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Hw 18.2 -word ProblemsJesenia Is Standing On A Pedestrian Bridge That Is 9.5
Feet Above The Lake .She finds herself contemplating various mathematical problems
involving distance, angles, and real-world applications. Word problems like these are
essential for developing critical thinking skills and understanding how mathematics
applies to everyday situations. In this article, we will explore a series of challenging yet
insightful problems based on this scenario, analyzing the situation from multiple angles
and providing detailed solutions to enhance comprehension.

Understanding the Scenario

Basic Description of the Situation
Jesenia is standing on a pedestrian bridge that is 9.5 feet above the surface of a lake.
From her vantage point, she can observe objects or persons located on or near the lake’s
surface. The problem involves calculating distances, angles of elevation or depression, and
possibly the position of objects in the lake based on her observations. To approach these
problems systematically, we need to establish a clear understanding of the key elements:

The height of the bridge above the lake: 9.5 feet

The position of Jesenia relative to objects in the lake

The angles of observation, such as the angle of elevation or depression

Key Concepts in Word Problems Involving
Heights and Distances

Triangles of Sight and Trigonometry
Most of these problems involve right triangles formed by Jesenia's line of sight, the
vertical height of the bridge, and the horizontal distance to the object in the lake. The
fundamental trigonometric functions—sine, cosine, and tangent—are instrumental in
solving these problems.



Common Variables in Word Problems
When approaching these problems, you'll often encounter variables such as:

h: The height of the bridge above the lake (known: 9.5 feet)1.

d: The horizontal distance from Jesenia to the object in the lake (unknown)2.

θ: The angle of elevation or depression observed from Jesenia's position3.

H: The height of the object in the lake if it's elevated above the water surface4.

Sample Word Problem 1: Calculating the Distance
to an Object in the Lake

Problem Statement
Jesenia is standing on a pedestrian bridge that is 9.5 feet above the surface of a lake. She
observes a boat directly below her at the water's surface. She measures the angle of
depression from the bridge to the boat as 30°. How far is the boat from the point directly
beneath Jesenia on the lake's surface?

Solution Approach
To solve this problem, we model the situation with a right triangle:
- The vertical leg is the height of the bridge: 9.5 feet.
- The horizontal leg is the distance from the point directly beneath Jesenia to the boat.
- The angle of depression is 30°, which is the angle between the horizontal line from
Jesenia's eye level and her line of sight to the boat.

Step 1: Identify the knowns:
- Height of the bridge, \( h = 9.5 \) ft
- Angle of depression, \( \theta = 30^\circ \)

Step 2: Recognize the relationship:
Since the angle of depression is measured from Jesenia's line of sight downward to the
boat, the triangle formed is a right triangle with:
- The vertical side \( h \),
- The horizontal distance \( d \),
- The angle \( \theta \) at Jesenia's eye level.

Step 3: Apply the tangent function:
\[ \tan \theta = \frac{\text{opposite}}{\text{adjacent}} = \frac{h}{d} \]
Rearranged to find \( d \):
\[ d = \frac{h}{\tan \theta} \]



Step 4: Calculate:
\[ d = \frac{9.5}{\tan 30^\circ} \]
Recall:
\[ \tan 30^\circ = \frac{1}{\sqrt{3}} \approx 0.577 \]

So:
\[ d = \frac{9.5}{0.577} \approx 16.45 \text{ feet} \]

Answer: The boat is approximately 16.45 feet from the point directly beneath Jesenia on
the lake's surface.

Sample Word Problem 2: Determining the Height
of an Object in the Lake

Problem Statement
Suppose Jesenia spots a buoy in the lake. She measures the angle of elevation from her
position on the bridge to the top of the buoy as 20°. The height of the bridge is 9.5 feet,
and the buoy's height above the water is unknown. How tall is the buoy?

Solution Approach
This scenario involves the line of sight from Jesenia's eye level to the top of the buoy,
forming a right triangle with:
- The vertical height difference between Jesenia's eye level and the top of the buoy,
- The horizontal distance from Jesenia to the buoy,
- The height of the bridge and the height of the buoy.

Assumption: The buoy is at water level, so the vertical difference is the height of the buoy
above the water.

Step 1: Known variables:
- \( h = 9.5 \) ft (height of bridge)
- \( \theta = 20^\circ \) (angle of elevation)
- \( d \): horizontal distance from Jesenia to the buoy (unknown)

Step 2: Use tangent:
\[ \tan \theta = \frac{\text{height difference}}{d} \]
But since Jesenia's eye level is 9.5 ft above water, and the buoy's top is at height \( H \)
above water, the vertical difference between her eye level and the top of the buoy is \( H -
9.5 \).

Step 3: To find \( H \), we need to know \( d \). Alternatively, if we assume the horizontal
distance is the same as calculated previously or is given, then:
\[ H = 9.5 + d \times \tan 20^\circ \]

Step 4: Without the horizontal distance, we cannot determine \( H \) precisely. Suppose we



assume that the horizontal distance \( d \) is 20 feet (for illustration). Then:
\[ H = 9.5 + 20 \times \tan 20^\circ \]
Recall:
\[ \tan 20^\circ \approx 0.3640 \]

Calculate:
\[ H = 9.5 + 20 \times 0.3640 = 9.5 + 7.28 = 16.78 \text{ feet} \]

Result: The buoy's top is approximately 16.78 feet above water, meaning the buoy itself is
about 7.28 feet tall.

