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A. E. Siegman, LASERS (University M’ { 3 } _9 ': Cl: ") g* liﬁi é 11'6

Science Books, Sausalito, USA,
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CHAPTER 1: AN IN DUCTION TO LASERS
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3.0
4.6
4.9
6.1
6.5
8.8
9.0

(101%cm?)

W. Koechner : Solid State Laser Engineering 6™ ed. (Springer, New York, 2006) p.55.
A. A. Kaminskii : Laser Crystals 2" ed. (Springer, Berin, 1990) p.332.

A. E. Siegman : Lasers (University Science Books, Sausalito, 1986), p.290.

M. Sekita, H. Haneda, T. Yanagitani, and S. Shirasaki : J. Appl. Phys. 67 (1990) 457.

K. Fuhrmann, N. Hodgson, F. Hollinger, and H. Weber : J. Appl. Phys. 62 (1987) 4041.
R. C. Powell : Physics of Solid-State Laser Materials (Springer, New York, 1998) p.319.
T. Kushida, H. M. Marcos, and J. E. Geusic : Phys. Rev. 167 (1967) p.289.

A. Yariv and P. Yeh : Photonics 6" ed. (Oxford University Press, New York, 2007) p.297.
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1at.% Nd:YAG ceramics
DEFXLART ML
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§
=
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Wavelength ( nm )




PRB (B/90A—4-)

Triax-550 + IGA512-1-1 (HORIBA Jobin-Yvon)
InGaAsTbA, 800-1700nm
(JOBIN-YVO, IA-512) | \ b ‘ ] R} — ‘ 1

MW, 400-1200nm
(&R b, R1767)




TRIAX-550

: ,e’m]mrgi’a-type of gratings

Slit width =1 mm
]

Resolution 1.55 nm
(Grating: 1200 gr/mm)

Resolution 3.1 nm
(Grating: 600 gr/mm)

Resolution 6.2 nm
(Grating: 300 gr/mm)

Highest spectral resolution of 0.05 nm (effective value)
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PC
GP-IB
PSU Controller
|
|

{________1 Collimating

: PSU ! Probe source _N \

: | (Halogen lamp) v, .

""""" Monochrometer
Photo-
multiplier
| Inlet optical Focusing

fiber

.

o InGaAs
' ' Sample

array
detector

______________________
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Transmittance

1.0

ARIELEITERND:YAGES =

® @

0.3at.%

Konoshima Nd:YAG ceramics, RT

0.2+ —— CCNYAG-119 (0. 3at. %)
il = drs
Res. =0. 2nm  CONYAG-129 (4 Oat. %)
! ! 1 1 1 1
780 790 800 810 820 830

Wavelength (nm)

Absorption Coefficient (cm ')

40

w
o

N
o

-
o

1.0at.% 20at%

w9 R

4.0at.%

Konoshima Nd:YAG ceramics

RT

- =] e

Res. =0. 2nm

780

790

800 810
Wavelength (nm)

I

CONYAG-119 (0. 3at. %)
CONYAG-123 (1. 0at. %)
CONYAG-127 (2. Oat. %)
CCNYAG-129 (4. 0at. %)

820

830
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11

Y. Sato and T. Taira, IEEE JSTQE 11, 613 (2005).

FLC0.5at. % DNAHFIMEEEZTAH—F —L=-HE T

30 ,

25—

20—

15 -

10

Absorption Coefficient (crﬁ’)

| | HBIZEMMDHST . NAIZEDRBINDK=S(F
Bi-oTLNV3

0.5at. % Nd:GdV0,

....... Shandong July 2002 :EIEIEI .H_q: | < e | %% \ N 4 %
----- Shandong Dec. 2004 - ( 7||_—,
----- Shandong Feb. 2005 3 X L’ 75 b —F 'O AR

-+ Standons hor T EALTEH. ELLWEEMNN S E
YT B F ALY

FEWVGIEISEEZDEDIXERET/NTA—S
N ELTIEZ R, RIBBDHDBEG/NSA—RIE
L] B TETAILIZLY

Wavelength (nm)

ff\l:l (=]=] O) Ndld\\z."] /JEJ; n:l:ﬁ]:“ F;g L/—Cg*/jz n:l:mﬁ*g%&i7*i'~ﬁ n{ L/T-!f\i%
l1at.% Nd:GdVOs D Nd jE &5 F5 5

