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Have you ever wondered what happens when hot metal is introduced into water?
The fascinating interplay of heat transfer, specific heat capacities, and
temperature equilibrium is fundamental to understanding many scientific and
everyday phenomena. In this article, we will explore the scenario where 38
grams of a metal at 92°C is added to 43 grams of water at 22°C, and we aim to
determine the final temperature of the water. This problem involves
principles of thermodynamics and heat transfer, which are essential topics in
physics and chemistry.

Understanding the Basic Concepts

Before diving into calculations, it is important to understand some
fundamental concepts related to heat transfer and specific heat capacity.

What Is Specific Heat Capacity?

— Specific heat capacity (c) is the amount of heat required to raise the
temperature of one gram of a substance by one degree Celsius.

— Different substances have different specific heat capacities. Water, for
example, has a high specific heat capacity (~4.18 J/g°C), which means it can
absorb a lot of heat without significant temperature change.

- Metals typically have lower specific heat capacities, meaning they heat up
and cool down faster compared to water.

Principle of Conservation of Energy

— When two substances are in thermal contact, heat flows from the hotter to
the cooler until thermal equilibrium is achieved, meaning both reach the same
final temperature.

— The heat lost by the hot object equals the heat gained by the cold object,
assuming no heat loss to the surroundings.

Setting Up the Problem: Heat Exchange Between
Metal and Water

In our scenario:

- Metal mass (m_metal) = 38 g
- Metal initial temperature (T_metal_initial) = 92°C
- Water mass (m_water) = 43 g
- Water initial temperature (T_water_initial) = 22°C

- Final temperature (T_final) = ?



To find T_final, we need:

— Specific heat capacity of water (c_water) = 4.18 J/g°C

- Specific heat capacity of the metal (c_metal) = ? (Assuming typical values
or provided in the problem)

Since the problem as stated does not specify the metal, we'll demonstrate the
calculation assuming the metal is copper with a specific heat capacity of

approximately 0.385 J/g°C. If you know the specific metal, replace c_metal
accordingly.

Calculating the Final Temperature

The core idea is that the heat lost by the metal equals the heat gained by
the water:

Q_lost_metal = Q_gained_water
Expressed mathematically:

m_metal c_metal (T_metal initial - T_final) = m_water c_water (T_final -
T water_initial)

Rearranged to solve for T_final:

T final = [m_metal c_metal T metal initial + m_water c_water T water initial]
/ [m_metal c_metal + m_water c_water]

Note: This formula assumes no heat loss to surroundings and perfect thermal
contact.

Step-by—-Step Calculation Example

Using the assumed values:
- c_metal = 0.385 J/g°C (copper)
- m_metal = 38 g

- T_metal_initial = 92°C
- m_water = 43 g
- T_water_initial = 22°C

- c_water = 4.18 J/g°C

Plugging into the formula:

T_final = [(38 0.385 92) + (43 4.18 22)] / [(38 0.385) + (43 4.18)]1
Calculations:

- Heat from metal: 38 0.385 92 ~ 38 35.42 ~ 1347.96 J

— Heat from water: 43 4.18 22 =~ 43 91.96 =~ 3964.28 J
— Denominator: (38 0.385) + (43 4.18) =~ 14.63 + 179.74

4

194.37 J/°C

Final temperature:

T_final ~ (1347.96 + 3964.28) / 194.37 5312.24 / 194.37 ~ 27.33°C

4

Result: The water’s temperature rises from 22°C to approximately 27.33°C
after the metal is added.



Factors Influencing the Final Temperature

While the above calculation provides a theoretical value, several factors can
influence the actual outcome:

1. Metal’s Specific Heat Capacity

— Different metals have varying specific heats.
- For example, aluminum (~0.903 J/g°C) or iron (~0.449 J/g°C) will result in
different final temperatures.

2. Heat Loss to Surroundings

— In real scenarios, some heat dissipates into the environment, causing the
final temperature to be lower than calculated.

3. Insulation and Contact Quality

— The efficiency of heat transfer depends on how well the metal and water are
in thermal contact.
— Poor contact reduces heat transfer efficiency.

4. Initial Temperatures

— The initial temperatures directly influence the final equilibrium point.

Practical Applications and Real-World
Implications

Understanding heat transfer calculations like this is essential in various
fields:

1. Cooking and Food Science

— Knowing how different metals heat up can optimize cooking tools and
techniques.

— For example, copper pans heat quickly and evenly due to their specific heat
capacity.

2. Industrial Processes

— Managing heat transfer in manufacturing involves calculating how materials
reach desired temperatures.



3. Environmental Science and Climate Studies

— Heat exchange between water bodies and surrounding environments impacts
climate modeling.

