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ThHhH, ST f.,Q DAHE»P I ZEB L 0\ Z oo E VT (49) OB Z#E 2k, £/, 2D
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[1] https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2005WR004804
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x PAHHIEDET —F IOV THES B DZHETWLIDTEBIEL 72,

1% 2 — Fl3https://github. com/ramutami/circuit_exp_

MITAMURAIZ? v 7R —FLTWwEZ

i
fAmp (Hz) VppIn (volt) VppOut (volt) sineGain InMeasFS (volt) OutMeasFS(volt) Gerr
1.0000E+03 2.0400E+00 9.8400E+00 4.8235E+00 4.0000E+00 1.6000E+01 3.6861E-01
1.0000E+02 2.0200E+00 2.0400E+00 1.0099E+00 4.0000E+00 4.0000E+00 8.4430E-02
1.0000E+04 2.0200E+00 2.3800E-02 1.1782E-02 4.0000E+00 4.0000E-02 9.1805E-04
1.0000E+05 1.9800E+01 1.8400E-03 9.2929E-05 4.0000E+01 1.6000E-02 2.4888E-05
1.0000E+06 1.9600E+01 8.8800E-03 4.5306E-04 4.0000E+01 1.6000E-02 3.7002E-05
7.0000E+05 1.9600E+01 6.3200E-03 3.2245E-04 4.0000E+01 1.6000E-02 3.1456E-05
5.0000E+05 1.9600E+01 4.6400E-03 2.3673E-04 4.0000E+01 1.6000E-02 2.8457E-05
3.0000E+05 1.9600E+01 2.9600E-03 1.5102E-04 4.0000E+01 1.6000E-02 2.6177E-05
2.0000E+05 1.9600E+01 2.0800E-03 1.0612E-04 4.0000E+01 1.6000E-02 2.5337E-05
5.0000E+04 1.9800E+01 8.8000E-03 4.4444E-04 4.0000E+01 1.6000E-02 3.6239E-05
7.0000E+04 1.9800E+01 4.1600E-03 2.1010E-04 4.0000E+01 1.6000E-02 2.7383E-05
1.3000E+05 1.9800E+01 1.4400E-03 7.2727E-05 4.0000E+01 1.6000E-02 2.4640E-05
1.7000E+05 1.9800E+01 1.7600E-03 8.8889E-05 4.0000E+01 1.6000E-02 2.4834E-05
3.0000E+03 2.0000E+01 2.8400E+00 1.4200E-01 4.0000E+01 4.0000E+00 1.0421E-02
4.0000E+02 2.0000E+01 2.3200E+01 1.1600E+00 4.0000E+01 4.0000E+01 9.1892E-02
3.0000E+01 2.0000E+01 2.0000E+01 1.0000E+00 4.0000E+01 4.0000E+01 8.4853E-02
1.0000E+01 2.0000E+01 2.0000E+01 1.0000E+00 4.0000E+01 4.0000E+01 8.4853E-02
2.5000E+04 2.0000E+01 3.6800E-02 1.8400E-03 4.0000E+01 8.0000E-02 1.6306E-04
7.0000E+03 2.0000E+01 4.6800E-01 2.3400E-02 4.0000E+01 8.0000E-01 1.8469E-03
1.0720E+03 1.9800E-01 1.0200E+00 5.1515E+00 4.0000E-01 1.6000E+00 3.9528E-01
8.0000E+02 2.0000E-01 4.4800E-01 2.2400E+00 4.0000E-01 8.0000E-01 1.8018E-01
7.0000E+02 1.9800E-01 3.4800E-01 1.7576E+00 4.0000E-01 4.0000E-01 1.2255E-01
9.0000E+02 2.0000E-01 6.3200E-01 3.1600E+00 4.0000E-01 8.0000E-01 2.2438E-01
2.0000E+03 2.0000E-01 7.7600E-02 3.8800E-01 4.0000E-01 1.6000E-01 3.3436E-02
1.2000E+03 1.9800E-01 5.4400E-01 2.7475E+00 4.0000E-01 8.0000E-01 2.0596E-01
1.3000E+03 1.0000E-01 1.7200E-01 1.7200E+00 1.6000E-01 4.0000E-01 1.4566E-01
1.1000E+03 1.0000E-01 4.5600E-01 4.5600E+00 1.6000E-01 8.0000E-01 3.2482E-01
1.1500E+03 9.8400E-02 3.5200E-01 3.5772E+00 1.6000E-01 8.0000E-01 2.9990E-01
1.7000E+03 2.0000E-01 1.2400E-01 6.2000E-01 4.0000E-01 1.6000E-01 4.4270E-02
FZAHHIE

fPhase (Hz) timeDelay (s) phaseDelay(deg) timeError(s) phaseErr (deg)

