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3.5 EQUATIONS OF PARALLEL AND PERPENDICULAR LINES: ANSWER KEY

STRUCTURE:

THIS DOCUMENT PROVIDES A COMPREHENSIVE ANSWER KEY FOR EXERCISES RELATED TO THE EQUATIONS OF PARALLEL AND
PERPENDICULAR LINES, COVERING TOPICS TYPICALLY FOUND IN A HIGH SCHOOL OR INTRODUCTORY COLLEGE ALGEBRA COURSE.
THE STRUCTURE IS ORGANIZED BY PROBLEM TYPE, WITH EACH PROBLEM PRESENTED ALONGSIDE ITS COMPLETE, STEP-BY-STEP
SOLUTION. SOLUTIONS ARE PRESENTED CLEARLY, EMPHASIZING THE UNDERLYING CONCEPTS AND DEMONSTRATING PROPER
MATHEMATICAL NOTATION. THE ANSWER KEY IS DIVIDED INTO SECTIONS BASED ON INCREASING DIFFICULTY, ALLOWING FOR
PROGRESSIVE LEARNING AND REINFORCEMENT OF KEY CONCEPTS. EACH SECTION BEGINS WITH A BRIEF SUMMARY OF THE RELEVANT
CONCEPTS AND FORMULAS.

DESCRIPTION:

THIS ANSWER KEY IS INTENDED TO BE A SUPPLEMENTARY RESOURCE FOR STUDENTS WORKING THROUGH EXERCISES ON
EQUATIONS OF PARALLEL AND PERPENDICULAR LINES. |T PROVIDES DETAILED SOLUTIONS TO A WIDE RANGE OF PROBLEMS,
COVERING VARIOUS SCENARIOS AND SKILL LEVELS. THE SOLUTIONS ARE DESIGNED TO HELP STUDENTS UNDERSTAND THE
REASONING BEHIND THE MATHEMATICAL PROCESSES INVOLVED, RATHER THAN SIMPLY PROVIDING THE FINAL ANSWER. THE
DETAILED EXPLANATION ASSISTS STUDENTS IN IDENTIFYING THEIR MISTAKES AND CORRECTING THEIR UNDERSTANDING. THIS
RESOURCE IS PARTICULARLY BENEFICIAL FOR SELF-LEARNERS OR STUDENTS WHO REQUIRE EXTRA SUPPORT IN MASTERING THIS
IMPORTANT TOPIC IN ALGEBRA.

AUTHOR: [INSERT AUTHOR NAME HERE - E.G., DR. JANE DOE, PROFESSOR OF MATHEMATICS, ANYTOWN UNIVERSITY]

Kevyworbps: PARALLEL LINES, PERPENDICULAR LINES, SLOPE, Y-INTERCEPT, EQUATION OF A LINE, SLOPE-INTERCEPT FORM, POINT-
SLOPE FORM, STANDARD FORM, ALGEBRA, GEOMETRY, MATHEMATICS, ANSWER KEY, SOLUTIONS, EXERCISES.

SUMMARY:

THis T000-WORD ANSWER KEY OFFERS COMPLETE SOLUTIONS TO A DIVERSE SET OF PROBLEMS INVOLVING PARALLEL AND
PERPENDICULAR LINES. IT COVERS VARIOUS METHODS FOR FINDING THE EQUATIONS OF LINES, INCLUDING USING SLOPE-INTERCEPT
FORM, POINT-SLOPE FORM, AND STANDARD FORM. THE SOLUTIONS METICULOUSLY DEMONSTRATE HOW TO DETERMINE IF LINES
ARE PARALLEL OR PERPENDICULAR BASED ON THEIR SLOPES. THE KEY IS DESIGNED TO AID STUDENTS IN UNDERSTANDING THE
RELATIONSHIPS BETWEEN THE SLOPES AND EQUATIONS OF PARALLEL AND PERPENDICULAR LINES, SOLIDIFYING THEIR
UNDERSTANDING OF LINEAR EQUATIONS. THE DOCUMENT PROGRESSIVELY INCREASES IN DIFFICULTY, ALLOWING STUDENTS TO
BUILD CONFIDENCE AND COMPETENCE IN SOLVING THESE TYPES OF PROBLEMS. |T IS A VALUABLE RESOURCE FOR STUDENTS
SEEKING TO IMPROVE THEIR UNDERSTANDING OF LINEAR ALGEBRA AND TO CHECK THEIR WORK ACCURATELY.

