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A SMALL Tree THAT Is 8 FeeT TALL CAsTS A 4-FooT SHADOW, WHILE A BUILDING THAT Is 24 FeeT TALL CAsTS A Is
A FASCINATING SCENARIO THAT HIGHLIGHTS THE PRINCIPLES OF SIMILAR TRIANGLES, RATIOS, AND PROPORTIONS IN GEOMETRY.
UNDERSTANDING HOW SHADOWS RELATE TO THE HEIGHT OF OBJECTS ALLOWS US TO MAKE PREDICTIONS ABOUT THE LENGTH OF
SHADOWS CAST BY OTHER OBJECTS BASED ON THEIR HEIGHT AND THE ANGLE OF THE SUNLIGHT. THIS ARTICLE EXPLORES THE
MATHEMATICAL RELATIONSHIPS INVOLVED, DEMONSTRATES HOW TO CALCULATE SHADOW LENGTHS, AND DISCUSSES REAL-
WORLD APPLICATIONS OF THESE CONCEPTS.

UNDERSTANDING THE RELATIONSHIP BETWEEN HEIGHT AND SHADOW LENGTHS

THE PRINCIPLE OF SIMILAR TRIANGLES

\W/HEN SUNLIGHT HITS AN OBJECT, IT CREATES A SHADOW THAT FORMS SIMILAR TRIANGLES BETWEEN THE OBJECT, ITS SHADOW,
AND THE SUN'S RAYS. BECAUSE THE SUN'S RAYS ARE EFFECTIVELY PARALLEL, THE TRIANGLES FORMED BY THE OBJECT AND ITS
SHADOW ARE SIMILAR, MEANING THEIR CORRESPONDING ANGLES ARE EQUAL, AND THEIR SIDES ARE PROPORTIONAL.

THIS SIMILARITY PROVIDES THE FOUNDATION FOR CALCULATING UNKNOWN SHADOW LENGTHS WHEN THE HEIGHT OF THE OBJECT
AND THE LENGTH OF A KNOWN SHADOW ARE KNOWN:

- |F AN OBJECT OF KNOWN HEIGHT CASTS A SHADOW OF KNOWN LENGTH, THEN ANY OTHER OBJECT ILLUMINATED UNDER THE SAME
CONDITIONS WILL HAVE A SHADOW LENGTH PROPORTIONAL TO ITS HEIGHT.

RATIO OF HEIGHT TO SHADOW LENGTH

IN THE CASE OF THE SMALL TREE:
- HEIGHT OF THE TREE: 8 FEET
- SHADOW LENGTH: 4 FEET

THE RATIO OF HEIGHT TO SHADOW LENGTH IS:
-8FT/4FT=2

THIS MEANS THE TREE'S HEIGHT IS TWICE ITS SHADOW LENGTH, AND THIS RATIO REMAINS CONSTANT FOR OTHER OBJECTS UNDER
THE SAME ANGLE OF SUNLIGHT.

APPLYING THIS RATIO HELPS US ANSWER QUESTIONS ABOUT OTHER OBJECTS, SUCH AS A BUILDING, OR TO VERIFY IF THE
CONDITIONS ARE SIMILAR.

CALCULATING THE SHADOW LENGTH OF THE BUILDING

Given DATA

- BUILDING HEIGHT: 24 FEET
- KNOWN RATIO FROM THE SMALL TREE: 8 FT [ 4 FT =2



APPLYING THE RATIO
ASSUMING THE SAME SUN ANGLE (\X/HICH IT IS, IF THE SHADOWS ARE CAST AT THE SAME TIME AND LOCATION), THE RATIO OF

HEIGHT TO SHADOW LENGTH REMAINS CONSTANT.

To FIND THE SHADOW LENGTH OF THE BUILDING:
- SHADOW LENGTH = BUILDING HEIGHT / RATIO
- SHADOW LENGTH =24 FT /2 =12 FT

THEREFORE, A BUILDING THAT IS 24 FEET TALL WILL CAST A 12-FOOT SHADOW UNDER THE SAME CONDITIONS.

