How to Calculate A

“Without Losing Precision
Arithmetic Rules for Significant
Figures in the Laboratory "]

The Calculator Lie:
Mathematical precision

that physical instruments | 1
cannot justify. )

A calculated result can never be
more accurate than the original

measured values it is based on.




The P_recision _Funnel

[4 Significant Figures] [3 Significant Figures] &> THE WEAKEST LINK
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Operation:

Multiplication (x)
/ Division (+)

Rule:

The answer retains the same
number of significant figures as
the original number with the
LEAST significant figures.




TopAll
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Scaling the Rule: The Light Year Example A
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3.00 x 108 ms™1 x 3.1557 x 107 s =(9.47|x 18"% m

ummm/ | - T
[3 Sig Figs — [5 Sig Figs] [Result: 3 Sig Figs]
The Limiting Factor]

Scientific Notation The power of 10 is mathematically irrelevant to precision. All
e trailing zeros appearing in the base number (like the two zeros
& Tralllng Zeros in 3.00) are explicitly measured and therefore significant.




Operation:

p ( The Precision
: Boundary Line

Addition (+) /
) g Subtraction (-)

Weakest Link

g € ‘ (1 Decimal Place)
R Rule:

The answer retains as
many DECIMAL PLACES
as the original number

| ) with the LEAST

| e L Mo malplces

A :
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Severe Precision Loss in Subtraction
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0. 307: M —» [3 Decimal Places]

— 0.304:m —> [3 Decimal Places]
e ——————

0. 003: M —» [Result fixed at 3 Decimal Places]
H '
e 3 x 10~ m

The Decimal Override
Notice that the result (3 X 1073 m) only has ONE significant figure, even though the

inputs had THREE. Do not apply the multiplication rule here! Writing 3.00 X 103 m
would falsely invent precision that the subtraction operation destroyed.




The Precision Blueprint: Operations Matrix

Multiplication / Division (x / +) Addition / Subtraction (+/ =)

Operations that Scale (Proportional) Operations that Accumulate (Absolute)

The Rule The Rule
Count the Total SIGNIFICANT FIGURES. Count the DECIMAL PLACES.

The Constraint The Constraint
Answer matches the input with the Answer matches the input with the

LEAST Sig Figs. LEAST Decimal Places.

12.345 45,67
0.025 12 .3
4560. 8.901

Golden Rule: In complex, multi-step calculations, retain one extra digit during intermediate
steps to avoid rounding errors, then apply these rules to the final result.




What TopAll Pro Does Differently
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