Chapter 20

Electric Potential and Electric Potential Energy

Answers to Even-numbered Conceptual Questions

2. The electric potential energy of the system decreases. In fact, it is converted into the
kinetic energy gained by the electron.

4. The electric potential energy of the system decreases. In fact, the kinetic energy gained by
the proton is equal to the decrease in the electric potential energy.

6. The two like charges, if released, will move away from one another to infinite separation,
converting the positive electric potential energy into kinetic energy. The two unlike
charges, however, attract one another — if their separation is to be increased, a positive
work must be done. In fact, the minimum amount of work that must be done to create an
infinite separation between the charges is equal to the magnitude of the original negative
electric potential energy.

8. The electric potential energy of the proton-electron system is negative, as required to
produce a bound atom. (a) If the electron is replaced with a proton, the two protons will
repel one another and move off to infinite separation. This means that the initial electric
potential energy of this system is positive, and that this positive potential energy is
converted to kinetic energy. Therefore, the electric potential energy of the system
increased by changing the electron to a proton. (b) If the proton is replaced with an
electron the electric potential energy of the system increases, for exactly the same reason
given in part (a).

10. Point 2 is closer to ¢, than to ¢, by a factor of the square root of 2. Therefore, if the
electric potential is to be zero at point 2, it is necessary that ¢, be negative, and have a

magnitude that is less than the magnitude of ¢, by a factor of \6 . We conclude, then,
that ¢, =—Q/ \6 . Notice that point 1 is closer to the positive charge +Q than to the

negative charge —Q/ \5 , and that the negative charge has a smaller magnitude. It
follows that the electric potential at point 1 is positive.

12. Not necessarily. The electric field is related to the rate of change of electric potential, not
to its value. Therefore, if the electric field is zero in some region of space, it follows that
the electric potential is constant in that region. The constant value of the electric potential
may be zero, but it may also be positive or negative.
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14.

16.

18.

20.

22.

24,

26.

28.

An equipotential surface must always cross an electric field line at right angles.
Therefore, the equipotential surfaces in this system must have the shapes indicated here:

equipotential surfaces

/ E field lines \

We know that the value of the electric potential must decrease as we move in the direction
of the electric field (see, for example, Figure 20-3.) It follows that the electric potential
decreases in value as we move from point 1 to point 2 to point 3.

The electric field is either zero on this surface, or it is nonzero and perpendicular to the
surface. If the electric field had a nonzero component parallel to the surface, the electric
potential would decrease as one moved in the direction of the parallel component.

Capacitors store electrical energy in the form of an electric field between their plates.
This stored energy can remain in a capacitor even when a device such as a television is
turned off. Accidentally touching the terminals can cause the sudden and potentially
dangerous release of this energy.

A capacitor stores charge of opposite sign in two different locations — though, of course,
the net charge is zero. We can think of a capacitor, then, as storing a “charge separation”,
along with the energy required to cause the charge separation in the first place.

(a) The electric field, which is related to how much the electric potential changes with
distance, is decreased by the increased plate separation. (b) Since the electric field is
decreased, the amount of charge on the plates must decrease as well. After all, it is the
charge on the plates that is responsible for creating the electric field. (¢) The capacitance
of the capacitor decreases. This follows from parts (a) and (b); after all, if a capacitor
stores less charge for the same potential difference, it has a smaller capacitance. (d)
Suppose the plate separation is doubled. In this case, the electric field is reduced by a
factor of two and the energy density is reduced by a factor of 2° = 4. The volume of the
capacitor is only doubled, however. Therefore, the total energy in the capacitor decreases
by a factor of 2. In general, the energy stored in a capacitor decreases as its plate
separation is increased at constant potential.

No. As an example, note that the volume of a milk container is not zero just because the
container happens to be empty of milk. The same can be said about the capacitance of a
capacitor that happens to be uncharged.

(a) The electric field between the plates remains the same, because both the potential
difference and the plate separation are the same. It follows that the rate of change of
potential with distance (the magnitude of the electric field) is unchanged. (b) There is
more charge on the plates now, because more charge is required to produce the same
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electric field in the presence of the polarizing effect of the dielectric. (¢) The capacitor
stores more charge for the same potential difference; therefore, its capacitance is
increased. (d) Recall that the energy stored in a capacitor with the potential difference V'

between its plates is U =< OV =+CV?>. We know that the dielectric increases the charge
[part (b)] and also increases the capacitance [part (c)]. It follows that the stored energy is

increased as well.