1at.% Nd:GdVO, (Shandong July 2002)

Method
Cung (at.%

XRF-EDX  XRF-WDX (1) XRF-WDX (2) EPMA-EDX EPMA-WDX ICP-AES (1) ICP-AES (2)
1.27 0.866 0.462 1.18 0.339 0.529 0.554
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PC
GP-IB
PSU Controller
|
|
' PSU | Pump source | x
: | (Lamp, LD, ...etc.) -
""""" Monochrometer
Photo-
multiplier
| Inlet optical Focusing
fiber = N \%
: — = %
T TR InGaAs &
. Oscilloscope : array Sample

detector

______________________
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Scientific Materials & Nd: YAGEiL 5 &

Fluorescence (arb. units)

WISEEAY

lat. % Nd:YAG (resolution: 0.06nm) _

— T1=20°C
— T=65"C

1050 1055 1060 1065

1070 1075 1080

Wavelength (nm)

HICCHREEILT. RIEF[ORERDALELT . AFEAEINEIL

Y. Sato and T. Taira, Opt. Mat. Express 2, 1076 (2012).
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Normalized fluorescence intensity (arb. unit)

Nd:YAG, Transition between 4F;, — 4l

SR

Nd:YAG ceramis
4 4
Fio = g

|

J

H BT A

— 0.4at.% (NS)
— 5.4at.% (SS) |

—_| | —

Res. =0. 05nm

1050 1055 1060

1065

1070 1075 1080

Wavelength (nm)

Linewidth (cm')

4.0

AR

7 bILEE RICE— 7KK

I
Nd:YAG, I,

T 85.8 | T T I

Nd: YAG x
F3/2

(1064. 5nm)

Stark splitting (cm')

— ® Single crystals (1064. 1nm) - 35S
m Ceramics (WS) _
A Celramics SSS) | | | | | | | |

0 1 2 3 4 5 6 0 1 2 3 4 5 6

Nd>* concentration (at.%)

Nd** concentration (at.%)

Win/L5E, PEEEIIVANGRE ., Bk, BEO0YMIKFLTLS

Y. Sato and T. Taira, Opt. Mat. Express 1, 514 (2011).
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PC
- = DEREE TIFH KB IERER
PSU | | Controller HEDREKLEBFET 4 IILF—ELT
| - A LNTLVS
|
PSU Pump source | x
(Pulsed laser) .
Monochrometer
Photo-
multiplier
‘, Inlet optical Focusing
fiber X N v
. — < I\jl %
InGaAs &
Oscilloscope array Sample
detector
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2.0at.% Nd:YAGH %5 &
B s “Super YAG” by FEE

2 | | | | | |
2.0at. % Nd:YAG by FEE
. t=1.0mm (CNYAG-57)
Tr t=2. Omm (CNYAG-62) ~
t=4. Omm (CNYAG-67)
0.5 F
0.25 |
0125 | | ] | | |
0 50 100 150 200 250 300

Time (us)

Measured by photo -multiplier (R1767, Hamamatsu PK)
Pumped by 808nm OPO -output (MOPO -HF, Spectra Physics)
Filtered by monochrometer (TRIAX-550, JOBIN YBON)

WL FMIFME . V. Lupeietal., JOSAB 19, 360 (2002).

CNYAG-57 167us
CNYAG-62 182us
CNYAG-67 187us

l
HABRFHE
CNYAG-57 167/280=0.60

CNYAG-62 182/280=0.65
CNYAG-67 187/280=0.67

PEROIEHEHO v b
CNYAG-57 201us
CNYAG-62 215us
CNYAG-67 217us

l

HABFHE

CNYAG-57 201/250=0.80
CNYAG-62 215/250=0.86
CNYAG-67 217/250=0.87
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1m 4% Res.=0.01nm 25cm 93 ¥E8§ Res.=0.4nm
(AAS 3, CT-100C) X IRFEIXSPring-8IZE¥E (AARS I, CT-25)

JSRNT g v 14 o= 3
§ _‘_;,f___‘: o

v %
S o

MCT, 2-16um
‘ (EG&G, J15D14)
-_ b /9 o z
W, 300-1400nm BBk TV4EsH-0.8-1.7um
(7R k, R5509-42) (Labsphere) (DU491 Andor)
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BT

%[]\ﬁﬁij& W. L. Bond, JAP 36, 1674 (1965). SyJEF (V-30D. EESIERR)

T XLIZHZEAS LR (IRTEILSpring-8IZEKiE)
ASH EHETEDAEIL, AR - 0.0003

TYZXLADAFHALETY . & "
ALh o DOHEALFL <
Hot-BzB/MNDEEZRS

PBS PBS

Monitor CCD camera

.

