EXAMPLE 24.1 Flux Threugh a Cube

Consider a uniform electric feld E oriented in the = di-
rection. Find the net electric lux through the surface of a
cube of edges ¢ oriented as shown in Figure 24.5.

Solution The net flux can be evaluated by summing up
the fluxes through each face of the cube. First, note that
the flux through four of the faces is zero, since E (s per-
pendicular to dA on these faces. In particular, the orien-
tation of dA is perpendicular to E for the two faces la-
beled Q) and @ in Figure 24.5. Therefore, 0 = 90°, so0
that E-dA = E dA cos 90° = 0. The ABuxes through the
planes parallel to the yx plane are also zero for the same

reason.
Now consider the faces labeled ) and @). The net
flux through these faces is given by
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For the face labeled (D, E is constant and inward while

dA is outward (0 = 180°), so that we find that the Aux
through this face is
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since the area of each face is A = 8,
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hetical surface in the
shape of a cube in a uniform electric eld parallel to the £ axis.
The net Aux through the surface (s zero.

Figure 24.3 (Example 24.1) A &

Likewise, for the face labeled @), E is constant and
outward and in the same direction as dA (0 = 0°), so that
the flux through this face is
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Hence,. the net flux over all faces is zero, since
O, =—-Eft+En=0




@ In Fig. 22-29 the electric TN
field lines on the left have twice __Be _ —=—
the separation of those on the — A
right. (a) If the magnitude of ~

the field at A is 40 N/C. whatis  Fig. 22-29 Problem 2.
the magnitude of the force on

a proton at A? (b) What is the magnitude of the field at B?
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**8 In Fig. 22-30. particle 1
of charge g; = —5.00¢q and par-

ticle 2 of charge g = +2.00¢g-are fixed to an x axis. (a) As a
multiple of distance L. at what coordinate on the axis 1s the
net electric field of the particles zero? (b) Sketch the net elec-

tric field lines.
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2210) In Fig. 22-31. the four particles are fixed in place and
have charges ¢, = ¢, = +3¢, g3 = +3e¢. and gy = —12e. Dis-

tance d = 3.0 um. What is the magnitude of the n

et elecypy
field at point P due to the particles? m |
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(ee11) In Fig. 22-32. the four particles form a square of ¢
length @ = 3.00 cm and have charges g; = +10.0 nC, q_% -

=200 nC. g: = =200 nC. and g, = —10.0 nC. In URIL-Vectes
notation. what net electric field do the particles produce at the
square’s center? SSM ILw www
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@ An electron is accelerated eastward at 1.80 X 10° m/s?
by an electric field. Determine the (a) magnitude and (b) di-
rection of the electric field.
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e¢43) A uniform electric field exists in a region between two
oppositely charged plates. An electron is released from rest at
the surface of the negatively charged plate and strikes the
surface of the opposite plate, 2.0 cm away, in a time 1.5 X
108 s. (a) What is the speed of the electron as it strikes the
second plate? (b) What is the magnitude of the electric field
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wﬁoq ) Atsome instant the velocity components of an electron
moving between two charged parallel plates are v, = 1.5 X
10° m/s and v, = 3.0 X 10° m/s. Suppose the electric field
between the plates is given by E = (120 N/C)j. In unit-vector
notation, what are (a) the electron’s acceleration in that field
and (b) the electron’s velocity when its x coordinate has

changed by 2.0 cm?
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