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6. An Airplane Of Mass 1.5 X 10⁴ Kg Is Moving At 60 M/s. The Pilot Then Revs
The Engine So That The Forward — this scenario presents an intriguing
exploration of physics principles such as momentum, force, and acceleration
in the context of aviation. Understanding what happens when the pilot revs
the engine involves analyzing the change in velocity, the forces at play, and
the resulting effects on the airplane's motion. This article delves into the
physics behind this situation, providing a comprehensive overview suitable
for students, aviation enthusiasts, or anyone interested in the scientific
principles governing flight.

Understanding the Initial Conditions

Mass of the Airplane
The airplane's mass is given as 1.5 x 10⁴ kg, which is 15,000 kg. This is a
typical mass for a small commercial or private aircraft. The mass plays a
crucial role in calculating momentum, force, and acceleration during the
engine revving process.

Initial Velocity
The airplane initially moves at 60 m/s, roughly equivalent to 216 km/h or
about 134 mph. This initial velocity indicates the airplane is already in
motion, likely on a runway or in the air, depending on the context.

Physics Principles at Play

Momentum of the Airplane
Momentum (p) is the product of mass (m) and velocity (v):

p = m × v

Initially, the momentum is:

p_initial = 15,000 kg × 60 m/s = 900,000 kg·m/s



This value represents the quantity of motion the airplane possesses before
the pilot revs the engine.

Force and Acceleration
When the pilot revs the engine, an increase in engine thrust produces a force
that accelerates the airplane forward. According to Newton's Second Law:

F = m × a

where F is the net force applied, m is mass, and a is acceleration.

Change in Velocity
The revving of the engine increases the forward force, leading to a change in
velocity over a certain period. The key question is: how much does the
velocity increase, and what is the resulting motion?

What Happens When the Pilot Revs the Engine?

Increase in Engine Thrust
Reving the engine increases its thrust, which is the force exerted by the
engine to propel the airplane forward. This thrust acts in the direction of
motion, overcoming resistive forces such as air drag and rolling resistance.

Acceleration Due to Increased Thrust
Assuming the thrust produced by revving the engine is F_thrust, the
acceleration (a) of the airplane is:

a = F_thrust / m

A higher thrust results in a greater acceleration, increasing the airplane's
speed over time.

Impact on Velocity and Momentum
The increase in velocity (Δv) depends on:

The magnitude of the thrust force

The duration (t) for which the engine is revved



Applying the impulse-momentum theorem:

F × t = Δp = m × Δv

Thus, the change in velocity is:

Δv = (F_thrust × t) / m

Calculating the Effects of Engine Revving

Estimating the Force
While exact thrust depends on engine specifications, typical jet engines can
produce thrusts ranging from tens of kilonewtons to hundreds of kilonewtons.
For this example, assume the engine produces a thrust of 50,000 N when
revved.

Calculating the Change in Velocity
Suppose the pilot revs the engine for 10 seconds:

Δv = (F_thrust × t) / m = (50,000 N × 10 s) / 15,000 kg ≈ 33.33 m/s

This indicates the airplane's velocity could increase by approximately 33.33
m/s during this period, theoretically.

Final Velocity
Adding this to the initial velocity:

v_final = v_initial + Δv = 60 m/s + 33.33 m/s ≈ 93.33 m/s

The airplane's new velocity after revving the engine for 10 seconds would be
approximately 93.33 m/s.

Implications of Increased Speed



Enhanced Lift and Flight Capabilities
An increase in speed enhances the lift generated by the airplane's wings,
improving its ability to climb or maintain altitude. Higher speed also
reduces the time to reach cruising altitude and can improve fuel efficiency.

Potential Risks and Safety Considerations
While increasing speed offers benefits, it also comes with risks:

Structural stress due to higher aerodynamic forces

Possible overspeed conditions requiring careful speed management

Increased fuel consumption and engine wear

Pilots must carefully control throttle increases to ensure safety.

Real-World Applications and Engineering
Considerations

Engine Power and Thrust Limitations
Engine thrust is limited by design, and exceeding certain thresholds can
cause mechanical failure. Engineers design engines to maximize efficiency
while maintaining safety margins.

Role of Aerodynamics
As speed increases, air resistance (drag) also increases, which counteracts
acceleration. Effective aircraft design minimizes drag to allow higher speeds
with less thrust.

Braking and Deceleration
After reaching the desired speed, pilots use brakes and reverse thrust to
decelerate the aircraft safely. Managing acceleration and deceleration is
vital for smooth operation.