AT—NLEIZT) X LZEHE., AT7—2%EER
SETwm/INELGHIAFLEELEFIOBEZETE
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24

0.3 8

22+

2.1

Refractive Index, n

Gdv0, (o)
GdVO, (e)
V0, (o)

. An =%0.0002 (307)

I | |
lat. % Nd:GdV0, (oL
Tat. % Nd:GdV0, (e)
lat. % Nd:YVO, (o)
lat. % Nd:YVO, (e) _
lat. % Nd:YAG

400

600

800

1000

1200 1400 1600

Wavelength (nm)

H*ﬂ'ﬁzﬁ S I?’rr?spr:*les\;ith bases of

isosceles right triangle
o - 10 mm of long side in base
90 - 10 mm of prism height
10 - Undoped and 1.0at.% Nd 3*-doped

YAG (Scientific Materials)
10 YVO, (ITI Electro -optics),

- 45° GdVO, (Shandong Newphotons )
114 - m
€ X % s Jublpb. ¥~ X
0.06437/2
n?(/)=3.793+—————~ . 0.01428/?
YAG ) /? - 0.056412
0.06437/2 2 0.09736/2
YVO 2(7)=3.793+——"">""____0.01428/> nj°(/)=4.631+—————— - 0.02189/2
() /% - 0.05641 ) /7 - 0.06466
0.07847/2 2 0.1227/? ,
GdvO 2(1)=3. (PRI g 2 n?(/)=4.701+——""2"___ 0.008368/
2 (1) 3823+ 3~ 0.006180/ (/) T 0,041

lat.%MNdFEMIZ & S BFTEEITFHARELT

Y. Sato and T. Taira, Opt. Mat. Express 4, 876 (2014).



20

72— 1) TEBRFN DI

HFEIT+ /) OBEEE
FOMRSE & URIRERAL FROMRIKIZE TS
EBBVEFZEDL DEEE— FZERE Z 1352 & BRI

DA

RN BEIZE TS
AL L THRE
CEE®EL L)

% 514

»

» v 1\

» »
"""

— BT REEIIRT—3ARA—X

= BT A ETDERS O
7—1) TE|BFNOREE (E¥YBE L U—EDEY)
(FT/IR-6300, BA%LH) [CHEENnd



72— 1) TEBIRN IR

Absaorption bandedge (cm'1)

80 T T | | 120 T | T
’ Undoped YAG, RT
I J T D .I-I p %pggrm?bsﬂ Epgeramips—1i =0, 829mm
— Ceramcis-2 e geraTC‘S*21§:]-??7Tm062 N
s 60 |- — Single crystal-1— s —— ofingle crystai=l. 1.4bzmm
S X = L
R X l-IJ s = 80
3 3
LL K A E _.._‘E 40 + — E 60 |- 1
- £ 151
2] =
OCT (I) p 6 Q 4 = g wf .
A n 20 — @
DboMY" N e 2 L I
Res. =4. Ocm ' Res. =4. Ocm’’
2 TT 3 0 | 1 L 0 I |
5.6 5.8 6.0 6.2 6.4 5 6 7 9
Wavelength (um) Wavelength (um)
Yb®"-concentration, Cq (at.%) 15 .
- [ >
0 20 40 80 80 100 2000 cm ™ f% T DN UX
| | | |
Yb: YAG 1.2 T | T T T T T
15751= "o "Single crystal-1 g Ceramics—2, RT N P
[&] [9/2 111/2
°© 1.0 -
S . — 1.10at. % Nd
1570 — — o . ﬁ —— 2.50at. % Nd
T o8 | Res.=4.0cm — 3.70at. % Nd _|
2 ’ — 5. 40at. % Nd
1565 — — 3
: 06
Nd:YAG . 2
1560 — e Ceramics-1 7 S o4l
e (eramics-2 s
e Single crystal-1 kS
1555 8o e 2 o2
g
1550 0.0 | J | 1 |
0 1 o 3 4 5 6 38 40 42 44 46 48 50 52 54

