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Introduction
In our Modern Physics course, students use a NaI(Tl) 
gamma detector and a multichannel scaler to 
measure directly the half-lives of isotopes such as 
137mBa (obtained from a commercial mini-generator 

kit) or 56Mn (produced by neutron activation of 
manganese dioxide). 

We supplement these with an experiment in which 
students determine the half-life of naturally occuring
40K using a container of salt substitute (KCI). 
Students use the NaI(Tl) detector to obtain the 
background-subtracted photopeak rate and then 
apply standard correction factors for the photopeak
efficiency of the detector to obtain the activity of the 

sample. Since the mass and chemical composition of 
the sample and the natural abundance of 40K are 
known, the half-life can be obtained from the 
measured activity.

This experiment complements the direct half-life 

Experimental setup

Determining the half-life of 40K from the activity of salt substitute

Corrections for detector efficiency

Total and photopeak-to-total efficiencies

Salt substitute
2” NaI (Tl) detector

HV/Amp/MCA
(Spectrum Techniques)

Total efficiency  for 
distributed source: 
Efficiency vs. distance 

from Marion & Young 
at 1.46 MeV, integrated 

Background-subtracted spectrum (live time 1800 s) . 
The photopeak at 1.46 MeV is clearly visible. Count 
rate in the photopeak is 0.9 Hz.

Analysis

A = N λ → T1/2 = ln(2) / λ = N ln(2) / A

A = background-subtracted counts/live time, 
corrected for detector efficiency and for fraction of 
decays producing a 1.46 MeV gamma

N = number of 40K atoms in sample:

Pedagogical features
Applying correction factors obtained from graphs is 
new to many students, and interpreting  the meaning 
of these correction factors can be challenging.

Statistical and systematic errors  are both important.

Many students are surprised that a half life this long 
can be measured accurately.

measurements in technique and in conceptual 
content. It gives students experience with a standard 
method for measuring very long half lives. The decay 
of 40K has applications to geochronometry and 

archaeological dating.

40K

Isotopic abundance 0.0117(1) %

Half-life of 1.248(3) x 109 yrs        (http://www.nndc.bnl.gov)

Decays by β- to 40Ca (89%) and by electron capture to 
40Ar (11%) 

In 10.66% of the decays, a 1460.8 keV gamma ray is 
emitted.

40K decay (electron capture branch to 40Ar) is useful 
for geologic and archaeological dating over a time 
scale from the formation of the Earth up until about 
100,000 years before the present.

Salt substitute

KCl plus small amount of inert ingredients; used 3 oz 
container
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at 1.46 MeV, integrated 
over extended source: 
For x from 0.5 to 8.5 
cm, efftot=0.029

Possible extensions
Photopeak efficiency corrections can be measured 
directly (e.g. with a 60Co source) or modeled using 
Monte Carlo methods (Am. J. Phys. 71, 38 (2003)).

Effects of self-absorption can be quantified.

Photopeak-to-total efficiency at 1.46 MeV: 0.23

→ Photopeak efficiency= 0.029*0.23 = 0.0067

Typical result: 
T1/2 = (1.39 ± 0.06 (stat) ± 0.09 (syst)) x 109 yr


