CHAPTER 17: Electric Potential

Answersto Questions

1.

If two points are at the same potential, then no NET work was done in moving a test charge from one
point to the other. Along some segments of the path, some positive work might have been done, but
along other segments of the path, negative work would then have been done. And if the object was
moved along an equipotential line, then no work would have been done along any segment of the
path.

Along any segment of the path where positive or negative work was done, aforce would have to be
exerted. If the object was moved along an equipotential line, then no force would have been exerted
along any segment of the path.

Thisis analogous to climbing up and then back down aflight of stairsto get from one point to
another point on the same floor of abuilding. Gravitational potential increased while going up the
stairs, and decreased while going down the stairs. A force was required both to go up the stairs and
down the stairs. If instead you walked on the level from one point to another, then the gravitational
potential was constant, and no force was need to change gravitational potential.

A negative charge will move toward aregion of higher potential. A positive charge will move
toward aregion of lower potential. The potential energy of each will decrease.

(a) Electric potential, ascalar, isthe electric potential energy per unit charge at a point in space.
Electric field, avector, isthe eectric force per unit charge at a point in space.

(b) Electric potential energy isthe work done against the electric force in moving a charge from a
specified location of zero potential energy to some other location. Electric potential isthe
electric potential energy per unit charge.

The potential energy of the electron is proportional to the voltage used to accelerateit. Thus, if the
voltage is multiplied by afactor of 4, then the potential energy isincreased by afactor of 4 aso.
Then, by energy conservation, we assume that all of the potential energy is converted to kinetic
energy during the acceleration process. Thus the kinetic energy has increased by a factor of 4 also.
Finally, since the speed is proportional to the square root of kinetic energy, the speed must increase
by afactor of 2.

The electric field is zero at the midpoint of the line segment joining the two equal positive charges.
The electric field due to each charge is of the same magnitude at that location, because the location is
equidistant from both charges, but the two fields are in the opposite direction. Thus the net electric
field is zero there. The electric potential is never zero along that line, except at infinity. The electric
potential due to each chargeis positive, and so the total potential, which is the algebraic sum of the
two potentials, is always positive.

A negative particle will haveits electric potential energy decrease if it moves from aregion of low
electric potential to one of high potential. By Eq. 17-3, if the charge is negative and the potential
differenceis positive, the change in potential energy will be negative, and so decrease.

The proton would gain half the kinetic energy as compared to the apha particle. The apha particle
has twice the charge of the proton, and so has twice the potential energy for the same voltage. Thus
the alphawill have twice the kinetic energy of the proton after acceleration.

© 2005 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the
publisher.

26



Giancoli Physics: Principles with Applications, 6" Edition

11.

12.

13.

14.

15.

Thereis no genera relationship between the value of V and the value of E . Instead, the magnitude
of E isequal to the rate at which V decreases over a short distance. Consider the point midway
between two positive charges. E isO there, but V ishigh. Or, consider the point midway between
two negative charges. E isalso O there, but V islow, becauseit is negative. Finally, consider the

point midway between positive and negative charges of equal magnitude. There E isnot 0, because
it points towards the negative charge, but V is zero.

Two equipotential lines cannot cross. That would indicate that a region in space had two different
values for the potential. For example, if a40-V line and a50-V line crossed, then the potential at the
point of crossing would be both 40 V and 50 V, which isimpossible. Likewise, the electric field is
perpendicular to the equipotential lines. If two lines crossed, the electric field at that point would
point in two different directions simultaneously, which is not possible.

Theequipotential linesaredrawn ™ § | | L b7
so that they are perpendicular to N _H\ R,
the electric field lineswherethey -~ 2 A A =0 -
Cross. ,«{,/;,%:%:'-;{}{ ~——X :%\\\\
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The electric field would be zero in aregion of space that has the same potential throughout. The
electric field isrelated to the change in potential as you move from placeto place. If the potential
does not change, then the electric field is zero.

The orbit must be acircle. The gravitational potential (or potential energy) depends on the distance
from the center of the Earth. If the potentia is constant (equipotential line), then the distance from
the center of the Earth must be constant, and so the orbit isacircle.

(@ Vwould decrease by 10V at every location.

(b) Eisrelated to the changein electric potential. Decreasing the potential by 10 V everywhere
would not affect the changes in potential from one location to another, and so would not affect
E.

Any imbalance of charge that might exist would quickly be resolved. Suppose the positive plate,
connected to the positive terminal of the battery, had more charge than the negative plate. Then
negative charges from the negative battery terminal would be attracted to the negative plate by the
more charged positive plate. Thiswould only continue until the negative plate was as charged as the
positive plate. If the negative plate became “over charged”, then the opposite transfer of charge
would take place, again until equilibrium was reached. Another way to explain the balance of charge
isthat neither the battery nor the capacitor can create or destroy charge. Since they were neutral
before they were connected, they must be neutral after they are connected. The charge removed
from one plate appears as excess on the other plate. Thisis true regardless of the conductor size or
shape.

We meant that the capacitance did not depend on the amount of charge stored or on the potential
difference between the capacitor plates. Changing the amount of charge stored or the potential
difference will not change the capacitance.
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Solutionsto Problems

1. Thework done by the electric field can be found from Eq. 17-2b.

V=, W =gV, =—(-7.7x10°C)(+55 V) =[42x10"3
q

2. Thework done by the electric field can be found from Eq. 17-2b.
W
V,,=——2 - W, =-qV, =—(1.60x10"C)(-1.80x10°V) =|2.88x10""J

q
(19 -120v) -[IB10°9]

3. Thekinetic energy gained is equal to the work done on the electron by the electric field. The
potential difference must be positive for the electron to gain potential energy. Use Eq. 17-2b.

