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If The Temperature Of A Fixed Quantity Of Gas Decreases By A Factor Of Two
And The Pressure Decreases, it prompts a comprehensive examination of the
fundamental principles governing gases, particularly how temperature,
pressure, volume, and quantity interrelate. Understanding these relationships
is essential for fields ranging from thermodynamics and engineering to
atmospheric science and chemistry. This article explores the implications of
such changes, delves into the underlying gas laws, and explains the potential
outcomes in various practical scenarios.

---

Understanding the Basic Gas Laws

To analyze what happens when the temperature and pressure of a fixed amount
of gas decrease, it is crucial to understand the foundational gas laws that
describe the relationships among these variables.

Ideal Gas Law

The ideal gas law combines several fundamental principles into a single
equation:

PV = nRT

Where:
- P = pressure of the gas
- V = volume of the gas
- n = amount of substance (in moles)
- R = universal gas constant
- T = absolute temperature (Kelvin)

Under the assumption of ideal behavior, this law allows us to predict how
changes in one variable affect the others.



Boyle’s Law

Boyle's Law states that at constant temperature and amount of gas,

P ∝ 1/V

meaning pressure is inversely proportional to volume.

Charles’s Law

Charles's Law indicates that at constant pressure and amount,

V ∝ T

implying volume increases linearly with temperature (when measured in
Kelvin).

Gay-Lussac’s Law

This law states that at constant volume and amount,

P ∝ T

meaning pressure is directly proportional to temperature in Kelvin.

---

Analyzing the Effect of Halving the Temperature
and Pressure

Given the scenario:
- The temperature decreases by a factor of two.
- The pressure decreases accordingly.

Let’s consider the initial and final states of the gas:

- Initial temperature: T₁
- Final temperature: T₂ = T₁ / 2
- Initial pressure: P₁



- Final pressure: P₂

---

Impact on Temperature and Pressure: Applying
Gas Laws

Relationship Between Temperature and Pressure

From Gay-Lussac’s Law:

P ∝ T

Therefore, if the temperature halves:

P₂ / P₁ = T₂ / T₁ = 1/2

This indicates that the pressure should also decrease to half its original
value if the volume and amount of gas remain constant.

---

Implication for Volume

Using the ideal gas law, assuming the amount of gas remains constant:

V = (nRT) / P

If T halves and P halves:

V₂ = (nR(T₂)) / P₂ = (nR(T₁ / 2)) / (P₁ / 2) = (nRT₁ / 2) / (P₁ / 2) = (nRT₁)
/ P₁

This simplifies to:

V₂ = V₁



Thus, the volume remains unchanged when both temperature and pressure
decrease proportionally by the same factor, assuming the amount of gas stays
constant.

---

Practical Scenarios of Gas Behavior Under These
Conditions

Scenario 1: Fixed Volume Process

If the container holding the gas is rigid and does not allow volume change:

- The decrease in temperature to half, combined with the pressure decrease to
half, aligns with the gas law predictions.
- The gas behaves ideally, and the relationship holds true.

Scenario 2: Variable Volume Process

If the container allows volume change:

- The decrease in temperature results in a proportional decrease in pressure
and volume (per Charles’s and Boyle’s laws).
- The volume would also decrease if the process is isobaric or isochoric,
depending on conditions.

Scenario 3: Real Gas Deviations

In real-world applications, gases do not always behave ideally, especially at
high pressures or low temperatures:

- Deviations from ideal behavior become significant.
- Van der Waals corrections may be necessary to account for intermolecular
forces and finite molecular sizes.

---

Implications in Practical Applications

Understanding how gases respond to temperature and pressure changes is vital



for many technical and scientific applications.

1. Engineering and Design of Gas Systems

- Pipelines and Storage Tanks: Engineers must account for temperature
fluctuations that can impact pressure and volume, ensuring safety and
functionality.
- Refrigeration and Air Conditioning: These systems depend on predictable
changes in pressure and temperature; understanding their relationship is
essential for efficiency.

2. Atmospheric and Environmental Science

- Weather Prediction: Changes in temperature and pressure influence weather
patterns, cloud formation, and atmospheric dynamics.
- Climate Modeling: Accurate models require knowledge of how gases behave
under different temperature regimes.

3. Chemical Process Industries

- Reaction Conditions: Controlling temperature and pressure can optimize
reaction rates and yields.
- Gas Purification and Storage: Ensuring gases behave predictably during
storage at different temperatures.

4. Aerospace and Space Missions

- Maintaining cabin pressure and temperature involves understanding how gases
expand, contract, and change pressure under various conditions.

---

Real-World Examples and Calculations

Example 1: Storage of Compressed Gases

Suppose a cylinder contains 10 moles of an ideal gas at:

- Initial temperature: 300 K



- Initial pressure: 10 atm

If the temperature drops to 150 K (half), and the pressure correspondingly
drops to 5 atm (also half), what happens to the volume?

