
cosine integral, Ci (x )

Ci (x ) = − ∫
∞

x

cos( y )
y

dy = γ + ln(x ) +
∞

n = 1
Σ ( − x 2 )n

2 ⋅ n ⋅ ( 2 ⋅ n ) !

where γ is Euler-Macheroni constant ( ≈ 0. 577 21566 4901532861 ).

difference of cosine integrals

for α > 0, β > 0  and z → + 0

Ci ( α ⋅ z ) − Ci ( β ⋅ z ) = ln( α ⋅ z ) − ln( β ⋅ z ) + O ( z2 ) ≈ ln 


α
β




integral expressed b y the difference of cosine integrals

for a > 0, b > 0, c < d and c → + 0

∫
d

c

cos( a ⋅ x ) − cos( b ⋅ x )
x

dx

= ∫
a ⋅ d

a ⋅ c

cos y
y

dy − ∫
b ⋅ d

b ⋅ c

cos y
y

dy

= ∫
∞

a ⋅ c

cos y
y

dy + ∫
a ⋅ d

∞

cos y
y

dy − ∫
∞

b ⋅ c

cos y
y

dy − ∫
b ⋅ d

∞

cos y
y

dy

= − Ci ( a ⋅ c ) + Ci ( a ⋅ d ) + Ci ( b ⋅ c ) − Ci ( b ⋅ d )

≈ Ci ( a ⋅ d ) − Ci ( b ⋅ d ) − ln 


a
b




band pass Shepp filter, hS(r ), for differential phase contrast

for 0 ≤ z1 < z2 ≤ zN ( zN : Nyquist frequency ) and Π =
π

2 ⋅ zN

hS(r ) =
2 ⋅ zN

π 2
⋅ ∫

z2

z1

1
z

⋅ sin 


π
2

⋅
z

zN




⋅ sin( 2 ⋅ π ⋅ r ⋅ z ) dz

= −
1

2 ⋅ π
⋅

1
Π

⋅ [ Ci ( | 2 ⋅ π ⋅ r + Π | ⋅ z ) − Ci ( | 2 ⋅ π ⋅ r − Π | ⋅ z ) ]z2
z1

= −
1

2 ⋅ π
⋅

1
Π

⋅




Ci ( | 2 ⋅ π ⋅ r + Π | ⋅ z2 ) − Ci ( | 2 ⋅ π ⋅ r − Π | ⋅ z2 )
− Ci ( | 2 ⋅ π ⋅ r + Π | ⋅ z1 ) + Ci ( | 2 ⋅ π ⋅ r − Π | ⋅ z1 )





when z1 → + 0

hS(r ) ≈ −
1

2 ⋅ π
⋅

1
Π

⋅




Ci ( | 2 ⋅ π ⋅ r + Π | ⋅ z2 ) − Ci ( | 2 ⋅ π ⋅ r − Π | ⋅ z2 ) − ln




2 ⋅ π ⋅ r + Π
2 ⋅ π ⋅ r − Π









when z2 = zN and r =
j

2 ⋅ zN
( j : integer )

hS



j
2 ⋅ zN




≈
zN

π 2
⋅





Ci 


π
2

⋅ | 2 ⋅ j − 1 | 


− Ci 


π
2

⋅ | 2 ⋅ j + 1 | 


+ ln




2 ⋅ j + 1
2 ⋅ j − 1







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