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(UNDERSTANDING THE STANDARD MATRIX OF A LINEAR TRANSFORMATION IS FUNDAMENTAL IN LINEAR ALGEBRA, ESPECIALLY WHEN
DEALING WITH TRANSFORMATIONS FROM R? To R2. SPECIFICALLY, ROTATIONS, REFLECTIONS, AND OTHER GEOMETRIC
TRANSFORMATIONS CAN BE REPRESENTED EFFICIENTLY THROUGH MATRICES. EXERCISE 20 FOCUSES ON A CLASSIC
TRANSFORMATION: COUNTERCLOCKWISE ROTATION. THIS ARTICLE AIMS TO EXPLORE THIS TRANSFORMATION IN DEPTH,
PROVIDING A COMPREHENSIVE GUIDE TO DETERMINE THE STANDARD MATRIX FOR A COUNTERCLOCKWISE ROTATION IN RQI ALONG
WITH CONTEXTUAL EXPLANATIONS, STEP-BY-STEP PROCEDURES, AND PRACTICAL APPLICATIONS.

INTRODUCTION TO LINEAR TRANSFORMATIONS IN R?
WHAT Is A LINEAR TRANSFORMATION?

A LINEAR TRANSFORMATION IS A FUNCTION \( T: R*2 \To R"2 \) THAT PRESERVES VECTOR ADDITION AND SCALAR
MULTIPLICATION. IN MATHEMATICAL TERMS, FOR VECTORS \( \MATHBF{U}, \MATHBF{V} \INR"2 \) AnD scaLar \(c \),

\[

T(\MaTHBF{U} + \MATHBF{V}) = T(\MATHBF{U}) + T(AMATHBF{V}) \QUAD \TEXT{AND} \QUAD T(c\MATHBF{U}) =
cT(\maTher{U})
\]

LINEAR TRANSFORMATIONS ARE ESSENTIAL BECAUSE THEY DESCRIBE A WIDE ARRAY OF GEOMETRIC OPERATIONS SUCH AS
ROTATIONS, REFLECTIONS, SCALINGS, AND SHEARS.

STANDARD MATRIX OF A LINEAR TRANSFORMATION

ANY LINEAR TRANSFORMATION \( T: R"2 \To R"2 \) cAN BE REPRESENTED BY A 2%2 MATRIX \( A \), CALLED THE STANDARD
MATRIX OF \( T \). IF \( \MaTHBF{V} \) Is A VECTOR IN\(R"2 \), THEN

\[
T(\MaTHBF{V}) = A \MaTHBF{V}
\]

THe coLumMns of \( A \) ARe THE IMAGES OF THE BASIS VECTORS \( \MATHeF{e} 1= (1, 0) \) ano \( \MaTHeF{E} 2 = (0
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RoTATION IN R% THE COUNTERCLOCKWISE ROTATION
GEOMETRIC INTUITION

ROTATION IS A FUNDAMENTAL GEOMETRIC TRANSFORMATION THAT TURNS EVERY POINT IN THE PLANE AROUND THE ORIGIN BY A
sPecIFIED ANGLE \( \THETA \). WHen A PoOINT \( \MATHBF{V} = (X, Y) \) IS ROTATED COUNTERCLOCKWISE BY AN ANGLE \(
\THETA \), ITS POSITION CHANGES ACCORDING TO THE ANGLE'S MEASURE, BUT THE DISTANCE FROM THE ORIGIN REMAINS
CONSTANT.

MATHEMATICAL REPRESENTATION OF ROTATION
THE ROTATION TRANSFORMATION, DENOTED AS \( R_\THETA \), ROTATES VECTORS BY AN ANGLE \( \THETA \)

COUNTERCLOCKWISE. ITS EFFECT ON A VECTOR \( \MATHBF{V} = (X, ¥) \) CAN BE DESCRIBED USING TRIGONOMETRIC
FUNCTIONS:



\[

R \tHeTa(\MATHBF{V}) =
\BeGIN{BMATRIX}

x"\\ v’

\eno{aMATRIX}

\BeGIN{BMATRIX}

x \cos \THETA - ¥ \siNn \THETA \\[6PT]
x \siN \THETA + v \cos \THETA
\eno{BmMATRIX}

\]

THIS FORMULA IS DERIVED FROM THE STANDARD ROTATION OF AXES IN EUCLIDEAN GEOMETRY.

