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INTRODUCTION TO THE GEOMETRIC CONFIGURATION

AN EQUILATERAL TRIANGLE PLACED INSIDE A LARGER EQUILATERAL TRIANGLE, WITH THE REGION BETWEEN THEM FORMING A RING-
LIKE AREA, IS AN INTRIGUING GEOMETRIC SETUP. THIS CONFIGURATION EXEMPLIFIES SYMMETRY, SIMILARITY, AND PROPORTIONAL
REASONING. SUCH ARRANGEMENTS ARE FUNDAMENTAL IN GEOMETRIC DISSECTIONS, OPTIMIZATION PROBLEMS, AND EVEN IN REAL™
\WORLD APPLICATIONS LIKE DESIGN AND ENGINEERING. ANALYZING THE PROPERTIES OF THIS CONFIGURATION INVOLVES
UNDERSTANDING SIMILARITY RATIOS, AREA CALCULATIONS, AND THE POSITIONING OF THE INNER TRIANGLE RELATIVE TO THE
OUTER ONE.

BAsic DerINITIONS AND NOTATIONS

BEFORE DELVING INTO THE ANALYSIS, IT IS ESSENTIAL TO DEFINE SOME BASIC PARAMETERS AND NOTATIONS!

OuUTER TRIANGLE (LARGER TRIANGLE): DENOTE ITS SIDE LENGTH AS \( S \).

INNER TRIANGLE (SMALLER TRIANGLE): DENOTE ITS SIDE LENGTH AS \( s \).

VERTICES: THE OUTER TRIANGLE HAS VERTICES \( A, B, C \); THE INNER TRIANGLE HAS VERTICES \( A", B’, C" ).

® POSITIONING: THE INNER TRIANGLE IS PLACED SUCH THAT ITS VERTICES LIE ON OR WITHIN THE OUTER TRIANGLE, WITH A
SPECIFIC CONFIGURATION TO MAINTAIN SYMMETRY.

PossiBLe CONFIGURATIONS OF THE INNER TRIANGLE

THE PLACEMENT OF THE INNER EQUILATERAL TRIANGLE WITHIN THE OUTER ONE CAN VARY SIGNIFICANTLY. THE MAIN TYPES
INCLUDE:

1. INscrIBED EQUILATERAL TRIANGLE WITH VERTICES ON THE OUTER TRIANGLE

IN THIS CASE, THE INNER TRIANGLE'S VERTICES ALL LIE ON THE SIDES OF THE OUTER TRIANGLE. SUCH A CONFIGURATION IS OFTEN
USED TO MAXIMIZE THE SIZE OF THE INNER TRIANGLE WITHIN THE OUTER ONE.

2. INscrIBED EQUILATERAL TRIANGLE WITH VERTICES ON THE SIDES BUT NOT AT THE CORNERS

HERE, THE INNER TRIANGLE IS INSCRIBED SUCH THAT ITS VERTICES TOUCH THE SIDES OF THE OUTER TRIANGLE, BUT ARE LOCATED
STRICTLY WITHIN THE SEGMENTS, NOT AT THE VERTICES.

3. CeNTRALLY PosiTioned (NesTED) EQUILATERAL TRIANGLE

THE INNER TRIANGLE IS PLACED CENTRALLY, WITH ITS CENTROID COINCIDING WITH THAT OF THE OUTER TRIANGLE, AND SCALED
DOWN PROPORTIONALLY.



CONSTRUCTING THE INNER EQUILATERAL TRIANGLE

CONSTRUCTING THE INNER TRIANGLE INVOLVES CHOOSING A SPECIFIC PLACEMENT STRATEGY:

o IDENTIFYING A SCALING FACTOR \(k \) sucH THAT \( s =k \TiMes S \).
o DECIDING WHETHER THE INNER TRIANGLE IS INSCRIBED OR NESTED WITHIN THE OUTER ONE.

® | OCATING THE VERTICES OF THE INNER TRIANGLE USING GEOMETRIC TOOLS OR COORDINATE GEOMETRY.

