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

6 Electric Charges
- and Forces

26.1 Developing a Charge Model

Note: Your answers in Section 26.1 should make no mention of electrons or protons.
1. Can an insulator be charged? If so, how would you charge an insulator? If not, why not?

An insulodor o o Aoy V‘%ed
Plastic ison inswlatrov A

P\ astic (od conne C“O\C%Qd b\l
mb\amcs‘\\- With wWool.

2.Cana conductor be charged? If so, how would you charge a conductor? If not, why not?

Acnvdud'of oNn \o
+ov~c)r\\vx it R o\.\.,é\p
c\\oe(‘csed o

3. Lightweight balls A and B hang straight down when both are neutral. They

are close enough together to interact, but not close enough to touch. Draw
pictures showing how the balls hang if:
& _

a. Both are touched with a plastic rod that was rubbed

with wool.
\ne\/ move awm\!
Trom eoch obner.

b. The two charged balls of part a are moved farther

o T\(\e\l Sl move |
INJAVERO ot
ohiner loud not

N\ MU A B
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26-2 CHAPTER 26 - Electric Charges and Forces

c. Ball A is touched by a plastic rod that was rubbed with
wool and ball B is touched by a glass rod that was

rubbed with silk.  N{ g\ %Q\] Move.
Lowowd epcin OWRY.

d. Both are charged by a plastic rod, but ball A is charged

more than ball B. TV\Q,\’ MoV El\/\l(}\
Fromeadnahnes
by HheseMme |

e. Ball A is charged by a plastic rod. Ball B is neutral.

T\/\&\} will gaoun
It isbiot
2o\ oTwey

+he some 0«\%\1' A OB

f. Ball A is charged by a glass rod. Ball B is neutral.

T\!\e\f \woVe Towond
eocih otner o

Pne Sowne. M‘S\e"

A B

4. Four lightweight balls A, B, C, and D are suspended by threads. Ball A has been touched by a plastic
rod that was rubbed with wool. When the balls are brought close together, without touching, the
following observations are made:

e Balls B, C, and D are attracted to ball A.
» Balls B and D have no effect on each other.
« Ball B is attracted to ball C.

What are the charge states (glass, plastic, or neutral) of balls A, B, C, and D? Explain.
B ond D owe both neud Cal lsecouse they have no
eSTect on ecah strer and neustvad ig skl
ortvocred Fo eitihey Q0SS oF plogtic. Since
ol L AWos \oeen Youched oy plastic if is
OISO nOW p\m&\-ic. Sinee bolllis o:\—\rmc:\'QCHo
Slost (k) nd Netstrad (B)nen it must e o)oSs.
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Blectric Charges and Forces - CHAPTER 26 26-3

5. Charged plastic and glass rods hang by threads.

a. An object repels the plastic rod. Can you predict what it will do to the glass rod? If so, what? If not,
why not? Explain.

Two like c,\txo\rcse,s exevt e,\bu\swe,
Fovees on eadoPne . SoHne
obyeck must olso be plastic.
Thcréc‘of‘e, i+ will otvoct +he
%\0\65 yod-

b. A different object attracts the plastic rod. Can you predict what it will do to the glass rod? If so,
what? If not, why not? Explain.

You connot predick Mis becomse
e doject could e %\O\SS %
neuwrvral. Glass willVepel the
%\ass fod butr neudnrol w\\\ loe.
obvocted o the olass vod-

6. After combing your hair briskly, the comb will pick up small pieces of paper.

a. Is the comb charged? Explain.

Yes. A neudvol comb would
hove Noeffect onthe pieces
O'Q\DG\P'Q,\(‘ that are o c,\r\arQeA,

b. How can you be sure that it isn’t the paper that is charged? Propose an experiment to test this.

L5 younove o neu:\-*ro.\ ooject
Fwould odrvoner chovoed pieces
of popay lout Inave e effect on
umc,\:\w‘ose,d pleces.

c. Is your hair charged after being combed? What evidence do you have for your answer?

Ves. S Fly - ooy " NOWYE ore,
Sheonds of hode With \ike,
dnovae Cep ellin &Q&C\/\ ofhey
'Rm\a‘o\ﬁ \(\ouf Wi \QSJc\C_
Creote é oS \Jre,\\I (y\c\r%e,d

N[ \Ve 0~Y\d plastic
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7. When you take clothes out of the drier right after it stops, the clothes often stick to your hands and
arms. Is your body charged? If so, how did it acquire a charge? If not, why does this happen?

