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Seven Hundred Ninety Joules Of Heat Are Removed From A Heat Reservoir At A
Temperature Of 790 K. What are the implications of this process in thermodynamics?
This question leads us into a deeper understanding of heat transfer, the laws governing
thermodynamic systems, and the efficiency of heat engines and refrigerators. In this
comprehensive article, we will explore the fundamental concepts involved in heat removal
from a reservoir, analyze the thermodynamic principles at play, and examine practical
applications and calculations related to this scenario.

Understanding the Basics of Heat Transfer and
Thermodynamics

Before diving into the specifics of removing heat from a reservoir, it is essential to
understand the fundamental principles of thermodynamics that underpin these processes.

The First Law of Thermodynamics

The first law, often expressed as the conservation of energy, states that energy cannot be
created or destroyed, only transferred or converted from one form to another. When heat is
removed from a reservoir, the change in the system's internal energy is directly related to
the heat transferred and work done.

The Second Law of Thermodynamics

The second law introduces the concept of entropy and dictates the direction of heat
transfer. It states that heat naturally flows from a hotter to a colder body, and processes
tend to increase the total entropy of a system plus its surroundings.

Heat Reservoirs and Their Role

A heat reservoir is an idealized body with a large thermal capacity that can absorb or
supply finite amounts of heat without undergoing a significant change in temperature. In
this context, the reservoir at 790 K acts as a source or sink depending on the direction of
heat flow.



Analyzing the Removal of Heat: The
Thermodynamic Perspective

Given the removal of 790 Joules from a heat reservoir at 790 K, several questions arise:
- How does this process relate to the laws of thermodynamics?

- What is the change in entropy of the system and surroundings?

- What are the implications for the efficiency of heat engines or refrigerators involved?

Calculating the Entropy Change of the Reservoir

The entropy change (\(\Delta S\)) associated with removing heat \(Q\) from a reservoir at
constant temperature \(T\) is given by:

\[
\Delta S = - \frac{Q}{T}
\]

Where:
-\(Q = 790\, \text{J}\) (heat removed)
-\(T = 790\, \text{K}\) (reservoir temperature)

Plugging in the values:

\[
\Delta S_{\text{reservoir}} = - \frac{790} {790} = -1\, \text{J/K}
\]

This negative entropy change indicates a decrease in the reservoir's entropy due to heat
removal.

Implications for the Universe's Entropy

In real processes, the total entropy change considers both the reservoir and the
surroundings. If the heat is removed via an ideal reversible process, the total entropy
change of the universe remains zero, but in actual irreversible processes, entropy
increases, aligning with the second law.

Practical Applications and Calculations

Understanding the removal of heat has critical applications in designing engines,
refrigerators, and thermal management systems.



Refrigeration and Heat Pumps

Refrigerators remove heat from a cold space and expel it to a warmer reservoir. The
process involves work input and is governed by the coefficient of performance (COP).

e Cooling COP: \(\text{ COP} \text{cool} = \frac{Q_{\text{cold}}}{W}\)

e Heating COP: \(\text{COP} \text{heat} = \frac{Q_{\text{hot}}}{W}\)

In our scenario, understanding how much work is needed to remove a certain amount of
heat helps optimize these systems.

Efficiency of Heat Engines
The efficiency (\(\eta\)) of a heat engine operating between two reservoirs is:

\[
\eta = 1 - \frac{T_{\text{cold}}}{T {\text{hot}}}

\]

If heat is removed from a reservoir at 790 K, analyzing the maximum possible efficiency
involves considering the temperature difference and the thermodynamic cycle.

Calculations and Further Insights

To analyze the process quantitatively, suppose the heat removal is part of a cycle involving
a heat engine or refrigerator.

Work Done in Removing Heat

The minimum work required to remove \(Q\) Joules of heat from a reservoir at temperature
\(T\) in an ideal reversible process is:

\[
W_{\text{min}} = Q \times \frac{T_{\text{cold}}}{T_{\text{hot}} - T {\text{cold}}}

\]

However, since the reservoir temperature is fixed at 790 K, and heat is removed, the
process can be optimized for maximum efficiency.

Entropy Production in Irreversible Processes

In real-world applications, processes are irreversible, and entropy production must be
considered. The total entropy change (system + surroundings) is positive, indicating less-



than-ideal efficiency.

Conclusion: The Significance of Heat Removal in
Thermodynamics

Removing 790 Joules of heat from a reservoir at 790 K exemplifies core principles of
thermodynamics, including energy conservation, entropy, and the limits of efficiency.
Whether in designing refrigerators, engines, or thermal management systems,
understanding how heat transfer affects entropy and system performance is crucial. Precise
calculations, like the entropy change and work requirement, enable engineers and
scientists to optimize processes and develop more efficient technologies.

In summary, this scenario underscores the importance of thermodynamic laws in practical
applications. It provides insight into the fundamental limits imposed by nature on heat
transfer processes and guides the development of energy-efficient systems that are vital in
our increasingly energy-conscious world.

