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Fundamentals
of Circuits

28.1 Circuit Elements and Diagrams

28.2 Kirchhoff’'s Laws and the Basic Circuit

1.

. Current I, flows into three resistors connected

The tip of a flashlight bulb is touching the top of a 3 V battery. Does the bulb light? Why
or why not?
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together one after the other. The graph shows the
value of the potential as a function of distance.

a. Is I, greater than, less than, or equal to I,,?
Explain.
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b. Rank in order, from largest to smallest, the three
resistances R;, R,, and R;.

Order: R3> R\> Qz.,
Explanation:

R = % '77:% amfrey\§~ ¥ *HL@L S avihe, t’.‘)u%m *‘ﬁ\e 3?«‘&%{\ *éi\a@w%
A\Il(g% > AV@\ > L\\/Q‘L

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?
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3. A flashlight bulb is connected to a battery and is glowing. Is current /, greater I —
than, less than, or equal to current I;? Explain. + éo
Mb&%% i%bi:; Qj}“g,&&,% Es./ consarvakion -T P
GQ Currant 1
4. a. In which direction does current flow through resistor R? A
R

- ° %AC 2V = = 9v
/Rjn\ to fett = =

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

TF\/& r‘l‘jé'{%' ch(4 n;, éb&vrt&w*‘ ang 4 Qmﬁ“ﬁf"i
dFhe resithie on ‘Hq{, I-nj(a Fw%%x%ﬁaj ézmg).

c. If this circuit were analyzed in a clockwise direction, what numerical value would you assign to
AV,? Why?

A \jres = + 3 \v/ -Pas"é-%*-?v& Sinea diceckion ocrose tha
re gigtoe 1% OPPO%M‘Q*‘ e current, L\/?w{kﬂmg’g Le‘ﬁéb{k
S@V). = *2V+ M — IV + 14V = O.

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

A \/ = -2V SV ca ‘\’\\a C\\\'veg.&\ak G ohg ““‘si;m; RATE Sy
recg
G with the curveat

L Bond 3a Yed,

5. The wire is broken on the right side of this circuit. What is the potential

difference AV}, between points 1 and 2? Explain. 3Q
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6. Draw a circuit for which the Kirchhoff’s loop law equation is
6V—-1-20+3V—-1-40=0

Assume that the analysis is done in a clockwise direction.

H

7. The current in a circuit is 2.0 A. The graph shows how the
potential changes when going around the circuit in a clockwise
direction, starting from the lower left corner. Draw the circuit

diagram.
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28.3 Energy and Power

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

e -T
R‘ c\\‘s§\?m¥@ﬁ% o re *Fowczf“ Sinee. ‘H\Q— &

Curr%&w g “%’L*\c;:a Sdavae &Vefymhw@
andl P = TR with R, > R, .

9. A 60 W lightbulb and a 100 W lightbulb are placed one after the other in
a circuit. The battery’s emf is large enough that both bulbs are glowing.
Which one glows more brightly? Explain. +j_:—_

A \Gu\k’g Wa\‘\”‘\‘a&i‘}%« Torting ks,s the P ower agau\\s i
o h "\s}

Wi E&‘ 5\155\\ FWAVQ \\"C o wa&@zﬁ \N%\*\\ a '\DB{"QJ\%@&

C(.:C’-Car@y\c_g O‘C a. %'&”&y\b@\_ - 4 z;’g ;\@ \J\QQW&/\QRQ \fg\.@a l%g {%Eg‘ﬁgt

Se iZD‘v!)?w \ -
Rbuib = 60W bull has ‘ﬁi?ix@f K.

~n thae wwWea CitTe S,Ju%J e Curreni e ﬂqm LA AL, QW_V@W;«?\L}@@XQ‘,

S0 P2 TR s greater for the 60W bully sina Ros Wigher
L"me_ gﬁgw bally 3\mwg ™Mo e %fﬁ\«%‘aj ]

60 W

100W

) No.ﬁog@; f‘cx.%\tcj =

10. 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.

