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CHAPTER 6

CONCLUSIONS AND FUTURE DIRECTIONS

Despite this analysis of dipolar and chemical shift coherence transfer, there still

remains much work to be done, especially 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

as to 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 simplest, there is promise for further study

of "relay" spectroscopy, to send coherent magnetization skipping from one site to

another.  In fact, 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 several 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 development

of these existing pulse sequences.
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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 resevoirs.

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

is to 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

is the dipolar and/or scalar coupling.

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

• Determine the absolute boundary for detectable coherence transfer (before

dephasing loses information) against the predicted model.

• Develop the three-spin model to simulate 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 areas.

.
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APPENDICES

APPENDIX A: EXAMPLE PROGRAMS
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PROGRAM CRYSTAL

C      This program calculates the response of a two-spin
C      system to the dipolar Hamiltonian (Hd) when one of
C      the spins (the I spin) is perturbed. It can also
C      include isotropic J as well as D. It then graphs
C      the FID response of spin S as well as spin I to two
C      seperate files so you can plot them. This also
C      involves itself with FFT calculations. Comments provided
C      for more clue.  This program was verified with an
C      H-H calculation on Sz at 2.5 angstroms against
C      R. Bruschweiler's  review article, page 5, in
C      Progress in Nuclear Mag Resonance Spec, 32 (1998)
C      - Deanne Taylor, Sept, 1998.

       Implicit double precision (a-h, o-z)
       INTEGER *2 FL
       REAL TSTEP
       DOUBLE PRECISION PI, HBAR, APAS
       CHARACTER *30 FID, FFTOUT
       CHARACTER *1 STATE, SIGNI, FFTYN
       DIMENSION  RES1(100000),  RESULT1(100000), CONFIG(100000)
       DIMENSION AT(131138), BT(131138), CT(131138), DT(131138)
       DATA PI /3.1415 92653 58979 324/
C      Planck's constant in cgs (erg sec rad(-1))
       DATA HBAR /1.0545887E-27/

       PRINT *, ''
       PRINT *, ''
       PRINT *, ''
       PRINT *, ''
       PRINT *, ''
5      PRINT *, 'Calculations are in cgs.'
       PRINT *, ''
       PRINT *,''

       PRINT *, 'Input the eqn you want to calc (A,B,C,D,E,F,G).'
       READ (*,'(A)') STATE

       IF ((STATE.EQ.'A').OR.(STATE.EQ.'B').OR.(STATE.EQ.'C').OR.
     &(STATE.EQ.'D').OR.(STATE.EQ.'E').OR.(STATE.EQ.'F').OR.
     &(STATE.EQ.'G')) THEN
       STATE=STATE
       ELSE
       PRINT *, 'You must enter a state of A, B, C, D, E, F or G.

     &Please try again.'
       GOTO 5
       ENDIF

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

      IF ((SIGNI.EQ.'Y').OR.(SIGNI.EQ.'y')) THEN
      SIGN= -1.0
      ELSE
         SIGN=1.0
      ENDIF

       PRINT *, 'What is the name for the data file?'
       READ (*, '(A)') FID
       OPEN (UNIT=4, FILE=FID, STATUS='UNKNOWN')

C  Parameter Input

       PRINT *, 'Parameters'
       PRINT *, 'Value of Gamma for homonuclear pair?'
       PRINT *, '(C13 = 6727.0, H = 26750.0, in rad sec(-1) G(-
1))'
       READ  *, GAMMA
       PRINT *, 'Value of J for this pair (in Hz)?'
       READ *, JJJ
       PRINT *, 'Distance between nuclei? (in Angstroms)'
       READ *, R
       PRINT *, 'Do you want an FFT calculated?'
       READ *, FFTYN
       PRINT *, 'Milliseconds for simulation? (in ms)'
       READ *, TIMEX

       IF ((FFTYN.EQ.'Y').OR.(FFTYN.EQ.'y')) THEN
        PRINT *, 'Number of steps in time array? (pwr of 2 to
131136)'
        READ *, M
        PRINT *, 'Name of FFT output file?'
        READ *, FFTOUT
       ELSE
        PRINT *, 'Number of steps in time array? (Even # up to
10,000)'
        READ *, M

       ENDIF
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        TIMER=TIMEX*.001
TSTEP=TIMER/M

C  UNIT CONVERSIONS AND ETC.

C  R is the internuclear distance.

       R = R * 1.E-8

C  TNS is the constant in front of the dipolar hamiltonian...
C  gamma1*gamma2*hbar/R^3...since gamma1=gamma2, it's just
squared.
C  We divide by 2*Pi so we can transform it from rad/sec to Hz.
C (Note that TNS is negative, as D is negative).

       TNS=-(GAMMA**2)*HBAR*(1/R**3)

       PRINT *, 'Value of D =', TNS
       PRINT *, 'Distance in cm: ',R
       PRINT *, 'The gamma pair: ' , GAMMA

       PRINT *, 'Timesteps selected: ', TSTEP, ' seconds.'
       PRINT *, 'Your total data set will span ', TSTEP*M*1E03,
     * ' milliseconds.'

         PRINT *, 'At 89.'
89       PRINT *, 'Calculating FID for ', STATEX, '.'

C ---------------------- CALCULATIONS FOR EQN A -----------------

            IF (STATE.EQ.'A') THEN

C           Calculation for <eqn A>

         DO 11 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)=0.5 *
     &(COS(3.*TNS*DELTAT)+COS((TNS + JJJ*PI)*DELTAT))
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
11           CONTINUE

C ----------------- CALC FOR EQN B --------------------------

        ELSE IF (STATE.EQ.'B') THEN

C               Loop for <eqn B>

         DO 12 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)=0.5 *
     &(-COS(3.*TNS*DELTAT) + COS((TNS + JJJ*PI)*DELTAT))
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
12           CONTINUE

C ----------------- CALC FOR EQN -B --------------------------

          ELSE IF (STATE.EQ.'-B') THEN

C               Loop for <eqn -B>

         DO 13 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)=0.5*
     &(-COS(3.*TNS*DELTAT)+COS((TNS+JJJ*PI)*DELTAT))
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
13           CONTINUE

C--------------- CALC FOR EQN C ---------------------

         ELSE IF (STATE.EQ.'C') THEN

C Calculation for <eqn C>

         DO 14 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)=0.5 *
     &(1+COS((JJJ*PI-TNS)*DELTAT))
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
14       CONTINUE

C--------------- CALC FOR EQN D ---------------------
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         ELSE IF (STATE.EQ.'D') THEN

C               Calculation for <eqn D>

         DO 15 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)=0.5*(1-COS((JJJ*PI-TNS)*DELTAT))
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
15       CONTINUE

C--------------- CALC FOR EQN E ---------------------

         ELSE IF (STATE.EQ.'E') THEN

C               Calculation for <eqn E>

         DO 16 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)=0.5*
     &(SIN((TNS+JJJ*PI)*DELTAT)+SIN(3*TNS*DELTAT))
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
16       CONTINUE

C--------------- CALC FOR EQN -E  ---------------------

         ELSE IF (STATE.EQ.'-E') THEN

C               Calculation for <eqn -E>

         DO 17 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)= 0.5*
     &(-SIN((TNS+JJJ*PI)*DELTAT)-SIN(3.*TNS*DELTAT))
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
17       CONTINUE

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

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

C               Calculation for <eqn F>

         DO 18 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)= 0.5*(SIN((TNS+JJJ*PI)*DELTAT)-
     &SIN(3.*TNS*DELTAT))
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
18       CONTINUE

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

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

C               Calculation for <eqn -F>

         DO 19 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)= 0.5*
     &(-SIN((TNS+JJJ*PI)*DELTAT)+SIN(3.*TNS*DELTAT))
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
19       CONTINUE

C--------------- CALC FOR EQN G  ---------------------

         ELSE IF (STATE.EQ.'G') THEN

C               Calculation for <eqn G>

         DO 21 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)=0.5*SIN((JJJ*PI-TNS)*DELTAT)
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
21       CONTINUE

ENDIF

C Some useful write-tos to the output file.

       WRITE (4,*)' RESULTS FOR: ', STATE
       WRITE (4,*)' ---------------------------'
       WRITE (4,*)' '
       WRITE (4,*)' Gamma for homonuclear pair: ', GAMMA
       WRITE (4,*)' No. of time points reporting:', M
       WRITE (4,*)' Value of J:' ,  JJJ , ' Hz'
       WRITE (4,*)' Internuclear Distance (angstroms): ', R*1E8
       WRITE (4,*)' Value of D: ', TNS
       WRITE (4,*)' ----------------'
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       WRITE (4,*)' Evolution of EQN ', STATE , ' in time steps
of',
     &TSTEP*1E03, ' milliseconds'
       WRITE (4,*)' ----------------'

       PRINT *, 'Writing to FID file...'
       DO 111 L=0, M, 1
            WRITE(4,*)  L*1E03*TSTEP,  '   ' , RESULT1(L)
111      CONTINUE

           WRITE(4,*)'-9999'

9999   IF ((FFTYN.EQ.'Y').OR.(FFTYN.EQ.'y')) THEN

        DO 107 I=1, M, 1
        CONFIG(I)=RESULT1(I)
107     CONTINUE

        DO 109  I=1, M, 1
        WRITE (3,*) I*1E03*TSTEP, '    ', CONFIG(I)
109     CONTINUE

       CALL FFT(CONFIG,M,FFTOUT,TSTEP,STATE,GAMMA,
     &N,APAS,TAU1,TAU2,RATIO,GNUR)
       ENDIF
       END

      SUBROUTINE FFT (AT,M,FFTOUT,TSTEP,STATE,GAMMA,
     &N,APAS,TAU1,TAU2,RATIO,GNUR)
      REAL TSTEP
      DOUBLE PRECISION PI,HBAR,APAS,TAU1,TAU2,RATIO,GAMMA,GNUR
      CHARACTER *1 STATE, SIGNI, FFTYN
      INTEGER I, J
      DOUBLE PRECISION AT(M+2),BT(M/2+1),CT(M/2+1),DT(M/2+1)
      CHARACTER * 30 FFTOUT
      DATA PI /3.1415 92653 58979 324/
      OPEN(5, FILE=FFTOUT)
      CLOSE(4)
      CALL SFFT2(M/2,AT,1)
      CALL SFS(M,AT,1)
      PRINT *, 'Writing to FFT file...'
      WRITE (5,*), 'FFT CALCULATION FOR EQN ', STATE
       WRITE (5,*)' ---------------------------'
       WRITE (5,*)' '
       WRITE (5,*)' No. of steps in integration: ', N
       WRITE (5,*)' Gamma for homonuclear pair: ', GAMMA

       WRITE (5,*)' No. of data points reporting:', M
       WRITE (5,*)' Internuclear Distance (angstroms): ', R*1E8
       WRITE (5,*)' RATIO inner evolution to rot period:', RATIO
       WRITE (5,*)' TAU1:' , TAU1, 'TAU2:' , TAU2
       WRITE (5,*)' Spinning Speed: ' , GNUR ,  ' Hz'
       WRITE (5,*)' Value of D: ', APAS
       WRITE (5,*)' ----------------'
       WRITE (5,*)' FFT of EQN ', STATE , ' in freq steps of',
     &1/(M*1E03*TSTEP), ' milliseconds'
       WRITE (5,*)' ----------------'

C Removing that first point

      DO 201 J=1, M-2
      DT(J) = AT(J+2)
201   CONTINUE
      DT(M-1)=0.
      DT(M)=0.

C CREATING THE DIPOLAR POWDER PATTERN: PRINT OUT THE LEFT SIDE BY
REVERSING
C THE SOLUTION FROM LEFT TO RIGHT, THEN PLOT THE FFT FOR THE
RIGHT HAND
C SIDE OF THE PLOT.

      DO 200 J=1, M/2
C     This assures the real (cosine) series by 2*I-1...odd
series.
C     Imaginary (sine series) would merely be 2*I...even series.
      BT(J)=DT(M-(2*J-1))
      WRITE(5,*), (J-(M/2+1))/(M*TSTEP), BT(J)*M
200   CONTINUE

      DO 202 I=1, M/2
C     This assures the real (cosine) series by 2*I-1...odd
series.
C     Imaginary (sine series) would merely be 2*I...even series.
      BT(I)=DT(2*I-1)
      CT(I)=DT(2*I)
      WRITE(5,*), I/(M*TSTEP), BT(I)*M
      WRITE(88,*),CT(I)
202   CONTINUE

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

      WRITE(5,*), '-9999'
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      RETURN
      END

C FAST FOURIER TRANSFORM SUBROUTINE TAKEN FROM MTS

      SUBROUTINE SFFT2 (N,Z,SIGN)
      double precision Z(N)
      INTEGER N, SIGN
      INTEGER JBH, JBL, KR, LOG2
      INTEGER BLK, KK, K0, K1, K2, K3, N2, SPAN
      DOUBLE PRECISION CE, C1, C2, C3, SE, S1, S2, S3, PIOV2,
THETA
      DOUBLE PRECISION  X1, X2, X3, Y1, Y2, Y3
      DATA PIOV2/1.5707 96326 79489 662/
      N2 = 1
      LOG2 = 0
 8100   LOG2 = LOG2 + 1

  N2 = N2 + N2
  IF ( N2 .LT. N )  GO TO 8100

      IF ( N2 .GT. N ) RETURN
      N2 = N2 + N2 - 1
      IF ( SIGN .GE. 0 ) GO TO 8210

DO 8200 KK = 1, N2, 2
 8200     Z(KK+1) = -Z(KK+1)
 8210 CONTINUE
      JBL = 2
      JBH = N
 8300 IF ( JBH .LE. JBL ) GO TO 8340

  SPAN = JBL + JBL
  KR = 1

 8310       KK = KR + JBL
      KR = KR + JBH
      BLK = KR - JBL
      DO 8330 K1 = KK, BLK, SPAN

  K3 = K1 + JBL - 2
  DO 8320 K0 = K1, K3, 2
      X1 = Z(K0)
      Z(K0) = Z(KR)
      Z(KR) = X1
      Y1 = Z(K0+1)
      Z(K0+1) = Z(KR+1)
      Z(KR+1) = Y1

 8320       KR = KR + 2
  KR = KR + JBL

 8330       CONTINUE
      IF ( KR .LT. N2 ) GO TO 8310

  JBH = JBH / 2
  JBL = JBL + JBL
  GO TO 8300

 8340 CONTINUE
      IF ( MOD(LOG2,2) .NE. 0 ) GO TO 8400

THETA = PIOV2
SPAN = 2
GO TO 8420

 8400 CONTINUE
DO 8410 K0 = 1, N2, 4
    K1 = K0 + 2
    X1 = Z(K0)
    Z(K0) = X1 + Z(K1)
    Z(K1) = X1 - Z(K1)
    Y1 = Z(K0+1)
    Z(K0+1) = Y1 + Z(K1+1)

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

 8420 CONTINUE
 8500 IF ( SPAN .GE. N2 ) GO TO 8560

  BLK = SPAN * 4
  IF ( SPAN .EQ. 2 ) GO TO 8505
    THETA = .25 * THETA
    SE = SIN(THETA)
    CE = COS(THETA)
    C1 = 1.0
    S1 = 0.0

