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Use THe SuN Or DiFrereNce ForMuLA For Cosine To RewriTE Cos(x + Pi/6) In Terms OF SINe(x) Anb Cos (x).
\UNDERSTANDING HOW TO MANIPULATE TRIGONOMETRIC EXPRESSIONS IS FUNDAMENTAL IN MATHEMATICS, ESPECIALLY IN FIELDS
LIKE CALCULUS, PHYSICS, ENGINEERING, AND COMPUTER SCIENCE. ONE COMMON CHALLENGE INVOLVES REWRITING SUMS OR
DIFFERENCES OF ANGLES IN TERMS OF BASIC SINE AND COSINE FUNCTIONS. IN PARTICULAR, EXPRESSING COS(X + N/6) IN TERMS
oF sIN(x) AND cos(X) CAN SIMPLIFY INTEGRATION, DIFFERENTIATION, AND PROBLEM-SOLVING PROCESSES. LEVERAGING WELL-
KNOWN FORMULAS SUCH AS THE COSINE ADDITION FORMULA OR THE DIFFERENCE FORMULA ALLOWS US TO TRANSFORM COMPLEX
EXPRESSIONS INTO MORE MANAGEABLE FORMS.

THIS ARTICLE EXPLORES HOW TO USE THE COSINE ADDITION FORMULA——OFTEN CALLED THE SUM FORMULA FOR COSINE—TO
REWRITE COS(X + I'I/é) IN TERMS OF SINE AND COSINE FUNCTIONS OF X. WE WILL ALSO DISCUSS THE ALTERNATIVE DIFFERENCE
FORMULA, DEMONSTRATE STEP-BY-STEP HOW TO DERIVE THE EXPRESSION, AND PROVIDE PRACTICAL EXAMPLES ILLUSTRATING
ITS APPLICATION.

UNDERSTANDING THE COSINE ADDITION FORMULA

WHAT Is THE CosINE ADDITION FORMULA?

THE COSINE ADDITION FORMULA STATES THAT FOR ANY ANGLES A AND B,

\[ \cos(A +B) = \cos A \cosB-\sin A \sinB\]

THIS FUNDAMENTAL IDENTITY ALLOWS US TO EXPAND THE COSINE OF A SUM OF TWO ANGLES INTO A COMBINATION OF THEIR
RESPECTIVE SINE AND COSINE VALUES.

SIMILARLY, THE COSINE SUBTRACTION (OR DIFFERENCE) FORMULA IS:

\[ \cos(A -B) =\cos A \cos B + \sin A \sin B \]

BOTH FORMULAS ARE ESSENTIAL TOOLS IN TRIGONOMETRY FOR REWRITING AND SIMPLIFYING EXPRESSIONS INVOLVING SUMS OR
DIFFERENCES OF ANGLES.

APPLYING THE CosINE ADDITION FOrRMULA To cos(x + n/6)

STEP-BY-STEP DERIVATION

To exPress cos(x +n/6) IN TERMS oF SIN(x) AND cos(X), FOLLOW THESE STEPS:

1. IDENTIFY THE FORMULA:
SINCE THE EXPRESSION IS A SUM, USE THE ADDITION FORMULA:
\[ \cos(x + \ri/6) = \cos x \cos \pi/6 - \siNn x \sin \p1/6 \]

2. RECALL KNOWN VALUES:
THE SPECIFIC VALUES FOR THE ANGLES ARE:

\['\cos \pi/6 = \Frac{\sqrT{33}}{2} \]
\[\sin \Pi/6 = \rrac{ 13}{2}\]

3. SUBSTITUTE THE KNOWN VALUES:



\[ \cos(x + \pi/6) = \cos x \TiMes \rrac{\s@rT{33} 2} - \sin x \TiMes \rrac{ 1} 23} \]

4. REWRITE IN A SIMPLIFIED FORM:
\[ \soxeo{\cos(x + \ri/6) = \rrac{\sQrT{33}{ 23} \cos x - \rrac{13}{2} \sin x3 \]

THIS EXPRESSION NOW CLEARLY RELATES COS(X + I'I/é) DIRECTLY TO SINE AND COSINE FUNCTIONS OF X.

