FIND THe DisTANCE FrRoM THe PoINT (3. D, 3} To THe PLANE
53+ 1H; 1.2 =4.

FiIND THe DisTANCE FRoM THe PoINT (3, D, 3) To THe PLANE 53 + TH; 1.2 = 4,

UNDERSTANDING HOW TO FIND THE DISTANCE FROM A POINT TO A PLANE IS A FUNDAMENTAL CONCEPT IN ANALYTIC GEOMETRY.
\W/HETHER YOU'RE A STUDENT PREPARING FOR EXAMS, A TEACHER CREATING INSTRUCTIONAL MATERIALS, OR A PROFESSIONAL
DEALING WITH SPATIAL ANALYSIS, MASTERING THIS CALCULATION IS ESSENTIAL. IN THIS ARTICLE, WE'LL EXPLORE THE PROCESS

OF DETERMINING THE SHORTEST DISTANCE FROM THE POINT (3, D, 3) TO THE PLANE DESCRIBED BY THE EQUATION 53 + TH; 1.2
= 4, BREAKING DOWN EACH STEP WITH CLARITY AND DETAIL TO ENHANCE YOUR UNDERSTANDING.

INTERPRETING THE GIVEN DATA AND EQUATIONS

BEFORE CALCULATING THE DISTANCE, IT'S CRUCIAL TO INTERPRET THE PROVIDED POINT AND PLANE EQUATIONS CORRECTLY, AS
WELL AS TO CLARIFY ANY AMBIGUITIES.

UNDERSTANDING THE PoINT (3, D, 3)

- THE POINT IS GIVEN AS (3, D, 3). TYPICALLY, D WOULD BE A VARIABLE OR A SPECIFIC NUMERIC VALUE. |F D IS UNKNOWN,
THE PROBLEM BECOMES FINDING THE DISTANCE AS A FUNCTION OF D, OR ASSUMING D IS A KNOWN CONSTANT.

- FOR THE SAKE OF THIS ARTICLE, WE'LL CONSIDER D AS A KNOWN VALUE—SAY, D = 2—UNLESS SPECIFIED OTHERWISE. THIS
ALLOWS US TO PROCEED WITH CONCRETE CALCULATIONS.

DECIPHERING THE PLANE EQUATION 53 + TH; 1.2 =4

- THE NOTATION APPEARS UNCONVENTIONAL. USUALLY, PLANE EQUATIONS ARE WRITTEN IN THE FORM Ax + By + Cz+ D = 0.
- BASED ON THE GIVEN EXPRESSION, “53 + TH; 1.2 = 4" IT SEEMS THERE MIGHT BE TYPOGRAPHICAL OR FORMATTING ERRORS.
- A COMMON INTERPRETATION IS THAT THE PLANE IS REPRESENTED AS AN EQUATION LIKE:

Ax+tBy+cz+p=0

- ALTERNATIVELY, PERHAPS THE INTENDED PLANE EQUATION IS:

53x+ TH+1.2=4

- OR, MAYBE, THERE'S A TYPO, AND IT'S MEANT TO BE:

5x+3y+ 1z=4

- FOR CLARITY, LET'S ASSUME THE PLANE EQUATION IS:

5x+3y+ 1z=4

- THIS IS A STANDARD LINEAR PLANE EQUATION, WHICH MAKES IT MANAGEABLE FOR CALCULATION.

NOTE: IF THE ORIGINAL PROBLEM HAS DIFFERENT SPECIFICS, PLEASE CLARIFY. FOR THIS ARTICLE, WE'LL PROCEED WITH THE PLANE
EQUATION: 5X + 3y + z = 4.



CALCULATING THE DISTANCE FROM A POINT TO A PLANE

ONCE THE POINT AND PLANE ARE CLEARLY DEFINED, THE PROCESS INVOLVES APPLYING THE POINT-TO-PLANE DISTANCE FORMULA
DERIVED FROM VECTOR CALCULUS.

THe DisTANCE FORMULA

THE SHORTEST DISTANCE D FROM A POINT P(Xg, Yo, Zg) TO A PLANE AX + BY + CZ + D = 0 IS GIVEN BY:

\[
D=\rrac{lax 0+8Y O+cz O+o[}{\sqrt{a"2 +8"2 +c"2}}

\]

THIS FORMULA COMPUTES THE ABSOLUTE VALUE OF THE PLANE EQUATION EVALUATED AT THE POINT, DIVIDED BY THE
MAGNITUDE OF THE PLANE'S NORMAL VECTOR.

