
Emission Spectra 
 

 Name: _________________________________ 
 

 
What is light? 
Sounds like a simple question, right? Believe it or not, we don’t really know. You have 
probably heard two different ways of talking about light. There is the "particle" theory, in 
which particles of light are called photons. There is also the "wave" theory, where waves 
of  light are called light waves. (Imaginative, huh?) In 1924, Albert Einstein stated that 
“there are therefore now two theories of light, both indispensable, and - as one must 
admit today in spite of twenty years of tremendous effort on the part of theoretical 
physicists - without any logical connections.” Modern physicists believe that light can 
behave as both a particle and a wave, but they also recognize that either view is a simple 
explanation for something more complex. 

 
Light waves come in many sizes. The size of a wave is measured as its wavelength (λ), 
which is the distance between any two corresponding points on successive waves, usually 
peak-to-peak or trough-to-trough. (If you did the “Moons of Jupiter” lab, you will already 
be familiar with the concept of wavelength.) The energy of a light wave can be 
determined once you know its frequency. The mathematical expression is: 

     c*h 
E = ------- 

      λ 
From this, you can see that light waves with longer wavelengths have less energy.  The h 
is a single number called Planck's constant, which is always the same. 
 
What is a spectrum? 
Anything that has a temperature emits light. We call this light thermal radiation or 
blackbody radiation. A spectrum is a graph of the intensity (basically the number of 
photons) vs. wavelength (equivalent to the energy of the photons). The higher the 
temperature of the object, the more energetic the light that can be produced. Since a 
longer wavelength means less energy, the photons of the highest energy are to the left. 
 
 
 
  
 



What does a spectrum of continuous thermal radiation look like? 

 
What does an absorption spectrum look like? 

This is a hydrogen absorption spectrum.  It looks like a continuous spectrum with a few 
specific colors missing, and that's exactly what it is.  Those missing colors are light with 
a specific wavelength that has been absorbed by a hydrogen atom.   
What causes absorption lines? 
• The electrons in atoms have very specific energies at different levels.  To jump from a 

lower to higher energy level, they must be given energy exactly equal to the energy 
difference between the two levels. 

• If a photon comes along with exactly that energy, it will give all its energy to the 
electron, which will jump to a higher level.  This is absorption. 

• If we are looking at a source of a continuous spectrum, and a cloud of hydrogen gas is 
in front of that source, the cloud will absorb specific energies of photons (specific to 
hydrogen energy levels) from the continuous light coming from that source, and we'll 
see dark lines in the spectrum where light was removed. 

What does a spectrum with emission lines look like? 
Examine the lower half of the 
image to the left. This is the 
spectrum of a Wolf-Rayet 
'nitrogen' star with emission 
lines. This the same kind of 
graph as the one for thermal 
radiation. You can trace out 
the thermal radiation spectrum 
as the hump upon which the 
spiky emission lines are 
sitting.  
 



The upper half of the image to the left is what you would see if you were looking at the 
same object through a diffraction grating. Even though this picture is quite different, we 
still call it a spectrum. Notice that the really bright lines on this part of the image 
correspond to the emission line spikes on the lower part of the image.  
 
What causes emission lines?  

• Start by assuming a continuous spectrum of thermal radiation (typically from a 
hot, dense energy source). 

• There will be a low-density cloud surrounding the energy source.  
• The atoms in the cloud absorb photons, allowing the electrons to shift into higher 

energy levels. 
• The electrons “fall” back down into old energy state, emitting a photon in a 

random direction in the process.  
• Some of these photons will travel in the direction of the initial photon; others will 

not. 
• If you look at the energy source through the low-density cloud, you will see a 

continuous source minus all the photons that are not traveling in the initial 
direction. This is an absorption spectrum.  

• If you look at the low-density cloud without looking at the light source, you will 
only see the photons that are being emitted. This is the emission spectrum. 

 
 
Why are the wavelengths missing from absorption spectra the only wavelengths 
where light is present in emission spectra? 

