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THe QUADRILATERAL DEFG,sHow. ON THE CoorDINATE PLANE BeELow Is DILATED FRoM THE ORIGIN By A Space FACTOR

UNDERST ANDING HOW GEOMETRIC FIGURES TRANSFORM ON THE COORDINATE PLANE IS FUNDAMENTAL IN BOTH MATHEMATICS
EDUCATION AND PRACTICAL PROBLEM-SOLVING. ONE PARTICULARLY INTERESTING TRANSFORMATION IS DILATION, WHICH
INVOLVES RESIZING A FIGURE RELATIVE TO A SPECIFIC POINT—MOST COMMONLY THE ORIGIN—BY A CERTAIN SCALE FACTOR. IN
THIS ARTICLE, WE WILL EXPLORE THE TRANSFORMATION OF A QUADRILATERAL, SPECIFICALLY QUADRILATERAL DEFG, ASIT
UNDERGOES DILATION FROM THE ORIGIN BY A GIVEN SPACE FACTOR. WE WILL DISSECT THE CONCEPT OF DILATION, ANALYZE THE
EFFECTS ON THE QUADRILATERAL’S COORDINATES, AND DISCUSS THE IMPLICATIONS OF DIFFERENT SCALE FACTORS ON ITS SIZE
AND POSITION.

WHAT Is DiILATION IN COORDINATE GEOMETRY?

DILATION/ ALSO KNOWN AS RESIZING OR SCALING, IS A TRANSFORMATION THAT PRODUCES A SIMILAR FIGURE TO THE ORIGINAL
BUT WITH A DIFFERENT SIZE. |T PRESERVES THE SHAPE OF THE FIGURE WHILE CHANGING ITS SIZE, EITHER ENLARGING OR REDUCING
IT. THE KEY COMPONENTS OF DILATION INCLUDE:

- CENTER OF DILATION: THE FIXED POINT ABOUT WHICH THE FIGURE EXPANDS OR CONTRACTS. OFTEN, THE ORIGIN (0,0) IS USED
FOR SIMPLICITY.

- ScALE FACTOR (SPACE FACTOR)Z A NUMBER THAT DETERMINES HOW MUCH THE FIGURE IS ENLARGED OR REDUCED. A SCALE
FACTOR GREATER THAN 1 ENLARGES THE FIGURE, WHILE A SCALE FACTOR BETWEEN O AND T SHRINKS IT.

MATHEMATICALLY, WHEN A FIGURE IS DILATED FROM THE ORIGIN WITH A SCALE FACTOR \( k \), EACH POINT \((X, ¥)\) ON THE
FIGURE TRANSFORMS TO A NEW POINT \((x’, Y")\), CALCULATED As:

\[
x" =k \TIMES X
\]
\[
v =k \TiMES ¥

\]

THIS STRAIGHTFORW ARD RULE APPLIES TO ALL POINTS OF THE FIGURE, MAKING DILATION A LINEAR TRANSFORMATION.

CoorpINATES OF QUADRILATERAL DEFG Berore DILATION

SUPPOSE THE VERTICES OF QUADRILATERAL DEFG ARE GIVEN BY THE COORDINATES:

-D:\((x_1, y_1DV)
-E\((x_2, y_2)\)
-FA(x_3, ¥_3)\)
-G\ ((x_4, y_4)\)

For EXAMPLE, ASSUME THE QUADRILATERAL)S VERTICES ARE:

-D (2, 3)
-E(5,7)
-F (8, 4)



-G(3, 1)

PLOTTING THESE POINTS ON THE COORDINATE PLANE, YOU CAN VISUALIZE THE ORIGINAL SHAPE AS A QUADRILATERAL WITH
THESE VERTICES.

THe EFFecT ofF DILATION oN QUADRILATERAL DEFG

W/HEN APPLYING DILATION FROM THE ORIGIN WITH A SPACE FACTOR \(K\), EACH VERTEX OF QUADRILATERAL DEFG UNDERGOES
A PROPORTIONAL TRANSFORMATION. SPECIFICALLY:

\l

\TexT{New poiNT } (x’, ¥") = (k \TIMES X, k \TIMES V)

\]

FOR THE GIVEN VERTICES, THE DILATED POINTS WILL BE:

- D \((2k, 3K)\)
- B \((5k, 7)\)
- F\((8k, 4k)\)
- G \((Bk, 1\

IMPACT OF THE SCALE FACTOR

- WHeN \(k > T\): THE QUADRILATERAL ENLARGES, MAINTAINING ITS SHAPE BUT INCREASING IN SIZE. THE VERTICES MOVE
FARTHER FROM THE ORIGIN, STRETCHING THE FIGURE OUTW ARD.

