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\W/HEN IT COMES TO UNDERSTANDING WORK RATES AND SOLVING TIME-BASED PROBLEMS, MANY PEOPLE FIND THESE SCENARIOS
BOTH INTERESTING AND CHALLENGING. FOR EXAMPLE, CONSIDER A SITUATION WHERE DAVE WASHES 10 CARS IN 75 MINUTES,
AND JOE CAN WASH 6 CARS IN 30 MINUTES. THE QUESTION ARISES: HOW LONG WOULD IT TAKE FOR BOTH OF THEM WORKING
TOGETHER TO WASH A CERTAIN NUMBER OF CARS? IN THIS ARTICLE, WE WILL EXPLORE HOW TO APPROACH AND SOLVE THIS

PROBLEM STEP BY STEP, PROVIDING CLEAR EXPLANATIONS AND METHODS THAT CAN BE APPLIED TO SIMILAR \WORK-RATE
PROBLEMS.

UNDERSTANDING THE PROBLEM

BEFORE DIVING INTO CALCULATIONS, IT’S CRUCIAL TO UNDERSTAND WHAT THE PROBLEM ASKS AND WHAT INFORMATION IS
PROVIDED.

Given DATA

e DAVE WASHES 10 CARS IN 75 MINUTES.

® JOE WASHES 6 CARS IN 30 MINUTES.

OBJECTIVE

FIND HOW LONG IT WOULD TAKE FOR DAVE ANDJOE TO WASH A SPECIFIC NUMBER OF CARS TOGETHER, OR GENERALLY, HOW
LONG THEY WOULD TAKE TO WASH ANY NUMBER OF CARS WHEN WORKING SIMULTANEOUSLY.

CALCULATING INDIVIDUAL W ORK RATES

THE KEY TO SOLVING WORK RATE PROBLEMS IS UNDERSTANDING EACH PERSON’S OR MACHINE’S RATE OF WORK.

DAVE’s WoRrk RATE

To FIND DAVE’S WORK RATE:
e RATE = NUMBER OF CARS WASHED / TIME TAKEN

o RaTE oF DavE = 10 carRS / 75 MINUTES = 2/ 15 CARS PER MINUTE

THUS, DAVE WASHES APPROXIMATELY 0.1333 CARS PER MINUTE.



Joe’s Work RATE

SIMILARLY, JOE’S WORK RATE:
e RATE= 6 cars / 30 MINUTES = 1/5 CARS PER MINUTE

e RATE oF JoE = 1/5 cARS PER MINUTE = 0.2 CARS PER MINUTE
JoE wASHES 0.2 CARS PER MINUTE.

CoMBINING W oRrk RATES

W/HEN TWO OR MORE PEOPLE WORK TOGETHER, THEIR WORK RATES ADD UP.

ToTAL Work RATE oF DAVE AND JOE

e TOTAL RATE = DAVE’S RATE + JOE’S RATE
e TOTALRATE=2/15+ 1/5

e CONVERT TO COMMON DENOMINATOR: 2/15 + 3/15=5/15 = 1/3 CARS PER MINUTE
So, TOGETHER, DAVE AND JOE CAN WASH 1/3 CARS PER MINUTE.

CALCULATING TIME FOrR A GiIVEN NuMBer oF CARS

ONCE THE COMBINED WORK RATE IS KNOWN, CALCULATING THE TIME FOR A CERTAIN NUMBER OF CARS BECOMES
STRAIGHTFORW ARD.

ExAMPLE: How LoNG WiILL IT TAke To WASH 15 CARrs?

o TIME = NUMBER OF CARS / COMBINED RATE

e TMe=15/(1/3) =153 = 45 mMiNnUTES

THEREFORE, WORKING TOGETHER, THEY CAN WASH 15 CARS IN 45 MINUTES.

UNDERSTANDING THE ORIGINAL SCENARIO: 10 CARS IN 75 MINUTES BY DAVE

THIS SPECIFIC DATA POINT IS USEFUL FOR VERIFYING OUR CALCULATIONS.

