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LAMPIRAN 

 

Baris Perintah 

1. Persamaan 

import numpy as np 

 

 

# Medan Listrik 

 

def link(X, Y, A, B): 

    link = ((X-A)**2+(Y-B)**2)**0.5 

    return link 

 

def Medan(m,l,N): 

    x_axis = np.linspace(m,l,N) 

    y_axis = np.linspace(m,l,N) 

    X, Y = np.meshgrid(x_axis, y_axis) 

    return X, Y 

 

def MedanListrik(Q, R, X, Y, A, B, eps0, l, Rc1, Rc2): 

    link = ((X-A) ** 2 + (Y-B) ** 2) ** 0.5 

    e = (Q / (4 * np.pi * eps0 * link **2)) * (10**-12.8) 

    e[np.where(link < R)] = 0 

    e[np.where(e < -l)] = -l 

    # e[np.where(e > l)] = l 

    ee = abs((e*(Y-B) / (link))) * -1 

    ee[np.where(link < R)] = 0 

    return e, ee, link 

 

 

###################################################################### 

## Fungsi Dielektrik 

 

def PermP(wP, eps_inf,p, c, lmd): 

    h = 4.135*10**-15 

    hc = h/(2*np.pi) 

    L = lmd * 10 ** -9 

    w = (2 * np.pi * c) / (L) 

    R = ((eps_inf)*(w**2)-

((wP/hc)**2)+(eps_inf)*((p/hc)**2))/((w**2)+((p/hc)**2)) 

    I = (((wP/hc)**2)*(p/hc))/((w**3)+(w*(p/hc)**2)) 

    return complex(R, I) 

 

## Energy Loss Function 

 

def ELF(R,I): 

    elf = R / ((R ** 2) + (I ** 2)) 

    return elf 

 

 

###################################################################### 

# Polarizabilitas dengan pendekatan Rayleigh 

 

def PolarE(R, epsP, eps_m): 

    r = R*10**-9 

    ae = 4 * np.pi * eps_m * ((r**3)*(epsP-1))/(epsP+2) 

    return ae 
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def PolarB(R, epsP, lmd): 

    L = lmd * 10 ** -9 

    r = R * 10 ** -9 

    am = ((r**3)*((r/L)**2)*(2*(np.pi**2)/15)*(epsP-1)) 

    return am 

 

 

###################################################################### 

# Polarizabilitas 

## Untuk bilangan kuantum orbital = 1 

 

def p_pm(R, l, eps, eps_m): 

    r = R * 10**-9 

    lmd = l * 10**-9 

    p = (2 * np.pi * r / lmd) * (np.sqrt(eps)) 

    pm = (2 * np.pi * r / lmd) * (np.sqrt(eps_m)) 

    return p, pm 

 

## Fungsi Bessel 

def j(p, pm): 

    jm = (np.sin(pm) / pm ** 2) - (np.cos(pm) / pm) 

    jp = (np.sin(p) / p ** 2) - (np.cos(p) / p) 

    jd = ((((p ** 2) * np.cos(p)) - (2 * p * np.sin(p))) / (p ** 4)) + 

(((p * np.sin(p)) + np.cos(p)) / (p ** 2)) 

    jmd = ((((pm ** 2) * np.cos(pm)) - (2 * pm * np.sin(pm))) / (pm ** 

4)) + ( 

            ((pm * np.sin(pm)) + np.cos(pm)) / (pm ** 2)) 

    return jm, jp, jd, jmd 

 

## Fungsi Henkel 

def h(pm): 

    hmR = ((np.cos(pm) + pm * np.sin(pm)) / pm**2) 

    hmI = ((np.sin(pm) - pm * np.cos(pm)) / pm**2) 

    hm = complex(hmR, hmI) 

    hmdR = (((np.cos(pm) * ((pm**3) - 2*pm)) - (2 * (pm**2) * 

np.sin(pm))) / pm ** 4) 

    hmdI = (((2 * (pm**2) * np.cos(pm)) + (np.sin(pm) * ((pm**3) - 

2*pm))) / pm**4) 

    hmd = complex(hmdR,hmdI) 

    return hm, hmd 

 

