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A Person With Mass M = 70 Kg Takes The Elevator To The Top Of The Empire State Building At A
Height Of 381 meters (from the ground level to the observation deck), exploring the physics, energy
considerations, and practical implications involved in this journey offers fascinating insights into gravity,
work, and energy transfer. Whether you're a physics enthusiast, a student, or simply curious about
what happens when you ascend such a towering structure, understanding the underlying principles can
deepen your appreciation for everyday engineering marvels like the Empire State Building and the

forces at play during elevator rides.

Introduction

The Empire State Building, one of New York City's most iconic landmarks, stands at a height of
approximately 381 meters (1,250 feet) from the ground to the observation deck. When a person with a
mass of 70 kg takes the elevator to this height, several physical phenomena are involved. From the
person's perspective, it’s a simple matter of riding an elevator, but from a physics standpoint, this
journey involves concepts such as gravitational potential energy, work done by the elevator, and

energy conservation.

This article aims to analyze the physics behind this scenario, including calculating the work required to
elevate the person, the change in gravitational potential energy, and related energy considerations. We

will also explore the effects of acceleration, efficiency, and practical aspects of elevator operation.



Understanding the Basic Concepts

Before diving into calculations, it’s essential to understand some fundamental physics concepts

involved in elevating a person to such a height.

Mass and Weight

- Mass (M): The amount of matter in an object, measured in kilograms (kg). For our case, M = 70 kg.
- Weight (W): The force exerted by gravity on the object, calculated as W = M g, where g D 9.81 m/s?

(acceleration due to gravity).

Gravitational Potential Energy (GPE)

- The energy stored in an object due to its position relative to a reference point (usually ground level).

- Calculated as: GPE = M g h, where h is the height above the reference point.

Work Done

- The energy transferred to an object to change its position or state. When lifting a person, the work

done against gravity increases their GPE.



Calculating the Gravitational Potential Energy at the Top

To understand the energy involved, let’s perform calculations based on the given parameters.

Parameters

- Mass (M): 70 kg
- Height (h): 381 meters (height of the Empire State Building’s observation deck)

- Acceleration due to gravity (g): 9.81 m/s?

Calculation

\[
\text{GPE} = M \times g \times h
\]

\[
\text{GPE} = 70\, \text{kg} \times 9.81\, \text{m/s}*2 \times 381\, \text{m}
\]

\[
\text{GPE} \approx 70 \times 9.81 \times 381
\]

\[
\text{GPE} \approx 70 \times 3732.81
\



\[
\text{GPE} \approx 261,296.7\, \text{J}
\]

So, approximately 261,297 Joules of energy are required to elevate the person to the top of the

Empire State Building.

Work Done by the Elevator

In an ideal scenario, the work done by the elevator is equal to the increase in the person's
gravitational potential energy, assuming no losses. In real-world conditions, factors such as friction, air

resistance, and motor efficiency influence the actual energy expenditure.

Ideal Work Calculation

- The ideal work (W) required to lift the person:
\[
W = \text{GPE} \approx 261,297\, \text{J}

\

This is the minimum energy the elevator must supply to elevate the person to that height.

Considering Elevator Efficiency and Power



- Efficiency: Real elevators are not perfectly efficient; some energy is lost as heat due to friction in
cables, motor inefficiencies, and air resistance.
- Motor Power: The power required depends on how quickly the elevator ascends. For example, if the

elevator takes 60 seconds to reach the top:

\[

\text{Power} = \frac{\Mtext{Work}}{\text{Time}} = \frac{261,297\, \text{J}}{60\, \text{s}} \approx 4355\,
\text{W}

\]

Thus, the motor needs to deliver roughly 4.36 kW of power during the ascent, not accounting for

inefficiencies.

Energy Considerations and Safety Factors

Real elevator systems are designed with safety margins and energy considerations in mind.

Additional Factors

- Acceleration and Deceleration: The elevator accelerates upward and decelerates at the top and
bottom, requiring additional energy for acceleration.

- Counterweights: Most modern elevators use counterweights to balance the load, reducing the energy
needed to lift the person.

- Energy Recovery: Some systems incorporate regenerative braking, converting kinetic energy back

into electrical energy during descent.



Impact of Acceleration

- If the elevator accelerates at a rate 'a' during ascent, the total force exerted by the motor becomes:

\[
F=M(g + a)
\]

- The additional energy for acceleration over the distance:

\[
E_{acc} = \frac{1}{2} M v~2
\]

where v is the final velocity attained during acceleration.

Practical Implications of the Physics

Understanding these calculations is not just academic; they have real-world implications in

engineering, safety, and energy management.

Designing Elevator Systems

- Engineers optimize motor power and control systems based on the anticipated load and height.
- Counterweights are designed to minimize energy consumption.

- Safety systems ensure controlled acceleration and deceleration to prevent discomfort or injury.



