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: Preface

‘& —_—
h This thesis 1s the product of my efforts to interface a
L new Mossbauer spectrumeter to a PDP 11/03 microcomputer, which

has the capabilities of analyzing Mossbauer data, and also to

determine microstructure changes of an Al-~Fe-Ce alloy due to
various processing stages. This thesis will describe both the
hardware and software changes made to assemble the new system,
the system”s limitations, and a complete operating procedure,
For the alloy studied, a literature review and spectra for each

processing stage is included.

I would like to thank Don Elworth of the Physics
Department for his technical assistance throughout the project,
and boug Barker of the Air Force Materials Laboratory for
supplying the alloy samples. I especially want to thank my
advisor, Dr. George John, for his continuous support and
guidance during this project.

Finally, I want to thank my wife, Rosie, for her

constant support and understanding.
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Abstract

In this study, a computer based Mossbauer spectrometer

was buillt using a new MS-900 spectrometer, an APPLE 2+ computer

Qi - | o
]
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connections, software changes were made to the analysis program

! system, and a PDP 11/03 computer system. The APPLE was used as }133
b R
. the link between the spectrometer and the PpP, which is used to ._51
y analyze the Mossbauer spectra. In addition to minor hardware . - ?

so that it could accept the data format produced by the new

)
(%]

v -

i c

. R

spectrometer. Due to equipment failure, only preliminary tests

were made of the new system, however the tests were positive.

Originally, an Al~Fe-Ce alloy was chosen to be studied by the
new system. Instead, the alloy, chosen because of its excellent
high temperature properties, was studied by the original
Mossbauer spectrometer system. The goal was to follow and
identify changes in the microstructure of the alloy due to
ditferent processing stages. Although changes in the spectra
were identitied with processing stages, it is still unclear as

to what compounds are related to the observed spectra.
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HOSSBAUER SPECTROMETRY: TESTING OF A NEW COMPUTER BASED SYSTEM

AND ITS APPLICATION TO A STUDY OF AN ALUMINUM-1RON-CERIUM ALLOY

. ]
- ]"
- I. Introduction B
S

» Mossbauer spectrometry is becoming an increasingly _q
> R
important tool for the field of physical metallurgy. The goal of L

i this study consisted of assembling and testing a computer based ;:li
a2 . -

- mossbauer spectrometer and its application to examining an alloy . q
consisting of 8% Al, 8% Fe, and 47 Ce by weight. This al-loy was j

r

X chosen to be studied by the Air Force Materials Laboratory ]

+' because of its attractive elevated temperature and creep TT!i

; resistance properties.

Background

In previous years, students have studied mossbauer
spectrometry and its application to materials technology. These
studies included: 1) the monitoring of chemical changes which
occur during the manufacture of rare earth-cobalt magnets, 2)
the determination of chemical changes in the bonding surface

between a coating and its substate, and 3) the physical

-haracteristics of amorphous metallic materials. The equipment

used for these studies, including the software for data

analysis, involved tedious manual transfer of data to a
computer. In 1981 Pate succesfully completed the programing for :f*:
a DEC LSI-11/03 computer which permits rapid analysis of

, | d
mossbauer spectra without the need for a central processor at -

- R
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Tne Air Force Institute ot Technology. With this completed, it

was desired to replace the aging and bulky spectrometer with a

new one which could be interfaced with the DEC, resulting in

rapid easy collection and analysis of data,

The alloy to be studied and used as a test for the

newly built system was chosen by the Materials Laboratory at

Wright Patterson Air Force Base. This organization has been

involved in the study of powder metallurgy aluminum base alloys

in order to improve elevated temperature strength and creep

resistance properties. Initially, a total of 21 binary and
ternary alloys fabricated from atomized powders, hot pressed to ]
4
full density, were chosen to evaluate the effect of alloy h4!
composition and fabrication parameters on mechanical properties
up to 405 - 650 F. From this study, the Al-Fe-Ce alloy was most
promising and demonstrated that powder metallurgy was feasible

for producing a new generation of elevated temperature aluminum

alloys. However, it is still unclear as to the exact mechanism

: <
surrounding Ce. Also, it is realized that the type of processing .fJ!
will definitely influence the final product. Thus it 1is

desirable to better understand the microstructure and how the

microstructure is affected by changes in the processing

parameters.,

Problem
The problem investigated in this study was twofold.
First, an interface between the new spectrometer and the DEC was

to be accomplished. Second, the new system was to be used tor




studying the aluminum-iron-cerium alloy. In particular, the
alloy was to be analyzed at eacih stage of processing to follow
and Ldentify changes in the wmicrostructure. The processing
stages include: 1) gas atomization, 2) cold isostatic pressing,
3) hot vacuum degassing, and 4) hot iscstatic pressing followed

by hot vacuum degassing.

Scope

The interfacing achieved in this study was only. a
temporary solution. Instead of a direct link between the new
spectrometer and the DEC, an APPLE 2 Plus computer was used to
link the two devices. Appendix B contains a brief discussion of
how a direct interface could be accomplished. Also, due to
equipment failure, the alloy tests had to be accomplished on the
original equipment., However, it was possible.to test the new
equipment using a known source. In addition to these
limictations, the testing of all samples was taken at roonm
temperature and all samples were fabricated based on theoretical
calculations to optimize the spectra obtained. A literature
search was done and included sources at the Air Force Institute
of Technology, School of Engineering, an Air Force Wright
Aeronautical Laboratories technical report and a search by the
Mossbauer LkLffect Lata Center in iNorth Carolina on binary and

ternary alloys containing Al, Fe, and Ce.

Keview of the Literature

The literature review contains information found




pertaining to the Al-Fe-Ce alloy and the possible intermetallic
compounds formed. Most of this intormation comes trom the Air
Force Materials Laboratory Technical Report. In order to better
understand their results, it is necessary to explain how the
test alloy was fabricated. First, the alloying elements Ce and
Fe were added to 99.5% pure superheated aluminum and the alloy
was then gas atomized in a low-oxygen flue gas to generacé a
fine, irregular powder (1:3). The low-oxygen flue gas was
necessary to prevent violent oxidation (1:3). Following
atomization, the powder was screened through a 325 mesh sieve
and cold compacted at 414 MPa (60 Ksi) to form compacts with a
density of about 80X of theoretical (1:4,47). Next, the compacts
were heated to temperature in argon, transferred in air to a die
and hot pressed to 100%Z density at 600 F or 700 F (1:48).
Finally, the tully dense hot compacted billets were machined ; ;i

into forging preforms and hot forged at 600 F or 700 F.

The study by the Air Force Materials Laboratory iﬁ}
indicated that this and the other alloys éonsidered were likely
to produce unknown metastable compounds due to the rapid
solidification resulting from atomization. In order to try and
identify the metastable intermetallic phases in the alloy, X-ray
and thermal analysis, as well as optical metallography and
scanning transmission electron microscopy (STEM), were used to
study both the atomized powders and the forgings. Guinier-deWolf
X-ray analysis revealed small amounts of FeAl and an

6

unidentified phase., The same structure was seen in both the

powder and the forging samples (1:55). Thermal analysis,




differential scanning calorimerry (DSC), also showed a lack of
structural ditferences between the forgings upset at 600 F and
700 F and the atomized powders. Optical metallography revealed a
very tine and uniform microstructure (l:11). Within a single
particle, areas of fine, dense precipitates were interspersed
with areas that appeared almost featureless at magnirications up
to 100UX (l:103). It is believed that the featureless areas
impart high strength while the precipitated areas contribute to
increased ductility (1:164). In further efforts to identify the
precipitated ifitermetallic phases present, a foil of the alloy
was examined by STEM. The results indicated that some areas
contain no Fe or Ce in the matrix while the intermetallics
contained 90.5 at.Z Al, 7.4 at.%Z Fe and 2.U at.% Ce (1:103).
These results however do not correspond to either of the ternary

phases A18 Ce Feu and Al Fe, Ce stated to be possible

10 2
formations in Al-Fe~Ce alloys (1l:55).

When searching for information on ternary phases
containing Al, Fe and Ce, only one other study was found. The
study by Felner and Nowik shows Mossbauer spectra of an Fe57
probe replacing the Cu ion in the compound Ce chAIB (2:1040).,
Their spectra, taken at temperatures from -452.29 F to room
temperature, show a sinyle quadrupole doublet with an isomer
shiftmaf +0.23 mm/8 relative to Fe metal.

Finally, the most likely binmary compounds formed, from

the ratio of elements present, include Fe Al , Fe Al Fe Al

3l 60
FeuA113(3:299), and Fe,Ce (4). Of these compounds, only

2
intormation on Fe A16, FehAllj’ and FeZCe was found. The spectra
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or Fe Alé (tigure ) is that of a4 quadrupole doublet with an

isomer shitt of +0.25 mm/s with respect to natural iron (3:301). RIS
- el
The FeuA113 spectra is the result ot five different quadrupole rﬁ:g

doublets representing tive ditferent iron sites (5:1521). This

spectra appears as a closely spaced triplet centered at (0.2 mm/s

relative to natural iron foil (5:1522). The Ce Fe2 spectra 1is a

symmetric six line pattern and the curie temperature for this

compound is reported to be -32.8 F (4:762).
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- I1I. Theory
Mossbauer Effect
g The theory otf the Mossbauer Effect has been well

S developed and thus will not be covered here in detail. For a

detailed discussion the reader is referred to reference 6. :

,fij

F Instead, a general description of the Mossbauer Effect will be TR
given through the following example. Consider a nucleus of an ;*”:

atom bound in some type of lattice such as is the case of a

metal. The nucleus may interact with its environment in three
ways. First, the nuclear charge maf interact electrostatically

with the electrons present at the nucleus. A change in the

electron density at the nucleus, from perhaps a change in the

lattice structure, results in a shift of the nuclear energy

levels. Second, the nuclear quadrupole moment of a nucleus can

interact with an electric field gradient which is usually a -y
result of the charge distribution of the ions in the lattice. An ,'i
interaction of this type will cause splitting of the nuclear ;
energy levels. For the case of an iron nucleus, the splitting ”q

will result in two nuclear energy levels., Finally, the magnetic

dipole moment of a nucleus can interact with a magnetic field

produced externally or due to ions in the lattice. This
interaction also causes splitting of nuclear energy levels and
for the case of an iron nucleus, six energy levels are produced.

