14. SUPPLEMENT

Some mathematical deductions



Chapter 2-page 10 (f)

The mean force of all pp’s working over the period At can be found conform:

fV:Atj/z (5e)z.dt:(§e)z.[ 1 T”Z _(5@)2.[ 1 1 }:

ae(A-ve) Ay Ld-vel],, Ay [A-Av/2 A+Ay/2

_(Ge)’ | A+Awvi2—d+av/2 | (de)

Aty A —(Aty/2) A —(Aty/2)

The average force exerted on de over the period At is presented by:

. 1 , (5@)2
=f.————— where f, =
1= 1-(Atv/24)° b=

Chapter 3-pages 16/17 (f and f,)

- k.e.e,D.(4+x) - k.e e, D4 +x) ;X =-v.coso.t;y = +v.sina.t ; k = 1/(4ne,)

{(A—x)z+yz}32 {A "'2/4.)C+)Cz+yz}3/2

1

k.el.ez.D.(A - v.t.cosa) _ k.el.ez.D.(A - v.t.cosa)

. 3/2 3/2
(A2 —2A.v.t.cosa + v .t7.cos’ o + v .t7.sin’ a) (A2 —2A.v.t.cosa + vz.tz)

The momentum of f is presented by:

If,.dt = k.el.ez.D.A.I dt 5 —k.el.ez.v.D.cosa.J t.dt 7
(A2 —2A4.v.t.cosa + vz.tz) (A2 —2A.v.t.cosa + vz.tz)
[1] [n

Suppose that a=A,, b =-2Av.coso, c=v?, X=a+b.t+ct? and q=4a.c-b?, then:
[17]: Ii:j dt :2'(2C't+b) SiNE J‘ tdt 2.(b.t+2a)
el X\/; q‘\/y

see Handbook of Chemistry and Physics.
The momentum of 7, over the period At according to [ | ] measures:

xAx gJX

At/2

2.(2.v2.t72A.v.cosa)
(4.Az.vZ —4. 4% v .cos’ a) x (AZ —2.A.t.v.cosx +vz.z‘z)1'2

(PI):k.el.ez.D.A.
—At/2
At/2

2.(2 A.v.cosa — 2vz.t)

1/2
4 4%V sin’ a.(AZ —2A4.v.t.cosx +v2.t2)
—At/2

=—k.e.e,.D. A.

2.(2A.v.cosa + vz.A.\E/c)

=k.e.e,.D.A. 5
4 4% Vv .sin® (Jt.(A2 +v. A2 A2 cosa ) e+ A2 /202)

2.(2A.v.cosa —vZ.A.\/E/c)
—k.e.e,.D. A. =

1/2
447 V? sin’ a.(A2 —v. A2 A2 cosa /e + v A2 /202)




k.e,.ez.D.(2cosa + v.\/E/c) k.e,.ez.D.(2cosa - v.ﬁ/c)

- !

- 12
2 A.v.sin’ a.(l + v.\/z.cosa/c +1? /2c2) 2 A.v.sin® a.(l - v.\Ecosa/c +17? /2c2)

|f At =

V2.4
c

The momentum of 74 over the period At according to [ Il ] measures:

At/2

2.(72A.v.t.cosa +2A2)

P,)k.e.e,.v.D. .
( ”) e e (4A2.vZ —44% v .cos® a) ><(A2 —2A.v.t.cosa +vz.t2)”2 s
—At/

2.(2/12 - Az.v.ﬁ/c)

=k.e.e,.v.D.cosa. 7
4 4* v sin® 0:.(1412 —A*vAl2.cosa/c+ A2V /202)

2.(2AZ +v. 2.cosa/c)

—k.e.e,.v.D.cosa.
447 v* sin’ 0(.(A2 + A2 vA2.cosa/ct A2V /202)

k,el,ez.D,cosa,(Z —v,ﬁ,cosa/c) k.el,ez,D.cosa.(Z +v.42.cosa/ c)

172

vz
2A4.v.sin’ a,(l —v./2.cosa/c+V? /202) 2A.v.sin® a.(l +v.al2.cosa/c+v? /202)

The total momentum of f; over At is given by P, + P,
k.e.e,v.DA2 /¢ k.e.e,v.DA2.cosa/c

P
2A.v.sin’ a.(l +v.2.cosa/c+V’ /2c2) 2A.v.sin’ a.(l +4/2.cosa/c+V? /2()2)

172

B+p =

k.e.e,v.DAl2 /¢ k.e.e,.v.D.J2.cos’ a/c

7
2 A.v.sin® a.(lfv. 2.cosa/c+v? /ZCZ) 2 A.v.sin® a.(lfv. 2.cosa/c+Vv /2()2)

172

k.e.e,v.D.2.sin’a/c . k.e.e,v.D.AJ2.sin’a/c
12
2A.v.sin2a.(1 —v.a/2.cosa/c+V? /202) 2A.v.sin2a.(1 +val2.cosa/c+v /202)

172

Consequently, the average force along A measures:

At/2
fo= b s ke.eD - ke.eD
At 2 2 2|" 2 2 2
~Au2 24 .(1—v.\/5.cosa/c+v /2¢ ) 24 .(1+v.\/5.cosa/c+v /2¢ )
which can be simplified as is shown below:
1= k.e.e,.D 1 + 1
‘ A? 2 2\ 2 ,\"?
2.(l—v. 2.cosa/c+v /20) 2.(l+v. 2.cosa/c+v /20)

172

_kepe.D (1/2).(1+v.«/5.cosoz/c+vz /2c2)"2 +(1/2).(1—v. 2.cosa/c+v? /202)
-LaeD )
4 {(1+vz /2cz)2 —(v.ﬁ.cosa/c)z}