- WHeN \(O < k < 1\): THE QUADRILATERAL SHRINKS, WITH VERTICES MOVING CLOSER TO THE ORIGIN.

- WHen \(k = 1\): THE FIGURE REMAINS UNCHANGED.

- WHeN \(k < 0\): THE FIGURE IS REFLECTED ACROSS THE ORIGIN WHILE SCALING, RESULTING IN A SIZE CHANGE AND A ROTATION
OF THE FIGURE ACROSS THE COORDINATE AXES.

GRAPHICAL REPRESENTATION
VISUALIZING THE DILATION HELPS IN UNDERSTANDING THE TRANSFORMATION:
- THE ORIGINAL QUADRILATERAL IS PLOTTED WITH ITS ORIGINAL VERTICES.

- THE DILATED QUADRILATERAL IS PLOTTED BASED ON THE SCALED VERTICES.
- COMPARING BOTH SHAPES ILLUSTRATES HOW THE FIGURE EXPANDS OR CONTRACTS RELATIVE TO THE ORIGIN.

MATHEMATICAL EXAMPLES OF DILATION

LET’S CONSIDER SPECIFIC EXAMPLES TO CLARIFY THE EFFECT OF DIFFERENT SPACE FACTORS:
ExampLE 1: DILATION wiTH \(k = 2\)
VERTICES AFTER DILATION:

-D:\((2 \1imMes 2, 3 \TiMes 2) = (4, 6)\)
-E:\((5 \1iMes 2, 7 \Times 2) = (10, 14)\)
-F:\((8 \1iMes 2, 4 \Times 2) = (16, 8)\)
-G8 \1iMes 2, 1 \Times 2) = (6, 2)\)

THE QUADRILATERAL DOUBLES IN SIZE, WITH EACH VERTEX LOCATED TWICE AS FAR FROM THE ORIGIN COMPARED TO THE
ORIGINAL.



ExaMpLE 2: DiLATION wiTH \(k = 0.5))
VERTICES AFTER DILATION:

-D:\((2 \1iMes 0.5, 3 \1imes 0.5) = (1, 1.5)\)
-E:\((5 \1iMes 0.5, 7 \1iMes 0.5) = (2.5, 3.5)\)
-F:\((8 \1iMes 0.5, 4 \1iMes 0.5) = (4, 2)\)
-G \((8\1iMes 0.5, 1 \TimMes 0.5) = (1.5, 0.5)\)

THIS RESULTS IN A SMALLER, SIMILAR QUADRILATERAL CLOSER TO THE ORIGIN.

PROPERTIES OF DILATION AND SIMILARITY

DILATION PRESERVES THE SHAPE OF THE FIGURE, MEANING THE DILATED QUADRILATERAL DE'F'G’ IS SIMILAR TO THE ORIGINAL
/7
QUADRILATERAL DEFG. THE KEY PROPERTIES INCLUDE:

- CORRESPONDING ANGLES ARE EQUAL: THE INTERNAL ANGLES OF THE ORIGINAL AND DILATED QUADRILATERALS ARE THE SAME.
- CORRESPONDING SIDES ARE PROPORTIONAL: THE RATIOS OF CORRESPONDING SIDE LENGTHS EQUAL THE SCALE FACTOR \(K\)

THIS PROPERTY IS CRUCIAL IN SIMILARITY PROOFS AND GEOMETRIC PROBLEM-SOLVING, ESPECIALLY WHEN ESTABLISHING
RELATIONSHIPS BETWEEN FIGURES AFTER TRANSFORMATION.

APPLICATIONS OF DILATION IN REAL LIFE AND MATHEMATICS

DILATION HAS NUMEROUS PRACTICAL APPLICATIONS BEYOND PURE MATHEMATICS:

- ENGINEERING AND DESIGN: SCALING BLUEPRINTS OR MODELS TO DIFFERENT SIZES.

- CoMPUTER GRAPHICS: RESIZING IMAGES AND OBJECTS WHILE MAINT AINING PROPORTIONS.

- PHYSICS: UNDERSTANDING EXPANSION OR CONTRACTION PHENOMENA.

- GEOMETRY EDUCATION: VISUALIZING SIMILARITY, TRANSFORMATIONS, AND SCALE MODELS.

IN EDUCATIONAL SETTINGS, EXERCISES INVOLVING DILATION HELP STUDENTS UNDERSTAND THE CONCEPTS OF SIMILARITY, SCALE
FACTORS, AND COORDINATE TRANSFORMATIONS.

