PHYSICS UNCERTAINTY CALCULATOR

UNDERSTANDING THE PHYSICS UNCERTAINTY CALCULATOR: A COMPREHENSIVE GUIDE

PHYSICS UNCERTAINTY CALCULATOR TOOLS ARE INDISPENSABLE FOR ANYONE DEALING WITH EXPERIMENTAL DATA IN THE REALM
OF SCIENCE, ENGINEERING, AND EVEN EVERYDAY MEASUREMENTS. IN PHYSICS, PRECISION IS PARAMOUNT, BUT NO MEASUREMENT IS
EVER PERFECTLY EXACT. THERE'S ALWAYS AN ELEMENT OF DOUBT, A MARGIN OF ERROR, THAT QUANTIFIES THIS INHERENT
IMPRECISION. THIS IS WHERE THE CONCEPT OF UNCERTAINTY COMES INTO PLAY, AND A RELIABLE PHYSICS UNCERTAINTY
CALCULATOR BECOMES YOUR BEST FRIEND FOR ANALYZING AND INTERPRETING YOUR FINDINGS. THIS ARTICLE WILL DELVE DEEP
INTO THE CORE PRINCIPLES BEHIND UNCERTAINTY CALCULATIONS, EXPLORE HOW VARIOUS TYPES OF UNCERTAINTIES ARE
HANDLED, AND GUIDE YOU THROUGH THE PRACTICAL APPLICATION OF PHYSICS UNCERTAINTY CALCULATOR TOOLS TO ENSURE
YOUR EXPERIMENTAL RESULTS ARE BOTH ACCURATE AND MEANINGFUL. WELL COVER EVERY THING FROM BASIC ERROR
PROPAGATION TO MORE COMPLEX STATISTICAL ANALYSES, EMPOWERING YOU TO CONFIDENTLY PRESENT YOUR SCIENTIFIC
DATA.
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WHAT 1S MEASUREMENT UNCERTAINTY?

MEASUREMENT UNCERTAINTY IS A FUNDAMENTAL CONCEPT IN METROLOGY AND EXPERIMENTAL PHYSICS THAT DESCRIBES THE
DOUBT ABOUT THE RESULT OF A MEASUREMENT. IT'S NOT THE SAME AS A “MISTAKE” OR AN “ERROR” IN THE SENSE OF
SOMETHING BEING WRONG. INSTEAD, IT'S A QUANTITATIVE EXPRESSION OF THE RANGE WITHIN WHICH THE TRUE VALUE OF THE
MEASURED QUANTITY IS BELIEVED TO LIE. THINK OF IT LIKE THIS: IF YOU MEASURE THE LENGTH OF A TABLE WITH A RULER
MARKED ONLY IN CENTIMETERS, YOU MIGHT SAY THE LENGTH IS 150 CM, BUT YOU ALSO KNOW IT'S PROBABLY NOT EXACTLY
150 cM. IT couLb BE 149.8 cM or 150.2 CM. THE UNCERTAINTY TELLS YOU THIS RANGE OF PLAUSIBLE VALUES. W/ ITHOUT
UNDERSTANDING AND QUANTIFYING THIS UNCERTAINTY, YOUR MEASUREMENT IS ESSENTIALLY INCOMPLETE AND LACKS A CRUCIAL
LAYER OF SCIENTIFIC RIGOR. A GOOD PHYSICS UNCERTAINTY CALCULATOR HELPS YOU SYSTEMATICALLY DETERMINE AND
EXPRESS THIS DOUBT.

