9. A Building 62 Feet Tall Casts A Shadow 21
Meters Long. At What Angle Is The Sun
Shining On The Building?A.

9. A Building 62 Feet Tall Casts A Shadow 21 Meters Long. At What Angle Is The Sun
Shining On The Building?A. Understanding the angle at which sunlight strikes a building is
essential in various fields, including architecture, urban planning, and environmental science. This
article explores how to determine the sun’s angle based on the building's height and its shadow
length, providing a comprehensive guide with step-by-step calculations, practical applications, and
related concepts.

Understanding the Basics: Shadows and Sun Angles

What Is a Shadow?

A shadow is a dark area or shape produced by an object blocking light from a source, such as the sun.
The length and direction of a shadow depend on the position of the light source relative to the object.

Why Is the Sun’s Angle Important?

The sun’s angle affects:

- The length of shadows cast by objects

- The intensity and distribution of sunlight on surfaces

- Building design, especially in passive solar heating and shading
- Agricultural planning and crop management

- Solar panel positioning for optimal energy capture

Calculating the Sun’s Angle: The Core Concept

The Relationship Between Height, Shadow Length, and Angle

At the heart of the calculation is basic trigonometry. When sunlight hits a building, it creates a right
triangle with:

- The building’s height as the opposite side
- The shadow length as the adjacent side
- The angle of elevation of the sun as the angle between the sunlight and the ground

Using the tangent function:



\[
\tan(\theta) = \frac{\text{Opposite}} {\text{Adjacent}}

\]

Where:

-\(\theta\) is the angle of elevation (the angle at which the sun shines on the building)
- Opposite is the building’s height

- Adjacent is the shadow length

Converting Measurements for Accurate Calculation

Unit Consistency Is Key

Since the building's height is in feet and the shadow length is in meters, it's essential to convert units
to the same system before calculation.

- 1 foot = 0.3048 meters
Given:

- Building height = 62 feet
- Shadow length = 21 meters

Convert height:

\[

62\, \text{feet} \times 0.3048\, \text{meters/foot} = 18.8976\, \text{meters}
\]

Now, the height and shadow length are both in meters:

- Height = 18.8976 meters
- Shadow length = 21 meters

Step-by-Step Calculation of the Sun’s Angle

Applying the Tangent Function

Using the formula:

\[
\theta = \arctan \left( \frac{\text{Height} } {\text{Shadow Length}} \right)

\]

Substitute the values:



\[
\theta = \arctan \left( \frac{18.8976} {21} \right)
\]

Calculate the ratio:

\[
\frac{18.8976} {21} \approx 0.9004
\]

Determine the arctangent (inverse tangent):

\[
\theta = \arctan(0.9004)
\]

Using a calculator:

\[
\theta \approx 42.0"\circ
\]

Result: The sun’s angle of elevation when it shines on the building, creating this shadow length, is
approximately 42 degrees.

Practical Applications of Knowing the Sun’s Angle

Understanding the sun’s angle has multiple real-world implications:

Architectural Design and Urban Planning

Designers can optimize building orientation to maximize natural light, reduce cooling costs, and
enhance energy efficiency. For example:

- Positioning windows and shading devices
- Planning for solar panel installation angles
- Avoiding excessive shadowing on neighboring buildings

Agriculture and Gardening

Farmers and gardeners use sun angle data to determine the best placement for crops, ensuring they
receive adequate sunlight throughout the day and year.

Environmental Impact and Sustainability

Accurate sun angle calculations are vital for sustainable building practices, reducing reliance on



artificial lighting, and harnessing solar energy effectively.

Additional Factors to Consider

While the calculation provides an approximate sun angle, several factors can influence the actual
sunlight:

* Time of Day: Sun position varies from sunrise to sunset.
e Season: The sun’s declination changes throughout the year, affecting the angle.
e Latitude: Location on Earth impacts the sun’s apparent path in the sky.

e Obstructions: Nearby structures or terrain can alter the shadow length and direction.

For precise applications, solar position algorithms and tools like solar calculators or solar path charts
are used, which factor in date, time, and geographic location.

Summary and Key Takeaways

- The height of a building and its shadow length are directly related through basic trigonometry.
- Converting units ensures accurate calculations; in this case, feet to meters.

