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Understanding how the volume of a gas changes with pressure is fundamental in various scientific
and engineering applications. The phrase "817 Cm3 At 80.8 KPa To 101.3 KPa: Cm3 (No
Temp. Change)" hints at exploring the relationship between pressure and volume for a given amount
of gas under constant temperature conditions. This article delves into the principles governing such
transformations, illustrating how volume adjusts when pressure varies, provided temperature
remains constant, as well as the calculations involved for accurate predictions.

Introduction to Gas Behavior and the Ideal Gas Law

Gases are unique in their ability to expand and compress, making their behavior highly sensitive to
changes in pressure, volume, and temperature. The Ideal Gas Law is the cornerstone for
understanding these relationships, expressed as:

\[ PV = nRT\]

Where:

- P = pressure

-V = volume

- n = number of moles of gas

- R = universal gas constant (8.314 J/(mol-K))
- T = temperature in Kelvin

For scenarios where the amount of gas and temperature are kept constant, the law simplifies into
Boyle’s Law:

[P1V1=P2V 2\

This relationship states that pressure and volume are inversely proportional when temperature and
amount of gas are held steady.

Applying Boyle’s Law to the Given Scenario

In the context of the phrase "817 Cm3 At 80.8 KPa To 101.3 KPa," we interpret this as a gas
occupying a volume of 817 cm? at an initial pressure of 80.8 KPa, which then experiences a pressure
change to 101.3 KPa. The goal is to determine the final volume of the gas, assuming no temperature



change.

Given Data

e Initial volume, \(V_1\) = 817 cm3
e Initial pressure, \( P 1) = 80.8 KPa
e Final pressure, \( P 2\) = 101.3 KPa

e Final volume, \(V 2\) =7

Assumptions

1. Temperature remains constant throughout the process.
2. The amount of gas (moles, \( n\)) remains unchanged.

3. The gas behaves ideally.

Calculation Using Boyle’s Law
Applying the formula:

(P1V1=P2V2)\

Rearranged to find \( V_2\):

\[V 2 =\frac{P 1V 1}{P 2}\]

Substituting the known values:

\[ V_2 =\frac{80.8)\, \text{KPa} \times 817\, \text{cm}~3}{101.3\, \text{KPa}} \]
Calculating numerator:

\[ 80.8 \times 817 = 66,029.6 \]

Dividing:

\[ V 2 =\frac{66,029.6}{101.3} \approx 652.4\, \text{cm} "3 \]

Result: When the pressure increases from 80.8 KPa to 101.3 KPa, the volume decreases from 817



cm? to approximately 652.4 cm3.

Understanding the Physical Implications

The calculation above demonstrates the inverse relationship between pressure and volume under
constant temperature conditions:

- As pressure increases, volume decreases.
- As pressure decreases, volume increases.

This principle is crucial in many real-world applications such as:

- Gas storage and transportation

- Breathing mechanics in medicine

- Engineering designs involving pneumatic systems
- Chemical reactions involving gases

It’s important to recognize that these calculations assume ideal behavior, which is a close
approximation for many gases under standard conditions but may deviate under high pressures or
low temperatures.

Real-World Applications of Gas Volume and Pressure
Calculations

Understanding how to calculate volume changes with pressure variations has numerous practical
uses:

1. Gas Storage and Safety

- Designing tanks to withstand pressure fluctuations without risking rupture.
- Calculating safe volume limits when compressing gases.

2. Respiratory Physiology

- Modeling lung expansion and contraction during breathing.
- Developing medical devices that rely on pressure-volume relationships.



3. Industrial Processes

- Optimizing reactions involving gases by controlling pressure and volume.
- Designing pneumatic tools and systems for efficiency.

4. Environmental Monitoring

- Estimating gas emissions and their impact relative to pressure and volume changes.

Limitations and Considerations

While Boyle’s Law provides a simple and effective way to estimate volume changes with pressure,
there are some important considerations:

e Non-ideal behavior: At very high pressures or low temperatures, gases deviate from ideality,
requiring more complex models like Van der Waals equation.

e Temperature Changes: If temperature varies, the relationship between pressure and volume
becomes more complex, involving the combined gas law or ideal gas law with temperature

included.

e Measurement accuracy: Precise measurements of pressure, volume, and temperature are
essential for reliable calculations.

Extending the Calculation to Different Conditions

Suppose you want to understand how the volume would change if the pressure drops or increases
under different conditions. The same formula applies:

\[V 2 =\frac{P 1V 1}{P 2}\]
Example: If the pressure drops to 50 KPa:

\[ V 2 =\frac{80.8)\, \text{KPa} \times 817\, \text{cm}"~3}{50\, \text{KPa}} \approx 1,320.8),
\text{cm}"3\]

This indicates a significant expansion of the gas volume as the pressure decreases.



