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Package Organization

In pyNLO, object-oriented programming is used to mimic the physics of nonlinear interactions. Whenever possible, each physical entity with intrinic properties – for example an optical pulse or nonlinear fiber – is mapped to a single Python class. These classes keep track of the objects’ properties, calculate interactions between them and other objects, and provide simple calculator-type helper functions.





          

      

      

    


    
         Copyright 2015, Gabriel Ycas.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	PyNLO 0.1 documentation 
 
      

    


    
      
          
            
  
Pulse Class


	
class pynlo.light.Pulse(frep_MHz=None, n=None)[source]

	Class which carried all information about the light field. This class
is a base upon which various cases are built (eg analytic pulses,
CW fields, or pulses generated from experimental data.)


	
AT

	Property: time-domain electric field grid





	Returns:	AT –
Complex electric field in time domain.


	Return type:	ndarray, shape NPTS










	
AW

	Property: frequency-domain electric field grid





	Returns:	AW –
Complex electric field in frequency domain.


	Return type:	ndarray, shape NPTS










	
T_mks

	Property: time grid





	Returns:	T_mks –
Time grid corresponding to AT [s]


	Return type:	ndarray, shape NPTS










	
T_ps

	Property: time grid





	Returns:	T_ps –
Time grid corresponding to AT [ps]


	Return type:	ndarray, shape NPTS










	
V_THz

	Property: relative angular frequency grid





	Returns:	V_THz –
Relative angular frequency grid corresponding to AW [THz]


	Return type:	ndarray, shape NPTS










	
V_mks

	Property: relative angular frequency grid





	Returns:	V_mks –
Relative angular frequency grid corresponding to AW [Hz]


	Return type:	ndarray, shape NPTS










	
W_THz

	Property: angular frequency grid





	Returns:	W_THz –
Angular frequency grid corresponding to AW [THz]


	Return type:	ndarray, shape NPTS










	
W_mks

	Property: angular frequency grid





	Returns:	W_mks –
Angular frequency grid corresponding to AW [Hz]


	Return type:	ndarray, shape NPTS










	
add_time_offset(offset_ps)[source]

	Shift field in time domain by offset_ps picoseconds. A positive offset
moves the pulse forward in time.






	
calc_epp()[source]

	Calculate and return energy per pulse via numerical integration
of \(A^2 dt\)





	Returns:	x –
Pulse energy [J]


	Return type:	float [https://docs.python.org/library/functions.html#float]










	
calculate_intensity_autocorrelation()[source]

	Calculates and returns the intensity autocorrelation,
\(\int P(t)P(t+\tau) dt\)





	Returns:	x –
Intensity autocorrelation. The grid is the same as the pulse class’
time grid.


	Return type:	ndarray, shape N_pts










	
center_frequency_THz

	Property: center frequency





	Returns:	center_frequency_THz –
Frequency of center point in AW grid [THz]


	Return type:	float [https://docs.python.org/library/functions.html#float]










	
center_frequency_mks

	Property: center frequency





	Returns:	center_frequency_mks –
Frequency of center point in AW grid [Hz]


	Return type:	float [https://docs.python.org/library/functions.html#float]










	
center_wavelength_mks

	Property: center wavelength





	Returns:	center_wavelength_mks –
Wavelength of center point in AW grid [m]


	Return type:	float [https://docs.python.org/library/functions.html#float]










	
center_wavelength_nm

	Property: center wavelength





	Returns:	center_wavelength_nm –
Wavelength of center point in AW grid [nm]


	Return type:	float [https://docs.python.org/library/functions.html#float]










	
chirp_pulse_W(GDD, TOD=0, FOD=0.0, w0_THz=None)[source]

	Alter the phase of the pulse

Apply the dispersion coefficients \(\beta_2, \beta_3, \beta_4\)
expanded around frequency \(\omega_0\).





	Parameters:	
	GDD (float [https://docs.python.org/library/functions.html#float]) – Group delay dispersion (\(\beta_2\)) [ps^2]

	TOD (float, optional) – Group delay dispersion (\(\beta_3\)) [ps^3], defaults to 0.

	FOD (float, optional) – Group delay dispersion (\(\beta_4\)) [ps^4], defaults to 0.

	w0_THz (float, optional) – Center frequency of dispersion expansion, defaults to grid center frequency.









Notes

The convention used for dispersion is


\[E_{new} (\omega) = \exp\left(i \left(
\frac{1}{2} GDD\, \omega^2 +
\frac{1}{6}\, TOD \omega^3 +
\frac{1}{24} FOD\, \omega^4 \right)\right)
E(\omega)\]






	
clone_pulse(p)[source]

	Copy all parameters of pulse_instance into this one






	
create_cloned_pulse()[source]

	Create and return new pulse instance identical to this instance.






	
create_subset_pulse(center_wl_nm, NPTS)[source]

	Create new pulse with smaller frequency span, centered at closest
grid point to center_wl_nm, with NPTS grid points and
frequency-grid values from this pulse.






	
dF_THz

	Property: frequency grid spacing





	Returns:	dF_ps –
Frequency grid spacing [ps]


	Return type:	float [https://docs.python.org/library/functions.html#float]










	
dF_mks

	Property: frequency grid spacing





	Returns:	dF_mks –
Frequency grid spacing [s]


	Return type:	float [https://docs.python.org/library/functions.html#float]










	
dT_mks

	Property: time grid spacing





	Returns:	dT_mks –
Time grid spacing [s]


	Return type:	float [https://docs.python.org/library/functions.html#float]










	
dT_ps

	Property: time grid spacing





	Returns:	dT_ps –
Time grid spacing [ps]


	Return type:	float [https://docs.python.org/library/functions.html#float]










	
frep_MHz

	Property: Repetition rate. Used for calculating average beam power.





	Returns:	frep_MHz –
Pulse repetition frequency [MHz]


	Return type:	float [https://docs.python.org/library/functions.html#float]










	
frep_mks

	Property: Repetition rate. Used for calculating average beam power.





	Returns:	frep_mks –
Pulse repetition frequency [Hz]


	Return type:	float [https://docs.python.org/library/functions.html#float]










	
rotate_spectrum_to_new_center_wl(new_center_wl_nm)[source]

	Change center wavelength of pulse by rotating the electric field in
the frequency domain. Designed for creating multiple pulses with same
gridding but of different colors. Rotations is by integer and to
the closest omega.






	
set_AT(AT_new)[source]

	Set the value of the time-domain electric field.





	Parameters:	AW_new (array_like) – New electric field values.










	
set_AW(AW_new)[source]

	Set the value of the frequency-domain electric field.





	Parameters:	AW_new (array_like) – New electric field values.










	
set_NPTS(NPTS)[source]

	Set the grid size.

The actual grid arrays are not altered
automatically to reflect a change.





	Parameters:	NPTS (int [https://docs.python.org/library/functions.html#int]) – Number of points in grid










	
set_center_wavelength_m(wl)[source]

	Set the center wavelength of the grid in units of meters.





	Parameters:	wl (float [https://docs.python.org/library/functions.html#float]) – New center wavelength [m]










	
set_center_wavelength_nm(wl)[source]

	Set the center wavelength of the grid in units of nanometers.





	Parameters:	wl (float [https://docs.python.org/library/functions.html#float]) – New center wavelength [nm]










	
set_epp(desired_epp_J)[source]

	Set the energy per pulse (in Joules)





	Parameters:	desired_epp_J (float [https://docs.python.org/library/functions.html#float]) – the value to set the pulse energy [J]


	Returns:	


	Return type:	nothing










	
set_frep_MHz(fr_MHz)[source]

	Set the pulse repetition frequency.

This parameter used internally to convert between pulse energy and
average power.





	Parameters:	fr_MHz (float [https://docs.python.org/library/functions.html#float]) – New repetition frequency [MHz]










	
set_frequency_window_THz(DF)[source]

	Set the total frequency window of the grid.

This sets the grid dF, and
implicitly changes the temporal span (~1/dF).





	Parameters:	DF (float [https://docs.python.org/library/functions.html#float]) – New grid time span [THz]










	
set_frequency_window_mks(DF)[source]

	Set the total frequency window of the grid.

This sets the grid dF, and
implicitly changes the temporal span (~1/dF).





	Parameters:	DF (float [https://docs.python.org/library/functions.html#float]) – New grid time span [Hz]










	
set_time_window_ps(T)[source]

	Set the total time window of the grid.

This sets the grid dT, and
implicitly changes the frequency span (~1/dT).





	Parameters:	T (float [https://docs.python.org/library/functions.html#float]) – New grid time span [ps]










	
set_time_window_s(T)[source]

	Set the total time window of the grid.

This sets the grid dT, and
implicitly changes the frequency span (~1/dT).





	Parameters:	T (float [https://docs.python.org/library/functions.html#float]) – New grid time span [s]










	
time_window_mks

	Property: time grid span





	Returns:	time_window_mks –
Time grid span [ps]


	Return type:	float [https://docs.python.org/library/functions.html#float]










	
time_window_ps

	Property: time grid span





	Returns:	time_window_ps –
Time grid span [ps]


	Return type:	float [https://docs.python.org/library/functions.html#float]










	
wl_mks

	Property: Wavelength grid





	Returns:	wl_mks –
Wavelength grid corresponding to AW [m]


	Return type:	ndarray, shape NPTS










	
wl_nm

	Property: Wavelength grid





	Returns:	wl_nm –
Wavelength grid corresponding to AW [nm]


	Return type:	ndarray, shape NPTS










	
write_frog(fileloc='broadened_er_pulse.dat', flip_phase=True)[source]

	Save pulse in FROG data format. Grid is centered at wavelength
center_wavelength (nm), but pulse properties are loaded from data
file. If flip_phase is true, all phase is multiplied by -1 [useful
for correcting direction of time ambiguity]. time_window (ps) sets
temporal grid size.

power sets the pulse energy:
if power_is_epp is True  then the number is pulse energy [J]
if power_is_epp is False then the power is average power [W], and
is multiplied by frep to calculate pulse energy
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DFG Integrand

Difference frequency generation module


	Defines:

	
	The dfg_problem, a class which can be intergrated by the pyNLO ODESolve

	The fftcomputer, which handles FFTs using pyFFTW

	A helper class, dfg_results_interface, which provides a Pulse-class based
wrapper around the dfg results.







