CHAPTER 6

CONCLUSIONSAND FUTURE DIRECTIONS

Despite this analysis of dipolar and chemical shift coherence transfer, there still
remains much work to be done, especialy on multiply arranged nuclei in uniformly
labeled proteins. The lack of current direction in this regard is disturbing, given that there
most certainly exist complex systems whose geometry would lend itself to possible
simplification of the coherence transfer mathematics. A protein would never be so polite
asto arrange its nuclei in a symmetric fashion for an experimenter, but there may be
clusters of homonuclei that can be modeled as distorted geometric arrangements.

In Chapters 2 and 3, we begin to see the attraction in studying coherent transfer of
magnetization. Although the two-spin case is smplest, there is promise for further study
of "relay" spectroscopy, to send coherent magnetization skipping from one site to
another. Infact, Spiess & Rohr [130] have numerically modeled the transfer of
magnetization along a model chain like a polypeptide for many spins.

Chapter 4 dealt with many different experiments, examining the form of DCT
across severa different experiments. The interesting fact that DRAMA has, within its
own experimental parameters, the ability to selectively transfer magnetization could be
seen by the analysis of the analytical equations after application of the DRAMA
Hamiltonian. SSNMR experimentation would certainly benefit from further devel opment

of these existing pulse sequences.

156



In Chapter 5, we have seen that perturbations to the symmetry of the dipolar
Hamiltonian, by the introduction of the chemical shift, decreased the coherence transfer
by introducing a non-symmetric component to the coherent evolution of magnetization
and effectively causing the coherence to dissipate away into transverse coherences,
removing the ability for magnetization to dwell in non-observable resevairs.

We have seen in Chapter 4 that the coherence transfer does have a“lifetime”, in
which the maximum coherence transfer in unoriented samples has a limiting velocity,
which may well limit the number density for multiply-labeled sites within a protein. That
isto say, it may be possible to model a uniformly labeled protein by treating the
“spheres’ of decreasing coherence transfer as interaction “unit cells’ within a particular
time, so that short-duration experiments, with limited mixing times, can still glean
structural information from uniformly labeled proteins when the only interaction present
isthe dipolar and/or scalar coupling.

The next steps in this study will generaly go in this direction:

Determine the absolute boundary for detectable coherence transfer (before
dephasing loses information) against the predicted mode.

Develop the three-spin model to ssmulate an unoriented system of three
strongly coupled nuclei.

Simulate groups of nuclei within and without those detectable coherence
transfer boundaries using a three-spin model.

Set up geometrical models and determine the coherence transfer using
numerical calculations.

Further work is planned in these aress.
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APPENDICES

APPENDIX A: EXAMPLE PROGRAMS
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0O00000000000

PROGRAM CRYSTAL

This programcal cul ates the response of a two-spin
systemto the dipolar Hanmiltonian (Hd) when one of
the spins (the | spin) is perturbed. It can al so
include isotropic J as well as D. It then graphs
the FID response of spin S as well as spinl| to two
seperate files so you can plot them This also

involves itself with FFT cal cul ati ons. Conments provi ded

for nore clue. This programwas verified with an
H H calculation on Sz at 2.5 angstrons agai nst

R Bruschweiler's reviewarticle, page 5, in
Progress in Nucl ear Mag Resonance Spec, 32 (1998)
- Deanne Tayl or, Sept, 1998.

Inplicit double precision (a-h, o0-2)
I NTEGER *2 FL

REAL TSTEP

DOUBLE PRECI SION PI, HBAR APAS
CHARACTER *30 FI D, FFTQUT

CHARACTER *1 STATE, SIGNI, FFTYN

DI MENSI ON  RES1(100000),
DI MENSI ON AT(131138), BT(131138), CT(131138), DT(131138)
DATA Pl /3.1415 92653 58979 324/

Pl anck' s constant in cgs (erg sec rad(-1))

DATA HBAR /1. 0545887E- 27/

PRINT *, "'
PRI NT "
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT

"Cal culations are in cgs.'

I B

PRINT *, "Input the egn you want to calc (A B CDEFQ.'

READ (*,' (A)') STATE

| F ((STATE.EQ'A ). OR (STATE.EQ ' B ).OR (STATE.EQ'C).CR

& STATE.EQ'D ). OR (STATE.EQ'E ). OR (STATE EQ'F ). R
& STATE.EQ ' G)) THEN

STATE=STATE

ELSE

PRINT *, 'You nust enter a state of AL B, C D E For G

RESULT1(100000), CONFI G( 100000)

&Pl ease try again.'
Q0ro 5
ENDI F

PRINT *, '"Is this equation a negative? -A -B, etc? (Y or

READ (*," (A)') SIGN

IF ((SIGNI.EQ'Y').OR (SIGNI.EQ'y')) THEN
SIGNE -1.0
ELSE
SI G\=1. 0
ENDI F

PRINT *, "What is the name for the data file?
READ (*, '(A)') FID
CPEN (UNI T=4, FILE=FI D, STATUS=" UNKNOWN )

C Paraneter |nput

PRINT *, ' Paraneters'
PRINT *, 'Value of Gamma for hononucl ear pair?

PRINT *, '(Cl3 = 6727.0, H = 26750.0, in rad sec(-1) Q-

1)’

READ *, GAMVA

PRINT *, "Value of J for this pair (in Hz)?

READ *, JJJ

PRINT *, 'Distance between nuclei? (in Angstrons)'

READ *, R

PRINT *, 'Do you want an FFT cal cul at ed?'

READ *, FFTYN

PRINT *, "MIliseconds for simulation? (in ns)'

READ *, TI MEX

IF ((FFTYNEQ'Y ). OR (FFTYN.EQ 'y')) THEN

PRINT *, ' Nunber of steps in tine array? (pw of 2 to
131136)'

READ *, M

PRINT *, 'Nane of FFT output file?

READ *, FFTOUT

ELSE

PRINT *, ' Nunmber of steps in tine array? (Even # up to
10, 000)'

READ *, M

ENDI F
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TI MER=TI MEX*. 001 ELSE | F (STATE EQ'B ) THEN
TSTEP=TI MER' M

C Loop for <eqn B>
C UNT CONVERSI ONS AND ETC. DO 12 NTIME =0, M 1
DELTAT = NTIME * TSTEP
C Ris the internuclear distance. RES1( NTI ME)=0.5 *
&(- CO8( 3. * TNS*DELTAT) + COS((TNS + JJJ*PI)*DELTAT))
R=R* 1.E8 RESULT1(NTI ME) = RESULTL1(NTI ME) + RES1(NTI ME)
12 CONTI NUE
C TNS is the constant in front of the dipolar haniltonian...
C gammal*gamma2*hbar/ R*3. .. since gammal=ganmma2, it's just
squar ed.
C W divide by 2*Pi so we can transformit fromrad/sec to Hz.
C (Note that TNS is negative, as D is negative). (O R CALC FOR EQN -B --------mmmmmmii o - -
TNS=- ( GAMVA* * 2) * HBAR* ( 1/ R * 3) ELSE | F (STATE.EQ'-B') THEN
PRINT *, 'Value of D =", TNS C Loop for <egn -B>
PRINT *, 'Distance in cm ', R
PRINT *, 'The gamma pair: ' , GAMA DO 13 NTIME=0, M 1
DELTAT = NTIME * TSTEP
RES1( NTI ME) =0. 5*
PRINT *, 'Timesteps selected: ', TSTEP, ' seconds.' &( - COS( 3. * TNS* DELTAT) +COS( ( TNS+JJJ* Pl ) * DELTAT) )
PRINT *, *Your total data set will span ', TSTEP*M 1E03, RESULT1(NTI ME) = RESULTL(NTI ME) + RESL(NTI ME)
* ' milliseconds.' 13 CONTI NUE
PRINT *, "At 89.°
89 PRINT *, 'Calculating FID for ', STATEX,
CG---mmme - CALCFOREN C ---------mmmmmmamo - -
Commmrm e CALCULATI ONS FOR EQN A -------mimmio o -
ELSE I F (STATE.EQ'C ) THEN
IF (STATE.EQ ' A') THEN
C Cal cul ation for <egn C
C Cal cul ation for <egn A>
DO 14 NTIME =0, M 1
DO 11 NTIME =0, M 1 DELTAT = NTIME * TSTEP
DELTAT = NTIME * TSTEP RES1(NTI ME)=0.5 *
RESL( NTI ME)=0.5 * &(1+COS((JJJ* Pl - TNS) * DELTAT) )
&( COS( 3. * TNS* DELTAT) +COS(( TNS + JJJ*PI ) *DELTAT)) RESULT1(NTI ME) = RESULTL(NTI ME) + RES1(NTI ME)
RESULT1(NTI ME) = RESULTL(NTIME) + RESL(NTI ME) 14 CONTI NUE
11 CONTI NUE

o CALC FOR EQN B - -=---smcmmamamacacaaaee o CALC FOR EQN D -=---smcmmmmmaocaaas
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15

16

17

ELSE | F (STATE.EQ'D ) THEN

Cal cul ation for <eqn D>

DO15 NTIME =0, M 1
DELTAT = NTI ME * TSTEP
RESL( NTI ME) =0. 5* ( 1- C0S( ( JJJ* Pl - TNS) * DELTAT) )
RESULTL(NTI ME) = RESULT1(NTI ME) + RESL(NTI ME)
CONTI NUE

-------------- CALCFORENE -----------mmmimo -
ELSE | F (STATE.EQ'E ) THEN
Cal cul ation for <egqn B>
DO 16 NTIME =0, M 1
DELTAT = NTI ME * TSTEP
RES1( NTI ME) =0. 5*
&('SI N( ( TNS+JJJ* Pl ) * DELTAT) +SI N( 3* TNS* DELTAT) )

RESULTL(NTI ME) = RESULT1(NTI ME) + RESL(NTI ME)
CONTI NUE

-------------- CALC FOREQN -E  -------ommmimmiaaam o
ELSE IF (STATE.EQ'-E ) THEN
Cal cul ation for <eqn -E>
DO 17 NTIME =0, M 1
DELTAT = NTIME * TSTEP
RES1( NTI ME) = 0. 5%
&(- SI N( (TNS+JJJ* Pl ) * DELTAT) - SI N( 3. * TNS* DELTAT) )
RESULT1(NTI ME) = RESULTL(NTI ME) + RES1(NTI ME)
CONTI NUE
-------------- CALC FOREQN F  -----memmmeim i o
ELSE | F (STATE.EQ'F') THEN

Cal cul ation for <eqn F>

DO 18 NTI ME
DELTAT =
RESL( NTI

=0, M 1
NTI ME * TSTEP
ME) = 0. 5*(SI N( (TNS+JJJ* Pl ) * DELTAT) -

&SI N( 3. * TNS* DELTAT) )

18

RESULTL(NTI ME) = RESULT1(NTI ME) + RESL(NTI ME)

CONTI NUE

ELSE | F (STATE.EQ'-F') THEN

Cal ¢

ulation for <egn -F>

DO 19 NTIME=0, M 1

DELTAT =
RESL( NTI

NTI ME * TSTEP
ME) = 0. 5*

&(- SI N( (TNS+JJJ* Pl ) * DELTAT) +SI N( 3. * TNS* DELTAT) )

19

21

C Sone

RESULTL(NTI ME) = RESULTL(NTI ME) + RESL(NTI ME)

CONTI NUE

--------- CAL
ELSE I F (ST

Cal c

CFOREQN G ----mmmmmmmememaemas
ATE.EQ' G ) THEN

ulation for <eqn G

DO 21 NTIME=0, M 1

DELTAT =
RESL( NTI
RESULTA(

CONTI NUE

ENDI F
useful wite-

VWRITE (4,*)'
WRI TE (4, *)'
WRITE (4,*)'
WRI TE (4, *)"
WRI TE (4, *)'
WRI TE (4, *)'
WRITE (4, *)'
WRI TE (4, *)'
WRITE (4, *)'

NTI ME * TSTEP
VE) =0. 5% SI N( (JJJ* Pl - TNS) * DELTAT)

NTI ME) = RESULTL(NTI ME) + RESL(NTI ME)

tos to the output file.

RESULTS FOR ', STATE

Gamma for hononuclear pair: ', GAMVA

No. of tine points reporting:', M
Value of J:' , JJJ, ' Hz

I nternucl ear D stance (angstrons):
Value of D0 ', TNS

R*1E8
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of ',

111

9999

107

109

WRITE (4,*)' Evolution of EQN', STATE, ' in time steps
&TSTEP*1E03, ' mlliseconds'
WRITE (4,*)" --------mmmmmmn- '

PRINT *, "Witing to FIDfile...'

DO 111 L=0, M 1

WRI TE( 4, *)
CONTI NUE

L*1EO03*TSTEP, ' ", RESULTI1(L)

WRI TE(4, *)"' - 9999'
IF ((FFTYNEQ 'Y ).OR (FFTYN.EQ'y')) THEN

DO 107 1=1, M 1
CONFI G 1) =RESULTL(1)

CONTI NUE
DO109 I1=1, M 1

WRI TE (3, *) |*1E03*TSTEP, ' ", CONFI (1)
CONTI NUE

CALL FFT(CONFI G M FFTQUT, TSTEP, STATE, GAMVA,
&N, APAS, TAUL, TAU2, RATI O, GNUR)

ENDI F

END

SUBRQUTI NE FFT (AT, M FFTQUT, TSTEP, STATE, GAMVA,
&N, APAS, TAUL, TAU2, RATI O, GNUR)
REAL TSTEP
DOUBLE PRECI SI ON PI, HBAR, APAS, TAU1, TAU2, RATI O GAMVA, GNUR
CHARACTER *1 STATE, SIGNI, FFTYN
INTEGER I, J
DOUBLE PRECI SI ON AT(M+2), BT(M 2+1), CT(M 2+1), DT(M 2+1)
CHARACTER * 30 FFTQUT
DATA PI /3.1415 92653 58979 324/
OPEN(5, FI LE=FFTQUT)
CLOSE( 4)
CALL SFFT2(M 2, AT, 1)
CALL SFS(M AT, 1)
PRINT *, '"Witing to FFT file...'
WRI TE (5,*), 'FFT CALCULATION FOR EQN ', STATE

WRI TE (5, *)
WRI TE (5,*)" No. of steps in integration: ', N
WRI TE (5,*)" Gamma for hononucl ear pair: ', GAMA

&1/ (M LEO3* TSTEP)

WRI TE (5,*)" No. of data points reporting:', M

WRITE (5,*)' Internuclear D stance (angstrons): ', Rf1E8
WRI TE (5,*)' RATIO inner evolution to rot period:', RATIO
WRI TE (5,*)" TAUL:' , TAUL, 'TAU2:' , TAWR

WRI TE (5,*)' Spinning Speed: ' , GNUR, ' Hz'

WRI TE (5,*)"' Value of D. ', APAS

WRITE (5,*)" ---ecmmmmeamee - '

WRI TE (5,*)" FFT of EQN ', STATE, ' in freq steps of',

mlliseconds'
WRITE (5, %) srmcmmmmmmman- :

C Renoving that first point

201

C CREATI NG THE DI POLAR POANDER PATTERN. PRINT QUT THE LEFT SI DE BY

DO 201 J=1, M2
DT(J) = AT(J+2)
CONTI NUE

DT( M 1) =0.

DT(M =0.

REVERSI NG

C THE SQLUTI ON FROM LEFT TO R GHT, THEN PLOT THE FFT FOR THE
Rl GHT HAND

C SIDE CF THE PLOT.

C

DO 200 J=1, M2
This assures the real (cosine) series by 2*1-1...o0dd

seri es.

C

200

C

I magi nary (sine series) would nerely be 2*I...even series.
BT(J) =DT(M (2*J-1))

WR TE(5, *), (J-(M2+1))/(MTSTEP), BT(J)*M

CONTI NUE

DO 202 1=1, M2
This assures the real (cosine) series by 2*|-1...odd

seri es.

