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developed by the authOrfis deScribed;:

,have been constructed Mossbauer spectra for two sources - Co

ABSTRACT
- “In this thesis a small shift Mossbauer spectrometerr

An~au*omatic’multiplexinvband printOut system for
eight scalera 415 descrloed along w1th a dlgltal eiectroniC‘

control system For the motor drlve.

Threefdifferent suspension:systemsvforcthe-transport;

‘portlon of the llnear drive --

(l) An a1r bearlng susoen51on as developed by Wells
(2) An 0il supoorted teflon bearlng suspen51on

(3) oy leadscrew susnens1on
57

f‘1n Armco 1ron and Co57 in Pt195 ——fagalnst an enrlched iron

| absorber have been taken Wlbh the latter two suspen31ons and

have been compared with each other and with spectra taken on a

commer01al hossbauer spectrometer.

Theoretlcal calculatlons of the central Dossbauer‘line

_‘for the Armco 1ron source and enrlched iron absorber have been
“madefus1ng the computer/program wrltten by Woodrow. These

‘calculatlons are COMpared w1th the experlmental spectra.
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CHAPTER I
c<*INTRODUCTION

There are many mechanlsms Wthh may cause the p051-

~tion of the Mossbauer resonance peak to shift from 1ts expected

| p031t10n._ These 1nclude°'ﬁ’

'(l) Internal and. external magnetlc flelds at the 51te
of the absorblng or emlttlng nucleous. k k
(2) jA'temperatUrekdifference between.the source and
absorber. | . B
(3)' A;difference‘in,Debye-temperatnfe[in the sourcer.
and absorber. : | | | | ' L

(k) A difference ineaverage:mass in,ﬁhe source and

absorber. .

{5) 4 difference~in chemical environmert at the site

of the radiating and absorbing nucleous. - This is called the

"chemical™ or "Isomer™ shift.

’ (6) Localizedkmcdes of vibration in the crystal ‘
lattice ofytne source*or'absorber; |
The above effects have been reviewed theoretlcally by Wood—

2)

row( ,and seme are contalned in the references 16 2L, 25,




This listfis of courseanot‘complete\butsiskrepresentative of
the many effects observable by the measurement of shlft of the
, Mossbauer llne. Such measurements are usually aimed at the ;'
determlnatlon of some propertles of the host materlal at the

51te of the Mossbauer nucleous.

In hlS thes1s of November 1965 Wells(l) proposes a
‘zero phonon Mossbauer experlment to measure the llfetlme of
'~locallzed v1bratlonal modes in a crystal lattlce Wthh requlred
‘the measurement of the snlft of the Mossbauer peak In this
‘thesis Wells rev1ews some . calculatlons of the ratio of the local-
‘1zed mode frequency to the Debye frequency <~/ ¢,) and the |
lifetime of localized modes: (2:”) for four frequency dlstrlbu—~k

: thons as a functlon of the mass defect 8 where

| £ = “M‘”k?sf —~ 'Mmﬂamirf
o S | /ﬂ,,:r .
prhe four models used to obtaln the frequency dlstrlbutlon were:
| (1) Linear Chain: Montroll & Potts, 1955 |
:f(2)"Debye: Dauber & Elliot, 1963

| “ Maradudln, l963
(3) Nearest Nelghbour s1mple cub1c lattlce in Whlch

| the central and noncentral force constants are equal Montroll

' & Potts, 1955 i
:(#); Nearest Nelghbour central force face centred

cubic'c Overton & Dent 1960




The source and absorber used in such an experlment
must be chnosen very carefully as‘shlfts due to other effects

such as those listed aoove must be av01ded. The source and

' kabsorber chosen by Wells were:

- Source: O, ooo5 inch Ptl95 with 5 me. co57 as a dllute

1mpur1ty ice. 1 part 0057 to lOOO parts Ptl95 -‘_tv‘
Absorber:  0.0005 inch»Pt195'With o;ol ng/cm® Fe!

kWith thiS,Source andAabSorberhcombinationywells_calculates;"
usihg the fourthimodel aboVe, that’ﬁm=f3~0 x 1075(1 0. 00964T)
and tqn/ u)k“l/38 Wlth these numbers the exoected shlft of
‘:’the Mossbauer llne due to the locallzed modes, us1ng an 1nst1enk
‘;0501llator approx1matlon, at T = 300 K is calculated to be Io /3OO

 where I, is the natural llnew1dth of the Co57 trans1tlon

Wells calculated that for thls source and absorber the
count rate for a detector subtendlng a solid angle of 0. l stera—
’dlans would be 35 counts/sec. and that the t1me requlred to de~-
‘termlne the llneshlft to w1th1n 107 was 16 weeks  This calcula-
tion was made w1th the assumptlon that the veloc1t1es were ex-
,actly constant ive, the velocity dlstrloutlon used was a delta
»; functlon. Thls of course 1s never the case so the above sets |

~only a minimum time llmlt




To perform the proposed experlment it was obv1ous
that a very smooth v1brat10n free llnear drlve system was re—~
qulred Wells trled to construct such a drlve using an alr'

fbearlng track and rlder transport suspen51on system w1th a
; synchronous motor drlven tape and pulley drlve. It~was found
however that v1bratlons 1n the system,‘elther mechanlcally or

' areodynamlcally 1nduced made the drive construCted completely enf

‘ useless for the above appllcatlon.

The. constructlon of a drlve system whlch producesi
sufflclently stable ve1001t1es to- do the proposed experlment ls'
‘extremely dlfflcult.k There have been ‘many means trled for pro-
‘duc1ng the VelOCtheS necessary for observ1ng the lossbauer :
“Effect. A Few of these can be seen in- references 3, L, 5, 6,

75 18, Fbr the measurement of small shlfts of the central llne
pos1t10n the most convenlent type is that whlch produces a con—
stant veloc1ty.- The most successful scheme for doing thls con-
venlently seems to be the use of a leadscrew and carrlage,
~provided that no large welghts are to be transported. Such
transports. have qu1te a large amount of frlctlon 1nherent in
‘them, even when well machlned and allgned and therefore have

- some v1bratlonal n01se a35001ated with them. The air bearlng
descrlbed by Wells should at least in prlnclple, greatly decrease
the friction in the transport system and thus decrease the v1bra~~
tlonal n01se present in the system. Thére are “however practlcal

problems in the stablllty of such a suspen51on.




Thls the51s presents the development of a small shlft

- kMossbauer spectrometer whlch it is hoped will be sufflclent Ly

prec1se to perform the proposed experlment. The’countlngjand;
’control electron;cs developed are'descrlbed. ~The laser inter-
:ferometer and fringe detectioﬁ s&stem dsed as a‘velooity meas-
‘urement system are descrlbed.‘ A comparlson has been made of
kthree suspen51on systems, the air bearlng suspen51on developedk
by Wells, an 011 suspen51on with teflon guldes and a leadsorew*

system constructed by thetauthor.=-




= CHAFTER 11

GENLRAL OUTLIN? OF THE SMALL SHIFT-
MOSSBAUER SP?CTROMETER

C2e1n Regulrements and lethods

o To determlne the pos1tlon of the Bossbauer peak it 1s, :

csuff1c1ent to measure the count rate at four dlscrete veloc1t1es._

If we are concerned Wlth a resonance approx1mately centered 4t

zero ve1001ty we maj choose these veloc1t1es to be +Vl and _‘V2

. The shlft of the llne pos1tlon can then be given by the follow—

1ng formula

- (S it tN’Z‘;’J

where:

N'l,z nUmber of counts at the velocity Vs

W=V -,

AV = shift Ofithe\line position-from'V=Q‘f7"

,'Thls formula assumes that *'Vl and % V2 are contalned in a linear d

'range of the resonant spectrum and that the shlft L&V is small.

There are ba31cally two. methods of measurlng shlfts of

the above form. The first and experlmentally the least complex

is to store the counts for each ve1001ty in separate scalers and

from the total collected over the entlre experlment calculate the




;countffate at'each'velocity-andthence the‘position of the peak.
‘ This method is notbapplicable to thefpresent experiment asﬁl6
weeks of countlng tlme are expected to be requlred and elec—
tronics whlch are stable over this pe 1od of time would be

dlfflcult 1l not 1mpos51ble to ebtaln. :

:The alternatiue‘method,‘and theﬂbne used here, isﬂto
printout or stoﬁe:in some manner;the number of*counts'after‘a‘
dsingle‘traverssl“and to run'the‘fouf velocities‘inksuccessive
;travefsels.f,This enables theycelculetion'of the‘line Position
| after four traversals which w1ll 1nvolve tlmes of the order of

~hours. Electronlcs which are stable for thls amount of tlme |
- are readlly avallable. Statlstlcs can then be taken on a num—,,:
“ber of" calculated line pos1tlons 1nstead of on the number of

“counts at one partlcular ve1001ty.,

%:%. Electronlcs and Control System

The general outllne of the electronlcs and control
system for the small shift Mossbauer spectrometer used in thls’

work is shown in Flg. (l), The elght‘scalers ‘record the fol—

vlow1ng.

“number of counts in the resonance channel
number of counts in the background channel
elapsed time

distance travelled

The prOgram’generator contfolsythe printout of the
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: _traversal of the transport system._i

scalers. and the direction‘and;velocity‘of'the,linear drive

system. In the“present applicatiod the program generator pro—k

duces the follow1ng sequence of events at the end of each

(l)' The scalers are gated OfI.‘ .
(Z)C:The motor is shut. off after a 3 second delay.
(3)% The motor is reversed | S -

: (4)‘zThe scalers are prlnted out and cleared.~‘

( ),,Power is restored to the motor.

( )- The ve1001ty is changed betweenrtwo dlscrete e
values. This happens only on every second traversal

(7) Theyscaler gates,are opened, |

The prlntout of the scalers is done on an A S, R 33 |

teletype Wthh 1s equlpped w1th a paper tape punch Thls greatly

s1mp11f1es the analy51s of the data obtalned as the tape is

readlly processed by the P.D.P. 8 computer avallable in the"

lab, however it requlres the constructlon of a formatlng and

“code conversion unit. This unlt converts the blnary coded
~decimal (BfC D.) output code of the scalers to the serlal tele—

,ptype code and determlnes the format in whlch the scalers are

printed out.t




. CHAPTER ITI

’L)*

ELECTRONICS

3#1 ‘Scaling,andrPrintOut Systems

Since SCalers were not, at the tlme, commer01ally

iavallable with automatlc prlntout systems,'elght lO scalers
kwere constructed from Falrchlld mlcrologlc 1ntegrated circuit.

‘decade counters. Two of these scalers were mounted on a 51ngle

prlnted cmrcult board (Flg 2) w1th 36 connector plns whlch f1t

“in two Dlgltal Equlpment Corporatlon,(D E C ) connector blocks."

4 - These scalers were multlplexed togethel,by means of four 18

pole 51ngle throw Coto 0011 reed relays placed between the :

kcounter output leads and the common output plns.

JThe binary codedfdecimal'(B C.D. ) to teletype converter
and mult1plex1ng system is shown 1n Flgures B~8f Thls system :

was constructed from D.E.C. modules and the symoollsm is that

“used by D.E. C.‘(App.~A). The levels from. the decade counters‘

are converted to D E.C. levels by the buffers’(Flg. 9) and put

onto the 1nputs of the thl mult1plex1ng gates (Fig; L) which

,form data blts 5, 6, 7 and 8. These gates performfthe function

of mult1plex1ng'the outputs of the seven decade counters of each‘

scaler. FEach R141 module is a seven 1nput AND gate and each

sectlon may be examlned 1nd1v1dually by a —3 volt s1gnal on one

1nput. The output of the gate is then the inverse of the level




SRR A

RN R R i
R A

S R R e, Eggaaﬁﬂaégziﬂ . EE, : .zg S .EEE. é : LRI xﬁg{_ ,
R U VR T A R T K PR P R AR CR AT o
3 ,_Enﬁhaé RS ARI R R RN gé?%a%?h%??&%&iﬁ%ﬂ S~




10

on the other 1nput of that sectlon prov1ded that at least one

lvlnput of each of the other 51x sectlons is at ground. Thus

! by applylng 3 volt levels 1n sequence to the gate sections

i.e. Load A Load B etc. the outputs of the decade counters can
be scanned 1nd1v1dually.- The other 1nputs on these data blts~'
are flxed and are used to produce carrlage return (C.R. ) llne

feed (L.F.) and space (S.P.) codes. Data bits 3 and 4 are re-

: ‘quired only for G.R. L.F. and S.P. codes and are ixed for

scaler 1nputs. -

Data blts 3 to. 8 are. used for the level 1nputs for the

"dlode capac1tor'dlode (D C D. ) gates of the R205 fllp flops in

the main shlft reglster (Flg) 5) The other level 1nputs of

4 the eleven bit reglster are flxed to produce the teletype code.

 for numbers C.R. L. F. and S P. Upon the pulse signal, Load TTO

the 1nformatlon on these level 1nputs 1s loaded 1nto the shlft

‘reglster. The TTO, flip flop will always produce a ground out—

put on its wom termlnal which w1ll cause the TTO O level to go
to -3 volts and allow the "Out Actlve" fllp flop to change
state when the next clock pulse comes. The change of. state of
the "Qut Actlve" flip flop enables the’pulse ampllfler (F.A. )
gate and loads a =3 volt level 1nto the "l" output of the "Line"

fllp flop which is the starting bit of the teletype code Suc—

ceedlng clock pulses shlft the reglster at a rate chosen to glve j,k

-the correct tlmlng for the teletype untll the =3 volt level on

the "O" output of the "TTOO" flip flop is loaded 1nto the "count




b

‘ll" flip flop. At thls p01nt all the 1nputs to the Rlll gates
“are at -3 volts and the level TTO= O is ground. The next clock
~pulse then sh1fts the reglster once more to give the second

"teletype stop b1t and changes the state of the "Out Actlve"

fllp flop to termlnate the prlntout procedure untll another‘

Load TTO 51gnal is recelved. -

The above actlon enables the prlntout of one of the

'B;C;D; decade counters and is the main part of the code con-

version unlt. The rest of the electronlcs is for formatlng and

{multlplex1ng the decade counters and scalers.u

V k The shift regiSter (Fig. 6) is used to strobe the
decade counters v1a the thl mult1plex1ng gatest(Fig. L) and

the rlng counter (Flg. ﬂ) is used to strobe the elght scalers.

