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74s) The Electric
Potential

25.1 Electric Potential Energy

25.2 The Potential Energy of Point Charges

b
- 1. A positive point charge and a negative point charge are inside a parallel-plate - E [+
: ; . . . ; ~| = +
capacitor. The point charges interact only with the capacitor, not with each other. |_| ~.. o
Let the negative capacitor plate be the zero of potential energy for both charges. = F+ : jr'
a. Use a black pen or pencil to draw the electric field vectors inside the a i
capacitor. - O— |+
. ; = +
b. Use a red pen or pencil to draw the forces acting on the two charges. - £ +
. _—_ . : ) i i £
c. Is the potential energy of the positive point charge positive, negative, or zero? - I+

Explain.

Fositive.. The potents o @m”g_g b, = 2 ES where #he CL\M«f}Q’
7 s P%me, He electre Field Steengtle B G< posinve aind

the Position § Ts posifive relative 4o neqative P‘fﬂ“% (where $=0).
d. In which direction (right, left, up, or down) does the potential ener y of the positive charge
decrease? Explain.
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i P“f‘“{“ o § 'From ‘e v\z.::j aXve ‘P‘“A"Q—- appro ch(/\_ S Zero,
e. In which direction will the positive charge move if released from rest? Use the concept of energy to
explain your answer.
| L.e £+ T fnadntan constant +utad emergy, Whea relaa g&ci Qm w st
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P \ % ~
14+ —Ql H ¥ +‘o WQr‘J T“LQ i’\ﬁﬁaﬁve_ 7*‘7@}':: .
f. Does your answer to part e agree with the force vector you drew in part b? yE: S
g. Repeat steps c to f for the negative point charge.
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25-2 cHAPTER 25 * The Electric Potential

2. A positive charge ¢ is fired through a small hole in the positive plate of a
capacitor. Does g speed up or slow down inside the capacitor? Answer
this question twice:

FFrrisT

a. First using the concept of force.
[ e

T+ .spe_:z.cis wp. A Pos} Hve, G\N“%Q “stda the ca seidar
Cppariencte an atbrockive $orde *oward the ngﬁq&ava
Pixy@ ard a V”Q?mtﬁtue. Lovee rom Hhe positiva.

Piex&@‘_. ‘EO*‘L\ 'C;rc,e..'f; ore 4w the r‘*@jk‘i‘,

b. Second using the concept of energy.

ENEEREREEE R ER

FFrFsH

I{Qﬂis'?%dls up. Afyer Qﬁ“&fiwa%ﬁ:};apﬁﬁﬁﬁﬁ” the posihive charqa walsteine
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P%a&;»&x T iasms. .&QJ Q,\‘\Qrg\f £m¥“ Ss:ms \a“c'\\e&e{“; e,v&rﬁj.

3. Charge ¢, = 3 nC is distance r from a positive point charge Q. Charge g, = 1 nC is distance 2r from 0.
What is the ratio U,/U, of their potential energies due to their interactions with Q?

U, L 2.6
; pasd LfTréo - — Z\ (Zr) — 3nC (—ZZB . C)
L e.qa -~ - TR TN T
Uy e 129 9. (r) v aC ()
! © 2

4. The figure shows the potential energy of a positively charged particle U
in a region of space. 604

a. What possible arrangement of source charges is responsible for this

potential energy? Draw the source charges above the axis below. 30

0 T T T — X (mm)
4

x (mm)

T T

] 2 3

ol v 141 4§18

R E SR

b. With what kinetic energy should the charged particle be launched from x = 0 mm to have a turning
point at x = 3 mm? Explain.

K= hgT \\w\\\é'u‘o,“\} (ar X =0wwm). Thetotal energy of 4he C.L\ijez\s Constant,

TT\& 3?a§3\x < hows an Increase of 45T OC E“’&&ia\ emsrﬁ\{ (4 os the 0(‘\“3%
Meye s -Qrvw\ X=ZOwwm o ¥ = L. Vhse Geln Tt U mase ‘Cnm a \mss T K.

K 75 Z*EFD 0-*" X = gNM (4 u(—“\ﬂf\ Q‘l*“”‘} N
c¢. How much kinetic energy does this charged particle §f part b have as it passes x =2 mm?

