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22.4 | DispersionandPrisms 771 °

REMARKS Despite its apparent complexity, the problem isn't that different from Example 22.2.

QUESTION 22.4 Suppose the plastic were replaced by a material with a higher index of refraction. How would the width
of the beam at the information layer be affected? (a) It would remain the same. (b) It would decrease/(c) It would increase.

EXERCISE 22.4 Supposc you wish to redesign the system to decrease the initial width of the beam from 0.700 0 mm to
0.600 0 mm but leave the incident angle 0, and all other parameters the same as before, except the index of refraction for
the plastic material (ny) and the angle 6,. What index of refraction should the plastic have?

ANSWER 1.79

Dispersion and Prisms

In Table 22.1 we presented values for the index of refraction of various materials.

If we make careful measurements, however, we find that the index of refraction

in anything but vacuum depends on the wavelength of light. The”cpendence of’y
Lheind§ of refraction on wavelength is called dispersion. Figure 22.13 is a graph- ;
ical reprcsemauon of this variation in the index of refraction with wavelength. —1
Because nis a function of wavelength; Snell’s law indicates that the angle of refrac”
tion made when light enters a material depends on the wavelength of the light. -

As seen in the figure, the index of refraction for a material usually decreases with 146} |

mcrcasmg wavelength. This means that violet hght (A = 400 nm) refracts more B — Lok ]

than red light (A = nm) when passing from air into a materialy A I T I Y N e
To undersmnd he effects of dispersion on light, consider what happens when 400 500 600 700

light strikes a prism, as in Figure 22.14a. A ray of light of a single wavelength that is .
incident on the prism from the left emerges bent away from its original direction

“ of travel by.an angle J, called the a@@ Pow Epphaqqele(fwhnc
light (a coinbination of all visible waveleéngths) is incident on a prism. BECHSEO*
dsspcrswn, the different colors refract through different angles of deviation, as
‘llustrated in Figurc 22.14b, and the rays that emerge from the second face of the
prism spread out in a series of colors known as a visible spectrum, as shown in
Figure 22.15 on page 772. These colors, in order of decreasing wavelength, are

Figure 22.13 Variations of index
of refraction in the visible spectrum
with respect to vacaum wavelength
for three materials.

Tip 22.3 Dispersion
Light of shorter wavelength, such

red, orange, yellow, green, blue, and violet. Violet light deviates the most, red
light the least, and the remaining colors in the visible spectrum fall between these
extremes.

David Parker/SPL/Photo Researchers, Inc.
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Figure 22.14 (a) A prism refracts a light ray and deviates the light through the angle 8. (b) When
light is incident on a prism, the blue light is bent more than the red light. (c) Light of different colors
passes through a prism and two lenses. Note that as the light passes through the prism, different
wavelengths are refracted at different angles.

as violet light, refracts more than
light of longer wavelengths, such
asred light.

cmn‘unmc-wmmmmwu.ymhm-—-—l.ummml.hw»uqhmmnmmmmmmwuwhuw-ﬁmn

Editorial review has docmed (hat soy content does ol

ly affoct Unt overall keaming experience. Cengage |eaming rescrves the right o remove additnal conkent at any l-nt-hq_u‘bntﬂ-n-nl

CamScanner = Ligo d>gwaall


https://v3.camscanner.com/user/download

772  CHAPTER 22 | Reflection and Refraction of Light

Figure 22.15 (a) Dispersion of
white light by a prism. (b) White
light enters a glass prism at the
upper left.

Different colors of light that pass
through a prism are refracted at
different angles because the index
of refraction of the glass depends
—ene —_— on wavelength. Violet light bends
Because n varies with wavelength, the the most, red light the least.
prism disperses the white light into its = =N
various spectral components.

[ Increasing
‘ Prism %, wavelength

White
light |

David Parker/Scianca Phota Library/

Photo Researchers, Inc.
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Pnsms arc often used in an instrument known as a prism spectrometer, the
essential elements of which are shown in Figure 22.16a. This'instrument:is com-
monly used to study the wavelengths emitted by a light source, such as a sodium’

or lam /Light from"thie source’is sent'through*a narrow, adjustablc slit-and”

‘}'::s to producc a parallel, or collimated, bca“rrn The light then passes through the

prismand is dispersed into a spectrum: The refracted light is observed through a

lclcscop The experimenter sces différent colored images of the slit through the

eyepiece of the tclcscopc. The telescope can be moved or the prism can be rotated

to v1cw the various wavelengths, which have different angles of deviation. Figure