Summary and Final Thoughts
In summary, revving the engine of a moving airplane applies a force that
results in acceleration, increasing its velocity and momentum. Assuming a



thrust of 50,000 N over 10 seconds, the airplane's speed could increase
significantly, demonstrating the powerful principles of Newtonian physics in
aviation. Understanding these mechanics is essential not only for pilots but
also for engineers designing safe and efficient aircraft.

Whether during takeoff, cruising, or landing, the physics of engine thrust
and motion play a pivotal role in aircraft operation. The balance of forces,
the management of acceleration, and the understanding of momentum are
fundamental in ensuring safe, efficient, and reliable flight.
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Frequently Asked Questions

What is the initial kinetic energy of the airplane
before the engine revs up?
The initial kinetic energy (KE) can be calculated using KE = (1/2) m v^2.
Substituting m = 1.5 × 10^4 kg and v = 60 m/s, KE = 0.5 × 1.5 × 10^4 × (60)^2
= 0.5 × 1.5 × 10^4 × 3600 = 2.7 × 10^7 Joules.

What effect does revving the engine have on the
airplane’s kinetic energy?
Revving the engine increases the forward thrust, which increases the
airplane’s velocity and thus its kinetic energy, assuming no other forces
oppose the motion significantly.

How can the work done by the engine be calculated
during acceleration?
The work done (W) by the engine is equal to the change in kinetic energy: W =
KE_final – KE_initial. If the final velocity is known, this difference gives
the work input required.

What is the importance of understanding the
relationship between work and kinetic energy in this
context?
Understanding this relationship helps in calculating the energy required for
acceleration, optimizing engine performance, and ensuring safe takeoff
speeds.



If the airplane reaches a new velocity of 80 m/s
after revving the engine, what is the increase in
kinetic energy?
Initial KE at 60 m/s: 2.7 × 10^7 Joules. Final KE at 80 m/s: 0.5 × 1.5 × 10^4
× (80)^2 = 0.5 × 1.5 × 10^4 × 6400 = 4.8 × 10^7 Joules. Increase in KE = 4.8
× 10^7 – 2.7 × 10^7 = 2.1 × 10^7 Joules.

What factors influence the amount of work needed to
increase the airplane’s speed?
Factors include the mass of the airplane, the initial and final velocities,
air resistance, engine efficiency, and any additional forces such as friction
or drag acting on the airplane.

Additional Resources
An Airplane Of Mass 1.5 X 10^4 Kg Is Moving At 60 M/s. The Pilot Then Revs
The Engine So That The Forward

Understanding the physics behind an airplane's motion is essential for
pilots, engineers, and enthusiasts alike. When a pilot revs the engine to
accelerate an airplane, various fundamental principles of physics come into
play, including Newton's laws of motion, momentum, and energy transfer. This
article offers a comprehensive analysis of the scenario involving an airplane
of mass 1.5 × 10^4 kg moving at 60 m/s, as the pilot increases engine power
to accelerate forward. We'll explore the underlying physics, calculations,
and real-world implications, providing a detailed guide to this fascinating
aspect of aeronautics.

---

Basic Parameters of the Scenario

Before delving into the physics, it's crucial to understand the initial
conditions:

- Mass of the airplane (m): 1.5 × 10^4 kg (15,000 kg)
- Initial velocity (u): 60 m/s
- Final velocity (v): To be determined based on the pilot's actions
- Engine revving: Implies an increase in thrust, leading to acceleration

---

Fundamental Concepts Involved

Newton's Laws of Motion



The core physics principle governing the airplane's acceleration is Newton's
Second Law, which states:

F = m a

Where:

- F is the net force applied
- m is the mass of the object
- a is the acceleration

The engine's thrust provides the force necessary to increase the airplane's
velocity, overcoming resistive forces like air drag and rolling resistance.

Momentum and Impulse

- Momentum (p): p = m v
- When the pilot revs the engine, the change in momentum (Δp) is related to
the impulse delivered:

Impulse (J) = Force (F) time (Δt) = Δp

This relationship highlights how the engine's force over a period accelerates
the airplane.

Work-Energy Theorem

- The work done by the engine translates into kinetic energy:

Work (W) = ΔKE = (1/2) m v^2 - (1/2) m u^2

Understanding how engine work increases the kinetic energy provides insight
into the energy transfer during acceleration.

---

Step-by-Step Breakdown of the Scenario

1. Initial Conditions

The airplane begins with:

- Mass: 15,000 kg
- Initial velocity: 60 m/s

Let's compute the initial kinetic energy:

KE_initial = (1/2) m u^2 = 0.5 15,000 kg (60 m/s)^2 = 0.5 15,000 3,600 = 0.5
54,000,000 = 27,000,000 Joules

This is the baseline energy stored in the airplane's motion.



