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4 August 1972, Volume 177, Number 4047

RFERREIX

More Is Different

Broken symmetry and the nature of

the hierarchical structure of science.

The reductionist hypothesis may still
be a topic for controversy among phi-
losophers, but among the great majority
of active scientists I think it is accepted
without question. The workings of our
minds and bodies, and of all the ani-
mate or inanimate matter of which we
have any detailed knowledge, are as-
sumed to be controlled by the same set
of fundamental laws, which except
under certain extreme conditions we
feel we know pretty well.

It seems inevitable to go on uncrit-
ically to what appears at first sight to

P. W. Anderson

planation of phenomena in terms of
known fundamental laws. As always, dis-
tinctions of this kind are not unambiguous,
but they are clear in most cases. Solid
state physics, plasma physics, and perhaps
also biclogy are extensive. High energy
physics and a good part of nuclear physics
are intensive. There is always much less
intensive research going on than extensive.
Once new fundamental laws are discov-
ered, a large and ever increasing activity
beging in order to apply the discoveries o
hitherte unexplained phenomena, Thus,
there are two dimensions to basic re-
search. The frontier of science extends all
along a long line from the newest and most
modern intensive research, over the ex-

SCIENCE

less relevance they seem to have to the
very real problems of the rest of sci-
ence, much less to those of society.

The constructionist hypothesis breaks
down when confronted with the twin
difficultias of scale and complexity. The
behavior of large and complex aggre-
gates of elementary particles, it turns
out, is mot to be undersiood in terms
of a simple extrapolation of the prop-
erties of a few particles. Instead, at
each level of complexity entirely new
properties appear, and the understand-
ing of the new behaviors requires re-
search which I think is as fundamental
in its nature as any other. That is, it
seems to me that one may array the
sciences roughly linearly in a hierarchy,
according to the idea: The elementary
entities of science X obey the laws of
science Y.

X Y

solid state or clementary particle

many-body physics physics
chemistry many-body physics
molecular biology chemistry
cell biology molecular biology

- -

psvchology physiology
social sciences psychology

)

Philip Warren Anderson
1977 Nobel Prize in Physics
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One of the world's first
examples of machine learning

“Information is
the resolution of
uncertainty.”

-Claude Elwood Shannon
Father of Information Theory
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Controller. 11 MRM /11¢| 1MRM/1¢|3MRM /1< |4MRM /42 | 4MRR /4¢ | 1MRR /1< J4MRR/1- |
scalability« controller+ | controller+ | controller+ | controller+ | controller<| controller< § controller< I
Method + Digital/Lock | Digital/LTM+ Digital/LTM+« Analog/Lock | Digital/Lock | Digital/Self- § Digital/lPTD M
to Ref. + LTM+ to Ref.« to Ref.« homodvnes LTM+
Integration Monolithic+ Hybnd « PCB# Hybnd« PCB+ PCB+ Hybrid ¢
method ¢
Heater efficency 1.25¢ 0.15+ N/R# 0.04+ 0.04+ 0.21+ 0.135+
(nm/mW) #
Q factor+ 11600+ 3000+ N/R- ~ 30000+ 20766% 129000+ ~ 3200+
Heater res. (0)+ 500+ 100+# N/R< N/R.# N/E.# 1210+ ~ 7504
Tuning range 2.54 5# 3.5¢ N/R+ 1.05+ b+ ~ 0 (FSR)+
()«
Step tracking N/MR< e N/~ N/R# 0.5% ¢ N/R+» ~ 30FE o
speed (nm/s)-
Sine tracking ~10 pm/s*+ Snmfsa | ~34 pm/s*¢ | 54nm/s*e 1 nm/s ~8.1 nm/s*< § 15 nm/s**+
speed+
Locking accuracy N/R+ 10# N/R«# 0.5+ 44 7.5 ~ T
(pm}+ — — -
Immune to laser ( Yes: Yes+ Yeso ) Nos Nov ( Yes+ Yes.
power fluctuations+]
Stabilize laser A Yes Yest Yese Yes+ Yes+ Yess Yes+
fluctuations«
Stabilize process Yese Yess Yes< Yes+ Yess Yess Yes<
variations
5Stabilize thermal Yess Yess Yes< Yess Yes+ Yes+ Yes+
variations« k \.

Ref: Z. Wang... M. Tan™ e al.. © Resolving the scalability challenge of wavelength locking for multiple micro-nings via pipelined time-division-multiplexing control.” Opt. Express (OE), 2022
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Controller I1MEM /1. IMEM/ 1+ 4 MEM + 2 4MRR /4o | 1MRR/1. 1MRR/I. 4MRR /1
scalability controller ¢ cottraller+ MEER./6& cotitroller cotitroller+ cottroller+ -:c;ntru]ller i
y controller+ '
- T _ iy AnalogLock | DigitalLeck Digital/Self- ) @ . DigilaFATS
Method Digital LTM+| Digital L TM. to Ref < to Ref « homodvne - Digital T. TM- PTDM -
Int=gration Hybrid PCB ¢ Hybrid @ PCB+ PCB+ Monolithic # | Hybrid+
_ methods
Heater efficiency 015+ NR 0.04+ 0.04+ 021+ NR- 0135
(nm'mW)«
Q) factor. 5000 . N/E.» 30000 20766% o 19000 2590, 3200+
Heater res. ({1}~ 100+ NR+- NR~ NR~ 1210+ NR~ 750
Tunming range 5. 18, NRo 1.05. £ b 9 (FSR)-
(nm)~
STEEPT::zk_mg 5 nm/s+ NR~- NR-~ 0.5 nm/s* ¢ NR~ 10 nm/'s*+ § 180 nm/s** +
Sm:}::zkmg 5 nmis. ~54 pm/s* . 54 pm/s* @ 1 nm/s*. ~81nmfs*s | ~-62pm/s*o | 36 nm/s*™.
Locking accuracy - “z /
= 10« NR«- 0.5 4 7.5+¢ NER- :
(pm)~ L
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power v v 4 3 ¢ v o s v e
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Stabilize Ma=< J e s o s s £ o o W e
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v v o v o v o /o v v
Variations _) | k J
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. M. Tan*, “An eight-channel switching-linear hybrid dynamic regulator with dual-supply LDOs for thermo-optic tuning.”” TCAS-I. May 2022.
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