APPLYING THE FORMULA STEP-BY-STEP

1. IDENTIFY THE COEFFICIENTS:

FOR THE PLANE 5X + 3Y + Z = 4, REWRITE AS:

\[
5x+3vy+z-4=0
\]

So:

-\(a=5))

-\(e = 3\)
-\(c=1V)
-\(o=-4\)

2. PLUG IN THE POINT COORDINATES:

ASSUMING D = 2, THE POINT IS:

\l
P(3,2,3)
\]

3. CALCULATE THE NUMERATOR:

\[
lAx O+BY O+cz O+0o/=15\TMes 3+ 3 \TiMes 2 + 1 \TiMes 3 - 4]

\]

\[
=15+ 6+ 3-4|=120/=20
\]



4. CALCULATE THE DENOMINATOR:

\[
\sQrT{a"2 +B"2 + c"2} = \sq@rT{5"2 + 372 + 172} = \sqrT{25 + 9 + 1} = \s@rT{35}
\]

5. COMPUTE THE DISTANCE:

\[
D = \rrAc{20}{\sqQrT{353}} \arrrox \FrAc{20}{5.9 16} \arrrox 3.38
\]

THEREFORE, THE SHORTEST DISTANCE FROM THE POINT (3, 2, 3) TO THE PLANE 5X + 3Y + Z = 4 IS APPROXIMATELY 3.38
UNITS.

GENERALIZATION AND V ARIATIONS

THIS METHOD APPLIES BROADLY TO ANY POINT AND PLANE, PROVIDED THE PLANE'S EQUATION CAN BE EXPRESSED IN STANDARD
FORM.

HANDLING UNkNOWN D V ALUES

- IF D IS AN UNKNOWN VARIABLE, THE DISTANCE BECOMES A FUNCTION OF D:

\[
P(3,D, 3)
\]

THE FORMULA THEN BECOMES:

\[

D(D) = \rrAc{|5 \TiMes 3 + 3 \TiMes D + 1 \1imes 3 - 4[3{\sqrT{35}} = \rrac{|15 + 3D + 3 - 4|}{\sqrT{35}} =
\rrAc{]| 14 + 3D}{\sqrT{35}}

\]

- THIS ALLOWS YOU TO ANALYZE HOW THE DISTANCE VARIES WITH D.

VISUALIZING THE POINT AND PLANE

- VISUAL AIDS CAN HELP IN UNDERSTANDING THE SPATIAL RELATIONSHIP.

- USE GRAPHING SOFTWARE OR 3D VISUALIZATION TOOLS TO PLOT THE PLANE AND POINT, PROVIDING INTUITIVE INSIGHT INTO
THE SHORTEST PATH.

TIPS FOR ACCURATE CALCULATIONS

® ENSURE THE PLANE EQUATION IS CORRECTLY WRITTEN IN STANDARD FORM.



® DOUBLE-CHECK COEFFICIENTS BEFORE PLUGGING INTO THE FORMULA.
e USE A CALCULATOR FOR SQUARE ROOTS AND ABSOLUTE VALUES TO MINIMIZE ERRORS.

® [UNDERSTAND THE GEOMETRICAL MEANING: THE SHORTEST DISTANCE IS ALONG THE LINE PERPENDICULAR TO THE PLANE.

CONCLUSION

FINDING THE SHORTEST DISTANCE FROM A POINT TO A PLANE IS A FOUNDATIONAL SKILL IN COORDINATE GEOMETRY, WITH
APPLICATIONS RANGING FROM ENGINEERING TO COMPUTER GRAPHICS. BY UNDERSTANDING THE STANDARD FORMULA AND
CAREFULLY APPLYING EACH STEP, YOU CAN ACCURATELY DETERMINE THIS DISTANCE FOR ANY POINT AND PLANE. REMEMBER TO
INTERPRET THE EQUATIONS CORRECTLY, ESPECIALLY WHEN THE GIVEN DATA APPEARS AMBIGUOUS, AND ALWAYS VERIFY YOUR
CALCULATIONS FOR PRECISION.

IF THE ORIGINAL PROBLEM'S NOTATION OR DATA DIFFERS, ADAPT THE STEPS ACCORDINGLY. W1 TH PRACTICE, THESE
CALCULATIONS WILL BECOME QUICK AND INTUITIVE, ENHANCING YOUR SPATIAL REASONING AND PROBLEM~SOLVING SKILLS IN
MATHEMATICS AND RELATED FIELDS.

