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89) Two Identical Objects Are Placed In A Room With A Temperature Of 20°C.
Object A Has A Temperature at the start of the opening paragraph. This scenario
presents an interesting exploration into the principles of heat transfer, thermodynamics,
and temperature equilibration. Understanding how two identical objects, initially at different
temperatures, interact with their environment and each other is fundamental in physics and
engineering applications. In this article, we will delve into the concepts of heat transfer
modes, the factors influencing temperature change, and the mathematical models that
describe these processes. Whether you're a student preparing for exams or a professional
seeking a refresher, this comprehensive guide aims to clarify the scientific principles
involved in such thermal interactions.

---

Understanding the Scenario: Two Identical
Objects in a Room at 20°C

Imagine placing two identical objects, say metal spheres, inside a room maintained at a
constant temperature of 20°C. Suppose Object A starts at a higher temperature (say 50°C),
and Object B starts at a lower temperature (say 10°C). Over time, both objects will
exchange heat with each other and with the environment until they reach thermal
equilibrium at the room temperature of 20°C.

This scenario encompasses several key ideas:
- Initial temperature difference
- Heat transfer mechanisms
- Thermal equilibrium
- Influence of object properties

Let's explore each of these elements in detail.

---

Initial Conditions and Assumptions

Before analyzing the heat transfer process, it's essential to clarify the initial conditions,
assumptions, and parameters involved:



Initial Temperatures
- Object A: \( T_{A,initial} \) (e.g., 50°C)
- Object B: \( T_{B,initial} \) (e.g., 10°C)
- Room temperature: \( T_{room} = 20°C \)

Object Properties
- Material: For simplicity, assume both objects are made of the same material (e.g.,
aluminum)
- Mass: \( m \)
- Specific heat capacity: \( c \)

Environment Conditions
- The room maintains a constant temperature of 20°C
- No heat losses beyond conduction and convection (assuming perfect insulation outside
the room)
- No phase changes occur

---

Modes of Heat Transfer Involved

Heat transfer between objects and their environment, as well as between the objects
themselves, occurs primarily through three modes:

1. Conduction
- Transfer of heat through direct contact
- Relevant if objects are in contact or in close proximity

2. Convection
- Transfer of heat via fluid motion (air in the room)
- Occurs as warm air rises and cooler air sinks, facilitating heat exchange

3. Radiation
- Transfer of heat through electromagnetic waves
- Usually less significant in this context unless objects have high emissivity

In most room-temperature scenarios involving similar objects, convection and conduction
are the dominant modes.



---

Heat Transfer Process: From Initial State to
Equilibrium

Initially, Object A, being hotter than the room, will transfer heat to the environment and
Object B. Conversely, Object B will absorb heat from the environment and Object A if they
are in contact or close proximity.

The process can be summarized as follows:
- Object A cools down from 50°C towards 20°C
- Object B warms up from 10°C towards 20°C
- Eventually, both objects reach thermal equilibrium at 20°C

---

Mathematical Description of Temperature Change

The change in temperature over time can be modeled using Newton's Law of Cooling and
heat transfer equations.

Newton's Law of Cooling
For an object exchanging heat with an environment at constant temperature:

\[
\frac{dT}{dt} = -k (T - T_{room})
\]

where:
- \( T \) = temperature of the object at time \( t \)
- \( T_{room} \) = ambient temperature (20°C)
- \( k \) = heat transfer coefficient, dependent on properties such as surface area, heat
transfer mode, and material

This differential equation integrates to:

\[
T(t) = T_{room} + (T_{initial} - T_{room}) e^{-kt}
\]

This formula describes how the object's temperature approaches the room temperature
exponentially over time.



Heat Exchange Between Two Objects
If objects are in direct contact, Fourier's Law of conduction applies:

\[
Q = -k_{cond} A \frac{\Delta T}{d}
\]

where:
- \( Q \) = heat transfer rate
- \( k_{cond} \) = thermal conductivity
- \( A \) = contact area
- \( \Delta T \) = temperature difference
- \( d \) = thickness of the contact medium

The temperature evolution of each object can be modeled using energy balance equations:

\[
m c \frac{dT_A}{dt} = -Q_{A \rightarrow env} - Q_{A \leftrightarrow B}
\]
\[
m c \frac{dT_B}{dt} = -Q_{B \rightarrow env} + Q_{A \leftrightarrow B}
\]

where \( Q_{A \leftrightarrow B} \) is the heat flow between objects A and B.

