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dimensional analysis and the crash of flight 143 answer key offers a
comprehensive exploration of how fundamental principles of physics and
mathematics intersect with real-world aviation incidents. This article delves
into the tragic event of Flight 143's crash, elucidating the critical role
that dimensional analysis played in understanding the factors leading to the
accident. By examining the technical aspects, calculations, and safety
lessons, readers gain a detailed insight into how dimensional analysis is
applied in aviation engineering and accident investigation. Additionally, the
article provides an answer key perspective, clarifying common questions and
calculations related to the crash scenario. The discussion also highlights
the importance of unit conversions and dimensional consistency in preventing
similar disasters. The following sections will guide readers through the
background of Flight 143, the principles of dimensional analysis, the
sequence of events, and the educational applications of these concepts.
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Background of Flight 143

Flight 143, also known as the "Gimli Glider," was a commercial airplane that
experienced a critical incident during flight due to fuel exhaustion. The
flight, operated by Air Canada, ran out of fuel mid-air because of a
miscalculation in fuel quantity, which was rooted in errors involving unit
conversions. This incident brought international attention to the vital
importance of precise calculations and dimensional analysis in aviation
safety. The aircraft involved was a Boeing 767, and the event took place in
1983. Despite the potentially catastrophic situation, the pilot managed an
emergency landing without fatalities, making the incident a case study in
crisis management and engineering accuracy.

Historical Context

The crash of Flight 143 occurred during a period when the aviation industry
was transitioning between measurement systems, notably from imperial to
metric units. This switch contributed to confusion and calculation errors in
fuel measurement and loading procedures. The incident underscored the
consequences of disregarding dimensional consistency and proper unit
conversions in aircraft operations.



Fundamentals of Dimensional Analysis

Dimensional analysis is a mathematical technique used to convert units and
check the consistency of equations. It ensures that physical quantities are
expressed in compatible units, facilitating accurate calculations in
engineering and science. This method is essential for validating formulae,
converting measurements, and preventing errors arising from unit mismatches.
In the context of aviation, dimensional analysis plays a crucial role in fuel
calculations, weight estimations, and engineering design.

Principles of Dimensional Analysis

The core principles involve the identification of fundamental dimensions such
as length, mass, time, and their derived units. By analyzing the dimensions
on both sides of an equation, one can verify the equation’s correctness or
perform conversions between units. For example, converting pounds to
kilograms or gallons to liters requires dimensional consistency to maintain
accuracy.

Common Applications in Aviation

In aviation, dimensional analysis is used extensively for:

Fuel quantity measurement and conversion

Weight and balance calculations

Flight performance estimations

Navigation and speed calculations

Engineering specifications and maintenance

Cause and Sequence of the Flight 143 Crash

The crash of Flight 143 was primarily caused by fuel exhaustion resulting
from a flawed calculation of fuel quantity. The crew and ground staff relied
on incorrect unit conversions, leading to insufficient fuel being loaded onto
the aircraft. The Boeing 767 was designed with metric measurements, but the
fueling instructions and calculations were made using imperial units, causing
a critical discrepancy.

Fuel Quantity Miscalculation

The fueling process involved converting the amount of fuel from kilograms to
pounds and gallons. An error in this conversion meant that the aircraft had
only about half the required fuel for the journey. As the plane reached
cruising altitude, both engines failed due to lack of fuel, forcing the crew
to glide the plane to a safe emergency landing on a decommissioned airstrip.



Sequence of Events During the Flight

The sequence included:

Takeoff with insufficient fuel1.

Loss of both engines mid-flight2.

Emergency communication with air traffic control3.

Controlled glide to an emergency landing location4.

Successful landing with no fatalities5.

Application of Dimensional Analysis in the
Investigation

Investigators used dimensional analysis to reconstruct the events leading to
the crash and identify the root cause. By systematically analyzing the units
and conversions applied during fueling, they pinpointed the exact calculation
errors. This approach involved checking each step of the fuel measurement
process against the correct unit standards and conversion factors.

Verification of Fuel Calculations

Dimensional analysis allowed investigators to:

Identify inconsistencies between metric and imperial units

Calculate the actual amount of fuel loaded

Determine the expected fuel consumption for the flight

Corroborate pilot reports and technical data

Role in Enhancing Aviation Safety

The findings emphasized the necessity of strict adherence to unit standards
and dimensional correctness in all aviation calculations. This led to
improved protocols and training focused on dimensional analysis principles to
avoid similar incidents in the future.

Answer Key to Common Dimensional Analysis
Problems

This section provides detailed solutions to typical dimensional analysis
exercises related to the crash of Flight 143. These examples illustrate the
step-by-step process of unit conversion and verification that can prevent



miscalculations in aviation contexts.

Example 1: Converting Fuel Weight

Problem: Convert 10,000 pounds of jet fuel to kilograms.

Solution: Using the conversion factor 1 pound = 0.453592 kilograms, multiply
10,000 pounds by 0.453592 to get 4,535.92 kilograms.

Example 2: Calculating Required Fuel in Liters

Problem: If the aircraft requires 5,000 kilograms of fuel, how many liters of
jet fuel are needed, assuming the density is 0.8 kg/liter?

Solution: Divide the mass by density: 5,000 kg ÷ 0.8 kg/liter = 6,250 liters.

Example 3: Confirming Dimensional Consistency

Problem: Verify the dimensional consistency of the formula for fuel
consumption: Fuel = Consumption Rate × Time.

Solution: Consumption rate has units of mass/time (kg/hour), and time is in
hours. Multiplying these gives mass (kg), which matches the unit for fuel,
confirming dimensional consistency.