22.1 P)&Q}Q type Bt Pris {er@sEd in undergraduate laboratories.

v APPLICATION ‘All hot, low-pressuiré gases emit their own characteristic spectra;go one use of a
Identifying Gaseswitha  prism spectrometer is to tdcnufy gases. For example, sodium emits only two wave:
Spectrometer {lengths in the visible : spcctrum- two closely spaced: yellow lines:(The bright line-

like images of the slit seen in a spectroscope are called spectral lines.) A gas emitting

these, and only these, colors can be identified as sodium. Likewise, mercury vapor

has its own characteristic spectrum, consisting of four prominent wavelengths—
orange, green, blue, and violet lines—along with some wavelengths of lower inten-

sity. The particular wavelengths emitted by a gas serve as “fingerprints” of that
gas. Spectral analysis, which is the measurement of the wavelengths emitted or
absorbed by a substance, is a powcrful general tool in many scientific areas. As
examples, chémists and biologists usc infrared spectroscopy to identify molecules?
astronomers use wslble-hght spectroscopy to identify elements on distant stars,
aﬂg‘gcologlsts use'spectral analysis toidentify mineralss

Figure 22.16 (a) A diagram of a

prism spectrometer, The colors in
the spectrum are viewed through a
telescope. (b) A prism spectrometer
with interchangeable components.
Slit / &
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Telescope
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S APPLYING PHYSICS 2213

When a beam of light enters a glass prism, which has non- Transparent slab
parallel sides, the rainbow of color exiting the prism is a
testimonial to the dispersion occurring in the glass. Sup-
pose a beam of light enters a slab of material with parallel
sides. When the beam exits the other side, traveling in the
same direction as the original beam, is there any evidence ‘
of dispersion? |

-

EXPLANATION Due to dispersion, light at the violet end ~ Incident ™
of the spectrum exhibits a larger angle of refraction on WaB T l
entering the glass than light at the red end. All colors of
light return to their original direction of propagation as
they refract back out into the air. As a result, the outgoing
beam is white. The net shift in the position of the violet
light along the edge of the slab is larger than the shift of
the red light, however, so one edge of the outgoing beam
has a bluish tinge to it (it appears blue rather than violet
because the eye is not very sensitive to violet light), whereas
the other edge has a reddish tinge. This effect is indicated
in Figure 22.17. The colored edges of the outgoing beam of
white light are evidence of dispersion. m

\*\J
Outgoing
white light

Figure 22.17 (Applying Physics 22.3)

N ““EXAMPLE 22:5 | LightThrough a Prism

'GOAL Calculate the consequences of dispersion.

PROBLEM A beam of light is lnC‘l%Qt og pns QaF::ertaEnng?pag gxr

1

|
angle of 8, = 30.0°, as shown in Figure 2218, “If the index of refraction of ; !-—6.09 cm—q‘ #
the glass for violet light is 1.80, find (a) 0,, the angle of rcfractxorr atithe r ¢ II '
air—glass interface, (b) ¢,, the angle of incidence:at the gla.ss—-alr mtcrface, |
and(c)¢,, the angle of refraction when the violet light:exits the prism:g
(d) What is the value of Ay, the amoun’t by which the violetlightis displaced . »
vertically? !

STRATEGY This problem requires Snell’s law to find the refraction angles gure 22.18 / !

and some elementary geometry and trigonometry based on Figure 22.18. (Example 22.5) A60.0° o
SOLUTION ‘
(a) Find 6,, the angle of refraction at the air—glass
interface. Ny
Use Snell’s law to find the first angle of refraction: n1 sin 0 = sm 0 - (1 00) sin 30 0= (l 80) sin B
0.500
y = si = .1°
G ( 1.80 ) 1
(b) Fir.ld ¢,, the angle of incidence at' the glass—air
interface.
Compute the angle g: B = 30. 0° = 0,=30.0° = 16.1° = 13.9°
Compute the angle a using the fact that the sum of the 180° = 13 9“ + 90° + @ - a=T761°
interior angles of a triangle equals 180°; e ;
The incident angle ¢, at the glass-air interface is ¢, =90° —a=90°—76.1"= 13.9°
complementary to a: o ——

(Continued)
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774 CHAPTER 22 Reflection and Refraction of Light

: ' =W\, S}
(©) Find ¢,, the angle of refraction when the violet light Na 50 9b (2 ' - gﬁ‘
exits the prism. l
Apply Snell’s law: d, = (:) sin~! (7'2 sin 4)2)
1

1
-1 o o
(1 00) sin"' [(1.80) sin 13.9°] = 25.6

(d) What is the value of Ay, the amount by which the
violet light is displaced vertically?

A
Use the tangent function to find the vertical tan B = A—y — Ay=Axtanp
displacement: A%

= ‘(6.00 cm) tan (13.9°) = 1.48 cm

...................................................................................................................

REMARKS The same calculation for red light is left as an exercise. The violet light is bent more and displ'aced farther
down the face of the prism. Notice that a theorem in geometry about parallel lines and the angles created by a transverse

line give ¢, = B immediately, which would have saved some calculation. In general, however, this tactic might not be
available.

QUESTION 22.5 On passing through the prism, will yellow light bend through a larger angle or smaller angle than the

violet light? (a) Yellow light bends through a larger angle. (b) Yellow light bends through a smaller angle. (c) The angles are
the same.

EXERCISE 22.5 Repeat parts (a) through (d) of the example for red light passing through the prism, gwcn that the
index of refraction for red light is 1.72.

ANSWERS (a) 16.9° (b) 13.1° () 22.9° (d) 1.40 cm
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