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Fig. 2 The radial factor of rod temperature

yxnzy:7¢+“££%r“;%;fixkfymuw-—R%>:7y+—%¥}am-zw> 7
EROD £ () T2%a1a°6 AUTATE %A T0 -02%400%0, 1% 2 T200U2» 1~ 6D pA+ARO1A°RTA 2 () 0UYm14°6°4 0 ArAUpA+a
» . “O1%OPE00 ph, +AEO1A°R0%D; , % 1a°0 04 TR  %HiPATATE +a» 0%¥%cAO, COOUO0N 6 °0AUPA - 02 0%2» ¥
OE ,°UA=T0, °0AUTATEO&Y%n1a°0 TTATDOOE | AAE" Cé ¢ 6CTEEEA+ARD 1AL AEY:° £4°4T0 - 024010 , 2¢NPOATO 000,
EyPTEXE¥Y0, OyECOA, OOpATAYESj%6T xAv1a°6uAEEXU%LDOOE ,

2 TE+AEOYn12°0pAOPDSEEHL %A

0» °20A0UXY TO+AAOPA LT T&Y%014°0 , £axYTO3R c%U+ECATO3R "¢DjDifa, f0xYC4+E L/R,< 1 pA¥a1a©s,
cEO02EOA+j *ARUER % YU 04ToO At TaAd, °NTETa%o» T2ERA=O!AYTETA, OUOANUPAKUEETA, U%YEEN DOA!
N§O-AT™", °0AU¥ T . HCTOCTOATOEED! A 5, .0, Ol 6. -0+3T2



ul 1 &V 0a %8, xYToxAEOLT14%arakeOEEET %ub§O! pAATAUND % 29

Sk m e m)

m=1

Jo‘r _ aJL’]h in e Z m(f)m([eim o 7,2/)1)

71

v arEn Py, o 2 oo »
%= 87Tk L m e ﬂZ' (w’;?)) [1 0 (2772 + 1)] ]

m=1

8

c. =0
EWOD o) E -0+ (+1%n1a%hé OE UAEEAOOT TREY Y% NTETU DOAEA,, . OADOEEQ! Al A~ 20U , ELpAYa14°6AU36 TOAE
+ 125 UEPAOY +4-02Y%, 00 v “U2TV01a%§ 14uA2” EE2E, “E2»%00EDO ¢ EOEOAETO! +a06 04140 +4002TOTA” +1EY

Ao = €, (0s0) — &.(raz) = (1 ) S0l exn DYy gy (20

8/3 ,,,:lm'(m+1)! w}
— £,(0.2) — &(rye) = ahly oy (=D 2,
Agy = ,(0,2) — g(r,2) = (1 +v) rp— 2 P I B (wi) 9)
— P _ - — ar 7711 in e ( 1)”1 27 m
Ae. = e(0,2) —e(ry2) = (1 +») = o 2 ey
TON@OATO” «2¥uAFhAR2 " Ta E1aEg,00+AK0To0U°0AUTP TPD | YaAE dz AU2GEGPATA312T ds(r, 2) T2
ds(r,2) = o '1 (r,z)dz + (n, — 1)e.dz + S ;7'}7 dz (10)

00°030EaAr =+ =1 ET.2»[-°6%] ':%BODZ»I—'pAla3I2"O fovo1a° ouAEE%U%lDOOEEQOEOéD@léSi2T0®%aul\
2701%0 9 pA, %" OE
AT (ro2)ds + J(no — DAe.(r 2)dz + ZJ ZAe, (ry2)dz (11)

ivj=1

As(r) = J T

%Y, COEHOD»Y -0EC 0 2 =0 pth 2 =L N@04ATo%ebD ,
0Ec YAG OaNupAA¢ -%%8§18, 0EO! +ap0APAOUEAAE +4» 1218

n,/ %, , 3 3 6 Pu M,/ e, , 1 5 — 27 [Pn
o | =— 1511 5 — 2| |pu|s |/ =—T518 3 6 ||pu (12)
n,/ k. 2 4 — 41 1lpy, Iny/ k. 2 4 — 4] Lpy,

EA0D p,, 0 Uxi%01a%814pA0s +a1au DOTUEY ; TA+é - ©T 9 0A0UO, E%OUEAAE AL TOCTCRTO -0A;

