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Understanding heat transfer processes is essential in many scientific and
engineering applications. In this article, we explore a scenario involving a
copper can accompanied by a stirrer, both possessing a combined total heat
capacity of 60 Joules per Kelvin (J/K). The setup contains 200 grams of water
initially at 10°C, with the system being dry-meaning no additional heat
sources or sinks are present. We will analyze how heat transfer occurs within
this system, how temperature changes over time, and the relevant principles
governing these processes.

Introduction to the System Components

Before delving into the thermal analysis, it’s important to understand the
individual components of the system:

Copper Can

- Material: Copper

- Properties: High thermal conductivity, specific heat capacity approximately
0.385 J/g9:K

- Function: Serves as a container for water, facilitating heat transfer with
minimal temperature lag due to its high conductivity.

Stirrer

- Material & Design: Usually metallic or plastic, but in this context, it is
considered to have a total heat capacity of 60 J/K, indicating it can absorb
or release heat without large temperature changes.

- Function: Used to agitate the water, promoting uniform temperature
distribution, and potentially contributing to heat transfer dynamics.

Water

- Mass: 200 grams (0.2 kg)
- Initial Temperature: 10°C



- Specific Heat Capacity: Approximately 4.18 J/g-K (or 4180 J/kg-K)

Understanding Heat Capacity and Its Role

Heat capacity is a measure of the amount of heat needed to change an object's
temperature by one Kelvin (or Celsius). The higher the heat capacity, the
more heat an object can absorb or release without significant temperature
change.

Total Heat Capacity of the System

- The combined heat capacity of the copper can and stirrer is given as 60
?/ﬁﬁe water's heat capacity can be calculated as:

C water = mass x specific heat capacity = 0.2 kg x 4180 J/kg-K = 836 J/K

- The total heat capacity of the entire system (water + can + stirrer) is:

C total = C water + C can + C stirrer

Since the can and stirrer are combined to 60 J/K, and the water's
contribution is 836 J/K, the total is:

C total = 836 J/K + 60 J/K = 896 J/K

This total allows us to analyze the temperature changes during heat exchange
processes.

Initial Conditions and Assumptions

To analyze the thermal behavior, we consider the following assumptions:

- No heat loss to surroundings: The system is perfectly insulated.

- No phase change: Water remains in liquid form throughout.

- Uniform temperature: Stirrer and water are well mixed, so they share the
same temperature at any instant.

- No external heat source or sink: The only energy exchange occurs within the
system components.

The initial temperature of the water is 10°C, and initially, the copper can
and stirrer are at the same temperature (assuming thermal equilibrium at the



start).

Heat Transfer Dynamics in the System

Since the system is insulated, any heat added or removed causes a change in
the internal energy, reflected as a temperature change.

Scenario 1: Heating the System

Suppose an external heat source adds a certain amount of heat, Q, to the
system. The change in temperature, AT, can be calculated as:

Q = C total x AT
If, for example, 896 J of heat is added:
AT = Q / C total =896 J / 896 J/K = 1°C

Thus, the temperature of the entire system (water + can + stirrer) would rise
from 10°C to 11°C.

Scenario 2: Cooling or Heat Loss

Similarly, if the system loses heat, the temperature decreases
proportionally. For example, losing 448 J would cause:

AT = -448 J / 896 J/K = -0.5°C

The temperature would drop from 10°C to 9.5°C.

Calculating Temperature Changes in Water and
System Components

Since the water has a much larger heat capacity than the can and stirrer, its
temperature change dominates the system’s behavior.

Energy Balance Equation

Assuming no heat transfer to surroundings:



Q water + Q can + Q stirrer =0

Expressed in terms of temperature:

(m water x c water x AT water) + (C can stirrer x AT system) = 0

Given the initial conditions, and assuming the can and stirrer are initially
at the same temperature as water, the temperature change of the system
components is the same as that of water, adjusted for their heat capacities.

If heat is added or removed, the final temperature T f can be found by:

Q = C total x (T f - T initial)

Practical Applications and Experimental
Considerations

Understanding this thermal setup is crucial in various practical
applications, including:

1. Calorimetry Experiments

- Measuring heat transfer based on temperature changes.
- Using known heat capacities to determine unknown heat quantities.