I'S 3— T\:fajmf’ak ﬁ\ﬂ%wg u TMncressSes k‘] 2ROT =0 %\e,
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5. An electron (¢ = —e) completes half of a circular orbit of radius r around a
nucleus with @ = +3e.

a. How much work is done on the electron as it moves from i to f? Give @
either a numerical value or an expression from which you could calculate !

the value if you knew the radius. Justify your answer.

zefﬁ WGT‘C& \5 @f@ﬁ@a‘ _lr?gf ’Cﬁf@.«g \;5 &{w@yg PQ‘IF’%*{A&C%QM '{*0
Hie Mmoo,

b. By how much does the electric potential energy change as the electron moves from i to f?

M [ I o &’\ 0«%3 e . Mﬁ% f‘(& S e @ LR @Q%NQ@{X;@« &% EXN @rqy g
e\efja_){«}q% cﬁ ‘44\% Worfe cé -
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"

c. Is the electron’s speed at f greater than, less than, or equal to its speed at i?
= ZL&KL,,Q . Sinee the total worl 62& vee. i ED,

+"r\q, \,C‘nv\akﬁ‘c, Qhe;f'sx! o..zaa} ﬁ{:‘&%g eiﬂ: mod c;%xc:x.\gﬁ@“

d. Are your answers to parts a and c consistent with each other?

Yee,

6. An electron moves along the trajectory from i to f.
a. Does the electric potential energy increase, decrease, or stay the same?

Explain.
7192 @ i
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digtance

-
U= HTE

TE:Q Pa{»@m”’h"j Q‘A'Q”Fj\@! e Pmtﬁﬁ(%(} MC “*’@ %—-" } ksﬁ' Sreeds
%{,\Q, Qt\wj e ¢ (Awg agxggm{&g s“&j\\ ‘H\x Fo%ﬁm{ﬁmg e,&qraz Q
roua A o Y

ncrende o (lae,wm ee % “LS heg adt m& ol = increases
b. Is the electron’s speed at f greater than, less than, or equal to its speed at i? Explain.
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7. Inside a parallel-plate capacitor, two protons are launched with the same [

speed from point 1. One proton moves along the path from 1 to 2, the other 2 3
from 1 to 3. Points 2 and 3 are the same distance from the negative plate. (L/

. Is AU,_,,, the change in potential long the path 1 — 2, 1 :
a. Is AU,_,,, the change in potential energy along the pa arger T

than, smaller than, or equal to AU,_,,? Explain.

Aul-—)L - aﬁﬁli%

2
AW = 7 E AS  where AL Tis ”i“nﬁe“ Qﬁha&cﬁ@ e U‘éf?zgmg Pes?é«?%a
‘C’t’ow« p&m\» - Ebmmi; 2 oc \“}‘i}d% st 2. &%i*’?&z AS

@AL;.,; vcz.r%}aaj Ch‘g \m@%%\&& Mm”%’%"&w’@ lﬁQ;“‘ez :ﬁmgg@ &Qf@ Tig AD

\'\06’“@ %0&%@@ Cf-“;‘m?mw%%é e:sii ? or the e\e eheie Lovee .

b. Is the proton’s speed v, at point 2 larger than, smaller than, or equal to v,? Explain.

Vz = \/3 v Eiﬁ“&‘t\ *Pa“/\% %«W%ﬁ ”%’ihfa LE WAL f&%{ Swce, &QG*L
\f\cw:z, '{'%\% £ e a .&L( 6-.\23 %er\ %ﬁ.%fﬁ? Pt E% Censtaat,

2 -p 3

25.3 The Potential Energy of a Dipole

8. Rank in order, from most positive to most negative, the potential energies U, to Uy of these six electric
dipoles in a uniform electric field.

1 2 3 4 5 6

Order: U, > U, > U, = Uy > U > Uy

Explanation: ’
| L et
e o "H"\& Worle reguired +o 0TI

‘Tf:e t)o%ﬁ%waj €heryg U oC o A?Pofe. cie,fsm,\ 7
+he Jz'fﬁv(e.m i the Dleld . U s mosk negakive. When +he C‘.}‘AOSQ,, a}i‘j;ng w%@ Hhe
Q‘e_fgf fqgin "?‘ﬁ bhut~ ¢ mest PQSER\:L when c/(fmfe., I oM,o_;im +he f}efo‘ (a.,s i f).

