PHY 114. HW Chapter 24 Solutions. Spring 2023

Prb. # ANSWERS
1 The potential difference is
AV=V,-V,=-500V-9.00V=-140V
and the total charge to be moved is Note: Values of Vi and Vy may vary
Q=-N,e=—-(6.02x10" )(1.60 x10™" C)=-9.63x10* C
W i
Now, from AV =—, we obtain
W =QAV =(-9.63x10* C)(-14.0 J/C) ={1.35 M]
2 Arbitrarily take V =0 at point P. Then the potential at the original
position of the charge is (by Equation 25.3)
AV=V-0=V=-E-5=-ELcose (relativetol) Note: Given values of q & E may
At the final point g, vary
V=-EL (relative to P)
Because the table is frictionless and the particle-field system is isolated,
we have
(K+U),=(K+U),
or 0—gELcos6 = %rml2 —gEL
solving for the speed gives
. ’2qEL[ 1-cos0)
- m
_[2(2.00x10 C)(300 N/C)(1.50 m)(1-cos60.0°)
N 0.0100 kg
=1 0.300 m/s
3 (a) Atadistance of 0.250 cm from an electron, the electric potential is (C) The potential difference here can be solved

Vokd-(899%10° N‘mz/CZ)( -1.60x107" C] the same way as in (b), where the only
=8

0.250x 107 m difference is the given value of ry.
=[-576x107 v

(b) The difference in potential between the two points is given by

(d) |Because the charge of the proton has the same magnitude
|aV|= kr‘—7 -k, q{_ kl_q( l - l] as that of the electron, only the sign of the answer to part
"2 n 7oh (a) would change.

Substituting numerical values,

AV|=[(8.99x10° N-m?/C?)(-1.60x 107" C
b |( h s : ) Note: The value of q and the distances given may

X( 1 1 ]‘ vary.

0250%102 m 0.750x 10~ m
|aV]=[3.84x107 V




The total change in potential energy is the sum of the change in
potential energy of the ¢, - q,, 9, — 9, and g, — g, particle systems:

u,=q,V,+q,V,+q,V; =q4kl‘[ﬂ+q_2+‘7_3]

h n n

U, =(10.0x 10 C)°(8.99x10° N-m? / C?)

i B . 0 1 ’
0.600m 0.150 m (0,600 m) +(0.150 m)’
U, =[895]

Note: values of q, L, and W may vary.

Substituting given values into V = k;Q , with Q = Ng:

(8.99x10° N-m?*/C?)Q

7.50%x10° V=
o 0300 m
Substituting Q =2.50x10"7 and q = 1.60x1071%
250%107 C

- W =[1.56x 10l2 electrons
.bU X /e

Note: given values of R and V may vary,
which would affect the value of Q

For points on the surface and outside, the sphere of charge behaves
like a charged particle at its center, both for creating field and
potential.

(a) Inside a conductor when charges are not moving, the electric field
is zero and the potential is uniform, the same as on the surface,

and E:E.

voka_ (8.99x10° N-m* /C?)(26.0x10° C) _

kg (899x10°N-m’/C?)(26.0x10° C)
R (0.140 m)’

-[oMN/C away

k.q
V=-L_[167 MV
R

(c) E

=[1.67 MV
5 T
8.99510° N-m? / C?)(26.0x 107 C} :
(b) E:kf_'fz( x10'N-m’/C ng 0x107 C) Note: For (a) and (b), the given r's may
r (0.200 m) vary
- [SSINMN/C] away
kg (899x10°N-m’/C)(260x10° C)
=—r= 300 =17 MV ]
\ qin qin /1 )‘ . .
§EdA=E(2nr)=1 E= = for the field outside the
=A 2re,r 2meyr
metal rod.

(a) Atr=3.00 cm,

E=[0]
(b) Atr=10.0 cm,

30.0x10° C
27(8.85x10™ C* /N-m?)(0.100 m)

- \ 5400 N/C, outward |

E:

(c) Atr=100cm,

30.0x10° C
27(8.85x10™ C* /N-m?)(1.00 m)

=540 N/C, outward |

E=

Note: given radii and charge density may
vary.




(a) At the center of the sphere, the total charge is zero, so (d) Ata distance of 60.0 cm = 0.600 m from the center,

E=% 7] £_kQ_(899x10'N-m*/C)(260x10* C)
a = \2

7 (0.600 m)
(b) Ata distance of 10.0 cm = 0.100 m from the center, ~[629 KN/C

p_kQr_(8:99x10°N-m*/C)(260x10% C)(0.100 m)
— 3 =
a

(0.400 m)3 The direction for each electric field is | radially outward |.
=| 365 kN/C

(c) Ata distance of 40.0 cm = 0.400 m from the center, all of the Note: charge values may vary.
charge is enclosed, so
(8.99)( 10° N-m? /C)(26.0x 10 C)
(0.400 m)*

£

- [TH6MN/C]

(a) Inside surface: consider a cylindrical gaussian surface of arbitrary
length ¢ within the metal. Since E inside the conducting shell is
zero, the total charge inside the gaussian surface must be zero:

:(A+/’L )

$E-aR=T= o ner

€ €

SO A’inncr = i

(b) Outside surface: consider a cylindrical gaussian surface of
arbitrary length  outside the metal. The total charge within the
gaussian surface is

qwiru + qcylindm" = qwim + (qinnvr surface + qoutcr surfacc)

MM =2+ (A4 A l) = A =[3A

outer -

(c) Gauss’s law:

$E-dA = Gin.
G()
(
E2rr( =& - E=2 =4 = 6kt,i, radially outward
€ dre,r r






