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Time, understanding how shadows work and how to interpret their lengths can be fascinating.

Shadows provide valuable insights into the position of the sun in the sky, which in turn helps us

understand the Earth's rotation and the sun's apparent movement throughout the day. This article

explores the science behind shadows, the concept of similar triangles, and how to calculate the sun's

angle based on shadow length. Whether you're a student, teacher, or simply a curious learner, this

comprehensive guide aims to clarify these concepts with clarity and depth.

---

Understanding Shadows and Their Significance

What Is a Shadow?

A shadow is an area where light from a source is blocked by an object. When sunlight hits an object

like Suzi, it creates a shadow on the ground. The size, shape, and length of this shadow depend on

several factors, primarily the position of the sun in the sky.

The Science Behind Shadows

Shadows are formed due to the rectilinear propagation of light. When light encounters an opaque

object, it cannot pass through, resulting in a shadow. The shape of the shadow mimics the shape of



the object but can vary in size depending on the angle of the light source.

Why Shadows Change Throughout the Day

As the Earth rotates, the position of the sun in the sky changes. This movement causes the length and

direction of shadows to change:

- Morning: Shadows are long and point westward.

- Noon: Shadows are shortest and point directly opposite the sun.

- Afternoon: Shadows lengthen again and point eastward.

This daily variation is a natural consequence of Earth's rotation and axial tilt.

---

The Geometry of Shadows: Similar Triangles and Sun Angles

Using Similar Triangles to Understand Shadow Lengths

When analyzing shadows, the principle of similar triangles is fundamental. Consider Suzi standing

upright, casting a shadow on the ground:

- The height of Suzi (1.7 meters) forms one side of a right triangle.

- The length of the shadow (0.3 meters) forms the other side.

- The angle of the sun (solar elevation angle) determines the shape of the triangle.

By understanding these relationships, we can calculate the sun's position in the sky based on shadow

measurements.



Calculating the Solar Elevation Angle

The solar elevation angle, often denoted as θ (theta), is the angle between the sun's rays and the

horizontal ground. It can be calculated using the following formula derived from basic trigonometry:

\[

\sin(θ) = \frac{\text{height of object}}{\text{length of shadow}}

\]

Given Suzi's height and shadow length:

\[

\sin(θ) = \frac{1.7}{0.3}

\]

However, since 1.7 is greater than 0.3, this indicates that the sun's rays are nearly vertical, and the

angle θ is quite high. But in this specific case, the ratio exceeds 1, which is impossible for sine values,

indicating that the shadow length is shorter than expected, possibly due to measurement errors or the

sun being very high in the sky.

To correctly interpret this, note that the actual calculation should consider the tangent of the angle:

\[

\tan(θ) = \frac{\text{height of object}}{\text{shadow length}}

\]

Thus:

\[

θ = \arctan \left( \frac{1.7}{0.3} \right)

\]



Calculating:

\[

θ = \arctan \left( 5.6667 \right)

\]

Using a calculator:

\[

θ \approx 80.2^\circ

\]

This means that at 2:00 PM, the sun is approximately 80.2 degrees above the horizon, which is typical

for midday when the sun is near its highest point.

---

The Significance of Shadow Lengths in Time and Location

Determining Time of Day

Shadows are often used to estimate the time of day before clocks were widespread. Shorter shadows

indicate midday hours, while longer shadows are associated with morning or late afternoon.

Calculating Latitude and Longitude

Historically, sailors and explorers used shadow measurements to determine their geographic location:

- By measuring the shadow length of a vertical object at noon.



- Comparing the shadow angle with known solar angles at different latitudes.

- Using this data to approximate their position on Earth.

Applications in Modern Science and Daily Life

Today, understanding shadows is crucial in various fields:

- Astronomy: Calculating the solar angle for celestial observations.

- Architecture: Designing buildings for optimal sunlight exposure.

- Agriculture: Planning planting schedules based on sunlight.

- Photography: Planning shots based on natural light.

---

Practical Examples and Calculations

Example 1: Estimating the Sun's Position

Given Suzi's height (1.7 meters) and shadow length (0.3 meters):

\[

θ \approx 80.2^\circ

\]

This high angle suggests that at 2:00 PM, the sun is nearly overhead, especially during summer in

mid-latitude regions.



Example 2: Predicting Shadow Length at Different Times

Suppose you want to know how long Suzi's shadow would be at 3:00 PM when the solar elevation

angle drops to 70 degrees:

\[

\text{Shadow length} = \frac{\text{height of Suzi}}{\tan(70^\circ)} \approx \frac{1.7}{2.747} \approx 0.618

\text{ meters}

\]

Thus, at 3:00 PM, Suzi's shadow would be approximately 0.62 meters long, longer than at 2:00 PM.

