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So THe DETERMINANT For FINDING THE EQUATION OF PLANE Is DETX 12Y11234=0

(UNDERSTANDING HOW TO FIND THE EQUATION OF A PLANE IN THREE-DIMENSIONAL SPACE IS A FUNDAMENTAL CONCEPT IN VECTOR
ALGEBRA AND ANALYTIC GEOMETRY. THE STATEMENT "DETX 12v11234=0" ENCAPSULATES A CRUCIAL METHOD FOR DERIVING
THE PLANE'S EQUATION THROUGH THE USE OF DETERMINANTS. THIS APPROACH LEVERAGES THE PROPERTIES OF DETERMINANTS
TO EFFECTIVELY HANDLE THE GEOMETRIC RELATIONSHIPS BETWEEN POINTS, VECTORS, AND PLANES. [N THIS COMPREHENSIVE

ARTICLE, WE DELVE INTO THE SIGNIFICANCE OF DETERMINANTS IN PLANE EQUATIONS, INTERPRET THE SPECIFIC DETERMINANT
NOTATION, AND EXPLORE THE STEP-BY-STEP PROCESS TO DERIVE AND VERIFY THE EQUATION OF A PLANE USING DETERMINANTS.

FUNDAMENTALS OF PLANE EQUATIONS IN 3D SPACE

UNDERSTANDING THE GEOMETRIC SETUP

IN THREE-DIMENSIONAL SPACE, A PLANE IS A FLAT, TWO~DIMENSIONAL SURFACE EXTENDING INFINITELY IN ALL DIRECTIONS. To
DEFINE A PLANE EXPLICITLY, TYPICALLY, THREE NON-COLLINEAR POINTS OR A POINT AND A NORMAL VECTOR ARE REQUIRED.

- PoinTs IN Space: DenoTep As \(P_1(x_1,v_T1,z_1)\),\(P_2(x_2,v_2,z 2)\), ano \(P_3(x_3,v_3,z_3)
\).

- NorMAL VECTOR: A VECTOR PERPENDICULAR TO THE PLANE, OFTEN DERIVED VIA CROSS PRODUCT OF TWO VECTORS LYING
ON THE PLANE.

- PLANE EQUATION: USUALLY EXPRESSED IN THE FORM \( Ax + By + Cz +D =0 \), wHere \( (A, B, C) \) IS THE NORMAL
VECTOR.

RoLE oF DETERMINANTS IN PLANE GEOMETRY

DETERMINANTS PROVIDE A COMPACT, ALGEBRAIC WAY TO VERIFY THE COPLANARITY OF POINTS AND DERIVE THE PLANE'S
EQUATION. SPECIFICALLY:

- THE DETERMINANT OF A MATRIX FORMED BY THE COORDINATES OF POINTS CAN INDICATE WHETHER POINTS ARE COPLANAR.
- USING DETERMINANTS SIMPLIFIES CALCULATIONS INVOLVING MULTIPLE POINTS AND VECTORS.

- THE VANISHING OF CERTAIN DETERMINANTS INDICATES THE POINTS LIE ON THE SAME PLANE.

INTERPRETING THE DETERMINANT NOTATION: DETX 12Y11234=0

DecopING THE NOTATION

THe NoTATION "DETX 12Y11234=0" SUGGESTS A DETERMINANT INVOLVING POINTS OR VECTORS LABELED WITH SPECIFIC
COORDINATES:



- X 12: LikeLy rerers To POINT \(P_T1(x_T,v_1,z_1) \) OrR A VECTOR ASSOCIATED WITH THE POINT 12,
- Y 11: Corresponps To POINT \(P_2(x_2,v_ 2,2 2)\) OrR ASSOCIATED WITH THE LABEL 11.
- 734: CorresponDs To POINT \(P_3(x_3, y_3,z_3) \) or ASSOCIATED WITH LABEL 34.

ALTERNATIVELY, THESE COULD DENOTE SPECIFIC COORDINATE VALUES OR PLACEHOLDERS IN A MATRIX.