Your body is it 0\\\{ Neuvod budt \o\., touching o
chovoed SRt it-CON equire Choawae . However
rcause e cloth es one chmgcd ,+\/\e,\J W\ boe odrcocted
o oo neudral doject, Youe ‘ooc\\) IS Ok\\{ uv\c\rxurged
bt con bbecomne. chovraed by towcdamn G\C_\f\&(‘%E’,d
Saject ov by Vu)o\o‘w\%‘\ st like oter oojects.

8. You’ve been given a piece of material. Propose an experiment or a series of experiments to determine
if the material is a conductor or an insulator. State clearly what the outcome of each experiment will be
if the material is a conductor and if it is an insulator.

Ploce #wo thetal SP\neJ‘eS close topethex gnd use e,

LKW wodresri ol 4 Corvect Phem togetine . Clowrae.

aplostic Cod by (u\o\oivxcs onadtnen o\ ik to on

of e SEnex@S. Aftevwoird (e Second metal
nexve, Lo PLEK Lp SO pieces of popert Hhen

Phe roctexriol Wos o conducror TEnet Hhen Hne

Modexried Wes oninsulatov.

9. Suppose there exists a third type of charge in addition to the two types we’ve called glass and plastic.
Call this third type X charge. What experiment or series of experiments would you use to test whether
an object has X charge? State clearly how each possible outcome of the experiments is to be interpreted.

Sus ped s A-dna ed daieck fvana ahn o

ove dnoeaea \o&@c ()&\cis \OSS (ods Y\%&Aﬁt@%&i
Pheve isonpdtroction tokstnthe plastic andthe.
ib\o‘ss’\’e’\' Hhece is 0Nso Cepulsion leewesn thetno
-choraed doipes finen youve discovered adiind

Ty PR of Shoveae. A\Jcerv\aﬂve,lxi 16 e all ey

- c)nod‘céesszl d:%e,ck S Ceprited oy betin MQ& astic
RAAAOSS, it MustloR gdifferent type of Chawe also.
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Electric Charges and Forces - CHAPTER 26 26-5

26.2 Charge

26.3 Insulators and Conductors

10. A positively charged electroscope has separated leaves.

a. Suppose you bring a positively charged rod close to the top of the electroscope, but
not touching. How will the leaves respond? Use both charge diagrams and words to
explain.

T\I\Q.POS\-\'NQ\ chocaed Vod will ot aCr Neoodive.
oS ONTR elettroScope pulling maeve
neaadive dno QU From He leowes, The
leoVes wWill SePQro:\'e, more.
L Y

b. How will the leaves respond if you bring a negatively charged rod close to the top of the
electroscope, but not touching? Use both charge diagrams and words to explain.

Theneapdively cnouraed fod Will 2 octive.

c)nmr:és fothe lostHoim of e c\eﬁp(g&%e&l @
MoXingthe leoves less pesitively dhowrged:
The leowes wWill W\o\/ec\oSe_r-k-o%Q ex :

11. a. A negatively charged plastic rod touches a neutral piece of metal. What is the final charge state
(positive, negative, or neutral) of the metal? Use both charge diagrams and words to explain how
this charge state is achieved. Plastie

Toe Final c,\\o»r%\' stodeotihe B Md‘c».l‘
melol is neao ‘\‘: ;Theme:\ngs | 21\(\ o;\'\é{
ono by Contact. Some oF the 1

fieaotive dnears klow owtothe S wclewf e
melal andnen femoivitnere I Y
whhenthe rod i ramoved. —

b. A positively charged glass rod touches a neutral piece of metal. What is the final charge state of the
metal? Use both charge diagrams and words to explain how this charge state is achieved.

The fnad m‘i&w\'c. OV MR Ty
tvt

mnetal 1S pod: Hexe Sorme.
e oén\kz oneoes -?-\Q\N Lo -
Hne ++
(\o.w\-m\ vz.\ m&g\o&h\&
2 ontn loss ¥
okve cho Yt

mek Mleoves -\M\lox\
Nexel\ pos Ve d\od‘&e. :
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12.

13.

14.

A lightweight, positively charged ball and a neutral rod hang by threads.
They are close but not touching. A positively charged glass rod touches the
hanging rod on the end opposite the ball, then the rod is removed.

a. Draw a picture of the final positions of the hanging rod and the ball if _&-~—-—‘} &
the rod is made of glass. Touch
 ——

b. Draw a picture of the final positions of the hanging rod and the ball if the rod is metal.

Two oppositely charged metal spheres A and B have equal quantities of A Metal B
charge. They are brought into contact with a neutral metal rod. . - ea — @
__>

a. What is the final charge state of each sphere and of the rod?

Touch Touch

The Sinal dnovae srotre
of eoc\ Sphere ond of
Hne. Cod 1S Newreol.

b. Give a microscopic explanation, in terms of fundamental charges, of how these final states are
reached. Use both charge diagrams and words.