After the substitution of: 1+v2/2¢ =a; v2 /c=b; va =P; bala.cosa/2a=q
the numerator between [ ] may be expressed by:

(1/2).\/a +b.cosa +(1/2).\[a—b.cosa =(1/2).\/a.(1 +b.cosa/a) +(1/2).\/a.(1—b.cosa/a)




iv

= (1 /2).\/a.(1 +b.cosa /2a)2 —a.(b.cosoz/Za)2 + (1 / 2).\/a.(1 —b.cosa /2a)2 —a.(b.cosoz/Za)2
:(1/2),\/(42 +bla.cosa/ 2a) ~(bacosa/2a] +(1/2).\/(\/>7b.\/;,cosa/2a)z7(b.\/;,cosa/2a)2
:(1/2).J(P+q)z—qz +(l/2).\/(P—q)z—qz =(1/2).{P+q—#z+q)}+(l/2).{P—q_2'( q’ }

P—q)

2 2

:p,qi,qizp,i.[ Lo, )zp 7
4(P+q) 4(P-q) 4P \1+q/P 1-q/P

2P
, _b.cossa . 2v'.costa V.cos’ o
q = ~

4a _402.(1+v2/202) 2¢7 .(1_v2/2cz) , P+

2 2 2 2 2 2 2
+L2_w.[l_%)[l_%z1+L2_L2.cosza . thus:
4c 4c 2¢ 4c 4c*  4c

Y _ke.e,.D 1+v2/(452)—1/2.00520:/(402) =k'e"ez'D(Hi—icoszaj~(l—i+ﬁco§a]
gl 2 2 2 2" 2 2"
4 \/1+v2.(172.cosza/cz) 4 4t A4c 20 ¢
k.e.e,.D vy ) vy,
~— | l+————-cosa——5+—cos &
A 4c¢”  4c 2¢" ¢

k.e.e,.D ( Vo3 ) ) [ vy ) j
r———:|l-—+—-cos a|x f,-|l1+—+—-cos
Ja A 4ct  4c Jo 4t 4
The force perpendicular to A can be described by:

_ ke.ep.y.D  _ k.e.e,.D.v.t.sina
fz_( ) 23/2_(27 S o\2
A +x) +y A" =2A4.v.t.cosa +v.t )

2
v

4c°

(x =—v.t.cosa ; y=v.tsina; At= A2/ C)
The momentum of £, is expressed by:

. t.dt
Ifz.dt = k.e].ez.D.v.sma.j (Az vt cosat vz.tz)w

A2

2 ) 2.(2A2 —2A.v.t.cosa)
j fr.dt =—k.e,.e,.D.v.sina 75
—Ai2 (4Az.vz — 447 V*.cos a) X (Az —2A.v.t.cosa +v2.t2)

—2.(2A2 — A . 2.cosa/c)
+
1/2
4 4% v sin’ z)z.(A2 — A2 vAl2.cosa/c+ A2V /2c2)
2.(2A2 + Ay, 2.cosa/c)

1/2
4 4% v sin’ z)z.(A2 + A2 vA2.cosa/c+ AV /202)

At/2

—-A12

=k.e.e,.D.v.sina

2—v.x/§.cosa/c 2+v.x/5.cosa/c
=k.e,.e,.D.

172
1+v.A2.cosa/c+1? /2cz)
Consequently, the average force perpendicular to A measures:

2A.v.sina.

172
lfv.x/zcosa/c+vz/2(:2) 2A.v.sina.




cosa

+
/
A2 ke.e.D 2.sin0:.(1—\/.\E.cosoz/c+vz/2c2)12
jfzdf i b Kl
A A cosa
. ) ,\12
2.sma.(1+v.\6.cosa/c+v /2c)
c
1/2
kee.D |V 2.sina.(l—v.\5.cosa/c+v2/202)
_a-%-2
A* c

2.sin 0:.(1+v.\F2.coso:/c+v2 /2c2)1/2

If this formula is expressed as:

cosa 1 Cf)sa~%\/l—v. 2.cosa/c+v' /20

J(]+v2/2c2)27(v.ﬁ.cosa/c)z
C\f ! \/1+V\ECOS(Z/C+V /2¢* CI A \/1 vl2.cosa/c+v:/2c

_Fysing 2 Vv.sing 2 [=1]
2
\/(l+v2/202)27(v‘\/5.c0sa/c)

in which F =k.e,.e,.D/A?,
the numerator of formula [ | ] measures:

/ 1 |cos’a (1_'_ vzj_'_cossa v,\/z_'_l cos’ a [“_ vzj cos’ & V\/_
mmeraer—2 | sin® & 2¢7) siffa ¢ 2 \sina 2¢*) siffa ¢
cos’ v? cos a vA2 bAa
If ——-|1 +—2 =a =
2a

sin® o 2¢ sina ¢

\/1+V\Ec0sa/c+v /2¢*

[=11]

f,=F. sin 2
g2

Loy =(1/2)Na+b +(1/2)Na—b = (1/2).\/(\6 +bla/2a) ~(ba/2a)
+(1/2).\/(J2—b.J2/2a)2—(b.\/E/za)z
=(112) [(P+a) -¢* +(172)-(P-a) -¢* z%‘{“q,%}%‘{pq,#}

(P+q) 2(P-q)

.4
2 2v2.cos”a/(cz.sm a)

P q° _ cosa (1+v7j7
2P sine 4c° (4.cosz a /sin® a)~(1 +v? /2cz)~(2.cosa / sina) ~(1 +1? /4cz)



