
FresnelS

Notations

Traditional name

Fresnel integral S

Traditional notation

SHzL
Mathematica StandardForm notation

FresnelS@zD

Primary definition
06.32.02.0001.01

SHzL � à
0

z

sin
Π t2

2
 â t

Specific values

Values at fixed points

06.32.03.0001.01

SH0L � 0

Values at infinities

06.32.03.0002.01

SH¥L �
1

2

06.32.03.0003.01

SH-¥L � -
1

2

06.32.03.0004.01

SHä ¥L � -
ä

2

06.32.03.0005.01

SH-ä ¥L �
ä

2



06.32.03.0006.01

SH¥� L � È

General characteristics

Domain and analyticity

 SHzL is an entire analytical function of z which is defined in the whole complex z-plane.

06.32.04.0001.01

z�SHzL � C�C

Symmetries and periodicities

Parity

 SHzL is an odd function.

06.32.04.0002.01

SH-zL � -SHzL
Mirror symmetry

06.32.04.0003.01

SHz�L � SHzL
Periodicity

No periodicity

Poles and essential singularities

The function SHzL has only one singular point at z = ¥� .  It is an essential singular point. 

06.32.04.0004.01

SingzHSHzLL � 88¥� , ¥<<
Branch points

The function SHzL does not have branch points.

06.32.04.0005.01

BPzHSHzLL � 8<
Branch cuts

The function SHzL does not have branch cuts.

06.32.04.0006.01

BCzHSHzLL � 8<
Series representations
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Generalized power series

Expansions at generic point z � z0

For the function itself

06.32.06.0011.01

SHzL µ SHz0L + sin
Π z0

2

2
Hz - z0L +

1

2
Π cos

Π z0
2

2
z0 Hz - z0L2 + ¼ �; Hz ® z0L

06.32.06.0012.01

SHzL µ SHz0L + sin
Π z0

2

2
Hz - z0L +

1

2
Π cos

Π z0
2

2
z0 Hz - z0L2 + OIHz - z0L3M

06.32.06.0013.01

SHzL � SHz0L + â
k=1

¥ â
j=0

k-1 2 j-k+1 Π j z0
2 j-k+1

k H2 j - k + 1L ! Hk - j - 1L !
 sin 

1

2
Π Iz0

2 + jM Hz - z0Lk

06.32.06.0014.01

SHzL � Π5�2 â
k=0

¥ 22 k-
11

2 z0
3-k

k !
 3F

�
4

3

4
, 1,

5

4
; 1 -

k

4
,

5 - k

4
,

6 - k

4
,

7 - k

4
; -

1

16
IΠ2 z0

4M Hz - z0Lk

06.32.06.0015.01

SHzL µ SHz0L H1 + OHz - z0LL
Expansions at z � 0

For the function itself

06.32.06.0001.02

SHzL µ
Π

6
 z3 1 -

Π2 z4

56
+

Π4 z8

7040
- ¼ �; Hz ® 0L

06.32.06.0016.01

SHzL µ
Π

6
 z3 1 -

Π2 z4

56
+

Π4 z8

7040
- OIz12M

06.32.06.0002.01

SHzL � z3 â
k=0

¥ 2-2 k-1 Π2 k+1 I-z4Mk

H4 k + 3L H2 k + 1L !

06.32.06.0003.01

SHzL �
Π z3

6
1F2

3

4
;

3

2
,

7

4
; -

Π2 z4

16

06.32.06.0004.02

SHzL µ
Π

6
 z3 I1 + OIz4MM
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06.32.06.0017.01

SHzL � F¥HzL �;
FnHzL � z3 â

k=0

n 2-2 k-1 Π2 k+1 I-z4Mk

H4 k + 3L H2 k + 1L !
� SHzL +

H-1Ln 2-2 n-3 Π2 n+3 z4 n+7

H4 n + 7L GH2 n + 4L  2F3 1, n +
7

4
; n + 2, n +

5

2
, n +

11

4
; -

1

16
Π2 z4 í

n Î N

Summed form of the truncated series expansion.