Lessons Learned and Safety Implications

The crash of Flight 143 serves as a pivotal case study demonstrating the
critical importance of dimensional analysis in aviation safety. Proper
understanding and application of unit conversions can prevent miscalculations
that lead to fuel shortages and mechanical failures. The incident prompted
revisions in training, operational procedures, and international standards
regarding measurement units in aviation.

Implementation of Standardized Procedures

Following the incident, aviation authorities emphasized standardizing
measurement systems and verifying calculations through dimensional analysis.
Key measures include:

Mandatory training on unit conversions for all flight and ground
personnel

Use of automated systems to cross-check fuel calculations

Clear documentation and labeling of units in all technical manuals

Regular audits and safety checks focusing on dimensional accuracy



Broader Impact on Engineering and Education

The lessons from Flight 143 extend beyond aviation, reinforcing the value of
dimensional analysis in all engineering disciplines. Educational programs
incorporate such real-world examples to teach the necessity of precision and
dimensional rigor in problem-solving.

Frequently Asked Questions

What is dimensional analysis in the context of
physics?

Dimensional analysis is a method used in physics and engineering to convert
one set of units to another, check the consistency of equations, and
understand relationships between physical quantities by comparing their
dimensions.

How was dimensional analysis applied in the
investigation of the crash of Air Canada Flight 143?

Dimensional analysis was used to identify the unit conversion error that led
to the fuel quantity being calculated incorrectly, which ultimately caused
the aircraft to run out of fuel mid-flight.

What caused the crash of Flight 143, also known as
the Gimli Glider incident?

Flight 143 ran out of fuel mid-flight due to a miscalculation in the fuel
load caused by a failure to convert fuel measurements properly from pounds to
kilograms.

Why is dimensional analysis important in aviation
safety?

Dimensional analysis ensures that all measurements and calculations are
consistent and accurate, preventing errors like incorrect fuel loading that
can lead to accidents.

What units were involved in the miscalculation that
contributed to Flight 143's fuel problem?

The miscalculation involved converting fuel quantities between pounds and
kilograms without proper dimensional analysis, leading to insufficient fuel
being loaded.

How can dimensional analysis prevent errors similar
to those in Flight 143's crash?

By systematically checking and converting units during calculations,
dimensional analysis helps detect and correct unit inconsistencies before
they cause critical errors.



What lessons about dimensional analysis were learned
from the Flight 143 incident?

The incident highlighted the necessity of rigorous unit conversion checks and
the importance of standardized measurement protocols in aviation operations.

Can dimensional analysis be used as a teaching tool
using the Flight 143 case?

Yes, the Flight 143 incident provides a real-world example that illustrates
the critical role of dimensional analysis in preventing calculation errors
and ensuring safety.

What role did human error play alongside dimensional
analysis failures in Flight 143's crash?

Human error in failing to verify unit conversions and in following outdated
procedures compounded the dimensional analysis mistake, contributing to the
fuel miscalculation.

Additional Resources
1. Dimensional Analysis and Its Applications in Engineering
This book provides a comprehensive introduction to dimensional analysis,
exploring its fundamental principles and practical applications in various
engineering fields. It explains how to use dimensionless numbers to simplify
complex physical problems and improve modeling accuracy. The text is filled
with examples and problem sets that enhance understanding of the technique's
power and versatility.

2. Flight 143: The Gimli Glider Incident
An in-depth account of the infamous Air Canada Flight 143, which ran out of
fuel due to a metric conversion error. This book details the sequence of
events leading to the emergency landing, focusing on the human factors and
technical mistakes involved. It serves as a case study for aviation safety
and the critical importance of precise unit conversions.

3. Dimensional Analysis in Physics and Engineering
This textbook offers a detailed exploration of dimensional analysis methods
used in physics and engineering sciences. It covers both theoretical
foundations and practical problem-solving strategies, including Buckingham Pi
theorem applications. Readers will find numerous worked examples and
exercises that reinforce the methodology.

4. The Crash of Flight 143: Lessons in Human Error and System Design
This narrative examines the crash of Flight 143 through the lens of human
error and system design flaws. It analyzes how miscommunication and unit
conversion mistakes led to a near-disaster and what changes were implemented
afterward. The book emphasizes the importance of standardized procedures and
robust system checks.

5. Dimensional Analysis for Scientists and Engineers
Designed as a practical guide, this book introduces dimensional analysis with
clarity and precision. It covers the use of dimensional homogeneity to check
equations and derive relationships among physical quantities. The author



incorporates real-world examples, including aviation-related scenarios, to
illustrate key concepts.

6. Gimli Glider: The True Story of Flight 143
A detailed retelling of the miraculous emergency landing of Flight 143,
highlighting the heroic actions of the crew and the technical factors
involved. This book provides insight into how a simple unit conversion error
led to fuel exhaustion and how quick thinking saved lives. It is an essential
read for aviation enthusiasts and safety professionals.

7. Dimensional Analysis and Unit Conversion in Aviation Safety
Focusing on the aviation industry, this book explores the critical role of
dimensional analysis and correct unit conversions in maintaining flight
safety. It reviews case studies, including Flight 143, to demonstrate how
errors can have catastrophic consequences. Guidelines and best practices for
preventing such mistakes are also discussed.

8. Applied Dimensional Analysis: Techniques and Case Studies
This book offers a hands-on approach to dimensional analysis with a variety
of applications across different engineering disciplines. It includes case
studies, such as the Flight 143 incident, to show how dimensional analysis
can identify and prevent errors. Readers gain practical skills to apply the
method in real-world problem-solving.

9. Flight 143 Crash Investigation: An Engineering Perspective
An analytical review of the Flight 143 incident from an engineering
standpoint, focusing on the technical and procedural failures. The book
delves into the metric-imperial unit conversion mistake that caused the fuel
miscalculation and subsequent engine failure. It provides lessons learned and
recommendations to improve future aviation safety protocols.
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