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SCIENCE 101    LABORATORY #7



Atomic Spectra
Prelab Questions    


Carefully read the laboratory handout before coming to lab, and answer the following questions.  Put this sheet in the box on the instructor’s table at the front of the lab room when you enter.  Please circle your lab time in the upper right hand corner of this sheet.

Q1)  What is the spacing between adjacent slits for the diffraction grating used in this lab?

_________________cm or _________________Å

Q2)  How is the grating axis defined? ______________________________________ ____________________________________________________________________

____________________________________________________________________

Q3)  Nodes are regions of _______________________________________________________

Q4)  Antinodes are regions of _______________________________________________________

Q5)  For the equation describing the beams of light emerging from a diffraction grating (sin () = n  / D), how are the beams described by positive n different from the beams described by negative n?   ______________________________________________                      

____________________________________________________________________

____________________________________________________________________

Q6)  How (not why) does the spectrum of a hot solid object appear qualitatively different from the spectrum of a gas? ______________________________________________                                                            

____________________________________________________________________

____________________________________________________________________

Name ___________________________

 Lab Section (8; 9:30; 1; 2:30)               

Lab Partner ______________________
SCIENCE 101    LABORATORY #7



Atomic Spectra
INTRODUCTION

Light is fascinating.  It brings the energy from the Sun needed to power the living world and sustain our life.  Our eyes use it to form images of the world around us.  It always moves at the fastest speed possible in the universe, 300 million meters/sec.  Furthermore, the speed of light doesn’t depend on the motion of the source which emitted it or the motion of the observer which detects it.  No matter particles can move as fast as light irrespective of how much energy is used to accelerate them.


And that is only part of the story.  Light is neither a wave nor a stream of particles although it has particle-like properties and wave-like properties.  (Light is not alone in this regard; all matter also exhibits both wave-like and particle-like properties).  Our understanding of the nature of light has gone through several revolutions since the time of Newton.  Although we understand much more about light than ever before, a deep understanding of its nature still eludes us.  Einstein contributed greatly to our understanding of light.  Before he died he said,

“And these fifty years of conscious brooding have brought me no nearer to the question of ‘What are light quanta?’  Nowadays every clod thinks he knows it, but he is mistaken.”


In this lab we will study the spectrum (colors) of light emitted by various objects.  Gustav Kirchhoff and Robert Bunsen discovered at Heidelberg University in 1859, that each element emits a certain set of colors (called its spectrum) that is unique to the element.  This is a powerful tool for identifying elements, and it has been used to understand the composition of objects here on Earth as well as other things in the universe including the stars.  Attempts to understand what causes the spectra and how to predict the spectra for each element led to the development of quantum theory.  In particular, Balmer’s formula for the wavelengths of the spectrum of hydrogen provided the key that Neils Bohr and others used to invent the quantum theory.

Lab Goals
•
To learn how to use a diffraction grating.

•
To observe the spectra of various elements.

•
To observe the spectrum of an incandescent bulb.

Precautions and Hazards

The main hazards in this lab are from the spectrum tube light source.  The spectrum tube operates on a voltage of thousands of volts.  You must be very careful to not touch the electrical connections for the spectrum tube when the power supply is turned on.  The electrical connections are well shielded so that the possibility of accidental contact is very low when the spectrum tube is installed.  However, the contacts are exposed if the spectrum tube is removed.


Another hazard from the spectrum tube is that it gets very hot if it is on for a significant amount of time.  Do not touch the spectrum tube when it is turned on, and be careful to make sure it is not hot if you intend to touch it when it is off.

Part 1.  Use of Slitfilms to Observe Wave Properties of Light


A slitfilm is a piece of photographic film that has been exposed so that it is opaque nearly everywhere except for patterns of transparent slits (a slit is a small rectangular area whose width is much narrower than its length).  The slitfilm has 5 columns of slit patterns:  one column consists of single slits of various widths, another column consists of double slits (2 adjacent slits) with various spacings between the double slits, and so forth.  


