A= 12 = 7(0.200)% = 0.126 m>

19.29 ®p =EAcost
5.20 x 10° = E(0.126) cos0® E=414x10° N/C=| 414 MN/C
i — s
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Fin _ (+5.00 uC - 900,1_Lg+2270uc 84.0 uC) _ 6,89 x 105 N.m2/C2
Eo 8.85x107> C? /N.m’

1931 (a) &=

&p = 689 MN m?/C

(b) Since the net electric flux is negative, more lines enter than leave the surface.



*19.32

19.34

*19.35

(a)

(b)

(c)

()

(b)

(0

(d)

(a)

(b)

_6
op=tin-__ 170X10C __;900.10" N-m2/C
€0 885x1072 C2/N.m

1.92x10’ N.-m?/C @ _
6 ( E)oneface_

((I)E)one face %¢E = 320 MN - m2 /C

@p =| 192 MN-m?/C

The answer to (a) would change because the flux through each face of the cube would not be
equal with an asymmetric charge distribution. The sides of the cube nearer the charge would have
more flux and the ones farther away would have less. The answer to (b) would remain the same,
since the overall flux would remain the same.

E=%=E

kQr  (8.99x10°)(26.0 x107%)(0.100)
E= 23 = (04007 =| 365 kN/C
9 )
Fe ke_zQ _ (8.99 x10 )(26.20><10 ) _[146Mn/C
r (0.400)
9 i)
Fe ke_ZQ _ (89910 )(26.20><10 )_ 649 KN/C
¥ (0.600)

The direction for each electric field is | radially outward |

£

£ kQ _ (899x10°)(32.0x10°)
r? (0.200)°

=719 MN/C E

7.19 MN/C radially outward




1944 (a) Inside surface: consider a cylindrical surface within the metal. Since E inside the conducting shell
is zero, the total charge inside the gaussian surface must be zero, so the inside charge/length = -4,

0=20+ gin s0 Fin o) 3
£
Outside surface:  The total charge on the metal cylinder is 228 = Gin + Gout
Gout =240+ A8 so the outside charge/length is 31
(b) E= 2,31 _ 6k2 | 34 radially outward
r 7 2reyt

*1945 (a) E =|E|

8.99 x10° )(8.00 x 107¢
(b) E=@=( X 5 )=7.99><107N/C E
¥ (0.0300)

() E =|E

4 -6
d) E= k:_zQ _ (899 <10 )(4.02 x107)
(0.0700)

79.9 MN/C radially outward

=734x10° N/C E=| 7.34 MN/C radially outward




201 (a) Energy of the proton-field system is conserved as the proton moves from high to low potential,
which can be defined for this problem as moving from 120 V down to 0 V.

K; +U; + AEpeq, = Kp + U 0+qV+0:%mvp2+0

(1.60x107 C)(120 V)(%) = 3(167 21077 kg)v,?

v, = 1.52x10° m/s

(b) The electron will gain speed in moving the other way,

from V; =0 to V; =120 V: Ki +U;+ AE o = K+ Uy
0+0+0=ymv,* +4V

0=1(9.11x10"" kgjr,2 +(-1.60x 107" C)(120J/C)

v, =| 6.49x10° m/s

20.2 AV =-140V and Q= -N se=—{6.02x107)1.60x 107} = -9.63x10* C
AV = % s0 W=QAV = (-9.63x10* C)(-14.0)/C) =| 1.35 M]

20.5 () We follow the path from (0, 0) to (20.0 cm, 0) to (20.0 cm, 50.0 cm).
Al = — (work done)
AU = — (work from origin to (20.0 cm, 0)) — (work from (20.0 cm, 0) to (20.0 cm, 50.0 cm))

Note that the last term is equal to 0 because the force is perpendicular to the displacement.

AU = —(4E,)Ax = -(12.0 x 107 C)(250 V/m)(0.200 m) =| -6.00x10™* |

U 600x107%)