UNDERSTANDING V ARIATIONS IN SHADOW LENGTHS

INFLUENCE OF SUN ANGLE

THE LENGTH OF A SHADOW DEPENDS ON THE ANGLE OF THE SUN:
- WHEN THE SUN IS HIGHER IN THE SKY, SHADOWS ARE SHORTER.
- \WHEN THE SUN IS LOWER, SHADOWS ARE LONGER.

IN OUR EXAMPLE, THE RATIO REMAINS CONSISTENT BECAUSE THE SUN’S POSITION IS THE SAME FOR BOTH THE SMALL TREE AND
THE BUILDING.

CHANGING CONDITIONS AND THEIR EFFECTS

IF THE SUN'S ANGLE CHANGES, THE RATIO OF HEIGHT TO SHADOW LENGTH ALSO CHANGES!

- For EXAMPLE, IF THE SUN IS LOWER, THE SHADOWS WILL LENGTHEN, AND THE PROPORTIONALITY WILL NO LONGER HOLD.

- TO CALCULATE SHADOW LENGTHS UNDER DIFFERENT SUN ANGLES, TRIGONOMETRY BECOMES NECESSARY, SPECIFICALLY THE
TANGENT FUNCTION.

UsING TRIGONOMETRY TO FIND SHADOW LENGTHS

THe RoLE oF THE T ANGENT FUNCTION

THE TANGENT OF THE ANGLE OF ELEVATION OF THE SUN (©) RELATES THE HEIGHT OF THE OBJECT (H) TO THE LENGTH OF ITS
sHapow (L):

-tan(e) =H/L

- RearranGeD: L =H / Tan(o)

IF THE SUN'S ANGLE IS KNOWN, YOU CAN DIRECTLY COMPUTE THE SHADOW LENGTH.

ExAMPLE CALCULATION

SUPPOSE THE SUN'S ELEVATION ANGLE IS 45°:

- For THE smALL TRee (8 FT TALL):

- SHADOW LENGTH = 8 / TaN(45°) =8 / 1 = 8 FeeT

- For THE BUILDING (24 FT TALL):

- SHADOW LENGTH = 24 | TaN(45°) = 24 | 1 = 24 reeT

THIS EXAMPLE ILLUSTRATES THAT AT A 45° SUN ANGLE, THE SHADOW LENGTH EQUALS THE OBJECTIS HEIGHT.



ReEAL-W ORLD APPLICATIONS OF SHADOW AND HEIGHT RELATIONSHIPS

EsSTIMATING HEIGHTS OF TALL STRUCTURES

PEOPLE OFTEN USE SHADOW MEASUREMENTS TO ESTIMATE THE HEIGHT OF TALL OBJECTS:
- MEASURE THE SHADOW OF A KNOWN OBJECT.

- MEASURE THE SHADOW OF THE TARGET OBJECT.

- USE RATIOS TO COMPUTE THE UNKNOWN HEIGHT.

NAVIGATION AND SURVEYING

SURVEYORS USE SIMILAR TRIANGLES AND SHADOW MEASUREMENTS FOR:
- LAND ASSESSMENTS

- CONSTRUCTION PLANNING

- DETERMINING THE HEIGHT OF INACCESSIBLE STRUCTURES

EbucATIONAL PURPOSES

UNDERSTANDING THESE RELATIONSHIPS HELPS STUDENTS GRASP FUNDAMENTAL CONCEPTS IN GEOMETRY AND TRIGONOMETRY,
ENABLING THEM TO SOLVE REAL-WORLD PROBLEMS INVOLVING SHADOWS AND HEIGHTS.

SUMMARY AND KEY T AKEAWAYS

- THE RATIO OF AN OBJECT/S HEIGHT TO ITS SHADOW LENGTH REMAINS CONSTANT UNDER THE SAME SUN ANGLE.

- FOR THE SMALL TREE THAT IS 8 FEET TALL CASTING A 4-FOOT SHADOW/, THE RATIO IS 2, MEANING THE HEIGHT IS TWICE THE
SHADOW LENGTH.

- APPLYING THIS RATIO TO A 24-FOOT TALL BUILDING UNDER THE SAME CONDITIONS RESULTS IN A 12-FOOT SHADOW.

- CHANGES IN THE SUN'S ELEVATION ANGLE AFFECT SHADOW LENGTHS, AND TRIGONOMETRY PROVIDES PRECISE CALCULATIONS
WHEN ANGLES ARE KNOWN.

