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ABSTRACT 

A COMPUTER CONTROLLED,NARROW LINEV/IDTH, 

BROADLY TUNABLE,CONTINUOUS WAVE LASER 

by 

SUHAS NARAYAN KETKAR 

A continuous wave,tunable,single frequency dye ring 

laser has been developed. This laser is capable of giving 

output powers,in a single longitudinal mode,in excess of 

700 mV/, using different dyes and Second Harmonic Generation 

or Sum Frequency Mixing schemes,a wavelength coverage from 

260 nm to 800 nm can be achieved. 

Using a PDP 11/03 minicomputer and a CAMAC dataway, 

control of a linear as well as a ring laser,oscillating in 

a single longitudinal mode,has been accomplished. The 

various optical elements in the dye laser cavity and the 

nonlinear mixing device are synchronously tracked. The 

laser can be operated both as a low resolution (40 GHz 

bandwidth) and a high resolution (0.1 GHz bandwidth) 

visible and. ultraviolet radiation source. 

Using Boyd and Kleinman theory for Second Harmonic 

Generation of focussed Gaussian beams,theoretical estimates 

for the wavelength and angle bandwidths are made. Some of 

the results have been experimentally verified. 
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1.0 Introduction 
1 

A narrow linewidth,broadly tunable,continuous wave 

source of coherent radiation is very useful in many 

spectroscopic applications.^"1^ Such a source finds its 

use in numerous areas of high resolution absorption and 

fluorescence spectroscopy,saturation spectroscopy,Raman 

spectroscopy,isotope seperation and many others. The 

useful spectral range of such a visible source can be 

easily extended into the ultraviolet,using Second Harmonic 

Generation and Sum Frequency Mixing. This makes the source 

very useful in the spectral studies of molecules of heavy- 

atoms, notably UFg. The usefulness of such sources can be 

further enhanced by providing digital electronics for 

their control and for data acquisition,processing and 

display. 

The goal of this research has been to design and 

develop a computer controlled,high power,narrow linewidth, 

continuous wave laser spectrometer. An organic dye laser 

is used to cover the visible range. Using different dyes 

(2) 
the region 410 run to 950 nm can be covered.v ' Use is 

made of Second Harmonic Generation and Sum Frequency 

Mixing to generate coherent ultraviolet radiation. Using 

different nonlinear crystals the region 260 nm to 400 nm 

can be covered. 

The use of nonlinear techniques involve many coupled 

parameters that have to be continually optimized as the 



2. 
wavelength is changed. Use of computer control greatly 

facilitates the synchronous tracking of these parameters 

and other components in the laser cavity. 

1.1 Nonlinear Optical Interaction 

When a material is subjected to electromagnetic 

radiation the electrons in the medium tend to polarize. 

For large values of electric fields(E),as those available 

from lasers,the polarization(P) can be written as 

P = ^E + X2E2 + *?E5 + ) 

1 2 3 
where % » X ~are the susceptibilities. The quadratic 

term gives rise to the nonlinear effects such as Second 

Harmonic Generation and Sum Frequency Mixing,being 

considered in this work. Due to this quadratic polarization 

term,if two electromagnetic waves of frequency W-j and W£ 

are incident on such a medium optical mixing occurs. 

Radiation with a characterstic frequency is generated, 

where 

w1 + w2 = w5 
This effect is called Sum Frequency Mixing. The degenerate 

case of this effect,Second Harmonic Generation,occurs if 

W1 = W2 , w3 = 2W1 

This type of interaction depends critically on the phase 

mismatch,A k ,between the interacting waves 

<âk = k^ - k1 - k^ 

If the interaction is completely phase matched(Ak = 0 ) 
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the energy exchange between the fundamental and the mixed 

wave is maximized. However,if the interaction is not 

completely phase matched(<Ak 4 0 ') the energy exchange 

is reversed and the energy flows back and forth between 

the interacting waves,with a characterstic coherence length 

10 = -A/|Ak| 

1.2 Status of dye lasers 

All commercially available continuous wave dye lasers 

have a 3 mirror,folded,astigmatically compensated linear 

cavity.These lasers give powers of upto 1 Watt, 

(2) 
with a linewidth of 40 GHz.' ' Using intracavity étalons 

these lasers can be made to operate in a single longitud¬ 

inal mode. Powers of upto 200 mW,with a linewidth less 

( 5 ) 
than 1 MHz,can be obtained from these single mode lasers.w/ 

Only recently,Spectra-Physics has developed a continuous 

wave dye ring laser capable of giving powers of upto 600 mW 

in a single longitudinal mode. ' Using different dyes 

these lasers can be used for high resolution spectroscopy 

in the visible region. 

High resolution spectroscopy can be extended into the 

ultraviolet if convinient tunable radiation sources are 

available. Presently the short wavelength limit of dye 

(7) 
lasers is 410 nm. ' However,nonlinear optical mixing can 

be used to convert visible coherent radiation into ultra¬ 

violet radiation. When these nonlinear techniques are used 
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external to the dye laser cavity the conversion efficiency 
_*T 

is limited to less than 10 /Watt. These interactions can 

be used,in conjunction with presently available commercial 

single mode dye lasers,to generate narrow linewidth ultra¬ 

violet radiation. However the power levels available from 

these schemes are very low. 

High power,narrow linewidth,continuous wave,coherent 

radiation in the ultraviolet can be generated by using a 

high power single mode ring type dye laser. Considerable 

work has been done in developing a high power,single mode 

dye laser. Power levels as high as 1.2 W,in a single 

fa) 
longitudinal mode,have been reported.v ' However,these 

lasers were not continuously tunable in a single mode and 

hence unsuitable for doing high resolution laser spetro- 

scopy. 

During the course of this work a high power,single 

mode CW dye ring laser has been developed. This laser is 

capable of giving powers in excess of 700 mW,with a 

linewidth of - 50 MHz. The linewidth is limited by mecha¬ 

nical vibrations. The linewidth can be reduced to < 1 MHz 

by using suitable frequency stabilizing schemes. Using this 

dye laser and nonlinear optical mixing schemes,narrow 

linewidth,CW ultraviolet coherent radiation with powers in 

excess of 600-tCW can be generated. 
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1.3 Outline of thesis 

Following this brief introduction,the thesis is 

divided into four sections. Section 2 will briefly discuss 

the theory of nonlinear optical processes and the bandwidth 

considerations. Both a linear as well as a ring laser 

configuration will be discussed. 

Section 3 will present detailed experimental consider¬ 

ations and procedures used in this work. This section will 

contain a description of the laser system,nonlinear optical 

mixing schemes and the optics used in the laser spectro¬ 

meter. 

Section 4 will discuss the hardware and the software 

aspects of the computer control of such a laser. General 

considerations and technical details of the system used 

will be given. 

Section 5 will contain the summary of the specific 

achievements described in this thesis. 
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2.1 Nonlinear Optical Mixing 

In order to derive the equations describing the 

electromagnetic field generated by the nonlinear polari¬ 

zation, Maxwell ' s equations have to be solved. For an 

isotropic medium the Maxwell's equations can be written as 

V x _ _L -v- **** 
“ C T“ 

3* 

zr - <r z. 

v x£. = - 

D ï î.t-vp=t£ 

(2-1) 

(2-2) 

(2-3) 

(2-4) 

The nonlinear polarization can be introduced as a source 

term in equation (2-4) 

«V (2-5) 

Here £ incorporates the linear polarization and is 

the nonlinear polarization given by 

~ 1^* ( 2—6 ) 

Assuming a transparent medium ( a- * 0 ) and combining the 

equations (2-1) to (2-4) the wave equation is obtained. 

^ f- (2-7) V E - O’ W 

Restricting the discussion to three interacting travelling 

waves and following the analysis presented by Zernike and 

(9) 
Midwinterw/ one gets 
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rx-'a. cU# L P, Pi. S\r\ 
m.non*^ . (A*-'-/* 

<,2-8) 

where 

?oiis the power at the frequency <J3( =uj,+ wOfin 

Watts/cm^ 
p 

P, is the power at frequency u>, , in Watts/cm 
2 

Px is the power at frequency <AJV ,in Watts/cm 

is the effective nonlinearity in c.g.s. units 

U is the length of the medium in cm 

the P^ase matching parameter 

tv%are the refractive indices at frequencies cJ,tu^ 

6>3 respectively 

= a.7^.c.Ju^ is the wavelength,in cm, at frequency 

The term ^VA J in equation (2-8; is 

important to optimize the optical process. The maximum 

power conversion occurs when 

AK - o (2-9) 

This condition is called the phase matching condition. 

Two types of phase matching techniques are widely 

used. One is angle phase matching while the other is 

the temperature dependent phase matching. Angle phase 

matching makes use of birefringence of uniaxial crystals. 

In negative uniaxial crystals,the ordinary index of refra¬ 

ction is larger than the extraordinary index of refraction. 

However the index of refraction of the extraordinary ray 

can be varied by changing the angle between the wave normal 
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and the optic axis of the medium. Phase matching can be 

achieved by transmitting the wave at an angle to the optic 

axis such that the index of refraction of the input, 

polarized as an o-wave,equals the index of refraction of 

the output,polarized as an e-wave. 

For Second Harmonic Generation,the phase matching 

condition reduces to 

Tlet 6-') = T(2*10) 

which gives a phase matching angle 9-m,given by 

For the case of Sum Frequency Mixing,the phase matching 

condition is 

° = •*>,***•> -v ^-noW° (2-12) 

which leads to a phase matching angle ,given by 

swr e 
0*»»V v ^ . vw,> v -3 •ne (W)- VL 
^ ^ - Vyî« 

t ^:wi) 

n, J,W>J Ü 
The ray direction and the wave normal direction for 

an extraordinary ray are parallel only for 0 * o* or 90 

Thus in a phase matched interaction at an intermediate 

angle,the extraordinary ray does not overlap the ordinary 

ray over the entire interaction length.For Second Harmonic 



Generation,the walk-off of the extraordinary ray relative 

to the ordinary ray is given by 

Consequently the maximum efficiency is obtained for 90 

phase matching,with efficiencies dropping considerably 

for angles off 90. 