ExPressING cos(x + n/6) IN Terms ofF SINE(x) anD Cos(x)

FINAL EXPRESSION AND INTERPRETATION

THE DERIVED FORMULA:
\[ \soxeo{\cos(x + \pPi/6) = \rrac{\sQrT{33}}{ 23} \cos x - \rrac{13{2} \sin x} \]

IS A LINEAR COMBINATION OF COS(X) AND SIN(X). THIS FORM IS ESPECIALLY USEFUL IN SOLVING INTEGRALS, DIFFERENTIAL
EQUATIONS, AND IN SIGNAL PROCESSING WHERE PHASE SHIFTS NEED TO BE EXPRESSED IN TERMS OF BASIC TRIGONOMETRIC
FUNCTIONS.

THIS EXPRESSION ALSO ALLOWS US TO ANALYZE THE AMPLITUDE AND PHASE OF COMBINED SINUSOIDAL SIGNALS, AS IT
EXPLICITLY SHOWS HOW THE SUM OF ANGLES AFFECTS THE SINUSOID'S FORM.

UsING THE DIFFERENCE FORMULA FOR COSINE

ALTERNATIVE APPROACH: COSINE DIFFERENCE FORMULA

W/HILE THE ADDITION FORMULA IS MOST STRAIGHTFORWARD FOR COS(X + I'I/é), THE COSINE DIFFERENCE FORMULA CAN ALSO BE
EMPLOYED TO DERIVE SIMILAR EXPRESSIONS, ESPECIALLY IF WORKING WITH SUBTRACTION OF ANGLES:

\[ \cos(x - \p1/6) = \cos x \cos \pi/6 + \siN x \sin \p1/6 \]

THIS RELATIONSHIP CAN BE USEFUL IN VARIOUS CONTEXTS, SUCH AS SOLVING EQUATIONS INVOLVING COSINE OF DIFFERENCES
OR SHIFTING PHASE ANGLES.

PrACTICAL APPLICATIONS OF REWRITING Cos(x + n/6)

1. SIMPLIFYING INTEGRALS

IN CALCULUS, INTEGRATING FUNCTIONS INVOLVING COS(X + I'I/()) CAN BE SIMPLIFIED BY REWRITING THE EXPRESSION IN TERMS OF
SINE AND COSINE. FOR EXAMPLE:

\[
\INT \cos(x + \P1/6) \, ox = \INT \LerT(\rRAC{\sQrRT{3}}{2} \cos x - \rrac{ 1}{ 2} \sin x\rIGHT) DX



\]

WHICH CAN BE INTEGRATED TERM-BY-TERM:

\[

= \rrRAC{\sQrT{3}}{ 2} \InT \cos x \, ox - \rrac{1}{ 2} \INT \sin x \, DX
\]

\[

= \rrAC{\sQrT{3}}{ 2} \sin x + \rrac{1}{2} \cos x + C

\]

THIS PROCESS SIMPLIFIES THE INTEGRAL SIGNIFICANTLY.

2. SIGNAL PROCESSING AND PHASOR ANALYSIS

IN ELECTRICAL ENGINEERING, SIGNALS OFTEN INVOLVE PHASE SHIFTS. REWRITING COS(X + I‘I/()) AS A LINEAR COMBINATION OF
SINE AND COSINE HELPS IN ANALYZING AND COMBINING SIGNALS, ESPECIALLY IN THE CONTEXT OF PHASORS AND FouRrIEr
ANALYSIS.

3. SOLVING TRIGONOMETRIC EQUATIONS

\W/HeN soLvING EQUATIONS LIk \(\cos(x + \pI/6) = 0\), EXPRESSING THE COSINE IN TERMS OF SINE AND COSINE FUNCTIONS
ALLOWS FOR STRAIGHTFORWARD ALGEBRAIC MANIPULATION AND SOLUTION FINDING.

