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When considering the properties of elastic cords, understanding how they
stretch under load is essential for various engineering, physics, and
everyday applications. For instance, an elastic cord that measures 80 cm in
length when supporting a mass of 10 kg at rest provides a practical example
to explore concepts like elastic deformation, Hooke's Law, and the
calculation of spring constants. In this article, we will delve into the
mechanics behind elastic cords, analyze how they behave under load, and
discuss relevant equations and real-world applications.

Understanding the Basics of Elastic Cords

What Is an Elastic Cord?

An elastic cord, often called a spring or a stretchable string, is a material
that can deform under stress and return to its original shape once the stress
is removed. Typically made of rubber, elastic polymers, or other flexible
materials, these cords are widely used in sports equipment, engineering
systems, and scientific experiments.

Key Properties of Elastic Cords

e Elasticity: The ability to return to original length after deformation.

e Elastic Limit: The maximum amount of stretch before permanent
deformation occurs.

e Spring Constant (k): A measure of the stiffness of the cord, defining
how much force is needed to stretch it by a unit length.

* Hooke’s Law: The principle stating that the force needed to extend or
compress a spring is proportional to the displacement, provided the
elastic limit is not exceeded.



Analyzing the Elastic Cord Supporting a 10 kg
Mass

Given Data and Initial Observations

- Length of the elastic cord when supporting the 10 kg mass at rest: 80 cm
- Mass hanging from the cord: 10 kg
- Acceleration due to gravity: 9.8 m/s?

This data provides a basis for calculating the tension in the cord and
understanding its elastic properties.

Calculating the Force Due to the Hanging Mass

The weight of the mass, which is the force exerted downward, is given by:
oF:mxg

e F

10 kg x 9.8 m/s? = 98 N

This force acts as the tension in the elastic cord when the mass is at rest.

Determining the Extension of the Elastic Cord

Understanding Rest Position and Extension

The length of 80 cm when supporting the 10 kg mass indicates the cord is
stretched from its natural (unstretched) length to this length under load. To
fully analyze the behavior, we need to know or estimate the natural length of
the cord when no load is attached.

- If the natural length (unstretched length) is less than 80 cm, the
extension (AL) is:

AL = 80 cm - natural length
- If the natural length is unknown, often the problem assumes the unstretched
length is less than or equal to 80 cm, and the extension can be calculated if

any additional data is provided.

For the purpose of this analysis, we will assume the unstretched length (Le)
of the elastic cord is 70 cm.

- Therefore, the extension is:



AL = 80 cm — 70 cm = 10 cm = 0.10 meters

Applying Hooke'’s Law

Hooke's Law states:
F =k x AL

where:

- F is the tension in the cord (98 N),
- AL is the extension (0.10 m),

- k is the spring constant.

Rearranging for k:
k=F /AL =98N/ 0.10 m = 980 N/m

This indicates the elastic cord has a spring constant of approximately 980
N/m.

Implications of the Spring Constant and Elastic
Behavior

Understanding the Spring Constant

The spring constant (k) quantifies the stiffness of the elastic cord. A
higher value of k means the cord resists stretching more and requires more
force to extend by a given length.

For example, with k = 980 N/m:
To stretch the cord by 1 cm (0.01 m), the force needed is:

F =980 N/m x 0.01 m = 9.8 N

This linear relationship holds as long as the elastic limit is not
exceeded.

Elastic Limit and Safety Considerations

While elastic cords can stretch significantly, exceeding their elastic limit
leads to permanent deformation or breakage. Therefore, understanding the
maximum load the cord can support without permanent deformation is crucial
for safety and durability.



Applications and Practical Considerations

Designing Systems with Elastic Cords

Knowledge of the spring constant and elastic properties allows engineers and
designers to:

e Calculate the maximum load an elastic cord can support
e Design suspension systems and shock absorbers

e Create elastic components in toys, sports equipment, and medical devices

Real-World Examples

- Swing Ropes and Trampolines: Use elastic cords or springs to absorb shocks
and provide bouncing dynamics.

- Mechanical Clamps and Mounts: Utilize elastic properties for secure, yet
flexible, attachments.

- Physics Experiments: Demonstrate harmonic motion, energy transfer, and
material properties.

Conclusion

Understanding the behavior of an elastic cord supporting a mass is
fundamental in physics and engineering. By analyzing the given data—such as
the length of 80 cm supporting a 10 kg mass—we can determine key properties
like the spring constant and elastic limits. This knowledge not only helps in
designing safer and more efficient systems but also enriches our grasp of
material properties and mechanical principles. Whether used in simple
experiments or complex engineering applications, elastic cords exemplify the
importance of elasticity and Hooke's Law in the physical world.

