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The notion that a small object, such as a paperclip, could weigh as much as a regular-sized object
due to an extraordinary increase in density is a fascinating concept that bridges the realms of
everyday objects and the extreme physics of neutron stars. At first glance, it seems
counterintuitive—how could a tiny paperclip, which normally weighs mere grams, become as heavy
as a standard paperclip or even larger objects? The key lies in understanding the concept of density
and the implications of compressing matter to neutron star densities. This thought experiment helps
illustrate the incredible scales involved in astrophysics and the properties of matter under extreme
conditions.

Understanding Density and Its Impact on Mass

What Is Density?
Density is a fundamental physical property defined as mass per unit volume, typically expressed in
units such as grams per cubic centimeter (g/cm³) or kilograms per cubic meter (kg/m³).
Mathematically,

Density (ρ) = Mass (m) / Volume (V)

This property determines how compact matter is in a given space. For everyday objects, density
varies based on material composition—for instance, lead is much denser than wood.

Normal Paperclip Density
A typical paperclip made of steel has a density around 7.9 g/cm³. Given its size and shape, its mass
remains small—on the order of a few grams.

Neutron Star Density
In stark contrast, neutron stars have densities on the order of 10^17 to 10^18 kg/m³, which is



comparable to the density of atomic nuclei. To put this into perspective:

One teaspoon of neutron star material would weigh about a billion tons on Earth.

The entire mass of the Sun compressed into a sphere roughly 20 kilometers in diameter yields
this extreme density.

The Thought Experiment: Scaling a Paperclip to
Neutron Star Density

What Happens When We Increase Density?
Imagine compressing a paperclip without changing its mass, but increasing its density to match that
of a neutron star. Since the mass remains constant but volume decreases dramatically, the density
skyrockets.

Calculating the Mass of a Neutron Star-Scale Paperclip
Let's consider a standard paperclip:

Approximate mass: 1 gram (0.001 kg)

Approximate volume: 1 cm³ (1 × 10⁻⁶ m³)

If we increase its density to that of a neutron star (~10^17 kg/m³), the volume must decrease
proportionally, since

Mass = Density × Volume

Rearranged, the volume becomes:

Volume = Mass / Density

Plugging in the numbers:



Volume = 0.001 kg / 10^17 kg/m³ = 1 × 10⁻²⁰ m³

This is an unimaginably tiny volume—on the order of a few atomic nuclei. The mass remains 1 gram,
but the object is compressed into a space smaller than a proton, making it effectively a tiny point of
extremely dense matter.

What Would Its Weight Be on Earth?
The weight of an object on Earth depends on its mass and gravitational acceleration (~9.81 m/s²).
Since mass is unchanged, the weight remains:

Weight = Mass × Gravitational acceleration = 0.001 kg × 9.81 m/s² ≈ 0.00981 N

In other words, the weight of the paperclip, even at neutron star density, remains the same as its
original weight—roughly 1 gram—because weight depends solely on mass and local gravity, not
density.

Why Does Density Not Affect Weight On Earth?

Mass Is the Key Factor
The weight of an object is directly proportional to its mass. Changing the density of an object
without changing its mass does not alter its weight. Therefore:

Compressing a paperclip to neutron star density does not make it heavier on Earth.

It remains as heavy as it originally was—just in a tiny, densely packed form.

Implications of Extreme Density
While the weight remains the same, the physical properties of the object would change dramatically:

It would be a tiny, incredibly dense sphere or point.

Its gravitational influence would become significant if it accumulated enough mass.

In reality, such a dense object would behave more like a black hole if it reached a certain mass
threshold.



