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Every Measurement
Has a Limit

Understanding uncertainty, calibration, and
the quest for scientific precision.




The Challenge of Extremes A

Chemistry operates at boundaries that challenge standard
mathematics, making precise data handling critical.

Experimental Scale Theoretical Scale

602,200,000,000, 0.0000000000000
000,000,000,000 0000000000166 g

Molecules in 2g of hydrogen gas. Mass of a single Hydrogen atom.

A\ Handling these numbers without scientific notation and certainty rules makes mathematical operations nearly impossible.



The Origins of Uncertainty Vo

Every experimental measurement contains a margin of error stemming
from two unavoidable realities:

@
(9.40] -

Measured on a standard Platform Balance. | Measured on an Analytical Balance.

m:\\

Less precise. The final digit ‘4’ is already uncertain. | Highly precise. But the final digit ‘3’ still relies on
the limits of the user’s calibration and technique.

Rule of Reality: We can minimize uncertainty, but we can never completely eliminate it.
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The Chain of Calibration A

TopAll
How does a lab balance "know" what a gram is? Through a strict chain of
reference standards.
® s 4
%
The globally agreed- b N .> Manufacturers R -> The standardized local
upon absolute physical meticulously align their tool used by scientists
anchor (e.g., the measuring devices to the to gather reliable,
standard kilogram). reference standard. comparable data.

! Warning: Without calibration against a reference standard, measurements are just isolated guesses.
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Anchoring the Metric System

For decades, physical artifacts served as the absolute references for mass

and length.

The Pt-Ir Cylinder T_'l
.

 Stored in an airtight jar in Sevres,
France (since 1889).

Why Pt-Ir?:

Platinum-iridium is highly resistant to
chemical attack, ensuring its mass
remains exceptionally stable over
centuries.

From Bar toLight — = —

Then:
Originally defined by the length between
two marks on a Pt-Ir bar at 0°C.

Now:

Defined as the path traveled by light in

a vacuum in exactly 299 7;2 258

of a second. (Evolved from a physical
artifact to a universal constant).




Significant Figures: The Lanqguage of Certainty A

TopAll
Significant figures are not just math rules—they are how scientists honestly :

report the limits of their tools.

Estimated Digit: The

{ O first uncertain digit. It
carries a margin of
error (usually +1

or -1). |

Certain Digits: We
know these with 100%

confidence based on the
instrument’s markings.

Key Takeaway: The total number of significant figures directly

communicates the exact level of uncertainty in the measurement.
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