 8505   CONTINUE
  DO 8550 KK = 1, SPAN, 2
      IF ( KK .EQ. 1 ) GO TO 8510

X1 = C1 * CE - S1 * SE
Y1 = C1 * SE + S1 * CE
X2 = .5 * ( 3. - ( X1 * X1 + Y1 * Y1 ))
C1 = X2 * X1
S1 = X2 * Y1
C2 = C1 * C1 - S1 * S1
S2 = C1 * S1 + C1 * S1
C3 = C2 * C1 - S2 * S1
S3 = C2 * S1 + S2 * C1

 8510       CONTINUE
      DO 8540 K0 = KK, N2, BLK

  K1 = K0 + SPAN
  K2 = K1 + SPAN
  K3 = K2 + SPAN
  IF ( KK .GT. 1 ) GO TO 8520
    X1 = Z(K1)
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    Y1 = Z(K1+1)
    X2 = Z(K2)
    Y2 = Z(K2+1)
    X3 = Z(K3)
    Y3 = Z(K3+1)
    GO TO 8530

 8520   CONTINUE
    X1 = Z(K1) * C2 - Z(K1+1) * S2
    Y1 = Z(K1) * S2 + Z(K1+1) * C2
    X2 = Z(K2) * C1 - Z(K2+1) * S1
    Y2 = Z(K2) * S1 + Z(K2+1) * C1
    X3 = Z(K3) * C3 - Z(K3+1) * S3
    Y3 = Z(K3) * S3 + Z(K3+1) * C3

 8530   CONTINUE
  Z(K3) = Z(K0) - X1 + Y2 - Y3
  Z(K2) = Z(K0) + X1 - X2 - X3
  Z(K1) = Z(K0) - X1 - Y2 + Y3
  Z(K0) = Z(K0) + X1 + X2 + X3
  Z(K3+1) = Z(K0+1) - Y1 - X2 + X3
  Z(K2+1) = Z(K0+1) + Y1 - Y2 - Y3
  Z(K1+1) = Z(K0+1) - Y1 + X2 - X3
  Z(K0+1) = Z(K0+1) + Y1 + Y2 + Y3

 8540       CONTINUE
 8550   CONTINUE

  SPAN = BLK
  GO TO 8500

 8560 CONTINUE
      IF ( SIGN .GE. 0 ) RETURN

DO 8600 KK = 1, N2, 2
 8600     Z(KK+1) = -Z(KK+1)
      RETURN
      END

C FAST FOURIER TRANSFORM SUBROUTINE TAKEN FROM MTS

      SUBROUTINE SFS (N, Z, SIGN)
      DOUBLE PRECISION Z(n)
      INTEGER N, SIGN
      INTEGER K0, K1, ND2
      DOUBLE PRECISION PI, CE, C1, SE, S1, SF, X1, X2, Y1, Y2
      DATA PI /3.1415 92653 58979 324/
      ND2 = IABS(N) / 2
      IF (ND2 + ND2 .NE. N) RETURN
      SF = 1. / FLOAT(ND2)
      X1 = PI * 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))
X1 = -X1
GO TO 8110

 8100 CONTINUE
Z(N+1) = SF * (Z(1) - Z(2))
Z(N+2) = 0.0
Z(1) = SF * (Z(1) + Z(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 CONTINUE
SF = .5 * SF
S1 = -1.

 8110 CONTINUE
      C1 = 0.0
      CE = COS(X1)
      SE = SIN(X1)
      K1 = N - 1
      K0 = 3
 8200 IF (K0 .GE. K1) RETURN

 X1 = CE * C1 - SE * S1
 Y1 = CE * S1 + SE * C1
 X2 = .5 * (3. - (X1 * X1 + Y1 * Y1))
 C1 = X1 * X2
 S1 = Y1 * X2
 X1 = Z(K0) - Z(K1)
 Y1 = Z(K0+1) + Z(K1+1)
 X2 = C1 * X1 - S1 * Y1
 Y2 = C1 * Y1 + S1 * X1
 X1 = Z(K0) + Z(K1)
 Y1 = Z(K0+1) - Z(K1+1)
 Z(K0) = SF * (X1 + X2)
 Z(K0+1) = SF * (Y1 + Y2)
 Z(K1) = SF * (X1 - X2)
 Z(K1+1) = SF * (Y2 -Y1)
 K1 = K1 - 2
 K0 = K0 + 2
 GO TO 8200

      END
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This program allows the calculation of the dipolar dependence on
coherence transfer (instead of time domain, the x axis is the
dipolar coupling constant)

PROGRAM D-POWDER

       Implicit double precision (a-h, o-z)
       INTEGER *2 FL
       REAL TIME, RSTEP,RMAX,RMIN
       DOUBLE PRECISION PI, HBAR, APAS
       CHARACTER *30 FID, FFTOUT
       CHARACTER *1 STATE, SIGNI, FFTYN
       DATA PI /3.1415 92653 58979 324/
C      Planck's constant in cgs (erg sec rad(-1))
       DATA HBAR /1.0545887E-27/

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

       PRINT *, ''
       PRINT *, ''
5      PRINT *, 'Calculations are in cgs.'
       PRINT *, ''
       PRINT *,''

       PRINT *, 'Input the eqn you want to calc (A,B,C,D,E,F,G).'
       READ (*,'(A)') STATE

       IF ((STATE.EQ.'A').OR.(STATE.EQ.'B').OR.(STATE.EQ.'C').OR.
     &(STATE.EQ.'D').OR.(STATE.EQ.'E').OR.(STATE.EQ.'F').OR.
     &(STATE.EQ.'G')) THEN
       STATE=STATE
       ELSE
       PRINT *, 'You must enter a state of A, B, C, D, E, F or G.
     &Please try again.'
       GOTO 5
       ENDIF

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

      IF ((SIGNI.EQ.'Y').OR.(SIGNI.EQ.'y')) THEN
      SIGN= -1.0
      ELSE
         SIGN=1.0
      ENDIF
       PRINT *, 'What is the name for the data file?'
       READ (*, '(A)') FID
       OPEN (UNIT=4, FILE=FID, STATUS='UNKNOWN')

C  Parameter Input

       PRINT *, 'Parameters'
       PRINT *, ''
       PRINT *, 'Spinning Angle in degrees? (MA = 54.73561)'
       READ *, BNGLE
       PRINT *, 'Spinning Frequency? (hertz)'
       READ *, OMEGA
       TSTME = 1/OMEGA * 1000
       PRINT *, 'Stroboscopic sample time? (millisecs).'
       PRINT *, 'For MASS at a frequency of ',OMEGA,' Hz,
suggested',
     & 'value is ',TSTME,' ms, or integer multpiles such as
',2*TSTME,
     & ' ms, or ', 3*TSTME, ' ms, etc.'
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       READ *, STIME
       PRINT *, 'Value of Gamma for homonuclear pair?'
       PRINT *, '(C13 = 6727.0, H = 26750.0, in rad sec(-1) G(-
1))'
       READ  *, GAMMA
       PRINT *, 'Value of J for this pair (in Hz)?'
       READ *, JJJ
       PRINT *, 'Initial dipolar coefficient between nuclei? (in
Hz)'
       READ *, DINIT
       PRINT *, 'Maximum dipolar coefficient between nuclei (in
Hz)'
       READ *, DMAX
       PRINT *, 'Increments of dipolar constant?'
       READ *, DSTEP
       PRINT *, 'Constant Time value? (ms)'
       READ *, TIME
       PRINT *, 'Number of Steps in Theta/Phi Summation ( > w/>
Time)'
       READ *, N

       TIME=TIME*1.E-03

C File Opening Units

C  UNIT CONVERSIONS AND ETC (cgs system)

        DCUR = DINIT

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

       ANGLE = BNGLE * PI/180.

C  STIME is the stroboscopic sampling time converted from ms to
s.

       STIME = STIME * 1.E-3

C  OMEGAR is the spinning frequency, here converted to
radians/sec.
C  SOMEGA is STIME*OMEGAR is the phase due to sampling at
different
C  times in the rotor rotation.

       OMEGAR = OMEGA * 2. * PI
       SOMEGA = OMEGAR * STIME

C  TNORM is the normalization constant so when we add up
integration
C  in the do loops, it normalizes to a max magnitude (amplitude)
of 1.

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

C  APAS is the constant in front of the dipolar hamiltonian...
C  gamma1*gamma2*hbar/R^3...since gamma1=gamma2, it's just
squared.
C  Note: in powders, there is no factor of 1/2 or any other
multiplier
C  with this simple dipolar constant...except here, 1/pi to
balance out
C  the PI that must be inside the trig functions in the loops (or
I
C  could have multiplied J by PI...same thing, but this way I can
C  keep J and D inside the same parenthesis by dividing D by pi).
C (Note APAS is negative, like D is negative)

59       APAS=DCUR

C Pieces of the spatial part of the Hamiltonian which determines
the
C frequencies we will integrate over.
C I broke it up to make spot-checks easier and to cut down
calculation
C in the loops.
C This is a simple Riemann sum. There are likely more accurate
algorithms,
C but this seems to work okay.
C REMINDER:
C The angle A is the angle THETA in the lab frame. The angle B is
PHI.
C ANGLE is the angle of the goniometer. STIME is the 'sample
time' which
C we multiply by the MAS spinning speed OMEGAR.

   XNGLE1 = SIN(ANGLE)**2
           XNGLE4 = SIN(2*ANGLE)
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           XNGLE7 = 3*(COS(ANGLE)**2)

89 CONTINUE

C ---------------------- CALCULATIONS FOR EQN A -----------------

             IF (STATE.EQ.'A') THEN

C  Calculational doloop. One nested for theta, the other for phi.
C  A is theta, B is phi. The idea is to generate one frequency
C  over a range of frequencies from theta=0...pi and phi=0...2*pi
C  and then for each possible f requency, calculate ALL the time
domain.
C  Then, you add each time point for each frequency into the
array
C  'Result1' and 'Result2' where the arrays are indexed by the
time
C   points.   This sum of all possible frequencies will result in
a FID.

C The J=N  assures that the  J LOOP is the same as N for PHI (B)
as
C for THETA (A) I made them seperate so other goofy things could
be
C done later  (like experimentation with integration steps over
PHI).

          J = N

           DO 138  I = 1, N, 1
               A = PI * I/N
                DO 238 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*(SOMEGA + B))
           XNGLE5 = SIN(2.*A)
           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )
           TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

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

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

C  CONDITIONAL LOGIC FOR STATES IN TIME-CALCULATION LOOP
C  THIS LOOP INCREMENTS TIME WITH THE NEW FREQUENCY, AND
C  CALCULATES THE VALUE OF <STATE> FOR EACH TIME INTERVAL

C               Calculation for <eqn A>

            TIMRE=0.25*PI*SIN(A)*TNORM*
     &(COS(1.5*TNS*TIME*PI)+COS((0.5*TNS + JJJ)*PI*TIME))
            TIMERS = TIMRE+TIMERS

238          CONTINUE
138        CONTINUE

C ----------------- CALC FOR EQN B --------------------------

          ELSE IF (STATE.EQ.'B') THEN

          J = N

           DO 139  I = 1, N, 1
               A = PI * I/N
                DO 239 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*(SOMEGA + B))
           XNGLE5 = SIN(2.*A)
           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )
           TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

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

            TIMRE=0.25*PI*SIN(A)*TNORM*SIGN*
     &(COS(3/2*TNS*PI*TIME)-COS((0.5*TNS+JJJ)*PI*TIME))
            TIMERS=TIMRE+TIMERS

239          CONTINUE
139        CONTINUE
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C--------------- CALC FOR EQN C ---------------------

         ELSE IF (STATE.EQ.'C') THEN

          J = N

           DO 141  I = 1, N, 1
               A = PI * I/N
        DO 241 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*SOMEGA + 2.*B)
           XNGLE5 = SIN(2.*A)
           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )

   TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

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

C Calculation for <eqn C>

            TIMRE=0.25*PI*SIN(A)*TNORM*
     &(1+COS((JJJ-TNS)*PI*TIME))

           TIMERS=TIMRE+TIMERS

241          CONTINUE
141         CONTINUE

C--------------- CALC FOR EQN D ---------------------

         ELSE IF (STATE.EQ.'D') THEN

          J = N

           DO 142  I = 1, N, 1
               A = PI * I/N

                DO 242 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*SOMEGA + 2.*B)
           XNGLE5 = SIN(2.*A)
           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )
           TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

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

C               Calculation for <eqn D>

            TIMRE=0.25*PI*SIN(A)*TNORM*
     &(1-COS((JJJ-TNS)*PI*TIME))
            TIMERS = TIMERS+TIMRE

242          CONTINUE
142         CONTINUE

C--------------- CALC FOR EQN E ---------------------

         ELSE IF (STATE.EQ.'E') THEN

          J = N

           DO 143  I = 1, N, 1
               A = PI * I/N
                DO 243 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*SOMEGA + 2.*B)
           XNGLE5 = SIN(2.*A)
           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )
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           TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

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

C               Calculation for <eqn E>

            TIMRE=0.25*PI*SIN(A)*TNORM*SIGN*
     &(SIN((0.5*TNS+JJJ)*PI*TIME) + SIN(1.5*TNS*PI*TIME))

    TIMERS=TIMRE+TIMERS

243          CONTINUE
143        CONTINUE

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

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

          J = N

           DO 145  I = 1, N, 1
               A = PI * I/N
                DO 245 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*SOMEGA + 2.*B)
           XNGLE5 = SIN(2.*A)
           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )
           TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

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

C               Calculation for <eqn F>

            TIMRE= 0.25*PI*SIN(A)*TNORM*SIGN*
     &(SIN((0.5*TNS+JJJ)*PI*TIME) - SIN(1.5*TNS*PI*TIME))

TIMERS=TIMRE+TIMERS

245          CONTINUE
145        CONTINUE

C--------------- CALC FOR EQN G  ---------------------

         ELSE IF (STATE.EQ.'G') THEN

          J = N

           DO 147  I = 1, N, 1
               A = PI * I/N
                DO 247 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*SOMEGA + 2.*B)
           XNGLE5 = SIN(2.*A)
           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )
           TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

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

C               Calculation for <eqn G>

       TIMRE=0.25*PI*SIN(A)*SIGN*TNORM*SIN((JJJ-TNS)*PI*TIME)
TIMERS=TIMRE+TIMERS

247          CONTINUE
147        CONTINUE

         ENDIF

C Some useful write-tos to the output file.
IF (OUTPUT.EQ.1) THEN

       WRITE (4,*)' RESULTS FOR: ', STATE
       WRITE (4,*)' ---------------------------'
       WRITE (4,*)' '
       WRITE (4,*)' No. of steps in integration: ', N
       WRITE (4,*)' Gamma for homonuclear pair: ', GAMMA
       WRITE (4,*)' No. of data points reporting:', M
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       WRITE (4,*)' Spinning Angle: ', ANGLE
       WRITE (4,*)' Stroboscopic Sample Time ', STIME
       WRITE (4,*)' Value of J: ' , JJJ
       WRITE (4,*)' Spinning Speed: ' , OMEGAR
       WRITE (4,*)' Constant Time Value ' , TIME
       WRITE (4,*)' Value of D between ', DINIT, ' and ', DMAX
       WRITE (4,*)' ----------------'
       WRITE (4,*)' Evolution of EQN ', STATE
       WRITE (4,*)' ----------------'

ENDIF

C  Write to file. Re-initialize 'Result'.