CoOoRDINATE GEOMETRY APPROACH

ONE OF THE MOST SYSTEMATIC METHODS INVOLVES PLACING THE OUTER TRIANGLE IN A COORDINATE PLANE:

1. ASSIGN COORDINATES TO THE OUTER TRIANGLE, FOR EXAMPLE:
o \(A=(0,0\)
o \(B=(5,0)\)

o \( C = \Lerr(\rrAC{S}H 2}, \rrAc{\sQrT{33}{2}S\rIGHT) \)

2. DETERMINE THE POSITION OF THE INNER TRIANGLE BASED ON SCALING AND TRANSLATION PARAMETERS.

3. CALCULATE THE COORDINATES OF \( A", B’, C’'\) ACCORDINGLY, ENSURING THE INNER TRIANGLE REMAINS EQUILATERAL.

UNDERSTANDING THE REGION BETWEEN THE TRIANGLES

THE REGION BETWEEN THE INNER AND OUTER TRIANGLES IS A CLOSED, RING-SHAPED AREA. ANALYZING THIS REGION INVOLVES:

AREA CALCULATION
- THE AREA OF THE OUTER TRIANGLE:

&I’EXT{AREA}_{OUTER} = \rrac{\s@rT{3}}{4} S"2
iE’EXT{AREA}_{WNER} = \rrac{\sqrT{3}}{4} s"2

\TexT{Area} {recion} = \TexT{Area} {ouTer} - \TexT{Area} {inner} = \rrAc{\sqrT{3}}{4} (5"2 -5"2)
\]

PROPORTIONAL RELATIONSHIPS

SINCE BOTH TRIANGLES ARE EQUILATERAL, SIMILARITY RATIOS RELATE THEIR SIDE LENGTHS!

\[
\rrAc{s}{S} =«



\]

AND THEIR AREAS:

\l

\rrAC{\TExT{AREA} {INNErR}H\TEXT{AREA} {OUTER}} =K"2

THE RATIO OF THE REGION’'S AREA TO THE OUTER TRIANGLE'S AREA IS:
1-k"2

WHICH RANGES FROM O (WHEN THE INNER TRIANGLE COINCIDES WITH THE OUTER) TO 1 (WHEN THE INNER TRIANGLE SHRINKS TO A
POINT).

OPTIMIZATION AND SPeciAL CASES

CERTAIN QUESTIONS OFTEN ARISE IN SUCH CONFIGURATIONS:
¢ MAXIMIZING THE INNER TRIANGLE: FOR A FIXED OUTER TRIANGLE, WHAT POSITION YIELDS THE MAXIMUM SIZE OF THE INNER
TRIANGLE?
* MINIMIZING THE REGION AREA: HOW TO POSITION THE INNER TRIANGLE TO MINIMIZE THE AREA BETWEEN THEM?

o CENTERED PLACEMENT: W/HEN THE INNER TRIANGLE IS POSITIONED AT THE CENTROID, WHAT ARE THE PROPERTIES OF THE
REGION?

MAXIMIZING THE INNER TRIANGLE INSIDE THE OUTER TRIANGLE

T O MAXIMIZE THE INNER EQUILATERAL TRIANGLE, ONE TYPICALLY INSCRIBES IT SUCH THAT:

1. THE VERTICES OF THE INNER TRIANGLE TOUCH THE SIDES OF THE OUTER TRIANGLE.

2. THE PLACEMENT RESPECTS THE SYMMETRY OF THE OUTER TRIANGLE.

USING COORDINATE GEOMETRY, IT CAN BE SHOWN THAT THE LARGEST INSCRIBED EQUILATERAL TRIANGLE HAS VERTICES ON THE
SIDES AT SPECIFIC POINTS DETERMINED BY PROPORTIONAL DIVISION, OFTEN RELATED TO THE GOLDEN RATIO OR SIMILAR RATIOS
DEPENDING ON CONSTRAINTS.

CONSTRUCTING THE INNER TRIANGLE FOR SPECIFIC RATIOS

THE CONSTRUCTION PROCESS INVOLVES:

® DIVIDING EACH SIDE OF THE OUTER TRIANGLE INTO SEGMENTS ACCORDING TO THE DESIRED RATIO \( K \)
e CONNECTING THESE DIVISION POINTS TO FORM THE INNER TRIANGLE.

¢ VERIFYING THE TRIANGLE'S EQUILATERAL PROPERTY THROUGH DISTANCE CALCULATIONS OR GEOMETRIC PROOFS.