IN SCIENTIFIC CONTEXTS, UNCERTAINTY IS OFTEN EXPRESSED AS A RANGE AROUND A MEASURED VALUE. FOR EXAMPLE, A
MEASUREMENT MIGHT BE REPORTED AS 5.2 + 0.7 UNITS. Herg, 5.2 IS THE MEASURED VALUE, AND 0.1 IS THE UNCERTAINTY.
THIS MEANS THE TRUE VALUE IS LIKELY TO BE BETWEEN 5.1 AND 5.3. THE SMALLER THE UNCERTAINTY, THE MORE PRECISE THE
MEASUREMENT. UNDERSTANDING THE SOURCES AND MAGNITUDE OF UNCERTAINTY IS CRITICAL FOR COMPARING RESULTS,
VALIDATING THEORIES, AND MAKING INFORMED DECISIONS BASED ON EXPERIMENTAL DATA. THIS IS WHERE THE POWER OF A
DEDICATED PHYSICS UNCERTAINTY CALCULATOR TRULY SHINES, SIMPLIFYING THESE OFTEN COMPLEX CALCULATIONS.

TyPES oF UNCERTAINTY IN PHYSICS

IN PHYSICS, UNCERTAINTIES CAN BROADLY BE CATEGORIZED INTO TWO MAIN TYPES: SYSTEMATIC UNCERTAINTIES AND RANDOM
UNCERTAINTIES. EACH ARISES FROM DIFFERENT SOURCES AND REQUIRES DIFFERENT APPROACHES FOR ESTIMATION AND
CALCULATION. UNDERSTANDING THESE DISTINCTIONS IS KEY TO EFFECTIVELY USING A PHYSICS UNCERTAINTY CALCULATOR.

RANDOM UNCERTAINTY

RANDOM UNCERTAINTY ARISES FROM UNPREDICTABLE FLUCTUATIONS IN THE MEASUREMENT PROCESS. THESE ARE VARIATIONS



THAT OCCUR FROM ONE MEASUREMENT TO THE NEXT, EVEN IF YOU'RE MEASURING THE SAME QUANTITY UNDER SEEMINGLY
IDENTICAL CONDITIONS. THINK OF IT AS THE SLIGHT JITTER IN YOUR HAND WHEN YOU'RE TRYING TO HOLD A RULER STEADY, OR
SMALL, UNACCOUNTED-FOR CHANGES IN THE ENVIRONMENT LIKE AIR CURRENTS AFFECTING A SENSITIVE BALANCE. RANDOM
UNCERTAINTIES TEND TO BE DISTRIBUTED SYMMETRICALLY AROUND THE TRUE VALUE;, SOME MEASUREMENTS WILL BE SLIGHTLY
HIGHER, AND SOME WILL BE SLIGHTLY LOWER. THEY CAN OFTEN BE REDUCED BY TAKING MULTIPLE MEASUREMENTS AND AVERAGING
THEM. THE SPREAD OF THESE AVERAGED VALUES GIVES AN INDICATION OF THE RANDOM UNCERTAINTY. A PHYSICS UNCERTAINTY
CALCULATOR WILL OFTEN USE STATISTICAL METHODS TO DETERMINE THIS.

SOURCES OF RANDOM UNCERTAINTY CAN INCLUDE:

® FLUCTUATIONS IN ELECTRONIC SIGNALS.
e PARALLAX ERROR WHEN READING ANALOG SCALES.
® VARIATIONS IN REACTION TIMES FOR TIMING EVENTS.

® ENVIRONMENTAL FACTORS THAT ARE CONSTANTLY CHANGING (E.G., TEMPERATURE, AIR PRESSURE).

THE STANDARD DEVIATION OF A SET OF MEASUREMENTS IS A COMMON WAY TO QUANTIFY RANDOM UNCERTAINTY. A PHYSICS
UNCERTAINTY CALCULATOR CAN READILY COMPUTE THIS FROM A LIST OF DATA POINTS.

