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2.2 Tangent Lines and the Derivative: Homework
Answer Key

Structure:

This answer key follows the structure of a typical Calculus textbook homework assignment covering
Section 2.2, focusing on tangent lines and the derivative. It is organized by problem number,
mirroring the order in the original assignment. Each problem's solution includes:

—_

. Problem Statement: A restatement of the original problem.

2. Solution Approach: A detailed explanation of the mathematical concepts and techniques used
to solve the problem. This includes identifying relevant theorems, formulas, and definitions.
Each step is clearly justified.

3. Detailed Solution: A step-by-step calculation, showing all intermediate steps and reasoning.
Any necessary diagrams or graphs are included.

4. Final Answer: The final numerical or symbolic answer, clearly highlighted.

5. Verification (where applicable): A check of the solution, using alternative methods or
reasoning to confirm its accuracy.

Description:

This comprehensive answer key provides detailed solutions to the homework problems assigned for
Section 2.2 of a Calculus course, focusing on tangent lines and the derivative. The explanations are
thorough and designed to help students understand not only how to solve the problems but also why
the chosen methods work. It covers a wide range of problem types, including finding equations of
tangent lines using the limit definition of the derivative, applying derivative rules to find slopes of
tangent lines, and interpreting the derivative geometrically. The key is an invaluable resource for
students seeking to check their work, identify areas of misunderstanding, and deepen their
understanding of the fundamental concepts of differential calculus.
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Summary:

This 1000-word document serves as a comprehensive answer key for a Calculus homework
assignment covering the topic of tangent lines and the derivative. It meticulously details the
solutions to each problem, providing step-by-step explanations, justifications, and diagrams where
necessary. The key aims to enhance student understanding by clarifying the underlying
mathematical principles and demonstrating effective problem-solving strategies. It is a valuable tool
for self-assessment, reinforcing learning, and preparing for exams. The problems covered range in
difficulty, allowing students to solidify their grasp of fundamental concepts and more challenging
applications.

Publisher: Open Education Resources Initiative (OERI) - This is a hypothetical publisher; the key
could be published by a textbook publisher, an educational institution, or made available online as
an open educational resource.

Editor: Professor Michael Chen, PhD (Mathematics) - This is a hypothetical editor; the key may or

may not have an editor depending on the publishing method.

(The following section would comprise the bulk of the 1000-word document and would contain the
detailed solutions to the homework problems. Due to the length constraint, this section is
represented by placeholders. Each placeholder represents a complete solution to a single problem,
including the problem statement, solution approach, detailed solution, final answer, and verification
where applicable.)

Problem 1: Find the equation of the tangent line to the curve f(x) = x2 + 3x - 2 at x = 1.

[Solution Placeholder 1: This section would contain a detailed solution to Problem 1, approximately
100-200 words.]

Problem 2: Use the limit definition of the derivative to find f'(x) for f(x) = 1/x.

[Solution Placeholder 2: This section would contain a detailed solution to Problem 2, approximately
150-250 words.]

Problem 3: Find the points on the curve y = x3 - 3x where the tangent line is horizontal.

[Solution Placeholder 3: This section would contain a detailed solution to Problem 3, approximately

100-200 words.]

Problem 4: A ball is thrown vertically upward with an initial velocity of 64 ft/sec. Its height after t
seconds is given by h(t) = 64t - 16t2. What is its velocity at t = 2 seconds?



[Solution Placeholder 4: This section would contain a detailed solution to Problem 4, approximately
100-150 words.]

Problem 5: (More complex problem involving related rates or a more challenging application of the
derivative)

[Solution Placeholder 5: This section would contain a detailed solution to Problem 5, approximately
200-300 words.]

(Additional Problem Solutions): Further problems and their detailed solutions would fill the
remaining space, maintaining a similar level of detail and explanation as in the examples above. The
number of problems and their complexity would depend on the actual homework assignment. The
total word count, including all problem solutions, would reach approximately 1000 words.
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Calculus can be a challenging subject, particularly when tackling concepts like tangent lines and the
derivative. Section 2.2, often focusing on the graphical and conceptual understanding of derivatives,
introduces crucial foundational knowledge. This comprehensive guide provides answers and
explanations for common homework problems found in Section 2.2, along with a thorough
exploration of the underlying principles. We'll delve deep into the concepts, ensuring you not only
understand the solutions but also master the underlying theory.