FINDING THE STANDARD MATRIX FOR COUNTERCLOCKWISE ROTATION

STEP-BY-STEP PROCESS

TO FIND THE STANDARD MATRIX CORRESPONDING TO A COUNTERCLOCKWISE ROTATION BY \( \THETA \):
1. IDENTIFY THE EFFECT ON BASIS VECTORS:

- AppLY THE ROTATION \( R_\THETA \) TOo \( \MATHBF{E} 1 =(T1, 0) \).
- AppLY THE ROTATION \( R_\THETA \) TOo \( \MATHBF{E} 2 =(0, 1) \).

2. COMPUTE THE IMAGES OF THE BASIS VECTORS:

-\(R_\tHeTa(\MATHBF{E} 1) = (\cos \THeTA, \sIN \THETA) \)
-\(R_\tHeTA(\MATHBF{E} 2) = (-\sIN \THETA, \cos \THETA) \)

3. CONSTRUCT THE MATRIX:

- THE COLUMNS OF THE MATRIX ARE THE IMAGES OF \( \MATHBF{E} 1\) anD \( \MATHBE{E} 2 \).

- THEREFORE, THE STANDARD MATRIX \( A \) For ROTATION BY \( \THETA \) IS:

\[

A =

\BeGIN{BMATRIX}

\cos \THETA § -\sIN \THETA \\
\sIN \THETA § \cos \THETA
\eno{BMATRIX}

THIS MATRIX DIRECTLY ENCODES THE ROTATION TRANSFORMATION IN A FORM SUITABLE FOR MATRIX MULTIPLICATION.
ExampLE: RoTATION BY 45 DEGREES

SUPPOSE WE WANT TO FIND THE STANDARD MATRIX FOR A ROTATION of \( 45™\circ \) (or \( \PI/4 \) rADIANS):

-\(\cos 45"\ circ = \rrac{\srT{23}{2} \)
-\(\sivn 45" cire = \rrac{\sqrT{233}{2} \)

PLUGGING INTO THE MATRIX:

\[
A =
\BeGIN{BMATRIX}



\rrRAC{\s@rT{2}}{2} & -\rrac{\s@rT{2}}{2} \\

\rrAc{\s@rT{2}}{2} & \rrAac{\s@rT{2}}{2}

\eno{emaTRIX}

\]

THIS MATRIX ROTATES ANY VECTOR IN \( R*2 \) BY 45 DEGREES COUNTERCLOCKW/ISE.
APPLICATIONS OF ROTATION MATRICES

GEOMETRIC TRANSFORMATIONS

ROTATION MATRICES ARE USED IN COMPUTER GRAPHICS, ROBOTICS, PHYSICS, AND ENGINEERING TO MODEL AND SIMULATE REAL™
\WORLD ROTATIONS.

CoMPUTER GRAPHICS AND ANIMATION

- ROTATING IMAGES OR OBJECTS IN 2D SPACE.
- IMPLEMENTING ROTATIONAL MOTION IN ANIMATIONS.

RogoTICS

- CONTROLLING THE ORIENTATION OF ROBOTIC ARMS.
- CALCULATING MOVEMENT PATHS INVOLVING ROTATION.

PHysics

- DESCRIBING THE ROTATION OF PARTICLES AND RIGID BODIES.
- ANALYZING ANGULAR MOMENTUM AND ROTATIONAL DYNAMICS.