PUBLISHER: [INSERT PuBLISHER NAME HERE - E.G., SELF-PUBLISHED, XYZ EDUCATIONAL RESOURCES]

EpiTor: [INSERT EDITOR NAME HERE - E.G., JOHN SMITH, MATH EDITOR]

(THE FOLLOWING SECTION WOULD CONSTITUTE THE BULK OF THE 1000-WORD DOCUMENT — APPROXIMATELY 800-900
\WORDS — AND WOULD CONSIST OF THE ACTUAL PROBLEM SOLUTIONS. BELOW IS A SAMPLE OF HOW SUCH A SECTION MIGHT
BEGIN. THIS SAMPLE WOULD NEED TO BE EXPANDED SIGNIFICANTLY TO REACH THE 1000-WORD GOAL.)

SECTION 1: FINDING THE EQUATION OF A LINE PARALLEL TO A GIVEN LINE

CoNCEPT ReVIEW: TWO LINES ARE PARALLEL IF AND ONLY IF THEY HAVE THE SAME SLOPE. THE EQUATION OF A LINE CAN BE



EXPRESSED IN SLOPE-INTERCEPT FORM (Y = MX + B), POINT-SLOPE FORM (¥ - ¥ 1 =M(x - X 1)), OR STANDARD FORM (AX + BY
=QO).

PROBLEM 1: FIND THE EQUATION OF THE LINE THAT IS PARALLEL TO THE LINE Y = 2X + 5 AND PASSES THROUGH THE POINT (],
3).

SOLUTION:

1. IDENTIFY THE SLOPE: THE GIVEN LINE Y = 2X + 5 HAS A SLOPE OF M = 2. SINCE PARALLEL LINES HAVE THE SAME SLOPE,
THE SLOPE OF THE LINE WE ARE LOOKING FOR IS ALSO M = 2.

1. USE THE POINT-SLOPE FORM: WE HAVE THE SLOPE (M = 2) AND A POINT (1, 3). USING THE POINT-SLOPE FORM, Y - Y ]
=M(x - x1), WE SUBSTITUTE THE VALUES: ¥ - 3 = 2(x - 1).

1. SIMPLIFY TO SLOPE-INTERCEPT FORM: EXPANDING AND SIMPLIFYING THE EQUATION, WE GET Y - 3 = 2X - 2, WHICH
SIMPLIFIES TO Y = 2X + 1.

THEREFORE, THE EQUATION OF THE LINE PARALLEL TO ¥ = 2X + 5 AND PASSING THROUGH (1, 3) Is Y = 2x + 1.

(THIS SECTION WOULD CONTINUE WITH SEVERAL MORE PROBLEMS OF INCREASING DIFFICULTY WITHIN THIS CATEGORY,
PROVIDING DETAILED SOLUTIONS FOR EACH.)

SECTION 2: FINDING THE EQUATION OF A LINE PERPENDICULAR TO A GIVEN LINE

(THIS SECTION WOULD FOLLOW A SIMILAR STRUCTURE TO SECTION 1, COVERING PROBLEMS RELATED TO FINDING EQUATIONS
OF PERPENDICULAR LINES. THE CONCEPT REVIEW WOULD HIGHLIGHT THE RELATIONSHIP BETWEEN THE SLOPES OF PERPENDICULAR
LINES — THEY ARE NEGATIVE RECIPROCALS OF EACH OTHER.)