"W\e_ Anovog oV riers in Mmetals ofe electrons, Electvy
ovel ot enaualn o Shove the Nexd elect o |y SQRS
of 2\echrovS T extire sea s wnkil the posiive
ONoFORS N PR B ovve. Newd(alized.
AO==@r  AO—0Os
Metal sphere A has 4 units of negative charge and metal sphere B has 2 units of

positive charge. The two spheres are brought into contact. What is the final
charge state of each sphere? Explain.

E.mdn sphhexe. nds bp Wit | unitof
cé&mm Snorag. Once-ney touey e

es &QD‘N\Q essentioll OY\C
csmduc\-or The oNeftall et cnovoe. s
-+ 32 -9.. Unoufoe, is Sprecd um?ofm\\[
ovex Hne SurToce oF o conducto,
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Electric Charges and Forces - CHAPTER 26 26-7

15. a. Metal sphere A is initially neutral. A positively charged rod is brought near, but
not touching. Is A now positive, negative, or neutral? Explain. /
A

Ao ponovexaldl neudeal Cnavrae.
loudr ¥he dnaraes afe NOW polowrized.

b. Metal spheres A and B are initially neutral and are touching. A positively
charged rod is brought near A, but not touching. Is A now positive,
negative, or neutral? Explain.

The fod will polacizedne AnoXaes intine
omoned cov?g\xc*o*(‘ A+B, e‘;{?ﬁiq@l

Qbvroet oive Enoree s Yo A o
i‘éo«‘w\ ﬁ‘t\-&\%pc\ﬁ'&ivec&m Q?S;.Themmbimdmrdw:\'bv
sl k\a—m Adatie Anes e ofiVec\halae .

c. Metal sphere A is initially neutral. It is connected by a metal wite to
the ground. A positively charged rod is brought near, but not @"_\
touching. Is A now positive, negative, or neutral? Explain. A /
Neopdhive c,‘f\o«%g. \s odbvacted Stom

Haedromand ontesonere A oyne AR Ground
Anotoed (od. Ai'fnecsoc\—wz. pesmve b

16. A lightweight, positively charged ball and a neutral metal rod hang by
threads. They are close but not touching. A positively charged rod is held
close to, but not touching, the hanging rod on the end opposite the ball.

a. Draw a picture of the final positions of the hanging rod and the ball.
Explain your reasoning. /" Not touch

'TY\:.C)(\OJ‘%QA fod polowrizesne neiol od

orreck vy Neastive cnovrags tothne left / ‘ é@
ISavin ‘P;'m Snovrog, ‘;&\%& cigne- /

T hiv AnoXaes Cepel.

b. Suppose the positively charged rod is replaced with a negatively charged rod. Draw a picture of the
final positions of the hanging rod and the ball. Explain your reasoning.

Nowdne Nanaing fed is
polarized N'R\n oive,
ONoraes onthe. (ot o
it is ot facted Yo the oall.




26-8 cHAPTER 26 - Electric Charges and Forces

the sphere.

b. Does the sphere experience a net force? If
Explain.

17. A positively charged rod is held near, but not touching, a neutral metal sphere.
a. Add plusses and minuses to the figure to show the charge distribution on / O

s0, in which direction? Metal

RRERN\LNCL O Cepulive, Lolee

fovee i3 vothe left.

To Hne left. The ohive c\noufees experiance Gin
a\-*rui-ivz&efm-\he le b énd%f:pos wrive, dnoueQ S

Frodne clott: Rud-dne ‘P)t!)i Hive (naflaes

ot dnemneral (e Fotine G d sotne 0
\—\nev'\g\'\r [ gw&\\:\r %MMWQMW Mg eie Fofee

feeto the lef+ Thenet

18. If you bring your finger near a lightweight, negatively charged hanging ball, the ball
swings over toward your finger. Use charge diagrams and words to explain this !

observation.

Pos hive Oroanae 15 [t on

Neaodive boall trore-nesy
e\s k.

C
19. The figure Sows an‘ atom with four protons in the nucleus and four electrons in the

electron cloud.

a. Draw a picture showing how this atom will look if a positive charge is held just

above the atom.

Thevdeculesin Q\»f-ﬂmu ofe polowtized . g

i d
X\ o&‘d{,d\(» es RCQ, CQ,P QU \, a\\.
‘\‘3‘4\'{\\& c,\osgw oSitive Anorae atrrocts the [f
*\I\Q:“\)« Y (\e%qj-;%

b. Is there a net force on the atom? If so, in which direction? Explain.