4.000000E+02 3.200000E-05 -8.042477E-02 2.000000E-06 -5.026548E-03

8.000000E+02 6.400000E-05 -3.216991E-01 1.000000E-06 -5.026548E-03

1.500000E+03 3.060000E-04 -2.883982E+00 2.000000E-06 -1.884956E-02

3.000000E+03 1.620000E-04 -3.053628E+00 1.000000E-06 -1.884956E-02

7.000000E+03 7.100000E-05 -3.122743E+00 1.000000E-06 -4.398230E-02

3.000000E+04 1.660000E-05 -3.129026E+00 2.000000E-07 -3.769911E-02

1.000000E+05 6.100000E-06 -3.832743E+00 1.000000E-07 -6.283185E-02

8.000000E+04 7.000000E-06 -3.518584E+00 1.000000E-07 -5.026548E-02

7.000000E+04 7.700000E-06 -3.386637E+00 1.000000E-07 -4.398230E-02

6.000000E+04 8.700000E-06 -3.279823E+00 1.000000E-07 -3.769911E-02

5.000000E+04 1.020000E-05 -3.204425E+00 1.000000E-07 -3.141593E-02

4.000000E+04 1.260000E-05 -3.166725E+00 1.000000E-07 -2.513274E-02

1.700000E+04 2.900000E-05 -3.097610E+00 2.000000E-07 -2.136283E-02

2.500000E+04 1.980000E-05 -3.110177E+00 2.000000E-07 -3.141593E-02

1.100000E+04 4.520000E-05 -3.124000E+00 4.000000E-07 -2.764602E-02

5.000000E+03 9.800000E-05 -3.078761E+00 1.000000E-06 -3.141593E-02

4.000000E+03 1.230000E-04 -3.091327E+00 1.000000E-06 -2.513274E-02

1.100000E+03 2.880000E-04 -1.990513E+00 4.000000E-06 -2.764602E-02

1.200000E+03 3.320000E-04 -2.503221E+00 2.000000E-06 -1.507964E-02

2.000000E+03 2.380000E-04 -2.990796E+00 2.000000E-06 -2.513274E-02

1.000000E+03 1.680000E-04 -1.055575E+00 2.000000E-06 -1.256637E-02

9.000000E+02 9.400000E-05 -5.315575E-01 1.000000E-06 -5.654867E-03

9.500000E+02 1.230000E-04 -7.341902E-01 1.000000E-06 -5.969026E-03

1.050000E+03 2.340000E-04 -1.543779E+00 2.000000E-06 -1.319469E-02

1.150000E+03 3.220000E-04 -2.326664E+00 2.000000E-06 -1.445133E-02

1.250000E+03 3.360000E-04 -2.638938E+00 2.000000E-06 -1.570796E-02

1.030000E+03 2.060000E-04 -1.333166E+00 2.000000E-06 -1.294336E-02

1.080000E+03 2.700000E-04 -1.832177E+00 2.000000E-06 -1.357168E-02

7.000000E+01 2.000000E-05 -8.796459E-03 1.000000E-05 -4.398230E-03

6.000000E+02 4.100000E-05 -1.545664E-01 1.000000E-06 -3.769911E-03

1.500000E+02 2.800000E-05 -2.638938E-02 4.000000E-06 -3.769911E-03

4.000000E+01 4.000000E-05 -1.005310E-02 2.000000E-05 -5.026548E-03

2.500000E+02 2.400000E-05 -3.769911E-02 4.000000E-06 -6.283185E-03
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FORTRAN: [HI#8FERE R R 2 — F

program main
use omp_
implicit
real (8)
integer
real(8)
real(8)
real (8)
real (8)
real (8)
real(8)
integer:
real(8),
real (8)
real(8)
real(8)
integer
real(8),
integer
real (8)
real(8),
real(8)
real(8),
real (8)
integer,
integer

1lib

none

, parameter :: pi=3.14159265358979323_8
i,meshsize,j,k,1l,meshsize2,idk
f_min,f_max,f,fc_in,Q_in
R2_true ,R3_true,Cl_true,C4_true
R2_mes ,R3_mes,Cl_mes,C4_mes
R2_mes_min,R3_mes_min,Cl_mes_min,C4_mes_min
R2_mes_max ,R3_mes_max,Cl_mes_max,C4_mes_max
R2_test,R3_test,Cl_test,C4_test

cio,filesize

allocatable::freq_sinamp(:),G_sinamp(:),err_sinamp(:)
templ,temp2,temp3,temp4,temp5,temp6,temp7
fc_test,Q_test,fc_min,fc_max,Q_min,Q_max
E_func,E_func_best,fc_best,Q_best
is_in_int

allocatable::freq_sinphase(:),P_sinphase(:),err_sinphase(:)
count_isin
t_min,t_max,t_test

allocatable :: Vin(:),time(:),Vout_data(:)
VO_est,V_offset

allocatable :: E_func_vect(:),fc_test_vect(:),Q_test_vect(:)
tau

allocatable :: line_num(:)

tot_linenum

1055.2333827703276
= 5.6488539778585380

_true = 4.7e3_8
_true = 22.0e3_8
_true = 0.001e-6_8
_true = 0.22e-6_8

mesh

s====c=s==fc,Q% X 0 B ========s====c==s

==========G(f) Z H A UL T H % =================
size = 10000

f_min = 0.1_8

f_ma

x = 1.0e8_8

fc_in = fc(R2_true,R3_true,Cl_true,C4_true)

