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BIF O3, 2001 41z ) — VB E LI LI W. Ketterle ZHR R T 5 2RO INR
D—ifTH% (Nobel lecture: When atoms behave as waves: Bose-Einstein condensation and
the atom laser, Rev. Mod. Phys. 74, 1131 (2002) & ). O EHRNTHVIZEA K.

The lure of lower temperatures has attracted physicists for the past century, and with each
advance towards absolute zero, new and rich physics has emerged. Laypeople may wonder
why “freezing cold” is not cold enough. But imagine how many aspects of nature we would
miss if we lived on the surface of the sun. Without inventing refrigerators, we would only
know gaseous matter and never observe liquids or solids, and miss the beauty of snowflakes.

Cooling to normal earthly ratures reveals these different states of matter,

but this is only the beginning: many more states appear with further cooling. The approach
into the kelvin range was rewarded with the discovery of superconductivity in 1911 and of
superfluidity in helium-4 in 1938. Cooling into the millikelvin regime revealed the superfluidity
of helium-3 in 1972. The advent of laser cooling in the 19805 opened up a new approach to
ultralow-temperature physics. Microkelvin samples of dilute atom clouds were generated and

used for precision measurements and studies of ultracold collisions. Nanokelvin temperatures

were necessary to explore quant gases, such as Bose-Einst d first
realized in 1995. Each of these achievements in cooling has been a major advance, and
recognized with a Nobel prize.
This paper describes the discovery and study of Bose Einstein condensates (BEC’s) in atomic
: 8 il 4

International Edition

FIGURE 1-2 This sea cucu

7ed functions.

your environment, and the organisms with which you share your planet.
will

s you
the impact biology continues to have on life and society.

In this first chapter we examine some of our everyday assumptions
about living things, and start to formulate a structure for organizing our
knowledge. First, as we begin our study of living things, we need (o de-
velop a deeper understanding of what life is.

WHAT IS LIFE?

It is relatively casy to determine that a human being, an oak tree, and a
grasshopper are living whereas ros
dfin e At ome time it was belevethat a g system could be dsin:

Nuw, e ehrching, we understand that there is no single
substance or force that is unique to living things. Perhaps the best we can
do toward defining life is to list the features that living things have in
common. When we do this, we find that the characteristics that distinguish
otca el ) e moeiSin hinEa ot e procioe kind of

tion, a variety of chemical reactions we term metabolism, the ability 1o
e et e el buaen )L i o st

change. We consider each of these characteristics in the following sections.
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