This shortcoming can be minimized by the temperature 

dependent phase matching. In this type of phase matching 

a matching angle of 90 is used. The walk-off angle of 

the extraordinary ray is then negligible. The temperature 

dependence of the refractive index is given by 

where 
« 

ou , ,c; are constants depending upon the material 

Aw, is the difference between the refractive index at UflsV 

and . 

and i is either extraordinary or ordinary. 

The refractive index for the extraordinary ray is 

more dependent on temperature than that for the ordinary. 

Hence it is possible to change the temperature and vary 

the birefringence to achieve phase matching. 

The description given above applies to negative 

ùrr\\ - Vcuw?- -v >oNnr* cO (2-14) 

uniaxial crystals 
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Equation (2-6) gives a very simple description of the 

nonlinear mixing process. It considers the interaction of 

travelling plane waves in a nonlinear medium. A more 

sophisticated model is needed however,since almost all 

practical light sources used for nonlinear mixing experi¬ 

ments are laser beams,which are characterized by strong 

Gaussian profiles. 

In 1968 Boyd and Kleinman formulate a theory that 

explicitly accounts for the nonlinear interactions of 

focussed Gaussian beams.The fundamental electric 

field of a focussed Gaussian beam propagating in the z 

direction can be written as 

- 

(2-15) 

where 

= focal position 

= absorption co-efficient of the medium 

and the Gaussian parameters are 

spot size 

normalized position 

minimum spot size 

confocal parameter 

diffraction half angle 

U30 -- 

Va - vo 1 vc, 

/ Vs 

The second harmonic polarization resulting from this 

fundamental electric field can be written as 
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v*w» *o‘l 
^.a.» 

-a«. A/)/ u, * c » *\ v3 

l. ^ ^ Qcx>i (2-16) 

where 

^ <~"Z'^ = ' O < z. <, \_ 

= ® otherwise 

and eLft^ is the effective nonlinearity. 

The harmonic electric field generated can then be 

computed to be 

_ -"lii ■* aA'Sx - ao-‘»'>Ks%i\) 
e x e 

cr»^ 

V. -•<X-V*ô*x Vi?*T 

. $ JL_ 
o w» V (2-17) 

where 

s = 
V 

V*-* ÎO f w«<Y 

? = S/So 

eX* = <X, - ■Xj. 
X 

By defining a function 

V\ L*’, Ê, , -u.3 
M«<<. \0+-U> - 
- ^ CL'T A'T J 

J J - 
* -$0-xO 

with parameters 
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«- s € ♦ H $s 

\ - MV, 

XJL ^ U-XO/l 

Vfc m. i_«0» 

the second harmonic power can 

■j. - M.HI 
?x - K î. e 

where 
1» 

K a (Jl-iS / C*n'*0 <*-*« 

(phase match and walk-off) 

(degree of focus) 

(relative focal position) 

(absorption) 

be written as 

(2-18) 
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2.2 Parametric Bandwidth 

Efficient Second Harmonic Generation (3HG) of 

radiation at frequency ü( to produce radiation at frequency 

cJxs occurs when the phase matching condition 

is satisfied. This requirement is met in certain crysta - 

lline materials as a result of their birefringence. Thus, 

the nonlinear conversion efficiency is dependent on the 

wavelength,the direction of propagation in the medium and 

the temperature,because of the dependence of the indices 

of refraction on these parameters. An important practical 

question that arises is how large a variation of these 

parameters can be tolerated before the SHG efficiency 

decreases appreceably. 

A parametric bandwidth (BW) is defined as a variation 

of a parameter that causes the SHG efficiency to drop to 

one half of it's maximum phase matched value. Spectral BV.r 

and angle 3"./(sometimes referred to as the acceptance angle) 

have been treated in detail for the near field case using 

a Taylor series expansion approach based on the Sine 

function approximation of phase matching for plane parallel 

waves. 

In this section the wavelength and angle BV/ of SHG 

of focussed Gaussian beams in nonlinear,angle matched 

crystals is evaluated. The evaluation is based on the 

303rd and Kleinman theory which replaces the Sine function 



14 

approximation by a numerically calculated function h 

This function contains both the focussing and the angle 

phase matching information. Applying this evaluation to 

ammonium dihydrogen phosphate(ADP) crystal,the bandwidth 

relationships are calculated. 

According to equation (2-13) the expression for the 

second harmonic power for a focussed Gaussian beam is 

given by 
_ 1. -K%C 

ivt, e Htf, ft, K], 

The bandwidth information is contained in the function h. 

Assuming no absorption ( «< =0 ) and assuming that the 

focus is centered within the crystal ( AA. =Q ) the 

expression for h can be simplified to 

where 

her,ft *.!.<** 
ill *40 

(2-19) 

where 

COS XU* 
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Tile integration in equation (2-19) can be numerically 

evaluated using Romberg integration,to determine h as a 

function of tiie three main parameters $ , £ and «- 

\ is the focal parameter and is determined by the lens 

used to focus the beam and the length of the crystal. $ 

contains the walk-off angle information and is a function 

of the wavelength and the nonlinear material, c- is the 

phase mismatch parameter. 

The full width at half maximum (FtfPZn) of <r is 

calculated for a given \ and £ ,by first determining 

such that the function W (.«■. is maximized. 

Then the values r* ( > «%», ) and { <• ) are found 

which reduce the function to half it’s maximum value. 

s lïCtf-" frl) - £ 

From these values FwHM à s' = <sr*- «■" is obtained and 

related to 

â K. - “i. &<■ (2-20) 
FWHM — 

\> 

can be expanded in a Taylor series as 

ûk K. t -û ^ Ax (.■& C Ax}*" ■*■ • • * * (2-21) 
■ax a,» 

where AX is the bandwidth of the parameter . For 

the present discussion the parameter x represents either 
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tiie wavelength X or the phase matching angle © 

In order to determine the B'»’ in the fundamental wave¬ 

length, it is required that the partial derivatives of the 

phase mismatch A*, with respect to the wavelength X be 

known. If the indices of refraction of the crystal are 

represented in the form of a Sellmeirs equation 

S\ > su 
Si* “ V-' 

(2-22) 

i = o or e and j = 1 or 2 

then can be represented as 

\ s*-n e (2-23; 

where the derivatives , ^Jü2a and can be ax * "a x-,_ 

calculated from equation (2-22). The first order derivative 

for the phase matching angle s can be written as 

^ Ü 

(2-24) 

These equations can now be applied to calculate the band- 

widths for a typical experiment. 

The above described analysis was applied to SBG in a 
o 

2.5 cm long ADP crystal at 25 C. The focal length of the 

focussing lens was 7.5 cm. 

First the crystal length,focal length of the focussing 

lens and the phasematching angle etc which characterize 

tne parametric interaction,are converted into the 
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appropriate parameters ^ and ^ by the equations 
« 

* - 

ç. . i < 
*■ >•* 

where to0 is the minimum spot size. 
( q) 

Index of refraction data for ADP from Zernike v*Jprovides 

the necessary Sellmeir's equation to describe . 

These sets of data are then used to calculate the values 

of the derivatives in equations {2-22 to 2-24). These 

values are then used in equation (^-11 and 2-21) along 

with the value of &*■ (determined for the appropriate 

conditions from equation (2-20; ) to calculate the B'i in 

the wavelength and the phase matching angle. 

?or the case of &X ,the first order term in the 

expansion is dominant to the extent that the higher order 

terms can be neglected. The results of the calculations 

for the wavelength bandwidth are shown in figure 2, as 

a function of ©> . increases with decreasing 9 and 

is larger than might be expected from the Sine function 

approximation. 

is evaluated in a similar fashion and is shown 

in figure 1. Unlike h.\ ,the calculation of near the 

90° phase matching requires the second order expansion 

term from equation (2-21). &© is seen to decrease very 

sharpll from a maximum at ©■ = 90° and levels off at 

about an 85° phase matching angle. 
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?ig.1 Angle bandwidth vs wavelength 
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2.3 Dye Lasers 

The organic dye laser is the first truly tunable laser 

that operates throughout the visible region, by proper dye 

selection,CW dye lasers may be made to lase at any wave¬ 

length in the 400 nm to 950 nm range. Moreover,individual 

dyes may be tuned over ranges of tens of nanometers by the 

use of intracavity frequency selecting devices. 

The C¥ operation of a dye laser was first reported in 

1970,using a solution of Rhodamine 6G in water,excited by 

(121 
the 514.5 nm output of a 1 /» Argon ion laser.v ' In 

1972,the astigmatically compensated cavity,enabling the 

pump beam to be more efficiently coupled to the dye laser, 

( 4 ) 
was suggested.Using such a cavity efficiencies of 

upto 30?o have been reported,with a 3.5 V7 pump beam. The 

basic mechanism by which these dye lasers operate is 

discussed in reference (13j. 

Most CV7 dye lasers have a 3-mirror,folded,astigmatic- 

ally compensated linear cavity. The linewidth of such 

lasers.without any frequency selecting device,is a few 

hundred GHz. '.vith a frequency selecting device such as a 

grating,prism or a biréfringent filter,the linewidth can 
(1 3 ) 

reduced to the order of a few tens of GHz.v ' Tnere 

are several longitudinal modes of the resonator which 

oscillate within this linewidth,as shown in figure (3). 