APPLICATIONS AND PRACTICAL SIGNIFICANCE

(UNDERSTANDING THE PLACEMENT OF AN INNER EQUILATERAL TRIANGLE WITHIN AN OUTER ONE EXTENDS BEYOND PURE GEOMETRY:

® DESIGN OF SYMMETRIC STRUCTURES AND PATTERNS, SUCH AS TILINGS AND MOSAICS.

OPTIMIZATION IN ENGINEERING APPLICATIONS WHERE MATERIAL USE AND SPACE MINIMIZATION ARE CRITICAL.
® |N COMPUTER GRAPHICS, FOR RENDERING SYMMETRIC OBJECTS AND UNDERSTANDING SPATIAL RELATIONSHIPS.

e EDUCATIONAL TOOLS FOR TEACHING SIMILARITY, CONGRUENCE, AND AREA CALCULATIONS.

CoNcLUSION

PLACING AN EQUILATERAL TRIANGLE INSIDE A LARGER EQUILATERAL TRIANGLE TO ANALYZE THE REGION BETWEEN THEM INVOLVES
A RICH INTERPLAY OF GEOMETRIC PRINCIPLES, INCLUDING SIMILARITY, PROPORTIONALITY, AND SYMMETRY. \X/HETHER
APPROACHED VIA COORDINATE GEOMETRY OR CLASSICAL GEOMETRIC CONSTRUCTIONS, THIS CONFIGURATION REVEALS ELEGANT
RELATIONSHIPS THAT DEEPEN OUR UNDERSTANDING OF GEOMETRIC STRUCTURES. |T ALSO SERVES AS A FOUNDATIONAL MODEL
FOR MORE COMPLEX GEOMETRIC PROBLEMS AND REAL-WORLD APPLICATIONS, ILLUSTRATING THE TIMELESS BEAUTY AND
PRACTICALITY OF GEOMETRIC REASONING.

FURTHER EXPLORATIONS

POTENTIAL EXTENSIONS OF THIS STUDY INCLUDE:
® |INVESTIGATING SIMILAR CONFIGURATIONS WITH OTHER REGULAR POLYGONS.
® EXPLORING DYNAMIC CONSTRUCTIONS WHERE THE INNER TRIANGLE MOVES WITHIN THE OUTER ONE.
¢ ANALYZING THREE-DIMENSIONAL ANALOGS WITH TETRAHEDRA OR OTHER POLYHEDRA.

® STUDYING THE IMPACT OF TRANSFORMATIONS SUCH AS ROTATIONS AND REFLECTIONS ON THE REGION BETWEEN THE
TRIANGLES.

BY MASTERING THE PRINCIPLES GOVERNING THIS CONFIGURATION, ONE GAINS VALUABLE INSIGHTS INTO THE BROADER DOMAIN OF
GEOMETRIC CONSTRUCTIONS AND THEIR APPLICATIONS ACROSS MATHEMATICS AND SCIENCE.

FREQUENTLY AskeD QUESTIONS

W/HAT IS THE SIGNIFICANCE OF PLACING AN EQUILATERAL TRIANGLE INSIDE A LARGER
ONE SO THAT THE REGION BETWEEN THEM IS FORMED?

THIS CONFIGURATION HELPS IN EXPLORING GEOMETRIC PROPERTIES, AREA RATIOS, AND SIMILARITY RELATIONS BETWEEN THE
TWO TRIANGLES, OFTEN USED IN PROBLEM~-SOLVING AND GEOMETRIC PROOFS.

How CAN WE DETERMINE THE AREA OF THE REGION BETWEEN THE TWO EQUILATERAL



TRIANGLES?

BY CALCULATING THE AREA OF THE LARGER TRIANGLE AND SUBTRACTING THE AREA OF THE SMALLER, INSCRIBED TRIANGLE, USING
THE FORMULA FOR THE AREA OF AN EQUILATERAL TRIANGLE: (] 3/4) X sipe2.

\WHAT ARE COMMON METHODS TO FIND THE SIDE LENGTH OF THE SMALLER EQUILATERAL
TRIANGLE INSIDE THE LARGER ONE?