SYSTEMATIC UNCERTAINTY

SYSTEMATIC UNCERTAINTY, ON THE OTHER HAND, IS A BIAS THAT CONSISTENTLY AFFECTS MEASUREMENTS IN THE SAME
DIRECTION. UNLIKE RANDOM UNCERTAINTIES, REPEATING A MEASUREMENT WON’'T REDUCE A SYSTEMATIC UNCERTAINTY. |[F YOUR
RULER IS SLIGHTLY WARPED, EVERY MEASUREMENT WILL BE OFF BY A CONSISTENT AMOUNT IN THE SAME DIRECTION. THESE
UNCERTAINTIES ARE OFTEN DUE TO ISSUES WITH THE MEASURING INSTRUMENT ITSELF, CALIBRATION ERRORS, OR FLAWS IN THE
EXPERIMENTAL PROCEDURE. IDENTIFYING AND ESTIMATING SYSTEMATIC UNCERTAINTIES CAN BE MORE CHALLENGING AS THEY DON'T
SHOW UP AS A SPREAD IN DATA. YOU OFTEN NEED TO RELY ON KNOWLEDGE OF THE EQUIPMENT AND EXPERIMENTAL SETUP. A
PHYSICS UNCERTAINTY CALCULATOR MAY REQUIRE YOU TO INPUT ESTIMATED SYSTEMATIC ERRORS.

COMMON SOURCES OF SYSTEMATIC UNCERTAINTY INCLUDE:

AN IMPROPERLY CALIBRATED INSTRUMENT (E.G./ A VOLTMETER THAT ALWAYS READS 0.1V Too HIGH).

ZERO ERROR (E.G., A BALANCE THAT DOESN'T READ ZERO WHEN EMPTY).
® ASSUMPTIONS MADE IN THEORETICAL MODELS USED FOR CALCULATIONS.

® ENVIRONMENTAL CONDITIONS THAT ARE CONSTANT BUT NOT ACCOUNTED FOR (E.G., MEASURING SOMETHING IN A ROOM
THAT'S A FEW DEGREES WARMER THAN THE CALIBRATION TEMPERATURE).

ESTIMATING SYSTEMATIC UNCERTAINTIES OFTEN INVOLVES CAREFUL ANALYSIS OF THE EXPERIMENTAL DESIGN AND THE
SPECIFICATIONS OF THE MEASURING INSTRUMENTS. THIS ESTIMATED VALUE IS THEN USED IN THE OVERALL UNCERTAINTY
CALCULATION, OFTEN WITH THE HELP OF A PHYSICS UNCERTAINTY CALCULATOR.

CALCULATING CoMBINED STANDARD UNCERTAINTY

IN MOST REAL-WORLD PHYSICS EXPERIMENTS, YOU'RE NOT JUST MEASURING ONE QUANTITY. Y OU'RE OFTEN CALCULATING
OTHER QUANTITIES BASED ON SEVERAL MEASURED VALUES, EACH WITH ITS OWN UNCERTAINTIES. FOR INSTANCE, TO
CALCULATE KINETIC ENERGY (KE = J4MV?2), YOU NEED TO MEASURE MASS (M) AND VELOCITY (V), AND BOTH OF THESE
MEASUREMENTS WILL HAVE ASSOCIATED UNCERTAINTIES. PROPAGATING THESE UNCERTAINTIES THROUGH THE CALCULATION IS



ESSENTIAL TO DETERMINE THE UNCERTAINTY IN THE FINAL RESULT. THIS IS WHERE THE CONCEPT OF COMBINED STANDARD
UNCERTAINTY AND THE UTILITY OF A PHYSICS UNCERTAINTY CALCULATOR BECOME MOST APPARENT.

THE PROCESS OF COMBINING UNCERTAINTIES GENERALLY FOLLOWS THE PRINCIPLES OF ERROR PROPAGATION. |[F YOU HAVE A
QUANTITY Y THAT IS A FUNCTION OF SEVERAL INDEPENDENT VARIABLES X;, Xy, ..., XN, AND THESE VARIABLES HAVE STANDARD
UNCERTAINTIES U(X;), U(Xy), ..., UCXN), THEN THE COMBINED STANDARD UNCERTAINTY IN Y, DENOTED BY U(Y), CAN BE
CALCULATED USING THE FOLLOWING FORMULA, WHICH IS A CORNERSTONE FOR MOST PHYSICS UNCERTAINTY CALCULATOR
ALGORITHMS:

u(Y)2 = Y/B X2 u(X)?+ (B YR X2 u(X)?+ .+ (B Y/E Xn)? u(Xn)?