Vi

zcosoz(l_'_vzj_ vi.cos® a
sinx 4c? 4cz.sin05-(1+v2 /202)~(1+v2/4cz)
~cosa(l+v2]_vz.cos3a( 1 )

" sina 4c*)  4ctsina \1+3v?/4c
/ _ cosa (“’ij B vz.cos3a(l_£j _ cosa (“’ij _i. cos’ o
e sin o 4c¢*)  4c’sina 4c*)  sina 4c¢*) 4c* sina

cosa vi cosa v cos’a cosa v cosa

~

- g — R — e (l—cosza)
sina 4c¢” sina 4c¢° sina sina  4c¢° sina

cosax

~———+-——sina.cosa
sina 4c
The numerator of formula [ Il ] measures:

2 2
_ —cA2 .Jl_'_v. 2.cosa+L+ eq2 .Jl_v. 2.cosa+ v

numerator 2
c 2c

_ 1 2¢° (“’ij + 2¢.+/2.cosax + 1 2¢° (1_'_ v? J_ 2¢.42.cosax
2 \visin’a 2c v.sin’ a 2 \visin’a 2c v.sin’ a

After the substitution of:

2c° ? 2¢.A12. b.
- _CZ (l+v2)=a,6\/ffosa=b,x/7=Pand \/Z=
vo.sin® 2c v.sin® 2a
the numerator of [ Il ] may be expressed as follows:

1I =_1 a+b+l- a-b
2 2

:_I'J[ﬁﬂ'ﬁjz{blﬁy +1'J(ﬁ_b.ﬁ]z_(b.ﬁjz
2 2a 2a 2 2a 2a
:_%.\/(P+q)z—q2 +%.\/(P—q)z—q2

g L L@
2 {P+q 2(P+q)}+2 {P 1 2(P—q)}~ Top

Resubstitution gives:

cAl2 (1+ vz) 2¢./2.cosa vZ.sin’ a

2v.sina c 2¢7  2v.sina

v.sina 4c* v.sin® o 4c2.(l+v2 /2c2)
4¢* .cosa vZ.sin® a cosa
zﬁ-(l+vz /4c2)-72-(1—v2 /2c2) z%-(l—vz /4(22)
vo.sin® 4c sina
g _cosa (1_3\)2) visinfa cos’a visin'a (1_ v ] _ V' cosla .
2P sinfa 4c° 4c2.(1+v2/202) siffae 4c° 2¢ 47 sina

[ . q cosa V' cosa . v cos’a
q PO s L2
2P sina  4¢® sina  4c’ sina




vii

—cosa+v2 cosa V'’ cos3a+cosa v

(1+ ) a S —— —— - +—-sina-cosa
mmerator——sing 4¢* sina@ 4¢® sina sina 4c¢
v cosa 2 : :
z_2.__.(1_(;05 a)+ _-sina - cosa
4¢* sina 4c

The force perpendicular to A can now be described by:
_k.e.e,.D v:.sina.cosa / 2¢* _k.e.e,D  visina.cosa/2¢

fg2~ 2 . = 2 '
A 2 A
\/(1 +? /2c2)2 —(v,ﬁ.cosa/c) \/1 +V2'(] ~2.cos’ a) /e
e.e.D V. :
zke‘—ezz~v—2~sma~cosa~ 1—v—2~(1—2.cosza) ,thus
A 2¢ 2c
k.e.e,.D Vv .
fgzz%~v—2~sma~cosa
c

Chapter 3-pages 19/20 (A -axial)

From figure 14 can be derived:

tle=V+v)=(h+8)v 5 t(c-V)+tv=tv+ny = VV) ; ,zztl.(
c— v

(n+8)-(c—V+v)=(t,+1, - 88,)-(c+V) + Atyv 5 (1, +8,) (e =V +v) = (6, +8) (e +V) = Aty - (e +V —v) 5

_ +V - _
(=¥ +v)=(c+7)-n ferr=y) ;Aro~u:2V—v; et = a, )
C(n+n) t +t, RO oy
_(C—V)_ A(C"'V—V). (c7V+v)_ (c+V7v). _ (c+V7v) (ch)
Wt v = A 2V —v T A v = Ay 2V —v L= AL (2V—v) '(c—V+v)

From the figure can also be derived:
A =t (c=V+v)-v.Ar, /2 and A4, -v.AL /2=(c+V) (t,-AL) | thus:

A = tz.(c +V) - At‘,.(c +V) +At,.v/ 2, which gives:
te=V+v)=v.at 1 2=t (c+V) = At (c+V)+AtL.v/2;
Atv.v—At‘,.(c+V) :tz.(c—V +v)—t2.(c+V) ; At\,.(c+V—v) :tz.(c+V—c+V—v) ;

At, = tz'(c(’sz_—‘?)) . Uniting the formula of ¢, and the formula of 4, gives:
At = At .(C+V—V). (c—V) . (ZV—V) AL = AL (C—V)
" 0 (ZV—V) (c—V+v) (c+V—v)’ " 0 (C—V+v)-

1
. Integration of t, and 4t with A makes:
(1+2)

Ifc=2V =1, then At, = At -

A, = tz.(c -V + v) —Vv.At /2= At - (?;VV—_V;) . (c(f I_/I:-)v) ‘(c -V + v) -v.At,

(c=7)
2(c—V+v)




viii

where 4, = At M , thus Alo.(C—V) =4, (C2+7VV) and:

4 ,{(“V—V) v }_ 4 .{2.(C+V).(C—V)+v,(2V_V)}

) | (2 =y)  2(c=v V) [T (e#) | (V=)o (c-V) -V

With the substitution of ¢ = 2V and ¢ = 1, the formula of the natural distance becomes:
342 -2’
Av = Ao : 2
3+3v[- 6|
The absolute value of the velocity v has to be used in this equation.

