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1 Average value calclation for Macroscopic Zitter

kill (all);
done

/* Function for averaging delta r terms in an expression */
averageMZ (f, dr) :=
block([arglist, sO, den, i, Jj, res, 1, el],
/* make list of all summands in the formula */
arglist: [1,
sO: string(0),
arglist: args (expand(f)),
/* check if dr[i] appears in any denominator */
for J:1 thru length(arglist) do (

den: denom(arglist[]]),

/*print ("DEN:", den),*/

for i:1 thru length(dr) do (

if not freeof(dr[i],den) then print (i, "Denominator error!")

) ),
/* remove all list elements containing occurences of dr[i], dr[i]"3,
for j:1 thru length(arglist) do (

for 1:1 thru length(dr) do (

if not equal (string(coeff (arglist[j], dr[i], 1)), s0)
or not equal (string(coeff (arglist[3j], dr[i], 3)), s0)
or not equal (string(coeff (arglist[]j], dr[i], 5)), s0)
then

arglist[j]: O

]
/*print ("L (", dr[i]l, ") ", arglist[]j])*/

)) .
res: O,
/* construct result expression */
1: length(arglist),
for j:1 thru 1 do (

el: pop(arglist),

res: res + el

/*print (j,el, res) */
)
res
/*print (res) */

) S

/* Function for replacing deltaX”"2 etc. to delta r"2 terms
in cartesian coordinates */
replaceR (f,dri) :=
block ([fl, i, dr, len],
f1: £,
len: length(dri),
for i:1 thru len do (
fl: ratsubst(l/len*dR[av]”™2, dri[i]l"2, f1)
)
factorsum (fl)

) S

2 <B> contact term
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¥ (%15) r: [X, Y, Z];
dr: [dX, dY, dZ];
r_1l: sqrt (X" 2+Y"2+2°2);
(%03) [X,Y, Z]
(%04) [dx, dy, dZ]

| (305) 4/ Z%+Y%4x?

7 (216) x: 1/r_172*%(2*r.dr + dr.dr);
ot dz?+2(Zdz+YdY+xxm)+dY2+dX2
<50

B 724724 x2

?(%17) assume (r_0>0);

(%07) [rg>0]

7(%i8) m: [m X, m Y, m_Z];

(%08) [my, my, mg]

- 2.1 1st order approximation in x

¥ (%19) F: —3/r_173%(1-3%x/2)
+3/1r_175% (r+dr) . (r+dr) * (1-5*x/2) ;
| (%09)
s 5 (dz2+2 (Z dZ+y dy+Xx dX)+dY2+dX2) ((dz+z)2+(dY+Y)2+(dX+X)2)
2 (z22+v2+x?)

(Z2+—Y24—X2)5/2
. G_ 3(d22+2(Zdz+YdY+xCM)+dY2+w@))

2 (224 v2+x?)

(Zz%—YZ%—x2)3/2
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($111)  f1l: averageMZ ((f), dr);
f2: replaceR(fl,dr);

) 15 dz4
(%010 - 2 2 2 2)5/2 2 2 2 2)5/2 2 2 2 2\5/2
27 (z Ty +X) 12y (z Ty +X) 12 x (z Ty +X)
30 dy? dz?
5/2 5/2 5/2
222 (22472 +x2)° P12 v2 (224 v2+x2)° P2 x2 (224 2+ x2)/
30 dx? dz?
5/2 5/2 5/2
222(22+Y2+X2) np Y2(22+Y2+X2) np X2(22+Y2+X2) /
75 72 dz?
5/2 5/2 5/2
222 (22472 +x2)° P12 v2 (224 v2+x2)° P2 x2 (224 2+ x2)°/
15 v2 dz?
5/2 5/2 5/2
222 (224 v24x2) P2 v2 (224 2+ x2)* P2 x2 (224 v2 4 x2)Y
15 X2 dz?
5/2 5/2 5/2
222 (22472 +x2)° P12 v2 (224 v2+x2)° P2 x2 (224 2+ x2)°/
9 dz? 3 dz?
372 372 372 5/2

222 (22 +v2+x%)" " +2 v? (22 + v +x?)

15 dy*?

222 (22hviex?) a2 v2 (224 v2ax?) o w2 (22 v x?)?
30 dx? dy?
X2)5/2

+2 x? (22 + 2 +x?) (z%+v%+x2)

222 (22+v24+x2)° 212 v2 (22 4+ v2+ +2x2(z24y2ex?)? :

15 22 dy?