THIS FORMULA ESSENTIALLY TELLS US THAT THE UNCERTAINTY IN Y DEPENDS ON HOW SENSITIVE Y IS TO CHANGES IN EACH OF
THE INPUT VARIABLES (REPRESENTED BY THE PARTIAL DERIVATIVES, ] Y/ XI) AND THE UNCERTAINTY IN THOSE VARIABLES
THeMsELVES (UCXD)).

PROPAGATING UNCERTAINTIES THROUGH FUNCTIONS

UNDERSTANDING HOW TO APPLY THE ERROR PROPAGATION FORMULA IS CRUCIAL FOR USING ANY PHYSICS UNCERTAINTY
CALCULATOR EFFECTIVELY. LET'S LOOK AT SOME COMMON SCENARIOS:

e ADDITION/SUBTRACTION: IF Y = X; £ X,, THEN U(Y)? = U(X;)? + U(X,)? (ASSUMING X, AND X, ARE INDEPENDENT).
NOTICE THAT THE UNCERTAINTIES ADD IN QUADRATURE (AS SQUARES).

e MULTIPLICATION/DIVISION: IF Y = X, X, 0r Y = X, / X, THEN (UCY)/Y)Z = (U(X,) /X )% + (U(X5)/X,)?
(ASSUMING X, AND X, ARE INDEPENDENT ). HERE, IT'S THE RELATIVE UNCERTAINTIES THAT ADD IN QUADRATURE.

® MULTIPLICATION BY A CONSTANT: IF Y = C X, WHERE C IS A CONSTANT WITH NO UNCERTAINTY, THEN UCY) = |c]|
U(X). THE UNCERTAINTY SCALES DIRECTLY WITH THE CONSTANT.

* RAISING TO A Power: IF Y = X", THEN UCY)/IY| = INl u(X)/IX|. THE RELATIVE UNCERTAINTY IS MULTIPLIED BY THE
EXPONENT.

W/HEN YOU INPUT YOUR MEASURED VALUES AND THEIR INDIVIDUAL UNCERTAINTIES INTO A PHYSICS UNCERTAINTY CALCULATOR,
IT USES THESE FUNDAMENTAL PROPAGATION RULES TO COMPUTE THE UNCERTAINTY IN YOUR FINAL CALCULATED RESULT. THE
MORE COMPLEX YOUR FORMULA, THE MORE IMPORTANT HAVING A RELIABLE CALCULATOR BECOMES.

UsING A PHYSICS UNCERTAINTY CALCULATOR: STEP-BY-STEP

USING A PHYSICS UNCERTAINTY CALCULATOR SIMPLIFIES THE PROCESS OF DETERMINING THE UNCERTAINTY IN YOUR
EXPERIMENTAL RESULTS. W/HILE SPECIFIC INTERFACES MAY VARY, THE GENERAL \WORKFLOW IS CONSISTENT. THEKEY IS TO
ACCURATELY INPUT THE DATA AND UNDERSTAND WHAT THE CALCULATOR IS ASKING FOR. LET’S WALK THROUGH A TYPICAL
PROCESS YOU MIGHT FOLLOW WITH A PHYSICS UNCERTAINTY CALCULATOR.