       OUTPUT=0
            WRITE(4,*) DCUR,  TIMERS

    TIMRE=0
            TIMERS=0

        DCUR = DCUR + DSTEP
        IF (DCUR.LT.DMAX) THEN
        GOTO 59
        ENDIF

END

PROGRAM DRAMA

C      This program calculates the response of a two-spin
C      system to the dipolar Hamiltonian (Hd) when one of
C      the spins (the I spin) is perturbed. It can also
C      include isotropic J as well as D. It then graphs
C      the FID response of spin S as well as spin I to two
C      seperate files so you can plot them. This also
C      involves itself with FFT calculations. Comments provided
C      for more clue.  This program was verified with an
C      H-H calculation on Sz at 2.5 angstroms against
C      R. Bruschweiler's  review article, page 5, in
C      Progress in Nuclear Mag Resonance Spec, 32 (1998)
C      - Deanne Taylor, Sept, 1998.

       Implicit double precision (a-h, o-z)
       INTEGER *2 FL
       REAL TSTEP
       DOUBLE PRECISION PI,HBAR,APAS,TAU1,TAU2,RATIO,GAMMA
       CHARACTER *30 FID, FFTOUT
       CHARACTER *1 STATE, SIGNI, FFTYN
       DIMENSION  RES1(50000),  RESULT1(50000), CONFIG(100000)
       DIMENSION AT(32786), BT(16393), CT(16393)
       DATA  PI /3.14159265358979324/
C      Planck's constant in cgs (erg sec rad(-1))
       DATA HBAR /1.0545887E-27/

       PRINT *, ''
       PRINT *, ''
       PRINT *, 'This program calculates the average hamiltonian'
       PRINT *, 'response of a system starting as Ix, Iy, or Iz.'
       PRINT *, 'The Hd used is from Tycko\'s 1990 paper in CPL'
       PRINT *, 'Vol 173 on page 462.'
       PRINT *, ''
       PRINT *, ''
5      PRINT *, 'Calculations are in cgs.'
       PRINT *, ''
       PRINT *,''

       PRINT *, 'Input the eqn you want to calc (A,B,C,D or 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 must enter a state of A, B, C, or D."
     &Please try again.'
       GOTO 5
       ENDIF

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

      IF ((SIGNI.EQ.'Y').OR.(SIGNI.EQ.'y')) THEN
      SIGN= -1.0
      ELSE
         SIGN=1.0
      ENDIF

C  Parameter Input
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       PRINT *, 'What is the name for the data file?'
       READ (*, '(A)') FID
       OPEN (UNIT=4, FILE=FID, STATUS='UNKNOWN')
       OPEN (UNIT=3, STATUS='UNKNOWN')
       OPEN (UNIT=88, STATUS='UNKNOWN')
       PRINT *, 'Rotor Spinning Speed (Hz)?'
       READ *, GNUR
       PRINT *, 'Ratio of inner evolution time to rotor period?'
       READ *, RATIO
       TAUR = 1/GNUR
       TAU2 = RATIO*TAUR
       TAU1 = (TAUR-TAU2)/2
       PRINT *, 'Value of Gamma for homonuclear pair?'
       PRINT *, '(C13 = 6727.0, H = 26750.0, in rad sec(-1) G(-
1))'
       READ  *, GAMMA
       PRINT *, 'Distance between nuclei? (in Angstroms)'
       READ *, R
       PRINT *, 'Number of steps in theta, phi integration?'
       READ *, N
       PRINT *, 'Do you want an FFT calculated?'
       READ *, FFTYN
       IF ((FFTYN.EQ.'Y').OR.(FFTYN.EQ.'y')) THEN
        PRINT *, 'Number of steps in time array? Power of 2, max
32784'
        READ *, M
        PRINT *, 'Name of FFT output file?'
        READ *, FFTOUT
       ELSE
        PRINT *, 'Number of steps in time array? (Even # up to
10,000)'
        READ *, M
       ENDIF
       PRINT *, '__', TAU1 , '__|_', TAU2 ,'_|__', TAU1 ,'__'
C File Opening Units

C  UNIT CONVERSIONS AND ETC (cgs system)

C  R is the internuclear distance converted into cm.

       R = R * 1.E-8

C  OMEGAR is the spinning frequency, here converted to
radians/sec.

       OMEGAR = GNUR * 2. * PI

C  TNORM is the normalization constant so when we add up
integration
C  in the do loops, it normalizes to a max magnitude (amplitude)
of 1.

       TNORM = 1./(N**2)

C  APAS is the constant in front of the dipolar hamiltonian...
C  gamma1*gamma2*hbar/R^3...since gamma1=gamma2, it's just
squared.
C  Note: in powders, there is no factor of 1/2 or any other
multiplier
C  with this simple dipolar constant...except here, 1/pi to
balance out
C  the PI that must be inside the trig functions in the loops (or
I
C  could have multiplied J by PI...same thing, but this way I can
C  keep J and D inside the same parenthesis by dividing D by pi).
C (Note APAS is negative, like D is negative)

       APAS=-(GAMMA**2)*HBAR*(1/R**3)

C TEST determines the measure of time scale (see below).

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

       PRINT *, 'Value of spinning angle = ', ANGLE, 'radians.'
       PRINT *, 'Value of APAS:', APAS, ' rad/sec'
       PRINT *, '               ', APAS/(2.*PI), ' Hz'
       PRINT *, 'Distance in cm: ',R
       PRINT *, 'The gamma pair: ' , GAMMA

C      TIMESTEP CALCULATION using TEST (these seem to work well)

       IF (TEST.LT.1000.) THEN
               TSTEP=.00001
       ELSE IF (TEST.LT.5000.) THEN
               TSTEP=.00001
       ELSE IF (TEST.LT.10000.) THEN
               TSTEP=.00001
       ELSE IF (TEST.LT.20000.) THEN
               TSTEP=.00001
       ELSE IF (TEST.LT.50000.) THEN
               TSTEP=.00001
       ELSE
               TSTEP=.00001
       ENDIF
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       PRINT *, 'Timesteps selected: ', TSTEP, ' seconds.'
       PRINT *, 'Your total data set will span ', TSTEP*M*1E03,
     &' milliseconds.'

C Pieces of the spatial part of the Hamiltonian which determines
the
C frequencies we will sum over

89       PRINT *, 'Now calculating FID for Equation ', STATE, '.'

C ---------------------------------------------------------------

CST1 =  SQRT(2.)/(2.*PI)
        CST2 =  (1/(4.*PI))

C ---------------------- CALCULATIONS FOR EQN C -----------------

             IF (STATE.EQ.'C') THEN

   J = N

           DO 155  I = 1, N, 1
               A = PI * I/N

        DO 255 K = 1, J, 1
                     B = 2 * PI * K/J

      XNGL1=CST1*Sin(2.*A)*Cos(B)*Sin(TAU2*OMEGAR/2.)
      XNGL2=CST2*COS(2.*B)*SIN(A)**2 * SIN(TAU2*OMEGAR)
C Note my 'APAS' here as above is in CGS.

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

C  CONDITIONAL LOGIC FOR STATES IN TIME-CALCULATION LOOP
C  THIS LOOP INCREMENTS TIME WITH THE NEW FREQUENCY, AND
C  CALCULATES THE VALUE OF <STATE> FOR EACH TIME INTERVAL

C               Calculation for <eqn C>
C               NOTE THAT IN TYCKO'S MATH, THERE IS
C               NO  Sz evolution FROM Iz under
C               MASS and RECOVERED DIPOLAR HAMILTONIAN

         DO 30 NTIME = 0, M, 1
          DELTAT = NTIME * TSTEP
          RES1(NTIME)=0.5*PI*SIN(A)*TNORM*COS(0.5*TNS*DELTAT)
          RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)

30       CONTINUE

255         CONTINUE
155      CONTINUE

C  The math for the frequency calcs are different in the
following two
C  elseifs  for Ix and Iy, but otherwise, the routines are the
same.
C  See notes under Iz calc section.

C ------------------ CALCULATION FOR EQN A ---------------------

            ELSE IF (STATE.EQ.'A') THEN

           DO 400  I = 1, N, 1
            A = PI * I/N
              DO 500 K = 1, N, 1
                B = 2 * PI * K/N

      XNGL1=CST1*Sin(2.*A)*Cos(B)*Sin(TAU2*OMEGAR/2.)
      XNGL2=CST2*COS(2.*B)*SIN(A)**2 * SIN(TAU2*OMEGAR)

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

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

C          Calculation for <A>

      DO 50 NTIME = 0, M, 1
      DELTAT = NTIME * TSTEP
      RES1(NTIME)=0.25*TNORM*SIN(A)*PI*(1+COS(TNS*DELTAT))
      RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
50    CONTINUE

500    CONTINUE
400    CONTINUE

C--------------- CALC FOR EQN B ---------------------

         ELSE IF (STATE.EQ.'B') THEN

          J = N

           DO 141  I = 1, N, 1
               A = PI * I/N
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        DO 241 K = 1, J, 1
                     B = 2 * PI * K/J

      XNGL1=CST1*Sin(2.*A)*Cos(B)*Sin(TAU2*OMEGAR/2.)
      XNGL2=CST2*COS(2.*B)*SIN(A)**2 * SIN(TAU2*OMEGAR)

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

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

C Calculation for <eqn B>

       DO 14 MTIME = 0, M, 1
         DELTAT = MTIME * TSTEP
         RES1(MTIME)= 0.25*TNORM*SIN(A)*PI*SIGN*
     &(1-COS(TNS*DELTAT))
         RESULT1(MTIME) = RESULT1(MTIME) + RES1(MTIME)

14       CONTINUE

241          CONTINUE
141         CONTINUE

C ---------------------- CALCULATIONS FOR EQN D -----------------
             ELSE IF (STATE.EQ.'D') THEN

   J = N
           DO 159  I = 1, N, 1
               A = PI * I/N
        DO 160 K = 1, J, 1
                     B = 2 * PI * K/J
      XNGL1=CST1*Sin(2.*A)*Cos(B)*Sin(TAU2*OMEGAR/2.)
      XNGL2=CST2*COS(2.*B)*SIN(A)**2 * SIN(TAU2*OMEGAR)

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

C               Calculation for <eqn D>

       DO 301 MTIME = 0, M, 1
         DELTAT = MTIME * TSTEP
         RES1(MTIME)= 0.5*TNORM*SIN(A)*PI*SIGN*
     &(SIN(0.5*TNS*DELTAT))
         RESULT1(MTIME) = RESULT1(MTIME) + RES1(MTIME)

301    CONTINUE

160         CONTINUE

159      CONTINUE

C ---------------------- CALCULATIONS FOR EQN E -----------------

             ELSE IF (STATE.EQ.'E') THEN

   J = N

           DO 169  I = 1, N, 1
               A = PI * I/N

        DO 170 K = 1, J, 1
                     B = 2 * PI * K/J

      XNGL1=CST1*Sin(2.*A)*Cos(B)*Sin(TAU2*OMEGAR/2.)
      XNGL2=CST2*COS(2.*B)*SIN(A)**2 * SIN(TAU2*OMEGAR)

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

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

C               Calculation for <eqn E>

         DO 302 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)=0.25*PI*SIN(A)*SIGN*TNORM*
     &SIN(TNS*DELTAT)
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
302       CONTINUE

170        CONTINUE
169      CONTINUE

C  The math for the frequency calcs are different in the
following two
C  elseifs  for Ix and Iy, but otherwise, the routines are the
same.
C  See notes under Iz calc section.

        ELSE
               PRINT *,'You need to specify a state to evolve.'
               GOTO 5

       ENDIF
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C Some useful write-tos to the output file.

       WRITE (4,*)' RESULTS FOR: ', STATE
       WRITE (4,*)' ---------------------------'
       WRITE (4,*)' '
       WRITE (4,*)' No. of steps in integration: ', N
       WRITE (4,*)' Gamma for homonuclear pair: ', GAMMA
       WRITE (4,*)' No. of data points reporting:', M
       WRITE (4,*)' No. of total data points:', M
       WRITE (4,*)' Internuclear Distance (angstroms): ', R*1E8
       WRITE (4,*)' RATIO inner evolution to rot period:', RATIO
       WRITE (4,*)' TAU1:' , TAU1, 'TAU2:' , TAU2
       WRITE (4,*)' Spinning Speed: ' , GNUR ,  ' Hz'
       WRITE (4,*)' Value of D: ', APAS/(2.*PI),  'Hz'
       WRITE (4,*)' Value of D: ', APAS, 'rad/sec'
       WRITE (4,*)' ----------------'
       WRITE (4,*)' Evolution of EQN ', STATE , ' in time steps
of',
     &TSTEP*1E03, ' milliseconds'
       WRITE (4,*)' ----------------'

       PRINT *, 'Writing to FID file...'
       DO 111 L=0, M, 1
            WRITE(4,*)  L*1E03*TSTEP,  '   ' , RESULT1(L)
111      CONTINUE

           WRITE(4,*)'-9999'

9999   IF ((FFTYN.EQ.'Y').OR.(FFTYN.EQ.'y')) THEN

        DO 107 I=1, M, 1
        CONFIG(I)=RESULT1(I)
107     CONTINUE

        DO 109  I=1, M, 1
        WRITE (3,*) I*1E03*TSTEP, '    ', CONFIG(I)
109     CONTINUE
       dist=r
       CALL FFT(CONFIG,M,FFTOUT,TSTEP,STATE,GAMMA,
     &N,APAS, RATIO, TAU1, TAU2, GNUR, dist)
       ENDIF
       END

      SUBROUTINE FFT (AT,M,FFTOUT,TSTEP,STATE,GAMMA,
     &N,APAS,RATIO, TAU1, TAU2, GNUR, dist)
      REAL TSTEP

      DOUBLE PRECISION
PI,HBAR,APAS,TAU1,TAU2,RATIO,GAMMA,GNUR,dist
      CHARACTER *1 STATE, SIGNI, FFTYN
      INTEGER I, J
      DOUBLE PRECISION AT(M+2),BT(M/2+1),CT(M/2+1),DT(M/2+1)
      CHARACTER * 30 FFTOUT
      DATA PI /3.1415 92653 58979 324/
      OPEN(5, FILE=FFTOUT)
      CLOSE(4)
      CALL SFFT2(M/2,AT,1)
      CALL SFS(M,AT,1)
      PRINT *, 'Writing to FFT file...'
      WRITE (5,*), 'FFT CALCULATION FOR EQN ', STATE
       WRITE (5,*)' ---------------------------'
       WRITE (5,*)' '
       WRITE (5,*)' No. of steps in integration: ', N
       WRITE (5,*)' Gamma for homonuclear pair: ', GAMMA
       WRITE (5,*)' No. of data points reporting:', M
       WRITE (5,*)' Internuclear Distance (angstroms):',dist*1E8
       WRITE (5,*)' RATIO inner evolution to rot period:', RATIO
       WRITE (5,*)' TAU1:' , TAU1, 'TAU2:' , TAU2
       WRITE (5,*)' Spinning Speed: ' , GNUR ,  ' Hz'
       WRITE (4,*)' Value of D: ', APAS/(2.*PI),  'Hz'
       WRITE (4,*)' Value of D: ', APAS, 'rad/sec'
       WRITE (5,*)' ----------------'
       WRITE (5,*)' FFT of EQN ', STATE , ' in freq steps of',
     &1/(M*1E03*TSTEP), ' milliseconds'
       WRITE (5,*)' ----------------'

      DO 200 J=1, M/2
C     This assures the real (cosine) series by 2*I-1...odd
series.
C     Imaginary (sine series) would merely be 2*I...even series.
      BT(J)=AT(M-(2*J-1))
200   CONTINUE
      BT(M/2)=0
      DO 201 J=1, M/2
      DT(J)=BT(J-1)
      WRITE(5,*), (J-(M/2+1))/(M*TSTEP), DT(J)*M
201   CONTINUE

      DO 202 I=1, M/2
C     This assures the real (cosine) series by 2*I-1...odd
series.
C     Imaginary (sine series) would merely be 2*I...even series.
      BT(I)=AT(2*I-1)
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      CT(I)=AT(2*I)
      WRITE(88,*),CT(I)
202   CONTINUE

      BT(M/2 +1)=0.

