RULES OF SIGNIFICANT FIGURES IN PHYSICS

(UNDERSTANDING THE RULES OF SIGNIFICANT FIGURES IN PHYSICS

RULES OF SIGNIFICANT FIGURES IN PHYSICS ARE NOT JUST ARBITRARY GUIDELINES; THEY ARE FUNDAMENTAL TO ACCURATELY
REPRESENTING MEASURED DATA AND UNDERSTANDING THE PRECISION OF EXPERIMENT AL RESULTS. IN THE REALM OF SCIENCE,
ESPECIALLY PHYSICS, WHERE MEASUREMENTS ARE PARAMOUNT, KNOWING HOW MANY DIGITS TRULY MATTER CAN DIFFERENTIATE
BETWEEN A GOOD EXPERIMENT AND A MISLEADING ONE. | HESE RULES ENSURE THAT OUR CONCLUSIONS REFLECT THE ACTUAL
CERTAINTY OF OUR OBSERVATIONS, PREVENTING US FROM OVERSTATING OR UNDERSTATING THE PRECISION OF OUR FINDINGS.
THIS ARTICLE WILL DELVE INTO THE CORE PRINCIPLES GOVERNING SIGNIFICANT FIGURES, COVERING HOW TO IDENTIFY THEM,
PERFORM CALCULATIONS WITH THEM, AND THEIR CRUCIAL ROLE IN SCIENTIFIC COMMUNICATION. WE'LL EXPLORE THE NUANCES OF
ADDITION, SUBTRACTION, MULTIPLICATION, DIVISION, AND EVEN MORE COMPLEX OPERATIONS, ALL THROUGH THE LENS OF
MAINTAINING APPROPRIATE PRECISION. [UNDERSTANDING THESE CONCEPTS IS VITAL FOR ANY BUDDING SCIENTIST OR ANYONE
ENGAGING WITH QUANTITATIVE DATA.
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[DENTIFYING SIGNIFICANT DIGITS

THE VERY FIRST STEP IN MASTERING THE RULES OF SIGNIFICANT FIGURES IN PHYSICS IS UNDERSTANDING WHAT CONSTITUTES A
SIGNIFICANT DIGIT. ESSENTIALLY, A SIGNIFICANT FIGURE, OR SIGNIFICANT DIGIT, IS ANY DIGIT IN A NUMBER THAT CARRIES
MEANINGFUL INFORMATION ABOUT ITS PRECISION. THESE ARE THE DIGITS THAT ARE NOT MERELY PLACEHOLDERS TO INDICATE
MAGNITUDE BUT ARE THE RESULT OF ACTUAL MEASUREMENT. THINK OF IT THIS WAY: IF YOU MEASURE THE LENGTH OF A TABLE
WITH A RULER THAT HAS MILLIMETER MARKINGS, AND YOU ESTIMATE THE MEASUREMENT TO BE 152.3 CM, THOSE FOUR DIGITS
(1,5, 2, AND 3) ALL REPRESENT A DEGREE OF CERTAINTY IN YOUR MEASUREMENT. THE ' 1’ AND ‘5’ ARE CONFIDENTLY KNOWN,
THE ‘2" IS THE LAST FULL MILLIMETER MARK, AND THE ‘3" IS YOUR BEST ESTIMATE BETWEEN TWO MILLIMETER MARKS. THIS
ESTIMATION IS WHAT GIVES YOUR MEASUREMENT ITS PRECISION.

WHAT MAKES A DIGIT SIGNIFICANT?

IN ESSENCE, A DIGIT IS CONSIDERED SIGNIFICANT IF IT WAS OBTAINED THROUGH MEASUREMENT OR CALCULATION FROM MEASURED
VALUES. THIS MEANS THAT IF A NUMBER WAS SIMPLY WRITTEN DOWN WITHOUT ANY EXPERIMENTAL BASIS, ITS DIGITS MIGHT
NOT ALL BE SIGNIFICANT. FOR INSTANCE, IF SOMEONE SAYS THEY HAVE “ 100 APPLES,” IT'S UNCLEAR IF THEY MEAN PRECISELY
100, or APPROXIMATELY 100. HOWEVER, IF A SCIENTIST MEASURES THE MASS OF AN OBJECT AND RECORDS IT As 100.0
GRAMS, THOSE FOUR DIGITS ARE SIGNIFICANT, INDICATING A PRECISION TO THE NEAREST TENTH OF A GRAM. THE LEADING ZEROS
IN NUMBERS LESS THAN 1 ARE NEVER SIGNIFICANT. FOR EXAMPLE, IN 0.0045, oNLY THE ‘4’ AND ‘5" ARE SIGNIFICANT. THESE
LEADING ZEROS ARE JUST PLACEHOLDERS TO SHOW THE POSITION OF THE DECIMAL POINT.