Q_in
writ

= Q(R2_true,R3_true,Cl_true,C4_true)
e(*,*) 'fc_theory,Q_theory:',fc_in,Q_in

open(10,file='./data_out/G_test.dat',status='replace',action='write')

write(10,*) "fc,( is calculated from true R,C value"

write (10,%) "f,C(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

end do

close (10)

fc_in = fc(R2_true,R3_true,Cl_true,C4_true)

Q_in

= 0.01

open(lO,file='./data_out/G_test_QOdOl.dat',status='replace',action=’write')

write(10,*) "fc,Q is calculated from true R,C value"

write(10,*) "f G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

end do

close (10)

open(10,file="'./data_out/G_test_(QO0dl.dat',status='replace',action='write')

write(10,*) "fc,Q is calculated from true R,C value"

write (10,%) "f,G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

end do

close (10)

open(10,file="'./data_out/G_test_(0d5.dat',status='replace',action="write')
write(10,*) "fc,( is calculated from true R,C value"
write(10,*) "f G(f)"
do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

IR




end do
close (10)

open(10,file="'./data_out/G_test_(1.dat',status='replace',action='write')

write(10,*) "fc,Q is calculated from true R,C value"

write(10,*) "f G(£f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

end do

close (10)

open(10,file='./data_out/G_test_(2.dat',status='replace',action='write')

write(10,*) "fc,Q is calculated from true R,C value"

write (10,*) "f G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

end do

close (10)

open(10,file="'./data_out/G_test_(10.dat',status='replace',action="'write')

write(10,*) "fc,Q is calculated from true R,C value"

write(10,*) "f , G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

end do

close (10)

Q_in = 50

open(10,file='./data_out/G_test_(50.dat',status='replace’',action="'write')

write(10,*) "fc,Q is calculated from true R,C value"

write (10,*) "f G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

end do

close (10)

fc_in = 10
Q_in = Q(R2_true,R3_true,Cl_true,C4_true)

open(10,file="'./data_out/G_test_f10.dat',status='replace',action='write')

write(10,*) "fc,Q is calculated from true R,C value"

write(10,*) "f G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

end do

close (10)

fc_in = 100
Q_in = Q(R2_true,R3_true,Cl_true,C4_true)

open(10,file="'./data_out/G_test_f100.dat',status='replace',action='write')

write(10,*) "fc,Q is calculated from true R,C value"

write (10,%*) "f,G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

end do

close (10)

fc_in = 1000
Q_in = Q(R2_true,R3_true,Cl_true,C4_true)

open(10,file='./data_out/G_test_£1000.dat',status='replace',action="'write')

write(10,*) "fc,Q is calculated from true R,C value"

write(10,%) "f,G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

end do

close (10)

fc_in = 10000
Q_in = Q(R2_true,R3_true,Cl_true,C4_true)

open(10,file='./data_out/G_test_£10000.dat',status='replace',action="'write')
write(10,*) "fc,( is calculated from true R,C value"
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write (10,%) "f ,G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

end do

close (10)

l========c=co=o=opP(£) A H A U T H B =================

fc_in fc(R2_true,R3_true,Cl_true,C4_true)
Q_in = Q(R2_true,R3_true,Cl_true,C4_true)

open(10,file='./data_out/P_test.dat',status='replace',action='write')

write(10,*) "fc,( is calculated from true R,C value"

write(10,*) "f,P(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_in,Q_in)

end do

close (10)

fc_in = fc(R2_true,R3_true,Cl_true,C4_true)
Q_in = 0.01

open(10,file='./data_out/P_test_(0d0l.dat',status='replace',action='write')

write(10,*) "fc,Q is calculated from true R,C value"

write(10,*) "f G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_in,Q_in)

end do

close (10)

open(10,file="'./data_out/P_test_(0dl.dat',status='replace',action='write')

write(10,*) "fc,Q is calculated from true R,C value"

write(10,*) "f,G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_in,Q_in)

end do

close (10)

open(10,file="'./data_out/P_test_(0d5.dat',status='replace',action="write')

write(10,*) "fc,Q is calculated from true R,C value"

write(10,*) "f,G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_in,Q_in)

end do

close (10)

0pen(10,file='./datafout/Pitest7Q14dat',status=‘rep1ace',action='write')

write(10,*) "fc,Q is calculated from true R,C value"

write (10,*) "f G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_in,Q_in)

end do

close (10)

open(10,file="'./data_out/P_test_(2.dat',status='replace',action='write')

write(10,*) "fc,Q is calculated from true R,C value"

write(10,*) "f G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_in,Q_in)

end do

close (10)