## Konstanta Mie (elektrik) 

def tE(eps, eps_m, p, pm, jp, jd, jm, jmd, hm, hmd): 

    a = - (eps_m * jm * (jp + p * jd)) + (eps * (jm + pm * jmd) *jp) 

    b = (eps_m * hm * (jp + p * jd)) - eps * (hm + pm * hmd) * jp 

    tE = (a/b) 

    return tE 

 

## Konstanta Mie (Magnetik) 

def tM(p, pm, jm, jp, jd, jmd, hm, hmd): 

    a = - (p * jm * jd) + (pm * jmd * jp) 

    b = (p * hm * jd) - (pm * hmd * jp) 

    tM = (a/b) 

    return tM 

 

## Polarizabilitas 

def alpa(l, tE, tM): 

    lmd = l * (10 ** -9) 

    aE = (3/2) * ((lmd / (2 * np.pi)) ** 3) * tE 

    aM = (3/2) * ((lmd / (2 * np.pi)) ** 3) * tM 

    return aE, aM 

 

## total cross-section 
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### Konstanta Mie dalam imaginer 

def cross_sec(L, eps_m, tE, tM, n): 

    l = L * 10 ** -9 

    l_m = l / (np.sqrt(eps_m)) 

    a = ((l_m**2) / (2 * np.pi)) 

    b1 = [] 

    for i in range(0, n+1, 1): 

        B = (2*i + 1) * (tE + tM) 

        b1.append(B) 

    b = sum(b1) 

    c = a * b 

    return c 

 

 

###################################################################### 

# Model Polarisabilitas 

## Excess polarizabilities 

def Models(eps, eps_0, eps_m, alpa, r, rc): 

    R = r * (10 ** -9) 

    Rc = rc * (10 ** -9) 

    Virt = (((eps_m + 2) / 3) ** 2) * alpa 

    Ons = (((3 * eps_m) / (1 + (2 * eps_m))) ** 2) * alpa 

    HS = 4 * np.pi * eps_0 * eps_m * (R ** 3) * ((eps - eps_m) / (eps 

+ (2 * eps_m))) 

    C = 4 * np.pi * eps_0 * eps_m * (Rc ** 3) * ((1 - eps_m) / (1 + (2 

* eps_m))) 

    # s = 4 * np.pi * eps_0 * (R ** 3) * ((eps - 1) / (eps + 2)) 

    s = alpa 

    S = s * (((3 * eps_m) / ((2 * eps_m) + 1)) ** 2) * ( 

            1 / (1 + ((C * s) / (8 * (np.pi ** 2) * (eps_0 ** 2) * (Rc 

** 6) * eps_m)))) 

    FS = C + S 

    return Virt, Ons, HS, C, FS 

 

2. Polarisabilitas 

import numpy as np 

import matplotlib.pyplot as plt 

import Equations as Eq 

 

 

def l(l_awal, l_akhir, c): 

 

    l = np.linspace(l_awal, l_akhir, (l_akhir - l_awal) + 1) 

    lmd = l * 10 ** -9 

    h = 4.135 * 10 ** -15 

    hc = h / (2 * np.pi) 

    E = (hc * c) / (lmd) 

 

    return lmd, E 

 

###################################################################### 

def P(l_awal, l_akhir, c, wp, w_inf, L, R, eps_medium): 

 

    Er = [] 

    Ei = [] 

    AeR = [] 

    AeI = [] 

    aeR = [] 

    aeI = [] 

    Mr = [] 

    Mi = [] 

    AmR = [] 
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    AmI = [] 

    amR = [] 

    amI = [] 

    am_ae_I = [] 

    am_ae_R = [] 

 

    ELF = [] 

 

    for i in range(l_awal, l_akhir+1, 1): 

        eps = Eq.PermP(wp, w_inf, L, c, i) 

        elf = Eq.ELF(eps.real, eps.imag) 

 

        p1, pm1 = Eq.p_pm(R, i, eps, eps_medium) 

        jm, jp, jd, jmd = Eq.j(p1, pm1) 

        hm, hmd = Eq.h(pm1) 

        e_Ray = Eq.PolarE(R, eps, 1) 

        m_Ray = Eq.PolarB(R, eps, i) 

        e = Eq.tE(eps, eps_medium, p1, pm1, jp, jd, jm, jmd, hm, hmd) 

        m = Eq.tM(p1, pm1, jm, jp, jd, jmd, hm, hmd) 

        aE, aM = Eq.alpa(i, e, m) 