The final linewidth of the laser depends upon the dye 

gain curve and the resonator losses. 
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The biréfringent filter offers the easiest method to 

provide gross linewidth limitation of the dye laser. The 

biréfringent filter consists of a quartz plate cut parallel 

to the optic axis. The plate is tilted at a Brewster's 

angle. The wavelength selection comes about because the 

plate defines two different directions of retardation. 

When the wavelength corresponds to an integral multiple 

of full wave retardations,the laser operates as if the 

plate were not there. At any other wavelength the laser 

polarization is shifted by the plate and suffers losses at 

the Brewster surfaces. The bandwidth is determined by the 

transmission of the plate,which is given by 

T - cos*t * 

where 

Ail is the birefringence 

X is the wavelength 

à, is the thickness of the plate 

The linewidth can be further reduced by adding one 

or more quartz plates. A three plate biréfringent filter, 

with plate thicknesses 1:4:16 gives a width of 40 GHz.^1^ 

Tuning can be achieved by rotating the plates in their own 

plane. 

Continuous wave lasers can be operated in a Standing 

•i’ave(3.v) or a Travelling Wave(T*0 configuration. In a 3'.« 
( 'J K ) __ 

configuration spatial hole burning occurs.v ' ^ven for 

a completely homogeneously broadened line,there are 
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molecules situated at the nodes of the radiation standing 

wave and thus they cannot contribute to the radiation in 

this mode. However,these molecules can be situated at the 

maxima of some other mode,which will stimulate these 

molecules to emit in that mode, Consequently such lasers 

will tend to oscillate in several longitudinal modes. 

Use can be made of intracavity tilted étalons to 

select one mode out of the several,that can oscillate 

simultaneously. If sufficiently decoupled from the cavity, 

these Fabry-Perot étalons act simply as band pass filters. 

The condition for a transmission maxima,for a given tilt 

angle 0 is 

Xv*.c\. COS 9 » 

e * e/n 
where 

*rr* = order 

■ft = refractive index of the material of the étalon 

à. = thickness of the étalon 

The frequency seperation of the adjacent frequency 

maxima is given by 

The transmission T on which the frequency selectivity 

depends is given by 

T z {'MV) 
x 

Svn 3.71 C0*Çe/-yx) îj 

\ J 
wnere 
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LONGITUDINAL 
RESONATOR MODES 

LASER OUTPUT 

?ig.3 Laser oscillation in several longitudinal 
resonator modes 
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F is the finesse 

& is the reflectivity 

By the use of one or more étalons single mode operation of 

the laser is possible. Widths of about 50 MHz are easily 

obtained by the use of two intracavity tilted étalons. It 

is possible to tune the laser over a small range by 

cahnging the tilt angle as shown in equation (2-32) 

AX. s - X9 s. u e' 
x-n4 in1- 

where 

is the change in wavelength 

6 is the change in tilt angle 

X is the wavelength 

*t\ is the refractive index 

However the use of tilted étalons introduces walk-off 

losses given by 

e - xePy' -nu 

where 

i = loss due to walk-off 

D = diameter of the team 

9 = tilt angle 

«à, = thickness of the étalon 

0*. = reflectivity of the surface of the étalon 

This walk-off loss reduces the efficiency of the single 

mode dye laser. 

Linewidtn narrowing can also be accomplished without 

the use of tilted intracavity étalons. Use can be made of 
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the absence of spatial hole burning in travelling wave 

lasers. Travelling wave lasers,due to the absence of 

spatial hole burning,tend to oscillate in a single longi¬ 

tudinal mode on their own. A ring laser can be converted 

into a travelling wave laser. Use is made of a non¬ 

reciprocal device such as a Faraday rotator. The Faraday 

rotator consists of a quartz rod placed in an intense 

magnetic field. The ends of the rod can be either A.R. 

coated or Brewster cut. The polarization rotation due to 

the Faraday rotator is given by 

& - \J H A. 

where 

© = angle of rotation 

VA = magnetic field 

V = verdet constant 

«A. = length of the rod 

This device rotates tne plane of polarization of the 

waves travelling in the direction of the magnetic field 

and opposite to it,through the same but oppositely signed 

angles. A reciprocal device such as a half wave plate can 

be used to rotate the polarization of the waves going in 

one direction back to the original, ihe wave going in the 

opposite direction suffers losses at the Brewster surfaces. 

This method yields powers in excess of 1 :i in a single 

longitudinal mode. 
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3.1 Linear Laser 

During the course of this research both the linear as 

well as the ring type dye laser cavities were investigated, 

in an attempt to obtain a high power single mode operation. 

A solution of Rhodamine 6G in Ethylene Glycol was used,to 

cover the range 570 nm to 630 nm. The dye solution was 

cooled to 9° G to obtain better thermal stability. 

The linear laser cavity used is a folded,3-mirror, 

astigmatically compensated cavity,using a Brewster angle 

dye jet. The 514.5 nm line of an Argon ion laser is used 

to pump this dye laser. The laser cavity is shown in figure 

(4). The curved mirror M.j(R=75 mm) is used to focus the 

pump beam on the dye jet. Curved mirror M£(R=50 mm) serves 

as a collecting mirror while the curved mirror M^(R=75 mm; 

serves as the folding mirror. Mirrors jMg and Mj were 

all broadband coated,for maximum reflection,from 450 nm to 

680 nm. Mirror M^(R = °«0 serves as the output coupler. This 

mirror was broadband coated for a reflectivity of 90?t. In 

this cavity the astigmatism introduced by the off axis use 

of mirror M^ is compensated by the astigmatism introduced 

by the Brewster angle dye jet. 

Tuning in this laser was accomplished by the use of a 

3-plate biréfringent filter. The linewidth of the laser, 

with this tuning element,was 40 GHz. Two étalons were 

necessary to obtain a single mode operation of this laser. 

Many different combinations of intracavity étalons were 
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tried,in order to achieve a high power single mode opera¬ 

tion. Using a 4 mm coated étalon,with a reflectivity of 

33%,and a 1 mm uncoated étalon,a single mode with a .line- 

width of - 50 MHz was obtained. The jitter was due to the 

various instabilities in the system. Powers of 120 mW,at 

the peak of the dye tuning range,were obtained using a 4 W 

pump beam. 

The characterstics of the linear laser are as follows: 

Multimode : Threshold = 700 mW 

Maximum output power = 1 W @ pump power 4.5 W 

Linewidth = 40 GHz 

Single Mode : Threshold = 1.6 W 

Maximum output power = 120 mW @ pump power 4.5 V/ 

Linewidth = - 50 MHz 

The single mode operation of a linear laser is limited 

to low output powers because of the high amount of intra¬ 

cavity selectivity needed. On the other hand a ring laser, 

operating unidirectionally,needs less amount of intra¬ 

cavity selectivity. So,it was decided next to evaluate 

a ring laser configuration. 

3.2 Ring Laser 

A description of the change from a linear laser to a 

ring laser follows. First,the conventional linear laser 
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was converted into a 5-mirror,two arm laser. A double spot 

configuration was incorporated into this design. 

This type of design is shown in figure ^5). Using a 50% 

beam splitter two Argon pump beams were obtained. These 

two beams are focussed by mirrors and M^(R=75 mm) to two 

spots on the dye jet. The astigmatism introduced by these 

mirrors was reduced by minimizing the beam angles at these 

mirrors. Mirror M^(R=50 mm) was used as a collecting mirror. 

Mirrors Mg and M^(R=75 mm) serve as the two folding mirrors. 

Mirror Mg(.R=°e- ) serves as an end mirror for one arm. 

Mirrors through Mg are broadband coated for maximum 

reflection,from 450 nm to 680 nm. Mirror Mg(R=«*r ),with 

a reflectivity of 90% serves as the output coupler. The 

tuning of this kind of laser was also accomplished by the 

use of a 3-plate biréfringent filter. 

In conventional single pumped dye lasers,high pump 

powers cannot be used because of the associated thermal 

distortions. However,the use of two pump spots allowed the 

use of considerably higher pump powers,of upto 10 W,which 

are readily available from commercial Argon ion lasers. 

For a 2x10“^ M/liter solution of Rhodamine 6G,in 

Ethylene Glycol at 9°C,a multimode power of 1.7 W,with a 

10 ¥ input,was obtained. On adding .1% GOT,a triplet 

quencher,the laser yielded a multimode power of 2 ¥. These 

figures compare,indeed favourably,with 1 ¥ output for a 

5 ¥ pump,for a conventional linear dye laser. The same 

combination of étalons,as used in the linear laser,yielded 
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a single mode output of 200 mW at the peak of the dye tuning 

range. 

The characterstics of the two arm laser are as follows: 

Multimode : 

Threshold with both beams = 1.1 W 

Threshold with left beam = 1.8 ¥ 

Threshold with right beam = 2.2 ¥ 

Maximum output power with 10 7/ pump 

With left beam = 720 mV/ 

With right beam = 560 mW 

With both beams = 1.7 W 

Linewidth = 40 GHz 

Single Mode : 

Threshold with left beam = 3 W 

Threshold with right beam = 3.8 W 

Threshold with both beams = 2.5 W 

Maximum output power with 10 W pump 

With left beam = 60 mW 

With right beam = 48 mW 

With both beams = 200 mV/ 

Linewidth = - 50 MHz 

This two arm linear laser was converted into a ring 

laser by coupling mirrors Mg and M^. This laser cavity is 

shown in figure (6). The laser oscillates both in the clock¬ 

wise as well as the anticlockwise direction. A mirror M.Q 
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(R=*v ) was used to reflect the “beam going in one direction 

back onto itself. This gave a standing wave ratio of about 

10:1. The use of a 4 mm étalon,with a reflectivity of 33% f 

and a .15 mm étalon,with a reflectivity of 33°o,gave a 

single mode output. Output powers in excess of 700 mW,at 

the peak of the dye tuning range,were obtained. Using . 1?4 

CUT output power increase of about 2Qy<> can be obtained. The 

single mode operation of this kind of laser was bistable. 

