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On  November  17, 1972 Cornell Aeronautical Laboratory (CAL) changed its name to Calspan Corporation and converted to
for-profit operations. Calspan is dedicated to carrying on CAL's long-standing tradition of advanced research and development

from an independent viewpoint. ·All of CAL's diverse scientific and engineering programs for government and industry are being

continued in the aerosciences, electronics and avionics, computer sciences, transportation and vehicle research, and the environ-
mental sciences. Calspan is composed  of the same staff, management, and facilities as CAL, which operated since 1946 under
federal income tax exemption.
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ABSTRACT

The program is an experimental study of the interaction of high-

intensity ruby laser radiation with hydrogen gas in a free-jet. In these ex-

periments both laser intensity and the plasma frequency can be varied.  By

monitoring several parameters, including incident and reflected power, x-ray

emission and the kinematics.of plasma growth, the existence of an anomalous

threshold for coupling radiation into plasma energy should be determinable.

A discussion of the experiment, including a design drawing of the experimental

arrangement and the diagnostic instrumentation, is included.

OBJECTIVE

This program is directed at studying the absorption of laser light by

a plasma. The electron density is adjustable in the experiments so that studies

can be made with plasma frequencies both above and below the laser frequency.

The  measurements are being  made  in the free-jet/ruby laser fac ility of Calspan.

A theoretical modeling of the experiments is also being carried out.

PROGRESS

During this quarter,work has progressed on the design of the higher-

pressure free-jet, and plasma diagnostic system. To achieve plasma densities

greater than the critical density it has been necessary to redesign both the

free-jet reservoir and the fast-acting gas valve connecting this reservoir to

the vacuum tank.  In our present operational free-jet we have the reservior
connected to a vacuum tank through a fast-acting valve. The valve opens

allowing gas to enter the evacuated chamber through the orifice and establishing

the free-jet. However, this free-jet system was designed for relatively

low reservoir pressures and has been operated only up to about ten atmospheres

in the reservoir.  The new system has been designed to accomodate 150
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atmospheres  iii the reservoir. (About 45 atmo spheres pressure  at  room
21    -3

temperature will produce an electron density of 2.3 x 10 cm , which is

the critical electron density for ruby-laser radiation, when the gas

is doubly ionized.) The design work has been completed, most of the com-

ponents have been ordered and assembly is anticipated in late October.

The fast responding solenoid valve for the new high pre:ss,ire free-

jet has been received. This valve was specified for 2500 psi helium service

with an opening time of less than 20 msec.  We are presently assembling the

valve on a 1 liter gas bottle for initial tests of its opening time and leakage

rate.

Our present free-jet apparatus has been limited to pressures of

135 psi absolute due to leakage of the solenoid valve.   With the new solenoid

valve the limitation of our present apparatus will be the side viewing windows

used for obtaining streak records.  TWV are calculated to withstand a pressure

of 300 psia or about one tenth of the capability of the new, high pressure free

jet design.

In additioil, Lhe new free-jet system is being designed to allow

measurement of soft x-ray emission for electron temperature determination.

As discussed in the previous quarterly progress report, these modifications

are being made under AFOSR contract.  (The new contract number under

which this work is being carried out is F44620-74-C-0004.) The design and

rebuilding of this complete, new free-jet and diagnostic system is being per-

formed concurrently. Measurement of soft x-rays were not made in the

previous free-jet experiments, and these measurements will provide a very

valuable diagnostic  tool.

The design of the new high-pressure gaseous free-jet system shown

in Figure 1 has several features.  The 2-mm diameter sonic orfice is.located

in a separate insert that can be removed and modified without affecting the

allignment.  The x-ray detectors employ light pipes to connect the 2-inch

diameter photomultiplier tubes with the scintillator. This design is presently

being reevaluated to try to reduce fabrication cost.   The gas feed to the

orfice is through a side port and not through the rear so that better measure-

ments can be made of the transmitted spectrum.
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The diagnostics which are in place or nearly so are shown in

Figure 2. A Fabre-Perot interferometer is being used to measure mode

patte rns  of the incident  beam  and the width  of the reflected spectrum.    This

data will allow determination of the doppler shifts. A O.7 5 meter spectro-

meter has been adapted with photomultiplier to record the time history of the              '

reflected light at the laser frequency (0  and at 2 wo,(3/2)wo and soon at
(1/2)w .  Spectrograms can also be taken when desired. Transmitted,

reflected and incident powers will also be measured. A relative calibration

of these channels is also planned. The laser system is now operating

routinely and data from these diagnostics will be soon forthcoming.

During this quarter, from August 20 through August 24, Drs.
J.W. Daiber and R.G. Rehm attended the Gordon Research Conference on

Laser Interaction with Matter in Tilton, New Hampshire. Anomalous

absorption effects were discussed by many speakers at this meeting.  Ex- *

periments using high-intensity laser radiation on solid targets were reported

in which threshold phenomena are thought to be seen. However, plasma

density in all of these experiments is fixed by the solid target. By contrast

the free-jet experiments allow operation at both sub-critical and super-

critical electron densities.

FINANCIAL

Research funds available* $58,683

Funds expended this quarter* $13,904

Total funds expended to end
of this quarter* $23,802

Funds remaining* $34,881

Charges by individual:

Person Percentage of Time

J.W.  Daiber                                                4%

R.G.   Rehm                                                     1 2%

H.M. Thompson              4%
W.A.   Lo rich                                                               7%

*exclusive of fee
3
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The work on this program is due to be completed 30 November 1973;

however, since the contract was not signed until March 1973, it is approxi-

mately one calendar quarter behind schedule. We believe that a no-cost time

extension will be advantageous to complete the research on this program.
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Figure 1 HIGH PRESSURE FREE JET DESIGN



74

T

POSITION FORg
ADDITIONAL :
FORWARD I

SCATTERINGI
MEASUREMENTS

FAERE PEROf 0.75 M CZERNY-TURNER 

INTERFEROMETER SPECTROMETERI

TIME RESOLVED;

1

LASER SPECTRUM PLUS    /
BACK SCATTER ATI

BACKSCATTER SPECTRUM AT 46. 3/2140 AND 2WoTIME INTEGRATED
-- I 1.5 nsee i

-

PRO RECO ODE \\
7 =  0.4 nsec \\ B.S. /\\ \  /\

B.S.                            8-S  I

' 's t   »»    1    -                 4
.\:6\- BEAM-

.l  „-ASE  -
-

 - FREE JET' INCIDENT \\
ORIFICE POWER \

AND
ENERGY

TRANSMITTED ·
POWER DIODE  

DIFFUSER \\237 =  0.4  nsec

Figure 2 INSTRUMENTATION SCHEMATIC - LASER HEATING EXPERIMENTS   I