 

        aM_aE_I = aM.imag / aE.imag 

        aM_aE_R = aM.real / aE.real 

 

        Er.append(e.real) 

        Ei.append(e.imag) 

        AeR.append(e_Ray.real) 

        AeI.append(e_Ray.imag) 

        aeR.append(aE.real) 

        aeI.append(aE.imag) 

        Mr.append(m.real) 

        Mi.append(m.imag) 

        AmR.append(m_Ray.real) 

        AmI.append(m_Ray.imag) 

        amR.append(aM.real) 

        amI.append(aM.imag) 

        am_ae_I.append(aM_aE_I) 

        am_ae_R.append(aM_aE_R) 

 

        ELF.append(elf) 

 

    return Er, Ei, AeR, AeI, aeR, aeI, Mr, Mi, AmR, AmI, amR, amI, 

am_ae_I, am_ae_R, ELF 

 

 

###################################################################### 

## Cross-Section 

 

def CS(l_awal, l_akhir, c, wp, w_inf, eps_medium, L, R, l): 

 

    cs = [] 

 

    for i in range(l_awal, l_akhir+1, 1): 

        eps = Eq.PermP(wp, w_inf, L, c, i) 

        p1, pm1 = Eq.p_pm(R, i, eps, eps_medium) 

        jm, jp, jd, jmd = Eq.j(p1, pm1) 

        hm, hmd = Eq.h(pm1) 

 

        e = Eq.tE(eps, eps_medium, p1, pm1, jp, jd, jm, jmd, hm, hmd) 

        m = Eq.tM(p1, pm1, jm, jp, jd, jmd, hm, hmd) 

 

        C = Eq.cross_sec(i, eps_medium, e.imag, m.imag, l) 

        cs.append(C) 
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    return cs 

 

 

###################################################################### 

## Model Polarisabilitas 

 

def Models(l_awal, l_akhir, c, wp_m, wp_p, w_inf, L_m, L_p, R, Rc, 

eps_medium): 

 

    VC_R = [] 

    VC_I = [] 

    OC_R = [] 

    OC_I = [] 

    HSC_R = [] 

    HSC_I = [] 

    CC = [] 

    FSC_R = [] 

    FSC_I = [] 

 

    for i in range(l_awal, l_akhir+1, 1): 

        eps_p = Eq.PermP(wp_p, w_inf, L_p, c, i) 

        eps_m = Eq.PermP(wp_m, w_inf, L_m, c, i) 

        p1, pm1 = Eq.p_pm(R, i, eps_p, eps_m) 

        jm, jp, jd, jmd = Eq.j(p1, pm1) 

        hm, hmd = Eq.h(pm1) 

 

        e = Eq.tE(eps_p, eps_m, p1, pm1, jp, jd, jm, jmd, hm, hmd) 

        m = Eq.tM(p1, pm1, jm, jp, jd, jmd, hm, hmd) 

 

        aE, aM = Eq.alpa(i, e, m) 

        Virt, Ons, HS, C, FS = Eq.Models(eps_p, eps_medium, eps_m, aE, 

R, Rc) 

 

        VC_R.append(Virt.real) 

        VC_I.append(Virt.imag) 

        OC_R.append(Ons.real) 

        OC_I.append(Ons.imag) 

        HSC_R.append(HS.real) 

        HSC_I.append(HS.imag) 

        CC.append(C) 

        FSC_R.append(FS.real) 

        FSC_I.append(FS.imag) 

 

    return VC_R, VC_I, OC_R, OC_I, HSC_R, HSC_I, CC, FSC_R, FSC_I 

 

 

3. Plot 

import numpy as np 

import matplotlib.pyplot as plt 

 

def Plot(x, y, i): 

    plt.plot(x, y, alpha=0.7, linewidth=2, label= 'R = ' + str(i) + ' 

nm') 

    # plt.yscale("log") 

    # plt.xscale("log") 

    plt.legend() 

 

def Plot_L(a, E, e, R, labelx, labely): 

    for i in range(0, a, 1): 

        Plot(E, e[i], R[i]) 

    plt.xlabel(labelx) 
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    plt.ylabel(labely) 

    plt.show() 

 

