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Problems set # 10 Physics 167 April 25, 2023

1. Calculate the wavelength (i) of a 60-Hz EM wave, (ii) of a 93.3-MHz FM radio wave, and ii)

of a beam of visible red light from a laser at frequency 4.74 × 1014 Hz.

2. Radiation from the Sun that reaches the Earth’s surface (after passing through the atmo-

sphere) transports energy at a rate of about 1000 W/m2. Estimate the pressure and force exerted

by the Sun on your outstretched hand.

3. Some science fiction writers have described solar sails that could propel interstellar spaceships.

Imagine a giant sail on a spacecraft subjected to radiation pressure from our Sun. (i) Explain why

this arrangement works better if the sail is highly reflective rather than highly absorptive. (ii) If

the sail is assumed highly reflective, show that the force exerted by the sunlight on the spacecraft’s

sail is given by Frad = P�A
2πr2c

, where P� is the power output of the Sun (3.8 × 1026 W), A is the

surface area of the sail, r is the distance from the Sun, and c is the speed of light. (Assume that

the area of the sail is much larger than the area of the spacecraft so that all the force is due to

radiation pressure on the sail, only. (iii) Using a reasonable value for A, compute the force on the

spacecraft due to the radiation pressure and the force on the spacecraft due to the gravitational

force of the Sun on the spacecraft. Does this result imply that such a system will work? Explain

your answer.

4. A pulsed laser fires a 1000 MW pulse that has a 200 ns duration at a small object that has

a mass equal to 10.0 mg and is suspended by a fine fiber that is 4.00 cm long. If the radiation

is completely absorbed by the object, what is the maximum angle of deflection of this pendulum?

[Hint: Think of the system as a ballistic pendulum and assume the small object was hanging ver-

tically before the radiation hit it.]

5. A dish antenna having a diameter of 20 m receives (at normal incidence) a radio signal from a

distant source as shown in Fig. 1. The radio signal is a continuous sinusoidal wave with amplitude

Em = 0.2µV/m. Assume the antenna absorbs all the radiation that falls on the dish. (i) What is

the amplitude of the magnetic field in this wave? (ii) What is the intensity of the radiation received

by the antenna? (iii) What is the power received by the antenna? (iv) What force is exerted by

the radio waves on the antenna?
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wavelength antenna for a transmitter generating ELF
waves of frequency 75.0 Hz. How practical is this?

46. What are the wavelength ranges in (a) the AM radio band
(540–1 600 kHz), and (b) the FM radio band (88.0–-
108 MHz)?

Additional Problems

47. Assume that the intensity of solar radiation incident on
the cloudtops of the Earth is 1 340 W/m2. (a) Calculate
the total power radiated by the Sun, taking the average
Earth–Sun separation to be 1.496 ! 1011 m. (b) Deter-
mine the maximum values of the electric and magnetic
fields in the sunlight at the Earth’s location.

48. The intensity of solar radiation at the top of the Earth’s
atmosphere is 1 340 W/m2. Assuming that 60% of the
incoming solar energy reaches the Earth’s surface and
assuming that you absorb 50% of the incident energy,
make an order-of-magnitude estimate of the amount of
solar energy you absorb in a 60-min sunbath.

Review problem. In the absence of cable input or a
satellite dish, a television set can use a dipole-receiving
antenna for VHF channels and a loop antenna for
UHF channels (Fig. Q34.12). The UHF antenna
produces an emf from the changing magnetic flux
through the loop. The TV station broadcasts a signal
with a frequency f, and the signal has an electric-field
amplitude E max and a magnetic-field amplitude B max at
the location of the receiving antenna. (a) Using
Faraday’s law, derive an expression for the amplitude of
the emf that appears in a single-turn circular loop
antenna with a radius r, which is small compared with
the wavelength of the wave. (b) If the electric field in the
signal points vertically, what orientation of the loop gives
the best reception?

50. Consider a small, spherical particle of radius r located
in space a distance R from the Sun. (a) Show that the
ratio Frad/Fgrav is proportional to 1/r, where Frad is
the force exerted by solar radiation and Fgrav is the force
of gravitational attraction. (b) The result of part
(a) means that, for a sufficiently small value of r, the
force exerted on the particle by solar radiation exceeds
the force of gravitational attraction. Calculate the value
of r for which the particle is in equilibrium under
the two forces. (Assume that the particle has a perfectly
absorbing surface and a mass density of 1.50 g/cm3. Let
the particle be located 3.75 ! 1011 m from the Sun, and
use 214 W/m2 as the value of the solar intensity at that
point.)

A dish antenna having a diameter of 20.0 m receives
(at normal incidence) a radio signal from a distant
source, as shown in Figure P34.51. The radio signal
is a continuous sinusoidal wave with amplitude
E max " 0.200 #V/m. Assume the antenna absorbs all
the radiation that falls on the dish. (a) What is the
amplitude of the magnetic field in this wave? (b) What
is the intensity of the radiation received by this
antenna? (c) What is the power received by the antenna?
(d) What force is exerted by the radio waves on the
antenna?

51.

49.

Figure P34.51

Figure P34.54

52. One goal of the Russian space program is to illuminate
dark northern cities with sunlight reflected to Earth
from a 200-m diameter mirrored surface in orbit. Several
smaller prototypes have already been constructed and
put into orbit. (a) Assume that sunlight with intensity
1 340 W/m2 falls on the mirror nearly perpendicularly
and that the atmosphere of the Earth allows 74.6% of
the energy of sunlight to pass through it in clear
weather. What is the power received by a city when the
space mirror is reflecting light to it? (b) The plan is for
the reflected sunlight to cover a circle of diameter 
8.00 km. What is the intensity of light (the average mag-
nitude of the Poynting vector) received by the city? 
(c) This intensity is what percentage of the vertical com-
ponent of sunlight at Saint Petersburg in January, when
the sun reaches an angle of 7.00° above the horizon at
noon?

In 1965, Arno Penzias and Robert Wilson discovered the
cosmic microwave radiation left over from the Big Bang
expansion of the Universe. Suppose the energy density of
this background radiation is 4.00 ! 10$14 J/m3. Deter-
mine the corresponding electric field amplitude.

54. A hand-held cellular telephone operates in the 860- to
900-MHz band and has a power output of 0.600 W
from an antenna 10.0 cm long (Fig. P34.54). (a) Find
the average magnitude of the Poynting vector 4.00 cm
from the antenna, at the location of a typical person’s

53.
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Figure 1: Problem 5.


