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1. An electromagnetic wave of wavelength λ is traveling in vacuum in the negative z−direction. The electric
field has amplitude E0 and is parallel to the x−axis.
~ as a function of position and time in terms of the given parameters.
(a) Find the electric field, E,
~ as a function of position and time in terms of the given parameters.
(b) Find the magnetic field, B,
2. Electromagnetic radiation is emitted by accelerating charges. The rate at which energy is emitted from an
accelerating charge that has charge q and acceleration a is given by
q 2 a2
dE
=
,
dt
6πo c3

(4)

where c is the speed of light.
(a) The electron in a hydrogen atom can be considered to be in circular orbit with a radius of R = 0.0529 nm
and a kinetic energy of KE = 13.5 eV. If the electron behaved classically, how much energy would it
radiate per second?
(b) Can we use classical physics to describe the motion of an electron in a hydrogen atom?
3. Light is incident along the normal on face AB of a glass prism of refractive index n2 , as shown in Fig. 1. Find
the largest value the angle α can have without any light refracted out of the prism at face AC if the prism is
immersed in water of refractive index n1 .
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Figure 1: A glass prism is shown.
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4. Fermat’s principle of least time states that “the path taken between two points by a ray of light is the path
that can be traversed in the least time.” More generally, such a principle is known as the “least action
principle.” This principle plays a fundamental role in modern physics, as well as in mathematics. Most of
modern physics has been cast in terms of the principle of least action. No physics course is complete without
at least a mention of the least action principle, hence, this problem.
(a) A ray of light traveling with speed c leaves point 1 (assumed to be fixed), shown in Fig. 3, and is reflected
to point 2 (assumed to be fixed). The ray strikes the reflecting surface a horizontal distance x from point
1. Using Fermat’s principle of least time, show that θ1 = θ2 .
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Figure 3: A ray of light is shown in blue.
(b) A ray of light goes from point 1 (assumed to be fixed), in a medium in which the speed of light is v1 , to
point 2 (assumed to be fixed), in a medium in which the speed of light is v2 , see Fig. 4. The ray strikes
the interface a horizontal distance x to the right of point 1. Using Fermat’s principle of least time, show
that n1 sin θ1 = n2 sin θ2 , i.e., Snell’s law.
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Figure 4: A ray of light is shown in blue.
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