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B L T OMRBR 2 5 b 0% AT [57-%5
FTHAZETEbDL LW v I T EmEmD
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2 EEBREICHKRFFIGELGRERICLIIEFNEEI v b
WMRI AT —DEEH

S IRITTEDOTIEZWTL L) H?
wEFIC B2 FHARR L DFBORELH LW
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FHRFOFIARZE T TC—FoRET, H
IRDZ KR\ Z 338 9 2 MREE T BE 7 s mm | S 2 L 72
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THOTRZTL b0 HLLEVET, £HO
EN DL D HFEMONFTH HRFEL V) REEL L2
B HREIIFE 2 KBNS LT 728 v, REFEIZBIT A5
PEFZE ORER I T EEORER D H ) £ 3, HHERIZIX
FHFFE (intellectualism) #1X <L & hH2H 5 2
EERELUTHHEICFATL 280,
(EHIZ A 70T V7)) v TER)



2017.10

OE Ke

BRI D &

& % MR 78 7 Dislo-
cation and Fracture &9
BMUHOREEALIZEZH
B & FHORTH - 72,
Il k<men
Ta—r7ThiHH. Fhlo
S X Tl 7% W disloca-
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PR DAL E TN DIERTH %05, AR T O
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42 KT HREEFICRFCZOTREEGRL
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JN B RSB S N2 TE G BRI o %
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COL) R AT I LIk LA
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5R C BRA & Bk LIAO 72 DX KRB RO 5B IZ R -
THhBTHhb, Aud (111) iEEKIE IEH RO
Je& R B A R B2 E A 72 ORESE A R L TB D
STM CTRE % Bi% 4 5 L. HEXROmAH LW
MELTA A=Y END, HEOHERFIZIILT
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WOl GHEL 720 EEMRIERERT DL WD M58 EMLTCTH5D,
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720

)b LRI ED OB & L Cldifc %
bo LIRKRBHMLTLHWVWZWER) DTH B,
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FFZFEARLKRTH S el Au(111) H O
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2016 4/ — NV EEEOZENRE R o720 2
NTHEMO D LIZERAICR LD EHFEL-OTH S
L HEBIEED L v, EERICHEPNZ KT
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VO i S BRI E) - BRI DWW TIZF S
HHLOO, BAIITEEIZ [ANV—] SNTnb,
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121953 EOERHD X 12, BALAY O Wi L % {w \ .

YNRTHRENLHOELTHS I, TNEHFLY o\ e €
""\ﬂ ™ e

ATWD, { 'Q\,\J/("

AN U\ |

[1] Feynman @ [d] #% T & - 7z D. L. Goodstein #%* (v 1 \y\{
frllzoZl LxFE TS (21X Physics \

Today vol. 44, p.70 (1989).) o #ARIAEDFI- 72 \ B
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A= N=—FyT7RERY T 2T (B
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% T2 7% b DI > TEBWE 17> T\ D
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2| OHBEOTEEI D oz Bbs Y,

H F % B
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LMIEO T ¥ 2 — 5 OInHIE, B R L F
BTy EEEb Tz, 1974 4F, FUERAE
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RKEOT— Y 2RI CEHT L [FT— 8 X—
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ThHolze T—FN=ZADOFFHG, 7 —FXN— A
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Bre LT, UErs [FEE] Bdbolz, 7—%
EH (Management of Data) & 15 (Information
Retrieval) (X, 425 5l # O HEIKTH % &
DR, B KRERMEHE S (ACM) oz, SIG
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Retrieval) &\ 9 2 ODOESHMEESH Y. Zh 2
WHEICERBLTCa Y Ea—FH A Ty 2ADHOHE
PERMISERR & 72 D BUEICE > T b,

BHREE
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BE) LLTERL, 8% L LT, &¥nio—k
BB OHFKAHY L7z BEHE, £FMTo—
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DAY 2—=F)T T —HE LT TEREART5
THY) . FHOFTHIZBWTHEROES - A% - 4
B & T IAT A B1EMY) 77 v — % Wi#ET %
HEXIT)NETHL OB TH L, HlzIE, K
E 7 — A F— 21 P REETIE, non-CS A IS
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720 F72. SNSEEIZ, #H&I2BIT 2 HADERIES
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ZO1PIT . ZOHE 707 T AONEIE. CHEEE .
HEIBIFLEROLE - RE - T TR
V= x VATATEIFERLZLDE > Tn A,

X, HWMEMENO [HaERTHEL
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Frl R, FEoa ¥ a— v ATy AT,
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HERAN 127 0 & 2 QI BEREA Tldd 5 25, Frag
BF TRV ? ] L) BERIT L7z 7 BERdi X
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On Super-Fine Finishing of Optical Surfaces

Dear colleagues,
My name is Beaucamp Anthony,
I joined the department of micro-
engineering as Senior Lecturer
in April 2015. T would like to take
this opportunity to introduce
my research and share with
you some of my experiences since joining Kyoto
University.
For the past 15 years, my research has been
focused on achieving ever-finer surfaces by
means of abrasive machining. The origins of
this technology are very old, starting in pre-
history with the burnishing of stones as tools and
ornament, and advancing through the middle ages
and renaissance with the introduction of grinding
and polishing machines by the likes of Da Vinci
and Galileo. One of the crucial application for
surface finishing is in optics: Newton himself, well

known for his research with prisms and thin films,

Mirror grinding machine, by Da Vinci

Beaucamp Anthony

was pushed into developing new techniques for
polishing optical glass using natural pitch (a black,
tar-like substance). Although he had no means of
measuring it, Newton's optics had micron level
shape accuracy, and nanometer level roughness!
It would take centuries for technology to progress
much beyond this point, until the advent of
computer controlled (NC) machines that improved
process controllability, and presently allow us to
reach down to nanometer level shape accuracy,
and angstrom level roughness.

As in the days of Galileo and Newton, astronomical,
medical and particle physics researchers are
beholden to the engineers who deliver the
optical components required in the build of new
observatories, measurement equipment, etc. For

example, high energy radiations such as X-rays and

Applications of super-fine surfaces
(top: synchrotron, bottom: black hole)

19



No.68

gamma rays, which are emitted by supernovas and
black hole accretion discs, but also generated inside
synchrotrons, have nanometer scale wavelength.
To focus such radiation, the specification for shape
accuracy and surface roughness is very tight, in
the order of few atoms of deviation. To achieve
such level of accuracy, a tight combination of skills
i1s required: (1) Ultra-precise metrology, that is
the ability the measure artifacts with an absolute
accuracy of 1 part in 10° (typically: lnm accuracy
over 1m distance). (2) Material science, that is an
understanding of material removal mechanisms at
the molecular level, in order to machine substrates
with atomic resolution. (3) Automation science, that
is the ability to design tools and machines to can
deliver the process in a controllable and repeatable
fashion.

Although optical fabrication was long regarded
as a critically important technology in Europe, the
United States, and also Japan, in recent years the
number of master opticians in these countries has
steadily decreased, and much of the know-how
is moving to south-east Asia. However, Japan is
well placed to retain much of this core technology.
Innovative research is still going strong at many
universities across the country, and since coming
to Japan (first in Nagoya and now in Kyoto), I
have had the chance to meet and collaborate
with numerous researchers across industry and
academia. Their support, through collaborative
research, as well as loaning of state-of-the-art
equipment, has been outstanding. In return, it is
with great pleasure that I now teach our research
students the know-how and methodologies of
optical fabrication, which were passed down from
my mentors, and can make it through to the next
generation of engineers who will take charge of
designing and fabricating the optical systems
powering our technological future.

GEM ~Arnxryy=71) v r7Hy)
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