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Understanding the principles of physics, particularly Hooke’'s Law and elastic
deformation, is essential when analyzing how springs behave under different
loads. This article explores the mechanics behind an ideal spring's stretch
when subjected to various objects, starting with a specific scenario
involving a 135-N object. We will delve into the concepts of spring constant,
elastic limit, and how different objects—such as a fish-affect the spring’s
extension. Whether you're a student, teacher, or enthusiast, this
comprehensive guide will clarify the physics and applications related to
spring stretches.

Fundamentals of Spring Mechanics and Hooke’s
Law

What Is an Ideal Spring?

An ideal spring is a theoretical spring that obeys Hooke'’s Law perfectly
within its elastic limit. It means the spring's deformation (stretch or
compression) is directly proportional to the applied force. It has no energy
losses due to internal friction or other damping effects, making it a perfect
model for understanding elastic behavior.

Hooke’s Law Explained

Hooke’s Law states that:
\[ F = k \times x \]

Where:

- \( F\) = the applied force (in Newtons, N)

- \( k \) = the spring constant (in N/m)

- \( x \) = the extension or compression of the spring (in meters, m)

This law implies that the greater the force applied, the greater the
extension, provided the elastic limit is not exceeded.



Analyzing the Given Scenario

Given Data

- Extension of the spring, \(

x = 21.0 \text{ cm} = 0.21 \text{ m} \)
- Force due to the object, \( F

135 \text{ N} \)

Calculating the Spring Constant \( k \)

Using Hooke’s Law:

\[ k = \frac{F}{x} \]

Substituting the given values:

\[ k = \frac{135 \text{ N}}{0.21 \text{ m}} \approx 642.86 \text{ N/m} \]

This calculation shows that the spring's stiffness, or spring constant, 1is
approximately 643 N/m, indicating a relatively stiff spring.

Understanding the Effect of Different Loads on
the Spring

What Happens When a Fish Is Hung?

Now, consider hanging a fish instead of the 135-N object. The key difference
is the weight of the fish, which is usually less than 135 N, but it depends
on the fish's mass and the acceleration due to gravity.

Estimating the Fish’s Weight

Suppose the fish has a mass \( m \) (in kg). Its weight \( W \) is:
\[ W=m \times g \]

Where:

- \( g \) = acceleration due to gravity (\( 9.8 \, \text{m/s}"2 \))

For example, if the fish weighs 5 kg:
\[ W=05 \times 9.8 = 49 \text{ N} \]

Calculating the Spring Extension When Hanging



the Fish

Using Spring Constant \( k \)
From earlier, \( k \approx 643\, \text{N/m} \).

The extension \( x f \) caused by the fish:

\[ x_f = \frac{W}{k} \]

Substituting \( W = 49\, \text{N} \):

\[ x f = \frac{49}{643} \approx 0.076 \text{ m} = 7.6 \text{ cm} \]

This demonstrates that hanging a 5 kg fish results in approximately 7.6 cm
extension, significantly less than the 21.0 cm caused by the 135-N object.

Comparison and Understanding

- The 135-N object stretches the spring by 21.0 cm.
- A5 kg fish, with a weight of 49 N, stretches it by about 7.6 cm.
- The extension is proportional to the load, confirming Hooke’s Law.

Implications of Spring Behavior in Real-World
Applications

Designing Springs for Different Loads

Knowing how springs respond to various forces is crucial when designing
suspension systems, weighing scales, or mechanical devices. Engineers select
springs with appropriate \( k \) values based on the expected loads and
desired extensions.

Elastic Limit and Safety Margins

While the calculations assume ideal behavior, real springs have an elastic
limit beyond which permanent deformation occurs. Ensuring that applied forces
stay within this limit is essential for safety and longevity.

Factors Affecting Spring Extension Beyond Ideal



Conditions

Material Properties

Different materials have different elastic properties, affecting the spring
constant and deformation behavior.

Temperature Effects

Temperature variations can influence the elasticity of the spring material,
causing deviations from ideal behavior.

Internal Friction and Damping

Real springs experience internal damping, leading to energy loss and slightly
different extension behavior compared to ideal models.

Practical Example: Calculating the Extension
for Various Loads

Here is a quick reference table showing extensions for different weights:

| Object | Weight (N) | Extension (cm) | Calculation Details |

[ onenen REREPETLTTIRre EESCRCICEEIeTeE R TSI CTELPEPEPE |
| 135 N object | 135 N | 21.0 cm | \( x = \frac{135}{643} \approx 21.0 \text{

cm} \) |
| Fish (5 kg) | 49 N | 7.6 cm | \( x = \frac{49}{643} \approx 7.6 \text{ cm}

\) |
| Fish (10 kg) | 98 N | 15.2 cm | \( x = \frac{98}{643} \approx 15.2 \text{

cm} \) |

This table illustrates how increasing the load proportionally increases the
extension.

Conclusion and Key Takeaways

- The spring constant \( k \) can be derived from the initial data using
Hooke’s Law.



- The extension of an ideal spring is directly proportional to the applied
force.