4. Safety and Emergency Response

- Knowing how quickly materials heat up or cool down can inform safety
protocols.

Conclusion

In summary, when 38 grams of metal at 92°C is added to 43 grams of water at
22°C, the temperature of the water will rise until thermal equilibrium is
reached. Using principles of heat transfer and specific heat capacities, we
can calculate the final temperature with the formula:

T_final = [(m_metal c_metal T_metal_initial) + (m_water c_water
T water_initial)] / [(m_metal c_metal) + (m_water c_water)]

In our example with copper as the metal, the water’s temperature increases to
approximately 27.33°C. Remember, real-world results may vary slightly due to
heat loss, contact quality, and other environmental factors.

By understanding these concepts, you can analyze similar heat transfer
problems and appreciate the science behind everyday phenomena. Whether in
cooking, engineering, or environmental science, mastering the principles of
heat transfer is invaluable.

If you have a different metal in mind or need further assistance with similar
problems, feel free to ask!

Frequently Asked Questions

What is the final temperature of water when 38 g of
metal at 92°C is added to 43 g of water at 22°C?

The final temperature can be calculated using heat transfer principles,
considering the specific heat capacities, and assuming no heat loss to
surroundings. Typically, the temperature will be between 22°C and 92°C,
closer to the water's initial temperature because of water's high specific
heat capacity.

How do you determine the temperature change when a
hot metal is added to water?

You use the principle of conservation of energy, setting the heat lost by the
metal equal to the heat gained by water: m_metal c_metal (T_initial_metal -



T _final) = m_water c_water (T_final - T_initial_water).

What assumptions are made when calculating the final
temperature in this problem?

Assumptions include no heat loss to the environment, the metal and water
reach thermal equilibrium at a single temperature, and the specific heat
capacities remain constant over the temperature range.

Why is water's specific heat capacity important in
this calculation?

Water's high specific heat capacity means it can absorb or release a large
amount of heat with only a small change in temperature, significantly
influencing the final temperature when mixing with hot metal.

What is the specific heat capacity of water used in
calculations?

The specific heat capacity of water is approximately 4.18 J/g°C.

If the metal's specific heat capacity is unknown, how
can we proceed with the calculation?

You need to know or estimate the metal's specific heat capacity to perform
the calculation accurately; otherwise, the problem remains unsolvable without
that data.

What is the formula used to find the final
temperature in this heat exchange problem?

The formula is: m_metal c_metal (T _metal initial - T _final) = m _water c_water
(T_final - T_water_initial).

Can the final temperature be higher than 92°C or
lower than 22°C?

No, the final temperature will be between the initial temperatures of the
metal and water, assuming no heat loss to surroundings.

How does the mass of the metal affect the final
temperature of the water?

A larger mass of hot metal will transfer more heat to the water, resulting in
a higher final temperature, provided the metal's temperature remains the
same.

What steps should I follow to solve this problem
numerically?

First, write the heat transfer equation, substitute known values for masses,



initial temperatures, and specific heat capacities, then solve for the final
temperature T_final.

Additional Resources

Please Help!!! When 38 g of a metal at 92°C is added to 43 g of water at
22°C, what is the temperature of the water?

This question encapsulates core principles of thermodynamics, specifically
heat transfer, specific heat capacities, and thermal equilibrium.
Understanding the temperature change that occurs when a hot metal is
introduced into water involves a detailed analysis of heat exchange
processes, the properties of the materials involved, and the assumptions
underlying these calculations. This article aims to dissect this problem
comprehensively, explore the physics behind it, and elucidate the methods
used to arrive at the final temperature.

Understanding the Scenario: The Interaction of
Metal and Water

Basic Concept of Heat Transfer

Heat transfer is a fundamental concept in physics involving the movement of
thermal energy from a hotter object to a cooler one until thermal equilibrium
is reached. In this scenario, a metal at a high temperature interacts with
water at a lower temperature. The metal will lose heat, and the water will
gain heat until both reach a common temperature.

The Key Variables
— Mass of the metal (m_metal): 38 g

— Initial temperature of the metal (T_metal_initial): 92°C

- Mass of the water (m_water): 43 g

- Initial temperature of the water (T_water_initial): 22°C

- Final temperature of the system (T_final): Unknown, to be determined.

Assumptions in the Calculation

— No heat is lost to the surroundings or the container (isolated system).

- The metal and water are in thermal contact, allowing heat exchange.

— The specific heat capacities are constant over the temperature ranges
involved.

— The metal behaves as a homogeneous material with a specific heat capacity
(unknown, so generally denoted as \( c_{metal} \)).



Fundamental Principles and Equations

Specific Heat Capacity

The specific heat capacity (\( ¢ \)) of a substance is the amount of heat
required to raise the temperature of 1 gram of the substance by 1°C. It is
expressed in units of J/(g-°C).