Vy =k, W =—qV, =—(~160x10C)(23x10'V ) =[37x10%3

q
——(-1e)(23x10V) =

4. Thekinetic energy gained by the electron is the work done by the electric force. Use Eq. 17-2b to
calculate the potential difference.
—17

VR A - i I =y

q (-160x107*C)

The electron moves from low potential to high potential, so isat the higher potential.

5. The magnitude of the electric field can be found from Eq. 17-4b.

v, 220V
E=—L2=—————=138x10'V/m
d 58x10°m

6. The magnitude of the voltage can be found from Eq. 17-4b.

E =% — V,, = Ed =(640V/m)(11.0x10°m) =[7.0V

7. The distance between the plates can be found from Eq. 17-4b.

R R R e T T

8. Thegain of kinetic energy comes from aloss of potential energy due to conservation of energy, and
the magnitude of the potential differenceis the energy per unit charge.

APE  AKE 650x10°eV
AV == ARE DO —[-3.25x10'V

q o} 2e
The negative sign indicates that the helium nucleus had to go from a higher potential to alower
potential.

© 2005 Pearson Education, Inc., Upper Saddle River, NJ. All rightsreserved. Thismaterial is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the
publisher.

28



Giancoli Physics: Principles with Applications, 6" Edition

9.  Find the distance corresponding to the maximum electric field, using Eq. 17-4b.

=V?‘a odode 20V o610 ma

10. By the work energy theorem, the total work done, by the external force and the electric field
together, isthe change in kinetic energy. The work done by the electric field is given by Eq. 17-2b.

We<ternal +Vve|ectric = KEfinal - KEinitial - We<ternd _q(Vb _Va) = KEfinaJ -
W, —KE . 150x10"J-4.82x10"J
(Vb _Va) _ __extemd find X 50 1076Cx _ —120X102V
g —0.0UX

11. Thekinetic energy of the electron is given in each case. Use the kinetic energy to find the speed.

2(750 eV )(1.60x10™ eV
(@ im’=KE — v= /ZKEz\/ ( )(160x10"y )=1.6x107m/s
m

9.11x10 kg
; 2(3.2x10°eV )(1.60x10 J/ev
(b) imv’=KE — v= HE. ( I — / )=3.4><107m/s
m 9.11x10 kg

The kinetic energy of the proton is given. Use the kinetic energy to find the speed.

2(3.2x10°eVv )(1.60x10*° J/ev
imv’ =KE — v= /ZKEz\/ (32 J(z.60x / ):7.8><105m/s
m

1.67x10 7 kg

13. Thekinetic energy of the alpha particleis given. Use the kinetic energy to find the speed.
2KE  |2(553x10°eV)(1.60x10™° JeV)
- 6.64x10 % kg

im?=KE — v= =|1.63x10" m/s

m

Use Eq. 17-5 to find the potential.

6
v=—1-2_(899x10° Nom?/c?) 2222 C _[5 40.10°y
g, 1 1.50x10"m
15. Use Eq. 17-5to find the charge.
1 Q 1 9
V=—= - Q=(4ng,)rV= 0.15m)(125 V) =[2.1x10°C
Arg, T Q= (4, (8.99x109N-m2/C2J( Jzv)

16. Thework required isthe difference in potential energy between the two locations. The test charge
has potential energy due to each of the other charges, given in Conceptual Example 17-7 as

Q%
r
locations. Let Q represent the 354C charge, let q represent the 0.504C test charge, and let d

represent the 32 cm distance.

kQq  kQg kQq kQq

= — =

initial d/2 d/2 find [d/2—0.12 m] ’ [d/2+0.12 m]

PE=k . Soto find the work, calculate the differencein potential energy between the two
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Work =PE, , —PE, ., = K KQa 2(

initial [d/2_0_12 m]+[d/2+0.12 m]_

%)

—kO 1 N 1 2
= [016m—012m] ' [0.06m+012m] 0.16m

=(8.99x10° N-m*/C?)(35x10°C)(0.50x10°C) (16.07m™*) =[2.5J
An external force needs to do positive work to move the charge.

17.

18. (a) Thee€lectric potential isgiven by Eq. 17-5.
1 1.60x10™"
v-L Q. (8.99x10° N mz/c:z)M = 5754x10°V ~|5.8x10°V.

4re, 1 25x10°m
(b) The potential energy of apair of chargesis derived in Conceptual Example 17.7.
1.60x10°C)’
PE= k2R (8.99x10° N- mz/cz)% =9.2x10™J
r 25x107m

19. The potentia at the corner is the sum of the potentials due to each of the charges, using Eq. 17-5.

k() K k(2Q) _kof, 1) |2
V= - +\/§L+ - _T(Hﬁj_T(&ﬂ)

20. By energy conservation, all of theinitial potential energy will change to kinetic energy of the
electron when the electron isfar away. The other charge is fixed, and so has no kinetic energy.
When the electron is far away, there is no potential energy.

