
OPTICS I : Homwork #2 

(Due: 2 weeks) 

 

[3.1] Consider the plane electromagnetic wave (in SI units) given by the expression Ex=0, Ey=2·cos(2π х 1014(t-

x/c)+ π/2), and Ez=0. 

(a) What are the frequency, wavelength, direction of motion, amplitude, initial phase angle, and polarization of 

the wave? 

(b) Write an expression for the magnetic flux density. 

 

[3.6] The electric field of an electromagnetic wave travelling in the positive x-direction is given by  
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(a) Determine the field verbally, (b) Determine an expression for k, (c) Find the phase speed of the wave. 

 

[3.17] A linearly polarized harmonic plane wave with a scalar amplitude of 10 V/m is propagating along a line in 

the xy-plane at 45° to the x-axis with the xy-plane as its plane of vibration. Please write a vector expression 

describing the wave assuming both kx and ky are positive. Calculate the flux density taking the wave to be in 

vacuum. 

 

[3.18] Pulses of UV lasting 2.00 ns each are emitted from a laser that has a beam of diameter 2.5 mm. Given that 

each burst carries an energy of 6.0 J, (a) determine the length in space of each wavetrain, and (b) find the average 

energy per unit volume for such a pulse. 

 

[3.20] A 1.0 mW laser has a beam diameter of 2 mm. Assuming the divergence of the beam to be negligible, 

compute its energy density in the vicinity of the laser. 

 

[3.22] Imagine that you are standing in the path of an antenna that is radiating plane waves of frequency 100 MHz 

and flux density 19.88 х 10-2 W/m2. Compute the photon flux density, that is, the number of photons per unit time 

per unit area. How many photons, on the average, will be found in a cubic meter of this region? 

 

[3.24] A 3.0 V flashlight bulb draws 0.25 A, converting about 1.0 % of the dissipated power into light (λ=550 nm). 

If the beam has a cross-sectional area of 10 cm2 and is approximately cylindrical, 

(a) How many photons are emitted per second? 

(b) How many photons occupy each meter of the beam? 

(c) What is the flux density of the beam as it leaves the flashlight? 

 

[3.30] A completely absorbing screen receives 300 W of light for 100 s. Compute the total linear momentum 

transferred to the screen. 

 



[3.31] The average magnitude of the Poynting vector for sunlight arriving at the top of Earth’s atmosphere (1.5 х 

1011 m from the Sun) is about 1.4 kW/m2. 

(a) Compute the average radiation pressure exerted on a metal reflector facing the Sun. 

(b) Approximate the average radiation pressure at the surface of the Sun whose diameter is 1.4 х 109 m. 

 

[3.34] What force on the average will be exerted on the (40 m x 50 m) flat, highly reflecting side of a space station 

wall if it’s facing the Sun while orbiting Earth? 

 

[3.35] A parabolic radar antenna with a 2 m diameter transmits 200 kW pulses of energy. If its repetition rate is 

500 pulses per second, each lasting 2 μs, determine the average reaction force on the antenna. 

 

[3.36] Consider the plight of an astronaut floating in free space with only a 10 W lantern (inexhaustibly supplied 

with power). How long will it take to reach a speed of 10 m/s using the radiation as propulsion? The astronaut’s 

total mass is 100 kg. 

 

[3.44] A 500 nm light wave in vacuum enters a glass plate of index 1.60 and propagates perpendicularly across it. 

How many waves span the glass if it’s 1.00 cm thick? 

 

[3.52] The resonant frequency of lead glass is in the UV fairly near the visible, whereas that for fused silica is far 

into the UV. Use the dispersion equation to make a rough sketch of n versus ω for the visible region of the spectrum. 

 


