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/* AB_NMEx.cc ***************************************************-*-c++-*- 

**        ** 

**                 Mutual Exchange Example Program    ** 

**        ** 

** This program generates a series of 1D NMR spectrum for a system that ** 

** is involved in mutual exchange. It is built to read an external file ** 

** for the input system. It then loops over a series of exchange rates. ** 

**        ** 

** The reader may readily make this program general with some simple  ** 

** modifications. Here are some aspects that make it not general:  ** 

**        ** 

** 1.) It is homomulear, dectection & pulse is system wide.  ** 

** 3.) The spectral range is specific from [0, 75] Hz.   ** 

** 4.) The output is set for gnuplot to screen & FrameMaker.  ** 

** 5.) An additional, specific, linewidth was added to all transitions. **  

** 6.) No relaxation has been included from the spin system.  ** 

**        ** 

** Although these are trivial limitations, fixing them would add a few ** 

** more lines and further complicate what is indended to be a tutorial ** 

** example.       ** 

**        ** 

** Author:        Scott A. Smith     ** 

** Date:          Can't Recall     ** 

** Last Update:   November 6, 2001     ** 

** GAMMA Version: 4.0.6       ** 

** Copyright:     Scott A. Smith     ** 

**        ** 

** This program may be freely modified in any manner for personal use. ** 

** However it given to others it must be in its present form and with ** 

** the associated ASCII input file AB.pset. This code originated   ** 

** from the GAMMA WWW site tour page     ** 

**        ** 

**          http://gamma.magnet.fsu.edu/info/tour/exchange/  ** 

**        ** 

** Assuming the user has compiled to program to produce either a.exe   ** 

** or a.out, as well as has Gnuplot properly installed, a spectrum  ** 

** should appear on screen with the command    ** 

**        ** 

**                       ./a AB_NMEx.pset    ** 

**        ** 

*************************************************************************/ 

 

# include <gamma.h> 

 

int main(int argc, char* argv[], int argn) 

  { 

  int qn = 1; 

  double p_low = 0.0;   // Lower plot limit in Hz 

  double p_high = 75.0;    // Upper plot limit in Hz 

  double f_low = 0.0;   // Lower plot limit in Hz 

  double f_high = 75.0;    // Upper plot limit in Hz 

  double lb=1.0; 

  multi_sys sys;    // An empty spin system 

  sys.ask_read(argc, argv, qn++);  // Read in the system 

  std::cout << sys;    // Look at the system 

  if(sys.heteronuclear())   // Insure this is homonuc. 

    { 

    std::cout << "\n\n\tSystem Must Be Homnuclear!\n"; 

    std::cout << "\n\n\tSorry...\n\n"; 

    exit(-1); 

    } 

  query_parameter(argc, argv, qn++,"\n\tSpectrum lower Freq (ppm)? ", p_low);  // system was input 

  query_parameter(argc, argv, qn++,"\n\tSpectrum upper Freq (ppm)? ", p_high);  // system was input 

  query_parameter(argc, argv, qn++,"\n\tLine Broadening (Hz)? ", lb);  // system was input 

  f_low = p_low*sys.Omega("1H"); 

  f_high = p_high*sys.Omega("1H"); 

 

  gen_op H = Ho(sys);   // Isotropic Hamiltonian 

  gen_op D = Fm(sys,"1H");   // Detect F-, all nuclei  

  gen_op sigma0 = sigma_eq(sys);  // System at equilibrium 

  gen_op sigma = Iypuls(sys,sigma0,90.0);        // Apply 90y pulse ideal 

  H.set_EBR();    // Put H in its eigenbase 

  std::cout << "\nHoi 1\n";   // Look at the system 

//  D.Op_base(H);    // Put D in H eigenbase 

  std::cout << "\nHoi 2\n";   // Look at the system 

//  sigma.Op_base(H);   // Put sigma in H e.b. 

  std::cout << "\nHoi 3\n";   // Look at the system 

//  super_op L0 = complexi*Hsuper(H);  // Isotropic Hamiltonian 

  super_op L0 = -complexi*Lo(sys);  // Isotropic Hamiltonian 

  std::cout << "\nHoi 4\n";   // Look at the system 

  super_op L;    // Full Liouvillian 

  std::cout << "\nHoi 5\n";   // Look at the system 

 

  int nK = 1;    // This many rates 

//  double Ks[10] = {0, 5, 10, 60, 100, 120, // Here they are in 1/sec 

//                   140, 400, 650, 1950}; 

//  double Ks[10] = {0, 10, 40, 80, 100, 120, // Here they are in 1/sec 

//                   140, 200, 400, 650}; 

  row_vector data, vxs[1];   // Arrays for the output 

  matrix dmx(1,4096);    // Data matrix 

 

  int npts = 4096;    // For the block size 

  std::string fname = "AB.asc";  // Specrum data file 

  TTable1D TT;    // A transitions table 

 

  for(int i=0; i<nK; i++)   // Loop over the rates 

    { 



//    sys.Kex(Ks[i], 0);   // Set the rate 

    L = L0 + Xnm(sys);   // Add in exchange 

    acquire1D ACQ(D,L,1.e-3);   // Set up acquisition  

    TT = ACQ.table(sigma);   // Transitions table (no lb) 

    TT.broaden(lb, 1);    // Add 1/2 Hz line broadening 

    data = TT.F(npts,f_low,f_high);  // Frequency acquisition 

    vxs[i] = data; 

    dmx.put_block(i, 0, data); 

    } 

  GP_stack(fname,dmx,0,0,650,p_low,p_high); // Write in gnuplot format (ASCII) 

//  GP_stackplot("AB.gnu", fname);  // Plot to screen with gnuplot 

  FM_1Dm("AB.mif", nK, vxs);   // Output to Adobe FrameMaker 

  std::cout << "\n\n";                               // Keep the screen nice 

  } 

 

This file contains paramters which define a multiple spin system in the GAMMA 

magnetic resonance simulation platform. In particular, it is used as 

input into the program AB.cc which simulates a two spins in different systems 

in non-mutual exchange.  Although I set an exchange process up in the system, 

the program will loop over a series of exchange rates. 