Authors: Dan Maser, Gabe Ycas


	
class pynlo.interactions.ThreeWaveMixing.DFG_integrand.dfg_problem(pump_in, sgnl_in, crystal_in, disable_SPM=False, pump_waist=1e-05, apply_gouy_phase=False, plot_beam_overlaps=False)[source]

	This class defines the integrand for a DFG or OPO parametric inteaction.
Following Eqn (8) in Seres & Hebling, “Nonstationary theory of synchronously pumped femtosecond optical parametric oscillators”, JOSA B Vol 17 No 5, 2000.


	
gen_jl(y)[source]

	Following Eqn (8) in Seres & Hebling, “Nonstationary theory of
synchronously pumped femtosecond optical parametric oscillators”,
JOSA B Vol 17 No 5, 2000. A call to this function updates the
:math: chi_3 mixing terms used for four-wave mixing.





	Parameters:	y (array-like, shape is 3 * NPTS) – Concatenated pump, signal, and idler fields










	
poling(x)[source]

	Helper function to get sign of :math: d_      extrm{eff} at position
:math: x in the crystal. Uses self.crystal’s pp function.





	Returns:	x –
Sign (+1 or -1) of :math: d_   extrm{eff}.


	Return type:	int [https://docs.python.org/library/functions.html#int]










	
process_stepper_output(solver_out)[source]

	Post-process output of ODE solver.

The saved data from an ODE solved are the pump, signal, and idler in
the dispersionless reference frame. To see the pulses “as they really
are”, this dispersion must be added back in.





	Parameters:	solver_out – Output class instance from ODESolve


	Returns:	Instance of dfg_results_interface class


	Return type:	dfg_results














	
class pynlo.interactions.ThreeWaveMixing.DFG_integrand.dfg_results_interface(integrand_instance, pump, sgnl, idlr, z)[source]

	Interface to output of DFG solver. This class provides a clean way
of working with the DFG field using the Pulse class.

Notes

After initialization, calling:

get_{pump,sgnl,idlr}(n)





will set the dfg results class’ “pulse” instance to the appropriate
field and return it.

Example

To plot the 10th saved signal field, you would call:

p = dfg_results_interface.get_sgnl(10-1)
plt.plot(p.T_ps, abs(p.AT)**2 )





To get the actual position (z [meters]) that this corresponds to,
call:

z = dfg_results_interface.get_z(10-1)
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Numerical Recipes-based ODESolve

These classes are an adaptation of the very nice Numerical Recipes ODE solvers into Python. The solver is divided into two parts: specific step iterators (eg Dopri853) and the framework for stepping through the ODE (steppers)




Steppers and helpers


	
class pynlo.util.ode_solve.steppers.Output(nsaves=None)[source]

	The output class is used by the ode solver to store the integrated output
at specified x values. In addition to housing the matrices containing the
x and y data, the class also provides a simple function call to store
new data and resizes the output grids dynamically.





	Parameters:	nsaves – Number of anticipated save points, used for calculating value of x
at which integrand will be evaluted and saved.






	
init(neqn, xlo, xhi, dtype=<type 'numpy.float64'>)[source]

	Setup routine, which creates the output arrays. If nsaves was provided
at class initialization, the positions at which the integrand will be
saved are also calculated.





	Parameters:	
	neqn – Number of equations, or the number of y values at each x.

	xlo – Lower bound of integration (start point.)

	xhi – Upper bound of integration (stop point.)

	dtype – Data type of each y. Any Python data type is acceptable.














	
out(nstp, x, y, s, h)[source]

	nstp is current step number, current values are x & y, Stepper is s
and step size is h










	
class pynlo.util.ode_solve.steppers.StepperBase(yy, dydxx, xx, atoll, rtoll, dense)[source]

	




	
class pynlo.util.ode_solve.steppers.ODEint(ystartt, xx1, xx2, atol, rtol, h1, hminn, outt, stepper_class, RHS_class, dense=True, dtype=None)[source]

	






Dormand-Prince 853 Stepper


	
class pynlo.util.ode_solve.dopr853.StepperDopr853(yy, dydxx, xx, atoll, rtoll, dens)[source]

	Bases: pynlo.util.ode_solve.steppers.StepperBase
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Fiber Class
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  Source code for pynlo.util.ode_solve.dopr853

# -*- coding: utf-8 -*-
"""
Created on Tue Jun 09 17:21:09 2015
This file is part of pyNLO.

    pyNLO is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    pyNLO is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with pyNLO.  If not, see <http://www.gnu.org/licenses/>.
@author: ycasg
"""

from pynlo.util.ode_solve.steppers import StepperBase
import numpy as np
from pynlo.util.ode_solve import dopr853_constants as dc
from pynlo.util.ode_solve.dopr853_controller import Controller
import exceptions

[docs]class StepperDopr853(StepperBase):
    dtype = None
    yerr2 = None
    k2= None;k3= None;k4= None; k5= None;k6= None;k7= None;k8= None;k9= None;k10 = None
    rcont1= None;rcont2= None;rcont3= None;rcont4= None;rcont5= None;rcont6= None
    rcont7= None;rcont8 = None
    con = Controller()
    def __init__(self, yy, dydxx, xx, atoll, rtoll, dens):
        StepperBase.__init__(self, yy,dydxx, xx, atoll, rtoll, dens)
        self.yerr2  = self.gen_array()
        self.k2     = self.gen_array()
        self.k3     = self.gen_array()
        self.k4     = self.gen_array()
        self.k5     = self.gen_array()
        self.k6     = self.gen_array()
        self.k7     = self.gen_array()
        self.k8     = self.gen_array()
        self.k9     = self.gen_array()
        self.k10    = self.gen_array()
        self.rcont1 = self.gen_array()
        self.rcont2 = self.gen_array()
        self.rcont3 = self.gen_array()
        self.rcont4 = self.gen_array()
        self.rcont5 = self.gen_array()
        self.rcont6 = self.gen_array()
        self.rcont7 = self.gen_array()
        self.rcont8 = self.gen_array()
        self.EPS    = np.finfo(np.double).eps
    def step(self, htry, RHS_class):
        h = htry
        dydxnew  = self.gen_array()
        while True:
            self.dy(h, RHS_class)            
            err = self.error(h)
            success, h = self.con.success(err, h)
            if success:
                break
            if abs(h) <= abs(self.x)*self.EPS:
                e = exceptions.OverflowError('stepsize underflow in StepperDopri853')
                raise e
        RHS_class.deriv(self.x + h, self.yout, dydxnew)
        if self.dense:
            self.prepare_dense(h, dydxnew, RHS_class)
        self.dydx[:]= dydxnew
        self.y      = self.yout
        self.xold   = self.x
        self.hdid   = h
        self.x      += self.hdid
        self.hnext  = self.con.hnext
    def dy(self, h, RHS_class):
        # dy estimator. Like RK5, but more -- 12 stages!
        ytemp = self.gen_array()
        y       = self.y
        dydx    = self.dydx
        x       = self.x
        if not (y is self.y and dydx is self.dydx and x is self.x):
            raise exceptions.AssertionError('Oh noes!')
        # 1
        ytemp[:]=self.y+h*dc.a21*self.dydx[:]
        # 2
        RHS_class.deriv(x+dc.c2*h,ytemp,self.k2)
        ytemp[:]=y+h*(dc.a31*dydx+dc.a32*self.k2)
        # 3
        RHS_class.deriv(x+dc.c3*h,ytemp,self.k3)
        ytemp[:]=y+h*(dc.a41*dydx+dc.a43*self.k3)
        # 4
        RHS_class.deriv(x+dc.c4*h,ytemp,self.k4)
        ytemp[:]=y+h*(dc.a51*dydx+dc.a53*self.k3+dc.a54*self.k4)
        # 5
        RHS_class.deriv(x+dc.c5*h,ytemp,self.k5)
        ytemp[:]=y+h*(dc.a61*dydx+dc.a64*self.k4+dc.a65*self.k5)
        # 6
        RHS_class.deriv(x+dc.c6*h,ytemp,self.k6)	
        ytemp[:]=y+h*(dc.a71*dydx+dc.a74*self.k4+dc.a75*self.k5+dc.a76*self.k6)
        # 7
        RHS_class.deriv(x+dc.c7*h,ytemp,self.k7)
        ytemp[:]=y+h*(dc.a81*dydx+dc.a84*self.k4+dc.a85*self.k5+dc.a86*self.k6+dc.a87*self.k7)        
        # 8
        RHS_class.deriv(x+dc.c8*h,ytemp,self.k8)
        ytemp[:]=y+h*(dc.a91*dydx+dc.a94*self.k4+dc.a95*self.k5+dc.a96*self.k6+dc.a97*self.k7+dc.a98*self.k8)
        # 9
        RHS_class.deriv(x+dc.c9*h,ytemp,self.k9)
        ytemp[:]=y+h*(dc.a101*dydx+dc.a104*self.k4+dc.a105*self.k5+dc.a106*self.k6+dc.a107*self.k7+dc.a108*self.k8+dc.a109*self.k9)
        # 10
        RHS_class.deriv(x+dc.c10*h,ytemp,self.k10)
        ytemp[:]=y+h*(dc.a111*dydx+dc.a114*self.k4+dc.a115*self.k5+dc.a116*self.k6+dc.a117*self.k7+dc.a118*self.k8+dc.a119*self.k9+dc.a1110*self.k10)
        # 11
        RHS_class.deriv(x+dc.c11*h,ytemp,self.k2)
        xph=x+h
        ytemp[:]=y+h*(dc.a121*dydx+dc.a124*self.k4+dc.a125*self.k5+dc.a126*self.k6+dc.a127*self.k7+dc.a128*self.k8+dc.a129*self.k9+dc.a1210*self.k10+dc.a1211*self.k2);
        # 12
        RHS_class.deriv(xph,ytemp,self.k3)
        self.k4[:]=dc.b1*dydx+dc.b6*self.k6+dc.b7*self.k7+dc.b8*self.k8+dc.b9*self.k9+dc.b10*self.k10+dc.b11*self.k2+dc.b12*self.k3
        # yout:
        self.yout=y+h*self.k4
        # Two error estimators:
        self.yerr[:]=self.k4-dc.bhh1*dydx-dc.bhh2*self.k9-dc.bhh3*self.k3;
        self.yerr2[:]=dc.er1*dydx+dc.er6*self.k6+dc.er7*self.k7+dc.er8*self.k8+dc.er9*self.k9+dc.er10*self.k10+dc.er11*self.k2+dc.er12*self.k3
    def prepare_dense(self, h,dydxnew, RHS_class):
        ydiff = self.gen_array()
        bspl  = self.gen_array()
        ytemp = self.gen_array()
        