Conclusion

The relationship between pressure and volume for gases under constant temperature is elegantly
captured by Boyle’s Law. In the scenario where a gas occupies 817 cm? at 80.8 KPa and the pressure
increases to 101.3 KPa, the volume decreases to approximately 652.4 cm3, illustrating the inverse
proportionality. Accurate understanding and application of this principle are essential in fields
ranging from engineering and environmental science to medicine and chemistry.

By mastering these calculations, professionals can predict how gases will behave under varying
pressures, ensuring safety, efficiency, and effectiveness in their respective applications. Remember,
while ideal gas laws provide a useful approximation, real-world deviations should be considered in
high-precision or extreme conditions.
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Note: Always verify calculations with current data and consider experimental deviations in practical
applications.

Frequently Asked Questions

What is the volume of a gas initially at 817 cm? and 80.8 KPa
when the pressure is increased to 101.3 KPa at constant
temperature?

The volume decreases to approximately 652.9 cm3 when the pressure increases from 80.8 KPa to
101.3 KPa at constant temperature.

Which law is used to calculate the change in volume of a gas
when pressure changes at constant temperature?

Boyle's Law is used, which states that P1V:1 = P>V at constant temperature.

How do you calculate the new volume of a gas when its
pressure changes at constant temperature?

Use Boyle's Law: V2 = (P1 X V1) / P2, where P1 and Vi are initial pressure and volume, and P2 is the



new pressure.

What is the significance of no temperature change in
calculating gas volume under pressure variations?

It implies that the temperature remains constant, allowing the use of Boyle's Law without
considering temperature effects in the calculation.

If the initial volume is 817 cm? at 80.8 KPa, what is the
volume at 101.3 KPa at constant temperature?

The volume is approximately 652.9 cm?® when the pressure increases to 101.3 KPa.

Why does the volume of a gas decrease when pressure
increases at constant temperature?

Because gases compress under higher pressure, reducing their volume in accordance with Boyle's
Law.

Can you convert the initial and final pressures into
atmospheres for calculations? If so, what are they?

Yes, 80.8 KPa is approximately 0.796 atm and 101.3 KPa is approximately 1.0 atm, used for
calculations involving gas laws.

Additional Resources

817 cm? at 80.8 kPa to 101.3 kPa: Understanding Volume Changes at Constant
Temperature

In the realm of thermodynamics and fluid mechanics, understanding how the volume of a gas
responds to changes in pressure—while temperature remains constant—is fundamental. This
principle is central to many scientific and engineering applications, from designing pressure vessels
to predicting the behavior of gases in natural systems. In this detailed analysis, we explore the
specific case where a gas volume of 817 cm? at an initial pressure of 80.8 kPa is subjected to an
increase in pressure up to 101.3 kPa, with the temperature held constant. We will examine the
underlying physics, mathematical relationships, practical implications, and real-world applications of
this process.

Understanding the Basics: Gas Behavior Under



Constant Temperature

Boyle’s Law and Its Significance

At the heart of this discussion lies Boyle’s Law, a fundamental principle in gas physics formulated by
Robert Boyle in the 17th century. Boyle’s Law states that, for a fixed amount of gas kept at a
constant temperature, the pressure and volume are inversely proportional. Mathematically, it is
expressed as:

\[ PV = \text{constant} \]

or equivalently,

\[P1V1=P2V 2\

where:

-\(P_1\)and \(V_1)) are the initial pressure and volume,

-\(P 2\)and \(V 2) are the final pressure and volume.

This inverse relationship implies that increasing the pressure on a gas will decrease its volume
proportionally, provided temperature remains unchanged.

Quantitative Analysis: Calculating the Final Volume

Given Data and Assumptions

- Initial volume, \(V 1 = 817\, \text{cm}"~3)

- Initial pressure, \( P 1 = 80.8 \, \text{kPa} \)
- Final pressure, \( P 2 = 101.3\, \text{kPa} \)
- Temperature remains constant throughout the process.

We aim to find the final volume, \(V_2), after the pressure increases.

Applying Boyle’s Law

Using the relationship:
\[P1V1=P2V2}\]

Rearranged to solve for \(V 2\):



\[V 2 =\frac{P 1V 1}{P 2}\]

Plugging in the known values:

\[ V 2 =\frac{80.8 \, \text{kPa} \times 817\, \text{cm}~3}{101.3\, \text{kPa}} \]
Calculating numerator:

\[ 80.8 \times 817 = 66,013.6 \]

Then dividing:

\[ V_ 2 =\frac{66,013.6}{101.3} \approx 652.3 \, \text{cm} "3 \]

Result: When pressure increases from 80.8 kPa to 101.3 kPa at constant temperature, the gas
volume decreases from 817 cm? to approximately 652.3 cm3.