      DO  203 I=1, M/2
      DT(I)=BT(I+1)
      WRITE(5,*), I/(M*TSTEP), DT(I)*M
203   CONTINUE

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

      WRITE(5,*), '-9999'
      RETURN
      END

C FAST FOURIER TRANSFORM SUBROUTINE TAKEN FROM MTS

      SUBROUTINE SFFT2 (N,Z,SIGN)
      double precision Z(N)
      INTEGER N, SIGN
      INTEGER JBH, JBL, KR, LOG2
      INTEGER BLK, KK, K0, K1, K2, K3, N2, SPAN
      DOUBLE PRECISION CE, C1, C2, C3, SE, S1, S2, S3, PIOV2,
THETA
      DOUBLE PRECISION  X1, X2, X3, Y1, Y2, Y3
      DATA PIOV2/1.5707 96326 79489 662/
      N2 = 1
      LOG2 = 0
 8100   LOG2 = LOG2 + 1

  N2 = N2 + N2
  IF ( N2 .LT. N )  GO TO 8100

      IF ( N2 .GT. N ) RETURN
      N2 = N2 + N2 - 1
      IF ( SIGN .GE. 0 ) GO TO 8210

DO 8200 KK = 1, N2, 2
 8200     Z(KK+1) = -Z(KK+1)
 8210 CONTINUE
      JBL = 2
      JBH = N
 8300 IF ( JBH .LE. JBL ) GO TO 8340

  SPAN = JBL + JBL
  KR = 1

 8310       KK = KR + JBL

      KR = KR + JBH
      BLK = KR - JBL
      DO 8330 K1 = KK, BLK, SPAN

  K3 = K1 + JBL - 2
  DO 8320 K0 = K1, K3, 2
      X1 = Z(K0)
      Z(K0) = Z(KR)
      Z(KR) = X1
      Y1 = Z(K0+1)
      Z(K0+1) = Z(KR+1)
      Z(KR+1) = Y1

 8320       KR = KR + 2
  KR = KR + JBL

 8330       CONTINUE
      IF ( KR .LT. N2 ) GO TO 8310
  JBH = JBH / 2
  JBL = JBL + JBL
  GO TO 8300

 8340 CONTINUE
      IF ( MOD(LOG2,2) .NE. 0 ) GO TO 8400

THETA = PIOV2
SPAN = 2
GO TO 8420

 8400 CONTINUE
DO 8410 K0 = 1, N2, 4
    K1 = K0 + 2
    X1 = Z(K0)
    Z(K0) = X1 + Z(K1)
    Z(K1) = X1 - Z(K1)
    Y1 = Z(K0+1)
    Z(K0+1) = Y1 + Z(K1+1)

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

 8420 CONTINUE
 8500 IF ( SPAN .GE. N2 ) GO TO 8560

  BLK = SPAN * 4
  IF ( SPAN .EQ. 2 ) GO TO 8505
    THETA = .25 * THETA
    SE = SIN(THETA)
    CE = COS(THETA)
    C1 = 1.0
    S1 = 0.0

 8505   CONTINUE
  DO 8550 KK = 1, SPAN, 2
      IF ( KK .EQ. 1 ) GO TO 8510

X1 = C1 * CE - S1 * SE
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Y1 = C1 * SE + S1 * CE
X2 = .5 * ( 3. - ( X1 * X1 + Y1 * Y1 ))
C1 = X2 * X1
S1 = X2 * Y1
C2 = C1 * C1 - S1 * S1
S2 = C1 * S1 + C1 * S1
C3 = C2 * C1 - S2 * S1
S3 = C2 * S1 + S2 * C1

 8510       CONTINUE
      DO 8540 K0 = KK, N2, BLK

  K1 = K0 + 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

 8520   CONTINUE
    X1 = Z(K1) * C2 - Z(K1+1) * S2
    Y1 = Z(K1) * S2 + Z(K1+1) * C2
    X2 = Z(K2) * C1 - Z(K2+1) * S1
    Y2 = Z(K2) * S1 + Z(K2+1) * C1
    X3 = Z(K3) * C3 - Z(K3+1) * S3
    Y3 = Z(K3) * S3 + Z(K3+1) * C3

 8530   CONTINUE
  Z(K3) = Z(K0) - X1 + Y2 - Y3
  Z(K2) = Z(K0) + X1 - X2 - X3
  Z(K1) = Z(K0) - X1 - Y2 + Y3
  Z(K0) = Z(K0) + X1 + X2 + X3
  Z(K3+1) = Z(K0+1) - Y1 - X2 + X3
  Z(K2+1) = Z(K0+1) + Y1 - Y2 - Y3
  Z(K1+1) = Z(K0+1) - Y1 + X2 - X3
  Z(K0+1) = Z(K0+1) + Y1 + Y2 + Y3

 8540       CONTINUE
 8550   CONTINUE

  SPAN = BLK
  GO TO 8500

 8560 CONTINUE
      IF ( SIGN .GE. 0 ) RETURN

DO 8600 KK = 1, N2, 2
 8600     Z(KK+1) = -Z(KK+1)
      RETURN
      END

C FAST FOURIER TRANSFORM SUBROUTINE TAKEN FROM MTS

      SUBROUTINE SFS (N, Z, SIGN)
      DOUBLE PRECISION Z(n)
      INTEGER N, SIGN
      INTEGER K0, K1, ND2
      DOUBLE PRECISION PI, CE, C1, SE, S1, SF, X1, X2, Y1, Y2
      DATA PI /3.1415 92653 58979 324/
      ND2 = IABS(N) / 2
      IF (ND2 + ND2 .NE. N) RETURN
      SF = 1. / FLOAT(ND2)
      X1 = PI * 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))
X1 = -X1
GO TO 8110

 8100 CONTINUE
Z(N+1) = SF * (Z(1) - Z(2))
Z(N+2) = 0.0
Z(1) = SF * (Z(1) + Z(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 CONTINUE
SF = .5 * SF
S1 = -1.

 8110 CONTINUE
      C1 = 0.0
      CE = COS(X1)
      SE = SIN(X1)
      K1 = N - 1
      K0 = 3
 8200 IF (K0 .GE. K1) RETURN

 X1 = CE * C1 - SE * S1
 Y1 = CE * S1 + SE * C1
 X2 = .5 * (3. - (X1 * X1 + Y1 * Y1))
 C1 = X1 * X2
 S1 = Y1 * X2
 X1 = Z(K0) - Z(K1)
 Y1 = Z(K0+1) + Z(K1+1)
 X2 = C1 * X1 - S1 * Y1
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 Y2 = C1 * Y1 + S1 * X1
 X1 = Z(K0) + Z(K1)
 Y1 = Z(K0+1) - Z(K1+1)
 Z(K0) = SF * (X1 + X2)
 Z(K0+1) = SF * (Y1 + Y2)
 Z(K1) = SF * (X1 - X2)
 Z(K1+1) = SF * (Y2 -Y1)
 K1 = K1 - 2
 K0 = K0 + 2
 GO TO 8200

      END

PROGRAM PDRAMA

       Implicit double precision (a-h, o-z)
       INTEGER *2 FL
       DOUBLE PRECISION PI, HBAR, APAS
       CHARACTER *30 FID, FFTOUT
       CHARACTER *1 STATE, SIGNI, FFTYN
       DATA PI /3.1415 92653 58979 324/
C      Planck's constant in cgs (erg sec rad(-1))
       DATA HBAR /1.0545887E-27/

5      PRINT *, 'Calculations are in cgs.'
       PRINT *, ''
       PRINT *,''
       PRINT *, 'Value of Gamma for homonuclear pair?'
       Print *, 'C13 = 6727.0, H=26750 in rad sec(-1) G(-1)'
       READ *, GAMMA
       PRINT *, 'What is the name for the data file?'
       READ (*, '(A)') FID
       PRINT *, 'Rotor Spinning Speed (Hz)?'
       READ *, GNUR
       PRINT *, 'Ratio of inner evolution time to rotor period?'
       READ *, RATIO
       PRINT *, 'Beginning time (ms)?'
       READ *, TIME
       PRINT *, 'Max time (milliseconds)'
       READ *, TMAX
       PRINT *, 'Increments of Time? (ms)'
       READ *, TSTEP
       PRINT *, 'Extreme distance value to begin search?
(angstroms)'
       READ *, RSTART
       PRINT *, 'Number of Steps in Theta/Phi Summation ( > w/>
Time)'
       READ *, N

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

       IF (NSRCH.EQ.1) THEN
       DCOARS=0.4
       RCOARS=0.05*1.E-08
       RFINE=0.0001*1.E-08
        ELSE IF (NSRCH.EQ.2) THEN
       DCOARS=0.44
       RCOARS=0.1*1.E-08
       RFINE=0.001*1.E-08
       ELSE
       PRINT *, 'Must input 1 or 2 for Tight or Loose Search'
       GOTO 6
       ENDIF

C File Opening Units

       OPEN (UNIT=4, FILE=FID, STATUS='UNKNOWN')

C  UNIT CONVERSIONS AND ETC (cgs system)

       TAUR = 1./GNUR
       TAU2 = RATIO*TAUR
       TAU1 = (TAUR-TAU2)/2.
       TIME=TIME*1.E-3
       R=RSTART*1.E-8
       TMAX = TMAX * 1.E-3
       TSTEP = TSTEP*1.E-3

C  TNORM is the normalization constant so when we add up
integration
C  in the do loops, it normalizes to a max magnitude (amplitude)
of 1.

       TNORM = 1./(N**2)
       OMEGAR = GNUR * 2. * PI

        OUTPUT=1
        DIPS=0.01
        DIPOLD=0.
        DIPRE=0.
        GOTO 78

59     IF ((TIME.LE.TMAX).AND.(DIPS.LE.DIPOLD)) THEN
          WRITE (4,*) TIME*1E03, R*1.E08, DIPOLD
          PRINT *, TIME, TMAX,  R, DIPS, DIPOLD
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          PRINT *, 'Incrementing TIME'
          OUTPUT=0
          TIME=TIME+TSTEP

  DIPOLD=0.
          R=RSTART*1E-08
          GOTO 78
        ELSE IF ((TIME.LE.TMAX).AND.
     &(DIPS.GT.DIPOLD)) THEN
         GOTO 60
        ELSE
         PRINT *, 'EOF'
         GOTO 9999
        ENDIF

60    IF (DIPS.LT.DCOARS) THEN
        PRINT *, 'COARSE  ',DIPS ,'for',DCOARS ,' was',  DIPOLD
         PRINT *, 'Incrementing R', R, ' to ', R-RCOARS
         DIPOLD=DIPS
         R=R-RCOARS
         GO TO 78
       ELSE IF (DIPS.GE.DCOARS) THEN
         PRINT *,'At FINE', DIPS ,'for ', DFINE ,' was', DIPOLD
         PRINT *, 'Incrementing R', R , 'to', R-RFINE
         DIPOLD=DIPS
         R=R-RFINE
         GO TO 78
       ENDIF

78        PRINT *, 'At 78, Proceding to next calc... '

               APAS = -(GAMMA**2)*HBAR*(1/R**3)
               DIPRE=0.
               DIPS=0.
C---------------------------------

CST1 =  SQRT(2.)/(2.*PI)
        CST2 =  (1/(4.*PI))
C ---------------------- CALCULATIONS FOR EQN B -----------------

          J = N

           DO 141  I = 1, N, 1
               A = PI * I/N
        DO 241 K = 1, J, 1
                     B = 2 * PI * K/J

      FNT=0.25*PI*SIN(A)*TNORM

      XNGL1=CST1*Sin(2.*A)*Cos(B)*Sin(TAU2*OMEGAR/2.)
      XNGL2=CST2*COS(2.*B)*SIN(A)**2 * SIN(TAU2*OMEGAR)
      TNS=3.*APAS/SQRT(6.)*(XNGL1+XNGL2)

      DIPRE=FNT*(1-COS(TNS*TIME))
      DIPS=DIPS+DIPRE

241          CONTINUE
141         CONTINUE

529    IF (OUTPUT.EQ.1) THEN
       WRITE (4,*)' Maximum Search Results'
       WRITE (4,*)' ---------------------------'
       WRITE (4,*)' Calculations of Distance(A),Time(ms), <D> '
       WRITE (4,*)' Ratio of TAU/TAUR: ', RATIO
       WRITE (4,*)' Spinning Frequency (Hz)', GNUR
       WRITE (4,*)' Gamma for homonuclear pair: ', GAMMA
       WRITE (4,*)' Value of D: ', APAS
       WRITE (4,*)' ----------------'
       WRITE (4,*)' ----------------'

       ENDIF

          OUTPUT=0
          GO TO 59
C     Write to file. Re-initialize 'Result'.

9999        END

PROGRAM RPOWDER

C      This program calculates the response of a two-spin
C      system to the dipolar Hamiltonian (Hd) when one of
C      the spins (the I spin) is perturbed. It can also
C      include isotropic J as well as D. It then graphs
C      the FID response of spin S as well as spin I to two
C      seperate files so you can plot them. This also
C      involves itself with FFT calculations. Comments provided
C      for more clue.  This program was verified with an
C      H-H calculation on Sz at 2.5 angstroms against
C      R. Bruschweiler's  review article, page 5, in
C      Progress in Nuclear Mag Resonance Spec, 32 (1998)
C      - Deanne Taylor, Sept, 1998.

