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dm_eq: $$ 
\beta_M = \frac{\gamma r_o}{2\mu_B} \sigma \cdot \mathbf{M}_\perp  
    = D_\mathbf{M} \sigma \cdot M_\perp 
$$ 

 

 

 

fract_core_eq1: $$ 
I(q) = \text{background} + P(q)S(q) 
$$ 

 

 

frac_core_eq3:$$ 
S(q) = \frac{D_f\Gamma(D_f - 1) \sin((D_f -1) \tan^{-1}(q\xi))} 
    {(qr_c)^{D_f} (1+\frac{1}{q^2\xi^2})^{(D_f-1)/2}} 
$$ 

 

 

image001:$$ 
P(q) = \frac{P_o(q)}{V} = \frac{1}{V} F(q) F^*(q) 
$$ 

 

 

image002:$$ 
F(q) = \iiint dV \rho(r) e^{-iqr} 
$$ 

 

 



image003: $$ 
I(q) = \Phi P(q) 
$$ 

 

 

image004: $$ 
I(q) = \frac{\text{scale}}{V} \cdot \left[ \frac{3V(\Delta\rho)(\sin(qr) - qr\cos(qr))} 
    {(qr)^3}\right]^2 + \text{background} 
$$ 

 

 

image006:$$ 
I(q) = (1-x)f_1^2(q) S_{11}(q) + 2[x(1-x)]^{1/2} f_1(q)f_2(q)S_{12}(q) + x\,f_2^2(q)S_{22}(q) 
$$ 

 

 

image007:$$ 
\begin{eqnarray} 
      x &=& \frac{(\phi_2 + \phi)\alpha^3}{(1-(\phi_2/\phi) + (\phi_2/\phi)\alpha^3)^2} \\ 

\phi &=& \phi_1 + \phi_2 = \text{total volume fraction} \\ 
\alpha &=& R_1/R_2 = \text{size ratio} 

\end{eqnarray} 
$$ 

 

 

image008:$$ 
q = \sqrt{q_x^2 + q_y^2} 
$$ 

 

 

image010:$$ 
I(q) = \frac{\text{scale}}{V} (\Delta\rho)^2 A^2(q) S(q) + \text{background} 
$$ 

 



 

image011:$$ 
A(q) = \frac{3[\sin(qR) - qR\cos(qr)]}{(qR)^3} \exp\left(\frac{-(O_\text{fuzzy} q)^2}{2}\right) 
$$ 

 

 

image013:$$ 
P(q) = \frac{\text{scale}}{V_s}\left[  
   3V_c(\rho_c-\rho_s) \frac{[\sin(qr_c)-qr_c\cos(qr_c)]}{(qr_c)^3} + 
   3V_s(\rho_s-\rho_{\text{solvent}}) \frac{[\sin(qr_s) - qr\cos(qr_s)]}{(qr_s)^3}\right]^2  
   + \text{background} 
$$ 

 

 

image017:$$ 
P(q) = \frac{\text{scale}}{V_\text{shell}} \left[ 
    \frac{3V_1(\rho_1 - \rho_2)J_1(qR_1)}{qR_1} 
   + \frac{3V_2(\rho_2-\rho_{\text{solvent}}) J_1(qR_2)}{qR_2}\right]^2 
   + \text{background} 
$$ 

 

 

image022:$$ 
P(q) = [f]^2/V_\text{particle} 
$$ 

 

 

image023:$$ 
f = f_\text{core} + \sum_{\text{shell}_i}^N  f_{\text{shell}_i} + f_\text{solvent} 
$$ 

 

 



image024:$$ 
f = 4 \pi \int_0^\infty \rho(r) \frac{sin(qr)}{qr} r^2 dr 
$$ 

 

image025:$$ 
\begin{eqnarray} 
f_\text{core} &=& 4\pi \int_0^{r_\text{core}} \rho_\text{core} \frac{\sin(qr)}{qr}r^2 dr \\ 

       &=& 3\beta_\text{core} V(r_\text{core}) \left[ 
        \frac{\sin(qr_\text{core})-qr_\text{core}\cos(qr_\text{core})}{(qr_\text{core})^3} \right] 