D?fmie.. Y Smr«e«wffmé opposs.s Hae CIdc/ (So U7OB} c}‘ipof@g b and 5 are
pviel w (cxv\c} hove U:Q } and cf?)ﬁch 2 ig 50&1«@«!&4@{» aﬁjnaJ with Hhe

‘p\\mu (so U< (3\),
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25.4 The Electric Potential
N . 2oV 4oV soN uoV 2oV
9. Charged particles with ¢ = +0.1 C are fired with 10 J of kinetic . . . . .
. . . : . 81 61 51 61 8]
energy toward a region of space in which there is an electric

potential. The figure shows the kinetic energy of the charged 20V HoV 2oV
particles as they arrive at nine different points in the region. 73 6 73
Determine the electric potential at each of these points. Write the
value of the potential above each of the dots. Assume that the 30V
particles start from a point where the electric potential is zero. 71

E % &M?Lﬂ. '

T&*&JG E-v'\vﬁui = k'*'u = 103
S ITE K= 3T e U=3T =gV
so V= X 2T - 2ivig

P

. 0.1 C

10. a. The graph on the left shows the electric potential along the x-axis. Use the axes on the right to
draw a graph of the potential energy of a 0.1 C charged particle in this region of space. Provide

a numerical scale on the energy axis.

V(V) v

b. If the charged particle is shot toward the right from x = 1 m with 1.0 J of kinetic energy, where is its
turning point? Explain.

A4+ Xg““) Hee todal ﬁ.m%*fjﬁ\j E = kt‘f’ug?ﬁ T+ (T= 2T,
At +um?n3 ‘Fo“m’r v so KZ:G and

E = K+ Uy = 2T so U= 27 whidh occure af x=3m.
Turding pouad 15 od X =2,

c. Will the charged particle of part b ever reach x = 0 m? If so, how much kinetic energy will it have at
that point? If not, why not?

\/QS. S’*iwgm E"»"J/ZT (&ew&ﬁh‘%) and (A:D«T @.&Xﬁ@m)
we krow K= 27T°
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25.5 The Electric Potential Inside a Parallel-Plate Capacitor

_11. Rank in order, from largest to smallest, the electric potentials V; to Vs at Py ———

points 1 to 5.

Order: vi - \/2 = \/3 > \/“f = \{ﬁ;" Jo e

Explanation: FFFFrr T+ F554]

\/ - Eg m\‘\g‘-g s g %ana.‘:gufr&%
ﬁmm Hae naﬁm%wa\ Pﬂg%e“

1 mm

¢

12. The figure shows two points inside a capacitor. Let V=0V at the negative
plate.
a. What is the ratio V,/V, of the electric potentials at these two points? Explain.

\/2’ - EE‘Q& S, Zem

o
den weme  OrERmSmsi
o

\/f gjgf §§ (Q‘*k’u

= 3

+

3Imm

EEREEEEEEE

b. What is the ratio E,/E, of the electric field strengths at these two points? Explain.

= | The E-LGeold 1 congtank
' ‘QQ.%W% He ‘3(\@%&%.

13. The figure shows two capacitors, each with a 3 mm separation. A proton is released from rest in the

center of each capacitor.

ooV

0V o ] [

@ 3 mm 3 mm ?

50V oo ] { o -50v
Capacitor 1 Capacitor 2

a. Draw an arrow on each proton to show the direction it moves.
b. Which proton reaches a capacitor plate first? Or are they simultaneous? Explain.

S*"re»ju\ s He Sewme., So +he Sze of aceelarndion

1S Ywe Sawrae

[ 1)

FFFFFr+F+T5 5]

ﬁ&y r*e,o.ej\ %«e« F(akﬁ, 31&‘“&4\&"“@@\@“5 ug&\/ "T\Z@ Q\%QM;Q Q@\é
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14.

15.

The Electric Potential « cuapter 25 25-7

A capacitor with plates separated by distance d is charged to a potential difference A V.. All wires
and batteries are disconnected, then the two plates are pulled apart (with insulated handles) to a new

separation of distance 2d.
a. Does the capacitor charge Q change as the separation increases? If so, by what factor? If not,
why not?