---

2. The Pilot Revs the Engine

Reving the engine increases the thrust, resulting in:

- An accelerating force (F) acting in the direction of motion
- An acceleration (a) of the airplane, given by Newton's second law

Assuming the force remains approximately constant over a short period, the
acceleration is:

a = F / m

The key is understanding how much the velocity increases, which depends on
the magnitude of the force and duration of engine revving.

---

3. Calculating the Change in Velocity

Suppose the pilot accelerates the airplane to a new velocity (v). The change
in kinetic energy is:

ΔKE = (1/2) m v^2 - (1/2) m u^2

The work done by the engine (assuming all of it goes into increasing kinetic
energy) is:

W = ΔKE

If we know the force exerted and the duration, we can find the final
velocity:

v = u + a Δt

Alternatively, if the force and time are unknown but the final velocity is
specified, we can analyze the energy transfer.

---

Additional Considerations in Real-World Scenarios

1. Resistive Forces

In actual flight, the airplane encounters:

- Air drag: Opposes motion, increases with speed
- Rolling resistance: From the wheels on the runway
- Other aerodynamic forces: Lift, gravity, and side forces during maneuvering



These resistances mean the engine must produce more thrust than the resistive
forces to achieve acceleration.

2. Thrust and Power

The engine's thrust (F_t) relates to power (P) and velocity:

P = F_t v

- Increasing engine revs increases power output
- Power must exceed resistive forces to accelerate

3. Fuel Consumption and Efficiency

Accelerating an airplane consumes fuel, and efficiency depends on engine type
and operation parameters. Understanding the physics helps optimize fuel use
during acceleration phases.

---

Practical Calculations and Examples

Example 1: Estimating Force Needed for a Specific Acceleration

Suppose the pilot wants to accelerate the airplane from 60 m/s to 70 m/s over
10 seconds.

Initial velocity (u): 60 m/s
Final velocity (v): 70 m/s
Time (Δt): 10 s

Acceleration (a): (v - u) / Δt = (70 - 60) / 10 = 1 m/s²

Using Newton's second law:

F = m a = 15,000 kg 1 m/s² = 15,000 N

The engine must produce a thrust of approximately 15,000 N sustained over 10
seconds to reach this speed, neglecting resistive forces.

---

Example 2: Energy Required for the Acceleration

Calculate the increase in kinetic energy:

ΔKE = (1/2) 15,000 kg (70² - 60²) m²/s²

Calculate the squares:

- 70² = 4,900



- 60² = 3,600

Difference: 4,900 - 3,600 = 1,300

Then:

ΔKE = 0.5 15,000 1,300 = 7,500 1,300 = 9,750,000 Joules

So, approximately 9.75 MJ of energy must be transferred to the airplane to
achieve this speed increase.

---

Real-World Implications and Safety Considerations

Understanding the physics of acceleration helps in:

- Designing engines and thrust systems to provide sufficient force
- Planning takeoff procedures, where acceleration must be optimized for
safety
- Managing fuel efficiency, by balancing thrust and acceleration
- Ensuring structural integrity, as rapid acceleration imposes forces on the
aircraft's frame

Safety Tips for Pilots

- Never exceed recommended acceleration rates to prevent structural stress
- Monitor engine power and thrust levels closely
- Consider environmental factors like wind and air density that affect
acceleration

---

Summary and Key Takeaways

- The mass of the airplane (15,000 kg) and initial velocity (60 m/s)
establish the baseline kinetic energy.
- Revs in the engine increase thrust, producing a force that causes
acceleration according to Newton's second law.
- The change in velocity depends on the magnitude of this force and the
duration of engine revving.
- The work done by the engine translates into increased kinetic energy,
following the work-energy theorem.
- Real-world factors like air resistance and engine efficiency influence how
effectively the airplane accelerates.
- Calculations of force, energy, and power are essential for safe and
efficient flight operations.

---

Final Thoughts



The physics behind an airplane's acceleration during engine revving offers a
fascinating glimpse into the principles that enable flight. By analyzing
forces, energy transfer, and motion, pilots and engineers can optimize
performance, ensure safety, and push the boundaries of aviation technology.
Whether during takeoff, climb, or maneuvering, understanding these
fundamental concepts is vital for the continued advancement of aeronautics.

---

Note: All calculations are simplified and assume ideal conditions for
illustrative purposes. Actual flight dynamics involve more complex factors
that are accounted for in detailed aeronautical engineering.
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