C

202

I magi nary (sine series) would nmerely be 2*I...even series.
BT(1)=DT(2*1-1)

CT(1)=DT(2*I)

WRI TE(5, *), |/ (MTSTEP), BT(1)*M

WRI TE( 88, *), CT(I)

CONTI NUE

C Finish off with a tag for the data file (for perl script
pur poses)

VR TE(5, *), ' -9999'
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C FAST FOUR ER TRANSFORM SUBRQUTI NE TAKEN FROM MTI'S

THETA

8100

8200
8210

8300

8310

8320

8330

RETURN
END

SUBRQUTI NE SFFT2 (N, Z, SI GN)
doubl e precision Z(N)

I NTEGER N, SI GN

I NTEGER JBH, JBL, KR LO&

I NTEGER BLK, KK, KO, Ki, K2, K3, N2, SPAN
DOUBLE PRECISION CE, Cl, &, C3, SE, S1, S2, S3, PIOv2,

DOUBLE PRECI SION X1, X2, X3, Y1, Y2, Y3

DATA Pl OV2/ 1. 5707 96326 79489 662/

JBH = N
IF ( JBH.LE. JBL ) GO TO 8340
SPAN = JBL + JBL
KR = 1
KK = KR + JBL
KR = KR + JBH
BLK = KR - JBL
DO 8330 K1 = KK, BLK, SPAN
K3 = KL + JBL - 2
DO 8320 KO = K1, K3, 2
X1 = Z(KO)

Y1 = Z(KO+1)
Z(KO+1) = Z(KR+1)
Z(KR+1) = Y1
KR = KR + 2
KR = KR + JBL
CONTI NUE
IF ( KR.LT. N2 ) GO TO 8310

JBH = JBH / 2

JBL = JBL + JBL

GO TO 8300
8340 CONTI NUE

IF ( MOXLO®,2) .NE. 0) GO TO 8400

THETA = Pl OV2
SPAN = 2
QO TO 8420
8400 CONTI NUE
DO 8410 KO = 1, N2, 4
Kl = KO + 2
X1 = Z(K0)
Z(KO) = X1 + Z(K1)
Z(K1) = X1 - Z(K1)

Y1 = Z(KO+1)
Z(KO+1) = Y1 + Z(K1+1)
8410 Z(K1+1) = Y1 - Z(K1+1)
THETA = PIOV2 + PIO2
SPAN = 4

8420 CONTI NUE

8500 |F ( SPAN .GE. N2 ) GO TO 8560
BLK = SPAN * 4

IF ( SPAN.EQ 2 ) GO TO 8505

THETA = .25 * THETA

SE = SI N(THETA)
CE = COS(THETA)
Cl=1.0
S1 =0.0

8505 CONTI NUE
DO 8550 KK = 1, SPAN 2
IF( KK.EQ 1) GO TO 8510
* CE -

X1 =qCa S1 * SE

YL=CL* SE+ S1* CE

X2 =.5*%

Cl =X2* X1

S1 =X2* VYl

2=ClL*Cl- S1* sl

S2=C1*SlL+C* &Sl

a=2*C - Ss2* 81

S3=C* Sl +82*Cl
8510 CONTI NUE

DO 8540 KO = KK, N2, BLK
1

K2 = K1 + SPAN
= K2 + SPAN

IF ( KK.GT. 1) GO TO 8520

X1 = Z(K1)

(3. - (XL*XL+YL*VYL))
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Y1 = Z(K1+1) SF = .5
X2 = Z(K2) S1 = 1.
Y2 = Z(K2+1) Z(2) = SF * (Z(1) - Z(N+1))
X3 = Z(K3) Z(1) = SF * (Z(1) + Z(N+1))
Y3 = Z(K3+1) X1 = -X1
GO TO 8530 GO TO 8110
8520 CONTI NUE 8100 CONTI NUE
X1 = Z(K1) * C2 - Z(K1+1) * S2 Z(N+1) = SF * (Z(1) - Z2(2))
Y1 = Z(K1l) * S2 + Z(Kl+1l) * C2 Z(N+2) = 0.0
X2 = Z(K2) * C1 - Z(K2+1) * S1 Z(1) = SF* (Z(1) + Z(2))
Y2 = Z(K2) * S1 + Z(K2+1) * C1 Z(2) =0.0
X3 = Z(K3) * C3 - Z(K3+1) * S3 IF (MOD(ND2,2) .NE. 0) GO TO 8105
Y3 = Z(K3) * S3 + Z(K3+1) * C3 Z(ND2+1) = SF * Z(ND2+1)
8530 CONTI NUE Z(ND2+2) = SF * Z(ND2+2)
Z(K3) = Z(KO) - XL + Y2 - Y3 8105  OONTI NUE
Z(K2) = Z(KO) + XL - X2 - X3 SF=.5*SF
Z(K1) = Z(KO) - X1 - Y2 + Y3 S1 = -1.
Z(KO) = Z(KO) + XL + X2 + X3 8110 CONTI NUE
Z(K3+1) = Z(KO+1) - Y1 - X2 + X3 Cl =0.0
Z(K2+1) = Z(KO+1) + Y1 - Y2 - Y3 CE = CO5( X1)
Z(K1+1) = Z(KO+1) - Y1 + X2 - X3 SE = SIN(X1)
Z(KO+1) = Z(KO+1) + Y1 + Y2 + Y3 KiL=N-1
8540 CONTI NUE KO = 3
8550 CONTI NUE 8200 IF (KO .CGE K1) RETURN
SPAN = BLK X1 =CE* Cl - SE* S1
GO TO 8500 YL=CE* S1 +SE* Cl
8560 OONTI NUE X2 = .5* (3. - (XL * XL+ VYL* Yl)
IF( SIGN.GE 0 ) RETURN ClL=X1* X2
DO 8600 KK = 1, N2, 2 S1 =Yl * X2
8600 Z(KK+1) = -Z(KK+1) X1 = Z(KO) - Z(K1)
RETURN Y1 = Z(KO+1) + Z(K1+1)
END X2 =Cl* XlL- Sl*VYl
Y2 =ClL* YL +Sl* Xl
X1 = Z(K0) + Z(K1)
C FAST FOURI ER TRANSFORM SUBRQUTI NE TAKEN FROM MI'S Y1l = Z(KO+1) - Z(Ki+1)
Z(KO) = SF * (X1 + X2)
SUBRQUTI NE SFS (N, Z, SIQN) Z(KO+1) = SF * (Y1 + Y2)
DOUBLE PRECI SI ON Z(n) Z(K1l) = SF * (X1 - X2)
I NTEGER N, SIGN Z(K1+1) = SF * (Y2 -Y1)
| NTEGER KO, K1, ND2 KL = KL - 2
DOUBLE PRECISION PI, CE, Cl, SE, S1, SF, X1, X2, Y1, Y2 KO = KO + 2
DATA Pl /3.1415 92653 58979 324/ GO TO 8200
ND2 = I ABS(N) / 2 END

IF (ND2 + ND2 . NE. N) RETURN
SF = 1. / FLOAT(NDR2)

=Pl * SF

IF (SIGN.GE. 0) GO TO 8100



GoT

This programal | ows the cal cul ati on of the dipol ar dependence on
coherence transfer (instead of time domain, the x axis is the
di pol ar coupling constant)

PROGRAM D- PONDER

Inplicit double precision (a-h, o0-2)
I NTEGER *2 FL
REAL TI ME, RSTEP, RVAX, RM N
DOUBLE PRECI SION PI, HBAR APAS
CHARACTER *30 FI D, FFTOQUT
CHARACTER *1 STATE, SIGNI, FFTYN
DATA Pl /3.1415 92653 58979 324/
C Pl anck's constant in cgs (erg sec rad(-1))
DATA HBAR /1. 0545887E- 27/

PRINT *, "'
PRINT *, "'
PRINT *, "'

33333
3 333353

)
, 'Calculations are in cgs.'
,

P
READ (*,'(A)') STATE

P}

IF ((STATE.EQ'A').COR (STATE.EQ'B').CR (STATE.EQ'C).CR

& STATE.EQ 'D ). OR (STATE.EQ'E ). OR (STATE.EQ ' F'). R
& STATE.EQ' G)) THEN

STATE=STATE

ELSE

PRINT *, 'You nust enter a state of A, B, C D, E For G

&Pl ease try again.'
QOoro 5
ENDI F

PRINT *, '"Is this equation a negative? -A -B, etc? (Y or

READ (*,' (A)') SIGN

IF ((SIGN.EQ'Y ).CR (SIGNI.EQ'y')) THEN
SIGN= -1.0
ELSE
SIG\N=1. 0
ENDI F
PRINT *, '"What is the nane for the data file?
READ (*, '(A)') FID
CPEN (UNI T=4, FILE=FI D, STATUS=" UNKNO/WN )

C Parameter |nput

PRI NT *, 'Paraneters'

PRINT *, "'

PRINT *, ' Spinning Angle in degrees? (MA = 54.73561)"'
READ *, BNGLE

PRI NT *, ' Spinning Frequency? (hertz)'

READ *, OMVEGA

TSTME = 1/ OVEGA * 1000

PRINT *, 'Stroboscopic sanple time? (mllisecs).'
PRINT *, 'For MASS at a frequency of ', OVEGA, ' Hz,

suggest ed',

& 'value is ', TSTME,' ns, or integer nmultpiles such as

', 2*TSTME,

& nms, or ', 3*TSTME, ' nms, etc.'

*  ‘lnput the egn you want to calc (ABCDEFGQ."'
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READ *, STIME
PRINT *, 'Value of Gamma for hononucl ear pair?
PRINT *, '(Cl3 = 6727.0, H = 26750.0, in rad sec(-1) -

)

READ *, GAMVA

PRINT *, 'Value of J for this pair (in Hz)?

READ *, JJJ

PRINT *, "Initial dipolar coefficient between nuclei? (in
Hz)*

READ *, DINIT

PRINT *, ' Maxi mum di pol ar coefficient between nuclei (in
Hz)'

READ *, DVAX

PRINT *, '"Increments of dipolar constant?

READ *, DSTEP

PRINT *, 'Constant Time val ue? (ms)'

READ *, TI ME

PRINT *, ' Number of Steps in Theta/Phi Summation ( > w >
Tine)'

READ *, N

TI ME=TI ME* 1. E- 03

C File Opening Units

C UNT CONVERSI ONS AND ETC (cgs system

DOUR = DINT

C BNGLE is the spinning angle of the rotor sanple converted from
deg to rad

ANGLE = BNGLE * PI/180.

C STIME is the stroboscopic sanpling time converted fromns to
S.

STIME = STIME * 1.E-3

C OMVEGAR is the spinning frequency, here converted to
radi ans/ sec.

C SOVEGA is STIME*OVEGAR is the phase due to sanpling at
di fferent

C times in the rotor rotation.

OVEGAR
SOMVEGA

OVEGA * 2. * Pl
OMEGAR * STI ME

C TNORMis the nornalization constant so when we add up
integration

C in the do loops, it normalizes to a max magni tude (anplitude)
of 1.

TNORM = 1./ (N*2)
QUTPUT = 1

C APAS is the constant in front of the dipolar hamltonian...

C ganmmal*ganmma2*hbar/ R*3...since gammal=gamma2, it's just

squar ed.

C Note: in powders, there is no factor of 1/2 or any other

mul tiplier

C wth this sinple dipolar constant...except here, 1/pi to

bal ance out

C the Pl that nust be inside the trig functions in the | oops (or
|

C could have multiplied J by Pl...same thing, but this way | can
C keep J and D inside the sane parenthesis by dividing D by pi).
C (Note APAS is negative, like Dis negative)

59 APAS=DCUR

C Pieces of the spatial part of the Ham |tonian which determ nes
the

C frequencies we will integrate over.

C | broke it up to make spot-checks easier and to cut down

cal cul ation

Cin the | oops.

C This is a sinple R emann sum There are |ikely nore accurate
al gorithns,

C but this seenms to work okay.

C REM NDER

C The angle Ais the angle THETA in the lab frame. The angle Bis
PHI .

C ANGLE is the angle of the gonioneter. STIME is the 'sanple
time' which

Cwe multiply by the MAS spi nning speed OVEGAR

XNGLE1
XNGLE4

SI N(ANGLE) ** 2
SI N( 2* ANGLE)
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XNGLE7 = 3*( COS( ANGLE) **2)

Commmmm e CALCULATI ONS FOR EQN A -----camamamnmn-
IF (STATE.EQ'A) THEN

Cal cul ati onal dol oop. One nested for theta, the other for phi.
Ais theta, Bis phi. The idea is to generate one frequency
over a range of frequencies fromtheta=0...pi and phi=0...2*pi
and then for each possible f requency, calculate ALL the tine
donai n.

C Then, you add each tinme point for each frequency into the
array

C 'Resultl' and 'Result2' where the arrays are indexed by the
tinme

C points.
a FID.

o000

This sumof all possible frequencies will result in

C The J=N assures that the J LOOP is the same as N for PH (B)
as
C for THETA (A) | nade them seperate so other goofy things could
be

C done later (like experinentation with integration steps over

PHI) .
J=N
DO138 | =1, N, 1
A=Pl * /N
DO238 K=1, J, 1
B=2*P * KJ

XNGLE2 = SI N(A) **2
XNGLE3 = COS(2. *( SOVEGA + B))
XNGLE5 = SIN(2. *A)
XNGLE6 = COS( SOVEGA+B)
XNGLES = 3. *( COS(A))**2
TNSL = ((3./4.) * XNGLEL * XNGLE2 * XNGLE3)
TNS2 = ((3./4.) * XNGLE4 * XNGLE5  * XNGLE6 )
TNS3 = ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

C Note ny ' APAS' here as above is in CGS.

TNS=- APAS* (TNS1 - TNS2 + TNS3)

CONDI TI ONAL LOGE C FOR STATES IN TI ME- CALCULATI ON LOCOP
TH' S LOCP | NCREMENTS TI ME W TH THE NEW FREQUENCY, AND
CALCULATES THE VALUE OF <STATE> FOR EACH TI ME | NTERVAL

O 000

Cal cul ation for <eqn A>

TI MRE=0. 25* Pl * S| N( A) * TNORVF
&(COS( 1. 5* TNS* TI ME* Pl ) +COS( (0. 5* TNS + JJJ) * Pl *TI VE))
TIMERS = TI MRE+TI MERS

238 CONTI NUE
138 CONTI NUE

o CALC FOR EQN B - = -=-=-smcmmmmamecacacoee

ELSE | F (STATE. EQ'B') THEN

SIN(A) **2
C0S( 2. * (SOMEGA + B))
SIN(2. *A)

C0S( SOVEGA+B)

3. *(COS(A)) **2

2
&
oo

3./4.) * XNGLEL * XNGLE2 * XNGLE3)
3./4.) * XNGLE4 * XNGLE5 * XNGLE6 )
(1./4.) * (XNGLE7 -1) * (XNGLES -1))

7
N
nnon

—~—

TNS=- APAS* (TNS1 - TNS2 + TNS3)

TI MRE=0. 25* Pl * SI N( A) * TNORM S| G\
&( CO8( 3/ 2* TNS* Pl * TI ME) - CO8( ( 0. 5* TNS+JJJ) * Pl * Tl ME) )
TI MERS=TI MRE+T| MERS

239 CONTI NUE
139 CONTI NUE
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Cmmmmemeeem e CALC FOR EQN C - - --mmmmmmmmcmemamas

ELSE | F (STATE. EQ' C) THEN

J=N
DO141 | =1, N 1

A=Pl * I/N

DO241 K=1, J, 1

B=2*P * KJ

XNGLE2 = SIN(A)**2
XNGLE3 = OOS(2. * SOVEGA + 2. *B)
XNGLES = SIN(2.*A)
XNGLE6 = COS( SOVEGA+B)
XNGLES = 3. *( COS(A))**2

3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
((1./4)) * (XNGLE7 -1) * (XNGLES -1))
TNS=- APAS* (TNS1 - TNS2 + TNS3)
C Cal cul ation for <egn &

TI MRE=0. 25* Pl * S| N( A) * TNORVF
&(1+C08( (JJJ- TNS) * Pl *TI ME) )

TI MERS=TI MRE+TI MERS

241 CONTI NUE
141 CONTI NUE
Coemmmmmmeen e CALC FOR EQN D -=---cmcmmmmccaaaas

ELSE | F (STATE.EQ'D ) THEN

= ((
TNS2 = ((3./4.) * XNGLE4 * XNGLE5 * XNGLE6 )

242
142

G--

DO242 K=1, J, 1
B=2*P * KJ
XNGLE2 = SI N(A)**2
XNGLE3 = COS(2. * SOVEGA + 2. *B)
XNGLES = SIN(2.*A)
XNGLE6 = COS( SOVEGA+B)
XNGLES = 3. *( COS(A))**2
TNSL = ((3./4.) * XNGLEL * XNGLE2 * XNGLE3)
TNS2 = ((3./4.) * XNGLE4 * XNGLE5 * XNGLE6 )
TNS3 = ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

TNS=- APAS* (TNS1 - TNS2 + TNS3)

Cal cul ation for <eqn D>

TI MRE=0. 25* Pl * S N( A) * TNORVF
&( 1- COS((JJJ- TNS) *PI *TI ME) )
TIMERS = TI MERS+TI MRE

CONTI NUE
CONTI NUE

------------ CALC FOR EQN E - -=-ncmmmmmmmmmmomann

ELSE I F (STATE.EQ"'E ) THEN

= SIN(A)**2
= CO0S(2. *SOMEGA + 2. *B)
XNGLES = SIN(2. *A)

XNGLE6 = COS( SOVEGA+B)
XNGLES = 3. *( COS(A))**2

TNSL = ((3./4.) * XNGLEL * XNGLE2 * XNGLE3)
TNS2 = ((3./4.) * XNGLE4 * XNGLE5 * XNGLE6 )
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TNS3 = ((1./4.) * (XNGLE7 -1) * (XNGLES -1))

TNS=- APAS*(TNS1 - TNS2 + TNS3)

