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Understanding the concept of radioactive decay and half-life is fundamental in nuclear chemistry,
radiology, environmental science, and various applications involving radioactive materials. In
particular, Radium-226 (Ra-226) is a notable isotope with significant historical and scientific
importance due to its radioactive properties and its use in medical treatments and radiometric dating.
The question posed—how much of a Radium-226 sample remains after a certain period, given its half-
life—is a classic problem in nuclear physics, illustrating the exponential nature of radioactive decay. In
this article, we will explore the principles behind half-life, the decay process of Radium-226, and how
to calculate remaining quantities over time, especially focusing on a sample initially weighing 300 mg.

---

Understanding Radioactive Decay and Half-life

What Is Radioactive Decay?
Radioactive decay is a spontaneous process by which unstable atomic nuclei lose energy by emitting
radiation in the form of alpha particles, beta particles, or gamma rays. This process transforms one
element or isotope into another, often more stable, isotope. The decay occurs randomly at the level of
individual atoms but follows a predictable statistical pattern at the population level.

The Concept of Half-life
The half-life of a radioactive isotope is the time required for half of the radioactive nuclei in a sample
to decay. It is a characteristic constant for each isotope and remains unaffected by external
conditions such as temperature, pressure, or chemical state.

- Mathematically, the decay process follows an exponential law:

\[
N(t) = N_0 \times \left(\frac{1}{2}\right)^{t/T_{1/2}}
\]

where:

- \(N(t)\) = amount remaining after time \(t\),
- \(N_0\) = initial amount,
- \(T_{1/2}\) = half-life of the isotope.



- The decay rate is often expressed as a decay constant \(\lambda\), related to half-life by:

\[
\lambda = \frac{\ln 2}{T_{1/2}}
\]

---

Radium-226: Properties and Significance

Physical and Nuclear Characteristics
Radium-226 is a radioactive isotope of radium with notable features:

- Half-life: 1590 years
- Decay mode: Primarily alpha decay
- Decay products: It decays into radon-222, a radioactive gas, which continues a decay chain leading
to stable isotopes.

Historical and Practical Applications
Radium-226 was historically used in:

- Medical treatments: Cancer radiotherapy
- Radiometric dating: Determining the age of geological samples
- Research: Studying radioactive decay and nuclear reactions

However, due to its radioactivity and health hazards, its use has been largely replaced by safer, more
manageable isotopes.

---

Calculating Remaining Radium-226 after a Given Time

Problem Statement
Suppose a sample of Radium-226 initially contains 300 milligrams (mg). The question is: How much
radium remains after a certain period, say, several years, given its half-life of 1590 years?

General Approach to Calculation
To determine the remaining amount, we use the decay formula:



\[
N(t) = N_0 \times \left(\frac{1}{2}\right)^{t/T_{1/2}}
\]

where:

- \(N_0 = 300\, \text{mg}\)
- \(T_{1/2} = 1590\, \text{years}\)
- \(t\) = elapsed time

---

Calculating the Remaining Quantity for Specific Time
Periods

1. After One Half-life (1590 years)
Applying the formula:

\[
N(1590) = 300 \times \left(\frac{1}{2}\right)^{1590/1590} = 300 \times \frac{1}{2} = 150\,
\text{mg}
\]

Result: After 1590 years, 150 mg of Radium-226 remains.

2. After Two Half-lives (3180 years)
\[
N(3180) = 300 \times \left(\frac{1}{2}\right)^{3180/1590} = 300 \times \left(\frac{1}{2}\right)^2 =
300 \times \frac{1}{4} = 75\, \text{mg}
\]

Result: After 3180 years, 75 mg remains.

3. After N Half-lives
In general, after \(n\) half-lives:

\[
N = N_0 \times \left(\frac{1}{2}\right)^n
\]

This exponential decay demonstrates how quickly a radioactive sample diminishes over multiple half-
lives.



---

Practical Implications and Real-World Applications

Radioactive Dating
Understanding half-life allows scientists to estimate the age of geological samples or artifacts by
measuring the remaining radioisotope.

Medical and Industrial Use
Knowledge of decay rates informs safe handling, storage, and disposal of radioactive materials like
Radium-226.

Environmental and Safety Considerations
Since Radium-226 decays into radon-222, a hazardous gas, understanding its decay timeline helps in
managing nuclear waste and environmental safety.

---

Additional Factors to Consider

Decay Chain and Daughter Products
Radium-226 decays into a series of other radioactive isotopes before reaching a stable form. Each
step involves its own half-life and decay characteristics, which are important in comprehensive
radiological assessments.

