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Hung 1-meter From the end of the pole, creating a classic physics problem involving torque,
equilibrium, and rotational dynamics. Understanding how the sign affects the balance of the pole is
essential for students and enthusiasts of physics, engineering, and mechanics. This scenario involves
analyzing the forces and torques acting on the pole, determining the conditions for equilibrium, and
calculating the resulting forces at the supports. In this comprehensive guide, we will explore the
problem in detail, discuss the underlying physics principles, and provide step-by-step solutions to
analyze the system effectively.

Understanding the Setup

Components of the System
The problem involves several key components:

The Horizontal Pole: A uniform, 4-meter-long pole with a mass of 1 kg.

The Sign: An object with a mass of 3 kg, hung from the pole.

Point of Suspension: The pole is supported at its ends, typically assumed to be at the left and
right ends, or at a specific point, depending on the diagram.

Positioning of the Sign
The sign is hung 1 meter from one end of the pole, which influences the torque calculations
significantly. For clarity:

If the sign is hung 1 meter from the left end, its position relative to the support points affects
the torque balance.

The location of the sign determines the torque it exerts about the support points.



Physics Principles Involved

Statics and Equilibrium
The problem is a classic statics problem, which involves analyzing systems where the net force and
net torque are zero:

Sum of Forces = 0: Vertical forces must balance, including weights and support reactions.1.

Sum of Torques = 0: The clockwise and counterclockwise torques about any point must2.
balance for the system to be in equilibrium.

Torque Calculation
Torque (τ) is calculated as:
\[
τ = r \times F
\]
Where:
- \( r \) is the distance from the pivot point to the point where force is applied,
- \( F \) is the force (usually weight in these problems).

The sign’s position relative to the supports determines the torque it produces.

Center of Mass and Uniform Rods
Since the pole is uniform:
- Its weight acts at its center, which is 2 meters from either end.
- The position of the sign affects the overall center of mass of the system.

Step-by-Step Solution Approach

1. Define the Support Points
Assuming the pole is supported at both ends (A and B):

Point A: Left end of the pole

Point B: Right end of the pole

The system is in equilibrium if the sum of vertical forces and torques about any point (commonly
about one support) is zero.



2. Identify Forces Acting on the Pole

Weight of the pole (\( W_{pole} \)) = \( 1 \text{ kg} \times 9.8 \text{ m/s}^2 = 9.8 \text{ N} \)

Weight of the sign (\( W_{sign} \)) = \( 3 \text{ kg} \times 9.8 \text{ m/s}^2 = 29.4 \text{ N} \)

Support reactions at A (\( R_A \)) and B (\( R_B \))

4. Calculate Torques About a Point
Choosing point A for torque calculations:
- The torque due to the pole:
\[
τ_{pole} = \frac{1}{2} \times W_{pole} \times 2\, \text{m} = \frac{1}{2} \times 9.8 \times 2 =
9.8\, \text{Nm}
\]
- The torque due to the sign:
\[
τ_{sign} = 1\, \text{m} \times 29.4 = 29.4\, \text{Nm}
\]
- The reactions at the supports generate torques to balance these.

Calculating Support Reactions

1. Sum of Vertical Forces
\[
R_A + R_B = W_{pole} + W_{sign} = 9.8 + 29.4 = 39.2\, \text{N}
\]

2. Sum of Torques About Point A
\[
\text{Clockwise torques} = \text{Counterclockwise torques}
\]
\[
W_{pole} \times 2\, \text{m} + W_{sign} \times 1\, \text{m} = R_B \times 4\, \text{m}
\]
\[
9.8 \times 2 + 29.4 \times 1 = R_B \times 4
\]
\[
19.6 + 29.4 = 4 R_B
\]



\[
49 = 4 R_B
\]
\[
R_B = \frac{49}{4} = 12.25\, \text{N}
\]

3. Find \( R_A \)
\[
R_A = 39.2 - R_B = 39.2 - 12.25 = 26.95\, \text{N}
\]

Interpreting the Results

Support Reactions
- The reaction force at support A is approximately 26.95 N.
- The reaction force at support B is approximately 12.25 N.

Implications
- The larger force at A indicates it bears most of the load, primarily due to the position of the sign and
the pole's weight distribution.
- The system is in static equilibrium, satisfying the conditions of zero net force and torque.

Additional Considerations

Effect of Changing the Sign’s Position
Moving the sign closer to one support:
- Alters the torque contributions.
- Changes the distribution of support reactions.
- Can be analyzed similarly by adjusting the distances in the torque calculations.

