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29 The Electric
Potential

29.1 Electric Potential Energy

2
29.2 The Potential Energy of Point Charges : £ E
1. A positive point charge and a negative point charge are inside a parallel-plate & ‘IE: —@ i
capacitor. The point charges interact only with the capacitor, not with each other. |- +
Let the negative capacitor plate be the zero of potential energy for both charges. | o= i
a. Use a black pen or pencil to draw the electric field vectors inside the . k. j’.
capacitor. | —— i
b. Use a red pen or pencil to draw the forces acting on the two charges. - -g s
c. Is the potential energy of the positive point charge positive, negative, or zero?
Explain.
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d In which direction (right, left, up, or down) does the potential energy of the positive charge
decrease? Explain.
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e. In which direction will the positive charge move if released from rest? Use the concept of energy to
explain your answer.
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f. Does your answer to part e agree with the force vector you drew in part b? \I es

g Repeat steps c to f for the negative point charge.
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29-2 CcHAPTER 29 - 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:

a. First using the concept of force.
'I+ Speed% up ARSSITive clnoar nside T
" cx o*(‘ eXpem ances 0 oér‘cmd-i\le

e e
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3. Charge g = 3 nC is distance r from a positive point charge Q. Charge ¢, = 1 nC is distance 2r from Q.
What is the ratio U;/U, of their potential energies due to their interactions with Q7
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4. The figure shows the potential energy of a positively charged particle um
in a region of space. 60

a. What possible arrangement of source charges is responsible for this
potential energy? Draw the source charges above the axis below.
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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.

~ A= N
Ki-X¢ =9t d ¥ %E (0.083m)=H5 T (ﬁ—fom%acxfap\n)

c. How much kinetic energy does this charged particle of part b have as it passes x = 2 mm?
For eacn Imm of “rrave fowond the m§ WEHhexe is o
cf%\m of I5T of potentiol ex\eg ond X 1oss of 15T

Kinetic.ene As it pos A it nos 15T
oF K: ﬁc’nc@ﬁ;{’% P e

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



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

The Electric Potential - CHAPTER 29 29-3

5. An electron (g = —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?7 Give either a
-

numerical value or an expression from which you could calculate the value if :
you knew the radius. Justify your answer.

Zevo. Themetrion IS olwoys
perpandiculor bothe foree.

Au: ug_—uL: )

c. Is the electron’s speed at f greater than, less than, or equal to its speed at i?

Vgiwl

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

\{QS.

6. An electron moves along the trajectory from i to f.

a. Does the electric potential energy increase, decrease, or stay the same?
Explain.

V= e, g;\

: 1
The poteiriod Youries 65, oo
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b. Is the electron’s speed at f greater than, less than, or equal to its speed at i? Explain.

Lessnon: T\Wo opposite cm‘-s\‘}%s
Slow down 0sthey tave, fourineX™ apav.
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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 positive plate. l}/

a. Is AU, _,,, the change in potential energy along the path 1 — 2, larger !
than, smaller than, or equal to AU;_,3? Explain.

DAy g = DWW g .
AU=qEs whefes (s dhe distance. meosuied Vexticall
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b. I the proton’s speed v, at point 2 larger than, smaller than, or equal to v3? Explain.
V5 =V The dhownae 1 Kinetic enery INSIN

uod Yo AK\-—)S Codnde, AU\‘.;,}: i\k\gg O\V\d
Hne otal enegy i< congrownd:

29.3 The Potential Energy of a Dipole

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

Ty

Order: U\\ >u3 >ub; ut—j >UL& >u 13

Explanation:

U=-5 & =-pEwesP o
W,=-pEccs IR0=+pE Uy =P oS D; -pPE
Uy -pPECosH5=-0.707pk uS:—PEng‘?O =0
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29.4 The Electric Potential
Y LI-DV SO\/ Lfb\/ aov

9. Charged particles with ¢ = +0.1 C are fired with 10 J of kinetic | i it &
energy toward a region of space in which there is an electric
potential. The figure shows the kinetic energy of the charged 33\/ %\/ 30\/
particles as they arrive at nine different points in the region. TI 71
Determine the electric potential at each of these points. Write the 30\/
value of the potential above each of the dots. Assume that the .
particles start from a point where the electric potential is zero. 73

=K TT U,=BT

Uy 33 .
\/"} oL} S 3

k=103 WU,=qV;=0 V=0

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.

VV) Q) = QV

20

10

0 T T T Y T T — x (m) T — x (m)
1 2 3 3

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.

A x=lm, the Totol eneoray B2 K, +,=1J3413:=a3.
Ar-feFuening poivid V=0 K= 0
E=korUy 83=03+U;, Ug= al)—wh{)c{\r\occurs ot

=23
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?

Ves i+ will Ceach *=0m T will\have
&3 of Kineti LNy od-hat oL nt
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29.5 The Electric Potential Inside a Parallel-Plate Capacitor

11.

12.

13.

Rank in order, from largest to smallest, the electric potentials V; to Vs at
points 1 to 5.

Order:\] :\I°_>\]3 >\[%;V5 3e
Explanation:

V=Es Wheve < is measued
Seom tne V\e,oso.\‘\\}{ >lode..

The figure shows two points inside a capacitor. Let V = 0V at the negative =11 mm
plate. =
a. What is the ratio V,/V; of the electric potential at these two points? Explain. |~
- 1 2
\’a _ Es; %g _ e - 3 -
\/, Es. ' <, 7 Tram -
|:<_ 3 mm '

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

The field Wside o poxdlle |- slode.
ET = Co\P&ci%ow 'S & Qow@'o\v\ﬂ-. |

E="U

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

0V o J

. . -

50V o T o 50 V
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.

