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Suppose That 6 J Of Work Is Needed To Stretch A Spring From Its Natural Length Of 36
Cm To A Length Of — this scenario introduces a classic physics problem involving elastic potential
energy, Hooke’s Law, and work-energy principles. In this article, we will explore the detailed steps
to analyze such a problem, understand the underlying physics concepts, and extend the discussion to
related problems. Whether you're a student preparing for exams or a physics enthusiast, this
comprehensive guide will help clarify how work, energy, and spring constants interrelate.

Understanding the Problem: Basic Concepts

Before delving into calculations, it’s essential to clarify the key concepts involved:

Elastic Potential Energy

- When a spring is stretched or compressed, it stores elastic potential energy.
- The amount of energy stored is proportional to the square of the deformation (Hooke’s Law).
- The formula for elastic potential energy (U) is:

U= (1/2) kx?

where:
- k is the spring constant (in N/m)
- x is the displacement from the natural length (in meters)

Work Done on the Spring

- Work done to stretch or compress a spring is equal to the elastic potential energy stored in the
spring at that deformation.
- Therefore, the work W done in stretching the spring from its natural length to a certain length is:

W = (1/2) k x2

- This is valid assuming no energy losses (ideal spring).

Given Data in the Problem

- Work required to stretch the spring: W = 6 Joules
- Natural length of the spring: Lo = 36 cm = 0.36 m



- Final length after stretching: L f (to be determined)
- Displacement, x = L f- Lo (in meters)

Step-by-Step Solution Approach

To find the unknown final length or other parameters, follow these steps:

1. Express the Displacement in Terms of Final Length

-x=Lf-ILo
- Since both lengths are in centimeters, convert to meters for SI units:

x=(L fincm- 36 cm) /100

2. Use Work-Energy Relation to Find the Spring Constant k
- Given the work done W = 6 J:

6=(1/2) kx?
- Rearrange to solve for k:
k=02W)/x?

- But since x depends on L f, we need to find L f to proceed.

3. Determine the Final Length, L f

- The problem is incomplete without specifying the final length or additional information.
- Typically, problems of this type ask for the final length or the spring constant.
- Assuming the problem asks: "What is the final length L f after applying 6 J of work?"

Calculating the Final Length of the Spring

Suppose the problem states that the work of 6 J is needed to stretch the spring from 36 cm to a
certain length L f. To find L f:



Step 1: Express x in meters
-x = (L f-36)/100

Step 2: Express work in terms of L f

= (1/2) k x?
- But k can be expressed as:

k=02W)/x?

Step 3: Find the Spring Constant k

- Since the problem involves elastic energy, for any extension x, the work is:
= (1/2) k x2

- Rearranged to:

k=02W)/x?

- For the initial stretch from natural length to L f:

x = (L f-36)/100

- Plug into the expression:

k=(26)/[(L f-36)/100]

=12/[(L_f-36)2/10,000]

= (12 10,000) / (L f- 36)?
= 120,000/ (L_f - 36)>

Step 4: Additional Constraints Needed

- To determine L f uniquely, additional information is required:
- For example, if the problem states the spring is stretched to a certain force or length.
- Or, if the spring's behavior is identical at different extensions, allowing us to set specific values.

Alternative Approach: Expressing Spring Constant
Independently

If the problem provides the spring constant or asks to find it, assume the following:



Given: Work (W) = 6 ], and initial length (Lo) = 36 cm

- If we hypothesize a certain extension, say x, then:
k=(26)/x2=12/x2

- The final length:

Lf=ILo+x

- For example, if x = 0.1 m (10 cm extension):
k=12/(0.1)2=12/0.01 = 1200 N/m

- And the final length:

Lf=36cm+ 10 cm = 46 cm

- The work done to stretch the spring to this length is:
W = (1/2) 1200 (0.1)2 = 0.512000.01 = 6]

This matches the given work, confirming the consistency.

Key Takeaways and Summary

e The work done to stretch a spring is directly related to the elastic potential energy stored.
e Hooke’s Law provides a linear relationship between force and displacement: F = kx.
e The elastic potential energy stored in a spring at extension x is U = (1/2) k x2.

e Given the work required to stretch the spring, one can determine the spring constant or the
extension, provided enough information.

e Converting all measurements to SI units ensures consistency in calculations.



Extending the Problem: Related Scenarios

Beyond the initial problem, similar analyses can be applied to various situations:

1. Calculating the Force at a Given Extension

- Use F = kx, once k and x are known.

