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When designing mechanical systems or selecting motors for lifting applications, understanding the

power requirements is essential to ensure efficiency, safety, and performance. In particular, calculating

the power output needed from a motor to lift a specified mass without considering friction provides a

fundamental basis for understanding the energy demands involved. This article explores the theoretical

calculations to determine the power output required for lifting a mass of 1.5 × 10^25 kilograms in an

idealized, frictionless environment, and discusses the factors influencing motor selection.

Understanding the Basic Principles of Power in Lifting

Operations

Before diving into calculations, it is crucial to understand the core concepts underpinning power, work,

and energy in the context of lifting.

Work and Energy in Lifting

- Work (W): The energy transferred by a force moving an object over a distance.

- Potential Energy (PE): The energy stored in an object due to its position relative to a reference point,

given by the formula:



PE = mgh

where:

- m = mass of the object (kg)

- g = acceleration due to gravity (≈ 9.81 m/s^2)

- h = height lifted (meters)

Power in Mechanical Systems

- Power (P): The rate at which work is done or energy is transferred, measured in watts (W).

- The relation between power, work, and time (t):

P = W / t

In lifting scenarios, the power required depends on how quickly the lift is performed.

Calculating the Power Needed to Lift the Mass

To determine the ideal power output in the absence of friction, we focus on the fundamental physics

principles, specifically the energy required to raise the mass to a certain height over a given period.

Given Data

- Mass, m = 1.5 × 10^25 kg

- Gravitational acceleration, g ≈ 9.81 m/s^2

- Lift height, h (variable; for illustration, we choose specific heights)

- Time to complete the lift, t (variable; for illustration, various durations)



Step 1: Calculating the Work (Energy) Required

The work needed to lift the mass to a height h:

W = mgh

For example, if we choose a height h of 100 meters:

W = (1.5 × 10^25 kg) × 9.81 m/s^2 × 100 m

W ≈ 1.5 × 10^25 × 981

W ≈ 1.4715 × 10^28 joules

This is the minimum energy required, assuming no losses.

Step 2: Determining Power for Different Lifting Speeds

Since power depends on how quickly the work is performed, different lifting durations will require

different power outputs.

- Fast lift: t = 10 seconds

- Moderate lift: t = 1 minute (60 seconds)

- Slow lift: t = 10 minutes (600 seconds)

Using P = W / t:

| Duration | Power (W) | Calculation |

| -------- | --------- | -------------------------------------------- |

| 10 sec | 1.4715 × 10^28 W | P = 1.4715 × 10^28 / 10 = 1.4715 × 10^27 W |



| 60 sec | 2.4525 × 10^26 W | P = 1.4715 × 10^28 / 60 ≈ 2.4525 × 10^26 W |

| 600 sec | 2.4525 × 10^25 W | P = 1.4715 × 10^28 / 600 ≈ 2.4525 × 10^25 W |

Key Takeaway: The power required increases dramatically for faster lifts, emphasizing the importance

of considering the desired operational speed when selecting a motor.

Implications for Motor Selection

Understanding the theoretical power demand helps in choosing an appropriate motor. However, real-

world applications require considering multiple additional factors.

Factors Influencing Actual Power Requirements

- Friction and losses: Real systems are not frictionless; additional power is needed to overcome friction

in gears, bearings, and air resistance.

- Efficiency of the motor: No motor is 100% efficient. Typically, efficiencies range from 70% to 95%,

meaning the actual power supplied must be higher than the theoretical calculation.

- Safety margins: Engineers often include safety factors (e.g., 20-50%) to account for unexpected

loads or inefficiencies.

Estimating Realistic Power Needs

Assuming an efficiency (η) of 85%:

P_actual = P / η

For the earlier example of lifting 100 meters in 10 seconds:

P_actual ≈ 1.4715 × 10^27 W / 0.85 ≈ 1.73 × 10^27 W



This figure is astronomically high and indicates the impracticality of lifting such a massive weight

instantaneously or even within a short period, which is a theoretical scenario. Nonetheless, it

underscores the importance of understanding scale and the physical limits of lifting systems.

Practical Considerations in Real-World Applications

While the calculation provides a theoretical baseline, real-world lifting systems must consider additional

complexities:

Scaling and Feasibility

- The enormous mass (1.5 × 10^25 kg) exceeds planetary masses and is physically impossible to lift

with current technology.

- For context, the mass of Earth is approximately 5.97 × 10^24 kg, so this hypothetical mass is about

2.5 times Earth's mass.

Alternative Scenarios and Approximations

- In practice, engineers work with much smaller masses, adjusting the calculations accordingly.

- For large-scale industrial lifts, power requirements are calculated based on actual mass, height, and

desired speed, with safety margins and efficiency considerations.

Summary and Key Takeaways

- The fundamental formula to determine the minimum power required to lift a mass without friction is P

= W / t, where W = mgh.