 

def Plot_log_M(x, y, y1 = None, y2 = None, y3 = None, y4 = None): 

    plt.plot(x, y, alpha=0.7, linewidth=2, label=r'$ \alpha $') 

    if y1 is not None: 

        plt.plot(x, y1, alpha=0.7, linewidth=2, label='Virtual 

Cavity') 

    if y2 is not None: 

        plt.plot(x, y2, alpha=0.7, linewidth=2, label='Real Cavity') 

    if y3 is not None: 

        plt.plot(x, y3, alpha=0.7, linewidth=2, label='Hard Sphere') 

    if y4 is not None: 

        plt.plot(x, y4, alpha=0.7, linewidth=2, label='Finite Size') 

 

    plt.yscale("log") 

    # plt.xscale("log") 

    plt.legend() 

    plt.xlabel('Energy (eV)') 

    plt.ylabel('log ' + r'$ \alpha $' + 'Im{E}') 

    plt.show() 

 

 

def Plot_M(x, y, y1 = None, y2 = None, y3 = None, y4 = None): 

    plt.plot(x, y, alpha=0.7, linewidth=2, label=r'$ \alpha $') 

    if y1 is not None: 

        plt.plot(x, y1, alpha=0.7, linewidth=2, label='Virtual 

Cavity') 

    if y2 is not None: 

        plt.plot(x, y2, alpha=0.7, linewidth=2, label='Real Cavity') 

    if y3 is not None: 

        plt.plot(x, y3, alpha=0.7, linewidth=2, label='Hard Sphere') 

    if y4 is not None: 

        plt.plot(x, y4, alpha=0.7, linewidth=2, label='Finite Size') 

 

    plt.legend() 

    plt.xlabel('Energy (eV)') 

    plt.ylabel(r'$ \alpha $' + 'Im{E}') 

    plt.show() 

 

4. Grafik 

import numpy as np 

import matplotlib.pyplot as plt 

import Equations as Eq 

import Polar as Pl 

import Plot as plot 

from pandas import DataFrame 

 

c = 3 * 10 ** 8 

eps0 = 1 

wp_g = 8.89 

wp_s = 9.04 

w_inf = 1 

L_g = 0.071 

L_s = 0.021 

l_awal = 120 

l_akhir = 500 

r_mula = 10 

r_akhir = 50 

selisih = 10 
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inc = int(((r_akhir+selisih) - r_mula) / selisih) 

 

 

###################################################################### 

# Polarisabilitas 

 

R = [] 

er = [] 

ei = [] 

aER = [] 

aEI = [] 

ER_R = [] 

EI_R = [] 

mr = [] 

mi = [] 

aMR = [] 

aMI = [] 

MR_R = [] 

MI_R = [] 

aM_aE_I = [] 

aM_aE_R = [] 

ELF = [] 

 

for r in range(r_mula, r_akhir+selisih, selisih): 

    I = r 

    Er, Ei, AeR, AeI, aeR, aeI, Mr, Mi, AmR, AmI, amR, amI, am_ae_I, 

am_ae_R, elf = Pl.P(l_awal, l_akhir, c, wp_g, w_inf, L_g, r, eps0) 

    # Er, Ei, AeR, AeI, aeR, aeI, Mr, Mi, AmR, AmI, amR, amI, am_ae, 

am_ae_2, elf = Pl.P(l_awal, l_akhir, c, wp_s, w_inf, L_s, r, eps0) 

    R.append(I) 

    er.append(Er) 

    ei.append(Ei) 

    aER.append(aeR) 

    aEI.append(aeI) 

    ER_R.append(AeR) 

    EI_R.append(AeI) 

    mr.append(Mr) 

    mi.append(Mi) 

    aMR.append(amR) 

    aMI.append(amI) 

    MR_R.append(AmR) 

    MI_R.append(AmI) 

    aM_aE_I.append(am_ae_I) 

    aM_aE_R.append(am_ae_R) 

 

    ELF.append(elf) 

 

l, E = Pl.l(l_awal, l_akhir, c) 

 

 

#~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

#Data 

 

El = {'Energy' : E, 

        'aER1' : aER[0], 

        'aER2' : aER[1], 

        'aER3' : aER[2], 

        'aER4' : aER[3], 

        'aER5' : aER[4], 

        'aEI1' : aEI[0], 

        'aEI2' : aEI[1], 

        'aEI3' : aEI[2], 

        'aEI4' : aEI[3], 
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        'aEI5' : aEI[4]} 

 