In 1957, Rudolph Mossbauer noticed that by moving a

radioactive source, the energy of a photon emitted by the
nucleus was changed by a small amount. Mossbauer spectrometry

takes advantage of this fact by using photons of a spectrum of -

P IR S . .- PR .
PPN IS P, S A S -~

A S T S T P R P
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energies, produced by accelerating a radioactive source, to
probe the nuclear eneryy levels ot a nucleus in its lattice. If
the emitted photon, from a source, has the correct energy needed

to excite the nucleus in a lattice, or absorber, then the photon

may be absorbed and re-emitted isotropically resulting in a

resonant effect. This eftect will take place if the source and

absorber both contain the same atom. Commonly, the source
.
- contains iron in an excited state and the absorber contains iron
— in the ground state. 1f the absorber is placed between the

velocity modulated source and a detector, a spectrum containing
dips, or lines, will be seen where each dip is a result of the
resonant absorption, Each dip is related to a particular source

€ velocity, and thus a particular photon energy, which 1is

characteristic of the absorbing nuclei. From studying these
spectra, a great deal can be learned about the environment of
the iron nucleus. In this study, the alloy being tested contains
an iron nucleus which will be used as a probe to uncover

intormation about the alloy”s lattice structure.

Absorber Parameters

A Mossbauer spectrum can be optimized by choosing the
proper absorber thickness. A method by Shimony (7) enables one
to find the best absorber thickness for maximizing the relative
intensity of the absoption lines. This method is based on

maximizing a single line, but can be extended to cases where

' there are several lines of equal intensity (7:350).

It an absorber is made very thick, there will be a
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large uumber ot dctive nuclel in the path ot an incident photon,
resulting in a4 strong resonant effect. However, if the absorber
is too thick, the non~-resonant radiation emerging trom the
absorber will be very weak. Because of this, the resonance lines
will appear very slowly due to statistics involved and the
backyground noise will tend to mask it out (7:348). If the
absorber is too thin, the emerging non~resonant beam will be
increased but the resonance effect will be reduced because of
fewer active nuclei present in the path ot the incident photon.
The method to be described below enables one to calculate an

intermediate thickness which will result in maximum absorption

peaks. R
Initially, one assumes that the shape of the resonant :f;‘
line(s) is Lorentzian, which is true unless perturbed by the
system (8:3,5). If this is the case, then the magnitude of the e
Lorentzian peaks, according to Shimony, can be expressed as :Eﬂ
(7:349):
q(d)=Nyf_(1-exp(-1/2u d)J( 1/21urd) Jexp(-u,d) (1)
where, e
d = actual absorber thickness .
NO = number of photons striking the absorber l
fs = recoll free fraction of the source -

u_ = coefficient of resonant absorption
u_ = coefficient of non-resonant absorption

Jo = zero-order Bessel function

10




If equation (1) is examined closely, it is noticed that for 4 =

0 and as = o2, q_(d) vanishes. By setting the derivative ofq

(q) with respect to d equal to zero and using the identity

(dJO(x))/dx = -J, (x) (2)

the following relation is founa:

u, (exp(l/?urdo)-Jo(l/éiurdo))
g (Jy(1/21udg)+T, (1/21ud,))

(3)

which yields Table 1 (7:349). 1f one can find the value of the
aicensionless quantity ur/zua », one can use table 1 to find the

value otl/zurdo and thusdo.

The value of ur can be found through the relation

u, < fanso/M (4)

where

recolless traction of the absorber

)
L]

number density of active nuclei in absorber

o }
»

M = number of equal intensity peaks
= maximum average cross section for resonant

absorption per active nucleus

11
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1/2 u.dg ur/(Zua) 1/2 udg | u/(2u,)
0.0 0.0000 2.2 3.946
0.1 0.1078 2.3 9. 760
0.2 0.2%24 2.4 10. 620
0.3 0.3758 2.5 11.50
0.4 0.5%97 2.6 12.42
0.5 0.7264 2.7 13.36
0.6 0.9379 2.8 14.36
0.7 1.176 2.9 15.36
0.8 1.445 3.0 16.40
0.9 1.741 3.2 18.55
1.0 2.072 3.4 20.79
1.1 2.433 3.6 23,13
1.2 2.837 3.8 25.55
1.3 3.276 4.0 28.06
1.4 2.749 4.2 30,78
1.5 4.261 4.4 33,39
1.6 4.339 4.6 36.05
1.7 5.404 4.8 38.87
1.3 £.039 5.0 41,71
1.9 6.70% 5.2 44,65
2.2 7.4%6 5.4 47.62
2.1 3,140 5.6 50.72

ur/(Zua)

53.83
57.03
60.33
63,67
67.02
70.42
73.94
77.47
81.05
84.73
88,46
92.18
95.87
100. 1
103.8
107.9
113.3
115.9
120.6
124.€
123,7

132.5
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b For the alloy being studied, no data was available on the recoil _@ij
tree fraction. However, a value of 0.5 was assumed which is o

il typical ot many absorbers. For an iron atom, the value of SO is ?*fq
SEREY

given as 2.38E-18 c&%Fe atom (Y). The value for n was calculated 1 ,F

- e
to be 1.88E+19 atoms/g and from initial spectra, two peaks N

N - '-a

appeared with nearly equal intensities, thus a value of 2 will :~3‘

2
be given to M. These constants lead to a value of 11.208 cm/g

;f for u_ .
- r

The value fOt'uain c#%g was found by assuming the relation

(5)

u

a, = f Wiuai

holds true (1lU:69). The values of each ua lead to a final value

of 17.3 céag for the alloy. By using the values of U, and U, and

table 1, a value of (.047 g/cmzwas calculated tor the optimum
absorber thickness, As will be shown later, this value differs
from the experimentally found optimal value by approximately

504. However, this method was useful for finding an initial

value which was able to be refined experimentally.
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IlL. Equipment and Procedures

In this section, the Mossbauer spectrometry equipment
and procedures for data aquisition will be discussed. The
equipment for the original system will simply be listed while
the equipment and installation procedure will be included for
the new system. Also discussed will te the method of absorber
preparation, the experimental method for finding the optimum

absorber thickness, and the experimental geometry.

Original Mossbauer System

The major components of the original Mossbauer
spectrometer include a velocity transducer (motor), a motor
control unit (MCU) to drive the motor at a constant
acceleration, a linear amplifier/single channel analyzer, a
Krypton-filled proportional counter with a preamplifier, and a
high voltage supply for the detector. All of the above
equipment, with exception for the detector, was manufactured by
Ranger Electronics. Other equipment included a RIDL 400
multichannel analyzer (MCA) operated in a time-sequential

scaling mode and driven by a RIDL time base oscillator.

New Mossbauer System

The new Mossbauer spectrometer system consists of a
single unit (MS-900) which contains the Mossbauer control unit,
the linear amplifier/single channel analyzer, a time base
oscillator and a 1024 multichannel analyzer. This unit, built by

Ranger Scientific, Incorporated, was designed to be operated
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with the assistance of an APPLL ¢+ or 2e computer. Uther
equipment used in conjunction with this unit included a velocity
transducer (VT-900) also built by Ranger Scientific,
Incorporated, a detector/preamplitier, and a high voltage
supply. In order to transfer and display data, an APPLE 2+
computer was connected to the MS-900 via an MS-900-100 interface
card inserted in the computer.

For both the new and original system, the operation is
basically the same. The source is connected to the shaft of the
velocity transducer, which is accelerated by the control unit,
This unit is driven by the channel address ramp from the
multichannel analyzer, which is driven by the time base
oscillator. The pulses produced by the detector are sent through
the preamplifier, linear amplifier and single channel analyzer
respectively. The single channel analyzer windows are set such
that only pulses resulting from the 14.4 kiloelectron volt (keV)
photons are passed through the remaining circuitry. As each
channel in the MCA is opened for a time specified by the time
base oscillator, pulses from the SCA enter this channel and thus
a spectrum of counts versus channel number is produced. Each
channel is related to a particular velocity of the source and
thus the spectrum is also that of counts versus velocity. How
the velocity scale iIs assigned to the spectrum during data
analysis will be discussed later. The velocity scale on this
spectrum depends on whether the motor is driven in the
triangular mode or flyback mode. In either case, the maximum

velocity (VMAX) of the source is set and the source is moved at

15
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- a constant linear acceleration between +VMAX and -VMAX. For the

flyback mode, the source velocity is varied from -VMAX to +VMAX

and generates a single spectrum. For the triangular mode, the
source velocity is varied trom +VMAX to ~VMAX and back to +VMAX.

In this case, two identical spectra are seen. Une spectrum is

generated when accelerating from +VMAX to -VMAX and a mirror
image spectra is generated when accelerating from -vMAX to
+VMAX. bue to limitations in the data analysis program, to be

1
o9
3
discussed later, only the flyback mode was used in this study. |

Computer System

- The computer system used for data analysis with both q
the new and original Mossbauer spectrometers consists of a PDP 513

11/03 microcomputer with 64 kilobytes of memory, an RX-02 dual

8-inch tloppy disk drive, and a VI[~-100 terminal, all
manufactured by Digital Equipment Corporation. Additionally, an

MX-80 F/T dot matrix printer by Epson is serially connected to

provide a printout of results.
The PDP 11/03 is a l6 bit word computer consisting of

an LSI 11/U2 microprocessor with a KEV-11 tloating point chip, a

2 sof tware was provided by Digital Equipment Corporation (8:9). -

The computer system used tor interfacing the MS-900

4
BDV-11 bootstrap and diagnostic board, a DLV=-11l 4 port serial ,,%i
interface board, and a DRV~-]1] parallel interface board (8:9). :ﬁfg
All programming is in FURTRAN IV version 2.5 and all FORTRAN fj{
of

unit with the PDP 11/03 consists ot an APPLE 2+ with 43

- ]
\ kilobytes of memory, an APPLE monitor III, 5 l/4~inch floppy -;
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disk drive, and an APPLE Super Serial Card. Also, a joystick and
4 Sylentype thermal printer was used tor manipulating data and
printing results respectively. The software for data
manipulation was a Mossbauer Master program supplied by Ranger
Scientific, Incorporated for an APPLE 2+ cr 2e computer. This
software enables one to do several things with the data
obtained. The options include acquiring data, storing data on a
disk, retrieving data from a disk, printing the data on a
printer, and displaying the spectrum. Changes made.to this
software, as part of the new Mossbauer spectrometer

installation, are included in later sections.