2. Temperature Control in Chemical Processes

- Ensuring uniform temperature distribution.
- Minimizing temperature gradients during reactions.

3. Engineering Design of Insulated Containers

- Designing systems to minimize heat loss.
- Selecting materials with appropriate heat capacities.

Factors Influencing Heat Transfer in the System

Several factors can affect the rate and extent of heat transfer:



Material Properties

- Copper’s high thermal conductivity facilitates rapid heat distribution.
- The stirrer’s material can influence how quickly temperature equilibrium is
reached.

System Geometry

- Surface area between water and can affects heat exchange efficiency.
- The design of the stirrer (size, shape) impacts mixing and heat
distribution.

Initial Conditions

- Temperature difference drives heat flow.
- Larger temperature differences lead to faster heat transfer.

Environmental Conditions

- External temperature and heat loss can alter the system behavior if not
perfectly insulated.

Calculations and Numerical Examples

Let’s consider a practical example where 500 J of heat is added to the
system:

Q = 500 J

Calculate the resulting temperature change:

AT = Q / C total =500 J / 896 J/K = 0.558°C

Final temperature:

T final = T initial + AT = 10°C + 0.558°C = 10.558°C

The water's temperature will rise slightly, and the overall system's
temperature will reflect this change.



Conclusion: Key Takeaways

- The combined heat capacity of the copper can and stirrer (60 J/K) plays a
significant role in the thermal response of the system.

- The water, with a much larger heat capacity (approximately 836 J/K),
predominantly determines the system's temperature change for a given amount
of heat added or removed.

- In an insulated environment, heat transfer within the system occurs until
thermal equilibrium is achieved, with the temperature of all components
aligning.

- Understanding these principles is vital in designing experiments,
optimizing industrial processes, and developing efficient thermal management
systems.

Further Reading and Resources

- Fundamentals of Heat and Mass Transfer by Frank P. Incropera and David P.
DeWitt

- Thermal Properties of Materials by ASM International

- Principles of Thermodynamics by Moran and Shapiro

In summary, analyzing a system composed of a copper can, stirrer, and water
involves understanding heat capacities, energy conservation, and the dynamics
of heat transfer. Recognizing the dominant role of the water’s heat capacity
and the influence of system components enables accurate predictions of
temperature changes, essential for scientific precision and engineering
applications.

Frequently Asked Questions

What is the significance of the total heat capacity
being 60 J/K for the copper can and stirrer?

The total heat capacity of 60 J/K indicates the amount of heat required to
raise the temperature of the copper can and stirrer combined by one degree
Kelvin, helping to determine heat transfer during heating or cooling
processes.

How much energy is needed to raise the temperature



of 200g of water from 10°C to 50°C?

Using water's specific heat capacity (4.18 1/g°C), the energy required is Q =
mass x specific heat x temperature change = 200g x 4.18 J/g°C x (50°C - 10°C)
= 200 x 4.18 x 40 = 33,440 1J.

What is the initial heat content of the water at
10°C?

The initial heat content (thermal energy) of the water can be calculated as Q
= mass x specific heat x temperature = 200g x 4.18 J/g°C x 10°C = 8,360 J.

If the copper can and stirrer are heated until the
water reaches 50°C, how much heat is transferred to
the system?

The total heat transferred is the sum of the heat absorbed by water and the
heat required to raise the can and stirrer's temperature, which can be
calculated considering their heat capacities and temperature change.

How does the heat capacity of the copper can and
stirrer affect the heating process?

Their heat capacity determines how much heat is needed to change their
temperature; a higher heat capacity means they absorb more heat before their
temperature rises significantly, affecting the rate and amount of energy
transfer to the water.

What is the final temperature of the water and
container system if 10,000 J of heat is added?

The final temperature can be found by summing the heat capacities and
dividing the heat added: total heat capacity = 60 J/K + (2009 x 4.18 J/g°C)
60 + 836 = 896 J/K. Then, AT = Q / total heat capacity = 10,000 J / 896 J/K
11.16°C. The system's temperature increases by about 11.16°C from initial
conditions.

u

n

What is the temperature of the water after absorbing
15,000 J of heat from 10°C?
Total heat capacity of the water: 836 J/K. Total system heat capacity: 60 +

836 = 896 J/K. Temperature increase: AT = 15,000 J / 896 J/K = 16.74°C. Final
temperature: 10°C + 16.74°C = 26.74°C.