Analyzing for Structural Safety
- Ensure that support reactions do not exceed the material's strength.
- Consider the maximum load positions for safety margins.



Real-World Applications
- Designing balanced hanging displays.
- Engineering support structures like cranes and bridges.
- Understanding load distribution in mechanical systems.

Summary and Key Takeaways
- The position of a load on a beam significantly affects the support reactions and torque balance.
- Calculating torques about a pivot point simplifies the analysis.
- Support reactions are essential for ensuring the structural integrity of hanging systems.
- Fundamental physics principles such as equilibrium, torque, and force balance underpin these
calculations.
- Proper understanding of these concepts aids in designing safe and efficient structures.

Conclusion
Understanding the dynamics of a horizontally supported pole with a hanging sign involves applying
principles of static equilibrium, torque calculation, and force analysis. By methodically calculating the
forces and torques, we can determine the support reactions and ensure the system's stability.
Whether for academic purposes or practical engineering designs, mastering these concepts is
essential for analyzing and constructing balanced hanging systems. This problem exemplifies the
importance of physics in real-world applications, highlighting how careful calculations and
considerations are necessary for safe and effective structural designs.

Frequently Asked Questions

What is the main purpose of analyzing the forces acting on
the Academy Sign hung from the pole?
To determine the tension in the pole and ensure it can support the sign safely without failure.

How does the position of the sign 1 meter from the end of the
pole affect the tension in the pole?
Placing the sign closer to the end increases the torque and tension in the pole, requiring a stronger or
more secure support.

What is the total weight of the sign and the pole, and how
does it influence the stability of the setup?
The combined weight is 4 kg (pole) + 3 kg (sign) = 7 kg, which generates forces that must be
balanced to maintain stability and prevent tipping.



How can one calculate the tension in the pole at the point
where the sign is hung?
By applying static equilibrium equations, considering the weights and their distances from the support
point to sum torques and solve for tension.

What safety considerations should be taken into account
when installing such a sign on a pole?
Ensure the pole and support structures are strong enough to handle the combined weight, check for
wind forces, and secure the sign properly to prevent accidents.

If the pole is 4 meters long and the sign is hung 1 meter from
the end, where is the sign located relative to the support?
The sign is hung 3 meters from the support (since it is 1 meter from the end of the 4-meter pole),
affecting the lever arm and tension calculations.

Additional Resources
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Introduction

In the realm of physics and engineering, understanding the dynamics of rigid bodies and their stability
under various loads is essential. The scenario of a 3-kg Academy Sign hung from a 1-kg, 4-meter
horizontal pole presents a compelling case study in static equilibrium, torque analysis, and structural
integrity. This detailed investigation aims to explore the physical principles governing this setup,
elucidate the forces at play, and assess the implications for design and safety.

---

Background and Context

Suppose an educational institution installs a sign to promote its academy. The sign, weighing 3
kilograms, is suspended from a horizontal pole supported by a stand or structure. The pole itself
weighs 1 kilogram, has a length of 4 meters, and is horizontally oriented. The sign is hung at a point 1
meter from one end of the pole, which introduces an asymmetry that influences the distribution of
forces and moments.

This setup is common in various structural applications, from banners and signs to load distribution in
beams and bridges. Analyzing this configuration provides insight into static equilibrium conditions, the
significance of torque calculations, and the importance of proper support placement.

---



Core Physical Principles

Static Equilibrium

The fundamental principle at play is static equilibrium, which requires that:

- The sum of all vertical forces equals zero.
- The sum of all torques (moments) about any point equals zero.

These conditions ensure that the pole remains stationary without rotation or translation.

Torque and Moment Calculations

Torque (\(\tau\)) about a pivot point is calculated as:

\[
\tau = r \times F
\]

where:

- \(r\) is the perpendicular distance from the pivot to the line of action of the force.
- \(F\) is the magnitude of the force.

In this case, the forces include the weights of the sign, the pole, and the support reactions.

---

Detailed Analysis of the Setup

Assumptions

For simplicity, consider the following assumptions:

- The pole is rigid and uniform, with its weight acting at its center of mass.
- The sign's weight acts at the point where it is hung.
- The support is at one end of the pole, providing both vertical support and possibly a reaction torque.

Physical Dimensions and Masses

| Component | Mass (kg) | Length (m) | Position of Sign from Support (m) |
|------------|-----------|------------|----------------------------------|
| Pole | 1 | 4 | 1 (from the hanging point) |
| Sign | 3 | N/A | 1 (from the support) |

Note: The problem states "Hung from a 1-kg, 4-meter pole as shown" and "hung 1-meter from," which
suggests the sign is hung 1 meter from some reference point, likely the support.