TECHNIQUES INCLUDE USING SIMILARITY RATIOS, COORDINATE GEOMETRY, OR CONSTRUCTING PERPENDICULARS AND ANGLE
BISECTORS TO RELATE SIDE LENGTHS.

IF THE SMALLER TRIANGLE IS INSCRIBED SUCH THAT ITS VERTICES LIE ON THE SIDES OF
THE LARGER TRIANGLE, HOW DOES THIS AFFECT THE REGION BETWEEN THEM?

|T CREATES A SYMMETRIC REGION WHOSE DIMENSIONS CAN BE RELATED TO THE LARGER TRIANGLE, OFTEN SIMPLIFYING
CALCULATIONS BY EXPLOITING EQUILATERAL PROPERTIES.

CAN THE REGION BETWEEN THE TWO TRIANGLES BE USED TO FIND RATIOS OR
PROPORTIONS IN GEOMETRIC PROBLEMS?

YES, THE REGION OFTEN HELPS IN ESTABLISHING RATIOS OF AREAS OR SIDE LENGTHS, WHICH ARE FUNDAMENTAL IN SIMILARITY
AND CONGRUENCE PROOFS.

\WHAT ROLE DOES THE CONCEPT OF SIMILARITY PLAY IN ANALYZING THE REGION
BETWEEN TWO EQUILATERAL TRIANGLES?

SINCE BOTH TRIANGLES ARE EQUILATERAL, THEY ARE SIMILAR; THIS ALLOWS FOR PROPORTIONAL RELATIONSHIPS BETWEEN THEIR
CORRESPONDING SIDES AND AREAS TO BE UTILIZED.

How CAN COORDINATE GEOMETRY BE APPLIED TO DETERMINE THE DIMENSIONS OF THE
INNER AND OUTER TRIANGLES?

BY ASSIGNING COORDINATES TO VERTICES, EQUATIONS OF SIDES CAN BE WRITTEN, AND DISTANCES CALCULATED TO FIND SIDE
LENGTHS AND AREAS PRECISELY.

ARE THERE ANY KNOWN GEOMETRIC THEOREMS OR PROPERTIES THAT ASSIST IN SOLVING
PROBLEMS INVOLVING AN INSCRIBED EQUILATERAL TRIANGLE?

YES/ PROPERTIES SUCH AS THE CENTROID, INCENTER, AND SYMMETRY OF EQUILATERAL TRIANGLES, AS WELL AS THALES'
THEOREM AND SIMILARITY CRITERIA, ARE USEFUL IN THESE PROBLEMS.

ADDITIONAL RESOURCES

AN EQUILATERAL TRIANGLE IS PLACED INSIDE A LARGER EQUILATERAL TRIANGLE SO THAT THE REGION BETWEEN THEM
OFFERS A FASCINATING EXPLORATION INTO GEOMETRIC RELATIONSHIPS, SIMILARITY, AND PROPORTIONAL REASONING. THIS
SCENARIO IS A CLASSIC PROBLEM IN GEOMETRY, OFTEN ENCOUNTERED IN MATHEMATICAL COMPETITIONS, DESIGN, AND
ARCHITECTURAL PLANNING. |T PROVIDES A RICH CONTEXT FOR UNDERSTANDING HOW SIMILAR FIGURES RELATE, HOW RATIOS
GOVERN SPATIAL ARRANGEMENTS, AND HOW GEOMETRIC TRANSFORMATIONS CAN BE APPLIED TO SOLVE COMPLEX PROBLEMS. IN
THIS GUIDE, WE WILL EXPLORE THIS SETUP IN DETAIL, UNCOVER KEY PROPERTIES, AND DEVELOP METHODS TO ANALYZE THE
REGION BETWEEN THE TWO TRIANGLES.



INTRODUCTION TO THE GEOMETRIC SETUP

IMAGINE A LARGE EQUILATERAL TRIANGLE, \( \TrRIANGLE ABC \), wITH sIDE LENGTH \( L \). INSIDE IT, A SMALLER
EQUILATERAL TRIANGLE, \( \TRIANGLE DEF \), IS PLACED SUCH THAT IT IS SIMILAR TO THE LARGER TRIANGLE AND POSITIONED
IN A SPECIFIC WAY——SAY, CENTRALLY, OR WITH VERTICES ON THE SIDES OF THE LARGER TRIANGLE.

