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Abstract

The nonlinear, time dependent photon transport equations of Frantz
and Nodvik, which describe the amplification of an optical pulse in an ac-
tive medium, are modified to a simpler equation which describes only the
amplification of energy. With this equation, the output energy of the high
power YLF(Nd?*)-phosphate glass(Nd>*) laser system is calculated. When
the stored energy density E,; is 0.10J/em3, 0.16J/cm3, 0.228J/cm?, and
0.5(jJ /cm®, and with the assumption of uniform population inversion density,
the final output energy of this laser system is 5.38J, 176J, 317J, and 2834J,
respectively. The gain saturation causes distortion of the output beam. This
phenomenon is described in detail at the first three rod amplifier systems in
the case of E,; = 0.228J/cm>. The peak current and decay time constant of
the flashlamps, which are used to obtain population inversion in the active
medium, are investigated. The flashlamp driving circuit which has optimum
operational perfarmance should have +/IC time about 100usec.
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Details of sach section are tabulated in table 1.

Table 1. Details ot smplifying sections in fig.d.

Units Rod Amplifier Scrics | Disk Amplifier Serics
S o | WAL L RAZ T ORAS | DAL DAZ
Number of section 1 1 1 3 2
Number of rod/disk 3 3 3 18 12
Diameter of cm 1.0 20 40 80 20.0
clear aperature
Length of amplification] cm 75.0 § 750 75.0 432 288
(per rod/disk) (cm) | (25.0) | (25.00 | (250 2.4) (2.4)
Volume of active medid cm’ 58.8 | 2356 { 9425 59910 24960.0
(per rod/lisk) (cm’) (19.6) | (78.5) | (3142} (333t (2080.(h
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Table 2, Energy at each section of the rod amplifiers.
In parentheses is given the energy fluence per unit area of the rod.

(@) E, = 0.10 Jiem?® (b) Eg = 0.16 Yem®
Units_ | Input 2Scm 30cm 75 em - Gain Uniis | Input 25cm S0cm 7Scm  Gain
! — Unus |
RAL m/ (1000 1739 3019 5228 ; 523 RA1L my 1000 232 583 1387 13.87
(mlem®) [(12.73) (22.14) (3849 166.57)i (mifcm®y |(12.73) (30.84) (74.29) (176.6)
. i
RA2 mJ . 5228 9085 157.14 272.38! 521 RA2 mJ 1387 3327 78364 1773 1278
(mJicm®) | (16.64) (28.92) (50.02) (£570) - (mlfem®) | (44.15) (105.9) (249.4) (564.9)
'. X
RA3| mJ [2724 4730 8193 1398 ; 5.013 RA3| o 1773 4130 9160 18600 10.49
(mifem™) (21.86) (37.64) (65.20) (111.2)i (mifem®) | (141.1) (328.9) (729.3) (1480)
(©) E,, = 0.228 J'em® (d) E, = 0.50 Jiern®
Units ' Input  25cm S50cm 75 cm | Gain { Upits  Inpwt 2Scm 0cem  TSem Gan
! | '
RA1L ' 1000 3526 1221 3000 ; 0.0 RAL; mf i 1000 1543 1595 5657 65
(mlicm™) i(lz.n) (449) (1555 (509.4) ! i(mJ/c.-r-v (12.73) (196.5r (2031.1) (1797.¢)
.
i ]
RA2 I 040 133 388 691 | 227 RA2! ] i 565 2140 067 6025 10.64
(em™  (0.127) :0.442) (1.236) (2.381) : Joemt T (1.80) (6811 (12.95) (19.18)
i i i
RA3 I 1905 240 494 814 ! 90 RA3: ] 16025 13530 1350 2919) 184
(Vem™ {07200 (19D (3.93)  (6.48) | et 14795 1037 1699 2323
T i i
Table 3. Fnergy at each section or the disk amplifiers.

In parentheses is :iven the energy fluence per unit area ot the disk.

(a) Ey = 0.10 Yicr® “h) E,, = 0.16 Jiem?®
Units Input__1st seccon 2nd section 3rd section: Gain Units : Input Ist seccon 2nd section 3rz section: Gain
! } ; .
DAL 1 ! 1.398 .5t 210 284 2.04 DAl ] 18.6 295 45.6 63.4 ".6‘5)'
(mJ/icm-) l(27.81) (29.98y  (41.18) (56.61) (miicm® | (370)  (587) (907) 1360
DA2 | 234 kXJ} 5.38 1.89 DA2 110 176 257
| (m!/cm“) l 9.0 (1240 (17.11). (m.llcm- (218) (352) (564)
(€) E;, = 0.228 Jiern® () E,, = 0.50 Jiew®
Units |} Input st section 2nd section 3rd sectiont Gain CUnits | Input 1st section 2nd section 3rd seczon! Guin
DAL ) 814 122.8 173.7 2320 2.8% DAl ] . 129190 46568 644.85 82519 I' 2.8
(rem?) | (162)  (2.44) (3.46) (4.62) (J/em*} | (5.81) 9.26) (12.83) (16.<2)
DA2 I 2320 2746 317.8 1.37 DA2| J (82519 17532 2833.6 - 3.43
(Jicm®) | (0.79)  (0.87) (1.01) (J.em=) | (2.63) (5.58) 9.02)
E ]
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Fig.2. Flashlamp driving circuit.
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Fig.3. Flashlamp pump pover and population inversion Fig.4. Maximum population inversion density as a funct
density in the active medium as a function of of flash pump parameter JLC when o= 0.75
time vhen ol= 0.75 and YLC = 100asec. . About JLC = 10Qksec, the cfficiency is maximum,
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