STep 1: IDENTIFY YOUR MEASURED QUANTITIES AND THEIR UNCERTAINTIES

BEFORE YOU EVEN TOUCH A CALCULATOR, YOU NEED TO LIST ALL THE QUANTITIES YOU DIRECTLY MEASURED IN YOUR
EXPERIMENT. FOR EACH MEASURED QUANTITY, YOU MUST HAVE AN ESTIMATE OF ITS UNCERTAINTY. THIS MIGHT COME FROM THE



PRECISION OF THE MEASURING INSTRUMENT (E.G., +0.01 CMFOR A DIGITAL CALIPER), FROM REPEATING MEASUREMENTS (E.G., THE
STANDARD DEVIATION OF SEVERAL READINGS)I OR FROM AN EXPERT JUDGMENT OF POTENTIAL SYSTEMATIC ERRORS. FOR
EXAMPLE, IF YOU MEASURED A LENGTH AS 12.5 cM WITH A RULER, YOUR UNCERTAINTY MIGHT BE +0.05 cm (HALF OF THE
SMALLEST DIVISION).

STeP 2: DeFINE YOUR CALCULATED QUANTITY

NEXT, DETERMINE THE QUANTITY YOU WANT TO FIND THE UNCERTAINTY FOR. THIS IS TYPICALLY A VALUE DERIVED FROM YOUR
MEASURED QUANTITIES USING A SPECIFIC FORMULA OR EQUATION. FOR INSTANCE, YOU MIGHT WANT TO FIND THE UNCERTAINTY
IN THE AREA OF A RECTANGLE, WHICH IS CALCULATED BY MULTIPLYING ITS MEASURED LENGTH AND WIDTH (AREA = LENGTH X
WIDTH).

STEP 3: INPUT DATA INTO THE CALCULATOR

OPEN YOUR CHOSEN PHYSICS UNCERTAINTY CALCULATOR. YOU WILL LIKELY SEE FIELDS TO INPUT YOUR MEASURED VALUES AND
THEIR ASSOCIATED UNCERTAINTIES.

e ENTER THE NUMERICAL VALUE OF EACH MEASURED QUANTITY.

® ENTER THE CORRESPONDING UNCERTAINTY FOR EACH MEASURED QUANTITY. BE SURE TO DISTINGUISH BET\WEEN RANDOM
AND SYSTEMATIC UNCERTAINTIES IF THE CALCULATOR ALLOWS, OR COMBINE THEM APPROPRIATELY BEFORE ENTERING.

® SPECIFY THE FORMULA OR EQUATION THAT RELATES YOUR MEASURED QUANTITIES TO THE CALCULATED QUANTITY.
SOME CALCULATORS HAVE BUILT-IN FUNCTIONS FOR COMMON OPERATIONS (ADDITION/ SUBTRACTION, MULTIPLICATION,
DIVISION, PO\X/ERS), WHILE OTHERS MIGHT REQUIRE YOU TO INPUT A GENERAL FUNCTION.

A GOOD PHYSICS UNCERTAINTY CALCULATOR WILL GUIDE YOU THROUGH THIS PROCESS.

STEP 4: ExecUTE THE CALCULATION AND INTERPRET RESULTS

ONCE ALL THE NECESSARY INFORMATION IS ENTERED, INITIATE THE CALCULATION. THE PHYSICS UNCERTAINTY CALCULATOR
WILL THEN PROCESS THE DATA USING ERROR PROPAGATION RULES AND OUTPUT THE CALCULATED VALUE FOR YOUR DESIRED
QUANTITY ALONG WITH ITS COMBINED STANDARD UNCERTAINTY. CAREFULLY REVIEW THE RESULT. |T SHOULD BE PRESENTED IN A
STANDARD SCIENTIFIC FORMAT, LIKE “CALCULATED VALUE + CoMgINED UNCERTAINTY.” THIS FINAL FIGURE PROVIDES A
COMPLETE PICTURE OF YOUR EXPERIMENTAL RESULT, ACKNOWLEDGING THE INHERENT LIMITATIONS OF YOUR MEASUREMENTS.

