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Strategy

For the purposes of this example, we are treating the electron and proton as two point particles, each with
an electric charge, and we are told the distance between them; we are asked to calculate the force on the
electron. We thus use Coulomb’s law.

Solution

Our two charges and the distance between them are,

@ = +e=+1.602 x 107 C
@ = —e=-1602 x 10°°C
r o= 529 x 107" m.

The magnitude of the force on the electron is

P L leP 1 (1602 x 107 C)°

= = =825 x 10°N.
4 2 _ 2 = 2
7 T 4g (s.ss x 10712 ﬁ) (529 x 107" m)

As for the direction, since the charges on the two particles are opposite, the force is attractive; the force
on the electron points radially directly toward the proton, everywhere in the electron’s orbit. The force is
thus expressed as

F = (825 x 10°N) R

Significance

This is a three-dimensional system, so the electron (and therefore the force on it) can be anywhere in an
imaginary spherical shell around the proton. In this “classical” model of the hydrogen atom, the
electrostatic force on the electron points in the inward centripetal direction, thus maintaining the electron’s
orbit. But note that the quantum mechanical model of hydrogen (discussed in Quantum Mechanics) is
utterly different.
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Strategy

Finding the capacitance C is a straightforward application of Equation 8.3. Once we find C, we
can find the charge stored by using Equation 8.1.

Solution
a. Entering the given values into Equation 8.3 yields

A F 1.00 m?
C=e" = (8.85 x 107 —) _ 100 _ g85 x 107 F = 8.85nF.
d m/ 1.00 x 10~ m

This small capacitance value indicates how difficult it is to make a device with a large
capacitance.
b. Inverting Equation 8.1 and entering the known values into this equation gives

0 =CV =885 x 10~ F)(3.00 x 10° V) = 26.6 uC.

Significance

This charge is only slightly greater than those found in typical static electricity applications. Since
air breaks down (becomes conductive) at an electrical field strength of about 3.0 MV/m, no more
charge can be stored on this capacitor by increasing the voltage.
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Figure 23-6 shows a Gaussian surface in the form of a closed
cylinder (a Gaussian cylinder or G-cylinder) of radius R. It lies
in a uniform electric field £ with the cylinder’s central axis
(along the length of the cylinder) parallel to the field. Whatis
the net flux ® of the electric field through the cylinder?

KEY IDEAS

We can find the net flux @ with Eq. 23-4 by integrating the
dot product E-dA over the cylinder’s surface. However,
we cannot write out functions so that we can do that with
one integral. Instead, we need to be a bt clever: We break
up the surface into sections with which we can actually
evaluate an integral.

Calculations: We break the integral of Eq. 234 into three
terms: integrals over the left cylinder cap a, the curved cylin-
drical surface b, and the right cap

o= §F.ad
:[7}.42 +[7§»42 +IZ‘-41 (@35)

Pick a patch element on the left cap. Its area vector d A
‘must be perpendicular to the patch and pointing away from
the interior of the cylinder. In Fig. 23-6, that means the angle
between it and the field piercing the patch s 180°. Also, note
that the electric field through the end cap is uniform and
thus E can be pulled out of the integration. So, we can write the
flux through the left cap as

[E “dA = [E(.m 180°) dA = —EldA =—EA,

where [ dA gives the cap’s area A
right cap, where 6 = 0 for all points,

R?). Similarly, for the

]z-d;:JE(msO)dA:EA.

Finally, for the cylindrical surface, where the angle @ is 90°
atall points,

[‘L‘-JZ :JE(umW")dA =0.

Substituting these results into Eq. 23-5 leads us to
®=-EA+0+EA=0. (Answer)

‘The net flux is zero because the field lines that represent the
electric field all pass entirely through the Gaussian surface,
from the left to the right.

Figure 23-6 A cylindrical Gaussian surface, closed by end caps, is
immersed in a uniform electric field. The cylinder axis is parallel
1o the field direction.
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‘Solution

The chargo anclosed by the Gaussan suface s given by

wmn o= [ s (327

The anewr fo lectic fiold ampitucde canthen be writon down imediatay fo a point ofside the
sphers,absiod Eu, and  point inside the sphre, aboled Ei
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o

~— Inside charge —s=——— Ouiside charge —
distribution distribution

i 30 Bci o ey e, oncing s e e
[

i 1 s gl g ot o e vty .
s s o 4 et o o o P

The dirsction of tha sectc fisd at any poit P i racialy outwar from e oriin py & posktve,and.
nward .., toward he cone  p s nogative. The lct fold at som raprasentative space poits are
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Significance
Notce that Ee ha the samo form s the quationof 1 sectrc eldof an solaed point charge. n
etamining the lctc fold o  ufom spherca chargedistibuton, we can theeloro assumo that allof
the charge inside the approprists spherical Gaussian surface islocated st the centar of the distrbutin.
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Strategy

Calculate the work with the usual definition. Since Q started from rest, this is the same as the
kinetic energy.

Solution
Integrating force over distance, we obtain

r2 rzk k ry 5
Wi =/ i’-d?:/ qZer=[— qQ] =kgQ [+ 1L
ry rn T

r ry

= (8.99 x 10° Nm?/C?) (5.0 x 10 C) (3.0 x 10°C) [gps + 70

0.15 m 0.10 m
=45 x 1077 7J.

This is also the value of the kinetic energy at ;.

Significance

Charge Q was initially at rest; the electric field of g did work on Q, so now Q has kinetic energy
equal to the work done by the electric field.
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Strategy

Note that although the electron is mentioned, it is not used in any calculation. The problem asks for an
electric field, not a force; hence, there is only one charge involved, and the problem specifically asks for
the field due to the nucleus. Thus, the electron is a red herring; only its distance matters. Also, since the
distance between the two protons in the nucleus is much, much smaller than the distance of the electron
from the nucleus, we can treat the two protons as a single charge +2e (Figure 5.19).

Figure 5.19 A schematic representation of & helium
atom. Again, hellum physicall looks nothing like ths,
but this sort of diagram Is helpful for calculating the
electric field of the nucleus.

Solution
The electric field is calculated by

Here g = 2¢ =2 (1.6 X 107" C) (since there are two protons) and r is given; substituting gives

5 2(16 107°C
i (16 x 120

- Le =41 x 102g,
4n (885 x 1028, (265 x 1077 m) c

The direction of E is radially away from the nucleus in all directions. Why? Because a positive test charge
placed in this field would accelerate radially away from the nucleus (since it is also positively charged), and
again, the convention is that the direction of the electric field vector is defined in terms of the direction of
the force it would apply to positive test charges.




