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SUMMARY 

The objective ')f this progi-am is a high brightness liquid laser operating at 

5 pps and with an outpui of 5 or more J/p.   The current phase of the work has involved 

the redesign of a number of components of the system (with the program objective in 

mind) base^ on knowledge ^ained from previous work.   Those components that have 

undergone modification art the laser cells, the cooling system and the power supply. 

Work during thio reporting period was impeded by the transfer of the project 

from Bayside, New York, to Waltham, Mass.   Nevertheless, significant progress was 

marJe which is the subject of this report. 

The laser cells were redesigned to improve the coupling of the pump radiation 

and the cooling of the cell wall.   Experiment and theory indicate that both aspects were 

deficient in the earlier design.   The design alterations are consistent with both objec- 

tives, and very little of either objective was compromised. 

The new cooling system is a commercial unit designed for laser applications. 

This is described in some detail.   The use of this unit is expected to increase the reli- 

ability and reproducibility of the laser system. 

The power supply was modified by the incorporation of new trigger transform- 

ers for the series triggering.   These are capable of handling the rms power required 

for triggering and constitute an improved safety feature. 

The drying procedures, after resumption, are on schedule, and the system is 

nearly ready to be put into operation. 
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1.   INTRODUCTION 

The obiective of this laser program is the achievement of a high brightness 

laser operating in a repetitive pulse mode (5 pps) with an average outi>ut power of 25 

or more watts.   This is to be achieved with an oscillutor-amplifier system and subsid- 

iary objectives are to determine the extent of and how to control flash induced thermal 

gradients, and to determine small signal and saturated gains across the diameter of 

the active medium both on and off line center. 

In the work done to the present, we have demonstrated the feasibility of a high 

average power repetitively pulsed liquid laser by achieving a steady Ptate average out- 

put power of 380 W at 5 pps.   This was almost a factor of two in excess of the objective 

for this mode of performance.   In the course of this work the material capability and 

the design principles for liquid lasers have been established. 

The work during the present reporting period was markedly impaired by the 

move of our laboratory facilities from Bayside, New York, to Waltham, Mass,   Despite 

our best efforts to maintain a continuity of effort, there was a breakdown which covered 

a substantial "raction of the present reporting period. 

We were, nevertheless, able to achieve certain limited goals: 

1) Completion of a new circulatory system. 

2) Integration of the circulatory system with a new cooling system ani improved 

power system so that in effect the laser has been redesigned and rebuilt to 

overcome deficiencies observed in prior work. 

3) The laser was transported from Bayside and assembled in Waltham, thus 

demonstrating a portable quality not previously available. 

In this report we will describe those aspects of the system that are new. 

These include new laser cell designs, the new cooling system and the improved trig- 

gering circuit. 
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2.   THE LASER CIRCULATORY SYSTEM 

The major innovation in the laser circulatory system is the design of the cell. 

As is well known, the cell, in a liquid laser, fulfills both a hydrodynamic and optical 

need.   To the present, the main concern has been to understand and satisfy the hydro- 

dynamic requirements.   This has been done and, as far as can be determined from the 

performance data, the nozzle type cell, described in an earlier report,     is an excel- 

lent solution. 

There are two other aspects to the problem of the cell.   The first of these is 

the cell wall which remains the only solid element subject to thermal effects in contact 

with the laser liquid.   This can be expected to behave much as a glass rod or crystal, 

absorb radiation and rise in temperature.   The function of the 3xternal water cooling 

(see Figure 1) is to regulate this temperature ^nd control the thermal gradient induced 

in the laser liquid.   That such an effect exists was demonstrated in prior work.   Since 

this is principally a problem of heat conduction, it is facilitated by a thin cell wall. 

The second aspect of the cell problem is the coupling of the pump radiation 

into the laser liquid.   The water jacket and cell wall in effect constitute a sheath for 

the laser liquid, and the entire system  (water jacket, cell and laser liquid) is equiva- 
2 

lent to a clad rod.   This problem has been dealt with by Devlin et al     and Sooy and 
3 

Stitch,    and the equations they derived can be applied to the present case.   The details 

of the solution were presented in the previous Annual Technical Summary Report 

(August 31,1972) and, based on these calculations, the three types of cells listed in 

Table 1 have been constructed and incorporated into the laser system. 

The new laser system is built around the three flash heads irclicated in Table 1. 

The details of the construction are shown in Figures 2 through 4.   Figure 2 presents an 

overall view of the circulatory system, and Figure 3 is a detailed view of the pump, 

filter and heat exchanger part.   Figure 4 shows the placement of the three flash heads. 

In the all-liquid oscillator-amplifier system, the smallest cell can function as 

a Q-switched oscillator, the intermediate cell is to be a small signal amplifier and the 

largest the power amplifier.   When a solid state oscillator is used, the three heads 

function as small signal, intermediate and power amplifiers, respectively. 
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TABLE 1 

CELL AND WATER-JACKET DIMENSIONS 

Active Volume Radius 

(mm) 

6.35   (0.25 in.) 

