Physics 142 — Fall 2008 - Solutions to Problem Set 2

1) Ohanian 23-5

Wcight = mg, where m =F1"r
4 4
V: iﬂl"’ = iﬂ[l_n X .I.n'-"' 1’_‘]“}3 =4E W lﬂ_ll-l:mj'

p=08g/cm®
Therefore,
m = 4.2x 10712 cm? (0.8 g/em?) =422 1012 g
= 3,35« 10715 kg
Force of gravity mg= 335 x 1071* x 08 = 398 x 10-14 N
Therefore,

Eabig=828x 10t N/LEx 0P8 C =20 % 105 N/C

2) Ohanian 23-57

FIIZ_:I-I'I'I %(I-':—u;] = a |:1._ :qfl]':

2
) 1(#-9%) 1 (55107 mrey?
2 (z=x 2 0.01 m

= 5.45 % 1016 m/st

Therefore,
E=Ffq= "2 (m,= mass of electron)

E= (9.1 % 10 kg x 5.45x 1017 m/s2) /(1.6 % 101 C)
=51 10% N/C

3) Ohanian 23-9

= me? = K = kinetic energy. Therefore, v= 2K/ m = velocity at a given K.
3 =K= +

Therefore, velocity of elecuon =
- Ex3x109)/(91x 103 m/s=8.1x 109 m/s

Accoleration of clectron in that feld = F/ m, = ﬁ?ﬁme
= (1.6% 1079 3% 10P) /(9.1 % 10-31} = 5.3 % 10'7 m/s

]E {.F- uﬁ:] = of x— xg). Therefore, (x= ) = distance moved
T
= (J-uﬁ)ﬂh (8.1 % 105 m/5)1/(2 x 5.3% 1017) m/s* =6.2x 107 m




4) Ohanian 23-11

I —'—i 9 109 % (1.6 % 10-19)/(0.58 % 10710)F =51 x 11T N/C

5) Ohanian 23-34
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6) Ohanian 23-39

The electric field at the given charge distribution will be equivalent to the

field obtained by superimposing the field of a large sheet of charge without
the hole and that of a disc of radius R of charge density, —o.

g0 D2 ]
28 26 \Z (ZA+FR9) 1/2)
E- field due to the disc (for details, see Example = 237

_ cZ
T2 (2 + RYH 12

Above is the solution given by Ohanian. You can see example 6 in Chapter 23 for
details of finding the E-field of a plane of charge by integrating rings of charge. |
think a simpler way of doing this one would be to set up the integral determined in

example 6 of Chapter 23 but change the limits of integration from 0 to infinity to R
to infinity.



7) Ohanian 23-79

As shown in Example 6 eleciric
field due to a ring of charge is

1
Tt (FRaT

Let the dise be made of many ring elements, of radius r, thickness dr. The
surface charge density @ = /®R® Therefore, charge d( on ring radius =,
thickness dr is

(2r dr) x o= E%} Py dr = %ﬁ%dr

Therefore,
="IT]F_ﬁ;|n ? . ﬂ; from this ring element.
Therefore, E =
fae 22 [0
dE = e pep T 4T ﬂf_g_ ] :
L L —

=z—£?ﬁ (-FR)

Eﬂmﬂi []_ (1 R‘)—m]

1
For = >> R, B%/ ¥ << 1. Therefore, (]+-5') =l-3

Therelore,

g
E _E:F |_1+;E!- ﬁ;{um point charge)
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9) Ohanian 23-68

lt| = pE sin 0 = (3.4 x 10730 Cm) (2.0 x 106 N/C) sin 45°
=48x 10?4 Nm

10) Ohanian 24-53

The cubical surface 0.2 m x 0.2 m x 0.2 m is inside the safe,

1x10F€
= 20

The cubical surface 0.35 m x 1135 m X 0.35 m is entirely within the steel

-_}
walls of the safe, and E = 0 inside the steel. Therefore,

D= J E ds =
The cubical surface 0.5 m x 0.5 m x 0.5 m is cutside the safe.
©=0Q/eg =1.1x10° Nm2/C




11)
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.&n}r. flux line that appears from the charge that is in direction above
horizontal will not be intercepted by plane. However, any that are below

horizontal, {no mauer how small the angle} will somewhere meet the
plane. Therefore, half of flux lines are intercepted by plane.

1 1 6.0x10¢ 2, _ g vy 3
Flux =5 U &=75 8.85><10‘12Nm /C =34x10°Nm*/C

12) Ohanian 24-24 soln only makes sense for charge limited to finite X

Take a mathematcal, rectangular box,
and align it sides with x-axis.

Let side parallel 1o xaxis have rea
length e. Then, fux through A
cube is AS (x+ &) = A x5,
where A = area of cuboid el )
perpendicular to ficld lines, __,_..--"'"'f

MNet flux = 542 But Ag = L | : i K
volume of box V. Therefore, "a (x, t A}
net flux

= 5V= /g => I/ V= picharge density] = 3&

Since sire and position of box are arbiwrary,

== i for all space

=56 =44 % 107" C/m?



