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ABSTRACT

From the general defmition of dispersion power, analytic expressions are deduced for the chromatic
dispersion of a prism and a diffraction grating. This deduction is routinely presented in an optics postgraduate
course, where emphasis is placed on the explanation of the phenomenon of dispersion in two apparently
distinct optical elements.
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1. INTRODUCTION

Prisms and gratings are two optical elements which produce similar effects. An example is the change in
direction of propagation suffered by a wavefront incident on such elements, or the chromatic dispersion effect
produced with white light. Importantly, the chromatic dispersion effect finds application in some optical
instruments to analyse the spectral composition of light. To measure the degree of dispersivity of an optical
element one refers to the dispersive power. The dispersive power ( y ) is defmed in a general sense as the
relative deviation of a beam oflight from its original trajectory as a function of a wavelength. Mathematically,
I is calculated according to

69
. (1)

Applying this definition one thus obtains the dispersive power of a prism or diffraction grating.

1.1 Prims. The deviation suffered by a ray on traversing a prism with apex angle a is given by
9 = a(n —1) . The derivative of 8 with respect to n is 80 = aSn , and substitution of a from the first

equation gives

89=9—--. (2)
n —1

Hence the dispersive power, from Eq. (1), is simply Yp =. Usmg the spectral lines J c and d, we can
n—i

write the dispersive power as

fli__c (3)
nd —1

1.2 Grating. Applying the equation for dispersive power (1) to the grating equation, we have
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a9=m2, (4)

where a is the grating period, m the order ofdiffraction and 2 the wavelength. Differenciating with respect

. m82 • . m •to 0 one obtams 89 = — , and substitution for — m equation (4) givesa a

b2
Y=—j-• (5)

Hence for the spectral lines f d and c, the dispersion of a grating is given by

A1 -
7g • (6)

Another important parameter related to the dispersive power is the Abbe number ( V =y ). Thus for a
prism

d
vp= (7)

flf 1c
and for a grating

v= . (8)1 C

The equations (7) and (8) are deduced from a general definition of dispersion power. The importance of this
result is that it is applied for two dispersive elements.
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