The output beam changed direction,frequently,from clock¬ 

wise to anticlockwise and vice versa. 

A true travelling wave operation of this ring laser 

was achieved by the use of a Faraday rotator. The Faraday 

rotator consisted of a 2 cm long quartz rod,Brewster cut 

at both ends.This rod was placed in the 2.5 KG axial field 

produced by a stack of 5 ring magnets^. Another quartz rod, 

2 cm in length,also Brewster cut at both ends was used to 

compensate for the displacement produced by the first rod. 

This Faraday rotator rotates the plane of polarization of 

the waves going clockwise and anticlockwise,by an angle 

equal in magnitude but opposite in sign. 

A half wave plate(, = 590 nmj was used to compensate 

the rotation for the waves going either in the clockwise 

or the anticlockwise direction. The waves whose polari¬ 

zation rotation is not compensated suffers losses at the 

Brewster surfaces. In this type of configuration,single 

mode output with powers in excess of 650 mW was obtained. 

A 4 mm uncoated étalon was used to fine tune this laser. 
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A i'araday rotator, in which, the angle of rotation 

could he changed,was also used in this laser. It was found 

that the amount of rotation introduced does not limit the 

power of the single mode output. A rotation of about 2° is 

sufficient to obtain a travelling wave operation of this 

ring laser. 

The characterstics of the ring laser are as follows: 

Multimode : 

Threshold with left beam = 1.6 W 

Threshold with right beam = 1.9 W 

Threshold with both beams = 1 W 

Maximum output power with a 9 W pump 

With left beam = 660 mV/ 

With right beam = 500 mW 

With both beams = 1.5 W 

Single Mode : 

a) Bistable operation 

Threshold with left beam = 2.7 W 

Threshold with right beam = 2.9 W 

Threshold with both beams = 2.4 V/ 

Maximum output power with 9 W pump 

With left beam = 290 mV/ 

With right beam = 255 mV/ 

With both beams = 700 mW 

b) Unidirectional operation 

Threshold with left beam = 2.7 W 
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Threshold with right "beam = 2.8 ¥ 

Threshold with both beams = 2.4 W 

Maximum output power with 9 W pump 

With left beam = 265 mW 

With right beam = 230 mW 

With both beams = 650 mW 

3.3 Second Harmonic Generation 

The scheme used to frequency double the output of the 

single mode,CW ,dye laser is shown in figure (7). Angle 

phase matching was used to phase match the interaction in 

both an ADA and an ADP crystal. 

A 1” diameter(f=75 mm) lens focusses the output of the 

dye lase at the center of a 25 mm long crystal placed in a 

cell. The input window of the cell is A.R. coated in the 

visible while the output window is A.R. coated in the U.v. 

The cell is filled with C^QH^Q an index matching fluid. The 

beam exiting from the cell is recollimated with a 1" dia¬ 

meter! f=100 mm) quartz lens. This lens is A.R. coated in 

the U.V. An ultraviolet grade,Brewster cut for the U.V. is 

used to seperate the visible from the U.V. 

The cell used allows two ways of achieving angle phase 

matching. The first method is to rotate the whole cell. 

This method however displaces the beam as the angle is 

changed,to phase match at different wavelengths. So,in 

order to maintain a fixed direction for the U.V. beam,both 
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the recollimating lens as well as the prism have to be 

continually adjusted. In the second method,the cell is kept 

in a fixed position such that the beam enters the cell 

perpendicular to the window. The crystal is rotated inside 

the index matching fluid. Because of the use of the index 

matching fluid,the variation of the displacement of the 

beam with angle,is negligible.So only the prism has to be 

continuously moved. The recollimating lens can be kept at 

a fixed position. 

Using different dye solutions and appropriate non¬ 

linear crystals the spectral range 260-400 run can be covered. 

The schemes that can be used are given in figure (8;. 
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4.0 Computer Control 

Photochemistry offers some of the most promising 

applications of wavelength tunable lasers. Dye lasers, 

because of their wide spectral coverage and narrow line- 

width capabilities,form very convinient sources for study¬ 

ing photochemical reactions. Extending the wavelength 

coverage of CW dye lasers to ultraviolet,using SHG or SFM 

in nonlinear crystals,makes dye lasers even more useful. 

Because of many coupled parameters such a system is quite 

complex, The use of digital electronics to control such a 

system greatly facilitates convinient scanning,calibration, 

monitoring and the control of the laser system. 

In this work a BECLA3 11/03 system was used to control 

the visible-ultraviolet laser spectrometer. The mini¬ 

computer was interfaced to the laser system via CAMAC 

modules. 

4.1 CAMAC 

CAMAC(Computer Automated Measurement And Control; 

provides a standardized method of transmitting data and 

control information between instrumentation modules and a 

digital controller. UAMAC encompasses both a hardware 

standard for housing the modular components of a system 

and a standard for the control language used in the trans¬ 

fer of digital information. CAMAC allows the use of readily 
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available plug-in modules such as A/D and D/A convertors, 

stepping motor drivers,digital I/O etc. 

The standard OAMAC crate has 25 stations for accomo¬ 

dating standard plug-in modules and contains the wiring for 

interconnecting the modules. Each station has a 86 pin card 

edge connector wired to the dataway. The dataway is the 

wiring that interconnects the 25 card edge connectors. It 

includes the signal wires as well as the power wires. Most 

of the wiring on connectors 1 through 24 is bussed. The 

wiring for station and look-at-me is point to point,fanning 

out from the connector at station 25. 

The dataway wiring can be divided into three cate¬ 

gories; data transfer,control and power. For data transfer 

two 24 bit parallel unidirectional data highways are pro¬ 

vided. One is for the data transfer from the crate contro¬ 

ller to the module. The other is for module to crate contro¬ 

ller data transfer. 

The crate controller is the master plug-in that controls 

the flow of signals in the crate. The controller has access 

to the bussed wiring available at station 24 and the 

station and the look-at-me lines available at station 25. 

The crate controller can be thought of as consisting of 

two parts. One part acts to control and co-ordinate the 

crate and the modules. The other part talks to the hard¬ 

ware digital control device. 

Crate controllers designed to interface with one of 

a wide variet:/ of digital computers,are commercially 



available. This flexibility was one of the main reasons 

to use a CAMAC as an interface between the laser system 

and the DECIAB 11/03 system. In this manner it becomes 

easier to change from one mini-computer to another. 

Ofcourse,analog to digital convertors and digital input/ 

output devices available for a DECLAB 11/03 computer could 

also have been used,making it possible to control the 

laser system directly through a DECLAB 11/03 system. 

4.2 Hardware Considerations 

Figure (9) shows schematically tne general configur¬ 

ation of CAMAC modules that were used to computer control 

the laser spectrometer. 

A DECLAB 11/03 mini-computer is used as the master 

controller for the system. It has a 23 K memory and can 

be used in a background/foreground operation. A Nuclear 

Instruments(Model 9511) full width CAMAC crate,with the 

associated power supply,is used to house the various plug¬ 

in modules. 

As a crate controller for a DECLAB 11/03 a Kinetic 

System(Model 3912) controller is used. This served as an 

interface between the computer and other CAMAC modules. 

Fortran callable assembler subroutines were available with 

this unit. These subroutines facilitate the adressing 

of a register and execution of a CAMAC cycle. 

The stepping motor controller is Model 3101 A from 
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BiRa Systems. This is capable of driving upto 15 stepping 

motors simultaneously. So far only 4 stepping motors are 

controlled using this unit. 

A BiRa System(Model 5301) 16 channel,12 bit Analog to 

Digital data acquisition system is used. This reads the 

various detectors used in the spectrometer system. 

A Kinetic System(Model 3112) 8 channel,12 bit Digital 

to Analog convertor is also used. This controls the intra¬ 

cavity etalon(s) as well as the cavity length translator, 

on the output coupler of the dye laser cavity. A Houston 

Instrument(Model 2000) Omnigraphic X-Y is also driven 

using two channels of the D/A convertor. 

A BiRa System(Model 4301) X,Y,Z graphic display driver 

is used to trigger a Tektronix(Model 604) oscilloscope. 

This can displaj'1 the various detector signals in real time. 

A Standard Engineering(Model RIC-018) Real Time Clock 

controls the scan speeds. 

A ITuclear Snterprise(nodel 9017 U) Input/Output 

module is used. This module provides 24 output lines and 

can accept 24 input lines. The output lines are used to 

drive two alphanumeric displays. These displays are used 

as readouts of the various analog channels. The input lines 

are used mainly to the various limit switches associated 

with the stepping motors. 

The CAMAC modules described above allowed consider¬ 

able flexibility in developing the computer controlled 

spectrometer. Moreover,it is possible to change,relatively, 
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easily,from one type of mini-computer to another. 

Figure UO) gives a schematic layout of the spectro¬ 

meter. A small portion of the dye laser output is tapped 

off using a 4% beam splitter. This is used for detailed 

diagnostic measurements. In the diagnostic arm two scann¬ 

ing Fabry-Perot interferometers are used to monitor the 

frequency characterstics of the single mode output of the 

dye laser. One is a parallel mirror Fabry-Perot interfero¬ 

meter with a F.S.R. of 240 GHz. The other is a confocal 

type Fabry-Perot with a F.S.R. of 2 GHz. A monochromator 

is used to determine the wavelength of the dye laser out¬ 

put. Two diodes,one serving as a reference diode and the 

other to monitor the monochromator output,are used. The 

monochromator is driven by a stepping motor. This motor 

turns through an angle of 1.8° per step. An antibacklash 

gear,with a gear ratio of 15:1 is used to increase the 

resolution of the monochromator. The final resolution is 

0.3 A0 per step. The beam splitters are all 4% reflecting 

with one surface antireflection coated. 