THE FOCUS OF THIS CONFIGURATION IS THE REGION BETWEEN THE TWO TRIANGLES—THE AREA ENCLOSED BETWEEN THE OUTER
LARGE TRIANGLE AND THE INNER SMALLER ONE. THIS REGION CAN BE UNDERSTOOD AS A “RING” OF SORTS, FORMED BY THE
DIFFERENCE OF THE TWO AREAS.

\UNDERSTANDING THIS SETUP IS FUNDAMENTAL IN VARIOUS APPLICATIONS:

- MATHEMATICAL PROBLEM-SOLVING: FOR EXAMPLE, CALCULATING THE AREA OF THE REGION OR RATIOS.

- DESIGN AND ARCHITECTURE: ENSURING PROPORTIONALITY AND AESTHETIC APPEAL.
- EDUCATIONAL PURPOSES: DEMONSTRATING SIMILARITY, RATIOS, AND GEOMETRIC TRANSFORMATIONS.

Key CoNCEPTS AND DEFINITIONS
BEFORE DIVING INTO THE ANALYSIS, IT’S ESSENTIAL TO CLARIFY SOME CORE CONCEPTS:
EQUILATERAL TRIANGLE

A TRIANGLE WITH ALL THREE SIDES EQUAL AND ALL THREE ANGLES MEASURING 60°. EQUILATERAL TRIANGLES ARE HIGHLY
SYMMETRIC, MAKING THEM A FAVORITE IN GEOMETRIC CONSTRUCTIONS.

SIMILAR FIGURES

TWO FIGURES ARE SIMILAR IF THEIR CORRESPONDING ANGLES ARE EQUAL AND THEIR CORRESPONDING SIDES ARE PROPORTIONAL.
For THE INNER TRIANGLE \( \TRIANGLE DEF \), simiLARITY To \( \TrIANGLE ABC \) IMPLIES:

\[

\rRAC{DEX AB} = \rRAC{EFHBC} = \rrAc{FDH{CA} =&,
\]

WHERE \( R \) IS THE SIMILARITY RATIO, WITH\( O <r < 1\).

REGION BETWEEN THE TRIANGLES

THE AREA ENCLOSED BETWEEN THE LARGER AND SMALLER TRIANGLES IS:

\l

\TexT{Area} {\TexT{reGION}} = \TEXT{AREAI(\TEXT{LARGE TRIANGLE}) - \TEXT{AREAJ(\TEXT{SMALL TRIANGLE}).

\]

PLACEMENT OF THE INNER EQUILATERAL TRIANGLE

THE CONFIGURATION OF THE INNER TRIANGLE SIGNIFICANTLY INFLUENCES THE PROPERTIES OF THE REGION BETWEEN THE
TRIANGLES. COMMON PLACEMENTS INCLUDE:

1. CENTERED PLACEMENT
- THE SMALLER TRIANGLE IS INSCRIBED IN THE LARGER, WITH ITS CENTROID COINCIDING WITH THAT OF THE LARGER TRIANGLE.

- VERTICES OF THE INNER TRIANGLE LIE ON THE SIDES OF THE OUTER TRIANGLE, OFTEN AT POINTS DIVIDING SIDES INTO EQUAL
SEGMENTS.



2. SIDE-PARALLEL PLACEMENT

- THE INNER TRIANGLE IS SIMILAR AND ORIENTED IDENTICALLY BUT SCALED DOWN AND SHIFTED WITHIN THE LARGER TRIANGLE.
- FOR EXAMPLE, VERTICES OF THE SMALLER TRIANGLE LYING ON THE SIDES OF THE LARGER TRIANGLE, DIVIDING SIDES INTO
SEGMENTS.

3. ARBITRARY PLACEMENT

- THE INNER TRIANGLE CAN BE PLACED IN VARIOUS POSITIONS, NOT NECESSARILY SYMMETRIC OR CENTERED, LEADING TO MORE
COMPLEX ANALYSES.

For THIS GUIDE, WE’LL FOCUS ON THE INSCRIBED, CENTRALLY PLACED EQUILATERAL TRIANGLE, A COMMON AND INSTRUCTIVE
SCENARIO.

