Phys2-01 Coulomb Force,E field, Gauss Law
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21.8 The charges within the molecules of an insulating material can shift shightly. As a result. a comb with either sign of charge
attracts a neutral insulator. By Newton's third law the neutral insulator exerts an equal-magnitude altractive force on the comb.

(a) A charged comb paclang up uncharged
pieces of plastic
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(€) How a positively charged comb agracts an
insulator

(b) How a negatively charged comb asracts an
sulator

Thas time, electrons in
the molecules shaft
toward the comb .

of the neutral
msulator shaft away 48
from Ihr comb.
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21.29 (a) Electric field lines produced FILELD = Im l\nmrn bwngg /cufuej, wlawe £ veckor
by two equal point charges. The pattern is LIMoE =
formed by grass seeds floating on a liquid s = ‘I‘F“'fw'—li 1 m/-,b s
above two charged wires. Compare this A
pattern with Fig. 21.28c. (b) The electric 1 &

field causes polarization of the grass seeds,
which in turn causes the seeds to align
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(a) A single positive charge (b) Two equal and opposite charges (a dipole) (c) Two equal positive charges
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“-Field lines always point--"""" At each point in space, the electric Field lines are close together where the field is
away from (+) charges field vector is rangent to the field strong, farther apart where it is weaker.
and toward (—) charges. line passing through that point.
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\ . 21.33 -+ CP An electron is projected  Figure E21.33 e = 4~l'1 y lO_MC
T with an initial speed vy = 1.60 X F_ eE -
" 10° m/s into the uniform field 2.00 cm =5 - -3\

v ) - M= FGxio &

E a, o>~ _ _ between the parallel plates in Fig. 1 v -1 - N
' S E21.33. Assume that the field between  1-00 cm @3- i -
: = the plates is uniform and directed ver- vy !
¥ h . tically downward, and that the field
L outside the plates is zero. The electron enters the field at a point =)
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(a) Surface is face-on 1o electric field: (b) Surface is tilted from a face-on (c) Surface is edge-on to electric field:
+E and A are parallel (the angle between E orientation by an angle ¢: * E and A are perpendicular (the angle
and A isd=0)_ _ * The angle hn\\u.ni' and A 15 ¢b. hr.tm.;ni' and 4 J\rb 90°).
* The flux @z = E-A = EA. + The flux ®p = E -A = EA cos . + The flux & = -A = EA cos 90° = 0.
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An imaginary cubical surface of side L is in a region of uniform
electric field E. Find the electric flux through each face of the cube
and the total flux through the cube when (a) it is oriented with two
of its faces perpendicular to E (Fig. 22.8a) and (b) the cube is
turned by an angle € about a vertical axis (Fig. 22.8b).
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(a) Solid conductor with charge g (b) The same conductor with an internal cavity

dc T S e R

g do~F * F—  Arbitrary
._)’4. ’ b \, 7"' N Gaussian
+  E=0Owithin | (+ | surface A

*)
y

R

Because E = 0 at all points within the conductor,
the electric field at all points on the Gaussian
surface must be zero.

the conductor. The situation is electrostatic, so
E = 0 within the conductor.

e
For E to be zero at all points on the Gaussian
surface, the surface of the cavity must have a
total charge —q.

22.25 (a) A charged conducting ball suspended by an insulating thread outside a conducting container on an insulating stand. (b) The
ball is lowered into the container, and the lid is put on. (c) The ball is touched to the inner surface of the container.
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Charged ball induces charges on the
interior and exterior of the container.
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A solid conductor with a cavity carries a total charge of +7 nC.
Within the cavity, insulated from the conductor, is a point charge
of =5 nC. How much charge is on each surface (inner and outer)
of the conductor?
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Once the ball touches the container, it
is part of the interior surface; all the
charge moves to the container’s exterior.
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22.27 (a) A conducting box (a Faraday cage) immersed in a uniform electric field. The field of the induced charges on the box com-
bines with the uniform field to give zero total field inside the box. (b) This person is inside a Faraday cage, and so is protected from the
powertul electric discharge.

(@ (b)
Field pushes electrons  Net positive charge
toward left side. remains on right side.
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Electric flux: Electric flux is a measure of the “flow™ of
electric field through a surface. It is equal to the product
of an area element and the perpendicular component of
E, integrated over a surface. (See Examples 22.1-22.3.)
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Gauss’s law: Gauss’s law states that the total electric @, = bE A E Outward normal
flux through a closed surface, which can be written as 2 cos¢ on
the surface integral of the component of E normal to the A
surface, equals a constant times the total charge Qencl = f E, dA = f E-dd
enclosed by the surface. Gauss’s law is logically equiva- U
lent to Coulomb’s law, but its use greatly simplifies OQenat _ A
problems with a high degree of symmetry. (See Exam- = = - '{; (22.8), (22.9)
ples 22.4-22.10.)
When excess charge is placed on a conductor and is
at rest, it resides entirely on the surface, and E = 0
everywhere in the material of the conductor. (See Exam-
ples 22.11-22.13.)
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22.86 - A conducting spherical shell with inner s

radius @ and outer radius b has a positive point  Figure
charge () located at its center. The total charge on P22.46
the shell is —3(, and it is insulated from its sur- AT
roundings (Fig. P22.46). (a) Derive expressions .-/ =
for the electric-field magnitude in terms of the \ o—-v
distance r from the center for the regions r < a, \\_ /
a < r < b,and r > b. (b) What is the surface
charge density on the inner surface of the conducting shell?
(c) What is the surface charge density on the outer surface of the con-
ducting shell? (d) Sketch the electnc field lmea and the lrx:atlon of all
charges. (e) Graph the electric- ; g n of r.
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22.61 ¢ (a) An insulating sphere with radius @ has a uniform E = p(F = B)/3€0_ (b) An insulating sphere ~ Figure P22.61

charge density p. The sphere is not centered at the origin but at of radius R has a spherical hole of radius a

¥ = b. Show that the electric field inside the sphere is given by located within its volume and centered a dis-
tance b from the center of the sphere, where R 7
a < b < R (a cross section of the sphere is H\a,

shown in Fig. P22.61). The solid part of the
sphere has a uniform volume charge density
p. Find the magnitude and direction of the
electric field E inside the hole, and show that E is uniform over the
entire hole. [Hint: Use the principle of superposition and the result
of part (a).]

Charge density p

%o

m@*‘o—z ( COV\d/U-C’D( h TD‘ED'SWS §S (\\S\A—LD'GBFSB

b R
B O g G bt b
uols?

D19

l
- =
C)oozmac u‘ﬁu F== i“f%
o‘(;{,(jo‘:,\,as«_ vl swface



Cw%s%& }:—;i_s: Cm(1€o—€°
) E

or ‘10\\

ek close 1 e sw'}’au
b0 Ot— 1t \ovks o - bp fov qou

NS