C Cal cul ation for <egqn E>

TI MRE=0. 25* Pl * S| N( A) * TNORM: S| G\
&(SIN( (0. 5*TNS+JJJ)*Pl *TI ME) + SIN(1.5* TNS*PI * Tl ME))
TI MERS=TI MRE+TI MERS

243 CONTI NUE
143 CONTI NUE
Coemmmmmmmemees CALC FOR EQN F = -ccmmmmmcmcomaaoae

ELSE | F (STATE.EQ'F' ) THEN

J=N
DO145 | =1, N, 1
A=Pl * /N
DO245 K =1, J, 1
B=2*P * KJ

XNGLE2 = SI N(A) **2
XNGLE3 = OOS(2. * SOVEGA + 2. *B)
XNGLE5 = SIN(2. *A)
XNGLE6 = COS( SOVEGA+B)
XNGLE8 = 3. *( COS(A))**2
TNSL = ((3./4.) * XNGLEL * XNGLE2 * XNGLE3)
TNS2 = ((3./4.) * XNGLE4 * XNGLE5  * XNGLE6 )
TNS3 = ((1./4.) * (XNGLE7 -1) * (XNGLES -1))

TNS=- APAS* (TNS1 - TNS2 + TNS3)

C Cal cul ation for <eqn F>

TI MRE= 0. 25* Pl * S| N( A) * TNORVF S| G\
&(SIN((0. 5*TNS+JJJ) *PI *TIME) - SI N(1.5* TNS*PI *TI ME))
TI MERS=TI MRE+TI MERS

245
145

Co-nnmn-

247
147

C Sone

CONTI NUE
CONTI NUE

--------- CALC FOR EQN G -=----mmmmmmmmmamamas

ELSE | F (STATE.EQ ' G ) THEN

J=N
DO147 | =1, N 1
A=Pl * I/N
DO247 K=1, J, 1
B=2*P * KJ

XNGLE2 = SI N(A)**2
XNGLE3 = OOS(2. * SOMEGA + 2. *B)
XNGLE5 = SI N(2. *A)
XNGLES = COS( SOVEGA+B)
XNGLES = 3. *( COS(A))**2
TNSL = ((3./4.) * XNGLEL * XNGLE2 * XNGLE3)
TNS2 = ((3./4.) * XNGLE4 * XNGLE5 * XNGLE6 )
TNS3 = ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

TNS=- APAS* (TNS1 - TNS2 + TNS3)

Cal cul ation for <eqn &

TI MRE=0. 25* Pl *SI N( A) * S| G\N* TNORM* SI N( ( JJJ- TNS) * Pl * TI ME)
TI MERS=TI MRE+TI MERS

CONTI NUE
CONTI NUE
ENDI F
useful wite-tos to the output file.

I F (QUTPUT. EQ 1) THEN
WR TE (4,*)' RESULTS FOR ', STATE

WRITE (4,%)' =---mmmmmmmmmmmm e - '

WRITE (4,*)" '

WRITE (4,*)' No. of steps in integration: ', N
WRI TE (4,*)" Gamma for hononuclear pair: ', GAWA

WRITE (4,*)' No. of data points reporting:', M



0LT

WRI TE (4,*)' Spinning Angle: ', ANGLE Inmplicit double precision (a-h, o0-2)
WRI TE (4,*)' Stroboscopic Sanple Time ', STIME I NTEGER *2 FL
WRI TE (4,*)"' Value of J: ' , JJJ REAL TSTEP
WRI TE (4,*)' Spinning Speed: ' , OMEGAR DOUBLE PRECI SI ON PI, HBAR, APAS, TAUL, TAU2, RATI O GAMVA
WRI TE (4,*)' Constant Time Value ' , TIME CHARACTER *30 FI D, FFTOQUT
WRI TE (4,*)' Value of D between ', DINIT, ' and ', DMAX CHARACTER *1 STATE, SIGNI, FFTYN
WRITE (4,*)" ---------------- ' DI MENSI ON  RES1(50000), RESULT1(50000), CONFI ¢(100000)
WRI TE (4,*)"' Evolution of EQN ', STATE DI MENSI ON AT(32786), BT(16393), CT(16393)
WRITE (4,%)" -----mmmmmmmmm ' DATA Pl /3.14159265358979324/
C Pl anck's constant in cgs (erg sec rad(-1))
ENDI F DATA HBAR /1. 0545887E- 27/
C Witeto file. Re-initialize 'Result'. PRI NT *,
PRINT *, '
QUTPUT=0 PRINT *, 'This program cal cul ates the average ham | tonian’'
WRI TE(4,*) DCUR, Tl MERS PRINT *, 'response of a systemstarting as Ix, ly, or lz.'
TI MRE=0 PRINT *, 'The Hd used is from Tycko\'s 1990 paper in CPL'
TI MERS=0 PRINT *, 'Vol 173 on page 462.'
PRINT *, "'
DCUR = DCUR + DSTEP PRINT *, "'
| F (DCUR LT. DMAX) THEN 5 PRINT *, "Calculations are in cgs."'
QOTO 59 PRINT *, "'
ENDI F PRI NT *, "'
END PRINT *, 'Input the eqn you want to calc (A B, CDor E).'
READ (*,' (A)') STATE
IF ((STATE.EQ'A ). OR (STATE. EQ 'B ). OR (STATE.EQ ' C)
& OR (STATE EQ'D ). OR (STATE.EQ'E )) THEN
STATE=STATE
ELSE
PRINT *, 'You nust enter a state of A, B, C, or D."
&Pl ease try again.'
PROGRAM DRAVA Q0ro 5
ENDI F
C Thi s program cal cul ates the response of a two-spin
C systemto the dipolar Hamiltonian (Hd) when one of PRINT *, '"Is this equation a negative? -A -B, etc? (Y or
C the spins (the | spin) is perturbed. It can al so N
C include isotropic J as well as D. It then graphs READ (*,'(A)') SIGN
C the FID response of spin S as well as spin| to two
C seperate files so you can plot them This also IF ((SIGNI.EQ "Y' ).OR (SIGNI.EQ 'y')) THEN
C involves itself with FFT cal cul ati ons. Conments provi ded SIGN= -1.0
C for nore clue. This programwas verified with an ELSE
C H H cal culation on Sz at 2.5 angstronms agai nst SI G\=1. 0
C R Bruschweiler's reviewarticle, page 5, in ENDI F
C Progress in Nucl ear Mag Resonance Spec, 32 (1998)
C - Deanne Tayl or, Sept, 1998. C Paraneter |nput
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PRINT *, "Wiat is the nane for the data file?

READ (*, '(A)') FID

OPEN (UNI T=4, FILE=FI D, STATUS="UNKNOMW )

OPEN (UN T=3, STATUS=" UNKNOMW )

OPEN (UNI T=88, STATUS=" UNKNOM )

PRI NT *, 'Rotor Spinning Speed (Hz)?'

READ *, GNUR

PRINT *, '"Ratio of inner evolution tinme to rotor period?
READ *, RATIO

TAUR = 1/ GNUR

TAU2 = RATI O TAUR

TAUL = (TAUR TAU2)/2

PRINT *, 'Value of Gamma for hononucl ear pair?

PRINT *, '(Cl3 = 6727.0, H = 26750.0, in rad sec(-1) Q-

1))

READ *, GAMVA

PRINT *, 'Distance between nuclei? (in Angstrons)'

READ *, R

PRINT *, ' Nunmber of steps in theta, phi integration?

READ *, N

PRINT *, 'Do you want an FFT cal cul at ed?'

READ *, FFTYN

IF ((FFTYNEQ'Y ).OR (FFTYN.EQ 'y')) THEN

PRINT *, ' Nunmber of steps in tine array? Power of 2, max
32784

READ *, M

PRINT *, 'Name of FFT output file?

READ *, FFTQUT

ELSE

PRI NT *, ' Nunber of steps in time array? (Even # up to
10, 000)"

READ *, M

ENDI F

PRINT *, * ', TAUL, ' | ', TAWR ,' |_', TAUL ,' '

C File Opening Units

C UNIT CONVERSI ONS AND ETC (cgs system

C Ris the internuclear distance converted into cm
R=R* 1.E8

C OMVEGAR is the spinning frequency, here converted to
radi ans/ sec.

OMEGAR = NR * 2. * PI

C TNORMis the nornalization constant so when we add up
integration

C in the do loops, it normalizes to a max magni tude (anplitude)
of 1.

TNORM = 1./ (N*2)

C APAS is the constant in front of the dipolar hamltonian...

C gammal*ganmma2*hbar/ R*3...since gamal=gamma2, it's just

squar ed.

C Note: in powders, there is no factor of 1/2 or any other

mul tiplier

C with this sinple dipolar constant...except here, 1/pi to

bal ance out

C the Pl that nust be inside the trig functions in the | oops (or

|
C could have multiplied J by Pl...sane thing, but this way | can
C keep J and D inside the sanme parenthesis by dividing D by pi).
C (Note APAS is negative, like Dis negative)

APAS=- ( GAMVA* * 2) * HBAR* ( 1/ R** 3)
C TEST determnes the measure of tine scale (see below).

TEST=ABS( 3. * APAS/ SQRT(6. ))

PRINT *, 'Value of spinning angle ="', ANGE, 'radians.’
PRINT *, 'Value of APAS.', APAS, ' rad/sec'

PRI NT *, ', APAS/ (2.*Pl), ' Hz'
PRINT *, 'Distance in cm ', R
PRINT *, 'The gamma pair: ' , GAMVA
C TI MESTEP CALCULATI ON using TEST (these seemto work well)

I F (TEST.LT.1000.) THEN
TSTEP=. 00001

ELSE | F (TEST.LT.5000.) THEN
TSTEP=. 00001

ELSE | F (TEST. LT. 10000.) THEN
TSTEP=. 00001

ELSE | F (TEST. LT. 20000.) THEN
TSTEP=. 00001

ELSE | F (TEST. LT. 50000.) THEN
TSTEP=. 00001

ELSE
TSTEP=. 00001

ENDI F
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PRINT *, 'Tinesteps selected: ', TSTEP, ' seconds.' 30 CONTI NUE
PRINT *, 'Your total data set will span ', TSTEP*M 1E03,

& nlliseconds.' 255 CONTI NUE
155 CONTI NUE
C Pieces of the spatial part of the Haniltonian which determ nes
t he C The math for the frequency calcs are different in the
C frequencies we will sumover followi ng two
C elseifs for Ix and |y, but otherwi se, the routines are the
89 PRINT *, '"Now calculating FID for Equation ', STATE, '.' sare.
C See notes under |z cal c section.
O
CST1 = SQRT(2.)/(2.*Pl) Commmmmr - CALCULATION FOR EQN A ------mmmmmmim e o -
CST2 = (1/(4.*P1))
ELSE | F (STATE.EQ' A') THEN
Commmmr CALCULATIONS FOR EQN C -----------mmo - -
DO400 | =1, N 1
IF (STATE.EQ'C) THEN A=P * I/N
DO 500 K =1, N 1
J =N B=2*P * KN
DO155 | =1, N 1 XNGL1=CST1* Si n( 2. *A) * Cos( B) * Si n( TAU2* OVEGAR/ 2. )
A=P * I/N XNGL2=CST2* COS( 2. *B) *SI N(A) **2 * S| N( TAU2* OVEGAR)
DO255 K=1, J, 1 C Note ny ' APAS' here as above is in CGS.
B=2*P * KJ
TNS=3. * APAS/ SQRT( 6. ) * ( XNGL1+XNG.2)
XNGL1=CST1*Si n( 2. *A) *Cos(B) *Si n( TAU2* OVEGAR/ 2. ) C Cal cul ation for <A>
XNGL2=CST2* COS( 2. *B) *SI N(A) **2 * S| N( TAU2* OVEGAR)
C Note nmy ' APAS' here as above is in CGS. DO 50 NTIME =0, M 1
DELTAT = NTI ME * TSTEP
TNS=3. * APAS/ SQRT( 6. ) * ( XNAL1+XNG-2) RES1( NTI ME) =0. 25* TNORM SI N( A) * PI * ( 1+COS( TNS* DELTAT) )
RESULTL(NTI ME) = RESULT1(NTI ME) + RESL(NTI ME)
C CONDI TI ONAL LOG C FOR STATES I N TI ME- CALCULATI ON LOOP 50 CONTI NUE
C TH S LOCP | NCREMENTS TI ME WTH THE NEW FREQUENCY, AND
C CALCULATES THE VALUE OF <STATE> FOR EACH TI ME | NTERVAL 500 CONTI NUE
400 CONTI NUE
C Cal cul ation for <egn C
C NOTE THAT IN TYCKO S MATH, THERE IS G- CALCFOREQN B --------mmmmemmea oo -
Cc NO Sz evolution FROM |z under
C MASS and RECOVERED DI POLAR HAM LTONI AN ELSE | F (STATE.EQ 'B') THEN
DO 30 NTIME =0, M 1 J =N
DELTAT = NTI ME * TSTEP
RES1( NTI ME) =0. 5* PI * SI N( A) * TNORMF COS( 0. 5* TNS* DELTAT) DO 141 =1, N 1

|
RESULTL(NTI ME) = RESULTL(NTI ME) + RESL(NTI ME) A=Pl * I/N
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DO241 K=1, J, 1
B=2*P * KJ

XNGL1=CST1*Si n( 2. *A) * Cos( B) * Si n( TAU2* OVEGAR/ 2. )
XNGL2=CST2* COS( 2. *B) *SI N( A) **2 * S| N( TAU2* OVEGAR)

C Note ny ' APAS' here as above is in CGS.

TNS=3. * APAS/ SQRT( 6. ) * ( XNGL1+XNGL2)

C Cal cul ation for <egn B>

DO14 MIME =0, M 1
DELTAT = MII ME * TSTEP
RESL( MTI ME) = 0. 25* TNORM S| N( A) * Pl * S| G\

&( 1- COS( TNS* DELTAT))
RESULTL(MII ME) = RESULTL(MII ME) + RESL(MTI ME)

14 CONTI NUE
241 CONTI NUE
141 CONTI NUE
o CALCULATI ONS FOR EQN D -=---=-nncmn--
ELSE | F (STATE.EQ'D) THEN
J=N
DO159 | =1, N, 1

A=Pl * /N
DO160 K =1, J, 1
B=2*P * KJ
XNGL1=CST1*Si n( 2. *A) * Cos( B) * Si n( TAU2* OVEGAR/ 2. )
XNGL2=CST2* COS( 2. *B) *SI N(A) **2 * S| N( TAU2* OVEGAR)

TNS=3. * APAS/ SQRT( 6. ) * ( XNAL1+XNG-2)

C Cal cul ation for <egqn D>
DO 301 MIIME =0, M 1
DELTAT = MII ME * TSTEP
RES1( M ME) = 0. 5* TNORMF SI N( A) * Pl * S| G\*
&( SI N( 0. 5* TNS* DELTAT) )

RESULT1(MIl ME) = RESULT1(MII ME) + RESL(MIl MVE)

301 CONTI NUE

160 CONTI NUE

159 CONTI NUE

---------- CALCULATI ONS FOR EQN E «----=-=m=mamnmn-

ELSE |F (STATE EQ'E ) THEN

J =

N

DO169 | =1, N 1

A=P * I/N

DO170 K =1, J, 1
B=2*P * KJ

XNGL1=CST1*Si n( 2. *A) * Cos( B) * Si n( TAU2* OVEGAR/ 2. )
XNGL2=CST2* COS( 2. *B) *SI N( A) **2 * S| N( TAU2* OVEGAR)

C Note ny ' APAS' here as above is in CGS.

TNS=3. * APAS/ SQRT( 6. ) * ( XNGL1+XNGL2)

Cal cul ation for <eqn E>

DO 302 NTIME =0, M 1
DELTAT = NTI ME * TSTEP
RESL( NTI ME) =0. 25* Pl * SI N( A) * S| GN* TNORWF
&SI N( TNS* DELTAT)
RESULTL(NTI ME) = RESULT1(NTI ME) + RESL(NTI ME)
302 CONTI NUE

170 CONTI NUE
169 CONTI NUE

C The math for the frequency calcs are different in the

fol l owing two

C elseifs for Ix and |y, but otherwi se, the routines are the

sane.

C See notes under |z calc section.

ELSE

ENDI F

PRINT *,' You need to specify a state to evolve.'
QO0ro 5
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C Sonme useful wite-tos to the output file.

of ',

111

9999

107

109

WRITE (4,*)' RESULTS FOR ', STATE

WRITE (4,%)' ---c-mmmmmmmm e - - '

WRI TE (4,*)" '

WRITE (4,*)' No. of steps in integration: ', N
WRI TE (4,*)" Gamma for hononucl ear pair: ', GAMWA

WRI TE (4,*)' No. of data points reporting:', M
WRITE (4,*)' No. of total data points:', M

WRITE (4,*)" Value of D ', APAS, 'rad/sec'

WRITE (4,*)"' Evolution of EQN ', STATE, ' in time steps

&TSTEP*1E03, ' milliseconds'

WRITE (4, %) =cmmmmmmmmmmemnn '

PRINT *, "Witing to FIDfile...'