SUMMARY: KEY T AKEAWAYS

- THE COSINE ADDITION FORMULA IS A POWERFUL TOOL FOR REWRITING COS(X + I'I/é) IN TERMS OF SINE AND COSINE
FUNCTIONS.
- THE DERIVED EXPRESSION:

\[
\cos(x + \p1/6) = \rrac{\sqQrT{3}3}{2} \cos x - \rrac{ 13{23 \sin x
\]

PROVIDES A LINEAR COMBINATION THAT SIMPLIFIES MANY TRIGONOMETRIC OPERATIONS.

- BOTH ADDITION AND SUBTRACTION FORMULAS HAVE THEIR USES, DEPENDING ON THE PROBLEM'S CONTEXT.

- REEXPRESSING PHASE-SHIFTED COSINES IN TERMS OF BASIC FUNCTIONS FACILITATES INTEGRATION, SOLVING EQUATIONS, AND
ANALYZING SIGNALS.

CoNcCLUSION

MASTERING THE USE OF THE COSINE ADDITION FORMULA TO REWRITE COS(X + I'I/()) IN TERMS OF SINE AND COSINE FUNCTIONS IS
AN ESSENTIAL SKILL IN TRIGONOMETRY. |T NOT ONLY SIMPLIFIES COMPLEX EXPRESSIONS BUT ALSO PAVES THE WAY FOR
SOLVING A DIVERSE ARRAY OF PROBLEMS IN MATHEMATICS, PHYSICS, AND ENGINEERING. BY UNDERSTANDING HOW TO
MANIPULATE THESE FUNDAMENTAL IDENTITIES, STUDENTS AND PROFESSIONALS ALIKE CAN ENHANCE THEIR PROBLEM-SOLVING
TOOLKIT, MAKING THEIR \WORK MORE EFFICIENT AND INSIGHTFUL.



IF YOU WANT TO EXPLORE FURTHER, CONSIDER HOW SIMILAR IDENTITIES CAN BE USED TO REWRITE OTHER COMPOSITE ANGLES
OR HOW THESE FORMULAS EXTEND TO MORE COMPLEX FUNCTIONS LIKE TANGENT OR SECANT. PRACTICE WITH DIFFERENT ANGLES
AND APPLICATIONS TO DEEPEN YOUR UNDERSTANDING OF TRIGONOMETRIC RELATIONSHIPS.

FREQUENTLY AskeD QUESTIONS

How cAN | REWRITE COS(X + I'I/ 6) USING THE COSINE ADDITION FORMULA?P

YOU CAN USE THE COSINE ADDITION FORMULA: COS(A + B) = cos A cos B = SN A SIN B. APPLYING IT HERE, cos(x + 11/6)
= cos x cos(n/6) - sin x siN(n/6).

WHAT ARE THE VALUES ofF cos(n/é) anp sIN(n/6) THAT ARE USED IN THE FORMULA?

cos(n/6) =P 3/2 anp sIN(n/6) = 1/2. THESE VALUES ARE USED TO EXPRESS COS(X + N/6) IN TERMS OF SIN X AND COS X.

How DOES THE DIFFERENCE FORMULA FOR COSINE HELP IN REWRITING COS(X + I'I/ 6)>

THE DIFFERENCE FORMULA, COS(A — B) = cos A cos B + SIN A SIN B, CAN BE USED IF YOU CONSIDER REWRITING THE SUM AS A
DIFFERENCE. HOWEVER, FOR X + /&, THE ADDITION FORMULA IS MORE STRAIGHTFORW ARD.

CAN YOU PROVIDE THE SIMPLIFIED EXPRESSION OF Cos(x + n/6) IN TERMS OF SIN X AND
cos x?

YES, USING THE ADDITION FORMULA: cos(x +n/6) = (B 3/2) cos x = (1/2) sin x.

IS IT POSSIBLE TO EXPRESS COS(X + N/&) SOLELY IN TERMS OF SINE OR COSINE
FUNCTIONS?