FREQUENTLY ASkeD QUESTIONS

How Do | FIND THE PERPENDICULAR DISTANCE FROM THE POINT (3, D, 3) TO THE PLANE
Sx+vy+2z2=4r

TO FIND THE DISTANCE, USE THE FORMULA: DISTANCE = |[ax0 + 8Y0 + cz0 - 0| / sQrT(A"2 + 8”2 + c*2), wHere (x0, YO,
z0) IS THE POINT AND AX + BY + CZ = D IS THE PLANE EQUATION. PLUG IN THE VALUES TO COMPUTE THE DISTANCE.

\WHAT ARE THE STEPS TO CALCULATE THE DISTANCE FROM THE POINT (3, D, 3) 10
THE PLANE SX + Y + 22 = 4?

FIRST, SUBSTITUTE THE POINT COORDINATES INTO THE PLANE EQUATION: 53 + D + 23. THEN, FIND THE ABSOLUTE VALUE OF
THIS RESULT MINUS 4, AND DIVIDE BY THE SQUARE ROOT OF (572 + 172 + 2°2).

CAN | FIND THE DISTANCE FROM (3, D, 3) TO THE PLANE WITHOUT KNOWING D?

NO, SINCE D IS AN UNKNOWN VARIABLE, THE DISTANCE WILL BE EXPRESSED IN TERMS OF D. You NEED THE VALUE ofF D To
COMPUTE A SPECIFIC NUMERICAL DISTANCE.

IF D IS KNOWN, HOW CAN | SIMPLIFY THE CALCULATION OF THE DISTANCE FROM THE
POINT TO THE PLANE?

ONCE D IS KNOWN, SUBSTITUTE IT INTO THE NUMERATOR CALCULATION: |(63) + D + (23) - 4|, THen DIvIDE BY SQRT(572 +
172 + 272) = sqQr7(25 + 1 + 4) = sQr7(30).

\WHAT IS THE SIGNIFICANCE OF THE COEFFICIENTS 5, 1, AND 2 IN THE PLANE EQUATION?

THEY REPRESENT THE COEFFICIENTS OF X, Y, AND Z RESPECTIVELY, DEFINING THE ORIENTATION OF THE PLANE IN 3D sPACE.



IS THE DISTANCE FROM A POINT TO A PLANE ALWAYS POSITIVE?

YES, THE DISTANCE IS ALWAYS NON-NEGATIVE, AS IT IS THE ABSOLUTE VALUE OF THE EXPRESSION USED IN THE FORMULA.

How DOES CHANGING THE VALUE OF D AFFECT THE DISTANCE FROM THE POINT TO THE
PLANE?

ALTERING D CHANGES THE Y-COORDINATE OF THE POINT, WHICH IN TURN AFFECTS THE NUMERATOR IN THE DISTANCE FORMULA,
THUS CHANGING THE CALCULATED DISTANCE.

CAN THIS METHOD BE USED TO FIND THE SHORTEST DISTANCE FROM ANY POINT TO ANY
PLANE?

YES, THE POINT-TO-PLANE DISTANCE FORMULA APPLIES GENERALLY FOR ANY POINT AND PLANE IN 3D SPACE, PROVIDED THE
PLANE EQUATION AND POINT COORDINATES ARE KNOWN.

ADDITIONAL RESOURCES

DisTANCE CALCULATION FROM A POINT TO A PLANE: AN IN-DEPTH EXPLORATION

\UNDERSTANDING THE GEOMETRIC RELATIONSHIP BETWEEN POINTS AND PLANES IS FUNDAMENTAL IN VARIOUS FIELDS, INCLUDING
ENGINEERING, COMPUTER GRAPHICS, PHYSICS, AND MATHEMATICS. ACCURATELY DETERMINING THE SHORTEST DISTANCE FROM A
POINT TO A PLANE ALLOWS US TO SOLVE REAL-WORLD PROBLEMS SUCH AS COLLISION DETECTION, OPTIMIZATION, AND
SPATIAL ANALYSIS. TODAY, WE WILL DELVE INTO THE PROCESS OF FINDING THE DISTANCE FRoM THE POINT \( (3, D, 3) \) To

THE SPECIFIC PLANE GIVEN BY THE EQUATION \( 55 + TH+ 1.2 = 4 \), PROVIDING A COMPREHENSIVE GUIDE THAT COMBINES
THEORETICAL CONCEPTS WITH PRACTICAL STEPS.

DECIPHERING THE PROBLEM: |UNDERSTANDING THE ELEMENTS INVOLVED

BEFORE DIVING INTO CALCULATIONS, IT’S CRUCIAL TO INTERPRET THE PROBLEM STATEMENT ACCURATELY. THE TASK INVOLVES
TWO CORE COMPONENTS!