ConcLusioN: MASTERING DILATION AND TS EFFECTS ON QUADRILATERALS

DILATION IS A POWERFUL AND INTUITIVE TRANSFORMATION IN COORDINATE GEOMETRY THAT HIGHLIGHTS THE PROPORTIONALITY
AND SIMILARITY OF FIGURES. BY UNDERSTANDING HOW THE QUADRILATERAL DEFG TRANSFORMS WHEN DILATED FROM THE ORIGIN
BY A SPACE FACTOR, LEARNERS CAN DEEPEN THEIR COMPREHENSION OF GEOMETRIC TRANSFORMATIONS. REMEMBER THAT EACH
POINT'S COORDINATE MULTIPLIES BY THE SCALE FACTOR, AND THE RESULTING FIGURE REMAINS SIMILAR TO THE ORIGINAL, JUST
SCALED ACCORDINGLY. W/HETHER ENLARGING OR REDUCING THE SIZE, DILATION PROVIDES A FUNDAMENTAL TOOL FOR EXPLORING
GEOMETRIC RELATIONSHIPS AND MODELING REAL-WORLD SCENARIOS.

BY PRACTICING DILATION WITH VARIOUS FIGURES AND SCALE FACTORS, STUDENTS CAN DEVELOP A STRONGER INTUITION
ABOUT GEOMETRIC TRANSFORMATIONS AND THEIR APPLICATIONS IN MATHEMATICS AND BEYOND.

FREQUENTLY ASkeD QUESTIONS



\W/HAT DOES IT MEAN FOR QUADRILATERAL DEFG TO BE DILATED FROM THE ORIGIN BY A
SCALE FACTOR?

IT MEANS THAT ALL THE VERTICES OF QUADRILATERAL DEFG ARE SCALED RELATIVE TO THE ORIGIN, SO EACH COORDINATE IS
MULTIPLIED BY THE SCALE FACTOR, ENLARGING OR REDUCING THE SHAPE PROPORTIONALLY.

How DO YOU FIND THE NEW COORDINATES OF QUADRILATERAL DEFG AFTER DILATION
FROM THE ORIGIN?

MULTIPLY EACH ORIGINAL COORDINATE (X, Y) OF THE VERTICES BY THE SCALE FACTOR TO GET THE NEW COORDINATES (KX,
KY), WHERE K IS THE SCALE FACTOR.

WHAT IS THE SIGNIFICANCE OF THE ORIGIN IN THE DILATION PROCESS FOR
QUADRILATERAL DEFG?

THE ORIGIN SERVES AS THE FIXED POINT FROM WHICH THE SHAPE IS DILATED, MEANING ALL POINTS MOVE DIRECTLY AWAY FROM
OR TOWARD THE ORIGIN BASED ON THE SCALE FACTOR.

IF THE SCALE FACTOR IS GREATER THAN 1, WHAT HAPPENS TO QUADRILATERAL DEFG
DURING DILATION?

THE QUADRILATERAL ENLARGES, BECOMING LARGER WHILE MAINTAINING ITS SHAPE AND PROPORTIONS.

\WHAT HAPPENS IF THE SCALE FACTOR IS BETWEEN O AND 1 WHEN DILATING
QUADRILATERAL DEFGP

THE QUADRILATERAL REDUCES IN SIZE, BECOMING SMALLER BUT RETAINING ITS SHAPE AND PROPORTIONS.

How CAN YOU VERIFY THAT THE DILATION PRESERVES THE SHAPE OF QUADRILATERAL
DEFG?

CHECK THAT THE RATIOS OF CORRESPONDING SIDES REMAIN CONSISTENT AND THAT ANGLES ARE UNCHANGED, CONFIRMING THE
SHAPE IS SIMILAR TO THE ORIGINAL.

\W/HY IS UNDERSTANDING DILATION FROM THE ORIGIN IMPORTANT IN COORDINATE
GEOMETRY?

[T HELPS IN UNDERSTANDING SIMILARITY TRANSFORMATIONS, HOW SHAPES CHANGE SIZE WHILE MAINTAINING PROPORTIONS, AND
IS FUNDAMENTAL IN GEOMETRIC SCALING AND MODELING.