Wavelength (um)

Y. Sato et al., ICL'08, Lyon, France, July 7-11, Tu-P-62 (2008).

Nd**-concentration, Cpq (at.%)
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8888888888888888888888888888888888
444444444444444444444

Equivalent stress (MPa)

T. Tsunekane, and T. Taira, APL, 90, 121101 (2007).
B8, FF 58540 IS AMEFERESHERE, 27p-J-9

Stress induced birefringence

1dL
Dn. - n;) no.B(Pn' P12 "'4P44) r_za /HFQ 1+n 7@?
' 48p 2’ 1- n  k

Stress induced lensing

1dL

}/TM _1- exp( a,L) %On 6)P, (22 nl0)}R, NP, Lé‘l;(

pr? 32( 1)
Thermal lensing )
_1-exp( aOL)h 5 @_T_
%TO - P Tk

20r?
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Y. Sato, and T. Taira, Opt. Express, 14, 10528 (2006).

EiRic B B FMRERs (c-axis?

YAG © 10.5W/mK ( ) - 10.1W/mK
YVO, ' 5.1W/mK ( ) S 12.1W/mK
GdvO, © 11.1W/mK ( ) S 10.4W/mK

Y. Sato and T. Taira, Opt. Mat. Express 4, 876 (2014).

Eﬁk%“‘ﬁ%ﬁﬂi&ax@)
YAG 2.5 109/K ( ~  6.13 10°%/K
YVO, ©4.43_ 109/K ( ) . 1.76_ 10°%/K
GdvO, £ 2.16_ 109/K ( ) - 119 10°%K

—_ -6 P. A. Loiko et al., Appl. Opt. 52, 698 (2013)
a Of YVO4 03 135)( 10 /K Z. Huanget al., J. Sol. Stat. Chem. 185, 42 (2012).
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AEE

W—EE M EFE DN EHEC
HEEt L T. ﬁﬁéhf:,“ikéi z3)
mETACERE D o 2L ERE ZF 5T,

IR Detector

Detarctor
Electronics

Sample Changer!

Filter
Mechanism

System
Farabolic Electronics
Reflector

Lamp Fawer
Flash Lamp Supply

239 A ZREGTRIEE
(LFA447, NETZSCH GmbH)

1 TWYSaAMt A
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Thermal Conductivity (W/mK)

B ER(IBILRFRBDEEEp, HBECHDIETEA BN D,

k= £,D #@umELEE: 1%uF rhdwi i

- mEERMY b mmey

| ! Nd: YAG I o " ::7_7_,,.77-"1‘.?/\‘%?5%2@&\
Nd:YVO, (c-axis) SaiL1 | FER
12~ n Nd:YV0, (a-axis) o tt S
_ Nd:6aV0, (c-axis) - s
E Nd:GdVO&l (a-axis) RS — BRALY
E ‘_7,_,,_7 Xe7Z¥Z 1% ‘_7,_,,_7-)@75?-‘/1%
10 |- 4 =z
2
B
>
T
c
o
O
©
8+ -
% n n
£ A 2AXx. O H
Gdv0, é REEEDR é AEE
6 a-axis —
| | | | FHREERS p Aud—h
0 50 100 150 200 00 05 10 15 20 25 30 35 e mEARES L menmEs
Temperature (°C) ] - E ] memra—b L
Nd Concentration, C,, (at.%)
| xe75vzax L Xe7>vzax

Y. Sato, and T. Taira, Opt. Express, 14, 10528 (2006).
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Differential Thermocouple

O O0OO0C0 OO

© Do A 0O s DSC* x n

(Difference scanning calorimetry)
W,Dt i(cp M Ci MJ@T
SAEARARSN RAHREE HHARBE im
w0t 4, M5 Ci M Jor

D27 LRAIBABN UT7L 2R

ERILEE T ek

—EITRDOLS -

[CEAZZEA. ‘ C :W1 W2 '’
p dT p

M

dt

=|Z

NETZSCH DSC204 F1 / p-sensor
Sample size : 5 x 1 mm
Reference : sapphire
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I XU 3 LS B IR R

NETZSCH DIL 402 C

Absolute methods

Highly precision

*Optical interferometric method. polishing required

«X-ray diffraction method.

