ELECTRIC POTENTIAL

23.1. IpeNTIFY: Apply Eq.(23.2) to calculate the work. The elecpatential energy of a pair of point charges i®giv
by Eq.(23.9).
SET Up: Let the initial position ofg, be pointa and the final position be poibt as shown in Figure 23.1.
y

b
)
r,=0.150 ir
Tp
0.250 m r = \/(0_250 m§f + (0.250 nf)
a r,=0.3536 r
@ X
q1 Ta 9
0.250 m
Figure23.1

Execute: W, ,=U,-U,

a

6
U =L 9% _ gogs 16 Nord /¢ {1240<10° C) 4.39 1 C

o4mR o, 0.150 m
U, =-0.6184 .
6
U, = 1 %:(8_98& 16 NI /& )(+2.40>< 10° C)} 4.38 16 C
anR r, 0.3536 m
U, =-0.2623.

W, ,=U,-U,=-0.6184 > { 0.2623 H- 0.35¢

EVALUATE: The attractive force o, is toward the origin, so it does negative workogmheng, moves to
largerr.

23.5. (a) IDENTIFY: Use conservation of energy:

Ka +Ua +Vvother = Kb +Ub
U for the pair of point charges is given by Eq.(23.9)
SET UP:
v, = 22.0 ms
~ ne Let pointa be whereg, is 0.800 m f
-~ et pointa be whereg, is 0. m from
«Qa b a O ' g, and point be whereg, is 0.400 m
7 =0.800m from q,, as shown in Figure 23.5a.
r, = 0.400 m
Figure 23.5a
1 g9,

ExXecuTE: Only the electric force does work, ¥4, =0 andU =
r
0
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K, =1mv?=1(1.50x 10° kg)(22.0 m/3F 0.363C
_ 6
U =L 8% _ g ogs 16 nOrf J¢ {280 10° O 7.80 M C

a + 0.2454
4R r, 0.800 m

2

K, =3mv,

Nl

_ 6
U, = 1 %:(&98& 16 NOA /é§ 2.80x 10° C)t 7.88 16
4Rt 0.400 m

Q. 0.4907

The conservation of energy equation then gikgs K_ + U, -U,)

1mv; =+0.3630 J+ (0.24543 0.49073) 0.117

V. = 2(()L77‘])::|_25m/5
® \1.50x 10° kg

EVALUATE: The potential energy increases when the two pesjtistharged spheres get closer together, so the
kinetic energy and speed decrease.

(b) IDENTIFY: Let pointc be wherey, has its speed momentarily reduced to zero. Apphgservation of energy to
pointsa andc: K, +U, +W,, . =K +U..

SeT Up:  Pointsa andc are shown in Figure 23.5b.

v, =220 m/s
—> v. =0
o O . e a O‘“ EXECUTE: K, =+0.3630 . (from part (a))
U, =+0.2454 { (from part (a))
r, = 0.800 m
rp=17
Figure 23.5b
K. =0 (at distance of closest approach the speed i$ zero
Uc :_l %
Ak 1

Thus conservation of enerdg, +U, =U_ gives #ﬁ =+0.3630 » 0.24543 0.608

0 rc

L=l 9% _ (g oge16 nord i 28 10° C)f 7.88 16 C)

" 471R 0.6084 J + 0.6084 J

EVALUATE: U - o asr - 0 soq, will stop no matter what its initial speed is.

0.323r

23.8. IDENTIFY: Call the three charges 1, 2 andB=U,, +U,+U ,,
SETUP: U,,=U,,=U,, because the charges are equal and each pairrgeshizas the same separation, 0.500 m.
kg’ _ 3k(1.2x 10° Cj
0500m  0.500 m

EvALUATE: When the three charges are brought in from infitdtshe corners of the triangle, the repulsive
electrical forces between each pair of chargesedmative work and electrical potential energy isesto

EXecuTE: U = =0.078 J

23.10. IpenTIFY: The work done on the alpha particle is equal éodifference in its potential energy when it is rdv
from the midpoint of the square to the midpoinboé of the sides.
SETUP:  We apply the formuldV, , =U_—-U,. In this casea s the center of the square ami the midpoint of

one of the sides. Therefol,, ... (4.=U
There are 4 electrons, so the potential enerdyeaténter of the square is 4 times the potentiiggnof a single
alpha-electron pair. At the center of the squdre apha particle is a distange= /50 nm from each electron. At
the midpoint of the side, the alpha is a distanee5.00 nm from the two nearest electrons andtantsr, =

V125 nm from the two most distant electrons. Using thenfiola for the potential energy (relative to infinitf

two point chargesy = (1/47R )(qq, /r ), the total work is

center U side
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23.12.