CHeck DAVE’s RATE

o DAVE’sS RATE = 10 cARS / 75 MINUTES = 2/ 15 CARS PER MINUTE

THIS CONFIRMS OUR EARLIER CALCULATION.



FINDING How LoNG IT WoulLb T Ake FOrR BoTH To WASH A SPECIFIC
Numeer oF CARS

SUPPOSE WE WANT TO DETERMINE THE TIME IT TAKES FOR DAVE ANDJOE TO WASH A DIFFERENT NUMBER OF CARS TOGETHER.

ExAMPLE: How LonNG For 20 CARs?

e TiMe=20/(1/3)=20 3 =60 MINUTES
[T wouLDb TAKE 60 MINUTES TO WASH 20 CARS TOGETHER.

GENERAL ForMULA FOR W oORKk RATE PROBLEMS

To SOLVE SIMILAR PROBLEMS EFFICIENTLY, IT’S HELPFUL TO UNDERSTAND THE GENERAL FORMULA.

ForMuULA

e TIME = NUMBER OF CARS / (\X/ORK RATE OF ALL WORKERS COMBINED)

\W/HERE THE COMBINED WORK RATE IS THE SUM OF INDIVIDUAL WORK RATES:

e COMBINED RATE = SUM OF EACH WORKER’S RATE

ADDITIONAL EXAMPLES AND PRACTICE PROBLEMS

TO DEEPEN UNDERSTANDING, HERE ARE SOME ADDITIONAL SCENARIOS.

ExAMPLE 1: How LoNG For 18 CARS?

e TMe=18/(1/3) =18 3 = 54 MINUTES

ExAMPLE 2: IF DAVE WORKS ALONE, HOW LONG TO WASH 10 CARS?

e TiMe=10/(2/15)=10(15/2) = 75 MINUTES

THIS CONFIRMS THAT DAVE ALONE WOULD TAKE 75 MINUTES TO WASH 10 CARS, MATCHING THE ORIGINAL DATA POINT.



FACcToOrS THAT AFFeECT W oRrk RATE PROBLEMS

W/HILE THE ABOVE CALCULATIONS ASSUME CONSTANT WORK RATES, REAL-WORLD FACTORS CAN INFLUENCE RESULTS.

V ARIABLES TO CONSIDER

e EFFICIENCY AND FATIGUE OVER TIME
o DIFFERENT TYPES OR SIZES OF CARS
® EQUIPMENT OR TOOLS USED IN WASHING

X/ ORKING CONDITIONS AND ENVIRONMENT

ConNcLUSION: APPLYING THE WoRk RATE METHOD

UNDERSTANDING HOW TO CALCULATE INDIVIDUAL WORK RATES AND COMBINE THEM ALLOWS YOU TO SOLVE VARIOUS TIME AND
\WORK-RELATED PROBLEMS EFFECTIVELY. IN THE CASE OF DAVE ANDJOE WASHING CARS, KNOWING THEIR RATES ENABLES YOU TO
DETERMINE HOW LONG IT WOULD TAKE THEM WORKING TOGETHER TO COMPLETE ANY GIVEN NUMBER OF CARS. W/HETHER YOU'RE
TACKLING HOMEWORK PROBLEMS, PLANNING WWORK SCHEDULES, OR JUST CURIOUS ABOUT EFFICIENCY, MASTERING THESE
CONCEPTS PROVIDES VALUABLE SKILLS FOR NUMEROUS REAL-\WORLD APPLICATIONS.

SUMMARY oF KEY STEePs

1. CALCULATE INDIVIDUAL WORK RATES BY DIVIDING THE NUMBER OF CARS BY THE TIME T AKEN.
2. ADD INDIVIDUAL RATES TO FIND COMBINED WORK RATE.
3. USE THE FORMULA: TIME = NUMBER OF CARS / COMBINED WORK RATE TO FIND THE TOTAL TIME.

4. APPLY THE METHOD TO VARIOUS SCENARIOS TO BUILD CONFIDENCE AND UNDERSTANDING.

BY FOLLOWING THESE STEPS, YOU CAN CONFIDENTLY SOLVE WORK RATE PROBLEMS INVOLVING MULTIPLE W ORKERS AND
DIFFERENT TASKS, JUST LIKE DETERMINING HOW LONG IT WOULD TAKE DAVE ANDJOE TO WASH A FLEET OF CARS TOGETHER.