DO 111 L=0, M 1

VR TE( 4, *)
CONTI NUE

L*1E03* TSTEP, ' ", RESULT1(L)

VR TE(4, *) "' - 9999'
IF ((FFTYNEQ'Y ).OR (FFTYN EQ'y')) THEN

DO 107 1=1, M 1
CONFI G 1) =RESULTL(1)

CONTI NUE

DO 109 I1=1, M 1

WRI TE (3,*) |*1E03*TSTEP, ' ", CONFI 1)
CONTI NUE

di st=r

CALL FFT(CONFI G M FFTQUT, TSTEP, STATE, GAMVA,
&N, APAS, RATIO, TAUl, TAU2, GNUR, dist)

ENDI F

END

SUBRQUTI NE FFT (AT, M FFTQUT, TSTEP, STATE, GAMVA,
&N, APAS, RATI O, TAU1, TAU2, GNUR dist)
REAL TSTEP

WRI TE (4,*)' Internuclear D stance (angstroms): ',
WRI TE (4,*)' RATIO inner evolution to rot period:',
WRI TE (4,*)' TAUL:' , TAUL, 'TAWR:' , TAWR2

WRITE (4,*)' Spinning Speed: ' , GNUR, ' Hz
WRITE (4,*)' Value of D ', APAS/(2.*Pl), 'Hz'

DOUBLE PRECI SI ON

Pl , HBAR, APAS, TAUL, TAU2, RATI O, GAMVA, GNUR, di st

CHARACTER *1 STATE, SIGNI, FFTYN

INTEGER I, J

DOUBLE PRECI SI ON AT(M+2), BT(M 2+1), CT(M 2+1), DT(M 2+1)
CHARACTER * 30 FFTQUT

DATA PI /3.1415 92653 58979 324/

OPEN(5, FI LE=FFTQUT)

CLOSE( 4)

CALL SFFT2(M 2, AT, 1)

CALL SFS(M AT, 1)

PRINT *, "Witing to FFT file..."'

WRI TE (5, *), ' FFT CALCULATION FOR EQN ', STATE

WRITE (5,%)" =----mmmmmmmm e -

WRI TE (5, *)

WRITE (5,*)' No. of steps in integration: ', N

WRI TE (5,*)' Ganma for hononuclear pair: ', GAMVA

WRI TE (5,*)' No. of data points reporting:', M

WRI TE (5,*)"' Internuclear D stance (angstrons):', dist*1E8

WRI TE (5,*)" RATIO inner evolution to rot period:', RATIO

WRI TE (5,*)' TAUL:' , TAUL, 'TAWR:' , TAWR

WRITE (5,*)" Spinning Speed: ' , GNUR, ' Hz'

WRI TE (4,*)' Value of D ', APAS/(2.*Pl), 'H'

WRITE (4,*)" Value of D ', APAS, 'rad/sec'

WRITE (5,%)" --------mmmmmon- '

WRI TE (5,*)" FFT of EQN ', STATE, ' in freq steps of',
&1/ (M 1EO3* TSTEP) , m | liseconds'

WRITE (5,*)" ---------mmommnn '

DO 200 J=1, M2

C This assures the real (cosine) series by 2*|I-1...o0dd
series.
C I magi nary (sine series) would nmerely be 2*I...even series.
BT(J) =AT(M (2*J-1))
200  CONTI NUE
BT(M 2) =0
DO 201 J=1, M2
DT(J) =BT(J-1)
WRI TE(5,*), (J-(M2+1))/(MTSTEP), DT(J)*M
201  CONTI NUE
DO 202 I=1, M2
C This assures the real (cosine) series by 2*1-1...o0dd
series.
C Imaginary (sine series) would nerely be 2*I...even series.

BT(1)=AT(2*1-1)
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202

203

C Finish off with an end tag for the data output (for perl

CT(1) =AT(2*1)
VR TE(88, *), CT(1)
CONTI NUE

BT(M 2 +1) =0.

DO 203 1=1, M2

DT(1)=BT(1 +1)

WRI TE(5, *), |/ (MTSTEP), DT(1)*M
CONTI NUE

pur poses)

WR TE(5, *), ' -9999"
RETURN
END

C FAST FOURI ER TRANSFORM SUBRQUTI NE TAKEN FROM MTI'S

THETA

8100

8200
8210

8300

8310

SUBRQUTI NE SFFT2 (N, Z, SI GN)

doubl e precision Z(N)

INTECER N, SIGN

I NTEGER JBH, JBL, KR LO&

I NTEGER BLK, KK, KO, K1, K2, K3, N2, SPAN

DOUBLE PRECISION CE, Cl, C2, C3, SE, S1, S2, S3, POV,

DOUBLE PRECI SION X1, X2, X3, Y1, Y2, Y3
DATA Pl OV2/ 1. 5707 96326 79489 662/

N2 =
LO& =0
Lo = LO&x2 + 1
N2 = N2 + N2
IF( N2 .LT. N) GO TO 8100
IF ( N2 .GT. N) RETURN
N2 =N+ N2 - 1
IF ( SIGN . 0 ) QO TO 8210
DO 8200 KK = 1, N2, 2
Z(KK+1) = -Z( KK+1)
CONTI NUE
JBL = 2
JBH =
IF ( JBH .LE. JBL ) GO TO 8340

SPAN = JBL + JBL
KR =1
KK = KR + JBL

script

KR = KR + JBH
BLK = KR - JBL
DO 8330 K1 = KK, BLK, SPAN
K3 = KL + JBL - 2
DO 8320 KO = K1, K3, 2
X1 = Z(KO)
Z(KO) = Z(KR)
Z(KR) = X1
Y1 = Z(KO+1)
Z(KO+1) = Z(KR+1)
Z(KR#1) = Y1
8320 KR = KR + 2
KR = KR + JBL
8330 CONTI NUE
IF ( KR.LT. N2 ) GO TO 8310
JBH = JBH / 2
JBL = JBL + JBL
GO TO 8300
8340 CONTI NUE
IF ( MD(LO®,2) .NE. 0 ) GO TO 8400
THETA = Pl OV2
SPAN = 2
Q0 TO 8420
8400 CONTI NUE
DO 8410 KO = 1, N2, 4

KL = KO + 2

X1 = Z(KO)

Z(KO) = X1 + Z(K1)

Z(K1) = X1 - Z(K1)

Y1 = Z(KO+1)

Z(KO+1) = Y1 + Z(K1+1)

8410 Z(K1+1) = Y1 - Z(K1+1)

THETA = PIOV2 + PIOV2
SPAN = 4

8420 CONTI NUE
8500 |F ( SPAN.GE. N2 ) GO TO 8560
BLK = SPAN * 4
IF ( SPAN .EQ 2 ) GO TO 8505
THETA = .25 * THETA

SE = SI N( THETA)
CE = COS(THETA)
Cl=1.0
S1 =0.0

8505 CONTI NUE
DO 8550 KK = 1, SPAN, 2
IF( KK.EQ 1) GO TO 8510
XL =ClL* CE- SL* SE
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YL =Cl* SE+ SL* CE
X2 = 5% (3. - ( XL* XL+VYL*YLl))
Cl =X * Xl C FAST FOURI ER TRANSFORM SUBROUTI NE TAKEN FROM MI'S
SL = X2 * Yl
2 =Cl*Cl-Sl*Sl SUBRQUTI NE SFS (N, Z, SIQN)
S2=Cl*Sl+Cl*SL DOUBLE PRECI SI ON Z(n)
G3=C*Cl- S2* Sl INTEGER N, SI GN
S3=@*S1+S2*Cl I NTEGER KO, K1, ND2
8510 CONTI NUE DOUBLE PRECISION PI, CE, Cl, SE, S1, SF, X1, X2, Y1, Y2
DO 8540 KO = KK, N2, BLK DATA Pl /3.1415 92653 58979 324/
K1 = KO + SPAN ND2 = | ABS(N) / 2
K2 = K1 + SPAN IF (ND2 + ND2 . NE. N) RETURN
K3 = K2 + SPAN SF = 1. / FLOAT(ND2)
IF ( KK.GT. 1) GO TO 8520 XL =Pl * SF
X1 = Z(K1) IF (SIGN.GE. 0) GO TO 8100
Y1 = Z(K1+1) SF=.5
X2 = Z(K2) Si = 1.
Y2 = Z(K2+1) Z(2) = SF* (Z(1) - Z(N+1))
X3 = Z(K3) Z(1) = SF* (Z(1) + Z(N+1))
Y3 = Z(K3+1) X1 = -X1
GO TO 8530 @ TO 8110
8520 CONTI NUE 8100 CONTI NUE
X1 = Z(K1) * C2 - Z(K1+1) * S2 Z(N+#1) = SF * (Z(1) - 2(2))
Y1 = Z(K1) * S2 + Z(K1+1) * C2 Z(N+2) =
X2 = Z(K2) * Cl - Z(K2+1) * S1 Z(1) = SF* (Z(1) + 2(2))
Y2 = Z(K2) * S1 + Z(K2+1) * Cl Z(2) =0.0
X3 = Z(K3) * C3 - Z(K3+1) * S3 IF (MOD(ND2,2) .NE. 0) GO TO 8105
Y3 = Z(K3) * S3 + Z(K3+1) * C3 Z(ND2+1) = SF * Z(ND2+1)
8530 CONTI NUE Z(ND2+2) = SF * Z(ND2+2)
Z(K3) = Z(KO) - X1 + Y2 - Y3 8105  CONTI NUE
Z(K2) = Z(KO) + X1 - X2 - X3 SF = .5 * SF
Z(K1) = Z(KO) - X1 - Y2 + Y3 Sl =-1.
Z(K0) = Z(KO) + X1 + X2 + X3 8110 CONTI NUE
Z(K3+1) = Z(K0+1) - Y1 - X2 + X3 Cl=0.0
Z(K2+1) = Z(KO+1) + Y1 - Y2 - Y3 CE = OO8(X1)
Z(K1+1) = Z(KO+1) - Y1 + X2 - X3 SE = SIN(X1)
Z(KO+1) = Z(KO+1) + Y1 + Y2 + Y3 KL =N- 1
8540 CONTI NUE KO = 3
8550 CONTI NUE 8200 IF (KO .GE. K1) RETURN
SPAN = BLK XL=CE* ClL- SE* SL
GO TO 8500 YL=CE* SL+SE* Cl
8560 CONTI NUE X2 = .5 % (3. - (XL * XL+ VYL* YL))
IF( SIGN.GE. 0 ) RETURN Cl =X * X
DO 8600 KK = 1, N2, 2 SL=VYL* X
8600 Z(KK+1) = - Z( KK+1) X1 = Z(KO) - Z(K1)
RETURN Y1 = Z(KO+1) + Z(K1+1)

END X2 =C * X1 - Sl *YVYl
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ClL* YL+ SL* XL
Z(KO) + Z(K1)
Z(KO+1) - Z(K1+1)
Z(KO) = SF * (X1 + X2)
Z(KO+1) = SF * (Y1 + Y2)
Z(Kl) = SF * (X1 - X2)
Z(K1+1) = SF * (Y2 - Y1)

<
=
|

KL =K1 - 2

KO = KO + 2

@GO TO 8200
END

PROGRAM PDRANA

Inplicit double precision (a-h, 0-2)

I NTEGER *2 FL

DOUBLE PRECI SION PI, HBAR APAS

CHARACTER *30 FI D, FFTQUT

CHARACTER *1 STATE, SIGNI, FFTYN

DATA Pl /3.1415 92653 58979 324/

Pl anck' s constant in cgs (erg sec rad(-1))
DATA HBAR /1. 0545887E- 27/

PRINT *, 'Calculations are in cgs.'

PRI NT *,

PRI NT *, "'

PRI NT *, 'Value of Gamma for hononucl ear pair?
Print *, 'Cl3 = 6727.0, H=26750 in rad sec(-1) §-1)'

READ *, GAMVA

PRINT *, "What is the nane for the data file?
READ (*, '(A)') FID

PRINT *, 'Rotor Spinning Speed (Hz)?

READ *, GNUR

PRINT *, '"Ratio of inner evolution tine to rotor period?

READ *, RATIO

PRINT *, 'Beginning tine (ms)?

READ *, TIME

PRINT *, "Max time (mlliseconds)’

READ *, TMAX

PRINT *, 'Increments of Time? (ms)’

READ *, TSTEP

PRINT *, 'Extrene distance value to begin search?

(angstrons)’

READ *, RSTART
PRINT *, ' Nunmber of Steps in Theta/Phi Summation ( > w >

READ *, N

6 PRINT *, "Tight (1) or Loose (2) search? (type 1 or 2)"

READ *, NSRCH

I F (NSRCH EQ 1) THEN
DCOARS=0. 4

ROOARS=0. 05* 1. E- 08

RFI NE=0. 0001* 1. E- 08

ELSE | F (NSRCH EQ 2) THEN
DOOARS=0. 44

ROOARS=0. 1* 1. E- 08

RFI NE=0. 001* 1. E- 08

ELSE

PRINT *, 'Must input 1 or 2 for Tight or Loose Search'

Q&Or10 6
ENDI F

C File Opening Units
OPEN (UNI T=4, FILE=FI D, STATUS="UNKNOM )

C UNT CONVERSI ONS AND ETC (cgs system

TAUR = 1./ GNUR
TAU2 = RATI O TAUR
TAUL = (TAUR TALR)/ 2.

TIME=TI ME*1. E- 3
R=RSTART*1. E- 8

TMAX = TMAX * 1. E-3
TSTEP = TSTEP*1. E-3

C TNORMis the nornalization constant so when we add up
integration

C in the do loops, it normalizes to a max magni tude (anplitude)

of 1.

TNORM = 1./ (N*2)
OVEGAR = GNLR * 2. * PI

QUTPUT=1
DI PS=0. 01
DI POLD=0.
DI PRE=0.
QOoro 78

59 I'F ((TIME. LE. TMAX) . AND. (DI PS. LE. Di POLD)) THEN
WR TE (4,*) TIME*1E03, R+1.E08, DI POLD
PRINT *, TIME, TMAX, R DIPS, D POLD
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PRINT *, 'Incrementing TI M
QUTPUT=0
TI ME=TI ME+TSTEP
Dl POLD=0.
R=RSTART* 1E- 08
GOro 78
ELSE | F ((TI ME. LE. TMAX) . AND.
& DI PS. GT. Dl POLD)) THEN
Q0T0 60
ELSE
PRI NT *, ' ECH
GOTO 9999
ENDI F

60 | F (D PS. LT. DCOARS) THEN
PRINT *, "COARSE ',DIPS ,'for',DCOARS ,' was',
PRINT *, "Incrementing R, R ' to ', R RCOARS
DI POLD=DI PS
R=R- RCQARS
GO TO 78
ELSE | F (DI PS. GE. DCOARS) THEN
PRINT *,"At FINE, DIPS ,'for ', DFINE,' was', D PO.LD
PRINT *, "lIncrementing R, R, 'to', RRFINE

DI PQLD

DI POLD=DI PS
R=R- RFI NE
GO TO 78
ENDI F
78 PRINT *, "At 78, Proceding to next calc... '
APAS = - ( GAMVA* * 2) * HBAR* ( 1/ R** 3)
DI PRE=0.
DI PS=0.
0
CST1 = SQRT(2.)/(2.*Pl)
CST2 = (1/(4.*P1))
Commmrm e CALCULATIONS FOR EQN B ---------ommmmm- -
J =N
DO141 | =1, N 1
A=P * I/N
DO 241 K =1 1

FNT=0. 25* PI * SI N( A) * TNORM

241
141

529

C

9999

000000000000

XNGL1=CST1*Si n( 2. *A) * Cos( B) * Si n( TAU2* OVEGAR/ 2. )
XNGL2=CST2* COS( 2. *B) *SI N(A) **2 * S| N( TAU2* OVEGAR)
TNS=3. * APAS/ SQRT( 6. ) * ( XNGL1+XNGL2)

DI PRE=FNT* ( 1- COS( TNS* TI ME) )
Dl PS=DI PS+Di PRE

GONTI NUE
CONTI NUE

IF (QUTPUT. EQ 1) THEN

WRI TE (4,*)"' Maximum Search Results'
WRITE (4, %) =ommmmmmmmmmo o oo '
WRI TE (4,*)" Calculations of Distance(A),Tine(ns), <D>'
WRI TE (4,*)' Ratio of TAUTAUR ', RATIO
WRI TE (4,*)' Spinning Frequency (Hz)', GNUR
WRI TE (4,*)' Ganmma for homonuclear pair: ', GAMVA
WRI TE (4, * Value of D ', APAS
WRITE (4, %) cemcmmmmmmeeaao- -
WRITE (4,*)" --cmmmmmmmemao- :
ENDI F
QUTPUT=0
@G0 TO 59

Wite to file. Re-initialize 'Result'.

