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Problem Solutions/

161 (a) Thework dorfi1e is W=F-scos@= (qE) iscosé, or

w=(L. 60x10‘19 C)(200 N/C)(2.00x10° m)cos0° = 6.40x10™" |

(b) The change m the electrical potential energy is

APE, = -w =|-6.40x107"° ]

(c) The change 1i1 the electrical potential is

APE, —640x10™] _—— /
AV == =IO C ~200V ‘

[

| '
16.2 (a) We follow the path from (0,0) to (20 cm,0) to (20 cm,50 cm). The work done on the
' charge by the field is

‘ W =W, +W, =(gE)-s, cos6, +(qE)-s, cos6,
|
=(gE)[(0.20 m)cos0°+(0.50 m)cos90°

= (12210* C)(250 V/m)[(0.20 m)+0]=6.0x107J

Thus,  APE, =-W=|-6.0x10*]

APE " —6.0x10™ ]
AV = = -50 1/C=|- V
b) ] 12x10° C 50 J/ m

16.3 The work done Ey the agent moving the charge out of the cell is

W,

input

= 'lé'Wﬁeld = "("APEe ) = +q(_AV)

=(?1.60x10"9 c)(+9‘0>g10f3 %): 14x107 J]

€

=[Z320x10"
=Y v, T w600 J/C 0107 C

) APE, _-1. 92><10'17 J

164 APE, =q(AV)= q(V,




=§!
£ JAV] _ 25000 J/C _
T d  15x10%m

165 1.7x10° N/C|

16.6  Since potentiai difference is work per unit éharge AV = w , the work done is
4 . q

W =4(AV)=(3.6x10° C)(+12 J/C)=[43x10° ]

Y n 600 J/C -
= =[1.13x10° N
d '533x10° m N/C

(b) F=|qlE=(160x10" C)(1.13x10° N/C)=[180x10™ N

167 (a) E=

i

(©) W=I—‘-sccf>st9
!

=(1.80x10™ N)[(5.33-2.90)x10 m Jcos0° =[ 2.38x 107 ]

168  From conservation of energy, %mv} -0 =]q(AV)l or v, = \/gq(AV) |
. . . m

(160x10™ C)(-120 V) Ty
l=[152
1.67)(10—27 kg ) 52x10 m/S

, 2
(@) qu the pr9ton, g =J

2|(~1.60x10™ C)(+120 V) '
D, = =] 0.
! 9.11x10™ kg 04910 mys

(b) For the electron,
!!

A
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(a) Use conservanon of energy ; Q
o k -
’ v E
(KE+PE +PE) =(KE+PE +PE,), —
or A(KE)+A(PE,)+A(PE,)=0 o

A(KE)=0 sfnce the block is at rest at both beginning and end.

1

i
A(PE,)==ke,, -0,

NI

where x_ is the maximum stretch of the spring.
A(PE,)=-W =—(QE)x,,,
Thus, 0 +—21—kxfnax -(QE)x,., =0, giving

2QE | z(so.bxw* C)(5.00x10° V/m)

Tonar == 100 N/m =[0.500 m]

(b) Atequilibrium, XF=-F,+F, =0, or -k, +QE=0

Therefore, A | Xp == ==X, ={0250 m

Note that when the block is released from rest, it-overshoots the equlllbnum
position and oscﬂlates with simple harmonic motion in the electric field.

16.10 Using Ay =v,,t+ %éfzytz for the full flight gives

_0=vg,  -0f, oyt _(20.1 m/s)(4.10 5)
20, 2(-20,,/t) 4 4

=20.6 m
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i
]
|
|
1]
!

' - " 2F, . -mg-gE E} .
From Newton's second law, a,= my = mg"n 1 =—(g+%). Equating

—-27 « )
this to the earlier result gives a,= —( g+ gmﬁj =— ; . 50 the electric field strength is

. }
E=| T ‘—z-vﬂ—g =( 2.00»1(5 ) 2(20'1 m/S)--9.80 m/s2 =1.95x10° N/C
q)| t 5.00x10°° C 410s ,

Thus, (AV),,. (AYume)E=(20.6 m)(1.95x10° N/C)=4.02x10* V=

kg _ (8199x10° N-m?/C?)(1.60x10™ C)

1611 (2) V=" / =[144x107 v
ro 1.00x10 m
kg K, 11
(®) AV=V2-V11=—"-—"=(keq)(‘_"J
L on L n
= (899x10° N-m?/C?)(1.60x10% C)f L ___1
| 00200m  0.0100 m