23.16.

23.19.

23.22.

W,

center- side

=U

center

U =gt qaqe_[2 100, 1 %]

T Tamm r 4P r, 4P, r,

1

Substitutingg. = e andq, = 2e and simplifying gives

112 (1 1
P s _4e2ﬁ{7 ) [r_ * r_ﬂ
0 1 2 3

EXecUTE: Substituting the numerical values into the equetdy the work gives

W:—4(1.60>< 10" C)Z{ 2 —( 1 + ! rﬂ: 6.08 18" 277

J50 m \5.00 nm /125 n

EVALUATE: Since the work is positive, the system has motergi@l energy with the alpha particle at the cente
of the square than it does with it at the midpoina side.

IDENTIFY: Use conservation of enerdy, + K, =U, + K, to find the distance of closest approaghThe
||
o

b
SETUP: K, =0. Initially the two protons are far apart, 8g =0. A proton has mass$.67x 10°" k¢ and charge

q=+e=+1.60x 10" C

maximum force is at the distance of closest approkc=k

2
EXECUTE: K, =U,. 2(§m\/§)=kﬁ. mvjzke— and
rb rb
9
i _(8.99 10 I\Erﬁ IC)L68 10° O\ oo g o
2 (1.67x 107" kg)(1.08 19 m/§)

2 19
=k =(8.99<10 NI /C 1.60x10 " CJ_ 415y

(1.38x 1013
EVALUATE. The acceleratiora = F/mof each proton produced by this force is extrentealge.

IDENTIFY: The work-energy theorem say¢,_, =K, —K.. ALY =V, -V,.
q

a

SeET UP:  Pointais the starting and poititis the ending point. Since the field is uniform,
W, , = Fscosp= E|q|s cog The field is to the left so the force on the pesitharge is to the left. The particle

moves to the left sp=0° and the workW, _, is positive.
EXECUTE: (@) W, , =K, -K,=1.50x10° J G 1.5 10
W, , _ 1.50x10° J_

(b) V,-V, = 357 V. Pointa is at higher potential than poit

4.20x10° C
(c) E|qs=W, ,,soE “Wop VoW 357 V2 =5.95x 10 V/im
& s 6.00<10° m

EVALUATE: A positive charge gains kinetic energy when it neotelower potentialy, <V,.

IDENTIFY andSeT UpP:  For a point charg&/ :g. Solve forr.
r

kq _(8.99x10 NInf /C )(2.58 10' C)
90.0 V

2.50x 10° m= 2.50 mr

EXECUTE: (@) r =

(b) Vr =kg=constanso V,r, =V,r,. r, =1, Yy =(2.50 mm(go'0 Vj = 7.50 mn.

V2 30.0V
EVALUATE: The potential of a positive charge is positive dedreases as the distance from the point charge
increases.

IDENTIFY: For a point chargey :ﬁ. The total potential at any point is the algebgim of the potentials of the
r

two charges.
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SET UP: (@) The positions of the two charges are shown in B@®.22ar =+/a® + x*.
y
,
a
X
X
a
Figure 23.22a
Execute: (b) V, = Ziﬂ.
4B a
@ V=2—1~9-p1 4
AR T AR Ja? + X
(d) The graph oW versusx is sketched in Figure 23.22b.
1%
1.20
yd AN
0.80 7 AN
,/ \
0.40 — ~
0.00 x
—400 —3.00 —200 —1.00 0.00 1.00 2.00 3.00 4.00
Figure 23.22b
EVALUATE: (€) When x>>ga, V = i@,just like a point charge of charge2q. At distances from the charges
X
0
much greater than their separation, the two chaagebke a single point charge.
23.31. IDENTIFY andSeET Up:  Apply conservation of energy, Eq.(23.3). Use Eq123to exprestl in terms ofV.
(a) Execute: K, +qV,=K,+qV,
qVv,-V,) =K,-K; q=-1.602x 10" C
K, =imy: =4.099x 10*° J K, =1imy;=2.915x 10" .
v,-v, =K =Ko 56y
EVALUATE: The electron gains kinetic energy when it moveliginer potential.
(b) EXECUTE:  Now K, =2.915x< 10" JK, = |
vV, -V, KooK, +182 V
q
EVALUATE: The electron loses kinetic energy when it moveswer potential.
23.33. (@) IDENTIFY andSET UP:  The electric field on the ring’s axis is calculatadExample 21.10. The force on the

