Mathematical Tools for Reactor Physics

1 Delta function

Definition

O0(r—ro)=0, if r#ro

B 1, if rgeV
/Va(r—ro)dv_{ 0 i mgy

Consequence

] e =)y av = siwo) [ o —ro)av = { g,(rO)’ it 25

0 in different coordinates
e Rectangular coordinates: d(r —ro) = d(x — 20)d(y — yo)d(z — 20)
e Cylinder coordinates: d(r —rg) = 15(r — 19)8( — 0)d(z — 20)

e Spherical coordinates: d(r — rg) = mé(r —10)0(p — 0)0(8 — o)

Singular sources in terms of the delta function
e Point source at ro: S(r) = So(r — ro)
e Plane symmetry
— Plane source at = = zg: S(r) = So(z — x0)
e Cylinder symmetry

— Thin, hollow cylindrical source of radius ro: S(r) = %5 (r—rmp)

— Line source on z axis: S(r) = FST(S(T)

e Spherical symmetry

S d(r —ro)

— Thin, hollow spherical source of radius ro: S(r) = ;2=

— Point source at the origin: S(r) = 25d(r)
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2 Bessel functions

Jn and Y, are Bessel functions, I,, and K,, modifioied Bessel functions. J,
and Y,, have infinite number of zeros, I,, increases monotonically, and K,
decreases monotonically. At the origin and infinity the functions behave as
follows:

BO) =1, J0)=0 (n#£0), lim V(@)= —oc
RO) =1, LO)=0 (0#0). lmK,()=oc
xlingo I,(z) = oo, manC}o K,(z) =0.

For derivatives:

d d
. (2"Ky,(x)) = —2"K,_1(z), for others Iz (2" Zp(x)) = 2" Zp—1(x)

I\(z) = I(x), for others Z{(x) = —Z;(x)
12K 1(2) + T a (2) () =
3 Integral theorems

F.dS = / (V-F)adv (Gauss theorem)
ov \%4

F.dl= /(V x F) - dS (Stokes theorem)
oS S

4 Coordinate systems and differential operators

Rectangular coordinates (z, y, 2)
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Cylindrical coordinates (r, ¢, z)

T =Trcosy
Yy =rsiny
z=z

r= /2 + 1?2

— Yy
p = arctan 3
z=2z

€; = €.C0Sp — €, siny
€y =€,siny+ e, Ccosy
e, =e,

e, = e, Cosp +eysiny
€, = —€ySInY + €, Cos
e, =e,
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Spherical coordinates (r, 0, )

T = rsinf cos ¢
y =rsinfsinp
z=rcosf P

r = /.172—{—?/2—{—22

z

0 = arccos ——=&2——
/x2+y2+z2

— Y
p = arctan £

e, = e, sinfl cos ¢ + e cos f cos p — e, sin
e, = e, sinfsinp + ey cossin ¢ + e, cos ¢
e, = e,.cosf —epsinb

e, = e;sinf cos p + e, sinfsinp + e, cos
ep = e, cos b cos p + e, cosfsinp — e, sinf
€, = —€;sinp + €, cos
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