Asymptotic series expansions

06.32.06.0005.01

SHzL µ
z44

2 z
-

1

2 Π z
 ã-

ä Π

2
z2

2F0 1,
1

2
; ;

2 ä

Π z2
+ ã

ä Π

2
z2

2F0 1,
1

2
; ; -

2 ä

Π z2
�; H z¤ ® ¥L

06.32.06.0006.01

SHzL µ
Iz4M3�4
2 z3

-
1

2 Π z
 ã

ä Π

2
 z2

1 + O
1

z2
+ ã-

ä Π

2
 z2

1 + O
1

z2
�; H z¤ ® ¥L

06.32.06.0007.01

SHzL µ
z44

2 z
-

1

Π z
 cos

Π z2

2
3F0

1

4
,

3

4
, 1; ; -

16

Π2 z4
+

1

Π z2
 sin

Π z2

2
 3F0

3

4
,

5

4
, 1; ; -

16

Π2 z4
�; H z¤ ® ¥L

06.32.06.0008.01

SHzL µ
z44

2 z
-

1

Π z
 cos

Π z2

2
1 + O

1

z4
-

1

Π2 z3
 sin

Π z2

2
1 + O

1

z4
�; H z¤ ® ¥L

Residue representations

06.32.06.0009.01

SHzL �
Π z9�4

2 Iz2M3�4
 H-zL3�4 â

j=0

¥

ress

J- Π2

16
 z4N-s

GHs + 1L GJ 3

4
- sN GH1 - sL  G s +

3

4
 - j -

3

4

06.32.06.0010.01

SHzL �
Π ã-

3 Π ä

4

2
 â
j=0

¥

ress

1

2
ã

Π ä

4 Π z
-4 s

GHs + 1L GJ 3

4
- sN GH1 - sL  G s +

3

4
 - j -

3

4

Integral representations

On the real axis

Of the direct function
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06.32.07.0001.01

SHzL � à
0

z

sin
Π t2

2
 â t

06.32.07.0002.01

SHzL �
1

2 Π
 à

0

Π z2

2 sinHtL
t

 â t �;  argHzL¤ <
Π

4

Contour integral representations

06.32.07.0003.01

SHzL �
Π z9�4

2 Iz2M3�4
 H-zL3�4  

1

2 Π ä
 à

L

GJs + 3

4
N

GHs + 1L GJ 3

4
- sN GH1 - sL  -

Π2

16
 z4

-s

 â s

06.32.07.0004.01

SHzL �
Π ã-

3 Π ä

4

2
 

1

2 Π ä
 à

L

GJs + 3

4
N

GHs + 1L GJ 3

4
- sN GH1 - sL  

1

2
ã

Π ä

4 Π z
-4 s

 â s

Differential equations

Ordinary linear differential equations and wronskians

For the direct function itself

06.32.13.0001.02

z wH3LHzL - w¢¢HzL + Π2 z3 w¢HzL � 0 �; wHzL � SHzL í wH0L � 0 í w¢H0L � 0 í wH3LH0L � Π

