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A Heavy Rope, 60 Ft Long, Weighs 0.5 Lb/ft And Hangs Over The Edge Of A
Building 130 Ft High. (Let X is a classic physics problem that involves understanding
forces, weights, and the principles of equilibrium and tension. Such problems are often
encountered in physics classes to illustrate concepts related to forces in static equilibrium,
the effect of weight distribution, and how to model real-world objects mathematically. In
this article, we will explore this problem in detail, analyze the forces involved, and discuss
related concepts such as tension, weight distribution, and how to approach similar physics
problems.

Understanding the Problem

The problem presents a heavy rope with specific measurements and asks us to analyze the
forces acting on it. Let's restate the key data:

- Length of the rope: 60 feet

- Weight per unit length: 0.5 pounds per foot
- The rope hangs over the edge of a building
- Height of the building: 130 feet

The question, which is implied in the problem, often involves calculating the tension at
various points, the total weight of the rope, or the forces involved in supporting or moving
the rope. To proceed, we need to understand the physical setup and the possible questions
that might arise.

Physical Setup

Imagine a building that is 130 feet tall. Over the edge of this building, a 60-foot long rope is
draped, possibly hanging freely or with some part of it resting on the ground. The rope's
weight distribution is uniform since it weighs 0.5 pounds per foot.

Depending on the problem's context, you might be asked to find:

- The total weight of the rope

- The tension at the point where the rope is attached to the building

- The tension at the lowest point of the hanging rope

- The maximum tension within the rope if pulled or supported

In many exercises, the goal is to determine the tension at the point where the rope leaves
the building or to analyze the forces acting when the rope is pulled or lifted.

Calculating the Total Weight of the Rope

A fundamental step in understanding the problem is to calculate the total weight of the
rope.



Total Length and Weight

Given:

- Length of the rope, \( L = 60) ft

- Weight per unit length, \( w = 0.5 ) Ib/ft

The total weight \( W \) of the rope is calculated as:

\[

W = w \times L = 0.5 \times 60 = 30\, \text{lb}

\]

This simple calculation tells us that the entire rope weighs 30 pounds.

Implication of the Rope’s Weight

The weight influences the tension at the top of the rope, especially if the rope hangs freely
under gravity. The tension at any point in the rope must support the weight of the portion
of the rope hanging beneath that point.

Analyzing the Forces and Tension

The core of the problem involves understanding how forces balance and how tension varies
along the rope.

Tension at the Top of the Rope

If the rope hangs freely from the edge of the building and is not being pulled or supported
at any other point, the tension at the top must support the entire weight of the rope:

\[
T_{top} = W = 30\, \text{Ib}
\]

However, if some part of the rope is supported or if the rope is pulled from the bottom, the
tension at different points varies accordingly.

Tension at a Point Along the Rope

Suppose we want to find the tension at a point located a distance \( x\) feet from the top of
the rope, where \( x \) is measured downward from the point of support.

- The weight of the portion of the rope below this point is:

\[

W _{below} = w \times (L - x)

\]

- The tension \( T(x) \) at that point must support this weight:
\[

T(x) = w \times (L - x)

\]

For example, at the very top (at the edge of the building), where \( x = 0\):



\[

T(0) = w \times L = 30\, \text{lb}

\]

which agrees with previous calculations.

At the bottom of the rope, where \( x = L = 60\, \text{ft} \):
\[

T(60) = w \times (0) =0

\]

since no rope hangs beneath that point.

Effect of the Building Height

While the height of the building (130 ft) is given, in many problems, the key focus is on the
relationship between the length of the rope and the height of the building. If the rope hangs
freely, the portion hanging over the edge is 60 ft, which is less than the building's height.

In some variations, the problem may involve pulling the rope back onto the roof or lifting it,
requiring analysis of forces involved in such actions.

Real-World Applications and Related Concepts
Understanding the physics of hanging ropes is essential in many real-world scenarios:

- Construction and Rigging: Calculating the tension in ropes and cables supporting loads.
- Rescue Operations: Determining forces during rope rescues.

- Bridge Cables: Analyzing tension in suspension bridge cables.

- Elevator Cables: Ensuring safety and proper load distribution.

Concept of Catenary

If the rope is hanging freely under gravity, it forms a catenary curve, not a straight line. The
catenary shape depends on the rope's weight, length, and the supports' positions. The
mathematical modeling of a catenary involves hyperbolic functions and is more complex
but provides a realistic representation for heavy, flexible cables.

Tension in a Rope with Support Points

When a rope is supported at multiple points or pulled at both ends, the tension distribution
becomes more complex, often requiring calculus or physics principles such as equilibrium
equations.