Ma = {'Energy' : E, 

      'aM_aE_R1' : aM_aE_R[0], 

      'aM_aE_R2' : aM_aE_R[1], 

      'aM_aE_R3' : aM_aE_R[2], 

      'aM_aE_R4' : aM_aE_R[3], 

      'aM_aE_R5' : aM_aE_R[4], 

      'aM_aE_I1' : aM_aE_I[0], 

      'aM_aE_I2' : aM_aE_I[1], 

      'aM_aE_I3' : aM_aE_I[2], 

      'aM_aE_I4' : aM_aE_I[3], 

      'aM_aE_I5' : aM_aE_I[4] 

        } 

 

el = DataFrame(El, columns= ['Energy', 'aER1', 'aER2', 'aER3', 'aER4', 

'aER5', 'aEI1', 'aEI2', 'aEI3', 'aEI4', 'aEI5']) 

 

ma = DataFrame(Ma, columns= ['Energy', 'aM_aE_R1', 'aM_aE_R2', 

'aM_aE_R3', 'aM_aE_R4', 'aM_aE_R5', 

                              'aM_aE_I1', 'aM_aE_I2', 'aM_aE_I3', 

'aM_aE_I4', 'aM_aE_I5']) 

 

export_excel = el.to_excel (r'Polarizability_e.xlsx', index=None, 

header=True) 

export_excel = ma.to_excel (r'Polarizability_m..e.xlsx', index=None, 

header=True) 

 

#~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

# Plot 

 

## Polarizabilitas dengan pendekatan Rayleigh 

plot.Plot_L(inc, E, ER_R, R, 'Energy (eV)', 'ER_Rayleigh') 

plot.Plot_L(inc, E, EI_R, R, 'Energy (eV)', 'EI_Rayleigh') 

plot.Plot_L(inc, E, MR_R, R, 'Energy (eV)', 'ER_Rayleigh') 

plot.Plot_L(inc, E, MI_R, R, 'Energy (eV)', 'EI_Rayleigh') 

 

## Konstanta Mie 

plot.Plot_L(inc, E, er, R, 'Energy (eV)', 'C_ER') 

plot.Plot_L(inc, E, ei, R, 'Energy (eV)', 'C_EI') 

plot.Plot_L(inc, E, mr, R, 'Energy (eV)', 'C_ER') 

plot.Plot_L(inc, E, mi, R, 'Energy (eV)', 'C_EI') 

 

## Polarizabilitas 

plot.Plot_L(inc, E, aER, R, 'Energy (eV)', 'Re' + '{' + r'$ \alpha $' 

+ 'E' + '}') 

plot.Plot_L(inc, E, aEI, R, 'Energy (eV)', 'Im' + '{' + r'$ \alpha $' 

+ 'E' + '}') 

plot.Plot_L(inc, E, aMR, R, 'Energy (eV)', 'Re' + '{' + r'$ \alpha $' 

+ 'M' + '}') 

plot.Plot_L(inc, E, aMI, R, 'Energy (eV)', 'Im' + '{' + r'$ \alpha $' 

+ 'M' + '}') 

 

plot.Plot_L(inc, E, aM_aE_R, R, 'Energy (eV)', 'Re' + '{' + r'$ \alpha 

$' + 'M' + '}' + ' / ' + 'Re' + 

            '{' + r'$ \alpha $' + 'E' + '}') 

plot.Plot_L(inc, E, aM_aE_I, R, 'Energy (eV)', 'Im' + '{' + r'$ \alpha 

$' + 'M' + '}' + ' / ' + 'Im' + 

            '{' + r'$ \alpha $' + 'E' + '}') 

plot.Plot_L(inc, E, ELF, R, 'Energy (eV)', 'Im (- (1 / Re (eps)))') 

 

 

###################################################################### 
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# Cross-Section 

 

C_S = [] 

R = [] 

 

for r in range(r_mula, r_akhir+selisih, selisih): 

    I = r 

    cs = Pl.CS(l_awal, l_akhir, c, wp_g, w_inf, eps0, L_g, r, 1) 

    R.append(I) 

    C_S.append(cs) 

 

#~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

#Data 

cs = {'Energy' : E, 

        'CS1' : C_S[0], 

        'CS2' : C_S[1], 

        'CS3' : C_S[2], 

        'CS4' : C_S[3], 

        'CS5' : C_S[4], 

      } 

 