06.32.13.0002.01

z wH3LHzL - w¢¢HzL + Π2 z3 w¢HzL � 0 �; wHzL � c1 SHzL + c2 CHzL + c3

06.32.13.0003.01

WzH1, SHzL, CHzLL � -Π z

06.32.13.0004.01

wH3LHzL -
g¢HzL
gHzL +

3 g¢¢HzL
g¢HzL w¢¢HzL + Π2 gHzL2 g¢HzL2 +

g¢¢HzL
gHzL +

3 g¢¢HzL2 - g¢HzL gH3LHzL
g¢HzL2

w¢HzL wHzL � 0 �;
wHzL � c1 S HgHzLL + c2 SC HgHzLL + c3

06.32.13.0005.01

WzHSHgHzLL, CHgHzLL, 1L � -Π gHzL g¢HzL3

http://functions.wolfram.com 5



06.32.13.0006.01

wH3LHzL -
g¢HzL
gHzL +

3 h¢HzL
hHzL +

3 g¢¢HzL
g¢HzL w¢¢HzL +

Π2 gHzL2 g¢HzL2 +
2 h¢HzL g¢HzL

hHzL gHzL +
6 h¢HzL2

hHzL2
+

6 h¢HzL g¢¢HzL
g¢HzL hHzL +

g¢¢HzL
gHzL +

3 g¢¢HzL2 - g¢HzL gH3LHzL
g¢HzL2

-
3 h¢¢HzL

hHzL w¢HzL +

-
6 h¢HzL3

hHzL3
-

2 g¢HzL h¢HzL2

gHzL hHzL2
-

6 g¢¢HzL h¢HzL2

hHzL2 g¢HzL +
6 h¢¢HzL h¢HzL

hHzL2
-

3 g¢¢HzL2 h¢HzL
hHzL g¢HzL2

+

g¢HzL h¢¢HzL - h¢HzL g¢¢HzL
gHzL hHzL +

3 g¢¢HzL h¢¢HzL + h¢HzL gH3LHzL
hHzL g¢HzL -

Π2 gHzL2 h¢HzL g¢HzL2 + hH3LHzL
hHzL  wHzL �

0 �; wHzL � c1 hHzL S HgHzLL + c2 hHzL SC HgHzLL + c3 hHzL
06.32.13.0007.01

WzHhHzL SHgHzLL, hHzL CHgHzLL, hHzLL � -Π gHzL hHzL3 g¢HzL3

06.32.13.0008.01

z3 wH3LHzL + H-4 r - 3 s + 3L z2 w¢¢HzL + IIa4 Π2 z4 r + 3M r2 + H8 s - 4L r + 3 Hs - 1L s + 1M z w¢HzL -

s IIa4 Π2 z4 r + 3M r2 + 4 s r + s2M wHzL � 0 �; wHzL � c1 zs S Ha zrL + c2 zs CHa zrL + c3 zs

06.32.13.0009.01

WzHzs SHa zrL, zs CHa zrL, zsL � -a4 Π r3 z4 r+3 s-3

06.32.13.0010.01

wH3LHzL + H-4 logHrL - 3 logHsLL w¢¢HzL + IIa4 Π2 r4 z + 3M log2HrL + 8 logHsL logHrL + 3 log2HsLM w¢HzL -

logHsL IIa4 Π2 r4 z + 3M log2HrL + 4 logHsL logHrL + log2HsLM wHzL � 0 �; wHzL � c1 sz SHa rzL + c2 sz SCHa rzL + c3 sz

06.32.13.0011.01

WzHsz SHa rzL, sz CHa rzL, szL � -a4 Π r4 z s3 z log3HrL
Transformations

Transformations and argument simplifications

Argument involving basic arithmetic operations

06.32.16.0001.01

SH-zL � -SHzL
06.32.16.0002.01

SHä zL � -ä SHzL
06.32.16.0003.01

SH-ä zL � ä SHzL
06.32.16.0004.01

S z2 �
Iz2M3�2

z3
 SHzL

Complex characteristics
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Real part

06.32.19.0001.01

ReHSHx + ä yLL � â
k=0

¥ H-1Lk 22 k+1 Π2 k+
1

2 x4 k+3

H4 k + 3L !
 G 2 k +

3

2
1 +

y2

x2

2 k+
3

2

cos H4 k + 3L tan-1
y

x

06.32.19.0002.01

ReHSHx + ä yLL � â
k=0

¥ â
j=0

2 k+1 H-1L j+k 22 k+1 Π2 k+
1

2

H2 jL ! H4 k - 2 j + 3L !
G 2 k +

3

2
 x4 k-2 j+3 y2 j

06.32.19.0003.01

ReHSHx + ä yLL �
1

2
S x + x -

y2

x2
+ S x - x -

y2

x2

Imaginary part

06.32.19.0004.01

ImHSHx + ä yLL � â
k=0

¥ H-1Lk 22 k+1 Π2 k+
1

2 x4 k+3

H4 k + 3L !
G 2 k +

3

2
1 +

y2

x2

2 k+
3

2

sin H4 k + 3L tan-1
y

x

06.32.19.0005.01

ImHSHx + ä yLL � â
k=0

¥ â
j=0

2 k+1 H-1L j+k 22 k+1 Π2 k+
1

2

H2 j + 1L ! H4 k - 2 j + 2L !
G 2 k +

3

2
x4 k-2 j+2 y2 j+1

06.32.19.0006.01

ImHSHx + ä yLL �
x

2 y
 -

y2

x2
S x - x -

y2

x2
- S x + x -

y2

x2

Absolute value

06.32.19.0007.01

 SHx + ä yL¤ � S x - x -
y2

x2
S x + x -

y2

x2

Argument

06.32.19.0008.01

argHSHx + ä yLL � tan-1
1

2
S x + x -

y2

x2
+ S x - x -

y2

x2
,

x

2 y
 -

y2

x2
S x - x -

y2

x2
- S x + x -

y2

x2

Conjugate value
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06.32.19.0009.01