ADDITIONAL RESOURCES

THe QUADRILATERAL DEFG, sHow. ON THE CoORDINATE PLANE BELOW IS DILATED FRoM THE ORIGIN By A ScaALE FACTOR
IS A FUNDAMENTAL CONCEPT IN COORDINATE GEOMETRY THAT DEMONSTRATES HOW FIGURES CAN BE TRANSFORMED THROUGH
DILATION. THIS PROCESS NOT ONLY HELPS IN UNDERSTANDING THE PROPERTIES OF GEOMETRIC SHAPES BUT ALSO PROVIDES
INSIGHTS INTO HOW SHAPES CHANGE SIZE WHILE MAINTAINING THEIR FUNDAMENTAL STRUCTURE. N THIS GUIDE, WE WILL EXPLORE
THE CONCEPT OF DILATION IN THE CONTEXT OF QUADRILATERALS, SPECIFICALLY FOCUSING ON QUADRILATERAL DEFG, AND
EXAMINE HOW DILATING A FIGURE FROM THE ORIGIN BY A SCALE FACTOR IMPACTS ITS POSITION AND SIZE ON THE COORDINATE
PLANE.



(UNDERSTANDING DILATION ON THE COORDINATE PLANE

DILATION IS A TRANSFORMATION THAT PRODUCES AN IMAGE THAT IS THE SAME SHAPE AS THE ORIGINAL BUT IS SCALED BY A
CERTAIN FACTOR. W/HEN DILATING A FIGURE FROM THE ORIGIN <0,0>, EACH POINT OF THE ORIGINAL FIGURE MOVES ALONG A LINE

RADIATING FROM THE ORIGIN, EITHER CLOSER TO OR FARTHER FROM THE ORIGIN DEPENDING ON THE SCALE FACTOR.

Key CoNcCepPTs:

- CENTER OF DILATION: THE POINT FROM WHICH THE FIGURE IS DILATED. IN THIS CASE, IT IS THE oriGIN (0,0).
- ScALE FACTOR (k): A NUMBER THAT DETERMINES HOW MUCH THE FIGURE IS ENLARGED OR REDUCED.

- IFk > 1, THE IMAGE IS AN ENLARGEMENT.

-IF O <k < T, THE IMAGE IS A REDUCTION.

- COORDINATES TRANSFORMATION: FOR EACH POINT (X, YY), THE DILATED POINT (X, Y') IS GIVEN BY:

-x' =k X

-y =Ky

STEP-BY-STEP BREAKDOWN OF DILATION OF QUADRILATERAL DEFG
Step 1: IDeNTIFY COORDINATES OF QUADRILATERAL DEFG

SUPPOSE THE QUADRILATERAL DEFG IS PLOTTED ON THE COORDINATE PLANE WITH THE FOLLOWING VERTICES:
- D(x4, Yy)

- E(x,, Yp)

- F(x3, Y3)

- G(Xy4, Ya4)

NoTEe: For ILLUSTRATION, LET’S ASSUME SPECIFIC COORDINATES:
-D(2, 3)
-E(4, 5)
-F(6,2)
-G(3, 1)

STeEP 2: DETERMINE THE SCALE FACTOR

LET’S ASSUME THE FIGURE IS DILATED FROM THE ORIGIN BY A SCALE FACTOR OF k = 2. THIS MEANS EACH COORDINATE OF THE

QUADRILATERAL WILL BE MULTIPLIED BY 2.
STep 3: CALCULATE THE COORDINATES OF THE DILATED QUADRILATERAL
APPLYING THE DILATION FORMULAS:

-D'(x’, ¥ =(kx,kY)
B, ) =k x, kY)
-F(X, ) =(kx, kY)
-G (X, ¥ =(kx, kv)

CALCULATIONS:

-D(2,3)F (22,23)=(4,6)
-E'(4,5)F (24,25)=(8,10)
-F'(6,2)F (26,22)=(12,4)
-G'(3, NE (23,21)=(6,2)

STep 4: PLoT THE ORIGINAL AND DILATED QUADRILATERALS
- ORIGINAL QUADRILATERAL DEFG:

-p(2, 3)
“E(4 5)



-F(6, 2)
-G(3, 1)

- DILATED QUADRILATERAL D'E'F'G":
-D'(4, 6)

-E(8, 10)

-F'(12,4)

-G'(6, 2)

BY PLOTTING THESE POINTS ON THE COORDINATE PLANE, YOU WILL OBSERVE THAT THE DILATED QUADRILATERAL MAINTAINS
THE SAME SHAPE AND PROPORTIONAL ANGLES, BUT ITS SIZE IS SCALED BY A FACTOR OF 2, AND IT IS LOCATED FARTHER FROM
THE ORIGIN.

ANALYZING THE EFFECTS oF DILATION
1. Size AND AReA CHANGES

- THE LENGTHS OF SIDES ARE MULTIPLIED BY THE SCALE FACTOR.
- THE AREA OF THE QUADRILATERAL IS MULTIPLIED BY THE SQUARE OF THE SCALE FACTOR:
- AReA’ = k? ARea

THIS MEANS THAT IF THE ORIGINAL QUADRILATERAL HAD AN AREA A, AFTER DILATION:
- THE NEW AREA WILL BE k2 A.