ADVANCED UNCERTAINTY CALCULATIONS

W/HILE THE BASIC ERROR PROPAGATION FORMULAS COVER MANY COMMON SCENARIOS, MORE COMPLEX EXPERIMENTS MAY
REQUIRE ADVANCED TECHNIQUES FOR UNCERTAINTY ANALYSIS. THESE OFTEN INVOLVE STATISTICAL METHODS OR SPECIALIZED
SOFTWARE. A SOPHISTICATED PHYSICS UNCERTAINTY CALCULATOR MIGHT INCORPORATE THESE FEATURES.

MonTE CARLO METHODS

FOR HIGHLY NON-LINEAR RELATIONSHIPS OR WHEN UNCERTAINTIES ARE NOT WELL-BEHAVED (E.G., NOT NORMALLY DISTRIBUTED)/
MoNTE CARLO METHODS CAN BE EXTREMELY POWERFUL. THIS TECHNIQUE INVOLVES RANDOMLY SAMPLING VALUES FOR EACH



INPUT VARIABLE FROM THEIR RESPECTIVE UNCERTAINTY DISTRIBUTIONS (E.G., USING A NORMAL DISTRIBUTION FOR RANDOM
UNCERTAINTIES). THOUSANDS OR MILLIONS OF SIMULATED CALCULATIONS ARE PERFORMED, GENERATING A DISTRIBUTION OF
POSSIBLE OUTCOMES FOR THE FINAL CALCULATED QUANTITY. THE UNCERTAINTY CAN THEN BE DETERMINED FROM THE SPREAD OF
THIS OUTPUT DISTRIBUTION. THIS APPROACH CAN BE MORE COMPUTATIONALLY INTENSIVE BUT PROVIDES A MORE ROBUST
RESULT IN CHALLENGING CASES.

CORRELATED UNCERTAINTIES

THE STANDARD ERROR PROPAGATION FORMULAS ASSUME THAT THE UNCERTAINTIES IN THE INPUT VARIABLES ARE INDEPENDENT.
HO\X/EVER, IN SOME EXPERIMENTS, UNCERTAINTIES CAN BE CORRELATED. For EXAMPLE, IF YOU USE THE SAME STOPWATCH TO
TIME DIFFERENT INTERVALS IN AN EXPERIMENT, A SYSTEMATIC ERROR IN THE STOPWATCH'S CALIBRATION WOULD AFFECT ALL
YOUR TIMING MEASUREMENTS IN A CORRELATED WAY. WHEN UNCERTAINTIES ARE CORRELATED, THE ERROR PROPAGATION
FORMULA NEEDS TO BE MODIFIED TO INCLUDE COVARIANCE TERMS. THESE ADVANCED CALCULATIONS ARE BEST HANDLED BY
SPECIALIZED SOFTWARE OR A PHYSICS UNCERTAINTY CALCULATOR DESIGNED TO HANDLE CORRELATED INPUTS.

UNCERTAINTY IN CURVE FITTING

IN EXPERIMENTAL PHYSICS, DATA IS OFTEN PLOTTED AND A BEST-FIT CURVE (E.G., A STRAIGHT LINE OR A MORE COMPLEX
FUNCTION) IS DETERMINED USING TECHNIQUES LIKE LEAST SQUARES FITTING. THE PARAMETERS OF THIS FIT (LIKE THE SLOPE AND
INTERCEPT OF A LINE) WILL ALSO HAVE ASSOCIATED UNCERTAINTIES. A COMPREHENSIVE PHYSICS UNCERTAINTY CALCULATOR
OR DEDICATED CURVE-FITTING SOFTWARE WILL CALCULATE THESE PARAMETER UNCERTAINTIES AND CAN THEN PROPAGATE THEM
FURTHER IF THESE PARAMETERS ARE USED IN SUBSEQUENT CALCULATIONS.