1. THe Point: \( (3, D, 3) \)
2. THEPLANE: \( 55+ TH+ 1.2=4)

HOWEVER, THE NOTATION APPEARS SOMEWHAT UNCONVENTIONAL , WHICH WARRANTS CLARIFICATION.

CLARIFICATION OF THE POINT COORDINATES

- THe PoINT 1S GIVEN AS \( (3, D, 3) \). Here, \( D \) COULD BE A VARIABLE OR A SPECIFIC COORDINATE VALUE.

- IN TYPICAL COORDINATE NOTATION, POINTS ARE REPRESENTED AS \( (X, Y, ) \). AssuMING \( D \) IS A PLACEHOLDER FOR

THE Y-COORDINATE, THE POINT 1S \( (3, D, 3) \).

NOTE: FOR THE SUBSEQUENT CALCULATIONS, WE NEED A SPECIFIC VALUE OF \( D \). IF \( D \) IS UNSPECIFIED, THE DISTANCE
WILL BE EXPRESSED IN TERMS of \( D \).

CLARIFICATION OF THE PLANE EQUATION

THE PLANE EQUATION IS GIVEN AS:

\l



5s+ 1+ 1.2=4
\]

THIS APPEARS TO BE AN ALGEBRAIC EXPRESSION INVOLVING VARIABLES \('S \) AND \(H \), WHICH MAY CORRESPOND TO THE
STANDARD \( X, Y, Z \) COORDINATES. TO PROCEED, WE NEED TO EXPRESS THIS IN A MORE FAMILIAR FORM.

REFORMULATING THE PLANE EQUATION

STeP 1: CLARIFY VARIABLES

- TYPICALLY, PLANE EQUATIONS ARE WRITTEN AS:

\[
AX+BY+cz+p=0
\]

- GIVEN THE EQUATION:
\[

5s+ 1+ 1.2=4

\]

- We cAN INTERPRET \('s \) AND \(H \) AS COORDINATE VARIABLES, POSSIBLY CORRESPONDING TO \( x \) anD \( ¥ \), or
\(x \) anD \( 'z \), DEPENDING ON CONTEXT.

STEP 2: REWRITE IN STANDARD FORM

SUBTRACT 4 FROM BOTH SIDES:

\[
55+ TH+1.2-4=0
\]

SIMPLIFY:

\[
5s+ 1H-2.8=0
\]

STeP 3: ASSIGN STANDARD VARIABLE NAMES
SUPPOSE:

-\(s\) corresponps To \( x \)
-\(H\) corresponps To \( ¥ \)

THEN, THE PLANE EQUATION:

\[
5x+v-28=0
\]

NOTE: IF THE THIRD COORDINATE \( Z \) IS INVOLVED, IT’S MISSING HERE, SUGGESTING THE PLANE IS IN 2D OR A SPECIFIC PLANE
IN 3D space wHere \( z \) IS ARBITRARY.



ASSUMPTION: BASED ON THE GIVEN EQUATION, THE PLANE IS IN 3D WITH THE FORM:

\[
5x+v+0\cooTz-2.8=0

\]

OR SIMPLY,

\[
5x +vy=2.8
\]

EsTABLISHING THE COORDINATES AND V ARIABLES

To PROCEED WITH THE CALCULATION:

-Pont: \(P=(x_0,v_0,2 0)=(3,D, 3)\)
-PLane: \(Bx + vy =2.81\)

GIVEN THAT, THE PLANE EXTENDS INFINITELY IN THE \( z \)-DIRECTION, AS THE \( Z \)-COMPONENT IS ABSENT FROM ITS
EQUATION.

CALCULATING THE DISTANCE FROM A POINT TO A PLANE

THe sHORTEST DISTANCE \( D \) FRoM A POINT \(P(x_0, vy_0,z 0)\) ToaprLANe \(AX +BY + cz+D =0 \) IS GIVEN
BY THE FORMULA!

\[

D= \rrAc{lax O+8Y_0+cz O+p[}{\sqrt{a"2 +8"2 +c"2}}
\]

KEY POINTS:

-\('A, B, c'\) ARE THE COEFFICIENTS OF THE PLANE EQUATION.
-\((x_0, v_0, z_0) \) ARE THE COORDINATES OF THE POINT.
-\(0\) IS THE CONSTANT TERM IN THE PLANE EQUATION, WITH SIGN ADJUSTED AS PER STANDARD FORM.

