Chapter 25 Solutions

P25.1 (&) Energy of the proton-field system is conserved as the proton movesfrom high

to low potential, which can be defined for this problem as moving from 120 V
downtoOV.

1
Ki+U; +! Epen =K; +U;  0+qQV +o:§mv§+o

(160$10'° C (120 v)ﬁf;ﬁ:%@mmd 7 kg V2

v, =| 1521 10° m/s

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

from V, =0 toV, =120V : K, +U; +! E, ., =K; +U;

O+0+O:%mv§+qv

0= % (9.12x20 kg V2 + (~1.60x107* C)(120 J/C)

Ve =| 6.49! 10° m/s

P253 E= |" V| - 25.0#10° Jc

1~ =167#10° N/C =[1.67 MN/C
d  150#10'2m

P255

$U =1 %m(v? 1 v2)=1 %(9.11%10’ 3 kg)%((lAO%LOS m/s)Z! (3.700a0° m/s)z*;:e.zwolo! 18

lu=qV: +6.23" 10" = (1 160" 10'*° Jov

'V =["389V.Theorigin isat highest potential. |

pP25.7 (a) Arbitrarily choose V =0 at 0. Then at other points

V = -Ex and U, =QV =-QEx
Between the endpoints of the motion,

(K+US+Ue)i =(K+US+Ue)f
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(b) At equilibrium,



" F=!R+F=00rkx=QE

So the equilibrium position isat x = Q—kE .
. . o _d%
(c) The block@ equation of motionis" F, =! kx+QE= mdt—z.
Let x!:x"%,orx:xn%'
k k
so the equation of motion becomes:

t . QE" d*(x+QE/k) P! _ " k#
$Skogth = o+ QFE =m , or =% !

LA O ar? az
Thisisthe equation for simple harmonic motion a. =#/ 2"
with ! = LS

m
. Lo 2! m
The period of the motionisthen T =—=|2/ m

(d)  (K+Ug+U.) +! Epen = (K+Ug+U,),

040+ 0 HMGKpay =0+ KK, ~ QX

_| 2(QE-pmg)

Xmax = Kk

P259 Arbitrarily take v =0 at theinitial point. Then at distance d downfield, where L is
therodlength, Vv =! Edandu, ="/ LEd.

(@ (K+U) =(K+U);

O+0:%uLv2" ! LEd

27Ed _ |2(40.0#10°° c/m)(100 N/C)(2.00 m)
V= = =] 0.400 m/s
u \/ (0.100 kg/m)
(b) Each bit of the rod feels a force of the same size as before.

P25.11 (a) The potential at 1.00 cm
q_ (899" 10° N#m?/c?)(1.60" 10'*° C)

isV, =k, — 144" 10'" Vv
1=y 1.00" 10'” m
(b) The potential at 2.00 cm
8.99" 10° N#m?/c?)(1.60" 10'*° C
isV, =keq=( X )=0.719" 107 v

r 2.00" 10'2 m
Thus, the difference in potential between the two points

is"V =V,!V,=|1719#10'8 v |.

(©) The approach isthe same as above except the chargeis! 1.60" 10'*° C. This
changes the sign of each answer, with its magnitude remaining the same.

That is, the potential at 1.00 cm is| —-1.44x107" V |.




Thepotential at 2.00cmis! 0.719" 10'" vV, s0"V =V, | V, =| 7.19#10'% V
Q|
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We can visudize theterm (4+%) asarisingdirectly fromthe 4 sdeparsand 2

face diagond pairs.
P2523Consder thetwo sphaes as a system.

(@ Conservation of momentum: 0 = myv, P+ myo, (! p)or Vv, = mr‘;Vl
2
! !
By conservation of energy, ke( ql)qz mlv1 +1m2v§ + ke( ql)qz
d 2 2 rL+r,



Keth | Keu% 1 2, 1mivi
r+r, d 2 't 2 m,

and

I —o4

o. = 2mak,qiq, 1 1#

0.100 kg )(0.800 k 8( 10> m ! 1.00 m
g g (

N :Jz(o.mo kg)(8.99(10° N)m?/c?)(2(10'° C)(3(10'° C). 1 1

-
_myov, _ 0.100 kg (10.8 m/s)

U2 0.700 kg -

)

(b) If the spheres are metal, electrons will move around on them with negligible
energy lossto place the centers of excess charge on the insides of the spheres.
Then just before they touch, the effective distance between charges will be less

than r; +r, and the sphereswill really be

moving | faster than calculated in (a) |.
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P2539 (a) E=

8.99x 10° )(26.0x 1078
R

o oo ka_ (B.99" 10°)(26.0" 10 s)= y

r (0.200)°
) (8.99" 10° )(26.0" 10" 6)

_ kg _
v "R 0.200 _

kg (899710°)(260710'°)
TRZC (0.140Y? )

_ka_
v =l =[T6TMV]

P2551 (a) Wehave k.Q/R =200V and k. Q/(R+ 10cm) =150V
Then 200R = 150 + 10cm). Thefinformation is sufficient to determinethe

11.9 MN/C | away

(©

chargeand origind distance, accordingto 50R =1 500cm.



R=300cm and ©=200V(0.3m)/(8.9! 10° N'm%C? =6.67nC
(b) Wehave kQI/R=210V and k.Q/(R +10cm)?=400V/m.
Then 210V R = (400V/m)(R + 0.1 m)?

210mR = 400R? + 80mR = 4 m?

Thelinformationis nat quite sufficien]. There are two possibilities, according to
400R*#130mR +4m* =0

113021
R= 130+ 1280' 4(400)4 m = either 0.291 m or 0.0344 m

If theradiusis 29.1 cm, thechargeis 2100.291)C/8.99! 10° =6.79nC. If the
radiusis 3.44 cm, thechargeis 210(0.0344) C/8.99! 10° = 804pC.
P2559 From an Examplein the chapter text, the potential at the m
R
{

center of theringis v, :k%f and the potential at an infinite _Q> X
distance fromtheringisv, =0. Thus theinitial andfind Umformlyv
potential energies of the point charge-ring system are: charged ring
U =QV, = keQ? FIG. P2559
R
and U; =QV; =0

From conservation of energy,

K¢ +U; =K, +U;
1 kQ”
or ZMvf+0=0+—2—
2 R
- 2k,Q°
vin Ve = ¢
giving f MR