        self.rcont1[:]=self.y
        ydiff=self.yout-self.y
        self.rcont2[:]=ydiff;
        bspl=h*self.dydx-ydiff;
        self.rcont3[:]=bspl;
        self.rcont4[:]=ydiff-h*dydxnew-bspl
        self.rcont5[:]=dc.d41*self.dydx+dc.d46*self.k6+dc.d47*self.k7+dc.d48*self.k8+\
            dc.d49*self.k9+dc.d410*self.k10+dc.d411*self.k2+dc.d412*self.k3
        self.rcont6[:]=dc.d51*self.dydx+dc.d56*self.k6+dc.d57*self.k7+dc.d58*self.k8+\
            dc.d59*self.k9+dc.d510*self.k10+dc.d511*self.k2+dc.d512*self.k3
        self.rcont7[:]=dc.d61*self.dydx+dc.d66*self.k6+dc.d67*self.k7+dc.d68*self.k8+\
            dc.d69*self.k9+dc.d610*self.k10+dc.d611*self.k2+dc.d612*self.k3
        self.rcont8[:]=dc.d71*self.dydx+dc.d76*self.k6+dc.d77*self.k7+dc.d78*self.k8+\
            dc.d79*self.k9+dc.d710*self.k10+dc.d711*self.k2+dc.d712*self.k3
        ytemp[:]=self.y+h*(dc.a141*self.dydx+dc.a147*self.k7+dc.a148*self.k8+dc.a149*self.k9+\
            dc.a1410*self.k10+dc.a1411*self.k2+dc.a1412*self.k3+dc.a1413*dydxnew);
        RHS_class.deriv(self.x+dc.c14*h,ytemp,self.k10);
        ytemp[:]=self.y+h*(dc.a151*self.dydx+dc.a156*self.k6+dc.a157*self.k7+dc.a158*self.k8+\
            dc.a1511*self.k2+dc.a1512*self.k3+dc.a1513*dydxnew+dc.a1514*self.k10)
        RHS_class.deriv(self.x+dc.c15*h,ytemp,self.k2)
        ytemp[:]=self.y+h*(dc.a161*self.dydx+dc.a166*self.k6+dc.a167*self.k7+dc.a168*self.k8+\
            dc.a169*self.k9+dc.a1613*dydxnew+dc.a1614*self.k10+dc.a1615*self.k2)
        RHS_class.deriv(self.x+dc.c16*h,ytemp,self.k3)
        self.rcont5[:]=h*(self.rcont5+dc.d413*dydxnew+dc.d414*self.k10+dc.d415*self.k2+dc.d416*self.k3)
        self.rcont6[:]=h*(self.rcont6+dc.d513*dydxnew+dc.d514*self.k10+dc.d515*self.k2+dc.d516*self.k3)
        self.rcont7[:]=h*(self.rcont7+dc.d613*dydxnew+dc.d614*self.k10+dc.d615*self.k2+dc.d616*self.k3)
        self.rcont8[:]=h*(self.rcont8+dc.d713*dydxnew+dc.d714*self.k10+dc.d715*self.k2+dc.d716*self.k3)
    def dense_out(self, x, h):
        s = (x - self.xold) / h
        s1 = 1.0 - s
        return self.rcont1+s*(self.rcont2+s1*(self.rcont3+s*(self.rcont4+s1*(self.rcont5+\
		s*(self.rcont6+s1*(self.rcont7+s*self.rcont8))))))
    def error(self, h):
        err1 = 0.0
        err2 = 0.0
        sk   = self.gen_array()
        # numpy.maximum checks two arrays element-wise and returns larger value for each
        sk[:] = self.atol + self.rtol*np.maximum(np.abs(self.y), np.abs(self.yout))
        err2 = np.sum( pow(np.abs(self.yerr )/sk, 2) )
        err1 = np.sum( pow(np.abs(self.yerr2)/sk, 2) )
        deno = err1 + 0.01 * err2
        if deno < 0.0:
            deno = 1.0
        return abs(abs(h) * np.abs(err1) * np.sqrt(1.0 / (deno*self.n)))
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  Source code for pynlo.interactions.ThreeWaveMixing.DFG_integrand

# -*- coding: utf-8 -*-
"""
Difference frequency generation module

Defines:
    - The dfg_problem, a class which can be intergrated by the pyNLO ODESolve
    - The fftcomputer, which handles FFTs using pyFFTW
    - A helper class, dfg_results_interface, which provides a Pulse-class based
      wrapper around the dfg results.     


Authors: Dan Maser, Gabe Ycas
"""



import numpy as np
import scipy.fftpack as fftpack
import pyfftw
from copy import deepcopy
from scipy import constants
from pynlo.light import OneDBeam
import exceptions
from pynlo.light.DerivedPulses import NoisePulse
from pynlo.light.PulseBase import Pulse
from matplotlib import pyplot as plt


[docs]class dfg_problem:     
    """
    This class defines the integrand for a DFG or OPO parametric inteaction.
    Following Eqn (8) in Seres & Hebling, "Nonstationary theory of synchronously pumped femtosecond optical parametric oscillators", JOSA B Vol 17 No 5, 2000. 
    
    """
    last_calc_z = -1e6
    overlap_pump = None
    overlap_sgnl = None
    overlap_idlr = None
    pump_P_to_a = None
    sgnl_P_to_a = None
    idlr_P_to_a = None
    _plot_beam_overlaps = False
    
    def __init__(self, pump_in, sgnl_in, crystal_in,
                 disable_SPM = False, pump_waist = 10e-6,
                 apply_gouy_phase = False, plot_beam_overlaps = False):
        """ Initialize DFG problem. The idler field must be derived from the
        signal & idler, as its center frequency is exactly the difference-
        frequency between pump & signal.
        
        Setting the apply_gouy_phase flag to True enables the calculation of the
        wavelength-dependent Gouy phase shift. This is disabled by default because
        it is slow (if deemed important it could be sped up by inteprolation, but
        the effect of Gouy phase seems small so it might not be worthwhile.) """
        
        self.waist = pump_waist
        self._calc_gouy = apply_gouy_phase
        self._plot_beam_overlaps = plot_beam_overlaps

        # Create idler Pulse. Some checking is required to make sure that 
        # negative frequencies are not encountered.        
        idler_cwl = 1.0/(1.0/pump_in.center_wavelength_nm -\
                         1.0/sgnl_in.center_wavelength_nm)

        idlr_in = NoisePulse(center_wavelength_nm   = idler_cwl, 
                             frep_MHz               = pump_in.frep_MHz,
                             NPTS                   = pump_in.NPTS,
                             time_window_ps         = pump_in.time_window_ps)        
        # Check that fields do not overlap
        if ( max(pump_in.wl_nm) > min(sgnl_in.wl_nm) ): 
            raise exceptions.ValueError("Pump and signal field grids overlap.")
        if ( max(sgnl_in.wl_nm) > min(idlr_in.wl_nm) ):
            raise exceptions.ValueError("Signal and idler field grids overlap.")
        self.idlr_in = idlr_in
        
        self.pump = deepcopy(pump_in)
        self.sgnl = deepcopy(sgnl_in)
        self.idlr = deepcopy(idlr_in)
        
        self.crystal = deepcopy(crystal_in)
        
        self.disable_SPM = disable_SPM 
        
        self.c = constants.speed_of_light
        self.eps = constants.epsilon_0
        self.frep = sgnl_in.frep_mks
        self.veclength = sgnl_in.NPTS
        if not pump_in.NPTS == sgnl_in.NPTS == idlr_in.NPTS:
            raise exceptions.ValueError("""Pump, signal, and idler do not have
                                            same length.""")
        if self.crystal.mode == 'BPM':
            self.pump_beam = OneDBeam(self.waist, this_pulse = self.pump, axis = 'mix')
            self.pump_beam.set_waist_to_match_central_waist(self.pump, self.waist, self.crystal)
            # Pump beam sets all other beams' confocal parameters
            self.sgnl_beam = OneDBeam(self.waist, this_pulse = self.sgnl ,axis = 'o')    
            self.sgnl_beam.set_waist_to_match_confocal(self.sgnl, self.pump, self.pump_beam, self.crystal)
            self.idlr_beam = OneDBeam(self.waist , this_pulse = self.idlr,axis = 'o')
            self.idlr_beam.set_waist_to_match_confocal(self.idlr, self.pump, self.pump_beam, self.crystal)
        else:
            self.pump_beam = OneDBeam(waist_meters = self.waist, this_pulse = self.pump)
            self.pump_beam.set_waist_to_match_central_waist(self.pump, self.waist, self.crystal)
            self.sgnl_beam = OneDBeam(waist_meters = self.waist, this_pulse = self.sgnl)
            self.sgnl_beam.set_waist_to_match_confocal(self.sgnl, self.pump, self.pump_beam, self.crystal)
            self.idlr_beam = OneDBeam(waist_meters = self.waist, this_pulse = self.idlr)
            self.idlr_beam.set_waist_to_match_confocal(self.idlr, self.pump, self.pump_beam, self.crystal)
            
        self.fftobject = fftcomputer(self.veclength)                 
        self.ystart = np.array(np.hstack((self.pump.AW,
                                          self.sgnl.AW,
                                          self.idlr.AW )),
                                          dtype='complex128')

        # Preallocated mixing terms (work spaces)
        self.AsAi   = np.zeros((self.veclength,), dtype=np.complex128)
        self.ApAi   = np.zeros((self.veclength,), dtype=np.complex128)
        self.ApAs   = np.zeros((self.veclength,), dtype=np.complex128)
        # Preallocated phasors for adding linear dispersion (work spaces)
        self.phi_p   = np.zeros((self.veclength,), dtype=np.complex128)
        self.phi_s   = np.zeros((self.veclength,), dtype=np.complex128)        
        self.phi_i   = np.zeros((self.veclength,), dtype=np.complex128)        
        # Preallocated outputs (work spaces)
        self.dApdZ   = np.zeros((self.veclength,), dtype=np.complex128)        
        self.dAsdZ   = np.zeros((self.veclength,), dtype=np.complex128)        
        self.dAidZ   = np.zeros((self.veclength,), dtype=np.complex128)        
        # Relative wave numbers
        self.k_p = self.pump_beam.get_k_in_crystal(pump_in, self.crystal)
        self.k_s = self.sgnl_beam.get_k_in_crystal(sgnl_in, self.crystal)
        self.k_i = self.idlr_beam.get_k_in_crystal(idlr_in, self.crystal)

        self.k_p_0  = self.k_p[int(len(self.k_p)/2.0)]
        self.k_s_0  = self.k_s[int(len(self.k_s)/2.0)]
        self.k_i_0  = self.k_i[int(len(self.k_i)/2.0)]
        
        self.k_p    -= self.k_p_0
        self.k_s    -= self.k_s_0
        self.k_i    -= self.k_i_0        
        self.n_p  = self.pump_beam.get_n_in_crystal(self.pump, self.crystal)
        self.n_s  = self.sgnl_beam.get_n_in_crystal(self.sgnl, self.crystal)
        self.n_i  = self.idlr_beam.get_n_in_crystal(self.idlr, self.crystal)        
        
        if not self.disable_SPM:
            [self.jl_p, self.jl_s, self.jl_i] = np.zeros((3, self.veclength))            
    
    def helper_dxdy(self, x, y):
        delta = np.diff(y) / np.diff(x)
        return np.append(delta,delta[-1]) 
                   
    def vg(self, n, wl):
            return self.c / (n - wl * self.helper_dxdy(wl, n))
    
     
[docs]    def gen_jl(self, y):
        """ Following Eqn (8) in Seres & Hebling, "Nonstationary theory of 
            synchronously pumped femtosecond optical parametric oscillators", 
            JOSA B Vol 17 No 5, 2000. A call to this function updates the 
            :math: `\chi_3` mixing terms used for four-wave mixing.
            