YES/ BUT IT WOULD TYPICALLY INVOLVE USING PYTHAGOREAN IDENTITIES TO CONVERT BETWEEN SINE AND COSINE, BUT
DIRECTLY EXPRESSING IT IN BOTH SIN X AND COS X IS MORE STRAIGHTFORW ARD AND STANDARD.

\/HEN SHOULD | USE THE COSINE ADDITION FORMULA VERSUS THE DIFFERENCE FORMULA?

\USE THE ADDITION FORMULA WHEN DEALING WITH EXPRESSIONS OF THE FORM COS(A + B). THE DIFFERENCE FORMULA IS USED
WHEN YOoU HAVE Cos(A - B). For cos(x + n/6), THE ADDITION FORMULA IS MOST APPROPRIATE.

CAN THE FORMULA FOR COS(X + I'I/ 6) BE USED TO SOLVE TRIGONOMETRIC EQUATIONS
INVOLVING SINE AND COSINE?

YES/ REWRITING COS(X + I'I/é) IN TERMS OF SIN X AND COS X CAN HELP IN SOLVING EQUATIONS WHERE THE SUM APPEARS, BY
CONVERTING THE EQUATION INTO A POLYNOMIAL IN SIN X AND COS X AND SIMPLIFYING THE PROBLEM.

ADDITIONAL RESOURCES

Use THe Sum Or DiFFereNce ForMULA For CosiNe To RewrITE Cos(x + Pi/6) IN Terms OF SiNe(x) Anp Cos(x)
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IN THE REALM OF TRIGONOMETRY, THE ABILITY TO TRANSFORM COMPLEX EXPRESSIONS INTO MORE MANAGEABLE FORMS IS
INVALUABLE. W/HETHER YOU'RE SIMPLIFYING EQUATIONS, SOLVING INTEGRALS, OR ANALYZING WAVE FUNCTIONS, REWRITING
COSINE OF A SUM IN TERMS OF BASIC SINE AND COSINE FUNCTIONS IS A FUNDAMENTAL SKILL. THE EXPRESSION cos(x + n/6)
EXEMPLIFIES THIS, AND TWO PRIMARY METHODS FACILITATE ITS TRANSFORMATION: THE SUM FORMULA (ALSO CALLED THE
ADDITION FORMULA) FOR COSINE AND THE DIFFERENCE FORMULA FOR COSINE. THIS ARTICLE DELVES INTO THESE FORMULAS,
DEMONSTRATING HOW TO USE THEM EFFECTIVELY TO EXPRESS COS(X + M/6) IN TERMS OF SIN(X) AND COS(X), PROVIDING
CLARITY AND DEPTH FOR LEARNERS AND PRACTITIONERS ALIKE.

UNDERSTANDING THE FOUNDATIONS: THE COSINE SUM AND DIFFERENCE FORMULAS

BEFORE DIVING INTO THE APPLICATION, IT’S ESSENTIAL TO COMPREHEND THE CORE TRIGONOMETRIC IDENTITIES INVOLVED.
THe CosINE SuM ForRMULA

THE COSINE SUM FORMULA STATES:

cos(A + B) = cosA * cosB - sINA - SINB

THIS FORMULA ALLOWS US TO EXPRESS THE COSINE OF A SUM OF TWO ANGLES AS A COMBINATION OF THE COSINES AND SINES
OF THE INDIVIDUAL ANGLES.

THe CosINE DIFFERENCE FORMULA
SIMILARLY, THE COSINE DIFFERENCE FORMULA IS:
cos(A - B) = cosA - cosB + sINA * sINB

BOTH FORMULAS ARE INSTRUMENTAL WHEN REWRITING TRIGONOMETRIC EXPRESSIONS, ESPECIALLY WHEN THE ANGLES INVOLVED
ARE COMPOSITE OR SHIFTED.

APPLYING THE SuM FormuLA To Cos(x + n/6)

GIVEN OUR TARGET EXPRESSION COS(X + I'I/()), THE MOST STRAIGHTFORWARD APPROACH IS TO DIRECTLY APPLY THE COSINE
SUM FORMULA.

