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A Consideration on Brilliance of the Oil Drop Tenmoku Tea Bowl of National Treasure

Noboru EBIzUKA* and Takayuki OKAMOTO **

*Center for Advanced Photonics, RIKEN, 2-1 Hirosawa, Wako, Saitama, 351-0198
** Advanced Device Laboratory, RIKEN (Retired)

We estimate the surface structure of the Yuteki (oil drop) Tenmoku tea bowl of national treasure from its
photograph and the electron micrograph of a fragment of a Tate Hiyajiru Tenmoku tea bowl. In a part
of showing blue-purple brilliance of the fragment, “wrinkles” with a period of 600 to 800 nm and a peak
to valley height of about 100 nm can be seen on the surface of the glaze. From the position of the
deformed light spot of the light source reflected on the inner surface of the photograph of the Yuteki
Tenmoku tea bowl, an ellipsoid was fitted to the cross section of the inner surface. Finally the “wrinkles”
period of 900 nm and peak to valley height of about 100 nm were estimated from the positions of the blue
brilliance on the photograph of the tea bowl.
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Fig. 1 Oil drop Tenmoku tea bowl of national treasure: South-
ern Song Dynasty (12th-13th centuries), Jian ware, Museum
of oriental ceramics, Osaka collection (Sumitomo group dona-
tion / Ataka collection)”. Open data of collection image of
museum is trimmed. Photo: Shigeru Nishikawa.

Fig. 2 Konoha Tenmoku tea bowl of important cultural
property: Southern Song Dynasty, Jizhou Were, Museum of
Oriental Ceramics, Osaka collection (Sumitomo group dona-
tion / Ataka collection)®. Open data of collection image of
museum is trimmed. Photo: Shigeru Nishikawa.
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Glaze: n;

Reflector: n,

Fig. 3 Diffraction by sinusoidal transmission grating with
back reflective layer. Numbers of -2, -1, 0 and 1 are diffraction
orders. Solid lines indicate incident and diffracted beams, and
dashed lines indicate beams which propagate reflection beam
direction.
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Fig. 4 Diffraction efficiency of vertical incident by sinusoidal grating with structure shown in Fig. 3 when refractive index of glaze
is n, = 1.5, reflective layer is metallic iron, and grating amplitude is 100 nm. Grating periods are 600 (a), 700 (b) and 800 nm (c),

respectively. 1st and 2nd indicate primary and secondary diffraction efficiency, respectively. w/ indicates

“without” in these figures.
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Fig. 5 Position of reflected light of light source and
blue brilliance projected on inner surface of oil drop
Tenmoku tea bowl of national treasure.
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Fig. 6 Positions of light source, tea bowl obtained and camera from light source projected
on inner surface of oil drop tenmoku tea bowl of national treasure (side view).
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Fig. 7 Positions of light source, tea bowl obtained and camera from plane light source projected on
inner surface of oil drop tenmoku tea bowl of national treasure (top view). Position A’ indicate reflec-
tion point on tea bowl of ray emitted from position A of light source, and position B’ indicate reflection

point of ray emitted from position B.
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Table 1 Position of reflected light of light source and blue bril-
liance on y-axis projected on inner surface of oil drops tenmoku tea
bowl of national treasure [mm)].
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Table 2 Existence range of diffracted light with transmission grating of 900 line pair mm on y-axis in Fig. 7 ob-
tained from positions of light source, bowl, and camera [mm].
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Fig. 8 Diffraction efficiency of vertical incident by sinusoidal grating with structure shown in Fig. 3 when refrac-
tive index of glaze is #n; = 1.5, reflective layer is metallic iron, grating period is 900 nm, and grating amplitudes
are 50nm (a) and 100nm (b) and 200 nm (c), 300nm (d), 500 nm (e). 1st and 2nd indicate primary and secon-
dary diffraction efficiency, respectively. w/ indicates “with” and w/o indicates “without” in these figures.
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61k L, BILBPIROFMMTH 5, HROEREDH R
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DIE A7 b Vid 400 nm 2589 36%, 520nm 23— 27 T
9 44%, 700 nm 235 28% DIMED 3 EEIETH 20,
DEHDKE A2 F LD CIE XYZ taZ2f] 1718 25 5 F:9%
Ex2RDD EB20mmAHETHS Z 26, R 16 D Fig.
870 5 RHET ZIEICIEA30~35% & % > 1F 70~75% & KLk
b oN3, &, Lab (1223 RGB (22 o LR £
THY, FEEZBEHRICERO SN wio, T ITI,
CIE XYZ 122> & R EZ R 72,

K H A O M ISR ch D, k19 DX 6 % HIE
LEHWOGEZIMKT 2L, M1DEDE EPLESN
TRBEDO LD &R D 357D 23ik5 £ THRVEHEEDLP S
KOTH2DZ EH S, HUMOIKEARY P LX) REE
DRI KRE L, FEEWHERICHL EE26NS, F
7o, RO 3530 2 3EE O I X O 3 DS AL Hl
0 (M) okd ok H (R ot 21k
L, dxflicid > T i3 s o RS 2 T, RBiD
BOEE DM IE RIS T 2. 2O 6, RBIDRK
ZDIEEMEONENTEL 2D, EEROHNINE T THA S
LEZoND. HDOIIMEBEDBRICEI RO b &
BEZZYD, THEESEREICEMLTOEREEDLE LS
ns.