- SHADOW MEASUREMENTS ARE PRACTICAL TOOLS FOR ESTIMATING HEIGHTS AND ARE WIDELY USED IN VARIOUS FIELDS
INCLUDING ENGINEERING, NAVIGATION, AND EDUCATION.

BY UNDERSTANDING THE GEOMETRIC PRINCIPLES BEHIND SHADOW CASTING, WE GAIN VALUABLE INSIGHTS INTO NATURAL

PHENOMENA, ENABLING US TO MAKE ACCURATE PREDICTIONS AND SOLVE REAL-WORLD PROBLEMS RELATED TO HEIGHTS AND
SHADOWS.

FREQUENTLY ASkeD QUESTIONS

How DOES THE HEIGHT OF A TREE COMPARE TO ITS SHADOW LENGTH?

TYPICALLY, A TALLER OBJECT LIKE A TREE CASTS A LONGER SHADOW , AS SEEN WITH AN 8-FOOT TREE CASTING A 4-FOOT
SHADOW, INDICATING THE SHADOW'S LENGTH IS PROPORTIONAL TO THE SUN'S POSITION AND THE OBJECT’S HEIGHT.

\WHAT IS THE RATIO OF THE TREE'S HEIGHT TO ITS SHADOW LENGTH?

THE RATIO IS 8 FEET (HEIGHT) TO 4 FEET (SHADOW), SIMPLIFYING TO 2:1, MEANING THE TREE'S HEIGHT IS TWICE ITS SHADOW
LENGTH.



IF A 24-FOOT BUILDING CASTS A CERTAIN SHADOW, HOW CAN WE DETERMINE ITS
SHADOW LENGTH BASED ON THE TREE'S SHADOW?

ASSUMING SIMILAR SUN CONDITIONS, THE SHADOW LENGTH OF THE BUILDING CAN BE FOUND USING PROPORTIONALITY. SINCE THE
TREE'S SHADOW 1S 4 FEET AT 8 FEET HEIGHT, THE BUILDING'S SHADOW WOULD BE 12 FEET AT 24 FEET HEIGHT (SCALING
PROPORTIONALLY ).

\WHY DO OBJECTS OF DIFFERENT HEIGHTS CAST SHADOWS OF DIFFERENT LENGTHS?

SHADOWS DEPEND ON THE SUN'S ANGLE, TALLER OBJECTS GENERALLY CAST LONGER SHADOWS WHEN THE SUN IS LOWER IN THE
SKY, BUT THE ACTUAL LENGTH ALSO DEPENDS ON THE OBJECTIS HEIGHT AND THE SUN'S POSITION.

How CAN SIMILAR TRIANGLES HELP IN UNDERSTANDING SHADOWS OF DIFFERENT
OBJECTS?

SHADOWS OF OBJECTS ARE SIMILAR TRIANGLES TO THE OBJECTS THEMSELVES; BY COMPARING THEIR HEIGHTS AND SHADOW
LENGTHS, WE CAN DETERMINE UNKNOWN MEASUREMENTS USING PROPORTIONAL RELATIONSHIPS.

\WHAT FACTORS INFLUENCE THE LENGTH OF A SHADOW CAST BY A BUILDING OR TREE?

FACTORS INCLUDE THE SUN'S ANGLE (TIME OF DAY/YEAR), THE OB_JECT/S HEIGHT, AND ATMOSPHERIC CONDITIONS, WHICH ALL
AFFECT HOW LONG THE SHADOW APPEARS.

CAN THE SHADOW LENGTH OF THE BUILDING BE CALCULATED IF THE SUN'S POSITION IS
KNOWN?

YESI BY USING TRIGONOMETRY AND THE SUN'S ANGLE OF ELEVATION, YOU CAN CALCULATE THE SHADOW LENGTH BASED ON THE
BUILDING'S HEIGHT AND THE SUN'S POSITION.

\WHAT IS THE IMPORTANCE OF UNDERSTANDING SHADOW RATIOS IN REAL-WORLD
APPLICATIONS?

SHADOW RATIOS ARE USEFUL IN ARCHITECTURE, ASTRONOMY, AND NAVIGATION TO DETERMINE OBJECT HEIGHTS, TIME OF DAY,
OR SUN POSITION, ESPECIALLY WHEN DIRECT MEASUREMENT ISN'T POSSIBLE.