END
PROGRAM RPONDER

Thi s program cal cul ates the response of a two-spin
systemto the dipolar Haniltonian (Hd) when one of
the spins (the |I spin) is perturbed. It can al so
include isotropic J as well as D. It then graphs
the FID response of spin S as well as spin| to two
seperate files so you can plot them This also
involves itself with FFT cal cul ati ons. Comments provi ded
for nore clue. This programwas verified with an
H H cal culation on Sz at 2.5 angstrons agai nst

R Bruschweiler's reviewarticle, page 5, in
Progress in Nucl ear Mag Resonance Spec, 32 (1998)

- Deanne Tayl or, Sept, 1998.

Inmplicit double precision (a-h, o0-2)
| NTEGER *2 FL
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REAL TI ME, RSTEP, RVAX, RM N
DOUBLE PRECI SION PI, HBAR APAS
CHARACTER *30 FI D, FFTOUT
CHARACTER *1 STATE, SIGNI, FFTYN
DATA Pl /3.1415 92653 58979 324/
C Pl anck' s constant in cgs (erg sec rad(-1))
DATA HBAR /1. 0545887E- 27/

PRINT *
PRINT *
PRINT *
PRINT *
PRINT *
5 PRI NT *
PRINT *
PRI NT *

"Calculations are in cgs.'

PRINT *, '"Input the eqn you want to calc (AB CDEFGQG."'
READ (*,' (A)') STATE

IF ((STATEEEQ'A ).OR (STATEEEQ'B ). OR (STATE EQ'C ). R
& STATE EQ'D ). OR (STATE EQ'E ). OR (STATE EQ'F ). OR
& STATE.EQ 'G)) THEN

STATE=STATE

ELSE

PRINT *, 'You nust enter a state of AA B, C D E For G
&Pl ease try again.'

QOoro 5

ENDI F

PRINT *, '"Is this equation a negative? -A, -B, etc? (Y or
READ (*,'(A)') SIGN

IF ((SIGN.EQ'Y ). OR(SIGN.EQ'y')) THEN
SIGE= -1.0
ELSE
SI G\N=1. 0
ENDI F
PRINT *, "What is the nane for the data file?
READ (*, '(A)') FID
OPEN (UNI T=4, FILE=FI D, STATUS=" UNKNO/W )

C Paraneter |nput

PRI NT *, 'Paraneters'
PRINT *, "'

PRINT *, 'Spinning Angle in degrees? (MA = 54.73561)"'

READ *, BNGLE

PRI NT *, ' Spi nning Frequency? (hertz)'

READ *, OVEGA

TSTME = 1/ OVEGA * 1000

PRINT *, 'Stroboscopic sanple time? (mllisecs).'

PRINT *, 'For MASS at a frequency of ', OVEGA,' Hz,
suggested',

& 'value is ', TSTME,' ns, or integer nultpiles such as
', 2* TSTME,
&' nms, or ', 3*TSTME, ' ms, etc.'

READ *, STI ME

PRINT *, 'Value of Gamma for hononucl ear pair?

PRINT *, '(Cl3 = 6727.0, H = 26750.0, in rad sec(-1) Q-
1))’

READ *, GAWA

PRINT *, '"Value of J for this pair (in Hz)?

READ *, JJJ

PRINT *, "Initial dipolar coupling constant? (in Hz)'

READ *, Dl Pl NI

PRINT *, ' Max dipolar coupling constant? (Hz)'

READ *, DI PVAX

PRINT *, "Nunber of sanple steps for dipolar axis?"

READ *, DI PQRY

PRINT *, ' Constant Time value? (ns)’

READ *, TI ME

PRINT *, ' Nunber of Steps in Theta/Phi Summation ( > w >
Tine)'

READ *, N

TI ME=TI ME* 1. E- 03

C File Opening Units

C UNT CONVERSI ONS AND ETC (cgs systemn

C Ris the internuclear distance converted into cm
Dl PVAL=DI PI NI
DI PSTP=( DI PVAX- DI PI NI') / DI PQRY

C BNGLE is the spinning angle of the rotor sanple converted from
deg to rad

ANGLE = BNGLE * PI/180.

C STIME is the stroboscopic sanpling time converted fromns to
s.
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STIME = STIME * 1.E3

C OMVEGAR is the spinning frequency, here converted to
radi ans/ sec.

C SOVEGA is STIME*OVEGAR is the phase due to sanpling at
di fferent

C times in the rotor rotation.

OMVEGAR
SOVEGA

OVEGA * 2. * Pl
OMEGAR * STI ME

C TNORMis the normalization constant so when we add up
integration

C inthe do loops, it nornalizes to a max nagni tude (anplitude)
of 1.

TNORM = 1./ (N+*2)
QUTPUT = 1

C APAS is the constant in front of the dipolar hamltonian...

C gammal*gamma2*hbar/ R*3...since ganmal=gammm?2, it's just

squar ed.

C Note: in powders, there is no factor of 1/2 or any other

mul tiplier

C with this sinple dipolar constant...except here, 1/pi to

bal ance out

C the Pl that nust be inside the trig functions in the | oops (or
|

C could have multiplied J by Pl...same thing, but this way | can
C keep J and D inside the same parenthesis by dividing D by pi).
C (Note APAS is negative, like Dis negative)

59 APAS=DI PVAL*2* Pl

C Pieces of the spatial part of the Ham |tonian which determ nes
the

C frequencies we will integrate over.

C | broke it up to nmake spot-checks easier and to cut down

cal cul ation

Cin the | oops.

C This is a sinple Riemann sum There are likely nore accurate
al gorit hns,

C but this seems to work okay.

C REM NDER

C The angle Ais the angle THETA in the lab frame. The angle B is
PHI .

C ANGLE is the angle of the gonioneter. STIME is the 'sanple
time' which

Cwe multiply by the MAS spinning speed OVEGAR

XNGLEL = SI N(ANGLE) **2

XNGLE4 = S| N(2* ANGLE)
XNGLE7 = 3*( COS( ANGLE) **2)
89 CONTI NUE
o CALCULATI ONS FOR EQN A == ----scmmmmmmno

|F (STATE.EQ'A') THEN

Cal cul ati onal dol oop. One nested for theta, the other for phi.
Ais theta, Bis phi. The idea is to generate one frequency
over a range of frequencies fromtheta=0...pi and phi=0...2*pi
and then for each possible f requency, calculate ALL the tine
donai n.

C Then, you add each tinme point for each frequency into the
array

C 'Resultl' and 'Result2' where the arrays are indexed by the
time

C points.
a FID.

o000

This sumof all possible frequencies will result in

C The J=N assures that the J LOOP is the sanme as N for PH (B)
as
C for THETA (A) | nade them seperate so other goofy things could
be

C done later (like experinmentation with integration steps over

PH ).
J=N
DO138 | =1, N 1
A=Pl * I/N
DO238 K=1, J, 1
B=2*P * KJ
XNGLE2 = SI N(A)**2
XNGLE3 = COS(2. *( SOVEGA + B))
XNGLE5 = SIN(2.*A)



XNGLES = COS( SOVEGA+B)

XNGLES = 3. *( COS(A))**2

TNSL = ((3./4.) * XNGLEL * XNGLE2 * XNGLE3)
TNS2 = ((3./4.) * XNGLE4 * XNGLE5 * XNGLE6 )
TNS3 = ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

(@]

Note nmy ' APAS' here as above is in CGS.

TNS=APAS*(TNS1 - TNS2 + TNS3)
C CONDI TI ONAL LOG C FOR STATES I N TI ME- CALCULATI ON LOOP
C TH S LOOP | NCREMENTS TI ME WTH THE NEW FREQUENCY, AND
C CALCULATES THE VALUE OF <STATE> FOR EACH TI ME | NTERVAL
C Cal cul ation for <egn A>

TI MRE=0. 25* Pl * SI N( A) * TNORWF

&(C0S( 1. 5* TNS* TI ME* Pl ) +0CS( (0. 5* TNS + JJJ) * Pl * Tl ME))
TIMERS = Tl MRE+TI MERS

238 CONTI NUE
138 CONTI NUE
(o CALC FOR EQN B - - ---smmmmmmmmecmaeamaes

ELSE | F (STATE. EQ ' B') THEN

J=N
DO139 | =1, N, 1
A=Pl * /N
DO239 K=1, J, 1
B=2*P * KJ

XNGLE2 = SI N(A) **2
XNGLE3 = COS(2. *( SOVEGA + B))
XNGLE5 = SIN(2. *A)
XNGLE6 = COS( SOVEGA+B)
XNGLES = 3. *( COS(A))**2
TNSL = ((3./4.) * XNGLEL * XNGLE2 * XNGLE3)
TNS2 = ((3./4.) * XNGLE4 * XNGLE5  * XNGLE6 )
TNS3 = ((1./4.) * (XNGLE7 -1) * (XNGLES -1))

TNS=APAS* (TNS1 - TNS2 + TNS3)

TI MRE=0. 25* Pl * S| N( A) * TNORM S| G\
&( COS( 3/ 2* TNS* Pl * TI ME) - COS( ( 0. 5* TNS+JJJ) * Pl * TI ME) )
TI MERS=TI MRE+T| MERS

239 CONTI NUE
139 CONTI NUE
Cormmmmmmememe e CALC FOR EQN C -=-=--mcmmmmmmemcman

ELSE | F (STATE.EQ 'C ) THEN

J=N
DO141 | =1, N 1

A=Pl * /N

DO241 K=1, J, 1

B=2*Pl * KJ

XNGLE2 = SIN(A) **2
XNGLE3 = OOS(2. * SOMEGA + 2. *B)
XNGLE5 = SIN(2. *A)
XNGLE6 = COS( SOVEGA+B)
XNGLE8 = 3. *( COS(A)) **2
TNSL = ((3./4.) * XNGLEL * XNGLE2 * XNGLE3)
TNS2 = ((3./4.) * XNGLE4 * XNGLE5 * XNGLE6 )
TNS3 = ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

TNS=APAS* (TNS1 - TNS2 + TNS3)
C Cal cul ation for <egn C

TI MRE=0. 25* Pl * S N( A) * TNORVF
&( 1+C08((JJJ- TNS) *PI *TI ME) )

TI MERS=TI MRE+TI MERS

241 CONTI NUE
141 CONTI NUE
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Commmmmmmeea CALC FOREQN D ------

ELSE I F (STATE.EQ'D ) THEN

J=N
DO142 | =1, N 1
A=Pl * I/N
DO242 K=1, J, 1
B=2*P * KJ

XNGLE2 = SIN(A) **2
XNGLE3 = COS(2. * SOVEGA + 2.
XNGLE5 = SIN(2. *A)
XNGLE6 = COS( SOVEGA+B)
XNGLE8 = 3. *( COS(A))**2
TNSL = ((3./4.) * XNGLEL *
TNS2 = ((3./4.) * XNGLE4 *
TNS3 = ((1./4.) * (XNGLE7

*B)
c
XNGLE2 * XNGLE3)
XNGLE5 ~ * XNGLE6 )
-1) * (XNGLE8 -1)) 243
143

TNS=APAS* (TNSL - TNS2 + TNS3)

C Cal cul ation for <eqn D>

Co-n--

TI MRE=0. 25* Pl * SI N( A) * TNORWF

&(1- COS((JJJ-TNS) *PI * TI ME) )
TIMERS = TI MERS+TI MRE

242 CONTI NUE
142 CONTI NUE
Coemmmmmmeen e CALC FOREQN E ------

ELSE | F (STATE.EQ'E ) THEN

J =N
DO143 | =1, N 1
A=P * I/N
DO243 K=1, J, 1
B=2*P * KJ

---------- CALC FOR EQN F

XNGLE2 = SI N(A)**2

XNGLE3 = COS(2. * SOVEGA + 2. *B)

XNGLE5 = SIN(2.*A)

XNGLE6 = COS( SOVEGA+B)

XNGLES = 3. *( COS(A))**2

TNSL = ((3./4.) * XNGLEL * XNGLE2 * XNGLE3)
TNS2 = ((3./4.) * XNGLE4 * XNGLE5 * XNGLE6 )
TNS3 = ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

TNS=APAS* (TNSL - TNS2 + TNS3)

Cal cul ation for <eqn E>

TI MRE=0. 25* Pl * SI N( A) * TNCRMF S| G\*

&(SI N((0. 5* TNS+JJJ) *PI *TIME) + SI N(1.5* TNS*PI *TI ME))

TI MERS=TI MRE+TI MERS

CONTI NUE
CONTI NUE

ELSE | F (STATE.EQ ' F') THEN

J=N
DO145 | =1, N, 1
A=Pl * /N
DO245 K =1, J, 1
B=2*P * KJ

XNGLE2 = SIN(A) **2
XNGLE3 = OOS(2. * SOVEGA + 2. *B)
XNGLE5 = SI N(2. *A)
XNGLE6 = COS( SOVEGA+B)
XNGLES = 3. *( COS(A))**2
TNSL = ((3./4.) * XNGLEL * XNGLE2 * XNGLE3)
TNS2 = ((3./4.) * XNGLE4 * XNGLE5 * XNGLE6 )
TNS3 = ((1./4.) * (XNGLE7 -1) * (XNGLES -1))
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245
145

G--

247
147

TNS=APAS*(TNS1 - TNS2 + TNS3)

Cal cul ation for <egqn F>

TI MRE= 0. 25% Pl *SI N( A) * TNORM: S| G\
&(SIN((0.5*TNS+JJJI)*PI *TIME) - SIN(1.5*TNS*PI* Tl ME))
TI MERS=TI MRE+TI MERS

CONTI NUE
CONTI NUE

------------ CALC FOR EQN G -=----mmmmmmmmmamamas

ELSE I F (STATE.EQ'G ) THEN

= SIN(A)**2
= COS(2. *SOMEGA + 2. *B)
XNGLE5 = SIN(2. *A)

XNGLE6 = OOS( SOVEGA+B)

XNGLES = 3. *(COS(A))**2

TNSL = ((3./4.) * XNGLEL * XNGLE2 * XNGLE3)
TNS2 = ((3./4.) * XNGLE4 * XNGLE5  * XNGLE6 )
TNS3 = ((1./4.) * (XNGLE7 -1) * (XNGLES -1))

TNS=APAS* (TNSL - TNS2 + TNS3)

Cal cul ation for <eqn G

TI MRE=0. 25* Pl * SI N( A) * S| G\NF TNORMF SI N( ( JJJ- TNS) * Pl * TI ME)

TI MERS=TI MRE+TI MERS

CONTI NUE
CONTI NUE

ENDI F

C Sone useful wite-tos to the output file.
I F (QUTPUT. EQ 1) THEN
WRI TE (4,*)' RESULTS FOR ', STATE
WRITE (4,%)' --c-mmmmmmmme oo - '
WRITE (4,*)" '
WRITE (4,*)' No. of steps in integration:
WRITE (4,*)' Ganma for hononucl ear pair:

"N
", GAMVA

WRITE (4,*)' No. of data points reporting:', M

WRI TE (4,*)" Spinning Angle: ', ANGLE

WRI TE (4,*)"' Stroboscopic Sanple Tinme ', STIME

WRI TE (4,*)' Internuclear D stance (angstroms): ', R‘1E8

VWRI TE (4,*)' Spinning Speed: ' , OVEGAR

VWRITE (4, %) =---mmmmmmmmmmn- -

WRI TE (4,*)' Evolution of EQN ', STATE , intim steps
of ',

&TSTEP*1E03, ' mlliseconds’
WRITE (4,%)" =--emmmmmmmmmnns -
ENDI F

C Witeto file. Re-initialize 'Result'.

QUTPUT=0
VR TE(4,*) DIPVAL, TINMERS
TI MRE=0.
TI MERS=0.

DI PVAL = DI PVAL + DI PSTP

I F (DI PVAL. LT. Dl PMAX) THEN
QOro 59

END F

END

PROGRAM RFDR

C This program cal cul ates the response of a two-spin
C systemto the dipolar Haniltonian (Hd) when one of
C he spins (the | spin) is perturbed. It can al so
Cinclude isotropic J as well as D. It then graphs

C the FID response of spin S as well as spinl| to tw
C seperate files so you can plot them This also

C nvol ves itself with FFT cal cul ations.
C for nore clue.

C The average Ham | tonian enployed is that of
C the RFDR experinent (see Biblio, ref.

Comment s provi ded
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Inplicit double precision (a-h, 0-2)

I NTEGER *2 FL

REAL TSTEP, SIGN

DOUBLE PRECI SI ON PI, HBAR, APAS, CST1, CST2

DOUBLE PRECI SI ON XMAX, TNG ADJ, CST3, GAL

CHARACTER *30 FI D, FFTOQUT

CHARACTER *1 STATE, SIGNI, FFTYN

DI MENSI ON RES1(10000), RESULT1(10000), CONFI G 10000)
DI MENSI ON AT(131074), BT(65536), CT(65536), DT(65536)
DATA Pl /3.1415 92653 58979 324/

Pl anck's constant in cgs (erg sec rad(-1))

DATA HBAR /1. 0545887E- 27/

PRINT *, "'
PR NT "
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT

L I I

, 'Calculations are in cgs.'