WK H RO K O B DiE23, 12.8 mm DGR
DIEBBBORNE 722 A=900nm D _RKIuD “> 77 12k
2T ET2E, Fig. 7I2BWT03>y> —93 & 12.8<
y< 22,7 TIXHEIRD RS DM & D 400 nm 2> & fR 2 12 E
B2 C, RIEEFEOD 6K F 72 I3EREOICE
L, —93>y>—122 & 227<y<27.4 Tlx 400~700
nm O HEEEED A7 bLDER Y, HHII KO E -
WERAEZRET2EEZ NS, IHIC—12.2>y> —22.7
L 274 <y<42.6 125\ T 400 nm A 5 R & I EE R R Y
o RITT, KK 73Rk Sk, BE, Bzl
THRMOICELL, y=—227 £ y =426 12E\>T 700 nm
DO RaERT L EEZ 6%, LEL, y<—128
BXy>269 BT RENT QKRS b Mb 5. F
7z, YRR [ LED (3 EIR o & LED i E—
7 D3450~460 nm ICIFET B 720, ZOWER ETAED
DIV AESTL /A R

JZBRIC Fig. 5 DFE% BT iR A &M O 5 EH T,
HXHOBROMED y =0 & y = 12.8 2 SN H @ H S
K, FEDMITICENZT 5, Z D05l (y <—12.2
&y > 27.5) OMMEITRELRRE, NGO THY, S
B EEBOEAHEA S, ZOBKROFPE LT, WO
BENTTE Y ORIMDBRLZ 2GEREZO6ND, I5IC
A (y < —32 & y > 43) OMTEHS I @D 5 A5 mTh
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D, HRD X 9 IR OHAINET TV EEZ 5D,
72, A (31 < y<34) 1213 2 RIS OHYEIR DR D
HAHND,

PLEo &9z, Fig. 1% Fig. 5 Ol RKHABIO 13
HIE S IE kD KA E D H 2 1% 7 A = 900 nm,
73 50~100 nm DRFED “RIud “> 7”7 fEEIC X 5 [T
e (MEabe—L v MEEL) ERELTHFBELEVLI L
5, HEIHROEFICH LN HFRODNEEFHTE S,
B, MERICX 2 REROWING ENFHC A 5T
HBLEZLNDD, ERNZEHEmRIINETDH 2,

 bH W

K, W22 D IR < WAL B I 55: b v SR 3 0 Wi T
WEEZSNTELY, Fig. 2 DARERHAZH (HME)
R TSONNEORME BT 5. L, HER
H 2512 B9 2 S TiFoE o SCik % J A5 o 3 Rl o i
B E Nt /ot “> 77 O FiseiEG Y 2 Hic
LT, ZRILD “77 OEHTIC L 2ROV THRET L
7o, £, Fig. 3 @ X9 TN S E 2 £ 0B E L
WO E T V2 HEL, &AM A= 600 nm &
700, 800 nm D IEELIE[AIFTHE -1 D> T RCWA I X 2 #fifi
AMEE T (Fig. 4), KATHEZ b OZEBIRYTE 713
JE D370 WA & L R ORISR E {1 ET 5
Z L RMESR L 7. RIC Fig. 1 D¥SE% LiF7- Fig. 5 OEFE
TR H A0 G EICE - 2 HGIRO B2 o HIH & 45
Wi, » x5 ofiiEBE% (Fig. 6, Fig.7) #k& T, Fig. 7
IZEBWT A =900 nm D MO AEZGHE L 7 #5R
(Table 2) 728, GHEICA LN S HEODKE D NE
(Table 1) :I1Z1F—3L 7.

S 51T Fig. 30 X 9 B KK E 2 £ A = 900 nm D
B R E SR A HTHS 712 DT RCWA IS X 2 il it e %
fio mish® (Fig. 8), BX O RInD “v7” fEic
L o THRIPHESHEERICE] T 2 2 L1 &k 2 RIER oM
JEDIRED & PRI N MHTERED &, Fig. 7D yiil b
IRt taz BRED o7, 2@ Fig. 7 @ y il i

B BTG E, Fig. 5 DEED RO MR ITI%

DR Y L FEET, WEDKEZ FLE LE O
D K9 R () 237 BT D 59\t
EaIHTEDLZ EDBbhol,
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R DMK H AWM K H A Wix &2, i ond
Ylel o b ik 2 GEERE PG £ 2179
LIEREETH D, TSRO EE) S IEEONE %
HEHT 2DATH S, ZOIEEIFASANEZHAAETS K9
L WA, EYZRIE L TEAGbE 2TV,

KEBBDONEDOTED E o2 izt iz, BHEEK
DOVENIZERE X (FR) B T30 P AR5 &
A RIS 2, SHDIMED Z >0 1713, WK
HIEFE O W K H Wi % Bk L 7B (Fk) SR LR o
LED MG : L =27 4 P2 T 2 L, EED
TR H 28 B S SU M O REER B AL F A h3 i 0
THBI LRIV LTk, () FEHT DK
2T, FEHSITKEEBO A L RHOBIR 2 A3
5 ol BULEMIZEFT OB ST — L) — 85—
FIEZICT 2 AR a X v b ERWXOEREHML L
TWizZwiz,
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