Can wekoe \.
P = IER ) Sowwe 1” tﬁw&» R%>‘22~ Sh el
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11. The circuit shown has a battery and two resistors, with R, > R,. Which
of the two resistors dissipates the larger amount of power? Explain

our reasoning. —

Ras CKQS\P&%Q,S More ‘Fczwéf.
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28.4 Series Resistors

28.5 Real Batteries

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

3Q

39 39 AW —

6Q 3Q
Reqz iiﬂﬂ Req: q.ﬁ- ch: S..JQ
13. The figure shows two circuits. The two ideal batteries
are identical and the four resistors all have exactly the a
same resistance.
+ + |
a. Is AV, larger than, smaller than, or equal to AV,,? = 1[l§ =
Explain. =T -
- b
AV, .= AV, 4 :

dantical lalesiee 2o <o AViax “taepk N . ) >
\ o we phes &«"‘/@i«;"z éy‘:{a!

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

Order: -
rder I‘ > T, =T,
Explanation:

Le+ AV = &\i@%":’ &Vié

I: = “%\i bowk fz ; Ig = mé;% ﬁ
Same curvenk \97 Coneasvakion b currenk.
14. The lightbulb in this circuit has a resistance of 1 ). : '\/2\/£\2/\,
a. What are the values of: N 2
AV, =2V _f;__ 3V
Av, — IV ) 3

A, OV

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

Av, OV
AV, ~ 3V

AV, . ON
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15. If the value of R is increased, does AV, increase, decrease, or stay the same?
Explain. >
s R =
| Y e O < \ o
DAV Wil nerense s gy = Rog (el
% oaty Rt =
| -
i

28.6 Parallel Resistors

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

a. b. C.
20 20

m N m

17. a. What fraction of current 7 goes through the 3 ) resistor? 30
3
f 1“?1 e e b ?@r éﬁ‘ggtygqiu ‘EA(S gim a i‘éiﬁi E‘“&% 3 %E: f —

Passes Hveovaly he ‘?«Q are Wxg e rmjmgcw 4o hove 9Q

Ahe seme TAV; g = TR acrose botlh regictore,
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?

/

H [——— .

§ drncreage ¢ cur rand +a ro g‘gi(\'\ ?; j“i« resis o,

| , ; ' /
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18. The figure shows five combinations of identical resistors. Rank in order, from largest to smallest, the
equivalent resistances (Req); to (Rey)s.

o e forl e 20

1

Order: {ﬁ eg 332‘ '?(Qez)q > (@@;\ ( \) = (Qa \)

Explanatlon - g

. o . s
2€2>£ = ‘Q (Q@ZBZ‘: R+R+R=3R <’R¢§§35 T%*é*”é“ = 3
2

({{j = +R =S
2y Tk TREIR (R%)%‘-‘—‘tc';m = 2K
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28.7 Resistor Circuits
28.8 Getting Grounded

19. Rank in order, from largest to smallest, the three currents I, to I;.

Order: L L > T 2 X 3 + |
Explanation: =
T

E“f V\’Ir‘”c,h\r\gg{é j:xe\c,&:\‘:w\ Q\L\& T\z ILJ& ﬂi' R,=R
Q«\s@, IZ. = Ig Siec o, QL< Rz andl the.
‘Pe%«e,&%iex«\ (’{w}? SEY 6 be Qa an el ’?%g Ve Hha
Sewne Since *%“lweﬂ are counn-<tckad in E‘:ﬁf&v‘e% . U= -

20. The two ideal batteries are identical and the four J N L
resistors all have exactly the same resistance. a ¢
[
a. Compare AV,,, AV,4, and AV, Are they all + +
the same? If not, rank them in decreasing = 121 § = 14l§ § 115
order. Explain your reasoning. - =T
¢
b d

“ﬂ'—:&f are cﬂ\ *{4\& Lame. . Pc’m’cs *
o, ¢ ound & are all ak Hie <ome Puw%i‘ai ot Haa %a&&-&ﬂ&
&\ecuirvacieﬂ YN ‘W\& \%3\”65’7 Po;u\&»g &;, d aad "Q are m“ “ku
Lame PQJ\——Q,&\A ot the &\Sﬁm@w@ ele cknde

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

Order: I:? >T, =T, = I-“f = L¢

Explanation: £
By conservakion of curmnt T =T,. Aleo T = "“é‘“"

