
A Horizontal Spring With Spring Constant
290 N/m Is Compressed By 10 Cm And Then
Used To Launch A 250
A Horizontal Spring With Spring Constant 290 N/m Is Compressed By 10 Cm And Then
Used To Launch A 250 is a classic physics problem that illustrates the principles of elastic
potential energy, conservation of energy, and mechanics of motion. Understanding this scenario
provides valuable insights into how springs work, how energy is stored and transferred, and how to
calculate the resulting velocity or range of an object launched by a spring. In this article, we will
explore the physics behind this problem step-by-step, discuss the relevant formulas, and examine the
practical implications of such systems.

---

Understanding the Basics of Spring Mechanics

What Is a Spring Constant?
The spring constant, denoted by \(k\), measures the stiffness of a spring. It indicates the amount of
force needed to compress or extend the spring by a unit length. The higher the spring constant, the
stiffer the spring.

- Units: Newtons per meter (N/m)
- Implication: A spring with \(k = 290 \, \text{N/m}\) requires 290 N of force to compress or extend it
by 1 meter.

Elastic Potential Energy in a Spring
When a spring is compressed or stretched from its equilibrium position, it stores elastic potential
energy, given by:

\[
U_s = \frac{1}{2} k x^2
\]

where:
- \(k\) is the spring constant,
- \(x\) is the displacement from equilibrium (compression or extension distance).

In our scenario:
- \(k = 290\, \text{N/m}\),
- \(x = 10\, \text{cm} = 0.10\, \text{m}\).



---

Calculating the Stored Elastic Potential Energy

Using the formula:

\[
U_s = \frac{1}{2} \times 290\, \text{N/m} \times (0.10\, \text{m})^2
\]

\[
U_s = 0.5 \times 290 \times 0.01
\]

\[
U_s = 1.45\, \text{J}
\]

This means that when compressed by 10 cm, the spring stores 1.45 Joules of potential energy, which
can be converted into kinetic energy to launch the object.

---

From Stored Energy to Motion: Launching the Object

Assumption of Energy Conservation
In an ideal, frictionless system, the elastic potential energy stored in the spring converts entirely
into the kinetic energy of the launched object. This is expressed as:

\[
U_s = KE
\]

where:
- \(KE = \frac{1}{2} m v^2\),
- \(m\) is the mass of the object,
- \(v\) is the velocity of the object after launch.

Given:
- \(m = 250\, \text{g} = 0.25\, \text{kg}\).

---



Calculating the Launch Velocity
Applying conservation of energy:

\[
1.45\, \text{J} = \frac{1}{2} \times 0.25\, \text{kg} \times v^2
\]

Solving for \(v\):

\[
v^2 = \frac{2 \times 1.45}{0.25} = \frac{2.9}{0.25} = 11.6
\]

\[
v = \sqrt{11.6} \approx 3.41\, \text{m/s}
\]

The object is launched with an initial velocity of approximately 3.41 meters per second.

---

Practical Implications and Real-World Applications

Projectile Range Calculation
Assuming the object is launched horizontally in a gravity environment (like Earth's surface), we can
estimate the horizontal distance traveled before hitting the ground. If launched from ground level:

\[
\text{Range} = v \times t
\]

where \(t\) is the time of flight, calculated by:

\[
t = \frac{h}{\frac{1}{2} g t^2}
\]

But more straightforwardly, if launched horizontally:

\[
t = \frac{v_y}{g}
\]

If the launch angle is zero (pure horizontal), the time of flight depends on the height of launch or the
surface conditions.



Example: If launched from ground level, neglecting air resistance:

\[
\text{Range} = v \times \sqrt{\frac{2h}{g}}
\]

or if on level ground and ignoring air resistance, the object would continue until it hits the ground
after a certain time, which depends on initial vertical velocity (zero in this case).

---

Factors Affecting the Launch
In real-world applications, several factors can influence the outcome:

- Friction and air resistance: Reduce the actual velocity and range.
- Spring imperfections: Material fatigue or manufacturing inconsistencies.
- Alignment and angle of launch: Affect the trajectory and distance traveled.
- Mass distribution: If the object is not uniform, the dynamics may change.

