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Thin Lenses & The Eye

*43 A movie camera with a (single)
lens of focal length 75 mm takes a pic-
ture of a person standing 27 m away.
If the person is 180 cm tall, what is the
height of the image on the film?
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Fig. 34-46 Problem 91.

91 sswm Figure 34-46a shows the basic structure of a human
eye. Light refracts into the eye through the cornea and is then
further redirected by a lens whose shape (and thus ability to fo-
cus the light) is controlled by muscles. We can treat the cornea
and eye lens as a single effective thin lens (Fig. 34-46b). A “nor-
mal” eye can focus parallel light rays from a distant object O to a
point on the retina at the back of the eye, where processing of
the visual information begins. As an object is brought close to
the eye, however, the muscles must change the shape of the lens
so that rays form an inverted real image on the retina (Fig.
34-46c¢). (a) Suppose that for the parallel rays of Figs. 34-46a and
b, the focal length f of the effective thin lens of the eye is 2.50
cm. For an object at distance p = 40.0 cm, what focal length f’ of
the effective lens is required for the object to be seen clearly? (b)
Must the eye muscles increase or decrease the radii of curvature of
the eye lens to give focal length f'?



Electrostatics

*4 =%= Inthe return stroke of a typical lightning bolt, a current
of 2.5 X 10* A exists for 20 us. How much charge is transferred in
this event?

*6 ILw Two equally charged particles are held 3.2 X 103 m
apart and then released from rest. The initial acceleration of the
first particle is observed to be 7.0 m/s?> and that of the second to
be 9.0 m/s?. If the mass of the first particle is 6.3 X 107 kg, what
are (a) the mass of the second particle and (b) the magnitude of
the charge of each particle?

/094
«8 @ In Fig 22-31, the four parti- A
cles are fixed in place and have charges Qn Qo g
g, =¢q,= +5¢, q3= +3e, and q,= \d d/
—12e. Distance d = 5.0 um. What is \éé
the magnitude of the net electric field P d
at point P due to the particles? \oq2

Fig. 22-31 Problem 8.

°41 sswm A charged cloud system produces an electric field in
the air near Earth’s surface. A particle of charge —2.0 X 107 C is
acted on by a downward electrostatic force of 3.0 X 107® N when
placed in this field. (a) What is the magnitude of the electric field?
What are the (b) magnitude and (c) direction of the electrostatic
force F,; on the proton placed in this field? (d) What is the magni-
tude of the gravitational force I_’g) on the proton? (¢) What is the ra-
tio F,;/F, in this case?



w51 “H&  Assume that a honeybee is a sphere of diameter 1.000
cm with a charge of +45.0 pC uniformly spread over its surface.
Assume also that a spherical pollen grain of diameter 40.0 um is
electrically held on the surface of the sphere because the bee’s
charge induces a charge of —1.00 pC on the near side of the sphere
and a charge of +1.00 pC on the far side. (a) What is the magnitude
of the net electrostatic force on the grain due to the bee? Next, as-
sume that the bee brings the grain to a distance of 1.000 mm from
the tip of a flower’s stigma and that the tip is a particle of charge
—45.0 pC. (b) What is the magnitude of the net electrostatic force
on the grain due to the stigma? (c) Does the grain remain on the
bee or does it move to the stigma?

17 @ In Fig. 24-33, what is the net electric potential at point P
due to the four particles if V' = 0 at infinity, ¢ = 5.00 fC, and d =
4.00 cm?
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Fig. 24-33 Problem 17.

*8 A graph of the x component of the electric field as a function of
X in a region of space is shown in Fig. 24-30. The scale of the vertical
axis is set by £, = 20.0 N/C.The y and z components of the electric
field are zero in this region. If the electric potential at the origin is 10
V, (a) what is the electric potential at x = 2.0 m, (b) what is
the greatest positive value of the electric potential for points on the x
axis for which 0 = x =< 6.0 m, and (c) for what value of x is the electric

potential zero?
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Fig. 24-30 Problem 8.
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