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Introduction/Background 

Gathering and studying light is a very important tool for studying the universe. Visible light is only a small 
part of the electromagnetic spectrum.  By studying the electromagnetic spectrum we learn more about both the 
visible and invisible parts of the universe. 

  
Electromagnetic radiation travels through space as waves which vary in both their wavelength (the distance 

between wave crests) and frequency (the number of wave cycles per second). Gamma rays have the shortest 
wavelength and the highest frequency, while radio waves have the longest wavelength and the lowest frequency. 
Visible light, which is all that our eyes can see naturally, occupies a very narrow portion (less than 0.00001 percent) 
of the electromagnetic spectrum. 

Glowing solid objects like the hot filament of an electric light, molten metals, and hot compressed gases deep 
inside a star give off a mixture of many wavelengths of visible light, called a continuous spectrum. When chemical 
elements occur in the form of gases, their atoms give off a different kind of spectrum, called the bright-line 
spectrum. This information can be used to identify elements the same way as a fingerprint is used to identify a 
person. 

A dark-line spectrum forms when the light from a continuous spectrum passes through a cooler gas (like the 
gas surrounding the sun or stars). The dark-lines are in exactly the same the same place as the bright lines from the 
same element in a bright-line spectrum, which indicates which element is present. The dark-lines are referred to as 
absorption spectrum. The absorption spectrum from a star or planet shows the composition of the star’s outer layer 
or the planet’s atmosphere. When the dark lines are matched with bright-line spectra, the elements in the sun’ can 

be identified. Evidence from analysis of spectra indicate there are 80 elements in the sun’s atmosphere.

 



Pre-lab questions: read the text and look at the images on the previous page to help you answer the following 
questions.  

 
1. What is a spectrum? 

 
 
 

2. How do you make a substance emit energy? 
 
 
 
 

3. When will a substance absorb energy?  
 
 
 
 

4. How can we use spectra to identify elements? 
 
 

 
 

Activity Goals 
In this activity, you will explore and deepen your understanding of the electromagnetic spectrum and how it is used 
in physics, to study the origins of the universe, stars and planets.  
 
Phenomena/Observations to be Explained 

● Elements, when heated, produce a specific flame color and intensity 
● Light from stars produces a specific spectral pattern  

 
Essential Questions/Focus Questions 

● How can we gather information from stars that are billions of kilometers from Earth? 
● How are stars in distant galaxies similar to/different from our Sun? How do we know this? 

 
Part A. Observing Flame Tests  
A flame test is a procedure used to test for the presence of certain metals in chemical compounds.  When the 
compound to be studied is excited by heating it in a flame, the metal ions will begin to emit light.  Based on the 
emission spectrum of the element, the compound will turn the flame a characteristic color. This technique of using 
certain chemical compounds to color flames is widely used in pyrotechnics to produce the range of colors seen in a 
firework display. 

1. Your teacher will conduct a flame test for (5) known elements and (2) unknowns. 
2. Observe the flame with and without the diffraction grating. 
3. For the known elements, record your observations about color and intensity of the emitted light. 
4. For the unknown elements, record your observations and identify the unknown element, based on 

similarities with your observations from the known elements. 
 

 



Element Flame Color  Observations with 
Diffraction Grating 

Observations about color and 
intensity 

#1 = sodium chloride 
 

   

#2 = copper nitrate 
 

   

#3 = calcium nitrate 
 

   

#4 = potassium nitrate 
 

   

#5 = lithium chloride 
 

   

Unknown A 
 

  Observations and ID Element 

Unknown B 
 

  Observations and ID Element 

 
 
Do the following: 

1. Make a sketch that demonstrates the difference between the light emitted by any two of the known 
elements. Include the following components in your model: the emitter; the receptor (your eye); 
wavelength; frequency. 

 
 
 
 
 
 
 
 
 
 
 

2. Write (2) testable questions that you have from your observations. 
 
 
 
 
 
 
 
 



Part B. Observing Emission Spectra 
When elements in a gaseous state are heated, they give off a characteristic bright-line spectrum. In this part of 

the lab, you will have the opportunity to observe several examples of this phenomenon. You will use these 
observations to extend/expand your model from Part A of the lab.  

1.     Observe each unknown light source (gas spectral tube) provided through spectroscopic film. 
2.     Record your observations in the form of a spectral line drawing for each unknown gas tube using 

colored pencils. 
3.  Predict the gas using the spectrum chart. 
4. Your teacher will confirm the identity of the unknown tubes. Indicate the actual gas observed and 

confirm your prediction. 
 
 

Light Source (Gas 
in Spectrum Tube) 

Spectral Line Drawing Prediction of Gas 
observed 

Actual Gas Observed 

Tube A  
 
 
 

  

Tube B  
 
 
 

  

Tube C  
 
 
 

  

Tube D  
 
 
 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Part C. Interpreting Spectra - Practice identifying elements, based on known wavelengths of their spectra. 
1. Identify the spectral patterns, on the next page, using the wavelength information from the table below.  

