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VIEWPOINIT: THE FUTURE

Through the Glass Lightly

A collection of scientists at the frontier were asked what they see in the future for science.”
Here are their views....

THE DEEPEST AND MOST INTERESTING UN-
sclved problem in solid state theory is
probably the theory of the nature of glass and
the glass transition. This could be the next
breakthrough in the coming decade. The so-
lution of the problem of spin glass in the
late 1970s had broad implications in unex-
pected fields like neural networks, com-
puter algorithms, evolution, and computa-
tional complexity. The solution of the more
important and puzzling glass problemm may
also have a substantial intellectual spin-off.
Whether it will help make better glass is
questionable.

=
VNI
&

P. W. Anderson
Joseph Henry Laboratories of Physics
Princeton University

Weintraub, H.: et. al., Through the Glass Lightly. Science 1995, 267 , 1609-1618. 24
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Question 22:

What is the nature of the glassy state?

Molecules in a glass are arranged much like
those in liquids but are more tightly packed. Where
and why does liquid end and glass begin?

WHAT DON'T WE KNOW?

AYAAAS 25
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Specific strength plotted against the specific stiffness for Measured fiber modulus for several high performance polymer fibers

different types of high performance fibers. plotted against the theoretical crystal modulus of the polymer.

Park, J. H.; Rutledge, G. C., 50th Anniversary Perspective: Advanced Polymer Fibers: High Performance and Ultrafine.
Macromolecules 2017, 50, 5627-5642.



Structure of various fibers

—— Crystal Void —++

- Chain end —-
' ~— Amorphous

Foreign particle —4&
Entanglement

Textile fiber High-performance fiber Ideal fiber

Schematic of transverse sections of fibers. Textile fibers are large diameter (~100 wm) with a partially crystalline structure (left); high-

performance fibers are around 10 pm in diameter and feature more extended chains, leading to higher strength and modulus, but still
contain many defects (center), whereas the ideal fiber would have a much smaller diameter (~100 nm) and be essentially defect free (right).
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Human and financial resources devoted to R&D, 2017
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ASEREYRINEBEEL ( dielectric constant )
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R IrEFE (tand)
60Hz 103Hz 106Hz
1 R L0 0.0002 0.002 0.0003
5% 2 5K 40 0.0005 0.0005 0.0005
ANy 0.0005 0.0002 ~0.0008 0.0001 ~0.0005
BRI 0.0001~0.0003 0.0001 ~0.0003 0.0001 ~0.0004
RV LS <0.0002 <0.0002 <0.0002
Al 0.0009 0.0021 0.010
- AR 0.014 ~0.04 0.02 ~0.04 0.03 ~0.04
Fo Bcd - 0.010 ~0.06 0.011 ~0.06 0.03 ~ 0.04
56 R L R AR R P I 0.04 ~0.06 0.03 ~0.05 0.02 ~0.03
WAy 0.08 ~0.15 0.07 ~0.16 0.04 ~0.140
Rl £ 08 0.007 ~0.02 0.009 ~0.017 0.006 ~0.019
ABS 0.004 ~0.034 0.002 ~0.012 0.007 ~0.026
KR 0.004 0.004
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= LY SMREZEIRZBIE R R HERES) X 1010,cm? « mm/cm? « s « cmHghE:
N, 0, Co, H,0
FARG L 84 230 1330 30000
AL il 0.1~0.2 0.38 1.6 700 ~ 17000
BT 4 64.5 191 1380 49000
TSR 2.4 ~25 9.5 ~ 82 75 ~ 636 10000
TR 63.5 172 1240 24000
ATHK 11.8 40 250 18000
%) 3.3 ~ 20 11 ~ 59 43 ~ 280 120 ~ 200
XK ZHE 2 5 0.05 0.3 1.0 1300 ~ 2300
5 H 0.22 0.38 1.9 5000 ~ 10000
RN 4.4 23 92 700
R N 3 ~ 80 15 ~ 250 75 ~ 370 10000
WAy 0.4~ 1.7 12~6 10 ~ 37 2600 ~ 6300
Blm R LN 0.01 0.05 0.29 14100
EREYn — 1000 ~ 6000 | 6000 ~ 30000 106000
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