SHx + ä yL �
1

2
S x + x -

y2

x2
+ S x - x -

y2

x2
-

ä x

2 y
 -

y2

x2
S x - x -

y2

x2
- S x + x -

y2

x2

Differentiation

Low-order differentiation

06.32.20.0001.01

¶SHzL
¶z

� sin
Π z2

2

06.32.20.0002.01

¶2 SHzL
¶z2

� Π z cos
Π z2

2

Symbolic differentiation 

06.32.20.0006.01

¶n SHzL
¶zn

� SHzL ∆n + â
k=0

n-1 2k-n+1 Πk z2 k-n+1 Hn - 1L !

H2 k - n + 1L ! Hn - k - 1L !
sin

1

2
Π Iz2 + kM �; n Î N

06.32.20.0003.01

¶n SHzL
¶zn

� ∆n SHzL + â
k=0

n-1 â
m=0

k H-1Lm 22 m-k Πk z2 k-n+1

Hk - mL ! H2 m - n + 1L !

1

2 m
 sin

1

2
Π Iz2 - kM �; n Î N

06.32.20.0004.02

¶n SHzL
¶zn

� 22 n-
11

2 Π5�2 z3-n
3F

�
4

3

4
, 1,

5

4
; 1 -

n

4
,

5 - n

4
,

6 - n

4
,

7 - n

4
; -

Π2 z4

16
�; n Î N

+

Fractional integro-differentiation

06.32.20.0005.02

¶Α SHzL
¶zΑ

� 22 Α-
11

2 Π5�2 z3-Α
3F

�
4

3

4
, 1,

5

4
; 1 -

Α

4
,

5 - Α

4
,

6 - Α

4
,

7 - Α

4
; -

Π2 z4

16

Integration

Indefinite integration

Involving only one direct function

Linear arguments

06.32.21.0001.01

à SHzL â z � z SHzL +
1

Π
 cos

Π z2

2

http://functions.wolfram.com 8



06.32.21.0002.01

à SHa zL â z �
cosJ 1

2
a2 Π z2N

a Π
+ z SHa zL

Power arguments

06.32.21.0003.01

à SIa z N â z �
Π z SIa z N a2 + z cosJ 1

2
a2 Π zN a - CIa z N

a2 Π

Involving one direct function and a power function

Linear arguments

06.32.21.0004.01

à zΑ-1 SHzL â z �
zΑ

Α
 SHzL +

ä

Α
 2

Α-3

2 Π-
Α+1

2 zΑ+1 Iz4M-
Α+1

2  I-ä z2M Α+1

2 G
Α + 1

2
,

ä Π

2
z2 - Iä z2M Α+1

2 G
Α + 1

2
, -

ä Π

2
z2

06.32.21.0005.01

à zn SHa zL â z �
1

2 a Hn + 1L  Π-
n

2
-1 zn Ia4 z4M-n�2

2 a Π
n+2

2 z SHa zL Ia4 z4Mn�2
+ 2n�2 G

n + 2

2
,

1

2
ä a2 Π z2 I-ä a2 z2Mn�2

+ Iä a2 z2Mn�2
G

n + 2

2
, -

1

2
ä a2 Π z2

Power arguments

06.32.21.0006.01

á SIa z N
z

 â z �
2 cosJ 1

2
a2 Π zN

a Π
+ 2 z SIa z N

Involving direct function and other elementary functions

Involving exponential function and a power function

06.32.21.0007.01