PRINT *, 'lInput the egn you want to calc (A B,.CDE)’
READ (*,' (A)') STATE

IF ((STATEEEQ'A ). OR (STATEEQ'B ). OR (STATE EQ'C ). R
& STATE.EQ'D ). OR (STATE.EQ'E)) THEN

STATE=STATE

ELSE

PRINT *, 'You nust enter a state of A, B, C, D, or E
&Pl ease try again.'

Q1o 5

ENDI F

PRINT *, '"Is this equation a negative? -A, -B, etc? (Y or
READ (*,'(A)') SIGN

IF ((SIGN.EQ'Y ). OR(SIGN.EQ'y')) THEN
SIGE -1.0
ELSE

SIG\=1.0
ENDI F
PRINT *, "Wiat is the nane for the data file?
READ (*, '(A)') FID

CPEN (UNI T=4, FILE=FI D, STATUS=" UNKNOWN )
C Paraneter |nput

PRI NT *, 'Paraneters'

PRINT *, '

PRINT *, 'Ratio of chemcal shift difference to rotor
frequency?'

READ *, XMAX

PRINT *, 'Value of Ganmma for hononucl ear pair?

PRINT *, '(Cl3 = 6727.0, H = 26750.0, in rad sec(-1) Q-

1)’

READ *, GAWA

PRINT *, 'Distance between nuclei? (in Angstrons)'

READ *, R

PRINT *, ' Nunmber of steps in summation per pass?'

READ *, N

PRINT *, 'Do you want an FFT cal cul at ed?’

READ *, FFTYN

IF ((FFTYNEQ'Y ).OR (FFTYN EQ 'y')) THEN

PRINT *, 'Nunber of steps in tine array? Power of 2, up
to 4096

READ *, M

PRINT *, 'Nane of FFT output file?

READ *, FFTOUT

ELSE

PRINT *, 'Nunber of steps in time array? (Even # up to
10, 000)*

READ *, M

ENDI F

C File Opening Units
C UNT CONVERSI ONS AND ETC (cgs systemn
C Ris the internuclear distance converted into cm
R=R* 1.E8
C TNORMis the nornalization constant so when we add up
sunmmat i on
C in the do loops, it normalizes to a max magni tude (anplitude)

of 1.
C It's squared because the doubl e sum goes by N‘2.
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TNORM = 1./ (NF*2)

C APAS is the constant in front of the dipolar haniltonian...
C gammal*ganma2*hbar/ R*3...since gammal=gamma2, it's just
squar ed.

C Note: in powders, there is no factor of 1/2 or any other
mul tiplier

C with this sinple dipolar constant. DIP is in rad/sec, APAS
C is the nodification due to the factor of 1/2 in the product
C operator

DI P=- ( GAMVAY * 2) * HBAR* (1. / R** 3)
APAS=DI P/ 2

C TEST determines the nmeasure of tine scale (see below).

TEST=ABS( APAS)

PRINT *, 'Value of spinning angle ="', ANGE, 'radians.’
PRINT *, 'Value of APAS =', APAS
PRINT *, 'Distance in cm ', R
PRINT *, 'The gamma pair: ' , GAMA
C TI MESTEP CALCULATI ON usi ng TEST (these seemto work well)

| F (TEST. LT.1000.) THEN
TSTEP=. 0001

ELSE | F ( TEST. LT. 5000.) THEN
TSTEP=. 00001

ELSE | F (TEST. LT. 10000.) THEN
TSTEP=. 00001

ELSE | F (TEST. LT. 20000.) THEN
TSTEP=. 00001

ELSE | F (TEST. LT. 50000.) THEN
TSTEP=. 00001

ELSE
TSTEP=. 00001
ENDI F
PRINT *, 'Tinmesteps selected: ', TSTEP, seconds. '

PRINT *, 'Your total data set will span ', TSTEP*M 1E03,
& mlliseconds.'

C Pieces of the spatial part of the Ham |tonian which determ nes
the
C frequencies we will sumover.

C | broke it up to make spot-checks easier and to cut down

cal cul ation

Cin the | oops.

C This is a sinple R emann sum Hi gher the sum anount, nore
accurate the

C FID-type powder spectra. The weighting term"SIN (THETA)" has
been i ncl uded.

C REM NDER:

C The angle Ais the angle THETAin the lab frame. The angle Bis
PHI .

C ANGLE is the angle of the gonioneter.

C XMAX i s the maxi mumresponse of chem cal shift difference per
rotor rotation

C fromthe SEDRA function for d. See figure in paper. Adding
toget her n¥l

C and m=2 conponents got a maxm mum delta-shift/vr at 1.03362
whi ch |

C derived in mathematica, with a bunch of assunptions since the
paper isn't

Cclear at all. Like, we assume to put ganma™2/r”3 etc with the
w gner terns,

Cright?

TNG = (XMAX) **2. 0

CST1= -0.5*SQRT(3./2.)*XMAX/ (1. - TNG)
CST2= - 0. 5*SQRT(3./2.) *XMAX/ (4. - TNG)
CST3= 2.0/Pl * SI N(XMAX*PI)

89 PRINT *, 'Now cal cul ating FID for Equation ', STATE,

o CALCULATI ONS FOR EQN C -=----scmmmmmmnmn
|F (STATE.EQ'C) THEN

Cal cul ati onal dol oop. One nested for theta, the other for phi.
Ais theta, Bis phi. The idea is to generate one frequency
over a range of frequencies fromtheta=0...pi and phi=0...2*pi
and then for each possible frequency (for each crystallite
orientation

C that goes by N*2), calculate ALL the tinme domain.

o000

C Then, you add each time point for each frequency into the
array
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C 'Resultl' and 'Result2' where the arrays are indexed by the
tinme

C points.
a ki nd

C of FIDIlike response which is due to the nmultiple dipolar
frequenci es.

This sumof all possible frequencies will result in

C Here, the J=N assures that the J LOOP is the sane as N for
PH (B) as
C for THETA (A), seperate for tweaking.

J =N

DO138 | =1, N 1
A=P * I/N
DO238 K=1, J, 1
B=2* P * KJ
C Sum el enents for the dipolar termin the SEDRA paper (d = sum
over n¥l and n¥2)
C These are d12(beta) for mrl and me2

TWKL =SI N( 2* A) * COS( B) * CST1
TWK2 = SI N(A) **2* COS( 2* B) * CST2
TNS=APAS* CST3* ( TWK2+TVK1)
FNT=0. 5* Pl * S| N( A) * TNORM

C CONDI TIONAL LOG C FOR STATES I N TI ME- CALCULATI ON LOCP
C TH S LOOP I NCREMENTS TI ME W TH THE NEW FREQUENCY, AND
C CALCULATES THE VALUE OF <STATE> FOR EACH TI ME | NTERVAL
Cc
C

Cal cul ation for <eqn C
(Transfer fromlz to |2z)

DO11 NTIME =0, M 1
DELTAT = NTIME * TSTEP
RES1( NTI ME) =FNT* COS( TNS* DELTAT) * * 2
RESULTL(NTI ME) = RESULTL(NTI ME) + RESL(NTI ME)
11 CONTI NUE

238 CONTI NUE

138 CONTI NUE

Crmmmmemee e - CALC FOR EQN E ------mmmmmmm e -
C (Transfer fromlz to IxSy (-E) and lySx (E) )

12

239
139

G----

C

ELSE | F (STATE. EQ'E ) THEN

TWKL =S| N( 2* A) * COS( B) * CST1

TWK2 = SIN(A)**2 * COS(2*B)*CST2
TNS=APAS* CST3* ( TWK2+TVIK1)

FNT=0. 5* Pl * S| N( A) * TNORM

Loop for <egn B>

DO12 NTIME =0, M 1
DELTAT = NTI ME * TSTEP
RES1( NTI ME) =FNT*0. 5* S| N( 2* TNS* DELTAT)
RESULTL(NTI ME) = RESULT1(NTI ME) + RESL(NTI ME)
CONTI NUE

CONTI NUE
CONTI NUE

---------- CALC FOR EQN D -=-=-cmcmmmmmccaa

(Transfer fromlz to Sz)

ELSE I F (STATE.EQ 'D ) THEN

SI N( 2* A) * 00S( B) * CST1
SIN(A) **2 * OOS(2*B) * CST2
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14

241
141

TNS=APAS* CST3* ( TWK2+TWK1)
FNT=0. 5* Pl * SI N( A) * TNORM

Cal cul ation for <egn D>

DO14 NTIME =0, M 1
DELTAT = NTI ME * TSTEP
RESL( NTI ME) =FNT* SI N( TNS* DELTAT) * * 2
RESULTL(NTI ME) = RESULTL(NTI ME) + RESL(NTI ME)
CONTI NUE

CONTI NUE
CONTI NUE

---------- CALC FOR EQN A= ---cmmmmmmmcmmcmns

C (Transfer from Ix to Ix, Sx to Sx, etc).

15

242
142

ELSE | F (STATE.EQ "' A') THEN

J =N
DO142 | =1, N 1
A=P * I/N
DO242 K=1, J, 1
B=2 * P * KJ

TWKL = SI N( 2*A) * COS( B) * CST1* CST3

TWK2 = SIN(A)**2 * COS(2*B)*CST2*CST3
TNS=APAS* ( TWK2+TVK1)

FNT=0. 5* Pl * S| N( A) * TNORM

Loop Cal culation for <eqn A>

DO15 NTIME =0, M 1
DELTAT = NTI ME * TSTEP
RESL( NTI ME) =FNT* S| GN* COS( TNS* DELTAT)
RESULTL(NTI ME) = RESULTL(NTI ME) + RESL(NTI ME)
CONTI NUE

CONTI NUE
CONTI NUE

C--

------------ CALC FOR EQN B -=-=--mcmmmmmmecaa

C (transfer fromSy to IxSz, usually 0 |like EQN B)

16
243
143

ELSE | F (STATE.EQ 'B') THEN

J =N
DO143 | =1, N 1
A=P *I/N
DO243 K=1, J, 1
B=2*P * KJ

TVKL = SI N 2*A) * COS( B) * CST1

TWK2 = SIN(A)**2 * COS(2*B)*CST2
TNS=APAS* CST3* ( TWK2+TVK1)

FNT=0. 5* Pl * S| N( A) * TNORM

Cal cul ation for <eqn B>
DO 16 NTIME =0, M 1

DELTAT = NTI ME * TSTEP
RESL( NTI ME) =FNT* S| GN* S| N( TNS* DELTAT)

RESULTL(NTI ME) = RESULTL(NTI ME) + RESL(NTI ME)

CONTI NUE
CONTI NUE
CONTI NUE

ENDI F

C Sone useful wite-tos to the output file.

of ',

WRITE (4,*)' RESULTS FOR ', STATE

WRITE (4,%)" ---mmmmmmmmmm e o - '
WRITE (4,*)" '

WRITE (4,*)" No. of crystallite orientations:

WRI TE (4,*)' Gamma for hononuclear pair: ', GAMVA

WRITE (4,*)" No. of data points reporting:', M
WRI TE (4,*)' Ratio of del-CS/vr: ', XVAX
WRI TE (4,*)' Internuclear D stance (angstromns):
WRI TE (4,*)' Value of D ', APAS

WRITE (4,*)" --------mmmmmmo- '

WRI TE (4,*)"' Evolution of EQN ', STATE ,

&TSTEP* 1E03, mlliseconds'
VRITE (4,%)" =-=mmmmmmmmmmnee -

PRINT *, "Witing to FID file...'

intim steps
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111

9999

107

109

DO 111 L=0, M 1
VR TE(4, *)
CONTI NUE

L*1E03* TSTEP, ' ", RESULTI1(L)

VR TE(4, *) " - 9999'
IF ((FFTYNEQ'Y').OR (FFTYN.EQ'y')) THEN

DO 107 1=1, M 1
CONFI G 1) =RESULTL(1)
CONTI NUE

DO109 1=1, M 1
WRI TE (3, *) |*1E03*TSTEP, ' ", CONFI (1)
CONTI NUE

CALL FFT(CONFI G M FFTOUT, TSTEP, STATE, GAMVA,
&N, APAS)

ENDI F

END

SUBRQUTI NE FFT (AT, M FFTQOUT, TSTEP, STATE, GAMVA,
&N, APAS)
REAL TSTEP
DOUBLE PRECI SI ON PI, HBAR, APAS, TAUL, TAU2, RATI O GAMVA, GNUR
CHARACTER *1 STATE, SIGNI, FFTYN
INTEGER |, J
DOUBLE PRECI SI ON AT(M+2), BT(M 2+1), CT(M 2+1), DT(M 2+1)
CHARACTER * 30 FFTCQUT
DATA Pl /3.1415 92653 58979 324/
OPEN(5, FI LE=FFTCQUT)
CLOSE( 4)
CALL SFFT2(M 2, AT, 1)
CALL SFS(M AT, 1)
PRINT *, "Witing to FFT file..."'
WRI TE (5, *), 'FFT CALCULATI ON FOR EQN ', STATE

WRITE (5,%)" -----mmmmmmmm e - -
WRITE (5,*)" '
WRITE (5,*)" No. of steps in integration: ', N
WRI TE (5,*)" Gamma for hononucl ear pair: ', GAMWA
WRITE (5,*)" No. of data points reporting:', M
WRI TE (5,*)"' Internuclear D stance (angstroms): ', R‘1E8
WRITE (5,*)" RATIO inner evolution to rot period:', RATIO
WRI TE (5,*)" TAUl:' , TAUL, 'TAW2:' , TAWR
E (5,*)" Spinning Speed: ' , GNUR, ' Hz'

Value of D ', APAS

WRI TE (5,*)" FFT of EQN', STATE, ' in freq steps of',
&1/ (M 1EQ03* TSTEP) , m | |iseconds'
WRITE (5,%)" -------mmmmmmmn '

C Renoving that first point

C CREATING THE DI POLAR PONDER PATTERN: PRI NT OUT THE LEFT SIDE BY
REVERSI NG

C THE SOLUTI ON FROM LEFT TO RI GHT, THEN PLOT THE FFT FOR THE

Rl GHT HAND

C SIDE OF THE PLOT.

DO 200 J=1, M2

C This assures the real (cosine) series by 2*|-1...o0dd
seri es.
C I magi nary (sine series) would nerely be 2*I...even series.

BT(J) =AT(M (2*J-1))
200  CONTI NUE

DO 201 J=1, M2

DT(J) =BT(J- 1)

WRI TE(5, *), (J-(M2+1))/ (M TSTEP),
201  CONTI NUE

DT(J)*M

DO 202 1=1, M2

C This assures the real (cosine) series by 2*1-1...o0dd
series.
C Imagi nary (sine series) would nerely be 2*I...even series.

BT(1)=AT(2*1-1)

CT(1) =AT(2*1)

WR TE( 88, *), CT(1)
202 CONTI NUE

BT(M 2 +1)=0.