=|-7.19x10° v

1612 V=V,+V, =ke(il+ﬁ) where 7, =0.60 m~0=0.60 m, and

hon

,=0.60 m~030 m=030 m. Thus,

; L2 -9 \ -9 ’
V=[899x10% NI [ 80x107 C | 60x10° C) ooy
T T 060m T 030m




T eescmm e

Electrical Energy and Capacitance ~ 45

(a) Calling the 2.00 uC charge qg ,

k.4; ‘: b, %, - %
V=) i=k/| —+—+—F—=
Z h (Tl no r+n

. i N-m?)| 8.00x10° C  400x10°C . 2.00x10°C
=[8.99x10°1 — + + 5 2
C 0.0600 m 0.0300 m J(0.0éO 0)* +(0.0300)° m

v=[2.67x10%V

(b) Replacing 2.00x10% C by -2.00x10 C in part (a) yields
| ' ’

v=[213x10° V

1614 W=gq(AV)=4(V,-V;),and
. i '

V,=0 sincjjie the 8.00 ﬂC is infinite distance from other charges.

Bl
ki

Ki -m? -6 -6
‘/}=ke(i‘-!4;-q—2)=(8.99x109 N-m J 2.00x107 C | 4-02><10 C :
nn) C* )| 00300m  [0.0300) +(0.0600) m

=1.135x10° V

Thus, W=(8.00x10% C)(0-1.135x10° V)=[9.08]]
i \ ‘

1615 (@) V=Yrd
~ 1

i [

5 N-m®)(5.00x10° C 3.00x10” C
=| 8.99x10° - = \Y
[ 8 c? ]( 0.175m 0.175m )
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(b) PE = ke%gz

P!
g

(g gpreqgr N-m*)(500x10° C)(-3.00x10° )
_(8.99x10 “) 35

=|-3.85x107 J

C2

The nega:;tive sign means that | positive work must be done| to separate the charges
(that is, b@g them up to a state of zero potential energy).

16.16 The potential at distance 7=0.300 m from a charge Q=+9.00x107 C is

‘}_ kQ _(8:99x10° N-m?/c?)(9.00x 10 C)

= =+270V -
r 0.300 m '

N

Thus, the wor,éi required to carry a charge 4=3.00x10" C from infinity to this location
is : .

W =4V =(3.00x10” C)(+270 V) =[8.09x107 ]

16.17 The Pythagorean theorem gives the distance from the midpoint of the base to the charge -
at the apex of the triangle as .

o =\/(‘%.00 cm)? ~(1.00 em)? =4/15 cm =/15x102 m

Then, the potential at the midpoint of the base is V = D k.q./1, or
. _ i

V= 8_§9x109 _N_fznz_ (~7.00x10* C) +‘(—7.00x10‘9 c)+ (+7.00x10 C)
: C 0.0100 m 0.0100m - = VI5x10% m
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18 Outside the spherical charge distribution, the potential is the same as for a point charge !
at the center of the sphere, ‘ .

V =kQ/r, where Q=1.00x10" C
, o :
' i 11
s, A(PEC)?q(AV)=—ekeQ(;~-7}
o o)
!

and from conservaFon of energy A(KE)=-A(PE,),

or —1-mev2 -0= —\:—ekCQ(—l— ——1—):\ This gives v = \F kQe [l ——1—} ,or
. 2 » . rf 5 . m, rf L .

— v v
2[8.9_?x109 N—EI:I—)(LOOxlO"’ C)(160x107 C) )
9.11x10% kg ~0.0200m 00300 m)

=

| v={7.25x10° m/s - o S |

16.19 From conservation of energy, (KE+PE,), = (KE +PE,),, which gives

2k,Qq 2Kk, (79¢)(2e) ' | o |
2 - |

kqu 11
0+== m v}

2
—m,v; +0 or 7, =
o 2 v Ui

! | .m? ke : ;
2(8.99x109 N C‘;‘ )(158)(1.60><10"9 c) B

-[274x10" m

1T (664x107 kg)(2.00x10° mys)

16.20 By definition, the work required to move a charge from one point to any other point on
an equipotential surface is zero. From the definition of work, W =(Fcos#)-s, the work
is zero only if s =20 or Fcos@=0. The displacement s cannot be assumed to be zero in all
cases. Thus, one 'r;nust require that Fcos§=0. The force F is given by F=4E and neither
the charge g nor %fhe field strength E can be assumed to be zero in all cases. Therefore, the ’
only way the work can be zero in all cases is if cos@=0.Butif cos§=0, then §=90° or !