,Pulses whlch control these unlts ,come from the main pulse chaln

o ;(Flg. B), : "i i,: ‘,_~,f‘h ‘surg

When the power 1s turned on the system is’ set up to

; prlnt by the sw1tches 1ndlcated. The ring counter must be'
- cleared and a mn loaded into. the "Stop" fllp flop. The scale'

of elght counter (Fig 6) is set up to glve a ground output from

the R111 gate when it 1s advanced one unlt and a nyn is loaded

into the "Space" fllp flop. Th1s 1nsures that C.R. and L. F ‘are

~_the flrst characters to be prlnted.

| When a —3 volt level is applled to the Prlnt 1nput

the Schmltt Trloger gives out a pulse wnlch w1ll pass through
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the Bth gates, advance the scale of elght counter, clear the
decade strobe reglster and- advance he rlng counterfto pull 1ni
the reed relayS'on the flrst scaler. ~One mlcrosecond later the
same pulse loads a "l" 1nto the "C R i fllp flop of the decade
strobe reglster Wthh strobes the C. R. sectlon of the thl mul-
tlplex1ng gates and puts the approprlate levels on the data

blts. Two mllllseconds after the 1n1t1al pulse - thls tlme

",was chosen ‘to insure that the Coto 0011 sw1tches were closed,-a

~the "Load TTO" pulse loads these levels 1nto the main shift

reglster and the character is prlnted out on the teletype as

'descrlbed above.

If the print level is at —3wvolts when the "Out Active™

o fllp flop changes state at the end of a printOut'this change of -

state gives another pulse~from the Schmltt Trlgger output. This

"second pulse w1ll pass through the Bth gates, shift the decade‘
”;strobe reglster to put the L.F. code on the data bits and 2 msec- Ji
'\ later thls character is prlnted out as above. The "Load Shlft

_TReglster" "Shlft Ring Counter" and "Prlnt Counter" llnes are

know dlsabled as there is a "O" in the "Space" fllp flop and thus

‘none of these actions is carrled out by the second pulse.

The above actlon proceeds untll the flrst scaler has
been prlnted out and the "Space" fllp flop has been loaded w1th

"l" After the space has been prlnted the next pulse from the

‘;Schmltt Trigger advances the scale of elght counter and advances'
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thelring’counterrto scalerktwo., The outPUt of the‘Rlll'gatekon'
' the scale of elght counter is now negatlve so the "Load Dec de
Reglster" pulse loads a "1" into the "A" fllp flop. The second
L scaler is then prlnted out as above w1thout the C.R. and L F.

'Hcharacters.

o The - above procedure‘contlnues untll all elght scalers

‘thave been prlnted out. ~ When the two fllp flops "S C. 8" and

ﬁ} "Space" both contain "l's" which w1ll happen when a space has
been prlnted after the elghth scaler has been prlnted the B104
Vgates w1ll not transmlt the Schmltt Trlgger pulse. The pulse |
lobtalned after the space has been prlnted then serves only to

shlft the ring counter to load a min 1nto the "Stop" fllp flop.

,The prlntout is thus terminated, but 1s set up to recelve another

prlnt 51gnal

3:2 Gamma Ray Detectlng System

4 The electronlcs used for detectlng and countlng gamma
: rays in thls experiment is shown in block form in Fig. 10. ' The
’unlts used were standard commerc1al equlpment as llsted ‘below.
Dynatron Type 1430 A preamp B k
Cosmic Model 901 A double delay line amplifier
'Reuter Stokes model 30 A proportlonal countér
VFluke model L12 B hlgh voltave power supply

Cosmlc model 90l SCA s1nﬂle channel analysers

Astypical pulse'height spectrum of the Co577in_Fe,source
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used in thS eyperlment is shown 1n F&c. 11, In thls spectrum
the 1nten51ty of the 6.8 Kev peak was reduced relative to the
14, 4 Kev peak by plac1ng an alumlnlum f01l over the berylium

W1ndow of the proportlonal counter. Thls spectrum shows a-

' resolutlon offlO 6% F.W.H. M for the lh 4 Kev 1ine whlcb 1s

'better than the ll 3% resolutlon of the spectrum supplled by SR

the manufacturers W1th the counter.;

3:3 Setus ‘of' Single Channel Analvsers

The 51ngle channel analysers were set up to accept

~only certain parts of the pulse helght spectrum by operating the
“ND 101 lekSOPber used in a 001n01dence mode. The input to the

‘kicksorter was taken from the delayed output of the Cosmlc ampll-

fier and coincidence pulses from a Datapulse pulse generator
trlggered by the output of the 51ncle channel analyser. The 1n-f"'
ternal delay and pulse width of the pulse generator were adgusted

so that the c01n01dence pulses overlapped the analysed pulses'

fwhen the two were observed on a dual beam scope. In thls mode of
: operatlon the klcksorter only analysed pulses passed by the 51ngle
‘channel analyser. One single channel analyser was set up 1n ‘this

 way to accept pulses only in the 14k Kev peak and the other to .

accept pulses between the 6.8 Kov and 1h.4 Kev peaks over the

~Same number of channels as included in the lh L Kev peak.

The cosmic singlefchannel analysers givekoutput pulses

of either~polarity of six volt amplitude and lSO'nanosecond?dura+

tion. These are not compatible with the‘positiveyl.E volt 200
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nanosecond pulses requlred by the 1ntegrated c1rcu1t counters.
The negat e output was therefore gated ‘and converted to. the'
requlred pulses by the 01rcu1t in Flg. IZ whlch was mounted on

a blank D E. C. c1rcu1t board. The 68 pf capac1tor on the emit- "

ter of the input tran31stor prov1des suff1c1ent pulse stretch-

: 1ng to glve ‘an output pulse OL 6OO nanosecond duratlon.

3sh El sed. Time Measurement

The 7.04 kllocycle ‘RLOS5 clook used in the code con-k
'Version un1t was used_tokmeasure elapsed time durlng theycourse
. of this eXperiment'.kw The s’tability;o'f ’thecloc'k frequency is
'. quoted to be 0.01 per cent of the quoted value between OOC and
i;}' 4 55°C. Thls then when gated at the beglnnlng and end of each
| traversal of the transport system prov1des an accurate stablek

determlnatlon of the time taken for the traversal

| A The clock pulses are of lOO nanosecond duratlon and :

krlse from -3 volt to ground These pulses were gated and con—

- verted to the 1. 5 volt 200 nanosecond posltlve pulses requlred'
by the scalers by the 01rcu1t in Flg. I} ThlS clrcu;t,was also‘~-'

mounted on a blankrD,E,C. circuit board.

3:5 Control System
 The electronlcs of the control system is shown in Flg.'
I, This system, llke the ‘code ¢onversion system, was bullt

from D. E Ce modules and the symbollsm is that of D. E C.

The LS 230fphoto cells are mounted beside‘the'transport
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system over small light bulbs. The position of these photocells :

is adgusted so uhat 1f either cell is cut of f from 1ts llght

source the level at the collector of the trans1stor drops far -

"enough to trla er the Schmltt Trlgver and supply a pulse for-
VVthe'electronic controls. These photocells are used to 1ndlcate
’the endp01nt of the rlder traversal s1mply by mountlng small

metal strlps on the transport Wthh w1ll sllde between the photo— B

cell and 1ts llght source. The endp01nt p051tlon can then be

adgusted by adJustlng the p051tlon of these strips. This method

~of endp01nt 1nd1catlon is far superlor to the usual mlcrosw1tch

arrangement as no- phys1cal contact is requlred. The 1nverter onk

the output of the Schmltt Trlgger prov1des a D.E.C. pulse (=3

'volts to ground) when the photocell is opened to the llght This

,provldes~a.start1ng point 1ndlcatlon.

The "gate control" fllp flop closes all the gates to

. v the scalers when one of the photocells is cut off and opens them

‘agaln only when the transport has moved far enough to open the.

photocell to 1ts light source agaln. Thls automat1cally~allows
time for the transport to accelerate to constant Velocity before

any counting is done as the motor is allowed to overdrlve the

‘cutoff p01nt for 3 seconds by the R302 delay before the "motor
“separate" relays are opened. The state of the "motor reverse”
“relay is changed s1multane0usly with opening of the "separate™

- relays thereby causing the motor to drive in the reverse direc-

tion when power is restored. When the scaler printout has been
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completed as indicated’by the‘"StOPk(O)" output returning to

ground the notor senarate relays are closed and the transpo

is drlven in the opp051te dlrectlon.'

The control relay wiring whlch is shown in Fig. 15 is

muoh ‘the same as that used by Wells.‘ The os01llator whlch is

to change the dr1v1ng frequency of the motor and: thus 1ts ve1001ty

is a Hewlett Packard 421 A pushbutton model “The change in fre-
quency is effected by pushlng two preselected buttons w1th small
solen01ds actlvated through the "frequency control" relay (Flg.

l5b) ~The state of thls ‘relay is changed at every second end-

,'p01nt 1ndlcatlon via the R202 flip flops. Thls prov1des the
"requlred ve1001ty pattern of Vl -Vl V2 —V2 etc. ThlS partlcular

‘part of the control electronlcs was not used in the present work

as no shlft measurements were actually made, however the system

k‘kwas set’ up and made operatlonal

';3 6 Scaler Clearlng

At the end of each prlntout all the ‘scalers were}cleared

by the circuit in Fig. l@. This 01rcu1t is actlvated by the "O"‘

| output of the motor separate fllp flop whlch gives a -3 volt to

ground pulse when the Stop (0) s1gnal comes 1nd1cat1ng the end
of the prlntout¢ The four dlodes on the base of the output trans—

istor are used to clamb the clearlna pin at l 5 volts to prevent

- any overvoltage at this p01nt.~ The c1rcu1t as shown was mounted

phy51cally near the scalers so that the scaler power supply could

be used.
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CHAPTER IV

| VELOGITY MONITORTNG SYSTEM -

Th laser 1nterferometer used by Wells was felt to ' l
|

be an excel“ent method of monltorlnv the ve1001ty of the source/
"kabsorber transport system and was used throurhout thls experl—o
AT ~;ment. Some reflnements were found to be necessary to obtaln

e reallstlc ve1001ty measurements and w1ll be summarlzed in thls

“,sectlon. 2 R SRt S i o

The Spectra Phys1cs model 130 gas laser used for the

71nterferometer was found to have beam 1nten51ty fluctuatlons of ‘“é
60 and 120 c. p s.v These fluctuatlons were less than 5% of the , | ?
veloc1ty 51gnal when the 1nterferometer was well adjusted (i.e.
?l h_fthe mirrors were perfectly parallel and the: central frlnee,k : ;
covered the whole of the laser beam) and the laser‘intensity ,hh P
was set in the medlum range. At higher and lower 1nten51t1es | |
the 120 CeDe s., n01se became qulte large. This noise problem
made it necessary to ‘adjust the 1nterferometer very well and to;
' operate the transport system only in reglons where the 1nterfero-

. meter remalned in adgustment. When the 1nterferometer came . out

of adJustment so that several llnes were v1s1ble over the laser
‘beam the signal decreased to the noise level and made meanlngful

veloc1ty measurement 1mp0881ble.

It was found that vibrations of the laser relative to
" the mirrors‘would produce a signal on'the photocell due to a'shift

T { ce e Poormn R TR

R L SRR, 1 B e e A D
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- tied the two structures together.‘

: 19 :

in the positlon of the interference pattern., This problem was

kellmlnated by mountlng the laser close to the mlrrors on the

same plece of steel as the transport system whlch effectﬂvely :

- The photo resistor”used'by Wells was found to be

zwholly 1nadequate for our purposes as it had an extremely poor

‘ifrequency response Whlch llmlted the range of veloc1t1es whlch :

could be measured. ~This problem was further enhanced by the
laser noise Wthh soon became comparable to the 51gnal as the -

veloc1ty was 1ncreased.' Three other photo cells were tried to

" overcome this problem:

(1) LS 230 photo voltaic
o (2) H 38 photo diode
(3) LS 400 photo dlode,

All the above photocells had excellent frequency responses but

kl}varled greatly in sen51t1v1ty.o The 18§ 230, was found to be sensi--
tive 1n the infrared reglon,but insensitive to the:6300 A° radia-
tion of the‘laser.' The H-38 and LS 400 photo diode were’found

to be much more sens1t1ve to the laser llght and both were found

satlsfactory for our appllcatlon. The LS hOO was the more sensi-
tlve of the two and was used for most of the measurements in thls

experlment

The sen81t1v1ty of the LS AOO diode made it p0531ble

to colllmate the laser beam bv an elght thou hole placed dlrectly




t‘gov
in front of thekdiode.. ThlS made the s1gnal to noise ratio much
less sens1t1ve to the adgustment of the 1nterferometer as onlv‘
a small portlon of the 1nterference pattern was belng observed
by.the photocell ThlS ?eature greatly 1ncreased the length of
movement allowed by the transport system espe01ally for the air
bearlng where the 1nterferometer adgustment was found to change

with p031t10n.‘v

-

1s shown in Flg. 17 ‘ In thls 01rcu1t the 3 9 K re51stor in the
Darllngton ampllfler was chosen such that the oaln of the ampll—
fier was hlﬂh enouvh that the full sw1ng of the photo dlode with
the 8 thou colllmator would trlager the tunnel dlode but low ’
enough that the laser n01se would not exceed the hystere51s of
the tunnel’ dlode thus caus1nv many. spurlous pulses when the .
sw1tch1ng n01nt was reached. The output of this c1rcu1t is a
pos1t1ve l 5 volt pulse w1th a very fast rlslng leadlng edge re-
qulred to trlgaerrche mlcrologlc scalers., The circuit as shown |
works very well and gvves an- almost unamblguous correspondence
between~the-behav10r of the interference pattern and the signal
output. The only ambiguity is in the pulse width which will
depend'on'the,laserfnoise and on the d.c.:conditiOns at the input
of the Darlington amplifierfwhich are not stabilized.in any
sophisticated manner; Tvplcal plctures of the outout are shown

in Fig. 18 and Flg. 22.