GIVEN THE CONTEXT, IT PROBABLY SIGNIFIES A DETERMINANT CONSTRUCTED WITH THE COORDINATES OF THREE POINTS!

\l

\BeGIN{ VMATRIX}

x 1y 1z 1\\
X 26y 26z 2\\
x 3§y 3z 3\\
\eno{vmaTRIX} =0

\]

\WHICH INDICATES THE POINTS ARE COPLANAR.

WHY THE DETERMINANT EQUALS ZERO?

- |F THE DETERMINANT OF THE MATRIX FORMED BY THE COORDINATES OF THREE POINTS IS ZERO, IT IMPLIES THE POINTS ARE
COPLANAR.

- THE DETERMINANT ESSENTIALLY COMPUTES THE VOLUME OF THE PARALLELEPIPED FORMED BY VECTORS FROM THESE POINTS.

- ZERO VOLUME INDICATES THE POINTS LIE ON THE SAME PLANE.

DerIVING THE EQUATION OF A PLANE USING DETERMINANTS

STEP-BY-STEP PROCEDURE

TO FIND THE EQUATION OF A PLANE PASSING THROUGH THREE POINTS \(P_1,P_2 P_3\), FOLLOW THESE STEPS:
1. IDENTIFY COORDINATES:!

S\CP_1(x_T1,v_1,221D)\)

-\(P_2(x_2,v_2,2.2)\)

-\(P_3(x_3,v_3,2.3)\)

2. ForM VECTORS ON THE PLANE:

-\(\vec{AB}=P_2-P_ 1=(x_2-x_1,v.2-v_1,22-z_1)\)

-\(\Wec{AC}=P 3-P_1=(x_3-%x_1,v.3-v_1,23-z2 1D\

3. CALCULATE THE NORMAL VECTOR:

- \C\vec{n} = \vec{AB} \1imMes \vec{AC} \)



- THE CROSS PRODUCT YIELDS THE NORMAL VECTOR \( (A, B, C) \).
4. ForM THE PLANE EQUATION:

- THE GENERAL FORM IS:

\[
Alx-x_ 1)+B(v-v_1)+C(z-z_1)=0
\]

- EXPAND AND SIMPLIFY TO:

\[
Ax+By+Cz+D=0
\]

\WHERE

\[
D=-(Ax_1+By_1+Cz 1)
\]

5. EXPRESS THE EQUATION:

- FINAL FORM:

\[
Ax+By+Cz+D=0

\]

NoTe: ALTERNATIVELY, ONE CAN DIRECTLY DERIVE THE COEFFICIENTS USING DETERMINANTS.

UsING DETERMINANTS TO FIND THE PLANE EQUATION

THE EQUATION OF THE PLANE PASSING THROUGH POINTS \(P_1,P_2, P_3 \) CAN BE EXPRESSED AS A DETERMINANT:

\[

\BeGIN{ VMATRIX}

X-X19yv-vy. 19z-2_1\\

X 2-x 19y 2-vy. 19z.2-2 1\\
X 3-x_ 19y 3-vy. 19z2.3-z1\\
\eno{vmaTRIX} =0

\]
EXPANDING THIS DETERMINANT YIELDS A LINEAR EQUATION IN \( X, ¥, Z \).

ALTERNATIVELY, A MORE DIRECT WAY INVOLVES CONSTRUCTING A 4X4 DETERMINANT:

\[

\BEGIN{ VMATRIX}

XGy gz 1\\

x_ 19y_ 19219 1\\
X 2§y 29229 1\\
Xx 39y 392391\\
\eno{vmMaTRIX} =0

\]



WHICH UPON EXPANSION PROVIDES THE PLANE'S EQUATION IN THE FORM \( Ax + By + Cz+D=0\).