FREQUENTLY ASkeD QUESTIONS

How MANY CARS CAN DAVE WASH IN 75 MINUTES?

THE PROBLEM STATES THAT DAVE WASHES 10 CARS IN 75 MINUTES, SO HE WASHES 10 CARS IN THAT TIME FRAME.

WHAT 1S JOE'S CAR WASHING RATE PER MINUTE?

JOE cAN WASH 6 CARS IN 30 MINUTES, SO HIS RATE IS 6 CARS / 30 MINUTES = 0.2 CARS PER MINUTE.



How LONG WOULD IT TAKE JOE TO WASH 10 CARS AT HIS RATE?

AT 0.2 CARS PER MINUTE, WASHING 10 cARS woulDd Take 10 / 0.2 = 50 MINUTES.

How poes DAVE'S WASHING RATE COMPARE TO JOE'S?

SiNce DAVE wAsHES 10 CARS IN 75 MINUTES, HIS RATE IS 10/ 75 = 0.133 CARS PER MINUTE, WHICH IS SLOWER THAN
JoE's 0.2 CARS PER MINUTE.

IF BOTH WORK TOGETHER , HOW LONG WOULD IT TAKE THEM TO WASH 10 cArs?

ComeINeD RATE = 0.133 + 0.2 = 0.333 cARS PER MINUTE. TIME To wasH 10 cars = 10/ 0.333 = 30 MINUTES.

WHAT IS THE KEY CONCEPT USED TO SOLVE THIS PROBLEM?

THE KEY CONCEPT IS CALCULATING INDIVIDUAL RATES AND COMBINING THEM TO FIND THE TOTAL TIME FOR A GIVEN NUMBER OF
CARS.

CAN WE DETERMINE HOW LONG IT TAKES DAVE TO WASH A SINGLE CAR?

YES, SINCE HE WASHES 10 CARS IN 75 MINUTES, HIS RATE IS 10/75 = 2/15 CARS PER MINUTE, SO TIME PER CAR IS 1/
(2/158)=15/2 = 7.5 MiNUTES.

ADDITIONAL RESOURCES

10 CaArs ARe W ASHED IN 75 MINUTES By DAVE. JoE CAN WASH 6 Cars IN 30 MiNnuTEs. FIND How LonG IT WouLb TAkEe

UNDERSTANDING HOW LONG IT TAKES DIFFERENT INDIVIDUALS TO COMPLETE TASKS SUCH AS WASHING CARS CAN SEEM
STRAIGHTFORWARD AT FIRST GLANCE BUT QUICKLY REVEALS LAYERS OF COMPLEXITY WHEN EXAMINED CLOSELY. THIS PROBLEM
INVOLVING RATES OF WORK, IS A CLASSIC EXAMPLE USED TO ILLUSTRATE THE PRINCIPLES OF COMBINED WORK RATES AND TIME
CALCULATIONS. |T OFFERS VALUABLE INSIGHTS INTO HOW PRODUCTIVITY VARIES AMONG INDIVIDUALS AND HOW TO
ACCURATELY DETERMINE THE TIME REQUIRED FOR A GROUP TASK BASED ON INDIVIDUAL EFFICIENCIES. IN THIS ARTICLE, WE WILL
ANALYZE THE PROBLEM COMPREHENSIVELY, EXPLORE THE UNDERLYING MATHEMATICAL CONCEPTS, AND PROVIDE STEP-BY-STEP
SOLUTIONS WITH DETAILED EXPLANATIONS.

1

INTRODUCTION TO WORK RATE PROBLEMS

DerFINING W oORKk RATE AND ITS SIGNIFICANCE

AT THE CORE OF THIS PROBLEM LIES THE CONCEPT OF WORK RATE, WHICH MEASURES HOW MUCH WORK AN INDIVIDUAL CAN
ACCOMPLISH PER UNIT OF TIME. W/HEN DEALING WITH TASKS SUCH AS WASHING CARS, IF A PERSON CAN WASH A CERTAIN
NUMBER OF CARS IN A GIVEN TIME, THEIR WORK RATE CAN BE EXPRESSED AS CARS PER MINUTE OR CARS PER HOUR.
UNDERSTANDING AND MANIPULATING THESE RATES ALLOWS US TO DETERMINE COMBINED \WORK TIMES, COMPARE EFFICIENCIES,
AND PLAN \WORKLOADS EFFECTIVELY.