á ã-b z SIa z N
z

 â z �

1

b
 

1

2
+

ä

2
-ã

-
ä b2

2 a2 Π ä erfi
J 1

2
+ ä

2
N Iä Π z a2 + bN

a Π
+ ã

ä b2

a2 Π erfi
J 1

2
+ ä

2
N IΠ z a2 + ä bN

a Π
- H2 - 2 äL ã-b z SIa z N

Involving trigonometric functions

Involving sin 

http://functions.wolfram.com 9



06.32.21.0008.01

à sinHb zL SIa z N â z �
1

32 b3 - 8 a4 b Π2
 

H1 + äL a Π Π a2 Π - 2 b erfi
1

2
+

ä

2
a2 Π - 2 b z a2 + Π Π a2 + 2 b erfi

1

2
+

ä

2
Π a2 + 2 b z a2 -

a2 Π - 2 b IΠ a2 + 2 bM erf
1

2
+

ä

2
a2 Π - 2 b z +

I2 b - a2 ΠM Π a2 + 2 b erf
1

2
+

ä

2
Π a2 + 2 b z + 2 b a2 Π - 2 b erfi

1

2
+

ä

2
a2 Π - 2 b z -

2 b Π a2 + 2 b erfi
1

2
+

ä

2
Π a2 + 2 b z - H4 - 4 äL I4 b2 - a4 Π2M cosHb zL SIa z N

06.32.21.0009.01

á sinIb z N
z

 SIa z N â z �

1

b
 

1

4
+

ä

4
ã

-
ä b2

2 a2 Π ã
ä b2

a2 Π erf
J 1

2
+ ä

2
N Ia2 Π z - bN

a Π
+ ã

ä b2

a2 Π erf
J 1

2
+ ä

2
N IΠ z a2 + bN

a Π
+ erfi

J 1

2
+ ä

2
N Ib - a2 Π z N

a Π
-

erfi
J 1

2
+ ä

2
N IΠ z a2 + bN

a Π
- H4 - 4 äL ã

ä b2

2 a2 Π cosIb z N SIa z N

Involving sin 

06.32.21.0010.01

à cosHb zL SIa z N â z � -
1

32 b3 - 8 a4 b Π2
 

H1 - äL a Π Π 2 b - a2 Π erfi
1

2
+

ä

2
2 b - a2 Π z a2 + Π Π a2 + 2 b erfi

1

2
+

ä

2
Π a2 + 2 b z a2 +

2 b - a2 Π IΠ a2 + 2 bM erf
1

2
+

ä

2
2 b - a2 Π z + Ia2 Π - 2 bM Π a2 + 2 b

erf
1

2
+

ä

2
Π a2 + 2 b z + 2 b 2 b - a2 Π erfi

1

2
+

ä

2
2 b - a2 Π z -

2 b Π a2 + 2 b erfi
1

2
+

ä

2
Π a2 + 2 b z - H4 + 4 äL I4 b2 - a4 Π2M SIa z N sinHb zL

06.32.21.0011.01

á cosIb z N SIa z N
z

 â z �

-
1

b
 

1

4
-

ä

4
ã

-
ä b2

2 a2 Π ã
ä b2

a2 Π erf
J 1

2
+ ä

2
N Ia2 Π z - bN

a Π
- ã

ä b2

a2 Π erf
J 1

2
+ ä

2
N IΠ z a2 + bN

a Π
- erfi

J 1

2
+ ä

2
N Ib - a2 Π z N

a Π
-

erfi
J 1

2
+ ä

2
N IΠ z a2 + bN

a Π
- H4 + 4 äL ã

ä b2

2 a2 Π SIa z N sinIb z N

http://functions.wolfram.com 10



Involving logarithm  and a power function

06.32.21.0012.01

à logHzL
z

 SIa z N â z �
1

a Π