Solutions to Problems

1. AU =qOEd

@) AU=quE0)=[0]

_ N
(b) AU =—qyEd =—(4.5x10°°C [4.1><105—J 6.0m)=|-11J
90 ( ) < |©om) 117 |

_ N
(¢) AU =-gyEd =—-(4.5%10 ¢ (4.1x105—J 6.0m)=|-111J
40 ( ) < |©6.0om) 1117 |

2. AV =Ed

@) AV =E©0)=[0]

(b) AV =-Ed= —[6.1><105 %)(6.0 m) =

(¢) AV =-Ed= —(6.1>< 10° %)(6.0 m) =

3 E:M— 0.070 V

d  010x10°° m

—3.7x10° vV

—3.7x10° v

=7.0x10° V/m

The electric field points from higher to lower potential, so the electric field is|7.0x 10° V/m directed inward‘

toward the cell.

_ AV 25000V _
d  0012m

2.1x10% V/m

5. AU =—eAV =—(25000 V) =| —25,000 eV
\ -3
6. (a) AV =Ed=|12x10°—[(0.75x10> m)=]90 V
@ ar == (123007 0755107 m)

(b) AV = (2.4x104 %j(0.75x10_3 m) =

AV 2850V

AU -137x1077 7

= —4.81x107 C=[3.00¢ |
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10.

11.

12.

13. (a) W =gAV =eAV =(1.60x107"° C)(0.070 V) =| 1.1x1072° J

AV:Ed:(IOO X)(555&)( I m j: 2x10* v
m

(C))

(b)

(©

(b)

(c)

(b)

(©

(@

3.281 ft

_ N
AU =—gEd =—(12.5x107° C)| 6250—= |(0.0550 m) =| —4.30 mJ
oed (25210700 250 Joossom
_ N
AU = gEd =(12.5x107° C)| 6250— |(0.0550 m) =] 4.30 mJ
g8d (125107 250 00550 m) =[50 0
AU =gE(0)=[0]

\% 0.0254 m
AV =Ed =| 3.0x10% = |(0.025 in)| ——2 = | =[ 1.9 kV
(30100 L] 0025 iny 224

The electric potential difference varies directly with the separation of the electrodes, so the required potential

difference .
\Y% 0.0254 m
AV = Ed =| 3.0x10% = |(0.050 in.)| ———— | =[ 3.8 kV
(30100 Jooos0 ny 2524

AV =Vg =V, 2@ because Vg =Vy4 .
N
AV =Vg Ve =—Ed =—|1200— {(0.040m) = | 48 V
Ve =-Bd=—{ D0 | 0040m) =[5V

AV =Ve—Vy =Ed = [1200%)(0.040111) =

, it is not possible to determine V5. We only know the potential differences. We need to know either Vg
or Vc to determine Va.

AK =-AU

|
—mv° =gAV
> q

(b)

e [298V
m

_[2(7.5x10° ©)(12 V)
1200 kg
=120 m/s

The work required to “pump” a Na™ ion out of the cell is independent of the thickness of the cell wall, so the

answer to part (a) [ stays the same|,
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14. (a) Since E equals the opposite of the slope, £ has its greatest value and its greatest magnitude in , where
the slope has its greatest negative value.

(b) region 1:
AV (6.0V-8.0V)
E=——=————— ~=|13V/m
As 0.15m-0.00 m
region 2:
_(6.0V-6.0V) _@

025m-0.15m
region 3:

(7.8 V-6.0 V)
E =060 m—0.25m_
region 4:
(1.0V-78V)
E==070 m—0.60m_
15. () AK =AU =—(Uc-Uyp) =Ky
Up-Uc =K,
Uc =Ux —Kp
AK =—(Uc —Up) =2K4
Up —Uc = 2K,
Ue =Up—2K,
So, Ug —2K, =Up — K4 .
Find Ky .
Ug —2Kn =Up — K
U —Up =Kp
Find V.
Uc =Up —Kp
=Up —(Up—-U,)
=20, - Up
Ve =2V, Vg
=2(352V)—-129 V

-[575v]

(b) Kp=Ug-Up =—elVg—(—eVy)=e(Vy —Vg)=(1.60x10"1 C)352 V-129 V) =|3.57x107'7 J

16. %mv2 =eAV
/2eAV
v =
m

@ ve 2(1.60x107"? C)(190 V)
1.673x107%7 kg

1.9%10° m/s
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17.