Frequently Asked Questions

What is the initial length of the elastic cord when
it is supporting a 10 kg mass at rest?

The initial length of the elastic cord is 80 cm.



How does the elastic cord's length change when
supporting a 10 kg mass at rest?

When supporting the 10 kg mass at rest, the elastic cord stretches or remains
at its initial length of 80 cm, assuming no additional force causes further
elongation.

What is the force exerted by the mass on the elastic
cord due to gravity?

The force exerted by the mass on the elastic cord is the weight of the mass,
calculated as F = m x g = 10 kg x 9.8 m/s? = 98 N.

How can we determine the elastic constant (spring
constant) of the cord from this setup?

If the cord's stretched length is known, the spring constant k can be
calculated using Hooke's Law: F = k x AL, where AL is the extension from the
original length. With the initial length and force known, k = F / AL.

What assumptions are made when analyzing the elastic
cord supporting a mass at rest?

The analysis assumes the elastic cord obeys Hooke's law within its elastic
limit, the mass is stationary (no acceleration), and the system is in
equilibrium with no other external forces acting besides gravity and elastic
tension.

How would the length of the elastic cord change if
the mass were to oscillate instead of remaining at
rest?

If the mass oscillates, the elastic cord would stretch and contract
periodically, causing the length to vary between its initial length and a
maximum extension determined by the oscillation amplitude and the elastic
properties of the cord.

Additional Resources

Elastic Cord Under Tension: An In-Depth Analysis of Its Behavior When
Supporting a 10 kg Mass

Understanding the dynamics and properties of elastic cords under load is
crucial in various fields ranging from physics education to engineering
applications. When an elastic cord measures 80 centimeters in length while
supporting a mass of 10 kg at rest, it provides a practical case study for



exploring concepts like Hooke's law, elastic potential energy, and the
material properties influencing elastic behavior. This comprehensive review
aims to dissect every aspect of this scenario, offering insights into the
physical principles at play, the calculations involved, and the broader
implications.

Introduction: The Significance of Elastic Cords
in Physics and Engineering

Elastic cords, often made of rubber, elastic polymers, or other flexible
materials, are fundamental components in various mechanical systems. Their
ability to stretch and recover makes them valuable in applications such as
suspension systems, trampolines, shock absorbers, and even biological
tissues. Studying their behavior under load not only enhances our
understanding of material properties but also informs design principles for
safety and efficiency.

In the specific case where an elastic cord extends to 80 cm under a 10 kg
load, we observe the balance point between the weight's gravitational force
and the restoring elastic force of the cord. This equilibrium state provides

a tangible example to analyze the fundamental physical laws governing elastic
materials.

Fundamental Principles Governing Elastic Cords

Hooke's Law and Elasticity

At the core of understanding elastic cords is Hooke's law, which states:

> The restoring force exerted by an elastic material is directly proportional
to its extension or compression from its original length, provided the
deformation remains within the elastic limit.

Mathematically:

\[ F = k \times \Delta L \]

where:

- \( F\) is the force applied,
- \( k\) is the spring (or elastic) constant,



- \( \Delta L \) is the extension or compression of the cord from its natural
length.

This linear relationship holds true for small deformations; beyond that, the
material may exhibit nonlinear behavior or permanent deformation.

Elastic Potential Energy

When an elastic cord is stretched, it stores elastic potential energy given
by:

\[ U = \frac{1}{2} k (\Delta L)"2 \]

This energy is recoverable if the load is removed, assuming the material
stays within its elastic limit.

Balance of Forces at Equilibrium

When a mass hangs from an elastic cord at rest, equilibrium is achieved when:
\[ \text{Tension in the cord} = \text{Weight of the mass} \]

Expressed as:

\[ T =mg \]

where:

- \( m\) is the mass,
- \( g \) is acceleration due to gravity (~9.81 m/s?).

Detailed Analysis of the Scenario

Given Data

- Natural length of the elastic cord, \( L 0 = \text{unknown} \) (assumed to
be less than 80 cm)

- Length when supporting 10 kg, \( L = 80\, \text{cm} \)

- Mass, \( m = 10\, \text{kg} \)

- Gravitational acceleration, \( g = 9.81\, \text{m/s}"2 \)

Since the length when supporting the mass is 80 cm, the extension \( \Delta L



\) is:

\[ \Delta L =L - L 0 \]

To proceed, we need to estimate or assume the natural length \( L 0 \). For
typical elastic cords, the natural length is often less than the extended
length; for illustration, let's assume:

\[ L O =70\, \text{cm} \]

Therefore:

\[ \Delta L = 80\, \text{cm} - 70\, \text{cm} = 10\, \text{cm} = 0.10\,
\text{m} \]

Calculating the Force and Elastic Constant

The tension in the cord equals the weight of the mass:

\[ T=mg = 10\, \text{kg} \times 9.81\, \text{m/s}"2 = 98.1\, \text{N} \]
Applying Hooke's law:

\[ F = k \times \Delta L \Rightarrow k = \frac{F}{\Delta L} \]

Hence:

\[ k = \frac{98.1\, \text{N}}{0.10\, \text{m}} = 981\, \text{N/m} \]

This indicates a relatively stiff elastic cord, capable of resisting
significant tension with modest extension.