PROPERTIES OF ROTATION MATRICES
ORTHOGONALITY

ROTATION MATRICES ARE ORTHOGONAL MATRICES, MEANING:

\[
AT A= AA"T =|
\]

wHERE \( AT \) 1s THE TRANSPOSE oF \( A \), AND \( | \) IS THE IDENTITY MATRIX.
DETERMINANT

THE DETERMINANT OF A ROTATION MATRIX IS ALWAYS 1:

\[
\peT(A) =1
\]

WHICH INDICATES THAT ROTATION PRESERVES AREA AND ORIENTATION IN THE PLANE.
INVERSE

THE INVERSE OF A ROTATION MATRIX CORRESPONDS TO ROTATION BY THE NEGATIVE OF THE ORIGINAL ANGLE:

\[
A1} =R_{-\THeTA}
\]



WHICH IS THE TRANSPOSE OF THE ROTATION MATRIX:

\[
AM-13= AT
\]

SUMMARY

TO SUMMARIZE, THE STANDARD MATRIX FOR A COUNTERCLOCKWISE ROTATION BY AN ANGLE \( \THETA \) IN\(R"2\) Is:

\[

\BOXED{

\BeGIN{BMATRIX}

\cos \THETA § -\sin \THETA \\
\sIN \THETA § \cos \THETA
\eno{BMATRIX}

}
\]

THIS MATRIX OFFERS A CONCISE AND POWERFUL WAY TO PERFORM ROTATIONS ALGEBRAICALLY, ENABLING VARIOUS
APPLICATIONS ACROSS SCIENCE AND ENGINEERING FIELDS.

PRACTICAL TIPS FOR SOLVING SIMILAR EXERCISES

- ALWAYS IDENTIFY THE ROTATION ANGLE \( \THETA \) FIRST.

- REMEMBER THE EFFECTS ON THE BASIS VECTORS TO CONSTRUCT THE MATRIX.

- USE KNOWN TRIGONOMETRIC IDENTITIES TO SIMPLIFY CALCULATIONS.

- CONFIRM PROPERTIES SUCH AS ORTHOGONALITY AND DETERMINANT TO VERIFY THE MATRIX'S CORRECTNESS.
- BE MINDFUL OF RADIANS VERSUS DEGREES WHEN WORKING WITH TRIGONOMETRIC FUNCTIONS.

CoNCLUSION

UNDERST ANDING HOW TO FIND THE STANDARD MATRIX FOR A COUNTERCLOCKWISE ROTATION IN \( R"2 \) IS A VITAL SKILL IN
LINEAR ALGEBRA. |T BRIDGES GEOMETRIC INTUITION WITH ALGEBRAIC COMPUTATION, PROVIDING A FOUNDATION FOR MORE
COMPLEX TRANSFORMATIONS AND APPLICATIONS. W/ITH THE FORMULA AND METHOD OUTLINED ABOVE, STUDENTS CAN
CONFIDENTLY APPROACH SIMILAR EXERCISES, FACILITATE THEIR UNDERSTANDING OF LINEAR TRANSFORMATIONS, AND APPRECIATE
THE ELEGANCE AND UTILITY OF MATRIX REPRESENTATIONS IN GEOMETRY.

NOTE: FOR EXERCISES INVOLVING SPECIFIC ANGLES, ALWAYS CONVERT DEGREES TO RADIANS IF NECESSARY (SINCE MOST
TRIGONOMETRIC FUNCTIONS OPERATE IN RADIANS). FOR EXAMPLE, 45° = \('\p1/4 \) RADIANS.

FREQUENTLY ASkeD QUESTIONS

\WHAT IS THE STANDARD MATRIX OF A LINEAR TRANSFORMATION IN RZ THAT ROTATES
VECTORS COUNTERCLOCKWISE BY A CERTAIN ANGLE?

THE STANDARD MATRIX FOR A COUNTERCLOCKWISE ROTATION BY ANGLE © INR? Is [[cos o, -sin o], [siN ©, cos e]].

How DO YOU DERIVE THE MATRIX FOR A COUNTERCLOCKWISE ROTATION IN R2?

