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An Archeological Specimen Containing 6 G Of Carbon Has An Activity Of 0.6 Bq. How Old
(in Years) Is The article aims to explore the fascinating process of radiocarbon dating, how scientists
determine the age of ancient artifacts, and specifically, how to calculate the age of an archaeological
specimen based on its carbon activity. Understanding these concepts provides insight into how we
unlock the mysteries of the past and establish the timeline of human history.

Introduction to Radiocarbon Dating

Radiocarbon dating is a vital tool in archaeology, enabling researchers to estimate the age of organic
materials up to approximately 50,000 years old. This technique hinges on measuring the decay of
carbon-14 (~14C), a radioactive isotope of carbon that is naturally present in the atmosphere and
incorporated into living organisms.

What is Carbon-14?

- Carbon-14 ("~ 14C) is a radioactive isotope of carbon with a half-life of about 5,730 years.

- It is produced in the atmosphere when cosmic rays interact with nitrogen atoms.

- Plants absorb ~14C during photosynthesis, and animals ingest it through food, maintaining a
roughly constant ratio of ~14C to stable isotopes like ~12C and ~13C while alive.

- When an organism dies, it no longer replenishes ~14C, and the isotope begins to decay at a
predictable rate.

The Principle of Radiocarbon Dating

- The technique measures the remaining ~14C activity in a sample.

- By comparing the current activity to the initial activity (assumed to be in equilibrium with the
atmosphere), scientists estimate the time elapsed since death.

- The decay follows exponential decay law, which can be expressed mathematically to determine age.

Understanding the Given Data

Let’s analyze the specific data provided:
- Mass of the specimen: 6 grams of carbon.
- Radioactive activity: 0.6 Becquerels (Bq).

What Does Activity Mean?

- Activity (measured in Becquerels) represents the number of decays per second.



- 1 Bg = 1 decay per second.
- The activity of the specimen indicates its remaining ~14C content.

Initial Activity of the Specimen

- When the organism was alive, its ~14C activity was equal to the atmospheric level at that time.
- Since the specimen is now dead, its current activity is less due to decay.
- The key is to determine how much ~14C has decayed, which allows us to calculate the age.

Calculating the Age of the Specimen

To find the age, we apply the principles of radioactive decay and the known half-life of ~14C.

Step 1: Determine the Initial Activity

- Modern living organisms typically have an activity of approximately 15-25 Bq per gram of carbon.
- For simplicity, assume the initial activity per gram of carbon was about 15 Bg/g (a common
approximation).

- Therefore, initial activity (Ao) for 6 grams:

e Ao =15Bg/g x 6 g =90 Bq

Step 2: Find the Fraction of Remaining ~14C

- The current activity (A) is 0.6 Bq.
- The fraction remaining (f) is:

e f=A/Ao=0.6Bq/90Bg ~ 0.00667

Step 3: Use the Decay Formula to Calculate Time
The decay of ~14C follows:

\[ A=A 0\times e~ {-\lambda t} \]

Where:

-\(A\) = current activity,
-\(A_0\) = initial activity,
-\(\lambda\) = decay constant,
- \(t\) = age in years.



The decay constant \(\lambda\) relates to the half-life (\(T_{1/2}\)):
\[ \lambda = \frac{\In 2}{T_{1/2}} \]

Given:
-\(T_{1/2} = 5730\) years,

Calculate \(\lambda\):

\[ \lambda = \frac{\In 2} {5730} \approx \frac{0.6931} {5730} \approx 1.21 \times 10" {-4} \text{
yr}~{-1}\]

Now, solve for \(t\):

\[ t =-\frac{1}{\lambda} \times \In \left( \frac{A}{A 0} \right) \]
Plugging in the numbers:

\[ t=-\frac{1}{1.21 \times 10" {-4}} \times \In (0.00667) \]
Calculate \(\In(0.00667)\):

\[ \In(0.00667) \approx -5.006 \]

Finally:

\[ t \approx - \frac{1}{1.21 \times 10~ {-4}} \times (-5.006) \]

\[ t\approx \frac{5.006}{1.21 \times 10"~ {-4}} \]

\[ t \approx 41,400 \text{ years} \]

Therefore, the specimen is approximately 41,400 years old.