APPLICATION OF THE DETERMINANT METHOD: AN EXAMPLE

GIVEN POINTS:

SUPPOSE WE HAVE THREE POINTS:
-\(P_1(7,2,3) )
-\(P_2(4,5,6)\)

-\(P_3(7,8,9\)

STEP 1: FORM THE DETERMINANT

CONSTRUCT THE MATRIX:

\[

\BeGIN{ VMATRIX}
XYy gz 1\\
162636 1\\
4656661\
7686961\
\eno{vMaTRIX} =0

\]

STeEP 2: EXPAND THE DETERMINANT

EXPANDING ALONG THE FIRST ROW, WE GET:

\[

x \cooT \BeGIN{VMATRIX}
263 1\\

5666 1\\

8§96 1\\
\eno{vMAaTRIX}

- v \cooT \eecIN{VvMATRIX}
1636 71\\

4666 1\\

7696 1\\
\enp{VMATRIX}

+ z \cooT \BeGIN{ VMATRIX}
1626 1\\

45 1\\

768 1\\
\eno{vMATRIX}

- 1 \cooT \BeGIN{VMATRIX}
192 3\\
45q6\\
768¢9\\



\eno{vmaTrRIX} =0

\]

CALCULATING EACH MINOR LEADS TO THE EXPLICIT PLANE EQUATION.

STeP 3: FINAL PLANE EQUATION

ONCE MINORS ARE COMPUTED, THE RESULTING LINEAR EQUATION IN \( X, Y,z \) REPRESENTS THE PLANE PASSING THROUGH THE
THREE POINTS.

SIGNIFICANCE AND LIMITATIONS OF THE DETERMINANT METHOD

ADVANTAGES

- PROVIDES A SYSTEMATIC WAY TO VERIFY COPLANARITY.
- EASILY DERIVES THE PLANE'S EQUATION FROM GIVEN POINTS.

- USEFUL IN COMPUTATIONAL APPLICATIONS AND ANALYTICAL GEOMETRY.

LIMITATIONS

- REQUIRES PRECISE CALCULATION OF DETERMINANTS, WHICH CAN BE CUMBERSOME WITH COMPLEX DATA.

- NOT SUITABLE FOR DEGENERATE CASES WHERE POINTS ARE COLLINEAR (DETERMINANT EQUALS

FREQUENTLY ASkeD QUESTIONS

\WHAT IS THE SIGNIFICANCE OF USING A DETERMINANT TO FIND THE EQUATION OF A
PLANE?

USING A DETERMINANT HELPS TO DERIVE THE EQUATION OF A PLANE WHEN GIVEN THREE POINTS OR A POINT AND A NORMAL
VECTOR, BY ENSURING THE PLANE PASSES THROUGH THE POINTS AND IS PERPENDICULAR TO THE NORMAL VECTOR.

How IS THE DETERMINANT FORMAT SET UP FOR FINDING THE PLANE EQUATION FROM
POINTS?

THE DETERMINANT IS SET UP AS A 3X3 MATRIX WITH THE COORDINATES OF POINTS OR VECTORS, SUCH AS |X - XO, Y - YO, Z-
ZO|, AND THE PLANE EQUATION IS DERIVED BY SETTING THE DETERMINANT TO ZERO.

IN THE EXPRESSION DET[X, 12Y, 112, 34|=0, WHAT DO THE VARIABLES X, Y, AND Z
REPRESENT?

X, Y, AND Z REPRESENT THE VARIABLES CORRESPONDING TO THE COORDINATES OF A GENERAL POINT (X, Y, Z) IN THE PLANE,
USED TO FORMULATE THE PLANE'S EQUATION VIA THE DETERMINANT.



How CAN | INTERPRET THE DETERMINANT EXPRESSION DET|X, 12v, 11z, 34]=0 N
TERMS OF PLANE GEOMETRY?

THIS DETERMINANT REPRESENTS A CONDITION THAT ALL POINTS (X, Y, Z) SATISFYING THE PLANE'S EQUATION MUST FULFILL,
ENSURING THE POINT LIES ON THE PLANE DEFINED BY THE GIVEN PARAMETERS.

\WHAT IS THE STEP-BY-STEP PROCESS TO DERIVE THE PLANE EQUATION FROM THE
DETERMINANT EXPRESSION?

FIRST, EXPAND THE DETERMINANT TO OBTAIN A LINEAR EQUATION IN X, Y, AND Z, THEN SIMPLIFY TO EXPRESS THE PLANE
EQUATION IN THE STANDARD FORM AX + By + Cz + D = 0.

