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Imagine You Have 1 Kg Each Of Iron, Glass, And Water, And That All Three Samples Are At
10°C. Rank The — this intriguing scenario offers a fascinating opportunity to explore the
fundamental differences between these three common substances. Understanding their physical
properties, thermal behaviors, and applications not only enriches our knowledge of materials science
but also enhances our appreciation for everyday materials. In this comprehensive article, we'll delve
into the thermal properties, density, specific heat capacities, and practical applications of iron, glass,
and water, ultimately ranking them based on various criteria. Whether you're a student, a science
enthusiast, or simply curious, this detailed exploration aims to clarify how these materials compare
and contrast in fundamental ways.

Understanding the Basics: Iron, Glass, and Water

Before ranking these materials, it's essential to understand their core physical and thermal
properties. Each of these substances has unique characteristics that influence their behavior under
different conditions.

Iron

- Type: Metal, specifically a ferrous alloy

- State: Typically solid at room temperature
- Density: Approximately 7.87 g/cm?

- Thermal Conductivity: High (~80 W/m-K)
- Specific Heat Capacity: Around 0.45 J/g-K
- Melting Point: About 1538°C

Glass

- Type: Amorphous solid (non-crystalline)

- State: Usually solid at room temperature

- Density: Ranges from 2.4 to 2.8 g/cm? depending on composition
- Thermal Conductivity: Moderate (~0.8 W/m-K)

- Specific Heat Capacity: Approximately 0.84 J/g-K

- Glass Transition Temperature: Around 500-700°C



Water

- Type: Liquid (but can be considered as a solid when frozen)
- State at 10°C: Liquid

- Density: About 1.00 g/cm?

- Thermal Conductivity: Low (~0.6 W/m-K)

- Specific Heat Capacity: High (~4.18 J/g-K)

- Melting Point: 0°C

- Boiling Point: 100°C

Thermal Properties and Heat Storage Capacity

One of the most critical aspects in comparing these substances is their ability to store and transfer
heat. This is primarily influenced by their specific heat capacities and thermal conductivities.

Specific Heat Capacity: How Much Heat Is Needed?

The specific heat capacity (c) indicates how much heat energy is required to raise the temperature
of a unit mass of a substance by 1°C.

Comparison for 1 kg samples:

| Substance | Specific Heat Capacity (J/g-K) | Total Heat Capacity (J/K) for 1 kg |
I | I |

| Iron | 0.45 | 450 |

| Glass | 0.84 | 840 |

| Water | 4.18 | 4180 |

Interpretation: Water can absorb significantly more heat per degree change compared to iron and
glass, making it an excellent medium for thermal energy storage.

Thermal Conductivity and Heat Transfer

High thermal conductivity means faster heat transfer, which impacts how quickly a material heats
up or cools down.

- Iron: Very high (~80 W/m-K), heats and cools rapidly.

- Glass: Moderate (~0.8 W/m-K), slower heat transfer.

- Water: Low (~0.6 W/m-K), heats and cools relatively slowly but retains heat longer due to high
specific heat.



Density and Its Implications

Density affects how much mass fits into a given volume and influences buoyancy, weight, and
thermal mass.

| Substance | Density (g/cm?3) | Implication |

| | | |

| Iron | 7.87 | Heavy, high thermal mass per volume |
| Glass | 2.5-2.8 | Lighter than iron, brittle |

| Water | 1.00 | Light, high volume for a given mass |

In the scenario, all samples are 1 kg, so volume differences are:

- Iron: approximately 127 cm?
- Glass: approximately 357-400 cm?
- Water: 1000 cm3

Conclusion: For the same mass, water occupies the largest volume, impacting how heat is
distributed spatially.

Practical Applications and Behavior at 10°C

Understanding how each material behaves at 10°C allows us to contextualize their usefulness and
performance.

Iron at 10°C

- Already solid, close to room temperature
- Good thermal conductor, useful in heat exchangers
- When heated, it rapidly transfers heat; cools quickly when removed from heat

Glass at 10°C

- Solid, brittle material
- Used in windows, containers, and optical devices
- Insulates to some extent due to moderate thermal conductivity

Water at 10°C

- Liquid, capable of flowing and absorbing/store large amounts of heat
- Used in cooling systems, warmers, and thermal storage
- Its high specific heat makes it ideal for temperature regulation



Ranking the Materials Based on Different Criteria

Depending on the specific aspect we are examining, the ranking of iron, glass, and water varies.