The transmitted beam from the first beam splitter is 

focussed oy a 7.5 cm focal length,A.R. coated,lens to the 

center of the nonlinear crystal. A quartz lens,A.R. coated 

in the ultraviolet,recollimates the emerging beam. A U.V. 

grade prism is used to seperate the ultraviolet from the 

visible in the emerging beam. A U.V. photodiode is used to 

monitor the generated U.V. The crystal is rotated,for 

angular phase matching,using a stepping motor with a 
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resolution of 0.9° per step. This stepping motor rotates 

the crystal through 0.0042° per step,via a reduction gear. 

The biréfringent filter,used for coarse tuning the 

dye laser,is also rotated using a stepping motor with a 

resolution of 1.8° per step. A 3:1 antibacklash gear gives 

a final wavelength resolution of 0.08 A° per step. Further¬ 

more, the prism used to seperate the visible from the U.V. 

is also rotated using a 1.8° per step motor. The 25 GHz 

étalon,used for fine tuning the dye laser,is mounted on a 

d.c. galvanometer. The tilt angle can be changed by apply¬ 

ing an analog voltage. If an air spaced étalon is used for 

fine tuning,it can also be driven by applying analog 

voltage. Cavity mode hopping is prevented by using a piezo¬ 

electric translator on the output coupler of the dye laser. 

All stepping motors used have two normally closed limit 

switches. The low limit switch is used to define the posi¬ 

tion of the stepping motor. The upper limit switch is used 

as safety precaution. 

4.3 Software 

The software is written mainly in Fortran. A few 

subroutines mainly SCAH and MOTOR are written in assembly 

language to facilitate fast scans. The main program is a 

collection of about 40 subroutines. Some of the important 

subroutines are: 

a; MCTCK : This subroutine moves a stepping motor in 
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channel ’ÏCHNL' by number of steps 'ISTEPS'. 

b) FIND : This subroutine finds the current position of the 

of the stepping motor in channel ' ICML',relative to the 

low limit switch. 

c) ANDAT ï Gets the current value of the enabled A/D channel. 

d) DSPVAL : Displays a number on one of the two alphanum¬ 

eric displays. 

e) INITAI : Initializes the motor positions. 

f) SCAN : Scans a stepping motor and acquires smoothed data. 

g) MAXMIZ: Maximizes the signal in a given A/D channel with 

respect to the position of a given motor. 

h) CR3RSF : Generates a cross-referenced table between the 

position of a given motor and another motor,with respect 

to the maximum signal in the corresponding A/D channel. 

i) ADJTBL : This permits the adjusting of the cross- 

reference table. 

jJ CRSCAItf : Moves the motors,other than the biréfringent 

motor,to cross-referenced position. 

k) wATSLEN : Initializes the wavelength table. 

l) FUSTWL : Converts the position of the motor of the 

biréfringent filter,to wavelength in nm. 

m) WITPUS : Converts the wavelength,in nm,to the position 

of the motor of the biréfringent filter. 

The main program makes use of the subroutines listed 

above. Commands of the form 'XXW1 = l-J2(or S2)' are 

accepted,where 'XX’ is one of the codes given below: 

FI : Find motor position of motor 'N1'. 
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MM : Moves motor ' N1' through ’N2‘ steps. 

PM : Positions motor ’NI* at 'N2' steps or 'E2' nm. 

AH : Sets data channel 'HI' = A/D channel ' N2'. 

TC : Sets the time constant for channel 'JM 1 
1
 = 

,
H2’. 

SM : Scans motor *H1' through *^2' steps or ’22' nm. 

ML : Sets limit of motor 'N1* = »N2'.(If N2 0 low limit 

set,N2 0 high limit set.) 

3L : Sets scan limit of motor 'ÎT1' = ,N2'.(>If N2 0 low 

limit set,N2 0 high limit set.; 

IH : Initializes motor ’HI1. If H1 not specified all motors 

initialized. 

PL : Plots data in channel 'HI' on the video display. If 

N1 not specified,plots data in all the channels success¬ 

ively. 

MX : Maximizes signal ’ILE' for motor '111'. 

XR : Cross-references motor 'H1* on A/D channel 'U2'. 

DV : Displays A/D channel *111 1 on alphanumeric display ’ N1‘. 

Li : Lists the current values of all parameters. 

ST : Stores current data on file on the disk. 

RD : Reads data from file on disk. 

The software is written so that it defines 4 internal 

data channels. Each channel is capable of storing upto 1000 

numbers. These channels are used to store the reference, 

marker,monochromator and the U.7. diode voltages. If more 

analog channels are to be read,slight modification of the 

software will suffice. 

The spectrometer is capable of operating in a low as 
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well as a high resolution mode. In the low resolution mode 

no intracavity elements,other than a "biréfringent filter, 

are used. The linewidth of the dye laser output is then 

40 GHz(determined by the 3-plate biréfringent filter;. In 

the high resolution mode one intracavity étalon,a Faraday 

rotator and a half wave plate is used. The effective line- 

width in this mode is - 50 MHz(,limited by the frequency 

jitter of the free running dye jet stream;. 

An initialization run of about 15 minutes is required 

before the spectrometer can be used. In this run the 

various cross-reference tables are generated. This run 

consists of the following: 

1) First all the motors are initialized. In this operation 

the current positions of all the motors,relative to the low 

limit switch,are found. The software limits are set five 

steps away from the limit switches. 

2) The biréfringent filter is scanned through it’s entire 

range. The various detectors are read through the A/D 

convertor and the dye laser tuning curve is obtained. This 

tuning curve is then displayed on the video terminal. Using 

the cross-hairs of the Tektronix 4010 terminal the scan 

limits are set. Figure {11 ; shows such a plot. These limits 

depend upon the region of intrest and the range of the 

nonlinear crystal. 

3) An 11 point cross-reference table is generated between 

motor 1,the biréfringent filter,and motor 4,the nonlinear 

crystal. The scan range is divided into 10 equal parts. At 
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the resulting 11 positions of motor 1 the position of 

motor 4 is adjusted for maximum U.V. signal. The maximum 

position is found using a cubic fit on the acquired data, 

as shown in figure (12). A cubic fit is applied to the 

resulting 11 motor positions,to generate a 100 point cross- 

reference;' table. This cross-reference table consists of 100 

positions of motor 1 and 100 positions of motor 4,corres¬ 

ponding to a maximum U.V. signal. 

4) A similar cross-reference table is generated between 

motor 1,the biréfringent filter,and motor 2,the monochro¬ 

mator. 

5) Ilext a wavelength table is generated. This is done by 

feeding in the wavelength for one position of the mono¬ 

chromator. 

Appendix 1 gives the computer output of such an initial 

run. After this initial run the spectrometer is ready for 

use in spectroscopy. A scan of the dye laser in which the 

nonlinear crystal is synchronously tracked can be made. 

Figure (13) gives the computer plot of such a run,for the 

case of the low resolution. In this plot both the dye laser 

output and the U.V. output is plotted. Also plotted are the 

U.V. peaks for a fixed crystal position. The plot of the 

U.V. output is the locus of the tip of the U.V. peaks. This 

shows that the synchronous tracking of the dye laser and 

the nonlinear crystal is good. Figure (14) gives a similar 

plot with wavelength markers. 

In the case of the high resolution spectrometer the 
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intracavity étalons are used for fine tuning. An initial 

run similar to the one described above is made. Figure(15) 

gives a computer plot when the dye laser is bistable,single 

mode. Because of the bistablity of the dye laser the synch¬ 

ronous tracking is not so good. Consequently,in the synch¬ 

ronous scan the plot of the U.V. power is not exactly the 

locus of the tips of the U.V.peaks. 

Figure (16) gives the plot of the synchronous track 

for the case of the unidirectional,single mode dye ring 

laser. Figure (16) gives the plot using a ADP crystal. 

Figure (17) gives a plot using an ABA crystal. In the case 

of the unidirectional ring laser the synchronous tracking 

is much better than in the case of the bistable ring laser. 

When the spectrometer is used for doing high reso¬ 

lution spectroscopy the dye laser has to be scanned conti¬ 

nuously, in a single mode,through frequency ranges of the 

order of a few tens of GHz's. This is accomplished by 

scanning the intracavity étalon and the cavity length 

translator,simultaneously. Figure (18) gives the output 

of the dye laser when only the étalon is scanned and when 

the cavity length translator is also simultaneously scanned. 

The high resolution spectrometer was tested in 

obtaining a partial fluorescence spectrum of Iodine. Figure 

U9) gives a 30 GHz fluorescence spectrum of Iodine. 

Appendix 2 gives a 'HELP' list of the software used 

in computer controlling the laser spectrometer. This list 

describes all the codes that can be used,and is very 
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helpful for the operator of the spectrometer. 
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5.0 Summary 

During the course of this research a high power,single 

mode CW dye ring laser is developed. This laser is capable 

of giving powers in excess of 700 mW in a single longi¬ 

tudinal mode. Using nonlinear mixing schemes and suitable 

dyes the range 260 nm to 950 nm can be covered. 

A Pl)P 11/03 mini-computer and a CAMAC dataway is used 

to computer control such a system. The computer facilitates 

the convinient tracking of various elements in the mixing 

scheme and the dye laser cavity. This makes such an auto¬ 

mated dye laser a very useful spectroscopic tool. 
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Appendix 1 : Sample computer output of an 

initialization run. 



DSN>"C 

.R LASL 

HI» I'M YOUR FRIENDLY LASL PROGRAM. 