(b) AV= A—=— m=—50.01/c= =500V




208 () |AV|=Ed=(590x10° V/m)(0.0100 m)= 59.0V

b) tmof=|qaV]: 3(9.11x107" Yo = (1.60x107°)(59.0)

vy = 4.55%x10° m/s

2011 (a) Since the charges are equal and placed symmetrically, F=0 2.00 uC

g 2.00 uC
—® . ol
¥=—0800m 0 x=0800m

(b) Since F=gE=0,| E=0

o 90y 22 200x107° C
(@@ V= 2%, 1 —2(8.99x10 N-m?/C )(W
V=450x10* V= 450kV
2016 (a) V=Kl k2 _ 2(’%_‘?) )
" L)) 4 I
9 2 /2 i P4 (0,0.500 m)
o z[(8.99 x10° N.m?/C )(2.oo>< 10 C)] 2.00 uC | 2.00 uC
2 2 E &
(1,00 mY? +(0.500 m) Somo | anmo
V=322x10* V=| 322kV
() U=qV=(-3.00x10"° C)(s.zz x10* %) = 9.65x107 ]
2017 U= U1+UQ+U3+U4 @ @

U=0+ U12+(U13+u23)+(u14 +Uoy +U34)

o

2 2
u:o+ﬂ+ﬁ i+1)+k3Q2
s s \\2 s

(1+%+l) @ s @

keQz( 2) k,Q?
=R 44 2 || 5a1tee
U $ +«/§ $

An alternate way to get the term (4 +2/~2 ) is to recognize that there are 4 side pairs and 2 face
diagonal pairs.



*20.21

Using conservation of energy for the alpha particle-nucleus system,

we have

But

and

Thus,

or

Kf+uf=Ki+Ui

keq ofgold

Ui =
#

e
Ui=0

K;=0 (v =0 at turning point),

=2.74x10 ¥ m=

fnin = 3
MUy

(6.64x1077 kg|(2.00x10” m/ 3)2

274 fm




*20,22

(b)

20.23

(a)

(b)

In an empty universe, the 20-nC charge can be placed at its location with no energy investment.
At a distance of 4 cm, it creates a potential

kg (899x10° N-m?/C?)(204107° C)
T 0.04 m

=450 kV

Vi

To place the 10-nC charge there we must put in energy
Uy = 4oV =(10x107° C)(45x10° V)= 450% 10 |

Next, to bring up the -20-nC charge requires energy

.m? -9 -9
Uss +Uss = 33V + 43V = 43(V2 + 1) = =20 %107 C{8.89x109 Nom Imxlo ¢ _20x10 C)

c? 0.04 m 0.08 m

=450x107° J-450x107 ]

The total energy of the three charges is

Uu + u23 + U13 = 4.50x 10_5 ]

The three fixed charges create this potential at the location where the fourth is released:

202107 10x107° 201107
V0042 +003> 008 005

V=VI+V2+V3=(B.99><109N-mzlcz{ JC/m

V=300x10°V

Energy of the system of four charged objects is conserved as the fourth charge flies away:
1, 2 1,2
(Emv +qV)i = (Emv + qV)f

0+(40x107 C)(3.00x10° V)= 2(2.00x 107 kglo® +0

2(1.20x10)) i
= T: 3.46)(10 m/S
2x107 kg

V=a+bxr=100V+(-7.00 V/m)x

Atx=0, V= 100V

Atx=3.00m, V= -110V

Atx=6.00m, V= 320V

E:—‘;—::—b:—(—T.OOV/mF 700N/C inthe +x direction




20.26 AV=V2R—V0="B—Q-I‘€?Q="€TQ(%-1)= —0.533%

*20.61 From Example 20.5, the potential at the center of the
ring is V;=k,Q/R and the potential at an infinite R
distance from the ring is V;=0. Thus, the initial and d 3 x
final potential energies of the point charge-ring system v
are: Uniformly
' Q2 charged ring
U =QV; ===
and Uf = QVf =0

From conservation of energy,

Kf + Uf =K, +U;
or 1M02+0—0+'-ICBQZ
i - R
. | 2k0?
giving % = MR




*20,72 (@) Vp-V,= —I:E -ds and the field at distance r from a uniformly = — )
charged rod (where r > radius of charged rod) is

p_ A2k ‘

2regr

In this case, the field between the central wire and the coaxial
cylinder is directed perpendicular to the line of charge so that

Vp-V,= —L:” @dr =2k, A h{:—:)

or AV =2k,A h{r—")
T

(b) From part (a), when the outer cylinder is considered to be at zero potential, the potential at a
distance 7 from the axis is

V:Zkeﬂ.]n(r—“)
r

The field at r is given by

av r ¥ 2k, A
E=_§=_2ke;{[_1__;)= [4

¥y

But, from part (a), 2k, A = _AV

]-n(fa/ rb) )

AV (1
Theref E= -
erefore, ]n(r,,/rj,)(r)