An equal result can be obtained from figure 15.

t(c=V)=t,vie =1, ("_VV) s (L) (c-v) =+ - At (e +V —v) + Aty

(1 +0)(c=V) = (6 + ) (e +7 —v) = Aty (e 4V —v+1) (C,V)z(cw,v),mo.((f:f))

N 1) L en) -, )
" (1) (2r-v)" "y " ar-y)’

t_(ch+V) A (e+) . = lerV) (e=¥) . From the figure can also be derived:
: ’ (2V—v) (c—V+v)

‘ v " (2r-v)

A, =t (c=V)+v.Ar, /2 and A +v.Ar/2=(c+V —v).(t, - Ar,) , thus:
A = tz.(c +V - v) N Atv.(c +V —v) —v.At, /2, which gives:
t(c=V)+v.at 12=t(c+V —v) = At (c+V —v)-v.AL /2;

(c+7)
=2V —v; f 1, = AL

(ZV—v)
(c+r)

At v AL (c+V =v) =t (c+V =v) =t (c=V); At (c+V) = 1,2V =) AL, =1

the formulas of t,and 4t gives:
Ar, = Aty - (c+7) . =7) .(2V_v);Atv:Ato.ﬂ or
(27 =v) (c-V+v) (c+7) (C—V+v)

_ 1 o
At, —Ato'm ,ifc=2V=1.

Integration of t, + At with A makes:
A, =t (c=V)+v.A 2= A, ((2CV+—VV)) : (C(f I_/Ii)v) (e=V)+ A, -

A=At (C—V) ,{((C+V))_(C_V)+§}; Ao:Ato'M

(c—V+v) 2V —v

"))

Ato-(c—V):Ao' 2V ,thus:  _ v (c+¥)(c-7) + v
Fr] }

Uniting

or



iX

vV 2.(c+V).(c—V)+v.(2V—v)
= AO . .
(c+V) v.(3V—c)+2V.(c—V)—
which proves the equality of the results obtained from both figures.

Chapter 3-pages 21/23 (A -transversal)

From figure 17 can be derived:
t,/v= (tl +t2).(c—V) 4= tl.v.(c—V) +t2.v.(c—V) ;tl.{l—v.(c—V)} =t2.v.(c—V) ;

_, =) - _Ne -1 _ [T
tl_tz.l—v.(c—V) A, = ( V) A, = At - (|+[z) ¢, = PR 1—?— 1-v
(t|+tz—A0).cV:% (t,+1, - 1)1~ HAL=v =t /v =(1=1)A1=v;
tl.v. 1-v? -1 \/_ \/—_v val—1? . yAl-12 ;

v V\/l V2 —1 v.\/l v -1

vall—v? vall—v? { v.(ch) . vAl=v } val-1?
pn 1

1—V~(C—V) vall—v — 1 vAal=v? — 1- V(C V vall-v? — val— vz—l’

.. vz.(c—V).m—v.(c—V)+v 1-v? =2 c ) V\/ﬁ

: v.\/l—vz—l—vz.(c—V)\/l V2 +v V\/l v —1
:v.m.{l—v.(c—V)}—{l—v.(c—V)} \/1__ t—{l v(c V)} 1-v?

\/l—vz—(c—V) v.\/l—v -1 ? \/l—v —(c—V)

, ={1—v.(c—V)} 1-v? . v.(c—V) L, =v.(c—V). 1

1 \/l—vz—(c—V) 1_V~(C_V) o \/l—vz—(c—V)

Av:{l_v(c_V)}' 1= (e-V) :(1*"/2)- 1-v' where c=1 and V=12

VI-v" ~(c-7) T 2l -l
AL, = Ar o ovlem e fievfe-riod i

0.(t1jt2); b \/1 v2f(c V) \/1 v? 7(0 V) \/1 V2 7(0 V)
t, ={1 V. C V}V Vl v —(c V)
(t1+tz) \/l—v —( ) \/l—v

24,.V
At :W{I—V(C—V)} ; At, zAto,(l_gj ,where c=1 and V =1/2.

Read v as vg.
The absolute value of the velocity v has also to be used in these equations.

l—v.(c—V)



Chapter 4-solution of some integrals.

Say: n/N =tang; dn/d.tanp =N; tan?p +1 = 1/cos?p ; d.tane = do /cos?p ;

sing = n(n? + N2)2, cosp = N(n? + N2)2  then:
1

= [+ N

5 =52
y= I{Nz[:/z + 1}} dn

y= N’4.J.(tan2 o+ 1)75/2d.tan(p

-5/2
1 1
- N74. ( J ’ .d
7 I cos’ ¢ cos’ ¢ ?