Extending the Thought Experiment: Larger Objects at
Neutron Star Density

What if we scaled up?
Suppose instead of a paperclip, we consider a standard-sized object, like a paperclip weighing about
1 gram, but at neutron star density. Its volume would be:

V = 0.001 kg / 10^17 kg/m³ = 1 × 10⁻²⁰ m³

This is minuscule, meaning the object would be a tiny point of ultra-dense matter. In contrast:

- A 1 kg object at neutron star density would occupy an even smaller volume (~10⁻¹⁷ m³).
- To have a macroscopic object at neutron star density, it would need to have an enormous mass
compressed into an incredibly tiny space, effectively turning it into a black hole if it exceeds the
Schwarzschild radius.

Black Hole Thresholds
The Schwarzschild radius (the size of the event horizon for a non-rotating black hole) is given by:

R_s = 2GM / c²

Where:

- G is the gravitational constant (~6.674×10⁻¹¹ N·(m/kg)²)
- M is the mass
- c is the speed of light (~3×10⁸ m/s)

For a mass of 1 kg:

R_s ≈ 1.5×10⁻²⁶ meters

which is much smaller than atomic scales, indicating that such a tiny, dense object would be a black
hole.

Summary and Key Takeaways



Density Does Not Change Mass or Weight
- Increasing an object's density by compression does not alter its mass or weight.
- A paperclip compressed to neutron star density remains as heavy as its original mass dictates.

Physical Properties Change Dramatically
- While mass and weight stay the same, the object becomes an extremely tiny, ultradense point.
- Its behavior under gravity and other physical effects could be entirely different if it were to reach
certain mass thresholds.

Real-World Implications
- No matter how densely you compress ordinary matter, its mass remains constant unless you add or
remove material.
- Achieving neutron star densities in macroscopic objects generally involves astrophysical processes,
not laboratory compression.

Final Thoughts
The intriguing conclusion from this thought experiment is that density alone does not influence an
object's weight on Earth. The mass remains the determining factor. Therefore, a paperclip,
regardless of how densely compressed to neutron star densities, would still weigh about the same as
a regular paperclip—roughly a gram—when placed on Earth. The key difference lies in the physical
nature of the object: at such densities, it would be a tiny point of matter with extraordinary
properties, perhaps more akin to a black hole if sufficiently massive. This exploration underscores
the fascinating interplay between matter, density, and gravity, and helps us appreciate the
incredible scales and extremes present in the universe.

Frequently Asked Questions

Would a paperclip with the density of a neutron star weigh
about the same as a regular paperclip on Earth?
No, despite the similar mass, its extreme density would make its weight on Earth vastly different,
potentially leading to unusual gravitational effects.

How does the density of a neutron star compare to that of a
regular paperclip?
A neutron star's density is roughly 10^17 times greater than that of a typical paperclip, meaning the
paperclip would be incredibly compressed.



If a paperclip were compressed to neutron star density, would
it be detectable through normal handling?
No, its mass would be so concentrated that it would behave very differently, potentially being
dangerously heavy and difficult to handle safely.

Would a neutron star-density paperclip have a different weight
on Earth compared to a regular paperclip?
Its weight would be significantly greater due to the concentrated mass, but the actual weight
depends on its size and gravitational interactions.

Could a paperclip with neutron star density exist in reality?
No, the physical conditions required would be impossible for a simple object like a paperclip; such
densities are only found in collapsed stellar remnants.

What would happen if you tried to pick up a neutron star-
density paperclip?
It would be extremely heavy and likely cause catastrophic damage or destruction, making it
impossible to handle without advanced technology.

Would the gravity of a neutron star-density paperclip be
noticeable on Earth?
While its mass could be enormous, its tiny size would mean its gravitational influence would be
localized and unlikely to be noticeable at a distance.

How does the concept of density help us understand the mass
and weight of such an object?
Density relates mass to volume; increasing density concentrates mass into a tiny volume, drastically
increasing weight and gravitational effects.

Is it accurate to say a neutron star-density paperclip would
weigh about the same as a regular paperclip?
No, because the density difference implies the mass would be vastly greater, so its weight on Earth
would not be comparable to a normal paperclip.