            Parameters
            ----------
            y : array-like, shape is 3 * NPTS
                Concatenated pump, signal, and idler fields
            
            """
        n_p  = self.n_p
        n_s  = self.n_s
        n_i  = self.n_i
        
        vg_p = self.vg(n_p, self.pump.w_hz)
        vg_s = self.vg(n_s, self.sgnl.w_hz)
        vg_i = self.vg(n_i, self.idlr.w_hz)
        
        gamma_p = constants.epsilon_0 * 0.5 * n_p**2 * vg_p 
        gamma_s = constants.epsilon_0 * 0.5 * n_s**2 * vg_s
        gamma_i = constants.epsilon_0 * 0.5 * n_i**2 * vg_i
        
        jl = np.zeros((3, self.veclength), dtype = 'complex128')
        gamma = [gamma_p, gamma_s, gamma_i]
        waist = [self.pump_beam.waist, self.sgnl_beam.waist, self.idlr_beam.waist]
        
        i = 0               
        for vec1 in [self.Ap, self.As, self.Ai]:
            for vec2 in [self.Ap, self.As, self.Ai]:
                if np.all(vec1 == vec2):
                    jl[i] = jl[i] + (1. / (2.*np.pi) * gamma[i] *
                          self.fftobject.corr(vec2, vec2) * np.sqrt(2. /
                          (self.c * self.eps * np.pi * waist[i]**2)))

                else:
                    jl[i] = jl[i] + (1. / np.pi * gamma[i] *
                          self.fftobject.corr(vec2, vec2) * np.sqrt(2. /
                          (self.c * self.eps * np.pi * waist[i]**2)))
            i += 1
        
        [self.jl_p, self.jl_s, self.jl_i] = jl  

        
    
[docs]    def poling(self, x):
        """ Helper function to get sign of :math: `d_\textrm{eff}` at position
            :math: `x` in the crystal. Uses self.crystal's pp function.
            
            Returns
            -------
            x : int
                Sign (+1 or -1) of :math: `d_\textrm{eff}`.
            """
        return np.sign(np.sin(2. * np.pi * x / self.crystal.pp(x)))


    def Ap(self, y):
        return y[0                  : self.veclength]
    def As(self, y):
        return y[self.veclength     : 2 * self.veclength]
    def Ai(self, y):
        return y[2 * self.veclength : 3 * self.veclength]
        
    # Integrand:
    # State is defined by:
    # 1.) fields in crystal
    # 2.) values of k
    # 3.) electric field->intensity conversion (~ area)

    # Output is vector of estimate for d/dz field
        
    def deriv(self, z, y, dydx):
        assert not np.isnan(z)
        if self.crystal.mode == 'PP':          
            deff = self.poling(z) * self.crystal.deff   
        elif self.crystal.mode == 'BPM' or self.crystal.mode == 'simple':
            deff = self.crystal.deff
        else:
            raise exceptions.AttributeError('Crystal type not known; deff not set.')
        # After epic translation of Dopri853 from Numerical Recipes' C++ to
        # native Python/NumPy, we can use complex numbers throughout:
        self.phi_p[:] = np.exp(-1j * (self.k_p + self.k_p_0) * z)
        self.phi_s[:] = np.exp(-1j * (self.k_s + self.k_s_0) * z)
        self.phi_i[:] = np.exp(-1j * (self.k_i + self.k_i_0) * z)
        z_to_focus = z - self.crystal.length_mks/2.0
        if self._calc_gouy:
            self.phi_p *= self.pump_beam.calculate_gouy_phase(z_to_focus, self.n_p)
            self.phi_s *= self.sgnl_beam.calculate_gouy_phase(z_to_focus, self.n_s)
            self.phi_i *= self.idlr_beam.calculate_gouy_phase(z_to_focus, self.n_i)
        
        if not self.disable_SPM:
            self.gen_jl(y)

        waist_p = self.pump_beam.calculate_waist(z_to_focus, n_s = self.n_p)
        waist_s = self.sgnl_beam.calculate_waist(z_to_focus, n_s = self.n_s)
        waist_i = self.idlr_beam.calculate_waist(z_to_focus, n_s = self.n_i)
        R_p = self.pump_beam.calculate_R(z_to_focus,  n_s = self.n_p)
        R_s = self.sgnl_beam.calculate_R(z_to_focus,  n_s = self.n_s)
        R_i = self.idlr_beam.calculate_R(z_to_focus,  n_s = self.n_i)

        # Geometric scaling factors (Not used)
        # P_to_a is the conversion between average power and "effective intensity"
        # The smallest area is used, as this is the part of the field which is 
        # interacting. THe larger fields must be scaled with a mode-match integral
        # THe mode-match integral-based scale factor for Gaussian beams is  
        #             4 * w1**2 w2**2
        #             ---------------
        #           (w1**2 + w2 **2)**2
        # This is the power coupling, so multiply larger 2 fields by sqrt(MMI)
        #
        # Attempting to limit interaction via mode-match integrals appears to
        # (1) not conserve energy and (2) INCREASES the interaction strength.
        # I'm not totally sure why, but it seems like the best course of action
        # is to match confocal parameters (which is done in __init__, above).
        # Overlap integrals are left intact, in case we want to plot them.

        if (np.mean(waist_p) <= np.mean(waist_s)) and (np.mean(waist_p) <= np.mean(waist_i)):            
            self.pump_P_to_a = self.pump_beam.rtP_to_a_2(self.pump,self.crystal,z_to_focus)
            self.sgnl_P_to_a = self.sgnl_beam.rtP_to_a_2(self.sgnl, self.crystal, None, waist_p)
            self.idlr_P_to_a = self.idlr_beam.rtP_to_a_2(self.idlr, self.crystal, None, waist_p)
            self.overlap_pump = 1.0
            self.overlap_sgnl = np.sqrt(self.sgnl_beam.calc_overlap_integral(z_to_focus, self.sgnl, self.pump, self.pump_beam, self.crystal))
            self.overlap_idlr = np.sqrt(self.idlr_beam.calc_overlap_integral(z_to_focus, self.idlr, self.pump, self.pump_beam, self.crystal))
        elif np.mean(waist_s) <= np.mean(waist_i):         
            self.sgnl_P_to_a = self.sgnl_beam.rtP_to_a_2(self.sgnl,self.crystal,z_to_focus)
            self.pump_P_to_a = self.pump_beam.rtP_to_a_2(self.pump, self.crystal, None, waist_s)
            self.idlr_P_to_a = self.idlr_beam.rtP_to_a_2(self.idlr, self.crystal, None, waist_s)
            self.overlap_pump = np.sqrt(self.pump_beam.calc_overlap_integral(z_to_focus, self.pump, self.sgnl, self.sgnl_beam, self.crystal))
            self.overlap_sgnl = 1.0
            self.overlap_idlr = np.sqrt(self.idlr_beam.calc_overlap_integral(z_to_focus, self.idlr, self.sgnl, self.sgnl_beam, self.crystal))
        else:              
            self.idlr_P_to_a = self.idlr_beam.rtP_to_a_2(self.idlr,self.crystal,  None, waist_i)
            self.sgnl_P_to_a = self.sgnl_beam.rtP_to_a_2(self.sgnl, self.crystal, None, waist_i)
            self.pump_P_to_a = self.pump_beam.rtP_to_a_2(self.pump, self.crystal, None, waist_i)
            self.overlap_pump = np.sqrt(self.pump_beam.calc_overlap_integral(z_to_focus, self.pump, self.idlr, self.idlr_beam, self.crystal))
            self.overlap_sgnl = np.sqrt(self.sgnl_beam.calc_overlap_integral(z_to_focus, self.sgnl, self.idlr, self.idlr_beam, self.crystal))
            self.overlap_idlr = 1.0

        if self._plot_beam_overlaps and abs(z-self.last_calc_z) > self.crystal.length_mks*0.001:    
            plt.subplot(131)
            plt.plot(z*1e3, np.mean(self.overlap_pump), '.b')
            plt.plot(z*1e3, np.mean(self.overlap_sgnl), '.k')
            plt.plot(z*1e3, np.mean(self.overlap_idlr), '.r')
            plt.subplot(132)
            plt.plot(z*1e3, np.mean(waist_p)*1e6, '.b')
            plt.plot(z*1e3, np.mean(waist_s)*1e6, '.k')
            plt.plot(z*1e3, np.mean(waist_i)*1e6, '.r')
            plt.subplot(133)
            plt.plot(z*1e3, np.mean(R_p), '.b')
            plt.plot(z*1e3, np.mean(R_s), '.k')
            plt.plot(z*1e3, np.mean(R_i), '.r')
            self.last_calc_z = z
            
        self.AsAi[:] =   np.power(self.phi_p, -1.0)*\
            self.fftobject.conv(self.sgnl_P_to_a * self.As(y) * self.phi_s,
                                self.idlr_P_to_a * self.Ai(y) * self.phi_i)
            
        self.ApAs[:] =  np.power(self.phi_i, -1.0)*\
            self.fftobject.corr(self.pump_P_to_a * self.Ap(y) * self.phi_p,
                                self.sgnl_P_to_a * self.As(y) * self.phi_s)
            
        self.ApAi[:] =  np.power(self.phi_s, -1.0)*\
            self.fftobject.corr(self.pump_P_to_a * self.Ap(y) * self.phi_p, 
                                self.idlr_P_to_a * self.Ai(y) * self.phi_i)