Simultonesus The electvic Sield
shcengin is e sowne i both co.pacitors

T FrFrrrrr+++]
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14. A capacitor with plates separated by distance d is charged to a potential difference AVc. 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?

The CO\pD\c.'\'\:O\(‘ Anowae (RMNEINS SDV\%-\QV\-‘&
No cnovoe Hows off -fne oo tov plotes
Solby consenvadion of drover, &= Q5.

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

The_ electric field S\-Fevw.g\-\/\ SO fevoans
CONSTOWNS. E"‘%ﬂ (3_6/./3‘. QA G gy e oMl canstont

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

Yes. AVc= Edl Tt increnses oy afocror

of & oecouel e Seporodion INLYenges
oy 0 Sockor of o

15. 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 10V 20V 30V 40V
; | | l | vv)
] | 3 ] t
] I ] i ]
1 I 1 I 1
I 1 I I 1
] 1 I 3 I
i I ] 1 ]
1 1 1 1 i
1 ] i I i
I 1 I 3 |
f T T T T X x (m)
O0m 1m 2m 3m 4m
b. ov 10V 20V 0V 40V

x (m)
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C. ov 10V 20V 30V 40V
B : : ! 4\2
! :
X : : : : 40_, " ,*,
L | | |
I I | 1 |
| | | | | 20
¥ I 3 | I
! I 1 ] I
1 1 i i 1
| : . ; —X 0 : x (m)
O0m 1m 2m 3m 4m 0 2

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. There should be a uniform difference between
equipotential lines, and each equipotential line should be labeled. o \/

S OV R
}

a. V(V) i | |
100 | ] } |
| | | !
50
| | | | |
0 x(m) ' } ! ' -
0 2 4 Om 1m 2m 3m 0\1411&Q
b. v i ' | | I f
100 I 4! \ g ' i
N | | , ooy
P
0 - x (m) ! T I T | ! | !. x
0 2 4 Om Im 2m 3m 4m
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29.6 The Electric Potential of a Point Charge

17. Rank in order, from largest to smallest, the electric potentials V; to Vs at 3

points 1 to 5. //’"“\\
Order: \]3- :\/3 :\/l—} \>\{\ = \/‘5‘ - . 2‘:\ © }4 .
Explanation' AN !

; =B
\/4'r€ C

As v navenses Vdecveoses.

18. Rank in order, from least negative to most negative, the electric potentials oI
Vi to Vs at points 1 to 5. /’ \‘
i
* o © ¢ o
Order: - = = o 4
Vi= Vs 7Vo =V3 =Vy N /
Explanation: - 5~ ‘

| % bhecauseq 1S cmegoér':\le
4 60 v Q\f\&f%& O CWNCRASRS

\ nexedses. ( belomes less r\eﬂa‘t‘we\)

\/..

19. The figure shows two points near a positive point charge.
a. What is the ratio V1/V, of the electrlc potentlals at these two points? Explain. 4 o
1 Q “““““““““““ !
\] Ny o, I A
\/ = 'es ¢ < ——————-\(«3‘ Z 3 5 T 3mm
5 & v, e

—

e Vo

+ oLy

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

E‘ - Lf'Teo '%9‘ ‘(..& _ (,?DNW\)SQ'
Es o, & (wwn)?
* e > X
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20. A 1 nC positive point charge is located at point A. The electric potential

at point B is
b.9-sin30°V  c.9-cos30°V  d.9 - tan30° V

Explain the reason for your choice.

o S - GOSN (10K07C)
e ©

Am

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?

N Q \/ A D Qzconstandt
L ATE, & S (BR)

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 . Oudside o Sdnexe. e ’PO‘\‘EV\JV'\ ol s Hne
Seme. 0ot oF 0w pownt Anowor. Q locodred
o the. Canvter obine Spheve. & OMOLIXT

o CV\&@S& Aoes st Ch&ﬁ%@»
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29.7 The Electric Potential of Many Charges

22. 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 Vy, V5, and V3.

a.

s+ ® 1+ O

1 2

\19~ >\[)" \/3

we

C. 1e

® » ©

e

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

A

©

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

) . l |
No The potenstial
I5 olwow's positive.

=0 V=0



29-12 cHAPTER 29 - The Electric Potential

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

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

~——

~ O™~

a ~ @ b. @\
/ \ /TN
| CD)—e— -6 @D @ B
/ A
\ ; ~ @ o
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~@- 7 aybgl\i(us of & c,‘\mv\:{. ofyodiug |
cagcée_\_mmd Cexdreced antnedot
»)

26. The graph shows the electric potential
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. @

b. An electron is placed at x = 2 cm. Is its Y L S
potential energy positive, negative, or
zero? Explain.

Tts potentiolenenay 1s heaotrive
U=qV qis Negative and N

postive, ¥ X< om:

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.

The elechvrons wWill move, [ef. ‘
& Anowroe, Wil move, ‘\Y\“\SV\Q CX'\\(\Q,Q\'\ o\

oF dec. s‘mi’po*@m’vi ol enevay.

27. Aring has radius R and charge Q. The ring is shrunk to a new radius 1R with no change in its charge.

By what factor does the on-axis potential at z = R increase?

e o T e R
N Q. LS
o AT S@)’hzf 4N6Go m
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o
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