Calculation:

- Initial volume:

V₁ = (nRT₁) / P₁ = (10 mol  0.0821 L·atm/mol·K  300 K) / 10 atm ≈ 24.63 L

- Final volume:

V₂ = (nRT₂) / P₂ = (10 mol  0.0821 L·atm/mol·K  150 K) / 5 atm ≈ 24.63 L

Result: The volume remains the same, confirming the earlier theoretical
conclusion.

---

Summary: Key Takeaways

- When the temperature of a fixed quantity of gas decreases by a factor of
two, the pressure decreases proportionally if the volume remains constant.
- The relationships among temperature, pressure, and volume follow the ideal
gas law and specific laws like Gay-Lussac’s and Boyle’s law.
- The volume remains unchanged if both temperature and pressure decrease
proportionally, assuming ideal gas behavior.
- In real-world situations, deviations from ideality may occur, especially
under extreme conditions.
- Understanding these principles is essential across engineering, atmospheric
sciences, chemistry, and physics to predict and control gas behavior
effectively.

---

Conclusion

In summary, a halving of the temperature of a fixed quantity of gas,
accompanied by a proportional decrease in pressure, results in specific
predictable changes governed by the fundamental gas laws. Recognizing these
relationships allows scientists and engineers to design safer, more efficient
systems and better understand natural phenomena. Whether in industrial



applications, environmental monitoring, or scientific research, the
principles outlined here underpin much of our understanding of gases and
their behavior under varying conditions.

Frequently Asked Questions

What happens to the pressure of a fixed quantity of
gas when its temperature decreases by a factor of
two?
The pressure decreases by a factor of two, assuming volume remains constant,
according to Gay-Lussac's law.

If the temperature of a fixed amount of gas drops to
half, how does its pressure change?
The pressure also halves, provided the volume remains unchanged.

Does decreasing the temperature of a gas by a factor
of two affect its volume if pressure is also
decreasing?
If both temperature and pressure decrease proportionally, the volume remains
constant; otherwise, volume may change depending on the process.

What law explains the relationship between
temperature and pressure in this scenario?
Gay-Lussac's law explains that the pressure of a fixed amount of gas at
constant volume is directly proportional to its temperature in Kelvin.

Can the decrease in temperature lead to condensation
or liquefaction of the gas?
Yes, if the temperature drops below the gas's condensation point, it can
condense into a liquid.

How does the decrease in temperature impact the
kinetic energy of gas molecules?
The kinetic energy of the molecules decreases proportionally with
temperature, leading to slower molecular motion.



If the initial pressure was 200 kPa, what would be
the new pressure after the temperature decreases by
a factor of two?
The new pressure would be 100 kPa, assuming constant volume and direct
proportionality.

What assumptions are made when stating that pressure
decreases by a factor of two due to temperature
decrease?
The assumptions include constant volume, fixed amount of gas, and that the
process is ideal with no other influencing factors.

How does this scenario relate to the ideal gas law
PV = nRT?
According to the ideal gas law, if T decreases by a factor of two and n and V
are constant, then P must decrease proportionally.

What practical applications are influenced by
understanding the relationship between temperature
and pressure in gases?
Applications include aeronautics, refrigeration, chemical engineering, and
designing pressurized systems where temperature changes affect pressure.

Additional Resources
Gas Behavior Under Temperature and Pressure Changes: An In-Depth Analysis

Understanding how gases respond to variations in temperature and pressure is
fundamental to thermodynamics, chemistry, and physics. When examining a fixed
quantity of gas—meaning the number of moles remains constant—changes in
temperature and pressure follow well-established principles, primarily
governed by the ideal gas law. This detailed exploration will focus on a
specific scenario: if the temperature of a fixed quantity of gas decreases by
a factor of two and the pressure decreases. We will analyze the implications,
underlying principles, and practical consequences of such changes.

---



Fundamental Principles Governing Gas Behavior

1. The Ideal Gas Law

The ideal gas law is the cornerstone for understanding the behavior of gases
under varying conditions. It is expressed as:

\[ PV = nRT \]

Where:
- \( P \) = Pressure
- \( V \) = Volume
- \( n \) = Number of moles (fixed in this scenario)
- \( R \) = Universal gas constant
- \( T \) = Absolute temperature (in Kelvin)

Since \( n \) and \( R \) are constants for a fixed amount of gas, the
relationship simplifies to:

\[ PV \propto T \]

This proportionality indicates that any change in temperature directly
affects the product of pressure and volume, assuming the other remains
constant.

Key points:
- When temperature decreases, either pressure or volume (or both) must
decrease if the amount of gas remains constant.
- Conversely, increasing temperature would have the opposite effect.

---

Scenario Description: Temperature Decreases by
a Factor of Two

2. Quantitative Analysis of Temperature Reduction

Suppose the initial temperature of the gas is \( T_i \). The temperature
decreases by a factor of two:

\[ T_f = \frac{T_i}{2} \]

Where:



- \( T_i \) = initial temperature
- \( T_f \) = final temperature

This halving of temperature is significant, affecting various properties of
the gas.

Note: Temperatures must be expressed in Kelvin when applying the ideal gas
law, as Celsius or Fahrenheit scales are not absolute.