0pen(10,file='./datafout/PftesthlO.dat',status='replace',action='write')
write(10,*) "fc,Q is calculated from true R,C value"
write (10,*) "f G(f)"
do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_in,Q_in)
end do




close (10)

open(10,file="'./data_out/P_test_(50.dat',status='replace',action="'write')

write(10,*) "fc, is calculated from true R,C value"

write(10,*) "f G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_in,Q_in)

end do

close (10)

fc_in = 10
Q_in = Q(R2_true,R3_true,Cl_true,C4_true)

open(10,file='./data_out/P_test_f10.dat',status='replace',action='write")

write(10,*) "fc,( is calculated from true R,C value"

write (10,%) "f,C(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_in,Q_in)

end do

close (10)

fc_in = 100
Q_in = Q(R2_true,R3_true,Cl_true,C4_true)

open(lO,file='./data_out/P_test_flOO.dat',status='replace‘,action='write')

write(10,*) "fc,Q is calculated from true R,C value"

write(10,*) "f G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_in,Q_in)

end do

close (10)

fc_in = 1000
Q_in = Q(R2_true,R3_true,Cl_true,C4_true)

open(10,file="'./data_out/P_test_f1000.dat',status='replace',action="'write')

write(10,*) "fc,Q is calculated from true R,C value"

write (10,%*) "f,G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_in,Q_in)

end do

close (10)

fc_in = 10000
Q_in = Q(R2_true,R3_true,Cl_true,C4_true)

open(10,file="'./data_out/P_test_£10000.dat',status='replace',action="'write')

write(10,%) "fc,Q is calculated from true R,C value"

write (10,%) "f,C(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_in,Q_in)

end do

close (10)

R2_mes_min=4.698e3_8-0.027e3_8
R3_mes_min=22.05e3_8-0.13e3_8
Cl_mes_min=0.96e-9_8-0.119e-9_8
C4_mes_min=0.2216e-6_8-0.0049e-6_8

R2_mes_max=4.698e3_8+0.027e3_8
R3_mes_max=22.05e3_8+0.13e3_8
Cl_mes_max=0.96e-9_8+0.119e-9_8
C4_mes_max=0.2216e-6_8+0.0049e-6_8

meshsize2 = 100

open(10,file='./data_out/tester_area.dat',status='replace',action='write')
write(10,*) 'fc,Q'
do i = 1,meshsize2

write (*,*) real(i,8)*100.0/real (meshsize2,8)

do j = 1,meshsize2

do k = 1,meshsize2
do 1 = 1,meshsize2
R2_test = R2_mes_min + (R2_mes_max-R2_mes_min)*(real(i,8)/real(meshsize2,8))
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R3_test = R3_mes_min + (R3_mes_max-R3_mes_min)*(real(j,8)/real (meshsize2,8))

Cl_test = cl_mes_min + (Cl_mes_max-Cl_mes_min)*(real(k,8)/real(meshsize2,8))
C4_test = C4_mes_min + (C4_mes_max-C4_mes_min)*(real(l,8)/real (meshsize2,8))
write(10,*) fc(R2_test,R3_test,Cl_test,C4_test),Q(R2_test,R3_test,Cl_test,C4_test)
end do
end do
end do
end do
close (10)

R2_mes = 4.698e3_8
R3_mes = 22.05e3_8
Cl_mes = 0.96e-9_8
C4_mes = 0.2216e-6_8

fc_in = fc(R2_mes,R3_mes,Cl_mes,C4_mes)
Q_in = Q(R2_mes,R3_mes,Cl_mes,C4_mes)
open(10,file='./data_out/G_mes.dat',status='replace',action='write')

write(10,*) "fc,Q is calculated from the measured R,C value"

write (10,%) "f ,G(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

end do

close (10)

open(10,file='./data_out/P_mes.dat',status='replace',action='write')

write(10,*) "fc,Q is calculated from the measured R,C value"

write (10,%) "f ,P(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_in,Q_in)

end do

write(*,*) 'from_mes:',fc_in,Q_in

close (10)

open(10,file='./raw_data/sinAMP.dat',status='o0ld',action='read')
"7 7ANLY A X EWMET B

filesize=0

read (10, '(A) ")

do
read (10, ' (A) ',iostat=io)
if (is_iostat_end(io)) then
exit
end if
filesize=filesize+1
end do

IfilesizeZ B8 U fz 5. data_iniCallocatelL T. i HA A H ZE BT %,
rewind (10)
read (10, ' (A) ")
3=0
do i = 1,filesize

read(10,*) templ,temp2,temp3,temp4,tempb,temp6,temp?

if (templ < 9.0e4) then

j=j+1

end if
end do
allocate(freq_sinamp(j),G_sinamp(j),err_sinamp(j))
rewind (10)
read (10, ' (A) ")

j=0
do i = 1,filesize
read (10,*) templ,temp2,temp3,tempd,temp5,temp6,temp?
if (templ < 9.0e4) then
j=j+1
freq_sinamp(j) = templ
G_sinamp(j) = temp4
err_sinamp(j) = temp7
end if
end do
close (10)

meshsize2 = 500

fc_min = 1000

fc_max = 1200

Q_min = 4.5

Q_max = 6.3
open(10,f11e='4/data_out/sineamp_leastsq.dat',status='rep1ace',action='write')
write(10,*) 'fc,Q,E_val,is_in?'

