@ cavTioN
Use the approximation
f = tanflorf =~ sinf
only if 8 is small

and in radians

Line spacing for double-slit interference. A screen
containing two slits 0.100mm apart is 1.20m from the viewing screen. Light of
wavelength A = 500 nm falls on the slits from a distant source. Approximately
how far apart will adjacent bright interference fringes be on the screen?

APPROACH The angular position of bright (constructive interference) fringes
is found using Eq. 24-2a. The distance between the first two fringes (say)
can be found using right triangles as shown in Fig. 24-10.

SOLUTION Given d = 0.100mm = 1.00 % 10 *m, A = 500 % 10 "m. and
L = 1.20m, the first-order fringe (m = 1) occurs at an angle & given by

mA (1)(500 % 10 "m)
d  1.00% 10 'm

This is a very small angle, so we can take sin @ = @, with @ in radians. The first-
order fringe will occur a distance x, above the center of the screen (see
Fig. 24-10), given by x,/L = tan#, = #,, so

x, = L8, = (120m)(5.00 x 10%) = 6.00 mm.

The second-order [ringe (m = 2) will occur at

sinf), = =500 x 10%

2
x; = L, = L?A = 120 mm

above the center, and so on. Thus the lower order fringes are 6.00 mm apart.

FIGURE 24-10 Examples 24-1 and 24-2. For small I P ) _ X
angles, the interference fringes occur at distance x = AL S === —— IBL,:‘E? Xy l
above the center fringe (m = 0); #, and x, are for the Saa
first-order fringe (m = 1), 6, and x- are for m = 2, ‘I

Wavelength (or
frequency )

determines color

FIGURE 24-11 First-order fringes
are a full spectrum, like a rainbow.
Also Example 24-3.
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CONCEPTUAL EXAMPLE 24-2 | Changing the wavelength. () What
happens to the interference pattern shown in Fig. 2410, Example 241, if the inci-
dent light (500 nm) is replaced by light of wavelength 700 nm? (b) What happens
instead if the wavelength stays at 500 nm but the slits are moved farther apart?

RESPONSE (a) When A increases in Eq. 24-2a but d stays the same. then the
angle @ for bright fringes increases and the interference pattern spreads oult.
(b) Increasing the slit spacing d reduces @ for each order, so the lines are closer
together.

From Egs. 24-2 we can see that. except for the zeroth-order fringe at the
center. the position of the fringes depends on wavelength, Consequently, when
white light falls on the two slits. as Young found in his experiments, the central
fringe is white, but the first- (and higher-) order tringes contain a spectrum of
colors like a rainbow; # was found to be smallest for violet light and largest for
red (Fig. 24-11). By measuring the position of these fringes, Young was the first
to determine the wavelengths of visible light (using Egs. 24-2). In doing so, he
showed that what distinguishes different colors physically is their wavelength
(or frequency). an idea put forward carlier by Grimaldi in 1665.

Wavelengths from double-slit interference. White
light passes through two slits 0.50 mm apart, and an interference pattern is
observed on a screen 2.5m away. The first-order fringe resembles a rainbow
with violet and red light at opposite ends. The violet light falls about 2.0 mm
and the red 3.5 mm from the center of the central white fringe (Fig. 24-11).
Estimate the wavelengths for the violet and red light.
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