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Atomic Spectra 
 
Introduction 
 
The studies of atomic spectra had led to many important advances in Modern 
Physics and astronomy. In this experiment we will examine some well-known 
atomic spectra and compare the measured wavelengths of some of their spectral 
lines to their accepted values and to identify a given vapour from its atomic 
spectrum. 
  
 
Theory 
 
An incandescent source such as a hot solid metal filament produces a continuous 
spectrum of wavelengths.  Light produced by an electric discharge in a rarefied 
gas of a single element contains a limited number of discrete wavelengths – an 
emission or “bright line” spectrum characteristic of the element.   
 
The discrete lines of a given emission spectrum depend on the atomic structure of 
the atoms and are due to electronic transition from the excited states to the lower 
energy states. The line spectrum of hydrogen was explained by Bohr. According 
to him, the energy En of a permitted energy orbit is given by 
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where R is the Rydberg’s constant, h is the Planck’s constant, c is the speed of 
light and n is an integer (the principle quantum number).  Excited atoms return to 
lower energy levels by emitting light of frequency f given by the energy difference 
of the energy states involved: 
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where λ is the wavelength of the light emitted m and n are integers and m > n.  
 
To measured the wavelengths of the different lines, we make use of the 
dispersive power of a diffraction grating.  A grating is a piece of transparent 
material on which has been ruled a large number of equally spaced parallel lines.  
The distance between the lines is called the grating line spacing, d. 
 
Light that strikes the transparent material is diffracted by the parallel lines. The 
diffracted light passes through the grating at all angles relative to the original light 
path.  If diffracted light rays from adjacent lines on the grating interfere and are in 
phase, an image of the light source can be formed.  Light rays from adjacent lines 
will be in phase if the rays differ in path length by an integral number of 
wavelengths of the light 
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Figure 1.1: Ray diagram for first order diffraction pattern 
 
 
 
The relationship between the wavelength of the light, λ , the grating line spacing, 
d, and diffraction angle, θ, is as follows: 
 
     mλ  = d sin θ 
 
In the diagram (Figure 1.1), the path length for Ray A is one wavelength longer 
than the path length of Ray B. 
 
 
 
 

d = grating line 
      spacing θ = angle of diffraction 

Path difference = d sin θ = mλ 
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Ray B 



Experiment Setup 
 

 
1. Set up the Spectrophotometer next to a mercury vapor light source as 

shown in figure 1.2. Use the base provided to raise the spectrophotometer 
to the same level as the opening to the light source. 

 
2. Turn on the light source.  Once it is warmed up, adjust the light source, 

collimating slits, collimating lens, and focusing lens so that clear images of 
the central ray and the first order spectral lines appear on the aperture disk 
and aperture screen in front of the high sensitivity Light Sensor. Turn the 
aperture disk so the smallest slit on the disk is in line with the central ray. 

 
3. Connect the high sensitivity Light Sensor cable to Analog Channel A.  

Connect the Rotary Motion Sensor cable to Digital Channels 1 and 2. 
 

4. Connect the Science Workshop interface to the computer, turn on the 
interface. Start DataStudio. 
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Figure 1.3: The Science Workshop interface 

 
 
 



 
 Software interface setup  

1. Start experiment by double click the “DataStudio” icon. 

2. Left click on the mouse at Analog Channel A and select the “Light Sensor”. 

3. Set the Light Sensor so that it measures only the “Light Intensity, Ch A (% max). Uncheck 
“Voltage, ChA (V)”. 

4. Left click on the mouse at Digital Channels 1 & 2 and select the “Rotary Motion Sensor”. 
 
5. Set the Rotary Motion Sensor so that  

 the sample rate is 50 Hz, 

 it measures Angular Position, Ch 1 & 2 (rad)  

 it records 1440 divisions per rotation  
 

6. Use the experiment calculator in DataStudio to create a calculation of the actual angular 
position of the degree plate.  The angular position of the Rotary Motion Sensor must be divided 
by the ratio of the radius of the Degree Plate and the radius of the small post on the Pinion. The 
ratio is approximately 60 to 1. To do so,  
 

 Under definition, input “Actual Angular Position =  x/60”;  

 Under variables, define x = Angular Position, Ch1&2 (rad).   
 

7. In the program, select a graph display and set it to show “Light Intensity (% max)” on vertical 
axis and click on horizontal axis to replace “Time” to “Actual Angular Position”.  

8. You are now ready to collect data.  



Experiment- Record Data 

 
 
 

1. Cover the setup with the given black cloth to block out the ambient light. 
 
2. To scan a spectrum, use the threaded post under the Light Sensor to 

move the Light Sensor Arm so the Light Sensor is beyond the far end of 
the first order spectral lines, but not in front of any of the spectral lines in 
the second order. 

 
3. Set the GAIN select switch on top of the High Sensitivity Light Sensor to 

100.  (You may use a lower setting if you find that the signal is too strong.) 
 

4. In the DataStudio program, click the start icon to begin recording data. 
 

5. Scan the spectrum continuously but slowly in one direction by pushing on 
the threaded post to rotate the Degree Plate. 

 
6. Scan all the way through the first order spectral lines on one side of the 

central ray (“zeroth order”), through the central ray, and all the way 
through the first order spectral lines on the other side of the central ray as 
shown in figure 1.4. 

 
7. Click the stop icon to stop recording data. 

 
8. You may repeat the scan by setting different light sensor gain levels or slit 

widths to obtain the best scan, or to obtain mean values of the angles 
needed to find the wavelengths. 

 
9. Repeat the process for hydrogen light source. 

 
10. Repeat the procedure for the unidentified discharge tube. 



Analyze the Data 
 

1. Use the graph display to examine the plot of Light Intensity versus Actual 
Angular Position for the first run of data. 

 
2. Use the built-in analysis tools in the DataStudio graph display to find the 

angle between the two matching spectral lines.  The angle, θ, is one-half of 
the angle between the two lines. Use mλ =d sin θ (and let the order, m be 
1) to calculate the wavelength of the chosen spectral line.  (Alternatively, if 
the line is visible only on one side, record θ as the angle from that line to 
the central line instead.) You may assume d = 1666 nm. 

 
3. Repeat the process for the other colours in the first order spectral pattern. 

 
 
Data Table 
 
You may tabulate your result for each discharge tube in a manner similar to the 
table given below, or create a suitable table of your own. 
                            

Colour  θ1 Intensity θ2 Intensity ∆ θ θ=∆ θ/2 λ =dsinθ Accepted 
λ 

         
         
         
         
         
         
         
         
         

 
You can compare your spectra and obtain the wavelengths present in the 
mercury and hydrogen emission spectra with those found in the following 
websites: 
 

http://astro.u-strasbg.fr/~koppen/discharge/ 
http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/atspect3.html#c1 

 
 
Discussion and Conclusion 
 
Give plausible reasons for any discrepancies between your measured values and 
the accepted values of wavelengths of mercury and hydrogen.  Are your results 
within experimental errors or are there systematic errors (please explain). 
 
From the known spectra in the websites listed above or other sources, explain 
what you think the vapour in the unidentified discharge tube is.  Indicate clearly 
the code (DT---) on the tube.  
 