IN ORDER FOR THE LASER TO OPERATE YOU MUST INSURE THE FOLLOWING: 
1. THE DYE LASER IS ON AND ALIGNED. 
2. CAMAC CRATE IS ON AND ON-LINE. 
3. MOTOR POWER SUPPLY IS ON. 
4. STEPPING MOTOR CONTROLLER IS ON-LINE AND ADDRESS IS SLAVED 
3* THE AEROTECH MOTOR CONTROLLER IS ON. 
6. ALL MOTORS MUST BE POSITIONED BETWEEN THEIR LIMIT SWITCHES 
7. PANEL SWITCH 24 <STOP> MUST BE ON FOR MOTORS TO RUN. 

FOLLOWING A PAUSE» STRIKE THE RETURN KEY TO CONTINUE» OR 
ENTER CONTROL.2 TO ENTER MANUAL MODE. 

PAUSE — 

INITIALIZATION IN PROGRESS 
MOTOR *1 IS AT 4512 
MOTOR *2 IS AT 1790 
MOTOR #3 IS AT 260 
MOTOR *4 IS AT 2924 
MOTOR LIMIT<S> FOUND 
REFERENCE SIGNAL MUST BE INPUT TO A/D CH 4 
MONOCHROMATOR SIGNAL MUST BE INPUT TO A/D CH 5 
ULTRAVIOLET SIGNAL MUST BE INPUT TO A/D CH 6 
PAUSE — 

MOTOR *1 IS AT 3 
YOU MUST SET THE OPERATING RANGE OF THE BIREFRINGENT FILTER 

FOLLOWING A SCAN AND DISPLAY OF THE REFERENCE SIGNAL. 
WHEN THE CROSSHAIRS APPEAR AFTER THE PLOT» 

STRIKE 1 WITH CURSOR AT LEFT LIMIT THEN ENTER 1 FOR MOTOR *. 
STRIKE 2 WITH CURSOR AT RIGHT LIMIT THEN ENTER 1 FOR MOTOR * 
STRIKE 0 WHEN SATISFIED WITH LIMITS. 

THE BIREFRINGENT FILTER IS NOW BEING SCANNED. 
276 DATA POINTS TAKEN 

MOTOR #>1 

MOTOR *>1 

CROSS-REFERENCING OF THE DOUBLING CRYSTAL HAS BEGUN. 
COMMAND ERROR 
ASK XR 
LASL>XR6*l»3 

♦ OF ENTRYS> 
11 

CROSS-REFERENCING OF THE MONOCHROMATOR HAS BEGUN. 
♦ OF ENTRYS> 
5 

END OF INITIALIZATION. 

YOU'RE ON YOUR OWN (ENTER 'HE' FOR HELP). 
LASL>AJ2 

♦ 1* 1113 
♦ 2* 1130 
4 3* 1143 
♦ 4a 1156 
♦ 3- 1170 



* 6- 1183 
* 7» 1197 
4 8* 1211 
* 9* 1226 
♦ 10* 1240 
* 11* 1253 
» 12* 1270 
* 13* 1285 
* 14* 1300 
* 15* 1315 
4 16* 1330 
4 17* 1346 
4 18* 1362 
4 19* 1377 
4 20» 1393 
4 21* 1409 
4 22» 1423 
4 23* 1442 
4 24* 1458 
4 25* 1474 
4 26* 1490 
4 27* 1507 
4 28* 1323 
4 29* 1539 
4 30* 1556 
4 31* 1572 
4 32* 1588 
4 33* 1605 
4 34* 1621 
4 33* 1637 
4 36» 1653 
4 37- 1669 
4 38* 1685 
4 39- 1701 
4 40* 1717 
4 41* 1732 
4 42* 1748 
4 43- 1763 
4 44* 1779 
» 43* 1794 
4 46* 1809 
4 47* 1824 
4 48* 1838 
1 49* 1853 
* 50» 1867 
* 51* 1881 
4 52* 1895 
4 53* 1908 
4 54* 1921 
4 53* 1933 
4 56- 1947 
4 57* 1960 
4 58* 1972 
4 59* 1984 
4 60* 1996 
4 61* 2007 
4 62* 2018 
4 63* 2029 
4 64- 2039 
4 63* 2049 
4 66* 2059 
» 67* 2063 
* 68* 2077 
» 69* 2086 
* 70* 2094 
* 71- 2101 



* 72» 2109 
* 73- 2116 
* 74» 2122 
* 75» 2123 
* 76* 2133 
* 77» 2133 
* 78* 2143 
* 79* 2147 
* 80» 2131 
* 81» 2154 
* 82» 2156 
* 83- 2158 
* 84» 2160 
* 83* 2160 
* 86* 2161 
♦ 87» 2161 
* 88» 2160 
* 89» 2158 
* 90» 2136 
* 91» 2134 
* 92* 2151 
* 93» 2147 
* 94» 2142 
* 95* 2137 
* 96* 2131 
* 97* 2125 
* 98» 2118 
» 99» 2110 
*100» 2101 
N,MCRS(N)> 

LASLX.I 

Î1P0S » 4534 
NtIMHI* 8291 
MLIMLO* 5 
MLO « 310 
MHI * 4444 
MSCLO - 310 
MSCHI * 4444 
NBACK » 23 
MDIR » 1 
MTIK - 1 
MSTEP * 1 
SMODE * 7 
IAN * 4 
TIKTC » 30 
IDV » 
NPNTS « 274 
I DAN m 4 
UAVELN» 0.00 
LASL>ML2* -5 

LASL>ML2= 2734 

LASL>M02*64 

LASL>XR5»1*2 

* OF ENTRYS> 
8 

Y* 20 » w S« 22*30 
1127 

ttXP* 1113 
210 

Y* .13.* S* 22*30 

2098 260 2824 
2736 324 4488 

3 = 5 
1020 140 5 
2225 324 4488 
1020 140 5 
2225 324 4488 
= 5 130 
1 1 1 
1 1 1 
1 1 1 

200 0 200 
= 6-1 

30 30 30 
S 

= 6-1 

114 1085 

0 0 0 
4093 4095 4095 

0 ' 0 0 
0 0 0 

4093 4093 4095 
0 0 0 

4093 4093 4093 
5000 3000 5000 

1 1 1 
1 1 1 
1 1 1 
0 0 0 

11=7 216 
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2111 663 339 2072 2144 216 
MXP* 2117 

2117 1113 7 300 142 
2 1018 1918 142 

Y* 22.» S» 18.72 
1279 115 68 1241 1296 165 

MXP» 1274 
2 1018 2217 1275 

Y» 46.» S*114.55 
1417 637 341 1376 1444 204 

MXP* 1412 
2 1250 2130 138 

Y* 22.» S* 19.29 
1348 127 74 1523 1376 159 

MXP» 1549 
2 1386 2217 137 

Y* 57.» S*128.45 
1700 633 344 1668 1725 171 

MXP» 1700 
2 1351 2217 151 

Y» 27.» S» 30.49 
1826 172 99 1805 1855 150 

MXP* 1828 
2 1636 2217 128 

Y» 82.» S*166.42 
1967 686 383 1941 2000 177 

MXP» 1973 
2 1818 2217 143 

Y» 32.» S» 32.75 
2094 142 86 2072 2123 153 

MXP* 2099 
LASL>AJ2 

4 1* 1120 
4 2» 1131 
4 3* 1141 
4 4» 1152 
4 5* 1163 
4 6* 1173 
4 7* 1184 
4 8* 1194 
4 9* 1203 
4 10* 1213 
4 11* 1226 
4 12* 1236 
4 13* 1247 
4 14* 1257 
4 13* 1268 
4 16* 1278 
4 17* 1289 
4 18* 1299 
4 19» 1310 
1 20* 1320 
4 21» 1330 
4 22* 1341 
4 23» 1351 
4 24* 1361 
4 25* 1372 
4 26* 1382 
4 27» 1392 
4 23* 1402 
4 29* 1413 
4 30* 1423 
4 31* 1433 
4 32* 1443 
4 33* 1453 
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* 34» 1464 
* 35» 1474 
# 36» 1484 
* 37* 1494 
» 38- 1504 
♦ 39* 1514 
« 40» 1324 
* 41* 1534 
* 42* 1344 
* 43» 1354 
* 44» 1365 
1 43* 1375 
* 46* 1585 
* 47* 1595 
* 48* 1605 
♦ 49» 1615 
» 30* 1624 
* 31» 1634 
* 32* 1644 
* 33» 1654 
* 34» 1664 
* 33» 1674 
# 56- 1684 
* 57* 1694 
* 38* 1704 
* 59* 1714 
* 60» 1724 
# 61* 1733 
* 62* 1743 
* 63* 1733 
* 64* 1763 
t 63* 1773 
* 66* 1783 
* 67* 1792 
* 68* 1802 
* 69* 1812 
* 70* 1822 
* 71» 1832 
* 72* 1841 
* 73* 1831 
4 74- 1861 
« 73» 1871 
4 76* 1881 
4 77* 1890 
4 78* 1900 
4 79* 1910 
4 80* 1919 
4 81* 1929 
4 82* 1939 
4 83* 1949 
4 84* 1938 
4 83* 1968 
» 86* 1978 
4 87* 1987 
4 88* 1997 
4 89* 2007 
4 90* 2017 
4 91* 2026 
4 92* 2036 
4 93* 2046 
4 94* 2035 
4 *93» 2065 
4 96* 2073 
4 97* 2084 
4 98* 2094 
4 99* 2104 
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*100» 2113 
NfMCRS<N>> 

