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Historical records of supernovae stretch as far back as 185 CE, but one of the most
significant cosmic explosions in terms of advancing astronomical knowledge occurred in
November 1572. Among those who observed the event was Danish astronomer Tycho Brahe —

the last famed astronomer to make observations of the night sky without the aid of a telescope.

Brahe was born into the nobility at his family’s ancestral seat of Knutstrop Castle in
December 1546. He began attending the University of Copenhagen at age 12, initially studying
law. But then he witnessed a solar eclipse on August 21, 1560 triggering his lifelong passion for
astronomy.

This was a critical period in astronomy, as the Ptolemaic model of the universe — with

a fixed Earth placed at the center of the solar system, and the sun, moon, and planets orbiting

around it — was being challenged by the Copernican worldview, in which everything orbited the

Sun at the center.; During a tour of Europe when he was 15, Brahe witnessed a conjunction of

Jupiter and Saturn. He noticed that neither the Copernican nor Ptolemaic models accurately

predicted the conjunction. He became convinced that more accurate observations would be the

key to making better predictions about such events. s,

Tycho was making observations from an observatory he set up at Herrevad Abbey on
the night of November 11, 1572, when he spotted a very bright new star in the constellation
Cassiopeia. He was not the only one to do so, but it is known as Tycho’s Supernova because he
undertook the most detailed study of its properties. Many contemporary astronomers who still
subscribed to the Ptolemaic view concluded the object must be in the so-called “terrestrial
sphere” (i.e., inside the orbit of the moon), since the heavenly firmament should be unchanging.

For Brahe, the scientific evidence clearly showed this was a distant star. It was
certainly much farther away than the moon since there was no daily parallax against what was
then believed to be a background of fixed stars. Nor did said object change its position relative
to those fixed stars. So ity could not be a planet either.

(This Month in Physics History, APS News Vol.28, No.5 November 2019 X ¥ $i#%)
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Units of measure are important for applications from commerce to fundamental
physics. The current Systeme International (SI) units emerged early in the French Revolution to
unify and promote égalité (“equality”) in commerce. Over the past two centuries, major changes

and updates to Sl units have occurred, but the redefinitions introduced in 20 May 2019 were the

biggest conceptual transformation in metrology since the French Revolution.

Over time, physicists have defined and redefined units based on natural objects, then
objects of human creation and scale, and finally microscopic objects paired with fundamental
constants. For example, the meter was first defined as one ten-millionth of the distance from the
equator to the North Pole. In 1799 that standard was replaced by a manufactured prototype
meter bar, which was more precise. But the accuracy was still limited to 107, and calibration
measurements required a precise temperature and pressure; also required was that the meter bar
be supported at the so-called Airy points, for which bending is minimized.

In 1960 the General Conference on Weights and Measures (CGPM) introduced a
microscopic reference by defining the meter as a specific number of wavelengths of the
emission from a transition in krypton-86. Now every laboratory in the world could create their
own standard. But the length standard was still tied to a specific atomic transition, and with the
development of lasers, krypton was no longer the best choice available. Instead of picking
another atomic or molecular line, in 1983 CGPM defined the speed of light as ¢=299792458 m/s
and the meter as the distance travelled by light in vacuum in 1/299792458 of a second. In
practice, because researchers can measure time and frequency much more accurately than length,
they measure any laser’s frequency and then convert it to a wavelength using the speed of light.
With a defined ¢, any laser wavelength can serve as a ruler for the meter.

The kilogram’s definition has a history similar to that of the meter. Originally, in 1795
the kilogram was defined as the mass of one liter of pure water at the melting point of ice. But
unavoidable impurities in the water limited the ( A ). Manufactured prototypes were thus



developed. In 1799 a cylinder made of platinum was introduced, and in 1879 one made of
platinum-iridium came into use; it provided the definition of the kilogram for 140 years. The
problem was that when the original platinum-iridium cylinder, or the urkilogram, and its copies
were (B ) after a year, their masses differed by up to 50 micrograms, likely because atoms
fell off or hydrogen was absorbed from air contaminants or cleaning products.

The urkilogram was difficult to ( C ) because microscopic and macroscopic masses
differ by a factor of 10%, which is hard to measure accurately; in contrast, the meter is on the
order of 10° optical wavelengths. To define the kilogram in a microscopic way, metrologists
could have used the mass of a specific number of a specific atom, or of electrons or protons,
similar to the meter’s definition in terms of krypton radiation. ( D ), the new definition
relied on a set value for a fundamental constant, similar to the meter’s definition through the
speed of light. For the kilogram, the fundamental constant was Planck’s quantum h. Researchers
can use many systems and measurement methods to realize the kilogram, as long as the result
can be expressed by / and a frequency.

With the new definition of the kilogram, all unit definitions in physics rely on

microscopic quantities or fundamental constants and no longer involve manufactured artifacts.

Any laboratory in the world can create primary standards; Paris, the home of the meter bar and

the urkilogram, has lost its special role.
(“An atomic physics perspective on the kilogram’s new definition” written by Wolfgang
Ketterle and Alan O. Jamison, Physics Today, May 2020, volume 73, number 5 X 0 $i#)
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