Additional Resources
A Paperclip With The Density Of A Neutron Star Would Weigh (on The Earth) A) About The Same As
A Regular



---

Introduction

When contemplating the vast extremes of the universe, few concepts are as mind-boggling as the
idea of objects possessing densities comparable to neutron stars. Imagine a simple everyday
object—a paperclip—transformed into a dense sphere with a density comparable to that of a neutron
star. What would be the implications of such an object existing on Earth? Would its weight change
dramatically? Would it be detectable? Or would it somehow remain similar to its regular
counterpart? This exploration aims to dissect these questions by examining the physics behind
densities, masses, and gravitational forces, and how they interact in such an extraordinary scenario.

---

Understanding Density and Neutron Stars

What Is Density?

Density is defined as mass per unit volume:

\[
\rho = \frac{m}{V}
\]

Where:
- \( \rho \) is density,
- \( m \) is mass,
- \( V \) is volume.

In everyday objects, densities typically range from about 0.1 g/cm³ (like some plastics) to around 8
g/cm³ (like lead).

What Are Neutron Stars?

Neutron stars are remnants of massive stars that have undergone supernova explosions. Their
defining characteristic is their extraordinary density—on the order of:

\[
\rho_{NS} \sim 10^{14} - 10^{15} \, \text{g/cm}^3
\]

This means that a sugar-cube-sized amount of neutron star material would weigh about a billion tons
on Earth! Their densities are so immense because, after a supernova, the core collapses under
gravity, crushing protons and electrons together to form neutrons, resulting in an object with a mass
about 1.4 times that of our Sun but compressed into a sphere about 20 km in diameter.

---

The Thought Experiment: A Paperclip with Neutron Star Density

Conceptualizing the Object



Imagine taking a standard paperclip—roughly 3 cm long, with a mass of about 1 gram—and
compressing it into a sphere with the same density as a neutron star.

- Standard paperclip:
- Length: 3 cm
- Approximate mass: 1 g
- Approximate volume: \( V_{normal} \sim 1\, \text{cm}^3 \) (rough estimate)

- Neutron star density:
- \( \rho_{NS} \sim 10^{15} \, \text{g/cm}^3 \)

---

Calculating the Mass of the Hypothetical Object

Step 1: Determine the volume if the object maintains the same mass but gains neutron star density

Suppose we keep the mass the same as the regular paperclip (about 1 gram). Its volume \( V_{NS} \)
at neutron star density would be:

\[
V_{NS} = \frac{m}{\rho_{NS}} = \frac{1\, \text{g}}{10^{15}\, \text{g/cm}^3} = 10^{-15}\,
\text{cm}^3
\]

This is an unimaginably tiny volume—a cube only about:

\[
\text{side length} = \sqrt[3]{10^{-15}} \approx 10^{-5}\, \text{cm} = 0.1\, \mu\text{m}
\]

which is well below the size of a human cell.

Step 2: Visualize the size

- The object would be a minuscule sphere, roughly 0.1 micrometers across.
- This is comparable to a large virus particle or a very small bacterial cell.

Key Point: The mass remains 1 gram, but the volume shrinks dramatically due to the density
increase.

---

Gravitational Impact on Earth

How Does Density Affect Weight?

The weight of an object on Earth depends primarily on its mass and the gravitational acceleration:

\[
W = m \times g



\]

Where:
- \( W \) is weight,
- \( g \approx 9.81\, \text{m/s}^2 \) (acceleration due to gravity).

Since the mass of our hypothetical object remains 1 gram (0.001 kg), its weight on Earth is:

\[
W = 0.001\, \text{kg} \times 9.81\, \text{m/s}^2 \approx 9.81\, \text{milliNewtons}
\]

which is negligible and essentially the same as a regular paperclip.

Conclusion: The gravitational force exerted by the object on the Earth, and vice versa, depends on
its mass, not its density. Therefore, its weight on Earth would be virtually identical to that of a
regular paperclip.