LASL>LI 

MPOS « 4622 2099 
MLIMHI* 8291 2736 
MLIMLO* 5 5 
MLO * 310 1018 
MHI » 4666 2217 
MSCLO » 310 1013 
MSCHI - 4666 2217 
MBACK - 23 5 
MDIR * 1 1 
MTIK * 1 1 
MSTEP ■ 1 1 
SMODE * 7 100 
IAN » 4 5 
TIKTC « 30 30 
IDV » -2 5 
NPNTS ■ 276 
IDAN * 4 3 
UAUELN* 
LASL> 

0.00 

COMMAND ERROR 

LASL>ML2*'~U 

COMMAND ERROR 

LASL>ML2 *-3\5\3 

LASL>ML2 *2731 

LASL>LI 

MPOS - 4622 2099 
MLIMHI* 8291 2736 
MLIMLO* 3 5 
MLO ■ 310 5 
MHI * 4666 2731 
MSCLO * 310 1018 
MSCHI * 4666 2217 
MBACK * 25 5 
MDIR * 1 1 
MTIK * 1 1 
MSTEP * 1 1 
SMODE * 7 100 
IAN * 4 3 
TIKTC * 30 30 
IDV - -2 5 
NPNTS - 276 
IDAN * 4 3 
UAVELN* 0.00 
LASL>XR3*1»2 

4 OF ENTRYS> 
5 

Y* 20.» S- 23.30 
1109 219 

MXP* 1119 
Y* 29.» S* 77.32 

2112 662 

2824 0 0 0 
4488 4095 4093 4095 

5 0 0 0 
3 0 0 0 

4488 4093 4095 4095 
S 0 0 0 

4488 4095 4095 4093 
130 3000 5000 5000 

1 1 1 1 
1 1 1 1 
1 1 1 1 

200 0 0 0 
-1 
30 

-1 

2824 0 0 0 
4488 4095 4093 4095 

5 0 0 0 
S 0 0 0 

4488 4095 4093 4093 
3 0 0 0 

4488 4093 4095 4095 
150 5000 3000 5000 

1 1 1 1 
1 1 1 1 
1 1 1 1 

200 0 0 0 
-1 
30 

-1 

1079 1131 216 

2078 2147 

260 
324 

3 
140 
324 
140 
324 

5 
1 
1 
1 
0 
6 

30 

6 

260 
324 

5 
140 
324 
140 
324 

3 
1 
1 
1 
0 
6 

30 

6 

119 

345 207 
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MXP» 2117 
2117 111? 4 300 24? 

2 101? 1?1? 24? 
Y* 27* » S* 37*15 

1382 220 123 1345 1404 177 
MXP* 137? 

2 101? 2217 1380 
Y* 46 * t S*115*05 

1612 65? 352 1581 1647 198 
MXP* 1618 

2 1557 2217 23? 
Y* 35*# S* 53*?7 

1864 2?2 163 1835 1886 133 
MXP* 1863 

2 1808 2217 245 
Y* 62* # S* ?8*01 

2076 372 217 2058 2114 168 
MXP* 2085 
LASL>AJ2 

# 1* 1119 
* 2* 1130 

3* 1141 
« 4* 1152 
♦ 5- 1163 

6» 1173 
* 7* 1184 
4 8* 1195 
4 ?* 1206 
4 10* 1217 
4 11* 1227 
4 12* 1238 
4 13* 1249 
4 14* 123? 
4 15* 1270 
4 16* 1281 
4 17* 1291 
4 18* 1302 
4 19* 1312 
4 20* 1323 
4 21* 1334 
4 22* 1344 
4 23» 1355 
4 24* 1365 
4 25- 1376 
4 26- 1386 
4 27- 1397 
4 28- 1407 
4 29* 1417 
4 30- 1428 
4 31* 1433 
4 32- 1448 
4 33- 1459 
4 34- 1469 
4 33- 147? 
4 36- 1490 
4 37- 1500 
4 38* 1510 
4 39- 1521 
4 40- 1331 
4 41* 1341 
4 42- 1551 
4 43- 1561 
* 44» 1572 
4 45- 1582 
4 46- 1592 



* 47» 1602 
♦ 48» 1612 
4 49* 1622 
4 50* 1632 
4 51* 1642 
4 52* 1652 
4 53* 1662 
4 54* 1672 
4 55* 1682 
4 56* 1692 
4 57* 1702 
4 58» 1712 
4 59* 1722 
4 60* 1732 
4 61* 1742 
4 62* 1752 
4 63* 1761 
4 64* 1771 
4 65* 1781 
4 66* 1791 
4 67* 1801 
4 63» 1810 
4 69* 1820 
4 70* 1830 
4 71* 1840 
4 72* 1849 
4 73» 1859 
4 74* 1869 
4 75* 1878 
4 76* 1888' 
4 77* 1898 
4 78* 1907 
4 79* 1917 
4 80» 1926 
4 81* 1936 
4 82» 1946 
4 83* 1955 
4 84- 1965 
4 85» 1974 
4 86* 1984 
4 87* 1993 
4 38» 2003 
4 89» 2012 
4 90* 2021 
4 91» 2031 
4 92* 2040 
4 93* 2050 
4 94* 2059 
4 95* 2068 
4 96* 2078 
4 97* 2087 
4 98* 2096 
4 99* 2106 
♦ 100* 2115 
N »MCRS<N)> 

LASL>H02»128 

LASL>ML2*-5 

r
 

cn
 

r
 

V
 

ML2-2731 

LASL> XR6*1F2 

* OF ENTRYS> 
5 



Appendix 2 : 'HELP' list of the software 
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CMMAND FORM IS 'XXN1»N2 <OR El>' WHERE 'XX' IS ONE OF THE TWO LETTER 
CODES GIVEN BELOW* 

I»HE: HELP LIST (TYPE *HE1* FOR MORE) 
<2»FI: FIND MOTOR POS 
3*H«: MOVE MOTOR N2 STEPS 
4»PM: POSITION MOTOR AT N2 
3-AN: DATA CHAN N1*A/D N2 

6»TC: SET TAU FOR CHAN N1 
7«SM: SCAN MOTOR N1 

8*SS: SCAN SPEED IN TIKS/SEC 
?*ML: SET MOTOR LIMITS 

10-M0Î SET SCAN MODE 

U*PL: PLOT DATA 
12»IN: INITIALIZE 
13- STJ STORE DATA 
14- MXÎ MAXIMIZE SIG N2 FOR MOTOR N1 
IS*AD: TYPE DATA CHAN VALUES 
16*Li: LIST CURRENT PARAMETERS 
17-DV: DISPLAY CHAN N1*A/D N2 
18»XR: CROSS-REF MOTOR N1 ON A/D N2 
19*AJ: ADJUST XREF TABLE 
20*SL: SET MOTOR SCAN LIMITS 
21»EX: EXIT (NOT IMPLEMENTED) 
22*NZ; NOISE AND AVG FOR CHANNEL (NOT IMPLEMENTED) 
23»WL: WAVELENGTH INITIALIZATION 
24~AA: ANALOG TO ANALOG 
23*X6J NO DESCRIPTION 
26*XS: NO DESCRIPTION 
27*X4. NO DESCRIPTION 
2S-X3J NO DESCRIPTION 
29*X2J NO DESCRIPTION 
30*Xi: NO DESCRIPTION 
*HE: PRINTS ALL BRIEF DEFINITIONS IF N1*0) 

PRINTS MORE COMPLETE DEFINITION OF CODE N1 IF N1>0* 
-FIS FINDS THE CURRENT POSITION IN STEPS OF MOTOR HI 9 
MOTOR IS DRIVEN TO THE LOW LIMIT SWITCH AND THEN RETURNED TO ITS ORIGINAL 
POSITION WITH MPOS(Nl)«POSITION. 
«MM: MOTOR N1 IS MOVED BY N2 STEPS OR El NM. IT IS STOPPED IF IT REACHES 
EITHER LIMIT SWITCH* MPOS(Nl) IS SET TO 0 IF LOW LIMIT IS REACHED. 
MLIMHI(Nl) IS SET TO MPOS(Nl) IF HIGH LIMIT IS REACHED. THE MOTOR MAY 
NOT BE MOVED OUTSIDE OF THE RANGE MLO(Nl) TO MHI<N1)* 
*PM: MOTOR N1 IS MOVED TO POSITION N2 OR TO WAVELENGTH El (NM). IT IS 
STOPPED IF IT REACHES EITHER LIMIT SWITCH. MPOS(Nl) AND MLIMHI(Nl) ARE 
SET AS FOR THE 'MM' COMMAND. 
»ANt IDENTIFY DATA CHANNEL N1 <K-N1<*4> WITH CAMAC A/D CHANNEL 
N2 (OON2<*15>. THIS CHANNEL SHOULD BE REFERRED TO BY ITS CHANNEL ♦. 
NOTE THAT CHANNEL 4 IS USED INTERNALLY BY MAXMIZ AND XREF* 
EACH DATA CHANNEL MAY HOLD UP TO 1000 DATA POINTS* 
»TC: SET THE TIME CONSTANT FOR DATA CHANNEL N1 TO N2 (OR El) SECONDS. 
IF A CHANNEL IS NOT SPECIFIED» ALL CHANNELS ARE CHANGED* 
TIME CONSTANTS ARE USED INTERNALLY AS CLOCK TICKS («1/60TH SEC.). 
A TIME CONSTANT OF ZERO WILL RESULT IN A 1 TIK ENTRY WITH 
NO FILTERING* 
«SMÎ SCAN MOTOR N1 BY N2 TIKS OR El NANOMETERS. THE NATURE OF THE SCAN 
WILL BE DETERMINED BY THE CURRENT VALUE OF THE SCAN MODE < VAR=»SMODE> ♦ 
COMMAND *MOX*X• MUST BE USED TO SET THE MODE. IF N2 OR El IS ZERO» 
THE MOTOR IS SCANNED TO ITS HI LIMIT (VARIABLE MSCHI). UNLESS BIT 2 
OF SMODE IS SET» THE SCAN STARTS AT THE CURRENT POSITION OF THE MOTOR. 
IF BIT 2(SMODE) IS SET» THEN THE SCAN WILL BE FROM MSCLO TO MSCHI 
(SET WITH *SL* COMMAND). THE SCAN WILL BE IN A POSITIVE DIRECTION? 
NEGATIVE N2 OR El WILL NOT BE ACCEPTED. UP TO 1000 DATA POINTS WILL 
BE TAKEN AT A RATE OF 3 PER TIME CONSTANT BUT NO FASTER THAN 
1 PER CLOCK TICK. 
*SS: SET THE SPEED OF MOTOR N1 TO N2 TICKS PER STEP* THE 
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MAXIMUM SPEED IS 1 CLOCK TICK PER STEP. Nl MUST BE SPECIFIED AND 
LARGER Nl MEANS SLOWER SCANS. 
-MLJ SETS THE RANGE LIMITS FOR MOTOR N1. IF N2 IS NEGATIVE OR ZERO» 
MLO WILL BE SET TO THE ABSOLUTE VALUE OF N2. IF N2 IS POSITIVE» MHI 
WILL BE SET TO N2. THE SCAN LIMITS WILL BE REDUCED IF NECESSARY. 
-MQÎ SET THE SCAN MODE FOR MOTOR N1 TO N2* THE BITS OF THE VARIABLE 
SMODE ARE CHECKED AND HAVE DIFFERENT RESULTS. 