Can the system reach thermal equilibrium if heat is
continuously supplied, and what factors influence
this?

Yes, the system can reach thermal equilibrium when heat input equals heat

loss. Factors influencing this include heat capacity, heat transfer rate, and
environmental conditions such as ambient temperature.

Why is it important to consider the heat capacity of
the container when heating water?

Because the container's heat capacity affects the total heat required to
raise the system's temperature and influences the rate at which temperature
changes occur during heating.

How can this setup be used to demonstrate thermal
physics principles?

It illustrates concepts such as heat transfer, specific heat capacity, the
effect of container material on heating, and energy conservation during
thermal processes.

Additional Resources
Copper Can

When considering efficient methods of heating water or conducting thermal
experiments, the choice of materials and equipment plays a pivotal role in
determining energy transfer efficiency, safety, and ease of use. Among the
myriad options, a copper can paired with a stirrer presents a compelling
combination, especially when designed with a total heat capacity of 60 J/K
and used to heat a specific quantity of water. This detailed review explores
the properties, functionality, and practical applications of such a setup,
focusing on the scenario of heating 200 grams of water at 10°C, dry, using a
copper container and stirrer.

Understanding the Components and Their
Significance



Copper Can: Material Advantages and Construction

Copper has long been favored in thermal applications due to its exceptional
thermal conductivity, high durability, and ease of fabrication. In this
context, a copper can serves as an efficient vessel for heating and mixing
water, ensuring rapid and uniform temperature changes.

Key features of a copper can include:

- High Thermal Conductivity: Copper’s thermal conductivity (~400 W/m-K)
surpasses most metals, allowing heat to transfer swiftly from the heat source
through the can to the water.

- Corrosion Resistance: Properly treated copper resists corrosion,
maintaining integrity during repeated heating cycles.

- Lightweight and Durable: Despite its high thermal performance, copper is
relatively lightweight and durable, suitable for laboratory and practical
applications.

- Design Considerations: The can typically features a snug-fitting lid,
handles, and possibly a spout for pouring, all designed to maximize heat
transfer efficiency and user convenience.

Implications for Heating:

- Rapid heat transfer reduces energy wastage.
- Uniform heating minimizes temperature gradients within the water.
- Durable construction ensures longevity and consistent performance.

Stirrer: Functionality and Heat Capacity

The stirrer accompanying the copper can isn't merely a mixing tool; in this
context, it'’'s specified with a total heat capacity of 60 J/K. This indicates
it’'s designed to absorb and transfer heat efficiently, contributing to the
overall thermal dynamics.

Characteristics of the stirrer:

- Material Composition: Likely composed of a metal with high thermal
conductivity, such as copper or aluminum, to facilitate effective heat
transfer.

- Design: Often a rod or paddle with a handle, capable of stirring the water
to ensure uniform temperature distribution.

- Heat Capacity Significance: The heat capacity (60 J/K) quantifies how much
energy is needed to raise the stirrer’s temperature by 1°C (or 1 K). This
value affects how the stirrer influences the system's thermal equilibrium
during heating.



Role in the system:

- Promotes homogeneous temperature distribution within the water.

- Acts as an intermediary, absorbing heat from the can and transferring it to
the water.

- Its heat capacity influences the total heat balance and the rate at which
the water heats up.

Thermal System Overview: Total Heat Capacity
and Energy Considerations

Defining Total Heat Capacity

The total heat capacity of a combined system (copper can + stirrer + water)
indicates how much heat energy is required to increase the system’s
temperature by 1°C (or 1 K). In this scenario:

- Can + Stirrer: 60 J/K
- Water: 200 g at 10°C

Since water's specific heat capacity (c) is approximately 4.18 J/g-K, the
heat capacity of the water (C water) is:

\[ C {water} = 200\,g \times 4.18\,]/g-K = 836\,J/K \]
Total system heat capacity (C total):

\[ C {total} = C {can + stirrer} + C {water} = 60\,J/K + 836\,J/K = 896\,]/K
\1

This total indicates the energy needed to raise the entire system’s
temperature by 1°C.