 2 cos

1

2
a2 Π z + a Π z SIa z N HlogHzL - 2L - Ci

1

2
a2 Π z

Involving power of the direct function

06.32.21.0013.01

á SIa z N2

z
 â z �

1

a Π
 2 a Π z SIa z N2

+ 4 cos
1

2
a2 Π z SIa z N - 2 SI 2 a z N

Involving products of the direct function

06.32.21.0014.01

á SIa z N SIb z N
z

 â z �
1

b Π
 2 SIa z N cos

1

2
b2 Π z + b Π z SIb z N +

1

a
 2 b cos

1

2
a2 Π z SIb z N +

1

a2 + b2

 - a2 - b2 a2 + b2 S a2 - b2 z - Ia2 + b2M S a2 + b2 z

Definite integration

For the direct function itself

06.32.21.0015.01

à
0

¥

tΑ-1 SHtL â t �
1

2 Α
 

Π

2

-
Α+1

2
N
cos

Π

4
 HΑ + 3L G

Α + 1

2
�; -3 < ReHΑL < 0

Involving the direct function

06.32.21.0016.01

à
0

¥

ã-z t SHtL â t � -
1

2 z
 cos

z2

2 Π
 2 C

z

Π
- 1 + sin

z2

2 Π
 H2 S 

z

Π
- 1 �; ReHzL > 0

06.32.21.0017.01

à
0

¥

tΑ-1 ã-z t SHtL â t �
1

2
z-Α GHΑL +

2Α�2 Π-
Α

2
-1 z

Α + 1
 cos 

Π Α

4
G

Α

2
+ 1 3F4

Α + 1

4
,

Α + 2

4
,

Α

4
+ 1;

1

2
,

3

4
,

5

4
,

Α + 5

4
; -

z4

16 Π2
+

1

2 Α
 

Π

2

-
Α+1

2
cos

Π

4
 HΑ + 3L G

Α + 1

2
3F4

Α + 1

4
,

Α + 3

4
,

Α

4
;

1

4
,

1

2
,

3

4
,

Α

4
+ 1; -

z4

16 Π2
+

1

Α + 2
 2

Α-1

2 Π-
Α+3

2 z2 cos
Π

4
 HΑ + 5L G

Α + 3

2
3F4

Α + 2

4
,

Α + 3

4
,

Α + 5

4
;

3

4
,

5

4
,

3

2
,

Α + 6

4
; -

z4

16 Π2
-

2Α�2 Π-
Α

2
-2 z3

3 HΑ + 3L  G 
Α

2
+ 2  sin

Π Α

4
3F4

Α + 3

4
,

Α

4
+ 1,

Α + 6

4
;

5

4
,

3

2
,

7

4
,

Α + 7

4
; -

z4

16 Π2
�; ReHzL > 0 ß ReHΑL > -3

Integral transforms
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Laplace transforms

06.32.22.0001.01

Lt@SHtLD HzL � -
1

2 z
 cos

z2

2 Π
 2 C

z

Π
- 1 + sin

z2

2 Π
 H2 S 

z

Π
- 1 �; ReHzL > 0

Mellin transforms

06.32.22.0002.01

Mt@SHtLD HzL �
1

2 z
 

Π

2

-
z+1

2
N
cos

Π

4
 Hz + 3L G

z + 1

2
�; -3 < ReHzL < 0

Representations through more general functions

Through hypergeometric functions

Involving pFq

06.32.26.0001.01

SHzL �
Π z3

6
1F2

3

4
;