Understanding the Implications of the Age Calculation

This age estimate situates the specimen firmly within the late Paleolithic period, a time characterized
by significant developments in human technology and culture. Radiocarbon dating such artifacts
helps historians and archaeologists piece together human evolution, migration patterns, and cultural
transitions.

Factors Affecting Radiocarbon Dating Accuracy

While the calculation provides a good estimate, several factors can influence the precision:
- Contamination of the sample with modern or older carbon.

- Variations in atmospheric ~14C levels over time.

- Assumptions about initial activity levels.



Advancements in Radiocarbon Dating Techniques

Modern methods like Accelerator Mass Spectrometry (AMS) have increased the accuracy and reduced
the sample size needed for dating. These advancements allow for more precise age estimates and the
ability to date even smaller or more contaminated samples.

Conclusion

Based on the provided data—a specimen containing 6 grams of carbon with an activity of 0.6 Bq—the
estimated age of the archaeological specimen is approximately 41,400 years. This calculation
underscores the power of radiocarbon dating in archaeology, enabling us to unravel the timeline of
human history with remarkable precision. As techniques continue to improve, our understanding of
ancient civilizations and their timelines will only deepen, shedding more light on the rich tapestry of
our past.

Additional Resources for Radiocarbon Dating

- Books:
e "Radiocarbon Dating: An Archaeological Perspective" by R.E. Taylor

e "Introduction to Radiocarbon Dating" by W.K. Purdy

- Websites:
e United States Geological Survey (USGS) Radiocarbon Dating Resources

* International Radiocarbon Dating Centre (IRDC)

- Museums and Institutions:
e The British Museum's Archaeological Science Department

e The National Museum of Natural History's Radiocarbon Laboratory

In summary, understanding how to interpret radiocarbon activity and applying decay principles allows
scientists to accurately date ancient artifacts. The example of a specimen with 6 grams of carbon and
an activity of 0.6 Bq demonstrates how these calculations translate into a tangible
age—approximately 41,400 years—providing a glimpse into the distant past and the history of
humankind.

Frequently Asked Questions



How do you determine the age of an archaeological specimen
using its carbon activity?

You can determine the age by applying radioactive decay principles, specifically using the half-life of
Carbon-14, to relate the measured activity to the original amount of C-14 and thus estimate the time
elapsed since death.

What is the significance of the 6 grams of carbon in
calculating the age of the specimen?

The amount of carbon (6 grams) helps estimate the initial amount of C-14 present, which is essential
for calculating how much has decayed and determining the specimen's age.

How is the decay constant related to the activity of a
specimen in radiocarbon dating?

The decay constant (A) relates to the activity (A) through the equation A = AN, where N is the number
of radioactive nuclei; knowing the activity allows calculation of how much C-14 remains, and thus the
age.

What is the approximate age of the specimen with an activity
of 0.6 Bg and 6 grams of carbon?

Using radiocarbon decay calculations, the specimen is approximately 11,500 years old, close to the
half-life of C-14, indicating it is around one half-life period old.

Why is understanding the half-life of C-14 important in dating
archaeological specimens?

The half-life of C-14 (about 5,730 years) allows scientists to relate remaining activity to elapsed time,
providing a method to estimate the age of organic archaeological samples accurately.

Additional Resources

Radioactive Dating: Unlocking the Age of an Archeological Specimen

In the fascinating world of archaeology and radiometric dating, scientists often rely on the subtle
decay of radioactive isotopes to reveal the ages of ancient artifacts and fossils. Imagine uncovering a
mysterious specimen containing exactly 6 grams of carbon, exhibiting an activity of 0.6 becquerels
(Bq). The question naturally arises: How old is this archeological specimen? To decode this, we need
to delve into the principles of radioactive decay, the specific characteristics of radiocarbon dating, and
the calculations involved in estimating age.



Understanding the Basics: Radioactive Decay and
Carbon Isotopes

Before addressing the specific problem, it's essential to grasp the foundational concepts underlying
radiometric dating, especially radiocarbon dating.

Radioactive Decay and Half-Life

Radioactive decay is a spontaneous process where unstable isotopes transform into more stable
forms over time. This process is characterized by a constant decay probability, leading to an
exponential decrease in the number of radioactive atoms.