MATHEMATICAL ANALYSIS OF THE CONFIGURATION
STEP 1: DETERMINING THE SIZE OF THE INNER TRIANGLE
SupPosE THE INNER TRIANGLE \( \TrIANGLE DEF \) Is siMiLAR To \( \TriANGLE ABC \) AND INSCRIBED SUCH THAT:

- Its verTICes \( D, E, F \) LIE ON THE SIDES OF THE LARGER TRIANGLE.
- THE INNER TRIANGLE IS SCALED DOWN UNIFORMLY BY A RATIO \(R \).

QUESTION: How DO WE DETERMINE THE POSITIONS ofF \( D, E, F \)?

SOLUTION:

- FOR A CENTRALLY INSCRIBED EQUILATERAL TRIANGLE, THE INNER TRIANGLE CAN BE OBTAINED BY CONNECTING THE MIDPOINTS OF
THE SIDES OF THE LARGER TRIANGLE.

- THE MIDPOINTS DIVIDE EACH SIDE INTO TWO EQUAL SEGMENTS, AND CONNECTING THESE MIDPOINTS YIELDS A SMALLER,
SIMILAR, EQUILATERAL TRIANGLE.

STeP 2: CALCULATING THE AREA OF THE TRIANGLES

THE AREA OF AN EQUILATERAL TRIANGLE WITH SIDE LENGTH \( s \) Is:

\[

A = \rrac{\sqrT{3}}{4} s"2.

\]

- For THE LARGER TRIANGLE \( \TrIANGLE ABC \) wiTH sipe \( L \):
\[

A_{L} = \rrac{\sqrT{3}}{4} L 2.

\]

- For THE INNER TRIANGLE \( \TRIANGLE DEF \), IF IT Is scaLeD 8Y RATIO \(R \), ITS siDE LEnGTH IS \(RL \):
\[

A_{r} = \rrac{\sqrT{33}{4} (RL)"2 =r"2 \TiMes A_{L}.

\]

THEREFORE, THE AREA OF THE REGION BETWEEN THE TWO TRIANGLES IS:

\[
A_{\text{recion}} = A_{L}- A_{r} = \rrac{\s@rT{3}}4}L"2 (1 -r"2).
\]



STeEP 3: EXPRESSING THE INNER TRIANGLE IN TERMS OF GEOMETRIC CONSTRUCTIONS

IF THE INNER TRIANGLE IS FORMED BY CONNECTING THE MIDPOINTS OF THE SIDES OF THE OUTER TRIANGLE, THEN:

\[
R = \rrac{1}23.
\]

THus:

\[

A_{\texT{recion}} = \rRAC{\sQrT{3}}{4} L"2 \LerT(1 - \LerT(\FRAC{ 1}H{ 2}\RIGHT)"2 \RIGHT) =
\FrrRAC{\sQrT{3}}{4} L"2 \TiMes \rrac{3}{4} = \rrac{3 \sqrT{3}}{ 16} L"2.

\]

PROPERTIES AND RATIOS
1. AREA RATIO BETWEEN INNER AND OUTER TRIANGLES

THE RATIO:

\rrac{A_{rRIHA_{L}}=r"2.

THIS SIMPLE QUADRATIC RELATION HIGHLIGHTS HOW THE AREA SCALES WITH THE SIMILARITY RATIO.

2. PROPORTIONAL PLACEMENT

- W/HEN THE INNER TRIANGLE IS FORMED BY CONNECTING THE MIDPOINTS, IT OCCUPIES EXACTLY ONE-QUARTER OF THE AREA OF
THE LARGER TRIANGLE.

- THE REGION BETWEEN THEM, THEN, IS THREE-QUARTERS OF THE LARGER TRIANGLE'S AREA.

3. VISUAL AND GEOMETRIC SYMMETRY

THE SYMMETRY OF EQUILATERAL TRIANGLES ENSURES THAT:

- THE INNER TRIANGLE IS SIMILAR AND CENTRALLY LOCATED.
- THE REGION BETWEEN THEM HAS A SYMMETRIC, HEXAGONAL SHAPE IF VIEWED FROM THE CENTER.

V ARIATIONS AND GENERALIZATIONS

W/HILE THE MIDPOINT INSCRIBED TRIANGLE PROVIDES A STRAIGHTFORW ARD CASE, OTHER PLACEMENTS AND RATIOS LEAD TO
RICHER ANALYSES!