2. SHAPE PRESERVATION

- DILATION IS AN IMAGE SIMILARITY TRANSFORMATION.
- |T PRESERVES THE SHAPE AND ANGLES OF THE QUADRILATERAL.
- THE PROPORTIONALITY OF THE SIDES REMAINS INTACT.

3. PosiTioN AND ORIENTATION

- SINCE THE DILATION IS CENTERED AT THE ORIGIN, THE POSITION OF THE FIGURE CHANGES BASED ON THE SCALE FACTOR.
- THE ORIENTATION OF THE QUADRILATERAL REMAINS UNCHANGED.

VISUALIZING DILATIONS: PRACTICAL TIPS

- USE GRAPH PAPER OR DIGITAL GRAPHING TOOLS TO ACCURATELY PLOT POINTS.

- LABEL ALL ORIGINAL POINTS CLEARLY, THEN PLOT THE DILATED POINTS.

- CONNECT THE VERTICES IN ORDER TO VISUALIZE THE SHAPE BEFORE AND AFTER DILATION.
- OBSERVE HOW THE SHAPE SCALES OUTWARD FROM THE ORIGIN.

APPLICATIONS OF DILATION IN GEOMETRY

UNDERSTANDING DILATION HAS BROAD APPLICATIONS, INCLUDING:

- SCALING DIAGRAMS IN ENGINEERING AND ARCHITECTURE.

- MODELING REAL-WORLD OBJECTS AT DIFFERENT SIZES.

- UNDERSTANDING TRANSFORMATIONS IN COMPUTER GRAPHICS.

- SOLVING SIMILARITY PROBLEMS AND PROVING GEOMETRIC THEOREMS.

CoMMON MISTAKES TO AvVoID



- INCORRECT SCALE FACTOR APPLICATION: REMEMBER TO MULTIPLY BOTH X AND Y COORDINATES BY THE SCALE FACTOR.

- CENTER OF DILATION ASSUMPTIONS: IF DILATION IS NOT CENTERED AT THE ORIGIN, THE CALCULATION BECOMES MORE
COMPLEX, INVOLVING ADDITIONAL TRANSLATION STEPS.

- |GNORING THE IMPACT ON AREA: WHILE SIDE LENGTHS SCALE LINEARLY, AREAS SCALE QUADRATICALLY, WHICH IS CRUCIAL FOR
ACCURACY IN CALCULATIONS.

PrRACTICE PROBLEMS

1. SUPPOSE QUADRILATERAL DEFG HAs verTICES D( 1, 2), E(3, 4), F(5, 3), G(2, 1). IF IT IS DILATED FROM THE ORIGIN BY
A SCALE FACTOR OF 3, WHAT ARE THE COORDINATES OF THE DILATED QUADRILATERAL?

2. IF THE ORIGINAL QUADRILATERAL HAS AN AREA OF 6 SQUARE UNITS, WHAT WILL BE THE AREA AFTER DILATION WITH SCALE
FACTOR 4?

3. How DOES THE DILATION CHANGE IF THE SCALE FACTOR IS LESS THAN 17 [LLUSTRATE WITH AN EXAMPLE.

CONCLUSION

THe QUADRILATERAL DEFG, sHow. ON THE COORDINATE PLANE BELOW IS DILATED FRoM THe ORrIGIN BY A SPACE FACTOR
EXEMPLIFIES A FUNDAMENT AL TRANSFORMATION IN COORDINATE GEOMETRY—DILATION. BY UNDERSTANDING HOW EACH POINT
TRANSFORMS WITH A GIVEN SCALE FACTOR, STUDENTS AND PRACTITIONERS CAN MANIPULATE FIGURES ACCURATELY AND
PREDICT THEIR NEW POSITIONS AND SIZES. RECOGNIZING THE PROPERTIES OF DILATION, INCLUDING THE PRESERVATION OF SHAPE
AND ANGLES, AS WELL AS THE PROPORTIONAL INCREASE IN LENGTHS AND AREA, IS ESSENTIAL FOR MASTERING GEOMETRIC
TRANSFORMATIONS AND APPLYING THEM IN VARIOUS MATHEMATICAL AND REAL-WORLD CONTEXTS. W/HETHER YOU'RE
ANALYZING GEOMETRIC FIGURES, CREATING SCALED MODELS, OR EXPLORING THE PRINCIPLES OF SIMILARITY, GRASPING THE
CONCEPT OF DILATION FROM THE ORIGIN FORMS A CORNERSTONE OF SPATIAL REASONING AND GEOMETRIC UNDERSTANDING.
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