18.

19.

20.

8.2x10° m/s

®) v~ 2(1.60x107" C)(190 V)
9.11x1073! kg

1
—mv2 =eAV
2

-19
v:\/W: 20.60x107_C)23000Y) _['g 4107 s
m 9.11x107"" kg

Note that relativistic effects have been ignored.

—! 2
2 oae? (16731077 kg)(0.1)7 (3x10° )

my
AV = = -5 MV
2e 2e 2(1.6x107" C) -
(a) The particle has a positive charge, so it will move in the direction of the electric field, which is the

| negative x-direction |.

(b) %mv2 =—qAV =qEd

2(0.045><1076 0)(1200X)(0.050 m)
v= ,2qu:\/ ( C) =13.9 cm/s
m

0.0035kg

(¢) Its increase in speed will be its increase in speed in the first 5.0 cm because v is proportional to the
square root of the distance traveled.

1 1
(a) Em"i2+eVi =Emvf2+er
1 1
Em"iz _Emez =e(Vy —1)
mv;? —mvf2
AV =——-"
2e

2
(1673107 kg)(4.0x10° )" —0

2(1.60x107" C)

SED

2
(b) AV:ﬁ{viz —(ﬁj ]
2e 2
= i’ (1_1J
2e 4

2
3(1.673x10727 kg)(4.0 x10° %)

8(1.60x10717 C)

[0V
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(c) Ki+eVi =Kf +€Vf
K=Ky =e(Vy -V})

ay =Fizke

2
(1.673x10727 kg)(4.0><105 %)

4(1.60x107" C)

SN

21. V=k—q
r

PV (1.5 m)(2.8x10* V)
g=—-= = -47 /JC
ko 899x10° NC—I;IZ

9 N-m? -6
L (8.99x10 NC—‘;I)(—IMO )

22. (a) y="9_
r 3.0 m

9 N-m? -6
L (8.99x10 NC—‘;I)(—IMO )

q
by V=24
®) r 3.0m
(8.99x 10° N'—‘;IZ)(—7.2 <1076 C)
© V=-"T= <
r J3.0 m)? +(=3.0 m)?

ke (8.99><109N?f§12)(1.60x10*19 o)

Chapter 20: Electric Potential and Electric Potential Energy

22x10* Vv

22x10* Vv

~1.5x10* v

0529x10710 m

u. y-tn
r
8.99x10° N"—mz)(mz x107° C)(—26.1x107 C)
o _knay _ ( c?
U ~1267

SIETn
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25. (a)

V (V)

N

A1 x(m)

r—7500

Physics: An Introduction

(b) Since the magnitude of the positive charge is larger than the magnitude of the negative charge, the point at

©

which the potential vanishes is | closer to the negative charge |.

The point between the charges at which the potential vanishes is in the domain —11 m < x < 0. On this

domain, the potential is given by
__ ke kg
Ilm-x x+1Im
Set V'=0.
kg, kqy
x—1lm x+I11lm
x—1lm x+11lm

q 92
x[l—ﬂ):mm (11m)
3 9
4.1uC
i+ 5 ()
= ~ 4.1uC
22uC
=-3m

The point is .

The point to the left of the negative charge at which the potential vanishes is in the domain —o < x <—-11 m.

26. (a)
On this domain, the potential is given by
__ k. kg
llm-x -x-1lm
Set V'=0.
kqy —_  kqp
Ilm—-x x+11m
Ilm-x x+1lm
q q
[1+q2j=(11m)[q—2- J
qQ a1
-2.2uC
m)( 5 -]
X =
—2.24C
1+ 4.1uC
=-36m

The point is .
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(b) The electric field at the point x =—-36 m is . Why? Looking at the graph of V(x) at x =—-36 m, we see
that the slope is negative. Since the electric field is equal to the negative slope of V(x), and since the slope is
negative, the electric field is positive.

