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In mathematics, a stiff equation is a

differential equation for which certain

numerical methods for solving the equation

are numerically unstable, unless the step

size is taken to be extremely small. It has

proven difficult to formulate a precise

definition of stiffness, but the main idea is

that the equation includes some terms that

can lead to rapid variation in the solution.

When integrating a differential equation

numerically, one would expect the requisite

step size to be relatively small in a region

where the solution curve displays much

variation and to be relatively large where

the solution curve straightens out to

approach a line with slope nearly zero. For

some problems this is not the case.

Sometimes the step size is forced down to

an unacceptably small level in a region

where the solution curve is very smooth.

The phenomenon being exhibited here is

known as stiffness. In some cases we may

have two different problems with the same

solution, yet problem one is not stiff and

problem two is stiff. Clearly the

phenomenon cannot be a property of the

exact solution, since this is the same for

both problems, and must be a property of

the differential system itself. It is thus

appropriate to speak of stiff systems.

Stiffness had place during 

the irradiation process

Stiffness had place during 

the decay process

In order to avoid it,   it is 

necessary to play with options:

• Increase number of step

• Make large threshold 

• Increase T1/2 min boundary

https://en.wikipedia.org/wiki/Stiff_equation


238U fission case calculation : 10000 years decay time
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Only 

radioactive 

residues

10 000 years

RKF45

NR:odeint

wrong

wrong

ODE → not finished



238U fission case calculation : models comparison
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Use the RKF45 model for similar tasks!



238U fission case calculation with RKF45: option  comparison
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RKF45 model recommended 

options for similar tasks!



229Th case : model comparison 
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Do not use NR:odeint for similar tasks!



Stiff problem
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Stiffness occurs  in  a  problem where there are two or more very different scales  of the 

independent variable on which the  dependent  variables  are  changing. 

Radiation  Residue  Calculator  v.2 is two-step solution:

1. System from 7200 ODE with short implantation time, no decay time

2. LISE++ selects ODEs of nuclei used in calculations, by another words  non-zero yield

So, in the case of 229Th only 9 equations are used in the second step calculations

Calculation step

Number of iterations in the current calculation step. If you see for each step 50000, then it means the

integrator reaches the maximum number of iterations, and did not find solution. You got stiffness. Try to

increase number of steps, play with abs. & rel. errors. See the next page



229Th case : settings comparison  decay time 1e5 seconds
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Do no use these settings:

• Stiffness not solved

• Very high Y-threshold – some isotopes have been lost

recommended



229Th case : settings comparison  decay time 1e5& 1e6 seconds
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Do no use these settings:

• Stiffness not solved

• Very high Y-threshold – some isotopes have been lost

• Calculations were tot finished

recommended

Use the ODE method for tasks similar to the 229Th case !



229Th case : settings comparison  decay time 7 seconds
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Do no use these settings:

• Stiffness not solved

• Very high Y-threshold – some isotopes have been lost

recommended


