COLLEGE ALGEBRA IDENTITY FOR COMPLEX NUMBERS

COLLEGE ALGEBRA IDENTITY FOR COMPLEX NUMBERS ARE FUNDAMENTAL BUILDING BLOCKS THAT ALLOW US TO MANIPULATE AND
UNDERSTAND THESE FASCINATING MATHEMATICAL ENTITIES. IN COLLEGE ALGEBRA, GRASPING THESE IDENTITIES IS CRUCIAL FOR
SOLVING EQUATIONS, SIMPLIFYING EXPRESSIONS, AND DELVING DEEPER INTO TOPICS LIKE TRIGONOMETRY AND CALCULUS. THiS
ARTICLE WILL PROVIDE A COMPREHENSIVE EXPLORATION OF KEY IDENTITIES INVOLVING COMPLEX NUMBERS, INCLUDING THEIR
DEFINITIONS, PROOFS, AND PRACTICAL APPLICATIONS. WE'LL DEMYSTIFY THE PROPERTIES OF THE IMAGINARY UNIT $I$, EXPLORE
THE STANDARD FORMS OF COMPLEX NUMBERS, AND UNVEIL THE POWERFUL De MoIVRE'S THEOREM. FURTHERMORE, WE'LL
EXAMINE THE RELATIONSHIP BETWEEN COMPLEX NUMBERS AND THEIR CONJUGATES, HIGHLIGHTING ESSENTIAL IDENTITIES THAT
SIMPLIFY CALCULATIONS AND UNLOCK NEW PROBLEM-SOLVING TECHNIQUES. UNDERSTANDING THESE CORE CONCEPTS IS
ESSENTIAL FOR ANY STUDENT PURSUING A SOLID FOUNDATION IN ADVANCED MATHEMATICS.
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INTRODUCTION TO CoMPLEX NUMBERS

THE REALM OF MATHEMATICS EXPANDS SIGNIFICANTLY WHEN WE INTRODUCE THE CONCEPT OF COMPLEX NUMBERS. AT ITS CORE,
A COMPLEX NUMBER IS A NUMBER THAT CAN BE EXPRESSED IN THE FORM $A + BI$, WHERE $A$ AND $B$ ARE REAL NUMBERS, AND
$1$ IS THE IMAGINARY UNIT. THIS IMAGINARY UNIT, DEFINED AS THE SQUARE ROOT OF -1 ($1°2 =-1%), wAS A
GROUNDBREAKING INNOVATION THAT ALLOWED MATHEMATICIANS TO SOLVE EQUATIONS THAT WERE PREVIOUSLY CONSIDERED
IMPOSSIBLE. THE INTRODUCTION OF COMPLEX NUMBERS OPENED DOORS TO NEW BRANCHES OF MATHEMATICS AND PHYSICS,
PROVING INVALUABLE IN FIELDS RANGING FROM ELECTRICAL ENGINEERING TO QUANTUM MECHANICS. UNDERSTANDING THE
FUNDAMENTAL IDENTITIES ASSOCIATED WITH THESE NUMBERS IS PARAMOUNT FOR MASTERING COLLEGE ALGEBRA AND BEYOND.

THE IMAGINARY UNIT AND |ITS POWERS

THE CORNERSTONE OF ALL COMPLEX NUMBER IDENTITIES IS THE IMAGINARY UNIT, $1$. TS DEFINING CHARACTERISTIC IS THAT
WHEN SQUARED, IT RESULTS IN NEGATIVE ONE. THIS SIMPLE YET PROFOUND PROPERTY UNLOCKS A CASCADE OF OTHER
MATHEMATICAL BEHAVIORS AND IDENTITIES. BEYOND $1°2 = -1$, THE POWERS OF $1$ EXHIBIT A CYCLICAL PATTERN THAT IS
INCREDIBLY USEFUL IN SIMPLIFICATION.