E_func_best = 999.0e10

do j = 1,meshsize2
do k = 1,meshsize2
fc_test = fc_min + (fc_max-fc_min)*(real(j,8)/real(meshsize2,8))
Q_test = Q_min + (Q_max-Q_min)*(real(k,8)/real(meshsize2,8))
is_in_int =1




E_func = 0.0

do i = 1,size(freq_sinamp)
E_func = E_func + (G(freq_sinamp(i),fc_test,Q_test)-G_sinamp(i))**2.0_8
end do
if (E_func < E_func_best) then
E_func_best = E_func
fc_best = fc_test
Q_best = Q_test
end if

do i = 1,size(freq_sinamp)
if (G(freq_sinamp(i),fc_test,Q_test)<G_sinamp(i)-err_sinamp(i) .or. G(freq_sinamp(i),fc_test,Q_test)>
G_sinamp (i)+err_sinamp(i) ) then
is_in_int=0
end if
end do

write(10,*) fc_test,Q_test,E_func,is_in_int

end do
end do
close (10)

write (*,*) "fchbest,(best",fc_best,Q_best,E_func_best,(fc_max-fc_min)*(real(1,8)/real (meshsize2,8)),(Q_max-Q_min)
*(real(1,8)/real(meshsize2,8))

open(10,file='./data_out/sineamp_fit.dat',status='replace',action='write')

fc_in = fc_best

Q_in = Q_best

write(10,*) "f,G(£)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_in,Q_in)

end do

close (10)

= =sinPhase M 5 K & % fc,Q®D & H ==
open(10,file="'./raw_data/sinPhase.dat',status='old',action="'read
"7 7ANLY A X EZWET B

filesize=0

read (10, '(A) ")

do
read (10, '(A) ',iostat=io)
if (is_iostat_end(io)) then
exit
end if
filesize=filesize+1
end do

IfilesizeZ BX8 U 7z 5. data_iniCallocatelL T. i A A A Z BT %,
rewind (10)
read (10, '(A) ')
j=0
do i = 1,filesize

read (10,*) templ,temp2,temp3,temp4,temps

if (templ < 1.0e4) then

j=j+1

end if
end do
allocate(freq_sinphase(j),P_sinphase(j),err_sinphase(j))
rewind (10)
read (10, ' (A) ")

j=0
do i = 1,filesize
read(10,*) templ,temp2,temp3,temp4,temps
if (templ < 1.0e4) then
j=j+1
freq_sinphase(j) = templ
P_sinphase (j)=temp3
err_sinphase (j)=temp5
end if
end do
close (10)

meshsize2 = 500

fc_min = 1000

fc_max = 1200

Q_min = 4.5

Q_max = 6.3
open(lo,file=‘4/dataiout/sinphasefleastsq.dat‘,status='replace‘,action=’write‘)
write(10,*) 'fc,0,E_val,is_in?'

E_func_best = 999.0e10

do j = 1,meshsize2
do k = 1,meshsize2
fc_test = fc_min + (fc_max-fc_min)*(real(j,8)/real(meshsize2,8))
Q_test = Q_min + (Q_max-Q_min)*(real(k,8)/real(meshsize2,8))
is_in_int =1
E_func=0.0
count_isin = 0
do i = 1,size(freq_sinphase)
E_func = E_func + (P(freq_sinphase(i),fc_test,Q_test)-P_sinphase(i))**2.0_8

end do

if (E_func < E_func_best) then
E_func_best = E_func
fc_best = fc_test
Q_best = Q_test
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end if

do i = 1,size(freq_sinphase)

if (P(freq_sinphase(i),fc_test,Q_test)<P_sinphase(i)-abs(err_sinphase(i)) .or.
fc_test,Q_test)>P_sinphase(i)+abs(err_sinphase(i)) ) then

is_in_int=0
end if
if (P(freq_sinphase(i),fc_test,Q_test)>=P_sinphase(i)-abs(err

_sinphase(i))

fc_test,Q_test)<=P_sinphase(i)+abs(err_sinphase(i)) ) then

count_isin = count_isin+1
end if
end do

write(10,*) fc_test,Q_test,E_func,is_in_int,count_isin
end do

end do
close (10)

P(freq_sinphase (i),

.and. P(freq_sinphase(i),

write (*,*) "fcbest,(Qbest",fc_best,Q_best,E_func_best,(fc_max-fc_min)*(real(1,8)/real(meshsize2,8)),(Q_max-Q_min)

*(real(1,8)/real(meshsize2,8))

open(10,file='./data_out/sinphase_fit.dat',status='replace',action='write')

fc_in = fc_best

Q_in = Q_best

write(10,%) "f ,P(f)"

do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize
write(10,*) f,P(f,fc_in,Q_in)

end do

close (10)