       Implicit double precision (a-h, o-z)
       INTEGER *2 FL
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       REAL TIME, RSTEP,RMAX,RMIN
       DOUBLE PRECISION PI, HBAR, APAS
       CHARACTER *30 FID, FFTOUT
       CHARACTER *1 STATE, SIGNI, FFTYN
       DATA PI /3.1415 92653 58979 324/
C      Planck's constant in cgs (erg sec rad(-1))
       DATA HBAR /1.0545887E-27/

       PRINT *, ''
       PRINT *, ''
       PRINT *, ''
       PRINT *, ''
       PRINT *, ''
5      PRINT *, 'Calculations are in cgs.'
       PRINT *, ''
       PRINT *,''

       PRINT *, 'Input the eqn you want to calc (A,B,C,D,E,F,G).'
       READ (*,'(A)') STATE

       IF ((STATE.EQ.'A').OR.(STATE.EQ.'B').OR.(STATE.EQ.'C').OR.
     &(STATE.EQ.'D').OR.(STATE.EQ.'E').OR.(STATE.EQ.'F').OR.
     &(STATE.EQ.'G')) THEN
       STATE=STATE
       ELSE
       PRINT *, 'You must enter a state of A, B, C, D, E, F or G.
     &Please try again.'
       GOTO 5
       ENDIF

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

      IF ((SIGNI.EQ.'Y').OR.(SIGNI.EQ.'y')) THEN
      SIGN= -1.0
      ELSE
         SIGN=1.0
      ENDIF
       PRINT *, 'What is the name for the data file?'
       READ (*, '(A)') FID
       OPEN (UNIT=4, FILE=FID, STATUS='UNKNOWN')

C  Parameter Input

       PRINT *, 'Parameters'
       PRINT *, ''

       PRINT *, 'Spinning Angle in degrees? (MA = 54.73561)'
       READ *, BNGLE
       PRINT *, 'Spinning Frequency? (hertz)'
       READ *, OMEGA
       TSTME = 1/OMEGA * 1000
       PRINT *, 'Stroboscopic sample time? (millisecs).'
       PRINT *, 'For MASS at a frequency of ',OMEGA,' Hz,
suggested',
     & 'value is ',TSTME,' ms, or integer multpiles such as
',2*TSTME,
     & ' ms, or ', 3*TSTME, ' ms, etc.'
       READ *, STIME
       PRINT *, 'Value of Gamma for homonuclear pair?'
       PRINT *, '(C13 = 6727.0, H = 26750.0, in rad sec(-1) G(-
1))'
       READ  *, GAMMA
       PRINT *, 'Value of J for this pair (in Hz)?'
       READ *, JJJ
       PRINT *, 'Initial dipolar coupling constant? (in Hz)'
       READ *,   DIPINI
       PRINT *, 'Max dipolar coupling constant? (Hz)'
       READ *,  DIPMAX
       PRINT *, "Number of sample steps for dipolar axis?"
       READ *, DIPQRY
       PRINT *, 'Constant Time value? (ms)'
       READ *, TIME
       PRINT *, 'Number of Steps in Theta/Phi Summation ( > w/>
Time)'
       READ *, N
       TIME=TIME*1.E-03

C File Opening Units

C  UNIT CONVERSIONS AND ETC (cgs system)

C  R is the internuclear distance converted into cm.
       DIPVAL=DIPINI
       DIPSTP=(DIPMAX-DIPINI)/DIPQRY

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

       ANGLE = BNGLE * PI/180.

C  STIME is the stroboscopic sampling time converted from ms to
s.
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       STIME = STIME * 1.E-3

C  OMEGAR is the spinning frequency, here converted to
radians/sec.
C  SOMEGA is STIME*OMEGAR is the phase due to sampling at
different
C  times in the rotor rotation.

       OMEGAR = OMEGA * 2. * PI
       SOMEGA = OMEGAR * STIME

C  TNORM is the normalization constant so when we add up
integration
C  in the do loops, it normalizes to a max magnitude (amplitude)
of 1.

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

C  APAS is the constant in front of the dipolar hamiltonian...
C  gamma1*gamma2*hbar/R^3...since gamma1=gamma2, it's just
squared.
C  Note: in powders, there is no factor of 1/2 or any other
multiplier
C  with this simple dipolar constant...except here, 1/pi to
balance out
C  the PI that must be inside the trig functions in the loops (or
I
C  could have multiplied J by PI...same thing, but this way I can
C  keep J and D inside the same parenthesis by dividing D by pi).
C (Note APAS is negative, like D is negative)

59       APAS=DIPVAL*2*PI

C Pieces of the spatial part of the Hamiltonian which determines
the
C frequencies we will integrate over.
C I broke it up to make spot-checks easier and to cut down
calculation
C in the loops.
C This is a simple Riemann sum. There are likely more accurate
algorithms,
C but this seems to work okay.
C REMINDER:

C The angle A is the angle THETA in the lab frame. The angle B is
PHI.
C ANGLE is the angle of the goniometer. STIME is the 'sample
time' which
C we multiply by the MAS spinning speed OMEGAR.

   XNGLE1 = SIN(ANGLE)**2
           XNGLE4 = SIN(2*ANGLE)
           XNGLE7 = 3*(COS(ANGLE)**2)

89 CONTINUE

C ---------------------- CALCULATIONS FOR EQN A -----------------

             IF (STATE.EQ.'A') THEN

C  Calculational doloop. One nested for theta, the other for phi.
C  A is theta, B is phi. The idea is to generate one frequency
C  over a range of frequencies from theta=0...pi and phi=0...2*pi
C  and then for each possible f requency, calculate ALL the time
domain.
C  Then, you add each time point for each frequency into the
array
C  'Result1' and 'Result2' where the arrays are indexed by the
time
C   points.   This sum of all possible frequencies will result in
a FID.

C The J=N  assures that the  J LOOP is the same as N for PHI (B)
as
C for THETA (A) I made them seperate so other goofy things could
be
C done later  (like experimentation with integration steps over
PHI).

          J = N

           DO 138  I = 1, N, 1
               A = PI * I/N
                DO 238 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*(SOMEGA + B))
           XNGLE5 = SIN(2.*A)
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           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )
           TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

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

           TNS=APAS*(TNS1 - TNS2 + TNS3)

C  CONDITIONAL LOGIC FOR STATES IN TIME-CALCULATION LOOP
C  THIS LOOP INCREMENTS TIME WITH THE NEW FREQUENCY, AND
C  CALCULATES THE VALUE OF <STATE> FOR EACH TIME INTERVAL

C               Calculation for <eqn A>

            TIMRE=0.25*PI*SIN(A)*TNORM*
     &(COS(1.5*TNS*TIME*PI)+COS((0.5*TNS + JJJ)*PI*TIME))
            TIMERS = TIMRE+TIMERS

238          CONTINUE
138        CONTINUE

C ----------------- CALC FOR EQN B --------------------------

          ELSE IF (STATE.EQ.'B') THEN

          J = N

           DO 139  I = 1, N, 1
               A = PI * I/N
                DO 239 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*(SOMEGA + B))
           XNGLE5 = SIN(2.*A)
           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )
           TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

           TNS=APAS*(TNS1 - TNS2 + TNS3)

            TIMRE=0.25*PI*SIN(A)*TNORM*SIGN*
     &(COS(3/2*TNS*PI*TIME)-COS((0.5*TNS+JJJ)*PI*TIME))
            TIMERS=TIMRE+TIMERS

239          CONTINUE
139        CONTINUE

C--------------- CALC FOR EQN C ---------------------

         ELSE IF (STATE.EQ.'C') THEN

          J = N

           DO 141  I = 1, N, 1
               A = PI * I/N
        DO 241 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*SOMEGA + 2.*B)
           XNGLE5 = SIN(2.*A)
           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )

   TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

           TNS=APAS*(TNS1 - TNS2 + TNS3)

C Calculation for <eqn C>

            TIMRE=0.25*PI*SIN(A)*TNORM*
     &(1+COS((JJJ-TNS)*PI*TIME))

           TIMERS=TIMRE+TIMERS

241          CONTINUE
141         CONTINUE
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C--------------- CALC FOR EQN D ---------------------

         ELSE IF (STATE.EQ.'D') THEN

          J = N

           DO 142  I = 1, N, 1
               A = PI * I/N
                DO 242 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*SOMEGA + 2.*B)
           XNGLE5 = SIN(2.*A)
           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )
           TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

           TNS=APAS*(TNS1 - TNS2 + TNS3)

C               Calculation for <eqn D>

            TIMRE=0.25*PI*SIN(A)*TNORM*
     &(1-COS((JJJ-TNS)*PI*TIME))
            TIMERS = TIMERS+TIMRE

242          CONTINUE
142         CONTINUE

C--------------- CALC FOR EQN E ---------------------

         ELSE IF (STATE.EQ.'E') THEN

          J = N

           DO 143  I = 1, N, 1
               A = PI * I/N
                DO 243 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*SOMEGA + 2.*B)
           XNGLE5 = SIN(2.*A)
           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )
           TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

           TNS=APAS*(TNS1 - TNS2 + TNS3)

C               Calculation for <eqn E>

            TIMRE=0.25*PI*SIN(A)*TNORM*SIGN*
     &(SIN((0.5*TNS+JJJ)*PI*TIME) + SIN(1.5*TNS*PI*TIME))

    TIMERS=TIMRE+TIMERS

243          CONTINUE
143        CONTINUE

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

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

          J = N

           DO 145  I = 1, N, 1
               A = PI * I/N
                DO 245 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*SOMEGA + 2.*B)
           XNGLE5 = SIN(2.*A)
           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )
           TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))
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           TNS=APAS*(TNS1 - TNS2 + TNS3)

C               Calculation for <eqn F>

            TIMRE= 0.25*PI*SIN(A)*TNORM*SIGN*
     &(SIN((0.5*TNS+JJJ)*PI*TIME) - SIN(1.5*TNS*PI*TIME))

TIMERS=TIMRE+TIMERS

245          CONTINUE
145        CONTINUE

C--------------- CALC FOR EQN G  ---------------------

         ELSE IF (STATE.EQ.'G') THEN

          J = N

           DO 147  I = 1, N, 1
               A = PI * I/N
                DO 247 K = 1, J, 1
                     B = 2 * PI * K/J

           XNGLE2 = SIN(A)**2
           XNGLE3 = COS(2.*SOMEGA + 2.*B)
           XNGLE5 = SIN(2.*A)
           XNGLE6 = COS(SOMEGA+B)
           XNGLE8 = 3.*(COS(A))**2

           TNS1 = ((3./4.) * XNGLE1 * XNGLE2 * XNGLE3)
           TNS2 = ((3./4.) * XNGLE4 * XNGLE5   * XNGLE6 )
           TNS3 =  ((1./4.) * (XNGLE7 -1) * (XNGLE8 -1))

           TNS=APAS*(TNS1 - TNS2 + TNS3)

C               Calculation for <eqn G>

       TIMRE=0.25*PI*SIN(A)*SIGN*TNORM*SIN((JJJ-TNS)*PI*TIME)
TIMERS=TIMRE+TIMERS

247          CONTINUE
147        CONTINUE

         ENDIF

C Some useful write-tos to the output file.
IF (OUTPUT.EQ.1) THEN

       WRITE (4,*)' RESULTS FOR: ', STATE
       WRITE (4,*)' ---------------------------'
       WRITE (4,*)' '
       WRITE (4,*)' No. of steps in integration: ', N
       WRITE (4,*)' Gamma for homonuclear pair: ', GAMMA
       WRITE (4,*)' No. of data points reporting:', M
       WRITE (4,*)' Spinning Angle: ', ANGLE
       WRITE (4,*)' Stroboscopic Sample Time ', STIME
       WRITE (4,*)' Internuclear Distance (angstroms): ', R*1E8
       WRITE (4,*)' Spinning Speed: ' , OMEGAR
       WRITE (4,*)' ----------------'
       WRITE (4,*)' Evolution of EQN ', STATE , ' in time steps
of',
     &TSTEP*1E03, ' milliseconds'
       WRITE (4,*)' ----------------'

ENDIF

C  Write to file. Re-initialize 'Result'.

       OUTPUT=0
            WRITE(4,*) DIPVAL,  TIMERS

    TIMRE=0.
            TIMERS=0.

        DIPVAL = DIPVAL + DIPSTP
        IF (DIPVAL.LT.DIPMAX) THEN
        GOTO 59
        ENDIF

END

PROGRAM RFDR

C This program calculates the response of a two-spin
C system to the dipolar Hamiltonian (Hd) when one of
C he spins (the I spin) is perturbed. It can also
C include isotropic J as well as D. It then graphs
C the FID response of spin S as well as spin I to two
C seperate files so you can plot them. This also
C nvolves itself with FFT calculations. Comments provided
C for more clue.
C The average Hamiltonian employed is that of
C the RFDR experiment (see Biblio, ref.
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       Implicit double precision (a-h, o-z)
       INTEGER *2 FL
       REAL TSTEP, SIGN
       DOUBLE PRECISION PI,HBAR,APAS,CST1,CST2
       DOUBLE PRECISION XMAX,TNG,ADJ,CST3, GAL
       CHARACTER *30 FID, FFTOUT
       CHARACTER *1 STATE, SIGNI, FFTYN
       DIMENSION  RES1(10000),  RESULT1(10000), CONFIG(10000)
       DIMENSION AT(131074), BT(65536), CT(65536), DT(65536)
       DATA PI /3.1415 92653 58979 324/
C      Planck's constant in cgs (erg sec rad(-1))
       DATA HBAR /1.0545887E-27/

       PRINT *, ''
       PRINT *, ''
       PRINT *, ''
       PRINT *, ''
       PRINT *, ''
5      PRINT *, 'Calculations are in cgs.'
       PRINT *, ''
       PRINT *,''

       PRINT *, 'Input the eqn you want to calc (A,B,C,D,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 must enter a state of A, B, C, D, or E.
     &Please try again.'
       GOTO 5
       ENDIF

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

      IF ((SIGNI.EQ.'Y').OR.(SIGNI.EQ.'y')) THEN
      SIGN= -1.0
      ELSE
         SIGN=1.0
      ENDIF
       PRINT *, 'What is the name for the data file?'
       READ (*, '(A)') FID

       OPEN (UNIT=4, FILE=FID, STATUS='UNKNOWN')

C  Parameter Input

       PRINT *, 'Parameters'
       PRINT *, ''
       PRINT *, 'Ratio of chemical shift difference to rotor
frequency?'
       READ *, XMAX
       PRINT *, 'Value of Gamma for homonuclear pair?'
       PRINT *, '(C13 = 6727.0, H = 26750.0, in rad sec(-1) G(-
1))'
       READ  *, GAMMA
       PRINT *, 'Distance between nuclei? (in Angstroms)'
       READ *, R
       PRINT *, 'Number of steps in summation per pass?'
       READ *, N
       PRINT *, 'Do you want an FFT calculated?'
       READ *, FFTYN

       IF ((FFTYN.EQ.'Y').OR.(FFTYN.EQ.'y')) THEN
        PRINT *, 'Number of steps in time array? Power of 2, up
to 4096'
        READ *, M
        PRINT *, 'Name of FFT output file?'
        READ *, FFTOUT
       ELSE
        PRINT *, 'Number of steps in time array? (Even # up to
10,000)'
        READ *, M

       ENDIF

C File Opening Units

C  UNIT CONVERSIONS AND ETC (cgs system)

C  R is the internuclear distance converted into cm.

       R = R * 1.E-8

C  TNORM is the normalization constant so when we add up
summation
C  in the do loops, it normalizes to a max magnitude (amplitude)
of 1.
C It's squared because the double sum goes by N^2.
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       TNORM = 1./(N**2)

C  APAS is the constant in front of the dipolar hamiltonian...
C  gamma1*gamma2*hbar/R^3...since gamma1=gamma2, it's just
squared.