A. VERTICES ON THE SIDES AT ARBITRARY POINTS

- W/HEN VERTICES OF THE INNER TRIANGLE ARE CHOSEN AT ARBITRARY POINTS ON THE SIDES, THE RATIOS CHANGE.
- THE AREA RATIO BECOMES:

\[
A_{r} = \rrac{\sqrT{3}}{4} (R L)"2,
\]

BUT \(R \) IS THEN DETERMINED BY THE SPECIFIC DIVISION POINTS.



B. INSCRIBED EQUILATERAL TRIANGLE WITH VERTICES ON SIDES

- IF THe verTICES \( D, E, F \) Are on sipes \( BC, AC, AB \), RESPECTIVELY, AT POINTS DIVIDING SIDES INTO RATIOS \( P :
Q \), THE SIMILARITY RATIO AND AREA CAN BE COMPUTED ACCORDINGLY.

C. NESTED EQUILATERAL TRIANGLES IN OTHER ARRANGEMENTS

- PLACING MULTIPLE SMALLER EQUILATERAL TRIANGLES WITHIN THE LARGER CAN PRODUCE FRACTAL-LIKE PATTERNS, SUCH AS
THE SIERPINSKI TRIANGLE.

PRACTICAL APPLICATIONS AND DEMONSTRATIONS

UNDERSTANDING THE REGION BETWEEN TWO NESTED EQUILATERAL TRIANGLES HAS PRACTICAL RELEVANCE:
- DesIGN AND ART: CREATING PATTERNS WITH PROPORTIONAL SHAPES.

- STRUCTURAL ENGINEERING: ENSURING SYMMETRY AND BALANCE IN TRIANGULAR FRAMEW ORKS.

- MATHEMATICAL EDUCATION: DEMONSTRATING CONCEPTS OF SIMILARITY, RATIOS, AND AREA.

ExAMPLE PROBLEM

GIVEN A LARGE EQUILATERAL TRIANGLE WITH SIDE LENGTH 12 UNITS, AN INNER EQUILATERAL TRIANGLE IS INSCRIBED BY
CONNECTING THE MIDPOINTS OF EACH SIDE. FIND THE AREA OF THE REGION BETWEEN THE TWO TRIANGLES.

SOLUTION:

1. CALCULATE THE AREA OF THE LARGE TRIANGLE:

\[

A_{L} = \rrac{\sQrT{3}}{4} \TiMes 12”2 = \rrac{\sQrT{33}}{4} \TiMes 144 = 36 \sqrT{3}.
\]

2. INNER TRIANGLE SIDE LENGTH:

SINCE IT CONNECTS MIDPOINTS, \(R = 1/2\).

3. CALCULATE THE INNER TRIANGLE AREA:

\[

A_{rR}=r"2 \TiMes A_{L} = \LerT(\rRAC{ TH 2}\RIGHT)"2 \TiMeS 36 \sQrT{3} = \FrrRAc{ 13}{4} \TiMes 36 \sqrT{3}
= 9 \sqrT{3}.

\]

4. REGION AREA:

\[

A_{\texT{recion}} = A {L}- A {r} =36 \sqrT{3}- 9 \sqrT{3} =27 \sqrT{3}.

\]

CONCLUSION AND SUMMARY

AN EQUILATERAL TRIANGLE Is PLACED INSIDE A LARGER EQUILATERAL TRIANGLE SO THAT THE REGION BETWEEN THEM
OFFERS A RICH TAPESTRY OF GEOMETRIC INSIGHTS. BY UNDERSTANDING SIMILARITY RATIOS, AREA SCALING, AND STRATEGIC
PLACEMENTS, ONE CAN ANALYZE AND GENERALIZE THIS CONFIGURATION TO A VARIETY OF CONTEXTS. W/HETHER INSCRIBED BY
CONNECTING MIDPOINTS OR PLACED ARBITRARILY, THE FUNDAMENT AL PRINCIPLES REMAIN ROOTED IN PROPORTIONALITY AND
SYMMETRY.



KEY TAKEAWAYS INCLUDE:

- THE AREA SCALES WITH THE SQUARE
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