1. Heat Storage Capacity

- Water: Highest due to large specific heat capacity (~4.18 J/g-K)
- Glass: Moderate (~0.84 J/g-K)
- Iron: Lowest (~0.45 J/g-K)

Conclusion: Water is best for storing thermal energy; iron and glass are less effective in this regard.

2. Thermal Conductivity (Heat Transfer Rate)

- Iron: Fastest (~80 W/m-K)
- Glass: Moderate (~0.8 W/m-K)
- Water: Slow (~0.6 W/m-K)

Conclusion: Iron heats up and cools down quickly; water and glass transfer heat more slowly.

3. Density and Volume for 1 Kg Sample

- Water: 1 kg occupies 1 liter (1000 cm?3)
- Glass: ~357-400 cm?
- Iron: ~127 cm?

Implication: Water has the largest volume, making it less dense but more thermally massive per
volume.

4. Practical Use Cases at 10°C

- Iron: Used in heat exchangers, cookware, and structural applications
- Glass: Insulation, containers, optical devices
- Water: Cooling systems, thermal reservoirs, climate regulation

Additional Considerations and Real-World Implications

When comparing these materials, several practical factors come into play beyond theoretical
properties:



¢ Cost and Availability: Water is abundant and inexpensive; glass and iron vary in cost.

e Durability and Maintenance: Iron is prone to rust; glass can break; water requires
containment.

¢ Environmental Impact: Water is environmentally friendly; glass and iron have
manufacturing impacts.

e Safety: Hot iron can cause burns; broken glass poses injury risks; water is generally safe but
can cause damage if spilled.

Conclusion: Final Ranking and Insights

Summarizing the comparisons:

1. For Thermal Storage: Water ranks highest due to its high specific heat capacity, making it ideal
for applications requiring heat retention.

2. For Heat Transfer: Iron leads with its high thermal conductivity, suitable for rapid heating and
cooling.

3. For Volume Efficiency: Iron is most dense, occupying less space for the same mass, while water
occupies the most volume.

4. Overall Versatility: Water's high heat capacity and low cost make it the most versatile for thermal
management; iron excels where structural strength and heat transfer are needed; glass is valuable
where transparency and insulation are desired.

Final Thought: The choice of material depends heavily on the specific application and desired
properties. While all three samples are identical in mass and temperature initially, their differing
physical and thermal properties influence how they behave and can be utilized in real-world
scenarios.

In summary, by analyzing the properties of iron, glass, and water at 10°C, we see that each material
has unique advantages and limitations. Their ranking varies based on criteria such as heat capacity,
thermal conductivity, density, and application context. Understanding these differences helps in
selecting the right material for thermal management, manufacturing, and everyday use.
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Frequently Asked Questions

If you have 1 kg each of iron, glass, and water at 10°C, which
material will heat up or cool down the fastest when heated or
cooled?

Water will change temperature the fastest due to its high specific heat capacity, meaning it heats
and cools more rapidly than iron or glass.

When all three samples are at 10°C, which material has the
highest thermal conductivity?

Iron has the highest thermal conductivity among the three, allowing it to transfer heat more
efficiently than glass or water.

If the samples are heated equally, which material will reach a
higher temperature first?

Water will reach a higher temperature faster because it has a higher specific heat capacity, but in
terms of heating rate per unit energy, iron heats more quickly due to its higher thermal conductivity.

Considering their initial temperatures at 10°C, which sample
would require the most energy to raise their temperatures by
10°C?

Water would require the most energy because it has the highest specific heat capacity, meaning it
needs more heat to increase its temperature.

If all three samples are cooled from 10°C, which one would
cool down the slowest?

Water would cool down more slowly than iron or glass due to its high specific heat capacity, which
resists temperature change.

Which material would be most suitable for use as a thermal
insulator among iron, glass, and water?