Implications of the Calculated Elastic Constant

A spring constant of approximately 981 N/m suggests:

- The cord exhibits high stiffness, typical of materials intended for load-
bearing applications.

- Small increases in extension result in substantial increases in tension.

- The elastic behavior remains linear within this extension range, confirming
the applicability of Hooke’'s law.



Material Properties and Real-World
Considerations

Material Composition and Elasticity

The elastic cord’s behavior depends heavily on its material:

- Rubber-based cords: Known for high elasticity and resilience, with elastic
limits often exceeding 100% strain.

- Synthetic polymers: Materials like nylon or polyester may have different
stiffness and elastic limits.

- Natural fibers: Such as latex or elasticized cotton, with varying elastic
properties.

The choice of material influences:
- The spring constant \( k \)
- The elastic limit

- Fatigue resistance
- Temperature dependence of elasticity

Elastic Limit and Hysteresis

It's essential to recognize that real materials:

- Have an elastic limit beyond which permanent deformation occurs.

- Exhibit hysteresis, meaning energy loss during loading-unloading cycles.
- May experience creep, especially under sustained loads.

In our scenario, assuming the extension is within the elastic limit ensures
the use of Hooke's law remains valid.

Environmental Effects

External factors influencing the elastic cord’s behavior include:

- Temperature: Elevated temperatures can soften rubber, reducing \( k \).
- Aging: Over time, materials may lose elasticity.
- Humidity and chemicals: Can degrade the material, affecting performance.



Energy Considerations in the System

Elastic Potential Energy Stored

Using the earlier estimated \( k \):

\[ U= \frac{1}{2} k (\Delta L)"2 = \frac{1}{2} \times 981\, \text{N/m}
\times (0.10\, \text{m})"2 = 4.905\, \text{J} \]

This energy is stored in the elastic cord when stretched, which can be
released during oscillations or if the load is suddenly removed.

Implications for Dynamic Behavior

If the mass is displaced further or released suddenly, the system exhibits
oscillations governed by:

\[ \omega = \sqrt{\frac{k}{m}} \1]
where \( \omega \) is the angular frequency of oscillation.
Calculating:

\[ \omega = \sqrt{\frac{981\, \text{N/m}}{10\, \text{kg}}} \approx 9.9\,
\text{rad/sec} \]

The period of oscillation:

\[ T = \frac{2\pi}{\omega} \approx \frac{6.283}{9.9} \approx 0.635\,
\text{seconds} \]

Understanding these oscillations is vital in designing systems that rely on
elastic cords for energy transfer or damping.

Safety and Practical Applications

Design Considerations

When employing elastic cords in practical systems, safety margins are
critical:



- The elastic limit should be well above the maximum expected load.
- The material should withstand repeated loading cycles without fatigue.
- The cord should be inspected regularly for wear and tear.

Applications in Engineering and Daily Life

- Suspension systems: Shock absorption in vehicles.

- Sporting equipment: Trampolines, resistance bands.

- Medical devices: Elastic supports and rehabilitation tools.
- Toys and recreational devices: Catapults, bungee cords.

In all these applications, understanding the relationship between 1load,
extension, and material properties ensures safety, efficiency, and longevity.

Limitations and Further Study

While the analysis provides valuable insights, several limitations exist:

- Assumed natural length \( L 0 \); actual measurements are necessary for
precise calculations.

- The linear approximation (Hooke’s law) may not hold at larger extensions.

- Material heterogeneity and manufacturing imperfections can affect behavior.
- Dynamic effects, damping, and fatigue are complex and require detailed
experimental analysis.

Future studies could involve:

- Empirical measurements of \( L O \) and \( k \).
- Testing under various loads and environmental conditions.
- Nonlinear modeling for large deformations.

Conclusion: Interpreting the Behavior of
Elastic Cords Under Load

Supporting a 10 kg mass causes an elastic cord to stretch from its natural
length to 80 cm, with an extension of about 10 cm if we assume a natural
length of 70 cm. This scenario exemplifies the principles of elasticity,
illustrating how Hook
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