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Landing an aircraft safely involves complex calculations to determine the
stopping distance, which ensures the runway length is sufficient for a secure
deceleration. When an aeroplane touches down at a speed of 180 km/hr and is
uniformly brought to a stop within 30 seconds, understanding the distance
covered during this deceleration is crucial for airport safety, runway
design, and pilot training. This article delves into the physics behind the
problem, provides step-by-step calculations, and explores related concepts to
give a comprehensive understanding of how to determine the stopping distance
of an aeroplane under these conditions.

---

Understanding the Problem

Before diving into calculations, it’s essential to interpret the problem
correctly:

- Initial speed of the aircraft (u): 180 km/hr
- Time taken to stop (t): 30 seconds
- Final speed (v): 0 km/hr (since the plane comes to a complete stop)
- Deceleration (a): Unknown, to be calculated
- Distance covered during deceleration (s): Unknown, to be calculated

The key challenge is to find the stopping distance — the total length of
runway required for the aircraft to come to a complete stop under the given
conditions.

---

Converting Units for Consistency

Physics calculations require consistent units. Since initial speed is given
in km/hr, and time in seconds, converting km/hr to m/sec is necessary.

Conversion Formula:

\[ \text{Speed in m/sec} = \frac{\text{Speed in km/hr} \times 1000}{3600} \]

Applying the conversion:

\[
u = 180 \text{ km/hr} = \frac{180 \times 1000}{3600} = 50 \text{ m/sec}
\]



So,

- Initial speed, u: 50 m/sec
- Final speed, v: 0 m/sec
- Time, t: 30 sec

---

Calculating Deceleration (a)

Since the deceleration is uniform (constant), we can use the basic kinematic
equation:

\[ v = u + a t \]

Rearranged to find acceleration:

\[ a = \frac{v - u}{t} \]

Substituting the known values:

\[
a = \frac{0 - 50}{30} = - \frac{50}{30} = - \frac{5}{3} \approx -1.6667
\text{ m/sec}^2
\]

The negative sign indicates deceleration (retardation).

---

Calculating the Stopping Distance (s)

Using the kinematic equation that relates initial velocity, final velocity,
acceleration, and displacement:

\[ v^2 = u^2 + 2 a s \]

Rearranged to solve for \( s \):

\[ s = \frac{v^2 - u^2}{2a} \]

Since \( v = 0 \):

\[
s = \frac{0 - (50)^2}{2 \times (-1.6667)} = \frac{-2500}{-3.3334} \approx 750
\text{ meters}
\]

Result: The aeroplane covers approximately 750 meters during the deceleration
phase.

---



Interpreting the Result

The calculated distance of 750 meters is the stopping distance — the length
of runway needed for the aircraft to come to a complete stop when decelerated
uniformly from 180 km/hr to zero in 30 seconds.

Implications:

- Runways should be at least this length to ensure safety.
- Pilots and air traffic controllers can use this calculation for planning
landings under similar conditions.
- Additional safety margins are typically added to accommodate factors like
runway friction variability, aircraft weight, and operational safety margins.

---

Factors Affecting Stopping Distance in Real-
World Scenarios

While the above calculations assume ideal conditions, actual stopping
distances can vary due to several factors:

1. Runway Surface and Friction
- Different runway surfaces (asphalt, concrete, grass) offer varying friction
coefficients.
- Wet or icy runways decrease friction, increasing stopping distance.

2. Aircraft Weight
- Heavier aircraft require more distance to decelerate due to increased
inertia.

3. Brake Efficiency
- Brake system performance impacts deceleration rate.
- Modern aircraft have advanced braking systems, but their effectiveness can
vary.

4. Weather Conditions
- Rain, snow, or fog can influence braking performance and visibility.

5. Pilot Technique and Deceleration Method
- Use of reverse thrust, spoilers, and brake application strategies can alter
the stopping distance.