A schematic diagram of the slitfilm patterns is shown on the next page.  A set of three numbers is next to each slit pattern.  The top number gives the number of slits in the pattern, the middle number tells the width of the slits (in units of ≈0.0018 inch), the bottom number gives the width of the opaque region between adjacent slits in multislit patterns.  


Your instructor will guide you in observing the interference pattern produced by various slit configurations. 


The slitfilms are very delicate.  Please take care not to drop them, and try not to touch the glass surface with your skin since a grease film will be left on the glass that is difficult to remove.
[image: image1.png]


Pattern of Slits on Slitfilm
Q1)  Sketch the light pattern you observe when viewing a long vertical filament through a narrow vertical single slit.  

Q2)  How does the spacing between adjacent bright and dark bands of a single-slit interference pattern change as the slit width is decreased?                          

Q3)  Which interference pattern has more dark bands:  a single slit or double slit?                                    

Part 2.  Introduction to Diffraction Gratings and Spectra

The instrument you will use to split light into its different colors is a very simple device called a diffraction grating.  It is just a piece of photographic film that has been exposed so that there are a huge number of uniformly spaced parallel slits through which light can pass.  For the gratings you will use today, the number of slits is 7440 in each cm.  We will see below that the distance between the centers of adjacent slits is the most useful way to describe the grating.  The symbol D will represent the distance between adjacent slit centers and can be calculated from



D = 1/ (7440 slits/cm) = 1.344(10-4 cm = 13440 A. 
(1)



The light that passes through each slit spreads outward as it moves away from the diffraction grating just like the sound emitted by a speaker.  At any point downstream of the grating, light from thousands of adjacent slits interferes.  It turns out that for most of the space downstream of the grating, the interference from these thousands of slits is destructive.  For example, if at a particular point in space and at one instant in time the light from one specific slit happens to be at a crest, it is almost always possible to find another slit where the light from it happens to be at a trough and thus interferes destructively with the light from the first slit.  However, at just a few locations the light from each slit constructively interferes to produce a very large amplitude.  The locations of these regions of constructive interference depend on the wavelength of the light passing through the grating, thus different wavelengths of light can be separated.


The photographic film containing the grating is mounted in a 35-mm slide holder between two thin plastic windows, and the direction of the slits is parallel to the narrow edge of the windows.  The grating is symmetrical in that it doesn’t matter through which side the light passes.  The grating axis is defined to be the line through the point in the center of the grating that runs perpendicular to the face of the grating.  


If the light source and grating are oriented in a particular way, the locations of the regions of constructive interference downstream of the grating are very easy to describe.  (In this lab, the light sources and grating will be set up in this particularly simple arrangement.)  Here are the requirements for this special arrangement:


1) The light originates from a source that is long and narrow, and the long direction of the source is parallel to the direction of the grating slits.  (In fact, the length of the source is not important, but it must be narrow).


2) The direction of the light incident on the grating is parallel to the grating axis.  This requires the source to be a long distance away from the grating (where long means a distance much greater than the length or width of the grating).

If these two conditions are satisfied, then the locations of the regions of constructive interference downstream of the grating are given by the simple equation



 sin () = n  / D 
(2)


where  (“lambda”) is the wavelength of the light, D is the spacing between the centers of adjacent slits in the grating,  (“theta”) is the angle of the emerging light to the grating axis in the plane containing the grating axis and perpendicular to the slits, and n is an integer (0, +1, -1, +2, -2, +3, -3, etc.).  Thus, there will be several beams of light emerging from the grating at the angles which satisfy Equation 2.  Figure 1 is a sketch of this arrangement.  The width of the emerging beams will depend on the width of the light source (that’s why the source should be narrow).
Figure 1:  Arrangement of Light Source and Diffraction Grating

Let’s explore the meaning of Equation 2 in more detail.  For each different value of n, there is an angle (n) where the light emerging at that angle from the grating slits all interferes constructively producing a bright beam of light.  For example, when n = 0 the equation becomes:


n = 0:
sin () = 0. 
(3)


Sin () equals zero means that  must be zero since  cannot be larger than 90 degrees.  Thus, light coming straight out of the grating parallel to the grating axis will constructively interfere.  This beam of light coming straight out of the grating is called the ‘central antinode.’  (Nodes are regions of destructive interference, antinodes are regions of constructive interference.)  Note that Equation 3 makes no reference to the wavelength of light, so light of any color will emerge in the central antinode.


