




import numpy as np
import os
import scipy.fftpack
import scipy.io.wavfile as wavfile
from matplotlib import pyplot as plt

def lin_interp(x, y, i, half):
    return x[i] + (x[i+1] - x[i]) * ((half - y[i]) / (y[i+1] 
- y[i]))

def half_max_x(x, y):
    half = max(y)/2.0
    signs = np.sign(np.add(y, -half))
    zero_crossings = (signs[0:-2] != signs[1:-1])
    zero_crossings_i = np.where(zero_crossings)[0]
    print(zero_crossings_i)
    return [lin_interp(x, y, zero_crossings_i[0], half),
            lin_interp(x, y, zero_crossings_i[1], half)]

def half_max_14A(x, y):
    half = max(y)/2.0
    signs = np.sign(np.add(y, -half))
    zero_crossings = (signs[0:-2] != signs[1:-1])
    zero_crossings_i = np.where(zero_crossings)[0]
    print(zero_crossings_i)
    return [lin_interp(x, y, zero_crossings_i[2], half),
            lin_interp(x, y, zero_crossings_i[3], half)]

def half_max_14C(x, y):
    half = max(y)/2.0
    signs = np.sign(np.add(y, -half))
    zero_crossings = (signs[0:-2] != signs[1:-1])
    zero_crossings_i = np.where(zero_crossings)[0]
    print(zero_crossings_i)
    return [lin_interp(x, y, zero_crossings_i[16], half),
            lin_interp(x, y, zero_crossings_i[17], half)]

def plot(file_name):
    nome_audio = file_name.split('/audio/')[1]
    fs_rate, signal = wavfile.read(file_name)
    print("Frequência amostral", fs_rate)
    l_audio = len(signal.shape)
    print("Canais", l_audio)
    if l_audio == 2:
        signal = signal.sum(axis=1) / 2
    N = signal.shape[0]
    print("Complete Samplings N", N)
    secs = N / float(fs_rate)
    print("Segundos de audio", secs)
    Ts = 1.0 / fs_rate
    print("Passos entre amostras Ts", Ts)

    t = scipy.arange(0, secs, Ts)
    FFT = abs(scipy.fft(signal))
    FFT_side = FFT[range(N // 2)]
    freqs = scipy.fftpack.fftfreq(signal.size, t[1] - t[0])
    fft_freqs = np.array(freqs)
    freqs_side = freqs[range(N // 2)]
    fft_freqs_side = np.array(freqs_side)
    plt.subplot(211)
    p1 = plt.plot(t, signal, "g")
    plt.title(file_name.split('/audio/')[1])
    plt.xlabel('Tempo (s)')
    plt.ylabel('Amplitude')
    plt.subplot(212)
    p2 = plt.plot(freqs, FFT, "r")  # plotting the 
complete fft spectrum
    plt.xlabel('Frequência (Hz)')
    plt.ylabel('Contagem')
    plt.xlim(0, 500)
    
    if file_name == './audio/14A.wav':
        hmx=half_max_14A(freqs,FFT)
    elif file_name == './audio/14C.wav':
        hmx=half_max_14C(freqs,FFT)
    else:
        hmx=half_max_x(freqs,FFT)
        
    print(hmx)
    fwhm = hmx[1]-hmx[0]
    print("FWHM:{:.3f}".format(fwhm))
    locY = np.argmax(FFT)
    freq_max = abs(freqs[locY])
    f = open("fwhm.txt", "a")
    f.write(nome_audio + ": Pico={:.3f}Hz | 
FWHM={:.3f}Hz | Δt={:.3f}s | ΔfxΔt={:.3f} | 
ΔE={:.3f}xE-34J | ΔExΔt={:.3f}xE-34J.s | 
h/(4π)={:.3f}xE-34J.s\n".format(freq_max, fwhm, 
secs, fwhm*secs, 6.62607004*fwhm, 
6.62607004*fwhm*secs, 6.62607004/(4*np.pi)))
    f.close()
    
    #plt.show()

directory = os.fsencode('./audio')

for file in os.listdir(directory):
    filename = os.fsdecode(file)
    if filename.endswith(".wav"):
        plot('./audio/' + filename)
        continue





Pico (Hz) FWHM 
(Hz)

ΔT (s)  Δf.Δ”t ΔE (J) ΔE.Δt 
(J.s)

ħ/2 (J.s)

199,666 1,219 2,099 2,559 8,08E-34 1,70E-33 5,27E-35

199,910 0,312 6,448 2,014 2,07E-34 1,33E-33 5,27E-35

199,835 0,151 11,825 1,785 1,00E-34 1,18E-33 5,27E-35

199,868 0,072 17,371 1,248 4,76E-35 8,27E-34 5,27E-35

199,873 0,066 21,299 1,395 4,34E-35 9,24E-34 5,27E-35

199,869 0,067 27,868 1,871 4,45E-35 1,24E-33 5,27E-35

199,861 0,039 32,052 1,245 2,57E-35 8,25E-34 5,27E-35

199,855 0,028 37,342 1,045 1,85E-35 6,93E-34 5,27E-35

199,857 0,034 41,870 1,430 2,26E-35 9,47E-34 5,27E-35

199,830 0,029 46,890 1,372 1,94E-35 9,09E-34 5,27E-35

199,830 0,020 52,785 1,047 1,31E-35 6,94E-34 5,27E-35



Pico (Hz) FWHM 
(Hz)

ΔT (s)  Δf.Δ”t ΔE (J) ΔE.Δt 
(J.s)

ħ/2 (J.s)

74,558 0,813 1,663 1,352 5,39E-34 8,96E-34 5,27E-35

521,779 0,287 9,182 2,633 1,90E-34 1,74E-33 5,27E-35

73,922 2,317 1,894 4,387 1,54E-33 2,91E-33 5,27E-35

810,662 0,266 6,883 1,828 1,76E-34 1,21E-33 5,27E-35







d [mm] y [cm] D [m] py 
[Kg.m.s^-1]

10 2,65 1,727 4,32E-30

10,05 1,9 1,727 5,99E-30

10,1 1,05 1,727 1,08E-29

10,15 0,8 1,727 1,41E-29

10,2 0,65 1,727 1,73E-29

10,25 0,5 1,727 2,23E-29

10,3 0,4 1,727 2,78E-29

10,35 0,35 1,727 3,16E-29

10,4 0,32 1,727 3,44E-29 Δy Δpy.Δy

Δpy 1,10E-29 0,0004 4,39E-33
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