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The Function T Relates The Age Of A Plant Fossil, In Years, To The Percentage, C, Of
Carbon-14 Remaining is a fundamental concept in the field of radiocarbon dating, which scientists
use to estimate the age of ancient organic materials. This relationship allows researchers to
determine how long ago a plant was alive based on the residual amount of carbon-14 (C-14) detected
in its fossil remains. Understanding this function and its derivation is essential for archaeologists,
geologists, and paleontologists seeking to piece together Earth's history and human civilization's
timeline. In this article, we will explore the scientific principles behind the T-C relationship, how the
function is derived, and its practical applications in dating fossils.

Understanding Carbon-14 and Its Role in Dating Fossils

What is Carbon-14?

Carbon-14 is a radioactive isotope of carbon, with an atomic number of 6 and a neutron count of 8. It
is naturally produced in the Earth's atmosphere when cosmic rays interact with nitrogen atoms,
creating a steady supply of C-14. Organisms, including plants, absorb C-14 along with stable carbon
isotopes (C-12 and C-13) during their lifetime through processes like photosynthesis.

The Principle of Radiocarbon Dating

When a plant dies, it ceases to absorb carbon, and the C-14 within its tissues begins to decay into
nitrogen-14 at a predictable rate. By measuring the remaining C-14 in a fossil, scientists can
estimate how long it has been since the organism's death. The core principle relies on the known
half-life of C-14, which is approximately 5,730 years.

The Mathematical Relationship Between Age and
Remaining Carbon-14

Radioactive Decay and the Exponential Model

Radioactive decay follows an exponential decay law, which can be mathematically expressed as:
\[C=C 0e"{-\lambda T} \]

where:
-\(C_0) is the initial amount of C-14 at the time of death,



-\(C)) is the amount of C-14 remaining after time \( T'\),
-\(\lambda \) is the decay constant,
-\( T) is the age of the fossil in years.

Since we often measure the percentage of C-14 remaining relative to the initial amount, the equation
can be adapted to:

\[ C = C_0 \times \text{percentage of C-14 remaining} \]
which simplifies to:

\[ \frac{C}{C 0} = e~ {-\lambda T} \]

or

\[
C = C 0 \times e” {-\lambda T}
\]

Note: In practice, \( C_0) is usually normalized to 100%, representing the initial C-14 amount.

Deriving the Function T from the Percentage C

Assuming the initial C-14 percentage is 100%, and the current percentage is \( C ), the relationship
becomes:

\[
\frac{C}{100} = e~ {-\lambda T}
\]

Taking natural logarithms on both sides:

\[
\In \left( \frac{C} {100} \right) = -\lambda T
\]

Solving for \( T \):

\[

T = -\frac{1}{\lambda} \In \left( \frac{C} {100} \right)
\]

Since the decay constant \( \lambda \) relates to the half-life \( T {1/2}\) by:

\[
\lambda = \frac{\In 2}{T {1/2}}
\]

and with \( T {1/2} \approx 5730 ) years for C-14, the formula simplifies to:



\[
T = -\frac{T {1/2}}{\In 2} \In \left( \frac{C} {100} \right)
\]

or approximately:

\[
T \approx 8033 \times \In \left( \frac{100}{C} \right)
\]

where:
-\(T\) is in years,
-\( C)) is the percentage of C-14 remaining.

Practical Application of the T-C Function in Fossil
Dating

Step-by-Step Dating Process

To estimate the age of a plant fossil using the T-C function, scientists typically follow these steps:

1. Extract a sample from the fossil with minimal contamination.

2. Measure the remaining C-14 percentage using accelerator mass spectrometry or other
advanced techniques.

3. Normalize the measurement to a percentage relative to the assumed initial C-14 content
(usually 100%).

4. Apply the T-C function to calculate the approximate age.

Example Calculation
Suppose a fossil sample has 25% of its original C-14 remaining. Using the formula:
\[

T \approx 8033 \times \In \left( \frac{100} {25} \right)
\]

Calculate:

\[
T \approx 8033 \times \In(4) \approx 8033 \times 1.386 \approx 11130 \text{ years}

\]



Thus, the fossil is approximately 11,130 years old.

Limitations and Considerations in Using the T-C
Function

Assumptions in Radiocarbon Dating

While the T-C relationship provides a powerful tool, several assumptions underpin its accuracy:

e The initial C-14 content is constant and known, which may not always be true due to variations
in atmospheric C-14 over time.

e The sample has not been contaminated with modern carbon or old carbon from other sources.

e The decay rate has remained constant over the period in question.