2. Determining the Max Extension Before the Spring Breaks

- If the spring has a maximum force or extension limit, use the spring constant to find the maximum
extension.

3. Energy Considerations in Oscillations

- When a spring oscillates, the maximum kinetic and potential energies interchange; understanding
work helps in analyzing these motions.

4. Real-World Applications

- Springs are used in numerous devices: shock absorbers, measuring instruments, and mechanical
watches.
- Calculating work and energy in such devices ensures their proper functioning and safety.

Conclusion

Analyzing the work required to stretch a spring from its natural length involves understanding the
interplay between work, elastic potential energy, and the spring constant. By applying the principles
of physics—especially Hooke’s Law and energy conservation—you can determine unknown
quantities like the extension or the spring constant given the work done. Whether solving textbook
problems or designing real-world mechanical systems, mastering these concepts is essential for a
comprehensive understanding of elastic systems.

Remember, always convert measurements to SI units, verify the assumptions made, and double-

check your calculations to ensure accuracy. With these tools, you can confidently approach a wide
range of problems involving springs and elastic energy.

Frequently Asked Questions



What is the formula to calculate the work done in stretching a
spring?

The work done in stretching a spring is given by W = (1/2) k x2, where k is the spring constant and x
is the extension from the natural length.

How can the spring constant be determined from the work
done?

Using the work formula W = (1/2) k x2, rearranged as k = 2W / x2, you can calculate the spring
constant if the work done and extension are known.

What is the extension of the spring when 6 J of work is done?

Given the work W = 6 J and natural length of 36 cm, the extension x can be found using x = sqrt(2W
/ k). First, find k using additional information or assumptions.

If the natural length of the spring is 36 cm and the work done
is 6 J, what is the length of the spring after stretching?

Once the extension x is determined, the new length is 36 cm + x. Without k, the exact length cannot
be calculated, but the extension can be found from the work done.

How does the work done relate to the stiffness of the spring?

The work done is directly related to the spring constant k; a stiffer spring (larger k) requires more
work to achieve the same extension.

Can you derive the spring constant using the given work and
initial length?

Yes, if the extension x is known from work done, you can use k = 2W / x2. Alternatively, additional
information about the extension is needed to find k.

What assumptions are made when calculating work done in
stretching a spring?

The calculations assume the spring follows Hooke's Law (linear elastic behavior), and the work done
is stored as elastic potential energy without energy losses.

Why is the work done to stretch a spring proportional to the
square of the extension?

Because the force required to stretch the spring increases linearly with extension (Hooke's Law),
integrating this force over the extension results in work proportional to x2.



Additional Resources
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The problem of determining the work done to stretch a spring is a classic in physics, rooted in the
principles of elastic potential energy and Hooke’s Law. In this scenario, we are given that 6 joules of
work are required to extend a spring from its natural (unstretched) length of 36 centimeters to a
certain extended length. Understanding this problem involves delving into concepts such as the
spring constant, work-energy theorem, and the mathematical modeling of elastic deformation. This
article provides a comprehensive review of the underlying physics, the calculations involved, and the
broader implications of such problems in real-world applications.

Understanding the Basics: Hooke’s Law and Elastic
Potential Energy

Hooke’s Law

Hooke’s Law states that the force required to stretch or compress a spring is directly proportional to
the displacement from its natural length, provided the elastic limit is not exceeded. Mathematically,
it is expressed as:

\[F=-kx\]

where:

-\( F) is the restoring force exerted by the spring,

-\( k) is the spring constant (a measure of the spring’s stiffness),

-\(x) is the displacement from the natural length.

The negative sign indicates that the force exerted by the spring opposes displacement.

Elastic Potential Energy

When a spring is stretched or compressed, it stores elastic potential energy, given by:
\[ U =\frac{1}{2} kx"2\]

This energy represents the work done to deform the spring from its natural length to a particular
extension \( x\).



Calculating the Spring Constant (k)

Given data:

- Work done, \( W = 6\, \text{J} \),

- Natural length, \( L 0 = 36\, \text{cm} \),

- Final length, \(L = ?\).

The problem states that 6 joules are required to stretch the spring from its natural length to a
certain length \( L \). To determine the value of \( L \), we need to understand the relationship
between work and elastic potential energy.

