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The power output of the antenn
the area of a sphere surrounding the antenn

2
S =1cgE,

P = 4xr*S =2nrice,Ey =2x(0.50m

~|4x10°W
This is man

The angle of incidence is the angle of reflection. See the diagram for th
g =

appropriate lengths.
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a would be the intensity at
a. The intensity is the magnitude of the Poynting vector.

(1.64m —0.38m) (0.38m)

(2.30m)

X

a given distance from the antenna, times

1 (3.00 x 10° ms)(8.85 x 107°C*/Nem’)(310° V/m)’

y orders of magnitude higher than the power output of com
are no higher than the 10°s of kilowatts.

x=0.69m

mercial radio stations, which
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We find INCI i
the incident angle in the air (relative to the normal) from Snell’s law.
n, smgl =n, 5i"6": = 5: - Si"'(nz'sin 92} _‘ si“-'(-l'——005in33.0°) o
Slnce this is the an | | )
gle relative to th 1
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'u\3 The beam forms the hypotenuse of two right triangles as it passes
Ll through the plastic and then the glass. The upper angle of the
triangle is the angle of refraction in that medium. Note that the
sum of the opposite sides is equal to the displacement D. First, we
calculate the angles of refraction in each medium using Snell’s
Law (Eq. 32-5).

sind5 =n,sind, = n,sind,
Cafsma3)_ . Si“45}=25_ag=
6, = sin '[T]—sm (_1.62

e sin45]_sin_,[sin15)=2s_?5,
= Sin = —_—
61 [ n, 1.47
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e of 25°, the beam will refract.

As the light ray passes from air into glass with an angle of incidenc
Determine the angle of refraction by applying Snell’s law.
n, sinf, =n,sinf, —

@, =sin"' [ELsin 9,] =sin”' [ 100 Gin 250] =16.36°
n, 1.5

We now consider the two right triangles created by the
diameters of the incident and refracted beams with the
air-glass interface, as shown in the figure. The diameters
form right angles with the ray direction and using
complementary angles we see that the angle between the
diameter and the interface is equal to the incident and refracted angles. Since the air—glass interface
creates the hypotenuse for both triangles we use the definition of the cosine to solve for this length in

each triangle and set the lengths equal. The resulting equation is solved for the diameter of the

D=_€l_= d, > 4, =d, cosé, =(3_0mm)coslﬁ.36° <
cosf, cosb, 0s6, cos25°

3.2mm




We find the speed of light from the speed of light in a vacuum divided by the index of refraction
Examining the graph we estimate that the index of refraction of 450 nm light in silicate flint glas

1.643 and of 680 nm light is 1.613. There will be some variation in the answers due to estimatio
from the graph.

Pied — Vi _ C/Nego—C/nyy _1/1.613-1/1.643 - 0.01826 ~[1:8%]
I c/ng, 1/1.613

When the light in the material with a higher index is incident at the critical angle, the refracted
angle is 90°. Use Snell’s law.

1.33
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siné, — 6 =sin [;:“E‘:] = sin > 4> 33.3

Because diamond has the higher index, the light must start in | diamond.

"ﬁmd*"inel =n,,

ter







\\»
’W\;b

(@)

()

We calculate the critical angle using Eq. 32-7. We calculate the time for each ray to pass
through the fiber by dividing the length the ray travels by the speed of the ray in the fiber. The
length for ray A is the horizontal length of the fiber. The length for ray B is equal to the length
of the fiber divided by the critical angle, since ray B is always traveling along a diagonal line at
the critical angle relative to the horizontal. The speed of light in the fiber is the speed of light in
a vacuum divided by the index of refraction in the fiber.

Siﬂg‘:=ﬁ 2 m={ﬂmf“=£ﬂ_f_“=,_€'\__£l_= EA [‘"—l—l]
n, v v wvsind v c¢/n\n,

5 (1 0km)(1.465) [1,465 _]] _B3x10%s
(3.00x]0’kmz’5) 1.000

We now replace the index of refraction of air (n = 1.000) with the index of refraction of the

glass “cladding” (n = 1.460).

M=£,n, n_, =(1.0km)(:.465)(l.465_l)= T
A 3.00x10°km/s \ 1.460