Energy Requirements for Heating Water

Suppose the goal is to heat the water from 10°C to a desired temperature, say
60°C. The energy (Q) required is:

\[ Q = C {total} \times \Delta T \]



Where:

- \(\Delta T = 60°C - 10°C = 50°C\)
Calculating:

\[ Q = 896\,]1/K \times 50\,K = 44,800\,] \]

This energy accounts for heating the water and the stirrer, with the copper
can’s contribution being relatively minor in the overall energy requirement
but critical for efficient heat transfer.

Practical Application and Performance Analysis

Heat Transfer Efficiency

The choice of copper as the container material significantly enhances heat
transfer efficiency. Its high thermal conductivity ensures minimal heat loss
and uniform temperature distribution within the water, especially when
combined with effective stirring.

Benefits include:

- Rapid Heating: Copper’s rapid heat conduction reduces the time needed to
reach target temperatures.

- Uniform Temperature: Stirring ensures the heat is evenly distributed,
preventing temperature gradients.

- Energy Conservation: Efficient heat transfer minimizes energy wastage,
making the process more sustainable and cost-effective.

Impact of the Stirrer’s Heat Capacity

The stirrer’s heat capacity of 60 J/K, though small relative to the water’s
capacity, still influences the thermal dynamics:

- Thermal Buffer: The stirrer can absorb or release heat during stirring,
slightly affecting the temperature change rate.

- Temperature Lag: When heating begins, the stirrer may momentarily lag in
temperature adjustment, but this is typically negligible in most practical
scenarios.

- System Stability: The stirrer’s thermal inertia helps dampen temperature
fluctuations, providing a more stable heating process.



Operational considerations:

- Ensuring the stirrer is initially at room temperature or preheated to match
the target temperature can improve efficiency.
- Stirring at regular intervals promotes uniformity and prevents hot spots.

Safety and Handling Considerations

- Material Safety: Copper can leach into water over time; however, in
controlled applications and with proper maintenance, this is minimal.

- Temperature Limits: Given the high thermal conductivity, the can can heat
rapidly. Users should monitor temperatures and avoid thermal shocks that
could cause deformation or damage.

- Handling: The stirrer and can can become hot during operation. Proper
insulation and heat-resistant gloves are recommended to prevent burns.

- Cleaning: Regular cleaning prevents corrosion and contamination, especially
if used for different liquids.

Applications in Educational and Laboratory
Settings

This copper can-stirrer setup is ideal for a variety of applications:

- Thermal Experiments: Measuring specific heat capacities, heat transfer
rates, or thermal conductivity.

- Educational Demonstrations: Showing principles of heat transfer,
conduction, and convection.

- Laboratory Testing: Heating water samples for chemical reactions or
biological processes where precise temperature control is crucial.

- Cooking or Food Preparation: Small-scale heating that benefits from rapid
and even heat distribution.

Conclusion: An Optimal Solution for Efficient
Heating

The combination of a copper can with a stirrer of total heat capacity 60 J/K,
used to heat 200 g of water from 10°C, exemplifies an efficient, reliable,



and practical thermal system. The high thermal conductivity of copper ensures
rapid and uniform heating, while the stirrer’s design promotes homogeneity
and stability. The calculated total heat capacity of approximately 896 J/K
underscores the importance of accounting for all components when planning
energy input strategies.

In summary, this setup not only provides a robust platform for heating water
in various settings but also serves as an excellent educational tool for
understanding fundamental thermal principles. Its thoughtful design balances
material properties, thermal dynamics, and user safety, making it a
noteworthy choice for both professional and educational applications.

Final Remarks:

When selecting equipment for heating water, consider the material’s thermal
properties, the system’s total heat capacity, and operational safety. The
copper can-stirrer combination, with its high efficiency and durability,
stands out as an exemplary solution in numerous scenarios. Proper
understanding and management of the thermal characteristics ensure optimal
performance, safety, and learning outcomes.
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