NoN-Zero DIGITS ARE ALWAYS SIGNIFICANT

A FUNDAMENTAL RULE TO REMEMBER IS THAT ALL NON-ZERO DIGITS IN A NUMBER ARE ALWAYS SIGNIFICANT. W/HETHER IT'S A
WHOLE NUMBER OR A DECIMAL, IF A DIGIT IS ANYTHING OTHER THAN ZERO, IT CONTRIBUTES TO THE PRECISION OF THE
MEASUREMENT. SO, IN A NUMBER LIKE 3.14, ALL THREE DIGITS ARE SIGNIFICANT. SIMILARLY, IN THE NUMBER 789, ALL THREE
DIGITS ARE SIGNIFICANT. THIS IS A STRAIGHTFORWARD STARTING POINT, AND IT APPLIES ACROSS THE BOARD IN PHYSICS
CALCULATIONS AND DATA REPORTING. |T SIMPLIFIES THE INITIAL IDENTIFICATION PROCESS, GIVING YOU A SOLID FOUNDATION
BEFORE MOVING ON TO THE MORE NUANCED CASES INVOLVING ZEROS.

THE AMBIGUITY OF ZEROS
ZEROS ARE WHERE THINGS CAN GET A BIT TRICKY WHEN APPLYING THE RULES OF SIGNIFICANT FIGURES IN PHYSICS. NOT ALL

ZEROS ARE CREATED EQUAL IN TERMS OF THEIR SIGNIFICANCE. UNDERSTANDING THE DIFFERENT TYPES OF ZEROS — LEADING,
TRAILING, AND CAPTIVE — IS CRUCIAL FOR ACCURATE CALCULATIONS AND INTERPRETATIONS OF SCIENTIFIC DATA. THIS IS



OFTEN THE AREA WHERE STUDENTS AND PROFESSIONALS ALIKE NEED THE MOST CLARIFICATION, AS THE CONTEXT OF THE ZERO
DICTATES ITS SIGNIFICANCE.

LEADING ZErOS ARE NEVER SIGNIFICANT

AS MENTIONED EARLIER, LEADING ZEROS ARE THOSE THAT APPEAR BEFORE THE FIRST NON-ZERO DIGIT IN A NUMBER. THESE ZEROS
ARE SOLELY USED TO INDICATE THE POSITION OF THE DECIMAL POINT AND HAVE NO BEARING ON THE PRECISION OF THE
MEASUREMENT. FOR INSTANCE, IN THE NUMBER 0.052, THE ZEROS BEFORE THE ‘5’ ARE LEADING ZEROS. THEY TELL US THAT THE
NUMBER IS LESS THAN 0.7, BUT THEY DON'T ADD ANY INFORMATION ABOUT THE MEASUREMENT'S PRECISION BEYOND WHAT THE
5" AND "2” PROVIDE. THUS, IN 0.052, ONLY THE DIGITS ‘5" AND "2’ ARE SIGNIFICANT.

TRAILING ZErOS CAN BE SIGNIFICANT

TRAILING ZEROS ARE ZEROS THAT APPEAR AT THE END OF A NUMBER. | HEIR SIGNIFICANCE DEPENDS ON WHETHER THE NUMBER IS
AN INTEGER OR A DECIMAL. FOR NUMBERS CONTAINING A DECIMAL POINT, TRAILING ZEROS ARE CONSIDERED SIGNIFICANT. FOR
EXAMPLE, IN THE MEASUREMENT 12.50 CM, THE TRAILING ZERO INDICATES THAT THE MEASUREMENT WAS PRECISE TO THE
HUNDREDTHS PLACE, MEANING THE ACTUAL VALUE IS BETWEEN 12.495 cM AND 12.505 CM. THE TRAILING ZERO IS THEREFORE
SIGNIFICANT.