1 1
27. (a) V =k -
@ q£|x—0.10m| |x+0.10m|J
V (V)
75 10° |
-0.10 0.10 x(m)
- 75 10°

(b) Forx>0.10 m:

v kg 1
x—010m x+0.10m

Vo 020m

kg x*-(0.10 m)*

x=\/%+(o.1o m)?

(020 m)(8.99><109 N'—fgz)(3.6x10‘6 )
- - 103\/ +(0.10 m)?
AX

=0.71m

For —0.10 m<x<0.10 m:

V= kg 1 3 1
0.10m—-x x+0.10m

yr___ x>
kg x*-(0.10 m)*
2kq

2 2
——x=x"—(0.10m
7 ( )

0=x" +%x—(0.10m)2

Use the quadratic formula to solve for x.

2

kq | 1 | 2kq 2

x=——"=x—,| — | —-4([-(0.10m

7 2\/( 7 j MI=( )71
=0.002mor —5.0 m

x =-5.0 m is extraneous because it does not satisfy —0.10 m <x < 0.10 m.
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)

For x <—0.10 m:

V =kq ! + !
0.10m—-x x+0.10m
y

v ~0.20m
kg  x*-(0.10 m)*

x= \/—(o.zom)k—;+ (0.10 m)?

~0.49 m?

There are no real solutions for x <—0.10 m.
So, ¥ =1.3x10* V when | x=0.71 morx=0.002 m |.

28. (a) Ui +Ki =Uf +Kf
qu

3

2

+0:0+lme
2

2kq2

mi;

Ve

2(8.99><109 Né—r?z)(&OleO_G C)>?

(0.00230 kg)\/(1.15 m)? +(0.550 m)?

SEETT

Ui+Ki :Uf +Kf
ki k.

I"l r
ke? kq*

n r

(b)
+0=
2
mvg _

8

1 mve

2 -1
Ko 8kq?

2
| (0.00230 kg)(7.553 %)

\/(1.15 m)? +(0.550 m)> 8(8.99x109 Né—glz)(3.05x10‘6 C)*

~[i7om]
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29. (a) Ui+Ki =Uf +Kf
k0qy o_kna L 2

+—myv,

n o2 !
2kq1q2£1 1]
Ve = ——

m non
2kqgp (12

m \r 7

_ 2kqi9>

mr

\/ 2(899><109Nm )(202><10 C)(=5.25x1076 C)

(0.00320 kg)\/(0.925 m)? +(1.17 m)?

=(20.0 m/s
i
AU, __kagy
Toi
AUb =ﬁ>1

AUy 1hi
Since the change in potential enerii is greater than that for part (a), the change in kinetic energy is also

greater. So, the speed is | greater than | that found in part (a).

2(8 99x109Nm )(202><10_6C)( 525x105C)
(000320kg)\/0925m P +(Lizm)’

3 -6 -6
(899 109ij 2.205x10°° C 1.800x10°6 C

J(3.055 m)? + (4.501 m)? J(—2.533 m)? +(0)?
)
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(b) Find the distance between the two charges.
d= \/[3.055 m—(-2.533 m)]> + (4.501 m—0)°

= /(5588 m)? + (4.501 m)?
Solve the equivalent one-dimensional problem.

y=0=-1_,9
d—x" x

god  (1.800x1078 C)y/(5.588 m)® +(4.501 m)>
9 —q 1.800x107% C—(-2.205x107° C)

Return to the original coordinates.
1 4.501 m

3.055m—(-2.533 m)
x=x"cos@—-2.533m=-0.022 m
y=x"sinf0=2.023 m
[ The point at which the potential is zero is (—0.022 m, 2.023 m) .

!

X =

0 =tan"

31. (a) ¢, =-6.1uC

qp =+2.7 uC
q; =-3.3 uC
W= AU = — K201 _ k0293
121 3
:—kq2 (ﬂ.;.ﬁ)
1 13
o N:m” 6 | —6.1x107°C 33x10-6 C

(b) The —6.1 uC charge is repelled by the —3.3 C charge more than it is attracted by the 2.7 u4C charge. The
work required will be negative, which is the work required in part (a).