TSI

r
2k(-€)(Q) 2(8.99x10° N-m*/C*)(-1.60x10 *C)(-1.25x107C)
- (9.11x10"kg)(0.325m)

E|nitial = ETinal - PEinitid = KEfind -

V=
mr

=(3.49x10" my/s

21. By energy conservation, all of theinitial potential energy of the charges will change to kinetic energy
when the charges are very far away from each other. By momentum conservation, since theinitial
momentum is zero and the charges have identical masses, the charges will have equal speedsin
opposite directions from each other as they move. Thus each charge will have the same kinetic
energy.
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Euia =B ™ PEuw =KEu — = 2(% mvz) -

r

9 2/c? °c)
v=\/@: (899x10°N-m’/C*)(95x10°C) 4.8x10°mys
mr

(1.0x10°kg)(0.035m)
22. (a) Because of theinverse square nature of the electric «—X—pe—d——
field, any location where the field is zero must be -* O ® O—
closer to the weaker charge (d,). Also, in between the Q<0 ¢ >0

two charges, the fields due to the two charges are parallel to each other (both to the left) and
cannot cancel. Thusthe only places where the field can be zero are closer to the weaker charge,
but not between them. In the diagram, thisisthe point labeled as “x”. Taketo the right as the
positive direction.

q
Ezklx—il—kﬁzo > |g|(d+x)"=gx —

|| \/20x10°C
X= d=
Ja-Ja|  V3oxiwo°c—y20x10°C

(5.0cm) =|22cmeft of g,

(b) The potential due to the positive charge is positive « d >
everywhere, an_d the potential due_ tothe negatl\{e N Xz—;‘\— Xl_;
charge is negative everywhere. Since the negative ~ O
@, <0 g >0

charge is smaller in magnitude than the positive charge,
any point where the potential is zero must be closer to the negative charge. So consider

locations between the charges (position X ) and to the left of the negative charge (position X, )
as shown in the diagram.

~2.0x10°C)(5.0cm
Vieain1 = G _ K, X = % =( - )(6 ):2.0cm
(d=x) % (,-q)  (-50x10°C)
~2.0x10°C)(5.0
Vioctionz = a +&:0 - X == % :_( - ls( Cm):]‘o'ocm
(d+x) % (q,+9,) (Lox10°C)

So the two locations where the potential is zero are[2.0 cm from the negative charge towards the
positive charge, and 10.0 cm from the negative charge away from the positive charge|

electronsin from infinity one at atime. It takes no work to bring the first
electron to itsfinal location, because there are no other charges present.

Thus W =0. The work done in bringing in the second electron to its
final location is equal to the charge on the electron times the potential _e
(dueto thefirst electron) at the final location of the second €l ectron.

k ke’
Thus W, = (—e)(—Te) = % . Thework donein bringing the third electron to its final location is

23. Let the sidelength of the equilateral trianglebe L. Imaginebringingthe  —e V L 7 —e
L L

equal to the charge on the electron times the potential (due to the first two electrons). Thus

W z(_e)(_ﬁ_ﬁj _ 21|<_e2

A T . Thetotal work doneisthe sum W, +W, +W,.
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2
k& 2k& 3ke®  3(8.99x10° Nem?/C?)(1.60x10°C
W =W AW, + W, = 04— o =2 ( /<) )

L L L (1.ox10*1°m)
-

24. (a) Thepotential dueto apoint chargeisgiven by Eq. 17.5

b a

1 1
=(8.99x10° Nem*/C?)(-3.8x10°C)| ——-—— | =[8.6x10°’V
(0010 e[ -38e10°0) |-ty
(b) The magnitude of the electric field due to a point
chargeisgiven by Eqg. 16-4a. The direction of the £ E E_E
electric field due to a negative charge is towards the b \ a b~ Ea .
E,

m

charge, so thefield at point awill point downward, and
thefield at point b will point to the right. See the
vector diagram.

3 8.99x10° N-m?/C?)(3.8x10°C

E,= klqu right:( - '/ )2( - ) right = 4.4114x10" V/m, right
ry (0.88m)

3 8.99x10° N-m?/C?)(3.8x10°C

Ea=i?| downz( - ™’/ )2( <10°C) down = 6.5899x10° V/m, down
r; (0.72m)

[E,-E|=\E +E? —\/(4.4114><104 v/m)’ +(6.5899x10° V/m)’ =|7.9x10° V/m

f=tan" Ez =tan‘1@—

44114

25. Weassume that al of the energy the proton gainsin being accelerated by the
voltage is changed to potential energy just as the proton’s outer edge reaches the
outer radius of the silicon nucleus.

e(14e)
PEjia = PEjna = V4 =K -
;
14)(1.60x10°°C
V.. = k%:(8.99x109 N-mZ/CZ)( ) (160~ — )= 4.2x10°V
r (1.2+3.6)x10"m

26. UseEg. 17-2b and Eq. 17-5.

T L e

d-b b b d-b -b b d-b
_ kq(L_ijzm
d-b b b(d-b)
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27. (a) Theéelectric potentia isfound from Eq. 17-5.

1.60x10™°C
V., =k—t- = (8.99x10° N- mz/cz)% ~|27v
Mom 0.53x10 " m

initial
(b) Thekinetic energy can be found from the fact that the magnitude of the net force on the

electron, which is the attraction by the proton, is causing circular motion.
2 2

Ve N e e
|Fna|=m°+:kw - mVv: =k - KE=imV’ =1k
ratom ralom ratom ratom

1.60x10C)’

=1(8.99x10° N« mz/cz)% = 2.171x10 ®J~|2.2x10 "]
(0.53x10™°m)

leV
= 2171x10 % Jx———— ~1357eV ~[14ev
1.60x10J

(c) Thetota energy of the electron isthe sum of its KE and PE. The PE isfound from Eq. 17-2a,

and is negative since the electron’s charge is negative.