---

Force Analysis



Vertical Forces

- The weight of the pole (\(W_{pole}\)) acts at its center (2 meters from support).
- The weight of the sign (\(W_{sign}\)) acts at 1 meter from the support.
- The support provides an upward reaction force (\(R\)).

The sum of vertical forces:

\[
R = W_{pole} + W_{sign} = (1\,kg \times 9.81\,m/s^2) + (3\,kg \times 9.81\,m/s^2) = (1 + 3) \times
9.81 = 4 \times 9.81 = 39.24\,N
\]

---

Torque Analysis

Choosing the support point as the pivot, the torques due to all weights and reactions are:

- Torque due to pole's weight:

\[
\tau_{pole} = (r_{pole}) \times W_{pole} = 2\,m \times 1\,kg \times 9.81 = 2 \times 9.81 = 19.62\,N
\cdot m
\]

- Torque due to sign's weight:

\[
\tau_{sign} = 1\,m \times 3\,kg \times 9.81 = 1 \times 29.43 = 29.43\,N \cdot m
\]

- Reaction force at support acts upward, producing no torque about the support point.

To maintain equilibrium, the sum of clockwise torques must equal the sum of counterclockwise
torques. Assuming the pole hangs downward and gravity acts downward, torques tending to rotate
the pole clockwise are positive.

Therefore:

\[
\text{Sum of torques}:\quad \tau_{sign} + \tau_{pole} = R \times 0
\]

Since the support provides the upward reaction, the torques from weights tend to rotate the pole
clockwise, which must be balanced by the support's reaction torque (which is zero if the support is
just a vertical reaction).

In static equilibrium, the moments due to weights are balanced by the reaction force's torque:

\[



R \times 0 = \tau_{sign} + \tau_{pole}
\]

But because the support is at the end, these torques are balanced by the reaction force's vertical
component, not a torque. To analyze stability, the question is whether the pole remains balanced or
tends to rotate.

---

Center of Mass and Stability Considerations

The combined center of mass of the system influences stability. Calculating the overall center of
mass:

\[
x_{cm} = \frac{(m_{pole} \times x_{pole}) + (m_{sign} \times x_{sign})}{m_{pole} + m_{sign}}
\]

where:

- \(x_{pole}\) is at 2 meters (center of the pole).
- \(x_{sign}\) is at 1 meter from the support.

Plugging in:

\[
x_{cm} = \frac{(1\,kg \times 2\,m) + (3\,kg \times 1\,m)}{1 + 3} = \frac{2 + 3}{4} = \frac{5}{4} =
1.25\,m
\]

Since the center of mass is located 1.25 meters from the support, the pole tends to rotate clockwise if
the support is at zero. The stability depends on whether the support can resist this torque or if
additional supports are needed.

---

Implications for Structural Design and Safety

Load Distribution

Understanding how the weights distribute along the pole informs decisions about support placement
and reinforcement. The asymmetry caused by the sign hanging closer to the support end leads to a
net torque that could cause rotation if not properly supported.

Material Strength and Safety Margins

The pole's material must withstand the combined load, including:

- Tensile and compressive stresses due to weight.
- Bending stresses from torque.



Designers should incorporate safety margins, considering factors like:

- Material fatigue.
- Wind or dynamic loads.
- Support anchoring strength.

Recommendations

- Position the support to minimize torque and enhance stability.
- Use stronger materials or additional supports if the system is subject to dynamic forces.
- Regularly inspect supports and the pole for signs of wear or deformation.

---

Broader Applications and Lessons

This case study reflects broader principles applicable in engineering:

- Load balancing in structural design.
- The importance of center of mass in stability.
- The need for comprehensive torque analysis to prevent structural failure.
- The influence of asymmetrical load placement on structural integrity.

In practical terms, similar analyses underpin the design of bridges, towers, and even spacecraft
components, emphasizing the universal importance of physics in engineering safety.

---

Conclusion

The scenario of a 3-kg Academy Sign hung from a 1-kg, 4-meter horizontal pole exemplifies
fundamental physics principles critical for safe and effective structural design. Through meticulous
force and torque analysis, we observe how load placement influences stability, and how the combined
center of mass dictates the system's behavior.

Proper support placement, understanding of load distribution, and material considerations are vital to
ensure safety and durability. As with many engineering challenges, a thorough understanding of static
equilibrium and force analysis is essential—lessons that extend far beyond this simple setup into the
complex world of structural engineering and design.

---
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Note: The above analysis assumes an idealized, static scenario. Real-world conditions may require
additional considerations such as wind loads, material imperfections, or dynamic forces.
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