


Introduction 
 

The spectrum is the entire range over which some measurable property of a physical 
system of phenomenon can vary.  Systems that have spectrums include sound frequency, 
electromagnetic radiation wavelength, and the mass of specific kinds of particles.  Every element 
has a series of spectral lines.  No two elements have the same spectral line.  These spectral lines 
can be seen by ionizing the element and then sending the emitted photons through a prism or 
diffraction grating.  This experiment allows the experimenter to see spectral lines of two 
different elements, mercury and hydrogen.  The spectral lines of the elements look like a series 
of reflections of  the  element’s  ionized  source  in different, specific colors.   
 
Procedure and Data 
 
 A spectrometer is used to measure the angular position of the different order diffraction 
gratings.  This was done for a mercury light source and a hydrogen light source.   
 

The mercury light was used first.  The light was set as close as possible to the 
spectrometer, without touching it, and then adjusted until the maximum amount of light is seen 
through the eyepiece on the opposite end of the spectrometer.  Once this was done, the 
diffraction grating was placed on the center of the spectrometer.  The eyepiece was then swept 
side to side to find the spectral lines.  The first order diffraction line for mercury was violet.  The 
angle between the light source and the violet line was measured and found to be 15º. 

 
The mercury light was then removed and replaced with a hydrogen light source.  The 

same basic procedure was followed for setup.  The placement of the light was adjusted until the 
maximum of light was seen through the eyepiece of the spectrometer.  The diffraction grating 
was then added so that the spectral lines could be seen (figure 1).  For the hydrogen light, angles 
for the first three orders of spectral lines were recorded.  The first order line was a violet line at 
15º, the second order line was a turquoise line at 17º, and the third order line was a red line at 
23º.   All angles were measure from the light source as seen in the spectrometer.  Using the 
following equation, the wavelength of each of the spectral lines can be calculated. 
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Where R is the Rydberg constant, equivalent to 1.09x10-7 m-1, and n is the order of the 
diffraction line.  These values came out as 661 nm for the violet line, 489 nm for the turquoise 
line, and 437 nm for the red line. 
 
 
 
 
 
 
 
 



 

Figure 1-Hydrogen Light Source as Seen Through a Diffraction Grating* 

 
 

 

 

 

 

 

 

 

*Figure 1 was taken by placing the diffraction grating against the camera lens and aiming it 
towards the hydrogen light source. 
 
Results 
 
All elements have a distinct spectral line.  This experiment focused on the spectral lines of a 
mercury light source and a hydrogen light source.  The spectral lines of elements can be seen by 
ionizing the element, causing it to release photons, then sending those photons through a 
diffraction grating.  Images similar to that of figure 1 will be seen for each element.  However, 
different elements will have lines of different color, spacing, or patterning as those of the 
hydrogen lamp.  A spectrometer can be used to find the angular position of the visible spectral 
lines.  In the case of the hydrogen lamp, the first three orders of spectral lines were measured.  
Using the given equation and the order of each spectral line, the wavelength of each line can be 
found. 
 







  22

1
2
11

n
R


 

 
Because this equation was developed using the Balmer series, the order of the diffraction lines 
found cannot be less than three.  If they are, the equation will return a negative wavelength.  For 
the purposes of this experiment, although told to find the first through third diffraction lines, 
n=3-5 was used.  For example, the first order diffraction line found was a violet line and 15º 
from the light source.  To find the wavelength, a value of n = 3 was plugged into the given 
equation along with the value of the Rydberg constant (R = 1.09x10-7 m-1).  This returned a value 
of 6.61x10-7 m or 661 nm.  After doing some researching on the internet, it was found that the 
violet spectral in the hydrogen spectrum is about 670 nm.  By comparing the other two values 
with those found on the internet, this was found to be true for all three values.  This should lead 
the experimenter to believe that the violet, turquoise, and red lines are actually the third, fourth, 
and fifth order diffraction lines. 
 



 



 