2 2 2
e e (S
Em=PE+KE=—eV+§mev2=—kIr +%kr =—lkr

2
atom atom atom

=-2171x10"J~|-2.2x10 *J[ ~ [-14ev

(d) If the electron istaken to infinity at rest, both its PE and KE would be 0. The amount of energy
needed by the electron to have atotal energy of O isjust the opposite of the answer to part (c),

|2.2><10‘18J| or |14eV|.

28. Thedipole moment is the product of the magnitude of one of the charges times the separation
distance.

=01 =(160+10") (05310

29. The potentia dueto the dipoleis given by Eq. 17-6b. r
kpcosg  (8.99x10° Nem?/C?)(4.8x10 *C-m)cos0 o —
@ V=—eF—= > -Q Q
r (11x10°m)

VI (8.99x10° N-m?*/C*)(4.8x10* C+ m) cos45’ P
o (1.2x20°m)’ o o
~[25x10°V]

kpcos®  (8.99x10° N-m?/C*)(4.8x10°*C. m) cos135°
© V=—s5—= i

1.1x10°m)’
( )

=[-25x10°V 0
-G

© 2005 Pearson Education, Inc., Upper Saddle River, NJ. All rightsreserved. Thismaterial is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the
publisher.

33



Chapter 17 Electric Potential

30.

31

32.

33.

35.

36.

37.

Weassumethat p, and p, are equal in magnitude, and that each makes a 52° anglewith p . The
magnitude of p, isalso givenby p, =qd , where q isthe charge on the hydrogen atom, and d is
the distance between the H and the O.

p

=2p,cos52’ —» p=—=qd —
P=2h P 2c0s52° a

1x10*Cem
p __ 6Ix10°C =|5.2x10%C

1 S coss? 2(0.96x10**m)cos52°
Thisis about 0.32 times the charge on an electron.

The capacitance is found from Eq. 17-7.
25x10°C
o-=cv - c=2_2210C o 0°F
\Y, 850V

The voltage is found from Eq. 17-7.
Q 165x10°C _
C 95x10°F

Q=CV —> V= 17.4V

The capacitance is found from Eq. 17-7.

95x102C
o=cv » c=2_ B0 € 5 0"F

\% 120V

We assume the capacitor is fully charged, according to Eq. 17-7.

Q=CV =(7.00x10°F)(12.0V) - [8.4x10°C]

The area can be found from Eq. 17-8.

0.20F)(2.2x10°®
LS )(22:107m) s

& (885x10°C*/N-m’)

Let Q and V, betheinitial charge and voltage on the capacitor, and let Q, and V, be the final

charge and voltage on the capacitor. Use Eq. 17-7 to relate the charges and voltagesto the
capacitance.

Q=Cv, Q =0V, QZ—Q1=CV2—CV1=C(V2 _\/l) -

- 18x10°
%-Q 1810 C oo

V-V, 24V

The desired electric field is the value of V/d for the capacitor. Combine Eq. 17-7 and Eqg. 17-8 to
find the charge.
&,AV

Q=Cv-= = £,AE =(8.85x10™ C*/N-m”)(35.0x10 *m” ) (8.50x10° V/m)

=[2.63x10°C
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38. Combine Eq. 17-7 and EqQ. 17-8 to find the area.
AV 5.2x10°C
Q-cv=2Y _ ae 5 A= ( ) 555y
£oE (885x10* CZ/N-mz)( - j
107°m

=10.29 m*

From Eq. 17-4a, the voltage across the capacitor is the magnitude of the electric field timesthe
separation distance of the plates. Usethat with Eqg. 17-7.

Q (72x10°C)
Cd (0.80><10’6F)(2.0><10’3m)

Q=CV=CEd » E=— =14.5x10"V/m

40. After the first capacitor is disconnected from the battery, the total charge must remain constant. The
voltage across each capacitor must be the same when they are connected together, since each
capacitor plate is connected to a corresponding plate on the other capacitor by a constant-potential
connecting wire. Usethetotal charge and the final potential difference to find the value of the
second capacitor.

QTotaI = C1V1 Ql = Cl\/final Qz = szﬁnal

initia final final
QTotaI Ql +Q2 _(C +C ) final - Clvl (C +C ) find -
fina final initial
Vi 125V
C,=C|—=-1|=(7.7x10°F)| =———-1|=|5.6x10°F
\/final 15V

41. Thetota charge on the combination of capacitorsisthe sum of the charges on the two individual
capacitors, since there is no battery connected to them to supply additional charge. The voltage
across each capacitor must be the same after they are connected, since each capacitor plateis
connected to a corresponding plate on the other capacitor by a constant-potential connecting wire.
Use the total charge and the fact of equal potentials to find the charge on each capacitor and the
common potential difference.

Q =CV, Q =GV, Q =CViu Q =CV,

initial initial initial initial final final
Qua=Q +Q =Q +Q, =CV, +CV, =CV,,+CV,, -
initial initial final final initial initial
v o GV, _ (250x10°F)(875V ) +(6.80x 10 °F)(652V/)
e C,+C, (9.30x10°F)

= 711.95V ~[712V]=V, =V,

Q =CV,. =(250x10°F)(711.95) =

final

Q. = ~(680:10°F)(71155) -

final
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42. Use Eq. 17-9 to calculate the capacitance with a dielectric.

