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Fig.1 Definition of directions in USAXS pattern. 

To illustrate the calculated method, the fiber axis, meridional and equatorial 

direction of SAXS patterns were defined in Fig.1 

Considering that the length of the microfiber (L) is much larger than width (D), we 

can approximately consider it as a needle-like structure. The intensity distribution of 

microfibers with uniaxial preferred orientation is given by[1]  

,ݏ)ܫ ߶) = ୫ଶߩ݊ න  గଶ଴ ,ݏ)୴ܫ ߶ᇱ)ܨ(߶, ߶ᇱ) sin ߶ᇱ݀߶ᇱ (1) 

,߶)ܨ ߶ᇱ) ∝ න  గ
଴ ݃ୟ୶(ߚ)d(2) ߟ cos ߚ = cos ߶ cos ߶ᇱ + sin ߶ sin ߶ᇱ cos  (3) ߟ

where n is the number of microfibers. ܨ(߶, ߶ᇱ) is the orientation distribution (“pole 

figure”) as a function of ߶ for the direction ߶′ in a system with simple fiber 

symmetry. ݃ୟ୶(ߚ) is the orientation distribution of the long axes of the microfibers. 

Accordingly, ݃ୟ୶(ߚ)∝F(߶,0) and the corresponding equatorial distribution ݃ୣ୮(߶)
∝ F(߶, π/2). 

Because of L ≫ D and ݃ୣ୮(߶) is a relatively narrow distribution centered on ߶ = π/2, we can use the approximations: ܨ ቀ߶, 2ߨ − Δ߶ᇱቁ ∝ ݃ୣ୯(߶ − Δ߶ᇱ) + ݃ୣ୯(߶ + Δ߶ᇱ) ୴ܫ (4) ቀݏ, 2ߨ − Δ߶ᇱቁ = ୫ଶߩ |Φ஽|ଶ(scos Δ߶ᇱ)|Φ௅|ଶ(ssin Δ߶ᇱ) (5) 
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Furthermore, since Δ߶ᇱ is considered to be small, we put cos Δ߶ᇱ ≃ 1 and sin Δ߶ᇱ ≃ Δ߶ᇱ, which results in: ܫ୴ ቀݏ, 2ߨ − Λ߶ᇱቁ ≃ ୫ଶߩ |Φ஽|ଶ(ݏ)|Φ௅|ଶ(ݏΔ߶ᇱ) (6) 

Considering the symmetry of ܨ(߶, 2/ߨ − Δ߶ᇱ) and ݃ୣ୮(߶), we can rewrite as: ܫ(s, ߶) = ୫ଶߩ݊ |Φ஽|ଶ(ݏ)∫ |Φ௅|ଶ(ݏΔ߶ᇱ)݃ୣ୯(߶ − Δ߶ᇱ)dΛ߶ᇱ ,ݏ)ܫ (7) ߶) = ୫ଶߩ݊ |Φ஽|ଶ(ݏ)ൣ|Φ௅|ଶ(ݏ߶)థ݃ୣ୯(߶)൧ (8) 

For the evaluation, we choose two functions, first the tangential width of the 

equatorial distribution Bπ/2(s) and, second, the scattering on the equator. Since the 

integral over ݃ୣ୮ is considered as constant, the latter expression can be simplified as:  

(ݏ)గଶܤ = ܫ1 ቀݏ, 2ቁߨ ∫ ,ݏ)ܫ ߶)d߶
= ∫ ൣ|Φ௅|ଶ(ݏ߶)థ∗ ݃ୣ୯(߶)൧d߶ൣ|Φ௅|ଶ(ݏ߶)థ݃ୣ୯(߶)൧ ቀ2ߨቁ (9) 

ܫ ቀݏ, 2ቁߨ = ୫ଶߩ݊ |Φ஽|ଶ(ݏ) (ݏ)గଶܤ1 ൣ∫ |Φ௅|ଶ(ݏ߶)d߶൧ × ൣ∫ ݃ୣ୯(߶)d߶൧ (10) 

ܫ ቀݏ, 2ቁߨ ∝ ୫ଶߩ݊ (ݏ)గଶܤݏܮ |Φ஽|ଶ(ݏ) (11) 

∫ |Φ௅|ଶ(ݏ߶)d߶ = ݏ1 ∫ |Φ௅|ଶ(ݏଷ)dݏଷ = ݏܮ (12) 

The function Bπ/2(s) is the integral width of the convolution in ߶ of |Φ௅|ଶ(ݏ߶) 

and ݃ୣ୯(߶). If |Φ௅|ଶ and ݃ୣ୯ can be approximated by Gaussian distributions, we 

obtain the relationship: ݏଶܤగ ଶ⁄ଶ (ݏ) = ଶܮ1 + ஍ܤଶݏ (13) 

where 1/L and Beq are the integral widths of |Φ௅|ଶ(ݏ߶) and ݃ୣ୯(߶) , respectively.  
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