Note: Accurate determination requires knowing the horizontal distance or additional
information.

Additional Word Problems and Applications

Problem 3: Finding the Height of Jesenia's Eye Level
Suppose Jesenia is 5 feet tall, and she is standing on the bridge 9.5 feet above the lake. If
she observes a boat directly below her with an angle of depression of 30°, what is her eye
level height relative to her total height?

Solution:
- Her total height is 5 feet.
- The line of sight to the boat forms a 30° angle of depression.
- The vertical distance from her eye level to the boat is:
\[ d = \frac{h}{\tan 30^\circ} = 16.45 \text{ feet} \]
- The total height from her eye level to the water surface is 9.5 ft.
- If her eyes are at her head's top:
\[ \text{Eye level height} = \text{Total height} - \text{distance from eyes to top of head}
\]
- Alternatively, if her eyes are at her eye level, then the calculation shows her eye level is
at her head height, and the vertical component of her height remains 5 ft.

Conclusion: Such problems help in understanding how eye level height affects observation
angles and distances.

Practical Applications and Additional
Considerations

Estimating Distances in Real-World Scenarios
Word problems involving heights and angles are not just academic exercises; they have
practical applications in navigation, construction, and safety assessments. For example:
- Marine navigation often relies on angles of elevation or depression to estimate distances
to objects.



- Engineers use similar principles when designing bridges and observing structural
stability.
- Lifeguards might estimate the distance of a swimmer based on angles observed from
towers or platforms.

Limitations and Assumptions
While solving these problems, it’s essential to recognize assumptions:

Line of sight is perfectly straight and unobstructed

The terrain is level, and the lake surface is flat

Angles are measured accurately

Objects in the lake, such as boats or buoys, are at water

Frequently Asked Questions

Jesenia is standing on a pedestrian bridge 9.5 feet
above the lake. How would you calculate the
horizontal distance from Jesenia to a point directly
beneath her on the lake if she observes a boat
moving away from the shore at a certain angle?

To find the horizontal distance, you can use trigonometry. If the angle of elevation
from Jesenia to the boat is known, use the tangent function: distance = height of the
bridge / tan(angle).

If Jesenia drops a stone from the pedestrian bridge
that is 9.5 feet above the lake, how long will it take
for the stone to hit the water?

Assuming no air resistance, use the formula for free fall: time = sqrt(2 height / g),
where g ≈ 32 ft/sec². So, time ≈ sqrt(2 9.5 / 32) seconds.

Jesenia notices a boat moving away from the dock at



a constant speed. If she measures the angle of
elevation to the boat changing over time, how can
she determine the boat's speed?

She can use the rate of change of the angle of elevation and trigonometric
relationships. By differentiating the tangent of the angle with respect to time, she
can solve for the boat's horizontal speed.

Suppose Jesenia wants to determine the distance
from her position on the bridge to a point on the
shoreline directly beneath the boat. What
measurements does she need to take?

She needs to measure the angle of elevation from the bridge to the boat at different
times and know the height of the bridge (9.5 feet). Using these angles, she can
calculate the distance using tangent functions.

What real-world scenarios can be modeled using the
problem of Jesenia standing on a bridge 9.5 feet
above the lake?

This scenario models various real-world problems involving angles of elevation,
projectile motion, and distance calculations, such as measuring distances to ships,
estimating heights of objects using triangulation, and analyzing motion from a
vantage point.

Additional Resources
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In the realm of practical mathematics, word problems serve as vital tools for bridging
theoretical concepts with real-world applications. Among these, problems involving
heights, distances, and time are especially prevalent, offering insights into how
mathematical principles underpin everyday scenarios. Today, we delve into a classic
yet multifaceted word problem involving Jesenia, who is standing on a pedestrian
bridge above a lake. This problem not only tests our understanding of basic
geometric and algebraic principles but also emphasizes critical thinking and
problem-solving skills essential for various fields, from engineering to environmental



science.

Understanding the Scenario: The Setting and
Its Significance

Before diving into the calculations, it’s crucial to comprehend the scenario's context
and the significance of each element involved.

The Pedestrian Bridge and Its Height

Jesenia stands on a pedestrian bridge that is 9.5 feet above the lake's surface. This
height is a critical parameter because it determines the initial vertical distance from
Jesenia to the water, which influences subsequent calculations involving angles,
distances, or potential trajectories if she drops or throws an object.

The Lake’s Surface and Its Relevance

The lake’s surface acts as a reference point in the problem. Understanding the
elevation difference between Jesenia and the lake is fundamental in applications such
as calculating the time it takes for an object to hit the water, the initial velocity
needed to reach a certain point, or the angle required for a projectile to land at a
specific distance.

Additional Variables and Assumptions

While the initial description provides the height of the bridge, word problems often
include additional details such as the distance from Jesenia to a point of interest on
or in the lake, the speed of an object she throws, or environmental factors like
gravity or wind. Clarifying these assumptions is essential before solving the problem.