MdOSFUN Program

Whether one is using the new or original spectrometer

system, the data must somehow be analyzed. The computer progran
used for spectrum analysis in this study is MOSFUN, originally
written by k.W. Muller and modified by B.E. Pate in 198l as a
thesis project. Pate modified the console version of MUSFUN, Tf!
designed to run on mainframe computers using terminals, to a |

size and format which could fit into the PDP 11/03. By extensive

use of subroutines, an overlaying technique was able to be used
to fit the program into the smaller memory of the PDP 11/03. The

final version allows up to 32 fit parameters, 24 lines, and 1024

data points (8:15). The parameters used by MOSFUN to fit a
P' spectrum include intensity, position, half-width and possibly

form., lThese parameters are used in one of ftour possible models
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F- using line intensity and one using line area. The other two

25

h' models use Voigt lineshapes and again, one uses line intensity
X and one uses line area. Only when using the Voigt theory is the

! fourth parameter, form, used. This parameter determines whether
i the lineshape is more Gaussian or Lorentzian.
k. There are two iterative methods, Newton and Gradient,

provided for correcting the initially calculated theoretical

ﬁ: spectrum in MOSFUN. Both are equally accurate. However, Newton’s
L method is much faster if it does not diverge. For this study,

4

3

% the Lorentzian - intensity and Voigt-intensity theories were

used with the gradient method. Details of the parameters used
and theory applled to each spectra are discussed in chapter 4
(results/discussion). For a detailed description of the modified

MOSFUN program, the reader is referred to reference 8.

New Spectrometer Insallation

In order to assemble a new system so that data could be
sent directly to the PDP 11/03 for anaylysis from the new
spectrometer, software and hardware changes had to be made. The
software changes included modifications made to both MOSFUN and
the Mossbauer Master program.

MOSFUN Changes . Basically, the changes made to MUSFUN

include altering the DATI and DRIVE subroutines to allow a 1024
data point spectrum with no velocity data included, instead of a
400 point spectrum with velocity data every 10 channels.
Additionally, the read statements for the time base data also

had to be changed. Originally, the first 14 channels contained

18




time base data and the remaining 336 channels contained

Mossbauer data, with velocity data every ten channels, starting
with cnannel 19. The new spectrometer does not contain a moire
system and thus the spectrum contains no velocity data. The
first two channels contain time base data while the remaining
channels contain Mossbauer data. The first step taken was to
allow subroutine DATI to accept the new spectrum format by
reading in the first two data points as time base data, instead
of the first 14. These points were then set equal to zero as
originally done for the first 14 points. Next, a GOTO statement
was added to bypass the velocity extraction portion of DATI.
Normally, velocity points are stored in an array called VCON(I)
and a linear least squares fit is done on the velocity data.
Since the new system does not produce velocity data, the
velocity values in mm/s and peak positions of a known spectrum
were entered. The velocity values and channel positions for each
peak of a natural iron spectrum were inserted into subroutine
DATI. The velocity values, caken from reference Y, are those
with respect to sodium nitroprusside. Thus, all spectra will be
analyzed with respect to sodium nitroprusside. As before, a
linear least squares fit will be done on the VCON(I) array and
the channel numbers for each velocity point are set equal to
zero. Finally, no changes had to be made to allow a 1024 point
spectra instead of a 400 point one, because MOSFUN was
originally equipped to handle this option.

The changes made to subroutine DKIVE include altering

arrays X(I) and XY(I). Array X(I) contains the channel number

19

N B an o o o g
e

i

. f} .
P P
S o e

PO M )




T T T e T TN S ey e Ty ol AN T I S SRRt R AE = et & e e e Tt Wit i VAR * A A ) R S Sa b Ga i v el v Gl e L A A el & A gt )

." a.'_c

corresponding to each velocity point and was originally assigned
a value in subroutine URIVE since velocity points were evenly

A spaced throughout the data. The array values are now assigned by
entering them into subroutine DKIVE (see appendix A for
procedure), where each channel number corresponds to a peak from
the natural iron calibration run. Array XY(I) is an array
containing values of VCON(I) which have been converted to mm/s.
This conversion has been omitted since VCON(I) is entered as
mmn/s in subroutine DATI. The velocity values for each peak are
from published calibration data and thus do not need to be
changed. However, the channel locations for each peak, which
must be entered into subroutines DRIVE aand DATI, must be updated
periodically to insure an accurately calibrated system. The
present values are a result of a 25 micron thick natural iron
absorber run at room temperature for 4.25 hours (figure 2).

Mossbauer Master Changes . The changes made to the

Mossbauer Master program permit data to be sent to the PDP

< 11/03, in addition to a printer or a disk. Also, once the
hardware connections were made between the APPLE and the PDP, to {f;ﬁ
be discussed later, the format in which the program transmitted
= or printed data had to be changed. Appendix C contains a listing
t. of the Mossbauer Master program with the changes added. The

- format changes include using one line for the spectrum name, a

second line for specifying the format ia which MOSFUN reads the
L data, and a third line for listing the number of time base
overflows, data overflows, number of data points total, number

of data points in a full period, and the drive mode.

20
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Additionally, the data was made to be listed in an 8FK9.0 format. =S

In other words, there are 8 values per row with each value T
containing up to 9 characters. All of the changes mentioned —-q

above were made to conform to the format MUSFUN expects.
Examples of the original and new formats are shown in figures 3

and 4. -—”
]

Hardware Changes . The connection between the APPLE 2+ i

and the PDP 11/03 was made with an APPLE Super Serial card and a e

et
moditied 10 wire connector cable. The card was inserted into q
slot number two of the APPLE and a series of- switches on the 4
card were set to match the connecting device which, in this
[{;T case, was the PDP. The switch settings, shown in figure 5, —4
ﬁ. control the baud rate, number of stop bits, carriage return u‘
: delay, line width, and linefeed. Switches Swl=-1 through SWl-4 A

control the baud rate and were set for a value of 9600 to match
the PDP. Switches SWl-5 and SWI-6 control the operating mode of
which the printer mode was used. This mode is used when sending
data to a printer, a terminal, or in this case, another computer
without the use of a modem. The number of stop bits sent to
signal the end of a character is controlled by SW2-]1 and was set

for one stop bit. The carriage return delay, controlled by

SW2-2, was set equal to zero since the PDP can accept data much

quicker than a printer, which normally needs a small delay. f‘:
N
Switches SW2-3 and SW2~4 control the linewidth and were set to .

produce 80 characters per line. Switch SW2-5 controls linefeed
generation and was set to not produce a lineteed since the PDP

does this automatically., Switches Sw2-6, SwW2-7, and SWl-7 were

3
N
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set at the derault settings specitried by the card manual. These
switches are used for special cases and do not apply in this
situation. The only other adjustment made was to put the card
into printer, or terminal mode. This was accomplished by
extracting and reinserting the jumper block on the card such
that the triangle pointed towards terminal. This is also
illustrated in figure 5.

The connecting cable between the PDP and the Super
Serial card was the final step in the installation of the
system., A ten strand flat cable and two male DB-25 connectors
were used to make the connecting cable. The connector pin
assignments for the ten pin header on the card and the
corresponding pins on the DB=-25 connector are shown in table 2.
The opposite end of the cable, which connects to the PDP, has
the same pin assignments except for the switching of pins two
and three. These connections are those for transmitting and
receiving data respectively. This switch is illustrated 1in
figure 6. In the printer or terminal mode, the transmit pin of
the Super Serial card is connected to the recieve pin of the
terminal and visa versa. This same relationship exists between
the PDP and the VT-100 terminal. Thus, in order for the APPLE to
communicate directly with the PDP, the transmit and recieve
cables were switched on one end of the connecting cable. The
connection to the PDP was made by disconnecting the female end
cabple at the VI-100 terminal and reconnecting this end to the
male end of the modifiea connector cable mentioned above. MNow,

data trom the APPLE can be sent directly to the PDP to be put on

28
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a disk. T'he procedure for setting up and operating this systemnm

is included in appendix A.

Absorber Parameters

The form of the alloy samples tested in this study
include: 1) atomized powder, 2) cold compacted wafers, and 3)
cold compacted-hot vacuum degassed wafers. All of the above
absorber forms were fabricated to have the optimum grams per
square centimeter as determined experimentally. By starting near
the theoretically calculated optimum value, an improved value
was found through succesive trial runs with powder absorbers of
ditfferent g/cmz. Each trial run was compared with the others by
the relative intensity of the lines present., The range of values

2

tested were between 0.05 g/cm™ and 0,15 g/cm2. From these tests,

2

a value of 0.1 g/cn™ was chosen and applied to all other forms
of the alloy samples.,

The fabrication method of the powder test samples was
chosen to provide a uniform density of powder across the area of
the absorber. Of all the methods tried, only one was successful.
This method consisted of putting a specific amount of powder
into a 3/4 inch diameter hole which is in the ceanter of a /16
inch thick , 2 inch square piece of plastic. One side ot the
hole was sealed with a piece of mylar bonded to the plastic with
rubber cement. The other side was sealed with a 3/4 inch
diameter 1/16 inch thick plastic disk resulting from the hole in

the plastic sheet. This plug was lightly pressed into place with

uniform pressure and the small space around the plug was then
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2
sealed witn DUCO cement. with this method, the thickness in g/cm

was determined by dividing the weight of the powder inserted

into the hole by the area ot the hole,

- The fabrication of the other samples was accomplished
by the High Temperature Materials Branch at the Air Force

? Materials Laboratory. The cold compacted absorber was made by

. first putting a known amount of powder into a 1/16 inch thick

cardboard die with a 1/2 inch diameter hole. The die and powder

— were then subjected to 24,000 pounds per square inch ftor

3

approximately 15 seconds with a hydraulic hand press. The

thickness in g/cm2 was then determined by dividing the weight of

the wafer by its area. By trial and error, a vcelue of 0.102 g/cm
was obtained. The cold compacted-hot vacuum degassed samples
were made by first repeating the above procedure to obtain a
pressed wafer. These wafers were then placed in a vacuum chamber

for two hours where a vacuum of 3E-05 Torr was reached. Next,

still under vacuum, the samples were heated for 30 minutes at
approximately 860 F. The samples were then cooled to 212 F in a
period of about 1.5 hours with a final vacuum of 1.5E-05 Torr

being reached. The samples were then removed from vacuum and

were exposed to atmospheric conditions for 15 minutes before

being placed in a vacuum dessicator at room temperature.