---

Factors Influencing the Rate of Temperature
Change

Several parameters affect how quickly objects reach equilibrium:

Material Properties: Thermal conductivity (\( k \)), specific heat capacity (\( c \)),
and density influence heat transfer rates and duration.

Object Size and Shape: Larger objects or those with complex geometries have
different surface area-to-volume ratios, affecting heat exchange.

Contact Area and Conductivity: Larger contact areas and higher thermal
conductivities accelerate heat transfer between objects.

Environmental Conditions: Air circulation, humidity, and room insulation impact
convection and radiation modes.

---



Time Frame for Thermal Equilibration

The time it takes for objects to reach equilibrium depends on the above factors. For objects
with known properties, the cooling/heating time can be estimated using the exponential
decay model:

\[
T(t) = T_{room} + (T_{initial} - T_{room}) e^{-kt}
\]

Rearranged to solve for \( t \):

\[
t = -\frac{1}{k} \ln \left( \frac{T(t) - T_{room}}{T_{initial} - T_{room}} \right)
\]

For example, if Object A cools from 50°C to within 1°C of room temperature, the time can
be calculated once \( k \) is known.

---

Practical Applications and Considerations

Understanding heat transfer between two objects in a room has numerous practical
implications:

1. Material Design
- Engineers select materials based on thermal properties to control heating/cooling rates.

2. Thermal Management in Electronics
- Components are designed to dissipate heat efficiently to prevent overheating.

3. Temperature Control in Manufacturing
- Precise control of object temperatures during processes like casting, welding, or baking.

4. Building Insulation and Climate Control
- Knowledge of heat transfer guides insulation choices and HVAC system design.

---



Summary and Key Takeaways

- When two identical objects are placed in a room at a constant temperature, they
exchange heat until reaching thermal equilibrium at the room temperature.
- The process involves conduction, convection, and radiation, with conduction and
convection being most significant in typical room scenarios.
- Mathematical models based on Newton's Law of Cooling and Fourier's Law help predict the
temperature change over time.
- Material properties, object size, contact area, and environmental conditions influence the
rate of temperature change.
- Understanding these principles is crucial in various engineering, environmental, and
scientific contexts.

---

Conclusion

The interaction of two identical objects placed in a room at 20°C exemplifies fundamental
thermodynamic principles. By analyzing initial conditions, heat transfer modes,
mathematical models, and influencing factors, we gain a comprehensive understanding of
how thermal equilibrium is achieved. Whether designing heat sinks, insulating buildings, or
studying natural heat exchanges, mastering these concepts is essential for effective
thermal management across numerous fields.

---
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Note: The specific numerical outcomes depend on the actual properties and initial
temperatures of the objects involved. Precise calculations require detailed data on material
properties, surface areas, and environmental conditions.

Frequently Asked Questions

What factors influence the rate at which two identical



objects reach thermal equilibrium in a room at 20°C?
The rate depends on their initial temperatures, surface area, thermal conductivity, and the
temperature difference between the objects and the room.

If Object A has a higher initial temperature than Object
B, which one cools or heats up faster in a 20°C
environment?
Typically, the object with the larger temperature difference from the environment will
transfer heat faster, so the one with the higher initial temperature cools down faster, and
vice versa.

How does thermal conduction contribute to the
temperature change of the objects in the room?
Thermal conduction allows heat to transfer between the objects and the surrounding air,
leading both to eventually reach the ambient temperature of 20°C.

If two identical objects are initially at different
temperatures in a room at 20°C, what is the final
temperature both will reach?
Both objects will eventually reach thermal equilibrium at the room temperature of 20°C,
assuming no other heat sources or sinks are involved.

Does the initial temperature difference between the
objects affect the time they take to reach equilibrium in
a 20°C room?
Yes, a larger initial temperature difference generally results in a longer time to reach
equilibrium because the rate of heat transfer depends on the temperature gradient.

What role does the material of the objects play in their
temperature change in the room?
The material's thermal conductivity influences how quickly heat is transferred; materials
with higher conductivity reach equilibrium faster than insulators.

