PHYS 1112L - Introductory Physics Laboratory II
Laboratory Advanced Sheet
Diffraction

1. Objectives. The objectives of this laboratory are
a. To be able use a diffraction grating to measure the wavelength of light
incident upon it.
b. To be able to determine the width of a slit using single-slit diffraction
measurements.
c. To be able to measure its number of lines (grooves) per unit length of a
reflection diffraction grating.

2. Theory.
a. When monochromatic, coherent light is perpendicularly incident upon a
diffraction grating, an interference pattern is produced that obeys
m  = d sin 
with m = 0, 1, 2, 3, ...
where
m is the order of the maxima of the interference pattern,
 is the wavelength of the incident light,
d is the spacing distance between the lines of the diffraction
grating, and
 is the angle of the mth maxima measured with respect to
the normal to the plane of the grating.
b. The condition for minima of a single-slit diffraction pattern is given by
m  = a sin
with m = 1, 2, 3, ...

where
m is the order of the diffraction pattern minima,
is the wavelength of the light incident on the slit,
a is the width of the slit and
is the angle of the mth minima measured with respect to the
normal to the plane
c. Three experiments will be performed:
1) Determination of the wavelength of a He-Ne laser. The
distance from the central maximum to the first order
maximum in the interference pattern produced by a grating
with a known number of lines per unit length will be
measured from a projection of the pattern on a wall. This
distance, along with the distance from the grating to the wall,
will be used to determine the sine of the angle to the m = 1
maximum. The wavelength will be calculated using
 = d sin 
The value of the measured wavelength will be compared to
the actual wavelength of a He-Ne laser, 632.8 nm.
2) Measurement of slit width. The single-slit diffraction
patterns produced by slits of varying widths will be examined
by projecting the patterns on a wall and measuring the
distance to the wall from the slit and the distance between
the central maximum and first minimum of the diffraction
pattern. These distances will be used to determine the sine
of the angle to the m = 1 minimum. The width of the slit will
be then be determined using
a = sin 
The measured values for the slit widths will be compared to
the manufacturer's values.
3) Number of lines (grooves) per unit length using a
reflection diffraction grating. The spacing of grooves of a
compact disk (CD) will be measured. A CD will be used as a
reflection grating. Distances to determine the sine of the
angle to the first maximum of a reflected interference pattern
will be measured. The spacing between adjacent grooves
will be determined using

d = sin 
From this value the number of grooves per unit length will be
determined.

3. Apparatus and experimental procedures.
a. Equipment.
1) Optical bench with rotating mount stand.
2) Diffraction grating (600 lines per mm)
3) Set of single slits.
4) Compact disk
5) He-Ne laser.
6) Meter stick.
7) Paper.
8) Tape.
9) Light.
b. Experimental setup. A figure for the experimental setup will be provided
by the student.
c. Capabilities. Capabilities of the equipment items listed in paragraph 3a
will be provided by the student.
d. Procedures. Detailed instructions are provided in paragraph 4 below.

4. Requirements.
a. In the laboratory.
1) Your instructor will introduce you to the equipment to be
used in the experiment.

2) Align the laser beam so that it is perpendicular to the
diffraction grating and produce an interference pattern on a
piece of paper taped to a wall of the lab room at a distance
of approximately six (6) meters (measure this distance).
3) Mark the position of the central maximum on the paper
and the m = 1 maximum on one side of the central
maximum. Measure the distance between the central
maximum and the first maximum.
4) Replace the diffraction grating with the set of single slits.
Align the largest slit and the laser for perpendicular
incidence. If you did not change the position of the stand on
the optical bench, you can use the distance to the wall
measured in paragraph 4a2) above; otherwise, measure this
distance.
5) Mark the position of the central maximum on the paper
and the m = 1 minimum on one side of the central maximum.
Measure the distance between the central maximum and the
first minimum.
6) Repeat for the three remaining slit widths.
7) Attach a segment of a compact disk to the rotating mount.
Align the CD and the laser beam for perpendicular incidence
(shiny side of CD facing towards the laser) and produce a
reflected interference pattern on a wall of the lab room at a
distance of approximately one (1) meter (measure this
distance).
8) Mark the position of the central maximum on the paper
and the m = 1 maximum on one side of the central
maximum. Measure the distance between the central
maximum and the first maximum.
9) Record your data in the tables provided in Annex A.
b. After the laboratory. The items listed below will be turned in at the
beginning of the next laboratory period. A complete laboratory report is
not required for this experiment.
Para 3. Apparatus and experimental procedures.
1) Provide a figure of the experimental apparatus (para 3b).

2) Provide descriptions of the capabilities of equipment used
in the experiment (para 3c).
Para 4. Data. Data tables are included at Annex A for recording
measurements taken in the laboratory. A copy of these tables must be
included with the lab report. Provide the items listed below in your report in
the form a Microsoft ExcelTM spreadsheet showing data and calculations.
The spreadsheet will include:
1) Experiment 1:
a) The values of L (distance to wall) and y
(distance between central and first maxima).
b) Calculation of the wavelength of the laser
beam.
c) The percent discrepancy in the wavelength.
2) Experiment 2:
a) The values of L (distance to wall) and 2y
(distance between the first minima on either
side of the central maximum).
b) Calculation of the slit widths for four (4)
different slits.
c) The percent discrepancy in the slit widths.
3) Experiment 3:
a) The values of L (distance to wall) and y
(distance between central and first maxima).
b) Calculation of the groove spacing distance.
c) Calculation of the number of lines per unit
length in units of # of lines/mm.
5. Results and Conclusions.
a. Results.
1) Provide a statement of the measured wavelength of the
He-Ne laser and its percent discrepancy.

2) Provide a table of the nominal and measured slit widths
and their percent discrepancies.
4) Provide a statement of the number of grooves per unit
length.
b. Conclusions. Provide a description of the sources of
error in the experiments.

Annex A
Data
1. Experiment 1.
grating #/lines/mm = ________________________ # lines/mm
L = _____________________ cm
y = _____________________ cm

2. Experiment 2.
L = _____________________ cm

nominal a
(mm)
0.16
0.08
0.04
0.02

3. Experiment 3.
L = _____________________ cm

2y
(cm)

y = _____________________ cm

Last update: April 23, 1999