55x10°m)’
C=Ke, 2= (2.2)(8.85x10* C*/N- mz)# =|3.3x10™F
d (18x10°m)
Use Eq. 17-9 to calculate the capacitance with a dielectric.
5.0x10°m)’
C:Kgoéz(Y)(&BleO’lz CZ/N-mZ)”( - - ) = [L5x10™°F
d (32x10°m)

44. Theinitial charge on the capacitor is Q... = C....V - When the micaisinserted, the capacitance
changesto C, , = KC

initial ?

and the voltage is unchanged since the capacitor is connected to the same
battery. The final charge on the capacitor is Q,, =C, .V .

final

AQ=Qy ~Quua = CpraV —CpppV = (K -1)C,,,V =(7-1)(35x10°F)(22V)

final initial initial
-
45. The capacitanceisfound from Eq. 17-7, with the voltage given by Eq. 17-4 (ignoring the sign).
0.775x10°C
Q=CV=C(Ed) —» C=—=- . ~[4.82x10°F

Ed (8.24x10°V/m)(1.95x10°m)

The plate areais found from Eq. 17-9.
cd  (482x10°F)(1.95x10°m)

A
C=Kg— — A=—-= =|0.283m’
7 7 Tk, (3.75)(8.85x10% C*/N-m’)

46. The stored energy is given by Eq. 17-10.
PE=1CV® =1(22x10°F)(650V)" =|4.6x10"]

47. The capacitance can be found from the stored energy using Eq. 17-10.
) 2(PE) 2(1200J) —
PE=4CV" » C=——== ~=[9.6x10"F
(5.0x10°V)

48. Thetwo charged plates form a capacitor. Use Eq. 17-8 to calculate the capacitance, and Eq. 17-10
for the energy stored in the capacitor.

4.2x10*C)’ (15%x107
A PE=%Q—2:iQ2d— (42x10"C) (15x10°m) M rywr

C _
d C “&A "(885x10C’/N-m*)(8.0x107m)

N =

49. (a) UseEq. 17-8 to estimate the capacitance.

8.85x102C?/N-m?) 7 (4.5inx.0254m/in)’
C=‘§;A=( - N1 7 (45in~ /in) ~ 7.265x10“F = [7x10 2F|

(5.0x10'2m)
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(b)

51.

52.
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Use Eqg. 17-7 to estimate the charge on each plate.
Q=CV =(7.265x10 *F)(9V) =6.54x10 “C~[7x10"C

Use Eq. 17-4b to estimate the (assumed uniform) electric field between the plates. The actual
location of the field measurement is not critical in this approximation.

v o 200V/m

d 50x10°m
By energy conservation, the work done by the battery to charge the platesis the potential energy
stored in the capacitor, given by Eq. 17-10.

PE=1QV =1(6.54x10"C)(9V) = 294x10 *J~[3x10 ]

If adielectric isinserted, the changes, and so the on the capacitor and the

stored also change. The electric field does not change because it only depends on the
battery voltage and the plate separation.

~180V/m~

A
From Eq. 17-8 for the capacitance, C = ¢, E , since the separation of the platesis doubled, the

capacitance is reduced to half its original value. Then from Eq. 17-10 for the energy,

2
PE = %% , Since the charge is constant and the capacitance is halved, the energy is doubled.
So the energy stored changes by afactor of |2].
The work done to separate the plates is the source of the increase of stored energy. So the work
isthe change in the stored energy.

PE PE ., =2PE

initial initid

PE

_ _ 1 _ _
final initial PEinitial 2 - -

The energy stored in the capacitor is given by Eq. 17-10, PE= %CV2 . Assuming the
capacitance is constant, then if the potential difference is doubled, the stored energy is

multiplied by 4] .

Now we assume the potential difference is constant, since the capacitor remains connected to a
battery. Then the energy stored in the capacitor is given by PE =2QV , and so the stored

energy is| multiplied by 2] .

Before the two capacitors are connected, all of the stored energy isin the first capacitor. Use
Eq. 17-10.

PE=1CV? =(2.70x10°F)(12.0V)’ =1.944x10*J=

After the first capacitor is disconnected from the battery, the total charge must remain constant,
and the voltage across each capacitor must be the same, since each capacitor plate is connected
to a corresponding plate on the other capacitor by a connecting wire which always has a
constant potential. Use the total charge and the fact of equal potentials to find the charge on
each capacitor, and then calculate the stored energy.
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Qua = CVpua =(2.70x10°F)(12.0V) = 3.24x10°C

1 Vinitial

Ql Qz Qt tal _Ql
-CV =CV ZX-2_Swd ¥ _,
Ql 1 QZ 2 Cl C2 CZ
C (2.70x10*6 F)
Q =Q, 1 —(3.24x10°C)——£=1.3057x10°C
S o o ( )(6.70><106F)

Q,=Q,, - Q =324x10°C-1.3057x10°C =1.9343x10°C

Q@ @ |(13057x10°C)" (19343x10°C)’
=PE +PE,=1—+1-2=21

P C, °C, °| (270x10°F) " (4.00x10°F)

(13057x10°C)" (19343x10°C)’

— -5
(2-7O><1076F) + (4_00)(]_0’6F) = 7.83><10 J

-2

(c) Subtract the two energies to find the change.
APE = PE PE, ., = 7-83x10°J-1.944x10"*J=|-1.16x10"J

find
53. Consider three partsto the electron’s motion. First,
during the horizontal acceleration phase, energy will be T
conserved and so the horizontal speed of the electron v, 22cm 1iem

can be found from the accelerating potentia V . E

Secondly, during the deflection phase, a vertical force ) \L
will be applied by the uniform electric field which gives  — l } 30

the electron an upward velocity, v, . Weassume that SR AXreen

there is very little upward displacement during this time. AXigg
Finally, after the electron leaves the region of electric
field, it travelsin a straight line to the top of the screen, moving at an angle of approximately 30°.