\end{eqnarray} 
$$ 

 

 

image026:$$ 
f_{\text{shell}_i} = 4\pi \int_{r_{\text{shell}_{ i-1}}}^{r_{\text{shell}_i}} 
    \rho_{\text{shell}_i}(r)\frac{\sin(qr)}{qr}r^2dr 
$$ 

 

 

image027:$$ 
\begin{eqnarray} 
f_\text{solvent} &=& 4\pi \int_{r_N}^\infty \rho_\text{solvent}\frac{\sin(qr)}{qr}r^2 dr \\ 

    &=& -3\rho_\text{solvent}V(r_N)\left[\frac{\sin(qr_N) - qr_N\cos(qr_N)}{(qr_N)^3} \right] 
\end{eqnarray} 
$$ 

 

 



image028:$$ 
\rho_{\text{shell}_i}(r) = \begin{cases} 
  B \exp\left(\frac{A(r-r_{\text{shell}_{i-1}})}{\Delta t_{\text{shell}_i}}\right) + C, 

       & \text{if}\ A \ne 0\\ 
   \rho_{in} = \text{constant},  & \text{if}\ A = 0 
\end{cases} 
$$ 
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image 059: in cylinder.py 
 

 

image060: in cylinder.py 
 

 

image063: in cylinder? 
 



 

image064: in cylinder.py (but different limits of integration -- check!) 
 

 

image067: in cylinder.py 
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image106: in capped_cylinder.py 
 



 

image107: in capped_cylinder.py 
  
 

 

image108: note: equivalent is in capped_cylinder.py (different formula, same value) 
$$ 
V = \pi r_c^2 L + 2\pi\left(\tfrac23R^3 + R^2h-\tfrac13h^3\right) 
$$ 
 

 

image109: in capped_cylinder.py 
 
 

 

image113: in capped_cylinder.py 
 

 

image114: in capped_cylinder.py 

 



image115: in capped_cylinder.py 

 

 

image116: in capped_cylinder.py 
 

 

image119: in ellipsoid? 
 

 

image120: in ellipsoid? 
 

 

image126: in ellipsoid? 
 

 

image128:  in triaxial ellipse? 
 

 

image129: in triaxial ellipse? 
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image136: (again   --- different image type?) 
 

 

image137: dup of image136a 
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image172: (different extension?) 
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image192: 
 

 

image192: (again) 
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linearpearl_eq1: 
 

 

mox_eq: 
 

 

moy_eq: 
 

 

moz_eq: 
 

 

mass_fractal_eq1: 
 



 

masssurface_fractal_eq1: 
 

 

 

mqx: 

 

mqy: 
 

 

mxp: 
 

 

myp:$$ 
M_{\perp y’} = M_{0q_y}\cos\theta_\text{up} - M_{0q_x}\sin\theta_\text{up} 
$$ 

 

  

mzp:$$ 
M_{\perp z’} = M_{0z} 
$$ 

 

 

New Picture:$$ 
P(q) = \frac{P_o(q)}{V} = \frac{1}{V}F(q)F^*(q) 
$$ 

 

 



pd_image001:$$ 
f(x) = \frac{1}{\text{Norm}}\begin{cases} 
1 & \text{for}\ |x-x_\text{mean}| \leq w \\ 
0 & \text{for}\ |x-x_\text{mean}| \gt w 
\end{cases} 
$$ 
 

 

pd_image002:$$ 
\sigma = w/\sqrt{3} 
$$ 

 

 

pd_image003:$$ 
PD = \sigma/x_\text{mean} 
$$ 

 

 

pd_image005:$$ 
f(x) = \frac{1}{\text{Norm}}\exp\left(-\frac{x-x_\text{mean})^2}{2\sigma^2}\right) 
$$ 

 

 

pd_image007:$$ 
f(x) = \frac{1}{\text{Norm}}\frac{1}{xp}\exp\left(-\frac{(\ln(x)-\mu)^2}{2p^2}\right) 
$$ 

 

 

pd_image008:$$ 
PD = p 
$$ 

 

 

pd_image009:$$ 
p = \sigma/x_\text{med} 
$$ 

 