---

Conclusion: The Importance of Shadow Measurements

Understanding how to interpret shadows is a fundamental skill that combines basic geometry,

astronomy, and observational science. By measuring shadows and applying principles like similar

triangles and trigonometry, we can infer the position of the sun, estimate the time of day, and even

determine geographic locations.

In Suzi's case, measuring her shadow at 2:00 PM reveals that the sun is nearly at its zenith,

highlighting the usefulness of simple observations for understanding complex natural phenomena.

Whether for educational purposes, navigation, or architectural design, shadow analysis remains an

essential tool in our understanding of the world around us.

---
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Frequently Asked Questions

How can we determine Suzi's height using her shadow length and the

shadow's length at the same time?

You can use similar triangles formed by the sun's rays, Suzi, and her shadow. By comparing the ratio

of Suzi's height to her shadow length with the sun's angle, you can verify her height or find the sun's

angle of elevation.

What is the approximate angle of elevation of the sun at 2:00 PM

when Suzi's shadow is 0.3 meters long?

Using the tangent function: tan(angle) = height / shadow length = 1.7 / 0.3 ≈ 5.67. Therefore, angle ≈

arctangent(5.67) ≈ 80.1 degrees.

If Suzi's shadow was twice as long, what would her height be

assuming the same sun angle?

If the shadow doubled to 0.6 meters at the same sun angle, Suzi's height would be approximately 1.7

meters, since her actual height remains constant. The length of the shadow depends on the sun's

position, not her height.

Can we determine the time of day based on Suzi's shadow length?

Yes, by knowing her height and shadow length, and assuming the sun's position changes predictably

during the day, we can estimate the time. Shorter shadows indicate midday, while longer shadows are

early morning or late afternoon.



Why is Suzi's shadow shorter than her height at 2:00 PM?

Typically, shadows are shortest around solar noon when the sun is highest in the sky. If her shadow is

only 0.3 meters while she is 1.7 meters tall, it suggests the sun is very close to directly overhead at

that time.

How does the sun's position affect the length of Suzi's shadow?

The sun's position determines the angle of sunlight. When the sun is higher in the sky, shadows are

shorter. When the sun is lower, shadows lengthen. Therefore, the shadow length varies throughout the

day based on the sun's elevation.

Additional Resources

Understanding Shadow Lengths and Height: An In-Depth Analysis of Suzi’s Measurement

When exploring the fascinating relationship between a person's height and their shadow, we're delving

into an interplay of geometry, astronomy, and everyday observation. Suzi, a girl standing 1.7 meters

tall, provides an excellent case study to understand how shadow lengths can be used to infer

information about the position of the sun, the time of day, and even geographic location. At 2:00 PM,

Suzi’s shadow measures 0.3 meters long — a seemingly simple fact that opens the door to a wealth of

scientific and mathematical insights. In this comprehensive review, we will explore the principles

underlying shadow measurements, how to interpret them, and what they reveal about the sun’s

position and the time of day.

---

The Fundamentals of Shadow Formation



How Shadows Are Created

Shadows are formed when an opaque object blocks light from a source, most commonly the Sun in

everyday circumstances. The length and direction of a shadow depend on several factors:

- The position of the light source in the sky

- The object's height and shape

- The surface onto which the shadow is cast

- The time of day and geographic location

When the Sun is high in the sky, shadows tend to be shorter; when it is lower, shadows stretch longer.

Key Variables Influencing Shadow Length

Understanding the variables involved helps interpret shadow measurements accurately:

- Solar Elevation Angle (α): The angle between the Sun’s rays and the horizontal plane at the

observer’s location.

- Object Height (h): The height of the object casting the shadow.

- Shadow Length (L): The distance from the base of the object to the tip of its shadow on the ground.

The fundamental relationship derived from basic trigonometry is:

\[ \tan(\alpha) = \frac{h}{L} \]

or equivalently,

\[ \alpha = \arctan\left(\frac{h}{L}\right) \]

This relationship allows us to infer the solar elevation angle from known shadow lengths and object

heights.



---

Applying Geometry to Suzi’s Shadow at 2:00 PM

Given Data Recap

- Suzi’s height, \( h = 1.7 \text{ meters} \)

- Shadow length at 2:00 PM, \( L = 0.3 \text{ meters} \)

With these, we can calculate the solar elevation angle at this specific time.

Calculating the Solar Elevation Angle

Using the tangent relationship:

\[ \alpha = \arctan\left(\frac{h}{L}\right) = \arctan\left(\frac{1.7}{0.3}\right) \]

Calculating the ratio:

\[ \frac{1.7}{0.3} \approx 5.6667 \]

Applying the arctangent:

\[ \alpha \approx \arctan(5.6667) \]

Using a calculator or computational tool:



\[ \alpha \approx 80.1^\circ \]

This indicates that at 2:00 PM, the Sun’s rays make an angle of approximately 80.1 degrees with the

horizontal surface.