Energy Efficiency and Environmental Impact

- Modern elevators aim for high efficiency to reduce energy costs and environmental impact.

- Regenerative systems recover energy during descent, feeding it back into the power grid or storage.

Additional Considerations

* Human Factors: The sensation of acceleration and deceleration affects comfort; systems are

designed to smooth out these transitions.

¢ Load Variations: The actual energy needed varies with passenger load; a heavier person or

more passengers increase energy requirements.

¢ Maintenance and Safety Margins: Real systems incorporate safety margins to account for wear

and unexpected loads, slightly increasing the energy budget.

Conclusion

Taking a 70 kg person to the top of the Empire State Building involves a substantial transfer of energy,
primarily in the form of increasing gravitational potential energy—approximately 261,297 Joules. While

this value represents the ideal minimum energy, real-world operations incorporate efficiencies, safety



margins, and dynamic factors such as acceleration and deceleration.

Understanding these physics principles enhances our appreciation for the engineering marvels that
make such vertical journeys possible. It also underscores the importance of energy-efficient design and
safety in modern elevator systems, ensuring passengers enjoy safe, smooth, and efficient ascents to

the heights of one of the world's most iconic skyscrapers.
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Frequently Asked Questions

What is the potential energy of a 70 kg person at the top of the
Empire State Building?

The potential energy is calculated using PE = mgh. Assuming the Empire State Building's height is
approximately 381 meters, PE = 70 kg x 9.8 m/s? x 381 m D 260,826 Joules.



How much work is done by the elevator to lift a 70 kg person to the
top of the Empire State Building?

The work done is equal to the change in potential energy, approximately 260,826 Joules, assuming no

energy losses.

What is the speed of the elevator if it takes 60 seconds to reach the
top of the Empire State Building with a 70 kg person inside?

If starting from rest and assuming constant speed, the elevator's average speed is height/time = 381 m

160 s U 6.35 mis.

How does the weight of the person (70 kg) affect the elevator's
energy consumption to reach the top?

The person's weight contributes to the total load, increasing the energy required. The elevator must do
work to lift both the person and the elevator's own mass, so the total energy depends on combined

mass and height.

If the elevator accelerates upward during the trip, how does that
affect the work done on the 70 kg person?

Accelerating upward increases the net force exerted, thus increasing the work done on the person due

to both gravitational potential energy and the additional kinetic energy imparted during acceleration.

What conservation principles apply when a person is transported to
the top of the Empire State Building in an elevator?

The principle of energy conservation applies: the electrical energy supplied to the elevator is converted
into gravitational potential energy of the person and elevator, as well as overcoming frictional and

resistive forces.



Additional Resources
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An Investigation into the Physics of Elevation: A 70 kg Person Ascending the Empire State Building

The experience of ascending one of the world's most iconic skyscrapers—the Empire State
Building—provides more than just visual awe; it also offers a fascinating case study in applied physics
and biomechanics. This article examines the journey of a person with mass \( M = 70\, \mathrm{kg} \)
as they take the elevator to the top of the Empire State Building, focusing on the physical principles

involved, the energy transformations, and the implications of elevation changes at this scale.

Introduction

High-rise buildings like the Empire State Building have long symbolized human engineering prowess,
standing at a height of 443.2 meters (1,454 feet) to the roof, with the observation deck at
approximately 381 meters (1,250 feet). Taking an elevator to such heights involves complex
mechanical systems, safety considerations, and fundamental physics. While most occupants
experience the ascent as a routine ride, the underlying physics—particularly gravitational potential

energy, forces involved, and energy expenditure—are critical to understanding the mechanics at play.

In this analysis, we focus on a hypothetical individual with a mass of 70 kg, exploring what occurs

physically as they ascend from ground level to the observation deck. We examine:

- The gravitational potential energy change
- The forces acting during ascent

- The energy consumption of the elevator system



- The biomechanical implications for the individual

Theoretical Foundations

Gravitational Potential Energy and Elevation

The primary physical quantity associated with elevation change is gravitational potential energy (GPE).

Defined as:

\[
U=mgh
\

where:

-\( m\) is the mass of the object (or person), in kilograms

-\( g\) is the acceleration due to gravity (~9.81 m/s\(*2\))

-\( h'\) is the height above a reference point, in meters

For this individual:

\[

U = 70\, \mathrm{kg} \times 9.81\, \mathrm{m/s}"2 \times h

\

At the top of the Empire State Building (381 meters), the change in gravitational potential energy

relative to the ground is:

\[



\Delta U = 70\, \mathrm{kg} \times 9.81\, \mathrm{m/s}*2 \times 381\, \mathrm{m} \approx 261,000\,
\mathrm{J}
\

This energy represents the minimum theoretical work needed to lift the person against gravity, ignoring

losses such as friction, air resistance, and system inefficiencies.