CAPTIVE ZEROS ARE ALWAYS SIGNIFICANT

CAPTIVE ZEROS, ALSO KNOWN AS INTERIOR ZEROS, ARE ZEROS THAT FALL BETWEEN TWO NON-ZERO DIGITS. THESE ZEROS ARE
ALWAYS SIGNIFICANT BECAUSE THEY ARE PART OF THE MEASURED VALUE. FOR EXAMPLE, IN THE NUMBER 305.02, THE zERO
BETWEEN THE ‘3’ AND '5' IS A CAPTIVE ZERO AND IS SIGNIFICANT. LIKEWISE, THE ZERO BETWEEN THE ‘5’ AND THE ‘2’ IS ALSO
SIGNIFICANT. THESE ZEROS ARE NOT PLACEHOLDERS; THEY ARE ACTUAL DIGITS THAT CONTRIBUTE TO THE PRECISION OF THE
NUMBER, REFLECTING A MEASUREMENT MADE TO THAT SPECIFIC DECIMAL PLACE OR WHOLE NUMBER.

RULES FOR DETERMINING SIGNIFICANT FIGURES

APPLYING THE RULES OF SIGNIFICANT FIGURES IN PHYSICS REQUIRES A SYSTEMATIC APPROACH. ONCE YOU UNDERSTAND WHAT
MAKES A DIGIT SIGNIFICANT, YOU CAN APPLY SPECIFIC RULES TO DETERMINE THE CORRECT NUMBER OF SIGNIFICANT FIGURES IN
ANY GIVEN MEASUREMENT OR CALCULATED VALUE. THESE RULES PROVIDE A CLEAR FRAMEWORK FOR CONSISTENT AND
ACCURATE SCIENTIFIC REPORTING.

[DENTIFYING SIGNIFICANT FIGURES IN V ARIOUS NUMBER FORMATS

THE FORMAT OF A NUMBER PLAYS A VITAL ROLE IN HOW WE DETERMINE ITS SIGNIFICANT FIGURES. W/HETHER DEALING WITH
INTEGERS, DECIMALS, OR SCIENTIFIC NOTATION, THERE ARE CONSISTENT RULES TO FOLLOW. THIS ENSURES THAT THE REPORTED
PRECISION OF A NUMBER ACCURATELY REFLECTS ITS ORIGIN AND POTENTIAL UNCERTAINTY.

ScIENTIFIC NOTATION AS A CLEAR INDICATOR

SCIENTIFIC NOTATION IS A POWERFUL TOOL IN PHYSICS BECAUSE IT EXPLICITLY INDICATES THE NUMBER OF SIGNIFICANT FIGURES.
A NUMBER IN SCIENTIFIC NOTATION IS WRITTEN AS A PRODUCT OF A NUMBER BETWEEN 1 AND 10 AND A POWER OF 10. For
EXAMPLE, IF A MEASUREMENT 1S 6.02 x 10”23, THE DIGITS IN THE FIRST PART OF THE EXPRESSION (6.02) ARE ALL
SIGNIFICANT. THIS MEANS THERE ARE THREE SIGNIFICANT FIGURES. THE EXPONENT (23) SIMPLY INDICATES THE MAGNITUDE AND
DOES NOT AFFECT THE NUMBER OF SIGNIFICANT FIGURES. THIS CLARITY IS WHY SCIENTISTS OFTEN PREFER TO EXPRESS THEIR
DATA IN SCIENTIFIC NOTATION, AVOIDING THE AMBIGUITY SOMETIMES ASSOCIATED WITH TRAILING ZEROS IN STANDARD DECIMAL
FORM.

AMBIGUITY IN INTEGERS

INTEGERS CAN BE A SOURCE OF CONFUSION REGARDING SIGNIFICANT FIGURES, ESPECIALLY WHEN THEY END IN ZEROS. FOR
INSTANCE, THE NUMBER 500 COULD HAVE ONE, TWO, OR THREE SIGNIFICANT FIGURES. IF IT REPRESENTS A ROUGH ESTIMATE, IT
MIGHT HAVE ONLY ONE SIGNIFICANT FIGURE (THE “5"). IF IT INDICATES THAT THE MEASUREMENT IS PRECISE TO THE TENS PLACE,
IT WOULD HAVE TWO SIGNIFICANT FIGURES (THE “5” AND THE ‘0"). TO REMOVE THIS AMBIGUITY, IT IS BEST TO USE SCIENTIFIC
NOTATION. WRITING 500 As 5 x 102 IMPLIES ONE SIGNIFICANT FIGURE, WHILE 5.0 x 10”2 iMpLIES Two, AND 5.00 x
102 IMPLIES THREE.