Range of Effective Dating

Radiocarbon dating is most reliable for samples up to about 50,000 years old. Beyond this, the
remaining C-14 becomes too small to measure accurately, limiting the applicability of the T-C
function.

Calibration of Results

Because of fluctuations in atmospheric C-14 and other factors, raw radiocarbon ages often require
calibration using dendrochronology (tree-ring data) to produce more accurate calendar dates.

Conclusion

The relationship between the age of a plant fossil and the percentage of remaining carbon-14 is
encapsulated in the exponential decay function, which is fundamental to radiocarbon dating. By
understanding and applying the function:

\[
T \approx 8033 \times \In \left( \frac{100}{C} \right)
\]

scientists can estimate the time elapsed since the organism's death with remarkable precision,
opening windows into Earth's distant past. Despite its limitations, radiocarbon dating remains an
invaluable tool in archaeological and geological research, continually refined through advances in
measurement techniques and calibration methods. Grasping the mathematical foundation of the T-C



function enables a deeper appreciation of how scientists unravel the history embedded in ancient
fossils.

Frequently Asked Questions

What does the function T represent in relation to a plant
fossil?

The function T represents the age of the plant fossil in years.

How does the percentage of Carbon-14 remaining, C, relate to
the age of a fossil?

The percentage C decreases as the age T of the fossil increases, following a decay pattern modeled
by the function T.

Why is Carbon-14 used to date plant fossils?

Carbon-14 is a radioactive isotope that decays at a predictable rate, allowing scientists to estimate
the age of organic materials like plant fossils.

What is the typical half-life of Carbon-14 used in dating
fossils?

The half-life of Carbon-14 is approximately 5,730 years.

How can the function T be used to determine the age of a
fossil if the remaining Carbon-14 percentage is known?

By plugging the percentage C into the function T, which models decay, you can solve for T to
estimate the fossil's age.

What assumptions are made when using the function T to date
fossils based on Carbon-14 remaining?

It is assumed that the initial Carbon-14 percentage was known, the decay rate has remained
constant, and there has been no contamination or loss of Carbon-14 after burial.

How is the decay of Carbon-14 typically modeled
mathematically?

It is modeled using exponential decay functions, such as C = C 0 e”™(-AT), where C 0 is the initial
percentage and A is the decay constant.



What is the significance of understanding the relationship
between T and C in paleontology?

Understanding this relationship helps scientists accurately estimate the age of fossils, contributing
to the study of Earth's history and evolution.

Can the function T be applied to all types of fossils for dating
purposes?

No, it is primarily applicable to organic fossils like plants and animals that contain Carbon-14;
inorganic fossils require different dating methods.

Additional Resources

The Function T Relates The Age Of A Plant Fossil, In Years, To The Percentage, C, Of Carbon-14
Remaining

Understanding how scientists determine the age of ancient plant fossils is fundamental to
paleontology and archaeology. The core of this process often involves the function T, which relates
the age of a fossil, measured in years, to the remaining percentage of Carbon-14 (C-14) within it.
This relationship provides a window into the past, allowing researchers to estimate how long ago a
plant was alive based on the radioactive decay of C-14. This article explores the mathematical
function T, its derivation, applications, strengths, and limitations, offering a comprehensive overview
of how it connects the age of a plant fossil to the measurable chemical signature of radioactive
isotopes.

Introduction to Carbon-14 Dating

Carbon-14 dating, also known as radiocarbon dating, is a method developed in the mid-20th century
to determine the age of organic materials. It hinges on the fact that living organisms continuously
exchange carbon with their environment, maintaining a relatively constant level of C-14 while alive.
When an organism dies, this exchange ceases, and the C-14 present begins to decay at a known rate.
By measuring the remaining C-14 percentage, scientists can estimate how long ago the organism
died.

The Underlying Principles of the T Function

Radioactive Decay Law

At the heart of the T function is the radioactive decay law, which states:

\[ N(t) = N 0 e™{-\lambda t} \]



where:

( N(t)\) is the amount of C-14 remaining at time \( t\),

(N _0)) is the initial amount of C-14 at the time of death,
(

(

\lambda \) is the decay constant,
t\) is the elapsed time (age of the fossil).