ADDITIONAL RESOURCES

A SMALL TRee THAT Is 8 FEeT TALL CAsTS A 4-FooT SHADOW, WHILE A BUILDING THAT Is 24 FeeT TALL CAsTSs A

INTRODUCTION

IN THE REALM OF PHYSICS AND GEOMETRY, THE STUDY OF SHADOWS IS A FASCINATING INTERSECTION OF LIGHT, DISTANCE, AND
OBJECT DIMENSIONS. SHADOWS SERVE AS NATURAL PROOFS OF THE RELATIONSHIPS BETWEEN AN OBJECT’S SIZE, THE ANGLE OF
THE LIGHT SOURCE, AND THE DISTANCE FROM THE OBJECT TO THE GROUND. THE SEEMINGLY SIMPLE OBSERVATION THAT AN 8-
FOOT TREE CASTS A 4-FOOT SHADOW, WHILE A 24-FOOT BUILDING CASTS AN UNSPECIFIED SHADOW LENGTH, OPENS A
WINDOW INTO UNDERSTANDING THE PRINCIPLES OF SIMILAR TRIANGLES, THE BEHAVIOR OF LIGHT, AND THE IMPORTANCE OF
CONTEXTUAL CONDITIONS.

THIS ARTICLE AIMS TO ANALYZE THESE OBSERVATIONS THROUGH AN INVESTIGATIVE LENS, EXPLORING THE UNDERLYING
GEOMETRIC PRINCIPLES, POTENTIAL VARIABLES AFFECTING SHADOW LENGTHS, AND THE PRACTICAL IMPLICATIONS OF THESE
MEASUREMENTS. W/E WILL DELVE INTO THE PHYSICS OF SHADOWS, THE ROLE OF THE SUN’S POSITION, AND HOW THESE



PRINCIPLES CAN BE APPLIED IN REAL-WORLD SCENARIOS SUCH AS ARCHITECTURE, ASTRONOMY , AND ENVIRONMENTAL SCIENCE.

THE GEOMETRIC FOUNDATIONS OF SHADOWS

SIMILAR TRIANGLES AND SHADOW LENGTHS

AT THE CORE OF UNDERSTANDING SHADOWS IS THE CONCEPT OF SIMILAR TRIANGLES. W/HEN SUNLIGHT STRIKES AN OBJECT, IT
CREATES A SHADOW THAT FORMS A RIGHT-ANGLED TRIANGLE, WITH THE OBJECT ITSELF AS ONE LEG, THE GROUND AS THE

OTHER, AND THE LINE OF SUNLIGHT AS THE HYPOTENUSE.

- KEY PRINCIPLE: THE RATIO OF THE HEIGHT OF THE OBJECT TO THE LENGTH OF ITS SHADOW IS DIRECTLY PROPORTIONAL TO THE
TANGENT OF THE SUN’'S ELEVATION ANGLE.

MATHEMATICALLY:

\l

\rRAC{\TEXT{OBJECT HEIGHT}}{\TEXT{SHADOW LENGTH}} = \TAN(\THETA)

\]
wWHERE \(\THETA\) IS THE ANGLE OF THE SUN’S RAYS RELATIVE TO THE GROUND.

THIS RELATIONSHIP INDICATES THAT FOR A GIVEN SUN ANGLE, THE RATIO BETWEEN THE OBJECT’S HEIGHT AND ITS SHADOW
REMAINS CONSTANT. CONVERSELY, IF THE SUN’S POSITION CHANGES, THE SHADOW LENGTH ADJUSTS PROPORTIONALLY.

SHADOW RATIOS AND CONSISTENCY
GIVEN THE INITIAL DATA POINT:

- TREE HEIGHT = 8 FEET
- TREE SHADOW = 4 FEET

THE RATIO:

\[
\rrac{8}{43} =2
\]

IMPLIES:

\l

\TAN(\THETA) = 2

\]

THus,

\[
\THETA = \ArRcTAN(2) \aPPrOX 63.43"\CIrRC

\]

THIS INDICATES THAT THE SUN’S ELEVATION ANGLE AT THE TIME OF MEASUREMENT IS APPROXIMATELY 63.4 3 DEGREES.