DO 203 I=1, M2

DT( 1) =BT(I +1)

WR TE(5, *), |/(MTSTEP),
203 CONTI NUE

DT(1)*M

C Finish off with a tag for the data file (for perl
pur poses)

script

VR TE(5, *), ' -9999'

RETURN
END
C FAST FOURI ER TRANSFORM SUBROUTI NE TAKEN FROM MI'S

SUBRQUTI NE SFFT2 (N, Z, SI QN
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THETA

8100

8200
8210

8300

8310

8320
8330

8340

doubl e precision Z(N)

INTEGER N, SI GN

I NTEGER JBH, JBL, KR, LO&

I NTEGER BLK, KK, KO, K1, K2, K3, N2, SPAN

DOUBLE PRECISION CE, Cl, C, C3, SE, S1, S2, S3, PIOv2,

DOUBLE PRECI SION X1, X2, X3, Y1, Y2, Y3
DATA Pl OV2/ 1. 5707 96326 79489 662/

JBH = N
IF ( JBH .LE. JBL ) GO TO 8340
SPAN = JBL + JBL
KR = 1
KK = KR + JBL
KR = KR + JBH
BLK = KR - JBL
DO 8330 K1 = KK, BLK, SPAN
K3 = KL + JBL - 2
DO 8320 KO = K1, K3, 2
X1 = Z(KO)
Z(K0) = Z(KR)
Z(KR) =
= Z(KO+1)
Z(KO+1) = Z(KR#l)
Z(KR#1) = Y1
KR = KR + 2
KR = KR + JBL
CONTI NUE
IF ( KR.LT. N2 ) GO TO 8310
JBH = JBH / 2
JBL = JBL + JBL
GO TO 8300
CONTI NUE
IF ( MOD(LO®,2) .NE. 0 ) GO TO 8400
THETA = Pl OV2
SPAN = 2

GO TO 8420

8400 CONTI NUE

8410

DO 8410 KO =
Kl = KO
Z( KO)
2( K1)

Z( K0+1§
Z(K1+1) =

1, N2, 4
+ 2
KO)
X1 + Z(K1)
1 - Z(K1)

IIO><

1 + Z(K1+1)
= Y1l - Z(K1+1)

THETA = PIOV2 + Pl OV2

SPAN = 4

8420 CONTI NUE
8500 IF ( SPAN .CGE. N2 ) GO TO 8560
BLK = SPAN * 4

8505

8510

8520

IF ( SPAN .EQ 2 ) GO TO 8505
THETA = .25 * THETA
SE = SI N THETA)
CE = COS(THETA)
Cl=1.0
S1 =0.0
CONTI NUE

DO 8550 KK = 1, SPAN, 2
IF( KK EQ 1) GO TO 8510

=C * CE- Sl * SE

Yl=Cl*SE+Sl*CE
X2 =.5% (3. - (XL*XL+YL*VYl))
Cl =X * Xl
SL=x2* VYl
@=C*Cl-SlL* Sl
S2=ClL*SlL+ClL*SlL
@RB=@*Cl-S2* sl
S3=C*Sl+S2*Cl
CONTI NUE
DO 8540 KO = KK, N2, BLK
K1 = KO + SPAN
K2 = K1 + SPAN
K3 = K2 + SPAN
IF ( KK.GT. 1) GO TO 8520
X1 = Z(K1)
Y1 = Z(K1+1)
X2 = Z(K2)
Y2 = Z(K2+1)
X3 = Z(K3)
Y3 = Z(K3+1)
GO TO 8530
CONTI NUE
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X1 = Z(K1) * C2 - Z(Kl+1l) * S2
YL = Z(K1) * S2 + Z(K1+1) * <2
X2 = Z(K2) * Cl - z(K2+1) * S1
Y2 = Z(K2) * S1 + Z(K2+1) * Cl
X3 = Z(K3) * C3 - Z(K3+1) * S3
Y3 = Z(K3) * S3 + Z(K3+1) * C3
8530 CONTI NUE
Z(K3) = Z(KO) - XL + Y2 - Y3
Z(K2) = Z(KO) + X1 - X2 - X3
Z(Kl) = Z(KO) - XL - Y2 + Y3
Z(KO) = Z(KO) + X1 + X2 + X3

Z(K3+1) = Z(K0+1) - Y1 - X2 + X3
Z(K2+1) = Z(KO+1) + Y1 - Y2 - Y3
Z(K1+1) = Z(KO+1) - Y1 + X2
Z(KO+1) = Z(KO+1) + Y1 + Y2
8540 CONTI NUE
8550 CONTI NUE
SPAN = BLK
GO TO 8500
8560 CONTI NUE
IF( SSGN.GE 0) RETURN
DO 8600 KK = 1, N2, 2
8600 Z(KK+1) = -Z(KK+1)
RETURN
END

+.
g

C FAST FOURI ER TRANSFORM SUBROUTI NE TAKEN FROM MI'S
SUBROUTI NE SFS (N, Z, SIQN)
DOUBLE PRECI SI ON Z(n)
INTEGER N, SIGN
I NTEGER KO, K1, ND2

DOUBLE PRECISION PI, CE, Cl1, SE, S1, SF, X1, X2, Y1, Y2

DATA Pl /3.1415 92653 58979 324/
ND2 = | ABS(N) / 2
IF (ND2 + ND2 .NE. N) RETURN

SF = 1. / FLOAT(ND2)
Xl = Pl * SF
IF (SIGN .GE. 0) GO TO 8100
SF=.5
St = 1.
2(2) = SF* (Z(1) - Z(N+1))
Z(1) = SF* (Z(1) + Z(N+1))
X1 = -
@ TO 8110

8100 CONTI NUE
Z(N+#1) = SF * (Z(1) - 2(2))
Z(N+2) = 0.0

Z(1) = SF* (Z(1) + 2(2))
Z(2) = 0.0
IF (MOD(ND2,2) .NE. 0) GO TO 8105
Z(ND2+1) = SF * Z(ND2+1)
Z(ND2+2) = SF * Z(ND2+2)
8105  CONTI NUE
SF=.5* SF
St = -1.
8110 CONTI NUE
Cl =0.0
CE = COS(X1)
SE = SIN(X1)
KL=N- 1
KO = 3
8200 |F (KO .GE. K1) RETURN

Xl=CE*Cl- SE* Sl
YL=CE* Sl + SE* Cl
X2 =.5* (3. - (X1 * XL +VYlL* Y1)
ClL =XL* X

S1 =YLl * X2

X1 = Z(KO) - Z(K1)

Y1l = Z(KO+1) + Z(K1+1)
X2 =ClL* X1 - S1* Y1l
Y2 =CL* YL +Sl* Xl
X1 = Z(KO) + Z(K1)

Y1l = Z(KO+1) - Z(Kl1+1)

Z(KO) = SF * (X1 + X2)
Z(KO+1) = SF * (Y1 + Y2)
Z(Kl) = SF * (X1 - X2)
Z(K1+1) = SF * (Y2 -Y1)
KL = KL - 2

KO = KO + 2

G0 TO 8200

END

PROGRAM | S. F

| MPLICI' T DOUBLE PRECI SION (a-h, o0-2z)

DOUBLE PRECI SION JJJ1, JJJ, NUCGAM
CHARACTER *30 FID, | NPT, FFTQUT

CHARACTER *1 STATE, SIGNI, FFTYN
CHARACTER *2 STATID

DI MENSI ON RES1(100000), RESULT1(100000), CONFI G 100000)

DI MENSI ON AT(131138), BT(131138),
DT(131138)
INTEGER N M1, 1L, J, K

CT(131138),
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COWLEX Wi p(-2:2),wic(-2:2),wWir(-2:2),wl(-2:2)
COWPLEX wsp(-2:2),wsc(-2:2),wsr(-2:2),wsl (-2:2)
COWPLEX wisp(-2:2),wisc(-2:2), wisr(-2:2), wisl(-2:2)
COWPLEX D2(-2:2,-2:2)

DATA Pl /3.1415 92653 58979 324/
DATA HBAR /1. 0545887E- 27/

C proton gyromagnetic ratio = 26750.0, in rad sec(-1) G -1))

DATA HGAM / 26750. 0/

PRINT *, 'Calculations are in CGS.'
PRINT *, "'
PRINT *, '
PRINT *, "Input the intial state.
PRINT *, 'Type A for Ix, and B for |z.
PRINT *, "'
READ (*, '(A)') STATE
IF ((STATE.EQ'A' ). OR (STATE.EQ 'B')) THEN
STATE=STATE
ELSE
PRINT *, "Enter a state Aor Bonly. Try again.'
QoT0 5
ENDI F

PRINT *, 'Nane of Input File
READ (*, '(A)') INPT
PRINT *, "What is the nane for the output file?
READ (*, '(A)') FID

PRINT *, 'Do you want an FFT cal cul at ed?

READ *, FFTYN

IF ((FFTYNEQ 'Y ).OR (FFTYNEQ'y')) THEN
PRI NT *, "Make sure your input file tinmesteps are"
PRINT *, "an integer power of 2."
PRINT *, "--coon--- "
PRINT *, ' Name of FFT output file?
READ *, FFTQUT
ELSE
PRINT *, "Calcul ating..."
ENDI F

OPEN (UNI T=4, FILE=FI D, STATUS="UNKNOMW )
OPEN (UNI T=10, FI LE=I NPT, STATUS=" UNKNOMW )

READ( 10, *) HNUO, NUCGAM R, JJJ1
PRINT *, HNU, NUCGAM R, JJJ1, CGAM

C Chenical shifts in ppm for spins | (csi) and spin S (css)

READ( 10, *) csix, csiy, csiz
PRINT *, csix, csiy, csiz

READ( 10, *) cssx, CSSy, CSsz
PRINT *, cssx, €SSy, €SSz
READ(10,*) N, TIME, M

PRINT *, N TIME, M

READ( 10, *) ai _p2c, bi_p2c, gi_p2c
PRINT *, ai _p2c, bi_p2c, gi_p2c
READ( 10, *) as_p2c, bs_p2c, gs_p2c
PRINT *, as_p2c, bs_p2c, gs_p2c
READ( 10, *) a_c2r, b_c2r, g_c2r
PRINT *, a_c2r, b_c2r, g_c2r

rad=PI / 180.

vnu=HNUO * 2.*Pl * NUCGAM HGAM
C Change ppmto rad/sec

csi Xx=csi x*vnu

CSSX=CSsSX*vnu

csSsy=cssy*vnu

€SSz=cssz*vnu

csi y=csi y*vnu

csi z=csi z*vnu

CSli=1./3.*(csiy+csi x+csi z)
PRINT *, "CSli =" , CSli

CSSi =1./ 3. *(csSsSy+cssx+cssz)
PRINT *, "CSSi =" , CSS

ai _p2c=ai _p2c*rad
bi _p2c=bi _p2c*rad
gi _p2c=gi _p2c*rad

as_p2c=as_p2c*rad
bs_p2c=bs_p2c*rad
gs_p2c=gs_p2c*rad

ai s_p2c=ai s_p2c*rad
bi s_p2c=bi s_p2c*rad
gi s_p2c=gi s_p2c*rad

a_c2r=a_c2r*rad
b_c2r=b_c2r*rad
g_c2r=g_c2r*rad
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D P

ANl SO = csiz - csli

ANl SCS = cssz - ¢SS

DI FFI =csi x-csiy 11
DI FFS=cssx- cssy 10

et ai =Dl FFI / ANl SO
et as=DI FFS/ ANl SCs
R R* 1.E-8

DI P=- ( NUCGAM * 2) * HBAR* (1. / R*3)

PRINT *, ANISO, AN SOS, DI FFl, D FFS, etai, etas, R

JJJ=33J1%2. *Pl
TNORMVB = 1./ (N+*3)

TNORVR=1. / ( NF*2) C
TI ME=TI ME* 1E- 03

TSTEP = TIME M

w p(0) = anisoi
wip(2) = wip(0)*(-etai*sqrt(1./6.))
Wip(-2)= wip(2)
wp(-1)= 0. 511
wip(l) =0 510
PRINT *, "wip =", wip
wsp(0) = anisos
wsp(2) = wsp(0)*(-etas*sqrt(1./6.))
wsp(-2)= wsp(2)
wsp(-1)= 0.
wsp(1l) = 0.
PRINT *, "wsp =", wsp
wisp(0)= DI P
wisp(2) = 0.
wi sp(-2)= 0.
wi sp(-1)= 0.
wisp(l) = 0.
C---
wisc(0)=DP
wi sc(2)=0
wi sc(-2)=0
w sc(-1)=0
wi sc(1)=0

D010 1G=1, 5 1

guor
R
ATy

CONTI NUE
CONTI NUE

Call WGNER2(D2, ai_p2c, bi_p2c, gi_p2c)
Call c_vec_mat_nmul (wip,D2(-2,-2),w¢c,-2,2,-2,2)
PRINT *, "wic =", wic

Call WGNER2(D2, as_p2c, bs_p2c, gs_p2c)
CALL c_vec_mat _mul (wsp, D2(-2,-2),wsc,-2,2,-2,2)
PRINT *, "wsc =" , wsC

Now to rotor frane, convert fromcrystal frane.

DO510 IG=1, 5, 1
DO511 IT=1, 6 1
DI T=IT-3
DIGIG3
D2(DI T, DI G =O0.
CONTI NUE
CONTI NUE

CALL W GNER2( D2, a_c2r,b_c2r,g_c2r)

call c_vec_mat_mul (wsc, D2(-2,-2),wsr,-2,2,-2,2)
PRINT *, "wsr =", wsr

call c_vec_mat_mul(wic ,D2(-2,-2),wir,-2,2 -2 2)
PRINT *, "wir =", wr

call c_vec_mat_mul (wisc,D2(-2,-2),wisr,-2,2,-2,2)
PRINT *, "wisr =", wisr

-------------- Loop for IX ------mmmmmmmi i

IF (STATE.eq.' A') THEN
STATI D=' | X'

DO 138 1=1, N, 1
BET=PI *I /N



6]

c DO 238 K=1, N, 1
C GAME2. *PI *K/'N
GAM=0. 0

(eX@)

DO 338 IL=1,N 1
ALPH=2. *PI *| L/ N

CALL W GNER2( D2, ALPH, BET, GAM
call c_vec_mat_mul (wir,D2(-2,-2),wil,-2,2,-2,2)

call c_vec_mat_mul (wsr, D2(-2,-2),wsl,-2,2,-2,2)
call c_vec_mat_mul (wisr,D2(-2,-2),wisl, -2,2-2,2)

wil (0)=(wil(0)+csli)
wsl (0) =(wsl (0) +csSi)
wi sl (0)=wi sl (0) C

oregai =real (wi | (0))
onmegas=r eal (wsl (0))

SUM S=( 0. 5*((oregai ) +( onegas)))
Dl FFI S=( onegai - (onmegas))

di pt ns=real (wi sl (0))

ATERME( JJJ+2. * DI PTNS)

BTERVE( JJJ- Dl PTNS)

RTERMESQRT( DI FFI S**2 + BTERM *2)

DO 38 NTI ME=0, M 1
DELTAT = NTI ME * TSTEP

RESL( NTI ME) =TNORMVR* Cos ( ATERM: DELTAT) *
&( OOS( BTERMF DELTAT* 0. 5) * COS( SUM S* DELTAT) +
& (DI FFI S/ RTERW * S| N( BTERVF DELTAT* 0. 5) * S| N( SUM S* DELTAT) )
RESULTL(NTI ME) = RESULT1(NTI'ME) + RESL(NTI ME)
38 CONTI NUE
338 CONTI NUE
c238 CONTI NUE
138 CONTI NUE 48

(S AR EE R R CALCFOR 1Z -------mmmmmmmmm oo - C348
248
ELSE | F (STATE. eq.' B') THEN 148
STATID="1Z'
DO 148 1=1, N, 1
BET = PI*I/N
DO 248 K=1, N, 1
GAM = 2. *Pl *K/' N

DO 348 IL=1,N 1
ALPH=2. *PlI *I L/ N
ALPH=0. 0

CALL W GNER2( D2, ALPH, BET, GAM
call c_vec_mat_mul (wir(-2),D2(-2,-2),

&awil, -2,2-2,2)

call c_vec_mat_mul (wsr(-2),D2(-2,-2),

awsl ,-2,2,-2,2)

call c_vec_mat_mul (wisr(-2),D2(-2,-2),

&awisl,-2,2 -2 2)

Wi | (0)=wil (0)+csli
ws| (0) =wsl (0) +csSi
wi sl (0) =wi sl (0)

DI FFI S=(real (wi | (0)-wsl (0)))
di ptns=(real (w sl (0)))

ATERVEJJJ+ 2. *DI PTNS
BTERMEJJJ - DI PTNS
BTERM * 2

DI FFSQ=DI FFI S**2
RTERM = SQRT(DI FFSQ + BSQ
RSQ=DI FSQ + BSQ

DO 48 NTI ME=0, M 1
DELTAT = NTIME * TSTEP

RESL( NTI ME) =TNCRVR* SI N( BET) *0. 25* P *

&( ( RSQ+DI FFSQ+BSQr COS( BTERM: DELTAT) ) / ( 2. *RSQ) )

RESULTL(NTI ME) = RESULTL(NTI ME) + RESL(NTI ME)
CONTI NUE
CONTI NUE
CONTI NUE
CONTI NUE
ENDI F

WRI TE (4,*) 'RESULTS FOR ', STATID
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WRITE (4,%) '=--cmmmmmm e - - '
WRITE (4,*) "Hlarnmor BO, nuclei gamm, R Angs, J Hz '

spin 1'

WRITE (4,*) HNUO , NUCGAM R, JJJ1
WRI TE (4,*) 'Chmshft ppm sigxx, sigyy, sigzz, CS PAS for

WRI TE (4,*) csix/vnu, csiy/vnu, csiz/vnu

spin 2'

WRI TE (4,*) 'Chmshft ppm sigxx, sigyy, sigzz, CS PAS for

WRI TE (4,*) cssx/vnu, cssy/vnu, cssz/vnu

poi nts'

WRITE (4,*) '# |loop sumstps, simtine (ns), # plot

WRITE (4,*) N , TIME M

WRI TE (4,*) 'Angles fromPAS to crystal frame for spin | in

deg."'