- The theoretical power demand increases significantly with faster lifts and larger masses.

- Real-world motor selection must account for inefficiencies, frictional losses, safety margins, and



operational constraints.

- The hypothetical scenario involving a mass of 1.5 × 10^25 kg illustrates the magnitude of energy

involved in lifting extremely large masses and highlights the importance of scale in engineering

calculations.

Conclusion

Calculating the power output needed from a motor to lift a mass in the absence of friction provides a

fundamental understanding of the energy requirements for lifting operations. While the theoretical

calculations show that enormous amounts of power are needed for lifting large masses quickly,

practical applications necessitate a more nuanced approach that includes system efficiencies, frictional

losses, and safety considerations. Such calculations serve as essential tools for engineers and

designers in selecting appropriate motors and designing efficient, safe lifting systems for various

industrial and scientific purposes.

By mastering these principles, engineers can optimize system performance, ensure safety, and

achieve energy-efficient operations across a wide range of lifting applications.

Frequently Asked Questions

What is the power output required from a motor to lift a mass of 1.5 x

10^25 kg in the absence of friction?

The power output can be calculated using the formula P = mgh / t, where m is mass, g is acceleration

due to gravity, h is height, and t is time. Without specific height and time, the power depends on these

parameters; generally, the required power increases with higher lifts or shorter times.



How do you calculate the power needed for a motor to lift a certain

mass without friction?

You calculate the work done as Work = mgh, then divide by the time taken to lift the mass: Power =

Work / t. Since there's no friction, only gravity opposes the lift, simplifying the calculation.

What assumptions are made when calculating motor power in a

frictionless scenario?

The main assumptions are that there is no friction or other resistive forces, the acceleration due to

gravity is constant, and the lift occurs at a constant velocity or with a known acceleration over a

specified time.

If the mass is 1.5 x 10^25 kg, what factors influence the power

needed to lift it?

Factors include the height the mass is lifted, the time taken to lift it, and the gravitational acceleration.

The larger the height or the shorter the time, the greater the power required.

Can the power output be minimized when lifting such a massive object

in a frictionless environment?

Yes, by lifting the object slowly (over a longer time), the instantaneous power needed decreases, since

power depends on the rate of work done over time.

What is the significance of neglecting friction in calculating the motor

power?

Neglecting friction simplifies the calculation because it removes resistive forces, meaning the motor

only needs to overcome gravitational potential energy to lift the mass.



How does increasing the height affect the power requirement for lifting

the mass?

Increasing the height increases the work done (mgh), thus requiring more power to lift the mass over

the same time period.

What is the relationship between lifting time and power output?

The shorter the lifting time, the higher the required power, since power is work divided by time;

decreasing time increases power demand.

In practical terms, how feasible is it to lift a mass of 1.5 x 10^25 kg

without friction?

In real-world scenarios, lifting such an enormous mass without friction is practically impossible, but

theoretically, the calculations assume ideal conditions to determine the minimum power needed.

What units should be used to express the power needed in this

calculation?

Power should be expressed in watts (W), where 1 watt equals 1 joule per second.

Additional Resources

What Is The Power Output Needed From A Motor To Lift In The Absence Of Friction A Mass Of 1.5
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Understanding the fundamental principles behind motor power requirements is crucial in designing

efficient lifting systems, especially when optimizing for minimal energy loss. At the core of these

calculations lies an exploration into the basic physics of lifting a mass, stripped of real-world

complications such as friction. In this article, we delve into the question: What is the power output



needed from a motor to lift—without any friction—a mass of 1.5 x 10^25 kilograms? This seemingly

straightforward query reveals complex insights about energy, power, and the scale of astronomical

masses, illustrating the fascinating intersection of physics and engineering.

---

Fundamentals of Power and Lifting

Defining Power in Mechanical Systems

Power, in a mechanical context, is the rate at which work is done or energy is transferred over time.

Mathematically, it is expressed as:

\[ P = \frac{W}{t} \]

where:

- \( P \) is power (Watts, W),

- \( W \) is work done (Joules, J),

- \( t \) is time (seconds, s).

In lifting scenarios, work done is associated with overcoming gravitational potential energy, calculated

as:

\[ W = mgh \]

where:

- \( m \) is the mass (kg),

- \( g \) is acceleration due to gravity (~9.81 m/s²),

- \( h \) is the height lifted (m).



If a motor lifts a mass at a constant velocity, the power needed is directly proportional to the velocity

and height, but in the case of an ideal, frictionless lift, the essential factor becomes how quickly the

work is performed, i.e., the lifting speed.

Work and Energy in a Frictionless Environment

Eliminating friction simplifies the physics considerably. In an ideal system:

- No energy is lost to heat or resistance,

- The only work required is to increase the potential energy of the mass,

- The power demand depends solely on the rate at which potential energy is added.