Cs = DataFrame(cs, columns= ['Energy', 'CS1', 'CS2', 'CS3', 'CS4', 

'CS5']) 

 

export_excel = Cs.to_excel (r'Cross Section.xlsx', index=None, 

header=True) 

 

#~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

## Plot 

 

plot.Plot_L(inc, E, C_S, R, 'Energy (eV)', 'Total Cross Section') 

 

######################################################################

### 

# Model Polarisabilitas listrik 

 

wp_m = wp_s 

wp_p = wp_g 

L_m = L_s 

L_p = L_g 

 

R = [] 

VCM_R = [] 

VCM_I = [] 

OM_R = [] 

OM_I = [] 

HSM_R = [] 

HSM_I = [] 

C = [] 

FSM_R = [] 

FSM_I = [] 

 

for r in range(r_mula, r_akhir+selisih, selisih): 

    I = r 

    Rc = r + (10 ** -9) 

    VC_R, VC_I, OC_R, OC_I, HSC_R, HSC_I, CC, FSC_R, FSC_I = 

Pl.Models(l_awal, l_akhir, c, wp_m, wp_p, w_inf, L_m, L_p, r, Rc, 

eps0) 

    R.append(I) 

    VCM_R.append(VC_R) 

    VCM_I.append(VC_I) 

    OM_R.append(OC_R) 

    OM_I.append(OC_I) 
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    HSM_R.append(HSC_R) 

    HSM_I.append(HSC_I) 

    C.append(CC) 

    FSM_R.append(FSC_R) 

    FSM_I.append(FSC_I) 

 

 

#~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

## By One 

r = 50 

rc = r + 1 

 

Er, Ei, AeR, AeI, aeR, aeI, Mr, Mi, AmR, AmI, amR, amI, am_ae_I, 

am_ae_R, elf = Pl.P(l_awal, l_akhir, c, wp_g, w_inf, L_g, r, eps0) 

VC_R, VC_I, OC_R, OC_I, HSC_R, HSC_I, CC, FSC_R, FSC_I = 

Pl.Models(l_awal, l_akhir, c, wp_m, wp_p, w_inf, L_m, L_p, r, rc, 

eps0) 

 

#~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

#Data 

 

vc = {'Energy' : E, 

        'VCMR1' : VCM_R[0], 

        'VCMR2' : VCM_R[1], 

        'VCMR3' : VCM_R[2], 

        'VCMR4' : VCM_R[3], 

        'VCMR5' : VCM_R[4], 

        'VCMI1' : VCM_I[0], 

        'VCMI2' : VCM_I[1], 

        'VCMI3' : VCM_I[2], 

        'VCMI4' : VCM_I[3], 

        'VCMI5' : VCM_I[4] 

        } 

## 

om = {'Energy' : E, 

      'OMR1' : OM_R[0], 

      'OMR2' : OM_R[1], 

      'OMR3' : OM_R[2], 

      'OMR4' : OM_R[3], 

      'OMR5' : OM_R[4], 

      'OMI1' : OM_I[0], 

      'OMI2' : OM_I[1], 

      'OMI3' : OM_I[2], 

      'OMI4' : OM_I[3], 

      'OMI5' : OM_I[4] 

        } 

## 

hs = {'Energy' : E, 

        'HSMR1' : HSM_R[0], 

        'HSMR2' : HSM_R[1], 

        'HSMR3' : HSM_R[2], 

        'HSMR4' : HSM_R[3], 

        'HSMR5' : HSM_R[4], 

        'HSMI1' : HSM_I[0], 

        'HSMI2' : HSM_I[1], 

        'HSMI3' : HSM_I[2], 

        'HSMI4' : HSM_I[3], 

        'HSMI5' : HSM_I[4] 

        } 

## 

fs = {'Energy' : E, 

        'FSMR1' : FSM_R[0], 

        'FSMR2' : FSM_R[1], 
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        'FSMR3' : FSM_R[2], 

        'FSMR4' : FSM_R[3], 

        'FSMR5' : FSM_R[4], 

        'FSMI1' : FSM_I[0], 

        'FSMI2' : FSM_I[1], 

        'FSMI3' : FSM_I[2], 

        'FSMI4' : FSM_I[3], 

        'FSMI5' : FSM_I[4] 

        } 

 