' Z N Z N Dcount_is_inlc X U T, P(f5fc, DD ESHVWTWE DA %Z R o W !
meshsize = 1000

f_min = 29.0_8

f_max = 1.2e4_8

[

open(23,file="'./data_out/sinPhasegraph_23points.dat
open(22,file='./data_out/sinPhasegraph_22points.dat
open(21,file="'./data_out/sinPhasegraph_21lpoints.dat
open(20,file="'./data_out/sinPhasegraph_20points.dat
open(19,file="'./data_out/sinPhasegraph_19points.dat
open(18,file="'./data_out/sinPhasegraph_18points.dat
open(17,file='./data_out/sinPhasegraph_17points.dat
open(16,file="'./data_out/sinPhasegraph_16points.dat
open(15,file="'./data_out/sinPhasegraph_15points.dat
open(14,file="'./data_out/sinPhasegraph_1i4points.dat
open(13,file="'./data_out/sinPhasegraph_13points.dat
open(12,file='./data_out/sinPhasegraph_12points.dat',status='replace
open(11,file='./data_out/sinPhasegraph_llpoints.dat',status='replace
open(10,file='./data_out/sinPhasegraph_10points.dat',status='replace
open(39,file="'./data_out/sinPhasegraph_9points.dat',status='replace’
open(38,file='./data_out/sinPhasegraph _8points.dat',status='replace'
open(37,file="'./data_out/sinPhasegraph_7points.dat',status='replace'
open(36,file='./data_out/sinPhasegraph_6points.dat',status='replace'’

,status='replace
,status='replace

,status='replace
,status='replace
,status='replace
,status='replace
,status='replace
,status='replace

,status='replace'
,status='replace'
,status='replace'

,8)))

',action='write')
',action='write')
,action='write')
,action='write')
,action='write')
',action='write')
',action="'write')
,action='write')
,action='write')
,action='write')
',action='write')
',action='write')
,action='write')
,action='write')
,action='write')

,action='write')

,action='write')

,action='write')

open(30,file="'./data_out/sinphase_leastsq.dat',status='0ld',action="'read"')

read (30, %)
do i = 1,meshsize2*meshsize?2
read (30,*) fc_in,Q_in,temp3,tempd,count_isin
write(*,'(£f5.2,A)"') real(i,8)*100.0/real(meshsize2*meshsize2,8),
do k = 23,10,-1
meshsize = 1000

if (count_isin >= k) then
do j = 1,meshsize

Al

f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(j,8)/real(meshsize,8)))

write(k,*) f,P(f,fc_in,Q_in),count_isin
end do
write (k,*)
end if
end do
do k = 39,36,-1
if (count_isin >= k-30) then
if (k-30 <= 8) then
meshsize = 500
end if
if (k-30 == 6) then
meshsize = 300
end if
do j = 1,meshsize

f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(j,8)/real(meshsize,8)))

write(k,*) f,P(f,fc_in,Q_in),count_isin
end do
write (k,x*)
end if
end do

end do

close (30)

close (23)
close (22)




close (21)
close (20)
close (19)
close (18)
close (17)
close (16)
close (15)
close (14)
close (13)
close (12)
close (11)
close (10)
close (39)
close (38)
close (37)
close (36)

| [

meshsize = 10000

f_min = 0.1_8

f_max = 1.0e8_8

l===============sinPhaseH 5 R & % fc,Q O #§ Fl ======================c=-

ITERBEBICKR K > fcfe,qm & H
1fc=1053.2>>>Q=5.5296~5.5476 ,0.0036 % &
1£c=1053.6>>>5.5332~5.5620,0.0036 %] &
1fc=1054.0>>>5.5368,5.5404
open(10,file='./data_out/G_theo_from_sine.dat',status='replace',action='write')
open(20,file='./data_out/P_theo_from_sine.dat',status='replace',action='write')
write(10,*) "fc,Q is estimated from sine mesurement"
write(10,*) "f ,G(f)"
write(20,*) "fc,Q is estimated from sine mesurement"
write(20,%) "f,G(f)"
do i = 1,meshsize
f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write (10, ' (E20.13,1X)',advance='no') f
write(20,'(E20.13,1X)"',advance='no') f
fc_in = 1053.2
Q_in = 5.5296

do
if (Q_in>5.5477) then
exit
end if

write (10, ' (E20.13,1X)',advance='no') G(f,fc_in,Q_in)
write (20, ' (E20.13,1X)"',advance='no') P(f,fc_in,Q_in)
Q_in = Q_in + 0.0036

end do

fc_in = 1053.6

Q_in = 5.5332

do
if (Q_in>5.5621) then
exit
end if

write (10, ' (E20.13,1X)',advance='no') G(f,fc_in,Q_in)
write (20, '(E20.13,1X) ',advance='no') P(f,fc_in,Q_in)
Q_in = Q_in + 0.0036