THE IMPORTANCE OF DOCUMENTING UNCERTAINTY

REPORTING A MEASUREMENT WITHOUT ITS UNCERTAINTY IS LIKE TELLING ONLY HALF A STORY. |T'S CRUCIAL FOR SCIENTIFIC
INTEGRITY, REPRODUCIBILITY, AND VALID COMPARISONS TO ALWAYS DOCUMENT THE UNCERTAINTY ASSOCIATED WITH YOUR
EXPERIMENTAL RESULTS. A PHYSICS UNCERTAINTY CALCULATOR IS A VITAL TOOL IN THIS PROCESS, BUT THE DOCUMENTATION
OF ITS APPLICATION IS EQUALLY IMPORTANT.

W/HEN PRESENTING YOUR FINDINGS, WHETHER IN A LAB REPORT, A SCIENTIFIC PAPER, OR A PRESENTATION, ALWAYS INCLUDE:

e THE MEASURED VALUE.

® THE ASSOCIATED UNCERTAINTY, TYPICALLY EXPRESSED AS A STANDARD UNCERTAINTY (OFTEN ONE STANDARD
DEVIATION OR A 95% CONFIDENCE INTERVAL).

A CLEAR STATEMENT OF THE UNITS.

e A BRIEF EXPLANATION OF HOW THE UNCERTAINTY WAS DETERMINED, INCLUDING THE TYPES OF UNCERTAINTIES
CONSIDERED (RANDOM, SYSTEMATIC) AND THE METHODS USED (E.G., INSTRUMENT PRECISION, STATISTICAL ANALYSIS,
ERROR PROPAGATION).

THIS TRANSPARENCY ALLOWS OTHERS TO UNDERSTAND THE RELIABILITY AND LIMITATIONS OF YOUR DATA. WITHOUT PROPER
DOCUMENTATION OF UNCERTAINTY, YOUR RESULTS ARE OPEN TO MISINTERPRETATION AND MAY NOT BE TAKEN SERIOUSLY BY
THE SCIENTIFIC COMMUNITY. USING A PHYSICS UNCERTAINTY CALCULATOR CORRECTLY AND DOCUMENTING ITS OUTPUT IS A
HALLMARK OF GOOD SCIENTIFIC PRACTICE.



FREQUENTLY AskeD QUESTIONS ABOUT PHYSICS UNCERTAINTY CALCULATOR

Q: WHAT IS THE PRIMARY PURPOSE OF A PHYSICS UNCERTAINTY CALCULATOR?

A: THE PRIMARY PURPOSE OF A PHYSICS UNCERTAINTY CALCULATOR IS TO HELP SCIENTISTS AND STUDENTS ACCURATELY
DETERMINE AND QUANTIFY THE DOUBT ASSOCIATED WITH A MEASUREMENT OR A CALCULATED VALUE DERIVED FROM
MEASUREMENTS. |T SIMPLIFIES THE COMPLEX MATHEMATICAL PROCESS OF ERROR PROPAGATION, ENSURING THAT EXPERIMENTAL
RESULTS ARE REPORTED WITH A REALISTIC ASSESSMENT OF THEIR PRECISION AND RELIABILITY.

QZ How DOES A PHYSICS UNCERTAINTY CALCULATOR HANDLE RANDOM VERSUS
SYSTEMATIC UNCERTAINTIES?

A: A GOOD PHYSICS UNCERTAINTY CALCULATOR WILL TYPICALLY ALLOW YOU TO INPUT BOTH RANDOM AND SYSTEMATIC
UNCERTAINTIES SEPARATELY. RANDOM UNCERTAINTIES ARE OFTEN DERIVED FROM STATISTICAL ANALYSIS (LIKE STANDARD
DEVIA'I'ION)I WHILE SYSTEMATIC UNCERTAINTIES ARE USUALLY ESTIMATED BASED ON INSTRUMENT SPECIFICATIONS OR
EXPERIMENTAL DESIGN. THE CALCULATOR THEN COMBINES THESE DIFFERENT TYPES OF UNCERTAINTIES USING ESTABLISHED ERROR
PROPAGATION FORMULAS TO PROVIDE A COMBINED STANDARD UNCERTAINTY FOR THE FINAL RESULT.

