;}'
Thexefore (Pp),> (7 5

R= 5 andPe=T>R

11. A60 W lightbulb and a 100 W lightbulb are placed one after the other in a cir-
cuit. The battery’s emf is large enough that both bulbs are glowing. Which one

glows more brightly? Explain. L 60w
H’Q%"\'\{\Q C/\NF‘FQN\*S e "\)V\Q__ e, D - 100 W
DT 2R and e LW bullo Nas move

fesistance.. (TheWodtoae (OcHNaS O,
detecmined by pudting equod 0\+O\§QSS

0C 055 the lbullos \(\DJY vod coneveny )
T\me.re,%mj Yhe GOW bnla a[ouds Mo re \or'{ﬁh—l"\/.
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32.4 Series Resistors

32.5 Real Batteries

12. What is the equivalent resistance of each group of resistors?
a. b.

2Q

6Q 3Q

13. The figure shows two circuits. The two batteries are
identical and the four resistors all have exactly the same
resistance.

a. Is AV, larger than, smaller than, or equal to AV 4?

Explain. -

Now = BV cd Poinds gond ¢
poan\& dgdmdw‘%-&\(\e,\ooéﬁew

OCV\QQS ‘the AL

Order:']: ‘ >I} = I3

Explanation:

v
L= .;Is‘%i

14. The hghtbulb in this circuit has a resistance of 1£}.
a. What are the values of:

av, =N
Av,, — 1N

O od-Hhe Some patentialas e
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e

l
F

Likewnse bOcnd d are at

va\ ﬁ «tive electrod
b. ank in ordé rom fargest to smallest, the currents 1y, [, and I,

T aomc\ Is ofe equa vod due o conservodion of Curvent

b. Suppose the bulb is now removed from its socket. Then what are the

values of:
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15. If the value of R is increased, does AV, increase, decrease, or stay the same?

Explain.

N\ \N\\\ WNICIEOER, \oRCoMSe
gmv ¢

bOA- R v
32.6 Parallel Resistors

16. What is the equivalent resistance of each group of resistors?

e * ﬂ

Reg= b2 % =

17. a. What fraction of current I goes through the 3} resistor?

2

e

o

3Q

i

9Q

b. If the 9} resistor is replaced with a larger resistor, will the fraction of current

going through the 3} resistor increase, decrease, or stay the same?

Thncveose .

18. The figure shows five combinations of identical resistors. Rank in order, from largest to smallest, the

equivalent resistances (Req)1 10 (Reg)s,

e - £ 207

Explanation:

Rey) >R (Regh3R Gae@g
(RQ@5=%§;

Order: (.REGO 2 >(.R€,1\) v >(_Rea\> >(.RQ1) 5 >(RQT> 3

- 3R

Ll‘ _,,_._

© 2008 by Pearson Education, Inc., publishing as Pearson Addison-Wesley.



© 2008 by Pearson Education, Inc., publishing as Pearson Addison-Wesley.

Fundamentals of Circuits - CHAPTER 32 32-7

32.7 Resistor Circuits
32.8 Getting Grounded

19. The circuit shown has a battery and two resistors, with R, > R,. Which
of the two resistors dissipates the larger amount of power? Explain

: +
your reasoning. — R § R2§

Ra dissipodes vove powey

(3 U:‘VD ownd ot Cesistovs have the.
TR Sowe potenttiol drep icecouse.
hey Ore Connected in povaliel.

20. Rank in order, from largest to smallest, the three currents /; to L.

Order: I >T 3~>I

Explanation:

B Kivanhnofe S u\(\C:\‘\ N Rule
T+l Also Lyisless HhanT,

be,co\usq,'R 3>R 5 0nd 4’%\1 mVe-Hne Same Poterttial

differencelorcouse ey 0fe in parnllel T-2Y

21. The two batteries are identical and the four S L
resistors all have exactly the same resistance. a c
a. Compare AV, AV, and AV,;. Are they all + + ©
the same? If not, rank them in decreasing = 121 = 141 é § 115
order. Explain your reasoning. -1 -T
f
They oe Al e <owne..
Poinrs 01,C,0nd & 0T o\\\%x%e Some polfem a) as
Whe. pos\-\‘x Ve leckrade. anine loortey. Dol lo o

ond £ oxe oll o Pre Scane 'ao-feVVl-, oj asthe
Y\Q%O\H\IQ olectrede.

b. Rank in order, from largest to smallest, the five currents I to Is.