Read

*Telemicroscope method.
:} Knife edge

Light scan method

Relative methods
*Push-rod method. =) 1807991, ISO17562 Rod-typ ie hold

! sample
Mechanical lever method?r Enhance %@
sample holder rods

*Optical lever method. expansion

pushrod sample holder tube

oCap ac | tor m eth 0 d . Sample holders are made by fused silica.

«Strain gauge method.
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Y. Sato and T. Taira, Opt. Mat. Express 4, 876 (2014).

Heat Capacity, C , (J/gK)

E FELL &

@25°c | YAG | YVO, | Gdvo,
Kwmk | 101 | 121 | 105
Cpwigky | 0.60 | 0.43 | 0.56

08

0.7

06

05

04

T I T I I

1at.% Nd doped
—— f:i(:l\."[)‘i

—a VO,
—— YAG

Resolution = +2%
1 ] 1 ] | ]

50 100 150 200 250 300
Temperature (°C)

HHEYALX:p5x1mm
HEBL—F:10°C/min

YAG (Scientific Materials), YVO, (ITI Electro-optics), GdVO, (Shandong Newphotons)

BRI AR R 2K

a (10°K) YAG Nd:YVO, Nd:GdVO,
direction (111) (100) (001) (100) (001)
15 - 65°C 6.13 1.76 8.24 1.19 7.96
oa/ a (%) 0.065 +0.23 +0.049 +0.34 +0.05

10—

Thermal expansion coefficient, « (10'6/K)

Sample size

$=8mm, t=25mm
gwss ! l —

Yag, [1111  _
YVO,,

®
|
* YO,
A
v

[100]

[001]
[100]
[001]

GdVO,,
GdVO,,

Sample size °

0]

100 150 200 250 300
Temperature (°C)
. 0 mm 2Beatibg rate ° 4K/min

8

Under flowing He (50ml/min)
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FZEITAEE

BEETZILIATRAERIZEYKRDS
(RBhRBICLHEEEILZFA)

ClIEM TSR, EEMZEETAIT S
KERIZIMARY FiHFohTEY,

ZOMOEISHHE#E TKHTO
FEMEHAT 2

KEMKREICE TARBLEDREZN =0,

A oo 1 KERDKIZCIEMEDOREEEFZHNT 5
O D@ i o = r = M _ M
— V M-M

BEFHLEFH (FREXSPring-8)

FILI7E25—Ya MDS-300
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BEICIIIRLRGEENHY . KEESETILXATREE [RNTEE] OEHR

$FLE PIERDZEREE, PIEROZEPE 0716 PSR ZEREL Bz =1 H|
S iy A & L CHe% (A
o a 0 AT EETA
RIAZEEHA
& BREEHA
WEEE > mpomk > bawm SRR ZEER

.r-.l.l.l

EERGEKPICREBETERVLERIZDONTE, YUY
A —h |25 & EHRIZEL120umD RLLHAR (DRYFLO™)
REL, BURAKOENLHABOEBEDI)ZREL D

M EZEEE (IHFEILSPring-8)

YAYVRAAYT4%9 X GeoPyc 1365
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YAGY dn/dT P

258 St ) 58 B 25 A

X. Xu et al., J. Cryst. Growth 262, 317 (2004).
K. Wu et al., JOSA B 29, 2320 (2012).

2.5 ~ 8.2x10°/K

S | InGaAs array
ample  Cypper plates (IGA512-1-1, Jobin-Ybon)

O

1 I /
_> | _> Ve
: 1- R?- ZRCOSO + Cp ) Bundle fiber 0 I Bundle fiber
; /Thermistor
—> . 4m| Halogen lamp Fiter (RG7E0) Heat sink T
— Surface ./ - / (PHL-150, Mejiro Precision) Temperatureﬁtroller _ _ Monochromgter
reflectance Wavelenﬁ (LDT-5948, ILX Lightwave) Peftier device (TRIAX-550, Jobin-Ybon)
gF _al dnl dg) Sample thickness
T = aT € YAG: 0.2 mm ( Castech)
f g%_ ar LdT = YVO,: 0.2 mm (ITI Electro -optics)
T T T T 1_cu T
itz & BMWIRED Sdn/dT % 5 g e S
: XxLraorainary polarization
an/dT aoro  YAG Nd:YVO, Nd:GAVO, £ | retorem 2 | ke Tom
polarization (100)  (001) (100) (001) ¢ g
0.9 ym 11.7 163 892 157 107 I N =
Error +0.21 +0.15 +0.15 +0.16 +0.13 g \ Sé g
1.06 pm 12.1 155 841 152 992 £ e aton desthh £ modulation depthe1os
Error +0.16  $0.14 014 017 2015 £ | 2 e
e o ° i - 3
1.3 pm 11.8 147 792 145 930 © cwc | T
Error +0.15 +0.20 +0.22 0.19 #0.20 - 60C e
1062 1 0I63 1 0|64 1 0|65 1086 1062 1 0‘63 1 0|64 1 0165 1066