Interpreting the Result

An elevation angle of roughly 80 degrees signifies that the Sun is very high in the sky, nearly directly

overhead. This is consistent with typical midday or early afternoon sun positions in many geographic

locations during certain times of the year.

---

Implications of the Shadow Length and Time of Day

Why Is the Shadow So Short?

A shadow length of only 0.3 meters for someone 1.7 meters tall is remarkably short. Several factors

contribute to this:

- Sun’s Position: The high solar elevation angle means the Sun is near its zenith.

- Time of Day: Around noon or early afternoon, when the Sun is at its highest point.

- Latitude and Season: The Sun’s angle varies with the observer’s geographic location and the

season, affecting shadow length.

Estimating the Sun’s Position Over the Day

Shadow lengths change throughout the day as the Sun moves across the sky. By measuring shadow

lengths at different times, one can reconstruct the Sun’s apparent path.



- Morning: Shadows are long and point westward.

- Noon: Shadows are shortest, pointing north or south depending on hemisphere.

- Afternoon: Shadows lengthen again, pointing eastward.

The very short shadow at 2:00 PM suggests the Sun is near its highest point, which typically occurs

around solar noon, but exact timing varies with location and date.

---

Mathematical Modeling of Shadow Lengths Throughout the Day

Using Trigonometry to Model Shadow Lengths

Suppose we want to model how shadow length \( L(t) \) varies with time:

\[ L(t) = h \cot(\alpha(t)) \]

Where \( \alpha(t) \) is the solar elevation at time \( t \).

Assuming the Sun moves symmetrically across the sky:

\[ \alpha(t) = \arcsin(\sin(\delta) \sin(\phi) + \cos(\delta) \cos(\phi) \cos(H(t))) \]

- \( \delta \): Solar declination (depends on the season)

- \( \phi \): Latitude of the location

- \( H(t) \): Hour angle, representing the Sun’s position relative to solar noon

By plugging in the values and solving, one can find the predicted shadow length at any given time.



Estimating Latitude and Season

Given the high solar elevation at 2:00 PM, we can approximate the latitude or season:

- If the location is near the equator: Sun is nearly overhead at midday around equinoxes.

- In higher latitudes: The Sun’s maximum elevation is lower, but a 80-degree angle suggests a location

experiencing summer or near the tropics.

---

Real-World Applications and Significance of Shadow

Measurements

Historical and Cultural Significance

Shadow measurements have historically been used to:

- Determine the time of day before mechanical clocks

- Measure geographic latitude (e.g., Eratosthenes’ calculation of Earth’s circumference)

- Understand seasonal changes

Modern Scientific and Educational Uses

Today, shadow measurements are still relevant for:

- Teaching basic principles of astronomy and geometry

- Designing solar panel systems by analyzing solar angles

- Navigating and orienting in the field



Practical Examples

- Solar panel orientation: Optimizing tilt and azimuth based on the Sun’s elevation.

- Architectural design: Planning building shadows for energy efficiency.

- Agricultural planning: Understanding sunlight exposure for crops.

---

Additional Factors Affecting Shadow Lengths

Atmospheric Conditions

- Refraction: Slight bending of sunlight can influence apparent solar elevation.

- Cloud Cover: Affects the intensity and apparent position of the Sun, which can alter shadow lengths.

Topography and Surface Irregularities

- Uneven terrain can distort measurements.

- Shadows cast on inclined or uneven surfaces may not accurately reflect the true sun angle.

Object Shape and Orientation

- The shape of the object affects the shadow's shape but not its length, assuming the object is vertical.

- For irregular objects, shadow measurements may require corrections.

---



Limitations and Considerations in Shadow Measurement

Accuracy of Measurement

- Precise measurement of shadow length requires careful setup.

- Small errors in measuring the shadow tip or the object height can lead to significant deviations in

calculated angles.

Temporal Variations

- Shadows change rapidly as the Sun moves, so timing is critical.

- Consistency in measurement time is essential.

Geographic and Seasonal Variability

- The same shadow length at a different location or season might imply different solar positions.

---

Conclusion: What Suzi’s Shadow Tells Us

Suzi’s shadow length of 0.3 meters at 2:00 PM, given her height of 1.7 meters, indicates a very high

Sun position, with a calculated elevation angle of approximately 80 degrees. This information not only

confirms the time of day but also provides insight into the Sun’s apparent path across the sky at her

particular location and season.

Understanding shadow measurements extends beyond simple curiosity; it embodies foundational

principles of astronomy, geometry, and physics that have historically shaped our understanding of

Earth and the cosmos. Whether used to estimate geographic latitude, determine the time, or optimize



solar energy systems, analyzing shadows remains a vital and accessible scientific tool.

In essence, Suzi’s example exemplifies how a simple shadow can unlock complex insights about our

environment, the Sun’s movement, and the geometry of our world. It encourages a deeper

appreciation of the natural phenomena around us and underscores the importance of precise

measurement and mathematical reasoning in understanding our universe.
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