CAN THE DETERMINANT METHOD BE USED FOR PLANES DEFINED BY POINTS, VECTORS, OR
BOTH?P

YES, THE DETERMINANT METHOD CAN BE APPLIED TO FIND THE PLANE EQUATION WHEN GIVEN THREE POINTS, A POINT AND A
NORMAL VECTOR, OR TWO VECTORS LYING ON THE PLANE.

\WHAT DOES SETTING THE DETERMINANT EQUAL TO ZERO IMPLY ABOUT THE POINTS
INVOLVED?

SETTING THE DETERMINANT TO ZERO INDICATES THAT THE POINTS OR VECTORS ARE COPLANAR, MEANING THEY ALL LIE ON THE
SAME PLANE.

How DOES THE COEFFICIENTS IN THE DETERMINANT RELATE TO THE NORMAL VECTOR OF
THE PLANE?

THE COEFFICIENTS OBTAINED FROM THE EXPANDED DETERMINANT FORM CORRESPOND TO THE COMPONENTS OF THE PLANE'S
NORMAL VECTOR, WHICH IS PERPENDICULAR TO THE PLANE.

ARE THERE ANY SPECIFIC CONDITIONS OR LIMITATIONS WHEN USING DETERMINANTS TO
FIND THE PLANE EQUATION?

YES, THE POINTS USED MUST BE NON-COLLINEAR (NOT ALL ON A SINGLE LINE), AND THE DETERMINANT METHOD ASSUMES THE
POINTS OR VECTORS PROVIDED ARE SUFFICIENT TO DEFINE A UNIQUE PLANE.

How DOES THE DETERMINANT METHOD COMPARE TO OTHER METHODS FOR FINDING THE
PLANE EQUATION?

THE DETERMINANT METHOD PROVIDES A SYSTEMATIC APPROACH FOR DERIVING THE PLANE EQUATION FROM THREE POINTS OR
TWO VECTORS, OFTEN SIMPLIFYING CALCULATIONS COMPARED TO ALGEBRAIC METHODS, ESPECIALLY IN COORDINATE GEOMETRY.

ADDITIONAL RESOURCES

So THe DETERMINANT For FINDING THE EQUATION OF PLANE IS DETX 12Y 11234=0—THIS STATEMENT ENCAPSULATES A
FUNDAMENTAL APPROACH IN VECTOR AND ANALYTICAL GEOMETRY. |T HIGHLIGHTS HOW DETERMINANTS SERVE AS A POWERFUL
ALGEBRAIC TOOL TO DERIVE THE EQUATION OF A PLANE IN THREE-DIMENSIONAL SPACE. \WHETHER YOU'RE A STUDENT TRYING TO
GRASP THE CORE CONCEPTS, A TEACHER PREPARING INSTRUCTIONAL MATERIAL, OR A PROFESSIONAL SOLVING GEOMETRIC
PROBLEMS, UNDERSTANDING HOW TO USE DETERMINANTS TO FIND THE EQUATION OF A PLANE IS ESSENTIAL. THIS GUIDE AIMS TO
DEMYSTIFY THIS PROCESS, PROVIDING A COMPREHENSIVE BREAKDOWN OF THE CONCEPTS, STEPS, AND APPLICATIONS INVOL VED.



(UNDERSTANDING THE EQUATION OF A PLANE

BEFORE DELVING INTO DETERMINANTS, IT’S CRUCIAL TO UNDERSTAND WHAT AN EQUATION OF A PLANE REPRESENTS IN THREE-
DIMENSIONAL SPACE.

WHAT Is A PLANE?
A PLANE IS A FLAT, TWO-DIMENSIONAL SURFACE EXTENDING INFINITELY IN 3D SPACE. |T CAN BE UNIQUELY DEFINED BY:

= A POINT THROUGH WHICH IT PASSES, OR
- A POINT AND A NORMAL VECTOR (A VECTOR PERPENDICULAR TO THE PLANE).