5/2 5/2

+2v? (22+Y2+X2)5/2+2 X2 (22+Y2+x2)
75 Y2 dy?

2 72 (22+Y2+X2)

/ / 5/2

2 5
+2 v?2 (Z2+Y2+X2)
15 X2 dy?

222(22+Y2+X2)5 ‘4o x? (2% +v%+x?)

222 (22+v2+x2)° P12 v2 (224 v2+x2)° P2 x2 (224 2+ x2)°/7

9 dy? 3 dy?

2 72 (ZZ+Y2+X2)3/2+2 y? (ZZ+Y2+X2)3/2+2 x2 (22+Y2+X2)3/2 (z%+ Y2+X2)5/2

15 dx*
5/2 5/2 5/2
222 (22472 +x2)° P12 v2 (224 v2+x2)° P2 x2 (224 2+ x2)/
15 22 dx?
5/2 5/2 5/2
222(22+Y2+X2) 21, Y2(22+Y2+X2) 21, X2(22+Y2+X2) /
15 Y2 dx?
5/2 5/2 5/2
222 (22412 +x2)° P12 v2 (224 v2+x2)° P2 x2 (224 2+ x2)/
75 x2 dx?
5/2 5/2 5/2
222(22+Y2+X2) 21, Y2(22+Y2+X2) 21, X2(22+Y2+X2) /
9 dx? 3 dx?
3/2 5/2

222 (22472 +x2)* P12 v2 (224 v2+x2)* P 42 x2 (22 + v2 + x2) (22 +v2+x?)
3 3 72 3 y? 3 x?
3/2 5/2 5/2

(22+v2+x?) (z2+v%+x?) (z%+v%+x2) 5/2

5 dRZ, (3 drR2,+ 4 (Z2+Y2+X2))

N7 /D

(Z2+Y2+X2)

(%5011) -

o1
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7 (%i12) Bcontact: facsum(%,dR[av]);
. ~15 dr4, -20 (22+Y2+X2)dR§V
(%012) , , NT/2
i 2 (z Lylix )
?(%il3) expand (Bcontact) ;
( 15 dR?, 10 22 dRZ, 10 Y2 dRZ,
%013) - -
2(22+Y2+X2)7/2 (22+Y2+x2)7/2 (22+Y2+X2)7/2
10 x° dRZ,
(Z2—|—Y2+X2)7/2
?(%114) factor (%) ;
5 dRZ, (3 dR2,+4 z°+4 Y2+ 4 X2)
(3014) - T
i 2 (22 +y2+x?)
7 (3i15) £3: facsum(£2,dR[av]);
ot -15 dr, -20 (22 +v?+x?) dr2,
%0
i 2(22+Y2+x2)7/2
7 (3i16) f4: ratsubst(r_0°2, X 2+Y"2+2°2, £3);
o) 20 dR2, ry°+15 dRrY,
50O -
2ro7
?(%il7) £f5: expandwrt (£f4, dR[av]);
(017) 10 dr?, 15 dR%,
%0 - -
ro5 2ro7
?(%il8) £f6: box(expandwrt (factor (£5), dR[av]));
o18) 10 dr?, 15 dRY,
50O - -
ro5 2ro7
7 (%119)  factor(%);
5 dr?, (4 ro2+3 ngv)
(3019) -
2ro7
[] . . .
2.2 2nd order approximation in x
7 (%120)  f: —3/r_173%(1-3*x/2+15*x"2/8)
i +3/1_1°5% (r+dr) . (r+dr) * (1-5*x/2+35*%x~2/8) S
7(%i22) fl: averageMz (f, dr)S$S
B f2: replaceR(fl,dr)$
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¥ (5123)

(%5023)

 (51i24)

(%3024)

1 ($125)

(%025)

¥ (%126)

(%026)

¥ (%127)

(%3027)

£3: facsum(f2,dR[av]);

105 R, +420 (2% +v?+x2) drRS,

8 (z2+1v%+x?)

fd4: ratsubst (r_072,
420 dR%, ry?>+105 dRS,

£5: expandwrt (f£4,

105 dRY,

3 ro9

105 dRS,

2 ro7

f6: box(expandwrt (factor (£5),

105 dRY,

8 r09

105 dRS,

2 fo7

factor (%) ;
105 dr?, (4 ro2+ngv)

8 r09

8fo

9

9/2

dR[av]);

X"24Y"2+272, £3);

dR[av]));

5

/

5