‘The c1rcu1t dlagram for the ve1001ty monltorlng system S
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 CHAPTER V_

TRANSPORT SYSTEMS

5:1 Air Track‘Suspensﬁon
It was de01ded to contlnue w1th the ba51c a:Lrtrac,k~

susoen51on developed by Wells asilt,had not beenxproven“COn—

'7v1n01ngly thao it was unfeasible to remove the'troublesven—w‘

countered with'this System.y The only magor change made‘was to-

1nvert the track and rlder so that the center of mass of the‘r

krlder was oelow its centre of buoyancy. Thlo made the rlder'

at leasu statlcallv staole, whlch was not the case in uhe orig-

flnal conflvuratlon, and- allowed the’ rlder to be drlven through

its centre of mass. Thls modlflcatlon did not produce any

j marked 1mprovement over the prev1ous performance of the system.f'

‘ Vlbratlons transmltted to the suspens1on system from‘k
the floor through the supportlng structure were studied u51ng :
an uncallorated geophone and a high galn type 551 scope f'It'

was found that floor v1bratlons were espe01ally large at 60 and

120 c.p.s. and that the 1solat1ng structure used by Wells ampli-.

'fled v1bratlon at these frequen01es and gave effectlve isolation

only for shock inputs. Vlbratlon measurements were’made with
the same geophone-andkscope at various‘points in the building.
It was found that floor v1bratlons were down by a factor of 10

from the. orlglnal position in the basement optics laboratory

and the equlpment ‘was moved to thls position.

21
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e v1bratlon 1solat1ng table was constructed for the

’suspen51cn by gluelng together w1th contact cement flve layers
of 5/16" Isomode rubber Co form four rubber mounts each of 3. O
square 1nch area. . These were used to support a wooden platform
'lwhlch was loaded w1th concrete blocks and a 54"x18"x2" sheet of
h‘ffsteel such that each mount was supportlng approx1mately flfty
pounds per square inch. Accordlng to uhe curves supplled by
| the 1somode manufacturers flve layers of 5/16" rubber with the

abovD loadlng should prov1de 1solatlon to frequen01es above 8.2

‘:’c p.s. and have a natural frequency of 5 8 c.p. s.' Tt was found'

that for the above structure the natural frequency was aporox1-

‘mately 16 CePs s.}and isolation was prov1ded above 20 c.p. S.

- This support was‘con51dered to be adequate as v1bratlon levels
were small in comparlson to those in the prev1ous support and
a more elaborate system would be expected to glve only small

1mprovements and could become very costly.

‘ The air track suspen51on was mounted on the steel sheet
v ef the above table and except for the case in whlch the alr was
off the ve1001ty 1nsta01llt1es were found to be the same as en-
countered previously. . In the air off oase there were onlyksmall
variatiOns in the fringekpattern, less than 3 fringe when ob- |
served v1sually,.wh1ch indicated that the vibration level had
been substantlally reduced and that these v1bratlons were not
directly the cause of the velocity fluctuatlons. The fact that

= the ve1001tv 1nstab111t1es remained essentlally the same even




though floor v1brat10ns were greatly reduced 1ndlcates that the
1nstab111t1es are not 1nduced by chese external v1bratlone. Tt
was felt therefore that the ve1001ty'1nstab111tjes were due to
elther the drlve mechanlsm or-the erLtlonal propertles of the

"‘track and rldeL.

The frlctlonal properules of steel on steel were found
in references 13, 14 15 16 17, The the31s by Roderlck Cameron
was partlcularly 1nterest1nv as hls results were substantlally
like the ve1001ty 0501llatlons we were observ1ng over the same
ve1001ty range. This suggested that we had steel on steel con-
;ktact, Wthh was verlfled by measurlng the re31stance oetween the
4 track and rlder w1th the alr on, and that we were observ1ng the

slip stlck process assoc1ated with steel over steel motlon.' This
'sllp stick process occurs for ve1001t1es below some crltlcal
. ve1001ty where the- coefflclent of frlctlon 1ncreases ‘with de—;

creasing: ve1001ty, i.e.

i
{
¥

Sy
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Above this critical velocity-the motionjbecomes~much~more smooth:

and 0501llatlons as observed for lower ve1001t1es are not. in
ev1dence. Thls effect was observed w1th our svstem by’ dr1v1ng

. the rider at a much hlgher veloclty and observ1ng the decrease

tln the amplltude of the ve1001ty fluctuatlons. There are three :

vthlngs that can be done to decrease. the amplltude of osc1lla—

tlons due to the Sllp stick process

(2) Decrease the ‘ratio K/w where K is the stlffness -
gof the dr1v1ng suspens1on and w is the normal welght between h
'the track and rider \ . | |
(3) Introduce’damplng 1nto the system.f
| The flrst of these could not be done in the. present appllcatlon

'as veloc1t1es of 1nterest were well below the crltlcal ve1001tv.

"The stlffness of the dr1v1ng pulleys and drlve attachment struc—‘d

Ture was 1ncreased as much as p0551ble w1thout a complete re-

de51gn of the drlve mechanlsm., Thls had no observable effect onr'

the vel001ty fluctuations. The Value of w was set by the hydro—

dynamlc stablllty of the rider as at alrflow rates whlch would

float the rlder olear of the track this reduc1nc w to zero, thev

rider became unstable and 0501llated badly. The mlnlmum value

of w is thus obtalned when the max1mum flow rate which does not
cause these ‘hydrodynamic 1nsta01llt1es 1s used. The remaining
solutlons are thenkto ellmlnate the metal to_metal,contact~or ”

to introduce sufficient damping.

(1) Increase ‘the ve1001ty above the crltloal veloc1ty 7

e G




It waS'felt that a~morefviscous fluid would prOVidel

- some damplqg to the system so a constant head rec1rculat1ng oil

system was constructed to replace the a1r supply. This oil

Thfloatatlon gavL very llttle 1mprovement over the -air system.d
'The frequency of the osc1llatlons w1th the rlder floatlng but
;at rest was substantlally reduced but they were of equally large;
ﬂamplltude. The Ve1001ty fluctuatlons W1th the rider 1n motlon

anere found to befessentlally the same aS*Wlth the air 1loatatlon.

c:It was found to ‘be necessary to reduce the 011 flow until the

'ctrack and rlder were in contact to ellmlnate the hlch amplltude

\\/Q

osc1llatlons present when the rlder was floatlng.' We were then

11[, ‘ agaln observing the slip stick process of steel on steel and any
ydamplng caused by the oil was not sufflclent to affect the oscil~

lations.

To eliminate the steel'on steel contact small teflon

tabs of approx1mately l/6h" thlckness were. attached to the elght
gi?d ;;corners of tne rlder. " This completely ellmlnated the metal to.
ﬂﬂmetal contact when the rider was placed in the track. The oil
ffloatatlon system was malntalned to support the bulk of the welght
’;of~the rider and toflubrlcate~the t8flon on steel conbtact p01nts.
inThls modlflcatlon produced a marked 1mprovement 1n the performance
of the suspen51on system.~ Flg 18 shows tvplcal plctures of the
k".;pveloclty measurement system output for varlous ve1001t1es. The .
h‘top two pictures were taken at l/SO and 1/25 sec. tlme settlngs

- on the camera and represent lO and 4 traces of the scope




V 0.75 mm/sec V 0.28 mm/sec
0.2 ms/cm Sweep 1.0 ms/cm

V 0.13 mm/sec "V .045 mm/sec
Sweep 10 msec/cm Sweep 20 ms/cm

Figure 18
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respectively. The bOctom two plctures were taken manua113 and

represent a 51ngle sweep of the scope.~ The large frequency l !

'; fluctuatlons ooserved by Wells are not present in these plctures

however there are deflnltely some fluctuatlons which 1nd1cate
the presence of ve1001ty 1nstab111c1es.f The maonltude~of these
frequency or ve1001ty fluctuatlons depends upon the p051t10n of
the rlder which would 1nd1cate 1rregular1t1es in the track sur-
face or in the steel tape whlch drlves the rlder. Other 1rregu- '
larltles 1n the veloc1ty could be due eltner to varlatlons in

the friction coefflclent,between the track and~r1der or to the

actual driying system.

- The flrst mechanical drlve system, Fig. 19, used in -

this experlment was: very s1mllar to that used by Wells. The

' motor, ball dlsk 1ntevrator, frlctlon drive wheel and flywheel

form one. unlt of the drive and are mounted on an angle ‘iron

'framework supported by cement blocks. Thls unlt gives a contin—

uously,varlaole rotatlonal ve 1001ty of the flywheel between 0
and lOfr.p.m} The flywheel is the same as that used by Wells:
and is used to damp out any ve1001tv fluctuatlons 1ntroduced by

the motor and ball dlsk integrator. The performance of this

unit: was roughly checked by mountlng an alumlnum wheel with 360.
‘;,equally spaced slots around its 01rcumference on the flywheel

-axis and monitoring the rate,at which the slots passed a fixed

- point with a photo cell; The motor speed Wasralso checked by
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'pilluminatlngfthe movlng shaft w1th a stroboscope. Neither ofk

| -
the above checks showed any 1ndlcatlon of veloc1ty fluctuallons.

The rlder was drlven by an endless steel tape Wthh 3

was drlven by the second caostan pulley, pulley B mounted at

bone end of the track The tape was attached to the centre of
‘the rlder and tens1oned by an ad3ustable tall pulley at the op— =
k'pOS’te end of the track The p051tlon of attachment of the |
’tape to the rlder was made adjustable in the plane perpendicular
- to the steel tape so that the optlmum dr1v1ng p01nt could be

’found._

~The alignment‘of the capstan pulley, the drivevpoint-rﬁ

and the tail pulley was found to be very critical, therefore the
‘track and rider assembly was mounted on a platform which was

l‘adJustable in height and p031t10n, relative to the two pulleys,;
by means of screwsfat the . four corners. The helght of the plat—

“fform was chosen first and the platform levelled. The laser was |

then’ levelled and adJusted so that the beam was blsected by both‘

the head and tail pulleys of the drlve.‘ The track was then

| allgned by plac1ng a luc1te block w1th a central scrlbed llne at

each end of the track and adJustlng the platform p051tlon until
theklaser‘beam was bisected by both these_lines. One centering
block was then'rémOVed-and'the other"used‘at each end‘alternativel
lyhfor the final adjnstment. The rlder was then placed in p051—

tlon and the attachment point adJusted SO that it was central in

 the laser beam,f This procedure was repeated several times to
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ensure that the alignment was as precise as possible.

The vertiCal alignment of the head and'tail pulleys°’

so that the tape would not "walk" up and down the pulleys was

"found to be very dlfflcult and was overcome by putting a small

groove in thD tallpulley and replac1n0 the steel tape with the

"fkmlnlmum length of copper wire at thls p051tlon. The COpper

w1re was attached to- the tape w1th solder.. The only problem

encountered w1th this procedure was that the copper tended to

stretch when under ten51on and the tallpulley had to be adgusted

perlodlcally to correct for thls.

~The flrst capstan pulley, pulley A, was mounted on.
cement blocks separate from both the mbtor drlve unit and the
suspens1on ‘table. This pulley served the Functlon of . reduc1ng

the veloc1ty of the drive and 1solat1ng the v1bratlons in the

"drlve unlt, caused by the motor, from the suspen51on system.o
utThls 1solatlon worked very well as the supportlng structure of
‘ the drlve unit could be dlsturbed qulte drastlcally before any
~effect was observed in the output of the veloc1ty monltorlng

- system.

The drlve system as shown glves a veloc1ty of the rlder

S whlch is contlnuously adgustable between 0 and 1.0 mm/sec. The
maximum range over which the rlder could be drlven‘was 25 mm,m

:however only 5 to 10 mm of this wasvused‘as thefadjustment of -

the velocity measurement system was much easier for a small'rangee
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and the position of best veloeity‘stability could be chosen.