§ N, Q s constant. Witk Hioo uee &5 “nsw) aked fondlec
;% No C«\Aa_rﬁé, ‘A)\i‘\, *Ciaw OQC the {}\15&‘%3%@
|
{

. Does the electric field strength E change as the separation increases? If so, by what factor? If not,
why not?

=2

No, E i< constant. Lot A ba the = urlace avea of

Dne. é:>‘€:” ‘é%k@ “:}%%m%*@‘%" “H\M E = —éﬁo = _ﬁ@ !1{:% s amgbeat
} © €o

¢. Does the potential difference AV change as the separation increases? If so, by what factor? If not,
why not?

Ves. AVC\”\“Q"“E‘L% as the SQ\'E&J“&,E'?&\& Nhef €asel,
/SVC = Ed so évgﬁfv\w%f&'zzs \37 o fa;c(-@r of Z
\’u"“%\’\ d deublas,

Each figure shows a contour map on the left and a set of graph axes on the right. Draw a graph of
V versus x. Your graph should be a straight line or a smooth curve.

a. ov 0V 20V 30V 40V
! : : ! | v
: : : : : 0 /
1 1 i [ ) | !
: ' ! ' ! o :
1 1 ] ] 1 : “
| | .' i : 20 A
1 ] ] t 1 i . H
H i ] ] ] /
r T T T T X Oli T T T l’\(m)
Om 1m 2m 3m 4m 0 2 4
b. ov 10V 20V 30V 40V
V(V)

O'm 1m 2m 3m 4m
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€. ov 1oV 20V 30V 40V
o | : : V)
: : : : | 40 g
! 1 ! i I f//d .
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I | i i i 20 rd :
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16. Each figure shows a V-versus-x graph on the left and an x-axis on the right. Assume that the potential
varies with x but not with y. Draw a contour map of the electric potential. Your figures should look
similar to the contour maps in Question 15. Space your equipotential lines every 20 volts and label them.

tooV §OV 6OV Hov 20N ov

a. V(V) 2 ! % g !
100 : R
| % ; i
50 | § | E |
P R e
0+ T T T — x (m) r : T - T T X
0 2 4 Om I'm 2m 3m 4m
ey ON 20V 4OV oV 8OV ipov
- Y I E I b
| I
| % ; N
é L
X (m) g . : : ! E & ! ¥
Om Im 2m 3m 4m

© 2017 Pearson Education.




© 2017 Pearson Education.

The Electric Potential * cHAPTER 25 25-9

25.6 The Electric Potential of a Point Charge

17. Rank in order, from largest to smallest, the electric potentials V] to V; ’ 3
at points 1 to 5. AN,
Order: \/z. =V, = VL{ > Vk = \/S R B O R A
Explanation: . /
V= = &
f ¢ o r
As T olnereases \/ cleg(‘eo»géla
18. Rank in order, from least negative to most negative, the electric potentials LT .
Vi to Vs at points 1 to 5. J Y
o ot O oy
Order: \/! =\, >V. = V.= \Y4 \ A
. —S- Z.— 3 L} \\ ,l
Explanation: -~ v

= L 7 : & Ve
\/ qme, v where 2 (< ﬁ»afsaw&xgeﬁ,

Aﬁ T hncrea ses \/ T CressRs (bem e \a%g w&‘ﬂa&xm)‘

19. The figure shows two points near a positive point charge. 1 mm
a. What is the ratio V}/V, of the electric potentials at these two points? Explain. ® ] 2
,,,,,,,,,,,, * *

T 3mm

\/ 1< 7(\\!@!‘5@,“1 Fr@&:er&iéf\ﬂv\ 4o .
So Since r';:"rng )—H\Q‘“ \/‘3’— gvz“
V, <
Voo o T

b. What is the ratio E,/E, of the electric field strengths at these two points? Explain.

E ¢ ‘\r\\:ersa\j Fm?w&%@mm@ +o = 4
SO Sinee = ri/?i 3 —H\Qﬁ Eg :(3)152..‘

{
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20. A 1 nC positive point charge is located at point A. The electric potential P B
at point B is Im "
{’;‘?‘*}9 V  b.9-sin30°V  c.9:cos30°V  d.9-tan30°V A oo

Explain the reason for your choice.