STANDARD FORM OF THE PLANE EQUATION
THE GENERAL FORM OF A PLANE'S EQUATION IS:
\[Ax+By+Cz+D=0\]

WHERE:

-\((A, B, C) \) IS THE NORMAL VECTOR TO THE PLANE.
-\(D\) IS A SCALAR CONSTANT.

GIVEN THREE NON-COLLINEAR POINTS, OR A POINT AND A NORMAL VECTOR, WE CAN DETERMINE THE VALUES OF \( A, B/ C/ \)

Aano \(D\).

THE RoLE oF DETERMINANTS IN FINDING THE EQUATION OF A PLANE

USING DETERMINANTS IS A SYSTEMATIC WAY TO DERIVE THE EQUATION OF A PLANE THAT PASSES THROUGH THREE POINTS. THE
EXPRESSION:

\[ \oeT \BeGINn{BMATRIX}

x-Xx 0qy-vy. 0z-20\\

x 1-x 09y _1-vy 0§z 1-20\\
Xx 2-x 09y 2-vy0§22-20
\eno{aMAaTRIX} = 0 \]

ENSURES THAT THE POINT \( (X, ¥, z) \) LIES ON THE SAME PLANE PASSING THROUGH POINTS \( (x_0, v_0,z_0) \), \(
(x_1,v_1,21)\),ann\((x_2,vy_2,2 2)\).

\WHY DETERMINANTS?
- THE DETERMINANT OF A MATRIX COMPOSED OF VECTORS SIGNIFIES THE VOLUME OF THE PARALLELEPIPED THEY FORM.

- WHEN THE VOLUME IS ZERO (DETERMINANT EQUALS ZERO), THE VECTORS ARE COPLANAR, MEANING ALL POINTS LIE ON THE
SAME PLANE.

STeP-BY-STEP GUIDE: DERIVING THE PLANE EQUATION USING A DETERMINANT
LET’S EXPLORE HOW TO DERIVE THE PLANE'S EQUATION WITH A CONCRETE EXAMPLE, CONNECTING TO THE EXPRESSION:
DET X12v11234=0

STeP 1: IDENTIFY THE POINTS



SUPPOSE YOU ARE GIVEN THREE POINTS:

-\(P_0=(x_0,vy_0,z20)\)
-\(P_1=(x_1,v_1,21D\)
-\(P_2=(x_2,v.2,2.2)\)

THESE POINTS ARE KNOWN OR CHOSEN BASED ON THE PROBLEM CONTEXT.
Step 2: Form VECTORS
CONSTRUCT VECTORS RELATIVE TO ONE POINT, SAY \(P_0 \):

-\(\vec{A}=P 1-P 0=(x_1-x0

— 7 Y_ Y_
-\(\vec{B}=P 2-P 0=(x 2-x0,v.2-v

1-v 0,z
2-v_0,z_

’

STeP 3: SET UP THE DETERMINANT

THE DETERMINANT SETUP INVOLVES THE GENERAL POINT \( (X, v, ) \):

\[

\DET

\BeGIN{BMATRIX}

Xx-X 0§yvy-vy. 0z-20\\

x 1-x 0y _1-vy 0§z 1-20\\
X 2-x 09y 2-vy 092 2-20
\eno{emMATRIX} = 0

THIS DETERMINANT EQUALS zERO WHEN \( (X, Y, z) \) LIES ON THE SAME PLANE AS THE THREE KNOWN POINTS.
STEP 4: EXPAND THE DETERMINANT

EXPANDING THE DETERMINANT , YOU GET THE SCALAR EQUATION:

\[

(x-%x_ O \Lert((v_1-v . 0)z 2-20)-(z1-20)y_2-v_0)\RIGHT) - (v - v_0) \LerT( (x_1-x_0)z_2 -
2 0)-(Z 1-20)x 2-x 0)\riGHT) + (z-72 O) \LerT((x_T-x O)¥y_2-v 0)-(v_1-v_ 0)x_2-x_0)
\RIGHT) =0

\]

THIS IS THE GENERAL EQUATION OF THE PLANE.