RULES FOR ROUNDING

W/HEN PERFORMING CALCULATIONS WITH SIGNIFICANT FIGURES, ROUNDING BECOMES AN ESSENTIAL SKILL. THE WAY YOU ROUND
CAN AFFECT THE PRECISION OF YOUR FINAL ANSWER, SO IT'S IMPORTANT TO FOLLOW ESTABLISHED RULES TO MAINTAIN
ACCURACY. IMPROPER ROUNDING CAN LEAD TO RESULTS THAT SUGGEST A HIGHER DEGREE OF PRECISION THAN IS ACTUALLY
JUSTIFIED BY THE ORIGINAL MEASUREMENTS.

THE STANDARD ROUNDING RULE

THE STANDARD RULE FOR ROUNDING IS TO LOOK AT THE DIGIT IMMEDIATELY TO THE RIGHT OF THE LAST SIGNIFICANT DIGIT YOU
WISH TO KEEP. |F THIS DIGIT IS 5 OR GREATER, YOU ROUND UP THE LAST SIGNIFICANT DIGIT. |F IT IS LESS THAN 5, YOU LEAVE
THE LAST SIGNIFICANT DIGIT AS IT IS. FOR EXAMPLE, IF YOU NEED TO ROUND 3.14 159 TO THREE SIGNIFICANT FIGURES, THE
FOURTH DIGIT IS ' 17, WHICH IS LESS THAN 5, SO YOU KEEP THE ‘4’ AS IT IS, RESULTING IN 3.14. IF YOU WERE ROUNDING
3.14759 To THREE SIGNIFICANT FIGURES, THE FOURTH DIGIT IS 7', WHICH IS GREATER THAN 5, SO YOU WOULD ROUND THE
‘4" up To ‘5, RESULTING IN 3.15.

THe “Round To Even” RuLe (Less COMMON IN INTRODUCTORY PHYSICS)

W/HILE LESS COMMON IN INTRODUCTORY PHYSICS COURSES, SOME ADVANCED FIELDS OR SPECIFIC CONTEXTS MAY USE THE
“ROUND TO EVEN" RULE WHEN THE DIGIT TO BE ROUNDED IS EXACTLY 5. IN THIS RULE, IF THE DIGIT TO BE ROUNDED IS 5, YOU
ROUND UP IF THE PRECEDING DIGIT IS ODD, AND YOU ROUND DOWN (LEAVE IT AS IS) IF THE PRECEDING DIGIT IS EVEN. FOR
EXAMPLE, ROUNDING 2.5 TO ONE DECIMAL PLACE WOULD RESULT IN 2.4 (ROUNDING DOWN TO THE EVEN DIGIT). Rounbing 3.5
TO ONE DECIMAL PLACE WOULD RESULT IN 3.6 (ROUNDING UP TO THE EVEN DIGIT). HO\)VEVER, FOR MOST GENERAL PHYSICS
APPLICATIONS, THE STANDARD ROUNDING RULE IS SUFFICIENT AND EXPECTED.

SIGNIFICANT FIGURES IN MATHEMATICAL OPERATIONS

PERHAPS THE MOST CRITICAL APPLICATION OF THE RULES OF SIGNIFICANT FIGURES IN PHYSICS LIES IN PERFORMING
MATHEMATICAL OPERATIONS. W/HEN YOU COMBINE MEASURED QUANTITIES THROUGH ADDITION, SUBTRACTION, MULTIPLICATION,
OR DIVISION, THE PRECISION OF YOUR RESULT IS LIMITED BY THE LEAST PRECISE MEASUREMENT INVOLVED. THIS CONCEPT
PREVENTS YOU FROM CREATING AN ILLUSION OF ACCURACY THAT ISN'T SUPPORTED BY YOUR ORIGINAL DATA.