 



pd_image011:$$ 
f(x) = \frac{1}{\text{Norm}}(z+1)^{z+1}(x/x_\text{mean})^z 

\frac{\exp\left[-(z+1)x/x_\text{mean}\right]}{x_\text{mean}\Gamma(z+1)} 
$$ 

 

 

pd_image012:$$ 
p=\sigma/x_\text{mean} 
$$ 

 

 

pearl_eq1:$$ 
P(q) = \frac{\text{scale}}{V} \cdot \frac{S_{zz}(q) + S_{rr}(q) + S_{rz}(q)} 
    {(M\cdot m_r + N\cdot m_z)^2} + \text{background} 
$$ 

 

 

pearl_eq2:$$ 

S_{zz}(q) = 2m_z^2\psi^2(q)\left[\frac{N}{1-\sin(qA)/qA} - \frac{N}{2} - 

\frac{1-(\sin(qA)/qA)^N}{(1-\sin(qA)/qA)^2}\cdot\frac{\sin(qA)}{qA}\right] 

$$ 

 

pearl_eq3:$$ 
S_{rr}(q) = m_r^2\left[M\left\{2\Lambda(q) -\frac{\sin(ql/2)}{ql/2}\right\} + 

\frac{2M\beta^2(q)}{1-\sin(qA)/qA} - 
   2\beta^2(q)\frac{1-(\sin(qA)/qA)^M}{(q-sin(qA)/qA)^2}\right] 
$$ 

 

pearl_eq4:$$ 
S_{rz}(q) = m_r\beta(q)\cdot m_z\psi(q)\cdot 
    4\left[\frac{N-1}{1-\sin(qA)/qA} - \frac{1-(\sin(qA)/qA)^{N-1}}{(q-sin(qA)/qA)^2} 
    \cdot\frac{\sin(qA)}{qA}\right] 
$$ 

 



 

pearl_eq5:$$ 
\psi(q) = 3\cdot\frac{\sin(qR) - (qR)\cdot\cos(qR)}{(qR)^3} 
$$ 

 

 

pearl_eq6:$$ 
\Lambda(q) = \frac{1}{ql} \int_0^{ql}\frac{\sin(t)}{t} dt 
$$ 
 

 

 

pearl_eq7:$$ 
\beta(q) = \frac{1}{ql} \int_{qR}^{q(A{-}R)}\frac{\sin(t)}{t} dt 
$$ 

 

 

pringle_eqn_1:$$ 
I(q) = (\Delta\rho)^2V\int_0^{\pi/2} d\psi \sin \psi 
\text{sinc}^2\left(\frac{qd\cos\psi)}{2}\right) 
   \left[(S_o^2 + C_o^2  + 2 \sum_{n=1}^\infty (S_n^2 + C_n^2)\right] 

$$ 
 

 



pringle_eqn_2: $$ 
\begin{eqnarray} 
C_n &=& \int_0^R r dr \cos(qr^2 \alpha \cos \psi)  
     \text{J}_n(qr^2\beta\cos\psi)\text{J}_{2n}(qr\sin\psi) \\ 
S_n &=& \int_0^R r dr \sin(qr^2\alpha \cos \phi) 
    \text{J}_n(qr^2\beta\cos\psi)\text{J}_{2n}(qr\sin\psi) 

\end{eqnarray} 
$$ 

 

 

RectangularHollowPrism_1: $$ 
P(q) = \frac{1}{V^2}\frac2\pi \times  
    \int\limits_0^\tfrac\pi2\int\limits_0^\tfrac\pi2 A_{P\Delta}^2(q) 
    \sin\theta d\theta d\phi 
$$ 

 

 

RectangularHollowPrism_2:$$ 
\begin{eqnarray} 
A_{P\Delta}(q) = A B C &\times& 

\frac{\sin\left(\tfrac12qC\cos\theta\right)}{\tfrac12qC\cos\theta} 
    \frac{\sin\left(\tfrac12qA\sin\theta\sin\phi)\right)}{\tfrac12qA\sin\theta\sin\phi} 
    \frac{\sin\left(\tfrac12qB\sin\theta\cos\phi\right)}{\tfrac12qB\sin\theta\cos\phi} 
- (A{-}2\Delta)(B{-}2\Delta)(C{-}2\Delta) \\ 
&\times& 