APPLYING THE PRINCIPLES TO THE BUILDING

GIVEN:



- BUILDING HEIGHT = 24 FEET
- SHADOW LENGTH = ?

ASSUMING THE SAME SUN ELEVATION ANGLE (\(\APPROX 63.43"\CIRC\)), THE SHADOW LENGTH CAN BE CALCULATED AS:

\[
\TexT{SHADOW LENGTH} = \FRAC{\TEXT{BUILDING HEIGHT}}{\TAN(\THETA)} = \FrRAC{243}{ 2} = 12 \TEXT{ FEET}

\]

THEREFORE, IF THE SAME SUN POSITION APPLIES, A 24-FOOT BUILDING WOULD CAST A 12-FOOT SHADOW.

FACTORS INFLUENCING SHADOW LENGTHS

W/HILE THE ABOVE CALCULATIONS ASSUME A CONSTANT SUN ANGLE, SEVERAL VARIABLES CAN INFLUENCE SHADOW LENGTHS IN
REAL-\WORLD SCENARIOS:

1. TiMe oF DAY

THE SUN’S ELEVATION ANGLE VARIES THROUGHOUT THE DAY, REACHING A MAXIMUM AT SOLAR NOON AND DECREASING TOW ARD
DAWN AND DUSK.

2. LATITUDE AND SEASON

LOCATIONS CLOSER TO THE EQUATOR EXPERIENCE MORE DIRECT SUNLIGHT YEAR-ROUND, AFFECTING SHADOW LENGTHS.
SEASONAL CHANGES CAUSE THE SUN’S PATH TO SHIFT, ALTERING THE SHADOW LENGTHS FOR THE SAME OBJECT AT DIFFERENT
TIMES.

3. OBJECT’s PosiTIoN AND ORIENTATION

THE HEIGHT, SHAPE, AND ORIENTATION OF AN OBJECT CAN INFLUENCE HOW SHADOWS ARE CAST. For EXAMPLE, OBJECTS
INCLINED OR NOT UPRIGHT WILL CAST DIFFERENT SHADOW LENGTHS.

4. ATMOSPHERIC CONDITIONS

REFRACTION AND ATMOSPHERIC SCATTERING CAN SLIGHTLY ALTER THE APPARENT POSITION OF THE SUN, IMPACTING SHADOW
MEASUREMENTS.

5. MEASUREMENT ACCURACY

PRECISE MEASUREMENT OF SHADOW LENGTHS AND OBJECT HEIGHTS IS CRUCIAL FOR ACCURATE CALCULATIONS. V ARIABILITY
HERE CAN LEAD TO DISCREPANCIES.

INVESTIGATIVE SCENARIOS AND PRACTICAL IMPLICATIONS
ScENARIO 1: THE SUN’s PosiTIoN s DIFFERENT
SUPPOSE THE SHADOW OF THE BUILDING IS NOT 12 FEET BUT LONGER OR SHORTER. W/HAT DOES THIS IMPLY?

- |IF THE SHADOW IS LONGER: THE SUN’S ELEVATION ANGLE IS LOWER.
- |F THE SHADOW IS SHORTER: THE SUN’S ELEVATION ANGLE IS HIGHER.

BY MEASURING THE SHADOW , ONE CAN ESTIMATE THE SUN’S POSITION, WHICH HAS APPLICATIONS IN SUNDIAL DESIGN OR
DETERMINING THE TIME OF DAY.

SCENARIO 2: USING SHADOWS FOR HEIGHT ESTIMATION



IF THE SHADOW LENGTH OF AN UNKNOWN OBJECT IS MEASURED, AND THE SUN’S ELEVATION ANGLE IS KNOWN, THE OBJECT’S
HEIGHT CAN BE ESTIMATED USING:

\[

\TexT{O8JECT HelGHT} = \TEXT{SHADOW LENGTH]} \TIMES \TAN(\THETA)
\]

THIS PRACTICAL APPROACH IS OFTEN USED IN SURVEYING AND ARCHITECTURE.