- ;5:37‘Leadsdrew Suspensien |

‘The second suspenswon system used in thls work was a
;l pre0131on leadscrew and carrlage which was purchased from
e,Gaertner 801ent1flc Corporatlon in the form o? a NBOl mlcrometet
‘,sllde.' Detalls of thls unit are glven in Fls 20 and 21 The
alumlpum structure holding the source/absorber and moving mlrrer
was bolted to the slide through tne threaded hole prov1ded for
lmlcrosoope mountlng./ Fxcept for this mounting structure the
mlcrometer slide prov1ded a complete susoenslon system of the

conventlonal leadstrew form.‘

514 Mechanical Drive System IT
The drive system usedvfor this second suspension is

“shown dlaﬁramatlcally in Fig. 20. " The l2 1 reduction gear and

the mlcrometer slide formed a 51ngle unit which was mounted on a

’ﬁ" alum1num plate whlch in turn was . screwed to the steel plate
. on the v1brator 1solatlon table used for the flrst suspens1on.
It was necessary to - take great care in the allgnment of the out-i
put shaft of tho reduction gear and the 1Dput shaft of the mlcro—
meter slide as no - blndlnv due to mlsallgpment could be tolerated
~at th;s point. These shafts were‘connected together using a '

7 11-61 neoprenefflexible coupling.'_The'input'shaft of the re-

P.I.C.

<

&
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LEADSCREW SUSPENSION

Figure 21. Leadscrew Suspension with

. velocity monitoring system
and detector-preamp combin-
ation.



;;'du0t1on gear was fltted w1th a %" brass bushlng wnlch was made

dfkto be concentrlc w1th the shaft to a tolerance of * 005"
‘Thls bushlng was used to 1mprove the wrapplnd propertles of

ap'the dr1v1na belt i.e., the mylar belt would not drlve the re-

hfrductlon gear through the 3/16" shaft.

The capstan pulley was mounted on a oement block stand

,separate Prom both the m0uor assenbly and the 1solatlon table.
Wi ThlS pulley was used malnlv to 1solate Vlbratlons 1nduoed by the

-motor from the suspen51on system and prov1des only a small

amount of speed reduCtlon.k 2

The motor and ball dlsk 1ntegrator from the third part.

of the mechanlcal drlve. These two unlts were mounted in an-
"aluminum,bOX with Crreat care taken in the al;gnment of the con—

nected shafts.t A strong piece of rubber hose clamped to each ,

shaft was used as- d coupllng material. This prov1des a very

kidrlgld coupllng of the shafts as the coupling dlstance is only

r,l/8f1noh._ ThlS unlt was also mounted on a cement olock stand.

Typlcal output traoes from the veloc1ty monltorlnvj'

_system w1th the above drive and suspen31on are shown in Flg. 22

| ‘These show that there are still velocwty fluctuatlons present.

';°The ve1001ty is very staole over perlods of 1/50 sec but not

'sFStable'over perlods of l_sec.fwhlch indicates that the velocltyf

fluctuatlons are of fairly low frequency. The velocitﬁ stability

seems to be at leaSt comoarable to the oil suspension systo..
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The above mechanlcal drive system 1s con81dered to be-

'far~from’ldeal. The ball dlsk 1ntegrator in partlcular is belng

used beyond'its ‘design spec1f1catlons‘1n this appllcatlon in

'ﬂkbOth input r.D.m. and output torque.~ Verv'low'velocities were

in fact urattalnable as the 1rtegrator would not drive the pul-

-ley system.f Th1s drlve also did not utilize the flywheel used

in the prev1ous system so that any sllppave in the 1ntegrator\
was not mechanlcally flltered. These unde51raole features werek‘
nece3s1tated,by time and parts available'and it is‘Suspected that
when these have been designed out of the system the veloolty

stablllty will be greatly 1mproved.,‘

The traversal endp01nt determlnatlon for thls second

drive system was again alone with LSZBO photovoltalc cells. An

addltlonal safeguard was built into thls system to prevent the

V,leadsorew-from being driven hard onto the stop at one end in the

event of a failure~of the'control eleotronics. The metal struc-

ture‘supporting the~tWO'light bulbs was isolated from the common

ykground of the electronlcs by th1n sheets of mylar. Netal pieces

were mounted on the mlcrometer sllde to cut off the llght from

the photocells at the endp01nt p051tlon.‘ These were then in
eleotrlcal contact with the llght bulb structure. If the motor

was allowed'to overdrlve one endpoint fhe .framework supporting

‘the photocells over the lights, which is at ground pOuentlal

electrlcallyyu would act as 4a second endp01nt as the metal indi-

catorsntOUChing this would ground out one light bulb. The slide



'IWOuld then‘oscillaté between tHese\tWo extreme points until it

was manually returned to the centre of the two light bulbs.



CHAPTER VI

EXPERIMENTAL RESULTS

‘_'6:l‘ Qil‘Suoported Teflon Beariné Suspension

Th° ve1001ty output of the 01l supported teflon bear-

1ng suspens1on was not exactly constant. However it was: de01ded

£ that sufflclent 1mprovement had been made to justify a measure-

ment of . the Co57 Nossbauer resonance to determlne the effect of

the observed v1bratlons on the experlmental line shape and ,
width. This measurement glves a means of comparlson between the
‘drlve constructed here, drives used by other researchers and
those sold by commerclal concerns. Since there is usually no
attempt made at an absolute measurement of v1bratlonal levels.

“in Mossbauer drlve systems thls is the only avallable method of

comparlson.

The ve1001ty measurement and gate control c1rcu1ts

‘were checked by repla01ng the laser 1nterference pattern with a

stroboscope and the gamma ray counter with a pulse generator.

The equlpment was then run as would be done 1n the experlment.

The veloc1ty and count rate measurement obtalned in this manner,

'~gave an acute test to these circuits as any malfunctlon would
give ansobv1ously.absurd answer. The velocities ‘and count rates
~measured in this fashion were always found to be constant to a :

degree well w1th1n the spe01f1catlons of the stabilities of the

33
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pulser and;stroboScope.

The spectrometer as des1gned will only automatlcally

cover four v*1001t1es SO 1t is necessary to manually change the
‘ve1901ty settlng, by adgustlng the ball disk 1ntegrator, 1f an
7.ent1re hossbauer spectrum is to be taken.: Slnoe thls manual
peratlon was necessary in any case the motor was drlven dlrect—
ly from the maln supply and only two p01nts were taken atjany one‘:.f
settlng. This ellmlnated the addltlonal compllcatlon of the |

osc1llator and amplifier along Wlth the associated control

electronlcs.

The Mossbauer spectra taken with the 0il supported
'suspens1on are- shown 1n Flgures 23, 21 and 26. The source used'
for the spectra in Figures 23, 24 and 25 was a 99 97 pure 0057
‘electroplated on 0.005. inch Armco iron source obtalned from
| Nuclear Science and Englneerlng Corporatlon in 1962. The source
strength was orlglnally 4 m.c. but is now approx1mately 35;% |
curies. This weak source strength made the taklng of ‘these spec-h
tra a very lengthy procedure. The source used for the spectrum
in Fig. 26 was the Co®7 in Pt195 mentloned above. The source
strength of thls ‘was approximately 1 me at the time of use.  The
absorber‘used for all these spectra~was a 0.8 mﬁ/cm enriched iron‘
kabsorber'obtained from N S.E.C. The experlmental arrangement |
was the usual Mossbauer absorptlon arrangement with the source

moved by the transport system and the absorber mounted betweenf'

7
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B the source;and detector., The detector subtended a solld angle

of 0.0stteradians. Thls was keot as low as p0331ble to. reduce

llne broadenlng due to geometrlcal effects. d.el

Figure 23 shows the data for the Armoo iron source w1th

lan "eyeoall fign llne drawn throuoh 1t.‘ The llnew1dth of this
"curve is measured to be 3 1 mm/sec. The error bars drawn on
the p01nts are ootalned only- from the countlng statistics.
Ve1001t1es were taken as the calculated value and no estlmate
of error was made.k Veloc1t1es and count rates were calculated
;from the raw data by the use of the computer program (Program

I) in Appendlx B Wthh was run on the PDP-8 computer. The data

- for eacn palr of points was run through the computer and plotted o

1mmed1ately after oelng taken s0 that any large dlscrepan01es
“due to equlpment malfunCtlon would be notlced. Some data tapes

:were run through the computer u51ng a small program whlch cal-

culated the veloc1ty and count rate for ‘each traversal ~The proecv

gram is much the saime as Program I. Thls prov1ded a check that

the averaging procedure used to obtaln the ve1001t1es was. reason-'

able. It was found that in most cases the calculated veloc1t1es -

for each traversal 1n a 51ngle dlrectlon varled by less than 17
over an entlre ruf. Thls 1ndlcates that the veloc1ty average

taken is 1ndeed a good veloc1ty measur e

Flgure 2L shows the same data with a 51nglexleast

squares fltted Lorentz curve drawn throuoh it. The curve fitting

Al - VU —kcos'w)



 was done by‘the computer program (Program II) in Appendix B,
’This program was written to fit data frOmba constant,accelere%
‘tlon spectrometer and therefore subtracts a parabola~from the
computed lln ~In this case the’paraoola is ofdho;consequence
’so it ls'very nearlyda straight line;‘ The equetion for the
'V’parabola'is | BRI , | _
| | o71735 x 102 + 0.287 x 107%x - 0.933 x 1077x 2%
This program was run on the U. B C. IBM 7OOO computer and the plot

‘shown was done by the computer. The Ve1001ty in this plot was

hanged to a channel number such that there are lOO channels per = -

kmm/sec. The llnew1dth calculated from this curve is 3 L mm/sec.
It 1s obv1ous fron the dlaﬁram that the data does not. follow a .
81ngle Lorentzian curve as the. llneshape and depth is not well
“reproduced. Thls~1s probably caused,by the omission of the
,.sattélite peaks onkeitherkside of thisdcentral‘resonahce.k Sat~
k4uration effects due- to the ehrichment of therabsorber could:dlso
,ycauSe this discrepahcyhbut‘these-effects are‘expected to be
,small; The broedening'due to the absorber’is given by 26

| r?(appérent width)  20(1 + 0.1356) 0=t £ 5
‘v’where s f . nfG R ;c g R
VFJ—Anatural}width : 0. 095 mm/scc.

;—number of Fe57 atoms/cm in the absorber

~

_lractlon of re001less absorptlons

i .

;a

:effectlve maximum cross sectlon
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We obtain‘with,thisrabsorber.that, o

L h =
Cand .‘ M= 0,286 mm/sec

E In thls the source is assumed to have ‘no effeﬂt therefore the
measured width for th1s source and abosrber comblnatlon is cer-

Ltalnly reasonab]e.

4Figure 25~shows the Bossbauer spectrum taken for the
same source and absorber as aoove ona commerc1al Mossbauer spec—
,trometer; of the constant acceleratlon type owned oy the U B .C |
chemiStryfdepartment. Th;sushows‘the cenural resonance peak‘and
4two Of'the‘satellite“peaks‘ This data wasyfitted with threed
~:,Lorentzians'by Frogram II7mith a resultingflinewidth of 3.1
mm/Secr The fit of the data in thls case was very good whlch
:substantlates the reason:ng for the poor flt of the 31ngle Lor-
fent21an. The llnew1dth here is in good agreement with the eye—
ball fit to the data obtalred with the oil supported teflon. oear—~
jing.f This 1ndlcates that v1bratlons present in thls system are‘ -
at least comparable w1th the commercial unlt Thls is only an
; 1ndlcatlon however as the 11new1dth measured is moderately w1de.
 It is expected due to the agreement of the two measurements |
sthat~the‘w1dth is determlned by the source’aosorber combination

and does not contain equipment broadening.

Technical Measurement Corooratlon : North Haven Conn.

- Drive Model 30G
“Transducer Model 305



Figure 25. Mossbauer Spectrum for Armco Iron Source VS&;V

s -~ Enriched Iron Absorber using Technical - .
Measurement Corporation constant acceleration
spectrometer. ‘ : :
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/TheoMossbsuer spectrum teken for the Co?7 in Ptl95

: VsOurCe_With”the teflon’bearing suspension is shown'inwFigure 25.
This data was tekenﬁunder the,same~exoerimental conditions as
above. Thls source dlsolevs only a 51nvle llne resonance S0 that

only the Zeeman spllt llnes of the absorber are seen and no

resonance ocCurs at zero veloc1ty. The_flrst two lines are shifted

from their expected positions at ,t 0.8 mm/sec. and appear at
+ O 5 mm/sec and at same veloc1ty greater than 1.0 mm/sec in the

‘negatlve dlrectlon. ThlS shlft is probably an isomer shlft due

to the dlfferent chemlcal env1ronment of the source and absorber.o

Only the line‘centred'at 0. 5 mm/sec~was Observable in its entirety |

 with the present spectrometer. This line is shown in Fig. 26
The second resonance peak was ev1denced by a decrease in count—
‘rate‘at the extremes of the negatlvekveloclty_end of the spec-
~trum hQWeVer this is of nO'consequence here andtis not shoWn.
The linewidth meastred by an -éyébal}i, fit to this data is 0.26

~mm/sec. This is much,narrower than the linewidth measured for

the Armco iron source which indicates‘that either the vibrations

~in the system decrease with increasinv velocity, which is pos-
51ble if the stick Sllp process is stlll occurrlno,'or the Armco
iron linewidth“has little 1nstrument~broaden1ng as‘Was’suggeSted

‘above. ' The latter suggeétion,is most likely as teflon on steel

should not'exhibit stick slip. This is borne out by the preVious'

velocity measurement.
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6 2 Leadscrew Suspension

%”‘t . . " A set of Mossbauer spectra s1m11ar to tho:e taken

w1th the 011 supported teflon bearlng was taken w1th the lead-

skrew suspen51on. Thls provided a means of comparlson for thek~

Two systems. The experlmental arrangement was the same as

 ‘above, however the solld angle subtended by the detector was

slightly dlfferent as ev1denced by,the count rates ODserved.
- In all cases the solid angle was small so that geometrical k
broadening was neg}igible.'dThe spectrarobtainedfare:shown in

Figures 27, 28 and 29.