    ​\frac{\sin\left(\tfrac12q(C{-}2\Delta)\cos\theta\right)} 

        {\tfrac12q(C{-}2\Delta)\cos\theta} 

    \frac{\sin\left(\tfrac12q(A{-}2\Delta)\sin\theta\sin\phi)\right)} 

        {\tfrac12q(A{-}2\Delta)\sin\theta\sin\phi} 

    \frac{\sin\left(\tfrac12q(B{-}2\Delta)\sin\theta\cos\phi\right)} 

        {\tfrac12q(B{-}2\Delta)\sin\theta\cos\phi} 

\end{eqnarray} 

$$ 



 

 

RectangularHollowPrism_3:$$ 
V = ABC - (A-2\Delta)(B-2\Delta)(C-2\Delta) 
$$ 

 

RectangularHollowPrism_4:$$ 
I(q) = \text{scale} \times V \times (\rho_\text{pipe} - \rho_\text{solvent})^2 \times P(q) 
$$ 

 

 

RectangularHollowPrismInfThinWalls_1:$$ 
P(q) = \frac{1}{V^2}\frac2\pi \times  
   \int\limits_0^\tfrac\pi2\int\limits_0^\tfrac\pi2 [A_L(q) + A_T(q)]^2 
    \sin\theta\,d\theta d\phi 
$$ 
 

 

 

RectangularHollowPrismInfThinWalls_2:$$ 
V = 2 A B + 2 A C + 2 B C 
$$ 

 

 

RectangularHollowPrismInfThinWalls_3:$$ 
A_L(q) = 8 \times \frac{\sin\left(\tfrac12qA\sin\phi\sin\theta\right) 
    \sin\left(\tfrac12qB\cos\phi\sin\theta\right) 
    \cos\left(\tfrac12qC\cos\theta\right)}{q^2\sin^2\theta\sin\phi\cos\phi} 
$$ 

 

 



RectangularHollowPrismInfThinWalls_4:$$ 
A_T(q) = A_F(q) \times \frac{2 \sin\left(\tfrac12qC\cos\theta\right)}{q\cos\theta} 
$$ 

 

 

RectangularHollowPrismInfThinWalls_5:$$ 
A_F(q) = 4 \frac{\cos\left(\tfrac12qA\sin\phi\sin\theta\right) 
        \sin\left(\tfrac12qB\cos\phi\sin\theta\right)}{q\cos\phi\sin\theta} + 
        4 \frac{\sin\left(\tfrac12qA\sin\phi\sin\theta\right) 
        \cos\left(\tfrac12qB\cos\phi\sin\theta\right)}{q\sin\phi\sin\theta} 
$$ 

 

 

RectangularHollowPrismInfThinWalls_6:$$ 
I(q) = \text{scale} \times V \times (\rho_\text{pipe} - \rho_\text{solvent})^2 \times P(q) 
$$ 

 

 

RectangularPrism_1:$$ 
A_P(q) = \frac{\sin\left(\tfrac12qC\cos\theta\right)}{\tfrac12qC\cos\theta} \times 
    \frac{\sin\left(\tfrac12qA\sin\theta\sin\phi)\right)}{\tfrac12qA\sin\theta\sin\phi} \times 
    \frac{\sin\left(\tfrac12qB\sin\theta\cos\phi\right)}{\tfrac12qB\sin\theta\cos\phi} 
$$ 
 

 

 

RectangularPrism_2:$$ 
P(q) = \frac2\pi \times  
    \int\limits_0^\tfrac\pi2\int\limits_0^\tfrac\pi2 A^2_P(q) \sin\theta\, d\theta d\phi 
$$ 

 

 



RectangularPrism_3:$$ 
I(q) = \text{scale} \times V \times (\rho_\text{pipe} - \rho_\text{solvent})^2 \times P(q) 
$$ 

 

 

secondmeq1:$$ 
I_o(q) = \text{scale} \cdot(\rho_\text{poly}-\rho_\text{solvent})^2 
   \left[\frac{6\pi\phi_\text{core}}{Q^2}\frac{\Gamma^2}{\delta_\text{poly}^2R_\text{core}} 
    \exp(-Q^2\sigma^2)\right] + \text{background} 
$$ 
 