YOU USE THE ROTATION FORMULAS: FOR A VECTOR (X, Y), THE ROTATED VECTOR IS (X COS © - Y SIN©, X SIN© + Y COS
©), WHICH LEADS TO THE MATRIX [[cos ©, -siNn @], [siNn ©, cos e]].



\WHAT ARE THE KEY PROPERTIES OF THE ROTATION MATRIX IN R%?

THE ROTATION MATRIX IS ORTHOGONAL WITH DETERMINANT ], REPRESENTING A PURE ROTATION WITHOUT SCALING OR
SHEARING.

How DOES THE ANGLE OF ROTATION AFFECT THE ENTRIES OF THE STANDARD MATRIX?

THE ENTRIES ARE FUNCTIONS OF COS © AND SIN ©, WHICH DEPEND ON THE ROTATION ANGLE ©; AS © VARIES, THE MATRIX
CHANGES ACCORDINGLY.

CAN THE STANDARD MATRIX OF A COUNTERCLOCKW/ISE ROTATION BE USED FOR
REFLECTIONS OR OTHER TRANSFORMATIONS?

NO, THE STANDARD ROTATION MATRIX SPECIFICALLY REPRESENTS ROTATION, REFLECTIONS OR OTHER TRANSFORMATIONS HAVE
DIFFERENT MATRICES.

\WHAT IS THE EFFECT OF THE ROTATION MATRIX ON BASIS VECTORS IN R??

APPLYING THE ROTATION MATRIX TO THE BASIS VECTORS (1,0) AND (O, 1) ROTATES THEM BY THE SPECIFIED ANGLE,
PRODUCING NEW BASIS DIRECTIONS.

How DO YOU FIND THE INVERSE OF THE ROTATION MATRIX IN R2?

THE INVERSE OF A ROTATION MATRIX IS ITS TRANSPOSE, WHICH CORRESPONDS TO ROTATION BY THE NEGATIVE OF THE
ORIGINAL ANGLE: [[cos o, sin @], [-siN o, cos o]].

IF A LINEAR TRANSFORMATION ROTATES VECTORS COUNTERCLOCKWISE BY 45 DEGREES ’
WHAT IS ITS STANDARD MATRIX?

THe MATRIX IS [[cos 45°, -siN 45°], [sin 45°, cos 45°]] wHicH simpuiFies To [[B] 2/2, -B1 2/2], (B 2/2,B 2/2]l.

How DO YOU VERIFY THAT THE STANDARD MATRIX OF A ROTATION PRESERVES
VECTOR LENGTHS AND ANGLES?

BY CONFIRMING THAT THE MATRIX IS ORTHOGONAL WITH DETERMINANT -|, WHICH ENSURES IT PRESERVES LENGTHS AND ANGLES
DURING ROTATION.

WHAT IS THE SIGNIFICANCE OF THE STANDARD MATRIX IN UNDERSTANDING LINEAR
TRANSFORMATIONS IN R2?

THE STANDARD MATRIX PROVIDES A CONCRETE REPRESENTATION OF THE TRANSFORMATION, ALLOWING EASY COMPUTATION
AND ANALYSIS OF ITS EFFECTS ON VECTORS.

ADDITIONAL RESOURCES

IN Exercises 20-25, FiND THE STANDARD MATRIX OF THE LINEAR TRANSFORMATION FROM R2 To R2. 20.
COUNTERCLOCKWISE



INTRODUCTION; UNDERSTANDING LINEAR TRANSFORMATIONS AND T HEIR
MATRICES

IN THE REALM OF LINEAR ALGEBRA, THE CONCEPT OF LINEAR TRANSFORMATIONS SERVES AS A FOUNDATIONAL PILLAR. THESE
TRANSFORMATIONS FACILITATE THE MAPPING OF VECTORS FROM ONE VECTOR SPACE TO ANOTHER WHILE PRESERVING THE
OPERATIONS OF VECTOR ADDITION AND SCALAR MULTIPLICATION. \WHEN DEALING WITH TRANSFORMATIONS FROM
\(\MATHBB{R}"2\) To \(AMATHBB{R}"2\), UNDERSTANDING HOW TO DETERMINE THEIR MATRIX
REPRESENTATIONS—SPECIFICALLY, THE STANDARD MATRICES—IS CRUCIAL FOR BOTH THEORETICAL EXPLORATION AND
PRACTICAL APPLICATION.