---

Design Considerations for Spring-Driven Launchers

Optimizing Energy Transfer
To maximize the efficiency of a spring launcher:

- Use springs with higher \(k\) values for more energy storage.
- Compress the spring to its maximum safe limit without deforming or damaging it.
- Minimize energy losses through friction and air resistance.

Safety Precautions
High-energy spring systems can pose safety risks:

- Ensure the spring and supporting structures are rated for the forces involved.
- Use protective barriers or shields during operation.
- Handle compressed springs carefully to prevent accidental release.

---



Conclusion
The problem of a horizontal spring with a spring constant of 290 N/m compressed by 10 cm to
launch a 250 g object encapsulates fundamental principles of physics, including elastic potential
energy, conservation of energy, and projectile motion. By calculating the stored energy and resulting
velocity, we can predict the behavior of such systems and apply these principles in practical
engineering, manufacturing, and educational contexts. Whether designing simple toys or
sophisticated mechanical systems, understanding these concepts enables better innovation and
safety.

---

Summary of Key Formulas:

- Elastic Potential Energy: \( U_s = \frac{1}{2} k x^2 \)
- Launch Velocity: \( v = \sqrt{\frac{2 U_s}{m}} \)
- Range and projectile motion depend on initial velocity, launch angle, and environmental factors.

By mastering these principles, you can analyze and design mechanisms that harness spring energy
effectively and safely.

Frequently Asked Questions

What is the maximum velocity of the 250 g object when
launched by the spring?
The maximum velocity is approximately 1.35 m/s, calculated using v = √(2kx/m).

How much elastic potential energy is stored in the spring after
compression?
The stored elastic potential energy is 14.5 Joules, calculated as (1/2)kx².

What is the initial compression of the spring in meters?
The initial compression is 0.10 meters (10 cm).

How much kinetic energy does the object have when leaving
the spring?
The object has approximately 14.5 Joules of kinetic energy upon release, equal to the potential
energy stored in the spring.

What is the effect of increasing the spring constant on the



launch velocity?
Increasing the spring constant increases the elastic potential energy and thus increases the launch
velocity of the object.

If the spring is compressed more, say 15 cm, how does that
affect the launch speed?
Compressing the spring more increases the stored energy and results in a higher launch speed,
since v ∝ √x.

Is energy conserved during the spring's launch process?
Yes, assuming no energy losses, the elastic potential energy converts entirely into the kinetic energy
of the object.

What is the work done on the object during launch?
The work done on the object is equal to the elastic potential energy stored in the spring,
approximately 14.5 Joules.

How would the launch speed change if the mass of the object
increased?
Increasing the mass would decrease the launch velocity, as v = √(2kx/m).

What assumptions are made in calculating the launch velocity
in this scenario?
Assumptions include no energy losses due to friction or air resistance, and that all potential energy
converts to kinetic energy.

Additional Resources
A Horizontal Spring With Spring Constant 290 N/m Is Compressed By 10 Cm And Then Used To
Launch A 250-gram Object — this scenario offers an excellent opportunity to explore the
fundamental principles of physics, particularly the mechanics of springs and energy transfer.
Whether you're a physics student, educator, or enthusiast, understanding how to analyze such a
system provides insight into concepts like elastic potential energy, work-energy principles, and
kinematics. In this comprehensive guide, we'll break down the problem step-by-step, covering all
necessary calculations and concepts, to illustrate how a spring's stored energy can be converted into
the kinetic energy of a moving object.

---

Understanding the Scenario



Before diving into calculations, let's clarify the problem:

- Spring constant (k): 290 N/m
- Compression distance (x): 10 cm (which is 0.10 meters)
- Mass of the object (m): 250 grams (which is 0.250 kilograms)
- Setup: The spring is compressed horizontally by 10 cm against a frictionless surface and then
released to launch the object.

The goal is to determine how fast the object will be moving immediately after leaving the spring and
to understand the energy transformations involved.

---

Fundamental Concepts

1. Spring Constant (k)

The spring constant measures the stiffness of a spring. It indicates how much force is needed to
compress or extend the spring by a certain amount. A higher k means a stiffer spring.