QZ CAN A PHYSICS UNCERTAINTY CALCULATOR BE USED FOR SIMPLE MEASUREMENTS
LIKE LENGTH OR TIMEP

A: ABSOLUTELY! FOR SIMPLE MEASUREMENTS, A PHYSICS UNCERTAINTY CALCULATOR CAN BE USED TO DIRECTLY INPUT THE
MEASURED VALUE AND ITS INSTRUMENT-DERIVED UNCERTAINTY. IF MULTIPLE MEASUREMENTS ARE TAKEN, IT CAN ALSO HELP
CALCULATE THE UNCERTAINTY FROM THE STANDARD DEVIATION OF THOSE READINGS AND THEN REPORT THE MEAN VALUE WITH
ITS UNCERTAINTY.

Q: WHAT HAPPENS IF MY EXPERIMENT INVOLVES A COMPLEX FORMULA WITH MANY
VARIABLES?

A: FOR EXPERIMENTS WITH COMPLEX FORMULAS, A PHYSICS UNCERTAINTY CALCULATOR IS EVEN MORE VALUABLE. You INPUT
EACH MEASURED VARIABLE AND ITS CORRESPONDING UNCERTAINTY, AND THEN DEFINE THE COMPLEX FUNCTION. THE CALCULATOR
WILL APPLY THE GENERAL ERROR PROPAGATION FORMULA, TAKING INTO ACCOUNT HOW EACH VARIABLE'S UNCERTAINTY
AFFECTS THE FINAL RESULT, TO COMPUTE THE COMBINED UNCERTAINTY OF THE OUTPUT.

Q: IS IT IMPORTANT TO KNOW THE FORMULA FOR ERROR PROPAGATION BEFORE USING A
CALCULATOR?

A: WHILE A PHYSICS UNCERTAINTY CALCULATOR AUTOMATES THE CALCULATIONS, UNDERSTANDING THE UNDERLYING
PRINCIPLES OF ERROR PROPAGATION (LIKE HOW UNCERTAINTIES ADD FOR ADDITION, SUBTRACTION, MULTIPLICATION, AND
DIVISION) IS HIGHLY BENEFICIAL. |T ALLOWS YOU TO CRITICALLY ASSESS THE CALCULATOR'S OUTPUT, TROUBLESHOOT
POTENTIAL ISSUES, AND BETTER UNDERSTAND WHY THE UNCERTAINTY IN YOUR RESULT IS WHAT IT IS.

QZ \W/HERE CAN | FIND A RELIABLE PHYSICS UNCERTAINTY CALCULATOR?

A: MANY RELIABLE PHYSICS UNCERTAINTY CALCULATORS ARE AVAILABLE ONLINE, OFTEN OFFERED BY EDUCATIONAL
INSTITUTIONS, PHYSICS DEPARTMENTS, OR DEDICATED SCIENTIFIC SOFT\W ARE PROVIDERS. SOME SPECIALIZED SOFTW ARE
PACKAGES ALSO INCLUDE ADVANCED UNCERTAINTY CALCULATION MODULES. IT'S ADVISABLE TO USE CALCULATORS FROM
REPUTABLE SOURCES THAT EXPLAIN THEIR METHODOLOGY.



Q: How DO | PRESENT THE UNCERTAINTY OF A MEASUREMENT AFTER USING THE
CALCULATOR?

A: AFTER USING THE PHYSICS UNCERTAINTY CALCULATOR, YOU SHOULD PRESENT YOUR RESULT IN THE FORMAT: “MEASURED
VALUE + STANDARD UNCERTAINTY (UNITS)”. For exAMPLE, “10.5 + 0.2 cM”. IT's ALSO GOOD PRACTICE TO BRIEFLY
DESCRIBE HOW THE UNCERTAINTY WAS DETERMINED AND WHAT TYPES OF ERRORS WERE CONSIDERED IN YOUR EXPERIMENT AL
REPORT.
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