Key terms:

- Half-life (T1/2): The time it takes for half of the original radioactive atoms to decay. For carbon-14,
this is approximately 5,730 years.

- Decay constant (A): The probability per unit time that a given atom will decay, related to the half-life
via:

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

\]

Carbon Isotopes and Their Significance

Carbon exists primarily as two stable isotopes (~12C and ~13C), but a tiny fraction (~1.3x107"-12) is
radioactive ~14C. Living organisms constantly exchange carbon with their environment, maintaining
a steady ratio of ~14C to ~12C. When an organism dies, it stops this exchange, and the ~14C begins
to decay.

The decay of ~14C allows scientists to estimate how long ago an organism died based on the
remaining ~14C activity.

Applying Radiocarbon Dating Principles to the
Specimen
Given Data:

- Mass of Carbon, \( m = 6\, \text{g} \)
- Radioactive activity, \( A = 0.6\, \text{Bq} \)

Objective:
- Determine the age \( t\) of the specimen in years.



Step 1: Converting Mass of Carbon to Number of Atoms

The activity depends on the number of radioactive atoms present. To find this, we need to convert
mass to the number of ~14C atoms.

Calculations:
1. Mass of ~14C in the specimen:

Since the specimen contains 6 grams of carbon, and the isotopic ratio of ~14C is extremely low
(~1.3x107-12), we assume that all carbon atoms are "~ 14C for the purpose of decay calculation (the
actual number of ~14C atoms is tiny compared to total carbon atoms, but for dating, the activity is
directly related to the number of ~14C atoms present).

2. Number of moles of carbon:

\[
n_{C} =\frac{m}{M {C}} = \frac{6\, \text{g}} {12\, \text{g/mol}} = 0.5\, \text{mol}

\]

3. Total number of carbon atoms:

\[
N_{total} = n_{C} \times N_A = 0.5 \times 6.022 \times 10" {23} \approx 3.011 \times 10" {23}

\]

4, Number of ~14C atoms:

\[

N_{~{14}C} = N_{total} \times \text{ratio of ~14C} \approx 3.011 \times 10"~ {23} \times 1.3 \times
10~ {-12} \approx 3.915 \times 10~ {11}

\]

This is the initial number of ~14C atoms when the organism was alive.

Step 2: Relating Activity to Number of ~14C Atoms

The activity \(A\) (in becquerels) is related to the number of radioactive atoms \(N\) and the decay
constant \(\lambda\):

\[
A =\lambda N

\]



Rearranged to find the current number of ~14C atoms:

\[
N_{remaining} = \frac{A}{\lambda}
\]

Calculating \(\lambda\):

\[

\lambda = \frac{\In 2}{T _{1/2}} =\frac{0.693} {5730\, \text{years}} \approx 1.21 \times 10" {-4}\,
\text{yr}~{-1}

\]

Finding the current number of ~14C atoms:

\[

N_{current} = \frac{0.6\, \text{Bq}}{1.21 \times 10~ {-4}\, \text{yr}~{-1}} \approx 4950\,
\text{atoms}

\]

Note: Since 1 Bq = 1 decay per second, and there are approximately \(3.15 \times 10™{7}\) seconds
in a year, the activity in decays per year is:

\[

A {year} = 0.6\, \text{decays/sec} \times 3.15 \times 10"~ {7} \approx 1.89 \times 10"~ {7}\,
\text{decays/year}

\]

But since the decay constant is per year, the activity in Bq directly relates to decay rate per second,
so we keep the initial calculation in Bq.

Step 3: Calculating the Age of the Specimen

The decay of ~14C over time follows:

\[
N(t) = N_0 e~ {-\lambda t}
\]

where:

-\(N_0\) is the initial number of ~14C atoms,

- \(N(t)\) is the current number of ~14C atoms,
-\(t\) is the age in years.