2. Elastic Potential Energy (Uₑ)

When a spring is compressed or stretched, it stores elastic potential energy, given by:

\[ U_e = \frac{1}{2} k x^2 \]

This energy can be converted into kinetic energy when the spring is released.

3. Kinetic Energy (K)

The kinetic energy of the object immediately after launch is:

\[ K = \frac{1}{2} m v^2 \]

where v is the velocity of the object.

4. Conservation of Mechanical Energy

In an ideal (frictionless) system, the elastic potential energy stored in the spring transforms entirely
into the kinetic energy of the object:

\[ U_e = K \]

This principle allows us to calculate the speed of the object after release.

---

Step-by-Step Calculation

Step 1: Calculate the Stored Elastic Potential Energy



Using the formula:

\[ U_e = \frac{1}{2} k x^2 \]

Plugging in the values:

\[ U_e = \frac{1}{2} \times 290\, \text{N/m} \times (0.10\, \text{m})^2 \]

\[ U_e = 0.5 \times 290 \times 0.01 \]

\[ U_e = 1.45\, \text{J} \]

Interpretation: The spring stores 1.45 joules of elastic potential energy when compressed by 10 cm.

---

Step 2: Apply Conservation of Energy to Find the Object's Velocity

Assuming no energy loss:

\[ U_e = \frac{1}{2} m v^2 \]

Solve for v:

\[ v = \sqrt{\frac{2 U_e}{m}} \]

Substitute known values:

\[ v = \sqrt{\frac{2 \times 1.45}{0.250}} \]

\[ v = \sqrt{\frac{2.9}{0.25}} \]

\[ v = \sqrt{11.6} \]

\[ v \approx 3.41\, \text{m/s} \]

Result: The object will leave the spring with an approximate velocity of 3.41 meters per second.

---

Additional Considerations

Friction and Energy Losses

In real-world scenarios, factors such as friction, air resistance, and imperfect spring behavior reduce
the energy transferred. For an idealized calculation, these are neglected, but if you want a more
realistic estimate, you could include a coefficient of friction or efficiency factor.

Maximum Speed and Kinematic Analysis

Once the object is launched, it moves with an initial velocity of approximately 3.41 m/s. Its



subsequent motion depends on the environment:

- On a frictionless surface, it continues at constant speed.
- If friction is present, it will decelerate, and the actual distance traveled before stopping can be
calculated.

Impact and Force Exerted

The peak force exerted by the spring during compression can be estimated as:

\[ F_{\text{max}} = k x = 290\, \text{N/m} \times 0.10\, \text{m} = 29\, \text{N} \]

This is the maximum force the spring applies during compression, which can be relevant for
structural considerations.

---

Practical Applications and Real-World Examples

- Mechanical Toys: Springs are used in launching mechanisms, like toy guns or pinball machines.
- Engineering Systems: Springs are components in suspension systems, requiring understanding of
energy transfer.
- Educational Demonstrations: Visualizing energy conservation through spring launches provides
intuitive insights into physics principles.

---

Summary and Key Takeaways

- A spring with a spring constant of 290 N/m compressed by 10 cm stores 1.45 joules of elastic
potential energy.
- Assuming ideal conditions, this energy converts entirely into the kinetic energy of a 250-gram
object, resulting in a launch velocity of approximately 3.41 m/s.
- Understanding energy transfer in spring systems helps in designing efficient mechanical devices,
predicting object motion, and analyzing forces involved.

---

Final Thoughts

The physics of springs, energy conservation, and kinematics form a foundational part of classical
mechanics. By analyzing a simple system—such as a horizontally compressed spring launching an
object—you gain valuable insights into how energy is stored, transferred, and converted into motion.
Remember, in practical applications, factors like friction and material imperfections influence
outcomes, so always consider these when moving from theoretical calculations to real-world designs.

---

Interested in exploring further? Try varying the spring constant, compression distance, or mass to
see how they affect the launch velocity. This hands-on approach deepens understanding and
enhances problem-solving skills in physics.
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