STeP 1: WRITE THE EXPRESSION USING THE SUM FORMULA
USING THE SUM FORMULA:
cos(x + n/6) = cosx - cos(n/6) - sinx - siNn(n/6)

THIS STEP INVOLVES RECOGNIZING THE SPECIFIC ANGLE N/6 (WHICH 1S 30° IN DEGREES) AND KNOWING ITS SINE AND COSINE
VALUES.

STeEP 2: SUBSTITUTE KNOWN V ALUES
RECALL THE STANDARD VALUES:

-cos(n/6)=[ 3/2
-sin(n/6) =1/2

SUBSTITUTING THESE INTO THE EXPRESSION:

cos(x +n/6)=cosx (] 3/2)-sinx-(1/2)



STeP 3: REWRITE IN TERMS OF SINE AND COSINE
THE EXPRESSION NOW READS:
cos(x+n/6)=(] 3/2) cosx-(1/2) - siNx

THIS FORM EXPLICITLY EXPRESSES THE COSINE OF THE SUM IN TERMS OF COSX AND SINX, FULFILLING OUR GOAL.

ALTERNATIVE APPROACH: USING THE DIFFERENCE FORMULA

W/HILE THE SUM FORMULA PROVIDES A DIRECT ROUTE, SOME PROBLEMS OR CONTEXTS MAY FAVOR THE DIFFERENCE FORMULA,
ESPECIALLY IF WE CONSIDER THE NEGATIVE OF THE ANGLE.

STep 1: EXPRESS AS A DIFFERENCE

NOTE THAT:

x+n/6=x-(-n/6)

THus,

cos(x +n/6) = cos(x - (-n/6))

APPLYING THE DIFFERENCE FORMULA!

cos(A - B) = cosA - cosB + siNA - siNB

BY SUBSTITUTING A = X AND B = -n/6:
cos(x +n/6) = cosx - cos(-n/6) + siNx * siN(-n/6)
STep 2: Use KNOWN V ALUES AND SYMMETRIES
RECALL THAT COSINE IS AN EVEN FUNCTION:
cos(-e) = cose

AND SINE IS AN ODD FUNCTION:

siN(-e) = -siNe

THus:

- cos(-n/6) = cos(n/6) =[] 3/2
- siN(-n/6) = -sin(n/6) =-1/2

SUBSTITUTE THESE:
cos(x +n/6)=cosx (F] 3/2)+sinx-(-1/2)=(F] 3/2) cosx - (1/2) - sinx

W/ HICH MATCHES THE PREVIOUS RESULT, CONFIRMING THE CONSISTENCY OF BOTH APPROACHES.

SIGNIFICANCE AND APPLICATIONS

REWRITING COS(X + I'I/()) IN TERMS OF SINX AND COSX IS NOT JUST AN ACADEMIC EXERCISE; IT HAS PRACTICAL IMPLICATIONS



ACROSS VARIOUS FIELDS:

- SIMPLIFYING INTEGRALS: W/HEN INTEGRATING FUNCTIONS INVOLVING COS(X + ﬂ/()), EXPRESSING IT AS LINEAR COMBINATIONS
OF SINE AND COSINE MAKES THE INTEGRAL MORE MANAGEABLE.

- SOLVING TRIGONOMETRIC EQUATIONS: MANY EQUATIONS BECOME EASIER TO SOLVE WHEN EXPRESSED IN BASIC SINE AND
COSINE TERMS.

- SIGNAL PROCESSING: IN ANALYZING WAVE FUNCTIONS, PHASE SHIFTS OFTEN RESULT IN EXPRESSIONS LIKE COS(X + I'I/())
SIMPLIFYING THESE HELPS IN UNDERSTANDING THE WAVEFORM'S BEHAVIOR.

- FOURIER ANALYSIS: THE TRANSFORMATION OF SIGNALS OFTEN INVOLVES DECOMPOSING SHIFTED COSINE FUNCTIONS INTO SUMS
OF SINE AND COSINE COMPONENTS.