SceNARIO 3: CONTRADICTORY SHADOW DATA

SUPPOSE THE BUILDING, DESPITE BEING 24 FEET TALL, CASTS A SHADOW OF ONLY 10 FEET. THIS DISCREPANCY INDICATES A
DIFFERENT SUN ANGLE, PERHAPS DUE TO:

- TIME OF DAY
- LATITUDE DIFFERENCE

- OBSTRUCTIONS OR ATMOSPHERIC EFFECTS

IN SUCH CASES, SHADOWS SERVE AS INDIRECT INDICATORS OF ENVIRONMENTAL CONDITIONS.

BrOADER SCIENTIFIC AND CULTURAL SIGNIFICANCE

HisToricAL USE oF SHADOWS

ANCIENT CIVILIZATIONS, INCLUDING THE EGYPTIANS AND BABYLONIANS, RELIED ON SHADOWS FOR TIMEKEEPING AND CALENDRICAL
PURPOSES. THE CONSTRUCTION OF SUNDIALS AND OBELISKS DEPENDED ON UNDERSTANDING SHADOWS’ BEHAVIOR RELATIVE TO
THE SUN.

MODERN APPLICATIONS

- ARCHITECTURE: DESIGNING BUILDINGS WITH OPTIMAL SHADING TO REDUCE COOLING LOADS.

- ASTRONOMY: DETERMINING SOLAR ANGLES TO STUDY CELESTIAL MOVEMENT.
- ENVIRONMENT AL SCIENCE: MONITORING CHANGES IN SOLAR EXPOSURE FOR ECOLOGICAL STUDIES.

LIMITATIONS AND CONSIDERATIONS

W/HILE GEOMETRIC PRINCIPLES PROVIDE A ROBUST FRAMEWORK, REAL=WORLD MEASUREMENTS ARE SUBJECT TO LIMITATIONS!
- MEASUREMENT ERRORS DUE TO HUMAN OR INSTRUMENT INACCURACIES.

- ENVIRONMENTAL FACTORS LIKE CLOUDS OR POLLUTION AFFECTING SUNLIGHT.

- DYNAMIC NATURE OF THE SUN’S POSITION, REQUIRING PRECISE TIMING.

RESEARCHERS AND PRACTITIONERS MUST ACCOUNT FOR THESE FACTORS TO ENSURE ACCURATE INTERPRETATIONS.

CONCLUSION

THE OBSERVATION THAT A SMALL TREE THAT IS 8 FEET TALL CASTS A 4-FOOT SHADOW, WHILE A 24-FOOT BUILDING CASTS
A SHADOW PROVIDES A COMPELLING CASE STUDY IN THE APPLICATION OF GEOMETRIC PRINCIPLES AND PHYSICS. THE CONSISTENT
RATIO DERIVED FROM THE TREE INDICATES A SPECIFIC SUN ELEVATION ANGLE, WHICH, WHEN APPLIED TO THE BUILDING, SUGGESTS
A SHADOW LENGTH OF APPROXIMATELY 12 FEET UNDER THE SAME CONDITIONS.

(UNDERSTANDING THE RELATIONSHIPS OUTLINED HEREIN ENHANCES OUR ABILITY TO INTERPRET SHADOWS IN VARIOUS
CONTEXTS—FROM ANCIENT TIMEKEEPING TO MODERN ENGINEERING. SHADOWS ARE MORE THAN MERE VISUAL PHENOMENA; THEY



ARE TOOLS FOR MEASUREMENT, INDICATORS OF ENVIRONMENTAL CONDITIONS, AND WINDOWS INTO THE CELESTIAL MECHANICS
GOVERNING OUR PLANET.

BY EXPLORING THE FACTORS INFLUENCING SHADOW LENGTHS AND APPLYING GEOMETRIC REASONING, SCIENTISTS, ARCHITECTS,
AND ENTHUSIASTS CAN BETTER UNDERSTAND THE INTERPLAY BETWEEN LIGHT, OBJECTS, AND THE ENVIRONMENT. SHADO\X/S, IN
THEIR SILENT AND TRANSIENT WAY, NARRATE STORIES OF THE SUN’S JOURNEY ACROSS THE SKY AND OUR POSITION WITHIN THE
COSMOs.
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NoTE: THE ANALYSIS ASSUMES IDEAL CONDITIONS WITH NO ATMOSPHERIC REFRACTION OR OBSTRUCTIONS. REAL-WORLD
MEASUREMENTS MAY VARY SLIGHTLY.
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