SECTION 3: MIXED PROBLEMS

(THIS SECTION WOULD INCLUDE A VARIETY OF PROBLEMS COMBINING CONCEPTS FROM SECTIONS 1 AND 2, CHALLENGING

STUDENTS TO APPLY THEIR KNOWLEDGE IN DIVERSE SCENARIOS.)

(THE REMAINING SPACE WOULD BE FILLED WITH FURTHER PROBLEMS AND SOLUTIONS, ENSURING THAT THE ENTIRE DOCUMENT
REACHES APPROXIMATELY 1000 woRDS.)

DecoDING THE 3.5 EQUATIONS: A COMPREHENSIVE GUIDE TO PARALLEL AND
PERPENDICULAR LINES

Kevy\woORDS: PARALLEL LINES, PERPENDICULAR LINES, SLOPE-INTERCEPT FORM, POINT-SLOPE FORM, STANDARD FORM, EQUATION
OF A LINE, PARALLEL LINE EQUATION, PERPENDICULAR LINE EQUATION, GEOMETRY, ALGEBRA, MATH, ANSWER KEY, 3.5



EQUATIONS, PARALLEL AND PERPENDICULAR LINES PROBLEMS, SOLUTIONS, EXAMPLES

FINDING THE EQUATIONS OF PARALLEL AND PERPENDICULAR LINES IS A FUNDAMENTAL CONCEPT IN ALGEBRA AND GEOMETRY. THIS
COMPREHENSIVE GUIDE WILL DELVE INTO THE INTRICACIES OF SOLVING PROBLEMS RELATED TO THESE LINES, PROVIDING A
THOROUGH UNDERSTANDING OF THE UNDERLYING PRINCIPLES AND OFFERING DETAILED, STEP-BY-STEP SOLUTIONS. WE'LL EXPLORE
THE COMMON METHODS AND FORMULAS, DEMYSTIFYING THE OFTEN-CONFUSING “3.5 EQUATIONS” CONCEPT, AND PROVIDING A
ROBUST ANSWER KEY FOR VARIOUS PROBLEM TYPES.

UNDERSTANDING THE BASICS: SLOPE AND EQUATIONS OF LINES

BEFORE WE TACKLE PARALLEL AND PERPENDICULAR LINES, LET'S REVIEW THE FUNDAMENTAL CONCEPTS. THE EQUATION OF A LINE
IS TYPICALLY EXPRESSED IN ONE OF THREE FORMS:

SLOPE-INTERCEPT FORM: 'Y = MX + B', WHERE ‘M’ REPRESENTS THE SLOPE AND ‘B’ REPRESENTS THE Y~-INTERCEPT.
POINT-SLOPE FORM: 'Y - Y7 = M(X - X;)', WHERE ‘M’ IS THE SLOPE AND (X, Y;) IS A POINT ON THE LINE.

STANDARD ForM: 'Ax + By = C', wHERe A, B, AND C ARE CONSTANTS.

THe SLoPE (M) REPRESENTS THE STEEPNESS OF A LINE AND IS CALCULATED AS THE RATIO OF THE VERTICAL CHANGE (RISE) TO

THE HORIZONTAL CHANGE (RUN) BETWEEN ANY TWO POINTS ON THE LINE: ‘M = (Y, = Y1) / (X5 = X3)'. A HORIZONTAL LINE HAS A
SLoPE OF O, WHILE A VERTICAL LINE HAS AN UNDEFINED SLOPE.

PARALLEL LINES: SHARING A SLOPE

PARALLEL LINES ARE LINES THAT NEVER INTERSECT. A CRUCIAL CHARACTERISTIC OF PARALLEL LINES IS THAT THEY HAVE THE
SAME SLOPE. THEREFORE, IF YOU KNOW THE EQUATION OF ONE LINE AND YOU NEED TO FIND THE EQUATION OF A PARALLEL LINE,
YOU ALREADY KNOW ITS SLOPE.