?%ﬂm} ﬁevexx Qw\ig,@_ e Aot FQ\%V@W‘%"E‘”

= *_L.... — ' ~ n; L C Qﬁyﬁiq
\/ Hrmre, © B < xm” B = C’V

21. An inflatable metal balloon of radius R is charged to a potential of 1000 V. After all wires and batteries
are disconnected, the balloon is inflated to a new radius 2R.
a. Does the potential of the balloon change as it is inflated? If so, by what factor? If not, why not?

\E/QS ﬂg eﬁ“eﬁm%ﬂfgasﬁ,( 6}@@:’"&@:‘};&% \37 a. «C@thr Q‘{‘ 2.,,
Chéf*aé @ TS an@,%ﬂ%Aﬁ%ﬁ% )

\/ - @ avﬁc‘ V}W - ‘ @

éfr*ré IS 4e, 2R

b. Does the potential at a point at distance r = 4R change as the balloon is inflated? If so, by what
factor? If not, why not?

No OQOubade “{“’&I\Q SP%\%&?& +he “iﬁi}"%’ﬁe;%ﬂat s the same

- ‘H'\q,*’ @[gﬁ FQLV\*‘“ Q\\ar e @ \qca»*:ﬁét o "H«&L Coarer
OC "*%e\ﬁ ‘?,f}»&%me . T@ C\zﬁé«mgggﬁg;m [l L’*R \& m&maxjg

ﬁuﬁ“ﬁ\é& "@F\@u }ﬁé&\\ son 48 TR OTe et é}@'@fi C*V‘“C‘i @
u‘\C)(\a,nseﬁge

H”‘Q radsal distance gﬁ"‘m “%Q*«w Su@m Pt C\«a\c:ejef&% !W%
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22. A small charged sphere of radius R,, mass m,, and positive charge g, is shot head on with speed v,

;gf; from a long distance away toward a second small sphere having radius R,, mass m,, and positive charge
¢z The second sphere is held in a fixed location and cannot move. The spheres repel each other, so
sphere 1 will slow as it approaches sphere 2. If v, is small, sphere 1 will reach a closest point, reverse
direction, and be pushed away by sphere 2. If v, is large, sphere 1 will crash into sphere 2. For what
speed v, does sphere 1 just barely touch sphere 2 as it reverses direction?

a. Begin by drawing a before-and-after pictorial representation. Initially, the spheres are far apart and
sphere 1 is heading toward sphere 2 with speed v;. The problem ends with the spheres touching.
What is speed of sphere 1 at this instant? How far apart are the centers of the spheres at this instant?
Label the before and after pictures with complete information—all in symbolic form.

Belore

QW,,; Vi .

V=0

m,
R d lar
4 3’& -
- Ciaf»%f +R,

b. Energy is conserved, so we can use Problem-Solving Strategy 25.1. But first we have to identify the
“moving charge” g and the “source charge” that creates the potential.

Which is the moving charge? 2, . Which is the source charge? ‘Z/ z

¢. We're told the charges start “a long distance away” from each other. Based on this statement, what
value can you assign to V,, the potential of the source charge at the initial position of the moving

charge‘? Explaln

\/ ’MO Sines \/‘“Z[_F;g“ g—z-'—- th d g very &Gf‘sa

d. Now write an expression in terms of the symbols defined above (and any constants that are needed)
for the initial energy K; + gV, .
e. Referring to information on your visual overview, write an expression for the final energy.
1Lz
K+qvi= QO+ &g [R5 RS
f. Energy is conserved, so finish the problem by solving for v,.

S‘mu; %%rju{ R4 C@Aﬁ@f\rex}]

L 2 = ‘ AN
2 Mg\f’g Lkwéﬁ (R\"' Rl)

t 2, ™, (@+@3
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25.7 The Electric Potential of Many Charges

23.

24.

25.

Each figure below shows three points in the vicinity of two point charges. The charges have equal
magnitudes. Rank in order, from largest to smallest, the potentials V;, V,, and V.

a. b.
I I P9 5 O g
i H
|
| \/;>\/t::\/3 ! Ny= v, >\,
z
¢ le d. le
® 22 & ® 22 O
3e e

Vo> Vo=V

2 \ 2

f VL:\/L:VB-‘:O
|

i
|

On the axes below, draw a graph of V versus x for the two point charges shown.

a. j{ v jz\

b.