THE EXERCISES LABELED 20-25 INVOLVE IDENTIFYING THE STANDARD MATRIX ASSOCIATED WITH PARTICULAR LINEAR
TRANSFORMATIONS, WITH ONE OF THESE TRANSFORMATIONS BEING A ROTATION COUNTERCLOCKWISE. RECOGNIZING THE NATURE
OF THESE TRANSFORMATIONS ENABLES US TO TRANSLATE GEOMETRIC OPERATIONS INTO ALGEBRAIC MATRICES, THUS PROVIDING
A POWERFUL TOOLSET FOR ANALYSIS AND COMPUTATION.

THIS ARTICLE AIMS TO THOROUGHLY ANALYZE THE PROCESS OF FINDING THE STANDARD MATRIX OF A LINEAR TRANSFORMATION
rroM \(\MATHBE{R}"2\) TOo \(\MATHBB{R}"2\), WITH A PARTICULAR FOCUS ON THE COUNTERCLOCKWISE ROTATION. WE
WILL EXPLORE THE FUNDAMENTAL PRINCIPLES, STEP-BY-STEP PROCEDURES, AND INTERPRETATIVE INSIGHTS NECESSARY FOR
MASTERING THIS CONCEPT.

LiINeAR TRANSFORMATIONS IN \(\MATHBB{R}"2\): DEFINITIONS AND
PROPERTIES

WHAT IS A LINEAR TRANSFORMATION?

A LINEAR TRANSFORMATION \(T: \MATHBR{R}"2 \RIGHTARROW \MATHEB{R}"2\) IS A FUNCTION THAT SATISFIES TWO KEY
PROPERTIES FOR ALL VECTORS \(\MATHBF{U}, \MATHBF{V} \IN \MATHBB{R}"2\) AND ALL scaLARrS \(c \IN \MATHBB{R}\):

1. ApoimiviTy: \(T(\maTHer{u} + \MAaTHBF{V}) = T(\MaTHBF{U3) + T(\MATHBF{V])\)
2. HomoeeneiTy: \(T(c\maTHBF{U}) = cT(\MATHBF{U}\)

THESE PROPERTIES ENSURE THAT THE TRANSFORMATION PRESERVES THE UNDERLYING VECTOR SPACE STRUCTURE, ENABLING THE
REPRESENTATION OF THE TRANSFORMATION VIA MATRICES.

THE STANDARD MATRIX OF A LINEAR TRANSFORMATION

ANY LINEAR TRANSFORMATION \(T: \MATHBB{R}"2 \rIGHTARROW \MATHBB{R}"2\) CAN BE REPRESENTED BY A \(2 \TIMES
2\) MaTRIX \(A\), kNOWN AS THE STANDARD MATRIX. IF \(\MaTHBF{E} 1 = (1, 0)\) AnD \(AMATHEF{E} 2 = (0, 1)\) ARE
THE STANDARD BASIS VECTORS IN \(\MaTHBE{R}"2\), THEN:

\[

A = \eeGIN{BMATRIX}
T(\maTrer{e} 1) ¢ T(\maTHBF{E} 2)
\eno{eMATRIX}

\]

THIS MATRIX ACTS ON ANY VECTOR \(AMATHBF{V} = (X, Y)\) VIA MATRIX MULTIPLICATION:



\[
TOMaTHRF{V}) = A \MATHBF{V}
\]

THEREFORE, UNDERSTANDING THE IMAGES OF THE BASIS VECTORS UNDER THE TRANSFORMATION IS KEY TO CONSTRUCTING THE
MATRIX.