Since the work done in stretching the spring from \(x = 0\) to \( x = x f) is equal to the elastic
potential energy stored at \( x f\):

\[ W=TU =\frac{1}{2} kx £°2]

Rearranged to find \( k \):

\[ k = \frac{2 W}{x f~2}\]

But to proceed, we need to express \( x f\) in terms of \( L \):

\[x f=L-L0\]

where \(L 0 = 36\, \text{cm} = 0.36\, \text{m} \).

Suppose the length of the spring after stretching is \( L \) (in meters). Then,

\[x f=L-0.36\ \text{m} \]

The work done:

\[ W =6\, \text{J} = \frac{1}{2} kx f~2\]

Expressed as:

\[ 6 = \frac{1}{2} k(L -0.36)"2\]

To find \( L \), we need additional information, such as the value of \( k), or a specific \( L \).
Alternatively, if the problem states the length after stretching, we can directly compute \( k \). Since

the problem as presented appears incomplete, a typical approach would be to assume the final
extension or to derive \( L) if more data is available.

Implications and Applications of Work in Stretching



Springs

Understanding how much work is needed to stretch or compress a spring is crucial in various
engineering and physics contexts, including designing shock absorbers, measuring material
elasticity, and even in biological systems like muscle mechanics.

Real-World Applications

- Design of Mechanical Systems: Springs are fundamental components in vehicle suspensions, where
they absorb shocks and provide stability.

- Energy Storage Devices: Springs can be used in energy harvesting devices, where work input is
stored as elastic potential energy.

- Measurement Instruments: Spring scales utilize the linear relationship between force and
extension to measure weight or force accurately.

Advantages of Using Springs in Engineering

- Simplicity and Reliability: Springs are simple mechanical devices with predictable behavior.
- Reversibility: They can return to their original shape after deformation, allowing multiple uses.
- Customizability: Spring constant \( k \) can be tailored based on material and design specifications.

Limitations and Challenges

- Material Fatigue: Repeated stretching can weaken the spring material over time.

- Limited Elastic Range: Beyond the elastic limit, permanent deformation occurs.

- Energy Losses: Damping effects and internal friction can cause energy dissipation, deviating from
ideal behavior.

Advanced Topics: Nonlinear Springs and Energy
Considerations

While Hooke’s Law provides a linear approximation valid within certain limits, real-world springs
often exhibit nonlinear behavior at large extensions. Advanced analyses incorporate these
nonlinearities, using more complex models like the polynomial or hyperelastic models.

Nonlinear Spring Models

- Polynomial Models: Incorporate higher-order terms to capture deviations from linearity.
- Hyperelastic Models: Used for materials like rubber, where stress-strain relationships are highly
nonlinear.



Energy Considerations in Nonlinear Systems

The work done in nonlinear springs requires integrating the force over the displacement:
\[ W=\int {0}~ {x f} F(x) dx ]

This integral accounts for the variable stiffness at different extensions and often necessitates
numerical methods for evaluation.

Practical Steps to Solve the Given Problem

Given the initial data, a typical solution approach involves:
1. Expressing the work done in terms of \( k\) and \( x f\):
\[ 6 = \frac{1}{2} kx f~2\]

2. Relating \( x_f'\) to the final length \( L \):

\[x f=L-0.36\ \text{m} \]

3. Determining \( L \):
- If the problem provides the final length \( L \), substitute directly.
- If not, additional data or assumptions are necessary.

4. Calculating \( k \):
\[ k = \frac{2 \times 6} {(L - 0.36)"2} \]

5. Interpreting results:
- Understand the stiffness of the spring.
- Predict how much work is needed for different extensions.

Conclusion and Broader Perspective

The problem of calculating work done to stretch a spring from its natural length is fundamental in
understanding elastic systems. It combines core principles of physics—Hooke’s Law, energy
conservation, and force-displacement relationships—and has practical implications across
engineering, biomechanics, and material science. The simplicity of the linear model offers clarity,
but real-world applications often require considering nonlinearities and material limitations.
Whether designing resilient suspension systems, energy storage devices, or measuring forces
accurately, mastering the principles illustrated in this problem provides a foundational
understanding of elastic deformation and energy transfer in mechanical systems.



In summary, given the work of 6 joules, and knowing the original length of 36 cm, one can determine
the spring constant and the final extension, provided additional data. This understanding enables
engineers and scientists to predict system behavior, optimize designs, and innovate new applications
where elastic properties are essential.
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