Frequently Asked Questions

What is the significance of removing 790 Joules of heat
from a heat reservoir at 790 K?

It indicates a process where heat is extracted from the reservoir, possibly to perform work
or to cool a system, according to thermodynamic principles.

What is the change in entropy of the heat reservoir
when 790 Joules are removed at 790 K?

The change in entropy is AS = -Q/T = -790] / 790 K = -1 Joule per Kelvin, indicating a
decrease in the reservoir's entropy.

What type of thermodynamic process involves removing
heat from a reservoir at a constant temperature?

A isothermal process, where the temperature remains constant while heat is transferred.

How much work can be theoretically extracted from
removing 790 Joules of heat from a reservoir at 790 K in
an ideal process?

In an ideal, reversible process, the maximum work is equal to the heat removed, so up to
790 Joules can be converted into work, according to the second law of thermodynamics.



What is the efficiency of a heat engine that absorbs
heat from a reservoir at 790 K and rejects 790 Joules of
heat?

Efficiency depends on the cycle details, but if 790 Joules are removed from the reservoir
and converted into work, the maximum efficiency would be determined by the Carnot
efficiency based on the temperature difference.

What is the relation between heat removal and entropy
change in the reservoir?

Removing heat from the reservoir decreases its entropy, with the magnitude given by AS =
-Q/T for a reversible process.

Can the removal of 790 Joules from the reservoir be
used to perform work in a real system?

Yes, in principle, the removed heat can be converted into work, but real systems have
inefficiencies, so less work than the theoretical maximum can be achieved.

What thermodynamic law explains why heat cannot be
completely converted into work in a real process?

The Second Law of Thermodynamics states that not all heat can be converted into work in a
cyclic process, and some energy is always lost as entropy increase.

Additional Resources

Understanding the Removal of 790 Joules of Heat from a Reservoir at 790 K: A
Comprehensive Analysis

When exploring the principles of thermodynamics, particularly the concepts surrounding
heat transfer, energy conservation, and entropy, a fundamental scenario often considered
is the removal of a specific amount of heat from a reservoir at a given temperature. In this
case, the problem involves removing 790 Joules of heat from a heat reservoir at a
temperature of 790 K. This seemingly straightforward question opens the door to a deeper
understanding of thermodynamic processes, efficiency, entropy considerations, and the
practical implications in real-world systems.

Fundamental Concepts Underpinning the



Scenario

Before delving into detailed calculations or implications, it's essential to clarify the core
thermodynamic principles involved.

1. Heat Reservoirs and Their Characteristics

- Definition: A heat reservoir (or thermal reservoir) is an idealized body with a vast heat
capacity such that it can exchange heat without undergoing any measurable change in
temperature.

- Properties:

- Maintains a constant temperature during heat transfer.

- Can be considered infinite in size or heat capacity for theoretical analysis.

- In real systems, no reservoir is truly infinite, but for analysis, ideal assumptions simplify
calculations.

2. Heat Transfer and Energy Conservation

- First Law of Thermodynamics: The change in internal energy of a system equals the net
heat added to the system minus the work done by the system.

- When removing heat from a reservoir, the energy is effectively transferred out, decreasing
the reservoir's thermal energy.

3. Entropy and Irreversibility

- Entropy (S): A measure of the disorder or randomness in a system.

- Removing heat from a reservoir involves entropy considerations, especially when
considering reversible vs irreversible processes.

- In idealized reversible processes, entropy transfer can be minimized, but real processes
tend to increase entropy.

Analyzing the Specifics of Removing 790 Joules at
790 K

Understanding what it physically means to extract 790 Joules of heat at the given
temperature involves several layers of interpretation.



1. The Nature of the Heat Removal

- Is the heat being extracted via a reversible process (idealized, no entropy generation)?
- Oris it an irreversible process, which introduces entropy production?

2. Implications for the System and Surroundings

- The reservoir at 790 K loses 790 Joules of heat.
- The process impacts the surroundings depending on how the heat is transferred and
whether work is involved.

3. Key Questions to Address

- How much work, if any, is involved in this process?

- What is the change in entropy of the reservoir?

- How does this process relate to the second law of thermodynamics?

- What are the practical applications or implications of such a heat removal?

Thermodynamic Calculations and Implications

To analyze this scenario quantitatively, we need to consider the thermodynamic
relationships governing heat transfer.

1. Entropy Change of the Reservoir

Since the reservoir is at a constant temperature, the entropy change (\(\Delta S\))
associated with removing heat \(Q\) is:

\[
\Delta S_{reservoir} = - \frac{Q}{T}
\]

where:

-\(Q = 790\, \text{J}\),
-\(T = 790\, \text{K}\).

