HOW TO CALCULATE UNCERTAINTY IN PHYSICS FORMULA

HOW TO CALCULATE UNCERTAINTY IN PHYSICS FORMULA IS AN ESSENTIAL SKILL FOR STUDENTS AND PROFESSIONALS ENGAGED IN
SCIENTIFIC RESEARCH AND EXPERIMENTATION. UNDERSTANDING UNCERTAINTY HELPS ENSURE THAT MEASUREMENTS AND RESULTS
REFLECT THE TRUE NATURE OF PHYSICAL PHENOMENA. THIS ARTICLE WILL GUIDE YOU THROUGH THE VARIOUS METHODS FOR
CALCULATING UNCERTAINTY, THE FORMULAS INVOLVED, AND PRACTICAL EXAMPLES TO SOLIDIFY YOUR UNDERSTANDING. We
WILL ALSO DISCUSS THE IMPORTANCE OF SIGNIFICANT FIGURES AND HOW TO PROPAGATE UNCERTAINTY IN CALCULATIONS. By
THE END OF THIS PIECE, YOU WILL HAVE A COMPREHENSIVE GRASP OF HOW TO HANDLE UNCERTAINTY IN PHYSICS.
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INTRODUCTION TO UNCERTAINTY IN PHYSICS

IN PHYSICS, UNCERTAINTY REFERS TO THE DOUBT THAT EXISTS ABOUT THE RESULT OF A MEASUREMENT. [T IS A CRITICAL
CONCEPT BECAUSE NO MEASUREMENT CAN BE PERFECTLY ACCURATE DUE TO VARIOUS FACTORS SUCH AS INSTRUMENT
LIMITATIONS, ENVIRONMENTAL CONDITIONS, AND HUMAN ERROR. ACKNOWLEDGING AND CALCULATING UNCERTAINTY HELPS
SCIENTISTS AND ENGINEERS COMMUNICATE THE RELIABILITY OF THEIR DATA. IN THIS SECTION, WE WILL EXPLORE THE ROLE OF
UNCERTAINTY IN SCIENTIFIC MEASUREMENTS AND WHY IT IS CRUCIAL FOR ACCURATE SCIENTIFIC REPORTING.

UNDERSTANDING T YPES OF UNCERTAINTY

UNCERTAINTY IN PHYSICS CAN BE CATEGORIZED INTO TWO MAIN TYPES: SYSTEMATIC UNCERTAINTY AND RANDOM UNCERTAINTY.
EACH TYPE HAS DISTINCT CHARACTERISTICS AND IMPLICATIONS FOR MEASUREMENTS.

SYSTEMATIC UNCERTAINTY

SYSTEMATIC UNCERTAINTY ARISES FROM CONSISTENT BIASES IN MEASUREMENTS. THESE BIASES CAN RESULT FROM FAULTY
CALIBRATION OF INSTRUMENTS, ENVIRONMENTAL FACTORS, OR INHERENT LIMITATIONS IN THE MEASURING DEVICE. SYSTEMATIC
UNCERTAINTIES CAN OFTEN BE IDENTIFIED AND CORRECTED THROUGH CAREFUL EXPERIMENTAL DESIGN AND CALIBRATION
TECHNIQUES.

RANDOM UNCERTAINTY

RANDOM UNCERTAINTY, ON THE OTHER HAND, RESULTS FROM UNPREDICTABLE VARIATIONS IN MEASUREMENTS. THESE CAN ARISE



FROM FACTORS SUCH AS FLUCTUATIONS IN ENVIRONMENTAL CONDITIONS OR HUMAN ERROR DURING DATA COLLECTION. RANDOM
UNCERTAINTIES CANNOT BE COMPLETELY ELIMINATED, BUT THEY CAN BE MINIMIZED THROUGH REPEATED MEASUREMENTS AND
STATISTICAL ANALYSIS.