EXTENDING THE CONCEPT: GENERALIZING FOR ANY PHASE SHIFT

THE TECHNIQUES USED HERE ARE NOT LIMITED TO ﬂ/() FOR ANY ANGLE A, THE COSINE OF A SUM COS(X + A) CAN BE REWRITTEN
USING THE SAME FORMULAS!

cos(X + A) = COSX * COSA — SINX * SINA
SIMILARLY, FOR THE DIFFERENCE:
cos(X — A) = COSX * COSA + SINX * SINA

THIS GENERALIZATION UNDERSCORES THE VERSATILITY OF THE SUM AND DIFFERENCE FORMULAS IN TRIGONOMETRY, ENABLING
TRANSFORMATIONS OF A BROAD CLASS OF FUNCTIONS.

VISUALIZING THE TRANSFORMATION
To BETTER GRASP THE PROCESS, CONSIDER THE UNIT CIRCLE:

- THE POINT CORRESPONDING TO X + /6 ON THE CIRCLE HAS COORDINATES (cos(x + n/6), siNn(x + n/6)).
- USING THE SUM FORMULA, WE DECOMPOSE THIS POINT INTO COMPONENTS ASSOCIATED WITH X AND M/6, ILLUSTRATING HOW
THE PHASE SHIFT MODIFIES THE ORIGINAL ANGLE'S SINE AND COSINE COMPONENTS.

THIS GEOMETRIC INTERPRETATION REINFORCES THE ALGEBRAIC APPROACH, PROVIDING AN INTUITIVE UNDERSTANDING OF THE
IDENTITIES.

SUMMARY AND KEY TAKEAWAYS

- THE COSINE SUM FORMULA cOS(A + B) = cosA * cosB - SINA * SINB IS THE PRIMARY TOOL FOR REWRITING cos(x + n/6).
- KNOWN EXACT VALUES OF SPECIAL ANGLES (/&) SIMPLIFY THE ALGEBRAIC EXPRESSIONS.

- USING THE DIFFERENCE FORMULA AS AN ALTERNATIVE CONFIRMS THE CONSISTENCY OF THE TRANSFORMATIONS.

- EXPRESSING SHIFTED COSINES IN TERMS OF SINX AND COSX IS CRUCIAL ACROSS NUMEROUS MATHEMATICAL AND ENGINEERING
APPLICATIONS.

- THESE IDENTITIES ARE FOUNDATIONAL FOR MORE ADVANCED TOPICS LIKE FOURIER ANALYSIS, SIGNAL PROCESSING, AND
SOLVING COMPLEX TRIGONOMETRIC EQUATIONS.

FINAL REMARKS



MASTERING THE USE OF THE SUM AND DIFFERENCE FORMULAS FOR COSINE UNLOCKS A POWERFUL METHOD FOR MANIPULATING AND
UNDERSTANDING TRIGONOMETRIC FUNCTIONS. W/HETHER SIMPLIFYING INTEGRALS, SOLVING EQUATIONS, OR ANALYZING SIGNALS,
THESE IDENTITIES ARE ESSENTIAL TOOLS IN ANY MATHEMATICIAN’S TOOLKIT. RECOGNIZING WHEN AND HOW TO APPLY THESE
FORMULAS ENABLES DEEPER INSIGHTS INTO THE STRUCTURE OF TRIGONOMETRIC EXPRESSIONS, PAVING THE WAY FOR MORE
ADVANCED EXPLORATIONS IN MATHEMATICS AND ENGINEERING.

BY UNDERSTANDING THE DERIVATION, APPLICATION, AND SIGNIFICANCE OF THESE FORMULAS, LEARNERS AND PRACTITIONERS CAN
CONFIDENTLY NAVIGATE THE COMPLEXITIES OF TRIGONOMETRIC TRANSFORMATIONS, TURNING SEEMINGLY INTRICATE EXPRESSIONS
INTO CLEAR, MANAGEABLE FORMS.
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