 

 

sld1:$$ 
\beta_{\pm\pm} = \beta_N \mp D_M M_{\perp x’} 
$$ 
 

 

 

sld2:$$ 
\beta_{\pm\mp} = -D_M( M_{\perp y’} \pm i M_{\perp z’} ) 
$$ 
 

 

 

sm_image002:$$ 
I_s = \frac{1}{\text{Norm}} \int_{-\infty}^\infty dv\,W_v(v)  
   \int_{-\infty}^\infty du W_u(u) I\left(\sqrt{(q+v)^2 + |u|^2}\right) 
$$ 
 

 



sm_image003:$$ 
\int_{-\infty}^\infty dv\,W_v(v) \int_{-\infty}^\infty du W_u(u) 
$$ 

 

 

sm_image004:$$ 
W_v(v) 
$$ 

 

 

sm_image005:$$ 
W_u(u) 
$$ 
 

 

sm_image006:$$ 
W_v(v) = \delta(|v| \leq \Delta q_v) 
$$ 
 

 

sm_image007:$$ 
W_u(u) = \delta(|u| \leq \Delta q_u) 
$$ 
 

 

sm_image008 and sm_image009:$$ 
\Delta q_\alpha = \int_0^\infty d\alpha W_\alpha(\alpha) 
$$ 
 

 

sm_image010:$$ 
\alpha = v 
$$ 
 

 



sm_image011:$$ 
\Delta q_u 
$$ 
 

 

sm_image012:$$ 
\Delta q_v 
$$ 
 

 

sm_image013:$$ 
I_s(q) = \frac{2}{\text{Norm}} \int_{-\Delta q_v}^{\Delta q_v} dv \int_0^{\Delta q_u} du 
    I\left(\sqrt{(q_v)^2 + u^2}\right) 
$$ 

 

  

sm_image014:$$ 
\Delta q_v 
$$ 
 

 

sm_image015:$$ 
\Delta q_u 
$$ 
 

 

sm_image016:$$ 
I_s(q) \approx \int_0^{\Delta q_u} du I\left(\sqrt{q^2+u^2}\right) 

   = \int_0^{\Delta q_u} d\left(\sqrt{q'^{2} – q^2}\right) I(q') 
$$ 

 



 

sm_image017:$$ 
I_s(q) \approx \sum_{j=i}^{N-1}\left[\sqrt{q_{j+1}^2 – q_i^2} - \sqrt{q_j^2 – q_i^2}\right] I(q_j) 

\approx \sum_{j=i}^{N-1}W_{ij}I(q_j) 
$$ 
 

sm_image018:$$ 
W_{ij} 
$$ 
 

 

sm_image019:$$ 
I_s(q_i) \approx \sum_{j=p}^{N-1}[q_{j+1} - q_i] I(q_j) \approx\sum_{j=p}^{N-1} W_{ij} I(q_j) 
$$ 

 

 

sm_image020:$$ 
\begin{eqnarray} 
I_s(q_i) &\approx& \sum_{j=p}^{N-1}\sum_{k=-L}^L 
   \left[\sqrt{q_{j+1}^2 - (q_i+k\Delta q_\nu/L)^2} 
   - \sqrt{q_j^2 - (q_i + k\Delta q_\nu/L)^2}\right](\Delta q_\nu/L)I(q_j) \\ 
&\approx& \sum_{j=p}^{N-1}W_{ij}I(q_j) 
\end{eqnarray} 
$$ 
 



 

sm_image021:$$ 
\DeclareMathOperator\erf{erf} 
\begin{eqnarray} 
I_s(q_i)&\approx&\sum_{j=0}^{N-1} [ \erf(q_{j+1})- \erf(q_j)]I(q_j) \\ 
&\approx&\sum_{j=0}^{N-1}W_{ij}I(q_j) 
\end{eqnarray} 
$$ 

 
 