ADDITION AND SUBTRACTION

W/HEN ADDING OR SUBTRACTING NUMBERS, THE RESULT SHOULD HAVE THE SAME NUMBER OF DECIMAL PLACES AS THE NUMBER
WITH THE FEWEST DECIMAL PLACES. THE PRECISION OF THE RESULT IS LIMITED BY THE NUMBER WITH THE FEWEST DIGITS BEYOND
THE DECIMAL POINT, NOT BY THE TOTAL NUMBER OF SIGNIFICANT FIGURES. IMAGINE MEASURING THE LENGTH OF TWO OBJECTS
AND ADDING THEM. THE UNCERTAINTY IN YOUR SUM IS DICTATED BY THE UNCERTAINTY IN THE LEAST PRECISE MEASUREMENT.

LET'S CONSIDER AN EXAMPLE: IF YOU MEASURE A LENGTH TO BE 12.3 CM AND ANOTHER LENGTH TO BE 4.56 CM, WHEN YOU
ADD THEM, THE FIRST MEASUREMENT (12.3 CM) HAS ONLY ONE DECIMAL PLACE, WHILE THE SECOND (4.56 €M) HAS Two.
YOUR ANSWER SHOULD BE ROUNDED TO ONE DECIMAL PLACE.

12.3 e

+4.56 cm

16.86 cm

ROUNDED TO ONE DECIMAL PLACE, THE RESULT IS 16.9 CM. THE UNCERTAINTY FROM THE 12.3 CM MEASUREMENT DICTATES THE
PRECISION OF THE SUM.

MULTIPLICATION AND DIVISION

FOR MULTIPLICATION AND DIVISION, THE RULE IS DIFFERENT. THE RESULT SHOULD HAVE THE SAME NUMBER OF SIGNIFICANT
FIGURES AS THE MEASUREMENT WITH THE FEWEST SIGNIFICANT FIGURES. THIS RULE MAKES INTUITIVE SENSE: IF ONE OF YOUR
MEASUREMENTS IS VERY IMPRECISE, IT WILL SIGNIFICANTLY LIMIT THE PRECISION OF YOUR FINAL CALCULATED VALUE,
REGARDLESS OF HOW PRECISE THE OTHER MEASUREMENTS ARE.

CONSIDER MULTIPLYING THE LENGTH OF A RECTANGLE (10.5 CM, THREE SIGNIFICANT FIGURES) BY ITS WIDTH (2.3 CM, TWO
SIGNIFICANT FIGURES).
10.5cM 2.3 cM=24.15cM"2



SINCE 2.3 CM HAS ONLY TWO SIGNIFICANT FIGURES, THE ANSWER MUST BE ROUNDED TO TWO SIGNIFICANT FIGURES.
THEREFORE, THE AREA IS 24 cM”2. THE IMPRECISE WIDTH MEASUREMENT HAS DETERMINED THE PRECISION OF THE CALCULATED
AREA.

OPERATIONS WITH ExAcT NUMBERS

IT'S IMPORTANT TO DISTINGUISH BETWEEN MEASURED NUMBERS AND EXACT NUMBERS. EXACT NUMBERS ARE THOSE THAT ARE
KNOWN WITH PERFECT CERTAINTY, SUCH AS COUNTING INTEGERS OR DEFINED CONVERSION FACTORS. For EXAMPLE, IF YOU ARE
CALCULATING THE PERIMETER OF A SQUARE WHERE YOU KNOW THE SIDE LENGTH HAS A CERTAIN NUMBER OF SIGNIFICANT FIGURES,
AND YOU MULTIPLY BY 4 (AN EXACT NUMBER), THE NUMBER OF SIGNIFICANT FIGURES IN YOUR ANS\WER IS DETERMINED SOLELY BY
THE SIDE LENGTH MEASUREMENT. THE EXACT NUMBER ‘4’ DOES NOT LIMIT THE SIGNIFICANT FIGURES.

SIGNIFICANT FIGURES IN MEASUREMENT AND EXPERIMENTAL DATA

IN THE PRACTICAL WORLD OF PHYSICS, RULES OF SIGNIFICANT FIGURES IN PHYSICS ARE APPLIED CONSTANTLY TO EXPERIMENTAL
DATA. EVERY MEASUREMENT TAKEN IN A LABORATORY HAS A DEGREE OF UNCERTAINTY ASSOCIATED WITH IT, AND SIGNIFICANT
FIGURES ARE THE PRIMARY WAY WE COMMUNICATE THIS UNCERTAINTY. UNDERSTANDING HOW TO PROPERLY RECORD AND USE
SIGNIFICANT FIGURES IN EXPERIMENTAL CONTEXTS ENSURES THE INTEGRITY AND REPRODUCIBILITY OF SCIENTIFIC FINDINGS.

