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Learning goals

To obtain a very precise and accurate estimate of the line spacing on a compact disk (CD) by using
the CD as an optical diffraction grating and making measurement of the diffracted laser light.

Introduction

Lasers are sources of coherent, monochromatic light. The idea behind this experiment is to use
a CD as a diffraction grating and to measure its line spacing as precisely as possible. The line
spacing is ~1.6 yum. A paper by James Kettler titled “The compact disk as a diffraction grating” (Am.
J. Phys., Vol. 59, No. 4, p367-368 (1991) is provided and it describes one way of performing this
experiment. In this paper the CD is placed horizontally. In our apparatus, the CD is oriented
vertically.

Theory
With the CD aligned vertically, the grating equation is

nA = d(sin6, — sinfp) (1)

where ) is the zeroth order diffraction angle, 6, is the ny, order diffraction angle, A is the wave-
length of laser light, and d is the CD line spacing.

Fig. 1: Vertical geometry with the CD parallel to the wall. The zeroth order diffraction (n = 0) at 6 is
basically a reflected beam.



The geometry is shown in Fig. 1. If we let the distance from the grating to the wall be L and
the distance of the zeroth and n'" order diffraction spots from the horizontal place be Y, and Y,
respectively, then
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In the special case when the laser beam is normal to the diffraction grating, then 6y = 0 and the
grating equation simplifies to

(2)
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However, the full expression Eqn. (1) must still be used for uncertainty calculations. Do not
assume that the beams are necessarily parallel to the laser.

nA =dsinf, = 3)

Apparatus

¢ Helium-Neon laser with green light, wavelength at 543.5 nm
¢ Helium-Neon laser power supply

Neon laser with red light, wavelength at 632.8 nm

Optical rail with multiple holders

A partial CD installed on a rotatable holder with rulers
Rulers

Caution

¢ Do not look directly into lasers.

* The lasers are fragile. Take care when handling and do not bang them into anything.
¢ Turn the lasers off before moving them.

¢ Turn the lasers off at the end of the lab.

Procedure 1: diffraction from a fixed vertical grating
a) Make sure that the CD is parallel to the wall or perpendicular to the table.

b) Make sure that the helium-neon laser that produces the green light is perpendicular to the
CD. When the laser light is perpendicular to the CD, the laser light will be reflected off the
CD back into the laser.

¢) Measure the distance from the CD to the wall.

d) Turn the laser on.

e) Measure where the reflected beam hits the wall, the 1st order diffraction spot.
f) If possible, also measure the position of the 2nd order diffraction spot.

g) From your measured values, calculate the line spacing d.

h) Repeat with the Neon laser (red light) and compare your values.



Procedure 2: the angular dependence of diffracted beams
a) Align the grating and the laser as described above.

b) Rotate the CD to a few different angles and make measurements of the diffracted beams.
You select an appropriate angular increment.

c) Using the re-arranged grating equation below to plot (sinf, — sinf) on the ordinate axis
and 7 on the abscissa. The gradient of this graph should be A/d. A is given. So you will be
able to calculate d.

A
sinf, —sinfy = En (4)
d) Replace with the Neon laser and repeat steps a)-c) to acquire more data points.

e) Make use of the measured data and fit for the CD line spacing. Calculate the uncertainty in
your estimate of the line spacing d.

In your formal report, you will need to derive the grating equation. You should also discuss the
sources of uncertainties and explain clearly which approach is most precise.