/

the force (and hence the electric field) must be perpendicular to the displacement s
(which is tangent to the surface). That is, the field must be perpendicular to the
equipotential surface at all points on that surface.




48 CHAPTER16 |

1621 =—9 50
i}
kQ| (899x10° N-m?/C?)(8.00x10 C) 719V.m
r= = - =
v v | %

For V=100V, 50.0 V,and 250V, | r=0.719 m, 1.44 m, and 2.88F|

 The radii are Enversely proportxonal | to the potential.

1622 *(a) Q=C(AV)=(4.00x10" F)(12.0 V) =48.0x10* C =[480 uC

«(b)  Q=C(AV)=(4.00x10"¢ F)(1.50 V)= 6.00x10™ C=[6.00 xC

- 2 \(1.0x10° m? '
1623 (a) C=eo-‘§=[8.85x10“2 Némz_)( 0 ) T F

® —C(AV) C(Eped)

max

=(L.11x10"* F)(3.0x10° N/C)(800 m)=[27 C]

Q _Qd
€ (4/d) e A

11624 For a parallel plate capacitor, AV =

o)l.e]

(a) Doubling d while holding Q and A constant doubles AV to [800 V 1.

~(b) Q—(_——dlﬂ
charge in half, or Qr=0Q,/2

i

Thus, doubhng d while holding AV and A constant will cut the

200V

16.25 (a) E= —AEK =m =111x10* V/m=[11.1 kV/m directed toward the negative
plate ‘ ' '

e, A (8 85x10™ C*/N-m )(760x10“‘ m?)
d 1.80x10° m

i
=3.74x10™2 F=

() C=
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() Q=C(AV)=(374x107" F)(20.0 V)=7.47x107" C =[74.7 pC| on one plate and

-74.7 pC on‘?%the other plate.

€, A eo?iA (8.85>(10'12 CZ/N'mz)(Zl.Oxlo‘u mz)

= ’ d:':
C r SO

C 60.0x10 F =310x10"m

d=(3.10x107 m)(' 1A ): 310 A

510‘“’ m

i
i
i3

(400x107* C)(1.00x10® m)

@ av=2-_9 2% i

C e A/d €A (885x10™ C*/N-m?)(5.00x107* m’

Av| 904V
(b) £=! 7 |=100x103m= 9.04x10* V/m

mg
co0s15.0°

16.28 2F, =0 =:Tcos15.0° = mg or T=

i
2F, =0 =!gE=Tsin15.0°=mgtan15.0°

_mg tan:§15.0°
9l

or E

, ' AV =Ed= _______E_Fmgd ta;‘15°0
| .

N | (350107 kg)(9.80 m/s?)(0.0400 m)tan15.0°

| AV = : =1.23x10° V=[1.23 kV
1 YR ekt iy o2

16.29 (a) For series coﬁfnection,
]

L[ cc
(i

_[(0.050 4F)(0.100 4F)
0.050 2F +0.100 4F

](400_ V)=[13.3 4C on each |
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n

(b) Q1=c1.(AV) =(0.050 4F)(400 V)=
Q,=C, éAV) =(0.100 4F)(400 V) ='

16.30 (a) For paraliel connection,

y

Coy=C, +C, +C; = (5.00+ 4,00+ 9.00) 4F =[180 %

S 1
(b) For Series connection, — =

1 1 1
—t
e G G G
1 1 1
—— +

1
+—— civing C, =
5.00 4F " 4.00 uF * 9.00 5" 8108

4.00 uF

~{ f— - 3.00 uF

6.00 uF 3.00 uF 200 uF
L [ el
) — —
2.00 uF '
~—— —
J ! b
120V 120v 120V
Figure 1 Figure 2

Figure 3
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(b) From Figure 3: Qac =C,.(AV), =(2.00 ,uF)(12 0V)=24.0 ,uC
From Figure 2:' Qup=Qu = Qac =24.0 uC