UNDERSTANDING THE CYCLE OF POWERS OF |

W/HEN WE REPEATEDLY MULTIPLY $1$ BY ITSELF, WE DISCOVER A REPEATING SEQUENCE OF VALUES. THIS PATTERN IS NOT
ARBITRARY/ IT DIRECTLY STEMS FROM THE DEFINITION OF $1$. RECOGNIZING THIS CYCLE IS ONE OF THE FIRST CRUCIAL STEPS IN
WORKING WITH COMPLEX NUMBER IDENTITIES.

e $1"1 =1%
e $"2=-1%

e $"3 =1"2\cpoT1=-1\cooTI1="-1%



o $"4 =1"2\cpoT 1”2 =(-1) \cpoT (-1) = 1%

e $"5 =1"4 \cpoT 1= 1 \cpoT1=1%

AS YOU CAN SEE, THE PATTERN THEN REPEATS: $I, -1, -1, 1$. THIS CYCLIC NATURE ALLOWS US TO SIMPLIFY ANY HIGHER
POWER OF $I$ BY FINDING THE REMAINDER WHEN THE EXPONENT IS DIVIDED BY 4. FOR INSTANCE, $1°{ 17 }$ CAN BE SIMPLIFIED BY
DIVIDING 17 BY 4, WHICH GIVES A REMAINDER OF 1. THEREFORE, $1°{ 17 3% IS EQUIVALENT TO $1" 1%, WHICH IS SIMPLY $1$.
THIS FUNDAMENTAL IDENTITY FOR POWERS OF $I$ IS THE BEDROCK UPON WHICH MANY OTHER COMPLEX NUMBER IDENTITIES ARE
BUILT.

STANDARD FORM OF A CoMPLEX NUMBER

THE STANDARD FORM OF A COMPLEX NUMBER, $A + BI$, PROVIDES A CONSISTENT WAY TO REPRESENT AND WORK WITH THESE
NUMBERS. HERE, $A$ IS REFERRED TO AS THE REAL PART, AND $B% IS THE IMAGINARY PART. THIS STRUCTURE IS VITAL FOR
PERFORMING OPERATIONS AND APPLYING IDENTITIES CONSISTENTLY.

COMPONENTS OF THE STANDARD FORM

IN THE EXPRESSION $A + BI$, $A$ AND $B$ ARE ALWAYS REAL NUMBERS. THE IMAGINARY UNIT $1$ IS WHAT DISTINGUISHES A
COMPLEX NUMBER FROM A PURELY REAL NUMBER (WHEN $8=0%) OR A PURELY IMAGINARY NUMBER (WHEN $A=0% AND $B \NEQ
0%). THIS CLEAR DISTINCTION ENSURES THAT WE CAN PERFORM ALGEBRAIC MANIPULATIONS WITH CONFIDENCE, KNOWING THE
DISTINCT ROLES OF EACH COMPONENT.

OPERATIONS WITH COMPLEX NUMBERS

JUST LIKE REAL NUMBERS, COMPLEX NUMBERS CAN BE ADDED, SUBTRACTED, MULTIPLIED, AND DIVIDED. THE IDENTITIES WE USE FOR
THESE OPERATIONS ARE EXTENSIONS OF THOSE WE ALREADY KNOW FOR REAL NUMBERS, WITH THE ADDED CONSIDERATION OF THE
IMAGINARY UNIT $1%.

ADDITION AND SUBTRACTION OF COMPLEX NUMBERS

To ADD OR SUBTRACT COMPLEX NUMBERS, WE SIMPLY COMBINE THEIR RESPECTIVE REAL AND IMAGINARY PARTS. THIS IS
ANALOGOUS TO COMBINING LIKE TERMS IN ALGEBRAIC EXPRESSIONS.

GIVEN TWO COMPLEX NUMBERS, $Z_1 = A + BI$ AND $7_2 = C + DI$, THER SUM IS:

$z 1+z2 2=(A+c)+(&+D)%

AND THEIR DIFFERENCE IS:

$z 1-z2.2=(a-c)+(-D)%

THESE IDENTITIES ARE STRAIGHTFORWARD AND ARE OFTEN THE FIRST OPERATIONS STUDENTS ENCOUNTER WHEN WORKING WITH

COMPLEX NUMBERS. THEY HIGHLIGHT THE DISTRIBUTIVE PROPERTY AND THE COMBINING OF REAL AND IMAGINARY COMPONENTS
SEPARATELY.

MuLTIPLICATION OF CoMPLEX NUMBERS

MULTIPLYING COMPLEX NUMBERS INVOLVES A PROCESS SIMILAR TO THE FOIL MeTHOD (FIRST, QUTER, INNER, LAST) USED FOR
BINOMIALS, REMEMBERING THAT $1°2 = -1$.

