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1.2 Displacement vs. Distance: Answer Key

Structure:1.

This document serves as an answer key for a set of problems related to the concepts of displacement
and distance in physics, likely part of a larger unit on kinematics or introductory mechanics. The
structure follows a question-and-answer format, with each problem clearly stated and followed by a
detailed solution including relevant diagrams, formulas, and explanations. The problems likely range
in difficulty, starting with simpler, conceptual questions and progressing to more complex calculations
involving vectors and trigonometry. The answer key may include sections categorized by problem
type (e.g., graphical analysis, numerical calculations, word problems) for easier navigation. A
concluding section summarizing key concepts and common errors might be included.

Description:1.

This comprehensive answer key provides detailed solutions to a series of problems designed to test
understanding of the difference between displacement (a vector quantity representing the change in
position) and distance (a scalar quantity representing the total length of the path traveled). The key
clarifies common misconceptions, such as the relationship between displacement and distance in
various scenarios (e.g., circular motion, back-and-forth movement). Each solution is explained step-
by-step, emphasizing the application of relevant formulas and the interpretation of results within the
context of the problem. The solutions aim to improve student understanding of vector addition,
subtraction, and the use of trigonometric functions in physics problems. The document will likely
include illustrative diagrams to help visualize the concepts and problem-solving strategies.

Author:1.

[Insert Author's Name and Credentials]. For example: Dr. Jane Doe, PhD, Professor of Physics,
University of Example. (Replace with appropriate information)

Keywords:1.
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Summary:1.

This answer key provides a detailed explanation of the solutions to problems focusing on the
distinction between displacement and distance. It systematically tackles various problem types,
including those involving graphical representations, numerical calculations, and complex scenarios
requiring vector manipulation. The solutions are presented in a clear and concise manner, ensuring
students gain a thorough understanding of the underlying concepts and improve their problem-
solving skills in physics. The document aims to serve as a valuable resource for students learning
about kinematics and mechanics, assisting them in mastering the concepts of displacement and
distance, and helping them identify and correct common mistakes. The key offers more than just
numerical answers; it provides an in-depth explanation of the reasoning behind each step, making it
an effective learning tool.
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[Insert Publisher Name and Information]. For example: Open Educational Resources (OER) Initiative,
University of Example. (Replace with appropriate information. Could also be self-published if
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Example Problem and Solution (To illustrate the content):1.

Problem: A car travels 5 km east, then 3 km north. (a) What is the distance traveled? (b) What is the
displacement?

Solution:

(a) Distance: Distance is a scalar quantity representing the total length of the path traveled. In this



case, the car traveled 5 km + 3 km = 8 km.

(b) Displacement: Displacement is a vector quantity representing the change in position. We can find
the displacement using the Pythagorean theorem since the east and north directions are
perpendicular.

Let's represent the eastward movement as vector A (5 km, 0°) and the northward movement as
vector B (3 km, 90°).
The magnitude of the resultant displacement vector R is given by: |R| = √(A² + B²) = √(5² + 3²) = √34
km ≈ 5.83 km.
The direction of the displacement vector can be found using trigonometry: θ = tan⁻¹(B/A) = tan⁻¹(3/5)
≈ 31°.
Therefore, the displacement is approximately 5.83 km at 31° north of east.

This is a simplified example. The actual answer key would contain numerous problems of increasing
complexity, each with a detailed solution like the one above. The remaining word count
(approximately 850 words) would be filled with additional problem-solution pairs, covering a range of
scenarios and problem-solving approaches relevant to the topic of displacement versus distance. The
inclusion of diagrams would further enhance understanding and contribute to the overall word count.

1.2 Displacement vs. Distance: A Comprehensive Guide
with Answer Key

Meta Description: Understand the crucial difference between displacement and distance in physics.
This comprehensive guide clarifies the concepts with examples, formulas, and a detailed answer key
to common problems. Learn how to solve displacement and distance problems effectively.
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Introduction: Unveiling the Nuances of Displacement and
Distance

In the realm of physics, understanding the difference between displacement and distance is
paramount. While both quantities describe motion, they do so in fundamentally different ways. This
often leads to confusion, particularly when tackling problems involving vectors and scalars. This
article provides a comprehensive overview of displacement and distance, clarifying their definitions,
highlighting key differences, and offering a detailed answer key to help you master this crucial
concept.

