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INTRODUCTION 
The skeleton of a mastodon has been found. Analysis shows the bones have lost 58% of the carbon-14 

that was present when the mastodon died. How old is the skeleton?

The basic formula for radioactive decay is:

Mt = k2�t/h

where k is the original mass of the element, h  is its half-life, and Mt is the mass of the element at time t. To 

calculate the age of the skeleton, we have to derive a value for t. Carbon-14 has a half-life of 5730 years. 

The present mass of C14 is 0.58 less than the original mass, k. Therefore the present mass is k - 0.58k = 

0.42k. By rearranging the equations, it is possible to determine an expression for calculating t, resulting in 

a value of 7173 years. 

From the analysis, we can derive a generic formula for t:

t = � h

log(2)
log(p)

where p is the percentage of element remaining, expressed as a value between 0 and 1.0.

 

Mt = k2�t/h

(k � 0.58k) = k2�t/5730

0.42k = k2�t/5730

0.42 = 2�t/5730

log(0.42) = log(2�t/5730)

log(0.42) =
�
�t

5730

⇥
(log(2))

log(0.42) = � t(log(2))
5730

t = � 5730
log(2)

(log(0.42))

t = 7172.97
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THE CODE
The code for the program is shown below. Analyze the program, and test it -  on paper. Does it work 

properly?

#include <stdio.h>
#include <math.h>

int main(void)
{
    int half_life, age, C_remain, C_lost;

    printf("How much carbon has been lost (0-100%%)? ");
    scanf("%d", &C_lost);

    C_remain = 1 - (C_lost/100);
    age = -(half_life / log(2)) * log(C_remain);

    printf("The object is %d years old.\n", age);

    return 0;
}
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PROBLEMS?
If the program is run, the following results are obtained:

How much carbon has been lost (0-100%)? 58
The object is 0 years old.

The answer should be 7173 years, so obviously there is something wrong with the program. But it 

compiles okay, so it is not a syntax error, but rather a semantic logic error. Finding a logic error can often 

prove challenging. The first noticeable problem is that the datatype used to declare the variables in an 

int. By using an int, all calculations are performed using whole numbers. When the input of 58 is read, it 

is stored in the variable C_lost. Then consider the two equations in C:

C_remain = 1 - (C_lost/100);
age = -(half_life / log(2)) * log(C_remain);

In the first equation, the calculation of C_lost/100 results in a value of 0, because integer division is 

performed, and 58/100 = 0. So the percentage is always 0, except when C_lost equals 100, then the result 

is 1. 

• If C_lost has a value of between 0 and 99, then the value of C_remain, will be 1.

• If C_lost has a value of 100, then the value of C_remain, will be 0.

In the second equation, log(C_remain) = log(1) = 0. This effectively turns the value of age to zero, 

regardless of what (half_life / log(2)) evaluates to. So for any value of C_lost between 0 and 99, the 

program will return a result of zero. If the value 100 is input (which means the object is new), then the 

value -2147483648 is returned. This is because log(0) is undefined. The program should restrict input from 

0% to 99%. Part of these problems can be solved by changing the datatype int to double.

#include <stdio.h>
#include <math.h>

int main(void)
{
    double half_life, age, C_remain, C_lost;

    printf("How much carbon has been lost (0-100%%)? ");
    scanf("%lf", &C_lost);

    C_remain = 1.0 - (C_lost/100.0);
    age = -(half_life / log(2.0)) * log(C_remain);

    printf("The object is %lf years old.\n", age);

    return 0;
}
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Compile and run the program now, and the following is output:

How much carbon has been lost (0-100%)? 58
The object is 0.000000 years old.

The program can be debugged, by using printf statements to analyze intermediary values. If a printf 
statement is inserted after the first equation to calculate C_remain, the value returned is 0.42, which is the 

correct value. So the problem must now lie with the second equation. Look carefully at the program - 

what is missing?

There is no value for half_life. To fix this, assign it a value before it is used. Now the program looks like 

this:

#include <stdio.h>
#include <math.h>

int main(void)
{
    double half_life, age, C_remain, C_lost;

    printf("How much carbon has been lost (0-100%%)? ");
    scanf("%lf", &C_lost);

    half_life = 5730.0;
    C_remain = 1.0 - (C_lost/100.0);
    age = -(half_life / log(2.0)) * log(C_remain);

    printf("The object is %lf years old.\n", age);

    return 0;
}

Compile and run the program now, and the following is output:

How much carbon has been lost (0-100%)? 58
The object is 7171.317135 years old.

So there doesn’t appear to be anything else wrong with the program. However, the log function used in 

the original equation is probably log base 10, whereas the log function in the program is the natural 

logarithm (ln). To improve consistency, the log could be replaced by log10. Ironically, in this case the 

result is the same. 
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Here is the program with all its logic problems fixed:

#include <stdio.h>
#include <math.h>

int main(void)
{
    double half_life, age, C_remain, C_lost;

    printf("How much carbon has been lost (0-100%%)? ");
    scanf("%lf", &C_lost);

    half_life = 5730.0;
    C_remain = 1.0 - (C_lost/100.0);
    age = -(half_life / log10(2.0)) * log10(C_remain);

    printf("The object is %lf years old.\n", age);

    return 0;
}
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