end do

fc_in = 1054.0

Q_in = 5.5368

do
if (Q_in>5.5405) then
exit
end if

write (10, ' (E20.13,1X)',advance='no') G(f,fc_in,Q_in)
write (20, ' (E20.13,1X)"',advance='no') P(f,fc_in,Q_in)
Q_in = Q_in + 0.0036
end do
write (10,%)
write (20, *)
end do

close (10)
close (20)

fc_min = 1053.2
fc_max = 1054.0
Q_min = 5.53
Q_max = 5.56
meshsize = 10000
f_min = 0.1_8
f_max = 1.0e8_8

open(10,file='./data_out/G_for_common_area.dat',status='replace',action='write')
write(10,*) 'f/G(fc_min,Q_min)/G(fc_min,Q_max)/G(fc_max,Q_min)/G(fc_max,Q_max)'
do i = 1,meshsize

f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,G(f,fc_min,Q_min),G(f,fc_min,Q_max),G(f,fc_max,Q_min),G(f,fc_max,Q_max)
end do

open(iO,file=‘./data_out/P_for_common_area.dat‘,status='rep1ace',action='write‘)
write(10,*) 'f/P(fc_min,Q_min)/P(fc_min,Q_max)/P(fc_max,Q_min)/P(fc_max,Q_max)'
do i = 1,meshsize
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f = exp(log(f_min)+ (log(f_max)-log(f_min))*(real(i,8)/real(meshsize,8)))
write(10,*) f,P(f,fc_min,Q_min),P(f,fc_min,Q_max),P(f,fc_max,Q_min),P(f,fc_max,Q_max)
end do

close (10)

1EIVOE KRS B,
open(10,file='./raw_data/V_time.dat',status='old',action='read')

"7 7ANLYA X EzBET B
filesize=0
read (10, ' (A) ")

do
read (10, '(A) ',iostat=io)
if (is_iostat_end(io)) then
exit
end if
filesize=filesize+1
end do

allocate(Vin(filesize),Vout_data(filesize),time(filesize))
rewind (10)
read (10, ' (A) ")

do i = 1,filesize
read (10,*) templ,Vin(i),Vout_data(i),time(i)
end do
close (10)
V_offset = 0.0
VO_est = 0.0
3=0
k=0
do i = 1,size(Vin)

if (Vin(i) < 0.5) then
V_offset = V_offset + Vin(i)
j o= j+1

end if

if (Vin(i)>0.9) then
VO_est = VO_est + Vin(i)
k=k+1

end if

end do

V_offset = V_offset/real(j,8)
VO_est = VO_est/k

VO_est = VO_est-V_offset
write(x,*) 'V_0:',V0_est
t_min = 0.0_8

t_max = 0.05_8

fc_in = 1053.6
Q_in = (5.5332+5.5620)/2.0

open(10,file="'./data_out/Vout_time.dat',status='replace',action='write')
write(10,*) "t,V_out (f)"
do i = 1,meshsize

t_test = t_min + (t_max-t_min)*real(i,8)/real(meshsize,8)

write (10,*) t_test,Vout(fc_in,Q_in,VO_est,t_test),upperenvelope(fc_in,Q_in,VO_est,t_test),lowerenvelope(fc_in
,Q_in,VO0_est,t_test)
end do
close (10)

1f c,QRDWTR/IN_ZEHTE

meshsize2 = 1000

fc_min = 1000

fc_max = 1200

Q_min = 4.5

Q_max = 6.3

allocate (E_func_vect (meshsize2**2) ,Q_test_vect (meshsize2**2) ,fc_test_vect (meshsize2**2))

1=0

!$omp parallel default(none) shared(l,meshsize2,fc_min,fc_max,Q_min,Q_max,time,VO_est,Vout_data, &
!$omp fc_test_vect,Q_test_vect,E_func_vect) &
!'$omp private(j,k,i,fc_test,Q_test,E_func,idk)

!'$omp do collapse(2) schedule(dynamic)
do j = 1,meshsize2

do k = 1,meshsize2
fc_test = fc_min + (fc_max-fc_min)*(real(j,8)/real(meshsize2,8))
Q_test = Q_min + (Q_max-Q_min)*(real(k,8)/real(meshsize2,8))
E_func=0.0

do i = 1,size(time)
if (time(i) >= 0.0_8) then
E_func = E_func + (Vout(fc_test,Q_test,V0_est,time(i))-Vout_data(i))**2.0_8
end if
end do
idk = (j-1)*meshsize2 + k




fc_test_vect(idk) = fc_test
Q_test_vect(idk) = Q_test
E_func_vect(idk) = E_func

!$omp atomic update
1=1+1

if (omp_get_thread_num()==0) then
write(x,'(I2,1X,f5.2,A)') omp_get_thread_num(),real(1l,8)*100.0/real(meshsize2**2,8), '}’
end if

end do
end do
!'$omp end do
!$omp end parallel

open(10,file='./data_out/Vout_time_leastsq.dat',status='replace',action='write')
write(10,*) 'fc,0,E_val'
E_func_best = 999.0e10
do j=1,meshsize2
do k = 1,meshsize2
idk = (j-1)*meshsize2 + k
write(10,*) fc_test_vect(idk),Q_test_vect(idk),E_func_vect (idk)
if (E_func_vect(idk)<E_func_best) then
E_func_best = E_func_vect (idk)
Q_best =Q_test_vect (idk)
fc_best = fc_test_vect (idk)
end if

end do
end do
close (10)
write(*,%) "fchest,(best,E_best",fc_best,Q_best,E_func_best