Y. Sato and T. Taira, Opt. Mat. Express 4, 876 (2014).

Wavelength (nm) Wavelength (nm)
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A4 aFy FTL—F—FiR
—=4

BEREODREF1—

qzv al dnl
“&hdT Tar @

dg

YAGODRBRFZIMIZDOT

YAGO R RFHIZIIERAENAHSEEFEL N T

YAG

(111)

(100)

(110)

a (10°/K)

7.8

8.2

7.7

A. Kaminskii “Laser Crystals”. (1981) p.320.

FLIRE L T FEBEBREDRUBELEFLL,
. 004 | I I
S A o REREBILETRE
Z003f m T oTairaol (eon . BRIC2ETVVILE
< el
-‘éo.oz— e = W _ M G
5 " LM TSy
soor Lt B> TIHRRAERT
i P FFEFHTH D,
OIDO_"T | | |
20 40 60 80 %K?rf ZmEICK St

Temperature (°C)

T. Taira et al., Opt. Lett, 16, 1955-1957 (1991).

ZRRICIFETEAEEL

)

o

Phase shift, A4p /¢ (10

600

400

200

W. Koechner “Solid-State Laser Engineering 6" ed.” (2006) p.55.

I I
lat.% Nd:YAG@846nm

- e 11>

m <100>
A 10
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V. Lupei et al., Phys. Rev. B 64, 092102 (2001).

J-OfEtT & 1d, BADBEFEICEHT HERIBIREI DD
QINTGA—BIZBTXT A ET, BBARY ML DS
BARHEGREZHET 5L VS ELFE o
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® Single crystals
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Fluorescence Lifetime (us)
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o
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Nd**-concentration, C,,, (at.%)

— lat. % NeIY,AID,
VNV B T e OaluOlesi 1 | T
7 () 4p e3ch(2J +1) ~ 9n i:‘iﬁ 'MB ) H H( L) >‘

2
L _y 1 o 64p% (n2+2)2 = N Ol (s 1 )7
l o B 1 40 §’c?3h/_3(2\]i+:l_)d1 9 al- \Ni‘<(s|’|—|)~]|”U H (Sll,Lu)J ||>‘

Absocrpticn Coefficient (cm'1)

Transition band Nd:YAG Nd:Y3Sc, AL O, Nd:Y3Sc;AlzO4

Q> (1000 cem?) 0376316 0.220266 0.101373
Q, (1002 cm?)  4.06395 3.77715 3.22115 0
Qe (1072 cm?)  5.35931 4.60414 3.80633

Trad (US) 233.923 253.251 290.706

L
600 700 800 900
Wavelength (nm)

Y. Sato et al., JJAP 41, 5999 (2002).
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Y. Sato and T. Taira, IEEE JSTQE 11, 613 (2005).

FUchtbauer-Ladenburg equation

Sen( 1) =

! .., (/)

9( Jr=

8pn Ao 8 e 1 ()
3. Emission decay 1. Transmission spectra 2. Fluorescence spectra
measurement measurement measurement
8. Evaluating 4. Evaluating absorption
fluorescence lifetime (t¢) cross section (czp)
| 5. Judd-Ofelt analysis | |6. Correction of self-
absorption
v v y
9. Evaluating radiative 7. Evaluating stimulated
lifetime (t,) emission cross section (cgm)

I

10. Evaluating radiative
quantum efficiency (n,)

Nd:YVO, Nd:GdVO 4 YAG
S p s P
«(nm)  1066.5 1064.1 1066.5 1062.8 1064.2
D I, (nm) 3.5 1.1 1.3 1.0 1.1
Se (10°%cm? 295 141 208 103 2.63
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