        L = self.veclength        
    
        
        # np.sqrt(2 / (c * eps * pi * waist**2)) converts to electric field        
        # If the chi-3 terms are included:
        if not self.disable_SPM:
            print 'Warning: this code not updated with correct field-are scaling. Fix it if you use it!'
            jpap = self.phi_p**-1 * self.fftobject.conv(self.jl_p, self.Ap(y) * self.phi_p) * \
                   np.sqrt(2. / (constants.speed_of_light * constants.epsilon_0 * np.pi * waist_p**2))
            jsas = self.phi_s**-1 * self.fftobject.conv(self.jl_s, self.As(y) * self.phi_s) * \
                   np.sqrt(2. / (constants.speed_of_light* constants.epsilon_0 * np.pi * waist_s**2))
            jiai = self.phi_i**-1 * self.fftobject.conv(self.jl_i, self.Ai(y) * self.phi_i) * \
                   np.sqrt(2. / (constants.speed_of_light* constants.epsilon_0 * np.pi * waist_i**2))      
                   
            dydx[0  :L  ] = 1j * 2 * self.AsAi * self.pump.W_mks * deff / (constants.speed_of_light* self.n_p) / \
                     self.pump_P_to_a -1j * self.pump.w_hz * self.crystal.n2 / (2.*np.pi*self.c) * jpap
            dydx[L  :2*L] = 1j * 2 * self.ApAi * self.sgnl.W_mks * deff / (constants.speed_of_light* self.n_s) / \
                    self.sgnl_P_to_a  -1j * self.sgnl.w_hz * self.crystal.n2 / (2.*np.pi*self.c) * jsas
            dydx[2*L:3*L] = 1j * 2 * self.ApAs * self.idlr.W_mks * deff / (constants.speed_of_light* self.n_i) / \
                    self.idlr_P_to_a  -1j * self.idler.w_hz * self.crystal.n2 / (2.*np.pi*self.c) * jiai
        else:
            # Only chi-2:
            # pump
            dydx[0  :L  ] =1j * 2 * self.AsAi * self.pump.W_mks * deff / (constants.speed_of_light* self.n_p) / \
                    (self.pump_P_to_a)
            # signal
            dydx[L  :2*L] = 1j * 2 * self.ApAi * self.sgnl.W_mks * deff / (constants.speed_of_light* self.n_s) / \
                    (self.sgnl_P_to_a)
            # idler
            dydx[2*L:3*L] = 1j * 2 * self.ApAs * self.idlr.W_mks * deff / (constants.speed_of_light* self.n_i) / \
                    (self.idlr_P_to_a)
[docs]    def process_stepper_output(self, solver_out):
        """ Post-process output of ODE solver.
        

        The saved data from an ODE solved are the pump, signal, and idler in
        the dispersionless reference frame. To see the pulses "as they really
        are", this dispersion must be added back in.
        
        Parameters
        ----------
        solver_out
            Output class instance from ODESolve
        Returns
        ---------
        dfg_results
            Instance of dfg_results_interface class
        """
        npoints = self.veclength
        
        pump_out = solver_out.ysave[0:solver_out.count, 0        :   npoints]
        sgnl_out = solver_out.ysave[0:solver_out.count, npoints  : 2*npoints]
        idlr_out = solver_out.ysave[0:solver_out.count, 2*npoints: 3*npoints]
        zs       = solver_out.xsave[0:solver_out.count]
        for i in xrange(solver_out.count):
            z = zs[i]
            phi_p = np.exp(-1j * (self.k_p + self.k_p_0) * z)
            phi_s = np.exp(-1j * (self.k_s + self.k_s_0) * z)
            phi_i = np.exp(-1j * (self.k_i + self.k_i_0) * z)
            
            pump_out[i, :] *= phi_p
            sgnl_out[i, :] *= phi_s
            idlr_out[i, :] *= phi_i
        interface = dfg_results_interface(self, pump_out, sgnl_out, idlr_out, zs)
        return interface

        
    def format_overlap_plots(self):
        plt.subplot(131)
        plt.ylabel('Overlap with smallest beam')
        plt.xlabel('Crystal length (mm)')
        plt.subplot(132)
        plt.ylabel('Beam waist (um)')
        plt.xlabel('Crystal length (mm)')
        plt.subplot(133)
        plt.ylabel('Beam curvature (m)')
        plt.xlabel('Crystal length (mm)')            


[docs]class dfg_results_interface:
    """
        Interface to output of DFG solver. This class provides a clean way
        of working with the DFG field using the Pulse class. 
        
        Notes
        -----
        After initialization, calling::
            
                get_{pump,sgnl,idlr}(n)
        
        will set the dfg results class' "pulse" instance to the appropriate
        field and return it.
        
        Example
        -------
        To plot the 10th saved signal field, you would call::
                
                p = dfg_results_interface.get_sgnl(10-1)
                plt.plot(p.T_ps, abs(p.AT)**2 )
        
        To get the actual position (z [meters]) that this corresponds to,
        call::
                
                z = dfg_results_interface.get_z(10-1)
        
"""
    n_saves = 0
    pump_field = []
    sgnl_field = []
    idlr_field = []
    
    def __init__(self, integrand_instance, pump, sgnl, idlr, z):        
        self.pulse = integrand_instance.pump.create_cloned_pulse()
        
        self.pump_wl = integrand_instance.pump.center_wavelength_nm
        self.sgnl_wl = integrand_instance.sgnl.center_wavelength_nm
        self.idlr_wl = integrand_instance.idlr.center_wavelength_nm
        
        self.pump_field = pump[:]
        self.sgnl_field = sgnl[:]
        self.idlr_field = idlr[:]

        self.pump_max_field = np.max(abs(pump))
        self.sgnl_max_field = np.max(abs(sgnl))
        self.idlr_max_field = np.max(abs(idlr))
        

        self.pump_max_temporal = np.max(abs(np.fft.fft(pump)))
        self.sgnl_max_temporal = np.max(abs(np.fft.fft(sgnl)))
        self.idlr_max_temporal = np.max(abs(np.fft.fft(idlr)))
        
        self.zs         = z[:]
        self.n_saves = len(z)
        
    def get_z(self, n):
        return self.zs[n]
        
    def get_pump(self, n):
        self.pulse.set_AW(self.pump_field[n])
        self.pulse.set_center_wavelength_nm(self.pump_wl)
        return self.pulse
                
    def get_sgnl(self, n):
        self.pulse.set_AW(self.sgnl_field[n])
        self.pulse.set_center_wavelength_nm(self.sgnl_wl)
        return self.pulse
        
    def get_idlr(self, n):
        self.pulse.set_AW(self.idlr_field[n])
        self.pulse.set_center_wavelength_nm(self.idlr_wl)
        return self.pulse

        
class fftcomputer:
    def __init__(self, gridsize):
        self.gridsize = gridsize
        self.corrin = pyfftw.n_byte_align_empty(gridsize*2,16,'complex128')
        self.corrtransfer = pyfftw.n_byte_align_empty(gridsize*2,16,'complex128')
        self.fft = pyfftw.FFTW(self.corrin,self.corrtransfer,direction='FFTW_FORWARD')
        
        self.backout = pyfftw.n_byte_align_empty(gridsize*2,16,'complex128')
        self.ifft = pyfftw.FFTW(self.corrtransfer,self.backout,direction='FFTW_BACKWARD')
        
    def corr(self, data1, data2):
        n = self.gridsize
        self.corrin[:] = 0
        self.corrin[:n] = data2
        temp = np.conjugate(np.copy(self.fft()))
        
        self.corrin[:] = 0
        self.corrin[:n] = data1
        ans = self.fft()
        ans[:] = ans*temp
        
        return fftpack.ifftshift(np.copy(self.ifft()))[(n>>1):n+(n>>1)]
        
    def conv(self, resp, sig):
        n = self.gridsize
        self.corrin[:] = 0 
        self.corrin[n:] = resp
        temp = np.copy(self.fft())
        
        self.corrin[:] = 0
        self.corrin[:n] = sig
        ans = self.fft()
        ans[:] = ans*temp
        
        return fftpack.ifftshift(np.copy(self.ifft()))[(n>>1):n+(n>>1)]
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  Source code for pynlo.util.ode_solve.steppers

# -*- coding: utf-8 -*-
"""
ODE solver, adapted from Numerical Recipes

@author: ycasg
"""
import numpy as np
import exceptions
import warnings

np.seterr(all='warn')

[docs]class Output:
    """ The output class is used by the ode solver to store the integrated output
    at specified *x* values. In addition to housing the matrices containing the
    *x* and *y* data, the class also provides a simple function call to store 
    new data and resizes the output grids dynamically.
    
    Parameters
    ----------
    nsaves
        Number of anticipated save points, used for calculating value of *x*
        at which integrand will be evaluted and saved. """
    kmax    = 0
    nvar    = 0
    nsave   = 0
    dense   = True
    count   = 0
    x1      = 0.0
    x2      = 0.0
    xout    = 0.0
    dxout   = 0.0
    xsave   = None
    ysave   = None
    def __init__(self, nsaves = None):

        if nsaves is None:
            self.kmax   = -1
            self.dense  = False
            self.count  = 0
        else:
            self.kmax   = 500
            self.nsave  = nsaves            
            self.count  = 0
            self.dense  = nsaves > 0
[docs]    def init(self, neqn, xlo, xhi, dtype = np.double):
        """ Setup routine, which creates the output arrays. If nsaves was provided
            at class initialization, the positions at which the integrand will be
            saved are also calculated.
            