Thus, the chargef:z on the 3.00 uF capacitor is Q;={24:0 x#C

Q. _ 240 uC
C, 600 uF

Continuing to use Figure 2, (AV),, = =400V

|

Qb 24.0 uC
and AV), =(AV e ="_"—=|800V
( ) ( )bc bc 300 ﬂF -

From Figure 1,|(AV), = (AV), =(AV),,<[400 V]
and Q,=C, (AV), =(4.00 4F)(4.00 V)=[16.0 uC
Q,=C, (AV), =(2.00 4F)(4.00 V) =[8:00 uC

16.32 C i =Cy +C, =9.00 pF = C, =9.00 pF-C, . | Q)

JE RN cs”i,ﬁ:—ngL:z.oo pF.
C, C +C, :

(9.00 pF-C,)C,

erics = =2.00 pF which reduces to
(9.00 pF-C,)+C, i

Thus, using equation (1),

C3-(9.00 pF)C +18.0 (pF) =0, or (C,-6.00 pF)(C, -3.00 pF)=0
Therefore, either C =6.00 pF and, from equation (1) C, =3.00 pF |

or C, 300pF and C, 600pF

We conclude that %che two capacitances are | 3.00 pF and 6.00 pFJ .
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Then, usingFigure 2, the total capacitance between points 4 and c is
. ,
| d -

Coe =2.50 4F+6.00 £F=8.50 uF

16.33 {; y
| A
— 1 I =
150 300 | 250 =
ae-| HE ”Fco—”—ob ae HE ce—|f—ob ao—”-—g-—”-—ob -
6.00 o0 6.00 =
uF oo . uF 20.0 8.50 - 200 -
[ uF [ pE uF uF -
Figure 1 Figure 2 Figure 3 =
() The equivalent capacitance of the upper branch between points  and ¢ in Figure lis
|g | B
15. : L
_(1504F)300F) _, .
15.0 4F +3.00 4F : l

! v
From Figure 3, the total capacitance is

) R |
1 1
C. = + =[5.96 uF
(5o 0 )
®)  Qu=Q.=Q,=(AV),C,

=(15.0 V)(5.96 4F)=89.5 uC

Thus, the chérge on the 20.0 uC is

Qo =Qu =[89.5 4C]

I : 89.5 uC
AV) =(AV), —(AV) =150V -
(AV). (; , o =(47) be (20.0 UF

J =1053 V
Then,  Q;=(AV),(6.00 uF)=]63.2 uC| and

QIS =Q3 =_"(AV)ac (250 ,UF) =

o S A e B A

|
I
|

v A B e S




16.35

l 1 _23'?_:[: —"’_\_ 1 L '_;L L 1200

: 6.0VL4.0_0— [ 2.00] 8.00—— 36.0V'\' 4.00 2.%0 6.%0 360 V] KE ]
| p KE | A
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(@) The combmahon reduces to an equivalent capacitance: of 12.0 uF in stages as -

shown below. | I

uF

! Figure 2 Figure 3

From Figure 2, Q, = (4.00 4F)(36.0 V)=[144 4C|
(b) gur

Q, (200;;1: 360V) m

and Q, =(6.00 £F)(36.0 V) =216 ,uC

Then, from Figure 1,  Q,=0Q,=Q=[216 4C

Figure 2 : Figure 3-

The circuit may be reduced in steps as shown above.

Using the Figure3,  Q,, =(4.00 4F)(24.0 V) =96.0 4C
Then, in Figure 2, (AV) , = =% =—+-—=160V

and  (AV), = EAV)“ ~(AV), =240V -160 V=800V

Jd
1

i
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Finally, using Figu;re 1, Q-=C (AV),, =(1.00 4F)(160 V) =
Qs =(5.00 %zF)(AV)ab =, Qs =(8.00 KF)(AV), =[640 4C]
and  Q,=(4.00 HF)(AV), =[3204C]

16.36 The technician combines two of the capacitors in l—
parallel making a capacitor of capacitance 200 4F. A
Then she does it again with two more of the —0
capacitors. Then the two resulting 200 4F ,
. capacitors are conf!lected in series to yield an ‘ ' l__
equivalent capacité';lnce of 100 uF . Because of the S

symmetry of the solution, every capacitor in the
combination has the same voltage across it,

AV =(AV),, /2=(90.0 V)/2=

\

1637 (a) From Q=C(AV), Q, =(25.0 4F)(50.0 V)=1.25x10° 4C =125 mC

and - Qu/=(40.0 4F)(50.0 V)=2.00x10° 4C=[2.00 mC]
(b) When the two; capacitors are connected in parallel, the equivalent capacitance is
Gy =C+C, =25.0 uF+40.0 uF = 65.0 uF .