MeTHODS TO CALCULATE UNCERTAINTY

CALCULATING UNCERTAINTY INVOLVES USING SPECIFIC FORMULAS THAT QUANTIFY THE DEGREE OF DOUBT ASSOCIATED WITH A
MEASUREMENT. THE METHOD CHOSEN OFTEN DEPENDS ON THE TYPE OF MEASUREMENTS BEING TAKEN AND THE NATURE OF THE
DATA.

ABSOLUTE UNCERTAINTY

ABSOLUTE UNCERTAINTY IS THE SIMPLEST FORM TO EXPRESS UNCERTAINTY, USUALLY REPRESENTED AS A * VALUE. For
EXAMPLE, IF A LENGTH IS MEASURED AS 50+£0.2 CM, THE 0.2 cM IS THE ABSOLUTE UNCERTAINTY. TO CALCULATE ABSOLUTE
UNCERTAINTY, CONSIDER THE SMALLEST DIVISION OF THE MEASURING INSTRUMENT USED.

ReLATIVE UNCERTAINTY

RELATIVE UNCERTAINTY PROVIDES A MORE CONTEXTUAL UNDERSTANDING OF UNCERTAINTY BY COMPARING IT TO THE MEASURED
VALUE. IT IS CALCULATED USING THE FORMULA!

ReLATIVE UNCERTAINTY = (ABsoLUTE UNCERTAINTY / MeasUReD VALUE) X 100%

THIS PERCENTAGE CAN HELP EVALUATE THE RELIABILITY OF THE MEASUREMENT , ESPECIALLY WHEN COMPARING DIFFERENT
MEASUREMENTS OR INSTRUMENTS.

PERCENTAGE UNCERTAINTY

PERCENTAGE UNCERTAINTY IS SIMPLY THE RELATIVE UNCERTAINTY EXPRESSED AS A PERCENTAGE. |T SERVES AS A USEFUL WAY
TO COMMUNICATE THE RELIABILITY OF MEASUREMENTS IN A STRAIGHTFORWARD MANNER. TO FIND IT, MULTIPLY THE RELATIVE
UNCERTAINTY BY 100.

PROPAGATION OF UNCERTAINTY

\W/HEN MULTIPLE MEASUREMENTS ARE COMBINED IN CALCULATIONS, THEIR UNCERTAINTIES MUST ALSO BE COMBINED. THis
PROCESS IS KNOWN AS UNCERTAINTY PROPAGATION, WHICH ENSURES THAT THE FINAL RESULT ACCURATELY REFLECTS THE
UNCERTAINTIES OF ALL CONTRIBUTING MEASUREMENTS.

ADDING OR SUBTRACTING MEASUREMENTS

\W/HEN MEASUREMENTS ARE ADDED OR SUBTRACTED, THE ABSOLUTE UNCERTAINTIES ARE COMBINED DIRECTLY:
ToTaL UncerTANTY =] (UT12+U22 + .. + UnN2)

WHere U1, U2, ..., UN REPRESENT THE ABSOLUTE UNCERTAINTIES OF THE INDIVIDUAL MEASUREMENTS.

MULTIPLYING OR DIVIDING MEASUREMENTS

FOR MULTIPLICATION OR DIVISION, THE RELATIVE UNCERTAINTIES ARE SUMMED:

ToTaL ReLaTIVE UNCerTAINTY = (UT/ A)+ (U2 /B) + ..+ (UN/N)



\X/HERE A, B/ AND N ARE THE RESPECTIVE MEASURED VALUES. THIS APPROACH ENSURES THAT THE COMBINED UNCERTAINTY
REFLECTS THE TRUE UNCERTAINTY OF THE CALCULATIONS.

