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 Physics II  

Lab 10 

SP212 

Diffraction Gratings 

I. Introduction 

A. A diffraction grating consists of a large number of equally spaced 

parallel slits. When light is incident on a grating, the light from each slit 

diffracts and will interfere with the light from the other slits. When the 

conditions for constructive interference for a given wavelength are 

satisfied, that color is enhanced and hence observed.  

B. In 1785, Rittenhouse made the first man made diffraction grating using 

hair strung between two screws. However, one of the most common 

examples of a diffraction grating in your life time, is the compact 

disc(CD) or DVD. 

C. A CD has a spiral, grooved track (usually composed of pits). For a small 

region on the surface of a CD, the grooves create an approximately 

parallel pattern. Consequently, the light reflected from a small portion 

of the surface diffracts as if from approximately parallel sources. This 

results in the colored patterns you see when viewing white light 

reflected from a CD. Because of this, an ordinary CD is a reflection 

grating.  

1) CD vs DVD 

i. DVDs and CDs reflect a colorful spectrum because their tracks act like 

reflection diffraction gratings.  A DVD can hold nearly 7 times as much 

data as a CD, because the tracks are closer together.  You can measure 

the diffraction pattern obtained by shining a laser on a disc, and from 

that, you can determine the distance between tracks.  We won’t make 

this measurement today, as we have bigger fish to fry, but watch when 

your instructor demonstrates the reflection diffraction patterns 

obtained by shining a laser on a CD and on a DVD.   
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D. Babinet’s Principle and Complementary Apertures.  An aperture is an 

opening in a screen through which light shines.  Complementary 

apertures are apertures that add up to a completely opaque screen, 

through which no light may shine.  For example, a slit in an opaque 

screen and an opaque stripe on a piece of glass will be complementary 

apertures if they are the same width.  Jacques Babinet (1794 – 1872) 

pointed out that if no light reaches a screen, then the electric field must 

be zero at every point on the screen.  Therefore, whatever electric field 

pattern an aperture makes, the electric field pattern due to the 

complementary aperture must be of the same magnitude, but opposite 

sign.  Since the intensity depends on the average of the square of the 

electric field, the intensity patterns due to complementary apertures 

must be identical.  Thus, the intensity pattern due to a human hair will 

be the same as the intensity pattern due to a slit of the same width.  I’m 

getting an idea how midshipmen can measure the diameter of their 

hair....  

E. Introduction to Spectroscopy 

1) As you learned in Plebe Chemistry, each atom has its own 

characteristic spectrum.  The notion behind the scientific 

technique called “spectroscopy” or “spectrometry” is that if one 

knows the spectra of the atoms, and if one can measure the 

spectrum of a sample of an unknown material, then one can 

determine which atoms are present in the sample.  Furthermore, 

one can use the intensity of the spectral lines to determine the 

amount of each atom that is present in the sample.  Today, we will 

be interested in the wavelengths, so we won’t make any intensity 

measurements today.  We will obtain our spectra by looking at a 

gas discharge tube (also known as a Geissler Tube) through a 

diffraction grating.   

II.      Needed Equipment 

A. A CD and DVD, a laser, a diffraction grating, one plucked hair from the top of your 

head, meter stick, calculator, pen/pencil, hydrogen and helium bulbs and power 

supplies, and masking tape. 
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III. Objectives 

At the end of this activity, you should: 

1. Observe diffraction of light waves through a CD and DVD; and observe why a DVD 

holds more information. 

2. Practice using the single slit diffraction equation.  

3. Observe Spectroscopy and see how it could be used to identify specific elements. (If 

you get a chance check out the display in the Acoustics Lab across from the elevator 

on the basement floor, there are diffraction gratings in front of many different noble 

gas tubes and each one creates a distinct and unique diffraction pattern.) 

IV. Your instructor will demonstrate how to operate the instrument and 

take the data.   

a. Watch when your instructor demonstrates the reflection diffraction patterns 

obtained by shining a laser on a CD and on a DVD.  The Diagrams below shows 

the grating lines, and when used, the data spots for a typical CD and DVD. 

(Images from (Georgia Institute of Technology 2009) 

  

CD (Blank)                             DVD(blank) 

  

CD (data encrypted)                      DVD(data encrypted) 
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b. (Time Permitting) He or she will also show you the effect of changing the 

wavelength of the light by using a different color laser. This is why Blue-Ray 

DVD’s are better for example. 

V. Turn in your Homework/Pre-Lab Assignment if assigned. 

VI.  Procedure 
 

Warning! Do not look into the laser beam or shine the laser beam into anyone’s eyes. 

Permanent vision damage can result. 

A. Thickness of a Human Hair 

1. Let’s see if the thickness of human hair is related to color. 

a. “Somebody once told me” that the thickness of a human hair is related to 

its color.  Let’s test this hypothesis.   

b. Calculate the diameter of your hair using the below process, and write its 

color and diameter in the table on the blackboard at the front of the lab.   