Rearranged:

\[



t = \frac{1}{\lambda} \In \left(\frac{N_O}{N(t) }\right)
\]

Using the values:

\[
t =\frac{1}{1.21 \times 10~ {-4}} \In \left(\frac{3.915 \times 10~ {11}}{4.95 \times 10"~ {3} }\right)

\]

Calculating the ratio:

\[
\frac{3.915 \times 10"~ {11} }{4.95 \times 10"~ {3}} \approx 7.9 \times 10"~ {7}

\]
Taking the natural logarithm:

\[
\In(7.9 \times 10~ {7}) \approx \In(7.9) + \In(10"{7}) \approx 2.07 + 16.12 \approx 18.19

\]
Finally:

\[
t\approx \frac{1}{1.21 \times 10" {-4}} \times 18.19 \approx 150,413\, \text{years}

\]

Interpreting the Result: How Old Is the Specimen?

Based on the calculations, the specimen containing 6 grams of carbon with an activity of 0.6 Bq is
approximately 150,000 years old. This estimate aligns well with the typical range of radiocarbon
dating, which is most effective up to about 50,000 years. The higher age estimate indicates that the
remaining ~14C atoms are very few, consistent with a specimen nearing the upper limit of
radiocarbon dating's effectiveness.

Additional Considerations and Limitations

While the calculation provides a solid estimate, several factors can influence the precise age
determination:

- Isotopic Fractionation: Variations in isotopic ratios during the organism's life or post-mortem can
affect initial ~14C content.



- Contamination: Modern carbon contamination can skew activity measurements.

- Assumption of Equilibrium: The calculation assumes the specimen's initial ~14C/~12C ratio matched
the atmospheric ratio at the time of death, which could vary geographically or over time.

- Detection Limits: At very old ages, the remaining ~14C becomes so sparse that measurements
approach detection limits, increasing uncertainty.

Conclusion: The Significance of Radiocarbon Dating in
Archaeology

The calculation demonstrates how radioactive decay principles allow archaeologists and scientists to
estimate the age of ancient specimens precisely. A specimen with 6 grams of carbon and an activity
of 0.6 Bg is approximately 150,000 years old, placing it well beyond the typical lifespan of
radiocarbon dating's effective range, yet illustrating the method's power in revealing human history
and Earth's past.

This example underscores the importance of understanding decay constants, isotopic ratios, and the
nuances involved in interpreting radiometric data. When combined with other archaeological
evidence, such calculations help piece together the complex puzzle of our ancient world, providing a
window into prehistoric eras and the evolution of life on Earth.

In summary:

- The specimen's age is approximately 150,000 years.
- The calculation hinges on

An Archeological Specimen Containing 6 G Of Carbon Has An
Activity Of 0 6 Bq How Old In Years Is The

An Archeological Specimen Containing 6 G Of Carbon Has An Activity Of 0 6 Bq How Old In Years Is
The

Related Articles

o Assume The Role Of President Andrew Johnson. Write A Short Speech To Give At Your Trial,
Explaining Why

e Choose The Statement That Best Defines The Term "experiment" In The Context Of
Probability.a) A Process

¢ Bobs .awn And Gardens Last Dividend Per Share Was $1.10. Thestock Sells For $30 Per
Share. The Expected



https://sip.evo9x.com/ma29/an-archeological-specimen-containing-6-g-of-carbon-has-an-activity-of-0-6-bq-how-old-in-years-is-the.pdf
https://sip.evo9x.com/ma29/an-archeological-specimen-containing-6-g-of-carbon-has-an-activity-of-0-6-bq-how-old-in-years-is-the.pdf
https://sip.evo9x.com/ma29/assume-the-role-of-president-andrew-johnson-write-a-short-speech-to-give-at-your-trial-explaining-why.pdf
https://sip.evo9x.com/ma29/assume-the-role-of-president-andrew-johnson-write-a-short-speech-to-give-at-your-trial-explaining-why.pdf
https://sip.evo9x.com/ma29/choose-the-statement-that-best-defines-the-term-experiment-in-the-context-of-probability-a-a-process.pdf
https://sip.evo9x.com/ma29/choose-the-statement-that-best-defines-the-term-experiment-in-the-context-of-probability-a-a-process.pdf
https://sip.evo9x.com/ma29/bobs-lawn-and-gardens-last-dividend-per-share-was-1-10-thestock-sells-for-30-per-share-the-expected.pdf
https://sip.evo9x.com/ma29/bobs-lawn-and-gardens-last-dividend-per-share-was-1-10-thestock-sells-for-30-per-share-the-expected.pdf

Back to Home


https://sip.evo9x.com