() W=-AU= _M_M
"2 3

kg (Q_2+q_3j
M2 13

2 6~ -6
o N-m ](—6.1><10_6C)|:2'7X10 € -33x10°°C

=—18.99%x10
2 0.25m 0.16m

SEET]
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32. W=

k ke Je
AU = — 92 K193 k9293

n2 13

_ _k(qu ICERNE b1 &) ]
M2 3 3

2 6 -6 6 6
:_[8,99X109N-12n j|:(—6.1><10 C2Tx107°0) | (=6.1x107° C)(-3.3x107° )
C

3

0.25m 0.16 m
L (27x10° 6 C)(=3.3x107° Q)

J(0.25 m)? +(0.16 m)?

F1V2 rs

:k(ﬂ+q_2+q_3]
nn

&

2 —6
:(8_99X109N m J 275x10°6 C

7.45x107%C ~1.72x107° C
2 1.25m 2 1.25m
¢ 2 \/(1.25 m)? (12 m) 2
=[76.7kV
(b) Ui+Ki:Uf+Kf
qu+O:0+%mv2
2qV
2qk _ LB
}" r
9 N-m?
2(6.11x10 C)(899X1° e ) 275x10°C  745x10°C  —172x107° C
0.00471 k L2Sm 2 125m
£ \/(1 25m)? - (12 m) 2
[14.1ms |

1 1

34. Let the charges be numbered 1-4 beginning with the top left and counting clockwise
U= sz [L+L+L+—+—+Lj
2 13

4 N3

4 134
1 1 1 1 1

QZ[ +—+—J
fa a V2a a

»
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35. Let the charges be numbered 1-4 beginning with the top left and counting clockwise.
U:kgz[_L+L_L_L+L_LJ

N2 N3 N4 13

36. (a)

(b)

y(m)

37. (a)
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38.

39.

40.

41.

(b) [ 100
50+
e o
=
50
1 1
-100 50 0 50 100
x(m)

(a) Equipotential surfaces are perpendicular to the electric field, so the surfaces are oriented
[ parallel to the yz-plane|.

(b) Since the electric field points in the direction of decreasing potential, the electric potential as you
move in the direction opposite the electric field.

|AV]
(c) |E|=m
|aV| |t6vV-14V )
| |= = = 3><10 m
|E| 7500

(@) |Ex|=‘—ﬂ 100V _ 55 V/m

Ax 4 cm
|E,|= SAVI 100V 500 v/m
Ay 2 cm

2 2
\Y \Y
E=,/1250—| +/500 — | =|559 V/m
[0 3T (s )

. . . 2 cm—
The slope of each equipotential surface is m = 2cm=0cm

= —l. So, the slope of an electric field line is
0cm—-4 cm

1 . . . . .
—— =2 because the electric field is perpendicular to equipotential surfaces.
m

tan@ =2
6=tan"' 2=63°
But, because the electric field points in the direction of decreasing electric potential, € = .

AV | 500V
) o= 22|-2007 [55vmn |
m

0=CV = (O.4Ox10_6 F)(9.0 V)=3.6 uC
|There is 3.6 xC on one plate and —3.6 4C on the other,

_2:4.8;@:
V=c 3.2 uF
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42,

43.

44.

45.

46.

47.

48.

_0_32uC _
C_V 30V

(8 85x10712 C; )(0 040 m)50m)

_Kkgpd T
C= d

0.025x107> m

kepA
d
__dc _L(QJ_ (0.25x1072 m)(1.2x107° C)

gd  &A 8.85x10712 C );r(o 056 m)%(750 V)

C=

-[46]

0d  (47x107%C)(0.88x107> m)

: 19 kV
Ko A 20(885 x10712 C )(0012m)

_9_
(@ V—C

(b) The answer to part (a) will because V is inversely proportional tox .

-6 -3
© po_(ATx107°C)H088x107 m) oo

40(8 85x10712 C; )(0012 2"

E()A 80(7Z'R )
d d

-3 -6
R= dC: I(ISXIO m)(1.0x10 F)_m
&7 \] (s:85x1072 € )z
N-m?

@ c=

(b) Since increasing the separation of the plates decreases the capacitance, and since capacitance is directly
proportional to the area of the plates, the radius of the plates should be [increased ], thereby increasing the
area, which will maintain the capacitance.

6
(C) R= (3 0x10™ m)(l 0><210 F)
(8.85x10_12 C—z)zz
N-m

KegA

(a) C= 7

-12 C
oy 100059(885><10 )(345><10 m?)