SIGNIFICANT FIGURES IN UNCERTAINTY

SIGNIFICANT FIGURES PLAY A CRUCIAL ROLE IN EXPRESSING UNCERTAINTY IN MEASUREMENTS. THEY INDICATE THE PRECISION OF A
MEASUREMENT AND HELP DETERMINE THE APPROPRIATE LEVEL OF UNCERTAINTY TO REPORT. W/HEN CALCULATING UNCERTAINTY,
IT IS VITAL TO MAINTAIN THE CORRECT NUMBER OF SIGNIFICANT FIGURES IN YOUR FINAL RESULTS.

RULES FOR SIGNIFICANT FIGURES

HERE ARE KEY RULES TO REMEMBER WHEN WORKING WITH SIGNIFICANT FIGURES:

e ALL NON-ZERO DIGITS ARE SIGNIFICANT.
® /EROS BETWEEN SIGNIFICANT DIGITS ARE SIGNIFICANT.
® |_EADING ZEROS ARE NOT SIGNIFICANT.

® TRAILING ZEROS IN A DECIMAL NUMBER ARE SIGNIFICANT.

BY ADHERING TO THESE RULES, YOU CAN ENSURE THAT YOUR REPORTED UNCERTAINTY IS BOTH ACCURATE AND MEANINGFUL.

PrACTICAL EXAMPLES

LET’S EXPLORE A COUPLE OF PRACTICAL EXAMPLES TO ILLUSTRATE HOW TO CALCULATE UNCERTAINTY IN PHYSICS. THESE
EXAMPLES WILL DEMONSTRATE HOW TO APPLY THE THEORIES AND FORMULAS DISCUSSED EARLIER.

ExAMPLE 1: MEASURING LENGTH

SUPPOSE YOU MEASURE A LENGTH USING A RULER THAT HAS A SMALLEST DIVISION OF 1 MM. IF YOU RECORD THE LENGTH AS
12.0 cM, THE ABSOLUTE UNCERTAINTY 1S 0.1 ¢M (0R T MM). THUS, THE RELATIVE UNCERTAINTY WOULD BE:

ReLATIVE UNCERTAINTY = (0.1 cM/ 12.0 cm) x 100% = 0.839,

SO, THE LENGTH CAN BE REPORTED AS 12.0 £ 0.1 cm.

ExAMPLE 2: CALCULATING AREA

Now, IF YOU WANT TO CALCULATE THE AREA OF A RECTANGLE WITH A LENGTH OF 12.0 £ 0.1 cM AND wiDTH oF 5.0 £ 0.1
CM, YOU NEED TO PROPAGATE THE UNCERTAINTY:

FIRST, CALCULATE THE AREA:

AREA = LENGTH X WipTH= 12.0 cM X 5.0 cM = 60.0 cM?

NEXT, CALCULATE THE RELATIVE UNCERTAINTIES:

ToTAL ReLATIVE UNCERTAINTY = (0.1 / 12.0) + (0.1 / 5.0) = 0.0083 + 0.02 = 0.0283
NOW, CONVERT THIS TO PERCENTAGE:

PERCENTAGE UNCERTAINTY = 0.0283 x 1009% = 2.83%

FINALLY, CALCULATE THE ABSOLUTE UNCERTAINTY FOR THE AREA!:



ToTAL UNCERTAINTY = 60.0 cM? X 0.0283 = 1.70 cM?

THE AREA CAN BE REPORTED AS 60.0 = 1.7 cM>

CoNcLUSION

UNDERSTANDING HOW TO CALCULATE UNCERTAINTY IN PHYSICS FORMULA IS VITAL FOR ANYONE INVOLVED IN SCIENTIFIC
MEASUREMENT AND ANALYSIS. BY RECOGNIZING THE TYPES OF UNCERTAINTY, EMPLOYING THE APPROPRIATE METHODS TO
CALCULATE IT, AND APPLYING SIGNIFICANT FIGURES, YOU CAN COMMUNICATE DATA WITH GREATER ACCURACY AND RELIABILITY.
REMEMBER, UNCERTAINTY IS NOT JUST A NUISANCE; IT IS A FUNDAMENTAL ASPECT OF SCIENTIFIC INQUIRY THAT HELPS US
INTERPRET THE WORLD AROUND US MORE EFFECTIVELY.