---

The Gravitational Effect: Does Density Matter?

While the weight of the object remains the same, its gravitational interactions with the Earth could
be affected by its density and size.

Comparing Gravitational Forces

The gravitational force between two masses:

\[
F = G \frac{m_1 m_2}{r^2}
\]

Where:
- \( G \) is the gravitational constant (\( \sim 6.674 \times 10^{-11}\, \text{Nm}^2/\text{kg}^2 \)),
- \( m_1 \) and \( m_2 \) are the masses,
- \( r \) is the distance between their centers.

Since the object’s mass is unchanged (about 1 gram), and the Earth's mass is so large (about \( 5.97
\times 10^{24}\, \text{kg} \)), the force is negligible.

Furthermore, because the object remains tiny, it would sit on the Earth's surface just like a normal
paperclip, exerting an insignificant gravitational force.

Could the Density Change Impact Its Interactions?

- No, because gravitational force depends solely on mass and distance, not density.
- The object’s density influences its internal structure, but not its external gravitational effects at
this scale.

---



What About the Material and Structural Integrity?

Physical Stability at Neutron Star Density

- In reality, creating a physical object at neutron star density would require exotic physics.
- Neutron star matter is composed of degenerate neutrons, held together by nuclear forces, and is
inherently unstable outside such extreme conditions.
- Compressing matter to neutron star density on Earth is impossible with current technology and
would involve overcoming quantum and nuclear forces.

Theoretical Considerations

- The hypothetical object would be a tiny, incredibly dense nugget of neutron-rich matter.
- Such matter is extremely fragile outside neutron star conditions, likely to decay or interact
violently with normal matter.
- In practice, it would probably vaporize or convert into other forms of dense matter upon contact
with normal matter.

---

Implications for Size, Detectability, and Safety

Size and Detection

- The object would be so small that it would be effectively invisible to normal detection methods.
- Its tiny size would mean it could be mistaken for a microscopic speck or dust particle.

Weight and Safety

- The weight remains the same as a regular paperclip—about 1 gram.
- The density does not influence its weight or mass, only its internal structure.
- Safety concerns are minimal; it would not be dangerous simply because of its density.

---

Broader Scientific Insights

Why Does Density Not Affect Weight in This Scenario?

This is a fundamental point: weight depends solely on mass and gravity, not on density or volume. An
object’s density influences its form and internal structure, but not its gravitational interaction with
Earth unless mass changes.

What About Mass and Gravitational Pull?

- If the mass increased proportionally with density, the object could become massive enough to have
gravitational effects on Earth.
- For example, a sphere with the same size as a regular paperclip but neutron star density would
have an astronomically large mass, exerting a significant gravitational pull, potentially causing local
disturbances or even planetary effects.



---

Hypothetical Variations: Scaling the Object

Suppose instead of keeping the mass constant, we increase the mass proportionally to the density:

- For the original paperclip (mass ~1 g), at neutron star density (\(10^{15}\, \text{g/cm}^3\)), the
volume would be:

\[
V = \frac{1\, \text{g}}{10^{15}\, \text{g/cm}^3} = 10^{-15}\, \text{cm}^3
\]

- Corresponding mass: 1 g (if fixed).

Alternatively, if the object’s volume remained the same but density increased, the mass would
increase proportionally:

\[
m' = \rho_{NS} \times V
\]

which would be enormous (on the order of \(10^{15}\) grams, or a million metric tons), turning the
object into a massive asteroid-sized body.

In such a case:

- The gravitational influence on Earth would be profound.
- It could cause seismic activity or even destabilize Earth's orbit if large enough.

---

Final Summary: Would It Weigh About The Same As A Regular?

Yes, in the specific case where the mass of the object remains constant (about 1 gram), and only the
density is increased to neutron star levels, its weight on Earth would remain approximately the
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