RoTATIONS IN \(\MATHBB{R}"2\): GEOMETRIC AND ALGEBRAIC
PERSPECTIVES

GEOMETRIC INTUITION BEHIND ROTATION

ROTATION TRANSFORMATIONS ARE FUNDAMENTAL IN GEOMETRY , DESCRIBING THE TURNING OF VECTORS AROUND A FIXED
POINT—COMMONLY THE ORIGIN. IN \(A\MATHEB{R}"2\), A COUNTERCLOCKWISE ROTATION BY AN ANGLE \(\THETA\) HAS
SPECIFIC GEOMETRIC PROPERTIES:

- |T PRESERVES THE LENGTH (MAGNITUDE) OF VECTORS.
- |T PRESERVES THE ANGLES BETWEEN VECTORS.
- |T MAPS EACH POINT TO A NEW POSITION OBTAINED BY ROTATING THE ORIGINAL POINT AROUND THE ORIGIN.

THESE PROPERTIES MAKE ROTATIONS ORTHOGONAL TRANSFORMATIONS, WHICH ARE ISOMETRIES PRESERVING DISTANCES AND
ANGLES.

ALGEBRAIC REPRESENTATION OF ROTATION

MATHEMATICALLY, A COUNTERCLOCKWISE ROTATION BY AN ANGLE \(\THETA\) CAN BE REPRESENTED BY THE MATRIX:

\[

R_\THeTA = \BeGIN{BMATRIX}
\cos \THETA & -\sin \THETA \\
\sIN \THETA § \cos \THETA
\eno{eMATRIX}

\]

THIS MATRIX ACTS ON ANY VECTOR \(AMATHBF{V} = (X, Y)\) TO PrRODUCE A ROTATED VECTOR \(R_\THETA \MATHBF{V}\).

DERIVING THE STANDARD MATRIX FOR COUNTERCLOCKWISE ROTATION

STer 1: UNDERSTAND THE TRANSFORMATION'S EFFECT ON BASIS VECTORS

SINCE THE STANDARD MATRIX IS CONSTRUCTED FROM THE IMAGES OF THE BASIS VECTORS \(\MATHeF{E}_1 = (1,0)\) AnD
\(\MATHBF{E}_2 = (0,1)\), THE KEY IS TO DETERMINE:



-\(T(\maTHer{e} _1)\)
-\(T(\MaTHer{e} 2)\)

For A coUNTERCLOCKWISE ROTATION BY \(\THETA\):

\[

T(\MATHBF{E} 1) =R_\THeTA \MATHBF{E} 1 = \BEGIN{BMATRIX}

\cos \THETA & -\sin \THETA \\

\sIN \THETA & \cos \THETA

\enp{emMATRIX} \BEGIN{BMATRIX} 1 \\ O \eno{eMATRIX} = \BEGIN{BMATRIX}
\cos \THeTA \\

\sIN \THETA

\eno{aMATRIX}

\]

SIMILARLY,

\[

T(\MATHBF{E} 2) =R_\THeTA \MATHBF{E} 2 = \BEGIN{BMATRIX}

\cos \THETA & -\sin \THETA \\

\sIN \THETA & \cos \THETA

\enp{emMATRIX} \BEGIN{BMATRIX} O \\ 1 \eno{eMATRIX} = \BEGIN{BMATRIX}
- \sin \THETA \\

\cos \THeETA

\eno{aMATRIX}

\]

STEP 2: CONSTRUCT THE STANDARD MATRIX

USING THE IMAGES OF THE BASIS VECTORS, THE STANDARD MATRIX \(A\) FOR THE ROTATION TRANSFORMATION IS:

\[

A = \eecIN{BMATRIX}
T(\maTHer{e} 1) ¢ T(\maTHBF{E} 2)
\eno{eMATRIX} = \BEGIN{BMATRIX}
\cos \THeTA § - \siIn \THETA \\

\siN \THETA § \cos \THETA
\eno{BMATRIX}

\]

THIS MATRIX DIRECTLY ENCODES THE ROTATION, AND ITS APPLICATION TO ANY VECTOR PERFORMS THE COUNTERCLOCKWISE
roTATION BY \(\THETA\).

