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Radioactive Decay: 
x(t) – amount of material at time t 
dx/dt(t) = k x(t) 
rate of decay is proportional to the amount present (k depends on material) 
 
Our job is to find a “formula” for x(t) in terms of t. 
Experiment: 
100 mg Th‐234 decays to 82.04 mg in one week. How long will it take to decay to 50  mg? 
 
PHASER ‐> Equation ‐> ODE Library ‐> Cubic 1‐D ODE 

Numerics ‐> Parameters ‐> hit Cubic 1‐D ODE bar to see equation 
x1=a+bx1+cx12+dx13 

(a,c, and d are set equal to zero so x1=k*x1 in PHASER) 
(k is b in PHASER) ‐> set b = ‐0.02828 
  Numerics ‐> Initial Conditions ‐> x1 = 100 
  Numerics ‐> Time from 1 to 7 
 
If the b value is right, then x1(0)=100 and x1(7)=82.04 
 
xi values 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Try more time to get 50mg. 
 
 
 
 
 
 
b=‐0.02828   x1=100  time: 0 – 10 

 
Not enough time…. 
 
b=‐0.02828   x1=100  time: 0 – 20 

 
Still not enough time…. 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So far, our time parameters have not shown us when x approaches 50 so we must continue 
increasing our final time. 
 
b=‐0.02828   x1=100  time: 0 – 25 

 
We went too far ‐ x value seems to be approaching 50 around the 24th iteration. 
 
# of Last Xi values to View increased to 250 

 
It takes around 24.5 days to decay to ½ (50mg). So the half­life of Th‐234 is about 24.5 
days. 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Two half‐lives would be about 49 days. So in 49 days, we would have ¼ of our starting 
value. If time is increased (to be about 49.2), we can see this. 
 
b=‐0.02828   x1=250  time: 0 – 49.2   (250 x ¼ = 62.5) 

 
At slightly more than 49 days, our x value is almost exactly 62.5. 
 
 
Radio Carbon dating 
C12 is a stable isotope of carbon, but C14 is unstable so it undergoes radioactive decay. The 
half‐life of carbon‐14 is about 5700 years. Carbon‐14 levels in old objects combined with 
the known half‐life (rate of decay) are used to determine age. 
 
Shroud of Turin: historical relic that supposedly covered Christ before he rose. 
Lab experiments show that it contained 92% of the carbon‐14 in living matter, meaning 8% 
had decayed. 
 
Using PHASER and the Cubic 1‐D ODE equation: 

Numerics ‐> Parameters ‐> set b= ‐0.0001216  
Numerics ‐> Initial Conditions ‐> x1=100 (since we know there should be 92% left) 

 
Experimented with times of 0 to 2000, 0 to 1000, 0 to 700, 0 to 695, and 0 to 693.  The Xi 
values (use the Xi Values view) show xi values that display too much decay to match the 
92% of the Shroud of Turin 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Adjusting time shows that there is 92% of carbon‐14 remaining after 685.7 years. Since 
this experiment was done in 1988: 1988‐685.7 = 1303. 
So this Shroud of Turin, seems to date back to the Middle Ages. 

 
 
 
How does PHASER generate these numbers? How good are these numbers? 
Example: x1’=x1 (k=1)  a number whose derivative is itself 
  guess: x1(t)=et 
  satisfies: x1(0)=1  initial condition 
  interesting: x1(1)=e 
What is e??? 
 
 
To analyze using PHASER, use Cubic 1‐D ODE equation with: 
Numerics ‐> Parameters ‐> b=1.0 
Numerics ‐> Initial Conditions ‐> x1=1.0 
Numerics ‐> Time ‐> 0 to 1 
Numerics ‐> Current View ‐> Xi Mantissa Fraction Precision ‐> 15 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The Xi values go to 2.718281828459122. So,  

e= 2.718281828459122 
 
 

Algorithms for solving ODEs 
ODE = ordinary differential equation 
 
given dx/dt(t)=f(x(t)) and x(o)=x0 
Math tells us (if f is a nice function) that there is a unique function x(t) that satisfies these 
two conditions. 
 
Consider: a coordinate graph with time (t) as the x axis and our x value (x(t)) as the y axis. 
(x(t0)=x0) 
To make this function discrete, we must chop it into steps (different times – t1, t2, t3, etc.) 
with particular x values at each time.  
To get a representation of x(t) in the computer, compute x(t) at discrete time intervals. 
Graph many points – looks continuous; otherwise interpolate 
 
Example: dx/dt=x,   x(0)=1 
We need to choose how finely we want to chop up our time intervals (choose a step size). 
Step size = distance between consecutive time intervals. 
 
If step size is too small, answers are not accurate. Using only 10 steps in PHASER to once 
again approximate e, we got an answer of 2.593742460100000. Increasing number of steps 
increases accuracy. 


