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Understanding the physics of elevators is essential not only for engineers designing safe and efficient lift
systems but also for students learning about fundamental principles of mechanics. When an elevator moves
upward at a constant speed, it exemplifies a scenario where the forces acting upon it are balanced, resulting
in a steady velocity without acceleration. This article explores the core concepts underlying this situation,
clarifies the relationships among the forces involved, and explains how Newton's laws govern the motion
of the elevator.

Fundamental Concepts in Elevator Mechanics

Forces Acting on the Elevator

An elevator suspended by a cable experiences several forces:

Gravitational Force (Weight): The force due to gravity acting downward, given by \( W = mg \),
where:

m = mass of the elevator

g = acceleration due to gravity (~9.81 m/s²)

Tension in the Cable (T): The upward force exerted by the cable, which counteracts the weight and
provides the necessary support and acceleration.



In addition, if the elevator is moving at constant speed, there are no net forces causing acceleration.

Newton's Laws and Equilibrium

Newton's second law states:

\[
\sum F = ma
\]

where:

- \(\sum F\) = sum of forces
- \(m\) = mass of the object
- \(a\) = acceleration

When the elevator moves at a constant speed:

\[
a = 0
\]

which implies:

\[
\sum F = 0
\]

or, in other words, the net force acting on the elevator is zero.

The Relationship Between Tension, Weight, and Motion

Constant Speed Implies Zero Acceleration

Since the elevator is moving upward at a constant speed:

- Acceleration (\(a\)) is zero.
- Net force (\(\sum F\)) is zero.



This means:

\[
T - W = 0
\]

or equivalently:

\[
T = W = mg
\]

This is the fundamental relationship for an elevator moving at constant velocity—the tension in the cable
equals the weight of the elevator.

Implications of the Relationship

- When the elevator moves steadily upward, the tension exactly balances the gravitational force.
- The cable does not need to exert additional force beyond supporting the weight.
- There is no net acceleration, so the elevator does not speed up or slow down.

Analyzing Scenarios: Beyond Constant Speed

While the focus here is on constant speed, understanding the additional scenarios provides clarity on the
relationship:

Accelerating Upward

If the elevator accelerates upward with acceleration \(a\):

\[
T = m(g + a)
\]

Here, the tension exceeds the weight to produce the upward acceleration.



Decelerating or Moving Downward

- When the elevator moves downward with acceleration, the tension decreases:

\[
T = m(g - a)
\]

- If moving downward at constant speed, the tension equals the weight.

Practical Considerations in Elevator Design

Safety and Overloading

- Elevators are designed so that the cable tension can handle peak loads, including momentary overloading.
- The tension varies during acceleration and deceleration phases, but remains equal to the weight during
steady movement.

Counterweights and Pulley Systems

- Many elevators employ counterweights to reduce the net force required by the motor.
- In such systems, the tension relates to both the weight of the elevator and its counterweight, especially
during acceleration phases.

Summary of the Correct Relationship

- When an elevator moves upward at a constant speed, the tension in the cable equals the gravitational
force (weight) of the elevator.
- Mathematically:

\[
\boxed{
T = mg
}
\]



- This relationship ensures that the net force is zero, and the elevator maintains a steady velocity without
acceleration.

Conclusion

The physics of an elevator moving at constant speed offers a straightforward yet fundamental illustration of
Newtonian mechanics. The critical takeaway is that when the elevator moves uniformly—neither
speeding up nor slowing down—the tension in the cable precisely balances the gravitational pull. This
equilibrium condition ensures smooth, safe, and energy-efficient operation. Whether designing elevators
for skyscrapers or studying basic physics principles, understanding this relationship is essential for grasping
how forces interact to produce steady motion in real-world systems.

Frequently Asked Questions

What is the relationship between the tension in the cable and the weight
of the elevator when it moves upward at constant speed?
The tension in the cable equals the weight of the elevator, since there is no acceleration, so T = mg.

Why does the tension in the cable remain constant when the elevator
moves upward at a steady speed?
Because there is no acceleration, the net force is zero, so the tension balances the gravitational force,
remaining constant.

If an elevator is moving upward at constant speed, what is the net force
acting on it?
The net force is zero because the upward tension equals the downward gravitational force, resulting in no
acceleration.

How does the tension in the cable change if the elevator starts to
accelerate upward?
The tension increases to T = mg + ma, where a is the upward acceleration, making it greater than the
weight.



What is the correct relationship between tension, weight, and
acceleration for an elevator moving upward?
T = mg + ma, where m is mass, g is acceleration due to gravity, and a is the upward acceleration.

When an elevator moves at a constant speed upward, what can be said
about the tension in the cable in relation to the elevator's weight?
The tension equals the weight of the elevator (T = mg) because there is no acceleration.

How does the tension in the cable compare when the elevator is moving
downward at constant speed versus upward at constant speed?
In both cases, when moving at constant speed (up or down), the tension equals the weight, T = mg.

Can the tension in the cable be less than the weight of the elevator when
moving upward at constant speed?
No, because moving at constant speed means no acceleration, so tension must be equal to the weight;
otherwise, the elevator would accelerate.

Additional Resources
An Elevator, Suspended By A Cable, Is Moving Upward At Constant Speed. The Correct Relationship
Between is a fundamental concept in physics that relates to the forces acting on an object in uniform
motion. Understanding this relationship is crucial for engineers, physics students, and anyone interested in
the mechanics of elevators and similar systems. In this article, we will explore the principles underlying
this scenario, dissect the forces involved, and clarify the correct physical relationships governing the
elevator’s motion.