For$z 1=A+BI$AND$Z 2 =C+0D$:



$z 1 \cpotz 2 =(a+8)(c+D)$

$= AC + ADI + BCI + BDI" 2%

$= ac + (aD + BC)I + BD(- 1)%

$=(ac - BD) + (AD + BC)I$

THIS IDENTITY SHOWS HOW THE PRODUCT OF TWO COMPLEX NUMBERS RESULTS IN ANOTHER COMPLEX NUMBER. T HE KEY STEP IS
SUBSTITUTING $1°2% WITH -1, WHICH THEN ALLOWS US TO GROUP THE REAL AND IMAGINARY TERMS.

DivisioN oF CoMPLEX NUMBERS

DIVISION IS THE MOST INVOLVED OPERATION, OFTEN REQUIRING THE USE OF THE COMPLEX CONJUGATE. THE GOAL IS TO
ELIMINATE THE IMAGINARY PART FROM THE DENOMINATOR, TRANSFORMING THE EXPRESSION INTO THE STANDARD FORM $A +BIS.

ToobivibE $z_1=A+BI$BY $7_2 = C + DI$, WE MULTIPLY BOTH THE NUMERATOR AND THE DENOMINATOR BY THE COMPLEX
CONJUGATE OF THE DENOMINATOR:

$\rrac{z_ 13}z 23 = \rrac{a + &i}{c + b1} \cpoT \rrAc{c - pi}{c - DI}$

THIS PROCESS RELIES HEAVILY ON THE PROPERTIES OF THE COMPLEX CONJUGATE, WHICH WE WILL EXPLORE NEXT.

THE CoMPLEX CONJUGATE AND |TS PROPERTIES

THE COMPLEX CONJUGATE OF A COMPLEX NUMBER $Z = A + BI$ IS DENOTED AS $\BAR{Z}$ AND IS DEFINED AS $\8AR{Z} = A -
BI1$. IN ESSENCE, IT'S THE SAME COMPLEX NUMBER WITH THE SIGN OF ITS IMAGINARY PART FLIPPED. THIS CONCEPT IS NOT JUST A
DEFINITION; IT'S THE KEY TO UNLOCKING SEVERAL CRITICAL IDENTITIES.

IDENTITY: A NUMBER AND ITS CONJUGATE

ONE OF THE MOST FUNDAMENTAL IDENTITIES INVOLVING THE COMPLEX CONJUGATE IS THE PRODUCT OF A COMPLEX NUMBER AND
ITS CONJUGATE.

For $z = A + BI$, WE HAVE:

$7 \cpoT \BAR{z} = (A + B)(A - B)S

$= A"2 - aBl + ABI - (B)" 2%

$= A2 -8"21"2%

$= A2 -8"2(-1)%

$=a"2 +8"2%

THIS IDENTITY IS INCREDIBLY SIGNIFICANT BECAUSE IT SHOWS THAT THE PRODUCT OF A COMPLEX NUMBER AND ITS CONJUGATE
IS ALWAYS A NON-NEGATIVE REAL NUMBER. THIS IS PRECISELY WHY WE USE THE CONJUGATE IN DIVISION — IT “REALIZES” THE
DENOMINATOR.

OTHER PROPERTIES OF THE COMPLEX CONJUGATE

THE COMPLEX CONJUGATE HAS SEVERAL OTHER USEFUL PROPERTIES THAT ACT AS IDENTITIES IN THEIR OWN RIGHT:

® THE CONJUGATE OF THE SUM OF TWO COMPLEX NUMBERS IS THE SUM OF THEIR CONJUGATES: $\oVERLINE{z_ T + 7z 2} =
\Bar{z_1} + \BAR{z 2}%.

o THE CONJUGATE OF THE DIFFERENCE OF TWO COMPLEX NUMBERS IS THE DIFFERENCE OF THEIR CONJUGATES:
$\overLiNe{z_1 -z 2} = \ear{z_1} - \sar{z_2}$.

e THE CONJUGATE OF THE PRODUCT OF TWO COMPLEX NUMBERS IS THE PRODUCT OF THEIR CONJUGATES: $\OVERLINE{Z 1
\cooT z_2} = \sar{z_1} \cooT \AR{z_2}$%.