Can external factors, like air circulation, affect the
temperature equilibration of the objects in the room?
Yes, air circulation can enhance heat transfer through convection, accelerating the process
of reaching thermal equilibrium.



What assumptions are typically made in analyzing the
temperature change of objects in a room like this?
Common assumptions include uniform temperature distribution within each object,
constant room temperature at 20°C, and no additional heat sources or losses outside
conduction and convection.

Additional Resources
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In the realm of thermodynamics and heat transfer, even seemingly simple scenarios—such
as placing objects in a room—offer profound insights into how heat energy moves and
equilibrates. Consider the case where two identical objects are introduced into a room
maintained at 20°C, but only one of them initially has a different temperature. This setup
provides an excellent platform to explore fundamental concepts, including conduction,
convection, radiation, and the principles governing thermal equilibrium. Understanding
these processes is crucial not only in academic contexts but also in practical applications
ranging from building design to manufacturing processes.

This article delves into the detailed physics behind such a scenario, examining how heat
transfer occurs, the factors influencing the rate of temperature change, and the eventual
state of thermal equilibrium. We will analyze the problem systematically, breaking down
the key principles involved, and providing insights into real-world applications.

---

The Setting: Two Identical Objects in a 20°C Room

Imagine a room temperature environment, precisely at 20°C, where two objects—say,
identical metal spheres—are placed. Object A begins at a temperature different from 20°C,
perhaps at 50°C or 0°C, while Object B is initially at room temperature (20°C). Over time,
heat will transfer between the objects and their surroundings until they both reach thermal
equilibrium with the room. The key questions are:

- How quickly will the objects reach the same temperature?
- Through which mechanisms does heat transfer occur?
- How do the properties of the objects influence the process?

Understanding these questions requires a detailed look into the modes of heat transfer and
the physical factors at play.

---

Fundamental Principles of Heat Transfer

Modes of Heat Transfer



Heat transfer occurs primarily through three mechanisms:

1. Conduction: Direct transfer of heat through a material due to temperature gradients. For
solid objects in contact with each other or with their surroundings, conduction is often the
dominant mode.

2. Convection: Transfer of heat through fluid motion, including air circulation within the
room. When the air around the objects warms up, it rises, and cooler air descends,
facilitating heat exchange.

3. Radiation: Emission and absorption of electromagnetic radiation, primarily infrared in the
thermal spectrum. All objects emit radiation depending on their temperature, contributing
to heat exchange with the environment and other objects.

In our scenario, all three modes can play roles, but their relative importance depends on
the specifics of the objects, their environment, and the conditions of the room.

Thermal Equilibrium

The ultimate goal is for both objects to reach thermal equilibrium with the room at 20°C.
This state is characterized by no net heat flow between the objects and the environment.
The rate at which they reach this equilibrium depends on the initial temperature difference,
the material properties, and the surrounding conditions.

---

Physical Properties Influencing Heat Transfer

To understand how the objects' temperatures evolve, we need to consider their physical
attributes:

- Material Composition: Conductivity, specific heat capacity, and emissivity influence how
quickly a material responds to temperature changes.
- Geometry and Size: Larger objects or those with greater surface area exchange heat
differently.
- Surface Properties: Surface roughness, color, and emissivity affect radiation and
convection.

For simplicity, assume the objects are made of the same material, identical in size and
shape, which allows us to focus on the fundamental principles without the complications of
differing properties.

---

The Process of Heating and Cooling: An Analytical Perspective

Initial Conditions and Assumptions

Suppose:

- Object A starts at a temperature \( T_A(0) \neq 20°C \).



- Object B starts at room temperature \( T_B(0) = 20°C \).
- Both objects are placed in the room simultaneously.
- The environment is large enough that the room's temperature remains constant at 20°C
during the process.
- The objects are thermally insulated from external influences aside from their interaction
with the room, meaning no heat is lost or gained through other pathways.

Heat Transfer Dynamics

The temperature change of each object over time can be modeled using Newton's Law of
Cooling, which states that:

\[
\frac{dT}{dt} = -k (T - T_\text{env})
\]

where:

- \( T \) is the object's temperature at time \( t \),
- \( T_\text{env} \) is the ambient temperature (20°C),
- \( k \) is a heat transfer coefficient that encapsulates conduction, convection, and radiation
effects.