 

vcm = DataFrame(vc, columns= ['Energy', 'VCMR1', 'VCMR2', 'VCMR3', 

'VCMR4', 'VCMR5', 

                              'VCMI1', 'VCMI2', 'VCMI3', 'VCMI4', 

'VCMI5']) 

oms = DataFrame(om, columns= ['Energy', 'OMR1', 'OMR2', 'OMR3', 

'OMR4', 'OMR5', 

                              'OMI1', 'OMI2', 'OMI3', 'OMI4', 'OMI5']) 

hsm = DataFrame(hs, columns= ['Energy', 'HSMR1', 'HSMR2', 'HSMR3', 

'HSMR4', 'HSMR5', 

                              'HSMI1', 'HSMI2', 'HSMI3', 'HSMI4', 

'HSMI5']) 

fsm = DataFrame(fs, columns= ['Energy', 'FSMR1', 'FSMR2', 'FSMR3', 

'FSMR4', 'FSMR5', 

                              'FSMI1', 'FSMI2', 'FSMI3', 'FSMI4', 

'FSMI5']) 

# 

export_excel = vcm.to_excel (r'VCM.xlsx', index=None, header=True) 

export_excel = oms.to_excel (r'OMS.xlsx', index=None, header=True) 

export_excel = hsm.to_excel (r'HSM.xlsx', index=None, header=True) 

export_excel = fsm.to_excel (r'FSM.xlsx', index=None, header=True) 

 

 

#~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

## Plot 

 

plot.Plot_L(inc, E, VCM_R, R, 'Energy (eV)', 'Re {' + r'$ \alpha $' + 

'E' + '}') 

plot.Plot_L(inc, E, OM_R, R, 'Energy (eV)', 'Re {' + r'$ \alpha $' + 

'E' + '}') 

plot.Plot_L(inc, E, HSM_R, R, 'Energy (eV)', 'Re {' + r'$ \alpha $' + 

'E' + '}') 

plot.Plot_L(inc, E, FSM_R, R, 'Energy (eV)', 'Re {' + r'$ \alpha $' + 

'E' + '}') 

 

plot.Plot_L(inc, E, VCM_I, R, 'Energy (eV)', 'Im {' + r'$ \alpha $' + 

'E' + '}') 

plot.Plot_L(inc, E, OM_I, R, 'Energy (eV)', 'Im {' + r'$ \alpha $' + 

'E' + '}') 

plot.Plot_L(inc, E, HSM_I, R, 'Energy (eV)', 'Im {' + r'$ \alpha $' + 

'E' + '}') 

plot.Plot_L(inc, E, FSM_I, R, 'Energy (eV)', 'Im {' + r'$ \alpha $' + 

'E' + '}') 

 

plot.Plot_log_M(E, aeI, VC_I, OC_I, HSC_I, FSC_I) 

 

5. Medan 2D 

import numpy as np 

import matplotlib.pyplot as plt 
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import Equations as Eq 

from pandas import DataFrame 

import pandas as pd 

 

r = 2*10**-8 

rc1 = 2.1*10**-8 

rc2 = 2.3*10**-8 

eps0 = 8.85 * 10 **(-12) 

q = (-1.602 *10**(-19)) 

m = 0 

l = 10**-6.5 

L = 1**-6.5 

N = 1000 

A, B = (l/2,l/2) 

 

xx,yy = Eq.Medan(-l,l,N) 

 

X, Y = Eq.Medan(m,l,N) 

e, ee, link = Eq.MedanListrik(q, r, X, Y, A, B, eps0, l, rc1, rc2) 

E = ee+yy 

E[np.where(E > l)] = l 

E[np.where(E < -l)] = -l 

 

fig = plt.figure(facecolor='w') 

ax = fig.add_subplot(1, 1, 1) 

ax.set_aspect('equal') 

lvl = np.linspace(-l,l,1000) 

E = ax.contourf(X, Y, ee, levels = lvl, cmap= 'jet') 

 

#Linkaran 

sphere = np.linspace(0, 2*np.pi, 100) 

xsp = r*np.cos(sphere)+A 

ysp = r*np.sin(sphere)+B 

ax.plot(xsp,ysp,'k-',lw=2) 

 

ax.set_xlabel('$y$ (m)') 

ax.set_ylabel('$x$ (m)') 

 

plt.show() 