APPLYING THE CONCEPT: DECIPHERING THE ExPRESSION 'DETX 12Y 11234=0"

THE NOTATION 'DETX 12v 11234=0" APPEARS TO BE A CONDENSED OR SHORTHAND WAY OF REPRESENTING A DETERMINANT
INVOLVING SPECIFIC POINTS OR COEFFICIENTS.

INTERPRETING THE NOTATION
- "X 12" sUGGESTS A COMPONENT INVOLVING THE \( X \)-coorpINATE, PERHAPS \( x_1\) or \( x_2 \).
-'v171" coup MpLY \( ¥_1\) OR PERHAPS A COEFFICIENT ASSOCIATED WITH THE \( ¥ \)-COORDINATE.

- 234" LIKELY REFERENCES POINTS OR COEFFICIENTS INVOLVING \(z_3 \) ano \(z_4 \).

IN MANY CONTEXTS, SUCH SHORTHAND MAY DENOTE A DETERMINANT BUILT FROM COORDINATES!

\l

\DET



\BeGIN{BMATRIX}
xGyqz\\

x 16y 16z 1\\
X 29y 2922
\eno{eMAaTRIX} = 0

\]

WHICH IS THE STANDARD FORM FOR THE PLANE PASSING THROUGH POINTS \((x_1,v_T1,z_1) \) an0 \((x_2,v_2,2_2)
\), UsING THE GENERAL POINT \( (X, ¥, 2) \).

CLARIFYING THE EXPRESSION

SUPPOSE THE EXPRESSION IS A PLACEHOLDER OR A SPECIFIC NOTATION USED IN A PROBLEM TO DENOTE THE DETERMINANT
INVOLVING POINTS OR COEFFICIENTS, WHICH EQUAL ZERO WHEN THE POINT LIES ON THE PLANE.

PRACTICAL EXAMPLE: DERIVING THE EQUATION OF A PLANE
LET'S WORK THROUGH A PRACTICAL EXAMPLE STEP-BY-STEP.

GIVEN PoINTS:

-\(P_0=(1,2,3)\)
-\(P_1=(4,0,2)\)
-\(P_2=(0,5, D\)

Step 1: CREATE VECTORS

\[
\WecfA}=(4-10-2 2-3)=(3,-2.-1)
\]

\[
\ec{B}=(0-1,6-2,1-3)=(-1,3,-2)
\]

Step 2: CompuTE THE Cross ProbucT (NorMAL VECTOR)

THe NorMAL VECTOR \( \VEC{N} \) To THE PLANE IS:

\[

\Vec{N} = \vec{A} \TiMes \vec{B} =
\BEGIN{ VMATRIX}

\MaTHBF(1} & \MATHBF{)} & \MaTHBF{K]} \\
3§-26-1\\

-1§3-2

\eno{vMATRIX}

\]

CALCULATING:

\[
\MATHRF{I}((-2)(-2) - (-1)(3)) = \MATHBF{1}3(4 - (-3)) = \MaTHBF{1}(7)
\]

\[
-\MATHBR}(3(-2) - (-1)(-1)) = - \MATHBF{J}(-6 - 1) = - \MATHBF{J}(-7) = 7 \MATHBF{J}
\]



\[
\MATHBF{K}(3 \TiMEs 3 - (-2)(- 1)) = \MATHBF{K}(9 - 2) = 7 \MATHRF{K]}
\]

THus,

\[
\vec{N}=(7,7,7)
\]

wHicH siMpLIFIES To \( (1, 1, 1) \) AFTER DIVIDING BY 7.
Step 3: WRITE THE PLANE EQUATION
Using poinT \(P_0 = (1, 2, 3) \) anp NnorMAL VecTor \( (1, 1, 1) \):

\[
1x-1D+1(v-2)+1(z-3)=0
\]

SIMPLIFY:

\[
Xx-1+vy-2+z-3=0

\]
\[

X+y+z-6=0

\]

So The Determinant For Finding The Equation Of Plane Is
Detx12y11z34 0

So The Determinant For Finding The Equation Of Plane Is Detx12y11z34 0
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