---

Impact on Pressure and Volume

3. Changes in Pressure and Volume with Temperature

Given the relation \( PV \propto T \), the changes in pressure and volume
depend on the constraints of the system:

Scenario A: Volume is Held Constant (Isovolumetric Process)

- Since volume \( V \) remains unchanged, the relation simplifies to:

\[ P \propto T \]

- Therefore, the final pressure \( P_f \) relates to the initial pressure \(
P_i \) by:

\[ \frac{P_f}{P_i} = \frac{T_f}{T_i} = \frac{1/2 \, T_i}{T_i} = \frac{1}{2}
\]

- Result: The pressure decreases by a factor of two.

Scenario B: Pressure is Held Constant (Isochoric Process)

- If the pressure remains constant, then:

\[ V \propto T \]

- The volume must decrease by a factor of two:

\[ \frac{V_f}{V_i} = \frac{T_f}{T_i} = \frac{1}{2} \]

- Result: The volume halves as temperature halves.

Scenario C: Both Pressure and Volume Adjust

- If both pressure and volume are free to change, the changes depend on the



specific process conditions.

---

4. Practical Examples and Implications

- Cooling a Gas in a Rigid Container (Constant Volume):
When the gas cools down by half, the pressure drops by half, assuming no
leaks or phase changes. This is often observed in pressurized gas cylinders
during cooling.

- Cooling in an Open System (Constant Pressure):
The volume decreases by half, which might occur in a piston system where the
piston moves to accommodate the volume change.

- Real-World Considerations:
Actual gases deviate from ideal behavior at high pressures and low
temperatures, potentially leading to condensation or phase change, which
complicates the simple proportional relationships.

---

Thermodynamic and Physical Consequences

5. Kinetic Theory Perspective

The behavior of gases is fundamentally tied to the motion of molecules:

- Average Molecular Speed:
The average kinetic energy per molecule is proportional to temperature:

\[ \frac{1}{2} m \overline{v^2} = \frac{3}{2} k_B T \]

Where:
- \( m \) = mass of a molecule
- \( \overline{v^2} \) = mean squared velocity
- \( k_B \) = Boltzmann constant

- Effect of Temperature Drop by Half:
Since kinetic energy decreases proportionally with temperature, molecular
speeds decrease by a factor of \(\sqrt{2}\). This results in slower molecular
bombardment, leading to lower pressure if volume remains constant.

---



6. Real Gas Deviations and Limitations

The ideal gas law approximates behavior under many conditions but fails near
phase transitions or at high pressures and low temperatures:

- Condensation:
As temperature drops, gases tend toward condensation, especially if cooling
approaches the gas’s condensation point.

- Non-Ideal Interactions:
Real gases exhibit intermolecular attractions and finite molecular volume,
which become prominent at low temperatures, leading to deviations from ideal
predictions.

Practical tip: Always consider real gas corrections (e.g., Van der Waals
equation) when dealing with extreme conditions.

---

Additional Considerations and Applications

7. Work Done During Compression or Expansion

If the gas undergoes volume change (e.g., in a piston), work is involved:

- Work during expansion:
\( W = P \Delta V \)

- Work during compression:
Negative \( W \) indicates work done on the gas.

The energy exchange is also related to temperature change via the first law
of thermodynamics:

\[ \Delta U = Q - W \]

Where \( \Delta U \) is the change in internal energy, and \( Q \) is heat
exchanged.

---

8. Practical Systems and Real-World Examples

- Cryogenics:



Cooling gases significantly alters pressure and volume, fundamental in
liquefied gases and cryogenic applications.

- Weather and Atmospheric Phenomena:
Temperature drops at higher altitudes cause pressure to decrease, affecting
weather patterns and atmospheric composition.

- Industrial Processes:
Gas compression and cooling are vital in chemical manufacturing,
refrigeration, and aerospace engineering.

---

Summary and Key Takeaways

- When a fixed quantity of gas experiences a temperature decrease by a factor
of two, the resulting effects on pressure and volume depend on system
constraints.
- Under constant volume, pressure drops by half; under constant pressure,
volume halves.
- The ideal gas law provides a robust framework for predicting these changes,
but real gases may deviate at extreme conditions.
- Molecular kinetic energy decreases proportionally with temperature,
influencing pressure via molecular impacts.
- Practical applications span cryogenics, atmospheric science, and industrial
processes, demonstrating the importance of understanding these fundamental
principles.

---

Final Remarks

Grasping how temperature influences pressure and volume in gases is crucial
for scientific and engineering endeavors. The scenario of halving temperature
and observing the subsequent pressure change underscores the interdependent
nature of thermodynamic variables. While idealized models offer clarity,
real-world systems often introduce complexities that require deeper analysis
and correction factors. Nonetheless, the foundational understanding provided
by the ideal gas law remains a vital tool across disciplines, enabling
accurate predictions and innovative solutions.

---

In essence, decreasing the temperature of a fixed amount of gas by a factor
of two results in a proportional decrease in its pressure if volume is held
constant, or a halving of its volume if pressure remains unchanged. These



insights form the backbone of thermodynamics, influencing everything from
designing refrigeration systems to understanding atmospheric phenomena.
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