Yes The fiek Focce is L
Lovrce. exexrted ontine, )
(epuisive fovce ondne

Thexre is o LpWowd grckiv
derov\s aNA.o dn&v\woﬁ\d'& N
fons exevied oy the

Vrtrannel dnoxoe. Since e protans ove, Fu ey

OO Soenine. Showoe. e \oee
! W—W\aug o F %«:@,’.%e downwend fovee i less
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Electric Charges and Forces - CHAPTER 26 26-9

26.4 Coulomb’s Law

20. For each pair of charges, draw a force vector on each charge to show the electric force acting on that
charge. The length of each vector should be proportional to the magnitude of the force. Each + and —
symbol represents the same quantity of charge.

a 0 Of

21. For each group of charges, use a black pen or pencil to draw the forces acting on the gray positive charge.
Then use a red pen or pencil to show the net force on the gray charge. Label F,. K

N AN
a (® b. O | c. \

----- - i A

® ® o

22. Can you assign charges (positive or negative) so that these forces are correct? If so, show the charges
on the figure. (There may be more than one correct response.) If not, why not?

a. b. These Sorces Ol st

Coriecet \neconnse
Hnere, connat o, 3

Mudu ol
‘/GD\ >>0»\-\-€ﬁ

% Lo o

c. —() O—" d. G¢— 4—@
These s(\'OY‘Q.QS e ol

ek \oerounge Haes
Must\or. equnal 'W\JM g

Ma%“K*m €.
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23. a. Draw a + on the figure below to show the position or positions where a proton would experience no
net force.

:{-GJ

b. Would the force on an electron at this position (or positions) be to the left, to the right, or zero?

Zeco Thexe \Wouwld ot e o
Ned vt onown elestcon iy
WS position e&\—haﬁ'ﬁmw&\(\
Ihe Sorees e feversed ,%e_\l
o Skl egual and oppasitre.-

24. Draw a — on the figure below to show the position or positions where an electron would experience no
net force.

© ® |
2

25. The gray positive charge experiences a net force due to two @
other charges: the +1 charge that is seen and a +4 charge that is '
not seen. Add the +4 charge to the figure at the correct position.

(D)
(>
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26.5 The Field Model

26. At points 1 to 4, draw an electric field vector with the proper
direction and whose length is proportional to the electric field
strength at that point. 1 2

Theorcowsodlond 3 oe equal 1n lenaii,
while e odrom o 3 15N neiv )

. \ b G >
OWN AR O TOW o L is Vg Bneir \evopny O 5
27. Dots 1 and 2 are two points in space. The electric field E ; at point 1 is shown. E,
Can you determine the electric field at point 2? If so, draw it on the figure. If not, | -

why not?

Noyouconnst detrermine the.
Moanitude of diveckion ok 4ine.
S?\e,{% oX PDW\'\' - Thev ecior Shown
NI Fells olooudte Field ot

point .

28. a. The electric field of a point charge is shown at one point in space.

900 N/IC
O——
| i | | |

Can you tell if the charge is + or —? If not, why not?

NoThe electvic Field cowld e durtoo,
Posikive dname tothe lef+ ofr-the Field point
2(‘ o{c\g\g\-\-i}\{g ohmfge,*b%ev\%\«\ir o% e
e WYX

b. Here the electric field of a point charge is shown at two positions in space.

@ 900 N/C 400 N/C
prr—  itnial
] I | | | |

Now can you tell if the charge is + or —? Explain.

Ves Thechouwoe is pos i+ ive and isonthe left oS he
Tield ;s'w\’rs .Ne,pé;:r\-\-e\\ 4his becounse the g}&d‘ﬁ c
Fiead desrenses Witndhe squente oftne distonce,
£ronning, Anowtag..

c. Can you determine the location of the charge? If so, draw it on the figure. If not, why not?

l l
Nes. IR 100

3
\I&JQOD__ l:éo—/:""
& 4o’ x I >
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29. At the three points in space indicated with dots, draw the unit vector 7 that you would use to
determine the electric field of the point charge.

a. b.

. .

30. a. This is the unit vector 7 associated with a positive point charge. Draw the
electric field vector at this point in space.

b. This is the unit vector 7 associated with a negative point charge. Draw the
electric field vector at this point in space.

31. The electric field strength at a point in space near a point charge is 1000 N/C.
a. What will be the field strength if the quantity of charge is halved? Explain.

BOO N The toanirude of fne.
eleckvic Fie\d s P%peﬁ'\b‘(}o\\
Yo the c,\/\w‘%e:(‘\(\o& Ceaded

b. What will be the field strength if the distance to the point charge is halved? The quantity of charge is
the original amount, not the value of part a. Explain.

HOON/e . The mocnitnd e ofHne,
QleckNc field dudto A pdint
AnoaaR. 1s iversely properhional
o the Souove ofthe distonce
o tihe point C)/\Ov(‘%&
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