When n = +1, Equation 2 becomes:


n = +1:
sin () = / D. 
(4)

To see how this works, consider yellow light of wavelength about 5500 Angstroms (1 A = 10-10 m).  Thus, /D = 0.410 = sin (), so  = 24.2 degrees.  A bright beam of yellow light will be observed leaving the grating at an angle of 24.2 degrees.  


Continuing on with our examples, consider n = -1.   Equation 2 becomes:


n = -1:
 sin () = - / D. 
(5)

For the yellow light with  = 5500 A, we have -/D = -0.410 = sin(), so  = -24.2 degrees.  Thus, we will see a bright beam of yellow light on either side of the central antinode at angles of 24.2 degrees.  So n values that are positive describe beams of emerging light on one side of the central antinode, and n values that are negative describe beams on the other side.

Finally, for n = 2, Equation 2 becomes:


n = +2:
sin () = 2 / D. 
(6)

For the yellow light with  = 5500 A, we have 2 /D = 0.819 = sin(), and  = 55.0 degrees.  So there will be another pair of beams of yellow light leaving the grating at an angle of 55.0 degrees on either side of the central antinode.  


If we try the case for n = 3, we find sin () = 1.22, but this is impossible since the sine of an angle cannot be greater than 1.  Thus there will be a total of 5 beams of yellow light emerging from the grating.

Part 2.1  Observing the Spectra of Several Light Sources

Your instructor will guide you through observations of several light sources that are located at the instructor’s table.  All of the light sources are long and narrow and are oriented so the long direction is vertical.  To observe the sources with your diffraction grating, you will need to orient the slits so they are vertical.  The slits are way too small to be seen with the unaided eye, although you can just see them under an optical microscope.  Since the direction of the slits is parallel to the narrow edge of the plastic windows, you will need to hold the grating so the long edge of the plastic windows is horizontal and the narrow edge is vertical.  To view the light source, place the diffraction grating directly in front of your eye.  If you wear glasses, keep your glasses on, and place the diffraction grating in front of your glasses.  If you look straight through the diffraction grating at the light source, you should see the central antinode.  It should look exactly like the light source does to the naked eye because the different colors are not spread for the central antinode.  If you keep the diffraction grating oriented so its axis is pointed at the light source but rotate your eye so that it is either looking left or right through the grating, you should observe the separate colored lines of the spectrum. 

1.1a  The Spectrum of Helium

We’ll begin with the spectrum of helium because the helium spectrum tube is very bright and easy to see, there is very little contamination in the gas, and there is a very prominent and isolated yellow line in the middle of the spectrum that matches nicely with our example studied above.


Observe the spectrum of helium, then make a sketch of the spectrum of helium in the space below.  Only sketch one set of spectral lines from the blue to the red, and label the colors of each line (blue, green yellow, red, etc.).

Figure 2.  A Sketch of the Visible Spectrum of Helium:
Q1)  What is the total number of spectral lines you observe in the visible spectrum of helium?


Number of lines seen in visible spectrum of helium: ___________
Q2)  What is the color of the helium spectrum tube when seen directly with the eye (without a diffraction grating)?

Q3)  Can you see the central antinode through the diffraction grating?  YES  NO (circle answer)

Q4)  What color is the central antinode?  (Don’t confuse the central antinode with one of the colored lines of the spectrum on either the left or the right of the central antinode.)                     