            Parameters
            ----------
            neqn:
                Number of equations, or the number of y values at each x.
            xlo:
                Lower bound of integration (start point.)
            xhi:
                Upper bound of integration (stop point.)                
            dtype:
                Data type of each y. Any Python data type is acceptable.
            """
        self.nvar = neqn
        self.dtype = dtype
        if self.kmax == -1:
            return
        self.ysave = np.zeros((self.kmax, self.nvar), dtype = dtype)
        self.xsave = np.zeros((self.kmax), dtype = dtype)
        if self.dense:
            self.x1 = xlo
            self.x2 = xhi
            self.xout   = self.x1
            self.dxout  = (self.x2-self.x1) / float(self.nsave)

    def resize(self):
        kold = self.kmax
        self.kmax *= 2
        # Reshape x
        newx        = np.zeros((self.kmax,), dtype = self.xsave.dtype)
        newx[:kold] = self.xsave
        self.xsave  = newx
        # Reshape y
        newy        = np.zeros((self.kmax, self.nvar), dtype = self.dtype)
        newy[0:kold,:] = self.ysave
        self.ysave     = newy
    def save_dense(self, s, xout, h):
        if self.count == self.kmax:
            self.resize()
        y = s.dense_out(xout, h)
        if self.ysave.dtype != y.dtype:   
            errmsg = 'Integrand returns ',str(y.dtype),' but workspaces are initialized to ',str(self.ysave.dtype),'!'
            raise exceptions.TypeError(errmsg)
        self.ysave[self.count, :]   = y
        self.xsave[self.count]      = xout
        self.count += 1
    def save(self, x, y):
        if self.ysave.dtype != y.dtype:            
            errmsg = 'Integrand returns ',str(y.dtype),' but workspaces are initialized to ',str(self.ysave.dtype),'!'
            raise exceptions.TypeError(errmsg)
        if self.kmax <= 0:
            return
        if self.count == self.kmax:
            self.resize()
        self.ysave[self.count, :]   = y
        self.xsave[self.count]      = x
        self.count += 1        
[docs]    def out(self, nstp, x, y, s, h):
        """ nstp is current step number, current values are x & y, Stepper is s
        and step size is h"""
        if not self.dense:
            e = exceptions.AttributeError('Dense output is not set in Output!')
            raise e
        if nstp == 1:
            self.save(x,y)
            self.xout += self.dxout
        else:
            while (x-self.xout)*(self.x2-self.x1) > 0.0:
                self.save_dense(s, self.xout, h)
                self.xout += self.dxout


        
        

[docs]class StepperBase:
    x       = 0.0
    xold    = 0.0
    y       = None
    dydx    = None
    atol    = 0.0
    rtol    = 0.0
    dense   = True
    hdid    = 0.0
    hnext   = 0.0
    EPS     = np.finfo(np.double).eps
    n       = 0
    neqn    = 0
    yout    = None
    yerr    = None
    dtype   = None
    def __init__(self, yy, dydxx, xx, atoll, rtoll, dense):
        self.x = xx 
        self.y = yy # Reference assignments (y & yy are same object)
        self.dydx = dydxx
        self.atol = atoll
        self.rtol = rtoll
        self.dense = dense
        self.n = len(yy)
        self.neqn = self.n
        self.dtype = yy.dtype
        self.yout = self.gen_array()
        self.yerr = self.gen_array()
    def gen_array(self):
        return np.zeros( (self.n,), dtype = self.dtype)

        
[docs]class ODEint:
    MAXSTP  = 50000
    EPS     = np.finfo(np.double).eps
    nok     = 0
    nbad    = 0
    nvar    = 0
    x1       = 0.0
    x2      = 0.0
    hmin    = 0.0
    dense   = True     # True if dense output is requested
    y       = None
    dydx    = None
    ystart  = None
    output  = None
    RHS_class  = None    # function which evaluates dydx
    s       = None    # stepper class instance
    nstp    = 0    
    h       = 0.0
    def __init__(self, ystartt, xx1, xx2, atol, rtol, h1, hminn, outt,
                 stepper_class, RHS_class, dense = True, dtype = None):
         """ Class for integrating ODEs. 
         
         Notes
         -----
         This code is based upon *Numerical Recipes 3rd edition*'s 
         imlementation, but with some changes due to the translation:
         1.) The ODE is passed as a class instance 'RHS_class'. This class must
             have a member function deriv(x,y,dydx) which calculates the RHS
             and writes the value into dydx.
         2.) Unlike the NR version, ODEint is not derived from the stepper. 
             instead, the stepper class to be used is passed to the ODEint 
             constructor (stepper_class).
         3.) As a consequence of (2), x and y are stored in the stepper instance
             (ODEint.s) and not in ODEint iteself.  
         """
         self.nvar  = len(ystartt)         
         # If no dtype is specified, use the data type of ystartt
         if dtype is None:
             dtype = ystartt.dtype
         self.dtype = dtype
         self.y     = np.ndarray((self.nvar,), dtype=dtype)
         self.dydx  = np.ndarray((self.nvar,), dtype=dtype)
         self.ystart= ystartt         
         self.x1    = xx1
         self.x2    = xx2
         self.hmin  = hminn
         self.dense = dense
         self.out   = outt

         self.RHS_class= RHS_class
         self.s     = stepper_class(self.y, self.dydx, self.x1, atol, rtol, dense)         
         self.h     = np.abs(h1)*np.sign(xx2-xx1)
         self.y[:]  = self.ystart
         self.out.init(self.s.neqn, self.x1, self.x2, dtype = self.dtype)
    def integrate(self):
        self.RHS_class.deriv(self.x1, self.y, self.dydx)      
        if self.dense:
            self.out.out(-1, self.x1, self.y, self.s, self.h)
        else:
            self.out.save(self.x1, self.y)
        for self.nstp in xrange(self.MAXSTP):            
            if (self.s.x+self.h*1.0001 - self.x2 ) / (self.x2-self.x1) > 0.0:
                self.h = self.x2-self.s.x # If we would overshoot x2, reduce step size
            self.s.step(self.h, self.RHS_class)
            if self.s.hdid == self.h:
                self.nok+=1
            else:
                self.nbad+=1
            if self.dense:
                self.out.out(self.nstp, self.s.x, self.s.y, self.s, self.s.hdid)
            else:
                self.out.save(self.s.x, self.s.y)
            if (self.s.x-self.x2)*(self.x2-self.x1) >= 0:
                self.ystart[:] = self.s.y
                if self.out.kmax > 0 and\
                        abs(self.out.xsave[self.out.count-1]-self.x2) >\
                        100.0*abs(self.x2)*self.EPS:
                    self.out.save(self.s.x, self.s.y)
                return
            if abs(self.s.hnext) <= self.hmin:
                e = exceptions.RuntimeError('Step size below minimum specified value.')
                raise e
            self.h = self.s.hnext
        e = exceptions.RuntimeError('Integrator took too many steps without finishing.')
        raise e
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  Source code for pynlo.light.PulseBase

# -*- coding: utf-8 -*-
#Created on Thu Jun 04 13:48:11 2015
#This file is part of pyNLO.
#
#    pyNLO is free software: you can redistribute it and/or modify
#    it under the terms of the GNU General Public License as published by
#    the Free Software Foundation, either version 3 of the License, or
#    (at your option) any later version.
#
#    pyNLO is distributed in the hope that it will be useful,
#    but WITHOUT ANY WARRANTY; without even the implied warranty of
#    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
#    GNU General Public License for more details.
#
#    You should have received a copy of the GNU General Public License
#    along with pyNLO.  If not, see <http://www.gnu.org/licenses/>.

import numpy as np
from scipy.interpolate import interp1d
from scipy import constants, signal 
from pynlo.util import FFT_t, IFFT_t
import exceptions
import warnings

[docs]class Pulse:
    """Class which carried all information about the light field. This class 
       is a base upon which various cases are built (eg analytic pulses,
       CW fields, or pulses generated from experimental data.) """

    def __init__(self, frep_MHz = None, n = None):
        if frep_MHz is not None:
            self._frep_MHz = frep_MHz
            if frep_MHz > 1.0e6:
                warnings.warn("frep should be specified in MHz; large value given.")
        if n is not None:
            self.set_NPTS(n)            
        # Constants, moved here so that module runs through Sphynx autodoc when
        # scipy is Mocked out.
        self._c_nmps = constants.value('speed of light in vacuum')*1e9/1e12 # c in nm/ps
        self._c_mks  = constants.value('speed of light in vacuum') # m/s        
    # Private variables:
    # This set is the minimum number required to completely specify the light
    # field. All other representations are derived from them.
    _n                  = 0       # Number of points on grid
    _centerfrequency    = 1.0     # Center frequency (THz)
    _time_window        = 1.0     # Time window (ps)
    _V                  = None    # Relative angular frequency grid (2 pi THz)
    _AW                 = None    # Frequency-domain pulse amplitude
    _frep_MHz           = 100.0   # Pulse frequency (MHz); used for converting
                                  # pulse energy < - > average power
    _ready              = False   # All fields are initialized (this allows for
                                  # incomplete Pulse objects to be created and
                                  # and filled in later)         
    _external_units     = None
    # Constants
    _c_nmps = None
    _c_mks  = None
    # Cached values for expensive functions that I have identified as widely-used
    # in a profiler. Note that this is a sparse list...
    # Wavelength
    _cache_wl_nm_hash               = None
    _cache_wl_nm                    = None
    # Frequency in THz
    _cache_W_Hz_hash                = None
    _cache_W_Hz                     = None
    
    _not_ready_msg = 'Pulse class is not yet ready -- set center wavelength, time window, and npts.'    
    ####### Private properties    #############################################
    def __get_w0(self):
        r""" Return center angular frequency (THz) """
        if self._centerfrequency is None:
            raise exceptions.ValueError('Center frequency is not set.')
        return 2.0 * np.pi * self._centerfrequency    
    def __get_W(self):
        r""" Return angular frequency grid (THz) """
        if not self._ready:
            raise exceptions.RuntimeError(self._not_ready_msg)
        else:
            return self._V + self._w0
    def __get_T(self):
        r""" Return temporal grid (ps) """
        if not self._ready:
            raise exceptions.RuntimeError(self._not_ready_msg)
        else:
            TGRID =  np.linspace(-self._time_window / 2.0,
                                  self._time_window / 2.0,
                                  self._n, endpoint = False) # time grid
            return TGRID
    def __get_dT(self):
        r""" Return time grid spacing (ps) """
        if not self._ready:
            raise exceptions.RuntimeError(self._not_ready_msg)
        else:
            return self._time_window / np.double(self._n)

    def __get_V(self):
        r""" Return relative angular frequency grid (THz) """
        if not self._ready:
            raise exceptions.RuntimeError(self._not_ready_msg)
        else:
            VGRID = 2.0*np.pi*np.transpose(np.arange(-self._n/2,
                                                      self._n/2))/(self._n*self._dT) # Frequency grid (angular THz)        
            return VGRID

            
    _w0     = property(__get_w0)        
    _W      = property(__get_W)
    _dT     = property(__get_dT)                          
    _T      = property(__get_T)
    _dT     = property(__get_dT)
    _V      = property(__get_V)

    ####### Public  properties    #############################################    
    # The following are properties. They should be used by other codes to
    # provide some isolation from the Pulse class's internal mechanics.
    