Substituting:

\[



\Delta S_{reservoir} = - \frac{790\, \text{]J}} {790\, \text{K}} = -1\, \text{)/K}
\]

Interpretation:

- The negative sign indicates the reservoir's entropy decreases by 1 J/K.
- The decrease in entropy is directly proportional to the heat removed and inversely
proportional to the temperature.

2. Entropy Change of the Surroundings or the System

- If the heat is transferred irreversibly to a sink at a lower temperature, the entropy change
of the surroundings (or the environment receiving the heat) must be considered.

- For an idealized reversible process where heat is extracted or transferred to a perfect
sink, the entropy change of the sink would be:

\[
\Delta S_{sink} = + \frac{Q}{T _{sink}}
\]

- If the sink is at the same temperature as the reservoir (790 K), then the total entropy
change for the universe would be zero in an ideal reversible process:

\[
\Delta S_{total} = \Delta S_{reservoir} + \Delta S_{sink} =0

\]

- However, in practice, processes are often irreversible, leading to an increase in total
entropy.

Practical Implications and Applications

Understanding the removal of heat at a specific temperature is crucial for designing
efficient thermal systems, engines, refrigerators, and heat pumps.

1. Refrigeration and Heat Pumps

- Removing heat from a reservoir at 790 K is akin to the operation of refrigeration systems,
where work is done to extract heat from a low-temperature source.

- The Coefficient of Performance (COP) for a refrigerator operating between two
temperatures is given by:



\[
COP_{refrigerator} = \frac{T_{low}}{T {high} - T _{low}}
\]

- If the process is reversible and involves a temperature difference, the minimum work
required can be estimated using Carnot efficiencies.

2. Work Required for Heat Extraction

- In real systems, extracting heat from a reservoir requires work input, especially in
refrigeration cycles.

- For an idealized reversible process, the minimum work needed to remove heat \(Q\) from
temperature \(T\) is:

\[

W_{min} = Q \times \frac{T_{environment}}{T_{reservoir}} \quad (\text{for heat
rejection at a different temperature})

\]

- In the case where the heat is simply removed without additional work (idealized), the
process is considered perfectly efficient.

3. Entropy and the Second Law Constraints

- According to the second law, the total entropy of the universe must not decrease.

- Removing heat at high temperature (790 K) is more thermodynamically favorable than at
lower temperatures because less entropy is produced per unit of heat extracted.

- This principle underpins the design of efficient refrigeration cycles, where the temperature
difference between the heat source and sink is minimized.

Real-World Considerations and Limitations

While the theoretical analysis provides a foundation, practical systems are subject to
various constraints.

1. Irreversibility and Entropy Production

- No real process is perfectly reversible; hence, entropy production occurs, increasing the
total entropy.

- Energy losses due to friction, unrestrained expansion, and other irreversibilities affect the
actual work and efficiency.



2. Material and Engineering Constraints

- The materials used in heat exchangers, conductors, and insulation impact the efficiency of
heat removal.

- Maintaining a reservoir at a precise temperature of 790 K requires advanced insulation
and control systems.

3. Environmental and Economic Factors

- The energy cost associated with removing heat from a high-temperature reservoir is
significant.

- The environmental impact depends on how the removed heat is managed, whether it is
dissipated into the environment or utilized elsewhere.

Extended Analysis: Connecting to Broader
Thermodynamic Principles

This scenario serves as a gateway to broader thermodynamic concepts, including energy
cycles, entropy management, and the limits of efficiency.

1. Carnot Cycle and Maximum Efficiency

- The Carnot cycle establishes the maximum theoretical efficiency for heat engines and
refrigerators operating between two temperatures.
- The efficiency of a cycle that involves removing heat at 790 K is constrained by:

\[
\eta_{max} = 1 -\frac{T_{low}}{T _{high}}
\]

- For heat removal, the analogous concept involves the refrigeration COP and the second
law bounds.

2. Implications for Energy Conservation

- The removal of heat from a reservoir underscores the importance of energy conservation.
- The energy balance must account for work input, heat transfer, and entropy changes.



3. Reversible vs. Irreversible Processes

- Reversible processes are ideal, involving no entropy production.
- Real processes involve irreversibilities, leading to increased entropy and decreased
efficiency.

Conclusion: What Does Removing 790 Joules at
790 K Entail?

In summary, removing 790 Joules of heat from a reservoir at 790 K is a thermodynamically
straightforward process in theory, but with profound implications:

- It results in a decrease in the reservoir’'s entropy by 1 J/K.

- The process’s reversibility determines the total entropy change of the universe.

- Practical implementations require work input, often governed by Carnot efficiency limits.
- Understanding the entropy implications guides the design of efficient cooling,
refrigeration, and energy recovery systems.

- The process exemplifies fundamental thermodynamic principles, illustrating how energy
transfer and entropy govern the behavior of thermal systems.

By analyzing this scenario, engineers and scientists can better comprehend the limitations
imposed by thermodynamics, optimize energy systems, and develop sustainable solutions
for heat management in various technological applications.
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