Inverse Square Law of Radiation Intensity Variation 



Purpose and Relevant Equations

There are many similarities between ordinary light rays and gamma rays. They are both considered to be electromagnetic radiation; hence they obey the classical Equation 1:
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Where 
E = energy of the photon in ergs,
v = the frequency of the radiation in cycles/second,
h = Planck’s constant (6.624 x 10–27 ergs • s).

Therefore, in explaining the inverse square law it is convenient to make the analogy between a light source and a gamma-ray source. Let us assume that we have a light source that emits light photons at a rate, n0 photons/second. It is reasonable to assume that these photons are given off in an isotopic manner, that is, equally in all directions. If we place the light source in the center of a clear plastic spherical shell, it is quite easy to measure the number of light photons per second for each cm2 of the spherical shell. 
This intensity is given by Equation 2:
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Where
n0 is the total number of photons per second from the source, 
rs is the radius from the central source of light to the surface of the sphere, 
and 4πrs2 = the total area of the sphere in cm2.

Since n0 and 4π are constants, I0 is seen to vary as 1/rs2. This is the inverse square law.





For a radioisotope, whose half-life is extremely long compared to the time taken to implement the series of measurements in this experiment, n0 is synonymous with the activity, A0, of the radioactive source. Consequently, Equation  2 can be expressed as Equation 3:
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Where
r0 is the true counting rate derived from the GM tube, 
N is the number of counts measured in the counting time T (corrected for dead time and background), 
A0 is the activity of the radioactive source,
∈int is the intrinsic efficiency of the GM tube for detecting the gamma rays,
ad is the effective sensitive area of the detector at its entrance window, and
rs is the distance from the point source to the entrance window of the detector.

The factors in Equation (3) can be understood as follows. The effective sensitive area at the input to the detector intercepts a fraction, ad/4πrs2, of the total area of the sphere of radius rs. Consequently, the detector intercepts that same fraction of the isotropic radiation emitted by the source. Only a fraction, ∈int, of the photons impinging on the sensitive area of the detector window are actually counted by the detector, due to window attenuation and the efficiency of converting photons into ionized atoms in the GM tube. The purpose of this experiment is to verify the 1/rs2 dependence predicted by Equation (3).

Procedure

1. Set the GM tube at the proper operating voltage, and place the 1-μCi  60Co source 1 cm away from the face of the window.
2. Count for a period of time long enough to get reasonable statistical precision (≥4000 counts).
3. Move the source to 2 cm, and repeat the measurement for the same amount of time. Continue for the distances listed in Table 1.
(Note that for the longer distances the time will have to be increased to obtain the minimum number of counts necessary for adequate statistical precision.)
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EXERCISES


	Serial #
	Distance-D0 (cm)
	Corrected-Distance D
	Ln(D)
	N1-counts
	N2-counts
	N2-counts
	N4- counts
	N5-counts
	Navg
	Ln
(Navg)
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Table 1



1 On linear graph paper, plot the corrected counting rate (y axis) as a function of distance (x axis). This plot should have the 1/rs2 characteristics exhibited by Equations (18) and (19).


c. Is there another way to plot this data so that the exponent for rs in
Equations (19) can be confirmed to be 2?  Plot another graph between Ln (D) vs Ln(Navg) and find the value of exponents and error in this value?
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