- Using \(\arctan\) of the ratio of height to shadow length yields the sun’s elevation angle.

- The calculated angle (~42 degrees) indicates the sun’s position relative to the ground at that
specific moment.

- Understanding sun angles helps optimize building design, energy efficiency, and environmental
planning.

Final Remarks

Determining the sun’s angle based on shadow measurements is a fundamental skill in various
scientific and practical fields. Whether for architects designing energy-efficient buildings, farmers
planning crop layouts, or environmentalists studying solar exposure, mastering this calculation
enhances decision-making and promotes sustainable practices.

Remember, for more precise and location-specific data, utilize solar position calculators or solar
tracking tools, especially when planning for specific dates and times. With a solid grasp of the
underlying principles, you can accurately assess sunlight angles and harness solar energy effectively.



Frequently Asked Questions

How do you calculate the angle of the sun's rays when given
the building's height and shadow length?

You use the tangent function: angle = arctangent (height / shadow length).

What is the first step to find the sun's angle when the
building's height is 62 feet and the shadow is 21 meters long?

Convert the building's height to the same units as the shadow length, then apply the tangent inverse
function.

Convert 62 feet to meters before calculating the sun's angle.
How do you do this?

Use the conversion 1 foot = 0.3048 meters: 62 ft x 0.3048 = 18.9 meters.

Once the height is converted to meters, what is the formula
to find the angle of the sun?

angle = arctangent (height in meters / shadow length in meters).

Calculate the sun's angle if the building height is 18.9 meters
and the shadow length is 21 meters.

angle = arctangent (18.9 / 21) = arctangent (0.9) = 42.0 degrees.

Why is understanding the sun's angle important in
architecture and construction?

It helps in designing buildings with optimal natural lighting, shading, and energy efficiency.

Can the sun's angle be different at different times of the day
for the same building?

Yes, the sun's angle varies throughout the day, affecting the length and direction of shadows.

What tools or software can be used to accurately calculate
the sun's angle for a specific location and time?

Tools like solar angle calculators, CAD software with solar analysis features, or apps like SunCalc can
be used.



How does the Earth's tilt affect the sun's angle at different
times of the year?

Earth's tilt causes the sun's path to change seasonally, resulting in varying angles of sunlight and
shadow lengths.

Additional Resources

A Building 62 Feet Tall Casts A Shadow 21 Meters Long. At What Angle Is The Sun Shining On The
Building? — An In-Depth Analytical Exploration

Introduction: Understanding the Significance of Sun
Angles and Shadow Lengths

In the realm of physics, astronomy, and even architecture, the study of shadows and their lengths
offers valuable insights into the position of the sun in the sky at any given time and location. Shadows
are more than mere visual phenomena; they are windows into the celestial mechanics governing our
planet. When a building casts a shadow, the length and direction of that shadow depend on the sun's
angle relative to the Earth's surface.

This article delves into a specific problem: a building that stands 62 feet tall casts a 21-meter-long
shadow. The question posed is straightforward yet rich in mathematical and scientific implications: At
what angle is the sun shining on the building? To answer this, we will explore the concepts of solar
elevation angles, the importance of unit conversions, the application of trigonometry, and the
contextual factors influencing shadow lengths.

Section 1: Fundamental Concepts — Shadows and Solar
Elevation

What is the Solar Elevation Angle?

The solar elevation angle, also known as the solar altitude, is the angle between the sun's rays and
the horizontal plane at a specific location and time. When the sun is directly overhead, the elevation
angle is 90 degrees. As the sun moves toward the horizon, this angle decreases toward 0 degrees.

Understanding this angle is crucial because it influences:



- The length of shadows cast by objects
- The intensity of sunlight received
- The time of day and season

How Shadows Relate to the Sun's Position

The length of a shadow depends on:

- The height of the object casting the shadow
- The sun's elevation angle

Mathematically, the relationship can be expressed as:
\[ \text{Shadow Length} = \text{Object Height} \times \cot(\theta) \]

where 6 is the solar elevation angle.

Section 2: Units and Measurements — Converting Feet
to Meters

Why Is Unit Conversion Important?