EXAMPLE 1: FIND THE EQUATION OF THE LINE PARALLEL TO 'Y = 2X + 5" THAT PASSES THROUGH THE POINT (3, 1).
SoLUTION:

1. IDENTIFY THE SLOPE: THE SLOPE OF THE GIVEN LINE 'Y = 2X + 5' 1S M = 2. SINCE PARALLEL LINES HAVE THE SAME
SLOPE, THE SLOPE OF OUR NEW LINE IS ALSO 2.

1. USE POINT-SLOPE FORM: W/E HAVE THE SLOPE (M = 2) AND A POINT (3, 1). PLUGGING THESE VALUES INTO THE POINT-
SLOPE FORM, WE GET: 'Y = 1= 2(x - 3)".

1. SIMPLIFY TO SLOPE-INTERCEPT FORM: SIMPLIFYING THE EQUATION, WE GET 'Y = 2X - 5. THIS IS THE EQUATION OF THE
LINE PARALLEL TO 'Y = 2X + 5" THAT PASSES THROUGH (3, 1).

PERPENDICULAR LINES: NEGATIVE RECIPROCAL SLOPES

PERPENDICULAR LINES INTERSECT AT A RIGHT ANGLE (90 DEGREES). THE RELATIONSHIP BETWEEN THEIR SLOPES IS THAT THEY
ARE NEGATIVE RECIPROCALS OF EACH OTHER. |F THE SLOPE OF ONE LINE IS IM/, THE SLOPE OF A PERPENDICULAR LINE IS '~ 1 /Ml.

EXAMPLE 2: FIND THE EQUATION OF THE LINE PERPENDICULAR TO 'Y = -3X + 2' THAT PASSES THROUGH THE POINT (-2, 4).



SOLUTION:

1. IDENTIFY THE SLOPE: THE SLOPE OF THE GIVEN LINE 'Y = -3X + 2" 1S M = -3. THE SLOPE OF A PERPENDICULAR LINE IS
THE NEGATIVE RECIPROCAL, WHICH IS -1/(-3) = 1/3.

1. USE POINT-SLOPE FORM: WE HAVE THE SLOPE (M= 1/3) AND A POINT (-2, 4). USING THE POINT-SLOPE FORM: 'Y - 4
/

=(1/3)(x - (-2))".

1. SIMPLIFY TO SLOPE-INTERCEPT FORM: SIMPLIFYING, WE GET 'Y = (1/3)x + 14/3". THIS IS THE EQUATION OF THE LINE
PERPENDICULAR TO 'Y = -3X + 2' THAT PASSES THROUGH (-2, 4).

ADDRESSING THE “ 3.5 EQUATIONS” CONCEPT

THE TerM 3.5 EQUATIONSH OFTEN REFERS TO THE VARIOUS WAYS TO REPRESENT THE RELATIONSHIP BETWEEN PARALLEL AND
PERPENDICULAR LINES, INCORPORATING THE THREE STANDARD FORMS OF A LINEAR EQUATION (SLOPE'INTERCEPT, POINT-SLOPE,
AND STANDARD FORM) AND ADDITIONAL VARIATIONS DEPENDING ON THE GIVEN INFORMATION. THIS MIGHT INVOLVE:

FINDING THE EQUATION GIVEN A POINT AND THE EQUATION OF A PARALLEL/PERPENDICULAR LINE. (AS SHOWN IN EXAMPLES 1
AND 2)

FINDING THE EQUATION GIVEN TWO POINTS, AND THE LINE IS PARALLEL /PERPENDICULAR TO ANOTHER LINE. (THIS REQUIRES
CALCULATING THE SLOPE FROM THE TWO POINTS.)