---



Additional Kinematic Equations and Their
Applications

Understanding the physics behind aircraft deceleration involves various
equations:

- v = u + at: Final velocity after time \( t \)
- s = ut + (1/2) a t^2: Displacement during acceleration or deceleration
- v^2 = u^2 + 2as: Relates velocities and displacement

These equations are essential tools for pilots, engineers, and safety
analysts when calculating stopping distances under different conditions.

---

Practical Considerations in Airport Design

Designing runways involves ensuring sufficient length for aircraft to stop
safely under worst-case scenarios. The calculated 750 meters serves as a
baseline, but airports usually incorporate safety margins, often 20-30%
longer, to account for:

- Variable runway conditions
- Unexpected delays
- Increased aircraft mass or higher initial speeds

Typical runway lengths for commercial aircraft often range from 2,000 to over
4,000 meters, providing ample space for safe landing and deceleration.

---

Summary of Key Calculations

| Parameter | Value | Explanation |
|---|---|---|
| Initial speed (u) | 50 m/sec | Converted from 180 km/hr |
| Final speed (v) | 0 m/sec | Complete stop |
| Time (t) | 30 sec | Given |
| Deceleration (a) | -1.6667 m/sec² | Calculated |
| Stopping distance (s) | 750 meters | Calculated |

---

Conclusion

Determining the stopping distance of an aeroplane landing at 180 km/hr and
decelerated uniformly over 30 seconds reveals that approximately 750 meters
of runway are required to bring the aircraft to a complete stop. This
calculation underscores the importance of precise physics and engineering
considerations in aviation safety. Proper runway length, combined with



efficient braking systems and safety margins, ensures that aircraft can land
and stop safely under various operational conditions. Understanding these
principles is vital for pilots, engineers, and airport designers to maintain
high safety standards in aviation.

---
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---

Note: Always consult specific aircraft manuals and aviation safety standards
for precise calculations tailored to particular aircraft models and
operational conditions.

Frequently Asked Questions

Can the concept of uniform deceleration be applied to
emergency braking scenarios on aircraft?

Yes, in emergency braking scenarios, pilots aim for as uniform a deceleration
as possible to predict stopping distances and ensure safety. However, real-
world conditions such as runway surface, brake system performance, and
aircraft weight can cause variations, so the actual deceleration may not
always be perfectly uniform.

Additional Resources
An Aeroplane Lands On A Runway At A Speed Of 180 Km/hr And Is Brought
Uniformly In 30 Seconds. What Distance?

In the world of aviation, every maneuver on the runway is a testament to
precise calculations, rigorous safety protocols, and the mastery of pilots
and ground staff alike. Among the critical aspects of aircraft operation is
the process of deceleration after landing—a phase that ensures the aircraft
comes to a complete stop safely within designated runway lengths. Today, we
delve into a common yet fascinating question: An aeroplane lands on a runway
at a speed of 180 km/hr and is brought to rest uniformly in 30 seconds. What
is the stopping distance?

This question not only encapsulates the application of fundamental physics
principles but also highlights the importance of understanding motion,
acceleration, and the variables that influence aircraft safety and
efficiency.



---

Understanding the Scenario: Key Parameters and
Concepts

Before diving into calculations, it’s essential to clarify the parameters
involved:

- Initial velocity (u): The speed of the aircraft at the moment it touches
the runway. Given as 180 km/hr.
- Final velocity (v): The speed of the aircraft after deceleration. Since the
aircraft is brought to rest, v = 0 km/hr.
- Time (t): The duration over which deceleration occurs, given as 30 seconds.
- Deceleration (a): The uniform acceleration (or, in this case,
deceleration), which we aim to find.
- Distance (s): The total runway length required to bring the aircraft to a
halt, which is our primary unknown.

Understanding these parameters sets the foundation for applying the
fundamental equations of motion, which are derived from Newtonian physics.