® THE CONJUGATE OF THE QUOTIENT OF TWO COMPLEX NUMBERS IS THE QUOTIENT OF THEIR CONJUGATES:



$\overLINe{ \LerT(\FrRAC{z_1}Hz_2}\ricHT)} = \rrAc{\BAR{z_ 13}{\BAR{Z_2}}$, PROVIDED $z_2 \NEQ O%.

¢ THE CONJUGATE OF THE CONJUGATE OF A COMPLEX NUMBER IS THE ORIGINAL NUMBER: $\overLINE{(\BAR{Z})} = z$.

THESE PROPERTIES STREAMLINE COMPLEX NUMBER ARITHMETIC AND ARE ESSENTIAL FOR PROVING MORE ADVANCED IDENTITIES.

MobuLus oF A CoMPLEX NUMBER

CLOSELY RELATED TO THE COMPLEX CONJUGATE IS THE MODULUS OF A COMPLEX NUMBER, OFTEN DENOTED AS $|Z|$ THe
MODULUS REPRESENTS THE DISTANCE OF THE COMPLEX NUMBER FROM THE ORIGIN IN THE COMPLEX PLANE. |T IS ALWAYS A NON-
NEGATIVE REAL NUMBER.

THE IDENTITY FOR THE MoDuULUS

THE MODULUS OF A COMPLEX NUMBER $Z = A + BI$ IS DEFINED AS:
$lz = \s@rT{A"2 + 8" 2}%

NOTICE THE STRIKING SIMILARITY TO THE IDENTITY FOR THE PRODUCT OF A COMPLEX NUMBER AND ITS CONJUGATE: $|Z|A2 =z
\CDOT \BAR{Z} = A2 +8"2%. THIS IDENTITY IS FUNDAMENTAL BECAUSE IT CONNECTS THE GEOMETRIC INTERPRETATION OF A
COMPLEX NUMBER (ITS DISTANCE FROM THE ORIGIN) WITH ITS ALGEBRAIC FORM.

De Moivre’'s THEOREM AND ITS IDENTITIES

DE MoIVRE'S THEOREM IS A POWERFUL TOOL THAT RELATES COMPLEX NUMBERS IN POLAR FORM TO POWERS AND ROOTS. T
PROVIDES A CONCISE WAY TO EXPRESS COMPLEX NUMBER IDENTITIES INVOLVING EXPONENTIATION.

UNDERSTANDING POLAR FORM

A COMPLEX NUMBER $Z = A + BI$ CAN ALSO BE REPRESENTED IN POLAR FORM AS $7 = R(\cos \THETA + I \sIN \THETA)$,
WHERE $R = |2|$ IS THE MODULUS AND $\THETA$ IS THE ARGUMENT (THE ANGLE THE LINE SEGMENT FROM THE ORIGIN TO $z$
MAKES WITH THE POSITIVE REAL AXIS). THIS FORM IS PARTICULARLY USEFUL FOR MULTIPLICATION, DIVISION, AND
EXPONENTIATION.

De MoIVRE'S THEOREM STATEMENT

DE MoIVRE'S THEOREM STATES THAT FOR ANY COMPLEX NUMBER IN POLAR FORM $7 = R(\cos \THETA + 1 \siIN \THETA)$ AND
ANY INTEGER $N$:

$2"°N = RN (\cos(N\THETA) + 1 \sIN(N\THETA))$

THIS IDENTITY IS REVOLUTIONARY. |T SIMPLIFIES THE PROCESS OF RAISING A COMPLEX NUMBER TO ANY INTEGER POWER TO A
SIMPLE MATTER OF RAISING THE MODULUS TO THAT POWER AND MULTIPLYING THE ARGUMENT BY THAT POWER. THIS AVOIDS
TEDIOUS MULTIPLICATIONS OF COMPLEX NUMBERS IN RECTANGULAR FORM.

IDENTITIES DERIVED FROM DE MOIVRE'S THEOREM

De MoIVRE'S THEOREM ALSO PROVIDES IDENTITIES FOR FINDING THE $N$-TH ROOTS OF A COMPLEX NUMBER. FOR A NON-ZERO
COMPLEX NUMBER $2$ WITH MODULUS $R$ AND ARGUMENT $\THETAS$, THE $N$-TH ROOTS ARE GIVEN BY:



$7_k = \sQrT[NJ{R} \LerT( \cos\LerT(\rRAC{\THETA + 2\PI K}{N}\RIGHT) + | \sIN\LEFT(\FRAC{\THETA + 2\PI
kHNNRIGHT) \RIGHT)$

For $k =0, 1, 2, \DOTS, N-1$. THIS IDENTITY SHOWS THAT EVERY NON-ZERO COMPLEX NUMBER HAS EXACTLY $N$ DISTINCT
$N$-TH ROOTS.