---

Introduction: The Significance of Analyzing Elevator Motion

Elevators are common in modern infrastructure, providing efficient vertical transportation in buildings.
While their operation seems straightforward—moving up or down—the underlying physics reveals a
fascinating interplay of forces. When an elevator moves upward at a constant speed, its behavior
exemplifies fundamental Newtonian physics principles, particularly Newton's Second Law and the concept
of equilibrium.



Understanding these principles is not only academically interesting but also vital for designing safe and
reliable elevator systems. It helps engineers determine appropriate cable tensions, motor specifications, and
safety mechanisms.

---

Fundamental Concepts in Elevator Mechanics

Before diving into the relationship, let's clarify some key concepts:

Newton's Second Law

- States that the net force acting on an object equals its mass times its acceleration:
F_net = m a

- When an object accelerates (changes its velocity), the net force is non-zero.

- When an object moves at constant velocity (including constant speed), the acceleration is zero, and the net
force on the object must also be zero.

Forces Acting on the Elevator

- Gravity (Weight): The downward force due to gravity, calculated as
W = m g, where g ≈ 9.8 m/s².

- Tension in the Cable (T): The upward force exerted by the cable supporting the elevator.

- Additional Forces: Frictional forces or air resistance are usually negligible or included in more detailed
models but can be considered if necessary.

---

The Scenario: Elevator Moving Upward at Constant Speed

Imagine an elevator with mass m suspended by a cable. It’s moving upward at a steady, unchanging
velocity v. What are the implications of this motion for the forces involved?

Key Point:
Since the elevator is moving upward at constant speed, its acceleration a = 0.

---

The Correct Relationship Between Tension and Weight



1. Applying Newton's Laws

Given that acceleration a = 0, Newton's Second Law simplifies to:

- F_net = m a = 0

- Therefore, the sum of forces acting on the elevator must be zero:

T - W = 0

which implies:

T = W

2. Interpretation

- The tension T in the cable equals the weight W of the elevator.

- This means the cable must exert just enough force to balance gravity when moving at constant speed.

- The elevator experiences no net acceleration, so no additional force is necessary beyond balancing weight.

3. Practical Implication

- The motor driving the cable only needs to exert a tension equal to the elevator's weight to keep it
moving upward at a constant speed.

- Any tension greater than W would cause acceleration upward; less, and the elevator would slow down.

---

Distinguishing Between Constant Speed and Acceleration

It is essential to differentiate between:

- Constant speed (zero acceleration): No net force; tension equals weight.

- Acceleration (upward or downward): Net force is non-zero, and tension differs from weight.

Scenario: Elevator Accelerating Upward

- When accelerating upward, Newton's Second Law becomes:



T - W = m a

- The tension must be greater than the weight:

T = W + m a

- The magnitude of a determines how much greater the tension is.

---

Additional Considerations in Real-World Systems

While the idealized physics provides a clear relationship, real elevator systems involve additional factors:

1. Friction and Resistance

- Friction in pulleys and air resistance slightly increase the required tension.

- For safety and efficiency, motors are designed to handle these extra forces.

2. Safety Factors

- Engineers incorporate safety margins, ensuring the cable and motor can handle forces beyond the
calculated tension when moving at constant speed.

3. Dynamic Starting and Stopping

- When starting or stopping, acceleration occurs, and tension must be adjusted accordingly.

- During these periods, tension exceeds or drops below the weight.

---

Summary: The Core Relationship

| Motion State | Acceleration | Tension in Cable (T) | Relationship to Weight (W) |
|----------------|----------------|----------------------|----------------------------|
| Constant Upward Speed | 0 | T = W | Tension equals weight |
| Accelerating Upward | a > 0 | T = W + m a | Tension exceeds weight |
| Accelerating Downward | a < 0 | T = W - m | a | Tension less than weight |

In the specific case of an elevator moving upward at constant speed, the correct relationship is that the
tension in the cable equals the weight of the elevator.



---

Practical Examples and Calculations

Example 1: Elevator Moving Up at Constant Speed

- Mass of elevator: 1000 kg

- Weight: W = 1000 kg 9.8 m/s² = 9800 N

- Tension: T = W = 9800 N

In this scenario, the motor applies tension just enough to counteract gravity, maintaining a steady upward
velocity.

Example 2: Elevator Accelerating Upward

- Desired acceleration: 2 m/s²

- Tension: T = W + m a = 9800 N + 1000 kg 2 m/s² = 9800 N + 2000 N = 11,800 N

This increased tension supports both the weight and the upward acceleration.

---

Conclusion: Emphasizing the Correct Relationship

Understanding the physics of an elevator moving upward at constant speed underscores a fundamental
principle: when an object moves at constant velocity, the net force on it is zero. Consequently, the tension
in the supporting cable must exactly balance the weight of the elevator.

This principle is vital for designing safe, efficient elevator systems, ensuring that the motor provides just
enough tension to counteract gravity during steady motion. Recognizing the distinction between constant
velocity and acceleration is key to analyzing real-world mechanics accurately.

---

Final Thoughts

The relationship between tension, weight, and acceleration in elevator systems exemplifies core physics
concepts that extend to numerous engineering and everyday applications. Whether designing skyscraper
elevators, amusement park rides, or other cable-supported structures, grasping these relationships ensures
safety, functionality, and efficiency.



Remember:
- Constant speed → Tension = Weight
- Accelerating → Tension ≠ Weight, depends on acceleration magnitude

By mastering these principles, engineers and physics enthusiasts can better analyze and interpret the forces
at play in many mechanical systems.
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