i
Since the nega‘:tive plate of one was connected to the positive plate of the other, the
total charge stored in the parallel combination is -
Q=Q4 = Q5 =2.00x10° £C-1.25x10° uC =750 uC

The potential é:l_ifference across each capacitor of the parallel combination is

| . '
and the final charge stored in each capacitor is

Qs =C,(AV)=(25.0 4F)(115 V) =[288 i o -

i

and Qo =Q~Qls =750 uC 288 4C =[T63 uC
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i »
grom Q=C(AV), the initial charge of each capacitor is-
Q,, =(10.0 4F)(12.0 V) =120 4C and Q, =C,(0)=0
. _ .
After the capacitorsg are connected in parallel, the potential difference across each is

AV’ =3.00V,and fhe total charge of Q=0Q,, +Q, =120 uC is divided between the two
capacitors as ‘

Q;, =(10.0 £F)(3.00 V)=30.0 4C and

Q, =Q-Q, =120 uC-30.0 uC=90.0 uC

From Q=C(AV), :_the initial charge of each capacitor is -
Q, =(1.00 4F)(10.0 V)=10.0 4C and Q, =(2.00 4F)(0)=0

After the capacitors are connected in parallel, the potential difference across one is the
same as that across the other. This gives ‘

Q; Q’ ~/ ’
v & =2 | - 1
100 4F 200 4F O Q=20 ' )

;i 4 4 . .
From conservation of charge, Q] +Q; =Q,+Q, =10.0 #C. Then, substituting from
equation (1), this becomes : = e

o . , [10
Q[ +20 =310.0 uC, giving Q= 3 uC

. ' . , |20
Finally, from equation (1), Q= 5 uC
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1640 The ori_gina"fl circuit reduces to a single'équivalent capacitor in the steps shown below.

N a c, a ‘ I Ta
1 1 1 ‘
= c, ——c ——c, Cn
Cl__r;-,c:] - —E r T - I - :LC
G :l; _tl' Cz G :E_jF G Cn
. |

1 -1
1 1 1 1
Co=|—+=] = +——| =333 4F
) S (Cl CZJ (S.OO,uF 10.0;412) s

Cp'=C, +C, +C, =2(3.33 4F) +2.00 4F =8.66 uF

Cy2=C, +C, =2(10.0 4F) = 20.0 4F

? \-1 1
1 1 1 1
C,=|=—+—| = + =(6.04 uF
“ [Cpl szJ [8.66 MF 200 uF ) '

16.41 Refer to the solution of Problem 16.40

given above. The total charge stored between
points 2 and b is -

Qu =Cy (AV), = (6.04 4F)(60.0 V) = 362 uC

Then, rlookingf at the third figure, observe that the cha
figure are Q,i= Q= Q,; =362 uC. Thus, the potenti

parallel combinaﬁon shown in the second figure is

rges of the series capacitors of that
al difference across the upper

Qn 362 uC
AV) ==t S0 A
( )"} C, 8.66 uF

Finally, the ch!%arge on C, is-

Qs =C,(AV),, =(2.00 4F)(41.8 V) =[836 uC]
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ecogmze that the 7‘00 UF and the 5.00 4F of the
center branch are coxlmected in series. The total

| capacitance of that branch is

C.= (-—1—+il—]—1;292yP
s {5.00 7.00 '

Then recognize that this capacitor, the 4.00 4F
capacitor, and the 6.00 4F capacitor are all connected
in parallel between points 2 and b. Thus, the equivalent
capacitance between points a and b is : \ - ;

Ceq = 4.00 ,uF+2.92 ,uF+6.00 uF =129 uF

The capacitance is ' ;

8.85x10™ C?/N-m?)(2.00x10™* m? '
_aa (¢ /N )l ™) 354x10% F
d ] 5.00x10% m

s

and the stored energy is ' ' i
] : '

| W=-;—C(AV)2 '=-;-(3.54>'<10"3 F)(12.0 V)' =|2.55x10™ J

1644 (a) When connec\te;d in parallel, the energy stored is

N 1 )1 2 1 aE
! 1 W=§'Cl (AY) +—2—C2 (AV) =E(_Cl +C2)(AV) |

=-;—[(25.d+5.00)x10'6 F](100 v)*=[0150]] = |

(b) When connected in series, the equivalent capacitance is

25.0 1 5.00

ST R o

From W=3C, (A V), the poten’nal difference required to store the same energy as

in part (a) above is

2W" 2(0. 150] . J
AV = =1268V |
\/ L s, \
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o | |
16.45 The capaé;'itance of this parallel plate capacitor is

c:;eoi}=(8.85x10-“

c? .)(1 0x10° m?)