Glass is a good insulator relative to iron and water because of its low thermal conductivity.



How does the specific heat capacity of water compare to that
of iron and glass?

Water has a significantly higher specific heat capacity than iron and glass, meaning it can store
more heat per unit mass for a given temperature change.

If you want to transfer heat quickly from one sample to
another, which material would be most effective?

Iron, due to its high thermal conductivity, would transfer heat more quickly than glass or water.

What is the significance of ranking these materials based on
their thermal properties in practical applications?

Ranking these materials helps determine their suitability for specific uses, such as heat conduction,
insulation, or thermal storage, based on their thermal conductivity and heat capacity.

If the samples are placed in a room at 10°C, which material
will maintain its temperature the longest without external
heating?

Water, because its high specific heat capacity allows it to retain its temperature longer, resisting
changes more effectively than iron or glass.

Additional Resources

Imagine You Have 1 Kg Each Of Iron, Glass, And Water, And That All Three Samples Are At 10°C.
Rank The

When contemplating the physical properties of different materials, it’s fascinating to consider what
happens when you compare substances like iron, glass, and water, especially when they are identical
in mass and temperature. This scenario invites a comprehensive exploration into their respective
densities, thermal properties, and behaviors under similar conditions. Imagine you have 1 kilogram
each of iron, glass, and water, all at 10°C; the fundamental question becomes: how do these
materials compare in terms of volume, heat capacity, and practical applications? This article aims to
provide a detailed, ranking-oriented analysis of these three materials, focusing on their physical
characteristics, their implications in real-world contexts, and how they differ from one another based
on scientific principles.

Understanding the Basics: Density and Volume

One of the first parameters to consider when comparing iron, glass, and water is their density, which



directly influences their volume for a given mass. Density (p) is defined as mass divided by volume (p
= m/V). Given the same mass of 1 kg, the material with the highest density will occupy the smallest
volume, and vice versa.

Density of Iron

- Typical density: approximately 7.87 g/cm3
- Calculation for 1 kg (1000 g): Volume = 1000 g / 7.87 g/cm?® = 127 cm3

Density of Glass

- Typical density: about 2.5 g/cm? (varies depending on type)
- Volume = 1000 g / 2.5 g/cm3 = 400 cm?

Density of Water

- Typical density: about 1.0 g/cm? at 10°C
- Volume = 1000 g / 1.0 g/cm3 = 1000 cm3

Ranking by volume for equal mass:

1. Iron: ~127 cm?3 (smallest volume)
2. Glass: ~400 cm?

3. Water: ~1000 cm? (largest volume)

Implication: Iron is the most compact, occupying the least space, followed by glass, with water being
the most expansive. This fundamental difference influences handling, storage, and practical usage
scenarios.

Thermal Properties and Heat Capacity

Thermal characteristics determine how these materials respond to temperature changes.
Specifically, their specific heat capacities (c) reveal how much heat energy is needed to raise the
temperature of a unit mass by one degree Celsius.

Specific Heat Capacities

- Iron: approximately 0.45 J/g°C
- Glass: approximately 0.84 J/g°C (varies)
- Water: approximately 4.18 J/g°C

Given these values, when all three samples are at 10°C and are subjected to the same heat input,
water will require significantly more energy to increase its temperature compared to iron and glass.



Total heat capacity for 1 kg:

- Iron: 1000 g x 0.45 J/g°C = 450 J/°C

- Glass: 1000 g x 0.84 J/g°C = 840 J/°C

- Water: 1000 g x 4.18 J/g°C = 4180 J/°C

Ranking by heat capacity:
1. Water: highest

2. Glass

3. Iron: lowest

Features & Pros/Cons:

- Water's high heat capacity makes it excellent for temperature regulation, such as in heating or
cooling systems.

- Iron's low heat capacity means it heats and cools rapidly but can also lead to quick temperature
fluctuations.

- Glass offers a middle ground, useful in applications requiring moderate thermal stability.

Thermal Conductivity and Heat Transfer

Another critical property is thermal conductivity (k), which measures how well a material conducts
heat. This affects how quickly heat spreads through the material.