'fcbest,Qbest ,E_best 1054.5999999999999 5.3262000875473019 9.8200780187732047E-003

tau = 2.0_8% 5.3262000875473019/(2.0_8*pi*1054.5999999999999)
write(*,*) 'tau',tau
open(10,file="'./data_out/Vout_fit.dat',status='replace',action='write')
fc_in = 1054.5999999999999
Q_in = 5.3262000875473019
t_min = 0.0_8
t_max = 0.05_8
write (10,*) "t,Vout(t),upper_envelope(t),lower_envelope(t)"
do i = 1,meshsize
t_test = t_min + (t_max-t_min)*real(i,8)/real(meshsize,8)
write (10,*) t_test,Vout(fc_in,Q_in,VO_est,t_test),upperenvelope(fc_in,Q_in,VO_est,t_test),lowerenvelope(fc_in
,Q_in,VO_est,t_test)
end do
close (10)

stop
contains

real(8) function fc(R2_in,R3_in,Cl_in,C4_in)

implicit none

real(8) ,intent(in) :: R2_in,R3_in,C1_in,C4_in

fc = (1.0.8/(2.0_8*pi))*((C1_in*C4_in*R2_in*R3_in)**(-0.5_8))
end function

real (8) function Q(R2_in,R3_in,C1_in,C4_in)

implicit none

real(8),intent(in) :: R2_in,R3_in,Cl_in,C4_in

Q = sqrt(C1l_in*C4_in*R2_in*R3_in)/(C1l_in*(R2_in+R3_in))
end function

real(8) function G(f_in,fc_in,Q_in)

implicit none

real(8),intent(in) :: f_in,fc_in,Q_in

G = ((1.0_8-(f_in/fc_in)**2.0)*%2.0 + (f_in/(Q_in*fc_in))**2.0)**(-0.5_8)
end function

real(8) function P(f_in,fc_in,Q_in)
implicit none
real(8),intent(in) :: f_in,fc_in,Q_in
if ((f_in/(Q_inx*fc_in))/(1.0_8 - (f_in/fc_in)*%*2.0_8) >= 0.0_8) then
P = -atan((f_in/(Q_in*fc_in))/(1.0_8 - (f_in/fc_in)**2.0_8))
else
P = -(atan((f_in/(Q_inx*fc_in))/(1.0_8 - (f_in/fc_in)**2.0_8)) + pi)
end if
end function

real(8) function Vout(fc_in,Q_in,VO_in,t_in)
implicit none

real(8) :: A,B,omega_c,terml,term2,term3
real(8),intent(in) :: fc_in,Q_in,VO_in,t_in
omega_c = 2.0_8*pi*fc_in




A = -1.0_8%V0_in/(sqrt(4.0_8*(Q_in**2.0_8)-1.0_8))

B = -1.0_8%V0_in

terml = A*sin(sqrt(1.0_8-(1.0_8/(4.0_8*Q_in**2.0_8)))*omega_c*t_in)
term2 = B*cos(sqrt(1.0_8-(1.0_8/(4.0_8*Q_in**2.0_8)))*omega_c*t_in)

term3 = exp(-1.0_8*omega_c*t_in/(2.0_8*Q_in))*(terml+term2)+V0O_in
Vout=term3

end function

real(8) function upperenvelope(fc_in,Q_in,VO_in,t_in)
implicit none
real(8) :: tau,terml,term2
real(8),intent(in) :: fc_in,Q_in,VO_in,t_in
tau = 2.0_8% Q_in/(2.0_8%*pix*fc_in)
terml = sqrt(4.0_8%(Q_in**2.0_8)/(4.0_8*(Q_in**2.0_8)-1.0_8))
term2 = VO_in*(1.0_8+terml*exp(-1.0_8*t_in/tau))
upperenvelope = term2

end function

real(8) function lowerenvelope(fc_in,Q_in,VO_in,t_in)
implicit none
real(8) :: tau,terml,term2
real(8),intent(in) :: fc_in,Q_in,VO_in,t_in
tau = 2.0_8% Q_in/(2.0_8*pixfc_in)
terml = sqrt(4.0_8*(Q_in**2.0_8)/(4.0_8*(Q_in**2.0_8)-1.0_8))
term2 = VO_in*(1.0_8-terml*exp(-1.0_8*t_in/tau))
lowerenvelope = term2

end function

end program
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