" =11x10° F
N-m (800 m)

With an electric field strength of E =3.0x10°

N/C and a plate separation of d =800 m,
the potentilal difference between plates is

AV =Ed=(3.0x10° V/m)(800 m)=2.4x10° V

Thus, the energy available for release in a lightning strike is

1 1 '
W::=EC(AV)’2 =5(L1x10° F)(2.4x10° v)} =[32x10" ]

16.46 The energy transferred to the water is

=2.50x107 J

- (50.0 C)(1.00x10° V)
W"W[ Q(a V)} | 200

Thus, if m § the mass of water boiled away,

w = m[c(AT) +L, ] becomes

2.50x107 J= m[(4186 ?{)C—)(IOWC -30.0°C)+2.26x10° ]/kg]

2.50x107 J

giving m=‘ﬁf/k-g~= -

1647 The 1mt1a1 capac1tance (with air between the plates) is C;: =Q/(aV) ); » and the final

capac1tancew] (with the dielectric inserted) is C, = Q/ AV where Q is the constant
quantity of charge stored on the plates. '

_(&v), _100v
Thus, the dielect tant is x = N
us, the 1Ie ectric constant is C; ( AV) 2BV

AV 600V
1648 (a) E=2V.._600V _
B Y ™

3.00x10° V/m
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) With air between the plates, the capacitance is

=885x10B F

A | C? \'(2.00><'10*1 m’)
( N-m? ) (2.00x10™ m)

and with wa”cer. i(K' =80) between the plates, the capacitance is
C=xC,, = (8%))(‘8.85x 107 F)=7.08x10™" F
h The stored cha'rge when water is between the plates is
Q=C(AV)= (7.08*10"1 F)(6.00 V)= 425x10" C= |

(c) When air is the ;iielectric between the plates, the stored charge is

Qur =C (AV): (8.85%107 .F)(6.00 V)=531x10" C=[531pC]|

1649 (a) vThe dielectric constant for Teflon®is ¥ =2.1, so the capacitance is

“ - ke A _(21)(885x10 C?/N-m?)(175x10™ m?)
TTa 0.0400x10° m

C= 8.13x10;179 F=|8.13 nF

(b) For Teflon®, the dielectric strength is E,,, =60.0x10° V/m, so the maximuin voltage
is \

max

| V. =2.40>;;1o3 V=[240kV]

Vi = Epd =(60.0x10° V/m)(0.0400x10° m )

16.50 Before the capacitor is rolled, the capacitance of this parallel plate capacitor is

_Kkeg A | ke (wxL)
d . d

¢
where A is the surface area of one side of a foil strip. Thus, the required length is

_cd _ (9.50x10° F)(0.0250x10° m)
“xe,w (370)(885x10™ C*/N-m*)(7.00x10” m)

={1.04 m




60 CHAPTER 16

pl

: m ‘1.00X‘10-12 kg -16 3
. V=Dl X X8 [909%10 % m
1651 @) V== kg/m® =

oy _ 3
Since V = él;—- ,the radius is r = [Z—V} , and the surface area is

L ) 2/3

e 3(9.09%107* m?

CA=4nrt=4x ﬁ] =4z ( ) ={4.54%x107"" m?
47 - 4rx :

K€y A

b) C-=

(5.00)(8:85%10° ‘C?/N -m?)(4,54x 100 m?) -
' . =[2.0Ix10® F
100x10° m

"