WRI TE (4,*) ai_p2c/rad , bi_p2c/rad , gi_p2c/rad

WRITE (4,*) "Angles fromPAS to crystal frame for spin 2 in

deg. "

WRI TE (4,*) as_p2c/rad , bs_p2c/rad , gs_p2c/rad

in deg"

WRITE (4,*) "Angles fromcrystal franme to rotor frame

WRITE (4,*) a_c2r/rad , b_c2r/rad , g_c2r/rad

| oop)’

WRITE (4,*) '(rotor->lab xformis done in riemann

WRITE (4,%) 'wmmmememmeeene '

111

9999

107

PRINT *, '"Witing to FID file...'
DO 111 L=0, M 1
WRI TE(4,*) L*1EO03*TSTEP, ", RESULT1(L)

CONTI NUE

IF ((FFTYNEQ'Y ).OR (FFTYN EQ'y')) THEN
DO 107 1=1, M 1

CONFI G 1) =RESULTL(1)
CONTI NUE

CALL FFT(CONFI G M FFTQUT, TSTEP, STATED, NUCGAM HNUWO,

&N, R JJJ1, csix, csiy, csiz, €Ssx, CSsy, Cssz, vnu,
&TI ME, ai _p2c, bi_p2c, gi_p2c, rad, as_p2c, bs_pZ2c,

&g

s_p2c, a_c2r,b_c2r,g_c2r)
ENDI F

0000

SUBROUTI NE W GNER2( D2, ALPHA, BETA, GAMVA)

cal cul ates second-rank Wgner matrix
this is the sane as that given by spiess, assum ng
first index = row, 2nd index = col.

| MPLI Ol T DOUBLE PRECI SION (a-h, o-2)

SAVE

COVPLEX D2(-2: 2, - 2: 2)

COVPLEX EMRAMRG, EMRAMG, ENRA, ENRAPG, EMRAP2G
COVPLEX EMAMRG EMAMG, EMA, EMAPG, EMAP2G
COVPLEX EMRG, EMG, EPG, EP2G

COVPLEX EPAMRG EPAMG, EPA, EPAPG EPAP2G
COVPLEX EP2AMRG, EP2AMG, EP2A, EP2APG, EP2AP2G

OOSB=C0S( BETA)

SI NB=SI N( BETA)
COS2B=COSB* * 2

SI N2B=SI NB* *2

CPLUS=( 1. 0+OC8B) * 0. 5
OM NUS=( 1. 0- OCSB) *0. 5
R3BY8=SQRT( 3. 0/ 8. 0)

SI NOF2B=SI N( 2. 0* BETA)

EMRAMRG= CEXP( CMPLX( 0. 0, ( - 2. 0* ALPHA- 2. 0* GAMMA) ) )
EMPAMG= CEXP( CMPLX( 0. 0, - 2. 0* ALPHA- GAMA) )

EMPA= CEXP( CMPLX(O0. 0, - 2. 0* ALPHA) )

EMRAPG= CEXP( OVPLX(0. 0, ( - 2. 0* ALPHA+GAMVA) ) )
EMRAP2G= CEXP( CMPLX( 0. 0, ( - 2. 0* ALPHA+2. 0* GAMVA) ) )

EMAMRG= CEXP( CVPLX(0. 0, (- ALPHA- 2. 0* GAMVA) ) )
EMAMG= CEXP( OMPLX( 0. 0, ( - ALPHA- GAMVA) ) )

EMA= CEXP( CVPLX(0. 0, - ALPHA) )

EMAPG= CEXP( OMPLX( 0. 0, ( - ALPHA+GAMWA) ) )
EMAP2G= CEXP( OVMPLX( 0. 0, (- ALPHA+2. 0* GAMVA) ) )

EM2G= CEXP( CVPLX(0. 0, (- 2. 0* GAMVA) ))
EM3= CEXP( CMPLX( 0. 0, (- GAMVA) ) )

EPG= CONJG EMD)

EP2G= CONJG EM2G)

EPAMRG= CONJG EMAP2G)
EPAMG= CONJG EMAPG)
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[eXeXe)

EPA= CONJG EMR)
EPAPG= CONJG( EMAMD)
EPAP2G= CONJG EMAMRG)

EP2AMRG= CONJG EMRAP2G)
EP2AMG= CONJG( EMRAPG)
EP2A= CONJG EMRA)
EP2APG= CONJG( EMRAMG)
EP2AP2G= CONJGE EMRAMRG)

assign el ements (according to Spiess p.204)

. 2) =( CPLUS**2) * EMRAMRG
1) =- CPLUS* SI NB* EMRAMG
0) =R3BY8* S| N2B* EMRA

- 1) =- OM NUS* S| NB* EMRAPG

, - 2) =(OM NUS** 2) * ENRAP2G

N
—~
MO DN

. 2)=CPLUS* S| NB* ENAMRG

, 1) =( COS2B- CM NUS) * EMAMG
. 0) =- R3BY8* S| NOF2B* EMA
D2( 1, - 1) =( CPLUS- COS2B) * EMAPG
D2( 1, - 2) =- CM NUS* S| NB* EMAP2G

S
,\
i

D2(0, 2)=R3BY8*SI N2B* EM2G
D2(0, 1) =R3BY8*SI NOF2B* EMG
D2(0, 0)=0.5*(3.0*C0S2B- 1. 0)
D2(0, - 1) =- R3BY8* S| NOF2B* EPG
D2(0, - 2) =R3BY8* S| N2B* EP2G

D2(-1, 2)=CM NUS*SI NB* EPAVRG
D2(-1, 1)=( CPLUS- CCS2B) * EPAMG
D2(-1, 0)=R3BY8*S| NOF2B*EPA

D2( - 1, - 1) =( COS2B- CM NUS) * EPAPG
D2( - 1, - 2) =- CPLUS* SI NB* EPAP2G

D2(-2, 2)=(COM NUS**2) * EP2AMRG
D2(-2, 1)=CM NUS*SI NB* EP2AMG
D2(-2, 0)=R3BY8*SI N2B* EP2A
D2( - 2, - 1) =CPLUS* S| NB* EP2APG
D2( - 2, - 2) =( CPLUS* * 2) * EP2AP2G

RETURN
END

SUBROUTI NE C_VEC NMAT_MJUL( VECL, MAT, VEC2, NLOW

& NHI GH, NLON MAI N, NHI GH_MAI N)
C multiplies vector by square matrix; assumes di mensioning in
¢ main programis the sane in all dimensions.

SAVE
COVPLEX VECL(NLOW MAI N: NHI GH_ MAIN),
1 MAT( NLOW MAI N: NHI GH_MAI N, NLOW MAI N NHIE GH_MAIN) ,
1 VEC2( NLOW MAI N: NHI GH_MAI N)
C
DO | COL=NLOW NHI GH
VEC2(1 CAL) =0. 0
DO | ROM=NLOW NHI GH
VEC2('1 CCL) =VEC2( | COL) +VECL( | ROW
1 *MAT(1 ROW | COL)
END DO
END DO
RETURN
END
SUBROUTI NE FFT (AT, M FFTQUT, TSTEP, STATED, NUCGAM HNUO,
&N, R JJJ1, csix, csiy, csiz, csSsx, Cssy, €SSz, vnu,
&TI ME, ai _p2c, bi_p2c, gi_p2c, rad, as_p2c, bs_pZ2c,
&gs_p2c, a_c2r, b_c2r, g_c2r)
I MPLICI T DOUBLE PRECI SION (a-h, o-2z)
DOUBLE PRECI SI ON JJJ1, JJJ, NUCGAM
CHARACTER *30 FFTOUT
CHARACTER *1 FFTYN
CHARACTER *2 STATI D
INTEGER I, J
DOUBLE PRECI SI ON AT(M+2), BT(M 2+1), CT(M 2+1), DT(M 2+1)
SAVE
DATA Pl /3.1415 92653 58979 324/
OPEN(5, FI LE=FFTQUT)
CLOSE( 4)
CALL SFFT2(M 2, AT, 1)
CALL SFS(M AT, 1)
PRINT *, "Witing to FFT file...'
WRI TE (5,*), 'FFT CALCULATI ON FOR EQN ', STATED
WRI TE (5,*) '"Hlarnor BO, nuclei ganma, R Angs, J Hz '
WRITE (5,*) HNWO , NJUCGAM R, JJJ1
WRITE (5,*) 'Chmshft ppm sigxx, sigyy, sigzz, CS PAS for spin
WRI TE (5,*) csix/vnu, csiy/vnu, csiz/vnu
WRI TE (5,*) ' Chm shft ppm sigxx, si gyy, si gzz, CS PAS for spin
I
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WRI TE (5,*) cssx/vnu, cssy/vnu, cssz/vnu
WRITE (5,*) '"# loop sumstps, simtinme (ns), # plot points'
WRITE (5,*) N, Tl ME, M
WRITE (5,*) 'Angles fromPAS to crystal frane for spin I'
WRI TE (5,*) ai_p2c/rad , bi_p2c/rad , gi_p2c/rad
WRITE (5,*) "Angles fromPAS to crystal frame for spin S
WRI TE (5,*) as_p2c/rad , bs_p2c/rad , gs_p2c/rad
WRITE (5,*) "Angles fromcrystal frame to rotor frame"

WRITE (5,*) a.c2r/irad , b_c2r/rad , g_c2r/rad
WRI TE (5,*) '(rotor->lab xformis done in riemann | oop)'
WRI TE (5,*) 'FFT of EQN', STATED, ' in freq steps of ',

&1/ (M 1E03*TSTEP), ' mlliseconds’
VWRITE (5,*%)" ---emmmmmaaaaa- '

C Reroving that first point

DO 201 J=1, M2

DT(J) = AT(J+2)
201  CONTI NUE

DT( M 1) =0.

DT( M =0.

C CREATING THE DI POLAR POANDER PATTERN: PRI NT QUT THE LEFT Sl DE BY
REVERSI NG

C THE SOLUTI ON FROM LEFT TO RI GHT, THEN PLOT THE FFT FOR THE

R GHT HAND

C SIDE OF THE PLOT.

DO 200 J=1, M2

C This assures the real (cosine) series by 2*[-1...o0dd
series.
C I magi nary (sine series) would nmerely be 2*1...even series.

BT(J) =DT( M (2*J- 1))
WR TE(5, *), (J-(M2+1))/(MTSTEP), BT(J)*M
200  CONTI NUE

DO 202 1=1, M2

C This assures the real (cosine) series by 2*[-1...o0dd
series.
C I magi nary (sine series) would nmerely be 2*1...even series.

BT(1) =DT( 2% - 1)
CT(1) =DT(2*1)
WR TE(5,*), |/(MTSTEP), BT(1)*M
VR TE(88, *), CT(1)
202  CONTI NUE

C Finish off with a tag for the data file (for perl script
pur poses)

VR TE(5, *), ' -9999'
RETURN
END

C FAST FOURI ER TRANSFORM SUBROUTI NE TAKEN FROM MI'S

THETA

8100

8200
8210

8300

8310

SUBRQUTI NE SFFT2 (N, Z, SI GN)

doubl e precision Z(N

I NTEGER N, SIGN

| NTEGER JBH, JBL, KR LOX

I NTEGER BLK, KK, KO, K1, K2, K3, N2, SPAN

DOUBLE PRECI SION CE, Cl, C2, C3, SE, S1, S2, S3, PIOvV2,

DOUBLE PRECI SION X1, X2, X3, Y1, Y2, Y3
DATA Pl Ov2/ 1. 5707 96326 79489 662/

IF ( JBH.LE JBL ) GO TO 8340
SPAN = JBL + JBL
KR = 1
KK = KR + JBL
KR = KR + JBH
BLK = KR - JBL
DO 8330 K1 = KK, BLK, SPAN
K3 = KL + JBL - 2
DO 8320 KO = K1, K3, 2
X1 = Z(KO)
Z(K0) = Z(KR)
Z(KR) = X1
Y1 = Z(KO+1)
Z(KO+1) = Z(KR+1)
Z(KR+1) = Y1
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8320 KR = KR + 2 K2 = K1 + SPAN
KR = KR + JBL K3 = K2 + SPAN
8330 CONTI NUE IF ( KK.GT. 1) GO TO 8520
IF ( KR.LT. N2 ) GO TO 8310 X1 = Z(K1)
JBH = JBH / 2 Y1 = Z(K1+1)
JBL = JBL + JBL X2 = Z(K2)
GO TO 8300 Y2 = Z(K2+1)
8340 CONTI NUE X3 = Z(K3)
IF ( MOD(LO®,2) .NE. 0 ) GO TO 8400 Y3 = Z(K3+1)
THETA = Pl OV2 GO TO 8530
SPAN = 2 8520 CONTI NUE
@0 TO 8420 X1 = Z(K1) * C2 - Z(K1+1) * S2
8400 CONTI NUE YL = Z(K1) * S2 + Z(K1+1) * 2
DO 8410 KO = 1, N2, 4 X2 = Z(K2) * Cl - Z(K2+1) * Sl
Kl = KO + 2 Y2 = Z(K2) * S1 + Z(K2+1) * Cl
X1 = Z(K0) X3 = Z(K3) * C3 - Z(K3+1) * S3
Z(KO) = X1 + Z(K1) Y3 = Z(K3) * S3 + Z(K3+1) * C3
Z(K1) = X1 - Z(K1) 8530 CONTI NUE
Y1 = Z(KO+1) Z(K3) = Z(KO) - X1 + Y2 - Y3
Z(KO+1) = Y1 + Z(Kl1+1) Z(K2) = Z(KO) + X1 - X2 - X3
8410 Z(K1+1) = Y1 - Z(K1+1) Z(K1) = Z(KO) - X1 - Y2 + Y3
THETA = PIOV2 + PIOV2 Z(K0) = Z(KO) + X1 + X2 + X3
SPAN = 4 Z(K3+1) = Z(KO+1) - Y1 - X2 + X3
8420 CONTI NUE Z(K2+1) = Z(KO+1) + Y1 - Y2 - VY3
8500 IF ( SPAN .GE. N2 ) GO TO 8560 Z(K1+1) = Z(KO+1) - Y1 + X2 - X3
BLK = SPAN * 4 Z(KO+1) = Z(KO+1) + Y1 + Y2 + Y3
IF ( SPAN .EQ 2 ) GO TO 8505 8540 CONTI NUE
THETA = .25 * THETA 8550 CONTI NUE
SE = SI N(THETA) SPAN = BLK
CE = COS(THETA) GO TO 8500
Cl =10 8560 CONTI NUE
S1 =0.0 IF( SIGN.GE. 0 ) RETURN
8505 CONTI NUE DO 8600 KK = 1, N2, 2
DO 8550 KK = 1, SPAN, 2 8600 Z(KK+1) = - Z( KK+1)
IF ( KK.EQ 1) GO TO 8510 RETURN
XL =Cl* CE- SL* SE END
YL =Cl * SE+ SL* CE
X2 =.5% (3. - ( XL*XL+VYL*Yl))
Cl=X2* Xl C FAST FOURI ER TRANSFORM SUBROUTI NE TAKEN FROM MT'S
SL = X2 * Yl
2=CL*Cl- SlL*SlL SUBROUTI NE SFS (N, Z, SIQY)
S2=CL*SlL+ClL*SlL DOUBLE PRECI SI ON Z(n)
G3=C*Cl- S2* Sl INTEGER N, SI GN
S3=C* Sl +S2*Cl | NTEGER KO, K1, ND2
8510 CONTI NUE DOUBLE PRECISION PI, CE, Cl, SE, S1, SF, X1, X2, Y1, Y2
DO 8540 KO = KK, N2, BLK DATA Pl /3.1415 92653 58979 324/

K1 = KO + SPAN ND2 = I ABS(N) / 2
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IF (ND2 + ND2 .NE. N) RETURN
SF = 1. / FLOAT(ND2)
X1 =P * SF
IF (SIGN .GE. 0) GO TO 8100
SF =.5
S1 = 1.
Z(2) = SF* (Z(1) - Z(N+1))
Z(1) = SF * (Z(1) + Z(N+1))
X1l = -
&0 TO 8110

8100 CONTI NUE
Z(N+1) = SF * (Z(1) - Z(2))
Z(N+2) = 0.0
Z(1) = SF* (Z(1) + 2(2))
z(2) = 0.0

IF (MOD(ND2,2) .NE. 0) GO TO 8105
Z(ND2+1) = SF * Z(ND2+1)
Z(ND2+2) = SF * Z(ND2+2)

8105  CONTI NUE

SF=.5* SF

Sl =-1.

8110 CONTI NUE
Cl =0.0
CE = COS(X1)
SE = SIN(X1)
KL =N- 1
KO = 3
8200 |F (KO .GE. K1) RETURN
X1 =CE* CL- SE* Sl
YL=CE* SL+SE* Cl
X2 = .5 % (3. - (XL * XL+ VYL* YL))
Cl=XL* X
SL=VYL* X
X1 = Z(KO) - Z(K1)

Y1 = Z(KO+1) + Z(K1+1)

X2 =CL* XL-SL*VYl

Y2=CL*YL+SL* Xl

X1 = Z(KO) + Z(K1)

Y1 = Z(KO+1) - Z(K1+1)
Z(KO) = SF * (X1 + X2)
Z(KO+1) = SF * (Y1 + Y2)
Z(Kl) = SF * (X1 - X2)
Z(K1+1) = SF * (Y2 -Y1)

KL =K1 - 2
KO = KO + 2
QO TO 8200

END
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