C  Note: in powders, there is no factor of 1/2 or any other
multiplier
C  with this simple dipolar constant. DIP is in rad/sec, APAS
C  is the modification due to the factor of 1/2 in the product
C  operator

      DIP=-(GAMMA**2)*HBAR*(1./R**3)
      APAS=DIP/2

C TEST determines the measure of time scale (see below).

       TEST=ABS(APAS)

       PRINT *, 'Value of spinning angle = ', ANGLE, 'radians.'
       PRINT *, 'Value of APAS =', APAS
       PRINT *, 'Distance in cm: ',R
       PRINT *, 'The gamma pair: ' , GAMMA

C      TIMESTEP CALCULATION using TEST (these seem to work well)

       IF (TEST.LT.1000.) THEN
               TSTEP=.0001
       ELSE IF (TEST.LT.5000.) THEN
               TSTEP=.00001
       ELSE IF (TEST.LT.10000.) THEN
               TSTEP=.00001
       ELSE IF (TEST.LT.20000.) THEN
               TSTEP=.00001
       ELSE IF (TEST.LT.50000.) THEN
               TSTEP=.00001
       ELSE
               TSTEP=.00001
       ENDIF
       PRINT *, 'Timesteps selected: ', TSTEP, ' seconds.'
       PRINT *, 'Your total data set will span ', TSTEP*M*1E03,
     &' milliseconds.'

C Pieces of the spatial part of the Hamiltonian which determines
the
C frequencies we will sum over.

C I broke it up to make spot-checks easier and to cut down
calculation
C in the loops.
C This is a simple Riemann sum. Higher the sum amount, more
accurate the
C FID-type powder spectra. The weighting term "SIN (THETA)" has
been included.

C REMINDER:
C The angle A is the angle THETA in the lab frame. The angle B is
PHI.
C ANGLE is the angle of the goniometer.

C XMAX is the maximum response of chemical shift difference per
rotor rotation
C from the SEDRA function for d. See figure in paper. Adding
together m=1
C and m=2 components got a maxmimum delta-shift/vr at 1.03362
which I
C derived in mathematica, with a bunch of assumptions since the
paper isn't
C clear at all. Like, we assume to put gamma^2/r^3 etc with the
wigner terms,
C right?

        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/PI * SIN(XMAX*PI)

89       PRINT *, 'Now calculating FID for Equation ', STATE, '.'

C ---------------------- CALCULATIONS FOR EQN C -----------------

             IF (STATE.EQ.'C') THEN

C  Calculational doloop. One nested for theta, the other for phi.
C  A is theta, B is phi. The idea is to generate one frequency
C  over a range of frequencies from theta=0...pi and phi=0...2*pi
C  and then for each possible frequency (for each crystallite
orientation
C that goes by N^2), calculate ALL the time domain.

C  Then, you add each time point for each frequency into the
array
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C  'Result1' and 'Result2' where the arrays are indexed by the
time
C   points.   This sum of all possible frequencies will result in
a kind
C  of FID-like response which is due to the multiple dipolar
frequencies.

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

          J = N

           DO 138  I = 1, N, 1
               A = PI * I/N
                DO 238 K = 1, J, 1
                     B = 2 * PI * K/J
C Sum elements for the dipolar term in the SEDRA paper (d = sum
over m=1 and m=2)
C These are d12(beta) for m=1 and m=2

    TWK1 =SIN(2*A)*COS(B)*CST1
            TWK2 = SIN(A)**2*COS(2*B)*CST2
            TNS=APAS*CST3*(TWK2+TWK1)
            FNT=0.5*PI*SIN(A)*TNORM

C  CONDITIONAL LOGIC FOR STATES IN TIME-CALCULATION LOOP
C  THIS LOOP INCREMENTS TIME WITH THE NEW FREQUENCY, AND
C  CALCULATES THE VALUE OF <STATE> FOR EACH TIME INTERVAL

C               Calculation for <eqn C>
C               (Transfer from Iz to Iz)

       DO 11 NTIME = 0, M, 1
        DELTAT = NTIME * TSTEP
       RES1(NTIME)=FNT*COS(TNS*DELTAT)**2
         RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
11       CONTINUE

238          CONTINUE
138        CONTINUE

C ----------------- CALC FOR EQN E --------------------------
C      (Transfer from Iz to IxSy (-E) and IySx (E) )

          ELSE IF (STATE.EQ.'E') THEN

          J = N

           DO 139  I = 1, N, 1
               A = PI * I/N
                DO 239 K = 1, J, 1
                     B = 2 * PI * K/J

    TWK1 =SIN(2*A)*COS(B)*CST1
            TWK2 = SIN(A)**2 * COS(2*B)*CST2
            TNS=APAS*CST3*(TWK2+TWK1)
            FNT=0.5*PI*SIN(A)*TNORM

C               Loop for <eqn E>

         DO 12 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)=FNT*0.5*SIN(2*TNS*DELTAT)
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
12           CONTINUE

239          CONTINUE
139        CONTINUE

C--------------- CALC FOR EQN D ---------------------
C           (Transfer from Iz to Sz)

         ELSE IF (STATE.EQ.'D') THEN

          J = N

           DO 141  I = 1, N, 1
               A = PI * I/N
        DO 241 K = 1, J, 1
                     B = 2 * PI * K/J

    TWK1 = SIN(2*A)*COS(B)*CST1
            TWK2 = SIN(A)**2 * COS(2*B)*CST2
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            TNS=APAS*CST3*(TWK2+TWK1)
            FNT=0.5*PI*SIN(A)*TNORM

C Calculation for <eqn D>

         DO 14 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)=FNT*SIN(TNS*DELTAT)**2
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
14       CONTINUE

241          CONTINUE
141         CONTINUE

C--------------- CALC FOR EQN A---------------------
C (Transfer from  Ix to Ix, Sx to Sx, etc).

         ELSE IF (STATE.EQ.'A') THEN

          J = N
           DO 142  I = 1, N, 1
               A = PI * I/N
                DO 242 K = 1, J, 1
                     B = 2. * PI * K/J

    TWK1 = SIN(2*A)*COS(B)*CST1*CST3
            TWK2 = SIN(A)**2 * COS(2*B)*CST2*CST3
            TNS=APAS*(TWK2+TWK1)
            FNT=0.5*PI*SIN(A)*TNORM

C               Loop Calculation for <eqn A>

         DO 15 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)=FNT*SIGN*COS(TNS*DELTAT)
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
15       CONTINUE

242          CONTINUE
142         CONTINUE

C--------------- CALC FOR EQN B ---------------------
C (transfer from Sy to IxSz, usually 0 like EQN B)

         ELSE IF (STATE.EQ.'B') THEN

          J = N

           DO 143  I = 1, N, 1
               A = PI * I/N
                DO 243 K = 1, J, 1
                     B = 2 * PI * K/J

    TWK1 = SIN(2*A)*COS(B)*CST1
            TWK2 = SIN(A)**2 * COS(2*B)*CST2
            TNS=APAS*CST3*(TWK2+TWK1)
            FNT=0.5*PI*SIN(A)*TNORM

C               Calculation for <eqn B>

         DO 16 NTIME = 0, M, 1
            DELTAT = NTIME * TSTEP
            RES1(NTIME)=FNT*SIGN*SIN(TNS*DELTAT)
            RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
16       CONTINUE
243          CONTINUE
143        CONTINUE

         ENDIF

C Some useful write-tos to the output file.

       WRITE (4,*)' RESULTS FOR: ', STATE
       WRITE (4,*)' ---------------------------'
       WRITE (4,*)' '
       WRITE (4,*)' No. of crystallite orientations: ', N**2
       WRITE (4,*)' Gamma for homonuclear pair: ', GAMMA
       WRITE (4,*)' No. of data points reporting:', M
       WRITE (4,*)' Ratio of del-CS/vr: ',    XMAX
       WRITE (4,*)' Internuclear Distance (angstroms): ', R*1E8
       WRITE (4,*)' Value of D: ', APAS
       WRITE (4,*)' ----------------'
       WRITE (4,*)' Evolution of EQN ', STATE , ' in time steps
of',
     &TSTEP*1E03, ' milliseconds'
       WRITE (4,*)' ----------------'

       PRINT *, 'Writing to FID file...'
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       DO 111 L=0, M, 1
            WRITE(4,*)  L*1E03*TSTEP,  '   ' , RESULT1(L)
111      CONTINUE

           WRITE(4,*)'-9999'

9999   IF ((FFTYN.EQ.'Y').OR.(FFTYN.EQ.'y')) THEN

        DO 107 I=1, M, 1
        CONFIG(I)=RESULT1(I)
107     CONTINUE

        DO 109  I=1, M, 1
        WRITE (3,*) I*1E03*TSTEP, '    ', CONFIG(I)
109     CONTINUE

       CALL FFT(CONFIG,M,FFTOUT,TSTEP,STATE,GAMMA,
     &N,APAS)
       ENDIF
       END

      SUBROUTINE FFT (AT,M,FFTOUT,TSTEP,STATE,GAMMA,
     &N,APAS)
      REAL TSTEP
      DOUBLE PRECISION PI,HBAR,APAS,TAU1,TAU2,RATIO,GAMMA,GNUR
      CHARACTER *1 STATE, SIGNI, FFTYN
      INTEGER I, J
      DOUBLE PRECISION AT(M+2),BT(M/2+1),CT(M/2+1),DT(M/2+1)
      CHARACTER * 30 FFTOUT
      DATA PI /3.1415 92653 58979 324/
      OPEN(5, FILE=FFTOUT)
      CLOSE(4)
      CALL SFFT2(M/2,AT,1)
      CALL SFS(M,AT,1)
      PRINT *, 'Writing to FFT file...'
      WRITE (5,*), 'FFT CALCULATION FOR EQN ', STATE
       WRITE (5,*)' ---------------------------'
       WRITE (5,*)' '
       WRITE (5,*)' No. of steps in integration: ', N
       WRITE (5,*)' Gamma for homonuclear pair: ', GAMMA
       WRITE (5,*)' No. of data points reporting:', M
       WRITE (5,*)' Internuclear Distance (angstroms): ', R*1E8
       WRITE (5,*)' RATIO inner evolution to rot period:', RATIO
       WRITE (5,*)' TAU1:' , TAU1, 'TAU2:' , TAU2
       WRITE (5,*)' Spinning Speed: ' , GNUR ,  ' Hz'
       WRITE (5,*)' Value of D: ', APAS
       WRITE (5,*)' ----------------'

       WRITE (5,*)' FFT of EQN ', STATE , ' in freq steps of',
     &1/(M*1E03*TSTEP), ' milliseconds'
       WRITE (5,*)' ----------------'

C Removing that first point
C CREATING THE DIPOLAR POWDER PATTERN: PRINT OUT THE LEFT SIDE BY
REVERSING
C THE SOLUTION FROM LEFT TO RIGHT, THEN PLOT THE FFT FOR THE
RIGHT HAND
C SIDE OF THE PLOT.

      DO 200 J=1, M/2
C     This assures the real (cosine) series by 2*I-1...odd
series.
C     Imaginary (sine series) would merely be 2*I...even series.
      BT(J)=AT(M-(2*J-1))
200   CONTINUE

      DO 201 J=1, M/2
      DT(J)=BT(J-1)
      WRITE(5,*), (J-(M/2+1))/(M*TSTEP), DT(J)*M
201   CONTINUE

      DO 202 I=1, M/2
C     This assures the real (cosine) series by 2*I-1...odd
series.
C     Imaginary (sine series) would merely be 2*I...even series.
      BT(I)=AT(2*I-1)
      CT(I)=AT(2*I)
      WRITE(88,*),CT(I)
202   CONTINUE
      BT(M/2 +1)=0.
      DO  203 I=1, M/2
      DT(I)=BT(I+1)
      WRITE(5,*), I/(M*TSTEP), DT(I)*M
203   CONTINUE

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

      WRITE(5,*), '-9999'
      RETURN
      END

C FAST FOURIER TRANSFORM SUBROUTINE TAKEN FROM MTS

      SUBROUTINE SFFT2 (N,Z,SIGN)



189

      double precision Z(N)
      INTEGER N, SIGN
      INTEGER JBH, JBL, KR, LOG2
      INTEGER BLK, KK, K0, K1, K2, K3, N2, SPAN
      DOUBLE PRECISION CE, C1, C2, C3, SE, S1, S2, S3, PIOV2,
THETA
      DOUBLE PRECISION  X1, X2, X3, Y1, Y2, Y3
      DATA PIOV2/1.5707 96326 79489 662/
      N2 = 1
      LOG2 = 0
 8100   LOG2 = LOG2 + 1

  N2 = N2 + N2
  IF ( N2 .LT. N )  GO TO 8100

      IF ( N2 .GT. N ) RETURN
      N2 = N2 + N2 - 1
      IF ( SIGN .GE. 0 ) GO TO 8210

DO 8200 KK = 1, N2, 2
 8200     Z(KK+1) = -Z(KK+1)
 8210 CONTINUE
      JBL = 2
      JBH = N
 8300 IF ( JBH .LE. JBL ) GO TO 8340

  SPAN = JBL + JBL
  KR = 1

 8310       KK = KR + JBL
      KR = KR + JBH
      BLK = KR - JBL
      DO 8330 K1 = KK, BLK, SPAN

  K3 = K1 + JBL - 2
  DO 8320 K0 = K1, K3, 2
      X1 = Z(K0)
      Z(K0) = Z(KR)
      Z(KR) = X1
      Y1 = Z(K0+1)
      Z(K0+1) = Z(KR+1)
      Z(KR+1) = Y1

 8320       KR = KR + 2
  KR = KR + JBL

 8330       CONTINUE
      IF ( KR .LT. N2 ) GO TO 8310
  JBH = JBH / 2
  JBL = JBL + JBL
  GO TO 8300

 8340 CONTINUE
      IF ( MOD(LOG2,2) .NE. 0 ) GO TO 8400

THETA = PIOV2
SPAN = 2

GO TO 8420
 8400 CONTINUE

DO 8410 K0 = 1, N2, 4
    K1 = K0 + 2
    X1 = Z(K0)
    Z(K0) = X1 + Z(K1)
    Z(K1) = X1 - Z(K1)
    Y1 = Z(K0+1)
    Z(K0+1) = Y1 + Z(K1+1)

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

 8420 CONTINUE
 8500 IF ( SPAN .GE. N2 ) GO TO 8560

  BLK = SPAN * 4
  IF ( SPAN .EQ. 2 ) GO TO 8505
    THETA = .25 * THETA
    SE = SIN(THETA)
    CE = COS(THETA)
    C1 = 1.0
    S1 = 0.0

 8505   CONTINUE
  DO 8550 KK = 1, SPAN, 2
      IF ( KK .EQ. 1 ) GO TO 8510

X1 = C1 * CE - S1 * SE
Y1 = C1 * SE + S1 * CE
X2 = .5 * ( 3. - ( X1 * X1 + Y1 * Y1 ))
C1 = X2 * X1
S1 = X2 * Y1
C2 = C1 * C1 - S1 * S1
S2 = C1 * S1 + C1 * S1
C3 = C2 * C1 - S2 * S1
S3 = C2 * S1 + S2 * C1