 

Element Spectral Wavelengths Element Spectral Wavelengths 

Hydrogen  433, 486, 656 Calcium  429, 527, 593, 645 

Helium  447, 502, 587, 668 Krypton  427-430, 482, 556, 642 

Carbon  427, 515, 600, 678 Xenon  484, 590, 687 

Nitrogen  460-465, 567, 649, 661-666 Iron  417 to 433, 516,562, 619 

Oxygen  464 to 467, 559, 626, 760 Nickel  440, 499, 548, 572, 677 

Neon  439, 534, 588, 692 Copper  435-438, 490- 496, 503-508, 618- 622 

Sulfur  425, 565, 639, 675 Silver  421, 521, 662 

Chlorine  438, 522, 545, 669, 692 Gold  424, 497, 523, 628 

Aluminum  490, 528, 600, 669 Iodine  445, 560, 607, 634, 681 

 



 
 
 
 



We use spectra for known elements - both emission and absorption - to determine the composition of astronomical 
objects. Those compositions are always complex, made up of different element combinations. You will apply these 
principles to determine the composition of unknown light samples. 
 

1. Below are two images, the first is six known elemental spectra.  The second image is of four light sources 
containing unknown elements.  Use the known spectra to identify the elements present in light sources W, 
X, Y and Z.  

 

 
 

2. What elements are present in Unknown W? 
 

 
3. What elements are present in Unknown X? 

 
 

4. What elements are present in Unknown Y? 
 

 
5. What elements are present in Unknown Z? 

 
 
 
 
 



Analysis/Conclusions
 

 
1. a) The spectra for hydrogen includes the following wavelengths: 433 nm, 486 nm, and 656 nm. What are 

frequencies for each of those wavelengths? 
 
Hydrogen 

Wavelength (nm)  
(Nanometer = 10-9 M) 

Frequency (Hz) 
(Hertz =  cycles/second) 

433 nm  

486 nm  

656 nm  

 
b) The spectra for an unknown element contains the following frequencies: 6.29 E14 Hz; 5.98 E14 Hz; 5.11 
E14 Hz; 4.36 E14 Hz. What are the wavelengths for this element’s spectra? What is the element represented 
by this spectrum? 
 
 Element Name =  

Wavelength (nm)  
(Nanometer = 10-9 M) 

Frequency (Hz) 
(Hertz =  cycles/second) 

 6.29 E14 Hz  

 5.98 E14 Hz 

 5.11 E14 Hz 

 4.36 E14 Hz 

 
2. Describe the relationship between frequency, wavelength and energy of different light forms. 

 
 
 
 
 
  

3. How do we use patterns in the electromagnetic spectrum to interpret the composition of distant objects in 
the Universe?  

 
 
 
  



Teacher Notes: 
 
 

DCI/Content 
Electromagnetic Radiation 
Wave Properties 

SEP/Practices 
Modeling 

CCC/Concepts 
Patterns 
 

 
● It is recommended that Part A - Flame Tests be conducted as a demonstration for purposes of both time and 

safety. It is also possible to find video of flame tests online.  
 

● Part B requires gas tubes and power source. We believe all sites have some of these from the chemistry 
program. This should be inventoried and may be a possible resource purchase. 

 
● Part B can also be extended by providing opportunities to use spectroscopy to view different light sources. 

There are available labs suggesting the following: incandescent light; fluorescent light; compact fluorescent 
light; plant grow lights; glow sticks of different colors.  Spectra of Lights Activity 

● There are some online sources of astronomical spectra and/or colored versions of elemental spectra that 
could be substituted for Part C. 

 
● The lecture/slide deck supporting this content will include instruction and practice in graphing spectral 

observations and in calculations involving frequency and wavelength.  
 

● Below is a template that can be used to record the observations from Part B. It includes a scale for 
wavelength. 

 
(Optional: Here is an Exploratorium “Science Snack” in which you build your own spectroscope using an 
old CD and a cardboard tube: https://www.exploratorium.edu/snacks/cd-spectroscope) 
 
 
Additional Resources: 
Students complete the online spectra reading 
Compare the emission spectrum of the sun to the spectra of H, He, and Na. What is the sun made of? Calculate the 
frequency of several spectral lines from their colors (wavelengths).Part C***  
 
Project spectra lab with better connection to stars. 
Project spectra lab teacher/students sheets 
 
NASA Lesson sequence on EM Spectrum and Nucleosynthesis (use EM spectra here and nucleosynthesis in LS 5) 
 
 

https://www.globeatnight.org/dsr/dsee/Dark%20Skies%20Activities/Spectra%20of%20Lights%20Activity/Spectra%20of%20Lights%20Activity.pdf
https://www.exploratorium.edu/snacks/cd-spectroscope
http://www.trschools.com/staff/g/cgirtain/weblabs/spectrolab.htm
https://docs.google.com/document/d/1m_tB1217PGkFynxCSuPszEiZfNeM6IW2-_AynW_7gSo/edit
http://lasp.colorado.edu/home/education/k-12/project-spectra/
https://drive.google.com/open?id=0BwnyJBbg-eX6OFRqRW9RckZSYW8
https://imagine.gsfc.nasa.gov/educators/lessons/xray_spectra/spectra_unit.html