Experimental Geometry

Due to component failure in the M$5-900, all data for
the alloy samples was obtained using the original Mossbauer

system. The source used was 50 mCi cobalt-57 (date:5 June 1981)
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dirfused into a six micron thick rhodium matrix (8:8). The
source was prepdred by Amersham-Searle aand produces, amc1g other
radiations, the 14.4 keV gamma ray of interest rfor this study.
For the powder and cold compacted absorbers, the
source-to-detector distance was 1.5 inches. A lead collimator
with a 3/8 inch opening was placed 4 inches in front of the

source, centered between the source and detector. The absorber

was then placed on the front face of the collimator, centered
over the hole. An additional lead collimator with a 7/8 inch
opening was placed directly in front of the detector window and
a plastic plate was placed over this hole to reduce the
detection of 6.4keV X-rays emitted from the source.

For the cold compacted-hot vacuum degassed absorber, a

vacuum system was used while aquiring data to insure that no
properties of the hot vacuum degassing stage were changed by
exposure to atmospheric conditions. The vacuum system was
achieved by using a cylindrical dewar with a forepump and
produced a vacuum of 2.79t-03 Torr. As can be seen in figure 8,
the source to detector distance was reduced (to 6 inches) as
well as the source to absorber distance (to 0.69 inches).
Additionally, the plastic plate in front of the detector was
removed because the new set-up has two berylium windows between
the absorber and detector which is sufficient to absorb the 6.4
keV X-rays. For all rthree types of absorbers, the flyback mode
was used and a run time of 48 hours was chosen to minimize

statistical fluctuations in the spectra.
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Iv. Results and bLiscussion

In this section, the capabilities of the new computer

based !lossbauer Spectrometer, as well as the results or all

spectrum analysis will be presented. The spectra presented

include calioration runs for both the new and original systems :f}

in addition to the spectra for each stage of alloy processing.

j]E-ﬁ” ....
I3
'Jill

) g
L

.
)
.
.

b System Capabilities

ottt
i

_‘.u-

The capabilities of the new computer based Mossbauer
spectrometer include simplified operation, a larger memory for
data storage, and quicker data analysis. Unlike the original f "

i.- system, there is not an extensive network of cables connecting !

many separate system components, thus resulting in a simplified
assembly. Also, in addition to a simplified assembly, the number
of operating controls are reduced, so setting the system for
operation is much easier and faster. Once the system is
operating, the data can be manipulated with a joystick and by
commands entered on the keyboard. Then, at any time during data

acquisition, the APPLE 2+ can be used for normal functions

totally independent of the MS-900. This is possible since the

MS$-900 has its own random access memory (RAM) of 1024 channels

with 24 bits (l6 million counts) each (il). Once all data needed

.
a4 4 L

is obtained, it can be stored on a S5 1/4 inch floppy disk,

.

printed out, and/or sent to the PDP to be stored on an 8 inch
tloppy disk and analyzed, The time it takes to send the 1024
data points to the PDP is only | 1/2 minutes whereas it took

over an hour to manually type in the 400 point spectrum of the
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original system. Unce the data is available to the MOSFUN
program on the PDLP, the same commands are used for analysis.
However, with 1024 data points instead of 400, all operations
take longer.

An example of a spectrum obtained by the new system and
analyzed by MUSFUN is shown in figure 2. This figure is that of
natural iron foil with respect to sodium nitroprusside. The

spectrum is shitted 0.243 + 0.006 mm/s with respect to sodium

nitroprusside instead of the standard value of 0.26 + 0.002 mm/s
(9). lhe calibration of this spectrum could be corrected by

acquiring data for natural iron foil for a longer period of time
than done previously and inserting the more accurate peak ,"4!
channel locations into the DATI and DRIVE subroutines discussed :

earlier. The current natural iron foil spectrum was obtained in

only 4.25 hours and thus the peak locations were subject to
statistical fluctuations. For a step by step guide for setting

up and operating the new system, see appendix A.

Alloy Results

The results for the natural iron calibration run and
those for each stage of alloy proccessing are shown in table 3.
All isomer shifts in this table were adjusted to be relative to

natural iron. The spectra of the calibration run and those of

the alloy samples were obtained on the original Mossbauer
spectrometer as mentioned earlier, and are shown in figures
9-13. Thus, the velocity scale on all of these figures is

relative to cobalt 57 in a rhodium matrix.

35

. \'.".' L L .-

. A I P R O PU L S R A N L S e S e
I - . P WA S R W M T W W N I R W A Y oP T i G P TR A L AR L T R




v ,J.
N s
g "
w. g
| i
n 65L0°0*9LE "G 600°0*CL *0 ¢eHub Gl g “
g CLOTO¥LLO"S 600°0*6Y1L "0 0T brgU YL 4 -
2 LLO*O¥PYE"0 910" 0+phL 0 g LFrcs w y o
: £10°0+bbe "0 9L0°0+v¥L "0 G L¥CS R ¢ o
) 8L00+LLO¢- | 600°0*6¥L0 0 V59 by ¢ =
{ 920°0+91¢ G- 6C0° 0081 *0 ¢°CH66°Gl L # wea R
. ] (we3sac cob-ru; i
. 000° 0 Ge P U0V BINEIBL Lol A
4 S
; 720°0+08Z *G LLO®O+PYL "0 L*v+e 9¢ 9 &
u §10°0%960°¢ 2LOTO+OPL "0 ¢tavhLe 4 © i
3 €20°0%2¢8°00 | 00 0*eet 0 9 0L*¥¢ gl y « e
b - f— -
b GZ0°*0+2¢8°0- 020°0+2¢t °0 9°0L+2°¢lL ¢
) L20*0¥960°¢ - 210" 0*ovL "0 ¢*a+61e e
S L£0°0+082 " G- LLO*O*PbL 0 L*v*e 9¢ L/ wea
. (wo1sSAg (RUTBTUQ)
) 000°0 Lole UOT1BIqTIRD Hdi! A
—] m
(s/uwm) (%) (s /ww) (sau)
uo13®007 (s //wur) A3 Tsuajuj 13T4n Qul, aunne
] Aead yIPTH JTeL | A®ad dATIElaY JOUWOS | uny "
m SN 01 298dsay yiTpx sardues AOTTV pue UOTIBIQTIRD -10) S3INSd HAaluw ‘
W ¢ 91qEy . 3
W .-H-m
¥ o
] w
m %
{ -
r_ . ,.--l
b SOSN8 RO - DO " g R & W .




e

mad s aa e e e e e b e

y

" ang aiag gee aPEL g0 B ot o S SO AN - Mailie A R ag .

uv.vﬂWE , M..muwﬁﬂf i 2 ﬁuﬂﬁ»f&ﬁ.? : 4 o c
" .-... A AL B N A Y “a RERERES N O -_~ R Lttt i 1 R » .... ...,-
)

o

K

N

......”L

= = = k

850° 0+ TT4°0 620°0+€L41°0 7 2+16°61 ¢ X
610°0+ST11°'0 620°0+€L1°0 41°9+60°21 2z R
050°0+60T " 0- 620°0+£41°0 n'9+21 €1 } 1 # Weaq L
840°0#902°0 84 (Uetz3uUaIoT) .

passedaC o

wnnoepA 30H =

/paioedwol proOD ol

LG G+9LY "0 1£.0°0+L8L "0 6°¢*+9% " 0c ¢ &
¢0*0FLCO" 0= LG0°0+1L2"0 G eran Ll B L Aeal L
L0 0rY0c0 14 (uerssnen) 3

passedaqg - 3

wnndoep 10K e

/pajoedwon proD LA

. K

Lh0"0*0bs 0 3YCT0+i8L"0 L°¢*0L"Le ¢ L
£V0°0+620" 0= ¥90°0+561°0 G ¢+9Y °hlL _ A LERT N i
. ) 1£0°0+L8L°0 v poroedwon pIo)H o3

690°0+56< "0 L0 0+68L°0 £°Ev06°0¢ 2
p— —— —-— .-1
6£0°0+2£0°0- LYO 0Fe61°0 2 evaL 6l _ L # Yea] )
G20'0+18L°0 ay DIIAPMO S

isaTAwRe A0 T¥ o

(s/mm) (5) (s /uw) (sau) : 1
uot11ed07] (s /um) A}18U0% U 1JTYC AW, ajureo e

Aea g Wetr IlRh Nead dATIETLY SETILIN uny, :

. .-L

. (PanuUIjuUO)) ¢ 3 (AT e

5

.4

o

. . -

- S e L IO TIPS ; .br . L




(@oanoq /,GoD 0%
30adsaa Y3 Im) aajawoaqdoadg Janeqssop TeBUTITIQ
wolJ 4 pue ¢ SYedd JI0J SITNSIY UOJIT TeANJEN *6 aandty

(s/ww) £3100T8A
A [] P [] [] ) T Y
—— — - - - —— — oy A
. . - - . . - - - .
F ~4 [ — o~ -— (3] 3
?-f'l"\ﬁi < >y o % _<xr - -
N ~ — - o - — [ "
i -
— —
-ve §—
»> -+ 18
- us
L]
1
L 4
* - -
4
-+
—
x
-+ - V-
1T m
L E
- -+ -
= .
- .- - [e0)
-+ + (AA) ™
= i
i - -
L] o .-».
- ”m
o .
-— ,~.
* -*>
- - = .
- -+ (-4
L] =3 ]
he - wn .
- m
- + ~—
pr - .. —
L g =
L3 m
-t
-
* +*
Aot
- en
otton =8
: 4
S - “* * 0




R i o]

Gl A g Bt et et it B o ve R e

- v

T

TR

.

R T Sl AR A Rl

RTR 78 "R/ T

(@danog ,LGon 03 3d3adsasa yjzIp)
J8pMog AOTTYy J0F s3Tnsay °*0T aandty

(s/ww) K3To0T8A

] |} 1
— — - - - - —
. - - - - - -
o [X) -~ ~ — o [
[, o - - b o g M e e S e o e e T
-\.L = ~0 ~3 o ~4 <
)
—
- -
- <
- -4
o
.-
-
L _J
-
ry
- - -+~
L
L _J -
+
- +
L4
L
— -
-+

#{5°1-

| o
—
-
~
o4
o
)
1=
—
[
(2]
~
—
»
—
™m
x
w
—
-4
—
b
m
-t
— X
——
o=
™
—
[~}
o
>
w
m
Al
—
=
(241
——

39

“, s
Sile

.. -
) o
o,

e’
~ .