FINDING THE EQUATION GIVEN THE SLOPE AND THE Y-INTERCEPT, KNOWING THE LINE IS PARALLEL/PERPENDICULAR TO ANOTHER
LINE. (THIS DIRECTLY USES SLOPE-INTERCEPT FORM)

\¥/ ORKING WITH STANDARD FORM: CONVERTING BETWEEN STANDARD FORM AND SLOPE-INTERCEPT FORM MIGHT BE NECESSARY TO
EASILY DETERMINE THE SLOPE FOR PARALLEL OR PERPENDICULAR LINE PROBLEMS.

ESSENTIALLY, “3.5 EQUATIONSH EMPHASIZES THE FLEXIBILITY REQUIRED TO SOLVE PROBLEMS USING THE MOST APPROPRIATE
EQUATION FORM BASED ON THE PROVIDED INFORMATION.

ADVANCED PROBLEM SOLVING AND ANSWER KEY EXAMPLES

HERE ARE SOME MORE COMPLEX EXAMPLES TO ILLUSTRATE DIFFERENT SCENARIOS AND PROVIDE AN ANSWER KEY.
ExAMPLE 3: LINE A PASSES THROUGH POINTS (1, 2) AND (3, 6). LINE B IS PARALLEL TO LINE A AND PASSES THROUGH THE
PoINT (O, -1). FIND THE EQUATION OF LINE B.

SOLUTION:

1. FinD THE sSLoPEOF LINE AiM=(6-2) /(3 -1)= 2.
2. LINE B HAS THE SAME SLOPE (PARALLEL LINES): M = 2.
3. USE POINT-SLOPE FORM WITH THE POINT (O, =1): v - (-1) = 2(x - 0).

4. SIMPLIFY: Y = 2X - 1. ANSWER: ¥ = 2% - |



ExAMPLE 4: LiNe C IS PERPENDICULAR TO THE LINE '2X + 4y = 8" AND PASSES THROUGH THE POINT (2, 1). FIND THE
EQUATION oF LINE C.

SOLUTION:

1. REWRITE '2x + 4y = 8" IN SLOPE-INTERCEPT FORM: 'Y = (-1/2)x + 2'. THE sLope IS - 1/2.
2. THe sLore oF LINE C (PERPENDICULAR) IS THE NEGATIVE RECIPROCAL: M = 2.
3. USE POINT-SLOPE FORM WITH POINT (2, 1): v - 1= 2(x - 2).

4. SIMPLIFY: Y = 2X - 3. ANSWER: ¥ = 2X - 3

ExAMPLE 5: TWO LINES ARE PARALLEL. ONE LINE HAS THE EQUATION ‘X - 3Y = &', THE OTHER PASSES THROUGH (4, 1). FinD
THE EQUATION OF THE SECOND LINE.
SoLUTION:

1. REWRITE ‘X - 3y = 6" IN SLOPE-INTERCEPT FORM: 'Y = (1/3)x - 2. THe sLope IS 1/3.

2. THE SECOND LINE HAS THE SAME SLoPE: M = 1/3.

3. Use poINT-SLoPE FORM WITH (4,1): 'y = 1 =(1/3)(x - 4)"

4. SiMeLIFy: 'y = (1/3)x - 1/3". Answer: v = (1/3)x - 1/3

THESE EXAMPLES PROVIDE A COMPREHENSIVE OVERVIEW OF FINDING PARALLEL AND PERPENDICULAR LINE EQUATIONS. REMEMBER
TO PRACTICE REGULARLY AND UTILIZE DIFFERENT EQUATION FORMS DEPENDING ON THE GIVEN INFORMATION TO MASTER THIS
CRUCIAL ALGEBRAIC CONCEPT. THE KEY IS UNDERSTANDING THE RELATIONSHIP BETWEEN SLOPES FOR PARALLEL AND
PERPENDICULAR LINES AND APPLYING THE APPROPRIATE EQUATION FORMS EFFECTIVELY.
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