BIT 1«>RETURN TO STARTING POSITION FOLLOWING SCAN. 
BIT 2»>SCAN FROM MSCLO TO MSCHI <SET BY *SL*>. 
BIT 4-*>TRACK DOUBLING CRYSTAL ANGLE WITH BIREFRINGENT 

FILTER POSITION. <NO EFFECT IF NO XREF TABLE.) 
BIT 64-»>DEBUG PRINTOUTS IN MAXIMIZATION SUBROUTINE. 

COMBINATIONS OF THE VARIOUS BITS ARE LEGAL IF THEY MAKE SENSE. 
-PLÎ PLOT DATA CHANNELS. IF N1 IS SPECIFIED» PLOT ONLY DATA CHANNEL N1♦ 
IF N1 IS NOT SPECIFIED» PLOT ALL VALID DATA CHANNELS USING THE SAME SCALE 
PARAMETERS CHOSEN TO SHOW ALL DATA POINTS. IF A POSITIVE VALUE IS 
SPECIFIED FOR N2 (OR El)» USE THAT VALUE FOR THE MAXIMUM Y VALUE AND 0 
FOR THE MINIMUM. IF N2 IS NEGATIVE» THEN USE THE THE SCALE PARAMETERS 
FROM THE PREVIOUS PLOT. IF N2 <AND El) -0» THEN PERFORM AUTO-SCALING 
ON THE DATA* WHEN THE CURSOR APPEARS» THE USER MUST MAKE 
A RESPONSE* FOR AUTO-SCALING» THE WRITEUP FOR *FPLOT# 

DESCRIBES THE GRAPHING RESPONSES. ADDITIONAL COMMANDS HEREIN ARE: 
0- NO ACTION» JUST CONTINUE. 
1- SET MLO TO THIS POSITION? MOTOR * WILL BE REQUESTED 
2- SET MHI TO THIS POSITION AS ABOVE 
4- PRINT CURSOR POSITION AND REPLOT 
5- PRINT CURSOR POSITION AND CONTINUE 
8-GRAPH MOST RECENT CURVE ON RECORDER 

-INÎ INITIALIZE BY FINDING POSITIONS OF ALL MOTORS AND SETTING 
ALL PARAMETERS TO INITIAL VALUES. MOTORS ARE LEFT AT THEIR 
ORIGINAL POSITIONS. 
-STJ STORE ALL DATA IN A DISK FILE. A DATASET NAME WILL BE REQUESTED. 
IF NONE IS ENTERED» A DEFAULT NAME WILL BE USED. THE NAME IS OF THE FORM 
■MMMDD.HMM* WHERE MMM IS THE 3-LETTER CODE FOR THE MONTH» 
DD IS THE DAY OF THE MONTH» 
HH REPRESENTS THE HOUR FROM *A* FOR OOJMM TO *Y* FOR 24ÎMM» 
AND MM IS THE TIME IN MINUTES. 
DATE AND TIME ARE TAKEN AT THE BEGINNING OF A SCAN. 
REMEMBER THAT A SCAN COMMAND DESTROYS ALL PREVIOUSLY ACQUIRED DATA* 
-MXJ MAXIMIZE THE POSITION OF MOTOR N1 WITH RESPECT TO THE SIGNAL 
INTO A/D CHANNEL N2 (NOTE: A/D CHANNEL N2 AND NOT DATA CHANNEL N2) • 
THE MOTOR WILL BE SCANNED FROM MLO TO MHI WITH UP TO 1000 DATA POINTS 
BEING STORED IN A FREE DATA CHANNEL. THE MAXIMUM POINT IS LOCATED AND 
A POINT ON EACH SIDE AT THE HALF MAX VALUE IS DETERMINED. A SLOWER SCAN 
BETWEEN THE HALF-MAX POINTS IS TAKEN AND THE DATA IS FIT WITH A CUBIC 
POLYNOMIAL TO FIND THE MAX. IF SMODE HAS BIT 64 SET» THEN THE DATA 
WILL BE PLOTTED. THE MOTOR WILL BE LEFT AT THE MAX POSITION IF ONE 
IS SUCCESSFULLY FOUND. 
-AD: TYPE THE CURRENT VALUES ON THE ANALOG INPUTS TO THE VALID 
DATA CHANNELS. THE DATA CHANNELS MUST BE DEFINED BY PREVIOUS * AN* 
COMMANDS. IF N1 IS SPECIFIED» ONLY THAT DATA CHANNEL WILL BE TYPED. 
IF N2 IS SPECIFIED» THE DIGITAL DISPLAY WILL BE UPDATED 3 TIMES 
PER SECOND FOR N2 SECONDS. IF N2 IS <0» THEN ONLY THE DIGITAL 
DISPLAY WILL BE UPDATED. THE DISPLAY TIME MAY BE CUT SHORT BY 
TURNING OFF SWITCH 24 ON THE PANEL. 
-LIJ LIST THE CURRENT VALUES OF SELECTED PARAMETERS. 
»DV: SET DISPLAY CHANNEL Nl TO A/D CHANNEL N2. N1 MUST HAVE THE 
VALUE 1 OR 2. IF N2 IS NOT SPECIFIED» THE DISPLAY IS DISABLED. 
IF OON2C-15» THE VALUE FROM A/D CHANNEL N2 IS DISPLAYED. 
IF N2—10» THE WAVELENGTH IN NM. WILL BE DISPLAYED IF AVAILABLE. 
IF -1>-N1>—NMOTS» THE POSITION OF MOTOR -Nl WILL BE DISPLAYED. 
THE DISPLAYS ARE UPDATED DURING SCANS» FOLLOWING MOVEMENT OF THE MOTORS» 
AND IN RESPONSE TO THE *AD* COMMAND. 
-XRÎ CAUSES A CROSS-REFERENCE (XREF) TABLE TO BE GENERATED. 
THE TABLE CONTAINS THE POSITIONS OF MOTOR Nl FOR MAXIMUM SIGNAL ON 
A/D CHANNEL N2 FOR 100 POSITIONS OF MOTOR 1 (THE BIREFRINGENT FILTER). 
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THE COMMAND ,XR1»N2‘ INITIALIZES THE XREF PROCEDURE AND MUST PRECEDE 
ANY OTHER *XR* COMMAND* IN THIS CASE N2 SPECIFIES THE * OF POSITIONS 
OF MOTOR 1 AT WHICH MAXIMIZATION WILL ACTUALLY BE PERFORMED* 
THE 100 TABLE ENTRIES ARE DETERMINED BY FITTING A QUARTIC 
POLYNOMIAL TO THE DATA* 
*AJ: PERMITS ADJUSTMENT AND PLOTTING OF THE XREF TABLE N1 U0N104). 
THE ENTRIES IN THE TABLE WILL BE LISTED. ANY ENTRY MAY BE REPLACED 
BY GIVING ITS POSITION # AND ITS NEW VALUE. A 0 POSITION * WILL RESULT 
IN A PLOT OF THE TABLE VERSUS POSITIONS OF MOTOR 1. A NEGATIVE 
POSITION # WILL CAUSE THE TABLE TO BE RELISTED. A CTRL.Z WILL EXIT 
THE SUBROUTINE. 
■SLÎ SETS THE SCAN LIMITS FOR MOTOR N1. IF N2 IS NEGATIVE OR ZERO* 
MSCLO WILL BE SET TO THE ABSOLUTE VALUE OF N2* IF N2 IS POSITIVEr MSCHI 
WILL BE SET TO N2. THESE VALUES ARE USED ONLY IF BIT 2 OF SMODE IS SET 
DURING A SCAN. THE SCAN LIMITS WILL BE REDUCED IF THE MOTOR LIMITS 
ARE REDUCED BELOW THEM* 
■EXJ NO DESCRIPTION 
-NZ! NO DESCRIPTION 
■ULÎ NO DESCRIPTION 
■AAt NO DESCRIPTION 
■X6Î NO DESCRIPTION 
*xs: NO DESCRIPTION 
■X4J NO DESCRIPTION 
■X3 « NO DESCRIPTION 
«X2* NO DESCRIPTION 
■XI ; NO DESCRIPTION 
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