Flgures 27 and 28 show the Armco 1ron source spectra'
with eyeball and least squares 51ngle Lorentzian fit curves
’ drawn uhrough them. The extreme three points of Figure 27 are
.considered invalld as’it is felt that the counting electronics
had‘driftedrsuddenly at this point. Some of the pré#ious{points'
"‘were’repeated’when~this'diSCrepahcy’wes'found and all produced
L.‘much lower oount'retesdthén before."This was teken as verifica-.

tion of the electronic drift. Forbthisvreason four points'

‘were &ddad to the data for the Lorentz fit at either end of the
fesonanee to‘givefSOme realistic‘meaSure'to the fit at infinite
~velocity. The linewidthsfmeasuredgfromfthese'two curVes were
‘0;31 mﬁ/sec and 0.36 mm/Sec respectively. ~These results are‘

very similar to those above and similar comments apply:

Figure 29 shows the spectrum obtained for the Co?7 in
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'Ptl95 sQurce. Againronlysthe resonant line which was'completely~

‘vobservabledis~plotted.ijThe'cunve through the data gives a

| measured linewidth of O. 22.mm/sec. ‘ThlS'iS quite narrow however
‘the scatter of p01nts at the hlvher veloc1t1es becomes very -
'marked and the curve is asymmetrlc if the peak pos1tlon is taken
'at 0.5 mm/sec as was found prev1ously ‘ Thlsfwould 1ndlcate
'that elther the velocity fluctuatlons become large enough at
’Athese high veloc1t1es to affect the llneshape or some. malfunc—
tion of the,scalers developedkduring the run (i.e. The high
velocitY~points Were taken at the end'of the run.) The~former

~kp0551b111ty is not very llkely as 1ncreased v1bratlons would

tend to broaden the llne and the output of the ve1001ty measure—

,ment system shows no indication of an 1ncrease in velocity fluc-
'tuatlons. The latter p01nt was not checked 1mmed1ately as- the
p01nts fell sufflclently close to the exoected curve that the
llarge scatter was overlooked in the prellmlnary analy51s. No
kpmalfunctﬂon was dlscovered when - the scallng unlts were checked

: at a later date. The spectrum was not repeated as the veloc1ty

range 1nvolved is not of 1nterest in the experlment under con-

sideration.-

6:3 ‘Comparison
The Mossbauer resonant spectra obtalned for the Armco
iron source and enrlched iron absoroer with the two suspen51on

systems used here are plotted on the same scale in Fig. 30. The

line drawn in this figure is the "eyeball" fit to the data
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&’obtalneo with the oil supported teflon steel bearing susoenslon.
The points with error bars are bhe data points obtalned w1th
the leadsorew suspen51on. We,see from this that, except for
the 81xﬁpolnts which were disoarded because of electronic .
drift {these setsAof data are in excellent agreement. ‘Thls‘

) measurement of the llnew1dth of thlS source and absoroer “com-
kblnatlon glves no means of ch01ce between the two suspen51on e
‘e:systems as there is no’instrument~broadening eVidenced in'either‘

case. A Dbetter conparlson of the two syswems by this means
rcould be done only w1th a source and aosorber comblnatlon which
: dlsplay a narrower llnew1dth preferably as close to the natural

linewidth of Co57 as possible.

f,The output ofkthe velOCity~monitoriﬁg system seems to
‘have approximately the same megnitudeufluctuationS'for‘the~two
~'susPension sYSﬂems. Thls is of course a qualltatlve comparlson
~as no quantltatlve measures of the fluctuatlon were taken which
were felt to have any ancurate 51gn1flcanoe. The pulse w1dth
fluotuatlon was the same for both systems however as mentioned
kabove thlS'lS an amblvuous determlnatlon of the velOc1ty-fluc—
kﬁuation. -The frequency of the pulses was. measured w1th an 1. P.
;~'Model (525lA) frequency meter. This requlred a sample tlme of
-l or 10 seo.;_dependingfou the ve1001ty measured, which 1s_. ‘
‘k’longer thankthe period of'the‘frequency,fluctuations as indicaﬁed
’above‘and;therefore the measurementjgires only'an average fre—

quency. fThe'variation of this frequency measurement was about

et R v .
i o N AR A A A I
{: L AN . PNV P

SR S
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2% for =ach of the drlve systems however it is not clear that
thls is & meanlngful comparatlve me asurement - except of the

gross Suablllty propertles.

Ebr eXperimental convenience the leadstrew is much
superlor to the 011 supported suspen51on. This is evidended

mostly in three propertles.-_

f(l)‘ error AdJustment _l The adJustment of the mov-="
1ng mirror on the 011 supported system was found to change w1th
the pos1t10n of the rlder on the track ThlS was caused by the
chance in the manner in which the 01l supported the rlder from
one end of 1ts range to the other. This made it 1mp0551ble to
1~ad3ust the 1nterf°rometer so that velocity measurements can be
made over the whole range of movement. This problem‘was,not

encountered*w1th the leadsarew drlve.

'V(Z) Allgnment - The allgnment of the head and tail
pulleys of the drlve system for the oil supported suspens1on
was found to be very dlfflcult and crltlcal. ‘The leadscrew and
"output shaft of the reduction gear also had to be carefully
,allgned ‘Thowever thls was done to a close aoprox1matlon by care—k
ful machlnlng of the supportlng structures and the,flnal adjust-
ment once completed d1d not have to be repeated as the whole

fstructure was fastened tlghtly in pos1tlon.

(3) oi1 System -- The reciroulating 0oil system re-

quired for the oil supported suspension is in principle very
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messy and requlres oerlodlc servicing due to dlrt partlcles

plcked up by the oil. ThlS could be 01rcumvented in part by

enc1051ng the whole system and 1nstalllng an 011 fllter. How—

ever 1t is an 1nconven1ent compllcatlon not associated with the
leadscrew suspen51on.k The oil ‘system has the added dlsadvantage o

. that the 0il pump, whlch is a necessary part of the system, adds

greatly to the backvround n01se in. the laboratory whlch will

glve acoustic v1oratlons to the source and absorber. This prob-

~lem was partﬂally solved by enc1031ng the pump in a box covered

w1th acoustic tlles. ‘The obv1ous advantage of the~01l supported
transport however is that large masses can be added to the rider

w1thout ‘appreciably affectlng the frictional propertles of the

’ track and rider. ThlS con51deratlon becomes very important when'

the source or absorber on the transport must be temoerature con-

trolled,'l e. by plac1ng it in a cryostat.

As mentloned above the veloc1ty fluctuatlons were es-

‘sentlally the same in magnltude. It must be rememoered however
"that the drlve system for the leadstrew suspens1on was consldered
very 1nferlor to its counterpart in the oil supported suspen—

sion. Althouvh the same ball dlsk 1ntegrator, whlch 1s cons1dered

to be the most llkely source of veloc1tv 1rregular1t1es in the

drive, was in both drlve systems the torque requlrements in the

leadsbrew drive were much greater than for'the oil suspension

drive. It is therefore felt that the leadscrew in fact prov1des

- a smoother suspen31on system than the oil supported teflon bear—

~ ing.
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CONCLUSIONS‘

The ob ject of thls work was to develop a llnear dIlVe

,'and electronlcs sys*em Whlch would be sufflclently pre01se to.
"enable the performancelof the-experlment proposed for the meas—,
urement of theviifetime ofklooalized‘vibrational modes in a 5
‘ crystel lattice. The scaling and oontroi'system oOnstructed
‘along with the laser interferometer velocity measurement system

prov1de the necessary electronlcs however similar success was

not encountered with the,constructlon;of the linear drive.

The alr bearlng suspenswon developed by Wells was

~found to be unfeasible as it was 1mposs1ble to ellmlnate the

Sllp stlck 1nduced osolllatlons caused by the steel on steel

‘contact in the ve1001ty reglon of interest as the rlder could

o knot,be floated free from the track without becoming“hydrodynam—,

ically unstable. This problem could perhaps be oVercome by

“more accurate machining of the track and rider surfaces. How-

ever, this is very difficult and expensive with such large sur-

faces. This suspension, when modified to an oil'supported

kteflon steel bearlng suspen51on showed a marked improvement

~over the air bearlna as the stlck slip process had been removed.

However, some Vvelocity fluctuatlons were obv1ouslv present.k The

; measurement of a u057 - Fe57 source absoroer palr linewidth

showed no 1nstrumenu oroadenlng greater than that of a commer01al

Ly
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constant acceleratlor ‘spectr ometer. However, the llne measured

1 was falrly broad and does not give a sensitive test to the equip-

*ment.f A more sensitive comparlson could only be made with a

source/aosorbel comblnatlon whlch dlsplaved a llnew1dth much -

closer to the natural 0057 llnew1dth.

The more conventlonal leadscrew suspen51on constructed

‘ here gave veloc1ty «nstabllltles very swmllar in magnltude to

those observed for the oil supported suspen51on. ‘This suspen-

81on system 1s, however, expected to be somewhat better than

the latter system, prov1d1ng that large welghts are not to be

transported, as the drlve system used with it is felt~totbe in-

!ferior; This drive system could be greatly improved by the in-

clusion of a ball disk integrator, or’any other variable speed

transmission, with greater torque capabilities and the flywheel

used in the drive system for the oil supported suspension. -

~In both suspensionfsystems‘triedmvelocity fluctuations-

jwere present as 1ndlcated by a frequency change in the output of

]

the voloc1ty monltorlng system. As observed on an~0501lloscope‘pw'

'these frequency changes were greater thanpa:few percent. At the

present time it is felt that these fluctuations are too large to -

‘enable the performance of ‘the proposed experlmert. The leadsdrew

suspen51on still prov1des ‘some hope as an 1mprovement of the dr;ve
system may reduce veloc1ty fluctuatlons to a level at whlch a

serious attempt at such an experiment could be undertaken. It”

is felt that thekvelocity stabilities in this caSe would have to.
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be less than 1% and preferably close to 0.1%. Such Stablllty

R R - at lea:t ar‘order of maonltude greater than that achieved

here.
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APPENDIX A

LIST OF D.E.C.

 SYMBOLISM

k:_;__.—éebﬁa

_—

" INegative Logic Level

St

Pulse

Positive

Positive Logic Level

| Nonstandard Signal

Negative Pulsg;

':, ’ ’ . P

Branch Points

u‘k T

v

ouﬁpuﬁ‘

Level

~!Input |
Diode. Capacitor Diode
: Gate ‘ f

Llommaon. Pulse lLinas

Clamped Load

Collector Output

Coljecton

_

‘Diode ’
Inputs ‘—{2“‘8

Emitter-
 Node
Input

Diode Gate

Zero.

Output

' One OQutput- o
(Negative when FF is on

Flip Flop

~ Direct Clear|

F.F.

~= (D

Ground when FF is zero
Direct Set

Zero Inpﬁt ~

'One Input

Level Output is
Neg. Puring Dela

Input

Delay

Inpqg_' _ Output

General Element




APPENDIX B
| PROGRAM 1

TYPE 9
9 3FORMAT(/»>"MOSS.BNE"» /)
g8 ,FORMATC/,"TYPE IN- N",/)
TYPE 8
- ACCEPT 105N :
 DIMENSION A(8),VEL(Q),CNT(E),TME(Q)
VELC(1)=.0
VELC(2)=.0
. CNT(C1)=.9
CNT(2)=.0
TMEC1) =40
TME(2)=.0 " e )
‘DO 1 1—1,N T e B ST
DO 2 J=1,8 L e
: ACCEPT ‘11sACI)
2 ,CONTINUE‘
: Id=1s2 :
IF(I—Q*IJ)4)3J4
317 JK'"] C
GO TO 'S
4 3K=2 '
5 3VELC(K)= VEL(K)+2 227*A(4)/A(3)
TMECK)=TMECK)Y+A(3) /7040 .3
U UCNT(K)Y = CNT(K)+(A(7) A(6))
1 3CONTINUE :
NJ=N/2
P=NJ
VELC1)= VEL(i)/P
CNTR= CNT(I)/TME(I)
@=N-NJ
; VEL(2)—VEL(2)/Ql
~ CNTNR=CNT(2) /TME(2)
STATF=SOTFC(CNTC1))
STATR=SQTFC(CNT(2))
"TYPE IZ:VEL(l),CNTR,CNTCI),STATF
: TYPE 13VEL(2),CNTNR;CNT(E),STATR
19 $FORMATCI)
11 3FORMAT(E) ' L : - ' :
12 3FORMAT(/,"VEL. FOR-=":E,"COUNT RATE FOR-",E,"CNT—",E,/,"STATF—",E,/>'

13 3FORMAT(/s"VEL. REV.:?';E,"COUNT RATE REV"",E,"CNT“";E:/,"STATR“":E,/)
STOP , : d i \ :

- END




LA W 200 G e

$JOB 79177 JeL. BEVERIDGE
SIBFTC MALN T s
DIMENSION W(61sEJK(6)

 'DIMENSION LIM(20)

CDIVMENSTON TPRIME(10)