 8510       CONTINUE
      DO 8540 K0 = KK, N2, BLK

  K1 = K0 + 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

 8520   CONTINUE
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    X1 = Z(K1) * C2 - Z(K1+1) * S2
    Y1 = Z(K1) * S2 + Z(K1+1) * C2
    X2 = Z(K2) * C1 - Z(K2+1) * S1
    Y2 = Z(K2) * S1 + Z(K2+1) * C1
    X3 = Z(K3) * C3 - Z(K3+1) * S3
    Y3 = Z(K3) * S3 + Z(K3+1) * C3

 8530   CONTINUE
  Z(K3) = Z(K0) - X1 + Y2 - Y3
  Z(K2) = Z(K0) + X1 - X2 - X3
  Z(K1) = Z(K0) - X1 - Y2 + Y3
  Z(K0) = Z(K0) + X1 + X2 + X3
  Z(K3+1) = Z(K0+1) - Y1 - X2 + X3
  Z(K2+1) = Z(K0+1) + Y1 - Y2 - Y3
  Z(K1+1) = Z(K0+1) - Y1 + X2 - X3
  Z(K0+1) = Z(K0+1) + Y1 + Y2 + Y3

 8540       CONTINUE
 8550   CONTINUE

  SPAN = BLK
  GO TO 8500

 8560 CONTINUE
      IF ( SIGN .GE. 0 ) RETURN

DO 8600 KK = 1, N2, 2
 8600     Z(KK+1) = -Z(KK+1)
      RETURN
      END

C FAST FOURIER TRANSFORM SUBROUTINE TAKEN FROM MTS
      SUBROUTINE SFS (N, Z, SIGN)
      DOUBLE PRECISION Z(n)
      INTEGER N, SIGN
      INTEGER K0, K1, ND2
      DOUBLE PRECISION PI, CE, C1, SE, S1, SF, X1, X2, Y1, Y2
      DATA PI /3.1415 92653 58979 324/
      ND2 = IABS(N) / 2
      IF (ND2 + ND2 .NE. N) RETURN
      SF = 1. / FLOAT(ND2)
      X1 = PI * 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))
X1 = -X1
GO TO 8110

 8100 CONTINUE
Z(N+1) = SF * (Z(1) - Z(2))
Z(N+2) = 0.0

Z(1) = SF * (Z(1) + Z(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 CONTINUE
SF = .5 * SF
S1 = -1.

 8110 CONTINUE
      C1 = 0.0
      CE = COS(X1)
      SE = SIN(X1)
      K1 = N - 1
      K0 = 3
 8200 IF (K0 .GE. K1) RETURN

 X1 = CE * C1 - SE * S1
 Y1 = CE * S1 + SE * C1
 X2 = .5 * (3. - (X1 * X1 + Y1 * Y1))
 C1 = X1 * X2
 S1 = Y1 * X2
 X1 = Z(K0) - Z(K1)
 Y1 = Z(K0+1) + Z(K1+1)
 X2 = C1 * X1 - S1 * Y1
 Y2 = C1 * Y1 + S1 * X1
 X1 = Z(K0) + Z(K1)
 Y1 = Z(K0+1) - Z(K1+1)
 Z(K0) = SF * (X1 + X2)
 Z(K0+1) = SF * (Y1 + Y2)
 Z(K1) = SF * (X1 - X2)
 Z(K1+1) = SF * (Y2 -Y1)
 K1 = K1 - 2
 K0 = K0 + 2
 GO TO 8200

      END

 PROGRAM IS.F
      IMPLICIT DOUBLE PRECISION (a-h, o-z)
      DOUBLE PRECISION JJJ1, JJJ, NUCGAM

  CHARACTER *30 FID, INPT, FFTOUT
      CHARACTER *1 STATE, SIGNI, FFTYN

  CHARACTER *2 STATID

  DIMENSION RES1(100000), RESULT1(100000), CONFIG(100000)
  DIMENSION AT(131138), BT(131138), CT(131138),

DT(131138)
      INTEGER N,M,I,IL,J,K
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      COMPLEX wip(-2:2),wic(-2:2),wir(-2:2),wil(-2:2)
      COMPLEX wsp(-2:2),wsc(-2:2),wsr(-2:2),wsl(-2:2)
      COMPLEX wisp(-2:2),wisc(-2:2), wisr(-2:2), wisl(-2:2)
      COMPLEX D2(-2:2,-2:2)

      DATA PI /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/

5     PRINT *, 'Calculations are in CGS.'
      PRINT *, ''
      PRINT *, ''
      PRINT *, 'Input the intial state.'

  PRINT *, 'Type A for Ix, and B for Iz.'
      PRINT *, ''

  READ (*, '(A)') STATE
  IF ((STATE.EQ.'A').OR.(STATE.EQ.'B')) THEN
  STATE=STATE
  ELSE

      PRINT *, 'Enter a state A or B only. Try again.'
  GOTO 5
  ENDIF

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

      PRINT *, 'Do you want an FFT calculated?'
      READ *, FFTYN

      IF ((FFTYN.EQ.'Y').OR.(FFTYN.EQ.'y')) THEN
    PRINT *, "Make sure your input file timesteps are"

PRINT *, "an integer power of 2."
PRINT *, "---------"

    PRINT *, 'Name of FFT output file?'
    READ *, FFTOUT
  ELSE
    PRINT *, "Calculating..."
  ENDIF

  OPEN (UNIT=4, FILE=FID, STATUS='UNKNOWN')
  OPEN (UNIT=10,FILE=INPT,STATUS='UNKNOWN')

  READ(10,*) HNU0,NUCGAM,R,JJJ1
  PRINT *, HNU0, NUCGAM, R, JJJ1, CGAM

C     Chemical shifts in ppm, for spins I (csi) and spin S (css)

  READ(10,*) csix, csiy, csiz
  PRINT *, csix, csiy, csiz
  READ(10,*) cssx, cssy, cssz
  PRINT *, cssx, cssy, cssz
  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=HNU0 * 2.*PI * NUCGAM/HGAM

C Change ppm to rad/sec
  csix=csix*vnu
  cssx=cssx*vnu
  cssy=cssy*vnu
  cssz=cssz*vnu
  csiy=csiy*vnu
  csiz=csiz*vnu

  CSIi=1./3.*(csiy+csix+csiz)
      PRINT *, "CSIi = " , CSIi

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

  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

  ais_p2c=ais_p2c*rad
  bis_p2c=bis_p2c*rad
  gis_p2c=gis_p2c*rad

      a_c2r=a_c2r*rad
  b_c2r=b_c2r*rad
  g_c2r=g_c2r*rad
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      ANISOI = csiz - csIi
  ANISOS = cssz - cSSi

  DIFFI=csix-csiy
  DIFFS=cssx-cssy

  etai=DIFFI/ANISOI
  etas=DIFFS/ANISOS
  R= R * 1.E-8

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

  PRINT *, ANISOI, ANISOS, DIFFI, DIFFS, etai, etas, R,
DIP

  JJJ=JJJ1*2.*PI
  TNORM3 = 1./(N**3)
  TNORM2=1./(N**2)
  TIME=TIME*1E-03

      TSTEP = TIME/M

  wip(0) = anisoi
  wip(2) = wip(0)*(-etai*sqrt(1./6.))
  wip(-2)= wip(2)
  wip(-1)= 0.
  wip(1) = 0.
  PRINT *, "wip = ", wip

  wsp(0) = anisos
  wsp(2) = wsp(0)*(-etas*sqrt(1./6.))
  wsp(-2)= wsp(2)
  wsp(-1)= 0.
  wsp(1) = 0.
  PRINT *, "wsp =", wsp

  wisp(0)= DIP
  wisp(2) = 0.
  wisp(-2)= 0.
  wisp(-1)= 0.
  wisp(1) = 0.

  wisc(0)=DIP
  wisc(2)=0.
  wisc(-2)=0.
  wisc(-1)=0.
  wisc(1)=0.

  DO 10 IG = 1, 5, 1

    DO 11 IT = 1, 6, 1
DIT=IT-3
DIG=IG-3
D2(DIT,DIG)=0.

11    CONTINUE
10    CONTINUE

      Call WIGNER2(D2, ai_p2c, bi_p2c, gi_p2c)
  Call c_vec_mat_mul(wip,D2(-2,-2),wic,-2,2,-2,2)
  PRINT *, "wic =", wic

      Call WIGNER2(D2,as_p2c,bs_p2c,gs_p2c)
  CALL c_vec_mat_mul(wsp,D2(-2,-2),wsc,-2,2,-2,2)
  PRINT *, "wsc =" , wsc

C     Now to rotor frame, convert from crystal frame.

  DO 510 IG = 1, 5, 1
    DO 511 IT = 1, 6, 1

DIT=IT-3
DIG=IG-3
D2(DIT,DIG)=0.

511    CONTINUE
510    CONTINUE

  CALL WIGNER2(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 =", wir

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

C------------------ Loop for Ix -------------------------------

      IF (STATE.eq.'A') THEN

  STATID='Ix'

  DO 138 I=1, N, 1
     BET=PI*I/N
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C DO 238 K=1, N, 1
C GAM=2.*PI*K/N
            GAM=0.0

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

   CALL WIGNER2(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)+csIi)
   wsl(0)=(wsl(0)+csSi)

       wisl(0)=wisl(0)

           omegai=real(wil(0))
       omegas=real(wsl(0))

   SUMIS=(0.5*((omegai)+(omegas)))
           DIFFIS=(omegai-(omegas))

   diptns=real(wisl(0))
   ATERM=(JJJ+2.*DIPTNS)
   BTERM=(JJJ-DIPTNS)
   RTERM=SQRT(DIFFIS**2 + BTERM**2)

   DO 38 NTIME=0,M,1
   DELTAT = NTIME * TSTEP

   RES1(NTIME)=TNORM2*Cos(ATERM*DELTAT)*
     &( COS(BTERM*DELTAT*0.5)*COS(SUMIS*DELTAT) +
     & (DIFFIS/RTERM)*SIN(BTERM*DELTAT*0.5)*SIN(SUMIS*DELTAT))

       RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)
38         CONTINUE
338        CONTINUE
C238        CONTINUE
138        CONTINUE

C ------------------ CALC FOR Iz -----------------------

      ELSE IF (STATE.eq.'B') THEN
      STATID='Iz'

  DO 148 I=1, N, 1
     BET = PI*I/N
 DO 248 K=1, N, 1

         GAM = 2.*PI*K/N

C DO 348 IL=1,N,1
C          ALPH=2.*PI*IL/N
              ALPH=0.0

   CALL WIGNER2(D2,ALPH,BET,GAM)
   call c_vec_mat_mul(wir(-2),D2(-2,-2),

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

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

     &wisl,-2,2,-2,2)

           wil(0)=wil(0)+csIi
   wsl(0)=wsl(0)+csSi

C    wisl(0)=wisl(0)

    DIFFIS=(real(wil(0)-wsl(0)))
   diptns=(real(wisl(0)))

   ATERM=JJJ+ 2.*DIPTNS
   BTERM=JJJ - DIPTNS
   BSQ= BTERM**2

        DIFFSQ=DIFFIS**2
   RTERM = SQRT(DIFFSQ + BSQ)
   RSQ=DIFSQ + BSQ

   DO 48 NTIME=0,M,1

   DELTAT = NTIME * TSTEP

   RES1(NTIME)=TNORM2*SIN(BET)*0.25*PI*
     &((RSQ+DIFFSQ+BSQ*COS(BTERM*DELTAT))/(2.*RSQ))

       RESULT1(NTIME) = RESULT1(NTIME) + RES1(NTIME)

48         CONTINUE

C348        CONTINUE
248        CONTINUE
148        CONTINUE

          ENDIF

  WRITE (4,*) 'RESULTS FOR: ', STATID
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      WRITE (4,*) '---------------------------'
      WRITE (4,*) 'H larmor B0, nuclei gamma, R Angs, J Hz '

  WRITE (4,*)  HNU0 ,  NUCGAM,  R ,  JJJ1
  WRITE (4,*) 'Chm shft ppm sigxx,sigyy,sigzz,CS PAS for

spin 1'
      WRITE (4,*)  csix/vnu, csiy/vnu, csiz/vnu

  WRITE (4,*) 'Chm shft ppm sigxx,sigyy,sigzz,CS PAS for
spin 2'
      WRITE (4,*) cssx/vnu, cssy/vnu, cssz/vnu

  WRITE (4,*) '# loop sum stps, sim time (ms), # plot
points'

  WRITE (4,*) N  ,   TIME   ,     M
      WRITE (4,*) 'Angles from PAS to crystal frame for spin I in
deg.'

  WRITE (4,*)  ai_p2c/rad , bi_p2c/rad , gi_p2c/rad
      WRITE (4,*) "Angles from PAS to crystal frame for spin 2 in
deg."
      WRITE (4,*) as_p2c/rad  , bs_p2c/rad , gs_p2c/rad

  WRITE (4,*) "Angles from crystal frame to rotor frame
in deg"
      WRITE (4,*)  a_c2r/rad  , b_c2r/rad  ,  g_c2r/rad

  WRITE (4,*) '(rotor->lab xform is done in riemann
loop)'
      WRITE (4,*) '----------------'

   PRINT *, 'Writing to FID file...'
       DO 111 L=0, M, 1
            WRITE(4,*)  L*1E03*TSTEP,  '   ' , RESULT1(L)

111      CONTINUE

9999   IF ((FFTYN.EQ.'Y').OR.(FFTYN.EQ.'y')) THEN

        DO 107 I=1, M, 1
   CONFIG(I)=RESULT1(I)

107     CONTINUE

       CALL FFT(CONFIG,M,FFTOUT,TSTEP,STATED,NUCGAM,HNU0,
     &N, R, JJJ1, csix, csiy, csiz, cssx, cssy, cssz, vnu,
     &TIME, ai_p2c, bi_p2c, gi_p2c, rad, as_p2c, bs_p2c,
     &gs_p2c, a_c2r,b_c2r,g_c2r)