© Q=C(KV)=(2.01><10“3 F)(100x10° v)=[2.01x10™ C

and the number of electronic charges is

n=8

2.01x10™ C
= = —11.26x10°
e 1.60x10" C :l

16.52 Since the ca}ﬁzacitors are in parallel, the equivalent capacitance is

; Lo (A +A +A
Ceq =‘iC1 +C2 +C3 =EOdA1 +EOdA2 +EOdA3"=:’ 0( 1 7 2 3)

or C,= e—"dé- where A=A + A, + A,

16.53 Since the cap;;acitors are in series, the equivalent capacitance is given by

1 1.1 1 4 + d, . d, _dy+d, +d,
Chy G G C €A A € A €, A

or  C,= {ﬂ whered=d, +d, +d,
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El

or the parallel combination: C, =C, +C, which gives c,=C,-¢,

e cerescombimations Lo La L o Lol 167G
For the series combinatio: =%, & ¢, ¢ & GG
- CC,
Thus, wehave | C,= c £ c and equating this to Equation (1) above gives
i 17 s
=5 c.C,-C,C,~C —ce
Cp—C1=°C—1-é— or p1 T Cps T 1+;§el/—%l/
1 5
We write this result as: C? —CPC; +C,C, =0

and use the quadratic formula to obtain

Then, Equation (1{) gives

The charge stored on the capacitor by the battery is
Q= C(AV) =C(100 V)

This is also the total charge stored in the parallel combmahon when this charged
capacitor is connected in parallel with an uncharged 10. 0-uF capacitor. Thus, if (AV)2

the resultmg voltage across the parallel combmatlon, Q=C ,(AV), gives

C(100 V)= (C+10.0 4F)(30.0 V) or (70.0 V)C (30.0 V)(10.0 4F)

300V
d C= 1 0 F 29 F
an (700V) 00 4F) -[EB ]

(@) Thel. O-,uC 1s located 0.50 m from point P, so its contribution to the potential at P is

v, =k b= (899x109 N- m’/Cz)(l%x—-;OO—-—C—)

h,

(b) The potentfial at P due to the —2.0-uC charge located 0.50 m away is

_ X -6
v, =k, % =(899x10° N- mz/Cz)( 2'8?3211 C)=

2
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() The total potential at point Pis V, =V, +V, = (+18-3.6)x10° V = “18x10° V

- (d) The work required to move a charge 4=3.0 4C to point P from infinity is

W=gAV=g(V,-V.)= (3.0x10° C)(—1.8$<104 V-0)=|-54x10%]

16.57 The stages for the reduction of this circuit are shown below.

—] [P0 KF 3.00 uF
.

BRR :
‘ - _, 2.00 uF, 900 4F 3.004F - 2.25 uF
4.00 p.

3.00 uF : _‘I ,__"i _l ,_ ‘ © 6.25 uF
7| {‘ . 1I ! . | 400uF | H l__ |
6.00 uF __H_ _,__H , _,__”_ —

6.00 uF 120 uF
; 7.00 uF

~ —- - —| - ]+ 'j'.@
880V | 480V - 480V 180V

Thus, ., ~[5Z5]

16.58 (a) Due to spherical symmetry, the charge on each of the concentric spherical shells will
‘ be uniformly distributed over that shell. Inside a spherical surface having a uniform
charge di%;tribuﬁon, the electric field due to the charge on that surface is zero. Thus,
in this region, the potential due to the charge'on that surface is constant and equal
to the potential at the surface. Outside a spherical surface having a uniform charge

distribution, the potential due to the charge on that surface is given by V= kg

' r
where 7 is the distance from the center of that surface and g is the charge on that
surface. - . . o S ‘ o

In the region between a pair of concentric spherical shells, with the inner shell
having cH'arge +Q and the outer shell having radius b and charge -Q, the total
 electric potential is given by '

V=‘/duéta +‘/dueto =kLQ-+ kz (—Q) =keQ(1_l)

inner shell outer shell r b r b
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b i

' The potential d:ifference between the two shells is therefore,

Lo

*‘i 11 1 1), (b-a
AV=V]_, 1§V|,=b keQ(a b) keQ(b b) eQ( ab)

The capacitanée of this device is given by

I ab

AV |k (b-a)|

(b). When b>>a, fhen b—a=Db.Thus, in the limit as b — o, the capacitance found
above becomes o

ab __a_='
_Cﬁ?ﬁrk,

i

The energy stored&iin a charged capacitor is W = %—C (AV)z. Hence,

| pW/zmm ;
AV =, [ = |- =4.47x10° V=[447 kV
c! V¥30.0x10°F -

From Q=C(AV); the capacitance of the capacitor with air between the plates is

o 0 1504C
0= axr . Avr
AV I AV

il

o | -' |
After the dielectric is inserted, the potential difference is held to the original value, but

~ the charge chang‘és to Q=0Q, +200 uC=350 xC . Thus, the capacitance with the dielectric

slab in place is
-8 _350uc
AV . AV

The dielectric coﬁstant of the dielectric slab is therefore

!