Acceleration:
2eV
PE s =KEa — €V :%m\/f - V, =,
m
Deflection:
. . g AX.
timeinfield: AXyy =Vitieq = tiea = e
eE eEAX,
F:eE: — e pp— V =V. + t :0+ ield
y may a\/ m y 0 ay field _va
Screen:
A A
AXSC'SS" = VXtSC'eeﬂ - tscreen = & Ayscreen = Vytscreen = Vy &
V)< Vx
eEAXfield
Ayscreen — Y — rnvx — eEAxfield
Axscreen Vx Vx I’n\lf
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A m2eV
Ay MV Yareen m 2V Ay

Screen X Screen

- 2(7.0x10°V)(0.11m)
B AXsr:reeneAXfiem B AXsr:reeneAXfiem B Asz:reenAXfiem B [(022 m)COS300:|(0028m)

=2.89x10°V/m ~[2.9x10° V/m

As acheck on our assumptions, we calculate the upward distance that the electron would move while
in the electric field.

2 2 2
eE AX. eE(A , E(A i
Ay:VOtfieId-’_%aytf?dd:0+%(Ej£ )\jﬂddj = ( ;(:\d/) - (4)\(f/e|d)

m
(2.89><105V/m)(2.8><10'2m)2

= =8x10°m
4(7000V)

Thisis about 7% of the total 11 cm vertical deflection, and so for an estimation, our approximation is
acceptable.

54. If there were no deflecting field, the electrons would hit
the center of the screen. If an electric field of acertain T
direction moves the electrons towards one extreme of the -
screen, then the opposite field will move the electrons to E AYgreen = fL5CM

the opposite extreme of the screen. So we solve for the \L

field to move the electrons to one extreme of the screen. v,

Consider three parts to the electron’s motion, and see the

diagram, which isatop view. First, during the horizontal <

acceleration phase, energy will be conserved and so the AXiag

horizontal speed of the electron v, can be found from the accelerating potential V . Secondly,
during the deflection phase, a vertical force will be applied by the uniform electric field which gives
the electron a leftward velocity, v,. We assumethat thereis very little leftward displacement during

thistime. Finaly, after the electron leaves the region of electric field, it travelsin astraight line to
the left edge of the screen.

Acceleration:
2eV
PEinitid = KEfinal - eV :%m\/f > Vo=
m
Deflection:
. AX.
timeinfield: AX, =Vl — tig = s
VX
ek eEAX,
y ma\/ a\/ m y 0 a\/ field mvx
Screen:
A A
AXscreen = thscreen - tscreen = M Aysr:reen = Vytscreen = Vy M
X VX
eEAXfie!d
Ayscreen _ Vy _ rnvx _ eEAXfieid
A)(SZI'GGFI VX VX rTNj
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2eV
e Vo™ NaeaM= 7 ypy_ - 2(60x10°V)(0.15m)
MXen@K g Ay XAy, (0.34m)(0.026m)
=2.04x10°V/m=~ 2.0x10°V/m
As acheck on our assumptions, we calculate the upward distance that the electron would move while
in the electric field.

AY = Voligq + Zaytfle!d =0+ ( - j[Axﬂddj = eE(AX"e'd) _ E(Axfieid)
2

v (Zer 4v
x m| ——
m
2.04x10°V/m)(2.6x102m)’
:( <10’ v/m)(26x10°m) —6x10°m
4(6000V/)

Thisis about 4% of the total 15 cm vertical deflection, and so for an estimation, our approximation is
acceptable. And so the field must vary from |+2.0x10° V/m to —2.0x10° V/m

55. (a) The electron was accelerated through a potential difference 6.3 kV in gaining 6.3 keV of KE.
The proton is accel erated through the opposite potential difference as the electron, and has the
exact opposite charge. Thus the proton gains the same KE, 6.3 keV/.

(b) Both the proton and the electron have the same KE. Use that to find the ratio of the speeds.

v, _[M _ [1.67x10 kg
Imy =imy; — V_:’/E: =[a2g]
p

9.11x10 kg

56. (a) Theenergy isrelated to the charge and the potential difference by Eq. 17-3.
6

APE=0gAV — AV = APE = 4.2x10' =1.05x10°V ~|1.1x10°V
q 4.0C

(b) The energy (as heat energy) is used to raise the temperature of the water and bail it. Assume
that room temperature is 20°C.
Q=mcAT+mL, —

Q 4.2x10°J

CAT +L, J (80c?)+ 22.6x10° -
kge°C kg

=|1.6kg

[ 4186

57. Theenergy density isgiven by Eq. 17-11.
Energy density =4 ¢,E* = 4(8.85x10 ™ C*/N-m*)(150V/m)’ =|1.0x10" J/m’

58. The electric force on the electron must be the same magnitude as the weight of the electron. The
magnitude of the electric force is the charge on the electron times the magnitude of the electric field.

The electric field is the potential difference per meter: E =V/d .
F.=mg — eV/d=mg —

31 2 -2
mgd  (9-11x10 *kg)(9.80m/s*)(3.0x10°m) —
V= = =1.7x10V
e 1.60x10°C
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Sinceit takes such atiny voltage to balance gravity, the thousands of voltsin atelevision set are
more than enough (by many orders of magnitude) to move electrons upward against the force of
gravity.

59. Theenergy in the capacitor, given by Eq. 17-10, is the heat energy absorbed by the water, given by
Eq. 14-2.
PE=Q. — %CV2 =mcAT —

S 2(2.5kg)(4186k—‘]ocj(95°C—21C°)
v At g = 622V ~[620V
C 4.0F

60. Since the capacitor is disconnected from the battery, the charge on it cannot change. The
capacitance of the capacitor isincreased by afactor of K, the dielectric constant.