electron exerted by this field is given by Eq.(31.3

EXECUTE: When the electron is on either side of the centénering, the ring exerts an attractive forceedied
toward the center of the ring. This restoring fopceduces oscillatory motion of the electron altimg axis of the
ring, with amplitude 30.0 cm. The force on the @@ isnot of the form F =—kx so the oscillatory motion is not
simple harmonic motion.

(b) IDENTIFY:  Apply conservation of energy to the motion of tthecaon.
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23.42.

23.45.

SETUP: K, +U, =K, +U, with a at the initial position of the electron ahdat the center of the ring. From

1 Q
Example 23.11V = —_
AR \[x® + R?

ExecutE: x,=30.0cmx = 0

, whereR is the radius of the ring.

K, =0 (released from restK, =1mv’

Thusimv?=U,-U,

And U =qV =-€eV sov= /M
m

1 Q 24.0x10° C

V,=————=< _=(8.98% 10 NIm /C}
4R X2 + R? 4/(0.300 m§ + (0.150 )
V, =643V
1 Q 4.0¢10° C
v=—t 9  _(gogsx16 Nom /¢ $2% 10 C 1438y
AR [xE+R? ( 0.150 m

_ 9
o [2204,-V) _ 20602 10 C)(13£1138V 643 V). 6o 16
m 9.109x 10* kg

EVALUATE: The positively charged ring attracts the negatietigirged electron and accelerates it. The electron
has its maximum speed at this point. When the releahoves past the center of the ring the forcé mnopposite
to its motion and it slows down.

IDENTIFY: The electric field is zero inside the sphere,tegotential is constant there. Thus the poteatithe
center must be the same as at the surface, whisreqtivalent to that of a point-charge.
SeT Up: At the surface, and hence also at the center ddgthere, the field is that of a point-charge,
E =Q/(47RR).
ExXecuTte: (a) Solving forQ and substituting the numbers gives
Q=47RRV = (0.125 m)(1500 V)/(9.0& 10’ NLm*/C?% = 2.08x 10° C = 20.8 nC

(b) Since the potential is constant inside the sphier@alue at the surface must be the same a® atethter,
1.50 kV.
EVALUATE: The electric field inside the sphere is zero, sogbtential is constant but is not zero.

IDENTIFY: Example 23.9 shows th&t(y) = Ey , wherey is the distance from the negatively charged plategse
potential is zero. The electric field between thags is uniform and perpendicular to the plates.

SET UP: Vincreases toward the positively charged plé&tés directed from the positively charged plated tmiva
the negatively charged plate.
EXecute: (a) E :! :ﬂ =2.82x 10 V/mand y:M .V=0aty=0,V =120 Vat y=0.43 cm,
d 0.0170m E
V =240 Vat y=0.85cm, V =360 Vat y=1.28 cmandV =480 Vat y=1.70 cm. The equipotential surfaces

are sketched in Figure 23.45. The surfaces aregplparallel to the plates.

(b) The electric field lines are also shown in FiguBe45. The field lines are perpendicular to thegdand the
equipotential lines are parallel to the platesthsoelectric field lines and the equipotential $irsee mutually
perpendicular.

EVALUATE: Only differences in potential have physical sigrafice. Letting/ =0 at the negative plate is a
choice we are free to make.
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V=120V V=360V

[T

V=0V V=240V V=480V
Figure 23.45

23.47 IDENTIFY andSET UP:  Use Eq.(23.19) to calculate the component&of
EXECUTE: V = Axy—-Bx*+Cy

(@ E, LA —Ay + 2Bx
1)
Ey:—a_V:—A)(—C
ay
EZ :—a_V:
0z

(o) E=0 requires thatE = E,=E,=0.
E, =0 everywhere.

E, =0 at x=-C/A

And E, is also equal zero for this any value of, andy = 2Bx/A= (2B/A)(-C/A)=-2BC iA>.
EVALUATE: V doesn't depend onso E, =0 everywhere.