 

MSysName   (2) : AB      - Name of the Spin System 

NComp      (0) : 3    - Number of components in multi system  

Popul(0)   (1) : 1.0  - Population of component 0  

Popul(1)   (1) : 8.86  - Population of component 1  

Popul(2)   (1) : 2.31  - Population of component 2  

Exch(0)    (2) : (0<=>1)  - Non-mutual exchange scheme 

Exch(1)    (2) : (1<=>2)  - Non-mutual exchange scheme 

Exch(2)    (2) : (0<=>2)  - Non-mutual exchange scheme 

Smap(0,0)  (2) : (0)0(1)0  - Cmp 0 0th spin <-> Cmp 1 0th spin 

Smap(0,1)  (2) : (0)1(1)1  - Cmp 0 1st spin <-> Cmp 1 1st spin 

Smap(0,2)  (2) : (0)2(1)2  - Cmp 0 2nd spin <-> Cmp 1 2nd spin 

Smap(1,0)  (2) : (1)0(2)0  - Cmp 1 0th spin <-> Cmp 2 0th spin 

Smap(1,1)  (2) : (1)1(2)1  - Cmp 1 1st spin <-> Cmp 2 1st spin 

Smap(1,2)  (2) : (1)2(2)2  - Cmp 1 2nd spin <-> Cmp 2 2nd spin 

Smap(2,0)  (2) : (0)0(2)0  - Cmp 0 0th spin <-> Cmp 2 0th spin 

Smap(2,1)  (2) : (0)1(2)1  - Cmp 0 1st spin <-> Cmp 2 1st spin 

Smap(2,2)  (2) : (0)2(2)2  - Cmp 0 2nd spin <-> Cmp 2 2nd spin 

Kex_nm(0)  (1) : 3000  - Exchange rate (1/sec) 

Kex_nm(1)  (1) : 1500  - Exchange rate (1/sec) 

Kex_nm(2)  (1) : 3200  - Exchange rate (1/sec) 

 

[0]SysName (2) : A       - Name of the Spin System 

[0]NSpins  (0) : 3   - Number of Spins in the System 

[0]Iso(0)  (2) : 1H   - Spin Isotope Type A 

[0]Iso(1)  (2) : 1H   - Spin Isotope Type A 

[0]Iso(2)  (2) : 1H   - Spin Isotope Type A 

[0]Omega   (1) : 283.4    - Spect. Freq. in MHz (1H based) 

[0]PPM(0)  (1) : 42.24  - Chemical Shift (Hz) 

[0]PPM(1)  (1) : 1000.0  - Chemical Shift (Hz) 

[0]PPM(2)  (1) : 1000.0  - Chemical Shift (Hz) 

[0]J(0,1)  (1) : 0.0  - Coupling Constant 

[0]J(0,2)  (1) : 147.4  - Coupling Constant 

 

[1]SysName (2) : B       - Name of the Spin System 

[1]NSpins  (0) : 3   - Number of Spins in the System 

[1]Iso(0)  (2) : 1H   - Spin Isotope Type B 

[1]Iso(1)  (2) : 1H   - Spin Isotope Type B 

[1]Iso(2)  (2) : 1H   - Spin Isotope Type B 

[1]Omega   (1) : 283.4    - Spect. Freq. in MHz (1H based) 

[1]PPM(0)  (1) : 33.23           - Chemical Shift (Hz) 

[1]PPM(1)  (1) : 1200.0  - Chemical Shift (Hz) 

[1]PPM(2)  (1) : 1200.0  - Chemical Shift (Hz) 

[1]J(0,1)  (1) : 86.5  - Coupling Constant 

[1]J(0,2)  (1) : 148.7  - Coupling Constant 

 

[2]SysName (2) : C       - Name of the Spin System 

[2]NSpins  (0) : 3   - Number of Spins in the System 

[2]Iso(0)  (2) : 1H   - Spin Isotope Type C 

[2]Iso(1)  (2) : 1H   - Spin Isotope Type C 

[2]Iso(2)  (2) : 1H   - Spin Isotope Type C 



[2]Omega   (1) : 283.4    - Spect. Freq. in MHz (1H based) 

[2]PPM(0)  (1) : 30.76  - Chemical Shift (Hz) 

[2]PPM(1)  (1) : 1400.0  - Chemical Shift (Hz) 

[2]PPM(2)  (1) : 1400.0  - Chemical Shift (Hz) 

[2]J(0,1)  (1) : 70.9  - Coupling Constant 

[2]J(0,2)  (1) : 152.6  - Coupling Constant 

 

 

 

 



 

 

 



 

 