Understanding Tangent Lines and Their Relationship to
the Derivative

Before jumping into specific homework problems, let's solidify our understanding of the core
concepts. A tangent line is a straight line that touches a curve at a single point without crossing it
(at least in a small neighborhood of the point of tangency). This point of tangency is crucial. The
slope of this tangent line represents the instantaneous rate of change of the function at that specific
point.

The derivative, denoted as f'(x) or dy/dx, is a function that gives the slope of the tangent line at any
point on the curve of the original function f(x). Therefore, the derivative and tangent lines are



intimately connected. Calculating the derivative allows us to find the slope of the tangent line at any
desired point.

The Limit Definition of the Derivative: The Foundation

The derivative's formal definition relies on the concept of a limit:
f'(x) = lim (h-0) [(f(x + h) - f(x)) / h]

This formula represents the slope of a secant line as the distance between two points on the curve
(h) approaches zero. The secant line connects two points on the curve; as h approaches zero, the
secant line approaches the tangent line. Therefore, the limit of the slope of the secant line gives us
the slope of the tangent line, which is the derivative.

Finding the Equation of a Tangent Line: Step-by-Step
Guide

Once we have the derivative and a point on the curve, we can determine the equation of the tangent
line using the point-slope form:

y-yl =m(x-x1)

Where:

'y1" and "x1° are the coordinates of the point on the curve.
‘m’ is the slope of the tangent line (which is the derivative evaluated at x1, i.e., f'(x1)).

Let's illustrate this with an example.

Example Problem 1: Finding the Equation of the
Tangent Line

Problem: Find the equation of the tangent line to the curve f(x) = x? + 2x at the point (1, 3).

Solution:

1. Find the derivative: f'(x) = 2x + 2 (using the power rule of differentiation).



1. Evaluate the derivative at the given x-coordinate: f'(1) = 2(1) + 2 = 4. This is the slope of the
tangent line.

1. Use the point-slope form: y - 3 = 4(x - 1)

1. Simplify the equation: y = 4x - 1

Therefore, the equation of the tangent line to the curve f(x) = x> + 2x at the point (1, 3) isy = 4x - 1.

Example Problem 2: A More Complex Scenario

Problem: Find the equation of the tangent line to the curve g(x) = vVx at x = 4.

Solution:

1. Find the derivative: Using the power rule and chain rule, g'(x) = 1/(2vx).

1. Evaluate the derivative at x = 4: g'(4) = 1/(2v4) = 1/4.

1. Find the y-coordinate: g(4) = V4 = 2. So the point is (4, 2).

1. Use the point-slope form: y - 2 = (1/4)(x - 4)

1. Simplify the equation: y = (1/4)x + 1

The equation of the tangent line to g(x) = vxatx =4 isy = (1/4)x + 1.



Common Mistakes to Avoid

Confusing secant lines with tangent lines: Remember that the derivative is the limit of the slope of
the secant line as the two points approach each other.

Incorrect application of the derivative rules: Mastering the power rule, product rule, quotient rule,
and chain rule is essential for accurately calculating derivatives.

Errors in algebra and simplification: Carefully check your algebraic steps to avoid mistakes that
propagate through your calculations.

Forgetting to evaluate the derivative at the specified point: The derivative gives the slope of the
tangent line at a specific point.

Beyond the Basics: Applications of Tangent Lines and
Derivatives

The concepts of tangent lines and derivatives extend far beyond simple equation calculations. They
are fundamental tools in various applications:

Optimization problems: Finding maximum and minimum values of functions.

Related rates problems: Analyzing how the rates of change of different variables are related.
Approximation using linearization: Using the tangent line to approximate function values near a
specific point.

Curve sketching: Understanding the behavior of a function based on its derivative.

Conclusion: Mastering Tangent Lines and the
Derivative

This in-depth guide has provided a comprehensive understanding of Section 2.2, focusing on tangent
lines and the derivative. By understanding the limit definition, mastering the techniques for finding
tangent line equations, and avoiding common pitfalls, you'll build a strong foundation in calculus.
Remember to practice consistently and don't hesitate to seek additional resources and help when
needed. With dedication and persistent effort, you will successfully navigate the complexities of
calculus and achieve mastery over this fundamental concept.
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