ﬂOOUEU‘IOAUpAﬂBAEO%Glz&“ ¢EO0°NEGEOT20DDSEE WL %aT® f pA+j T Y, FAEE%0%LDOOEOEQD 6°014
OU36EaARETENOYEEPAT» TAZT Ag, A 40T, “02THTATX[ 9 ]0P¢EO2, 10002 EyT2 ' pAEEEAZ ", Ad, 08 f 0BYA
0D1gT Ag, =" r2/2f, 02%

7,2
2As
°N(7)0A(12)E%"UEE - %31 (13) ,2¢0» (%ACKI041AEapA%O B 18P0 , % e Tp T - %% Ip T -%00ET < TTEOT2T62T
o0e°6A0 , ACA™ , 0PD8 %L %apA0aTo%e CDTO -0A; ¢E -0+3+TE%T2

f= (13

. 7Tk 2, on 0
Jﬁ‘:mﬁgubweuqﬁn+aﬁmw—1x14w——am1+xowpn+wpuﬂ 1 .
- 4

kv, o : _
1][0 h #[ﬁ G+ a;(nyg — 1)1 +v) — i“y‘(] + TPy + 17p1, — 8PM)] !

0-%31(14) , TOAC(EQ0,” WAty 6 - % TOPAEEH1%a%0 06 +AR01AEG3R "¢ w? 3EOY+E 08 EEEA+AEOL! AE P, 3E
-7 +E, EAEUET, -0A, 0DYA 7, (1 —e ) "0 xAp¥ T»E+%aAUY%0 140 EUTUEOUAEEAD , 00 E , TUEEO% A, EEDSO!
0%NTOP, ELOPEYTTOUA-TONG+TEU3OAEEET, %ub8O! HAEY L 6%€3E2; -0, %I TOCTHCTOOPDE KL %apA2y T, +TA+36
TOAEEEOAECOUEA, 0aT0%01ak (OERAECE«ORYRIA:) WAOE XA+ A %UOPAEYECESES .
3 10 AU
T2AETOTE+ARO LT 140 2ak+EET, %uD§01 0P0»  6A¢ PAETEY , TOACA™ ;%21 0» 6 GaAlAs %atafp¥«20(LD)



30 Cc v 1a 08 AE xO0 Eg ul 12 %1

+AEOPAZOTITEAAE ARE (Nd : YAG)¥a1ak+, OUENOU02,Nd : YAG ECO»00xU°TPOAU (1aNg At N§OTEENS)
OAAYUAAC - Y8 Tuvm 1a%8 14, VOETEGPATUED 1a£x 08Y%a -¢273a00 810nm ,%%ipA GaAlAs LD AU1»°U°Aug 0o
of,00 E3ET2-¢017 01! AEE« T » Yo 1Ak+E+pAExN; %814, EA3E£O0AUAEE1ADOOE2TEYT2 ), +AR02 30 }, =
809nm , %0142 30 A, =1. 064pum, 1pm ~YOUEAAE n=1.82,0n/d'=7. 3 X 10 °/K ,EEWAE k=13W/m - K,
27 EE+E y=0. 30, EEAOOT TUEY @ =8. 2 X 10 % /K ,NTETU DOAEA; E=310GPa, 10 809nm +A£01apATUEOAE «
=9.1/cm, 0 +41Au DOTUEY p11. p1os prs-02OEj Ou—0. 029.0. 0091 %°—0. 0615,

1% 3 T2 aL.=3,02%IEC 95 % uA+AEO1AAUOU MY "TI 1yY%n1a%§ 14E+Y +» TUEOPACEDTTA,Nd : YAG Y%n1a
°00PPSEEHh I VaEREEEA+AROL! AEPA+a» CUTR,, £AODONYUERO«1aA; xODSAEUEQU 1,% %a1a°0AUEEDSO! T8E«OE
Y1aA00%C EGCAOYAS, 7, = 1 — A, /A, . 1% 3(a)OD+AE01A°R°E%T® 100pum ., 1% 3(b)0DT2 80um, ~O14%0D
¢E00; 36,0UEEEA1A1LAE P\, =2W E+,7 6D 12 100pm pA+AEO1AEaOy£OpAYSTO . CDTOOPDSEEY YA -0+8T2 £,
=5. 2cm, f,="5. 7T4cm , 1800%«+AE018°R7 0D %he0»2%%0Dj 12 80pum Ex, OPDSEEHL%A00%06D | Wk £, = 3. 33cm
fs=3.67cm , T A+Dj uA+AE01a°ROYASPAEE T %uD8O! +apA  uONTOZ .