Order"’\_:3 >I :'I'aaT4:T5

Explanation:

E\{ consexvotion of cwr\re,v\fl <1 >
Also T, = Nbac\- I = N DNyt 3T
R <z

Ty D= m“’d =1
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Exercises 22-28: Assume that all wires are ideal (zero resistance) and that all batteries are ideal (constant
potential difference).

22. Initially bulbs A and B are glowing. Then the switch is closed. What hap- @
pens to each bulb? Does it get brighter, stay the same, get dimmer, or go A
out? Explain your reasoning. +
) = B
%\«kbpsosd—s \o(‘\g\k\‘@l‘ ord bullbB &oesw\-.ﬁ ]
wWhexn die switan s closed ol Hhie

awrvervovels alonghnis zexe (esistonce
Podn vodihey o mw\g\,r\\ bullp B. Wi
less vesistonce, Mne Gveii+the cuns reny
5 ooy o ol A uarng lon ;SV\Jer.

23. a. Bulbs A, B, and C are identical. Rank in order, from most to least, the
brightnesses of the three bulbs.

Order: ASBT- Q *

T

Explanation:
Allcuartend Slowiva Srom-tne, loodte
MuUst oo Tnrouwoin \;\)\\\o A Thenne current
SPlits e judnct ot wikn nad§ oo *‘\/\\(‘o\%\/\
Bondnalfe ow\i%«wou NC WithHhe some.

B

esigionce, TR lowrbey curyend: (NEBNS tnove,

oy SV\*V\QSS -

b. Suppose a wire is connected between points 1 and 2. What happens to each bulb? Does it get brighter,
stay the same, get dimmer, or go out? Explain.

Buls R ond COp oud becouie nowMneve,
1S NZR O S STONCe, Wie clovng Wi cln
ol e crvand will flow. Now %\emo% o\
Cesistonce, indine. civeuat isless the
o ig wove, Cond ol A whll
U \oﬁ%\N\’Q\(‘.
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24. a. Consider the points a and b. Is the potential difference AV, = 07 If so,
why? If not, which point is more positive?

No becanse e volto. ed*‘op R .
OCrosHne AR RSISESC 1S Tz
veodevHnown e volt gg AYOP
cmss%? e s\simr =TR

E? < (NOR ‘b\ WL

necfed between points a and b, does a current flow through it? If so, in which direction—
to the right or to the left? Explain.

ToHne left, Awice nveckivg poinits 0.and b Forces
Hrexmnto be,oc\‘-w\& sarne potevsiiol- Howevey, 6mce,
Heciurrent fnfouan eoc\(\"&(es‘smr istwice,
Yot of oA E}K (edistor e Junchion (ule

Opplied o 00 10 Snows Hhat CMWQN' ‘QO\NS tothe na\(\‘lr

25. Bulbs A and B are identical. Initially both are glowing.

a. Bulb A is removed from its socket. What happens to bulb B? Does it 1 A o
get brighter, stay the same, get dimmer, or go out? Explain. + R
cﬁxs oLk Wit lowb A ou of its = =
B
pced e Avauit iSNot complete. T

Theve 1SN0 Cloted pOr\'\/\ Somthe
bo:\’ce,\(\{ ~\3V\ﬁa\.1%\(\~\3f\e caouat.

b. Bulb A is replaced. Bulb B is then removed from its socket. What happens to bulb A? Does it get
brighter, stay the same, get dimmer, or go out? Explain.

RBulb A 0ers dimmey The curvend
e civeuit decvenses boecanuse.
e, equivolent fes ' Sronce o8 4ine.
CATUGT NCeaRS.

c. The circuit is restored to its initial condition. A wire is then connected between points 1 and 2. What
happens to the brightness of each bulb?