y= N’4.jcos3 o.dp

y =(1/3).N"'.sin(o.(cos2(o+2)*
y=(l/3).N4'.sin¢7.(1—sin2(p+2)
y=N"sing- N*sin’p/3
y=N’4.n.(nZ +N2)71/Z
7N’4.n3.(nz + Nz)wZ /3
1/}
y =J‘nz.(n2 + N2)75/2.dn

y :J.nZ{NZA(:/—Z+l]}7“.dn
y= N’4.J~nz.(tanz o+ 1)75'zd.tan¢7

y= N’E.J. tan® (/).(tan2 o+ l)wzd.tan(p

L [sin’p cos’p
y=N 2‘_“72'72'61
cos’ g cos’p
y= N’Z.jsin2 p.cosp.dp
y=N7.sin’ /3«

y= N’z.nl.(n2 + Nz)il/z /3

y= N*'.In.(tanz o+ 1)75’2d.tango

y= N’j.jtan(p.(tan2 o+ 1)75/2.d.tan(p

sing 1

y=N’3.J.coss(p. -dop

cosp cos’ @
¥ =N’3.J‘cosz @.sing.do
y= N'3.(—cos3go/3)*
y= N’“.[—N“.(nz + NZ)’”} /3

y= 7(112 + Nz)w2 /3

114
y= J.n‘ﬁ(nZ +nz)75/zAdn

=5/2
2
y= n“.{N?(% + lj} .dn

y= N"'.J‘n".(tanZ o+ l)islz.d.tan(p
y= N".J' tan’ ga.(tan2 o+ 1)75/2d.tan¢7

sin’p cos’ d
cos’p cos’ @

y= N".J.sin3 @.dp

y:N".J

y= 7N".cosgo.(sin2 o+ 2) / 3%
y=-(r+N?) Z.{nz.(nz N+ 2} /3

—-1/2

y= —;12.(112 + ]\/2)4Z / 3—2.(n2 +N2) /3

* : according to the table in the Handbook of Chemistry and Physics.
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Chapter 4- pages 36/39 (f,)

T e, k.N | 1 3 ?
[foan=2 J(N){lrr(—]vj}d

n

e kN d 2e.e, k. )
): €,.6, > J. n = elzez . n _ & =(4ﬂ'€0) 1
d _,,(nz + N2) d’.N (n2 + Nz)
2 n 5
(1 el.ez.zk.N' Vz j dn o 61-622-/(2.1/ . u 72
d 4c (n2 + NZ) 2.d°.¢*.N (nl +N2)
(i GeekN 3 5 wdn e kN 3 I

&4l (nZ +N?)” & ac 3Nt + W) }
- e.6,.k.N 3 ) 2n’ - e.e,. kv’ ) n’
d’ 4c? 3N2.(n2 + ]\[2)3/2 2.d*.c*.N (,,2 + ]\[2)3/2
Addition of /, Il and /Il gives:
r 2.e.e,.k. n e.e, kv’ n’ " n’ ”
Faam = [ o= === N-(w+N?)" eV {[nz " N2j +(n2 " sz }

-n

In the same way can be proved that: f,,,, =0.

Chapter 4- page 44/45 (1,,/,)

sin(a. + B) = sina .cosp  + cosa .sinp = N.(n? + N2)12
cos(a + B) = cosa .cosP - sina .sin = n.(n? + N2)"/2

. v, . Vv .sinf . cosf _ sin’ B+ cos’ 1 . i w+ N2
sinf8 = ’Cosﬁ:_’iﬂ“’i‘ ﬁ: s - ﬂ: — sina+cosa.M=NAu '
Vi Ve cosf sinf cosf.sinf} cosf.sing cosfB cosf}
) ,\-12 2 2|12 2 2\12
n"+N i N.\n"+N n(\n”+N
—sina +cosa -—C?Sﬂ =n 7( - ) , thus Cosa.(gsmﬂ + cf)sﬂj = ( ) - ( ‘ )
sin 3 sin 8 cosf sinf cos 3 sin

172 —-1/2 Vv —-1/2

cosa = sinﬂ.N.(n2 + Nz)fl'2 +cosﬁ.n.(n2 + Nz)i = ﬂ~N.(nz + Nz) +—~n.(nz + Nz)
VR VR

In the same way can be found:

sina = cosﬁ.N.(nz + N2)71/2 —sinﬁ.n.(n2 +Nz)71/z :VLR. N.(n2 + Nz)i

12

_ ﬁ ] n.(nz + Nz)—m
VR
The forces along the conductor are expressed by the equation:

Tt = I Sy-dn = I S (N2 i+ I N+ V)

-n -n -n

) n

e,k e Ve v,
where: fglze‘jzz -[1—422+222-sm2a+4;2 -cos’ &

M @ 3) 4)
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S :—?~?~sina.cosa c A7 :(n2+N2).a’2 : k:(47r.$0)_l
. fe.e.k n.dn _e.e,.k [ ndn _—e.e.k 1 ” _
l(l) :[ 1A22 '(n2+N2)1/2 - ldi 'I(n2+N2)3/2 - ldz2 ’ (n2+N2)1/2 =0
. re.ek V] n.dn _e.e kV; ¢ ndn _
1@): _:[ IAZZ 'ﬁ'(aner)” - 1422'C2R .'[(n2+N2)3/2 -
1(3):
J"el e,k V, n v N? . v? n 2.V, N.n dn
LA 2 +N2)“2 ve (ene) vl (ment) vl (e a)
a b c
re.e.k N v . N’.ndn _ e.e,v'.k.N’ . ¢ ndn
a :l.” Ve 202 Rz (nz +N2)3/2 - 2.d%.c* :.‘” (n2 +N2)5/2 =0
re.e.k V, wdn _e.ekV: F onldn
b :[%ﬁ f .(nZ 4.]\/2)3/2 B 12.212.02 '[(n2 +N2)5/2 -0
C: _2“‘61 ek Vi vV, Non'.dn __2.e,.ez.k.v.V”.NAj' ndn  _ 2e.e.kvV, n’
LR YA (,,2+Nz)“ N 2.d°.¢ 7"(,,2+Nz)“ T 34PN (nz+Nz)“
e.e.k 3V n V2 N? v n’ vV, nN_ |
) I T ) '{W'(nuzvz)*W'(nuNz)* Vv (nmvz)} "

a b c
a=0enb=0,seel(3).