R S, ¥ o S P

-,
RAR

W

L
ST
AR

s
ek

.
e ¥ 0 “e
OIS P
. At .
. N

«
]
'™y

«

. e

-
»

E
e

.
TS,




D RN

-t

JafOR BT Jah et A RO St AR AL A i GG B 0 = AN R

-

-~

W

L Z Jhnac slasn et St ey

Sallarager

e

Amowzom LG0p 03 3d3adsax yzIMm)
KoT1y poroedwoy plopn I03 s3TNS8Y 1 8anI1d

-——— T — et T % ema e e e el 4 o - el v cme e Se— —— - ® S —— - . m w—  — —— .-
———
(s/wu) A3Td0T8A
L] (] J U § “Ter
— — - - - - — — —
- . . - . . . - .
o~ fod ~-4 ~J [ o - N ~4
Tttt e b e b et~ e bt e, ~— e ¥4 - by — -
nﬂ- ~N ~0 o -~ - (22 o ?-ou
] |-
— —
-* [N
.H
- - )
- - on 1
- -y ]
-+ + ]
bt ]
- ]
- - u
+ - H
*- - e + 1
- 1 —
] =
- ] —d
1 "
" =
- " wm
[] —
L4 “* ] -4
1 -
o [
1] Pd
[} ey
5. ani
— - ok -
-+ ¥ ———
- | B nand
1 O
¢ m
L] ]
-~ -
1o
-> []
L - T -
1] >
. + B
- -
+ [ ol
LS L3 [
- [ 4
on 1 m
-y - ]
.. > + e -+ ?
. K -+ S []
L +  esgp []
> 4 dhepes 4 4+ Whenes 4 + 1]
A Gpigtter > > 4 eotlhendten -+ 4 .9“
P e )
l‘ (]
= )
— = - V.‘l
s 4 ]
1074 403 dN3ST :
]
[}
]

NN I

4o

VL WL YT R W

TR

I LI SO S W Wb

L.

R S .




(313 uerssnen aull 2Z)(3danos
,G0n 03 30adsaa yitm) Aollv boassedag
wnnoep 30H/pa3dedwo) proy J0J SITNSAY 21 8andty

L8

3
r

(s/uwu) K3To0T3A

~
On
—

S

SO

TR

b RS i ol A Sl A S S~

e Y

T"‘ Cathe’ afhe lint gl "idi “agh Vank Ao g U S a3 o e AP o0 4 &b 9
3
3
o

b
r

!

655°4-

S l-

sirh
a’ﬂ !

A

L1

.
L}

wraswa 0 300 {wdan srovann

enlten 4 + 44+ 44

+
L4

J

B L L T T

~

LV W SR S Py

0 .
A




TR W
-

V.V wow

Clvun

(31 'UeTZaUaJIOT BUIT () (80anos
450D 03 30adsad yitm) AoTTy passeaq
wnnoep voz\vmvomnsoo PTOD a0J s3Insay €1 aandty

« % wv

‘
g
4 S
y - (s/uww) A3100T3A . S
] - . «
1 ¢ ’ [] VT o
. - - - - - - - - - T a
- . - . - . - . . -
w. o — ~a [ - wn - - -n T
R . * amea e T I S A O e e TP et e et e ot P ~— -y P - a———t d
ﬁ JS -« wn — ] ~0 .4 o . .\. . vl
.
i |5 o
— —
v - o0 [N q
r - 1
g + e p
r - R g ] .t
3 > Wy e t q
4 H + & - : .
p - 1 - > H d
3 : .
4 - ] -9
-+ 1 fand
b [
3 +* [R—1 ‘o
. oy ¢ m L
- - [ .
y [T P
. " [ .
; e
- ! i N d
4 t + - [ ] 4 P
b ] E t _mm ,
r ' VR 1 e
— - X '
by ' -+ Pty PN
9 i 1ra . L
by ] - - [ T
3 “ " m '
'
y H + v - e b
A P, -~ Voo N
. + ' q
1 X
3 P V= .
: - [T
g -+ vom :
L - E 3 N - .
pred [ .
ey - o |-
- - [ 24 . 1
- + - '
. L - ] * d
), ey - ' v
——y > 4 g ' !
g Pgye 4 4+ anlnes 4+ ]
J 4 4 codiupitun 4 e e T + ' E
St etas 0 4. 4+ hew sugy - g 4
N =8 + ++ ' .
J A =t + ]
— - - -
J *_ z ¢ ]
3 1074y 931 ' ]
1
4 N ] q
¢ - ——- . - ———n D e e e S e S e o S s D e R S R S P L S S N Wit ——— ’1'.-\ .‘
;, ‘o
<
3 .
b A
b )
o d
v »«
.
L
s,
o
S
o

. P
ndd

» 2 LT
E . L. -
Ll t RSSO PP ST




All of the spectra shown here were fitted by HUOSFUN
using the Lorentzian-intensity theory with a gradieant iteration
retinement. The only exception was that of figure 12. This
spectrum was titted using the Voigt-Intensity theory tor better
results. The parameters varied to fit the spectra included: 1)
baseline, 2) geometry factor (a measure of the amount of
baseline curvature), 3) line intensity (each line independent of
the other), 4) isomer shift, 5) quadrupole splitting (separation
of doublet lines), and 6) half width at half maximum. In
addition to these, an additional parameter, form, was assigned -
to each line of the Voigt fitted spectrum.

Figure 10 shows the spectrum of the atomized powder
torm of the alloy. As can be seen, the spectrum is that of a
nearly symetric doublet. From this spectrum, it is not clear as
to whether the doublet is a result of quadrupole splitting or
two different compounds formed in the lattice. However, it is
obvious that there is no hyperfine splitting present wnich
indicates that agglomeration of iron atoms is unlikely. The cold
compacted alloy re2sults are shown in figure 1]1. Basically, the
spectrum is identical to the powder alloy spectrum except for a
slight decrease in the left peak intensity. However, due to the
statistical errors of the parameter values, the peak intensities
overlap and thus nothing conclusive can yet be stated as to
whether quadrupole splitting is the mechanism present or whether
a decrease in one of the two compounds occured. The results for

the cold compacted-hot vacuum degassed samples are shown in

figures 12 and 13, Due to the broadening ot the left line, a new -
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theory was needed to obtain a good fit, From figure 12 and table

3, it can be seen that the leit peak has reduced in intensity

and become more Gaussian shaped as opposed to Lorentzian. Even

with statistical errors involved, the peak intensities are

P T TR

signiticantly dirferent. In order to determine the cause of the - 1

PRm——

left peak broadening and decrease in intensity, a new theory was

considered. A spectra fit was attempted using three lines,

letting each line”s intensity and position vary independently.
The results, shown in figure 13 and Table 3, indicate that the
spectra is that of a quadrupole doublet (left two peaks) and a
single line (right peak). Thus the left peak broadening is most
probabply due to quadrupole splitting. These results indicate
that the two compound theory is the mechanism present. If this
is the case, then only the third processing stage, which
involved hot vacuum degassing, significantly changed the lattice
structure. Although it is believed that two different compounds
are present in the alloy, it is still not known what they are.
The Fe A16 compound, which was expected to be seen, was not.
Unfortunately, all efforts to match the peaks of this spectra to

previous work on Al-Fe-Ce compounds has been unsuccesful.
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V. Conclusions and Kecomendations c

Conclusions T

With the new system completed, Mossbauer spectra can "*!
easily be obtained, displayed, and analyzed. 1In addition, the

Ssystem eliminates time normally wasted transferring data

1)
{

manually. The only problems observed, other than the system

breaking down, were minor. These include poorly made front panel

t
|
el L ,. .
L

switches and rear panel sockets, slow response from joystick

e e
. :
) Lt

commands, and an incomplete instruction manual.

The spectra of the dlloy samples show that two
compounds are formed in the gas atomization stage and remain
unchanged until the hot vacuum degassing stage. No spectra were —
obtained for further processing stages due to a lack of prepared

samples. However, it 1s clear that Mossbauer spectrometry is

useful for following changes in the lattice structure due to

mecnanical processing.

Recommendations

There are several changes or additions possible which
would make the new system more valuable of a tool. First of all,
the MS-900 and VT-900 (motor) should be equipped with a Moire
interferometer to produce velocity data as the old system does.

If this is done, Pate”s moditied version of MOSFUN could be used

with minor changes. Secondly, the problems mentioned above
concerning faulty switches and sockets should be resolved by
replacing them. Thirdly, since the Physics Department of the Air

Force Institute of Technology has limited access to an APPLE 2+

b5
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or 2e conmputer, it is recomended that the MS-900 be directly
interfaced with the PLUP 11/03. A brief discussion of the
problems for this interfacing is included in appendix B. Fourth,
it is recomended that the MOSFUN program be modified to accept
triangular mode spectra.

As for the alloy studied, it is recomended that hot
compacted—-hot vacuum degassed and extruded samples be studied to
follow the changes in the spectra due to these processing
stages. Lastly, it is recomended that all samples be run at
liquid nitrogen temberatures. This may result in new lines being

revealed or sharpening of the present lines.
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APPENDIX A

Assembly and Operating Instructons

Assembly

l. It is assumed that an APPLE 2+ Or 2e computer with a monitor
is set up with a disk drive in slot #6, a printer (cptional)
in slot #1, and a joystick connected according to its
specific instructions. Slots #2 and #4 should be vacant.

2. Remove the top ot the computer and place the Mossbauer
intertace card, MS-900-100, into slot #4 and bring the
ribbon cable through the rear panel of the computer.

3. Place the Super Serial Card, with the switch settings set as
discussed earlier, into slot #2 of the computer and mount
the female DB-25 connector into the rear panel of the
computer,

4. Place the cuver back on the computer and connect the
computer”’s power cord into the upper 115 VAC OUT power
outlet on the rear panel of the MS-900., Plug the monitor~”s
power cord into the lower 115 VAC OUT outlet.

5. Making sure that the power on the MS-900 is OFF, connect the
ribbon cable from computer slot #4 to the rear panel
connector of the M$-900 labeled COMPUTER.

6. Connect a mini-coax cable from the rear panel of the M$-900,
marked 24V, to the connector marked POWEKR on the
preamplifier,.

7. Connect a second mini-coax cable from the rear panel of the
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,{ M5-900U, marked ANALOG IN, to the connector marked OUTPUT on

the preamplifier.

