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 1. Observe the light of each tube with the 
naked eye. Then observe the same light 
with a spectrometer. A spectrometer is a 
device used to measure a wavelength of 
light. You teacher will explain how to 
use the spectrometer.  

a) Record your observations in your 
Active Physics log.

b) The spectrometer has a scale and 
values within for measurement of 
the wavelengths of light. Record the 
wavelengths that correspond to each 
color of light that you are observing 
in each tube. The wavelengths are 
measured in nanometers (nm). The 
prefix nano means 10–9. 1 nm = 
10 1 0 0000000019− =( )m nm m. . 
The wavelengths of visible light range 
from about 450 nm (violet) to
about 700 nm (red).

 2. The light emitted by each of the three 
tubes is comprised of a distinct pattern 
of colors. These colors correspond to 
specific wavelengths of light. Each gas 
has its own distinct set of wavelengths. 

a) Write down three wavelengths of 
light from one gas tube. Pass this list 
on to someone else in your group. 
Have that person identify the name 
of the gas you chose. Were you 
all successful? 

Scientists try to determine characteristic 
properties of substances. A characteristic 
property of a substance is a unique 
attribute that can be used to identify 
that substance and distinguish it from 
other substances. Fingerprints or DNA 
patterns for humans are characteristic 
properties. No two people have been 
found who share an identical fingerprint 
or identical DNA (other than identical 
twins). The spectrum of light from a gas 
is a characteristic property of specific 
atoms in that gas.

 3. When the spectrum of light from the 
Sun was analyzed, a set of observed 
wavelengths had the following values: 
434 nm, 471 nm, 486 nm, 588 nm, 
656 nm, and 668 nm. 

a) Which gas on Earth emits three of 
these wavelengths of light?

b) Which gas on Earth emits the other 
three wavelengths?

c) From these observations, what can 
you conclude about the gases that 
comprise the Sun?

 4.  In 1913 Niels Bohr, as a young
physist, constructed a model of the 
hydrogen atom that could account for 
the spectral lines of hydrogen. Bohr’s 
model consists of only a few simple 
assumptions:

• A proton forms a nucleus and the 
single electron orbits the proton. 

• The electron orbits in a circular path.

• The electron is held in orbit about 
the proton by Coulomb’s law (unlike 
charges attract).

Only your teacher will handle the power 
supply and the tubes of gas. The power 
supply uses high voltage, which can be 
dangerous. The tubes of gas are glass and 
can be broken, leaving sharp edges. Do 
not look into bright lights (other than 
the sample of study) or the Sun with the 
spectrometer.
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Section 4  Hydrogen Spectra and Bohr’s Model of the Hydrogen Atom

Active Physics

Plus
Calculations Involving the 
Hydrogen Atom
The Bohr model has a single electron of 
hydrogen orbiting a single proton nucleus of 
hydrogen. The force that holds an electron 
in orbit is the Coulomb electrostatic force 
between two unlike charged objects.

a) Using Coulomb’s equation: 
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calculate the force between the proton 
and electron (each has a charge of
1 6 10 19. × − C . The distance between 
them is 5 10 10× − m .

As you will see in the next section, in 1905 
Albert Einstein proposed the relationship 
between the energy of light and its frequency 
in the following equation:
    E hf=

where E  is the energy of light, 
      h  is Planck’s constant,   
        6 63 10 34. ×( )− J si

 
, and

      f  is the frequency of light. 
To know the frequency is to know the 
wavelength. Wavelengths of light ( )λ  can 
be found from the wave equation
    c f= λ

where c  is the speed of light 

     ( . )3 0 108× m s .
Einstein’s proposed equation for the energy 
of light E hf=  can be combined with 
Bohr’s calculation of the energy given to 
the light when the electron jumps from 
E E3 2to . You can use this combination to 
predict the spectrum of emitted light. You 
must also convert from the energy unit 
of electron volts to joules if you wish the 
wavelength to be in meters. To calculate 
the wavelength using the energy lost by the 

electron during the jump in electron volts 
requires using Planck’s constant ( )h  in 
electron volts, or h = × −4 1 10 15. eV.s.
Combining the two equations: 
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Therefore,
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ΔE is the energy change in electron volts (eV).
Example:
When the electron jumps from E E3 2to , 
the change in energy is 1 89. eV. 

a)  Calculate the corresponding 
wavelength of light.
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The wavelength determined by the above 
calculations equals the measured wavelength 
of the red line of hydrogen. 

 1. Calculate the wavelengths of light 
when the electron jumps from 

     E E E E E E4 2 5 2 6 2to , to and to, .

 2. How do these values compare with the 
ones you found in your observations 
of the hydrogen spectra?
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