For EXAMPLE, IF DAVE WASHES 10 CARS IN 75 MINUTES, HIS WORK RATE IS:

- Work RATE ofF DAVE = ToTAaL Cars / ToTaL TiMeE= 10/ 75 = 2/ 15 CARS PER MINUTE



SIMILARLY, FOR JOE:
- Work RATE oF JoE = 6 / 30 = 1/5 CARS PER MINUTE

KNOWING THESE INDIVIDUAL RATES IS CRITICAL TO SOLVING COMBINED \WORK PROBLEMS.

THe IMPORTANCE OF CONSISTENT UNITS

BEFORE PROCEEDING WITH CALCULATIONS, IT'S ESSENTIAL TO ENSURE THAT ALL UNITS ARE CONSISTENT. TYPICALLY, W ORK
RATES ARE EXPRESSED PER MINUTE OR PER HOUR, AND TOTAL WORK IS MEASURED IN THE NUMBER OF CARS. CONVERTING ALL
MEASUREMENTS TO A COMMON TIME BASE SIMPLIFIES THE CALCULATIONS AND REDUCES ERRORS.

ANALYZING THE GIVEN DATA

DATA SUMMARY

LET’S BRIEFLY RESTATE THE PROBLEM WITH THE GIVEN DATA!

- DAVE wAsHES 10 CARS IN 75 MINUTES.
- JOE WASHES 6 CARS IN 30 MINUTES.
- THE QUESTION: HOW LONG WOULD IT TAKE FOR THEM TO WASH A CERTAIN NUMBER OF CARS TOGETHER?

W/HILE THE PROBLEM EXPLICITLY MENTIONS THE TIME TAKEN BY DAVE ANDJOE INDIVIDUALLY, IT IS VITAL TO UNDERSTAND

WHAT SPECIFIC TASK WE ARE ANALYZING. THE KEY IS TO FIND THE COMBINED RATE AND THEN DETERMINE THE TIME FOR A SPECIFIC
NUMBER OF CARS OR THE SAME TASK.

CALCULATING INDIVIDUAL WORK RATES

LET'S COMPUTE THE WORK RATES FOR DAVE AND JOE:

- DAVE'S WORK RATE:

\l

R_D = \rrAc{10 \TexT{ cArs}} 75 \TexT{ MinuTES}} = \FRAC{2}{ 15} \TeXT{ CARS PER MINUTE}

\]

- JOE's WORK RATE:

\[

R_J = \rrAc{6 \TexT{ cars}}H 30 \TexT{ MinuTES}} = \FRAC{ 1}{ 5} \TEXT{ CcARS PER MINUTE}

EXPRESSED AS DECIMALS FOR CLARITY:

- DAVE: APPROXIMATELY 0.1333 CARS PER MINUTE
- Joe: 0.2 CARS PER MINUTE



THis MEANSJOE IS FASTER THAN DAVE PER UNIT TIME, WHICH IMPACTS THE COMBINED WORK RATE.

CALCULATING CoMBINED W ORK RATE

ADDING INDIVIDUAL RATES

W/HEN TWO WORKERS WORK TOGETHER INDEPENDENTLY, THEIR COMBINED WORK RATE IS SIMPLY THE SUM OF THEIR INDIVIDUAL
RATES!:

\[
R _{comeineD} =R D +R_J
\]

SUBSTITUTING THE VALUES:

\[
R _{comeined} = \FrrAc{2}{ 15} + \rrac{13}{5} = \rrac{23{ 15} + \rrAc{33}{15} = \rrac{53}{ 15} = \rrac{ 1}{3}
\TexT{ CARS PER MINUTE}

\]

THIS INDICATES THAT WHEN WORKING TOGETHER, DAVE ANDJOE CAN WASH ]/3 OF A CAR PER MINUTE.