8. Connect a high voitage supply (not from MS-900) to the 7:%;
preamplitier/detector assembly. ;jPF

9, DMake sure that the three toggle switces marked EXT/INT are

in the DUWN internal position and then connect the Mossbauer

drive cable with the BLUE hexagonal connectors to the rear

panel mating connector of the M$-900, labeled VI-900, and to
the VT-900.,

10. Connect the power cord to the female receptacle marked 115
VAC and plug the other end into the wall (power source).

11. Finally, connect one end of the 10 wire flat ribbon to the
DB-25 connector ot the Super Serial Card.

12. Refer to figure 14 for a block diagram of the system set-up.

Uperation

1. With the power switch for the APPLE and monitor in the ON
posi;ion, turn on the power switch on the front panel of the
MS-900. The MS=-900 controls the power system now.,

2. Press the start button and the YELLOW light should come on.

3. Load the Mossbauer Master program into the disk drive and
boot the program by typing PR#6 on the keyboard. The program
menu should appear on the monitor.

4, Set the sampling time (time that a channel is open to
receive data) to the desired value. The first two digits
give the sampling time in microseconds, and the third digit

is the multiplier in exponents of 10. A value of 200
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microseconds is currently used.
5. The lower level and upper level discriminators of the SCA

are set in a modified pulse height analysis mode. This mode

) is engaged by pressing the PHA button ONCE. Wwith the LLD set
h. at the lowest value and the ULD set at the highest value,
- press the GREEN button marked STORE. Now press the A key to

5 start data acquisition. The CLEAR button may be used to

erase the spectrum at any time. The scale of the spectra can

be increased or decreased by moving the joystick up or down.

- Once a spectrum is seen, identify the 14.4keV peak and

adjust the gain until this peak is centered on the screen.

—d
At this point one should see a pulse~height spectrum with -4!

three numbers on the bottom of the screen. From left to

right, these numbers are the channel number, number of :j

counts in that channel, and the full scale number of counts s
displayed. To select the 14.4keV peak only, move the
vertical line cursor to the left edge of the peak and
increase the LLD until no more counts are seen on the left
side of the cursor. The cursor is controlled by moving the
joystick left or right. Now move the cursor to the right t%&
edge of the peck and decrease the ULD until no more counts
are seen on the right side of the cursor. To stop acquiring
data, press the STORE button again and the light should go
out., Now press CLEAR to erase the memory. If the PHA button
is pressed again, the light will still be on and the normal
PHA mode is engaged.

To obtain a Mossbauer spectrum, first press the ESC button
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on the keyboard to return to the menu. Next, adjust the s
velocity values on the thumbwheel switches. For a full
spectra, set the MAX VELOCITY to zero and the MIN VELOCITY
to 6.U0. Unlike the original spectrometer, these settings can
be varied to produce a window though which only a part of
the spectrum is acquired. Now press either the flyback or
triangular mode button. The VT=-900 driver should begin
oscillating. The symmetry is now set by turning the symmetry
potentiometer until the equilibrium position of the flexure
plate is centered. Now, by pressing the STORE button and
entering A on the keyboard, a Mossbauer spectrum should be
seen.

Other buttons on the front panel include SUB, SINGLE, TIME,
and an unmarked blue button, The SUB button is used to
subtract, instead of add, counts from the spectrum. With the
STORE button OFF, a single subtraction scan can be executed
by activating the SINGLE button and pressing the START
button., The TIME button is activated to store the number of
pulses from the c¢rystal controlled clock. wWhen not

activated, the number of sweeps are recorded. In either

case, this data is stored in the first two channels. The

blue button is pressed to activate the acquiring of velocity
data it a Moire interferometer is installed. :
At any time during operation, one can return to the menu by ::%

pressing the ESC key., This will not affect data acquisition

at all. To use the APPLLE for other purposes while data is

being collected, return to the menu and type D for
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displaying data. Then use CTkL-C to stop the propram.
Finally, type TEXT to exit from the graphics mode.

Unce all data needed is acquired, simply deactivate the
STORE button. Next, return to the menu and follow the
diections given. To send the data to the PDP, choose the
"print spectral data option". Before entering all the
information requested by the program, boot the PDP and type
EDIT FILENAME.EXT/C on the PDP terminal. Then disconnect the
DB-25 connector from the back of the VT-100 and connect it
to the male DB-25 at the other end of rhe 10 wire ribbon
coming from the Super Serial Card. Now enter all information
apout the spectrum as prompted by the program. One should
then have to wait 90 seconds until all data is transferred.
Now one should reconnect the VI-100 to the PUDP and save the
file by using the GULD 7-EXIT command of the keyboard
editor.

Before the file can be analyzed, one defect in the file
must be eliminated. When the data is sent over, an extra
line is placed at the beginning of the file. This line must
be deleted before the file can be analyzed.

If the data is that of a calibration spectra, the peak
channel locations (a total of 6) should be entered into the
DATI and DRIVE subroutines of MOSFUN. The peak locations can
be found by printing the data file and manuaily searching
for them. Unce found, follow the directions at the beginning
of the MOSFUN program for editing MUSFUN subroutines. A more

detailed description is provided in appendix A of Pate’s
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12.

thesis,
Finally, to obtain a printout
connected to the Apple should
by the MOSFUN program is very

points are plotted instead of

donated for use with an APPLE

printing spectra or parts of spectra in many different sizes

and formats.

orf the spectrum, the printer

be used. The spectra printed

spread out since 1024 data
400. The Z0OOM GRAPHICS program

computer system is capable of
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- . APPENDIX B

E:’ Interfacing the MS5-900 Directly to the PDP 11/03

An interfacing of the MS-900 directly to the PDP would
result in a simplified operation and eliminate the need for an
APPLE computer system. Once completed, the PDP would perform all
of the functions previously done by the APPLE and there would
not be a need to connect/disconnect cables in order to send data
to the PDLP,

The work involved for this interfacing involves both
hardware connections and software changes. From discussions with
Captain Paul Bailar, U.S.A.F, who had previously worked on a
spectrometer - computer interfacing, a basic outline of the
problem was obtained (12). First, the incerface card for the
MS=-900 should be studied to understand exactly what functions it
performs. This would enable one to build a similar interface for
joining the MS-900 and the PDP. éecond, once a hardware
connection is made, software will have to be written for the PDP
so that it may understand the signals sent from the MS-900.
Third, the Mossbauer Master program will have to be studied so
that it may be re-written for the PDP. The current version is
written in BASIC for an APPLE computer and uses machine specific
commands. Thus, a simple translation to FORTRAN is not possible.
Finally, in order for the spectra to be displayed on a terminal
as it is currently done, graphics capability will have to be

added to the VI-100 or the VTI-10U can be replaced with a VT-55
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terminal. In either case, the FORTKAN version of the Mossbauer
Master program should permit the joystick functions to be

replaced by keyboard commands.
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o~ Mossbauer Master program -

- Subroutine DATI .

Subroutine DRIVE
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r z HIMEM: 34309

& TEAT

7 POKE 951,9: POKE 382,9: POKE 375,5
7 10 D$ = CHR$ (13> + CHR$ (47

- 20 TEAT : HOME

3@ PRINT " M3-39@": PRINT

. 48 FRINT "MOSSBRUER SYSTEM" o
[ S6 PRINT : PRINT : PRINT L
- 68 PRINT “CADQUIRE SPECTRAL DATA": PRINT -;:}i

78 PRINT "(S)>TORE SFECTRAL DATA ON DISK": PRINT

88 PRINT "{R)ETRIEVE SPECTRAL DATH FROM DISk": PRINT

38 PRINT "(PXXRINT SPECTRAL DATR": PRINT N

166 PRINT “(THXRANSMIT SPECTRAL DATH": PRINT e

185 PRINT "(D)ISPLRAY SPECTRAL DRATR": PRINT : PRINT -

118 PRINT : PRINT "PLEASE SELECT ONE OF THE HBOVE" RN

1280 PRINT : GET R% - ii

125 HOME .

139 IF R% “H" THEN 1819 )

148 IF A$.= "R" THEN 3684

150 IF R$ "S" THEN 2088

160 IF Rs$ “D" THEN 480a

179 IF R$ "P* THEN 4508

258 G60OTO 28

1818 IF PEEK (346388)> = 3 THEN GOTO 2094

18638 GOTO 2083

1933 PRIMT "iitiifitittiat1attteaatdaatestatgadetstataeattaaaeataasastiggt
11111111100ttt 1111412114311111111111
1IN PSSR R NSRS RRERRRRESRRER SRR RRRERRSURRERORR OO N

2000 PRINT “2222222222222222222222222222222222222222222222222222222222222
22222222222222222222222222222222222222222222222222222222222"

2081 PRINT "3333333333333333333333333333333333333333333333333333333333333
333333333333333333333333333333333333333333333333333333333333333333333

33333333333333333333333333333333333333333333333333333333"

2093 PRINT D$:"BLORD HISFODRTAGRAB"

2084 CALL 34683

2985 505UB 5600

2006 GOTO 206064

2098 PRINT "HHAT IS THE MAME OF THE DATA"

2018 PRINT "TQO BE SAUED ON THE DISK 7": PRINT : PRINT

2020 INPUT " ";A$

2930 PRINT : PRINT : PRINT : PRINT "DATA GOINS OUT TO DISK"

2040 PRINT D$;:“BSAUE ";A$;",A$8300,L$Co0O"

20958 GOTO 29

5980 PRINT "HHAT IS THE MNAME OF THE ORTA*

3005 D$ = CHR$ (4>

3918 PRINT “TO BE RETRIEVED FROM THE GISK 7": PRINT

t PRIMT

3629 INPUT " ";A$

3925 PRIMT : PRINT : PRINT : PRINT "DRATA COMIMG IN FRUM DISK"

3020 PRINT D$;"BLORD ";H$

30589 G0sUB S99 R

3060 GOTO 3959 S

4093 G0s5UB S899 -

4010 GOTO 4909 ..

4598 TEAT ¢ PRINT "WHAT IS5 THE MNAME 0OF THE SPECTRUM 2" .: .
4518  IMPUT " ";A$ .
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-, 4511 INPUT "ENTER TOUR,NOUR,N,PERI,NDRU SEPARATED BY COMRS. ";TU,NO,N,PE.N
L .- 0
4512  INPUT "FORMAT? (EX. 8F9.8) ";F¥

4520 INPUT “SEND DATA TO SILENTYPE OR POP-117 <1 OR 22:";Z
4521 PR# 2

4538 PRINT : PRINT R$

4331 PRINT F$

4532 PRINT TU","5NOD:","iN;","PE;"»"5ND:"»" 5MP;" " 5NS

4540 BASE = 35972 ]
4558 FOR T = @ TO 3943 STEP 24 ,mii
4578 FOR S = @ TO 21 STEF 3 o
4530 X = PEEK (BRSE + T + S» + PEEK ¢BASE + T + S + 1) # 256 + PEEK (BA S
SE+ T+ S+ 2) % 6553 R
4531 IF % < 10090900 THEN Q = 3 s
4582 IF X < 1000000 THEN & = 4 L]
4533 IF % < 180990 THEN @ = S Y
4585 IF X < 18009 THEN @ = &
4586 IF % < 1008 THEN @ = 7 !’
4557 PRINT SPC( Q - 1)%: :
4539 NEXT S
4600 PRINT
4665 IF PEEK (49152) = 155 THEN 4620 Ry
4607 0 = @ o
4518 NEAT T - 3