Cini i Cini i 1

Q=CiaViita =CiaVia > Vi = Vinia C_ld =V KC_[d = (24'0\/)5 =11V

final

initial

61. Combine Eq. 17-7 with Eq. 17-8 and Eq. 17-4.

& A
—Cy =20
Q d

~[L5x107]

62. UseEq. 17-5to find the potential due to each charge. Sincethetriangleis
equilateral, the 30-60-90 triangle relationship says that the distance from a

corner to the midpoint of the opposite sideis \/:—%L/ 2.

= gOA% = £,AE =(8.85x10™* C*/N-m” ) (56x10™m* ) (3.0x10° V/m)

-Q

k(-
v A ) M) 29[, L) feastd
L/2 IL/z L J3 L
K9, & (Q) K(-3Q) _ 50 [ 080
L/2 IL/z V3L L
vc=k(Q)+k(_3Q)+k(_Q)— ZkQ(z —j=—515k—Q
L/2 L2 B2 L J3 L
(&) Because of the inverse square nature of the electric —X—pe—rdg—\
field, any location where the field is zero must be . O ® O—
closer to the weaker charge (q,). Also, in between the g <0 ¢ >0

two charges, the fields due to the two charges are parallel to each other (both to the left) and
cannot cancel. Thusthe only places where the field can be zero are closer to the weaker charge,
but not between them. In the diagram, thisisthe point labeled as“x”. Taketo the right as the
positive direction.

q
Ezkg—kﬁzo - |a|(d+x)° =qx* —
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|| J2.6x10°C

X= d= (1.6cm) =[11.1cmleft of g
Ja-la|  V34ax10°c-y26x10°C :

(b) The potential due to the positive charge is positive “ d >
everywhere, and the potential due to the negative ;_ Xz—’,‘\_ X— e
charge is negative everywhere. Since the negative ~ °
charge is smaller in magnitude than the positive charge, G, <0 q>0

any point where the potential is zero must be closer to the negative charge. So consider
locations between the charges (position x, ) and to the |eft of the negative charge (position x,)

as shown in the diagram.

~2.6x10°C)(1.6cm
location1 — kql +ﬁ =0 X = qu = ( - )—(6 ) =0.69cm
(d=x) % (0,-q)  (-60x10°C)
~26x10°C)(L6
location 2 = kql +&: 0 - X2 == qu = _( - )6( Cm) = 520m
(d+x) % (g,+0,) (08x10°C)

So the two locations where the potential is zero are| 0.7 cm from the negative charge towardg
|the positive charge, and 5.2 cm from the negative charge away from the positive charge.|

The voltage across the capacitor stays constant since the capacitor remains connected to the battery.
The capacitance changes according to Eq. 17-9.

A A
< :gOT=2600x10'12F c =k%2_kc =sc

initial final d initial initial

Qira ~ Quita = CiinaV —CiniiaV = (5Cintial —Cia )V =4C, 4V = 4(2600X10712 F)(9.0V)

=[9.4x10°C

65. To find the angle, the horizontal and vertical components of the velocity are needed. The horizontal
component can be found using conservation of energy for the initial acceleration of the electron.
That component is not changed as the electron passes through the plates. The vertical component
can be found using the vertical acceleration due to the potential difference of the plates, and the time
the electron spends between the plates.

Horizontal:
AX

PEinitd = KEfind - qVv :%mvf t= V_

Vertical:
V. —V E t E AX
FEquyzmazmM N vy=q s E
t m mv,
Combined:
gE, AX [ 250V ] (0.065m)
tan@ = & = rnvx = quAX = quAX = EyAX = 0013m = 01136
v, v, mZ 2V 2(5,500V )

0 =tan'0.1136=(6.5"
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66. Thereisno other source of charge except for the original capacitor. Thus the total charge must
remain at Q,. Also, since the plates of the one capacitor are connected via equipotential wires to the
plate of the other capacitor, the two capacitors must have the same voltage across their plates. Use

the total charge and fact of equal potentialsto find the charge on each capacitor and the common
potential difference.

Q
Q=Q+Q Q=CV Q=CV Q=CV+CV=(C+C,)V - V=——7
C +C,
C C
=CV = 1 =CV = 2
Q=5 Q°cl+cz %= Q°cl+cz
67. UseEq. 17-8 for the capacitance.
A A (8.85x102C?%/N-m?)(1.0x10*m?
_ah g o | N )E010™) _foageng
C (1F)
, thisis not practically achievable. The gap would have to be smaller than the radius of a

proton.

68. Since the E-field points downward, the surface of the Earth is alower potential than points above the
surface. Call the surface of the Earth O volts. Then a height of 2.00 m has a potential of 300V. We
also call the surface of the Earth the O location for gravitational PE. Write conservation of energy
relating the charged spheres at 2.00 m (where their speed is 0) and at ground level (where their
electrical and gravitational potential energies are 0).

qv

Eia = Eia ™ mgh+qV:%mv2 - V= 2(gh+_j
m

v, = \/2 _(9.80m/52)(2.00m)+ (6'5X(1O(_J;?k(g3)oov)} =6.3184 m/s
v = \/2 _(9.80m/sz)(2.00m)+ (_6'5:;.2;;32500V)} 62030 ms

vV, —V_ = 6.3184m/s-6.2030m/s=(0.12m/s

69. (a) UseEq. 17-10 to calculate the stored energy.
PE =1CV? = 2(5.0x10 °F)(3.0x10°V) = 22.5J~[23]

(b) The power isthe energy converted per unit time.
p_ Energy _ 0.12(22.5J)
time 8.0x10°s

=[3.4x10°W

70. (a) UseEq.17-8.
o EA_ (8.85x10™ C*/N-m*)(110x10°m?)