Approach to Solving Similar Problems
To analyze problems similar to the one described, follow these steps:

1. Identify the Known Data:

- Length of the rope

- Weight per unit length

- Heights and distances involved
2. Draw a Diagram:



- Visualize the setup

- Mark points of support and the direction of forces
3. Calculate Total Weight:

- Use the length and weight per unit length
4. Determine the Relevant Forces:

- Tension at various points

- Weight of segments

5. Apply Physics Principles:

- Equilibrium (sum of forces equals zero)

- Force balance equations

6. Use Calculus if Necessary:

- For variable tension along the length

- For modeling catenary shapes

Conclusion

Analyzing a heavy rope hanging over a building involves understanding the fundamental
principles of forces, weight distribution, and equilibrium. The problem of a 60-foot long rope
weighing 0.5 pounds per foot hanging over a 130-foot high building can be approached
systematically to determine total weight, tension at various points, and the effects of the
rope's weight on the supporting structures. Such problems are not only academically
interesting but also practically relevant in engineering, construction, and safety
assessments.

By mastering these concepts, engineers and students can better predict forces in real-world
scenarios, design safer structures, and understand the underlying physics that govern
static and dynamic systems involving cables and ropes.

Frequently Asked Questions

What is the total weight of the heavy rope hanging over
the edge of the building?

The total weight is calculated by multiplying the length of the rope (60 ft) by its weight per
foot (0.5 Ib/ft), resulting in 30 pounds.

How much of the rope is hanging over the edge of the
130 ft high building?

The entire 60 ft length of the rope is hanging over the edge, assuming it is draped or
hanging freely from the edge.

What is the center of mass of the hanging rope relative
to the building?

For a uniform rope hanging vertically, the center of mass is at the midpoint of the hanging
length, which is 30 ft below the edge of the building.



If the rope is released from rest, what is the tension at
the top where it hangs over the edge?

The tension at the top accounts for the weight of the entire rope (30 Ib) and the dynamic
effects if the rope is moving; initially, it equals the weight (30 Ib).

Does the weight of the rope significantly affect the
stability of the building structure?

The additional 30 Ib of the rope's weight is relatively small compared to typical building
loads but should be considered in structural assessments.

What physical principles are involved in analyzing the
tension and forces in the hanging rope?

Principles of static equilibrium, gravity, and tension forces are involved, often modeled
using physics and calculus to account for the varying tension along the rope.

How would the tension at the top change if the rope
were to be pulled upward quickly?

The tension would increase significantly due to dynamic effects, including inertia, resulting
in a tension greater than the static weight of 30 Ib.

What safety considerations should be taken into
account when working with such a heavy rope hanging
from a building?

Ensure the rope and attachment points are rated for the load, consider dynamic forces
during movement, and use proper safety gear and protocols to prevent accidents.

Additional Resources

Heavy Rope: An In-Depth Analysis of Its Properties, Applications, and Mechanical Behavior

Introduction

When considering the utility and mechanical behavior of ropes in various
applications—ranging from industrial lifting to theatrical rigging—certain characteristics
such as length, weight, and material composition are essential. Today, we delve into a
specific scenario involving a heavy rope measuring 60 feet long, with a weight of 0.5
pounds per foot, hanging over the edge of a 130-foot-high building. This case provides a
rich context to examine the physical properties, tension calculations, and practical
implications of using such a rope in real-world scenarios.



Understanding the Basic Properties of the Rope

Material and Weight Density

The rope in question weighs 0.5 Ib/ft, which indicates a relatively substantial weight per
unit length, typical of heavy-duty ropes made from materials such as nylon, polyester, or
natural fibers like manila or hemp, depending on the application.

- Total length: 60 ft
- Weight per foot: 0.5 Ib/ft
- Total weight: 60 ft x 0.5 Ib/ft = 30 pounds

This weight is significant enough to influence the tension distribution along its length,
especially when hanging from a height of 130 ft.

Structural Characteristics

While the problem specifies only length and weight density, the following factors are crucial
in understanding the rope's behavior:

- Breaking strength: Usually multiple times the working load; essential for safety.

- Elasticity: Determines how much the rope stretches under load.

- Flexibility: Affects how easily the rope conforms to shapes and supports loads.

- Diameter: Not specified but can be inferred based on weight density and material.

Understanding these parameters helps in assessing the suitability of this rope for various
tasks involving hanging, lifting, or supporting loads.

Scenario Setup: Rope Hanging Over a Building

The Physical Setup

- The building's height: 130 ft
- The rope's length: 60 ft
- The placement: The rope hangs over the edge, with part of it extending downward.