Q5)  Which color of the helium spectrum is closest to the central antinode, the blue end or the red end? Blue or Red (circle answer)


If you look far to the left or the right while keeping the grating axis pointed towards the light source, you should be able to see another copy of the helium spectrum corresponding to the ‘n = ± 2’ antinodes in Equation 2.  The blue lines should be easy to see, and the yellow lines are a bit more difficult because their angle is so large.

Q6)  Can you see the red lines of the ‘n = 2’ antinode?                      

Q7)  In total,  how many distinct yellow lines do you observe looking both to the left as far as possible and to the right as far as possible?                     

1.1b  The Spectrum of Hydrogen

About 75% of the atoms in the universe are hydrogen atoms.  Although you will precisely measure the wavelengths of the visible lines of the hydrogen spectrum in Part 4, here you will get your first look at the hydrogen spectrum.


Observe the spectrum of hydrogen, then make a sketch of the spectrum of hydrogen in the space below.  Only sketch one set of spectral lines from the blue to the red, and label the colors of each line.  Note that many hydrogen spectrum tubes contain small amounts of contamination from other elements.  Thus you might see a huge number of very dim lines from the contaminating elements.  Ignore the very dim lines, and focus your attention on the few bright lines.

Figure 3.  A Sketch of the Visible Spectrum of Hydrogen:
There is another faint violet line in the visible spectrum of hydrogen at slightly shorter wavelengths than the easily visible violet line.   If you turn on your own spectrum tube and examine the hydrogen spectrum when the grating is only about a foot away from the spectrum tube, the second violet line should be visible.  

Q8)  What is the total number of spectral lines you observe in the visible spectrum of hydrogen?


Number of lines seen in visible spectrum of hydrogen: ___________

Q9)  What is the color of the hydrogen spectrum tube when seen directly with the eye (without a diffraction grating)?                       

1.1c  The Spectrum of Neon

Neon signs are very popular for advertising.  The visible spectrum of neon is quite complex.  Have your instructor operate the neon spectrum tube, and observe the spectrum of neon.

Q10)  Approximately how many lines can you see in the visible spectrum of neon? ____

Q11)  What is the color of the neon spectrum tube when seen directly with the eye (without a diffraction grating)?                       


Helium-neon lasers are very commonly used in physics labs.  Most lasers function by arranging things so nearly all the excited atoms only emit light in one spectral line.  Thus, if you look at the spectrum of a laser it will only have one color.  In a helium-neon laser, the neon atoms emit the visible light at a wavelength of 6328 angstroms.  Have your instructor simultaneously demonstrate the light from the neon spectrum tube and the helium-neon laser.  (Note:  the actual spectral line of the He-Ne laser is too dim to see easily in the spectrum of the spectrum tube.  If is very close in wavelength to a line which is easily observable in the tube spectrum.)

Q12)  Can you identify the neon spectral line which is used in the helium neon laser?

1.1d  The Spectrum of Solid Tungsten at high temperature


All the spectra you have observed so far have been produced by atoms in a gaseous state.  Except for relatively infrequent collisions with other atoms (or molecules) in the gas, the atoms are basically isolated.  This isn’t the case with atoms in a solid.  They are interacting with their neighbors all the time.  One consequence of these continuous interactions is that the spectral lines become greatly smeared out.  In fact, they become so smeared that you can no longer detect distinct spectral lines, all you observe is a continuous spectrum characteristic of the temperature of the hot object.  You will recognize it as the spectrum of a rainbow.  


Have your instructor turn on the incandescent lamp, and observe its spectrum.  He will simultaneously display the spectrum of the incandescent lamp along with the discrete spectrum from a spectrum tube.  Note that the incandescent bulb is emitting all wavelengths in the visible spectrum.

Q13)  Can you see the central antinode of the solid tungsten spectrum through the diffraction grating?             

Q14)  What color is the central antinode?                    

Q15)  Which color of the tungsten spectrum is closest to the central antinode, the blue end or the red end?                      

Q16)  Can you observe the n = ± 2 antinodes in the tungsten spectrum?             
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