Breaking Down the Core Mathematical
Concepts

The problem of Jesenia on the bridge can encompass various mathematical concepts,



depending on the specific question posed. Let’s explore the most common themes
and the foundational principles behind them.

Vertical and Horizontal Components of Motion

Many problems involve analyzing the motion of objects in two dimensions, especially
when considering projectile motion. The key principles include:

- Vertical Motion: Governed by gravity, which causes objects to accelerate downward
at approximately 32.2 ft/sec² (assuming imperial units). The initial vertical velocity
component influences how long the object takes to reach the water or another target.

- Horizontal Motion: When an object is thrown at an angle, it moves horizontally at a
constant velocity (neglecting air resistance), and the distance traveled depends on
this velocity and the duration of flight.

Using Trigonometry for Angled Launches

If Jesenia throws an object at an angle, understanding the initial velocity components
involves:

- Breaking down the initial velocity (v₀) into:

- Horizontal component: v₀x = v₀ cos(θ)

- Vertical component: v₀y = v₀ sin(θ)

where θ is the angle of projection.

Applying Kinematic Equations

To determine specific outcomes, such as the time of flight or the range, kinematic
equations are employed:

- For vertical displacement: y = v₀y t - (1/2) g t²

- For horizontal displacement: x = v₀x t

These equations enable calculations of when and where the object lands, given initial
conditions.



Sample Word Problem and Step-by-Step
Solution

Let’s illustrate these concepts with a typical problem inspired by Jesenia’s scenario:

Problem Statement:

Jesenia throws a rock from the pedestrian bridge at an angle of 45° with an initial
speed of 20 ft/sec. How long does it take for the rock to hit the water, and how far
from the base of the bridge does it land?

Given Data:

- Height of bridge (h): 9.5 ft

- Initial speed (v₀): 20 ft/sec

- Launch angle (θ): 45°

- Acceleration due to gravity (g): 32.2 ft/sec²

Step 1: Resolve Initial Velocity into Components

- v₀x = v₀ cos(θ) = 20 cos(45°) ≈ 20 0.7071 ≈ 14.14 ft/sec

- v₀y = v₀ sin(θ) = 20 0.7071 ≈ 14.14 ft/sec

Step 2: Write the Vertical Motion Equation

The vertical displacement y(t) relative to the starting point (the bridge):

y(t) = v₀y t - (1/2) g t²

Since the object lands on the water surface, which is 9.5 ft below the starting point,
the vertical displacement from the launch point to the water is:

- y(t) = -9.5 ft

Substituting:

-14.14 t - 16.1 t² = -9.5

Rearranged:

16.1 t² - 14.14 t - 9.5 = 0

Step 3: Solve the Quadratic Equation for t



Using quadratic formula:

t = [14.14 ± √(14.14² - 4 16.1 (-9.5))] / (2 16.1)

Calculate discriminant:

D = 14.14² - 4 16.1 (-9.5) ≈ 200 + 612.7 ≈ 812.7

Square root of D:

√812.7 ≈ 28.53

Calculate t:

t = [14.14 + 28.53] / 32.2 ≈ 42.67 / 32.2 ≈ 1.33 seconds

or

t = [14.14 - 28.53] / 32.2 ≈ -14.39 / 32.2 (discard negative time)

Answer: The rock hits the water approximately 1.33 seconds after being thrown.

Step 4: Calculate Horizontal Distance

Now, using x = v₀x t:

x = 14.14 ft/sec 1.33 sec ≈ 18.8 feet

Conclusion:

Jesenia’s thrown rock will land approximately 18.8 feet horizontally from the base of
the bridge, roughly aligned with the point on the lake directly beneath the
projectile’s landing spot.

Real-World Applications and Broader
Implications

This example demonstrates how fundamental physics and mathematics principles
apply to everyday situations, from recreational activities to engineering projects.
Understanding projectile motion helps in designing safer bridges, calculating
trajectories for rescue operations, or even in sports analytics.

Engineering and Safety Considerations



Engineers designing pedestrian bridges and surrounding environments utilize these
calculations to ensure safety standards, such as:

- Preventing objects from falling onto pedestrians or boats

- Designing barriers or nets at specific heights and distances

Environmental and Scientific Relevance

Environmental scientists analyze how objects or pollutants disperse over water
bodies, relying on similar calculations to predict spread and impact zones.
Additionally, researchers studying animal behaviors, such as fish jumping, use
projectile motion principles to understand movement patterns.

Conclusion: The Power of Mathematical
Problem-Solving in Everyday Life

The scenario involving Jesenia on a pedestrian bridge above a lake underscores the
importance of mathematical literacy in interpreting and solving real-world problems.
Whether calculating the time it takes for an object to hit the water, determining the
distance it travels, or understanding the physics behind motion, these concepts are
integral to diverse fields. As we have explored through detailed calculations and
explanations, mastering such word problems enhances critical thinking, promotes
safety, and informs engineering and environmental decisions. Ultimately, these
mathematical tools empower us to navigate and analyze the physical world with
confidence and precision.
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