    # Wavelength is dynamically derived from frequency grid
    def _get_wavelength_nm(self):
        if (self.cache_hash == self._cache_wl_nm_hash):
           return self._cache_wl_nm
        else:
           self._cache_wl_nm_hash = self.cache_hash
           self._cache_wl_nm = 2*np.pi*self._c_nmps / self.W_THz
           return self._cache_wl_nm
    # Wavelength is dynamically derived from frequency grid
    def _get_wavelength_m(self):    
        return 2*np.pi*self._c_mks / self.W_mks
    def _get_center_wavelength_nm(self):
        return self._c_nmps / self._centerfrequency
    def _get_center_wavelength_mks(self):
        return (self._c_nmps / self._centerfrequency )*1.0e9
    def _get_center_frequency_THz(self):
        return self._centerfrequency        
    def _get_center_frequency_mks(self):
        return self._centerfrequency * 1.0e12
        
    def _get_NPTS(self):
        return self._n
    def _get_hash(self):
        return str(self._centerfrequency)+str(self.NPTS)    
    def _get_W_Hz(self):
        if (self._cache_W_Hz_hash == self.cache_hash):
            return self._cache_W_Hz
        else:
            self._cache_W_Hz_hash = self.cache_hash
            self._cache_W_Hz                 =  self._W * 1e12
            return self._cache_W_Hz
            
    def _get_W_THz(self):
        return self._W
    def _get_dT_seconds(self):
        return self._dT * 1e-12
    def _get_dT_picoseconds(self):
        return self._dT
        
    def _get_T_seconds(self):
        return self._T* 1e-12
    def _get_T_picoseconds(self):
        return self._T

    def _get_time_window_seconds(self):
        return self._time_window* 1e-12
    def _get_time_window_picoseconds(self):
        return self._time_window

    def _get_V_Hz(self):
        return self._V* 1e12
    def _get_V_THz(self):
        return self._V
    def _get_dF_THz(self):
        return abs(self.W_THz[1]-self.W_THz[0])/(2.0*np.pi)
    def _get_dF_Hz(self):
        return abs(self.W_mks[1]-self.W_mks[0])/(2.0*np.pi)
    def _get_frep_MHz(self):
        return self._frep_MHz
    def _get_frep_Hz(self):
        if self._frep_MHz is None:
            return None
        else:
            return self._frep_MHz * 1.0e6
    def _get_AW(self):
        if self._AW is not None:
            return self._AW.copy()
        else:
            raise exceptions.RuntimeError('Grids not yet set up.')
    def _get_AT(self):        
        return IFFT_t( self._AW.copy() )

[docs]    def set_AW(self, AW_new):
        r""" Set the value of the frequency-domain electric field.
        
        Parameters
        ----------
        AW_new : array_like
            New electric field values. 
        
        """
        if not self._ready:
            raise exceptions.RuntimeError(self._not_ready_msg)
        if self._AW is None:
            self._AW = np.zeros((self._n,), dtype = np.complex128)
        self._AW[:] = AW_new

        
[docs]    def set_AT(self, AT_new):
        r""" Set the value of the time-domain electric field.
        
        Parameters
        ----------
        AW_new : array_like
            New electric field values.
            
        """
        self.set_AW( FFT_t(AT_new ))


    # To keep this class' working isolated from accessors, all data reading and
    # writing is done via methods. These are:

    wl_nm           = property(_get_wavelength_nm)
    """ Property: Wavelength grid
        
    Returns
    -------
    wl_nm : ndarray, shape NPTS
        Wavelength grid corresponding to AW [nm]
    """


    W_THz           = property(_get_W_THz)
    """ Property: angular frequency grid 
        
    Returns
    -------
    W_THz : ndarray, shape NPTS
        Angular frequency grid corresponding to AW [THz]
    """

    dT_ps           = property(_get_dT_picoseconds)
    """    
    Property: time grid spacing
    
    Returns
    -------
    dT_ps : float
        Time grid spacing [ps]
    """    
    
    T_ps            = property(_get_T_picoseconds)
    """    
    Property: time grid
    
    Returns
    -------
    T_ps : ndarray, shape NPTS
        Time grid corresponding to AT [ps]
    """
    
    V_THz           = property(_get_V_THz)
    """    
    Property: relative angular frequency grid
    
    Returns
    -------
    V_THz : ndarray, shape NPTS
        Relative angular frequency grid corresponding to AW [THz]
    """
    
    time_window_ps  = property(_get_time_window_picoseconds)
    """    
    Property: time grid span
    
    Returns
    -------
    time_window_ps : float
        Time grid span [ps]
    """    
    
    center_wavelength_nm    = property(_get_center_wavelength_nm)
    """    
    Property: center wavelength
    
    Returns
    -------
    center_wavelength_nm : float
        Wavelength of center point in AW grid [nm]
    """        
    center_frequency_THz = property(_get_center_frequency_THz)
    """    
    Property: center frequency
    
    Returns
    -------
    center_frequency_THz : float
        Frequency of center point in AW grid [THz]
    """        
    
    wl_mks          = property(_get_wavelength_m)
    """ Property: Wavelength grid
        
    Returns
    -------
    wl_mks : ndarray, shape NPTS
        Wavelength grid corresponding to AW [m]
    """    
    W_mks           = property(_get_W_Hz)
    """ Property: angular frequency grid 
        
    Returns
    -------
    W_mks : ndarray, shape NPTS
        Angular frequency grid corresponding to AW [Hz]
    """    
    dT_mks          = property(_get_dT_seconds)
    """    
    Property: time grid spacing
    
    Returns
    -------
    dT_mks : float
        Time grid spacing [s]
    """    
    
    T_mks           = property(_get_T_seconds)
    """    
    Property: time grid
    
    Returns
    -------
    T_mks : ndarray, shape NPTS
        Time grid corresponding to AT [s]
    """
    
    V_mks           = property(_get_V_Hz)
    """    
    Property: relative angular frequency grid
    
    Returns
    -------
    V_mks : ndarray, shape NPTS
        Relative angular frequency grid corresponding to AW [Hz]
    """    
    dF_mks           = property(_get_dF_Hz) 
    """    
    Property: frequency grid spacing
    
    Returns
    -------
    dF_mks : float
        Frequency grid spacing [s]
    """     
    dF_THz           = property(_get_dF_THz)
    """    
    Property: frequency grid spacing
    
    Returns
    -------
    dF_ps : float
        Frequency grid spacing [ps]
    """     
    
    time_window_mks = property(_get_time_window_seconds)
    """    
    Property: time grid span
    
    Returns
    -------
    time_window_mks : float
        Time grid span [ps]
    """    
    
    center_wavelength_mks   = property(_get_center_wavelength_mks)
    """    
    Property: center wavelength
    
    Returns
    -------
    center_wavelength_mks : float
        Wavelength of center point in AW grid [m]
    """            
    
    center_frequency_mks = property(_get_center_frequency_mks)
    """    
    Property: center frequency
    
    Returns
    -------
    center_frequency_mks : float
        Frequency of center point in AW grid [Hz]
    """            
    
    AW              = property(_get_AW)
    """    
    Property: frequency-domain electric field grid
    
    Returns
    -------
    AW : ndarray, shape NPTS
        Complex electric field in frequency domain.
    """
    
    AT              = property(_get_AT)
    """    
    Property: time-domain electric field grid
    
    Returns
    -------
    AT : ndarray, shape NPTS
        Complex electric field in time domain.
    """
    NPTS            = property(_get_NPTS)  
    frep_MHz        = property(_get_frep_MHz)
    """    
    Property: Repetition rate. Used for calculating average beam power.
    
    Returns
    -------
    frep_MHz : float
        Pulse repetition frequency [MHz]
    """                
    frep_mks         = property(_get_frep_Hz)
    """    
    Property: Repetition rate. Used for calculating average beam power.
    
    Returns
    -------
    frep_mks : float
        Pulse repetition frequency [Hz]
    """                
    cache_hash      = property(_get_hash)
    
    def _set_centerfrequency(self, f_THz):
        self._centerfrequency = f_THz
        self._check_ready()
    def _set_time_window(self, T_ps):
        self._time_window = T_ps
        self._check_ready()

    def _check_ready(self):
        self._ready =  (self._centerfrequency is not None) and\
                       (self._n is not None) and\
                       (self._time_window is not None)
               

    def _ext_units_nmps(self):
        if self._external_units is None:
            exceptions.RuntimeError('Unit type has not been set.')
        return self._external_units == 'nmps'
    def _ext_units_mks(self):
        if self._external_units is None:
            exceptions.RuntimeError('Unit type has not been set.')
        return self._external_units == 'mks'

    ####### Core public  functions     ########################################        
[docs]    def set_center_wavelength_nm(self, wl):
        r""" Set the center wavelength of the grid in units of nanometers.
        
        Parameters
        ----------
        wl : float
             New center wavelength [nm]
        
        """
        self._set_centerfrequency(self._c_nmps / wl)

[docs]    def set_center_wavelength_m(self, wl):
        r""" Set the center wavelength of the grid in units of meters.
        
        Parameters
        ----------
        wl : float
             New center wavelength [m]
        
        """
        self._set_centerfrequency(self._c_nmps /  (wl * 1.0e9) )

        
[docs]    def set_NPTS(self, NPTS):
        r""" Set the grid size. 
        
        The actual grid arrays are *not* altered
        automatically to reflect a change.
        
        Parameters
        ----------
        NPTS : int
             Number of points in grid
        
        """        
        self._n = int(NPTS)
        self._check_ready() 

[docs]    def set_frep_MHz(self, fr_MHz):
        r""" Set the pulse repetition frequency. 
        
        This parameter used internally to convert between pulse energy and 
        average power.
        
        Parameters
        ----------
        fr_MHz : float
             New repetition frequency [MHz]
        
        """        
        self._frep_MHz = fr_MHz

[docs]    def set_time_window_ps(self, T):
        r""" Set the total time window of the grid. 
        
        This sets the grid dT, and
        implicitly changes the frequency span (~1/dT).
        
        Parameters
        ----------
        T : float
             New grid time span [ps]
        
        """                
        if self._n is None:
            raise exceptions.RuntimeError('Set number of points before setting time window.')
        # frequency grid is 2 pi/ dT * [-1/2, 1/2]
        # dT is simply time_window / NPTS
        self._set_time_window(T)

[docs]    def set_time_window_s(self, T):
        r""" Set the total time window of the grid. 
        
        This sets the grid dT, and
        implicitly changes the frequency span (~1/dT).
        
        Parameters
        ----------
        T : float
             New grid time span [s]        
        """                
        if self._n is None:
            raise exceptions.RuntimeError('Set number of points before setting time window.')        
        self._set_time_window(T * 1e12)

        
[docs]    def set_frequency_window_THz(self, DF):
        r""" Set the total frequency window of the grid. 
        
        This sets the grid dF, and
        implicitly changes the temporal span (~1/dF).
        