— 6.49x10"F ~|6.5x10"F
d (1500m)
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(b) UseEq. 17-7.
Q=CV =(6.49x107F)(35x10'V ) = 22.715C ~|23C
(c) UseEg. 17-10.
PE =1QV =1(22.715C)(35x10'V ) =

71. Thekinetic energy of the electrons (provided by the UV light) is converted completely to potential
energy at the plate since they are stopped. Use energy conservation to find the emitted speed, taking
the O of PE to be at the surface of the barium.

KE iia = PEia = %mvz =qvV -

2(~1.60x107°C)(-3.02V
_ |2V _ (F160x107C)( ) o m/s
m 9.11x10*"kg

72. Let d, represent the distance from the |eft charge to point b, and let d, represent the distance from

the right chargeto point b. Let Q represent the positive charges, and let q represent the negative
charge that moves. The change in potential energy is given by Eq. 17-3,

PE,-PE, =0V, = q(vb _Va) :

d, =v12* +14°cm =18.44 cm d, =v14* + 24°cm = 27.78 cm

PE, -PE, =q(V,-V,)=q Q_,_ K | [ K
0.1844m 02778m) | 0.12m 0.24m

1 1 1 1
=kQq + - +
0.1844m 0.2778m 0.12m 0.24m

= (8.99>< 10°)(-15x10°° C)(33>< 10°C)(-3477 m'l) -1547J~[15J

73. UseEq. 17-7 with Eq. 17-9 to find the charge.

0.55x10°
Q:CV=KgoEAv=(3.7)(8.85x10'1202/N.m) 7(055x10"m) (12v) [25x10™C]

(0.15x10°m)
74. (a) UseEq. 17-5to calculate the potential due to the charges. Let the distance between the charges
bed.
2(8.99x10° Nem?/C?
VL L . TR (899~ / )(4.5x10'60—8.2x10'6c)
(d/2) (d/2) d (0.23m)

-[29:a0V]

(b) UseEg. 16-4bto calculate the electric field. Note that the field due to each of the two charges
will point to the left, away from the positive charge and towards the negative charge. Find the
magnitude of the field using the absolute value of the charges.

_ 1 k|QZ| _ 4k
Enia = (d/Z) (d/2) dz (Ql |Q2|)
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4(8.99x10° Nem’/C’
_ 4899 zm/ )(4.5x106C+8.2><106C)= 8.6x10°V/m, left
(0.23m)

75. (@) UseEq. 17-7 and Eq. 17-8 to calculate the charge.

8.85x107* C*/N-m*)(2.0x10"*m’
Q=CV=g°dAV=( - /N-m')(20-10"m )(12V):4.248><1011C

(5.ox10*“m)
~

(b) The charge does not change. Since the capacitor is not connected to a battery, no charge can

flow to it or fromit. Thus Q = 4.248x10"'C ~|4.2x10"'C].

(c) The separation distance was multiplied by afactor of 1.5. The capacitance isinversely
proportional to the separation distance, so the capacitance was divided by afactor of 1.5. Since
Q =CV, if the charge does not change and the capacitance is divided by afactor of 1.5, then

the voltage must have increased by afactor of 1.5.

Vi =15V, =15(12V) =18V

(d) Thework done isthe change in energy stored in the capacitor.
W =PE,;, —PE . = %Q\/final _%Q\/initial = %Q(\/ﬁna‘ _\/initial)

=1(4.248x10C)(18V -12V) = [1.3x10J

76. The energy stored in the capacitor is given by Eq. 17-10. Thefinal energy is half theinitial energy.
Find the final charge, and then subtract the final charge from the initial charge to find the charge lost.

Q?n Qiii 1
Efinal :%Einitial - %%:%%Tw‘ - innal ZEQinitial

1
=Q. .. -Q ., =Q. |1-— |=CV|1-— |=(25x10°F)(6.0V)(0.2929
Qlost anmal Qflnal anmal ( \/Ej ( \/EJ ( )( )( )

~[a4x10°c]

77. (a) Weassumethat Q, isheld at rest. The energy of the system will then be conserved, with the

initial potential energy of the system all being changed to kinetic energy after avery long time.

kQQ,
r

Enia = Eia = PEiiia = KEqy :%mvlz -

2(8.99x10° N- m?/C?)(5.0x10°C)’
v, = fZKQlQZ = ( - '/ )( - ) =12.7x10° m/s
[THI'

(15x10°kg)(4.0x10*m)

(b) Inthiscase, both the energy and the momentum of the system will be conserved. Since the
initial momentum is zero, the magnitudes of the momenta of the two charges will be equal.

m

Pinita = Pina 0= myv,+my, — V,=-V,—

m,

Einitial = Efinal - PEinitial = KEfinal -
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r m, m,
v | 2QQm 2(8.99x10° N-m?/C?)(5.0x10°C)"(2.5x10 °kg)
Sy m(mm)r (1510 °kg)(4.0x10°m)(4.0x10 °kg)

= [2.2x10° m/s

78. Calculate V,, =V, -V, . Represent the 0.10 m distance by the variable d.

kg, ka, kg, kqu k ( 1)
V=V, -V, =| =+ —== |- (g oq)1-—=
e (d +\/§CJ (d +\/Ed d(ql %) V2

8.99x10° Ne m?/C? ) 1
z( — )(4.8><10 Gc)(l—ﬁ}
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