EXTERNAL H»FUNC

REAL NUM

"REAL NSIGMA,MUBY2 sMUTBY2,LIM I — R |
- COMMON /BLOC/ Z,YsMUTBY2sW»sEJKsBsEVC ‘ 3 L o1~
~1;c0hM0N/BLK/wPR 6)2EJKPR(6) - , . T 1

w4

i

D PO

(27}

O e SET CONSTANTS IN THE PROBLEM ~ R o , ji‘

/DATA NSIGNA,MUBYZ,GAMBY?,C9FO9PI/12 58E04,?64.692 255 oo 3. OFlO,
114 e4E035341415926/ -
READ(55107) w,wa,EJK,FJKPP
READ(55100) MaNSNN
READ(55101) FPRIMEsAsFsT
READ(55101) (TPRIME (1) I=1%N)
' R[AD(59106)(LIM(I)»I—laM)
B=GAMBY2*GAMBY 2
o TAU=FxA*NSIGMA*T
‘z TAU%B/240
CMUTBY2=MUBY 23T
NUM=EXPFC(MUTBY2)
TWRITE(65103) ASTHF
EE=EQ/C ‘
. DELV=0.005"
e DG 6 IT11=13N
V=040 » . ‘ -
”RIIE 65104) TPRIME(III)sFPRIME
DO 6 J=1»sNN , T ,
EVC=EE®*V
_ TAUPRM=F*A¥NSIGMA* TPRIME(III
Y=TAUPRM*B
v . AA=GAMBY 2% CFPRIME/PI
12 : FF=1e0=FPRIME
( . AREAl=0.0
T YY=060
6 ZZ=LINMGLY Ll T R N ¢ , - SR '
o - DO 2 I=1sM SRR : ' R T 7 L
- S /\'>FA1—\Rr A1+anvn7(vv 7.7 S B ST lA el R et e SO TE :

T ‘ g Lt

Leaen




YY=2Z
2 ZZ=LIM(I+1) ' ; 2 o : , : ol ; ' €
' TINF=FF*NUM+2. O*AAyAREAl ST e o AT T i
AREAlOO_‘_ : : . Lo . R g
S YY=0.0 "
ZZ=LTML)
mwﬂwm__moo 3. 1=1sM ,
AREAl= ARFA1+FGAU12(YY,ZZ,FUNC)'~ , PR o I ; ,
| YY=2Z S LT | o o AR
B ZZSLIMOIL) v \ ' ER T AL ~ R
, o 272040 , | | : e — | :,  = T , » i ) T = A
CYYs-LIME1) ; L G , Vo T g ; - ' : L
D0 .9 1=1sM _ ' S PN A DR f i
AREAl AREAl+FGAU12(YYsZZ,FUNC) : R '
“Mﬂéammww’YY-—LIw(z+1) f o e
CTT=FF*NUM+AA%AREAL -
R=TT/TINF o
. WRITE(6»105) VsTTsR
CV=V+DELY
6 CONTINUE
7. STOP
100 - FORMAT(1615)
101 - FORMAT(8F1040)
102 FORMAT (1H1) BT ‘ AN .
103 ‘FORMAT(SHlA = 3F12e596H T = sE15e4s9H CM F = sF743) TR D
104 FORMAT (10HOTPRIME = sE15e4s11H  FPRIME = sE1544/ S AR e .
_Enulw_11H098X58HVELOCITY,8X99HT(V)slleAHR(V)/QX98H(CM/SFC)) e S
© 105 FORMAT (1X>F154352F1546) : L : .
106 FORMAT (4E2045) ,
107 FORMAT(6F10.0/6F10. O/6F1?a5/6F]2 5)
END

!

4

12
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15
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 SOURCE STATEMENT

FORTRAN SOURCE LIST

54

0 # $IBFTC PARLOR , ' ‘

¥ C SECOND LORENTZIAN CURVE FIT PROGRAM , .

¥ C " ITERATIVE LEAST SQUARE FIT TO PARABOLA AND UP 70 16 LORENTZIANS &
¥ C- “ER=RATIO CONVERGENCE CRITERION ;

¥°C ' ERI=RATIO CONVERGENCE CRITERION FOR PEAK I

% C IT=MAXIMUM NUMBER OF ITERATIONS

% C . J=IGNORED CHANNELS (IMBEDDED ZEROS MUST BE IGNURED)

.+ C _ABE=SPECTRUM TITLE (UP TQ 78 CHARACTERS) .

£ C P(I,NP)=ESTIMATED LOCATION OF PEAK I
% C H(IsNP)=ESTIMATED HALFWIDTH AT HALF MAXIMUM OF PEAK I
¥ C Y{I,NP)= COUNTS IN CHANNEL I
% C ZERQ TEST DETERMINES BEGIN AND END’ CHANNELS FOR CALCULATION
+ C IF NO PREVIDUS END ZERQO,CHANNEL 199 MUST BE ZEROED 4
+ C ZERQ TEST DEYERMINES END OF EACH DATA SET OF ARBITRARY LENGTH :
¥ C G(I)=AREA,R{1)=AHPLITUDE,0A(1)=0LD AMPLITUDE, PL(I)=CHANGE IN PO
£ C NO--DETERMINES WHETHER TO TREAT AS TWO INDEPENDENT 200 CHANNEL

T C SPECTRA OR AS A 400 CHANNEL SPECTRUM

F C KO-—DETERMINES WHETHER TO CALCULATE INDEPENDENT LORENTZIANS OR m

% C KCHAN==TELLS WHETHER 200 OR 4000 CHANNELS OF INFORMATION

% C " H1({I)=CHANGE IN HALF-WIDTH. S1{I)=CORRECTED HALF WIDTH

¥ C " Y(1) BECOMES COUNTS-PARABOLA,Y2(I)=LORENTIZIANS,R1(I)= RESIDUALs,,
# C YM=MAXCNTS=PAR,Y2M=MAX LGR.,RIM=MAX RES., EM=MAX TOTAL COUNTS 1
o #* 0 Gy OAs Y2, R1y YMy Y2M, RIM;EM = ARE ALWAYS UNNORMALIZED R, v CHAN'
S T T DIMENSION TA{2) | ~ : , «
2 ¥ "DIMENSION BASE(20) o ' '
3 % . DIMENSION P1(20), OA(?O),SI(ZO) Hl(ZO)yR(ZOy?).G(ZO,Z)
4 F . DIMENSION IRP{16),IPP(20,2),YIND(6)

5 % -  DIMENSION A(48,48),B(48)+BB(48)AA(16,1642) o
6 DIMENSION VARS(20,2)4VARG(2042)+VARP(20,2), VARB(ZO 2) VARA (20, 2)
T DIMENSION VO(2),V1(2)y V2(2) -

10 % . DIMENSION IGNT{2)y NLT(2)7ARM(2)

11 % - DIMENSION HI{2142)4P(21,2)4ER1(21,2 ) .
12 * DIMENSION PARO(2)4PARL(2)4PAR2(2)

13 # , DIMENSION?Y2(400),RI(400)yY(400)mIG(400)
14 % _COMMON A,B ; -
15 # DOUBLE PRECISION AyByCoeH, Hl PyP1, BB

16 # - INTEGER ABE(13)

17 # DO 1650 KJ=1,3
20 % ASSIGN 1700 TO NN
21 #- " CALL EOF (5,NN) .

22 % - READ(5,97) ABE

24 ¥ 97  FORMAT (13A6) : =

25 % READ{5,51) KCHAN,IT,NO, KO

32 % 51 FORMAT(I3412,211)

33 % -~ ICHAN=KCHAN/200

34 % IF(NO-NE.O)'ICHAN 1

37°% 7 READ(5,52) IPLOT, ER,FL

41 % 52 FORMAT{I142F7.3)

42 % IF(IPLOT.NE.2) GO TQ 55

45 £ - READ(5453) IPLOTIyIPLDTZ,IPLOTa 1PLOT4

:SZvﬁnyggj;fFQRMAT(Qll) . kB

53 F 0 7 IF(IPLOT4.NELO) GO TO 55

‘56 % DO 56 NP=1, ICHAN

ST # READ(5,54) (IPP(I, VP),I 1,20)
% .

“FURWAT(ZOIZ)




; e FORTRAN -SQURCE .LIST PARLOR
'SOURCE STATEMENT :

65 ¥ 56 CONTINUE
67 % 55 CONTINUE , o
70 % CIF(IPLOT.NE.L1) GO TO 65
73 * IPLOT1=0 :
T4 # IPLOT2=0
75 % I1PLOT3=1
76 + ~IPLOT4=1 "
77 % 65  CONTINUE
100 % DO 59 [=1,400
101 # 59 1G6(1)=1 o
103 # - DO 91 NP= 1,ICHAN
104 % DO 95 NL=1,16
105 % READ (5.94) PUNLyNP) sH{NL, NP)'ERI(NL NP)
106 ¥ 94 FOURMAT(3F7.0)
107 # ~ IF(ERL1(NL,NP).EQ.O. 0) ERLINL, NP)-ER
112 # IF (H{NLyNP).EQ.0.0) GO TO 91 ,
115 % 95 ‘CONTINUE
117 # 91 NLT (NP)=NL~-1
121 # AM=1.E6
122 # JAM=0
123 % EM=0.0
124 % Y2M=0.0
125 % YM=0,0 -
126 % DO 98 I= 14400 ‘
127 + READ{5499) J,y YN
131 ¥ 99 FORMAT(I3,F20.0) V
132 * IF (J.EQ.0) GO TU 40
135 # 16(J) =0
136 # Y{J)=YN
137 # 98 CONTINUE
141 % 40 CONTINUE
142 £ - IGN=1-1 .
143 % IGNT (1) = KCHAN=IGN
144 # DO 101 M=1,400 ,
145 % IF(IG(M).NELO) GO TO 101
150 % IF(Y(M).GT. EM) EM=Y (M)
153 % 101° CONTINUE :
155 % LCHAN=3 :
156 # KCHAN=KCHAN/ ICHAN .
157 % DO 1625 NP=1,TCHAN
160 # TAINP)=0. «
161 # ~ ICOUNT=0
162 % ~RM=0.0 )
163 %  JRM=0
164 % TQ=FLOAT(NP-1)
165 % IGN=IGNT (NP}
166 % NL=NLT (NP) ;
167 # DO 105 NL1=LCHAN,KCHAN
170 % IFCIGIN1)Y.NE.O) GO TO 105
173 % IF(Y(N1)<EQ.0.0) IGI(NL1)=?
176 £ IF(Y(N1).NE.0.0) GO TO 106
201 # 105 CONTINUE ‘ o
203 % 106 DO 107 N=N1,KCHAN
204 % - IF(IGIN ).NELO) GO TO 107
¥

207 IF{Y(N).EQ.0.0) GO TO 109




212

SOURCE - STATEMENT ;

107

FORTRAN SOURCE LIST PARLOR

S BIKQT)=Ck%(1-1)

+ CONTINUE

214 # 109 N=N-1

215 % DO 108 L=N,yKCHAN.

216 + 108 IGUL)=IG(L)+2 ,
. 220 % " IF(N.EQ.KCHAN) IGIN)=IG(N)=-2

223 % WRITE (6,735). ABE, wp '
224 % IF(NP.EQ.1) LCHAN=1
227 % WRITE(64,112) IPLOT,ER, IT,(IG(I),I LCHANyKCHAN) o~ s
- 234 % 112 FORMAT(7HOIPLOT ,4I17/+4H ER ,F7.3/,4H IT 147441 4H IG »100117)) -
235 # WRITE(65114) (HUNYsNP)yNY=1,NL). :
242 % CWRITE(65115) (P(NY, NP ) NY=14NL) =

247 * DO 117 I=1,NL. ' ‘

250 # IF(ERL( I4NP).EQ.ER) GD TO 117
253 % WRITE(63116) (ERLINYyNPY,NY=1,NL)

260 # . GO TO 118 ' : ‘ '

261 ¥ 117 CONTINUE
263 % 118 CONTINUE AR

264 % 114 FORMAT (1Xy3HH ,16F8.3)
265 % 115 FORMAT (1X43HP ,16F8.3)
266 % 116  FORMAT (1X,3HER1 416F8.5,///)

, £ C NORMALIZE COUNTS,DO PRELIMINARY CALCULATIONS

267 § DD 128 I=N1,N i

270 # IF(IGII).EQ.3) HRITE(6.111)~ I T _ : . R
273 # 111 FORMAT(/8H WARNING,S5Xy THCHANNEL 414, 17H HAS BEEN IGNORED )
274 % 128 Y(1)=Y(I)/EHM ~ o o

* 3 C Y = NORMALIZED COUNTS

2716 # L1=3%NL+3

277 DO 157 I=1,NL. ;

300 % H{IyNP)=1.0/(H{I NP) *H(I.NP))

301 % 157 0A(1)=0.0

303 % LIM=0

304 % LIMQ=0

‘305 % KING=-1

306 4 GO TO 170

307 # 164 CKING=1 : ,

310 % 165 DO 167 I=1,NL

311 £ 167  OA(I)=R{I,NP)

& $ C FILL LEAST SQUARES MATRIX

313 # 170 DO 200 J=1,L1

314 # “BB(J) = 0.0

‘315 % DO 200 I=1,L1

316 # o A{I4J)=0.0

317 # 200 CONTINUE

322 % DO 300 K=NIL,N

323 # IF(IG( K).NE.O) GO TO 300

326 % C=K ST e

327 # DO 250 I= I,NL

330 # J=3%] : ,

331 % B(J=2)=1.0/(1.0+H{I NP)%(C PLIZNP) ) *%2).