60 .l
50 (a) w_=100pm () w,=80pm
p
40 —f —F
5 h —~Ja . T,
3 £
k‘; 30 &
< <
20 ()
10
I 2 I t — 1] 1 L 1 1 1 - 1 |
00 . ; * 4; 6r 8 10 0 2 4 6 8 10

incident pump power P,/ W incident pump power P/ W

Fig. 3 Effective thermal focal length vs incident pump power for pump waists of (a) w;,=100pum and (b) w,=80pm

%3 2»T1-+AE0*aEgEaNiCE 6 TA , OPPSEE LY AEREEEA+ARO L AELALA

EEOAE«OUEAEE W1 %abj 0%0»  6EyAs vg, 0a080UWE+AROCE ;O TA , WOEEE«EC YT O%xUEEDSO! uA 3/4 OpOU~62»
-0 ATTA, “01% 3 0p¢ " 36,00 10W +AROTA ,Nd : YAG Yo 1af+20EGPAEE K %a0UCAAX A U , 0a+E00CO pA x+
OREUAVEPACRNTOZPATA | ¢UACUL YAG 08 F&ENY01A%STAEC YV O, .GSGG PETa+E , %B0D | i%00AAVUAEENS
POAU, 00 E, 0aP0O%8 IAUAEEDS O Yo, U%ONTOP , OU%eDDCx» TAERYEEL , Pe02TE -~ 080021 3%

2T UTATX

1 Farruch U O, Buocristiani A M, Byvik C E. An analysis of the temperature distribution in finite solid-state laser rods. IEEE J
Quantum Electron, 1988, 24(11):2253~2264

2 PFistner C, Weber R, Weber H P, et al. Thermal beam distortion in end-pumped Nd : YAG, Nd : GSGG and Nd : YLF rods.
IEEE J Quantum Electron, 1994, 30(7):1605~1615

3 Frauchiger J, Albers P, Weber H P. Modeling of thermal lensing and higher order ring mode oscillation in end-pumped solid state
lasers. IEEE J Quantum Electron, 1992, 26(4):1046~1056

4 Innocenzi M E, Yura H T, Frucher C L, Fields R A. Thermal modeling of continuous-wave end-pumped solid state lasers. Appl
Phys Lett, 1990, 56(19):1831~1833

Cousins A K. Temperature and thermal stress scaling in finite-length end-pumped laser rods. IEEE J Quantum Electron, 1992, 28

1971

(4):1057~1069
6 Sutton S B, Albrecht G F. Optical distortion in end-pumped solid state lasers. Appl Opt. 1993, 32(27):5256~5269
7 Wang C-H. Applied Elasticity. New York: McGRaw—HILL publishing Co. Ltd. , 1953. 70~76
8 Koechner W, Rice D K. Effect of birefringence on the performance of linearly polarized YAG : Nd lasers. IEEE J Quantum Elec-



ul 1 &V 0a %8, xYToxAEOLT14%arakeOEEET %ub§O! pAATAUND % 31

tron,1970, QE-6:557~566
9 Marcuse D. Light Transmission Optics, 5th edition. New York: Van Nostrand Reinhold, 1982. 130~137
10  Koechner W. Solid-State Laser Engineering. New York: Springer-Verlag, 1976. 344~382

THEORETICAL STUDY ON THERMAL BEAM FOCUSING IN
LONGITUDINALLY-PUMPED SOLID-STATE LASER RODS

YU Jin, TAN Hui-ming, QIAN Long-sheng, LIU Wei-ren
Changchun Institute of Optics and Fine Mechanics, Chinese Academy of Sciences. Changchun, 130022

ABSTRACT: Temperature distribution within a longitudinally-pumped and edge — cooled solid-state laser rod is
obtained in the form of power series. The factors concerning with thermal beam focusing are discussed and the effective
focal length of the thermal lens is derived. A longitudinally-pumped Nd:YAG rod is illustrated as an example and the
results show that 10W of pump power is predicted to cause a thermal focal length in the order of millimeters.

KEY WORDS: longitudinally-pumping; thermal lensing; effective thermal focal length