REPORTING EXPERIMENTAL RESULTS

\X/HEN RECORDING DATA FROM AN EXPERIMENT, YOU MUST BE MINDFUL OF THE PRECISION OF YOUR MEASURING INSTRUMENTS. A
THERMOMETER THAT IS MARKED IN WHOLE DEGREES WILL YIELD A TEMPERATURE READING WITH LESS PRECISION THAN A
THERMOMETER MARKED IN TENTHS OF A DEGREE. Y OU SHOULD ALWAYS RECORD YOUR MEASUREMENTS TO THE SMALLEST
DIVISION ON THE INSTRUMENT, PLUS ONE ESTIMATED DIGIT. FOR INSTANCE, IF A RULER HAS MILLIMETER MARKINGS, YOU MIGHT
MEASURE AN OBJECT TO BE 15.3 CM, WHERE THE ‘3" IS YOUR ESTIMATION BETWEEN THE 15.2 cM AND 15.4 cM MARKS. THIS
ENSURES THAT YOU ARE NOT CLAIMING A LEVEL OF PRECISION THAT THE INSTRUMENT CANNOT PROVIDE.

ErRROR ANALYSIS AND SIGNIFICANT FIGURES

SIGNIFICANT FIGURES ARE INTIMATELY LINKED WITH ERROR ANALYSIS. THE UNCERTAINTY IN A MEASUREMENT IS OFTEN EXPRESSED
AS A PLUS-OR-MINUS VALUE. FOR EXAMPLE, IF A LENGTH IS REPORTED AS 25.5 £ 0.1 cM, THE = 0.1 CM REPRESENTS THE
UNCERTAINTY. IN THIS CASE, THE ‘5" IN 25.5 IS THE LAST SIGNIFICANT DIGIT, AND THE UNCERTAINTY IS IN THE SAME DECIMAL
PLACE. THIS DEMONSTRATES THAT THE SIGNIFICANT FIGURES OF A MEASUREMENT DIRECTLY CORRESPOND TO ITS INHERENT
UNCERTAINTY. W/HEN CALCULATIONS ARE PERFORMED WITH VALUES THAT HAVE ASSOCIATED UNCERTAINTIES, THE RULES OF
SIGNIFICANT FIGURES ARE USED TO PROPAGATE THESE UNCERTAINTIES TO THE FINAL RESULT, ENSURING THAT THE REPORTED
UNCERTAINTY REFLECTS THE COMBINED UNCERTAINTIES OF THE INPUT VALUES.

SIGNIFICANT FIGURES IN GRAPHS AND DATA T ABLES

\W/HEN PRESENTING DATA IN TABLES AND GRAPHS, SIGNIFICANT FIGURES PLAY A CRUCIAL ROLE IN MAINTAINING CLARITY AND
ACCURACY. DATA TABLES SHOULD CLEARLY LIST VALUES WITH THE APPROPRIATE NUMBER OF SIGNIFICANT FIGURES. W/HEN
PLOTTING DATA, THE SCALE OF YOUR AXES SHOULD BE CHOSEN TO REFLECT THE PRECISION OF YOUR MEASUREMENTS. For
EXAMPLE, IF YOUR DATA POINTS HAVE THREE SIGNIFICANT FIGURES, YOUR GRAPH'S AXES SHOULD ALLOW FOR THAT LEVEL OF
DETAIL, RATHER THAN BEING OVERLY SIMPLIFIED WITH WIDE INTERVALS. PROPERLY LABELED AXES WITH APPROPRIATE SCALES
AND UNITS ARE ESSENTIAL FOR THE VISUAL REPRESENTATION OF SCIENTIFIC DATA, AND SIGNIFICANT FIGURES ARE A KEY PART OF
THIS.

WHY SIGNIFICANT FIGURES MATTER IN PHYSICS

THE QUESTION NATURALLY ARISES: WHY DO WE GO THROUGH ALL THIS TROUBLE WITH RULES OF SIGNIFICANT FIGURES IN
PHYSICS? THE ANSWER IS MULTIFACETED, TOUCHING UPON ACCURACY, SCIENTIFIC COMMUNICATION, AND THE VERY FOUNDATION
OF HOW WE INTERPRET QUANTITATIVE INFORMATION. |GNORING THESE RULES CAN LEAD TO FLAWED CONCLUSIONS AND
MISUNDERS T ANDINGS.