   ENDIF

   END

      SUBROUTINE WIGNER2(D2,ALPHA,BETA,GAMMA)
C
C     calculates second-rank Wigner matrix
C      this is the same as that given by spiess, assuming
c      first index = row, 2nd index = col.
C
      IMPLICIT DOUBLE PRECISION (a-h, o-z)
      SAVE
      COMPLEX D2(-2:2,-2:2)
      COMPLEX EM2AM2G,EM2AMG,EM2A,EM2APG,EM2AP2G
      COMPLEX EMAM2G,EMAMG,EMA,EMAPG,EMAP2G
      COMPLEX EM2G,EMG,EPG,EP2G
      COMPLEX EPAM2G,EPAMG,EPA,EPAPG,EPAP2G
      COMPLEX EP2AM2G,EP2AMG,EP2A,EP2APG,EP2AP2G
C
      COSB=COS(BETA)
      SINB=SIN(BETA)
      COS2B=COSB**2
      SIN2B=SINB**2
      CPLUS=(1.0+COSB)*0.5
      CMINUS=(1.0-COSB)*0.5
      R3BY8=SQRT(3.0/8.0)
      SINOF2B=SIN(2.0*BETA)
C
      EM2AM2G= CEXP(CMPLX(0.0,(-2.0*ALPHA-2.0*GAMMA)))
      EM2AMG= CEXP(CMPLX(0.0,-2.0*ALPHA-GAMMA))
      EM2A= CEXP(CMPLX(0.0,-2.0*ALPHA))
      EM2APG= CEXP(CMPLX(0.0,(-2.0*ALPHA+GAMMA)))
      EM2AP2G= CEXP(CMPLX(0.0,(-2.0*ALPHA+2.0*GAMMA)))
C
      EMAM2G= CEXP(CMPLX(0.0,(-ALPHA-2.0*GAMMA)))
      EMAMG= CEXP(CMPLX(0.0,(-ALPHA-GAMMA)))
      EMA= CEXP(CMPLX(0.0,-ALPHA))
      EMAPG= CEXP(CMPLX(0.0,(-ALPHA+GAMMA)))
      EMAP2G= CEXP(CMPLX(0.0,(-ALPHA+2.0*GAMMA)))
C
      EM2G= CEXP(CMPLX(0.0,(-2.0*GAMMA)))
      EMG= CEXP(CMPLX(0.0,(-GAMMA)))
      EPG= CONJG(EMG)
      EP2G= CONJG(EM2G)
C
      EPAM2G= CONJG(EMAP2G)
      EPAMG= CONJG(EMAPG)
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      EPA= CONJG(EMA)
      EPAPG= CONJG(EMAMG)
      EPAP2G= CONJG(EMAM2G)
C
      EP2AM2G= CONJG(EM2AP2G)
      EP2AMG= CONJG(EM2APG)
      EP2A= CONJG(EM2A)
      EP2APG= CONJG(EM2AMG)
      EP2AP2G= CONJG(EM2AM2G)
C
C     assign elements (according to Spiess p.204)
C
      D2( 2, 2)=(CPLUS**2)*EM2AM2G
      D2( 2, 1)=-CPLUS*SINB*EM2AMG
      D2( 2, 0)=R3BY8*SIN2B*EM2A
      D2( 2,-1)=-CMINUS*SINB*EM2APG
      D2( 2,-2)=(CMINUS**2)*EM2AP2G
C
      D2( 1, 2)=CPLUS*SINB*EMAM2G
      D2( 1, 1)=(COS2B-CMINUS)*EMAMG
      D2( 1, 0)=-R3BY8*SINOF2B*EMA
      D2( 1,-1)=(CPLUS-COS2B)*EMAPG
      D2( 1,-2)=-CMINUS*SINB*EMAP2G
C
      D2(0, 2)=R3BY8*SIN2B*EM2G
      D2(0, 1)=R3BY8*SINOF2B*EMG
      D2(0, 0)=0.5*(3.0*COS2B-1.0)
      D2(0,-1)=-R3BY8*SINOF2B*EPG
      D2(0,-2)=R3BY8*SIN2B*EP2G
C
      D2(-1, 2)=CMINUS*SINB*EPAM2G
      D2(-1, 1)=(CPLUS-COS2B)*EPAMG
      D2(-1, 0)=R3BY8*SINOF2B*EPA
      D2(-1,-1)=(COS2B-CMINUS)*EPAPG
      D2(-1,-2)=-CPLUS*SINB*EPAP2G
C
      D2(-2, 2)=(CMINUS**2)*EP2AM2G
      D2(-2, 1)=CMINUS*SINB*EP2AMG
      D2(-2, 0)=R3BY8*SIN2B*EP2A
      D2(-2,-1)=CPLUS*SINB*EP2APG
      D2(-2,-2)=(CPLUS**2)*EP2AP2G
C
      RETURN
      END

  SUBROUTINE C_VEC_MAT_MUL(VEC1,MAT,VEC2,NLOW,

     & NHIGH,NLOW_MAIN,NHIGH_MAIN)
C  multiplies vector by square matrix; assumes dimensioning in
c  main program is the same in all dimensions.
      SAVE
      COMPLEX VEC1(NLOW_MAIN:NHIGH_MAIN),
     1        MAT(NLOW_MAIN:NHIGH_MAIN,NLOW_MAIN:NHIGH_MAIN),
     1        VEC2(NLOW_MAIN:NHIGH_MAIN)
C______________________________________________
      DO ICOL=NLOW,NHIGH
      VEC2(ICOL)=0.0
         DO IROW=NLOW,NHIGH
       VEC2(ICOL)=VEC2(ICOL)+VEC1(IROW)
     1 *MAT(IROW,ICOL)
         END DO

      END DO

      RETURN
      END

      SUBROUTINE FFT (AT,M,FFTOUT,TSTEP,STATED,NUCGAM,HNU0,
     &N, R, JJJ1, csix, csiy, csiz, cssx, cssy, cssz, vnu,
     &TIME, ai_p2c, bi_p2c, gi_p2c, rad, as_p2c, bs_p2c,
     &gs_p2c, a_c2r, b_c2r, g_c2r)

  IMPLICIT DOUBLE PRECISION (a-h, o-z)
  DOUBLE PRECISION JJJ1, JJJ, NUCGAM
  CHARACTER *30 FFTOUT
  CHARACTER *1 FFTYN
  CHARACTER *2 STATID

      INTEGER I, J
      DOUBLE PRECISION AT(M+2),BT(M/2+1),CT(M/2+1),DT(M/2+1)

  SAVE
      DATA PI /3.1415 92653 58979 324/
      OPEN(5, FILE=FFTOUT)
      CLOSE(4)
      CALL SFFT2(M/2,AT,1)
      CALL SFS(M,AT,1)
      PRINT *, 'Writing to FFT file...'
      WRITE (5,*), 'FFT CALCULATION FOR EQN ', STATED
      WRITE (5,*) 'H larmor B0, nuclei gamma, R Angs, J Hz '
      WRITE (5,*)  HNU0 ,  NUCGAM,  R ,  JJJ1
      WRITE (5,*) 'Chm shft ppm sigxx,sigyy,sigzz,CS PAS for spin
I'

  WRITE (5,*)  csix/vnu, csiy/vnu, csiz/vnu
      WRITE (5,*) 'Chm shft ppm sigxx,sigyy,sigzz,CS PAS for spin
S'
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  WRITE (5,*) cssx/vnu, cssy/vnu, cssz/vnu
      WRITE (5,*) '# loop sum stps, sim time (ms), # plot points'

  WRITE (5,*)  N ,   TIME,    M
      WRITE (5,*) 'Angles from PAS to crystal frame for spin I'

  WRITE (5,*)  ai_p2c/rad , bi_p2c/rad , gi_p2c/rad
      WRITE (5,*) "Angles from PAS to crystal frame for spin S"

  WRITE (5,*)  as_p2c/rad  , bs_p2c/rad , gs_p2c/rad
      WRITE (5,*) "Angles from crystal frame to rotor frame"

  WRITE (5,*)  a_c2r/rad  , b_c2r/rad  ,  g_c2r/rad
      WRITE (5,*) '(rotor->lab xform is done in riemann loop)'
      WRITE (5,*) 'FFT of EQN ', STATED , ' in freq steps of',
     &1/(M*1E03*TSTEP), ' milliseconds'
       WRITE (5,*)' ----------------'

C Removing that first point

      DO 201 J=1, M-2
      DT(J) = AT(J+2)
201   CONTINUE
      DT(M-1)=0.
      DT(M)=0.

C CREATING THE DIPOLAR POWDER PATTERN: PRINT OUT THE LEFT SIDE BY
REVERSING
C THE SOLUTION FROM LEFT TO RIGHT, THEN PLOT THE FFT FOR THE
RIGHT HAND
C SIDE OF THE PLOT.

      DO 200 J=1, M/2
C     This assures the real (cosine) series by 2*I-1...odd
series.
C     Imaginary (sine series) would merely be 2*I...even series.
      BT(J)=DT(M-(2*J-1))
      WRITE(5,*), (J-(M/2+1))/(M*TSTEP), BT(J)*M
200   CONTINUE

      DO 202 I=1, M/2
C     This assures the real (cosine) series by 2*I-1...odd
series.
C     Imaginary (sine series) would merely be 2*I...even series.
      BT(I)=DT(2*I-1)
      CT(I)=DT(2*I)
      WRITE(5,*), I/(M*TSTEP), BT(I)*M
      WRITE(88,*),CT(I)
202   CONTINUE

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

      WRITE(5,*), '-9999'
      RETURN
      END

C FAST FOURIER TRANSFORM SUBROUTINE TAKEN FROM MTS

      SUBROUTINE SFFT2 (N,Z,SIGN)
      double precision Z(N)
      INTEGER N, SIGN
      INTEGER JBH, JBL, KR, LOG2
      INTEGER BLK, KK, K0, K1, K2, K3, N2, SPAN
      DOUBLE PRECISION CE, C1, C2, C3, SE, S1, S2, S3, PIOV2,
THETA
      DOUBLE PRECISION  X1, X2, X3, Y1, Y2, Y3
      DATA PIOV2/1.5707 96326 79489 662/
      N2 = 1
      LOG2 = 0
 8100   LOG2 = LOG2 + 1

  N2 = N2 + N2
  IF ( N2 .LT. N )  GO TO 8100

      IF ( N2 .GT. N ) RETURN
      N2 = N2 + N2 - 1
      IF ( SIGN .GE. 0 ) GO TO 8210

DO 8200 KK = 1, N2, 2
 8200     Z(KK+1) = -Z(KK+1)
 8210 CONTINUE
      JBL = 2
      JBH = N
 8300 IF ( JBH .LE. JBL ) GO TO 8340

  SPAN = JBL + JBL
  KR = 1

 8310       KK = KR + JBL
      KR = KR + JBH
      BLK = KR - JBL
      DO 8330 K1 = KK, BLK, SPAN

  K3 = K1 + JBL - 2
  DO 8320 K0 = K1, K3, 2
      X1 = Z(K0)
      Z(K0) = Z(KR)
      Z(KR) = X1
      Y1 = Z(K0+1)
      Z(K0+1) = Z(KR+1)
      Z(KR+1) = Y1
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 8320       KR = KR + 2
  KR = KR + JBL

 8330       CONTINUE
      IF ( KR .LT. N2 ) GO TO 8310
  JBH = JBH / 2
  JBL = JBL + JBL
  GO TO 8300

 8340 CONTINUE
      IF ( MOD(LOG2,2) .NE. 0 ) GO TO 8400

THETA = PIOV2
SPAN = 2
GO TO 8420

 8400 CONTINUE
DO 8410 K0 = 1, N2, 4
    K1 = K0 + 2
    X1 = Z(K0)
    Z(K0) = X1 + Z(K1)
    Z(K1) = X1 - Z(K1)
    Y1 = Z(K0+1)
    Z(K0+1) = Y1 + Z(K1+1)

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

 8420 CONTINUE
 8500 IF ( SPAN .GE. N2 ) GO TO 8560

  BLK = SPAN * 4
  IF ( SPAN .EQ. 2 ) GO TO 8505
    THETA = .25 * THETA
    SE = SIN(THETA)
    CE = COS(THETA)
    C1 = 1.0
    S1 = 0.0

 8505   CONTINUE
  DO 8550 KK = 1, SPAN, 2
      IF ( KK .EQ. 1 ) GO TO 8510

X1 = C1 * CE - S1 * SE
Y1 = C1 * SE + S1 * CE
X2 = .5 * ( 3. - ( X1 * X1 + Y1 * Y1 ))
C1 = X2 * X1
S1 = X2 * Y1
C2 = C1 * C1 - S1 * S1
S2 = C1 * S1 + C1 * S1
C3 = C2 * C1 - S2 * S1
S3 = C2 * S1 + S2 * C1

 8510       CONTINUE
      DO 8540 K0 = KK, N2, BLK

  K1 = K0 + 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

 8520   CONTINUE
    X1 = Z(K1) * C2 - Z(K1+1) * S2
    Y1 = Z(K1) * S2 + Z(K1+1) * C2
    X2 = Z(K2) * C1 - Z(K2+1) * S1
    Y2 = Z(K2) * S1 + Z(K2+1) * C1
    X3 = Z(K3) * C3 - Z(K3+1) * S3
    Y3 = Z(K3) * S3 + Z(K3+1) * C3

 8530   CONTINUE
  Z(K3) = Z(K0) - X1 + Y2 - Y3
  Z(K2) = Z(K0) + X1 - X2 - X3
  Z(K1) = Z(K0) - X1 - Y2 + Y3
  Z(K0) = Z(K0) + X1 + X2 + X3
  Z(K3+1) = Z(K0+1) - Y1 - X2 + X3
  Z(K2+1) = Z(K0+1) + Y1 - Y2 - Y3
  Z(K1+1) = Z(K0+1) - Y1 + X2 - X3
  Z(K0+1) = Z(K0+1) + Y1 + Y2 + Y3

 8540       CONTINUE
 8550   CONTINUE

  SPAN = BLK
  GO TO 8500

 8560 CONTINUE
      IF ( SIGN .GE. 0 ) RETURN

DO 8600 KK = 1, N2, 2
 8600     Z(KK+1) = -Z(KK+1)
      RETURN
      END

C FAST FOURIER TRANSFORM SUBROUTINE TAKEN FROM MTS

      SUBROUTINE SFS (N, Z, SIGN)
      DOUBLE PRECISION Z(n)
      INTEGER N, SIGN
      INTEGER K0, K1, ND2
      DOUBLE PRECISION PI, CE, C1, SE, S1, SF, X1, X2, Y1, Y2
      DATA PI /3.1415 92653 58979 324/
      ND2 = IABS(N) / 2
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      IF (ND2 + ND2 .NE. N) RETURN
      SF = 1. / FLOAT(ND2)
      X1 = PI * 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))
X1 = -X1
GO TO 8110

 8100 CONTINUE
Z(N+1) = SF * (Z(1) - Z(2))
Z(N+2) = 0.0
Z(1) = SF * (Z(1) + Z(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 CONTINUE
SF = .5 * SF
S1 = -1.

 8110 CONTINUE
      C1 = 0.0
      CE = COS(X1)
      SE = SIN(X1)
      K1 = N - 1
      K0 = 3
 8200 IF (K0 .GE. K1) RETURN

 X1 = CE * C1 - SE * S1
 Y1 = CE * S1 + SE * C1
 X2 = .5 * (3. - (X1 * X1 + Y1 * Y1))
 C1 = X1 * X2
 S1 = Y1 * X2
 X1 = Z(K0) - Z(K1)
 Y1 = Z(K0+1) + Z(K1+1)
 X2 = C1 * X1 - S1 * Y1
 Y2 = C1 * Y1 + S1 * X1
 X1 = Z(K0) + Z(K1)
 Y1 = Z(K0+1) - Z(K1+1)
 Z(K0) = SF * (X1 + X2)
 Z(K0+1) = SF * (Y1 + Y2)
 Z(K1) = SF * (X1 - X2)
 Z(K1+1) = SF * (Y2 -Y1)
 K1 = K1 - 2
 K0 = K0 + 2
 GO TO 8200

      END
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