o ZJ'el ek 3w, v, N.n*.dn _3.el.ez.k.v.Vn.N.j‘ n*.dn

462 VRZ '(n2 + Nz)s/z - 2.d2.62 ) (n2 " N2)5/z
_e-ekvl, n . = e.6.kv.V, n
C2d°.CN (n2 +NZ)3/2 Coe T 6 d N (nz 4.]\/2)3/2
II: _j‘ e.e,.k.V,'N ) " v.N? VHZ.N.n + Vvi.N.n _ V.. d
,,,2A2_c2,(n2 + Nz)l'2 (n +N2) Ve (n2 +N2) VRZ.(n2 + Nz) V,f.(n2 +N2) an
a b c d

jel.ez.k.ﬁ.g N? __el.ez.k.Vn.v.N3 j‘ dn
(

n — . dn =
A2 262 VRZ (n2 + N2)3/2 Z.dZ.CZ J nz + N2)5/2
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3
e.e,.kV v n e.e,.k.V,.v n

AN (,,2 + ]\/2)1/2 3.d°.cA.N (nl + NZ)”

b: jel.ez.k.i.ﬁ. N.n . n:el.ez.k.l/;z.Nz.j' n.dn ~0
g AZ 202 VRZ (n2 + N2)3/2 2.d2.C2 4 (n2 + Nz)s/z
c =0, see before

& Joek Y Yoy Notdn _eekluuNj i _eekly __w

a2 v ()T 28 (e 6 AN (e )T

2.e.e,.k.V v n e.e,.kV,.v n

+Wotay [ fdn =225 (ren) EEN (en)?

-n

5 12 5 32
_ e.ekV.v n 2 n
fml/n) -~ PAEN ’ 2+ N2 _E' n® + N2

Chapter 4-page 45 (fbr(n/n))

See page Vviii.

). e. e2 j’j’ ndn__ _ . e2 J‘ n.dn :—e"ez'k-[ln(n+mﬂ

00 n '|'N2 0 n +N2 d’
- e:_k.n(nh/—n +Nz) %g-".m(n)
for Jj 1e2 In(-n+\/n2+N2)+%:'k~|n(N)

—n-n

n

0

non

2 2 2
2 - e.e,.V, 2.k J-J‘ n.dn - e1.e2.VR2.k .In(n_'_m)_ e1'e2'vR2'k|n(N

=

4d’.c 49 n +N2 4.d.c 4.d%.c
00 2
e,.e, V .k e,.e,.V."k
for '” 4d2 X In(—n+\/n2+N2)—14;fRz-ln(N)
.d°.c
I(S)a: e.e,v.k.N’ '” n.dn :72,Ae:,v2,k,N2‘j dn - e,,ervz,k' n Hziere:,vz,k' n
2.d%.¢ ““,,+N 6.d>.c’ u(,12J,,\,:)"’2 6.d>.c’ (n +Nz) ) 6.d>.c (nz+Nz)
e.e,. v’ k n
for Jj 16;2 - — i - thus |(:3)a0'
b n +N)

non

eV’ k Ldn  _ e.e k. d d
EI;ZdZ.cz -[J (n;:- N’Z)S/2 - _616.ezdz.cz }[ n n+ N’: 2.'([ (n2 + ]n\lz)”2

1(3)b:
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0

_e.e Y2k e.e, V> k
— { 1/2 +1nn+\ln +N? )} -1= ~|:1n(n+\/n +N? ﬂ

dZ 2 3d2 '02

dZ 2
for” & edzvzk {I ( n+vn +N2)+2In

n+ \/m) - 2.In(N)}

nn++n +N2) In(N) +2.In

N 6

n +\/m) ~In(N) —2.In(N)}

I3)c: eleZVkaJ‘J‘ n.dn eleZVka‘ n’.dn
e )J n +N2 3. N A (nz +N2)3'2
__eel vk n+N2” eleszkN.l: 1 :ln
2 2 2 2
3.d*.c.N 3.d \/}’12+N2 N
2
_2 e, e2 V vk n® +N N 1
"3 d?. Inz +N?
00
for”as well as for JI
n(—n
1(4)a: 3.61.62.1/:]2.](.]\/2 j‘j n.dn :7e|.ez.V”Z.k.Nzlj[ dn :7e|.ez.V”Z.k‘ n
adic (w4 N adid een)T T AdE |+ N)
AT V:k n ] _
- 4.4%.c° (nz + N2)1’2 ’ ,(;)ao
~ 3.e.e,0 k e.e V. k n*.dn " dn
1(4)b: 1 22 2 _”. ,\52 =— 22 2 )32 2. 5
4.d°.c oon +N 4.d°.c n +N (n +N)
2 n
:ff;'z" 'zk {( o +1n(n+m)1 ~ e;zv zk [111(" +m)}
d.c o
2
:—ez‘:;# {In(n+ n +N2) In(N) +2. In(n+«/n +N2) 2.In(N)}
for ” e4‘:|2"2k { ( n +N2) (N)+2.In(—n+\/n2+N2)—2.In(N)}
n 3
4)c: 3.61.6‘2.1/2”.\/2.k.N J‘J- w _el.ezz.Vnz.v.k J- n’.dn _
2.d°.c " 0 2.d°.c".N (,ZZ +N2)



