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Differential absorption of laser radiation by various molecular species
represents both a selective and a sensitive method of measuring specific
atmospheric constituentsl. DIAL measurements can be carried out via two
different means. Both involve using two laser pulses with slightly different
wavelengths(A), (one A at a strong absorption line of the molecule of
interest, the other detuned into the wing of the line), and comparing the
attenuation of the pulses. One approach relies on scattering of the radiation
from some conveniently located topographical target. In the other
technique elastic scattering from atmospheric aerosols and particulates is
used to return the radiation to the lidar receiver system. This case is
refered to as the differential absorption and scattering technique, and is the
technique we are interested in to measure water vapor at 940nm. The
940nm wavelength is extremely desirable to atmospheric scientist
interested in accurate DIAL measurements of HoO in the upper and lower
troposphere. This is illustrated in figures 1 - 3 which show simulated
measurements using ~940nm and 815nm lasers at a range of altitudes and
experimental conditions. By offering access to larger absorption cross -
sections, injected seeded, 940nm DIAL laser transmitters would allow for
more accurate water profile measurements at altitudes from 6 to 16km than
is currently possible with 730nm and 815nm DIAL laser transmitters2.

We have demonstrated the operation of an injected seeded titanium -
sapphire (TS) laser operating at ~940nm with an energy of more than 90mJ
per pulse. The TS laser is pumped by a commercial, 600mJ, 532nm, 10Hz
Nd:YAG laser. Figure 4 shows the slope efficiency of the laser using a flat
50% R output coupler and a 10m end - mirror. The laser was injected
seeded with a cw, AlGaAs, semiconductor diode laser which had an output of
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83mW. The cw diode seed beam was introduced into the TS laser cavity
through a HR end - mirror. When the diode beam is aligned to the TS
resonator, it controls the TS laser output wavelength and its spectral line
width with the required resolution for DIAL applications. This work
supports the need for the development of 940nm, titanium - sapphire DIAL

transmitters3.
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Figure 1. Aircraft altitude is 16 km; Laser energy is 150 mJ @ 935 nm. ¢ = 0.9 X 10 "2
cm2 is the maximum cross-section available in the 730 and 815 nm regions.
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Figure 2. Spacecraftcraft altitude is 250 km; Laser energy is 0.5J @ 935 nm.c = 0.9 X 10 -22
cm2 is the maximum cross-section available in the 730 and 815 nm regions.

kv 252

150



"suoiBas wu L8 pue g/ aY} Ul UOI}I3S-SSOLI JjqejiEAR WNWIXew

9yl St ; WI,,. 0L X 0°L = O "W GZ°| s1 8doasafal ‘wy 009 St apniije yei1s9seds -g ainbi4

10149 JUadiad
0°'GC 6°¢2 002 G'ZL 0GL G2L 00F G°L 09 G¢ O

| | ] i I I 1 | i O
. {42
n o o 4 v
- o 49
- 'K
- © ot
- i — " Ja
i ]  zo-= |y

7 WIL=ZV g|_g-
- wqyQsc=Xv ov—8— _ 91
. (w0 77.01 X) © &'LL—6—
B Wy 009 'He /S zHOCcero'L wupee=7Y - 81

> 1 1 | .— | ] | i | ] ON

pumg -
-r

ajijoid O TH JowwnS 3je] piw ‘punoibyoeq YLIN
suoljejnwis juawainsea|y 1via O ¢H J/S

(wdy) apmin|y

151



7no AS1eus anyddes:) “sa ut AS1sua dwind wu zgg “y N3y

~ (fua) ABsoug dwing

009 0S¥ 00€  OSL 0
] ] | -

|
L o

|
Q
Ay

Q
D .

ADuaIY| UOISIBAUOD) XeW %S1 i
fouaioyyg adojs %Se

l
; ([uj) IndinQ Jase]

- Q
o
.

uoReJlsuowa( Jese alyddes-wniuel | WUoye

1562