INTERPRETING THE COMBINED RATE

THE COMBINED RATE OF 1/3 CARS PER MINUTE SUGGESTS THAT:

- TIME TO WASH 1 CAR:

\[

T {1} =\rrac{1}{R {comeineD}} = \rrac{1}{ 1/3} = 3 \texT{ MinUTES}
\]

- TiME TO WASH 10 cARrs:

\[

T {10} =10 \1iMes 3 = 30 \TexT{ MINUTES}

\]

THIS CALCULATION ASSUMES BOTH ARE WORKING SIMULTANEOUSLY AND CONTINUOUSLY.

APPLYING THE RESULTS TO THE ORIGINAL PROBLEM

UNDERSTANDING THE CONTEXT



THE KEY QUESTION IS: IF DAVE CAN WASH 10 CARS IN 75 MINUTES, AND JOE CAN WASH 6 CARS IN 30 MINUTES, HOW LONG
WOULD IT TAKE FOR BOTH TO WASH THE SAME NUMBER OF CARS TOGETHER?

GIVEN THE COMBINED WORK RATE, WE CAN DETERMINE HOW LONG IT TAKES TO WASH ANY SPECIFIED NUMBER OF CARS, FOR
EXAMPLE, 10 CARS, USING THE COMBINED RATE.

CALCULATING THE TiME FOR 10 CArS

FROM THE PREVIOUS SECTION, THE COMBINED RATE IS ]/3 CARS PER MINUTE.

- TiMe To waAsH 10 cARs:

\[
T {10} = \rrac{\TexT{Numser oF cars}}{\TEXT{ComaiNeD RATE}} = \FRAC{ 10} 1/3} = 10 \TimMes 3 = 30 \TexT{
MINUTES }

\]

THIS INDICATES THAT, WORKING TOGETHER, DAVE ANDJOE CcAN WASH 10 cArs IN 30 MINUTES.

VERIFYING WITH INDIVIDUAL DATA

INTERESTINGLY, THE SUM OF INDIVIDUAL WORK TIMES FOR 10 CARS:

- DAVE:

\[
T_D = \rrac{\TexT{Numser oF cars}}{\TexT{DAVE's rRATE}} = \rRAC{ 10}{2/15} = 10 \TiMes \rrAc{ 15} 2} =75
\TexT{ MINnUTES}

\]
- JoE:
\[

T J=\rrac{10}{1/5} = 10 \1iMes 5 = 50 \exT{ MinUTES}
\]

SINCE DAVE ALONE TAKES 75 MINUTES, JOE ALONE TAKES 50 MINUTES, BUT TOGETHER, THEY TAKE ONLY 30 MINUTES,
DEMONSTRATING THE EFFICIENCY GAINED THROUGH TEAMW ORK.

EXTENDING THE ANALYSIS: How LoNG WouLD IT T AKE FOR DIFFERENT
NUMBERS ofF CARS?

GENerRAL ForMULA For CoMBINED W ORk RATE

THE PREVIOUS CALCULATIONS CAN BE GENERALIZED. |F AN INDIVIDUAL HAS A WORK RATE \( R \) AND THE oTHER \( R’ \), THEN
THE ToTAL TIME \( T \) To wasH \( N \) CARS TOGETHER Is:

\[



T = \rrac{N}{R + R}
\]

THIS FORMULA ALLOWS FOR FLEXIBLE CALCULATIONS DEPENDING ON THE NUMBER OF CARS AND THE INDIVIDUALS' EFFICIENCIES.

ExAMPLES OF DIFFERENT SCENARIOS

- WASHING 15 cARs:

\[

T =\rrac{153}{1/3} = 15 \TiMes 3 = 45 \1exT{ minuUTES}
\]

- W ASHING 20 CARS:

\[

T =20 \1iMes 3 = 60 \1exT{ MNUTES}

\]

THESE CALCULATIONS ILLUSTRATE HOW INCREASED WORKLOAD IMPACTS TOTAL TIME, AND HOW COOPERATION SPEEDS UP
TASK COMPLETION.