- When hanging objects like a fish, the extension depends on the weight,
which depends on the fish's mass.

- Real-world applications consider factors beyond ideal behavior, such as
material properties, temperature, and elastic limits.

- Proper understanding of spring mechanics ensures safe and efficient design
of mechanical systems involving elastic components.

Additional Tips for Studying Spring Mechanics

- Always convert measurements to SI units for consistency.

- Remember that Hooke’'s Law applies only within the elastic limit.

- Use proportional reasoning to estimate spring behavior with different
loads.

- Consider the physical properties of different materials when designing or
analyzing springs.
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By understanding these principles, you can effectively analyze the behavior
of springs under various loads, ensuring correct applications whether in
engineering, physics experiments, or everyday objects.

Frequently Asked Questions

What is the spring constant of the spring if it
stretches 21.0 cm under a 135 N load?

The spring constant k can be calculated using Hooke's Law: F = k X.
Rearranged as k = F / x. Converting 21.0 cm to meters (0.21 m), k = 135 N /
0.21 m = 642.86 N/m.



How much would the spring stretch if a fish weighing
20 N is hung from it?

Using Hooke's Law, x = F / k =20 N / 642.86 N/m = 0.0311 m or 3.11 cm.

0

Why does the spring stretch less when a fish is hung
compared to a 135-N object?

Because the weight of the fish (20 N) is less than the 135 N object,
resulting in a smaller force and thus a smaller stretch according to Hooke's
Law.

What assumptions are made when using Hooke's Law in
this scenario?

The assumptions include that the spring behaves elastically within the
stretch range, the material obeys Hooke's Law, and the forces are applied
vertically without additional factors like damping or external influences.

If the spring is stretched by 21.0 cm with a 135 N
load, what is the potential energy stored in the
spring?

The potential energy stored is given by U = 0.5 k x2. Using k = 642.86 N/m
and x = 0.21 m, U= 0.5 642.86 (0.21)2 = 14.2 Joules.

How does the change in weight affect the spring's
extension?

The extension is directly proportional to the applied weight. Increasing the
weight increases the stretch linearly, provided the spring remains within its
elastic limit.

What would happen if the object hung from the spring
were to be much heavier than 135 N?

If the weight exceeds the spring's elastic limit, the spring may deform
permanently (plastic deformation) or break. Otherwise, the extension
increases proportionally up to the elastic limit.

Can the spring be used to measure the weight of the
fish? How?
Yes, by measuring the extension caused by the fish and knowing the spring

constant, the weight can be calculated using F = k x. This setup effectively
acts as a spring scale.



Additional Resources
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In the world of physics and everyday mechanics, understanding how springs
respond to different loads is fundamental. Whether designing engineering
systems, understanding biological phenomena, or simply exploring the basics
of elasticity, the behavior of springs under various forces provides crucial
insights. Imagine a scenario where an ideal spring stretches by a specific
amount when a certain weight is hung from it. Now, what happens if we replace
that weight with a fish? How does the spring's extension change? This
seemingly simple question opens the door to exploring concepts of force,
weight, elasticity, and the application of Hooke's Law.

In this article, we delve into the physics behind such a scenario, starting
from the fundamental principles, analyzing the initial conditions, and
exploring the implications of substituting the original object with a fish.
We aim to clarify the relationships between force, extension, and the
properties of the spring, all presented in a manner accessible to readers
with a basic understanding of physics but detailed enough for those seeking a
deeper comprehension.

Understanding the Basics: Hooke’s Law and
Spring Extension

The Fundamental Principle

At the core of this discussion is Hooke's Law, a fundamental principle
describing how springs behave under applied forces. Formulated by Robert
Hooke in the 17th century, the law states:

The extension or compression of a spring is directly proportional to the
applied force, provided the elastic limit is not exceeded.

Mathematically, it is expressed as:

\[ F = k \times e \]

where:
- \( F\) = applied force (in newtons, N)
- \( k\) = spring constant (in N/m), indicating the stiffness of the spring
- \( e \) = extension or compression from the spring's natural length (in
m



Understanding this relationship allows us to predict how a spring will
stretch or compress when subjected to different forces, which is essential in
designing mechanical systems, measuring forces, and understanding natural
phenomena.

Key Concepts

- Spring Constant (\(k\)): A measure of the stiffness of a spring. A higher
\(k\) indicates a stiffer spring that requires more force to produce the same
extension.

- Extension (\(e\)): The amount by which the spring stretches or compresses
from its natural (unstressed) length.

- Force (\(F\)): The external force applied to the spring, often due to
hanging objects or other applied loads.

By knowing any two of these quantities, the third can be determined.