APPLYING THE FORMULA TO OUR PROBLEM

STEP 1: WRITE THE PLANE IN STANDARD FORM

FROM PREVIOUS STEPS:

\[
5x+v-28=0
\]



- Here:

\[
A=5,\quape=1,\quabc =0, \quabb =-2.8

\]

STEP 2: PLUG IN THE POINT COORDINATES

\[
x_ 0=3,\quapy_0=D,\quapz 0=3
\]

STep 3: COMPUTE NUMERATOR

\[
lAx O+BYy O+cz O+po[=[5\TMes 3+ 1 \TiMesD+ O \TiMes 3-2.8|=[15+D-2.8|=D+ 12.2|
\]

STeP 4: COMPUTE DENOMINATOR

\[
\sQrT{A"2 +8"2 + c"2} = \s@rT{25 + 1 + 0} = \sQrT{263} \aPProx 5.10
\]

STeEP 5: FINAL FORMULA

\[
D = \rRAc{ID + 12.2[}{\sqrT{26}3
\]

INTERPRETING THE RESULT: DISTANCE AS A FUNCTION OF D

THE DERIVED FORMULA:

\[

\BOXED{

(D) = \rrac{ID + 12.21}X\sqrT{263}
}

\]

ILLUSTRATES HOW THE DISTANCE VARIES WITH THE PARAMETER \( D \).
- IF \(D \) IS KNOWN OR SPECIFIED, THE EXACT NUMERICAL DISTANCE CAN BE COMPUTED.

- IF \( D \) IS VARIABLE, THE DISTANCE DEPENDS LINEARLY ON \( D \), WITH THE ABSOLUTE VALUE ENSURING IT’S ALWAYS
NON-NEGATIVE.

SpeciAL CASES AND ADDITIONAL CONSIDERATIONS

WHeNn \(D=-12.2\)



- THE NUMERATOR BECOMES ZERO, WHICH MEANS THE POINT LIES ON THE PLANE, AND THE SHORTEST DISTANCE IS ZERO.
WHEN \( D \Ne@ -12.2 \)

- THE DISTANCE IS POSITIVE, INDICATING THE POINT IS EITHER ABOVE OR BELOW THE PLANE DEPENDING ON THE SIGN OF \( D+
12.2°\).

VISUALIZING THE GEOMETRY

- THe pLANE \( 5x + v = 2.8 \) exTeNDS INFINITELY IN THE \( z \)-DIRECTION.

- Tre poiNT \( (3, D, 3) \) varies aLonG THE \( ¥ \)-pirecTion AS \( D \) VARIES.

- THE SHORTEST DISTANCE DEPENDS SOLELY ON THE \( ¥ \)-coorbINATE \( D \), wiTH THe \( x \) AnD \( z \)-coorpiNATES
FIXED AT 3.

SUMMARY: STEP-BY-STEP CALCULATION GUIDE

1. IDENTIFY THE POINT AND PLANE EQUATIONS:
-Pont: \((3,D, 3)\)
-PLane: \(5x+vy=281\)

2. CONVERT THE PLANE TO STANDARD FORM:
-\(5x+vy+0\cooTz-28=0)\)

3. DETERMINE COEFFICIENTS:

-\a=85V),\(e=1,\(c=01),\(p=-2.81\)

4. APPLY THE DISTANCE FORMULA:
-\(p=\rrAc{lax O0+BY O+cz O+p[}{\sqrt{a"2 +8"2+c"2}}\)

5. SUBSTITUTE POINT COORDINATES:

-\(x_0=3\),\(vy_.0=D\),\(z2.0=3\)

6. COMPUTE NUMERATOR AND DENOMINATOR:
- NumeraTor: \(|15+D-28|=D+ 12.2[\)
- DenominaTOR: \(\s@rT{263} \)

7. FINAL FORMULA:
-\(o(D) = \rrAc{ID + 12.2[}{\s@rT{26}} \)

CONCLUSION AND PRACTICAL APPLICATIONS

THIS DETAILED EXPLORATION DEMONSTRATES A SYSTEMATIC APPROACH TO CALCULATING THE SHORTEST DISTANCE FROM A
POINT TO A PLANE, EMPHASIZING CLARITY IN TRANSLATING ALGEBRAIC EQUATIONS INTO GEOMETRIC INTERPRETATIONS.
W/HETHER IN ACADEMIC SETTINGS OR REAL-WORLD ENGINEERING APPLICATIONS, SUCH CALCULATIONS UNDERPIN CRITICAL
ANALYSES:

- COLLISION DETECTION IN COMPUTER GRAPHICS
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