In scientific calculations, consistency of units is vital. The problem provides the building's height in
feet and the shadow length in meters. To accurately compute the sun's angle, both measurements
must be expressed in the same unit system.

Conversion Factors

- 1 foot = 0.3048 meters
- Therefore, the building's height in meters:

\[ 62\, \text{feet} \times 0.3048\, \text{meters/foot} = 18.898\, \text{meters} \]

This precise conversion ensures the calculation's accuracy.



Section 3: Mathematical Framework — Applying
Trigonometry to Shadow Lengths

Understanding the Right Triangle

The scenario can be visualized as a right triangle:

- The vertical leg: the height of the building (18.898 meters)
- The horizontal leg: the shadow length (21 meters)

- The angle: the solar elevation angle (8)

The relationship between these components is:

\[ \tan(\theta) = \frac{\text{Opposite} } {\text{Adjacent}} = \frac{\text{Building
Height}} {\text{Shadow Length}} \]

Rearranged to find 6:

\[ \theta = \arctan\left(\frac{\text{Building Height}} {\text{Shadow Length} }\right) \]

Calculating the Solar Elevation Angle

Using the values:

\[ \theta = \arctan\left(\frac{18.898}{21}\right) \]
Calculating the ratio:

\[ \frac{18.8983} {21} \approx 0.9009 \]

Applying the arctangent function:

\[ \theta \approx \arctan(0.9009) \]

Using a calculator or computational tool:

\[ \theta \approx 42.0"™\circ \]

Result: The sun is shining on the building at approximately 42 degrees above the horizon.



Section 4: Contextual Analysis — Implications and Real-
World Considerations

Significance of the 42-Degree Angle

The calculated solar elevation angle of about 42 degrees provides insights into:

- Time of Day: Typically, the sun reaches about 42 degrees around mid-morning or mid-afternoon,
depending on the geographic location and season.

- Seasonal Variations: The sun's elevation varies through the year; thus, this angle can help estimate
the approximate date if the location is known.

- Architectural Planning: Knowledge of sunlight angles assists architects in designing buildings for
optimal natural lighting, shading, and energy efficiency.

Geographical and Temporal Factors

The actual sun angle at a specific time depends on:

- Latitude: Closer to the equator, the sun's path is higher in the sky.

- Time of Day: The sun's elevation peaks at solar noon.

- Season: During summer, the sun's elevation is higher; during winter, it is lower.

- Date and Time: Precise angles require knowing the exact date, time, and location.

If the building's location is known, one could utilize solar position calculators or astronomical tables to
verify the approximate time of day when such a shadow length occurs.

Section 5: Broader Applications and Significance

In Architecture and Urban Planning

Understanding solar angles and shadow lengths is fundamental in:

- Designing buildings that maximize natural light
- Minimizing shadow casting on neighboring structures
- Planning outdoor spaces with appropriate shading



In Agriculture and Environmental Science

- Determining sunlight exposure for crops
- Planning green spaces for optimal sunlight

In Solar Energy Deployment

- Optimizing the placement and tilt of solar panels
- Estimating solar irradiance throughout the year

In Education and Scientific Research

- Demonstrating principles of trigonometry and physics
- Developing practical skills in data analysis

Conclusion: Integrating Science and Practical
Knowledge

The problem of determining the sun's angle based on shadow length and object height exemplifies
the elegant intersection of geometry, physics, and real-world application. Through unit conversion,
trigonometric principles, and contextual understanding, we have established that a 62-foot-tall
building casting a 21-meter shadow signifies a solar elevation angle of approximately 42 degrees.
This insight not only satisfies academic curiosity but also informs practical decisions in architecture,
urban planning, and environmental management.

Understanding and calculating such angles underscore the importance of interdisciplinary knowledge,
bridging abstract scientific concepts with tangible daily phenomena. Whether for designing energy-
efficient structures, analyzing natural landscapes, or simply appreciating the mechanics of sunlight,
such calculations deepen our grasp of the natural world and enhance our ability to adapt to it.

In summary, the key takeaway is that the sun's rays strike the building at an angle of about 42
degrees above the horizon, as inferred from the shadow length and building height. This precise
measurement exemplifies how fundamental trigonometry can decode the subtle yet significant
patterns of sunlight we observe every day.
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