        Parameters
        ----------
        DF : float
             New grid time span [THz]
        
        """                
        if self._n is None:
            raise exceptions.RuntimeError('Set number of points before setting frequency window.')
        # Internally, the time window is used to determine the grids. Calculate
        # the time window size as  1 / dF = 1 / (DF / N)
        T = self._n / float(DF)
        self._set_time_window(T)

[docs]    def set_frequency_window_mks(self, DF):
        r""" Set the total frequency window of the grid. 
        
        This sets the grid dF, and
        implicitly changes the temporal span (~1/dF).
        
        Parameters
        ----------
        DF : float
             New grid time span [Hz]
        
        """                
        if self._n is None:
            raise exceptions.RuntimeError('Set number of points before setting frequency window.')
        # Internally, the time window is used to determine the grids. Calculate
        # the time window size as  1 / dF = 1 / (DF / N)
        T = self._n / float(DF)
        self._set_time_window(T * 1e12)            


# Depricated, to be removed:
#    def set_units(self, external_units):
#        if external_units == 'nmps':
#            self.external_c = self._c_nmps
#            self._external_units = external_units                    
#        elif external_units == 'mks':
#            self.external_c = self._c_mks
#            self._external_units = external_units        
#        else:
#            exceptions.ValueError('Unit type ',external_units,' is not known. Valid values are nmps and mks.')            
#    def internal_time_from_ps(self, time, power = 1):        
#        """ Convert to internal units of ps"""
#        if self._ext_units_nmps():
#            return time
#        if self._ext_units_mks():
#            return time * (1e-12)**power
#    def internal_time_to_ps(self, time, power = 1):
#        """ Convert from internal units of ps to external time """
#        if self._ext_units_nmps():
#            return time
#        if self._ext_units_mks():
#            return time * (1e12)**power                    
#            
#    def internal_wl_from_nm(self, wl):
#        """ Convert to internal units of nm """
#        if self._ext_units_nmps():
#            return wl
#        if self._ext_units_mks():
#            return wl * 1e-9
#    def internal_wl_to_nm(self, wl):
#        """ Convert from internal units of nm to external units """
#        if self._ext_units_nmps():
#            return wl
#        if self._ext_units_mks():
#            return wl * 1e9
                

    ####### Auxiliary public  functions     ###################################
[docs]    def calc_epp(self):
        r""" Calculate and return energy per pulse via numerical integration
            of :math:`A^2 dt`
            
            Returns
            -------
            x : float
                Pulse energy [J]
            """
        return self.dT_mks * np.trapz(abs(self.AT)**2)

    
[docs]    def set_epp(self, desired_epp_J):
        r""" Set the energy per pulse (in Joules)
            
            Parameters
            ----------
            desired_epp_J : float
                 the value to set the pulse energy [J]
                 
            Returns
            -------
            nothing
            """
        self.set_AT(self.AT * np.sqrt( desired_epp_J / self.calc_epp() ) )

        
        
[docs]    def chirp_pulse_W(self, GDD, TOD=0, FOD = 0.0, w0_THz = None):
        r""" Alter the phase of the pulse 
        
        Apply the dispersion coefficients :math:`\beta_2, \beta_3, \beta_4`
        expanded around frequency :math:`\omega_0`.
        
        Parameters
        ----------
        GDD : float
             Group delay dispersion (:math:`\beta_2`) [ps^2]
        TOD : float, optional
             Group delay dispersion (:math:`\beta_3`) [ps^3], defaults to 0.
        FOD : float, optional
             Group delay dispersion (:math:`\beta_4`) [ps^4], defaults to 0.             
        w0_THz : float, optional
             Center frequency of dispersion expansion, defaults to grid center frequency.
        
        Notes
        -----
        The convention used for dispersion is
        
        .. math:: E_{new} (\omega) = \exp\left(i \left(
                                        \frac{1}{2} GDD\, \omega^2 +
                                        \frac{1}{6}\, TOD \omega^3 +
                                        \frac{1}{24} FOD\, \omega^4 \right)\right)
                                        E(\omega)
                                            
        """                

        if w0_THz is None:
            self.set_AW( np.exp(1j * (GDD / 2.0) * self.V_THz**2 + 
                                   1j * (TOD / 6.0) * self.V_THz**3+ 
                                   1j * (FOD / 24.0) * self.V_THz**4) * self.AW )
        else:
            V = self.W_THz - w0_THz
            self.set_AW( np.exp(1j * (GDD / 2.0) * V**2 + 
                                   1j * (TOD / 6.0) * V**3+ 
                                   1j * (FOD / 24.0) * V**4) * self.AW )

    def apply_phase_W(self, phase):
        self.set_AW(self.AW * np.exp(1j*phase))
    def chirp_pulse_T(self, chirp2, chirp3, T0):
        self.set_AT( self.AT * np.exp(-1j * (chirp2 / 2.0) * (self.T_ps/T0)**2 + 
                                 -1j * (chirp3 / 3.0) * (self.T_ps/T0)**3) )
                                 
    def dechirp_pulse(self, GDD_TOD_ratio = 0.0, intensity_threshold = 0.05):

        spect_w = self.AW
        phase   = np.unwrap(np.angle(spect_w))
        ampl    = np.abs(spect_w)
        mask = ampl**2 > intensity_threshold * np.max(ampl)**2
        gdd     = np.poly1d(np.polyfit(self.W_THz[mask], phase[mask], 2))
#        plt.figure()
#        plt.plot(self.W[mask], phase[mask])
#        plt.plot(self.W[mask], phase[mask]-gdd(self.W[mask]))
#        plt.show()
        self.set_AW( ampl * np.exp(1j*(phase-gdd(self.W_THz))) )
    def remove_time_delay(self, intensity_threshold = 0.05):

        spect_w = self.AW
        phase   = np.unwrap(np.angle(spect_w))
        ampl    = np.abs(spect_w)
        mask = ampl**2 > (intensity_threshold * np.max(ampl)**2)        
        ld     = np.poly1d(np.polyfit(self.W_THz[mask], phase[mask], 1))
#        plt.figure()
#        plt.plot(self.W[mask], phase[mask])
#        plt.plot(self.W[mask], phase[mask]-gdd(self.W[mask]))
#        plt.show()
        self.set_AW( ampl * np.exp(1j*(phase-ld(self.W_THz))) )
[docs]    def add_time_offset(self, offset_ps):
        """Shift field in time domain by offset_ps picoseconds. A positive offset
           moves the pulse forward in time. """
        phase_ramp = np.exp(-1j*self.W_THz*offset_ps)
        self.set_AW(self.AW * phase_ramp)

[docs]    def rotate_spectrum_to_new_center_wl(self, new_center_wl_nm):
        """Change center wavelength of pulse by rotating the electric field in
            the frequency domain. Designed for creating multiple pulses with same
            gridding but of different colors. Rotations is by integer and to
            the closest omega."""
        new_center_THz = self._c_nmps/new_center_wl_nm
        rotation = (self.center_frequency_THz-new_center_THz)/self.dF_THz
        self.set_AW(np.roll(self.AW, int(round(rotation))))

    def filter_by_wavelength_nm(self, lower_wl_nm, upper_wl_nm):
        AW_new = self.AW
        AW_new[self.wl_nm < lower_wl_nm] = 0.0
        AW_new[self.wl_nm > upper_wl_nm] = 0.0
        self.set_AW(AW_new)
        
[docs]    def clone_pulse(self, p):
        '''Copy all parameters of pulse_instance into this one'''
        self.set_NPTS(p.NPTS)
        self.set_time_window_ps(p.time_window_ps)
        self.set_center_wavelength_nm(p.center_wavelength_nm)
        self._frep_MHz = p.frep_MHz
        self.set_AT(p.AT)

[docs]    def create_cloned_pulse(self):
        '''Create and return new pulse instance identical to this instance.'''
        p = Pulse()
        p.clone_pulse(self)
        return p               

[docs]    def create_subset_pulse(self, center_wl_nm, NPTS):
        """ Create new pulse with smaller frequency span, centered at closest 
            grid point to center_wl_nm, with NPTS grid points and
            frequency-grid values from this pulse. """
            
        if NPTS >= self.NPTS:
            raise exceptions.ValueError("New pulse must have fewer points than existing one.")
        p = Pulse()
        center_idx = np.argmin(abs(self.wl_nm - center_wl_nm))

        # We want to reduce the frequency span, which means holding df fixed
        # while reducing NPTS. The time window is 1/df, so this means holding
        # the time window fixed as well.

        p._frep_MHz = self.frep_MHz
        p.set_center_wavelength_nm(self.wl_nm[center_idx] )
        p.set_time_window_ps(self.time_window_ps)
        p.set_NPTS(NPTS)
        idx1 = center_idx - (NPTS >> 1)
        idx2 = center_idx + (NPTS >> 1)
        p.set_AW(self.AW[idx1:idx2])
        return p

        
    def calculate_weighted_avg_frequency_mks(self):
        avg = np.sum(abs(self.AW)**2 * self.W_mks)
        weights = np.sum(abs(self.AW)**2)
        result = avg / (weights * 2.0 * np.pi)
        return result
    def calculate_weighted_avg_wavelength_nm(self):
        return 1.0e9 * self._c_mks / self.calculate_weighted_avg_frequency_mks()
[docs]    def calculate_intensity_autocorrelation(self):  
        r""" Calculates and returns the intensity autocorrelation,  
        :math:`\int P(t)P(t+\tau) dt` 
        
        Returns
        -------
        x : ndarray, shape N_pts
            Intensity autocorrelation. The grid is the same as the pulse class'
            time grid.
            
        """  
        return np.correlate(abs(self.AT)**2, abs(self.AT), mode='same')  

[docs]    def write_frog(self,
                 fileloc = 'broadened_er_pulse.dat', # default EDFA spectrum
                 flip_phase = True):
        """Save pulse in FROG data format. Grid is centered at wavelength
        center_wavelength (nm), but pulse properties are loaded from data
        file. If flip_phase is true, all phase is multiplied by -1 [useful
        for correcting direction of time ambiguity]. time_window (ps) sets 
        temporal grid size. 
        
        power sets the pulse energy:
        if power_is_epp is True  then the number is pulse energy [J] 
        if power_is_epp is False then the power is average power [W], and 
        is multiplied by frep to calculate pulse energy"""       
        
        self.fileloc   = fileloc             
        phase_data = np.unwrap(np.angle(self.get_AW()))
        inten_data = np.abs(self.get_AW())
        wavel_data = self.internal_wl_to_nm(self.wl_nm)
        
        # Write pulse data file
        np.savetxt(self.fileloc, np.vstack((wavel_data, inten_data, phase_data)).T) 
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