Force Analysis During Ascent

The net force required to lift the person depends on the acceleration profile of the elevator. Typically,
elevators accelerate and decelerate smoothly to avoid discomfort. Assuming a uniform acceleration \( a

\), the main forces acting include:

- The gravitational force: \(F_g=mg\)

- The elevator's thrust or tension in the cable during acceleration: \( F_t\)

The net force during ascent (assuming upward direction as positive):

\[
F {net} =m (g + a)
\]

The actual tension in the elevator cable must overcome both gravity and provide the acceleration:

\[

T=m(g+a)

\

In a steady, uniform ascent with negligible acceleration, the tension approximates \( m g \). However,

during acceleration phases, the tension exceeds this value.



Deep Dive: Mechanical and Energy Considerations

Elevator System Energy Dynamics

Modern elevators operate with electric motors driving counterweights, which balance most of the load.

The energy consumption for ascending to 381 meters involves:

- Overcoming gravitational potential energy
- Overcoming frictional forces within the system
- Overcoming air resistance

- System inefficiencies

Assuming an ideal scenario, the work done \( W \) on the person is approximately:

\[

W \approx \Delta U \approx 261,000\, \mathrm{J}

\

In reality, due to inefficiencies, the elevator consumes more energy. Typical efficiencies range from

70% to 90%, meaning the electrical energy input is higher.

Energy Consumption of the Elevator

Suppose the elevator's efficiency is 80%. Then, the electrical energy \( E_{input} \) required:

\[

E_{input} = \frac{W}0.8} \approx 326,250\, \mathrm{J}
\]



Given that the elevator operates over a period of approximately 60 seconds for a typical ascent, the

average power consumption:

\[
P = \frac{E_{input}}{t} \approx \frac{326,250\, \mathrm{J}}{60\, \mathrm{s}} \approx 5,438\, \mathrm{W}
\]

This power level is consistent with typical elevator motor ratings, which range from 5 to 10 kW for

high-rise applications.

Biomechanical Perspective: The Person’s Experience

The Forces on the Person

While the elevator's motors handle the heavy lifting mechanically, the individual experiences forces due

to acceleration and deceleration phases. The sensation of weight may fluctuate slightly during the ride:

\
F_{felt} = m (g + a)
\

- During upward acceleration, the person feels slightly heavier

- During deceleration, slightly lighter

For example, if the elevator accelerates at \( a = 1\, \mathrm{m/s”2} \):

\[

F_{felt} = 70\, \mathrm{kg} \times (9.81 + 1) \approx 70\, \mathrm{kg} \times 10.81\, \mathrm{m/s*2}

\approx 756\, \mathrm{N}



\

Compared to the normal weight:

\[

W_{person} = m g = 70\, \mathrm{kg} \times 9.81\, \mathrm{m/s"2} \approx 686\, \mathrm{N}

\

The increase is approximately 10%, a perceptible but tolerable sensation.

Physiological Implications

- Blood Circulation: Rapid acceleration or deceleration can cause temporary blood pressure

fluctuations.

- Muscular Engagement: Minimal for the passenger; most effort is handled mechanically.

- Psychological Impact: Visitors often find the ride smooth and exhilarating rather than physically

demanding.

Safety and Engineering Design Considerations

Structural and Mechanical Safeguards

- Counterweights: Balance the load to reduce energy consumption.

- Braking Systems: Emergency brakes prevent free-fall in case of cable failure.

- Acceleration Control: Smooth start and stop mechanisms to prevent discomfort.

- Vibration Damping: To ensure ride comfort.

Energy Efficiency and Environmental Impact



Modern elevators incorporate regenerative drives that feed energy back into the grid during descent or

deceleration, reducing overall energy consumption.

Broader Implications and Related Physics Concepts

Comparing to Other Elevation Scales

- Climbing Mount Everest (~8,848 meters): The change in GPE is approximately 6 million joules for a
70 kg person.

- Space Launches: Energy requirements increase exponentially as vehicles escape Earth's gravity.

Real-World Applications

Understanding the physics of elevation changes informs:

- Elevator design for energy efficiency
- Safety protocols during rapid ascent or descent

- Passenger comfort optimization

Conclusion

The journey of a 70 kg individual ascending the Empire State Building exemplifies fundamental physics
principles at play in everyday engineering marvels. While the ride may seem routine, it involves precise
calculations of energy, forces, and system efficiencies that enable safe, smooth, and economical
operation. Recognizing the underlying mechanics enriches our appreciation of skyscraper engineering

and the physics that make such feats possible.



By analyzing the energy transformations, force dynamics, and system design considerations, we better
understand not only the physical demands placed on the elevator system but also the minimal physical
impact experienced by the passenger. This knowledge underscores the sophisticated interplay
between physics and engineering that allows millions of people to access breathtaking heights safely

and efficiently every day.

Note: All calculations are approximate and idealized, serving as a theoretical framework to understand

the physics involved.
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