- For water, \( c_{water} \approx 4.18\, \text{J/(g-°C)} \).

- For metals, \( c_{metal} \) varies depending on the material. For example,
common metals like iron (~0.45 J/(g-°C)), copper (~0.39 J/(g-°C)), aluminum
(~0.90 J/(g-°C)).

Without the specific type of metal, calculations are generalized but can be
adapted once the metal is identified.

Heat Exchange Equation

The principle of conservation of energy states that the heat lost by the
metal equals the heat gained by water (assuming no losses):

\ [
Q_{metal\,lost} = Q_{water\,gained}
\1

Expressed mathematically:

\ [

m_{metal} \times c_{metal} \times (T_{metal\,initial} - T_{final}) =
m_{water} \times c_{water} \times (T_{final} - T_{water\,initial})

\1

Where:

- \( T_{final} \) is the equilibrium temperature to be found.

Step-by-Step Calculation of the Final
Temperature

Step 1: Set Up the Equation

Using the heat exchange principle:

\ [

38\, \text{g} \times c_{metal} \times (92°C - T_{final}) = 43\, \text{g}
\times 4.18\, \text{J/(g-°C)} \times (T_{final} - 22°C)

\]

This simplifies to:

\ [



38 \times c_{metal} \times (92 - T {final}) = 43 \times 4.18 \times
(T_{final} - 22)
\1

Step 2: Plug in the Known Values and Solve for \ (
T {final} \)

Assuming the metal is iron (\( c_{metal} \approx 0.45\, \text{J/(g-°C)} \)),
substitute:

\ [
38 \times 0.45 \times (92 - T_{final}) = 43 \times 4.18 \times (T_{final} -
22)
\1

Calculations:

\ [
17.1 \times (92 - T_{final}) = 179.74 \times (T_{final} - 22)

\1]
Expanding both sides:

\ [
1573.2 - 17.1 T_{final} = 179.74 T_{final} - 3954.8

\1]
Rearranged:

\ [
1573.2 + 3954.8 = 179.74 T_{final} + 17.1 T_{final}

\]

\ [
5528 = 196.84 T_{final}
\]

\ [
T_{final} = \frac{5528}{196.84} \approx 28.07"\circ C
\1]

Result: The water's final temperature is approximately 28.07°C after the
metal at 92°C is added.

Analysis and Interpretation of Results

Implication of the Final Temperature

The calculated temperature (around 28°C) indicates significant cooling of the
metal from 92°C to near room temperature, with water warming from 22°C to



approximately 28°C. This temperature change reflects the heat transfer
process's efficiency and the specific heat capacities involved.

Significance of Metal Type and Specific Heat

If the metal is different, the final temperature will vary:

— Higher specific heat capacity: Metal can store more heat, leading to a
higher final temperature.

— Lower specific heat capacity: Metal transfers less heat to water, resulting
in a lower final temperature.

For example, aluminum, with a higher \( c_{metal} \), would imply a different
final temperature, potentially closer to the initial temperature of the
metal.

Limitations and Real-World Considerations

— Heat Losses: In real experiments, heat exchange with surroundings,
container walls, and air would affect final temperature.

— Non-constant Specific Heat: At different temperatures, the specific heat of
materials can vary.

— Phase Changes: For metals near melting points, phase changes can influence
heat transfer.

Broader Context and Practical Applications

The Role of Thermodynamics in Everyday Life

Understanding heat transfer processes like this is vital in numerous fields:

— Engineering: Designing cooling systems, heat exchangers, and thermal
management devices.

- Environmental Science: Analyzing heat flows in natural systems.

— Food Industry: Controlling heating and cooling during processing.

Educational Importance

Problems like these serve as fundamental examples in physics and chemistry
education, illustrating the principles of energy conservation, specific heat,
and thermal equilibrium.

Real-World Experimentation

Students and professionals often perform calorimetry experiments, similar to
this problem, to determine unknown specific heats or assess material
properties.



Conclusion: The Significance of Precise
Calculations and Assumptions

The problem of determining the final temperature when a hot metal is immersed
in water encapsulates vital thermodynamic principles. Accurate calculation
hinges on careful consideration of material properties, initial conditions,
and assumptions about heat loss. While simplified models provide valuable
insights, real-world scenarios often require more complex analysis accounting
for heat loss, variable specific heats, and phase changes.

Ultimately, such questions deepen our understanding of energy transfer
mechanisms, reinforcing the importance of physics in practical applications
and scientific investigations. Whether designing industrial equipment or
understanding natural phenomena, mastery of these concepts enables better
control and prediction of thermal processes.
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