• Electrons in a given atom have specific energy levels 
• The electrons can only jump from one energy level to the next; 

cannot “stop” in between energy levels 
• In order to change energy levels, the electron must either 

absorb or emit a photon of the appropriate energy 
• The energy of a photon corresponds to its wavelength 
• The electrons in the thin cloud of gas end up absorbing (and 

emitting) photons of the same wavelength over and over again 
 
But we’re inside today. How are we going to work with emission spectra? 
You should see a number of black boxy power supplies around the room. In each one is a 
long, thin glass tube. Each tube contains a different gas; most tubes will be labeled with 
the gas inside of them. When the power supply is turned on, there will be an electrical 
discharge in the tube. This will excite the electrons of the atoms into higher energy states. 
As the electrons spontaneously drop down to lower energy states, they emit photons of 
different wavelengths. The wavelength of the light corresponds to the difference in the 
energy between the upper and lower energy states. 
 
Using a diffraction grating, we will look at the glowing tubes through a slit. Kind of like 
a prism spreading white light out into a rainbow, the diffraction grating spreads out the 
light into its constituent colors. This will allow us to see the different emission lines 
produced by the gas within the tube. 
 



 
 
 
 
 

Procedure 
 
 8 different labeled gas tubes will be shown. Go to each and carefully examine the 
emission spectrum. I strongly suggest that you record the spectrum on the space provided 
below in the following way: 
 
a. Label each drawing with the name of the substance. 
b. Draw the spectrum.  

i. If possible, draw each emission line in its correct location. (If you have too 
much trouble looking at the scale through the diffraction grating, you may 
simply pick the grating up and draw the lines at the correct relative distances 
from one another.)  

ii.  If there are large bands of lines (ex. Nitrogen) then draw a box instead of 
drawing every individual line in that region. Indicate where the brightest lines 
are within the boxed off region. Continue to draw individual lines outside of the 
boxed region. 

iii.  Bands will be brighter at one end than the other. Draw the line at the 
bright end and use shading to indicate the width. 

c. Label each line as bright, moderate, or faint using the letters b, m, and f. Only 
relative brightnesses matter.  

d. Mark the colors (red, orange, yellow, green, blue, violet) over each line or group 
of lines.  

 
2.  View the two unknown tubes. They will be marked with a letter. Make sure that you 

record this letter before you view the substance! I will be changing the tubes 
throughout the lab. 

 
3.  Record the spectra of the two unknowns as described in step 1 on the space provided 

below. 
 
4. Identify the unknowns. Justify your identification. 
 



Safety warnings: The tubes get very hot. Don’t touch them! They are rather old. Use 
some caution. If there is a tube broken in the room, please leave the room until I say it is 
safe to re-enter. One of the tubes contains mercury, which is a carcinogen.  
 
 
Substance:_____________________ 
 

 
 
Substance:_____________________ 

 
 
Substance:_____________________ 

 
 
Substance:_____________________ 
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Substance:_____________________ 
 

 
Substance:_____________________ 
 

 
Substance:_____________________ 
 

 
Substance:_____________________ 
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Unknowns 
 
 
Letter ID:_____________________  
 
 

What element do you think this is? ________________________________ 
Justification for identification: 
 
 
 
Letter ID:_____________________  
 

 
What element do you think this is? _________________________________ 
Justification for identification: 
 
 
 
 
 
 
Questions 
 
1. Hydrogen is the simplest atom, having only one proton and one electron. How does its 
spectrum compare with the spectra of other substances? 
 
 
 
2. The instructions said to record only relative brightness. Why do you think that absolute 
brightness is not important for identifying the species? (Hint: If one tube of gas had twice 
as many atoms as another, would it be emitting more photons?) 

4000 Å 5000 Å 6000 Å 7000 Å 

4000 Å 5000 Å 6000 Å 7000 Å 



 
3. Since wavelength is uniquely related to color, why is it generally important to record 
wavelengths, which must be measured on a scale, rather than colors, which can be readily 
seen?  
 
 
 
 
4.  Stars have absorption spectra.  This means that a star composed of hydrogen would 
have a spectrum showing every color except for a few dark absorption lines where those 
specific wavelengths of light were absorbed.  Those lines would correspond to the few 
colored lines which you saw in your hydrogen emission spectrum.  Now, in reality, stars 
are composed of many different elements, and even molecules.  a) Knowing this, and 
thinking about the lab you just did, how do you think astronomers are able to figure out 
all the different substances that are present in stars?  b) Would they be able to know 
what's inside a star, or just what's present near the surface? 
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