Decay Rate and Activity
The activity \(A(t)\), measured in becquerels (Bq), indicates the number of decays per second:

\[
A(t) = \lambda \times N(t)
\]

where \(\lambda\) is the decay constant.



Limitations of the Simple Calculation
Real-world scenarios may involve factors such as:

- Loss of material due to chemical processes
- External influences on decay rates (generally negligible)
- Measurement uncertainties

---

Conclusion: How Much Remains After a Given Time?
Knowing the half-life of Radium-226 allows precise calculations of its remaining quantity over time.
For an initial 300 mg sample:

- After 1 half-life (1590 years): 150 mg remains
- After 2 half-lives (3180 years): 75 mg remains
- After \(n\) half-lives: \(300 \times (1/2)^n\) mg remains

These calculations are fundamental in fields ranging from radiometric dating to nuclear medicine,
emphasizing the importance of understanding exponential decay processes. Whether managing
radioactive waste or conducting scientific research, grasping the concept of half-life provides vital
insights into the behavior of radioactive materials over time.

---

In summary, the decay of Radium-226 follows an exponential pattern characterized by its half-life of
1590 years. Starting with 300 mg, the remaining quantity after any given period can be precisely
calculated using the decay formula, enabling scientists and professionals to make informed decisions
about safety, dating, and medical applications related to this radioactive isotope.

Frequently Asked Questions

How do I calculate the remaining amount of Radium-226 after
a certain period?
Use the half-life formula: Remaining amount = initial amount × (1/2)^(time elapsed / half-life).

What is the significance of Radium-226's half-life being 1590
years?
It indicates that it takes 1590 years for half of a Radium-226 sample to decay, impacting its use and
safety considerations.



If I start with 300 mg of Radium-226, how much remains after
1590 years?
After 1590 years, half of the original 300 mg remains, which is 150 mg.

How do I find out how much Radium-226 remains after
multiple half-lives?
Repeat the halving process for each half-life period or use the formula: Remaining amount = initial
amount × (1/2)^(number of half-lives).

What is the decay constant for Radium-226?
The decay constant λ can be calculated as λ = ln(2) / half-life, which for Radium-226 is approximately
0.000436 per year.

Can the half-life of Radium-226 be used to estimate its
activity over time?
Yes, the activity decreases exponentially over time according to the decay law, which is related to the
half-life.

Why is understanding half-life important in handling
radioactive materials like Radium-226?
It helps determine the safety protocols, storage duration, and potential decay-related hazards of
radioactive substances.

How long will it take for a 300 mg sample of Radium-226 to
decay to 37.5 mg?
It will take approximately 4 half-lives, or about 6360 years, since each half-life halves the remaining
amount.

What is the formula to determine the remaining mass of a
radioactive sample after 'n' half-lives?
Remaining mass = initial mass × (1/2)^n, where n is the number of half-lives elapsed.
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Understanding radioactive decay is essential in fields ranging from nuclear physics to medicine and



environmental science. When dealing with radioactive isotopes like Radium-226, questions often arise
about how long they remain active and how their quantities diminish over time. In this article, we will
explore the fascinating concept of half-life, specifically focusing on Radium-226, which has a half-life
of approximately 1590 years. We’ll consider a sample starting at 300 milligrams (mg) and delve into
how much of it remains after a certain period, providing a comprehensive, reader-friendly guide to
radioactive decay calculations.

---

What Is Radium-226 and Why Is It Important?

Radium-226 is a naturally occurring radioactive isotope of the element radium, discovered in 1898 by
Marie and Pierre Curie. It is part of the decay chain of uranium-238 and is known for its intense
radioactivity. Radium-226 emits alpha particles during decay, which makes it useful historically in
radiotherapy and as a radiation source, although its use has declined due to safety concerns.

Key properties of Radium-226:
- Half-life: Approximately 1590 years.
- Decay Mode: Alpha decay (emission of alpha particles).
- Decay products: Radon-222 (a gas), which itself is radioactive.
- Applications: Historically used in cancer treatment, radiography, and as a neutron source.

Understanding the half-life of Radium-226 is crucial because it tells us how quickly it decays and how
long it remains hazardous or useful.

---

The Concept of Half-Life: Deciphering Radioactive Decay

Half-life is the amount of time it takes for half of a sample of a radioactive substance to decay. It is a
fundamental parameter in nuclear physics, serving as a measure of the stability of an isotope.

Key points about half-life:
- It is a characteristic property of each isotope.
- It remains constant regardless of the initial amount.
- It follows an exponential decay law.