_e.e,V vk
2.d*.c*.N

" e.e V. vkN I
+ .
Nn’+ N |,

:%'{%' n2+N2—1+%—1}, for”aswellasforjj
. n’ +

lla: _el.ez.Vn.v.k.N3 j"j‘ dn __e-el vk j‘ ndn J‘ n’.dn
2.d%.¢ ) (n2 +N2)52 6.d>.A.N - 0 +N2 32
__e.el. vk mn_‘_el,ez.l/".v.k‘[ JERApYE "+el.ez.Vn.v.k.N. 1
2.d*.c*.N o 6.d°.c*N 0 6.d°.c’ NEEYE
_ e.e,V..vk 2, NE 4+ 81082 V..v.k + &€, V,.v.k _e.e.V.vk
=12 T TR N .A/n? ik e Sl W
d>.c’.N d*.c? 3.d>.c2.N 3.d%.c?
e,.e,.V,.vk.N 1 e,.e,.V,.vk nn
+ . —
3.d2.c? Jnt +N2 3.di.c? ' for”as well forJ'.[
b: .6V, .k.N* j'j' n.dn :7c),.ez.l/ﬂz‘k‘N2 ‘r dn :7(3‘.(32.[/,12‘](' n
2.d%.¢ e n +Nz 6.d*.c* O(nZ+N2)” 6.d>.c* (nz+Nz)” i
eV k
:elelzn2 . n I’2.(+1_1). =0
6.d>.c (nz +N2) b
eV kN d
le: -4 IJ Lan ZZO , see llb.
2.d*.c +N2 e
Iid: e.e,.V, . v.k.N J‘J‘ n*.dn _e.eV, vk j’ n’.dn
2.d*.c n +N2 2 6.d* PN ) +N2
_e.e,.V vk 3 7", e.e,.V, v.k.N { 1 :l
=—= " ___J\n"+N + .
2 2 2 2
6.d".c.N 0 6.d".c It + N |
_6.6,.V,.vk AN - e,.e,.V,.v.k LY V,.v.k.N 1 _e.e.V.vk
3.d’.c*.N 3.d%.¢? 3.d%.¢? \/nz +N2? 3.d.¢?
for”as well as forJ"[

Suppose: In[n+(n?+N2)1"2] = A; In[-n+(n2+N2)"/2] = A ; (n?+N?) = B
Then the sum of all terms (bold) can be calculated:
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_e.e.k gk

e.e .k

o -4 pE 4, +2'%'IH(N)

1 e.e, V.’ k 1 e.e, V. .k 1 e.e,V, ' k

FU b A S I Lo i SN s bhe B SRIATN BN (V4
4  d.c 4 4. ' 2 4. (%)
1 e.e,.V k 1 e.e, V' k e.e. V> k
e el A g )
3 e.e vk y 3 e.e,v2k +§.€|-€z-vz-k,l (N)
4 e T T M Ty el "

=0 , because. In

total

n+qn*+N? ) + ln(—n +4/n’ + N? ) =2.In(N)

2 e,k _(B)uz _2 eV, vk.N '(B)—IZ Aeel vk

3 d*.¢.N 3 d’.c 3 did
e.e,.V vk 12 e.e,.V v.k.N -12 e.e,.V vk
+l- ldzz C’Z N (B) +- : zdz CZ (B) -1 dzz CZ
e.e,.V vk 1 e.e,.V, v.k.N a2 2 e.eV vk
R e A S v
2 e.e,.V vk n 1 e.e,V, v.k.N an 2 eV vk
o (B)T A (B) T
3 d.c.N 3 d*.c 3 d”.c
0 . el.ez.V;.vz.k.N _(B),m _el.ez.an.zv.k
d*.c d”.c

P __e.e,Vi.vk 1- N
br(n/in) — dz-cz \/nz 4 Nz



NUMERIC SOLUTIONS (RE-TYPED);

XVii

LLV.T. (page 43).

(INTEGRAL REPLACED BY A SUM OVER 1000 POINTS)

10 A=0.25:N=1000
20 FOR 1=1TO 1000

30 C=(COS(;PI*I/N))*2
40 C1=(SING;PI*IN))"2
50 C2=C*C1
60 X=A*C/((A*2+4*C1)M.5)
70 Y=Y+X
80 X1=A/((A"2+4C1)M.5)
90 Y1=Y1+X1
100 X2=A*C2/((A*2+4*C)"2.5)
110 Y2=Y2+X2
120 NEXT |

L 130 Z1=;PI*4E-7*Y*;PIIN

140 Z2=;PI*2E-7*Y1%;PIIN

150 Z3=;PI*24E-7*Y2*PI/N

160 PRINT A,Z1,22,23,21-22+Z3

q

0.25
0.50
1.00
2.00
4.00
100.00

NUMERIC SOLUTIONS (RE-TYPED);

Z1

4.91062721E-06
2.33778664E-06
1.02147670E-06
3.76406855E-07
1.13335676E-07
1.97362486E-10

Z2

-2.55117545E-06
-1.30309943E-06
-6.62293870E-07
-3.00037632E-07
-1.04601954E-07
-1.97332892E-10

Fy =470, 107 |
0

k4

~2.7d, 0,107

Z3

2.35945176E-06
1.03463719E-06
3.59182836E-07
7.63692232E-08
8.73372272E-09
2.95940152E-14

(INTEGRAL REPLACED BY A SUM OVER 1000 POINTS)

100 PRINT "ALPHA"; \ INPUT A
200 N=1000

210 Y=0

1000 FOR 1=1 TO N
1100 C=COS(2*PI*I/N)

1200
1300
1500
2000
3000
4000
9999

X=A*C/((2+A"2-2*C)M .5)
Y=Y+X
NEXT |
Z=PI*-2.00000E-07*Y*2*PI/N
PRINT A,Z
GO TO 100
END

2z
F=-2mii, (:’ :

ALPHA (=q)