APPLICATIONS oF CoMPLEX NUMBER |IDENTITIES

THE IDENTITIES EXPLORED IN THIS ARTICLE ARE NOT MERE THEORETICAL CONSTRUCTS,; THEY HAVE PRACTICAL APPLICATIONS
ACROSS VARIOUS DISCIPLINES. FROM SOLVING POLYNOMIAL EQUATIONS TO ANALYZING ELECTRICAL CIRCUITS AND
UNDERSTANDING WAVE PHENOMENA, COMPLEX NUMBER IDENTITIES ARE INDISPENSABLE.

SOLVING PoLYNOMIAL EQUATIONS

ONE OF THE MOST SIGNIFICANT HISTORICAL MOTIVATIONS FOR DEVELOPING THE THEORY OF COMPLEX NUMBERS WAS TO FIND
ROOTS FOR POLYNOMIAL EQUATIONS. THE FUNDAMENTAL THEOREM OF ALGEBRA STATES THAT EVERY NON-CONSTANT, SINGLE-
VARIABLE POLYNOMIAL WITH COMPLEX COEFFICIENTS HAS AT LEAST ONE COMPLEX ROOT. COMPLEX NUMBER IDENTITIES,
ESPECIALLY THOSE RELATED TO ROOTS OF UNITY DERIVED FROM DE MOIVRE'S THEOREM/ ARE CRUCIAL FOR FINDING THESE
ROOTS.

ELECTRICAL ENGINEERING AND SIGNAL PROCESSING

IN ELECTRICAL ENGINEERING, COMPLEX NUMBERS ARE USED EXTENSIVELY TO REPRESENT ALTERNATING CURRENTS (AC) AND
VOLTAGES. THE IMPEDANCE OF COMPONENTS LIKE RESISTORS, CAPACITORS, AND INDUCTORS IS OFTEN EXPRESSED AS A COMPLEX
NUMBER. IDENTITIES INVOLVING COMPLEX NUMBERS SIMPLIFY CALCULATIONS RELATED TO CIRCUIT ANALYSIS, POWER FACTOR,
AND FREQUENCY RESPONSE. SIGNAL PROCESSING ALSO RELIES HEAVILY ON THE PROPERTIES OF COMPLEX EXPONENTIALS
($e™{I\THETA}$), WHICH ARE INTIMATELY LINKED TO TRIGONOMETRIC FUNCTIONS AND COMPLEX NUMBER IDENTITIES THROUGH
EuLer’s ForMuLA ($E™{I\THETA} = \cos \THETA + 1 \sIN \THETA$).

PHYSICS AND ENGINEERING

BEYOND ELECTRICAL ENGINEERING, COMPLEX NUMBERS AND THEIR IDENTITIES APPEAR IN QUANTUM MECHANICS, FLUID DYNAMICS,
AND CONTROL THEORY. FOR EXAMPLE, THE SCHR DINGER EQUATION IN QUANTUM MECHANICS INVOLVES COMPLEX
EXPONENTIALS. UNDERSTANDING THE MANIPULATION AND PROPERTIES OF COMPLEX NUMBERS IS THEREFORE A PREREQUISITE FOR
MANY ADVANCED SCIENTIFIC AND ENGINEERING FIELDS.

MASTERING COLLEGE ALGEBRA IDENTITIES FOR COMPLEX NUMBERS IS A JOURNEY THAT UNLOCKS A DEEPER UNDERSTANDING OF
MATHEMATICS AND ITS POWERFUL APPLICATIONS. BY INTERNALIZING THE DEFINITIONS AND PROPERTIES OF THE IMAGINARY UNIT,
COMPLEX CONJUGATES, MODULUS, AND THE ELEGANT De MolIvre's THEOREM, STUDENTS GAIN THE TOOLS NECESSARY TO SOLVE
COMPLEX PROBLEMS WITH GREATER EASE AND INSIGHT. THESE IDENTITIES FORM THE BEDROCK FOR ADVANCED MATHEMATICAL
STUDY AND ARE A TESTAMENT TO THE ELEGANCE AND UTILITY OF THE COMPLEX NUMBER SYSTEM.