Initial Conditions: The Known Extension and
Weight

Given Data

The problem states:
- An ideal spring stretches by 21.0 cm when a 135 N object is hung from it.
From this, we can extract:

21.0 \text{ cm} = 0.210 \text{ m} \)

- Extension, \( e 1 =
\( F 1 =135 \text{ N} \)

(e
- Force applied,

Calculating the Spring Constant

Using Hooke’s Law:

\[ F. 1 =Kk \times e 1 \]
Rearranged to find \( k \):
\[ k = \frac{F_1}{e 1} \]

Substituting the known values:



\[ k = \frac{135 \text{ N}}{0.210 \text{ m}} \approx 642.86 \text{ N/m} \]

This value indicates the stiffness of the spring. The spring requires
approximately 643 newtons of force to stretch it by 1 meter.

What Happens When You Hang a Fish?

The Nature of the Fish as a Load

The critical question is: If instead of the 135-N object, you hang a fish,
how much will the spring stretch? To answer this, we need to understand the
weight of the fish.

Key considerations:

- The weight of the fish depends on its mass and the acceleration due to
gravity.

- The force exerted by the fish, \( F_{fish} \), is typically its weight (\(
W =m \times g \)), where:

- \( m\) = mass of the fish (kg)
-\(g\) acceleration due to gravity (~9.81 m/s?)

If the fish’s weight is less than 135 N, the extension will be proportionally
less; if more, then more.

Estimating the Fish's Weight

Suppose the fish's weight is known or can be estimated. For illustrative
purposes, let's consider:

- Case 1: The fish weighs 20 N (roughly 2 kg fish)
- Case 2: The fish weighs 50 N (roughly 5.1 kg fish)

Using the proportionality derived from the initial data, we can determine the
extension caused by the fish.

Calculating the Extension for Different Fish
Weights



Using the Spring Constant

Since the spring's behavior is linear (Hooke’s Law applies within elastic
limits), the extension is directly proportional to the applied force:

\[ e = \frac{F}{k} \I

Given the spring constant \( k \approx 642.86 \text{ N/m} \), we can compute
the extension for any force.

Case 1: Fish Weighing 20 N

\ [

e {fish} = \frac{20 \text{ N}}{642.86 \text{ N/m}} \approx 0.0311 \text{ m} =
3.11 \text{ cm}

\1]

This means that hanging a 2 kg fish causes the spring to stretch
approximately 3.11 centimeters.

Case 2: Fish Weighing 50 N

\ [

e {fish} = \frac{50 \text{ N}}{642.86 \text{ N/m}} \approx 0.0778 \text{ m} =
7.78 \text{ cm}

\1]

Thus, a 5.1 kg fish causes an extension of about 7.78 centimeters.

Implications and Applications

Understanding Load Variability

This analysis highlights the importance of knowing the load’s weight when
predicting the extension of a spring. For example:

- In fishing scenarios, knowing how much a fish will stretch a line or spring
can help in designing appropriate equipment.

- In engineering, ensuring that springs or elastic components can handle
maximum expected loads without permanent deformation or failure.



Design Considerations

Engineers often select springs with specific \(k\) values to accommodate
expected loads. For instance:

- If a device must support a maximum load of 50 N, choosing a spring with a
suitable \(k\) ensures safe operation.

- The proportionality also allows for quick estimations without complex
calculations, making it a practical tool in field applications.

Beyond the Basics: Real-World Factors and
Limitations

Ideal vs. Real Springs

The calculations above assume an ideal spring — one that obeys Hooke's Law
perfectly within the elastic limit, with no energy loss due to internal
friction or other factors. Real springs, however, exhibit some non-ideal
behavior:

- Plastic deformation: Beyond a certain force, the spring might deform
permanently.

- Damping: Energy loss due to internal friction causes deviations from ideal
behavior.

- Elastic limit: The maximum extension before permanent deformation occurs.

In practical applications, these factors must be considered, especially for
large forces or repeated loading.

The Effect of the Fish’s Movement and Buoyancy

In real-world scenarios like fishing, additional factors influence the
effective load:

- Fish movement: Struggling or swimming causes dynamic forces, not just
static weight.

- Buoyancy: If the fish is submerged, buoyant forces reduce the effective
weight, thus affecting the extension.

The effective weight of the fish underwater:

\[ W {effective} = (m \times g) - \text{buoyant force} \I]

where the buoyant force depends on the volume of water displaced.



Example:

If the fish displaces water equal to its weight, the effective weight might
be significantly less, resulting in less extension.

Conclusion: From Theory to Practical
Understanding

The scenario of an ideal spring stretching by 21.0 cm under a 135 N load
provides a clear window into the fundamental principles of elasticity. By
calculating the spring constant, we establish a baseline for understanding
how different loads affect extension. When considering a fish as a load, the
key is knowing its weight, which then allows us to predict how much the
spring will stretch. This understanding is not merely academic; it informs
practical decisions in engineering, fishing equipment design, and biological
studies.

While the physics may seem straightforward, real-world applications require
consideration of additional factors like damping, material limits, and
buoyant forces. Nevertheless, the core principles remain a vital foundation
for both scientific inquiry and technological innovation. Whether in
designing the next generation of elastic materials or understanding the
biomechanics of aquatic life, grasping how springs respond to various loads
helps us bridge the gap between theory and practice.

In essence, the simple question of how much a spring stretches when
supporting a fish encapsulates fundamental physics concepts
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