 

sm_image022:$$ 
\begin{eqnarray} 
I_s(x_o,y_o) &=& A \iint dx’dy’\exp\left[-\left(\frac{x’-x_o’)^2}{2\sigma_{x_o’}^2} 

+\frac{y’-y_o’)^2}{2\sigma_{y_o’}^2}\right)\right]I(x’,y’) \\ 
&=& A\sigma_{x_o’}\sigma_{y_o’}\iint dXdY\exp\left[-\frac{X^2+Y*2}{2}\right] 

I(\sigma_{x_o’}X + x_o’, \sigma_{y_o’}Y + y_o’) \\ 
&=& A\sigma_{x_o’}\sigma_{y_o’}\iint dR d\Theta R\exp\left(-\frac{R^2}{2}\right) 
  I(\sigma_{x_o’}  R\cos\Theta + x_o’, \sigma_{y_o’} R\sin\Theta + y_o’) 
\end{eqnarray} 
$$ 
 

 



sm_image024:$$ 
\begin{eqnarray} 
I_s(x_o,y_o) & \approx & A\sigma_{x_o’}\sigma_{y_o’} \sum_i^{\text{nbins}} \Delta\Theta 
  \left[\exp\left(\frac{(R_i-\Delta R/2)^2}{2}\right) - \exp\left(\frac{(R_i + \Delta 
R/2)^2}{2}\right) 
  \right] I(\sigma_{x_o’} R_i \cos \Theta_i + x_o’,  \sigma_{y_o’} R_i \sin \Theta_i + y_o’) \\ 
&\approx& \sum_i^{\text{nbins}} W_i I(\sigma_{x_o’} R_i \cos \Theta_i + x_o’, 

\sigma_{y_o’} R_i \sin \Theta_i + y_o’) 
\end{eqnarray} 
$$ 

 

 

sm_image025:$$ 
I_s(x_o, y_0) \approx \sum_i^{\text{nbins}} W_i I(x’\cos\theta - y’\sin\theta, 
    x’\sin\theta + y’\cos\theta) 
$$ 
 

 

sm_image026:$$ 
\begin{eqnarray} 
x’ &=& \sigma_{x_o’}R_i\cos\Theta_i + x_o’ \\ 
y’ &=& \sigma_{y_o’}R_i\sin\Theta_i + y_o’ \\ 
x_o’ &=& q = \sqrt{x_o^2 + y_o^2} \\ 
y_o’ &=& 0 
\end{eqnarray} 
$$ 

 

 



sm_image027:$$ 
I_s(x_o,y_o) \approx \sum_i^\text{nbins} W_i I(x’, y’) 
$$ 
 

 

sm_image028:$$ 
\begin{eqnarray} 
x’ &=& \sigma_{x_o’}R_i\cos\Theta_i + x_o’ \\ 
y’ &=& \sigma_{y_o’}R_i\sin\Theta_i + y_o’ \\ 
x_o’ &=& x_o = q_x\\ 
y_o’ &=& y_o = q_y 
\end{eqnarray} 
$$ 

 

 

star1:$$ 
I(q) = \frac{2}{fv^2}\left[v-1 + \exp(-v) \frac{f-1}{2}[1-\exp(-v)]^2\right] 
$$ 

 

 

star2:$$ 
v = \frac{u^2f}{3f-2} 
$$ 

 

star3:$$ 
u = \langle R_g^2 \rangle q^2 
$$ 
 



 

surface_fractal_eq1:$$ 
\begin{eqnarray} 
I(q) &=& \text{scale} \times P(q) S(q) + \text{background} \\ 
P(q) &=& F(qR)^2 \\ 
F(x) &=& \frac{3\,[\sin(x) - x\cos(x)]}{x^3} \\ 
S(q) &=& \frac{\Gamma(5-D_s)\zeta^{(5-D_s)}}{\left[1+(q\zeta)^2\right]^{(5-D_s)/2}} 
    \frac{\sin\left[(D_s-5)\tan^{-1}(q\zeta)\right]}{q} \\ 
\text{scale} &=& \text{scale factor} \times NV^2 (\rho_\text{particle} - 
\rho_\text{solvent})^2 \\ 
V &=& \tfrac43\pi R^3 
\end{eqnarray} 
$$ 

 


