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Diffraction by a Single Slit: Locating the Minima

When the path length difference 
between rays r1 and r2 is /2, the two 
rays will be out of phase when they 

h P th lti ireach P1 on the screen, resulting in 
destructive interference at P1. The 
path length difference is the distance 
from the starting point of r2 at the g p 2
center of the slit to point b.

For D>>a the path length differenceFor D>>a, the path length difference 
between rays r1 and r2 is (a/2) sin .



Diffraction Gratings

Device with N slits (rulings) can be used to manipulate light, such as separate different 
wavelengths of light that are contained in a single beam. How does a diffraction grating 
affect monochromatic light?

sin for 0 1 2 (maxima lines)d m m  sin   for 0,1, 2   (maxima-lines)d m m   



Width of Lines

The ability of the diffraction grating to resolve (separate) different wavlength depends on 
the width of the lines (maxima)



Width of Lines, cont’d

In this course, a sound wave is roughly defined as any longitudinal wave (particles 
moving along the direction of wave propagation).

hwsin   ,    sin hw hwNd        

hw    (half width of central line)
Nd
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Grating Spectroscope

Separates different wavelengths (colors) of light into distinct diffraction lines



Czerny‐Turner Monochrometer



Grating equation



Spectrometer sensitivity calibration:  
grating efficiency, PMT sensitivity



Spectrometer sensitivity calibration (continued)

8000 1.8

1.6 S

 Tungsten halogen lamp
 Blackbody curve (T = 6260 K)
 Correction factor

6000

co
un

ts
/s

ec
)

1.4

pectral Sen s

4000

2000

In
te

ns
ity

 (c 1.2

1.0

sitivity Facto

2000

0

0.8

0.6

r

Coefficient values ± one standard deviation
B =3.4763e-020 ± 3.34e-021
L =2.3037e-006 ± 5.22e-008

L = hc/kT -> T = hc/kL = 6260 K

850800750700650600550500450400350300

Wavelength (nm)

)1(4 


kT
hc

e

B
dt
dN


spectral photon flux (units of photons/(time‐area‐Δλ)):



Hydrogen atom (Bohr model)
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 Hydrogen atom energy levels
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Hydrogen spectrum

From http://hyperphysics.phy-astr.gsu.edu/hbase/hyde.html#c4



Hydrogen spectrum

Balmer series (transitions ending at n = 2)



Deuterium and hydrogen  lines
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Visible helium spectrum

From http://upload.wikimedia.org/wikipedia/commons/a/a4/Visible_spectrum_of_helium.jpg



Helium Grotrian diagram

From http://www.physics.byu.edu/faculty/christensen/Physics%20428/FTI/Helium%20Grotrian%20Diagram'.htm