' K=_C_=(350 ,uC) AV )_350 _ 533
G AV 150 #C ) 150
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1661 The charges initially stored on the capacitors are
Q, =C, (AV), =(6.0 4F)(250 V) =1.5x10° 4C

and Q,=G, (:fAV)l. =(2.0 4F)(250 V) = 5.0x10? uC

- When the capac1tors are connected in parallel, with the negative plate of one connected
to the positive plate of the othér, the net stored charge is

Q=0 -Q, =15x10° HC~5.0x10% 4C=1.0x10* uC

‘The equivalent capac1tance of the parallel combination is C,, =C, +C, =8.0 4F . Thus,
the final potenhal difference across each of the capacitors is

and the final charge on each capacitor is
Q[ =C, (AV) =(6.0 4F)(125 V) =750 4C =[075 mC

and (=G, (AV) =(2.0 4F)(125 V) =250 4C=[0.25 mC]

16.62 When connected in series, the equivalent capacitance is

. -1 ' 1
11 1 1 .
“ [cl CZJ [4.0;41: 2.0ij 3~

and the charge stored on each capacitor is

9 Q2 Q =C, (aV), ( ,uF)(lOOV)-fl-gg,uC

When the capac1tors are reconnected in parallel, with the positive plate of one connected.
to the positive plate of the other, the new equivalent capacitance is C,=C,+C,=6.0uF

and the net stored chargeis Q'=Q, + Q, =800/3 uC. Therefore, the fmal potential -
difference across_ each of the capacitors is '

(avy =L 8B UC_ 4y
C.  60uF
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The final charge on each of the capacitors is

@ =C, (AVY =(40 4F)(444V)=[18x10° uC
and Q) =C,(AV) =(20 4F)(444 V)= 89-uC

kQ _2kQ ., kQ

x+d x xd

_ (x d)- ( d2)+x(x+d)
kQ\: x(xz—dz) A }

1663 (@) V=Vi+V,+V;=

S 2k,Q4> | 2k,Qd
whlch simplifies to V = " (xz —dz) v

(b) When x>> d, then x* —~d* = x*

2
and V=—2k—2g—2 becomes V = 2ke?d
: x(x - ) x

16.64 The energy requi{red to melt the lead sample is

W= m[cp,,(AT)+Lf]
=(6. 00%10° kg)[ (128 ]/kg °C)(327 3°C ~20. 0°C)+24 5x10° J/kg]
=0. 383]

The energy stored in a capacitor is W =

| i -
2W , 2(0.383])
AV=,’ S =[121V
C  \520x10°F

=C(AV)?, so the require;i potential differenée is
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Vo . ke, A
- 16.65 The capacitance of a parallel plate capacitor is C = ol

' Thus, ke, A % C-d, and the given force equation may be rewritten as

po @ @ _(Q)c_cav)
2xe, A 2C-d 24 24

With the given data values, the forceis =

/

CEAV)Z (20x10°® F)(lod V)?“_ :

F= 24 2(2.0x10° m) =[%0N]

16.66 The electric field between the plates is directed downward with magnitude
' o ' ‘

E Se—=—— =5 00x10* N

= = oo /m

Since the gravitational force experienced by the electron is negligible in comparison to
the electrical f?rce' acting on it, the vertical acceleration is
b

P _9E, _(-1.60x10™ C)(-5.00x10* N/m)

£ =+8.78%10% m/s?"
m: m, ~ 9.11x10% kg /

(a) Atthe closest approach to the bottom plate, v; =0. Thus, the vertical displacement

from point O is found from v, =9}, +2a,(Ay) as

- 0L (0, sing, ) _-[-(56x10° mys)sinase]

2a, 2(8.78x10" m/s?)

=-0.89 mm
The mnumum distance above the bottom plate is then

_D. - -
d-;&.gAy-l.OO mm ~0.89 mm =[0.11 mm |
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!

(b) The time for the electron to go from point O to the upper plate is found from

+1.00x10° m=[—(5.6x106 E)Sin45°]t+%(8.78x1015 Eg)tz
o _ s s

Solving for t gives a positive solution of ¢ = 1.11x107 s. The horizontal
displacement from point O at this time is

Ax =v5,t =[(5.6x10° m/s)cos45°](1.11x107 s) =[4.4 mm]

i