4628 PR# 9

4638 GOTO 2@

5998 REM DISPLRY SUBROUTINE

5805 IF PEEK (27832 < > 160 THEN GOSUE toou

5919 IF PEEK (34384 = 152 THEN 5039

5828 PRINT : PRINT O$;"BLOAD JOYSTICK"

5838 CALL 343064

56408 BASE = 35072

2842 CH = PEEK (361> + PEEK (982) * 238

5845 L3 = CH * 3

5659 COUNT = PEEK (C3 + BASE)> + PEEK <C3 + BR3E + 1) # 256 + PEEK (C3 +
2 + BASE> * 85536

3995 VUTAB (212

5857 PRINT " ";: HTAB (2731 PRINT " "

5858 HTAE @13

5558 PRINT CHs: HTRB <19): PRINT COUNT;: HTAB (24> PRINT 2 ~ (24 - PEEK
(975)22:"  F§"

Sa7@ FOR T = @ TO 33

Seg6 POKE 2648 + T, PEEK (1616 + To

5939 NEXT

5199 A = PEEK (49152)

St1e IF A < > 155 THEN RETURN
3129 GOTO 29

5038 T = 2548:U = 2768:U = 2896:H = 3024 o
6010 FOR S = & TO 39 —
5528 POKE (3 + T),168 ]
5038 FPOKE ¢S + UJ,16@ )
5048 POKE (3 + Y),160 o]
6850 POKE ¢S + W),160 o]
558 NEXT 5 ) q
6670 RETURM
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SUBROUTINE DATI (N1,N2,N3)

) (8

x COMMON /UNIT/ NRD,NWF,NCR,LFR,LFD, NFL,NVS, MAXN, MAXM, MAXF , NV ( | {
COMMON /DAT/ VMAX,FERI, Y (1424),1D(46) ,NDRV,N, NF,VEL (19)

COMMON /THEQ/ F,P(32) ,DF (22) ,NTEO,M,MF,KTED(20) ,kF (22

COMMON /FLD/ P3,B,V,VCON(55),V1,V2,GEQ, B@,C@,NFLD,MSH, MPLEX . | (il ~——q

COMMON /TRA/  IN(B1),0UT(1&) e

[ R

DIMENSIUN KFRM(8), IFRM{8), INST(4) 1

LATA IFRM/2H (1, 2HEF , ZH3. , 2H) ,2H  ,2H L, 2 y 2 / e

DAVR INST(1) /1HL/,INST(2) /IHZ/ , INST(3) /1HH/, INST (4) / LH&/ —

DATA NY/ LHY/ . o

L o Bt
(W N1 = INFUT UNIT ) : =
- C 2 = FACTOR FOR SEARCHING DROFFED CHANNELS .
& C N3.NE.# ERROR RETURN -
ot et

IF (N1.EQ.27 GOTO 285
READ (N1, 5200, END=202) (ID(I), I=1,4)
READ (N1, 5206, END=2072) (KFRM(I) , 1=1,8)

o

READ(N1,521@, END=2@2) (IN(I), I=1,86) e

+= GUID ZW3 N
[ . = _q

g C EOF - ]
- 2 WRITE (Nwk, 6285) N1 , RN
NZ=1 : RN

RE TURN , ..

27 CALL TRAMNS (NN) L

TOVR=0U! (1)
NOVF=0UT (2)
N=UUT (3

PERI=0UT (4)
NDRV=0UT (5)

c MPLEX=0UT (&)
C NST=0UT(7)
NST=189
Al e IF (N.EQ.d) N=1924
L
c MORE THAN MAXN POINTS
C . :
IF(N.LE.MAXN) GOTO 22¢
N=w
NI=1
WRITE (NWR, 62¢0) MAXN
RETURN
224 IF (NDRV.EQ.¥) NDRV=T
IF(FERI.EQ.®¥.) PERI=Ni2,
- [F(NST.EQ. i) NST=189
FIzrERL ¥ S + .5
AT IFFFRFGL) CNELD TFRM(B) ) B0TY) 240
FOL S T S G R |
' FRRM Ly =sTFRMOT
60
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WRITE (NWR, 6234) (ID(1) ,I=1,329)

WRITE (NWR, 6246) TOVR,NOVF,N,FERI,NDRY, EFRM ERE
DO 241 I=1,MAXN e
Y (1) =@, 2]

READ (N1, KFRM, END=25) (Y (I),I=1,N)

CALCULATE AVERAGE TIME 0OSC. COUNTS

TIME=4.

DO 14@ I=1,2
TIME=TIME+Y (1) +16777216. ¥TOVR
Y (D) =i,

TIME=TIME/2

FeS7 peaks 1 thru & (mm/sec) w/respect to SNF.
VCONC(2)=-5.4d494

VCON(3)=-2.81&7

VCEN(4) =—gl, S8

VCON(S) =1, 14¢7

VCON (&) =3, 337

VCON(7)=5.5754

Y(I) where I=channel numbers for above peaks. From NFECAL.EXT
18-NOV-83 on MS-94@,

Y(189)=d.

Y{IZ1)=¢.

Y (47 6) =i,

Y (S82) =d.

Y{(VIZ) =@,

Y (878) =d.

Use GOTO statement to by—pass normal velocity extraction from
data.

6070 147

EXTRACT VELOCITY DATA, ACCOUNT FOR
OVERFLOWS AMD ZERO AFTER PUTTING IN VCON.

IITI=¢

I1I=e
NEMD=FERI /2
DO 1#1 I=19,NEND,MFLEX
JMP=Y (I+MFLEX) -Y (1)
IF (VJMF . GE. SE@eeb.) I1I=I111+1
CONT INUE
J=1
DO 1#2 I=NST,NEND,MFLEX
J=J+1

IFCITI.EG. ) GOTO 1495

VIMP=Y (I+MFLEX) ~Y (1)

IF(J.6T.65) GOTO 1¢2

VEON(I) =Y (1) +FLOAT(ITI) X1&4777216.
IF (VIMP.GE.Suvhadgid, ) [I11=111-1
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GOTO 1182
10& VIMF=Y (I)-Y (I+MFLEX)
IF(J.BT.65) GOTO w2
VEON (I =Y (D) +FLOAT(IIII) X16777216.
IF(VIMP.GE.So@@@@.) TIII1I=I111+1
192 Y(I)=@g.
Y (I99) =a.
I1I=-1
DO 146 I=3,J-1
VIMF=ABS (VCON(I-1))-VCAON(I)
IF(ABS (VCONCI) -VCONC(I+1)) . GT. (2. %xVIMP)Y) III=1
VCON(I)=VCONCI) ¥FLOAT(III)
146 CONT INUE
- YEON (2) =-VCON (2)

147 VCON(1)=7
NiN=N1 o

NE=N2 Do

bty

N1=¢f
NZ=NST : ?f%ﬁ
CALL DRIVE (N1,NZ) ]

N1=NN
N2=Nk :
GOTO 264 o

GO

LESS THAN N DATA IN PARTITION N1

Crc
" t
LA

254 WRITE (NWR, 6214 I,N ]
Do 255 J=I,N )

Y (J) =@, : R

GOTO 99

,,
P
e

c o
C ADD OVERFLOWS, ZERD CHANNELS OUT OF RANGE ST
C -

PRPEEY

P

26 IF(N1.NE,NCR) REWIND Ni SN

MSH= e

G4=16777216. ¥FLOAT (NOVF) ‘

IF(NOVF.LT. ) G4=-1048576. xFLOAT (NOVF) her

IF (N9.EQ.#) BOTOD 264

DO 262 I=3I,N

IF(Y(I).NE.®.) GOTO 263

262 CONTINUE

263 52=N

", GI=Y (1) +G4

. GZ=SQRT (GI+34) kG2 T

264 DO 286G I=1,N o
[E(Y (D) JEQ@..) BOTO 28 L
Y(I)=Y([)+(54 R
LF (NS EG. 8 BOTo 28¢
IFLABS(Y (1) -G2) LLE.G2) GOTO 27%
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WRITE (NWR, 622¢) I,Y(D)
IF (NVS.ER.#) GOTO 278
WRITE (NWR, 9@@@)

READ (NRD, 5218, END=265)JJ
IF(JJ.NE.NY) GOTO 28

Y (1) =6,

GOTO 28

EI=Y (D)

CONTINUE

ZERO CHANNELS, FIT INTERVALS. GENERATE HALF SFECTRA

DO 286 I=1,N

¥ (1)=ARS (Y (1))

IF (NVS.EQ. @) GOTO 287
WRITE (NWR, 9221)

NN=FERI

IF(N.LT.NN) GOTO 287
WRITE (NWR, 9715)

READ (NRD,S213, END=29#) NN
DO 291 K=1,4

IF (NM.EQ. INST (k) ) S0TD 294
CONTINUE

INVALID INPUT

IF(NVS.EL. 1) GOTO 29¢

WRITE (NWR,6275)

NZ=1

RETURN

GOTO (295,295, 32w, 54@) K
IF(NVS.EQ.1) WRITE (NWR,9222d)
READ(NRD, 3213, END=295) (IN(J) (J=1,NFL
IF(INCL) JEQ.INST(4)) GOTO 299
CALL TRAMS (NN

IF(NN.EG. @) BOTO 294
E1=ABS(OUT (1))

F2=ARS (OUT (23 )

IF (K2-K1) S@d, S0, 562 ol

NN=E; 1 we)
O .,15
K 2=NN T

IF(EZ.6T.N) GOTO 29%
IF(EL.EQ.H) Fl=k2

IF(K1.EQ. %) GOTA 295 Coe
bk =k—-2 i

IF(KE.EQ. 1) WRITE (NWR,6258) K1,HK2 -
IF(hELEQ.8) WRITE (NWR, 6260 K1,E2
DO Zwd J=k1,k2
¥ () =FLOAT (KE) KABS (Y (J))
EUTD 295
MN=FER [
1F ML LT N GOTD 29w
63
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IF(NVS.EQ. 1) WRITE(NWR,9244)
kF(Z) =9