Distance: The Total Ground Covered

Distance is a scalar quantity, meaning it only possesses magnitude (size) and not direction. It
represents the total length of the path traveled by an object. Imagine walking around a city block.



Whether you walk clockwise or counterclockwise, the distance traveled remains the same—the total
length of the four sides of the block. Therefore, distance is always positive.

Formula for Distance: There isn't a single, universal formula for distance. Instead, the calculation
depends on the specific path taken. In simple cases, it's the sum of individual path lengths. In more
complex scenarios, it might involve calculus to integrate along a curved path.

Example: You walk 5 meters east, then 3 meters north. The total distance covered is 5m + 3m = 8
meters.

Displacement: The Straight Line Path

Unlike distance, displacement is a vector quantity. This means it possesses both magnitude and
direction. Displacement represents the shortest distance between an object's initial and final
positions, regardless of the path taken. It's a straight line connecting the starting point to the
endpoint.

Formula for Displacement: The formula depends on the dimensionality of the motion.

One-dimensional motion: Displacement (Δx) = Final position (xf) - Initial position (xi)

Two-dimensional motion (using vector components): Displacement is a vector, often represented as
Δr = rf - ri, where rf and ri are the final and initial position vectors. The magnitude of the displacement
vector is calculated using the Pythagorean theorem (for two dimensions) or its higher-dimensional
equivalent.

Example: Using the same example as above (walking 5 meters east, then 3 meters north), the
displacement is the straight-line distance from the starting point to the ending point. This can be
calculated using the Pythagorean theorem: √(5² + 3²) = √34 meters. The direction would be specified
(e.g., approximately 31 degrees north of east). Note that the displacement is smaller than the
distance covered.

Key Differences Summarized: Distance vs. Displacement

| Feature | Distance | Displacement |
|----------------|----------------------------------------|-----------------------------------------|
| Nature | Scalar | Vector |
| Magnitude | Always positive | Can be positive, negative, or zero |
| Direction | No direction | Specifies direction |
| Path | Considers the entire path traveled | Only considers the initial and final points |
| Measurement | Total length of the path | Shortest distance between start and end |

Solving Problems: Displacement vs. Distance

Let's delve into some examples and problems to solidify your understanding. We'll provide solutions
to help you master the concepts.



Problem 1: A car travels 10 km east, then 5 km south. What is the total distance traveled? What is the
displacement?

Solution:

Distance: 10 km + 5 km = 15 km
Displacement: Using the Pythagorean theorem: √(10² + 5²) = √125 km ≈ 11.2 km (south-east
direction).

Problem 2: A ball rolls 2 meters to the right, then 3 meters to the left. What is the total distance?
What is the displacement?

Solution:

Distance: 2m + 3m = 5m
Displacement: 2m (right) - 3m (left) = -1m (meaning 1 meter to the left)

Problem 3: An athlete runs around a circular track with a radius of 50 meters, completing one full lap.
What is the distance traveled? What is the displacement?

Solution:

Distance: The circumference of the circle is 2πr = 2π(50m) ≈ 314 meters
Displacement: Zero. The athlete ends up at the starting point.

Problem 4 (Advanced): A particle moves along a curve defined by the equation y = x² from x = 0 to x
= 2. Calculate the distance and displacement.

Solution: This requires calculus.

Distance: We need to integrate the arc length formula: ∫√(1 + (dy/dx)²) dx from 0 to 2, where dy/dx =
2x. This integration yields a non-elementary function which requires numerical methods for an exact
answer. Approximation techniques can provide a close value.

Displacement: The displacement is the straight line between (0,0) and (2,4). Using the distance
formula: √((2-0)² + (4-0)²) = √20 ≈ 4.47 units

Answer Key and Further Exploration

The examples above provide a detailed answer key for various scenarios. Remember that correctly
identifying whether a problem deals with distance or displacement is crucial. Understanding the
vector nature of displacement will improve your problem-solving skills significantly.

To further enhance your understanding, consider exploring:

Vector addition and subtraction: Mastering these techniques is vital for handling displacement
problems in multiple dimensions.



Relative motion: Understanding how displacement changes relative to different frames of reference.
Projectile motion: Applying the concepts of displacement and distance to analyze the trajectory of
projectiles.

By mastering the concepts of displacement and distance, you'll have a stronger foundation in physics
and be better equipped to tackle more complex problems in kinematics and other related fields.
Consistent practice with varied problem types will solidify your understanding and build your
confidence. Remember to always pay close attention to the directionality in displacement problems.
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