332 % B(J=1)=B(J=2)%B(J=2)%{C=P(I,NP))

333 %£,250 . BlJ)=BLJ-1)*(C~P(I,NP)) ‘

335 £ " C=C-200.%TQ

336 % DO 260 I=1,3

337 % KQT=(L1+r~3)

340 % 260
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342 % DO 300 J=1,L1
343 % BB(J) = BB{J) + B(J)XY(K)
344 # DO 300 I =1,J
345 % AT )= A(I,J)+B(I)4B(J)
346 $# 300 CONTINUE
352 % . D0 310 I=1,L1
353 % 310 BI(I) = 8B(I) :
‘ £ C SOLVE LEAST SQ. MATRIX
355 ¢ DO 320 J=1,L1 o
356 % DO 320 I=1,J
357 % 320 A{J,1)= A{I,J)
362 4 350 CALL DPVINE(L1,KING,ISIG) S : ,
363 % -~ IF(ISIG.NE.Q) GO TOD 1600 R S !
366 % ICOUNT=ICOUNT+1 Ll ] s
¥ C  CORRECT PEAK LOCATION AND HALF WIDTH. IF PEAK OK PRINT RESULTS
367 * DO 400 IQ LyNL - ' : :
370 # L JQ=3%1Q s
371 # RIIQyNP)=B(JQ- 2)
% C R IS NORMALIZED
372 % HI(IQ)=-B(JQ)/R{IQsNP) ~ L Tl
373 % S IF LIHUTQeNP)+HL(IQ))«GTe 0.0) GO TO 400
376 + 374  X2=H(IQyNP)+H1 (IQ) o '
377 # - LIMQ = LIMG +1
400 # IF (LIMQ.GT<10) GO TO 375
403 % HIIQyNP)=1o1%H(IQsNP)
404 GO 1D 390.
405 + 375 IF(LIMQ.GT.20) GO TO 410 LR s
410 % ~ IF(LIMQ.EQ.11) H{IQ,NP)=H(1Q, NP) /((1.1)**10);
413 % H{TQyNP)=H(IQyNP)/1.1 g
414 % 390  X1=1.0/SQRT(H(IQ,NP))
415 # WRITE(6,405)1Q,X1,X2 : ST 3
416 # 405  FORMAT(//10X,29HHALF-WIDTH CORRECTED FOR PEAK, 14 4H TO,F7.2,25w
T L ATTEMPTED SOLUTION =yF9.3) ' '
417 % GO TO 165
420 ¥ 400 'CONTINUE -
422 # GO TO 430
423 % 410 WRITE(6,412)1Q ' ' '
424 & 412  FORMAT(//34H WRONG HALFWIDTH ESTIMATE FOR PEAK 15)
425 "GO TO 1600 .
426 *-430 WRITE(64435) e ' ' :
427 % 435  FORMAT(//9X,4HPEAK,5X, 12HNEw POSITION 7x 13HNEW HALFWIDTH QX,IOH‘
» $ 1W HEIGHT .LOX,BHNEw AREA.)
+ LIMQ=0 ‘
¥ DO 450 I=1, NL
+ T J=3%] , O LD
£ PLLEI)=B( J=1)/(2.0%H(I,NP)I*R{I4NP))
# CPLIGNPY=P{IyNP) + P1(I) :
+ CHOIGNP)Y=H(I,NP) + 0.9%H1(I)
* S1{I)=1.0/SQRT(H(I4NP})
¥ ~ R{IyNP)}=R(I,NP)*EM ' '
#.C ... R IS NOW UNNORMALIZED. WILL REMAIN SO UNTIL NEXT ITERATION
¥ C GTTINPYES LT #R (T, NP ) %3, 14159
. WRITE(6+455) I1,P(1, NP);Sl(I),R(I,NP),G(I NP)
+ 455  FORMAT(8X,13,2F20. 612£20.8)
* ‘ ,

450 CONT[NUE
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WRITE(64502)

£ C TEST NUMBER GF ITERATIONS AND CONVERGENCE
445 % LIM = LIM + 1
446 % IF(LIM.LE.ITIGO TO 457
451 % WRITE(64456) : ‘
452 % 456 FORHAT(//20XyS3HCONVERGENCE NOT MET IN SPECIFIED NUMBER OF ITERA
+ 10NS,77)
453 % GO TO 1600
454 % 457 DO 460 T=1,NL '
. 455 % IF(ABS(Hl(I)/H(I,NP)).GT ERL (I, NP)) GO TO 165
460 # IF(ABS(PL{I)/P(TyNP}).GT.ERL(I, NP)) GO TO 165
463 % ‘IF(ABS((?(IyNP)—OA(I))/R(I,NP)).GT ERI(I NP)) GO TO 165
466 + 459 IF(KING.EQ.(=1)) GO TO 164
471 % 460 CONTINUE. - ca
. % C __PRINT FIT AND DATA FOR EACH CHANNEL. FIND MAXIMA
473 % - WRITE(64461) ICOUNT k
474 % - 461 FORMAT(// 12H DPVINE USED ,I4,6H\TIMES /7).
475 % - CPARAQ = B(L1=2)%*EM . :
476 % PARAL = B(L1-1)%EM
477 % “PARA2 = B(L1)XEM : '
" 500 % PARO(NP)=PARAO-TQ%*200. *(PARAL- 200 *PA&AZ)
501 # PARL(NP)=PARAL- 400.~TQ PARAZ L
502 % "PARZ2(NP)=PARA2
503 % BM=PARAO~ PARAI*PARAI/(4 O%PARAZ)
504 # WRITE (64735) ABE,NP :
505 * WRITE(64465) v ' ‘ ‘
506 % 465  FORMAT(/// TXsSHCHNL . 11X, 6HCOUNTS, 12x 8HPARABOLA, 8Xy1)HCDUNTS P,
$ © TABOLA, 8X, 11HLORENTZIANS,lOX:BHRESIDUAL ) A
507 # $=0.0 -
510 # DO 500 K= N1 N 4
511 # IFUIG(K)<NELO) GO TO soo
514 % Y2(K)=0.0
515 % - C=K
516 # DO 480 I=1,NL
517 % 480  Y2(K)=Y2 (K)+R{IyNP)/(1.04H(I, NP)*(C P(I,NP))* <2)
521 % - PAR= PARO(NP)+PARL(NP)*C +PAR2 (NP)*C*C !
522 # HOLD=Y (K) *EM :
523 % Y {K)=HOLD-PAR"
L ¥ C _Y NOW EQUALS UNVORMALIZED CDUNTS PARABOLA
524 % RI(K)I=Y(K)=Y2(K)
525 % CIELYMOGTLYA(K) ) YM=Y (K)
530 % IF(Y2MeGT.Y2(K)) Y2M=Y2(K)
533 % CFF(RMOLTLABS{RL{K))) JRM=K _
536 % IF(RMJLTLABS(RI(K))) RM=ABS(R1(K))
541 % S=S+R1(K)*R1(K) 5
542 % WRITE(61,490) KyHOLD,PAR,Y(K) Y2 (K) RL(K]
543 % 490 FORMAT(1X,110,F18.3,4F20.3)
‘544 # 500 CONTINUE ,
546 % IF(K0.EQ.0) GO TO 506
551 % WRITE (6,735) ABE,NP
552 # NZ=6 v
553 %, T WlF. (NLsLE.6) NZ=NL
556 4 WRITE(6,501) .
557 # 501 FORMAT (//4 39X,24HINDEPENDENT LORENTZIANS 139X, LOHLORENTZIAN ,6%
. F 110HCALCULATED ,/5105X+3HSUM, 10X, LOHLORENTZIAN ) : ‘
560 % o
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674

4+ 502 FOQMAT(lX;BHChNL.yéX 3hoNE,12x 3HTw0 L1XySHTHREE, 11X, 4HF0UR,11x,
+ 1 4HFIVE;12X,3HSIXe///) L
562 # DO 505 K=NL4+N
563 % IF(IG(K).NE.O) GO TO 505
566 % YSUM=0,0 B S S e
567 # DO 507 I=146 . : .
570 # 507 YIND(I)=0.0 : : S
572 % C=K
573 # DO 503 I= L,Nz
574 % YIND(I)=R(I,NP)/ (1. O+H(IyNP)*(C P(I,NP))**Z)
575 % YSUM=YIND(I)+YSUM
576 % 503 CONTINUE
600 %  WRITE(6,504) ,(YIND(I),I 146),YSUM, YZ(K)
. 605 % 504 FORMAT(lx,Ia,zx,bFls 5,2F18 6)
606 ¥ 505 CONTINUE
610 ¥ 506 CONTINUE
611 * SKKK=FLOAT{N=N1~ IGN=- L1)~‘
612 % D=SQRT(S/SKKK)
613 # WRITE (6,735) ABE,NP
614 WRITE(64510)DyEM o '
615 % 510 FORMAT(///SX,3OHAVERAGE NEAN SQUARE RESIDUAL =, E17484//8X,26HMAX
Co# LUM NUMBER OF COUNTS =,F10.0,/) : R ‘
616 % ~ WRITE(6,515)PARAOyPARAL,; PARA2 , 4 '
‘617 # 515 FORMAT (8Xy LIHPARABGLA -(,515 8y SH) + (yE15.8910H)*CHNL + (,E15.8
Fo lllH)*CHNL*CHNL /) Lo S :
620 #* F (NP.EQ.1) GO TO 517
623 # ”WRITE(bySlé) N ‘
- 624 % 516 FORMAT(1X,20H CHNL. BEGINS AT 201 )
625 £ WRITE(6,4515) PARO(NP)rPARl(NP)yPARZ(NP)
626 % 517 CONTINUE - L -
627 * ' IF(NP.NE.1.AND. AM. GT.RM) WRITE(6+521) AM,JAM
C 632 #* IF(AMJLT.RM) WRITE(6,521) RM,JRM o -
635 # IF(AM.GT.RM) WRITE(6,520) RM;JRM ~ ‘
© 640 % 520 FORMAT(8X,y18HMAXIMUM RESIDUAL =,E18.8, 3x.10HAT CHANNEL 16)
641 # . 521 FORMAT(8X;39HMAXIMUM RESIDUAL FOR TOTAL SPECTRUM IS 4E16.843Xs
, .3 1 1O0HAT CHANNEL ,15 ). . o
642 * AM=RM - '
643 # JAM=JRM
644 * ARM{NP)=0.0
645 % DO 525 I=1,NL
646 % 525 ARM{NP)=ARM{NP)+G(I,NP)
650 % : WRITE(6,530) ARM(NP)
651 # 530  FORMAT(/8X,12HTOTAL AREA =,E18.8///) ,
652 # IF(NL.GT.16) GO TO 716 .
655 * DO 709 I=1,16 :
656 F 709 IRP(I)=1
660 # WRITE(6,721) (IRP(I1),1=1,NL)
665 % 721 FORMAT(//29X420HAREA FRACTION MATRIX, ///1x 4HPEAK 1617)
666 % DO 725 I=1,NL
66T % AA(T ,T,NP) = G(I'NP)/ARM(NP)
670 % Tl=1+1 ~ : :
- 671 # DO725 J=I1,NL : .
672 4 AALTZJyNP) = GUIsNP)/GIJ NP
673 * CCAA{Js I 9NP) = GLJIYNP)/GLI,NP)
£ 7125 CONTINUE 4
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e DO 730 I=1,NL :
<700 % - WRITE(65720) I,(AA(I,J NP),J= lyNL)
705 # 730  CONTINUE
o Co ,CALCULATEVSUBTRACT MATRIX AND  PRINT
$ C SUBTRACT MATRIX~LOWER TRIANGLE=AVERAGE PDSITION OF THE THD PEAKS
T T SUBTRACT MATRIX-UPPER TRIANGLE=DISTANCE BETWEEN THE TWO PEAKS
S T07T £ - WRITE (64713) (IRP(I),yI=1,NL)
714 % ”713f~FDRMAT(//BOX,I&HSUBTRACT MATRIX //1x 5H PEAK L 1617)
715 % DO 715 I=1,NL R
716 #* DO 715 J=131 SR ‘
ST1T * AA(JsT4NP) = P(I,NP)—P(J,NP) ‘
720 #  AALI4+JsNP) =‘(P(11NP)+P(J,NP))/2,
721 ¥ 715 CONTINUE ‘ ~ :
124 % DO 716 I=1,NL .
725 % - WRITE(6,720) I,(AA(I,J,NP).J I,NL)
732 % 716 CONTINUE: ,
134 % 720 FORMAT{/1X, 13,3x,16F7 2y _ A
R o PRINT FINAL PARAMETERS. DO ERROR ANALYSIS. PRINT RESULTS
. 135 %  WRITE (6,735) ABE,NP ‘ , N ' SRR
<736 % 135 'FDRMAT(IHIleAb;/y?H NP IS 4114/7)
737 4 WRITE(64745) S
CT40 % 745 FORMAT(//24X7‘10HFINAL DATA)
T4+ awRITE(6,750) , i ‘ '
142 % 750 - FORMAT(//46X, 4HPEAK,3X,14HF1NAL PDSITION,%X,[SHFINAL HALFWIDTH,
ST ~ 112HFINAL HEIGHT, 99Xy IOHFINAL AREA 10Xy 9HBASE-LINE ;5X s 20HPERCENT T
Lk 2NSMISSION ) : o
ST43 % DO 770 1= LoNL o o '
L1444 BASE(I)= PARO(NP)+PAR1(NP)*P(I NP)+PAR2(NP)*P(I NP)*P(I,NP)
745 ¥ YSUM = -R(I,NP)/BASE(I)*100.
T46 % WRITE(65760) I4P(I1,NP), Sl(I)yR(I,NP)'G(I'NP),BASE(I),YSUM
sT4T # 760 FORMATH 5X,14,Fl4. 5,F17 355X, 3E20 ,8,F15.2)
150 £ ERL{I4NP)=S1(I) °
2751 % 770 CONTINUE ,
753 % - WRITE(63772) ARM(NP)
154 # 772 FORMAT(S4X,13HTOTAL AREA 1S ,E18. 8)
755 % IF{NP.GT.1) WRITE(64775) PARAO PARAL.PARA?
760 4 [F(NP.GT.1l) WRITE(64:516)
763 % WRITE(65775) PAQO(NP),PARI(NP)yPARZ(NP) ) e
ST64 * 775 FORMAT (//1TXs4HAO =,E18. 8 /17X 34HAL -,Fls B, /17Xy 4HAZ =,E18.8)
765 £ - WRITE(6,780) o :
-766 % 780 FORMAT{//24Xy 14HERROR AN&LYSIS //16X 4HPEAK,3X.14HVAQ. CPOSITION:
R 13X315HVAR, HALFWIDTH7Xy12HVARy HEIGHT,9X, 10HVAR, AREA,7X,l5H
g3 2Ry BASE-LINE) , ' :
E  VO(NP)}=D*SQRTI(A(LLI=2,L1-2))
E: VLI{NP}=D*SQRT(A(L1-1,L1-1))
i V2(NP): = D*SQRT(A(LL,L1))
kN DO 825 I=14NL v _ o
4 VARA(T s NP)=D*SQRT(A(3%]-2,3%]-2))
$ COVA = A(3%1-2;3%1=2)/(B(3%[-2)%B(3%x1-2))
F COVE = A(3¢I 3%I1)/(B(3%1)*B(3%]1))
o F o g, COVAE A(3ET=2,3%0)/(B(3%[-2)%B(3%[))
E VARH (COVA+CDVE~2,0*CDVAE)*Hl(I)*Hl(I)‘
2 yARS(i,NP)=D*SI(I)*SQRT(VARH)/(Z.O*EM*H(I,NP)Y
£2 COVD=A(3%1-1,3%I-1)/(B(3%1=1)%B(3%x]-1)) : o ' :
+ COVXH= 4 0%H(IyNP)XH(L NP)I*A(3%][-2,3%1-2)=8,0%H (I ,NP)*A(3%][=2,3%
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COVXH=(COVXH+4.0%A(3%T43%1)) /(2.0%H{I,NP)XB(3%]=2)-2. O%B(3%T))%»