AVOIDING FALSE PRECISION

ONE OF THE PRIMARY REASONS FOR ADHERING TO SIGNIFICANT FIGURES IS TO AVOID PRESENTING DATA WITH A FALSE SENSE OF
PRECISION. IF YOU PERFORM A CALCULATION AND REPORT AN ANSWER WITH MORE DIGITS THAN ARE JUSTIFIED BY YOUR ORIGINAL



MEASUREMENTS, YOU ARE MISLEADING YOUR AUDIENCE INTO BELIEVING THAT YOUR RESULT IS MORE ACCURATE THAN IT
ACTUALLY IS. THIS CAN HAVE SERIOUS CONSEQUENCES, ESPECIALLY IN FIELDS WHERE PRECISE ENGINEERING OR SCIENTIFIC
DECISIONS ARE MADE BASED ON THESE RESULTS. FOR EXAMPLE, IF A MEASUREMENT OF A FORCE HAS ONLY TWO SIGNIFICANT
FIGURES, REPORTING A CALCULATED VELOCITY TO FIVE SIGNIFICANT FIGURES WOULD BE SCIENTIFICALLY DISHONEST AND
PRACTICALLY USELESS.

ENSURING CONSISTENCY IN SCIENTIFIC COMMUNICATION

THE STANDARDIZED RULES FOR SIGNIFICANT FIGURES PROVIDE A UNIVERSAL LANGUAGE FOR SCIENTISTS. W/HEN A PHYSICIST
REPORTS A MEASUREMENT, THE NUMBER OF SIGNIFICANT FIGURES IMMEDIATELY COMMUNICATES THE LEVEL OF CERTAINTY
ASSOCIATED WITH THAT MEASUREMENT. THIS ALLOWS FOR DIRECT COMPARISON OF RESULTS FROM DIFFERENT EXPERIMENTS AND
LABORATORIES WORLDWIDE. WITHOUT THIS COMMON UNDERSTANDING, INTERPRETING AND COMPARING SCIENTIFIC FINDINGS
WOULD BE CHAOTIC AND PRONE TO MISINTERPRETATION. |T'S THE BEDROCK OF REPRODUCIBILITY AND COLLABORATIVE
SCIENTIFIC PROGRESS.

(UNDERSTANDING THE LIMITS OF MEASUREMENT

ULTIMATELY/ SIGNIFICANT FIGURES REMIND US OF THE INHERENT LIMITATIONS OF ANY MEASUREMENT. NO MEASUREMENT IS
PERFECT, THERE WILL ALWAYS BE SOME DEGREE OF UNCERTAINTY. BY CAREFULLY CONSIDERING AND APPLYING THE RULES OF
SIGNIFICANT FIGURES, WE ARE ACKNOWLEDGING THESE LIMITATIONS AND ENSURING THAT OUR SCIENTIFIC REPORTING
ACCURATELY REFLECTS THE REALITY OF OUR OBSERVATIONS. IT'S A HUMBLE YET POWERFUL ACKNOWLEDGMENT THAT OUR
UNDERSTANDING OF THE PHYSICAL WORLD IS ALWAYS BASED ON THE BEST POSSIBLE MEASUREMENTS WITHIN OUR CURRENT
CAPABILITIES, AND THAT WE MUST BE HONEST ABOUT THE PRECISION OF THAT KNOWLEDGE.

FREQUENTLY AskeD QUESTIONS ABOUT RULES OF SIGNIFICANT FIGURES IN PHYSICS

QZ W/HAT IS THE MOST IMPORTANT REASON FOR USING SIGNIFICANT FIGURES IN PHYSICS?

A: THE MOST IMPORTANT REASON FOR USING SIGNIFICANT FIGURES IN PHYSICS IS TO ACCURATELY REPRESENT THE PRECISION OF
MEASURED QUANTITIES AND TO AVOID CONVEYING A FALSE SENSE OF ACCURACY IN CALCULATIONS. THEY ENSURE THAT
SCIENTIFIC RESULTS REFLECT THE TRUE CERTAINTY OF THE DATA COLLECTED, PREVENTING MISLEADING CONCLUSIONS.