Mathematically, the decay process is expressed as:

\[ N(t) = N_0 \times \left(\frac{1}{2}\right)^{\frac{t}{T_{1/2}}} \]

where:
- \( N(t) \) = the remaining quantity of the isotope after time \( t \),
- \( N_0 \) = initial quantity,
- \( T_{1/2} \) = half-life of the isotope.

This formula indicates that after each half-life period, the remaining amount halves, regardless of the
initial quantity.

---



Applying the Half-Life Formula to Radium-226

Suppose we have a sample of Radium-226 weighing 300 mg. To determine how much of this sample
remains after a certain period, we need to understand the decay process over time.

Scenario 1: How much remains after 1590 years (one half-life)?

Since the half-life is 1590 years:
- After 1 half-life, the remaining amount will be half of 300 mg.

Calculation:

\[ N = 300\, \text{mg} \times \left(\frac{1}{2}\right)^{\frac{1590}{1590}} = 300\, \text{mg}
\times \frac{1}{2} = 150\, \text{mg} \]

Answer: After 1590 years, 150 mg of Radium-226 remains.

---

Extending the Calculation: Multiple Half-Lives

Understanding decay over longer periods involves calculating how many half-lives have elapsed.

Scenario 2: How much remains after 4,770 years?

Since each half-life is 1590 years:
- Number of half-lives \( n = \frac{4770}{1590} = 3 \)

Applying the decay formula:

\[ N = 300\, \text{mg} \times \left(\frac{1}{2}\right)^3 = 300\, \text{mg} \times \frac{1}{8} =
37.5\, \text{mg} \]

Interpretation: After 4,770 years (three half-lives), roughly 37.5 mg of Radium-226 remains.

---

How to Calculate Remaining Radium-226 After Any Time

The general approach involves:

1. Determine the number of half-lives elapsed:

\[ n = \frac{t}{T_{1/2}} \]

2. Calculate the remaining amount:

\[ N(t) = N_0 \times \left(\frac{1}{2}\right)^n \]

Example: Find the remaining amount after 2,385 years.



- \( n = \frac{2385}{1590} \approx 1.5 \)
- Remaining:

\[ N = 300\, \text{mg} \times \left(\frac{1}{2}\right)^{1.5} \]

- Since \( \left(\frac{1}{2}\right)^{1.5} = \frac{1}{2} \times \frac{1}{\sqrt{2}} \approx 0.3536 \)

- Calculated remaining:

\[ N \approx 300\, \text{mg} \times 0.3536 \approx 106.1\, \text{mg} \]

---

Practical Applications and Implications

Understanding the decay of Radium-226 is vital in various fields:

- Radiation Safety: Knowing how long radioactive materials remain hazardous helps in managing
storage and disposal.
- Medical Uses: Historically, Radium-226 was used for cancer therapy, but knowing its decay helps
determine the activity level over time.
- Environmental Monitoring: Radium can contaminate water sources; decay calculations help assess
long-term risks.
- Archaeology and Geology: Radioactive decay underpins dating methods such as uranium-lead
dating, where understanding half-lives is essential.

---

Limitations and Considerations

While the half-life provides a straightforward way to estimate decay, real-world scenarios sometimes
involve complexities:

- Decay chains: Radium-226 decays into other radioactive elements, each with their own half-lives,
affecting overall radioactivity.
- Environmental factors: Chemical processes can influence the mobility and bioavailability of radium.
- Measurement uncertainties: Laboratory measurements may have slight errors, especially over long
timescales.

Despite these factors, the half-life remains a robust and fundamental concept in nuclear science.

---

Summary: Key Takeaways

- Radium-226 has a half-life of approximately 1590 years.
- Starting with 300 mg, after one half-life (1590 years), about 150 mg remains.
- After three half-lives (about 4770 years), roughly 37.5 mg remains.
- The decay process follows an exponential pattern, calculable via the formula:

\[ N(t) = N_0 \times \left(\frac{1}{2}\right)^{\frac{t}{T_{1/2}}} \]



- Understanding decay helps in safety management, medical applications, and scientific research.

---

Final Thoughts

Radioactive decay, exemplified by Radium-226's half-life, underscores the importance of nuclear
physics in our understanding of natural processes and technological applications. Whether managing
radioactive waste, conducting scientific research, or understanding Earth's history, grasping the
principles of half-life empowers scientists, engineers, and policymakers alike. As we continue to
explore the atomic world, these fundamental concepts remain essential tools in deciphering the
mysteries of radioactive materials and their long-term behavior.
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