The key question is: At what rate must the motor supply energy to lift the mass to a given height? This

depends on the desired lifting speed.

---

Calculating the Power Needed: Step-by-Step

Step 1: Clarify the Parameters

Before calculations, we need to specify:

- The mass to be lifted: \( m = 1.5 \times 10^{25} \) kg

- The height to lift (assumed as \( h \))

- The desired lifting speed \( v \)

The problem statement mentions "25"—interpreted as a height of 25 meters, a common lifting distance

in engineering contexts. Therefore:



- Height, \( h = 25 \) meters

- Gravity, \( g = 9.81 \) m/s²

The question hinges on the lifting speed; for this analysis, we'll consider a scenario with a specific

lifting velocity. Let's examine two cases:

- Slow lift: \( v = 1 \) m/s

- Fast lift: \( v = 10 \) m/s

---

Step 2: Calculate Work Done

The work done to lift the mass to height \( h \) is:

\[ W = mgh \]

Plugging in the values:

\[ W = (1.5 \times 10^{25} \, \text{kg}) \times 9.81 \, \text{m/s}^2 \times 25 \, \text{m} \]

\[ W = 1.5 \times 10^{25} \times 245.25 \]

\[ W \approx 3.67875 \times 10^{27} \, \text{J} \]

This is an astronomically large amount of energy—far beyond everyday engineering scales—highlighting

the immense scale of the problem.

---



Step 3: Calculate Power for Different Lifting Speeds

Power is work over time. Since \( v \) is the lifting velocity, the time \( t \) to lift to height \( h \) is:

\[ t = \frac{h}{v} \]

Thus, the power needed is:

\[ P = \frac{W}{t} = \frac{mgh}{h/v} = mgh \times \frac{v}{h} = mgv \]

This simplifies the calculation since the power directly depends on the mass, gravity, and the lifting

velocity:

\[ P = mgv \]

For \( v = 1 \) m/s:

\[ P = 1.5 \times 10^{25} \times 9.81 \times 1 \approx 1.4715 \times 10^{26} \, \text{W} \]

For \( v = 10 \) m/s:

\[ P = 1.5 \times 10^{25} \times 9.81 \times 10 \approx 1.4715 \times 10^{27} \, \text{W} \]

---

Interpreting the Results: Magnitude and Context



The Scale of the Power Requirements

The calculated power outputs—on the order of \( 10^{26} \) to \( 10^{27} \) Watts—are staggering. To

put this into perspective:

- The total power consumption of the entire human civilization around 2020 was approximately \( 6

\times 10^{13} \) Watts.

- The Sun’s total luminosity (energy output) is about \( 3.8 \times 10^{26} \) Watts.

This means that lifting such a colossal mass at these velocities requires power comparable to a

significant fraction of the Sun’s energy output—an impossible feat with current or foreseeable

technology.

Implications of the Frictionless Assumption

The assumption of zero friction simplifies calculations but is physically unrealistic. In real-world

applications:

- Frictional forces, air resistance, and mechanical inefficiencies significantly increase the actual power

required.

- The idealized calculations serve as theoretical lower bounds, illustrating the minimum energy needed

absent losses.

---

Real-World Considerations and Practical Limitations



Friction and Mechanical Losses

In practical systems:

- Bearings, gearboxes, and cables introduce friction,

- Air resistance adds to the energy demand,

- Mechanical inefficiencies mean the actual motor must deliver more power than the theoretical

minimum.

Estimating these losses often involves adding safety margins, sometimes doubling or tripling the

theoretical power.

Scale and Feasibility

Handling a mass of \( 1.5 \times 10^{25} \) kg—roughly the mass of a small planet—is beyond current

engineering capabilities. This emphasizes:

- The importance of realistic mass estimations,

- The impracticality of such lifts,

- The need for alternative solutions like space elevators or incremental lifting strategies when dealing

with astronomical masses.

---

Conclusion: The Theoretical Power Threshold

Calculating the power needed to lift a mass of \( 1.5 \times 10^{25} \) kg over 25 meters in a

frictionless environment reveals an astonishing requirement—on the order of \( 10^{26} \) to \( 10^{27}

\) Watts, depending on the lifting speed. This magnitude underscores the colossal energy scales

involved in such hypothetical scenarios, offering a stark perspective on the limits of physics and



engineering.

While these calculations are purely theoretical, they serve an important purpose: understanding the

fundamental physics governing lifting operations and appreciating the immense energy costs

associated with moving planetary or astronomical masses. In real-world engineering, such idealized

models help define the absolute minimum energy thresholds, guiding the development of more

efficient, practical systems that account for inevitable losses and limitations.

In essence, the question of "what power is needed" not only sparks curiosity about the mechanics of

lifting but also illuminates the vast scale of energy involved in large-scale engineering and

astrophysical processes. It reminds us that, in the physical universe, the line between the possible and

the impossible is often drawn by the limits of energy and technological capability.
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