L7 a3, Ty=5=1I

21. 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.

g"&”@@\,’% ﬂ%‘ -:?5 s e, | —n’:% [ NN o = ‘QN‘% &V\G)

P MH@\ di C{:«Mﬂ*we& oc rogs éi&ﬂi% | -
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o V = ON bk ne curremk {C\s\us “&‘v\rouiiﬂ tFoSiner W

“IS wekv Pers eQ o cemgﬁm eaveut
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Exercises 22-25: 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 ®
happens to each bulb? Does it get brighter, stay the same, get dimmer, A
or go out? Explain your reasoning. + |
| ; = / 5®
Eu”ﬂ A .jk{&;g&;iﬁ; hvxz‘wﬁi aved tou\\g L goes P

The curceat does ok euter bulk B Lot testesd

’Qo&\ewg ‘H*\e ‘PGA/\\. WI*&”\/\ ‘H‘\Q t;&\esem 5@.&: %‘c}.& 51;«@ ‘Hg\f{g ’P"‘H" L“"""
esse.‘»\&-ud( Z2ero E’QVGZ\Q(“’CW\@& . W““’%”{”lou’%‘ -u«e rasi shanee 'Cmm L)u.\\a E}

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

Order: p > R = C

Explanation:
AW curcent C\gw‘\h Crom Hae batber Muast
9o theough bulb A but then Hhe current
SY:\N*g Qp\fem‘%%f gﬂ%‘%’wg&ﬁ %‘ﬁg«x&ﬁg R aund gs:u%%@{;.

With fhe Sane redicdance Qer cack Eu\hj +he
\cu-jer Curreat Meang Sr‘ea&e.: L)F:Qg&\smxe;%&.} P = Iz?‘\.

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.

gu«\bs B and C ge cut bt E@\% A ng’%qw %ﬁ%?%q%%@iﬁ
The cureert @“e&ﬁé +he Po:\”\m QQ Hoe Q.c&c\QAjw‘am Swnee

\,\&5 QQQQAJ‘I;&K\{ 2o o vef;.“e;sg“én@\cxw’, So ho Curvrent eakeg

\:)ulhg 2 ec C . Ni%om% e Sigtance Q'mm. bulbs B and C‘;
e corrent "‘\f\raxtj\\ bl A “m;vem%@swé&) <o 1+ iinec
brﬁgk%@;ﬁ) p: T*R.

Yhe Cugrent ‘Harmxﬁbx ball A increases, | $o o jle\h& \O&ff‘“k" (P:IZ@‘
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24. a. Consider the points a and b. Is the potential difference AV,, = 0? If so,
why? If not, which point is more positive? 2R R
+
NO) LQC‘L““S& +the VD““mzj%M cjrw; AL TBLS _“-F_ ’ °
He ZR re Siddoe 1€ 36"‘ cater Hhon the R 2R

\!C}&%ﬂajc& cii“‘&%"s- acrogs “‘P‘Aa, Q e e g%@r‘
AV = TR ‘c:mcg f’fza“i‘“ I}g . PmM— ‘D s More Pe;s&c&iwa*

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

7o the !é./:‘:%“ ’Q“em L> 4o a . lhe connecting wice w;{i cause a and b
o be ar ""?'“Z"‘**s‘ potentiale . HQW%VQ?}‘ He cucrent will favor o
pwﬂ, of [east resictomes. which s %ﬁfwgig +he +@F R rasishoc
“?%i@ix\ ‘Q—am é)"f‘b &} ‘f‘l\@f‘ﬁ ’H'\r'ou.jk "f*“kg, {;,5-&-'% !Q; reesebec, ("77;(ﬁ
Curreaty Fhat passes "f{iﬁg}@ﬁé‘a eoch 2R F‘%%ii%*ﬁf s Luxy\c Haat
W icks pPesses theou ﬂk&. eath R resiche éf"’.B

e

R

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 | % N
get brighter, stay the same, get dimmer, or go out? Explain. + R
\ k L .
Bulb gjfx%ﬁ ok, \Af¢+'L bulb A ouk of I - § 5
Socker there 1o we Noce d g)m%l«\, so +here

s no Cowpranch,

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.

