
Other problems deal with conducting spheres and you will need to apply th9 shel.l thgorems- ln

addition, you should know ttrat ;; t*" identicai conducting spheres touch each other, the total

charge is shared equally between them'

Finally,youshouldknowtherelationshipbetweenchargeandcurrent:cun€ntisthechargethat
*ou"i ittto or out of a region per unit time'

Questions and Example Problems from Chapter 21

Question 1
iri" 

"n'g.*1"h* 
shows four situations in which oharged particles are fixed in place on an axis' ln

which situation(s) is there u polni io tlr" left of the particles where an eleckon will be in equilibrium?

\-.

+)rJ-tt- q

1 . !-?,q-q+i\q

Question 2
ln the figure to the right, a central particie of charge 'q is,sunounded by two circular rings of

Ji*gJ-p*u"s, oriaaii . *Jn,'*itir n r r. wh--at ari tne magnitude and direction of the net

eleciostatic force on the central particle due to the other particles?
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Question 3
Given belovi are seven arrangements oftwo electric charges. In each figure, a point labeled P is also
identified. All ofthe charges are the same size, 20 C, but they can be either positive or negative. The
charges and point P all lie on a straight line. The distances between adjacent items, either between
two charges or between a charge and point P, are all 5 cm. There are no other charges in this region'

For this problem, we are going to place a +5 c charge at point P. Rank these arrangements from
greatest to least on the basis ofthe strength ofthe electric force on the +5 C charge when it is placed

at point P. That is, put first the arrangement that will exert the shongest force on the +5 C charge at
point P, and put last the anangement that will exert the weakest force on the +5 C charge when it is
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Or, all ofthese arangements exert the same shength force on the t5 C charge.

Or, all ofthese arrangements will exert zero force on the +5 C charge.

Please carefully explain your reasoning.
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Problem 1'
How many electrons would have to be removed from a coin to leave it with a charge of +1 '0 x 10-7 c? -'-
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l"lllgrt"ro.r00 A rhrougb your chest can send your heart into fibrillation, ruining the nonnal

rhythm of heartbeat and aisnrffi thF;* 
"f 

ti";d (*d-th* oxvgen) to your brain' If that current

oersists for 2.00 nin, now muly Jonduction electrons pass tbroug! your chest?
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The initial charges on the three identicai metal spheres in the figure below are the following: sphere
A, Q; sphere B, -Q/4; and sphere C, Q/2, where Q = 2.00 x 10-14 C. Spheres A and B are fixed in
place, with a center-to-center separation of d : I .20 m, which is much larger than the spheres.
Sphere C is touched frst to sphere A and then to sphere B and then it is removed. What then is the
magnitude ofthe electrostatic folce between spheres A and B?
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In the figure below, four particles fomr a square. The charges are qr JqA=Q-dfrd'Ei=iFq.
What is Q/q if the net electrostatic &rce on paiticles 1 and 4 is zero?
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Problem 5
In the frgurb to the right, if Q: +3,20 x 10-re C, q = t.6O x 1O-re C,
and a:2-00 cm, what is the electrostatic force on the particle at the
origin due to the other charged particles?
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Problem 6
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In the frgure below, particle I of charge +q and particle 2 of charge +4.00 q are held at separation
L = 9.00 cm on an x axis. Ifparticle 3 of charge q3 is to be located such that the three particles
remain in place when released, what must be (a) the ratio q:/q and the (b) x and (c) y coordinates of
particle 32

l*-/----l $a non-a, Wfu

=) 
*^ffi 

3 Atur4l $a B*u)+t"'L "tsru '*''* *t'"*ci* o-'L -e'04{ *}"

4.vw4 +",9"\ p6,,*ah, 3 *.A A l"a^A ptn "w j9v ,za^'w .J|^".h'\

a,""1 P.'-r X I
\ r ' r - L - N=/ )tj %. # o d-trif.a^zc-o X **n R, : I

I

--a -,
= F-rl  =Q'  

t 3  
' \ 3

t O d"f, Pa"b< tt 3 )"t'-jA /'Yfl-€''{

a

3

4'llq") = l<

f-

l,/ l
l \ l
i l

-'-t +*".^ rh1r 4i /.'^r. l a* 
*"*on"'fu

,?r-* aj>y.o,rrh )L" .t-",*

- 11-3r
( l -v ) '

/-x = Al

x: ?a =

( Zbr,ru C1 ̂
\  u 4

= 4q.,,)

) ,b ?rt %^ t-L*\ "* 19,p ,^C 3-l. , q %, /^r"Jq x = % o'*A

IF, =o

Kl%, llrrl - l<'lq,ll%".l
L\

q/q ':---1

932 = %(q.q)
x^ - L\

+ q^ '\-') '!'4

^Hm::"Ty'+='4._' :



Problem 7
tn the figgd below, two tiny conducting balls of identical mass zr and identical charge q hang from

nonconJucting threads of lengith L. Assume that 6 is so small that tan 0 can be replaced by its

approximate equat, sin 0.{a) Show that
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gives &e equilibriurn sepatation x of the balls.
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