)

\

For each pair of charges below, are there any points (other than at infinity) at which the electric
potential is zero? If so, show them on the figure with a dot and a V = 0 label. If not, why not?

a. ] 1 | @ { [ @ i ! b

Ne. The Podendts ol s a\w&ys Pu%&»ﬁkv@m the
31\5%'& renge . N0 as & = w0,

O

f

V=0 \V
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26.

27.

28.

The Electric Potential « cHAPTER 25 25-13

For each pair of charges below, at which grid point or points could a double-negative point charge
(g9 =—2) be placed so that the potential at the dot is 0 V? There may be more than one possible point.

Draw the charge on the figure at all points that work.

a. : b.

The graph shows the electric potential v

along the x-axis due to point charges on the

x-axis.

a. Draw the charges on the axis of the
figure. Note that the charges may have

different magnitudes.
-g . T T T @ T @ H @ T X (Cm)
b. An electron is placed at x =2 cm. Is its -4 -2 2 6
potential energy positive, negative,
or zero? Explain.

f We,, eleeAryns ‘me%ia‘ e"“@fﬂ\i TS neﬁ a¥ive |
j (/{ - 2 V whara 2 s neﬁoﬁwa andl V i<
| Pesitive at Y = Zam,

c. If the electron is released from rest at x = 2 cm, will it move right, move left, or remain at x = 2 cm?
Base your explanation on energy concepts.

TT’:Q electren W W wove ‘Q-C%. A <k arge oy \ wove in the
cfic*e,:,,-hc« c{: A%Lr%_sﬂ ney Peﬁai‘sm\ Eﬁ%s‘j\/‘ ﬁz a\gd_—mw‘;
P otantial energy bece wed Wore ﬂejg&z\g,'& as 1+ meoves
fefy.
A ring has radius R and charge Q. The ring is shrunk to a new radius %R with no change in its charge.
By what factor does the on-axis potential at z =R iqcrease? Q=1 a2

Ve @ o iyl e Ri=R
“fﬁ”éa ,iﬁz*éz, © \/(\ ‘Eﬁj-&gz &re er R/z
2= R

A N e

\, =
Y REe 2 AR =,
\/ \H\cra&%e& gﬁ\" & ‘Q\*ﬁ«‘?&f‘ @C és Zé

= |26
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29. A thin rod of length L is uniformly charged with total charge Q. What is the electric
Pss potential on the axis of the rod at distance d from its center?

25.2

a. Begin with a visual representation. Draw a

horizontal rod, then divide it into 10 or 12
boxes with a + in each box. Add an x-axis \ AG
with the rod centered at the origin. Label the

T AN W ,
ends of the rod x = —L/2 and x = L/2. Put a L[+ [+ [+ ][+ :lﬂ I xed
dot on the x-axis at some point to the right of -k {' ok
the rod; label it x = d. 2 segrent 4 2

. Pick one of your + boxes to the right of the origin; label it “segment i,” label its position as x;, and

write AQ beside it to show the charge in segment i.

. Using what you know about the electric potential of a point charge, write an expression for the

electric potential of segment i at the position of the dot. Your expression should be in terms of
AQ, x;, d, and various constants.

=L _Aq

+ e, d“XA:

. Write an expression for the potential of the rod as a sum over all i of your answer to part c.

\/= Z._é_@,._

Hre, 4= d=x;
ok,

. The rod has charge Q in length L. What is the linear charge density? A = Q / .
- Segment i has width Ax. Based on A and Ax, the segment has charge AQ= X\ AX

- Rewrite your answer to part d with this substitution for AQ.

\/: ( N AX
L{T\“éo - g"'X;

LS

. Now you’re ready to convert the sum to an integral. What are the integration limits?

Lower limit ™ L/2 Upper limit + L'/ 2

i. Write your expression for the potential as a definite integral. That means (a) Change Ax to dx, (b)

drop the subscript from x; because x is now a continuous variable, (c) show the integration limits,

and (d) take all multiplicative constants outside the integration.

L/2
V= =2 _dx
Hre, L d-x
- =7

3 [T

We're going to stop here. You’ve done the physics by figuring out what to integrate. Now it’s just” a
calculus problem of carrying out the integration to get a final answer.
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