ANALYTICAL ILLUSTRATION; PRACTICAL EXAMPLE

SUPPOSE WE ARE ASKED TO FIND THE STANDARD MATRIX FOR A ROTATION BY 90 DEGREES COUNTERCLOCKWISE. HERE,
\(\THETA = 90"\ cIrc = \PI/2\).

Step 1: CarcuLaTe \(\cos \THETA\) AND \(\siN \THETA\):

\[
\cos \rrac{\P1}{2} = 0, \quap \sin \rrac{\P1}{2} = 1
\]



STeEP 2: WRITE THE ROTATION MATRIX:

\[

R_{90"™\crc} = \BeGIN{BMATRIX}
0q-1\\

10

\eno{BMATRIX}

\]

STeEP 3: VERIFY THE TRANSFORMATION OF BASIS VECTORS:

-\(TO\maTrer{e}_1) = (0, H\)
-\(TO\maTHer{e}_2) = (-1, 0)\)

STEP 4: APPLICATION:

APPLYING THE MATRIX TO A VECTOR \(AMATHBF{V} = (X, Y)\):

\[

R_{90™crc} \eeain{eMaTrIX} X \\ Y \eno{eMATRIX} = \BEGIN{BMATRIX}
0§ -1\\

160

\eno{BMATRIX} \BEGIN{BMATRIX} X \\ Y \EnD{BMATRIX} = \BEGIN{BMATRIX]}
-v \\

X

\enp{BMATRIX}

\]

WHICH GEOMETRICALLY CONFIRMS A 9 O-DEGREE COUNTERCLOCKWISE ROTATION.

INTERPRETATION AND SIGNIFICANCE OF THE ROTATION MATRIX

ORTHOGONALITY AND DETERMINANT

THe ROTATION MATRIX \(R_\THETA\) HAS SEVERAL NOTABLE PROPERTIES:

- ORTHOGONALITY: \(R_\THETA"T R_\THETA = I\), MEANING THE TRANSPOSE IS EQUAL TO THE INVERSE—A HALLMARK OF
ORTHOGONAL MATRICES.

- DETERMINANT: \(\DET R_\THETA = \cO5"2 \THETA + \SIN*2 \THETA = 1)), INDICATING AN AREA-PRESERVING
TRANSFORMATION.

THESE PROPERTIES CONFIRM THAT A ROTATION IS AN ISOMETRY WITH NO DISTORTION, MERELY REPOSITIONING VECTORS
WITHOUT STRETCHING OR COMPRESSING.

EIGENVALUES AND EIGENVECTORS

THE EIGENVALUES OF THE ROTATION MATRIX ARE COMPLEX UNLESS \(\THETA = 0™\cIrc\) or \(180"\circ\):

\[
\LameDA = EM{I\THETA}, \QUAD E*{-I\THETA}

\]



WHICH REFLECT THE FACT THAT VECTORS ARE ROTATED IN THE PLANE, WITH NO REAL EIGENVECTORS CORRESPONDING TO THE
RoTATION UNLESS \(\THETA = 0™\ circ\) or \(180"\cIrc)).

APPLICATIONS IN ENGINEERING AND PHYSICS

UNDERSTANDING THE STANDARD MATRIX OF ROTATION IS FUNDAMENTAL IN FIELDS LIKE ROBOTICS, COMPUTER GRAPHICS,
PHYSICS, AND AEROSPACE ENGINEERING, \WHERE PRECISE CONTROL OVER ORIENTATIONS AND MOVEMENTS IS ESSENTIAL.

In Exercises 20 25 Find The Standard Matrix Of The Linear
Transformation From R2 To R2 20 Counterclockwise

In Exercises 20 25 Find The Standard Matrix Of The Linear Transformation From R2 To R2 20
Counterclockwise
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