7.P5   (0.313 in.) 

11.1     (0.<38in.) 

Cell Wall Thickness 

(mm) 

0.8 

1.05 

1 4 

Outer Radius of 
Water Jacket 

(mm) 

9.5 

12.0 

16.6 

The construction of the system is along the same lines as the previous model 

in terms of connecting glass pipe and couplers are concerned.   The present table   how 
ever, is on wheels and can be moved, as in fact it was during the transfer from o'ne 

laboratory to another.   This transfer was made with the system partially filled with 
POClg. and no leakage occurred. 
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3.   COOLING SYSTEM 

The laser cooling system must be capable of dissipating the entire 30 kW out- 

put of the power supply.   More importantly, the system must provide this capability 

while maintaining coolant temperatures within rather closely defined limits dictated by 

the heat load.   For optical homogeneity throughout the active media in the laser cell, 

two separate temperatures must be maintained, the temperature of the recirculating 

laser liquid and the temperature of the confining cell wall.   For optimum laser perfor- 

mance, these two temperatures should ideally be equal.   In practice, the turbulent flow 

of the laser liquid through the bore of the laser cell requires a very thin sheath of prac- 

tically stagnant liquid near the circumference of the cell wall-liquid boundary.   This 

static layer can, in theory, be arbitrarily reduced in thickness by increasing the flow 

of the bulk liquid, but by the laws of hydrodynamics it can never be eliminated.   This 

stagnant layer, anrJ the cell wall itself, absorb pump radiation from the flashlamps and 

consequently becouie hot.   To achieve a proper heat flow balance and temperature pro- 

file across the rest of the liquid cross section, the exterior of the laser cell wall must 

be maintained at a lower temperature than the laser liquid bulk.   The required temper- 

ature differential will increase with increasing average input power but will decrease 

as the cell wnU is mode thinner and the flow rate of the laser liquid is increased. 

The cooling scheii.e, theicfore, used in the liquid laser makes use of a water- 

to-liquid heat exchanger for controlling the laser liquid temperature and a water jacket 

surrounding the laser cell to control the cell wall temperature.   Figure 5 shows the 

plumbing and control circuitry for this equipment.   The laser cell coolant is deionized 

water which is also used to cool the flashlamps in a closed cycle system.   Cooling for 

both the laser liquid and deionized water loops is via heat exchangers with city water. 

Platinum resistance sensors and two independent time-proportioning controllers actu- 

ate solenoid valves on the city water lines to the heat exchangers.   Tracking accuracy 

of the two identical controllers is i0.1'C.   The deionized water loop includes in-line 

filters and deionizers and uses PVC plumbing throughout.   The loop also contains over- 

and under-pressure switches, as well as a resistivity monitor, v-hich have been inter- 

locked to the Systomation M-60 power supply to shut it off should coolant malfunction 

occur.   Since the major part of the input power will be dissipated by the flashlamps, 

the deionized water loop has been designed to dissipate the entire 30 kW output capa- 

bility of the Systomation power supply. 
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The entire coolinp system has been assembled and the system is leady for 

final "tuning" of the controller response speeds to match the heat load characteristics 

of the flashlamps. 
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FLASHLAMP TRIGGERING AND POWER SUPPLY DESIGN 

The flashlamp power supply system to be used with this laser consists of the 

Systo-nation M-60 power supply used previously, a series of energy storage hanks 

(PF N's) and a brand new series-injection flashlamp f iggering circuit.   Because of the 

fact that each of the three laser heads uses a different number or type of flashlamps. 

a different PEN is necessary for each head.   These have been designed to comprise ' 

various combinations of 100 nF 5 kV energy storage capacitors with chokes to match 

the characteristic burning impedance of the flashlamp loads.   For safety and conven- 

ience, series injection triggering will be used on all the laser heads.   Although this 

method of flashlamp triggering is more expensive and complex, the advantages in flex- 

ibility and reliability over external (capacitive coupling) triggering are more important 

for this application.   Special series injection trigger transformers with a rating of 

150 amperes rms were purchased.   These units have been designed to work up to 30 

pps using SCR switching on the primary.   To allow repetition rates at this order of 

magnitude, a new high voltage supply was constructed to interface with the Systomation 

equipment.   The entire triggering circuit has been installed and tested and works satis- 
factorily. 

The interfacing of the Systomation M-60 power supply with both the triggering 

and cooling circuits was not without problems and wiring errc rs caused a partial logic 

failure in the M-60 machine.   These problems have been resolved and the entire system 
now stands ready for operation. 
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5.   PREPARATION OF FYSTEM FOR USE 

The necessary steps in preparing the laser system for operation are nearly 

completed.   This mainly involves the dessication of the circulatory system.   The pro- 

cedure was started prior to the move from Bayside to Waltham and was resumed as 

soon as the laser was installed in the place of operation.   The drying will be completed 

in the next few weeks, and then tiie filling with laser solution and experimental work 

will commence. 
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