Physical Interpretation and Significance

Volume Compression and Its Implications

The calculated reduction of volume by about 164.7 cm? (from 817 cm® down to approximately 652.3
cm?®) demonstrates the compressibility of gases. In practical terms, this means that a gas confined
within a fixed container will physically occupy less space as external pressure increases, assuming
temperature is constant.

This phenomenon is not just theoretical but is observed in numerous applications, including:

- Industrial Gas Storage: Gas cylinders are designed to withstand pressure variations. Understanding
how gases compress under pressure helps in designing safer, more efficient storage solutions.

- Meteorology and Atmospheric Sciences: Variations in atmospheric pressure influence the volume
and density of air parcels, affecting weather patterns.

- Engineering Systems: Pumps, valves, and compressors rely on these principles to manage fluid
behavior effectively.

Isothermal Process and Its Constraints

The assumption of constant temperature is critical. In reality, compressing a gas often leads to an
increase in temperature unless the process occurs slowly enough for heat exchange with the
environment to keep the temperature constant. This idealized isothermal process relies on perfect
thermal contact with a heat reservoir, which may not always be feasible.

Implications:



- In real systems, temperature variations during pressure changes can lead to deviations from
Boyle’s Law.

- Engineers must account for such non-idealities when designing systems involving gas compression
or expansion.

Broader Context: The Ideal Gas Law and Real-World
Deviations

While Boyle’s Law offers a simplified view, the broader framework is provided by the Ideal Gas Law:
\[ PV = nRT\]

where:

-\(n\) is the number of moles,

-\(R)) is the universal gas constant,

-\( T\) is the absolute temperature in Kelvin.

In the context of constant temperature and fixed amount of gas, Boyle’s Law applies directly, as
shown above. However, real gases deviate from ideal behavior at high pressures or low
temperatures, where intermolecular forces and molecular volumes become significant.

Key considerations:

- Under the specific conditions given (pressure up to ~101 kPa, room temperature), most gases
behave approximately ideally.

- For more precise calculations, especially at higher pressures or different temperatures, real gas
equations like Van der Waals' equation are used.

Applications and Practical Considerations

Design of Pressure Vessels and Pipelines

Understanding how gases respond to pressure changes at constant temperature informs the design
of pressure vessels, pipelines, and other containment systems. Engineers must ensure materials can
withstand the maximum expected pressures and account for volume changes during operation.

Design considerations include:

- Material strength and safety margins.

- Thermal management to prevent unintended temperature rises during compression.
- Incorporation of safety valves and pressure relief systems.



Medical and Scientific Equipment

In medical devices such as ventilators or anesthesia machines, precise control over gas volumes and
pressures is vital. Accurate models based on Boyle’s Law enable clinicians and scientists to predict
system behavior and ensure safety.

Environmental and Atmospheric Modeling

Predicting how air masses compress or expand under changing atmospheric pressures underpins
weather forecasts and climate models. These principles help in understanding phenomena such as
adiabatic cooling or heating in atmospheric layers.

Limitations and Considerations for Real-World
Scenarios

While Boyle’s Law provides a solid foundation, real-world systems often involve complexities such as
heat transfer, non-ideal gas behavior, and transient effects.

Potential limitations:

- Temperature fluctuations: In practice, rapid compression may cause temperature increases unless
heat transfer occurs.

- Non-ideal behavior: At higher pressures or low temperatures, deviations from ideality become
significant.

- Material constraints: Physical limits of container materials may restrict the maximum pressure or
compression achievable.

Mitigation strategies:

- Incorporating heat exchangers to maintain isothermal conditions.

- Using real gas equations for more accurate modeling.

- Designing safety features to accommodate unexpected pressure or volume changes.

Conclusion: The Interplay of Pressure, Volume, and
Temperature

The analysis of 817 cm? of gas at 80.8 kPa being subjected to an increase in pressure up to 101.3
kPa, at constant temperature, exemplifies the fundamental principles of thermodynamics that govern
gas behavior. The significant volume reduction—approximately 164.7 cm3—demonstrates the
practical application of Boyle’s Law, reinforcing its importance in scientific, engineering, and



environmental contexts.

Understanding these relationships not only enhances our grasp of basic physics but also informs the
design of safer, more efficient systems in various industries. It underscores the delicate balance of
pressure, volume, and temperature that must be managed to harness gases effectively and safely
across countless applications.

As technology advances, more sophisticated models will continue to refine our predictions,
accounting for real-world complexities beyond the idealized assumptions. Nonetheless, Boyle’s Law
remains a cornerstone in the study of gases, providing clarity and predictability in an inherently
dynamic domain.
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