-\
-\
-\
-\
Since C-14 decays exponentially, the percentage of C-14 remaining relative to the original is:
\[ C(t) = \frac{N(t)}{N 0} \times 100\% = e” {-\lambda t} \times 100\% \]

Rearranged, this gives a direct link between the measured percentage \( C \) and the time \(t\):

\[ C = e”{-\lambda t} \times 100\% \]

Expressing the Function T

To relate the age \( T'\) directly to the percentage \( C\), we solve for \( T \):
\[ C = 100\% \times e”{-\lambda T} \]

\[ \Rightarrow \frac{C}{100\%} = e”{-\lambda T} \]

\[ \Rightarrow \In\left(\frac{C} {100\% }\right) = -\lambda T \]

\[ \Rightarrow T = -\frac{1} {\lambda} \In\left(\frac{C}{100\%}\right) \]

This is the fundamental function \( T(C) \), which relates the percentage of C-14 remaining to the age
of the fossil:

T(C) = - (1/A) x In(C / 100%)

Key parameters:

-\(\lambda \) (decay constant) is related to the half-life \( T {1/2} \) of C-14:
\[ \lambda = \frac{\In 2}{T {1/2}}\]

- The half-life of C-14 is approximately 5730 years, so:

\[ \lambda \approx \frac{\In 2}{5730} \approx 1.2097 \times 10~ {-4} \text{ per year} \]

Features and Applications of the T Function



Features

- Exponential Relationship: The function embodies the exponential decay process of C-14, providing
a mathematically accurate model for age estimation.

- Logarithmic Inversion: By taking the natural logarithm, the function allows straightforward
calculation of age from measured C-14 percentage.

- Parameter Flexibility: It can accommodate updates in decay constants or half-life values based on
improved scientific measurements.

- Applicability to Organic Material: Specifically suited for dating once-living organisms, including
plant fossils.

Applications in Paleontology and Archaeology

- Estimating Fossil Ages: Determining the approximate age of plant fossils, which helps reconstruct
past environments and climate.

- Cross-Referencing Dating Methods: Used alongside other dating techniques for validation.

- Calibrating Geological Timelines: Helps refine the chronological framework of Earth's history.

Advantages of Using the T Function

- High Accuracy for Recent Samples: Effective for dating samples up to about 50,000 years old,
where C-14 remains detectable.

- Non-Destructive Testing: Requires only small samples, preserving fossils for further study.

- Rich Data Source: Provides quantitative data that can be statistically analyzed for more precise
dating.

- Well-Established Methodology: Supported by extensive scientific research and calibration curves.

Limitations and Challenges

Range Limitations

- The C-14 method becomes less reliable for samples older than approximately 50,000 years because
the remaining C-14 levels approach the detection limit, leading to large uncertainties.

Contamination Risks

- Contamination with modern carbon or older carbon can skew results, leading to inaccurate age
estimations.



Assumptions of Constant Decay Rate

- Assumes the decay rate has remained constant over time, which is supported by physical evidence
but still introduces potential errors if variations occurred.

Calibration Necessities

- Raw radiocarbon ages often require calibration with dendrochronology or other methods to correct
for fluctuations in historical C-14 levels.

Practical Application: Step-by-Step Calculation

Suppose a plant fossil exhibits a C-14 remaining percentage of 25%. To estimate its age:
1. Use the decay constant:

\[ \lambda \approx 1.2097 \times 10"~ {-4} \text{ per year} \]

2. Apply the function:

\[ T = -\frac{1}{\lambda} \In\left(\frac{C}{100}\right) \]

\[ T = -\frac{1}{1.2097 \times 10™~{-4}} \In(0.25) \]

3. Calculate:

\[ \In(0.25) \approx -1.3863 \]

\[ T \approx -\frac{1}{1.2097 \times 10~ {-4}} \times (-1.3863) \]
\[ T \approx \frac{1.3863}{1.2097 \times 10"~ {-4}} \]

\[ T \approx 11,471 \text{ years} \]

This indicates the fossil is approximately 11,471 years old.

Conclusion: The Significance of the T Function in Fossil
Dating

The function \( T(C) = - \frac{1}{\lambda} \In \left(\frac{C}{100\%}\right) \) encapsulates a
fundamental principle of radiocarbon dating: exponential decay of C-14 allows us to backtrack from
the present-day measured percentage to the age of a fossil. Its derivation from the radioactive decay
law makes it a robust mathematical tool, providing invaluable insights into Earth’s history and the



evolution of plant life. While it has limitations, such as the upper age limit and potential
contamination, ongoing advancements in calibration techniques and detection methods continue to
enhance its accuracy and reliability.

By understanding and applying this function, scientists can reliably estimate the ages of plant
fossils, contributing to our knowledge of past climates, ecosystems, and evolutionary timelines. As
research progresses, refinements to the decay constant and calibration curves will further improve
the precision of these age estimates, cementing the T function’s role as a cornerstone of
paleontological and archaeological science.
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