Physics 4C

Experiment 10: THE HYDROGEN SPECTRUM and the BOHR MODEL
Purpose:  To measure the wavelength of the visible lines of the hydrogen spectrum and calculate the size of the first Bohr orbit.
Procedure/data:  

1. Calibration of grating  
Shine the He/Ne laser light (= 632.8 nm) at normal incidence through the diffraction grating.  View the interference maxima on the meter stick.  See diagram below.


A.
Measure the distance 2x on wall between 1st maximum on one side of 0th maximum and 1st maximum on opposite side of 0th maximum.

2x = __________________ cm.
B.
Measure the distance from the grating to the meter stick.

D = ___________________ cm.
C.
Recall that for the diffraction pattern for a grating is described by,


m( = d sin (,

where m is the order, ( is the wavelength, d is the slit spacing, and ( is as shown in the sketch above.  To calculate d, first use the fact that tan ( = x/D to find the angle and then use the equation (m = 1) to find d.


d = __________________ cm
2. Spectrum of hydrogen gas

Now view the emission spectrum for hydrogen gas, using the grating spectrometer.  Record the position of each line (red, cyan, blue) on the ruled scale as you look through the grating.  (See diagram below).  


A.
Measure the distance 2x between the lines on either side of the central maxima and then calculate x, the distance from the central maxima

distance x for violet line = ___________________ cm

distance x for cyan line = ___________________ cm

distance x for red line = ____________________ cm

B.
Measure the distance from the grating to meter stick distance
 D = ____________ cm

C.
Calculate the wavelength for each visible line in the H spectrum

red...= ____________________ nm

cyan..= ____________________ nm

violet...= ____________________ nm

Compare each calculated wavelength with the accepted wavelength

red % error = ___________________ ( = 656.3 nm)

cyan % error = __________________ ( = 486..1 nm)

violet % error = __________________ ( = 434.1 nm)

These three lines represent deexcitations of the electrons in hydrogen atoms from higher levels into the second principle energy level.  They are called the Balmer Lines, and were the first to be explained theoretically using the Bohr model of the atom.
3.
The Bohr Model expression for the Balmer series is
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This expression predicts the wavelengths that correspond to a particular starting energy level(n).  Deduce which value of n corresponds to the wavelengths measured above and then graph 1/( vs 1/n2.  From the slope of the graph and the textbook values for the physical constants ke, h, e, and c, calculate an experimental value for a0, the radius of the first Bohr orbit.  (Realize that you just calculated the size of an atom by doing a table top experiment!!)

4.
Use the PASCO set-up to measure the visible (and UV) spectrum for H, He, and Hg.  Compare the values obtained with the values given in the following table.

Hydrogen (H)
	Color
	Intensity
	Wavelength(acc)

nm
	Wavelength(meas)

nm
	%error

	Violet
	15
	410.0
	
	

	Blue-Violet
	30
	434.0
	
	

	Blue-Green
	80
	486.1
	
	

	Red
	300
	656.2
	
	


Helium (He)

	Color
	Intensity
	Wavelength(acc)

nm
	Wavelength(meas)

nm
	%error

	UV
	500
	388.8
	
	

	Blue
	200
	447.1
	
	

	Green
	100
	501.5
	
	

	Orange
	500
	587.5
	
	

	Red
	100
	667.8
	
	

	IR
	200
	706.5
	
	


Mercury(Hg)

	Color
	Intensity
	Wavelength(acc)

nm
	Wavelength(meas)

nm
	%error

	UV
	2800
	365.0
	
	

	Violet
	1800
	404.6
	
	

	Blue-Violet
	4000
	435.8
	
	

	Blue-Green
	90
	491.6
	
	

	Yellow
	1100
	546.0
	
	

	Yellow-Orange
	280
	579.0
	
	

	Orange-Red
	1000
	614.9
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