READ (NRD, S21¢) ki

IF (EEJEQ. INST (L) GOTO ZEZ¢

NN=N/2

DO I25 I=1,NN

Gl=v¥ (I

II=N-1I+1

Y(I)=Y(II)
329 Y{IIy=0G1

WRITE (NWR, 6276 N
GOTO 294

T4 NF =N
DO 3IS@ I=1,N
IF(Y(I)) 345,345,346

I45 NF =NF - 1
GOTO 35 ]
346 B=Y (1)
350 CONT INUE
NFLD=3
RETURN
c KR KKK OKORK A OOKKO0OK KKK AR KOKOK KK OKK KKK KKK KKK K KO KKK KKK K K KK

S2@E FORMAT (48A2)

5210 FORMAT (BWA1)

c 3K KKK ACK KK KKK AKX KR KK 0K 0K KK XK KK 0K KK KO OKOKOK 0K 0K KK JOKOK Ok K K
panluln FORMAT (1H@, " ZERO Y/N" /)

G203 FORMAT (1HE,FS5.9, " TIME OVERFLOWS® , , I35, DATA OVERFLOWS' /)
21 FORMAT (IH@, "% = END" /" Z = ZERO CHANNELS /° L = SET FIT LIMITS /)
9215 FORMAT(1IH ,"H = GENERATE HALF FERIOD SFECTRUM /)
G220 FORMAT (1H , "CHANNEL 1, CHANNEL 2°/)

9240 FORMAT(IH , L = LEFT, KR = RIGHT HALF"/)

e
7 FORMAT (1Hy, " %Xx 4% ERROR k¥xk%xx MORE THAN®, 15, FOINTS™)

G425 FORMAT CLHG, x4 444 ERROR k&k&%x EOF ON UNIT I3 -.. %
621w FORMAT (1H@, " kkk4 WARNING skkk FOINTS®, (5, TO ,I15,° ZEROED") S
6226 FORMAT (1H@G, " 4 x% WARMING *¥kx FOINT ,I4,7 OUT OF RANGE" ,Fl@.6) o
6225  FORMAT (1H@, " k¥ 4% WARNING k%% VELOC1TY OVERFLUW PROBLEM™) PN
236 FORMAT (1H@, 1H , 39A2) T
624¢  FORMAT(1HG,4X,  TIME OVERFLOWS®,Fé6.d,/5X, DATA =
1 OVERFLOWS ™, [S/35X,  CHANMNELS', 7X, 18/5X, .9
2'PERIOD™,7X,F1d.%/5X, "DRIVE MODE®.6X, I2/5X, ERONS
ITINFUT FORMAT ", 8A2) RLY

6uSEG  FORFAT CLHB, T4, - 14," NOT FITTED") s
26w FORMAT CIH L[4, -7, 14,7 ZERQED") R
sz/¢ FURMAT(IH ,"HALF FERLUD SPECTRUM 7, 15,° CHANNELS™) . d
6275  FORMAT CIH 7 sk ERRUR *akkk INVALID INFUT™) ~ -
END RS
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SUEROUT INE DRIVE (N1,N2)

COMMON /UNIT/ NRD,NWR,NCR,LFR,LFD,NFL,NVS, MAXN, MAXM, MAXF, NV (121)
COMMON /DAT/ VMAX,FERI,Y(1@24),1D{4#) ,NDRV,N,NF,VEL (1)

COMMON /THEQ/ F,P(32) ,DF (32) ,NTEO, M, MF,KTED (26) , KF (I2)

COMMON /FLD/ F3I.E.V,VCON(6S),V1,V2,GED, B#,C@,NFLD,MSH, MFLEX, TIME
COMMON /TRA/ IN(81),0UT(1&)

COMMON /LIN/ EBE(3ID),A(3I2,32

DIMEMNSION X (65) XY (65) ,XDP (1@) , XYDP (14)

N1 = & CALCULATE VELOCITY COEFF.
N1 = 1 VELOCITY V FROM CHANNEL NUMEER XX

NI = 2 V,GEC

N1 = 3 DERIVATIVES F(1)-F(3)

Ni = 4 DERIVATIVES F(1)-P(2)

N2 = 1st CHANNEL CONTAINING VELOCITY (N1i=@)
N2 = CHANNEL NUMEER  (FOR N1 = 1-4)

N2 = @ ERROR RETURN

NDRV = 1 TRIANGULAR WAVE MODE

NDRV = 2 SINE WAVE MODE

NDRV = I FLYBACE WAVE MODEXX

IF(N1.NE. @) GOTO 136
NS T=N2

NFN=VCON (1)

GOTO (1,2,3), NDRY
WRITE (NWR, 6@ )
RETURN

WRITE (NWR, 625)
VCON (1) =6,

RETURM

WRITE (NWR, 6Z66)

Channel numbers for NFECAL.EXT peaks 1 thru 6.

X{2)=NST

X{ZT)=331.@

X(4)=476. 4

X(S5) =582,

X(6)=733.0

X(7)=873.¢

XY (2)=YCON(2) x156.25/TIME
AY (2)=VCON(2)

DO 4&1 I=3,NFN
A(I)=X(I-1)+MPLEX

AY (1)=VCONCI) %156, 25/ T IME ~ei]
XY (I)y=VCOMCL) e
L= i

[ ..t:‘_?J.
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FIND MIN AND MAX VALUES FOR X

o0

AMIN=X (2)

XMAX=X (D)

DO 4@% I=3,NFN

XMIN=AMINT (XMIN, X (1))
@2 XMAX=AMAX T (XMAX X (1))

73""7!‘?'ﬂhuu

ZERO ARRAYS FOR SUMMING

o o

MM=2xk+1 LT
DO 443 I=1,MM o
XDP (1) =6,
XYDF ¢ 1) =, Ny
LR CONT INUE ;;ii

TRANSFORM RANGE OF X TO {(-1,1) AND COMFUTE SUMS OF s
FOWERS OF X AND SUMS OF XY TIMES FOWERS OF X. S

o000

C1=2.8/ (XMAX=XMIN) PR
C2= (XMAX+XMIN) / (XMAX—XMIN) o
LU=Z2%K+1
LL=k+2
DO 434 11=2,NFN
XP=1,

XI=C1¥X (II)-C2

DO 485 I=1,L

ADF (1)=XDP (I)+XP

XYDF (1) =XYDF (1) +XPXXY (11}

3455 AF=XF&XI
DO 4384 I=LL,LU
XDF (1) =XDF (1) +XF

44 XF=XE%X I
DO @6 I=1,L
BE(1)=XYDF (I
DO 3446 J=1,L
ACI,J)=XDF (1+J-1)

a6 CONT INUE

C
Cc CALL LINER AND FIT VELDOCITY DATA
[
N1=¢
NZ=2
CALL LINEQ(NL N2}
[
c MOVE VELOCITY CALIB. TQ VEL ARRAY
C
DO 447 I=1,L
Jbe=kE—-1+2
4417 VEL (Jk ) =RRB (I
C
» C aDIusT COEFF, TO ORIGINAL RANGE OF X
. f
- 66
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DO 468 I=1,K
DO 448 J=1,1

VEL (J)=VEL (J) %C1
Cl=(XMAX+XMIN) /2.

DO 489 I=1,K

MM=L-1+1

DO 4¥9 J=2,MM

VEL (J) =-C1¥VEL (J—1) +VEL (J)

COMPUTE ™MAXIMUM AND ROOT MEAN SQUARE
ERRORS AND OUTFUT ERROR ANALYSIS

WRITE (NWR, 6436)
EMAX=4.
SUM=.
VMAX =1,
DO 41¢ I=2,NFN
YE=VEL (1) .

DO 411 J=1,E
YC=YCRX (1) +VEL (J+1)
VMEX=AMAX 1 (VMAX, AERS (YT))
DIFF=YC-XY (I)
IF (I-1.6T.L)
WRITE (NWR, 64 1)
GOTO 412

WRITE (NWR, 54265 I,X(I),XY(I),YC,DIFF
EMAX=AMAX1 (EMAX, AES (DIFF))
SUM=SUM+DIFF %2

ERMS=SQRT (SUM/FLOAT (NFN-1))

WRITE (NWR,6435) EMAX, ERMS

RETURN

GOTO 413
I,X(I) XY(I),YC,DIFF,VEL(I-1}

GCYO (1, 1@, 2045) , NDRV

FLYBACK MODE

IF(N1.GE,3) GOTO ZS#&
XX=N2

FER=FERI/4.
{FIXX.LE.FERI/Z.)
2x=XX-FERI
Cl=PI-PER—-XX

S=1.

GOTO 244
C1=PI+FER-XX

S=-1,
C4=5xVMAX/FER
V=VEL (1) #XX+VEL (D)
IF(NTI.EQ. 1) RETURN
CA=r vMAX
Co=SxCARCX~1.)
Co=1.+F () ¥C2
GetU=1. /C5/CS

FE TURK
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DERIVATIVES

MM=EF (1)

IF(MM.GT. @) DF (1)=06ED

MM=kF (2)

IF{(MM.GT.&) DF (MM)=-2. XGED¥BUKC2/CS

IF(NLl.EC.4) RETURN

MM=kF (Z)

IF{MM.GT.®) DF (MM)=GBEDX ((V/XX)¥Cei—RIkF (2) ¥Vk4. /CS/VMAX/FER)
RETURN

TRIANGULAR MODE

WRITE (NWR, S@@¢)
RETURN

SINE WAVE NOT AVAILABLE

WRITE (NWR, 520%)
RETURN

FORMAT (8WA 1)
FORMAT (IH ,4X, "DRIVE MODE TRIANGULAR WAVE NOT AVAILAEBLE )

FORMAT (1H .44, DRIVE MODE SINE WAVE NOT AVAILABLE®)
FORMAT (1H ,4%, 'DRIVE MODE FLYEACE WAVE™)

FORMAT (1H ,//, 18x, 3J6HFOLYNOMIAL LEAST SQUARE FIT
1ANALYSIS, /1 /,4H  1,6X, 7HX=GIVEN, 7X, 7HY-GIVEN, 6X,
28HY -FITTED, 8X , SHERROR, 14X, 6HVEL (1), //)

FORMAT (1H ,I13,4X,4(1FE1%.3,4X) ,1FE13.6)

FORMAT (IH ,I7,4X,4 (1PE1H.3,4X))

FORMAT (1H ,9%, SHEMAX=, 1PEL1S.6,9X, SHERMS=, IFE15. 6)
END
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