FAQ

Q: WHAT IS THE MOST FUNDAMENTAL IDENTITY FOR COMPLEX NUMBERS IN COLLEGE
ALGEBRA?

A: THE MOST FUNDAMENTAL IDENTITY IS THE DEFINITION OF THE IMAGINARY UNIT, $1"2 = -1%. THIS SINGLE IDENTITY UNDERPINS
ALL OPERATIONS AND FURTHER IDENTITIES INVOLVING COMPLEX NUMBERS.



QZ How DOES THE COMPLEX CONJUGATE HELP IN DIVIDING COMPLEX NUMBERS?

A: THE COMPLEX CONJUGATE ALLOWS US TO ELIMINATE THE IMAGINARY PART FROM THE DENOMINATOR WHEN DIVIDING COMPLEX
NUMBERS. BY MULTIPLYING BOTH THE NUMERATOR AND DENOMINATOR BY THE CONJUGATE OF THE DENOMINATOR, WE UTILIZE THE
IDENTITY $7 \cDOT \BAR{Z} = A"2 + B" 2%, WHICH RESULTS IN A REAL NUMBER IN THE DENOMINATOR, SIMPLIFYING THE
EXPRESSION TO THE STANDARD FORM $A + BI$.

Q: CAN DE MoIVRE'S THEOREM BE USED FOR NON-INTEGER POWERS?

A: DE MoIVre's THEOREM, INITS STANDARD FORM, APPLIES TO INTEGER POWERS. HO\X/EVER, EXTENSIONS AND RELATED
CONCEPTS ARE USED TO FIND ROOTS OF COMPLEX NUMBERS, WHICH CAN BE THOUGHT OF AS FRACTIONAL POWERS.

Q: WHAT IS THE GEOMETRIC INTERPRETATION OF THE MODULUS OF A COMPLEX
NUMBER?

A: THE MODULUS OF A COMPLEX NUMBER, $[2|$, REPRESENTS ITS DISTANCE FROM THE ORIGIN $(0,0)% IN THE COMPLEX PLANE. |T
IS CALCULATED AS $[z| = \sQrT{A"2 + 8" 2}$ FOR A COMPLEX NUMBER $Z = A + BI$.

Q: WHY IS THE IDENTITY $1*4 = 1$ IMPORTANT?

A: THE IDENTITY $1°4 = 1$ IS CRUCIAL BECAUSE IT ESTABLISHES THE CYCLIC NATURE OF THE POWERS OF $1$ ($1, -1, -1, 1%).
THIS CYCLE ALLOWS US TO SIMPLIFY ANY HIGHER POWER OF $1$ BY FINDING THE REMAINDER WHEN THE EXPONENT IS DIVIDED BY
4.

Q: How ARE COMPLEX NUMBER IDENTITIES USED IN SOLVING QUADRATIC EQUATIONS?

A: \WHEN THE DISCRIMINANT OF A QUADRATIC EQUATION ($8"2 - 4AC$) IS NEGATIVE, THE ROOTS ARE COMPLEX. IDENTITIES
INVOLVING COMPLEX NUMBERS, PARTICULARLY THE DEFINITION OF $1$, ARE USED TO EXPRESS THESE COMPLEX ROOTS IN THE
STANDARD $A + BI$ FORM.

Q: WHAT IS EULER’S IDENTITY, AND HOW DOES IT RELATE TO COMPLEX NUMBER
IDENTITIES?

A: EULER's IDENTITY 1S $E™{i\P1} + 1 = O%$. MoRE BROADLY, EULER'S FORMULA, $E™{I\THETA} = \cos \THETA + 1 \sIN
\THETA$, DIRECTLY LINKS THE EXPONENTIAL FUNCTION WITH COMPLEX EXPONENTS TO TRIGONOMETRIC FUNCTIONS, WHICH IS A
CORNERSTONE FOR MANY COMPLEX NUMBER IDENTITIES, ESPECIALLY IN POLAR FORM AND THEIR APPLICATIONS IN CALCULUS AND
SIGNAL PROCESSING.
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