C 1330><10_12 F

=1230%x10%m

d=

3.7(8.85x10712 €} (3.45x10* m )
N-m —6
8.5x10 " m

(b) d=

1330x10712 F

12 2
ke dV 100059(885><10 < )(OOO66m)(12V)

d 0.45x10 m

1.6x107° C

(@ 9=Cr=
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(b) Since Q is inversely proportional to d, the answer to part (a) will .

1.00059(8.85x 10712 NC—ZZ)(O.OO66 m2)(12 V)
~ )

7.8x10710 ¢

(©) 0=

0.90x10> m

;
49, AV =Ed = 3.0><106— 0.0050 m)=|15kV
(3010 ] 0.0050 m)

-3 ~12
50. (a) A= dC (26107 m)(22x10 ZF): 0.0065 o2
K€ 1.00059(8.85><1o*12 NL)

.m2

\ -3
b) AV =Ed=|3.0x10° = |(2.6x107° m)=| 7.8 kV
@ ar=i=(3040° 6o m

-12 2 3 2
kel 1.00059(8.85><10 —.mz)(o.50x10 m)

N _
d 550 m _

_ \%
b) O=CV =CEd =(4.025x10~° F)| 3.0x10° = |(550 m)=[ 6.6 C
(b) 0 ( )( m)( )= 6.6C|

51. (a) C=

C2

4 _
52. Q:CVz[&j(Ed):KgOAE:SA 8.85x1072 ——
d N-m

=114 mC
I .2 1 -6 2
83. W=U==CV*=—(R.0x100°"F)(3.0V)" =|36 uJ
Lor? = 1GOV)

J(o.o3oo m)(10.0 m)(l.OOx 108 Xj
m

54. U= %CVZ

CJLLM:

V2 (1050 V)?

4.5(8.85><1o*12 C72)(4.75><10*9 m?)(0.0725 V)?

A 2 -
55. (a) U:lCVZ:l(KEO szz N'm 5 —|5.8x10714 ]
2 2\ d 2(8.5x107 m)

. 1 . . .
(b) SinceU o 7 the answer to part (a) would if the thickness of the cell membrane is increased.

56. (a) mgh=%CV2

cr?  (022x10°°F)(1.5V)?

5.0%x107° m
2mg 200050 kg)(9.81m2)
S

h=

47



Chapter 20: Electric Potential and Electric Potential Energy Physics: An Introduction

2(0.0050 kg)(9.81m2)(0.010 m)
) v = 2t : _[e7v
C 0.22x10°° F

. 1
57. energy density = EEOE 2

“5olf)
27
_6'0V2

2d?
(8.85x10_12 %)(315 vy
‘m

2(0.200x107> m)?
=|11.0 J/m?

. 1
58. energy density = E&‘OE 2

Fe 2(energy density)
€0
| 2(10.0 1)

8.85x10712 € }(1.00x107% m*)
N-m?

=1 4.75x10'° N/C

59. (a) O=CV =(850x10"°F)(330V)=]028C

(b) U =%CV2 =%(850xl0_6 FY330V)” =

60. (a) U=%CV2

=l kenA )2
20 d

1.00059(8.85 x10712 NC—QZ)(405 %1074 m?)(575 V)?
‘m

2(2.25x107> m)

= 2.63x107° J

(b) By doubling the separation, C is reduced by one half, but Q stays the same, so V' is doubled because

y=2-2% oy
C 0

U:%QV:%QO(QVO):QOVO =2Ey=[527x107J

(¢) Since the energy stored in the capacitor increased, W = AU =| 2.63x 107 7|
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61. (a) AV:VB_VA:_K:_M: —91kV

g0  5.7x107° C

(b) AV =Vg -V, __y___0021 -9.1kV

g0  -5.7x107° C

(© AV:VB—VA:K—Mz 9.1kV

g9 57x10°°C

62. Since the capacitance of a parallel-plate capacitor is directly proportional to the area of the plates and inversely
1

proportional to the separation between them, the capacitance is |decreased by a factor of % =

FNG e

63. For a constant potential difference, the charge on the plates varies only with capacitance. The charge is directly
proportional to the capacitance, and the capacitance is inversely proportional to the spacing. Therefore, the charge
is inversely proportional to the spacing. So, if the spacing is doubled, the magnitude of the charge is

reduced by half]|.
6. V:o:k[q_uq_ugj
H n r
qu_]+q_2+2
H n r

Q:_r ﬂ+q_2
non

= (223 m)? +(3.01 m)?