Thermal Conductivity Values

- Iron: approximately 80 W/m-K
- Glass: approximately 1 W/m-K
- Water: approximately 0.6 W/m-K

Implications:

- Iron conducts heat very efficiently, making it suitable for heat exchangers, cookware, and thermal
applications requiring rapid heat transfer.

- Glass is a poor conductor, making it a good insulator in some contexts.

- Water also has low thermal conductivity, which is why it is used in cooling systems for its ability to
absorb heat without rapidly conducting it away.

Features & Pros/Cons:

- Iron: great for heat transfer applications but can cause burns or injuries if not handled carefully.

- Glass and Water: better insulators, ideal for maintaining temperature stability but less effective for
rapid heat transfer.



Behavior Under Temperature Changes

The physical response of these materials to temperature variations is vital, especially considering
their thermal expansion coefficients and phase changes.

Thermal Expansion Coefficients

- Iron: about 11-12 x 10-¢/°C
- Glass: roughly 3-9 x 1076 /°C (varies significantly)
- Water: unusual; expands upon freezing, contracts when heated in certain ranges

Implications:

- Iron expands significantly with temperature increases, which must be considered in engineering
and construction.

- Glass has a lower and more variable expansion rate, making it susceptible to cracking due to
thermal stress.

- Water’s expansion upon freezing can cause pipes to burst, highlighting its unique behavior.

Behavior at 10°C:
- All samples are stable at this temperature but will respond differently when heated or cooled.

Phase and State Considerations

Since all samples are at 10°C, they are in their typical states:
- Iron: solid

- Glass: solid

- Water: liquid

Their phase stability is crucial in practical applications, especially considering how close they are to
phase transition points at different temperatures.

- Iron melts at around 1538°C, so at 10°C, it's solid.
- Glass melts around 1400°C (varies), so solid.

- Water freezes at 0°C; at 10°C, it remains liquid but close to freezing if cooled further.

Note: If temperature drops below 0°C, water would freeze, expanding dramatically and potentially
damaging containers.

Practical Applications and Contexts

Understanding the physical properties of these materials informs their practical uses, especially



when considering their volume, thermal behavior, and structural features.

Iron

- Uses: construction, machinery, tools, thermal conductors
- Pros:

- High strength and durability

- Excellent thermal conductivity

- Cons:

- Heavy

- Prone to rust without treatment

- Rapid temperature changes can cause thermal stress

Glass

- Uses: containers, windows, optical devices
- Pros:

- Transparent and aesthetically versatile

- Good insulator

- Cons:

- Brittle

- Sensitive to thermal stress

- Limited thermal shock resistance

Water

- Uses: cooling, hydration, industrial processes
- Pros:

- High heat capacity

- Readily available and safe

- Excellent solvent

- Cons:

- Expands upon freezing

- Can cause corrosion or damage if leaks occur
- Not suitable as a structural material

Overall Ranking and Comparative Summary

Based on the above analysis, a comprehensive ranking considering volume, thermal properties, and
practical utility would look like this:

| Criterion | Rank | Explanation |

| Compactness (volume) | 1. Iron < 2. Glass < 3. Water | Iron is most compact; water is most




expansive. |

| Heat capacity | 1. Water < 2. Glass < 3. Iron | Water absorbs most heat; iron heats quickly. |

| Thermal conductivity | 1. Iron < 2. Glass < 3. Water | Iron conducts heat best; water and glass are
insulators. |

| Behavior under temperature change | 1. Water (expands when freezing), 2. Glass, 3. Iron | Water’s
phase change is critical; glass and iron are more stable. |

| Structural stability at 10°C | All stable, but with different susceptibilities | Iron is robust; glass
fragile; water liquid. |

Final thoughts:

- If you need a material for rapid heat transfer, iron is superior but requires careful handling.

- For thermal insulation or containment, glass offers good properties but is fragile.

- For thermal energy absorption, water reigns supreme, especially in climate regulation and cooling
applications.

Conclusion

The scenario of holding 1 kg each of iron, glass, and water at 10°C offers a compelling lens into their
physical differences and practical implications. Iron’s high density and thermal conductivity make it
ideal for structural and heat transfer applications, while water’s high heat capacity and low
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