Bulb A cees out \rcomsrANe e | \5 V\ow o\ ‘z_ero
(esiston Y\%¥eo\d

RulbR ’rS \or\ ey \o Se, ow-\—
(emstow e et s less and the,

Current %om—‘év\e \oocte n -\’r\@ou%‘(\ bulbB
IDSVOR. -
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26. Initially the lightbulb is glowing. It is then removed from its socket. A

a. What happens to the current / when the bulb is removed? Does it R

Assumne Ruis << R .Ini\&a\\\{ Fre T o pam\\e\ T

increase,)stay the same, or decrease? Explain. + 1 R
RS
1

RIistors nave on Qﬁq\:N olent vesistonceR/y
whidh winesn comipined with-ine Sext € o< istor moles

/3R6)= S5 . Sncethe durrentis split
3R

;OSQ“Q’ ToiTI= -;?:5_ ) O INCYRLBE. -

b. What happens to the potential difference AV, between points 1 and 27 Does it increase, stay the
same, decrease, or become zero? Explain.

poveallel %mwp-

27. Bulbs A and B are identical and initially both are
glowing. Then the switch is closed. What happens
to each bulb? Does its brightness increase, stay the = A® \'
same, decrease, or go out? Explain. -

Stoy theSowe.. ATter+he — .
CnRNYY POSSeSHwWo Wowlb A Wi retirn’ +o
e bowteny. Theeacdive eleckiode. ortne lorter
isotolowey Ps\-\é)n\eiio\\{-\/\&v’\‘W\Q PoSv‘vN{ekeﬁwcjt
oFdne otner oottt ey

28. Bulbs A and B are identical and initially both are glowing. Then the
switch is closed. What happens to each bulb? Does its brightness
increase, stay the same, decrease, or go out? Explain.

Sroysthesowme. Thearound Wwe 1S
ot pourt oF O\Uy&\eﬁe et
D0 BRI Wil Plow down it
The, Curtend P o&x%\\ e bullos
Cornons-Hhe Sovne .

e avantt Req= 3%/ ond Hhusthe Cuevent N |
e ib‘,\»‘\;&*’ N yowa, \
el e parpliel (esistors, Te® 355 Wik bulb

Tcreoses. Now “W\QX‘C‘\'S nNo e ol di*??erevxce, QCXoSS Jhe
vesishor Phad 510 520 withhe bulb becouse Yhexe isno
cvent Hrsuaniie resistor Sothe potertio difference.
eiween lond s nowine porenitial diffevence ofthe.
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32.9 RC Circuits

29. The graph shows the voltage as a function of time on a capacitor asit ~ AY,
is discharged (separately) through three different resistors. Rank in
order, from largest to smallest, the values of the resistances R; to Rs.

Order: ’-RQ.)’R 3>'R\

Explanation:
T=RC The decoy Hime is
longe st Socthe R, cutve and
Sroctest For Hhe R, curve.

30. The capacitors in each circuit are discharged when the switch closes at £ = 0 s. Rank in order, from
largest to smallest, the time constants 7, to 75 with which each circuit will discharge.

Tis 2T L
L5 217

Order: T‘S > Tl: lt} - IE,B >TL|

Explanation:

TR Ty (aR)E)- T (AT
T BY$)% T TecRbD-=4T,

C
C
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31. The charge on the capacitor is zero when the switch closes at 100

t=0s. - MWW—

a. What will be the current in the circuit after the switch has
been closed for a long time? Explain.

ATte v Hhe SNt s \oeen
closed o\\ -\1m€ W\empo\ cikor
Wil R, \;u\ Owae & nd Hae,
e Wil eo&&%e, Y0 ZeX0.

(Acruolly T =0 o £>0° )
b. Immediately after the switch closes, before the capacitor has had time to charge, the potential differ-

ence across the capacitor is zero. What must be the potential difference across the resistor in order to
satisfy Kirchhoff’s loop law? Explain.

\OV . Wit avzeyo potentiod difFeeyre,
OCYoSS e copoci for N FDWVp = AV, 80

AN D, gy = DVe
Mg oV - DN =10V

c. Based on your answer to part b, what is the current in the circuit immediately after the switch closes?

10V _— —c
=

d. Sketch a graph of current versus time, starting from just 1(A)
before ¢ = 0 s and continuing until the switch has been
closed a long time. There are no numerical values for the 1 -
horizontal axis, so you should think about the shape of the
graph.
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