SEAS

245%x107% C .\ ~112x10°° C
J4.40 m)? +(6.02 m)?  /(~4.50 m)? + (6.75 m)>

2 2
65. F:ﬂ:kiz
r r
2
Kzlmv2 =kL
2 2r

W=(K+U)f—(K+U)i

E

1o (8.99>< 10° Né—‘?z)(l.@xlo_w 0)?

/4 —|2.18x10718 5

2r 2(0.529x107'% m)
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66. (a)

(b)

67. (a)

(b)

Due to symmetry, the electric potential is negative in quadrants 2 and 3, positive in quadrants 1 and 4, and
zero along the y-axis. So, since the potential is greater than zero at points B, C, and D and zero at point 4, the
potential is | smallest at 4 |. Since point C is farthest from the negative charge, and since all four points are

equally distant from the positive charge, the potential is | greatest at C|.

Letg=1.2 uCand d=0.50 m.

kq  k(—q)
Vy =—"ti 2 =
a=—tr—t=[0]

Due to symmetry, Vg = V'p.
k(=q)

Ryt (S 1S
L T N (R R N
d [2210ap 4\ 5
kq  k(-q) kq( lj 2kq
y.oka kK=a) ka1 _2ka s
€74 3d a4\ 3) 3d

Since all four points are equally distant from the charge on the positive x-axis, its contribution to the total
potential is the same for all four points. So, we can concentrate on the contribution due to the other charge.
Since point C is farthest from the charge at x = —0.50 m, the potential is | smallest at C|. And, since point 4 is

closest to this charge, the potential is | greatest at 4 |.

Letg=1.2 uC and d=0.50 m.

kq kq 2kq
VA=7+7:7:

Due to symmetry, Vg = Vp.

68. Initially the potential energy of the system is zero. After the three protons have been brought together, the
potential energy of the system is equal to the work done to bring the protons together.

W =AU =Ujy + Uz +Uss :3(-}: =|4.6x10713 ]
r

69. (a)

1o 3(8.99><109Né—r;‘z)(l.60><10_l9C)2

1.5x107 P m
LY
r

(8.99 «10° Né—‘?z)(87.lx 1070 C)(—2.37x1076 C)

SEEI

0.323 m
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(b) Ki+Ui ZKf +Uf

h U3
Zm? = qu(l_ij
non
2%0q(1 1
m Vi rf
2(8.99x109 Mo )(87.1x10_6 O)-237x107°C), | |
- 0.0526 ke [0.323 m 0.121 mj
—[19.1 m/s

1 1 1 16 -19 _
70. W= EQV —ENeV = 5(3.75><10 )(1.60x107°7 C)(325V)=| 097571

71. (a) There is a net repulsive force exerted on ¢ by the three charges as it is moved into position. Therefore
work is done by the outside force used to move ¢ into position.

(b) W=AU=(U14+Us+U34); -0

o :[kqlq kg, kqaqj
N4 4 34

-6 —6 _ —6
13%1071 7= (8.99x10° N-m?/C?)q 2.75;;(3n C,  745x10°C : L 1.7%;512 )
2 \/(1.25 m)? (123 m) T

g=|-1.7x107'¢ C

_ 100V =| -2.50x10? v
0.0400 m m

AV
Ax

72. (a) E, =-

b) E, = _AY (—M) _| —s.00x102 ¥
Ay 0.0200 m m

© E=1(-250 V/m)? + (=500 V/m)? =

_1{ =500 V/m -
O=tan"'| = | = 63.4°+180.0° =| 243.4° | since E points in the direction of decreasing potential.
(Save) : ep

73 @ v=2- %

C gydx
Side-to-side A is large and d is small. End-to-end 4 is small and d is large. So generates a higher
voltage.
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A _ 2 ) -2 2
) 0=vC=v2% _(350v) s85x10712 S | (1810~ mD)O3)
N-m? 1.0m
=|53%x107 C
-5
74. (@) V= U_26-07 _ 4.2 V, which occurs at approximately x = ,

90 62x107°C

U  43x107 ] : :
b) V=—7= —— " 6.9 V, which occurs at three values of x; approximately [0.08 m, 0.41 m, and 0.62)]
90 6.2x10" C

75. (a) Since the capacitance is inversely proportional to the separation, depressing the key the
capacitance by decreasing the separation.