Given that the rope is only 60 ft long but the building is 130 ft tall, the question arises: How
is the rope positioned? Is it draped over the edge, with part of it hanging freely, or is it
anchored at the top? To analyze the physics, we assume:

- The rope is draped over the edge, with a portion hanging down.
- The overhang is 130 ft, but the rope length is only 60 ft, implying it cannot reach the



ground if hung from the top. Therefore, it must be hanging over the edge, with some part of
it extending downward from the rooftop, or resting over a parapet.

For simplicity, consider a scenario where the rope is draped over the edge with its top end

fixed on the roof, and the free end hanging below. The key focus is on the tension
distribution along the rope and the forces involved.

Mechanical Analysis of the Rope

Tension in the Rope
The tension at any point along the rope depends on:

- The weight of the rope below that point.
- Any additional loads attached (not specified here, so we focus on the rope's own weight).

Given the heavy nature of the rope, its own weight significantly influences the tension
profile, especially toward the lower sections.

Calculating Tension at the Top

The tension at the top of the rope, where it is anchored, must support the entire weight of
the rope hanging below, which is:

-\( T_{top} = \text{Weight of the rope hanging below} \)
If the entire 60 ft of rope hangs freely, the tension at the top is:

\[
T_{top} = 0.5\, \text{Ib/ft} \times 60\, \text{ft} = 30\, \text{lb}

\]

However, in real-world applications, the tension varies along the length, increasing toward
the lowest point if additional loads are present.

Calculating the Tension Distribution

The Physics of a Hanging Rope

For a uniform, flexible rope hanging under its own weight, the tension at a point is
proportional to the weight of the rope below that point. The tension increases from zero at
the lowest point (assuming no external load) to a maximum at the top.



If the rope is hanging freely with its top fixed, the maximum tension occurs at the top and
equals the total weight of the rope:

\[
T {max} = W_{total} = 30\, \text{lb}

\]

But, if the rope is pulled tight over the edge with an additional load (say, a person or
equipment), the tension can increase significantly.

Tension at the Edge

Suppose the rope is over the edge with a portion hanging down. The tension at the edge,
considering the weight of the hanging portion, is:

\[
T {edge} = \text{Weight of the rope hanging below the edge}

\]

If the entire rope hangs over the edge, then:

\[
T _{edge} = 30\, \text{Ib}
\]

However, if the rope is only partially hanging or draped, the tension calculations can be
adjusted accordingly.

Practical Considerations for Usage

Safety and Load Limits

Given that the maximum tension experienced is approximately 30 |Ib under the scenario
described, the key concern is:

- Is the rope suitable for the intended load?
- What are the safety factors?

Most heavy ropes designed for lifting or supporting loads have safety factors of 5 or more,
meaning they can support five times the maximum expected load to prevent failure.

In this case, since the maximum tension due to the rope's own weight is only 30 |b, the
rope's breaking strength should be well above this, making it suitable for lightweight
applications, such as:

- Rigid rigging
- Light suspensions



- Theatrical scene setting
Additional Loads

If the rope were to support additional weight—say, a person climbing or equipment—the
tension could double or triple, requiring a reevaluation of the rope's suitability.

Additional Factors to Consider

Dynamic vs. Static Loads

- Static load: The tension calculation assumes the load is stationary.

- Dynamic load: Movement or swinging can cause tension spikes, sometimes several times
the static tension. For safety, it's essential to include a dynamic factor in design
considerations.

Environmental Conditions

- Weather: Moisture, temperature, and UV exposure can weaken the rope.
- Abrasion: Contact with rough surfaces can degrade fibers.

- Aging: Over time, material properties change, reducing strength.
Material Selection

Choosing the right material is crucial:

- Nylon: High strength, elastic, good shock absorption.

- Polyester: Good UV resistance, moderate elasticity.
- Natural fibers: Less durable, susceptible to environmental damage.

Conclusion: Is This Rope Suitable for Your Needs?

Based on the detailed analysis, a 60 ft long, 0.5 Ib/ft heavy rope hanging from a 130 ft high
building offers a manageable tension profile of approximately 30 Ib under static conditions,
assuming the entire rope hangs freely.

Key Takeaways:

- The rope's weight is significant but manageable within typical safety margins for ropes
with high breaking strengths.

- Proper safety factors should be applied based on the specific application.

- For lifting or supporting additional loads, the tension increases proportionally, and the



rope's specifications must be verified.
- Environmental and operational factors should be considered to maintain safety and
longevity.

Final thoughts: This heavy rope, with its substantial weight and moderate length, is suitable
for light-duty applications where the tension remains within safe limits. For more
demanding tasks, selecting a rope with higher breaking strength, appropriate material
properties, and incorporating safety margins is essential.

Disclaimer: Always consult applicable safety standards and manufacturer specifications
before deploying any rope for lifting or support applications. Proper inspection and
maintenance are vital for safety and performance.
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