0.25
0.50
1.00
2.00
4.00
100.00

0

g.cos® B.df
(" +4si p)
q.4p
/.
0 (q2 +4.sin’ ﬂ)3 ’
.t g.sin® B.cos> B.dp

+24.7i,.0,.10 -([ (£‘{2+4.Sinzﬂ)5/2

Z(1-2+3)

4.71890333E-06
2.06937438E-06
7.18365672E-07
1.52738446E-07
1.74674454E-08
5.91880216E-14

PROF.WYDER; K.U.N. (page 43).

a.cosd.dg

FORCE

47.1891
20.6937
7.18365
1.52738
0.17467
5.919

”j 0 (2+0(2 —2.cos¢)%/2

E-7
E-7
E-7
E-7
E-7
E-14




Xviii
Data, mentioned in § 9.8.2, pages 104-107.
Text of a page of site http.://teyssier.home.cern.ch/teyssier/node5.html
(this site does not exist anymore).
La masse du boson de Higgs

La limite supérieure indirecte sur la masse du Higgs est actuellement de 220
GeV; elle est basée sur des mesures de précision des observables
électrofaibles qui sont sensibles aux corrections radiatives impliquant des
échanges de bosons de Higgs virtuels.

Par contre, la limite inférieure, est déterminée par les recherches directe au

LEP. Elle est actuellement, dans I'expérience L3, de 95.3 GeV, avec un degré de
confiance de 95 %.

Daniel Francois Teyssier
2001-01-23

Figure from “Materie in Raum und Zeit” (page 166)
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Data, obtained from the figure

Part of Density p Pressure Temperature Energy MeV
radius Kg/m® Influence by | T x 10°K MeV log(MeV)
0.06846 P
0.04 2.00x10° 1.26x10’ 15.1x10° | 2.246x10° 8.351
0.08 1.26x10° 1.00x107 14.9x10° 1.115x10° 8.047
0.12 1.00x10° 7.94x10° 14.1x10° | 6.651x107 7.823
0.16 7.94x10% 6.31x10° 13.9x10° | 4.137x107 7.617
0.20 5.01x10* 5.01x10° 13.0x10° 1.938x107 7.287
0.24 2.51x10% 2.51x10° 12.0x10° | 4.491x10° 6.652
0.28 1.58x10* 6.31x10° 10.6x10° | 6.278x10° 5.798
0.32 1.26x10* 2.51x10° 10.0x10° | 1.879x10° 5.274
0.36 1.00x10* 7.94x10* 8.0x10° 3.773x10% 4577
0.40 6.31x10° 5.01x10* 7.5%10° 1.408x10* 4.149
0.44 3.98x10° 3.16x10% 6.6x10° 4.931x103 3.693
0.48 2.51x10° 1.58x10% 6.0x10° 1.414x10° 3.150
0.52 1.58x10° 1.00x10* 5.1x10° 4.787x10° 2.680
0.56 1.00x10° 6.31x10° 4.5x10° 1.687x10? 2227
0.60 6.31x10° 2.51x10° 4.0x10° 3.763x10 1.576
0.64 3.98x10? 1.26x10° 3.4x10° 1.013x10 1.006
0.68 2.51x10° 6.31x10° 3.0x10° 2.823 0.451
0.72 1.58x10° 3.98x10? 2.4x10° 0.897 -0.047
Average: 4.22

Using the Universal Gas-constant : R = 5.188x10'® MeV.Kmol".T”, and the atom-
weight of mp = 1.6726x10°% kg , it is necessary to account for changing the units.
1 Kmol(H)-gas at 1 P, and 20° C takes a constant volume (22.4 m3). Changing the
units of temperature from °C to T, a factor of reduction must be introduced with the
value 20 / (272.16 + 20) = 0.06846 . Because P.V/T is a constant, P.V must also be
decreased by that factor. At V =1 m>, only P (N.m™) can take over the reduction:
E=RxmpxT xpx0.06846 x PA» MeV,
(or E= T xpxPax5.94054 x 1072 MeV)
(E in MeV, T in Kelvin and density p in kg.m™).
It is obvious that near the centre of the sun the values of log (MeV) show some
irregularities of the straight line. Trying to correct that, a choice has been made for
the straight-line outcome at about 0.1 of the radius. Thus idealized:
log 8.44 to 4.22 over the radii 0.1 - 0.4 and log 4.22 to 0 over the radii 0.4 - 0.7.
Log (8.44) —» 2.754x10® MeV ; thus the mean value is (2.754x10%)"?= 1.66x10* MeV.
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Energy In MeV along the sun-radius

log(MeV)
iy

T T T T T T T T T T T T T T T T 9
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

parts of sun-radius times 0.04

Solution of the point of time of the average gravitational effect.

The point of time of that average can be found from the equation on page 110.
If A’is put on 10" m and the mean effect on 50, that point of time can be solved from
the equation:

1+1.592x107""" _

1+1.588x102"*
1+ 1.592 x 107 = 50 + 7.94 107%™ ; 1+ 15.92 x 102 = 50 + 7.94 x 102"
15.92 x 1027 - 7.94 x 102%™ = 49 ; 7.98 x 10°°" = 49 ;
102 =6.14 = 10°7; .20 + x = 0.788 ; x = 20.788 ;
A =107 m=6.1376 x 10° m = 6.487 x 10* |, or 0.65 x 10° light years.
0.65x10%(1.5x10"%) = 4.33x10°®, giving:
3.79 x10"° x 4.33 x10°~ 1.6 x10"° J/Ty.
This total power may be compared to Ey = - Egy = 1.7 x107° J/Ty (p. 156-170).