Note:  The same person told me that the diameter also depends on 

the age of its source.  Since I’m more than twice the age of a 

midshipman, my hair would skew the result, so I shall not 

participate.      

1) Carefully pull one of your hairs from near the crown of your head.   

2) Being careful not to look into the laser beam, tape your hair across 

the front of your laser so that it intersects the beam.   

3) Being careful not to light-saber any of your classmates with your 

laser, point the beam at the wall.   

4) Measure the distance from the fifth minimum on one side to the 

fifth minimum on the other side.  Divide by two to get the distance 

from the center of the central maximum to the fifth minimum.   

5) Measure the distance from the hair to the wall, and then calculate 

tan(theta), and then sin(theta).   

6) Then use the single slit diffraction equation to find the diameter of 

your hair, and record your result.   
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B. Introduction to Spectroscopy 

1. Measurement of the grating spacing 

a. Insert your grating into the holder (if not already there). Turn on your 

laser and shine the laser through the grating.  

b. Being very careful to never look into the laser beam, make the laser beam 

perpendicular to the wall, by looking for the reflected beam (red dot) that 

reflects back on the laser casing. Adjust the laser so that the dot (the 

reflection off of the glass of the grating slide) goes back along the original 

laser beam, i.e. “disappears”.  

c. Measure the distances from the central maximum to the other maxima; 

assigning the + sign to distances on the right of the central max, and the – 

sign to distances on the left. 

d. Measure the distance from the grating to the wall.  

e. Calculate the value of sin(theta) for each maximum. 

f. Plot sin(theta) vs. m, where m is the order of diffraction.  Since m*lambda = 

d*sin(theta), this graph should be a straight line passing thru the origin, 

and the slope of the line should be equal to lambda/d.   

Note: If you are using a helium-neon laser, the wavelength is 632.8 nm.   

g. Finally, calculate d. 

C. Measurement of the spectrum of helium 
HANDLE THE GRATING ONLY BY ITS EDGES.  PLEASE DON’T GET YOUR 

FINGERPRINTS ON THE GRATING; THAT WILL RUIN IT. 

1. Setup 

a. Set up the meter-stick-plus-diffraction-grating spectrometer as your 

instructor demonstrates.  You need to have the center of the meter stick on 

the line between the Geissler tube and the center of the diffraction grating, 

with the meter stick perpendicular to that line.  Perfect alignment isn’t 

necessary, but line things up as carefully as you can by eye.   

b. Turn on the Geissler tube, and look through the center of the grating to see 

the spectral lines spread out along the meter stick.  If you don’t see the 

lines superimposed on the meter stick, try rotating the grating 90 degrees.   
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2. Now we are ready to take data 

a. Making sure you are looking through the CENTER of the grating, record the 

distances from the central maximum to each spectral line on the left, and 

to each line on the right.  This is most easily accomplished if the 0.500 m 

line on the meter stick is on the line between the Geissler tube and the 

center of the grating.   

b. Average the distance on the left with the distance on the right.  Then use 

the average distance to the spectral line to calculate tan theta, then theta, 

then sin theta, and then the wavelength of the spectral line.  Then find the 

difference, in nm, between your measured wavelength and the accurate 

wavelength from the National Institute of Standards and Technology 

(NIST). 

 

D. Lab Report to hand in: 

1. Your spreadsheet should have the following sections: 

-  First page:  Data and calculations for the width of your 

hair for Experiment A.   

-  Second page:  Part B:  Measurement of Grating Spacing, 

and Part C2, Measurement of wavelengths in spectrum of 

helium. 

Don’t forget uncertainties, units, annotations and 

discussions. 
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VII. Clean-Up  

A. Golden Rule: “Do unto others as you desire them to do unto you.”           

This applies as much here in the lab as it does in the Fleet.  As potential Naval 

Officers, how can you expect your enlisted sailors to maintain a clean work area if 

your stateroom, work areas, mess area, etc is a “pig sty?”  So as officers it is 

imperative that we clean up after ourselves not only to follow the Golden Rule, but 

also to lead by example for the enlisted personnel under our charge.  

1. End of Lab Checkout: Before leaving the laboratory, please tidy up the 

equipment at the workstation and quit all running software.  

2. The lab station should be in better condition than when you arrived and more 

importantly, should be of an appearance that you would be PROUD to show to 

your legal guardians during a “Parents Weekend.” 

3. Have your instructor inspect your lab station and receive their permission to 

leave the Lab Room. 

4. You SHALL follow this procedure during every lab for SP212! 

 

Many thanks to Dr. Huddle and Dr. Fontanella for their assistance in producing this Laboratory 

procedure; specific references can be supplied on request.  LCDR Timothy Shivok 