B\,\.u) P\ j"«}(g CL'QMNQ»:: EH%{. LT Teat Tn H,\Q Cireus v
C‘Q-CA'"Q a5 2.5 &’.)ec; AN B '\“‘}k% Q\.? E&.c\mkﬁﬁg&“ resishance,

lhereasas \Af\n&«ush ne cureent @alverd %YQ‘“*‘*QV‘:% ®.

¢. 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?

Bu&ih A gees out because ‘H\e., curreat -Qm(%@wg, e {Bmi"t\
of Zero resietance ‘Cﬂam l 4+ 2 and doea nok e aber bu\s A,
Bull 4 3@*‘“’5 &Oﬁéﬁ\k%@f STres Mmere CurtTesk pasees *%‘krmﬁk
4 how “"(‘\&3{» %&m ¢ esis o of ‘\’txe.~ Crve ek s \a%:‘;,,
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26.

P55
28.1

Real circuits frequently have a need to reduce a voltage to a smaller
value. This is done with a voltage-divider circuit such as the one
shown here. We’ve shown the input voltage V,, as a battery, but in
practice, it might be a voltage signal produced by some other circuit,
such as the receiver circuit in your television.

a. Is this a series or a parallel circuit? = < &y a5 )
b. Symbolically, what is the value of the equivalent resistance? R R s Ka
¢. Redraw the circuit with the two resistors replaced with the equlvalent resistance.

I
== % R

d. You now have one resistor connected directly across the battery. Find the voltage across and the
current through this resistor. Write your answers in terms of V,, R,, and R,.

V?ﬁ . \/\n\
Rit Ry

AV = \~ T = -
Re,z v\h ) i Qez

AV= ,\/fw\ . I= ,\.{h‘ﬂ, /( R+ \sz

e. Which of these, AV or 1, is the same for R, and R, as for R.? X
f. Using Ohm’s law and your answer to e, what is V,,,? It’s most useful to write your answer as
Vout = something X V.

\/ou‘k” - IR& = R “f’R )Q

R
Vo = (‘2§‘§“Rg)v\f\

g Whatis Vi if R, = 2R? Voo = ( 2/3 ) Vin

© 2017 Pearson Education.
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28.9 RC Circuits

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

Order: Qi = QB > E\

Explanation:
T = QC —Ti:nu d%qm\f +tiwme g
| onge st -&r +he RA curve,
cwj Shocdeat "é:r ‘he Rg curve,

av,

28. The capacitors in each circuit are fully charged before the switch closes. Rank in order, from largest to
smallest, the time constants 7; to 75 with which the capacitors will discharge after the switch closes.

C R C R
c R CI C:f c== R R CI R R Cor €=
| T ° ’
1 2 3 4 5
Order: "T's" > "T“ - 'TL:, T; S T:(

Explanation:
T = RC
To=(2R)(£) =
== (Yo =T

Ty = (“%)[%Bﬁ 'éTTT

T = (2R)(2¢) = HT
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29. The charge on the capacitor is zero when the switch closes at P 10Q
t = O S. 'V\/\/\/
a. What will be the current in the circuit after the switch has oy =

been closed for a long time? Explain.

__H___

QC‘*‘Q}" “PKQ, i’;wt%c(L ‘\ms. \s‘aszkw é\msaeﬁé
e ‘@‘\Asj “%’:QM& “\"\/Ae C&*;‘Somcj*ws}r wi il \9%
—ﬁufii‘? Cvkﬁx’"3%¢‘; and “bé\e_ Curremt wetl

O*i‘s‘\r'ﬁcxa,ir\ Zero,

b. Immediately after the switch closes, before the capacitor has had time to charge, the potential
difference across the capacitor is zero. What must be the potential difference across the resistor

in order to satisfy Kirchhoff’s loop law? Explain.

- /OV.
Rasl Ke k\é’\m{:@‘;ﬁ fos an & - \ec,\A, N
e \! c % j@'\ﬁ Wb @,

O= Av\ao& + Avreﬁa +&vci = £+ AV{“’Q*‘:’;

S o

AV = = £ = —-ipV. Mcx?}%:;&uéﬁ &Vg*:: o\,

ree

T - _AVe oy

e

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

0
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