IMPLICATIONS AND PRACTICAL APPLICATIONS

EFFiciENCY IMPROVEMENTS THROUGH TEAMWORK

THE ANALYSIS UNDERSCORES THE SIGNIFICANT EFFICIENCY GAINS ACHIEVABLE THROUGH COLLABORATIVE WORK. W/HILE
INDIVIDUAL WORK RATES PROVIDE A BASELINE, COMBINING EFFORTS REDUCES THE TOTAL TIME REQUIRED FOR TASKS. THis
CONCEPT IS APPLICABLE ACROSS MANY INDUSTRIES, FROM MANUFACTURING TO SERVICE SECTORS, WHERE TEAMWORK LEADS TO
PRODUCTIVITY ENHANCEMENTS.

¥ ork RATE PrROBLEMS IN REAL-W oORLD CONTEXTS

UNDERSTANDING WORK RATES IS ESSENTIAL BEYOND THEORETICAL EXERCISES. FOR EXAMPLE, IN PROJECT MANAGEMENT,
ESTIMATING HOW LONG A TEAM WILL TAKE TO COMPLETE A TASK REQUIRES ANALYZING INDIVIDUAL CONTRIBUTIONS AND THEIR
SYNERGY. IN LOGISTICS, COMBINING THE CAPACITIES OF DIFFERENT VEHICLES OR PERSONNEL TO OPTIMIZE DELIVERY AND SERVICE
TIMES RELIES ON SIMILAR PRINCIPLES.

LIMITATIONS AND ASSUMPTIONS

W/HILE THE CALCULATIONS ASSUME CONSTANT WORK RATES AND PERFECT COOPERATION, REAL-WORLD FACTORS SUCH AS
FATIGUE, VARYING SKILL LEVELS, AND ENVIRONMENTAL CONDITIONS CAN AFFECT ACTUAL PERFORMANCE. THEREFOREI THESE
MODELS SERVE AS IDEALIZED ESTIMATES AND PLANNING TOOLS RATHER THAN PRECISE PREDICTORS.



SuMMARY AND CONCLUSIONS

THIS DETAILED EXPLORATION INTO THE PROBLEM OF WASHING CARS HIGHLIGHTS SEVERAL KEY POINTS:

- \WORK RATE CALCULATION IS FUNDAMENTAL TO SOLVING COMBINED WORK PROBLEMS.

- ADDING INDIVIDUAL WORK RATES PROVIDES THE COMBINED RATE FOR TEAMWORK SCENARIOS.

- THE TIME TO COMPLETE A TASK CAN BE CALCULATED AS THE TOTAL WORK DIVIDED BY THE COMBINED RATE.

- TEAMWORK SIGNIFICANTLY REDUCES COMPLETION TIME, ESPECIALLY WHEN INDIVIDUAL EFFICIENCIES ARE COMBINED EFFECTIVELY.
- THE MODELS AND FORMULAS DISCUSSED ARE VERSATILE AND APPLICABLE BEYOND THE SPECIFIC EXAMPLE, PROVIDING VALUABLE
INSIGHTS INTO PRODUCTIVITY AND EFFICIENCY PLANNING.

THE PROBLEM OF DETERMINING HOW LONG IT TAKES FOR DAVE ANDJOE TO WASH CARS TOGETHER NOT ONLY REINFORCES CORE
CONCEPTS OF WORK RATE MATHEMATICS BUT ALSO DEMONSTRATES PRACTICAL APPLICATIONS IN REAL-WORLD TASK

MANAGEMENT. THE UNDERSTANDING GAINED FROM SUCH PROBLEMS HELPS IMPROVE EFFICIENCY STRATEGIES, OPTIMIZE RESOURCE
ALLOCATION, AND FOSTER COLLABORATIVE EFFORTS IN VARIOUS FIELDS.

FINAL THOUGHTS

MATHEMATICS OFFERS POWERFUL TOOLS FOR ANALYZING AND OPTIMIZING WORK PROCESSES. BY BREAKING DOWN TASKS INTO
RATES AND APPLYING FUNDAMENTAL
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