120

+
- 004 #* COVYXH=(2.0%H{I,NP)*A(3%1=2,3%1=])-2, 0O%A{3%]-1,3%])) ,
005 # COVYXH=COVYXH/ (B(3*[=1)%(2,0%B(3%[~2)%H(1,NP)~2,0%B(3%I)))
006 % VARP (T ,NP)=D/EM%SQRT (COV.O+COVXH%2, 0*COVYXH)*ABS (P1(T1))
007 # VARG (T yNP)=(ABS(VARS(I, NP)/Sl(I)) + ABS(VARA (I, NP)/R(I,NP))) "
£ 1 *ABS(G(I,NP))
010 # VARB(I,NP) VO (NP)+V1 (NP) +V2 (NP) .
011 #* WRITE(6,820) T,VARP(I, NP),VARS(I NP )y VARA(L, NP).VARG(IpVP),v
o F 1 VARB(1,NP)
012 % 820  FORMAT(15X,14,Fl4. 3,917 3y 5%, 3E20.8)
013 # 825 CONTINUE
015 * WRITE(6,830). VO(NP),VI(NP)yVZ(NP) e ; :
.016 * 830 FORMAT (//17Xy9HVAR, AD =9EL1B.8y /17Xy IHVAR, ‘Al =4EL8.8y /17X, 9HVA
% 1 A2 =;El18.8) ‘ B : L
017 # TTC = KCHAN/10
020 +# ~ LCHAN=201 :
021 t KCHAN=400 s
022 % IF(NP.EQ. 1) NY2=N1
..025 % GO TO 1625
T 026 # 1600 IPLOT=0
027 ¥ TA(NP)=1.
030 # WRITE(641601)
031 % 1601 FORMAT{1X;17HNO PLDTTER OUTPUT )
032 % 1625 CONTINUE '
034 % IF(KJ.EQ.1) MPLOT=0
- 037 % IF(IPLOT.EQ.0) GO TO 701
042 % CIF(MPLOT.EQ.O0) TC = 0.0
045 % IF(MPLOT.EQ.0) CALL PLOTS
050 # MPLOT=1 , : ; ' R
051 % IF( KJ. NE.1),CALLqPLoT(Tc+6;o.o;o,~3),~
054 % TM=BM ‘ ERCREPE R R [
055 % N1=NY2 ‘ e ; e : , : f ; '
056 % KING = 0 ' PR : - L S
057 % IF{IPLOT1.NE. 0160 TO 580
062 % KING = 1
063 % GM=ABS(Y2M) , .
064 % IFCIPLOT2.NEL.O) GO TO 560
067 ¥ IF(ABS(YF).GT GM)GM ABSLYM) -
072 ¥ 560 CONTINUE , ,
073 # TC = T7C ‘
074 $ CALL RETPI(Y2,IG, leNyGF  BM, TC, AB[ KING)
075 + IF(IPLOT2.EQ.0)GO TO 585 :
100 # GO TO 620 :
101 + 580 IF{IPLOT2.NE.O)GO TQ 620
104 # ~ GM=ABS({YM)
105 + 585 CONTINUE
106 % CKING = KING + 2
107 # TC = ITC :
110 # CALL RETP(Y,I1Gy Nl:NyGM,BM TCsABESKING)
111 # 620  CONTINUE o
CLLZ # .5 IFLIPLOT3.NE.0) GO .TO 650
115 # KING = 5 S
116 % CALL PLOT (TC+6.0,0.0y=3)
117 % BM=TM : : :
* IC = TTC
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121 % CALL RETP(R1,1G,N1,NyRMy BM,TCyABE,KING)
122 * 650 CONTINUE

123 * IF(IPLOT4.NE.O) oo TO 702

126 % CALL PLOT (TC+6.040.0,-3)

127 4 CKING = & : '

130 # BM=TM
131 # AM=0.0
132 % DO 655 NP= I,ICHAN:

133 % DO . 655 1=1,20 ; e
134 % IF(IPP(IyNP).EQ.0) GO TO 655
137 % M=IPP(I,NP)

140-% - TF(AMJLT.ABS(R(M, NPY)) AM= ABS(R(M,NP))
143 % 655 CONTINUE = °
146 % DO 700 NP=1, ICHAN
147 # DO 660 1=1,20
‘150 ¥ CIF(IPRP{I,NP).EQ.0) GO TO 660
153 % M=IPP(14NP) o
154 % S1(M)=ERL(M,NP)

155 # X1=P(MyNP) - 6.0%S1(M)
156 + X2=P(MyNP) + 6.0%S1(M)
157 # Kl=X1 o

160 # K2=X2 + .999 RN S
161 * IF(KL.LT41) WRITE(6,656) K1
164 % TF(K1.LT.1) Kl=1 , :

167 * IF(K2.GT.400) WRITE(6,656) K2
172 % 656 FORMATI(/5H K IS,14//7)

173 % DO 659 J=K1,K2 ;

174 4 IF(IG(J).NE.O) GO TO 659
177 % X=J
‘200 * Y{J) = R(M, MP)/(I +H (M, NP)*(X—P(M NP ) %%2)
201 ¥ 659 CONTINUE '

203 % TC=TTC. . , L
204 #  CALL RETP{Y,1G,K1,K2,AM, BM,TC; ABE,KING)
205 '+ 660  CONTINUE ~ :

207 # 700  CONTINUE
211 # 702 CONTINUE

2212 # 701 - CONTINUE
213 ¢ DO 1630 NP=1, ICHAN ,

214 % IF{TA(NP).NE.O.) GO TO 1630

217 % WRITE(6,735) ABE,NP

1.220 ¥ DO 1628 M=3,400 :

221 % . TF(IG(M).EQ.3) WRITE(6,111) M
224 % 1628 CONTINUE . : )

226 % WRITE(6,745)

227 % "WRITE(6,750)

230 # NL=NLT(NP)

231 # DO 1629 I=14NL ' ' '
232 % "BASE(1)=PARO(NP)+PARL(NP) %P (I, NP)+PAR?(NP)*P(I NPI#P (I,NP)
233 # YSUM = —R(I4NP)/BASE(I)%*100.

234 % , WRITE(6,760) T14P(1, NP),ERl(I,NP),R(I NP),G(I,NP),BASE(I),YSUM
235 % 1629 CONTINUE ,

237 ¥ WRITE(6,772) ARM(NP) : .

240 # [FINP.GT.1) WRITE(6,775) PARAO,PARAI,PARAZ
243 #
+

CWRITE(64775) PARO(NP)yPARL{NP)yPAR2(NP)

WRITE(64+780)
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252
255
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it

DO 1632 I=1,NL R -

24T,

1632
251 i

262

WR‘I TE (61820) : IyVARP ( I’NP ) 1VA"RS ( 'I vNP ):o‘f\/:ARAL( IvNPL) yVARG( I 1NP) ¥y

‘1 VARB{I4NP)

CONTINUE , : ' S
WRITE(64830) VO(NP)VIINP),V2(NP)

~IFANLsGT.16) GO TO 1635

WRITE (64713) (IRP(I),I=1,NL)
DO 1635 L=1,NL 3 ‘

1263
270
212
274
276

- 1635
1630
1650

1700

WRITE(645720) LalAA(LKyNP),K=1,NL)
CONTINUE : ~ e
CONTINUE

CONTINUE .

CONTINUE

302
303

B R A i T e P

pa

IF (MPLOT.NE.O) CALL PLOTND

~ STOP
END

BY ikt

N

\r\f\‘ ‘



APPENDIX G

‘ Aﬁ atternp’c was made to f:Lt the exoerlmental datakob—hr f
“ talned with the Armco iron source and enrlched 1ron aosorber
~w:Lth a theoretlcal curve uslng the qornputer program wrltten by‘
Woodrow (Appendlx B) Thls program calculates the transmlssmn o

of uhe six line- spectrum of Fe57 whlch is glven by

,Q (v) = Total transmission at velocity
‘ Total transmlssmn at: veloc1ty

:,/;7[‘ Z Jk’cﬁf(.’:‘»‘-?)z ﬂk Cx/"( E"*-f'?/)

"Jk

2 Wi T 0% Tf’ ,a.l.“ [ JkT '.; v -I—/d/]
[ l f ( ar (smu "’? ] i )] (.ZI: <E+:)‘+ '"}'r

. — 3"/° < Caﬁ L e é‘(‘w)‘])

;'wher"e ‘ x .2
: ﬁ P
T = Fanv & 5

~ f =zprobability 'oyf,"‘ absorption without recoil-
" =znumber of atoms per cubic centimetsr
a =fractional‘abur1dance of Fe?T

=z source tthkP ess '

z‘ o

W "probablllty of the transﬂ:n.on L i ‘ | o ‘

S =1+ V/)E, | | |
' shas x 1079

9



| ,v;-lzrxlo‘””, i . .
.’ These same quantltles in the absorber are referred to with the
- same notatlon qu are dlstﬂngulshed by a prlme over the appro~.z.h
_:prlate letter. The ‘above 1mpres51on has been calculated assumwi

' 1ng a gaussion dlstrloutlon of Co57 1n the source lautlce.

',The quantitieS'used for'this“particular'apﬁlicationr

were
Source:
- ,zf»":e 0- 00057 nches
Y, = 2 58 xr¥ cm?
E, = /Yy kev

Afs = 2045
F = oss
a ©0-0217

: LTIy /y 4
W, = %, %,  ~//2’-) /,/z,_é,‘, ko
“Absorber'

: The parameters for the absorber’are the .same askfor
the source excepu for uhe thickness and relatlve abundance of
Fe57 : The absorber was thouoht to have a thlckness of O 8 ng/cm
and an enrlchment of 85"7 Fe27. This gives

r ;&’

’

a’ = 0. 85

0.0000@ inches

The theoretical curve for such a source'absorber,combination is

shown in Figure 31 This curve shows no resemblance to the ex-
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Figure 31, Theoretical Mossbauer Spectra:
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»Figure 32.
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wExperlmental Curve.
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Supported Suspension .

prerlmental Points: R
~Obtained with the Lead— ‘ i
s&rew Susoen51on : I

VELOCITY IN mm/sec.

» . . e .

.2 .2 .y '.5- : .'6 .7 ’$~

\..Q‘

Comparison of the Theoretlcal and Exporlmental
Snectra for the Ay :
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.51‘,’»

‘perlmental curve.' The other curves in thls flgure are theoret—
,1cal curves u51ng an abso“ber thlckness of 0. 00035 1nohes and -
‘dvalues of" al be uween O lO and O 90 All these curves are. norm-

allzed to the exoerlmenual data. 'd hf_hrgl,~'f ’f:'.od' o

v Flgure 32 shows two, tneoretloal curves with : ;

ijO 00035 1nches and al 0.40 and 0. 50 compared to tho experl—
mental duta.’ The p01 ts plOuted here corres pond to the‘data~
taken w1th the leadscrew suspen51on and tne Solld llne the flt‘
to.the data taken w1tb the 011 suspen51op " The theoretleal

: dourves in the case much more closely aporoxunate the experl-k"
mental data. The fit obtalned for these partlcular values of .
,tl‘andsal does~not ly that these are the correet propertles
of the absorber as there 1s 1o reason for assumlnv unlquenessu
'fofytheseivalues{ ;qovever, thls does show tha the. theoretlcal
calculatlon does produce reasonable results for phv51cally oos—‘k
slble absorbor parameuers. Thls 1Ddlcates tnat the data avall—-
able'for ﬁhe abSOrher used was in error'and thau given covrect ‘;
aosorber paraneters the exoerlmenuel llne could be compared w1th

: the theoretlcal llne as calculated above.
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