A Kkeod
M) AC=Cp—c =*od_xaod 1L
di 4 di

1

AC
xeyA

1
+— =
d;

-1
go-[AC 1
KegA  d;
0.425x107'2 F . 1
3.75(8.85x10‘12NC—ZZ)(47.SX10‘6m2) 0.550x107> m
L ‘m
=0.479 mm

d =|d; —d;|=[0.479 mm—0.550 mm|=[ 0.071 mm |

76. (a) Since a positive charge would move in the direction of the electric field, and since the electric field points in
the direction of high to low potential, | the left plate | must be at the higher electric potential.

(b) Find E.

Tsinf—-qgE =0

Tcos@—-mg=0

P Tsin@ :[ mg Jsmé’ _mg .

q cosf) q q
Find AV.
med (0.071 kg)(9.81m2)(0.025 m)
AV = Ed =—"tan6 = S tan 22° = -1.0 kV
q 6.77x107° C -
- 0.62x107 €
77. (@) E=—= E =|1.3x107 N/C
g0k (8.85x10‘12 o )ess)
‘m

Electric field lines point away from positive charges and point towards negative charges, so the electric field
is | directed into the cell].

52



Physics: An Introduction Chapter 20: Electric Potential and Electric Potential Energy

(b) The has the positive charge density, so it is at the higher potential.
N -9
AV = Ed = 1.274x10" = |(7.5x107 m) =[ 96 mV
( 3 )=[96mV |

78. (a) (K+U); =(K+U)s =K¢, since U=0 at oo.
1 5 kO(-0) kO(-0) k0% 1
B myy + p + p + \/Ea = 5 my

2
V(% +&(_2+Lj = vz
ma \/5

V= \/vg +g(—4+\/§)

ma

(b) The second —Q charge is acted upon by a stronger net attractive force as it moves away from the two +Q

charges, so it loses more energy and slows down more. Its eventual speed is than that of the first —Q
charge.

79. (a) Ug =0 midway between the plates. As 6 increases,
Ug =—gE(Lsind)
=—(6.77x107% ) [4.16 x10% Xj (0.022 m)sin 8
m

=(-6.20x1073 J)sin&

Ug (1032 ))
o T T T T T T " (C

2_
4_

T
|
|
|
|
|
|
|
6 |
|
|
|

8 -
A full 90° swing is shown. The dotted line indicates where the swing will be stopped by the right capacitor
plate.
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(b) Let U,y =0 at the straight-down position. As € increases,

Ugray = mgL(1—cos0)

= (0.071 kg)[9.81 kg—zmj (0.022 m)(1 —cos6)
S

=(15.3x1072 J)(1-cos 6)
Ugrav (10—3 J)
161

12+

8_

A+

© Uy =Ug+ Ugrav

Ut (102 )
12

8_

|
|
|
|
|
|
|
41+ |
|
|
|
1
|
|

41
Uiot 1s at a minimum when 6 = 22°.

ok
n ]
hn =V

Nr=V,(r+1.00 m)
r(V; =Vy) =V, (1.00 m)
. V2(1.00 m)
n-r
(6220 V)(1.00 m)
2.70x10* V-6220 V

=[0.299 m
_ A (0.2993 m)(2.70x10% V)
k 8.99x10° N-m’
C

8.99x107 C
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81. V(O)=V, +V_

_ kg k(=g)

d r
a4

d r
ka4

d x2+y2

kq d

1_
d| J@d+dcoso)? +(dsin6)

_kaly_ !

d| J@+cosh)? +sin’0

_kal,_ 1 ]
d \/4+4cos9+00526’+sin20

g@;j
d 5+ 4cosé

(8.99x109 Né—fgz)(l.leo‘ﬁ ) X
= 1—
0.50 m ( \/5+4c056’j
I
- (22 kV)(l——)
NS5+4cosd
V (V)
15,000 ¢
7,500+

| | | 9(0)
0 90 180 270 360

AQ 13.5x10°°C
82. C="Z =2~ [415 4F |
AV 325V £

83. v=-"4 E="4

155V
E 2240XN :

2 2
LA (155 V) ~1.19x107° C

k kE 9 N-m? N
(8.99><10 %)(22406)
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