Q: How Do | DETERMINE SIGNIFICANT FIGURES IN A NUMBER LIKE 0.00750°?

A: IN THE NuMeer 0.007 50, THE LEADING zErOS (0.00) ARE NOT SIGNIFICANT AS THEY ONLY INDICATE THE POSITION OF THE
DECIMAL POINT. THE NON-ZERO DIGITS 7’ AND ‘5’ ARE ALWAYS SIGNIFICANT. THE TRAILING ZERO AFTER THE ‘5’ IS SIGNIFICANT
BECAUSE IT IS TO THE RIGHT OF THE DECIMAL POINT. THEREFORE, 0.007 50 HAS THREE SIGNIFICANT FIGURES: 7, 5, AND THE
TRAILING O.

Q: WHAT HAPPENS TO SIGNIFICANT FIGURES WHEN ADDING 15.2 M AND 3.45 mP

A: \W/HEN ADDING OR SUBTRACTING, THE RESULT SHOULD HAVE THE SAME NUMBER OF DECIMAL PLACES AS THE NUMBER WITH THE
FEWEST DECIMAL PLACES. IN THIS CASE, 15.2 M HAS ONE DECIMAL PLACE, AND 3.45 M HAS Two. So, You ADD THEM (15.2 +
3.45 = 18.65) AND THEN ROUND THE ANSWER TO ONE DECIMAL PLACE. THE RESULT IS 18.7 M.

Q: IFIMULTIPLY 4.5 cMBY 2.3 CM, HOW MANY SIGNIFICANT FIGURES SHOULD THE ANSWER HAVEP

A: W/HEN MULTIPLYING OR DIVIDING, THE ANSWER SHOULD HAVE THE SAME NUMBER OF SIGNIFICANT FIGURES AS THE
MEASUREMENT WITH THE FEWEST SIGNIFICANT FIGURES. BOTH 4.5 CM AND 2.3 CM HAVE TWO SIGNIFICANT FIGURES. THEREFORE,
THE PRODUCT (4.5 2.3 = 10.35) SHOULD BE ROUNDED TO TWO SIGNIFICANT FIGURES, GIVING AN ANSWER OF 10 cM?.

Q: ARE ZEROS IN SCIENTIFIC NOTATION ALWAYS SIGNIFICANT?

A: YES, ALL DIGITS SHOWN IN THE COEFFICIENT PART OF A NUMBER IN SCIENTIFIC NOTATION ARE CONSIDERED SIGNIFICANT. FOR
EXAMPLE, IN 6.02 x 1022, THE DIGITS 6, O, AND 2 ARE ALL SIGNIFICANT, INDICATING THREE SIGNIFICANT FIGURES. THE
EXPONENT (23) ONLY INDICATES THE MAGNITUDE AND DOES NOT AFFECT THE NUMBER OF SIGNIFICANT FIGURES.

QZ W/HAT IS THE RULE FOR SIGNIFICANT FIGURES WHEN PERFORMING CALCULATIONS WITH EXACT NUMBERS?

A: ExAcCT NUMBERS, SUCH AS THOSE OBTAINED FROM COUNTING OR DEFINED CONVERSION FACTORS, HAVE AN INFINITE NUMBER OF
SIGNIFICANT FIGURES AND DO NOT LIMIT THE NUMBER OF SIGNIFICANT FIGURES IN A CALCULATION. THE NUMBER OF SIGNIFICANT
FIGURES IN THE RESULT WILL BE DETERMINED BY THE LEAST PRECISE MEASURED NUMBER INVOLVED IN THE OPERATION.



QZ W/HY IS IT IMPORTANT TO ROUND CORRECTLY ACCORDING TO SIGNIFICANT FIGURE RULES?

A: CORRECT ROUNDING IS CRUCIAL BECAUSE IT ENSURES THAT THE FINAL RESULT OF A CALCULATION MAINTAINS AN
APPROPRIATE LEVEL OF PRECISION. IMPROPER ROUNDING CAN LEAD TO AN ANSWER THAT SUGGESTS MORE ACCURACY THAN IS
JUSTIFIED BY THE INITIAL MEASUREMENTS, WHICH CAN BE MISLEADING IN SCIENTIFIC CONTEXTS.
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