FAQs

Q: WHAT IS THE SIGNIFICANCE OF UNCERTAINTY IN SCIENTIFIC MEASUREMENTS?

A: UNCERTAINTY PROVIDES A MEASURE OF HOW RELIABLE A MEASUREMENT IS. |T ALLOWS SCIENTISTS TO UNDERSTAND THE
LIMITATIONS OF THEIR DATA AND COMMUNICATE THE PRECISION OF THEIR FINDINGS EFFECTIVELY.

Q: How cAN | MINIMIZE RANDOM UNCERTAINTY IN MY EXPERIMENTS?

A: TO MINIMIZE RANDOM UNCERTAINTY, YOU CAN TAKE MULTIPLE MEASUREMENTS AND USE THE AVERAGE VALUE, ENHANCE YOUR
MEASUREMENT TECHNIQUES, AND CONTROL ENVIRONMENTAL CONDITIONS AS MUCH AS POSSIBLE.

Q: WHAT IS THE DIFFERENCE BETWEEN ABSOLUTE AND RELATIVE UNCERTAINTY?

A: ABSOLUTE UNCERTAINTY IS A FIXED QUANTITY THAT EXPRESSES THE DOUBT IN A MEASUREMENT, WHILE RELATIVE
UNCERTAINTY IS THE ABSOLUTE UNCERTAINTY EXPRESSED AS A FRACTION OR PERCENTAGE OF THE MEASURED VALUE, PROVIDING
CONTEXT TO THE UNCERTAINTY.

Q: How DO | REPORT UNCERTAINTY IN MY RESULTS?

A: UNCERTAINTY SHOULD BE REPORTED ALONGSIDE YOUR MEASUREMENT IN THE FORM OF £ VALUE. FOR EXAMPLE, IF YOU
MEASURE A LENGTH OF 10 CM WITH AN UNCERTAINTY OF 0.5 cM, You wouLDb REPORT IT As 10.0 £ 0.5 cm.

QZ IS IT NECESSARY TO ACCOUNT FOR UNCERTAINTY IN EVERY MEASUREMENT?

A: WHILE IT MAY NOT ALWAYS BE NECESSARY FOR EVERY TRIVIAL MEASUREMENT, ACCOUNTING FOR UNCERTAINTY IS ESSENTIAL
IN SCIENTIFIC CONTEXTS WHERE PRECISION IS CRITICAL, SUCH AS IN RESEARCH AND EXPERIMENTAL DESIGN.

QZ CAN | USE UNCERTAINTY CALCULATIONS IN NON-SCIENTIFIC FIELDS?

A: YES, UNCERTAINTY CALCULATIONS CAN BE VALUABLE IN VARIOUS FIELDS, SUCH AS FINANCE, ENGINEERING, AND QUALITY
CONTROL, WHEREVER MEASUREMENTS AND ESTIMATES ARE INVOLVED.



QI How CAN | IMPROVE MY UNDERSTANDING OF UNCERTAINTY PROPAGATION?

A: PRACTICING WITH VARIOUS EXAMPLES AND PROBLEMS, STUDYING THE UNDERLYING PRINCIPLES OF MEASUREMENT, AND
CONSULTING EDUCATIONAL RESOURCES CAN GREATLY ENHANCE YOUR UNDERSTANDING OF UNCERTAINTY PROPAGATION.

Q: WHAT TOOLS CAN | USE TO HELP CALCULATE UNCERTAINTIES?

A: YOU CAN USE SCIENTIFIC CALCULATORS, SPREADSHEET SOFT\W ARE LIKE EXCEL, OR SPECIALIZED SOFT W ARE DESIGNED FOR
STATISTICAL ANALYSIS TO ASSIST IN CALCULATING AND PROPAGATING UNCERTAINTIES.
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