---

Converting Units: From Km/hr to m/sec

Most of the physics equations operate in SI units, which means velocities
should be expressed in meters per second (m/sec). Therefore, the initial
velocity must be converted from km/hr:

\[
\text{Conversion factor:} \quad 1\, \text{km/hr} = \frac{1000\,
\text{m}}{3600\, \text{s}} = \frac{1}{3.6}\, \text{m/sec}
\]

Applying this conversion:

\[
u = 180\, \text{km/hr} = 180 \times \frac{1}{3.6} = 50\, \text{m/sec}
\]

The final velocity after deceleration:

\[
v = 0\, \text{m/sec}
\]

Now, the parameters are:

- Initial velocity, u = 50 m/sec
- Final velocity, v = 0 m/sec
- Time to stop, t = 30 sec

---



Applying Equations of Uniform Linear
Deceleration

In physics, the equations of motion for uniformly accelerated (or
decelerated) motion are:

1. \( v = u + a t \)
2. \( s = ut + \frac{1}{2} a t^2 \)
3. \( v^2 = u^2 + 2 a s \)

Given that the aircraft is brought to rest uniformly, we can use the first
equation to find the deceleration \(a\), which then allows us to determine
the total stopping distance \(s\).

---

Calculating the Deceleration (\(a\))

From the first equation:

\[
v = u + a t
\]

Rearranged to solve for \(a\):

\[
a = \frac{v - u}{t}
\]

Plugging in the known values:

\[
a = \frac{0 - 50}{30} = -\frac{50}{30} = -\frac{5}{3} \approx -1.6667\,
\text{m/sec}^2
\]

The negative sign indicates deceleration (retardation), which opposes the
initial motion.

---

Calculating the Stopping Distance (\(s\))

Using the second equation:

\[
s = ut + \frac{1}{2} a t^2
\]

Substitute the known values:

\[



s = (50)(30) + \frac{1}{2} \times (-1.6667) \times (30)^2
\]

Calculating step-by-step:

- \( ut = 50 \times 30 = 1500\, \text{m} \)

- \( t^2 = 30^2 = 900 \)

- \( \frac{1}{2} a t^2 = 0.5 \times (-1.6667) \times 900 = -0.8333 \times 900
= -750\, \text{m} \)

Now, sum the two parts:

\[
s = 1500 - 750 = 750\, \text{m}
\]

Therefore, the aircraft requires approximately 750 meters of runway to come
to a complete stop under these conditions.

---

Implications and Real-World Considerations

While the calculation provides a theoretical estimate, real-world scenarios
involve additional factors:

- Brake efficiency and friction: The actual deceleration rate depends on
brake performance, tire-road friction, and aircraft weight.
- Aircraft weight and load: Heavier aircraft may require longer distances due
to increased inertia.
- Weather conditions: Wet or icy runways reduce friction, increasing stopping
distances.
- Pilot response and safety margins: Pilots and ground crew plan for safety
buffers beyond the calculated minimum.

In practice, airports incorporate safety margins—often 10-20%—to account for
these variables, ensuring that aircraft do not overshoot the runway.

---

Summary of the Key Findings

- The initial landing speed of 180 km/hr converts to 50 m/sec.
- The aircraft is brought to rest uniformly over a period of 30 seconds.
- The calculated deceleration is approximately 1.6667 m/sec².
- The total stopping distance under these idealized conditions is
approximately 750 meters.

This analysis underscores the importance of precise physics calculations in
aviation safety. Understanding the relationship between speed, deceleration,
and distance is crucial for designing runways, planning landings, and
ensuring safe aircraft operations.



---

Conclusion: The Significance of Physics in
Aviation Safety

Flying is a marvel of modern engineering, but beneath the elegance of flight
lies a complex interplay of physics principles. The calculation of stopping
distances not only exemplifies foundational concepts like uniform
acceleration but also emphasizes their vital role in ensuring that aircraft
landings are conducted safely and efficiently.

As aircraft sizes grow and airports expand, the need for accurate, physics-
based planning becomes even more critical. Whether it’s determining the
length of a runway or designing braking systems, physics provides the tools
necessary to keep passengers and crew safe.

In the end, a simple question about an aircraft’s stopping distance reveals
the fascinating intersection of science, engineering, and safety—cornerstones
of modern aviation that continue to soar to new heights.
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