Applying this to each object:

\[
\frac{dT_A}{dt} = -k_A (T_A - 20)
\]
\[
\frac{dT_B}{dt} = -k_B (T_B - 20)
\]

Given the objects are identical, we can assume \( k_A = k_B = k \).

Solving the Differential Equation

The solution to the differential equation:

\[
T(t) = T_\text{env} + (T(0) - T_\text{env}) e^{-k t}
\]

applies to both objects. Therefore,

\[
T_A(t) = 20 + (T_A(0) - 20) e^{-k t}
\]
\[
T_B(t) = 20 + (T_B(0) - 20) e^{-k t}
\]



Time to Reach Equilibrium

In practice, the objects approach room temperature asymptotically, getting arbitrarily close
but never truly reaching it. Usually, the time taken to reach within a certain small difference
(e.g., within 0.1°C) of the room temperature is considered.

For example, if Object A starts at 50°C and the room is at 20°C, then:

\[
T_A(t) - 20 = (50 - 20) e^{-k t} = 30 e^{-k t}
\]

To reach within 0.1°C of the room temperature:

\[
30 e^{-k t} \leq 0.1
\]
\[
e^{-k t} \leq \frac{0.1}{30} \approx 0.00333
\]
\[
-k t \leq \ln(0.00333)
\]
\[
t \geq -\frac{1}{k} \ln(0.00333)
\]

Given the value of \( k \), which depends on the physical properties and environment, this
equation allows us to estimate the cooling time.

---

Practical Considerations in Heat Transfer

Role of Conduction

In the case of solid objects, conduction within the object is usually rapid compared to the
heat exchange with the environment, especially if the objects are small or made of highly
conductive materials like metal. The internal temperature distribution tends to be uniform
quickly, simplifying the analysis to a lumped system.

Role of Convection

Convection plays a significant role in heat transfer between the object surfaces and the
surrounding air. The efficiency depends on:

- Air circulation: Still air results in slower heat exchange, whereas active airflow accelerates
cooling or heating.
- Surface orientation and shape: Larger surface areas facilitate more heat exchange.
- Properties of air: Temperature, humidity, and movement influence convective heat
transfer coefficients.



Role of Radiation

Radiative heat transfer becomes increasingly important when temperature differences are
large or when objects are in proximity with the room's walls or other objects emitting or
absorbing infrared radiation.

The net radiative heat exchange can be approximated by the Stefan-Boltzmann law:

\[
Q_{rad} = \varepsilon \sigma A (T_{obj}^4 - T_{surroundings}^4)
\]

where:

- \( \varepsilon \) is the emissivity,
- \( \sigma \) is the Stefan-Boltzmann constant,
- \( A \) is the surface area.

In our scenario, radiation may be less dominant compared to conduction and convection
but still contributes, especially with high-temperature differences.

---

Factors Affecting the Rate of Thermal Equilibration

While the general solution indicates an exponential approach to equilibrium, several factors
influence the rate:

1. Thermal Conductivity of the Material: Metals, with high thermal conductivity, equilibrate
faster internally and with their surroundings.
2. Object Size and Surface Area: Larger surface area increases heat exchange rate.
3. Initial Temperature Difference: Larger differences lead to faster initial heat flow.
4. Ambient Conditions: Air movement, humidity, and room temperature stability impact
heat transfer.
5. Surface Emissivity: Reflective or matte surfaces radiate heat differently.

---

Practical Applications and Real-World Implications

Understanding heat transfer in such scenarios is not merely academic. It has tangible
applications:

- Design of Thermal Insulation: To optimize energy efficiency in buildings, engineers analyze
how objects and structures exchange heat with their environment.
- Manufacturing Processes: Controlling cooling rates of metals or plastics affects material
properties.
- Climate Control: Managing temperature stability in indoor environments relies on
principles of heat transfer.
- Electronics Cooling: Devices generate heat, and understanding how they reach equilibrium
with cooling systems ensures longevity and reliability.



---

Limitations and Complexities

While the simplified models provide valuable insights, real-world situations often involve
complexities:

- Non-uniform temperature distributions within objects.
- Variable environmental conditions (air currents, fluctuating room temperature).
- Material anisotropy affecting conduction.
- Transient effects during
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