3

2
,

7

4
; -

Π2 z4

16

Involving hypergeometric U

06.32.26.0002.01

SHzL �
ä z

2 2

1

ä z2

 1 -
1

Π
 ã-

ä Π

2
 z2

U
1

2
,

1

2
,

ä Π

2
 z2 -

1

-ä z2

 1 -
1

Π
 ã

ä Π

2
 z2

U
1

2
,

1

2
, -

ä Π

2
z2

Through Meijer G

Classical cases for the direct function itself

06.32.26.0003.01

SHzL �
Π

2 Iz2M3�4 H-zL3�4  z9�4 G1,3
1,0 -

Π2 z4

16

1
3

4
, 1

4
, 0

06.32.26.0004.01

SHzL �
Π

2
 ã-

3 ä Π

4 G1,3
1,0 -

Π2 z4

16

1
3

4
, 1

4
, 0

�; -
Π

2
< arg HzL £ 0

06.32.26.0017.01

SJ z
4 N �

1

2
G1,3

1,1
Π2 z

16

1
3

4
, 0, 1

4

06.32.26.0005.01

SJ z
4 N �

Π z3�4
2 H-zL3�4  G1,3

1,0 -
Π2 z

16

1
3

4
, 1

4
, 0

http://functions.wolfram.com 12



06.32.26.0006.01

SJ z
4 N �

1

2
-

1

2
G1,3

2,0
Π2 z

16

1

0, 3

4
, 1

4

06.32.26.0007.01

S H1 + äL 2

Π
z

4
�

ä - 1

2
Π G1,3

1,0 z
1

3

4
, 0, 1

4

Classical cases involving powers of Fresnel C, S

06.32.26.0018.01

CJ z
4 N2

+ SJ z
4 N2

�
1

2
G2,4

1,2
Π2 z

16

1

2
, 1

1

2
, 3

4
, 1

4
, 0

Generalized cases for the direct function itself

06.32.26.0019.01

SHzL �
1

2
G1,3

1,1
Π z

2
,

1

4

1
3

4
, 0, 1

4

06.32.26.0008.01

SHzL �
Π

2
 ã-

3 Π ä

4 G1,3
1,0

1

2
ã

Π ä

4 Π z,
1

4

1
3

4
, 1

4
, 0

Generalized cases involving cos, sin and Fresnel C

06.32.26.0009.01

cos 
Π z2

2
CHzL + sin 

Π z2

2
 SHzL �

Π

2
G1,3

1,1
Π z

2
,

1

4

1

4

1

4
, 0, 1

2

06.32.26.0010.01

cos 
Π z2

2
SHzL - sin 

Π z2

2
 CHzL � -

Π

2
G1,3

1,1
Π z

2
,

1

4

3

4

3

4
, 0, 1

2

06.32.26.0011.01

cos 
Π z2

2

1

2
- CHzL + sin 

Π z2

2
 

1

2
- SHzL � H2 ΠL-3�2 G1,3

3,1
Π z

2
,

1

4

1

4

0, 1

4
, 1

2

06.32.26.0012.01

cos 
Π z2

2

1

2
- CHzL + sin 

Π z2

2
 

1

2
- SHzL � H2 ΠL-3�2 G1,3

3,1
Π z

2
,

1

4

3

4

0, 1

2
, 3

4

06.32.26.0020.01

cos HzL C
2 z

Π
+ sin HzL S

2 z

Π
�

Π

2
G1,3

1,1
z

2
,

1

2

1

4

1

4
, 0, 1

2

06.32.26.0021.01

cos HzL S
2 z

Π
- sin HzL C

2 z

Π
� -

Π

2
G1,3

1,1
z

2
,

1

2

3

4

3

4
, 0, 1

2

http://functions.wolfram.com 13



06.32.26.0022.01

cos HzL 1

2
- C

2 z

Π
+ sin HzL 

1

2
- S

2 z

Π
� H2 ΠL-3�2 G1,3

3,1
z

2
,

1

2

1

4

0, 1

4
, 1

2

06.32.26.0023.01

cos HzL 1

2
- S

2 z

Π
- sin HzL 1

2
- C

2 z

Π
� H2 ΠL-3�2 G1,3

3,1
z

2
,

1

2

3

4

0, 1

2
, 3

4

Generalized cases involving powers of Fresnel C, S

06.32.26.0013.01

CHzL2 + SHzL2 �
1

2
G2,4

1,2
Π z

2
,

1

4

1

2
, 1

1

2
, 3

4
, 1

4
, 0

Through other functions

06.32.26.0014.01

SHzL �
ä z

2 2

1

ä z2

 1 -
1

Π
 G

1

2
,

ä Π

2
 z2 -

1

-ä z2

 1 -
1

Π
 G

1

2
, -

ä Π

2
z2

06.32.26.0015.01

SHzL �
ä z

2 2
 

1

ä z2

 1 - Q
1

2
,

ä Π

2
z2 -

1

-ä z2

 1 - Q
1

2
, -

ä Π

2
z2

06.32.26.0016.01

SHzL �
-ä z2 + ä z2

2 2 z
-

ä z

4
E 1

2

ä Π

2
z2 - E 1

2

-
ä Π

2
z2

Representations through equivalent functions

With related functions

06.32.27.0001.01

SHzL �
1 + ä

4
 erf

1 + ä

2
Π z - ä erf

1 - ä

2
 Π z

Zeros
06.32.30.0001.01

SHzL � 0 �; z � 0

Theorems

Cornu spirals

http://functions.wolfram.com 14



Freeway exits will often have the shape of clothoids (Cornu spirals), which are curves with the parametrization8SHtL, CHtL< .
History

– A.J. Fresnel (1798, 1818, 1826)

– K. W. Knochenhauer (1839) found a series representaion

– N. Nielsen (1906)
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